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1

I. GENERAL PHARMACOLOGY

The word “pharmacology” is derived from the words  pharmakon, which 
means “drug” and  logus, which means “science.” Pharmacology is the 
 science of the study of substances that interact with living systems through 
chemical processes, especially by binding to regulatory molecules and 
activating or inhibiting normal body processes. These substances may be 
chemicals administered to achieve a beneficial therapeutic effect on some 
process within the patient.

Pharmacology is the branch of medicine with a unique combination of sev-
eral  biomedical sciences—chemistry, biochemistry, physiology, and clin-
ical medicine. Pharmacology is both a basic and an applied science. It 
forms the backbone of rational therapeutics. Pharmacology deals with the 
knowledge of drugs, their sources, biochemical and physiological effects, 
mechanism of action, and therapeutic uses of drug. Pharmacology stud-
ies the effects of  drugs and how they exert their  effects. For example, 
paracetamol can reduce body temperature in case of fever by inhibiting 
an enzyme known as cyclooxygenase in CNS, which is responsible for the 
synthesis of a number of inflammatory mediators. Penicillin cures certain 
bacterial infections by disrupting the synthesis of  bacterial cell walls by 
inhibiting a key enzyme.

World Health Organization (WHO) in 1966 defined drugs as any substance 
or product which is used or intended to be used to modify or explore phys-
iological systems or  pathological states for the benefit of  the recipient, 
either therapeutic or diagnostic benefits.

Drugs are chemical substances which affect living organisms and are used 
by the clinician to diagnose, prevent, or cure diseases. So the safe use 
of drugs needs sound knowledge of their various aspects such as mech-
anism of action, doses, routes of administration, adverse drug affects, 
 toxicity, and drug interactions. 

General Pharmacology, 
Pharmacotherapeutics, 
and Pharmacokinetics 
Venkata Yellepeddi and Sangeeta Sharma

UNIT I
Principles of Drug Therapy

1
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ics, and pharmacotherapeutics. 

1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

The medicinal/organic chemists may create the candidate molecule or com

pound (also referred to as a new chemical entity [NCE]), and the pharmacol

ogist test its pharmacological activity in vitro, in animals, and then in human 

beings, ultimately leading to the discovery of novel drugs for therapeutic 

intervention. 

The general pharmacology involves the aspects of sources of drugs, route 

of administration of drugs, absorption of drugs and factors affecting them, 

their distribution, biotransformation, and excretion. It also involves the 

mechanism by which the drug is acting with receptor, toxicity of drug, and 

preclinical and clinical evaluation. 

A. Branches of pharmacology 

Pharmacology comprises two main branches: 1) pharmacokinetics and 

2) pharmacodynamics. 

1. Pharmacokinetics (what body does to drug): It involves 

movement of drug and includes study of absorption, distribu

tion, metabolism, and excretion of dr gs. The study of what 

happens to the drug in the body is ca led pharmacokinetics. 

For example, chlorpromazine is absorbed at a faster rate by the 

parenteral route than the oral route; it binds with plasma and 

tissue protein and it is metabolized into the liver and is excreted 

in 15 to 30 hours. 

2. Pharmacodynamics (what drug does to body): It is a 

quantitative study of the biological and therapeutic effect of drug. 

For examl)le, curare (a plant extract used by tribals as arrow 

poison) is a nond polarizing blocker which rapidly produces mus

cle weakness and finally leads to skeletal muscle paralysis. 

The relationship between pharmaceutics, pharmacokinetics, pharma

codynamics, and pharmacotherapeutics is depicted in Figure 1.1. 

B. Other branches 

1. Pharmacotherapeutics: It is a branch of medicine which deals 

with clinical application of the pharmacokinetic and pharmaco

dynamic knowledge of the drug, in finding a cure of diseases 

or relief of symptoms. It includes use of drugs in the treatment, 

diagnosis, or prevention of a disease or their purposeful use 

in alteration of physiological functions for the benefit of the 

recipient. 

2. Toxicology: It is a science of poisons. Poisons are substances 

that are harmful and dangerous or show fatal symptoms in 

animals and human beings; many drugs in large dose act as 

poisons, for example, aspirin in less dose acts as an anticoag

ulant by inhibiting thromboxane A2; thus, it is useful for heart 

patients but in high dose causes ulceration and can lead to fatal 

bleeding. 

3. Chemotherapy: It is concerned with the effect of drug upon 

microorganisms and parasites, living and multiplying in living 

organisms. It is now also useful for the treatment of cancer by 

targeting cancerous cells. 
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 4. Clinical pharmacology: It is a branch of pharmacology dealing with 
drugs and their  clinical use. It gives useful data about the potency, 
usefulness, doses, and toxicity of new drugs for their safe clinical use. 

 5. Pharmacoepidemiology:   It is a study of the effect of the drugs 
on population.

 6. Pharmacoeconomics: It is a branch of pharmacology which 
studies the cost effectiveness of drug treatment and cost of med-
ications, particularly among certain groups such as elderly and 
AIDS patients.

 7. Pharmacogenetics: It is the study of the genetic variation that 
gives rise to differing response to drugs among individuals or 
populations. Some patients respond to certain drugs with greater 
than usual sensitivity to standard doses. Screening of individuals 
for a variety of such differences before prescribing may help in 
individualized therapy. 

 8. Pharmacogenomics: It is the application of genomic technolo-
gies to drug discovery and further characterization of older drugs.

 9. Pharmacognosy: It deals with the study of the sources of drugs 
derived from plants and animal origin.

10. Pharmacy: It is the art and science of compounding or preparing 
suitable dosage forms for administration of drugs in man and ani-
mals and dispensing drugs. It also includes identification, selec-
tion, collection, purification, isolation, standardization, and quality 
control of medicinal substances.

11. Clinical pharmacy: It is a health science discipline in which phar-
macists provide patient care that optimizes medication therapy 
and promotes health, wellness, and disease prevention.

C.  Definitions

 1. Pharmacopoeia: It is an official reference containing a selected 
list of the established drugs and medicinal preparations with 
descriptions of their physical properties and tests for their identity, 
purity, and potency. It defines the standards of preparations. A few 
famous pharmacopoeia and other reference books are the British 
pharmacopoeia (BP), Indian Pharmacopoeia (IP), International 
Pharmacopoeia (IP), and Unites States Pharmacopoeia (USP). 

2. National formulary: It provides product information on  drugs 
available to prescribers in respective countries/states/health sys-
tems. For example, National Formulary of India is published by 
Government of India, and British National Formulary (BNF) is 
jointly published by British Medical Association  (BMA) and the 
Royal Pharmaceutical Society.

3. Essential medicines: WHO  defines  Essential  Medicines  as 
those that satisfy the priority healthcare needs of the population. 
Essential medicines are intended to be available within the con-
text of functioning health systems at all times and in adequate 
amounts, in appropriate dosage forms, with assured quality and 
adequate information, and at a price the individual and the com-
munity can afford.

4. Orphan drugs: These are the drugs or vaccines or biological prod-
ucts for diagnosis, prevention, and treatment of a rare disease or 
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a more common disease (but endemic only in poor countries) for 
which the pharmaceutical industry has little interest in develop-
ing and marketing products as they are intended for only a small 
number of patients. For drug companies, it means huge finan-
cial losses as this involves an extremely high cost of bringing a 
medicinal product to market which would not be recovered by 
the expected sales of the product.  For ethical and legal reasons, 
clinical studies in children are severely restricted, but a num-
ber of rare diseases affect the very young population. Similarly, 
rare diseases which occur in small patient populations thus are 
“orphaned” by the pharmaceutical industry—that is, only a few 
approved drug treatment options available are called “orphan dis-
eases.” Rare diseases or orphan diseases are those that manifest 
in patient populations representing at the maximum 6% to 8% 
of the world population, for example, genetic diseases—infantile 
spinal muscular atrophy, cystic fibrosis, patent ductus arteriosus 
(PDA), lysosomal storage disorders, familial adenomatous polyp-
osis (FAP), and acute intermittent porphyria. 

 Some of the examples of orphaned drugs are miglustat used for 
Type 1 Gaucher disease, iloprost for pulmonary arterial hyperten-
sion in patients with NYHA Class III or IV symptoms, bosanten for 
WHO Class II–IV symptoms, pegvisomant used for acromegaly, 
and busulfan used for allogeneic hematopoietic progenitor cell 
transplantation for chronic myelogenous leukemia. Various coun-
tries have enacted laws in this regard and provide incentives and 
support for drug development.

D.  Sources of drugs (Figure 1.2)

 Drugs are obtained mainly from plants, animals, microbes, and min-
eral sources. Nowadays, a majority of therapeutically used drugs are 
produced from synthetic or semisynthetic products. Various sources 
are given in the following text.

1. Animal sources: Insulin, heparin, gonadotrophins, thyroid extract, 
and antitoxic sera (for example, antisnake venom).

2. Minerals: Liquid paraffin, ferrous sulfate, magnesium sulfate, 
magnesium trisilicate, kaolin, etc.

3. Microorganisms—bacteria and fungi: Penicillin, streptomycin, 
erythromycin, polymixin B, bacitracin, chloramphenicol, nystatin, 
griseofulvin. Apart from antibiotics obtained from  microorganisms, 
other products that are also produced by microorganisms include 
streptokinase, an enzyme from gram-positive cocci (Streptococcus 
pyogenes), and vitamin B12 (cyanocobalamin), produced from 
Streptomyces griseus.

4. Human beings: These products are obtained from human beings. 
For example, immunoglobulins from blood, growth hormone from 
the pituitary gland, placental extract from placenta, and chorionic 
gonadotropin from the urine of pregnant women.

5. Synthetic compounds: Analgesics, antimicrobials, hypnotics, 
anticancer drugs, etc. 

6. Genetic engineering: Human insulin, growth hormone, etc.

7. Hybridoma technique: Monoclonal antibodies, etc.

Animal source

Minerals

Micro-organisms

Human being

Synthetic 
compounds

Genetic 
engineering

Hybridoma 
technique

Plant sources

Figure 1.2
Sources of drugs.

LIR_CH01.indd   4 16/10/18   12:04 PM



5I. General Pharmacology

8. Plant sources:  The pharmacologically active components in 
vegetable drugs are given in the following text.

a. Alkaloids: These are water-soluble salts of water-insoluble 
nitrogenous compounds. Some of the important alkaloids are 
as follows: 

• Cinchona (Cinchona officinalis): Quinine, etc.

• Rauwolfia serpentina (root): Reserpine. 

• Coca (Erythroxylum coca): Cocaine. 

• Opium (Papaver somniferum): Morphine group. 

• Belladonna (Atropa belladonna): Atropine group. 

• Pilocarpus sp.: Pilocarpine. 

• Vinca (Vinca rosea): Vincristine, vinblastine. 

b. Glycosides: These are ether-like organic structure combined 
with sugars. The nonsugar component is called aglycone or 
genin. The important glycosides are as follows: 

• Digitalis (Digitalis purpurea, Digitalis lanata): Digoxin, etc. 

• Senna (Cassia acutifolia): Sennoside, etc. 

• Stropanthus (Strophanthus kombe): Stropanthin, etc. 

c. Oils:

[1] Fixed oils: These are glycerides of oleic, palmitic, and 
stearic acids. Mostly fixed oils are edible and used for 
cooking. The fixed oils used as drug are as follows: 

• Castor (Ricinus communis): Castor oil. 

• Olive (Olea europaea): Olive oil. 

• Cocoa butter (Theobroma cacao): Theobroma oil used 
as emollient in skin cream and making suppositories. 

[2] Volatile oils: These are essential oils which contain the 
hydrocarbon terpene. The important volatile oils are as 
follows: 

• Turpentine oil, from species of pines, used as a 
counterirritant. 

• Lemon oil (from citrus limon), used as a flavoring 
agent. 

• Peppermint, cardamom, ginger, and fennel used as 
carminative and flavoring agents. 

• Eucalyptus oil used for relieving congestion.

• Oil of clove mainly useful in toothache for relieving 
pain.

d. Resins: These are oxidized or polymerized volatile oils. The 
different types of resins are as follows: 

• Oleoresins: A mixture of volatile oils and resins. Male fern 
extract used for tapeworm infestation. 

• Gum resins: Asafetida, used as carminative and 
antispasmodic. 

• Oleo gum resin: Myrrh—it has a local stimulant and anti-
septic properties and generally used in mouthwash. 

• Balsams: Benzoin, used internally as expectorant and 
externally as astringent. 

• Balsam Tolu, used as stimulating expectorant. 
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e. Gums: These are the secretory products of plants. On hydro-
lysis, they yield simple sugar-like polysaccharides. They are 
pharmacologically inert substances and mainly employed as 
a suspending and emulsifying agent in various pharmaceuti-
cal products. The widely used preparations are gum acacia 
and tragacanth. 

f. Tannins: These are non-nitrogenous constituents of plant. 
Chemically, these are phenolic derivatives and are char-
acterized by their astringent action. Tannins are generally 
used in the treatment of diarrhea and burns. The important 
plants which contain tannins are Hirda (in combination form 
“Triphala”), Amla, Behera, Ashoka bark, Black catechu, etc.

E.  Drug nomenclature/naming of drugs

 Drug nomenclature is a system of names that puts drugs into classi-
fication, as of anatomic structures, molecular entities, or organisms. 
The three broad name classifications of drugs are as follows: 

• Chemical/molecular/scientific name 

• International nonproprietary/generic/approved name 

• Proprietary/brand/trade name 

1. Chemical/molecular/scientific name: It depicts the chemical/ 
molecular structure of the drug and states the structure in terms 
of atoms and molecules accompanied by a diagram of the chem-
ical structure. Chemical or scientific names are complex, long, 
can be difficult to pronounce, and are useful to a few techni-
cally trained personnel. For example, acetyl-p-amino-phenol  
is a chemical name for paracetamol. This name is not suitable 
for routine use by medical professionals or common people. 
However, this name is very helpful for the discovery of new 
compounds.

2. International nonproprietary/generic/approved name: The 
International Nonproprietary  Name  (INN) is an official generic 
and nonproprietary name given to a pharmaceutical drug—that is, 
this is the abbreviated and approved name of the drug. International 
nonproprietary names  provide a unique standard name for each 
active ingredient, thus making communication more precise and 
avoid prescribing errors. Each drug’s INN is unique. Drugs from 
the same therapeutic or chemical class are usually given names 
with the same  stem. -sartan  for  angiotensin blockers (for exam-
ple,  losartan), -azepam  suffix for benzodiazepines (for example, 
lorazepam  and  diazepam),  -pril  for  ACE inhibitors  (for example, 
captopril), and ase for enzymes (for example, alteplase).

 The nature of a drug can be easily identified by studying the suf-
fix. WHO has laid down the general principles in naming a drug 
by the nonproprietary name. However, the nonproprietary name 
may sometimes vary from country to country. Usually, the British 
Approved Name (BAN) and the INN coincide, and where the two 
differed, the BAN was modified to match the INN with some 
exception where the nonproprietary name of some drugs in UK 
(BAN) and USA (USAN) is different (Figure 1.3).

 The generic name can be used by anyone and it removes the 
confusion of giving several names to the same drug with the 

Figure 1.3
Different nonproprietary names for the 
same drug by BAN and USAN.

BRITISH 
 APPROVED 
NAME (BAN)

UNITED STATES 
 APPROVED NAMES 

(USAN) 

Adrenaline Epinephrine

Cinchocaine Dibucaine

Dexamphetamine Dextroamphetamine

Ergotametrine Ergonovine

Glyceryl trinitrate Nitroglycerin

Hyoscine Scopolamine

Isoprenaline Isoproterenol

Lignocaine Lidocaine

Paracetamol Acetaminophen

Pethidine Meperidine

Phenobarbitone Phenobarbital

Rifampicin Rifampin

Suxamethonium Succinylcholine

Thiopentone Thiopental

Salbutamol Albuterol

Frusemide Furosemide

Paracetamol 
( Europe)

Acetaminophen
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same chemical structure regardless of who manufactures them. 
A generic drug name is not capitalized, for example, aspirin 
and paracetamol. 

3. Proprietary/brand/trade name: These are names given to the drug 
by the manufacturing and marketing company. The innovator com-
pany can then exclusively market and sell this “brand-name” prod-
uct during the patent protection period. Copyright laws prevent any 
other person from using the brand name. On expiry of the patent 
life, a branded-name drug product is eligible to be manufactured 
and marketed as a “generic drug.” Trade name refers to a particu-
lar company and appears with the sign ® at its upper right corner 
which indicates that the name is registered and its production is 
restricted to that pharmaceutical company as the sole owner. For 
example, bronchodilator drug salbutamol is marketed as Asthalin; 
metformin is a generic name whereas Glyciphage is a brand name. 
In most cases, one drug could have so many trade/brand names, 
for example, paracetamol (acetaminophen) has more than 30 trade 
names; some of these are Crocin, Panadol, Calpol, etc. 

 A generic medicine is a legitimately produced medicine that is an 
exact copy of the innovator/originator product (branded medicine) 
and performs in exactly the same way. Though brand-name drug 
and its generic version must have the same active ingredient, 
dosage, strength, usage directions, safety, quality, performance, 
and use, it may differ in inactive ingredients, preservatives, color, 
shape, taste, and packaging. For example, generic and brand-
name drugs must meet the exact same standards for equivalency 
in effectiveness, safety profile, and quality except cost. The differ-
ence in cost between a generic and a brand-name drug is mainly 
due to a difference in the development costs as manufacturers 
of the generic versions do not incur expenses on developing and 
marketing the generic version which is required for a new drug; 
thus, the manufacturers can produce the drug at a lower unit cost 
and sell it for less. Further, the competition keeps the prices of 
generic medicines down. 

F.  Regulatory oversight

 The Drug Regulatory Authority (DRA) oversees the approval and regu-
lation of drugs. To market a prescription drug in any country, the man-
ufacturer needs the approval of the DRA—that is, product licenses 
(known formally as Marketing Authorisations) permitting license 
holders to market medicinal products for specified indications under 
specified conditions. To get that approval, the manufacturer must 
demonstrate the drug’s safety and effectiveness according to criteria 
specified in law and agency regulations, ensure that its manufacturing 
plant passes DRA inspection, and obtain DRA approval for the drug’s 
labeling—that is, every license for a medicinal product contains infor-
mation about the approved uses of the drug, including prescribing 
information for physicians, for example, dosage forms, packaging, 
therapeutic indications, doses, route of administration, contraindica-
tions, precautions for use or special warnings, adverse drug reactions, 
drug interactions, and patient brochures. 

 Almost all countries have established Drug Regulatory Authorities to 
assure the safety and effectiveness of Investigational New Drugs (IND) 
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through the evaluation of clinical pharmacology and biopharmaceu-
tics data in support in the New Drug Application (NDA) and license 
application review programs. 

 Regulatory oversight is necessary to prevent anyone from selling or 
freely advertising outrageous claims of benefit and safety includ-
ing products containing cocaine or opioids (for example, morphine). 
Progressively stronger laws intended to ensure the effectiveness and 
safety of drugs sold in the country are needed. DRA is responsible for 
approval of new drugs, and medical devices as well as oversight of 
the drugs and medical devices already available in the market. This 
includes both prescription drugs and over-the-counter (OTC) drugs 
(drugs that do not require a prescription). Also, “dietary supplements” 
such as vitamins, amino acids, mineral, and herbal medication, even 
though most of these products have significant pharmacologic activity, 
are not regulated. 

 The states also participate in the process of drug regulation primarily 
by controlling the licensing of drug manufacturing premises and health 
professionals who can write drug prescriptions—that is, physicians, 
dentists, podiatrists, and veterinarians. Though nurse  practitioners, 
physician’s assistants, optometrists, and pharmacists can prescribe, 
they have limited prescribing authority. 

G.  The drug development and approval process

 The approval process for new drugs, especially drugs that are the 
first in a wholly new chemical class, is complex, time consuming, and 
expensive (up to $100 to $500 million dollars per new drug). Once a 
promising new candidate is identified, it is tested in preclinical stud-
ies (in vitro systems and experimental animals). Drugs that still look 
promising after these preclinical studies’ application of investigational 
new drugs (IND) are filed with the DRA for testing in clinical trials first 
in healthy people (Phase 0 and I) and then in people with the target 
disease (Phases II and III). In phase 0, a very low dose of the drug is 
tested for the first time on human subjects (10 to 15 subjects). Based 
on the pharmacogenetic or pharmacodynamic properties, a deci-
sion on whether to start phase 1 or not is taken. These clinical trials 
assess safety and effectiveness in human beings. If the drug appears 
promising through three phases of clinical trials, the manufacturer 
files application for approval of NDA from DRA to market the drug. 
It is important that the manufacturer and the DRA continue postmar-
keting surveillance of new drugs (Phase IV) in real-life patients under 
diverse conditions for early detection of risk of toxicity that occurs 
rarely enough which escapes detection in the clinical trials setting.

1. Preclinical and clinical phases of drug evaluation: The drug 
development path and objectives of various phases of the clini-
cal trials, the number of patients enrolled at each stage, and the 
approximate average time for each stage is shown in Figure 1.4. 

2. Patent protection and generic drugs: A company usually patents 
novel/new chemical entities early in the drug discovery process. 
Usually, patents provide 20 years of protection including the time 
from the filing of a patent application to NDA marketing approval 
which may be 5 years or longer. On expiry of the patent (that is, 
20 years after filing application) companies other than the original 
patent holder can sell a generic drug, which is an exact copy of 
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a proprietary drug without paying license fees to the original pat-
ent owner. However, a trade name or the drug’s proprietary name 
may be legally protected indefinitely. The process for approval by 
the DRA of a generic drug is much less cumbersome and less 
expensive than the process for approval of a new drug. Basically, 
generic product manufacturers just need to document that their 
drug has the same pharmacokinetic properties as the innovator/
proprietary drug. Generic products usually cost significantly less 
than trade-named products; in some cases, the difference in the 
price of the trade-named products can be many folds higher. 

H.  Classification of drugs

 A drug may be classified by the chemical structure of the active 
ingredient or according to its therapeutic use. Each drug can be clas-
sified into one or more drug classes (for example, laxative, analge-
sics, decongestants relaxants, and antihypertensive) or system drugs 
affecting the cardiovascular system, gastrointestinal system, and neu-
rological system.

1. Classification of drugs according to prescription (Figure 1.5): 
Another classification system is according to prescription, based 
on the drug’s potential for addiction and subsequent abuse. In 
India, medicines fall into four categories:

• Prescription-only medicine controlled drug (POM CD): Schedule X 
in India

• Prescription-only medicine (POM): Schedule H in India

Figure 1.4
Drug development path—phases of clinical trials. IND = Investigational new drug; NDA = new 
drug application.
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Drugs according to prescription.
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• Prescription-only restricted medicines: Schedule H1 in India

• Over-the-counter or home remedies: Tab. aspirin, paracetamol, 
analgesic balms, antacid preparations

 The POM CD category is the most strictly controlled of the four, 
and the home remedy is the least strictly controlled. POM CD 
medicines have the potential for addiction, subsequent abuse, 
and causing harm and also have the potential of being obtained 
by illegal means. Narcotic and Psychotropic Substances (NDPS) 
Act prohibits certain activities in relation to “Controlled Drugs,” 
in particular, their manufacture, purchase, transport, supply, and 
possession, and/or consume any narcotic drug or psychotropic 
substance. These legal controls govern how controlled medicines 
may be stored, supplied, and prescribed. Healthcare providers 
including nurses must follow standard operating procedures for 
procurement, storage, administration, and maintaining record of 
Schedule X medicines.

a. Prescription drugs: A prescription drug is a pharmaceu-
tical agent that legally requires a medical prescription from 
a healthcare professional to be dispensed or sold only to 
consumers possessing a valid prescription. In contrast, over-
the-counter (nonprescription) drugs can be sold directly to a 
consumer or obtained without a prescription. In India, though 
there is no separate provision for OTC medicines in the Drugs 
and Cosmetics Act, the drugs, which have not been included 
in any of the Schedules, may be considered nonprescription 
or OTC drugs.

 In India, Schedule H1 has been a newly introduced category 
imposing certain conditions in the dispensing of medicines 
in the list, which are somewhat midway between Schedule H 
(that stipulates retail dispensing only against a valid prescrip-
tion) and Schedule X (that stipulates prescription in duplicate, 
separate license requirement, and meticulous storage and dis-
pensing records). The schedule is primarily intended to control 
the rampant misuse through OTC dispensing of higher antibi-
otics, some of the reserved drugs such as second-line antitu-
bercular drugs, and drugs with abuse/misuse potential in India.

b. Over-the-counter/home remedies: These medicines have 
the least number of restrictions placed on them and can be 
sold in most shops or supermarkets without any interven-
tion from a healthcare professional. These medicines tend 
to carry a low risk of harm if they are used according to the 
guidelines that accompany them, for example, vitamin sup-
plements and mild analgesics. If they are used in larger than 
recommended doses, they can cause damage. However, for 
some medicines, such as paracetamol, there is a limit on the 
number of tablets that may be purchased at any one time.

I.  Pharmacotherapeutics

1. Rational use of medicines:

a. Definition: Patients receive medications appropriate to 
their clinical needs, in doses that meet their own individual 
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requirements, for an adequate period of time, and at the low-
est cost to them and their community (WHO, 1985). 

 Irrational or nonrational use is the use of medicines in a way 
that is not in accordance with the rational use of   medicines 
as defined in the preceding text. Irrational use of medicines 
lead to ineffective and unsafe treatment, exacerbation or pro-
longation of illness, hospitalization sometimes, distress and 
harm to the patient, and higher cost of treatment. A wide vari-
ety of irrational drug uses that arise from prescription prac-
tices adopted by doctors are as follows:

• The use of too many medicines prescribed per patient 
(polypharmacy); often, these result in cross-reactions 
between different drugs prescribed.

• Inappropriate prescription of antimicrobials, often in inade-
quate dosage, for nonbacterial infections.

• Overprescription of injections when oral formulations 
would be more appropriate.

• Failure to prescribe in accordance with clinical guidelines: 
Wrong choice of drugs, inadequate dosages, incorrect 
frequency of administration of drug, improper duration of 
therapy, or failure to observe drug contraindications.

• Underuse of life-extending drugs for illnesses such as 
diabetes mellitus, hypertension, heart disease, asthma, 
 epilepsy, and other chronic illnesses. Usually, these are 
situations where a small dose of the drug has to be taken 
in a fixed low periodicity, lifelong.

• Choice of more expensive drugs when less expensive 
drugs would be equally or more effective.

• Prescription of drugs which have no use, only for their 
placebo effect or for impressing the patient or for vested 
interests in the prescribed drugs.

• Inadequate consulting time and dispensing time along 
with poor communication of information regarding drugs 
to a patient in a verbal or written form leading to incor-
rect use by patients is of great public health concern too. 
Worldwide, more than 50% of all medicines are prescribed, 
dispensed, or sold inappropriately, while 50% of patients 
fail to take them correctly.

• Inappropriate self-medication of prescription-only medicines. 

2. Impact of irrational use of medicines: Massive detrimental 
effects:

• Ineffective treatment leading to serious morbidity and  mortality, 
both in infections and in chronic diseases, such as hyperten-
sion, diabetes, epilepsy, and mental disorders. This would 
affect those more who are sicker or who are more vulnerable 
due to childhood, old age, or other morbidities.

• Iatrogenic diseases: Diseases caused by the choice of  hazardous 
drugs or by the side effects of essential drugs and inessential 
drugs. As the number of drugs prescribed increases, the chances 
of adverse effects of drugs also increases.
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• Inappropriate use and overuse of medicines leading to high 
out-of-pocket payments by patients and resulting in significant 
patient harm in terms of poor patient outcomes and adverse 
drug reactions and needless and avoidable impoverishment of 
the patient.

• Inappropriate use and overuse in the public sector facility, 
where the government pays the bills, leads to wastage of 
meager resources, and a shift of funds away from necessary 
expenditures to unnecessary areas.

• Availability of too many not-needed doubtful medicines in the 
market leads to lack of consistent supply of needed drugs and 
variation of individual prescribing preferences and inconsistent 
prescribing, leading to numerous prescribing and dispensing 
errors.

• Irrational overuse of medicines can further stimulate inappro-
priate patient demand, further compromising access to med-
icines and attendance rates due to medicine stock-outs and 
loss of patient confidence in the health system.

• Increasing antimicrobial resistance: Inappropriate use of anti-
microbials is leading to increased antimicrobial resistance. 
Antimicrobial resistance (AMR) is one of the most serious public 
health problems globally resulting in prolonged illness and hos-
pitalization, mortality, and higher costs. Use of drugs other than 
first-line drugs in such situations may increase costs (sometimes 
as high as 100-fold), makes treatment unaffordable for many 
governments/health systems, especially in developing countries, 
and increase in out-of-pocket expenditure by patients. 

 Development and spread of antimicrobial resistance is due to:
• overuse, misuse, and irrational use by doctors;

• noncompliance and self-medication by patients; and

• use in animal husbandry, aquaculture, and agriculture.

3. Twelve core interventions to promote rational use of  medicines:
• Essential Medicines List and drug formulary based on that list

• Standard Treatment Guidelines

• Drugs and Therapeutics Committees in hospitals. This is 
a committee designated to ensure safe and effective use of 
medicines in hospital.

• In-service continuing medical and nursing and pharmacy 
education

• Rational drug use in undergraduate curricula

• Supervision, monitoring, audits

• Independent prescriber information on medicines

• Public education about medicines and awareness of essential 
drug concepts

• Procurement and logistics within the public health system

• Appropriate and enforced regulation

• Sufficient public health and public drug expenditure 

J.  Drug information sources

 The quantity of medical information and medical literature avail-
able is growing at an overwhelming rate. Numerous resources of 
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information on medicines are available which include textbooks, med-
ical journals, reference books, drug compendia, national medicines 
lists, essential medicines and treatment guidelines, drug formularies, 
drug bulletins, drug information centers, Internet, and the pharma-
ceutical industry. The technology by which this information can be 
accessed is also improving exponentially. The introduction of Internet 
resources, personal digital assistants (PDAs), and smartphones has 
radically changed the methods and technology of the way information 
is accessed. It is therefore important to evaluate the quality of infor-
mation provided by each source. 

 Sources are considered primary, secondary, or tertiary  depending 
on the originality of the information and their proximity or closeness 
to the source of information. Primary sources constitute papers or 
technical reports or case studies published in a journal article. Once 
published, the information may be commented on by other research-
ers and/or professionally indexed in a database that comprises sec-
ondary sources (for  example, review article, textbook specialized to a 
narrow topic or a more broader overview, article indexes/databases 
such as Biological Abstracts/MEDLINE). Tertiary sources are when 
the information from primary and secondary sources is summarized 
into a textbook or full-text databases or  reference book format, drug 
reference books, drug compendia, etc. Tertiary sources provide infor-
mation about the established drugs as well as newer drugs and treat-
ment options. 

 Generally, the best method to find authentic information includes a 
stepwise approach moving first through tertiary sources, then through 
secondary sources, and finally through primary source literature. The 
tertiary source initially provides the required information to familiarize 
the reader with the topic, the disease or drug in question, which will ulti-
mately result in a more structured and productive and effective search. 
In case the information obtained from the tertiary resources is not recent 
or comprehensive enough, a secondary database may be employed. 

 Primary resources include published meta-analyses, randomized 
controlled trials, observational trials, and case reports. There is a 
wide range of journals available that can assist one in keeping up 
to date in the different aspects of medical practice. The information 
obtained from this literature is the basis for developing guidelines for 
evidence-based practice. Although good medical journals are peer- 
reviewed, a review article or researched study appearing in print 
does not necessarily mean good science. Though primary resources 
are most up-to-date information, they require critical skills in inter-
pretation and evaluation of the strength of evidence (described as 
above). Moreover, decisions should not be based on a single piece of 
 evidence, but rather on a compilation of all the available evidence.

1. Internet sources of drug information: The Internet is the most 
readily accessible and widely used source of information includ-
ing primary, secondary, and tertiary data but due to the unregu-
lated nature of the Internet, it is of utmost importance to critically 
evaluate information obtained by this method. With the increas-
ing popularity of the Internet, many primary resources may be 
accessed directly from the web site of the publisher or medical or 
a pharmacy journal. The majority of journals require a subscrip-
tion but some journals may be open access. Often, access to the 
abstract is free of charge even in subscription journals. Due to the 
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limited information provided and inherent bias in an abstract, it is 
critical to ascertain whether obtaining the article may be of value 
before making a therapeutic decision.

K.  Essential Medicines List

 Essential medicines are those that satisfy the priority healthcare 
needs of the population. They are selected with due regard to  disease 
 prevalence, evidence on efficacy, safety, and comparative cost- 
effectiveness. Essential medicines are intended to be available within 
the context of functioning health systems at all times in adequate 
amounts, in the appropriate dosage forms, with assured quality, and 
at a price the individual and the community can afford.

 Implementation of the concept of essential medicines is intended to 
be flexible and adaptable to many different situations; exactly which 
medicines are regarded as essential remains the responsibility of 
states within a national framework.

 Essential drugs are neither to be understood as only consisting of 
life-saving drugs nor as medicines for the treatment of rare diseases. 
The concept of essential drugs includes all the drugs needed for most 
commonly encountered diseases including life-saving conditions. The 
concept was mentioned in 1 of the 10 points of the 1978 Alma Ata 
Declaration on primary health care.

1. Impact of essential medicines: A limited range of carefully 
selected essential medicines leads to

• better health care,

• better drug management and health outcome (including pro-
curement, storage and distribution, and improved quality of 
prescribed medicines),

• cost-effective use of health resources.

 Access to essential drugs, high expenditure on drugs, and irra-
tional competition of unscientific or even hazardous drugs are 
the three problems people face and public systems are chal-
lenged to response to. Nonavailability of medicines can block 
the operation of the healthcare system. Attendance at health 
services, credibility, and effectiveness of the healthcare system 
depend to a large extent on the patient being able to obtain rel-
evant drugs at the right time. A patient values services only if he/
she obtains necessary treatment and medicines. A good diagno-
sis is of not much use if the patient cannot obtain the necessary 
treatment.

 The WHO Model List of Essential Medicines  is a list of essential 
medicines created by the World Health Organization (WHO) which 
serves as a guide for the development of national and institutional 
Essential Medicine Lists (EML). It is updated and revised every 
2 years by the WHO Expert Committee on Selection and Use 
of Medicines. The list was first published in 1977. Since 2007, 
a separate list for children up to 12 years (WHO Model List of 
Essential Medicines for Children) is being brought out. The 18th 
edition for adults and the 4th edition for children were released 
in April 2013. The WHO EML has steadily grown in terms of the 
number of drugs included in the list with each update. Initially in 
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1977, the WHO EML had 204 molecules and the current list of 
2013 includes 374 unique molecules. The 2013 WHO EML has 
431 molecules with duplications across indications and includes 
both core and complimentary medicines.

 Worldwide, the concept of essential medicines has been accepted 
as a powerful tool to promote health equity and its impact is 
remarkable, as essential medicines are considered to be one of 
the most cost-effective elements in health care. This model WHO 
EML is customizable to clinical guidelines for healthcare practice, 
to region-specific public health issues, to least costly or most 
accessible therapeutic equivalent, and can be implemented on a 
country, state, or institutional level.

2. Formulary system: The formulary system is a mechanism for the 
ongoing assessment of availability of medicines to assure safe and 
effective use of drugs in a cost-conscious manner. The formulary 
process is the cornerstone of good pharmaceutical management 
and safe use of medicines. A formulary list (also referred to as 
Essential Medicines List) is a limited list of the most cost- effective, 
safe, and available medicines of assured quality which meets the 
priority health needs of the population. A formulary manual is 
developed and maintained based on the recommended treatments 
from Standard Treatment Guidelines, using explicit drug selection 
criteria (relative efficacy, safety, suitability, and cost).

 The formulary process consists of preparing, using, and updat-
ing a formulary list, a formulary manual (providing information on 
drugs in the formulary list), and Standard Treatment Guidelines 
(choosing the most appropriate therapies, STGs) in a hospital. 

 The benefits that arise from a limited range of carefully selected 
medicines are numerous and well known and include improved 
drug therapy, decreased adverse drug reactions (ADRs), better 
health care, better drug management and health outcome (includ-
ing efficiency in procurement, inventory management, storage and 
distribution, and improved quality of prescribed medicines), and 
decreased overall healthcare cost. The advantages of the drug 
formulary list are given in Figure 1.6. Carefully selected essential 
medicines lead to cost-effective use of health resources. The for-
mulary concept is intended to be flexible and adaptable to many 
different situations. Exactly which medicines are regarded as 
essential remains a national responsibility as well as an individual 
hospital responsibility. The selection of essential medicines, pref-
erably linked to Standard Clinical Guidelines, is a crucial step in 
ensuring access to health care and in promoting rational use by 
health professionals and consumers.

 The factors that are critical to the use of a hospital formulary 
by health workers are their involvement in the development and 
updating process, the quality of the content, a user-friendly for-
mat, and adequate distribution and follow-up supervision.

 The process by which the medicines are selected is critical to its 
acceptance by the prescribers. An essential medicines list which is 
imposed from above and does not reflect the needs of the users 
will not be accepted and used by the prescribers. It is therefore very 
important that the formulary development process be consultative 
and transparent and that the selection be based on explicit criteria 

Figure 1.6
Advantages of drug formulary list.

Improving Health Outcomes 

The primary advantage is that it 
provides a systematic method 
to review scientific evidence on 
clinical effectiveness and cost 
effectiveness in drug selection 
decision, thus potentially improv-
ing health outcomes while reduc-
ing costs.

Efficient Pharmacy 
Management

It is difficult to achieve efficiency 
in the hospital pharmaceutical 
system if there are too many 
brands of the same medicines. 
All aspects of drug management, 
including procurement, storage, 
distribution, and use, are easier if 
fewer items are to be dealt with, 
there are fewer stockouts, there 
is containment of inventory cost, 
and it can lead to improved drug 
availability in hospitals. It also 
improves efficiency and reduce 
confusion and thereby medica-
tion errors.

Improved Quality of Care

Patients are treated with fewer 
but more cost-effective medi-
cines for which information can 
be better provided. The doctors 
gain more experience with fewer 
drugs and recognize drug interac-
tions and adverse drug reactions 
better. Quality of care will be fur-
ther improved if medicine selec-
tion is based on evidence-based 
treatment guidelines.
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(based on efficacy, safety, quality, cost [which will vary locally]) and 
cost-effectiveness. Figure 1.7 depicts the criteria for selection of 
medicines for hospital formulary. Finally, selection of the medicines 
should be linked to evidence-based Standard Clinical Guidelines. 
Evidence-Based Medicine (EBM) is defined as “the conscientious, 
explicit and judicious use of current best evidence in making deci-
sions about the care of the individual patient.” EBM is the inte-
gration of the best available clinical evidence with an individual’s 
 clinical expertise and patient’s values and expectations. The hierar-
chy of evidence is shown in Figure 1.8. Figure 1.9 shows catego-
ries/levels of evidence. Grading of quality of evidence tells us the 
extent to which one can be confident that an estimate of the effect 
is correct and provides confidence that the estimates are adequate 
to support a particular recommendation (Figure 1.9).

L.  Prescription writing

 Prescription is a medicolegal document written by a physician, dentist, 
or any other medical practitioner to the pharmacist giving  directions 
to compound and dispense a specific medication for an individual 
patient. Prescription is actually a direct link between the physician, 
pharmacist, and patient. Over the years, the demand for individually 
compounded medicines has declined; therefore, pharmacists largely 
perform the role of filling prescription and patient education ensuring 
safe and appropriate use by the patient. 

1. The prescription: The prescription must be accurately and legibly 
written and identify the patient, the prescriber, the medication to 

Figure 1.7
Criteria in selection of medicines for hospital formulary.

Drugs are selected depending on many factors, such as the pattern of prevalent diseases, treatment facilities, 
training and experience of available personnel, financial resources, and genetic, demographic, and environmen-
tal factors. WHO (1999) has developed the following selection criteria:

• Only those medicines should be selected for which sound adequate data on efficacy and safety are available 
from  clinical studies and for which evidence of performance in general use in a variety of medical settings in 
terms of efficacy, suitability, safety, and cost effectiveness has been obtained (Figure 1.8).

• Each selected medicine must be available in a form in which adequate quality, including bioavailability, can be 
assured; its stability under the anticipated conditions of storage and use must be established.

• When two or more medicines appear to be similar in the above respects, the choice between them should 
be made on the basis of a careful evaluation of their relative efficacy, safety, quality, price, and availability.

• In cost comparison between medicines, not only the cost of the total treatment but also the unit cost of the 
medicine must be considered. In cases where drugs are not entirely similar, the selection should be made on 
the basis of a cost-effectiveness analysis.

• In some cases, the choice may also be influenced by other factors, such as pharmacokinetic properties, or 
by local considerations, such as the availability of facilities for storage or manufacturer.

• Most essential medicines should be formulated as single compounds. Fixed-ratio combination products are 
acceptable only when the dosage of each ingredient meets the requirements of a defined population and when 
the combination has a proven advantage over single compounds administered separately in therapeutic effect, 
safety, or compliance.

• Drugs are specified by the international nonproprietary name (INN) or generic name without reference to 
brand names or specific manufacturers.

Figure 1.8
Categories/levels of evidence. 
(Figure continues on next page)

For example, SIGN—Scottish 
Intercollegiate Guidelines Network

(1++) High-quality meta analysis, 
systematic reviews of random-
ized controlled trials (RCTs), or 
RCTs with a very low risk of bias.

(1+) Well-conducted meta analy-
sis, systematic reviews of RCTs, 
or RCTs with a low risk of bias.

(1) Meta analysis or systematic 
reviews of RCTs or RCTs with a 
high risk of bias.

(2++) High-quality systematic re- 
views of case-control or cohort 
studies; or high-quality case-con-
trol or cohort studies with a very 
low risk of confounding, bias, or 
chance and a high probability 
that the relationship is causal.
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17I. General Pharmacology

Figure 1.8 (Continued)
Categories/levels of evidence.

(2+) Well-conducted case-control 
or cohort studies with a low risk 
of confounding, bias, or chance 
and a moderate probability that 
the relationship is causal.

(2) Case-control or cohort studies 
with a high risk of confounding, 
bias, or chance and a significant 
risk that the relationship is not 
causal.

(3) Nonanalytic studies, for exam-
ple, case reports.

(4) Expert opinion.

be dispensed, the mode of drug administration, and the duration 
of treatment. Avoid abbreviations and Latin as they lead to dis-
pensing errors. The prescription should also include the therapeu-
tic purpose in the subscription (for example, “for control of blood 
pressure”; use of metformin for the “control of sugar”; losartan for 
the treatment of hypertension) to prevent errors in dispensing. 
Further including the therapeutic purpose of the prescription can 
also empower patients and improve compliance with therapy. 
Moreover, inclusion of the patient’s weight on the prescription, 
especially in children, can be useful in avoiding dosing errors. 

a. Parts of prescription: The prescription consists of the super-
scription, the  inscription, the  subscription, the  signa, and 
the name and signature of the prescriber, all contained on a 
single form.

[1] Superscription: The  superscription  includes the date 
of the prescription; personal data of the patient—name, 
address, weight, and age of the patient; and the Rx. 
Rx  is an abbreviation for the Latin word “recipere” or 
“recipe,” which means “Take, thou.” The symbol is said 
to designate Jupiter “The God of Healing.” 

[2] Inscription: It is a main part of the prescription. It 
contains the name, dosage form (such as “tablet,” 
“oral solution,” “injection,” “eye ointment”), amount or 
strength, and number of doses or quantity of the drug 
to be dispensed. It also contains a manner in which the 
medicine should be taken.

[3] Subscription: The signa or “Sig” is the instruction for 
the patient (for example, how to take the medicines, 
interpreted, and transposed onto the prescription label 
by the pharmacist).

 Historically, this was an instruction to the pharmacist 
to compound medications (for example, instructions 

Figure 1.9
Evidence-based medicine pyramid.

Cochrane
Systematic Reviews

Evidence
Guidelines

Other SRs & Meta-Analyses

Evidence Summaries

Clinical Research Critiques

Other Reviews of the Literature

Clinical Reference Texts

Case Reports, Case Series, Practice Guidelines, etc.

RCTs Case Cohorts,
Control Studies

Strength 
of 

evidence
LEVEL DEFINITION

High Very confident that the true 
effect lies close to that of the 
estimate of effect

Moderate Moderately confident that the 
true effect is likely to be close 
to the estimate of effect; but 
there is a possibility that it is 
substantially different

Very low Confidence in the effect esti-
mate is limited: the true effect 
may be substantially different

Low Very little confidence in the 
effect estimate: the true effect 
is likely to be substantially 
different
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regarding the fortification of tobramycin eye drops for 
treating a corneal ulcer) since these days, most medi-
cations are pre-compounded preparations. Subscription 
now indicates the quantity of medication (number of 
capsules or tablets) such as “dispense 30 tablets” or 
the size of the bottle to be dispensed (5 mL, 10 mL, or 
15 mL). Typically, Latin or English abbreviations are used 
to provide specific instructions translated by the phar-
macist for patient use. Typical instructions on the pre-
scription used to include use of Latin abbreviations such 
as BD for twice daily, TDS for thrice daily, HS at night, 
and SOS for as and when required. It also provides for 
the number of refills the patient should need to complete 
the cycle of drug treatment. Most antibiotic and steroid 
prescriptions need no refills or one refill only.

[4] Signature of the physician: The prescription must be 
signed in the prescriber’s own hand and dated. Address, 
telephone number, and registration number should be 
clearly stated in the prescription which could either be 
preprinted on the prescription or stamped with all these 
details. This will allow either the patient or the dispenser 
to contact the prescriber for any clarification or potential 
problem with the prescription.

 Prescriptions should preferably be written in the domi-
nant language of the patient or English. Latin is no  longer 
the international language of medicine, but a number 
of prescribers continue to use obsolete Latin usage. 
Avoid using them. Latin abbreviations, for example, 
“1 cap q1d,” should be interpreted by the pharmacist  
as “take one capsule once a day” but this can easily be 
mistaken for QID leading to four times the dose. Clear 
and explicit directions specifying the route, dose, and 
frequency should be written; avoid using of phrases 
such as “take as directed” or “take as before.” For med-
icines which are to be taken on an “as required” basis, 
the minimum dose interval should be stated together 
along with the maximum permissible daily dose. It is 
a good practice to qualify such prescriptions with the 
purpose of the medication (for example, “every 6 hours 
as required for pain” or “at night as required to sleep”). 
It is a good dispensing practice to explain these direc-
tions to the patient; these directions should then be 
reinforced by the label on the medicine. 

[5] Quantity to be dispensed: The quantity of the med-
icine to be supplied should be clearly stated in such 
a manner that it does not get confused with either 
the strength of the product or the dosage directions. 
Alternatively, the length of the treatment course may be 
stated (for example, “for 5 days”). Whenever possible, 
the quantity dispensed should be adjusted to avoid strip 
cutting. Medicines with a single-dose regimen should 
be procured matching the pack size facilitating dis-
pensing of single dose (without strip cutting) or in other 
cases adjusted to match the available pack size (for 

Name: XYZ

Age: 60 years 

Sex: Female 

Date: 7/05/18

Diagnosis: Parkinsonism 

Rx 

Tab Levodopa 100 mg plus 
Tab Carbidopa 25 mg 2  tablets 
by mouth 3 times daily for one 
month. Take with food. 

Dr. XYZ 

Assistant Professor of Neurology, 

Reg. No. 1345

Date
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example, if medicines are prescribed in a dose of three 
times a day for 7 days which makes the total quantity 
to be dispensed as 21 tablets and the available pack 
size is of 10 tablets in each strip, then 20 tablets could 
be dispensed to avoid strip cutting). Strip cutting is an 
error-prone activity and can be dangerous if it involves 
high-alert or look-alike, sound-alike drug. For liquid 
preparations, the quantity should be stated in milliliters 
(abbreviated as “ml”) or liters (abbreviated as “L,” since 
the letter “l” could be confused with the figure “1”).

[6] Narcotics and controlled substances: The prescrib-
ing of a medicine that is liable to abuse requires spe-
cial attention and may be subject to specific statutory 
requirements. Practitioners may need authorization to 
prescribe controlled substances; in such cases, it might 
be necessary to indicate details of the authority on the 
prescription. In particular, the strength, directions, and 
the quantity of the controlled substance to be dispensed 
should be stated clearly, with all quantities written in 
words as well as in figures to prevent alteration. Other 
details such as patient particulars and date should also 
be filled in carefully to avoid alteration and unauthorized 
refills. The prescription for controlled substances is valid 
for up to 14 days. The prescription for narcotics should 
be rewritten and should not be refilled by “continue 
same treatment as above.”

[7] Off-label prescribing:  “Off-label” means the  licensed 
medicine is used in a manner not specified in the DRA’s 
approved packaging label or insert. For example, botu-
linum toxin has been approved for use in treatment of 
spasm but its use to treat migraine is off-label use; che-
motherapy is approved to treat one type of cancer, but 
if it is used to treat a different type of cancer or when 
given in a different way from the approved dose or dos-
age form, it would amount to off-label use.

2. Principles of prescription writing (Figure 1.10): In modern med-
icine, prescribing medicines is the main approach to the treatment 
and prevention of disease. Though medicines have the capacity to 
enhance health or sometimes are life-saving, at the same time all 
have the potential to cause harm and could be life- threatening, if 
used inappropriately (for example, adverse drug reactions, under- 
or overdose, and medication errors). One of the basic principles in 
treatment is “First do no harm” as stated by Hippocrates. Stories 
of medical remedies causing more harm than good have been 
recorded from time immemorial. An iatrogenic disorder occurs 
when the deleterious effects of the therapeutic or diagnostic reg-
imen cause pathology independent of the condition for which the 
initial regimen was advised, for  example, extrapyramidal symp-
toms seen with antipsychotic agents. Iatrogenic disease is one of 
the most frequent causes of hospital admissions and constitutes 
a growing public health problem.   Polypharmacy (patients receiv-
ing multiple drugs) and potentially inappropriate medications have 
been associated with many negative health outcomes, including 
adverse drug reactions, falls, nonadherence, reduced quality of 

Principles of prescription writing

Define patient problem

Select the correct drug

Identify all possible factors

Consider patient’s beliefs, 
concerns and expectations

Select safe and cost-effective 
drugs

Adhere to national and 
local guidelines

Write unambiguous legal 
prescription

Monitor both beneficial and 
adverse drug effects

Prescribe within limitations 
of knowledge and skills

Monitor and evaluate the 
treatment

Communicate the actual reason

Figure 1.10
Principles of prescription writing.
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life, addiction, hospitalizations, and mortality.   Efficacy and safety 
do not lie solely with the drug but the successful pharmacotherapy 
depends on the application of pharmacodynamic and pharmaco-
kinetic principles in light of knowledge gained in clinical medicine. 
It requires critical thinking skills to maximize therapeutic benefits 
weighing drug- and patient-related variables.

 Certain principles of prescription writing have been laid out as 
below for safe use of medicines:

a. Define the patient’s problem and be clear about the rea-
sons for prescribing:
• Establish an accurate diagnosis (although this may at 

times be difficult) whenever possible.

• Specify a clear therapeutic objective based on the underly-
ing pathophysiology. Sometime, more than one therapeu-
tic goal may be set for a given patient.

• Select the therapeutic strategy. It should be a shared 
 decision involving patients.

 The select treatment can be nonpharmacological and/or 
pharmacological. Nonpharmacological treatment is equally 
important as very often, health problems can be resolved by 
a change in lifestyle, diet, exercise, or psychological support.

b. Select the correct drug considering the patient’s history 
before prescribing:
• Obtain an accurate list of current and recent medications 

(including over-the-counter and alternative medicines) and 
a history of prior adverse drug reactions and drug aller-
gies and undertake medication reconciliation, especially at 
transition points. 

• Drugs sometimes are a cause of a disease but withdrawal 
of drug, if abrupt, can also cause disease. For example, 
sudden withdrawal of benzodiazepines and antiepileptic 
agents can lead to withdrawal syndrome.

• The sources of this information/history may come from 
patients, family/carers, or other healthcare practitioners.

c. Identify other factors that might alter the benefits and 
risks of treatment:
• Consider individual risk factors that might influence the 

prescription (for example, genetics, physiological changes 
with age and pregnancy, concomitant diseases, or impaired 
liver, kidney, or heart function).

d. Take into consideration the patient’s beliefs, concerns, 
and expectations:
• While selecting treatments, make sure that the patient under-

stands and agrees with the reasons for taking the medication.

e. Select efficacious, safe, and cost-effective drugs appro-
priate for the patient:
• The likely beneficial effects of a drug should outweigh any 

potential harms. At the same time, also consider the likely 
harms of treating versus likely harms of not treating, when-
ever possible, this decision should be based on published 
evidence. 
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• Choose the most suitable formulation, dose, frequency, 
route of administration, and duration of treatment.

• Prescribe medicines for their approved indications only. 
Pay special attention to drugs that are liable to abuse 
which come under specific statutory requirements. Do 
not  prescribe medicines for conditions other than those 
approved by the DRA (also called “off-label” use) or out-
side standard practice as far as possible unless satisfied 
that no effective alternative is available or when avail-
able would not meet the patient’s needs. This decision 
should  be based on explicit evidence and/or experience 
of the likely benefit–harm balance of all available options. 

• In most cases, treatment should be started with a low 
dose and the dose gradually increased by monitoring the 
patient’s response or a loading dose may be administered 
as may be needed (for example, glucocorticosteroids, 
phenytoin, valproic acid, warfarin, and amiodarone).

f. Adhere to the national or local guidelines where appropriate:
• Be aware of evidence-based recommendations developed 

by respected professional organizations.

• Balance specific drug selection considering the needs of 
the patient and cost and verify the suitability of the cho-
sen medicine for each patient. Select medicine may be the 
best medicines for a given patient; however, a final decision 
while selecting medicines should be taken with regard to 
overall costs and needs of other patients considering pub-
lic health requirements as healthcare resources are finite.

• Access, identify, and use only reliable and validated 
sources of information, and evaluate potentially less reli-
able, such as Internet, information critically.

g. Write unambiguous legal prescriptions using the correct 
documentation:
• Write the drug name by the generic name in Capitals. 

• Be aware of the medicines and common factors that 
cause medication errors (such as high-alert, look-alike and 
sound-alike medicine [LASA], and abbreviations) and know 
how to avoid them. 

• Avoid abbreviations and Latin to prevent dispensing errors. 
Do not write abbreviated drug names. 

• Do not use unapproved, nonstandard, or error-prone abbre-
viations, symbols, and dose designations. Avoid decimal 
wherever possible (write 125 micrograms instead of 1.25 mg) 
and do not write naked or trailing decimals (for example, 
“.5  or 1.0” mg). Do not abbreviate micrograms and nano-
grams. State strength in standard units using abbreviations 
those are consistent with the System Internationale (SI). 
Further, hand-written U can easily be mistaken for “0 or 4.” 

h. Monitor both the beneficial and the adverse drug effects 
of medicines:
• Understand how to alter the therapeutic regimen as a 

result of this information.

• Know the system to report adverse drug reactions.
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 i. Communicate the reasons for and document prescribing 
decisions:
• Communicate clearly with the patient as well as the phar-

macist in the language which the patient understands.

• Give information to patients about how to take the med-
icine correctly, its potential benefits, and adverse effects 
(especially those that will require urgent attention), and 
any monitoring that is required. Use patient education aids 
when possible, such as patient information leaflets, dose 
organizers, and posters.

• Document prescribing decisions in the health record accu-
rately and in real time.

j. Prescribe within your limitations of knowledge, skills, and 
experience:
• Always keep relevant knowledge and skills up to date.

• Be prepared to seek the advice and support of qualified 
professional colleagues, if required.

• Verify all information on prescriptions before handing over 
to the patient. 

k. Monitoring treatment and de-prescribing or de-escalation 
when necessary:
• Evaluate the outcome of treatment on follow-up visits to 

allow the stopping of the drug (if the patient’s problem is 
solved) or to modify it when necessary providing important 
information about the adverse effects of drugs contribut-
ing to building up the body of knowledge of pharmacovig-
ilance and promoting rational use of drugs. 

• De-prescribing is a process of tapering, discontinuing, or 
withdrawing unnecessary drugs with the goal of managing 
polypharmacy and improving patient outcomes. The pro-
cess of de-prescribing can be planned and supervised by 
healthcare professionals. 

M.  Medication errors

 Every step in patient care involves a potential for error and some 
degree of risk to patient safety. Errors in ambulatory and ICU pre-
scribing are a major public health problem. On average, more than 
one medication error each day is expected. The real key to patient 
safety is reducing or eliminating harm to patients. Medication error 
can occur in the process of ordering, transcribing, dispensing, admin-
istering, and monitoring of medication. A medication error may or may 
not result in an actual adverse drug event. 

1. Risk factors (Figure 1.11):

a. Polypharmacy and irrational use of medicines: Polypharmacy 
is the largest risk factor, which on one hand increases the 
chance of adverse drug reactions and on the other hand 
makes it vulnerable to medication errors. 

b. Look-alike, sound-alike (LASA) combinations: Confusing 
drug names, particularly sound-alike names, is one of the 
most common causes of medication error and is of concern 
worldwide. This includes confusion between nonproprietary 

Beware of look-alike, 
sound-alike (LASA) 
combinations

Avoid use of drug 
name abbreviations

Avoid use of 
error-prone 
abbreviations 
and trailing 
decimal

Polypharmacy

PCM

CPM

CPZ

BT Bedtime→
1.0 mg 1 mg→

OD Once daily→

QID 6  hourly→
d Day/dose→

0.125mg 125 mcg→

Avoid errors due 
to mixups

“1” and number  “1”

“0” and number  “0”

“Z” and number  “2”

Figure 1.11
Risk factors of medication errors.
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names and proprietary (brand or trademarked) names. Many 
drug names look or sound like other drug names (for example, 
Glynase [glyburide], and Zinase [combination of diclofenac 
potassium and serratiopeptidase]; Daonil [glibenclamide], 
Duodil [chlorzoxazone], and Diovol [antacid]; Lasix [furose-
mide], and Lorax [lorazepam]. Illegible handwriting and incom-
plete knowledge of drug names further add to this confusion. 
Availability of the products with similar packaging or labeling, 
and the failure of manufacturers and regulatory authorities to 
recognize prior to approving new product names and packing 
continue to threat prescribing and administration errors. 

c. Use of abbreviations for drug names: Acronyms such as 
PCM (paracetamol), CPM (chlorpheniramine), CPZ (chlor-
promazine), CBZ (carbamazepine), THP (trihexyphenidyl), 
TFP (trifluoperazine), ASA (aspirin), and 5-ASA (5-aminosalicylic 
acid) are an important source of errors. Moreover, a prescrip-
tion is a medicolegal document, and these acronyms are not 
standard abbreviations used by all and may be interpreted 
differently, for example, MS (magnesium sulfate or morphine 
sulfate). The full drug name should be written out. 

d. Use of error-prone abbreviations: Use of error-prone abbre-
viations, symbols, and dose designations. 

e. Errors due to mixups: Between “l” and the number “1”; “O” 
and “0”; “Z” and “2”; “1” and “7.” For example, Q1d can 
easily be mistaken for QID leading to four times the dose 
and hand-written “U” could easily be interpreted as “0 or 4.” 
Therefore, “Unit” should always be written. 

N.  Irrational, nonessential, and hazardous drugs 
in the market

 Tremendous transformation has been witnessed in the pharmaceutical 
industry since the 1950s leading to its increasing profits; at the same 
time, huge numbers of irrational, nonessential, and hazardous drugs 
have flooded the market. It needs to be clearly understood that as little 
as about 300 to 400 pharmaceuticals are capable of providing all the 
useful therapeutic value that any medicine can provide for any type of 
illness. This is what the “Essential Medicines List” is really. Even if we 
include a number of drugs which are safe and efficacious but duplicate 
the effects provided by one of these 300 chemicals, still we should have 
maximum 750 to 1000 drugs on Essential Medicines List. Yet, it is esti-
mated that there are as many as 70,000 formulations available in the 
market today. This is a source of tremendous confusion for both the 
doctors and the patients, since in any case the patients would have little 
knowledge of what drug has been prescribed to them and even doctors 
would not easily be able to interpret the prescription of another doctor. It 
is estimated that as many as 90% of the drugs sold in the market today 
and consumed by people are the same essential drugs being sold under 
different brand names, or they may be inessential drugs, or worse they 
may even be irrational/unscientific or hazardous drugs. 

1. Sources of these drugs: Most formulations are brand names 
given by companies for the same drug. Another large set of 
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formulations are what are called fixed-dose combinations (FDCs) 
of one or more of the drugs.

 It must be noted that except for about 10 drug combinations where 
there is a pharmacologic synergy in combining the drugs in a cer-
tain dosage form, most FDCs are irrational and inadvisable. This is 
because the dose of each of the drugs in the combination may 
have to be altered at different rates at different times, or because 
the combination is with an inessential or even hazardous drug. 

 Combinations of allopathic drugs with AYUSH drugs, almost all of 
which are neither tested nor certified, form another major group 
of irrational drugs. Another large set of formulations are made of 
drugs which have no therapeutic value or have much less value 
than the generic preparation of the active ingredient. A large num-
ber of cough syrups, pain killers, tonics, gripe waters, digestives, 
energizers, and so on are examples of this category (Figure 1.12). 

 Another large set are basically drugs which are minor and less 
effective drugs, or more hazardous drugs, or more costly variants 
of other active drugs available for that purpose. Most of these 
drugs comprise antibiotics, vitamins, and anti-inflammatory anal-
gesics. There are also, surprisingly, a number of drugs that have 
been clearly banned by the Drug Control Authority of India, but 
which still continue to be available in the market and continue to 
be prescribed/used. Most of them are there through some weak-
ness in the banning order or some technical device that has been 
used to contravene the order.

O.  Fixed-dose combinations

 Fixed-dose combinations (FDCs) are formulations of two or more 
active ingredients combined in a single dosage form available in cer-
tain fixed doses. Fixed ratio combination products are acceptable 
only when the dosage of each ingredient meets the requirement of 
a defined population group and when the combination has a proven 
advantage over single compounds administered separately in thera-
peutic effect, safety, or compliance (The Use of Essential Drugs. Model 
List of Essential Drugs [Seventh List]. Fifth report of the WHO Expert 
Committee. World Health Organ Tech Rep Ser. 1992; 825:1–75). FDCs 
by simplifying the medication regimen may improve medication com-
pliance by reducing the pill burden of patients. However the data 
on comparison of fixed-dose combination with free-drug regimen 
to improve a patient’s medication compliance is limited except in 
some conditions only in patients with chronic conditions like hyper-
tension for improving medication compliance which can translate into 
better clinical outcomes. On the other hand, there are concerns about 
increased adverse effects, particularly postural hypertension, among 
drug-naive patients treated initially with two antihypertensive agents. 

 Most of the pharmaceutical companies manufacture a wide number 
of FDCs as novel products without adequate supporting evidence of 
proven better efficacy over single drugs, safety, and cost advantage.

1. Concerns with FDCs (Figure 1.13): FDCs are highly popular 
in India and a large numbers of FDCs are available in the phar-
maceutical market. Apart from these, most of the FDCs are not 
only unnecessary but are also big public health problems as they 

Figure 1.12
Commonly available fixed-dose 
combinations.

Cough syrup

Pain killer

Energizers

Tonic water

LIR_CH01.indd   24 16/10/18   12:04 PM



25I. General Pharmacology

are heavily promoted and prescribed to cover up for diagnostic 
imprecision and lack of access to laboratory facilities. Such inju-
dicious use of FDCs of antibiotics can rapidly give rise to resistant 
strains of organisms, which is a matter of serious concern, espe-
cially in resource-poor settings. The problem gets worsened as 
these FDCs are freely available as over-the-counter products.

a. Safety concern: Some fixed-dose combinations avail-
able in the market are unsafe and even dangerous: The 
most serious concern with irrational FDCs is that they expose 
patients to an unnecessary risk of adverse drug reactions 
(ADRs). In case a patient suffers from any ADRs, it is diffi-
cult to pinpoint the offending agent, for example, in an FDC 
such as phenacetin + aspirin + caffeine (APC; additive toxic-
ity potential, for example, with anti-TB drugs, streptomycin, 
kanamycin, and capreomycin when combined, as they have 
the same side effects [oto and nephrotoxicity]).

 Some FDCs are unsafe and may be even dangerous when mul-
tiple drugs from the same therapeutic group are combined and 
particularly when centrally acting drugs are clubbed together. 
If the former compounds the risk of adverse effects, the latter 
makes it difficult to undertake separate dose adjustments of 
the drugs that are combined. FDCs containing two or more 
antiepileptic drugs to treat epilepsy; FDCs containing antipsy-
chotics, antidepressants, and sedatives; antidepressants + 
antipsychotics + sedatives + anticholinergic;  paracetamol and 
codeine in older people; and pediatric formulations of nime-
sulide + paracetamol. Nimesulide alone has greater antipyretic 
properties than paracetamol, more anti- inflammatory prop-
erties than aspirin, and equivalent in analgesia to any of the 
NSAIDS alone, so there is no gain in efficacy with the added 
paracetamol in the FDC. However, the patient may be subject 
to increased hepatotoxic effects from the combination. FDCs 
of diclofenac + serratopeptidase do not offer any particular 
advantage over the individual drugs given separately despite 
the claim of rapid resolution of inflammation with serratopep-
tidase. On the other hand, the patient is exposed to a greater 
risk of gastrointestinal (GI) irritation and serious bleeding from 
unsuspected peptic ulceration.

 FDCs of quinolones and nitroimidazoles (for example, combina-
tions of [antiamoebic] with tinidazole + loperamide; norfloxacin +  
tinidazole + dicyclomine; norfloxacin + tinidazole; norfloxacin +  
metronidazole; ciprofloxacin + tinidazole; ofloxacin + ornida-
zole) have not been recommended, but continue to be heavily 
prescribed drugs in GI infections, pelvic inflammatory disease, 
dental infection, etc., to cover up for diagnostic impreci-
sion and lack of access to laboratory facilities. Such injudi-
cious use of antibiotic FDCs can rapidly give rise to resistant 
strains of microorganisms, which is a matter of serious con-
cern in a resource-poor setting. Emergence of ciprofloxacin- 
resistant  Salmonella typhi  strains made treatment of typhoid 
fever more difficult and expensive in India.

 Absence of information on adverse effects of the FDCs avail-
able in market with the pharmacovigilance program being at 

Figure 1.13
Concerns with fixed-dose combina-
tions (FDCs).
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a nascent stage and low reporting of adverse events further 
hamper safety data collection.

b. Increased potential for medication errors: Multifold use of 
drugs compounded by confusion generated by multiple brand 
names, especially many FDC formulations, gave rise to mul-
tiple branded products. For example, 211 antipsychotic FDC 
products from 10 formulations to 2,739 NSAID FDC products 
from 124 formulations are available in the market.

 Sometimes even approved FDC formulations contain banned, 
restricted, or never-approved drugs; for example, phenylpro-
panolamine is a banned drug in other countries due to the 
risk of stroke. Nimesulide containing formulations have been 
banned from use in children below 12 years of age in India. 
Phenylpropanolamine and its formulations have also been 
banned in India. Recently, nimesulide and phenylpropanol-
amine containing formulations has been banned from use in 
children below 12 years of age in India.

 Irrational FDCs not only impose unnecessary financial burden 
on consumers but also are misleading. The patient has to pay 
for two drugs when one (or even none) may be needed for the 
patient. The FDCs are marketed with slogans such as “ibu-
profen for pain and paracetamol for fever” and “ibuprofen for 
peripheral action and paracetamol for central action” which 
are misleading and unsafe. Similarly, there is no synergism 
when two drugs acting on the same enzyme are combined. 
Thus, combining two NSAIDs does not and cannot improve 
the efficacy of treatment. 

c. Prescription from AYUSH quacks: Ayush practitioners are 
not knowledgeable about the principles of modern medicine 
and do not have the capability to rationally choose and pre-
scribe individual components separately.

d. Ineffective combinations: Combination of Vitamin B series 
with an inadequate dose below RDA of each vitamin is an 
ineffective combination

e. Patients differ in their response and sensitivity to drugs: 
Adjustment in dosage and dose interval may be necessary.

f. Ineffective dosage adjustments: Dosage of some of the 
drugs needs to be adjusted depending on the response to 
drug therapy and stage of the disease. For example, epileptic 
and cardiovascular drugs are not suitable for patients who 
take different doses at different stages, such as initial and 
maintenance phases.

g. Abuse liability: Some combinations have abuse liability, for 
example, FDCs containing dextropropoxyphene, phenobarbi-
tone, and corticosteroid.

h. Difference in biological half-life and quality of FDCs: 
Rifampicin has variable bioavailability from solid oral dosage 
forms; thus, its potency will be severely affected by using 
 formulations with poor bioavailability.

i. FDCs and pharmaceutical industry: FDCs is one of the 
ways to extend the patent and marketability of a drug product. 
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FDCs may be protected by patents, even though the individ-
ual active ingredients may be off-patent.

j. FDCs vis-a-vis copacked drugs: FDCs should be distinguished 
from copacked drugs and combination therapy. For example, 
some medicines, such as for the treatment of AIDS and tuber-
culosis, are copackaged as unit-of-use to target a single disease 
to delay the emergence of resistance;  atorvastatin + amlodipine 
is combined to target multiple diseases. Combination therapy 
refers to treatment with two or more active drugs, administered 
at one time in their individual formulations. 

k. FDC vis-a-vis step-up therapy: Sometimes, FDCs are con-
sidered to be essential as a measure for improving compli-
ance but should be delineated from step-up therapy where 
medicines are added to the regimen over time depending on 
the progress of the patient. However, physicians should be 
familiar with individual components. Switching to FDC may 
be considered once the dose of the individual medicines is 
established and the regimen is well tolerated to overcome 
compliance issue.

2. Rationality of FDCs: The rationality of FDCs is based on certain 
aspects which are as follows: 

• The pharmacokinetics of the drugs combined in a formulation 
must not be widely different.

• The fixed-dose combination should not have supra-additive 
toxicity of the ingredients as a combination of the two drugs 
may increase the side effects of both the drugs such as com-
binations of NSAIDs and cough and cold formulations.

 The World Health Organization’s (WHO) model list of Essential 
Drugs provides examples of some rational FDCs such as:

• sulfamethoxazole + trimethoprim,

• antitubercular FDCs like rifampicin + isoniazid + ethambutol, 
and pyrazinamide

• antiparkinsonism FDCs like levodopa + carbidopa.

P.  The Menace of Fake Drugs: Consequences, Causes, 
and Possible Solutions:

 Quality control and assurance play an essential role in the 
 pharmaceutical manufacturing process, to ensure that safe, effective 
medications of good quality are available. Quality issues with medi-
cines are a frequent occurrence, resulting in recalls, withdrawals, or 
harm to patients despite advances in technology in the manufacturing 
sector. Some commonly used terms are given in Figure 1.14. 

 DRA maintains and enforces regulatory requirements for quality 
of pharmaceuticals manufactured through a group of regulations 
known collectively as Good Manufacturing Practices (GMP). Despite 
 government control on the quality of production, import/export, 
 storage,  supply, and distribution through prescribed norms and stan-
dards, substandard and counterfeit drugs proliferate primarily in the 
environment where the drug regulation implementation is lax. Both 
branded and generic products are subject to counterfeiting. Both 
developed and developing countries face the problem of counterfeit 
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28 1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

drugs but the magnitude of the problem is not really known because 
of nonavailability of global study and nonuniformity in the definitions 
used. Different countries and organizations use different definitions 
to define the quality of medicines, making it hard to know exactly 
which problem is being referred to when this term is used. For all 
practical purposes, WHO describes spurious/falsely labeled/falsified/ 
counterfeit (SFFC) medicines that are deliberately and fraudulently 
mislabeled medicines with respect to identity and/or source. 

II. OVERVIEW OF PHARMACOKINETICS

Pharmacokinetics refers to what the body does to a drug, whereas phar-
macodynamics (see Chapter 2) describes what the drug does to the body. 
Four pharmacokinetic properties determine the onset, intensity, and dura-
tion of drug action (Figure 1.15):

• Absorption: First, absorption from the site of administration permits 
entry of the drug (either directly or indirectly) into plasma.

Absorption
(input) 

1

Distribution2

Metabolism3

Elimination
(output) 

4

Drug at site of
administration

Drug in
tissues

Metabolite(s)
in tissues

Drug and/or metabolite(s) in
urine, bile, tears, breast milk,

saliva, sweat, or feces

Drug in
plasma

Figure 1.15
Schematic representation of drug 
absorption, distribution, metabolism, 
and elimination. 

Figure 1.14
Commonly used terms for reflecting drug quality issues.

A substandard medicine is a drug that does not meet quality stan-
dards. It may contain too much or too little of the active ingredient, 
may be contaminated, may be poorly packaged, or fail to meet quality 
standards in other ways. These medicines may be a result of negli-
gence or of mistakes during the manufacturing process or may have 
been deliberately produced. Both originator and generic medicines 
can be found to be substandard. Substandard medicines are products 
whose composition and ingredients do not meet the correct scientific 
specifications as per pharmacopoeia and which may consequently be 
ineffective and often dangerous to the patient.

A fake medicine is deliberately and fraudulently mislabeled medicine, 
giving false information on where it was made or by whom, in order to 
appear as a legitimate medicine. Fake medicines are unlikely to con-
tain the active pharmaceutical ingredient needed to make the medi-
cine effective and may even contain harmful substances.

Spurious drugs: If it is marketed under a name which belongs to 
another drug; or if it is an imitation of, or a substitute for, another drug or 
resembles another drug in a manner likely to deceive or bears upon it or 
upon its label or container the name of another drug.

Counterfeit medicines are part of the broader phenomenon of substan-
dard pharmaceuticals. The difference is that they are deliberately and 
fraudulently mislabeled with respect to identity and/or source. The term 
counterfeit medicine is overly broad and creates confusion because it 
conflates intellectual property issues with public health problems.

Spurious/falsely labeled/falsified/counterfeit (SFFC) medicines 
may include products with the correct ingredients or with the wrong 
ingredients, without active  ingredients, with insufficient or too much 
active ingredient, or with fake packaging.
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29III. Routes of Drug Administration

• Distribution: Second, the drug may reversibly leave the bloodstream 
and distribute into the interstitial and intracellular fluids.

• Metabolism: Third, the drug may be biotransformed through metabo-
lism by the liver or other tissues.

• Elimination: Finally, the drug and its metabolites are eliminated from the 
body in urine, bile, or feces.

Using knowledge of pharmacokinetic parameters, clinicians can design 
optimal drug regimens, including the route of administration, dose, fre-
quency, and duration of treatment.

III. ROUTES OF DRUG ADMINISTRATION

The route of administration is determined by the properties of the drug 
(for example, water or lipid solubility, and ionization) and by the therapeu-
tic objectives (for example, the need for a rapid onset, the need for long-
term  treatment, or restriction of delivery to a local site). Major routes of 
drug administration include enteral, parenteral, and topical, among others 
(Figure 1.16).

A.  Enteral

 Enteral administration (administering a drug by mouth) is the most 
common, convenient, and economical method of drug administra-
tion. The drug may be swallowed, allowing oral delivery, or it may be 
placed under the tongue (sublingual) or between the gums and cheek 
(buccal), facilitating direct absorption into the bloodstream.

1. Oral: Oral administration provides many advantages and is 
the most convenient dosage form. Oral drugs are easily self- 
administered, and toxicities and/or overdose of oral drugs may be 
overcome with antidotes, such as activated charcoal. However, 
the pathways involved in oral drug absorption are the most com-
plicated, and the low gastric pH inactivates some drugs. 

 A wide range of oral preparations is available including enteric- 
coated and extended-release preparations. 

a. Enteric-coated preparations: An enteric coating is a chemi-
cal envelope that protects the drug from stomach acid, deliv-
ering it instead to the less acidic intestine, where the coating 
dissolves and releases the drug. Enteric coating is useful for 
certain drugs (for example, erythromycin and omeprazole) 
that are acid labile for drugs that are irritating to the stomach 
(for example, aspirin) and to delay the onset of action to a 
specific site within the gastrointestinal tract (sulfasalazine in 
the treatment of Crohn’s disease). 

b. Extended-release preparations: Extended-release (abbrevi-
ated SR, CR, ER, XR, XL, etc.) medications have special coat-
ings or ingredients that control drug release, thereby allowing 
for slower absorption and prolonged duration of action. ER 
formulations can be dosed less frequently and may improve 
patient compliance. In addition, ER formulations may main-
tain concentrations within the  therapeutic range over a longer 
duration, as opposed to immediate- release dosage forms, 
which may result in larger peaks and troughs in plasma con-
centration. ER formulations are advantageous for drugs with 

Figure 1.16
Commonly used routes of drug 
administration. IM = intramuscular; 
IV = intravenous; SC = subcutaneous.
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short half-lives. For example, the half-life of oral morphine is 
2 to 4 hours, and it must be administered six times daily to 
provide continuous pain relief. However, only two doses are 
needed when extended-release tablets are used. 

2. Sublingual/buccal: The sublingual route involves placement of 
drug under the tongue. The buccal route involves placement 
of  drug between the cheek and gum. Both the sublingual and 
buccal routes of absorption have several advantages, including 
ease of administration, rapid absorption, bypass of the harsh 
gastrointestinal (GI) environment, and avoidance of first-pass 
metabolism (see discussion of first-pass metabolism in the fol-
lowing text). 

B.  Parenteral

 The parenteral route introduces drugs directly into the systemic cir-
culation. Parenteral administration is used for drugs that are poorly 
absorbed from the GI tract (for example, heparin) or unstable in the 
GI tract (for example, insulin). Parenteral administration is also used 
for patients unable to take oral medications (unconscious patients) 
and in circumstances that require a rapid onset of action. Parenteral 
administration provides the most control over the dose of drug deliv-
ered to the body. However, this route of administration is irreversible 
and may cause pain, fever, local tissue damage, and infections. The 
four major parenteral routes are intravascular (intravenous or intra- 
arterial), intramuscular, subcutaneous, and intradermal (Figure 1.17). 
Other  parenteral routes are intra-arterial, intraperitoneal, intra-articular, 
intramedullary, etc.

1. Intravenous (IV): IV injection is the most common parenteral 
route. It is useful for drugs that are not absorbed orally, such as 
the neuromuscular blocker rocuronium. IV delivery permits a rapid 
effect and a maximum degree of control over the amount of drug 
delivered. When injected as a bolus, the full amount of drug is 
delivered to the systemic circulation almost immediately. If admin-
istered as an IV infusion, the drug is infused over a longer period, 
resulting in lower peak plasma concentrations and an increased 
duration of the circulating drug. 

2. Intramuscular (IM): Drugs administered IM can be in aqueous 
solutions, which are absorbed rapidly, or in specialized depot 
preparations, which are absorbed slowly. Depot preparations often 
consist of a suspension of drug in a nonaqueous vehicle, such as 
polyethylene glycol. As the vehicle diffuses out of the muscle, the 
drug precipitates at the site of injection. The drug then dissolves 
slowly, providing a sustained dose over an extended interval.

3. Subcutaneous (SC): Like IM injection, SC injection provides 
absorption via simple diffusion and is slower than the IV route. 
SC injection minimizes the risks of hemolysis or thrombosis asso-
ciated with IV injection and may provide constant, slow, and sus-
tained effects. This route should not be used with drugs that cause 
tissue irritation, because severe pain and necrosis may occur.

4. Intradermal (ID): The intradermal (ID) route involves injection into 
the dermis, the more vascular layer of skin under the epidermis. 
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Figure 1.17
A. Schematic representation of 
subcutaneous and intramuscular 
injection. B. Plasma concentrations 
of midazolam after intravenous and 
intramuscular injection.
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31IV. Absorption of Drugs

Agents for diagnostic determination and desensitization are usu-
ally administered by this route. 

C.  Other

1. Oral inhalation and nasal preparations: Both the oral inhalation 
and nasal routes of administration provide rapid delivery of drug 
across the large surface area of mucous membranes of the respi-
ratory tract and pulmonary epithelium. Drug effects are almost as 
rapid as those with IV bolus. Drugs that are gases (for example, 
some anesthetics) and those that can be dispersed in an aerosol 
are administered via inhalation. This route is effective and con-
venient for patients with respiratory disorders such as asthma 
or chronic obstructive pulmonary disease, because the drug is 
delivered directly to the site of action, thereby minimizing sys-
temic side effects. The nasal route involves topical administration 
of drugs directly into the nose, and it is often used for patients 
with allergic rhinitis. 

2. Intrathecal/intraventricular: The blood–brain barrier typically 
delays or prevents the absorption of drugs into the central ner-
vous system (CNS). When local, rapid effects are needed, it is 
necessary to introduce drugs directly into the cerebrospinal fluid. 

3. Topical: Topical application is used when a local effect of the drug 
is desired, for example, skin, eye, ear, nose, vaginal, and urethral.

4. Transdermal: This route of administration achieves systemic 
effects by application of drugs to the skin, usually via a transder-
mal patch (Figure 1.18). The rate of absorption can vary markedly, 
depending on the physical characteristics of the skin at the site of 
application, as well as the lipid solubility of the drug. 

5. Rectal: Because 50% of the drainage of the rectal region 
bypasses the portal circulation, the biotransformation of drugs by 
the liver is minimized with rectal administration. The rectal route 
has the additional advantage of preventing destruction of the 
drug in the GI environment. This route is also useful, if the drug 
induces vomiting when given orally, if the patient is already vom-
iting, or if the patient is unconscious. Rectal absorption is often 
erratic and incomplete, and many drugs irritate the rectal mucosa. 
Figure 1.19 summarizes characteristics of the common routes of 
administration, along with examples of drugs.

IV. ABSORPTION OF DRUGS

Absorption is the transfer of a drug from the site of administration to the 
bloodstream. The rate and extent of absorption depend on the  environment 
where the drug is absorbed, chemical characteristics of the drug, dosage 
form, and route of administration (which influences bioavailability). Routes 
of administration other than intravenous may result in partial absorption 
and lower bioavailability. The choice of an appropriate route in a given 
 situation depends on the drug and also depends on patient-related fac-
tors. For example,

• physical and chemical characteristics of the drug and its formulation 
(solid/liquid/gas or aqueous solution, suspension, or oil); accuracy of 
the dosage, and

Figure 1.18
A. Schematic representation of a 
transdermal patch. B. Transdermal 
nicotine patch applied to the arm.
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•  Variable; a�ected by many
    factors

•  Absorption not required

•  Depends on drug diluents:

    Aqueous solution: prompt

    Depot preparations:
    slow and sustained

•  Depends on drug diluents:

    Aqueous solution: prompt

    Depot preparations:
    slow and sustained

•  Slow and sustained

•  Erratic and variable

•  Systemic absorption may
    occur; this is not always
    desirable

•  Depends on the drug:

    Few drugs (for example,
    nitroglycerin) have rapid,
    direct systemic absorption

    Most drugs erratically or
    incompletely absorbed

Oral

Intravenous

Subcutaneous

Intramuscular

Transdermal
(patch)

Rectal

Inhalation

Sublingual

ROUTE OF
ADMINISTRATION ADVANTAGES DISADVANTAGESABSORPTION

PATTERN

•  Bypasses �rst-pass e�ect
•  Bypasses destruction by stomach
    acid
•  Drug stability maintained because
    the pH of saliva relatively neutral
•  May cause immediate
    pharmacological e�ects

•  Absorption is rapid; can have
    immediate e�ects
•  Ideal for gases
•  E�ective for patients with respiratory
    problems
•  Dose can be titrated
•  Localized e�ect to target lungs: lower
    doses used compared to that with
    oral or parenteral administration
•  Fewer systemic side e�ects

•  Partially bypasses �rst-pass e�ect
•  Bypasses destruction by stomach acid
•  Ideal if drug causes vomiting
•  Ideal in patients who are vomiting,
   or comatose

•  Bypasses the �rst-pass e�ect
•  Convenient and painless
•  Ideal for drugs that are lipophilic
    and have poor oral bioavailability
•  Ideal for drugs that are quickly
    eliminated from the body

•  Suitable if drug volume is moderate
•  Suitable for oily vehicles and certain
    irritating substances
•  Preferable to intravenous if patient
    must self-administer

•  Suitable for slow-release drugs
•  Ideal for some poorly soluble
    suspensions

•  Can have immediate e�ects
•  Ideal if dosed in large volumes
•  Suitable for irritating substances
    and complex mixtures
•  Valuable in emergency situations
•  Dosage titration permissible
•  Ideal for high molecular weight
    proteins and peptide drugs

•  Safest and most common,
    convenient, and economical
    route of administration

•  Limited absorption of some drugs
•  Food may a�ect absorption
•  Patient compliance is necessary
•  Drugs may be metabolized before
    systemic absorption

•  Unsuitable for oily substances
•  Bolus injection may result in
    adverse e�ects
•  Most substances must be slowly
    injected
•  Strict aseptic techniques needed

•  Pain or necrosis if drug is irritating
•  Unsuitable for drugs administered
    in large volumes

•  A�ects certain lab tests (creatine
    kinase)
•  Can be painful
•  Can cause intramuscular
    hemorrhage (precluded during
    anticoagulation therapy)

•  Some patients are allergic to
    patches, which can cause irritation
•  Drug must be highly lipophilic
•  May cause delayed delivery of drug
    to pharmacological site of action
•  Limited to drugs that can be
    taken in small daily doses

•  Drugs may irritate the rectal
    mucosa
•  Not a well-accepted route

•  Most addictive route (drug can enter
    the brain quickly)
•  Patient may have di�culty
    regulating dose
•  Some patients may have
    di�culty using inhalers

•  Limited to certain types of drugs
•  Limited to drugs that can be
    taken in small doses
•  May lose part of the drug dose if
    swallowed

EXAMPLES

•  Acetaminophen
    tablets
•  Amoxicillin 
    suspension

• Vancomycin
• Heparin

•  Epinephrine
•  Insulin
•  Heparin

•  Haloperidol
•  Depot
    medroxy-
    progesterone

•  Nitroglycerin
•  Nicotine
•  Scopalamine

•  Bisacodyl
•  Promethazine

•  Albuterol
•  Fluticasone

•  Nitroglycerin
•  Buprenorphine

•  Variable; a�ected by skin 
    condition, area of skin, and 
    other factors

Topical •  Suitable when local e�ect of drug is
    desired
•  May be used for skin, eye, intra-
    vaginal, and intranasal products
•  Minimizes systemic absorption
•  Easy for patient

•  Some systemic absorption can occur
•  Unsuitable for drugs with high 
    molecular weight or poor lipid 
    solubility

•  Clotrimazole 
    cream
•  Hydrocortisone 
    cream
•  Timolol eye 
    drops

Figure 1.19
The absorption pattern, advantages, and disadvantages of the most common routes of administration.  
(Figure continues on next page)
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• the speed with which the drug is absorbed and/or released; the time 
until effect for different routes of drugs is given in Figure 1.20.

• The desired action (local or systemic or to achieve high concentration 
at a particular site)

• Clinical emergency or routine treatment

• Condition of the patient (unconscious or vomiting)

Whether the drug is absorbed from the stomach and intestine or whether it is 
liable to first-pass degradation, knowledge of the characteristics of a drug is 
must for appropriate drug administration and improving patient compliance. 

A.  Determinants of absorption

 The general determinants of the absorption rate of drugs include the 
following: 

• Routes of drug administration 

• Dissolution into aqueous fluids at the absorption site 

• Lipid solubility 

• Concentration gradient

• Blood flow at the absorption site 

• Surface area of the absorption site 

B.  Mechanisms of absorption of drugs from the GI tract

 Depending on their chemical properties, drugs may be absorbed from 
the GI tract by passive diffusion, facilitated diffusion, active transport, 
or endocytosis (Figure 1.21).

Figure 1.19 (Continued)
The absorption pattern, advantages, and disadvantages of the most common routes of administration.

Figure 1.20
Route of administration and time to 
effect.

FORMS ABSORPTION PATTERN ADVANTAGES DISADVANTAGES

Vaginal douche (for 
example, Betadine 
douche)

Washing or cleaning out the 
inside of the vagina with water or 
other mixtures of fluids

• Helps to remove unpleasant odors, 
wash away menstrual blood, avoid 
getting sexually transmitted dis-
eases, and prevent pregnancy after 
intercourse

• Vaginal infection as it upsets 
the natural balance of bacteria 
in the vagina—that is, vaginal 
flora

• Pelvic inflammatory disease

Pharmaceutical pessary It is a device that is placed into 
the vagina for local action (for 
example, Clotrimazole vaginal 
pessary)

• Easy to use
• Local action

• Difficulty in getting pregnant in 
women who douche more than 
once a week. May increase the 
incidence of complications in 
pregnancy—ectopic pregnancy

Support/therapeutic 
pessary (for example, 
Ring, Shaatz, Gellhorn, 
Ring with support)

It is a device to provide support 
to the uterus or bladder and 
rectum

• Vaginal support pessary is a useful 
nonsurgical treatment for the man-
agement of pelvic support defects 
such as cystocele, rectocele, stress, 
and urinary incontinence

• Support pessaries fit by trial and 
error of several sizes and/or styles. In 
patients who use a diaphragm, the 
size of the diaphragm does not cor-
relate with the size of the pessary

• Increased risk of vaginal 
discharge, vaginal irritation, 
ulceration, bleeding, and dys-
pareunia

• A neglected pessary can be-
come embedded in the vaginal 
mucosa and may be difficult to 
remove

• Improperly fitted ring pessary 
can lead to strangulation and 
necrosis of the cervix and uterus

ROUTE OF 
 ADMINISTRATION

VARIABLE (MIN-
UTES TO HOURS)

Oral ingestion
Rectal
Subcutaneous
Intramuscular
Sublingual
Inhalation
Endotracheal
Intraosseous
Intravenous

30–90 minutes
5–30 minutes
15–30 minutes
10–20 minutes
3–5 minutes
2–3 minutes
2–3 minutes
30–60 seconds
30–60 seconds
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1. Passive diffusion: The driving force for passive diffusion of a 
drug is the concentration gradient across a membrane separat-
ing two body compartments. In other words, the drug moves 
from an area region of high concentration to one of lower con-
centration Passive diffusion does not involve a carrier, is not 
saturable, and shows low structural specificity. The vast major-
ity of drugs are absorbed by this mechanism. Water-soluble 
drugs penetrate the cell membrane through aqueous chan-
nels or pores, whereas lipid-soluble drugs readily move across 
most biologic membranes due to solubility in the membrane 
lipid bilayers.

2. Facilitated diffusion: Other agents can enter the cell through 
specialized transmembrane carrier proteins that facilitate the 
passage of large molecules. These carrier proteins undergo 
conformational changes, allowing the passage of drugs or 
endogenous molecules into the interior of cells. This process is 
known as facilitated diffusion. It does not require energy, can be 
saturated, and may be inhibited by compounds that compete 
for the carrier.

3. Active transport: This mode of drug entry also involves specific 
carrier proteins that span the membrane. However, active trans-
port is energy-dependent, driven by the hydrolysis of adenos-
ine triphosphate (ATP). It is capable of moving drugs against a 
concentration gradient, from a region of low drug concentration 
to one of higher concentration. The process is saturable. Active 
transport systems are selective and may be competitively inhib-
ited by other cotransported substances.

4. Endocytosis and exocytosis: This type of absorption is used 
to transport drugs of an exceptionally large size across the cell 
membrane. Endocytosis involves engulfment of a drug by the 
cell membrane and transport into the cell by pinching off the 
drug-filled vesicle. Exocytosis is the reverse of endocytosis. 
Many cells use exocytosis to secrete substances out of the cell 
through a similar process of vesicle formation. Vitamin B12 is 
transported across the gut wall by endocytosis, whereas cer-
tain neurotransmitters (for example, norepinephrine) are stored 
in intracellular vesicles in the nerve terminal and released by 
exocytosis.

C. Factors influencing absorption

1. Effect of pH on drug absorption: Most drugs are either weak 
acids or weak bases. Acidic drugs (HA) release a proton (H+), 
causing a charged anion (A−) to form:

HA ←→ H+ + A−

 Weak bases (BH+) can also release an H+. However, the proton-
ated form of basic drugs is usually charged, and loss of a proton 
produces the uncharged base (B):

BH+ ←→ B + H+

 A drug passes through membranes more readily if it is uncharged 
(Figure 1.22). Thus, for a weak acid, the uncharged, protonated 
HA can permeate through membranes, and A−  cannot. For a 
weak base, the uncharged form B penetrates through the cell 
membrane, but the protonated form BH+ does not. Therefore, 
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Figure 1.21
Schematic representation of drugs 
crossing a cell membrane.  
ADP =  adenosine diphosphate; 
ATP = adenosine triphosphate. 
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the effective concentration of the permeable form of each drug 
at its absorption site is determined by the relative concentrations 
of the charged and uncharged forms. The ratio between the two 
forms is, in turn, determined by the pH at the site of absorption 
and by the strength of the weak acid or base, which is repre-
sented by the ionization constant, pKa (Figure 1.23). [Note: The 
pKa is a measure of the strength of the interaction of a com-
pound with a proton. The lower the pKa of a drug, the more 
acidic it is. Conversely, the higher the pKa, the more basic is the 
drug.] Distribution equilibrium is achieved when the permeable 
form of a drug achieves an equal concentration in all body water 
spaces.

2. Blood flow to the absorption site: The intestines receive much 
more blood flow than the stomach, so absorption from the intes-
tine is favored over the stomach. [Note: Shock severely reduces 
blood flow to cutaneous tissues, thereby minimizing absorption 
from SC administration.]

3. Total surface area available for absorption: With a surface rich 
in brush borders containing microvilli, the intestine has a surface 
area about 1000-fold that of the stomach, making absorption of 
the drug across the intestine more efficient.

4. Contact time at the absorption surface: If a drug moves 
through the GI tract very quickly, as can happen with severe 
 diarrhea, it is not well absorbed. Conversely, anything that 
delays the transport of the drug from the stomach to the 
 intestine delays the rate of absorption. [Note: The presence 
of food in the stomach both dilutes the drug and slows gas-
tric emptying. Therefore, a drug taken with a meal is generally 
absorbed more slowly.]

5. Expression of P-glycoprotein: P-glycoprotein is a transmem-
brane transporter protein responsible for transporting various mol-
ecules, including drugs, across cell membranes (Figure 1.24). It 
is expressed in tissues throughout the body, including the liver, 
 kidneys, placenta, intestines, and brain capillaries, and is involved 
in transportation of drugs from tissues to blood. That is, it “pumps” 
drugs out of cells. Thus, in areas of high expression, P-glycoprotein 
reduces drug absorption. In addition to transporting many drugs 
out of cells, it is also associated with multidrug resistance.
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A. Diffusion of the nonionized form of 
a weak acid through a lipid membrane. 
B. Diffusion of the nonionized form of a 
weak base through a lipid membrane.
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Figure 1.23
The distribution of a drug between its ionized and nonionized forms depends on the ambient pH and pKa of the drug. 
For illustrative purposes, the drug has been assigned a pKa of 6.5.
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36 1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

D. Bioavailability

 Bioavailability is the rate and extent to which an administered 
drug reaches the systemic circulation. For example, if 100 mg of 
a drug is administered orally and 70 mg is absorbed unchanged, 
the bioavailability is 0.7% or 70%. Determining bioavailability is 
important for calculating drug dosages for nonintravenous routes 
of administration.

1. Determination of bioavailability: Bioavailability is determined 
by comparing plasma levels of a drug after a particular route 
of administration (for example, oral administration) with levels 
achieved by IV administration. After IV administration, 100% 
of the drug rapidly enters the circulation. When the drug is 
given orally, only part of the administered dose appears in the 
plasma. By plotting plasma concentrations of the drug versus 
time, the area under the curve (AUC) can be measured. A sche-
matic depiction of determination of bioavailability is provided in 
Figure 1.25.

2. Factors that influence bioavailability: In contrast to IV admin-
istration, which confers 100% bioavailability, orally administered 
drugs often undergo first-pass metabolism. This biotransforma-
tion, in addition to chemical and physical characteristics of the 
drug, determines the rate and extent to which the agent reaches 
the systemic circulation. 

a. First-pass hepatic metabolism (presystemic elimination): 
When a drug is absorbed from the GI tract, it enters the 
portal circulation before entering the systemic circulation 
(Figure 1.26). If the drug is rapidly metabolized in the liver or 
gut wall during this initial passage, the amount of unchanged 
drug entering the systemic circulation is decreased. This 
is referred to as first-pass metabolism. [Note: First-pass 
metabolism by the intestine or liver limits the efficacy of 
many oral medications. For example, more than 90% of 
nitroglycerin is cleared during first-pass metabolism. Hence, 
it is primarily administered via the sublingual or transdermal, 
or intravenous route.] Drugs with high first-pass metabolism 
should be given in doses sufficient to ensure that enough 
active drug reaches the desired site of action. For example, 
propranolol when given by the intravenous route requires 
much small doses compared to the oral dose as the intra-
venous route bypasses hepatic metabolism and the dose 
quickly reaches the systemic circulation. 

b. Solubility of the drug: Very hydrophilic drugs are poorly 
absorbed because of the inability to cross lipid-rich cell 
membranes. Paradoxically, drugs that are extremely lipo-
philic are also poorly absorbed, because they are insoluble 
in aqueous body fluids and, therefore, cannot gain access 
to the surface of cells. For a drug to be readily absorbed, it 
must be largely lipophilic, yet have some solubility in aque-
ous solutions. This is one reason why many drugs are either 
weak acids or weak bases.

Drug (intracellular)

Drug (extracellular)

ATP

ADP +
  Pi

Figure 1.24
The six membrane-spanning loops 
of the P-glycoprotein form a cen-
tral channel for the ATP-dependent 
pumping of drugs from the cell.
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37IV. Absorption of Drugs

c. Chemical instability: Some drugs, such as penicillin G, are 
unstable in the pH of gastric contents. Others, such as  insulin, 
are destroyed in the GI tract by degradative enzymes.

d. Nature of the drug formulation: Drug absorption may be 
altered by factors unrelated to the chemistry of the drug. 
For example, particle size, salt form, crystal polymorphism, 
enteric coatings, and the presence of excipients (such as 
binders and dispersing agents) can influence the ease of dis-
solution and, therefore, alter the rate of absorption. 

 Sometimes, patients on their own may engage in chang-
ing the way in which a dosage form is to be taken such as 
splitting or crushing of tablets or opening of a capsule prior 
to administration. While many immediate-release tablets 
can be safely crushed into a fine powder and diluted prior 
to administration, certain dosage forms such as sublingual, 
enteric-coated, and extended or delayed-release medi-
cations should NOT be crushed. Any change in these oral 
dosage forms can alter its absorption characteristics, which 
may result in the medicine’s instability, produce local irritant 
effects, result in a preparation with an unacceptable taste, 
cause failure to reach the site of action, and may produce 
occupational health and safety issues due to vaporization to 
the health workers. Crushing or opening enteric-coated tab-
lets may result in the drug being released too early in the 
stomach, may be destroyed by stomach acid, or may irritate 
the stomach mucosa (for example, nitrofurantoin, potassium 
chloride, alendronate, and diclofenac). A  sugar/film-coated 
dosage form is often used to help mask the unpleasant or 
bitter taste of some drugs (for example, ibuprofen, quinine, 
cefuroxime axetil, and  ciprofloxacin). Coatings can also be 
added to photosensitive drugs to protect them from light (for 
example, nifedipine).

 Crushing an extended-release preparation may also change 
the drug release characteristics and result in releasing unin-
tended large bolus of a drug which otherwise is meant for 
controlled drug release over an intended time frame. The 
consequence of crushing not only would lead to overdos-
ing (a potentially toxic dose of medication to be delivered 
upon administration in a short span) with an increased risk 
of adverse effects but also lack of clinical efficacy due to 
underdosing at later times. For example, extended release 
nifedipine may deliver the dose instantly and result in severe 
hypotension.

 Buccal or sublingual preparations should also not be altered. 
These medications are also not designed for absorption in 
the GI tract, for example, isosorbide mononitrate, and crush-
ing them for administration via the enteral tube may result in 
reduced drug absorption and lack of efficacy.

 Different oral drug dose forms are discussed in Figure 1.27. 
Excipients are included in dosage forms to aid manufacture 
(for example, add bulk to the active drug used in extremely 

Portal
circulation

Systemic
circulation

IV

Drugs administered orally
are �rst exposed to the 
liver and may be extensively 
metabolized before 
reaching the rest of body.

Drugs administered IV
enter directly into the
systemic circulation and
have direct access to the
rest of the body.

Figure 1.26
First-pass metabolism can occur  
with orally administered drugs.  
IV = intravenous.
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Figure 1.27
List of oral dosage forms and their definition with examples.

DOSAGE FORM DEFINITION EXAMPLES

Tablet (TAB) A solid dosage form containing medicinal substances 
with or without suitable diluents

–

Tablet, chewable 
(TAB CHEW)

A solid dosage form containing medicinal substances 
with or without suitable diluents that is intended to be 
chewed, producing a pleasant tasting residue in the 
oral cavity that is easily swallowed and does not leave a 
bitter or unpleasant aftertaste

Ibuprofen chewable tablets; Digene® (antacid)  
chewable tablets

Tablet, sugar coated A solid dosage form that contains medicinal substances 
with or without suitable diluents and is coated with 
colored or uncolored water-soluble sugar to avoid the 
bitter taste of ingredients

Tablet chloroquine, tablet metronidazole

Tablet enteric coated Coating is made of cellulose acid phthalate, shellac, or 
keratin which is resistant to gastric acid but dissolves at 
intestinal alkaline pH 

The active drug is thus protected from destruction 
at acidic pH and the incidence of gastric irritation is 
reduced

Ecosprin® (aspirin enteric coated)

Diclofen 25/50® (diclofenac enteric-coated tab)

Enzar forte® (Enteric-coated enzyme preparation)

Dynasprin encotabs (enteric-coated aspirin with 
 dipyridamol)

Tablet, delayed 
release (TAB DR)

A solid dosage form which delays the release of a drug 
(or drugs) to a time other than promptly/immediate 
after administration. Enteric-coated articles are delayed 
release dosage forms

Lansoprazole delayed tablets

Tablet, dispersible 
(TAB DISP)/TAB  
suspension

A tablet that, prior to administration, is intended to be 
placed in liquid, where its contents will be distributed 
evenly throughout that liquid. Note: The term “tablet, 
dispersible” has now been replaced with “tablet, for 
suspension”

Lamotrigine dispersible tablets; amoxicillin dispersible 
tablets; clonazepam dispersible tablets

Tablet, effervescent 
(TAB EFFRV)

A solid dosage form containing mixtures of acids (for 
example, citric acid, and tartaric acid) and sodium bicar- 
bonate, which release carbon dioxide when dissolved 
in water; it is intended to be dissolved or dispersed in 
water before administration

Aspirin effervescent preparation

Tablet, extended 
release (TABER)

A solid dosage form containing a drug which allows at 
least a reduction in dosing frequency as compared to 
that drug which is presented in a conventional dosage 
form

Glucophage XR®. Metformin extended-release tablets, 
Dilantin® extended release Procardia XL (Nifedipine 
extended release tablets)

Tablet retard Aggregated drug particles have individual coating with 
different types of inert resins so that each type has 
different time intervals

Such tablets provide a uniform and sustained release of 
the drug over a period of 10–12 hours and hence have a 
lower incidence of side effects

Voveron SR® (diclofenac)

Dicloflex Retard 100 mg of coating dissolves at 
( diclofenac) 

Depin Retard® (Nifedipine retard tablet) 

K. Grad (Pot. chloride retard tabs)

Tablet, film coated A solid dosage form that contains medicinal substances 
with or without suitable diluents and coated with a thin 
layer of a water-insoluble or water-soluble polymer 
(gelatin or cellulose derivatives) which masks unpleas-
ant taste

Losartan Potassium 25 mg film-coated tablets  
Valsartan 320 film-coated tablets

Ceftum® (cefuroxime film-coated tab) 

Dilgard (diltiazem film-coated tablet)

Tablet, for solution/ 
suspension

A tablet that forms a solution or suspension when 
placed in a liquid 

Aspirin

Tablet, multilayer A solid dosage form containing medicinal substances 
that have been compressed to form a multiple-layered 
tablet or a tablet-within-a-tablet, the inner tablet being 
the core and the outer portion being the shell

Admixture containing Phenylephedrin HCl and ascorbic 
acid with paracetamol

Tablet, orally 
 disintegrating

A solid dosage form containing medicinal substances 
which disintegrate rapidly, usually within a matter of 
seconds, when placed upon the tongue

Olanzapine, clonazepam orally distintegrating tablets 
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39V. Drug Distribution

small quantities) or administration (to mask or lessen the 
unpleasant taste, for example, lactose and calcium lactate 
starch) or modulate absorption. Most excipients have no 
direct pharmacological action; they are pharmacologically 
inert. However, in some cases physical and chemical inter-
actions between drugs and excipients can affect the chem-
ical nature, the stability and bioavailability of drug products, 
and consequently their therapeutic efficacy and safety such 
as phenytoin, lithium, and digoxin. Therefore, switching of 
brands of these medications may lead to changes in the 
bioavailability and hence may need dose adjustment with a 
change in the brand. Also excipients in some oral solutions 
and suspensions, such as sweeteners, gums, stabilizers, and 
suspension agents, can increase viscosity and osmolality, 
causing diarrhea and clogged tubes.

E.  Bioequivalence and other types of equivalence

 Two drug formulations are bioequivalent if they show comparable 
bioavailability and similar times to achieve peak blood concentra-
tions. Two drug formulations are therapeutically equivalent if they 
are pharmaceutically equivalent (that is, they have the same dosage 
form, contain the same active ingredient at the same strength, and 
use the same route of administration) with similar clinical and safety 
profiles. Thus, therapeutic equivalence requires that drug products 
are bioequivalent and pharmaceutically equivalent. Bioequivalence 
can be an issue with generic versus branded/trade drugs. Although 
both generic and brand drugs may have the same amount of drug, 
the bioavailability of the drug may be different.

V. DRUG DISTRIBUTION

Drug distribution is the process by which a drug reversibly leaves the 
bloodstream and enters the extracellular fluid and tissues. For drugs 
administered IV, absorption is not a factor, and the initial phase immediately 
following administration represents the distribution phase, during which 
the drug rapidly leaves the circulation and enters the tissues (Figure 1.28). 
The distribution of a drug from the plasma to the interstitium depends on 
cardiac output and local blood flow, capillary permeability, tissue volume, 
degree of binding of the drug to plasma and tissue proteins, and relative 
lipophilicity of the drug.

A.  Blood flow

  The rate of blood flow to the tissue capillaries varies widely. For 
instance, blood flow to “vessel-rich organs” (brain, liver, and kidney) 
is greater than that to the skeletal muscles. Adipose tissue, skin, and 
viscera have still lower rates of blood flow. Variation in blood flow 
partly explains the short duration of hypnosis produced by an IV 
bolus of propofol (see Chapter 13). High blood flow, together with 
high  lipophilicity of propofol, permits rapid distribution into the CNS 
and produces anesthesia. A subsequent slower distribution to skeletal 
muscle and adipose tissue lowers the plasma concentration so that 
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Drug concentrations in serum after a 
single injection of drug. Assume that 
the drug distributes and is subse-
quently eliminated.
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Figure 1.29
Cross-section of liver and brain 
capillaries.

the drug diffuses out of the CNS, down the concentration gradient, 
and consciousness is regained.

B.  Capillary permeability

 Capillary permeability is determined by capillary structure and by 
the chemical nature of the drug. Capillary structure varies in terms 
of the fraction of the basement membrane exposed by slit  junctions 
between endothelial cells. In the liver and spleen, a significant por-
tion of the basement membrane is exposed due to large, discon-
tinuous capillaries through which large plasma proteins can pass 
(Figure 1.29A). In the brain, the capillary structure is continuous, and 
there are no slit junctions (Figure 1.29B). To enter the brain, drugs 
must pass through the endothelial cells of the CNS capillaries or 
undergo active transport. For example, a specific transporter car-
ries levodopa into the brain. Lipid-soluble drugs readily penetrate 
the CNS because they dissolve in the endothelial cell membrane. 
By contrast, ionized or polar drugs generally fail to enter the CNS 
because they cannot pass through the endothelial cells that have 
no slit junctions (Figure 1.29C). These closely juxtaposed cells form 
tight junctions that constitute the blood–brain barrier.

C.  Binding of drugs to plasma proteins and tissues

1. Binding to plasma proteins: Reversible binding to plasma pro-
teins sequesters drugs in a nondiffusible form and slows transfer 
out of the vascular compartment. Many drugs reversibly bind to 
albumin, 1-acid glycoprotein, or other proteins in plasma. Albumin 
is the major drug-binding protein, and it may act as a drug reser-
voir. Drug bound to albumin is not filtered by renal glomerulus but 
may be cleared by the proximal renal tubule and liver. As the con-
centration of free drug decreases due to elimination, the bound 
drug dissociates from albumin—that is, free drug. This maintains 
the free-drug concentration as a constant fraction of the total 
drug in the plasma. The extent of binding to proteins is dependent 
on several factors such as affinity, number of binding sites, and 
drug concentrations at the site. The factors which can displace a 
drug from the protein-binding site and lead to an increase of the 
fraction of the unbound (free) drug are as follows: 

• Renal impairment (leaking albumin) 

• Low plasma albumin levels (hypoproteinemia seen in chronic 
liver disease and malnutrition)

• Late pregnancy—increase in blood volume counters increased 
albumin production seen in pregnancy

• Displacement from the binding site by other drugs, for exam-
ple, aspirin, sodium valproate, and sulfonamides

• Saturability of plasma protein-binding sites within therapeutic 
range, for example, phenytoin

2. Binding to tissue proteins: Many drugs accumulate in tissues, 
leading to higher concentrations in tissues than in interstitial fluid 
and blood. Drugs may accumulate because of binding to lipids, 
proteins, or nucleic acids. Drugs may also undergo active trans-
port into tissues. Tissue reservoirs may serve as a major source 
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41V. Drug Distribution

of the drug and prolong its actions or cause local drug toxicity. 
(For example, acrolein, the metabolite of cyclophosphamide, can 
cause hemorrhagic cystitis because it accumulates in the bladder.)

D.  Lipophilicity

 The chemical nature of a drug strongly influences its ability to cross 
cell membranes. Lipophilic drugs readily move across most bio-
logic membranes. These drugs dissolve in the lipid membranes and 
 penetrate the entire cell surface. The major factor influencing the dis-
tribution of lipophilic drugs is blood flow to the area. By contrast, 
hydrophilic drugs do not readily penetrate cell membranes and must 
pass through slit junctions.

E.  Volume of distribution

 The apparent volume of distribution, Vd, is defined as the fluid  volume 
that is required to contain the entire drug in the body at the same con-
centration measured in the plasma. It is calculated by dividing the 
dose that ultimately gets into the systemic circulation by the plasma 
concentration at time zero (C0).

Amount of drug in the body

C0

Vd = 

 Although Vd has no physiologic or physical basis, it can be useful 
to compare the distribution of a drug with the volumes of the water 
compartments in the body.

1. Distribution into the water compartments in the body: Once a 
drug enters the body, it has the potential to distribute into any one 
of the three functionally distinct compartments of body water or 
to become sequestered in a cellular site.

a. Plasma compartment: If a drug has a high molecular weight 
or is extensively protein bound, it is too large to pass through 
the slit junctions of the capillaries and, thus, is effectively 
trapped within the plasma (vascular) compartment. As a 
result, it has a low Vd that approximates the plasma volume, 
or about 4 L in a 70-kg individual. Heparin (see Chapter 21) 
shows this type of distribution.

b. Extracellular fluid: If a drug has a low molecular weight but 
is hydrophilic, it can pass through the endothelial slit junc-
tions of the capillaries into the interstitial fluid. However, 
hydrophilic drugs cannot move across the lipid membranes 
of cells to enter the intracellular fluid. Therefore, these drugs 
distribute into a volume that is the sum of the plasma volume 
and the interstitial fluid, which together constitute the extra-
cellular fluid (about 20% of body weight or 14 L in a 70-kg 
individual). Aminoglycoside antibiotics (see Chapter 30) show 
this type of distribution.

c. Total body water: If a drug has a low molecular weight and 
has enough lipophilicity, it can move into the interstitium 
through the slit junctions and pass through the cell mem-
branes into the intracellular fluid. These drugs distribute into 
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a volume of about 60% of body weight or about 42 L in 
a 70-kg individual. Ethanol exhibits this apparent Vd. [Note: 
In general, a larger Vd indicates greater distribution into tis-
sues; a smaller Vd suggests confinement to plasma or extra-
cellular fluid.]

2. Determination of Vd: The fact that drug clearance is usually a 
first-order process allows calculation of Vd. First order means that 
a constant fraction of the drug is eliminated per unit of time. This 
process can be most easily analyzed by plotting the log of the 
plasma drug concentration (Cp) versus time (Figure 1.30). The 
concentration of drug in the plasma can be extrapolated back 
to time zero (the time of IV bolus) on the Y axis to determine C0, 
which is the concentration of drug that would have been achieved 
if the distribution phase had occurred instantly. This allows calcu-
lation of Vd as 

Dose

C0

Vd = 

 For example, if 10 mg of drug is injected into a patient and the 
plasma concentration is extrapolated back to time zero, and  
C0 = 1 mg/L (from the graph in Figure 1.30B), then Vd = 10 mg/1 
mg/L = 10 L.

3. Effect of Vd on drug half-life: Vd has an important influence 
on the half-life of a drug, because drug elimination depends 
on the amount of drug delivered to the liver or kidney (or other 
organs where metabolism occurs) per unit of time. Delivery of 
drug to the organs of elimination depends not only on blood 
flow, but also on the fraction of drug in the plasma. If a drug 
has a large Vd, most of the drug is in the extraplasmic space 
and is unavailable to the excretory organs. Therefore, any factor 
that increases Vd can increase the half-life and extend the dura-
tion of action of the drug. [Note: An exceptionally large Vd indi-
cates considerable sequestration of the drug in some tissues or 
compartments.]

VI. DRUG CLEARANCE THROUGH METABOLISM

Once a drug enters the body, the process of elimination begins. The three 
major routes of elimination are hepatic metabolism, biliary elimination, and 
urinary excretion. [Note: Elimination is irreversible removal of drug from 
the body. It involves biotransformation (drug metabolism) and excretion. 
Excretion is removal of intact drug from the body.] Together, these elim-
ination processes decrease the plasma concentration exponentially. That 
is, a constant fraction of the drug is eliminated in a given unit of time 
(Figure 1.30A). Metabolism results in products with increased polarity, 
which allows the drug to be eliminated. Clearance (CL) estimates the vol-
ume of blood from which the drug is cleared per unit of time. Total CL is 
a composite estimate reflecting all mechanisms of drug elimination and is 
calculated as follows:

CL = 0.693 × Vd / t1/2

where t1/2 is the elimination half-life, Vd is the apparent volume of distribu-
tion, and 0.693 is the natural log constant. Drug half-life is often used as a 
measure of drug CL, because, for many drugs, Vd is a constant.
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43VI. Drug Clearance Through Metabolism

A.  Kinetics of metabolism

1. First-order kinetics: The metabolic transformation of drugs is 
catalyzed by enzymes, and most of the reactions obey Michaelis–
Menten kinetics, where Km is Michaelis constant (the substrate 
concentration at half maximal velocity).

Vmax [C]

Km + [C]
V = Rate of drug metabolism = 

 In most clinical situations, the concentration of the drug, [C], is 
much less than the Michaelis constant, Km, and the Michaelis–
Menten equation reduces to 

Vmax [C]

Km

V = Rate of drug metabolism = 

 That is, the rate of drug metabolism and elimination is directly pro-
portional to the concentration of free drug, and first-order kinetics 
is observed (Figure 1.31). This means that a constant fraction of 
drug is metabolized per unit of time (that is, with each half-life, 
the concentration decreases by 50%). First-order kinetics is also 
referred to as linear kinetics. Most of the drugs follow first-order 
kinetics.

2. Zero-order kinetics: With a few drugs, such as aspirin, ethanol, 
and phenytoin, the doses are very large. Therefore, [C] is much 
greater than Km, and the velocity equation becomes 

Vmax [C]

[C]
V = Rate of drug metabolism = = Vmax

 A fixed amount of the drug is eliminated per unit time. The amount 
of drug cleared is independent of the amount to be cleared. The 
rate of elimination is constant and does not depend on the drug 
concentration. This is called zero-order kinetics (also called non-
linear kinetics), for example, ethanol and phenytoin. Repeated 
drug administration over short intervals in such drugs leads to 
toxicity. With these, the only way to speed the elimination pro-
cess is to go for dialysis. The enzyme is saturated by a high free 
drug concentration, and the rate of metabolism remains constant 
over time. 

B.  Reactions of drug metabolism

 The kidney cannot efficiently excrete lipophilic drugs that readily cross 
cell membranes and are reabsorbed in the distal convoluted tubules. 
Therefore, lipid-soluble agents are first metabolized into more polar 
(hydrophilic) substances in the liver via two general sets of reactions, 
called phase I and phase II (Figure 1.32). The duration and intensity of 
pharmacological action(s) are determined by the rate they are metab-
olized to inactive products. Products of metabolism may have lesser, 
greater, or qualitatively different pharmacologic activity from the par-
ent compound.

1. Phase I: Phase I reactions convert lipophilic drugs into more polar 
molecules by introducing or unmasking a polar functional group, 
such as –OH or –NH2. Phase I reactions usually involve reduction, 
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44 1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

oxidation, or hydrolysis. Phase I metabolism may increase, 
decrease, or have no effect on pharmacologic activity.

a. Phase I reactions utilizing the P450 system: The phase I 
reactions most frequently involved in drug metabolism are 
catalyzed by the cytochrome P450 system. The P450 system 
is important for the metabolism of many endogenous com-
pounds (such as steroids and lipids) and for the biotransfor-
mation of exogenous substances (drugs, carcinogens, and 
environmental pollutants). Cytochrome P450 (CYP) is a super-
family of heme-containing isozymes located in most cells, but 
primarily in the liver and GI tract.

[1] Nomenclature: The family name is indicated by the 
Arabic number that follows CYP, and the capital let-
ter designates the subfamily, for example, CYP3A 
(Figure  1.33). A second number indicates the specific 
isozyme, as in CYP3A4.

[2] Specificity: Because there are many different genes that 
encode multiple enzymes, there are many different P450 
isoforms. These enzymes have the capacity to modify a 
large number of structurally diverse substrates. In addi-
tion, an individual drug may be a substrate for more 
than one isozyme. Four isozymes (CYP3A4/5, CYP2D6, 
CYP2C8/9, and CYP1A2) are responsible for the vast 
majority of P450-catalyzed reactions (Figure 1.33).  
Considerable amounts of CYP3A4 are found in intes-
tinal mucosa, accounting for first-pass metabolism of 
drugs such as chlorpromazine and clonazepam.

[3] Genetic variability: P450 enzymes exhibit considerable 
genetic variability among individuals and racial groups. 
Variations in P450 activity may alter drug efficacy and 
the risk of adverse events. CYP2D6, in particular, exhib-
its genetic polymorphism. CYP2D6 mutations result in 
very low capacities to metabolize substrates. For exam-
ple, some individuals obtain no benefit from the opi-
oid analgesic codeine, because they lack the CYP2D6 
enzyme that activates the drug. Similar polymorphisms 
have been characterized for the CYP2C subfamily of 
isozymes. For instance, clopidogrel carries a warning 
that patients who are CYP2C19 “poor metabolizers” 
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45VI. Drug Clearance Through Metabolism

have a diminished antiplatelet effect when taking this 
drug and an alternative medication should be consid-
ered. Clopidogrel is a prodrug, and CYP2C19 activity is 
required to convert it to the active metabolite. 

[4] CYP inducers: The CYP450-dependent enzymes are 
an important target for pharmacokinetic drug interac-
tions. Certain drugs (for example, phenobarbital, rifam-
pin, phenytoin, carbamazepine, and oral contraceptives) 
are capable of inducing CYP isozymes. This  results 
in increased biotransformation of drugs and can lead 
to significant decreases in plasma concentrations of 
drugs metabolized by these CYP isozymes, often with 
concurrent loss of pharmacologic effect. For exam-
ple, rifampin, an antitubercular drug (see Chapter 32), 
significantly decreases the plasma concentrations of 
human immunodeficiency virus (HIV) protease inhibitors, 
thereby diminishing the ability to suppress HIV replica-
tion. Patients on antitubercular therapy when put on 
antiepileptic medications or oral contraceptive results 
in therapeutic failure, break through seizures, and/or 
contraception failure. Figure 1.34 lists some of the more 
important inducers for representative CYP isozymes.

[5] CYP inhibitors: Inhibition of drug metabolism can lead to 
significant increases in plasma drug concentration and 
resultant adverse effects or drug toxicity. The most com-
mon form of inhibition is through competition for the same 
isozyme. Some drugs, however, are capable of inhibiting 
reactions for which they are not substrates (for example, 
ketoconazole), leading to drug interactions. Numerous 
drugs inhibit one or more of the CYP-dependent biotrans-
formation pathways of warfarin. For example, omepra-
zole is a potent inhibitor of three CYP isozymes involved 
in warfarin metabolism. When taken with omeprazole, 
plasma concentrations of warfarin increase, which leads 
to greater anticoagulant effect and increased risk of 
bleeding. [Note: The more important CYP inhibitors are 
erythromycin, ketoconazole, and ritonavir, because they 
each inhibit several CYP isozymes.]

b. Phase I reactions not involving the P450 system: These 
include amine oxidation (for example, oxidation of catechol-
amines or histamine), alcohol dehydrogenation (for example, 
ethanol oxidation), esterases (for example, metabolism of 
aspirin in the liver), and hydrolysis (for example, of procaine).

2. Phase II: This phase consists of conjugation reactions. If the 
 metabolite from phase I is sufficiently polar, it can be excreted 
by the kidneys. However, many phase I metabolites are still too 
 lipophilic to be excreted. A subsequent conjugation reaction with 
an endogenous substrate, such as glucuronic acid, sulfuric acid, 
 acetic acid, or an amino acid, results in polar, usually more water- 
soluble compounds that are often therapeutically inactive and more 
water- soluble metabolite which are readily excreted in urine or bile. 
A  notable exception is morphine-6-glucuronide, which is more 
potent than morphine. Glucuronidation is the most common and the 
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46 1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

most important conjugation reaction. [Note: Drugs already possess-
ing an –OH, –NH2, or –COOH group may enter phase II directly and 
become conjugated without prior phase I metabolism (Figure 1.32).] 
The highly polar drug conjugates are then excreted by the kidney or 
in bile. Patients deficient in acetylation capacity (slow acetylators) 
may have prolonged or toxic responses to normal doses of certain 
drugs because of decreased metabolism (for example, phenytoin). 
The opposite may be seen with fast acetylators.

 Other sources of individual variation in rates of metabolism 
are physiological factors such as age, gender, enterohepatic 
 circulation, intestinal flora or chemical exposures (drugs, dietary 
constituents and supplements, smoke, alcohol), and disease 
state. In general, drugs are metabolized more slowly in elderly, 
neonates, and children than in adults.

VII. DRUG CLEARANCE BY THE KIDNEY

Drugs must be sufficiently polar to be eliminated from the body. Removal 
of drugs from the body occurs via a number of routes; the most import-
ant is elimination through the kidney into the urine. Patients with renal 
dysfunction may be unable to excrete drugs and are at risk for drug 
accumulation and adverse effects, if the drug is mainly renally excreted. 
Drugs are also excreted in bile, sweat, lungs, breast milk, tears, genital 
secretions, and saliva. 

A.  Renal elimination of a drug

 A drug passes through several processes in the kidney before elim-
ination: glomerular filtration, active tubular secretion, and passive 
tubular reabsorption.

1. Glomerular filtration: Drugs enter the kidney through renal 
 arteries, which divide to form a glomerular capillary plexus. Free 
drug (not bound to albumin) flows through the capillary slits into 
the Bowman space as part of the glomerular filtrate (Figure 1.35). 
The glomerular filtration rate (GFR) is normally about 125 mL/min  
but may diminish significantly in renal disease or can be sig-
nificantly compromised in elderly and diabetic patients. Lipid 
solubility and pH do not influence the passage of drugs into 
the glomerular filtrate. However, variations in GFR, renal blood 
flow, and protein binding of drugs do affect this process. Any 
decrease in circulating blood volume, nephrotoxic drugs, or cer-
tain diseases can precipitate acute renal failure which may influ-
ence the rate of delivery of a drug to the kidney for elimination. 
Renal excretion is significant with fluoroquinolones and genta-
micin; therefore, the doses of these agents should be halved if 
GFR is below 30 ml/min.

2. Proximal tubular secretion: Drugs that were not transferred into 
the glomerular filtrate leave the glomeruli through efferent arte-
rioles, which divide to form a capillary plexus surrounding the 
nephric lumen in the proximal tubule. Secretion primarily occurs 
in the proximal tubules by two energy-requiring active transport 
systems: one for anions (for example, deprotonated forms of 
weak acids) and one for cations (for example, protonated forms 
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Figure 1.35
Drug elimination by the kidney.
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47VIII. Excretion by Other Routes

of weak bases). Each of these transport systems shows low 
specificity and can transport many compounds. Thus, compe-
tition between drugs for these carriers can occur within each 
transport system. [Note: Premature infants and neonates have 
an incompletely developed tubular secretory mechanism and it is 
mostly reduced in elderly; thus, it may retain certain drugs in the 
blood.] It is affected by genetic polymorphisms of transporters.

 Tubular secretion is especially important for drugs that are highly 
plasma protein bound,  because these drugs are not excreted 
effectively by glomerular filtration, for example, NSAIDs, peni-
cillins, cephalosporins, and glucuronic acid conjugates. Tubular 
secretion is important in delivering some drugs, such as diuretics, 
to their site of action in the renal tubule. Also, tubular secretion 
can be manipulated clinically via the use of inhibitors to extend 
the duration of action and increase the plasma concentration of 
drugs that are rapidly excreted by tubular secretion. For exam-
ple, the drug probenecid blocks the transporter responsible for 
secretion of some penicillin and cephalosporin antibiotics into 
the renal tubule. Probenecid is usually prescribed along with 
antibiotics in the penicillin and cephalosporin families to prolong 
their duration of action.

3. Distal tubular reabsorption: As a drug moves toward the distal 
convoluted tubule, its concentration increases and exceeds that of 
the perivascular space. The drug, if uncharged, may diffuse out of 
the nephric lumen, back into the systemic circulation (Figure 1.36). 
Manipulating the urine pH to increase the fraction of ionized drug in 
the lumen may be done to minimize the amount of back diffusion 
and increase the clearance of an undesirable drug. Generally, weak 
acids can be eliminated by alkalinization of the urine, whereas 
elimination of weak bases may be increased by acidification of the 
urine. This process is called “ion trapping.” For example, a patient 
presenting with phenobarbital (weak acid) overdose can be given 
bicarbonate, which alkalinizes the urine and keeps the drug ionized, 
thereby decreasing its reabsorption.

VIII. EXCRETION BY OTHER ROUTES

Drug excretion may also occur via the intestines, bile, lungs, and breast 
milk, among others. Drugs that are not absorbed after oral administra-
tion or drugs that are secreted directly into the intestines or into bile are 
excreted in the feces. The lungs are primarily involved in the elimination of 
anesthetic gases (for example, desflurane). Elimination of drugs in breast 
milk may expose the breastfeeding infant to medications and/or metabo-
lites being taken by the mother and is a potential source of undesirable 
side effects to the infant. Excretion of most drugs into sweat, saliva, tears, 
hair, and skin occurs only to a small extent. Total body clearance and drug 
half-life are important measures of drug clearance that are used to opti-
mize drug therapy and minimize toxicity.

A.  Total body clearance

 Clearance is the volume of plasma from which the drug is completely 
removed per unit time. The amount eliminated is proportional to the 
concentration of the drug in the blood stream.
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Effect of drug metabolism on 
 reabsorption in the distal tubule.
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48 1. General Pharmacology, Pharmacotherapeutics, and Pharmacokinetics 

 The total body (systemic) clearance, CLtotal, is the sum of all clearances 
from the drug-metabolizing and drug-eliminating organs. The kidney is 
often the major organ of excretion. The liver also contributes to drug 
clearance through metabolism and/or excretion into the bile. Total 
clearance is calculated using the following equation:

CLtotal = CLhepatic + CLrenal + CLpulmonary + CLother

 where CLhepatic + CLrenal are typically the most important.

 Care should be exercised while administering:

• renally excreted drugs; 

• drugs with a narrow therapeutic index—digoxin; 

• drugs which produce active metabolites—benzodiazepines 
( diazepam  + chlordiazepoxide), antipsychotics (risperidone, thiori-
dazine), and  opioids (morphine, pethidine, dextropropoxyphene); and 

• drugs that may further reduce renal function—NSAIDs. 

1. Half-life (t1/2): Half-life is the time required for the body to  eliminate 
one-half the amount of drug in the body. This concept applies only 
to drugs eliminated by first-order kinetics. In first- order kinetics, a 
fixed proportion of the drug is eliminated in a unit time. 

 When a person is administered a drug on a continual basis, the 
drug will continue to accumulate in the body until a steady state is 
achieved. A steady state means that the drug has reached a stable 
concentration—that is, a consistent amount of drug is maintained in 
plasma. At a steady state, the drug is being eliminated at the same 
rate it is being administered. Steady-state levels are achieved after 
four to five half-lives of the drug have passed; therefore, the time 
to steady state (Tss) depends on the half-life of a drug. The half-life 
DOES NOT depend on dose or dosage interval.

a. Significance of plasma t1/2:
• Plasma t1/2 helps in devising dose schedule and frequency 

of dosing.

• Plasma t1/2 is useful for rational prescribing or in under-
standing the time course of adverse events.

• In zero-order kinetics, where a fixed amount of the drug is 
eliminated per unit time, the amount of drug cleared is inde-
pendent of the amount to be cleared, for example, ethanol 
and phenytoin. Repeated drug administration over short 
intervals in such drugs leads to toxicity. Hence, the only 
way to speed the elimination process is to go for dialysis.

B.  Clinical situations resulting in changes in drug half-life

 When a patient has an abnormality that alters the half-life of a drug, 
adjustment in dosage is required. Patients who may have an increase 
in drug half-life include those with 1) diminished renal or hepatic 
blood flow, for example, in cardiogenic shock, heart failure, or hemor-
rhage; 2) decreased ability to extract drug from plasma, for example, 
in renal disease; and 3) decreased metabolism, for example, when a 
concomitant drug inhibits metabolism or in hepatic insufficiency, as 
with cirrhosis. These patients may require a decrease in dosage or 
less frequent dosing intervals. In contrast, the half-life of a drug may 
be decreased by increased hepatic blood flow, decreased protein 
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49IX. Design and Optimization of Dosage Regimen

binding, or increased metabolism. This may necessitate higher doses 
or more frequent dosing intervals.

IX. DESIGN AND OPTIMIZATION OF DOSAGE REGIMEN

To initiate drug therapy, the clinician must select the appropriate route of 
administration, dosage, and dosing interval. Selection of a regimen depends 
on various patient and drug factors, including how rapidly therapeutic lev-
els of a drug must be achieved. Therapy may consist of a single dose of a 
drug, for example, a sleep-inducing agent, such as zolpidem. More com-
monly, drugs are continually administered, either as an IV infusion or in IV or 
oral fixed-dose/fixed-time interval regimens (for example, “one tablet every 
4 hours”). Continuous or repeated administration results in accumulation of 
the drug until a steady state occurs. Steady-state concentration is reached 
when the rate of drug elimination is equal to the rate of drug administration, 
such that plasma and tissue levels remain relatively constant.

A.  Continuous infusion regimens

 With continuous IV infusion, the rate of drug entry into the body is 
constant. Most drugs exhibit first-order elimination, that is, a constant 
fraction of the drug is cleared per unit of time. Therefore, the rate of 
drug elimination increases proportionately as the plasma concentra-
tion increases. 

1. Plasma concentration of a drug following continuous IV  infusion: 
Following initiation of a continuous IV infusion, the plasma concen-
tration of a drug rises until a steady state (rate of drug elimination 
equals rate of drug administration) is reached, at which point the 
plasma concentration of the drug remains constant.

a. Influence of the infusion rate on steady-state concentra-
tion: The steady-state plasma concentration (Css) is directly 
 proportional to the infusion rate. For example, if the infusion 
rate is doubled, the Css is doubled (Figure 1.37). Furthermore, 
the Css is inversely proportional to the clearance of the drug. 
Thus, any factor that decreases clearance, such as liver or 
kidney disease, increases the Css of an infused drug (assum-
ing Vd remains constant). Factors that increase clearance, 
such as increased metabolism, decrease the Css.

b. Time to reach steady-state drug concentration: The con-
centration of a drug rises from zero at the start of the infusion 
to its ultimate steady-state level, Css (Figure 1.37). The rate 
constant for attainment of steady state is the rate constant for 
total body elimination of the drug. Thus, 50% of Css of a drug 
is observed after the time elapsed, since the infusion, t, is 
equal to t1/2, where t1/2 (or half-life) is the time required for the 
drug concentration to change by 50%. After another half-life, 
the drug concentration approaches 75% of Css (Figure 1.38). 
The drug concentration is 87.5% of Css at 3 half-lives and 
90% at 3.3 half-lives. Thus, a drug reaches steady state in 
about four to five half-lives.

 The sole determinant of the rate that a drug achieves steady 
state is the half-life (t1/2) of the drug, and this rate is influenced 
only by factors that affect half-life. The rate of approach to 
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a steady state is not affected by the rate of infusion. When 
the infusion is stopped, the plasma concentration of a drug 
declines (washes out) to zero with the same time course 
observed in approaching a steady state (Figure 1.38).

B. Fixed-dose/fixed-time regimens

 Administration of a drug by fixed doses rather than by continuous 
infusion is often more convenient. However, fixed doses of IV or oral 
medications given at fixed intervals result in time-dependent fluctua-
tions in the circulating level of drug, which contrasts with the smooth 
ascent of drug concentration with continuous infusion.

1. Multiple IV injections: When a drug is given repeatedly at regular 
intervals, the plasma concentration increases until a steady state 
is reached (Figure 1.39). Because most drugs are given at inter-
vals shorter than five half-lives and are eliminated exponentially 
with time, some drug from the first dose remains in the body when 
the second dose is administered, some from the second dose 
remains when the third dose is given, and so forth. Therefore, the 
drug accumulates until, within the dosing interval, the rate of drug 
elimination equals the rate of drug administration and a steady 
state is achieved. 

a. Effect of dosing frequency: With repeated administration at 
regular intervals, the plasma concentration of a drug oscil-
lates about a mean. Using smaller doses at shorter intervals 
reduces the amplitude of fluctuations in drug concentration. 
However, the dosing frequency changes neither the magni-
tude of Css nor the rate of achieving Css.

b. Example of achievement of a steady state using different 
dosage regimens: Curve B of Figure 1.39 shows the amount 
of drug in the body when 1 unit of a drug is administered 
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Figure 1.38
Rate of attainment of steady-state concentration of a drug in the plasma after intravenous infusion.

0 1 2 3

0

1

2

3

Days

Pl
as

m
a 

co
nc

en
tr

at
io

n 
of

 d
ru

g 
in

 b
od

y Injection of two
units of drug 
once daily

Rapid injection of drug

A

B
C

Continuous infusion of 
two units of drug per day

Injection of one
unit of drug 
twice daily

Figure 1.39
Predicted plasma concentrations of a 
drug given by infusion (A), twice-daily 
injection (B), or once-daily injection (C).  
Model assumes rapid mixing in a single 
body compartment and a half-life of 
12 hours.

LIR_CH01.indd   50 16/10/18   12:05 PM
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IV and repeated at a dosing interval that corresponds to the 
half-life of the drug. At the end of the first dosing interval, 
0.50 units of drug remain from the first dose when the second 
dose is administered. At the end of the second dosing inter-
val, 0.75 units are present when the third dose is given. The 
minimal amount of drug remaining during the dosing inter-
val progressively approaches a value of 1.00 unit, whereas 
the maximal value immediately following drug administration 
progressively approaches 2.00 units. Therefore, at the steady 
state, 1.00 unit of drug is lost during the dosing interval, which 
is exactly matched by the rate of administration. That is, the 
“rate in” equals the “rate out.” As in the case for IV infusion, 
90% of the steady-state value is achieved in 3.3 half-lives.

2. Multiple oral administrations: Most drugs administered on an 
outpatient basis are oral medications taken at a specific dose 
one, two, or more times daily. In contrast to IV injection, orally 
administered drugs may be absorbed slowly, and the plasma con-
centration of the drug is influenced by both the rate of absorption 
and the rate of elimination (Figure 1.40).

C.  Optimization of dose

 The goal of drug therapy is to achieve and maintain concentrations 
within a therapeutic response window while minimizing toxicity and/
or adverse effects. With careful titration, most drugs can achieve 
this goal. If the therapeutic window (see Chapter 2) of the drug 
is small (for example, digoxin or lithium), extra caution should be 
taken in selecting a dosage regimen, and drug levels should be 
monitored to ensure attainment of the therapeutic range. Drug reg-
imens are administered as a maintenance dose and may require a 
loading dose if rapid effects are warranted. 

1. Maintenance dose: Drugs are generally administered to maintain 
a Css within the therapeutic window. It takes four to five half-lives 
for a drug to achieve Css. To achieve a given concentration, the rate 
of administration and the rate of elimination of the drug are import-
ant. The dosing rate can be determined by knowing the target 
concentration in plasma (Cp), clearance (CL) of the drug from the 
systemic circulation, and the fraction (F) absorbed (bioavailability):

(Target Cplasma) (CL)

F
Dosing rate =

2. Loading dose: Sometimes, rapid obtainment of desired plasma 
levels is needed (for example, in serious infections, seizures, or 
arrhythmias). Therefore, a “loading dose” of drug is administered 
to achieve the desired plasma level rapidly, followed by a mainte-
nance dose to maintain the steady state (Figure 1.41). In general, 
the loading dose can be calculated as 

 Loading dose = (Vd) × (desired steady-state plasma concentration)/F

 For IV infusion, the bioavailability is 100%, and the equation 
becomes

 Loading dose = (Vd) × (desired steady-state plasma concentration)

 The disadvantages of loading doses include increased risk of 
drug toxicity and a longer time for the plasma concentration to 
fall if excess levels occur. 
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3. Dose adjustment: The amount of a drug administered for a 
given condition is estimated based on an “average patient.” 
This approach overlooks interpatient variability in pharmaco-
kinetic parameters such as clearance and Vd, which are quite 
significant in some cases. Knowledge of pharmacokinetic prin-
ciples is useful in adjusting dosages to optimize therapy for a 
given patient. Monitoring drug therapy and correlating it with 
clinical benefits provides another tool to individualize therapy. 
For drugs with a defined therapeutic range, drug concentrations 
are measured, and the dosage and frequency adjusted to obtain 
the desired levels. When determining a dosage adjustment, Vd 
can be used to calculate the amount of drug needed to achieve a 
desired plasma concentration. For example, assume a heart fail-
ure patient is not well controlled due to inadequate plasma levels 
of digoxin. Suppose the concentration of digoxin in the plasma is 
C1 and the desired target concentration is C2, a higher concen-
tration. The following calculation can be used to determine how 
much additional digoxin should be administered to bring the level 
from C1 to C2.

 (Vd)(C1) = Amount of drug initially in the body 

 (Vd)(C2) = Amount of drug in the body needed to achieve the desired 
plasma concentration

 The difference between the two values is the additional dosage 
needed, which equals Vd (C2 − C1).

 Figure 1.42 shows the time course of drug concentration when 
treatment is started or dosing is changed.

 4. Prodrug: A prodrug is a pharmacologically inactive drug origi-
nally but is biotransformed to an active therapeutic agent inside 
the body. For example, carbamazepine is metabolized to active 
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metabolite oxcarbamazepine. The potential utility of this prod-
rug lies in its ability to retain its therapeutic action (by improving 
selectivity for the drug interaction with cells or processes or by 
protecting peptides against degradation by various proteolytic 
enzymes) while eliminating or reducing the adverse effects of a 
drug, for example, with chemotherapy. 

Study Questions

Choose the ONE best answer.

1.1 An 18-year-old female patient is brought to the 
emergency department due to drug overdose. 
Which of the following routes of administration is 
the most desirable for administering the antidote 
for the drug overdose?

A. Intramuscular

B. Intravenous

C. Oral

D. Subcutaneous

E. Transdermal

1.2 Drug A is a weakly basic drug with a pKa of 7.8. If 
administered orally, at which of the following sites 
of absorption will the drug be able to readily pass 
through the membrane?

A. Mouth (pH approximately 7.0)

B. Stomach (pH of 2.5)

C. Duodenum (pH approximately 6.1)

D. Jejunum (pH approximately 8.0)

E. Ileum (pH approximately 7.0) 

1.3 KR2250 is an investigational cholesterol-lowering 
agent. KR2250 has a high molecular weight and 
is extensively bound to albumin. KR2250 will have 
a(n) ______________ apparent volume of distribu-
tion (Vd).

A. High 

B. Low

C. Extremely high

D. Normal

1.4 A 40-year-old male patient (70 kg) was recently diag-
nosed with infection involving methicillin-resistant S. 
aureus. He received 2000 mg of vancomycin as an 
IV loading dose. The peak plasma concentration of 
vancomycin was 28.5 mg/L. The apparent volume of 
distribution is:

A. 1 L/kg

B. 7 L/kg

C. 10 L/kg

D. 14 L/kg

E. 70 L/kg

Correct answer = B. The intravenous route of admin-
istration is the most desirable because it results in 
achievement of therapeutic plasma levels of the anti-
dote rapidly.

Correct answer = D. Because Drug A is a weakly 
basic drug (pKa = 7.8), it will be predominantly in the 
nonionized form in the jejunum (pH of 8.0). For weak 
bases, the nonionized form will permeate through the 
cell membrane readily.

Correct answer = B. Because of its high molecu-
lar weight and high protein binding, KR2250 will be 
effectively trapped within the plasma (vascular) com-
partment and will have a low apparent volume of 
distribution.

Correct answer = A. Vd = dose/C = 2000 mg/28.5 mg/L 
= 70.1 L. Because the patient is 70 kg, the apparent 
volume of distribution in L/kg will be approximately  
1 L/kg (70.1 L/70 kg).
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1.5 A 55-year-old woman is brought to the emergency 
department because of seizures. She has a history 
of renal disease and currently undergoes dialysis. 
She receives an intravenous infusion of anti-sei-
zure drug X. Which of the following is likely to be 
observed with use of drug X in this patient?

Half-life Dosage

A. ↑ ↑

B. ↓ ↓

C. ↑ ↔

D. ↑ ↓

E. ↔ ↔

1.6 A 68-year-old woman is brought to the emergency 
department for treatment of a myocardial  infarction. 
She is currently taking clopidogrel (antiplatelet 
agent) and aspirin daily, as well as omeprazole 
(potent CYP inhibitor) for heartburn. Which of the 
following is the most likely contributor to her myo-
cardial infarction today?

A. Reduced antiplatelet activity of clopidogrel due 
to aspirin

B. Reduced antiplatelet activity of clopidogrel due 
to omeprazole

C. Hypersensitivity reaction due to clopidogrel

D. Increased antiplatelet activity of clopidogrel due 
to omeprazole 

E. Increased antiplatelet activity of clopidogrel due 
to aspirin

1.7 Which of the following reactions represents Phase II  
of drug metabolism?

A. Amidation

B. Hydrolysis 

C. Oxidation

D. Reduction

E. Sulfation

1.8 A pharmacokinetic study of a new antihypertensive 
drug is being conducted in healthy human volun-
teers. The half-life of the drug after administration 
by continuous intravenous infusion is 12 hours. 
Which of the following best approximates the time 
for the drug to reach steady state?

A. 24 hours

B. 48 hours

C. 72 hours

D. 120 hours

E. 240 hours

Correct answer = D. Because the patient has a renal 
disorder, she may not be able to excrete the drug 
effectively. Therefore, the half-life of drug X will be 
prolonged. As the half-life is prolonged, the dosage 
must be reduced so the patient will not have serious 
toxic effects of drug X.

Correct answer = B. Clopidogrel is a prodrug and 
requires CYP2C19 activity for conversion to an active 
metabolite. Because omeprazole is a potent CYP 
inhibitor, clopidogrel is not converted to the active 
metabolite, and therefore the antiplatelet activity 
is reduced, potentially contributing to myocardial 
infarction.

Correct answer = E. Phase II metabolic reactions 
involve conjugation reactions to make phase I metab-
olites more polar. Sulfation and glucuronidation are 
the most common Phase II conjugation reactions.

Correct answer = B. A drug will reach steady state in 
about four to five half-lives. Therefore, for this drug 
with a half-life of 12 hours, the approximate time to 
reach steady state will be 48 hours.
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 1.9 A 64-year-old female patient (60 kg) is treated with 
experimental Drug A for type 2 diabetes. Drug A is 
available as tablets with an oral bioavailability of 
90%. If the Vd is 2 L/kg and the desired steady-
state plasma concentration is 3.0 mg/L, which of 
the following is the most appropriate oral loading 
dose of Drug A?

A. 6 mg

B. 6.66 mg

C. 108 mg

D. 360 mg

E. 400 mg

1.10 A 74-year-old man was admitted to the hospital for 
treatment of heart failure. He received 160 mcg of 
digoxin intravenously, and the plasma digoxin level 
was 0.4 ng/mL. If the desired plasma concentration 
of digoxin for optimal therapeutic activity in heart 
failure is 1.2 ng/mL, and the patient has an esti-
mated Vd of 400 L, calculate the additional dose 
of digoxin needed for this patient to achieve the 
desired plasma concentration.

A. 128 mcg

B. 160 mcg

C. 320 mcg

D. 480 mcg

E. 640 mcg

1.11 Essential drugs list is a 

A. List of life-saving drugs

B. List of drugs by generic names

C. List of drugs required for common ailments

D. List of drugs required for majority of ailments 
and people

E. List of drugs required for priority needs of the 
population

1.12 All are criteria for selection of essential drugs 
EXCEPT

A. Pattern of prevalent diseases

B. The training and experience of available 
personnel

C. Treatment facilities

D. Relative efficacy, cost, and suitability

E. Latest drug in the market

Correct answer = C. The additional dosage of digoxin 
needed to achieve the desired plasma concentration 
can be calculated using the equation Vd (C2 – C1). C1 
is the current plasma concentration (0.4 ng/mL) and 
C2 is the desired plasma concentration (1.2 ng/mL). 
Therefore, the additional dosage of digoxin is [400 L ×  
(1.2–0.4) ng/mL)] = 320 mcg.

Correct answer = E. Essential medicines are those 
that satisfy the priority healthcare needs of the pop-
ulation. They are selected with due regard to disease 
prevalence, evidence on efficacy, safety, and compar-
ative cost-effectiveness.

Correct answer = E. Drugs are selected depending 
on many factors, such as the pattern of prevalent dis-
eases, treatment facilities, training and experience of 
available personnel, financial resources, and genetic, 
demographic, and environmental factors.

Correct answer = E. For oral dosing, Loading dose = 
[(Vd) × (desired steady-state plasma concentration)/F]. 
The Vd in this case is corrected to the patient’s weight 
is 120 L. The F value is 0.9 (because bioavailability is 
90%, i.e., 90/100 = 0.9). Thus, Loading dose = (120 L ×  
3.0 mg/L)/0.9 = 400 mg.
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1.13 Antimicrobial resistance is of public health concern 
because of:

A. Higher cost of therapy.

B. Increased risk of morbidity.

C. Antimicrobial resistance.

D. Reduced quality of care.

E. All of the above.

1.14 Development and spread of antimicrobial resis-
tance is due to:

A. Antimicrobial use.

B. Overuse, misuse, and irrational use.

C. Noncompliance and self-medication by patients.

D. Use in animal husbandry, aquaculture, and 
agriculture. 

E. All of the above.

Correct answer = E. Development and spread of 
antimicrobial resistance is due to overuse, misuse, 
and irrational use by doctors; noncompliance and 
self-medication by patients; and use in animal hus-
bandry, aquaculture, and agriculture. 

Correct answer = E. Antimicrobial resistance (AMR) is 
one of the most serious public health problems glob-
ally resulting in prolonged illness and hospitalization, 
mortality, and higher costs. Use of drugs other than 
first-line drugs in such situations may increase costs 
(sometimes as high as 100-fold), makes treatment 
unaffordable for many governments/health systems, 
especially in developing countries, and increase in 
out-of-pocket expenditure by patients. 
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Pharmacodynamics 
Joanna Peris and Sangeeta Sharma 

I. OVERVIEW 

Pharmacodynamics describes the actions of a drug on the body. Most 

drugs exert effects, both beneficial and harmful, by interacting with spe

cialized target macromolecules called receptors, which are present on or 

in the cell. The drug-receptor complex initiates alterations in biochemical 

and/or molecular activity of a cell by a process called signal transduction 

(Figure 2.1). 

A. Fundamentals of drug action 

Any chemical agent that alters the biochemical or physiological pro

cess of tissues of organisms which is intended for diagnostic, pre

ventive, and therapeutic purpose is called "drug." The term "drug" 

is derived from the French term "Drogue" which means a meeica

ment. Drugs are obtained from plant (for example, atropine), animal 

(for example, insulin), synthetic sources (for exam le, ciprofloxacin), 

mineral (for example, sodium chloride), and genetic means such as 

recombinant DNA technique (for example, interferons). 

On the target site, a drug molecule is expectea to exhibit its mech

anism of action. The principles based on which the drug elicit such 

action can be broadly classified into tfie following types. 

1. Activation: By binding to the target site if the drug molecule stimu

lates the process or selectively accelerates the process. For exam

ple, caffeine causes CNS stimulation and increased alertness. 

2. Inhibition: On the target site a drug molecule exhibiting its action 

by inhibiting the process or selectively deaccelerating the pro

cess. For example, aspirin inhibits cyclooxygenase, thereby inhib

iting the formation of prostaglandins. 

3. Complexation: On the target site, the drug molecule exhibiting 

its action by making a complex, thereby making it inactive by 

sequesterization. For example, deferoximine chelates ion. 

4. Neutralization: The drug molecule binding to the target site and 

neutralizing the action of the existing molecule directly through 

a chemical reaction [for example, antacids (sodium bicarbon

ate, magnesium hydroxide)] or physical interaction (polyvalent 

antisnake venom). 

II. SIGNAL TRANSDUCTION 

Drugs act as signals, and receptors act as signal detectors. A drug is 

termed an "agonist" if it binds to a site on a receptor protein and activates 
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58 2. Pharmacodynamics

it to initiate a series of reactions that ultimately result in a specific intracel-
lular response. “Second messenger” or effector molecules are part of the 
cascade of events that translates agonist binding into a cellular response.

A. The drug–receptor complex

 Cells have many different types of receptors, each of which is spe-
cific for a particular agonist and produces a unique response. Cardiac 
cell membranes, for example, contain β-adrenergic receptors that 
bind and respond to epinephrine or norepinephrine. Cardiac cells also 
contain muscarinic receptors that bind and respond to acetylcholine. 
These two receptor populations dynamically interact to control the 
heart’s vital functions.

 The magnitude of the cellular response is proportional to the num-
ber of drug–receptor complexes. This concept is conceptually similar 
to the formation of complexes between enzyme and substrate and 
shares many common features, such as specificity of the receptor for 
a given agonist. Although much of this chapter centers on the inter-
action of drugs with specific receptors, it is important to know that 
not all drugs exert effects by interacting with a receptor. Antacids, for 
instance, chemically neutralize excess gastric acid, thereby reducing 
stomach upset.

B. Receptor states

 Receptors exist in at least two states, inactive (R) and active (R*), 
that are in reversible equilibrium with one another, usually favoring 
the inactive state. Binding of agonists causes the equilibrium to shift 
from R to R* to produce a biologic effect. Antagonists are drugs that 
bind to the receptor but do not increase the fraction of R*, instead 
stabilizing the fraction of R. Some drugs (partial agonists) shift the 
equilibrium from R to R*, but the fraction of R* is less than that 
caused by an agonist. The magnitude of biological effect is directly 
related to the fraction of R*. In summary, agonists, antagonists, and 
partial agonists are examples of molecules or ligands that bind to the 
activation site on the receptor and can affect the fraction of R*.

C. Major receptor families

 A receptor is defined as any biologic molecule to which a drug 
binds and produces a measurable response. Thus, enzymes, nucleic 
acids, and structural proteins can act as receptors for drugs or 
endogenous agonists. However, the richest sources of receptors are 
 membrane-bound proteins that transduce extracellular signals into 
intracellular responses. These receptors may be divided into four fam-
ilies: 1) ligand-gated ion channels, 2) G protein–coupled receptors,  
3) enzyme-linked receptors, and 4) intracellular receptors (Figure 2.2). 
Generally, hydrophilic ligands interact with receptors that are found on 
the cell surface (Figure 2.2A, B, C). In contrast, hydrophobic ligands 
enter cells through the lipid bilayers of the cell membrane to interact 
with receptors found inside cells (Figure 2.2D).

1. Transmembrane ligand-gated ion channels: The extracellular 
portion of ligand-gated ion channels contains the drug-binding 
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59II. Signal Transduction

site. This site regulates the opening of the pore through which 
ions can flow across cell membranes (Figure 2.2A). The chan-
nel is usually closed until the receptor is activated by an ago-
nist, which opens the channel for a few milliseconds. Depending 
on the ion conducted through these channels, these receptors 
mediate diverse functions, including neurotransmission and 
muscle contraction. For example, stimulation of the nicotinic 
receptor by acetylcholine opens a channel that allows sodium 
influx and potassium outflux across the cell membranes of 
neurons or muscle cells. This change in ionic concentrations 
across the membrane generates an action potential in a neuron 
and contraction in skeletal and cardiac muscle. On the other 
hand, agonist stimulation of the A subtype of the γ-aminobu-
tyric acid (GABA) receptor increases chloride influx, resulting in 
hyperpolarization of neurons and less chance of generating an 
action potential. Drug-binding sites are also found on many volt-
age-gated ion channels where they can regulate channel func-
tion. For example, local anesthetics bind to the voltage-gated 
sodium channel, inhibiting sodium influx and decreasing neuro-
nal conduction.

2. Transmembrane G protein–coupled receptors: The extracel-
lular portion of this receptor contains the ligand-binding site, 
and the intracellular portion interacts (when activated) with a 
G protein. There are many kinds of G proteins (for example, Gs, 
Gi, and Gq), but all types are composed of three protein sub-
units. The α subunit binds guanosine triphosphate (GTP), and 
the β and γ subunits anchor the G protein in the cell membrane  
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Figure 2.2
Transmembrane signaling mechanisms. A. Ligand binds to the extracellular domain of a ligand-gated channel.  
B. Ligand binds to a domain of a transmembrane receptor, which is coupled to a G protein. C. Ligand binds to the 
extracellular domain of a receptor that activates a kinase enzyme. D. Lipid-soluble ligand diffuses across the  
membrane to interact with its intracellular receptor. R = inactive protein.
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60 2. Pharmacodynamics

(Figure 2.3). Binding of an agonist to the receptor increases 
GTP binding to the α subunit, causing dissociation of the 
α-GTP complex from the βγ complex. The α and βγ subunits 
are then free to interact with specific cellular effectors, usually 
an enzyme or an ion channel, that cause further actions within 
the cell. These responses usually last several seconds to min-
utes. Often, the activated effectors produce “second messen-
ger” molecules that further activate other effectors in the cell, 
causing a signal cascade effect.

 A common effector, activated by Gs and inhibited by Gi, is ade-
nylyl cyclase, which produces the second messenger cyclic ade-
nosine monophosphate (cAMP). The effector phospholipase C, 
when activated by Gq, generates two second messengers: ino-
sitol 1,4,5-trisphosphate (IP3) and diacylglycerol (DAG). DAG and 
cAMP activate specific protein kinases within the cell, leading to 
a myriad of physiological effects. IP3 increases intracellular cal-
cium concentration, which in turn activates other protein kinases.

3. Enzyme-linked receptors: This family of receptors undergoes 
conformational changes when activated by a ligand, resulting in 
increased intracellular enzyme activity (Figure 2.4). This response 
lasts for minutes to hours. The most common enzyme-linked 
receptors (for example, growth factors and insulin) possess tyro-
sine kinase activity. When activated, the receptor phosphorylates 
tyrosine residues on itself and other specific proteins (Figure 2.4). 
Phosphorylation can substantially modify the structure of the tar-
get protein, thereby acting as a molecular switch. For example, 
the phosphorylated insulin receptor in turn phosphorylates other 
proteins that now become active. Thus, enzyme-linked receptors 
often cause a signal cascade effect similar to that caused by 
G  protein–coupled receptors.

4. Intracellular receptors: The fourth family of receptors differs con-
siderably from the other three in that the receptor is entirely intra-
cellular, and, therefore, the ligand (for example, steroid hormones) 
must have sufficient lipid solubility to diffuse into the cell to inter-
act with the receptor (Figure 2.5). The primary targets of activated 
intracellular receptors are transcription factors in the cell nucleus 
that regulate gene expression. The activation or inactivation of 
transcription factors alters the transcription of DNA into RNA and  
subsequently translation of RNA into proteins. The effect of drugs 
or endogenous ligands that activate intracellular receptors takes 
hours to days to occur. Other targets of intracellular ligands are 
structural proteins, enzymes, RNA, and ribosomes. For example, 
tubulin is the target of antineoplastic agents such as paclitaxel 
(see Chapter 35), the enzyme dihydrofolate reductase is the tar-
get of antimicrobials such as trimethoprim (see Chapter 31), and 
the 50S subunit of the bacterial ribosome is the target of macro-
lide antibiotics such as erythromycin (see Chapter 30).

D. Characteristics of signal transduction

 Signal transduction has two important features: 1) the ability to amplify 
small signals and 2) mechanisms to protect the cell from excessive 
stimulation.

When hormone is no longer
present, the receptor reverts
to its resting state. GTP on the 
α subunit is hydrolyzed to GDP, 
and adenylyl cyclase is deactivated.
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1. Signal amplification: A characteristic of G protein–linked and 
enzyme-linked receptors is the ability to amplify signal intensity 
and duration via the signal cascade effect. Additionally, activated 
G proteins persist for a longer duration than does the original 
agonist–receptor complex. The binding of albuterol, for example, 
may only exist for a few milliseconds, but the subsequent acti-
vated G proteins may last for hundreds of milliseconds. Further 
prolongation and amplification of the initial signal are mediated 
by the interaction between G proteins and their respective intra-
cellular targets. Because of this amplification, only a fraction of 
the total receptors for a specific ligand may need to be occupied 
to elicit a maximal response. Systems that exhibit this behavior 
are said to have spare receptors. About 99% of insulin receptors 
are “spare,” providing an immense functional reserve that ensures 
that adequate amounts of glucose enter the cell. On the other 
hand, only about 5% to 10% of the total β-adrenoceptors in the 
heart are spare. Therefore, little functional reserve exists in the 
failing heart, because most receptors must be occupied to obtain 
maximum contractility.

2. Desensitization and down-regulation of receptors: Repeated or 
continuous administration of an agonist or antagonist often leads 
to changes in the responsiveness of the receptor. The receptor 
may become desensitized due to too much agonist stimulation 
(Figure 2.6), resulting in a diminished response. This phenomenon, 
called tachyphylaxis, is often due to phosphorylation that renders 
receptors unresponsive to the agonist. In addition, receptors may 
be internalized within the cell, making them unavailable for further 
agonist interaction (down-regulation). Some receptors, particu-
larly ion channels, require a finite time following stimulation before 
they can be activated again. During this recovery phase, unre-
sponsive receptors are said to be “refractory.” Repeated expo-
sure of a receptor to an antagonist, on the other hand, results in 
up-regulation of receptors, in which receptor reserves are inserted 
into the membrane, increasing the number of receptors available. 
Up-regulation of receptors can make cells more sensitive to ago-
nists and/or more resistant to effects of the antagonist.

III. DOSE–RESPONSE RELATIONSHIPS

Agonist drugs mimic the action of the endogenous ligand for the receptor 
(for example, isoproterenol mimics norepinephrine on β1 receptors of the 
heart). The magnitude of the drug effect depends on receptor sensitivity to 
the drug and the drug concentration at the receptor site, which, in turn, is 
determined by both the dose of drug administered and by the drug’s phar-
macokinetic profile, such as rate of absorption, distribution, metabolism, 
and elimination.

A. Graded dose–response relations

 As the concentration of a drug increases, its pharmacologic effect 
also gradually increases until all the receptors are occupied (the 
 maximum effect). Plotting the magnitude of response against increas-
ing doses of a drug produces a graded dose–response curve that 

Figure 2.4
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62 2. Pharmacodynamics

has the general shape depicted in Figure 2.7A. Two important drug 
characteristics, potency and efficacy, can be determined by graded 
dose–response curves.

1. Potency: Potency is a measure of the amount of drug necessary 
to produce an effect. The concentration of drug producing 50% of 
the maximum effect (EC50) is often used to determine potency. In 
Figure 2.7, the EC50 for Drugs A and B indicate that Drug A is more 
potent than Drug B, because a lesser amount of Drug A is needed 
to obtain 50% effect. Therapeutic preparations of drugs reflect 
their potency. For example, candesartan and irbesartan are angio-
tensin receptor blockers used to treat hypertension. The therapeu-
tic dose range for candesartan is 4 to 32 mg, as compared to 75 to  
300 mg for irbesartan. Therefore, candesartan is more potent than 
irbesartan (it has a lower EC50 value). Since the range of drug 
concentrations that cause from 1% to 99% of  maximal response 
usually spans several orders of magnitude, semilogarithmic plots 
are used to graph the complete range of doses. As shown in 
Figure 2.7B, the curves become sigmoidal in shape, which simpli-
fies the interpretation of the dose–response curve.

2. Efficacy: Efficacy is the magnitude of response a drug causes 
when it interacts with a receptor. Efficacy is dependent on the num-
ber of drug–receptor complexes formed and the intrinsic activity of 
the drug (its ability to activate the receptor and cause a cellular 
response). Maximal efficacy of a drug (Emax) assumes that the drug 
occupies all receptors, and no increase in response is observed in 
response to higher concentrations of drug. The maximal response 
differs between full and partial agonists, even when the drug occu-
pies 100% of the receptors. Similarly, even though an antagonist 
occupies 100% of the receptor sites, no receptor activation results 
and Emax is zero. Efficacy is a more clinically useful characteristic 
than potency, since a drug with greater efficacy is more therapeuti-
cally beneficial than one that is more potent. Figure 2.8 shows the 
response to drugs of differing potency and efficacy.

B. Effect of drug concentration on receptor binding

 The quantitative relationship between drug concentration and recep-
tor occupancy applies the law of mass action to the kinetics of the 
binding of drug and receptor molecules:

Drug + Receptor }  Drug–receptor complex → Biologic effect

By making the assumption that the binding of one drug molecule 
does not alter the binding of subsequent molecules and applying the 
law of mass action, we can mathematically express the relationship 
between the percentage (or fraction) of bound receptors and the drug 
concentration:

[DR]

 [Rt]
=

[D] 

Kd + [D]
 (1)

where [D] = the concentration of free drug, [DR] = the concentration of 
bound drug, [Rt] = the total number of receptors, and Kd = the equi-
librium dissociation constant for the drug from the receptor. The value 
of Kd can be used to determine the affinity of a drug for its receptor. 
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63III. Dose–Response Relationships

Affinity describes the strength of the interaction (binding) between a 
ligand and its receptor. The higher the Kd value, the weaker the inter-
action and the lower the affinity, and vice versa. Equation (1) defines 
a curve that has the shapes shown in Figure 2.9 when plotted against 
drug concentration (Panel A) or log drug concentration (Panel B). As 
the concentration of free drug increases, the ratio of the concentra-
tions of bound receptors to total receptors approaches unity, thereby 
producing the maximal effect. Thus, it is not surprising that the curves 
shown in Figure 2.9 and those representing the relationship between 
dose and effect (Figure 2.7) are similar.

C. Relationship of drug binding to pharmacologic effect

 The law of mass action can be applied to drug concentration and 
response providing the following assumptions are met: 1) The magnitude 
of the response is proportional to the amount of receptors occupied by 
drug, 2) the Emax occurs when all receptors are bound, and 3) one mole-
cule of drug binds to only one molecule of receptor. In this case,

[E]

[Emax]
=

[D] 

Kd + [D]
 (2)

where [E] = the effect of the drug at concentration [D] and [Emax] = the 
maximal effect of the drug.

Thus, it follows that if a specific population of receptors is vital for 
mediating a physiological effect, the affinity of an agonist for binding 
to those receptors should be related to the potency of that drug for 
causing that physiological effect. Many drugs and most neurotrans-
mitters can bind to more than one type of receptor, thereby causing 
both desired therapeutic effects and undesired adverse effects. In 
order to establish a relationship between drug occupation of a par-
ticular receptor subtype and the corresponding biological response to 
that drug, correlation curves of receptor affinity and drug potency are 
often constructed (Figure 2.10).
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64 2. Pharmacodynamics

IV. INTRINSIC ACTIVITY

As mentioned in the preceding text, an agonist binds to a receptor and 
produces a biologic response based on the concentration of the agonist, 
its affinity for the receptor and, hence, the fraction of occupied receptors. 
However, the intrinsic activity of a drug further determines its ability to fully 
or partially activate the receptors. Drugs may be categorized according to 
their intrinsic activity and resulting Emax values.

A. Full agonists

 If a drug binds to a receptor and produces a maximal biologic 
response that mimics the response to the endogenous ligand, it is 
a full agonist (Figure 2.11). Full agonists bind to a receptor, stabiliz-
ing the receptor in its active state and are said to have an intrinsic 
activity of one. All full agonists for a receptor population should pro-
duce the same Emax. For example, phenylephrine is a full agonist at 
α1- adrenoceptors, because it produces the same Emax as the endog-
enous ligand, norepinephrine. Upon binding to α1-adrenoceptors on 
vascular smooth muscle, both norepinephrine and phenylephrine sta-
bilize the receptor in its active state, thereby increasing Gq activation. 
Activation of Gq increases intracellular Ca2+, causing interaction of 
actin and myosin filaments and shortening of the muscle cells. The 
diameter of the arteriole decreases, causing an increase in resistance 
to blood flow through the vessel and an increase in blood pressure. 
Thus, effects of agonists on intracellular molecules, cells, tissues, and 
intact organisms are all attributable to interaction of the drug with 
the receptor. For full agonists, the dose–response curves for receptor 
binding and each of the biological responses should be comparable.

B. Partial agonists

 Partial agonists have intrinsic activities greater than zero but less than 
one (Figure 2.11). Even when all the receptors are occupied, partial ago-
nists cannot produce the same Emax as a full agonist. Even so, a partial 
agonist may have an affinity that is greater than, less than, or equiva-
lent to that of a full agonist. A partial agonist may also act as a partial 
antagonist of a full agonist (Figure 2.12). As the number of receptors 
occupied by the partial agonist increases, the number of receptors that 
can be occupied by the full agonist decreases and therefore Emax would 
decrease until it reached the Emax of the partial agonist. This potential 
of partial agonists to act as both an agonist and an antagonist may 
have therapeutic utility. For example, aripiprazole, an atypical antipsy-
chotic, is a partial agonist at selected dopamine receptors. Overactive 
dopaminergic pathways tend to be inhibited by aripiprazole, whereas 
underactive pathways are stimulated. This might explain the ability of 
aripiprazole to improve symptoms of schizophrenia, with a small risk of 
causing extrapyramidal adverse effects (see Chapter 11).

C. Inverse agonists

 Typically, unbound receptors are inactive and require interaction with 
an agonist to assume an active conformation. However, some recep-
tors show a spontaneous conversion from R to R* in the absence of 
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65IV. Intrinsic Activity

an agonist. Inverse agonists, unlike full agonists, stabilize the inactive 
R form and cause R* to convert to R. This decreases the number of 
activated receptors to below that observed in the absence of drug 
(Figure 2.11). Thus, inverse agonists have an intrinsic activity less than 
zero, reverse the activation state of receptors, and exert the opposite 
pharmacological effect of agonists.

D. Antagonists

 Antagonists bind to a receptor with high affinity but possess zero intrin-
sic activity. An antagonist has no effect on biological function in the 
absence of an agonist, but can decrease the effect of an agonist when 
present. Antagonism may occur either by blocking the drug’s ability to 
bind to the receptor or by blocking its ability to activate the receptor.

Figure 2.10
Correlation of drug affinity for receptor binding and potency for causing a physiological effect. A positive correlation 
should exist between the affinity (Kd value) of a drug for binding to a specific receptor subtype and the potency (EC50 
value) of that drug to cause physiological responses mediated by that receptor population. For example, many drugs 
have affinity for both α1 and β2 adrenergic receptors. The circled letters in the figure represent agonists with varying 
affinities for α1 and β2 receptors. However, from the data provided, it becomes clear that α1 receptors only mediate 
changes in blood pressure, while β2 receptors only mediate changes in bronchodilation.
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66 2. Pharmacodynamics

1. Competitive antagonists: If the antagonist binds to the same site 
on the receptor as the agonist in a reversible manner, it is “com-
petitive.” A competitive antagonist interferes with an agonist bind-
ing to its receptor and maintains the receptor in its inactive state. 
For example, the antihypertensive drug terazosin competes with 
the endogenous ligand norepinephrine at α1-adrenoceptors, thus 
decreasing vascular smooth muscle tone and reducing blood pres-
sure. However, increasing the concentration of agonist relative to 
antagonist can overcome this inhibition. Thus, competitive antag-
onists characteristically shift the agonist dose–response curve to 
the right (increased EC50) without affecting Emax (Figure 2.13).

2. Irreversible antagonists: Irreversible antagonists bind covalently 
to the active site of the receptor, thereby permanently reducing 
the number of receptors available to the agonist. An irreversible 
antagonist causes a downward shift of the Emax, with no shift of 
EC50 values (Figure 2.13). In contrast to competitive antagonists, 
addition of more agonist does not overcome the effect of irre-
versible antagonists. Thus, irreversible antagonists and allosteric 
antagonists (see below) are both considered noncompetitive 
antagonists. A fundamental difference between competitive and 
noncompetitive antagonists is that competitive antagonists reduce 
agonist potency (increase EC50) and noncompetitive antagonists 
reduce agonist efficacy (decrease Emax).

3. Allosteric antagonists: An allosteric antagonist binds to a site 
(allosteric site) other than the agonist-binding site and prevents 
receptor activation by the agonist. This type of antagonist also 
causes a downward shift of the Emax of an agonist, with no change 
in the EC50 value. An example of an allosteric agonist is picro-
toxin, which binds to the inside of the GABA-controlled chloride 
channel. When picrotoxin binds inside the channel, no chloride 
can pass through the channel, even when the GABA fully occu-
pies the receptor.

4. Functional antagonism: An antagonist may act at a completely 
separate receptor, initiating effects that are functionally opposite 
those of the agonist. A classic example is the functional antag-
onism by epinephrine to histamine-induced bronchoconstric-
tion. Histamine binds to H1 histamine receptors on bronchial 
smooth muscle, causing bronchoconstriction of the bronchial tree. 
Epinephrine is an agonist at β2-adrenoceptors on bronchial smooth 
muscle, which causes the muscles to relax. This functional antago-
nism is also known as “physiologic antagonism.”

V. QUANTAL DOSE–RESPONSE RELATIONSHIPS

Another important dose–response relationship is that between the dose 
of the drug and the proportion of a population of patients that responds 
to it. These responses are known as quantal responses, because, for any 
individual, either the effect occurs or it does not. Graded responses can 
be transformed to quantal responses by designating a predetermined level 
of the graded response as the point at which a response occurs or not. 
For example, a quantal dose–response relationship can be determined in 
a population for the antihypertensive drug atenolol. A positive response is 
defined as a fall of at least 5 mm Hg in diastolic blood pressure. Quantal 
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67V. Quantal Dose–Response Relationships

dose–response curves are useful for determining doses to which most of 
the population responds. They have similar shapes to log dose–response 
curves, and the ED50 is the drug dose that causes a therapeutic response 
in half of the population.

A. Therapeutic index

 The therapeutic index (TI) of a drug is the ratio of the dose that pro-
duces toxicity in half the population (TD50) to the dose that produces 
a clinically desired or effective response (ED50) in half the population:

TI = TD50 / ED50

 The TI is a measure of a drug’s safety, because a larger value indi-
cates a wide margin between doses that are effective and doses that 
are toxic.

B. Clinical usefulness of the therapeutic index

 The TI of a drug is determined using drug trials and accumulated clin-
ical experience. These usually reveal a range of effective doses and a 
different (sometimes overlapping) range of toxic doses. Although high 
TI values are required for most drugs, some drugs with low therapeu-
tic indices are routinely used to treat serious diseases. In these cases, 
though more adverse effects may be experienced, the risk of experienc-
ing adverse effects should be weighed against the risk of leaving the 
disease untreated. Cytotoxic agents, used in cancer chemotherapy and 
antiepileptic drugs, are examples of drugs where there is little difference 
between the therapeutic dose and the toxic dose. Thus, cytotoxic agents 
are said to have a small therapeutic index. Other examples of some 
drugs with a narrow therapeutic index are lithium, digoxin, gentamicin, 
phenytoin, and carbamazepine. These drugs have a  recommended ther-
apeutic range with lower and upper values of the concentration of the 
drug in blood at which majority of the users can expect a clinical effect 
with minimal adverse effects. If the concentration falls below the lower 
limit, the effect diminishes. If it rises above the upper limit, patients may 
experience adverse effects. The concentration range is called the rec-
ommended therapeutic range. Figure 2.14 shows the responses to war-
farin, an oral anticoagulant with a low therapeutic index, and penicillin, 
an antimicrobial drug with a large therapeutic index.

1. Warfarin (example of a drug with a small therapeutic index): As 
the dose of warfarin is increased, a greater fraction of the patients 
respond (for this drug, the desired response is a two- to threefold 
increase in the international normalized ratio [INR]) until, eventually, 
all patients respond (Figure 2.14A). However, at higher doses of 
warfarin, anticoagulation resulting in hemorrhage occurs in a small 
percent of patients. Agents with a low TI (that is, drugs for which 
dose is critically important) are those drugs for which bioavailabil-
ity critically alters the therapeutic effects (see Chapter 1).

2. Penicillin (example of a drug with a large therapeutic index): 
For drugs such as penicillin (Figure 2.14B), it is safe and com-
mon to give doses in excess of that which is minimally required to 
achieve a desired response without the risk of adverse effects. In 
this case, bioavailability does not critically alter the therapeutic or 
clinical effects.
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68 2. Pharmacodynamics

VI. EVALUATION OF RESPONSE TO THERAPY

The objective of drug therapy is to produce the desired therapeutic 
effect with minimum toxic effects. However, patients vary widely in their 
responses to drugs. This variability continues to be a major public health 
problem due to serious and apparently unpredictable adverse drug reac-
tions. Therapy must be individualized—that is, a drug should be prescribed 
after careful consideration of its beneficial and minimal harmful effects 
including the patient’s characteristics and comorbidities.

The reasons for failure of drug treatment can be due to interindividual 
variation in physiological and pharmacokinetic parameters, which cannot 
always be evaluated prior to initiation of drug therapy (for example, genetic 
metabolic differences) or pharmacodynamics (for example, drug hypersen-
sitivity), and drug tolerance (diminished pharmacologic responsiveness to 
the drug). Response to a drug can be altered by disease state and draw 
attention to dosage individualization.

The usual dosage regimen approved by Drug Control Authorities suits 
an average patient’s needs. As a principle, individualization of the dosing 
regimen is required considering the patient’s characteristics (for example, 
weight and age) and comorbidities that affect the drug’s pharmacokinetics 
(for example, liver and renal function). 

To achieve an optimal effect, the patient’s response to the drug must 
be evaluated from time to time. The dosage regimen needs to be further 
modified in case of no-response to therapy or due to the appearance 
of undesirable effects. Both clinical and laboratory tests (hemoglobin, INR 
prothrombin time) can help in evaluation of response to therapy, which may 
improve the monitoring of treatment.

A. Factors affecting drug response

 Variability in drug responses can be observed due to genetic dif-
ference and pharmacokinetic and pharmacodynamic variability. The 
most important factors responsible for variability of pharmacokinetic 
parameters are as follows:

• Genetic

• Disease

• Age and body size

• Concomitant drugs

• Environmental factors (for example, foods and pollutants)

 Other factors include compliance, pregnancy, alcohol intake, sea-
sonal variations, gender, or conditions of drug intake (Figure 2.15).

1. Variation in response due to changes in pharmacokinetics: 
Diseases of the liver and the kidneys are responsible for large 
variations in drug pharmacokinetics. Circulatory disorders and 
diminished vascular perfusion of one or more parts of the body as 
in cardiac failure are also an important cause of pharmacokinetic 
variability.

 Age-induced variability can be seen in each of the four main phar-
macokinetic mechanisms given in the following text.

a. Drug absorption: Drug absorption rates may vary widely 
between individuals and in the same individual at different 
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69VI. Evaluation of Response to Therapy

times and in different physiological states. Drugs taken after 
a meal reach the small intestine much more slowly than in the 
fasting state, leading to much lower drug concentrations. In 
pregnancy, gastric emptying gets delayed while some drugs 
may also increase gastric emptying and affect absorption of 
other drugs.

Poorly formulated drugs may fail to disintegrate or dissolve 
and thus affect drug response. Enteric-coated drugs some-
times can pass through the gastrointestinal tract intact. In 
drugs with a narrow therapeutic range, changes in absorption 
can produce sudden changes in drug levels. For such drugs, 
quality control surveillance should be carried out.

Though drug absorption does not appear to change dra-
matically with age, changes in the rate rather than in the 
extent of absorption are found. As exceptions, marked differ-
ences in absorption are observed in the neonatal period and in 
the elderly. In both cases, a decrease in hepatic metabolism 
and first-pass effect may lead to an increase in the oral 
bioavailability of some drugs. 

Age-related physiologic changes in the gastrointestinal (GI) 
tract include elevated gastric pH, delayed gastric emptying, 
decreases in GI motility, intestinal blood flow, and absorp-
tive surface area. Reduced gastric acid secretion can reduce 
tablet dissolution and decrease the solubility of basic drugs. The 
delay in gastric emptying allows more contact time in the stom-
ach for potentially ulcerogenic drugs such as NSAIDs and bis-
phosphonates, increased absorption of poorly soluble drugs, 
and increased antacid drug interactions due to an increased 
opportunity for binding. A higher incidence of diarrhea and 
a delay in the onset of action of weak basic drugs also 
result from this physiologic effect. In the elderly patients, 
absorption of nutrients is often reduced, for example, vita-
mins (such as thiamine and folic acid), minerals (such as 
calcium and iron), and carbohydrates.

b. Drug distribution

[1] Wide variation in drug distribution: Water-soluble drugs 
are distributed chiefly in the extracellular space, acidic 
drugs bind strongly to plasma albumin, basic drugs bind 
to muscle cells, and fat-soluble drugs are stored in adi-
pose tissue. Hence, variation in plasma albumin concen-
tration, fat content, or muscle mass may all contribute 
to dose variation. For very highly albumin-bound drugs 
such as warfarin, a small change in albumin concentra-
tion can double the levels of free drug in circulation with 
a dramatic change in the drug effect.

The volume of distribution is frequently directly propor-
tional to body weight and modulated by age. Body fat 
content and water composition get altered with aging. 
Fat stores increase while total body water decreases. 
These changes can alter therapeutic drug levels, caus-
ing greater concentrations of water-soluble drugs (for 
example, alcohol, lithium, and morphine) and longer 
half-lives of fat-soluble drugs (for example, most tricyclic 

Figure 2.15
Factors affecting drug response.
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70 2. Pharmacodynamics

antidepressants, barbiturates, benzodiazepines, cal-
cium channel blockers, and phenothiazines) which may 
have a delayed onset of action and can accumulate in 
adipose tissue, prolonging their action sometimes to 
the point of toxicity. All of these drugs are considered 
inappropriate in the elderly due to availability of safe 
alternatives. 

Sometimes, age-related changes in drug binding (for 
example, decrease in extracellular fluid in the elderly) 
can affect the volume of distribution of a drug. In the 
elderly, if there is evidence of decreased serum albumin, 
the doses of most highly protein-bound drugs (>90% 
protein bound) should be reduced initially and then 
increased slowly. Seizure control may be seen at lower 
total phenytoin (bound plus unbound) concentrations 
in the elderly whose unbound fraction has increased. 
Similarly, decrease in serum albumin levels seen com-
monly in the elderly with chronic illnesses, malnutrition, 
or severe debilitation can lead to higher drug blood 
 levels. For these reasons, elderly patients may be more 
sensitive to some drugs and less sensitive to others. 

c. Drug metabolism: Drug metabolism is affected by genetic, 
environmental, age, and disease-state factors (Figure 2.16). 
The enzymes involved in both phase I and phase II metabolism 
mature gradually following the postpartum period in the first 2 
to 4 weeks. Full maturity in metabolism appears in the  second 
decade of life with a subsequent slow decline in organ function 
(around 1% per year) associated with aging. Also, because the 
metabolism of many drugs (for example, most β-blockers, lido-
caine, narcotic analgesics) takes place in liver, thus any age- 
related changes, or changes such as reduced hepatic blood 
flow and liver size may alter drug clearance, which in turn can 
increase the drug concentration leading to toxicity.

Most subjects have a normal distribution of drug metaboliz-
ing capacity; however, due to genetic polymorphism individ-
uals, a small proportion of the population may be either of 
the fast or of the slow acetylator type (for example, isoniazid 
and phenytoin). Many drugs are eliminated by the kidneys 
unchanged (without being metabolized). Renal disease or 
toxicity of other drugs on the kidney can, therefore, slow the 
excretion of some drugs.

Hepatic disorders affect not only the metabolism (in cirrho-
sis) and excretion of drugs (in obstructive jaundice) but also 
their absorption (through first-pass effect) and distribution 
(through protein binding). In conditions such as  cirrhosis, 
the oral bioavailability of drugs undergoing a substan-
tial hepatic first-pass effect can be greatly increased. 
In  patients with hepatic impairment, there is a decrease in 
plasma protein synthesis by the liver. This decrease in pro-
teins may affect the volume of distribution of extensively 
protein-bound drugs.

d. Excretion: Renal clearance normalized for body weight 
is lower in neonates but then it rapidly increases with the 
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71VI. Evaluation of Response to Therapy

maximum being at 6 months of age. Throughout adulthood, 
renal function declines at the rate of 1% per year approxi-
mately. In patients with a compromised renal function, uri-
nary excretion of drugs is diminished. In the elderly, renal 
function is reduced by an average of 50% (due to age- 
related or chronic disease–related decrease in kidney size, 
renal blood flow, and glomerular filtration rates) limiting elim-
ination of many drugs from the body which in turn results in 
higher drug concentrations and an enhanced pharmacologic 
response, or toxicity. 

Therefore, special attention should be given to the evaluation 
of the patients with impaired renal and hepatic function. If 
the patient has lost more than 50% of the kidney function, 
the dosage regimen of many drugs primarily excreted by the 
kidney should be adapted accordingly to avoid toxic accumu-
lation of the drug in the body.

2. Pharmacodynamic variables (Figure 2.17): Significant variation 
in receptor response is seen with some drugs, especially central 
nervous system responses, for example, pain and sedation. This 
can be because of genetic factors, tolerance, concurrent diseases 
affecting the patient, drug interactions, and drug dependence. 

a. Body weight and sex: Although the concept of varying the 
dose with the body weight or age of children is widely fol-
lowed, adult doses have been assumed to be the same irre-
spective of size or shape although adult weights may vary 
two- to threefold. A patient with a large fat mass can store 
large excesses of highly lipid-soluble drugs compared with 
a lean patient of the same weight. Females have a smaller 
body size and require doses on the lower side of the range. 
Some drugs interfere with the sexual function of males exclu-
sively and should be avoided, if possible, for example, keto-
conazole, statins and fibrates, antidepressants, β-blockers, 
and α-blockers.

b. Age: 

[1] Children: All children, and particularly neonates, dif-
fer from adults in their response to drugs. Some drugs 
are likely to cause problems in neonates (morphine), 
but are generally tolerated in children. Valproic acid is 
associated with increased risk of adverse drug reactions 
(ADRs) in children of all ages. Other drugs associated 
with problems in children include chloramphenicol (grey 
baby syndrome), antiarrhythmics (worsening of arrhyth-
mias), and acetylsalicylic acid (Reye’s syndrome).

Children’s doses may be calculated from adult doses 
by using age, body weight, or body surface area or by 
a combination of these factors. The most reliable meth-
ods are those based on the body surface area as drug 
clearance is considered to correlate better with the body 
surface area than with the body weight.

Body weight may be used to calculate doses expressed 
in mg/kg. Young children may require a higher dose per 
kilogram than adults because of their higher metabolic 

Figure 2.17
Pharmacodynamic variables.
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rates. In an overweight child, calculation of dose on per 
kilo body weight may result in much higher doses being 
administered than necessary; in such cases, the dose 
should be calculated on the basis of an ideal weight, 
related to height and age. Nomograms allow body 
surface values to be calculated from a child’s height  
and weight.

In case the dose for children is not readily available, the 
advice of a specialist should be sought before prescrib-
ing. In neonates, doses also should always be calculated 
with care as the risk of toxicity is increased by lack of 
maturation of renal and hepatic function, relative enzyme 
deficiencies, differing target organ sensitivity, and inade-
quate detoxifying systems causing delayed excretion. 

Young’s formula

Child’s dose = 
Age

Age + 12
 × Adult dose

Dilling’s formula

Child’s dose = 
Age

20
 × Adult dose

The average body surface area of a 70-kg adult is 
about 1.8 m2.

Approximate dose  
for patient

=

Surface area  
of patient (m2)

1.8
 × Adult dose

[2] Elderly: In the elderly, drug use generally requires sig-
nificant reductions in drug dose reflecting the general 
decline in body function with age. Therefore, more 
attention should be given to both treatment failure and 
toxicity. Individuals become dissimilar as they age and 
react differently to medications than younger persons. 
Elderly have increased sensitivity to drugs and possible 
exaggerated pharmacodynamic responses (for exam-
ple, central nervous system depressants (opioid analge-
sic, benzodiazepines, antipsychotics, antiparkinsonian 
drugs)] and also increased sensitivity to adverse effects 
such as high blood pressure with psychotropic medi-
cations and hemorrhage from anticoagulants. However, 
elderly may be less sensitive to some effects of  
β-adrenergic agonists (for example, salbutamol).

Also because of decreased physiological reserve, 
symptoms develop at an earlier stage of the disease. 
Mild hyperthyroidism or hyperparathyroidism can lead to 
heart failure; mild prostatic enlargement presents as 
urinary retention; and mild glucose intolerance may pres-
ent as nonketotic hyperosmolar coma.

In the elderly, distinguishing subtle adverse drug effects 
from the effects of disease is often difficult which may 
thus lead to a prescribing cascade. A prescribing 
cascade occurs when the adverse effect of a drug is 
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misinterpreted as a symptom or a sign of a new dis-
order and a new drug is prescribed to treat it. The 
new, unnecessary drug may cause additional adverse 
effects, which may then be misinterpreted as yet 
another disorder and treated unnecessarily with med-
icines and so on, thus leading to potentially danger-
ous situations and overprescribing. For  example, 
antipsychotics may cause symptoms that resemble 
Parkinson’s disease and elderly patients may be put 
on antiparkinson drugs, thus exposing them to adverse 
effects of these drugs (for example, orthostatic hypo-
tension,  delirium, nausea). Another example is of patients 
on donepezil, a cholinesterase inhibitor for the treatment 
of dementia, who may develop diarrhea or urinary incon-
tinence and receive oxybutynin, an anticholinergic drug 
given to treat these new symptoms. Thus, an unneces-
sary drug is added, increasing the risk of adverse drug 
effects and drug–drug interactions. A better strategy 
is to either reduce the dose of the donepezil or con-
sider a different treatment for dementia with memantine 
having a different mechanism of action.

3. Variation in drug response due to drug interactions: Poly-
pharmacy is common in elderly as they are likely to be receiving 
several medicines due to multiple comorbidities Elderly patients 
take multiple medications concurrently to manage coexisting health 
problems, such as diabetes and hypertension. Polypharmacy 
becomes problematic when patients are prescribed too many 
medications by multiple healthcare providers working independent 
of each other. Thus, elderly, especially frail patients, have higher 
chances of experiencing more drug interactions and adverse drug 
reactions. The toxicity of certain drug combinations may some-
times be synergistic and greater than the sum of the risks of tox-
icity of either agent used alone (higher risk of peptic ulcer disease 
with concurrent oral corticosteroids and NSAIDs). For details, see 
Section IV.

The elderly also frequently use medicinal herbs and other dietary 
supplements and often do not inform them to their healthcare pro-
viders. Medicinal herbs can interact with prescribed drugs and 
lead to adverse effects. For example, ginkgo biloba extract taken 
with warfarin can increase the risk of bleeding and St. John’s wort 
taken with an SSRI can increase the risk of serotonin syndrome.

4. Pharmacogenetic variability: Substantial ethnic differences 
in response to most drugs exist among patients, for example, 
genetic variability in the metabolism of isoniazid which is primarily 
acetylated in the liver to N-acetyl isoniazid, a precursor of a hepa-
totoxic compound. Large genetically controlled ethnic differences 
exist in the distribution of acetylator status (slow and rapid acetyl-
ators). Adverse effects may occur prevalently in slow acetylators 
whereas rapid acetylators may be more susceptible to adverse 
reactions such as isoniazid-induced hepatic damage and thera-
peutic failure.

5. Environmental variables: Many environmental toxins, pesti-
cides, and anesthetic drugs can induce the hepatic cytochrome 
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P450 system, leading to more rapid metabolism and elimination of 
the drugs and thus making treatment less effective. Diet and nutri-
tional status also affect pharmacokinetics. Chronic alcohol use 
induces oxidation of other drugs, but in the presence of high circu-
lating alcohol concentrations, drug metabolism may be inhibited.

6. Placebo effect: Drugs are used based on their known pharma-
cological effects on somatic and psychological conditions. The 
term “placebo effect” refers to any therapeutic procedure, with-
out any specific activity, given deliberately to have an effect on 
a patient, symptom, syndrome, or disease than can simply be 
explained on the basis of the drugs’ known pharmacological and 
therapeutic properties. “Nocebo effect” is used when the drug 
produces a worsening effect on the condition being treated, com-
pared with the pharmacological properties indicated. Placebo 
effect can have a great impact on response to a medication. It 
is known, for example, that specific procedures or experiences 
that are associated with a treatment can influence the outcome 
of treatment. A prescriber’s behavior before, during, and after a 
treatment sends important signals to the patient, affecting com-
pliance and response to therapy. If a prescriber provides treat-
ment and simultaneously expresses the fact that it is doubtful 
that it will work, many patients become skeptical and some of 
the benefits of the treatment get lost. Likewise, a prescriber who 
exudes confidence will lessen anxiety more effectively than one 
who appears uncertain. In other words when positive signals 
about an effect reinforce the desired effect of a drug, a placebo 
effect is expressed. On the other hand, if signals concerning an 
effect weaken the desired effect of the drug, a nocebo effect is 
expressed.

B. Clinical evaluation of beneficial and adverse effects 

 The most important element in the evaluation of positive effects and 
adverse effects of a drug is a thorough clinical evaluation of the 
patient. Evaluate each patient after initiating drug therapy, for  example, 
the desired response (for example, analgesia) and the appearance of 
undesirable effects (for example, sleepiness). While evaluating the 
benefit of a drug, consider if the drug is necessary and also con-
sider the risk of not taking it and carefully establish benefit versus risk 
in case of drugs that have serious adverse effects.

1. Adherence (compliance) to drug treatment: Very often, it is 
assumed that treatment will be successful once the appropriate 
drug treatment is chosen and it is taken correctly. Unfortunately, 
this is not always the case. One of the most important reasons 
for treatment failure—that is, poor adherence (compliance) to the 
treatment plan—is often overlooked by the physician. 

2. Noncompliance with drug treatment: The reasons for noncom-
pliance may be related to the patient, the disease, the doctor, 
the prescription, the pharmacist, or the health system and can 
often be avoided. Patients’ perceptions of the risk and severity 
of adverse drug reactions may differ from those of the healthcare 
provider and may affect adherence. Such limitations or attitudes 
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need to be discussed and taken account of. Specific education 
interventions have been shown to improve adherence.

a. Causes of noncompliance (Figure 2.18): There are many 
possible reasons for noncompliance. The common reasons 
are as follows:

• The patient suffers adverse effects.

• The patient does not think the drug is effective.

• The patient forgets to take the drug.

• The patient believes the disease is cured because the 
symptoms have abated.

• The patient has misunderstood the user instructions.

• The patient has run out of the drug.

• The patient does not master the administration technique, 
for example, inhalation

• The drug formulation is unsuitable.

• The drug is unacceptable, for example, unpleasant taste

• The patient uses many drugs simultaneously (polypharmacy).

• Frequent dosages

• The patient has other objections toward the use of a cer-
tain drug.

[1] Polypharmacy: Many chronically ill and elderly patients 
use several drugs simultaneously (polypharmacy). For 
some, it can be difficult to remember the different time 
intervals for taking different drugs. Elderly subjects may 
sometimes also have difficulty in understanding infor-
mation and following user instructions. All drug pre-
scriptions should be reviewed regularly to minimize the 
problems associated with polypharmacy and also to 
reduce the chances of misuse and adverse effects.

[2] Disease-related reasons: Conditions with a known 
worse prognosis (such as cancer) or painful conditions 
(such as rheumatoid arthritis) elicit better adherence 
than asymptomatic “perceived as benign” conditions 
such as hypertension.

[3] Doctor reasons: Doctors may cause poor adherence 
in many ways—by failing to inspire confidence in the 
treatment offered, by giving too little or no explanation, 
by thoughtlessly prescribing too many medicines, by 
making errors in prescribing, or by their overall attitude 
to the patient.

[4] The doctor–patient interaction: There is considerable 
evidence that the quality of the doctor–patient interaction 
is crucial to concordance. “Satisfaction with the consul-
tation” is one of the best predictors of good adherence. 
Patients, who are well informed, expect a greater say in 
their health care. If they are in doubt or dissatisfied, they 
may turn to alternative options, including “complemen-
tary medicine.”

Polypharmacy

Disease-related
reasons

Doctor reasons

Doctor–patient
interaction

BP

Figure 2.18
Causes of noncompliance with drug 
treatment.
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3. Situations where compliance is important: There are several 
situations where compliance is of even greater importance than 
what is considered normal:

• When using drugs with a narrow therapeutic range

• When using drugs that may produce serious adverse effects (for 
example, cytotoxics, immunosuppressants, and anticoagulants)

• With hormone supplementation (for example, metabolic 
disease, diabetes, and adrenal failure)

• In the treatment of glaucoma and epilepsy

• In the treatment of certain infections, for example, when 
treating multidrug-resistant tuberculosis and AIDS

4. Strategies to improve compliance: The interventions required 
to improve adherence rates may be classified into the following 
categories:

• Staff motivation and supervision—includes training and man-
agement processes aimed at improving the way in which pro-
viders care for patients.

• Defaulter action—the action to be taken when a patient fails 
to keep a prearranged appointment.

• Prompts—routine reminders for patients to keep prearranged 
appointments/daily alerts.

• Health education—provision of information about the disease 
and the need for treatment. Use of information education com-
munication (IEC) material such as posters, leaflets, films, and 
street plays.

• Incentives and reimbursements—money or cash in kind to 
reimburse the expenses of attending the treatment center 
such as DOTS center or to improve the attractiveness of vis-
iting the treatment center.

• Peer assistance—people from the same social group help-
ing someone with the disease, such as tuberculosis, to return 
to the health center by prompting or accompanying him or her.

• Directly observed therapy (DOT)—an identified, trained, 
and supervised agent (health worker, community volunteer, 
or family member) directly monitors patients swallowing their 
medicines as one of a range of measures to promote adher-
ence, for example, TB treatment.

C. Laboratory tests

 Many drugs have organ-specific effects that cannot be detected by 
normal observation, patient history, or clinical examination. Therefore, 
laboratory tests are also sometimes an important component in 
the evaluation of drug therapy. For example, the effectiveness 
of oral hypoglycemic agents for diabetes mellitus can be measured by 
blood sugar levels and HbA1C levels. During treatment with the antico-
agulant warfarin, it is useful to measure the clotting tendency of the 
blood (internationalized ratio [INR]) to evaluate its effect and moni-
tor for adverse signs and decide the correct dose. In pneumonia, 
X-rays of the lungs before and after drug treatment are very useful 
in evaluating the effect of antibiotics. Stress electrocardiograms 
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(ECGs) in the treatment of angina pectoris and gastroscopies in the 
treatment of stomach ulcers can offer similar benefits.

In a number of chronic diseases and long-term drug therapy, it is 
sometimes difficult to monitor response to treatment by observation 
or surrogate clinical markers (laboratory test). In such situations, it can 
often be important to measure drug concentration levels directly to 
evaluate the need for dose adjustment.

D. Therapeutic drug monitoring

 Therapeutic drug monitoring (TDM) is the clinical practice of mea-
suring specific drugs at designated intervals to maintain a constant 
concentration in a patient’s bloodstream, thereby optimizing individual 
dosage regimens. Examples of drugs which do not require monitor-
ing since clinical effect is easily measurable include antihypertensive, 
hypoglycemic, and antibacterials where the response can be easily 
observed by measuring BP or blood sugar or by resolving the infec-
tion. Some drugs are taken as prodrugs which get activated inside 
the body, so there is no need to monitor plasma levels as the latter 
will reflect an activated form. For drugs with irreversible action, for 
example, organophosphate compounds, there is no need to monitor 
plasma levels as the clinical response can be easily measured.

TDM is used selectively mainly for monitoring drugs with narrow  
therapeutic ranges, drugs with marked pharmacokinetic variability, 
medications for which target concentrations are difficult to monitor, 
and drugs known to cause adverse effects at therapeutic doses. 
When used properly, measurements of plasma drug levels in a clinical 
setting may provide valuable information. While there may be specific 
individual circumstances for TDM, most indications can be summa-
rized as follows:

• Low therapeutic index, for example, lithium, phenytoin, valproic 
acid, and phenobarbitone, where a concentration range is estab-
lished for which the majority of users experience the desired out-
come without serious adverse effects

• Poorly defined clinical end point, for example, epilepsy

• Noncompliance, for example, to discover whether a patient is 
actually taking a prescribed drug, particularly a patient suffering 
from psychiatric illness

• Therapeutic failure to a particular drug without any apparent 
reason

• Drugs with saturable metabolism, for example, phenytoin

• Wide variation in the metabolism of drugs, for example, slow or fast 
metabolizers, phenytoin, and isoniazid

• Dose adjustment in major organ failure (liver or kidney failure), for 
example, gentamicin

• Prevention of adverse drug effects; for example, nephrotoxicity of 
aminoglycoside antibiotics is difficult to distinguish clinically from 
that caused by a severe generalized infection 

For these reasons, drug analyses are only performed in a minority 
of cases. For the majority of drugs prescribed, dosage is modified 
according to standard dosage regimes and according to a clinical 
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evaluation of the drug’s impact on the development of the disease 
and any adverse effects.

Measurement of drug concentration in urine is not suitable, since 
varying urine volumes will result in a varying concentration of the drug in 
the urine. In addition, drugs that are metabolized in the liver and which 
are largely eliminated in the bile through the intestine are not accurately 
measured in the urine. Blood tests that determine plasma drug concen-
trations are usually taken before the next planned dose (trough levels).

VII. DRUG–DRUG INTERACTIONS

A drug interaction occurs when one drug is given with or shortly after 
another drug and alters the effect of one drug or both the drugs. Usually, 
the effect of one of the drugs gets either increased or decreased or cause 
unexpected side effects. The drugs involved can be prescription medica-
tions, over-the-counter medicines, and even vitamins and herbal products.

Drug interactions pose one of the common problems as patients often 
take more than one drug at a given time. It is estimated that a hospi-
talized patient receives an average of 5 to 10 drugs daily. When several 
drugs are given together, interactions are bound to occur. 

A. Consequences of drug–drug interactions 

 The consequences of drug–drug interactions are usually divided into 
four groups: 1) therapeutic antagonism, 2) additive, 3) synergism, 
and 4) potentiation (Figure 2.19).

1. Therapeutic antagonism: Antagonism means that one drug 
reduces or blocks the effect of another. There are various ways in 
which this can happen. For instance, drugs can interfere with each 
other’s absorption in the gut, circulation in the blood, or uptake 
by cells. For example, antagonistic action is seen if acetylsalicylic 
acid and ibuprofen and angiotensin converting enzyme inhibitors 
(ACEIs) and non-steroidal anti-inflammatory drugs (NSAIDs) are 
given together. Likewise, acetylcholine and noradrenaline have 
opposing effects on heart rate and hypoglycemic agents and cor-
ticosteroids have opposing effects on sugar levels. 

2. Additive effect: Additive means when the effects of two drugs are 
simply additive—that is, the interacting drugs have similar actions 
and the resultant effect is the sum of individual drug responses (like 
one plus one getting two) NSAIDS and glucocorticoids—increase 
risk of bleeding; hyperkalemia with angiotensin-converting enzyme 
inhibitors (ACEI) such as spironolactone and amiloride. Other 
examples are quinolones given with citalopram, and macrolide 
antibiotic causes QT interval prolongation and torse de pointes.

3. Synergism: Synergism means that two or more drugs work 
together against one target, producing an effect that is greater 
than the individual effect of the two drugs together (like combin-
ing two plus two and getting five). Synergistic interactions can 
be beneficial and treatments may be deliberately chosen for this 
effect, for example, bactericidal effect of sulfamethoxazole and  
trimethoprim when given in combination whereas when given 
individually they have bacteriostatic activity only. 

Drug–drug interactions

Therapeutic antagonism

– = 0

Additive effect

+ =

Synergism

Potentiation

+ =

=+ 0

Figure 2.19
Consequences of drug interactions.
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4. Potentiation: Potentiation means that the effect of one drug is 
greatly increased by the intake of another drug itself without a 
notable effect. Like synergism, this may be useful in cases where 
the beneficial effects of drug B are enhanced. However, the tox-
icities of drug B may also be potentiated, leading to an increased 
level of side effects. Sedatives can potentiate each other. Alcohol 
enhances the analgesic activity of aspirin and increases the 
drowsiness of H1 receptor antagonists. 

B. Outcome of drug interactions

 The outcome of drug interactions can be beneficial or harmful.

1. Beneficial effects: Combination therapy in some cases is based 
on drug interactions. For example, use of codeine with parac-
etamol increases its analgesic effect or combination of clavu-
lanic acid with amoxicillin overcomes bacterial resistance to the 
antibiotic. Hydrochlorothiazide and spironolactone are combined 
together to maintain potassium levels within a normal range. 
However, beneficial effects are very few; most are harmful. 

2. Harmful effects: These can be in terms of lack of efficacy or 
toxicity or increased adverse reactions. Whenever the levels of 
drugs in the body are increased due to interactions, the toxicity 
of that drug or adverse drug reactions get enhanced. If levels are 
decreased, namely, due to enhanced metabolism of the drug, it 
may result into lack of response. For example, both aspirin and 
blood thinners, such as warfarin, are used to protect one against 
heart attack by helping to prevent the formation of blood clots. 
Using these medications together, however, may cause excessive 
bleeding.

a. Lack of efficacy: On the other hand, the overall effect of one 
or both of the drugs may be less than what is desired. For 
example, certain antacids can prevent many medicines (such 
as antibiotics, blood thinners, and heart medications) from 
being absorbed into the bloodstream resulting in loss of effi-
cacy. In some case, the drug may not work at all.

C. Mechanism of drug interaction (Figure 2.20)

 Various types of drug interaction mechanisms are as follows:

• Drug interactions due to incompatibility (outside the body)

• In vivo drug interactions

– Pharmacodynamic interactions

– Pharmacokinetic interactions

• Food–drug interactions

1. In vitro drug interactions due to incompatibility: It is also pos-
sible for interactions to occur outside an organism before admin-
istration of the drugs has taken place. These are also called 
incompatibility interactions. Interactions can occur during mix-
ing of drugs for intravenous administrations such as saline and 
ringer lactate. Patients in intensive care units (lCU) often receive 
numerous medications by the parenteral route. Frequently, two 

Drug interactions

In vitro incompatibility

In vivo

Pharmacodynamic

Pharmacokinetics

Drug–disease interactions

Food–drug interactions

Figure 2.20
Mechanism of drug interactions.
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or more drugs are delivered simultaneously through the same 
line and the risk of physicochemical incompatibilities is thus 
important. Physical or visual incompatibilities may be present 
in the form of precipitation, effervescence, color change, and 
related visual changes. Interactions can occur during formu-
lation and mixing of drugs. Most of the precipitation-related 
incompatibilities are due to the change in drug solubility which 
is again due to a change in the pH of the solution due to mixing 
of drugs together. Therefore, chemical incompatibility makes the 
drugs vulnerable for precipitation and makes them unsuitable for 
injection. Examples for this kind of incompatibility are shown in 
Figure 2.21. 

2. In vivo drug interactions: The drug interaction in the body after 
its administration either together or separately or through different 
routes can be broadly divided into pharmacodynamic and phar-
macokinetic drug interactions. 

a. Pharmacodynamic drug interactions: Interactions gener-
ally take place between drugs acting on the same type of 
receptors or on the physiological system; for example, the 
effect of antihistaminic such as chlorpheniramine on CNS is 
increased by alcohol as both cause CNS depression whereas 
coadministration of CNS stimulants such as caffeine or the-
ophylline can decrease the effect or side effects of drugs 
causing CNS suppression. The effect of propranolol on the 
heart is increased by verapamil. Both of them cause depres-
sive action on heart. Such interactions are predictable and it 
is important to observe them when such drugs are adminis-
tered together.

Corticosteroid decreases the hypoglycemic response of oral 
hypoglycemics. β-Blockers mask the symptoms of hypoglyce-
mia. Patient monitoring is very important for any  hypoglycemic 
response.

Furosemide interacts with many drugs. When given with 
NSAIDs, furosemide’s clinical response is decreased. 
Concomitant administration of furosemide and lithium results 
into lithium toxicity. When furosemide is given with gentamicin, 
ototoxicity is potentiated. 

b. Pharmacokinetic drug interactions (Figure 2.22): Modifications 
in the effect of a drug are caused by differences in the absorp-
tion, transport, distribution, metabolism, or excretion of one or 
both of the drugs compared with the expected behavior of each 
drug when taken individually.

[1] Absorption: Most of the drugs in a tablet, liquid, or 
capsule form are absorbed from the small intestine. 
Once absorbed, they circulate in bloodstream and are 
available for action. The quantity of drug available is 
known as bioavailability. Drugs, food, and drinks can 
alter the absorption of drugs. The absorption of ampi-
cillin decreases when it is taken with food. Therefore, it 
should be taken on an empty stomach. Antacids and 
laxatives reduce INH absorption from GIT; therefore, 
INH should be administered an hour before these drugs 
are given. Absorption of drugs can also be hindered by 

IN VITRO DRUG–
DRUG INCOM-
PATIBILITY 

IN VITRO DRUG– 
VEHICLE INCOM-
PATIBILITY 

Benzyl penicillin 
and heparin

Vancomycin with bal-
anced salt solution

Protamine zinc 
insulin and plain 
insulin

Phenytoin with 
 dextrose

Ketamine with 
barbiturates 

Amphotericin B with 
saline 

Thiopentone and 
suxamethonium

Ceftriaxone with 
ringer lactate

Ciprofloxacin with 
furosemide

Morphine with 
sodium bicarbonate 
solution

Figure 2.21
In vitro drug interactions.

Pharmacokinetic drug interaction sites

Absorption

Formation of nonabsorbable 
complexes

Transport and distribution
interactions

Metabolism interactions

Excretion

Figure 2.22
Pharmacokinetic drug interactions.
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the coadministration of bulk-forming laxatives such as 
psyllium husk. 

• Changes in motility: Some drugs, such as the proki-
netic agents, increase the speed with which a sub-
stance passes through the intestines. If a drug is 
 present in the digestive tracts, its absorption will be fast 
and its blood concentration will decrease. The opposite 
will occur with drugs that decrease  intestinal motility.

• pH: Certain drugs require an acidic stomach pH for 
absorption, for example, omeprazole. Others require 
the basic pH of the intestines. Any modification in the 
pH could change this absorption. Antacids increase 
pH and can inhibit the absorption of other drugs such 
as zalcitabine (absorption can be decreased by 25%), 
tipranavir (25%), and amprenavir (up to 35%). A gap of 
2 to 4 hours between taking the two drugs is usually 
sufficient to avoid the interaction.

• Drug solubility: The absorption of some drugs can get 
drastically reduced if they are administered together 
with food with a high fat content, for example, oral 
anticoagulants and avocado. Avoid giving drugs after 
high-fat meals because of increased peak concentra-
tion. They should always be taken on an empty stom-
ach. However, administration of griseofulvin after a fatty 
meal has been reported to increase the bioavailability. 

[2] Formation of nonabsorbable complexes:

 Chelation: The presence of di- or trivalent cations can 
cause the chelation of certain drugs, making them 
harder to absorb. This interaction frequently occurs 
between drugs such as tetracycline or fluoroquinolones 
or iron preparation and dairy products (due to the pres-
ence of Ca2+).

Binding with proteins: Some drugs such as sucralfate 
binds to proteins, especially if they have a high bioavail-
ability. For this reason, its administration is contraindi-
cated in enteral feeding.

The drug is retained in the intestinal lumen forming large 
complexes impeding its absorption, for example, chole-
styramine when given with sulfamethoxazole, thyroxine, 
warfarin, or digoxin.

Acting on the P-glycoprotein of the enterocytes: This 
appears to be one of the mechanisms promoted by the 
consumption of grapefruit juice in increasing the bioavail-
ability of various drugs, regardless of its demonstrated 
inhibitory activity on first-pass  metabolism. Drugs such 
as cyclosporine, digoxin, erythromycin, itraconazole, and 
verapamil are reported to interact with P-glycoprotein 
and alter the pharmacokinetics of drugs. 

[3] Transport and distribution interactions:

 Drug-binding site: The drug moves from bloodstream 
into various fluids and tissues or the drug may get 
bound to plasma proteins. This is another site for drug 
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interactions. One drug may displace another drug 
from these sites based on their affinity for the site. 
Generally, acidic drugs bind to serum albumin and 
basic drugs bind to α-glycoprotein. Steroidal drugs 
bind to serum steroid–binding proteins. The main 
interaction mechanism is competition for plasma pro-
tein transport. In these cases the drug that arrives first 
binds with the plasma protein, leaving the other drug 
dissolved in the plasma, which modifies its concen-
tration. The organism has mechanisms to counteract 
these situations (by, for example, increasing plasma 
clearance), which means that they are not usually clin-
ically relevant. However, these situations should be 
taken into account if there other associated problems 
are present such as when the method of excretion is 
affected. Moreover, increasing free drug levels in the 
plasma could be a matter of concern for drugs having 
a low therapeutic margin. 

[4] Metabolism: Most drugs are metabolized in the liver. 
The liver has many enzymes that metabolize the drugs. 
Many drug interactions are due to alterations in drug 
metabolism. As a result of these interactions, the func-
tion of the enzymes can either be stimulated (enzyme 
induction) or be inhibited (enzyme inhibition), thus 
causing increase or decrease in metabolism of other 
drugs. Antitubercular drug, such as rifampicin, and anti-
convulsants, such as phenobarbital, phenytoin, and car-
bamazepine, are enzyme inducers which are reported 
to increase the clearance of the oral contraceptive ste-
roids. Paracetamol coadministration has been reported 
to increase the blood concentrations of ethinyl estra-
diol due to competition for sulfation. Most of the drugs 
undergoing metabolism through CYP3A4 are known 
to have drug interaction with each other. Cyclosporine 
has been reported to have drug interaction with several 
drugs metabolized through CYP3A4. 

[5] Excretion: Drugs are excreted primarily by kidneys. One 
drug may decrease or increase the excretion of drugs. 
INH inhibits excretion of diazepam. Patient monitoring 
is important as diazepam response may be enhanced. 
All cephalosporines when given with aminoglycosides 
( gentamicin, amikacin) increase renal toxicity. Close 
patient monitoring is important for cases involving renal 
toxicity. It is recommended that renal function tests 
should be done frequently. The beneficial effects of 
such interaction such as probenecid decrease the active 
tubular secretion of penicillin through the kidney, thereby 
increasing the bioavailability and duration of action. Drug 
 interaction–mediated displacement of drugs causing rise 
in free drug levels is quickly excreted either through 
metabolism or directly through the kidney according to 
their nature. 
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3. Food–drug interactions: Generally, administering oral medica-
tion along with food or at a meal time is a convenient manner of 
drug dosing. Foods and beverages can interfere with the stages 
of drug action in a number of ways, potentially making them 
less effective or causing side effects. The most common effect 
is for foods to interfere with drug absorption. With some drugs, it is 
important to avoid taking food and medication together because 
the food can make the drug less effective (for example, thyrox-
ine and omeprazole). For other drugs, such as NSAIDS, it may 
be good to take the drug with food to prevent gastric irritation. 
Examples of drugs whose absorption is decreased when taken 
with food include penicillin, tetracycline, erythromycin, levodopa, 
phenytoin, and digoxin. Drugs whose absorption increases 
when taken with food include spironolactone, griseofulvin, and 
itraconazole.

Some drugs interfere with the absorption of a nutrient. Other 
drugs affect the body’s use and/or excretion of nutrients, espe-
cially vitamins and minerals. If less nutrient is available to the 
body because of these effects, this may lead to a nutrient defi-
ciency. Antacids neutralize stomach acid, and acid blockers 
reduce stomach acid production. Long-term use of these drugs 
may lead to certain nutrient deficiencies; for example, vitamin 
B12 supplements are required in older people and in patients on 
metformin as they produce less stomach acid, leading to low 
absorption of vitamin B12. Regular use of antacids or acid block-
ers lowers B12 absorption and drugs which cause chronic nau-
sea may result in poor intake and weight loss. Isoniazid causes 
decrease in absorption of dietary pyridoxine (B6) during therapy. 

Calcium-rich dairy products (such as milk, cheese, and ice 
cream), antacids, and vitamins containing iron can all lessen the 
effectiveness of antibiotics, particularly tetracycline. Mixing of 
calcium-rich dairy products or calcium supplement with a pre-
scription antibiotic can cause a much slower absorption rate of 
the antibiotic into the bloodstream/body, causing it to have a 
decreased effect.

Iron binds to calcium found in dairy products and calcium sup-
plements. Therefore, the dose of iron and calcium should be 
separated by 2 hours. This can decrease the absorption of the 
 antibiotic. Other drugs such as penicillin and erythromycin are 
most effective when taken on an empty stomach. This is because 
they may be partially destroyed by stomach acid when taken with 
food. However, food can reduce the chance of stomach irritation 
from these drugs.

Warfarin (Coumadin) works by interfering with the use of vitamin K  
in blood clotting; therefore, people taking these anticoagulants 
should be advised to be consistent in the intake of amount of 
 vitamin K they get from foods and avoid eating large amounts 
of foods high in vitamin K. Rich sources of vitamin K include 
liver and green vegetables such as broccoli, spinach, and other 
leafy greens.

Antihypertensives such as diuretics can affect body levels of 
minerals such as potassium, calcium, and zinc. For patients with 
diabetes, these drugs can cause problems in controlling blood 
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sugar. In addition, natural licorice, found in some imported can-
dies, causes salt and water retention. This can lead to an increase 
in blood pressure.

Grapefruit juice blocks enzymes that normally metabolize certain 
drugs, leaving more of the compounds to be absorbed and thus 
increasing blood levels of the medications. For example, grapefruit 
juice should not be taken with certain blood pressure– lowering 
medications, the antihistamine terfenadine, and cyclosporine, a 
drug taken to prevent organ transplant rejection. 

Concomitant intake of alcohol has been reported in the phar-
macokinetic and pharmacodynamic preparation of several 
drugs. Administration of drugs such as metronidazole has been 
reported to cause several disulfiram types of reactions in patients. 
Coadministration of herbal supplements containing black pepper 
has been reported to alter the pharmacokinetics of drugs. 

D. Red alert drugs and interactions

 The following medicines should “ring alarm bells” as they often have 
important interactions:

• Warfarin

• Statins, particularly simvastatin

• Macrolide antibiotics, particularly erythromycin and clarithromycin 
(less with roxithromycin and minimal with azithromycin)

• Calcium channel blockers, particularly diltiazem and verapamil

• Azole antifungals, particularly ketoconazole and itraconazole

• SSRIs, particularly fluoxetine and paroxetine, and less so citalopram

• Amiodarone

• Digoxin

• Cyclosporin

• Antiepileptic medicines, particularly carbamazepine and  phenytoin 
and less so valproate and gabapentin 

• Oral contraceptives

• Antitubercular drugs

E. Severity rating of drug interactions

 Due to drug interaction at any of the site or mechanism, the concen-
tration of one drug in the body may either decrease or increase; if it is 
decreased, there is a lack of therapeutic response and if it is increased 
there may be toxicity. Though not all interactions are clinically 
 important, slight change in drug concentration in the body may not 
produce significant alteration in drug response whereas some interac-
tions may be significant. The drug–drug interactions are classified 
as mild, moderate, and severe according to their severity and unde-
sirable effects.

1. Mild drug–drug interactions: Mild drug–drug interactions limit 
the clinical effects. The manifestations include an increase in the 
frequency or the severity of the adverse effects, for example, 
digestive disturbances, headaches, fatigue, vague muscle aches, 
malaise, discomfort, and changes in sleep patterns. No action is 
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usually needed but some patients may find it distressing and can 
affect compliance with medications, for example, bowel distur-
bance with iron therapy.

2. Moderate drug–drug interactions: Moderate drug–drug inter-
actions may result in exacerbation of the disease of the patient 
or adverse effects which are considered distinctly annoying, 
distressing, or intolerable requiring dose change or a change in 
the therapy. Patients need to be monitored. Moderate reactions 
include rashes (especially if they are extensive and persistent), 
visual disturbances (especially in people who wear corrective 
lenses), muscle tremor, difficulty with urination particularly in 
elderly males, any perceptible change in mood or mental func-
tion, and temporary, reversible decrease in the white blood cell 
count or hypoglycemia.

3. Major or severe drug–drug interactions: Major or severe drug–
drug interactions are life threatening (such as liver failure, abnor-
mal heart rhythms, and certain types of allergic reactions) which 
result in persistent or significant disability, hospitalization, or birth 
defect. Severe reactions are relatively rare but require immedi-
ate action and discontinuation of the offending drug. However, 
sometimes doctors must continue giving high-risk drugs such 
as  chemotherapy or immunosuppressants. Statins (cholesterol- 
lowering drugs) and fluconazole (an antifungal medication) can 
cause severe muscle weakness or kidney damage. SSRI antide-
pressants combined with OTC antihistamines or pain relievers or 
St. John’s Wort, an over-the-counter herbal remedy used to treat 
depression, can cause a deadly reaction called serotonin syn-
drome. (Wide-ranging symptoms include delirium, restlessness, 
euphoria, shivering, diarrhea, etc.)

F. Lethal reactions

 Lethal reactions are those in which a drug reaction directly or indi-
rectly causes death. These reactions are typically severe reac-
tions that were not detected in time or did not respond to treatment. 
Combination of benzodiazepines with narcotic analgesics or with 
other CNS depressants can cause lethal respiratory depression.

G. Reactions with contraindicated drugs

 The drugs which are contraindicated for concurrent use, therefore, 
avoid such combinations.

H. Benefits of minimizing drug interactions

• Better patient outcomes in terms of prevention of side effects, bet-
ter patient compliance, continuation of drugs by patients, reduced 
need for additional medication, lesser disease complications, 
preservation of optimal nutritional status, and requirement of fewer 
caloric or nutrient supplements.

• The cost of healthcare services is reduced.

• Licensing agency requirements are met and lesser professional 
liability.
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VIII. ADVERSE DRUG REACTIONS 

Adverse drug reactions (ADRs) are the leading cause of morbidity, mor-
tality, and increased healthcare cost. Despite drastic improvement in 
healthcare practices, ADRs are contributing toward poor clinical outcome,  
hospitalization, prolongation of hospital stay, and enhanced economic 
 burden. All drugs are capable of producing adverse effects. 3% to 5% of 
hospital admissions are caused by ADRs. The incidence of serious and 
fatal adverse drug reactions has been reported in 5% to 7% of hospital-
ized patients

A. General definition 

1. ADR (Definition by WHO): Adverse drug reaction (ADR) is a 
response to a drug that is noxious, unpleasant, and unintended 
and occurs at doses normally used in patients for prophylaxis 
diagnosis or therapy of a disease. It does not include therapeu-
tic failures, overdose, drug abuse, noncompliance, and medica-
tion errors.

2. Adverse event or experience: Any unfavorable medical occur-
rence or injury temporally associated with the use of a pharma-
ceutical product at normal dosage and/or due to overdose or 
 discontinuation of therapy, but which does not necessarily have a 
causal relationship with the treatment. Adverse drug events may 
result from medication errors or from ADRs in which there was 
no error.

3. Medication error: Any preventable event that may cause or lead 
to inappropriate medication use or patient harm while the medi-
cation is in the control of the healthcare professional, patient, or 
consumer.

4. Life-threatening reaction: A reaction in which the patient was at 
risk of death and does not refer to the underlying medical prob-
lem, which could have caused death. 

5. Serious adverse drug reaction: A noxious and unintended 
response to a drug results in death, is life-threatening (such as 
Stevens–Johnson syndrome), requires patient hospitalization or 
prolongation of the existing hospitalization, causes a congenital 
anomaly or birth defect, results in persistent or significant dis-
ability or incapacity, or requires intervention to prevent permanent 
impairment or damage. 

 6. Side effect: Any unintended effect of a pharmaceutical prod-
uct occurring at normal doses which is related to the pharma-
cological properties of the product and in which there is no 
deliberate overdose. However, when side effects are severe, 
the reaction is  termed adverse drug reaction. It is often used 
interchangeably. 

 7. Adverse drug reaction (ADR) case report: This is a case report 
in ADR monitoring program which is a notification relating to a 
patient with an adverse effect or laboratory test abnormality sus-
pected to be induced by a medicinal product. 

 8. Benefit/risk analysis: Examination of the favorable (benefit) and 
unfavorable results of undertaking a specific course of action.
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 9. Signal: Reported information (at least three spontaneous case 
reports) on a possible causal relationship between an adverse 
event and a drug, the relationship being unknown or incompletely 
documented previously. 

10. Unexpected adverse drug reaction: An adverse reaction, the 
nature or severity of which is not consistent with the applicable 
product or mentioned in the summary of product characteristic 
or market authorization, or expected from the characteristics of 
the drug.

B. WHO definitions for causality assessment

 Causality assessment provides a degree of likelihood to the rela-
tionship between a drug and an adverse reaction. Timing, pattern of 
 illness, results of investigations, and rechallenge can help attribute 
causality to a suspected ADR. 

ADR is classified into one of six category terms as per World 
Health Organization-Uppsala Monitoring Centre (WHO-UMC): 1) certain,  
2) probable/likely, 3) possible, 4) unlikely, 5) inaccessible/unclassifiable, 
and 6) conditional/unclassified.

1. Certain
• Clinical event, lab test abnormality with plausible time relation-

ship to drug intake

• Cannot be explained by concurrent disease or other drugs/
chemicals

• Response to dechallenge—plausible

• Event must be definitive pharmacologically/immunologically

• Positive rechallenges (if performed)

2. Probable/likely
• Clinical event, lab test abnormality with reasonable time rela-

tionship to drug intake

• Unlikely to be due to concurrent disease, drugs/chemicals

• Clinically reasonable response to withdrawal (dechallenge)

• Rechallenge not required

3. Possible
• Clinical event, lab test abnormality with reasonable time rela-

tionship to drug intake

• Could also be explained by concurrent disease or other drugs 
or chemicals

• Information on drug withdrawal may be lacking or unclear

4. Unlikely
• Clinical event, lab test with improbable time relationship to 

drug intake

• Other drugs, chemicals, or underlying disease provide plausi-
ble explanations

5. Inaccessible/unclassifiable: A report suggests ADR but there 
is insufficient/contradictory  evidence which cannot be supple-
mented or verified.

6. Conditional/unclassified: Event or laboratory test abnormality 
reported but more data is essential for proper assessment or addi-
tional data are under examination.
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C. Classification of ADRs (Figure 2.23)

 Adverse drug reactions can be categorized in a number of ways (for 
example, duration incidence/frequency, severity, types of ADRs, loca-
tion, body systems affected, or mechanism). The following categoriza-
tion is often used.

1. Based on duration: Temporary, persistent, or permanent, for 
example, visual loss with quinine, ethambutol, and amiodarone

2. Based on incidence (frequency)
• Very common (>1/10 patients)

• Common (>1/100)

• Uncommon (>1/1000)

• Rare (>1/10,000)

• Very rare (1/100,000)

3. Based on onset of event
• Acute (<60 minutes)

• Subacute (1–24 hours)

• Latent (>2 days)

4. Based on severity of reaction

a. Mild: Adverse effects are transient in nature and generally do 
not interfere with normal activities. They require no change in 
therapy, for example, sedation due to antihistaminics.

b. Moderate: Adverse effects are sufficiently disturbing and inter-
fere with normal activities of the patient. They require change 
in therapy, additional treatment, hospitalization, for example, 
vomiting, tachycardia or bradycardia seen with a drug; cough 
with angiotensin-converting enzyme inhibitors; and optic atro-
phy due to ethambutol.

c. Severe: These are incapacitating, disabling, or life- threatening 
adverse effects such as anaphylaxis, hypertension, and death.

Seriousness is a measure of the degree of harmfulness of an 
adverse response to a drug whereas severity is a measure of 
the intensity of the effect or response to a drug. 

d. Lethal: Directly or indirectly contributes to the death of the 
patient.

5. Based on location: Adverse effects may be local—that is, lim-
ited to a certain location—or systemic, where a medication has 
caused adverse effects throughout the systemic circulation. For 
example, some  ocular antihypertensives, although administered 
topically as eye drops, cause systemic effects  as a fraction is 
absorbed to the systemic circulation.

6. Based on the types of ADRs: ADRs have been broadly classified 
into the following. 

a. Type A (augmented) reactions: These are the reactions that 
are related to the exaggerated pharmacological effects of 
the drugs and tend to be fairly common (usually more than  
1 in 100), are often predictable and dose dependent (more 
frequent and more severe at higher dosage), and may often 
be avoided by using dosages that are appropriate for the 
individual patients, for example, hypoglycemia with insulin, 
hypotension with antihypertensive agents, constipation and 
respiratory depression with morphine, bleeding with anticoag-
ulants, bradycardia with β-blockers, headache with nitrates, 
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Duration
Temporary

Persistent/Permanent

Location
Local

Systemic

Severity of reaction

Mild

Severe

Lethal

Moderate

Incidence

Very common

Common

Uncommon

Rare

Very rare

Event

Acute

Subacute

Latent

Genetic

Protein binding

Comorbid

Drug and disease

Drug–drug

Mechanism

Abnormal pharmacokinetics

Synergistic

Types of ADRs

Type A reaction (augmented)
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Type E reaction (end of use)

Type F (failure therapy)

Figure 2.23
Classification of adverse during reactions.
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postural hypotension with prazosin, and dry mouth with tri-
cyclic antidepressants. Type A reactions are usually repro-
ducible and can be studied experimentally and have high 
 morbidity but low mortality.

b. Type B (bizarre) reactions: These are the reactions that are 
unexpected and unpredictable and are often related to patient 
factors such as genetic predisposition and allergy. They occur 
in a minority of the patients (less than 1 per 100), are often 
serious, may show little or no relationship with dosage, and 
may be difficult to detect. For example, anaphylaxis to peni-
cillin. These reactions are often suspected with their relation-
ship to time and a low background frequency. 

 Common cutaneous allergic reactions include exanthema, urti-
caria, and fixed drug eruptions. More serious and potentially 
fatal forms of drug rashes hypersensitivity reactions include 
toxic epidermal necrolysis, Stevens–Johnson syndrome, and 
drug hypersensitivity syndrome. Drug hypersensitivity syndrome 
is potentially life threatening with significant morbidity. It is char-
acterized by fever and rash and involves the internal organs. 
Prompt diagnosis is vital, along with identification and early 
withdrawal of suspect medicines. Avoidance of re-exposure  
to the responsible agent is essential. Cross-reactivity to struc-
turally related medicines is common. First-degree relatives may 
be predisposed to developing this syndrome.

Hypersensitivity: This is a term sometimes used interchange-
ably with drug allergy. It is the result of  antigen–antibody 
reactions that occur in the body. One of the most dangerous 
of all drug-hypersensitive reactions is  penicillin allergy. In its 
more severe form, penicillin anaphylaxis becomes fatal. One 
should always remain well prepared to face anaphylaxis as it 
is fatal; however, the patient can be saved if the right drug is 
administered—that is, adrenaline. Parenteral administration of 
drugs carries greater risk of acute hypersensitivity reactions 
than oral administration.

Rarely: Idiosyncratic reaction occurs. These reactions are 
highly unpredictable, individual, and unusual. One of the 
best-known idiosyncratic reactions is chloramphenicol- 
induced aplastic anemia which occurs in 1 in 40,000 patients. 
Although rare but when occurs, it is mostly fatal.

c. Type C (chronic) reactions: These reactions are associated 
with long-term use of a drug and involve dose accumulation, 
for example, ototoxicity, renal toxicity caused by aminogly-
cosides, analgesic nephropathy, interstitial nephritis caused 
by phenacetin, ocular toxicity caused by antimalarials, 
 hypothalamic-pituitary-adrenal axis suppression by cortico-
steroids, osteonecrosis of the jaw with  bisphosphonates, etc.

d. Type D (delayed) reactions: These are delayed effects (dose 
independent), timing makes it more difficult to detect, e.g.— 
leucopenia after weeks of use of lomustine, teratogenesis, 
e.g. fetal hydantoin syndrome with phenytoin, carcinogenesis 
like clear cell carcinoma of the female reproductive tract in 
matured women whose mothers have received diethylstilbes-
trol during pregnancy, tardive dyskinesia with neuroleptics.
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e. Type E (end-of-use) reactions: These are the reactions that 
occur when the discontinuation of the drug is too abrupt, 
especially after long-term therapy with the drug, for example, 
adrenocortical insufficiency due to sudden withdrawal of cor-
ticosteroids, opioids, β-blockers, and rebound hypertension 
after sudden withdrawal of clonidine.

f. Type F (failure of therapy): Unexpected failure of therapy. It 
is common and often due to drug interactions, for example, 
inadequate dosage of an oral contraceptive when used with 
an enzyme inducer in antituberculur therapy, resistance to 
antimicrobial agents. 

7. Based on mechanisms: Most ADRs (80%) are Type A and fewer 
ADRs are Type B. The common mechanisms are as given in the 
following text.

a. Abnormal pharmacokinetics due to:

[1] Genetic factors: Abnormal drug metabolism may be due 
to inherited factors of either phase I oxidation or phase II  
conjugation. Inheriting abnormal butyrylcholinester-
ase (pseudocholinesterase) may affect succinylcholine 
metabolism. Inheriting abnormal N-acetyltransferase 
which  conjugated (phase II reaction) some drugs to 
facilitate excretion may affect the metabolism of drugs 
such as isoniazid, hydralazine, and procainamide. 
Pharmacogenomics is the study of the inherited basis 
for abnormal drug reactions.

[2] Protein binding: Some drug interactions with  warfa-
rin are due to changes in protein binding. 

[3] Comorbid  disease states: Various diseases, which 
cause renal  or  hepatic  insufficiency, may alter drug 
metabolism and produce ADRs.

b. Synergistic effects between/either:

[1] Drug and disease interaction: Interactions between a 
drug and a disease.

[2] Drug–drug interactions: Patients have abnormal 
metabolism by cytochrome P450 due to either inheriting 
abnormal  alleles  or due to drug interactions. The risk 
of drug interactions gets increased with polypharmacy. 
Two drugs may have synergistic actions. For example 
prolongation of the QT interval by haloperidol, selective 
serotonin reuptake inhibitors, and astemizole.

D. Pharmacovigilance

 Pharmacovigilance is defined as the science and activities concerned 
with the detection, assessment, understanding, and prevention of 
adverse reactions to medicines/drug with both short- and long-term 
adverse effects. The ultimate goal of this activity is to improve the safe 
and rational use of medicines, thereby improving patient care and 
public health since most ADRs are preventable. All suspected adverse 
drug reactions should be reported using the suspected adverse drug 
reaction reporting form. WHO Programme for International Drug 
Monitoring began in 1968 as a pilot project in 10 countries to pool 
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existing data on ADRs. This network together with Uppsala Monitoring 
Center (UMC) has expanded, and currently 86 countries participate in 
the programme with a national pharmacovigilance center. Each coun-
try has its own reporting guidelines on pharmacovigilance. 

1. Rationale for ADRs’ monitoring: The process of collection of 
safety information begins with phase I of the clinical through 
phase III and even continues in the form of postmarket safety 
studies, referred to as postmarketing surveillance.

Some common ADRs may manifest during different phases of 
clinical trials as in each phase, an increasing number of patients 
would have been exposed to the investigational drug. Although a 
review of premarketing clinical trials (phases I, II, and III), animal 
tests, and other information in the product development process 
provides valuable information about ADRs, limitations exist as 
these trials are often of short duration and tested on a small num-
ber of patients, making ADRs that develop with long-term use and 
rare ADRs impossible to detect, especially ADRs with a frequency 
of 1:1000 or above. 

Further, premarketing safety evaluation of pharmaceutical prod-
ucts at the time of registration is inherently limited due to the 
 following three reasons.

a. Median population and limited exposure: The population 
in phase III clinical trials is limited and very selective. The 
trials may have a narrow patient population as many types 
of patients with different characteristics are often excluded 
from studies such as children, elderly, and pregnant women; 
patients with diseases other than the one being treated; and 
patients using other drugs concomitantly. Although these 
populations are not included in the studies, they are often at 
risk of ADRs. This often prevents the identification of adverse 
effects caused by the interaction of two or more drugs given 
at the same time. Premarketing studies may not reveal ADRs 
because of small sample sizes that lack the power to detect 
rare ADRs. Statistically, reactions with an incidence of less 
than 1% are frequently not identified. These are often found 
many years after drug approval in postmarketing surveillance 
studies with much larger patient populations. 

b. Short duration of clinical trial: The duration of a clinical trial is 
too short. Such studies do not allow the detection of adverse 
effects that appear after long periods of use or exposure, espe-
cially with chronic medication, for example, oral contraceptives. 

c. Geographical differences: Differences between countries 
which lead to variation in patient factors, variation in drug uti-
lization among healthcare professionals, and variation in drug 
manufacturing processes used can influence pharmaceutical 
quality and composition of locally produced products com-
pared to those imported outside the country. 

2. Postmarketing surveillance: For the above-stated reasons, it 
is obvious that not all safety-related problems associated with 
the drug may be detected during premarketing test and evalua-
tion. The goal of evaluating ADRs is to increase patient safety by 
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preventing harm; therefore, safety monitoring of a drug is required 
throughout the life cycle of all medicinal products.

3. Aims and objectives of the pharmacovigilance program: 

a. Early detection of ADRs, their nature, and frequency of 
ADRs: The pharmacovigilance program involves detection of 
increase in the frequency of (known) ADRs including periodic 
re-evaluation of the benefit–risk ratio of medicinal products in 
order to assist the drug regulatory authority, public health pro-
grams, and scientists and consumer society to take appropri-
ate action to minimize the risks of ADRs to consumers by

• providing updated drug safety information to healthcare 
professionals and other stakeholders to improve drug pre-
scribing including WHO ADRs monitoring centers;

• upgrading package insert and designing appropriate pack-
age insert information and dissemination of information 
which may constitute institution of recall or withdrawal of 
the product in the market or restrictions for marketing;

• dissemination of information by designing a proper educa-
tion program to consumers and other users; and

• initiation of further studies for education value, for exam-
ple, benefit of the drug especially in long term, and for 
prevention of relapse or study of new indication, overuse, 
and possible mechanism underlying the adverse reaction 
observed or misused (utilization pattern).

b. Identification of risk factors: Identification of risk factors and 
possible mechanisms underlying adverse reactions that may 
predispose, induce, or influence the development, severity, and 
incidence of adverse reactions in the population. For example: 

• Patient factors: Genetics, racial differences, diets, diseases, 
prescribing practices, culture of drug use, and traditions of 
the people, for example, high carbohydrate and fat diet. 

• Drug interactions, drug distribution, storage and use includ-
ing indications, dose, availability, and other underlying 
conditions.

4. Reporting of an adverse drug reaction: ADR reporting covers 
all pharmaceutical products, biological, herbal drugs, cosmet-
ics, and medical devices circulating in the market. The scope 
of the pharmacovigilance program has now been expanded to 
include hemovigilance (adverse events reported with blood and 
blood component/product administration). Biovigilance is adverse 
events/reactions during tissue, organ, and cell therapy transplan-
tation. It is mandatory for all pharmaceutical manufacturers or 
product registrants to monitor their products during clinical trials 
as well as during marketing and report any suspected undesirable 
effects to appropriate authority. For those conducting clinical tri-
als in phases I to IV, it is mandatory to report all adverse events 
encountered to the appropriate authority. These reports help in 
reduction of the harmful effects of medicinal products by early 
detection of drug safety problems in patients and timely warn-
ing to healthcare professionals. Moreover, drug monitoring is 
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important in detection of lack of efficacy, detection, and preven-
tion of counterfeit and substandard products in clinical practice.

ADR reports are, for the most part, only suspected associations 
that a drug has caused a particular adverse event. Reporting 
an ADR does not imply a causal association between the drug 
and the adverse reaction. However, in a doubtful case it is bet-
ter to report than not to report. Reporting of these reactions to a 
national agency strengthens the power of detecting a recurrent 
rare ADR, which could lead to changes in drug labeling, prescrib-
ing, or availability. 

The following adverse drug reactions should be reported:

• All ADRs to newly marketed drugs or newly added drugs to the 
Essential Medicines List (EML)

• All serious reactions, whether expected or not, and drug 
interactions

• An observed increase in the frequency of a known reaction 

• Unexpected ADRs regardless of their nature or severity, which 
are not clearly stated in the package insert

• Unusual ADRs or ADRs which are interesting

• ADRs in special populations such as drug abuse and drug use 
in pregnancy and during lactation, pediatrics, and geriatrics 

• All adverse reactions or poisonings to traditional or herbal 
remedies

Report product quality problems such as

• suspected contamination,

• questionable stability,

• defective components,

• poor packaging or labeling, and

• therapeutic failures.

Pharmacovigilance uses spontaneous adverse reactions’ reporting 
to generate hypothesis and signals about the potential hazards of 
marketed drugs that require further investigation. ADR reporting 
is integral to the duties; therefore, all suspected or unexpected 
adverse reactions should be reported according to the require-
ments, irrespective of causality assessment. The key players to 
this ADR monitoring are all healthcare professionals— doctors, 
pharmacists, nurses, and all those directly associated with the 
care of patients and consumers. It is the task of the national 
reporting centers to establish the causality between reported sus-
pected ADRs and the drugs used. 

The early detection of safety signals is increasingly  becoming 
important and of great interest to the pharmaceutical  industry, 
regulators, and the public. The disadvantage of not reporting 
may result in deleterious effects of a medicinal product not being 
noticeable for a long time, for example, the thalidomide tragedy 
which resulted in thousands of newborns born with congenital 
malformation before this ADR was recognized. Also, it may be 
too late before it is recognized that prolonged use of a medicinal 
product can produce deliberate health effects. Other examples 
include phenacetin in renal papillary necrosis.

LIR_CH02.indd   94 16/10/18   12:34 PM



95VIII. Adverse Drug Reactions 

Safety signals are generated by various sources such as spon-
taneous reporting, case control and cohort studies, prescription 
event monitoring, registries, and periodic safety update reports 
(PSUR). Evaluation of ADR reports may lead to regulatory action 
by the DRA, including labeling changes, communicating new 
safety information to the public, restricting use of the drug, or 
removing the drug from the market. The DRA can also require a 
boxed warning on product information inserts and other drug lit-
erature when drug use presents potential serious risks that may 
outweigh the intended benefits. Boxed warnings are often based 
on serious ADRs reported by healthcare practitioners and patients. 
A  black box warning  is the strictest  warning put in the labeling 
of prescription drugs or drug products by the FDA when there is 
reasonable evidence of an association of a serious  hazard with the 
drug, for example, increased suicide risks with antidepressants, 
increased risk of bladder carcinoma in patients on pioglitazone. 
Boxed warnings inform the prescriber of appropriate use of the 
drug, such as in patient selection, monitoring,  concomitant ther-
apies or specific clinical situations to be avoided, or adjunctive 
therapies to administer. 

E. ADR management (Figure 2.24)

 Noncompliance due to an ADR is a major issue. Actual, perceived, or 
even fear of ADRs increases the likelihood for medication noncom-
pliance, leading to suboptimal treatment efficacy and adding to the 
 burden of disease. Actual ADRs can result from inherent pharmacolog-
ical characteristics of a drug, whereas perceived or fear of ADRs are 
influenced by psychological factors such as predetermined medication 
views, lack of belief in treatment necessity, anticipation of ADRs, con-
ditioning based on past experiences, and misattributing symptoms as 
ADRs. Clinician awareness of these factors helps to reduce the risk 
for ADRs, early identification of ADRs, and optimizing its management, 
ultimately allowing patients to benefit from intended treatment.

1. Risk minimization
• Understand patient views about medication therapy.

• Educate about the benefits of treatment.

• Inform patients about potential ADRs and management strate-
gies should any occur.

• Ensure an updated and accurate medication list.

• Use fewest drugs as possible.

• Utilize decision support software to help prevent ADRs.

• Start with low doses and frequencies and slowly titrate as 
tolerated.

• Initiate less-potent agents, agents with direct mechanisms of 
action, or alternatives with lower adverse event incidence.

• Avoid or reduce the use of interacting medications. Always 
elicit concomitant drug history such as over-the-counter med-
icines, medicines prescribed by other prescribers/providers 
including home remedies, herbal medicines, and alternative 
system of medicine.

• Prescribe dosage forms with minimal systemic exposure (for 
example, creams and patches).

ADR management

Risk minimization

Recognition and timely detection

Other modalities

Discontinue the
offending drug

Modify the medication

Figure 2.24
Adverse drug reaction management.

LIR_CH02.indd   95 16/10/18   12:34 PM



96 2. Pharmacodynamics

2. Recognition and detection: Successful management of ADRs 
requires early identification. 

• Anticipation of adverse reactions whenever treatment is started. 
Extremes of age—that is, elderly and neonates—are more prone 
to ADRs. The most commonly implicated medications include 
antibiotics, anticoagulants, digoxin, diuretics, hypoglycemics, 
antineoplastics, and NSAIDs.

• Eliciting drugs history that caused immunologic reactions, 
such as hypersensitivity reaction, in the past is essential to 
avoid inadvertent re-exposure to medicines. Predict hyper-
sensitivity reactions by administering drug test dose when-
ever indicated. 

• Listen to the patient’s complaints about his reaction to a 
drug and consider each objectively. Be familiar with the known 
ADRs of the medication as well as the patient’s pre-existing 
symptoms. For example, differentiate patients with bleed-
ing tendency or overanticoagulation. Be alert to even minor 
changes in the patient’s clinical status. Such minor changes 
may be an early warning to future reactions and may be 
hazardous and unacceptable and require discontinuation 
of the drugs. 

• Always advise the patient to report ADR to the prescriber 
immediately. 

• Evaluate new symptoms as possible ADRs, looking into health 
conditions, laboratory reports, or other factors which may 
explain the symptoms.

• Consider the temporal relationship between medication initia-
tion and symptom onset. Symptoms which appear after start-
ing a new medication or after an increase in dose are likely to 
be ADRs or symptoms appearing after stopping a drug could 
be withdrawal symptoms.

• Utilize lab tests for more evidence to identify an ADR—baseline 
liver, renal function, allergy testing, therapeutic drug levels.

• Dechallenge concepts such as stopping the medication or 
reducing the dose to see if the symptom subsides in absence 
of the medication.

• Apply probability tools  such as the Naranjo Adverse Drug 
Reaction Probability Scale or WHO-UMC scale.

• Reassurance to patients in case of nonhazardous ADRs such 
as yellow/orange discoloration of the urine with rifampicin and 
urinary analgesic pyridine or black stools with iron therapy. An 
explanation of what ADR to expect may reduce the concern 
and fears of the patient. Further, some ADRs may be tolerated 
to obtain a necessary therapeutic effect or may subside with 
continuous use. For example, headache due to amlodepine, 
drowsiness caused by paroxetine, and orthostatic hypotension 
caused by prazosin usually subside after some days as the 
patient develops tolerance to these effects.

• Reduce dose or discontinue the offending medication. Many 
adverse reactions are dosage related and disappear after 
reduction in dose, for example, cough with enalapril may 
reduce after dose reduction. 
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• Schedule modification: Rescheduling of the drug administra-
tion time can help sometimes. For example, antihistamines 
produce sedation and administering them at bedtime can take 
care of this ADR.

• Switch to another agent or dosage form which is less likely to 
cause ADRs.

• Treat adverse effects when necessary (beware of prescribing 
cascades), for example, prescribing proton-pump inhibitor 
(PPI) omeprazole to treat NSAIDs-induced gastritis in the mis-
taken belief that a new medical condition requiring treatment 
has developed. The second drug places the patient at a risk 
of additional ADRs due to omeprazole. Prescribing cascades 
can exacerbate the harmful effects of an unrecognized ADR, 
for example, prescribing codeine-based cough suppressant 
to manage ACE inhibitor–induced cough. On persistence of  
cough, an antibiotic was started which led to antibiotic- 
induced Clostridium difficile diarrhea. This prescribing cascade 
culminated in the patient being hospitalized for severe diarrhea 
and delirium. The elderly, especially those using multiple med-
icines, women, and people using high-risk medicines are more 
likely to experience ADRs. Drugs usually involved in prescrib-
ing cascade are NSAIDs, diuretics, corticosteroids, ACE inhibi-
tors, and antipsychotics. 

• Document the ADR in the patient’s medical record and report 
to appropriate authorities using prescribed forms. Return the 
filled ADR forms to the pharmacovigilance center.

• Follow up and re-evaluate the patient’s progress, course of the 
event, delayed reactions, response to treatment, and specific 
monitoring parameters. 

• Track and find trends in ADRs for ongoing process improvement.

3. Other modalities of treating ADRs: Other modalities of treating 
ADR include discontinuing the offending agent or continuing or 
modifying the medication depending on the patient’s condition:

• Evaluate all medicines being taken by the patient for his/her 
benefits and harm and stop the nonessential drugs. Although 
the offending drug is usually discontinued or the dose is 
reduced, a necessary drug for which there is no satisfactory 
alternative may occasionally be continued depending on the 
favorable (benefit) and unfavorable results’ (harm) evaluation of 
undertaking a specific course of action.

• If the patient is serious, discontinue all drugs which may possi-
bly cause ADR and treat as necessary. 

• In case of hypersensitivity reaction, timely recognition and 
prompt management of drug allergies or serious idiosyn-
cratic reactions can sometime be life saving by using epi-
nephrine,  oxygen, and adequate fluid replacement; in some 
instances, vasopressors or corticosteroid drug therapy may 
be  warranted. Emergency measures may be needed to 
 maintain the airway. 

• Although the offending drug is usually discontinued, as 
discussed earlier, hypersensitivity reactions can be often 
minimized through the use of other alternatives and 
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sometimes by using established protocols for premedication,  
for example, premedication with epinephrine in patients 
requiring antisnake venom therapy. Sometimes when the 
drug is life saving or essential, though not widely advocated, 
desensitization may be achieved with graduated  dosage 
schedules and maintained through continued administra-
tion of the drug, for example, patients hypersensitive to 
antisnake venom.

Study Questions

Choose the ONE best answer.

2.1 Which of the following best describes how a drug 
that acts as an agonist at the A subtype of GABA 
receptors affects signal transduction in a neuron?

A. Activation of this receptor subtype alters tran-
scription of DNA in the nucleus of the neuron.

B. Activation of this receptor subtype opens ion 
channels that allow sodium to enter cells and 
increases the chance of generating an action 
potential.

C. Activation of this receptor subtype opens ion 
channels that allow chloride to enter cells and 
decreases the chance of generating an action 
potential.

D. Activation of this receptor subtype results in G 
protein activation and increased intracellular 
 second messenger levels.

2.2 If 1 mg of lorazepam produces the same anxiolytic 
response as 10 mg of diazepam, which is correct?

A. Lorazepam is more potent than diazepam.

B. Lorazepam is more efficacious than diazepam.

C. Lorazepam is a full agonist, and diazepam is a 
partial agonist.

D. Lorazepam is a better drug to take for anxiety 
than diazepam.

2.3 If 10 mg of oxycodone produces a greater analgesic 
response than aspirin at any dose, which is correct?

A. Oxycodone is more efficacious than aspirin.

B. Oxycodone is less potent than aspirin.

C. Aspirin is a full agonist, and oxycodone is a par-
tial agonist.

D. Oxycodone and aspirin act on the same drug 
target.

Correct answer = C. The GABA-A receptor is a ligand-
gated ion channel selective for chloride. Agonists for 
the GABA-A receptor increase opening of channels, 
resulting in chloride entry into the neuron, hyperpolar-
ization, and decreased action potential events.

Correct answer = A. A drug that causes the same effect 
at a lower dose is more potent. B and C are  incor-
rect  because without information about the maximal 
effect of these drugs, no conclusions can be made 
about efficacy or intrinsic activity. D is incorrect because 
the maximal response obtained is often more important 
than the amount of drug needed to achieve it.

Correct answer = A. Drugs with greater maximal 
response are more efficacious than drugs with a 
lower maximal response. Choice B is incorrect since 
aspirin at any dose cannot produce the same anal-
gesic effect as oxycodone. Choice B is incorrect 
because aspirin cannot produce maximal analgesic 
effect, even at higher doses. Choice D is incorrect 
since aspirin does not produce the same analgesic 
effects as oxycodone, even at higher doses.
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2.4 In the presence of propranolol, a higher concen-
tration of epinephrine is required to elicit full anti-
asthmatic activity. Propranolol has no effect on 
asthma symptoms. Which is correct regarding these 
medications?

A. Epinephrine is less efficacious than propranolol.

B. Epinephrine is a full agonist, and propranolol is a 
partial agonist.

C. Epinephrine is an agonist, and propranolol is a 
competitive antagonist.

D. Epinephrine is an agonist, and propranolol is a 
noncompetitive antagonist.

2.5 In the presence of picrotoxin, diazepam is less effi-
cacious at causing sedation, regardless of the dose. 
Picrotoxin has no sedative effect, even at the high-
est dose. Which of the following is correct regarding 
these agents?

A. Picrotoxin is a competitive antagonist.

B. Picrotoxin is a noncompetitive antagonist.

C. Diazepam is less efficacious than picrotoxin.

D. Diazepam is less potent than picrotoxin.

2.6 Haloperidol, chlorpromazine, and clozapine are 
antipsychotic medications that bind to the D2 sub-
type of dopamine receptors, with a binding affinity 
of  haloperidol > chlorpromazine > clozapine. Which 
statement would have to be correct to conclude that 
the mechanism of antipsychotic effects for these 
drugs is via binding to D2 receptors?

A. Haloperidol should have the lowest potency of 
the three antipsychotic drugs.

B. D2 receptor binding should also be related to the 
potency of these drugs in causing Parkinson-like 
adverse effects. 

C. A positive correlation should exist between the 
affinity of these drugs to bind to D2 receptors 
and their potency for antipsychotic actions.

D. Clozapine would have to be more potent than 
chlorpromazine for decreasing psychosis.

2.7 If there were spare β1 adrenergic receptors on 
cardiac muscle cells, which statement would be 
correct?

A. The number of spare β1 adrenergic receptors 
determines the size of the maximum effect of the 
agonist epinephrine.

B. Spare β1 adrenergic receptors make the cardiac 
tissue less sensitive to epinephrine.

C. A maximal effect of epinephrine is seen when 
only a portion of β1 adrenergic receptors are 
occupied.

D. Spare receptors are active even in the absence of 
epinephrine.

Correct answer = B. Since picrotoxin decreases 
the maximal effect of diazepam regardless of the 
diazepam dose, it is a noncompetitive antagonist. 
Picrotoxin has no efficacy alone, so C is incorrect. No 
information is provided about potency of either drug.

Correct answer = C. To conclude that the mechanism 
of antipsychotic effect for these drugs is via binding 
to D2 receptors, there should be a positive correlation 
between the affinity of the drugs for D2 receptors and 
their potency for antipsychotic actions. Haloperidol 
should have the highest antipsychotic potency and 
clozapine the lowest. There is no guarantee the ther-
apeutic effects and adverse effects are mediated by 
the same receptor population, therefore a different 
correlation may exist for the adverse effects and D2 
receptor affinity. 

Correct answer = C. Since propranolol decreases the 
effect of epinephrine but the inhibition can be over-
come by giving a higher dose of epinephrine, pro-
pranolol must be a competitive antagonist. If D were 
correct, even very high concentrations of epinephrine 
would not be able to elicit a maximal effect in the 
presence of propranolol. Since propranolol has no 
effect by itself, A and B are incorrect.

Correct answer = C. Only a fraction of the total recep-
tors need to be bound to elicit a maximum cellular 
response when spare receptors are present. The 
other choices do not accurately describe the effects 
of having spare receptors.
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2.8 Which of the following up-regulates postsynaptic α1 
adrenergic receptors?

A. Daily use of amphetamine that causes release of 
norepinephrine.

B. A disease that causes an increase in the activity 
of norepinephrine neurons.

C. Daily use of phenylephrine, an α1 receptor 
agonist.

D. Daily use of prazosin, an α1 receptor antagonist.

 2.9 Methylphenidate helps patients with attention defi-
cit hyperactivity disorder (ADHD) maintain attention 
and perform better at school or work, with an ED50 
of 10 mg. However, methylphenidate can also cause 
significant nausea at higher doses (TD50 = 30 mg).  
Which is correct regarding methylphenidate?

A. The therapeutic index of methylphenidate is 3.

B. The therapeutic index of methylphenidate is 0.3.

C. Methylphenidate is more potent at causing nau-
sea than treating ADHD.

D. Methylphenidate is more efficacious at causing 
nausea than treating ADHD. 

2.10 Which is correct concerning the safety of using 
warfarin (with a small therapeutic index) versus 
penicillin (with a large therapeutic index)?

A. Warfarin is a safer drug because it has a low 
therapeutic index.

B. Warfarin treatment has a high chance of result-
ing in dangerous adverse effects if bioavailability 
is altered.

C. The high therapeutic index makes penicillin a 
safe drug for all patients.

D. Penicillin treatment has a high chance of caus-
ing dangerous adverse effects if bioavailability is 
altered.

2.11 Which type of adverse drug reactions are serious?

A. Type A: Augmented reactions such as hypoten-
sion with antihypertensives 

B. Type B: Bizarre reactions such as hypersensitivity

C. Type C: Chronic reactions such as renal toxicity 
and ototoxicity

D. Type D: Delayed reactions such as cancer and 
teratogenicity

E. All of the above

Correct answer = D. Up-regulation of receptors 
occurs when receptor activation is lower than normal, 
such as when the receptor is continuously exposed 
to an antagonist for that receptor. Down-regulation of 
receptors occurs when receptor activation is greater 
than normal because of continuous exposure to an 
agonist, as described in A, B and C.

Correct answer = A. Therapeutic index is calculated 
by dividing TD50 by ED50 (30/10), making B incor-
rect. C is incorrect because methylphenidate is more 
potent at treating ADHD (it takes a lower dose) than 
causing nausea. D. No information about efficacy is 
provided.

Correct answer = B. Agents with a low TI (that is, 
drugs for which dose is critically important) are those 
drugs for which bioavailability critically alters the ther-
apeutic and adverse effects. A is incorrect, because 
a drug with a low TI is not generally considered to 
be safe. C is incorrect because a high TI does not 
ensure safety across the entire patient population.  
D is incorrect because the high TI makes it unlikely 
that bioavailability alters the incidence of therapeutic 
or adverse effects.

Correct answer = B. Type B (bizarre) reactions are 
the reactions that are unexpected and unpredict-
able and are often related to patient factors such 
as genetic predisposition and allergy. More serious 
and potentially fatal forms of drug rashes hypersen-
sitivity reactions include toxic epidermal necrolysis, 
Stevens–Johnson syndrome, and drug hypersensi-
tivity syndrome. Drug hypersensitivity syndrome is 
potentially life threatening with significant morbidity. 
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2.12 Drug–drug interaction can lead to:

A. Beneficial effects.

B. Toxicity.

C. Lack of response.

D. All of the above.

E. Both B and C.

2.13 Which of the following adverse drug reactions 
would you report to the pharmacovigilance center? 

A. A patient reports a skin rash after starting a 
course on amoxicillin capsules.

B. A patient reports experiencing dyspepsia when 
they take their indomethacin capsules. 

C. A patient complains of a dry irritating cough 
since they have started taking ramipril. 

D. A patient complains they have experienced diar-
rhea since taking azilsartan

2.14 Which of the following patients are most at risk of 
suffering from an adverse drug reaction? 

A. A 2-month-old infant receiving a prescription for 
an antibiotic. 

B. A 22-year-old patient with asthma receiving 
prescriptions for inhalers to relieve and prevent 
their asthma. 

C. A 48-year-old patient who has hypertension and 
receives a prescription for an ACE inhibitor.

D. A 50-year-old patient who has edema receiving 
a prescription for a diuretic.

Correct answer = D. The outcome of drug interac-
tions can be beneficial or harmful. However, benefi-
cial effects are very few; most are harmful. Harmful 
effects can be in terms of lack of efficacy or toxicity 
or increased adverse reactions.

Correct answer = A. Children and elderly patients 
are at a greater risk of suffering from side effects. 
Moreover, clinical trials for most drugs are done in 
adult population and children are excluded from 
the trials due to ethical concerns, but these drugs 
are often used in this age group; therefore, the side 
effects which may appear in children are not evident 
from clinical trial safety data. Study of the side effects 
mainly in this population is important.

Correct answer = D. The following adverse drug 
reactions should be reported: All ADRs to newly mar-
keted drugs or newly added drugs to the Essential 
Medicines List (EML), azilsartan is a newly introduced 
drug and uncommon and rare side effects with this 
drug may not have been revealed in clinical trials. 
Reporting of side effects after marketing of the drug 
helps in improving the compilation and analysis of 
this side effect which in turn may influence drug label 
and warning precautions. In case a side effect is seri-
ous, the drug may be withdrawn from market. The 
following should be reported: All serious reactions, 
whether expected or not, and drug interactions; an 
observed increase in the frequency of a known reac-
tion; unexpected ADRs regardless of their nature or 
severity, which are not clearly stated in the package 
insert; unusual ADRs or ADRs which are interesting; 
ADRs in special populations such as drug abuse and 
drug use in pregnancy and during lactation, pediat-
rics, and geriatrics; all adverse reactions or poison-
ings to traditional or herbal remedies.

LIR_CH02.indd   101 16/10/18   12:34 PM



LIR_CH02.indd   102 16/10/18   12:34 PM



Autonomic Nervous 
System
Rajan Radhakrishnan

I. OVERVIEW

The autonomic nervous system (ANS), along with the endocrine system, 
coordinates the regulation and integration of bodily functions. The 
endocrine system sends signals to target tissues by varying the levels of 
blood-borne hormones. By contrast, the nervous system exerts effects by 
the rapid transmission of electrical impulses over nerve fibers that terminate 
at effector cells, which specifically respond to the release of neuromediator 
substances. Drugs that produce their primary therapeutic effect by 
mimicking or altering the functions of the ANS are called autonomic drugs 
and are discussed in Chapters 4 through 7. The autonomic agents act 
either by stimulating portions of the ANS or by blocking the action of the 
autonomic nerves. This chapter outlines the fundamental physiology of 
the ANS and describes the role of neurotransmitters in the communication 
between extracellular events and chemical changes within the cell.

II. INTRODUCTION TO THE NERVOUS SYSTEM

The nervous system is divided into two anatomical divisions: the central 
nervous system (CNS), which is composed of the brain and spinal cord, 
and the peripheral nervous system, which includes neurons located outside 
the brain and spinal cord—that is, any nerves that enter or leave the CNS 
(Figure 3.1). The peripheral nervous system is subdivided into the efferent 
and afferent divisions. The efferent neurons carry signals away from the 
brain and spinal cord to the peripheral tissues, and the afferent neurons 
bring information from the periphery to the CNS. Afferent neurons provide 
sensory input to modulate the function of the efferent division through 
reflex arcs or neural pathways that mediate a reflex action.

A. Functional divisions within the nervous system

 The efferent portion of the peripheral nervous system is further divided into 
two major functional subdivisions: the somatic and the ANS (Figure 3.1). 

Figure 3.1
Organization of the nervous system.

UNIT II
Drugs Affecting the 

 Autonomic Nervous System

3

103

Enteric
Parasympathetic
Sympathetic

Nervous System

Central
nervous
system

Peripheral
nervous 
system

E�erent
division

A�erent
division

Autonomic
system

Somatic
system

LIR_CH03.indd   103 09/10/18   12:45 PM
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The somatic efferent neurons are involved in the voluntary control of 
functions such as contraction of the skeletal muscles essential for 
locomotion. The ANS, conversely, regulates the everyday requirements 
of vital bodily functions without the conscious participation of the mind. 
Because of the involuntary nature of the ANS as well as its functions, it is 
also known as the visceral, vegetative, or involuntary nervous system. It 
is composed of efferent neurons that innervate visceral smooth muscle, 
cardiac muscle, vasculature, and the exocrine glands, thereby controlling 
digestion, cardiac output, blood flow, and glandular secretions.

B. Anatomy of the ANS

1. Efferent neurons: The ANS carries nerve impulses from the CNS 
to the effector organs through two types of efferent neurons: the 
preganglionic neurons and the postganglionic neurons (Figure 3.2). 
The cell body of the first nerve cell, the preganglionic neuron, is 
located within the CNS. The preganglionic neurons emerge from 
the brainstem or spinal cord and make a synaptic connection 
in ganglia (an aggregation of nerve cell bodies located in the 
peripheral nervous system). The ganglia function as relay stations 
between the preganglionic neuron and the second nerve cell, the 
postganglionic neuron. The cell body of the postganglionic neuron 
originates in the ganglion. It is generally nonmyelinated and 
terminates on effector organs, such as visceral smooth muscle, 
cardiac muscle, and the exocrine glands.

2. Afferent neurons: The afferent neurons (fibers) of the ANS are 
important in the reflex regulation of this system (for example, by 
sensing pressure in the carotid sinus and aortic arch) and in signaling 
the CNS to influence the efferent branch of the system to respond.

3. Sympathetic neurons: The efferent ANS is divided into the 
sympathetic and the parasympathetic nervous systems, as well 
as the enteric nervous system (Figure 3.1). Anatomically, the 
sympathetic and the parasympathetic neurons originate in the CNS 
and emerge from two different spinal cord regions (Figure  3.3). 
The preganglionic neurons of the sympathetic system come from 
the thoracic and lumbar regions (T1 to L2) of the spinal cord, and 
they synapse in two cord-like chains of ganglia that run close to 
and in parallel on each side of the spinal cord. The preganglionic 
neurons are short in comparison to the postganglionic ones. The 
axons of the postganglionic neuron extend from the ganglia to 
tissues they innervate and regulate (see Chapter 6). In most cases, 
the preganglionic nerve endings of the sympathetic nervous 
system are highly branched, enabling one preganglionic neuron 
to interact with many postganglionic neurons. This arrangement 
enables activation of numerous effector organs at the same 
time. [Note: The adrenal medulla, like the sympathetic ganglia, 
receives preganglionic fibers from the sympathetic system. The 
adrenal medulla, in response to stimulation by the ganglionic 
neurotransmitter acetylcholine, secretes epinephrine (adrenaline), 
and lesser amounts of norepinephrine, directly into the blood.]

4. Parasympathetic neurons: The parasympathetic preganglionic 
fibers arise from cranial nerves III (oculomotor), VII (facial), 
IX  (glossopharyngeal), and X (vagus), as well as from the sacral 
region (S2 to S4) of the spinal cord and synapse in ganglia near 
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neuron

Postganglionic
neuron

E�ector
organ

Figure 3.2
Efferent neurons of the autonomic 
nervous system.
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105II. Introduction to the Nervous System

Figure 3.3
Autonomic nervous system. From Cohen BJ, Hull KL: Memmler’s Structure and Function of the Human Body, 11th Ed. 
Philadelphia, Wolters Kluwer, 2016.
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106 3. Autonomic Nervous System

or on the effector organs. [Note: The vagus nerve accounts for 
90% of preganglionic parasympathetic fibers. Postganglionic 
neurons from this nerve innervate most organs in the thoracic and 
abdominal cavity.] Thus, in contrast to the sympathetic system, 
the preganglionic fibers are long, and the postganglionic ones are 
short, with the ganglia close to or within the organ innervated. 
In most instances, there is a one-to-one connection between 
the preganglionic and postganglionic neurons, enabling discrete 
response of this system.

5. Enteric neurons: The enteric nervous system is the third division 
of the ANS. It is a collection of nerve fibers that innervate the 
gastrointestinal (GI) tract, pancreas, and gallbladder, and it constitutes 
the “brain of the gut.” This system functions independently of the 
CNS and controls motility, exocrine and endocrine secretions, 
and microcirculation of the GI tract. It is modulated by both the 
sympathetic and the parasympathetic nervous systems.

C. Functions of the sympathetic nervous system

 Although continually active to some degree (for example, in maintaining 
tone of vascular beds), the sympathetic division is responsible for 
adjusting in response to stressful situations, such as trauma, fear, 
hypoglycemia, cold, and exercise (Figure 3.4).

Red = Sympathetic actions
Blue = Parasympathetic actions

EYE
Contraction of iris radial
muscle (pupil dilates)

Contraction of iris sphincter
muscle (pupil contracts)
Contraction of ciliary muscle
(lens accommodates for near vision)

TRACHEA AND BRONCHIOLES
Dilation
Constriction, increased secretions

KIDNEY
Secretion of renin (β1 increases;
   α1 decreases)

ADRENAL MEDULLA
Secretion of epinephrine and norepinephrine 

URETERS AND BLADDER
Relaxation of detrusor; contraction
of trigone and sphincter

Contraction of detrusor;
relaxation of trigone and sphincter

GENITALIA (male)
Stimulation of ejaculation
Stimulation of erection

SALIVARY GLANDS
Thick, viscous secretion

Copious, watery secretion

LACRIMAL GLANDS
Stimulation of tears

HEART
Increased rate; increased contractility

Decreased rate; decreased contractility

GASTROINTESTINAL SYSTEM
Decreased muscle motility and tone;

contraction of sphincters
Increased muscle motility and tone

GENITALIA (female)
Relaxation of uterus

BLOOD VESSELS

Dilation
(skeletal muscle)

BLOOD VESSELS

Constriction

(skin, mucous membranes, and
splanchnic area)

Figure 3.4
Actions of sympathetic and parasympathetic nervous systems on effector organs.
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II. Introduction to the Nervous System 

1. Effects of stimulation of the sympathetic division: The effect 
of sympathetic stimulation is an increase in heart rate and blood 
pressure, mobilization of energy stores, and increase in blood 
flow to skeletal muscles and the heart, while diverting flow from 
the skin and internal organs. Sympathetic stimulation results in 
dilation of the pupils and bronchioles (Figure 3.4). It also reduces 
GI motility and affects function of the bladder and sexual organs. 

2. Fight-or-flight response: The changes experienced by the body 
during emergencies are referred to as the "fight or flight" response 
(Figure 3.5). These reactions are triggered both by direct sympathetic 
activation of effector organs and by stimulation of the adrenal medulla to 
release epinephrine and lesser amounts of norepinephrine. Hormones 
released by the adrenal medulla directly enter the bloodstream 
and promote responses in effector organs that contain adrenergic 
receptors (see Chapter 6). The sympathetic nervous system tends to 
function as a unit and often discharges as a complete system, for 
example, during severe exercise or in reactions to fear (Figure 3.5). 
This system, with its diffuse distribution of postganglionic fibers, is 
involved in a wide array of physiologic activities. Although it is not 
essential for survival, it is essential in preparing the body to handle 
uncertain situations and unexpected stimuli. 

D. Functions of the parasympathetic nervous system 

The parasympathetic division is involved with maintaining homeostasis 
within the body. It is required for life, since it maintains essential b�ly 
functions, such as digestion and elimination. The parasympatfietic 
division usually acts to oppose or balance the actions of the 
sympathetic division and generally predominates the sympathetic 
system in "rest-and-digest" situations. Unlike the-sympathetic system, 
the parasympathetic system never discharges as a complete system. 
If it did, it would produce massive, undesirable, and unpleasant 
symptoms, such as involuntary urination amt! defecation. Instead, 
parasympathetic fibers innervating Sf:)ecific organs such as the gut, 
heart, or eye are activated separc\t_ely, and the system affects these 
organs individually. 

E. Role of the CNS in the control of autonomic functions 

Although the ANS is a motor system, it does require sensory input 
from peripheral structures to provide information on the current 
state of the body. This feedback is provided by streams of afferent 
impulses, originating in the viscera and other autonomically innervated 
structures that travel to integrating centers in the CNS, such as the 
hypothalamus, medulla oblongata, and spinal cord. These centers 
respond to stimuli by sending out efferent reflex impulses via the ANS. 
1. Reflex arcs: Most of the afferent impulses are involuntarily translated 

into reflex responses. For example, a fall in blood pressure causes 
pressure-sensitive neurons (baroreceptors in the heart, vena 
cava, aortic arch, and carotid sinuses) to send fewer impulses to 
cardiovascular centers in the brain. This prompts a reflex response 
of increased sympathetic output to the heart and vasculature and 
decreased parasympathetic output to the heart, which results in 
a compensatory rise in blood pressure and heart rate (Figure 3.6). 
[Note: In each case, the reflex arcs of the ANS comprise a sensory 
(afferent) arm and a motor (efferent or effector) arm.] 

"Fight-or-flight" 
stimulus 

Sympathetic output 
(diffuse because postganglionic 

neurons may innervate 
more than one organ) 

"Rest-and-digest" 
stimulus 

Parasympathetic output 
(discrete because postganglionic 
neurons are not branched, but 
are directed to a specific organ) 

Sympathetic and para
sympathetic actions 

often oppose each other 

Figure 3.5 

Sympathetic and parasympathetic 
actions are elicited by different 
stimuli. 
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108 3. Autonomic Nervous System

2. Emotions and the ANS: Stimuli that evoke strong feelings, such 
as rage, fear, and pleasure, can modify activities of the ANS.

F. Innervation by the ANS (Figure 3.7)

1. Dual innervation: Most organs are innervated by both divisions 
of the ANS. Thus, vagal parasympathetic innervation slows the 
heart rate and sympathetic innervation increases heart rate. 
Despite this dual innervation, one system usually predominates in 
controlling the activity of a given organ. For example, the vagus 
nerve is the predominant factor for controlling heart rate. The dual 
innervation of organs is dynamic and fine-tuned continually to 
maintain homeostasis.

EFFECTOR

ACTIONS OF  
SYMPATHETIC  

DIVISION

ACTIONS OF  
PARASYMPATHETIC  

DIVISION

Eye (pupil) Dilatation Constriction

Eye (ciliary muscle) Far vision Near vision 

Heart

 Rate Acceleration Slowing

 Contractility Increased Decreased

Arterioles

 Skin and most others Constriction

 Skeletal muscle Dilation

Glands

 Salivary Viscid secretion Watery secretion

 Lacrimal Secretion

 Sweat Secretion Contraction

Bronchial muscle Relaxation Contraction

GI tract

 Muscle wall Relaxation Contractions

 Sphincters Contractions Relaxation

Urinary bladder

 Fundus Relaxation Contraction

 Trigone; Sphincters Contraction Relaxation

Penis Ejaculation Erection

Uterus Relaxation 

Metabolism

 Liver Gluconeogenesis

Glycogenolysis

 Kidney Renin secretion

 Fat cells Lipolysis

AFFERENT INFORMATION

• Drop in blood pressure
• Reduced stretch of baroreceptors 
 in the aortic arch
• Reduced frequency of a�erent
  impulses to the medulla (brainstem)

REFLEX RESPONSE
E�erent re�ex impulses via the
autonomic nervous system cause:

2

• Inhibition of parasympathetic and
 activation of sympathetic divisions
• Increased peripheral resistance
 and cardiac output
• Increased blood pressure

1
Sensory input from the viscera:

Figure 3.6
Baroreceptor reflex arc responds to a 
decrease in blood pressure.

Figure 3.7 
Actions of the autonomic nervous system on select effector organs.
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109II. Introduction to the Nervous System

2. Sympathetic innervation: Although most tissues receive dual 
innervation, some effector organs, such as the adrenal medulla, 
kidney, pilomotor muscles, and sweat glands, receive innervation 
only from the sympathetic system.

G. Somatic nervous system

 The efferent somatic nervous system differs from the ANS in that a 
single myelinated motor neuron, originating in the CNS, travels directly 
to skeletal muscle without the mediation of ganglia. As noted earlier, 
the somatic nervous system is under voluntary control whereas the 
ANS is involuntary. The responses in the somatic division are generally 
faster than those in the ANS.

H.  Summary of differences between sympathetic, 
parasympathetic, and motor nerves

 Major differences in the anatomical arrangement of neurons lead to 
variations of the functions in each division (Figure 3.8). The sympathetic 
nervous system is widely distributed, innervating practically all effector 
systems in the body. By contrast, the distribution of the parasympathetic 
division is more limited. The sympathetic preganglionic fibers have a 
much broader influence than the parasympathetic fibers and synapse 
with a larger number of postganglionic fibers. This type of organization 
permits a diffuse discharge of the sympathetic nervous system. The 
parasympathetic division is more circumscribed, with mostly one-to-one  
interactions, and the ganglia are also close to, or within, organs they 
innervate. This limits the amount of branching that can be done by this 
division. [A notable exception is found in the myenteric plexus (major 
nerve supply to the GI tract), where one preganglionic neuron has 
been shown to interact with 8000 or more postganglionic fibers.] The 
anatomical arrangement of the parasympathetic system results in the 
distinct functions of this division. The somatic nervous system innervates 
skeletal muscles. One somatic motor neuron axon is highly branched, 
and each branch innervates a single muscle fiber. Thus, one somatic 
motor neuron may innervate 100 muscle fibers. This arrangement leads 
to the formation of a motor unit. The lack of ganglia and the myelination of 
the motor nerves enable a fast response by the somatic nervous system.

Figure 3.8
Characteristics of the sympathetic and parasympathetic nervous systems.
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110 3. Autonomic Nervous System

III. CHEMICAL SIGNALING BETWEEN CELLS

Neurotransmission in the ANS is an example of chemical signaling between 
cells. In addition to neurotransmission, other types of chemical signaling 
include the secretion of hormones and the release of local mediators 
(Figure 3.9).

A. Hormones

 Specialized endocrine cells secrete hormones into the bloodstream, 
where they travel throughout the body, exerting effects on broadly 
distributed target cells (see Unit V: Drugs Affecting the Endocrine 
System).

B. Local mediators

 Most cells secrete chemicals that act locally on cells in the immediate 
environment. Because these chemical signals are rapidly destroyed 
or removed, they do not enter the blood and are not distributed 
throughout the body. Histamine (see Chapter 40) and prostaglandins 
are examples of local mediators.

C. Neurotransmitters

 Communication between nerve cells, and between nerve cells and 
effector organs, occurs through the release of specific chemical 
signals (neurotransmitters) from the nerve terminals. The release is 
triggered by arrival of the action potential at the nerve ending, leading 
to depolarization. An increase in intracellular Ca2+ initiates fusion of 
synaptic vesicles with the presynaptic membrane and release of their 
contents. The neurotransmitters rapidly diffuse across the synaptic 
cleft, or space (synapse), between neurons and combine with specific 
receptors on the postsynaptic (target) cell.

1. Membrane receptors: All neurotransmitters, and most hormones 
and local mediators, are too hydrophilic to penetrate the lipid 
bilayers of target cell plasma membranes. Instead, their signal is 
mediated by binding to specific receptors on the cell surface of 
target organs. [Note: A receptor is defined as a recognition site 
for a substance. It has a binding specificity and is coupled to 
processes that eventually evoke a response. Most receptors are 
proteins (see Chapter 1).]

2. Types of neurotransmitters: Although over 50 signal molecules in 
the nervous system have been identified, norepinephrine (and the 
closely related epinephrine), acetylcholine, dopamine, serotonin, 
histamine, glutamate, and γ-aminobutyric acid are most commonly 
involved in the actions of therapeutically useful drugs. Each of these 
chemical signals binds to a specific family of receptors. Acetylcholine 
and norepinephrine are the primary chemical signals in the ANS, 
whereas a wide variety of neurotransmitters function in the CNS.

a. Acetylcholine: The autonomic nerve fibers can be divided 
into two groups based on the type of neurotransmitter 
released. If transmission is mediated by acetylcholine, the 
neuron is termed cholinergic (Figure 3.10; Chapters 4 and 5). 

Signaling
cell

Gap
junction

Target
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Nerve
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Target
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Endocrine signaling

Direct contact

Figure 3.9
Some commonly used mechanisms 
for transmission of regulatory signals 
between cells.
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111III. Chemical Signaling Between Cells

Acetylcholine mediates the transmission of  nerve impulses 
across autonomic ganglia in both the sympathetic and 
parasympathetic nervous systems. It is the neurotransmitter 
at the adrenal medulla. Transmission from the autonomic 
postganglionic nerves to the effector organs in the 
parasympathetic system, and a few sympathetic system 
organs, also involves the release of acetylcholine. In the 
somatic nervous system, transmission at the neuromuscular 
junction (the junction of nerve fibers and voluntary muscles) is 
also cholinergic (Figure 3.10).

Sympathetic innervation
of adrenal medulla

Sympathetic Parasympathetic

Acetylcholine Acetylcholine

AcetylcholineNorepinephrineEpinephrine released
into the blood*

Nicotinic
receptor

Nicotinic
receptor

Nicotinic
receptor

E�ector organs

AUTONOMIC

Skeletal muscle

No ganglia

SOMATIC

Acetylcholine

Acetylcholine

Nicotinic
receptor

Adrenal medulla
Postganglionic

neurons

Preganglionic
neuron

Ganglionic
transmitter

Neuroe�ector
transmitter

Muscarinic
receptor

Adrenergic
receptor

Adrenergic
receptor

Whalen7-ch003-�g009

Figure 3.10
Summary of the neurotransmitters released, types of receptors, and types of neurons within the autonomic and 
somatic nervous systems. Cholinergic neurons are shown in red and adrenergic neurons in blue. [Note: This 
schematic diagram does not show that the parasympathetic ganglia are close to or on the surface of the effector 
organs and that the postganglionic fibers are usually shorter than the preganglionic fibers. By contrast, the ganglia of 
the sympathetic nervous system are close to the spinal cord. The postganglionic fibers are long, allowing extensive 
branching to innervate more than one organ system. This allows the sympathetic nervous system to discharge as a 
unit.] *Epinephrine 80% and norepinephrine 20% released from adrenal medulla.
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112 3. Autonomic Nervous System

b. Norepinephrine and epinephrine: When norepinephrine is the 
neurotransmitter, the fiber is termed adrenergic (Figure 3.10;  
Chapters 6 and 7). In the sympathetic system, norepinephrine 
mediates the transmission of nerve impulses from autonomic 
postganglionic nerves to effector organs. Epinephrine secreted 
by the adrenal medulla (not sympathetic neurons) also acts 
as a chemical messenger in the effector organs. [Note: A  few 
sympathetic fibers, such as those involved in sweating, are 
cholinergic, and, for simplicity, they are not shown in Figure 3.10.]

3. Dissipation of the transmitter/termination of neurotransmitter 
action: The action of the neurotransmitter is terminated either by 
destruction by enzymes (cholinesterase destroys acetyl choline 
whereas monoamine oxidase [MAO] and catechol-o-methyl-
transferase [COMT] destroy noradrenaline) or by reuptake of the 
neurotransmitter by tissues or axonal terminal (noradrenaline at 
adrenergic endings).

IV. SIGNAL TRANSDUCTION IN THE EFFECTOR CELL

The binding of chemical signals to receptors activates enzymatic processes 
within the cell membrane that ultimately results in a cellular response, such 
as the phosphorylation of intracellular proteins or changes in the conductivity 
of ion channels (see Chapter 1). A neurotransmitter can be thought of as 
a signal and a receptor as a signal detector and transducer. The receptors 
in the ANS effector cells are classified as adrenergic or cholinergic based 
on the neurotransmitters or hormones that bind to them. Epinephrine and 
norepinephrine bind to adrenergic receptors, and acetylcholine binds to 
cholinergic receptors. Cholinergic receptors are further classified as nicotinic 
or muscarinic. Some receptors, such as the postsynaptic cholinergic nicotinic 
receptors in skeletal muscle cells, are directly linked to membrane ion 
channels and are known as ionotropic receptors. Binding of neurotransmitter 
to ionotropic receptors directly affects ion permeability (Figure 3.11A). All 
adrenergic receptors and cholinergic muscarinic receptors are G protein–
coupled receptors (metabotropic receptors). Metabotropic receptors mediate 
the effects of ligands by activating a second messenger system inside the cell. 
The two most widely recognized second messengers are the adenylyl cyclase 
system and the calcium/phosphatidylinositol system (Figure 3.11B, C). 

V. AUTONOMIC DYSFUNCTION (DYSAUTONOMIA)

The autonomic nervous system controls a number of functions in the 
body, for example, heart rate, blood pressure, peristalsis of bowel and 
urinary system, and secretions such as sweat. Drugs can influence 
neurotransmitter function at the synapse and thereafter the conduction of 
impulses in nerve cells. Dysfunction of the ANS can involve any of these 
functions. Autonomic dysfunction may also result from diseases that affect 
primarily either the central nervous system or the peripheral autonomic 
nervous system. Autonomic dysfunction may be secondary to Parkinson’s 
disease, diabetes, and alcoholism. The most common cause of disturbed 
autonomic function in the central nervous system diseases is degeneration 
of the intermediolateral cell columns (progressive dysautonomia) or disease 
or damage to descending pathways (spinal cord lesions, cerebrovascular 
disease, brainstem tumors, multiple sclerosis).
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113Study Questions

Study Questions

Choose the ONE best answer.

3.1. Which is correct regarding the sympathetic nervous 
system?

A. It generally mediates body functions in “rest-
and-digest” mode.

B. The neurotransmitter at the sympathetic ganglion 
is norepinephrine (NE).

C. The neurotransmitter at the sympathetic ganglion 
is acetylcholine (ACh).

D. Sympathetic neurons release ACh in the effector 
organs.

3.2. Why does the somatic nervous system enable a 
faster response compared to the ANS? 

A. Somatic motor neurons have ganglia where 
neurotransmission is mediated by ACh.

B. Somatic motor neurons have ganglia where 
neurotransmission is mediated by NE.

C. Somatic motor neurons are not myelinated.

D. Somatic motor neurons are myelinated and do 
not have ganglia.

3.3. Which physiological change occurs when the 
parasympathetic system is activated?

A. Increase in heart rate

B. Inhibition of lacrimation (tears)

C. Dilation of the pupil (mydriasis)

D. Increase in gastric motility

3.4. Which physiological change is expected when 
the sympathetic system is inhibited using a 
pharmacological agent?

A. Reduction in heart rate

B. Increase in blood pressure

C. Decrease in fluid secretions

D. Constriction of blood vessels

3.5. Which is correct regarding activation of receptors on 
the effector organs in the ANS?

A. Acetylcholine activates muscarinic receptors.

B. Acetylcholine activates adrenergic receptors.

C. Epinephrine activates nicotinic receptors.

D. Norepinephrine activates muscarinic receptors.

Correct answer = C. The neurotransmitter at 
the sympathetic and parasympathetic ganglia is 
acetylcholine. The sympathetic system generally 
mediates body functions in “fight-or-flight” mode and 
the parasympathetic system generally mediates body 
functions in “rest-and-digest” mode. Sympathetic 
neurons release NE, and parasympathetic neurons 
release ACh in the effector cells.

Correct answer = D. Somatic motor neurons are 
myelinated and have no ganglia. This enables faster 
transmission in the somatic neurons. 

Correct answer = D. Activation of the parasympathetic 
system causes an increase in gastric motility, 
increase in fluid secretions, reduction in heart rate, 
and constriction of the pupil. In the “rest-and-digest” 
mode, the parasympathetic system is more active, 
which helps with digestion. 

Correct answer = A. Activation of the sympathetic 
system causes an increase in heart rate, increase 
in blood pressure, reduction or thickening of fluid 
secretions, and constriction of blood vessels. 
Therefore, inhibition of the sympathetic system should 
theoretically cause a reduction in heart rate, decrease 
in blood pressure, increase in fluid secretions, and 
relaxation of blood vessels. 

Correct answer = A. Acetylcholine is the 
neurotransmitter in the cholinergic system, and it 
activates both muscarinic and nicotinic cholinergic 
receptors, not adrenergic receptors. Norepinephrine 
and epinephrine activate adrenergic receptors, not 
muscarinic receptors. 
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114 3. Autonomic Nervous System

3.6. Which statement concerning the parasympathetic 
nervous system is correct?

A. The parasympathetic system often discharges as 
a single, functional system.

B. The parasympathetic division is involved in near 
vision, movement of food, and urination.

C. The postganglionic fibers of the parasympathetic 
division are long, compared to those of the 
sympathetic nervous system.

D. The parasympathetic system controls the 
secretion of the adrenal medulla.

3.7. Which is correct regarding neurotransmitters and 
neurotransmission?

A. Neurotransmitters are released from the 
presynaptic nerve terminals.

B. Arrival of an action potential in the postsynaptic 
cell triggers release of neurotransmitter.

C. Intracellular calcium levels drop in the neuron 
before the release of neurotransmitter.

D. Serotonin and dopamine are the primary 
neurotransmitters in the ANS.

3.8. An elderly man is brought to the emergency room 
after ingesting a large quantity of prazosin tablets, 
a drug that blocks α1 adrenergic receptors, which 
mediate effects of epinephrine and norepinephrine 
on the blood vessels and urinary bladder. Which 
symptom is most likely to be seen in this patient?

A. Reduced heart rate (bradycardia)

B. Dilation of blood vessels (vasorelaxation)

C. Increased blood pressure

D. Reduction in urinary frequency

3.9. Which statement is correct regarding the autonomic 
nervous system? 

A. Afferent neurons carry impulses from the central 
nervous system (CNS) to the effector organs.

B. Preganglionic neurons of the sympathetic system 
arise from the cranial nerves, as well as from the 
sacral region.

C. When there is a sudden drop in blood pressure, 
the baroreceptors send signals to the brain to 
activate the parasympathetic system.

D. The heart receives both sympathetic and 
parasympathetic innervation.

Correct answer = B. The parasympathetic nervous 
system maintains essential bodily functions, 
such as vision, movement of food, and urination. 
It uses acetylcholine, not norepinephrine, as a 
neurotransmitter, and it discharges as discrete fibers 
that are activated separately. The postganglionic fibers 
of the parasympathetic system are short compared to 
those of the sympathetic division. The adrenal medulla 
is under the control of the sympathetic system.

Correct answer = A. Neurotransmitters are released 
from presynaptic neurons, triggered by the arrival 
of an action potential in the presynaptic neuron (not 
in the postsynaptic cell). When an action potential 
arrives in the presynaptic neuron, calcium enters the 
presynaptic neuron and calcium levels increase in the 
neuron before neurotransmitter is released. The main 
neurotransmitters in the ANS are norepinephrine and 
acetylcholine.

Correct answer = B. Activation of α1 receptors causes 
vasoconstriction, reduction in urinary frequency, and 
an increase in blood pressure, without a direct effect 
on the heart rate. It may cause reflex tachycardia 
(increase in heart rate) in some patients. Thus 
blockade of α1 receptors could theoretically cause 
dilation of blood vessels, reduction in blood pressure, 
and increase in urinary frequency. It should not cause 
a reduction in heart rate.

Correct answer = D. The heart receives both 
sympathetic and parasympathetic innervation. 
Activation of sympathetic neurons increases the 
heart rate and force of contraction, and activation 
of parasympathetic neurons reduces the heart rate 
and  force of contraction (slightly). Afferent neurons 
carry impulses from the periphery to the CNS, and 
efferent neurons carry signals away from the CNS. 
Preganglionic neurons of the sympathetic system 
arise from thoracic and lumbar regions of the spinal 
cord, whereas the preganglionic neurons of the 
parasympathetic system arise from cranial nerves 
and the sacral region. When there is a sudden drop in 
blood pressure, the sympathetic system is activated, 
not the parasympathetic system. 
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3.10. Which is correct regarding membrane receptors and 
signal transduction?

A. ANS neurotransmitters bind to membrane 
receptors on the effector cells, which leads to 
intracellular events.

B. Cholinergic muscarinic receptors are ionotropic 
receptors.

C. Cholinergic nicotinic receptors are metabotropic 
receptors.

D. Metabotropic receptors activate ion channels 
directly.

Correct answer = A. Neurotransmitters generally 
bind to membrane receptors on the postsynaptic 
effector cells and cause cellular effects. Acetylcholine 
(ACh) binds to cholinergic muscarinic receptors and 
activates the second messenger pathway in effector 
cells, which in turn causes cellular events. Receptors 
that are coupled to second messenger systems are 
known as metabotropic receptors. Metabotropic 
receptors do not directly activate ion channels. 
ACh also binds to cholinergic nicotinic receptors 
and activates ion channels on the effector cells. 
The receptors that directly activate ion channels are 
known as ionotropic receptors.
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I. OVERVIEW

Drugs affecting the autonomic nervous system (ANS) are divided into two 
groups according to the type of neuron involved in the mechanism of 
action. The cholinergic drugs, which are described in this and the following 
chapter, act on receptors activated by acetylcholine (ACh), whereas the 
adrenergic drugs (see Chapters 6 and 7) act on receptors stimulated by 
norepinephrine or epinephrine. Cholinergic and adrenergic drugs act by 
either stimulating or blocking receptors of the ANS. Figure 4.1 summarizes 
cholinergic agonists discussed in this chapter.

II. THE CHOLINERGIC NEURON

The preganglionic fibers terminating in the adrenal medulla, the autonomic 
ganglia (both parasympathetic and sympathetic), and the postganglionic 
fibers of the parasympathetic division use ACh as a neurotransmitter 
(Figure 4.2). The postganglionic sympathetic division of sweat glands also 
uses acetylcholine. In addition, cholinergic neurons innervate the muscles 
of the somatic system and play an important role in the central nervous 
system (CNS).

A. Neurotransmission at cholinergic neurons

 Neurotransmission in cholinergic neurons involves six sequential 
steps: 1) synthesis of ACh, 2) storage, 3) release, 4) binding of ACh 
to the receptor, 5) degradation of ACh in the synaptic cleft (the space 
between the nerve endings and the adjacent receptors on nerves or 
effector organs), and 6) recycling of choline (Figure 4.3).

1. Synthesis of acetylcholine: Choline is transported from the extra-
cellular fluid into the cytoplasm of the cholinergic neuron by an 
energy-dependent carrier system that cotransports sodium and 
can be inhibited by the drug hemicholinium. [Note: Choline has 
a quaternary nitrogen and carries a permanent positive charge 
and, thus, cannot diffuse through the membrane.] The uptake of 
choline is the rate-limiting step in ACh synthesis. Choline acetyl-
transferase catalyzes the reaction of choline with acetyl coenzyme 
A (CoA) to form ACh (an ester) in the cytosol.

2. Storage of acetylcholine in vesicles: ACh is packaged and stored 
into presynaptic vesicles by an active transport process. The 
mature vesicle contains not only ACh but also adenosine triphos-
phate (ATP) and proteoglycan. Cotransmission from autonomic 
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Figure 4.1
Summary of cholinergic agonists.
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118 4. Cholinergic Agonists

neurons is the rule rather than the exception. This means that 
most synaptic vesicles contain the primary neurotransmitter (here, 
ACh) as well as a cotransmitter (here, ATP) that increases or 
decreases the effect of the primary neurotransmitter.

3. Release of acetylcholine: When an action potential propa-
gated by voltage-sensitive sodium channels arrives at a nerve 
ending, voltage-sensitive calcium channels on the presynaptic 
membrane open, causing an increase in the concentration of 
intracellular calcium. Elevated calcium levels promote the fusion 
of synaptic vesicles with the cell membrane and the release of 
contents into the synaptic space. This release can be blocked 
by botulinum toxin. In contrast, the toxin in black widow spider 
venom causes all the ACh stored in synaptic vesicles to empty 
into the synaptic gap.

4. Binding to the receptor: ACh released from the synaptic vesi-
cles diffuses across the synaptic space and binds to postsynap-
tic receptors on the target cell, to presynaptic receptors on the 
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Figure 4.2
Sites of actions of cholinergic agonists in the autonomic and somatic nervous systems.
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119II. The Cholinergic Neuron

membrane of the neuron that released ACh, or to other targeted 
presynaptic receptors. The postsynaptic cholinergic receptors 
on the surface of effector organs are divided into two classes: 
muscarinic and nicotinic (Figure 4.2). Binding to a receptor leads 
to a biologic response within the cell, such as the initiation of a 
nerve impulse in a postganglionic fiber or activation of specific 
enzymes in effector cells, as mediated by second messenger 
molecules.

5. Degradation of acetylcholine: The signal at the postjunctional 
effector site is rapidly terminated, because acetylcholinester-
ase (AChE) cleaves ACh to choline and acetate in the synaptic 
cleft. 

6. Recycling of choline: Choline may be recaptured by a sodium- 
coupled, high-affinity uptake system that transports the molecule 
back into the neuron. There, it is available to be acetylated into ACh.

Figure 4.3
Synthesis and release of acetylcholine from the cholinergic neuron. AcCoA = acetyl coenzyme A.
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120 4. Cholinergic Agonists

III. CHOLINERGIC RECEPTORS (CHOLINOCEPTORS)

Two families of cholinoceptors, designated muscarinic and nicotinic recep-
tors, can be distinguished from each other on the basis of their different 
affinities for agents that mimic the action of ACh (cholinomimetic agents).

A. Muscarinic receptors

 Muscarinic receptors belong to the class of G protein–coupled recep-
tors (metabotropic receptors). These receptors, in addition to bind-
ing ACh, also recognize muscarine, an alkaloid in certain poisonous 
mushrooms. By contrast, the muscarinic receptors show only a weak 
affinity for nicotine, an alkaloid found in tobacco and other plants 
(Figure 4.4A). There are five subclasses of muscarinic receptors; how-
ever, only M1, M2, and M3 receptors have been functionally character-
ized. These receptors, in addition to binding with acetylcholine, also 
recognize muscarine. Muscarine is an alkaloid that is present in cer-
tain poisonous mushrooms.

1. Location of muscarinic receptors: These receptors are found on 
the autonomic effector organs, such as the heart, smooth muscle, 
brain, and exocrine glands. Although all five subtypes are found 
on neurons, M1 receptors are also found on gastric parietal cells, 
M2 receptors on cardiac cells and smooth muscle, and M3 recep-
tors on the bladder, exocrine glands, and smooth muscle. [Note: 
Drugs with muscarinic actions preferentially stimulate muscarinic 
receptors on these tissues, but at high concentration, they may 
show some activity at nicotinic receptors.]

2. Mechanism of acetylcholine signal transduction: A number 
of different molecular mechanisms transmit the signal generated 
by ACh occupation of the receptor. For example, when M1 or M3 
receptors are activated, the receptor undergoes a conformational 
change and interacts with a G protein that activates phospholi-
pase C. This ultimately leads to production of second messengers 
inositol-1,4,5-trisphosphate (IP3) and diacylglycerol (DAG). IP3 
causes an increase in intracellular Ca2+. Calcium can then inter-
act to stimulate or inhibit enzymes or to cause hyperpolarization, 
secretion, or contraction. Diacylglycerol activates protein kinase C,  
an enzyme that phosphorylates numerous proteins within the cell. 
In contrast, activation of the M2 subtype on the cardiac muscle 
stimulates a G protein that inhibits adenylyl cyclase and increases 
K+ conductance. The heart responds with a decrease in rate and 
force of contraction.

3. Muscarinic agonists: Pilocarpine is a nonselective muscarinic 
agonist used to treat xerostomia and glaucoma. Attempts are cur-
rently underway to develop muscarinic agents that are directed 
against specific receptor subtypes. 

B. Nicotinic receptors

 These receptors, in addition to binding ACh, also recognize nico-
tine but show only a weak affinity for muscarine (Figure 4.4B). The 
nicotinic receptor is composed of five subunits, and it functions as 
a ligand-gated ion channel. Binding of two ACh molecules elicits a 
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Figure 4.4
Types of cholinergic receptors.
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121IV. Direct-Acting Cholinergic Agonists

conformational change that allows the entry of sodium ions, resulting 
in the depolarization of the effector cell. Nicotine at low concentra-
tion stimulates the receptor, whereas nicotine at high concentration 
blocks the receptor. Nicotinic receptors are located in the CNS, the 
adrenal medulla, autonomic ganglia, and the neuromuscular junction 
(NMJ) in skeletal muscles. Those at the NMJ are sometimes desig-
nated NM, and the others, NN. The nicotinic receptors of autonomic 
ganglia differ from those of the NMJ. For example, ganglionic recep-
tors are selectively blocked by hexamethonium and mecamylamine, 
whereas NMJ receptors are specifically blocked by tubocurarine and 
atracurium.

IV. DIRECT-ACTING CHOLINERGIC AGONISTS

Cholinergic agonists mimic the effects of ACh by binding directly to cho-
linoceptors (muscarinic or nicotinic). These agents may be broadly classi-
fied into two groups: 1) choline esters, which include endogenous ACh and 
synthetic esters of choline, such as carbachol and bethanechol, and 2) nat-
urally occurring alkaloids, such as nicotine and pilocarpine (Figure 4.5). All 
direct-acting cholinergic drugs have a longer duration of action than ACh. 
The more therapeutically useful drugs (pilocarpine and bethanechol) pref-
erentially bind to muscarinic receptors and are sometimes referred to as 
muscarinic agents. However, as a group, the direct-acting agonists show 
little specificity in their actions, which limits their clinical usefulness.

A. Acetylcholine

 Acetylcholine [ah-see-teel-KOE-leen] is a quaternary ammonium com-
pound that cannot penetrate membranes. Although it is the neurotrans-
mitter of parasympathetic and somatic nerves as well as  autonomic 
ganglia, it lacks therapeutic importance because of its multiplicity of 
actions (leading to diffuse effects) and its rapid inactivation by the cho-
linesterases. ACh has both muscarinic and nicotinic activity. Its actions 
include the following:

1. Decrease in heart rate and cardiac output: The actions of ACh 
on the heart mimic the effects of vagal stimulation. For example, 
if injected intravenously, ACh produces a brief decrease in cardiac 
rate (bradycardia) and cardiac output, mainly because of a reduc-
tion in the rate of firing at the sinoatrial (SA) node. [Note: Normal 
vagal activity regulates the heart by the release of ACh at the SA 
node.]

2. Decrease in blood pressure: Injection of ACh causes vasodi-
lation and lowering of blood pressure by an indirect mechanism 
of action. ACh activates M3 receptors found on endothelial cells 
lining the smooth muscles of blood vessels. This results in the 
production of nitric oxide from arginine. Nitric oxide then dif-
fuses to vascular smooth muscle cells to stimulate protein kinase 
G production, leading to hyperpolarization and smooth muscle 
relaxation via phosphodiesterase-3 inhibition. In the absence of 
administered cholinergic agents, the vascular cholinergic recep-
tors have no known function, because ACh is never released into 
the blood in significant quantities. Atropine blocks these musca-
rinic receptors and prevents ACh from producing vasodilation.

Figure 4.5
Comparison of the structures of some 
cholinergic agonists.
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122 4. Cholinergic Agonists

3. Other actions: In the gastrointestinal (GI) tract, acetylcholine 
increases salivary secretion, increases gastric acid secretion, 
and stimulates intestinal secretions and motility. It also enhances 
bronchiolar secretions and causes bronchoconstriction. [Note: 
Methacholine, a direct-acting cholinergic agonist, is used to assist 
in the diagnosis of asthma due to its bronchoconstricting prop-
erties.] In the genitourinary tract, ACh increases the tone of the 
detrusor muscle, causing urination. In the eye, ACh is involved 
in stimulation of ciliary muscle contraction for near vision and in 
the constriction of the pupillae sphincter muscle, causing miosis 
(marked constriction of the pupil). ACh (1% solution) is instilled 
into the anterior chamber of the eye to produce miosis during 
ophthalmic surgery.

B. Bethanechol

 Bethanechol [be-THAN-e-kole] is an unsubstituted carbamoyl ester, 
structurally related to ACh (Figure 4.5). It is not hydrolyzed by AChE 
due to the esterification of carbamic acid, although it is inactivated 
through hydrolysis by other esterases. It lacks nicotinic actions (due 
to addition of the methyl group), but does have strong muscarinic 
activity. Its major actions are on the smooth musculature of the blad-
der and GI tract. It has about a 1-hour duration of action.

1. Actions: Bethanechol directly stimulates muscarinic receptors 
and selectively stimulates urinary and gastrointestinal tract. Its 
effect on the GI tract causes increased intestinal motility and tone. 
It also stimulates the detrusor muscle of the bladder, whereas the 
trigone and sphincter muscles are relaxed. These effects stimu-
late urination. It has persistent effects because it is resistant to 
cholinesterases.

2. Therapeutic applications: In urologic treatment, bethanechol is 
used to stimulate the atonic bladder, particularly seen in postpar-
tum or postoperative or with spinal cord injury, and non obstructive 
urinary retention to facilitate emptying of the neurogenic bladder. 
Bethanechol may also be used to treat neurogenic atony as well 
as megacolon.

3. Adverse effects: Bethanechol can cause generalized cholin-
ergic stimulation (Figure 4.6), with sweating, salivation, flush-
ing, decreased blood pressure (with reflex tachycardia), nausea, 
abdominal pain, diarrhea, and bronchospasm. Atropine sulfate 
may be administered to overcome severe cardiovascular or bron-
choconstrictor responses to this agent.

C. Carbachol (carbamylcholine)

 Carbachol [KAR-ba-kole] has both muscarinic and nicotinic actions. 
Like bethanechol, carbachol is an ester of carbamic acid (Figure 4.5) 
and a poor substrate for AChE. It is biotransformed by other ester-
ases, but at a much slower rate.

1. Actions: Carbachol has profound effects on both the cardiovascu-
lar and the GI systems because of its ganglion-stimulating activ-
ity, and it may first stimulate and then depress these systems. It 
can cause release of epinephrine from the adrenal medulla by its 
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Figure 4.6
Some adverse effects observed with 
cholinergic agonists.
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123IV. Direct-Acting Cholinergic Agonists

nicotinic action. Locally instilled into the eye, it mimics the effects 
of ACh, causing miosis and a spasm of accommodation in which 
the ciliary muscle of the eye remains in a constant state of con-
traction. The vision becomes fixed at some particular distance, 
making it impossible to focus (Figure 4.7). [Note the opposing 
effects of atropine, a muscarinic blocker, on the eye.]

2. Therapeutic uses: Because of its high potency, receptor non-
selectivity, and relatively long duration of action, carbachol is 
rarely used. Intraocular use provides rapid miosis for eye surgery 
and lowers intraocular pressure in the treatment of glaucoma. 
Carbachol is used in glaucoma when resistant to pilocarpine or 
physostigmine.

3. Adverse effects: With ophthalmologic use, few adverse effects 
occur due to lack of systemic penetration (quaternary amine).

D. Pilocarpine

1. The alkaloid pilocarpine [pye-loe-KAR-peen] is a tertiary amine 
and is stable to hydrolysis by AChE (Figure 4.5). Compared with 
ACh and its derivatives, it is far less potent but is uncharged and 
can penetrate the CNS at therapeutic doses. Pilocarpine exhibits 
muscarinic activity and is used primarily in ophthalmology.

2. Actions: Applied topically to the eye, pilocarpine produces rapid 
miosis, contraction of the ciliary muscle, and spasm of accommo-
dation. Pilocarpine is one of the most potent stimulators of secre-
tions such as sweat, tears, and saliva, but its use for producing 
these effects has been limited due to its lack of selectivity. The 
drug is beneficial in promoting salivation in patients with xerosto-
mia resulting from irradiation of the head and neck. Sjögren syn-
drome, which is characterized by dry mouth and lack of tears, is 
treated with oral pilocarpine tablets and cevimeline, a cholinergic 
drug that also has the drawback of being nonspecific.

3. Therapeutic use in glaucoma: Pilocarpine is used to treat 
glaucoma and is the drug of choice for emergency lowering of 
intraocular pressure of both open-angle and angle-closure glau-
coma. Pilocarpine is extremely effective in opening the trabecu-
lar meshwork around the Schlemm canal, causing an immediate 
drop in intraocular pressure because of the increased drainage 
of aqueous humor. This action occurs within a few minutes, lasts 
4 to 8 hours, and can be repeated. [Note: Topical carbonic anhy-
drase inhibitors, such as dorzolamide and β-adrenergic blockers 
such as timolol, are effective in treating glaucoma but are not 
used for emergency lowering of intraocular pressure.] The miotic 
action of pilocarpine is also useful in reversing mydriasis due to 
atropine.

4. Adverse effects: Pilocarpine can cause blurred vision, night 
blindness, and brow ache. Poisoning with this agent is character-
ized by exaggeration of various parasympathetic effects, includ-
ing profuse sweating (diaphoresis) and salivation. The effects are 
similar to those produced by consumption of mushrooms of the 
genus Inocybe, which contain muscarine. Parenteral atropine, at 
doses that can cross the blood–brain barrier, is administered to 
counteract the toxicity of pilocarpine.

Figure 4.7
Actions of pilocarpine, carbachol, and 
atropine on the iris and ciliary muscle 
of the eye.
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124 4. Cholinergic Agonists

V.  INDIRECT-ACTING CHOLINERGIC 
AGONISTS: ANTICHOLINESTERASE 
AGENTS (REVERSIBLE)

AChE is an enzyme that specifically cleaves ACh to acetate and choline 
and, thus, terminates its actions. It is located both pre- and postsynapti-
cally in the nerve terminal where it is membrane bound. Inhibitors of AChE 
( anticholinesterase agents or cholinesterase inhibitors) indirectly provide 
cholinergic action by preventing the degradation of ACh. This results in 
an accumulation of ACh in the synaptic space (Figure 4.8). Therefore, 
these drugs can provoke a response at all cholinoceptors, including both 
muscarinic and nicotinic receptors of the ANS, as well as at the NMJ 
and in the brain. Reversible inhibitors are physostigmine, neostigmine, 
pyridostigmine, edrophonium, rivastigmine, and donepeizil.

The reversible AChE inhibitors can be broadly classified as short-acting or 
intermediate-acting agents.

All are poorly absorbed from conjunctiva, skin, and lungs except physostig-
mine which is well absorbed from all sites. The effects are similar to 
direct-acting cholinergic agonists. Primary target organs of anticholinester-
ase drugs are eye, skeletal muscle, neuromuscular junctions, gastrointesti-
nal tract, urinary tract, respiratory tract, and heart. 

These agents are commonly used in the treatment of:

• glaucoma,

• myasthenia gravis,

• stimulation of gastrointestinal and urinary tract motility (for example, 
 neostigmine)—same effects as with agonists,

• reversal of neuromuscular blockade, and

• atropine poisoning.

A. Edrophonium

 Edrophonium [ed-row-FOE-nee-um] is the prototype short-acting 
AChE inhibitor. Edrophonium binds reversibly to the active center of 
AChE, preventing hydrolysis of ACh. It is rapidly absorbed and has a 
short duration of action of 10 to 20 minutes due to rapid renal elimi-
nation. Edrophonium is a quaternary amine, and its actions are limited 
to the periphery. It is used in the diagnosis of myasthenia gravis, an 
autoimmune disease caused by antibodies to the nicotinic receptor 
at the NMJ. This causes the degradation of the nicotinic receptors, 
making fewer receptors available for interaction with ACh. Intravenous 
injection of edrophonium leads to a rapid increase in muscle strength 
in patients with myasthenia gravis. Care must be taken, because 
excess drug may provoke a cholinergic crisis (atropine is the anti-
dote). Edrophonium may also be used to assess cholinesterase inhib-
itor therapy, for differentiating cholinergic and myasthenic crises, and 
for reversing the effects of nondepolarizing neuromuscular blockers 
after surgery. Due to the availability of other agents, edrophonium use 
has become limited.
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Mechanisms of action of  
indirect cholinergic agonists.  
AChE = acetylcholinesterase.
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125V. Indirect-Acting Cholinergic Agonists: Anticholinesterase Agents (Reversible)

 Edrophonium is also used to diagnose myasthenia gravis.* The 
Tensilon test uses the short-acting drug edrophonium chloride, which 
is given intravenously, to assess the adequacy of treatment with 
AChE inhibitors. Small doses of edrophonium improve weakness, 
especially in the eye muscles, briefly and temporarily in untreated 
myasthenia patients or in treated patients in whom AChE inhibition is 
inadequate. Worsening of muscle weakness indicates that the dose 
of AChE inhibitor is too high —that is, excessive ACh stimulation at 
the neuromuscular junction results in a depolarizing blockade). A 
trial use of oral pyridostigmine bromide is an alternative approach. 
Tolerance may develop to long-term use of the AChE inhibitors.

B. Physostigmine

 Physostigmine [fi-zoe-STIG-meen] is a nitrogenous carbamic acid 
ester found naturally in plants and is a tertiary amine. It is a substrate 
for AChE, and it forms a relatively stable carbamoylated interme-
diate with the enzyme, which then becomes reversibly inactivated. 
The result is potentiation of cholinergic activity throughout the body.

1. Actions: Physostigmine has a wide range of effects and stim-
ulates not only the muscarinic and nicotinic sites of the ANS, 
but also the nicotinic receptors of the NMJ. Muscarinic stimula-
tion can cause contraction of gastrointestinal smooth muscles, 
miosis, bradycardia, and hypotension (Figure 4.9). Nicotinic stim-
ulation can cause skeletal muscle twitches, fasciculations, and 
skeletal muscle paralysis (at higher doses). Its duration of action 
is about 30 minutes to 2 hours, and it is considered an inter-
mediate-acting agent. Physostigmine can enter and stimulate the 
cholinergic sites in the CNS.

2. Therapeutic uses: Physostigmine is used in the treatment of 
overdoses of drugs with anticholinergic actions, such as atropine 
and scopolamine, and to reverse the effects of neuromuscular 
blockers (NMBs).

3. Adverse effects: Physostigmine is well absorbed orally and it 
enters the CNS. High doses of physostigmine may lead to con-
vulsions. Bradycardia and a fall in cardiac output may also occur. 
Inhibition of AChE at the NMJ causes the accumulation of ACh 
and, ultimately through continuous depolarization, results in paral-
ysis of skeletal muscle. However, these effects are rarely seen 
with therapeutic doses.

*Myasthenia gravis (MG) is an autoimmune disease in which antibodies complex with 
nicotinic receptors at the neuromuscular junction resulting in destruction of nicotinic 
receptors, resembling neuromuscular block by curare. The patient presents with pro-
gressive weakness, fatigue, drooping eyelids, and difficulty in breathing, speaking, and 
swallowing. Indirect AChE inhibitors, such as neostigmine and pyridostigmine, are used 
to increase ACh levels at the neuromuscular junction to fully activate the remaining 
receptors and increase strength of contraction of muscles. 

MG can be difficult to diagnose because weakness is a common symptom of many 
disorders. In addition, symptoms may be vague, fluctuate, or only affect certain muscles. 
The diagnosis of MG can be established by clinical and serologic testing. 
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Some actions of physostigmine.
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C. Neostigmine

 Neostigmine [nee-oh-STIG-meen] is a synthetic compound that is 
also a carbamic acid ester, and it reversibly inhibits AChE in a manner 
similar to physostigmine.

1. Actions: Unlike physostigmine, neostigmine has a quaternary 
nitrogen. Therefore, it is more polar, is absorbed poorly from the 
GI tract, and does not enter the CNS. Its effect on skeletal muscle 
is greater than physostigmine, and it can stimulate contractility 
before it paralyzes. Neostigmine has an intermediate duration of 
action, usually 30 minutes to 2 hours.

2. Therapeutic uses: Neostigmine is used to stimulate the blad-
der and GI tract and as an antidote for competitive neuromus-
cular-blocking agents. It is also used to manage symptoms of 
myasthenia gravis.

3. Adverse effects: Adverse effects of neostigmine include those 
of generalized cholinergic stimulation, such as salivation, flush-
ing, decreased blood pressure, nausea, abdominal pain, diarrhea, 
and bronchospasm. Unlike physostigmine, neostigmine is poorly 
absorbed from the GI tract and has negligible distribution into the 
CNS; therefore, it does not cause CNS side effects and is not 
used to overcome toxicity of central-acting antimuscarinic agents 
such as atropine. Neostigmine is contraindicated when intestinal 
or urinary bladder obstruction is present.

D. Pyridostigmine 

 Pyridostigmine [peer-id-oh-STIG-meen] is another cholinesterase 
inhibitor used in the chronic management of myasthenia gravis. Its 
duration of action is intermediate (3 to 6 hours) but longer than that of 
neostigmine. Adverse effects are similar to those of neostigmine.

E. Tacrine, donepezil, rivastigmine, and galantamine

 Patients with Alzheimer’s disease have a deficiency of cholinergic neu-
rons and therefore lower levels of ACh in the CNS. This observation 
led to the development of anticholinesterases as possible remedies 
for the loss of cognitive function. Tacrine [TAK-reen], the first agent 
in this category, has been replaced by others because of its hepato-
toxicity. Despite the ability of donepezil [doe-NEP-e-zil], rivastigmine 
[ri-va-STIG-meen], and galantamine [ga-LAN-ta-meen] to delay the 
progression of Alzheimer’s disease, none can stop its progression. GI 
distress is their primary adverse effect (see Chapter 8).

VI.  INDIRECT-ACTING CHOLINERGIC AGONISTS: 
ANTICHOLINESTERASE AGENTS (IRREVERSIBLE)

A number of synthetic organophosphate compounds have the ability to 
bind covalently to AChE. The result is a long-lasting increase in ACh at 
all sites where it is released. Many of these drugs are extremely toxic and 
were developed by the military as nerve agents. Related compounds, such 
as parathion and malathion, are used as insecticides.
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127VII. Toxicology of Anticholinesterase Agents

A. Echothiophate

 Ecothiopate and isoflurophate are irreversible and toxic organophos-
phate cholinesterase inhibitors. 

1. Mechanism of action: Echothiophate [ek-oe-THI-oh-fate] is an 
organophosphate that covalently binds via its phosphate group 
at the active site of AChE (Figure 4.10). Once this occurs, the 
enzyme is permanently inactivated, and restoration of AChE activ-
ity requires the synthesis of new enzyme molecules. Following 
covalent modification of AChE, the phosphorylated enzyme slowly 
releases one of its ethyl groups. The loss of an alkyl group, which 
is called aging, and AChE becomes irreversibly inhibited. The 
enzyme can be reactivated within the first 30 minutes by chemical 
reactivators, such as pralidoxime, by breaking the bond between 
the remaining drug and the enzyme. Hydrolyis of the covalent 
alkylphophoryl–serine bond takes days.

2. Actions: Actions include generalized cholinergic stimulation, 
paralysis of motor function (causing breathing difficulties), and 
convulsions. Echothiophate is poorly absorbed form the GI tract 
and has negligible distribution into the CNS whereas isoflurophate 
is highly lipid soluble and is well absorbed across all membranes. 
Echothiophate produces intense miosis and, thus, has found 
therapeutic use. Intraocular pressure falls from the facilitation of 
outflow of aqueous humor. Atropine in high dosages can reverse 
many of the peripheral and some of the central muscarinic effects 
of echothiophate.

3. Therapeutic uses: A topical ophthalmic solution of the drug is 
available for the treatment of open-angle glaucoma. However, 
echothiophate is rarely used due to its side effect profile, which 
includes the risk of cataracts. Figure 4.11 summarizes actions of 
some cholinergic agonists.

VII.  TOXICOLOGY OF ANTICHOLINESTERASE AGENTS

Irreversible AChE inhibitors (mostly organophosphate compounds) are 
commonly used as agricultural insecticides, which has led to numerous 
cases of accidental poisoning with these agents. In addition, they are fre-
quently used for suicidal and homicidal purposes. Organophosphate nerve 
gases such as sarin are used as agents of warfare and chemical terrorism. 
Toxicity with these agents is manifested as nicotinic and muscarinic signs 
and symptoms (cholinergic crisis). Depending on the agent, the effects can 
be peripheral or can affect the whole body.

A. Reactivation of acetylcholinesterase

 Pralidoxime [pral-i-DOX-eem] (2-PAM) can reactivate inhibited AChE 
However, it is unable to penetrate into the CNS and therefore is not 
useful in treating the CNS effects of organophosphates. The pres-
ence of a charged group allows it to approach an anionic site on the 
enzyme, where it essentially displaces the phosphate group of the 
organophosphate and regenerates the enzyme. Pralidoxime acts as 
an antidote for organophosphorus insecticide and nerve gas poi-
soning but must be administered intravenously within minutes of 
exposure to an AChE inhibitor because it is effective only prior to 
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128 4. Cholinergic Agonists

Figure 4.11
Summary of actions of some cholinergic agonists. CNS = central nervous system.

Carbachol
•  Produces miosis during ocular surgery 
•  Used topically to reduce intraocular 
    pressure in open-angle or narrow-angle 
    glaucoma, particularly in patients who 
    have become tolerant to pilocarpine

Pilocarpine
•  Reduces intraocular pressure in open-
    angle and narrow-angle glaucoma to 

break iris-lens adhesions (alternated with 
atropine)

•  Binds preferentially at muscarinic 
    receptors
•  Uncharged, tertiary amine that  
    can penetrate the CNS

Physostigmine
•  Increases intestinal and bladder motility
•  Reverses CNS and cardiac e�ects of 
    tricyclic antidepressants’ overdose
•  Reverses CNS e�ects of atropine poisoning
•  Uncharged, tertiary amine that  
    can penetrate the CNS

Edrophonium
•  Used for diagnosis of myasthenia gravis3

•  Used as an antidote for competitive 
    neuromuscular blockers
•  Has short duration of action (10 to 20 min)

•  Used as �rst-line treatments for 
   Alzheimer's disease,2 though confers
   modest bene�t
•  Have not been shown to reduce 
   healthcare costs or delay 
   institutionalization
•  Can be used with memantine
   (N-methyl-D-aspartate antagonist)
    with moderate to severe disease

Rivastigmine, galantamine, 
donepezil

Neostigmine
•  Prevents postoperative abdominal 
    distention and urinary retention
•  Used in treatment of myasthenia gravis1 

along with corticosteroids
•  Used as an antidote for competitive 
    neuromuscular blockers such as
    tubocurarine (postoperative)
•  Has intermediate duration of action 
    (0.5 to 2 hr)

Echothiophate

Bethanechol

INDIRECT ACTING CHOLINERGIC DRUGS (ANTICHOLINESTRASE AGENTS)DIRECT-ACTING CHOLINERGIC DRUGS 

Acetylcholine

•  Indirect acting (irreversible)
•  Used in treatment of open-angle 
   glaucoma4 

•  Has long duration of action (100 hours)

•  Used to produce miosis in ophthalmic 
  surgery

•  Used in treatment of urinary retention;
postoperative; postpartum urinary 
retention 

•  Binds preferentially at muscarinic 
   receptors
•  Postoperative abdominal distention,
   paralytic ileus, esophageal re�ux; 

promotes increased esophageal motility
   (cisapride and metochlopramide are
   better alternatives)

“aging.” If given before aging of the alkylated enzyme occurs, it can 
reverse both muscarinic and nicotinic peripheral effects of organo-
phosphates, but not the CNS effects. With the newer nerve agents 
that produce aging of the enzyme complex within seconds, prali-
doxime is less effective. In addition, it cannot overcome  toxicity of 
reversible AChE inhibitors (for example, physostigmine). Pralidoxime 
produces few adverse effects in usual doses.

B. Other treatments

 Atropine is administered to prevent muscarinic side effects of these 
agents. Such effects include increased bronchial and salivary  secretion, 
bronchoconstriction, and bradycardia. Diazepam is also administered 
to reduce the persistent convulsion caused by these agents. General 
supportive measures, such as maintenance of  patent airway, oxygen 
supply, and artificial respiration, may be necessary as well.

1Myasthenia gravis is an autoimmune disorder due to the formation of antibodies to the muscle end-plate nicotinic receptors leading to muscular weakness and easy 
fatigability.
2Neurodegenerative disorder with progressive dementia due to deposition of amyloid plaques (neurofibrillary tangles) affecting cholinergic neurons of brain.
3Edrophonium 1–2 mg IV injection will result improvement in a myasthenia gravis patient, but will worsen the condition in a patient with cholinergic crises.
4Progressive optic nerve damage due to raised intraocular tension.
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Correct answer = A. Acetylcholine released by cho-
linergic neurons acts on nicotinic receptors in the 
skeletal muscle cells to cause contraction. Therefore, 
blockade of ACh release causes skeletal muscle 
paralysis. Myasthenia gravis is an autoimmune dis-
ease where antibodies are produced against nicotinic 
receptors and inactivate nicotinic receptors. A reduc-
tion in ACh release therefore worsens (not improves) 
the symptoms of this condition. Reduction in ACh 
release by botulinum toxin causes reduction in secre-
tions including saliva (not increase in salivation) caus-
ing dry mouth and an increase (not reduction) in heart 
rate due to reduced vagal activity.

Study Questions

Choose the ONE best answer.

4.1 Botulinum toxin blocks the release of acetylcholine 
from cholinergic nerve terminals. Which is a possi-
ble effect of botulinum toxin?

A. Skeletal muscle paralysis

B. Improvement of myasthenia gravis symptoms

C. Increased salivation

D. Reduced heart rate

4.2 A patient develops urinary retention after an abdom-
inal surgery. Urinary obstruction was ruled out in 
this patient. Which strategy would be helpful in pro-
moting urination?

A. Activating nicotinic receptors 

B. Inhibiting the release of acetylcholine 

C. Inhibiting cholinesterase enzyme

D. Blocking muscarinic receptors

4.3 Which of the following drugs could theoretically 
improve asthma symptoms?

A. Bethanechol

B. Pilocarpine

C. Pyridostigmine

D. Atropine

4.4 If an ophthalmologist wants to dilate the pupils for 
an eye examination, which drug/class of drugs is 
theoretically useful?

A. Muscarinic receptor activator (agonist)

B. Muscarinic receptor inhibitor (antagonist)

C. Pilocarpine

D. Neostigmine

Correct answer = C. Activation of muscarinic recep-
tors in the detrusor muscles of urinary bladder can 
promote urination in patients where the tone of detru-
sor muscle is low. Inhibiting cholinesterase enzyme 
increases the levels of acetylcholine, and acetyl-
choline can increase the tone of the detrusor mus-
cle. There are no nicotinic receptors in the detrusor 
muscles; therefore, activation of nicotinic receptors 
is not helpful. Inhibiting the release of acetylcholine 
or blocking muscarinic receptors worsens urinary 
retention. 

Correct answer = D. Muscarinic agonists and drugs 
that increase acetylcholine levels cause constriction 
of bronchial smooth muscles and could exacerbate 
asthma symptoms. Bethanechol and pilocarpine are 
muscarinic agonists, and pyridostigmine is a cholin-
esterase inhibitor that increases levels of acetylcho-
line. Atropine is a muscarinic antagonist and therefore 
does not exacerbate asthma. Theoretically, it should 
relieve symptoms of asthma (not used clinically for 
this purpose).

Correct answer = B. Muscarinic agonists (for exam-
ple, pilocarpine) contract the circular smooth mus-
cles in the iris sphincter and constrict the pupil  
( miosis). Anticholinesterases (for example, neostigmine 
and physostigmine) also cause miosis by increasing 
the level of ACh. Muscarinic antagonists, on the other 
hand, relax the circular smooth muscles in the iris 
sphincter and cause dilation of the pupil (mydriasis).
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130 4. Cholinergic Agonists

4.5 In Alzheimer disease, there is a deficiency of cho-
linergic neuronal function in the brain. Theoretically, 
which strategy is useful in treating symptoms of 
Alzheimer disease?

A. Inhibiting cholinergic receptors in the brain

B. Inhibiting the release of acetylcholine in the brain

C. Inhibiting the acetylcholinesterase enzyme in the 
brain

D. Activating the acetylcholinesterase enzyme in 
the brain

4.6 An elderly female who lives in a farmhouse was 
brought to the emergency room in serious condi-
tion after ingesting a liquid from an unlabeled bottle 
found near her bed, apparently in a suicide attempt. 
She presented with diarrhea, frequent urination, 
convulsions, breathing difficulties, constricted pupils 
(miosis), and excessive salivation. Which of the fol-
lowing is correct regarding this patient?

A. She most likely consumed an organophosphate 
pesticide.

B. The symptoms are consistent with sympathetic 
activation.

C. Her symptoms can be treated using an anticho-
linesterase agent.

D. Her symptoms can be treated using a cholinergic 
agonist.

4.7 A patient who had received a nondepolarizing neu-
romuscular blocker (NMB) for skeletal muscle relax-
ation during surgery is experiencing mild skeletal 
muscle paralysis after the surgery. Which drug could 
reverse this effect of NMBs?

A. Pilocarpine

B. Bethanechol

C. Neostigmine

D. Atropine

4.8 A 60-year-old female who had a cancerous growth 
in the neck region underwent radiation therapy. Her 
salivary secretion was reduced due to radiation and 
she suffers from dry mouth (xerostomia). Which 
drug would be most useful in treating xerostomia in 
this patient?

A. Acetylcholine

B. Pilocarpine

C. Echothiophate

D. Atropine

Correct answer = C. Because there is already a 
deficiency in brain cholinergic function in Alzheimer 
disease, inhibiting cholinergic receptors or inhibiting 
the release of ACh worsens the condition. Activating 
the acetylcholinesterase enzyme increases the deg-
radation of ACh, which also worsens the condition. 
However, inhibiting the acetylcholinesterase enzyme 
helps to increase the levels of ACh in the brain and 
thereby, relieve the symptoms of Alzheimer disease.

Correct answer = C. Neuromuscular blockers act by 
blocking nicotinic receptors on the skeletal muscles. 
Increasing the levels of ACh in the neuromuscular 
junctions can reverse the effects of NMBs. Therefore, 
neostigmine, a cholinesterase inhibitor, could reverse 
the effects of NMBs. Pilocarpine and bethanechol are 
preferentially muscarinic agonists and have no effects 
on the nicotinic receptors. Atropine is a muscarinic 
antagonist and has no effects on nicotinic receptors.

Correct answer = B. Salivary secretion may be 
enhanced by activating muscarinic receptors in the 
salivary glands. This can be achieved in theory by 
using a muscarinic agonist or an anticholinesterase 
agent. Pilocarpine is a muscarinic agonist adminis-
tered orally for this purpose. Acetylcholine has sim-
ilar effects as that of pilocarpine; however, it cannot 
be used therapeutically as it is rapidly destroyed by 
cholinesterase in the body. Echothiophate is an irre-
versible cholinesterase inhibitor, but it cannot be used 
therapeutically because of its toxic effects. Atropine 
is a muscarinic antagonist and worsens dry mouth.

Correct answer = A. The symptoms are consistent 
with those of cholinergic crisis. Since the elderly 
female lives on a farm and the symptoms are consis-
tent with a cholinergic crisis (usually caused by cho-
linesterase inhibitors), it may be assumed that she has 
consumed an organophosphate pesticide (irreversible 
cholinesterase inhibitor). Assuming that the symptoms 
are caused by organophosphate poisoning, admin-
istering an anticholinesterase agent or a cholinergic 
agonist will worsen the condition. The symptoms are 
not consistent with those of sympathetic activation, 
as sympathetic activation will cause symptoms oppo-
site to those of cholinergic crisis seen in this patient.
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 4.9 A 40-year-old male presents to his family physician 
with drooping eyelids, difficulty chewing and swal-
lowing, and muscle fatigue even on mild exertion. 
Which agent could be used to diagnose myasthe-
nia gravis in this patient?

A. Atropine

B. Edrophonium

C. Pralidoxime

D. Echothiophate

4.10 Atropa belladonna is a plant that contains atropine 
(a muscarinic antagonist). Which of the following 
drugs or classes of drugs will be most useful in 
treating poisoning with belladonna?

A. Malathion

B. Physostigmine

C. Muscarinic antagonists

D. Nicotinic antagonists

Correct answer = B. The function of nicotinic recep-
tors in skeletal muscles is diminished in myasthe-
nia gravis due to the development of antibodies to 
nicotinic receptors (autoimmune disease). Any drug 
that increases levels of ACh in the neuromuscular 
junction can improve symptoms in myasthenia gra-
vis. Thus, edrophonium, reversible a cholinesterase 
inhibit or with a short duration of action can tempo-
rarily improve skeletal muscle weakness in myasthe-
nia gravis, serving as a diagnostic tool. Atropine is 
a muscarinic antagonist, and has no role in skeletal 
muscle function. Pralidoxime is a drug that is used 
to reverse the binding of irreversible cholinesterase 
inhibitors with cholinesterase enzyme and helps to 
reactivate cholinesterase enzyme. Hence, pralidox-
ime will not be useful in improving skeletal muscle 
function in myasthenia gravis. 

Correct answer = B. Atropine is a competitive mus-
carinic receptor antagonist that causes anticholiner-
gic effects. Muscarinic agonists or any other drugs 
that increase the levels of ACh are able to counteract 
effects of atropine. Thus, anticholinesterases such 
as malathion and physostigmine can counteract the 
effects of atropine, in theory. However, since mala-
thion is an irreversible inhibitor of acetylcholinester-
ase, it is not used for systemic treatment in patients. 
Muscarinic antagonists worsen the toxicity of atro-
pine. Nicotinic antagonists can worsen the toxicity by 
acting on parasympathetic ganglionic receptors and 
thus reducing the release of ACh.
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I. OVERVIEW

Cholinergic antagonist is a general term for agents that bind to cholinocep-
tors (muscarinic or nicotinic) and prevent the effects of acetylcholine (ACh) 
and other cholinergic agonists. The most clinically useful of these agents 
are selective blockers of muscarinic receptors. They are commonly known 
as anticholinergic agents (a misnomer, as they antagonize only muscarinic 
receptors), antimuscarinic agents (more accurate terminology), or para-
sympatholytics. The effects of parasympathetic innervation are thus, inter-
rupted by these agents, and the actions of sympathetic innervation are left 
unopposed. A second group of drugs, the ganglionic blockers, shows a 
preference for nicotinic receptors of the sympathetic and parasympathetic 
ganglia. Clinically, they are the least important cholinergic antagonists. A 
third family of compounds, the neuromuscular-blocking agents (mostly nic-
otinic antagonists), interfere with transmission of efferent impulses to skel-
etal muscles. These drugs are used as skeletal muscle relaxants in surgical 
anesthesia and as agents to facilitate intubation in surgical and critical care 
patients. Figure 5.1 shows the classification of the cholinergic antagonists 
discussed in this chapter.

133

Cholinergic Antagonists
Rajan Radhakrishnan and Carinda Feild 5

Figure 5.1
Classification of antimuscarinic agents.

NATURAL ALKALOIDS SEMISYNTHETIC DERIVATIVES SYNTHETIC COMPOUNDS MISCELLANEOUS

• Atropine 
• Hyoscine (scopolamine) 

• Homatropine 
• Homatropine methyl bromide 
• Atropine methonitrate 
• Hyoscine methyl bromide 
• Hyoscine butyl bromide 
• Ipratropium bromide 
• Tiotropium bromide 

Mydriatics 
• Cyclopentolate 
• Tropicamide 

Antisecretory—antispasmodics 
Quaternary ammonium compounds 

• Propantheline 
• Oxyphenium 
• Clidinium 
• Pipenzolate 
• Glycopyrrolate 

Tertiary amines 
• Dicyclomine 
• Pirenzepine 
• Telenzepine 
• Oxybutynin 
• Flevoxate 

Antiparkinsonian drugs 
• Benzhexol 
• Procyclidine 
• Biperiden 
• Benztropine
• Trihexiphenidyl 

Tricyclic antidepressants 
• Phenothiazines 
• Antihistamine 
• Disopyramide
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Figure 5.2
Sites of actions of cholinergic antagonists.
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The belladonna alkaloids are absorbed from the GI tract, the mucous mem-
branes, the skin, and the eyes and they are widely distributed. Absorption 
of the synthetic derivatives is confined mainly to the GI tract. They are 
less lipid soluble and do not cross the blood–brain barrier. Some of the 
synthetic derivatives such as propantheline bromide undergo hydrolysis in 
the upper small intestine as well as metabolism in the liver and they are 
excreted in urine and feces. Unlike quaternary ammonium drugs (absorp-
tion 10% to 30%), tertiary muscarinic antagonists are well absorbed 
across the GI tract or mucosal surfaces and are distributed throughout the 
body, including the brain. Atropine and scopolamine have relatively long  
duration of action.

II. ANTIMUSCARINIC AGENTS

Commonly known as anticholinergic drugs, these agents (for example, 
 atropine and scopolamine) block muscarinic receptors (Figure 5.2), caus-
ing inhibition of muscarinic functions. In addition, these drugs block the 
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135II. Antimuscarinic Agents

few exceptional sympathetic neurons that are cholinergic, such as those 
innervating the salivary and sweat glands. Because they do not block nic-
otinic receptors, the anticholinergic drugs (more precisely, antimuscarinic 
drugs) have little or no action at skeletal neuromuscular junctions (NMJs) 
or autonomic ganglia. The anticholinergic drugs are beneficial in a variety 
of clinical situations. Tertiary amines are often used for their effects on the 
CNS whereas quaternary amines have minimal CNS actions and are often 
used for their effects on the peripheral systems. [Note: A number of anti-
histamines and antidepressants (mainly tricyclic antidepressants) also have 
antimuscarinic activity.]

A. Atropine

 Atropine [A-troe-peen] is a tertiary amine extracted from belladonna 
alkaloid. It has a high affinity for muscarinic receptors and binds com-
petitively to prevent ACh from binding (Figure 5.3). Atropine acts both 
centrally and peripherally. General actions last about 4 hours; how-
ever, effects of topical administration in the eye may persist for days. 
Neuroeffector organs have varying sensitivity to atropine. The great-
est inhibitory effects are seen in bronchial tissue, salivary and sweat 
glands, and the heart.

1. Actions:

a. Eye: Atropine blocks muscarinic activity in the eye, resulting 
in mydriasis (dilation of the pupil), unresponsiveness to light, 
and cycloplegia (inability to focus for near vision). Photophobia 
and blurred vision due to pupil unresponsiveness and cyclo-
plegia may last up to 2 weeks. Atropine is used principally 
in the management of anterior uveitis-induced miosis (irido-
cyclitis). In patients with angle-closure glaucoma, intraocular 
pressure may rise dangerously.

b. Gastrointestinal (GI): Atropine (as the active isomer,  
l-hyoscyamine [hi-oh-SYE-uh-meen]) can be used as an anti-
spasmodic to reduce activity of the GI tract. Atropine and 
scopolamine (discussed in the following text) are probably the 
most potent antispasmodic drugs available. Although gastric 
motility is reduced, hydrochloric acid production is not signifi-
cantly affected. Thus, atropine is not effective for the treat-
ment of ulcers. Doses of atropine that reduce spasms also 
reduce saliva secretion, ocular accommodation, and urina-
tion. These effects decrease compliance with atropine.

c. Cardiovascular: Atropine produces divergent effects on the 
cardiovascular system, depending on the dose (Figure 5.4). 
At low doses, the predominant effect is a slight decrease 
in heart rate. This effect results from blockade of M1 recep-
tors on the inhibitory prejunctional (or presynaptic) neurons, 
thus permitting increased ACh release. Higher doses of atro-
pine cause a progressive increase in heart rate by blocking 
M2 receptors on the sinoatrial node.

d. Secretions: Atropine blocks muscarinic receptors in the 
salivary glands, producing dryness of the mouth (xerosto-
mia). The salivary glands are exquisitely sensitive to atro-
pine. Sweat and lacrimal glands are similarly affected.  

Figure 5.3
Competition of atropine and  
scopolamine with acetylcholine for 
the muscarinic receptor.
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Figure 5.4
Dose-dependent effects of atropine.
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136 5. Cholinergic Antagonists

[Note: Inhibition of secretions of sweat glands can cause ele-
vated body temperature, which can be dangerous in children 
and the elderly.]

2. Therapeutic uses:

a. Ophthalmic: Topical atropine exerts both mydriatic and 
cycloplegic effects, and it permits the measurement of refrac-
tive errors without interference by the accommodative capac-
ity of the eye. Short-acting antimuscarinics (cyclopentolate 
[sye-kloe-PEN-toe-late] and tropicamide [troe-PIK-a-mide]) 
have largely replaced atropine due to prolonged mydriasis 
observed with atropine (7 to 14 days vs. 6 to 24 hours with 
other agents). [Note: Phenylephrine or similar α-adrenergic 
drugs are preferred for pupillary dilation if cycloplegia is not 
required.]

b. Antispasmodic: Atropine is used as an antispasmodic agent 
to relax the GI tract.

c. Cardiovascular: The drug is used to treat bradycardia of 
varying etiologies.

d. Antisecretory: Atropine is sometimes used as an antisecre-
tory agent to block secretions in the respiratory tract prior 
to surgery. [Note: Glycopyrrolate (see in the following text) is 
also used for this indication.]

e. Antidote for cholinergic agonists: Atropine is used for the 
treatment of organophosphate (insecticides, nerve gases) 
poisoning, of overdose of clinically used anticholinesterases 
such as physostigmine, and in some types of mushroom poi-
soning (certain mushrooms contain cholinergic substances 
that block cholinesterases). Atropine, pralidoxime (2-PAM), 
and benzodiazepines (diazepam) are the mainstays of med-
ical therapy in organophosphate (OP) poisoning. Massive 
doses of atropine may be required over a long period to 
achieve adequate atropinization quickly. Typically a doubling 
approach is used, with escalation of doses from 1 to 2 mg,  
4 mg, 8 mg, 16 mg, and so on. The main concern with  
OP toxicity is respiratory failure from excessive airway secre-
tions; therefore, adequate oxygenation and dried pulmo-
nary secretions are considered endpoint for atropinization. 
Tachycardia and mydriasis must not be used to limit or to 
stop subsequent doses of atropine. The ability of atropine to 
enter the central nervous system (CNS) is of particular impor-
tance in treating central toxic effects of anticholinesterases. 
Glycopyrrolate does not cross the blood–brain barrier and 
cannot treat the central effects of OP poisoning. Pralidoxime, 
an antidote for OP AChE pesticide poisoning, reactivates 
the phosphorylated AChE by binding to the OP molecule 
and reverses muscle paralysis but is not effective once the 
OP compound has aged. Pralidoxime is administered con-
comitantly with atropine within 48 hours of OP poisoning to 
reverse muscle paralysis. Pralidoxime does not significantly 
relieve depression of the respiratory center or decrease mus-
carinic effects of AChE poisoning. For further details, refer to 
the chapter on toxicology. 
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137II. Antimuscarinic Agents

3. Pharmacokinetics: Atropine is readily absorbed, partially metab-
olized by the liver, and eliminated primarily in urine. It has a 
 half-life of about 4 hours.

4. Adverse effects: Depending on the dose, atropine may cause 
dry mouth, blurred vision, “sandy eyes,” tachycardia, urinary 
retention, and constipation. Effects on the CNS include restless-
ness, confusion, hallucinations, and delirium, which may progress 
to depression, collapse of the circulatory and respiratory sys-
tems, and death. Low doses of cholinesterase inhibitors, such 
as physostigmine, may be used to overcome atropine toxicity. 
Atropine may also induce troublesome urinary retention. The drug 
may be dangerous in children, because they are sensitive to its 
effects, particularly to rapid increases in body temperature.

 The adverse effects of antimuscarinic agents are extensions of 
pharmacologic actions and include mydriasis, cycloplegia, dry 
eyes, tachycardia, dry mouth, elevated temperature, dry skin, 
urine retention, agitation, hallucinations, and delirium. A common 
mnemonic for the main features of anticholinergic syndrome is as 
follows:

• Blind as a bat (dilated pupils)

• Red as a beet (vasodilation/flushing)

• Hot as a hare (hyperthermia)

• Dry as a bone (dry skin)

• Mad as a hatter (hallucinations/agitation)

• Bloated as a toad (ileus, urinary retention)

• And the heart runs alone (tachycardia)

The adverse effects of antimuscarinic drugs are more pro-
nounced in children and the elderly. which limit tolerability of 
these agents. Extended-release formulations and the transder-
mal patch have a lower incidence of adverse effects and may 
be better tolerated. Trospium is a quaternary compound that 
minimally crosses the blood–brain barrier and has fewer CNS 
effects than do other agents, making it a preferred choice in 
treating overactive bladder in patients with dementia. Important 
characteristics of the muscarinic antagonists are summarized in  
Figure 5.5.

Acute anticholinergic syndrome is reversible and subsides once 
all of the causative agents have been excreted; therefore, symp-
tomatic treatment is recommended. Reversible acetylcholinester-
ase  inhibitor  agents such as  physostigmine can be used as an 
antidote in life-threatening cases. Its wider use is discouraged 
due to the significant side effects related to cholinergic excess 
including seizures, muscle weakness, bradycardia, bronchoc-
onstriction, lacrimation, salivation, bronchorrhea, vomiting, and 
diarrhea. Neostigmine is used to treat poisoning with quaternary 
 antimuscarinic agents. 

B. Scopolamine

 Scopolamine [skoe-POL-a-meen], another tertiary amine plant alkaloid, 
produces peripheral effects similar to those of atropine. However, sco-
polamine has greater action on the CNS (unlike atropine, CNS effects 

Constipation

Mydriasis

Confusion

Blurred
vision

Urinary
Retention

Figure 5.5
Adverse effects commonly observed 
with muscarinic antagonists.
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138 5. Cholinergic Antagonists

are observed at therapeutic doses) and a longer duration of action as 
compared to atropine. It has some special actions as indicated below.

1. Actions: Scopolamine is one of the most effective antimotion 
sickness drugs available (Figure 5.6). It also has the unusual effect 
of blocking short-term memory. In contrast to atropine, scopol-
amine produces sedation, but at higher doses, it can produce 
excitement. Scopolamine may produce euphoria and is suscepti-
ble to abuse.

2. Therapeutic uses: Scopolamine is used for the prevention of 
motion sickness and postoperative nausea and vomiting. For 
motion sickness, it is available as a topical patch that provides 
effects for up to 3 days. [Note: As with all drugs used for motion 
sickness, it is much more effective prophylactically than for treat-
ing motion sickness once it occurs.]

3. Pharmacokinetics and adverse effects: These aspects are sim-
ilar to those of atropine, with the exception of longer half-life.

C. Aclidinium, glycopyrrolate, ipratropium, and tiotropium 

 Ipratropium [i-pra-TROE-pee-um] and tiotropium [ty-oh-TROPE- ee-um] 
are quaternary derivatives of atropine, and glycopyrrolate [glye-koe-
PYE-roe-late] and aclidinium [a-kli-DIN-ee-um] are synthetic  quaternary 
compounds. Ipratropium is classified as a short-acting muscarinic 
antagonist (SAMA), while glycopyrrolate, tiotropium, and aclidinium are 
classified as long-acting muscarinic antagonists (LAMAs) based on 
the duration of action. These agents are approved as bronchodilators 
for maintenance treatment of bronchospasm associated with chronic 
obstructive pulmonary disease (COPD). Ipratropium and tiotropium 
are also used in the acute management of bronchospasm in asthma 
and chronic management of asthma, respectively (see Chapter 41). All 
of these agents are delivered via inhalation. Because of the positive 
charge, these drugs do not enter the systemic circulation or the CNS, 
restricting effects to the pulmonary system. 

D. Tropicamide and cyclopentolate

 These agents are used as ophthalmic solutions for mydriasis and 
cycloplegia. Their duration of action is shorter than that of atropine. 
Tropicamide produces mydriasis for 6 hours and cyclopentolate for 
24 hours.

E. Benztropine and trihexyphenidyl

 Benztropine and trihexyphenidyl are useful as adjuncts with other anti-
parkinson agents to treat Parkinson disease (see Chapter 8) and other 
types of parkinsonian syndromes, including antipsychotic-induced 
extrapyramidal symptoms.

F.  Oxybutynin and other antimuscarinic agents 
for overactive bladder

 Oxybutynin [ox-i-BYOO-ti-nin], darifenacin [dar-e-FEN-a-sin], fesoter-
odine [fes-oh-TER-oh-deen], solifenacin [sol-ee-FEN-a-sin], toltero-
dine [tol-TER-oh-deen], and trospium [TROSE pee um] are synthetic 
atropine-like drugs with antimuscarinic actions.

For nausea
due to . . . 

Motion
sickness

Scopolamine

Figure 5.6
Scopolamine is an effective  
anti–motion sickness agent.
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139III. Ganglionic Blockers

1. Actions: By competitively blocking muscarinic (M3) recep-
tors in the bladder, intravesical pressure is lowered, bladder 
capacity is increased, and the frequency of bladder contrac-
tions is reduced. Antimuscarinic actions at M3 receptors in the 
GI tract, salivary glands, CNS, and eye may cause adverse 
effects. Darifenacin and solifenacin are relatively more selective 
M3 muscarinic receptor antagonists; however, the other drugs 
are mainly nonselective muscarinic antagonists, and binding to 
other muscarinic receptor subtypes may contribute to adverse 
effects. 

2. Therapeutic uses: These agents are used for the management 
of overactive bladder and urinary incontinence. Oxybutynin is also 
used in patients with neurogenic bladder.

3. Pharmacokinetics: All of the agents are available in oral dos-
age forms. Most agents have a long half-life, which allows once-
daily administration. [Note: Immediate-release oxybutynin and 
tolterodine must be dosed two or more times daily; however, 
 extended-release formulations of these agents allow for once-
daily dosing.] Oxybutynin is also available in a transdermal patch 
and topical gel formulation. These drugs are hepatically metab-
olized by the cytochrome P450 system (primarily CYP 3A4 and 
2D6), with the exception of trospium, which is thought to undergo 
ester hydrolysis.

4. Contraindications: The parasympathetic and sympathetic sys-
tems counterbalance each other in order to maintain physiolog-
ical equilibrium. Depression of the parasympathetic system may 
inadvertently cause stimulation of the sympathetic system. This 
dual-opposing action warrants caution in many conditions which 
are as follows:

• Glaucoma, particularly angle-closure glaucoma—the antimus-
carinic drug effect of pupil dilatation may increase intraocular 
pressure. 

• Urinary obstruction and sphincter contraction may cause uri-
nary retention in benign prostatic hypertrophy.

• GI tract obstruction—paralytic ileus, stenosing peptic ulcer, and 
toxic megacolon may be intensified by slowing of the GI activity. 

• Compromised cardiac function—tachycardia may result from 
inhibition of the parasympathetic stimulation.

Antimuscarinic drugs should be used with caution in the elderly 
people and in those with autonomic neuropathy. Caution is also 
advised in hiatus hernia with reflux esophagitis and in hepatic 
impairment and renal impairment. The adverse effects of antimus-
carinic agents may be exacerbated when given with antihista-
mines, antiparkinsonism drugs, monoamine oxidase inhibitors, or 
tricyclic antidepressants. Figure 5.7 summarizes the therapeutic 
use of cholinergic antagonists. 

III. GANGLIONIC BLOCKERS

Ganglionic blockers specifically act on the nicotinic receptors of both 
parasympathetic and sympathetic autonomic ganglia. Some also block the 
ion channels of the autonomic ganglia. These drugs show no selectivity 
toward the parasympathetic or sympathetic ganglia and are not effective 
as neuromuscular antagonists. Thus, these drugs block the entire output 

Figure 5.7
Summary of cholinergic antagonists. 
*Contraindicated in angle-closure glau-
coma. GI = gastrointestinal; COPD = 
chronic obstructive pulmonary disease.
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140 5. Cholinergic Antagonists

of the autonomic nervous system at the nicotinic receptor. Except for nic-
otine, the other drugs mentioned in this category are nondepolarizing, 
competitive antagonists. The responses of the nondepolarizing blockers 
are complex and mostly unpredictable. Therefore, ganglionic blockade 
is rarely used therapeutically, but often serves as a tool in experimental 
pharmacology.

A. Nicotine

 A component of cigarette smoke, nicotine [NIK-oh-teen] is a poison 
with many undesirable actions. It is without therapeutic benefit and 
is deleterious to health. Depending on the dose, nicotine depolarizes 
autonomic ganglia, resulting first in stimulation and then in paralysis 
of all ganglia. The stimulatory effects are complex and result from 
increased release of neurotransmitters (Figure 5.8), due to effects on 
both sympathetic and parasympathetic ganglia (see Chapter 16 for a 
full discussion of nicotine).

IV. NEUROMUSCULAR-BLOCKING AGENTS

These drugs block cholinergic transmission between motor nerve end-
ings and the nicotinic receptors on skeletal muscle (Figure 5.2). They 
possess some chemical similarities to ACh, and act either as antagonists 
(nondepolarizing) or as agonists (depolarizing) at the receptors on the 
endplate of the NMJ. Neuromuscular blockers (NMBs) are clinically useful 
to facilitate rapid intubation when needed due to respiratory failure (rapid 
sequence intubation). During surgery, they are used to facilitate endotra-
cheal intubation and provide complete muscle relaxation at lower anes-
thetic doses. This increases the safety of anesthesia by allowing patients 
to recover quickly and completely. NMBs should not substitute for inad-
equate anesthesia. NMBs are also used in the intensive care unit (ICU) 
as adjuvant therapy to facilitate intubation and mechanical ventilation in 
critically ill patients. 

A. Nondepolarizing (competitive) blockers

 The first known NMB was curare [kyoo-RAH-ree], which Amazon 
hunters used to paralyze prey. The development of tubocurarine 
[too-boe-kyoo-AR-een] followed, but it has been replaced by agents 
with fewer adverse effects, such as cisatracurium [cis-a-trah-CURE-
ih-um], mivacurium [mi-vah-KYOO-ree-um], pancuronium [pan-kure-
OH-nee-um], rocuronium [roe-kyoor-OH-nee-um], and vecuronium 
[ve-KYOO-roe-nee-um]. 

1. Mechanism of action:

a. At low doses: NMBs competitively block ACh at the nico-
tinic receptors (Figure 5.9). They compete with ACh at the 
receptor without stimulating it, thus preventing depolariza-
tion of the muscle cell membrane and inhibiting muscular 
contraction. Their competitive action can be overcome by 
administration of cholinesterase inhibitors, such as neostig-
mine and edrophonium, which increase the concentration of 
ACh in the neuromuscular junction. Clinicians employ this 

Dopamine

Norepinephrine

Acetylcholine

Glutamate

Serotonin

β-Endorphin

GABA

Pleasure, appetite suppression

Arousal, appetite suppression

Arousal, cognitive enhancement

Learning, memory enhancement

Mood modulation, appetite 
suppression

Reduction of anxiety and tension

Reduction of anxiety and tension

Nicotine

Figure 5.8
Neurochemical effects of nicotine. 
GABA = γ-aminobutyric acid.

Figure 5.9
Mechanism of action of competitive 
neuromuscular-blocking drugs.
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LIR_CH05.indd   140 09/10/18   12:53 PM



141IV. Neuromuscular-Blocking Agents

strategy to shorten the duration of neuromuscular blockade.  
In addition, at low doses the muscle responds to direct elec-
trical stimulation from a peripheral nerve stimulator to varying 
degrees, allowing for monitoring of the extent of neuromus-
cular blockade.

b. At high doses: Nondepolarizing agents can block the ion 
channels of the motor endplate. This leads to further weak-
ening of neuromuscular transmission, reducing the ability of 
cholinesterase inhibitors to reverse the actions of the non-
depolarizing blockers. With complete blockade, the muscle 
does not respond to direct electrical stimulation.

2. Actions: Muscles have differing sensitivity to blockade by com-
petitive agents. Small, rapidly contracting muscles of the face 
and eye are most susceptible and are paralyzed first, followed by 
the fingers, limbs, neck, and trunk muscles. Next, the intercos-
tal muscles are affected and, lastly, the diaphragm. The muscles 
recover in the reverse manner. [Note: Sugammadex is a selective 
relaxant-binding agent that terminates the action of both rocuro-
nium and vecuronium and can be used to speed recovery (see 
Chapter 13).]

3. Pharmacokinetics: All NMBs are injected intravenously or occa-
sionally intramuscularly. These agents possess two or more qua-
ternary amines in their bulky ring structure that prevent absorption 
from the gut. They penetrate membranes very poorly and do not 
enter cells or cross the blood–brain barrier. Drug action is termi-
nated in a variety of ways. (Figure 5.10). Pancuronium is excreted 
unchanged in urine. Cisatracurium undergoes organ-independent 
metabolism (via Hofmann elimination) to laudanosine, which is 
further metabolized and renally excreted. The amino steroid drugs 
vecuronium and rocuronium are deacetylated in the liver and 
excreted unchanged in bile. Mivacurium is eliminated by plasma 
cholinesterase. The choice of agent depends on the desired onset 
and duration of muscle relaxation, and the route of elimination. 
Characteristics of the neuromuscular-blocking drugs are shown in 
Figure 5.11.

4. Adverse effects: In general, these agents are safe with minimal 
side effects. The adverse effects of the specific NMBs are shown 
in Figure 5.11.

5. Drug interactions:

a. Cholinesterase inhibitors: Drugs such as neostigmine, 
physostigmine, pyridostigmine, and edrophonium can over-
come the action of nondepolarizing NMBs. However, with 
increased dosage, cholinesterase inhibitors can cause a depo-
larizing block due to elevated ACh concentrations at the end-
plate membrane. If the NMB has entered the ion channel (is 
bound to the receptor), cholinesterase inhibitors are not as 
effective in overcoming blockade.

b. Halogenated hydrocarbon anesthetics: Drugs such as des-
flurane act to enhance neuromuscular blockade by exerting a 
stabilizing action at the NMJ. These agents sensitize the NMJ 
to the effects of NMBs.

IV

Neuromuscular-blocking
drugs

NMB drugs 
minimally 
absorbed 
when given 
orally

Most drugs 
excreted primarily
unchanged in urine

Vecuronium
and rocuronium
and metabolites
appear mainly
in bile

Most drugs 
excreted primarily
unchanged in urine

Vecuronium
and rocuronium
and metabolites
appear mainly
in bile

Figure 5.10
Pharmacokinetics of the neuromus-
cular-blocking drugs. Cisatracurium 
undergoes organ-independent 
elimination. Mivacurium and succinyl-
choline are metabolized by plasma 
cholinesterase. IV = intravenous.
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142 5. Cholinergic Antagonists

c. Aminoglycoside antibiotics: Drugs such as gentamicin and 
tobramycin inhibit ACh release from cholinergic nerves by 
competing with calcium ions. They synergize with competitive 
blockers, enhancing neuromuscular blockade.

d. Calcium channel blockers: These agents may increase the 
neuromuscular blockade of competitive blockers.

B. Depolarizing agents

 Depolarizing blocking agents work by depolarizing the plasma mem-
brane of the muscle fiber, similar to the action of ACh. However, 
these agents are more resistant to degradation by acetylcholinester-
ase (AChE) and can more persistently depolarize the muscle fibers. 
Succinylcholine [suk-sin-il-KOE-leen] is the only depolarizing muscle 
relaxant in use today.

1. Mechanism of action: Succinylcholine attaches to the nic-
otinic receptor and acts like ACh to depolarize the junction 
(Figure 5.12). Unlike ACh, which is instantly destroyed by AChE, 
the depolarizing agent persists at high concentrations in the 
synaptic cleft, remaining attached to the receptor for a longer 
time and providing sustained depolarization of the muscle cell. 
[Note: The duration of action is dependent on diffusion from the 
motor endplate and hydrolysis by plasma cholinesterase (also 
called butyrylcholinesterase or pseudocholinesterase). Genetic 
variants in which plasma cholinesterase levels are low or absent 
lead to prolonged neuromuscular paralysis.] The depolarizing 
agent first causes opening of the sodium channel associated 
with nicotinic receptors, which results in depolarization of the 
receptor (Phase I). This leads to a transient twitching of the 
muscle (fasciculations). Continued binding of the depolariz-
ing agent renders the receptor incapable of transmitting fur-
ther impulses. With time, continuous depolarization gives way 
to gradual repolarization as the sodium channel closes or is 
blocked. This causes a resistance to depolarization (Phase II) 
and flaccid paralysis.

2. Actions: As with the competitive blockers, the respiratory mus-
cles are paralyzed last. Succinylcholine initially produces brief 
muscle fasciculations that cause muscle soreness. This may be 
prevented by administering a small dose of nondepolarizing NMB 
prior to succinylcholine. Normally, the duration of action of succi-
nylcholine is extremely short, due to rapid hydrolysis by plasma 
cholinesterase. However, succinylcholine that reaches the NMJ is 
not metabolized, allowing the agent to bind to nicotinic recep-
tors, and redistribution to plasma is necessary for metabolism. 
In patients with pseudocholinesterase deficiency, abnormally slow 
metabolic degradation of succinylcholine and  mivacurium leads 
to  prolonged muscular paralysis, resulting in the extended need 
for mechanical ventilation.   A variety of pathologic conditions, 
physiologic alterations, and medications also can lower plasma 
pseudocholinesterase activity.

Time to maximal blockade (min)
Time to recover 25% of maximal 
response (min)

Cisatracurium

2
40Atracurium

3
90

Rocuronium

Vecuronium
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2
44

Pancuronium 3
86

Succinyl-
choline

1.1
8

Cisatracurium spontaneously 
degrades in plasma. It is often used
in patients with multisystem organ 
failure because its metabolism 
is independent of hepatic or renal 
function. Cisatracurium is useful in 
mechanical ventilation of critically 
ill patients.

Postoperative muscle pain is 
common; hyperkalemia and 
increased intraocular and 
intragastric pressure may 
occur. Drug may trigger 
malignant hyperthermia.
Rapid onset makes succinyl-
choline useful for tracheal 
intubation in patients with 
gastric contents.

Vagolytic (increased heart rate)

Figure 5.11
Onset and duration of action of  
neuromuscular-blocking drugs.
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3. Therapeutic uses: Because of its rapid onset of action, succinyl-
choline is useful when rapid endotracheal intubation is required. It 
is also used during electroconvulsive shock treatment.

4. Pharmacokinetics: Succinylcholine is injected intravenously. Its 
brief duration of action results from redistribution and rapid hydro-
lysis by plasma cholinesterase. Drug effects rapidly disappear 
upon discontinuation.

5. Adverse effects:

a. Hyperthermia: Succinylcholine can potentially induce malig-
nant hyperthermia in susceptible patients (see Chapter 13).

b. Apnea: Administration of succinylcholine to a patient who 
is deficient in plasma cholinesterase or has an atypical form 
of the enzyme can lead to prolonged apnea due to paral-
ysis of the diaphragm. The rapid release of potassium may 
also contribute to prolonged apnea in patients with electrolyte 
imbalances. In patients with electrolyte imbalances receiving 
digoxin or diuretics (such as heart failure patients), succinyl-
choline should be used cautiously or not at all.

c. Hyperkalemia: Succinylcholine increases potassium release 
from intracellular stores. This may be particularly dangerous 
in burn patients, in patients with massive tissue damage in 
which potassium has been rapidly lost, or in patients with 
renal failure.

Nicotinic receptor at a
neuromuscular junction

Succinyl-
choline

Succinyl-
choline

+
Na

+
Na

+ + + + ++++

+ + + +++

-- - - - ---

-- - - - ---

Succinyl-
choline

+
Na

PHASE I
Membrane depolarizes, resulting
in an initial discharge that
produces transient fasciculations
followed by �accid paralysis.

Succinyl-
choline

+ + + + ++++

PHASE II
Membrane repolarizes, but 
receptor is desensitized
to the e�ect of acetylcholine.

Depolarized

Repolarized

Figure 5.12
Mechanism of action of depolarizing 
neuromuscular-blocking drugs.

Study Questions

Choose the ONE best answer.

 5.1 During an ophthalmic surgical procedure, the sur-
geon wanted to constrict the pupil using a miotic 
drug. However, he accidentally used another drug 
that caused dilation of the pupil (mydriasis). Which 
drug was most likely used?

A. Acetylcholine

B. Pilocarpine

C. Tropicamide

D. Bethanechol

Correct answer = C. Muscarinic agonists such as 
ACh, pilocarpine, and bethanechol contract the cir-
cular muscles of iris sphincter and cause constriction 
of the pupil (miosis), whereas muscarinic antagonists 
such as tropicamide prevent contraction of the circu-
lar muscles of the iris and cause dilation of the pupil 
(mydriasis). 
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144 5. Cholinergic Antagonists

 5.2 Sarin is a nerve gas that is an organophosphate 
cholinesterase inhibitor. Which agent could be used 
as an antidote to sarin poisoning?

A. Pilocarpine

B. Carbachol

C. Atropine

D. Physostigmine

 5.3 A patient with Alzheimer disease needs treatment 
for overactive bladder (OAB). Which drug is the best 
choice for this patient?

A. Darifenacin

B. Solifenacin

C. Tolterodine

D. Trospium

 5.4 A patient with asthma was prescribed a β2 ago-
nist for acute relief of bronchospasm, but did not 
respond to treatment. Which drug is the most likely 
next option for this patient?

A. Benztropine

B. Ipratropium

C. Oxybutynin

D. Physostigmine

 5.5 A 50-year-old male who is noncompliant with 
medications was recently diagnosed with chronic 
obstructive pulmonary disease (COPD). His physi-
cian would like to prescribe an inhaled anticholiner-
gic that is dosed once or twice daily. Which drug is 
most appropriate for this patient?

A. Atropine

B. Ipratropium

C. Tiotropium

D. Trospium

 5.6 Which is the most effective anti–motion sickness 
drug for a person planning to go on a cruise?

A. Atropine

B. Fesoterodine

C. Scopolamine

D. Tropicamide

Correct answer = C. Sarin is an organophosphate 
cholinesterase inhibitor. It causes an increase in 
ACh levels in tissues that leads to cholinergic crisis 
through activation of muscarinic and nicotinic recep-
tors. Most symptoms of cholinergic crisis are medi-
ated by muscarinic receptors and, therefore, the 
muscarinic antagonist atropine is used as an antidote 
for sarin poisoning. Cholinergic agonists such as pilo-
carpine, carbachol, and physostigmine (indirect ago-
nists) worsen symptoms of sarin poisoning.

Correct answer = D. All of agents for OAB except 
trospium cross the blood–brain barrier to various 
degrees, and could worsen dementia symptoms in 
Alzheimer disease. Trospium is a quaternary ammo-
nium compound that minimally crosses the blood–
brain barrier.

Correct answer = B. Major receptors present in the bron-
chial tissues are muscarinic and adrenergic-β2 recep-
tors. Muscarinic activation causes  bronchoconstriction, 
and β2 receptor activation causes bronchodilation. 
Therefore, direct or indirect (physostigmine) musca-
rinic agonists worsen bronchospasm. Ipratropium is a 
muscarinic antagonist that can relax bronchial smooth 
muscles and relieve bronchospasm in patients who are 
not responsive to β2 agonists. Benztropine is used in 
the treatment of Parkinson disease or relief of extrapy-
ramidal symptoms from antipsychotics. Oxybutynin is 
used for overactive bladder.

Correct answer = C. The physician should prescribe a 
long-acting muscarinic antagonist (LAMA) so that the 
patient has to inhale the medication only 1 or 2 times 
daily. Tiotropium is a LAMA, whereas ipratropium is a 
short-acting muscarinic antagonist (SAMA). Atropine 
and trospium are muscarinic antagonists, but are not 
indicated for pulmonary conditions such as asthma or 
COPD and are not available as inhaled formulations.

Correct answer = C. All muscarinic antagonists (anti-
cholinergic drugs) listed above are theoretically useful 
as anti–motion sickness drugs; however, scopolamine 
is the most effective in preventing motion sickness. 
Tropicamide mostly has ophthalmic uses, and feso-
terodine is used for overactive bladder.
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 5.7 Which is correct regarding ganglion-blocking drugs?

A. Blockade of sympathetic ganglia could result in 
reduced blood pressure.

B. Blockade of parasympathetic ganglia could 
result in reduced heart rate.

C. Nicotine is a nondepolarizing ganglion blocker.

D. Atropine is a nondepolarizing ganglion blocker.

 5.8 Which drug is useful in treating sinus bradycardia? 

A. Atropine

B. Cisatracurium

C. Neostigmine

D. Succinylcholine

 5.9 An ICU patient with severe lung injury requires a 
neuromuscular blocking agent to assist in his venti-
lator management. He has liver disease and is cur-
rently in renal failure. Which neuromuscular blocker 
is the best choice for this patient?

A. Cisatracurium

B. Pancuronium

C. Vecuronium

D. Rocuronium

5.10 Where would you expect to see the first return of 
function in skeletal muscles following discontinua-
tion of a nondepolarizing neuromuscular blocking 
agent?

A. Arms

B. Diaphragm

C. Fingers

D. Pupils

Correct answer = A. Selective blockade (in theory) of 
the sympathetic ganglion causes reduction in norepi-
nephrine release and, therefore, reduction in heart rate 
and blood pressure. Selective blockade (in theory) of 
the parasympathetic ganglion causes reduction in 
ACh release and an increase in heart rate. Receptors 
at both sympathetic and parasympathetic ganglia are 
of the nicotinic type. Nicotine is an agonist at nico-
tinic receptors and produces a depolarizing block in 
the ganglia. Atropine is a muscarinic antagonist and 
has no effect on the nicotinic receptors found in the 
ganglia.

Correct answer = A. Sinus bradycardia is a condition 
where the heart rate is below normal, and most often 
caused by increased vagal tone [increased release 
of ACh in the sinoatrial (SA) node that acts on mus-
carinic receptors to reduce heart rate]. A muscarinic 
antagonist such as atropine is useful in this situation 
to bring the heart rate back to normal. Succinylcholine 
and cisatracurium are nicotinic antagonists and have 
no effect on muscarinic receptors in the SA node. 
Neostigmine is a cholinesterase inhibitor and can 
worsen bradycardia by increasing the level of ACh in 
the SA node.

Correct answer = A. Pancuronium is renally elim-
inated and the patient has renal failure. Vecuronium 
and rocuronium are hepatically metabolized and the 
patient has liver disease. Cisatracurium is cleared by 
organ-independent metabolism (Hofmann elimination).

Correct answer = C. Following administration of a neu-
romuscular blocker, the facial muscles are impacted 
first, but the pupils are not controlled by skeletal 
muscle and are not affected. The fingers and arms 
would be next, with the diaphragm function lost last. 
Function returns in the opposite order, so function of 
the diaphragm returns first. 
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I. OVERVIEW

The adrenergic drugs affect receptors that are stimulated by norepineph-
rine (noradrenaline) or epinephrine (adrenaline). These receptors are known 
as adrenergic receptors or adrenoceptors. Drugs that activate adrenergic 
receptors are termed sympathomimetics, and drugs that block activation of 
adrenergic receptors are termed sympatholytics. Some sympathomimetics 
directly activate adrenergic receptors (direct-acting agonists), while others 
act indirectly by enhancing release or blocking reuptake of norepinephrine 
(indirect-acting agonists). This chapter describes agents that either directly 
or indirectly stimulate adrenoceptors (Figure 6.1). Sympatholytic drugs are 
discussed in Chapter 7.

147

Adrenergic Agonists
Rajan Radhakrishnan 6

Figure 6.1
Summary of adrenergic agonists. 

ADRENERGIC DRUGS

DIRECT ACTING MIXED ACTING INDIRECT ACTING

a Agonists

Nonselective (a1, a2)
• Epinephrine
• Norepinephrine
Selective (a1, a2)
• a1 agonists

– Phenylephrine
– Methexamine

• a2 agonists 
– Clonidine
– Guanfacine
– Guanabenz

• Ephedrine
• Mephentermine
• Metaraminol

Releasing agents
• Amphetamine
• Tyramine
Uptake inhibitor
• Cocaine
MAO inhibitor
• Selegiline
COMT inhibitor
• Entacapone

b Agonists

Nonselective (b1, b2)
• Isoproterenol
• Epinephrine
Selective
• b1 agonist

– Dopamine
• b2 agonists

– Terbutaline
– Salbutamol
– Ritodrine
– Salmeterol
– Fenoterol

COMT= catechol-O-methyltransferase; MAO = monoamine oxidase inhibitor; Selective ≈ 50–100 fold.
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148 6. Adrenergic Agonists

II. THE ADRENERGIC NEURON

Adrenergic neurons release norepinephrine as the primary neurotransmit-
ter. These neurons are found in the central nervous system (CNS) and in 
the sympathetic nervous system, where they serve as links between gan-
glia and the effector organs. Adrenergic drugs act on adrenergic receptors, 
located either presynaptically on the neuron or postsynaptically on the 
effector organ (Figure 6.2).

A. Neurotransmission at adrenergic neurons

 Neurotransmission in adrenergic neurons closely resembles that 
described for the cholinergic neurons (see Chapter 4), except that 
norepinephrine is the neurotransmitter instead of acetylcholine. 
Neurotransmission involves the following steps: synthesis, storage, 
release, and receptor binding of norepinephrine, followed by removal 
of the neurotransmitter from the synaptic gap (Figure 6.3).

1. Synthesis of norepinephrine: Tyrosine is transported by a car-
rier into the adrenergic neuron, where it is hydroxylated to dihy-
droxyphenylalanine (DOPA) by tyrosine hydroxylase. This is the 
rate-limiting step in the formation of norepinephrine. DOPA is then 
decarboxylated by the enzyme aromatic L-amino acid decarbox-
ylase to form dopamine in the presynaptic neuron.

2. Storage of norepinephrine in vesicles: Dopamine is then trans-
ported into synaptic vesicles by an amine transporter system. 
This carrier system is blocked by reserpine (see Chapter 7). Next, 
dopamine is hydroxylated to form norepinephrine by the enzyme 
dopamine β-hydroxylase.

3. Release of norepinephrine: An action potential arriving at the 
nerve junction triggers an influx of calcium ions from the extracel-
lular fluid into the cytoplasm of the neuron. The increase in cal-
cium causes synaptic vesicles to fuse with the cell membrane and 
to undergo exocytosis and expel their contents into the synapse. 
Drugs such as guanethidine block this release.

4. Binding to receptors: Norepinephrine released from the synaptic 
vesicles diffuses into the synaptic space and binds to postsynap-
tic receptors on the effector organ or to presynaptic receptors on 
the nerve ending. Binding of norepinephrine to receptors triggers a 
cascade of events within the cell, resulting in the formation of intra-
cellular second messengers that act as links (transducers) in the 
 communication between the neurotransmitter and the action gen-
erated within the effector cell. Adrenergic receptors use both the 
cyclic adenosine monophosphate (cAMP) second messenger sys-
tem and the phosphatidylinositol cycle to transduce the signal into 
an effect. Norepinephrine also binds to presynaptic receptors (mainly 
α2  subtype) that modulate the release of the neurotransmitter.

5. Removal of norepinephrine: Norepinephrine may 1) diffuse out of 
the synaptic space and enter the systemic circulation; 2) be metab-
olized to inactive metabolites by catechol-O-methyltransferase 
(COMT) in the synaptic space; or 3) undergo reuptake back into the 
neuron. The reuptake by the neuronal membrane involves a sodium- 
chloride (Na+/Cl−)-dependent norepinephrine transporter that can be 
inhibited by tricyclic antidepressants (TCAs) such as imipramine, by 

NorepinephrineEpinephrine released
into the blood

E�ector organs

Adrenergic
receptor

Adrenergic
receptor

Nicotinic
receptor

Nicotinic
receptor

Adrenal medulla

Figure 6.2
Sites of actions of adrenergic 
agonists.
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149II. The Adrenergic Neuron

serotonin–norepinephrine reuptake inhibitors such as duloxetine, or 
by cocaine. Reuptake of norepinephrine into the presynaptic neuron 
is the primary mechanism for termination of its effects.

6. Potential fates of recaptured norepinephrine: Once norepineph-
rine re-enters the adrenergic neuron, it may be taken up into  synaptic 
vesicles via the amine transporter system and be sequestered for 

Figure 6.3
Synthesis and release of norepinephrine from the adrenergic neuron. MAO = monoamine oxidase, SNRI =  serotonin- 
norepinephrine reuptake inhibitor.
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150 6. Adrenergic Agonists

release by another action potential, or it may persist in a protected 
pool in the cytoplasm. Alternatively, norepinephrine can be oxidized 
by monoamine oxidase (MAO) present in neuronal mitochondria.

B. Adrenergic receptors (adrenoceptors)

 In the sympathetic nervous system, several classes of adrenoceptors 
can be distinguished pharmacologically. Two main families of recep-
tors, designated α and β, are classified based on response to the 
adrenergic agonists epinephrine, norepinephrine, and isoproterenol. 
Both the α and β receptor types have a number of specific receptor 
subtypes. Alterations in the primary structure of the receptors influ-
ence their affinity for various agents.

1. a-Adrenoceptors: The α-adrenoceptors show a weak response 
to the synthetic agonist isoproterenol, but they are responsive to 
the naturally occurring catecholamines epinephrine and norepi-
nephrine (Figure 6.4). For α receptors, the rank order of potency 
and affinity is epinephrine ≥ norepinephrine >> isoproterenol. 
The α-adrenoceptors are divided into two subtypes, α1 and α2, 
based on their affinities for α agonists and antagonists. For exam-
ple, α1 receptors have a higher affinity for phenylephrine than α2 
 receptors. Conversely, the drug clonidine selectively binds to  
α2 receptors and has less effect on α1 receptors. 

a. a1 Receptors: These receptors are present on the postsynaptic 
membrane of the effector organs and mediate many of the clas-
sic effects, originally designated as α-adrenergic, involving con-
striction of smooth muscle. Activation of α1 receptors initiates 
a series of reactions through the G protein activation of phos-
pholipase C, ultimately resulting in the generation of second 
messengers inositol-1,4,5- trisphosphate (IP3) and diacylglycerol 
(DAG). IP3 initiates the release of Ca2+ from the endoplasmic 
reticulum into the cytosol, and DAG turns on other proteins 
within the cell (Figure 6.5).

b. a2 Receptors: These receptors are located primarily on sym-
pathetic presynaptic nerve endings and control the release 
of norepinephrine. When a sympathetic adrenergic nerve is 
stimulated, a portion of the released norepinephrine “circles 
back” and reacts with α2 receptors on the presynaptic mem-
brane (Figure 6.5). Stimulation of α2 receptors causes feed-
back inhibition and inhibits further release of norepinephrine 
from the stimulated adrenergic neuron. This inhibitory action 
serves as a local mechanism for modulating norepinephrine 
output when there is high sympathetic activity. [Note: In this 
instance, by inhibiting further output of norepinephrine from 
the adrenergic neuron, these receptors are acting as inhibi-
tory autoreceptors.] α2 Receptors are also found on presyn-
aptic parasympathetic neurons. Norepinephrine released from 
a presynaptic sympathetic neuron can diffuse to and interact 
with these receptors, inhibiting acetylcholine release. [Note: 
In these instances, these receptors are behaving as inhibi-
tory heteroreceptors.] This is another mechanism to modulate 
autonomic activity in a given area. In contrast to α1 receptors, 
the effects of binding at α2 receptors are mediated by inhibi-
tion of adenylyl cyclase and by a fall in the levels of intracel-
lular cAMP.

 Receptor

Epinephrine
Norepinephrine

Isoproterenol

 Receptor

β-Adrenoceptors

β

α

α-Adrenoceptors

Isoproterenol

High
a�nity

Low
a�nity

Epinephrine
Norepinephrine

High
a�nity

Low
a�nity

A

B

Figure 6.4
Types of adrenergic receptors.
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151II. The Adrenergic Neuron

c. Further subdivisions: The α1 and α2 receptors are further 
divided into α1A, α1B, α1C, and α1D and into α2A, α2B, and α2C. 
This extended classification is necessary for understanding 
the selectivity of some drugs. For example, tamsulosin is a 
selective α1A antagonist that is used to treat benign prostatic 
hyperplasia. The drug has fewer cardiovascular side effects 
because it targets α1A subtype receptors found primarily in 
the urinary tract and prostate gland and does not affect the 
α1B subtype found in the blood vessels.

2. b-Adrenoceptors: Responses of β receptors differ from those of 
α receptors and are characterized by a strong response to iso-
proterenol, with less sensitivity to epinephrine and norepineph-
rine (Figure 6.4). For β receptors, the rank order of potency is 
 isoproterenol > epinephrine > norepinephrine. The β-adrenoceptors  
can be subdivided into three major subgroups, β1, β2, and β3, 
based on their affinities for adrenergic agonists and antagonists. 
β1 receptors have approximately equal affinities for epinephrine 
and norepinephrine, whereas β2 receptors have a higher affinity 
for epinephrine than for norepinephrine. Thus, tissues with a pre-
dominance of β2 receptors (such as the vasculature of skeletal 
muscle) are particularly responsive to the effects of circulating 
epinephrine released by the adrenal medulla. β3 receptors are 
involved in lipolysis and also have effects on the detrusor muscle 
of the bladder. Binding of a neurotransmitter at any of the three 
types of β receptors results in activation of adenylyl cyclase and 
increased concentrations of cAMP within the cell.

3. Distribution of receptors: Adrenergically innervated organs and 
tissues usually have a predominant type of receptor. For example, 
tissues such as the vasculature of skeletal muscle have both α1 
and β2 receptors, but the β2 receptors predominate. Other tissues 
may have one type of receptor almost exclusively. For example, 
the heart contains predominantly β1 receptors.

4. Characteristic responses mediated by adrenoceptors: It is use-
ful to organize the physiologic responses to adrenergic  stimulation 
according to receptor type, because many drugs preferentially 
stimulate or block one type of receptor. Figure  6.6 summarizes 

Figure 6.5
Second messengers mediate the 
effects of α receptors. DAG = diacylg-
lycerol; IP3 = inositol trisphosphate; 
ATP = adenosine triphosphate;  
cAMP = cyclic adenosine 
monophosphate.

Synaptic
vesicle

Norepinephrine

ATP cAMP

Adenylyl 
cyclase

Membrane
phospho-
inositides

DAG

IP3

ATPTP AMcAMPP

Adenylyl 
cyclase

 α2 Receptors
Activation of the 
receptor decreases 
production of cAMP, 
leading to an inhibition 
of further release of 
norepinephrine from 
the neuron.

 Receptorα1

 Receptorα2

Membrane
phospho-
inositides IP33

Activation of the receptor increases
production of DAG and IP3, leading 
to an increase in intracellular 
calcium ions.

α1 Receptors

Ca 2+

+

Figure 6.6
Major effects mediated by α- and β-adrenoceptors.

Vasoconstriction

Increased peripheral
resistance

Increased blood pressure

Mydriasis

Increased closure of
internal sphincter of
the bladder

Tachycardia

Increased lipolysis

Increased myocardial
contractility

Increased release
of renin

Vasodilation 

Decreased peripheral 
resistance

Bronchodilation
Increased muscle
and liver glycogenolysis

Relaxed uterine
smooth muscle

Increased release 
of glucagon

Inhibition of 
norepinephrine 
release

Inhibition of acetylcholine 
release

Inhibition of 
insulin release

ADRENOCEPTORS

Inhibition of T h di

β1α2α1

Vasodilation

β2

LIR_CH06.indd   151 09/10/18   12:38 PM



152 6. Adrenergic Agonists

the most prominent effects mediated by the adrenoceptors. As a 
generalization, stimulation of α1 receptors characteristically pro-
duces vasoconstriction (particularly in skin and abdominal viscera) 
and an increase in total peripheral  resistance and blood pressure. 
Stimulation of β1 receptors characteristically causes cardiac stim-
ulation (increase in heart rate and  contractility), whereas stimu-
lation of β2 receptors produces vasodilation (in skeletal muscle 
vascular beds) and smooth muscle relaxation.

5. Desensitization of receptors: Prolonged exposure to the cat-
echolamines reduces the responsiveness of these receptors, a 
phenomenon known as desensitization. Three mechanisms have 
been suggested to explain this phenomenon: 1) sequestration 
of the receptors so that they are unavailable for interaction with 
the ligand; 2) down-regulation—that is, a disappearance of the 
receptors either by destruction or by decreased synthesis; and 
3) an inability to couple to G protein, because the receptor has 
been phosphorylated on the cytoplasmic side.

III. CHARACTERISTICS OF ADRENERGIC AGONISTS

Most adrenergic drugs are derivatives of β-phenylethylamine (Figure 6.7). 
Substitutions on the benzene ring or on the ethylamine side chains produce 
a variety of compounds with varying abilities to differentiate between α and 
β receptors and to penetrate the CNS. Two important structural features 
of these drugs are 1) the number and location of OH substitutions on the 
benzene ring and 2) the nature of the substituent on the amino nitrogen.

A. Catecholamines

 Sympathomimetic amines that contain the 3,4-dihydroxybenzene 
group (such as epinephrine, norepinephrine, isoproterenol, and dopa-
mine) are called catecholamines. These compounds share the follow-
ing properties:

1. High potency: Catecholamines show the highest potency in 
directly activating α or β receptors.

2. Rapid inactivation: Catecholamines are metabolized by COMT 
postsynaptically and by MAO intraneuronally, as well as by COMT 
and MAO in the gut wall, and by MAO in the liver. Thus, catechol-
amines have only a brief period of action when given parenterally, 
and they are inactivated (ineffective) when administered orally.

3. Poor penetration into the CNS: Catecholamines are polar and, 
therefore, do not readily penetrate into the CNS. Nevertheless, 
most catecholamines have some clinical effects (anxiety, tremor, 
and headaches) that are attributable to action on the CNS.

B. Noncatecholamines

 Compounds lacking the catechol hydroxyl groups have longer half-
lives, because they are not inactivated by COMT. These include phen-
ylephrine, ephedrine, and amphetamine (Figure 6.7). These agents are 
poor substrates for MAO (an important route of metabolism) and, 
thus, show a prolonged duration of action. Increased lipid solubility of 
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153III. Characteristics of Adrenergic Agonists

many of the noncatecholamines (due to lack of polar hydroxyl groups) 
permits greater access to the CNS.

C. Substitutions on the amine nitrogen

 The nature of the substituent on the amine nitrogen is important in 
determining β selectivity of the adrenergic agonist. For example, epi-
nephrine, with a –CH3 substituent on the amine nitrogen, is more 
potent at β receptors than norepinephrine, which has an  unsubstituted 
amine. Similarly, isoproterenol, which has an isopropyl substituent  
–CH (CH3)2 on the amine nitrogen (Figure 6.7), is a strong β agonist 
with little α activity (Figure 6.4).

D. Mechanism of action of adrenergic agonists

1. Direct-acting agonists: These drugs act directly on α or β recep-
tors, producing effects similar to those that occur following stim-
ulation of sympathetic nerves or release of epinephrine from the 
adrenal medulla (Figure 6.8). Examples of direct-acting agonists 
include epinephrine, norepinephrine, isoproterenol, dopamine, 
and phenylephrine.

2. Indirect-acting agonists: These agents may block the reuptake 
of norepinephrine or cause the release of norepinephrine from the 
cytoplasmic pools or vesicles of the adrenergic neuron (Figure 6.8).  
The norepinephrine then traverses the synapse and binds to  
α or β receptors. Examples of reuptake inhibitors and agents that 
cause norepinephrine release include cocaine and amphetamine, 
respectively.

3. Mixed-action agonists: Ephedrine and its stereoisomer, pseu-
doephedrine, both stimulate adrenoceptors directly and enhance 
release of norepinephrine from the adrenergic neuron (Figure 6.8).

E.  Indications and contraindications of adrenergic 
agonists (sympathomimetics)

 Sympathomimetics are used in conditions where it is appropriate to 
raise blood pressure by stimulating the heart and inducing vasocon-
striction. They are used for short-term treatment only in refractory heart 
failure, cardiogenic shock, and hypotension caused by hemorrhage or 
sepsis because of deleterious long-term adverse effects. The adverse 
effects are generally extensions of their pharmacological activity—that 
is, stimulation of the sympathetic adrenergic system. Overdose with 
epinephrine or other pressor agents may result in severe hypertension, 
cardiac arrhythmias due to excessive cardiac stimulation with possible 
cerebral hemorrhage, and pulmonary edema. Because of these rea-
sons, most of these drugs are high-alert drugs and are only used for 
short-term cardiovascular therapy with clinical supervision and moni-
toring. Their long-term use increases mortality in heart failure patients. 

 These drugs are contraindicated in patients with coronary artery dis-
ease because of the risk of precipitating myocardial ischemia and 
angina due to decreased myocardial  oxygen supply–demand ratio. 
These drugs can also precipitate  myocardial infarction  and cerebro-
vascular stroke.

Figure 6.8
Sites of action of direct-, indirect-, 
and mixed-acting adrenergic agonists.
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154 6. Adrenergic Agonists

IV. DIRECT-ACTING ADRENERGIC AGONISTS

Direct-acting agonists bind to adrenergic receptors on effector organs 
without interacting with the presynaptic neuron. As a group, these agents 
are widely used in clinical practice.

A. Epinephrine

 Epinephrine [ep-i-NEF-rin] is one of the four catecholamines (epi-
nephrine, norepinephrine, dopamine, and dobutamine) commonly 
used in therapy. The first three are naturally occurring neurotransmit-
ters, and the latter is a synthetic compound. In the adrenal medulla, 
norepinephrine is methylated to yield epinephrine, which is stored in 
chromaffin cells along with norepinephrine. On stimulation, the adre-
nal medulla releases about 80% epinephrine and 20% norepineph-
rine directly into the circulation. Epinephrine interacts with both α 
and β receptors. At low doses, β effects (vasodilation) on the vascu-
lar system predominate, whereas at high doses, α effects (vasocon-
striction) are the strongest.

1. Actions:

a. Cardiovascular: The major actions of epinephrine are on 
the cardiovascular system. Epinephrine strengthens the 
contractility of the myocardium (positive inotrope: β1 action) 
and increases its rate of contraction (positive chronotrope: 
β1 action). Therefore, cardiac output increases. These effects 
increase oxygen demands on the myocardium. Epinephrine 
activates β1 receptors on the kidney to cause renin release. 
Renin is an enzyme involved in the production of angioten-
sin II, a potent vasoconstrictor. Epinephrine constricts arteri-
oles in the skin, mucous membranes, and viscera (α effects), 
and it dilates vessels going to the liver and skeletal muscle 
(β2  effects). These combined effects result in a decrease 
in renal blood flow. Therefore, the cumulative effect is an 
increase in systolic blood pressure,  coupled with a slight 
decrease in diastolic pressure due to β2  receptor–mediated 
vasodilation in the skeletal muscle vascular bed (Figure 6.9).

b. Respiratory: Epinephrine causes powerful bronchodilation by 
acting directly on bronchial smooth muscle (β2 action). It also 
inhibits the release of allergy mediators such as histamine 
from mast cells.

c. Hyperglycemia: Epinephrine has a significant hyperglyce-
mic effect because of increased glycogenolysis in the liver 
(β2 effect), increased release of glucagon (β2 effect), and a 
decreased release of insulin (α2 effect).

d. Lipolysis: Epinephrine initiates lipolysis through agonist activ-
ity on the β receptors of adipose tissue. Increased levels of 
cAMP stimulate a hormone-sensitive lipase, which hydrolyzes 
triglycerides to free fatty acids and glycerol.

2. Therapeutic uses:

a. Bronchospasm: Epinephrine is the primary drug used in the 
emergency treatment of respiratory conditions when bron-
choconstriction has resulted in diminished respiratory func-
tion. Thus, in treatment of anaphylactic shock, epinephrine 
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Cardiovascular effects of intravenous 
infusion of low doses of epinephrine. 
Modified from M. J. Allwood, A. F. 
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155IV. Direct-Acting Adrenergic Agonists

is the drug of choice and can be life-saving in this setting. 
Within a few minutes after subcutaneous administration, 
respiratory function greatly improves.

b. Anaphylactic shock: Epinephrine is the drug of choice for 
the treatment of type I hypersensitivity reactions (including 
anaphylaxis) in response to allergens.

c. Cardiac arrest: Epinephrine may be used to restore cardiac 
rhythm in patients with cardiac arrest.

d. Local anesthesia: Local anesthetic solutions may contain 
low concentrations (for example, 1:100,000 parts) of epineph-
rine. Epinephrine greatly increases the duration of local anes-
thesia by producing vasoconstriction at the site of injection. 
Epinephrine also reduces systemic absorption of the local 
anesthetic and promotes local hemostasis. 

e. Intraocular surgery: Epinephrine is used in the induction and 
maintenance of mydriasis during intraocular surgery.

3. Pharmacokinetics: Epinephrine has a rapid onset but a brief 
duration of action (due to rapid degradation). The preferred route 
for anaphylaxis in the outpatient setting is intramuscular (ante-
rior thigh) due to rapid absorption. In emergencies, epinephrine 
is given intravenously (IV) for the most rapid onset of action. It 
may also be given subcutaneously, by the endotracheal tube, and 
by inhalation (Figure 6.10). It is rapidly metabolized by MAO and 
COMT, and the metabolites metanephrine and vanillylmandelic 
acid (VMA) are excreted in urine.

4. Adverse effects: Epinephrine can produce adverse CNS effects 
that include anxiety, fear, tension, headache, and tremor. It can 
trigger cardiac arrhythmias, particularly if the patient is receiv-
ing digoxin. Epinephrine can also induce pulmonary edema due 
to increased afterload caused by vasoconstrictive properties of 
the drug. Patients with hyperthyroidism may have an increased 
production of adrenergic receptors in the vasculature, leading 
to an enhanced response to epinephrine, and the dose must be 
reduced in these individuals. Inhalation anesthetics also sensitize 
the heart to the effects of epinephrine, which may lead to tachy-
cardia. Epinephrine increases the release of endogenous stores of 
glucose. In diabetic patients, dosages of insulin may have to be 
increased. Nonselective β-blockers prevent vasodilatory effects 
of epinephrine on β2 receptors, leaving α receptor stimulation 
unopposed. This may lead to increased peripheral resistance and 
increased blood pressure.

B. Norepinephrine

 Because norepinephrine [nor-ep-ih-NEF-rin] is the neurotransmitter 
in the adrenergic neurons, it should, theoretically, stimulate all types 
of adrenergic receptors. However, when administered in therapeutic 
doses, the α-adrenergic receptor is most affected.

1. Cardiovascular actions:

a. Vasoconstriction: Norepinephrine causes a rise in periph-
eral resistance due to intense vasoconstriction of most vas-
cular beds, including the kidney (α1 effect). Both systolic 

Figure 6.10
Pharmacokinetics of epinephrine. 
CNS = central nervous system.
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156 6. Adrenergic Agonists

and diastolic blood pressures increase (Figure 6.11). [Note: 
Norepinephrine causes greater vasoconstriction than epi-
nephrine, because it does not induce compensatory vaso-
dilation via β2 receptors on blood vessels supplying skel-
etal muscles. The weak β2 activity of norepinephrine also 
explains why it is not useful in the treatment of broncho-
spasm or anaphylaxis.]

b. Baroreceptor reflex: Norepinephrine increases blood pres-
sure, and this stimulates the baroreceptors, inducing a rise 
in vagal activity. The increased vagal activity produces a 
reflex bradycardia, which is sufficient to counteract the local 
actions of norepinephrine on the heart, although the reflex 
compensation does not affect the positive inotropic effects 
of the drug (Figure 6.11). When atropine, which blocks the 
transmission of vagal effects, is given before norepineph-
rine, stimulation of the heart by norepinephrine is evident as 
tachycardia.

2. Therapeutic uses: Norepinephrine is used to treat shock (for 
example, septic shock), because it increases vascular resistance 
and, therefore, increases blood pressure. It has no other clinically 
significant uses.

3. Pharmacokinetics: Norepinephrine is given IV for rapid onset of 
action. The duration of action is 1 to 2 minutes, following the end 
of the infusion. It is rapidly metabolized by MAO and COMT, and 
inactive metabolites are excreted in the urine.

4. Adverse effects: These are similar to epinephrine. In addi-
tion, norepinephrine is a potent vasoconstrictor and may 
cause blanching and sloughing of skin along an injected vein. 
If extravasation (leakage of drug from the vessel into tissues 
surrounding the injection site) occurs, it can cause tissue necro-
sis. It should not be administered in peripheral veins, if pos-
sible.  Impaired   circulation from norepinephrine may be treated 
with the α receptor antagonist phentolamine. Alternatives 
to phentolamine include intradermal terbutaline and topical 
nitroglycerin.

C. Isoproterenol

 Isoproterenol [eye-soe-proe-TER-e-nole] is a direct-acting  synthetic 
catecholamine that stimulates both β1- and β2-adrenergic recep-
tors. Its nonselectivity is a disadvantage and the reason why it is 
rarely used therapeutically. Its action on α receptors is insignificant. 
Isoproterenol produces intense stimulation of the heart (β1 effect),  
increasing heart rate, contractility, and cardiac output (Figure  6.12). 
It is as active as epinephrine in this action. Isoproterenol also dilates 
the arterioles of skeletal muscle (β2 effect), resulting in decreased 
peripheral resistance. Because of its cardiac stimulatory action, it may 
increase systolic blood pressure slightly, but it greatly reduces mean 
arterial and diastolic blood pressures (Figure 6.12). Isoproterenol 
is also a potent bronchodilator (β2 effect). The adverse effects of 
isoproterenol are  similar to the β receptor-related side effects of 
epinephrine.
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157IV. Direct-Acting Adrenergic Agonists

D. Dopamine

 Dopamine [DOE-pa-meen], the immediate metabolic precursor of nor-
epinephrine, occurs naturally in the CNS in the basal ganglia, where 
it functions as a neurotransmitter, as well as in the adrenal medulla. 
Dopamine can activate α- and β-adrenergic receptors. For example, 
at higher doses, it causes vasoconstriction by activating α1 receptors, 
whereas at lower doses, it stimulates β1 cardiac receptors. In addition, 
D1 and D2 dopaminergic receptors, distinct from the α- and β-adrenergic  
receptors, occur in the peripheral mesenteric and renal vascular beds, 
where binding of dopamine produces vasodilation. D2 receptors are 
also found on presynaptic adrenergic neurons, where their activation 
interferes with norepinephrine release.

1. Actions:

a. Cardiovascular: Dopamine exerts a stimulatory effect on the 
β1 receptors of the heart, having both positive inotropic and 
chronotropic effects (Figure 6.13). At very high doses, dopa-
mine activates α1 receptors on the vasculature, resulting in 
vasoconstriction.

b. Renal and visceral: Dopamine dilates renal and splanch-
nic arterioles by activating dopaminergic receptors, thereby 
increasing blood flow to the kidneys and other viscera 
(Figure 6.13). These receptors are not affected by α- or β-block-
ing drugs, and in the past low-dose (“renal-dose”) dopamine 
was often used in the prevention or treatment of acute renal 
failure. However, more recent data suggest there is limited 
clinical utility in the renal protective effects of dopamine. 

2. Therapeutic uses: Dopamine can be used for cardiogenic and 
septic shock and is given by continuous infusion. It raises blood 
pressure by stimulating the β1 receptors on the heart to increase 
cardiac output and α1 receptors on blood vessels to increase 
total peripheral resistance. It enhances perfusion to the kidney 
and splanchnic areas, as described above. Increased blood flow 
to the kidney enhances the glomerular filtration rate and causes 
diuresis. By contrast, norepinephrine can diminish blood supply 
to the kidney and may reduce renal function. Dopamine is also 
used to treat hypotension, severe heart failure, and bradycardia 
unresponsive to other treatments.

3. Adverse effects: An overdose of dopamine produces the same 
effects as sympathetic stimulation. Dopamine is rapidly metabo-
lized by MAO or COMT, and its adverse effects (nausea, hyper-
tension, and arrhythmias) are, therefore, short-lived.

E. Fenoldopam

 Fenoldopam [fen-OL-de-pam] is an agonist of peripheral dopamine 
D1 receptors. It is used as a rapid-acting vasodilator to treat severe 
hypertension in hospitalized patients, acting on coronary arteries, 
kidney arterioles, and mesenteric arteries. Fenoldopam is a racemic 
mixture, and the R-isomer is the active component. It undergoes 
extensive first-pass metabolism and has a 10-minute elimination half-
life after IV infusion. Headache, flushing, dizziness, nausea, vomiting, 
and tachycardia (due to vasodilation) may occur with this agent.

Figure 6.12
Cardiovascular effects of intravenous 
infusion of isoproterenol.
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158 6. Adrenergic Agonists

F. Dobutamine

 Dobutamine [doe-BYOO-ta-meen] is a synthetic, direct-acting cate-
cholamine that is primarily a β1 receptor agonist with minor β2 and α1 
effects. It increases heart rate and cardiac output with few vascular 
effects. Dobutamine is used to increase cardiac output in acute heart 
failure (see Chapter 18), as well as for inotropic support after cardiac 
surgery. The drug increases cardiac output and does not elevate oxy-
gen demands of the myocardium as much as other sympathomimetic 
drugs. Dobutamine should be used with caution in atrial fibrillation, 
because it increases AV conduction. Other adverse effects are similar 
to epinephrine. Tolerance may develop with prolonged use.

G. Oxymetazoline

 Oxymetazoline [OX-ee-mee-TAZ-ih-leen] is a direct-acting synthetic 
adrenergic agonist that stimulates both α1- and α2-adrenergic receptors.  
Oxymetazoline is found in many over-the-counter nasal spray decon-
gestants, as well as in ophthalmic drops for the relief of redness 
of the eyes associated with swimming, colds, and contact lenses. 
Oxymetazoline directly stimulates α receptors on blood vessels sup-
plying the nasal mucosa and conjunctiva, thereby producing vaso-
constriction and decreasing congestion. It is absorbed in the systemic 
circulation regardless of the route of administration and may produce 
nervousness, headaches, and trouble sleeping. Local irritation and 
sneezing may occur with intranasal administration. Use for greater 
than 3 days is not recommended, as rebound congestion and depen-
dence may occur.

H. Phenylephrine

 Phenylephrine [fen-ill-EF-reen] is a direct-acting, synthetic adrenergic 
drug that binds primarily to α1 receptors. Phenylephrine is a vaso-
constrictor that raises both systolic and diastolic blood pressures. 
It has no effect on the heart itself but, rather, induces reflex brady-
cardia when given parenterally, making it useful in the treatment of 
paroxysmal supraventricular tachycardia. The drug is used to treat 
hypotension in hospitalized or surgical patients (especially those with 
a rapid heart rate). Large doses can cause hypertensive headache 
and cardiac irregularities. Phenylephrine acts as a nasal decongestant 
when applied topically or taken orally. Although data suggest it may 
not be as effective, phenylephrine has replaced pseudoephedrine in 
many oral decongestants, since pseudoephedrine has been misused 
to make methamphetamine. Phenylephrine is also used in ophthalmic 
solutions for mydriasis.

I. Midodrine

 Midodrine, a prodrug, is metabolized to the pharmacologically active 
desglymidodrine. It is a selective α1 agonist, which acts in the periph-
ery to increase arterial and venous tone. Midodrine is indicated for 
the treatment of orthostatic hypotension. The drug should be given 
three times daily, with doses at 3- or 4-hour intervals. To avoid supine 
hypertension, doses within 4 hours of bedtime are not recommended.
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159IV. Direct-Acting Adrenergic Agonists

J. Clonidine

 Clonidine [KLOE-ni-deen] is an α2 agonist used for the treatment of 
hypertension. It can also be used to minimize symptoms of with-
drawal from opiates, tobacco smoking, and benzodiazepines. Both 
clonidine and the α2 agonist guanfacine [GWAHN-fa-seen] may be 
used in the management of attention-deficit hyperactivity disorder. 
Clonidine acts centrally on presynaptic α2 receptors to produce inhi-
bition of sympathetic vasomotor centers, decreasing sympathetic 
outflow to the periphery. The most common side effects of clonidine 
are lethargy, sedation, constipation, and xerostomia. Other adverse 
effects are  bradycardia (because of increased vagal stimulation of 
the SA node as well as sympathetic withdrawal), orthostatic hypoten-
sion, and impotence.   Fluid retention and edema are problems with 
chronic therapy; therefore, concurrent therapy with a diuretic is nec-
essary. Abrupt discontinuance must be avoided to prevent rebound 
hypertension. Clonidine and another α2 agonist methyldopa are dis-
cussed with antihypertensives in Chapter 16.

K. Albuterol, metaproterenol, and terbutaline

 Albuterol [al-BYOO-ter-ole], metaproterenol [MET-a-proe-TER-e-nol]  
and terbutaline [ter-BYOO-te-leen] are short-acting β2 agonists 
(SABAs) used primarily as bronchodilators and administered by 
a metered-dose inhaler (Figure 6.14). Albuterol is the SABA of 
choice for the management of acute asthma symptoms, because 
it is more selective for β2 receptors than metaproterenol. Inhaled 
terbutaline is no longer available in the United States, but is still 
used in other countries. Injectable terbutaline is used off-label as 
a uterine relaxant to suppress premature labor, and use for this 
indication should not exceed 72 hours. One of the most common 
side effects of these agents is tremor, but patients tend to develop 
tolerance to this effect. Other side effects include restlessness, 
apprehension, and anxiety. When these drugs are administered 
orally, they may cause tachycardia or arrhythmia (due to β1 recep-
tor activation), especially in patients with underlying cardiac dis-
ease. Monoamine oxidase inhibitors (MAOIs) also increase the risk 
of adverse cardiovascular effects, and concomitant use should be 
avoided.

L. Salmeterol, formoterol, and indacaterol

 Salmeterol [sal-ME-ter-ole], formoterol [for-MOH-ter-ole], arfor-
moterol (the [R,R]-enantiomer of formoterol), and indacaterol 
 [IN-da-KA-ter-ol] are long-acting β2 selective agonists (LABAs) used 
for the management of respiratory disorders such as asthma and 
chronic obstructive pulmonary disease (see Chapter 41). A single 
dose by a metered-dose inhalation device, such as a dry powder 
inhaler, provides sustained bronchodilation over 12 hours, compared 
with less than 3 hours for albuterol. Unlike formoterol, however, 
salmeterol has a somewhat delayed onset of action (Figure 6.14). 
LABAs are not recommended as monotherapy for the treatment 
of asthma, because they have been shown to increase the risk of 

Figure 6.14
Onset and duration of bronchodilation 
effects of inhaled adrenergic agonists.
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160 6. Adrenergic Agonists

asthma-related deaths; however, these agents are highly efficacious 
when combined with an asthma controller medication such as an 
inhaled corticosteroid.

M. Mirabegron

 Mirabegron [mir-a-BEG-ron] is a β3 agonist that relaxes the detrusor 
smooth muscle and increases bladder capacity. It is used for patients 
with overactive bladder. Mirabegron may increase blood pressure 
and should not be used in patients with uncontrolled hypertension. It 
increases levels of digoxin and inhibits the CYP2D6 isozyme, which 
may enhance the effects of other medications metabolized by this 
pathway (for example, metoprolol).

V. INDIRECT-ACTING ADRENERGIC AGONISTS

Indirect-acting adrenergic agonists cause the release, inhibit the reuptake, 
or inhibit the degradation of epinephrine or norepinephrine (Figure 6.8). 
They potentiate the effects of epinephrine or norepinephrine produced 
endogenously, but do not directly affect postsynaptic receptors.

A. Amphetamine

 The marked central stimulatory action of amphetamine [am-FET-a-meen]  
is often mistaken by drug abusers as its only action. However, the drug 
can also increase blood pressure significantly by α1 agonist action 
on the vasculature, as well as β1-stimulatory effects on the heart. Its 
actions are mediated primarily through an increase in non-vesicular 
release of catecholamines such as dopamine and norepinephrine 
from nerve terminals. Thus, amphetamine is an indirect-acting adren-
ergic drug. The actions and therapeutic uses of amphetamine and its 
derivatives are discussed with CNS stimulants (see Chapter 15).

B. Tyramine

 Tyramine [TIE-ra-meen] is not a clinically useful drug, but it is import-
ant because it is found in fermented foods, such as aged cheese 
and Chianti wine. It is a normal by-product of tyrosine metabolism. 
Normally, it is oxidized by MAO in the gastrointestinal tract, but, if 
the patient is taking MAOIs, it can precipitate serious vasopressor 
episodes. Like amphetamines, tyramine can enter the nerve terminal 
and displace stored norepinephrine. The released catecholamine then 
acts on adrenoceptors.

C. Cocaine

 Cocaine [koe-KANE] is unique among local anesthetics in having 
the ability to block the sodium-chloride (Na+/Cl−)-dependent norepi-
nephrine transporter required for cellular uptake of norepinephrine 
into the adrenergic neuron. Consequently, norepinephrine accu-
mulates in the synaptic space, resulting in enhanced sympathetic 
 activity and potentiation of the actions of epinephrine and norepi-
nephrine. Therefore, small doses of the catecholamines produce 
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161VI. Mixed-Action Adrenergic Agonists

greatly magnified effects in an individual taking cocaine. In addi-
tion, the duration of action of epinephrine and norepinephrine is 
increased. Like amphetamines, it can increase blood pressure by 
α1 agonist actions and β stimulatory effects. Cocaine as a drug of 
abuse is discussed in Chapter 48.

VI. MIXED-ACTION ADRENERGIC AGONISTS

Ephedrine [eh-FED-rin] and pseudoephedrine [soo-doe-eh-FED-rin] are 
mixed-action adrenergic agents. They not only enhance release of stored 
norepinephrine from nerve endings (Figure 6.8) but also directly stimulate 
both α and β receptors. Thus, a wide variety of adrenergic actions ensue 
that are similar to those of epinephrine, although less potent. Ephedrine 
and pseudoephedrine are not catecholamines and are poor substrates 
for COMT and MAO. Therefore, these drugs have a long duration of 
action. Ephedrine and pseudoephedrine have excellent absorption after 
oral administration and penetrate the CNS, but pseudoephedrine has 
fewer CNS effects. Ephedrine is eliminated largely unchanged in urine, 
and pseudoephedrine undergoes incomplete hepatic metabolism before 
elimination in urine. Ephedrine raises systolic and diastolic blood pres-
sures by vasoconstriction and cardiac stimulation and it is indicated in 
anesthesia-induced hypotension. Ephedrine produces bronchodilation, 
but it is less potent and slower acting than epinephrine or isoproterenol. 
It was previously used to prevent asthma attacks but has been replaced 
by more effective medications. Ephedrine produces a mild stimulation 
of the CNS. This increases alertness, decreases fatigue, and prevents 
sleep. It also improves athletic performance. [Note: The clinical use of 
ephedrine is declining because of the availability of better, more potent 
agents that cause fewer adverse effects. Ephedrine-containing herbal 
supplements (mainly ephedra-containing products) have been banned by 
most drug regulatory authorities because of life-threatening cardiovas-
cular reactions.] Oral pseudoephedrine is primarily used to treat nasal 
and sinus congestion. Pseudoephedrine has been illegally used to pro-
duce methamphetamine. Therefore, products containing pseudoephed-
rine have certain restrictions and must be kept behind the sales counter 
in the United States. Important characteristics of the adrenergic agonists 
are summarized in Figures 6.15 to 6.17.

Arrhythmias

Headache

Hyperactivity

Insomnia

Tremors

Nausea

Figure 6.15
Some adverse effects observed 
with adrenergic agonists.
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TISSUE ACTION OPPOSING 
ACTIONS 

RECEPTOR
TYPE

Heart

   • Sinus and AV

   • Conduction pathway

   • Myo�brils

Vascular smooth muscle

Bronchial smooth muscle

Kidneys

Liver

Adipose tissue

Skeletal muscle

Eye-ciliary muscle

GI tract

Gall bladder

Urinary bladder detrusor muscle

Uterus 

 

Automaticity

Conduction velocity, automaticity

Contractility, automaticity

Vasodilation

Bronchodilation

Renin release

Glycogenolysis and gluconeogenesis

Lipolysis

Increased contractility
Potassium uptake; glycogenolysis
Dilates arteries to skeletal muscle
Tremor

Relaxation

Motility

Relaxation

Relaxation

Relaxation

 

Cholinergic receptors

Cholinergic receptors

 

α-Adrenergic receptors

Cholinergic receptors

α1-Adrenergic receptors

 —

α2-Adrenergic receptors
 

 —
 

Cholinergic receptors

Cholinergic receptors

Cholinergic receptors

Cholinergic receptors

Oxytocin

 

β1

β1

β1

β2

β2

β1

β2, α1

β3   

β2

β2

β2

β2

β2, β3

β2

AV = atrioventricular; GI = gastrointestinal.

Figure 6.16
Summary of β-adrenergic receptors.
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ADHD = attention-deficit hyperactivity disorder; CNS = central nervous system.

Figure 6.17
Summary of the therapeutic uses of adrenergic agonists.

Epinephrine Anaphylactic shock

Cardiac arrest

In local anesthetics to 
increase duration of action

Norepinephrine Treatment of shock

Isoproterenol As a cardiac stimulant

Dopamine Treatment of shock

Treatment of congestive 
heart failure

Raise blood pressure

Dobutamine Treatment of acute
heart failure

Phenylephrine

Oxymetazoline

As a nasal decongestant

Raise blood pressure

Treatment of paroxysmal 
supraventricular tachycardia

As a nasal decongestant

Clonidine Treatment of hypertension

Albuterol
Metaproterenol
Terbutaline

Amphetamine As a CNS stimulant in treatment
of children with ADHD, narcolepsy, 
and for appetite control

Ephedrine
Pseudoephedrine

Raise blood pressure
As a nasal decongestant

α1, α2
β1, β2

α1, α2
β1

β1, β2

α1, β1

β1

α1

α2

α, β, CNS

α, β, CNS

Dopaminergic
CATECHOLAMINES

Rapid onset of action

Brief duration of action

Not administered orally

Do not penetrate the blood-
brain barrier

NONCATECHOL-
AMINES

Longer duration of action

All can be administered 
orally or via inhalation

Compared to catecholamines:

β2

β2

Treatment of bronchospasm
(short acting)

Treatment of bronchospasm
(long acting)

Arformoterol
Formoterol
Indacaterol
Salmeterol

DRUG RECEPTOR
SPECIFICITY

THERAPEUTIC USES

α1
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Study Questions

Choose the ONE best answer.

 6.1 Which of the following is correct regarding adrener-
gic neurotransmission?

A. Norepinephrine is the major neurotransmitter 
released from sympathetic nerve terminals.

B. Norepinephrine is mainly released from the adre-
nal glands.

C. Tricyclic antidepressants and cocaine prevent 
the release of norepinephrine from the nerve 
terminals.

D. Monoamine oxidase (MAO) converts dopamine 
to norepinephrine in the nerve terminal.

 6.2 Which of the following adrenergic drugs is used in 
the treatment of overactive bladder? 

A. Epinephrine

B. Dobutamine

C. Phenylephrine

D. Mirabegron

 6.3 Which of the following classes of adrenergic agents 
has utility in the management of hypertension?

A. α1 agonist

B. α2 agonist

C. β1 agonist

D.	 β3 agonist

 6.4 Which of the following is correct regarding 
responses mediated by adrenergic receptors?

A. Stimulation of α1 receptors increases blood 
pressure.

B. Stimulation of sympathetic presynaptic α2 recep-
tors increases norepinephrine release.

C. Stimulation of β2 receptors increases heart rate 
(tachycardia).

D. Stimulation of β2 receptors causes 
bronchoconstriction.

Correct answer = A. Norepinephrine (NE) is the major 
neurotransmitter released from sympathetic nerve 
terminals. Epinephrine, not norepinephrine, is mainly 
released from the adrenal glands. Tricyclic antidepres-
sants (TCAs) and cocaine inhibit the reuptake of norepi-
nephrine into the sympathetic nerve terminals, but they 
do not prevent the release of NE. Dopamine is con-
verted to norepinephrine by dopamine β-hydroxylase,  
not by MAO.

Correct answer = D. Detrusor muscles in the urinary 
bladder wall have β3 receptors. Stimulation of these 
receptors relaxes the urinary bladder wall and relieves 
overactive bladder. Mirabegron is a β3 agonist and 
therefore used in treating overactive bladder. None of 
the other drugs listed have β3 agonist activity. 

Correct answer = B. α2 agonists activate α2 receptors 
located in the presynaptic terminal of sympathetic 
neurons and cause a reduction in the release of nor-
epinephrine from sympathetic nerve terminals. This 
leads to a reduction in blood pressure. α2 agonists 
such as clonidine and methyldopa are therefore used 
as antihypertensive agents. α1 agonists cause vaso-
constriction, and β1 agonists cause increased car-
diac output and renin release, so these agents may 
increase blood pressure. β3 agonists are not used in 
the management of hypertension.

Correct answer = A. Stimulation of α1 receptors, 
mostly found in the blood vessels, causes vasocon-
striction and an increase in blood pressure. Stimulation 
of α2 receptors on the sympathetic presynaptic 
 terminal reduces the release of norepinephrine. β2 
receptors are not found in the heart, so activation of  
β2 receptors does not affect heart rate. Stimulation 
of β2 receptors found in the bronchial tissues causes 
bronchodilation, not bronchoconstriction.
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 6.5 An asthma patient was given a nonselective β ago-
nist to relieve bronchoconstriction. Which adverse 
effect would you expect in this patient?

A. Bradycardia

B. Tachycardia

C. Hypotension (reduction in blood pressure)

D. Worsening bronchoconstriction

 6.6 A 22-year-old male is brought to the emergency 
room with suspected cocaine overdose. Which of 
the following symptoms is most likely in this patient?

A. Hypertension

B. Bronchoconstriction

C. Bradycardia

D. Miosis (constriction of pupil).

 6.7 A 12-year-old boy with a peanut allergy is brought 
to the emergency room after accidental consump-
tion of peanuts. He is in anaphylactic shock. Which 
of the following drugs is most appropriate to treat 
this patient?

A. Norepinephrine

B. Phenylephrine

C. Dobutamine

D. Epinephrine

 6.8 An elderly patient is brought to the emergency room 
with a blood pressure of 76/60 mm Hg, tachycardia, 
and low cardiac output. He is diagnosed with acute 
heart failure. Which of the following drugs is most 
appropriate to improve his cardiac function?

A. Epinephrine

B. Fenoldopam

C. Dobutamine

D. Isoproterenol

6.9 Which of the following adrenergic agonists is com-
monly present in nasal sprays available over-the-
counter (OTC) to treat nasal congestion?

A. Clonidine

B. Albuterol

C. Oxymetazoline

D. Formoterol

Correct answer = B. A nonselective β agonist acti-
vates both β1and β2 receptors. β1 activation causes 
an increase in heart rate (tachycardia), contractil-
ity, and subsequent increase in blood pressure. It 
relieves bronchoconstriction because of the β2 recep-
tor activation.

Correct answer = A. Cocaine is an indirect adrenergic 
agonist that prevents the reuptake of norepinephrine 
into the nerve terminals, thus increasing the levels of 
NE in the synaptic cleft. The increase in NE leads to 
an increase in blood pressure (hypertension), tachy-
cardia (not bradycardia), mydriasis (not miosis) and 
other symptoms of sympathetic overactivity. 

Correct answer = D. Norepinephrine has more α 
agonistic effects and activates mainly α1, α2, and  
β1 receptors. Epinephrine has more β agonistic effects 
and activates mainly α1, α2, β1, and β2 receptors. 
Phenylephrine has predominantly α effects and acti-
vates mainly α1 receptors. Dobutamine mainly acti-
vates β1 receptors and has no significant effects on  
β2 receptors. Thus, epinephrine is the drug of choice in 
anaphylactic shock that can both stimulate the heart 
(β1 activation) and dilate bronchioles (β2 activation).

Correct answer = C. Among the choices, the ideal 
drug to increase contractility in acute heart failure is 
dobutamine, since it is a selective β1-adrenergic ago-
nist. Fenoldopam is a dopamine agonist used to treat 
severe hypertension. The other drugs are nonselec-
tive adrenergic agonists that could cause unwanted 
side effects.

Correct answer = C. Drugs with selective α1 agonistic 
activity are commonly used as nasal decongestants 
because of their ability to cause vasoconstriction in 
the nasal vessels. Oxymetazoline is an α1 agonist 
and therefore the preferred drug among the choices 
as a nasal decongestant. Clonidine is an α2 agonist, 
albuterol is a β2 agonist, and formoterol is a long- 
acting β2 agonist.
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166 6. Adrenergic Agonists

6.10 A patient who has hypertension and mild asthma 
attacks bought an herbal remedy for asthma 
online. He does not take any prescription medica-
tions for asthma, but takes a β1-selective blocker 
for hypertension. The herbal remedy relieves the 
asthma attacks, but his blood pressure seems to 
increase despite the β-blocker therapy. Which of 
the following drugs is most likely present in the 
herbal remedy?

A. Phenylephrine

B. Norepinephrine

C. Ephedrine

D. Salmeterol

Correct answer = C. Both ephedrine and salmet-
erol can relieve asthma symptoms, as they activate  
β2 receptors in the bronchioles and cause broncho-
dilation. However, salmeterol is a selective β2 agonist 
and should not increase blood pressure. By contrast, 
ephedrine stimulates the release of norepinephrine 
and acts as a direct agonist at α- and β-adrenergic 
receptors, thus causing an increase in blood pres-
sure. Phenylephrine (a nonselective α agonist) does 
not cause bronchodilation, so it would not relieve 
asthma symptoms. Norepinephrine is a nonselective 
adrenergic agonist that does not have any stimulatory 
effects on β2 receptors. In addition, norepinephrine is 
not active when given orally.
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Adrenergic Antagonists
Rajan Radhakrishnan and Sandhya Jinesh

I. OVERVIEW

The adrenergic antagonists (also called adrenergic blockers or sym-
patholytics) bind to adrenoceptors but do not trigger the usual 
 receptor-mediated intracellular effects. These drugs act by either revers-
ibly or irreversibly attaching to the adrenoceptors, thus preventing  
activation by endogenous or exogenous agonists. Like the  agonists, 
the adrenergic antagonists are classified according to their rela-
tive affinities for α or β  receptors in the sympathetic nervous system.  
Adrenergic antagonists have varying degrees of specificity and are 
 therefore classified into five: 1) nonselective adrenergic antagonists, 
2)  and  3)  nonselective α- and β-adrenergic antagonists, and 4) and 5) 
selective α1- and β-adrenergic antagonists.

Numerous adrenergic antagonists have important roles in clinical medi-
cine, primarily to treat diseases associated with the cardiovascular system. 
[Note: Antagonists that block dopamine receptors are most important in 
the central nervous system (CNS) and are, therefore, considered in Unit III, 
Drugs Affecting the Central Nervous System.] The adrenergic antagonists 
discussed in this chapter are summarized in Figure 7.1.

II. -ADRENERGIC BLOCKING AGENTS

α-Adrenergic blocking agents antagonize the subtype(s) of α- adrenergic  
receptors (α1 or α2), depending on the specificity of the agent for the 
receptor subtype(s). Drugs that block α1 adrenoceptors profoundly 
affect blood pressure. Because normal sympathetic control of the vas-
culature occurs in large part through agonist actions on α1-adrenergic 
receptors, blockade of these receptors reduces the sympathetic tone of 
the blood vessels, resulting in decreased peripheral vascular resistance. 
This lowered blood pressure induces reflex tachycardia. The magni-
tude of the response depends on the sympathetic tone of the individual 
when the agent is given. Selective α2-adrenergic blockers have limited 
clinical utility.

A. Phenoxybenzamine

 Phenoxybenzamine [fen-ox-ee-BEN-za-meen] is a nonselective, irrevers-
ible, noncompetitive blocker of α1- and α2-adrenergic  receptors. The body 
can overcome the block by synthesis of the new  adrenoceptors, which 
requires a day or longer. Therefore, the action of  phenoxybenzamine last 
about 24 hours.

167

7

Figure 7.1
Classes and drugs available of 
adrenergic antagonists. (For drug 
dosages, refer to Appendix at the end 
of the book.)

-BLOCKERS

Nonselective
Phenoxybenzamine (irreversible)
Phentolamine 

1 Selective
Prazosin
Doxazosin
Terazosin
Alfuzosin
1A Selective
Tamsulosin
2 Selective
Yohimbine

-BLOCKERS

Nonselective 1 and 2
Propranolol
Carvedilol
Labetolol
Nadolol
Penbutolol
Pindolol
Sotalol
Timolol
Carteolol
1 Selective
Atenolol
Metoprolol
Betaxolol
Bisoprolol
Celiprolol
Esmolol (ultra short acting)
Nabivolol (vasodilatory) 
Acebutalol (partial agonist)
1 and  Selective
Labetalol
Carvedilol (at high concentration 
 calcium channel blocker)
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168 7. Adrenergic Antagonists

1. Actions:

a. Cardiovascular effects: The drug prevents α1 receptor vaso-
constriction of peripheral blood vessels caused by endoge-
nous catecholamines, which leads to decreased peripheral 
resistance and resultant reflex tachycardia. However, by 
blocking presynaptic α2 receptors on the sympathetic nerve 
terminals in the heart, phenoxybenzamine causes an increase 
in the release of norepinephrine, which in turn increases 
heart rate and cardiac output (mediated by β1 receptors). 
This may also lead to cardiac arrhythmias and anginal pain. 
Thus, the drug has been unsuccessful in maintaining lowered 
blood pressure in hypertension, and it is no longer used for 
this purpose.

b. Epinephrine reversal: All α-adrenergic blockers reverse the 
α agonist actions of epinephrine. For example, the vaso-
constrictive action of epinephrine is interrupted, but vaso-
dilation of other vascular beds caused by stimulation of β2 
receptors is not blocked. Therefore, in the presence of phe-
noxybenzamine, the systemic blood pressure decreases in 
response to epinephrine (Figure 7.2). [Note: The actions of 
norepinephrine are not reversed but are diminished because 
norepinephrine lacks significant β agonist action on the vas-
culature.] Phenoxybenzamine has no effect on the actions of 
isoproterenol, which is a pure β agonist (Figure 7.2).

2. Therapeutic uses: Phenoxybenzamine is used in the treatment of 
sweating and hypertension associated with pheochromocytoma, 
a catecholamine-secreting tumor of cells derived from the adre-
nal medulla. Phenoxybenzamine is sometimes effective in treating 
Raynaud disease and frostbite.

3. Adverse effects: Phenoxybenzamine can cause postural hypo-
tension, nasal stuffiness, nausea, and vomiting. It may inhibit 
ejaculation. It may also induce reflex tachycardia, which is medi-
ated by the baroreceptor reflex. Phenoxybenzamine should be 
used with caution in patients with cerebrovascular or cardiovas-
cular disease.

B. Phentolamine

 In contrast to phenoxybenzamine, phentolamine [fen-TOLE-a-meen] 
produces a competitive block of α1 and α2 receptors. Effects last for 
approximately 4 hours after a single injection. Pharmacological effects 
of phentolamine are very similar to those of phenoxybenzamine.
Phentolamine is used for the diagnosis and short-term management 
of pheochromocytoma. It is also used locally to prevent dermal necro-
sis following extravasation of norepinephrine. Phentolamine is useful 
to treat hypertensive crisis due to abrupt withdrawal of clonidine or 
ingestion of tyramine- containing foods in patients taking monoamine 
oxidase inhibitors.

C. Prazosin, terazosin, and doxazosin

 Prazosin [PRAY-zoe-sin], terazosin [ter-AY-zoe-sin], and doxazosin  
[dox-AY-zoe-sin] are selective competitive blockers of the α1 receptor. 

Catecholamine

Isoproterenol

Epinephrine

Norepinephrine

(mm Hg)

Pre-
treatment 
with an α-
blocker

Pre-
treatment
with a β-
blocker

e

hrine

�-Adrenergic blockers 
reverse the vaso-
constrictive action 
of epinephrine.

Untreated
control

mine

ol

Pre-
treatment 
with an α-
blocker

Pre-
treatment
with a β-
blocker

Untreated
control

�-Adrenergic blockers 
have no e�ect on the 
actions of isoproterenol,
which is a pure � agonist.

200

200

0

200

0

0

Whalen7-ch007-�g002

Figure 7.2
Summary of effects of adrenergic 
blockers on the changes in blood 
pressure induced by isoproterenol, 
epinephrine, and norepinephrine.
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169II. α-Adrenergic Blocking Agents

In contrast to phenoxybenzamine and phentolamine, they are useful 
in the treatment of hypertension. [Note: Tamsulosin [tam-SUE-loh-sin],  
alfuzosin [al-FYOO-zoe-sin], and silodosin [sye-LOE-doe-sin] are 
examples of other selective α1 antagonists indicated for the treat-
ment of benign prostatic hyperplasia (see Chapter 43).] Metabolism 
leads to inactive products that are excreted in urine except for those 
of doxazosin, which appear in feces. Doxazosin is the longest acting 
of these drugs.

1. Mechanism of action: These agents decrease peripheral vascular 
resistance and lower blood pressure by causing relaxation of both 
arterial and venous smooth muscle. Unlike phenoxybenzamine 
and phentolamine, these drugs cause minimal changes in cardiac 
output, renal blood flow, and glomerular filtration rate. Tamsulosin, 
alfuzosin, and silodosin have less pronounced effects on blood 
pressure because they are less selective for α1B receptors found 
in the blood vessels and more selective for α1A receptors in the 
prostate and bladder. Blockade of the α1A receptors decreases 
tone in the smooth muscle of the bladder neck and prostate and 
improves urine flow.

2. Therapeutic uses: Individuals with elevated blood pressure 
treated with one of these drugs do not become tolerant to its 
action. However, the first dose of these drugs may produce an 
exaggerated orthostatic hypotensive response (Figure 7.3) that 
can result in syncope (fainting). This action, termed a “first-dose” 
effect, may be minimized by adjusting the first dose to one-third 
or one-fourth of the normal dose and by giving the drug at bed-
time. These drugs may cause modest improvement in lipid pro-
files and glucose metabolism in hypertensive patients. Because 
of inferior cardiovascular outcomes as compared to other antihy-
pertensives, α1 antagonists are not used as monotherapy for the 
treatment of hypertension (see Chapter 16). 

3. Adverse effects: α1-Blockers such as prazosin and doxazosin 
may cause dizziness, lack of energy, nasal congestion, head-
ache, drowsiness, and orthostatic hypotension (although to a 
lesser degree than that observed with phenoxybenzamine and 
phentolamine). An additive antihypertensive effect occurs when 
α1  antagonists are given with vasodilators such as nitrates or 
PDE-5 inhibitors (for example, sildenafil), thereby necessitating 
cautious dose titration and use at the lowest possible doses. 
These agents may cause “floppy iris syndrome,” a condition 
in which the iris billows in response to intraoperative eye sur-
gery. Figure 7.4  summarizes some adverse effects observed 
with α-blockers.

D. Yohimbine

 Yohimbine [yo-HIM-bean] is a selective competitive α2-blocker that 
works at the level of the CNS to increase sympathetic outflow to the 
periphery. It is found as a component of the bark of the yohimbe 
tree (Pausinystalia yohimbe) and has been used as a sexual stimulant 
and in the treatment of erectile dysfunction. Its use in the  treatment 
of these disorders is not recommended due to lack of demonstrated 
efficacy. 

Figure 7.3
First dose of α1 receptor blocker may 
produce an orthostatic hypotensive 
response that can result in syncope 
(fainting).

Sexual
dysfunction

Tachycardia

Orthostatic
hypotension

BP

Dizziness and
headache

Figure 7.4
Some adverse effects commonly 
observed with nonselective 
α-adrenergic blocking agents.
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170 7. Adrenergic Antagonists

III. -ADRENERGIC BLOCKING AGENTS

All of the clinically available β-blockers are competitive antagonists. 
Nonselective β-blockers act at both β1 and β2 receptors, whereas car-
dioselective β antagonists primarily block β1 receptors. [Note: There are 
no clinically useful β2 selective antagonists.] These drugs also differ in 
intrinsic sympathomimetic activity, CNS effects, blockade of sympathetic 
receptors, vasodilation, and pharmacokinetics (Figure 7.5). Although all 
β-blockers lower blood pressure, they do not induce postural hypotension, 
because the α adrenoceptors remain functional. Therefore, normal sympa-
thetic control of the vasculature is maintained. β-Blockers are effective in 
treating systemic as well as portal hypertension, angina, cardiac arrhyth-
mias, myocardial infarction, heart failure, hyperthyroidism, and glaucoma. 
They are also used for the prophylaxis of migraine headaches. [Note: The 
names of all β-blockers end in “-olol” except for labetalol and carvedilol.]

A. Propranolol: A nonselective  antagonist

 Propranolol [proe-PRAN-oh-lole] is the prototype β-adrenergic antago-
nist and blocks both β1 and β2 receptors with equal affinity. Sustained-
release preparations for once-a-day dosing are available. Nonselective 
β-blockers, including propranolol, have the ability to block the actions 
of isoproterenol (β1, β2 agonist) on the cardiovascular system. Thus, in 
the presence of a β-blocker, isoproterenol does not produce cardiac 
stimulation (β1 mediated) or reductions in mean arterial pressure and 
diastolic pressure (β2 mediated; Figure 7.2). [Note: In the presence 
of a nonselective β-blocker, epinephrine no longer lowers diastolic 
blood pressure or stimulates the heart, but its vasoconstrictive action 
(mediated by α receptors) remains unimpaired. The actions of norepi-
nephrine on the cardiovascular system are mediated primarily by α 
receptors and are, therefore, mostly unaffected.]

1. Actions:

a. Cardiovascular: Propranolol diminishes cardiac output, 
having both negative inotropic and chronotropic effects 
(Figure 7.6). It directly depresses sinoatrial and atrioventricu-
lar nodal activity. The resulting bradycardia usually limits the 
dose of the drug. During exercise or stress, when the sym-
pathetic nervous system is activated, β-blockers attenuate 
the expected increase in heart rate. Cardiac output, work-
load, and oxygen consumption are decreased by blockade 
of β1 receptors, and these effects are useful in the treatment 
of angina (see Chapter 20). The β-blockers are effective in 
attenuating supraventricular cardiac arrhythmias, but gener-
ally are not effective against ventricular arrhythmias (except 
those induced by exercise).

b. Peripheral vasoconstriction: Nonselective blockade of β 
receptors prevents β2-mediated vasodilation in skeletal mus-
cles, increasing peripheral vascular resistance (Figure 7.6). The 
reduction in cardiac output produced by all β-blockers leads 
to decreased blood pressure, which triggers a reflex peripheral 
vasoconstriction that is reflected in reduced blood flow to the 
periphery. In patients with hypertension, total peripheral resis-
tance returns to normal or decreases with long-term use of 
propranolol as a result of down-regulation of the β receptors. 

Figure 7.5
Elimination half-lives for some 
β-blockers.
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171III. β-Adrenergic Blocking Agents

There is a gradual reduction of both systolic and diastolic 
blood pressures in hypertensive patients.

c. Bronchoconstriction: Blocking β2 receptors in the lungs of 
susceptible patients causes contraction of the bronchiolar 
smooth muscle (Figure 7.6). This can precipitate an exacer-
bation in patients with chronic obstructive pulmonary disease 
(COPD) or asthma. Therefore, β-blockers, particularly nonse-
lective ones, are contraindicated in patients with asthma and 
should be avoided in COPD.

d. Disturbances in glucose metabolism: β Blockade leads to 
decreased glycogenolysis and decreased glucagon secretion. 
Therefore, if propranolol is given to a diabetic patient receiv-
ing insulin, careful monitoring of blood glucose is essential, 
because pronounced hypoglycemia may occur after insulin 
injection. β-Blockers also attenuate the normal physiologic 
response to hypoglycemia. [Note: Diaphoresis with hypogly-
cemia still occurs, as this is mediated through the neurotrans-
mitter acetylcholine.]

2. Therapeutic uses:

a. Hypertension: Propranolol does not reduce blood pressure in 
people with normal blood pressure. Propranolol lowers blood 
pressure in hypertension by several different mechanisms of 
action. Decreased cardiac output is the primary mechanism, 
but inhibition of renin release from the kidney, decrease in 
total peripheral resistance with long-term use, and decreased 
sympathetic outflow from the CNS also contribute to the anti-
hypertensive effects (see Chapter 16).

b. Angina pectoris: Propranolol decreases the oxygen require-
ment of heart muscle and, therefore, is effective in reducing 
chest pain on exertion that is common in angina. Propranolol is 
therefore useful in the management of chronic stable angina.

c. Myocardial infarction: Propranolol and other β-blockers 
have a protective effect on the myocardium. Thus, patients 
who have had one myocardial infarction seem to be pro-
tected against a second heart attack by prophylactic use of 
β-blockers. In addition, administration of a β-blocker imme-
diately following a myocardial infarction reduces infarct size 
and early mortality. The mechanism for these effects may be 
a reduction in the actions of circulating catecholamines that 
increase the oxygen demand in an already ischemic heart 
muscle. Propranolol also reduces the incidence of sudden 
arrhythmic death after myocardial infarction.

d. Migraine: Propranolol is effective in reducing migraine epi-
sodes when used prophylactically (see Chapter 40). It is one 
of the more useful β-blockers for this indication, due to its 
lipophilic nature that allows it to penetrate the CNS. [Note: 
For the acute management of migraine, serotonin agonists 
such as sumatriptan are used, as well as other drugs.]

e. Hyperthyroidism: Propranolol and other β-blockers are effec-
tive in blunting the widespread sympathetic stimulation that 
occurs in hyperthyroidism. In acute hyperthyroidism ( thyroid 
storm), β-blockers may be lifesaving in protecting against 
serious cardiac arrhythmias.

β1

β2

β2

Acebutolol
Atenolol
Metoprolol
Nebivolol

Rate
Force

Decreased
cardiac
output

Broncho-
constriction

Re�ex
peripheral
vaso-
constriction

Na+Na+

Propranolol

Propranolol

Propranolol

Propranolol

Figure 7.6
Actions of propranolol and other 
β-blockers.
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172 7. Adrenergic Antagonists

3. Pharmacokinetics: After oral administration, propranolol is 
almost completely absorbed. It is subject to first-pass effect, and 
only about 25% of an administered dose reaches the circulation. 
The volume of distribution of propranolol is quite large (4 L/kg),  
and the drug readily crosses the blood–brain barrier due to its 
high lipophilicity. Propranolol is extensively metabolized, and 
most metabolites are excreted in the urine.

4. Adverse effects:

a. Bronchoconstriction: Propranolol has the potential to cause 
significant bronchoconstriction due to blockade of β2 recep-
tors (Figure 7.7). Death by asphyxiation has been reported for 
patients with asthma whom were inadvertently administered 
the drug. Therefore, propranolol is contraindicated in patients 
with COPD or asthma.

b. Arrhythmias: Treatment with β-blockers must never be stopped 
abruptly because of the risk of precipitating cardiac arrhythmias, 
which may be severe. The β-blockers must be tapered off grad-
ually over a period of at least a few weeks. Long-term treatment 
with a β antagonist leads to up-regulation of the β receptor. On 
suspension of therapy, the increased receptors can precipitate 
worsened angina or hypertension through action of endoge-
nous catecholamines on the up-regulated β receptors.

c. Sexual impairment: Impaired sexual activity has been 
reported in male patients taking propranolol. The reasons 
for this are not clear and may be independent of β recep-
tor blockade. However, β blockers do not affect ejaculation 
(mediated by α receptors).

d. Metabolic disturbances: β Blockade leads to decreased 
glycogenolysis and decreased glucagon secretion. Fasting 
hypoglycemia may occur. In addition, β-blockers can prevent 
the counter-regulatory effects of catecholamines during hypo-
glycemia. Thus, the perception of symptoms of hypoglycemia 
such as tremor, tachycardia, and nervousness are blunted by 
β-blockers. A major role of β receptors is to mobilize energy 
molecules such as free fatty acids. [Note: Lipases in fat cells 
are activated mainly by β2 and β3 receptor stimulation, lead-
ing to the metabolism of triglycerides into free fatty acids.] 
Patients administered nonselective β-blockers have increased 
low-density lipoprotein (“bad” cholesterol), increased tri-
glycerides, and reduced high-density lipoprotein (“good” cho-
lesterol) through β2 blockade. These effects on the serum lipid 
profile may be less pronounced with the use of β1-selective 
antagonists such as metoprolol.

e. CNS effects: Propranolol has numerous CNS-mediated 
effects, including depression, dizziness, lethargy, fatigue, 
weakness, visual disturbances, hallucinations, short-term 
memory loss, emotional lability, vivid dreams (including night-
mares), and depression. Fewer CNS effects may be seen with 
more hydrophilic β-blockers (for example, atenolol) because 
they do not cross the blood–brain barrier as readily.

f. Drug interactions: Drugs that interfere with, or inhibit, the 
metabolism of propranolol, such as cimetidine, fluoxetine, 

Sexual
dysfunction

Broncho-
constriction

Arrhythmias
(upon abrupt
withdrawal) 

Fatigue

Figure 7.7
Adverse effects commonly observed 
in individuals treated with propranolol.
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173III. β-Adrenergic Blocking Agents

paroxetine, and ritonavir, may potentiate its antihyperten-
sive effects. Conversely, those that stimulate or induce its 
metabolism, such as barbiturates, phenytoin, and rifampin, 
can decrease its effects. Nonselective β-blockers such as 
propranolol may prevent the rescue effects of epinephrine in 
anaphylaxis. 

B. Nadolol and timolol: Nonselective  antagonists

 Nadolol [NAH-doh-lole] and timolol [TIM-o-lole] also block β1- and 
β2-adrenoceptors and are more potent than propranolol. Nadolol has 
a very long duration of action (Figure 7.5). Timolol reduces the pro-
duction of aqueous humor in the eye. It is used topically in the treat-
ment of chronic open-angle glaucoma.

1. Treatment of glaucoma: β-Blockers, such as topically applied 
timolol, are effective in diminishing intraocular pressure in glau-
coma (Figure 7.8). This occurs by decreasing the secretion of 
aqueous humor by the ciliary body. Carteolol [kar-TEE-oh-lol], 
levobunolol [lee-voe-BYOO-noe-lole], and metipranolol [met-i-
PRAN-oh-lol] are nonselective β antagonists, whereas betaxolol 
[be-TAKS-oh-lol] is a β1-selective agent. Unlike the cholinergic 
drugs, these agents neither affect the ability of the eye to focus 
for near vision nor change pupil size. When administered intraoc-
ularly, the onset is about 30 minutes, and the effects last for 12 to 
24 hours. The β-blockers are only used for chronic management 
of glaucoma. In an acute attack of glaucoma, pilocarpine is still 
the drug of choice for emergency lowering of intraocular pressure. 
Other agents used in the treatment of glaucoma are summarized 
in Figure 7.8.

Figure 7.8
Classes of drugs used to treat glaucoma.

Apraclonidine, brimonidine Decrease of aqueous humor
production and increase of 
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Pilocarpine, carbachol Increase of aqueous out�ow
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bimatoprost 

Increase of aqueous humor 
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�-Adrenergic agonists
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Cholinergic agonists
(topical) 

Prostaglandin-like 
analogs (topical) 

Carbonic anhydrase 
inhibitors (topical 
and systemic) 

Dorzolamide and brinzolamide
(topical), acetazolamide, and 
methazolamide (oral)

Decrease of aqueous humor 
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�-Adrenergic antagonists
(topical)            

Betaxolol, carteolol, levobunolol, 
metipranolol, timolol

Decrease of aqueous humor
production

Red eye and ocular irritation, allergic 
reactions, malaise, and headache

Eye or brow pain, increased myopia, and 
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Transient myopia, nausea, diarrhea, loss of 
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drugs)

Ocular irritation; contraindicated in patients 
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CLASS OF DRUG DRUG NAMES MECHANISM OF ACTION SIDE EFFECTS
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174 7. Adrenergic Antagonists

C.  Acebutolol, atenolol, betaxolol, bisoprolol, esmolol, 
metoprolol, and nebivolol: Selective 1 antagonists

 Drugs that preferentially block the β1 receptors minimize the 
unwanted bronchoconstriction (β2 effect) seen with the use of non-
selective agents in asthma patients. Cardioselective β-blockers, such 
as acebutolol [a-se-BYOO-toe-lole], atenolol [a-TEN-oh-lole], and 
metoprolol [me-TOE-proe-lole], antagonize β1 receptors at doses 
50- to 100-fold less than those required to block β2 receptors. This 
cardioselectivity is most pronounced at low doses and is lost at  
high  doses. [Note: Because β1 selectivity of these agents is lost  
at high doses, they may antagonize β2 receptors.]

1. Actions: These drugs lower blood pressure in hypertension 
and increase exercise tolerance in angina (Figure 7.6). Esmolol  
[EZ- moe-lole], with a rapid onset of action of 90 seconds, has 
a very short duration of action (half-life of only 9 to 10 minutes) 
(Figure 7.5) due to rapid hydrolysis by red blood cell esterase. It is 
only available intravenously and is used to control blood pressure 
or heart rhythm in critically ill patients and those undergoing sur-
gery or diagnostic procedures. β1-Selectivity allows esmolol to be 
used safely in patients with bronchospastic and vascular disease. 
In addition to its cardioselective β blockade, nebivolol [ne-BIV-oh-
lole] releases nitric oxide from endothelial cells and causes vaso-
dilation. In contrast to propranolol, the cardioselective β-blockers 
have fewer effects on pulmonary function, peripheral resistance, 
and carbohydrate metabolism. Nevertheless, asthma patients 
treated with these agents must be carefully monitored to make 
certain that respiratory activity is not compromised. Because these 
drugs have less effect on peripheral vascular β2 receptors, cold-
ness of extremities (Raynaud  phenomenon), a common side effect 
of β-blockers, is less frequent. 

2. Therapeutic uses: The cardioselective β-blockers are useful in 
hypertensive patients with impaired pulmonary function. These 
agents are also first-line therapy for chronic stable angina. 
Bisoprolol and the extended-release formulation of metoprolol are 
indicated for the management of chronic heart failure. 

D.  Acebutolol and pindolol: Antagonists with partial agonist 
activity

1. Actions:

a. Cardiovascular: Acebutolol (β1-selective antagonist) and 
pindolol (nonselective β-blocker) [PIN-doe-lole] are not pure 
antagonists. These drugs can also weakly stimulate both 
β1 and β2 receptors (Figure 7.9) and are said to have intrin-
sic sympathomimetic activity (ISA). These partial agonists 
stimulate the β receptor to which they are bound, yet they 
inhibit stimulation by the more potent endogenous catechol-
amines, epinephrine and norepinephrine. The result of these 
opposing actions is a diminished effect on reduction of car-
diac rate and cardiac output compared to that of β-blockers 
without ISA.

CELLULAR EFFECTS

DECREASED
CELLULAR EFFECTS

(for example, pindolol 
and acebutolol)

Partial agonists

(for example, epinephrine)
Agonists

(for example, propranolol)

Antagonists

β1 and β2 receptor 

β1 and β2 receptors activated 

β1 and β2 receptors blocked 
but not activated 

β1 and β2 receptors partially activated 
but unable to respond to more potent
catecholamines

Epinephrine

A

B

C

Figure 7.9
Comparison of agonists, antagonists, 
and partial agonists of β adrenoceptors.
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175IV. Drugs Affecting Neurotransmitter Release or Uptake

b. Decreased metabolic effects: β-Blockers with ISA minimize 
the disturbances of lipid and carbohydrate metabolism that 
are seen with other β-blockers. For example, these agents do 
not decrease plasma HDL levels.

2. Therapeutic use: β-Blockers with ISA are effective in hyper-
tensive patients with moderate bradycardia, because a further 
decrease in heart rate is less pronounced with these drugs. [Note: 
β-Blockers with ISA are not used for stable angina or arrhythmias 
due to their partial agonist effect.] Overall, β-blockers with ISA 
are infrequently used in clinical practice. Figure 7.10 summarizes 
some of the indications for β-blockers.

E.  Labetalol and carvedilol: Antagonists of both  and  
adrenoceptors

1. Actions: Labetalol [lah-BET-a-lole] and carvedilol [CAR-ve-dil-ol] 
are nonselective β-blockers with concurrent α1-blocking actions 
that produce peripheral vasodilation, thereby reducing blood 
pressure, and does not cause reflex tachycardia. They contrast 
with the other β-blockers that produce initial peripheral vaso-
constriction, and these agents are, therefore, useful in treating 
hypertensive patients for whom increased peripheral vascular 
resistance is undesirable. Carvedilol also decreases lipid perox-
idation and vascular wall thickening, effects that have benefit in 
heart failure.

2. Therapeutic use in hypertension and heart failure: Labetalol 
is used as an alternative to methyldopa in the treatment of preg-
nancy-induced hypertension. Intravenous labetalol is also used to 
treat hypertensive emergencies, because it can rapidly lower blood 
pressure (see Chapter 16). The peak hypotensive effect from intra-
venous labetalol occurs within 5 to 15 minutes and the duration of 
action is 4 to 6 hours. β-Blockers should not be given to patients 
with an acute exacerbation of heart failure, as they can worsen the 
condition. However, carvedilol as well as metoprolol and bisoprolol 
are beneficial in patients with stable chronic heart failure. These 
agents work by blocking the effects of sympathetic stimulation 
on the heart, which causes worsening heart failure over time (see 
Chapter 18).

3. Adverse effects: Orthostatic hypotension and dizziness are asso-
ciated with α1 blockade. Figure 7.11 summarizes the receptor 
specificities and uses of the β-adrenergic antagonists.

IV.  DRUGS AFFECTING NEUROTRANSMITTER 
RELEASE OR UPTAKE

Some agents act on the adrenergic neuron, either to interfere with neu-
rotransmitter release from storage vesicles or to alter the uptake of the 
neurotransmitter into the adrenergic neuron. However, due to the advent 
of newer and more effective agents with fewer side effects, these agents 
are seldom used therapeutically. Reserpine [re-SER-peen] is one of the 
remaining agents in this category.

Figure 7.10
Some clinical applications of 
β-blockers. AV = atrioventricular.

Propranolol, metoprolol, and
other �-blockers reduce cardiac 
output and renin secretion.

Propranolol provides
a prophylactic e�ect.

Timolol and other �-blockers 
reduce secretion of aqueous
humor.

Propranolol reduces 
cardiac rate and 
potential for 
arrhythmias.

Propranolol reduces l
cardiac rate and
potential for 
arrhythmias.

Angina pectoris
Propranolol, nadolol, and other 
�-blockers reduce cardiac 
rate and force.

Arrhythmia prophylaxis after
myocardial infarction

Propranolol and metoprolol reduce 
cardiac output and renin secretion.

Supraventricular tachycardias
Propranolol  and esmolol 
slow AV conduction velocity.

Hypertension

Glaucoma

Migraine

Thyrotoxicosis

Whalen7-ch007-�g010
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176 7. Adrenergic Antagonists

Reserpine, a plant alkaloid, blocks the Mg2+/adenosine triphosphate– 
dependent transport of biogenic amines (norepinephrine, dopamine, 
and serotonin) from the cytoplasm into storage vesicles in the adrener-
gic nerve terminals in all body tissues. This causes the ultimate deple-
tion of biogenic amines. Sympathetic function, in general, is impaired 
because of decreased release of norepinephrine. Reserpine-mediated 
depletion of monoamine neurotransmitters in the synapses causes sub-
sequent  depression  in humans. There has been much concern about 
reserpine causing depression leading to suicide. Reserpine has a slow 
onset, a long duration of action, and effects that persist for many days 
after discontinuation as it may take the body days to weeks to replen-
ish the depleted vesicular monoamine transporter. It was used for the 
management of hypertension but has largely been replaced with newer 
agents with better adverse effect profiles and fewer drug interactions. 
Reserpine passes into  breast milk  and is harmful to breast-fed infants 
and should therefore be avoided during breastfeeding if possible. It 
also produces a dangerous decline in blood pressure at doses needed 
for treatment.

DRUG THERAPEUTIC USESRECEPTOR
SPECIFICITY

Propranolol

Timolol

Nadolol
Pindolol 1

Atenolol
Bisoprolol2

Esmolol
Metoprolol2

Carvedilol2

Labetalol

Nebivolol

Acebutolol 1

β1, β2

β1, β2

β1

α1, β1, β2

β1, β2

β1, NO

β1

Hypertension
Migraine
Hyperthyroidism
Angina pectoris
Myocardial infarction

Glaucoma, hypertension

Hypertension

Hypertension
Angina
Myocardial infarction

Hypertension

Hypertension

Hypertension

Whalen7-ch007-�g011

Figure 7.11
Summary of β-adrenergic antagonists. 

NO = nitric oxide. 
1Acebutolol and pindolol are partial agonists, as well. 
2Bisoprolol, metoprolol, and carvedilol are also used for the treatment of heart failure.
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Study Questions

Choose the ONE best answer.

7.1. A 60-year-old patient started a new antihypertensive 
medication. His blood pressure is well controlled, 
but he complains of fatigue, drowsiness, and faint-
ing when he gets up from the bed (orthostatic hypo-
tension). Which of the following drugs is he most 
likely taking?

A. Metoprolol

B. Propranolol

C. Prazosin

D. Alfuzosin

7.2. A 30-year-old male patient was brought to the ER 
with amphetamine overdose. He presented with 
high blood pressure and arrhythmias. Which drug 
is the most appropriate to treat the cardiovascular 
symptoms of amphetamine overdose in this patient? 

A. Metoprolol

B. Prazosin

C. Labetalol

D. Nebivolol

7.3. A new antihypertensive drug was tested in an animal 
model of hypertension. The drug when given alone 
reduces blood pressure in the animal. Norepinephrine 
when given in the presence of this drug did not cause 
any significant change in blood pressure or heart rate 
in the animal. The mechanism of action of the new 
drug is similar to which of the following agents?

A. Doxazosin

B. Clonidine

C. Atenolol

D. Carvedilol

7.4. A β-blocker was prescribed for hypertension in a 
patient with asthma. After a week of treatment, 
the asthma attacks got worse, and the patient was 
asked to stop taking the β-blocker. Which β-blocker 
would you suggest as an alternative that is less 
likely to worsen the asthma?

A. Propranolol

B. Metoprolol

C. Labetalol

D. Carvedilol

Correct answer = C. Because they block α1-medi-
ated vasoconstriction, α-blockers (prazosin) are more 
likely to cause orthostatic hypotension, as compared 
to β-blockers (metoprolol, propranolol). Alfuzosin is 
a more selective antagonist for α1A receptors in the 
prostate and bladder and is less likely to cause hypo-
tension than prazosin.

Correct answer = C. Amphetamine is an indirect 
adrenergic agonist that mainly enhances the release 
of norepinephrine from peripheral sympathetic neu-
rons. Therefore, it activates all types of adrenergic 
receptors (that is, α and β receptors) and causes 
an increase in blood pressure. Since both α and β 
receptors are activated indirectly by amphetamine, 
α-blockers (prazosin) or β-blockers (metoprolol, 
nebivolol) alone cannot relieve the cardiovascular 
effects of amphetamine poisoning. Labetalol blocks 
both α1 and beta receptors and can minimize the car-
diovascular effects of amphetamine overdose.

Correct answer = D. Norepinephrine activates both α1 
and β1 receptors and causes an increase in heart rate 
and blood pressure. A drug that prevents the increase 
in blood pressure caused by norepinephrine should 
be similar to carvedilol that antagonizes both α1 and 
β1 receptors. Doxazosin is an α1 antagonist, clonidine 
is an α2 agonist, and atenololis a β antagonist, and 
these drugs cannot completely prevent the cardio-
vascular effects of norepinephrine.

Correct answer = B. The patient was most likely 
given a nonselective β-blocker (antagonizes both β1 
and β2 receptors) that made the asthma worse due 
to β2 antagonism. An alternative is to prescribe a 
cardioselective (antagonizes only β1) β-blocker that 
does not antagonize β2 receptors in the bronchioles. 
Metoprolol is a cardioselective β-blocker. Propranolol, 
labetalol, and carvedilol are nonselective β-blockers 
and could worsen the asthma.
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7.5. A 70-year-old male is treated with doxazosin for 
overflow incontinence due to his enlarged prostate. 
He complains of dizzy spells while getting up from 
bed at night. Which drug would you suggest as an 
alternative that may not cause dizziness?

A. Propranolol

B. Phentolamine

C. Tamsulosin

D. Terazosin

7.6. A 50-year-old male was in anaphylactic shock after 
being stung by a hornet. The medical team tried to 
reverse the bronchoconstriction and hypotension 
using epinephrine; however, the patient did not fully 
respond to the treatment. The patient’s wife men-
tioned that he is taking a prescription medication for 
blood pressure. Which medication is he most likely 
taking that contributed to a reduced response to 
epinephrine?

A. Doxazosin

B. Propranolol

C. Metoprolol

D. Acebutolol

7.7. Which of the following is correct regarding  
α-  adrenergic blockers?

A. α-Adrenergic blockers are used in the treatment 
of hypotension in anaphylactic shock.

B. α-Adrenergic blockers are used in the treatment 
of benign prostatic hyperplasia (BPH).

C. α-Adrenergic blockers may cause bradycardia.

D. α-Adrenergic blockers reduce the frequency of 
urination.

7.8. Which of the following is correct regarding 
β-blockers?

A. Treatment with β-blockers should not be stopped 
abruptly.

B. Propranolol is a cardioselective β-blocker.

C. Cardioselective β-blockers worsen asthma.

D. β-Blockers decrease peripheral resistance by 
causing vasorelaxation.

Correct answer = C. Dizziness in this elderly patient 
could be due to orthostatic hypotension caused 
by doxazosin. Tamsulosin is an α1 antagonist that 
is more selective to the α1 receptor subtype (α1A) 
present in the prostate and less selective to the α1 
receptor subtype (α1B) present in the blood ves-
sels. Therefore, tamsulosin should not affect blood 
pressure significantly and may not cause dizziness. 
Terazosin and phentolamine antagonize both these 
subtypes and cause significant hypotension as a side 
effect. Propranolol is a non-selective beta blocker 
that is not indicated in overflow incontinence.

Correct answer = B. Epinephrine reverses  hypotension 
by activating β1 receptors and relieves bronchocon-
striction by activating β2 receptors in anaphylaxis. 
Since epinephrine was not effective in reversing 
 hypotension or bronchoconstriction in this patient, it 
could be assumed that the patient was on a nonselec-
tive β-blocker (propranolol). Doxazosin (α1-blocker), 
metoprolol, or acebutolol (both β1-selective blockers) 
would not have completely prevented the effects of 
epinephrine.

Correct answer = B. α-Adrenergic blockers are used in 
the treatment of BPH because of their relaxant effect 
on prostate smooth muscles. Being antihypertensive 
agents, they are not useful in treating hypotension in 
anaphylaxis. α-Adrenergic blockers  generally cause 
reflex tachycardia (not bradycardia) due to the signif-
icant drop in blood pressure caused by them. They 
increase (not reduce) the frequency of urination by 
relaxing the internal sphincter of the urinary bladder, 
which is controlled by α1 receptors.

Correct answer = A. If β-blocker therapy is stopped 
abruptly, that could cause angina and rebound hyper-
tension. This could be due to the up- regulation of 
β  receptors in the body. β-Blockers do not cause 
direct vasorelaxation. Therefore, they do not decrease 
peripheral resistance with short-term use. Propranolol 
is a nonselective β-blocker (not  cardioselective). 
Cardioselective β-blockers antagonize only β1  receptors 
and do not worsen asthma, as they do not antagonize 
β2 receptors.
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Correct answer = B. β-Blockers reduce the formation 
of aqueous humor in the eye and therefore reduce 
intraocular pressure, thus relieving glaucoma. Timolol 
is a nonselective β-blocker that is commonly used 
topically to treat glaucoma. Esmolol is a short-acting 
β-blocker that is used intravenously for hypertension 
or arrhythmias. Silodosin is an α1 antagonist used for 
BPH, and yohimbine is a α2 antagonist used for sex-
ual dysfunction.

Correct answer = D. Labetalol is a nonselective 
β-blocker with α1-blocking activity. Prazosin causes 
orthostatic hypotension due to its α1 blockade, which 
could be enhanced by adding labetalol. Propranolol, 
atenolol, and nebivolol do not have α1-blocking effects.

7.9. Which of the following drugs is commonly used top-
ically in the treatment of glaucoma?

A. Esmolol

B. Timolol

C. Silodosin

D. Yohimbine

7.10. Which of the following drugs has the highest poten-
tial to worsen orthostatic hypotension when given 
together with prazosin? 

A. Propranolol

B. Atenolol

C. Nebivolol

D. Labetalol
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I. OVERVIEW

Most drugs that affect the central nervous system (CNS) act by alter-
ing some step in the neurotransmission process. Drugs affecting the CNS 
may act presynaptically by influencing the production, storage, release, 
or termination of action of neurotransmitters. Other agents may activate 
or block postsynaptic receptors. This chapter provides an overview of 
the CNS, with a focus on those neurotransmitters that are involved in 
the actions of the clinically useful CNS drugs. These concepts are useful 
in understanding the etiology and treatment strategies for the neurode-
generative disorders that respond to drug therapy: Parkinson’s disease, 
Alzheimer’s disease, multiple sclerosis (MS), and amyotrophic lateral 
 sclerosis (ALS) (Figure 8.1).

II. NEUROTRANSMISSION IN THE CNS

The basic functioning of neurons in the CNS is similar to that of the auto-
nomic nervous system (ANS) described in Chapter 3. For example, trans-
mission of information in both the CNS and in the periphery involves the 
release of neurotransmitters that diffuse across the synaptic cleft to bind 
to specific receptors on the postsynaptic neuron. In both systems, the 
recognition of the neurotransmitter by the membrane receptor of the post-
synaptic neuron triggers intracellular changes. However, several major 
 differences exist between neurons in the peripheral ANS and those in the 
CNS. The circuitry of the CNS is more complex than that of the ANS, 
and the number of synapses in the CNS is far greater. The CNS, unlike 
the peripheral ANS, contains networks of inhibitory neurons that are con-
stantly active in modulating the rate of neuronal transmission. In addition, 
the CNS communicates through the use of multiple neurotransmitters, 
whereas the ANS uses only two primary neurotransmitters, acetylcholine 
and norepinephrine.

Drugs for 
Neurodegenerative 
Diseases
Jose A. Rey

UNIT III
Drugs Affecting the Central 

Nervous System
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182 8. Drugs for Neurodegenerative Diseases

Figure 8.1

DRUGS AFFECTING 
 DOPAMINERGIC SYSTEM 

DRUGS  AFFECTING 
CHOLINERGIC 
 S YSTEM

ANTIALZHEIMER 
DRUGS

ANTI-MULTIPLE 
 SCLEROSIS (ALS) 
DRUGS

ANTI-AMYOTROPHIC 
LATERAL SCLEROSIS 
(ALS) DRUGS

Dopamine precursors
• Levodopa
• Levodopa (with carbidopa)

Central anticholinergic 
agents
• Trihexiphenidyl
• Biperiden
• Benztropine
• Procyclidine

Acetylcholinesterase 
(AChE) inhibitors
• Tacrine
• Donepezil 
• Galantamine 
• Rivastigmine

Disease-modifying agents
 Interferon β1a and  
 interferon β1b
• Glatiramer
• Fingolimod
• Teriflunamide
• Dimethyl fumarate
• Natalizumab
• Mitoxantrone

Riluzole

Peripheral decarboxylase 
inhibitors
• Carbidopa
• Benserazide

Antihistamines
• Promethazine
• Orphenodrine

NMDA receptor  
 antagonist
• Memantine

Immunosuppressants
• Azathioprine
• Cyclophosphamide

Dopamine agonists
• Bromocriptine
• Pramipexole
• Pergolide
• Lisuride
• Ropinirole
• Rotigotine

Corticosteroids
• Dexamethasone
• Prednisolone 

MAOB inhibitors
• Selegiline
• Rasagiline

Symptomatic treatment
• Dalfampridine

COMT inhibitors
• Entacapone
• Tolcapone

Dopamine facilitators
• Amantadine1

• Apomorphine
1 Amantadine has multiple mechanism of actions—by increasing the release of dopamine, blocking cholinergic receptors, and inhibiting the N-methyl-d-aspartate 
(NMDA) type of glutamate receptors.

III. SYNAPTIC POTENTIALS

In the CNS, receptors in most synapses are coupled to ion channels. 
Binding of the neurotransmitter to the postsynaptic membrane receptors 
results in a rapid but transient opening of ion channels. Open channels 
allow specific ions inside and outside the cell membrane to flow down their 
concentration gradients. The resulting change in the ionic composition 
across the membrane of the neuron alters the postsynaptic potential, pro-
ducing either depolarization or hyperpolarization of the postsynaptic mem-
brane, depending on the specific ions and the direction of their movement.

A. Excitatory pathways

 Neurotransmitters can be classified as either excitatory or inhibitory, 
depending on the nature of the action they elicit. Stimulation of excit-
atory neurons causes a movement of ions that results in a depolar-
ization of the postsynaptic membrane. These excitatory postsynaptic 
potentials (EPSP) are generated by the following: 1) Stimulation of an 
excitatory neuron causes the release of neurotransmitters, such as glu-
tamate or acetylcholine, which bind to receptors on the postsynaptic 
cell membrane. This causes a transient increase in the permeability of 
sodium (Na+) ions. 2) The influx of Na+ causes a weak depolarization, 

Figure 8.1
Drugs used for Parkinson’s disease.
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or EPSP, that moves the postsynaptic potential toward its firing thresh-
old. 3) If the number of stimulated excitatory neurons increases, more 
excitatory neurotransmitter is released. This ultimately causes the EPSP 
depolarization of the postsynaptic cell to pass a threshold, thereby gen-
erating an all-or-none action potential. [Note: The generation of a nerve 
impulse typically reflects the activation of synaptic receptors by thou-
sands of excitatory neurotransmitter molecules released from many 
nerve fibers.] Figure 8.2 shows an example of an excitatory pathway.

B. Inhibitory pathways

 Stimulation of inhibitory neurons causes movement of ions that results 
in a hyperpolarization of the postsynaptic membrane. These inhib-
itory postsynaptic potentials (IPSP) are generated by the following:  
1) Stimulation of inhibitory neurons releases neurotransmitters, such as 
γ-aminobutyric acid (GABA) or glycine, which bind to receptors on the 
postsynaptic cell membrane. This causes a transient increase in the 
permeability of specific ions, such as potassium (K+) and chloride (Cl−).  
2) The influx of Cl− and efflux of K+ cause a weak hyperpolarization, or 
IPSP, that moves the postsynaptic potential away from its firing thresh-
old. This diminishes the generation of action potentials. Figure 8.3  
shows an example of an inhibitory pathway.

C. Combined effects of the EPSP and IPSP

 Most neurons in the CNS receive both EPSP and IPSP input. Thus, 
several different types of neurotransmitters may act on the same 
 neuron, but each binds to its own specific receptor. The overall action 
is the summation of the individual actions of the various neurotrans-
mitters on the neuron. The neurotransmitters are not uniformly distrib-
uted in the CNS but are localized in specific clusters of neurons, the 
axons of which may synapse with specific regions of the brain. Many 
neuronal tracts, thus, seem to be chemically coded, and this may 
offer greater opportunity for selective pharmacological modulation of 
certain neuronal pathways.

IV. NEURODEGENERATIVE DISEASES

Neurodegenerative diseases of the CNS include Parkinson’s disease, 
Alzheimer’s disease, MS, and ALS. These devastating illnesses are charac-
terized by the progressive loss of selected neurons in discrete brain areas, 
resulting in characteristic disorders of movement, cognition, or both.

V. OVERVIEW OF PARKINSON’S DISEASE

Parkinsonism is a progressive neurological disorder of muscle movement, 
characterized by tremors, muscular rigidity, bradykinesia, and  postural and 
gait abnormalities. Most cases involve people over the age of 65  years. 
The exact etiology is unknown. The disease often manifests itself between 
the ages of 50 and 60 years, among whom the incidence is about 1 in 
100  individuals. It was first described by James Parkinson in 1817; 
 therefore, it is named after him.

A. Etiology

 The cause of Parkinson’s disease is unknown for most patients. The 
disease is correlated with destruction of dopaminergic neurons in the 

Figure 8.2
Binding of the excitatory neurotrans-
mitter, acetylcholine, causes depolari-
zation of the neuron.
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substantia nigra with a consequent reduction of dopamine actions 
in the corpus striatum, parts of the basal ganglia system that are 
involved in motor control.

1. Substantia nigra: The substantia nigra, part of the extrapyramidal 
system, is the source of dopaminergic neurons (shown in red in 
Figure 8.4) that terminate in the neostriatum. Each dopaminergic 
neuron makes thousands of synaptic contacts within the neostri-
atum and therefore modulates the activity of a large number of 
cells. These dopaminergic projections from the substantia nigra 
fire tonically rather than in response to specific muscular move-
ments or sensory input. Thus, the dopaminergic system appears 
to serve as a tonic, sustaining influence on motor activity, rather 
than participating in specific movements.

2. Neostriatum: Normally, the neostriatum is connected to the 
substantia nigra by neurons (shown in orange in Figure 8.4) that 
secrete the inhibitory transmitter GABA at their termini. In turn, 
cells of the substantia nigra send neurons back to the neostri-
atum, secreting the inhibitory transmitter dopamine at their ter-
mini. This mutual inhibitory pathway normally maintains a degree 
of inhibition of both areas. In Parkinson’s disease, destruction 
of cells in the substantia nigra results in the degeneration of the 
nerve terminals that secrete dopamine in the neostriatum. Thus, 
the normal inhibitory influence of dopamine on cholinergic neu-
rons in the neostriatum is significantly diminished, resulting in 
overproduction, or a relative overactivity, of acetylcholine by the 
stimulatory neurons (shown in green in Figure 8.4). This triggers 
a chain of abnormal signaling, resulting in loss of the control of 
muscle movements.

3. Secondary parkinsonism: Antipsychotic drugs such as the phe-
nothiazines and haloperidol, whose major pharmacologic action is 
blockade of dopamine receptors in the brain, may produce par-
kinsonian symptoms (also called pseudoparkinsonism or drug- 
induced parkinsonism). These drugs should be used with caution 
in patients with Parkinson’s disease.

B. Strategy of treatment

 In addition to an abundance of inhibitory dopaminergic neurons, the 
neostriatum is also rich in excitatory cholinergic neurons that oppose 
the action of dopamine (Figure 8.4). Many of the symptoms of parkin-
sonism reflect an imbalance between the excitatory cholinergic neu-
rons and the greatly diminished number of inhibitory dopaminergic 
neurons. Therapy is aimed at restoring dopamine in the basal ganglia 
and antagonizing the excitatory effect of cholinergic neurons, thus 
reestablishing the correct dopamine/acetylcholine balance.

 VI. DRUGS USED IN PARKINSON’S DISEASE

Many currently available drugs aim to maintain CNS dopamine levels, or 
signaling, as constant as possible. These agents offer temporary relief from 
the symptoms of the disorder, but they do not arrest or reverse the neuro-
nal degeneration caused by the disease.
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A. Levodopa and carbidopa

 Levodopa [lee-voe-DOE-pa] is a metabolic precursor of dopamine 
(Figure 8.5). It restores dopaminergic neurotransmission in the neostri-
atum by enhancing the synthesis of dopamine in the surviving neu-
rons of the substantia nigra. In early disease, the number of residual 
dopaminergic neurons in the substantia nigra (typically about 20% of 
normal) is adequate for conversion of levodopa to dopamine. Thus, 
in new patients, the therapeutic response to levodopa is consistent, 
and the patient rarely complains that the drug effects “wear off.” 
Unfortunately, with time, the number of neurons decreases, and fewer 
cells are capable of converting exogenously administered levodopa to 
dopamine. Consequently, motor control fluctuation develops. Relief 
provided by levodopa is only symptomatic, and it lasts only while the 
drug is present in the body. 

1. Mechanism of action:

a. Levodopa: Dopamine does not cross the blood–brain 
 barrier, but its immediate precursor, levodopa, is actively 
transported into the CNS and converted to dopamine 
(Figure 8.5). Levodopa must be administered with carbidopa  
[kar- bi-DOE-pa]. Without carbidopa, much of the drug is 
decarboxylated to dopamine in the periphery, resulting in 
diminished effect, nausea, vomiting, cardiac arrhythmias, and 
hypotension.

b. Carbidopa: Carbidopa, a dopamine decarboxylase inhibi-
tor, diminishes the metabolism of levodopa in the periphery, 
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Figure 8.5
Synthesis of dopamine from levodopa in the absence and presence of carbidopa, an inhibitor of dopamine decarbox-
ylase in the peripheral tissues. GI = gastrointestinal.
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186 8. Drugs for Neurodegenerative Diseases

thereby increasing the availability of levodopa to the CNS. 
The addition of carbidopa lowers the dose of levodopa 
needed by four- to five-fold and, consequently, decreases 
the severity of adverse effects arising from peripherally 
formed dopamine.

2. Therapeutic uses: Levodopa in combination with carbidopa is an 
efficacious drug regimen for the treatment of Parkinson’s disease. 
It decreases rigidity, tremors, and other symptoms of parkinson-
ism. In approximately two-thirds of patients with Parkinson’s dis-
ease, levodopa–carbidopa substantially reduces the severity of 
symptoms for the first few years of treatment. Patients typically 
experience a decline in response during the 3rd to 5th year of 
therapy. Withdrawal from the drug must be gradual.

3. Absorption and metabolism: The drug is absorbed rapidly 
from the small intestine (when empty of food). Levodopa has an 
extremely short half-life (1 to 2 hours), which causes fluctuations 
in plasma concentration. This may produce fluctuations in motor 
response, which generally correlate with the plasma concentra-
tion of levodopa, or perhaps give rise to the more troublesome  
“on–off” phenomenon, in which the motor fluctuations are not 
related to plasma levels in a simple way. Motor fluctuations may 
cause the patient to suddenly lose normal mobility and experience 
tremors, cramps, and immobility. Ingestion of meals, particularly 
if high in protein, interferes with the transport of levodopa into 
the CNS. Thus, levodopa should be taken on an empty stomach, 
typically 30 minutes before a meal.

4. Adverse effects:

a. Peripheral effects: Anorexia, nausea, and vomiting occur 
because of stimulation of the chemoreceptor trigger zone 
(Figure 8.6). Tachycardia and ventricular extrasystole result 
from dopaminergic action on the heart. Hypotension may also 
develop. Adrenergic action on the iris causes mydriasis. In 
some individuals, blood dyscrasias and a positive reaction to 
the Coombs test are seen. Saliva and urine may turn brown-
ish color because of the melanin pigment produced from cat-
echolamine oxidation.

b. CNS effects: Visual and auditory hallucinations and abnormal 
involuntary movements (dyskinesias) may occur. These effects 
are the opposite of parkinsonian symptoms and reflect over-
activity of dopamine in the basal ganglia. Levodopa can also 
cause behavioral effects such as mood changes, depression, 
psychosis, and anxiety due to exacerbation of pre-existing psy-
chotic symptoms. There are also occasional late-onset dream 
alterations, visual hallucinations, and drug-induced psychoses 
characterized by paranoia and confusional states.

 [1]  Dyskinesias: Dyskinesias are the major limiting factor in ther-
apy with levodopa and may occur in 80% of patients. They are 
characterized by a variety of repetitive involuntary abnormal 
movements affecting the face, trunk, and limbs. Dyskinesias 
may be relieved by decreasing the dose of levodopa, but par-
kinsonian symptoms may deteriorate. Akinesia paradoxia, a 
sudden freezing of movement, may follow an episode of dys-
kinesia and is often precipitated by stress. 
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Figure 8.6
Adverse effects of levodopa.
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187 VI. Drugs Used in Parkinson’s Disease

   Some patients may experience an end-of-dose akinesia 
or “wearing-off” (worsening of symptoms) before the next 
dose is due. Each dose of levodopa improves mobil-
ity for a period of time and is followed by the rapid 
return of muscle rigidity and akinesia before the end of 
the dosing interval. Increase in dose and frequency of 
levodopa administration usually relieves these symptoms 
but may also induce dyskinesia. An “on-off” effect might 
also occur, in which rapid fluctuation between showing 
no beneficial effects of levodopa and showing beneficial 
effects with dyskinesias occurs. Clinical improvement may 
be seen with sustained release formulation of levodopa/
carbidopa. Hence, levodopa/carbidopa should never be 
stopped suddenly. 

5. Interactions and contraindications: The vitamin pyridoxine 
(B6) increases the peripheral breakdown of levodopa and dimin-
ishes its effectiveness (Figure 8.7). Concomitant administration 
of levodopa and nonselective monoamine oxidase inhibitors 
(MAOIs), such as phenelzine, can produce a hypertensive cri-
sis caused by enhanced catecholamine production. Therefore, 
concomitant administration of these agents is contraindicated. 
In many psychotic patients, levodopa exacerbates symptoms, 
possibly through the buildup of central catecholamines. Cardiac 
patients should be carefully monitored for the possible develop-
ment of arrhythmias. Antipsychotic drugs are generally contra-
indicated in Parkinson’s disease, because they potently block 
dopamine receptors and may augment parkinsonian symptoms. 
However, low doses of atypical antipsychotics, such as queti-
apine or clozapine, are sometimes used to treat levodopa-induced 
psychotic symptoms. The use of levodopa is also contraindicated 
in patients with narrow-angle glaucoma and peptic ulcer disease.

B. Selegiline, rasagiline, and safinamide

 Selegiline [seh-LEDGE-ah-leen], also called deprenyl [DE-pre-nill], 
selectively inhibits monoamine oxidase (MAO) type B, the enzyme that 
metabolizes dopamine. It does not inhibit MAO type A (metabolizes 
norepinephrine and serotonin) unless given above the recommended 
doses, where it loses its selectivity. By decreasing the metabolism of 
dopamine, selegiline increases dopamine levels in the brain (Figure 8.8). 
When selegiline is administered with levodopa, it enhances the actions 
of levodopa and substantially reduces the required dose. Unlike non-
selective MAOIs, selegiline at recommended doses has little potential 
for causing hypertensive crises. However, the drug loses selectivity 
at high doses, and there is a risk for severe hypertension. Otherwise 
these drugs are well tolerated. Selegiline is metabolized to metham-
phetamine and amphetamine, whose stimulating properties may pro-
duce insomnia if the drug is administered later than mid- afternoon. 
Rasagiline [ra-SA-gi-leen], an irreversible and selective inhibitor of 
brain MAO type B, has five times the potency of selegiline. Unlike sele-
giline, rasagiline is not metabolized to an amphetamine-like substance. 
Safinamide [sa-FIN-a-mide] is also a selective inhibitor of MAO type B 
indicated for use as an adjunct to levodopa–carbidopa. These drugs 
should be avoided in patients taking selective serotonin re-uptake 

Figure 8.7
Some drug interactions observed with 
levodopa. MAO = monoamine oxidase.
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188 8. Drugs for Neurodegenerative Diseases

inhibitors (SSRIs), tricyclic antidepressants, and meperidine, as con-
comitant therapy may precipitate serotonin syndrome (described later 
in Chapter 10).

C. Catechol-O-methyltransferase inhibitors

 Normally, the methylation of levodopa by catechol-O-methyltrans-
ferase (COMT) to 3-O-methyldopa is a minor pathway for levodopa 
metabolism. However, when peripheral dopamine decarboxylase 
activity is inhibited by carbidopa, a significant concentration of 
3-O-methyldopa is formed that competes with levodopa for active 
transport into the CNS (Figure 8.9). Entacapone [en-TAK-a-pone] and 
tolcapone [TOLE-ka-pone] selectively and reversibly inhibit COMT. 
Inhibition of COMT by these agents leads to decreased plasma con-
centrations of 3-O-methyldopa, increased central uptake of levodopa, 
and greater concentrations of brain dopamine. Both of these agents 
reduce the symptoms of “wearing-off” phenomena seen in patients 
on levodopa–carbidopa. The two drugs differ primarily in their phar-
macokinetic and adverse effect profiles. Entacapone acts only in the 
periphery. It decreases the metabolism of levodopa and makes more 
levodopa available to the brain. Tolcapone acts in both the periphery 
and the brain by inhibiting the degradation of dopamine.

1. Pharmacokinetics: Oral absorption of both drugs occurs read-
ily and is not influenced by food. They are extensively bound to 
plasma albumin, with a limited volume of distribution. Tolcapone 
has a relatively long duration of action (probably due to its affinity 
for the enzyme) compared to entacapone, which requires more 
frequent dosing. Both drugs are extensively metabolized and elim-
inated in feces and urine. The dosage may need to be adjusted in 
patients with moderate or severe cirrhosis.

2. Adverse effects: Both drugs exhibit adverse effects that are 
observed in patients taking levodopa–carbidopa, including diar-
rhea, postural hypotension, nausea, anorexia, dyskinesias, hallu-
cinations, and sleep disorders. Most seriously, fulminating hepatic 
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189 VI. Drugs Used in Parkinson’s Disease

necrosis is associated with tolcapone use. Therefore, it should be 
used, along with appropriate hepatic function monitoring, only in 
patients in whom other modalities have failed. Entacapone does 
not exhibit this toxicity and has largely replaced tolcapone in clin-
ical practice. 

D. Dopamine receptor agonists

 This group of antiparkinsonian compounds includes bromocriptine 
[broe-moe-KRIP-teen], an ergot derivative, and the nonergot drugs, 
ropinirole [roe-PIN-i-role], pramipexole [pra-mi-PEX-ole], rotigotine 
[ro-TIG-oh-teen], and apomorphine [A-poe-more-feen]. These agents 
have a longer duration of action than that of levodopa and are effec-
tive in patients exhibiting fluctuations in response to levodopa. Initial 
therapy with these drugs is associated with less risk of developing 
dyskinesias and motor fluctuations as compared to patients started 
on levodopa. Bromocriptine, pramipexole, and ropinirole are effective 
in patients with Parkinson’s disease complicated by motor fluctua-
tions and dyskinesias. However, these drugs are ineffective in patients 
who have not responded to levodopa. Apomorphine is an injectable 
dopamine agonist that is used in severe and advanced stages of the 
disease to supplement oral medications. Adverse effects severely 
limit the utility of the dopamine agonists (Figure 8.10).

1. Bromocriptine: The actions of the ergot derivative bromocriptine 
are similar to those of levodopa, except that hallucinations, con-
fusion, delirium, nausea, and orthostatic hypotension are more 
common, whereas dyskinesia is less prominent. In psychiatric ill-
ness, bromocriptine may cause the mental condition to worsen. 
It should be used with caution in patients with a history of myo-
cardial infarction or peripheral vascular disease due to the risk of 
vasospasm. Because bromocriptine is an ergot derivative, it has 
the potential to cause pulmonary and retroperitoneal fibrosis.

2. Apomorphine, pramipexole, ropinirole, and rotigotine: These 
are nonergot dopamine agonists that are approved for the treat-
ment of Parkinson’s disease. Pramipexole and ropinirole are orally 
active agents. Apomorphine and rotigotine are available in inject-
able and transdermal delivery systems, respectively. Apomorphine 
is used for acute management of the hypomobility “off” phenom-
enon in advanced Parkinson’s disease. Rotigotine is adminis-
tered as a once-daily transdermal patch that provides even drug 
 levels over 24 hours. These agents alleviate the motor deficits in 
patients who have never taken levodopa and also in patients with 
advanced Parkinson’s disease who are treated with levodopa. 
Dopamine agonists may delay the need to use levodopa in early 
Parkinson’s disease and may decrease the dose of levodopa in 
advanced Parkinson’s disease. Unlike the ergotamine derivatives, 
these agents do not exacerbate peripheral vascular disorders 
or cause fibrosis. Nausea, hallucinations, insomnia, dizziness, 
constipation, and orthostatic hypotension are adverse effects of 
these drugs, but dyskinesias are less frequent than with levodopa 
(Figure 8.11). Pramipexole is mainly excreted unchanged in the 
urine, and dosage adjustments are needed in renal dysfunc-
tion. Cimetidine inhibits renal tubular secretion of organic bases 
and may significantly increase the half-life of pramipexole. The 
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Some adverse effects of dopamine 
agonists.
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 fluoroquinolone antibiotics and other inhibitors of the cytochrome 
P450 (CYP450) 1A2 isoenzyme (for example, fluvoxamine) may 
inhibit the  metabolism of ropinirole, requiring an adjustment in 
ropinirole dosage. Figure 8.12 summarizes some properties of 
dopamine agonists.

E. Amantadine

 It was accidentally discovered that the antiviral drug amantadine 
[a-MAN-ta-deen] has an antiparkinsonian action. Amantadine has 
several effects on a number of neurotransmitters implicated in parkin-
sonism, including increasing the release of dopamine, blocking cholin-
ergic receptors, and inhibiting the N-methyl-d-aspartate (NMDA) type 
of glutamate receptors. The drug may cause restlessness, agitation, 
confusion, and hallucinations, and, at high doses, it may induce acute 
toxic psychosis. Orthostatic hypotension, urinary retention, peripheral 
edema, and dry mouth also may occur. Amantadine is less efficacious 
than levodopa, and tolerance develops more readily. However, aman-
tadine has fewer adverse effects.

F. Antimuscarinic agents

 The antimuscarinic agents are much less efficacious than levodopa 
and play only an adjuvant role in antiparkinsonism therapy. The 
actions of benztropine [BENZ-troe-peen] and trihexyphenidyl  
[tri-hex-ee-FEN-i-dill] are similar, although individual patients may 
respond more favorably to one drug or the other. Blockade of cho-
linergic transmission produces effects similar to augmentation of 
dopaminergic transmission, since it helps to correct the imbalance 
in the dopamine/acetylcholine activity (Figure 8.4). The antimus-
carinic agents have a significant effect on tremors and rigidity but 
little effect on bradykinesia and postural reflexes. These drugs are 
often used in the tremor-predominant Parkinson’s disease. These 
can also be used in combination with levodopa. These agents can 
induce mood changes and confusion and produce xerostomia, con-
stipation, and visual problems typical of muscarinic blockers (see 
Chapter  5). They interfere with gastrointestinal peristalsis and are 
contraindicated in patients with glaucoma, prostatic hyperplasia, or 
pyloric stenosis. To avoid precipitating these conditions, these agents 
should not be administered to patients who are taking other drugs 

Figure 8.11
Motor complications in patients 
treated with levodopa or dopamine 
agonists.
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Figure 8.12
Pharmacokinetic properties of dopamine agonists pramipexole, ropinirole, 
and rotigotine.
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Vd = volume of distribution. 
1Increases to 12 hours in patients older than 65 years. 
2Less than 10% excreted unchanged. 
3Administered as a once-daily transdermal patch.
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191VII. Drugs Used in Alzheimer’s Disease

with anticholinergic activity such as tricyclic antidepressants and 
 antihistamines. They can also cause urinary retention in elderly males.

 Any of the drugs used for the treatment of Parkinson’s disease can be 
given as monotherapy or in combination depending on the stage of 
Parkinsonism. The choice of the drug first prescribed depends on the 
clinical and lifestyle characteristics and patient preferences.

VII. DRUGS USED IN ALZHEIMER’S DISEASE

Dementia of the Alzheimer type has three distinguishing features: 1) accu-
mulation of senile plaques (β-amyloid accumulations), 2) formation of 
numerous neurofibrillary tangles, and 3) loss of cortical neurons, particu-
larly cholinergic neurons. Current therapies aim to either improve cholin-
ergic transmission within the CNS or prevent excitotoxic actions resulting 
from overstimulation of NMDA-glutamate receptors in selected areas of 
the brain. Pharmacologic intervention for Alzheimer’s disease is only palli-
ative and provides modest short-term benefit. None of the available thera-
peutic agents alter the underlying neurodegenerative process.

A. Acetylcholinesterase inhibitors

 Numerous studies have linked the progressive loss of cholinergic neu-
rons and, presumably, cholinergic transmission within the cortex to 
the memory loss that is a hallmark symptom of Alzheimer’s disease. It 
is postulated that inhibition of acetylcholinesterase (AChE) within the 
CNS improves cholinergic transmission, at least at those neurons that 
are still functioning. The reversible AChE inhibitors approved for the 
treatment of Alzheimer’s disease include donepezil [doe-NE-peh-zil], 
galantamine [ga-LAN-ta-meen], and rivastigmine [ri-va-STIG-meen]. 
These agents have some selectivity for AChE in the CNS, as compared 
to the periphery. Galantamine may also augment the action of acetyl-
choline at nicotinic receptors in the CNS. At best, these compounds 
may provide a modest reduction in the rate of loss of cognitive func-
tioning in Alzheimer patients. Rivastigmine is the only agent approved 
for the management of dementia associated with Parkinson’s disease 
and also the only AChE inhibitor available as a transdermal formula-
tion. Rivastigmine is hydrolyzed by AChE to a carbamylate metabolite 
and has no interactions with drugs that alter the activity of CYP450 
enzymes. The other agents are substrates for CYP450 and have a 
potential for such interactions. Common adverse effects include nau-
sea, diarrhea, vomiting, anorexia, tremors, bradycardia, and muscle 
cramps (Figure 8.13).

B. NMDA receptor antagonist

 Stimulation of glutamate receptors in the CNS appears to be criti-
cal for the formation of certain memories. However, overstimulation 
of glutamate receptors, particularly of the NMDA type, may result in 
excitotoxic effects on neurons and is suggested as a mechanism for 
neurodegenerative or apoptotic (programmed cell death) processes. 
Binding of glutamate to the NMDA receptor assists in the open-
ing of an ion channel that allows Ca2+ to enter the neuron. Excess 
intracellular Ca2+ can activate a number of processes that ultimately 
damage neurons and lead to apoptosis. Memantine [meh-MAN-teen] 
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Figure 8.13
Adverse effects of AChE inhibitors. 
Modified from R. Young. Update 
on Parkinson’s disease. Am. Fam. 
Physician 59: 2155 (1999).
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is an NMDA receptor antagonist indicated for moderate-to-severe 
Alzheimer’s disease. It acts by blocking the NMDA receptor and limit-
ing Ca2+ influx into the neuron, such that toxic intracellular levels are 
not achieved. Memantine is well tolerated, with few dose-dependent 
adverse events. Expected adverse effects, such as confusion, agita-
tion, and restlessness, are often indistinguishable from the symptoms 
of Alzheimer’s disease. Given its different mechanism of action and 
possible neuroprotective effects, memantine is often given in combi-
nation with an AChE inhibitor.

1. Other cognitive enhancers: Drugs such as pyritinol, dihydro-
ergotoxine, piribedil, citicholine, and extract of the plant Ginkgo 
biloba are reported to enhance cognitive functions by improving 
cerebral blood flow. Therefore, they have supporting value in the 
treatment of cognitive impairment. 

VIII. DRUGS USED IN MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is an autoimmune inflammatory demyelinating dis-
ease of the CNS. The course of MS is variable. For some, MS may consist 
of one or two acute neurologic episodes. In others, it is a chronic, relaps-
ing, or progressive disease that may span 10 to 20  years. Medications 
are used to modify the disease course, treat relapses ( exacerbations or 
attacks), and manage symptoms. Historically, high-dose intravenous cor-
ticosteroids (for example, dexamethasone and prednisone) for 3 to 5 days 
have been used to treat acute exacerbations of the disease as they reduce 
inflammation and end the relapse more quickly. Corticosteroids do not 
have any long-term benefit on the  disease. Chemotherapeutic agents, 
such as cyclophosphamide and  azathioprine, have also been used. There 
is currently no cure for MS, but it is possible to treat the symptoms with 
medications and other  treatments. Along with the other essential compo-
nents of comprehensive MS care, the medications discussed below help 
people manage their MS and enhance their comfort and quality of life. 

Treatment for MS depends on the specific symptoms and difficulties the 
person has with daily activities. It may include the following:

• Treating relapses of MS symptoms (with steroid medication)

• Treating specific MS symptoms

• Treatment to reduce the number of relapses (disease-modifying therapies)

A. Disease-modifying therapies

 Drugs currently approved for MS are indicated to decrease the num-
ber and severity of relapses and slow the worsening disability in MS 
cases. The major target of these medications is to modify the immune 
response through inhibition of white blood cell–mediated inflamma-
tory processes that eventually lead to myelin sheath damage and 
decreased or inappropriate axonal communication between cells. 
Disease-modifying agents are useful in certain patients with relapse 
remitting MS or secondary progressive MS.

1. Interferon 1a and interferon 1b: The immunomodulatory 
effects of interferon [in-ter-FEER-on] help to diminish the inflam-
matory responses that lead to demyelination of the axon sheaths. 
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Adverse effects of these medications may include depression, 
local injection site reactions, increases in hepatic enzymes, and 
flu-like symptoms.

2. Glatiramer: Glatiramer [gluh-TEER-a-mur] is a synthetic polypep-
tide that resembles myelin protein and may act as a decoy to 
T-cell attack. Some patients experience a postinjection reaction 
that includes flushing, chest pain, anxiety, and itching. It is usually 
self-limiting.

3. Fingolimod: Fingolimod [fin-GO-li-mod] is an oral drug that alters 
lymphocyte migration, resulting in fewer lymphocytes in the CNS. 
Fingolimod may cause first-dose bradycardia and is associated 
with an increased risk of infection and macular edema.

4. Teriflunomide: Teriflunomide [te-ree-FLOO-no-mide] is an oral 
pyrimidine synthesis inhibitor that leads to a lower concentration 
of active lymphocytes in the CNS. Teriflunomide may cause ele-
vated liver enzymes. It should be avoided in pregnancy.

5. Dimethyl fumarate: Dimethyl fumarate [dye-METH-il FOO- ma-
rate] is an oral agent that may alter the cellular response to oxida-
tive stress to reduce disease progression. Flushing and abdominal 
pain are the most common adverse events.

6. Monoclonal antibodies: Alemtuzumab [AL-em-TOOZ-ue-mab], 
daclizumab [dah-KLIH-zyoo-mab], natalizumab [na-ta-LIZ-oo-mab], 
and ocrelizumab [OK-re-LIZ-ue-mab] are monoclonal antibod-
ies indicated for the treatment of MS. Ocrelizumab is the first 
agent to be approved for primary progressive forms of the 
 disease. These agents can be associated with significant toxic-
ities, such as progressive multifocal leukoencephalopathy with 
 natalizumab, serious infections with daclizumab and alemtu-
zumab, and autoimmune disorders with alemtuzumab. As such, 
these agents may be reserved for patients who have failed other 
therapies.

B. Symptomatic treatment

 Many different classes of drugs are used to manage symptoms of 
MS such as spasticity, constipation, bladder dysfunction, and depres-
sion. Dalfampridine [DAL-fam-pre-deen], an oral potassium channel 
blocker, improves walking speeds in patients with MS. It is the first 
drug approved for this use.

 IX.  DRUGS USED IN AMYOTROPHIC 
LATERAL SCLEROSIS

Amyotrophic lateral sclerosis (ALS) is characterized by progressive degen-
eration of motor neurons, resulting in the inability to initiate or control mus-
cle movement. Riluzole [RIL-ue-zole] and edaravone [e-DAR-a-vone] are 
indicated for the management of ALS. Riluzole, an oral NMDA receptor 
antagonist, is believed to act by inhibiting glutamate release and blocking 
sodium channels. Riluzole may improve survival time in patients suffering 
from ALS. Edaravone is an intravenous free radical scavenger and antioxi-
dant that may slow the progression of ALS.
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Study Questions

Choose the ONE best answer.

8.1. Which one of the following combinations of antipar-
kinsonian drugs is an appropriate treatment plan?

A. Amantadine, carbidopa, and entacapone

B. Levodopa, carbidopa, and entacapone

C. Pramipexole, carbidopa, and entacapone

D. Ropinirole, selegiline, and entacapone

8.2. Peripheral adverse effects of levodopa, including 
nausea, hypotension, and cardiac arrhythmias, can 
be diminished by including which of the following 
drugs in the therapy?

A. Amantadine

B. Ropinirole

C. Carbidopa

D. Entacapone

8.3. Which of the following antiparkinsonian drugs may 
cause vasospasm?

A. Amantadine

B. Bromocriptine

C. Carbidopa

D. Entacapone

8.4. Modest improvement in the memory of patients 
with Alzheimer’s disease may occur with drugs 
that increase transmission at which of the following 
receptors?

A. Adrenergic

B. Cholinergic

C. Dopaminergic

D. GABAergic

8.5. Which medication is a glutamate receptor antago-
nist that can be used in combination with an acetyl-
cholinesterase inhibitor to manage the symptoms of 
Alzheimer’s disease?

A. Rivastigmine

B. Pramipexole

C. Memantine

D. Galantamine

Correct answer = B. To reduce the dose of levodopa 
and its peripheral adverse effects, the peripheral 
decarboxylase inhibitor, carbidopa, is coadminis-
tered. As a result of this combination, more levodopa 
is available for metabolism by catechol-O-meth-
yltransferase (COMT) to 3-O-methyldopa, which 
competes with levodopa for the active transport 
processes into the CNS. By administering entaca-
pone (an inhibitor of COMT), the competing product 
is not formed, and more levodopa enters the brain. 
The other choices are not appropriate, because 
neither peripheral decarboxylase nor COMT nor 
monoamine oxidase metabolizes amantadine or 
the direct-acting dopamine agonists, ropinirole and 
pramipexole.

Correct answer = C. Carbidopa inhibits the peripheral 
decarboxylation of levodopa to dopamine, thereby 
diminishing the gastrointestinal and cardiovascular 
adverse effects of levodopa. The other agents listed 
do not ameliorate adverse effects of levodopa.

Correct answer = B. Bromocriptine is a dopamine 
receptor agonist that may cause vasospasm. It is 
contraindicated in patients with peripheral vascular 
disease. The other drugs do not act directly on dopa-
mine receptors.

Correct answer = B. AChE inhibitors, such as galan-
tamine, increase cholinergic transmission in the CNS 
and may cause a modest delay in the progression 
of Alzheimer’s disease. Increased transmission at 
the other types of receptors listed does not result in 
improved memory.

Correct answer = C. When combined with an ace-
tylcholinesterase inhibitor, memantine has modest 
efficacy in keeping patients with Alzheimer’s disease 
at or above baseline for at least 6 months and may 
delay disease progression.
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195Study Questions

 8.6. Which of the following agents is available as a patch 
for once-daily use and is likely to provide steady 
drug levels to treat Alzheimer’s disease?

A. Rivastigmine

B. Donepezil

C. Memantine

D. Galantamine

 8.7. Which of the following is approved for the manage-
ment of amyotrophic lateral sclerosis?

A. Pramipexole

B. Selegiline

C. Riluzole

D. Glatiramer

 8.8. Which of the following medications reduces immune 
system–mediated inflammation via inhibition of 
pyrimidine synthesis to reduce the number of acti-
vated lymphocytes in the CNS?

A. Riluzole

B. Rotigotine

C. Teriflunomide

D. Dexamethasone

 8.9. Which of the following agents may cause trem-
ors as an adverse effect and, thus, should be used 
with caution in patients with Parkinson’s disease, 
even though it is also indicated for the treatment of 
dementia associated with Parkinson’s disease?

A. Benztropine

B. Rotigotine

C. Rivastigmine

D. Dimethyl fumarate

8.10. Which of the following agents exerts its therapeu-
tic effect in multiple sclerosis via potassium channel 
blockade?

A. Dalfampridine

B. Donepezil

C. Riluzole

D. Bromocriptine

Correct answer = C. Riluzole is approved for the 
debilitating and lethal illness of ALS. It is used to, 
ideally, delay the progression and need for ventilator 
support in severe patients.

Correct answer = C. Teriflunomide is believed to exert 
its disease modifying and anti-inflammatory effects 
by inhibiting the enzyme dihydro-orotate dehydroge-
nase to reduce pyrimidine synthesis.

Correct answer = A. Rivastigmine is the only agent 
available as a transdermal delivery system for the 
treatment of Alzheimer’s disease. It may also be used 
for dementia associated with Parkinson’s disease.

Correct answer = C. Though rivastigmine is an acetyl-
cholinesterase inhibitor, which can cause tremors as an 
adverse effect, its use is not contraindicated in patients 
with Parkinson’s disease, as this agent is also the only 
medication approved for dementia associated with 
Parkinson’s disease. It should be used with caution, as 
it may worsen the parkinsonian-related tremors. A risk–
benefit discussion should occur with the patient and 
the caregiver before rivastigmine is used.

Correct answer = A. Dalfampridine is a potassium 
channel blocker and is the only agent that is indi-
cated to improve walking speed in patients with MS.
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I. OVERVIEW

Disorders involving anxiety are among the most common mental disor-
ders. Anxiety is an unpleasant state of tension, apprehension, or uneasi-
ness (a fear that arises from either a known or an unknown source). The 
physical symptoms of severe anxiety are similar to those of fear (such as 
tachycardia, sweating, trembling, and palpitations) and involve sympa-
thetic activation. Episodes of mild anxiety are common life experiences 
and do not warrant treatment. However, severe, chronic, debilitating anx-
iety may be treated with antianxiety drugs (sometimes called anxiolytics) 
and/or some form of psychotherapy. Because many antianxiety drugs also 
cause some sedation, they may be used clinically as both anxiolytic and 
hypnotic (sleep-inducing) agents. Sedation is characterized by decreased 
anxiety, motor activity, and cognitive acuity. Hynosis is characterized 
by drowsiness and an increased tendency to sleep. Figure 9.1 summa-
rizes the anxiolytic and hypnotic agents. Some antidepressants are also  
indicated for certain anxiety disorders; however, they are discussed with 
the antidepressants (see Chapter 10).

II. BENZODIAZEPINES

Benzodiazepines are widely used anxiolytic drugs. They have largely 
replaced barbiturates and meprobamate in the treatment of anxiety and 
insomnia, because benzodiazepines are generally considered to be safer 
and more effective (Figure 9.2). Though benzodiazepines are commonly 
used, they are not necessarily the best choice for anxiety or insomnia. 
Certain antidepressants with anxiolytic action, such as the selective sero-
tonin reuptake inhibitors, are preferred in many cases, and nonbenzodiaze-
pine hypnotics and antihistamines may be preferable for insomnia.

A. Mechanism of action

 The targets for benzodiazepine actions are the γ-aminobutyric acid 
(GABAA) receptors. [Note: GABA is the major inhibitory neurotrans-
mitter in the central nervous system (CNS).] The GABAA receptors are 
composed of a combination of five α, β, and γ subunits that span the 
postsynaptic membrane (Figure 9.3). For each subunit, many subtypes 
exist (for example, there are six subtypes of the α subunit). Binding of 
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Short-acting
Triazolam
Midazolam
BENZODIAZEPINE ANTAGONIST

Flumazenil
NONBENZODIAZEPINE HYPNOTICS

Zaleplon
Zolpidem
Eszopiclone
MELATONIN AGONISTS

Ramelteon
Tasimelteon
OTHER ANXIOLYTIC DRUGS

Antidepressants
Buspirone
Meprobamate
BARBITURATES

Amobarbital 
Pentobarbital 
Phenobarbital 
Secobarbital

Figure 9.1
Summary of anxiolytic and hypnotic 
drugs. (Figure continues on next page)
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198 9. Anxiolytic/Hypnotic Drugs

GABA to its receptor triggers an opening of the central ion channel, 
allowing chloride through the pore. The influx of chloride ions causes 
hyperpolarization of the neuron and decreases neurotransmission by 
inhibiting the formation of action potentials. Benzodiazepines modu-
late GABA effects by binding to a specific, high-affinity site (distinct 
from the GABA-binding site) located at the interface of the α subunit 
and the γ subunit on the GABAA receptor (Figure 9.3). Benzodiazepines 
increase the frequency of channel openings produced by GABA. 
The clinical effects of individual benzodiazepines correlate well with 
the binding affinity of each drug for the GABA receptor–chloride ion 
 channel complex.

B. Actions

 Most benzodiazepines exhibit qualitatively similar therapeutic actions 
to some extent but differ in their relative lipid solubility, biotransforma-
tion, and elimination half-life.

1. Reduction of anxiety: At low doses, the benzodiazepines are anx-
iolytic. They reduce anxiety by selectively enhancing GABAergic 
transmission in neurons having the α2 subunit in their GABAA 
receptors, thereby inhibiting neuronal circuits in the limbic system 
of the brain.

2. Sedative/hypnotic: All benzodiazepines have sedative and calm-
ing properties, and some can produce hypnosis (artificially pro-
duced sleep) at higher doses. The hypnotic effects are mediated 
by the α1-GABAA receptors.

3. Anterograde amnesia: Temporary impairment of memory with use 
of the benzodiazepines is also mediated by the α1-GABAA recep-
tors. The ability to learn and form new memories is also impaired.

4. Anticonvulsant: This effect is partially, although not completely, 
mediated by α1-GABAA receptors.

5. Muscle relaxant: At high doses, the benzodiazepines relax the 
spasticity of skeletal muscle, probably by increasing presynaptic 
inhibition in the spinal cord, where the α2-GABAA receptors are 
largely located. [Note: Baclofen [BAK-loe-fen] is a muscle relax-
ant that is believed to affect GABA receptors at the level of the 
spinal cord.]

C. Therapeutic uses

 The individual benzodiazepines show small differences in their relative 
anxiolytic, anticonvulsant, and sedative properties. However, pharma-
cokinetic considerations are often important in choosing one benzo-
diazepine over another.

1. Anxiety disorders: Benzodiazepines are effective for the treat-
ment of anxiety associated with panic disorder, generalized anx-
iety disorder (GAD), social anxiety disorder, performance anxiety, 
and extreme phobias, such as fear of flying. The benzodiaze-
pines are also useful in treating anxiety related to depression 
and schizophrenia. These drugs should be reserved for severe 
anxiety and should not be used to manage the stress of every-
day life. Because of their addictive potential, they should only 
be used for short periods of time. The long-acting agents, such 
as clonazepam [kloe-NAZ-e-pam], lorazepam [lor-AZ-e-pam], 
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Benzodiazepines are relatively
safe, because the lethal dose is
over 1000-fold greater than 
the typical therapeutic dose.

Figure 9.2
Ratio of lethal dose to effective dose for 
morphine (an opioid, see Chapter 14), 
chlorpromazine (an antipsychotic, 
see Chapter 11), and the anxiolytic, 
hypnotic drugs, phenobarbital and 
diazepam.
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Antihistamines
Doxepin 
Suvorexant (orexin receptor   
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Melatonin agonist
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Figure 9.1 (Continued)
Summary of anxiolytic and hypnotic 
drugs. 
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199II. Benzodiazepines

and diazepam [dye-AZ-e-pam], are often preferred in patients 
with anxiety that require prolonged treatment. The antianxiety 
effects of the benzodiazepines are less subject to tolerance than 
the sedative and hypnotic effects. [Note: Tolerance is decreased 
responsiveness to repeated doses of the drug that occurs 
when used for more than 1 to 2 weeks.] For panic disorders, 
alprazolam [al-PRAY-zoe-lam] is effective for short- and long-
term treatment, although it may cause withdrawal reactions in 
approximately 30% of patients.

2. Sleep disorders: Benzodiazepine hypnotics decrease the latency 
to sleep onset and increase stage II of non–rapid eye movement 
(REM) sleep. Both REM sleep and slow-wave sleep are decreased. 
In the treatment of insomnia, it is important to balance the sedative 
effect needed at bedtime with the residual sedation (“ hangover”)  
upon awakening. Short-acting triazolam [try-AY-zoe-lam] is effec-
tive in treating individuals who have problems falling asleep. 
The risk of withdrawal and rebound insomnia is higher with 
 triazolam than with other agents. Intermediate-acting temazepam  
[te-MAZ-e-pam] is useful for patients who experience frequent 
awakenings and have difficulty staying asleep. Temazepam 
should be administered 1 to 2 hours before the desired bedtime. 

Figure 9.3
Schematic diagram of benzodiazepine–GABA–chloride ion channel complex. GABA = γ-aminobutyric acid.
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200 9. Anxiolytic/Hypnotic Drugs

Long-acting flurazepam [flure-AZ-e-pam] is rarely used, due to its 
extended half-life, which may result in excessive daytime sedation 
and accumulation of the drug, especially in the elderly. Estazolam 
[eh-STAY-zoe-lam] and quazepam [QUAY-ze-pam] are consid-
ered intermediate- and long-acting agents, respectively. In gen-
eral, hypnotics should be used for only a limited time, usually 1 
to 3 weeks. Nonbenzodiazepine agents are now preferred due to 
reduced potential for tolerance, abuse, and physical dependence 
(see below). 

3. Amnesia: The short-acting agents are often employed as pre-
medication for anxiety-provoking and unpleasant procedures, 
such as endoscopy, bronchoscopy, dental procedures, and 
angioplasty. They cause a form of conscious sedation, allowing 
the patient to be receptive to instructions during these proce-
dures. Midazolam [mi-DAY-zoe-lam] is a benzodiazepine used to 
facilitate anterograde amnesia while providing sedation prior to 
anesthesia.

4. Seizures: Benzodiazepines elevate seizure threshold. Clonazepam 
is occasionally used as an adjunctive therapy for certain types of 
seizures, whereas lorazepam and diazepam given by the intrave-
nous or rectal route are the drugs of choice in terminating  status 
epilepticus (see Chapter 12). Due to cross-tolerance, chlordiaz-
epoxide [klor-di-az-e- POX-ide], clorazepate [klor-AZ-e-pate],  
diazepam, lorazepam, and oxazepam [ox-AZ-e-pam] are useful in 
the acute treatment of alcohol withdrawal and reduce the risk of 
withdrawal-related seizures.

5. Muscular disorders: Diazepam is useful in the treatment of skel-
etal muscle spasms and in treating spasticity from degenerative 
disorders, such as multiple sclerosis and cerebral palsy.

6. Physical dependence: Long-acting benzodiazepines (diazepam, 
chlordiazepoxide) are used to reduce the withdrawal symptoms of 
physical dependence associated with alcohol and long-term use 
of short-acting benzodiazepines and barbiturates.

D. Pharmacokinetics

1. Absorption and distribution: The benzodiazepines are lipophilic. 
They are rapidly and completely absorbed after oral administra-
tion, distribute throughout the body, and penetrate into the CNS. 
The onset of action of benzodiazepines is related to a relative 
degree of lipid solubility which can vary 50-fold or more. Highly 
lipid-soluble compounds (midazolam, traiazolam, diazepam) have 
a rapid onset of action than relatively less lipid-soluble benzodiaz-
epines. Most benzodiazepines are available in oral dosage forms; 
diazepam and midazolam can be given both parenterally and by 
the rectal route. 

2. Duration of action: The half-lives of the benzodiazepines are import-
ant clinically, because the duration of action may determine the ther-
apeutic usefulness. The benzodiazepines can be roughly divided 
into short-, intermediate-, and long-acting groups (Figure 9.4).  
The long-acting agents form active metabolites with long half-lives. 
However, with some benzodiazepines, the clinical duration of 
action does not correlate with the actual half-life (otherwise, a 

LIR_CH09.indd   200 09/10/18   12:52 PM



201II. Benzodiazepines

DRUG
PEAK BLOOD LEVEL 
(HOURS)

ELIMINATION  
HALF-LIFE (HOURS)1

DURATION OF 
ACTION COMMENTS

Benzodiazepines (short-acting):
Oxazepam 2–4 10–40 3–8 hours No active metabolites; useful in 

sleep onset

Triazolam 1 2–3 3–8 hours Rapid onset; short duration of 
action

Benzodiazepines (intermediate-acting):
Alprazolam 1–2 12–15 10–20 hours Rapid oral absorption; useful in 

sleep maintenance

Lorazepam 1–6 10–20 10–20 hours No active metabolites; useful in 
sleep maintenance

Temazepam 2–3 10–40 10–20 hours Slow oral absorption

Estazolam 1–6   8–31 10–20 hours Useful in sleep maintenance

Benzodiazepines (long-acting):
Chlordiazepoxide 2–4 15–40 1–3 days Active metabolites; erratic 

 bioavailability from injection

Clorazepate 1–2 (nordiazepam) 50–100 1–3 days Prodrug; hydrolyzed to active 
form in stomach

Diazepam 1–2 20–80 1–3 days Active metabolites; erratic  
bioavailability from injection; 
useful in sleep maintenance

Flurazepam 1–2 40–100 1–3 days Active metabolites with long 
 half-lives; useful in sleep  
maintenance

Nonbenzodiazepines:
Eszopiclone <1 6 7 hours Minor active metabolites; fast 

acting (20 min); useful in sleep 
maintenance

Zaleplon <1 1–2 2–3 hours Metabolized via aldehyde  
dehydrogenase; ultra short– 
acting; useful for sleep onset

Zolpidem2 1–3 1.5–3.5 5 hours No active metabolites; fast acting 
(10–15 min of oral administra-
tion); short duration of action

Rameltreon <1 1–3 7 hours Promotes sleep initiation and 
maintenance

1Includes half-lives of major metabolites. 
2Extended release preparation useful in sleep maintenance.

dose of diazepam could conceivably be given only every other day, 
given its long half-life and active metabolites). This may be due to 
receptor dissociation rates in the CNS and subsequent redistribu-
tion to fatty tissues and other areas. Short-acting benzodiazepines 
are more useful as they prevent preanesthetic anxiety and insom-
nia, without causing hangover on awakening. Long-acting benzodi-
azepines are generally more useful in managing anxiety, withdrawal 
states, seizures, and insomnia.

Figure 9.4
Pharmacokinetic properties of some benzodiazepines and newer hypnotics.
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202 9. Anxiolytic/Hypnotic Drugs

3. Fate: Most benzodiazepines, including chlordiazepoxide and diaz-
epam, are metabolized by phase I hepatic microsomal oxidation to 
compounds that are also active. For these benzodiazepines, the 
apparent half-life of the drug represents the combined actions of 
the parent drug and its metabolites to as long as 60 hours or more 
accounting for hangover and other cumulative effects when admin-
istered repeatedly. Clorazepate, a prodrug, is hydrolyzed in stom-
ach. The benzodiazepines are excreted in the urine as glucuronides 
or oxidized metabolites. Short- and intermediate-acting benzodiaze-
pines are biotransformed by hydroxylation (estazolam) and/or direct 
glucuronidation (lorazepam, oxazepam, temazepam) to inactive 
metabolites followed by renal clearance. Clearance of benzodiaze-
pines is reduced in the elderly and in patients with impaired hepatic 
function; therefore, the dose should be reduced in these patients. 
All benzodiazepines cross the placenta and may depress the CNS 
of the newborn if given before birth. The benzodiazepines are not 
recommended for use during pregnancy. Nursing infants may also 
be exposed to the drugs in breast milk.

E. Tolerance, abuse, and dependence

 Tolerance develops to the sedative, hypnotic, and anticonvulsant 
actions of benzodiazepines though to a lesser extent to the anxio-
lytic action. Cross-tolerance also occurs with other hypnotic and sed-
ative agents, including alcohol and barbiturates. Psychological and 
physical dependence can develop if high doses of benzodiazepines 
are given for a prolonged period. All benzodiazepines are controlled 
substances. Abrupt discontinuation of these agents results in with-
drawal symptoms, including confusion, anxiety, agitation, restless-
ness, insomnia, tension, and (rarely) seizures. Benzodiazepines with 
a short elimination half-life, such as triazolam, induce more abrupt 
and severe withdrawal reactions than those seen with drugs that are 
slowly eliminated such as flurazepam (Figure 9.5). The withdrawal 
reaction can be minimized by tapering the dose gradually or by sub-
stituting the long-acting benzodiazepines, for example, diazepam and 
chlordiazepoxide. 

F. Adverse effects

 Daytime drowsiness, sedation, and confusion are the most common 
adverse effects of the benzodiazepines. Ataxia occurs at high doses 
and precludes activities that require fine motor coordination, such as 
driving an automobile, or tasks that require skill, particularly in the 
elderly and with long-acting benzodiazepines. Cognitive impairment 
(decreased recall and retention of new knowledge) can occur with 
use of benzodiazepines, especially in the elderly. Benzodiazepines 
should be used cautiously in patients with liver disease. They may 
depress respiration at higher doses than hypnotic doses and may 
be exaggerated in patients with obstructive sleep apnea and chronic 
obstructive pulmonary disease. Alcohol and other CNS depressants 
enhance the sedative–hypnotic effects of the benzodiazepines. 
Benzodiazepines are, however, considerably less dangerous than the 
older anxiolytic and hypnotic drugs. As a result, a drug overdose is 
seldom lethal unless other central depressants, such as alcohol or 
opioids, are taken concurrently. Benzodiazepines when administered 
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Figure 9.5
Frequency of rebound insomnia 
resulting from discontinuation of 
benzodiazepine therapy. Modified 
from A. Kales, Excertpa Medical 
Congress Series 899: 149 (1989).
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203IV. Other Anxiolytic Agents

by the parenteral route may cause hypotension and bradycardia in 
patients with impaired cardiovascular function. These drugs may 
rarely cause paradoxical excitement. CYP3A4 enzyme inhibitors and 
grapefruit juice can extend the duration of action of benzodiazepines. 

III. BENZODIAZEPINE ANTAGONIST

Flumazenil [floo-MAZ-eh-nill] is a competitive GABA receptor antagonist 
that rapidly reverses the effects of benzodiazepines. The drug is available 
for intravenous (IV) administration only. Onset is rapid, but the duration 
is short, with a half-life of about 1 hour. Accidental ingestion of benzodi-
azepines is treated with supportive care, emetics, and/or activated char-
coal. Frequent administration may be necessary in patients with marked 
central nervous system depression to maintain reversal of a long-acting 
benzodiazepine. Administration of flumazenil may precipitate withdrawal 
in dependent patients or cause seizures if a benzodiazepine is used 
to control  seizure activity. Seizures may also result if the patient has a 
mixed  ingestion with tricyclic antidepressants or antipsychotics. Dizziness, 
 nausea, vomiting, and agitation are the most common adverse effects. 

IV. OTHER ANXIOLYTIC AGENTS

A. Antidepressants

 Many antidepressants are effective in the treatment of chronic anxiety 
disorders and should be considered as first-line agents, especially in 
patients with concerns for addiction or dependence. Selective sero-
tonin reuptake inhibitors (SSRIs, such as escitalopram or paroxetine) 
or serotonin/norepinephrine reuptake inhibitors (SNRIs, such as venla-
faxine or duloxetine) may be used alone or prescribed in combination 
with a benzodiazepine during the first weeks of treatment (Figure 9.6). 
After 4 to 6 weeks, when the antidepressant begins to produce an 
anxiolytic effect, the benzodiazepine dose can be tapered. While only 
certain SSRIs or SNRIs have been approved for the treatment of anx-
iety disorders such as GAD, the efficacy of these drugs is most likely 
a class effect. Long-term use of antidepressants and benzodiazepines 
for anxiety disorders is often required to maintain ongoing benefit and 
prevent relapse.

Figure 9.6
Treatment guideline for persistent anxiety. From data of E. C. Dimitrion, A. J. Parashos, and J. S. Giouzepas, Drug 
Invest. 4: 316 (1992).
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204 9. Anxiolytic/Hypnotic Drugs

B. Buspirone

 Buspirone [byoo-SPYE-rone] is a nonbenzodiazepine partial agonist 
at serotonin receptors. The actions of buspirone appear to be medi-
ated by serotonin (5-HT1A) receptors, although it also displays some 
affinity for D2 dopamine receptors and 5-HT2A serotonin receptors. 
Thus, its mode of action differs from that of the benzodiazepines. 
Buspirone is useful for the chronic treatment of generalized anxiety 
disorder (GAD) and has an efficacy comparable to that of benzo-
diazepines as it is devoid of sedation, hypnosis, and general CNS 
depression or drug abuse liability of benzodiazepines (Figure 9.7). 
It has a slow onset of action and is not effective for short-term 
or “as-needed” treatment of acute anxiety. In addition, buspirone 
lacks the anticonvulsant and muscle-relaxant properties of the ben-
zodiazepines. Buspirone usually requires therapy of 3 to 6 weeks 
to demonstrate efficacy. The frequency of adverse effects is low, 
with the most common effects being headache, dizziness, nervous-
ness, nausea, and light- headedness. Sedation and psychomotor 
and cognitive dysfunction are minimal, and dependence is unlikely, 
a benefit that is particularly important in elderly patients. Buspirone 
does not potentiate the CNS depression of alcohol. 

Figure 9.8 compares the common adverse effects of buspirone and the 
benzodiazepine alprazolam.

SEDATION HYPNOSIS

DRUG DOSAGE DRUG DOSAGE (mg) (AT BEDTIME)

Benzodiazepines (short-acting):

Alprazolam 
Oxazepam
Halazepam

0.25–0.5 mg, 2 to 3 times daily
15–30 mg, 3 to 4 times daily
20–40 mg, 3 to 4 times daily Triazolam 0.125–0.5

Benzodiazepines (intermediate-acting):

Lorazepam
Chlordiazepoxide

1–2 mg, once or twice daily
10–20 mg, 2 to 3 times daily

Temazepam 
Lorazepam
Choral hydrate

7.5–30 
2–4
500–1000

Benzodiazepines (long-acting):
Chlorazepate 
Diazepam

5–7.5 mg twice daily
5 mg twice daily

Estazolam 
Quazepam

0.5–2 
7.5–15

Nonbenzodiazepines:

Phenobarbital
Buspirone
Z drugs

15–30 mg, 2 to 3 times daily
5–10 mg, 2 to 3 times daily

Secobarbital

Zaleplon
Zolpidem
Eszopiclone

100–200 

5–20
5–10
1–3

Benzodiazepines are associated with less adverse respiratory and cardiovascular effects than most alternative tranquilizers or sedatives.
Note: Fast-acting drug with short duration of action are preferred in insomnia characterized by difficulty in falling asleep (as opposed to difficulty in staying asleep); 
 extended release preparations used for sleep maintenance.

Figure 9.7
Dosages of drugs used commonly for sedation and hypnosis.
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205V. Barbiturates

V. BARBITURATES

The barbiturates were formerly the mainstay of treatment to sedate 
patients or to induce and maintain sleep. They have been largely replaced 
by the benzodiazepines, primarily because barbiturates induce tolerance 
and physical dependence, are lethal in overdose, and are  associated 
with  severe withdrawal symptoms. All barbiturates are  controlled 
substances. 

A. Mechanism of action

 The sedative–hypnotic action of the barbiturates is due to their interac-
tion with GABAA receptors, which enhances GABAergic transmission. 
The binding site of barbiturates on the GABA receptor is distinct from 
that of the benzodiazepines. Barbiturates potentiate GABA action on 
chloride entry into the neuron by prolonging the duration of the chlo-
ride channel openings. In addition, barbiturates can block excitatory 
glutamate receptors. These molecular actions lead to decreased neu-
ronal activity.

B. Actions

 Barbiturates are classified according to their duration of action 
(Figure 9.9). Long-acting phenobarbital [fee-noe-BAR-bi-tal] has a dura-
tion of action greater than a day. Pentobarbital [pen-toe-BAR-bi-tal],  
secobarbital [see-koe-BAR-bi-tal], amobarbital [am-oh-BAR-bi-tal], 
and butalbital [bu-TAL-bi-tal] are short-acting barbiturates.

1. Depression of CNS: At low doses, the barbiturates produce 
sedation (have a calming effect and reduce excitement). At higher 
doses, the drugs cause hypnosis, followed by anesthesia (loss 
of feeling or sensation) and, finally, coma and death. Thus, any 
degree of depression of the CNS is possible, depending on the 
dose. Barbiturates do not raise the pain threshold and have no 
analgesic properties. They may even exacerbate pain. Chronic 
use leads to tolerance.

2. Respiratory depression: Barbiturates suppress the hypoxic and 
chemoreceptor response to CO2, and overdose is followed by 
respiratory depression and death.

C. Therapeutic uses

1. Anesthesia: The ultra short–acting barbiturates have been his-
torically used intravenously to induce anesthesia but have been 
replaced by other agents.

2. Anticonvulsant: Phenobarbital has specific anticonvulsant activ-
ity that is distinguished from the nonspecific CNS depression. 
However, phenobarbital can depress cognitive development in 
children and decrease cognitive performance in adults, and it 
should be used for seizures only if other therapies have failed. 
Similarly, phenobarbital may be used for the treatment of refrac-
tory status epilepticus.

Headache

Dizziness

Nausea

Drowsiness

Fatigue

Buspirone Alprazolam

10
27

10
30

10

33

13
7

17

10

8

0

0
30

0

33

3
7

7

0

8

0

Note that 
buspirone shows 
less interference 
with motor 
functions, a bene�t
that is particularly 
important in 
elderly patients.

Decreased
concentration

Figure 9.8
Comparison of common adverse 
effects of buspirone and alprazolam. 
Results are expressed as the 
percentage of patients showing each 
symptom.
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206 9. Anxiolytic/Hypnotic Drugs

3. Sedative/hypnotic: Barbiturates have been used as mild seda-
tives to relieve anxiety, nervous tension, and insomnia. When used 
as hypnotics, they suppress REM sleep more than other stages. 
However, the use of barbiturates for insomnia is no longer generally 
accepted, given their adverse effects and potential for tolerance. 
Butalbital is commonly used in combination products (with acet-
aminophen and caffeine or aspirin and caffeine) as a sedative to 
assist in the management of tension or migraine headaches.

D. Pharmacokinetics

 Barbiturates are well absorbed after oral administration and distribute 
throughout the body. All barbiturates redistribute from the brain to the 
splanchnic areas, to skeletal muscle, and, finally, to adipose tissue. 
Barbiturates readily cross the placenta and can depress the fetus. 
These agents are metabolized in the liver, and inactive metabolites are 
excreted in urine.

E. Adverse effects

 Barbiturates cause drowsiness, impaired concentration, and men-
tal and psychomotor impairment (Figure 9.10). The CNS depressant 
effects of barbiturates synergize with those of ethanol.

 Hypnotic doses of barbiturates produce a drug “hangover” that may 
lead to impaired ability to function normally for many hours after wak-
ing. Occasionally, nausea and dizziness occur. Barbiturates induce 
cytochrome P450 (CYP450) microsomal enzymes in the liver. Therefore, 
chronic barbiturate administration diminishes the action of many drugs 
that are metabolized by the CYP450 system. Barbiturates are contrain-
dicated in patients with acute intermittent porphyria. Abrupt withdrawal 
from barbiturates may cause tremors, anxiety, weakness, restlessness, 
nausea and vomiting, seizures, delirium, and cardiac arrest. Withdrawal 
is much more severe than that associated with opioids and can result 
in death. Death may also result from overdose. Severe depression of 
respiration and central cardiovascular depression results in a shock-like 
condition with shallow, infrequent breathing. Treatment includes sup-
portive care and gastric decontamination for recent ingestions.

VI. NONBENZODIAZEPINE HYPNOTIC AGENTS

Nonbenzodiazepine (zolpidem, zaleplon, and eszopiclone), often referred 
to as   “Z-drugs,” are similar to benzodiazepine in nature though they are 
 unrelated to benzodiazepines on a molecular level as they have dissimilar or 
entirely different chemical structures. However, the pharmacodynamics  of 
nonbenzodiazepine is almost entirely the same as  that of benzodiazepine   
and therefore employs similar benefits, adverse effects, and risks. Like the 
benzodiazepines, nonbenzodiazepines exert their effects by binding to and 
activating the benzodiazepine site of the receptor complex. Their actions 
are blocked and reversed by the benzodiazepine antagonist flumazenil. 
These drugs are widely used for short-term management of insomnia. 
Unlike the benzodiazepines, at usual hypnotic doses, the nonbenzodiaz-
epine drugs, zolpidem, zaleplon, and eszopiclone, do not significantly alter 
the various sleep stages and, hence, are often the preferred hypnotics. All 
the three agents are controlled substances. Unlike benzodiazepines, these 
drugs have reduced potential for tolerance, abuse, physical dependence, or 

Long-acting

DURATION OF ACTION
OF BARBITURATES

Phenobarbital

Short-acting

12 1
2

3

4
567

8

9

10

11

 3–8  Hours

Pentobarbital
Secobarbital
Amobarbital

Figure 9.9
Barbiturates classified according to 
their durations of action.
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207VII. Other Hypnotic Agents

rebound insomnia. The side effects of each of these drugs can differ due to 
differences in onset of action and metabolism.

A. Zolpidem

 The hypnotic zolpidem [ZOL-pi-dem] is not structurally related to 
benzodiazepines, but it binds to GABAA, with relative selectivity for 
those with the α1 subunit. Zolpidem has no anticonvulsant or muscle- 
relaxing properties at hypnotic doses. It shows few withdrawal effects, 
exhibits minimal rebound insomnia, and little tolerance occurs with 
prolonged use. Zolpidem is rapidly absorbed after oral administration. 
It has a rapid onset of action and short elimination half-life (about 2 to 
3 hours). The drug provides a hypnotic effect for approximately 5 hours 
(Figure 9.11). [Note: A lingual spray and an extended-release formula-
tion are also available. A sublingual tablet formulation may be used 
for middle-of-the-night awakening.] Zolpidem undergoes hepatic oxi-
dation by the CYP450 system to inactive products. Thus, drugs such 
as rifampin, which induce this enzyme system, shorten the half-life of 
zolpidem, and drugs that inhibit the CYP3A4 isoenzyme may increase 
the half-life. Adverse effects of zolpidem include headache, dizziness, 
anterograde amnesia, and next-morning impairment (especially with 
extended-release formulations). Sleepwalking, sleep driving, and per-
forming other activities while not fully awake have been reported.

B. Zaleplon

 Zaleplon [ZAL-e-plon] is an oral nonbenzodiazepine hypnotic similar 
to zolpidem; however, zaleplon causes fewer residual effects on psy-
chomotor and cognitive function compared to zolpidem or the benzo-
diazepines. This may be due to its rapid elimination, with a half-life of 
approximately 1 hour. The drug is metabolized by CYP3A4.

C. Eszopiclone

 Eszopiclone [es-ZOE-pi-clone] is an oral nonbenzodiazepine hypnotic 
that has been shown to be effective for insomnia for up to 6 months; 
therefore, unlike both zolpidem and zaleplon, its use is not restricted 
to short-term use. Eszopiclone is rapidly absorbed (time to peak, 
1  hour), extensively metabolized by oxidation and demethylation via 
the CYP450 system to inactive metabolites, and mainly excreted in 
urine. Elimination half-life is approximately 6 hours. Eszopiclone is 
well tolerated. The main adverse events associated with eszopiclone 
include unpleasant taste, anxiety, dry mouth, headache, peripheral 
edema, and somnolence.

VII. OTHER HYPNOTIC AGENTS

A. Melatonin and melatonin receptor agonists

 Melatonin is a hormone secreted by the pineal gland that helps to 
maintain the circadian rhythm underlying the normal sleep–wake 
cycle. At an oral dose of 80 mg, melatonin induces sleep, but at lower 
doses of 2–10 mg it slightly induces the propensity to fall asleep with-
out CNS depression. Therefore, it is used to treat jetlag in international 

Figure 9.10
Adverse effects of barbiturates.
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208 9. Anxiolytic/Hypnotic Drugs

travelers and to counter the disturbance in the sleep cycle in night 
workers. 

 Ramelteon [ram-EL-tee-on] and tasimelteon [tas-i-MEL-tee-on] are 
selective agonists at the MT1 and MT2 subtypes of melatonin recep-
tors involved in promotion of sleep. Stimulation of MT1 and MT2 
receptors by ramelteon and tasimelteon is thought to induce and pro-
mote sleep. They have minimal potential for abuse, and no evidence 
of dependence or withdrawal effects have been observed. Therefore, 
ramelteon and tasimelteon can be administered long term. Ramelteon 
is indicated for the treatment of insomnia characterized by difficulty 
falling asleep (increased sleep latency). Common adverse effects of 
ramelteon include dizziness, fatigue, and somnolence. Ramelteon 
may also increase prolactin levels. Tasimelteon is indicated for non-
24-hour sleep–wake disorder, often experienced by patients who are 
blind. The most common adverse effects of tasimelteon are headache, 
abnormal dreams, increase in liver function tests, and possible upper 
respiratory tract infections. CYP450 1A2 and 3A4 are the  principal 
isoenzymes required for metabolism of ramelteon and tasimelteon, 
and, thus, drug–drug interactions are possible with inducers or inhib-
itors of these enzymes.

B. Antihistamines

 Some antihistamines with sedating properties, such as diphenhydr-
amine, hydroxyzine, and doxylamine, are effective in treating mild 
types of situational insomnia. However, they have undesirable adverse 
effects (such as anticholinergic effects) that make them less useful 
than the benzodiazepines and the nonbenzodiazepines. Sedative anti-
histamines are marketed in numerous over-the-counter products.

C. Antidepressants

 The use of sedating antidepressants with strong antihistamine profiles 
has been ongoing for decades. Doxepin [DOX-e-pin], an older tricyclic 
agent with SNRI mechanisms of antidepressant and anxiolytic action, 
is approved at low doses for the management of insomnia. Other 
antidepressants, such as trazodone [TRAZ-oh-done], mirtazapine  
[mir-TAZ-a-pine], and other older tricyclic antidepressants with strong 
antihistamine properties are used off-label for the treatment of insom-
nia (see Chapter 10).

D. Suvorexant

 Suvorexant [soo-voe-REX-ant] is an antagonist of the orexin recep-
tor. Orexin is a neuropeptide that promotes wakefulness. Antagonism 
of the effects of orexin suppresses the wake drive from this neuro-
peptide. This antagonism may also explain the adverse events that 
are similar to signs of narcolepsy and cataplexy. The loss of orexin- 
producing neurons is believed to be an underlying pathology for 
 narcolepsy. Daytime somnolence and increased suicidal ideation are 
other reported adverse effects. Suvorexant is mainly metabolized by 
CYP4503A4 enzyme, and thus it may have drug interactions with 
CYP3A4 inducers or inhibitors.

Figure 9.12 summarizes the therapeutic disadvantages and advantages of 
some of the anxiolytic and hypnotic drugs.

Eszopiclone

Ramelteon

Onset Duration

30 minutes
7 hours

20 minutes
7 hours

30 minutes

3 hours

Zolpidem 30 minutes
5 hours

Zaleplon

Figure 9.11
Onset and duration of action of the 
commonly used nonbenzodiazepine 
hypnotic agents.
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Figure 9.12
Therapeutic disadvantages and advantages of some anxiolytic and hypnotic agents. CNS = central nervous system.
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Study Questions

Choose the ONE best answer.

9.1. Which one of the following statements is correct 
regarding benzodiazepines?

A. Benzodiazepines directly open chloride channels.

B. Benzodiazepines show analgesic actions.

C. Clinical improvement of anxiety requires 2 to 
4 weeks of treatment with benzodiazepines.

D. All benzodiazepines have some sedative effects.

9.2. Which one of the following is a short-acting 
hypnotic?

A. Phenobarbital

B. Diazepam

C. Chlordiazepoxide

D. Triazolam

9.3. Which one of the following statements is correct 
regarding the anxiolytic and hypnotic agents?

A. Diazepam and phenobarbital induce the 
cytochrome P450 enzyme system.

B. Phenobarbital is useful in the treatment of acute 
intermittent porphyria.

C. Phenobarbital induces respiratory depression, 
which is enhanced by the consumption of 
ethanol.

D. Buspirone has actions similar to those of 
benzodiazepines.

9.4. A 45-year-old man who has been injured in a car 
accident is brought into the emergency department. 
His blood alcohol level at admission is 275 mg/
dL. Hospital records show a prior hospitalization 
for alcohol-related seizures. His wife confirms that 
he has been drinking heavily for 3 weeks. What 
treatment should be provided to the patient if he 
goes into withdrawal?

A. No pharmacological treatment is necessary.

B. Lorazepam

C. Phenytoin

D. Buspirone

Correct answer = D. Although all benzodiazepines 
can cause sedation, the drugs labeled “benzodiaze-
pines” in Figure 9.1 are promoted for the treatment of 
sleep disorder. Benzodiazepines enhance the binding 
of GABAA to its receptor, which increases the per-
meability of chloride. The benzodiazepines do not 
relieve pain but may reduce the anxiety associated 
with pain. Unlike the tricyclic antidepressants and 
the monoamine oxidase inhibitors, the benzodiaz-
epines are effective within hours of administration. 
Benzodiazepines do not produce general anesthesia 
and therefore are relatively safe drugs with a high 
therapeutic index.

Correct answer = D. Triazolam is a short-acting hyp-
notic agent. It causes little daytime sedation. The 
other medications listed are longer acting with longer 
half-lives.

Correct answer = C. Barbiturates and ethanol are a 
potentially lethal combination because of a high risk 
for respiratory depression. Only phenobarbital strongly 
induces the synthesis of the hepatic cytochrome 
P450 drug-metabolizing system. Phenobarbital is 
contraindicated in the treatment of acute intermittent 
porphyria. Buspirone lacks the anticonvulsant and 
muscle-relaxant properties of the benzodiazepines 
and causes only minimal sedation.

Correct answer = B. It is important to treat the seizures 
associated with alcohol withdrawal. Benzodiazepines 
such as chlordiazepoxide, diazepam, or the short- 
acting lorazepam are effective in controlling this 
problem. They are less sedating than phenytoin, have 
fewer adverse effects, and are cross-tolerant with 
alcohol. Buspirone will not prevent the seizures asso-
ciated with alcohol withdrawal.
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9.5. A 36-year-old male patient reports difficulty falling 
asleep for the past 2 weeks, but needs to be able 
to wake up at 6 am for work and doesn’t want 
any daytime sedation. Which medication is best to 
recommend for the treatment of his insomnia?

A. Temazepam

B. Flurazepam

C. Zaleplon

D. Buspirone

9.6. A 45-year-old woman reports constant daytime 
anxiety about work and family problems. This is 
causing difficulties functioning and participating in 
necessary daily activities. Which of the following 
agents has a rapid anxiolytic effect and is best for 
the acute management of her anxiety?

A. Buspirone

B. Venlafaxine

C. Lorazepam

D. Escitalopram

9.7. Which of the following sedative–hypnotic agents 
utilizes melatonin receptor agonism as the 
mechanism of action to induce sleep?

A. Zolpidem

B. Eszopiclone

C. Estazolam

D. Tasimelteon 

9.8. A 50-year-old man presents with insomnia not 
responsive to sleep hygiene interventions. He has 
a long history of alcohol and opioid abuse. He has 
been successfully sober for 10 years but is very 
concerned about future addiction and dependence. 
Which is most appropriate to address insomnia and 
minimize the risk for dependence in this patient?

A. Zaleplon

B. Flurazepam

C. Doxepin

D. Zolpidem

9.9. A 68-year-old female patient is demonstrating 
signs and symptoms of insomnia, especially 
difficulty falling asleep. She is afraid of taking a 
medication that can negatively affect her memory 
and concentration, as she is still working as a 
bookkeeper. She has been taking temazepam for 
the past 4 days and has noticed a memory problem 
and would like to discontinue this medication. Which 
medication is most appropriate to treat the insomnia 
and minimize the risk for cognitive impairment?

A. Diphenhydramine

B. Zolpidem

C. Alprazolam

D. Ramelteon

Correct answer = C. Zaleplon has the shortest half-
life and duration of action. Buspirone is not effective 
as a hypnotic agent. Temazepam and flurazepam 
have a longer duration of action and reduce night-
time awakenings, but have a greater risk of daytime 
sedation or hangover effect compared with zaleplon.

Correct answer = C. The benzodiazepines have 
same-day, first-dose efficacy for anxiety, whereas the 
other agents require 2 to 8 weeks for clinically signif-
icant improvement in anxiety to occur.

Correct answer = D. Tasimelteon is a melatonin 
receptor agonist to promote sleep, especially in those 
individuals with non-24-hour sleep–wake disorder. 
Zolpidem, eszopiclone, and estazolam all utilize the 
benzodiazepine receptor.

Correct answer = C. Only doxepin, a tricyclic agent 
with significant antihistaminergic properties, is con-
sidered to have no risk of addiction or dependence. 
The other agents are all controlled substances with 
some risk for addiction or dependence, especially 
when used for extended periods.

Correct answer = D. All of these agents, except ramelt-
eon, have been associated with  cognitive impairments, 
including memory impairment. Diphenhydramine likely 
causes its cognitive problems from its anticholinergic 
and antihistaminergic effects. Zolpidem and alprazolam 
are well-known causes of cognitive impairment, includ-
ing anterograde amnesia. Ramelteon is a  noncontrolled 
hypnotic agent acting as a melatonin receptor agonist. 
It is not considered to have a risk for cognitive impair-
ment compared with the other agents listed.
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9.10. An 18-year-old woman is admitted to the emergency 
room after an accidental overdose of alprazolam. 
She is unconscious and not considered a regular 
user of any medications or illicit drugs. Which 
treatment could be used to reverse the effect of the 
alprazolam overdose?

A. Diazepam

B. Ramelteon

C. Flumazenil

D. Naloxone

Correct answer = C. Flumazenil is only indicated to 
reverse the effects of benzodiazepines via antag-
onism of the benzodiazepine receptor. It should be 
used with caution because of a risk of seizures if the 
patient has been a long-time recipient of benzodi-
azepines or if the overdose attempt was with mixed 
drugs. Naloxone is an opioid receptor antagonist. The 
other agents are not efficacious in reversing effects of 
benzodiazepines.
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Antidepressants
Jose A. Rey

I. OVERVIEW

The symptoms of depression are feelings of sadness and hopeless-
ness, as well as the inability to experience pleasure in usual activities, 
changes in sleep patterns and appetite, loss of energy, and suicidal 
thoughts. Mania is characterized by the opposite behavior: enthusiasm, 
anger, rapid thought and speech patterns, extreme self-confidence, and 
impaired judgment. This chapter provides an overview of drugs used for 
the treatment of depression and mania.

II. MECHANISM OF ANTIDEPRESSANT DRUGS

Most antidepressant drugs (Figure 10.1) potentiate, either directly or indi-
rectly, the actions of norepinephrine and/or serotonin (5-HT) in the brain. This, 
along with other evidence, led to the biogenic amine theory, which proposes 
that depression is due to a deficiency of monoamines, such as norepineph-
rine and serotonin, at certain key sites in the brain. Conversely, the theory 
proposes that mania is caused by an overproduction of these neurotransmit-
ters. However, the biogenic amine theory of depression and mania is overly 
simplistic. It fails to explain the time course for a therapeutic response, which 
usually occurs over several weeks compared to the immediate pharmacody-
namic effects of the agents, which is usually immediate. This suggests that 
decreased reuptake of neurotransmitters is only an initial effect of the drugs, 
which may not be directly responsible for the antidepressant effects.

III. SELECTIVE SEROTONIN REUPTAKE INHIBITORS

The selective serotonin reuptake inhibitors (SSRIs) are a group of anti-
depressant drugs that specifically inhibit serotonin reuptake, having 300- 
to 3000-fold greater selectivity for the serotonin transporter, as  compared 
to the norepinephrine transporter. This contrasts with the tricyclic anti-
depressants (TCAs) and serotonin/norepinephrine reuptake inhibitors 
(SNRIs) that nonselectively inhibit the reuptake of norepinephrine and 
serotonin (Figure 10.2). Moreover, the SSRIs have little blocking activity at 
muscarinic, α-adrenergic, and histaminic H1 receptors. Because they have 
different adverse effects and are relatively safe in overdose, the SSRIs 
have largely replaced TCAs and monoamine oxidase inhibitors (MAOIs) as 
the drugs of choice in treating depression. The SSRIs include fluoxetine  
[floo-OX-e-teen] (the prototypic drug), citalopram [sye-TAL-oh-pram],  
escitalopram [es-sye-TAL-oh-pram], fluvoxamine [floo-VOX-e-meen], par-
oxetine [pa-ROX-e-teen], and sertraline [SER-tra-leen]. Escitalopram is the 
pure S-enantiomer of citalopram.

10

Figure 10.1
Summary of antidepressants.

SELECTIVE SEROTONIN REUPTAKE 
INHIBITORS (SSRIs)

Fluoxetine
Paroxetine
Citalopram
Escitalopram
Fluvoxamine
Sertraline
SEROTONIN/NOREPINEPHRINE 
 REUPTAKE INHIBITORS (SNRIs)

Duloxetine 
Venlafaxine 
Desvenlafaxine 
Levomilnacipran
ATYPICAL ANTIDEPRESSANTS

Bupropion 
Mirtazapine 
Nefazodone 
Trazodone 
Vilazodone 
Vortioxetine
TRICYCLIC ANTIDEPRESSANTS (TCAs)

Amitriptyline 
Nortriptyline 
Protriptyline 
Doxepin 
Amoxapine 
Imipramine 
Desipramine 
Clomipramine 
Trimipramine
Maprotiline
MONOAMINE OXIDASE INHIBITORS 
(MAOIs)

Isocarboxazid 
Phenelzine 
Selegiline 
Tranylcypromine
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DRUG AND CLASSIFICATION UPTAKE INHIBITORS UPTAKE INHIBITION

Norepinephrine Serotonin

Tricyclic antidepressants:
Tertiary amines
Amitriptyline
Imipramine
Trimipramine
Doxepin
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++
++
+
+

+++

+++
+++

0
++

+++

Secondary amines
Desipramine
Nortriptyline
Protriptyline

+++
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+++

0
+++

0
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Amoxapine ++ +

Selective serotonin reuptake  inhibitors:
Fluoxetine
Paroxetine
Sertraline
Citalopram
Escitalopram
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0/+
0
0
0
0
0

+++
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Other antidepressants:
Trazodone
Maprotiline
Buprapion
Venlafaxine
Nefazodone
Mirtazapine
Duloxetine 

0
+++
0/+
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0
0

+++

++
0

0/+
+++
0/+

0
+++

Figure 10.2
Relative activity of selected antidepressant drugs on prejunctional neuronal 
uptake of norepinephrine and serotonin. 

A. Actions

 The SSRIs block the reuptake of serotonin, leading to increased 
concentrations of the neurotransmitter in the synaptic cleft. 
Antidepressants, including SSRIs, typically take at least 2 weeks to 
produce significant improvement in mood, and maximum benefit may 
require up to 12 weeks or more (Figure 10.3). 

 A patient must be treated with an adequate dosage for at least 6 weeks  
before considering changing the treatment, although adverse effects due 
to their synaptic effects occur soon after taking the drug (Figure 10.4). 
However, with long-term administration of the drug, adaptive changes 
may occur. These changes can result in an adjustment to certain adverse 
effects, the development of new adverse effects, and the onset of ther-
apeutic effects. Marked interindividual variations in the blood levels of 
an antidepressant with a given dose may be observed due to individ-
ual differences in the activity of drug-metabolizing enzymes. Clinically, 
these differences likely underlie the observed differences in the rates of 
response and of adverse effects. The dose of antidepressants could be 
tailored to achieve therapeutic effects and avoid adverse effects.

Antidepressant
e�ects

Administration
of antidepressant

2 to 12 weeks

Onset of action

Depression

Figure 10.3
Onset of therapeutic effects of the 
major antidepressant drugs requires 
several weeks.
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215III. Selective Serotonin Reuptake Inhibitors

B. Therapeutic uses

 The primary indication for SSRIs is depression. A number of other 
psychiatric disorders also respond favorably to SSRIs, including 
obsessive–compulsive disorder, panic disorder, generalized anxiety 
disorder, post-traumatic stress disorder, social anxiety disorder, pre-
menstrual dysphoric disorder, and bulimia nervosa (only fluoxetine is 
approved for bulimia).

Figure 10.4
Pharmacologic properties of antidepressants and their possible adverse 
clinical consequences.

PHARMACOLOGIC 
PROPERTY/ 
RECEPTOR SUBTYPE ADVERSE CLINICAL CONSEQUENCES
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Sexual dysfunction 

Extrapyramidal side effects
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Muscarinic receptors Dry mouth

Blurred vision

Constipation

Urinary retention

Sinus tachycardia 

Memory dysfunction

1 Adrenoceptors Postural hypotension
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Reflex tachycardia 

Dizziness 
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216 10. Antidepressants

C. Pharmacokinetics

 All of the SSRIs are well absorbed after oral administration. Peak lev-
els are seen in approximately 2 to 8 hours on average. Food has little 
effect on absorption (except with sertraline, for which food increases 
its absorption). The majority of SSRIs have plasma half-lives that 
range between 16 and 36 hours. Metabolism by cytochrome P450 
(CYP450)–dependent enzymes and glucuronide or sulfate conjuga-
tion occurs extensively. Fluoxetine has the longest half-life (50 hours), 
and the half-life of its active metabolite S-norfluoxetine is quite long, 
averaging 10 days. Fluoxetine and paroxetine are potent inhibi-
tors of a CYP450 isoenzyme (CYP2D6). Other CYP450 isoenzymes 
(CYP2C9/19, CYP3A4, CYP1A2) are involved with SSRI metabolism 
and may also be inhibited to various degrees by the SSRIs. 

D. Adverse effects

 The most adverse effects of antidepressants can be explained by their 
synaptic effects. Although the SSRIs are considered to have fewer 
and less severe adverse effects than the TCAs and MAOIs, the SSRIs 
are not without adverse effects, such as headache, sweating, anxi-
ety and agitation, hyponatremia, transient gastrointestinal (GI) effects 
(nausea, vomiting, diarrhea), weakness and fatigue, sexual dysfunc-
tion, changes in weight (weight loss followed by weight gain in some 
patients, especially with paroxetine), sleep disturbances (insomnia 
and somnolence), and the above-mentioned potential for drug–drug 
interactions (Figure 10.5). 

1. Sleep disturbances: Paroxetine and fluvoxamine are generally 
more sedating than activating, and they may be useful in patients 
who have difficulty in sleeping. Conversely, patients who are 
fatigued or complaining of excessive somnolence may benefit from 
one of the more activating SSRIs, such as fluoxetine or sertraline.

2. Sexual dysfunction: Sexual dysfunction, which may include loss 
of libido, delayed ejaculation, and anorgasmia, is common with 
the SSRIs.

3. Use in children and teenagers: Antidepressants should be used 
cautiously in children and teenagers, because of reports of suicidal 
ideation as a result of SSRI treatment. Pediatric patients should 
be observed for worsening depression and suicidal thinking with 
initiation or dosage change of any antidepressant. Fluoxetine, ser-
traline, and fluvoxamine are approved for use in children to treat 
obsessive–compulsive disorder, and fluoxetine and escitalopram 
are approved to treat childhood depression.

4. Overdose and toxicity: Overdose with SSRIs does not usually 
cause cardiac arrhythmias, with the exception of citalopram, which 
may cause QT prolongation. Seizures are a possibility because all 
antidepressants may lower the seizure threshold. SSRIs have the 
potential to cause serotonin syndrome, especially when used in the 
presence of an MAOI or other highly serotonergic drug. Serotonin 
syndrome may include the symptoms of hyperthermia, muscle rigid-
ity, sweating, myoclonus (clonic muscle twitching), and changes in 
mental status and vital signs. SSRIs including all other antidepres-
sants may increase suicidal ideation; therefore, they have a black 
box warning especially for children, adolescents, and young adults.

Figure 10.5
Some commonly observed adverse 
effects of selective serotonin reuptake 
inhibitors.
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Drowsiness

Anxiety

Insomnia
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217IV. Serotonin/Norepinephrine Reuptake Inhibitors

5. Discontinuation syndrome: SSRIs have the potential to cause 
a discontinuation syndrome after their abrupt withdrawal, partic-
ularly the agents with shorter half-lives and inactive metabolites. 
Fluoxetine has the lowest risk of causing an SSRI discontinua-
tion syndrome due to its longer half-life and active metabolite. 
Possible signs and symptoms of SSRI discontinuation syndrome 
include headache, malaise and flu-like symptoms, agitation and 
irritability, nervousness, and changes in sleep pattern. These 
effects may persist up to 2 months. SSRIs should be gradually 
withdrawn to minimize these effects.

6. Drug interactions: SSRIs have been reported to cause though 
rarely but potentially fatal reaction with other drugs that increase 
serotonin activity called “serotonin syndrome.” Fluoxetine and 
paroxetine inhibit CYP2D6 isozyme potentiating the action of 
other drugs metabolized by this isozyme. 

IV.  SEROTONIN/NOREPINEPHRINE REUPTAKE 
INHIBITORS

Venlafaxine [VEN-la-fax-een], desvenlafaxine [dez-VEN-la-fax-een], levom-
ilnacipran [leevo-mil-NA-si-pran], and duloxetine [doo-LOX-e-teen] inhibit 
the reuptake of both serotonin and norepinephrine (Figure 10.6) and, thus, 
are termed SNRIs. Depression is often accompanied by chronic painful 
symptoms, such as backache and muscle aches, against which SSRIs are 
also relatively ineffective. This pain is, in part, modulated by serotonin and 
norepinephrine pathways in the central nervous system. Both SNRIs and 
the TCAs, with their dual inhibition of both serotonin and norepinephrine 
reuptake, are sometimes effective in relieving pain associated with dia-
betic peripheral neuropathy, postherpetic neuralgia, fibromyalgia, and low 
back pain. The SNRIs, unlike the TCAs, have little activity at α-adrenergic, 
muscarinic, or histamine receptors and, thus, have fewer of these recep-
tor-mediated adverse effects than the TCAs. The SNRIs may precipitate a 
discontinuation syndrome if treatment is abruptly stopped.

A. Venlafaxine and desvenlafaxine

 Venlafaxine is an inhibitor of serotonin reuptake and, at medium to 
higher doses, is an inhibitor of norepinephrine reuptake. Venlafaxine 
has minimal inhibition of the CYP450 isoenzymes and is a substrate 
of the CYP2D6 isoenzyme. Desvenlafaxine is the active, demethylated 
metabolite of venlafaxine. The most common side effects of venlafax-
ine are nausea, headache, sexual dysfunction, dizziness, insomnia, 
sedation, and constipation. At high doses, there may be an increase 
in blood pressure and heart rate. The clinical activity and adverse 
effect profile of desvenlafaxine are similar to those of venlafaxine.

B. Duloxetine

 Duloxetine inhibits serotonin and norepinephrine reuptake at all 
doses. It is extensively metabolized in the liver to inactive metabo-
lites and should be avoided in patients with liver dysfunction. GI side 
effects are common with duloxetine, including nausea, dry mouth, 
and constipation. Insomnia, dizziness, somnolence, sweating, and 

Postsynaptic response

Antidepressant 
drug blocks 
reuptake of the
neurotransmitter. PRESYNAPTIC 

NEURON

SYNAPTIC 
CLEFT

Norepinephrine

Serotonin

POST-
SYNAPTIC 
NEURON

Venlafaxine
Duloxetine

Figure 10.6
Proposed mechanism of action of 
selective serotonin/norepinephrine 
reuptake inhibitor antidepressant 
drugs.
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218 10. Antidepressants

sexual dysfunction are also seen. Duloxetine may increase blood 
pressure or heart rate. Duloxetine is a moderate inhibitor of CYP2D6 
isoenzymes and may increase concentrations of drugs metabolized 
by this pathway, such as antipsychotics. Duloxetine may rarely cause 
hepatotoxicity.

C. Levomilnacipran

 Levomilnacipran is an enantiomer of milnacipran (an older SNRI 
used for the treatment of depression in Europe and fibromyalgia 
in the United States). The adverse effect profile of levomilnacipran 
is similar to other SNRIs. It is primarily metabolized by CYP3A4, 
and, thus, activity may be altered by inducers or inhibitors of this 
enzyme system.

V. ATYPICAL ANTIDEPRESSANTS

The atypical antidepressants are a mixed group of agents that have actions 
at several different sites. This group includes bupropion [byoo-PROE-
pee-on], mirtazapine [mir-TAZ-a-peen], nefazodone [ne-FAZ-oh-done], 
trazodone [TRAZ-oh-done], vilazodone [vil-AZ-oh-done], and vortioxetine 
[vor-TEE-ox-e-teen].

A. Bupropion

 Bupropion is a weak dopamine and norepinephrine reuptake inhibi-
tor that is used to alleviate the symptoms of depression. Bupropion 
is also useful for decreasing cravings and attenuating withdrawal 
symptoms of nicotine in patients trying to quit smoking. Side effects 
may include dry mouth, sweating, nervousness, tremor, and a dose- 
dependent increased risk for seizures. It has a very low incidence of 
sexual dysfunction. Bupropion is metabolized by the CYP2B6 path-
way and has a relatively low risk for drug–drug interactions, given the 
few agents that inhibit/induce this enzyme. Use of bupropion should 
be avoided in patients at risk for seizures or those who have eating 
disorders such as bulimia.

B. Mirtazapine

 Mirtazapine enhances serotonin and norepinephrine neurotransmis-
sion by serving as an antagonist at central presynaptic α2 receptors. 
Additionally, some of the antidepressant activity may be related to 
antagonism at 5-HT2 receptors. It is sedating because of its potent 
antihistaminic activity, but it does not cause the antimuscarinic side 
effects of the TCAs, or interfere with sexual function like the SSRIs. 
Sedation, increased appetite, and weight gain frequently occur 
(Figure 10.7). 

C. Nefazodone and trazodone

 These drugs are weak inhibitors of serotonin reuptake and are 
also antagonists at the postsynaptic 5-HT2a receptor. Both agents 
are highly sedating, probably because of their potent histamine 

Figure 10.7
Some commonly observed adverse 
effects of mirtazapine.
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219VI. Tricyclic Antidepressants

H1-blocking activity. Trazodone is commonly used off-label for the 
management of insomnia. These drugs cause gastrointestinal dis-
turbances. Sexual effects are limited except that trazodone has 
been associated with priapism in men. Nefazodone has been asso-
ciated with a rare risk for hepatotoxicity. Both agents also have 
mild-to-moderate α1 receptor antagonism, contributing to orthosta-
sis and dizziness.

D. Vilazodone

 Vilazodone is a serotonin reuptake inhibitor and a 5-HT1a receptor par-
tial agonist. Although the extent to which the 5-HT1a receptor activity 
contributes to its therapeutic effects is unknown, this possible mech-
anism of action renders it unique from that of the SSRIs. The adverse 
effect profile of vilazodone is similar to the SSRIs, including a risk for 
discontinuation syndrome if abruptly stopped.

E. Vortioxetine

 Vortioxetine utilizes a combination of serotonin reuptake inhibition, 
5-HT1a agonism, and 5-HT3 and 5-HT7 antagonism as its suggested 
mechanisms of action to treat depression. It is unclear to what extent 
the activities other than inhibition of serotonin reuptake influence the 
overall effects of vortioxetine. The common adverse effects include 
nausea, constipation, and sexual dysfunction, which may be expected 
due to its serotonergic mechanisms.

VI. TRICYCLIC ANTIDEPRESSANTS

The TCAs inhibit norepinephrine and serotonin reuptake into the presynap-
tic neuron and, thus, if discovered today, might have been referred to as 
SNRIs, except for their differences in adverse effects relative to this newer 
class of antidepressants. The TCAs include the tertiary amines imipramine 
[ee-MIP-ra-meen] (the prototype drug), amitriptyline [a- mee-TRIP-ti-leen], 
clomipramine [kloe-MIP-ra-meen], doxepin [DOX- e-pin], and trimipramine 
[trye-MIP-ra-meen], and the secondary amines desipramine [dess-IP-ra-
meen] and nortriptyline [nor-TRIP-ti-leen] (the N-demethylated metabolites 
of imipramine and amitriptyline, respectively) and protriptyline [proe-TRIP-
ti-leen]. Maprotiline [ma-PROE-ti-leen] and amoxapine [a-MOX-a-peen] are 
related “tetracyclic” antidepressant agents and are commonly included in 
the general class of TCAs.

A. Mechanism of action

1. Inhibition of neurotransmitter reuptake: TCAs and amoxapine 
are potent inhibitors of the neuronal reuptake of norepinephrine and 
serotonin into presynaptic nerve terminals. Maprotiline and desipra-
mine are relatively selective inhibitors of norepinephrine reuptake.

2. Blocking of receptors: TCAs also block serotonergic, α- adrenergic,  
histaminic, and muscarinic receptors. It is not known if any of these 
actions produce the therapeutic benefit of the TCAs. However, 
actions at these receptors are likely responsible for many of their 
adverse effects. Amoxapine also blocks 5-HT2 and dopamine D2 
receptors.
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B. Actions

 The TCAs improve mood, in 50% to 70% of individuals with major 
depression. The onset of the mood elevation is slow, requiring 
2  weeks or longer (Figure 10.3). Patient response can be used to 
adjust dosage. Tapering of these agents is recommended to minimize 
discontinuation syndromes and cholinergic rebound effects.

C. Therapeutic uses

 The TCAs are effective in treating moderate to severe depression. 
Some patients with panic disorder also respond to TCAs. Imipramine is 
used as an alternative to desmopressin or nonpharmacologic therapies 
(enuresis alarms) in the treatment of bedwetting in children. The TCAs, 
particularly amitriptyline, have been used to help prevent migraine 
headache and treat chronic pain syndromes (for example, neuropathic 
pain) in a number of conditions for which the cause of pain is unclear. 
Low doses of TCAs, especially doxepin, can be used to treat insomnia.

D. Pharmacokinetics

 TCAs are well absorbed upon oral administration. As a result of their 
variable first-pass metabolism in the liver, TCAs have low and incon-
sistent bioavailability. These drugs are metabolized by the hepatic mic-
rosomal system (and, thus, may be sensitive to agents that induce or 
inhibit the CYP450 isoenzymes) and conjugated with glucuronic acid. 
Ultimately, the TCAs are excreted as inactive metabolites via the kidney. 
These drugs are highly lipid soluble and have a relatively long half-life. 

E. Adverse effects

 Blockade of muscarinic receptors leads to blurred vision, xerostomia, 
urinary retention, sinus tachycardia, constipation, and aggravation of 
angle-closure glaucoma (Figure 10.8). These agents affect cardiac 
conduction similar to typical of class IA antiarrhythmics (quinidine) 
and may precipitate life-threatening arrhythmias in an overdose sit-
uation. They thus contribute toward the narrow therapeutic index 
of tricyclic antidepressants. This property is a major pharmacologi-
cal distinction between the older tricyclic compounds and the newer 
generation compounds. The TCAs also block α-adrenergic receptors, 
causing orthostatic hypotension, dizziness, and reflex tachycardia. 
Sedation is related to the ability of these drugs to block histamine 
H1 receptors. Weight gain is a common adverse effect of the TCAs. 
Sexual dysfunction occurs in a minority of patients, and the incidence 
is lower than that associated with the SSRIs.

 All antidepressants, including TCAs, should be used with caution 
in patients with bipolar disorder, even during their depressed state, 
because antidepressants may cause a switch to manic behavior. 
The TCAs have a narrow therapeutic index (for example, five- to six-
fold the maximal daily dose of imipramine can be lethal). Depressed 
patients who are suicidal should be given only limited quantities of 
these drugs and be monitored closely. Drug interactions with the 
TCAs are shown in Figure 10.9. The TCAs may exacerbate certain 
medical conditions, such as benign prostatic hyperplasia, epilepsy, 
and pre-existing arrhythmias.

Figure 10.8
Some commonly observed adverse 
effects of tricyclic antidepressants.
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221VII. Monoamine Oxidase Inhibitors

VII. MONOAMINE OXIDASE INHIBITORS

Monoamine oxidase (MAO) is a mitochondrial enzyme found in nerve and 
other tissues, such as the gut and liver. In the neuron, MAO functions as 
a “safety valve” to oxidatively deaminate and inactivate any excess neu-
rotransmitters (for example, norepinephrine, dopamine, and serotonin) that 
may leak out of synaptic vesicles when the neuron is at rest. The MAOIs 
may irreversibly or reversibly inactivate the enzyme, permitting neurotrans-
mitters to escape degradation and, therefore, to accumulate within the pre-
synaptic neuron and leak into the synaptic space. The four MAOIs currently 
available for the treatment of depression include phenelzine [FEN-el-zeen], 
tranylcypromine [tran-il-SIP-roe-meen], isocarboxazid [eye-soe-car-BOX-ih-
zid], and selegiline [seh-LEDGE-ah-leen]. [Note: Selegiline is also used for 
the treatment of Parkinson’s disease. It is the only antidepressant available 
in a transdermal delivery system.] Use of MAOIs is limited due to the com-
plicated dietary restrictions required while taking these agents.

A. Mechanism of action

 Most MAOIs, such as phenelzine, form stable complexes with the 
enzyme, causing irreversible inactivation. This results in increased 
stores of norepinephrine, serotonin, and dopamine within the neuron 
and subsequent diffusion of excess neurotransmitter into the synaptic 
space (Figure 10.10). These drugs inhibit not only MAO in the brain 
but also MAO in the liver and gut that catalyzes oxidative deamination 
of drugs and potentially toxic substances, such as tyramine, which is 
found in certain foods. The MAOIs, therefore, show a high incidence 
of drug–drug and drug–food interactions. Selegiline administered as 
the transdermal patch may produce less inhibition of gut and hepatic 
MAO at low doses because it avoids first-pass metabolism.

B. Actions

 Although MAO is fully inhibited after several days of treatment, the 
antidepressant action of the MAOIs, like that of the SSRIs, SNRIs, and 
TCAs, is delayed several weeks. Selegiline and tranylcypromine have 
an amphetamine-like stimulant effect that may produce agitation or 
insomnia.

C. Therapeutic uses

 The MAOIs are indicated for depressed patients who are unrespon-
sive or intolerant of other antidepressants. Because of their risk for 
drug–drug and drug–food interactions, the MAOIs are considered 
last-line agents in many treatment settings.

D. Pharmacokinetics

 These drugs are well absorbed after oral administration. Enzyme regen-
eration, when irreversibly inactivated, varies, but it usually occurs  

several weeks after termination of the drug. Thus, when switching anti-
depressant agents, a minimum of 2 weeks of delay must be allowed 
after termination of MAOI therapy and the initiation of another antide-
pressant from any other class. MAOIs are hepatically metabolized and 
excreted rapidly in urine.
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synaptic cleft 

Block e�ects of 
indirect-acting 
sympathomimetic 
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E. Adverse effects

 Severe and often unpredictable side effects, due to drug–food and 
drug–drug interactions, limit the widespread use of MAOIs. For exam-
ple, tyramine, which is contained in foods, such as aged cheeses and 
meats, liver, pickled or smoked fish, and red wines, is normally inac-
tivated by MAO in the gut. Individuals receiving an MAOI are unable 
to degrade tyramine obtained from the diet. Tyramine causes the 
release of large amounts of stored catecholamines from nerve termi-
nals, resulting in a hypertensive crisis, with signs and symptoms such 
as occipital headache, stiff neck, tachycardia, nausea, hypertension, 
cardiac arrhythmias, seizures, and, possibly, stroke. Patients must, 
therefore, be educated to avoid tyramine-containing foods. Other pos-
sible adverse effects of treatment with MAOIs include drowsiness, 
orthostatic hypotension, blurred vision, dry mouth, and constipation. 
SSRIs should not be coadministered with MAOIs due to the risk of 
serotonin syndrome. Both SSRIs and MAOIs require a washout period 
of at least 2 weeks before the other type is administered, with the 
exception of fluoxetine, which should be discontinued at least 6 weeks 
before an MAOI is initiated. In addition, the MAOIs have many other 
critical drug interactions, and caution is required when administering 
these agents concurrently with other drugs. Figure 10.11 summarizes 
the side effects of the antidepressant drugs. Figure 10.12 depicts the  
commonly used antidepressants, their dosage, and adverse effects.

VIII. SEROTONIN-DOPAMINE ANTAGONISTS

While 60% to 80% of patients respond favorably to antidepressants, 
20% to 40% experience a partial or poor response to monotherapy. The 
serotonin-dopamine antagonists (SDAs), or atypical antipsychotics, are 
occasionally used as adjunctive treatments to antidepressants in partial 
responders. Aripiprazole, brexpiprazole, quetiapine, and the combination 
of fluoxetine and olanzapine are approved for use as adjuncts in major 
depressive disorder (MDD).

IX. TREATMENT OF MANIA AND BIPOLAR DISORDER

The treatment of bipolar disorder has increased in recent years due to 
increased recognition of the disorder and also an increase in the number 
of available medications for the treatment of mania.

A. Lithium

 Lithium salts are used acutely and prophylactically for managing bipo-
lar patients. Lithium normalizes mood and is effective in treating 60% 
to 80% of patients exhibiting mania and hypomania. The onset of ther-
apeutic effect takes 2 to 3 weeks. Antipsychotic drugs and benzodiaz-
epines can be used in the initial stages of the disease to control acute 
agitation. Anticonvulsants such as valproic acid, carbamazepine, and 
lamotrigitne have been used extensively either alone or as adjunct to 
lithium therapy. Although many cellular processes are altered by treat-
ment with lithium, the mode of action is unknown. The therapeutic 
index of lithium is extremely low (0.5 to 1.4 mmol/L), and levels above 
2 mmol/L can be toxic. The levels of lithium should be monitored regu-
larly. Common adverse effects at therapeutic levels may include head-
ache, dry mouth, polydipsia, polyuria, polyphagia, edema, weight gain, 
GI distress fine hand tremor, dizziness, fatigue, dermatologic reactions, 

Figure 10.10
Mechanism of action of monoamine 
oxidase inhibitors (MAOIs).
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223IX. Treatment of Mania and Bipolar Disorder

CLASS AND  
EXAMPLES

TYPICAL 
 DAILY DOSE

MAXIMUM 
DOSE

THERAPEUTIC 
USES

ADVERSE 
EFFECTS

Tricyclic antidepressants (TCAs):
 Amitriptyline
 Imipramine
 Clomipramine
 Nortriptyline

25–150 mg
25–150 mg
25–150 mg
25–150 mg

300 mg1,2

300 mg
300 mg
200 mg

Major depres-
sion; chronic 
pain with 
or without 
 depression

Orthostatic 
hypotension

Weight gain

GI disturbance

Sexual 
 dysfunction

Seizures

Irregular heart

Suicidal 
thoughts and 
behavior

Selective serotonin  reuptake inhibitors (SSRIs):
 Fluoxetine
 Paroxetine
 Sertraline
 Citalopram
 Escitalopram
 Vilazodone3

10–40 mg
20–40 mg
50–200 mg
10–40 mg
10–20 mg
10–40 mg

80 mg
50 mg
200 mg
40 mg
30 mg
80 mg

Anxiety and 
 depression 
 disorder, 
 obsessive 
compulsive 
disorder, 
post-traumatic 
stress disorder 
(PTSD)

GI disturbance

Sexual dysfunc-
tion

Increased sui-
cidal thoughts 
or behavior

Serotonin 
syndrome with 
MAOIs

Some CYP inter-
actions

Reduce dose 
with concom-
itant CYP3A4 
 inhibitors 
(for example, 
itraconazole,  
clarithro-
mycin, and 
voriconazole)

Increase dose 
with concom-
itant CYP3A4 
inducers (for 
 example, 
 carbamazepine, 
phenytoin, and 
rifampin)

Serotonin-norepinephrine reuptake inhibitors (SNRIs):
 Duloxetine
 Desvenlafaxine
 Venlafaxine

30–90 mg
50–100 mg
37.5–225 mg

120 mg
100 mg
375 mg

Anxiety and 
depression, 
attention deficit, 
hyperactivity 
disorder (ADHD), 
autism fibro-
myalgia, PTSD, 
menopause 
symptoms

Nausea

Dizziness

Increased sui-
cidal thoughts 
and behavior

Sexual dysfunc-
tion

Duloxetine 
contraindicated 
in uncontrolled 
glaucoma

Sedating

Phenelzine
Selegiline
Tranylcypromine

Amitriptyline
Amoxapine
Clomipramine
Desipramine
Doxepin
Imipramine
Maprotiline
Nortriptyline
Protriptyline
Trimipramine

TRICYCLIC/POLYCYCLIC
ANTIDEPRESSANTS

MONOAMINE OXIDASE
INHIBITORS

Weight
gain

Bupropion
Mirtazapine
Nefazodone
Trazodone
Vilazodone
Vortioxetine

ATYPICAL
ANTIDEPRESSANTS

Gastro-
intestinal
distress

Citalopram
Escitalopram
Fluoxetine
Fluvoxamine
Paroxetine
Sertraline

SELECTIVE
SEROTONIN REUPTAKE

INHIBITORS

SEROTONIN/
NOREPINEPHRINE

 REUPTAKE INHIBITORS
Duloxetine

Venlafaxine
Desvenlafaxine

High potential 
for orthostatic
hypotension

Insomnia

Levomilnacipran

Figure 10.11
Side effects of some drugs used to 
treat depression. Figure 10.12

Dosage of antidepressants and their adverse effects. (Figure continues on 
next page)
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224 10. Antidepressants

and sedation. Thyroid function may be decreased and should be 
monitored. Adverse effects due to higher plasma levels may indi-
cate toxicity and include ataxia, slurred speech, and coarse  tremors.  
Plasma levels above >2.5 mmol/L show effects such as clonic move-
ments of limbs, confusion, circulatory collapse, and convulsions. 
Treatment of toxicity includes discontinuation of lithium, hemodialysis, 
and the use of anticonvulsants. Lithium is renally eliminated; 80% is 
reabsorbed in the proximal renal tubule. Therefore, caution should be 
used when dosing this drug in renally impaired patients. It may be 
the best choice in patients with hepatic impairment. Sodium deple-
tion results in increased renal reabsorption of lithium and increased 
chance for toxicity. Sodium depletion is increased by low-salt diets, 
thiazide diuretics, furosemide, ethacrynic acid, or severe diarrhea or 
vomiting. Chances of lithium toxicity increase by some nonsteroidal 
anti-inflammatory drugs such as indomethacin due to decreased renal 
clearance of lithium. Lithium is contraindicated during the first trimes-
ter of pregnancy and lactation because of the possible fetal congenital 
abnormalities and neonatal dysfunction.

CLASS AND  
EXAMPLES

TYPICAL 
 DAILY DOSE

MAXIMUM 
DOSE

THERAPEUTIC 
USES

ADVERSE 
EFFECTS

Atypical antidepressants:
 Bupropion
 Nefazodone
 Trazodone

100–300 mg
200–600 mg
25–200 mg 
for sleep1

150 mg for 
depression

400–450 mg
600 mg4

>600 mg

Anxiety and 
depression 
disorder

Priapism with 
trazodone

Hepatotoxicity 
with nefazodone

α2 Agonist:
 Mirtazapine 15–30 mg1 45 mg Major depres-

sion
Dry mouth, 
sweating, 
 nervousness, 
tremors, dose- 
dependent 
increase in sei-
zures, no weight 
gain

Monoamine oxidase (MAO) inhibitors:
 Phenelzine
 Selegiline5

 Tranylcypromine

10–30 mg 60–90 mg
12 mg/24 hr
60 mg

Resistant 
 depression 
and atypical 
 depression

Weight gain 

Sexual dysfunc-
tion 

Suicidal 
thoughts 

Hypertensive 
crisis with 
 tyramine- 
containing food

Orthostatic 
hypotension

1At bedtime
2Can be divided
3Not associated with sexual dysfunction or weight gain
4In divided doses
5Selegiline transdermal patch available

Figure 10.12 (Continued)
Dosage of antidepressants and their adverse effects.
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225Study Questions

B. Other drugs

 Several antiepileptic drugs, including carbamazepine, valproic acid, 
and lamotrigine, are approved as mood stabilizers for bipolar dis-
order. Other agents that may improve manic symptoms include the 
older (chlorpromazine and haloperidol) and newer antipsychotics. 
The atypical antipsychotics risperidone, olanzapine, ziprasidone, arip-
iprazole, asenapine, cariprazine, and quetiapine (see Chapter 11) are 
also used for the management of mania. Quetiapine, lurasidone, and 
the combination of olanzapine and fluoxetine have been approved for 
bipolar depression.

Correct answer = A. Because of its potent antimus-
carinic activity, amitriptyline should not be given to 
patients with glaucoma because of the risk of acute 
increases in intraocular pressure. The other antide-
pressants all lack antagonist activity at the musca-
rinic receptor.

Correct answer = B. SSRIs are particularly effec-
tive in treating obsessive–compulsive disorder, and 
paroxetine is approved for this condition. The other 
drugs are less effective in the treatment of obsessive– 
compulsive disorder.

Correct answer = C. Mirtazapine is largely free from 
sexual side effects. However, sexual dysfunction com-
monly occurs with SSRIs (sertraline and citalopram), 
as well as with TCAs, and SNRIs. Lithium is used for 
the treatment of mania and bipolar disorder.

Correct answer = D. Duloxetine is an SNRI that can 
be used for depression accompanied by symptoms 
of pain. SSRIs (fluoxetine and sertraline) and MAOIs 
(phenelzine) have little activity against pain syndromes.

Study Questions

Choose the ONE best answer.

10.1 A 55-year-old teacher was diagnosed with depres-
sion. After 6 weeks of therapy with fluoxetine, his 
symptoms improved, but he complains of sexual 
dysfunction. Which of the following drugs might be 
useful for management of depression in this patient?

A. Sertraline

B. Citalopram

C. Mirtazapine

D. Lithium

10.2 A 25-year-old woman has a long history of depres-
sive symptoms accompanied by body aches and 
pain secondary to a car accident. Which of the fol-
lowing drugs might be useful in this patient?

A. Fluoxetine

B. Sertraline

C. Phenelzine

D. Duloxetine

10.3 A 51-year-old woman with symptoms of major 
depression also has angle-closure glaucoma. Which 
antidepressant should be avoided in this patient?

A. Amitriptyline

B. Bupropion

C. Mirtazapine

D. Fluvoxamine

10.4 A 36-year-old man presents with symptoms of 
compulsive behavior. He realizes that his behavior 
is interfering with his ability to accomplish his daily 
tasks, but cannot seem to stop himself. Which 
drug would be most helpful to this patient?

A. Desipramine

B. Paroxetine

C. Amitriptyline

D. Selegiline
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226 10. Antidepressants

 10.5 Which antidepressant has, as its two proposed 
principal mechanisms of action, 5-HT1a receptor 
partial agonism and 5-HT reuptake inhibition?

A. Fluoxetine

B. Aripiprazole

C. Maprotiline

D. Vilazodone

 10.6 Which antidepressant is the most sedating?

A. Bupropion 

B. Duloxetine

C. Doxepin 

D. Venlafaxine

 10.7 Which mood stabilizer is completely renally elim-
inated and may be beneficial for patients with 
hepatic impairment?

A. Valproic acid

B. Carbamazepine

C. Lithium

D. Risperidone

 10.8 Which antidepressant has, as its two principal 
mechanisms of action, 5-HT2A receptor antago-
nism and α2 receptor antagonism?

A. Fluoxetine

B. Doxepin

C. Maprotiline

D. Mirtazapine

 10.9 Which mood stabilizing agent is most likely to 
decrease the thyroid function?

A. Carbamazepine

B. Lithium

C. Valproic acid

D. Chlorpromazine

10.10 Which antidepressant agent has significant α1 
receptor antagonism and, thus, is a poor choice 
in an elderly female with depressive symptoms 
due to a higher risk of falls related to orthostatic 
hypotension?

A. Venlafaxine 

B. Bupropion

C. Escitalopram

D. Amitriptyline

Correct answer = B. Lithium is best known for caus-
ing a drug-induced hypothyroidism in patients after 
long-term use. Though it is possible with other mood 
stabilizers, lithium has the most reported cases, and 
thus, thyroid function tests should be performed at 
baseline and during follow-up to monitor for this pos-
sible effect. 

Correct answer = D. Venlafaxine, bupropion, and 
escitalopram have very little effect on decreasing 
blood pressure (no α1 receptor antagonism) and 
are considered acceptable choices for treatment of 
depression in the elderly. Amitriptyline is associated 
with a high risk for orthostasis in the elderly and 
should be avoided due to its adverse effect profile 
and risk for falls.

Correct answer = C. Lithium is the only agent for 
bipolar disorder that does not require hepatic metab-
olism and, thus, may be dosed without issue in a 
hepatically impaired patient. However, if the patient 
had renal impairment, the lithium dosage would have 
to be adjusted.

Correct answer = D. Mirtazapine is the only antide-
pressant with this combination of mechanisms of 
action that are believed to contribute to its therapeu-
tic effects. 

Correct answer = D. In addition to inhibition of sero-
tonin reuptake, the antidepressant activity of vilazo-
done may be related to its 5-HT1a receptor agonism. 
Though aripiprazole is also proposed to have 5-HT1a 
partial agonism, it is not a serotonin reuptake inhibitor.

Correct answer = C. Doxepin is the most sedating of 
the list due to its histamine-blocking activity.

LIR_CH10.indd   226 09/10/18   12:38 PM



I. OVERVIEW

The antipsychotic drugs are used primarily to treat schizophrenia, but they 
are also effective in other psychotic and manic states. The use of anti-
psychotic medications involves a difficult trade-off between the benefit of 
alleviating psychotic symptoms and the risk of a wide variety of adverse 
effects. Antipsychotic drugs (Figure 11.1) are not curative and do not elim-
inate chronic thought disorders, but they often decrease the intensity of 
hallucinations and delusions and permit the person with schizophrenia to 
function in a supportive environment.

II. SCHIZOPHRENIA

Schizophrenia is a type of chronic psychosis characterized by delusions, 
hallucinations (often in the form of voices), and disturbances in thought. 
The onset of illness is often during late adolescence or early adulthood. It 
occurs in about 1% of the population and is a chronic and disabling disor-
der. Schizophrenia has a strong genetic component and probably reflects 
some fundamental developmental and biochemical abnormality, possibly 
a dysfunction of the mesolimbic or mesocortical dopaminergic neuronal 
pathways.

III. ANTIPSYCHOTIC DRUGS

The antipsychotic drugs are usually divided into first- and second-generation 
agents. The first-generation drugs are further classified as “low potency” or 
“high potency.” This classification does not indicate clinical effectiveness of 
the drugs, but rather specifies affinity for the dopamine D2 receptor, which, 
in turn, may influence the adverse effect profile of the drug.

A. First-generation antipsychotics

 The first-generation antipsychotic drugs (also called conventional) are 
competitive inhibitors at a variety of receptors, but their antipsychotic 
effects reflect competitive blockade of dopamine D2 receptors. First-
generation antipsychotics are more likely to be associated with move-
ment disorders known as extrapyramidal symptoms (EPS), particularly 
drugs that bind tightly to dopaminergic neuroreceptors, such as haloper-
idol [HAL-oh-PER-i-dol]. Movement disorders are somewhat less likely 
with medications that bind less potently, such as chlorpromazine [klor-
PROE-ma-zeen]. No one drug is clinically more effective than another.

227

Antipsychotics
Jose A. Rey 11

Figure 11.1
Summary of antipsychotic agents.

FIRST-GENERATION ANTIPSYCHOTIC 
(low potency)
Chlorpromazine
Thioridazine

FIRST-GENERATION ANTIPSYCHOTIC 
(high potency)
Fluphenazine 
Haloperidol 
Loxapine 
Molindone 
Perphenazine 
Pimozide 
Prochlorperazine 
Thiothixene 
Tri�uoperazine
SECOND-GENERATION ANTIPSYCHOTIC 
(atypical antipsychotic)

THIRD-GENERATION ANTIPSYCHOTICS

Risperidone 
Ziprasidone 
Paliperidone 
Iloperidone 
Lurasidone 
Olanzapine 
Quetiapine 
Clozapine 
Asenapine 
THIRD-GENERATION ANTIPSYCHOTICS 
Aripiprazole 
Brexpiprazole
Cariprazine
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228 11. Antipsychotics

B. Second-generation antipsychotic drugs

 The second-generation antipsychotic drugs (also called “atypical” 
antipsychotics) have a lower incidence of EPS than the  first- generation 
agents, but are associated with a higher risk of metabolic adverse 
effects, such as diabetes, hypercholesterolemia, and weight gain. 
The second-generation drugs owe their unique activity to blockade of 
both serotonin and dopamine receptors.

1. Drug selection: Second-generation agents are generally used as 
first-line therapy for schizophrenia to minimize the risk of debil-
itating EPS associated with the first-generation drugs that act 
primarily at the dopamine D2 receptor. The second-generation 
antipsychotics exhibit an efficacy that is equivalent to, and occa-
sionally exceeds, that of the first-generation antipsychotic agents. 
Differences in therapeutic efficacy among the second-generation 
drugs have not been established, and individual patient response 
and comorbid conditions must often be used to guide drug 
selection.

2. Refractory patients: Approximately 10% to 20% of patients 
with schizophrenia have an insufficient response to first- and 
second-generation antipsychotics. For these patients, clozap-
ine [KLOE-za-peen] has shown to be an effective antipsychotic 
with a minimal risk of EPS. However, its clinical use is lim-
ited to refractory patients because of serious adverse effects. 
Clozapine can produce bone marrow suppression, seizures, and  
cardiovascular side effects, such as orthostasis. The risk of 
severe agranulocytosis necessitates frequent monitoring of white 
blood cell counts.

C. Mechanism of action

1. Dopamine antagonism: All of the first-generation and most of 
the second-generation antipsychotic drugs block D2 dopamine 
receptors in the brain and the periphery (Figure 11.2).

2. Serotonin receptor–blocking activity: Most of the second- 
generation agents exert part of their action through inhibition 
of serotonin receptors (5-HT), particularly 5-HT2A receptors. 
Clozapine has high affinity for D1, D4, 5-HT2, muscarinic, and 
α-adrenergic receptors, but it is also a weak dopamine D2 receptor 
antagonist (Figure 11.3). Risperidone [ris-PEAR-ih-dohn] blocks 
5-HT2A receptors to a greater extent than it does D2 receptors, 
as does olanzapine [oh-LANZ-ah-peen]. The second- generation 
antipsychotics aripiprazole [a-rih-PIP-ra-zole], brexpiprazole  
[brex-PIP-ra-zole], and cariprazine [kar-IP-ra-zeen] are partial 
agonists at D2 and 5-HT1A receptors, as well as antagonists of 
5-HT2A receptors. Quetiapine [qwe-TY-uh-peen] is relatively weak 
at blockade of D2 and 5-HT2A receptors. Its low risk for EPS may 
also be related to the relatively short period of time it binds to the 
D2 receptor. Pimavanserin [pim-a-VAN-ser-in] appears to act as 
an inverse agonist and antagonist at the 5-HT2A receptor and the 
5-HT2C receptor, with no appreciable affinity for dopamine recep-
tors. Pimavanserin is indicated for psychosis associated with 
Parkinson disease. 

Dopamine

DECREASED
INTRACELLULAR

RESPONSE

Dopamine
receptor blocked

Anti-
psychotic

drugs Dopamine

Figure 11.2
Dopamine-blocking actions of antip-
sychotic drugs.
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229III. Antipsychotic Drugs

D. Actions

 The clinical effects of antipsychotic drugs reflect a blockade at 
dopamine and/or serotonin receptors. However, many antipsychotic 
agents also block cholinergic, adrenergic, and histaminergic recep-
tors (Figure 11.4). It is unknown what role, if any, these actions have 
in alleviating the symptoms of psychosis. However, the undesirable 
adverse effects of antipsychotic drugs often result from pharmacolog-
ical actions at these other receptors.

1. Antipsychotic effects: All antipsychotic drugs can reduce hal-
lucinations and delusions associated with schizophrenia (known 
as “positive” symptoms) by blocking D2 receptors in the meso-
limbic system of the brain. The “negative” symptoms, such as 
blunted affect, apathy, and impaired attention, as well as cog-
nitive impairment, are not as responsive to therapy, particularly 
with the first-generation antipsychotics. Many second-generation 
agents, such as clozapine, can ameliorate the negative symptoms 
to some extent.

2. Extrapyramidal effects: Dystonias (sustained contraction of 
 muscles leading to twisting, distorted postures), Parkinson-like 
symptoms, akathisia (motor restlessness), and tardive dyskinesia 
(involuntary movements, usually of the tongue, lips, neck, trunk, and 
limbs) can occur with both acute and chronic treatment. Blockade of 
dopamine receptors in the nigrostriatal pathway is believed to cause 
these unwanted movement symptoms. The  second-generation  
antipsychotics exhibit a lower incidence of EPS.

3. Antiemetic effects: The antipsychotic drugs have antiemetic 
effects that are mediated by blocking D2 receptors of the chemo-
receptor trigger zone of the medulla (see Chapter 42). Figure 11.5 
summarizes the antiemetic uses of antipsychotic agents, as well 
as other drugs that combat nausea.

Haloperidol

Chlorpromazine

Relative a�nities at D2 receptors

Haloperidol

Clozapine

Chlorpromazine

High
a�nity

Relative a�nities at D1 receptors

Low
a�nity

Clozapine

High
a�nity

Low
a�nity

Clozapine

elative a�nities at D1 receptors

a�nitya�nity

Most antipsychotic drugs have 
a�nities at D2-dopaminergic
receptors that parallel clinical
potency.

Clozapine di�ers from typical 
antipsychotic drugs in having a 
similar a�nity for both D1- and 
D2-dopaminergic receptors.

Figure 11.3 
Relative affinity of clozapine, chlor-
promazine, and haloperidol at D1 and 
D2 dopaminergic receptors.

Figure 11.4 
Antipsychotic drugs block at dopaminergic and serotonergic receptors as well as at adrenergic, cholinergic, and 
histamine-binding receptors.

Serotonin
receptor

Dopamine
receptor

Cholinergic
(muscarinic)

receptor

Adrenergic
receptor

Particularly 
thioridazine,

chlorpromazine

α-

Particularly
chlorpromazine

Particularly
chlorpromazine,

clozapine

Risperidone,
clozapine

All, but
particularly
haloperidol,

�uphenazine,
thiothixene

 Histamine
receptor

H1

ANTIPSYCHOTIC DRUGS
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4. Anticholinergic effects: Some of the antipsychotics, particularly 
thioridazine [THYE-oh-RID-a-zeen], chlorpromazine, clozapine, 
and olanzapine, produce anticholinergic effects. These effects 
include blurred vision, dry mouth (the exception is clozapine, 
which increases salivation), confusion, and inhibition of gastro-
intestinal and urinary tract smooth muscle, leading to constipa-
tion and urinary retention. The anticholinergic effects may actually 
assist in reducing the risk of EPS with these agents.

5. Other effects: Blockade of α-adrenergic receptors causes ortho-
static hypotension and light-headedness. The antipsychotics also 
alter temperature-regulating mechanisms and can produce poiki-
lothermia (condition in which body temperature varies with the 
environment). In the pituitary, antipsychotics that block D2 recep-
tors may cause an increase in prolactin release. Sedation occurs 
with those drugs that are potent antagonists of the H1-histamine 
receptor, including chlorpromazine, olanzapine, quetiapine, and 
clozapine. Sexual dysfunction may also occur with the antipsy-
chotics due to various receptor-binding characteristics. Weight 
gain is also a common adverse effect of antipsychotics and is 
more significant with the second-generation agents.

E. Therapeutic uses

1. Treatment of schizophrenia: The antipsychotics are the only 
efficacious pharmacological treatment for schizophrenia. The 
first-generation antipsychotics are generally most effective in 
treating the positive symptoms of schizophrenia. The atypical anti-
psychotics with 5-HT2A receptor–blocking activity may be effec-
tive in many patients who are resistant to the traditional agents, 
especially in treating the negative symptoms of schizophrenia.

2. Prevention of nausea and vomiting: The older antipsychotics 
(most commonly, prochlorperazine [PROE-clor-PEAR-a-zeen]) are 
useful in the treatment of drug-induced nausea.

3. Other uses: The antipsychotic drugs can be used as tranquilizers 
to manage agitated and disruptive behavior secondary to other 
disorders. Chlorpromazine is used to treat intractable hiccups. 
Pimozide [PIM-oh-zide] is primarily indicated for treatment of the 
motor and phonic tics of Tourette disorder. However, risperidone 
and haloperidol are also commonly prescribed for this tic disorder. 
Also, risperidone and aripiprazole are approved for the manage-
ment of disruptive behavior and irritability secondary to autism. 
Many antipsychotic agents are approved for the management of 
the manic and mixed symptoms associated with bipolar disor-
der. Lurasidone [loo-RAS-i-done] and quetiapine are indicated for 
the treatment of bipolar depression. Paliperidone [pal-ee-PEAR-
i-dohn] is approved for the treatment of schizoaffective disorder. 
Some antipsychotics (aripiprazole, brexpiprazole, and quetiapine) 
are used as adjunctive agents with antidepressants for treatment- 
refractory depression.

Motion
sickness

Vertigo

Cancer
chemotherapy

Dimenhydrinate
Meclizine

Dimenhydrinate
Promethazine
Scopolamine

Haloperidol
Metoclopramide

Ondansetron
Prochlorperazine

 

For nausea
due to . . . 

For nausea
due to . . . 

For nausea
due to . . . 

Figure 11.5 
Therapeutic application of antiemetic 
agents.
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F. Absorption and metabolism

 After oral administration, the antipsychotics show variable absorp-
tion that is unaffected by food (except for ziprasidone [zi-PRAS-i-
done], lurasidone, and paliperidone, the absorption of which is 
increased with food). These agents readily pass into the brain and 
have a large volume of distribution. They are metabolized to many 
different metabolites, usually by the cytochrome P450 system in the 
liver, particularly the CYP2D6, CYP1A2, and CYP3A4 isoenzymes. 
Some metabolites are active and have been developed as pharma-
cological agents themselves (for example, paliperidone is the active 
metabolite of risperidone, and the antidepressant amoxapine is the 
active metabolite of loxapine). Fluphenazine decanoate, haloperidol 
decanoate, risperidonemicrospheres, paliperidone palmitate, aripip-
razole monohydrate, aripiprazole lauroxil, and olanzapine pamoate 
are long-acting injectable (LAI) formulations of antipsychotics. These 
formulations usually have a therapeutic duration of action of 2 to  
4 weeks, with some having a duration of 6 to 12 weeks. Therefore, 
these LAI formulations are often used to treat outpatients and indi-
viduals who are nonadherent with oral medications.

G. Adverse effects

 Adverse effects of the antipsychotic drugs can occur in practically all 
patients and are significant in about 80% of them (Figure 11.6).

1. Extrapyramidal effects: The inhibitory effects of dopaminer-
gic neurons are normally balanced by the excitatory actions of 
cholinergic neurons in the striatum. Blocking dopamine recep-
tors alters this balance, causing a relative excess of cholinergic 
influence, which results in extrapyramidal motor effects. The 
appearance of the movement disorders is generally time- and 
dose-dependent, with dystonias occurring within a few hours 
to days of treatment, followed by akathisias occurring within 

TYPE MECHANISM MANIFESTATIONS

Autonomic nervous system Muscarinic cholinoceptor blockade Loss of accommodation, dry mouth, difficulty  
in urinating, constipation

a-Adrenoceptor blockade Orthostatic hypotension, impotence, failure  
to ejaculate

Central nervous system Dopamine receptor blockade Parkinson’s syndrome, akathisia, dystonia

Super-sensitivity of dopamine receptors Tardive dyskinesia

Muscarinic blockade Toxic confusional state

Endocrine system Dopamine receptor blockade resulting  
in hyperprolactinemia

Amenorrhea–galactorrhea, infertility, impotence

Other Possibly combined H1 and 5-HR2 blockade Weight gain

Figure 11.6
Adverse pharmacologic effects of antipsychotic drugs and their mechanism.
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days to weeks. Parkinson-like symptoms of bradykinesia, rigid-
ity, and tremor usually occur within weeks to months of ini-
tiating treatment. Tardive dyskinesia (see below), which can 
be irreversible, may occur after months or years of treatment. 
If cholinergic activity is also blocked, a new, more nearly normal 
balance is restored, and extrapyramidal effects are minimized. 
This can be achieved by administration of an anticholinergic drug, 
such as benztropine [BENZ-troe-peen]. The therapeutic trade-off 
is a lower incidence of EPS in exchange for the adverse effect of 
muscarinic receptor blockade. Akathisia may respond better to 
β blockers (for example, propranolol) or benzodiazepines, rather 
than anticholinergic medications.

2. Tardive dyskinesia: Long-term treatment with antipsychotics  
can cause this motor disorder. Patients display involuntary 
movements, including bilateral and facial jaw movements and 
“fly-catching” motions of the tongue. A prolonged holiday from 
antipsychotics may cause the symptoms to diminish or disappear 
within a few months. However, in many individuals, tardive dyski-
nesia is irreversible and persists after discontinuation of therapy. 
Tardive dyskinesia is postulated to result from an increased num-
ber of dopamine receptors that are synthesized as a compen-
satory response to long-term dopamine receptor blockade. This 
makes the neuron supersensitive to the actions of dopamine, and 
it allows the dopaminergic input to this structure to overpower 
the cholinergic input, causing excess movement in the patient. 
Traditional anti-EPS medications may actually worsen this con-
dition. Valbenazine [val-BEN-a-zeen] and deutetrabenazine [doo-
TET-ra-BEN-a-zeen] are inhibitors of the vesicular monoamine 
transporter and they are indicated for the management of tar-
dive dyskinesia. These agents cause a decreased uptake of 
monoamines into synaptic vesicles and depletion of monoamine 
stores, ideally focused on dopamine, to address the symptoms 
of tardive dyskinesia.

3. Neuroleptic malignant syndrome: This potentially fatal reaction 
to antipsychotic drugs is characterized by muscle rigidity, fever, 
altered mental status and stupor, unstable blood pressure, and 
myoglobinemia. Treatment necessitates discontinuation of the 
antipsychotic agent and supportive therapy. Administration of 
dantrolene or bromocriptine may be helpful.

4. Other effects: Drowsiness occurs during the first few weeks of 
treatment. These agents may also cause confusion. Those anti-
psychotics with potent antimuscarinic activity often produce dry 
mouth, urinary retention, constipation, and loss of visual accom-
modation. Others may block α-adrenergic receptors, resulting in 
lowered blood pressure and orthostatic hypotension. The anti-
psychotics depress the hypothalamus, thereby affecting thermo-
regulation and causing amenorrhea, galactorrhea, gynecomastia, 
infertility, and erectile dysfunction. Significant weight gain is often 
a reason for nonadherence. Glucose and lipid profiles should 
be monitored in patients taking antipsychotics, as the second- 
generation agents may increase these laboratory parameters and  
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possibly exacerbate pre-existing diabetes or hyperlipidemia. Some 
antipsychotics have been associated with mild to significant QT 
prolongation. Thioridazine has the highest risk, and ziprasidone and 
iloperidone [eye-low-PEAR-ee-dohn] also have cautions with their 
use due to this effect. Other antipsychotics have a general precau-
tion regarding QT prolongation, even if the risk is relatively low.

5. Cautions and contraindications: All antipsychotics may lower 
the seizure threshold and should be used cautiously in patients 
with seizure disorders or those with an increased risk for sei-
zures, such as withdrawal from alcohol. These agents also carry 
the warning of increased risk for mortality when used in elderly 
patients with dementia-related behavioral disturbances and psy-
chosis. Antipsychotics used in patients with mood disorders 
should also be monitored for worsening of mood and suicidal ide-
ation or behaviors.

H. Maintenance treatment

 Considerable variability is expected in optimal dose ranges between 
individual patients; typical therapeutic ranges are provided in 
Figure 11.7. Lower doses are generally recommended in first-episode 
patients, who tend to be more responsive and more sensitive to side 
effects, and in the elderly, who may metabolize antipsychotic drugs at 
substantially lower rates and are also more sensitive to side effects. 
In addition, lower doses may be effective for maintenance treat-
ment. Therefore, the dose should be increased gradually especially in 
patients who display no response or only partial response, provided 
compliance has been established and there is absence of dose-limit-
ing side effects (particularly extrapyramidal syndrome [EPS]). Patients 
who have had two or more psychotic episodes secondary to schizo-
phrenia should receive maintenance therapy for at least 5 years, and 
some experts prefer indefinite therapy. The rate of relapse may be 
lower with second-generation drugs. Figure 11.8 summarizes the 
therapeutic uses, advantages, and disadvantages of some of the anti-
psychotic drugs
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234 11. Antipsychotics

Atypical or second-generation drugs:
Clozapine4 200–600 ± ++ + +++ +++ +++ +

Olanzapine1,3 5–20 ± + ++ +++ +++ +++ +

Quetiapine3 200–600 ± ++ ++ ++ + ± +

Risperidone3,5 4–8 ++ + + + ± ± ++

Ziprasidone6 120–160 ± ± ± ± – – +

Third-generation drug:
Aripiprazole 10–20 ± + ± ± – – +

1Excluding tardive dyskinesia.
2Cardiotoxicity.
3Depot form (long-acting injectables) available. 
4Start at a low dose with monitoring blood counts as it may cause agranulocytosis in ~2% patients
5Little extrapyramidal effects at low doses.
6QTc prolongation.

DRUGS
ORAL 
DOSE (mg)

EXTRAPY-
RAMIDAL 
EFFECTS1

AUTONOMIC 
EFFECTS  
(HYPOTENSIVE) SEDATION METABOLIC SIDE EFFECTS

INCREASED  
PROLACTIN

Weight gain Lipid Glucose

Conventional or first-generation drugs:
Alipathic 

 phenothiazines
Chlorpromazine
Triflupromazine

100–600
5–30

++
++

+++
+++

+++
+++

+
+

+++ ++ ++

Piperidine 
 phenothiazines

Thioridazine2

Mesondazine
100
50

+
+

+++
+++

+++
+++ +

– – ++

Piperzine 
 phenothiazines

Trifluoperazine
Fluphenazine3

5–30
2.5–15

+++
+++

++
++

++
++

+
+

– – ++

Butyrophenones
Haloperidol 2–10 +++ + + + – – ++

Other related drugs
Loxapine 15–50 +++ ++ ++ – – – ++

Figure 11.7
Potency and selected adverse effects of representative conventional and atypical antipsychotic drugs.
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235III. Antipsychotic Drugs

DRUG ADVANTAGES DISADVANTAGES

First generation:
Chlorpromazine Generic inexpensive Many adverse effects, especially moderate-to-high 

 potential for extrapyramidal syndrome, orthostasis, and 
sedation; moderate-to-high potential for weight gain

Thioridazine Slight extrapyramidal syndrome, generic drug 800 mg/d limit, no parenteral form, cardiotoxicity

Fluphenazine Depot form also available (enanthate, deca-
noate); effect lasts for 2 to 3 weeks, especially in 
noncompliant patients; least expensive 

Oral formulation has high potential for EPS; low poten-
tial for weight gain, sedation, orthostasis, or muscarinic 
adverse events; weight gain

Increased tardive dyskinesia

Thiothixene Parenteral form also available

Decreased tardive dyskinesia

Uncertain

Haloperidol Parenteral form also available; long-acting injec-
tion administered every 4 weeks; low potential 
for antiadrenergic (orthostasis) or antimuscarin-
ic adverse events, weight gain, or sedation

Severe extrapyramidal syndrome

Second generation:
Loxapine No weight gain Uncertain

Clozapine May benefit treatment-resistant patients; little 
extrapyramidal toxicity

May cause agranulocytosis in up to 2% of patients, 
dose- related lowering of seizure threshold; risk of 
myocarditis; high potential for sialorrhea, weight gain, 
antimuscarinic effects, orthostasis, and sedation

Risperidone Broad efficacy; little or no extrapyramidal sys-
tem dysfunction at low doses; low-to-moderate 
risk of weight gain, orthostasis, and sedation; 
long-acting injection administered every 
2 weeks (expensive); also used in BPAD

Extrapyramidal system dysfunction and hypotension 
with higher doses

Olanzapine Effective against negative as well as positive 
symptoms; little or no extrapyramidal system 
dysfunction; low potential for orthostasis; 
also approved for BPAD; long-acting injection 
administered every 2 to 4 weeks

Weight gain; dose-related lowering of seizure threshold

Quetapine Similar to olanzapine, perhaps less weight gain; 
also approved for BPAD and as an adjunctive 
treatment for depression

May require high doses if there is associated hypotension; 
short t½ and twice-daily dosing

Ziprasidone Minimal weight gain, parenteral form available; 
less potential for EPS; used in BPAD

QT prolongation; therefore contraindicated in patients 
with cardiac arrhythmia 

Asenapine Low potential for EPS, weight gain, sedation, 
orthostasis; also approved for BPAD; available 
as sublingual formulation 

Uncertain

Third generation:
Aripiprazole Lower weight gain liability, sedation, and anti-

muscarinic effects; long half-life; novel mecha-
nism; also approved for BPAD, autistic disorders 
in children and as an adjunctive treatment for 
depression

Uncertain, novel toxicities possible

BPAD = bipolar affective disorder.

Figure 11.8
Summary of representative antipsychotic drugs commonly used to treat schizophrenia.
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236 11. Antipsychotics

Study Questions

Choose the ONE best answer.

11.1 An adolescent male is newly diagnosed with 
schizophrenia. Which antipsychotic agent may have 
the best chance to improve his apathy and blunted 
affect?

A. Chlorpromazine

B. Fluphenazine

C. Haloperidol

D. Risperidone

11.2 Which of the following antipsychotics is a partial 
agonist at the dopamine D2 receptor?

A. Brexpiprazole

B. Clozapine

C. Haloperidol

D. Risperidone

11.3 A 21-year-old man has recently begun pimozide 
therapy for Tourette’s disorder. He has been having 
“different-appearing tics,” such as prolonged 
contraction of the facial muscles, and he 
experiences opisthotonos (extrapyramidal spasm 
of the body in which the head and heels are bent 
backward and the body is bowed forward). Which of 
the following drugs would be beneficial in reducing 
these symptoms?

A. Benztropine

B. Bromocriptine

C. Prochlorperazine

D. Risperidone

11.4 A 28-year-old woman with schizoaffective disorder 
(combination of mood and psychotic symptoms) 
reports difficulty falling asleep. Which of the 
following would be most beneficial in this patient?

A. Olanzapine

B. Haloperidol

C. Paliperidone

D. Ziprasidone

Correct answer = D. Risperidone is the only anti-
psychotic on the list that has some reported benefit 
in improving the negative symptoms of schizophre-
nia. All of the agents have the potential to diminish 
the hallucinations and delusional thought processes 
(positive symptoms).

Correct answer = A. Brexpiprazole is the only agent 
listed that acts as a partial agonist at D2 receptors. 
Theoretically, the drug enhances action at these 
receptors when there is a low concentration of dopa-
mine and blocks the actions of high concentrations 
of dopamine. All of the other drugs are antagonistic 
at D2 receptors.

Correct answer = A. The patient is experiencing EPS 
due to pimozide, and a muscarinic antagonist such 
as benztropine would be effective in reducing the 
symptoms. The other drugs would have no effect 
or, in the case of prochlorperazine and risperidone, 
might increase the adverse symptoms.

Correct answer = C. Paliperidone is the only agent that 
is approved by the FDA for schizoaffective disorder. 
Olanzapine has significant sedative activity as well as 
antipsychotic properties and is the drug most likely 
to alleviate this patient’s report of insomnia. Although 
other antipsychotics may benefit this patient’s dis-
order, paliperidone has the indication for this disor-
der, and if the underlying disorder is improved, then 
the symptom of insomnia may also improve without 
risking other unwanted adverse effects, such as the 
weight gain effects of olanzapine.
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11.5 Which of the following antipsychotic agents is 
considered to be the most potent and thus have the 
highest risk of extrapyramidal symptoms?

A. Thioridazine

B. Haloperidol

C. Quetiapine

D. Chlorpromazine

11.6 Which antipsychotic has the most sedative potential 
and is sometimes, questionably, used as a hypnotic 
agent in certain clinical settings?

A. Fluphenazine

B. Thiothixene

C. Quetiapine

D. Haloperidol

11.7 A 30-year-old male patient is treated with haloperidol 
for schizophrenia. His psychotic symptoms are well 
managed with haloperidol; however, he is reporting 
restlessness, the inability to sit still at the dinner 
table, and his family notices that he frequently 
paces the hallway. Which is the best agent to treat 
this antipsychotic-induced akathisia?

A. Benztropine

B. Dantrolene

C. Bromocriptine

D. Propranolol

11.8 Which antipsychotic agent is available in a LAI 
formulation that may be useful for patients with 
difficulty adhering to therapy?

A. Asenapine

B. Chlorpromazine

C. Clozapine

D. Aripiprazole

11.9 Which antipsychotic agent is most associated with 
the possibility of a hematological dyscrasia such 
as agranulocytosis in a patient being treated for 
schizophrenia?

A. Chlorpromazine

B. Buspirone

C. Lithium

D. Clozapine

Correct answer = B. Among the older, conventional, 
or typical antipsychotics on this list, haloperidol is the 
most potent and would thus be expected to have the 
highest incidence of EPS. The atypical antipsychotics 
listed (quetiapine) could be considered low potency 
based on their common dosing and are considered 
to have the lowest risk for EPS.

Correct answer = C. Quetiapine has strong antihista-
minergic effects causing sedation and is sometimes 
used at low doses as a sedative–hypnotic, even 
though this use is considered off-label. The other 
antipsychotic agents listed are weaker at blocking the 
histamine receptor and therefore are not as sedating.

Correct answer = D. Propranolol, a β-blocker, is con-
sidered the drug of choice for the management of 
antipsychotic-induced akathisia. Benztropine is more 
effective for pseudoparkinsonism and acute dysto-
nias. Bromocriptine is more effective for Parkinson-
like symptoms, and dantrolene is a muscle relaxant 
that is best reserved for managing some symptoms 
of neuroleptic malignant syndrome.

Correct answer = D. Aripiprazole is available in two 
different LAI formulations. The other agents listed do 
not have LAI formulations. Risperidone, fluphenazine, 
haloperidol, olanzapine, and paliperidone are other 
antipsychotics that are available in LAI formulations.

Correct answer = D. Clozapine is the only antipsy-
chotic medication that has a black box warning and 
a risk of agranulocytosis in approximately 1% of the 
patients treated. This requires regular monitoring of 
white blood cell counts. Although other antipsychot-
ics have case reports of blood dyscrasias, clozapine 
is considered to have the highest risk.
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238 11. Antipsychotics

11.10 Which antipsychotic agent has been most 
associated with significant QT interval prolongation 
and should be used with caution in patients with 
preexisting arrhythmias or patients taking other 
drugs associated with QT prolongation?

A. Thioridazine

B. Risperidone

C. Asenapine

D. Lurasidone

Correct answer = A. Of the antipsychotic drugs listed, 
thioridazine has the highest risk for causing QT inter-
val prolongation. Although this is a general warning 
for many antipsychotics, thioridazine has been issued 
a “black box warning,” suggesting that it is associ-
ated with the greatest risk.
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I. OVERVIEW

Approximately 10% of the population has at least one seizure in their life-
time. Globally, epilepsy is the fourth most common neurologic disorder 
after migraine, cerebrovascular disease (stroke), and Alzheimer disease. 
Epilepsy is not a single entity but an assortment of different seizure types 
and syndromes originating from several mechanisms that have in common 
the sudden, excessive, and synchronous discharge of cerebral neurons. 
This abnormal electrical activity may result in a variety of events, includ-
ing loss of consciousness, abnormal movements, atypical or odd behavior, 
and distorted perceptions that are of limited duration but recur if untreated. 
The site of origin of abnormal neuronal firing determines the symptoms 
that occur. For example, if the motor cortex is involved, the patient may 
experience abnormal movements or a generalized convulsion. Seizures 
originating in the parietal or occipital lobe may include visual, auditory, 
and olfactory hallucinations. Medications are the most widely used mode 
of treatment for patients with epilepsy. In general, seizures can be con-
trolled with one medication in approximately 75% of patients. Patients may 
require more than one medication in order to optimize seizure control, and 
some patients may never obtain total seizure control. A summary of anti-
seizure medications is shown in Figure 12.1.

II. ETIOLOGY OF SEIZURES

Epilepsy can be due to an underlying genetic, structural, or metabolic cause 
or an unknown cause. In most cases, epilepsy has no identifiable cause. 
The neuronal discharge in epilepsy results from firing of a small population 
of neurons in a specific area of the brain referred to as the “primary focus.” 
Focal areas that are functionally abnormal may be triggered into activity 
by changes in physiologic factors, such as an alteration in blood gases, 
pH, electrolytes, and blood glucose and changes in environmental factors, 
such as sleep deprivation, alcohol intake, and stress. A number of causes, 
such as illicit drug use, tumor, head injury, hypoglycemia, meningeal infec-
tion, and the rapid withdrawal of alcohol from an alcoholic, can precipitate 
seizures. In cases when the cause of a seizure can be determined and 
corrected, medication may not be necessary. For example, a seizure that 
is caused by a drug reaction is not epilepsy and does not require chronic 
therapy. In other situations, antiseizure medications, also called antiepilep-
tic drugs (AEDs), may be needed when the primary cause of the seizures 
cannot be corrected. Though multiple specific epilepsy syndromes that 
include symptoms other than seizures have been classified, a discussion 
of these syndromes is beyond the scope of this chapter.
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Drugs for Epilepsy
Jeannine M. Conway and Angela K. Birnbaum 12

Figure 12.1
Summary of antiseizure medications. 
AEDs = antiepileptic drugs.

FIRST-GENERATION AEDs

Phenobarbital
Primidone
Phenytoin
Ethosuximide
Carbamazepine
Valproic acid
SECOND-GENERATION AEDs

Felbamate 
Gabapentin
Lamotrigine
Topiramate
Tiagabine
Levetiracetam
Oxcarbazepine
Zonisamide
Pregabalin
NEWEST DRUGS

Rufinamide
Stiripentol
Lacosamide
Retigabine
Eslicarbazepine
Perampanel
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240 12. Drugs for Epilepsy

III. CLASSIFICATION OF SEIZURES

It is important to correctly classify seizures to determine appropriate treat-
ment. Seizures have been categorized by site of origin, etiology, elec-
trophysiologic correlation, and clinical presentation. The nomenclature 
developed by the International League Against Epilepsy is considered the 
standard classification for seizures and epilepsy syndromes (Figure 12.2). 
Seizures have been classified into two broad groups: focal and generalized.

A. Focal

 Focal seizures involve only a portion of one hemisphere of the brain. 
The symptoms of each seizure type depend on the site of neuronal dis-
charge and on the extent to which the electrical activity spreads to other 
neurons in the brain. Focal seizures may progress to become bilateral 
tonic–clonic seizures. Patients may lose consciousness or awareness. 
This seizure type may begin with a motor or nonmotor activity.

B. Generalized

 Generalized seizures may begin locally and then progress to include 
abnormal electrical discharges throughout both hemispheres of the 
brain. Primary generalized seizures may be convulsive or nonconvul-
sive, and the patient usually has an immediate loss of consciousness.

1. Tonic–clonic: These seizures result in loss of consciousness, fol-
lowed by tonic (continuous contraction) and clonic (rapid contrac-
tion and relaxation) phases. The seizure may be followed by a 
period of confusion and exhaustion due to depletion of glucose 
and energy stores.

2. Absence: These seizures involve a brief, abrupt, and self- limiting 
loss of consciousness. The onset generally occurs in patients at 3 to 
5 years of age and lasts until puberty or beyond. The patient stares 
and exhibits rapid eye-blinking, which lasts for 3 to 5  seconds.  
An absence seizure has a very distinct three-per- second spike and 
wave discharge seen on electroencephalogram.

3. Myoclonic: These seizures consist of short episodes of muscle 
contractions that may recur for several minutes. They gener-
ally occur after wakening and exhibit as brief jerks of the limbs. 
Myoclonic seizures occur at any age but usually begin around 
puberty or early adulthood.

4. Clonic: These seizures consist of short episodes of muscle 
contractions that may closely resemble myoclonic seizures. 
Consciousness is more impaired with clonic seizures as com-
pared to myoclonic.

5. Tonic: These seizures involve increased tone in the extension 
muscles and are generally less than 60 seconds long.

6. Atonic: These seizures are also known as drop attacks and are 
characterized by a sudden loss of muscle tone.

C. Mechanism of action of antiseizure medications

 Many structures and processes are involved in the development of 
a seizure, including neurons, ion channels, receptors, glia, and inhib-
itory and excitatory synapses. The AEDs are designed to modify 

SEIZURES

Tonic–clonic

Absence

Myoclonic

Clonic

Tonic

Atonic

T i l i

Generalized
(consciousness lost/no memory)

Focal
(simple, complex)

Epileptic spasms

Atonic

Epileptic spasms

Unkown

Figure 12.2
Classification of epilepsy.
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241IV. Drug Selection

these processes to favor inhibition over excitation in order to stop or 
prevent seizure activity. Narrow-spectrum AEDs mostly work for spe-
cific types of seizures (such as partial, focal, or absence, myoclonic 
seizures). Broad-spectrum AEDs additionally have some effective-
ness for a wide variety of seizures (partial plus absence myoclonic 
seizures) (Figure  12.3). Drugs reduce seizures through mechanisms 
such as blocking voltage-gated channels (Na+ or Ca2+), enhancing 
inhibitory γ-aminobutyric acid (GABA)-ergic impulses, and interfering 
with excitatory glutamate transmission. Some antiseizure medica-
tions appear to have multiple targets within the CNS, whereas the 
mechanism of action for some agents is poorly defined (Figure 12.4). 
Antiseizure medications suppress seizures but do not “cure” or 
“ prevent” epilepsy.

IV. DRUG SELECTION

Choice of drug treatment is based on the classification of the seizures, 
patient-specific variables (for example, age, comorbid medical condi-
tions, lifestyle, and personal preference), and characteristics of the drug 
(such as cost and drug interactions). For example, focal-onset seizures 
are treated with a different set of medications than primary generalized 
seizures, although the list of effective agents overlaps. The toxicity of 
the agent and characteristics of the patient are major considerations in 
drug selection. In newly diagnosed patients, monotherapy is instituted 
with a single agent and the dose is gradually increased until seizures 
are controlled or toxicity occurs (Figure  12.5). Avoid changing AED as 
long as seizures are controlled. Compared with those receiving combi-
nation therapy, patients receiving monotherapy exhibit better medica-
tion adherence and fewer side effects. If seizures are not controlled with 
the first medication, monotherapy with an alternate medication or the 

NARROW- 
SPECTRUM AEDs

BROAD- 
SPECTRUM AEDs

Phenytoin  Valproic acid 

Phenobarbital Lamotrigine 

Carbamazepine  Topiramate 

Oxcarbazepine Zonisamide 

Gabapentin Levetiracetam 

Pregabalin  Clonazepam

Vigabatrin Clobazam

Tiagabine Felbamate

Figure 12.3
Spectrum of antiepileptic activity 
of antiseizure or antiepileptic drugs 
(AEDs)

Figure 12.4 
Mechanism of action of antiepileptic drugs.

MECHANISM OF ACTION ANTIEPILEPTIC DRUG

Sodium channel blockers:

Fast-inactivated state

Slow-inactivated state

Phenytoin, carbamazepine,  lamotrigine, 
oxcarbazepine, eslicarbazepine

Lacosamide

Calcium channel blockers:

Low voltage–activated channel
High voltage–activated channel

Ethosuximide
Gabapentin, pregabalin

GABA-ergic drugs:

Prolong chloride channel opening
Increase frequency of chloride channel opening
Inhibit GABA-transaminase
Block synaptic GABA reuptake

Barbiturates
Benzodiazepines
Vigabatrin
Tiagabine

Synaptic vesicle protein 2A modulation Levetiracetam

Carbonic anhydrase inhibition Acetazolamide, topiramate, zonisamide

Multiple pharmacological targets Sodium valproate, felbamate,  
topiramate, zonisamide, rufinamide
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addition of medications should be considered (Figure 12.6). The follow-
ing prescribing guidelines are to be followed while adding or switching 
between antiepileptic drugs:

• If the initial drug was partially effective, it should be continued until 
 reasonable levels of the new AED are achieved. 

• Attempt tapering the first drug, if seizures are controlled. 

• Switch to another AED, if the initial drug is not effective and is not 
 tolerated well. 

• Withdraw AEDs gradually that are not effective. 

• Arbitrarily never prescribe a patient more than three AEDs at a time. 

• Stress on the importance of regular AED usage to avoid loss of seizure 
control before starting therapy and assess adherence to medication 
regimens at every visit thereafter. 

• Review diagnosis (confirm diagnosis of true seizure) and adherence to 
treatment in patients not responding to treatment. 

• The goal of therapy should be complete seizure freedom with a single, first-
line AED taken once or twice a day and without significant adverse effects.

Awareness of the antiseizure medications available and their mech-
anisms of action, pharmacokinetics, potential for drug–drug interac-
tions, and adverse effects is essential for successful treatment of the 
patient. There are many physiologic differences between neonates, 
infants, children, and adults which can affect the absorption, distribu-
tion, metabolism, and excretion of antiepileptic drugs. These pharmaco-
kinetic  differences may play a part in the age-related differences in the 
incidence of adverse effects; therefore, select dose and monitor these 
patients accordingly. Children on AED should be followed up regularly 
for compliance, recurrence of seizures, and also side effects. Monitor 
growth of the child, and suitable adjustment of the dose should be done 
with changing weight. Failing that, other medical management (vagal 
nerve stimulation,  surgery, etc.) should be considered.

A. Therapeutic drug monitoring

 Therapeutic drug monitoring (TDM) of antiepileptic drugs seeks to 
optimize patient outcome by managing their medication regimen with 
the assistance of information on the concentration of AEDs in serum 
or plasma. Many a times, identification of the optimal dose for an 
individual on purely clinical grounds can be difficult; therefore, TDM 
is required in the following situations:

1. Prescribed dosage: Since AED treatment is prophylactic and 
 seizures occur at irregular intervals, it is often difficult to deter-
mine rapidly whether the prescribed dosage will be sufficient to 
produce long-term seizure control.

2. Clinical symptoms: Clinical symptoms and signs of toxicity may 
be subtle or difficult to differentiate from the manifestations of the 
underlying disorders.

3. Laboratory markers: There are no direct laboratory markers for 
clinical efficacy or for the most common manifestations of AED 
toxicity, such as adverse CNS effects.

However, monitoring of blood levels of AEDs is not routinely indi-
cated; “routine” drug levels on controlled, nontoxic patients are not 
indicated.

Newly diagnosed epilepsy

First-choice drug
• Choose drug appropriate for the patient's
    type of seizure.  
 —Consider toxicity of the agent
 —Consider characteristics of the patient 
• Gradually titrate the dosage to that which 
    is maximally tolerated and/or produces 
    optimal seizure control. 

Second-choice drug
• The second drug is titrated to a therapeutic 
    level that controls seizures before tapering
    and discontinuing the original antiseizure 
    agent. 
• If the �rst drug is  associated with signi�cant 
   adverse e�ects, it should be tapered while 
   the second drug is added.      

Seizure free

Rational 
combination
of two drugs

Alternative 
drug

therapy

Seizures persist

Seizures persist Seizure free

Consider 
vagal nerve
stimulation

Seizures persist Seizure free

Figure 12.5
Therapeutic strategies for managing 
newly diagnosed epilepsy.
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Figure 12.6
Therapeutic indications for the antiseizure agents. Benzodiazepines = diazepam and lorazepam.

Simple partial, 
complex partial 
with or without 
secondary 
generalization  

Simple partial

Gabapentin
Lamotrigine

Lamotrigine
Levetiracetam

Lamotrigine

Levetiracetam

Topiramate       

Lamotrigine
Topiramate       

Divalproex

Divalproex
Phenytoin
Phenobarbitone

Divalproex

Vigabatrin

Corticotropin 

Gabapentin

Carbamazepine

Levetiracetam

Topiramate       

Topiramate       

Ethosuximide

Benzodiazepines 

Topiramate       
Divalproex

Zonisamide

Vigabatrin

Lacasamide

Topiramate       

Oxcarbazepine

Divalproex

Lamotrigine

Zonisamide

Zonisamide

Zonisamide

Benzodiazepines 

Felbamate
Vagal stimulator

Vagal stimulator

Vagal stimulator

Vagal stimulator

Elderly patients 

Lamotrigine
Levetiracetam

Elderly patient 

Absence

Myoclonic

Tonic–clonic

Status 
epilepticus

Benign rolandic

Infantile spasms 
(West syndrome)

Lennox-Gastaut

Diazepam 
rectal/oral

Febrile seizures

Phenytoin/
Fosphenytoin

Barbiturates

 Benzo-
diazepines

Consider �rst based on patient
characteristics, diagnosis and 
symptoms, and concurrent 
medical problems.

Consider next if seizures
persist or adverse e�ects
of �rst drug limit therapy.

Consider as alternative 
if seizures persist or adverse 
e�ects  limit therapy.

Consider when adherence, drug 
interaction, or adverse e�ects 
limit drug therapy.

Key: Drug name Drug name Drug name Vagal stimulator

Diazepam parenteral
Midazolam

Lamotrigine

Levetiracetam
Benzodiazepines 

EPILEPSY SYNDROME

FOCAL EPILEPSY

PRIMARY GENERALIZED EPILEPSY

Levetiracetam

Zonisamide

Lamotrigine

Levetiracetam

Oxcarbazepine

Phenytoin

Valproic acid 
(Divalproex)

Carbamazepine

Phenytoin

Phenobarbitone

Carbamazepine
Valproic acid 
(Divalproex)

Lamotrigine

Levetiracetam

Topiramate       

Gabapentin

Pregabalin

Zonisamide

Lacosamide

Tiagabine
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B. Discontinuing antiepileptic drugs

 Treatment of epilepsy is usually prolonged for a period of 2 to 3 years; 
however, the duration of therapy may be variable depending on the 
cause and type of seizures. Abrupt cessation of antiepileptic drugs 
is always risky and may precipitate not only a return of seizures, but 
also a bout of prolonged or status seizures. Therefore, withdrawal 
should be gradual, tapering the AED in fraction, over a period of 3 to 
6 months or even more depending on the dose and number of AEDs. 
In particular, benzodiazepines and barbiturates are associated with 
withdrawal seizures and should be discontinued very gradually.

V. ANTISEIZURE MEDICATIONS

The Food and Drug Administration has approved many new antiseizure 
medications in the last few decades. Some of these agents are thought to 
have potential advantages over older drugs in terms of pharmacokinetics, 
tolerability, and reduced risk for drug–drug interactions. However, studies 
have failed to demonstrate that the newer drugs are significantly more effi-
cacious than the older agents. Figure 12.7 summarizes pharmacokinetic 
properties of the antiseizure medications, and Figure 12.8 shows common 
adverse effects. Suicidal behavior and suicidal ideation have been identified 
as a risk with antiseizure medications. In addition, virtually, all antiseizure 
medications have been associated with multiorgan hypersensitivity reac-
tions, a rare idiosyncratic reaction characterized by rash, fever, and sys-
temic organ involvement.

A. Benzodiazepines

 Benzodiazepines bind to GABA inhibitory receptors to reduce the 
 firing rate. Most benzodiazepines are reserved for emergency or 
acute seizure treatment due to tolerance. However, clonazepam 
[kloe-NAY- ze-pam] and clobazam [KLOE-ba-zam] may be prescribed 
as adjunctive therapy for particular types of seizures. Diazepam 
[dye-AZ-e-pam] is also available for rectal administration to avoid 
or  interrupt  prolonged generalized tonic–clonic seizures or clusters 
when oral administration is not possible.

B. Brivaracetam

 Brivaracetam [briv-a-RA-se-tam] is approved for treatment of focal 
onset seizures in adults. It demonstrates high and selective affinity for a 
synaptic vesicle protein (SV2A); however, the exact mechanism of anti-
seizure action is unknown. The drug is well absorbed after oral admin-
istration, and metabolized by both hydrolysis and CYP2C19 (minor).  
Comedication with strong CYP-inducing medications may lead to 
lower plasma concentrations. Brivaracetam is a moderate inhibi-
tor of epoxide hydrolase, resulting in increased levels of the active 
metabolite of carbamazepine when the drugs are coadministered. 

C. Carbamazepine

 Carbamazepine [kar-ba-MAZ-a-peen] blocks sodium channels, thereby 
possibly inhibiting the generation of repetitive action potentials in the 
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epileptic focus and preventing spread. Carbamazepine is a first-line 
drug for treatment of focal seizures, generalized tonic–clonic seizures, 
trigeminal neuralgia, and bipolar disorder. It induces its own metab-
olism (autoinduction), resulting in lower total carbamazepine blood 
concentrations at higher doses. It should be introduced in low dos-
age (100 to 200 mg daily) to allow tolerance to develop to its CNS 
side effects. The dose can then be increased (1 to 2 every week) 
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Figure 12.7
Summary of the pharmacokinetics of antiseizure medications used as chronic therapy.
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to a maintenance dose of 200 mg/day for complete control of sei-
zures. Carbamazepine is an inducer of the CYP1A2, CYP2C, CYP3A, 
and UDP glucuronosyltransferase (UGT) enzymes, which increases 
the clearance of other drugs (Figure 12.9). Common side effects 
include diplopia, headache, dizziness, nausea, and vomiting. Some 
of these side effects may be due to its active epoxide metabolite.  
Peak levels often result in intermittent side effects occurring around  
2 hours after dosing, necessitating administration three or four times 
daily in some. Peak dose-related side effects can often be overcome 
by prescribing the dose twice daily for a controlled-release formula-
tion. Carbamazepine can cause a range of idiosyncratic reactions, the 
most common of which is a skin rash. Slow-dosage titration reduces 
the risk. Rarely, it may cause more severe skin eruptions including 
erythema multiforme and Stevens–Johnson syndrome, a dermatolog-
ical emergency. Reversible mild leucopenia often occurs and has no 
clinical significance. At high levels, carbamazepine has an antidiuretic 
hormone–like action that can result in fluid retention in people with 
cardiac failure, especially in the elderly. Mild hyponatremia is usually 
asymptomatic, but if serum sodium falls below 125 mmol/L there 
might be confusion, peripheral edema, and worsening seizure control. 
Cardiac arrhythmia is also an occasional complication. Carbamazepine 
should not be prescribed for patients with absence seizures because 
it may cause an increase in seizures. Carbamazepine is a strong 
enzyme inducer and can accelerate its own clearance (referred to 
as autoinduction) and clearance of a number of other lipid-soluble 
drugs including the oral contraceptive pill (resulting in contraceptive 
failure)  necessitating, for most women, a higher daily estrogen dose. 
Other affected drugs include sodium valproate, ethosuximide, cortico-
steroids, anticoagulants, antipsychotics, and cyclosporin. Drugs that 
inhibit carbamazepine metabolism and may result in toxicity include 
phenytoin, isoniazid, cimetidine, danazol, dextropropoxyphene, eryth-
romycin, verapamil, diltiazem, and viloxazine.

D. Oxcarbazepine

 Oxcarbazepine [ox-kar-BAY-zeh-peen] is a prodrug that is rapidly 
reduced to the 10-monohydroxy (MHD) metabolite responsible for its 
anticonvulsant activity. MHD blocks sodium channels and is thought 
to modulate calcium channels. It is approved for use in adults and 
children with focal seizures. Oxcarbazepine is a less potent inducer of 
CYP3A4 and UGT than carbamazepine. The adverse effect of hypo-
natremia limits its use in the elderly.

E. Eslicarbazepine

 UGT Eslicarbazepine [es-li-kar-BAZ-a-peen] acetate is a prodrug that 
is converted to the active metabolite eslicarbazepine (S-licarbazepine) 
by hydrolysis. S-licarbazepine is the active metabolite of oxcarbaze-
pine. It is a voltage-gated sodium channel blocker and is approved 
for focal seizures in adults. Eslicarbazepine exhibits linear pharma-
cokinetics and is eliminated via glucuronidation. The side effect pro-
file includes dizziness, somnolence, diplopia, and headache. Serious 
adverse reactions such as rash, psychiatric side effects, and hypona-
tremia occur rarely.

Sedation

Nausea and
vomiting

Ataxia

Rash

Hyponatremia

Na+

Weight gain
      or
weight loss

Teratogenicity

Osteoporosis

Figure 12.8
Notable adverse effects of antiseizure 
medications.
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F. Ethosuximide

 Ethosuximide [eth-oh-SUX-i-mide] reduces propagation of abnormal 
electrical activity in the brain, most likely by inhibiting T-type calcium 
channels. It is most effective in treating absence seizures.

G. Felbamate

 Felbamate [FEL-ba-mate] has a broad spectrum of anticonvulsant 
action with multiple proposed mechanisms including the blocking 
of voltage-dependent sodium channels, competing with the glycine 
binding site on the N-methyl-d-aspartate (NMDA) glutamate recep-
tor, blocking of calcium channels, and potentiating GABA action. It 
is an inhibitor of drugs metabolized by CYP2C19 and induces drugs 
metabolized by CYP3A4. It is reserved for use in refractory epilepsies 
(particularly Lennox–Gastaut syndrome) because of the risk of aplas-
tic anemia (about 1:4000) and hepatic failure.

H. Gabapentin

 Gabapentin [GA-ba-pen-tin] is an analog of GABA. However, it does 
not act at GABA receptors, enhance GABA actions, or convert to 
GABA. Although gabapentin binds to the α2δ subunit of volt-
age-gated calcium channels, the precise mechanism of action is 
not known. It is approved as adjunct therapy for focal seizures and 
treatment of postherpetic neuralgia. Gabapentin exhibits nonlinear 
pharmacokinetics (see Chapter 1) due to its uptake by a saturable 
transport system from the gut. Gabapentin does not bind to plasma 
proteins and is excreted unchanged through the kidneys. Reduced 
dosing is required in renal disease. Gabapentin is well tolerated by 
the elderly population with focal seizures due to its relatively mild 
adverse effects. Gabapentin is not metabolized, exhibits no protein 
binding, and does not induce hepatic enzymes. Its potential for drug 
interaction is small. It may also be a good choice for people with a 
high risk of drug interactions such as an older patient. Side effects of 
gabapentin are mainly related to the CNS and these include drows-
iness, dizziness, diplopia, ataxia, and headaches. Gabapentin, at 
high doses, is associated with weight gain. It may also occasionally 
worsen seizures, particularly myoclonic seizures. No  serious idiosyn-
cratic reaction to gabapentin has been reported till now.

I. Lacosamide

 Lacosamide [la-KOE-sa-mide] affects voltage-gated sodium channels, 
resulting in stabilization of hyperexcitable neuronal membranes and 
inhibition of repetitive neuronal firing. Lacosamide binds to collapsin 
response mediator protein-2 (CRMP-2), a phosphoprotein involved in 
neuronal differentiation and control of axonal outgrowth. The role of 
CRMP-2 binding in seizure control is unknown. Lacosamide is approved 
for adjunctive treatment of focal seizures. The most common adverse 
events that limit treatment include dizziness, headache, and fatigue.

J. Lamotrigine

 Lamotrigine [la-MOE-tri-jeen] blocks sodium channels and high- 
voltage–dependent calcium channels. Lamotrigine is effective in a wide 

Figure 12.9
CYP metabolism of the antiseizure 
medications.
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variety of seizure types, including focal, generalized, absence seizures, 
and Lennox–Gastaut syndrome. It is also used to treat bipolar disorder. 
Lamotrigine is metabolized primarily to the 2-N-glucuronide metabo-
lite through the UGT1A4 pathway. As with other antiseizure medica-
tions, general inducers increase lamotrigine clearance leading to lower 
lamotrigine concentrations, whereas divalproex results in a significant 
decrease in lamotrigine clearance (higher lamotrigine concentrations). 
Lamotrigine dosages should be reduced when adding valproate to ther-
apy. Slow titration is necessary with lamotrigine (particularly when add-
ing lamotrigine to a regimen that includes valproate) due to risk of rash, 
which may progress to a serious, life-threatening reaction. Common 
side effects include headache, drowsiness, ataxia, diplopia, insomnia, 
nausea, and dizziness seen particularly during dose escalation.

K. Levetiracetam

 Levetiracetam [lee-ve-tye-RA-se-tam] is approved for adjunct ther-
apy of focal onset, myoclonic, and primary generalized tonic–clonic 
seizures in adults and children. It demonstrates high affinity for a 
 synaptic vesicle protein (SV2A). The drug is well absorbed after oral 
administration and is excreted in urine mostly unchanged, resulting 
in few to no drug interactions. Levetiracetam can cause mood alter-
ations that may require a dose reduction or a change of medication.

L. Perampanel

 Perampanel [per-AM-pa-nel] is a selective α-amino-3-hydroxy- 
5- methyl-4-isoxazolepropionic acid antagonist resulting in reduced 
excitatory activity. Perampanel has a long half-life enabling once-daily 
dosing. It is approved for adjunctive treatment of focal and general-
ized tonic–clonic seizures. This medication has a warning for serious 
psychiatric and behavioral reactions including aggression, hostility, 
irritability, anger, and homicidal ideation. 

M. Phenobarbital and primidone

 The primary mechanism of action of phenobarbital [fee-noe-BAR-
bih-tal] is enhancement of the inhibitory effects of GABA-mediated 
neurons (see Chapter 9). Primidone is metabolized to phenobarbital 
(major) and phenylethylmalonamide, both with anticonvulsant activity. 
Phenobarbital is a first-line established treatment for focal and tonic–
clonic seizures but is seldom currently used in developed countries 
due to its effect on cognition, mood, and behavior. It can produce 
fatigue, listlessness, and tiredness in adults and insomnia, hyper-
activity, and aggression in children (and sometimes in the elderly). 
Phenobarbital is an enzyme inducer and can accelerate the metabo-
lism of many lipid-soluble drugs and has an impact on bone health. 
To minimize sedation, it should be started in a low dose (30 mg in 
adolescents and adults) and increased gradually (15 mg) according to 
clinical requirements (usual therapeutic daily dose is 60 to 120 mg). 
The value of measuring drug levels is limited, as it has a relatively 
wider therapeutic range (15 to 45 mg/L), and the concentration asso-
ciated with seizure control varies considerably. In addition, the devel-
opment of tolerance to its CNS side effects makes the toxic threshold 
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imprecise. Phenobarbital is used primarily in the treatment of status 
epilepticus when other agents fail.

N. Phenytoin and fosphenytoin

 Phenytoin [FEN-i-toin] blocks voltage-gated sodium channels by selec-
tively binding to the channel in the inactive state and slowing its rate 
of recovery. It is effective for treatment of focal and generalized tonic–
clonic seizures and in the treatment of status epilepticus. Phenytoin 
induces CYP2C and CYP3A families and the UGT enzyme system. 
Phenytoin exhibits saturable enzyme metabolism resulting in nonlin-
ear pharmacokinetic properties (small increases in the daily dose can 
produce large increases in plasma concentration, resulting in drug- 
induced toxicity; Figure 12.10). Phenytoin is one of the few examples 
of switching from first order to saturation kinetics at therapeutic dos-
age. Accordingly, at higher levels a moderate increment in dose can 
produce an unexpectedly large rise in the level with accompanying 
neurotoxicity. Conversely, levels can fall precipitously when the dose 
is reduced modestly, sometimes resulting in unexpected deteriora-
tion in seizure control. The dosage producing the same levels, there-
fore, varies substantially among different individuals. Depression of 
the CNS occurs particularly in the cerebellum and vestibular  system, 
causing nystagmus and ataxia. The elderly are highly susceptible 
to this effect. Reversible cosmetic changes include gum hyperpla-
sia, acne, hirsutism, and facial coarsening. Gingival hyperplasia may 
cause the gums to grow over the teeth (Figure 12.11). Long-term 
use may lead to development of peripheral neuropathies and oste-
oporosis. Although phenytoin is advantageous due to its low cost, 
it exhibits a narrow therapeutic range (10 to 20 mmol/L). Symptoms 
of neurotoxicity (drowsiness, dysarthria, tremor, ataxia, cognitive dif-
ficulties) become increasingly likely with higher levels, but the diag-
nosis of phenytoin toxicity should be made on clinical grounds and 
not assumed from a high level of dosage. Permanent cerebellar 
damage may be a consequence of chronic toxicity (mental slowing 
and unsteadiness, and neurological examination may show cerebel-
lar signs). Therefore, phenytoin levels should be measured regularly. 
A paradoxical increase in seizure frequency may also occur with 
marked phenytoin toxicity. Phenytoin can accelerate the metabolism 
of a number of lipid-soluble drugs, including carbamazepine, sodium 
valproate, ethosuximide, anticoagulants, steroids, and cyclosporin. 
Protein-binding displacement interactions with AEDs are only clini-
cally relevant when there is concomitant enzyme inhibition, as is the 
case with the combination of phenytoin and sodium valproate.

 Fosphenytoin [FOS-phen-i-toin] is a prodrug that is rapidly con-
verted to phenytoin in the blood within minutes. Whereas fosphe-
nytoin may  be administered intramuscularly (IM), phenytoin sodium 
should never be given IM, as it causes tissue damage and necrosis. 
Fosphenytoin is the drug of choice and standard of care for IV and IM 
administration of phenytoin. 

O. Pregabalin

 Pregabalin [pree-GA-ba-lin] binds to the α2δ site, an auxiliary subunit 
of voltage-gated calcium channels in the CNS, inhibiting excitatory 
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Figure 12.10
Nonlinear effect of phenytoin  
dosage on the plasma concentration 
of the drug.

Figure 12.11
Gingival hyperplasia in patient 
treated with phenytoin. Science 
Source, New York, NY.
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neurotransmitter release. The drug has proven effects on focal-onset 
seizures, diabetic peripheral neuropathy, postherpetic neuralgia, and 
fibromyalgia. More than 90% of pregabalin is eliminated renally. It has 
no significant effects on drug metabolism and few drug interactions. 
Dosage adjustments are needed in renal dysfunction. 

P. Rufinamide

 Rufinamide [roo-FIN-a-mide] acts at sodium channels. It is approved 
for the adjunctive treatment of seizures associated with Lennox–
Gastaut syndrome in children over age 4 years and in adults. 
Rufinamide is a weak inhibitor of CYP2E1 and a weak inducer of 
CYP3A4 enzymes. Food increases absorption and peak serum con-
centrations. Serum concentrations of rufinamide are affected by 
other antiseizure medications. Carbamazepine and phenytoin can 
reduce, and valproate can increase the serum concentrations of rufi-
namide. Adverse effects include the potential for shortened QT inter-
vals. Patients with familial short QT syndrome should not be treated 
with rufinamide.

Q. Tiagabine

 Tiagabine [ty-AG-a-been] blocks GABA uptake into presynaptic neu-
rons permitting more GABA to be available for receptor binding, 
and thereby enhancing inhibitory activity. Tiagabine is effective as 
adjunctive treatment in focal seizures. In postmarketing surveillance, 
seizures have occurred in patients using tiagabine who did not have 
epilepsy. Tiagabine should not be used for indications other than 
epilepsy.

R. Topiramate

 Topiramate [toe-PEER-a-mate] has multiple mechanisms of action. 
It blocks voltage-dependent sodium channels, reduces high-voltage 
calcium currents (L type), is a carbonic anhydrase inhibitor, and may 
act at glutamate (NMDA) sites. Topiramate is effective for use in focal 
and primary generalized epilepsy. It is also approved for prevention 
of migraine. It mildly inhibits CYP2C19, and coadministration with  
phenytoin and carbamazepine may reduce serum concentrations of 
topiramate. Adverse effects include somnolence, weight loss, and 
paresthesias. Renal stones, glaucoma, oligohidrosis (decreased 
sweating), and hyperthermia have also been reported.

S. Valproic acid and divalproex

 Possible mechanisms of action include sodium channel blockade, 
blockade of GABA transaminase, and action at the T-type calcium 
channels. These varied mechanisms provide a broad spectrum of 
activity against seizures. It is effective for the treatment of focal and 
primary generalized epilepsies. Valproic acid [val-PRO-ik A-sid] is 
available as a free acid. Divalproex [dye-val-PRO-ex] sodium is a com-
bination of sodium valproate [val-PROE-ate] and valproic acid that is 
converted to valproate when it reaches the gastrointestinal tract. It 
was developed to improve gastrointestinal tolerance of valproic acid. 

LIR_CH12.indd   250 09/10/18   12:54 PM



251VI. Status Epilepticus

All of the available salt forms are equivalent in efficacy (valproic acid 
and sodium valproate). Commercial products are available in multiple- 
salt dosage forms and extended-release formulations. Therefore, 
the risk for medication errors is high, and it is essential to be famil-
iar with all preparations. The initial dose is 10 to 15 mg/kg per day. 
The dose should be increased by 5 to 10 mg/kg per week according 
to the clinical need to achieve optimal clinical response.   The con-
trolled release formulation can be given once daily. Frequent dosage 
adjustments shortly after initiating therapy may be unwarranted as 
the drug can take several weeks to become fully effective. Valproate 
inhibits metabolism of the CYP2C9, UGT, and epoxide hydrolase 
systems (Figure 12.9). Rare hepatotoxicity may cause a rise in liver 
enzymes, which should be monitored frequently. Use in children 
under age 2 years and women should be avoided if possible. Side 
effects of sodium  valproate include dose-related tremor, weight gain 
due to appetite stimulation, thinning or loss of hair (usually tempo-
rary), and menstrual irregularities including amenorrhea. Sodium val-
proate can inhibit a range of hepatic metabolic processes, including 
oxidation, conjugation, and epoxidation reactions. It is involved in 
a number of drug interactions with other AEDs, particularly phenyt-
oin, phenobarbital, carbamazepine epoxide, and lamotrigine. Aspirin 
displaces sodium valproate from its binding sites on plasma protein 
and inhibits its metabolism. Valproic acid does not interfere with the 
hormonal components of the oral contraceptive pill. Its use in women 
of childbearing potential is not recommended in view of its potential 
teratogenicity.

T. Vigabatrin

 Vigabatrin [vye-GA-ba-trin] acts as an irreversible inhibitor of GABA 
transaminase (GABA-T). GABA-T is the enzyme responsible for 
metabolism of GABA. Vigabatrin is associated with visual field loss 
ranging from mild to severe in 30% or more of patients. Vigabatrin is 
only available through physicians and pharmacies that participate in 
the REMS (risk evaluation and mitigation strategies) program.

U. Zonisamide

 Zonisamide [zoe-NIS-a-mide] is a sulfonamide derivative that has 
a broad spectrum of action. The compound has multiple effects, 
 including blockade of both voltage-gated sodium channels and T-type 
 calcium currents. It has a limited amount of carbonic anhydrase activ-
ity. Zonisamide is approved for use in patients with focal epilepsy. It is 
metabolized by the CYP3A4 isozyme and may, to a lesser extent, be 
affected by CYP3A5 and CYP2C19. In addition to typical CNS adverse 
effects, zonisamide may cause kidney stones. Oligohidrosis has been 
reported, and patients should be monitored for increased body tempera-
ture and decreased sweating. Zonisamide is contraindicated in patients 
with sulfonamide or carbonic anhydrase inhibitor hypersensitivity.

VI. STATUS EPILEPTICUS

In status epilepticus, two or more seizures occur without recovery of full con-
sciousness in between episodes. These may be focal or generalized, con-
vulsive or nonconvulsive. Status epilepticus is life threatening and requires 
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emergency treatment usually consisting of parenteral administration of a 
fast-acting medication such as a benzodiazepine, followed by a slow-acting 
medication such as phenytoin, fosphenytoin, divalproex, or levetiracetam.

VII. WOMEN’S HEALTH AND EPILEPSY

Women of childbearing potential with epilepsy require assessment of their 
antiseizure medications in regard to contraception and pregnancy planning. 
Several antiseizure medications increase the metabolism of hormonal con-
traceptives, potentially rendering them ineffective. These include phenytoin,  
phenobarbital, carbamazepine, topiramate, oxcarbazepine, rufinamide, 
and clobazam. These medications increase the metabolism of contra-
ceptives regardless of the delivery system used (for example, patch, ring, 
implants, and oral tablets). Pregnancy planning is vital, as many antisei-
zure medications have the potential to affect fetal development and cause 
birth defects. All women considering pregnancy should be on high doses 
(1 to 5 mg) of folic acid prior to conception. Divalproex and barbiturates 
should be avoided. If possible, women already taking divalproex should 
be placed on other therapies before pregnancy and counseled about the 
potential for birth defects, including cognitive (Figure 12.12) and behav-
ioral abnormalities and neural tube defects. The pharmacokinetics of 
antiseizure medications and the frequency and severity of seizures may 
change during pregnancy. Regular monitoring by both an obstetrician and 
a neurologist is important. All women with epilepsy should be encouraged 
to register with the Antiepileptic Drug Pregnancy Registry. Figure 12.13 
summarizes important characteristics of the antiseizure medications.
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In utero exposure to valproate, when
compared with other commonly used
antiepileptic drugs, is associated
with an increased risk of impaired
cognitive function at 3 years of age.
Valproate should be avoided in 
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Figure 12.12
Cognitive function at 3 years of 
age after fetal exposure to doses 
of antiepileptic drugs. The means 
(black squares) and 95% confidence 
intervals (horizontal lines) are given for 
the children’s IQ as a function of the 
antiepileptic drugs.

AMPA = α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CBC = complete blood count; GABA = γ-aminobutyric acid; GABA-T = γ-aminobutyric acid transaminase;  
GI = gastrointestinal; GTCS = generalized tonic-clonic seizures; SLE = systemic lupus erythematous.

Figure 12.13
Summary of antiepileptic drugs. (Figure continues on next page)

DRUG
MECHANISM 
OF ACTION USES

MAX DAILY  
DOSE/ADULTS ADVERSE EFFECTS AND COMMENTS

Phenytoin Blocks Na+ channels Mono/adjunctive for 
partial and GTCS and 
status epilepticus

200–500 mg daily 
Single dose

Gingival hyperplasia, confusion, slurred speech, 
double speech, ataxia, sedation, dizziness and 
hirsutism. Stevens–Johnson syndrome—poten-
tially life threatening. Hence, not recommended for 
primary treatment 

Carbamazepine Blocks Na+ channels Mono/adjunctive 
therapy

Partial and GTCS; 
worsens myoclonic 
and absence seizures

2000 mg daily in 
divided doses

Hyponatremia, drowsiness, fatigue, dizziness, and 
blurred vision. Drug use has been associated with 
 Stevens–Johnson syndrome. Blood dyscrasias: neu-
tropenia leukepenia, thrombocytopenia, pancyto-
penia, and anemias

Oxcarbazepine Blocks Na+ channels Mono/adjunctive for 
partial onset seizures 
± secondary general-
ization

Partial and GTCS

2000 mg daily in 
divided doses

Nausea, rash, hyponatremia, headache, sedation, 
dizziness, vertigo, ataxia, and diplopia

Eslicarbazepine 
acetate

Blocks Na+ channels Nausea, rash, hyponatremia, headache, sedation, 
dizziness, vertigo, ataxia, and diplopia

Divalproex Multiple mecha-
nisms of action

All generalized 
seizures

Partial seizures

80 mg daily Weight gain, easy bruising nausea, tremor, hair loss,  
GI upset, liver damage, alopecia, and sedation. Hepatic 
failure, pancreatitis, and teratogenic effects have been 
observed. Broad spectrum of antiseizure activity
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Figure 12.13 (Continued) 
Summary of antiepileptic drugs.

DRUG
MECHANISM 
OF ACTION USES

MAX DAILY  
DOSE/ADULTS ADVERSE EFFECTS AND COMMENTS

Levetiracetam Multiple mecha-
nisms of action

Mono/adjunctive for 
all seizure types

300 mg daily in two 
divided doses

Sedation, dizziness, headache, fatigue, infections, 
and behavioral symptoms. Few drug interactions. 
Broad spectrum of antiseizure activity

Topiramate Multiple mecha-
nisms of action

Mono/adjunctive for 
all Partial and  
generalized seizures

400 mg daily (mono 
in two divided 
doses)  
800 mg daily 
(adjunctive in two 
divided doses)

Paresthesia, weight loss, nervousness, depression, 
anorexia, anxiety, tremor, cognitive complaints, 
headache, and oligohidrosis. Few drug interactions. 
Broad spectrum of antiseizure activity

Gabapentin Unknown Mono/adjunctive 
therapy in partial 
seizures

3600 mg daily in 
divided doses

Mild drowsiness, dizziness, ataxia, weight gain, 
and diarrhea. Few drug interactions. One hundred 
percent renal elimination

Pregabalin Multiple mecha-
nisms of action

Adjunctive for partial 
seizure ± secondary  
generalization

600 mg daily in 
divided doses

Weight gain, somnolence, dizziness, headache, 
diplopia, and ataxia. One hundred percent renal 
elimination

Tiagabine Blocks GABA uptake Adjunctive for partial 
seizure ± secondary 
generalization

30.45 mg daily in 
divided three doses 

Sedation, weight gain, fatigue, headache, tremor, 
dizziness, and anorexia. Multiple drug interactions

Vigabatrin Irreversible binding 
of GABA-T

Infantile spasms

Adjunctive for partial 
seizures

3000 mg daily Vision loss, anemia, somnolence, fatigue, peripheral 
neuropathy, weight gain. Available only through 
SHARE pharmacies

Zonisamide Multiple mecha-
nisms of action

Adjunctive for partial 
onset seizures  
± secondary general-
ization

500 mg daily Nausea, anorexia, ataxia, confusion, difficulty  
concentrating, sedation, paresthesia, and  
oligohidrosis. Broad spectrum of antiseizure 
activity

Felbamate Multiple mecha-
nisms of action

Adjunctive for all 
seizure types

3600 mg daily in 
divided doses

Insomnia, dizziness, headache, ataxia, weight gain, 
and irritability. Aplastic anemia and hepatic failure. 
Broad spectrum of seizure activity. Requires patient 
to sign informed consent at dispensing

Ezogabine Enhances K+ 
 channels

Urinary retention, neuropsychiatric symptoms, 
dizziness, somnolence, OT prolongation, reports of 
blue skin discoloration, and retina changes

Rufinamide Unknown Adjunctive for Len-
nox–Gastaut seizures

1600 mg twice 
daily

Shortened OT interval 

Multiple drug interactions

Perampanel Blocks AMPA gluta-
mate receptors

Serious psychiatric and behavioral reactions,  
dizziness, somnolence, fatigue, gait disturbance, 
and frails; long half-life.

Ethosuximide Block Ca2+  channels Mono/adjunctive 
therapy in absence 
seizures

2000 mg daily Drowsiness, hyperactivity, nausea, sedation, Gl 
upset, weight gain, lethargy, SLE, and rash. Blood 
dyscrasias can occur; periodic CBCs should be done. 
Abrupt discontinuance of drug may cause seizures

Lacosamide Multiple mecha-
nisms of action

Adjunctive for partial 
onset seizures ± 
secondary general-
ization

200 mg twice daily Dizziness, fatigue, and headache

Few drug interactions

Phenobarbital Drowsiness Mono/adjunctive in 
partial and gen-
eralized seizures, 
newborn seizures,  
and status  
epilepticus

180 mg daily Drowsiness
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254 12. Drugs for Epilepsy

Study Questions

Choose the ONE best answer.

12.1 A 9-year-old boy is sent for neurologic evaluation 
because of episodes of apparent inattention. Over 
the past year, the child has experienced episodes 
during which he develops a blank look on his face 
and his eyes blink for 15 seconds. He immediately 
resumes his previous activity. Which best describes 
seizures in this patient?

A. Focal

B. Tonic–clonic

C. Absence

D. Myoclonic

12.2 A child is experiencing absence seizures that inter-
rupt his ability to pay attention during school and 
activities. Which therapy is most appropriate for 
this patient?

A. Ethosuximide

B. Carbamazepine

C. Diazepam

D. Watchful waiting

12.3 Which drug is most useful for the treatment of 
absence seizures?

A. Topiramate

B. Tiagabine

C. Levetiracetam

D. Lamotrigine

12.4 A 25-year-old woman with generalized seizures is 
well controlled on valproate. She indicates that she 
is interested in becoming pregnant in the next year. 
With respect to her antiseizure medication, which 
of the following should be considered?

A. Leave her on her current therapy.

B. Consider switching to lamotrigine.

C. Consider adding a second antiseizure 
medication.

D. Decrease her valproate dose.

12.5 A woman with generalized seizures is well controlled 
with lamotrigine. She becomes pregnant and begins 
to have breakthrough seizures. What is most likely 
happening?

A. Her epilepsy is getting worse.

B. Lamotrigine concentrations are increasing.

C. Lamotrigine concentrations are decreasing.

D. Lamotrigine is no longer efficacious for this 
patient.

Correct answer = A. The patient has had many seizures 
that interrupt his ability to pay attention during school 
and activities, so therapy is justified. Carbamazepine 
may make the seizures more frequent. Diazepam is 
not indicated for absence seizures.

Correct answer = D. Of the drugs listed, lamotrigine 
has the best data for use in absence seizures and is 
the best choice. Tiagabine is only used for focal sei-
zures. Topiramate and levetiracetam may be options 
if lamotrigine does not work.

Correct answer = B. Valproate is a poor choice in 
women of child-bearing age and should be avoided 
if possible. A review of the medication history of this 
patient is warranted. If she has not tried any other 
antiseizure medication, then consideration of another 
antiseizure medication may be beneficial. Studies 
show that valproate taken during pregnancy can have 
a detrimental effect on cognitive abilities in children.

Correct answer = C. Pregnancy alters the pharma-
cokinetics of lamotrigine. As pregnancy progresses, 
women can require increased dosages to maintain 
blood concentrations and seizure control.

Correct answer = C. The patient is experiencing epi-
sodes of absence seizures where consciousness is 
impaired briefly. Absence seizures generally begin 
in children aged 4 to 12 years. Diagnosis includes 
obtaining an electroencephalogram that shows gen-
eralized 3-Hz waves.
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12.6 A 42-year-old man undergoes a neurologic evalu-
ation because of episodes of apparent confusion. 
Over the past year, the man has experienced epi-
sodes during which he develops a blank look on his 
face and fails to respond to questions. Moreover, 
it appears to take several minutes before the man 
recovers from the episodes. Which best describes 
this type of seizure?

A. Focal (aware)

B. Focal (impaired awareness)

C. Tonic–clonic

D. Absence

12.7 A 52-year-old man has had several focal seizures 
with impaired consciousness over the last year. 
Which is the most appropriate initial therapy for this 
patient?

A. Ethosuximide

B. Levetiracetam

C. Diazepam

D. Carbamazepine plus primidone

12.8 A patient with focal seizures has been treated for 6 
months with carbamazepine but, recently, has been 
experiencing breakthrough seizures on a more fre-
quent basis. You are considering adding a second 
drug to the antiseizure regimen. Which of the fol-
lowing drugs is least likely to have a pharmacoki-
netic interaction with carbamazepine?

A. Topiramate

B. Tiagabine

C. Levetiracetam

D. Lamotrigine

12.9 Which is a first-line medication for generalized 
tonic–clonic seizures?

A. Ethosuximide

B. Felbamate

C. Vigabatrin

D. Topiramate

Correct answer = B. The patient is experiencing epi-
sodes of focal seizures with impaired consciousness. 
Typically, staring is accompanied by impaired con-
sciousness and recall. If asked a question, the patient 
might respond with an inappropriate or unintelligible 
answer. Automatic movements are associated with 
most focal seizures and involve the mouth and face 
(lip-smacking, chewing, tasting, and swallowing move-
ments), upper extremities (fumbling, picking, tapping, 
or clasping movements), vocal apparatus (grunts or 
repetition of words and phrases), as are complex acts 
(such as walking or mixing foods in a bowl).

Correct answer = B. The patient has had many sei-
zures, and the risks of not starting drug therapy would 
be substantially greater than the risks of treating his 
seizures. Because the patient has impaired con-
sciousness during the seizure, he is at risk for injury 
during an attack. Monotherapy with primary agents is 
preferred for most patients. The advantages of mono-
therapy include reduced frequency of adverse effects, 
absence of interactions between antiepileptic drugs, 
lower cost, and improved compliance. Ethosuximide 
and diazepam are not indicated for focal seizures.

Correct answer = C. Of the drugs listed, all of which 
are approved as adjunct therapy for refractory focal 
seizures, only levetiracetam does not affect the phar-
macokinetics of other antiepileptic drugs, and other 
drugs do not significantly alter its pharmacokinetics. 
However, any of the listed drugs could be added 
depending on the plan and the patient characteris-
tics. Treatment of epilepsy is complex, and diagnosis 
is based on history and may need to be reevaluated 
when drug therapy fails or seizures increase.

Correct answer = D. Topiramate is a broad- spectrum 
antiseizure medication that is indicated for primary 
generalized tonic–clonic seizures. Ethosuximide 
should only be used for absence seizures. Felbamate 
is reserved for refractory seizures due to the risk of 
aplastic anemia and liver failure. Vigabatrin is not 
indicated for generalized seizures and is associated 
with visual field defects.
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12.10  A 75-year-old woman had a stroke approximately 
1 month ago. She is continuing to have small focal 
seizures where she fails to respond appropriately 
while talking. Which is the most appropriate treat-
ment for this individual?

A. Phenytoin

B. Oxcarbazepine

C. Levetiracetam

D. Phenobarbital

Correct answer = C. Levetiracetam is renally cleared 
and prone to very few drug interactions. Elderly patients 
usually have more comorbidities and take more med-
ications than younger patients. Oxcarbazepine may 
cause hyponatremia, which is more symptomatic in 
the elderly. Phenytoin and phenobarbital have many 
drug interactions and a side effect profile that may 
be especially troublesome in the elderly age group, 
including dizziness that may lead to falls, cognitive 
issues, and bone health issues.
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I. OVERVIEW

For patients undergoing surgical or medical procedures, different levels of 
sedation can provide important benefits to facilitate procedural interven-
tions. These levels of sedation range from anxiolysis to general anesthesia 
and can create:

• sedation and reduced anxiety,

• lack of awareness and amnesia,

• skeletal muscle relaxation,

• suppression of undesirable reflexes, and

• analgesia.

Because no single agent provides all desired objectives, several cate-
gories of drugs are combined to produce the optimum level of sedation 
required (Figure 13.1). Anesthetics are agents that bring about reversible 
loss of sensation and consciousness. They are divided into two main groups: 
general anesthetics (Figure 13.2) and local anesthetics. Drugs are chosen 
to provide safe and efficient sedation based on the type and duration of 
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Anesthetics
Brandon Lopez and Chris Giordano 13

PREOPERATIVE MEDICATIONS
Analgesics
Antacids
Antiemetics
Benzodiazepines*

GENERAL ANESTHETICS: INHALED

GENERAL ANESTHETICS: INTRAVENOUS
Barbiturates
Dexmedetomidine 
Etomidate 
Propofol 
NEUROMUSCULAR BLOCKERS (see Chapter 5)

Cisatracurium
Mivacurium
Pancuronium
Rocuronium 
Succinylcholine
Vecuronium

 
 

 
 

LOCAL ANESTHETICS: AMIDES
Bupivacaine
Lidocaine
Mepivacaine
Ropivacaine
LOCAL ANESTHETICS: ESTERS
Chloroprocaine 
Tetracaine 

 
  

Acetaminophen 
Celecoxib  
Gabapentin
Ketamine 
Opioids

ANALGESICS

Des�urane 
Iso�urane 
Nitrous oxide 
Sevo�urane 

Figure 13.1
Summary of common drugs used for 
anesthesia. *Can create general anes-
thesia with high dose. See Chapter 5 
for summary of neuromuscular- 
blocking agents.

TYPES OF GENERAL  
ANESTHETICS

Inhalational 
anesthetics

Gas Liquids

Nitrous oxide Halothane
Methoxyflurane
Enflurane
Isoflurane
Desoflurane

Intravenous anesthetics Barbiturates:
Thiopentone
Methohexitone
Nonbarbiturates:
Propofol
Etomidate
Benzodiazepines:
Diazepam
Lorazepam 
Midazolam

Dissociative anesthetics Ketamine

Figure 13.2 
Types of general anesthetics.
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Figure 13.3
Overall considerations when delivering an anesthetic.

Pulmonary:
secretions, dilation,
constriction, irritation

Gastric:
acidic secretion,
nausea, vomiting

Surgical pain

Pregnancy
considerations

Neurologic:
baseline cognitive
function, underlying
neurologic disorders

Systemic vascular
resistance and
venous preload

Cardiac:
inotrophy, 
chronotrophy,
dromotrophy

Liver and kidney
function:
drug metabolism
and excretion

the procedure and patient characteristics, such as organ function, medical 
conditions, and concurrent medications (Figure 13.3). Preoperative medica-
tions provide anxiolysis and analgesia, and mitigate unwanted side effects 
of the anesthetic or the procedure itself. Neuromuscular blockers enable 
endotracheal intubation and muscle relaxation to facilitate surgery. Potent 
general anesthetic medications are delivered via inhalation and/or intrave-
nously. Except for nitrous oxide, inhaled anesthetics are volatile, haloge-
nated hydrocarbons, while intravenous (IV) anesthetics consist of several 
chemically unrelated drug classes commonly used to rapidly induce and/
or maintain a state of general anesthesia.

II. PATIENT FACTORS IN SELECTION OF ANESTHESIA

Drugs are chosen to provide safe and efficient anesthesia based on the 
type of procedure and patient characteristics such as organ function, med-
ical conditions, and concurrent medications.

A. Status of organ systems

1. Cardiovascular system: Anesthetic agents suppress cardio-
vascular function to varying degrees. This is an important con-
sideration in patients with coronary artery disease, heart failure, 
 dysrhythmias, valvular disease, and other cardiovascular dis-
orders. Hypotension may develop during anesthesia, resulting 
in reduced perfusion pressure and ischemic injury to tissues. 
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259III. Levels of Sedation 

Treatment with vasoactive agents may be necessary. Some anes-
thetics, such as halothane, sensitize the heart to arrhythmogenic 
effects of sympathomimetic agents.

2. Respiratory system: Respiratory function must considered for 
all anesthetics. Asthma and ventilation or perfusion abnormali-
ties complicate control of inhalation anesthetics. Inhaled agents 
depress respiration but also act as bronchodilators. IV anesthetics 
and opioids suppress respiration. These effects may influence the 
ability to provide adequate ventilation and oxygenation during and 
after surgery.

3. Liver and kidney: The liver and kidneys influence long-term dis-
tribution and clearance of drugs and are also target organs for 
toxic effects. Release of fluoride, bromide, and other metaboli-
ties of halogenated hydrocarbons can affect these organs, espe-
cially if they accumulate with frequently repeated administration of 
anesthetics.

4. Nervous system: The presence of neurologic disorders (for exam-
ple, epilepsy, myasthenia gravis, neuromuscular disease, compro-
mised cerebral circulation) influences the selection of anesthetic.

5. Pregnancy: Special precautions should be observed when anes-
thetics and adjunctive agents are administered during pregnancy. 
Effects of fetal organogenesis are a major concern in early preg-
nancy. Transient use of nitrous oxide may cause aplastic anemia 
in the fetus. Oral clefts have occurred in fetuses when mothers 
received benzodiazepines in early pregnancy. Benzodiazepines 
should not be used during labor because of resultant temporary 
hypotonia and altered thermoregulation in the new born.

B. Concomitant use of drugs

1. Multiple adjunct agents: Commonly, patients receive one or 
more of these preanesthetic medications: H2 blockers (famotidine, 
ranitidine) to reduce gastric acidity, benzodiazepines (midazolam, 
diazepam) to allay anxiety and facilitate amnesia; nonopioids 
(acetaminophen, celecoxib) or opioids (fentanyl) for analgesia; 
antihistamines (diphenhydramine) to prevent allergic reactions; 
antiemetics (ondansetron) to prevent nausea; and/or anticholiner-
gics (glycopyrrolate) to prevent bradycardia and secretion of fluids 
in to the respiratory tract (Figure 13.2). Premedications facilitate 
smooth induction of anesthesia and lower required anesthetic 
doses. However, they can also enhance undesirable anesthetic 
effects (hypoventilation) and, when coadministered, may produce 
negative effects not observed when given individually.

2. Concomitant user of other drugs: Patients may take medica-
tions for underlying diseases or abuse drugs that alter response 
to anesthetics. For example, alcoholics have elevated levels of 
liver enzymes that metabolize anesthetics, and drug abusers may 
be tolerant to opioids.

III. LEVELS OF SEDATION 

The levels of sedation occur in a dose-related continuum, which is vari-
able and depends on individual patient response to various drugs. These 
“artificial” levels of sedation start with light sedation (anxiolysis), continue 
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to moderate sedation, then deep sedation, and finally to a state of general 
anesthesia. The hallmarks of escalation from one level to the next are rec-
ognized by changes in mentation, hemodynamic stability, and respiratory 
competency (Figure 13.4). This escalation in levels is often very subtle and 
unpredictable; therefore, the sedation provider must always be ready to 
manage the unanticipated next level of sedation. 

IV. STAGES OF GENERAL ANESTHESIA

General anesthesia is a reversible state of central nervous system (CNS) 
depression, causing loss of response to and perception of stimuli. The 
state of general anesthesia can be divided into three stages: induc-
tion, maintenance, and recovery. Induction is the time from administra-
tion of a potent anesthetic to development of unconsciousness, while 
maintenance is the sustained period of general anesthesia. Recovery 
starts with the discontinuation of the anesthetic and continues until the 
return of consciousness and protective reflexes. Induction of anesthesia 
depends on how fast effective concentrations of anesthetic reach the 
brain. Recovery is essentially the reverse of induction and depends on 
how fast the anesthetic diffuses from the brain. The depth of general 
anesthesia is the degree to which the CNS is depressed, as evident in 
electroencephalograms.

A. Induction

 General anesthesia in adults is normally induced with an IV agent 
such as propofol, producing unconsciousness in 30 to 40 seconds. 
Often an IV neuromuscular blocker such as rocuronium, vecuronium, 
or succinylcholine is administered to facilitate endotracheal intubation 
by eliciting muscle relaxation. For children without IV access, nonpun-
gent volatile agents, such as sevoflurane, are administered via inhala-
tion to induce general anesthesia.

B. Maintenance of anesthesia

 After administering the induction drug, vital signs and response to 
stimuli are vigilantly monitored to balance the amount of drug continu-
ously inhaled or infused to maintain general anesthesia. Maintenance 
is commonly provided with volatile anesthetics, although total 

Figure 13.4
Anesthetic levels of sedation. 

MODERATE GENERALMINIMAL (ANXIOLYSIS) DEEP

Mentation Responds normally
to verbal stimuli

Responds purposefully
to verbal or tactile
stimuli

Unarousable to
painful stimuli

Responds purposefully
to repeated verbal or
painful stimuli

Airway competency Una�ected Adequate Intervention usually
required

Intervention may be
required

Respiratory system Una�ected Adequate Frequently inadequateMay be inadequate

Cardiovascular system Una�ected Usually maintained May be impairedUsually maintained
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intravenous anesthesia (TIVA) with drugs such as propofol can be 
used to maintain general anesthesia. Opioids such as fentanyl are 
used for analgesia along with inhalation agents, because the latter 
alter consciousness but not perception of pain. 

C. Recovery

 After cessation of the maintenance anesthetic drug, the patient is 
evaluated for return of consciousness. For most anesthetic agents, 
redistribution from the site of action (rather than metabolism of the 
drug) underlies recovery. Neuromuscular blocking drugs are typically 
reversed after completion of surgery, unless enough time has elapsed 
for their metabolism. The patient is monitored to assure full recovery 
of all normal physiologic functions (spontaneous respiration, blood 
pressure, heart rate, and all protective reflexes).

D Depth of anesthesia

 The depth of anesthesia has four sequential stages characterized by 
increasing CNS depression as the anesthetic accumulates in the brain 
(Figure 13.5). [Note: These stages were defined for the original anes-
thetic ether, which produces a slow onset of anesthesia. With modern 
anesthetics, the stages merge because of the rapid onset of stage III.]

1. Stage I—Analgesia: Loss of pain sensation results from interfer-
ence with sensory transmission in the spinothalamic tract. The 
patient progresses from conscious and conversational to drowsy. 
Amnesia and reduced awareness of pain occur as stage II is 
approached.

2. Stage II—Excitement: The patient displays delirium and possibly 
combative behavior. A rise and irregularity in blood pressure and 
respiration occur, as well as a risk of laryngospasm. To shorten 
or eliminate this stage, rapid-acting IV agents are given before 
inhalation anesthesia is administered.

3. Stage III—Surgical anesthesia: There is gradual loss of muscle 
tone and reflexes as the CNS is further depressed. Regular res-
piration and relaxation of skeletal muscles with eventual loss of 
spontaneous movement occur. This is the ideal stage of surgery. 
Careful monitoring is needed to prevent undesired progression to 
stage IV.

4. Stage IV—Medullary paralysis: Severe depression of the respi-
ratory and vasomotor centers occurs. Ventilation and/or circula-
tion must be supported to prevent death.

V. INHALATION ANESTHETICS

Inhaled gases are used primarily for maintenance of anesthesia after 
administration of an IV drug (Figure 13.6). Depth of anesthesia can be rap-
idly altered by changing the inhaled gas concentration. Inhalational agents 
have steep dose–response curves with very narrow therapeutic indices, so 
the difference in concentrations from eliciting general anesthesia to car-
diopulmonary collapse is small. No antagonists exist. To minimize waste, 
inhaled gases are delivered in a recirculation system that contains absor-
bents to remove carbon dioxide and allow rebreathing of the gas. Recently 

IV

I

II

III

Loss of pain
sensation

Combative
behavior

Surgical
anesthesia

Medullary 
paralysis
and death

O.R.
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Z
Z

Z

PAIN

Figure 13.5
Stages of anesthesia.
O.R. = operating room.
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there has been greater attention to the anthropogenic emissions of these 
potent greenhouse gases, which are typically released from hospital roof-
tops after each procedure.

A. Common features of inhalation anesthetics

 Modern inhalation anesthetics are nonflammable, nonexplosive 
agents, which include nitrous oxide and volatile, halogenated hydro-
carbons. These agents decrease cerebrovascular resistance, result-
ing in increased brain perfusion. They cause bronchodilation but also 
decrease both respiratory drive and hypoxic pulmonary vasoconstric-
tion (increased pulmonary vascular resistance in poorly oxygenated 
regions of the lungs, redirecting blood flow to better oxygenated 
regions). Movement of these gases from the lungs to various body 
compartments depends upon their solubility in blood and tissues, as 
well as on blood flow. The following factors play a role in induction 
and recovery.

B. Potency

 Potency is defined quantitatively as the minimum alveolar concentra-
tion (MAC), which is the end-tidal concentration of inhaled anesthetic 
needed to eliminate movement in 50% of patients exposed to a nox-
ious stimulus. MAC is the median effective dose (ED50) of the anes-
thetic, expressed as the percentage of gas in a mixture required to 
achieve that effect. Numerically, MAC is small for potent anesthetics 

Brain

Anesthesia
gas machine

Lungs

Systemic
circulation

Anesthesia
gas machine

Inhalational
anesthetics

Figure 13.6
Volatile anesthetics delivered to the patient are absorbed via the lungs into the systemic circulation causing dose- 
dependent CNS depression.
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such as isoflurane and large for less potent agents such as nitrous 
oxide. Thus, the inverse of MAC is an index of potency (Figure 13.7). 
Nitrous oxide alone cannot produce general anesthesia because any 
admixture with a survivable oxygen percentage cannot not reach its 
MAC value. The more lipid soluble an anesthetic, the lower the con-
centration needed to produce anesthesia and, therefore, the higher 
the potency. Factors that can increase MAC (make the patient more 
resistant) include hyperthermia, drugs that increase CNS catechol-
amines, and chronic ethanol abuse. Factors that can decrease MAC 
(make the patient more sensitive) include increased age, hypothermia, 
pregnancy, sepsis, acute intoxication, concurrent IV anesthetics, and 
α2-adrenergic receptor agonists (clonidine and dexmedetomidine).

C. Uptake and distribution of inhalation anesthetics

 The principal objective of inhalation anesthesia is a constant and opti-
mal brain partial pressure (Pbr) of inhaled anesthetic (to create a partial 
pressure equilibrium between alveoli [Palv] and brain [Pbr]). Measuring 
the Palv is the most practical and feasible way to ascertain the Pbr for 
the inhaled anesthetic concentration, but this necessitates adequate 
time for the two compartments to reach equilibrium. The partial pres-
sure of an anesthetic gas that originates by pulmonary entry is the 
driving force moving the gas from the alveolar space into the blood-
stream (Pa), which transports the drug to the brain and other body 
compartments. Because gases move from one body compartment 
to another according to partial pressure gradients, a steady state is 
achieved when the partial pressure in each of these compartments 
is equivalent to that in the inspired mixture. [Note: At equilibrium,  
Palv = Pa = Pbr.] The time course for attaining this steady state is deter-
mined by the following factors:

1. Alveolar wash-in: This refers to replacement of normal lung gases 
with the inspired anesthetic mixture. The time required for this 
process is directly proportional to the functional residual capacity 
of the lung (volume of gas remaining in the lungs at the end of 
a normal expiration) and inversely proportional to the ventilatory 
rate. It is independent of the physical properties of the gas. As 
the partial pressure builds within the lung, anesthetic gas transfer 
from the lung begins.

2. Anesthetic uptake (removal to peripheral tissues other than 
the brain): Uptake is the product of the gas solubility in the blood, 
cardiac output (CO), and gradient between alveolar and blood 
anesthetic partial pressures. 

a. Solubility in blood: This is determined by a physical prop-
erty of the anesthetic called the blood:gas partition coeffi-
cient (the ratio of the concentration of anesthetic in the liquid 
[blood] phase to the concentration of anesthetic in the gas 
phase when the anesthetic is in equilibrium between the two 
phases; Figure 13.8). For inhaled anesthetics, think of the 
blood as a pharmacologically inactive reservoir. Drugs with 
low versus high blood solubility differ in their rate of induction 
of anesthesia. When an anesthetic gas with low blood solu-
bility such as nitrous oxide diffuses from the alveoli into the 
circulation, little anesthetic dissolves in the blood. Therefore, 
equilibrium between the inspired anesthetic and arterial 
blood occurs rapidly with relatively few additional molecules 
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Figure 13.8
Blood/gas partition coefficients for 
some inhalation anesthetics.

Figure 13.7
Minimal alveolar concentrations 
(MAC) for anesthetic gases are used 
to compare pharmacologic effects 
of different agents (high MAC = low 
potency).
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of anesthetic required to raise the arterial anesthetic partial 
pressure. By contrast, anesthetic gases with high blood sol-
ubility, such as isoflurane, dissolve more fully in the blood; 
therefore, greater amounts of gas and longer periods of time 
are required to raise blood partial pressure. This results in 
longer periods for induction, recovery, and slower changes 
in depth of anesthesia in response to changes in the drug 
concentration. The solubility in blood is ranked as follows:  
isoflurane > sevoflurane > nitrous oxide > desflurane.

b. Cardiac output: CO is inversely correlated with induction time 
for inhaled anesthetics. This counterintuitive phenomenon is 
explained by the threshold of drug concentration required to alter 
neuronal activity and the time neurons are exposed to the drug 
in the passing blood. During low CO, a longer period of time 
permits a larger concentration of gas to dissolve in the slowly 
moving bloodstream. Furthermore, this large bolus of drug has 
longer contact time to diffuse into neuronal tissue when it tra-
verses the blood–brain barrier. Although a high CO will quickly 
transport the drug to the brain, a lower concentration of the drug 
with a shorter exposure time slows down the rate of induction.

c. Alveolar-to-venous partial pressure gradient: This gradient 
between the alveolar and returning venous gas partial pres-
sure results from the tissue uptake from the arterial delivery. 
The arterial circulation distributes the anesthetic to various tis-
sues, and tissue uptake is dependent on the tissue blood flow, 
blood to tissue partial pressure difference, and blood:tissue  
solubility coefficient. As venous circulation returns to the lung 
blood with low or no dissolved anesthetic gas, this high gra-
dient causes gas to move from the alveoli into the blood. If a 
large alveolar-to-venous partial pressure gradient persists, the 
peripheral tissue gas uptake must be high, and, therefore, the 
induction time is longer. Over time, as the partial pressure of 
gas in venous blood approximates the inspired mixture and 
subsequent alveolar concentration, no further uptake from 
the lung occurs.

3. Effect of different tissue types on anesthetic uptake: The time 
required for a tissue compartment to reach a steady state with the 
partial pressure of the inspired anesthetic gas is inversely propor-
tional to the blood flow to that tissue (greater flow equals less time 
to reach equilibrium). The time to a steady state is directly propor-
tional to the capacity of that tissue to store anesthetic (greater stor-
age capacity equals longer time to reach equilibrium). Furthermore, 
capacity is directly proportional to the volume of tissue and the tis-
sue:blood solubility coefficient of the gas. Four major tissue com-
partments determine the time course of anesthetic uptake. 

a. Vessel-rich group (brain, heart, liver, kidney, and endo-
crine glands): Highly perfused tissues rapidly attain a steady 
state with the partial pressure of anesthetic in the blood.

b. Skeletal muscles: These tissues are moderately perfused 
with a large storage capacity, which lengthens the time 
required to achieve a steady state.

c. Fat: Fat is poorly perfused, but has a very large storage 
capacity for the highly lipophilic volatile anesthetics. This 
poor perfusion to a high-capacity compartment drastically 
prolongs the time required to achieve a steady state.
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265V. Inhalation Anesthetics

d. Vessel-poor group (bone, ligaments, and cartilage): These 
are very poorly perfused and have a low capacity to store 
anesthetic gas. Therefore, these tissues have minimal impact 
on the time course of anesthetic distribution in the body.

4. Washout: When an inhalation anesthetic gas is removed from the 
inspired admixture, the body becomes the repository of anes-
thetic gas to be circulated back to the alveolar compartment. 
The same factors that influence uptake and equilibrium of the 
inspired anesthetic determine the time course of its exhalation 
from the body. Thus, nitrous oxide exits the body faster than 
 isoflurane (Figure 13.9).

D. Mechanism of action

 No specific receptor has been identified as the locus to create a state 
of general anesthesia. The fact that chemically unrelated compounds 
produce unconsciousness argues against the existence of a single 
receptor, and it appears that a variety of molecular mechanisms 
may contribute to the activity of anesthetics. At clinically effective 
concentrations, general anesthetics increase the sensitivity of the  
γ- aminobutyric acid (GABAA) receptors to the inhibitory neurotrans-
mitter GABA. This increases chloride ion influx and hyperpolarization 
of neurons. Postsynaptic neuronal excitability and, thus, CNS activity 
are diminished (Figure 13.10). Unlike other anesthetics, nitrous oxide 
and ketamine do not have actions on GABAA receptors. Their effects 
are mediated via inhibition of N-methyl-d-aspartate (NMDA) recep-
tors. [Note: The NMDA receptor is a glutamate receptor, which is the 
body’s main excitatory neurotransmitter.] Receptors other than GABA 
that are affected by volatile anesthetics include the inhibitory glycine 
receptors found in the spinal motor neurons. Additionally, inhalation 
anesthetics block excitatory postsynaptic currents found on nicotinic 
receptors. However, the mechanisms by which anesthetics perform 
these modulatory roles are not fully understood.

E. Isoflurane

 Isoflurane [eye-so-FLOOR-ane], like other halogenated gases, pro-
duces dose-dependent hypotension predominantly from relaxation of 
systemic vasculature. Hypotension can be treated with a direct- acting 
vasoconstrictor, such as phenylephrine (see Chapter 6). Because it 
undergoes little metabolism, isoflurane is considered nontoxic to 
the liver and kidney. Its pungent odor stimulates respiratory reflexes 
(breath holding, salivation, coughing, laryngospasm), so it is not used 
for inhalation induction. With a higher blood solubility than desflurane 
and sevoflurane, isoflurane takes longer to reach equilibrium, making 
it less ideal for short procedures; however, its low cost makes it a 
good option for longer surgeries.

F. Desflurane

 Desflurane [DES-floor-ane] provides very rapid onset and recovery 
due to low blood solubility. This makes it a popular anesthetic for 
short procedures. It has a low volatility, which requires administration 
via a special heated vaporizer. Like isoflurane, it decreases vascular 
resistance and perfuses all major tissues very well. Desflurane has 
significant respiratory irritation like isoflurane so it should not be used 

Figure 13.9 
Changes in the alveolar blood  
concentrations of some inhalation 
anesthetics over time.
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266 13. Anesthetics

for inhalation induction. Its degradation is minimal and tissue toxicity 
is rare. Higher cost occasionally prohibits its use.

G. Sevoflurane

 Sevoflurane [see-voe-FLOOR-ane] has low pungency or respiratory 
irritation. This makes it useful for inhalation induction, especially with 
pediatric patients who do not tolerate IV placement. It has a rapid 
onset and recovery due to low blood solubility. Sevoflurane has low 
hepatotoxic potential, but compounds formed from reactions in the 
anesthesia circuit (soda lime) may be nephrotoxic with very low fresh 
gas flow that allows longer chemical reaction time.

H. Nitrous oxide

 Nitrous oxide [NYE-truss OX-ide] (“laughing gas”) is a nonirritating 
potent sedative that is unable to create a state of general anesthesia. 
It is frequently used at concentrations of 30% to 50% in combina-
tion with oxygen to create moderate sedation, particularly in dentistry. 
Nitrous oxide does not depress respiration and maintains cardio-
vascular hemodynamics as well as muscular strength. Nitrous oxide 
can be combined with other inhalational agents to establish general 
anesthesia, which lowers the required concentration of the combined 
volatile agent. This gas admixture further reduces many unwanted 
side effects of the other volatile agent that impact cardiovascular out-
put and cerebral blood flow. Nitrous oxide is poorly soluble in blood 
and other tissues, allowing it to move very rapidly in and out of the 
body. This can be problematic in closed body compartments because 
nitrous oxide can increase the volume (exacerbating a pneumothorax) 
or pressure (sinus or middle ear pressure); it replaces nitrogen in vari-
ous air spaces faster than the nitrogen leaves. Its speed of movement 
allows nitrous oxide to retard oxygen uptake during recovery, thereby 
causing “diffusion hypoxia.” This can be overcome by delivering high 
concentrations of inspired oxygen during recovery. Some characteris-
tics of the inhalation anesthetics are summarized in Figure 13.11.

I. Ether 

 Diethyl ether (ether) is one of the old anesthetic methods used for anes-
thesia. It is a highly volatile and inflammable liquid. The vapors of ethers 
cause irritation causing increased bronchial secretions; therefore, atro-
pine is used in the preanesthetic medication. However, ether is a potent 
anesthetic. Due to this property, it reduces the dose of competitive neu-
romuscular blockers while on administration it produces adequate mus-
cle relaxation. For ether anesthesia, no major equipment is required and 
it is relatively simple. Since it is a highly lipophilic substance, recovery 
is slow. Respiration and blood pressure do not get affected during the 
anesthesia. Use of ether is limited only whereas it is completely banned 
from use in developed countries. 

J. Halothane

 Halothane is a noninflammable, nonirritant, photosensitive volatile agent 
with a sweet smell. It is a liquid at room temperature and it is admin-
istered with a special vaporizer at a concentration of 2% to 4% for 
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Figure 13.10
An example of modulation of a  
ligand-gated membrane channel 
modulated by inhaled anesthetics.  
Cl− = chloride ion; 
GABA = γ-aminobutyric acid.
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267V. Inhalation Anesthetics

induction followed by 0.5% to 1% for maintenance. A precise control of 
the concentration of halothane is essential as it can cause direct effect 
on heart by interfering with calcium, thus causing depression of myo-
cardial contractility. Dose-dependent fall in blood pressure is known 
during halothane anesthesia. It directly suppresses respiratory centers, 
thereby reducing ventilatory response to blood carbon dioxide levels. 
Decreased alveolar ventilation can cause increase in arterial CO2 lev-
els without compensatory increase in ventilation. Therefore, continuous 
arterial gas monitoring is essential during its usage. Halothane dilates 
cerebral blood vessels and increases cerebral blood flow which in turn 
causes increased intracranial pressure, especially in patients with other 

Figure 13.11
Characteristics of some inhalation anesthetics.
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268 13. Anesthetics

susceptible comorbid conditions in the brain. It causes relaxation of 
skeletal muscle and potentiates the actions of competitive neuromus-
cular blockers. Halothane causes uterine smooth muscle relaxation. 
Although it is useful for the manipulation of fetus orientation, it is not 
used due to its action of inhibiting uterine contraction during parturi-
tion. Therefore, it is not used for vaginal delivery. More than 60% of 
the inhalationally administered halothane is eliminated through lungs 
on recovery within 24 hours. The rest of halothane is metabolized by 
liver. Trifluoroacetic acid is a major metabolite which can cause hepatic 
injury (halothane-induced hepatic necrosis). This syndrome of hepatic 
necrosis is reported in 1 in 10,000 patients and it is referred to as “hal-
othane hepatitis.” 

K. Malignant hyperthermia

 In a very small percentage of susceptible patients, exposure to halo-
genated hydrocarbon anesthetics (or succinylcholine) may induce 
malignant hyperthermia (MH), a rare life-threatening condition. MH 
causes a drastic and uncontrolled increase in skeletal muscle oxida-
tive metabolism, overwhelming the body’s capacity to supply oxygen, 
remove carbon dioxide, and regulate temperature, eventually leading 
to circulatory collapse and death if not treated immediately. Strong 
evidence indicates that MH is due to an excitation–contraction cou-
pling defect. Burn victims and individuals with muscular dystrophy, 
myopathy, myotonia, and osteogenesis imperfecta are susceptible 
to MH-like events and caution should be taken. Susceptibility to 
MH is often inherited as an autosomal dominant disorder. Should a 
patient exhibit symptoms of MH, dantrolene is given as the anesthetic  
mixture is withdrawn, and measures are taken to rapidly cool the 
patient. Dantrolene [DAN-troe-leen] blocks release of Ca2+ from the 
sarcoplasmic reticulum of muscle cells, reducing heat production 
and relaxing muscle tone. It should be available whenever triggering 
agents are administered. In addition, the patient must be monitored 
and supported for respiratory, circulatory, and renal problems. Use of 
dantrolene and avoidance of triggering agents such as halogenated 
anesthetics in susceptible individuals have markedly reduced mortal-
ity from MH. A more soluble formulation of dantrolene has become 
commercially available that drastically reduces the constitution time 
needed to make this drug in emergencies.

VI. INTRAVENOUS ANESTHETICS

IV anesthetics cause rapid induction of anesthesia often occurring in  
1 minute or less. It is the most common way to induce anesthesia before 
maintenance of anesthesia with an inhalation agent. IV anesthetics may be 
used as single agents for short procedures or administered as infusions 
(TIVA) to help maintain anesthesia during longer surgeries. In lower doses, 
they may be used solely for sedation.

A. Induction

 After entering the blood, a percentage of drug binds to plasma proteins, 
and the rest remains unbound or “free.” The degree of protein bind-
ing depends upon the physical characteristics of the drug, such as the 
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269VI. Intravenous Anesthetics

degree of ionization and lipid solubility. The majority of CO flows to the 
brain, liver, and kidney (“vessel-rich organs”). Thus, a high proportion of 
initial drug bolus is delivered to the cerebral circulation and then passes 
along a concentration gradient from blood into the brain. The rate of 
this transfer is dependent on the arterial concentration of the unbound 
free drug, the lipid solubility of the drug, and the degree of ionization. 
Unbound, lipid-soluble, nonionized molecules cross into the brain most 
quickly. Like inhalational anesthetics, the exact mode of action of IV 
anesthetics is unknown; however, GABA likely plays a large role. 

B. Recovery

 The recovery phase is short as these drugs are rapidly redistributed 
from the CNS into the various compartments of the body. After ini-
tial flooding of the CNS and other vessel-rich tissues with nonion-
ized molecules, the drug diffuses into other tissues with less blood 
supply. With secondary tissue uptake, predominantly skeletal muscle, 
plasma concentration of the drug falls. This allows the drug to diffuse 
out of the CNS, down the resulting reverse concentration gradient. 
This initial redistribution of drug into other tissues leads to the rapid 
recovery seen after a single IV dose of the induction agent. The final 
elimination occurs via kidneys or liver. Metabolism and plasma clear-
ance become important only following infusions and repeat doses of 
a drug. Adipose tissue makes little contribution to the early redistri-
bution of free drug following a bolus, due to its poor blood supply. 
However, following repeat doses or infusions, equilibration with fat 
tissue forms a drug reservoir, often leading to delayed recovery.

C. Effect of reduced cardiac output on IV anesthetics

 When CO is reduced (for example, in certain types of shock, the 
elderly, cardiac disease), the body compensates by diverting more CO 
to the cerebral circulation. A greater proportion of the IV anesthetic 
enters the cerebral circulation under these circumstances. Therefore, 
the dose of the drug must be reduced. Further, decreased CO causes 
prolonged circulation time. As global CO is reduced, it takes a longer 
time for an induction drug to reach the brain and exert its effects. The 
slow titration of a reduced dose of an IV anesthetic is key to a safe 
induction in patients with reduced CO.

D. Propofol

 Propofol [PRO-puh-fol] is an IV sedative/hypnotic used for induction 
and/or maintenance of anesthesia. It is widely used and has replaced 
thiopental as the first choice for induction of general anesthesia and 
sedation. Because propofol is poorly water soluble, it is supplied as 
an emulsion containing soybean oil and egg phospholipid, giving it a 
milk-like appearance.

1. Onset: Induction is smooth and occurs 30 to 40 seconds after 
administration. Plasma levels decline rapidly as a result of redis-
tribution, followed by a more prolonged period of hepatic metab-
olism and renal clearance. The initial redistribution half-life is 2 to 
4 minutes. The pharmacokinetics of propofol are not altered by 
moderate hepatic or renal failure.
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2. Actions: Although propofol depresses the CNS, it occasionally 
contributes to excitatory phenomena, such as muscle twitching, 
spontaneous movement, yawning, and hiccups. Transient pain at 
the injection site is common. Propofol decreases blood pressure 
without significantly depressing the myocardium. It also reduces 
intracranial pressure, mainly due to decreased cerebral blood flow 
and oxygen consumption. It has less of a depressant effect than 
volatile anesthetics on CNS-evoked potentials, making it useful for 
surgeries in which spinal cord function is monitored. It does not 
provide analgesia, so supplementation with narcotics is required. 
Propofol is commonly infused in lower doses to provide sedation. 
The incidence of postoperative nausea and vomiting is very low 
secondary to its antiemetic properties.

E. Barbiturates

 Thiopental [thigh-oh-PEN-tahl] is an ultra short–acting barbiturate 
with high lipid solubility. It is a potent anesthetic but a weak analge-
sic. Barbiturates require supplementary analgesic administration during 
anesthesia. When given IV, agents such as thiopental and methohexital 
[meth-oh-HEX-uh-tall] quickly enter the CNS and depress function, often 
in less than 1 minute. However, diffusion out of the brain can also occur 
very rapidly because of redistribution to other tissues (Figure 13.12). 
These drugs may remain in the body for relatively long periods, because 
only about 15% of a dose entering the circulation is metabolized by 
the liver per hour. Thus, metabolism of thiopental is much slower than 
its redistribution. Barbiturates tend to decrease blood pressure, which 
may cause a reflex tachycardia. They decrease intracranial pressure 
through reductions in cerebral blood flow and oxygen consumption. 
Methohexital is still commonly used for electroconvulsive therapy.

F. Benzodiazepines

 The benzodiazepines are used in conjunction with anesthetics 
for sedation and amnesia. The most commonly used is midaz-
olam [meh-DAZ-o-lam]. Diazepam [dye-AZ-uh-pam] and lorazepam  
[lore-AZ-uh-pam] are alternatives. All three facilitate amnesia while 
causing sedation, enhancing the inhibitory effects of various neu-
rotransmitters, particularly GABA. Minimal cardiovascular depressant 
effects are seen, but all are potential respiratory depressants (espe-
cially when administered IV). They are metabolized by the liver with 
variable elimination half-lives, and erythromycin may prolong effects 
of midazolam. Benzodiazepines can induce a temporary form of 
anterograde amnesia in which the patient retains memory of past 
events, but new information is not transferred into long-term memory. 
Therefore, important treatment information should be repeated to the 
patient after the effects of the drug have worn off.

G. Opioids

 Because of their analgesic property, opioids are commonly combined 
with other anesthetics. The choice of opioid is based primarily on the 
duration of action needed. The most commonly used opioids are fentanyl 
[FEN-ta-nil] and its congeners, sufentanil [SOO-fen-ta-nil] and remifentanil 
[REMI-fen-ta-nil], because they induce analgesia more rapidly than mor-
phine. They may be administered intravenously, epidurally, or intrathecally 
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(into the cerebrospinal fluid). Opioids are not good amnestics, and they 
can all cause hypotension and respiratory depression, as well as nausea 
and vomiting. Opioid effects can be antagonized by naloxone.

H. Etomidate

 Etomidate [ee-TOM-uh-date] is a hypnotic agent used to induce 
anesthesia, but it lacks analgesic activity. Its water solubility is poor, 
so it is formulated in a propylene glycol solution. Induction is rapid, 
and the drug is short-acting. Among its benefits are little to no effect 
on the heart and systemic vascular resistance. Etomidate is usually 
only used for patients with cardiovascular dysfunction or patients 
who are acutely critically ill. It inhibits 11-β hydroxylase involved in 
steroidogenesis, and adverse effects may include decreased plasma 
cortisol and aldosterone levels. Etomidate should not be infused for 
an extended time, because prolonged suppression of these hormones 
is dangerous. Injection site pain, involuntary skeletal muscle move-
ments, and nausea and vomiting are common. 

I. Ketamine

 Ketamine [KET-uh-meen], a short-acting anti-NMDA receptor anes-
thetic and analgesic, induces a dissociated state in which the patient 
is unconscious (but may appear to be awake) with profound analgesia.  
Ketamine stimulates central sympathetic outflow, causing stimulation 
of the heart with increased blood pressure and CO. It is also a potent 
bronchodilator. Therefore, it is beneficial in patients with hypovolemic 
or cardiogenic shock as well as asthmatics. Conversely, it is contra-
indicated in hypertensive or stroke patients. The drug is lipophilic and 
enters the brain very quickly. Like the barbiturates, it redistributes to 
other organs and tissues. Ketamine has become popular as an adjunct 
to reduce opioid consumption during surgery. Of note, it may induce 
hallucinations, particularly in young adults, but pretreatment with ben-
zodiazepines may help. Ketamine may be used illicitly, since it causes 
a dream-like state and hallucinations similar to  phencyclidine (PCP).

J. Dexmedetomidine

 Dexmedetomidine [dex-med-eh-TOM-uh-deen] is a sedative used in 
intensive care settings and surgery. Like clonidine, it is an α2 receptor 
agonist in certain parts of the brain. Dexmedetomidine has sedative, 
analgesic, sympatholytic, and anxiolytic effects that blunt many car-
diovascular responses. It reduces volatile anesthetic, sedative, and 
analgesic requirements without causing significant respiratory depres-
sion. It has gained popularity for its ability to blunt emergence delirium 
in the pediatric population. Figure 13.13 depicts the characteristics of 
anesthetic agents. Some therapeutic advantages and disadvantages 
of the anesthetic agents are summarized in Figure 13.14.

VII. NEUROMUSCULAR BLOCKERS

Neuromuscular blockers are crucial to the practice of anesthesia and used 
to facilitate endotracheal intubation and provide muscle relaxation when 
needed for surgery. Their mechanism of action is via blockade of nico-
tinic acetylcholine receptors on the skeletal muscle cell membrane. These 
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DRUG INDUCTION/RECOVERY ADVERSE EFFECTS SALIENT POINTS

Ether Slow Nausea, vomiting, respiratory irritation Risk of explosion, no longer used 

Nitrous oxide Fast Anemia with prolonged or repeated use Good analgesia, safe, nonirritating, and main-
ly used along with other inhalational agents 
as it causes incomplete anesthesia and no 
muscle relaxation

Halothane Medium Malignant hyperthermia, hepato-
toxicity, arrhythmias, hypotension; 
 sensitizes myocardium to actions of 
 catecholamines; reduces hepatic and 
renal blood flow

Fair analgesic, skeletal muscle and uterine 
relaxant properties, and excellent hypnotic 
properties; use is declining as better newer 
anesthetics are available

Enflurane Medium Increased seizure potential, malignant 
hyperthermia; pungent may result in 
breath holding or coughing; contraindi-
cated in patients with renal failure

Good analgesic, skeletal muscle, and excellent 
hypnotic properties

Widely used as less risk of toxicity than 
halothane

Sevoflurane Fast No respiratory irritation and fewer side 
effects such as nausea and vomiting 
in some cases; potential renal toxicity 
at low flow as it produces fluoride ions 
during its liver metabolism 

Nonirritating; mainly used for daycare surger-
ies and in children

Causes bronchodilatation, useful in bronchial 
asthma patients

Desoflurane Fast (faster than isoflurane) Cough, bronchospasm, respiratory tract 
irritation, salivation; must be delivered 
using a special vaporizer

Mainly used for daycare surgeries; minimal 
 metabolism, rarely produces organ toxicity

Isoflurane Medium Can cause coronary ischemia (coronary 
steal phenomenon), pungent odor

Widely used as an alternative to halothane; 
good analgesic, sedative-hypnotic and 
muscle relaxation effect, stability of cardiac 
output; does not raise intracranial pressure, 
no sensitization of heart to catecholamines; 
minimal metabolism

Intravenous anesthetics:
Thiopentone Fast Significant nausea, laryngospasm Potent anesthetic but poor analgesia; little 

muscle relaxation; short duration of action; 
contraindicated in patient with acute inter-
mittent porphyria

Propofol Fast Postoperative nausea and vomiting 
though lesser pain on injection and that 
it is prepared in a lipid emulsion

Poor analgesia; lowers intracranial pressure; 
has displaced barbiturates in many anesthe-
sia practices

Fentanyl Fast Hypotension, postoperative nausea, and 
vomiting 

Good analgesia; useful drug in patients with 
renal failure; used as an adjunct to inhala-
tion and IV anesthetic agents; used in high 
doses to achieve general anesthesia during 
cardiac surgery when circulatory stability is 
important 

Ketamine Fast Pleasant dream-like states to vivid  
imagery, hallucinations, delirium, con-
fusion, excitement, irrational behavior 
(less in children), hypertension, tachy-
cardia, severe respiratory depression 
following rapid intravenous administra-
tion, tonic–clonic movements resem-
bling seizures

Produces dissociative anesthesia, an effect 
in which the patient feels dissociated from 
the surroundings; produces good analgesia 
with or without loss of consciousness; used 
as an induction agent for diagnostic, surgical 
procedures; used in low doses in infants and 
children in case of trauma, minor surgical, and 
diagnostic procedures

Figure 13.13 
General anesthetics and their characteristics.
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agents include cisatracurium, mivacurium, pancuronium, rocuronium, suc-
cinylcholine, and vecuronium (see Chapter 5).

A. Sugammadex

 Sugammadex [soo-GAM-ma-dex] is a selective relaxant-binding agent 
that terminates the action of both rocuronium and vecuronium. Its 
three-dimensional structure traps the neuromuscular blocker in a 1:1 ratio,  
terminating its action and making it water soluble. It is unique in that it 
produces rapid and effective reversal of both shallow and profound neu-
romuscular blockade. Sugammadex is eliminated via the kidneys. 

VIII. LOCAL ANESTHETICS

Local anesthetics provide a reversible regional loss of sensation. They reduce 
pain and thereby facilitate surgical procedures. Local anesthetics block nerve 
conduction of sensory impulses and in higher concentrations block motor 

Inhalation 
anesthetics

Des�urane

Intravenous 
anesthetics

Thiopental

Therapeutic Disadvantages Therapeutic Advantages

e
• Incomplete anesthesia

• No muscle relaxation

• Must be used with other
    anesthetics for surgical
    anesthesia

Intr
ane

Th

• Poor analgesia

• Causes signi�cant nausea

• Little muscle relaxation

• Laryngospasm

n 
cs

p g

ous 
cs

• Good analgesia

• Rapid onset/recovery

• Safe, nonirritating

• Bronchial smooth muscle 
    relaxation good for patients 
    with asthma

• Rapid onset/recovery

• Not irritating; useful
    in children

• Good muscle relaxation

• Rapid recovery

• Stability of cardiac output

• Does not raise
    intracranial pressure

• No sensitization of 
    heart to epinephrine

• Lowers intracranial pressure
• Rapid onset
• Not likely to cause nausea

In
an

De
• Incomplete anesthesia

talal • Rapid onset of action

• Potent anesthesia

• No respiratory depression
• Blunts undesirable cardio-
    vascular re�exes

• Not likely to cause nausea• Poor analgesia

• Potential renal toxicity 
    at low �ows

• Must be delivered using a 
    special vaporizer

• Good analgesia

Dexmedetomidine

Nitrous oxide

Iso�urane

Sevo�urane

Ketamine

Fentanyl

Propofol

Figure 13.14
Therapeutic disadvantages and advantages of some anesthetic agents.

LIR_CH13.indd   273 09/10/18   12:53 PM



274 13. Anesthetics

impulses from the periphery to the CNS. Sodium ion channels are blocked 
to prevent the transient increase in permeability of the nerve membrane to 
Na+ that is required for an action potential (Figure 13.15). When propagation 
of action potentials is prevented, sensation cannot be transmitted from the 
source of stimulation to the brain. Cocaine is a naturally occurring com-
pound indigenous to the Andes Mountains, West Indies, and Java. It was 
the first anesthetic to be discovered and is the only naturally occurring local 
anesthetic; however, it is not used clinically because of its adverse effects 
and abuse potential. All other anesthetics are synthetically derived. Procaine, 
the first synthetic derivative of cocaine, was developed in 1904. 

All local anesthetics have a similar chemical structure,  which consists 
of three components: aromatic portion, intermediate chain, and amine 
group. Structurally, all local anesthetics include a lipophilic group joined by 
an amide or ester linkage to a carbon chain, which, in turn, is joined to 
a hydrophilic group (Figure 13.16). The degree of lipid solubility of each 
anesthetic is an important property because the lipid solubility enables its 
diffusion through the highly lipophilic nerve membrane. The extent of an 
anesthetic’s lipophilicity is directly related to its potency. All local anesthet-
ics are weak bases that require the addition of hydrochloride salt in order 
to be water soluble and therefore injectable. Salt equilibrates between an 
ionized form and a nonionized form in aqueous solution. Equilibration is 
crucial because, although the ionized form is injectable, it is the nonionized 
base which has the lipophilic properties and is responsible for their diffusion 
into the nerve cell membrane. The duration of action of an anesthetic is 
determined by their protein-binding capacity to anesthetic receptors along 
the nerve cell membrane. The intermediate chain, which connects the aro-
matic and amine portions, is composed of either an ester or an amide link-
age (Figure 13.16). This intermediate chain can be used in classifying local 
anesthetics into esters and amides. Ester-type local anesthetics have a 
very short plasma half-life. They are metabolized by plasma butyrylcholin-
esterase. In patients with decreased or atypical cholinesterase, the plasma 
levels of these anesthetics may be higher than usual. Amide-type local 
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Figure 13.15
Mechanism of local anesthetic action.
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275VIII. Local Anesthetics

anesthetics are metabolized at varying rates and to a varying extent by 
hepatic isozymes and are excreted in an unchanged form by the kidney. 
The rate of metabolism is decreased in case of liver impairment or by drugs 
interfering with the microsomal enzyme system. The most widely used local 
anesthetics are bupivacaine [byoo-PIV-uh-cane], lidocaine [LYE-doe-cane], 
mepivacaine [muh-PIV-uh-cane], ropivacaine [roe-PIV-uh-cane], and tetra-
caine [TET-truh-cane]. 

A. Delivery techniques of local anesthetics

 Various delivery techniques broaden the clinical applicability of local 
anesthetics. These techniques include  topical administration, infil-
tration, perineural, and neuraxial (spinal, epidural, or caudal) blocks. 
Small, unmyelinated nerve fibers for pain, temperature, and auto-
nomic activity are most sensitive. These are as follows.

1. Regional anesthesia: It makes a specific part of the body numb 
to relieve pain or allow surgical procedures to be done.  Local 
anesthetics are safer than general or systemic anesthetics; there-
fore, they are preferred whenever possible.

2. Surface anesthesia: It is used during ocular tonometry, intuba-
tion, and endoscopic procedures. Tetracaine 2% and lidocaine 
2% to 4% are used. The anesthetic effect is superficial and does 
not last long.

3. Infiltration anesthesia: The local anesthetic is injected directly 
into the skin or deeper structures to carry out incision, excision, 
hydrocoele, herniorraphy, incision and drainage of an abscess, 
etc. Lignocaine and bupivacaine are generally used for infiltration 
anesthesia.

4. Field block: The local anesthetic is injected subcutaneously prox-
imal to the site where anesthesia is desired. All nerves distal to 
the site of injection are blocked. Lidocaine (1% to 2%) is used for 
intermediate duration of anesthesia in dental extraction, operation 
on forearms, legs, herrniorraphy, etc.

5. Nerve block: The local anesthetic is injected around a nerve 
plexus or a nerve trunk. This results in a large area of anesthesia. 
Thus even with a small amount of drug, a large area of anesthe-
sia can be produced. Lidocaine is most commonly used apart 
from bupivacaine. Intercostal, sciatic, brachial plexus, facial, and 
phrenic are commonly performed nerve blocks.

6. Spinal anesthesia: A single dose of the local anesthetic is injected 
into the subarachnoid space in the lower end of the spinal cord 
( lumbar region). The site of action is nerve roots, resulting in loss of 
pain sensation and paralysis of the lower abdomen and hind limbs. 
Lidocaine, bupivacaine, and tetracaine are most commonly used for 
spinal anesthesia. The duration of anesthesia depends on the con-
centration and the drug used. Spinal anesthesia is associated with 
various complications such as respiratory paralysis, hypotension, 
headache, nausea, vomiting, bradycardia, and septic meningitis. It is 
used during operations on lower limbs, pelvis, lower abdomen, etc.

7. Epidural anesthesia: The local anesthetic is injected into the epi-
dural space where it acts upon the nerve roots and relieves pain 
from large areas of the body by stopping pain signals traveling 
along the nerves in the spine. Epidural anesthesia is similar to but 
not the same as spinal anesthesia. In epidural anesthesia, local 
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Figure 13.16
Representative structures of ester and 
amide anesthetics.
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276 13. Anesthetics

anesthetic is administered continuously through an epidural cath-
eter that does not reach the CSF and provides long-term anesthe-
sia and pain relief. The local anesthetics most commonly used for 
this procedure are lidocaine and bupivacaine. Epidural anesthesia 
is used during labor to relieve pain or during a cesarean section. 
It can also be used to reduce the amount of general anesthesia 
needed during some operations and can provide pain relief post-
operatively. In knee and  hip replacement surgery, epidural anes-
thesia can be used in place of a general anesthetic.

B. Actions 

 All local anesthetics cause vasodilation, which leads to a rapid diffu-
sion away from the site of action and short duration when these drugs 
are administered alone. By adding the vasoconstrictor epinephrine, 
the rate of local anesthetic absorption and diffusion is decreased. 
This minimizes systemic toxicity and increases the duration of action. 
However, epinephrine should not be coadministered for nerve block 
in extremities such as fingers and toes as vasoconstriction of end 
arteries may lead to ischemia and necrosis. It should be used with 
caution in patients with thyrotoxicosis or cardiovascular disease and 
in labor. Hepatic function does not affect the duration of action of 
local anesthesia because that is determined by redistribution rather 
than biotransformation. Some local anesthetics have other therapeu-
tic uses (for example, lidocaine is an IV antiarrhythmic).

C. Onset, potency, and duration of action

 The onset of action of local anesthetics is influenced by several factors 
including tissue pH, nerve morphology, concentration, pKa, and lipid 
solubility of the drug. Of these, the pKa is most important. Local anes-
thetics with a lower pKa have a quicker onset, since more drug exists 
in the unionized form at physiologic pH, thereby allowing penetration 
of the nerve cell membrane. Once at the nerve membrane, the ionized 
form interacts with the protein receptor of the Na+ channel to inhibit 
its function and achieve local anesthesia. The pH may drop in infected 
sites, causing onset to be delayed or even prevented. Potency and 
duration of these agents depend mainly on lipid solubility, with higher 
solubility correlating with increased potency and duration of action. 

D. Metabolism

 Biotransformation of amides occurs primarily in the liver. Prilocaine 
[PRY-low-cane], a dental anesthetic, is also metabolized in the plasma 
and kidney, and one of its metabolites may lead to methemoglobin-
emia. Esters are biotransformed by plasma cholinesterase (pseudo-
cholinesterase). Patients with pseudocholinesterase deficiency may 
metabolize ester local anesthetics more slowly. At normal doses, this 
has little clinical effect. Reduced hepatic function predisposes patients 
to toxic effects, but should not significantly increase the duration of 
action of local anesthetics.

E. Allergic reactions

 Patient reports of allergic reactions to local anesthetics are fairly com-
mon, but often times reported “allergies” are actually side effects 
from the coadministered epinephrine. True allergy to an amide local 
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anesthetic is exceedingly rare, while the ester procaine is more aller-
genic and has largely been removed from the market. Allergy to one 
ester rules out use of another ester, because the allergenic com-
ponent is the metabolite para-aminobenzoic acid, produced by all 
esters. By contrast, allergy to one amide does not rule out the use of 
another amide. A patient may be allergic to other compounds in the 
local anesthetic, such as preservatives in multidose vials.

F. Local anesthetic systemic toxicity

 Toxic blood levels of a local anesthetic may be due to repeated injec-
tions or could result from a single inadvertent IV injection. Each drug 
has a weight-based toxic threshold that should be calculated. This 
is especially important in children, the elderly, and women in labor 
(who are more susceptible to local anesthetics). Aspiration before 
every injection is imperative. The signs, symptoms, and timing of local 
anesthetic systemic toxicity (LAST) are unpredictable. One must con-
sider the diagnosis in any patient with altered mental status, seizures, 
or cardiovascular instability following injection of local anesthetic. 
Treatment for LAST may include seizure suppression, airway manage-
ment, and cardiopulmonary support. Administering a 20% lipid emul-
sion infusion (lipid rescue therapy) is a valuable asset. Figure 13.17 
summarizes pharmacologic properties of some local anesthetics.

IX. ANESTHETIC ADJUNCTS

Adjuncts are a critical part of the practice of anesthesia and include drugs 
that affect gastrointestinal (GI) motility, postoperative nausea and vomiting 
(PONV), anxiety, and analgesia. Adjuncts are used in collaboration to help 
make the anesthetic experience safe and pleasant. 

ESTERSCHARACTERISTIC AMIDES
• Prilocaine
• Ropivacaine

• Procaine  
• Tetracaine 
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Figure 13.17
Summary of pharmacologic properties of some local anesthetics.

PABA = para-aminobenzoic acid.
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A. Gastrointestinal medications

 H2-receptor antagonists (for example, ranitidine; see Chapter 42) and 
proton-pump inhibitors (for example, omeprazole; see Chapter 42) help 
to reduce gastric acidity in the event of an aspiration. Nonparticulate 
antacids (sodium citrate/citric acid) are given occasionally to quickly 
increase the pH of stomach contents. These drugs are used in the 
obstetric population going to surgery, along with other patients with 
reflux. Finally, a dopamine receptor antagonist (metoclopramide) can 
be used as a prokinetic agent to speed gastric emptying and increase 
lower esophageal sphincter tone. 

B. Medications for PONV

 PONV can be a significant problem during and after surgery for both 
the clinician and the patient. Risk factors for PONV include female gen-
der, nonsmoker, use of volatile and nitrous anesthetics, duration of sur-
gery, and postoperative narcotic use. 5-HT3 receptor antagonists (for 
example, ondansetron; see Chapter 42) are commonly used to prevent 
PONV and are usually administered toward the end of surgery. Caution 
is advised in patients with long QT intervals on ECG. An anticholiner-
gic and antihistamine (promethazine) can also be used; however, seda-
tion, delirium, and confusion can complicate the postoperative period, 
especially in the elderly. Glucocorticoids such as dexamethasone can be 
used to reduce PONV. The mechanism is unclear, but because of a lon-
ger onset, these agents are usually given at the start of surgery. The neu-
rokinin-1 antagonist aprepitant has also been shown to reduce PONV. 
Lastly, transdermal scopolamine is given preoperatively to patients with 
multiple risk factors or to a patient with a history of PONV. Caution is 
advised because it can produce central anticholinergic effects. 

C. Anxiety medications

 Anxiety is a common part of the surgical experience. Benzodiazepines 
(midazolam, diazepam), α2 agonists (clonidine, dexmedetomidine), 
and H1-receptor antagonists (diphenhydramine) can be used to alle-
viate anxiety. Benzodiazepines also elicit anterograde amnesia, which 
can help promote a more pleasant surgical experience. 

D. Analgesia

 While opioids are a mainstay in anesthesia for pain control, multimodal 
analgesia is becoming more common due to the long-term risks of opi-
oid consumption in surgical patients. Nonsteroidal anti- inflammatory 
drugs (ketorolac, celecoxib; see Chapter 40) are common adjuncts 
to opioids. Caution should be used in coagulopathy, GI mucosal and 
platelet aggregation susceptible patients. Paracetamol can be used 
both PO and IV, but caution is advised in impaired hepatic function. 
Analogs of GABA (gabapentin, pregabalin; see Chapter 12) are becom-
ing more common as pretreatment to reduce opioid consumption both 
during and after surgery. They also have multiple uses in neuropathic 
pain and addiction medicine. The NMDA antagonist ketamine is used 
to reduce overall opioid consumption both intra- and postoperatively. 
Actions of anesthesia adjunct drugs are shown in Figure 13.18.

Some functions of  
adjuncts to anesthesia

Relieve anxiety
(benzodiazepines)

Prevent postoperative
nausea and vomiting

(5-HT3 antagonists and
other antiemetics)

Stabilize hemodynamics
(andrenergic/anticholinergic/

hormonal)

Provide analgesia
(opioids and

multimodal drugs)

Prevent allergic reactions
(antihistamines and

corticosteroids)

Facilitate intubation and
relaxation for surgery

(neuromuscular blocking agents)

Prevent or
neutralize gastric

acid secretion
(H2 blockers or

antacids)

Figure 13.18
Actions of anesthesia adjunct drugs.
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Study Questions

Choose the ONE best answer.

13.1 Regarding levels of sedation, which one applies to 
loss of perception and sensation to painful stimuli?

A. Anxiolysis

B. General anesthesia

C. Moderate sedation

D. Deep sedation

13.2 Which of the following decreases minimum alveolar 
concentration (MAC)?

A. Hyperthermia

B. Cocaine intoxication

C. Pregnancy

D. Chronic ethanol abuse

13.3 Which of the following determines the speed of 
recovery from intravenous anesthetics used for 
induction?

A. Liver metabolism of the drug

B. Protein binding of the drug

C. Ionization of the drug

D. Redistribution of the drug from sites in the CNS

13.4 Which one of the following is a potent intravenous 
anesthetic and analgesic?

A. Propofol

B. Midazolam

C. Ketamine

D. Fentanyl

13.5 Which local anesthetic is metabolized by plasma 
cholinesterase?

A. Tetracaine

B. Bupivacaine

C. Lidocaine

D. Ropivacaine

13.6 A 23-year-old patient with a history of severe 
postoperative nausea and vomiting is coming in 
for plastic surgery. Which anesthetic drug would be 
best to use for maintenance in this situation?

A. Isoflurane

B. Sevoflurane

C. Nitrous oxide

D. Propofol

Correct answer = B. Anxiolysis is a state of relax-
ation, but consciousness remains. General anes-
thesia is a total loss of perception and sensation to 
stimuli. Moderate sedation maintains mentation with 
adequate airway and respiratory competency. Deep 
sedation has some response to stimuli, but respira-
tions may be inadequate. 

Correct answer = C. Pregnancy is the only choice 
that decreases minimum alveolar concentration. All 
the other options increase MAC. 

Correct answer = D. Following initial flooding of the 
CNS with nonionized molecules, the drug diffuses 
into other tissues. With secondary tissue uptake, the 
plasma concentration falls, allowing the drug to dif-
fuse out of the CNS. This initial redistribution of drug 
into other tissues leads to the rapid recovery seen 
after a single dose of an IV induction drug. Protein 
binding, ionization, and lipid solubility affect the rate 
of transfer.

Correct answer = C. Ketamine is unique in its block-
age of NMDA receptors, yielding both potent anes-
thetic and analgesic properties. Propofol is a potent 
anesthetic but a weak analgesic. Benzodiazepines 
such as midazolam have little analgesic effect, but 
can be a potent anesthetic at high doses. Fentanyl is 
a potent analgesic. 

Correct answer = A. Tetracaine is the only ester type 
local anesthetic of the choices. The other choices are 
amide-type local anesthetics, which are metabolized 
by biotransformation in the liver. 

Correct answer = D. A propofol infusion (TIVA) anes-
thetic would be best for this patient with a history of 
postoperative nausea and vomiting. Propofol is the 
only anesthetic listed with antiemetic properties. Both 
fluorinated hydrocarbons (isoflurane and sevoflurane) 
and nitrous oxide are linked to nausea and vomiting 
during surgery. 
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 13.7 A 61-year-old patient with an acute myocardial 
infarction has severely reduced cardiac output. He 
has to undergo emergent coronary artery bypass 
surgery. Which of the following would you expect 
in this patient?

A. Faster induction time with IV anesthetics

B. Need for increased dosage of IV anesthetics

C. Faster induction time with inhaled anesthetics

D. Enhanced removal of inhaled anesthetics to 
peripheral tissues

 13.8 A 70-year-old patient in the intensive care unit 
needs sedation due to prolonged endotracheal 
intubation. Which of the following medications 
should be avoided for sedation in this patient?

A. Fentanyl

B. Etomidate

C. Propofol

D. Dexmedetomidine

 13.9 A 35-year-old man presents with appendicitis 
and requires a surgical intervention. He has a 
family history of malignant hyperthermia. Which 
anesthetic agent is most appropriate to use in this 
patient?

A. Isoflurane

B. Propofol

C. Succinylcholine

D. Sevoflurane

13.10 A 32-year-old woman presents for a right distal 
radius fracture. She requests regional anesthesia 
to help with her pain postoperatively. She reports 
that as a child she had an allergic reaction to 
Novocain (procaine) at the dentist’s office. Which 
local anesthetic is appropriate for use in this 
patient?

A. Chloroprocaine

B. Benzocaine

C. Ropivacaine

D. Tetracaine

Correct answer = C. For inhaled anesthetics during 
low CO, a longer period of time permits a larger con-
centration of gas to dissolve in the slowly moving 
bloodstream. Furthermore, this large bolus of drug 
has longer contact time to diffuse into neuronal tis-
sue when it traverses the blood–brain barrier yielding 
a faster induction time. The dose of an IV drug must 
be reduced (not increased). In addition, with reduced 
cardiac output, it takes a longer time for an IV induc-
tion drug to reach the brain, resulting in a slower 
induction time. 

Correct answer = B. Adverse effects of etomidate 
include decreased plasma cortisol and aldosterone 
levels by inhibiting the 11-β hydroxylase enzyme. 
Etomidate should not be infused for an extended 
time, because prolonged suppression of these hor-
mones is dangerous. All of the other choices could be 
used for sedation in the ICU setting. 

Correct answer = B. Propofol is the only medication 
listed that is safe in patients susceptible to malignant 
hyperthermia. All fluorinated hydrocarbons (isoflu-
rane, sevoflurane, desflurane) as well as succinyl-
choline are contraindicated and considered triggering 
agents. Flushing of the anesthesia machine, removal 
of vaporizers, use of special filters, and availability of 
dantrolene are highly advised. 

Correct answer = C. Procaine is an ester local anes-
thetic. Since this patient has an allergy to procaine, 
other ester anesthetics (chloroprocaine, tetracaine, 
benzocaine) should not be used. Benzocaine is 
mostly used as a topical product for temporary relief 
of dental or oral pain. Ropivacaine is an amide local 
anesthetic commonly used in regional anesthesia to 
facilitate peripheral nerve blockade. 
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I. OVERVIEW

Management of pain is one of clinical medicine’s greatest challenges. Pain 
is defined as an unpleasant sensation that can be either acute or chronic 
and is a consequence of complex neurochemical processes in the periph-
eral and central nervous systems (CNS). It is subjective and the clinician 
must rely on the patient’s perception and description of pain. Alleviation of 
pain depends on the specific type of pain (nociceptive or neuropathic pain). 
For example, with mild-to-moderate arthritic pain (nociceptive pain), non-
opioid analgesics such as nonsteroidal anti-inflammatory drugs (NSAIDs; 
see Chapter 40) are often effective. Neuropathic pain responds best to 
anticonvulsants, tricyclic antidepressants, or serotonin/norepinephrine 
reuptake inhibitors. However, for severe acute pain or chronic malignant 
or nonmalignant pain, opioids can be considered as part of the treatment 
plan in select patients (Figure 14.1). Opioids are natural, semisynthetic, 
or synthetic compounds that produce morphine-like effects (Figure 14.2). 
These agents are divided into chemical classes based on their chemi-
cal structure (Figure 14.3). All opioids act by binding to specific opioid 
receptors in the CNS to produce effects that mimic the action of endog-
enous peptide neurotransmitters (for example, endorphins, enkephalins, 
and dynorphins). Although the opioids have a broad range of effects, their 
primary use is to relieve intense pain that results from surgery, injury, or 
chronic disease. Unfortunately, widespread availability of opioids has led 
to abuse of agents with euphoric properties. Antagonists that reverse the 
actions of opioids are also clinically important for use in cases of over-
dose (Figure 14.1).

II. OPIOID RECEPTORS

The major effects of the opioids are mediated by three main receptor fam-
ilies, commonly designated as μ (mu, MOR), κ (kappa, KOR), and δ (delta, 
DOR). Each receptor family exhibits a different specificity for the drug(s) it 
binds. The analgesic properties of the opioids are primarily mediated by the 
µ receptors that modulate responses to thermal, mechanical, and chemical 
nociception. The κ receptors in the dorsal horn also contribute to anal-
gesia by modulating the response to chemical and thermal nociception. 
The enkephalins interact more selectively with δ receptors in the periphery. 
All three opioid receptors are members of the G protein– coupled receptor 
family and inhibit adenylyl cyclase. They are also associated with ion chan-
nels, increasing postsynaptic K+ efflux (hyperpolarization) or reducing pre-
synaptic Ca2+ influx, thus impeding neuronal firing and transmitter release 
in the spinal dorsal horn (Figure 14.4).
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Opioid Analgesics
Robin Moorman Li 14

Figure 14.1
Summary of opioid analgesics and 
antagonists. (For drug dosages, refer 
to Appendix at the end of the book.)
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Hydrocodone
Hydromorphone 
Levorphanol 
Meperidine 
Methadone 
Oxycodone
Oxymorphone 
Remifentanil 
Sufentanil
MODERATE/LOW AGONISTS

Codeine
MIXED AGONIST–ANTAGONIST 
AND PARTIAL AGONISTS

Pentazocine
Buprenorphine
Butorphanol 
Nalbuphine
ANTAGONISTS

Naloxone 
Naltrexone
OTHER ANALGESICS

Tramadol 
Tapentadol 
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III. OPIOID AGONISTS

Morphine [MOR-feen] is the prototypical strong μ receptor agonist. Codeine 
[KOE-deen] is inherently less potent and the prototype of the weak μ opi-
oid agonists. Currently available opioids have many differences, such as 
receptor affinity, pharmacokinetic profiles, available routes of administra-
tion, and adverse effect profiles. Some opioids are also available in abuse 
deterrent formulations. Comparing other available opioids to morphine is 
helpful in identifying the unique differences to guide the selection of a safe 
and effective pain management regimen (Figure 14.5).

A. Morphine

 Morphine is a plant alkaloid isolated from the latex of opium poppy 
(Papaver somiferum). Morphine was isolated from opium and named 
representing the Greek God of Dreams “Morpheus.” The name 
“opium” was derived from the Greek word “opos,” which means juice. 
The compounds derived from morphine are generalized as “opiates.” 
The receptor on which morphine acts is called opioid receptors. 
Endorphins are the endogenous peptide ligands found in the brain for 
opioid receptors. The addictive liability of compounds associated with 
opioids and other compounds are generally called narcotics. In the 
legal context, the Greek word “narkotikos” which means “benumbing” 
or the “state of stupor” refers to substances of abuse or substances 
with addictive liabilities. 

1. Mechanism of action: Morphine and other opioids exert analge-
sic effects by interacting stereospecifically with opioid receptors 
on the membranes of neuronal cells in the CNS and other ana-
tomic structures, such as the smooth muscles of the gastroin-
testinal (GI) tract and the urinary bladder. Morphine is somewhat 
selective to the μ opioid receptor, but has some affinity for the κ 
and δ receptors. Morphine also inhibits the release of many excit-
atory transmitters from nerve terminals carrying nociceptive (pain-
ful) stimuli. Some therapeutic uses of morphine and other opioids 
are listed in Figure 14.6.

Figure 14.2
Origin of opioids: natural, semisynthetic, or synthetic.
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Morphine

Codeine

Oxymorphone
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Action on
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Codeine
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Figure 14.3
Pharmacological classes of opioids 
and actions on opioid receptors.
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2. Actions:

a. Analgesia: Morphine and other opioids relieve pain by 
raising the pain threshold at the spinal cord level and by 
altering the brain’s perception of pain. The maximum  
analgesic efficacy for representative opioid agonists is 
shown in Figure 14.7.

b. Euphoria: Morphine produces a powerful sense of content-
ment and well-being. Euphoria may be caused by  disinhibition 
of the dopamine-containing neurons of the ventral tegmen-
tal area. In normal pain-free individuals, analgesic doses of 
 morphine can cause dysphoria. 

c. Respiration: Morphine causes respiratory depression by 
reduction of the responsiveness of medullary respiratory cen-
ter neurons to carbon dioxide. This can occur with ordinary 
doses of morphine in patients who are opioid-naïve and can 
be accentuated as the dose is increased, until ultimately res-
piration ceases. Respiratory depression is the most common 
cause of death in acute opioid overdoses. Tolerance to this 
effect develops with repeated dosing, which allows for the 
safer use of morphine for the treatment of pain when the dose 
is correctly titrated.

d. Depression of cough reflex: Both morphine and codeine 
have antitussive properties. In general, cough suppression 
does not correlate closely with analgesic and respiratory 
depressant properties of opioid drugs. The receptors involved 
in the antitussive action appear to be different from those 
involved in analgesia.

e. Miosis: The pinpoint pupil (Figure 14.8) characteristic of mor-
phine uses results from stimulation of μ and κ receptors at 
the Edinger–Westphal nucleus. There is little tolerance to this 
effect. [Note: This is important diagnostically, because many 
other causes of coma and respiratory depression produce 
dilation of the pupil.]

f. Emesis: Morphine directly stimulates the chemoreceptor trig-
ger zone in the area postrema that causes vomiting.

g. GI tract: Morphine relieves diarrhea by decreasing the motil-
ity and increasing the tone of the intestinal circular smooth 
muscle. Morphine also increases the tone of the anal 
sphincter. Morphine and other opioids produce constipation, 
with little tolerance developing. Morphine can also increase 
biliary tract pressure due to contraction of the gallbladder 
and constriction of the biliary sphincter (sphincter of Oddi). 
It can aggravate biliary colic pain to multiple folds. This  
morphine-induced biliary pain is relieved partially by the 
administration of atropine and completely by opioid antago-
nists such as naloxone and other smooth muscle relaxants 
such as papaverine. 

h. Cardiovascular: Morphine has no major effects on blood 
pressure or heart rate at lower dosages, but hypotension and 
bradycardia may occur at higher doses. Because of respira-
tory depression and carbon dioxide retention, cerebral vessels 
dilate and increase cerebrospinal fluid pressure. Morphine is 
usually contraindicated in individuals with head trauma or 
severe brain injury.

Figure 14.4
Mechanism of action of μ opioid 
receptor agonists in the spinal cord.
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Morphine

Tapentadol

CommentsOpioid

Fentanyl

Oxycodone

Methadone

Hydromorphone

Hydrocodone

PO (IR and ER),
PR, IM, IV, SC, IA, 
SL, EA

PO, IV, IM, SC

IV, EA, IA, TD, 
OTFC, SL, Buccal, 
Nasal

PO (IR and CR)

PO (IR and ER), IV

PO (IR and ER), PR, 
IV, SC, EA, IA

PO (IR and ER)

PO (IR and ER)

Oxymorphone

Codeine

Meperidine

CI = contraindicated; CR = controlled-release; EA = epidural anesthesia; IA = intrathecal anesthesia; IM = intramuscular; IR = immediate release; IV = intravenous; OTFC = oral transmucosal fentanyl citrate; PO = orally;
PR = rectally; SC = subcutaneous; SL = sublingual; TD = transdermal; M3G = morphine-3-glucuronide; M6G = morphine-6-glucuronide; NMDA = N-methyl-D-aspartate; H6G = hydromorphone-6-glucuronide; 
H3G = hydromorphone-3-glucuronide
Note: Many di�erent acronyms may be used to indicate a medication is extended-release. Examples include CR (controlled-release), LA (long-acting), ER (extended-release).

PO, SC

PO, IV, SC, EA, IA

Routes of
Administration

Buprenorphine SL, TD, IM, IV, 
Buccal 
(transmucosal), 
Implant

•  For all drugs listed: opioid class side e�ects (Figure 14.9). Metabolism through conjugation in liver and P-glycoprotein.
•  Active metabolites are renally eliminated and accumulate in renal impairment.
•  Metabolite M3G has no analgesic action, but can be neuroexcitatory. 
•  Metabolite M6G is two to four times more potent than parent drug; accumulation can cause oversedation and respiratory 
    depression.
•  Abuse deterrent formulations available.

•  No active metabolites. 
•  Racemic mixture
    •  Metabolized by many CYP450 isoenzymes: High risk of drug interactions.
    •  Substrate of P-glycoprotein
•  Long and variable half-life increases risks of overdose. 
•  Very lipophilic and redistributes to fat stores.
•  Duration of analgesia is much shorter than elimination half-life. Repeated dosing can lead to accumulation.
•  Can prolong QTc interval and cause torsades de pointes. 
•  Warning: Conversion to and from methadone and other opioids should be done with great care, since equianalgesic dosing 
    varies dramatically.

•  No active metabolites; option for patients with renal dysfunction but should be used with caution.
•  Metabolized by CYP3A4. 
•  100 times more potent than morphine.
•  Less histamine release, sedation, and constipation in comparison to morphine.

•  Metabolized by CYP2D6 and CYP3A4. 
•  Black box warning: CYP3A4 drug interactions.
•  Less histamine release and nausea in comparison to morphine.
•  Abuse-deterrent formulation available.

•  Immediate release has longer duration of action and elimination half-life (8 hours) compared to other immediate-release 
    opioids.
•  Oral bioavailability increases with food.
•  Should be administered 1 to 2 hours after eating.
•  Bioavailability increased with coadministration of alcohol.

•  Metabolized via glucuronidation to H6G and H3G which are renally eliminated and can cause CNS side e�ects in patients 
    with renal insu�ciency.
•  Abuse-deterrent formulation available.

•  Active metabolite is hydromorphone.
•  Metabolized by CYP2D6 and CYP3A4. 
•  Abuse-deterrent formulations available.

•  Centrally acting analgesic; μ agonist activity along with inhibition of norepinephrine reuptake.
•  E�cacy in treating nociceptive and neuropathic pain.
•  Metabolized predominately by glucuronidation; no CYP450 interactions.
•  Seizures and serotonin syndrome can occur in predisposed patients.

•  Prodrug: Metabolized by CYP2D6 to the active drug morphine.
•  Rapid and poor metabolizers of CYP2D6 can experience toxicity. 
•  Inhibitors of CYP2D6 will prevent conversion of codeine to morphine, thereby preventing pain control.
•  Do not use in patients with renal dysfunction.
•  Use only for mild or moderate pain.
•  CI in treatment of pain or cough in children < 12 years old.
•  CI in children < 18 years old after removal of tonsils/adenoids.
•  Recommended not to use in 12–18 years old who are obese, have severe lung disease, or have sleep apnea.
•  Use is not recommended in breastfeeding mothers due to adverse reactions in breastfed infants.

•  Not recommended as �rst-line opioid choice.
•  Active metabolite normeperidine accumulates with renal dysfunction, leading to toxicity.
•  Naloxone does not antagonize the e�ects of normeperidine; could worsen seizure activity.
•  Do not use in elderly, patients with renal dysfunction, or for chronic pain management.

•  Long duration of action; very lipophilic.
•  Incompletely reversible by naloxone.
•  Drug interactions: contraindicated with atazanavir, conivaptan, MAO inhibitors; metabolized by primarily by CYP3A4.
•  Can prolong QTc interval.
•  Avoid use in patients with hypokalemia, atrial �brillation, or unstable heart failure, or other predisposing factors increasing 
    QT abnormalities.
•  Transdermal patch is applied every 7 days.
•  Abuse-deterrent formulations available.

Tramadol PO (IR, ODT, and 
ER), Topically

•  Metabolized by Phase 1 and 2. CYP2D6, CYP2B6, and CYP3A4 involved in metabolism; watch drug interactions. 
•  Serotonin syndrome can occur due to drug interactions.
•  CI for treatment of pain in children < 12 y/o.
•  CI in children < 18 y/o after removal of tonsils/adenoids.
•  Recommended not to use in 12-18 y/o who are obese, severe lung disease, or sleep apnea.
•  Use is not recommended in breastfeeding mothers due to adverse reactions in breastfed infants.
•  Warning: 
    •  Renal impairment dosing required.
    •  Review dosing recommendations in severe hepatic impairment.

Figure 14.5
Summary of clinically relevant properties for selected opioids.
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i. Histamine release: Morphine releases histamine from mast 
cells causing urticaria, sweating, and vasodilation. Because 
it can cause bronchoconstriction, morphine should be used 
with caution in patients with asthma.

j. Hormonal actions: Prolonged use of morphine may lead to 
opioid-induced androgen deficiency due to suppression of 
the hypothalamic-pituitary-gonadal axis (HPA).This results in 
decreased production of sex hormones, especially testoster-
one, resulting in many clinical symptoms (Figure 14.9).

k. Labor: Morphine may prolong the second stage of labor by 
transiently decreasing the strength, duration, and frequency 
of uterine contractions.

l. Thermoregulation: Morphine decreases the body tempera-
ture slightly due to its effect on hypothalamus heat-regulating 
mechanisms. In opioid withdrawal, elevated body temperature 
has been observed.

m. Immune system: Morphine shows both direct and indirect 
effects (through centrally mediated neuronal mechanisms) 
on the immune system. Opioids in general cause moderate 
immunosuppression which makes the recipient susceptible 
for infections and tumor metastasis. 

3. Pharmacokinetics:

a. Administration: Morphine has a linear pharmacokinetic pro-
file; however, absorption of morphine after oral administra-
tion is slow and erratic. Extended-release oral preparations 
provide more consistent plasma levels. Because significant 
first-pass metabolism of morphine occurs in the liver, subcu-
taneous and IV injections produce the most reliable response.

b. Distribution: Morphine rapidly enters all body tissues, includ-
ing the fetuses of pregnant women. It should not be used 
for analgesia during labor. Infants born to addicted mothers 
show physical dependence on opioids and exhibit withdrawal 
symptoms if opioids are not administered. Only a small  
percentage of morphine crosses the blood–brain barrier, 
because morphine is the least lipophilic of the common opi-
oids. By contrast, the more lipid-soluble opioids, such as fen-
tanyl and methadone, readily penetrate the CNS.

c. Fate: Morphine is conjugated with glucuronic acid in the liver 
to two active metabolites (morphine-6-glucuronide [M6G] and 
morphine-3-glucuronide [M3G]) which are renally excreted. 
M6G is a very potent analgesic, and morphine glucuronide 
metabolites undergo enterohepatic circulation. M3G does not 
have analgesic activity, but is believed to cause neuroexcit-
atory effects. The duration of action of morphine is 4 to 5 hours 
when administered systemically to opioid-naïve individuals, but 
considerably longer when injected epidurally because the low 
lipophilicity prevents redistribution from the epidural space. 

4. Adverse effects: Many adverse effects are common across the 
entire opioid class (Figure 14.10). With most µ agonists, severe 
respiratory depression can occur and may result in death from 
acute opioid overdose. Respiratory drive may be suppressed 
in patients with respiratory disorders such as obstructive sleep 
apnea, emphysema, or cor pulmonale, so close monitoring is 
necessary when using opioids. Opioid-induced constipation (OIC) 

Analgesia

CommentsTherapeutic Use

Treatment
of diarrhea

Morphine is the prototype opioid
agonist. Opioids are used for 
pain in trauma, cancer, and other
types of severe pain. 

Opioids decrease the motility 
and increase the tone of 
intestinal circular smooth 
muscle. [Note: Agents commonly 
used include diphenoxylate and 
loperamide (see Chapter 31).]

Relief of cough

Treatment
of acute
pulmonary 
edema

Anesthesia

Morphine does suppress the 
cough re�ex, but codeine and 
dextromethorphan are more 
commonly used. 

Intravenous morphine 
dramatically relieves dyspnea 
caused by pulmonary edema 
associated with left ventricular 
failure, possibly via the vaso-
dilatory e�ect. This, in e�ect, 
decreases cardiac preload and 
afterload, as well as anxiety 
experienced by the patient. 

Opioids are used as pre-
anesthetic medications, for 
systemic and spinal anesthesia, 
and for postoperative analgesia.

Figure 14.6
Selected clinical uses of opioids.

Figure 14.7
A comparison of opioid agonist 
efficacy.
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is a common adverse effect. Initial management includes a non-
prescription stimulant laxative such as senna. Peripherally acting 
μ-opioid receptor antagonists such as methylnaltrexone, nalox-
egol, and naldemedine are prescription drugs available for the 
treatment of OIC. [Note: Lubiprostone is a chloride channel acti-
vator that is indicated for OIC and irritable bowel syndrome; see 
Chapter 42.] Morphine should be used with caution in patients 
with liver disease and renal dysfunction.

5. Tolerance and physical dependence: Repeated use produces 
tolerance to the respiratory depressant, analgesic, euphoric, 
emetic, and sedative effects of morphine. Tolerance usually does 
not develop to miosis (constriction of the pupils) or constipation. 
Physical and psychological dependence can occur with morphine 
and other agonists. Withdrawal produces a series of autonomic, 
motor, and psychological responses such as goosebumps, muscle 
spasms, hyperalgesia, lacrimation, rhinorrhea, yawning, sweating, 
restlessness, dilated pupils, anorexia, irritability, tremors, diarrhea, 
and flushing that can be severe The abstinence withdrawal peaks 
at 48 to 72 hours, though generally it is not life threatening except 
in neonates and the severely debilitated. Administration of an opi-
oid antagonist may precipitate a severe withdrawal reaction. 

6. Drug interactions: Drug interactions with morphine are possible. 
The depressant actions of morphine are enhanced by coadminis-
tration with CNS depressant medications such as phenothiazines, 
monoamine oxidase inhibitors (MAOIs), and benzodiazepines. 
Guidelines for opioid prescribing urge clinicians to avoid simul-
taneous prescribing of opioids and benzodiazepines. A black 
box warning also has been included on the labeling of both opi-
oids and benzodiazepines to alert prescribers of this dangerous 
combination.

B. Codeine

 Codeine [KOE-deen] is a naturally occurring opioid and a weak anal-
gesic compared to morphine. It is used for mild-to-moderate pain. The 
analgesic actions of codeine are derived from its conversion to mor-
phine by the CYP2D6 enzyme (see Chapter 1). CYP2D6 activity varies 
among patients, and ultra-rapid metabolizers may experience higher 
levels of morphine, leading to possible overdose and toxicity. Life-
threatening respiratory depression and death have been reported in 
children who received codeine, mostly following tonsillectomy and/or 
adenoidectomy. Codeine is commonly used in combination with acet-
aminophen for management of pain. The drug exhibits good antitus-
sive activity at doses that do not cause analgesia. Dextromethorphan 
[dex-troe-meth-OR-fan] is a synthetic cough depressant that has 
relatively no analgesic action and much lower potential for abuse in 
usual antitussive doses. It is preferred over codeine in most situations 
where cough suppression is needed.

C. Dextromethorphan

 Dextromethorphan belongs to the morphinan class with sedative, dis-
sociative, and stimulant properties (at lower doses). It is used mainly 
as a cough suppressant for the temporary relief of cough caused by 
minor throat and bronchial irritation. It is available in combination with 
other drugs (such as paracetamol, ibuprofen, a nasal decongestant, or 
an antihistamine) in many over-the-counter cold and cough medicines 

Figure 14.8
Characteristic pinpoint pupil  
associated with morphine use.
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and is available as in various dosage forms such as syrup, lozenges, 
tablets, and spray. It should not be used for chronic cough as seen 
with smoking, asthma, or emphysema or when there is an unusually 
large amount of mucus or phlegm with the cough. Dextromethorphan 
is also used recreationally. At doses exceeding approved dosages, 
dextromethorphan acts as a dissociative anesthetic. It acts by mul-
tiple mechanisms of action, including actions as a sigma-1 receptor 
agonist and nonselective serotonin reuptake inhibitor. At high doses 
dextromethorphan and its major metabolite, dextrorphan, also act as 
an NMDA receptor antagonist, which produces effects similar to, yet 
distinct from, the dissociative states created by other dissociative 
anesthetics such as ketamine and phencyclidine. 

 Its use is discouraged as it psychological dependence develops 
especially in people who use it for recreational purpose though it is 
considered less addictive than codeine. Its use over a long period 
can cause withdrawal symptoms similar to those of antidepressant 
discontinuation syndrome due to its action as a serotonin reuptake 
inhibitor.

 Dextromethorphan is rapidly absorbed from the gastrointestinal tract 
and converted into the active metabolite dextrorphan in the liver by 
the CYP2D6. Dextromethorphan DXM has an elimination half-life of 
4  hours approximately in individuals with an extensive metabolizer 
phenotype; this is increased to approximately 13  hours when it is 
given in combination with quinidine. 

 Dextromethorphan should not be administered to children below 
4 years and is contraindicated in atopic children. The side effects of 
dextromethorphan at normal therapeutic doses include rash or itching, 
nausea, vomiting, constipation, diarrhea, drowsiness, dizziness, seda-
tion, and confusion and rarely it may cause respiratory depression. 

D. Noscapine

 Noscapine is an opium alkaloid obtained from the plant Papaver 
 somniferum exerts its antitussive effects through the activation of 
sigma opioid receptors without narcotic, analgesic, or dependence- 
inducing properties. Noscapine is registered for the treatment of a dry 
nonproductive cough and is available as a syrup and a tablet. 

 This alkaloid experimentally also appears to exert its antimitotic effect 
by binding to tubulin that causes cell cycle arrest and potentially pro-
motes apoptosis both in vitro and in vivo in cancer cells. 

 The side effects of noscapine include headache, drowsiness, nausea, 
bronchoconstriction, and rashes. Noscapine can increase the effects 
of centrally sedating substances such as alcohol and hypnotics. The 
drug should not be taken with any monoamine oxidase inhibitors 
(MAOIs), as unknown and potentially fatal effects may occur. Also, 
noscapine should not be taken in conjunction with warfarin as the 
anticoagulant effects of warfarin may be increased.

E. Oxycodone and oxymorphone

 Oxymorphone [ox-ee-MOR-fone] and oxycodone [ok-see-KOE-done] 
are orally active, semisynthetic analogs of morphine and codeine, 
respectively. Oxymorphone given parenterally is approximately 10 times 
more potent than morphine, but when administered orally the potency 
drops to about three times that of morphine. Oxymorphone is available 
in both immediate-release and extended-release oral formulations. This 

Figure 14.9
Clinical symptoms associated with 
opioid-induced androgen deficiency 
(OPIAD).
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agent has no clinically relevant drug interactions associated with the 
CYP450 enzyme system. Oxycodone is approximately two times more 
potent than morphine and is available in an immediate-release formula-
tion, alone or in combination with acetaminophen, aspirin, or ibuprofen. 
An extended-release formulation is also available. Oxycodone is mainly 
metabolized via the CYP2D6 and CYP3A4 enzymes.

F. Hydromorphone and hydrocodone

 Hydromorphone [hye-droe-MORE-fone] and hydrocodone [hye-droe-
KOE-done] are orally active, semisynthetic analogs of morphine and 
codeine, respectively. Oral hydromorphone is approximately four to 
seven times more potent than oral morphine. It is preferred over mor-
phine in patients with renal dysfunction due to less accumulation of 
active metabolites. Hydrocodone is the methyl ether derivative of hydro-
morphone, but is a weaker analgesic than hydromorphone, with oral 
analgesic efficacy comparable to that of morphine. This agent is often 
combined with acetaminophen or ibuprofen to treat  moderate-to-severe 
pain. It is also used as an antitussive. Hydrocodone is metabolized in 
the liver to  several metabolites, one of which is hydromorphone via the 
actions of CYP2D6. 

G. Fentanyl

 Fentanyl [FEN-ta-nil] is a synthetic opioid chemically related to peth-
idine. Fentanyl has 100-folds the analgesic potency of morphine and 
is used for anesthesia and acute pain management. The drug is highly 
lipophilic and has a rapid onset and short duration of action (15 to 
30 minutes). It is usually administered IV, epidurally, or intrathecally. 
Fentanyl is combined with local anesthetics to provide epidural analge-
sia for labor and postoperative pain. IV fentanyl is used in anesthesia 
for its analgesic and sedative effects. Many fast-acting transmucosal 
and nasal fentanyl products are available for cancer-related break-
through pain in opioid-tolerant patients. The transdermal patch creates 
a reservoir of the drug in the skin and has a delayed onset of at least  
12 hours and a prolonged offset. The patch is used for the management 
of chronic severe pain. It is contraindicated in opioid-naïve patients and 
should not be used in management of acute or postoperative pain. 
Fentanyl is metabolized to inactive metabolites by CYP 3A4 and drugs 
that inhibit this isoenzyme can potentiate the effect of fentanyl.

H. Sufentanil, alfentanil, remifentanil, and carfentanil

 Sufentanil [soo-FEN-ta-nil], alfentanil [al-FEN-ta-nil], remifentanil  
[rem-ih-FEN-ta-nil], and carfentanil [car-FEN-ta-nil] are synthetic opioid  
agonists related to fentanyl. These agents differ in potency and meta-
bolic disposition. Sufentanil and carfentanil are even more potent than 
fentanyl, whereas the other two are less potent and shorter acting. 
Sufentanil, alfentanil, and remifentanil are mainly used for their anal-
gesic and sedative properties during surgical procedures requiring 
anesthesia. Carfentanil is about 100 times more potent than  fentanyl. 
The drug is not used in clinical practice; however, it is of toxicological 
interest as it is used to lace heroin and has contributed to several 
opioid-related deaths. 
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Figure 14.10
Adverse effects commonly observed 
in individuals treated with opioids.
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I. Methadone

 Methadone [METH-a-done] is a synthetic, orally effective opioid that 
has variable equianalgesic potency compared to that of morphine, and 
the conversion between the two products is not linear. Methadone is 
a μ agonist, an antagonist of the N-methyl-d-aspartate (NMDA) recep-
tor, and a norepinephrine and serotonin reuptake inhibitor. Therefore, 
it is useful in the treatment of both nociceptive and neuropathic pain. 
Methadone may also be used for opioid withdrawal and maintenance 
therapy in the setting of prescription opioid and heroin abuse. The 
withdrawal syndrome with methadone is milder but more protracted 
(days to weeks) than that with other opioids. Methadone induces less 
euphoria and has a longer duration of action than morphine. Unlike 
morphine, methadone is well absorbed after oral administration. 
Methadone is also constipating, but less so than morphine.

Understanding the pharmacokinetics of methadone is important to 
ensure proper use. After oral administration, methadone is biotrans-
formed in the liver and excreted almost exclusively in the feces. 
Methadone is very lipophilic, rapidly distributed throughout the 
body, and released slowly during redistribution and elimination. This 
translates into a long half-life ranging from 12 to 40 hours, although 
it may extend up to 150 hours. Despite the extended half-life, the 
actual duration of analgesia ranges from 4 to 8 hours. Attainment of a 
steady state can vary dramatically, ranging from 35 hours to 2 weeks, 
so dosage adjustments should occur only every 5 to 7 days. Upon 
repeated dosing, methadone can accumulate due to the long terminal 
half-life, leading to toxicity. Overdose is possible when prescribers are 
unaware of the long half-life, the incomplete cross-tolerance between 
methadone and other opioids, and the titration guidelines to avoid 
toxic accumulation. The metabolism is variable due to involvement of 
multiple CYP450 isoenzymes, some of which are affected by known 
genetic polymorphisms. As such, methadone is susceptible to many 
drug–drug interactions.

Methadone can produce physical dependence like that of morphine, 
but it has less neurotoxicity than morphine due to lack of active 
metabolites. Methadone can prolong the QTc interval and cause tor-
sades de pointes, possibly by interacting with cardiac potassium 
channels. Baseline and routine ECG monitoring is recommended.

J. Pethidine (meperidine)

 Pethidine is a lower potency synthetic opioid structurally unrelated 
to morphine. It is used for acute pain and acts primarily as a κ ago-
nist, with some μ agonist activity. Pethidine is very lipophilic and has 
anticholinergic effects, resulting in an increased incidence of delirium 
compared with other opioids. Pethidine has an active minor metab-
olite (norpethidine) which is potentially neurotoxic whereas the major 
metabolite is meperidinic acid along with glucuronide conjugation 
metabolites which are excreted via kidney. As they are renally excreted, 
they can cause accumulation in patients with renal insufficiency. It can 
cause delirium, hyper-reflexia, myoclonus, and seizures in any patient 
following overdose, long-term use, especially in patients with renal 
insufficiency. Due to the short duration of action and the potential 
for toxicity, pethidine should only be used for short-term (≤48 hours) 
management of pain. Pethidine should not be used in elderly patients 
or in those with renal insufficiency, hepatic insufficiency, pre-existing 
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respiratory compromise, or concomitant or recent administration of 
MAOIs. Serotonin syndrome has been reported in patients receiving 
both pethidine and selective serotonin reuptake inhibitors (SSRIs). 
Pethedine is primarily used as an analgesic and in preanesthetic med-
ication. It can also be used to control shivering during the postsurgical 
recovery period. Transdermal pethidine is used for the management 
of cancer pain. On the transdermal route, the onset of pain is delayed 
up to 12 hours; however, on subsequent administration, the analgesic 
effect is sustained for prolonged periods in patients. 

 K. Propoxyphene

 Propoxyphene is a congener of methadone. However, it has the anal-
gesic activity and side effects similar to those of codeine but less 
antitussive action. It can be combined with NSAIDs such as parac-
etamol and aspirin. Its dextro form is found to be analgesic; therefore, 
it is used as dextropropoxyphene. The levo form is found to have 
antitussive activity. Primarily, it acts through µ receptors for analgesia. 
It is absorbed well after oral administration reaching higher concen-
tration at 1 to 2 hours. The average half-life is longer than codeine 
and it is metabolized into norpropoxyphene which is reported to have 
a half-life of more than 30 hours. Accumulation of this metabolite is 
reported to show toxicity. It has low effect on respiration as compared 
to codeine. In moderate toxic doses, norpropoxyphene is reported 
to show respiratory depression, convulsions, delusion, hallucination, 
confusion, cardiac side effects, etc. Respiratory, convulsion, and car-
diac toxicities are reversed with naloxone. 

IV.  PARTIAL AGONISTS AND MIXED  
AGONIST–ANTAGONISTS

Partial agonists bind to the opioid receptor, but they have less intrinsic 
activity than full agonists (see Chapter 1). There is a ceiling to the phar-
macologic effects of these agents. Drugs that stimulate one receptor but 
block another are termed mixed agonist–antagonists. The effects of these 
drugs depend on previous exposure to opioids. In individuals who are  
opioid-naïve, mixed agonist–antagonists show agonist activity and are used 
to relieve pain. In the presence of a full agonist, the agonist– antagonist 
drugs may precipitate opioid withdrawal symptoms. 

A. Buprenorphine

 Buprenorphine [byoo-pre-NOR-feen] acts as a potent partial agonist 
at the μ receptor and an antagonist at the κ receptors. Buprenorphine 
is very lipophilic and has a longer duration of action due to its high 
affinity for the opioid receptors when compared to morphine. Due to 
high affinity for the µ receptor, buprenorphine can displace full μ ago-
nists, leading to withdrawal symptoms in an opioid-dependent patient. 
Because of the partial μ agonist activity, buprenorphine provides 
a “ceiling effect,” causing less euphoric effects and a lower abuse 
potential than that of full agonists. Additionally, the risk of opioid- 
induced respiratory depression may be lower when compared with 
full agonists, except when combined with CNS depressants such as 
benzodiazepines. Buprenorphine is available in sublingual, transmu-
cosal, buccal, parenteral, subdermal, and transdermal formulations. 
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The drug is approved for moderate-to-severe pain. Certain formula-
tions (for example, sublingual and subdermal) are approved for use 
in medication-assisted treatment of opioid addiction due to its ability 
to provide prolonged suppression of opioid withdrawal, the ability 
to block other μ agonists, and less frequent dosing requirements. In 
contrast to methadone, which is available only at specialized clinics 
when used for opioid detoxification or maintenance, buprenorphine 
is approved for office-based treatment of opioid dependence. It has 
been shown to have shorter and less severe withdrawal symptoms 
compared to methadone (Figure 14.11). Dosing restrictions are cur-
rently in place for many buprenorphine products due to the concern 
of QTc prolongation. Buprenorphine is metabolized via CYP3A4, and 
drugs which inhibit CYP3A4 may increase the risk of QTc prolon-
gation and other adverse effects. Cardiac histories and concurrent 
medications should be evaluated to identify potential risk factors for 
QTc prolongation when considering buprenorphine. Adverse effects 
include respiratory depression that cannot easily be reversed by nal-
oxone and decreased (or, rarely, increased) blood pressure, nausea, 
and dizziness.

B. Pentazocine

 Pentazocine [pen-TAZ-oh-seen] acts as an agonist on κ receptors and 
is a weak antagonist or partial agonist at μ receptors. It can be admin-
istered either orally or parenterally. Pentazocine produces less eupho-
ria compared to morphine, but in higher doses respiratory depression, 
increased blood pressure, tachycardia, and hallucinations can occur. 
For these reasons, pentazocine is rarely used for the management of 
pain. Despite its antagonist action, pentazocine does not antagonize 
the respiratory depression of morphine, but it can precipitate with-
drawal effects in a morphine user. Pentazocine should be used with 
caution in patients with angina or coronary artery disease, since it can 
increase blood pressure.

C. Nalbuphine and butorphanol

 Nalbuphine [NAL-byoo-feen] and butorphanol [byoo-TOR-fa-nole] are 
mixed opioid agonist–antagonists. Like pentazocine, they play a lim-
ited role in the treatment of chronic pain. Butorphanol is available in a 
nasal spray that has been used for severe headaches, but it has been 
associated with abuse. Both products are available in an injectable 
formulation. Their propensity to cause psychotomimetic effects is less 
than that of pentazocine. In contrast to pentazocine and butorphanol, 
nalbuphine does not affect the heart or increase blood pressure. A 
benefit of all three medications is that they exhibit a ceiling effect for 
respiratory depression.

V. OTHER ANALGESICS

A. Tapentadol

 Tapentadol [ta-PEN-ta-dol], a centrally acting analgesic, is an agonist 
at the µ opioid receptor and an inhibitor of norepinephrine reuptake. It 
is used to manage moderate-to-severe acute and chronic pain, includ-
ing neuropathic pain associated with diabetic peripheral neuropathy. 
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Symptoms last longest with 
methadone, but are less severe 
than those of heroin withdrawal.

Buprenorphine

Heroin

Buprenorphine is used in opiate 
detoxi�cation because it has a 
less severe and shorter duration 
of withdrawal symptoms compared 
to methadone.

Figure 14.11
Severity of opioid withdrawal  
symptoms after abrupt withdrawal of 
equivalent doses of heroin, buprenor-
phine, and methadone. Modified from  
T. R. Kosten, P. G. O’Connor. 
Management of drug and alcohol 
withdrawal. N. Engl. J. Med. 348: 
1786 (2003).
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Tapentadol is mainly metabolized to inactive metabolites via glu-
curonidation, and it does not inhibit or induce the CYP450 enzyme 
system. Because tapentadol does not produce active metabolites, 
dosing adjustment is not necessary in mild-to-moderate renal impair-
ment. Tapentadol should be avoided in patients who have received 
MAOIs within the past 14 days. It is available in an immediate-release 
and extended-release formulation.

B. Tramadol

 Tramadol [TRA-ma-dole] is a centrally acting analgesic that binds 
to the μ opioid receptor. It undergoes extensive metabolism via 
CYP2D6, leading to an active metabolite which has a much higher 
affinity for the µ receptor than the parent compound. In addition, it 
weakly inhibits reuptake of norepinephrine and serotonin. It is used 
to manage moderate-to-severe pain. Of note, tramadol has less 
respiratory- depressant activity compared to morphine. Administration 
of  naloxone can only partially reverse tramadol toxicity and has 
been associated with an increased risk of seizures. Anaphylactoid 
reactions have been reported. Overdose or drug–drug interactions 
with SSRIs, MAOIs, and tricyclic antidepressants can lead to toxic-
ity manifested by CNS excitation and seizures. Tramadol should be 
used with caution in patients with a history of seizures. As with other 
agents that bind the μ opioid receptor, tramadol has been associated 
with misuse and abuse.

 C. Diphenoxylate and loperamide

 Diphenoxylate and loperamide are used for the treatment of diarrhea. 
At a much higher dose, diphenoxylate shows opioid activity includ-
ing euphoria. Therefore, diphenoxylate is combined with atropine to 
reduce the chance of abusing liability. Definoxin is a metabolite of 
diphenoxylate which is also being marketed along with atropine as a 
fixed-dose combination. Loperamide shows action similar to that of 
diphenoxylate. It exerts its action by interacting with the opioid recep-
tors in the intestine. Abdominal cramps and constipation are the com-
mon side effects observed with these agents. 

VI. ANTAGONISTS

The opioid antagonists bind with high affinity to opioid receptors, but they 
fail to activate the receptor-mediated response. Administration of opioid 
antagonists produces no profound effects in individuals not taking opioids. 
In opioid-dependent patients, antagonists rapidly reverse the effect of ago-
nists, such as morphine or any full μ agonist, and precipitate the symptoms  
of opioid withdrawal. Figure 14.12 summarizes some signs and symp-
toms of opioid withdrawal.

A. Naloxone

 Naloxone [nal-OX-own] is a competitive antagonist at μ, κ, and δ 
receptors, with a 10-fold higher affinity for µ than for κ receptors. It 
rapidly displaces all receptor-bound opioid molecules and, therefore, 
can reverse the effects of morphine overdose, such as respiratory 
depression and coma within 1 to 2 minutes of IV administration. It 
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is also used to diagnose opioid dependence. Naloxone can also be 
administered intramuscularly, subcutaneously, and intranasally, with a 
slightly longer onset of 2 to 5 minutes; however, little to no clinical 
effect is seen with oral naloxone due to extensive first-pass metabo-
lism. Since naloxone has a half-life of 30 to 81 minutes, a patient who 
has been treated for an overdose and recovered may lapse back into 
respiratory depression, depending on the opioid ingested and dosage 
form of that opioid. Therefore, multiple doses should be administered. 
[Note: Much higher doses and continuous administration of naloxone 
are needed to reverse the effects of buprenorphine due to its high 
affinity for the µ receptor.] The duration of action of naloxone lasts for 
up to 48 hours; it is used to decrease the craving for alcohol.

Naloxone is available in an autoinjector and a nasal inhaler for com-
munity distribution for treatment of opioid overdose involving heroin 

Stage I: Up to 8 hours

Stage II: 8–24 hours

Stage III: Up to 3 days

Drug cravingAnxiety

Anxiety Insomnia GI disturbance RhinorrheaRhinorrhea Mydriasis Diaphoresis

Tachycardia Nausea, vomiting Hypertension

BP
Diarrhea Fever

98.6

Chills Tremors Seizure Muscle spasms

Figure 14.12
Opiate withdrawal syndrome. GI = gastrointestinal.
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Study Questions

Choose the ONE best answer.

14.1 Which of the agents listed is a phenanthrene opioid 
which exhibits a full and immediate response to 
treatment with naloxone?

A. Pethidine

B. Morphine

C. Buprenorphine

D. Fentanyl

14.2 A 76-year-old female with renal insufficiency has 
severe pain secondary to a compression fracture 
in the lumbar spine. She reports that the pain has 
been uncontrolled with tramadol and it is decided 
to start treatment with an opioid. Which is the best 
opioid for this patient?

A. Pethidine

B. Fentanyl transdermal patch

C. Hydrocodone/acetaminophen

D. Morphine

Correct answer = B. A morphine overdose can be 
effectively treated with naloxone, and morphine is a 
phenanthrene. Naloxone antagonizes the opioid by 
displacing it from the receptor, but there are cases 
in which naloxone is not effective. Pethidine is a 
phenylpiperidine, not a phenanthrene, and the active 
metabolite, norpethidine, is not reversible by nalox-
one. The effects of buprenorphine are only partially 
reversible by naloxone. In most cases of buprenor-
phine overdose, the dose of naloxone needs to be 
high and continuous due to the higher binding affinity 
to the µ receptor. Naloxone is effective for fentanyl 
overdoses; however, fentanyl is a phenylpiperidine, 
and not a phenanthrene.

Correct answer = C. Hydrocodone/acetaminophen 
is the best choice. It is very important to use a low 
dose and monitor closely for proper pain control and 
adverse effects. Pethidine should not be used for 
chronic pain, nor should it be used in a patient with 
renal insufficiency. The transdermal patch is not a 
good option, since her pain is considered acute and 
she is opioid naïve. Morphine is not the best choice 
due to the active metabolites that can accumulate in 
renal insufficiency.

or prescription opioids. It is imperative that prescribers counsel the 
patient and family members regarding the availability of these prod-
ucts, proper instructions for use, and the importance of calling emer-
gency services in the case of overdose.

B. Naltrexone

 Naltrexone [nal-TREX-own] has actions similar to those of naloxone, 
but it has a longer duration of action and can be given orally. For 
example, a single oral dose of naltrexone blocks the effect of injected 
heroin for up to 24 hours, and the intramuscular formulation blocks 
the effect for 30 days. Naltrexone in combination with clonidine (and, 
sometimes, with buprenorphine) is used for rapid opioid detoxifica-
tion. Naltrexone has been reported to cause hepatotoxicity, and mon-
itoring of hepatic function is recommended.
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14.3 Which statement about buprenorphine is correct?

A. Buprenorphine has a much higher incidence of 
opioid-induced respiratory depression compared 
to other μ agonists. 

B. Buprenorphine has many dosage formulations 
and all formulations can be prescribed for the 
treatment of pain or opioid dependence.

C. Buprenorphine has a lower number of drug–drug 
interactions compared to methadone. 

D. Buprenorphine is a full μ agonist, an antagonist 
of the NMDA receptor, and a norepinephrine and 
serotonin reuptake inhibitor.

14.4 A 56-year-old patient has suffered with painful 
diabetic neuropathy and severe chronic back pain 
with radiculopathy secondary to spinal stenosis for 
many years. This patient has failed to receive relief 
from his neuropathic pain with first-line agents such 
as tricyclics, SNRIs, or anticonvulsants. Based on 
the mechanism of action, which opioid could be 
considered in this patient to treat both nociceptive 
and neuropathic pain?

A. Pethidine

B. Oxymorphone

C. Morphine

D. Tapentadol

14.5 Which of the following statements regarding 
methadone is correct?

A. Methadone is an excellent choice for analgesia 
in most patients because there are limited drug–
drug interactions.

B. The equianalgesic potency of methadone is 
similar to that of morphine.

C. The duration of analgesia for methadone is much 
shorter than the elimination half-life.

D. The active metabolites of methadone accumulate 
in patients with renal dysfunction.

Correct answer = C. Buprenorphine is metabolized 
by the CYP3A4 system, so there are concerns about 
drug interactions; however, compared to methadone 
which is metabolized by numerous CYP450 enzymes, 
the drug interaction concern for buprenorphine is 
much lower. Buprenorphine has a lower incidence of 
opioid-induced respiratory depression compared to 
the μ agonists due to the ceiling effect created by the 
partial μ agonist activity. Buprenorphine is available 
in many different dosage formulations but these for-
mulations are indicated for either pain management 
or medication-assisted treatment of opioid depen-
dence, not both. Option D describes the mechanism 
of action for methadone. Buprenorphine is a potent 
partial μ agonist and a κ antagonist. 

Correct answer = D. Tapentadol has a unique mech-
anism of action in comparison to the other choices 
given. Tapentadol has a dual mechanism of action (μ 
agonist and norepinephrine reuptake inhibition) which 
has been shown to effectively treat neuropathic pain 
associated with diabetic peripheral neuropathy. All 
other μ agonists could help manage neuropathic 
pain, but in some situations, higher doses of opioids 
are needed to achieve efficacy.

Correct answer = C. The duration of analgesia is 
much shorter than the elimination half-life, leading to 
dangers of accumulation and increased potential for 
respiratory depression and death. The equianalgesic 
potency of methadone is extremely variable based on 
many factors, and only providers familiar with meth-
adone should prescribe this agent. The drug inter-
actions associated with methadone are numerous 
due to the multiple liver enzymes that metabolize the 
drug. Methadone does not have active metabolites, 
which makes it a treatment option in patients with 
renal dysfunction.
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14.6 AN is a 57-year-old man who has been treated 
with oxycodone for chronic nonmalignant pain for 
over 2 years. He now reports increased pain in the 
afternoon while at work. Which of the following is a 
short-acting opioid and is the best choice for this 
patient’s breakthrough pain?

A. Methadone

B. Fentanyl

C. Hydrocodone

D. Nalbuphine

14.7 A 64-year-old man is preparing for a total knee 
replacement. He is taking many medications that 
are metabolized by the CYP450 enzyme system 
and is worried about drug interactions with the 
pain medication that will be used following surgery. 
Which of the following opioids would have the 
lowest chance of drug interactions in this patient?

A. Methadone

B. Tapentadol

C. Tramadol

D. Oxycodone

14.8 Which of the following statements regarding adverse 
effects of opioid therapy is correct?

A. The risk of respiratory depression is highest 
during an initial opioid initiation or following a 
dose increase.

B. Opioid-induced constipation is only seen with 
the initiation of opioid therapy.

C. The incidence of nausea and sedation increases 
with long-term use of opioid therapy.

D. Decreased testosterone levels are commonly 
seen with short-term use of opioid therapy.

14.9 KM is a 64-year-old man who has been hospitalized 
following a car accident in which he sustained a 
broken leg and broken arm. He has been converted 
to oral morphine in anticipation of discharge from 
the hospital. Upon discharge, which medication 
should he receive along with the morphine?

A. Diphenhydramine

B. Methylphenidate

C. Senna

D. Docusate sodium

Correct answer = B. Tapentadol is metabolized via 
glucuronidation and has not been shown to have any 
clinically relevant drug interactions associated with 
the CYP450 enzyme family. All other opioids listed 
are metabolized by one or more CYP450 enzymes 
and increase the risk of drug interactions.

Correct answer = A. The risk of respiratory depres-
sion is highest when the opioid is first initiated or a 
dosage is raised (or sometimes a drug–drug inter-
action that leads to higher opioid levels). Opioid-
induced constipation can occur at any time during 
the therapy, and a patient does not develop a toler-
ance to this side effect. Side effects such as nausea 
and sedation commonly decrease after repeated dos-
ing due to development of tolerance to these adverse 
effects. Chronic opioid exposure has been linked to 
decreased testosterone levels in males.

Correct answer = C. A bowel regimen should be 
 prescribed with the initiation of the opioid since con-
stipation is very common, can occur at any time, and 
tolerance to this adverse effect does not occur. Senna is 
a stimulant that is available over-the-counter. Docusate 
sodium is a stool softener which is ineffective in opioid- 
induced constipation when used as a single agent. 
Combination products which include both docusate 
and senna are commonly used and can be effective, 
mainly due to the actions of senna. Diphenhydramine 
can be used for urticaria that might occur with the initi-
ation of an opioid, and methylphenidate has been used 
for opioid-induced sedation in certain situations, but 
these issues are not reported in this case.

Correct answer = C. Hydrocodone is a commonly 
used short-acting agent that is commercially available 
in combination with either acetaminophen or ibupro-
fen. Methadone should not routinely be used for 
breakthrough pain due to the unique pharmacokinet-
ics and should be reserved for practitioners who have 
experience with this agent and understand the vari-
ables associated with this drug. Fentanyl is available 
in formulations for treatment of breakthrough pain for 
cancer treatment. It is not appropriate to use fentanyl 
in this type of chronic pain setting. Nalbuphine is a 
mixed agonist/antagonist analgesic that could precip-
itate withdrawal in patients who are currently taking a 
full μ agonist such as oxycodone.
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14.10 AN is a 67-year-old man who has been treated 
with oxycodone for chronic nonmalignant pain with 
no changes in the dosing regimen for over 2 years. 
His pain has been fairly well controlled, and he 
remains active, reports satisfaction with his pain 
regimen, and denies any side effects. He has been 
recently diagnosed with COPD and obstructive 
sleep apnea (OSA). Which of the following options 
is the BEST treatment recommendation for him at 
this time?

A. Taper off all opioids due to increased risk of 
opioid-induced respiratory depression. 

B. Prescribe naloxone nasal spray to have at home 
in case he experiences an opioid overdose. 

C. Prescribe oral naloxone tablets to have at home 
in case he experiences an opioid overdose.

D. No action needed at this time. His pain is well 
controlled, and he is reporting no side effects.

Correct answer = B. Because this patient has just 
been diagnosed with COPD and OSA, it is clear 
his risk for opioid-induced respiratory depression 
is greater. Since the pain is controlled and no side 
effects are reported, tapering off the opioids at this 
time is not the best answer. Because of the first-pass 
effect, naloxone is not clinically effective for manage-
ment of an overdose when given orally. Therefore, the 
nasal spray is the best choice. Offering the at-home 
naloxone nasal spray, along with proper education, 
might be life-saving if an overdose occurs. Providing 
proper education to the patient and caregivers on 
the importance of having the naloxone nasal spray at 
home and of calling emergency services is critical in 
case of an overdose situation.

LIR_CH14.indd   297 09/10/18   12:50 PM



LIR_CH14.indd   298 09/10/18   12:50 PM



I. OVERVIEW

Psychomotor stimulants and hallucinogens are two groups of drugs that act 
primarily to stimulate the central nervous system (CNS). The psychomotor 
stimulants cause excitement and euphoria, decrease feelings of fatigue, 
and increase motor activity. The hallucinogens produce profound changes 
in thought patterns and mood, with little effect on the brainstem and spinal 
cord. As a group, the CNS stimulants have diverse clinical uses and are also 
potential drugs of abuse, as are the CNS depressants (see Chapter 10) and 
the opioids (see Chapter 14). Figure 15.1 summarizes the CNS stimulants.

II. PSYCHOMOTOR STIMULANTS

A. Methylxanthines

 The methylxanthines include theophylline [thee-OFF-i-lin], which is 
found in tea; theobromine [thee-oh-BROE-meen], found in cocoa; and 
caffeine [kaf-EEN]. Caffeine, the most widely consumed stimulant in 
the world, is found in highest concentration in certain coffee products 
(for example, espresso), but it is also and the liver to inert substances 
present in tea, cola drinks, energy drinks, chocolate candy, and cocoa.

1. Mechanism of action: Several mechanisms have been pro-
posed for the actions of methylxanthines, including translocation 
of extracellular calcium, increase in cyclic adenosine monophos-
phate and cyclic guanosine monophosphate caused by inhibition 
of phosphodiesterase, and blockade of adenosine receptors. 

2. Actions:

a. CNS: The caffeine contained in one to two cups of coffee 
(100 to 200 mg) causes a decrease in fatigue and increased 
mental alertness as a result of stimulating the cortex and 
other areas of the brain. Consumption of 1.5 g of caffeine 
(12 to 15 cups of coffee) produces anxiety and tremors. The 
spinal cord is stimulated only by very high doses (2 to 5 g) 
of caffeine. Tolerance can rapidly develop to the stimulating 
properties of caffeine, and withdrawal consists of feelings of 
fatigue and sedation.

b. Cardiovascular system: A high dose of caffeine has pos-
itive inotropic and chronotropic effects on the heart. [Note: 
Increased contractility can be harmful to patients with angina 
pectoris. In others, an accelerated heart rate can trigger pre-
mature ventricular contractions.]

299

CNS Stimulants
Jose A. Rey 15

Figure 15.1
Summary of central nervous system 
(CNS) stimulants. (For drug dosages,  
refer to Appendix at the end of 
the book.)

PSYCHOMOTOR STIMULANTS

Methylxanthines
Caffeine 
Theophylline 
Nicotine
Varenicline
Cocaine
Amphetamine
Methamphetamine 
Dextroamphetamine
Lisdexamfetamine 
Methylphenidate or mixed 

 amphetamine salts
Methylphenidate
Dexmethylphenidate 
Modafinil 
Armodafinil 
Selective norepinephrine  

(noradrenaline) reuptake inhibitor
Atomoxetine 
Hallucinogens
Lysergic acid diethyamide (LSD)
Tetrahydrocannabinol (Marihuana)
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c. Diuretic action: Caffeine has a mild diuretic action that 
increases urinary output of sodium, chloride, and potassium.

d. Gastric mucosa: Because methylxanthines stimulate secre-
tion of gastric acid, individuals with peptic ulcers should avoid 
foods and beverages containing methylxanthines.

3. Therapeutic uses: Caffeine and its derivatives relax the smooth 
muscles of the bronchioles. Theophylline has been largely replaced 
by other agents, such as β2 agonists and corticosteroids for the 
treatment of asthma (see Chapter 41). Caffeine is also used in 
combination with the analgesics acetaminophen and aspirin for 
the management of headaches in both prescription and over-the-
counter products.

4. Pharmacokinetics: The methylxanthines are well absorbed orally. 
Caffeine distributes throughout the body, including the brain. 
These drugs cross the placenta to the fetus and are secreted 
into the breast milk. All methylxanthines are metabolized in the 
liver, generally by the CYP1A2 pathway, and the metabolites are 
excreted in the urine.

5. Adverse effects: Moderate doses of caffeine cause insomnia, 
anxiety, and agitation. A high dosage is required for toxicity, which 
is manifested by emesis and convulsions. The lethal dose is 10 g 
of caffeine (about 100 cups of coffee), which induces cardiac 
arrhythmias. Lethargy, irritability, and headache occur in users 
who routinely consume more than 600 mg of caffeine per day 
(roughly six cups of coffee per day) and then suddenly stop.

B. Nicotine

 Nicotine [NIK-o-teen] is the active ingredient in tobacco. Although this 
drug is not currently used therapeutically (except in smoking cessation 
therapy), nicotine remains important because it is second only to caf-
feine as the most widely used CNS stimulant, and it is second only to 
alcohol as the most abused drug. The composition of tobacco smoke 
is complex (approximately 500 compounds have been identified) and 
varies with the type of tobacco and the way it is smoked (cigar, ciga-
rettes, pipe, etc.). The principal components of tobacco smoke are tar 
and nicotine. In combination with the tars and carbon monoxide found 
in cigarette smoke, nicotine represents a serious risk factor for lung 
and cardiovascular disease, and other illnesses. Nicotine possesses 
all the characteristics of a drug of dependence and thus a person 
faces difficulty in quitting smoking. Smoking gives immediate satis-
faction due to nicotine and tar which provide flavor. The initial social 
driver for smoking is psychosocial despite pharmacodynamic effects 
are unpleasant initially. However, with repeated use the subject learns 
and adjusts the limit of nicotine intake, tolerance develops to adverse 
effects, and he/she starts feeling the pleasant effects of nicotine.

 The acute effects of smoking tobacco include increased reflex air-
ways resistance, depressed ciliary activity after transient stimulation, 
and absorption of carbon monoxide, especially in the presence of 
coronary heart disease. 

 The adverse effects of chronic smoking include chronic mucus hyper-
secretion causing persistent cough with sputum and chronic obstructive 
lung disease, a progressive and largely irreversible condition leading to 
disability and death. 
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 The risk of smokers developing cancer of lungs is 20-fold higher and 
that of mouth, throat, and esophagus is 5 to 10 times higher than 
nonsmokers. The risk of death from lung cancer is related to the num-
ber of cigarettes smoked and the period of smoking.

 Coronary heart disease (CHD) is a leading cause of death in cigarette 
smokers. Smoking is particularly dangerous in people with other risk 
factors (high blood cholesterol and high blood pressure). Smoking 
cessation reduces the risk of CHD in people below the age of 65 years  
and after about 4 years of abstinence, the risk approximates to the 
nonsmokers. Women who smoke are liable to infertility and early meno-
pause than nonsmokers. The risk of complications during pregnancy 
(spontaneous abortion, stillbirth, and neonatal death) and placental 
abnormalities is higher, and babies born to women who smoke have 
lower birth weight and are at an increased risk of perinatal death; 
however, those who quit smoking in the first 20 weeks of pregnancy 
have babies with birth weight similar to nonsmokers.

 Many nonsmokers are exposed to tobacco smoke and environmental 
tobacco smoke, referred to as passive (involuntary) smoking. The risk 
of lung cancer in passive smoking though small still achieves sig-
nificance considering the large number of people who get affected.
The composition of the sidestream smoke is different from that of the 
mainstream smoke inhaled by the smokers. Many of the substances, 
such as nicotine, carbon monoxide, ammonia, and some carcinogens, 
are found in greater concentration in undiluted sidestream smoke. 
Sidestream smoke constitutes around 85% of smoke generated in an 
average room during cigarette smoking. 

1. Mechanism of action: In low doses, nicotine causes ganglionic 
stimulation by depolarization. At high doses, nicotine causes gan-
glionic blockade. Nicotine receptors exist at a number of sites in 
the CNS, which participate in the stimulant attributes of the drug 
including vomiting center, both directly and via chemoreceptors in 
the carotid body

2. Actions:

a. CNS: Nicotine is highly lipid soluble and readily crosses the 
blood–brain barrier. It causes release of catecholamines and 
serotonin in the CNS and also antidiuretic hormone, corti-
cotrophin, and growth hormone. Cigarette smoking or admin-
istration of low doses of nicotine produces some degree of 
euphoria and arousal, as well as relaxation. It improves atten-
tion, learning, problem solving, and reaction time. High doses 
of nicotine result in central respiratory paralysis and severe 
hypotension caused by medullary paralysis (Figure 15.2). 
Nicotine is also an appetite suppressant.

b. Peripheral effects: The peripheral effects of nicotine are 
complex. Stimulation of sympathetic ganglia as well as of 
the adrenal medulla increases blood pressure and heart 
rate. Thus, use of tobacco is particularly harmful in hyper-
tensive patients. Many patients with peripheral vascular dis-
ease experience an exacerbation of symptoms with smoking. 
In addition, nicotine-induced vasoconstriction can decrease 
coronary blood flow, adversely affecting a patient with angina. 
Stimulation of parasympathetic ganglia also increases motor 
activity of the bowel. At higher doses, blood pressure falls 

Low doses of nicotine

High doses of nicotine

Arousal and
relaxation

Respiratory
paralysis

Figure 15.2
Actions of nicotine on the CNS.
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and activity ceases in both the gastrointestinal (GI) tract and 
bladder musculature as a result of a nicotine-induced block 
of parasympathetic ganglia. Nicotine increases the metabolic 
rate due to increase in autonomic sympathetic activity during 
light exercise such as household tasks or occupational tasks. 
Weight gain is seen on quitting smoking.

3. Pharmacokinetics: Because nicotine is highly lipid soluble, 
absorption readily occurs via the oral mucosa, lungs, GI mucosa, 
and skin. Nicotine crosses the placental membrane and is 
secreted in the breast milk. By inhaling tobacco smoke, the aver-
age smoker takes in 1 to 2 mg of nicotine per cigarette although 
much depends on the amount and depth of inhalation and on 
the duration of end-inspiratory breath holding by the subject. The 
acute lethal dose is 60 mg. More than 90% of the nicotine inhaled 
in smoke is absorbed. Nicotine is largely metabolized in the lung 
and the liver to inert substances such as cotinine, however, some 
is excreted unchanged in the urine. Nicotine has a half-life of  
2 hours whereas cotinine has a half-life of 20 hours. Cotinine in 
urine is used as a marker for nicotine intake to indicate if a subject 
on abstinence program is still actively using tobacco. Tolerance 
develops rapidly to some of the initial unpleasant effects such 
as nausea and vomiting of nicotine when taken repeatedly over 
a few hours.

4. Adverse effects: The CNS effects of nicotine include irritability 
and tremors. Nicotine may also cause intestinal cramps, diarrhea, 
and increased heart rate and blood pressure. In addition, cigarette 
smoking increases the rate of metabolism for a number of drugs 
such as estrogens, theophylline, and warfarin.

5. Withdrawal syndrome: As with the other drugs in this class, 
 nicotine is an addictive substance, and physical dependence 
develops rapidly and can be severe (Figure 15.3). Withdrawal is 
characterized by irritability, anxiety, restlessness, difficulty con-
centrating, headaches, and insomnia. Appetite is affected, and GI 
upset often occurs. 

6. Aids to quitting smoking: The addictive effects of tobacco smok-
ing are mainly due to nicotine; therefore, nicotine is substituted for 
tobacco smoke as a pharmacological aid to quitting. The transder-
mal patch and chewing gum containing nicotine have been shown 
to reduce nicotine withdrawal symptoms and to help smokers 
stop smoking. For example, the blood concentration of nicotine 
obtained from nicotine chewing gum is typically about one-half 
the peak level observed with smoking (Figure 15.4). Other forms 
of nicotine replacement used for smoking cessation include the 
inhaler, nasal spray, and lozenges. Bupropion, an antidepressant 
(see Chapter 10), can reduce the craving for cigarettes, assist in 
smoking cessation, and attenuate symptoms of withdrawal.

C. Varenicline

 Varenicline [ver-EN-ih-kleen] is a partial agonist at neuronal nicotinic 
acetylcholine receptors in the CNS. Because varenicline is only a par-
tial agonist at these receptors, it produces less euphoric effects than 
nicotine (nicotine is a full agonist). Thus, it is useful as an adjunct in 
the management of smoking cessation in patients with nicotine with-
drawal symptoms. Patients taking varenicline should be monitored for 
suicidal thoughts, vivid nightmares, and mood changes.

Potential for
addiction

Nicotine

Potential for
withdrawal

Irritability

Insomnia

Headache

Figure 15.3
Nicotine has potential for addiction 
and withdrawal.
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303II. Psychomotor Stimulants

D. Cocaine

 Cocaine [koe-KANE] is a widely available and highly addictive drug. 
Because of its abuse potential, cocaine is classified as a Schedule II 
drug by the U.S. Drug Enforcement Agency. The primary mechanism 
of action underlying the effects of cocaine is blockade of reuptake of 
the monoamines (norepinephrine, serotonin, and dopamine) into the 
presynaptic terminals. This potentiates and prolongs the CNS and 
peripheral actions of these monoamines. In particular, the prolonga-
tion of dopaminergic effects in the brain’s pleasure system (limbic 
system) produces the intense euphoria that cocaine initially causes. 
Chronic intake of cocaine depletes dopamine. This depletion triggers 
craving for cocaine (Figure 15.5). A full description of cocaine and its 
effects is provided in Chapter 48.

E. Amphetamine

 Amphetamine [am-FET-a-meen] is a sympathetic amine that 
shows neurologic and clinical effects similar to those of cocaine. 
Dextroamphetamine [dex-troe-am-FET-a-meen] is the major member 
of this class of compounds. Methamphetamine [meth-am-FET-a-meen] 
(also known as “speed”) is a derivative of amphetamine available for 
prescription use. 3,4-Methylenedioxymethamphetamine (also known 
as MDMA, or ecstasy) is a synthetic derivative of methamphetamine 
with both stimulant and hallucinogenic properties (see Chapter 48).

1. Mechanism of action: As with cocaine, the effects of amphet-
amine on the CNS and peripheral nervous system are indirect. 
That is, both depend upon an elevation of the level of cate-
cholamine neurotransmitters in synaptic spaces. Amphetamine, 
however, achieves this effect by releasing intracellular stores of 
catecholamines (Figure 15.6). Because amphetamine also inhib-
its monoamine oxidase (MAO) and is a weak reuptake transport 
inhibitor, high levels of catecholamines are present in synaptic 
spaces. Despite different mechanisms of action, the behavioral 
effects of amphetamine and its derivatives are similar to those of 
cocaine.

2. Actions:

a. CNS: The major behavioral effects of amphetamine result 
from a combination of its dopamine and norepinephrine 
release-enhancing properties. Amphetamine stimulates the 
entire cerebrospinal axis, cortex, brainstem, and medulla. This 
leads to increased alertness, decreased fatigue, depressed 
appetite, and insomnia. The CNS stimulant effects of amphet-
amine and its derivatives have led to their use in the treat-
ment of hyperactivity in children, narcolepsy, and obesity. At 
high doses, psychosis and convulsions may occur.

b. Sympathetic nervous system: In addition to marked action 
on the CNS, amphetamine acts on the adrenergic system, indi-
rectly stimulating the receptors through norepinephrine release.

3. Therapeutic uses: Factors that limit the therapeutic usefulness of 
amphetamine include psychological and physiologic dependence.

a. Attention deficit hyperactivity disorder (ADHD): Some chil-
dren are hyperkinetic and lack the ability to be involved in any 
activity for longer than a few minutes. Dextroamphetamine, 
methamphetamine, the mixed amphetamine salts, and 
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Blood concentrations of nicotine in 
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304 15. CNS Stimulants

methylphenidate [meth-ill-FEN-ih-date] help improve atten-
tion span and alleviate many of the behavioral problems 
 associated with this syndrome, in addition to reducing hyper-
kinesia. Lisdexamfetamine [lis-dex-am-FET-a-meen] is a 
 prodrug that is converted to L-lysine and the active compo-
nent dextroamphetamine through the hydrolytic actions of red 
blood cells. Atomoxetine [AT-oh-MOX-ih-teen] is a nonstimu-
lant drug approved for ADHD in children and adults. Unlike 
methylphenidate, which blocks dopamine reuptake more 
than norepinephrine reuptake, atomoxetine is more selective 
for inhibition of norepinephrine reuptake. Therefore, it is not 
 considered habit forming and is not a controlled substance.

b. Narcolepsy: Narcolepsy is a relatively rare sleep disorder that 
is characterized by uncontrollable bouts of sleepiness during 
the day. The sleepiness can be treated with drugs, such as 
the mixed amphetamine salts or methylphenidate. Modafinil 
[moe-DA-fi-nil] and its R-enantiomer derivative, armodafinil 
[ar-moe-DA-fi-nil], are considered first-line agents for the 
treatment of narcolepsy. Modafinil promotes wakefulness, but 
it produces less psychoactive and euphoric effects and fewer 
alterations in mood, perception, thinking, and feelings typical 
of other CNS stimulants. The mechanism of action remains 
unclear, but may involve the adrenergic and dopaminergic 
systems. Modafinil is well distributed throughout the body 
and undergoes elimination via hepatic metabolism and excre-
tion in the urine. Headaches, nausea, and nervousness are 
the primary adverse effects. Modafinil and armodafinil may 
have some potential for abuse and physical dependence, and 
both are classified as controlled substances. Armodafinil is a 
congener of modafinil approved for the treatment of patients 
with obstructive sleep apnea. Similar to modafinil, it also 
increases the wakefulness and is useful for the treatment of 
narcolepsy.

c. Appetite suppression: Phentermine [FEN-ter-meen] and 
diethylpropion [dye-eth-ill-PROE-pee-on] are sympathomi-
metic amines that are related structurally to amphetamine. 
These agents are used for appetite suppressant effects in the 
management of obesity (see Chapter 39).

4. Pharmacokinetics: Amphetamine is completely absorbed from 
the GI tract, metabolized by the liver, and excreted in the urine. 
[Note: Administration of urinary alkalinizing agents such as sodium 
bicarbonate increases the nonionized species of the drug and 
enhances the reabsorption of dextroamphetamine from the renal 
tubules into the bloodstream.] Amphetamine abusers often admin-
ister the drug by IV injection and/or by smoking. The euphoria 
caused by amphetamine lasts 4 to 6 hours, or four- to eight-folds 
longer than the effects of cocaine.

5. Adverse effects: The amphetamines may cause addiction, lead-
ing to dependence, tolerance, and drug-seeking behavior. In addi-
tion, they have the following undesirable effects:

a. CNS effects: Adverse effects of amphetamine usage 
include  insomnia, irritability, weakness, dizziness, tremor,  
and hyperactive reflexes (Figure 15.7). Amphetamine can also 
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Figure 15.6
Mechanism of action of amphetamine.
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305II. Psychomotor Stimulants

cause  confusion, delirium, panic states, and  suicidal tenden-
cies, especially in mentally ill patients. [Note: Benzodiazepines, 
such as lorazepam, are often used in the management of 
agitation and CNS stimulation secondary to amphetamine 
overdose.] Chronic amphetamine use produces a state of 
“amphetamine psychosis” that resembles the psychotic epi-
sodes associated with schizophrenia. Whereas long-term 
amphetamine use is associated with psychological and phys-
ical dependence, tolerance to its effects may occur within a 
few weeks. The anorectic effect of amphetamine is due to 
action in the lateral hypothalamic feeding center.

b. Cardiovascular effects: In addition to CNS effects, amphet-
amine may cause palpitations, cardiac arrhythmias, hyperten-
sion, anginal pain, and circulatory collapse. Headache, chills, 
and excessive sweating may also occur.

c. Gastrointestinal system effects: Amphetamine acts on the 
GI system, causing anorexia, nausea, vomiting, abdominal 
cramps, and diarrhea.

d. Contraindications: Patients with hypertension, cardiovascu-
lar disease, hyperthyroidism, glaucoma, or a history of drug 
abuse or those taking MAO inhibitors should not be treated 
with amphetamine.

F. Methylphenidate

 Methylphenidate has CNS stimulant properties similar to those 
of amphetamine and is often used in the treatment of ADHD. 
Methylphenidate has abuse potential and is a Schedule II controlled 
substance. The pharmacologically active isomer, dexmethylphenidate, 
is also a Schedule II drug used for the treatment of ADHD.

1. Mechanism of action: Children with ADHD may produce weak 
dopamine signals, which suggests that once-interesting activi-
ties provide fewer rewards to these children. Methylphenidate is 
a dopamine and norepinephrine transport inhibitor and may act 
by increasing both dopamine and norepinephrine in the synap-
tic cleft. 

2. Therapeutic uses: Methylphenidate is used in the treatment of 
ADHD. It is also effective in the treatment of narcolepsy. Unlike 
methylphenidate, dexmethylphenidate is not indicated in the treat-
ment of narcolepsy.

3. Pharmacokinetics: Both methylphenidate and dexmethylpheni-
date are readily absorbed after oral administration. Methylphenidate 
is available in extended-release oral formulations and as a trans-
dermal patch for once-daily application. The de-esterified product, 
ritalinic acid, is excreted in urine.

4. Adverse effects: GI adverse effects are the most common and 
include abdominal pain and nausea. Other reactions include 
anorexia, insomnia, nervousness, and fever. In patients with epi-
lepsy, methylphenidate may increase seizure frequency. The drug 
is contraindicated in patients with glaucoma. Methylphenidate 
can inhibit the metabolism of warfarin, phenytoin, phenobarbital, 
primidone, and the tricyclic antidepressants.

Figure 15.7
Adverse effects of amphetamines 
and methylphenidate.
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306 15. CNS Stimulants

III. HALLUCINOGENS

A few drugs have, as their primary action, the ability to induce altered 
perceptual states reminiscent of dreams. Many of these altered states are 
accompanied by visions of bright, colorful changes in the environment and 
by a plasticity of constantly changing shapes and color. The individual 
under the influence of these drugs is incapable of normal decision making 
because the drug interferes with rational thought. These compounds are 
known as hallucinogens, and lysergic acid diethylamide (LSD) and tetrahy-
drocannabinol (from marijuana) are examples of agents in this class. These 
agents are discussed in detail in Chapter 48.

Study Questions

Choose the ONE best answer.

15.1 A young male was brought to the emergency room by 
the police due to severe agitation. Psychiatric exam-
ination revealed that he had injected dextroamphet-
amine several times in the past few days. The last 
use was 10 hours prior. He was given an intramuscu-
lar drug that sedated him, and he fell asleep. Which 
drug was most likely used to counter this patient’s 
symptoms of dextroamphetamine withdrawal?

A. Trazodone

B. Lorazepam

C. Cocaine

D. Hydroxyzine

15.2 A 10-year-old boy is sent to a pediatric neurolo-
gist for an evaluation due to poor performance and 
inability to pay attention in school. He has also been 
fighting with other children. He is given a diagno-
sis of ADHD with impulsivity and irritability. Which is 
most appropriate for management of the ADHD?

A. Clonidine

B. Mirtazapine

C. Dextroamphetamine

D. Haloperidol

15.3 A 10-year-old boy with ADHD has symptoms 
which are controlled with an oral psychostimulant. 
However, he and his family wish to avoid having to 
give a second dose of medication at school. They 
prefer an alternative treatment that can be adminis-
tered in the morning and last the entire day. Which 
treatment option is best?

A. Mixed amphetamine salts in immediate-release 
oral tablet formulation

B. Methylphenidate in a transdermal delivery system

C. Nicotine in a chewing gum formulation for buccal 
absorption

D. Methylphenidate in immediate-release pills

Correct answer = B. The anxiolytic properties of ben-
zodiazepines, such as lorazepam, make them the 
drugs of choice in treating the anxiety and agitation of 
amphetamine or cocaine abuse. Lorazepam also has 
hypnotic properties. Trazodone has hypnotic proper-
ties, but its anxiolytic properties are inferior to those of 
the benzodiazepines. Hydroxyzine, an antihistamine, 
is effective as a hypnotic, and it is sometimes used 
to deal with anxiety, especially if emesis is a problem, 
but rarely used in the emergency situation when rapid 
anxiolytic and antiseizure treatment is warranted.

Correct answer = C. Dextroamphetamine is the only 
stimulant medication in the list that is approved for 
ADHD. Symptoms like fighting may improve with halo-
peridol, and hyperactivity may improve with clonidine, 
but these agents would not improve the patient’s aca-
demic performance and the underlying problems

Correct answer = B. Methylphenidate is also a psy-
chostimulant, and the transdermal (patch) formulation 
is designed for once-daily use to avoid mid-day dos-
ing. Immediate-release formulations require dosing at 
least twice daily. 
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307Study Questions

 15.4 Which of the following agents for ADHD is a con-
trolled substance (Schedule II)?

A. Clonidine

B. Atomoxetine

C. Lisdexamfetamine

D. Desipramine

 15.5 Amphetamines may be used in patients with which 
of the following conditions?

A. Cardiovascular disease

B. Hypertension

C. Hyperthyroidism

D. Obesity

 15.6 Which of the following agents is considered a first-
line treatment for narcolepsy?

A. Galantamine

B. Atomoxetine

C. Temazepam

C. Modafinil

 15.7 Which of the following is a common adverse effect 
of amphetamines?

A. Bradycardia

B. Somnolence

C. Constipation

D. Hypertension

 15.8 Which of the following CNS stimulants occurs nat-
urally and can be found in certain candies?

A. Amphetamine

B. Modafinil

C. Caffeine

D. Atomoxetine

 15.9 A 35-year-old man is interested in quitting  smoking. 
In previous quit attempts, he has tried nicotine 
gum, the nicotine patch, and the “cold  turkey” 
method. He has been unsuccessful in each of 
these attempts and resumed smoking within 4 to 6 
weeks. Which may be useful to assist in his attempt 
to quit smoking?

A. Varenicline

B. Dextroamphetamine

C. Lorazepam

D. Methylphenidate

15.10 Which of the following agents carries the lowest 
risk for addiction?

A. Armodafinil

B. Lisdexamfetamine

C. Dexmethylphenidate

D. Varenicline

Correct answer = C. Lisdexamfetamine is the only 
controlled substance on the list and is schedule II. 
The other agents may assist in the management of 
ADHD but are not controlled substances.

Correct answer= D. The use of amphetamines in 
the management of obesity should be closely mon-
itored. Amphetamine analogs such as phenter-
mine are approved for obesity. The other conditions 
are contraindications when considering the use of 
amphetamines.

Correct answer = D. Modafinil is the only drug listed 
that is approved for narcolepsy. Temazepam is indi-
cated for insomnia, galantamine for Alzheimer’s dis-
ease, and atomoxetine for ADHD.

Correct answer = D. Hypertension is a possible 
adverse effect that warrants caution, especially in 
individuals with risk factors for increased blood pres-
sure. Amphetamines cause tachycardia (not brady-
cardia), insomnia (not somnolence), and diarrhea (not 
constipation).

Correct answer = C. Caffeine is a naturally occur-
ring substance found in cocoa, chocolate, and many 
forms of tea. Overuse of cola beverages and other 
caffeine-containing products may cause adverse 
effects, including anxiety and insomnia, and even 
increase the risk for seizures.

Correct answer = A. Varenicline is approved as an 
adjunctive treatment option for the management of 
nicotine dependence. It is believed to attenuate the 
withdrawal symptoms of smoking cessation, though 
monitoring is needed for changes in psychiatric sta-
tus, including suicidal ideation. The use of dextroam-
phetamine, lorazepam, and methylphenidate bring 
the risk of addiction to another substance with abuse 
potential.

Correct answer = D. Varenicline is the only agent 
listed that is not a controlled substance. All of the 
other agents are considered to have a risk for addic-
tion and/or dependence.
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I. OVERVIEW

Blood pressure is elevated when systolic blood pressure exceeds 120 mm 
Hg and diastolic blood pressure remains below 80 mm Hg. Hypertension 
occurs when resting systolic blood pressure exceeds 130 mm Hg or 
diastolic blood pressure exceeds 80 mm Hg. Hypertension results from 
increased peripheral vascular arteriolar smooth muscle tone, which 
leads to increased arteriolar resistance and reduced capacitance of the 
venous system. In most cases, the cause of the increased vascular tone 
is unknown. Elevated blood pressure is a common disorder, affecting 
approximately 30% of adults. Although many patients have no symptoms, 
chronic hypertension can lead to heart disease and stroke, the top two 
causes of death in the world. Hypertension is also an important risk factor 
in the development of chronic kidney disease and heart failure. Before 
labeling any individual with hypertension, the blood pressure of the patient 
should be measured on more than two occasions and he/she should have 
been resting for at least 5 minutes and should not have consumed coffee 
or smoked during the last 30 minutes. Out-of-office and self- monitoring of 
BP measurements are recommended to confirm the diagnosis of hyper-
tension and for titration of BP-lowering medication, in conjunction with 
lifestyle modification strategies. The risk of organ damage is directly 
related to the extent of elevation of blood pressure. Even mild hyperten-
sion (140/90) has been reported to increase the risk of end-organ dam-
age and it gets double with increment of 20/10 mmHg. Similarly, small 
reductions in BP result in substantial reductions in the relative risks of 
complications. The risks involved with the hypertension increase in pro-
portion to the magnitude of elevation of blood pressure. The incidence 
of morbidity and mortality significantly decreases when hypertension is 
diagnosed early and is properly treated. The drugs used in the treatment 
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310 16. Antihypertensives

DRUG CLASS NAME OF THE DRUG
USUAL DAILY DOSE  
RANGE (mg)

Diuretics Hydrochlorothiazide
Indapamide
Chlorthalidone
Metolazone
Triamterene
Amiloride
Frusemide
Torsemide
Bumetanide

12.5–50
1.25–5
25–50
2.5–5
100–300
5–10
20–400
2.5–5
1–4 (or more)

β-Blockers Atenolol
Metoproprolol
Bisoprolol
Nadolol
Pindolol
Labetalol
Propranolol1

25–100
50–200
2.5–10
20–160
15–45
50–200
40–320

α-Blockers Prazocin
Doxazocin

1–16
1–16

Calcium channel blockers Amlodepine
Felodipine
Nifedipine1

Verapamil1

Diltiazam1

2.5–10
2.5–10
20–80
120–480
90–240

ACE inhibitors Captopril
Enalapril
Lisinopril
Ramipril
Perindopril

50–150
2.5–40
10–40
2.5–20
2–8

ARBs Losartan
Telmisartan
Valsartan
Olmesartan

25–100
20–80
80–320
8–16

Centrally acting Methyldopa
Clonidine

500–2000
0.1–1.2

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker.
1Extended release or long-acting formulations are available.

Figure 16.1 
Summary of antihypertensive drugs. 

of hypertension are shown in Figure 16.1. In recognition of the progres-
sive nature of hypertension, hypertension is classified into four categories 
(Figure 16.2). The diagnosis of hypertension depends on the measure-
ment of blood pressure and not on symptoms reported by the patients. 
Hypertension is usually asymptomatic until overt end-organ damage is 
imminent or has already occurred. The majority of current guidelines rec-
ommend treatment decisions based on the goals of the antihypertensive 
therapy, rather than the category of hypertension.

II. ETIOLOGY OF HYPERTENSION

More than 90% of patients have essential hypertension (hypertension with 
no identifiable cause). In 10% to 15% of patients, hypertension may occur 
secondary to other disease processes (pheochromocytoma, Cushing’s 
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Classification of blood pressure.
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311III. Mechanisms for Controlling Blood Pressure

disease, primary aldosteronism, renal artery stenosis, and coarctation 
of aorta). A family history of hypertension increases the likelihood that 
an individual will develop hypertension. The prevalence of hypertension 
increases with age, but decreases with education and income level. Non-
Hispanic blacks have a higher incidence of hypertension than do both 
non-Hispanic whites and Hispanic whites. Persons with diabetes, obesity, 
or disability status are all more likely to have hypertension than those 
without these conditions. In addition, environmental factors, such as a 
stressful lifestyle, high dietary intake of sodium, and smoking, may further 
predispose an individual to hypertension. For every case, lifestyle modi-
fications should be implemented immediately which remains the corner-
stone of the management of hypertension. A healthy lifestyle decreases 
blood pressure, enhances antihypertensive drug efficacy, and decreases 
the overall cardiovascular risk. A healthy lifestyle includes weight reduc-
tion, increase in physical activity, dietary sodium reduction, limited fat 
intake, increased fruit and vegetable consumption, restriction on alcohol 
consumption, and stopping tobacco products. Ideally, these changes 
should be made within the first 3 months.

III.  MECHANISMS FOR CONTROLLING 
BLOOD PRESSURE

Arterial blood pressure is regulated within a narrow range to provide ade-
quate perfusion of the tissues without causing damage to the vascular sys-
tem, particularly the arterial intima (endothelium). Arterial blood pressure is 
directly proportional to cardiac output and peripheral vascular resistance 
(Figure  16.3). Cardiac output and peripheral resistance, in turn, are con-
trolled mainly by two overlapping mechanisms: the baroreflexes and the 
renin–angiotensin–aldosterone system (Figure 16.4). Most antihypertensive 
drugs lower blood pressure by reducing cardiac output and/or decreasing 
peripheral resistance.

A. Baroreceptors and the sympathetic nervous system

 Baroreflexes act by changing the activity of the sympathetic and 
parasympathetic nervous system. Therefore, they are responsible 
for the rapid, moment-to-moment regulation of blood pressure. A 
fall in blood pressure causes pressure-sensitive neurons (barorecep-
tors in the aortic arch and carotid sinuses) to send fewer impulses 
to cardiovascular centers in the spinal cord. This prompts a reflex 
response of increased sympathetic and decreased parasympathetic 
output to the heart and vasculature, resulting in vasoconstriction 
and increased cardiac output. These changes result in a compensa-
tory rise in blood pressure (Figure 16.4).

B. Renin–angiotensin–aldosterone system

 The kidney provides long-term control of blood pressure by altering 
the blood volume. Baroreceptors in the kidney respond to reduced 
arterial pressure (and to sympathetic stimulation of β1- adrenoceptors) 
by releasing the enzyme renin (Figure 16.4). Low sodium intake and 
greater sodium loss also increase renin release. Renin converts 
angiotensinogen to angiotensin I, which is converted in turn to angio-
tensin II, in the presence of angiotensin-converting enzyme (ACE). 
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312 16. Antihypertensives

Angiotensin II is a potent circulating vasoconstrictor, constricting 
both arterioles and veins, resulting in an increase in blood pressure. 
Angiotensin II exerts a preferential vasoconstrictor action on the effer-
ent arterioles of the renal glomerulus, increasing glomerular filtration. 
Furthermore, angiotensin  II stimulates aldosterone secretion, leading 
to increased renal sodium reabsorption and increased blood volume, 
which contribute to a further increase in blood pressure. These effects 
of angiotensin II are mediated by stimulation of angiotensin II type 1 
(AT1) receptors.

IV. TREATMENT STRATEGIES

The goal of antihypertensive therapy is to reduce cardiovascular and 
renal morbidity and mortality. Antihypertensive therapy is indicated in 
case of systolic blood pressure (SBP) of ≥150 mm Hg or a diastolic 
blood pressure (DBP) of ≥90 mm Hg for the general population at 60 
years of age or older. For most patients, the blood pressure goal when 
treating hypertension is an SBP of less than 140 mm Hg and a DBP 
of less than 90  mm Hg. Current recommendations are to initiate ther-
apy with a thiazide diuretic, ACE inhibitor, angiotensin receptor blocker 
(ARB), or calcium channel blocker. Each of the antihypertensive agents 
are roughly equally effective in lowering the BP; however, there is a wide 
interpatient variability as many patients respond to one drug but not 
to another, depending in part on patient-specific determinants such as 
ethnicity, age, and concomitant diseases (Figure 16.5). The amount of 
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Response of the autonomic nervous system and the renin–angiotensin–aldosterone system to a decrease in blood 
pressure.
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Figure 16.5
Algorithm for treatment of hypertension. Adapted from JNC 8 guidelines for treatment of hypertension.

Adult with hypertension (age > 18 years)

Implement lifestyle interventions
(continue throughout management)

Set blood pressure goal and prescribe blood pressure–lowering medication
based on age, diabetes, and chronic kidney disease (CKD)

Age ≥ 60 years

Blood pressure goal
SBP < 150 mm Hg
DB P < 90 mm Hg

Blood pressure goal
SBP < 140 mm Hg
DB P < 90 mm Hg

Blood pressure goal
SBP < 140 mm Hg
DB P < 90 mm Hg

Blood pressure goal
SBP < 140 mm Hg
DB P < 90 mm Hg

Age < 60 years All ages, diabetes
present, no CKD

All ages CKD present with or
without diabetes

At goal blood pressure?

At goal blood pressure?

At goal blood pressure?

At goal blood pressure?

Initiate thiazide-type diuretic 
or CCB, alone or in

combination

Select a drug treatment titration strategy
A. Increase the dose of �rst medication before adding second or
B. Add second medication before reaching maximum dose of �rst medication or
C. Start with 2 medication classes separately 

Reinforce medication and lifestyle adherence.
Add and titrate thiazide-type diuretic or ACEI or ARB or CCB (use medication
class not previously selected and avoid combined use of ACEI and ARB).

Reinforce medication and lifestyle adherence.
Add additional medication class (for example, β-blocker, aldosterone antagonist, or
others) and /or refer to physician with expertise in hypertension management.

Initiate ACEI or ARB alone
or  add on in combination

with other drug class

Ye s

No

No

No

No

Ye s

Ye s

Ye s

CONTINUE
CURRENT
TREATMENT
AND
MONITORING

4 classes  of  drugs  as
�rst choice—CCB,

diuretics, ACEI, and ARBs.
β-Blockers are not 

�rst-line drugs

A and B, add and titrate thiazide-type diuretic or ACEI or ARB or
Reinforce medication and lifestyle adherence 
For strategies A and B, add and titrate thiazide-type diuretic or ACEI or ARB or 
CCB (use medication class not previously selected and avoid combined use of
ACEI and ARB). For strategy C, titrate doses of initial medication to maximum.

ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; CKD = chronic kidney disease; DBP = diastolic blood 
pressure; SBP = systolic blood pressure.

Note: If blood pressure fails to be maintained at goal, re-enter the algorithm where appropriate based on the current individual therapeutic plan.
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314 16. Antihypertensives

BP reduction, and NOT the choice of therapy, is the major determinant 
of reduction in cardiovascular risk in patients with hypertension. If blood 
pressure is inadequately controlled after 1 month of therapy, there are 
two options—either to increase the dose of the initial drug to the maxi-
mum tolerable dose or to add a second drug with the selection based on 
minimizing the adverse effects of the combined regimen and achieving 
the goal blood pressure. Patients with SBP greater than 20 mm Hg above 
goal or DBP more than 10 mm Hg above goal should be started on two 
antihypertensives simultaneously. A third drug should be added if the goal 
is not achieved with the two drugs. Combination therapy with separate 
agents or a fixed-dose combination pill may lower blood pressure more 
quickly with minimal adverse effects. A variety of combination formula-
tions of the various pharmacologic classes are available to increase ease 
of patient adherence to treatment regimens that require  multiple medica-
tions. The initial combination treatment should be used sparingly in frail 
or very elderly patients; in the presence of orthostatic hypotension, it 
should be established at baseline and in patients with low baseline DBP  
(≤80 mm Hg), particularly in the presence of coronary artery disease.

A. Individualized care

 Hypertension may coexist with other conditions that can be aggravated 
by some of the antihypertensive drugs or that may benefit from the use 
of some antihypertensive drugs independent of blood pressure con-
trol. In such cases, it is important to match antihypertensive drugs to 
the particular patient. Figures 16.5 and 16.6 show  preferred therapies 

Figure 16.6
Treatment of hypertension in patients with concomitant diseases. [Note: Angiotensin receptor blockers (ARBs) are an 
alternative to  angiotensin-converting enzyme (ACE) inhibitors.]
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in hypertensive patients with concomitant  diseases. In addition to the 
choice of therapy, blood pressure goals may also be individualized 
based on concurrent disease states and age. Elderly patients may have 
less stringent goals (for example, less than 150/90 mm Hg). In gen-
eral, a gradual reduction in blood pressure is desirable in hypertensive 
patients, particularly in the elderly patients, but the target control level 
should be achieved within a few weeks in high-risk patients, such as 
those with grade III hypertension and multiple risk factors.

B. Rational drug combinations

 A fundamental requirement of any useful combination is evidence that 
it lowers blood pressure to a greater extent than monotherapy with its 
individual components. The main objective of drug combinations is to 
achieve additional blood pressure reduction by using drugs that act 
by different mechanisms:

• Minimization of the adverse effects

• Block-opposing effects on the homeostatic mechanism

• Block-predictive adverse effects

• Permits the use of lower dose (less adverse effects)

 Although the blood pressure–reducing ability of antihypertensive drug 
classes and individual agents varies by only a few mm Hg, the effect 
of two agents in combination varies considerably. Thus, combining 
an ACE inhibitor and a diuretic produces fully additive blood pressure 
reduction whereas the same ACE inhibitor added to an ARB results in 
additional blood pressure reduction of only 2–3 mm Hg (Figure 16.7). 

C. Patient compliance in antihypertensive therapy

 Lack of patient compliance is the most common reason for the fail-
ure of antihypertensive therapy. The hypertensive patients are usu-
ally asymptomatic and are diagnosed by routine screening before 
the occurrence of overt end-organ damage. Thus, therapy is gen-
erally directed at preventing future disease sequelae rather than  
relieving current discomfort. The adverse effects associated with anti-
hypertensive therapy influence people more than the future benefits. 

FULLY ADDITIVE DRUG  
COMBINATIONS  
(PREFERRED COMBINATIONS) QUESTIONABLE DRUG  COMBINATIONS

PREFERRED DRUG COMBINATIONS FOR PATIENTS 
WITH ASSOCIATED CONDITIONS

Diuretic + β-blockers
Diuretic + ACE inhibitors

Nonadditive:
β-Blocker + ACE inhibitor
ARB + ACE inhibitor

Hypertension with  angina—β-Blockers + CCB

Hypertension with heart failure—Diuretic + ACE inhibitors

Hypertension with DM—ACE inhibitors + CCB

CCB + β-blockers
CCB + ACE inhibitors

Side effects additive:
β-Blockers + Verapamil/Diltiazem (older CCB)
α-Blocker + CCB

Hypertension with COPD—Diuretic + CCB

Isolated systolic hypertension (systolic BP ≥160 mm Hg)

Drugs of choice in order of preference are diuretics, 
β-blockers, diuretic + β-blockers, diuretic + CCB, and ACE 
inhibitors + CCB

CCB = calcium channel blocker; DM = diabetes mellitus.
Note: Drug combinations include low-dose diuretics, ACE inhibitors and ARBs, and long-acting CCBs.

Figure 16.7
Drug combinations in hypertension. 

LIR_CH16.indd   315 09/10/18   12:44 PM



316 16. Antihypertensives

For example, β-blockers can cause sexual dysfunction in males, 
which may prompt discontinuation of therapy. Thus, it is important to 
enhance compliance by selecting a drug regimen that reduces adverse 
effects and also minimizes the number of doses required daily. 

 The strategies to improve compliance are given in the following text.

1. Lifestyle modifications: Encourage lifestyle modifications at 
each visit.

2. Patient education: Educate patients about the disease and 
involve their families in the treatment as poor communication 
with the patient is one of the important reasons for noncompli-
ance. Hypertension is usually asymptomatic and treatment has 
to continue indefinitely; therefore, emphasize the fact that treat-
ment is lifelong. 

3. Cost factor: Consider the cost of medications while prescrib-
ing. The cost has always been a barrier to an effective treat-
ment. Prescribe less expensive medicines.

4. Look for adverse effects: Consider adverse effects at initial 
prescription and followup visits. 

5. Start with once-daily regimen: Prescribe simple once-daily 
regimens. Antihypertensive drugs are administered once a day, 
in principle; however, the dose may be split into twice a day to 
control the blood pressure for more than 24 hours. Combining 
two drug classes in a single pill, at a fixed-dose combination, 
has been shown to improve patient compliance and improved 
outcomes in some patients.

6. Frequent followups: There should be frequent followup visits 
(at intervals no more than 3 months apart), during the first year. 
Allow extra visits for blood pressure measurement at no extra 
charge to the patient.

V. DIURETICS

For all classes of diuretics, the initial mechanism of action is based upon 
decreasing blood volume, which ultimately leads to decreased blood pressure. 
Routine serum electrolyte monitoring should be done for all patients receiving 
diuretics. A complete discussion of the actions, therapeutic uses, pharmaco-
kinetics, and adverse effects of diuretics can be found in Chapter 17.

A. Thiazide diuretics

 Thiazide diuretics, such as hydrochlorothiazide [hye-droe-klor-oh-
THYE-a-zide] and chlorthalidone [klor-THAL-ih-done], lower blood 
pressure initially by increasing sodium and water excretion. This 
causes a decrease in extracellular volume, resulting in a decrease in 
cardiac output and renal blood flow (Figure 16.8). With long-term treat-
ment, plasma volume approaches a normal value, but a  hypotensive 
effect persists that is related to a decrease in peripheral resistance. 
Thiazide diuretics can be used as initial drug therapy for hyperten-
sion unless there are  compelling reasons to choose another agent. 
Thiazides are useful in combination therapy with a variety of other 
antihypertensive agents, including β-blockers, ACE inhibitors, ARBs, 
and potassium-sparing diuretics. With the exception of metolazone 
[me-TOL-ah-zone], thiazide diuretics are not effective in patients 
with inadequate kidney function (estimated glomerular filtration rate 

Figure 16.8
Actions of thiazide diuretics.
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317V. Diuretics

less than 30 mL/min/m2). Loop diuretics may be required in these 
patients. Thiazide diuretics can induce hypokalemia, hyperuricemia 
and, to a lesser extent, hyperglycemia in some patients.

 Thiazide diuretics should be used with caution in patients with dia-
betes, gout, or history of hyponatremia. Figure 16.9 summarizes 
commonly used antihypertensives, conditions favoring their use and 
contraindications, and associated adverse effects. β-Blockers should 
be avoided in patients with bronchial asthma (however, a selective 

ANTIHYPERTENSIVE 
AGENTS

CONDITIONS  
FAVORING USE ADVANTAGES CONTRAINDICATIONS

POSSIBLE  
CONTRAINDICA-
TIONS

ADVERSE  
EFFECTS

Diuretic antihypertensive agents:
Thiazide and 
thiazide- related 
agents: Chlorthiazide, 
hydrochlorothiazide, 
chlorthalidone,  
metolazone, 
 indapamide

Heart failure

Elderly hypertensives 

Isolated systolic 
hypertension

Black hypertensives

Documented re-
duction in cardio-
vascular morbidity 
and mortality 

Least expensive 

Best drug for 
treatment of sys-
tolic hypertension 
and for hyperten-
sion in the elderly. 
Can be combined 
with all other 
antihypertensive 
drugs to produce 
synergistic effect

Gout

Hypokalemia

Pregnancy β-block-
ers (especially 
atenolol), impaired 
glucose tolerance

Hypotension, in-
creased cholesterol 
and glucose levels, 
biochemical abnor-
malities; decreased 
sodium, potassium, 
and magnesium 
levels; increased 
uric acid and calci-
um levels

Loop diuretics: Furo-
semide, bumetianide, 
ethacrynic acid

Renal insufficiency

Heart failure

Anuria, hypersensi-
tivity

Hepatic cirrhosis

Potassium-sparing 
agents: Triamterene, 
spironolactone, 
 amiloride

Heart failure

Postmyocardial 
infarction

Resistant  
hypertension

Renal failure,

Hyperkalemia

Hyperkalemia

Gynecomastia

Adrenergic receptor blockers:
β-Blockers  
nonselective  
(β1 and β2): Proprano-
lol, nadolol, pindolol

β1 selective: Acebutalol, 
atenolol,  metoprolol

Angina pectoris

Postmyocardial 
infarction

Heart failure (only 
some β-blockers)

Tachyarrhythmias

Reduction in 
cardiovascular 
morbidity and 
mortality

Provides 
cardioprotection— 
primary and sec-
ondary prevention 
against coronary 
artery events (that 
is, ischemia, infarc-
tion, arrhythmias, 
death)

Relatively  
nonexpensive

Asthma

Chronic obstructive 
pulmonary disease

Marked bradycardia, 
atrioventricular block 
(grade 2 or 3)

Peripheral vascular 
disease

Bradycardia

Glucose intolerance

Metabolic syndrome

Athletes and physi-
cally active patients

Nondihydropyridine 
CCBs (verapamil 
and diltiazem)

Pregnancy

Bronchospasm, 
bradycardia, heart 
failure, can mask 
insulin- induced 
hypoglycemia. Less 
serious: impaired 
peripheral circu-
lation, insomnia, 
fatigue, decreased  
exercise toler-
ance, hypertri-
glyceridemia 
(except agents with 
intrinsic sympath-
omimetic activity), 
reduced HDL 
cholesterol and 
impaired glycemic 
control

Angioedema (very 
rare), hyperkale-
mia; Do not discon-
tinue abruptly

Figure 16.9
Commonly used antihypertensives, conditions favoring their use and contraindications, and associated adverse effects. 
(Figure continues on next page)
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ANTIHYPERTENSIVE 
AGENTS

CONDITIONS  
FAVORING USE ADVANTAGES CONTRAINDICATIONS

POSSIBLE  
CONTRAINDICA-
TIONS

ADVERSE  
EFFECTS

α-Blockers: Prazosin, 
terazosin, doxazosin

Mild-to-moderate 
hypertension 

Urination disorders 
associated with 
prostatic hypertrophy 
prior to pheochromo-
cytoma surgery 

Administered before 
sleep for treatment 
of morning hyper-
tension

Improve lipid pro-
file and insulin  
sensitivity

First-dose syncope, 
postural hypo-
tension, dizzi-
ness, headache, 
somnolence; start 
at a low dose with 
gradual increases; 
administer dose at 
bedtime

α + β-Blockers:  
Labetalol, carvedilol

Hypertension in 
 Pregnancy,

Secondary hyperten-
sion to pheochromo-
cytoma

Similar to propran-
olol; more likely to 
cause orthostatic 
hypotension, sexu-
al dysfunction

Renin–angiotensin–aldosterone system (RAAS) inhibitors:
Angiotensin- converting 
enzyme inhibitors (ACE 
inhibitors): Captopril, 
enalapril, lisinopril, 
ramipril, quinapril

Heart failure

Left ventricular  
dysfunction

Postmyocardial 
infarction

Nondiabetic  
nephropathy

Type 1 diabetic  
nephropathy

Type 2 diabetes 
mellitus

Proteinuria

Reduction of car-
diovascular mor-
bidity and mortali-
ty in patients with 
atherosclerotic 
vascular disease, 
diabetes, and 
heart failure

Favorable met-
abolic profile. 
Improvement in 
glucose tolerance 
and insulin resis-
tance

Renal protection 
effect, especially  
in diabetes 
mellitus. Do not 
adversely affect 
the quality of life

Pregnancy

Hyperkalemia

Bilateral renal artery 
stenosis

Known allergy

Monitor carefully 
renal function, and 
potassium if high 
serum creatinine  
(>3 mg/dl) 

Cough (common), 
hypotension 
angioedema, 
 hyperkalemia, 
rash, loss of taste, 
and leucopenia 
(rare)

Angiotensin II 
 receptor antagonists 
(ARBs): Losartan 
 potassium, telmis-
artan, velsartan, 
olmesartan

Type 1 diabetic  
nephropathy

Type 2 diabetic  
microalbuminuria

Proteinuria

Left ventricular  
hypertrophy

Patients with a 
compelling indication 
for ACE inhibitors but 
do not tolerate them 
due to ACE inhibi-
tor–induced cough or 
intolerance

Similar metabolic 
profile to that of 
ACE inhibitors

Renal protection 
Do not produce 
cough

Pregnancy

Hyperkalemia

Bilateral renal artery 
stenosis

Orthostatic  
hypotension, 
dizziness

Figure 16.9 (Continued)
Commonly used antihypertensives, conditions favoring their use and contraindications, and associated adverse effects. 
(Figure continues on next page)
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ANTIHYPERTENSIVE 
AGENTS

CONDITIONS  
FAVORING USE ADVANTAGES CONTRAINDICATIONS

POSSIBLE  
CONTRAINDICA-
TIONS

ADVERSE  
EFFECTS

Ca2+ channel blockers:

Dihydropyridine:

Amlodipine, felodipine 
(long acting only), 
nifedipine (short 
acting)

Elderly patients

Isolated systolic HTN

Angina pectoris

Peripheral vascular 
disease (Raynauld’s 
phenomenon)

Carotid 
 atherosclerosis

Pregnancy

Black hypertensives

No metabolic 
disturbances; no 
change in blood 
glucose, potassi-
um, uric acid, and 
lipids

No metabolic  
disturbance

May improve renal 
function 

Maintain optimal 
physical, mental, 
and sexual  
activities

Tachyarrhythmias

Heart failure

Antiretroviral 
therapy

Edema of the 
ankles, flushing, 
headache, gingival 
hypertrophy, con-
stipation. 

Tolerance develops 
to headache. For 
edema, a diuretic 
may be needed 

Ca2+ channel blockers: 
 Nondihydropyridine 
(verapamil and 
 diltiazem)

Angina pectoris, 
carotid atherosclero-
sis, supraventricular 
tachycardia  
(short-acting drug 
should be combined 
with β blockers in 
CAD and should be 
avoided in stroke and 
hypertensive crisis)

Atrioventricular block 
(grade 2 or 3)

Heart failure

Constipation  
(verapamil)

Antiretroviral 
therapy

Constipation  
(verapamil)

Cardiac conduction 
defects, wors-
ening of systolic 
function, gingival 
 hyperplasia

Vasodilators: 
 Hydralazine, minoxidil, 
sodium nitroprusside, 
diazoxide

Refractory hyperten-
sion (minoxidil) 

Hypertensive emer-
gency (nitroprusside, 
diazoxide) 

Preeclampsia  
(hydralazine)

Quick action Headaches, fluid 
retention, tachy-
cardia, lupus-like 
syndrome on 
continuous use 
(hydralazine), 
hirsuitism  
(minoxidil)

Central nervous sys-
tem and sympathetic 
inhibitors: Methyldo-
pa, clonidine

Hypertension in 
pregnancy 

Mild-to-moderate 
hypertension 

Can be combined 
with a diuretic

Increases renal 
blood flow 

Drug of choice 
during pregnancy

Sedation, dry 
mouth, bradycar-
dia, withdrawal 
hypertension on 
abrupt withdrawal

Figure 16.9 (Continued)
Commonly used antihypertensives, conditions favoring their use and contraindications, and associated adverse effects.

β-blocker such as carvedilol can be used), reactive  airways dis-
ease, or second- or third-degree heart block. ACE inhibitors should 
not be used in patients with a history of angioedema. Aldosterone 
 antagonists and potassium-sparing diuretics can cause hyperkalemia 
and should generally be avoided in patients who have serum potas-
sium values of more than 5.0 mEq/L when not taking  medications. 
Measure serum potassium levels 2 weeks after starting ACE/ARBs.

B. Loop diuretics

 The loop diuretics (furosemide, torsemide, bumetanide, and ethacrynic 
acid; see Chapter 18) act promptly by blocking sodium and chloride 
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reabsorption in the kidneys, even in patients with poor renal function 
or those who have not responded to thiazide diuretics. Loop diuretics 
cause decreased renal vascular resistance and increased renal blood 
flow. Like thiazides, they can cause hypokalemia. However, unlike thi-
azides, loop diuretics increase the calcium content of urine, whereas 
thiazide diuretics decrease it. These agents are rarely used alone to 
treat hypertension, but they are commonly used to manage symp-
toms of heart failure and edema.

C. Potassium-sparing diuretics

 Amiloride [a-MIL-oh-ride] and triamterene [tri-AM-ter-een] are inhib-
itors of epithelial sodium transport at the late distal and collecting 
ducts, and spironolactone [speer-on-oh-LAK-tone] and eplerenone 
[eh-PLEH-reh-none] are aldosterone receptor antagonists. All of 
these agents reduce potassium loss in the urine. Aldosterone antag-
onists have the additional benefit of diminishing the cardiac remod-
eling that occurs in heart failure (see Chapter 18). Potassium-sparing 
diuretics are sometimes used in combination with loop diuretics and 
thiazides to reduce the amount of potassium loss induced by these 
diuretics.

VI. -ADRENOCEPTOR–BLOCKING AGENTS

β-Blockers are a treatment option for hypertensive patients with concomi-
tant heart disease or heart failure (Figures 16.6 and 16.9).

A. Actions

 The β-blockers reduce blood pressure primarily by decreasing cardiac 
output (Figure 16.10). They may also decrease sympathetic outflow 
from the central nervous system (CNS) and inhibit the release of renin 
from the kidneys, thus decreasing the formation of angiotensin II and 

Cardiac 
 output

Angiotensin II

Aldosterone

Sodium, water 
retention

Blood 
volume

Peripheral
resistance

Renin

Activation of
�1 adrenoceptors

on the heart

Decrease in
blood pressure

Activation of
�1 adrenoceptors

on kidney

Activation of

 �-Adrenoceptor
blockers

Figure 16.10
Actions of β-adrenoceptor–blocking agents.
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the secretion of aldosterone. The prototype β-blocker is propranolol 
[proe PRAN-oh-lol], which acts at both β1 and β2 receptors. Selective 
blockers of β1 receptors, such as metoprolol [met-OH-pro-lol]  
and atenolol [ah-TEN-oh-lol], are among the most commonly pre-
scribed β-blockers. Nebivolol [ne-BIV-oh-lole] is a selective blocker 
of β1 receptors, which also increases the production of nitric oxide, 
leading to vasodilation. The selective β-blockers may be adminis-
tered cautiously to hypertensive patients who also have asthma. The 
nonselective β-blockers are contraindicated in patients with asthma 
due to their blockade of β2-mediated bronchodilation. (See Chapter 
7 for an in-depth discussion of β-blockers.) β-Blockers should be 
used cautiously in the treatment of patients with acute heart failure or 
peripheral vascular disease.

B. Therapeutic uses

 The primary therapeutic benefits of β-blockers are seen in hyperten-
sive patients with concomitant heart disease, such as supraventricular 
tachyarrhythmia (for example, atrial fibrillation), previous myocardial 
infarction, stable ischemic heart disease, and chronic heart failure. 
Conditions that discourage the use of β-blockers include reversible 
bronchospastic disease such as asthma, second- and third-degree 
heart block, and severe peripheral vascular disease.

C. Pharmacokinetics

 The β-blockers are orally active for the treatment of hypertension. 
Propranolol undergoes extensive and highly variable first-pass metab-
olism. Oral β-blockers may take several weeks to develop their full 
effects. Esmolol, metoprolol, and propranolol are available in intrave-
nous formulations.

D. Adverse effects

1. Common effects: Figure 16.11 describes some of the adverse 
effects of β-blockers. The β-blockers may decrease libido and 
cause erectile dysfunction, which can severely reduce patient 
compliance.

2. Alterations in serum lipid patterns: Noncardioselective β-blockers  
may disturb lipid metabolism, decreasing high- density lipoprotein 
cholesterol and increasing triglycerides.

3. Drug withdrawal: Abrupt withdrawal may induce severe hyper-
tension, angina, myocardial infarction, and even sudden death in 
patients with ischemic heart disease. Therefore, these drugs must 
be tapered over a few weeks in patients with hypertension and 
ischemic heart disease.

VII. ACE INHIBITORS

ACE inhibitors such as captopril [KAP-toe-pril], enalapril [e-NAL-ah-pril], 
Lisinopril [lye-SIN-oh-pril] are recommended as first-line treatment of 
hypertension in patients with a variety of compelling indications, including 
high coronary disease risk or history of diabetes, stroke, heart failure, myo-
cardial infarction, or chronic kidney disease (Figures 16.6 and 16.9).

Figure 16.11
Some adverse effects of β-blockers.
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A. Actions

 The ACE inhibitors lower blood pressure by reducing peripheral vas-
cular resistance without reflexively increasing cardiac output, heart 
rate, or contractility. These drugs block the enzyme ACE which 
cleaves angiotensin I to form the potent vasoconstrictor angiotensin II 
(Figure 16.12). ACE is also responsible for the breakdown of bradyki-
nin, a peptide that increases the production of nitric oxide and pros-
tacyclin by the blood vessels. Both nitric oxide and prostacyclin are 
potent vasodilators. Vasodilation of both arterioles and veins occurs 
as a result of decreased vasoconstriction (from diminished levels of 
angiotensin II) and enhanced vasodilation (from increased bradyki-
nin). By reducing circulating angiotensin II levels, ACE inhibitors also 
decrease the secretion of aldosterone, resulting in decreased sodium 
and water retention. ACE inhibitors reduce both cardiac preload and 
afterload, thereby decreasing workload on the heart.

B. Therapeutic uses

 ACE inhibitors slow the progression of diabetic nephropathy and 
decrease albuminuria and, thus, have a compelling indication for 
use in patients with diabetic nephropathy. Beneficial effects on renal 
function may result from decreasing intraglomerular pressures, due 
to efferent arteriolar vasodilation. ACE inhibitors are a standard in 
the care of a patient following a myocardial infarction and first-line 
agents in the treatment of patients with systolic dysfunction. Chronic 
treatment with ACE inhibitors achieves sustained blood pressure 
reduction, regression of left ventricular hypertrophy, and prevention 
of ventricular remodeling after a myocardial infarction. ACE inhibitors 
are first-line drugs for treating heart failure, hypertensive patients with 
chronic kidney disease, and patients at increased risk of coronary 
artery disease. All of the ACE inhibitors are equally effective in the 
treatment of hypertension at equivalent doses.

C. Pharmacokinetics

 All of the ACE inhibitors are orally bioavailable as a drug or prod-
rug. All but captopril and lisinopril undergo hepatic conversion to 

Angiotensin I
(inactive)

Angiotensinogen
(α2-globulin in blood)

Aldosterone
production

Aldosterone
receptor antagonists

Output of
sympathetic
nervous system

Retention of 
sodium and 
water

Decreased
blood pressure

Vasodilation 
of vascular 
smooth muscle

Renin

Renin Inhibitors

Angiotensin II
ACE

ACE Inhibitors ARBs

Figure 16.12
Effects of various drug classes on the renin–angiotensin–aldosterone system. Blue = drug target enzymes;  
red = drug class.
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active metabolites, so these agents may be preferred in patients with 
severe hepatic impairment. Fosinopril [foe-SIN-oh-pril] is the only ACE 
inhibitor that is not eliminated primarily by the kidneys. Therefore, it 
does not require dose adjustment in patients with renal impairment. 
Enalaprilat [en-AL-a-pril-AT] is the only drug in this class available 
intravenously.

D. Adverse effects

 Figure 16.13 describes some of the common adverse effects of ACE 
inhibitors. The dry cough, which occurs in up to 10% of patients, is 
thought to be due to increased levels of bradykinin and substance P 
in the pulmonary tree, and it occurs more frequently in women. The 
cough resolves within a few days of discontinuation. Angioedema is 
a rare but potentially life-threatening reaction that may also be due to 
increased levels of bradykinin. Potassium levels must be monitored 
while on ACE inhibitors, and potassium supplements and potas-
sium-sparing diuretics should be used with caution due to the risk 
of hyperkalemia. Serum creatinine levels should also be monitored, 
particularly in patients with underlying renal disease. However, an 
increase in serum creatinine of up to 30% above baseline is accept-
able and by itself does not warrant discontinuation of treatment. ACE 
inhibitors can induce fetal malformations and should not be used by 
pregnant women.

VIII. ANGIOTENSIN II RECEPTOR BLOCKERS

The ARBs, such as losartan [LOW-sar-tan] and irbesartan [ir-be-SAR-tan], 
block the AT1 receptors, decreasing the activation of AT1 receptors by angio-
tensin II. Their pharmacologic effects are similar to those of ACE inhibitors in 
that they produce arteriolar and venous dilation and block aldosterone secre-
tion, thus lowering blood pressure and decreasing salt and water retention 
(Figure 16.12). ARBs do not increase bradykinin levels. They may be used as 
first-line agents for the treatment of hypertension, especially in patients with 
a compelling indication of diabetes, heart failure, or chronic kidney disease 
(Figures 16.5 and 16.6). Adverse effects are similar to those of ACE inhibitors, 
although the risks of cough and angioedema are significantly decreased. 
ARBs should not be combined with an ACE inhibitor for the treatment of 
hypertension due to similar mechanisms and adverse effects. These agents 
are also teratogenic and should not be used by pregnant women. [Note: The 
ARBs are discussed more fully in Chapter 18.]

IX. RENIN INHIBITOR

A selective renin inhibitor, aliskiren [a-LIS-ke-rin], is available for the treat-
ment of hypertension. Aliskiren directly inhibits renin and, thus, acts earlier 
in the renin–angiotensin–aldosterone system than ACE inhibitors or ARBs 
(Figure 16.12). Aliskiren should not be combined with an ACE inhibitor or 
ARB in the treatment of hypertension. Aliskiren can cause diarrhea, espe-
cially at higher doses. It also causes cough and angioedema, but less 
often than ACE inhibitors. As with ACE inhibitors and ARBs, aliskiren is 
contraindicated during pregnancy. Aliskiren is metabolized by CYP3A4 and 
is subject to many drug interactions.

Figure 16.13
Some common adverse effects of the 
ACE inhibitors.
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324 16. Antihypertensives

X. CALCIUM CHANNEL BLOCKERS

Calcium channel blockers are a recommended first-line treatment option in 
black patients. They may also be useful in hypertensive patients with diabetes 
or stable ischemic heart disease. High doses of short-acting calcium channel 
blockers should be avoided because of increased risk of myocardial infarc-
tion due to excessive vasodilation and marked reflex cardiac stimulation.

A. Classes of calcium channel blockers

 The calcium channel blockers are divided into three chemical classes, 
each with different pharmacokinetic properties and clinical indications 
(Figure 16.14).

1. Diphenylalkylamines: Verapamil [ver-AP-a-mil] is the only 
member of this class that is available in the United States. 
Verapamil has significant effects on both cardiac and vascu-
lar smooth muscle cells. It is also used to treat angina and 
supraventricular tachyarrhythmias and to prevent migraine and 
cluster headaches.

2. Benzothiazepines: Diltiazem [dil-TYE-a-zem] is the only mem-
ber of this class that is currently approved in the United States. 
Like verapamil, diltiazem affects both cardiac and vascular 
smooth muscle cells, but it has a less pronounced negative 
inotropic effect on the heart compared to that of verapamil. 
Diltiazem has a favorable side effect profile.

3. Dihydropyridines: This class of calcium channel blockers 
includes nifedipine [nye-FED-i-peen] (the prototype), amlodip-
ine [am-LOE-di-peen], felodipine [fe-LOE-di-peen], isradipine 
[is-RAD-i-peen], nicardipine [nye-KAR-di-peen], and nisoldipine 
[nye-ZOL-di-peen]. These agents differ in pharmacokinetics, 
approved uses, and drug interactions. All dihydropyridines have 
a much greater affinity for vascular calcium channels than for 
calcium channels in the heart. They are, therefore, particularly 
beneficial in treating hypertension. The dihydropyridines have 
the advantage in that they show little interaction with other car-
diovascular drugs, such as digoxin or warfarin, which are often 
used concomitantly with calcium channel blockers.

B. Actions

 The intracellular concentration of calcium plays an important role in 
maintaining the tone of smooth muscle and in the contraction of the 
myocardium. Calcium channel antagonists block the inward move-
ment of calcium by binding to L-type calcium channels in the heart 
and in smooth muscle of the coronary and peripheral arteriolar vas-
culature. This causes vascular smooth muscle to relax, dilating mainly 
arterioles. Calcium channel blockers do not dilate veins.

C. Therapeutic uses

 In the management of hypertension, CCBs may be used as an initial 
therapy or as an add-on therapy. They are useful in the treatment of 
hypertensive patients who also have asthma, diabetes, and/or periph-
eral vascular disease, because unlike β-blockers, they do not have 
the potential to adversely affect these conditions. All CCBs are useful 

Figure 16.14
Actions of calcium channel blockers. 
AV = atrioventricular.
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325XIII. Centrally Acting Adrenergic Drugs

in the treatment of angina. In addition, diltiazem and verapamil are 
used in the treatment of atrial fibrillation.

D. Pharmacokinetics

 Most of these agents have short half-lives (3 to 8 hours) following 
an oral dose. Sustained-release preparations are available and permit 
once-daily dosing. Amlodipine has a very long half-life and does not 
require a sustained-release formulation.

E. Adverse effects

 First-degree atrioventricular block and constipation are common 
dose-dependent side effects of verapamil. Verapamil and diltiazem 
should be avoided in patients with heart failure or with atrioventricular 
block due to their negative inotropic (force of cardiac muscle contraction) 
and dromotropic (velocity of conduction) effects. Dizziness, headache, 
and a feeling of fatigue caused by a decrease in blood pressure are 
more frequent with dihydropyridines (Figure 16.15). Peripheral edema 
is another commonly reported side effect of this class. Nifedipine and 
other dihydropyridines may cause gingival hyperplasia.

XI. -ADRENOCEPTOR–BLOCKING AGENTS

α-Adrenergic blockers used in the treatment of hypertension include 
prazosin [PRA-zoe-sin], doxazosin [dox-AH-zoe-sin], and terazosin  
[ter-AH-zoe-sin]. These agents produce a competitive block of α1-adreno-
ceptors. They decrease peripheral vascular resistance and lower arterial 
blood pressure by causing relaxation of both arterial and venous smooth 
muscle. These drugs cause only minimal changes in cardiac output, renal 
blood flow, and glomerular filtration rate. Therefore, long-term tachycar-
dia does not occur, but salt and water retention does. Reflex tachycardia 
and postural hypotension often occur at the onset of treatment and with 
dose increases, requiring slow titration of the drug in divided doses. Due to 
weaker outcome data and their side effect profile, α-blockers are no longer 
recommended as initial treatment for hypertension, but may be used for 
refractory cases. Other α1-blockers with greater selectivity for the prostate 
are used in the treatment of benign prostatic hyperplasia (see Chapter 43).

XII. -/-ADRENOCEPTOR–BLOCKING AGENTS

Labetalol [la-BAY-ta-lol] and carvedilol [kar-VE-di-lol] block α1, β1, and 
β2 receptors. Carvedilol is indicated in the treatment of heart failure and 
hypertension. It has been shown to reduce morbidity and mortality associ-
ated with heart failure. Labetalol is used in the management of gestational 
hypertension and hypertensive emergencies.

XIII. CENTRALLY ACTING ADRENERGIC DRUGS

A. Clonidine

 Clonidine [KLON-i-deen] acts centrally as an α2 agonist to produce 
inhibition of sympathetic vasomotor centers, decreasing sympa-
thetic outflow to the periphery. This leads to reduced total periph-
eral resistance and decreased blood pressure. Clonidine is used 

Dizziness

Headache

Peripheral edema

BP
Hypotension

Flushing

Figure 16.15
Some common adverse effects of the 
calcium channel blockers.
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326 16. Antihypertensives

primarily for the treatment of hypertension that has not responded 
adequately to treatment with two or more drugs. Clonidine does not 
decrease renal blood flow or glomerular filtration and, therefore, is 
useful in the treatment of hypertension complicated by renal disease. 
Clonidine is well absorbed after oral administration and is excreted 
by the kidney. It is also available in a transdermal patch. Adverse 
effects include sedation, dry mouth, and constipation (Figure 16.16). 
Rebound hypertension occurs following abrupt withdrawal of cloni-
dine. The drug should, therefore, be withdrawn slowly if discontinu-
ation is required.

B. Methyldopa

 Methyldopa [meth-ill-DOE-pa] is an α2 agonist that is converted to 
methylnorepinephrine centrally to diminish adrenergic outflow from 
the CNS. The most common side effects of methyldopa are sedation 
and drowsiness. Its use is limited due to adverse effects and the need 
for multiple daily doses. It is mainly used for management of hyper-
tension in pregnancy, where it has a record of safety.

XIV. VASODILATORS

The direct-acting smooth muscle relaxants, such as hydralazine [hye-
DRAL-a-zeen] and minoxidil [min-OX-i-dill], are not used as primary drugs 
to treat hypertension. These vasodilators act by producing relaxation of 
vascular smooth muscle, primarily in arteries and arterioles. This results 
in decreased peripheral resistance and, therefore, blood pressure. Both 
agents produce reflex stimulation of the heart, resulting in the compet-
ing reflexes of increased myocardial contractility, heart rate, and oxygen  
consumption. These actions may prompt angina pectoris, myocardial 
infarction, or cardiac failure in predisposed individuals. Vasodilators 
also increase plasma renin concentration, resulting in sodium and water 
retention. These undesirable side effects can be blocked by concomitant 
use of a diuretic (to decrease sodium retention) and a β-blocker (to bal-
ance the reflex tachycardia). Together, the three drugs decrease cardiac 
output, plasma volume, and peripheral vascular resistance. Hydralazine 
is an accepted medication for controlling blood pressure in pregnancy- 
induced hypertension. Adverse effects of hydralazine include headache, 
tachycardia, nausea, sweating, arrhythmia, and precipitation of angina 
(Figure 16.17). A lupus-like syndrome can occur with high dosages, but it 
is reversible upon discontinuation of the drug. Minoxidil treatment causes 
hypertrichosis (the growth of body hair). This drug is used topically to treat 
male pattern baldness.

XV. HYPERTENSIVE EMERGENCY

Hypertensive emergency is a rare but life-threatening situation char-
acterized by severe elevations in blood pressure (systolic greater than  
180  mm Hg or diastolic greater than 120 mm Hg) with evidence of 
impending or progressive target organ damage (for example, stroke and 
myocardial infarction). [Note: A severe elevation in blood pressure without 
evidence of target organ damage is considered a hypertensive urgency.] 
Hypertensive emergencies require timely blood pressure reduction with 

Figure 16.16
Some adverse effects of clonidine.
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327XIX. DRUG INTERACTIONS

treatment administered intravenously to prevent or limit target organ dam-
age. A variety of medications are used, including calcium channel blockers 
(nicardipine and clevidipine), nitric oxide vasodilators (nitroprusside and 
nitroglycerin), adrenergic receptor antagonists (phentolamine,  esmolol, 
and labetalol), the vasodilator hydralazine, and the dopamine agonist 
fenoldopam. Treatment is directed by the type of target organ damage 
and/or comorbidities present.

XVI. RESISTANT HYPERTENSION

Resistant hypertension is defined as blood pressure that remains ele-
vated (above goal) despite administration of an optimal three-drug reg-
imen that includes a diuretic. The most common causes of resistant 
hypertension are poor compliance, excessive ethanol intake, concom-
itant conditions (diabetes, obesity, sleep apnea, hyperaldosteronism, 
high salt intake, and/or metabolic syndrome), concomitant medications 
(sympathomimetics, nonsteroidal anti-inflammatory drugs, or cortico-
steroids), insufficient dose and/or drugs, and use of drugs with similar 
mechanisms of action.

XVII. HYPERTENSION IN PREGNANCY 

α-Methyldopa, β-blockers, and vasodilators are preferred medications 
for safety of the fetus. However, caution should be exercised when using 
β-blockers over a long period as they cause growth retardation in the 
fetus. ACE inhibitors and ARB blockers are strongly contraindicated in 
such cases.

XVIII.  HYPERTENSION IN CHILDREN 
AND ADOLESCENTS 

In children and adolescents, hypertension is defined as blood pressure that 
is, on repeated measurement, at the 95th percentile or greater adjusted 
for age, height, and gender. The fifth Korotkoff sound is used to define 
diastolic BP. Rule out the secondary causes of hypertension such as 
Cushing’s diseases, pheochromocytoma, kidney disease, and coarctation 
of aorta. Lifestyle interventions are strongly recommended, with pharma-
cological therapy instituted for a higher level of BP or if there is insufficient 
response to lifestyle modification. The choices of antihypertensive drugs 
are similar in children and adults, but effective doses for children are often 
smaller and should be adjusted carefully.

XIX. DRUG INTERACTIONS

Interactions between antihypertensive drugs may enhance the hypotensive  
effect or offset adverse effects in some combinations, but may aggravate  
adverse effects in others. Combination of a β-blocker and a non- 
dihydropyridine (non-DHP) Ca2+ channel blocker enhances cardioinhibitory 
effect. Combination of an RA system inhibitor and an aldosterone antago-
nist aggravates hyperkalemia and increase in the frequency of  withdrawal 
syndrome is observed with a combination of a central sympatholytic drug 
and a β-blocker. 
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Palpitations
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Figure 16.17
Some adverse effects of hydralazine.
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328 16. Antihypertensives

Non-steroidal anti-inflammatory drugs (NSAIDs) attenuate the hypoten-
sive effects of diuretics, β-blockers, and ACE inhibitors as they increase 
fluid retention. Enhancement of the hypotensive effects of Ca2+ channel 
blockers and β-blockers is observed with histamine H2-receptor blockers 
and rise in blood digoxin concentration if combined with a non-DHP Ca2+ 
channel blocker. The concomitant use of an ACE inhibitor or ARB with an 
NSAID or a diuretic may cause acute renal insufficiency or an excessive 
fall in blood pressure, particularly in elderly patients, with dehydration or 
under restriction of salt intake. Grapefruit or grapefruit juice increases the 
blood concentration of DHP Ca2+ channel blockers (particularly felodipine 
and nisoldipine).

Study Questions

Choose the ONE best answer.

16.1. A 55-year-old Non-Hispanic black male has hyper-
tension. His past medical history also includes dia-
betes and hyperlipidemia. According to the ACC/
AHA guidelines, which represents the most appro-
priate blood pressure goal for the patient?

A. <140/85

B. <135/85

C. <130/80

D. <140/80

16.2. A 59-year-old Non-Hispanic white patient presents 
for treatment of hypertension. His past  medical 
history also includes diabetes and hyperlipidemia 
hypertension. The patient’s blood pressure is 
150/93 (both today and at the last visit). Which is a 
recommended initial therapy to treat hypertension 
in this patient?

A. Enalapril

B. Hydralazine

C. Verapamil

D. Metoprolol

16.3. A 45-year-old male complains of constipation. He 
was recently started on two antihypertensives due 
to elevated systolic blood pressure (greater than 
20 mmHg above goal). His current medications 
include lisinopril, chlorthalidone, verapamil, rosu-
vastatin, and aspirin. Which is most likely contrib-
uting to his constipation?

A. Chlorthalidone

B. Verapamil

C. Aspirin

D. Lisinopril

Correct answer = C. Goals of therapy differ depend-
ing on which guidelines the clinician uses in practice. 
According to the ACC/AHA guidelines, the goal blood 
pressure for a diabetic patient is <130/80. 

Correct answer = A. Enalapril is an ACE inhibitor and 
is recommended for first-line therapy in various patient 
populations, including those who have a compelling 
indication such as diabetes. The other therapies are 
not considered first-line therapy.

Correct answer = B. Common side effects specific for 
verapamil include constipation and first-degree atrio-
ventricular block which typically are dose-dependent. 
Electrolyte disturbances are often associated with both 
diuretics (chlorthalidone) and ACE inhibitors (lisinopril).
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16.4. Which antihypertensive medication can cause the 
rare side effect of angioedema?

A. Amlodipine

B. Fosinopril

C. Prazosin

D. Propranolol

16.5. A 52-year-old female has uncontrolled hyperten-
sion (blood pressure 154/82 mm Hg) on treat-
ment with lisinopril. She recently had a myocardial 
 infarction and her past medical history includes 
diabetes, hypertension, hyperlipidemia, and osteo-
arthritis. Considering her compelling indications, 
which agent may be appropriate to add to her anti-
hypertensive therapy?

A. Clonidine

B. Olmesartan

C. Furosemide

D. Metoprolol

16.6. The blood pressure of a patient with essential 
hypertension is at goal on treatment with enalapril. 
Since initiation of enalapril, the serum creatinine 
has increased 25% above baseline. What is the 
appropriate next step for the enalapril therapy?

A. Discontinue enalapril.

B. Reduce dose of enalapril.

C. Continue current dose of enalapril.

D. Increase dose of enalapril.

16.7. Which of the following correctly outlines a major 
difference in electrolyte disturbances associated 
with thiazide and loop diuretics?

A. Thiazide diuretics decrease potassium and loop 
diuretics increase potassium.

B. Thiazide diuretics increase potassium and loop 
diuretics decrease potassium.

C. Thiazide diuretics decrease calcium and loop 
diuretics increase calcium.

D. Thiazide diuretics increase calcium and loop 
diuretics decrease calcium.

16.8. Which can precipitate a hypertensive crisis follow-
ing abrupt cessation of therapy?

A. Clonidine

B. Diltiazem

C. Valsartan

D. Hydrochlorothiazide

Correct answer = B. ACE inhibitors (fosinopril), ARBs 
(for example, losartan), and renin inhibitors (ali-
skiren) can cause angioedema. The occurrence of 
angioedema is more common with ACE inhibitors. 
Amlodipine can cause dizziness, headache, and 
peripheral edema. Prazosin can cause reflex tachycar-
dia and postural hypotension. Propranolol can cause 
insomnia, decreased libido, fatigue, and bradycardia.

Correct answer = D. Individual patient care is war-
ranted particularly in the case of a compelling indi-
cation for certain medication. Considering her recent 
myocardial infarction, the best choice is a β1 blocker 
(metoprolol). It is not appropriate to combine an ACE 
inhibitor (lisinopril) and ARB (olmesartan). The other 
agents are not considered first-line therapy and do 
not have a compelling indication for addition to the 
regimen.

Correct answer = C. The blood pressure is at goal. 
Electrolytes (such as potassium) and serum creati-
nine should be monitored in patients who initiate ACE 
inhibitors. Increases in serum creatinine up to 30% 
above baseline are acceptable and do not warrant 
discontinuation or reduction in treatment. Since the 
blood pressure is at goal, increasing the enalapril is 
not necessary.

Correct answer = D. Thiazide and loop  diuretics 
decrease potassium, sodium, and magnesium. 
However, thiazide diuretics increase calcium (through 
reduced urinary excretion), while loop diuretics reduce 
calcium (through enhanced urinary excretion).

Correct answer = A. Increased sympathetic nervous 
system activity occurs if clonidine therapy is abruptly 
stopped after prolonged administration. Uncontrolled 
elevation in blood pressure can occur. Patients should 
be slowly weaned from clonidine while other antihy-
pertensive medications are initiated. The other drugs 
on the list do not produce this phenomenon.
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 16.9. Which of the following is a dihydropyridine cal-
cium channel blocker?

A. Amlodipine

B. Metoprolol

C. Verapamil

D. Lisinopril

16.10. A 45-year-old man was started on therapy for 
hypertension and developed a persistent, dry 
cough. Which is most likely responsible for this 
side effect?

A. Lisinopril

B. Losartan

C. Nifedipine

D. Atenolol

Correct answer = A. There are three classes of cal-
cium channel blockers: nondihydropyridines (benzo-
thiazepines, diphenylalkylamines) and dihydropyri-
dines. Amlodipine is a member of the dihydropyridine 
class of calcium channel blockers which also includes 
nifedipine and felodipine. Verapamil is a benzothi-
azepine calcium channel blocker, metoprolol is a 
β blocker, and lisinopril is an ACE inhibitor.

Correct answer = A. The cough is most likely an 
adverse effect of the ACE inhibitor lisinopril. Losartan 
is an ARB that has the same beneficial effects as 
an ACE inhibitor but is less likely to produce a cough. 
Nifedipine and atenolol do not cause this side effect.
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I. OVERVIEW

Diuretics are drugs that increase the volume of urine excreted. Most diuretic 
agents are inhibitors of renal ion transporters that decrease the reabsorp-
tion of Na+ at different sites in the nephron. As a result, Na+ and other ions 
enter the urine in greater than normal amounts along with water, which is 
carried passively to maintain osmotic equilibrium. Diuretics, thus, increase 
the volume of urine and often change its pH, as well as the ionic compo-
sition of the urine and blood. The diuretic effect of the different classes 
of diuretics varies considerably with the site of action. In addition to the 
ion transport inhibitors, other types of diuretics include osmotic diuretics, 
aldosterone antagonists, and carbonic anhydrase inhibitors. While diuret-
ics are most commonly used for management of excessive fluid retention 
(edema), many agents within this class are prescribed for nondiuretic indi-
cations or for systemic effects in addition to their actions on the kidney. 
Examples, which are discussed below, include use of thiazides in hyper-
tension, use of carbonic anhydrase inhibitors in glaucoma, and use of 
aldosterone antagonists in heart failure. In this chapter, the diuretic drugs 
(Figure 17.1) are discussed according to the frequency of their use.

II.  NORMAL REGULATION OF FLUID 
AND ELECTROLYTES BY THE KIDNEYS

Approximately 16% to 20% of the blood plasma entering the kidneys is 
filtered from the glomerular capillaries into Bowman’s capsule. The filtrate, 
although normally free of proteins and blood cells, contains most of the low 
molecular weight plasma components in concentrations similar to that in 
the plasma. These include glucose, sodium bicarbonate, amino acids, and 
other organic solutes, as well as electrolytes, such as Na+, K+, and Cl−. The 
kidney regulates the ionic composition and volume of urine by active reab-
sorption or secretion of ions and/or passive reabsorption of water at five 
functional zones along the nephron: 1) the proximal convoluted tubule, 2)  
the descending loop of Henle, 3) the ascending loop of Henle, 4) the distal 
convoluted tubule, and 5) the collecting tubule and duct (Figure 17.2).

A. Proximal convoluted tubule

 In the proximal convoluted tubule located in the cortex of the kidney, 
almost all the glucose, bicarbonate, amino acids, and other metabo-
lites are reabsorbed (Figure 17.3). Approximately 65% of the filtered 
Na+ (and water) is reabsorbed. Given the high water permeability, about 
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Figure 17.1
Summary of diuretic drugs.
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332 17. Diuretics

60% of water is reabsorbed from the lumen to the blood to maintain 
osmolar equality. Chloride enters the lumen of the tubule in exchange 
for an anion, such as oxalate, as well as paracellularly through the 
lumen. The Na+ that is reabsorbed is pumped into the interstitium by 
the Na+/K+-adenosine triphosphatase (ATPase) pump. Carbonic anhy-
drase in the luminal membrane and cytoplasm of the proximal tubular  
cells modulate the reabsorption of bicarbonate. Despite having the 
highest percentage of filtered Na+ that is reabsorbed, diuretics working 
in the proximal convoluted tubule display weak diuretic properties. The 
presence of a high capacity Na+ and water reabsorption area (loop of 
Henle) distal to the proximal convoluted tubule allows reabsorption of 
Na+ and water kept in the lumen by diuretics acting in the proximal 
convoluted tubule, and limits effective diuresis.

 The proximal tubule is the site of the organic acid and base secretory 
systems. The organic acid secretory system, located in the  middle-third 
of the proximal tubule, secretes a variety of organic acids, such as 
uric acid, some antibiotics, and diuretics, from the bloodstream into 
the proximal tubular lumen. The organic acid secretory system is sat-
urable, and diuretic drugs in the bloodstream  compete for transfer 
with endogenous organic acids such as uric acid. A  number of other 
interactions can also occur. For example, probenecid interferes with 
penicillin secretion. The organic base secretory system, located in the 
upper and middle segments of the proximal tubule, is responsible for 
the secretion of creatinine and choline.

Medication site of action:
· Carbonic anhydrase inhibitors
     · Weak diuretic action

· Osmotic diuretics
     · Rarely used for diuresis

Descending 
loop of 
Henle

2

Ascending
loop of
Henle

3

Distal
convoluted
tubule

4

Collecting
tubule and duct5

Proximal
convoluted
tubule

1

Glomerular
�ltrate

Medication site of action:
· Thiazides
     · Weak diuretic action

Descending2

33
Medication site of action:
· Loop diuretics
     · Strongest diuretic action

Medication site of action:
· Aldosterone antagonists
     · Weak to moderate (dose-
         dependent) diuretic 
         action

· Epithelial sodium channel 
   antagonists
     · Weakest diuretic action 

· Vasopressin 2 receptor 
   agonists
     · Moderate aquaphoresis 
          action

222
Medication site of action:
· Osmotic diuretics
     · Rarely used for diuresis

Figure 17.2
Major locations of ion and water exchange in the nephron, showing sites of action of the diuretic drugs.
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Proximal convoluted tubule cell.
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B. Descending loop of Henle

 The remaining filtrate, which is isotonic, next enters the descending 
limb of the loop of Henle and passes into the medulla of the kidney. 
The osmolarity increases along the descending portion of the loop of 
Henle because of the countercurrent mechanism that is responsible 
for water reabsorption. This results in a tubular fluid with a three-fold 
increase in Na+ and Cl− concentration. Osmotic diuretics exert part of 
their action in this region.

C. Ascending loop of Henle

 The cells of the ascending tubular epithelium are unique in being 
impermeable to water. Active reabsorption of Na+, K+, and Cl− is 
mediated by a Na+/K+/2Cl− cotransporter (Figure 17.4). Both Mg2+ and 
Ca2+ are reabsorbed via the paracellular pathway. Thus, the ascending 
loop dilutes the tubular fluid and raises the osmolarity of the medul-
lary interstitium. Approximately 25% to 30% of the filtered sodium 
chloride is absorbed here. Because the ascending loop of Henle is a 
major site for salt reabsorption and no segments distally are capable 
of significant Na+ and water reabsorption, drugs affecting this site, 
such as loop diuretics, have the greatest diuretic effect.

D. Distal convoluted tubule

 The cells of the distal convoluted tubule are also impermeable to 
water. About 5% to 10% of the filtered sodium chloride is reabsorbed 
via a Na+/Cl− transporter, the target of thiazide diuretics. Calcium reab-
sorption, under the regulation of parathyroid hormone, is mediated by 
an apical channel and then transported by a Na+/Ca2+-exchanger into 
the interstitial fluid (Figure 17.5).

E. Collecting tubule and duct

 The principal cells of the collecting tubule and duct are responsible 
for Na+, K+, and water transport, whereas the intercalated cells affect 
H+ secretion (Figure 17.6). Approximately 1% to 2% of the filtered 
sodium enters the principal cells through epithelial sodium channels 
that are inhibited by amiloride and triamterene. Once inside the cell, 
Na+ reabsorption relies on a Na+/K+-ATPase pump to be transported 
into the blood. Aldosterone receptors in the principal cells influence 
Na+ reabsorption and K+ secretion. Aldosterone increases the syn-
thesis of epithelial sodium channels and of the Na+/K+–ATPase pump 
to increase Na+ reabsorption and K+ excretion. Antidiuretic hormone 
(ADH; vasopressin) binds to V2 receptors to promote the reabsorption 
of water through aquaporin channels.

III. THIAZIDES 

The thiazides are the most widely used diuretics because of their anti- 
hypertensive effects. However, the efficacy of thiazides for hypertension is 
not entirely dependent on their diuretic actions. These agents also reduce 
peripheral vascular resistance with long-term therapy. Despite being sul-
fonamide derivatives, thiazides do not generally cause hypersensitivity 
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reactions in patients with allergies to sulfonamide antimicrobials such 
as sulfamethoxazole. All thiazides affect the distal convoluted tubule 
(Figure 17.2), and all have equal maximum diuretic effects, differing only in 
potency. Thiazides are sometimes called “low ceiling diuretics,” because 
increasing the dose above normal therapeutic doses does not promote 
further diuretic response.

A. Thiazides

 Chlorothiazide [klor-oh-THYE-ah-zide] was the first orally active thia-
zide, although hydrochlorothiazide [hi-dro-klor-oh-THYE-ah-zide] and 
chlorthalidone [klor-THAL-i-done] are now used more commonly due 
to better bioavailability. Hydrochlorothiazide is more potent, so the 
required dose is considerably lower than that of chlorothiazide, but 
the efficacy is comparable to that of the parent drug. Chlorthalidone 
is approximately twice as potent as hydrochlorothiazide. In all other 
aspects, hydrochlorothiazide resembles chlorothiazide. Chlorthalidone, 
indapamide [in-DAP-a-mide], and metolazone [me-TOL-ah-zone] are 
referred to as thiazide-like diuretics because they lack the charac-
teristic benzothiadiazine chemical structure; however, their mecha-
nism of action, indications, and adverse effects are similar to those of 
hydrochlorothiazide.

1. Mechanism of action: The thiazide and thiazide-like diuretics act 
mainly in the distal convoluted tubule to decrease the reabsorption 
of Na+ by inhibition of a Na+/Cl− cotransporter (Figure 17.5). As a 
result, these drugs increase the concentration of Na+ and Cl− in 
the tubular fluid. Thiazides must be excreted into the tubular lumen 
at the proximal convoluted tubule to be effective (Figure 17.3). 
Thiazides must be excreted into the tubular lumen at the proximal 
convoluted tubule to be effective (Figure 17.3). Therefore, decreas-
ing renal function reduces the diuretic effects. The antihyperten-
sive effects of thiazides may persist even when the glomerular  
filtration rate is below 30 mL/min/1.73 m2. However, hypertension 
at this level of renal dysfunction is often exacerbated by hypervole-
mia, requiring a change to loop diuretics for volume status and, 
therefore, blood pressure control. The efficacy of thiazides may be 
diminished with concomitant use of nonsteroidal anti-inflammatory 
drugs (NSAIDs), such as indomethacin, which inhibit production of 
renal prostaglandins, thereby reducing renal blood flow.

2. Actions:

a. Increased excretion of Na+ and Cl−: Thiazide and  thiazide- 
like  diuretics cause diuresis with increased Na+ and Cl− 
 excretion, which can result in the excretion of very  hyperosmolar 
(concentrated) urine. This latter effect is unique, as the other 
diuretic classes are unlikely to produce a hyperosmolar urine. 
Figure 17.7 outlines relative changes in the ionic composition 
of the urine with thiazide and thiazide-like diuretics.

b. Decreased urinary calcium excretion: Thiazide and thiazide- 
like diuretics decrease the Ca2+ content of urine by promoting 
the reabsorption of Ca2+ in the distal convoluted tubule where 
parathyroid hormone regulates reabsorption. 

c. Reduced peripheral vascular resistance: An initial reduc-
tion in blood pressure results from a decrease in blood volume 
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335III. Thiazides 

and, therefore, a decrease in cardiac output. With continued 
 therapy, blood volume returns to baseline. However, antihy-
pertensive effects continue, resulting from reduced periph-
eral vascular resistance caused by relaxation of arteriolar 
smooth muscle. 

3. Therapeutic uses:

a. Hypertension: Clinically, thiazides are a mainstay of antihy-
pertensive treatment, because they are inexpensive, conve-
nient to administer, and well tolerated. Blood pressure can 
be lowered with a daily dose of thiazide. At doses equipotent 
to hydrochlorothiazide, chlorthalidone is considered a pre-
ferred option by some clinicians because of its longer half-life  
(50 to 60 hours) and improved control of blood pressure 
over the entire day. However, current treatment guidelines for 
hypertension do not recommend any thiazide preferentially.

b. Heart failure: Loop diuretics (not thiazides) are the diuret-
ics of choice in reducing extracellular volume in heart failure. 
However, thiazide diuretics may be added in patients resis-
tant to loop diuretics, with careful monitoring for hypokale-
mia. Metolazone is most frequently utilized as an addition to 
loop diuretics, although there is a lack of evidence that it is 
more effective than other thiazides for this indication when 
administered at equipotent doses. Historically, thiazides were 
 prescribed to be administered 30 minutes prior to loop diuret-
ics to allow the thiazide time to reach the site of action when 
combined to augment diuresis in diuretic resistance. This prac-
tice is unnecessary and not supported by current evidence.

DIURETIC CLASS Uric
acid

URINE VOLUME
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HCO3
–Na+ K+ Mg2+ Ca2+ Cl–

URINARY EXCRETION OF:
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Potassium sparing
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Carbonic anhydrase
inhibitor

Figure 17.7
Urinary excretion from diuretic therapy.
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c. Hypercalciuria: The thiazides can be useful in treating idio-
pathic hypercalciuria and calcium oxalate stones in the uri-
nary tract, because they inhibit urinary Ca2+ excretion.

d. Diabetes insipidus: Thiazides have the unique ability to pro-
duce a hyperosmolar urine. Thiazides can be utilized as a 
treatment for nephrogenic diabetes insipidus. The urine vol-
ume of such individuals may drop from 11 L/d to about 3 L/d 
when treated with thiazides.

4. Pharmacokinetics: As a class, thiazides are effective orally, with 
a bioavailability of 60% to 70%. Chlorothiazide has a much lower 
bioavailability (15% to 30%) and is the only thiazide with an intra-
venous dosage form. Most thiazides take 1 to 3 weeks to produce 
a stable reduction in blood pressure and exhibit a prolonged half-
life (approximately 10 to 15 hours). Indapamide differs from the 
class because it undergoes hepatic metabolism and is excreted 
in both the urine and bile. Most thiazides are primarily excreted 
unchanged in the urine. 

5. Adverse effects: These mainly involve problems in fluid and elec-
trolyte balance (Figure 17.8).

a. Hypokalemia: Hypokalemia is the most frequent problem with 
the thiazide diuretics. Because thiazides increase Na+ in the 
filtrate arriving at the distal tubule, more K+ is also exchanged 
for Na+, resulting in a continual loss of K+ from the body with 
prolonged use of these drugs Thus, serum K+ should be mea-
sured periodically (more frequently at the beginning of therapy) 
to monitor for the development of hypokalemia. Potassium 
supplementation or combination with a  potassium-sparing 
diuretic may be required. Low-sodium diets blunt the potas-
sium depletion caused by thiazide diuretics.

b. Hypomagnesemia: Urinary loss of magnesium can lead to 
hypomagnesemia.

c. Hyponatremia: Hyponatremia may develop due to elevation 
of ADH, as well as diminished diluting capacity of the kidney 
and increased thirst. 

d. Hyperuricemia: Thiazides increase serum uric acid by 
decreasing the amount of acid excreted through competition 
in the organic acid secretory system. Being insoluble, uric acid 
deposits in the joints and may precipitate a gouty attack in 
predisposed individuals. Therefore, thiazides should be used 
with caution in patients with gout or high levels of uric acid.

e. Hypovolemia: This can cause orthostatic hypotension or 
light-headedness.

 f. Hypercalcemia: Thiazides inhibit the secretion of Ca2+, 
sometimes leading to hypercalcemia (elevated levels of Ca2+ 
in the blood).

g. Hyperglycemia: Therapy with thiazides can lead to mild ele-
vations in serum glucose, possibly due to impaired release 
of insulin related to hypokalemia. Patients with diabetes still 
benefit from thiazide therapy, but should monitor glucose to 
assess the need for an adjustment in diabetes therapy if thia-
zides are initiated.

K+
Hypokalemia

Uric acid

Hyperuricema

BP
Hypotension

Hyponatremia
Na+

Hypercalcemia

Ca2+

Figure 17.8
Summary of adverse effects com-
monly observed with thiazide and 
thiazide-like medications.
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IV. LOOP DIURETICS

Bumetanide [byoo-MET-ah-nide], furosemide [fur-OH-se-mide],  torsemide 
[TOR-se-mide], and ethacrynic [eth-a-KRIN-ik] acid have their major 
diuretic action on the ascending limb of the loop of Henle (Figure 17.2).  
Of all the diuretics, these drugs have the highest efficacy in mobiliz-
ing Na+ and Cl− from the body, producing copious amounts of urine.  
Similar to thiazides, loop diuretics do not generally cause hypersensi-
tivity  reactions in patients with allergies to sulfonamide antimicrobi-
als such as sulfamethoxazole because of structural differences in their  
sulfonamide derivative. Furosemide is the most commonly used of 
these drugs. The use of bumetanide and torsemide is increasing, as 
these agents have better bioavailability and are more potent compared  
to furosemide. Ethacrynic acid is used infrequently due to its adverse 
effect profile.

A. Bumetanide, furosemide, torsemide, and ethacrynic acid

1. Mechanism of action: Loop diuretics inhibit the cotransport 
of Na+/K+/2Cl− in the luminal membrane in the ascending limb 
of the loop of Henle (Figure 17.4). Therefore, reabsorption of 
these ions into the renal medulla is decreased. By lowering the 
osmotic pressure in the medulla, less water is reabsorbed from 
water permeable segments, like the descending loop of Henle, 
causing diuresis. These agents have the greatest diuretic effect 
of all the diuretics because the ascending limb accounts for 
reabsorption of 25% to 30% of filtered NaCl, and downstream 
sites are unable to compensate for the increased Na+ load. Loop 
diuretics must be excreted into the tubular lumen at the proximal 
convoluted tubule to be effective (Figure 17.3). NSAIDs inhibit 
renal prostaglandin synthesis and can reduce the diuretic action 
of loop diuretics.

2. Actions:

a. Diuresis: Loop diuretics cause diuresis, even in patients with 
poor renal function or lack of response to other  diuretics. 
Changes in the composition of the urine induced by loop 
diuretics are shown in Figure 17.7. 

 Loop diuretics display a sigmoidal (“S”-shaped) dose- 
response curve with three parts: a threshold effect, a rapid 
increase in diuresis with small changes in drug concentration, 
and a ceiling effect (Figure 17.9). A dose must be selected 
to cross the response threshold, which is patient-specific. 
Reducing the effective dose with the intent of a reduction 
in diuresis can result in no diuresis, if the concentration of 
loop diuretic drops below the response threshold. Likewise, 
increasing the effective dose may not cause more diuresis 
because of the ceiling effect. Thus, after determination of an 
effective diuretic dose, the clinician should modify the fre-
quency of administration to increase or decrease the daily 
diuresis.

b. Increased urinary calcium excretion: Unlike thiazides, loop 
diuretics increase the Ca2+ content of urine. In patients with 
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Loop diuretic dose–response curve.
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normal serum Ca2+ concentrations, hypocalcemia does not 
result, because Ca2+ is reabsorbed in the distal convoluted 
tubule.

c. Venodilation: Prior to their diuretic actions, loop diuretics 
cause acute venodilation and reduce left ventricular filling 
pressures via enhanced prostaglandin synthesis.

3. Therapeutic uses:

a. Edema: Loop diuretics are the drugs of choice for treatment 
of pulmonary edema and acute/chronic peripheral edema 
caused from heart failure or renal impairment. Because of 
their rapid onset of action, particularly when given intrave-
nously, the drugs are useful in emergency situations such as 
acute pulmonary edema. 

b. Hypercalcemia: Loop diuretics (along with hydration) are 
also useful in treating hypercalcemia, because they stimulate 
tubular Ca2+ excretion. 

c. Hyperkalemia: Loop diuretics can be used with or without 
replacement intravenous fluid for the treatment of hyperkalemia.

4. Pharmacokinetics: Loop diuretics are administered orally or 
parenterally. Furosemide has unpredictable bioavailability of 
10% to 90% after oral administration. Bumetanide and torse-
mide have reliable bioavailability of 80% to 100%, which make 
these agents preferred for oral therapy. The duration of action 
is approximately 6 hours for furosemide and bumetanide, and 
moderately longer for torsemide, allowing patients to predict the 
window of diuresis. 

5. Adverse effects: Fluid and electrolyte issues are the predominant 
adverse effects (Figure 17.10).

a. Acute hypovolemia: Loop diuretics can cause a severe and 
rapid reduction in blood volume, with the possibility of hypo-
tension, shock, and cardiac arrhythmias.

b. Hypokalemia: The heavy load of Na+ presented to the collect-
ing tubule results in increased exchange of tubular Na+ for K+, 
leading to hypokalemia, the most common adverse effect of 
the loop diuretics. The loss of K+ from cells in exchange for 
H+ leads to hypokalemic alkalosis. Use of potassium-sparing 
diuretics or supplementation with K+ can prevent the devel-
opment of hypokalemia.

c. Hypomagnesemia: Urinary loss of magnesium can lead to 
hypomagnesemia.

d. Ototoxicity: Reversible or permanent hearing loss may occur 
with loop diuretics, particularly when infused intravenously at 
fast rates, at high doses, or when used in conjunction with 
other ototoxic drugs (for example, aminoglycoside antibi-
otics). With current dosing and appropriate infusion rates, 
 ototoxicity is a rare occurrence. Ethacrynic acid is the most 
likely to cause ototoxicity. Although less common, vestibular 
function may also be affected, inducing vertigo.

e. Hyperuricemia: Loop diuretics compete with uric acid for 
the renal secretory systems, thus blocking its secretion and, 
in turn, may cause or exacerbate gouty attacks.

Ototoxicity
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BP
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Mg2+
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Figure 17.10
Summary of adverse effects  commonly 
observed with loop diuretics.
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V. POTASSIUM-SPARING DIURETICS

Potassium-sparing diuretics act in the collecting tubule to inhibit Na+ reab-
sorption and K+ excretion (Figure 17.6). Potassium levels must be mon-
itored in patients treated with potassium-sparing diuretics. These drugs 
should be used cautiously in moderate renal dysfunction and avoided in 
patients with severe renal dysfunction because of the increased risk of 
hyperkalemia. Within this class, there are drugs with two distinct mecha-
nisms of action with different indications for use: aldosterone antagonists 
and epithelial sodium channel blockers. Changes in the composition of the 
urine induced by potassium-sparing diuretics are shown in Figure 17.7.

A. Aldosterone antagonists: spironolactone and eplerenone

1. Mechanism of action: Spironolactone [spear-oh-no-LAK-tone] 
and eplerenone [eh-PLEH-reh-none] are synthetic steroids that 
antagonize aldosterone receptors. This prevents translocation 
of the receptor complex into the nucleus of the target cell, ulti-
mately resulting in a lack of intracellular proteins that stimulate 
the Na+/K+-exchange sites of the collecting tubule. Thus, aldo-
sterone antagonists prevent Na+ reabsorption and, therefore, K+ 
and H+ secretion. Eplerenone is more selective for aldosterone 
receptors and causes less endocrine effects (gynecomastia) than 
spironolactone, which also binds to progesterone and androgen 
receptors.

2. Actions: Spironolactone and eplerenone antagonize aldosterone 
receptors at renal sites which causes diuresis, and  nonrenal sites 
which causes other effects. In most edematous states, blood levels 
of aldosterone are high, causing retention of Na+. Spironolactone 
antagonizes the activity of aldosterone, resulting in retention of K+ 
and excretion of Na+. 

3. Therapeutic uses:

a. Edema: Aldosterone antagonists are particularly effective 
diuretics when used in high doses for edema associated with 
secondary hyperaldosteronism, such as hepatic cirrhosis and 
nephrotic syndrome. Spironolactone is the diuretic of choice 
in patients with hepatic cirrhosis with fluid in the peritoneal 
cavity (ascites). By contrast, in patients who have no signifi-
cant circulating levels of aldosterone, there is minimal diuretic 
effect with use of this drug.

b. Hypokalemia: Although the aldosterone antagonists have 
a low efficacy in mobilizing Na+ from the body in compari-
son with the other diuretics, they have the useful property 
of causing the retention of K+. These agents are often given 
in conjunction with thiazide or loop diuretics to prevent K+ 
excretion that occurs with those diuretics. 

c. Heart failure: Aldosterone antagonists are employed at lower 
doses to prevent myocardial remodeling mediated by aldo-
sterone. Use of these agents has been shown to decrease 
mortality associated with heart failure, particularly in those 
with reduced ejection fraction.
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d. Resistant hypertension: Resistant hypertension, defined 
by the use of three or more medications without reaching 
the blood pressure goal, often responds well to aldosterone 
antagonists. This effect can be seen in those with or without 
elevated aldosterone levels.

e. Polycystic ovary syndrome: Spironolactone is often used 
off-label for the treatment of polycystic ovary syndrome. It 
blocks androgen receptors and inhibits steroid synthesis at 
high doses, thereby helping to offset increased androgen lev-
els seen in this disorder.

4. Pharmacokinetics: Both spironolactone and eplerenone are well 
absorbed after oral administration. Spironolactone is extensively 
metabolized and converted to several active metabolites, which 
contribute to the therapeutic effects. Eplerenone is metabolized 
by cytochrome P450 3A4.

5. Adverse effects:

a. Hyperkalemia: The most common side effect, hyperkalemia, 
is dose-dependent and increases with renal dysfunction or 
other potassium-sparing agents such as angiotensin- converting 
enzyme inhibitors and potassium supplements.

b. Gynecomastia: Spironolactone, but not eplerenone, may 
induce gynecomastia in approximately 10% of male patients 
and menstrual irregularities in female patients.

B. Triamterene and amiloride

 Triamterene [trye-AM-ter-een] and amiloride [a-MIL-oh-ride] block epi-
thelial sodium channels, resulting in a decrease in Na+/K+ exchange. 
Although they have a K+-sparing diuretic action similar to that of the 
aldosterone antagonists, their ability to block the Na+/K+-exchange 
site in the collecting tubule does not depend on the presence of aldo-
sterone. Like the aldosterone antagonists, these agents are not very 
efficacious diuretics. Both triamterene and amiloride are commonly 
used in combination with other diuretics, almost solely for their potas-
sium-sparing properties. 

VI. CARBONIC ANHYDRASE INHIBITOR

Acetazolamide [ah-set-a-ZOLE-a-mide] and other carbonic anhydrase 
inhibitors are more often used for their other pharmacologic actions than 
for their diuretic effect, because they are much less efficacious than the 
thiazide or loop diuretics.

A. Acetazolamide

1. Mechanism of action: Acetazolamide inhibits carbonic anhydrase 
located intracellularly (cytoplasm) and on the apical membrane of 
the proximal tubular epithelium (Figure 17.3). [Note: Carbonic anhy-
drase catalyzes the reaction of CO2 and H2O, leading to H2CO3, 
which spontaneously ionizes to H+ and HCO3

− (bicarbonate).]  
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The decreased ability to exchange Na+ for H+ in the presence 
of acetazolamide results in a mild diuresis. Additionally, HCO3

− 
is retained in the lumen, with marked elevation in urinary pH. 
The loss of HCO3

− causes a hyperchloremic metabolic acidosis. 
Changes in the composition of urinary electrolytes induced by 
acetazolamide are summarized in Figure 17.7. 

2. Therapeutic uses:

a. Glaucoma: Oral acetazolamide decreases the production 
of aqueous humor and reduces intraocular pressure in 
patients with chronic open-angle glaucoma, probably by 
blocking carbonic anhydrase in the ciliary body of the eye. 
Topical carbonic anhydrase inhibitors, such as dorzolamide 
and brinzolamide, have the advantage of not causing sys-
temic effects.

b. Altitude sickness: Acetazolamide can be used in the pro-
phylaxis of symptoms of altitude sickness. Acetazolamide 
prevents weakness, breathlessness, dizziness, nausea, and 
cerebral as well as pulmonary edema characteristic of the 
syndrome.

3. Pharmacokinetics: Acetazolamide can be administered orally 
or intravenously. It is approximately 90% protein bound and 
eliminated renally by both active tubular secretion and passive 
reabsorption.

4. Adverse effects: Metabolic acidosis (mild), potassium depletion, 
renal stone formation, drowsiness, and paresthesia may occur. 
The drug should be avoided in patients with hepatic cirrhosis, 
because it could lead to a decreased excretion of NH4

+.

VII. OSMOTIC DIURETICS

A number of simple, hydrophilic chemical substances that are filtered 
through the glomerulus, such as mannitol [MAN-i-tol], result in diuresis 
(Figure 17.2). Filtered substances that undergo little or no reabsorption 
result in a higher osmolarity of the tubular fluid. This prevents further 
water reabsorption at the descending loop of Henle and proximal con-
voluted tubule, resulting in osmotic diuresis with little additional Na+ 
excretion (aquaresis). Therefore, these agents are not useful for treating 
conditions in which Na+ retention occurs. They are used to maintain 
urine flow following acute toxic ingestion of substances capable of pro-
ducing acute renal failure. Osmotic diuretics are a mainstay of treatment 
for patients with increased intracranial pressure. [Note: Mannitol is not 
absorbed when given orally and should be given intravenously.] Adverse 
effects include dehydration and extracellular water expansion from the 
osmotic effects in the systemic circulation. The expansion of extracel-
lular water occurs because the presence of mannitol in the extracellular 
fluid extracts water from the cells and causes hyponatremia until diure-
sis occurs. 

Figure 17.11 summarizes the major classes of diuretics, their dosage, 
primary indication, common adverse effects, therapeutic considerations, 
and drug interactions.
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DRUG DOSE
PRIMARY  
INDICATION

COMMON ADVERSE 
EFFECTS

THERAPEUTIC 
 CONSIDERATIONS DRUG INTERACTIONS

Thiazides: 
Chlorthali-
done (oral)

Hydrochlo-
rothiazide 
(oral)

Initial: 12.5 mg daily 

Usual: 12.5–25 mg daily

Initial: 12.5 mg daily 

Usual (as monotherapy): 
12.5–50 mg once daily 

Usual (as adjunctive therapy): 
12.5–25 mg once daily 

Maximum: 50 mg daily 
(some sources recommend 
maximum 25 mg daily)

Thiazides can be given once 
daily or every other day

Initial: 1.25 mg once daily 

Usual (as monotherapy): 
2.5 mg once daily 

Usual (as adjunctive therapy): 
1.25–2.5 mg once daily 

Maximum: 5 mg daily 

Dose preferred to be taken 
early morning to avoid sleep 
disturbance due to nocturia

Duration of action: 20–40 
mg daily for hypertension

40–80 mg for edema  
(duration of action is 12 hours)

10–60 mg daily  
(duration of action is 12–18 
hours)

Hypertension Hypotension, muscle 
cramps, weakness, 
erectile dysfunction, 
hypokalemia, hypona-
tremia, hyperglycemia 
(in diabetic or predia-
betes), hyperlipidemia, 
hyperuricemia (at low 
doses)

Less common 

Allergic reactions 
(cross- sensitivity to 
other sulfonamide 
derivatives), photosen-
sitivity, fatigue, blood 
dyscrasias, azotemia 
(in renal disease 
patients)

Low dietary intake 
of potassium predis-
poses to hypokalemia, 
especially in the elderly; 
therefore, moderate 
salt restriction is the key 
for effective antihyper-
tensive effect and for 
 protection from diuretic- 
induced hypokalemia 

Thiazides are not effec-
tive in patients with 
renal failure (serum 
creatinine > 2mg /dl)  
because of reduced 
GFR. Monitor SCr and 
potassium

Monitor and use cau-
tiously in patients at risk 
or history of gout and in 
diabetic or prediabetes 
patients (may change 
glycemic control) and in 
arrhythmia

Hypokalemia aggravated 
by other drugs—β- 
agonists, theophylline, 
corticosteroids ampho-
tericin; hypokalemia 
potentiates digitalis 
toxicity; decrease in the 
efficacy of a variety of 
drugs including anticoag-
ulants and uricosorics; 

NSAIDs: Reduced diuretic 
efficacy

β-blockers: Potentiate 
hyperglycemia, hyperlip-
idemias

Thiazides can increase the 
blood levels of lithium

Combination with ARB 
and ACE inhibitors 
effectively lowers BP as 
they have different target 
for lowering BP while 
eliminating risk of hypo-
kalaemia with diuretics or 
hyperkalaemia with ACE 
inhibitors 

Indapamide 
(oral)

Xipamide

Clopamide

Frusemide  
(oral, intrave-
nous)

Torsemide

Bumetanide

20–80 mg orally once daily; 
may be increased by 20–40 
mg every 6–8 hours; Not to 
exceed 400 mg/day

Dose preferred to be taken 
early morning to avoid sleep 
disturbance due to nocturia

Hypertension;  
rapid 
reduction of 
edematous 
fluid as seen 
in congestive 
heart failure, 
nephritic 
syndrome

Pulmonary 
edema, liver 
and renal 
failure; acute 
hypercalce-
mia (due to 
increase in 
Ca2+ excretion 
effect)

Dehydration,  
hypotension, 
 electrolyte imbal-
ance, metabolic 
effects—hyperurice-
mia,  hyperglycemia, 
hypomagnesemia, 
increased triglycer-
ide and cholesterol 
levels, increased 
dLDL cholesterol and 
decreased HDL cho-
lesterol; dose-related 
ototoxicity (more with 
ethacrynic acid); in 
pregnancy 

Category C drug GI 
adverse effects with 
ethacrynic acid; 
hypersensitivity

Strict observation is 
necessary during the 
period of diuresis as 
excessive diuresis is 
seen particularly in the 
elderly patients 

Best initiated in the 
hospital 

In hepatic coma and 
in states of electrolyte 
depletion, therapy 
should not be instituted 
until the basic condition 
is improved 

Use cautiously in patients 
with hepatic encepha-
lopathy (as hypokalemia 
may worsen coma) 

Supplemental potas-
sium chloride and/or an 
aldosterone antagonist 
added to prevent hypo-
kalemia and metabolic 
alkalosis 

Discontinue, if increasing 
azotemia and oliguria 
occur during the treat-
ment of severe progres-
sive renal disease

Increase ototoxicity 
and nephrotoxicity in 
patients taking amino-
glycosides and cisplatin

Increase in lithium levels 
due to reduced renal 
elimination 

Increase risk of arrhyth-
mia with drugs causing 
hypokalemia; combined 
with K+-sparing diuretics 
to counter hypokalemia, 
especially with concom-
itant digitalis therapy or 
left ventricular hyper-
trophy

NSAIDS reduce efficacy

Figure 17.11 
Major classes of diuretics, their dosage, primary indication, common adverse effects, therapeutic indications, and 
drug interactions. (Figure continues on next page)
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343VII. Osmotic Diuretics

DRUG DOSE
PRIMARY  
INDICATION

COMMON ADVERSE 
EFFECTS

THERAPEUTIC 
 CONSIDERATIONS DRUG INTERACTIONS

K+ sparing: 
Amiloride

Triamterene

Spironolac-
tone

Epleronone 
(oral)

Used in com-
bination with 
thiazide diuret-
ics to treat 
heart failure, 
hypertension, 
and refractory 
edema; hyper-
aldosteronism 
as in adrenal 
hyperpla-
sia and 
aldosterone- 
producing 
adenomas  

Hyperkalemia, meta-
bolic acidosis,

Gynecomas-
tia, decreased 
libido and impo-
tence in men as 
well as menstrual 
irregularities and hair 
growth in women 
 (aldosterone 
antagonists), gastric 
problems including 
peptic ulcer

Contraindicated in renal 
insufficiency, especially 
in diabetic; should be 
used with extreme cau-
tion in patients taking 
ACE inhibitors 

Dietary potassium 
intake should be 
reduced

ACE inhibitors: Potenti-
ate hyperkalemia 

NSIADs: Reduced 
diuretic efficacy

Acetazol-
amide (tab) 

Dorzol-
amide and 
Brizolamide 
(topical eye 
drops) 

Acetazolamide 125–250 mg 
twice daily

High intraoc-
ular pressure 
(short-term 
use only), 
high altitude 
(mountain 
sickness); peri-
odic paralysis; 
occasionally as 
a second-line 
drug in epi-
lepsy

Drowsiness and 
hyperaesthesia (in 
high dose), rashes, 
hypokalaemia, met-
abolic acidosis, renal 
calculi

Contraindicated in 
hepatic cirrhosis

Osmotic diuretics:
Glycerin

Isosorbide

Mannitol

Urea

Glycerin is administered 
orally; topical anhydrous 
glycerin for corneal edema; 
mannitol and urea are 
administered intrave-
nously

Raised intraoc-
ular pressure 
in glaucoma 
and raised 
intracranial 
pressure to 
reduce cere-
bral edema

Headache,  nausea, 
and serious adverse 
effects include 
increase in the excre-
tion of all electro-
lytes;  exacerbation 
of congestive heart 
failure or pulmonary 
congestion

Figure 17.11 (Continued)
Major classes of diuretics, their dosage, primary indication, common adverse effects, therapeutic indications, and 
drug interactions.
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Study Questions

Choose the ONE best answer.

17.1 An elderly patient with a history of heart disease 
has difficulty breathing and is diagnosed with acute 
pulmonary edema. Which treatment is indicated?

A. Acetazolamide

B. Chlorthalidone

C. Furosemide

D. Spironolactone

17.2 A group of college students is planning a mountain 
climbing trip to the Andes. Which is most appropri-
ate for them to take to prevent altitude sickness?

A. A thiazide diuretic such as hydrochlorothiazide

B. An anticholinergic such as atropine

C. A carbonic anhydrase inhibitor such as 
acetazolamide

D. A loop diuretic such as furosemide

17.3 An alcoholic male has developed hepatic cirrhosis. 
To control the ascites and edema, which should be 
prescribed?

A. Acetazolamide

B. Chlorthalidone

C. Furosemide

D. Spironolactone

17.4 A 55-year-old male with kidney stones needs a 
medication to decrease urinary calcium excretion. 
Which diuretic is best for this indication?

A. Torsemide

B. Hydrochlorothiazide

C. Spironolactone

D. Triamterene

17.5 A 75-year-old woman with hypertension and 
glaucoma is being treated with a chlorthalidone, 
amlodipine, lisinopril, and acetazolamide. In clinic 
today, she complains of acute joint pain and red-
ness in her great toe which is diagnosed as gout. 
Which medication is most likely to have caused the 
gout attack?

A. Amlodipine

B. Acetazolamide

C. Chlorthalidone

D. Lisinopril

Correct answer = C. This is a potentially fatal situation. 
It is important to administer a diuretic that reduces 
fluid accumulation in the lungs and improves oxygen-
ation and heart function. The loop diuretics are most 
effective in removing large fluid volumes from the 
body and are the treatment of choice in this situation. 
In this situation, furosemide should be administered 
intravenously. The other choices are inappropriate.

Correct answer = C. Acetazolamide is used prophy-
lactically for several days before an ascent above 
10,000 feet. This treatment prevents the cerebral and 
pulmonary problems associated with altitude sick-
ness as well as other difficulties, such as nausea.

Correct answer = D. Spironolactone is very effective 
in the treatment of hepatic edema. These patients 
are frequently resistant to the diuretic action of loop 
diuretics, although a combination with spironolactone 
may be beneficial. The other agents are not indicated.

Correct answer = B. Hydrochlorothiazide is effective 
in increasing calcium reabsorption, thus decreasing 
the amount of calcium excreted, and decreasing the 
formation of kidney stones that contain calcium phos-
phate or calcium oxalate. Furosemide increases the 
excretion of calcium, whereas the K+-sparing diuretics, 
spironolactone, and triamterene do not have an effect.

Correct answer = C. Thiazides such as chlorthalidone 
compete with uric acid for secretion into the lumen of 
the nephron at the proximal convoluted tubule. This 
competition decreases uric acid secretion, raising the 
serum concentration and increasing the risk of a gout 
attack. Loop diuretics have the same risk. 
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 17.6 Which is contraindicated in a patient with 
hyperkalemia?

A. Acetazolamide

B. Chlorothiazide

C. Ethacrynic acid

D. Eplerenone

 17.7 A 59-year-old male patient in the intensive care 
unit has a metabolic alkalosis. Which therapy will 
treat this condition?

A. Amiloride

B. Hydrochlorothiazide

C. Mannitol

D. Acetazolamide

 17.8 A male patient is placed on a new medication and 
notes that his breasts have become enlarged and 
tender to the touch. Which medication is he most 
likely taking?

A. Furosemide

B. Hydrochlorothiazide

C. Spironolactone

D. Triamterene

 17.9 A patient with heart failure with reduced ejection 
fraction researched his medications on the Internet 
and found he was taking two “diuretics,” bumeta-
nide and spironolactone. He asks if this is a mis-
take with his therapy. What is the best response? 

A. Spironolactone is used to prevent hyponatremia.

B. Spironolactone is used to reduce heart structure 
changes and decrease the risk of death.

C. Bumetanide is used to decrease the potassium 
lost from spironolactone therapy.

D. This is a duplication error and one diuretic 
should be stopped.

17.10 Which diuretic has been shown to improve blood 
pressure in resistant hypertension or those already 
treated with three blood pressure medications 
including a thiazide or thiazide-like medication?

A. Indapamide

B. Furosemide

C. Mannitol

D. Spironolactone

Correct answer = D. Eplerenone acts in the collecting 
tubule via aldosterone antagonism to inhibit Na+ reab-
sorption and K+ excretion. It is extremely important that 
patients who are treated with any  potassium-sparing 
diuretic be closely monitored for potassium levels. 
Exogenous potassium supplementation is usually dis-
continued when potassium- sparing diuretic therapy 
is initiated. The other drugs promote the excretion of 
potassium.

Correct answer = D. Acetazolamide causes an 
increase in the urinary excretion of bicarbonate, low-
ering the pH of the blood.

Correct answer = C. An adverse drug reaction to 
spironolactone is gynecomastia due to its effects on 
androgens and progesterone in the body. Eplerenone 
may be a suitable alternative if the patient is in need 
of an aldosterone antagonist but has a history of 
gynecomastia.

Correct answer = B. Aldosterone antagonists are used 
at nondiuretic doses in heart failure to prevent myocar-
dial remodeling and decrease mortality. Bumetanide 
is used as a diuretic to treat edema from heart fail-
ure. Both are appropriate to use together because of 
the unique indications. Spironolactone reduces the 
potassium lost from diuresis with bumetanide.

Correct answer = D. Resistant hypertension, defined 
by the use of three or more medications without 
reaching the blood pressure goal, often responds well 
to aldosterone antagonists. This effect can be seen 
in those with or without elevated aldosterone levels.
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I. OVERVIEW

Heart failure (HF) is a complex, progressive disorder in which the heart is 
unable to pump sufficient blood to meet the needs of the body. Its car-
dinal symptoms are dyspnea, fatigue, and fluid retention. Heart failure is 
due to an impaired ability of the heart to adequately fill with and/or eject 
blood. It is often accompanied by abnormal increases in blood volume and 
 interstitial fluid. The underlying causes of HF include, but are not limited 
to, atherosclerotic heart disease, hypertensive heart disease, valvular heart 
disease, and congenital heart disease.

A.  Role of physiologic compensatory mechanisms  
in the progression of HF

 Chronic activation of the sympathetic nervous system and the renin–
angiotensin–aldosterone system is associated with remodeling of car-
diac tissue, loss of myocytes, hypertrophy, and fibrosis. This prompts 
additional neurohormonal activation, creating a vicious cycle that, if 
left untreated, leads to death.

B. Goals of pharmacologic intervention in HF

 Goals of treatment are to alleviate symptoms, slow disease progres-
sion, and improve survival. Therapeutic agents act by:

• increasing cardiac contractility,

• reducing preload, and 

• normalizing heart rate and rhythm.

 Accordingly, nine classes of drugs have been shown to be effective: 
1) angiotensin-converting enzyme inhibitors, 2) angiotensin-recep-
tor blockers, 3) aldosterone antagonists, 4) β-blockers, 5) diuretics,  
6) direct vaso- and venodilators, 7) HCN channel blockers, 8) inotro-
pic agents, and 9) B type natriuretic peptide (Figure 18.1). Depending  
on the severity of HF and individual patient factors, one or more of 
these classes of drugs are administered. Pharmacologic intervention 
provides the following benefits in HF: reduced myocardial work load, 
decreased extracellular fluid volume, improved cardiac contractility, 
and a reduced rate of cardiac remodeling. Knowledge of the physiol-
ogy of cardiac muscle contraction is essential for understanding the 
compensatory responses evoked by the failing heart, as well as the 
actions of drugs used to treat HF.
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Figure 18.1 
Summary of drugs used to treat HF. ACE =  
angiotensin-converting enzyme; ARB = 
angiotensin receptor blocker; ARNI = angi-
otensin receptor neprilysin inhibitor; FDC = 
fixed dose combination. (For drug dosages, 
refer to Appendix at the end of the book.)

ACE INHIBITORS
Captopril 
Enalapril 
Ramipril
Lisinopril 
Quinapril 
Fosinopril 
ANGIOTENSIN RECEPTOR BLOCKERS
Losartan 
Telmisartan 
Valsartan
Candesartan 
ANRI 
Sacubitril/valsartan 
ALDOSTERONE ANTAGONISTS
Spironolactone
Eplerenone
β-ADRENORECEPTOR BLOCKERS
Bisoprolol 
Carvedilol
Metoprolol succinate 
Metoprolol tartrate 
DIURETICS
Metolazone 
Furosemide 
Bumetanide 
Torsemide
DIRECT VASO- AND VENODILATORS
Hydralazine 
Isosorbide dinitrate
FDC Hydralazine/Isosorbide dinitrate
HCN CHANNEL BLOCKER
Ivabradine
INOTROPIC AGENTS
Digoxin 
Dobutamine 
Milrinone
B-TYPE NATRIURETIC PEPTIDE
Nesiritide
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II. PHYSIOLOGY OF MUSCLE CONTRACTION

The myocardium, like smooth and skeletal muscle, responds to stimulation 
by depolarization of the membrane, which is followed by shortening of 
the contractile proteins and ends with relaxation and return to the resting 
state (repolarization). Cardiac myocytes are interconnected in groups that 
respond to stimuli as a unit, contracting together whenever a single cell is 
stimulated.

A. Action potential

 Cardiac myocytes are electrically excitable and have a spontaneous, 
intrinsic rhythm generated by specialized “pacemaker” cells located in 
the sinoatrial (SA) and atrioventricular (AV) nodes. Cardiac myocytes 
also have an unusually long action potential, which can be divided 
into five phases (0 to 4). Figure 18.2 illustrates the major ions contrib-
uting to depolarization and repolarization of cardiac myocytes.

B. Cardiac contraction

 The force of contraction of the cardiac muscle is directly related to the 
concentration of free (unbound) cytosolic calcium. Therefore, agents 
that increase intracellular calcium levels (or that increase the sensi-
tivity of the contractile machinery to calcium) increase the force of 
contraction (inotropic effect). Calcium handling by cardiac myocytes 
is illustrated in Figure 18.3.

C. Compensatory physiological responses in HF

 The failing heart evokes four major compensatory mechanisms to 
enhance cardiac output (Figure 18.4). 

1. Increased sympathetic activity: Baroreceptors sense a decrease 
in blood pressure and activate the sympathetic nervous system. 
In an attempt to sustain tissue perfusion, this stimulation of  
β-adrenergic receptors results in an increased heart rate and a 
greater force of contraction of the heart muscle. In addition, vaso-
constriction enhances venous return and increases cardiac pre-
load. An increase in preload (stretch on the heart) increases stroke 
volume, which, in turn, increases cardiac output. These compen-
satory responses increase the workload of the heart, which, in the 
long term, contributes to further decline in cardiac function.

2. Activation of the renin–angiotensin–aldosterone system 
(RAAS): A fall in cardiac output decreases blood flow to the  kidney, 
prompting the release of renin. Renin release is also stimulated by 
increased sympathetic activity resulting in increased  formation of 
angiotensin II and release of aldosterone. This results in increased 
peripheral resistance (afterload) and retention of sodium and 
water. Blood volume increases and more blood is returned to the 
heart. If the heart is unable to pump this extra volume, venous 
pressure increases and peripheral and pulmonary edema occur. 
In addition, high levels of angiotensin II and aldosterone have 
direct detrimental effects on cardiac muscle, favoring remodeling, 
fibrosis, and inflammatory changes. Again, these compensatory 
responses increase the workload of the heart,  contributing to fur-
ther decline in cardiac function.
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349II. Physiology of Muscle Contraction

Figure 18.2 
Action potential of a cardiac myocyte. ATPase = adenosine triphosphatase.
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PHASE 0: FAST UPSTROKE
Na+ channels open (“fast channels“)
resulting in a fast inward current. 

Upstroke ends as Na+ channels are
rapidly inactivated.

Sodium current is blocked by anti-
arrhythmic agents, such as quinidine.

Na+

Cell
membrane

Outside
cell

Inside
cell

Na+

Na+

Na+

PHASE 1: PARTIAL REPOLARIZATION
The initial rapid phase of repolarization
is due to:

   1) Inactivation of Na+  channels

   2) K+ channels that rapidly open and
       close, causing a transient outward current 

K+

Cell
membrane

Inside
cell

K+

Na+

Outside
cell

PHASE 2: PLATEAU
Voltage-sensitive Ca2+channels
open, resulting in a slow inward
(depolarizing) current that balances 
the slow outward (polarizing) leak of  K+.

K+

Cell
membrane

Inside
cell

K+

Outside
cell

Ca2+

Ca2+

Ca2+

K+
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PHASE 3: REPOLARIZATION
Ca2+ channels close.

K+ channels open, resulting in 
an outward current that leads to 
membrane repolarization.

The net result of the action 
to this point is a net gain of Na+

and loss of K+. This imbalance
is corrected by Na+/K+-ATPase.
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PHASE 4: FORWARD CURRENT
Increasing depolarization results 
from gradual increase in sodium 
permeability.

K+

K+

The spontaneous depolarization
automatically brings the cell to 
the threshold of the next action
potential.
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Voltage-sensitive
slow Ca2+ channel

Na+/K+

ATPase
Na+/Ca2+  
exchange

TA P

2Na+ K+

2Na+ K+

Ca2+ Na+

Ca2+ Na+

Ca2+

Ca2+

Free Ca2+

Myo�brils

3 Ca2+ is removed by reuptake into the sarco-
plasmic reticulum and by extrusion from the
cell by a Ca2+/Na+ exchange.

Ca2+ entry from outside the cell
triggers the release of a much 
larger quantity of Ca2+ from the 
sarcoplasmic reticulum.

1

Increased Ca2+ concentration
initiates the contractile
process.

2

K+

4 Sodium balance is
restored by Na+/K+

ATPase.

MEMBRANE OF
CARDIAC MUSCLE 

Ca2+ stores
(sarcoplasmic

reticulum)

Figure 18.3
Ion movements during the contraction of cardiac muscle. ATPase = adenosine triphosphatase.

3. Activation of natriuretic peptides: An increase in preload also 
increases the release of natriuretic peptides. Natriuretic peptides, 
which include atrial, B-type, and C-type, have differing roles in 
HF; atrial and B-type natriuretic peptides are the most important. 
Activation of the natriuretic peptides ultimately results in vasodi-
lation, natriuresis, inhibition of renin and aldosterone release, and 
a reduction in myocardial fibrosis. This beneficial response may 
improve cardiac function and HF symptoms.

4. Myocardial dysfunction: Initially, stretching of the heart mus-
cle leads to a stronger contraction of the heart. However, 
excessive elongation of the fibers results in weaker contrac-
tions and a diminished ability to eject blood. This type of fail-
ure is termed “systolic failure” or HF with reduced ejection 
fraction (HFrEF) and is the result of the ventricle being unable 
to pump effectively. Patients with HF may have “diastolic dys-
function,” a term applied when the ability of the ventricles to 
relax and accept blood is impaired by structural changes such 
as hypertrophy. The thickening of the ventricular wall and sub-
sequent decrease in ventricular volume decrease the ability of 
the heart muscle to relax. In this case, the ventricle does not 
fill adequately, and the inadequacy of cardiac output is termed 
“diastolic HF” or HF with preserved ejection fraction (HFpEF). 
Diastolic dysfunction, in its pure form, is characterized by signs 
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and symptoms of HF in the presence of a normal functioning 
left ventricle. However, both systolic and diastolic dysfunction 
commonly coexist in HF.

D. Acute (decompensated) HF

 If the adaptive mechanisms adequately restore cardiac output, HF is 
said to be compensated. If the adaptive mechanisms fail to main-
tain cardiac output, HF is decompensated and the patient develops 
worsening HF signs and symptoms. Typical HF signs and symptoms 
include dyspnea on exertion, orthopnea, paroxysmal nocturnal dys-
pnea, fatigue, and peripheral edema.

Figure 18.4 
Cardiovascular consequences of HF.
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E. Therapeutic strategies in HF

 Chronic HF is typically managed by fluid limitations (less than 1.5 
to 2 L daily); low dietary intake of sodium (less than 2000 mg/d); 
treatment of comorbid conditions; and judicious use of diuretics. 
Specifically for HFrEF, inhibitors of the RAAS, inhibitors of the 
sympathetic nervous system, and drugs that enhance the activity 
of natriuretic peptides have been shown to improve survival and 
reduce symptoms. Inotropic agents are reserved for acute signs 
and symptoms of HF and are used mostly in the inpatient setting. 
Drugs that may precipitate or exacerbate HF, such as nonsteroidal 
anti-inflammatory drugs (NSAIDs), alcohol, nondihydropyridine cal-
cium channel blockers, and some antiarrhythmic drugs, should be 
avoided if possible.

III.  INHIBITORS OF THE RENIN–ANGIOTENSIN–
ALDOSTERONE SYSTEM

The compensatory activation of the RAAS in heart failure leads to increased 
workload on the heart and a resultant decline in cardiac function. Therefore, 
inhibition of the RAAS is an important pharmacological target in the man-
agement of HF.

A. Angiotensin-converting enzyme inhibitors

 Angiotensin-converting enzyme (ACE) inhibitors are a part of stan-
dard pharmacotherapy in HFrEF. These drugs block the enzyme that 
cleaves angiotensin I to form the potent vasoconstrictor angiotensin II.  
They also diminish the inactivation of bradykinin (Figure 18.5). 

1. Actions: ACE inhibitors decrease vascular resistance (afterload) 
and venous tone (preload), resulting in increased cardiac  output. 
ACE inhibitors also blunt the usual angiotensin II–mediated 
increase in epinephrine and aldosterone seen in HF. ACE  inhibitors 
improve clinical signs and symptoms of HF and have been shown 
to significantly improve patient survival in HF.

Renin
(from kidney)

Angiotensin I
(inactive)

ACE
inhibitors

ACE
inhibitors

Angiotensinogen
(�2-globulin in blood)

Decreased 
preload and

afterload

Output of
sympathetic
nervous system

Retention of 
sodium and 
water

Levels of
bradykinin

Inhibit degradation
of bradykinin

Vasodilation 
of vascular 
smooth muscle

Decreased
angiotensin II

g
(inactive))

ACE
inhibitors

Inhibit degradation
of bradykinin

iotensin IIanggggiiii

g

ACE inhibitors decrease 
circulating levels of angio-
tensin II and inhibit degrad-
ation of bradykinin, which has 
the four major e�ects  shown.    

2

1

Increased
cardiac output

Figure 18.5 
Effects of ACE inhibitors. [Note: The reduced retention of sodium and water results from two causes: decreased 
 production of angiotensin II and aldosterone.]
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2. Therapeutic use: ACE inhibitors may be considered for patients 
with asymptomatic and symptomatic HFrEF. Importantly, ACE 
inhibitors are indicated for patients with all stages of left ven-
tricular failure. These agents should be started at low doses and 
titrated to target or maximally tolerated doses in the management 
of HFrEF. ACE inhibitors are also used in the treatment of hyper-
tension (see Chapter 16). Patients who have had a recent myocar-
dial infarction or are at a high risk for a cardiovascular event also 
benefit from long-term ACE inhibitor therapy.

3. Pharmacokinetics: ACE inhibitors are adequately absorbed 
following oral administration. Food may decrease the absorp-
tion of captopril [CAP-toe-pril], so it should be taken on an 
empty stomach. Except for captopril and injectable enalaprilat  
[en-AL-a-pril-at], ACE inhibitors are prodrugs that require activa-
tion by hydrolysis via hepatic enzymes. Renal elimination of the 
active moiety is important for most ACE inhibitors except fosino-
pril [foe-SIH-no-pril], which also undergoes excretion in the feces. 
Plasma half-lives of active compounds vary from 2 to 12 hours, 
although the inhibition of ACE may be much longer.

4. Adverse effects: These include postural hypotension, renal 
insufficiency, hyperkalemia, a persistent dry cough, and 
angioedema (rare). Because of the risk of hyperkalemia, potas-
sium levels must be monitored, particularly with concurrent 
use of potassium supplements, potassium-sparing diuretics, or 
aldosterone antagonists. Serum creatinine levels should also be 
monitored, particularly in patients with underlying renal disease. 
The potential for symptomatic hypotension with ACE inhibitors 
is much more common if used concomitantly with a diuretic. 
ACE inhibitors are teratogenic and should not be used in preg-
nant women. Please see Chapter 16 for a full discussion of ACE 
inhibitors.

B. Angiotensin receptor blockers

 Angiotensin receptor blockers (ARBs) are orally active compounds 
that are competitive antagonists of the angiotensin II type 1  receptor. 
Because ACE inhibitors inhibit only one enzyme responsible for the 
production of angiotensin II, ARBs have the advantage of more com-
plete blockade of the actions of angiotensin II. However, ARBs do 
not affect bradykinin levels. Although ARBs have actions similar to 
those of ACE inhibitors, they are not therapeutically identical. Even 
so, ARBs are a substitute for patients who cannot tolerate ACE 
inhibitors.

1. Actions: Although ARBs have a different mechanism of action 
than ACE inhibitors, their actions on preload and afterload are 
similar. Their use in HF is mainly as a substitute in patients who 
cannot tolerate ACE inhibitors due to cough or angioedema, 
which are thought to be mediated by elevated bradykinin  levels. 
ARBs are also used in the treatment of hypertension (see 
Chapter 16).

2. Pharmacokinetics: ARBs are orally active and are dosed once 
daily, with the exception of valsartan [val-SAR-tan] which is dosed 
twice daily. They are highly plasma protein bound. Losartan 
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[loe-SAR-tan] differs in that it undergoes extensive first-pass 
hepatic metabolism, including conversion to an active metabolite. 
The other drugs have inactive metabolites. Elimination of metabo-
lites and parent compounds occurs in urine and feces.

3. Adverse effects: ARBs have an adverse effect and drug interac-
tion profile similar to that of ACE inhibitors. However, the ARBs 
have a lower incidence of cough and angioedema. Like ACE 
inhibitors, ARBs are contraindicated in pregnancy.

C. Aldosterone receptor antagonists

 Patients with HF have elevated levels of aldosterone due to 
angiotensin II stimulation and reduced hepatic clearance of the 
hormone. Spironolactone [spy-ro-no-LAC-tone] and eplerenone 
[eh-PLEH-reh-none] are antagonists of aldosterone at the miner-
alocorticoid receptor, thereby preventing salt retention, myocardial 
hypertrophy, and hypokalemia. Spironolactone also has affinity 
for androgen and progesterone receptors, and is associated with 
endocrine-related adverse effects such as gynecomastia and dys-
menorrhea. Aldosterone antagonists are indicated in patients with 
symptomatic HFrEF or HFrEF and recent myocardial infarction. 
Please see Chapter 17 for a full discussion of aldosterone receptor 
antagonists.

IV. -BLOCKERS

Although it may seem counterintuitive to administer drugs with negative 
inotropic activity in HF, evidence clearly demonstrates improved systolic 
function and reverse cardiac remodeling in patients receiving β-blockers.  
These benefits arise in spite of an occasional, initial exacerbation of 
symptoms. The benefit of β-blockers is attributed, in part, to their abil-
ity to prevent the changes that occur because of chronic activation of 
the sympathetic nervous system. These agents decrease heart rate and 
inhibit release of renin in the kidneys. In addition, β-blockers prevent 
the deleterious effects of norepinephrine on the cardiac muscle fibers, 
decreasing remodeling, hypertrophy, and cell death. Three β-blockers 
have shown benefit in HFrEF: bisoprolol [bis-oh-PROE-lol], carvedilol 
[KAR-ve-dil-ol], and long-acting metoprolol succinate [me-TOE-proe-lol 
SUK-si-nate]. Carvedilol is a nonselective β-adrenoreceptor antagonist 
that also blocks α-adrenoreceptors, whereas bisoprolol and metopro-
lol succinate are β1-selective antagonists. [Note: The pharmacology of 
β-blockers is described in detail in Chapter 7.] β-Blockade is recom-
mended for all patients with chronic, stable HFrEF. Bisoprolol, carvedilol, 
and metoprolol succinate reduce morbidity and mortality associated with 
HFrEF. Treatment should be started at low doses and gradually titrated to 
target doses based on patient tolerance and vital signs. Both carvedilol 
and metoprolol are metabolized by the cytochrome P450 2D6 isoenzyme, 
and inhibitors of this metabolic pathway may increase levels of these 
drugs and increase the risk of adverse effects. In addition, carvedilol is 
a substrate of P-glycoprotein (P-gp). Increased effects of carvedilol may 
occur if it is coadministered with P-gp inhibitors. β-Blockers should also 
be used with caution with other drugs that slow AV conduction, such as 
amiodarone, verapamil, and diltiazem.
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V. DIURETICS

Diuretics reduce signs and symptoms of volume overload, such as dyspnea 
on exertion, orthopnea, and peripheral edema. Diuretics decrease plasma 
volume and, subsequently, decrease venous return to the heart (preload). 
This decreases cardiac workload and oxygen demand. Diuretics may also 
decrease afterload by reducing plasma volume, thereby decreasing blood 
pressure. Loop diuretics are the most commonly used diuretics in HF. These 
agents are used for patients who require extensive diuresis and those with 
renal insufficiency. Since diuretics have not been shown to improve survival 
in HF, they should only be used to treat signs and symptoms of volume 
excess. Please see Chapter 17 for a full discussion of diuretics.

VI. ANGIOTENSIN RECEPTOR-NEPRILYSIN INHIBITOR

Neprilysin is the enzyme responsible for breaking down vasoactive pep-
tides, such as angiotensin I and II, bradykinin, and natriuretic peptides. 
Inhibition of neprilysin augments the activity of the vasoactive peptides. To 
maximize the effect of natriuretic peptides, stimulation of the RAAS must 
be offset without further increase in bradykinin. Therefore an ARB, instead 
of an ACE inhibitor, is combined with a neprilysin inhibitor to reduce the 
incidence of angioedema (Figure 18.6).

A. Sacubitril/valsartan

 Sacubitril [sak-UE-bi-tril]/valsartan is the first available angiotensin 
receptor-neprilysin inhibitor (ARNI).

1. Actions: Sacubitril/valsartan combines the actions of an ARB with 
neprilysin inhibition. Inhibition of neprilysin results in increased 
concentration of vasoactive peptides, leading to natriuresis, 

Vasodilation
Natriuresis

� Cardiac remodeling
� Renin and aldosterone

Bene�cial response Harmful response

� Cardiac output

Vasodilation
� SNS

� Sodium and water retention
� Cardiac remodeling

Angiotensin II

AT1 receptor

Atrial NP
B-Type NP

Nephrilysin ARNINI ARB

NPs RAAS
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Figure 18.6 
Effects of angiotensin-receptor blocker-neprilysin inhibitors. ARB = angiotensin receptor blocker; ARNI = angioten-
sin receptor neprilysin inhibitor; AT1 = angiotensin type 1; NI, neprilysin inhibitor; NP = natriuretic peptide; RAAS = 
renin-angiotensin-aldosterone system; SNS = sympathetic nervous system. Modified from King JB, Bress AP, Reese 
AD, Munger MA. Neprilysin inhibition in heart failure with reduced ejection fraction: a clinical review. Pharmacotherapy. 
35:823 (2015).
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diuresis, vasodilation, and inhibition of fibrosis. Together, the com-
bination decreases afterload, preload, and myocardial fibrosis. An 
ARNI improves survival and clinical signs and symptoms of HF, as 
compared to therapy with an ACE inhibitor. 

2. Therapeutic use: An ARNI should replace an ACE inhibitor or 
ARB in patients with HFrEF who remain symptomatic on optimal 
doses of a β-blocker and an ACE inhibitor or ARB.

3. Pharmacokinetics: Sacubitril/valsartan is orally active, admin-
istered with or without food, and quickly breaks down into the 
separate components. Sacubitril is transformed to active drug 
by plasma esterases. Both drugs have a high volume of distribu-
tion and are highly bound to plasma proteins. Sacubitril is mainly 
excreted in the urine. The half-life of approximately 10 hours for 
both components allows for twice-daily dosing.

4. Adverse effects: The adverse effect profile is similar to that of an 
ACE inhibitor or ARB. Because of the added reduction of after-
load, hypotension is more common with an ARNI. Due to inhibi-
tion of neprilysin with sacubitril, bradykinin levels may increase 
and angioedema may occur. Therefore, the combination is con-
traindicated in patients with a history of hereditary angioedema 
or angioedema associated with an ACE inhibitor or ARB. To min-
imize risk of angioedema, an ACE inhibitor must be stopped at 
least 36 hours prior to starting sacubitril/valsartan.

VII.  HYPERPOLARIZATION-ACTIVATED CYCLIC 
NUCLEOTIDE–GATED CHANNEL BLOCKER

The hyperpolarization-activated cyclic nucleotide-gated (HCN) channel 
is responsible for the If current and setting the pace within the SA node. 
Inhibition of the HCN channel results in slowing of depolarization and a lower 
heart rate (Figure 18.7). Reduction in heart rate is use- and dose-dependent.

A. Ivabradine

 Ivabradine [eye-VAB-ra-deen] is the only approved drug in the class of 
hyperpolarization-activated cyclic nucleotide-gated channel blockers.

1. Actions: By selectively slowing the If current in the SA node, 
reduction of heart rate occurs without a reduction in contractil-
ity, AV conduction, ventricular repolarization, or blood pressure. In 
patients with HFrEF, a slower heart rate increases stroke volume 
and improves symptoms of HF.

2. Therapeutic use: Ivabradine is utilized in HFrEF to improve symp-
toms in patients who are in sinus rhythm with a heart rate above 
70 beats per minute and are on optimized HF pharmacotherapy. 
Specifically, patients should be on an optimal dose of β-blocker 
or have a contraindication to β-blockers.

3. Pharmacokinetics: Ivabradine should be administered with meals 
to increase absorption. It undergoes extensive first-pass metab-
olism by cytochrome P450 3A4 to an active metabolite, which is 
also a 3A4 substrate. Ivabradine has a high volume of distribution 
and is 70% protein bound. The half-life is 6 hours which allows for 
twice-daily dosing.

LIR_CH18.indd   356 09/10/18   12:47 PM



357VIII. Vaso- and Venodilators

4. Adverse effects: Bradycardia may occur with ivabradine which 
may improve with dose reduction. Because ivabradine is mostly 
selective for the SA node, it is not effective for rate control in atrial 
fibrillation and has been shown to increase the risk of atrial fibrilla-
tion. Ivabradine inhibits similar channels in the eye, and luminous 
phenomena may occur early in therapy. This enhanced brightness 
may be ameliorated by dose reduction. Ivabradine should not be 
used in pregnancy or breast-feeding, with more advanced heart 
block, or with potent 3A4 inhibitors.

VIII. VASO- AND VENODILATORS

Dilation of venous blood vessels leads to a decrease in cardiac preload 
by increasing venous capacitance. Nitrates are commonly used venous 
dilators to reduce preload for patients with chronic HF. Arterial dilators, 
such as hydralazine [hye-DRAL-a-zeen], reduce systemic arteriolar resis-
tance and decrease afterload. If the patient is intolerant of ACE inhibitors 
or ARB, or if additional vasodilator response is required, a combination 
of hydralazine and isosorbide dinitrate [eye-soe-SOR-bide dye-NYE-trate] 
may be used. A fixed-dose combination of these agents has been shown 
to improve symptoms and survival in black patients with HFrEF on stan-
dard HF treatment (β-blocker plus ACE inhibitor or ARB). Headache, 
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Figure 18.7 
Effects of inhibition of If current with ivabradine. HR = heart rate; K+ = potassium; Na+ = sodium; SA = sinoatrial. 
Modified from Deedwania P. Selective and specific inhibition of If with ivabradine for the treatment of coronary artery 
disease or heart failure. Drugs. 73: 1569 (2013).
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dizziness, and hypotension are common adverse effects with this combi-
nation. Rarely, hydralazine has been associated with drug-induced lupus.

IX. INOTROPIC DRUGS

Positive inotropic agents enhance cardiac contractility and, thus, increase 
cardiac output. Although these drugs act by different mechanisms, the 
 inotropic action is the result of an increased cytoplasmic calcium con-
centration that enhances the contractility of cardiac muscle. All positive 
 inotropes in HFrEF that increase intracellular calcium concentration have 
been associated with reduced survival, especially in patients with HFrEF. 
For this  reason, these agents, with the exception of digoxin, are only used 
for a short period mainly in the inpatient setting.

A. Digitalis glycosides

 The cardiac glycosides are often called digitalis or digitalis glycosides, 
because most of the drugs come from the digitalis (foxglove) plant. 
They are a group of chemically similar compounds that can increase 
the contractility of the heart muscle and, therefore, are used in treat-
ing HF. The digitalis glycosides have a low therapeutic index, with 
only a small difference between a therapeutic dose and doses that are 
toxic or even fatal. The only available agent is digoxin [di-JOX-in]. 

1. Mechanism of action:

a. Regulation of cytosolic calcium concentration: By inhibit-
ing the Na+/K+-adenosine triphosphatase (ATPase) enzyme, 
digoxin reduces the ability of the myocyte to actively pump 
Na+ from the cell (Figure 18.8). This ultimately results in a 
small but physiologically important increase in free Ca2+, 
thereby leading to increased cardiac contractility. 

b. Increased contractility of the cardiac muscle: Digoxin 
increases the force of cardiac contraction, causing cardiac 
output to more closely resemble that of the normal heart 
(Figure 18.9). Vagal tone is also enhanced, so both heart rate 

Figure 18.8 
Mechanism of action of digoxin. ATPase = adenosine triphosphatase.
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and myocardial oxygen demand decrease. Digoxin slows 
conduction velocity through the AV node, making it useful for 
atrial fibrillation. 

c. Neurohormonal inhibition: Although the exact mechanism of 
this effect has not been elucidated, low-dose digoxin inhibits 
sympathetic activation with minimal effects on contractility. 
This effect is the reason a lower serum drug concentration is 
targeted in HFrEF.

2. Therapeutic use: Digoxin therapy is indicated in patients with 
HFrEF who are symptomatic on optimal HF pharmacotherapy. 
A low serum drug concentration of digoxin (0.5 to 0.8 ng/mL) is 
beneficial in HFrEF.

3. Pharmacokinetics: Digoxin is available in oral and injectable for-
mulations. It has a large volume of distribution, because it accu-
mulates in muscle. The dosage is based on lean body weight. In 
acute situations, such as symptomatic atrial fibrillation, a loading 
dose regimen is used. Digoxin has a long half-life of 30 to 40 hours.  

Figure 18.9 
Ventricular function curves in the normal heart, in heart failure (HF), and in HF treated with digoxin.
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It is mainly eliminated intact by the kidney, requiring dose adjust-
ment in renal dysfunction.

4. Adverse effects: At low serum drug concentrations, digoxin is 
well tolerated. However, it has a very narrow therapeutic index. 
Anorexia, nausea, vomiting, blurred vision, or yellowish vision may 
be initial indicators of toxicity. When Na+/K+-ATPase is markedly 
inhibited by digoxin, the resting membrane potential may increase, 
which makes the membrane more excitable, increasing the risk 
of arrhythmias. Decreased levels of serum potassium (hypokale-
mia) predispose a patient to digoxin toxicity, because digoxin nor-
mally competes with potassium for the same binding site on the  
Na+/K+-ATPase pump. With the use of a lower serum drug 
 concentration in HFrEF, toxic levels are infrequent. Digoxin is a 
substrate of P-gp, and inhibitors of P-gp, such as  clarithromycin, 
verapamil, and amiodarone, can significantly increase digoxin 
 levels, necessitating a reduced dose of digoxin. Digoxin should 
also be used with caution with other drugs that slow AV conduc-
tion, such as β-blockers, verapamil, and diltiazem.

B. -Adrenergic agonists

 β-Adrenergic agonists, such as dobutamine [doe-BYOO-ta-meen] and 
dopamine [DOH-puh-meen], improve cardiac performance by causing 
positive inotropic effects and vasodilation. β-Adrenergic agonists ulti-
mately lead to increased entry of calcium ions into myocardial cells 
and enhanced contraction (Figure 18.10). Both drugs must be given 
by intravenous infusion and are primarily used in the short-term treat-
ment of acute HF in the hospital setting.

C. Phosphodiesterase inhibitors

 Milrinone [MIL-rih-nohn] is a phosphodiesterase inhibitor that increases 
the intracellular concentration of cAMP (Figure 18.10). Like β- adrenergic  
agonists, this results in an increase of intracellular calcium and, there-
fore, cardiac contractility. Milrinone is usually given by intravenous 
infusion for short-term treatment of acute HF. However,  dobutamine 
and milrinone may also be considered for intermediate-term treatment 
in the outpatient setting for palliative care.

X. RECOMBINANT B-TYPE NATRIURETIC PEPTIDE

In acute decompensated congestive HF, drugs that reduce preload result in 
improvement in HF symptoms such as dyspnea. Most often, IV diuretics are 
utilized in the acute setting to reduce preload. When IV diuretics are mini-
mally effective, a recombinant B-type natriuretic peptide (BNP) or nesiritide 
[ni-SIR-i-tide] can be used as an alternative. Through binding to natriuretic 
peptide receptors, nesiritide stimulates natriuresis and diuresis and reduces 
preload and afterload. Nesiritide is administered intravenously as a bolus 
(most often) and continuous infusion. Like endogenous BNP, nesiritide has 
a short half-life of 20 minutes and is cleared by renal filtration, cleavage 
by endopeptidases and through internalization after binding to natriuretic 
peptide receptors. The most common adverse effects are hypotension and 
dizziness, and like diuretics, nesiritide can worsen renal function.
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XI. GOALS OF TREATMENT AND ORDER OF THERAPY

The major goals of treatment in HF are to alleviate symptoms and reduce 
morbidity by reversing or slowing the cardiac and peripheral dysfunction and 
to improve prognosis and reduce mortality. For in-hospital patients, in addi-
tion to the above goals, other goals of therapy are to reduce the hospital stay 
and subsequent readmission, to prevent end-organ damage, and to appro-
priately manage the comorbidities that may contribute to poor prognosis. 

Heart failure can be classified according to either symptoms or evolution 
of the disease. The New York Heart Association (NYHA) functional clas-
sification assigns patients to one of the four classes based on the effort 
needed to elicit clinical symptoms whereas the disease stage emphasizes 
the progressive development of HF and recognizes risk factors and pre-
disposition to the disease. Figure 18.11 depicts the NYHA functional clas-
sification of HF and Figure 18.12 shows a treatment strategy using this 
classification and the drugs described in this chapter. Note that as the 
disease progresses, polytherapy is initiated. In patients with overt HF, loop 
diuretics are often introduced first for relief of signs or symptoms of volume 
overload, such as dyspnea and peripheral edema. ACE inhibitors or ARBs 
(if  ACE inhibitors are not tolerated) are added after the optimization of 
diuretic therapy. The dosage is gradually titrated to that which is maximally 
tolerated and/or produces optimal cardiac output. Historically, β-blockers 
were added after optimization of ACE inhibitor or ARB therapy; however, 

Increased force
of contraction

Phosphorylation
site increases
Ca2+ �ow into

cell

Protein kinase
(active)

Protein kinase
(inactive)

Phosphodiesterase
inhibitors

(e.g., milrinone)

cAMP ATP

AMP

Voltage-sensitive
slow Ca2+ channel

�-Adrenergic
receptor

(active)

Protein kinase
(inactive)

Phosph
inh

(e.g., 

AMP

�-Adrenergic
receptor

Protein k

tive
nnel

13

2

4

Binding of a �-adrenergic agonist,
such as dopamine or dobutamine,
activates adenylyl cyclase, which
produces cAMP.

Phosphorylation of calcium
channels increases calcium
�ow into the cell, causing 
increased force of contraction 
of heart muscle.  

cAMP activates protein kinase,
which in turn phosphorylates
calcium channels.

Phosphodiesterase inhibitors prevent 
hydrolysis of cAMP and thus prolong 
the action of protein kinase.

Ca2+

Ca2+

Myo�brils

P

Figure 18.10 
Sites of action by β-adrenergic agonists on heart muscle. AMP = adenosine monophosphate; ATP = adenosine 
triphosphate; cAMP = cyclic adenosine monophosphate; P = phosphate. Modified from M Jessup, and S Brozena,  
N. Engl. J. Med. 348: 2007 (2003).

LIR_CH18.indd   361 09/10/18   12:48 PM



362 18. Drugs for Heart Failure

most patients newly diagnosed with HFrEF are initiated on both low doses 
of an ACE inhibitor and β-blocker after initial stabilization. These agents are 
slowly titrated to optimal levels to increase tolerability. Aldosterone antag-
onists and fixed-dose hydralazine and isosorbide dinitrate are initiated in 
patients who continue to have HF symptoms despite optimal doses of an 
ACE inhibitor and β-blocker. Once at an optimal ACE inhibitor or ARB dose 
and if patient remains symptomatic, either can be replaced by sacubitril/
valsartan. Lastly, digoxin and ivabradine are added for symptomatic benefit 
only in patients on optimal HF pharmacotherapy. 

Patients with acute HF require in-patient management in ICU with sup-
portive management (oxygen and respiratory support, in case of respira-
tory distress). Pharmacotherapy consists of a judicious mix of vasodilators, 
diuretics, and ionotropic agents depending on the precipitating factors and 
symptoms/signs for congestion. Anticoagulants are added to decrease the 
risk of thromboembolism, if required, in bedridden patients.

Class I Symptoms of heart failure only at levels that would limit normal 
 individuals—that is, ordinary physical activity does not cause symptoms.

Class II The patients are comfortable at rest; symptoms of heart failure appear 
on ordinary exertion.

Class III Symptoms of heart failure on less-than-ordinary exertion; marked 
limitations of physical activity

Class IV Symptoms of heart failure at rest; unable to carry on any physical 
activity without HF symptom

Figure 18.11
New York Heart Association (NYHA) functional classification of heart  
failure (HF).

Figure 18.12 
Treatment options for various stages of HF. ACE = angiotensin-converting enzyme; ARBs = angiotensin receptor 
 blockers; ARNI = angiotensin receptor-neprilysin inhibitor; FDC = fixed dose combination; HYD = hydralazine;  
ISDN = isosorbide dinitrate. Stage D (refractory symptoms requiring special interventions) is not shown. Modified 
from Yancy CW, et al. 2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management 
of Heart Failure: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Failure Society of America. Circulation. 136:1 (2017).
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Study Questions

Choose the ONE best answer.

18.1 A patient is newly diagnosed with HFrEF and is 
asymptomatic. Which is the most appropriate drug 
to initiate for symptomatic and survival benefits?

A. Dobutamine

B. Furosemide

C. Lisinopril

D. Sacubitril/valsartan

18.2 Which of the following statements best describes 
the action of ACE inhibitors on the failing heart?

A. ACE inhibitors increase vascular resistance.

B. ACE inhibitors decrease cardiac output.

C. ACE inhibitors reduce preload.

D. ACE inhibitors increase aldosterone.

18.3 A Hispanic man with HFrEF is currently takes max-
imally tolerated doses of metoprolol succinate and 
enalapril, along with moderate dose furosemide. He 
is euvolemic, but continues to have HF symptoms. 
The systolic blood pressure is low, but the patient 
does not have signs or symptoms of hypotension. 
Which is the best recommendation to improve HF 
symptoms and survival in this patient?

A. Stop enalapril, wait 36 hours, and start 
sacubitril/valsartan.

B. Start digoxin.

C. Start fixed-dose hydralazine and isosorbide 
dinitrate.

D. Start spironolactone.

18.4 β-Blockers improve cardiac function in HF by

A. decreasing cardiac remodeling.

B. increasing heart rate.

C. increasing renin release.

D. activating norepinephrine.

18.5 A 70-year-old woman has HFrEF, hypertension, and 
atrial fibrillation. She takes hydrochlorothiazide, lisin-
opril, metoprolol tartrate, and warfarin. She feels well 
and has no cough, shortness of breath, or edema. 
Which of the following changes is most appropriate-
for her drug therapy?

A. Discontinue hydrochlorothiazide.

B. Change lisinopril to losartan.

C. Decrease warfarin dose.

D. Change metoprolol tartrate to metoprolol 
succinate.

Correct answer = C. ACE inhibitors should be initi-
ated in all patients, unless contraindicated, if they 
have HFrEF and are asymptomatic. This is known 
as stage B HF. Dobutamine and furosemide improve 
symptoms only. Sacubitril/valsartan will replace an 
ACE inhibitor if the patient remains symptomatic on 
optimal HF pharmacotherapy.

Correct answer = C. ACE inhibitors decrease vascular 
resistance, decrease preload, decrease afterload, and 
increase cardiac output. In addition, ACE inhibitors 
blunt aldosterone release.

Correct answer = D. Because the patient is on opti-
mal pharmacotherapy and continues to have symp-
toms, another agent is warranted. Adding low-dose 
spironolactone will not likely decrease the blood 
pressure and will confer a survival and symptomatic 
benefit. Changing to sacubitril/valsartan will likely 
worsen the low blood pressure. Digoxin will only 
improve symptoms and not improve survival. Fixed-
dose hydralazine and isosorbide dinitrate would be 
appropriate if the patient were African-American.

Correct answer = A. Although it seems counterintuitive 
to decrease heart rate in HF, β-blockers improve car-
diac function by slowing heart rate, decreasing renin 
release, and preventing the direct effects of norepi-
nephrine on cardiac muscle to decrease remodeling.

Correct answer = D. Metoprolol succinate should 
be used in HF, given that there is mortality benefit 
shown with metoprolol succinate in landmark HF tri-
als. Hydrochlorothiazide and warfarin are appropriate 
based on the information given; there is no reason to 
change to an ARB since the patient has no cough or 
history of angioedema.
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 18.6 A 75-year-old white man has HFrEF and reports 
stable HF symptoms. His current drug therapy 
includes optimal dose enalapril, carvedilol, and 
spironolactone. Which is the best recommenda-
tion to improve HF symptoms and survival?

A. Start fixed-dose hydralazine/isosorbide dinitrate.

B. Start ivabradine.

C. Replace enalapril with sacubitril/valsartan.

D. Start digoxin.

 18.7 How is spironolactone beneficial in HF?

A. Promotes potassium secretion

B. Acts as aldosterone agonist

C. Prevents cardiac hypertrophy

D. Decreases blood glucose

 18.8 Which of the following is important to monitor in 
patients taking digoxin?

A. Chloride

B. Potassium

C. Sodium

D. Zinc

 18.9 Which of the following describes the mechanism 
of action of milrinone in HF?

A. Decreases intracellular calcium

B. Increases cardiac contractility

C. Decreases cAMP

D. Activates phosphodiesterase

18.10 BH is a 52 year-old African American woman who 
has HFrEF. She is seen in clinic today report-
ing stable HF symptoms, but is having occa-
sional peripheral brightness. Otherwise vision is 
unchanged. Current medication regimen includes 
sacubitril/valsartan, carvedilol, fixed-dose hydral-
azine and isosorbide dinitrate, ivabradine, and 
bumetanide. Which is the best recommenda-
tion to minimize the adverse effect of peripheral 
brightness?

A. Stop all HF medications immediately.

B. Discontinue sacubitril/valsartan only.

C. Do nothing; this adverse effect will slowly 
improve over time.

D. Reduce the dose of ivabradine.

Correct answer = C. Since patient is on optimal 
doses of HF medications and he continues to have 
symptoms, replacing enalapril with sacubitril/valsartan 
is the only option that improves both symptoms and 
survival in a white patient.

Correct answer = C. Spironolactone antagonizes 
aldosterone, which in turn prevents salt/water 
retention, cardiac hypertrophy, and hypokalemia. 
Spironolactone has endocrine effects on hormones, 
but not on glucose.

Correct answer = B. Hypokalemia can lead to life- 
threatening arrhythmias and increases the potential of 
cardiac toxicity with digoxin.

Correct answer = B. Milrinone is a phosphodiesterase 
inhibitor that leads to increased cAMP, increased intra-
cellular calcium, and therefore increased contractility.

Correct answer = D. Luminous phenomena can occur 
with ivabradine. This adverse effect can be minimized 
with dose reduction or discontinuation.

LIR_CH18.indd   364 09/10/18   12:48 PM



I. OVERVIEW

In contrast to skeletal muscle, which contracts only when it receives a 
stimulus, the heart contains specialized cells that exhibit automatic-
ity. That is, they intrinsically generate rhythmic action potentials in the 
absence of external stimuli. These “pacemaker” cells differ from other 
myocardial cells in showing a slow, spontaneous depolarization during 
diastole (phase 4), caused by an inward positive current carried by sodium 
and calcium ions. This depolarization is fastest in the sinoatrial (SA) node 
(the initiation site of the action potential), and it decreases throughout the 
normal conduction pathway through the atrioventricular (AV) node to the 
bundle of His and the Purkinje system. Dysfunction of impulse generation 
or conduction at any of a number of sites in the heart can cause an abnor-
mality in cardiac rhythm. Figure 19.1 summarizes the drugs used to treat 
cardiac arrhythmias.

II. INTRODUCTION TO THE ARRHYTHMIAS

Arrhythmias are caused by abnormalities in impulse formation and con-
duction in the myocardium. Arrhythmias present as a complex family of 
disorders with a variety of symptoms. To make sense of this large group of 
disorders, it is useful to organize arrhythmias into groups according to the 
anatomic site of the abnormality: the atria, the AV node, or the ventricles. 
Figure 19.2 summarizes several common arrhythmias. 

A. Causes of arrhythmias

 Most arrhythmias arise either from aberrations in impulse generation 
(abnormal automaticity) or from a defect in impulse conduction.

1. Abnormal automaticity: The SA node shows a faster rate of dis-
charge than other pacemaker cells and thus, it normally sets the 
pace of contraction for the myocardium. If cardiac sites other than 
the SA node show enhanced automaticity, they may generate 
competing stimuli, and arrhythmias may arise. Most of the antiar-
rhythmic agents suppress automaticity by blocking either sodium 
(Na+) or calcium (Ca2+) channels to reduce the ratio of these ions 
to potassium (K+). This decreases the slope of phase 4 (diastolic) 
depolarization and/or raises the threshold of discharge to a less 
negative voltage, leading to an overall decrease in frequency of 
discharge. This effect is more pronounced in cells with ectopic 
pacemaker activity than in normal cells.
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Antiarrhythmics
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Figure 19.1 
Summary of antiarrhythmic drugs.

CLASS I (Na+ channel blockers)
Disopyramide (IA)
Procainamide (IA)
Quinidine (IA)
Lidocaine (IB)
Mexiletine (IB)
Propafenone (IC)
Flecainide (IC) 
CLASS II (ß-adrenoreceptor blockers)
Atenolol 
Metoprolol 
Esmolol 
CLASS III (K+ channel blockers)
Sotalol
Amiodarone 
Dofetilide 
Dronedarone 
Ibutilide 
CLASS IV (Ca2+ channel blockers)
Diltiazem 
Verapamil
OTHER ANTIARRHYTHMIC DRUGS
Adenosine 
Digoxin
Magnesium sulfate 
Ranolazine 
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ATRIAL
FLUTTER

Class I Class II Class III Class IV Other

AV NODAL
REENTRY

Lidocaine
ACUTE VENTRICULAR

TACHYCARDIA

Lidocaine

Dofetilide
Propafenone

TYPE OF
ARRHYTHMIA

ANTIARRHYTHMIC DRUGS

Metoprolol

Metoprolol

Anticoagulant
therapy

Diltiazem

VENTRICULAR
FIBRILLATION

(not responding to
 electrical de�brillation)

ACUTE SUPRA-
VENTRICULAR
TACHYCARDIA

ATRIAL
FIBRILLATION

ATRIAL
FLUTTER

Class I

Propafenone

TYPE OF
ARRHYTHMIA

ATRIAL
FIBRILLATION

Digoxin

Digoxin

Epinephrine

LidocaineTACHYCARDIA

Lidocaine
VENTRICULAR
FIBRILLATION

(not responding to
 electrical de�brillation)

This arrhythmia is a common cause of death in patients who have had a 
myocardial infarction. Cardiac output is impaired, and tachycardia may 
deteriorate into ventricular �brillation. Therefore, ventricular tachycardia 
requires prompt management.

Drug name

Drug name Commonly used drugs

Alternative drugs

Key:

This common arrhythmia involves multiple 
ectopic foci of atrial cells, creating a chaotic 
movement of impulses through the atria. 
The ventricular response may be rapid 
(100–150 beats per minute) and irregular.  
Cardiac output is decreased and exercise 
intolerance is common.

Digoxin

Conduction is
slowed  
through the AV 
node with 
metoprolol, 
verapamil, or 
digoxin.

ATRIAL
ARRHYTHMIAS

SUPRAVENTRICULAR
TACHYCARDIAS

VENTRICULAR
TACHYCARDIAS

Class III Class IV Other

TIARRHYTHMIC DRUGS

olol

olol

Anticoagulant
therapy

Digoxin

�-Blockers are used in atrial fibrillation or 
flutter, because they decrease heart rate 
and promote conversion to sinus rhythm. 
Long-term, oral anticoagulant therapy 
reduces the risk of stroke that is 
associated with atrial fibrillation or flutter.

Amiodarone

Amiodarone

Amiodarone

Digoxin

Implantable cardioverter de�brillators are
commonly used to terminate ventricular
arrhythmias.

Verapamil

Diltiazem

Verapamil 

Adenosine

Metoprolol

Figure 19.2 
Therapeutic indications for some commonly encountered arrhythmias. AV = atrioventricular.
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367II. Introduction to the Arrhythmias

2. Abnormalities in impulse conduction: Impulses from higher 
pacemaker centers are normally conducted down pathways that 
bifurcate to activate the entire ventricular surface (Figure 19.3). 
A phenomenon called reentry can occur if a unidirectional block 
caused by myocardial injury or a prolonged refractory period 
results in an abnormal conduction pathway. Reentry is the most 
common cause of arrhythmias, and it can occur at any level of the 
cardiac conduction system. This short-circuit pathway results in 
re-excitation of cardiac muscle, causing premature contraction or 
a sustained arrhythmia. Antiarrhythmic agents prevent reentry by 
slowing conduction (class I drugs) and/or increasing the refractory 
period (class III drugs), thereby converting a unidirectional block 
into a bidirectional block.

B. Antiarrhythmic drugs

 The ultimate goal of antiarrhythmic drug therapy is to restore normal 
rhythm and conduction to prevent arrhythmias or to reduce symptoms 
associated with arrhythmias. When it is not possible to revert to  normal 
sinus rhythm, drugs may be used to prevent more serious and  possibly 
lethal arrhythmias from occurring. Antiarrhythmic drugs are used to

• decrease or increase conduction velocity,

• alter the excitability of cardiac cells by changing the duration of the 
effective refractory period, and

• suppress abnormal automaticity.

 All antiarrhythmic drugs have important efficacy and safety limita-
tions.  Unfortunately, many of the antiarrhythmic agents are known to 
have dangerous proarrhythmic actions—that is, to cause arrhythmias 
due to narrow therapeutic window. There is a small plasma concentra-
tion interval between the lowest effective dose and the first toxic dose—
that is, between undertreatment and the toxic or proarrhythmic effect. 
Multiple factors interfere with drug effects,  for example, race, gender, 
genetics, triggering factors, neurohormonal changes, disease state and 
severity, and drug–drug interaction. Inhibition of K+ channels widens the 
action potential and can, thus, prolong the QT interval. If prolongation is 
excessive, these drugs increase the risk of developing life-threatening 
ventricular tachyarrhythmias (torsades de pointes). The most common 
cause of QT prolongation is drug-induced, although other conditions 
(for example, ischemia and hypokalemia) and genetic abnormalities may 
contribute. In addition to antiarrhythmics, many other drugs are known to 
prolong the QT interval, such as macrolide antibiotics and antipsychot-
ics. Caution should be employed when combining drugs with  additive 
effects on the QT interval or when giving QT-prolonging antiarrhythmic 
agents drugs known to inhibit their metabolism.

 Antiarrhythmic drugs can be classified (Vaughan–Williams Classifi-
cation) according to their predominant effects on the action potential 
(Figure  19.4). Although this classification is convenient, it has some 
limitations. Antiarrhythmic drugs have multiple electrophysiological 
and pharmacological effects where their action relate to more than one 
class. This action depends on the route of administration, plasma levels, 
and their active metabolites which may have a different class of action 
or may have an action that does not meet any formal classification. 
Examples of prodrugs are propafenone, quinidine, and amiodarone.

Ventricle
wall

Nerve
impulse

A. Normal

B. Unidirectional
     Block

Impulse is
blocked
in one

direction

Impulse travels in the
retrograde direction
and reenters the
conduction pathway,
causing an extra or
irregular heart beat.

12

Figure 19.3 
Schematic representation of  
reentry. Modified from J. A. Beven, 
and J. H. Thompson, Essentials of 
Pharmacology, Philadelphia, PA, 
Harper and Row (1983).
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368 19. Antiarrhythmics

III. CLASS I ANTIARRHYTHMIC DRUGS

Class I antiarrhythmic drugs act by blocking voltage-sensitive Na+ chan-
nels. They bind more rapidly to open or inactivated Na+ channels than to 
channels that are fully repolarized. Therefore, these drugs show a greater 
degree of blockade in tissues that are frequently depolarizing. This prop-
erty is called use dependence (or state dependence), and it enables these 
drugs to block cells that are discharging at an abnormally high frequency, 
without interfering with the normal beating of the heart. 

The use of Na+ channel blockers has declined due to their proarrhyth-
mic effects, particularly in patients with reduced left ventricular function 
and atherosclerotic heart disease. Class I drugs are further subdivided into 
three groups according to their effect on the duration of the cardiac action 
potential: 1) intermediate (IA), 2) fast (IB), and 3) slow (IC) blockers of the 
Na+ channel (Figure 19.4).

A.  Class IA antiarrhythmic drugs: Quinidine, procainamide, 
and disopyramide

 Quinidine [KWIN-i-deen] is the prototype class IA drug. Other agents 
in this class include procainamide [proe-KANE-a-mide] and disopyra-
mide [dye-soe-PEER-a-mide]. Because of their concomitant class III 
activity, they can precipitate arrhythmias that can progress to ventric-
ular fibrillation.

1. Mechanism of action: Quinidine binds to open and inactivated 
Na+ channels and prevents Na+ influx, thus slowing the rapid 
upstroke during phase 0 (Figure 19.5). It decreases the slope of 
phase 4 spontaneous depolarization, inhibits K+ channels, and 
blocks Ca2+ channels. Because of these actions, it slows conduc-
tion velocity and increases refractoriness. Quinidine also has mild 
α-adrenergic blocking and anticholinergic actions. Although pro-
cainamide and disopyramide have actions similar to those of qui-
nidine, there is less anticholinergic activity with procainamide and 

IA

IB

IC

II

III

IV

Na+ channel blocker

Na+ channel blocker

Na+ channel blocker

�-Adrenoreceptor blocker

K+ channel blocker

Ca2+ channel blocker

Slows Phase 0 depolarization in ventricular muscle �bers

Shortens Phase 3 repolarization in ventricular muscle �bers

Markedly slows Phase 0 depolarization in ventricular muscle �bers

Inhibits Phase 4 depolarization in SA and AV nodes

Prolongs Phase 3 repolarization in ventricular muscle �bers

Inhibits action potential in SA and AV nodes

CLASSIFICATION
OF DRUG

MECHANISM OF ACTION COMMENT

Figure 19.4 
Actions of antiarrhythmic drugs. 

AV = atrioventricular; SA = sinoatrial.
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369III. Class I Antiarrhythmic Drugs

more with disopyramide. Neither procainamide nor disopyramide 
has α-blocking activity. Disopyramide produces a greater negative 
inotropic effect, and unlike the other drugs, it causes peripheral 
vasoconstriction. 

2. Therapeutic uses: Quinidine though effective in the treatment 
of a wide variety of arrhythmias, including atrial, AV junctional, 
and ventricular tachyarrhythmias, is used rarely due to its adverse 
effects. Procainamide is only available in an intravenous for-
mulation and may be used to treat acute atrial and ventricular 
arrhythmias. However, electrical cardioversion or defibrillation and 
amiodarone have mostly replaced procainamide in clinical prac-
tice. Disopyramide is used in vagally mediated atrial fibrillation 
and in  hypertrophic obstructive cardiomyopathy. It can be used 
as an alternative treatment of ventricular arrhythmias. Amiodarone 
toxicity is a concern. Amiodarone has more of class III properties 
than of class I and is used primarily for atrial fibrillation and ven-
tricular tachycardia. 

3. Pharmacokinetics: Quinidine sulfate or gluconate is rapidly 
and well absorbed after oral administration. It undergoes exten-
sive metabolism primarily by the hepatic cytochrome P450 3A4 
(CYP3A4) isoenzyme, forming active metabolites. A portion of 
procainamide is acetylated in the liver to N-acetylprocainamide 
(NAPA), which has the properties and adverse effects of a class 
III drug. NAPA is eliminated via the kidney; therefore, dosages of 
procainamide should be adjusted in patients with renal dysfunc-
tion. Disopyramide is well absorbed after oral administration and 
is metabolized in the liver by CYP3A4 to a less active metab-
olite and several inactive metabolites. About half of the drug is 
excreted unchanged by the kidneys.

4. Adverse effects: Though class IA drugs are effective to treat atrial 
fibrillation, but due to enhanced proarrhythmic effects and abil-
ity to worsen heart failure symptoms, they should not be used in 
patients with atherosclerotic heart disease or systolic heart failure. 
Large doses of quinidine may induce the symptoms of cinchonism 
(for example, blurred vision, tinnitus, headache, disorientation, and 
psychosis). Drug interactions are common with quinidine since it 
is an inhibitor of both CYP2D6 and P-glycoprotein. Intravenous 
administration of procainamide may cause hypotension and can 
cause drug-induced lupus erythematosus. Disopyramide has the 
most anticholinergic adverse effects of the class IA drugs (for 
example, dry mouth, urinary retention, blurred vision, and con-
stipation). Both quinidine and disopyramide should be used with 
caution with potent inhibitors of CYP3A4.

B. Class IB antiarrhythmic drugs: Lidocaine and mexiletine

 The class IB agents rapidly associate and dissociate from Na+channels. 
Thus, the actions are greater when the cardiac cell is depolarized or 
firing rapidly. The class IB drugs lidocaine [LYE-doe-kane] and mexile-
tine [MEX-i-le-teen] are useful in treating ventricular arrhythmias.

1. Mechanism of action: In addition to Na+ channel blockade, lido-
caine and mexiletine shorten phase 3 repolarization and decrease 
the duration of the action potential (Figure 19.6). Neither drug 
contributes to negative inotropy.
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Class IA drugs slow Phase 0 
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because of their Class III 
activity, these drugs prolong 
the action potential.
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Figure 19.5 
Schematic diagram of the effects of 
class IA agents. INa and IK are trans-
membrane currents due to the move-
ment of Na+ and K+, respectively.
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2. Therapeutic uses: Although amiodarone is the drug of choice 
for ventricular fibrillation or ventricular tachycardia (VT), intrave-
nous lidocaine may be used as an alternative. Lidocaine may 
also be used in combination with amiodarone for VT storm. The 
drug does not markedly slow conduction and thus has little effect 
on atrial or AV junction arrhythmias. Mexiletine is used orally for 
chronic treatment of ventricular arrhythmias, often in combination 
with amiodarone.

3. Pharmacokinetics: Lidocaine is given intravenously because of 
extensive first-pass transformation by the liver. The drug is deal-
kylated to two active metabolites, primarily by CYP1A2 with a 
minor role by CYP3A4. Lidocaine should be monitored closely 
when given in combination with drugs affecting these CYP isoen-
zymes. Mexiletine is well absorbed after oral administration. It is 
metabolized in the liver primarily by CYP2D6 to inactive metabo-
lites and excreted mainly via the biliary route.

4. Adverse effects: Lidocaine has a fairly wide therapeutic index. 
Central nervous system (CNS) effects include nystagmus (early 
indicator of toxicity), drowsiness, slurred speech, paresthesia, agi-
tation, confusion, and convulsions, which often limit the duration 
of continuous infusions. Mexiletine has a narrow therapeutic index 
and caution should be used when administering the drug with 
inhibitors of CYP2D6. Nausea, vomiting, and dyspepsia are the 
most common adverse effects.

C.  Class IC antiarrhythmic drugs: Flecainide  
and propafenone

 These drugs slowly dissociate from resting Na+ channels and show 
prominent effects even at normal heart rates. Due to their negative 
inotropic and proarrhythmic effects, use of these agents is avoided 
in patients with structural heart disease (left ventricular hypertrophy, 
heart failure, atherosclerotic heart disease).

1. Mechanism of action: Flecainide [FLEK-a-nide] suppresses phase 
0 upstroke in Purkinje and myocardial fibers (Figure 19.7). This 
causes marked slowing of conduction in all cardiac tissue, with 
a minor effect on the duration of the action potential and refrac-
toriness. Automaticity is reduced by an increase in the threshold 
potential, rather than a decrease in the slope of phase 4 depolar-
ization. Flecainide also blocks K+ channels, leading to increased 
duration of the action potential. Propafenone [proe-PA-fen-one], 
like flecainide, slows conduction in all cardiac tissues but does not 
block K+ channels. It possesses weak β-blocking properties.

2. Therapeutic uses: The class IC drug flecainide is commonly used 
to maintain sinus rhythm in atrial fibrillation patients. It is useful in 
the maintenance of sinus rhythm in atrial flutter or fibrillation in 
patients without structural heart disease and in treating refrac-
tory ventricular arrhythmias. Significant coronary artery disease is 
a contraindication to the use of flecainide and propafenone as 
it increases the risk of proarrhythmia and sudden cardiac death. 
These agents must be used in combination with an AV blocking 
agent in order to prevent rapid atrial fibrillation or atrial flutter con-
duction (1:1 conduction) through the AV node resulting in very fast 
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Schematic diagram of the effects of 
class IB agents. INa and IK are trans-
membrane currents due to the move-
ment of Na+ and K+, respectively.

LIR_CH19.indd   370 09/10/18   12:47 PM



371V. Class III Antiarrhythmic Drugs

ventricular rates if a breakthrough episode occurs since class IC 
drugs also act to increase AV nodal conduction. Flecainide can 
be used on an as-needed basis in the outpatient setting. Use of 
propafenone is restricted mostly to atrial arrhythmias: rhythm con-
trol of atrial fibrillation or flutter and paroxysmal supraventricular 
tachycardia prophylaxis in patients with AV reentrant tachycardias. 

3. Pharmacokinetics: Flecainide is well absorbed after oral admin-
istration and is metabolized by CYP2D6 to multiple metabolites. 
The parent drug and metabolites are mostly eliminated renally. 
Propafenone is metabolized to active metabolites primarily via 
CYP2D6 and also by CYP1A2 and CYP3A4. The metabolites are 
excreted in the urine and the feces.

4. Adverse effects: Flecainide is generally well tolerated, with 
blurred vision, dizziness, and nausea occurring most frequently. 
Propafenone has a similar side effect profile, but may cause 
bronchospasm and should be avoided in patients with asthma. 
Propafenone is also an inhibitor of P-glycoprotein. Both drugs 
should be used with caution with potent inhibitors of CYP2D6.

IV. CLASS II ANTIARRHYTHMIC DRUGS

Class II agents are β-adrenergic antagonists or β-blockers. These drugs 
diminish phase 4 depolarization and, thus, depress automaticity, prolong 
AV conduction, and decrease heart rate and contractility. Class II agents 
are useful in treating tachyarrhythmias caused by increased sympathetic 
activity. They are also used for atrial flutter and fibrillation and for AV nodal 
reentrant tachycardia. In addition, β-blockers prevent life-threatening ven-
tricular arrhythmias following a myocardial infarction.

Metoprolol [me-TOE-pro-lol] is the most widely used β-blocker for the treat-
ment of cardiac arrhythmias. Compared to nonselective β-blockers, such 
as propranolol [pro-PRAN-oh-lol], it reduces the risk of bronchospasm. It is 
extensively metabolized by CYP2D6 and has CNS penetration (less than pro-
pranolol, but more than atenolol [a-TEN-oh-lol]). Esmolol [ESS-moe-lol] is a 
very short and fast-acting β-blocker used for intravenous administration in 
acute arrhythmias that occur during surgery or emergency situations. Esmolol 
is rapidly metabolized by esterases in red blood cells. As such, there are no 
pharmacokinetic drug interactions. Common adverse effects with β-blockers 
include bradycardia, hypotension, and fatigue (see Chapter 7).

V. CLASS III ANTIARRHYTHMIC DRUGS

Class III agents block K+ channels and, thus, diminish the outward K+ cur-
rent during repolarization of cardiac cells. These agents prolong the dura-
tion of the action potential without altering phase 0 of depolarization or the 
resting membrane potential (Figure 19.8). Instead, they prolong the effec-
tive refractory period, increasing refractoriness. All class III drugs have the 
potential to induce arrhythmias.

A. Amiodarone

1. Mechanism of action: Amiodarone [a-MEE-oh-da-rone] con-
tains iodine and is related structurally to thyroxine. It has complex 
effects, showing class I, II, III, and IV actions, as well as α-blocking 

Figure 19.7 
Schematic diagram of the effects of 
class IC agents. INa and IK are trans-
membrane currents due to the move-
ment of Na+ and K+, respectively.
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372 19. Antiarrhythmics

activity. Its dominant effect is prolongation of the action potential 
duration and the refractory period by blocking K+ channels.

2. Therapeutic uses: Amiodarone has been a mainstay of therapy 
for the rhythm management of atrial fibrillation or flutter. Despite its 
adverse effect profile, amiodarone is thought to be the least proar-
rhythmic of the class I and III antiarrhythmic drugs. Amiodarone is 
effective in the treatment of severe refractory supraventricular and 
ventricular tachyarrhythmias.

3. Pharmacokinetics: Amiodarone is incompletely absorbed after 
oral administration. The drug is unusual in having a prolonged 
half-life of several weeks, and it distributes extensively in tissues. 
Full clinical effects may not be achieved until months after initia-
tion of treatment, unless loading doses are employed.

4. Adverse effects: Amiodarone shows a variety of toxic effects, 
including pulmonary fibrosis, neuropathy, hepatotoxicity, corneal 
deposits, optic neuritis, blue-gray skin discoloration, and hypo- or 
hyperthyroidism. However, use of low doses and close monitor-
ing reduce toxicity, while retaining clinical efficacy. Amiodarone 
is subject to numerous drug interactions, since it is metabolized 
by CYP3A4 and serves as an inhibitor of CYP1A2, CYP2C9, 
CYP2D6, and P-glycoprotein.

B. Dronedarone

 Dronedarone [droe-NE-da-rone] is a benzofuran amiodarone deriva-
tive, which is less lipophilic and has a shorter half-life than amiodarone. 
It does not have the iodine moieties that are responsible for thyroid 
dysfunction associated with amiodarone. Like amiodarone, it has 
class I, II, III, and IV actions. Dronedarone has a better adverse effect 
profile than amiodarone but may still cause liver failure. The drug is 
contraindicated in those with symptomatic heart failure or permanent 
atrial fibrillation due to an increased risk of death. Currently, drone-
darone is used to maintain sinus rhythm in atrial fibrillation or flutter, 
but it is less effective than amiodarone.

C. Sotalol

 Sotalol [SOE-ta-lol], although a class III antiarrhythmic agent, also has 
nonselective β-blocker activity. The levorotatory isomer (l-sotalol) has 
β-blocking activity and d-sotalol has class III antiarrhythmic action. 
Sotalol blocks a rapid outward K+ current, known as the delayed rec-
tifier current. This blockade prolongs both repolarization and dura-
tion of the action potential, thus lengthening the effective refractory 
period. Sotalol is used for maintenance of sinus rhythm in patients 
with atrial fibrillation, atrial flutter, or refractory paroxysmal supraven-
tricular tachycardia and in the treatment of ventricular arrhythmias. 
Since sotalol has β-blocking properties, it is commonly used for these 
indications in patients with left ventricular hypertrophy or atheroscle-
rotic heart disease. This drug can cause the typical adverse effects 
associated with β-blockers but has a low rate of adverse effects when 
compared to other antiarrhythmic agents. The dosing interval should 
be extended in patients with renal disease, since the drug is renally 
eliminated. To reduce the risk of proarrhythmic effects, sotalol should 
be initiated in the hospital to monitor QT interval.
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Figure 19.8 
Schematic diagram of the effects of 
class III agents. INa and IK are trans-
membrane currents due to the move-
ment of Na+ and K+, respectively.
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373VII. Other Antiarrhythmic Drugs

D. Dofetilide

 Dofetilide [doh-FET-il-ide] is a pure K+ channel blocker. It can be used 
as a first-line antiarrhythmic agent in patients with persistent atrial 
fibrillation and heart failure or in those with coronary artery disease. 
Because of the risk of proarrhythmia, dofetilide initiation is limited to 
the inpatient setting. The half-life of this oral drug is 10 hours. The 
drug is mainly excreted unchanged in the urine. Drugs that inhibit 
active tubular secretion are contraindicated with dofetilide.

E. Ibutilide

 Ibutilide [eye-BYOO-tih-lide] is a K+ channel blocker that also acti-
vates the inward Na+ current (mixed class III and IA actions). Ibutilide 
is the drug of choice for chemical conversion of atrial flutter, but elec-
trical cardioversion has supplanted its use. It undergoes extensive 
first-pass metabolism and is not used orally. Initiation is also limited 
to the inpatient setting due to the risk of arrhythmia.

VI. CLASS IV ANTIARRHYTHMIC DRUGS

Class IV drugs are the nondihydropyridine Ca2+ channel blockers verapamil 
[ver-AP-a-mil] and diltiazem [dil-TYE-a-zem]. Although voltage-sensitive 
Ca2+ channels occur in many different tissues, the major effect of Ca2+ 

channel blockers is on vascular smooth muscle and the heart. Both drugs 
show greater action on the heart than on vascular smooth muscle, but 
more so with verapamil. In the heart, verapamil and diltiazem bind only to 
open depolarized voltage-sensitive channels, thus decreasing the inward 
current carried by Ca2+. These drugs are use-dependent in that they pre-
vent repolarization until the drug dissociates from the channel, resulting in 
a decreased rate of phase 4 spontaneous depolarization. They also slow 
conduction in tissues that are dependent on Ca2+ currents, such as the AV 
and SA nodes (Figure 19.9). These agents are more effective against atrial 
than against ventricular arrhythmias. They are useful in treating reentrant 
supraventricular tachycardia and in reducing the ventricular rate in atrial 
flutter and fibrillation. Common adverse effects include bradycardia, hypo-
tension, and peripheral edema. Both drugs are metabolized in the liver 
by CYP3A4. Dosage adjustments may be needed in patients with hepatic 
dysfunction. Both agents are subject to many drug interactions as they are 
CYP3A4 inhibitors, as well as substrates and inhibitors of P-glycoprotein.

VII. OTHER ANTIARRHYTHMIC DRUGS

A. Digoxin

 Digoxin [di-JOX-in] inhibits the Na+/K+-ATPase pump, ultimately short-
ening the refractory period in atrial and ventricular myocardial cells 
while prolonging the effective refractory period and diminishing con-
duction velocity in the AV node. Digoxin is used to control ventricu-
lar response rate in atrial fibrillation and flutter; however, sympathetic 
stimulation easily overcomes the inhibitory effects of digoxin. At toxic 
concentrations, digoxin causes ectopic ventricular beats that may 
result in VT and fibrillation. [Note: Serum trough concentrations of 1.0 
to 2.0 ng/mL are desirable for atrial fibrillation or flutter, whereas lower 
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374 19. Antiarrhythmics

concentrations of 0.5 to 0.8 ng/mL are targeted for systolic heart 
failure.]

B. Adenosine

 Adenosine [ah-DEN-oh-zeen] is a naturally occurring nucleoside, 
but at high doses, the drug decreases conduction velocity, prolongs 
the refractory period, and decreases automaticity in the AV node. 
Intravenous adenosine is the drug of choice for converting acute 
supraventricular tachycardias. It has low toxicity but causes flushing, 
chest pain, and hypotension. Adenosine has an extremely short dura-
tion of action (approximately 10 to 15 seconds) due to rapid uptake 
by erythrocytes and endothelial cells.

C. Magnesium sulfate

 Magnesium is necessary for the transport of Na+, Ca2+, and K+ across 
cell membranes. It slows the rate of SA node impulse formation and 
prolongs conduction time along the myocardial tissue. Intravenous 
magnesium sulfate is the salt used to treat arrhythmias, as oral 
magnesium is not effective in the setting of arrhythmia. Most nota-
bly, magnesium is the drug of choice for treating the potentially fatal 
arrhythmia torsades de pointes and digoxin-induced arrhythmias.

D. Ranolazine

 Ranolazine [ra-NOE-la-zeen] is an antianginal drug with antiarrhyth-
mic properties similar to amiodarone. However, its main effect is to 
shorten repolarization and decrease the action potential duration sim-
ilar to mexiletine. It is used to treat refractory atrial and ventricular 
arrhythmias, often in combination with other antiarrhythmic drugs. It 
is well tolerated with dizziness and constipation as the most com-
mon adverse effects. Ranolazine is extensively metabolized in the liver 
by CYP3A and CYP2D6 isoenzymes and is mainly excreted by the 
kidney. Concomitant use with strong CYP3A inducers or inhibitors is 
contraindicated.

 Figure 19.10 summarizes pharmacokinetics, adverse effects, and 
drug–drug interaction and dosages of antiarrhythmic drugs.

 Figure 19.11 summarizes the antiarrhythmic drugs that may be used 
to treat different types of arrhythmias. However, when treating arrhyth-
mias, selection of an antiarrhythmic agent should be  individualized 
for a given condition as a particular drug may not be  efficacious 
and in fact may precipitate other arrhythmias or adverse cardiovas-
cular effects (for example, cardiac depression and hypotension). 
Figure  19.12 summarizes the common drug interactions seen with 
antiarrhythmic agents.
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375VII. Other Antiarrhythmic Drugs

ANTIARRHYTH-
MIC DRUG DOSE

PHARMACOKI-
NETICS

NONCARDIOVASCU-
LAR TOXICITY

CARDIOVASCU-
LAR TOXICITY

DRUG  
INTERACTIONS

Quinidine Oral as sulfate, 600 mg 
3 times a day;  gluconate, 
324–648 mg every 8 hr; 
reduced dose for renal 
failure

Well absorbed 
orally, 80% protein 
bound; extensive 
hepatic metabo-
lism CYP3A4 (70%) 
to 3-hydroxyquini-
dine, renal (30%)

Diarrhea, thrombocy-
topenia, cinchonism, 
pruritus, rash

QRS prolonga-
tion with toxic 
doses, torsades de 
pointes (not dose 
related), hypoten-
sion, tachycardia

Inhibits CYP2D6 (may 
increase concentration 
of drugs metabolized 
by this enzyme [for 
example, ↑ effect of 
tricyclic antidepres-
sants, haloperidol, some 
β-blockers, fluoxetine, 
narcotics])

Increases digoxin and 
amiodarone levels

Causes cardiac depres-
sion with β-blockers; 
quinidine metabolism is 
increased by phenobar-
bital, phenytoin, and 
rifampicin

Disopyramide Oral: 100–400 mg every 
8–12 hr; maximum 
dose, 800 mg/24 hr; 
reduced dose for renal 
or hepatic dysfunction

Renal/hepatic 
CYP3A4

Anticholinergic (contra-
indicated for nar-
row-angle glaucoma): 
dry mouth, urinary 
retention, constipation, 
blurring of vision

Congestive heart 
 failure exacerba-
tion, torsades de 
pointes

No significant 
 interactions

Lidocaine 50–100 mg bolus 
followed by 20–40 mg 
every 10–20 min  
intravenously

Inactive orally; IV 
route, rapid onset, 
shorter duration 
of action, high 
first-pass metab-
olism, metabo-
lism depends on 
hepatic blood flow, 
t½ 8 min, elimina-
tion t½ 2 hr

CNS: Nystagmus (an 
early indicator of toxic-
ity), drowsiness, slurred 
speech, paraesthesia, 
agitation, confusion, 
and convulsions 

Least cardiotoxic Propranolol decreases 
t½ of lidocaine

Maxiletine Oral: Analog of  
lidocaine

No first-pass 
metabolism

Nausea, vomiting, and 
dyspepsia; tremors 
(early sign of toxicity), 
nystagmus, dizziness

Hypotension, 
 bradycardia, 
 widened QRS 

Flecainide

(reserve drug 
for ventricular 
arrhythmia)

50–100 mg twice a 
day, maximum dose 
300–400 mg/d

Renal/ variable 
hepatic metabo-
lism CYP2D6

Dizziness, headache, 
blurring of visual 

Risk of sudden 
cardiac arrest, 
atrial flutter with 
1:1 conduction; 
ventricular tachy-
cardia; contraindi-
cated with coronary 
disease

Use with caution with 
potent inhibitors of 
CYP2D6; may decrease 
the metabolism of 
warfarin; increase 
digoxin levels; flecainide 
levels are increased by 
amiodarone

Propafenone Oral: 150–300 mg 
every 8 hr or sustained 
release 225–425 mg 
twice a day

Hepatic metabo-
lism CYP2D6

Metallic taste,  dizziness Atrial flutter with 
1:1 conduction; 
ventricular tachy-
cardia; contra-
indicated with 
coronary disease

May decrease the 
metabolism of warfarin; 
increase digoxin levels

Use with caution with 
potent inhibitors of 
CYP2D6

Esmolol IV (for acute arrhythmia 
in an emergency situa-
tion or during surgery) 
500 mcg/kg over 1 min; 
maintenance 50–200 
mcg/kg/min

Very short elimi-
nation half-life 9 
min; metabolized 
by RBC esterases

Well tolerated Generally toler-
ated well, but it is 
associated with 
an increased risk 
of hypotension 
that is rapidly 
reversible

No pharmacokinetic 
drug interactions; 
Esmolol should be used 
with caution in  patients 
on β blocker therapy, 
bradycardia patients, and 
patients with decompen-
sated heart failure

Figure 19.10 

Pharmacokinetics, adverse effects, and drug–drug interaction and dosages of antiarrhythmic drugs. (Figure continues 
on next page)
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ANTIARRHYTH-
MIC DRUG DOSE

PHARMACOKI-
NETICS

NONCARDIOVASCU-
LAR TOXICITY

CARDIOVASCU-
LAR TOXICITY

DRUG  
INTERACTIONS

Metoprolol IV 2.5–5 mg bolus over 
2 min, up to 3 doses

Oral: 25–100 mg twice 
daily May use metopro-
lol succinate 

ER 25–200 mg daily

Extensive hepatic 
metabolism by 
CYP2D6 and CNS 
penetration

Dizziness, headache, 
tiredness, depression, 
diarrhea, pruritus, rash 
dyspnea, cold extrem-
ities, constipation, 
dyspepsia

Bradycardia,  
heart failure, 
hypotension

CYP2D6 poor metabo-
lizers may have a 5-fold 
higher risk for develop-
ing adverse effects

Atenolol Oral: 25–100 mg daily Extensive hepatic 
metabolism by 
CYP2D6 and 
CNS penetration 
but lesser than 
 metoprolol

Dizziness, headache,  
tiredness, depression,  
diarrhea, pruritus, rash 
dyspnea, cold extrem-
ities, constipation, 
dyspepsia

Bradycardia, heart 
failure,  
hypotension

No significant  
interactions

Amiodarone Oral load 10 g over  
7–10 days, then 
400 mg for 3 weeks, 
then 200 mg/d for 
atrial fibrillation; 
maintenance dose 
of 400 mg/day for 
ventricular tachycardia; 
dose-reduced load for 
bradycardia or QT pro-
longation; intravenous: 
150–300 mg bolus, 
then 1 mg/min infusion 
for 6 hr followed by  
0.5 mg/min thereafter

Hepatic; half-life of 
50 days, distrib-
utes extensively 
in adipose tissues. 
Full effects take 
until months; 
metabolized 
by CYP3A4 and 
inhibits CYP1A2, 
CYP2C9, CYP2D6, 
and P-glycoprotein

Pulmonary (acute 
hypersensitivity 
pneumonitis, chronic 
interstitial infiltrates); 
hepatitis; thyroid 
(hypothyroidism or 
hyperthyroidism); 
photosensitivity; blue-
gray skin discoloration 
with chronic high dose; 
nausea; ataxia; tremor; 
alopecia

Sinus  bradycardia Numerous drug 
interactions with drugs 
with potent activity 
on CYP3A4 and inhibits 
CYP1A2, CYP2C9, 
CYP2D6, and  
P- glycoprotein; increases 
concentrations of warfa-
rin, digoxin, cyclosporine, 
alprazolam, carbamaz-
epine, statins (simvas-
tatin), phenytoin, and 
quinidine; increases the 
effect of dabigatran but 
does not appear to be 
clinically relevant

Sotalol 80–120 mg twice a day; 
maximum dose 240 mg 
twice a day based on 
renal function

Renal; extend 
dosing interval in 
patients with renal 
disease 

Bronchospasm Bradycardia, tor-
sades de pointes

No significant interac-
tions

Dofetilide Oral CrCL >60 (500 mcg 
twice a day), CrCl 40–60 
(250 mcg twice a day), 
CrCl 20–39 (125 mcg 
twice a day)

Renal/hepatic 
CYP3A4

None Torsades de 
pointes

Contraindicated with 
verapamil, ketoconazole, 
cimetidine, megestrol, 
prochlorperazine, and 
trimethoprim; hydro-
chlorothiazide increases 
dofetilide levels; must 
discontinue amiodarone 
at least 3 months before 
dofetilide initiation

Ibutilide  
(intravenous)

1 mg intravenous over 
10 min; repeat after 
10 min, if necessary

Hepatic CYP3A4 Nausea QT prolonga-
tion, torsades de 
pointes

No significant 
 interactions

Dronedarone Oral: 400 mg twice a 
day with meals

Renal, hepatic,  
gastrointestinal

Anorexia; nausea; 
hepatotoxicity

Bradycardia

Verapamil IV 0.075–0.15 mg/kg 
over 2 min 

Second bolus can be 
given in 15–30 min if 
needed 

Oral: Start with a non-
sustained release dose 
120–480 mg daily Can 
switch to a slow- release/
extended release dose, 
which is available and 
 preferred

Metabolized by 
liver CYP3A4; dos-
age adjustment 
needed in hepatic  
dysfunction

Dizziness, slow heart-
beat, constipation, 
nausea, headache, or 
tiredness. Rarely may 
cause liver damage

Severe dizziness, 
fainting, new or 
worsening symp-
toms of heart 
failure

Inhibits CYP3A4; will 
increase levels of 
alprazolam, carbamaz-
epine, dihydropyridine, 
cyclosporine, statins, 
digoxin; verapamil (but 
not diltiazem) increases 
dronedarone levels; 
contraindicated in the 
presence of strong 
CYP3A4 inhibitors such 
as ketoconazole, 

Figure 19.10 (Continued)
Pharmacokinetics, adverse effects, and drug–drug interaction and dosages of antiarrhythmic drugs. (Figure continues 
on next page)
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ANTIARRHYTH-
MIC DRUG DOSE

PHARMACOKI-
NETICS

NONCARDIOVASCU-
LAR TOXICITY

CARDIOVASCU-
LAR TOXICITY

DRUG  
INTERACTIONS

itraconazole, cyclospo-
rine, clarithromycin, 
and ritonavir; increases 
effects of dabigatran 

Many drug interactions 
with potent inhibitors of 
CYP3A4 and inhibitors of 
P-glycoprotein; displaces 
digoxin from binding 
sites; decreases elimina-
tion of digoxin

Diltiazem IV 0.25 mg/kg over 2 min 

Second bolus can be 
given if HR > 100 bpm; 
maintenance  
5–15 mg/hr

Oral: Start with a non-
sustained release dose 
120–480 mg daily 

Can switch to a slow- 
release/extended 
release dose, which is 
available and  preferred

Metabolized by 
liver CYP3A4; dos-
age adjustment 
needed in hepatic 
dysfunction

Dizziness, lightheaded-
ness, weakness, tired 
feeling, nausea, upset 
stomach, flushing. 
Serious adverse effects 
include unexplained 
or sudden weight gain, 
mental/mood changes 
(depression, agitation), 
or unusual dreams

Fainting, slow/
irregular/fast 
heartbeat,

swelling of feet, 
shortness of 
breath, unusual 
tiredness

Many drug interactions 
with potent inhibitors of 
CYP3A4 and inhibitors 
of P-glycoprotein; 
displaces digoxin from 
binding sites; decreases 
elimination of digoxin

Adenosine IV 6 mg bolus in large 
peripheral vein followed 
by 12 mg after 1–2 min 
with cardiac monitoring, 
if necessary

Extremely short 
duration of action 
of 10–30 sec) due 
to rapid uptake by  
erythrocytes and 
endothelial cells

Nausea, dyspnea, flush-
ing; hypersensitivity

Chest pain,  
hypotension

Digoxin IV 0.25 mg every 4–6 hr 
up to 1 mg

Serum trough 
 concentration 
of 1–2 ng/ml 
for AF/flutter; 
0.5–0.8 ng/ml 
for systolic heart 
failure

Vomiting, loss of appe-
tite, confusion, blurred 
vision, changes in color 
perception

Narrow therapeu-
tic index; causes 
ectopic ventricular 
beats resulting 
in ventricular 
tachycardia and 
fibrillation

Macrolides and cardio-
vascular drugs (espe-
cially amiodarone) can 
cause digoxin overdose 
through pharmaco-
kinetic interactions. 
Hypercalcemia- and 
hypokalemia-inducing 
drugs, heart-rate low-
ering drugs, and drugs 
that prolong the QT 
interval or slow cardiac 
conduction potentiate 
the cardiac adverse 
effects of digoxin. Plasma 
concentration of digoxin 
is reduced by acarbose, 
cytotoxic agents, and 
enzyme inducers.

Figure 19.10 (Continued) 
Pharmacokinetics, adverse effects, and drug–drug interaction and dosages of antiarrhythmic drugs.
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378 19. Antiarrhythmics

CONDITION DRUG CLASS DRUG OF CHOICE COMMENTS

Sinus tachycardia Classes II, IV Propranolol Other underlying causes may need 
treatment

Atrial fibrillation/flutter Classes IA, IC, II, III, IV 
Digitalis adenosine

Esmolol, verapamil, digoxin Ventricular rate control is an 
important goal; anticoagulation 
required

Paroxysmal supraventricular  
tachycardia (PSVT)

Classes IA, IC, II, III, IV adenosine Adenosine, esmolol –

AV block Atropine Atropine Acute reversal

Ventricular tachycardia Classes I, II, III Lidocaine, procainamide, 
amiodarone

–

Ventricular fibrillation Classes II, IV Mg2+ salts Lidocaine, amiodarone –

Digitalis toxicity Class IB Mg2+ salts; KCl – –

Figure 19.11
Antiarrhythmic drugs used to treat different types of arrhythmias.

DRUG NAME SELECTED DRUG INTERACTIONS

Quinidine ↑ Digoxin and amiodarone concentrations; quinidine inhibits CYP2D6 and may increase drugs metab-
olized by this enzyme (for example, ↑ effect of tricyclic antidepressants, haloperidol, some β-blockers, 
fluoxetine, narcotics); quinidine metabolism is inhibited by cimetidine; quinidine metabolism is increased 
by phenobarbital, phenytoin, and rifampicin

Propafenone May decrease the metabolism of warfarin; increased digoxin levels

Flecainide May increase digoxin levels; flecainide levels are increased by amiodarone, haloperidol, quinidine, cimeti-
dine, and fluoxetine

Dofetilide Contraindicated with verapamil, ketoconazole, cimetidine, megestrol, prochlorperazine, and trimetho-
prim; hydrochlorothiazide increases dofetilide levels; must discontinue amiodarone at least 3 months 
before dofetilide initiation

Amiodarone Inhibits CYP450 enzymes; increases concentrations of warfarin, digoxin, cyclosporine, alprazolam, carba-
mazepine, statins (simvastatin), phenytoin, and quinidine; increases the effect of dabigatran but does not 
appear to be clinically relevant

Dronedarone Inhibits CYP3A4; will increase levels of alprazolam, carbamazepine, dihydropyridine, cyclosporine, statins, 
digoxin; verapamil (but not diltiazem) increases dronedarone levels; contraindicated in the presence of 
strong CYP3A4 inhibitors such as ketoconazole, itraconazole, cyclosporine, clarithromycin, and ritonavir; 
increases effects of dabigatran

Figure 19.12 
Selected drug interactions.

Correct answer = C. β-Blockers such as metopro-
lol prevent arrhythmias that occur subsequent to a 
myocardial infarction. None of the other drugs has 
been shown to be effective in preventing postinfarct 
arrhythmias. Flecainide should be avoided in patients 
with structural heart disease.

Study Questions

Choose the ONE best answer.

19.1 A 60-year-old woman had a myocardial  infarction. 
Which agent should be used to prevent life- 
threatening arrhythmias that can occur post– 
myocardial infarction in this patient?

A. Digoxin

B. Flecainide

C. Metoprolol

D. Procainamide
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19.2 Suppression of arrhythmias resulting from a reentry 
focus is most likely to occur if the drug:

A. Has vagomimetic effects on the AV node.

B. Is a β-blocker.

C. Converts a unidirectional block to a bidirectional 
block.

D. Slows conduction through the atria.

19.3 A 57-year-old man is being treated for an atrial 
arrhythmia. He complains of dry mouth, blurred 
vision, and urinary hesitancy. Which antiarrhythmic 
drug is he mostly like taking?

A. Metoprolol

B. Disopyramide

C. Dronedarone

D. Sotalol

19.4 A 58-year-old woman is being treated for chronic 
suppression of a ventricular arrhythmia. After 1 week 
of therapy, she complains about feeling severe upset 
stomach and heartburn. Which antiarrhythmic drug is 
the likely cause of these symptoms?

A. Amiodarone

B. Digoxin

C. Mexiletine

D. Propranolol

19.5 A 78-year-old woman has been newly diagnosed with 
atrial fibrillation. She is not currently having symptoms 
of palpitations or fatigue. Which is appropriate to initi-
ate for rate control as an outpatient?

A. Dronedarone

B. Esmolol

C. Flecainide

D. Metoprolol

19.6 Which of the following is correct regarding digoxin 
when used for atrial fibrillation?

A. Digoxin works by blocking voltage-sensitive cal-
cium channels.

B. Digoxin is used for rhythm control in patients 
with atrial fibrillation.

C. Digoxin increases conduction velocity through 
the AV node.

D. Digoxin levels of 1 to 2 ng/mL are desirable in 
the treatment of atrial fibrillation.

Correct answer = C. Current theory holds that a reen-
trant arrhythmia is caused by damaged heart  muscle, 
so that conduction is slowed through the damaged 
area in only one direction. A drug that prevents con-
duction in either direction through the damaged area 
interrupts the reentrant arrhythmia. Class I antiar-
rhythmics, such as lidocaine, are capable of produc-
ing bidirectional block. The other choices do not have 
any direct effects on the direction of blockade of con-
duction through damaged cardiac muscle.

Correct answer = B. The clustered symptoms of dry 
mouth, blurred vision, and urinary hesitancy are char-
acteristic of anticholinergic adverse effects which are 
caused by class IA agents (in this case, disopyra-
mide). The other drugs do not cause anticholinergic 
effects.

Correct answer = C. The patient is exhibiting a classic 
adverse effect of mexiletine. None of the other agents 
listed are likely to cause dyspepsia.

Correct answer = D. Only B and D are options to 
control rate. The other options are used for rhythm 
control in patients with atrial fibrillation. Since esmolol 
is IV only, the only option to start as an outpatient is 
metoprolol.

Correct answer = D. Digoxin works by inhibiting the 
Na+/K+-ATPase pump. It decreases conduction veloc-
ity through the AV node and is used for rate control 
in atrial fibrillation (not rhythm control). Digoxin lev-
els between 1 and 2 ng/mL are more likely to exhibit 
negative chronotropic effects desired in atrial fibrilla-
tion or flutter. A serum drug concentration between 
0.5 and 0.8 ng/mL is for symptomatic management 
of heart failure.
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 19.7 All of the following are adverse effects of 
amiodarone except:

A. Cinchonism

B. Hypothyroidism

C. Pulmonary fibrosis

D. Blue skin discoloration

 19.8 Which arrhythmia can be treated with lidocaine?

A. Paroxysmal supraventricular ventricular 
tachycardia

B. Atrial fibrillation

C. Atrial flutter

D. Ventricular tachycardia

 19.9 A clinician would like to initiate a drug for rhythm 
control of atrial fibrillation. Which of the following 
coexisting conditions would allow for initiation of 
flecainide?

A. Hypertension

B. Left ventricular hypertrophy

C. Coronary artery disease

D. Heart failure

19.10 Which statement regarding dronedarone is 
correct?

A. Dronedarone is more effective than amiodarone.

B. QT interval prolongation is not a risk with 
dronedarone.

C. Dronedarone increases the risk of death in 
patients with permanent atrial fibrillation or 
symptomatic heart failure.

D. There is no need to monitor liver function with 
dronedarone.

Correct answer = A. Cinchonism is a constellation of 
symptoms (blurred vision, tinnitus, headache, psy-
chosis) that is known to occur with quinidine. All 
other options are adverse effects with amiodarone 
that require close monitoring.

Correct answer = D. Lidocaine has little effect on 
atrial or AV nodal tissue; thus, it used for ventricular 
arrhythmias such as ventricular tachycardia.

Correct answer = A. Since flecainide can increase the 
risk of sudden cardiac death in those with a history 
of structural heart disease, only coexisting hyperten-
sion will allow for flecainide initiation. Structural heart 
disease includes left ventricular hypertrophy, heart 
failure, and atherosclerotic heart disease.

Correct answer = C. Dronedarone is not as effective 
as amiodarone, QT prolongation is a risk with this 
drug, and liver function should be monitored when 
taking dronedarone since it increases the risk of liver 
failure. The drug is contraindicated in those with 
symptomatic heart failure or permanent atrial fibrilla-
tion due to an increased risk of death.
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I. OVERVIEW

Atherosclerotic disease of the coronary arteries, also known as coronary 
artery disease (CAD) or ischemic heart disease (IHD), is the most common 
cause of mortality worldwide. Atherosclerotic lesions in coronary arteries 
can obstruct blood flow, leading to an imbalance in myocardial oxygen 
supply and demand that presents as stable angina or an acute coronary 
syndrome (myocardial infarction [MI] or unstable angina). Spasms of vas-
cular smooth muscle may also impede cardiac blood flow, reducing per-
fusion and causing ischemia and angina pain. Typical angina pectoris is a 
characteristic sudden, severe, crushing chest pain that may radiate to the 
neck, jaw, back, and arms. All patients with IHD and angina should receive 
guideline-directed medical therapy with emphasis on lifestyle modifications 
(smoking cessation, physical activity, weight management) and manage-
ment of modifiable risk factors (hypertension, diabetes, dyslipidemia) to 
reduce cardiovascular morbidity and mortality. Medications used for the 
management of stable angina are summarized in Figure 20.1.

II. TYPES OF ANGINA

Angina pectoris has three patterns: 1) stable, effort-induced, classic, or 
typical angina; 2) unstable angina; and 3) Prinzmetal, variant, vasospas-
tic, or rest angina. They are caused by varying combinations of increased 
myocardial demand and decreased myocardial perfusion.

A.  Stable angina, effort-induced angina, classic  
or typical angina

 Classic or typical angina pectoris is the most common form of 
angina. It is usually characterized by a short-lasting burning, heavy, 
or squeezing feeling in the chest. Some ischemic episodes may 
present “atypically”—with extreme fatigue, nausea, or diaphoresis— 
while others may not be associated with any symptoms (silent 
angina). Atypical presentations are more common in women, diabetic 
patients, and the elderly.

 Classic angina is caused by the reduction of coronary perfusion due 
to a fixed obstruction of a coronary artery produced by atherosclero-
sis. Increased myocardial oxygen demand, such as that produced by 
physical activity, emotional stress or excitement, or any other cause 
of increased cardiac workload (Figure 20.2) may induce ischemia. 
Typical angina pectoris is promptly relieved by rest or nitroglycerin 
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Figure 20.1 
Summary of antianginal drugs. 
(For drug dosages, refer to Appendix 
at the end of the book.)

ß-BLOCKERS
Propranolol
Atenolol
Bisoprolol
Metoprolol
CALCIUM CHANNEL BLOCKERS  
(DIHYDROPYRIDINES)
Amlodipine 
Nifedipine 
Felodipine
CALCIUM CHANNEL BLOCKERS  
(NONDIHYDROPYRIDINE)
Diltiazem 
Verapamil
NITRATES
Nitroglycerin 
Isosorbide dinitrate
Isosorbide mononitrate
SODIUM CHANNEL BLOCKER
Ranolazine
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382 20. Antianginal Drugs

[nye-troe-GLIS-er-in]. When the pattern of chest pain and the amount 
of effort needed to trigger the chest pain does not vary over time, the 
angina is named “stable angina.”

B. Unstable angina

 Unstable angina is chest pain that occurs with increased frequency, 
duration, and intensity and can be precipitated by progressively less 
effort. Any episode of rest angina longer than 20 minutes, any new- 
onset angina, any increasing (crescendo) angina, or even sudden devel-
opment of shortness of breath is suggestive of unstable angina. The 
symptoms are not relieved by rest or nitroglycerin. Unstable angina is a 
form of acute coronary syndrome and requires hospital admission and 
more aggressive therapy to prevent progression to MI and death.

C. Prinzmetal, variant, vasospastic, or rest angina

 Prinzmetal angina is an uncommon pattern of episodic angina that 
occurs at rest and is due to decreased blood flow to the heart muscle 
caused by spasm of the coronary arteries. Although individuals with 
this form of angina may have significant coronary atherosclerosis, the 
angina attacks are unrelated to physical activity, heart rate, or blood 
pressure. Prinzmetal angina generally responds promptly to coronary 
vasodilators, such as nitroglycerin and calcium channel blockers.

D. Acute coronary syndrome

 Acute coronary syndrome is an emergency that commonly results 
from rupture of an atherosclerotic plaque and partial or complete 
thrombosis of a coronary artery. If the thrombus occludes most of 
the blood vessel, and, if the occlusion is untreated, necrosis of the 
cardiac muscle may ensue. MI (necrosis) is typified by increases in 
the serum levels of biomarkers such as troponins and creatine kinase. 
The acute coronary syndrome may present as ST-segment elevation 
myocardial infarction, non–ST-segment elevation myocardial infarc-
tion, or as unstable angina. [Note: In unstable angina, increases in 
biomarkers of myocardial necrosis are not present.]

III. TREATMENT STRATEGIES

Four types of drugs, used either alone or in combination, are commonly 
used to manage patients with stable angina: β-blockers, calcium channel 
blockers, organic nitrates, and the sodium channel–blocking drug, ranola-
zine (Figure 20.1). These agents help to balance the cardiac oxygen supply 
and demand equation by affecting blood pressure, venous return, heart 
rate, and contractility. All antianginal drugs have similar efficacy and are 
equally effective for relief of anginal symptoms. For relief of acute angina 
and prevention of angina before events that cause acute angina, nitroglyc-
erin (sublingual tablets or translingual spray) is usually the primary drug of 
choice. Sublingual or chewable tablets of isosorbide dinitrate may also be 
used. For long-term prevention or management of recurrent angina, oral or 
topical nitrates, β-adrenergic blocking agents, or calcium channel blocking 
agents can be used. Double or triple therapy is often needed to control 
chronic stable angina since patients with IHD and angina can have several 

B. Increased vascular tone
(for example, during exercise)

C. Decreased vascular tone 
(for example, with use of vasodilators)

A. Frank vasospasm

No angina

30% Obstruction

Resting  angina

99% Obstruction

Potential for 
angina

50% Obstruction

Exercise-induced
angina

70% Obstruction

Figure 20.2 
Blood flow in a coronary artery 
partially blocked with atherosclerotic 
plaques.
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383IV. -Adrenergic Blockers

comorbidities, and cardiac ischemic pain might result from various under-
lying pathophysiologies. Some antianginal agents have additional proper-
ties that could be useful, depending on comorbidities and the mechanisms 
of the angina. The dosage of all antianginal drugs should be individual-
ized to achieve optimal benefit and minimal adverse effects. This is usually 
accomplished by starting with relatively small doses and increasing them 
at appropriate intervals as necessary. Doses may vary widely among indi-
viduals. Adverse drug effects, such as hypotension and syncope, are more 
severe in elderly than in younger adults. Monitor blood pressure and abil-
ity to ambulate safely closely, especially when drug therapy is started or 
dosages are increased. Figure 20.3 summarizes the treatment of angina in 
patients with concomitant diseases, and Figure 20.4 provides a treatment 
algorithm for patients with stable angina.

IV. -ADRENERGIC BLOCKERS

The β-adrenergic blockers decrease the oxygen demands of the myocar-
dium by blocking β1 receptors, resulting in decreased heart rate, contrac-
tility, cardiac output, and blood pressure. These agents reduce myocardial 
oxygen demand during exertion and at rest. As such, they can reduce 
both the frequency and the severity of angina attacks. β-Blockers can be 
used to increase exercise duration and tolerance in patients with effort- 
induced angina. β-Blockers are recommended as initial antianginal therapy 

Figure 20.3 
Treatment of angina in patients with concomitant diseases. COPD = chronic obstructive pulmonary disease.

Drug classDrug classKEY:
Less e�ective drugsCommonly used drugs

DRUGS COMMONLY USED
IN TREATING ANGINA

β-Blockers

β-Blockers

Ca2+ channel 
blockers

β-Blockers Ca2+ channel 
blockers

Long-acting nitrate

Ca2+ channel 
blockersLong-acting nitrate

β-Blockers Ca2+ channel 
blockersLong-acting nitrate

Long-acting nitrate

Ca2+ channel 
blockersLong-acting nitrate

Long-acting nitrate

CONCOMITANT DISEASE

NONE

RECENT MYOCARDIAL
INFARCTION

ASTHMA, COPD

HYPERTENSION

DIABETES

CHRONIC RENAL
DISEASE
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384 20. Antianginal Drugs

in all patients unless contraindicated. [Note: The exception to this rule is 
vasospastic angina, in which β-blockers are ineffective and may actually 
worsen symptoms.] β-Blockers reduce the risk of death and MI in patients 
who have had a prior MI and also improve mortality in patients with heart 
failure with reduced ejection fraction. Agents with intrinsic sympathomi-
metic activity (ISA) such as pindolol should be avoided in patients with 
angina and those with a history of MI. Propranolol is the prototype for this 
class of compounds, but it is not cardioselective (see Chapter 7). Thus, 
other β-blockers, such as metoprolol and atenolol, are preferred. [Note: 
All β-blockers are nonselective at high doses and can inhibit β2 recep-
tors.] β-Blockers should be avoided in patients with severe bradycardia; 
however, they can be used in patients with diabetes, peripheral vascular 
disease, and chronic obstructive pulmonary disease, as long as they are 
monitored closely. Nonselective β-blockers should be avoided in patients 
with asthma. [Note: It is important not to discontinue β-blocker therapy 
abruptly. The dose should be gradually tapered off over 2 to 3 weeks to 
avoid rebound angina, MI, and hypertension.]

V. CALCIUM CHANNEL BLOCKERS

Calcium is essential for muscular contraction. Calcium influx is increased in 
ischemia because of the membrane depolarization that hypoxia produces. 
In turn, this promotes the activity of several ATP-consuming enzymes, 
thereby depleting energy stores and worsening the ischemia. The calcium 
channel blockers protect the tissue by inhibiting the entrance of calcium 
into cardiac and smooth muscle cells of the coronary and systemic arterial 
beds. All calcium channel blockers are, therefore, arteriolar vasodilators that 
cause a decrease in smooth muscle tone and vascular resistance. These 
agents primarily affect the resistance of peripheral and coronary arteriolar 
smooth muscle. In the treatment of effort-induced angina, calcium channel 
blockers reduce myocardial oxygen consumption by decreasing  vascular 
resistance, thereby decreasing afterload. Their efficacy in vasospastic 

Ranolazine

Long-acting nitrateCalcium channel
blocker OR

�-Blocker

Sublingual
nitroglycerin for
immediate relief

ADD

ADD

Anginal symptoms
presentStable Ischemic Heart Disease

Guideline-directed medical
therapy including emphasis on
lifestyle modi�cations for
cardiovascular risk reduction If inadequate relief

after titration

If inadequate relief

Figure 20.4 
Treatment algorithm for improving symptoms in patients with stable angina.
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angina is due to relaxation of the coronary arteries. [Note: Verapamil mainly 
affects the myocardium, whereas amlodipine exerts a greater effect on 
smooth muscle in the peripheral vasculature. Diltiazem is intermediate in 
its actions.] All calcium channel blockers lower blood pressure.

A. Dihydropyridine calcium channel blockers

 Amlodipine [am-LOE-di-peen], an oral dihydropyridine, has minimal 
effect on cardiac conduction and functions mainly as an arterio-
lar vasodilator. The vasodilatory effect of amlodipine is useful in the 
treatment of variant angina caused by spontaneous coronary spasm. 
Nifedipine [ni-FED-i-pine] is another agent in this class; it is usually 
administered as an extended-release oral formulation. [Note: Short-
acting dihydropyridines should be avoided in CAD because of evi-
dence of increased mortality after an MI and an increase in acute MI 
in hypertensive patients.]

B. Nondihydropyridine calcium channel blockers

 Verapamil [ver-AP-a-mil] slows atrioventricular (AV) conduction directly 
and decreases heart rate, contractility, blood pressure, and oxygen 
demand. Verapamil has greater negative inotropic effects than amlodip-
ine, but it is a weaker vasodilator. Verapamil is contraindicated in patients 
with preexisting depressed cardiac function or AV conduction abnormal-
ities. Diltiazem [dil-TYE-a-zem] also slows AV conduction, decreases the 
rate of firing of the sinus node pacemaker, and is also a coronary artery 
vasodilator. Diltiazem can relieve coronary artery spasm and is particu-
larly useful in patients with variant angina. Nondihydropyridine calcium 
channel blockers can worsen heart failure due to their negative inotropic 
effect, and their use should be avoided in this population.

VI. ORGANIC NITRATES

These compounds cause a reduction in myocardial oxygen demand, fol-
lowed by relief of symptoms. They are effective in stable, unstable, and 
variant angina.

A. Mechanism of action

 Organic nitrates relax vascular smooth muscle by their intracellular 
conversion to nitrite ions and then to nitric oxide, which in turn acti-
vates guanylate cyclase and increases synthesis of cyclic guanosine 
monophosphate (cGMP). Elevated cGMP ultimately leads to dephos-
phorylation of the myosin light chain, resulting in vascular smooth 
muscle relaxation (Figure 20.5). Nitrates such as nitroglycerin cause 

Figure 20.5 
Effects of nitrates and nitrites on smooth muscle. cGMP = cyclic guanosine 3′,5′-monophosphate.
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386 20. Antianginal Drugs

dilation of the large veins, which reduces preload (venous return to 
the heart) and, therefore, reduces the work of the heart. Nitrates also 
dilate the coronary vasculature, providing an increased blood supply 
to the heart muscle.

B. Pharmacokinetics

 Nitrates differ in their onset of action and rate of elimination. The onset 
of action varies from 1 minute for nitroglycerin to 30 minutes for isosor-
bide [eye-soe-SOR-bide] mononitrate (Figure 20.6). Sublingual nitro-
glycerin, available in tablet or spray formulation, is the drug of choice 
for prompt relief of an angina attack precipitated by exercise or emo-
tional stress. All patients should have nitroglycerin on hand to treat 
acute angina attacks. Significant first-pass metabolism of nitroglyc-
erin occurs in the liver. Therefore, it is commonly administered via the 
sublingual or transdermal route (patch or ointment), thereby avoiding 
the hepatic first-pass effect. Isosorbide mononitrate owes its improved 
bioavailability and long duration of action to its stability against hepatic 
breakdown. Oral isosorbide dinitrate undergoes denitration to two 
mononitrates, both of which possess antianginal activity.

C. Adverse effects

 Headache is the most common adverse effect of nitrates. High doses 
of nitrates can also cause postural hypotension, facial flushing, and 
tachycardia. Phosphodiesterase type 5 inhibitors such as sildenafil 
potentiate the action of the nitrates. To preclude the dangerous hypo-
tension that may occur, this combination is contraindicated.

 Tolerance to the actions of nitrates develops rapidly as the blood ves-
sels become desensitized to vasodilation. Tolerance can be overcome 
by providing a daily “nitrate-free interval” to restore sensitivity to the 
drug. The nitrate-free interval of 10 to 12 hours is usually taken at 
night when myocardial oxygen demand is decreased. However, vari-
ant angina worsens early in the morning, perhaps due to circadian 
catecholamine surges. Therefore, the nitrate-free interval in patients 
with variant angina should occur in the late afternoon. Nitroglycerin 
patches are worn for 12 hours and then removed for 12 hours to pro-
vide the nitrate-free interval.

VII. SODIUM CHANNEL BLOCKER

Ranolazine inhibits the late phase of the sodium current (late INa), improv-
ing the oxygen supply and demand equation. Inhibition of late INa reduces 
intracellular sodium and calcium overload, thereby improving diastolic func-
tion. Ranolazine has antianginal as well as antiarrhythmic properties. It is 
most often used in patients who have failed other antianginal therapies. The 
antianginal effects of ranolazine are considerably less in women than in men. 
The reason for this difference in effect is unknown. Ranolazine is extensively 
metabolized in the liver, mainly by the CYP3A family and also by CYP2D6. 
It is also a substrate of P-glycoprotein. As such, ranolazine is subject to 
numerous drug interactions. In addition, ranolazine can prolong the QT inter-
val and should be avoided with other drugs that cause QT prolongation.

Figure 20.7 provides a summary of characteristics of the antianginal drugs.

Sublingual
tablet or
spray

Nitroglycerin

25 min

35 min

Duration of action 

Onset of actionKey: 

Oral, 
sustained
release

1–3 min

Isosorbide mononitrate

30 minOral, 
extended
release

30 minTrans-
dermal

Sublingual

Isosorbide dinitrate

1 hr

30 min
Oral, 
sustained
release

5 min

4–8 hr

≥12–24 hr

10–12 hr

8 hr

Figure 20.6 
Time to peak effect and duration of 
action for some common organic 
nitrate preparations.
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387Study Questions

Study Questions

Choose the ONE best answer.

20.1 Which of the following best describes stable angina?

A. Angina that occurs more frequently or with pro-
gressively less exercise or stress than before

B. Angina due to spasm of coronary arteries

C. Angina due to increased myocardial demand 
which is reproducible and relieved by rest or 
nitroglycerin

D. Angina pain accompanied by increases in serum 
biomarkers of myocardial necrosis

Figure 20.7 
Summary of characteristics of antianginal drugs. 

β-Blockers

Atenolol
Metoprolol
Propranolol

Dihydropyridine calcium-
channel blockers

Amlodipine
Felodipine
Nifedipine

Nondihydropyridine calcium 
channel blockers

Diltiazem
Verapamil

Organic nitrates

Isosorbide dinitrate
Isosorbide mononitrate
Nitroglycerin

Sodium-channel inhibitor

Ranolazine

Bradycardia, worsening 
peripheral vascular disease, 
fatigue, sleep disturbance, 
depression, blunt hypoglycemia 
awareness, inhibit β2-mediated 
bronchodilation in asthmatics

CYP 3A4 substrates (will increase 
drug concentrations) 

DRUG CLASS COMMON
ADVERSE EFFECTS

DRUG
INTERACTIONS NOTES

β2 Agonists (blunted e�ect); non-
dihydropyridine calcium channel 
blockers (additive e�ects)

β1-Selective agents preferred 
(atenolol, metoprolol). Avoid 
agents with ISA for angina 
therapy (pindolol)

Peripheral edema, headache, 
�ushing, rebound tachycardia 
(immediate-release 
formulations), hypotension

Avoid short-acting agents as 
they can worsen angina (may 
use extended-release 
formulations) 

CYP 3A4 substrates (will increase 
drug concentrations); increase 
digoxin levels; β-blockers and 
other drugs a�ecting AV node 
conduction (additive e�ects)

Bradycardia, constipation, heart 
failure exacerbations, gingival 
hyperplasia (verapamil), edema 
(diltiazem)

Avoid in patients with heart 
failure

Adjust dose of both agents in 
patients with hepatic 
dysfunction

Contraindicated with PDE5 
inhibitors (sildena�l and others)

Headache, hypotension, 
�ushing, tachycardia

Ensure nitrate-free interval to 
prevent tolerance

Avoid use with CYP 3A4 inducers 
(phenytoin, carbamazepine, 
St. John’s wort) and strong 
inhibitors (clarithromycin, azole 
antifungals) and agents that 
prolong QT interval (citalopram, 
quetiapine, others)

Constipation, headache, edema, 
dizziness, QT interval 
prolongation

No e�ect on hemodynamic 
parameters

Correct answer = C. When the pattern of the chest 
pain and the amount of effort needed to trigger the 
chest pain does not vary over time, the angina is 
named “stable angina.”

CYP = cytochrome P450; ISA = intrinsic sympathomimetic activity; PDE5 = phosphodiesterase type 5.
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388 20. Antianginal Drugs

20.2 Which medication should be prescribed to all 
angina patients to treat an acute attack?

A. Isosorbide dinitrate

B. Nitroglycerin patch

C. Nitroglycerin sublingual tablet or spray

D.  Ranolazine

20.3 Which of the following instructions is important to 
communicate to a patient receiving a prescription 
for the nitroglycerin patch?

A. Apply the patch at onset of angina symptoms 
for quick relief.

B. Remove the old patch after 24 hours of use, 
then immediately apply the next patch to pre-
vent any breakthrough angina pain.

C. Do not use sublingual nitroglycerin in combina-
tion with the patch.

D. Have a nitrate-free interval of 10 to 12 hours 
every day to prevent development of nitrate 
tolerance.

20.4 A 64-year-old man was prescribed atenolol and 
sublingual nitroglycerin after his recent hospitaliza-
tion for unstable angina. Which of his current medi-
cations should be discontinued?

A. Sildenafil

B. Amlodipine

C. Metformin

D. Lisinopril

20.5 Which of the following correctly ranks the calcium 
channel blockers from most active on the myocar-
dium to most peripherally active?

A. Diltiazem, amlodipine, verapamil

B. Verapamil, diltiazem, nifedipine

C. Nifedipine, verapamil, diltizem

D. Amlodipine, diltiazem, verapamil

20.6 A 76-year-old man with uncontrolled hypertension 
is experiencing typical angina pain that is relieved 
with rest and sublingual nitroglycerin. He has a high 
blood pressure (178/92 mm Hg) and a low heart 
rate (54 bpm). Which is the most appropriate ther-
apy for his angina at this time?

A. Ranolazine

B. Verapamil

C. Metoprolol

D. Amlodipine

Correct answer = C. The other options will not pro-
vide prompt relief of angina and should not be used 
to treat an acute attack.

Correct answer = D. Nitrate-free intervals help pre-
vent the development of nitrate tolerance. Sublingual 
nitroglycerin should be used to treat breakthrough 
angina due to its quick onset of action; transdermal 
nitroglycerin has a delayed onset of action. 

Correct answer = A. Sildenafil and other PDE-5 
inhibitors can potentiate the vasodilator effects of 
nitrates and cause an unsafe drop in blood pressure. 
Concomitant use of nitrates and PDE-5 inhibitors 
should be avoided.

Correct answer = B. Verapamil has the most negative 
inotropic effects, nifedipine is a peripheral vasodila-
tor, and diltiazem is intermediate with actions on both 
myocardial and peripheral calcium channels. 

Correct answer = D. Amlodipine is the best choice 
because it will improve angina as well as help con-
trol blood pressure, without further reducing the heart 
rate. Adding verapamil or metoprolol may worsen the 
bradycardia. Ranolazine may help the angina, but it 
will not improve the hypertension.
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 20.7 A 65-year-old male experiences uncontrolled 
angina attacks that limit his ability to do house-
hold chores. He is adherent to a maximized dose 
of β-blocker with a low heart rate and low blood 
pressure. He is unable to tolerate an increase in 
isosorbide mononitrate due to headache. Which 
is the most appropriate addition to his antianginal 
therapy?

A. Nifedipine

B. Aspirin

C. Ranolazine

D. Verapamil

 20.8 A 62-year-old man with ischemic heart disease 
complains of angina pain that has been getting 
progressively worse over the past 30 minutes 
despite use of nitroglycerin. Which of the following 
is the best course of action?

A. Change nitroglycerin to a long-acting nitrate.

B. Initiate metoprolol.

C. Initiate ranolazine.

D. Refer him to the nearest emergency depart-
ment for immediate evaluation.

 20.9 Which is correct regarding antianginal therapy in 
patients with heart failure with reduced ejection 
fraction?

A. β-Blockers have been associated with 
increased mortality.

B. Dihydropyridine calcium channel blockers 
should be avoided.

C. β-Blockers with ISA are preferred over those 
without ISA.

D. Nondihydropyridine calcium channel blockers 
should be used in patients with heart failure 
with reduced ejection fraction who cannot tol-
erate β-blockers.

20.10 A 45-year-old woman with type 1 diabetes has 
been diagnosed with Prinzmetal angina. Which of 
the following is correct regarding management of 
angina in this patient?

A. β-Blockers are the treatment of choice but 
should be avoided because of her diabetes.

B. Nitroglycerin is not beneficial for this type of 
angina.

C. She should be counseled to take nitroglycerin 
before physical activity to prevent symptoms.

D. Felodipine will be more effective than verapamil.

Correct answer = C. Ranolazine is the best answer. 
The patient’s blood pressure is low, so verapamil and 
nifedipine may drop blood pressure further. Verapamil 
may also decrease heart rate. Ranolazine can be 
used when other agents are maximized, especially 
when blood pressure is well controlled. The patient 
will need a baseline ECG and lab work to ensure safe 
use of this medication.

Correct answer = C. Crescendo angina is indicative of 
unstable angina that requires immediate evaluation.

Correct answer = A. β-Blockers have been shown 
to improve mortality in heart failure with reduced 
ejection fraction, but β-blockers with ISA should be 
avoided in these patients. Dihydropyridine calcium 
channel blockers can be used in patients with heart 
failure with reduced ejection fraction, but nondihydro-
pyridine calcium channel blockers should be avoided 
due to negative inotropic effects.

Correct answer = D. Prinzmetal or vasospastic angina 
responds well to vasodilators, including the nondi-
hydropyridine calcium channel blocker felodipine. 
Verapamil is a weak vasodilator. ββ-Blockers may be 
used with caution in patients with diabetes, but these 
drugs are less effective options for Prinzmetal angina. 
Nitrates are also effective, but Prinzmetal angina is 
provoked by coronary artery vasospasm rather than 
physical activity. 
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I. OVERVIEW

This chapter describes drugs that are useful in the treatment of dis-
orders of hemostasis. Thrombosis, the formation of an unwanted clot 
within a blood vessel, is the most common abnormality of hemostasis. 
Thrombotic disorders include acute myocardial infarction (MI), deep 
vein thrombosis (DVT), pulmonary embolism (PE), and acute ischemic 
stroke. These conditions are treated with drugs such as anticoagulants 
and fibrinolytics. Bleeding disorders related to the failure of hemostasis 
are less common than thromboembolic disorders. Bleeding disorders 
include hemophilia, which is treated with transfusion of recombinant 
factor VIII, and vitamin K deficiency, which is treated with vitamin K sup-
plementation. Figure 21.1 summarizes agents used for the treatment of 
dysfunctions of hemostasis.

II. THROMBUS VERSUS EMBOLUS

A clot that adheres to a vessel wall is called a “thrombus,” whereas an 
intravascular clot that floats in the blood is termed an “embolus.” Thus, 
a detached thrombus becomes an embolus. Both thrombi and emboli 
are dangerous, because they may occlude blood vessels and deprive 
tissues of oxygen and nutrients. Arterial thrombosis most often occurs 
in medium-sized vessels rendered thrombogenic by atherosclerosis. 
Arterial thrombosis usually consists of a platelet-rich clot. In contrast, 
venous thrombosis is triggered by blood stasis or inappropriate activa-
tion of the coagulation cascade. Venous thrombosis typically involves 
a clot that is rich in fibrin, with fewer platelets than are observed with 
arterial clots.

III.  PLATELET RESPONSE TO VASCULAR INJURY

Physical trauma to the vascular system, such as a puncture or a cut, 
initiates a complex series of interactions between platelets, endo-
thelial cells, and the coagulation cascade. These interactions lead to 
hemostasis or the cessation of blood loss from a damaged blood ves-
sel. Platelets are central in this process. Initially, there is vasospasm 
of the  damaged  blood vessel to prevent further blood loss. The next 
step involves the formation of a platelet–fibrin plug at the site of the 
puncture. The creation of an unwanted thrombus involves many of the 
same steps as normal clot formation, except that the triggering stimulus 
is a pathologic condition in the vascular system, rather than external 
 physical trauma.
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PLATELET INHIBITORS
Thromboxane A2 inhibitor 
Aspirin (Oral)
Vasodilator and inhibitor of 

 thromboxane A2 synthesis
Dipyridamole (Oral)
ADP receptor inhibitors
Clopidogrel (Oral) 
Ticlopidine (Oral)
Prasugrel (Oral)
Ticagrelor (Oral)
Cangrelor (IV)
Vasodilator and PDE III inhibitor 
Cilostazol (Oral) 
GP IIb/IIIa inhibitors
Abciximab (IV)
Tirofiban (IV)
Eptifibatide (IV)
ANTICOAGULANTS
Heparin (IV, SC)
Low molecular weight heparins
Enoxaparin (SC)
Dalteparin (SC)
Synthetic parenteral 
Argatroban (IV)
Fondaparinux (IV, SC)
Analogs of hirudin
Bivalirudin (IV)
Desirudin (IV)
Warfarin (Oral)
Dabigatran (Oral)
Apixaban (Oral)
Betrixaban (Oral)
Edoxaban (Oral)
Rivaroxaban (Oral)
THROMBOLYTIC AGENTS (IV)
Streptokinase 
Urokinase 
Alteplase (tPA) 
Reteplase
Tenecteplase
TREATMENT OF BLEEDING
Protamine sulfate (IV)
Tranexamic acid (Oral, IV)
Vitamin K1 (Phytonadione) (SC)
Idarucizumab (IV)
Aminocaproic acid (IV)

Figure 21.1
Summary of drugs used in treating  
dysfunctions of hemostasis and their route 
of administration. (For drug dosages, refer 
to Appendix at the end of the book.)
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392 21. Anticoagulants

A. Resting platelets

 Platelets act as vascular sentries, monitoring the integrity of the vas-
cular endothelium. In the absence of injury, resting platelets circulate 
freely, because the balance of chemical signals indicates that the vas-
cular system is not damaged (Figure 21.2).

1. Chemical mediators synthesized by endothelial cells: 
Prostacyclin is synthesized by intact endothelial cells and acts as 
an inhibitor of platelet aggregation. Prostacyclin (also known as 
prostaglandin I2) binds to platelet membrane receptors that are 
coupled to the synthesis of cyclic adenosine monophosphate 
(cAMP), an intracellular messenger (Figure 21.2). Elevated levels 
of intracellular cAMP are associated with a decrease in intracel-
lular calcium. Decreased intracellular calcium prevents platelet 
activation and the subsequent release of platelet aggregation 
agents. Damaged endothelial cells synthesize less prostacyclin 
than healthy cells. With less prostacyclin to bind platelet recep-
tors, less intracellular cAMP is synthesized; this leads to platelet 
aggregation.

2. Roles of thrombin, thromboxanes, and collagen: The platelet 
membrane also contains receptors that can bind thrombin, throm-
boxanes, and exposed collagen. In the intact, normal vessel, cir-
culating levels of thrombin and thromboxane are low, and the 
intact endothelium covers collagen in the subendothelial layers. 
The corresponding platelet receptors are, thus, unoccupied, and 
as a result, platelet activation and aggregation are not initiated. 
However, when occupied, each of these receptor types triggers 
a series of reactions leading to the release into the circulation of 
intracellular granules by the platelets. This ultimately stimulates 
platelet aggregation.

Figure 21.2
Formation of a hemostatic plug. ATP = adenosine triphosphate; cAMP = cyclic adenosine monophosphate; GP = glycoprotein; 
(Figure continues on next page)
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393III. Platelet Response to Vascular Injury

B. Platelet adhesion

 When the endothelium is injured, platelets adhere to and virtually 
cover the exposed collagen of the subendothelium (Figure 21.2). This 
triggers a complex series of chemical reactions, resulting in platelet 
activation.

C. Platelet activation

 Receptors on the surface of the adhering platelets are activated by 
the collagen of the underlying connective tissue. This causes mor-
phologic changes in platelets (Figure 21.3) and the release of platelet 
granules containing chemical mediators, such as adenosine diphos-
phate (ADP), thromboxane A2, serotonin, platelet activation factor, and 
thrombin (Figure 21.2). These signaling molecules bind to receptors 
in the outer membrane of resting platelets circulating nearby. These 
receptors function as sensors that are activated by the signals sent 
from the adhering platelets. The previously dormant platelets become 
activated and start to aggregate. These actions are mediated by sev-
eral messenger systems that ultimately result in elevated levels of cal-
cium and a decreased concentration of cAMP within the platelet.

D. Platelet aggregation

 The increase in cytosolic calcium accompanying activation is due to 
a release of sequestered stores within the platelet (Figure 21.2). This 
leads to 1) the release of platelet granules containing mediators, such 
as ADP and serotonin that activate other platelets; 2) activation of 
thromboxane A2 synthesis; and 3) activation of glycoprotein (GP) IIb/IIIa 
receptors that bind fibrinogen and, ultimately, regulate platelet–platelet 
interaction and thrombus formation. Fibrinogen, a soluble plasma GP, 
simultaneously binds to GP IIb/IIIa receptors on two separate platelets, 

Figure 21.2 (Continued)
Formation of a hemostatic plug. ADP = adenosine diphosphate; PAF = platelet activation factor.
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394 21. Anticoagulants

resulting in platelet cross-linking and platelet aggregation. This leads 
to an avalanche of platelet aggregation, because each activated plate-
let can recruit other platelets (Figure 21.4).

E. Formation of a clot

 Local stimulation of the coagulation cascade by tissue factors released 
from the injured tissue and by mediators on the surface of platelets 
results in the formation of thrombin (factor IIa). In turn, thrombin, a 
serine protease, catalyzes the hydrolysis of fibrinogen to fibrin, which 
is incorporated into the clot. Subsequent cross-linking of the fibrin 
strands stabilizes the clot and forms a hemostatic platelet–fibrin plug 
(Figure 21.2).

F. Fibrinolysis

 During clot formation, the fibrinolytic pathway is locally activated. 
Plasminogen is enzymatically processed to plasmin (fibrinolysin) by 
plasminogen activators in the tissue (Figure 21.2). Plasmin limits the 
growth of the clot and dissolves the fibrin network as wounds heal.

IV. PLATELET AGGREGATION INHIBITORS

Platelet aggregation inhibitors decrease the formation of a platelet-rich clot 
or decrease the action of chemical signals that promote platelet aggre-
gation (Figure 21.5). The platelet aggregation inhibitors described below 
inhibit cyclooxygenase-1 (COX-1), block GP IIb/IIIa, or block ADP receptors, 
thereby interfering with the signals that promote platelet aggregation. These 
agents are beneficial in the prevention and treatment of occlusive cardiovas-
cular diseases, in the maintenance of vascular grafts and arterial patency, 
and as adjuncts to thrombin inhibitors or thrombolytic therapy in MI.

A. Aspirin

1. Mechanism of action: Stimulation of platelets by thrombin,  
collagen, and ADP results in activation of platelet membrane 
phospholipases that liberate arachidonic acid from membrane 
phospholipids. Arachidonic acid is first converted to prosta-
glandin H2 by COX-1 (Figure 21.6). Prostaglandin H2 is further 
metabolized to thromboxane A2, which is released into plasma. 
Thromboxane A2 promotes the aggregation process that is 
essential for the rapid formation of a hemostatic plug. Aspirin 
[AS-pir-in] inhibits thromboxane A2 synthesis by acetylation of a 
serine residue on the active site of COX-1, thereby irreversibly 
inactivating the enzyme (Figure 21.7). This shifts the balance of 
chemical mediators to favor the antiaggregatory effects of pros-
tacyclin, thereby preventing platelet aggregation. The inhibitory 
effect is rapid, and aspirin-induced suppression of thrombox-
ane A2 and the resulting suppression of platelet aggregation last 
for the life of the platelet, which is approximately 7 to 10 days. 
Repeated administration of aspirin has a cumulative effect on the 
function of platelets. Aspirin is the only antiplatelet agent that 
irreversibly inhibits platelet function.

Resting platelet

Activated platelet

Figure 21.3 
Scanning electron micrograph of 
platelets.

Figure 21.4
Activation and aggregation of plate-
lets. GP = glycoprotein.
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395IV. Platelet Aggregation Inhibitors

Figure 21.5
Summary of characteristics of platelet aggregation inhibitors.

MEDICA-
TION TARGET HALF-LIFE

TIME 
FROM 
LAST 
DOSE TO 
OFFSET USE

ADVERSE  
EFFECTS

DRUG  
INTERACTIONS

MONITORING 
 PARAMETERS

Oral agents:
Aspirin
Oral once 
daily

COX-1
TxA2

7–10 days Primary pre-
vention, ACS 
stable angina, 
past/recent 
stroke

Angioedema
Bleeding
Bronchospasm
GI disturbances
Reye syndrome
SJS

Ketorolac—increased 
bleeding

Cidofovir—nephrotoxicity

Probenecid—decreased 
uricosuric effects

Nonselective COX-1 
inhibitors decrease 
aspirin efficacy 

CBC
LFT

Cilostazol
Oral

PDE3 11–13 hr 2 days Intermittent  
claudication, 
PAD, PCI

Bleeding
GI disturbances
Headache
Peripheral edema
SJS

Food (administer on 
empty stomach)

CBC

Clopidogrel
Oral once 
daily

P2Y12 
ADP recep-
tor

6–8 hr 7–10 days NSTEMI, STEMI, 
PCI, recent 
stroke or estab-
lished PDA

Bleeding
SJS

Strong CYP2C19 inhibi-
tors reduce  antiplatelet 
effect (for example, 
omeprazole) 

CBC
LFT

Dipyridamole
Oral

PDE3 and 
inhibition 
of adenos-
ine uptake

10 hr 2 days Transient isch-
emic attacks

Bleeding
Dizziness
GI discomfort
Rash

Salicylates
Thrombolytic agents

None for oral 
 administration

Prasugrel
Oral once 
daily

P2Y12 
ADP 
 receptor

8 hr 2–3 days Patients with 
ACS undergo-
ing PCI

Angioedema
Bleeding
Headache
Hyperlipidemia
Hypertension

Anticoagulants

Other antiplatelets

No genetic polymor-
phism influence

CBC

Ticlopidine
Oral once 
daily

P2Y12 
ADP recep-
tor

12 hr 7–8 days Transient 
 ischemic 
attacks, 
patients  
undergoing PCI

Abnormal LFT
Bleeding
Dizziness
GI disturbances
SJS

Antacids—decrease 
levels

Cimetidine—reduces 
clearance

CBC
LFT
Platelet count

Ticagrelor
Oral twice 
daily

P2Y12 
ADP 
 receptor

6 –12 hr 5 days STEMI, ACS, PCI Bleeding
Dyspnea
Headache
Raised SCr

Strong CYP3A4 inhib-
itors (for example, 
ketoconazole, ritonavir, 
 clarithromycin)

Strong CYP3A4 inducers 
(for example, rifampin, 
phenytoin, carbamaze-
pine, dexamethasone) 

CBC
LFT

Injectable agents:
Abciximab IV

Eptifibatide IV
Tirofiban IV

GPIIb/IIIa <10–30 min 

~2.5 hr 
2 hr

12 hr NSTEMI, PCI, 
unstable 
angina 

For all agents:
Hypotension
Nausea
Vomiting
Thrombocyto-
penia

For all agents:
Increased bleeding:
Ginkgo biloba
Antiplatelets
Salicylates
SSRIs and SNRIs

For all agents:
APTT clotting 
time
H/H
Platelet count
Thrombin time

ACS = acute coronary syndrome; APTT = activated partial thromboplastin time; CBC = complete blood count; COX-1 = cyclo-oxygenase-1; GI = gastrointestinal;  
H/H = hemoglobin and hematocrit; LFT = liver function test; NSTEMI = non-ST elevation myocardial infarction; PAD = peripheral artery disease; PCI = percutaneous 
coronary intervention; SCr = serum creatinine; SJS = Stevens-Johnson syndrome; SNRI = serotonin-norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake 
inhibitor; STEMI = ST elevation myocardial infarction; TxA2 = thrombaxe A2.
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396 21. Anticoagulants

2. Therapeutic use: Aspirin is used in the prophylactic treatment of 
transient cerebral ischemia, to reduce the incidence of recurrent 
MI, and to decrease mortality in the setting of primary and sec-
ondary prevention of MI. Complete inactivation of platelets occurs 
with 75 mg of aspirin given daily. The recommended antiplatelet 
dose of aspirin ranges from 50 to 325 mg daily.

3. Pharmacokinetics: When given orally, aspirin is absorbed by 
passive diffusion and quickly hydrolyzed to salicylic acid in the 
liver. Salicylic acid is further metabolized in the liver, and some 
is excreted unchanged in the urine. The half-life of aspirin ranges 
from 15 to 20 minutes and for salicylic acid is 3 to 12 hours.

4. Adverse effects: Higher doses of aspirin increase drug-related 
toxicities as well as the probability that aspirin may also inhibit 
prostacyclin production. Bleeding time is prolonged by aspi-
rin treatment, causing complications that include an increased  
incidence of hemorrhagic stroke and gastrointestinal (GI) bleed-
ing, especially at higher doses of the drug. Nonsteroidal anti- 
inflammatory drugs, such as ibuprofen, inhibit COX-1 by  transiently 
competing at the catalytic site. Ibuprofen, if taken within 2 hours  
prior to aspirin, can obstruct the access of aspirin to the serine 
residue and, thereby, antagonize platelet inhibition by aspirin. 
Therefore, immediate-release aspirin should be taken at least 
60 minutes before or at least 8 hours after ibuprofen. 

B. P2Y12 receptor antagonists

 Ticlopidine [ti-KLOE-pi-deen], clopidogrel [kloh-PID-oh-grel], prasu-
grel [PRA-soo-grel], ticagrelor [tye-KA-grel-or], and cangrelor [KAN-
grel-or] are P2Y12 ADP receptor inhibitors that also block platelet 
aggregation but by a mechanism different from that of aspirin. All of 
these agents are administered orally, with the exception of cangrelor 
which is an injectable formulation.

1. Mechanism of action: These drugs inhibit the binding of ADP to 
the P2Y12 receptor on platelets and, thereby, inhibit the activation 
of the GP IIb/IIIa receptors required for platelets to bind to fibrin-
ogen and to each other (Figure 21.8). Ticagrelor and cangrelor 
bind to the P2Y12 ADP receptor in a reversible manner. The other 
agents bind irreversibly. The maximum inhibition of platelet aggre-
gation is achieved in 2 minutes with intravenous (IV) cangrelor, 1 to 
3 hours with ticagrelor, 2 to 4 hours with prasugrel, 3 to 4 days 
with ticlopidine, and 3 to 5 days with clopidogrel. When treatment 
is suspended, the platelet system requires time to recover.

2. Therapeutic use: Clopidogrel is approved for prevention of ath-
erosclerotic events in patients with a recent MI or stroke and 
in those with established peripheral arterial disease. It is also 
approved for prophylaxis of thrombotic events in acute coronary 
syndromes (unstable angina or non-ST-elevation MI). Additionally, 
clopidogrel is used to prevent thrombotic events associated with 
percutaneous coronary intervention (PCI) with or without coro-
nary stenting. Ticlopidine is similar in structure to clopidogrel. It 
is indicated for the prevention of transient ischemic attacks (TIA) 
and strokes in patients with a prior cerebral thrombotic event. 
However, due to life-threatening hematologic adverse reactions, 
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Aspirin irreversibly inhibits platelet 
cyclooxygenase-1.
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397IV. Platelet Aggregation Inhibitors

ticlopidine is generally reserved for patients who are intolerant 
to other therapies. Prasugrel is approved to decrease throm-
botic cardiovascular events in patients with acute coronary syn-
dromes (unstable angina, non-ST-elevation MI, and ST-elevation 
MI managed with PCI). Ticagrelor is approved for the prevention 
of arterial thromboembolism in patients with unstable angina and 
acute MI, including those undergoing PCI. Cangrelor is approved 
as an adjunct during PCI to reduce thrombotic events in select 
patients.

3. Pharmacokinetics: These agents require oral loading doses for 
quicker antiplatelet effect, except cangrelor that has a fast onset 
of action with intravenous administration. Food interferes with the 
absorption of ticlopidine but not with the other agents. After oral 
ingestion, the drugs are extensively bound to plasma proteins. 
They undergo hepatic metabolism by the cytochrome P450 (CYP) 
system to active metabolites. Elimination of the drugs and metab-
olites occurs by both the renal and the fecal routes. Clopidogrel is 
a prodrug, and its therapeutic efficacy relies on its active metab-
olite, which is produced via metabolism by CYP 2C19. Genetic 
polymorphism of CYP 2C19 leads to a reduced clinical response 
in patients who are “poor metabolizers” of clopidogrel. Tests are 
currently available to identify poor metabolizers, and it is recom-
mended that other antiplatelet agents (prasugrel or ticagrelor) be 
prescribed for these patients. In addition, other drugs that inhibit 
CYP 2C19, such as omeprazole and esomeprazole, should be 
avoided while on clopidogrel.

4. Adverse effects: These agents can cause prolonged bleeding for 
which there is no antidote. Ticlopidine is associated with severe 
hematologic reactions that limit its use, such as agranulocytosis, 
thrombotic thrombocytopenic purpura (TTP), and aplastic ane-
mia. Clopidogrel causes fewer adverse reactions, and the inci-
dence of neutropenia is lower. However, TTP has been reported 
as an adverse effect for both clopidogrel and prasugrel (but not 
for ticagrelor). Prasugrel is contraindicated in patients with history 
of TIA or stroke. Prasugrel, ticagrelor, and cangrelor carry black 
box warnings for bleeding. Additionally, ticagrelor carries a black 
box warning for diminished effectiveness with concomitant use of 
aspirin doses above 100 mg.

C. Glycoprotein IIb/IIIa inhibitors

1. Mechanism of action: The GP IIb/IIIa receptor plays a key role in 
stimulating platelet aggregation. A chimeric monoclonal antibody 
fragment, abciximab [ab-SIKS-eh-mab], inhibits the GP IIb/IIIa  
receptor complex. By binding to GP IIb/IIIa, abciximab blocks 
the binding of fibrinogen and von Willebrand factor and, con-
sequently, aggregation does not occur (Figure 21.9). Eptifibatide 
[ep-ti-FIB-ih-tide] and tirofiban [tye-roe-FYE-ban] act similarly to 
abciximab, by blocking the GP IIb/IIIa receptor. Eptifibatide is 
a cyclic peptide that binds to GP IIb/IIIa at the site that inter-
acts with the arginine–glycine–aspartic acid sequence of fibrin-
ogen. Tirofiban is not a peptide, but it blocks the same site as 
eptifibatide.

Figure 21.8
Mechanism of action of cangrelor, 
clopidogrel, prasugrel, ticagrelor,  
and ticlopidine. ADP = adenine 
diphosphate; GP = glycoprotein.

Figure 21.9
Mechanism of action of glycoprotein 
(GP) IIb/IIIa receptor blockers.
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398 21. Anticoagulants

2. Therapeutic use: These agents are given intravenously, along 
with heparin and aspirin, as an adjunct to PCI for the prevention 
of cardiac ischemic complications. Abciximab is also approved 
for patients with unstable angina not responding to conventional 
medical therapy when PCI is planned within 24 hours.

3. Pharmacokinetics: Abciximab is given by IV bolus, followed by 
IV  infusion, achieving peak platelet inhibition within 30 minutes. 
The metabolism of abciximab is unknown. After cessation of 
abciximab infusion, platelet function gradually returns to normal, 
with the antiplatelet effect persisting for 24 to 48 hours. When 
IV infusion of eptifibatide or tirofiban is stopped, both agents are 
rapidly cleared from the plasma. Eptifibatide and its metabolites 
are excreted by the kidney. Tirofiban is excreted largely unchanged 
by the kidney and to a lesser extent in the feces.

4. Adverse effects: The major adverse effect of these agents is 
bleeding, especially if used with anticoagulants. 

D. Dipyridamole

 Dipyridamole [dye-peer-ID-a-mole], a coronary vasodilator, increases 
intracellular levels of cAMP by inhibiting phosphodiesterase, thereby 
resulting in decreased thromboxane A2 synthesis. The drug may 
potentiate the effect of prostacyclin and, therefore, decrease plate-
let adhesion to thrombogenic surfaces (Figure 21.2). Dipyridamole is 
used for stroke prevention and is usually given in combination with 
aspirin. Dipyridamole has variable bioavailability following oral admin-
istration. It is highly protein bound. The drug undergoes hepatic 
metabolism, mainly glucuronidation, and is excreted primarily in the 
feces. Patients with unstable angina should not use dipyridamole 
because of its vasodilating properties, which may worsen ischemia 
(coronary steal phenomenon). Dipyridamole commonly causes head-
ache and dizziness and can lead to orthostatic hypotension (espe-
cially if administered IV).

E. Cilostazol

 Cilostazol [sill-AH-sta-zole] is an oral antiplatelet agent that also 
has vasodilating activity. Cilostazol and its active metabolites 
inhibit phosphodiesterase type III, which prevents the degradation 
of cAMP, thereby increasing levels of cAMP in platelets and vas-
cular tissues. The increase in cAMP prevents platelet aggregation 
and promotes vasodilation of blood vessels, respectively. Cilostazol 
is approved to reduce the symptoms of intermittent claudication. 
Cilostazol is extensively metabolized in the liver by the CYP 3A4 
and 2C19 isoenzymes. As such, this agent has many drug inter-
actions that require dose modification. The primary route of elim-
ination is via the kidney. Headache and GI side effects (diarrhea, 
abnormal stools, dyspepsia, and abdominal pain) are the most 
common adverse effects observed with cilostazol. Rarely, throm-
bocytopenia or leukopenia has been reported. Phosphodiesterase 
type III inhibitors have been shown to increase mortality in patients 
with advanced heart failure. As such, cilostazol is contraindicated in 
patients with heart failure.
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399VI. Parenteral Anticoagulants

V. BLOOD COAGULATION

The coagulation process that generates thrombin consists of two inter-
related pathways, the extrinsic and the intrinsic systems. The extrinsic 
system is initiated by the activation of clotting factor VII by tissue factor 
(also known as thromboplastin). Tissue factor is a membrane protein that 
is normally separated from the blood by the endothelial cells that line the 
vasculature. However, in response to vascular injury, tissue factor becomes 
exposed to blood. There it can bind and activate factor VII, initiating the 
extrinsic pathway. The intrinsic system is triggered by the activation of 
clotting factor XII. This occurs when blood comes into contact with the 
collagen in the damaged wall of a blood vessel.

A. Formation of fibrin

 Both the extrinsic and the intrinsic systems involve a cascade of 
enzyme reactions that sequentially transform various plasma factors 
(proenzymes) to their active (enzymatic) forms. [Note: The active form 
of a clotting factor is denoted by the letter “a.”] Ultimately, factor Xa is 
produced, which converts prothrombin (factor II) to thrombin (factor IIa;  
Figure 21.10). Thrombin plays a key role in coagulation, because it is 
responsible for generation of fibrin, which forms the mesh-like matrix 
of the blood clot. If thrombin is not formed or if its function is impeded 
(for example, by antithrombin III), coagulation is inhibited.

B. Inhibitors of coagulation

 It is important that coagulation is restricted to the local site of vascular 
injury. Endogenously, protein C, protein S, antithrombin III, and tissue  
factor pathway inhibitor all inhibit coagulation factors. The mecha-
nism of action of several anticoagulant agents, including heparin and 
 heparin-related products, involves activation of these endogenous 
inhibitors (primarily antithrombin III).

VI. PARENTERAL ANTICOAGULANTS

The anticoagulant drugs inhibit either the action of the coagulation factors 
(for example, heparin) or interfere with the synthesis of the coagulation 
factors (warfarin).

A. Heparin and low molecular weight heparins

 Heparin [HEP-a-rin] is an injectable, rapidly acting anticoagulant that is 
often used acutely to interfere with the formation of thrombi. Heparin 
occurs naturally as a macromolecule complexed with histamine in 
mast cells, where its physiologic role is unknown. It is extracted for 
commercial use from porcine intestinal mucosa. Unfractionated hep-
arin is a mixture of straight-chain, anionic glycosaminoglycans with 
a wide range of molecular weights. It is strongly acidic because of 
the presence of sulfate and carboxylic acid groups. The realization 
that low molecular weight forms of heparin (LMWHs) can also act 
as anticoagulants led to the isolation of enoxaparin [e-NOX-a-par-in] 
and dalteparin [DAL-te-PAR-in], produced by depolymerization of 
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Formation of a fibrin clot.
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400 21. Anticoagulants

unfractionated heparin. The LMWHs are heterogeneous compounds 
about one-third the size of unfractionated heparin.

1. Mechanism of action: Heparin acts at a number of molecular 
targets, but its anticoagulant effect is a consequence of binding 
to antithrombin III, with the subsequent rapid inactivation of coag-
ulation factors (Figure 21.11). Antithrombin III is an α globulin that 
inhibits serine proteases of thrombin (factor IIa) and factor Xa. 
In the absence of heparin, antithrombin III interacts very slowly 
with thrombin and factor Xa. When heparin molecules bind to 
antithrombin III, a conformational change occurs that catalyzes 
the inhibition of thrombin about 1000-fold. LMWHs complex with 
antithrombin III and inactivate factor Xa (including that located on 
platelet surfaces) but do not bind as avidly to thrombin. A unique 
pentasaccharide sequence contained in heparin and LMWHs per-
mits their binding to antithrombin III (Figure 21.12).

Inactive
coagulation
factors 

O O O O O O O O O
OO

O

O

O

O

O
O

O

O

O

O

O

O

O

O

O

O

O

O
O

Slow

Fast

Antithrombin

O

O O O O O
O O O O O O

O
OO

O

O

O

O
O

O

O

O

O

O

O

O

O
O

O

O

Heparin Inactive
coagulation
factors 

O

O O O O O
O O O O O O

O
OO

O

O

O

O
O

O

O

O

O

O

O

O

O
O

O

O

Heparin

OO

O

O
O

Heparin dissociates
from ternary complex
and can be reutilized.

Figure 21.11
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Figure 21.12
Heparin- and low molecular weight heparin (LMWH)–mediated inactivation of thrombin or factor Xa.
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401VI. Parenteral Anticoagulants

2. Therapeutic use: Heparin and the LMWHs limit the expansion 
of thrombi by preventing fibrin formation. These agents are used 
for the treatment of acute venous thromboembolism (DVT or 
PE). Heparin and LMWHs are also used for prophylaxis of post-
operative venous thrombosis in patients undergoing surgery (for 
example, hip replacement) and those with acute MI. These drugs 
are the anticoagulants of choice for treating pregnant women, 
because they do not cross the placenta, due to their large size 
and negative charge. LMWHs do not require the same intense 
monitoring as heparin, thereby saving laboratory costs and nurs-
ing time. These advantages make LMWHs useful for both inpa-
tient and outpatient therapy.

3. Pharmacokinetics: Heparin must be administered subcutane-
ously or intravenously, because the drug does not readily cross 
membranes (Figure 21.13). The LMWHs are usually administered 
subcutaneously. [Note: Enoxaparin can be administered intrave-
nously in the treatment of myocardial infarction.] Heparin is often 
initiated as an intravenous bolus to achieve immediate anticoag-
ulation. This is followed by lower doses or continuous infusion of 
heparin, titrated to the desired level of anticoagulation according 
to the activated partial thromboplastin time (aPTT) or anti-Xa level. 
Whereas the anticoagulant effect with heparin occurs within minutes 
of IV administration (or 1 to 2 hours after subcutaneous injection), 
the maximum anti–factor Xa activity of the LMWHs occurs about 
4 hours after subcutaneous injection. It is usually not necessary 
to monitor coagulation values with LMWHs because the plasma 
levels and pharmacokinetics of these drugs are more predict-
able. However, in renally impaired, pregnant, and obese patients, 
monitoring of factor Xa levels is recommended with LMWHs. 
In the blood, heparin binds to many proteins that neutralize its 
activity, causing unpredictable pharmacokinetics. Heparin bind-
ing to plasma proteins is variable in patients with thromboem-
bolic diseases. Although generally restricted to the circulation, 
heparin is taken up by the monocyte/macrophage system, and it 
undergoes depolymerization and desulfation to inactive products. 
The inactive metabolites as well as some of the parent heparin 
undergo renal excretion. The LMWHs are primarily eliminated in 
the urine. Therefore, renal insufficiency prolongs the half-life of 
LMWH, and the dose of LMWH should be reduced in patients 
with renal impairment. The half-life of heparin is approximately 
1.5 hours, whereas the half-life of the LMWHs is longer than that 
of heparin, ranging from 3 to 12 hours.

4. Adverse effects: The chief complication of heparin and LMWH 
therapy is bleeding (Figure 21.14). Careful monitoring of the 
patient and laboratory parameters is required to minimize bleed-
ing. Excessive bleeding may be managed by discontinuing the 
drug or by treating with protamine sulfate. When infused slowly, 
the latter combines ionically with heparin to form a stable, 1:1 
inactive complex. It is important that the dosage of protamine 
sulfate is carefully titrated (1 mg for every 100 units of heparin 
administered), because protamine sulfate is a weak anticoagulant, 
and excess amounts may trigger bleeding episodes or worsen 
bleeding potential. Heparin preparations are obtained from por-
cine sources and, therefore, may be antigenic. Possible adverse 

Figure 21.13
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and low molecular weight heparins 
(LMWHs).
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402 21. Anticoagulants

reactions include chills, fever, urticaria, and anaphylactic shock. 
Heparin-induced thrombocytopenia (HIT) is a serious condition, 
in which circulating blood contains an abnormally low number 
of platelets. This reaction is immune-mediated and carries a risk 
of venous and arterial embolism. Heparin therapy should be dis-
continued when patients develop HIT or show severe thrombo-
cytopenia. In cases of HIT, heparin can be replaced by another 
anticoagulant, such as argatroban. [Note: LMWHs can have 
cross-sensitivity and are not recommended in patients with HIT.] 
In addition, osteoporosis has been observed in patients on long-
term heparin therapy. Heparin and LMWHs are contraindicated in 
patients who have hypersensitivity to heparin, bleeding disorders, 
alcoholism, or who have had recent surgery of the brain, eye, or 
spinal cord.

B. Argatroban

 Argatroban [ar-GA-troh-ban] is a synthetic parenteral anticoagu-
lant that is derived from l-arginine. It is a direct thrombin inhibitor. 
Argatroban is used for the prophylaxis or treatment of venous throm-
boembolism in patients with HIT, and it is also approved for use 
during PCI in patients who have or are at risk for developing HIT. 
Anticoagulant effects are immediate. Argatroban is metabolized in the 
liver and has a half-life of about 39 to 51 minutes. Dose reduction 
is recommended for patients with hepatic impairment. Monitoring 
includes aPTT, hemoglobin, and hematocrit. As with other anticoagu-
lants, the major side effect is bleeding.

C. Bivalirudin and desirudin

 Bivalirudin [bye-VAL-ih-ruh-din] and desirudin [deh-SIHR-uh-din] are 
parenteral anticoagulants that are analogs of hirudin, a thrombin 
inhibitor derived from saliva of the medicinal leech. These drugs are 
selective direct thrombin inhibitors that reversibly inhibit the catalytic 
site of both free and clot-bound thrombin. Bivalirudin is an alterna-
tive to heparin in patients undergoing PCI who have or are at risk for 
developing HIT and also in patients with unstable angina undergo-
ing angioplasty. In patients with normal renal function, the half-life of 
bivalirudin is 25 minutes. Dosage adjustments are required in patients 
with renal impairment. Desirudin is indicated for the prevention of 
DVT in patients undergoing hip replacement surgery. Like the others, 
bleeding is the major side effect of these agents.

D. Fondaparinux

 Fondaparinux [fawn-da-PEAR-eh-nux] is a synthetically derived pen-
tasaccharide anticoagulant that selectively inhibits factor Xa. By 
selectively binding to antithrombin III, fondaparinux potentiates (300- 
to 1000-fold) the innate neutralization of factor Xa by antithrombin III.  
Fondaparinux is approved for use in the treatment of DVT and PE 
and for the prophylaxis of venous thromboembolism in the setting of 
orthopedic and abdominal surgery. The drug is well absorbed from 
the subcutaneous route with a predictable pharmacokinetic profile 
and, therefore, requires less monitoring than heparin. Fondaparinux is 
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403VII. Vitamin K Antagonists

eliminated in the urine mainly as unchanged drug with an elimination 
half-life of 17 to 21 hours. It is contraindicated in patients with severe 
renal impairment. Bleeding is the major side effect of fondaparinux. 
There is no available agent for the reversal of bleeding associated 
with fondaparinux. HIT is less likely with fondaparinux than with hep-
arin but is still a possibility.

VII. VITAMIN K ANTAGONISTS

The coumarin anticoagulants owe their action to the ability to antagonize 
the cofactor functions of vitamin K. The only coumarin anticoagulant avail-
able is warfarin [WAR-far-in]. The International Normalized Ratio (INR) is the 
standard by which the anticoagulant activity of warfarin therapy is moni-
tored. Warfarin has a narrow therapeutic index. Therefore, it is important 
that the INR is maintained within the optimal range as much as possible, 
and frequent monitoring may be required.

A. Warfarin

 The coumarin anticoagulants owe their action to the ability to antago-
nize the cofactor functions of vitamin K. The only therapeutically rele-
vant coumarin anticoagulant is warfarin [WAR-far-in]. Initially used as 
a rodenticide, warfarin is now widely used clinically as an oral anti-
coagulant. The INR is the standard by which the anticoagulant activity 
of warfarin therapy is monitored. The INR corrects for variations that 
occur with different thromboplastin reagents used to perform testing 
at various institutions. The goal of warfarin therapy is an INR of 2 to 3  
for most indications, with an INR of 2.5 to 3.5 targeted for some 
mechanical valves and other indications. 

1. Mechanism of action: Factors II, VII, IX, and X (Figure 21.10) 
require vitamin K as a cofactor for their synthesis by the liver. 
These factors undergo vitamin K–dependent post-translational 
modification, whereby a number of their glutamic acid resi-
dues are carboxylated to form γ-carboxyglutamic acid residues 
(Figure 21.15). The γ-carboxyglutamyl residues bind calcium ions, 
which are essential for interaction between the coagulation fac-
tors and platelet membranes. In the carboxylation reactions, the 
vitamin K–dependent carboxylase fixes CO2 to form the new 
COOH group on glutamic acid. The reduced vitamin K cofactor 
is converted to vitamin K epoxide during the reaction. Vitamin K 
is regenerated from the epoxide by vitamin K epoxide reductase, 
the enzyme that is inhibited by warfarin. Warfarin treatment results 
in the production of clotting factors with diminished activity (10% 
to 40% of normal), due to the lack of sufficient γ-carboxyglutamyl 
side chains. Unlike heparin, the anticoagulant effects of warfarin 
are not observed immediately after drug administration. Instead, 
peak effects may be delayed for 72 to 96 hours, which is the time 
required to deplete the pool of circulating clotting factors. The 
anticoagulant effects of warfarin can be overcome by the admin-
istration of vitamin K. However, reversal following administration 
of vitamin K takes approximately 24 hours (the time necessary for 
degradation of already synthesized clotting factors).
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404 21. Anticoagulants

2. Therapeutic use: Warfarin is used in the prevention and treat-
ment of DVT and PE, stroke prevention, stroke prevention in the 
setting of atrial fibrillation and/or prosthetic heart valves, protein C 
and S deficiency, and antiphospholipid syndrome. It is also used 
for prevention of venous thromboembolism following orthopedic 
surgery.

3. Pharmacokinetics: Warfarin is rapidly absorbed after oral admin-
istration (100% bioavailability with little individual patient varia-
tion). Warfarin is highly bound to plasma albumin, which prevents 
its diffusion into the cerebrospinal fluid, urine, and breast milk. 
However, drugs that have a greater affinity for the albumin-binding 
site, such as sulfonamides, can displace the anticoagulant and 
lead to a transient, elevated activity. Drugs that affect warfarin 
binding to plasma proteins can lead to variability in the therapeu-
tic response to warfarin. Warfarin readily crosses the placental 
barrier. The mean half-life of warfarin is approximately 40 hours, 
but this value is highly variable among individuals. Warfarin is 
metabolized by the CYP450 system (mainly CYP2C9) to inactive 
components. After conjugation to glucuronic acid, the inactive 
metabolites are excreted in urine and feces. Agents that affect the 
metabolism of warfarin may alter its therapeutic effects. Warfarin 
has numerous drug interactions that may potentiate or attenuate 
its anticoagulant effect. The list of interacting drugs is extensive. 
A summary of some of the important interactions is shown in 
Figure 21.16.

4. Adverse effects: The principal adverse effect of warfarin is bleed-
ing. Minor bleeding may be treated by withdrawal of the drug or 
administration of oral vitamin K, but severe bleeding may require 
greater doses of vitamin K given intravenously. Whole blood, fro-
zen plasma, and plasma concentrates of blood factors may also 
be used for rapid reversal of warfarin. Skin lesions and necrosis 
are rare complications of warfarin therapy. Purple toe syndrome, 
a rare, painful, blue-tinged discoloration of the toe caused by 
cholesterol emboli from plaques, has also been observed with 
warfarin therapy. Warfarin is teratogenic and is contraindicated in 
pregnancy.

VIII. DIRECT ORAL ANTICOAGULANTS

A. Dabigatran 

1. Mechanism of action: Dabigatran etexilate [da-bi-GAT-ran e-TEX-
i-late] is the prodrug of the active moiety dabigatran, which is an 
oral direct thrombin inhibitor. Both clot-bound and free thrombin 
are inhibited by dabigatran.

2. Therapeutic use: It is approved for the prevention of stroke and 
systemic embolism in patients with nonvalvular atrial fibrillation. It 
may also be used in the treatment of DVT and PE in patients who 
have already received parenteral anticoagulants, and as prophy-
laxis to prevent or reduce the risk of recurrence of DVT and PE. 
The drug is contraindicated in patients with mechanical prosthetic 
heart valves and is not recommended in patients with biopros-
thetic heart valves.
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Drugs affecting the anticoagulant 
effect of warfarin.
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405VIII. Direct Oral Anticoagulants

3. Pharmacokinetics: Dabigatran is administered orally. It is hydro-
lyzed to the active drug, dabigatran, by various plasma ester-
ases. Dabigatran is metabolized by esterases. It is a substrate for 
P-glycoprotein (P-gp) and is eliminated renally.

4. Adverse effects: The major adverse effect, like other anticoagu-
lants, is bleeding. Dabigatran should be used with caution in renal 
impairment or in patients over the age of 75 years, as the risk of 
bleeding is higher in these groups. Idarucizumab may be used to 
reverse bleeding in severe cases. GI adverse effects are common 
with dabigatran and may include dyspepsia, abdominal pain, esoph-
agitis, and GI bleeding. Abrupt discontinuation should be avoided, 
as patients may be at increased risk for thrombotic events.

B. Direct oral factor Xa inhibitors 

1. Mechanism of action: Apixaban [a-PIX-a-ban], betrixaban 
[be-TRIX-a-ban], edoxaban [e-DOX-a-ban], and rivaroxaban [RIV-
a-ROX-a-ban] are oral inhibitors of factor Xa. Inhibition of factor 
Xa reduces the production of thrombin (IIa) from prothrombin 
(Figure 21.10).

2. Therapeutic use: With the exception of betrixaban, these agents 
are approved for prevention of stroke in nonvalvular atrial fibril-
lation, as well as the treatment of DVT and PE. Rivaroxaban and 
apixaban are also used as prophylaxis to prevent or reduce the 
risk of recurrence of DVT and PE. Betrixaban is indicated for 
the prophylaxis of DVT and PE in at-risk hospitalized medical 
patients. 

3. Pharmacokinetics: These drugs are adequately absorbed after 
oral administration. Rivaroxaban is metabolized by the CYP 
3A4/5 and CYP 2J2 isoenzymes to inactive metabolites. About 
one-third of the drug is excreted unchanged in the urine, and 
the inactive metabolites are excreted in the urine and feces. 
Apixaban is primarily metabolized by CYP 3A4, with CYP 
enzymes 1A2, 2C8, 2C9, 2C19, and 2J2 all sharing minor meta-
bolic roles; approximately 27% is excreted renally. Edoxaban and 
betrixaban are minimally metabolized and are eliminated primar-
ily unchanged in the urine and feces, respectively. All of these 
drugs are substrates of P-gp and dosages should be reduced 
(in some cases, concomitant use should be avoided) with P-gp 
inhibitors such as clarithromycin, verapamil, and amiodarone. 
Concomitant administration of apixaban and rivaroxaban with 
drugs that are strong P-gp and CYP 3A4 inducers (for example, 
phenytoin, carbamazepine, rifampin, St. John’s wort) should be 
avoided due to the potential for reduced efficacy of the factor Xa 
inhibitors.

4. Adverse effects: Bleeding is the most serious adverse effect for 
the factor Xa inhibitors. There is no antidote available to reverse 
bleeding. Declining kidney function can prolong the effect of these 
drugs and, therefore, increase the risk of bleeding. Renal dosage 
adjustments are recommended for these agents. Abrupt discon-
tinuation of the factor Xa inhibitors should be avoided.
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IX. THROMBOLYTIC DRUGS

Acute thromboembolic disease in selected patients may be treated by the 
administration of drugs that activate the conversion of plasminogen to 
plasmin, a serine protease that hydrolyzes fibrin and, thus, dissolves clots. 

A. Common characteristics of thrombolytic agents

1. Mechanism of action: The thrombolytic agents act either directly or 
indirectly to convert plasminogen to plasmin, which, in turn, cleaves 
fibrin, thus lysing thrombi (Figure 21.17). Clot dissolution and reper-
fusion occur with a higher frequency when therapy is initiated early 
after clot formation because clots become more resistant to lysis as 
they age. Unfortunately, increased local thrombi may occur as the 
clot dissolves, leading to enhanced platelet aggregation and throm-
bosis. Strategies to prevent this include administration of antiplate-
let drugs, such as aspirin, or antithrombotics, such as heparin.

2. Therapeutic use: Originally used for the treatment of DVT and 
serious PE, thrombolytic drugs are currently used less frequently 
because of the tendency to cause serious bleeding. For MI, 
intracoronary delivery of the drugs is the most reliable in terms 
of achieving recanalization. However, cardiac catheterization 
may not be possible in the 2- to 6-hour “therapeutic window,” 
beyond which significant myocardial salvage becomes less likely. 
Thus, thrombolytic agents are usually administered intravenously. 
Thrombolytic agents are helpful in restoring catheter and shunt 
function, by lysing clots causing occlusions. They are also used 
to dissolve clots that result in strokes.

3. Adverse effects: Thrombolytic agents do not distinguish between 
the fibrin of an unwanted thrombus and the fibrin of a benefi-
cial hemostatic plug. Thus, hemorrhage is a major adverse effect. 
For example, a previously unsuspected lesion, such as a gastric 
ulcer, may hemorrhage following injection of a thrombolytic agent 
(Figure 21.18). These drugs are contraindicated in pregnancy, and 
in patients with healing wounds, a history of cerebrovascular acci-
dent, brain tumor, head trauma, intracranial bleeding, and meta-
static cancer.

B. Alteplase, reteplase, and tenecteplase

 Alteplase [AL-teh-place] (formerly known as tissue plasminogen activa-
tor or tPA) is a serine protease originally derived from cultured human 
melanoma cells. It is now obtained as a product of recombinant DNA 
technology. Reteplase [RE-teh-place] is a genetically engineered, smaller 
derivative of recombinant tPA. Tenecteplase [ten-EK-te-place] is recom-
binant tPA with a longer half-life and greater binding affinity for fibrin 
than alteplase. Alteplase has a low affinity for free plasminogen in the 
plasma, but it rapidly activates plasminogen that is bound to fibrin in 
a thrombus or a hemostatic plug. Thus, alteplase is said to be “fibrin 
selective” at low doses. Alteplase is approved for the treatment of MI, 
massive PE, and acute ischemic stroke. Tenecteplase is approved only 
for use in acute MI.

 Alteplase has a very short half-life (5 to 30 minutes), and therefore 
a portion of the total dose is injected intravenously as a bolus and 
the remaining drug is administered over 1 to 3 hours, depending 
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407X. Drugs Used to Treat Bleeding

on the indication. Tenecteplase has a longer half-life and, therefore, 
may be administered as an intravenous bolus. Alteplase may cause 
angioedema, and there may be an increased risk of this effect when 
combined with angiotensin-converting enzyme (ACE) inhibitors.

C. Streptokinase

 Streptokinase [strep-toe-KYE-nase] is an extracellular protein purified 
from culture broths of group C b-hemolytic streptococci. It forms an 
active one-to-one complex with plasminogen. This enzymatically active 
complex converts uncomplexed plasminogen to the active enzyme 
plasmin (Figure 21.19). In addition to the hydrolysis of fibrin plugs, 
the  complex also catalyzes the degradation of fibrinogen, as well as 
clotting factors V and VII (Figure 21.20). With the advent of newer 
agents, streptokinase is not preferred. Though nonfibrin selectivity 
and allergic reaction limit its usage but it is still used for the treatment 
of  acute myocardial infarction,  acute pulmonary embolism  (PE),  deep 
vein thrombosis (DVT), reperfusion of occluded peripheral arteries, and 
venous catheters because of its lower cost.

D. Urokinase

 Urokinase [URE-oh-KYE-nase] is produced naturally in the body by 
the kidneys. Therapeutic urokinase is isolated from cultures of human 
kidney cells and has low antigenicity. Urokinase directly cleaves the 
arginine—valine bond of plasminogen to yield active plasmin. It is only 
approved for lysis of pulmonary emboli. Off-label uses include treat-
ment of acute MI, arterial thromboembolism, coronary artery throm-
bosis, and DVT. Its use has largely been supplanted by other agents 
with a more favorable benefit-to-risk-ratio.

X. DRUGS USED TO TREAT BLEEDING

Bleeding problems may have their origin in naturally occurring pathologic 
conditions, such as hemophilia, or as a result of fibrinolytic states that may 
arise after surgery. The use of anticoagulants may also give rise to hemor-
rhage. Certain natural proteins and vitamin K, as well as synthetic antago-
nists, are effective in controlling this bleeding (Figure 21.21). Concentrated 
preparations of coagulation factors are available from human donors. 
However, these preparations carry the risk of transferring viral  infections. 
Blood transfusion is also an option for treating severe hemorrhage.

A. Aminocaproic acid and tranexamic acid

 Fibrinolytic states can be controlled by the administration of amino-
caproic [a-mee-noe-ka-PROE-ic] acid or tranexamic [tran-ex-AM-ic] acid. 
Both agents are synthetic, orally active, excreted in the urine, and inhibit 
plasminogen activation. Tranexamic acid is 10 times more potent than 
aminocaproic acid. A potential side effect is intravascular thrombosis.

B. Protamine sulfate

 Protamine [PROE-ta-meen] sulfate antagonizes the anticoagulant 
effects of heparin. This protein is derived from fish sperm or testes 
and is high in arginine content, which explains its basicity. The posi-
tively charged protamine interacts with the negatively charged heparin, 

Figure 21.19 
Mechanism of action of streptokinase.
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and fibrinogen.
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forming a stable complex without anticoagulant activity. Adverse effects 
of drug administration include hypersensitivity as well as dyspnea, 
flushing, bradycardia, and hypotension when  rapidly injected.

C. Vitamin K

 Vitamin K1 (phytonadione) administration can stop bleeding problems 
due to warfarin by increasing the supply of active vitamin K1, thereby 
inhibiting the effect of warfarin. Vitamin K1 may be administered via 
the oral, subcutaneous, or intravenous route. [Note: Intravenous vita-
min K should be administered by slow IV infusion to minimize the risk 
of hypersensitivity or anaphylactoid reactions.] For the treatment of 
bleeding, the subcutaneous route of vitamin K1 is not preferred, as it 
is not as effective as oral or IV administration. The response to vitamin 
K1 is slow, requiring about 24 hours to reduce INR (time to synthesize 
new coagulation factors). Thus, if immediate hemostasis is required, 
fresh frozen plasma should be infused.

D. Idarucizumab

 Idarucizumab [EYE-da-roo-KIZ-ue-mab] is a monoclonal antibody 
fragment used to reverse bleeding caused by dabigatran. By binding 
to dabigatran and its metabolites, idarucizumab neutralizes antico-
agulation. Idarucizumab is administered intravenously and is rapidly 
eliminated. Idarucizumab is used in emergency situations, in the inpa-
tient setting. Because it reverses the effect of dabigatran, thrombosis 
is the most serious adverse effect of idarucizumab.

PARAMETER STREPTOKINASE (SK) UROKINASE (UK)
ALTEPLASE
(rt-PA)

RETEPLASE
(r-PA)

TENECTEPLASE 
(TNK t-PA)

Source Streptococci Human enzyme 
found in urine

Recombinant 
form of human 
t-PA

Recombinant form 
(smaller derivative) 
of human rt-PA

Genetically engi-
neered

Generation First generation First generation Second genera-
tion

Second generation Third generation 

Dose 1.5 MU in 30–60 minutes 4400 IU/kg IV at a 
rate of 90 mL/hr in 
10 minutes

Up to 100 mg in 
90 min based on 
weight

10 U two doses 
(30 min apart) each 
over 2 minutes

30–50 mg based on 
weight

Bolus administration No No No Yes Yes

Antigenicity High1 Low Low Low Low

Allergic reaction Yes (dose-related  
hypotension)

No No No No

Fibrin specificity Low Low High High High

PAI-Inhibition – +++ +++ ++ –

Half-life 30 minutes 20 minutes 4–8 minutes 14–18 minutes 11–20 minutes

Cost per dose – + +++ +++ ++++

Uses AMI, deep vein  
thrombosis

Acute massive pul-
monary emboli, 
AMI

AMI, stroke AMI Stroke, AMI

AMI = acute myocardial infarction; PAI-inhibition = inactivation by endogenous inhibitor (PAI-1).
1SK is potentially allergenic and the body produces antistreptococcal antibodies against it, which makes retreatment less effective and unsafe.

Figure 21.21
Comparison of thrombolytic enzymes. 
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409Study Questions

Study Questions

Choose the ONE best answer.

21.1 Which of the P2Y12 ADP receptor antagonists 
reversibly binds the receptor?

A. Clopidogrel

B. Prasugrel

C. Ticagrelor

D. Ticlopidine

21.2 A 70-year-old woman is diagnosed with nonvalvu-
lar atrial fibrillation. Her past medical history is sig-
nificant for chronic kidney disease, and her renal 
function is moderately diminished. Which anti-
coagulant for atrial fibrillation avoids the need for 
renal dose adjustment in this patient?

A. Apixaban

B. Dabigatran

C. Rivaroxaban

D. Warfarin

21.3 An 80-year-old man is taking warfarin indefinitely 
for the prevention of deep venous thrombosis. He 
is compliant, has a stable INR, and denies bleed-
ing or bruising. He is diagnosed with a urinary tract 
infection and is prescribed sulfamethoxazole/tri-
methoprim. What effect will this have on his warfa-
rin therapy?

A. Sulfamethoxazole/trimethoprim will decrease 
the anticoagulant effect of warfarin.

B. Sulfamethoxazole/trimethoprim will increase 
the anticoagulant effect of warfarin.

C. Sulfamethoxazole/trimethoprim will activate 
platelet activity.

D. Sulfamethoxazole/trimethoprim will not change 
anticoagulation status.

21.4 A 47-year-old woman presents to the emergency 
room with severe bleeding. Upon evaluation of the 
medical record, you discover that she takes dab-
igatran for a history of multiple DVTs. What is the 
appropriate reversal agent to administer to the 
patient at this time?

A. Protamine

B. Vitamin K

C. Idarucizumab

D. A reversal agent does not exist for this 
medication.

Correct answer = C. Of the P2Y12 ADP receptor 
antagonists listed, ticagrelor is the only one that 
reversibly binds the receptor. This is important when 
it comes to compliance. If a patient is not compliant, 
then the antiplatelet activity of ticagrelor stops when 
the drug is missed (since the platelets are not irre-
versibly inhibited as they would be with aspirin, clopi-
dogrel, or prasugrel).

Correct answer = D. Warfarin does not require dos-
age adjustment in renal dysfunction. The INR is moni-
tored and dosage adjustments are made on the basis 
of this information. All of the other agents are renally 
cleared to some extent and require dosage adjust-
ments in renal dysfunction.

Correct answer = B. Sulfamethoxazole/trimethoprim 
has a significant drug interaction with warfarin, such 
that it inhibits warfarin metabolism. Therefore, sulfa-
methoxazole/trimethoprim will cause increased anti-
coagulant effects, and the patient will need to have 
his warfarin dose decreased and INR checked fre-
quently while he is on this antibiotic.

Correct answer = C. Idarucizumab is used to reverse 
bleeding caused by dabigatran. By binding to dab-
igatran and its metabolites, idarucizumab neutralizes 
anticoagulation. It would be important to monitor this 
patient for any signs of thrombosis due to reversal 
of her anticoagulation. Vitamin K is the antidote for 
warfarin, and protamine is the antidote for heparin.
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410 21. Anticoagulants

21.5 Which must heparin bind to in order to exert its 
anticoagulant effect?

A. GP IIb/IIIa receptor

B. Thrombin

C. Antithrombin III

D. von Willebrand factor

21.6 Which is considered “fibrin selective” because 
it rapidly activates plasminogen that is bound to 
fibrin?

A. Alteplase

B. Fondaparinux

C. Argatroban

D. Bivalirudin

21.7 A 56-year-old man presents to the emergency 
room with complaints of swelling, redness, and 
pain in his right leg. The patient is diagnosed with 
acute DVT, and the provider wants to start an oral 
agent. Which drug is most appropriate for treat-
ment of DVT in this patient?

A. Rivaroxaban

B. Betrixaban

C. Enoxaparin

D. Clopidogrel

21.8 Which is most appropriate for reversing the antico-
agulant effects of heparin?

A. Aminocaproic acid

B. Protamine sulfate

C. Vitamin K1

D. Tranexamic acid

21.9 A 62-year-old man taking warfarin for stroke pre-
vention in atrial fibrillation presents to his primary 
care physician with an elevated INR of 10.5 without 
bleeding. He is instructed to hold his warfarin dose 
and given oral vitamin K1. When would the effects 
of vitamin K on the INR most likely be noted in this 
patient?

A. 1 hour

B. 6 hours

C. 24 hours

D. 72 hours

Correct answer = C. Heparin binds to antithrombin III, 
causing a conformational change. This heparin/anti-
thrombin III complex then inactivates thrombin and 
factor Xa.

Correct answer = A. Betrixaban is only approved for 
the prophylaxis of DVT and PE; it is not approved 
for the treatment of acute DVT. Enoxaparin is used for  
the treatment of DVT, but it is an injectable  
medication. Clopidogrel is an antiplatelet medication 
that is not appropriate for acute treatment of DVT.

Correct answer = B. Excessive bleeding may be 
managed by ceasing administration of heparin or by 
treating with protamine sulfate. Infused slowly, prota-
mine sulfate combines ionically with heparin to form 
a stable, inactive complex. Aminocaproic acid and 
tranexamic acid are approved for the treatment of 
hemorrhage but do not specifically reverse the effects 
of heparin to stop bleeding. Vitamin K1 is used to 
help reverse the effects of warfarin-induced bleeding.

Correct answer = C. Vitamin K1 takes about 24 hours 
to see a reduction in the INR. This is due to the time 
required for the body to synthesize new coagulation 
factors.

Correct answer = A. Alteplase has a low affinity 
for free plasminogen in the plasma, but it rapidly 
 activates plasminogen that is bound to fibrin in a 
thrombus or a hemostatic plug. It has the advantage 
of lysing only fibrin, without unwanted degradation of 
other proteins (notably fibrinogen).
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21.10 A 58-year-old man receives intravenous alteplase 
treatment for acute stroke. Five minutes follow-
ing completion of alteplase infusion, he develops 
angioedema. Which of the following drugs may 
have increased the risk of developing angioedema 
in this patient?

A. ACE inhibitor

B. GP IIb/IIIa receptor antagonist

C. Phosphodiesterase inhibitor

D. Thiazide diuretic

Correct answer = A. ACE inhibitors, aspirin, and pra-
sugrel all have possible adverse effects including 
angioedema. In the setting of alteplase administra-
tion, ACE inhibitors have been associated with an 
increased risk of developing angioedema with con-
comitant use.
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I. OVERVIEW

Hyperlipidemia (elevated cholesterol levels) is a medical condition char-
acterized by an increase in one or more of the plasma lipids including 
triglycerides (TGs), cholesterol, cholesterol esters, and phospholipids and/
or plasma  lipoproteins including very–low-density lipoprotein (VLDL-C), 
low-density lipoprotein (LDL-C), and reduced high-density lipoprotein (HDL-C)  
levels (Figure 22.1). Hyperlipidemia is considered one of the major risk 
 factors causing cardiovascular diseases (CVDs) and cardiovascular disease 
is the leading cause of death worldwide. Hyperlipidemia is an increase in 
one or more of the plasma lipids. Hypercholesterolemia and hypertriglycer-
idemia are the main causes of atherosclerosis which is strongly related to 
CVD. Atherosclerosis is a slow, complex process of arteries’ hardening due 
to deposition of plaques of cholesterol in the arterial wall (exact cause is 
not known), leading to narrowing of the arteries. Atherosclerosis and athero-
sclerosis-associated disorders (for example, coronary, cerebrovascular, and 
peripheral vascular diseases) are accelerated by the presence of hyperlip-
idemia. Plaque initially begins to build up where the arteries are damaged 
and it hardens over time. As a result, an area of plaque can rupture and 
initiate clotting cascade. Other risk factors for CVD include cigarette smok-
ing, hypertension, obesity, diabetes, chronic kidney disease, and advanced 
age. Hyperlipidemia may be due to lifestyle factors (for example, lack of 
exercise or diet containing excess saturated fats). Hyperlipidemia can also 
result from an inherited defect in lipoprotein metabolism or, more commonly, 
from a combination of genetic and lifestyle factors. Appropriate lifestyle 
changes, along with drug therapy, can lead to a 30% to 40% reduction in 
CVD mortality. Antihyperlipidemic drugs (Figure 22.2), also  called hypolipid-
emic drugs, are often taken indefinitely to reduce the risk of Athero Sclerotic 
Cardiovascular Disease (ASCVD) in select patients and to control plasma 
lipid levels. [Note ASCVD includes CHD, stroke, and peripheral arterial dis-
ease.] Figure 22.3 illustrates the normal metabolism of serum lipoproteins 
and the characteristics of the major genetic hyperlipidemias.
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Figure 22.2
Summary of antihyperlipidemic drugs. 
HMG CoA = 3-hydroxy-3-methylglutaryl 
coenzyme A; OTC = over-the- counter; 
PCKS9 = proprotein convertase 
 subtilisin kexin type 9.

HMG CoA REDUCTASE INHIBITORS 
(STATINS)

Simvastatin
Atorvastatin 
Fluvastatin 
Lovastatin 
Rosuvastatin 
Pravastatin 
Pitavastatin 
NIACIN

Niacin
FIBRATES

Fenofibrate
Gemfibrozil 
BILE ACID SEQUESTRANTS

Cholestyramine
Colestipol
Colesevelam
CHOLESTEROL ABSORPTION 
 INHIBITOR

Ezetimibe
OMEGA-3 FATTY ACIDS

Docosahexaenoic and  
eicosapentaenoic acids

Icosapent ethyl
PCSK9 INHIBITORS

Alirocumab 
Evolucumab

CHOLESTEROL LDL-C TRIGLYCERIDE HDL

Optimal (mg/dL) 150 <100 <100 >60

Normal (mg/dL) <200 100–129 101–150 60

Borderline (mg/dL) 200–239 130–159 150–199 40–60

High (mg/dL) >240 160–189 200–499 <50

Very high (mg/dL) >190 >500 <35

Figure 22.1 
Normal lipid profile.
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414 22. Drugs for Hyperlipidemia

CAPILLARY

1

2

3

4

TISSUES 
(FOR EXAMPLE,

ADIPOSE)

Free fatty
acids

The intestinal mucosa secretes TG-rich 
chylomicrons (produced primarily 
from dietary lipids); the liver secretes 
TG-rich VLDL particles.

Extracellular
lipoprotein
lipase, activated
by apo CII, 
degrades
TG in CM
and VLDL.

LDLs bind to speci�c
receptors on extrahepatic
tissues and on the liver, 
where they are endocytosed.

CM remnants bind to
speci�c receptors on
the liver, where they are
endocytosed.

I

III
IIA

Lipoprotein
lipase

IV

IIB

EXTRA-
HEPATIC
TISSUE

LIVER

SMALL
INTESTINE Chylomicron 

LDL IDL

Nascent
VLDL

VLDL

Nascent
chylomicron

Chylomicron
remnant

Triglycerides

Cholesterol and
cholesteryl esters

Key:
Protein
Phospholipid

Figure 22.3
Metabolism of plasma lipoproteins and related genetic diseases. Roman numerals in the white circles refer to specific 
genetic types of hyperlipidemias summarized on the facing page. apo CII = apolipoprotein CII found in chylomicrons 
and VLDL; CM = chylomicron; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; PCKS9 = pro-
protein convertase subtilisin kexin type 9; TG = triglyceride; VLDL = very–low-density lipoprotein. (Figure continues 
on next page)
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415I. Overview

Type IV (FAMILIAL HYPERTRIGLYCERIDEMIA)
VLDL levels are increased, whereas LDL levels are normal or decreased, resulting in 
normal to elevated cholesterol and greatly elevated circulating TG levels.

Cause is overproduction and/or decreased removal of VLDL and TG in serum.

This is a relatively common disease. It has few clinical manifestations other
than accelerated ischemic heart disease. Patients with this disorder are frequently 
obese, diabetic, and hyperuricemic. 

Treatment: Diet. If necessary, drug therapy includes niacin and/or feno�brate.

Type V (FAMILIAL MIXED HYPERTRIGLYCERIDEMIA)
Serum VLDL and chylomicrons are elevated. LDL is normal or decreased. 
This results in elevated cholesterol and greatly elevated TG levels.

Cause is either increased production or decreased clearance 
of VLDL and chylomicrons. Usually, it is a genetic defect.

Occurs most commonly in adults who are obese and/or diabetic.

Treatment: Diet. If necessary, drug therapy includes niacin, and/or feno�brate, or
a statin.

Type III (FAMILIAL DYSBETALIPOPROTEINEMIA)
Serum concentrations of IDL are increased, resulting in increased TG
and cholesterol levels.

Cause is either overproduction or underutilization of IDL due to mutant apolipoprotein E.

Xanthomas and accelerated vascular disease develop in patients by middle age.

Treatment: Diet. Drug therapy includes niacin and feno�brate, or a statin.

Type IIB (FAMILIAL COMBINED [MIXED] HYPERLIPIDEMIA)
Similar to Type IIA except that VLDL is also increased, resulting in elevated serum 
TG as well as cholesterol levels.

Relatively common.

Caused by overproduction of VLDL by the liver.

Treatment: Diet. Drug therapy is similar to that for Type IIA.

Type IIA (FAMILIAL HYPERCHOLESTEROLEMIA)
Elevated LDL with normal VLDL levels due to a block in LDL degradation. 
This results in increased serum cholesterol but normal TG levels.

Caused by defects in the synthesis or processing of LDL receptors.

Ischemic heart disease is greatly accelerated.

Treatment: Diet. Heterozygotes: Cholestyramine and niacin, a statin, or a statin and a PCSK9 inhibitor.

Type I (FAMILIAL HYPERCHYLOMICRONEMIA)
Massive fasting hyperchylomicronemia, even following normal dietary fat intake, 
resulting in greatly elevated serum TG levels.

Type I is not associated with an increase in coronary heart disease.

Chylomicron 

Chylomicron 

LDL

LDL

IDL

VLDL

VLDL

VLDL

De�ciency of lipoprotein lipase or de�ciency of normal apolipoprotein CII (rare).

Treatment: Low-fat diet. No drug therapy is e�ective for Type I hyperlipidemia.

Figure 22.3 (Continued)
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II. TREATMENT GOALS

Plasma lipids consist mostly of lipoproteins, which are spherical complexes 
of lipids and specific proteins. The clinically important lipoproteins, listed in 
a decreasing order of atherogenicity, are LDL, very–low-density lipoprotein 
(VLDL) and chylomicrons, and HDL. The occurrence of CVD is positively 
associated with high total cholesterol and has an even stronger correla-
tion with elevated LDL-C. In contrast to LDL-C, high levels of HDL-C have 
been associated with a decreased risk for CVD (Figure 22.4). Reduction 
of LDL-C is the primary goal of cholesterol-lowering therapy. According to 
cholesterol guidelines, the need for antihyperlipidemic drug therapy should 
be determined based on an assessment of risk for ASCVD, in conjunction 
with evaluation of lipoprotein levels (for example, LDL-C; Figure 22.5), as 
hyperlipidemia per se does not have any obvious symptoms but is usually 
discovered during routine examination or until it reaches the danger stage 
of a myocardial ischemia or stroke. [Note: Therapeutic lifestyle changes, 
such as diet, exercise, and weight loss, remain critical of reduction in 
ASCVD; however, lifestyle modifications do not replace the need for drug 
therapy in patients who fall into one of the four statin benefit groups (see 
Figure 22.5).]

• Patients with any form of clinical ASCVD

• Patients with primary LDL-C levels of ≥190 mg/dL 

• Patients with diabetes mellitus, 40 to 75 years of age, with LDL-C levels 
of 70 to 189 mg/dL

• Patients without diabetes, 40 to 75 years of age, with an estimated 
10-year ASCVD risk ≥7.5%

III. DRUGS FOR HYPERLIPIDEMIA

Antihyperlipidemic drugs include the statins, niacin, fibrates, bile acid 
sequestrants, a cholesterol absorption inhibitor, proprotein convertase 
subtilisin kexin type 9 (PCSK9) inhibitors, and omega-3 fatty acids. These 
agents may be used alone or in combination. However, drug therapy 
should always be accompanied by lifestyle modifications, such as exercise 
and a diet low in saturated fats.

A. HMG CoA reductase inhibitors

 3-Hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibi-
tors (commonly known as statins) lower LDL-C, resulting in a substantial 
reduction in coronary events and death from CVD. Therapeutic benefits 
include atherosclerotic plaque stabilization, improvement of coronary 
endothelial function, inhibition of platelet thrombus formation, and vas-
cular anti-inflammatory activity. They are first-line treatment for patients 
with elevated risk of ASCVD to reduce the occurrence of ASCVD events 
(Figure 22.5). [Note: The intensity of statin therapy should be guided 
by the patient’s absolute risk for an ASCVD event.] However, the pos-
sibility of development of diabetes while on therapy with statins has 
been reported with intensive doses as compared to moderate doses. 
Pre-existing conditions such as increased fasting glucose levels more 
than 100 mg/dl, serum triglycerides >150 mg/dl, and BMI more than  
30 kg/m2 along with a history of hypertension are reported with the 
higher risk of developing diabetes during statin therapy. 
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are both risk factors for
CHD.

Figure 22.4
Effect of circulating low-density 
 lipoprotein (LDL) and high- density 
lipoprotein (HDL) on the risk of 
 coronary heart disease (CVD).
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417III. Drugs for Hyperlipidemia

1. Mechanism of action: Lovastatin [LOE-vah-stat-in], simvastatin 
[sim-vah-STAT-in], pravastatin [PRAH-vah-stat-in], atorvastatin 
[a-TOR-vah-stat-in], fluvastatin [FLOO-vah-stat-in], pitavasta-
tin [pit-AV-a-STAT-in], and rosuvastatin [roe-SOO-va-stat-in] are  

Figure 22.5
Treatment guidelines for hyperlipidemia. ASCVD = atherosclerotic cardiovascular disease; LDL-C = low-density 
 lipoprotein cholesterol; TG = triglycerides.

Reinforce adherence
and lifestyle

Exclude secondary causes
of dyslipidemia

Consider non-statin therapy
in higher risk individuals or
those who cannot tolerate

statin therapy

Less than
anticipated
response or
intolerance
to therapy

Anticipated
therapeutic

response

Reinforce adherence
Follow up in 3–12 mo

Evaluate fasting
lipid panel and

medication adherence

4–12 wk

Moderate-to-high-
intensity statin

High-intensity
statin

Moderate-
intensity

statin
High-intensity

statin

Clinical
ASCVD

YES

LDL-C ≥
190 mg/dL

YES

Estimate 10-yr
ASCVD risk

≥ 7.5%
estimated

10-yr ASCVD
risk and age

40–75 yr

Age > 75 yr or
not candidate

for high-intensity
statin

Age ≤ 75 yr

Diabetes Type
1 or 2, age
40–75 yr

YES

Estimate 10-yr
ASCVD risk

High-intensity
statin

Moderate-
intensity

statin

< 7.5% ≥ 7.5%

YES

Emphasize healthy
lifestyle habits and

re-calculate 10-yr ASCVD
risk every 4–6 yr

If baseline TG ≥ 500 mg/dL
initiate TG-lowering

therapy (�brates, niacin)
NOASCVD statin

bene�t groups

Evaluate baseline lipid panel and patient
history (e.g., established ASCVD, diabetes,

or risk factors for ASCVD)De�nitions of high-
and moderate-intensity

statin therapy

High
intensity

lowers LDL-C
by ≥50%

Moderate
intensity

lowers LDL-C
by 30%–50%

HIGH INTENSITY MODERATE INTENSITY LOW INTENSITY

Daily dosage lowers LDL-C by ≥50% Daily dosage lowers LDL-C by 30–50% Daily dosage lowers LDL-C by <30%

Atorvastatin (40–80 mg) Atorvastatin 10 mg Simvastatin 10 mg

Rosuvastatin (20 mg) Rosuvastatin 10 mg Pravastatin 10–20 mg

Simvastatin 20–40 mg Lovastatin 20 mg

Pravastatin 40 mg Fluvastatin 20–40 mg

Lovastatin 40 mg Pitavastatin 1 mg

Fluvastatin 40 mg twice daily

Pitavastatin 2–4 mg
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competitive inhibitors of HMG CoA reductase, the rate-limiting 
step in cholesterol synthesis. By inhibiting de novo cholesterol 
synthesis, they deplete the intracellular supply of cholesterol 
(Figure 22.6). Depletion of intracellular cholesterol causes the cell 
to increase the number of cell surface LDL receptors that can 
bind and internalize circulating LDL-C. Thus, plasma cholesterol is 
reduced, by both decreased cholesterol synthesis and increased 
LDL-C catabolism. Rosuvastatin and atorvastatin are the most 
potent LDL-C lowering statins, followed by pitavastatin, simvas-
tatin, lovastatin, pravastatin, and fluvastatin. [Note: Because these 
agents undergo a marked first-pass extraction by the liver, their 
dominant effect is on that organ.] The HMG CoA reductase inhib-
itors also decrease triglyceride levels and may increase HDL-C in 
some patients.

2. Therapeutic uses: These drugs are used to lower the risk of 
ASCVD events for patients in the four statin-benefit groups. 
Statins are effective in lowering plasma cholesterol levels in all 
types of hyperlipidemias. However, patients who are homozygous 
for familial hypercholesterolemia lack LDL receptors and, there-
fore, benefit much less from treatment with these drugs.

3. Pharmacokinetics: Lovastatin and simvastatin are lactones that 
are hydrolyzed to the active drug. The remaining statins are all 
administered in their active form. Absorption of the statins is 

Cholesterol

LDL

PLASMA MEMBRANE

BLOOD  

LDL receptor

HMG CoA Acetate 

CoA

2 NADP+

Mevalonic acid

2 NADPH + 2H+

HMG CoA reductase inhibitors

Statins inhibit HMG CoA reductase, 
leading to a decreased concentration
of cholesterol within the cell.

1

mRNA

DNA

Receptor
Ribosome

ENDOPLASMIC RETICULUM

VLDL

VLDL

+

Low intracellular 
cholesterol
stimulates the  
synthesis of LDL 
receptors.

2

Increased number
of LDL receptors
promotes uptake
of LDL from blood.

3

Low intracellular 
cholesterol decreases
the secretion of VLDL.

4

Figure 22.6
Inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase by the statin drugs. LDL = low-density 
lipoprotein; VLDL = very–low-density lipoprotein.
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variable (30% to 85%) following oral administration. All statins are 
metabolized by cytochrome P450 (CYP450) isoenzymes in the 
liver, except pravastatin. Excretion takes place principally through 
bile and feces, but some urinary elimination also occurs. Some 
characteristics of the statins are summarized in Figure 22.7.

4. Adverse effects: Elevated liver enzymes may occur with statin 
therapy. Therefore, liver function should be evaluated prior to 
starting therapy or if a patient has symptoms consistent with liver 
dysfunction. [Note: Hepatic insufficiency can cause drug accumu-
lation.] Myopathy and rhabdomyolysis (disintegration of skeletal 
muscle; rare) have been reported (Figure 22.8). In most cases of 
rhabdomyolysis, patients had renal insufficiency, vitamin D defi-
ciency, hypothyroidism, advanced age, were female, or were tak-
ing drugs that increase the risk of muscle adverse effects, such as 
azole antifungals, protease inhibitors, cyclosporine, erythromycin, 
gemfibrozil, or niacin. Simvastatin is metabolized by CYP450 3A4, 
and inhibitors of this enzyme may increase the risk of rhabdo-
myolysis. Plasma creatine kinase levels should be determined in 
patients with muscle complaints. The HMG CoA reductase inhibi-
tors may also increase the effect of warfarin. Thus, it is important 
to evaluate the international normalized ratio (INR) when initiating 
a statin or changing the dosage. These drugs are contraindicated 
during pregnancy, lactation, and active liver disease.

B. Niacin (nicotinic acid)

 Niacin [NYE-uh-sin] reduces LDL-C by 10% to 20% and is the most 
effective agent for increasing HDL-C. It also lowers triglycerides by 
20% to 35% at typical doses of 1.5 to 3 g/day. Niacin can be used in 
combination with statins, and fixed-dose combinations of long-acting 

Figure 22.7
Summary of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors. Modified from M. K. S. Leow, 
C. L. Addy, and C. S. Mantzoros. Clinical review 159: human immunodeficiency virus/highly active antiretroviral 
 therapy-associated metabolic syndrome: clinical presentation, pathophysiology, and therapeutic strategies.  
J. Clin. Endocrinol. Metab. 88: 1961 (2003).

CHARACTERISTIC

Serum LDL cholesterol 
reduction produced (%)

Serum triglyceride
reduction produced (%)

Serum HDL cholesterol 
increase produced (%)
  
Plasma half-life (hr)

Penetration of central
nervous system

Renal excretion of
absorbed dose (%)

ATORVASTATIN FLUVASTATIN LOVASTATIN PRAVASTATIN ROSUVASTATIN SIMVASTATIN

55

29

6

14

No

2

24

10
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Figure 22.8
Some adverse effects and precau-
tions associated with 3-hydroxy- 
3- methylglutaryl coenzyme A (HMG 
CoA) reductase inhibitors. Modified 
from D. J. Schneider, P. B. Tracy, and 
B. E. Sobel, Hosp. Pract. 107 (1998).

LDL = low-density lipoprotein; HDL = high-density lipoprotein.

LIR_CH22.indd   419 09/10/18   12:49 PM



420 22. Drugs for Hyperlipidemia

niacin with lovastatin and simvastatin are available. [Note: The addi-
tion of niacin to statin therapy has not been shown to reduce the risk 
of ASCVD events.]

1. Mechanism of action: At gram doses, niacin strongly inhibits lip-
olysis in adipose tissue, thereby reducing production of free fatty 
acids (Figure 22.9). The liver normally uses circulating free fatty 
acids as a major precursor for triglyceride synthesis. Reduced 
liver triglyceride levels decrease hepatic VLDL production, which 
in turn reduces LDL-C plasma concentrations.

2. Therapeutic uses: Because niacin lowers plasma levels of both 
cholesterol and triglycerides, it is useful in the treatment of familial 
hyperlipidemias. It is also used to treat other severe hypercholes-
terolemias, often in combination with other agents.

3. Pharmacokinetics: Niacin is administered orally. It is converted in 
the body to nicotinamide, which is incorporated into the cofactor 
nicotinamide adenine dinucleotide (NAD+). Niacin, its nicotinamide 
derivative, and other metabolites are excreted in the urine. [Note: 
Administration of nicotinamide alone does not decrease plasma 
lipid levels.]

4. Adverse effects: The most common adverse effects of niacin 
are an intense cutaneous flush accompanied by an uncomfort-
able feeling of warmth and pruritus. Administration of aspirin 
prior to taking niacin decreases the flush, which is prostaglandin- 
mediated. Some patients also experience nausea and abdominal 
pain. Slow titration of the dosage or use of the sustained-release 
formulation of niacin reduces bothersome initial adverse effects. 
Niacin inhibits tubular secretion of uric acid and, thus, predis-
poses patients to hyperuricemia and gout. Impaired glucose 
tolerance and hepatotoxicity have also been reported. The drug 
should be avoided in active hepatic disease or in patients with an 
active peptic ulcer.

C. Fibrates

 Fenofibrate [fen-oh-FIH-brate] and gemfibrozil [jem-FI-broh-zill] are deriv-
atives of fibric acid that lower serum triglycerides and increase HDL-C.

1. Mechanism of action: The peroxisome proliferator–activated 
receptors (PPARs) are members of the nuclear receptor family 
that regulate lipid metabolism. PPARs function as ligand- activated 
transcription factors. Upon binding to their natural ligands (fatty 
acids or eicosanoids) or antihyperlipidemic drugs, PPARs are 
 activated. They then bind to peroxisome proliferator response 
 elements, which ultimately leads to decreased triglyceride con-
centrations through increased expression of lipoprotein lipase 
(Figure 22.10) and decreased apolipoprotein (apo) CII concen-
tration. Fibrates are known to decrease triglyceride levels to the 
extent of 20% to 50%. Fenofibrate is more effective than gemfi-
brozil in lowering triglyceride levels. Fibrates also increase HDL-C 
by increasing the expression of apo AI and apo AII.

2. Therapeutic uses: The fibrates are used in the treatment of hyper-
triglyceridemias. They are particularly useful in  treating type  III 
hyperlipidemia (dysbetalipoproteinemia), in which  intermediate- 
density lipoprotein particles accumulate.

-

Fatty acids

VLDL

VLDL

Triglyceride

Fatty acids

LIVER

Triglyceride

ADIPOSE 
TISSUE

Niacin

LDL

Figure 22.9
Niacin inhibits lipolysis in adipose 
tissue, resulting in decreased hepatic 
very–low-density lipoprotein (VLDL) 
synthesis and production of low- 
density lipoprotein (LDL) in the 
plasma.
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421III. Drugs for Hyperlipidemia

3. Pharmacokinetics: Gemfibrozil and fenofibrate are completely 
absorbed after oral administration and distribute widely, bound to 
albumin. Fenofibrate is a prodrug, which is converted to the active 
moiety fenofibric acid. Both drugs undergo extensive biotransfor-
mation and are excreted in the urine as glucuronide conjugates.

4. Adverse effects: The most common adverse effects are mild 
gastrointestinal (GI) disturbances. These lessen as the therapy 
progresses. Because these drugs increase biliary cholesterol 
excretion, there is a predisposition to form gallstones. Myositis 
(inflammation of a voluntary muscle) can occur, and muscle 
weakness or tenderness should be evaluated. Patients with renal 
insufficiency may be at risk. Myopathy and rhabdomyolysis have 
been reported in patients taking gemfibrozil and statins together. 
The use of gemfibrozil is contraindicated with simvastatin, and, in 
general, the use of gemfibrozil with any statin should be avoided. 
Both fibrates may increase the effects of warfarin. Therefore, INR 
should be monitored more frequently when a fibrate is initiated. 
Fibrates should not be used in patients with severe hepatic or 
renal dysfunction, in patients with preexisting gallbladder disease 
or biliary cirrhosis.

D. Bile acid sequestrants

 Bile acid sequestrants (resins) have significant LDL-C lowering effects, 
although the benefits are less than those observed with statins.

1. Mechanism of action: Cholestyramine [koe-LES-tir-a-meen], 
colestipol [koe-LES-tih-pole], and colesevelam [koh-le-SEV-e-lam]  
are anion-exchange resins that bind negatively charged bile 
acids and bile salts in the small intestine (Figure 22.11). The resin/
bile acid complex is excreted in the feces, thus lowering the bile 
acid concentration. This causes hepatocytes to increase conver-
sion of cholesterol to bile acids, which are essential components 
of the bile. Consequently, intracellular cholesterol concentra-
tions decrease, which activates an increased hepatic uptake of 
 cholesterol-containing LDL-C particles, leading to a decrease in 
plasma LDL-C. [Note: This increased uptake is mediated by an 
up- regulation of cell surface LDL receptors.]

2. Therapeutic uses: The bile acid sequestrants are useful (often in 
combination with diet or niacin) for treating type IIA and type  IIB 
hyperlipidemias. [Note: In those rare individuals who are homo-
zygous for type IIA and functional LDL receptors are totally 
lacking, these drugs have little effect on plasma LDL levels.] 
Cholestyramine can also relieve pruritus caused by accumulation 
of bile acids in patients with biliary stasis. Colesevelam is also 
indicated for type 2 diabetes due to its glucose-lowering effects.

3. Pharmacokinetics: Bile acid sequestrants are insoluble in water 
and have large molecular weights. After oral administration, they 
are neither absorbed nor metabolically altered by the intestine. 
Instead, they are totally excreted in feces.

4. Adverse effects: The most common adverse effects are GI 
disturbances, such as constipation, nausea, and flatulence. 
Colesevelam has fewer GI side effects than other bile acid seques-
trants. These agents may impair the absorption of the fat-soluble 

Figure 22.10
Activation of lipoprotein lipase by 
gemfibrozil. IDL = intermediate-density 
lipoprotein; VLDL = very–low-density 
lipoprotein. 
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422 22. Drugs for Hyperlipidemia

vitamins (A, D, E, and K), and they interfere with the absorption of 
many drugs (for example, digoxin, warfarin, and thyroid hormone). 
Therefore, other drugs should be taken at least 1 to 2 hours before, 
or 4 to 6 hours after the bile acid sequestrants. These agents may 
raise triglyceride levels and are contraindicated in patients with 
significant hypertriglyceridemia (>400 mg/dL).

E. Cholesterol absorption inhibitor

 Ezetimibe [eh-ZEH-teh-mibe] selectively inhibits absorption of dietary 
and biliary cholesterol in the small intestine, leading to a decrease in 
the delivery of intestinal cholesterol to the liver. This causes a reduc-
tion of hepatic cholesterol stores and an increase in clearance of 
cholesterol from the blood. Ezetimibe lowers LDL-C by approximately 
18% to 23%. Due to its modest LDL-C lowering, ezetimibe is often 
used as an adjunct to maximally tolerated statin therapy in patients 
with high ASCVD risk or in statin-intolerant patients. Ezetimibe is 
 primarily metabolized in the small intestine and liver via glucuronide 
conjugation, with subsequent biliary and renal excretion. Patients with 
 moderate-to-severe hepatic insufficiency should not be treated with 
ezetimibe. Adverse effects are uncommon with use of ezetimibe.

F. Proprotein convertase subtilisin kexin type 9 inhibitors

 Proprotein convertase subtilisin kexin type 9 (PCSK9) is an enzyme pre-
dominately produced in the liver. PCSK9 binds to the LDL receptor on 
the surface of hepatocytes, leading to the degradation of LDL receptors 
(Figure 22.12). By inhibiting the PCSK9 enzyme, more LDL receptors are 
available to clear LDL-C from the serum. Alirocumab [al-i-ROK- ue-mab]  
and evolocumab [e-voe-LOK-ue-mab] are PCSK9 inhibitors which are 
fully humanized monoclonal antibodies. These agents are used in addi-
tion to maximally tolerated statin therapy in patients with heterozygous 
or homozygous familial hypercholesterolemia, or in patients with clini-
cal ASCVD who required additional LDL-C lowering. When combined 
with statin therapy, PCSK9 inhibitors provide potent LDL-C lowering 
(50% to 70%). They may also be considered for patients with high 
ASCVD risk and statin intolerance. PCSK9 inhibitors are only available 
as subcutaneous injections and are administered every 2 to 4 weeks. 
Monoclonal antibodies are not eliminated by the kidneys and have been 
used in dialysis patients or those with severe renal impairment. PCSK9 
inhibitors are generally well tolerated. The most common adverse drug 
reactions are injection site reactions, immunologic or allergic reactions, 
nasopharyngitis, and upper respiratory tract infections. 

G. Omega-3 fatty acids

 Omega-3 polyunsaturated fatty acids (PUFAs) are essential fatty 
acids that are predominately used for triglyceride lowering. Essential 
fatty acids inhibit VLDL and triglyceride synthesis in the liver. The 
omega-3 PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) are found in marine sources such as tuna, halibut, and 
salmon. Approximately 4 g of marine-derived omega-3 PUFAs daily 
decrease serum triglyceride concentrations by 25% to 30%, with 
small increases in LDL-C and HDL-C. Over-the-counter or prescription 
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Figure 22.11
Mechanism of bile acid sequestrants.
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423III. Drugs for Hyperlipidemia

fish oil capsules (EPA/DHA) can be used for supplementation, as it 
is difficult to consume enough omega-3 PUFAs from dietary sources 
alone. Icosapent [eye-KOE-sa-pent] ethyl is a prescription product 
that contains only EPA and, unlike other fish oil supplements, does 
not significantly raise LDL-C. Omega-3 PUFAs can be considered an 
adjunct to other lipid-lowering therapies for individuals with elevated 
triglycerides (≥500 mg/dL). Although effective for triglyceride lowering, 
omega-3 PUFA supplementation has not been shown to reduce car-
diovascular morbidity and mortality. The most common side effects of 
omega-3 PUFAs include GI effects (abdominal pain, nausea, diarrhea) 
and a fishy aftertaste. Bleeding risk can be increased in those who are 
concomitantly taking anticoagulants or antiplatelet agents.

H. Combination drug therapy

 It is sometimes necessary to use two antihyperlipidemic drugs to 
achieve treatment goals. Patients with established ASCVD, an ele-
vated 10-year risk of ASCVD, or those that do not achieve intended 
LDL-C reductions on maximally tolerated statin therapy may be con-
sidered for combination therapy. Ezetimibe and PCSK9 inhibitors can 
be considered for add-on therapy, since there is evidence that these 
combinations further reduce ASCVD events in patients already taking 

Figure 22.12
Mechanism of action of PCSK9 inhibitors. PCSK9 binds to the LDL receptor on the surface of hepatocytes, leading 
to degradation of LDL receptors. Inhibition of PCSK9 prevents degradation of LDL receptors and promotes greater 
clearance of LDL-C from the serum. LDL = low-density lipoprotein cholesterol; PCSK9 = proprotein convertase sub-
tilisin kexin type 9.
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424 22. Drugs for Hyperlipidemia

statin therapy. Combination drug therapy is not without risks. Liver 
and muscle toxicity occur more frequently with lipid-lowering drug 
combinations. Figure 22.13 summarizes some actions of the antihy-
perlipidemic drugs.

DRUGS DAILY DOSE  EFFECTS ON LIPIDS  USE ADVERSE EFFECTS

Statins:
Lovastatin

Simvastatin

Atorvastatin

Rosuvastatin

10–80 mg

5–40 mg

10–80 mg

5–20 mg

Decrease TG

Decrease LDL

Increase HDL

 • Patients with any form of clini-
cal ASCVD

 • Patients with primary LDL-C 
levels of ≥190 mg/dL

 • Patients with diabetes mellitus, 
40 to 75 years of age, with 
LDL-C levels of 70 to 189 mg/dL

 • Patients without diabetes, 
40 to 75 years of age, with an 
estimated 10-year ASCVD risk 
≥7.5%

Usually well tolerated; tran-
sient gastrointestinal symp-
toms, headache, myalgia, and 
dizziness; myopathy (usually at 
higher doses), rhabdomyolysis, 
and an increase in serum trans-
aminase; cardiomyopathy 

Bile acid–binding resins:
Cholestyramine
Colestipol

4–16 mg
5–30 mg

TG  generally not effected
Decrease LDL
Increase HDL

Poor patient tolerance due 
to gastrointestinal distur-
bances (constipation, nausea, 
indigestion, bloating, and flat-
ulence); on long-term therapy 
osteoporosis due to calcium 
loss, hypertriglyceridemia, 
and deficiency of vitamins and 
minerals 

Fibric acid derivatives:  
Gemfibrozil
Bezafibrate 
Fenofibrate

1200 mg
600 mg
200 mg

Decrease TG
Decrease LDL
Increase HDL 

Usually well tolerated; gastro-
intestinal symptoms, myopa-
thy, arrhythmia, skin rashes, 
and gallstones

Avoid in patients with liver and 
renal dysfunction

Nicotinic acid derivatives:
Niacin  2–6 g Decrease TG

Decrease LDL
Increase HDL

Poor patient tolerance; intense 
cutaneous flush, itching, head-
ache, nausea and abdominal 
discomfort; elevation of liver 
enzymes; glucose in tolerance 
and hyperuricemia

Combination with statins 
increases the incidence of 
rhabdomyolysis 

Cholesterol absorption inhibitors:
Ezetimibe 10 mg Decrease LDL

Decrease cholesterol
Usually well tolerated; head-
ache, abdominal pain, and 
diarrhea; elevations in liver 
enzymes alanine transaminase 
and aspartate transaminase

Figure 22.13
Various classes of antihyperlipidemic drugs and their effect on lipids.
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425Study Questions

Study Questions

Choose the ONE best answer.

22.1 Which of the following is the most common 
adverse effect of antihyperlipidemic drug therapy?

A. Elevated blood pressure

B. Gastrointestinal disturbance

C. Neurologic problems

D. Heart palpitations

22.2 Which of the following hyperlipidemias is charac-
terized by elevated plasma levels of chylomicrons 
and has no drug therapy available to lower the 
plasma lipoprotein levels?

A. Type I

B. Type II

C. Type III

D. Type IV

22.3 Which of the following drugs decreases cho-
lesterol synthesis by inhibiting the enzyme 
3-hydroxy-3-methylglutaryl coenzyme A reductase?

A. Fenofibrate

B. Cholestyramine

C. Lovastatin

D. Gemfibrozil

22.4 Which of the following nonstatin drugs lowers 
LDL-C most effectively?

A. Niacin

B. Alirocumab

C. Cholestyramine

D. Ezetimibe

22.5 Which of the following drugs binds bile acids in the 
intestine, thus preventing their return to the liver 
via the enterohepatic circulation?

A. Niacin

B. Fenofibrate

C. Cholestyramine

D. Fluvastatin

22.6 A 65-year-old man has type 2 diabetes mellitus 
and an LDL-C of 165 mg/dL. Which is the best 
option to lower LDL-C and decrease the risk of 
ASCVD events in this patient?

A. Fenofibrate

B. Colesevelam

C. Rosuvastatin

D. Ezetimibe

Correct answer = B. Gastrointestinal disturbances 
frequently occur as an adverse effect of antihyperlip-
idemic drug therapy. The other choices are not seen 
as often.

Correct answer = A. Type I hyperlipidemia (hyperchy-
lomicronemia) is treated with a low-fat diet. No drug 
therapy is effective for this disorder.

Correct answer = C. Lovastatin decreases choles-
terol synthesis by inhibiting HMG CoA reductase. 
Fenofibrate and gemfibrozil increase the activity of 
lipoprotein lipase, thereby increasing the removal 
of VLDL from plasma. Cholestyramine lowers the 
amount of bile acids returning to the liver via the 
enterohepatic circulation.

Correct answer = B. Alirocumab is a PCSK9 inhib-
itor that can lower LDL-C by up to 70% in patients 
on statin therapy. Niacin primarily raises HDL-C and 
decreases triglycerides, with less potent effects on 
LDL-C lowering. Cholestyramine and ezetimibe both 
lower LDL-C, although not as potently as PCSK9 
inhibitors.

Correct answer = C. Cholestyramine is an anion-ex-
change resin that binds negatively charged bile acids 
and bile salts in the small intestine. The resin/bile acid 
complex is excreted in the feces, thus preventing the 
bile acids from returning to the liver by the enterohe-
patic circulation. The other choices do not bind intes-
tinal bile acids.

Correct answer = C. Rosuvastatin, an HMG CoA 
reductase inhibitor (statin), is the most effective 
option for lowering LDL-C, achieving reductions of up 
to 60% from baseline levels. Statins are the primary 
modality for reducing ASCVD risk when drug therapy 
is indicated. Fenofibrate is more effective at lower-
ing triglyceride levels or raising HDL-C. Colesevelam 
can reduce LDL-C, but not as effectively as statins. 
Ezetimibe lowers LDL-C modestly compared to the 
LDL-C reduction achieved by statins.
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 22.7 A 62-year-old female with hyperlipidemia and 
hypothyroidism is prescribed cholestyramine 
and levothyroxine (thyroid hormone). What 
advice would you give this patient to avoid a 
drug interaction between her cholestyramine and 
levothyroxine?

A. Stop taking the levothyroxine as it can interact 
with cholestyramine.

B. Take levothyroxine 1 hour before cholestyr-
amine on an empty stomach.

C. Switch cholestyramine to colesevelam as this 
eliminates the interaction.

D. Switch cholestyramine to colestipol as this 
eliminates the interaction.

 22.8 A 42-year-old man was started on sustained- 
release niacin 2 weeks ago. He reports uncom-
fortable flushing and itchiness that he thinks 
is related to the niacin. Which of the following 
can help manage this adverse effect of niacin 
therapy?

A. Administer aspirin 30 minutes prior to taking 
niacin.

B. Administer aspirin 30 minutes after taking 
niacin.

C. Increase the dose of niacin.

D. Change the sustained-release niacin to imme-
diate-release niacin.

 22.9 A 72-year-old man with hyperlipidemia and renal 
insufficiency has been treated with high-intensity 
atorvastatin for 6 months. His LDL-C is 131 mg/dL;  
triglycerides, 710 mg/dL; and HDL-C, 32 mg/dL.  
His physician wishes to add another agent for 
hyperlipidemia. Which is the best option to 
address the hyperlipidemia in this patient?

A. Fenofibrate

B. Niacin

C. Colestipol

D. Gemfibrozil

22.10 Which patient population is most likely to experi-
ence myalgia (muscle pain) or myopathy with use 
of HMG CoA reductase inhibitors?

A. Patients with renal insufficiency

B. Patients with gout

C. Patients with hypertriglyceridemia

D. Patients taking warfarin (blood thinner)

Correct answer = B. Cholestyramine and the bile acid 
sequestrants can bind several medications, caus-
ing decreased absorption of medications such as 
levothyroxine. Administration of levothyroxine 1 hour 
before or 4 to 6 hours after cholestyramine can help 
to avoid this interaction. Choices C and D are incor-
rect, as all bile acid sequestrants cause this interac-
tion. Choice A is incorrect, as this patient should not 
stop her thyroid medication. 

Correct answer = A. Flushing associated with niacin 
is prostaglandin mediated; therefore, use of aspirin 
(a prostaglandin inhibitor) can help to minimize this 
adverse effect. It must be administered 30 minutes 
before the dose of the niacin; therefore, choice B 
is incorrect. Increasing the dose of niacin is likely 
to increase these complaints; therefore, choice C is 
incorrect. The sustained-release formulation of nia-
cin has less incidence of flushing versus that of the 
immediate release; therefore, choice D is incorrect.

Correct answer = B. This patient has significantly ele-
vated triglycerides and low HDL-C. Niacin can lower 
triglycerides by 35% to 50% and also raise HDL-C. 
The fibrates (fenofibrate and gemfibrozil) should not 
be used due to the history of renal insufficiency. In 
addition, the use of gemfibrozil with statins should be 
avoided. Colestipol should not be used because tri-
glycerides are greater than 400 mg/dL. 

Correct answer = A. Patients with a history of renal 
insufficiency have a higher incidence of developing 
myalgias, myopathy, and rhabdomyolysis with use 
of HMG CoA reductase inhibitors (statins), espe-
cially with those that are renally eliminated as drug 
accumulation can occur. The other populations have 
not been reported to have a higher incidence of this 
adverse effect with HMG CoA reductase inhibitors.
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I. OVERVIEW

The endocrine system releases hormones into the bloodstream, which car-
ries chemical messengers to target cells throughout the body. Hormones 
have a much broader range of response time than do nerve impulses, 
requiring from seconds to days, or longer, to cause a response that may 
last for weeks or months. [Note: Nerve impulses generally act within 
 milliseconds.] An important function of the hypothalamus is to connect the 
nervous system with the endocrine system via the pituitary gland. This 
chapter presents the central role of hypothalamic and pituitary hormones 
in regulating body functions. In addition, drugs affecting thyroid hormone 
synthesis and/or secretion are discussed (Figure 23.1). Chapters 24 to 26 
focus on drugs that affect the synthesis and/or secretion of specific hor-
mones and their actions. 

II.  HYPOTHALAMIC AND ANTERIOR PITUITARY 
HORMONES

The hormones secreted by the hypothalamus and the pituitary are peptides 
or glycoproteins that act by binding to specific receptor sites on target 
tissues. The hormones of the anterior pituitary are regulated by neuropep-
tides that are called either “releasing” or “inhibiting” factors or hormones. 
These are produced in the hypothalamus, and they reach the pituitary by 
the hypophyseal portal system (Figure 23.2). The interaction of the releas-
ing hormones with receptors results in the activation of genes that promote 
the synthesis of protein precursors. The protein precursors then undergo 
post-translational modification to produce hormones, which are released 
into the circulation. Each hypothalamic regulatory hormone controls the 
release of a specific hormone from the anterior pituitary. Pituitary hormone 
preparations are currently used for specific hormonal deficiencies, although 
most of the agents have limited therapeutic applications. Hormones of the 
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Figure 23.1
Hormones and drugs affecting the 
hypothalamus, pituitary, and thyroid.
(Figure continues on next page)
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428 23. Pituitary and Thyroid

anterior pituitary are administered intramuscularly (IM), subcutaneously, 
or intranasally because their peptidyl nature makes them susceptible to 
destruction by proteolytic enzymes of the digestive tract.

A. Adrenocorticotropic hormone (corticotropin)

 Corticotropin-releasing hormone (CRH) is responsible for the synthe-
sis and  release of the peptide pro-opiomelanocortin by the pituitary 
(Figure  23.3). Adrenocorticotropic hormone (ACTH) or corticotropin  
[kor-ti-koe-TROE-pin] is a product of the post-translational processing of 
this precursor polypeptide. [Note: CRH is used diagnostically to differ-
entiate between Cushing syndrome and ectopic ACTH-producing cells.] 
Normally, ACTH is released from the pituitary in pulses with an over-
riding diurnal rhythm, with the highest concentration occurring in early 
morning and the lowest in late evening. Stress stimulates its secretion 
whereas cortisol acting via negative feedback suppresses its release.

1. Mechanism of action: ACTH binds to receptors on the surface  
of the adrenal cortex, thereby activating G protein–coupled 

THYROID HORMONES

Thyroid hormone synthesis and 
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Thyrotropin-releasing hormone 
(TRH)

Thyroid-stimulating hormone  
(TSH; thyrotropin)

Levothyroxine (T4)
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DRUGS AFFECTING THE THYROID

Iodine and potassium iodide
Methimazole 
Propylthiouracil (PTU) 

Figure 23.1 (Continued) 
Hormones and drugs affecting the 
 hypothalamus, pituitary, and thyroid.

Figure 23.2
Anterior pituitary hormones. ACTH = adrenocorticotropic hormone; FSH = follicle-stimulating hormone;  
LH = luteinizing hormone; TSH = thyroid-stimulating hormone. Modified from B. G. Katzung, Basic and Clinical 
Pharmacology, Appleton and Lange (1987).
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429II. Hypothalamic and Anterior Pituitary Hormones

processes that ultimately stimulate the rate-limiting step in the 
adrenocorticosteroid synthetic pathway (cholesterol to pregnen-
olone; Figure 23.3). This pathway ends with the synthesis and 
release of adrenocorticosteroids and the adrenal androgens.

2. Therapeutic uses: The availability of synthetic adrenocorticoste-
roids with specific properties has limited the use of corticotropin 
mainly to serving as a diagnostic tool for differentiating between 
primary adrenal insufficiency (Addison disease, associated with 
adrenal atrophy) and secondary adrenal insufficiency (caused by 
inadequate secretion of ACTH by the pituitary). Therapeutic cor-
ticotropin preparations are extracts from the anterior pituitaries of 
domestic animals or synthetic human ACTH. The latter, cosyn-
tropin [ko-sin-TROE-pin], is preferred for the diagnosis of adre-
nal insufficiency. ACTH is also used in the treatment of infantile 
spasms and multiple sclerosis.

3. Adverse effects: Short-term use of ACTH for diagnostic purposes 
is usually well tolerated. With longer use, toxicities are similar to 
glucocorticoids and include hypertension, peripheral edema, hypo-
kalemia, emotional disturbances, and increased risk of infection.

B. Growth hormone (somatotropin)

 Somatotropin is released by the anterior pituitary in response to 
growth hormone (GH)-releasing hormone (Figure 23.4). Conversely, 
secretion of GH is inhibited by the hormone somatostatin (see below). 
GH is released in a pulsatile manner, with the highest levels occurring 
during sleep. With increasing age, GH secretion decreases, accompa-
nied by a decrease in lean muscle mass. Somatotropin influences a 
wide variety of biochemical processes (for example, cell proliferation 
and bone growth). Synthetic human GH (somatropin [soe-mah-TROE-
pin]) is produced using recombinant DNA technology.

1. Mechanism of action: Although many physiologic effects of GH 
are exerted directly at its targets, others are mediated through 
the somatomedins—insulin-like growth factors 1 and 2 (IGF-1 
and IGF-2). [Note: In acromegaly (a syndrome of excess GH due 
to hormone-secreting tumors), IGF-1 levels are consistently high, 
reflecting elevated GH.]

2. Therapeutic uses: Somatropin is used in the treatment of GH 
deficiency, growth failure in children, treatment of HIV patients 
with cachexia, and GH replacement in adults with confirmed 
deficiency. [Note: GH administered to adults increases lean body 
mass, bone density, and skin thickness and decreases adipose 
tissue. Many consider GH an “antiaging” hormone. This has led 
to off-label use of GH by older individuals and by athletes seek-
ing to enhance performance.] Somatropin is administered by sub-
cutaneous or IM injection. Although the half-life of GH is short 
(approximately 25 minutes), it induces release of IGF-1 from the 
liver, which is responsible for subsequent GH-like actions.

3. Adverse effects: Adverse effects of somatropin include pain at 
the injection site, edema, arthralgias, myalgias, nausea, and an 
increased risk of diabetes. Somatropin should not be used in 
pediatric patients with closed epiphyses, patients with diabetic 
retinopathy, or obese patients with Prader-Willi syndrome.

POSTERIOR
LOBE

ANTERIOR
LOBE

HYPOTHALAMUS

ADRENAL GLAND

CRH

ADRENAL CORTEX

Desmolase
Cholesterol Pregnenolone

Progesterone 

Cortisol 

Cortisol Increased 
gluconeogenesis

Anti-in�ammatory
actions

Increased
protein

breakdown

+

PITUITARY GLAND

Proopio-
melano-

cortin 

ACTH 

CRH

+

ACTH 

Figure 23.3
Secretion and actions of  
adrenocorticotropic hormone (ACTH).  
CRH = corticotropin-releasing 
hormone.

LIR_CH23.indd   429 09/10/18   12:46 PM



430 23. Pituitary and Thyroid

C. Somatostatin (growth hormone–inhibiting hormone)

 In the pituitary, somatostatin binds to receptors that suppress GH 
and thyroid-stimulating hormone release. Originally isolated from the 
hypothalamus, somatostatin is a small polypeptide found in neurons 
throughout the body as well as in the intestine, stomach, and pan-
creas. Somatostatin inhibits not only release of GH but also insulin, 
glucagon, and gastrin. Octreotide [ok-TREE-oh-tide] and lanreotide 
[lan-REE-oh-tide] are synthetic analogs of somatostatin with longer 
half-lives. Depot formulations of these agents allow for administration 
every 4 weeks. They have found use in the treatment of acromegaly 
and in severe diarrhea/flushing episodes associated with carcinoid 
tumors. An intravenous infusion of octreotide is also used for the treat-
ment of bleeding esophageal varices. Adverse effects of octreotide 
include bradycardia, diarrhea, abdominal pain, flatulence,  nausea, 
and steatorrhea. Gallbladder emptying is delayed, and asymptomatic 
cholesterol gallstones can occur with long-term treatment. 

D. Gonadotropin-releasing hormone

 Pulsatile secretion of gonadotropin-releasing hormone (GnRH) from 
the hypothalamus is essential for release of the gonadotropins  follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) from the anterior 
pituitary. However, continuous administration of GnRH inhibits gonadotro-
pin release through down-regulation of GnRH receptors on the pituitary. 

 Continuous administration of synthetic GnRH analogs, such as 
leuprolide [loo-PROE-lide], is effective in suppressing production of 
FSH and LH (Figure 23.5). 

 Suppression of gonadotropins, in turn, leads to reduced production 
of gonadal steroid hormones (androgens and estrogens). Thus, these 
agents are effective in the treatment of prostate cancer, endometriosis, 
and precocious puberty. Leuprolide is also used to suppress the LH 
surge and prevent premature ovulation in women undergoing controlled 
ovarian stimulation protocols for the treatment of infertility. [Note: GnRH 
antagonists such as cetrorelix (set-roe-REL-iks) and ganirelix (ga-ni-
REL-iks) can also be used to inhibit LH secretion in infertility protocols]. 
Goserelin, triptorelin, and nafarelin are the long-acting GnRH agonists  
available for subcutaneous and intramuscular injection. These are used 
for the suppression of endogenous gonadotropin before ovulation induc-
tion and in endometriosis, carcinoma of prostate, etc. Goserelin depot  
(either 3.6 mg every month or 10.8 mg once in 3 months) along with an 
androgen antagonist bicalutamide is used for the treatment of prostate 
carcinoma. Nafarelin can be administered intranasally at the dose of 
200 to 400 µg twice daily for the endogenous FSH and LH suppression 
for controlled stimulation of ovulation using externally administered FSH 
and LH. Nafarelin intranasal is also used for the reduction of uterine 
fibroids (leiomyoma) and endometriosis and central precocious puberty.

 In women, the GnRH analogs may cause hot flushes and sweating, 
as well as diminished libido, depression, and ovarian cysts. They are 
contraindicated in pregnancy and breastfeeding. In men, they initially 
cause a rise in testosterone that can result in bone pain. Hot flushes, 
edema, gynecomastia, and diminished libido may also occur.

E. Gonadotropins

 The gonadotropins (FSH and LH) are produced in the anterior pitu-
itary. The regulation of gonadal steroid hormones depends on these 
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Figure 23.5
Secretion of follicle-stimulating hor-
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431III. Hormones of the Posterior Pituitary

agents. They find use in the treatment of infertility. Menotropins 
[men-oh-TROE-pinz] (also known as human menopausal gonad-
otropins or hMG) are obtained from the urine of postmenopausal 
women and contain both FSH and LH. Urofollitropin [yoor-oh-fol-
li-TROE-pin] is FSH obtained from postmenopausal women and is 
devoid of LH. Follitropin [fol-ih-TROE-pin] alfa and follitropin beta 
are human FSH products manufactured using recombinant DNA 
technology. Human chorionic gonadotropin (hCG) is a placental hor-
mone that is excreted in the urine of pregnant women. The effects of 
hCG and choriogonadotropin [kore-ee-oh-goe-NAD-oh-troe-pin] alfa 
(made using recombinant DNA technology) are essentially identical 
to those of LH. All of these hormones are injected via the IM or sub-
cutaneous route. Injection of hMG or FSH products over a period of 
5 to 12 days causes ovarian follicular growth and maturation, and 
with subsequent injection of hCG, ovulation occurs. Adverse effects 
include ovarian enlargement and possible ovarian hyperstimulation 
syndrome, which may be life threatening. Multiple births can occur. 
Menotropin is a preparation isolated from the urine of menopausal 
women containing both FSH and LH. It is used at the dose of 75 to 
150 IU (each) per day. Menotropin or pure FSH is used for the induc-
tion of ovulation for 10 days followed by a single dose of HCG. It is 
used for the treatment of amenorrhea and infertility. Urofollitropin, a 
pure form of FSH, is also available for the induction of ovulation in 
women with polycystic ovarian syndrome. 

F. Prolactin

 Prolactin is a peptide hormone secreted by the anterior pituitary. Its 
primary function is to stimulate and maintain lactation. In addition, it 
decreases sexual drive and reproductive function.  Thyrotropin-releasing 
hormone stimulates the release of prolactin, and secretion is inhib-
ited by dopamine acting at D2 receptors (Figure 23.6). [Note: Drugs 
that act as dopamine antagonists (for example, metoclopramide 
and some antipsychotics) can increase the secretion of  prolactin.] 
Hyperprolactinemia, which is associated with galactorrhea and hypo-
gonadism, is treated with D2 receptor agonists, such as bromocriptine 
and cabergoline. Both of these agents also find use in the treatment 
of pituitary microadenomas. Bromocriptine is also indicated for the 
treatment of type 2 diabetes. Among their adverse effects are nausea, 
headache and, less frequently, psychosis.

III. HORMONES OF THE POSTERIOR PITUITARY

In contrast to the hormones of the anterior lobe of the pituitary, those of 
the posterior lobe, vasopressin and oxytocin, are not regulated by releasing 
hormones. Instead, they are synthesized in the hypothalamus, transported 
to the posterior pituitary, and released in response to specific physiologic 
signals, such as high plasma osmolarity or parturition. Both hormones are 
administered intravenously and have very short half-lives. Their actions are 
summarized in Figure 23.7.

A. Oxytocin

 Oxytocin [ok-se-TOE-sin] is used in obstetrics to stimulate uterine 
contraction and induce labor. Oxytocin also causes milk ejection 
by contracting the myoepithelial cells around the mammary alveoli. 

Figure 23.6
Secretion and action of prolactin. 
TRH = Thyrotropin-releasing hor-
mone. From Preston RR, Wilson 
TE: Lippincott Illustrated Reviews: 
Physiology. Lippincott Williams and 
Wilkins (2013).
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432 23. Pituitary and Thyroid

Although toxicities are uncommon with proper drug use, hyperten-
sion, uterine rupture, water retention, and fetal death may occur. Its 
antidiuretic and pressor activities are much less than those of vaso-
pressin. Desamino–oxytocin has been developed as a buccal tablet 
formulation for the treatment of postpartum hemorrhage, induction of 
labor, and breast engorgement. Its action is similar to that of oxytocin. 
Buccal tablets containing 25 to 50 IU of desamino–oxytocin is avail-
able for the above therapy. 

B. Vasopressin

 Vasopressin [vas-oh-PRESS-in] (antidiuretic hormone) is structurally 
related to oxytocin. Vasopressin has both antidiuretic and vasopres-
sor effects (Figure 23.7). In the kidney, it binds to the V2 receptor 
to increase water permeability and reabsorption in the collecting 
tubules. Thus, the major use of vasopressin is to treat diabetes insip-
idus. It also finds use in septic shock and in controlling bleeding due 
to esophageal varices. Other effects of vasopressin are mediated 
by the V1 receptor, which is found in liver, vascular smooth muscle 
(where it causes constriction), and other tissues. The major toxicities 
of vasopressin are water intoxication and hyponatremia. Abdominal 
pain, tremor, and vertigo can also occur. Desmopressin [des-moe-
PRESS-in], an analog of vasopressin, has minimal activity at the V1 
receptor, making it largely free of pressor effects. This analog is longer 
acting than vasopressin and is preferred for the treatment of diabetes 
insipidus and nocturnal enuresis. For these indications, desmopressin 
is administered intranasally or orally. [Note: The nasal spray should 
not be used for enuresis due to reports of seizures in children using 
this formulation.] Local irritation may occur with the nasal spray.

IV. THYROID HORMONES

The thyroid gland facilitates normal growth and maturation by maintaining 
a level of metabolism in the tissues that is optimal for normal function. 
The two major thyroid hormones are triiodothyronine (T3; the most active 
form) and thyroxine (T4). Inadequate secretion of thyroid hormone (hypo-
thyroidism) results in bradycardia, cold intolerance, and mental and phys-
ical slowing. In children, this can cause mental retardation and dwarfism. 
By contrast, excess secretion of thyroid hormones (hyperthyroidism) can 
cause tachycardia and cardiac arrhythmias, body wasting, nervousness, 
tremor, and heat intolerance.

A. Thyroid hormone synthesis and secretion

 The thyroid gland is made up of multiple follicles that consist of a 
single layer of epithelial cells surrounding a lumen filled with thyro-
globulin (the storage form of thyroid hormone). Thyroid function is 
controlled by thyroid-stimulating hormone (TSH; thyrotropin), which 
is synthesized by the anterior pituitary (Figure 23.8). [Note: The hypo-
thalamic thyrotropin-releasing hormone (TRH) governs the generation 
of TSH.] TSH action is mediated by cAMP and leads to stimulation 
of iodide (I−) uptake by the thyroid gland. Oxidation to iodine (I2) by 
a peroxidase is followed by iodination of tyrosines on thyroglobulin. 
[Note: Antibodies to thyroid peroxidase are diagnostic for Hashimoto 
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433IV. Thyroid Hormones

thyroiditis, a common cause of hypothyroidism.] Condensation of two 
diiodotyrosine residues gives rise to T4, whereas condensation of a 
monoiodotyrosine residue with a diiodotyrosine residue generates T3. 
The hormones are released following proteolytic cleavage of the thy-
roglobulin. A summary of the steps in thyroid hormone synthesis and 
secretion is shown in Figure 23.9.

B. Mechanism of action

 Most circulating T3 and T4 is bound to thyroxine-binding globulin in 
the plasma. The hormones must dissociate from thyroxine- binding 
globulin prior to entry into cells. In the cell, T4 is enzymatically deio-
dinated to T3, which enters the nucleus and attaches to specific 
receptors. The activation of these receptors promotes the formation 
of RNA and subsequent protein synthesis, which is responsible for 
the effects of T4.

C. Pharmacokinetics

 Both T4 and T3 are absorbed after oral administration. Food, cal-
cium preparations, iron salts, and aluminum-containing antacids 
can decrease the absorption of T4. Deiodination is the major route 
of metabolism of T4. T3 also undergoes sequential deiodination. The 
hormones are also metabolized via conjugation with glucuronides and 
sulfates and excreted into bile.

D. Treatment of hypothyroidism

 Hypothyroidism usually results from autoimmune destruction of the 
gland and is diagnosed by elevated TSH. Levothyroxine (T4) [leh-vo-
thye-ROK-sin] is preferred over T3 (liothyronine [lye-oh-THYE-roe-
neen]) or T3/T4 combination products (liotrix [LYE-oh-trix]) for the 
treatment of hypothyroidism. Levothyroxine is better tolerated than T3 
preparations and has a longer half-life. It is dosed once daily, and a 
steady state is achieved in 6 to 8 weeks. Toxicity is directly related to 
T4 levels and manifests as nervousness, palpitations and tachycar-
dia, heat intolerance, and unexplained weight loss. Drugs that induce 
the cytochrome P450 enzymes, such as phenytoin, rifampin, and 
phenobarbital, accelerate metabolism of thyroid hormones and may 
decrease the effectiveness (Figure 23.10).

E. Treatment of hyperthyroidism (thyrotoxicosis)

 Graves disease, an autoimmune disease that affects the thyroid, is 
the most common cause of hyperthyroidism. In these situations, TSH 
levels are low due to negative feedback. [Note: Feedback inhibition of 
TRH occurs with high levels of circulating thyroid hormone, which, in 
turn, decreases secretion of TSH.] The goal of therapy is to decrease 
synthesis and/or release of additional hormone. This can be accom-
plished by removing part or all of the thyroid gland, by inhibiting syn-
thesis of the hormones, or by blocking release of hormones from the 
follicle.

1. Removal of the thyroid: This can be accomplished surgically or 
by destruction of the gland with radioactive iodine (131I), which is 
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434 23. Pituitary and Thyroid

selectively taken up by the thyroid follicular cells. Most patients 
become hypothyroid after radioactive iodine and require treat-
ment with levothyroxine.

2. Inhibition of thyroid hormone synthesis: The thioamides, pro-
pylthiouracil [proe-pil-thye-oh-YOOR-ah-sil] (PTU) and methima-
zole [me-THIM-ah-zole], are concentrated in the thyroid, where 
they inhibit both the oxidative processes required for iodination of 
tyrosyl groups and the condensation (coupling) of iodotyrosines to 
form T3 and T4 (Figure 23.9). PTU also blocks the peripheral con-
version of T4 to T3. [Note: These drugs have no effect on thyro-
globulin already stored in the gland. Therefore, clinical effects may 
be delayed until thyroglobulin stores are depleted (Figure 23.11).]  
Methimazole is preferred over PTU because it has a longer half-
life, allowing for once-daily dosing, and a lower incidence of 
adverse effects. However, PTU is recommended during the first 
trimester of pregnancy due to a greater risk of teratogenic effects 
with methimazole. PTU has been associated with hepatotoxicity 
and, rarely, agranulocytosis.
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Study Questions

Choose the ONE best answer.

23.1 Which option is most appropriate for a patient with 
newly diagnosed hyperthyroidism in the first tri-
mester of pregnancy?

A. Methimazole

B. Propylthiouracil (PTU)

C. Radioactive iodine

D. Surgical removal of thyroid

23.2 Which drug is beneficial in the treatment of patients 
with acromegaly?

A. Cosyntropin

B. Lanreotide

C. Oxytocin

D. Somatropin

23.3 A 40-year-old female is undergoing infertility treat-
ments. Which drug might be included in her treat-
ment regimen?

A. Cabergoline

B. Follitropin

C. Methimazole

D. Vasopressin

3. Blockade of hormone release: A pharmacologic dose of iodide 
inhibits the iodination of tyrosines (“Wolff–Chaikoff effect”), but this 
effect lasts only a few days. More importantly, iodide inhibits the 
release of thyroid hormones from thyroglobulin by mechanisms 
not yet understood. Iodide is employed to treat thyroid storm or 
prior to surgery, because it decreases the vascularity of the thy-
roid gland. Iodide, administered orally, is not useful for long-term 
therapy; the thyroid ceases to respond to the drug after a few 
weeks. Adverse effects include sore mouth and throat, swelling of 
the tongue or larynx, rashes, ulcerations of mucous membranes, 
and metallic taste.

4. Thyroid storm: Thyroid storm presents with extreme symptoms 
of hyperthyroidism. The treatment of thyroid storm is the same 
as for hyperthyroidism, except that the drugs are given in higher 
doses and more frequently. β-Blockers, such as metoprolol or 
propranolol, are effective in blunting the widespread sympathetic 
stimulation that occurs in hyperthyroidism.

Figure 23.11
Time required for patients with  
Graves hyperthyroidism to become  
euthyroid with normal serum T4 
and T3 concentrations. Modified 
from K. Okamura, H. Ikenoue, and 
A. Shiroozu. Reevaluation of the 
effects of methylmercaptoimidazole 
and propylthiouracil in patients with 
Graves’ hyperthyroidism. J. Clin. 
Endocrinol. Metab. 65: 719 (1987).
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Correct answer = B. Methimazole is generally pre-
ferred over PTU because it has a longer half-life and 
lower incidence of adverse effects. However, PTU is 
recommended in the first trimester of pregnancy due 
to a greater risk of teratogenic effects with methi-
mazole. Surgery is not ideal in a pregnant patient. 
Radioactive iodine is contraindicated due to potential 
effects on the fetus.

Correct answer = B. Lanreotide is a synthetic ana-
log of somatostatin, which inhibits GH. Acromegaly 
is characterized by an excess of GH. Cosyntropin 
is used as a diagnostic tool in adrenal insufficiency. 
Oxytocin is used for induction of labor. Somatropin 
is synthetic human GH, so it would not be beneficial.

Correct answer = B. Follitropin is a recombinant ver-
sion of FSH that causes ovarian follicular growth and 
maturation. Cabergoline is a dopamine agonist that 
is used for hyperprolactinemia. Methimazole is the 
treatment of choice for hyperthyroidism. Vasopressin 
is an antidiuretic hormone.
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436 23. Pituitary and Thyroid

 23.4 A 29-year-old female has a TSH of 13.5 mIU/L 
(normal 0.5 to 4.7 mIU/L). Which agent is most 
appropriate to treat the TSH abnormality?

A. Levothyroxine

B. Liothyronine

C. Liotrix

D. Propylthiouracil

 23.5 Which agent is correctly paired with an appropri-
ate clinical use of the drug?

A. Desmopressin—treatment of diabetes insipidus

B. Goserelin—growth hormone deficiency

C. hCG—treatment of bleeding esophageal varices

D. Octreotide—treatment of infertility

 23.6 Which agent is used in infertility treatment to 
mimic the action of luteinizing hormone and stim-
ulate ovulation?

A. Cetrorelix

B. Choriogonadotropin alfa

C. Ganirelix

D. Leuprolide

 23.7 A patient was recently placed on levothyroxine. 
Which of her medications may affect the levothy-
roxine dosage requirements?

A. Bromocriptine

B. Calcium carbonate

C. Metoprolol

D. Vitamin D

 23.8 Which is a common side effect that should be 
communicated to a patient prescribed octreotide?

A. Weight gain

B. Low blood sugar

C. Myalgia

D. Abdominal pain

 23.9 Which symptom indicates that a patient may need 
a lower dosage of levothyroxine?

A. Bradycardia

B. Cold intolerance

C. Palpitations

D. Weight gain

23.10 The adrenocorticosteroid synthetic pathway is 
responsible for the synthesis and release of cor-
tisol. Which of the following effects is expected 
after cortisol is released?

A. Insulin release

B. Production of inflammation

C. Increased gluconeogenesis

D. Decreased protein breakdown

Correct answer = A. This patient presents with hypo-
thyroidism as evidenced by high TSH. Levothyroxine 
is preferred due to its long half-life and better toler-
ability. Liothyronine (T3) and liotrix (T3/T4) are not as 
well tolerated. Propylthiouracil is used in the treat-
ment of hyperthyroidism.

Correct answer = A. Goserelin is a GnRH analog 
that is used for the treatment of prostate cancer or 
endometriosis. HCG is used in the treatment of infer-
tility. Octreotide is used in the treatment of bleeding 
esophageal varices. 

Correct answer = B. Effects of choriogonadotropin 
alfa (recombinant hCG) are similar to LH and trigger 
ovulation. The other agents (leuprolide, a GnRH ana-
log; cetrorelix and ganirelix, GnRH antagonists) are all 
used to inhibit LH secretion.

Correct answer = B. Calcium carbonate may reduce 
the absorption of levothyroxine. The other medica-
tions should not interact with the levothyroxine.

Correct answer = D. Common side effects of oct-
reotide are gastrointestinal in nature and include diar-
rhea, abdominal pain, nausea, and steatorrhea.

Correct answer = C. Palpitations are an adverse 
effect of too much thyroid supplementation. The 
other symptoms are indicative of untreated or under-
treated hypothyroidism and may require an increase 
in thyroid supplementation.

Correct answer = C. See Figure 23.3. Cortisol has 
anti-inflammatory actions, increases gluconeogene-
sis, and increases protein breakdown. 
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I. OVERVIEW

The pancreas produces the peptide hormones insulin, glucagon, and 
somatostatin. The peptide hormones are secreted from cells in the islets of 
Langerhans (β cells produce insulin, α cells produce glucagon, and δ cells 
produce somatostatin). These hormones play an important role in regulat-
ing metabolic activities of the body, particularly glucose homeostasis. A 
relative or absolute lack of insulin, as seen in diabetes mellitus, can cause 
serious hyperglycemia. Left untreated, retinopathy, nephropathy, neuropa-
thy, and cardiovascular complications may result. Administration of insu-
lin preparations or other glucose-lowering agents (Figure 24.1) can reduce 
morbidity and mortality associated with diabetes.

II. DIABETES MELLITUS

The incidence of diabetes is growing rapidly worldwide. An estimated 
30.3 million people in the United States and 422 million people worldwide 
are afflicted with diabetes. In India, more than 62 million individuals are 
reported to be diabetic and it is predicted to reach 79.4 million in 2030. 
Diabetes is not a single disease. Rather, it is a heterogeneous group of 
syndromes characterized by elevated blood glucose attributed to a relative 
or absolute deficiency of insulin. The American Diabetes Association (ADA) 
recognizes four clinical classifications of diabetes: type 1 diabetes, type 2 
diabetes, gestational diabetes, and diabetes due to other causes such as 
genetic defects or medications. Figure 24.2 summarizes the characteristics 
of type 1 and type 2 diabetes. Gestational diabetes is defined as carbohy-
drate intolerance with onset or first recognition during pregnancy. 

A. Type 1 diabetes

 Type 1 diabetes most commonly afflicts children, adolescents, or 
young adults, but some latent forms occur later in life. The disease is 
characterized by an absolute deficiency of insulin due to destruction 
of β cells. Without functional β cells, the pancreas fails to respond to 
glucose, and a person with type 1 diabetes shows classic symptoms 
of insulin deficiency (polydipsia, polyphagia, polyuria, and weight loss). 

1. Cause: Loss of β-cell function in type 1 diabetes results from auto-
immune-mediated processes that may be triggered by viruses or 
other environmental toxins. In patients without  diabetes, constant 
β-cell secretion maintains low basal levels of  circulating insulin. 
This suppresses lipolysis, proteolysis, and glycogenolysis. A 
burst of insulin secretion occurs within 2 minutes after ingesting 
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Figure 24.1
Summary of drugs used in the  
treatment of diabetes. 
(Figure  continues on next page)
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438 24. Drugs for Diabetes

a meal, in response to transient increases in circulating glucose 
and amino acids. This lasts for up to 15 minutes, followed by 
the postprandial secretion of insulin. However, without functional 
β cells, those with type 1 diabetes can neither maintain basal 
secretion of insulin nor respond to variations in circulating glu-
cose (Figure 24.3).

2. Treatment: A person with type 1 diabetes must rely on exog-
enous insulin to control hyperglycemia, avoid ketoacidosis, and 
maintain acceptable levels of glycosylated hemoglobin (HbA1c). 
[Note: HbA1c is a marker of overall glucose control and is used 
to monitor diabetes in clinical practice. The rate of formation of 
HbA1c is proportional to the average blood glucose concentration 
over the previous 3 months. A higher average glucose results in 
a higher HbA1c.] The goal of insulin therapy in type 1 diabetes is 
to maintain blood glucose as close to normal as possible and to 
avoid wide fluctuations in glucose. The use of home blood glu-
cose monitors facilitates frequent self-monitoring and treatment 
with insulin.

B. Type 2 diabetes

 Type 2 diabetes accounts for greater than 90% of cases. Type 2 dia-
betes is influenced by genetic factors, aging, obesity, and peripheral 
insulin resistance, rather than autoimmune processes. The metabolic 
alterations are generally milder than those observed with type 1dia-
betes (for example, patients with type 2 diabetes typically are not 
ketotic), but the long-term clinical consequences are similar.

1. Cause: Type 2 diabetes is characterized by a lack of sensitiv-
ity of target organs to insulin (Figure 24.4). In type 2 diabetes, 
the pancreas retains some β-cell function, but insulin secretion is 
insufficient to maintain glucose homeostasis (Figure 24.3) in the 
face of increasing peripheral insulin resistance. The β-cell mass 
may gradually decline over time in type 2 diabetes. In contrast to 
patients with type 1 diabetes, those with type 2 diabetes are often 
obese. Obesity contributes to insulin resistance, which is consid-
ered the major underlying defect of type 2 diabetes.

2. Treatment: The goal in treating type 2 diabetes is to maintain 
blood glucose within normal limits and to prevent the develop-
ment of long-term complications. Weight reduction, exercise, 
and dietary modification decrease insulin resistance and correct 
hyperglycemia in some patients with type 2 diabetes. However, 
most patients require pharmacologic intervention with oral glu-
cose-lowering agents. As the disease progresses, β-cell function 
declines and insulin therapy is often needed to achieve satisfac-
tory glucose levels (Figure 24.5).

III. INSULIN AND INSULIN ANALOGS

Insulin [IN-su-lin] is a polypeptide hormone consisting of two peptide 
chains that are connected by disulfide bonds. It is synthesized as a pre-
cursor (proinsulin) that undergoes proteolytic cleavage to form insulin and 
C-peptide, both of which are secreted by the β cells of the pancreas. 
[Note: Because insulin undergoes significant hepatic and renal extraction, 

GLUCAGON-LIKE PEPTIDE-1 (GLP -1) 

Exenatide 
Liraglutide 
Albiglutide 
Dulaglutide 
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OTHER AGENTS
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Figure 24.1 (Continued)  
Summary of drugs used in the 
 treatment of diabetes.

Figure 24.2
Comparison of type 1 and type 2 
diabetes.
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plasma insulin levels may not accurately reflect insulin production. Thus, 
measurement of C-peptide provides a better index of insulin levels.] Insulin 
secretion is regulated by blood glucose levels, certain amino acids, other 
hormones, and autonomic mediators. Secretion is most often triggered by 
increased blood glucose, which is taken up by the glucose transporter into 
the β cells of the pancreas. There, it is phosphorylated by glucokinase, 
which acts as a glucose sensor. The products of glucose metabolism enter 
the mitochondrial respiratory chain and generate adenosine triphosphate 
(ATP). The rise in ATP levels causes a blockade of K+ channels, leading to 
membrane depolarization and an influx of Ca2+. The increase in intracellu-
lar Ca2+ causes pulsatile insulin exocytosis.

A. Mechanism of action

 Exogenous insulin is administered to replace absent insulin secretion 
in type 1 diabetes or to supplement insufficient insulin secretion in 
type 2 diabetes.

B. Pharmacokinetics

 Human insulin is produced by recombinant DNA technology using 
strains of Escherichia coli or yeast that are genetically altered to 
contain the gene for human insulin. Modification of the amino acid 
sequence of human insulin produces insulins with different pharmaco-
kinetic properties. Insulin preparations vary primarily in their onset and 
duration of activity. Dose, injection site, blood supply, temperature, 
and physical activity can also affect the onset and duration of various 
insulin preparations. Because insulin is a polypeptide, it is degraded 
in the gastrointestinal tract if taken orally. Therefore, it is generally 
administered by subcutaneous injection, although an inhaled insulin 
formulation is also available. [Note: In a hyperglycemic emergency, 
regular insulin is administered intravenously (IV).] Continuous subcuta-
neous insulin infusion (also called the insulin pump) is another method 
of insulin delivery. This method of administration may be more conve-
nient for some patients, eliminating multiple daily injections of insulin. 
The pump is programmed to deliver a basal rate of insulin. In addition, 
it allows the patient to deliver a bolus of insulin to cover mealtime 
carbohydrate intake and compensate for high blood glucose.

C. Adverse effects

 Hypoglycemia is the most serious and common adverse reaction to 
insulin (Figure 24.6). Other adverse effects include weight gain, local 
injection site reactions, and lipodystrophy. Lipodystrophy can be min-
imized by rotation of injection sites. Diabetics with renal insufficiency 
may require a decrease in insulin dose. Due to the potential for bron-
chospasm with inhaled insulin, patients with asthma, chronic obstruc-
tive pulmonary disease, and smokers should not use this formulation.

IV. INSULIN PREPARATIONS AND TREATMENT

Insulin preparations are classified as rapid-, short-, intermediate-, or 
long-acting. Figures 24.7 and 24.8 summarize onset of action, timing of 
peak level, and duration of action for the various types of insulin. It is 

Figure 24.3
Release of insulin that occurs in 
response to an IV glucose load in 
 normal subjects and diabetic patients.

Figure 24.4
Major factors contributing to hyperg-
lycemia observed in type 2 diabetes.
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440 24. Drugs for Diabetes

important that clinicians exercise caution when adjusting insulin treatment, 
paying strict attention to the dose and type of insulin.

A. Rapid-acting and short-acting insulin preparations

 Five preparations fall into this category: regular insulin, insulin lispro 
[LIS-proe], insulin aspart [AS-part], insulin glulisine [gloo-LYSE-een], 
and inhaled insulin. Regular insulin is a short-acting, soluble, crystal-
line zinc insulin. Insulin lispro, aspart, and glulisine are classified as 
 rapid-acting insulins. Modification of the amino acid sequence of reg-
ular insulin produces analogs that are rapid-acting insulins. This modi-
fication results in more rapid absorption, a quicker onset, and a shorter 
duration of action after subcutaneous injection. Peak levels of insulin 
lispro are seen at 30 to 90 minutes, compared with 50 to 120 minutes 
for regular insulin. Insulin aspart and insulin glulisine have pharmaco-
kinetic and pharmacodynamic properties similar to those of insulin lis-
pro. Inhaled insulin is also considered rapid- acting. This dry powder 
formulation is inhaled and absorbed through pulmonary tissue, with 
peak levels achieved within 45 to 60 minutes. Rapid- or short-acting 
insulins are administered to mimic the prandial (mealtime) release of 
insulin and to control postprandial glucose. They may also be used in 
cases where swift correction of elevated glucose is needed. Rapid- and 
short-acting insulins are usually used in conjunction with a long-acting 
basal insulin that provides control of fasting glucose. Regular insulin 
should be injected subcutaneously 30 minutes before a meal, whereas 
rapid-acting insulins are administered in the 15 minutes proceeding 
a meal or within 15 to 20 minutes after starting a meal. Rapid-acting 
insulin suspensions are commonly used in external insulin pumps, and 
they are suitable for IV administration, although regular insulin is most 
commonly used when the IV route is needed.

B. Intermediate-acting insulin

 Neutral protamine hagedorn (NPH) insulin is an intermediate-acting 
insulin formed by the addition of zinc and protamine to regular insu-
lin. [Note: Another name for this preparation is insulin isophane.] The 
combination with protamine forms a complex that is less soluble, 
resulting in delayed absorption and a longer duration of action. NPH 
insulin is used for basal (fasting) control in type 1 or 2 diabetes and 
is usually given along with rapid- or short-acting insulin for mealtime 
control. NPH insulin should be given only subcutaneously (never IV), 
and it should not be used when rapid glucose lowering is needed 
(for example, diabetic ketoacidosis). Figure 24.9 shows common reg-
imens that use combinations of insulins.

C. Long-acting insulin preparations

 The isoelectric point of insulin glargine [GLAR-geen] is lower than that 
of human insulin, leading to formation of a precipitate at the injec-
tion site that releases insulin over an extended period. It has a slower 
onset than NPH insulin and a flat, prolonged hypoglycemic effect with 
no peak (Figure 24.8). Insulin detemir [deh-TEE-meer] has a fatty acid 
side chain that enhances association with albumin. Slow  dissocia-
tion from albumin results in long-acting properties similar to those of 

No 
treatment
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Increasing severity of disease
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ation

therapy
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tolerance Type 2 diabetes

Multiple
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of insulin

0–5 
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5–15 
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than
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Figure 24.5
Duration of type 2 diabetes mellitus, 
sufficiency of endogenous insulin, and 
recommended sequence of therapy. 
Modified from M. C. Riddle, Postgrad. 
Med. 92: 89 (1992).
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insulin glargine. Insulin degludec [de-GLOO-dek] remains in solution 
at physiologic pH, with a slow release over an extended period. It 
has the longest half-life of the long-acting insulins. As with NPH insu-
lin, insulin glargine, insulin detemir, and insulin degludec are used for 
basal control and should only be administered subcutaneously. Long-
acting insulins should not be mixed in the same syringe with other 
insulins, because doing so may alter the pharmacodynamic profile.

D. Insulin combinations

 Various premixed combinations of human insulins, such as 70% NPH 
insulin plus 30% regular insulin (Figure 24.9), or 50% of each of these 
are also available. Use of premixed combinations decreases the num-
ber of daily injections but makes it more difficult to adjust individual 
components of the insulin regimen.

E. Insulin delivery devices

 Many different types of insulin delivery devices are available which 
include syringes, pens, pumps, jet injectors, and oral insulin. 

1. Syringes: Direct subcutaneous insulin injection remains the 
most common form of delivery, using an appropriate needle and 
syringe. Syringes come in a variety of sizes, with different-sized 
barrels, different needle gauges (thicknesses), and different nee-
dle lengths. The higher the gauge, the finer (thinner) the needle.

2. Pens: Prefilled, plastic, disposable insulin pens have a self- 
contained insulin cartridge. Several different types of insulin are 
sold in prefilled pens. Insulin pen is a highly improvised system 
which is patient friendly and reduces the requirement of a trained 
professional for the injection of insulin. 

 Durable pens.  Insulin pens that use replaceable cartridges of 
insulin are also available. Needles and other “sharps” (such 
as lancets) should be disposed off in a way that reduces the risk 
of accidental needle sticks. 

3. Pumps: Insulin pumps are programmable devices which are con-
nected to a subcutaneously placed cannula to enable continu-
ous delivery of insulin (fast-acting insulin) based on requirements. 
External pumps have benefits over multiple injections and con-
ventional insulin therapy only in specific subgroups of patients, 
for example, those with recurrent severe hypoglycemia. These 
pumps are implanted and have the option of refilling the reservoir 
percutaneously. 

4. Jet injectors: They are a type of injecting syringe that uses a 
high-pressure narrow jet of the injection liquid to penetrate the 
epidermis instead of a hypodermic needle.

5. Other routes: Intranasal and oral routes were attempted; how-
ever, they have been withdrawn from the market. 

F. Storage, injection sites, and administration

 Insulin should be stored correctly to maintain its efficacy and the 
patient should be educated about its correct storage, handling, and 
sharp’s disposal as part of his/her education about insulin therapy. 

Figure 24.6
Adverse effects observed with insulin. 
[Note: Lipodystrophy is a local atro-
phy or hypertrophy of subcutaneous 
fatty tissue at the site of injections.]
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TYPE OF INSULIN ONSET PEAK DURATION APPEARANCE USE

Fast-acting:
Regular insulin ½–1 hours 2–4 hours 6–8 hours Clear Usually taken subcutaneously 

about 30 minutes before a meal 
to cover blood glucose elevation 
during meals and snacks and to 
correct high blood sugars 

The larger the dose, the faster the 
onset of action, but the longer the 
time to peak effect and the longer 
the duration of the effect

Used with long-acting insulin

Ultra short 
acting— Lispro/
Aspart/Glulisine

<15 minutes 1–2 hours 4–6 hours Clear Usually taken subcutaneously 
immediately before a meal or after 
a meal to cover the blood glucose 
elevation during meals and snacks 
and to correct high blood sugars 

With all doses, large and small, 
the onset of action and the time to 
peak effect are similar

Used with long-acting insulin

Inhaled insulin  
(not used clinically)

1 minute 12 minutes 1.5–4 hours Oral inhaled 
powder; available 
as cartridge

Inhaled at the beginning of the 
meal to reduce blood sugar levels 
caused by eating 

Contraindications—lung problems 
(COPD, asthma, and smokers)

Intermediate-acting:
Neutral Protamine 
Hagedoen (NPH) 
insulin

1–2 hours 6–10 hours 12+ hours Cloudy Used to control the blood sugar 
overnight, while fasting and 
between meals

Often combined with rapid- or 
short-acting insulin and usually 
taken subcutaneously twice a day

Biphasic Insulin 
30/70, insulin 
50/50, etc.

Fixed mixtures of 
soluble and iso-
phane insulin

30 minutes 2–12 hours

Biphasic onset 
and duration of 
action

12–16 hours Cloudy Used to control the blood sugar 
overnight, while fasting and 
between meals 

Covers the blood glucose eleva-
tions when rapid-acting insulins 
stop working 

Usually taken twice a day

Injected subcutaneously immedi-
ately before eating or after food

Long-acting:
Detemir 1 hour No defined peak

Max effect in 
5 hours

12–24 hours Clear Used to control the blood sugar 
overnight, while fasting and 
between meals 

Taken subcutaneously once or 
twice a day at the same time every 
day, for example, before breakfast 
and before bed 

Often combined, when needed, 
with rapid- or short-acting insulin

Lowers blood glucose levels when 
rapid-acting insulins stop working

Glargine 1.5 hours No defined peak 
Max effect in 
5 hours

24 hours Clear

Figure 24.7
Insulin and insulin analogs available.
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Unopened insulin vials should be stored in the refrigerator at 2ºC to 
8ºC. Insulin vials in use can be stored out of the refrigerator away 
from a source of heat or light, namely, in the patient’s medication 
drawer/purse. Hyperglycemia can occur on using incorrectly stored 
insulin and expired insulin. 

 Insulin is a high-alert medication. Any error in dosage or mixing 
of the wrong type of insulin can lead to devastating effects on the 
patients. Do not mix long-acting analogs with other insulins and inject 
at the same site. To avoid errors before injecting, be clear about the 
color and ensure that they are not mistaken for rapid- or short- acting 
insulins. Look-alike medicine alert policies should be initiated. For 
example, consider storing them in a different part of the refrigerator 
and clearly flagging them with a “look-alike” medication alert label. 
Carefully check the dose of NovoMix 30 and Humalog Mix 25 or 50 to 
be administered and do not mistake the numbers in the name of the 
insulin for the insulin dose.

 Injection site. The abdominal wall is the common injection site. The 
back of arm, the outer side of the thigh, and the upper buttocks are 
also used for injection. Injection sites should be rotated frequently and 
the same general location should be followed at the same time each 
day. The injection site should be clean. 

G. Standard treatment versus intensive treatment

 Standard insulin therapy involves twice-daily injections. In contrast, 
intensive treatment utilizes three or more injections daily with fre-
quent monitoring of blood glucose levels. The ADA recommends a 
target mean blood glucose level of 154 mg/dL or less (HbA1c ≤ 7%) 
for most patients, and intensive treatment is more likely to achieve 
this goal. The frequency of hypoglycemic episodes, coma, and 
seizures is higher with intensive insulin regimens (Figure 24.10A). 
However, patients on intensive therapy show a significant reduc-
tion in microvascular complications of diabetes such as retinopathy, 

Figure 24.8
Onset and duration of action of human insulin and insulin analogs. NPH = neutral protamine Hagedorn. Modified from 
I. R. Hirsch. Insulin analogues. N. Engl. J. Med. 352: 174 (2005).
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444 24. Drugs for Diabetes

nephropathy, and neuropathy compared to patients receiving stan-
dard care (Figure 24.10B). Intensive therapy should not be rec-
ommended for patients with long-standing diabetes, significant 
microvascular complications, advanced age, and hypoglycemic 
unawareness.

V. SYNTHETIC AMYLIN ANALOG

Amylin is a hormone that is cosecreted with insulin from β cells following 
food intake. It delays gastric emptying, decreases postprandial glucagon 
secretion, and improves satiety. Pramlintide [PRAM-lin-tide] is a synthetic 
amylin analog that is indicated as an adjunct to mealtime insulin therapy 
in patients with type 1 and type 2 diabetes. Pramlintide is administered 
by subcutaneous injection immediately before meals. When pramlintide is 
initiated, the dose of mealtime insulin should be decreased by 50% to 
avoid a risk of severe hypoglycemia. Other adverse effects include nausea, 
anorexia, and vomiting. Pramlintide may not be mixed in the same syringe 
with insulin, and it should be avoided in patients with diabetic gastropare-
sis (delayed stomach emptying), cresol hypersensitivity, or hypoglycemic 
unawareness.

VI. GLUCAGON-LIKE PEPTIDE RECEPTOR AGONISTS

Oral intake of glucose results in a higher secretion of insulin than occurs when 
an equal load of glucose is given IV. This effect is referred to as the “incretin 
effect” and is markedly reduced in type 2 diabetes. The incretin effect occurs 
because the gut releases incretin hormones, notably  glucagon-like peptide-1 
(GLP-1) and glucose-dependent insulinotropic polypeptide, in response to 
a meal. Incretin hormones are responsible for 60% to 70% of postprandial 
insulin secretion. Albiglutide [al-bi-GLOO-tide], dulaglutide [doo-la-GLOO-
tide], exenatide [EX-e-nah-tide], liraglutide [LIR-a-GLOO-tide], lixisenatide 
[lix-i-SEN-a-tide], and semaglutide [sem-a-GLOO-tide] are injectable GLP-1 
receptor agonists used for the treatment of type 2 diabetes. Liraglutide is 
also approved to reduce the risk of cardiovascular events and cardiovascu-
lar mortality in patients with type 2 diabetes and cardiovascular disease. Two 
premixed preparations of long-acting insulins and GLP-1 receptor agonists 
are available: insulin glargine plus  lixisenatide and insulin degludec plus lira-
glutide. Use of these combinations may decrease daily insulin requirements 
and the number of daily injections.

A. Mechanism of action

 These agents are analogs of GLP-1 that exert their activity by improv-
ing glucose-dependent insulin secretion, slowing gastric emptying 
time, reducing food intake by enhancing satiety (a feeling of fullness), 
decreasing postprandial glucagon secretion, and promoting β-cell 
proliferation. Consequently, postprandial hyperglycemia is reduced, 
HbA1c levels decline, and weight loss may occur.

B. Pharmacokinetics

 GLP-1 receptor agonists are administered subcutaneously, since they 
are polypeptides. Albiglutide, dulaglutide, liraglutide, and semaglutide 
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445VII. Oral Hypoglycemic Agents (OHA)

are considered long-acting GLP-1 receptor agonists. Albiglutide, 
dulaglutide, and semaglutide are dosed once weekly, while liraglutide 
is available as a once-daily injection. Lixisenatide is a short-acting 
GLP-1 receptor agonist that is dosed once daily. Exenatide is available 
as both a short-acting (dosed twice daily) and an extended- release 
preparation (dosed once weekly). Exenatide should be avoided in 
patients with severe renal impairment.

C. Adverse effects

 The main adverse effects of the incretin mimetics consist of nausea, 
vomiting, diarrhea, and constipation. GLP-1 receptor agonists have 
been associated with pancreatitis and should be avoided in patients 
with chronic pancreatitis. Long-acting agents have been associated 
with thyroid C-cell tumors in rodents. It is unknown if GLP-1 recep-
tor agonists cause these tumors or thyroid carcinoma in humans, 
although they are contraindicated in patients with a history of medul-
lary thyroid carcinoma or multiple endocrine neoplasia type 2.

VII. ORAL HYPOGLYCEMIC AGENTS (OHA)

Oral agents are useful in the treatment of patients who have type 2 diabe-
tes that is not controlled with diet. Patients who developed diabetes after 
age 40 and have had diabetes less than 5 years are most likely to respond 
well to oral glucose-lowering agents. Patients with long-standing disease 
may require a combination of oral agents with or without insulin to control 
hyperglycemia. Figure 24.11 summarizes the duration of action of some of 
the oral glucose-lowering drugs, and Figure 24.12 illustrates some of the 
common adverse effects.
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Figure 24.10
A. Effect of tight glucose control on hypoglycemic episodes in a population of patients with type 1 diabetes receiving 
intensive or standard therapy. B. Effect of standard and intensive care on the long-term complications of diabetes. 
Modified from O. B. Crofford. Diabetes control and complications. Annu. Rev. Med. 46: 267 (1995).

LIR_CH24.indd   445 09/10/18   12:56 PM



446 24. Drugs for Diabetes

A. Sulfonylureas

 These agents are classified as insulin secretagogues, because they 
promote insulin release from the β cells of the pancreas. The sulfony-
lureas most used in clinical practice are the second-generation drugs 
glybenclamide (GLYB-encla-mide], glyburide [GLYE-byoor-ide], glip-
izide [GLIP-ih-zide], and glimepiride [GLYE-me-pih-ride].

1. Mechanism of action: These agents stimulate insulin release from 
the β cells of the pancreas. Sulfonylureas block ATP-sensitive K+ 
channels, resulting in depolarization, Ca2+ influx, and insulin exo-
cytosis. In addition, sulfonylureas may reduce hepatic glucose 
production and increase peripheral insulin sensitivity.

2. Pharmacokinetics: Given orally, these drugs bind to serum pro-
teins, are metabolized by the liver, and are excreted in the urine 
and feces. The duration of action ranges from 12 to 24 hours.

3. Adverse effects: Adverse effects of the sulfonylureas include 
hypoglycemia, hyperinsulinemia, and weight gain. They should be 
used with caution in hepatic or renal insufficiency, since accu-
mulation of sulfonylureas may cause hypoglycemia. Renal impair-
ment is a particular problem for glybenclamide, as it may increase 
the duration of action and increase the risk of hypoglycemia sig-
nificantly. Glipizide or glimepiride are safer options in renal dys-
function and in elderly patients. Figure 24.13 summarizes some 
drug interactions with sulfonylureas.

B. Glinides

 This class of agents includes repaglinide [re-PAG-lin-ide] and nateglinide 
[nuh-TAY-gli-nide]. Glinides are also considered insulin secretagogues.

1. Mechanism of action: Like the sulfonylureas, the glinides stimu-
late insulin secretion. In contrast to the sulfonylureas, the glinides 
have a rapid onset and a short duration of action. They are par-
ticularly effective in the early release of insulin that occurs after 
a meal and are categorized as postprandial glucose regulators. 
Glinides should not be used in combination with sulfonylureas 
due to overlapping mechanisms of action and increased risk of 
serious hypoglycemia.

Glimepiride 24 h

Repaglinide 2 h

Glyburide 18 h

Glipizide 20 h

Metformin 6 h

Pioglitazone >24 h

Acarbose 6 h

Sitagliptin 24 h

Canagli�ozin 24 h

Figure 24.11
Duration of action of some oral  
hypoglycemic agents.

Figure 24.12
Some adverse effects observed with oral hypoglycemic agents.
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2. Pharmacokinetics: Glinides should be taken prior to a meal and 
are well absorbed after oral administration. Both glinides are metab-
olized to inactive products by cytochrome P450 3A4 (CYP3A4; 
see Chapter 1) in the liver and are excreted through the bile.

3. Adverse effects: Although glinides cause hypoglycemia and 
weight gain, the incidence is lower than that with sulfonylureas. 
By inhibiting hepatic metabolism, the lipid-lowering drug gem-
fibrozil may significantly increase the effects of repaglinide, and 
concurrent use is contraindicated. These agents should be used 
with caution in patients with hepatic impairment.

C. Biguanides

 Metformin [met-FOR-min], the only biguanide, is classified as an insu-
lin sensitizer. It increases glucose uptake and use by target tissues, 
thereby decreasing insulin resistance. Unlike sulfonylureas, metformin 
does not promote insulin secretion. Therefore, the risk of hypoglyce-
mia is far less than that with sulfonylureas. Metformin is also useful 
in the treatment of polycystic ovary syndrome, as it reduces insulin 
resistance seen in this disorder.

1. Mechanism of action: The main mechanism of action of met-
formin is reduction of hepatic gluconeogenesis. [Note: Excess 
glucose produced by the liver is a major source of high blood 
glucose in type 2 diabetes, accounting for high fasting blood glu-
cose.] Metformin also slows intestinal absorption of sugars and 
improves peripheral glucose uptake and utilization. Weight loss 
may occur because metformin causes loss of appetite. The ADA 
recommends metformin as the initial drug of choice for type 2 dia-
betes. Metformin may be used alone or in combination with other 
oral agents or insulin. Hypoglycemia may occur when metformin 
is taken in combination with insulin or insulin secretagogues, so 
adjustment in dosage may be required.

2. Pharmacokinetics: Metformin is well absorbed after oral admin-
istration, is not bound to serum proteins, and is not metabolized. 
Excretion is via the urine.

3. Adverse effects: These are largely gastrointestinal, including diar-
rhea, nausea, and vomiting. These effects can be alleviated by 
titrating the dose of metformin slowly and administering doses with 
meals. Metformin is contraindicated in renal dysfunction due to the 
risk of lactic acidosis. It should be discontinued in cases of acute 
myocardial infarction, exacerbation of heart failure, sepsis, or other 
disorders that can cause acute renal failure. Metformin should be 
used with caution in patients older than 80 years and in those with 
heart failure or alcohol abuse. It should be temporarily discontin-
ued in patients undergoing procedures requiring IV radiographic 
contrast. Rarely, potentially fatal lactic acidosis has occurred. 
Long-term use may be associated with vitamin B12 deficiency 
and periodic measurement of vitamin B12 levels is recommended, 
especially in patients with anemia or peripheral neuropathy.

D. Thiazolidinediones

 The thiazolidinediones (TZDs) are also insulin sensitizers. The two 
agents in this class are pioglitazone [pye-oh-GLI-ta-zone] and 

Figure 24.13
Drugs interacting with sulfonylureas.

Drugs that may potentiate the 
e�ects of sulfonylureas, leading 
to hypoglycemia: 
•  Azole antifungals
•  �-Blockers
•  Chloramphenicol
•  Clarithromycin
•  Monoamine oxidase inhibitors
•  Probenecid
• Salicylates
•  Sulfonamides

Drugs that may reduce the e�ects of
sulfonylureas, leading to loss of
glucose control: 
•  Atypical antipsychotics
•  Corticosteroids
•  Diuretics
•  Niacin
•  Phenothiazines
•  Sympathomimetics
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rosiglitazone [roe-si-GLIH-ta-zone]. Although insulin is required for 
their action, the TZDs do not promote its release from the β cells, so 
hyperinsulinemia is not a risk.

1. Mechanism of action: The TZDs lower insulin resistance by act-
ing as agonists for the peroxisome proliferator–activated  receptor-γ 
(PPARγ), a nuclear hormone receptor. Activation of PPARγ regu-
lates the transcription of several insulin-responsive genes, resulting 
in increased insulin sensitivity in adipose tissue, liver, and skeletal 
muscle. The TZDs can be used as monotherapy or in combination 
with other glucose-lowering agents or insulin. The dose of insu-
lin may have to be lowered when used in combination with these 
agents. The ADA recommends pioglitazone as a second- or third-
line agent for type 2 diabetes. Rosiglitazone is less utilized due to 
concerns regarding cardiovascular adverse effects.

2. Pharmacokinetics: Pioglitazone and rosiglitazone are well 
absorbed after oral administration and are extensively bound to 
serum albumin. Both undergo extensive metabolism by different 
CYP450 isozymes (see Chapter 1). Some metabolites of pioglita-
zone have activity. Renal elimination of pioglitazone is negligible, 
with the majority of active drug and metabolites excreted in the 
bile and eliminated in the feces. Metabolites of rosiglitazone are 
primarily excreted in the urine. No dosage adjustment is required 
in renal impairment. 

3. Adverse effects: Liver toxicity has occasionally been reported with 
these drugs, and baseline and periodic monitoring of liver func-
tion is recommended. Weight gain can occur because TZDs may 
increase subcutaneous fat and cause fluid retention. [Note: Fluid 
retention can worsen heart failure. These drugs should be avoided 
in patients with severe heart failure.] TZDs have been associated 
with osteopenia and increased fracture risk in women. Pioglitazone 
may also increase the risk of bladder cancer. Additionally, rosiglita-
zone carries a boxed warning about the potential increased risk of 
myocardial infarction and angina with use of this agent. 

E. -Glucosidase inhibitors

 Acarbose [AY-car-bose] and miglitol [MIG-li-tol] are oral agents used 
for the treatment of type 2 diabetes.

1. Mechanism of action: Located in the intestinal brush border, 
α-glucosidase enzymes break down carbohydrates into glucose 
and other simple sugars that can be absorbed. Acarbose and 
miglitol reversibly inhibit α-glucosidase enzymes. When taken at 
the start of a meal, these drugs delay the digestion of carbohy-
drates, resulting in lower postprandial glucose levels. Since they 
do not stimulate insulin release or increase insulin sensitivity, these 
agents do not cause hypoglycemia when used as monotherapy. 
However, when used with insulin secretagogues or insulin, hypo-
glycemia may develop. [Note: It is important that hypoglycemia in 
this context be treated with glucose rather than sucrose, because 
sucrase is also inhibited by these drugs.]

2. Pharmacokinetics: Acarbose is poorly absorbed. It is metabo-
lized primarily by intestinal bacteria, and some of the metabo-
lites are absorbed and excreted into the urine. Miglitol is very well 
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absorbed but has no systemic effects. It is excreted unchanged 
by the kidney.

3. Adverse effects: The most common adverse effects are flatu-
lence, diarrhea, and abdominal cramping. Adverse effects limit 
the use of these agents in clinical practice. Patients with inflam-
matory bowel disease, colonic ulceration, or intestinal obstruction 
should not use these drugs.

F. Dipeptidyl peptidase-4 inhibitors

 Alogliptin [al-oh-GLIP-tin], linagliptin [lin-a-GLIP-tin], saxagliptin [sax-a- 
GLIP-tin], and sitagliptin [si-ta-GLIP-tin] are oral dipeptidyl  peptidase-4 
(DPP-4) inhibitors used for the treatment of type 2 diabetes.

1. Mechanism of action: These drugs inhibit the enzyme DPP-4, 
which is responsible for the inactivation of incretin hormones such 
as GLP-1. Prolonging the activity of incretin hormones increases 
release of insulin in response to meals and reduces inappropriate 
secretion of glucagon. DPP-4 inhibitors may be used as mono-
therapy or in combination with sulfonylureas, metformin, TZDs, or 
insulin. Treatment guidelines do not recommend the combination 
of DPP-4 inhibitors with GLP-1 receptor agonists for management 
of diabetes due to overlapping mechanisms and toxicity. Unlike 
GLP-1 receptor agonists, these drugs do not cause satiety or full-
ness, and are weight neutral.

2. Pharmacokinetics: The DPP-4 inhibitors are well absorbed after 
oral administration. Food does not affect the extent of absorp-
tion. Alogliptin and sitagliptin are mostly excreted unchanged 
in the urine. Saxagliptin is metabolized via CYP450 3A4/5 to an 
active metabolite. The primary route of elimination for saxagliptin 
and the metabolite is renal. Linagliptin is primarily eliminated via 
the enterohepatic system. All DPP-4 inhibitors except linagliptin 
require dosage adjustments in renal dysfunction.

3. Adverse effects: In general, DPP-4 inhibitors are well tolerated, 
with the most common adverse effects being nasopharyngitis and 
headache. Although infrequent, pancreatitis has occurred with 
use of DPP-4 inhibitors. Agents in this class may also increase 
the risk of severe, disabling joint pain. Alogliptin and saxagliptin 
have also been shown to increase the risk of heart failure hospi-
talizations and should be used with caution in patients with or at 
risk for heart failure.

G. Sodium–glucose cotransporter 2 inhibitors

 Canagliflozin [kan-a-gli-FLOE-zin], dapagliflozin [dap-a-gli-FLOE- zin], 
empagliflozin [em-pa-gli-FLOE-zin], and ertugliflozin [er-too-gli-FLOE-
zin] are oral agents for the treatment of type 2 diabetes. Empagliflozin 
is also indicated to reduce the risk of cardiovascular death in patients 
with type 2 diabetes and cardiovascular disease.

1. Mechanism of action: The sodium–glucose cotransporter 2 
(SGLT2) is responsible for reabsorbing filtered glucose in the 
tubular lumen of the kidney. By inhibiting SGLT2, these agents 
decrease reabsorption of glucose, increase urinary glucose excre-
tion, and lower blood glucose. Inhibition of SGLT2 also decreases 
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reabsorption of sodium and causes osmotic diuresis. Therefore, 
SGLT2 inhibitors may reduce systolic blood pressure. However, 
they are not indicated for the treatment of hypertension.

2. Pharmacokinetics: These agents are given once daily in the 
morning. Canagliflozin should be taken before the first meal of 
the day. All drugs are mainly metabolized by glucuronidation to 
inactive metabolites. These agents should be avoided in patients 
with renal dysfunction.

3. Adverse effects: The most common adverse effects with SGLT2 
inhibitors are female genital mycotic infections (for example, vulvo-
vaginal candidiasis), urinary tract infections, and urinary frequency. 
Hypotension has also occurred, particularly in the elderly or patients 
on diuretics. Thus, volume status should be evaluated prior to start-
ing these agents. Ketoacidosis has been reported with use of SGLT2 
inhibitors, and these agents should be used with caution in patients 
with risk factors that predispose to ketoacidosis (for example, alco-
hol abuse and caloric restriction related to surgery or illness).

H. Other agents

 Both the dopamine agonist bromocriptine and the bile acid seques-
trant colesevelam produce modest reductions in HbA1c. Bromocriptine 
is taken in the morning to regulate hypothalamic dopaminergic control 
of the circadian rhythm of pituitary hormones. This in turn reduces the 
insulin resistance. Colesevelam is a bile sequestrant which reduces 
cholesterol levels. The mechanism of action of glucose lowering is 
unknown for both of these drugs. Although bromocriptine and cole-
sevelam are indicated for the treatment of type 2 diabetes, their mod-
est efficacy, adverse effects, and pill burden limit their use in clinical 
practice. Epalrestat is an aldose reductase inhibitor which blocks the 
formation of sorbitol which is reported to cause diabetic neuropathy. 
It is found to increase improvement in nerve conduction and reduction 
in neuropathic pain. 

 Figure 24.14 provides a summary of the oral antidiabetic agents.

 Figure 24.15 shows treatment guidelines for type 2 diabetes.

VIII. MANAGEMENT OF DIABETES

A. Insulin therapy

 Insulin  is a necessary part of the treatment plan for all people with 
type 1  diabetes  and many with type 2 diabetes. Normal require-
ments of insulin are between 0.5 and 1.0 units/kg/day. The time to 
commence insulin in type 2 DM depends on the individual’s blood 
glucose pattern, HbA1c, adherence to medicines, and complication 
 status, especially cardiovascular and renal status and willingness to 
use  insulin. Figure 24.14 depicts the treatment guidelines for type 2 
diabetes. Commencing insulin should be a proactive decision and 
should not be delayed. Indications for insulin include the following:

• In patients with primary (markedly symptomatic and/or elevated 
blood glucose levels or A1C) or secondary failure to OHAs or con-
traindication, for example, metformin if creatinine is high; often as 
a single dose of intermediate-acting insulin 0.3 to 0.4 units/kg/day  
either before breakfast or at bedtime in combination with Tab. 
Metformin. 
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MEDICINE USUAL DAILY DOSE FREQUENCY
POSSIBLE SIDE 

 EFFECTS
DURATION OF 
ACTION (DA)

SITE OF  
METABOLISM

Sulfonylureas: 
Glibenclamide 5 mg 2.5–20 mg Up to 10 mg as a 

single dose 

>10 mg in divided 
doses 

Taken with or imme-
diately before food

Side effects rarely 
encountered include 
nausea, anorexia, skin 
rashes, severe hypo-
glycemia, especially in 
elderly and those with 
renal dysfunction

DA: 6–12 hours 
Peak: 6–8 
hours

Liver

Glipizide 5 mg 2.6–40 mg Up to 15 mg as a 
single dose 

>15 mg in a twice-
daily dosage taken 
immediately before 
meals

GIT disturbances 

Skin reactions 

Hypoglycemia  
(uncommon)

DA: Up to 
24 hours  
Peak: 1–3 hours

Liver

Gliclazide 80 mg 

(Also as sustained 
release preparation 
60 mg)

30–120 mg 

Dose increments should be 
2 weeks apart 

Should not be crushed 

Daily Hypoglycemia Released over 
24 hours

Liver

Glimepiride 1 mg, 2 mg 1–4 mg 2–3 per day Hypoglycemia DA: 5–8 hours Liver

Biguanides:
Metformin 500 mg,  
1 g; SR

0.5–1.5 g 1–3 times/day 
taken with or imme-
diately after food

GIT disturbances 

Lactic acidosis 

Hypoglycemia with 
other OHAs 

Decrease B12 absorption

DA: 5–6 hours Unchanged in 
urine

Glitinides:
Repaglinide 0.5 mg,  
1 mg, 2 mg

0.5–16 mg 2–3 per day Hypoglycemia with 
other OHAs 

Weight gain, GIT  
disturbance

– Liver

Thiazolidinediones (TZD):
Pioglitazone 15 mg, 
30 mg

Rosiglitazone 2 mg, 
4 mg

4–8 mg Daily Edema, weight gain, 
heart failure, raised liver 
enzymes, pregnancy risk 
in women with polycystic 
ovarian disease (rosigli-
tazone)

DA: 24 hours Liver

α-Glucosidase inhibitors: 
Acarbose 50 mg, 
100 mg

Voglibose 0.2 mg, 
0.3 mg

50–100 mg

0.2–0.3 mg 

TDS with food 
thrice a day

GIT problems, for exam-
ple, flatulence, diarrhea 
 Hypoglycemia

– Feces and urine

DPP-4 inhibitors (incretin mimetics): 
Sitagliptin 50 mg, 
100 mg

Vildagliptin 50 mg

100 mg per day in BD reg-
imen In combination with 
metformin, or a sulfony-
lurea (experience is with 
glimepride) or a TZD (expe-
rience is with pioglitazone) 

Moderate renal failure 50 mg 

Severe renal disease 25 mg 

With or without 
food

Hypoglycemia—reduce 
dose of sulfonylurea if 
used as a dual therapy to 
reduce hypoglycemia risk 

Safety with insulin has 
not been established

More research is needed 
in older people

– Unchanged in 
urine

OHAs = oral hypoglycemic agents.
Note: Formulations in each class have similar actions although there are minor differences among them. 

Figure 24.14 
Oral hypoglycemic agents, dose range and dose frequency, possible side effects, duration of action, and main site of 
metabolism. Adapted from Trisha Dunning, Care of People with DM: A manual of Nursing Practice. 3rd edition;  
Wiley-BlackWell Publishers: Australia (2009).
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Patient with Type 2 
diabetes and HbA1c ≥ 7%

Metformin 
preferred unless

contraindications
or intolerance

The goal HbA1c
is usually < 7%,
but should be
individualized

Metformin 
(titrate to maximum

tolerated dose)

HbA1c < 7%

Continue metformin
Emphasize adherence to

diet and lifestyle

Add another oral agent 
OR add GLP-1 receptor agonist

OR add basal insulin

Continue current therapy
Emphasize adherence to

diet and lifestyle

Add another oral agent
OR add GLP-1 receptor agonist

OR add basal insulin

HbA1c < 7%

HbA1c < 7%

Multiple daily doses of
insulin (basal + bolus)

A higher HbA1c
is more likely to
need insulin to

reach HbA1c goal

3 months

Yes No

3 months

No
Yes

No

Yes

3–6 months

Figure 24.15
Treatment guidelines for type 2 diabetes.

• Patients on two OHAs at maximal doses and not achieving targets 
where insulin may be preferable to adding a third OHA. Insulin might 
be preferable if the HbA1c is >8.5% or the person is very symp-
tomatic. In these cases, it might be appropriate to consider latent 
autoimmune DM of adults (LADA), especially if the individual is thin. 

• Insulin is also required in situations such as surgery and infection.
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 Consider insulin as the initial therapy in case of:

• fasting plasma glucose >250 to 300 mg/dl since more rapid  glycemic 
control will reduce glucose toxicity to islet cells, improve insulin secre-
tion, and possibly make oral hypoglycemic agents more effective;

• lean patients or those with severe weight loss;

• underlying renal or hepatic disease, or acutely ill or hospitalized; and

• women with type 2 DM who become pregnant and gestational DM.

 The goals are to achieve optimal control without causing hypoglyce-
mia or excessive weight gain with minimal impact on lifestyle. The 
dose is titrated according to the fasting blood glucose pattern includ-
ing self-adjustment by the patient to achieve targets with minimal 
hypoglycemia according to a simple algorithm (Figure 24.15).

B. Basal–bolus insulin regimen

 A basal–bolus regimen involves a person with diabetes taking both 
basal and bolus insulin throughout the day—that is, taking a long- 
acting form of insulin to keep blood glucose levels stable through 
periods of fasting and separate injections of short-acting insulin to 
prevent rises in blood glucose levels resulting from meals. Bolus insu-
lin is often taken before meals but some people may be advised to 
take their insulin during or just after a meal if hypoglycemia needs to 
be prevented. The advantages of this regimen are flexibility it offers 
with regard to meal time and control of blood sugar levels overnight. 
However, the disadvantages of a basal–bolus regimen requirement of 
multiple injections a day and adapting to this routine can be chal-
lenging for some patients. Long-acting basal insulin for people with 
diabetes include:

• Basal insulin (long-acting insulin glargine and detemir), usually 
taken once or twice a day to maintain constant blood sugar levels 

• Bolus insulin (short-acting or rapid-acting), taken at meal times

 A stepwise approach to initiating and titrating insulin in type 2 DM 
should be used. Usually, OHAs are continued with basal insulin 
regimens if there are no contraindications to their use. When bolus 
insulin doses are added, secretagogue doses are usually reduced 
or the medicines discontinued. The advantage of using basal–bolus 
insulin dose regimens is that they usually achieve better postpran-
dial control but eating after injecting is important. BD Lispro/iso-
phane mix and metformin also improve pre- and postprandial blood 
glucose with few episodes of nocturnal hypoglycemia. In diabetic 
patients, sometimes morning hyperglycemia may be caused by the 
dawn phenomenon, or the Somogyi effect, or poor glycemic control. 
The dawn phenomenon occurs when endogenous insulin secretion 
decreases or when the effect of the exogenous insulin administered 
to the patient the day before disappears, together with a physiolog-
ical increase in insulin-antagonistic hormones. The Somogyi effect 
is present in the case of excessive amounts of exogenous insulin. 
The dawn phenomenon is more common than the Somogyi effect. 
In these patients, measuring plasma glucose levels for several nights 
between 3 a.m. and 5 a.m. or using a continuous glucose monitoring 
system can be useful to diagnose this phenomenon. Although their 
treatment differs, an optimal diabetes control with insulin therapy 
is the best way of preventing both the dawn phenomenon and the 
Somogyi effect.
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Study Questions

Choose the ONE best answer.

24.1 Which of the following statements is correct 
 regarding insulin glargine?

A. It is primarily used to control postprandial 
hyperglycemia.

B. It is a “peakless” insulin.

C. The prolonged duration of activity is due to slow 
dissociation from albumin.

D. It should not be used in a regimen with insulin 
lispro or glulisine.

24.2 MC is a patient with type 2 diabetes currently being 
treated with insulin detemir. The physician deter-
mines that MC needs additional insulin therapy 
for control of postprandial glucose. Which agent is 
most appropriate to add at this time?

A. Insulin degludec

B. NPH insulin

C. Insulin lispro

D. NPH/regular 70/30 insulin

Correct answer = B. Insulin glargine has a relatively 
flat, prolonged hypoglycemic effect. Because of this 
it is used for basal glucose control, not postprandial. 
The prolonged duration is due to its low pH, which 
leads to precipitation at the injection site and resul-
tant extended action. Insulin glargine is often used for 
basal control in a regimen where insulin lispro, glulis-
ine, or aspart are used for mealtime glucose control. 
[Note: Glargine should not be combined with other 
insulins in the same syringe, as it may alter the phar-
macodynamic properties of the medication.]

Correct answer = C. Insulin lispro is a rapid-act-
ing insulin that has an onset of action within 15 to 
30 minutes. Rapid-acting insulins are administered to 
mimic the prandial (mealtime) release of insulin and 
control postprandial glucose levels. Insulin deglu-
dec is a long-acting insulin used to control fasting 
 glucose levels. NPH insulin is an intermediate-acting 
insulin also used for basal (fasting) control. NPH/reg-
ular 70/30 insulin is a mixture of NPH (intermediate- 
acting) and regular (short-acting) insulin. The patient 
is already on a long-acting insulin (detemir) for basal 
control, and another insulin for basal control is not 
warranted. 

C. Combining OHAs and insulin

 Any combination of the currently available OHAs only lowers HbA1c 
by ~3%; thus, people with HbA1c >10% are unlikely to achieve man-
agement targets using OHA alone. Therefore, insulin is assuming an 
increasingly important role in type 2 DM. Medication administration 
times should be planned so that OHAs are administered with, or 
before, meals to reduce the risk of hypoglycemia. In addition, lifestyle 
factors, concomitant diseases, and often medicines compound the 
metabolic abnormalities. Assess medication nonadherence from time 
to time. Most people with type 2 DM have progressive β-cell dysfunc-
tion and a decline in β-cell mass due to interplay among a range of 
factors that reduce β-cell mass and secretory function such as hyper-
glycemia, elevated free fatty acids, and inflammatory processes asso-
ciated with adipocyte-derived cytokines.
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Correct answer = B. SGLT2 inhibitors work by inhib-
iting the sodium-glucose cotransporter 2 (SGLT2), 
resulting in decreased reabsorption of glucose in the 
kidney and increased urinary excretion. Sulfonylureas 
work primarily by increasing insulin secretion through 
stimulation of the β cells in the pancreas. DPP-4 
inhibitors work by inhibiting breakdown of incretins, 
thereby increasing postprandial insulin secretion, 
decreasing postprandial glucagon, etc. TZDs work 
primarily by increasing insulin sensitivity.

Correct answer = B. Metformin works by inhibiting 
hepatic gluconeogenesis. The primary adverse effects 
associated with metformin are gastrointestinal and in 
rare cases, lactic acidosis. Metformin does not carry 
a warning for increased risk of myocardial infarction 
(this is the case for rosiglitazone). Metformin is contra-
indicated in renal dysfunction due to the risk of lactic 
acidosis. Unlike the sulfonylureas and insulin, weight 
gain is not an adverse effect, and some patients actu-
ally lose weight due to GI side effects.

24.3 Which class of oral diabetes drugs is paired most 
appropriately with its primary mechanism of action?

A. DPP-4 inhibitor—inhibits breakdown of complex 
carbohydrates

B. SGLT2 inhibitor—increases urinary excretion of 
glucose

C. Sulfonylurea—increases insulin sensitivity

D. Thiazolidinedione—decreases hepatic gluconeo-
genesis

24.4 Which of the following statements is characteristic 
of metformin?

A. Metformin contains a boxed warning due to 
the potential for increased risk of myocardial 
infarction.

B. Metformin decreases hepatic glucose production.

C. Metformin can be used safely in patients with 
renal dysfunction.

D. Weight gain is a common adverse effect.

 24.5 Which is the most appropriate initial oral agent for 
management of type 2 diabetes in patients with 
no other comorbid conditions?

A. Glipizide

B. Empagliflozin

C. Metformin

D. Pioglitazone

 24.6 A 64-year-old woman with a history of type 2 dia-
betes is diagnosed with heart failure. Which of the 
following medications would be a poor choice for 
controlling her diabetes?

A. Exenatide

B. Glybenclamide

C. Pioglitazone

D. Insulin

 24.7 KD is a 69-year-old male with type 2 diabetes and 
chronic pancreatitis. Which of the following diabe-
tes medications is contraindicated in this patient?

A. Glipizide

B. Insulin lispro

C. Metformin

D. Dulaglutide

Correct answer = C. Metformin is the preferred ini-
tial  agent for management of type 2 diabetes. See 
Figure 24.15.

Correct answer = C. The TZDs (pioglitazone and 
rosiglitazone) can cause fluid retention and lead to a 
worsening of heart failure. They should be used with 
caution and dose reduction, if at all, in patients with 
heart failure. Exenatide, glybenclamide, and insulin do 
not have precautions for use in heart failure patients.

Correct answer = D. Dulaglutide is a GLP-1 receptor 
agonist. Although infrequent, GLP-1 receptor agonists 
have been associated with pancreatitis and should 
be avoided in patients with chronic pancreatitis. 
Glipizide, insulin lispro, and metformin have not been 
associated with an increased risk of pancreatitis. 
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 24.8 Which of the following drugs for diabetes is 
LEAST likely to cause weight gain?

A. Liraglutide

B. Pioglitazone

C. Repaglinide

D. Insulin glulisine

 24.9 HB is a 55-year-old obese female who has had 
type 2 diabetes for 10 years. She is currently being 
treated with metformin but her HbA1c is above 
goal. She has a history of heart failure and chronic 
obstructive pulmonary disorder. Her physician 
would like to add a medication that will not cause 
any weight gain. Which of the following would be 
most appropriate to control HB’s diabetes?

A. Albiglutide

B. Glimepiride

C. Pioglitazone

D. Inhaled insulin

24.10 Which of the following diabetes medications is 
most appropriately paired with an adverse effect 
associated with its use?

A. Canagliflozin—urinary tract infections

B. Nateglinide—heart failure

C. Glipizide—weight loss

D. Liraglutide—lactic acidosis

Correct answer = A. Albiglutide is a GLP-1 recep-
tor agonist and this class of medications is effec-
tive in lowering HbA1c levels without causing weight 
gain (they are more likely to cause weight loss). 
Sulfonylureas (glimepiride) are associated with weight 
gain and should be avoided in this obese patient. 
TZDs (pioglitazone) should be avoided in patients 
with heart failure. Because of the potential for bron-
chospasm associated with inhaled insulin, it should 
be avoided in patients with a history of chronic 
obstructive pulmonary disorder and asthma.

Correct answer = A. Adverse effects of canagliflozin 
are genital mycotic infections, urinary tract infections, 
and urinary frequency. Nateglinide may cause hypo-
glycemia but has not been associated with heart fail-
ure. Sulfonylureas are associated with weight gain. 
Lactic acidosis is a rare but serious side effect of 
metformin (not liraglutide).

Correct answer = B. GLP-1 receptor agonists are 
usually associated with weight loss due to their ability 
to enhance satiety. All of the other agents are associ-
ated with weight gain.
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I. OVERVIEW

Estrogens and androgens are sex hormones produced by the gonads. 
These hormones are necessary for conception, embryonic maturation, and 
development of primary and secondary sexual characteristics at puberty. 
The sex hormones are used therapeutically for contraception, manage-
ment of menopausal symptoms, and replacement therapy in hormone 
deficiency. Several antagonists are effective in the treatment or preven-
tion of hormone-responsive cancers. Sex hormones are synthesized from 
the precursor, cholesterol, in a series of steps that includes shortening 
of the hydrocarbon side chain and hydroxylation of the steroid nucleus. 
Aromatization is the last step in estrogen synthesis. Figure 25.1 lists the 
sex hormones discussed in this chapter.

457

IUD = intrauterine device.
1Available in many combinations with a progestin.
2Available in combination with ethinyl estradiol. [Note: Dienogest is available in combination with estradiol valerate.]

Figure 25.1
Summary of sex hormones.
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458 25. Estrogens and Androgens

II. ESTROGENS

Estradiol [ess-tra-DYE-ole] is the most potent estrogen produced and 
secreted by the ovary. It is the principal estrogen in premenopausal 
women. Estrone [ESS-trone] is a metabolite of estradiol that has approxi-
mately one-third the estrogenic potency of estradiol. Estrone is the primary 
circulating estrogen after menopause, and it is generated mainly from con-
version of dehydroepiandrosterone in adipose tissue. Estriol [ess-TRI-ole], 
another metabolite of estradiol, is significantly less potent than estradiol. 
It is present in significant amounts during pregnancy, because it is syn-
thesized by the placenta. Synthetic estrogens, such as ethinyl estradiol 
[ETH-ih-nil ess- tra-DYE-ole], undergo less first-pass metabolism than do 
naturally occurring hormones and, thus, are effective when administered 
orally at lower doses. 

A. Mechanism of action

 After dissociation from their binding sites on sex hormone–binding glob-
ulin or albumin in the plasma, steroid hormones (for example, estradiol) 
diffuse across the cell membrane and bind with high affinity to specific 
nuclear receptor proteins (Figure 25.2). The activated  steroid–receptor 
complex interacts with nuclear chromatin to initiate hormone-specific 
RNA synthesis. This results in the synthesis of specific proteins that 
mediate a number of physiologic functions. [Note: The steroid hor-
mones may elicit the synthesis of different RNA species in diverse tar-
get tissues and, therefore, are both receptor and tissue specific.] Other 
pathways that require these hormones have been identified that lead to 
more rapid actions.

B. Therapeutic uses

 Estrogens are most frequently used for contraception and postmeno-
pausal hormone therapy (HT). In the past, estrogens were widely used 
for prevention of osteoporosis; however, due to risks associated with 

Figure 25.2
Transcriptional regulation by intracellular steroid hormone receptors. ER = estrogen receptor; ERE = estrogen 
response element; GR = glucocorticoid receptor.
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459II. Estrogens

estrogen therapy, current guidelines recommend use of other thera-
pies, such as bisphosphonates (see Chapter 27). 

1. Postmenopausal HT: The primary indication for estrogen therapy 
in postmenopausal women is menopausal symptoms, such as 
vasomotor instability (for example, “hot flashes” or “hot flushes”) 
and vaginal atrophy (Figure 25.3). A common oral preparation used 
for the treatment of menopausal symptoms is conjugated equine 
estrogens (obtained from urine of pregnant mares), which  primarily 
contains sulfate esters of estrone and equilin. Other estrone-based 
oral preparations include esterified estrogens and estropipate 
[ES-troe-PIP-ate]. Transdermal preparations of estradiol are also 
effective in treating menopausal symptoms. For women with an 
intact uterus, a progestogen is always included with the estrogen 
therapy, because the combination reduces the risk of endome-
trial carcinoma associated with unopposed estrogen. Women who 
have undergone a hysterectomy may use estrogen alone. [Note: 
The potency of estrogen used in HT is substantially less than that 
of estrogens used in contraception. Thus, the adverse effects of 
estrogen replacement therapy are usually less pronounced than 
those seen in women taking estrogen for contraceptive purposes.] 
Use of HT has been associated with an increased risk of cardio-
vascular events and breast cancer. Thus, HT should be prescribed 
at the lowest effective dose for the shortest possible time to relieve 
menopausal symptoms. Women who only have urogenital symp-
toms, such as vaginal atrophy, should be treated with vaginal rather 
than systemic estrogen to minimize the risks of use. Tibolone is a 
19-nonsteroid developed for hormone replacement therapy (HRT) 
and upon administration it is converted to three metabolites having 
estrogenic, progestrogenic, and androgenic properties. A daily sin-
gle dose of 2.5 mg suppresses menopausal symptoms and lowers 
raised gonadotropin levels. Side effects’ profile is similar to that of 
HRT and is also known to increase weight gain along with facial 
hair growth. 

2. Contraception: The combination of an estrogen and progestogen 
provides effective contraception via the oral, transdermal, or vag-
inal route.

3. Other uses: Estrogen therapy mimicking the natural cyclic pat-
tern, and usually in combination with a progestogen, is instituted 
to stimulate development of secondary sex characteristics in 
young women with primary hypogonadism. Similarly, replacement 
therapy is used for women who have hormonal deficiencies due 
to surgical menopause or premature ovarian failure.

C. Pharmacokinetics

1. Naturally occurring estrogens: These agents and their esteri-
fied or conjugated derivatives are readily absorbed through the 
gastrointestinal tract, skin, and mucous membranes. Taken orally, 
estradiol is rapidly metabolized (and partially inactivated) by the 
microsomal enzymes of the liver. Micronized estradiol has better 
bioavailability. Although estradiol is subject to first-pass metabo-
lism, it is still effective when taken orally.

2. Synthetic estrogens: These compounds, such as ethinyl  estradiol 
and estradiol valerate, are well absorbed after oral administration. 
Estradiol valerate is a prodrug of estradiol which is rapidly cleaved 

Figure 25.3
Benefits associated with postmeno-
pausal estrogen replacement.
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460 25. Estrogens and Androgens

to estradiol and valeric acid. The synthetic estrogens are fat sol-
uble, stored in adipose tissue, and slowly released. These com-
pounds have a prolonged action and a higher potency compared 
to the natural estrogens.

3. Metabolism: Bioavailability of estradiol after oral administration 
is low due to first-pass metabolism. To reduce first-pass metab-
olism, estradiol may be administered via a transdermal patch, 
topical formulation (gel or spray), intravaginal preparation (tablet, 
cream, or ring), or injection. Following oral administration, estradiol 
is metabolized to estrone and estriol. Estrogens are transported 
in the blood bound to serum albumin or sex hormone–binding 
globulin. Estradiol and its metabolites subsequently undergo glu-
curonide and sulfate conjugation. In addition, smaller amounts 
of estrone and estriol are metabolized by the hepatic CYP3A4 
 isoenyzme. Metabolites are mainly excreted in the urine. The glu-
curonide and sulfate metabolites are also subject to enterohepatic 
recirculation. These compounds are secreted into the bile, hydro-
lyzed by gut bacteria, and then reabsorbed.

D. Adverse effects

 Nausea and breast tenderness are among the most common adverse 
effects of estrogen therapy. In addition, the risk of thromboembolic 
events, myocardial infarction, and breast and endometrial cancer 
is increased with the use of estrogen therapy. [Note: The increased 
risk of endometrial cancer can be offset by including a progestogen 
along with the estrogen therapy.] Other effects of estrogen therapy are 
shown in Figure 25.4.

III. SELECTIVE ESTROGEN RECEPTOR MODULATORS 
(SERMs)

SERMs are a class of estrogen-related compounds that display selective 
agonism or antagonism for estrogen receptors depending on the tissue 
type. This category includes tamoxifen, raloxifene, bazedoxifene, clomi-
phene, and ospemifene.

Thromboembolism
Fluid

retention
Myocardial
infarction

Hypertension

BP
NauseaBreast tenderness

Headache

Figure 25.4
Some adverse effects associated with estrogen therapy. BP = blood pressure.
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461III. Selective Estrogen Receptor Modulators (SERMs)

A. Mechanism of action

 Tamoxifen [tah-MOKS-ih-fen] and raloxifene [rah-LOX-ih-feen] com-
pete with estrogen for binding to the estrogen receptor in breast tis-
sue. [Note: Normal breast growth is stimulated by estrogens. Therefore, 
some hormone-responsive breast tumors regress following treatment 
with these agents.] In addition, raloxifene acts as an estrogen agonist 
in bone, leading to decreased bone resorption, increased bone density, 
and decreased vertebral fractures (Figure 25.5). Unlike estrogen and 
tamoxifen, raloxifene does not stimulate growth of the endometrium, 
and, therefore, does not predispose to endometrial cancer. Raloxifene 
also lowers serum total cholesterol and low-density lipoprotein (LDL). 
Like raloxifene, bazedoxifene [BA-ze-DOX-i-feen] antagonizes the 
action of estrogen on the uterus. The drug reduces the risk of endome-
trial hyperplasia with estrogen use. Clomiphene [KLOE-mi-feen] acts as 
a partial estrogen agonist and interferes with the negative feedback of 
estrogens on the hypothalamus. This effect increases the secretion of 
gonadotropin-releasing hormone and gonadotropins, thereby leading to 
stimulation of ovulation.

B. Therapeutic uses

 Tamoxifen is currently used in the treatment of metastatic breast 
cancer or as an adjuvant therapy following mastectomy or radiation 
for breast cancer. Both tamoxifen and raloxifene can be used as a 
prophylactic therapy to reduce the risk of breast cancer in high-risk 
patients. Raloxifene is also approved for the prevention and treatment 
of osteoporosis in postmenopausal women. Clomiphene is used in 
the treatment of infertility. Ospemifene is indicated for the treatment 
of dyspareunia (painful sexual intercourse) related to menopause. 
Bazedoxifene is available in a combination product with conjugated 
estrogens. The combination is indicated for the treatment of meno-
pausal symptoms in women with an intact uterus. 

C. Pharmacokinetics

 The SERMs are rapidly absorbed after oral administration. Tamoxifen 
is extensively metabolized by the cytochrome P450 system, including 
the formation of active metabolites via the CYP3A4/5 and CYP2D6 
isoenzymes. [Note: Patients with a genetic polymorphism in CYP2D6 
may produce less active metabolite, resulting in diminished activity of 
tamoxifen.] Raloxifene is rapidly converted to glucuronide conjugates 
through first-pass metabolism. These agents undergo enterohepatic 
cycling, and the primary route of excretion is through the bile into feces.

D. Adverse effects

 The most frequent adverse effects of tamoxifen are hot flashes and 
nausea. Due to its estrogenic activity in the endometrium, endome-
trial hyperplasia and malignancies have been reported with tamoxi-
fen therapy. This has led to recommendations for limiting the length 
of time on the drug for some indications. Because it is metabolized 
by various CYP450 isoenzymes, tamoxifen is subject to many drug 
interactions. [Note: Tamoxifen is also an inhibitor of CYP3A4 and 
P-glycoprotein.] Some CYP450 inhibitors may prevent the formation 

Figure 25.5
Hip bone density increases with  
raloxifene in postmenopausal women.
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462 25. Estrogens and Androgens

of active metabolites of tamoxifen and possibly reduce the efficacy 
(for example, amiodarone, haloperidol, and risperidone). Hot flashes 
and leg cramps are common adverse effects with raloxifene. In addi-
tion, there is an increased risk of deep vein thrombosis and pulmo-
nary embolism. Women who have a past or active history of venous 
thromboembolic events should not take the drug. The adverse effects 
of clomiphene are dose-related and include headache, nausea, vaso-
motor flushes, visual disturbances, and ovarian enlargement. Use of 
clomiphene increases the risk of multiple gestation, usually twins. 
Ospemifene may stimulate endometrial growth, and addition of a pro-
gestogen in women with an intact uterus should be considered. 

IV. PROGESTOGENS

Progesterone, the natural progestogen, is produced in response to lutein-
izing hormone (LH) by both females (secreted by the corpus luteum, pri-
marily during the second half of the menstrual cycle, and by the placenta) 
and males (secreted by the testes). It is also synthesized by the adrenal 
cortex in both sexes.

A. Mechanism of action

 Progestogens exert their effects in a manner analogous to that of the 
other steroid hormones. In females, progesterone promotes the devel-
opment of a secretory endometrium that can accommodate implanta-
tion of a newly forming embryo. The high levels of progesterone that 
are released during the second half of the menstrual cycle (the luteal 
phase) inhibit the production of gonadotropin and, therefore, prevent 
further ovulation. If conception takes place, progesterone continues 
to be secreted, maintaining the endometrium in a favorable state for 
the continuation of the pregnancy and reducing uterine contractions. 
If conception does not take place, the release of progesterone from 
the corpus luteum ceases abruptly. The decline in progesterone stim-
ulates the onset of menstruation. Figure 25.6 summarizes the hor-
mones produced during the menstrual cycle.

B. Therapeutic uses of progestogens

 The major clinical uses of progestogens are for contraception or hor-
mone replacement therapy. For both contraception and HT, progesto-
gens are often used in combination with estrogens. Progesterone is 
not used as a contraceptive therapy because of its rapid metabolism, 
resulting in low bioavailability. Synthetic progestogens (that is, pro-
gestins) used for contraception are more stable to first-pass metab-
olism, allowing lower doses when administered orally. These agents 
include desogestrel [des-oh-JES-trel], dienogest [dye-EN-oh-jest], dro-
spirenone [droe-SPY-re-none], levonorgestrel [lee-voe-nor-JES-trel],   
norethindrone [nor-ETH-in-drone], norethindrone acetate, norgestimate 
[nor-JES-tih-mate], and norgestrel [nor-JES-trel]. Medroxyprogesterone 
[me-DROK-see-proe-JES-ter-one] acetate is an injectable contra-
ceptive, and the oral form is a common progestin component of 
postmenopausal HT. Progestogens are also used for the control of 
 dysfunctional uterine bleeding, treatment of dysmenorrhea, and man-
agement of endometriosis and infertility.
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Figure 25.6
The menstrual cycle with plasma  levels 
of pituitary and ovarian  hormones and 
a schematic representation of changes 
in the morphology of the uterine lining. 
FSH = follicle- stimulating hormone;  
LH = luteinizing hormone.
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463V. Contraceptives

C. Pharmacokinetics

 A micronized preparation of progesterone is rapidly absorbed after oral 
administration. It has a short half-life in the plasma and is metabolized 
by the liver to pregnanediol and glucuronide and sulfate conjugates. 
The metabolites are excreted primarily in the urine. Synthetic proges-
tins are less rapidly metabolized. Oral medroxyprogesterone acetate 
has a half-life of 30 hours. When injected intramuscularly or subcuta-
neously, the drug has a half-life of about 40 to 50 days and provides 
contraception for approximately 3 months. The other progestins have 
half-lives of 7 to 30 hours, allowing for once-daily dosing.

D. Adverse effects

 The major adverse effects associated with the use of progestins are 
headache, depression, weight gain, and changes in libido (Figure 25.7). 
Progestins that are derived from 19-nortestosterone (for example, 
norethindrone, norethindrone acetate, norgestrel, and levonorgestrel) 
possess some androgenic activity because of their structural similarity 
to testosterone and can cause acne and hirsutism. Less androgenic 
progestins, such as norgestimate and drospirenone, may be preferred 
in women with acne. Drospirenone may raise serum potassium due 
to antimineralocorticoid effects, and concurrent use with other drugs 
that increase potassium (for example, angiotensin-converting enzyme 
inhibitors) may increase the risk of hyperkalemia.

E. Antiprogestin

 Mifepristone [mih-feh-PRIH-stone] (also designated as RU-486) is a 
progesterone antagonist. Administration of this drug results in termi-
nation of pregnancy due to interference with the progesterone needed 
to maintain pregnancy. Mifepristone is often combined with the pros-
taglandin analog misoprostol (administered buccally) to induce uterine 
contractions. The major adverse effects are abdominal pain, uterine 
bleeding, and the possibility of an incomplete abortion.

V. CONTRACEPTIVES

Contraceptives may be hormonal or nonhormonal (for example,  condom, 
diaphragm, contraceptive sponge, and copper intrauterine device). 
Figure 25.8 outlines the frequency of use for various hormonal and 
 nonhormonal methods of contraception. An overview of the hormonal 
methods of contraception is provided in the following text.

A. Types of hormonal contraceptives

1. Combination oral contraceptives: A combination of estrogen 
and progestin is the most common type of oral contraceptive. 
[Note: The most common estrogen in combination pills is ethinyl 
estradiol. The most common progestins are norethindrone, nore-
thindrone acetate, levonorgestrel, desogestrel, norgestimate, and 
drospirenone.] These preparations are highly effective in achieving 
contraception (Figures 25.9 and 25.10). Monophasic combination 
pills contain a constant dose of estrogen and progestin given over 

Figure 25.7
Some adverse effects associated with 
progestin therapy. 
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21 to 24 days. Triphasic oral contraceptive products attempt to 
mimic the natural female cycle and usually contain a constant 
dose of estrogen with increasing doses of progestin given over 
21 days. With most oral contraceptives, active pills are taken for 
21 to 24 days, followed by 4 to 7 days of placebo, for a total 
regimen of 28 days. Withdrawal bleeding occurs during the hor-
mone-free (placebo) interval. Use of extended-cycle contracep-
tion (84 active pills followed by 7 days of placebo) results in less 
frequent withdrawal bleeding. A continuous oral contraceptive 
product (active pills taken every day) is also available.

2. Transdermal patch: The contraceptive transdermal patch con-
tains ethinyl estradiol and the progestin norelgestromin. During the 
28-day cycle, one patch is applied each week for 3 weeks to 
the abdomen, upper torso, or buttock. No patch is worn during the 
fourth week, and withdrawal bleeding occurs. The transdermal 
patch has efficacy comparable to that of the oral contraceptives, 
but it is less effective in women weighing greater than 90 kg. Total 
estrogen exposure with the transdermal patch may be significantly 
greater than that seen with oral contraceptives. 

3. Vaginal ring: The contraceptive vaginal ring contains ethinyl 
estradiol and etonogestrel. The ring is inserted into the vagina and 
left in place for 3 weeks. After 3 weeks, the ring is removed, and 
withdrawal bleeding occurs during the fourth week. 

4. Progestin-only pills: Progestin-only pills (the “mini-pill”) contain 
a progestin, usually norethindrone, and are administered daily to 
deliver a low, continuous dosage of drug. These preparations are 
less effective than combination oral contraceptives (Figure 25.9), 
and irregular menstrual cycles may be more frequent. Progestin-
only pills may be used in patients who are breast-feeding (unlike 
estrogen, progestins do not have an effect on milk production) or 
who have intolerance or contraindications to estrogen-containing 
products.

Figure 25.8
Comparison of contraceptive use among U.S. women aged 15 to 44 years. *Patch, implant,  fertility awareness 
 methods, and other barrier methods (for example, diaphragm).
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Figure 25.9
Comparison of failure rate for  various 
methods of contraception with typi-
cal use. Longer bars indicate a higher 
failure rate—that is, more pregnan-
cies. Adapted from data from the 
Guttmacher Institute. Contraceptive 
use in the United States. Available at 
https://www.guttmacher.org/fact-sheet 
/contraceptive-use-united-states.
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465V. Contraceptives

5. Injectable progestin: Medroxyprogesterone acetate is a contra-
ceptive that is administered via intramuscular or subcutaneous 
injection every 3 months. This product provides high sustained 
levels of progestin. Many women experience amenorrhea with 
medroxyprogesterone acetate. In addition, return to fertility may 
be delayed for  several months after discontinuation. Weight gain 
is a common adverse effect. Medroxyprogesterone acetate may 
contribute to bone loss and predispose patients to osteoporosis 
and/or fractures. Therefore, the drug should not be continued for 
more than 2 years unless the patient is unable to tolerate other 
contraceptive options.

6. Progestin implants: After subdermal placement in the upper arm, 
the etonogestrel implant offers contraception for up to 3  years. 
The implant is nearly as reliable as sterilization, and the contracep-
tive effect is reversible when removed. [Note: Progestin implants 
and intrauterine devices are known as long-acting reversible con-
traceptives (LARC).] Adverse effects include irregular menstrual 
bleeding and headaches. The etonogestrel implant has not been 
studied in women who weigh more than 130% of ideal body 
weight and may be less effective in this population.

7. Progestin intrauterine device: Various levonorgestrel-releasing 
intrauterine devices offer a highly effective method of contracep-
tion for 3 to 5 years. This is a suitable method of contracep-
tion for women who desire long-term contraception. It should be 
avoided in patients with pelvic inflammatory disease or a history 
of ectopic pregnancy. The levonorgestrel intrauterine device is a 
highly effective treatment for heavy menstrual bleeding. [Note: 
The nonhormonal copper intrauterine device provides contracep-
tion for up to 10 years.]

8. Postcoital contraception: Postcoital or emergency contracep-
tion reduces the probability of pregnancy after intercourse without 
effective contraception (Figure 25.11) to between 0.2% and  3%. 
The most common method of emergency contraception uses a 

ESTROGEN DOSE PROGESTIN DOSE SCHEDULE OF THERAPY

Combined pills:
Ethinyl estradiol
Ethinyl estradiol

30/50 µg
20/30/50 µg

Norgestrel
Levonorgestrel

0.3/0.5 mg
0.1/0.15/0.25 mg

21 days 
21 days

Phased pills:
Ethinyl estradiol
Ethinyl estradiol

30–40–30 µg
35–35–35 µg

Levonorgestrel
Norethindrone

30–75–125 mg
0.5–0.75–1 mg

6+5+10 days
7+7+7 days

Postcoital pill:
Ethinyl estradiol 50 µg

–
Levonorgestrel
Levonorgestrel

0.25 mg
1.5 mg

2 tablets 12 hours apart
1 tablet within 72 hours of intercourse

Mini pills:
–
–
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0.35 mg
75 mg

Daily
Daily 

Figure 25.10
Types and combination of estrogen and progestin used for oral contraception.
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Figure 25.11
Risk of pregnancy after unprotected 
intercourse in young couples in their 
mid-twenties.
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single, high dose of levonorgestrel. For maximum effectiveness, 
emergency contraception should be taken as soon as possible after 
unprotected intercourse and preferably within 72 hours. The levo-
norgestrel emergency contraceptive regimens are generally better 
tolerated than the estrogen–progestin combination regimens. An 
alternative emergency contraceptive is the progesterone agonist/
antagonist ulipristal [ue-li-PRIS-tal]. It is indicated for emergency 
contraception within 5 days of unprotected intercourse.

B. Mechanism of action

 Exogenously administered estrogen in contraceptives provides neg-
ative feedback which blunts release of follicle-stimulating hormone 
(FSH) by the pituitary gland and progestin inhibits LH secretion, thus 
preventing ovulation. Progestin also thickens the cervical mucus, 
thus hampering the transport of sperm. Withdrawal of the progestin 
stimulates menstrual bleeding during the placebo week.

C. Adverse effects

 The incidence of adverse effects with contraceptives is determined 
by the specific compounds and combinations used. The most com-
mon adverse effects with estrogens are breast fullness, fluid reten-
tion, headache, and nausea. Increased blood pressure may also 
occur. Progestins may be associated with depression, changes in 
libido, hirsutism, and acne. Although rare, thromboembolism, throm-
bophlebitis, myocardial infarction, and stroke may occur with use of 
estrogen-containing contraceptives. These severe adverse effects 
are most common among women who are over age 35 and smoke, 
and estrogen-containing contraceptives should not be avoided in this 
population. Progestin-only products are preferred in older women 
who are smokers, due to a lower risk of severe adverse effects. The 
incidence of cervical cancer may be increased with hormonal con-
traceptives, because women are less likely to use barrier methods 
of contraception that reduce exposure to human papillomavirus, the 
primary risk factor for cervical cancer. [Note: Oral contraceptives are 
associated with a decreased risk of endometrial and ovarian cancer.] 
Oral contraceptives are contraindicated in the presence of cerebro-
vascular and thromboembolic disease, estrogen-dependent neo-
plasms, liver disease, and pregnancy. Drugs that induce the CYP3A4 
isoenzyme (for example, rifampin and bosentan) significantly reduce 
the efficacy of oral contraceptives. Concurrent use of these agents 
with oral contraceptives should be avoided, or an alternate barrier 
method of contraception should be utilized. Antibiotics that alter 
normal gastrointestinal flora may reduce enterohepatic recycling of 
estrogen, thereby diminishing effectiveness of oral contraceptives. 
Patients should be warned of the possible interaction between anti-
biotics and oral contraceptives, along with the potential need for an 
alternate method of  contraception during antibiotic therapy.

VI. ANDROGENS

The androgens are a group of steroids that have anabolic and/or masculin-
izing effects in both males and females. Testosterone [tess-TOSS-te-rone],  
the most important androgen in humans, is synthesized by Leydig cells in 

LIR_CH25.indd   466 09/10/18   12:51 PM



467VI. Androgens

the testes and, in smaller amounts, by thecal cells in the ovaries and by 
the adrenal gland in both sexes. Other androgens secreted by the  testes 
are 5α-dihydrotestosterone (DHT), androstenedione, and dehydroepiandros-
terone (DHEA) in small amounts. In adult males, testosterone secretion by 
Leydig cells is controlled by gonadotropin-releasing hormone from the hypo-
thalamus, which stimulates the anterior pituitary gland to secrete FSH and 
LH. Testosterone or its active metabolite, DHT, inhibits production of these 
specific trophic hormones through a negative feedback loop and, thus, reg-
ulates testosterone production (Figure 25.12). The androgens are required 
for 1) normal maturation in the male, 2) sperm production, 3) increased syn-
thesis of muscle proteins and hemoglobin, and 4) decreased bone resorp-
tion. Synthetic modifications of the androgen structure modify solubility and 
susceptibility to metabolism (thus prolonging the half-life of the hormone) 
and separate anabolic and androgenic effects.

A. Mechanism of action

 Like the estrogens and progestins, androgens bind to a specific nuclear 
receptor in a target cell. Although testosterone itself is the active ligand 
in muscle and liver, in other tissues it must be metabolized to deriv-
atives, such as DHT. For example, after diffusing into the cells of the 
prostate, seminal vesicles, epididymis, and skin, testosterone is con-
verted by 5α-reductase to DHT, which binds to the receptor.

B. Therapeutic uses

 Androgenic steroids are used for males with primary hypogonadism 
(caused by testicular dysfunction) or secondary hypogonadism (due to 
failure of the hypothalamus or pituitary). [Note: Testosterone replace-
ment should only be used for males with hypogonadism related to 
medical conditions, and not low testosterone associated with aging.] 
Anabolic steroids can be used to treat chronic wasting associated 
with human immunodeficiency virus or cancer. An unapproved use 
of anabolic steroids is to increase lean body mass, muscle strength, 
and endurance in athletes and body builders (see the following text). 
Because of the potential misuse of testosterone and its derivatives, 
these agents are classified as controlled substances. DHEA (a pre-
cursor of testosterone and estrogen) has been touted as an antiaging 
hormone as well as a “performance enhancer.” There is no definitive 
evidence that it slows aging, however, or that it improves performance 
at normal therapeutic doses. Formulations of testosterone or its deriv-
atives (for example, methyltestosterone) may be used in combination 
with estrogen for women with menopausal symptoms unresponsive 
to estrogen alone. Danazol [DAH-nah-zole], a weak androgen, is used 
in the treatment of endometriosis and fibrocystic breast disease. 
[Note: Danazol also possesses antiestrogenic activity.] Weight gain, 
acne, decreased breast size, deepening voice, increased libido, and 
increased hair growth are among the adverse effects.

C. Pharmacokinetics

1. Testosterone: This agent is ineffective orally because of inactiva-
tion by first-pass metabolism. Therefore, testosterone is adminis-
tered via a transdermal patch, topical gel or solution, buccal tablet, 
or implantable pellet. Esters of testosterone (for example, testos-
terone cypionate or enanthate) are administered intramuscularly. 

LH

Testis

Testosterone
or DHT

Hypothalamus     

Gonadotropin-
releasing
hormone

Anterior
 pituitary

Figure 25.12
Regulation of secretion of testoster-
one. DHT = 5-α-dihydrotestosterone; 
LH = luteinizing hormone.
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468 25. Estrogens and Androgens

The esterified formulations are more lipid soluble and have an 
increased duration of action up to several weeks. Figure 25.13 
shows serum levels of testosterone achieved by injection and by 
a transdermal patch in hypogonadal men. Active metabolites of 
testosterone include DHT and estradiol, with activity related to 
the formation of DHT. Inactive metabolites are excreted primarily 
in the urine. Testosterone and its esters demonstrate a 1:1 rela-
tive ratio of androgenic to anabolic activity.

2. Testosterone derivatives: Alkylation of the 17α position of 
testosterone is associated with less hepatic metabolism and 
allows oral administration of the hormone. Methyltestosterone 
and fluoxymesterone [floo-oks-i-MES-te-rone] are examples 
of orally administered testosterone derivatives. Oxandrolone  
[ox-AN-droe-lone] and oxymetholone [OKS-ee-METH-oh-lone] 
are orally active 17α-alkylated derivatives of DHT. Oxandrolone 
has anabolic activity 3 to 13 times that of testosterone. 

D. Adverse effects

1. In females: Androgens can cause masculinization, acne, growth 
of facial hair, deepening of the voice, male pattern baldness, 
and excessive muscle development. Menstrual irregularities may 
also occur. Testosterone should not be used by pregnant women 
because of possible virilization of the female fetus.

2. In males: Excess androgen can cause priapism, impotence, 
decreased spermatogenesis, gynecomastia, and cosmetic 
changes such as those described for females. Androgens can 
also stimulate growth of the prostate.

3. In children: Androgens can cause abnormal sexual maturation 
and growth disturbances resulting from premature closing of the 
epiphyseal plates.

4. General effects: Androgens can increase serum LDL and lower 
serum high-density lipoprotein levels. They may also cause fluid 
retention and peripheral edema. Testosterone replacement ther-
apy has been associated with a possible increased risk of myo-
cardial infarction and stroke. Hepatic adverse effects have been 
associated with the 17α-alkylated androgens. Local skin irritation 
is a common adverse effect with topical formulations. 

5. In athletes: Use of anabolic steroids (for example, DHEA) by ath-
letes can cause premature closing of the epiphysis of the long 
bones, which stunts growth and interrupts development. High 
doses taken by young athletes may result in reduction of testicu-
lar size, hepatic abnormalities, increased aggression (“roid rage”), 
major mood disorders, and other adverse effects described above.

E. Antiandrogens

 Antiandrogens counter male hormonal action by interfering with the syn-
thesis of androgens or by blocking their receptors. Antiandrogens, such 
as flutamide [FLOO-tah-mide], bicalutamide [bye-ka-LOO-ta-mide],  
enzalutamide [enz-a-LOO-ta-mide], and nilutamide [nye-LOO-ta-mide],  
act as competitive inhibitors of androgens at the target cell and are 
effective orally for the treatment of prostate cancer (see Chapter 43). 
Finasteride [fin-AS-ter-ide] and dutasteride [doo-TAS-ter-ride] inhibit 
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469Study Questions

5α-reductase, resulting in decreased formation of dihydrotestoster-
one. These agents are used for the treatment of benign prostatic 
hyperplasia (see Chapter 43).

Study Questions

Choose the ONE best answer.

25.1 A 53-year-old woman has severe vasomotor symp-
toms (hot flushes) associated with menopause. 
She has no pertinent past medical or surgical 
history. Which would be most appropriate for her 
symptoms?

A. Conjugated estrogens vaginal cream

B. Estradiol transdermal patch

C. Oral estradiol and medroxyprogesterone acetate

D. Injectable medroxyprogesterone acetate

25.2 A 70-year-old woman is being treated with raloxi-
fene for osteoporosis. Which is a concern with this 
therapy?

A. Breast cancer

B. Endometrial cancer

C. Venous thrombosis

D. Hypercholesterolemia

25.3 Which is the most appropriate oral contraceptive 
for a patient with moderate acne?

A. Ethinyl estradiol/levonorgestrel

B. Ethinyl estradiol/norethindrone acetate

C. Ethinyl estradiol/norgestimate

D. Ulipristal

25.4 A 25-year-old woman is using injectable medroxy-
progesterone acetate as a method of contra-
ception. Which adverse effect is a concern if she 
wishes to use this therapy long-term?

A. Hyperkalemia

B. Male pattern baldness

C. Osteoporosis

D. Weight loss

25.5 Which contraceptive method provides long-acting 
reversible contraception (LARC)?

A. Contraceptive vaginal ring

B. Intrauterine device

C. Extended-cycle oral contraceptives

D. Transdermal contraceptive patch

Correct answer = C. Estrogen vaginal cream only 
treats vaginal symptoms of menopause such as vag-
inal atrophy and does not treat hot flushes. Since 
this patient has an intact uterus, a progestin such 
as medroxyprogesterone needs to be used along 
with the estrogen to prevent the development of 
 endometrial hyperplasia. Unopposed estrogen (for 
example, the estradiol transdermal patch) should not 
be used. Injectable medroxyprogesterone acetate is 
used for contraception.

Correct answer = C. Raloxifene can increase the risk 
of venous thromboembolism. Unlike estrogen and 
tamoxifen, raloxifene does not result in an increased 
incidence of endometrial cancer. Raloxifene lowers 
the risk of breast cancer in high-risk women, and it 
also lowers LDL cholesterol.

Correct answer = C. The progestins levonorgestrel 
and norethindrone acetate may have androgenic 
activity and contribute to acne. Norgestimate has less 
androgenic activity and is preferred for this patient. 
Ulipristal is an emergency contraceptive and should 
not be used as a regular method of contraception.

Correct answer = C. Medroxyprogesterone acetate 
may contribute to bone loss and predispose patients 
to osteoporosis and/or fractures. Therefore, the drug 
should not be continued for more than 2 years if pos-
sible. The drug often causes weight gain, not weight 
loss. The other adverse effects are not associated 
with medroxyprogesterone.

Correct answer = B. The progestin-only intrauter-
ine devices provide contraception for 3 to 5 years, 
depending on the device. The etonogestrel subdermal 
implant is another LARC that provides contraception 
for 3 years. The contraceptive vaginal ring is worn for 
3 weeks at a time, and the transdermal patch for 
1 week at a time. Extended cycle oral contraceptives 
must be administered daily.
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470 25. Estrogens and Androgens

25.6 Which is the most effective form of contraception 
with typical use?

A. Combined oral contraceptives

B. Progestin-only “mini-pill”

C. Depot medroxyprogesterone acetate injection

D. Subdermal progestin implant

25.7 A 36-year-old woman requests birth control. She 
has no medical conditions, and she smokes one 
pack of cigarettes per day. Which would be the 
most appropriate to recommend?

A. Vaginal contraceptive ring

B. Transdermal contraceptive patch

C. Progestin-only “mini-pill”

D. Combination oral contraceptive pill

25.8 A 22-year-old woman requests emergency contra-
ception after unprotected intercourse that occurred 
1 day ago. She has no medical conditions. Which 
agent is most appropriate?

A. Ethinyl estradiol/norgestimate

B. Etonogestrel

C. Levonorgestrel

D. Mifepristone

25.9 A 35-year-old woman is experiencing infertility 
due to anovulation. Which agent is most appropri-
ate for this patient?

A. Clomiphene

B. Ospemifene

C. Raloxifene

D. Ulipristal

25.10 Use of testosterone is most appropriate in which 
patient?

A. A 25-year-old competitive athlete

B. A 30-year-old man with hypogonadism due to 
testicular injury

C. A 50-year-old man with low testosterone 
related to aging

D. A 65-year-old man with low testosterone and a 
history of myocardial infarction

Correct answer = D. See Figure 25.9. The subdermal 
implant has a very low failure rate, since it does not 
require adherence of the patient after implantation. 
Progestin-only pills are less effective than combined 
oral contraceptives and the depot medroxyprogester-
one acetate injection.

Correct answer = C. Progestin-only products are pre-
ferred in older women who are smokers, due to a 
lower risk of severe adverse effects, such as myocar-
dial infarction and stroke. Estrogen-containing contra-
ceptives are not recommended in women over the age 
of 35 who are smokers. The vaginal contraceptive ring, 
transdermal contraceptive patch, and combination oral 
contraceptive pills all contain estrogen. 

Correct answer = C. A single dose of levonorgestrel 
is preferred for emergency contraception and should 
be administered within 72 hours of unprotected inter-
course for best efficacy. Estrogen/progestin regimens 
are less used for emergency contraception due to a 
higher incidence of adverse effects such as nausea/
vomiting. Etonogestrel is a progestin used in the con-
traceptive ring and implant. Mifepristone is a proges-
terone antagonist used to terminate pregnancy once 
it has occurred.

Correct answer = A. Clomiphene is a SERM that 
interferes with negative feedback of estrogens on the 
hypothalamus, thereby increasing the secretion of 
gonadotropin-releasing hormone and gonadotropins, 
and leading to stimulation of ovulation. Ospemifene 
is an SERM indicated for the treatment of dyspareu-
nia. Raloxifene is an SERM used in the prevention of 
breast cancer and osteoporosis. Ulipristal is a pro-
gesterone agonist/antagonist used as an emergency 
contraceptive.

Correct answer = B. Testosterone should only be 
used only for hypogonadism associated with docu-
mented medical conditions, and not low testosterone 
associated with aging. Testosterone replacement may 
increase the risk of cardiovascular events and should 
be used with caution in patients with a history of 
myocardial infarction and heart disease.
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I. OVERVIEW

The adrenal cortex secretes two types of corticosteroids (glucocorticoids 
and mineralocorticoids; Figure 26.1) and the adrenal androgens. The adre-
nal cortex has three zones, and each zone synthesizes a different type of 
steroid hormone from cholesterol (Figure 26.2). The outer zona glomerulosa 
produces mineralocorticoids (for example, aldosterone) that are responsi-
ble for regulating salt and water metabolism. The middle zona fasciculata 
synthesizes glucocorticoids (for example, cortisol) that are involved with 
metabolism and response to stress. The inner zona reticularis secretes 
adrenal androgens (see Chapter 25). Secretion by the two inner zones 
and, to a lesser extent, the outer zone is controlled by pituitary adreno-
corticotropic hormone (ACTH; also called corticotropin), which is released 
in response to hypothalamic corticotropin-releasing hormone (CRH). 
Glucocorticoids serve as feedback inhibitors of ACTH and CRH secretion.

II. CORTICOSTEROIDS

Corticosteroids differ in their metabolic (glucocorticoid) and electrolyte- 
regulating (mineralocorticoid) activity. The corticosteroids bind to spe-
cific intracellular cytoplasmic receptors in target tissues. Glucocorticoid 
receptors are widely distributed throughout the body, whereas mineralo-
corticoid receptors are confined mainly to excretory organs, such as the 
kidney, colon, salivary glands, and sweat glands. Both types of receptors 
are found in the brain. After dimerizing, the receptor–hormone complex 
recruits coactivator (or corepressor) proteins and translocates into the 
nucleus, where it attaches to gene promoter elements. There it acts as 
a transcription factor to turn genes on (when complexed with coactiva-
tors) or off (when complexed with corepressors), depending on the tissue 
(Figure 26.3). Because of this mechanism, some effects of corticosteroids 
take hours to days to occur. This section describes normal actions and 
therapeutic uses of corticosteroids.

A. Glucocorticoids

 Cortisol is the principal human glucocorticoid. Normally, its produc-
tion is diurnal, with a peak in early morning followed by a decline and 
then a secondary, smaller peak in late afternoon. Stress and levels of 
the circulating steroid influence secretion. The effects of cortisol are 
many and diverse. In general, all glucocorticoids:

1. Promote normal intermediary metabolism: Glucocorticoids 
stimulate hepatic glucose production by enhancing expression of 
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Figure 26.1
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472 26. Adrenal Hormones

enzymes involved in gluconeogenesis. They mobilize amino acids 
and stimulate lipolysis, thereby providing the building blocks and 
energy for glucose synthesis. 

2. Increase resistance to stress: By raising plasma glucose levels, 
glucocorticoids provide the body with energy to combat stress 
caused by trauma, fright, infection, bleeding, or debilitating dis-
ease. [Note: Glucocorticoid insufficiency may result in hypoglyce-
mia (for example, during stressful periods or fasting).]

3. Alter blood cell levels in plasma: Glucocorticoids cause a 
decrease in eosinophils, basophils, monocytes, and lymphocytes 
by redistributing them from the circulation to lymphoid tissue. 
Glucocorticoids also increase hemoglobin, erythrocytes, platelets, 
and polymorphonuclear leukocytes.

4. Possess anti-inflammatory action: Potent anti-inflammatory and 
immunosuppressive activities are the most important therapeutic 
properties of glucocorticoids. Glucocorticoids lower  circulating 
lymphocytes and inhibit the ability of leukocytes and macro-
phages to respond to mitogens and antigens. Glucocorticoids 
also decrease the production and release of proinflammatory 
cytokines. They inhibit phospholipase A2, which blocks the 
release of arachidonic acid (the precursor of the prostaglandins 
and leukotrienes), resulting in anti-inflammatory actions. Lastly, 
these agents influence the inflammatory response by stabilizing 
mast cell and basophil membranes, thereby decreasing hista-
mine release.

5. Affect other systems: High levels of glucocorticoids provide 
negative feedback to reduce ACTH production and affect the 
endocrine system by suppressing synthesis of glucocorticoids 
and thyroid-stimulating hormone. In addition, adequate cortisol 
levels are essential for normal glomerular filtration. Corticosteroids 
may adversely affect other systems (see Adverse Effects in the 
 following text).

B. Mineralocorticoids

 Mineralocorticoids help to control fluid status and concentration of 
electrolytes, especially sodium and potassium. Aldosterone acts on 
mineralocorticoid receptors in the distal tubules and collecting ducts 
in the kidney, causing reabsorption of sodium, bicarbonate, and water. 
Conversely, aldosterone decreases reabsorption of potassium, which, 
with H+, is lost in the urine. Enhancement of sodium reabsorption by 
aldosterone also occurs in gastrointestinal mucosa and in sweat and 
salivary glands. [Note: Elevated aldosterone levels may cause alkalo-
sis and hypokalemia, retention of sodium and water, and increased 
blood volume and blood pressure. Hyperaldosteronism is treated with 
spironolactone.] 

C. Therapeutic uses of the corticosteroids

 Semisynthetic derivatives of corticosteroids vary in anti- inflammatory 
potency, mineralocorticoid activity, and duration of action (Figure 26.4). 
These agents are used in replacement therapy and in the treatment 
of severe allergic reactions, asthma, rheumatoid arthritis, other inflam-
matory disorders, and some cancers.
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Figure 26.2
Regulation of corticosteroid secretion. 
ACTH = adrenocorticotropic hormone; 
CRH = corticotropin-releasing hormone.
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473II. Corticosteroids

1. Replacement therapy for primary adrenocortical  insufficiency 
(Addison disease): Addison disease is caused by adrenal cortex 
dysfunction (diagnosed by lack of response to ACTH administra-
tion). Hydrocortisone [hye-droe-KOR-tih-sone], which is identical 
to natural cortisol, is given to correct the deficiency. Failure to do 
so results in death. Two-thirds of the daily dosage of hydrocor-
tisone is administered in the morning and one-third in the after-
noon, mimicking the normal diurnal variation in cortisol  levels. 
Administration of fludrocortisone [floo-droe-KOR-tih-sone], a 
potent synthetic mineralocorticoid, may also be necessary to cor-
rect mineralocorticoid deficiency.

2. Replacement therapy for secondary or tertiary adrenocor-
tical insufficiency: These disorders are caused by a defect in 
CRH production by the hypothalamus or in ACTH production by 
the pituitary. Hydrocortisone is used for the treatment of these 
deficiencies.

3. Diagnosis of Cushing syndrome: Cushing syndrome is caused 
by hypersecretion of glucocorticoids (hypercortisolism) that 
results from excessive release of ACTH by the anterior pituitary or 
an adrenal tumor. [Note: Chronic treatment with high doses of glu-
cocorticoids is a frequent cause of iatrogenic Cushing syndrome.] 
Cortisol levels (urine, plasma, and saliva) and the dexamethasone 
[dex-a-METH-a-sone] suppression test are used to diagnose 
Cushing syndrome. The synthetic glucocorticoid dexamethasone 
suppresses cortisol release in normal individuals, but not in those 
with Cushing syndrome.

4. Replacement therapy for congenital adrenal hyperplasia 
(CAH): CAH is a group of diseases resulting from an enzyme 
defect in the synthesis of one or more of the adrenal steroid 
hormones. CAH may lead to virilization in females due to over-
production of adrenal androgens. Treatment requires administra-
tion of sufficient corticosteroids to suppress release of CRH and 
ACTH and normalize hormone levels. This decreases produc-
tion of adrenal androgens. The choice of replacement hormone 
depends on the specific enzyme defect.

5. Relief of inflammatory symptoms: Corticosteroids significantly 
reduce inflammation associated with rheumatoid arthritis and 
inflammatory skin conditions, including redness, swelling, heat, 
and tenderness. These agents are important for symptom con-
trol in persistent asthma, as well as treatment of exacerbations 
of asthma and inflammatory bowel disease. In osteoarthritis, 
intra-articular corticosteroids may be used for the treatment of 
a disease flare. Corticosteroids are not curative in these disor-
ders. Corticosteroids are also used in conditions such as corneal 
inflammation, ulcerative colitis, Crohn’s disease with acute exac-
erbations, and remissions and in skin diseases like pemphigus 
vulgaris and exfoliative dermatitis. 

6. Treatment of allergies: Corticosteroids are beneficial in the treat-
ment of allergic rhinitis, as well as drug, serum, and transfusion 
allergic reactions. In the treatment of allergic rhinitis and asthma, 
fluticasone [floo-TIK-a-sone] and others (Figure 26.5) are inhaled 
into the respiratory tract from a metered dose dispenser. This 
minimizes systemic effects, reducing or eliminating the use of oral 
corticosteroids.
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474 26. Adrenal Hormones

Figure 26.4
Pharmacologic effects and duration of action of some commonly used natural and synthetic corticosteroids. Activities 
are all relative to that of hydrocortisone, which is considered to be 1.

7. Acceleration of lung maturation: Fetal cortisol is a regulator of 
lung maturation. Consequently, a regimen of betamethasone or 
dexamethasone administered intramuscularly to the mother within 
48 hours proceeding premature delivery can accelerate lung mat-
uration in the fetus and prevent respiratory distress syndrome.

8. Autoimmune disorders: Immunosuppression and anti- inflammatory 
activities of steroids are highly helpful in severe immune-related 
diseases such as rheumatoid arthritis, allergic reactions, hemo-
lytic anemia, idiopathic thrombocytopenic purpura, active chronic 
 hepatitis, Stevens–Johnson’s syndrome, and to avoid allograft 
rejection.

9. Corticosteroids in other conditions: Corticosteroids are used in 
various conditions such as cerebral edema in the form of intrav-
itreal dexamethasone to suppress inflammation and angiogene-
sis. It is also used in malignancies; septic shock; thyroid storm; 
several ocular inflammatory conditions such as retinitis, uveitis, 
iridocyclitis, keratitis, allergic conjunctivitis, and osteoarthritis; and 
collagen diseases.

GLUCOCORTICOIDS 

GLUCOCORTICOID
(ANTI-INFLAMMATORY) 
ACTIVITY 

MINERALOCORTICOID 
(SALT-RETAINING)  
ACTIVITY

EQUIVALENT  
ANTI-INFLAMMATORY 
DOSE DOSE

Short acting (1–12 hr):
Hydrocortisone
(cortisol)

1 1 20 mg 10–400 mg/day (depends on 
the condition)—injection

Cortisone 0.8 0.8 – –

Intermediate acting (12–36 hr):
Prednisolone 4 0.8 5 mg 5–60 mg/day oral

10–40 mg/day injection

Prednisone 4 0.8 5 mg

Methylprednisolone 5 0.5 4 mg 4–32 mg oral

Triamcinolone 5 0 4 mg 4–32 mg oral 
5–40 mg injection

Deflazacort 4 0 6 mg 60–120 mg/day

Long acting (36–55 hr):
Betamethasone 25 0 0.75 mg 0.5–5 mg/day oral 

4–20 mg injection

Dexamethasone 25 0 0.75 mg 0.5–5 mg/day oral
5–20 mg/day injection for 
severe cases

Mineralocorticoids: Equivalent salt-retaining dose
Fludrocortizone 10 150 0.2 mg 50–200 µg/day

Desoxycoicostefone 
acetate (DOCA)

0 100 2.5 mg 2–5 mg/day sublingual
10–20 mg injection

Aldosterone 0.3 3000 No clinical use –
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D. Pharmacokinetics

1. Absorption and fate: Corticosteroids are readily absorbed after 
oral administration. Selected compounds maybe administered 
intravenously, intramuscularly, intra-articularly, topically, or  via 
inhalation or intranasal delivery (Figure 26.5). All topical and 
inhaled glucocorticoids are absorbed to some extent and, there-
fore, have the potential to suppress the hypothalamic–pituitary–
adrenal (HPA) axis. After absorption, glucocorticoids are greater 
than 90% bound to plasma proteins, mostly corticosteroid- 
binding globulin or albumin. Corticosteroids are metabolized 
by the liver microsomal oxidizing enzymes. The metabolites are 
conjugated to glucuronic acid or sulfate and excreted by the 
kidney. [Note: The half-life of corticosteroids may increase sub-
stantially in hepatic dysfunction.] Prednisone [PRED-nih-sone] is 
preferred in pregnancy because it minimizes steroid effects on 
the fetus. It is a prodrug that is not converted to the active com-
pound, prednisolone [pred-NIH-so-lone], in the fetal liver. Any 
prednisolone formed in the mother is biotransformed to predni-
sone by placental enzymes.

2. Dosage: Factors that should be considered in determining the 
dosage of corticosteroids include glucocorticoid versus miner-
alocorticoid activity, duration of action, type of preparation, and 
time of day when the drug is administered. When large doses of 
corticosteroids are required for more than 2 weeks, suppression 
of the HPA axis occurs. Alternate-day administration of cortico-
steroids may prevent this adverse effect by allowing the HPA axis 
to recover/function on days the hormone is not taken.

E. Adverse effects

 Common adverse effects of long-term corticosteroid therapy are often 
dose-related (Figure 26.6). For example, in rheumatoid arthritis, the 
daily dose of prednisone was the strongest predictor of occurrence 
of adverse effects (Figure 26.7). Osteoporosis is the most common 
adverse effect due to the ability of glucocorticoids to suppress intes-
tinal Ca2+ absorption, inhibit bone formation, and decrease sex hor-
mone synthesis. Patients are advised to take calcium and vitamin D 
supplements. Bisphosphonates may also be useful in the treatment of 
glucocorticoid-induced osteoporosis. [Note: Increased appetite is not 
necessarily an adverse effect. In fact, it is one of the reasons for the use 
of prednisone in cancer chemotherapy.] The classic Cushing-like syn-
drome (redistribution of body fat, puffy face, hirsutism, and increased 
appetite) is observed in excess corticosteroid replacement. Cataracts 
may also occur with long-term corticosteroid therapy. Hyperglycemia 
may develop and lead to diabetes mellitus. Diabetic patients should 
monitor blood glucose and adjust medications accordingly if taking 
corticosteroids. Topical therapy can cause skin atrophy, ecchymosis, 
and purple striae.

F. Discontinuation

 Sudden discontinuation of these drugs can cause serious conse-
quences if the patient has suppression of the HPA axis. In this case, 

IV, IM

Beclomethasone
Budesonide
Ciclesonide
Flunisolide
Fluticasone
Mometasone
Triamcinolone

IM
Triamcinolone

Betamethasone
Dexamethasone
Hydrocortisone
Methylprednisolone
Prednisolone

Inhaled and nasal sprays

Topical

Betamethasone
Hydrocortisone
Mometasone
Triamcinolone

Cortisone
Dexamethasone
Methylprednisolone
Prednisone

Oral
Cortisone
Dexamethasone
Methylprednisolone
Prednisone

Methylprednisolone
Triamcinolone

Intra-articular

Metabolites,
mainly
glucuronides
or sulfates,
appear in
the urine.

Metabolites,
mainly
glucuronides
or sulfates,
appear in
the urine.

Methylprednisolone
Triamcinolone

Intra-articular

Figure 26.5
Routes of administration and 
 elimination of corticosteroids.  
IM = intramuscular; IV = intravenous.
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healing
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Emotional
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Increased risk
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Figure 26.6
Some commonly observed effects of long-term corticosteroid therapy. BP = blood pressure.

abrupt removal of corticosteroids causes acute adrenal insufficiency 
that can be fatal. This risk, coupled with the possibility that withdrawal 
could exacerbate the disease, means that the dose must be tapered 
slowly according to individual tolerance. The patient must be moni-
tored carefully.

G. Inhibitors of adrenocorticoid biosynthesis or function

 Several substances are therapeutically useful as inhibitors of the syn-
thesis or function of adrenal steroids: ketoconazole, spironolactone, 
and eplerenone.

1. Ketoconazole: Ketoconazole [kee-toe-KON-ah-zole] is an anti-
fungal agent that strongly inhibits all gonadal and adrenal steroid 
hormone synthesis. It is used in the treatment of patients with 
Cushing syndrome.
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2. Spironolactone: This antihypertensive drug competes for the 
mineralocorticoid receptor and, thus, inhibits sodium reabsorp-
tion in the kidney. Spironolactone [speer-oh-no-LAK-tone] also 
antagonizes aldosterone and testosterone synthesis. It is effec-
tive for hyperaldosteronism and hepatic cirrhosis, and is used 
with other standard therapies for treatment of heart failure with 
reduced ejection fraction. It is also useful in the management of 
hirsutism in women, probably due to antiandrogen activity on the 
hair follicle. Adverse effects include hyperkalemia, gynecomastia, 
menstrual irregularities, and skin rashes.

3. Eplerenone: Eplerenone [e-PLER-ih-none] specifically binds to 
the mineralocorticoid receptor, where it acts as an aldosterone 
antagonist. This specificity avoids the adverse effect of gyneco-
mastia that is associated with spironolactone. It is approved for 
the treatment of hypertension and for heart failure with reduced 
ejection fraction.
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Average daily dose of prednisone 
is the strongest predictor 
of serious adverse e�ects due 
to glucocorticoid therapy in
patients with rheumatoid 
arthritis.

Figure 26.7
Probability of remaining free of a 
serious adverse event in patients 
with rheumatoid arthritis treated 
with no or different doses of pred-
nisone. Modified from K. G. Saag, 
R. Koehnke, and J. R. Caldwell, et al. 
Low dose long-term corticosteroid 
therapy in rheumatoid arthritis: an 
analysis of serious adverse events. 
Am. J. Med. 96: 115 (1994).

Study Questions

Choose the ONE best answer.

26.1 Which part of the adrenal gland is correctly paired 
with the type of substance it secretes?

A. Adrenal medulla—corticotropin

B. Zona fasciculata—cortisol

C. Zona glomerulosa—androgens

D. Zona reticularis—catecholamines

26.2 Corticosteroids are useful in the treatment of which 
of the following disorders?

A. Cushing syndrome

B. Diabetes

C. Hypertension

D. Inflammatory bowel disease

Correct answer = B. The adrenal medulla secretes cat-
echolamines. Corticotropin is secreted by the anterior 
pituitary. The zona glomerulosa secretes aldosterone, 
and the zona reticularis secretes androgens.

Correct answer = D. Corticosteroids can increase 
blood pressure and glucose and are not used in 
the treatment of hypertension or diabetes. Cushing 
syndrome is an excess secretion of glucocorti-
coids. Dexamethasone may be used in the diag-
nosis of Cushing syndrome, but not its treatment. 
Corticosteroids reduce inflammation and can be used 
in the management of inflammatory bowel disease.
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478 26. Adrenal Hormones

26.3 Which adverse effect commonly occurs with 
 glucocorticoid therapy?

A. Glaucoma

B. Hyperkalemia

C. Weight loss

D. Osteoarthritis

26.4 Which contributes to osteoporosis with long-term 
use of glucocorticoids?

A. Increased excretion of calcium

B. Inhibition of calcium absorption

C. Stimulation of the hypothalamic–pituitary– adrenal 
axis

D. Decreased production of prostaglandins

26.5 A child with severe asthma is treated with high-
dose inhaled corticosteroids. Which adverse effect 
is of particular concern?

A. Hypoglycemia

B. Hirsutism

C. Growth suppression

D. Cushing syndrome

26.6 Which is appropriate for treatment of congenital 
adrenal hyperplasia in a child?

A. Adrenocorticotropic hormone (ACTH)

B. Ketoconazole

C. Prednisone

D. Spironolactone

26.7 A patient with Addison disease treated with 
 hydrocortisone is experiencing dehydration and 
hyponatremia. Which drug is best to add to the 
patient’s therapy?

A. Dexamethasone

B. Fludrocortisone

C. Prednisone

D. Triamcinolone

Correct answer = A. Glucocorticoid therapy may cause 
hypokalemia, not hyperkalemia. Glucocorticoids also 
cause increased appetite and osteoporosis. Glaucoma 
is a known potential adverse effect of this class.

Correct answer = B. Glucocorticoid-induced osteo-
porosis is attributed to inhibition of calcium absorp-
tion and bone formation. Increased intake of calcium 
plus vitamin D and use of bisphosphonates may be 
indicated. Glucocorticoids suppress rather than stim-
ulate the hypothalamic–pituitary–adrenal axis. The 
decreased production of prostaglandins does not 
play a role in bone formation.

Correct answer = C. Corticosteroids may retard bone 
growth. Chronic use of the medication may lead to 
growth suppression, so linear growth should be mon-
itored periodically. Hyperglycemia, not hypoglycemia, 
is a possible adverse effect. Hirsutism and Cushing 
syndrome are unlikely with the dose that the child 
receives via inhalation.

Correct answer = C. Congenital adrenal hyperpla-
sia is seen in infancy and childhood. Because cor-
tisol synthesis is decreased, feedback inhibition of 
adrenocorticotropic hormone (ACTH) formation and 
release is also decreased, resulting in enhanced 
ACTH formation. This in turn leads to increased lev-
els of adrenal androgens and/or mineralocorticoids. 
The treatment is to administer a glucocorticoid, such 
as hydrocortisone (in infants) or prednisone, which 
restores the feedback inhibition. The other options 
are inappropriate.

Correct answer = B. To combat dehydration and hypo-
natremia, a corticosteroid with high mineralocorticoid 
activity is needed. Fludrocortisone has the greatest 
mineralocorticoid activity of the agents  provided. The 
other drugs have little or no mineralocorticoid activity.
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26.8 Which strategy is effective to minimize develop-
ment of HPA axis suppression in a patient with 
rheumatoid arthritis on long-term high-dose corti-
costeroid therapy?

A. Alternate-day administration

B. Administration via topical or inhalation route 
when possible

C. Immediate cessation of the corticosteroid

D. Administration of two-thirds of the daily dose 
in the morning and one-third in the afternoon

26.9 Which patient is most likely to have suppression 
of the HPA axis and require a slow taper of corti-
costeroid therapy?

A. A patient taking 40 mg of prednisone daily for 
7 days to treat an asthma exacerbation

B. A patient taking 10 mg of prednisone daily for 
3 months for rheumatoid arthritis

C. A patient using mometasone nasal spray daily 
for 6 months for allergic rhinitis

D. A patient receiving an intra-articular injection of 
methylprednisolone for osteoarthritis

26.10 Which corticosteroid is most appropriate to 
administer to a woman in preterm labor to accel-
erate fetal lung maturation?

A. Betamethasone

B. Fludrocortisone

C. Hydrocortisone

D. Prednisone

Correct answer = A. Topical or inhaled corticosteroids 
may minimize HPA axis suppression, but are unlikely 
to be effective in rheumatoid arthritis. Since the 
patient has been on long-term therapy, a taper would 
be necessary. Administration of two-thirds of the 
dose in the morning and one-third in the  afternoon 
is a strategy to mimic the normal diurnal variation of 
cortisol secretion, but it does not prevent suppres-
sion of the HPA axis. Alternate day administration is 
beneficial. 

Correct answer = B. Suppression of the HPA axis usu-
ally occurs with higher doses of corticosteroids when 
used for a duration of 2 weeks or more. Although the 
dose of prednisone is higher in the asthma patient, 
the duration of therapy is short, so the risk of HPA 
axis suppression is lower. The risk of HPA axis sup-
pression is low with topical therapies such as intra-
nasal mometasone and with one-time joint injections.

Correct answer = A. A corticosteroid with high glu-
cocorticoid activity is needed to speed fetal lung 
maturation prior to delivery. Betamethasone has high 
 glucocorticoid activity and is one of the recommended 
drugs in this context. Dexamethasone is the other. 
Fludrocortisone mainly has mineralocorticoid activity 
and is not useful in this situation. Hydrocortisone has 
much lower glucocorticoid activity. Prednisone has 
a higher glucocorticoid activity than hydrocortisone, 
but the fetus is not able to convert it to prednisolone, 
the active form.
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I. OVERVIEW

Osteoporosis, Paget disease, and osteomalacia are disorders of the bone. 
Osteoporosis is characterized by progressive loss of bone mass and skel-
etal fragility. Patients with osteoporosis have an increased risk of fractures, 
which can cause significant morbidity. Osteoporosis occurs most frequently 
in postmenopausal women and older adults of both sexes. Paget disease 
is a disorder of bone remodeling that results in disorganized bone forma-
tion and enlarged or misshapen bones. Unlike osteoporosis, Paget disease 
is usually limited to one or a few bones. Patients may experience bone 
pain, bone deformities, or fractures. Osteomalacia is softening of the bones 
that is most often attributed to vitamin D deficiency. [Note: Osteomalacia in 
children is referred to as rickets]. As osteoporosis is more common, drug 
therapy for osteoporosis is the focus of this chapter (Figure 27.1).

II. BONE REMODELING

Throughout life, bone undergoes continuous remodeling, with about 10% 
of the skeleton replaced each year. Bone remodeling serves to remove and 
replace damaged bone and to maintain calcium homeostasis. Osteoclasts 
are cells that break down bone, a process known as bone resorption. 
Following bone resorption, osteoblasts or bone-building cells synthesize 
new bone. Crystals of calcium phosphate, known as hydroxyapatite, are 
deposited in the new bone matrix during the process of bone mineraliza-
tion. Bone mineralization is essential for bone strength. Lastly, bone enters 
a resting phase until remodeling begins again. Bone loss occurs when 
bone resorption exceeds bone formation during the remodeling process. 
Figure 27.2 shows changes in bone morphology seen in osteoporosis.

III. PREVENTION OF OSTEOPOROSIS

Strategies to reduce bone loss in postmenopausal women include ade-
quate dietary intake of calcium and vitamin D, weight-bearing exercise, 
smoking cessation, and avoidance of excessive alcohol intake. Patients 
with inadequate dietary intake of calcium should receive calcium supple-
mentation. Calcium carbonate is an inexpensive and commonly used cal-
cium supplement. It contains 40% elemental calcium and should be taken 
with meals for best absorption. Calcium citrate (21% elemental calcium) is 
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Figure 27.1
Summary of drugs used in the 
 treatment of osteoporosis and other 
bone disorders. (For drug dosages, 
refer to Appendix at the end of the 
book.)
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482 27. Drugs Affecting Bone Metabolism

better tolerated and may be taken with or without food. Adverse effects of 
calcium supplementation include gas and bloating. Calcium may interfere 
with absorption of iron preparations, thyroid replacement, and fluoroquino-
lone and tetracycline antibiotics, and administration of these drugs should 
be separated by several hours. Vitamin D is essential for absorption of 
calcium and bone health, and older patients are often at risk for vitamin D 
deficiency. Supplementation with vitamin D2 (ergocalciferol) or vitamin D3 
(cholecalciferol) is used for treatment. In addition, patients at risk for oste-
oporosis should avoid drugs that increase bone loss such as glucocorti-
coids (Figure 27.3). [Note: Use of glucocorticoids (for example, prednisone 
5 mg/day or equivalent) for 3 months or more is a significant risk factor for 
osteoporosis.] 

IV. TREATMENT OF OSTEOPOROSIS

Pharmacologic therapy for osteoporosis is warranted in postmenopausal 
women and men aged 50 years or over who have a previous osteoporotic 
fracture, a bone mineral density that is 2.5 standard deviations or more 
below that of a healthy young adult, or a low bone mass (osteopenia) with 
a high probability of future fractures.

A. Bisphosphonates

 Bisphosphonates including alendronate [a-LEND-row-nate], rise-
dronate [rih-SED-row-nate], and zoledronic [zole-DROE-nick] acid 
are  preferred agents for treatment of postmenopausal osteoporo-
sis. These bisphosphonates, along with etidronate [e-TID-row-nate], 
ibandronate [eye-BAN-dro-nate], pamidronate [pah-MID-row-nate], 
and tiludronate [till-UH-droe-nate], comprise an important drug group 
used for the treatment of bone disorders such as osteoporosis and 
Paget disease, as well as for the treatment of bone metastases and 
hypercalcemia of malignancy.

1. Mechanism of action: Bisphosphonates bind to hydroxyapatite 
crystals in the bone and decrease osteoclastic bone resorption, 
resulting in a small increase in bone mass and a decreased risk 
of fractures in patients with osteoporosis. The beneficial effects of 
alendronate persist over several years of therapy (Figure 27.4), but 
discontinuation results in a gradual loss of effects.

2. Pharmacokinetics: The oral bisphosphonates alendronate, 
risedronate, and ibandronate are dosed on a daily, weekly, or 
monthly basis depending on the drug (Figure 27.5). Absorption 
after oral administration is poor, with less than 1% of the dose 
absorbed. Food and other medications significantly interfere with 
absorption of oral bisphosphonates, and guidelines for adminis-
tration should be followed to maximize absorption (Figure 27.5). 
Bisphosphonates are rapidly cleared from the plasma, primarily 
because they avidly bind to hydroxyapatite in the bone. Once 
bound to bone, they are cleared over a period of hours to years. 
Elimination is predominantly via the kidney, and bisphosphonates 
should be avoided in severe renal impairment. For patients unable 
to tolerate oral bisphosphonates, intravenous ibandronate and 
zoledronic acid are alternatives.

Figure 27.2
Changes in bone morphology seen in 
osteoporosis.

Figure 27.3
Drugs that can contribute to bone 
loss or increased fracture risk.

Normal bone

Osteoporotic bone

Anticonvulsants (for example, phenytoin)

Aromatase inhibitors

Furosemide

Glucocorticoids

Heparin

Aluminum antacids

Medroxyprogesterone acetate

Proton-pump inhibitors

Selective serotonin reuptake inhibitors

Thiazolidinediones

Thyroid (excessive replacement)
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Figure 27.4
Effect of alendronate therapy on the 
bone mineral density of the lumbar 
spine.

Figure 27.5
Dosage formulations and instructions for administration of bisphosphonates for the treatment of osteoporosis. 

3. Adverse effects: These include diarrhea, abdominal pain, and 
musculoskeletal pain. Alendronate, risedronate, and ibandronate 
are associated with esophagitis and esophageal ulcers. To min-
imize esophageal irritation, patients should remain upright after 
taking oral bisphosphonates. Although uncommon, osteonecrosis 
of the jaw and atypical femur fractures may occur with use of 
bisphosphonates. The risk of atypical fractures seems to increase 
with long-term use of bisphosphonates. Therefore, current guide-
lines recommend a drug holiday for some patients after 5 years 
of oral bisphosphonates or 3 years of zoledronic acid. Figure 27.6 
shows relative potencies of the bisphosphonates.

B. Denosumab

 Denosumab [den-OH-sue-mab] is a monoclonal antibody that targets 
receptor activator of nuclear factor kappa-B ligand (RANKL) and inhib-
its osteoclast formation and function. Denosumab is approved for the 
treatment of postmenopausal osteoporosis in women at a high risk of 
fracture. It is administered via subcutaneous injection every 6 months. 
Denosumab is considered a first-line agent for osteoporosis, particularly 
in patients at a higher risk of fractures. The drug has been associated 
with an increased risk of infections, dermatological reactions, hypocal-
cemia, and rarely osteonecrosis of the jaw and atypical fractures. 

C. Parathyroid agents

 Teriparatide [ter-ih-PAR-a-tide] is a recombinant form of human 
parathyroid hormone and abaloparatide [a-bal-oh-PAR-a-tide] is an 
analog of parathyroid hormone–related peptide. These drugs act as 
agonists at the parathyroid hormone receptor, and once-daily sub-
cutaneous administration results in stimulation of osteoblastic activ-
ity and increased bone formation and bone strength. By contrast, 

0
0

2

4

6

8

10

1 2 3
Years of treatment

Ch
an

ge
 in

 b
on

e 
m

in
er

al
 d

en
si

ty
fr

om
 b

as
el

in
e 

(%
)

Oral tablet
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Oral tablet
Oral delayed-release tablet

Ibandronate

Risedronate

Zoledronic acid

Alendronate Oral tablet
E�ervescent tablet

Daily or monthly
Every 3 months

Daily, weekly, or monthly
Weekly

Daily or weekly
Weekly

BISPHOSPHONATE FORMULATION DOSING FREQUENCY1

Intravenous Yearly

DOSING INSTRUCTIONS FOR ORAL BISPHOSPHONATES

•  Take with 6 to 8 ounces of plain water only
    [Note: Take risedronate delayed-release tablet with at least 4 ounces of plain water]

•  Take at least 30 minutes (60 minutes for ibandronate) BEFORE other food, drink, or medications
   [Note: Take risedronate delayed-release tablet immediately AFTER breakfast]

•  Remain upright and do not lie down or recline for at least 30 minutes (60 minutes for ibandronate) after taking

1Frequency of administration for individual agents varies with dosage, with higher doses administered less frequently.
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other drugs for osteoporosis inhibit bone resorption. These agents 
should be reserved for patients at a high risk of fractures and 
those who have failed or cannot tolerate other osteoporosis thera-
pies. Both drugs have been associated with hypercalcemia, ortho-
static hypotension, and an increased risk of osteosarcoma in rats. 
Cumulative lifetime use of either agent for more than 2 years is not 
recommended.

D. Selective estrogen receptor modulators

 Lower estrogen levels after menopause promote proliferation and acti-
vation of osteoclasts, and bone mass can decline rapidly. Estrogen 
replacement is effective for the prevention of postmenopausal bone 
loss. However, since estrogen may increase the risk of endome-
trial cancer (when used without a progestin in women with an intact 
uterus), breast cancer, stroke, venous thromboembolism, and coro-
nary events, it is no longer recommended as a preventive therapy 
for osteoporosis. Raloxifene [rah-LOX-ih-feen] is a selective estro-
gen receptor modulator approved for the prevention and treatment 
of osteoporosis. It has estrogen-like effects on bone and estrogen 
antagonist effects on breast and endometrial tissue. Therefore, raloxi-
fene increases bone density without increasing the risk of endometrial 
cancer, and it decreases the risk of invasive breast cancer. Because 
it has not been shown to reduce nonvertebral or hip fractures, ral-
oxifene should be used an alternative to bisphosphonates or denu-
somab in the treatment of postmenopausal osteoporosis. Adverse 
effects include hot flashes, leg cramps, and increased risk of venous 
thromboembolism.

E. Calcitonin

 Salmon calcitonin [cal-SIH-toe-nin] is indicated for the treatment of 
osteoporosis in women who are at least 5 years postmenopausal. The 
drug reduces bone resorption, but it is less effective than other agents 
and is no longer routinely recommended for the treatment of osteopo-
rosis. A unique property of calcitonin is relief of pain associated with 
osteoporotic fracture. Therefore, calcitonin is sometimes prescribed 
for the short-term treatment of patients with a recent painful vertebral 
fracture. The intranasal formulation is most commonly used in oste-
oporosis, and adverse effects include rhinitis and other nasal symp-
toms. It is available as a synthetic salmon calcitonin 100 IU/ml for 
subcutaneous injection and 200 IU delivered by nasal spray. 

F. Parathormone

 Parathormone (PTH) is the polypeptide hormone of the parathyroid 
gland having an 84-amino acid sequence. Its secretion is regu-
lated through the plasma calcium levels by calcium-sensing recep-
tor. Falling plasma levels of calcium induce a raise in PTH levels. 
Similarly, the active form of vitamin D in plasma is also a key deter-
minant of plasma PTH levels. Elevated serum Ca2+ levels serve as 
a negative-feedback loop to signal the parathyroid glands to stop 
the release of PTH. After secretion, PTH is degraded in liver and 
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Figure 27.6
Antiresorptive activity of some 
bisphosphonates.
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kidney within 2 to 5 minutes. PTH increases bone resorption by 
activating osteoclasts and enhances bone formation. In kidney, PTH 
increases calcium reabsorption in the distal tubule and regulates 
the amount of calcium excretion. Although PTH does not have any 
direct effect on calcium absorption from the intestine, indirectly it 
facilitates the synthesis of active vitamin D, calcitriol (1,25-dihy-
droxyvitamin D), in the kidneys by the activation of 1α-hydroxylate. 
Calcitriol in turn promotes the absorption of calcium from the intes-
tine. PTH acts through its receptor which is G-protein coupled, and 
its activation causes an increased intracellular Ca2+ level in target 
cells through cAMP. 

 PTH substitution is not a choice of hypoparathyroidism as the 
plasma calcium levels can be attained by oral vitamin D therapy. 
Recombinant PTH teriparatide has been introduced to increase 
bone mineral density in severe osteoporosis. It is administered as 
20 µg dose once daily by the subcutaneous route. It stimulates bone 
formation and it has been found to be more effective than estro-
gen supplementation in reducing the risk of fractures, especially 
in women who suffer multiple fractures. Dizziness and leg cramps 
are the main side effects reported. However, teriparatide is contra-
indicated in Paget’s disease and hypercalcemia. It is also used in 
the differential diagnosis of true hypoparathyroidism from pseudo-
thyroidism by checking the increase in plasma levels of calcium in 
response to intravenous teriparatide. 

G. Calcium and vitamin D supplements

 Citrate, carbonate, gluconate, lactate, chloride, and phosphate  salts 
of calcium are used for the substitution of calcium. Among all 
 calcium, gluconate can be safely used for intravenous administration. 
Oral calcium supplements are generally well tolerated except for a 
few GI-related side effects such as constipation and bloating. Dietary 
allowance of calcium supplementation is 0.8 to 1.5 g/day. Absorption 
of calcium in the intestine is a specialized process such as carrier- 
mediated active transport and facilitated diffusion. The active form of 
vitamin D is cholecalciferol (D3) synthesized in the skin by the influ-
ence of UV rays of the sun. However, externally supplemented D3 
is orally well absorbed and cholecalciferol influences the intestinal 
absorption of calcium. Therefore, calcium supplementation is accom-
panied by D3. Prophylactic use of vitamin D is 400 IU/day. For ther-
apeutic supplementation (that is, for correcting the deficiency), the 
dose varies from 3000 to 4000 IU/day. Further, higher doses are only 
used for treating hypoparathyroidism. However, caution needs to be 
exercised to avoid hypervitaminosis -related complications by using 
higher dose supplementation of vitamin D. Therapeutic vitamin D is 
used for rickets in children, osteomalacia in adults, Fanconi syndrome 
and along with calcium for maintaining bone density in postmeno-
pausal women. Calcipotriol is the synthetic analog of vitamin D which 
inhibits cell proliferation and enhances cell differentiation in the skin 
of patients with psoriasis. As a 0.005% cream, it is approved for the 
topical treatment of psoriasis.
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Study Questions

Choose the ONE best answer.

27.1 Which is correct regarding the pharmacokinetics of 
the bisphosphonates?

A. Bisphosphonates are well absorbed after oral 
administration.

B. Food or other medications greatly impair absorp-
tion of bisphosphonates.

C. Bisphosphonates are mainly metabolized via the 
cytochrome P450 system.

D. Elimination half-life of bisphosphonates ranges 
from 4 to 6 hours.

27.2 Which agent is administered once yearly to treat 
osteoporosis?

A. Abaloparatide

B. Denusomab

C. Risedronate

D. Zoledronic acid

27.3 Which osteoporosis medication works by preferen-
tially stimulating activity of osteoblasts?

A. Denosumab

B. Ibandronate

C. Raloxifene

D. Teriparatide

27.4 Which best describes the mechanism of action of 
denosumab in the treatment of osteoporosis?

A. Parathyroid hormone analog

B. RANKL inhibitor

C. Selective estrogen receptor modulator

D. Vitamin D analog

27.5 A 52-year-old woman has a history of rheumatoid 
arthritis, diabetes, hypertension, and heartburn. 
Her daily medications include methotrexate, pred-
nisone, metformin, hydrochlorothiazide, lisinopril, 
and  calcium carbonate as needed for heartburn 
symptoms. She is worried about the risk of oste-
oporosis as she approaches menopause. Which of 
her medications is most likely to contribute to the 
risk of developing osteoporosis?

A. Calcium carbonate

B. Hydrochlorothiazide

C. Lisinopril

D. Prednisone

Correct answer = B. Food and other medications 
decrease absorption of bisphosphonates, which are 
already poorly absorbed (less than 1%) after oral 
administration. Bisphosphonates are cleared from the 
plasma by binding to bone and being cleared by the 
kidney (not metabolized by the CYP450 system).  
The elimination half-life may be years.

Correct answer = D. Zoledronic acid is administered 
intravenously once per year. Abaloparatide is a daily 
subcutaneous injection. Denosumab is administered 
every 6 months, and risedronate is administered daily, 
weekly, or monthly.

Correct answer = D. Teriparatide is a parathyroid 
hormone analog that has anabolic effects on bone 
through stimulation of osteoblast activity. The other 
medications work primarily by inhibiting osteoclast 
activity (inhibition of bone resorption).

Correct answer = B. Denosumab is a monoclonal 
antibody that targets receptor activator of nuclear 
factor kappa-B ligand (RANKL) and inhibits osteo-
clast formation and function.

Correct answer = D. Glucocorticoids (for example, 
prednisone at a dose of ≥ 5 mg per day for greater 
than 3 months) are a significant risk factor for oste-
oporosis. The other medications have not been 
shown to increase the risk of osteoporosis, and cal-
cium carbonate and hydrochlorothiazide (diuretic that 
increases calcium retention) may be beneficial for 
patients at risk of osteoporosis.
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 27.6 A 65-year-old woman who has been diagnosed 
with postmenopausal osteoporosis has no history 
of fractures and no other pertinent medical condi-
tions. Which is most appropriate for management 
of her osteoporosis?

A. Alendronate

B. Calcitonin

C. Denosumab

D. Raloxifene

 27.7 A 55-year-old woman with postmenopausal oste-
oporosis has a past medical history of ethanol 
abuse, alcoholic liver disease, erosive esophagitis, 
and hypothyroidism. Which is the primary reason 
oral bisphosphonates should be used with caution 
in this patient?

A. Age

B. Erosive esophagitis

C. Liver disease

D. Thyroid disease

 27.8 A 70-year-old woman is being started on ibandro-
nate once monthly for the treatment of osteoporosis. 
Which is important to communicate to this patient?

A. Take this medication with orange juice to 
increase absorption.

B. Take this medication after meals to minimize 
stomach upset.

C. Remain upright for at least 60 minutes after 
taking this medication.

D. Adverse effects may include blood clots and 
leg cramps.

 27.9 Use of which agent for osteoporosis should be 
limited to no more than 2 years?

A. Calcitonin

B. Denosumab

C. Teriparatide

D. Zoledronic acid

27.10 A patient has been taking alendronate for post-
menopausal osteoporosis for 5 years with a slight 
increase in bone mineral density and no occur-
rence of fractures. Risk of which adverse effect 
might warrant consideration of a drug holiday 
from alendronate in this patient?

A. Atypical femur fractures

B. Esophagitis

C. Osteosarcoma

D. Rhinitis

Correct answer = A. Bisphosphonates are first-line 
therapy for osteoporosis in postmenopausal women 
without contraindications. Raloxifene is an alternative 
that may be less efficacious (especially for nonverte-
bral and hip fractures), and calcitonin is not recom-
mended. Denosumab is best used for patients at high 
risk of fractures.

Correct answer = B. Bisphosphonates are known to 
cause esophageal irritation and should be used with 
caution in a patient with a history of erosive esopha-
gitis. Age is not a factor for consideration in bisphos-
phonate use. Liver disease is not a contraindication 
to bisphosphonate use, since bisphosphonates are 
mainly cleared via the kidney. Thyroid disease is not 
a contraindication to bisphosphonate use, although 
overaggressive replacement of thyroid may contrib-
ute to osteoporosis.

Correct answer = C. Patients need to remain upright 
for 60 minutes after ibandronate (30 minutes for other 
bisphosphonates). Ibandronate should be given on an 
empty stomach with plain water only. Bisphosphonates, 
unlike raloxifene, are not associated with blood clots 
and leg cramps.

Correct answer = C. Use of the recombinant para-
thyroid hormone teriparatide should be limited to 
2  years. Use beyond 2 years has not been studied 
and is not recommended. The other agents do not 
have such limitations.

Correct answer = A. Atypical femur fractures are 
associated with long-term use of bisphosphonates 
(>5 years). Therefore, a drug holiday might be con-
sidered since the patient has had no fractures. 
Esophagitis, while a side effect of bisphosphonate 
therapy, can be prevented with appropriate adminis-
tration. Osteosarcoma is associated with the parathy-
roid hormone analogs, and rhinitis is associated with 
intranasal calcitonin. 
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I. OVERVIEW

Antimicrobial therapy takes advantage of the biochemical differences that 
exist between microorganisms and human beings. Antimicrobial drugs are 
effective in the treatment of infections because of their selective toxicity—
that is, they have the ability to injure or kill an invading microorganism with-
out harming the cells of the host. In most instances, the selective toxicity is 
relative rather than absolute, requiring that the concentration of the drug be 
carefully controlled to attack the microorganism while still being tolerated 
by the host. “Antibiotics” refers to the substances which are produced by 
organisms which are known to selectively retard the growth or kill other 
microorganisms. In order to cover a wide range of synthetic, semisynthetic, 
and natural agents, the term “antimicrobial agents” is commonly used.

II. SELECTION OF ANTIMICROBIAL AGENTS

Selection of the most appropriate antimicrobial agent requires knowledge 
of 1) the identity of the organism, 2) the susceptibility of the organism to 
a particular agent, 3) the site of the infection, 4) patient factors, 5) the 
safety and efficacy of the agent, and 6) the cost of therapy. However, most 
patients require empiric therapy (immediate administration of drug(s) prior 
to bacterial identification and susceptibility testing).

A. Identification of the infecting organism

 Characterizing the organism is central to selection of appropriate 
therapy. A rapid assessment of the nature of the pathogen can 
sometimes be made on the basis of the Gram stain, which is par-
ticularly useful in identifying the presence and morphologic features 
of microorganisms in body fluids that are normally sterile (blood, 
cerebrospinal fluid [CSF], pleural fluid, synovial fluid, peritoneal fluid, 
and urine). However, it is generally necessary to culture the infective 
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490 28. Principles of Antimicrobial Therapy

organism to arrive at a conclusive diagnosis and determine the sus-
ceptibility to antimicrobial agents. Thus, it is essential to obtain a 
sample culture of the organism prior to initiating the first dose of 
antibiotics. Otherwise, it is impossible to differentiate whether a 
negative culture is due to the absence of organisms or is a result 
of antimicrobial effects of administered antibiotic. Definitive identifi-
cation of the infecting organism may require other laboratory tech-
niques, such as detection of microbial antigens, DNA, or RNA, or 
an inflammatory or host immune response to the microorganism 
(Figure  28.1). Newer techniques such as rapid polymerase chain 
reaction (PCR) and matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry offer accurate, rapid, and 
cost-effective identification of the infecting organism(s).

B. Empiric antimicrobial therapy

 Ideally, the antimicrobial agent used to treat an infection is selected 
after the organism has been identified and its susceptibility to antimi-
crobial agents established. However, in the critically ill patient, such a 
delay could prove fatal, and immediate empiric therapy is indicated. 
Antibiotics used for empirical therapy are usually broad-spectrum 
antibiotics and should be substituted with narrow-spectrum antibiot-
ics within 48 to 72 hours as per culture and sensitivity report.

1. Timing: Acutely ill patients with infections of unknown origin—for 
example, a neutropenic patient (one who is at risk for infections 
due to a reduction in neutrophils) or a patient with meningitis (acute 
inflammation of the membranes covering the brain and spinal 
cord)—require immediate treatment. If possible, therapy should be 
initiated after specimens for laboratory analysis have been obtained 
but before the results of the culture and sensitivity are available.

2. Selecting a drug: Drug choice in the absence of susceptibility 
data is influenced by the site of infection, the patient history (for 
example, previous infections, age, recent travel history, recent 
antimicrobial therapy, immune status, whether the infection was 
hospital- or community-acquired), and local susceptibility data. 
Broad-spectrum therapy such as third- or fourth-generation ceph-
alosporins, doxycycline, and fluoroquinolones may be indicated 
initially when the organism is unknown or polymicrobial infections 
are likely. The choice of agent(s) may also be guided by known 
association of particular organisms in a given clinical setting. For 
example, gram-positive cocci in the spinal fluid of a newborn is 
unlikely to be Streptococcus pneumoniae and most likely to be 
Streptococcus agalactiae (group B streptococci), which is sensi-
tive to penicillin G. By contrast, gram-positive cocci in the spinal 
fluid of a 40-year-old patient are most likely to be S. pneumo-
niae. This organism is frequently resistant to penicillin G and often 
requires treatment with a high-dose third-generation cephalospo-
rin (such as ceftriaxone) or vancomycin. 

C. Determination of antimicrobial susceptibility

 After a pathogen is cultured, its susceptibility to specific antibiotics 
serves as a guide in selection of antimicrobial therapy. Some  pathogens, 
such as Streptococcus pyogenes and Neisseria  meningitidis, usually 
have predictable susceptibility patterns to certain antibiotics. In contrast, 
most gram-negative bacilli, enterococci, and staphylococcal species 

Figure 28.1
Some laboratory techniques that are 
useful in the diagnosis of microbial 
diseases.

Detection of host
immune response 5

Detection of microbial
RNA or DNA 4

Detection of 
microbial antigens3

Culture and
identi�cation 2

Direct microscopic
visualization 1
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491II. Selection of Antimicrobial Agents

often show unpredictable susceptibility patterns and require susceptibil-
ity testing to determine appropriate antimicrobial therapy. The minimum 
inhibitory and bactericidal concentrations are used in determining sus-
ceptibility of a drug and can be experimentally  determined (Figure 28.2).

1. Bacteriostatic versus bactericidal drugs: Antimicrobial drugs 
are commonly classified as either bacteriostatic or bactericidal. 
Historically, bacteriostatic drugs were thought to only arrest the 
growth and replication of bacteria at drug serum levels achievable 
in the patient, whereas bactericidal drugs are able to effectively 
kill ≥99.9% (3-log reduction) within 18 to 24 hours of incubation 
under specific laboratory conditions. 

 Bacteriostatic drugs include chloramphenicol, erythromycins, 
 clindamycin, sulfonamides, and tetracyclines.

 Bactericidal drugs include aminoglycosides, b-lactams, vancomy-
cin, quinolones, rifampicin, and metronidazole.

 There is a growing consensus that this classification may be too 
simplistic as most bacteriostatic agents are able to effectively 
kill organisms; however, they are unable to meet the arbitrary 
cutoff value in the bactericidal definition. Figure 28.3 shows 
a laboratory experiment in which a bactericidal agent is com-
pared to a bacteriostatic agent and a control. Note that the rate 
of in vitro killing is greater with bactericidal agents, but both 
agents are able to effectively kill the organism. It is also possi-
ble for an antibiotic to be bacteriostatic for one organism and 
bactericidal for another. For example, linezolid is bacteriostatic 
against Staphylococcus aureus and enterococci but is bacte-
ricidal against most strains of S. pneumoniae. Some antimi-
crobials can be both bacteriostatic and bactericidal depending 
on dose, duration of exposure, concentration, and state of the 
invading bacteria. Concentration-dependent killing—that is, rate 
and extent of killing of microbes—increases with increasing drug 
concentration (for example aminoglycosides, fluoroquinolones, 
and metronidazole). However, recent data have demonstrated 
that bactericidal and bacteriostatic agents have similar efficacy 
for treating common clinical infections. In the end, other factors 
may have a greater impact, including the host immune system, 
drug concentration at the site of infection, and underlying sever-
ity of the illness.

2. Minimum inhibitory concentration: The minimum inhibitory con-
centration (MIC) is the lowest antimicrobial concentration that pre-
vents visible growth of an organism after 24 hours of incubation. 
This serves as a quantitative measure of in vitro susceptibility and 
is commonly used in practice to streamline therapy. Computer 
automation has improved the accuracy and decreased the turn-
around time for determining MIC results and is the most common 
approach used by clinical laboratories.

3. Minimum bactericidal concentration: The minimum  bactericidal 
concentration (MBC) is the lowest concentration of antimicro-
bial agent that results in a 99.9% decline in colony count after 
overnight broth dilution incubations (Figure 28.2). [Note: The 
MBC is rarely determined in clinical practice due to the time and 
labor requirements.] Time-dependent killing—that is, bactericidal 
 activity —continues as long as the serum concentration is main-
tained above MIC for the entire interval between doses (for exam-
ple, b-lactam and vancomycin).

64 32 16 8 4 2 1 0.5

1

2

Tubes containing varying 
concentrations of antibiotic 
are inoculated with test 
organism.

Growth of microorganism is 
measured after 24 hours 
of incubation.

Relative antibiotic concentration

Highest 
antibiotic 
concentration

Lowest 
antibiotic 

concentration

MBC is the lowest concentration of 
antibiotic that kills 99.9% of bacteria
(equals 32 in this example).

3

Bacterial growth

64 32 16 8 4 2 1 0.5

64 32 16 8 4 2 1 0.5

No bacterial growth Bacterial 
growthNo bacterial growthNo bacterial growt Bacterial 
growth

MIC is the lowest concentration of anti-
biotic that inhibits bacterial growth 
(equals 2 in this example).

Subculture in antibiotic-free 
medium, and measure growth
after 24 hours of incubation.

Figure 28.2 
Determination of minimum inhibitory 
concentration (MIC) and minimum 
bactericidal concentration (MBC) of 
an antibiotic.
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D.  Effect of the site of infection on therapy:  
The blood–brain barrier

 Adequate levels of an antibiotic must reach the site of infection for 
the invading microorganisms to be effectively eradicated. Capillaries 
with varying degrees of permeability carry drugs to the body tissues. 
Natural barriers to drug delivery are created by the structures of the 
capillaries of some tissues, such as the prostate, testes, placenta, the 
vitreous body of the eye, and the central nervous system (CNS). Of 
particular significance are the capillaries in the brain, which help to 
create and maintain the blood–brain barrier. This barrier is formed by 
the single layer of endothelial cells fused by tight junctions that impede 
entry from the blood to the brain of virtually all molecules, except 
those that are small and lipophilic. The penetration and  concentration 
of an antibacterial agent in the CSF are particularly influenced by the 
following:

1. Lipid solubility: The lipid solubility of a drug is a major deter-
minant of its ability to penetrate the blood–brain barrier. Lipid-
soluble drugs, such as chloramphenicol and metronidazole, have 
significant penetration into the CNS, whereas β-lactam antibiotics, 
such as penicillin, are ionized at physiologic pH and have low lipid 
solubility. Therefore, they have limited penetration through the 
intact blood–brain barrier under normal circumstances. In infec-
tions such as meningitis in which the brain becomes inflamed, the 
barrier does not function as effectively, and local permeability is 
increased. Some β-lactam antibiotics can enter the CSF in thera-
peutic amounts when the meninges are inflamed.

2. Molecular weight: A drug with a low molecular weight has an 
enhanced ability to cross the blood–brain barrier, whereas com-
pounds with a high molecular weight (for example, vancomycin) 
penetrate poorly, even in the presence of meningeal inflammation.

3. Protein binding: A high degree of protein binding of a drug 
restricts its entry into the CSF. Therefore, the amount of free 
(unbound) drug in serum, rather than the total amount of drug 
present, is important for CSF penetration.

4. Susceptibility to transporters or efflux pumps: Antibiotics that 
have an affinity for transporter mechanisms or do not have an 
affinity for efflux pumps have better CNS penetration.

E. Patient factors

 In selecting an antibiotic, attention must be paid to the condition of 
the patient. For example, the status of the immune system, kidneys, 
liver, circulation, and age must be considered. In women, pregnancy 
or breast-feeding also affects selection of the antimicrobial agent.

1. Immune system: Elimination of infecting organisms from the 
body depends on an intact immune system, and the host 
defense  system must ultimately eliminate the invading organisms. 
Alcoholism, diabetes, HIV infection, malnutrition, autoimmune dis-
eases, pregnancy, advanced age, and immunosuppressive drugs 
can affect immunocompetence. High doses of bactericidal agents 
or longer courses of treatment may be required to eliminate infec-
tive organisms in these individuals.
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2. Renal dysfunction: Poor kidney function may cause accumu-
lation of certain antibiotics. Dosage adjustment prevents drug 
accumulation and adverse effects. Serum creatinine levels are 
frequently used as an index of renal function for adjustment of 
drug regimens. However, direct monitoring of serum levels of 
some antibiotics (for example, vancomycin and aminoglycosides) 
is preferred to identify maximum and/or minimum values and pre-
vent potential toxicities. [Note: The number of functional nephrons 
decreases with age. Thus, elderly patients are particularly vulnera-
ble to accumulation of drugs eliminated by the kidneys, even with 
normal serum creatinine levels.]

3. Hepatic dysfunction: Antibiotics that are concentrated or elim-
inated by the liver (for example, erythromycin and doxycycline) 
must be used with caution when treating patients with liver 
dysfunction.

4. Poor perfusion: Decreased circulation to an anatomic area, such 
as the lower limbs of a diabetic patient, reduces the amount of 
antibiotic that reaches that site of infection, making it more diffi-
cult to treat. Decreased perfusion of the gastrointestinal tract may 
result in reduced absorption, making attainment of therapeutic 
concentrations more difficult with enteral routes.

5. Age: Renal or hepatic elimination processes are often poorly 
developed in newborns, making neonates particularly vulnerable 
to the toxic effects of agents such as chloramphenicol and sulfon-
amides. Young children should not be treated with tetracyclines 
or quinolones, which affect bone growth and joints, respectively. 
Elderly patients may have decreased renal or liver function, which 
may alter the pharmacokinetics of certain antibiotics.

6. Pregnancy and lactation: Many antibiotics cross the placental 
barrier or enter the nursing infant via the breast milk. Prescribers 
should consult the product labeling of an antibiotic to review the 
risk summary and clinical considerations for use in pregnancy 
and lactation. Although the concentration of an antibiotic in fetal 
circulation or in breast milk is usually low, the total dose to the 
infant may be sufficient to produce detrimental effects. For exam-
ple, congenital abnormalities have been reported after administra-
tion of tetracyclines to pregnant women, and these agents should 
generally be avoided in pregnancy due to the risk to the fetus. 

7. Risk factors for multidrug-resistant organisms: Infections with 
multidrug-resistant pathogens need broader antibiotic coverage 
when initiating empiric therapy. Common risk factors for infection 
with these pathogens include prior antimicrobial therapy in the 
preceding 90 days, hospitalization for greater than 2 days within 
the preceding 90 days, current hospitalization exceeding 5 days, 
high frequency of resistance in the community or local hospital 
unit (assessed using hospital antibiograms), and immunosuppres-
sive diseases and/or therapies.

F. Safety of the agent

 Penicillins are among the least toxic of all antimicrobial drugs because 
they interfere with a site or function unique to the growth of microor-
ganisms. Other antimicrobial agents (for example, chloramphenicol) 
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have less specificity and are reserved for life-threatening infections 
because of the potential for serious toxicity to the patient. [Note: 
Safety is related not only to the inherent nature of the drug but also 
to the patient factors described in the preceding text that can pre-
dispose to toxicity.]

G. Cost of therapy

 It is common for several drugs to show similar efficacy in treating an 
infection but vary widely in cost. For example, treatment of methi-
cillin-resistant Staphylococcus aureus (MRSA) generally includes one 
of the following: vancomycin, clindamycin, daptomycin, or linezolid. 
Although the choice of therapy usually centers on the site of infec-
tion, severity of the illness, and ability to take oral medications, it is 
also important to consider cost of the medication. Figure 28.4 illus-
trates the relative cost of commonly used drugs for staphylococcal 
infections.

III. ROUTE OF ADMINISTRATION

The oral route of administration is appropriate for mild infections that can 
be treated on an outpatient basis. Parenteral administration is used for 
drugs that are poorly absorbed from the GI tract and for treatment of 
patients with serious infections who require maintenance of higher serum 
concentrations of antimicrobial agents. In hospitalized patients requiring 
intravenous (IV) therapy, the switch to oral agents should occur as soon 
as possible. Switching patients from IV to oral therapy when clinically sta-
ble has been shown to decrease healthcare costs, shorten length of stay, 
and decrease complications from IV catheters. However, some antibiotics, 
such as vancomycin and aminoglycosides, are poorly absorbed from the 
gastrointestinal (GI) tract and do not achieve adequate serum levels via 
oral administration.

IV. DETERMINANTS OF RATIONAL DOSING

Rational dosing of antimicrobial agents is based on pharmacodynam-
ics (the relationship of drug concentrations to antimicrobial effects) and 
pharmacokinetic properties (the absorption, distribution, metabolism, and 
elimination of the drug). Three important properties that have a significant 
influence on the frequency of dosing are concentration-dependent killing, 
time-dependent (concentration-independent) killing, and postantibiotic 
effect (PAE). Utilizing these properties to optimize antibiotic dosing regi-
mens can improve clinical outcomes and possibly decrease the develop-
ment of resistance.

A. Concentration-dependent killing

 Certain antimicrobial agents, including aminoglycosides and dapto-
mycin, show a significant increase in the rate of bacterial killing as 
the concentration of antibiotic increases from 4- to 64-fold the MIC of 
the drug for the infecting organism (Figure 28.5A). Giving drugs that 
exhibit this concentration-dependent killing by a once-a-day bolus 
infusion achieves high peak levels, favoring rapid killing of the infect-
ing pathogen.

Cefazolin

Clindamycin

Linezolid

Daptomycin

Vancomycin

Figure 28.4
Relative cost of some drugs used 
for the treatment of Staphylococcus 
aureus.
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B. Time-dependent (concentration-independent) killing

 In contrast, β-lactams, glycopeptides, macrolides,  clindamycin, 
and linezolid do not exhibit concentration-dependent killing 
(Figure  28.5B). The clinical efficacy of these antimicrobials is 
best predicted by the percentage of time that blood concentra-
tions of a drug remain above the MIC. This effect is sometimes 
called time-dependent (or concentration-independent) killing. For 
 example, dosing schedules for the penicillins and cephalosporins 
that ensure blood levels greater than the MIC for 50% and 60% of 
the time, respectively, provide the most clinical efficacy. Therefore, 
extended  (generally 3 to 4 hours) or continuous (24 hours) infusions 
can be utilized instead of intermittent dosing (generally 30 minutes) 
to achieve prolonged time above the MIC and kill more bacteria. 
Other drugs, such as fluoroquinolones and vancomycin, work best 
by optimizing the ratio of the 24-hour area under the  concentration–
time curve to MIC (AUC24/MIC). The AUC24 is the overall exposure 
of a drug during the dosing interval and takes into account the con-
centration as well as the time. 

C. Postantibiotic effect (PAE)

 The PAE is a persistent suppression of microbial growth that occurs 
after levels of antibiotic have fallen below the MIC. Antimicrobial 
drugs exhibiting a long PAE (for example, aminoglycosides and fluo-
roquinolones) often require only one dose per day, particularly against 
gram-negative bacteria.

V. CHEMOTHERAPEUTIC SPECTRA

In this book, the clinically important bacteria have been organized into 
eight groups based on Gram stain, morphology, and biochemical or other 
 characteristics. They are represented as a color-coded list (Figure 28.6A). 
The ninth section of the list is labeled “Other,” and it is used to  represent 
any organism not included in one of the other eight categories. In 
Figures 28.6B, C, D, the list is used to illustrate the spectra of bacteria for 
which a particular class of antibiotics is therapeutically effective.

A. Narrow-spectrum antibiotics

 Chemotherapeutic agents acting only on a single or a limited group 
of microorganisms are said to have a narrow spectrum. For exam-
ple, isoniazid is active only against Mycobacterium tuberculosis 
(Figure 28.6B).

B. Extended-spectrum antibiotics

 Extended spectrum is the term applied to antibiotics that are 
modified to be effective against gram-positive organisms and 
also against a significant number of gram-negative bacteria. For 
example, ampicillin is considered to have an extended spectrum 
because it acts against gram-positive and some gram-negative 
bacteria (Figure 28.6C).

Figure 28.5
A. Significant dose-dependent 
killing effect shown by tobramycin. 
B. Nonsignificant dose-dependent 
killing effect shown by piperacillin. 
cfu = colony-forming units; MIC = 
minimum inhibitory concentration.
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496 28. Principles of Antimicrobial Therapy

C. Broad-spectrum antibiotics

 Drugs such as fluoroquinolones and carbapenems affect a wide vari-
ety of microbial species and are referred to as broad-spectrum antibi-
otics (Figure 28.6D). Administration of broad-spectrum antibiotics can 
drastically alter the nature of the normal bacterial flora and precipitate 
a superinfection due to organisms such as Clostridium difficile, the 
growth of which is normally kept in check by the presence of other 
colonizing microorganisms.

VI. COMBINATIONS OF ANTIMICROBIAL DRUGS

It is therapeutically advisable to treat patients with a single agent that is 
most specific to the infecting organism. This strategy reduces the possi-
bility of superinfections, decreases the emergence of resistant organisms, 
and minimizes toxicity. However, in some situations, combinations of anti-
microbial drugs are advantageous or even required. 

A. Advantages of drug combinations

 Certain combinations of antibiotics, such as β-lactams and aminogly-
cosides, show synergism—that is, the combination is more effective 
than either of the drugs used separately (for example, cotrimoxazole, 
amoxicillin, and clavulanic acid). Because such synergism among anti-
microbial agents is rare, synergistic combinations are only indicated 
in special situations (for example, in the treatment of enterococcal 
endocarditis). Combinations may be used as empirical; treatment until 
a more specific diagnosis has been made or infective organism has 
been isolated when an infection is of unknown origin or when there 
are organisms with variable sensitivity, such as when treating tubercu-
losis, leprosy, and HIV/AIDS to prevent development of resistance.

B. Disadvantages of drug combinations

 A number of antibiotics act only when organisms are multiplying. Thus, 
co-administration of an agent that causes bacteriostasis plus a sec-
ond agent that is bactericidal may result in the first drug interfering 
with the action of the second. For example, bacteriostatic tetracy-
cline drugs may interfere with the bactericidal effects of penicillins and 
cephalosporins. Another concern is the risk of selection pressure and 
the development of antibiotic resistance by giving unnecessary com-
bination therapy. Use of irrational fixed-dose combinations of antibiot-
ics or less-evidenced combinations should be discouraged as many 
are available in the market. Some of the irrational combinations are 
( amoxicllin–tazobactam;  ofloxacin–ornidazole/tinidazole gatifloxacin–
ornidazole; fluconazole–tinidazole)

VII. DRUG RESISTANCE

Bacteria are considered resistant to an antibiotic if the maximal level of 
that antibiotic that can be tolerated by the host does not halt bacterial 
growth. Some organisms are inherently resistant to an antibiotic. For exam-
ple, most gram-negative organisms are inherently resistant to vancomycin. 
However, microbial species that are normally responsive to a particular 
drug may develop more virulent or resistant strains through spontaneous 
mutation or acquired resistance and selection. Some of these strains may 
even become resistant to more than one antibiotic.

Medically important micro-
organisms

Isoniazid: narrow-spectrum 
antimicrobial drug

Tetracycline: broad-spectrum 
antimicrobial drug

Ampicillin: extended-
spectrum antimicrobial drug

A

B

C

D

Escherichia coli
Haemophilus influenzae
Proteus mirabilis
Salmonella typhi

Listeria monocytogenes

Actinomyces, Rickettsiae, Amoebae

Mycobacteria

Gram (+) bacilli
Gram (–) cocci

Gram (–) cocci

Anaerobic organisms
Spirochetes

Chlamydia
Other

Mycoplasma

Gram (+) bacilli
Gram (–) cocci
Gram (–) rods
Anaerobic organisms
Spirochetes

Chlamydia

Gram (+) cocci

Mycoplasma

Gram (+) bacilli
Gram (–) cocci
Gram (–) rods
Anaerobic organisms
Spirochetes

Chlamydia
Other

Gram (+) cocci

Mycoplasma

Gram (–) rods
Anaerobic organisms
Spirochetes

Chlamydia

Other

Mycoplasma

Gram (+) bacilli

Gram (–) rods

Other

Enterococci
Gram (+) cocci

Gram (+) cocci

Figure 28.6
A. Color-coded representation of 
medically important microorganisms. 
B. Isoniazid, a narrow-spectrum 
antimicrobial agent. C. Ampicillin, 
an extended-spectrum antimicrobial 
agent. D. Tetracycline, a broad- 
spectrum antimicrobial agent.

LIR_CH28.indd   496 09/10/18   12:58 PM



497VII. Drug Resistance

A. Genetic alterations leading to drug resistance

 Acquired antibiotic resistance requires the temporary or permanent 
gain or alteration of bacterial genetic information. Resistance devel-
ops due to the ability of DNA to undergo spontaneous mutation or to 
move from one organism to another (Figure 28.7).

B.  Altered expression of proteins in drug-resistant 
organisms

 Drug resistance is mediated by a variety of mechanisms, such as an 
alteration in an antibiotic target site, lowered penetrability of the drug 
due to decreased permeability, increased efflux of the drug, or pres-
ence of antibiotic-inactivating enzymes (Figure 28.7).

1. Modification of target sites: Alteration of the target site of an 
antibiotic through mutation can confer resistance to one or more 
related antibiotics. For example, S. pneumoniae resistance to 
β-lactam antibiotics involves alterations in one or more of the 
major bacterial penicillin-binding proteins, resulting in decreased 
binding of the antibiotic to its target.

2. Decreased accumulation: Decreased uptake or increased efflux 
of an antibiotic can confer resistance because the drug is unable 
to attain access to the site of its action in sufficient concentra-
tions to injure or kill the organism. For example, gram-negative 
organisms can limit the penetration of certain agents, including 
β-lactam antibiotics, as a result of an alteration in the number and 

Sulfonamides

Trimethoprim

Vancomycin

Macrolides Macrolides

Clindamycin

�-Lactams

Chloramphenicol

Fluoroquinolones

Aminoglycosides Aminoglycosides

Rifampin

Drug resistance 
due to altered targets

Permeability E�ux

Drug resistance due to 
enzymatic inactivation 

�-Lactams

Fluoroquinolones

TetracyclineTetracycline

Fluoroquinolones

Tetracycline

Macrolides

�-Lactams

Chloramphenicol

Tetracycline

Tetracycline was
e�ective against gyne-
cologic infection due
to Bacteroides, but now
these organisms are 
resistant due to the
presence of plasmid-
mediated protein that
promotes e�ux of the
drug.

Alteration in the target 
enzyme, DNA gyrase, 
has resulted in 
resistance to �uoro-
quinolones.

�-Lactams enter gram-
negative cells through
porin channels.  
Enterobacter is largely
resistant to cephalo-
sporins by producing
�-lactamases.  However,
resistant organisms 
may also have altered 
porin channels through 
which cephalosporins 
do not pass.

Drug resistance due 
to decreased accumulation

�-Lactamases (penicillinases)
destroy antibiotic with the
�-lactam nucleus.
Neisseria gonorrhoeae
is now largely resistant to 
penicillin because of 
penicillinase activity.

Figure 28.7
Some mechanisms of resistance to antibiotics.
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498 28. Principles of Antimicrobial Therapy

structure of porins (channels) in the outer membrane. Also, the 
presence of an efflux pump can limit levels of a drug in an organ-
ism, as seen with tetracyclines.

3. Enzymatic inactivation: The ability to destroy or inactivate 
the antimicrobial agent can also confer resistance on microor-
ganisms. Examples of antibiotic-inactivating enzymes include 
1)  β-lactamases (“penicillinases”) that hydrolytically inactivate 
the β-lactam ring of penicillins, cephalosporins, and related 
drugs; 2)  acetyltransferases that transfer an acetyl group to the 
antibiotic, inactivating chloramphenicol or aminoglycosides; and  
3) esterases that hydrolyze the lactone ring of macrolides.

C.  Factors leading to increase in antimicrobial 
resistance (AMR)

 The use of antibiotics has saved millions of lives, but its pervasive use 
to treat any infection, whether serious, minor, or even viral, leads to 
the increase in antibiotic resistance. Thus, inappropriate use of antimi-
crobials is leading to increased antimicrobial resistance. Antimicrobial 
resistance (AMR) is one of the world’s most serious public health 
problems resulting in prolonged illness and hospitalization, which 
are costly, and the use of drugs other than the first-line drugs may 
increase costs 100-fold, thus making them unaffordable for many 
governments and patients, especially in developing countries.

 Development and spread of antimicrobial resistance is due to the fol-
lowing reasons.

1. Overuse, misuse, and irrational use by doctors: It is often less 
time consuming and more cost effective to proactively prescribe 
antibiotics, rather than take precautions and regular followup of 
patients for development of any secondary bacterial infections.

2. Noncompliance to prescribed regimen, self-medication, and 
use of leftover antibiotics by patients: When antibiotics are not 
taken for the entire prescribed course, pathogenic bacteria can 
adapt to the presence of low-dose antibiotics and eventually form 
a population that is completely resistant to the antibiotic regard-
less of the dosage.

3. Use of antibiotics in animal husbandry, aquaculture, and agri-
culture: Antibiotic usage is also not exclusive to humans. Antibiotics 
are used to treat livestock and fish to prevent infections and to 
increase yield and are mixed in their feed. Thus, uncontrolled use of 
antibiotics creates a reservoir of bacteria that could become resis-
tant and thus render that antibiotic useless due to cross resistance.

4. Poor infection control in healthcare settings: It leads to spread of 
outbreaks and transmission of resistant organisms among patients.

5. Poor hygiene and sanitation: Antimicrobial-drug resistance in hos-
pitals is driven by failures to maintain hospital hygiene and sanita-
tion. Poor hand hygiene is an important cause of spread of infection.

6. Absence of new antibiotics being discovered: Without new drugs 
to combat the ever-increasing number of antibiotic resistance, the 
society is running out of options in the treatment of infections.

 Other factors that promote antibiotic resistance in community and 
hospital settings are antibiotic-selective pressure, prolonged antibiotic 
treatment, inadequate doses, prior use of a less-effective drug of the 
same antibiotic class, protected sites, or foreign bodies.
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VIII. GENERAL ANTIBIOTIC USE GUIDELINES

• All antibiotic initiations should be done after sending appropriate sam-
ples for cultures or any changes in antibiotic are done after receiving 
the culture report.

• Rapid tests (for example, Gram stain should be done to determine ther-
apeutic choices when decision on empiric therapy is required).

• Healthcare facilities (HCF) should categorize usage of antibiotics for 
restricted use, limited access, and under surveillance based on anti-
biogram, if available and/or in consultation with Drugs & Therapeutic 
Committee (DTC) of the HCF.

• A list of antibiotics that should be available for OPD, IPD, emergency, and 
respective ICUs should be drawn in consultation with DTC of the HCF. 

• A list of all available antibiotics is communicated to the prescribers 
every month or from time to time if there is any change in the list or 
medicine is not available for some reasons. 

• Antimicrobials are chosen as per HCF policy and National Standard 
Treatment guidelines for infectious diseases. If alternatives are chosen, 
the reason for the same is documented in the case records.

• An antibiotic should be prescribed only when there is likely to be a clear 
clinical benefit. The antibiotic should not be prescribed for viral sore 
throat, simple coughs and colds, and viral diarrhea. 

• Empiric therapy should be given where a delay in initiating therapy 
awaiting microbiological results would be life threatening or risks serious 
morbidity; antimicrobial therapy based on a clinically defined infection 
is justified. Necessary specimens should be drawn before commencing 
therapy. Where empiric therapy is used, the accuracy of the diagnosis is 
reviewed regularly and treatment altered/stopped when microbiological 
results become available. 

• Once culture/sensitivity report available:

 – Presumptive therapy antibiotic may require to be changed

 – Consult a microbiologist to decide the choice of antibiotic (based on 
the narrowest spectrum antibiotic which covers the pathogen isolated)

• Following factors affecting antimicrobial choices and the route of 
administration should be checked, for example, age, type, and site of 
infection (respiratory, intra-abdominal, pneumonia, blood stream, urinary 
tract, and skin and soft tissue), renal and hepatic function, interactions, 
allergy, if any. 

• The dose and duration of treatment with antibiotic should be suggested 
but can be modified by consultants based on clinical scenarios 

• Use simple generic antibiotics first whenever possible. Avoid broad- 
spectrum antibiotics (for example, amoxicillin + clavulanate, quinolones, 
and cephalosporins) when standard and less-expensive antibiotics remain 
effective, as they increase risk of Clostridium difficile, MRSA, and resistant 
UTIs. 

• Avoid widespread use of topical antibiotics (especially those agents also 
available as systemic preparations). 

• Record all allergies prominently in red ink in the allergy box on the 
patient’s case sheet. If no allergy, “No known allergy or allergic to name 
of the drug …” is recorded. The box is signed and dated. If allergy 
history cannot be obtained, then “history not available” is specified. Do 
not leave the allergy box blank under any circumstances. The allergy 
box is completed before prescribing a new drug, except in exceptional 
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circumstances. If patients have a suspected drug allergy, then the drug 
and suspected reaction is documented in the case sheet and the drug 
chart.

• Review the need for antimicrobial therapy, especially empirical therapy 
with antibiotics, on a daily basis for inpatients. For most types of infec-
tion, treatment is continued until the clinical signs and symptoms of 
infection have resolved; exceptions to this are noted. For most infec-
tions, 5 to 7 days of antimicrobial therapy are sufficient (simple UTIs can 
be adequately treated with 3 days of antibiotic). 

• Parenteral therapy is normally used in seriously ill patients and those with 
gastrointestinal upset. All IV antibiotics are initially given for 48 to 72 hours 
without review, and switching over to oral alternatives is considered after 
48 hours. Oral therapy can often be substituted as the patient improves. 

• Switch to oral therapy in case of:

 – Oral route is not compromised (that is, no vomiting, nil by mouth, 
severe diarrhea, swallowing disorder, unconscious). 

 – For nasogastric (NG)/PEG feeding, consult the prescriber and pharmacist. 

 – Suitable oral antibiotic option available.

 – Fever defervescence for at least 24 hours and marked clinical 
improvement; BP stable, RR and HR normal for age; white cell count 
showing a trend toward normal; low CRP.

High-risk and deep seated infections: Certain infections may appear to 
respond promptly but warrant prolonged IV therapy to optimize response 
and minimize relapse risk. Discuss with microbiology before switching 
patients with a high risk/deep-seated infection to oral therapy.

Deep-seated infections (liver abscess, osteomyelitis, septic arthritis, 
empyema, cavitating pneumonia): An initial 2 weeks of IV therapy may be 
needed. 

 High-risk infections need prolonged IV therapy, such as: 

 – Meningitis

 – Intracranial abscesses

 – Staphylococcus aureus bacteremia 

 – Severe or necrotizing soft-tissue infections; severe infections during 
chemotherapy-related neutropenia 

 – Infected implants/prosthetics 

 – Inadequately drained abscesses and empyema

 – Intra-abdominal sepsis 

 – Mediastinitis 

 – Endocarditis

 – Exacerbation of cystic fibrosis

• De-escalate antimicrobials or step down to the narrowest spectrum, 
most efficacious, and most cost-effective option as per culture reports. 
If no step-down availed, the reason should be documented and is sub-
jected to clinical audit.

• Seek advice of the microbiologist and/or ID physician where treatment 
is apparently failing rather than blindly changing to an alternative choice 
of the antimicrobial agent.

• The indication for all antibiotics should be documented on the drug 
chart by the prescriber. For all infections, the specific diagnosis should 
be documented clearly in the medical notes and the indicators for mak-
ing the diagnosis (increase WBC count, temperature >38°C, evidence of 
inflammation, fluid collection, C-reactive protein [CRP], etc.)
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501X. Complications of Antibiotic Therapy

IX. PROPHYLACTIC USE OF ANTIBIOTICS

Certain clinical situations, such as dental procedures and surgeries, 
require the use of antibiotics for the prevention rather than for the treat-
ment of infection. Usually, a single dose of an antibiotic 60 minutes before 
incision is required (Figure 28.8). The choice of an antibiotic and duration 
of therapy depend on the type of surgery. Because the indiscriminate 
use of antimicrobial agents can result in bacterial resistance and super-
infection, prophylactic use is restricted to clinical situations in which the 
benefits outweigh the potential risks. The duration of prophylaxis should 
be closely controlled to prevent the unnecessary development of anti-
biotic resistance. Where prophylaxis is to be continued for longer than 
24 hours, it should be clearly documented along with the reasons in the 
clinical case notes.

X. COMPLICATIONS OF ANTIBIOTIC THERAPY

Even though antibiotics are selectively toxic to an invading organism, the 
host may still experience adverse effects. For example, the drug may pro-
duce an allergic response or may be toxic in ways unrelated to the antimi-
crobial activity.

A. Hypersensitivity

 Hypersensitivity or immune reactions to antimicrobial drugs or their 
metabolic products frequently occur. For example, the penicillins, 
despite their almost absolute selective microbial toxicity, can cause 
serious hypersensitivity problems, ranging from urticaria (hives) to 
anaphylactic shock. Some reactions may be related to the rate of 
infusion, such as “Red man syndrome” seen with rapid infusion of 
vancomycin. Patients with a documented history of Stevens-Johnson 
syndrome or toxic epidermal necrolysis reaction (a severe slough-
ing of skin and mucus membranes) to an antibiotic should never be 
rechallenged, not even for antibiotic desensitization. 

B. Direct toxicity

 High serum levels of certain antibiotics may cause toxicity by directly 
affecting cellular processes in the host. For example, aminogly-
cosides can cause ototoxicity by interfering with membrane func-
tion in the auditory hair cells. Chloramphenicol can have a direct 
toxic effect on mitochondria, leading to bone marrow suppression. 
Fluoroquinolones can have effects on cartilage and tendons, and 
 tetracyclines have direct effects on bones. A number of antibiotics 
can cause photosensitivity.

C. Superinfections

 Drug therapy, particularly with broad-spectrum antimicrobials 
or combinations of agents, can lead to alterations of the normal 
microbial flora of the upper respiratory, oral, intestinal, and geni-
tourinary tracts, permitting the overgrowth of opportunistic organ-
isms, especially fungi or resistant bacteria. These infections usually 
require secondary treatments using specific anti-infective agents.

Pretreatment may prevent
streptococcal infections in 
patients with a history of 
rheumatic heart disease. 
Patients may require 
years of treatment.

Pretreating of patients 
undergoing dental 
extractions who have 
implanted prosthetic 
devices, such as arti�cial 
heart valves, prevents
seeding of the prosthesis. 

Pretreatment may prevent 
tuberculosis or meningitis 
among individuals who
are in close contact 
with infected patients.

Treatment prior to most
surgical procedures can 
decrease the incidence of 
infection afterwards.
E�ective prophylaxis is
directed against the most 
likely organism, not
eradication of every 
potential pathogen.

1

2

3

4

Figure 28.8
Some clinical situations in which 
prophylactic antibiotics are indicated.
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502 28. Principles of Antimicrobial Therapy

D. Jarisch–Herxheimer Reaction 

 In 1895 and 1902, European dermatologists described the devel-
opment of exacerbations of skin lesions in patients undergoing 
treatment for syphilis with mercurial compounds. This reaction is 
reported in patients undergoing treatment with antimicrobials for 
spirochetal infections such as syphilis, Lyme disease, leptospiro-
sis, and relapsing fever. Jarisch–Herxheimer reaction (JHR) is man-
ifested by fever, chills, headache, myalgia, and exacerbation of skin 
rashes within 24 hours of antimicrobial treatment. However, these 
symptoms are expected to resolve a few hours later. Therefore, JHR 
is recognized as a host response due to the extensive destruction 
of microorganism under the influence of the antimicrobial agent. 
Antimicrobials such as penicillins, tetracyclines, erythromycin, 
cephalosporins, meropenem, ciprofloxacin, levofloxacin, clarithro-
mycin, and azithromycin are also reported to provoke the JHR. 

XI. SITES OF ANTIMICROBIAL ACTION

Antimicrobial drugs can be classified in a number of ways: 1) by their 
chemical structure (for example, β-lactams or aminoglycosides), 2) by 
their mechanism of action (for example, cell wall synthesis inhibitors), 
or 3) by their activity against particular types of organisms (for example, 
bacteria, fungi, or viruses). Chapters 29 through 31 are organized by the 
mechanisms of action of the drug (Figure 28.9), and Chapters 33 and 34 
are organized according to the type of organisms affected by the drug.
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(Chapter 31)
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Figure 28.9
Classification of some antimicrobial agents by their sites of action. THFA = tetrahydrofolic acid; PABA =  
p-aminobenzoic acid.
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503Study Questions

Study Questions

Choose the ONE best answer.

28.1 A 24-year-old pregnant woman presents to the 
urgent care clinic with fever and urinary frequency 
and urgency. She is diagnosed with a urinary tract 
infection (UTI). Based on potential harm to the 
fetus, which of the following medications should be 
avoided in treating her UTI?

A. Nitrofurantoin

B. Amoxicillin

C. Cephalexin

D. Doxycycline

28.2 Which of the following is the primary method of  
β-lactam resistance with Streptococcus pneumoniae?

A. Modification of target site

B. Decreased drug levels due to changes in 
permeability

C. Decreased drug levels due to an efflux pump

D. Enzymatic inactivation

28.3 Which of the following agents is considered a 
narrow-spectrum antibiotic?

A. Ceftriaxone

B. Ciprofloxacin

C. Isoniazid

D. Imipenem

28.4 Which of the following antibiotics exhibits concen-
tration-dependent killing?

A. Clindamycin

B. Linezolid

C. Vancomycin

D. Daptomycin

28.5 Which of the following antibiotics exhibits a long 
postantibiotic effect that permits once-daily dosing?

A. Gentamicin

B. Penicillin G

C. Vancomycin

D. Aztreonam

28.6 A 58-year-old man with a history of hepatitis C, 
 cirrhosis, and ascites presents with spontaneous 
bacterial peritonitis. Which of the following anti-
biotics requires close monitoring and dosing 
adjustment in this patient given his liver disease?

A. Penicillin G

B. Tobramycin

C. Erythromycin

D. Vancomycin

Correct answer = D. Doxycycline (a tetracycline) should 
be avoided due to the potential harm to the fetus. 
Nitrofurantoin, amoxicillin (a penicillin), and cephalexin 
(a cephalosporin) are generally considered safe.

Correct answer = A. S. pneumoniae resistance to 
β-lactam antibiotics involves alteration in one or more 
of the major penicillin-binding proteins.

Correct answer = C. Isoniazid is only active against 
Mycobacterium tuberculosis, while ceftriaxone, cipro-
floxacin, and imipenem are considered broad spec-
trum due to their activity against multiple types of 
bacteria and increased risk for contributing to the 
development of a superinfection.

Correct answer = D. Clindamycin, linezolid, and van-
comycin exhibit time-dependent killing, while dapto-
mycin works best when administered in a fashion that 
optimizes concentration-dependent killing. 

Correct answer = A. Aminoglycosides, including gen-
tamicin, possess a long postantibiotic effect, espe-
cially when given as a high dose every 24 hours. 
Penicillin G, clindamycin, and vancomycin have a rel-
atively short postantibiotic effect and require dosing 
that maintains concentrations above the MIC for a 
longer portion of the dosing interval.

Correct answer = C. Erythromycin is metabolized by 
the liver and should be used with caution in patients 
with hepatic impairment. Penicillin G, tobramycin, and 
vancomycin are primarily eliminated by the kidneys.
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28.7 JS is a 3-day-old neonate, born at 37 weeks’ ges-
tation, who presents with new onset fever, lethargy, 
and decreased desire to feed. Based on JS’s age, 
which of the following antibiotics is considered safe 
to use in neonates?

A. Chloramphenicol

B. Sulfamethoxazole/trimethoprim

C. Tetracycline

D. Ampicillin

28.8 When evaluating drug therapy for meningitis, which 
of the following factors is expected to have the 
LEAST influence on the penetration and concentra-
tion of an antibacterial agent in the cerebrospinal 
fluid?

A. Lipid solubility of the drug

B. Minimum inhibitory concentration of the drug

C. Protein binding of the drug

D. Molecular weight of the drug

28.9 A 72-year-old male presents with fever, cough, 
malaise, and shortness of breath. His chest x-ray 
shows bilateral infiltrates consistent with pneumo-
nia. Bronchial wash cultures reveal Pseudomonas 
aeruginosa sensitive to cefepime. Which of the 
following is the best dosing scheme for cefepime 
based on the drug’s time-dependent bactericidal 
activity?

A. 1 g every 6 hours given over 30 minutes

B. 2 g every 12 hours given over 3 hours

C. 4 g every 24 hours given over 30 minutes

D. 4 g given as continuous infusion over 24 hours

28.10 Which of the following adverse drug reactions 
precludes a patient from being rechallenged with 
that drug in the future?

A. Itching/rash from penicillin

B. Stevens-Johnson syndrome from 
sulfa methoxazole–trimethoprim

C. Gastrointestinal (GI) upset from clarithromycin

D. Clostridium difficile superinfection from 
moxifloxacin

Correct answer = D. Chloramphenicol and sulfon-
amides (sulfamethoxazole) can cause toxic effects in 
newborns due to poorly developed renal and hepatic 
elimination processes. Tetracycline can have effects 
on bone growth and development and should be 
avoided in newborns and young children. Ampicillin 
is safe and effective in this population.

Correct answer = B. Although the minimum inhibitory 
concentration impacts the effectiveness of the drug 
against a given bacteria, it does not affect the ability 
of a drug to penetrate into the brain. Lipid solubility, 
protein binding, and molecular weight all determine 
the likelihood of a drug to penetrate the blood–brain 
barrier and concentrate in the brain.

Correct answer = D. The clinical efficacy of cefepime 
is based on the percentage of time that the drug 
concentration remains above the MIC. A continuous 
infusion would allow for the greatest amount of time 
above the MIC compared to intermittent (30 minutes) 
and prolonged infusions (3 to 4 hours).

Correct answer = B. Stevens-Johnson syndrome is a 
severe idiosyncratic reaction that can be life threaten-
ing, and these patients should never be rechallenged 
with the offending agent. Itching/rash is a commonly 
reported reaction in patients receiving penicillins but 
is not life threatening. A patient may be rechallenged 
if the benefits outweigh the risk (for example, preg-
nant patient with syphilis) or the patient could be 
exposed through a desensitization procedure. GI 
upset is a common side effect of clarithromycin but 
is not due to an allergic reaction. Moxifloxacin is a 
broad- spectrum antibiotic that can inhibit the nor-
mal flora of the GI tract, increasing the risk for the 
development of superinfections such as C. difficile. 
This is not an allergic reaction, and the patient can be 
rechallenged; however, the patient might be at risk for 
developing C. difficile infection again.
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Cell Wall Inhibitors 
Veena Venugopalan and Kenneth Klinker 29
I. OVERVIEW

Some antimicrobial drugs selectively interfere with synthesis of the bac-
terial cell wall—a structure that mammalian cells do not possess. The cell 
wall is composed of a polymer called peptidoglycan that consists of glycan 
units joined to each other by peptide cross-links. To be maximally effec-
tive, inhibitors of cell wall synthesis require actively proliferating microor-
ganisms. Figure 29.1 shows the classification of agents affecting cell wall 
synthesis.

II. PENICILLINS

The basic structure of penicillins consists of a core four-membered  
β-lactam ring which is attached to a thiazolidine ring and an R side chain. 
Members of this family differ from one another in the R substituent attached 
to the 6-aminopenicillanic acid residue (Figure 29.2). The nature of this 
side chain affects the antimicrobial spectrum, stability to stomach acid, 
cross-hypersensitivity, and susceptibility to bacterial degradative enzymes 
(β-lactamases).

A. Mechanism of action

 Penicillins interfere with the last step of bacterial cell wall synthesis, 
which is the cross-linking of adjacent peptidoglycan strands by a pro-
cess known as transpeptidation. Since penicillins structurally resem-
ble the terminal portion of the peptidoglycan strand, they compete 
for and bind to enzymes called penicillin-binding proteins (PBPs), 
which catalyze transpeptidase and facilitate cross-linking of the cell 
wall (Figure 29.3). The result is the formation of a weakened cell wall 
and ultimately cell death. For this reason, penicillins are regarded as 
bactericidal and work in a time-dependent fashion. 

B. Antibacterial spectrum 

 The antibacterial spectrum of the various penicillins is determined, in 
part, by their ability to cross the bacterial peptidoglycan cell wall to 
reach the PBPs in the periplasmic space. Factors determining PBP 
susceptibility to these antibiotics include size, charge, and hydropho-
bicity of the particular β-lactam antibiotic. In general, gram-positive 
microorganisms have cell walls that are easily traversed by penicillins, 
and, therefore, in the absence of resistance, they are susceptible to 

PENICILLINS

Natural penicillins
Aqueous penicillin G  

(Benzylpenicillin)
Penicillin G benzathine
Penicillin G procaine 
Pencillin V
β-Lacatamase resistant  

penicillins (antistaphylococcal  
penicillins; narrow spectrum)

Methicillin
Cloxacillin
Nafcillin
Oxacillin
Dicloxacillin
Aminopenicillins (extended 

 spectrum)
Ampicillin
Amoxicillin
Bacampicillin
Cyclacillin
Hetacillin
Extended spectrum penicillins  

(antipseudomonals)
Carboxypenicillins 
 Carcenicillin
 Ticarcillin
Ureidopenicillins
 Azlocillin
 Mezlocillin
 Piperacillin
β-Lactamase inhibitors
Clavulanic acid
Sulbactam
Tazobactam
Penicillins/inhibitor combination

Figure 29.1
Summary of antimicrobial agents 
affecting cell wall synthesis. 
(Figure continues on next page)
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CEPHALOSPORINS

First generation (broad spectrum of 
activity and low toxicity)

Cefadroxil (Oral)
Cefazolin (Parenteral)
Cephalexin (Oral)
Cephradine (Oral)
Second generation (intermediate 

spectrum; extended gram- 
negative coverage; active 
against Enterobacter, Proteus 
 vulgaris, Klebsiella, H. influenzae)

Cefaclor (Oral)
Cefotetan (Parenteral)
Cefoxitin (Parenteral)
Cefprozil (Oral)
Cefuroxime (Parenteral /Oral)
Third generation (extended spec-

trum of activities and extended 
gram-negative coverage; Pseu-
domonas aeruginosa e; Serratia; 
 Neisseria gonorrhoeae; activity  
for S. aureus, Streptococcus 
 pneumoniae, Enterobacteriaceae)

Cefoperazone
Cefotaxime (Parenteral)
Ceftriaxone (Parenteral) 
Ceftazidime (Parenteral) 
Cefdinir (Oral)
Cefexime (Oral)
Cefpodoxime (Oral)
Cefbuten (Oral)
Fourth generation (extended gram- 

negative coverage; increased activ-
ity against Streptococci and MRSA)

Cefipime (Parenteral)
Fifth generation (extended spectrum 

against MRSA)
Ceftaroline (Parenteral)
Ceftabiprole
CARBAPENEMS
Doripenem 
Ertapenem 
Imipenem/cilastatin 
Meropenem
MONOBACTAMS
Aztreonam

Figure 29.1 (Continued)
Summary of antimicrobial agents 
affecting cell wall synthesis. (For drug 
dosages, refer to Appendix at the end 
of the book.)

these drugs. Gram-negative microorganisms have an outer lipopoly-
saccharide membrane surrounding the cell wall that presents a barrier 
to the water-soluble penicillins. However, gram-negative bacteria have 
proteins inserted in the lipopolysaccharide layer that act as water-
filled channels (called porins) to permit transmembrane entry.

1. Natural penicillins: Penicillin G and penicillin V are obtained from 
fermentations of the fungus Penicillium chrysogenum. Penicillin 
[pen-i-SILL-in] G (benzylpenicillin) has activity against a variety of 
gram-positive organisms, gram-negative organisms, and spirochetes 
(Figure 29.4). The potency of penicillin  G is 5 to 10 times greater 
than that of penicillin V against both Neisseria spp. and certain 
anaerobes. Most streptococci are very  sensitive to penicillin G, but 
 penicillin-resistant viridans streptococci and Streptococcus pneu-
moniae isolates are emerging. The vast majority of Staphylococcus 
aureus (>90%) are now  penicillinase-producing and therefore 
resistant to penicillin G. Despite widespread use and increase in 
resistance to many types of bacteria, penicillin remains the drug of 
choice for the treatment of gas gangrene (Clostridium perfringens) 
and syphilis (Treponema pallidum). Penicillin V, only available in oral 
formulation, has a spectrum similar to that of penicillin G, but it is 
not used for treatment of severe infections because of its limited 
oral absorption. Penicillin V is more acid stable than penicillin G and 
is the oral agent employed in the treatment of less severe infections.

2. Semisynthetic penicillins: Ampicillin [am-pi-SILL-in] and amoxicil-
lin [a-mox-i-SILL-in] (also known as aminopenicillins or  extended- 
spectrum penicillins) are created by chemically attaching  different 
R groups to the 6-aminopenicillanic acid nucleus. Addition of R 
groups extends the gram-negative antimicrobial activity of ami-
nopenicillins to include Haemophilus influenzae, Escherichia coli, 
and Proteus mirabilis (Figure 29.5A). Ampicillin (with or without 
the addition of gentamicin) is the drug of choice for the gram- 
positive bacillus Listeria monocytogenes and susceptible entero-
coccal species. These extended-spectrum agents are also widely 
used in the treatment of respiratory infections, and amoxicillin 
is employed prophylactically by dentists in high-risk patients 
for the prevention of bacterial endocarditis. These drugs are  
co- formulated with β-lactamase inhibitors, such as clavulanic 
acid or sulbactam, to combat infections caused by β-lactamase 
producing organisms. For example, without the β-lactamase 
inhibitor, methicillin- sensitive Staphylococcus aureus (MSSA) 
is resistant to ampicillin and amoxicillin. Resistance in the form 
of plasmid- mediated penicillinases is a major clinical problem, 
which limits use of aminopenicillins with some gram-negative 
organisms.

3. Antistaphylococcal penicillins: Methicillin [meth-i-SILL-in], naf-
cillin [naf-SILL-in], oxacillin [ox-a-SILL-in], and dicloxacillin [dye-
klox-a-SILL-in] are β-lactamase (penicillinase)-resistant penicillins. 
Their use is restricted to the treatment of infections caused by 
 penicillinase-producing staphylococci, including MSSA. [Note: 
Because of its toxicity (interstitial nephritis), methicillin is not used 
clinically in the United States except in laboratory tests to identify 
resistant strains of S. aureus. Methicillin-resistant Staphylococcus 
aureus (MRSA) is currently a source of serious community and 
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507II. Penicillins

nosocomial (hospital-acquired) infections and is resistant to most 
commercially available β-lactam antibiotics.] The penicillinase- 
resistant penicillins have minimal to no activity against gram- 
negative infections

4. Antipseudomonal penicillin: Piperacillin [pip-er-a-SILL-in] is also 
referred to as an antipseudomonal penicillin because of its activ-
ity against Pseudomonas aeruginosa (Figure 29.5B). Formulation 
of piperacillin with tazobactam extends the antimicrobial spectrum 
to include penicillinase-producing organisms (for example, most 
Enterobacteriaceae and Bacteroides species). Figure 29.6 summa-
rizes the stability of the penicillins to acid or the action of penicillinase. 

C. Resistance

 Survival of bacteria in the presence of β-lactam antibiotics occurs 
due to the following.

1. -Lactamase production: This family of enzymes hydrolyzes 
the cyclic amide bond of the β-lactam ring, which results in loss 
of  bactericidal activity (Figure 29.2). They are the major cause 
of  resistance to the penicillins and are an increasing problem. 
β-Lactamases either are constitutive, mostly produced by the 
 bacterial chromosome or, more commonly, are acquired by the 
transfer of plasmids. Some of the β-lactam antibiotics are poor sub-
strates for β-lactamases and resist hydrolysis, thus retaining their 
activity against β-lactamase–producing organisms. [Note: Certain 
organisms may have chromosome-associated β-lactamases that 
are inducible by β-lactam antibiotics (for example, second- and 
third-generation cephalosporins).] Gram-positive organisms secrete 
β-lactamases extracellularly, whereas gram-negative bacteria inac-
tivate β-lactam drugs in the periplasmic space.

2. Decreased permeability to the drug: Decreased penetration 
of the antibiotic through the outer cell membrane of the bacte-
ria prevents the drug from reaching the target PBPs. In gram- 
positive bacteria, the peptidoglycan layer is near the surface of 
the bacteria and there are few barriers for the drug to reach its 
target. Reduced penetration of drug into the cell is a greater 
concern in gram-negative organisms, which have a complex cell 
wall that includes aqueous channels called porins. An excellent 
example of a pathogen lacking high permeability porins is P. aeru-
ginosa. The presence of an efflux pump which actively removes 
antibiotics from the site of action, can also reduce the amount of 
intracellular drug (for example, Klebsiella pneumoniae).

3. Altered PBPs: These are bacterial enzymes involved in the syn-
thesis of the cell wall and in the maintenance of morphologic fea-
tures of the bacterium. Antibiotic exposure can prevent cell wall 
synthesis and can lead to morphologic changes or lysis of sus-
ceptible bacteria. The number of PBPs varies with the type of 
organism. Modified PBPs have a lower affinity for β-lactam anti-
biotics, requiring clinically unattainable concentrations of the drug 
to effect inhibition of bacterial growth. This explains MRSA resis-
tance to most commercially available β-lactams.
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Figure 29.2
Structure of β-lactam antibiotics.

Figure 29.3
Bacterial cell wall of gram-positive 
bacteria. NAG = N-acetylglucosamine;
NAM = N-acetylmuramic acid;
PEP = cross-linking peptide.
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D. Pharmacokinetics

1. Administration: The route of administration of a β-lactam antibi-
otic is determined by the stability of the drug to gastric acid and 
by the severity of the infection. 

2. Routes of administration: The combination of ampicillin with 
 sulbactam, piperacillin with tazobactam, and the antistaphylococ-
cal penicillins nafcillin and oxacillin must be administered intra-
venously (IV) or intramuscularly (IM). Penicillin V, amoxicillin, and 
dicloxacillin are available only as oral preparations. Others are 
effective by the oral, IV, or IM routes (Figure 29.6).

3. Depot forms: Procaine penicillin G and benzathine penicillin G 
are administered IM and serve as depot forms. They are slowly 
absorbed into the circulation and persist at low levels over a long 
time period.

4. Absorption: The acidic environment within the intestinal tract 
is unfavorable for the absorption of penicillins. In the case of 
penicillin  V, only one-third of an oral dose is absorbed under 
the best of conditions. Food decreases the absorption of the 
 penicillinase-resistant penicillin dicloxacillin because as gastric 
emptying time increases, the drug is destroyed by stomach acid. 
Therefore, it should be taken on an empty stomach. Conversely, 
amoxicillin is stable in acid and is readily absorbed from the 
 gastrointestinal (GI) tract.

5. Distribution: The β-lactam antibiotics distribute well throughout 
the body. All the penicillins cross the placental barrier, but none 
have been shown to have teratogenic effects. However, pen-
etration into bone or cerebrospinal fluid (CSF) is insufficient for 
therapy unless these sites are inflamed (Figures 29.7 and 29.8). 
[Note: Inflamed meninges are more permeable to the penicillins, 
resulting in an increased ratio of the drug in the CSF compared 

GONORRHEA
Silver nitrate drops in the eyes prevent
gonococcal ophthalmia in newborns.

Penicillinase-producing strains are
treated using ceftriaxone, with  
azithromycin or spectinomycin as a backup.

PNEUMOCOCCAL INFECTIONS
Streptococcus pneumoniae
is a major cause of bacterial
pneumonia in all age groups and
of bacterial meningitis in infants 
(excluding neonates) and adults.

Pneumococcal pneumonia occurs 
more often in individuals with 
other chronic conditions, such as 
diabetes, asthma, and chronic lung 
disease.

Resistance to penicillin G has 
greatly increased worldwide 
due to mutations in one or more 
of the bacterial penicillin-
binding proteins.

Streptococcus pneumoniae*
Streptococcus pyogenes
Viridans streptococci* group

Treponema pallidum (syphilis)
Treponema pertenue (yaws)

Neisseria gonorrhoeae
Neisseria meningitidis

Bacillus anthracis
Corynebacterium diphtheriae

Clostridium perfringens

Chlamydia
Other

Mycoplasma

Gram (+) bacilli

Gram (–) cocci

Anaerobic organisms

Spirochetes

Gram (+) cocci
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A contagious venereal disease that 
progressively a�ects many tissues.

A single treatment with penicillin is curative 
for primary and secondary syphilis. No 
antibiotic resistance has been reported. 

SYPHILIS

Figure 29.4
Typical therapeutic applications of penicillin G. *Resistant strains are increasingly seen.
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Figure 29.5
Antimicrobial activity of ampicillin (A) 
and the antipseudomonal penicillin (B).
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509II. Penicillins

to the serum.] Penicillin levels in the prostate are insufficient to be 
effective against infections.

6. Metabolism: Host metabolism of the β-lactam antibiotics is usu-
ally insignificant, but some metabolism of penicillin G may occur 
in patients with impaired renal function. Nafcillin and oxacillin are 
exceptions to the rule and are primarily metabolized in the liver.

7. Excretion: The primary route of excretion is through the organic 
acid (tubular) secretory system of the kidney as well as by glo-
merular filtration. Patients with impaired renal function must 
have dosage regimens adjusted. Because nafcillin and oxacillin 
are primarily metabolized in the liver, they do not require dose 
adjustment for renal insufficiency. Probenecid inhibits the secre-
tion of penicillins by competing for active tubular secretion via 
the organic acid transporter and, thus, can increase blood levels. 
The penicillins are also excreted in breast milk.

E. Adverse reactions

 Penicillins are among the safest drugs. However, adverse reactions 
may occur (Figure 29.9).

1. Hypersensitivity: Approximately 5% percent of patients have 
some kind of reaction, ranging from rashes to angioedema 
(marked swelling of the lips, tongue, and periorbital area) and 
anaphylaxis. Cross-allergic reactions occur among the β-lactam 
antibiotics. To determine whether treatment with a β-lactam is 
safe when an allergy is noted, patient history regarding severity of 
the previous reaction is essential. Penicillin allergy in a patient is 
tested with the intradermal test. It is performed at a low intrader-
mal test dose of 2 to 10 units in the lower arm.

2. Diarrhea: Diarrhea is a common problem that is caused by a 
disruption of the normal balance of intestinal microorganisms. 
It occurs to a greater extent with those agents that are incom-
pletely absorbed and have an extended antibacterial spectrum. 
Pseudomembranous colitis from Clostridium difficile and other 
organisms may occur with penicillin use. 

3. Nephritis: Penicillins, particularly methicillin, have the potential to 
cause acute interstitial nephritis. [Note: Methicillin is therefore no 
longer used clinically.]

4. Neurotoxicity: The penicillins are irritating to neuronal tissue, 
and they can provoke seizures if injected intrathecally or if very 
high blood levels are reached. Epileptic patients are particu-
larly at risk due to the ability of penicillins to cause GABAergic 
inhibition.

5. Hematologic toxicities: Decreased coagulation may be observed 
with high doses of piperacillin and nafcillin (and, to some extent, 
with penicillin G). Cytopenias have been associated with therapy 
of greater than 2 weeks, and therefore, blood counts should be 
monitored weekly for such patients.

6. Jarisch–Herxheimer reaction: Penicillin treatment for syphilis 
can cause Jarisch–Herxheimer reaction (JHR; see Chapter 28). 
After initiation of the treatment with penicillin for syphilis, JHR is 
reported to start approximately at 4 hours, peak at 8 hours, and 
subside by 16 hours.

Figure 29.6
Stability of the penicillins to acid or 
the action of penicillinase. *Available 
only as parenteral preparation.
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III. CEPHALOSPORINS

The cephalosporins are β-lactam antibiotics closely related both struc-
turally and functionally to penicillins. Most cephalosporins are pro-
duced semisynthetically by the chemical attachment of side chains to 
7- aminocephalosporanic acid. Structural changes on the acyl side chain 
at the 7-position alter antibacterial activity and variations at the 3-position 
modify the pharmacokinetic profile (Figure 29.10). Cephalosporins have the 
same mode of action as penicillins, and they are affected by the same 
resistance mechanisms. However, they tend to be more resistant than 
the penicillins to certain β-lactamases.

A. Antibacterial spectrum

 Cephalosporins have been classified as first, second, third, fourth, 
and advanced generation, based largely on their bacterial sus-
ceptibility patterns and resistance to β-lactamases (Figure 29.11). 
[Note: Commercially available cephalosporins are ineffective against  
L. monocytogenes, C. difficile, and the enterococci.]

1. First generation: The first-generation cephalosporins act as pen-
icillin G substitutes. They are resistant to the staphylococcal pen-
icillinase (that is, they cover MSSA). Isolates of S. pneumoniae 
resistant to penicillin are also resistant to first-generation ceph-
alosporins. Agents in this generation also have modest activity 
against P. mirabilis, E. coli, and K. pneumoniae. Most oral cav-
ity anaerobes such as Peptostreptococcus are sensitive, but the 
Bacteroides fragilis group is resistant.

2. Second generation: The second-generation cephalosporins dis-
play greater activity against gram-negative organisms, such as H. 
influenzae, Klebsiella species, Proteus species, Escherichia coli, 
and Moraxella catarrhalis, whereas activity against gram-positive 
organisms is weaker. Antimicrobial coverage of the cephamy-
cins (cefotetan [sef-oh-TEE-tan] and cefoxitin [sef-OX-i-tin]) also 
includes anaerobes (for example, B. fragilis). They are the only 
cephalosporins commercially available with appreciable activ-
ity against gram-negative anaerobic bacteria. However, neither 
drug is first line because of the increasing prevalence of resis-
tance among B. fragilis to both agents.

3. Third generation: These cephalosporins have assumed 
an important role in the treatment of infectious diseases. 
Although they are less potent than first-generation cephalo-
sporins against MSSA, the third-generation cephalosporins 
have enhanced activity against gram-negative bacilli, including  
β- lactamase producing strains of H. influenza and Neisseria 
gonorrhoeae. The spectrum of activity of this class includes 
enteric organisms, such as Serratia marcescens and Providencia 
species. Ceftriaxone [sef-trye-AKS-own] and cefotaxime [sef-
oh- TAKS-eem] have become agents of choice in the treatment 
of  meningitis. Ceftazidime [sef-TA-zi-deem] has activity against  
P. aeruginosa; however, resistance is increasing and use should 
be evaluated on a case-by-case basis. Third-generation ceph-
alosporins must be used with caution, as they are associated 
with significant “collateral damage,” including the induction 

Does not penetrate
into the CNS unless 
meninges are in�amed
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drug appears in
the urine
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drug appears in
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Figure 29.7
Administration and fate of penicillin. 
CNS = central nervous system.

Figure 29.8
Enhanced penetration of penicillin into 
the cerebral spinal fluid (CSF) during 
inflammation.
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511III. Cephalosporins

of antimicrobial resistance and development of C. difficile 
 infection. [Note: Fluoroquinolone use is also associated with 
collateral damage.]

4. Fourth generation: Cefepime [SEF-eh-peem] is classified as a 
fourth-generation cephalosporin and must be administered paren-
terally. Cefepime has a wide antibacterial spectrum, with activity 
against streptococci and staphylococci (but only those that are 
methicillin susceptible). Cefepime is also effective against aerobic 
gram-negative organisms, such as Enterobacter species, E. coli, 
K. pneumoniae, P. mirabilis, and P. aeruginosa. When selecting 
an antibiotic that is active against P. aeruginosa, clinicians should 
refer to their local antibiograms (laboratory testing for the sen-
sitivity of an isolated bacterial strain to different antibiotics) for 
direction.

5. Advanced generation: Ceftaroline [sef-TAR-oh-leen] is a 
broad-spectrum, advanced-generation cephalosporin that is 
administered IV as a prodrug, ceftaroline fosamil. It is the only 
β-lactam in the United States with activity against MRSA, and it 
is indicated for the treatment of complicated skin and skin struc-
ture infections and community-acquired pneumonia. The unique 
structure allows ceftaroline to bind to PBP2a found with MRSA 
and PBP2x found with S. pneumoniae. In addition to its broad 
gram-positive activity, it also has similar gram- negative activity to 
the third-generation cephalosporin ceftriaxone. Important gaps in 
coverage include P. aeruginosa, extended- spectrum  β- lactamase 
(ESBL)-producing Enterobacteriaceae, and Acinetobacter 
 baumannii. The twice-daily dosing regimen also limits use outside 
of an institutional setting.

B. Resistance

 Resistance to the cephalosporins is either due to the hydrolysis of the 
β-lactam ring by β-lactamases or reduced affinity for PBPs. 

C. Pharmacokinetics

1. Administration: Many of the cephalosporins must be adminis-
tered IV or IM (Figure 29.12) because of their poor oral absorption. 
Exceptions are noted in Figure 29.13.

2. Distribution: All cephalosporins distribute very well into body flu-
ids. However, adequate therapeutic levels in the CSF, regardless 
of inflammation, are achieved with only a few cephalosporins. For 
example, ceftriaxone and cefotaxime are effective in the treatment 
of neonatal and childhood meningitis caused by H. influenzae. 
Cefazolin [se-FA-zo-lin] is commonly used for surgical prophylaxis 
due to its activity against penicillinase-producing S. aureus, along 
with its good tissue and fluid penetration. 

3. Elimination: Cephalosporins are eliminated through tubular 
secretion and/or glomerular filtration (Figure 29.12). Therefore, 
doses must be adjusted in renal dysfunction to guard against 
accumulation and toxicity. One exception is ceftriaxone, which 
is excreted through the bile into the feces and, therefore, is fre-
quently employed in patients with renal insufficiency.

Figure 29.9
Summary of the adverse effects of 
penicillins.

Figure 29.10
Structural features of cephalosporin 
antibiotics.
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D. Adverse effects

 Like the penicillins, the cephalosporins are generally well tolerated. 
However, allergic reactions are a concern. Patients who have had 
an anaphylactic response, Stevens–Johnson syndrome, or toxic epi-
dermal necrolysis to penicillins should not receive cephalosporins. 
Cephalosporins should be avoided or used with caution in individuals 
with penicillin allergy. Current data suggest that the cross-reactivity 
between penicillin and cephalosporins is around 3% to 5% and is 
determined by the similarity in the side chain, not the β-lactam struc-
ture. The highest rate of allergic cross-sensitivity is between penicillin 
and first-generation cephalosporins.

IV. OTHER -LACTAM ANTIBIOTICS

A. Carbapenems

 Carbapenems are synthetic β-lactam antibiotics that differ in struc-
ture from the penicillins in that the sulfur atom of the thiazolidine 
ring (Figure 29.2) has been externalized and replaced by a carbon 
atom (Figure 29.14). Imipenem [i-mi-PEN-em], meropenem [mer-oh-
PEN-em], doripenem [dore-i-PEN-em], and ertapenem [er-ta-PEN-em] 
are drugs in this group. 

1. Antibacterial spectrum: Imipenem resists hydrolysis by most 
β-lactamases, but not the metallo-β-lactamases. This drug plays 
a role in empiric therapy because it is active against β-lactamase–
producing gram-positive and gram-negative organisms, anaerobes, 
and P. aeruginosa. Meropenem and doripenem have  antibacterial 
activity similar to that of imipenem. Doripenem may retain activity 
against resistant isolates of Pseudomonas (Figure  29.15). Unlike 
other carbapenems, ertapenem lacks coverage against P. aerugi-
nosa, Enterococcus species, and Acinetobacter species. 

2. Pharmacokinetics: Imipenem, meropenem, and doripenem are 
administered IV and penetrate well into body tissues and fluids, 
including the CSF when the meninges are inflamed. Meropenem 
is known to reach therapeutic levels in bacterial meningitis even 
without inflammation. These agents are excreted by glomeru-
lar filtration. Imipenem undergoes cleavage by a dehydropep-
tidase found in the brush border of the proximal renal tubule. 
Compounding imipenem with cilastatin protects the parent drug 
from renal dehydropeptidase and, thus, prolongs its activity in 
the body. The other carbapenems do not require coadministra-
tion of cilastatin. Ertapenem is administered IV once daily. [Note: 
Doses of these agents must be adjusted in patients with renal 
insufficiency.]

3. Adverse effects: Imipenem/cilastatin can cause nausea, vomit-
ing, and diarrhea. Eosinophilia and neutropenia are less common 
than with other β-lactams. High levels of imipenem may provoke 
seizures; however, the other carbapenems are less likely to do so. 
Carbapenems and penicillin share a common bicyclic core. Structural 
similarity may confer cross-reactivity between classes. While those 
with true penicillin allergy should use carbapenems cautiously, the 
cross-reactivity rate seen in studies is very low (<1%).

First-generation cephalosporins

Second-generation cephalosporins

Staphylococcus aureus* 
Staphylococcus epidermidis
Streptococcus pneumoniae
Streptococcus pyogenes
Anaerobic streptococci

Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis

Staphylococcus aureus*
Streptococcus pneumoniae
Streptococcus pyogenes
Anaerobic streptococci

Neisseria gonorrhoeae

Enterobacter aerogenes
Escherichia coli
Haemophilus in�uenzae
Klebsiella pneumoniae
Proteus mirabilis

Anaerobic organisms**

Gram (–) rods

Gram (+) cocci

Gram (–) cocci

Gram (–) rods

Gram (+) cocci

Third-generation cephalosporins

Neisseria gonorrhoeae

Enterobacter aerogenes
Escherichia coli
Haemophilus in�uenzae
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa†

Serratia marcescens

Gram (–) cocci

Gram (–) rods

Streptococcus pneumoniae
Streptococcus pyogenes
Anaerobic streptococci

Gram (+) cocci

Fourth-generation cephalosporins

Antibacterial coverage comparable to that
of the third-generation class; however, 
demonstrate greater stability against 
β-lactamases

Figure 29.11
Summary of therapeutic applica-
tions of cephalosporins. *Methicillin-
resistant staphylococci are resistant. 
**Cefoxitin and cefotetan have anaer-
obic coverage. †Ceftazidime only.
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B. Monobactams

 The monobactams, which also disrupt bacterial cell wall synthesis, 
are unique because the β-lactam ring is not fused to another ring  
(Figure 29.14). Aztreonam [az-TREE-oh-nam], which is the only commer-
cially available monobactam, has antimicrobial activity directed primar-
ily against gram-negative pathogens, including the Enterobacteriaceae 
and P. aeruginosa. It lacks activity against gram-positive organisms and 
anaerobes. Aztreonam is administered either IV or IM and can accumu-
late in patients with renal failure. Aztreonam is relatively nontoxic, but it 
may cause phlebitis, skin rash and, occasionally, abnormal liver function 
tests. This drug has a low immunogenic potential, and it shows little 
cross-reactivity with antibodies induced by other β-lactams. Thus, this 
drug may offer a safe alternative for treating patients who are allergic to 
other penicillins, cephalosporins, or carbapenems.

V. -LACTAMASE INHIBITORS

Hydrolysis of the β-lactam ring, either by enzymatic cleavage with a  
β-lactamase or by acid, destroys the antimicrobial activity of a β-lactam  
antibiotic. β-Lactamase inhibitors, such as clavulanic [cla-vue-LAN-ick]  
acid, sulbactam [sul-BACK-tam], and tazobactam [ta-zoh-BACK-tam], 
contain a β-lactam ring but, by themselves, do not have significant 

Figure 29.12
Administration and fate of the cepha-
losporins. CSF = cerebrospinal fluid.

IV
IM

Most cephalosporins
do not penetrate
the CSF; third-
generation agents
achieve therapeutic
levels in CSF

Cephalosporins

Mostly unchanged
drug appears in
the urine

Ceftriaxone
appears in bile

Mostly unchanged
drug appears in
urine

Ceftriaxone
appears in bile

Cefepime

First Generation

Second Generation

Third Generation

Fourth Generation

Cefdinir
Cefixime

Cefuroxime 
     axetil

Cefuroxime
    sodium 

This �rst-generation parenteral cephalosporin 
has a longer duration of action and a similar 
spectrum of action, compared to other �rst-
generation drugs. It penetrates well into bone.

neration

This prototype second-generation, parenteral 
cephalosporin has a longer half-life than 
similar agents. It crosses the blood–brain 
barrier, and it can be used for community-
acquired bronchitis or pneumonia in the 
elderly and for patients who are 
immunocompromised.

These are administered orally once daily.   

This is active against Pseudomonas aeruginosa. 

This drug has the longest half-life of any 
cephalosporin (6 to 8 hours), which 
permits once-a-day dosing. High levels of 
the drug can be achieved in blood and 
CSF. It is e�ective against genital, anal,
and pharyngeal penicillin-resistant
Neisseria gonorrhoeae. The drug is 
excreted in bile and may be used in 
patients with renal insu�ciency. It has 
good penetration into bone.

Administered twice daily, this drug is 
well absorbed and is active against 
β-lactamase–producing organisms.   

This is the prototype of �rst-generation, 
oral cephalosporins. Oral administration 
twice daily is e�ective against pharyngitis.

This penetrates well into the CSF.   

This is active against Pseudomonas aeruginosa.   

Ceftriaxone

Ceftibuten

Ceftazidime

Cefotaxime

Cephalexin

 

Cefadroxil

 

Cefazolin

 

Ceftaroline

Advanced Generation
This is active against MRSA.

Figure 29.13
Therapeutic advantages of some clinically useful cephalosporins. [Note: Drugs that can be administered orally are 
shown in reverse type. More useful drugs shown in bold.]. CSF = cerebrospinal fluid; MRSA = methicillin-resistant 
Staphylococcus aureus.
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antibacterial activity or cause any significant adverse effects. Avibactam 
[av-ee-BACK-tam] and vaborbactam [vay-bor-BACK-tam] are also  
β- lactamase  inhibitors; however, their structures lack the core β-lactam 
ring. β-Lactamase inhibitors function by inactivating β-lactamases, thereby 
protecting the antibiotics  that are normally substrates for these enzymes. 
The β- lactamase inhibitors are, therefore, formulated in combination with 
β-lactamase–sensitive antibiotics (Figure 29.1). For example, Figure 29.16 
shows the effect of clavulanic acid and amoxicillin on the growth of  
β-lactamase–producing E. coli. [Note: Clavulanic acid alone is nearly devoid 

of any antibacterial activity.]

A. Cephalosporin and -lactamase inhibitor combinations

 Ceftolozane [sef-TOL-oh-zane] is a third-generation  cephalosporin 
combined with an existing β-lactamase inhibitor, tazobactam. 
Ceftolozane-tazobactam is available only in an intravenous formulation. 
Its niche for use is in the treatment of resistant Enterobacteriaceae and 
multidrug-resistant P. aeruginosa. Ceftolozane-tazobactam has activ-
ity against some β-lactamase producing bacteria (for example, select 
strains of ESBLs). This combination has narrow gram-positive and very 
limited anaerobic activity. Ceftazidime, a third-generation cephalospo-
rin is combined with the β-lactamase inhibitor avibactam [AV-i-BAK-
tam]. Ceftazidime-avibactam, available only in intravenous formulation, 
has broad gram-negative activity including Enterobacteriaceae and  
P. aeruginosa. Addition of avibactam allows the drug to resist hydrolysis 
against broad-spectrum β-lactamases (AmpC, ESBL, carbapenemases) 
with the exception of metallo-β-lactamases. Ceftazidime-avibactam 
has minimal activity against Acinetobacter as well as anaerobic and 
gram-positive organisms. Both of these combinations are indicated 
for the treatment of intra-abdominal infections (in combination with 
metronidazole) and for the management of complicated urinary tract 
infections. Given the extensive antimicrobial activity, ceftolozane- 
tazobactam and ceftazidime-avibactam are reserved for the treatment 
of infections due to multidrug-resistant pathogens.

B. Carbapenem and -lactamase inhibitor combination

 Meropenem and vaborbactam is a combination of a carbapenem and 
a β-lactamase inhibitor. It is approved for the treatment of complicated 
urinary tract infections including pyelonephritis. This combination 
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Figure 29.14
Structural features of imipenem and aztreonam.

Staphylococcus aureus*
Staphylococcus epidermidis
Enterococcus faecalis
Streptococcus groups A, B, C
Streptococcus pneumoniae

Clostridium species
Peptococcus species
Peptostreptococcus 
species
Propionibacterium species
Bacteroides species
Fusobacterium species

Listeria monocytogenes

Actinomyces
Nocardia species

Neisseria gonorrhoeae**
Neisseria meningitidis

Gram (+) bacilli

Gram (–) cocci

Gram (–) rods

Anaerobic organisms

Other

Gram (+) cocci

Spirochetes

Chlamydia
Mycoplasma

Acinetobacter species
Citrobacter species
Enterobacter species
Escherichia coli 
Gardnerella vaginalis 
Haemophilus influenzae 
Klebsiella species
Proteus species
Providencia species 
Pseudomonas aeruginosa 
Salmonella species
Serratia species

Figure 29.15
Antimicrobial spectrum of imipenem. 
*Methicillin-resistant staphylococci 
are resistant. **Includes penicillinase- 
producing strains.
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agent has activity against Enterobacteriaceae producing a broad 
spectrum of β-lactamases, except metallo-β-lactamases.

VI. VANCOMYCIN

Vancomycin [van-koe-MYE-sin] is a tricyclic glycopeptide active against 
aerobic and anaerobic gram-positive bacteria, including MRSA, methicil-
lin-resistant Staphylococcus epidermidis (MRSE), Enterococcus spp., and 
C. difficile (Figure 29.17). Following cell entry, it binds to peptidoglycan 
precursors, disrupting polymerization and cross-linking required for main-
tenance of cell wall integrity. This interaction results in bactericidal activity. 
Due to an increase in MRSA frequency, vancomycin is commonly used 
in patients with skin and soft-tissue infections, infective endocarditis, and 
nosocomial pneumonia. Frequency of administration is dependent on renal 
function. Therefore, monitoring of creatinine clearance is required to opti-
mize exposure and minimize toxicity. Optimal cure rates are observed when 
trough concentrations are maintained between 10 and 20 mcg/mL. [Note: 
The area under the curve/minimum inhibitory concentration ratio (AUC/
MIC) is the best predictor of vancomycin activity against S. aureus, with an 
AUC/MIC of greater than or equal to 400 associated with treatment suc-
cess.] Initial trough concentrations are attained prior to the fourth or fifth 
vancomycin dose to ensure appropriate dosing. Common adverse events 
include nephrotoxicity, infusion-related reactions (red-man syndrome 
and phlebitis), and ototoxicity. Emergence of resistance is uncommon 
within Streptococcus and Staphylococcus spp, but frequently observed 
in Enterococcus faecium infections. Resistance is driven by alterations 
in binding affinity to peptidoglycan precursors. Due to the prevalence of 
resistance, prudent use of vancomycin is warranted. Lastly, vancomycin 
has poor absorption after oral administration, so use of oral formulation is 
limited to the management of C. difficile infection in the colon.

VII. LIPOGLYCOPEPTIDES 

Telavancin [tel-a-VAN-sin], oritavancin [or-IT-a-VAN-sin], and dalbavancin 
[dal-ba-VAN-sin] are bactericidal concentration-dependent semisynthetic 
lipoglycopeptide antibiotics with activity against gram-positive bacteria. 
The lipoglycopeptides maintain a spectrum of activity similar to vanco-
mycin, affecting primarily staphylococci, streptococci, and enterococci. 
Because of structural differences, they are more potent than vancomycin 
and may have activity against vancomycin-resistant isolates. Like van-
comycin, these agents inhibit bacterial cell wall synthesis. The lipid tail 
is essential in anchoring the drug to the cell walls to improve target site 
binding. Additionally, telavancin and oritavancin disrupt membrane poten-
tial. In combination, these actions improve activity and minimize selec-
tion of resistance. Telavancin is considered an alternative to vancomycin 
in treating acute bacterial skin and skin structure infections (ABSSSI) and 
 hospital-acquired pneumonia caused by resistant gram-positive organ-
isms, including MRSA. The use of telavancin in clinical practice may be 
limited by its adverse effect profile which includes nephrotoxicity, risk of 
fetal harm, and interactions with medications known to prolong the QTc 
interval (for example, fluoroquinolones and macrolides). Prior to initiation, 
assessment of renal function, pregnancy status, and current medications 
is needed to ensure safe administration.

Figure 29.16
The in vitro growth of Escherichia coli 
in the presence of amoxicillin, with 
and without clavulanic acid.

Figure 29.17
Antimicrobial spectrum of  
vancomycin. *Includes methicillin- 
resistant strains. **Oral vancomycin 
only for C. difficile.
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In contrast to telavancin, oritavancin, and dalbavancin have prolonged 
 half-lives (245 and 187 hours, respectively), allowing for single-dose 
administration for the management of ABSSSI. Stable patients with 
ABSSSI may be treated as outpatients, eliminating the need for inpatient 
 admission, central catheter placement, and/or daily outpatient parenteral 
antibiotic therapy. Consistent with other glycopeptides, infusion-related 
reactions may occur. Oritavancin and telavancin are known to interfere with 
phospholipid reagents used in assessing coagulation. Alternative therapy 
should be considered with concomitant heparin use.

VIII. DAPTOMYCIN

Daptomycin [DAP-toe-mye-sin] is a bactericidal concentration- dependent 
cyclic lipopeptide antibiotic that is an alternative to other agents, such 
as vancomycin or linezolid, for treating infections caused by resistant 
gram-positive organisms, including MRSA and  vancomycin-resistant 
enterococci (VRE) (Figure 29.18). Daptomycin is indicated for the 
 treatment of complicated skin and skin structure infections and bactere-
mia caused by S. aureus, including those with right-sided infective endo-
carditis. Efficacy of treatment with daptomycin in left-sided endocarditis 
has not been demonstrated. Additionally, daptomycin is inactivated by 
pulmonary surfactants; thus, it should never be used in the treatment of 
pneumonia. Daptomycin is dosed IV once daily. Figure 29.19 provides 
a comparison of important characteristics of vancomycin, daptomycin, 
and lipoglycopeptides.

IX. FOSFOMYCIN

Fosfomycin [fos-foe-MYE-sin] is a bactericidal synthetic derivative of 
phosphonic acid. It blocks cell wall synthesis by inhibiting the enzyme 
enolpyruvyl transferase, a key step in peptidoglycan synthesis. It is indi-
cated for urinary tract infections caused by E. coli or E. faecalis and is 
considered first-line therapy for acute cystitis. Due to its unique struc-
ture and mechanism of action, cross-resistance with other antimicrobial 
agents is unlikely. Fosfomycin is rapidly absorbed after oral administra-
tion and distributes well to the kidneys, bladder, and prostate. The drug 
is excreted in its active form in the urine and maintains high concentra-
tions over several days, allowing for a one-time dose. The most com-
monly reported adverse effects include diarrhea, vaginitis, nausea, and 
headache.

X. POLYMYXINS

The polymyxins are cation polypeptides that bind to phospholipids on the 
bacterial cell membrane of gram-negative bacteria. They have a deter-
gent-like effect that disrupts cell membrane integrity, leading to leakage 
of cellular components and cell death. Polymyxins are concentration- 
dependent bactericidal agents with activity against most clinically  important 
gram-negative bacteria, including P. aeruginosa, E. coli, K. pneumoniae, 
Acinetobacter spp, and Enterobacter spp. However, alterations in the 
cell membrane lipid polysaccharides allow many species of Proteus and 

Enterococcus faecalis
Enterococcus faecium
Staphylococcus aureus 
(MRSA and MSSA)
Streptococcus pneumoniae
(penicillin resistant)
Streptococcus pyogenes

Gram (–) cocci
Gram (–) rods
Anaerobic organisms
Spirochetes

Chlamydia
Other

Mycoplasma

Gram (+) cocci

Corynebacterium jeikeium
Gram (+) bacilli

Figure 29.18
Antimicrobial spectrum of daptomy-
cin. MRSA = methicillin-resistant  
S. aureus; MSSA = methicillin- 
susceptible S. aureus.
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Serratia to be intrinsically resistant. Only two forms of polymyxin are in 
clinical use today, polymyxin B and colistin (polymyxin E). Polymyxin B is 
available in parenteral, ophthalmic, otic, and topical preparations. Colistin 
is only available as a prodrug, colistimethate sodium, which is adminis-
tered IV or inhaled via a nebulizer. The use of these drugs has been limited 
due to the increased risk of nephrotoxicity and neurotoxicity (for example, 
slurred speech and muscle weakness) when used systemically. However, 
with increasing gram-negative resistance they are now commonly used 
as salvage therapy for patients with multidrug-resistant infections. Careful 
dosing and monitoring of adverse effects are important to maximize the 
safety and efficacy of these agents

Figure 29.19
Side-by-side comparison of vancomycin, daptomycin, and telavancin. (For drug dosages, refer to Appendix at the end 
of the book.)
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Study Questions

Choose the ONE best answer.

29.1 A 45-year-old man presented to the hospital 3 days 
ago with severe cellulitis and a large abscess on 
his left leg. Incision and drainage were performed 
on the abscess, and cultures revealed methicillin- 
resistant Staphylococcus aureus. Which is the 
most appropriate treatment option for once-daily 
outpatient intravenous therapy in this patient?

A. Ertapenem

B. Ceftaroline

C. Daptomycin

D. Piperacillin/tazobactam

29.2 Which of the following adverse effects is associ-
ated with daptomycin?

A. Ototoxicity

B. Red man syndrome

C. QTc prolongation

D. Rhabdomyolysis

29.3 A 72-year-old man is admitted to the hospital from 
a nursing home with severe pneumonia. He was 
discharged from the hospital 1 week ago after open 
heart surgery. The patient has no known allergies. 
Which of the following regimens is most appro-
priate for empiric coverage of methicillin-resistant 
Staphylococcus aureus and Pseudomonas aerugi-
nosa in this patient?

A. Vancomycin + cefepime + ciprofloxacin

B. Vancomycin + cefazolin + ciprofloxacin

C. Telavancin + cefepime + ciprofloxacin

D. Daptomycin + cefepime + ciprofloxacin

29.4 A 23-year-old man presents with acute appendici-
tis that ruptures shortly after admission. He is taken 
to the operating room for surgery, and postsurgi-
cal cultures reveal Escherichia coli and Bacteroides 
fragilis, susceptibilities pending. Which of the fol-
lowing provides adequate empiric coverage of 
these two pathogens?

A. Cefepime

B. Piperacillin/tazobactam

C. Aztreonam

D. Ceftaroline

Correct answer = C. Daptomycin is approved for skin 
and skin structure infections caused by MRSA and is 
given once daily. A and D are incorrect because they 
do not cover MRSA. Ceftaroline covers MRSA, but it 
must be given twice daily.

Correct answer = D. Ototoxicity and red man syn-
drome are associated with vancomycin. QTc prolon-
gation is associated with telavancin. Myalgias and 
rhabdomyolysis have been reported with daptomycin 
therapy and require patient education and monitoring.

Correct answer = B. While all of these agents cover 
most strains of E. coli, piperacillin/tazobactam is the 
only drug on this list that provides coverage against 
Bacteroides species.

Correct answer = A. Vancomycin provides ade-
quate coverage against MRSA, and cefepime and 
ciprofloxacin provide adequate empiric coverage of 
Pseudomonas. B is incorrect because cefazolin does 
not have activity against Pseudomonas. C is incorrect 
because telavancin should be avoided if possible with 
drugs that prolong the QTc interval, in this case cip-
rofloxacin. Daptomycin is inactivated by pulmonary 
surfactant and should not be used for pneumonia.
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Correct answer = C. Based on the severity of the 
allergic reaction, aztreonam is the choice of all the 
β-lactams. Although cross-reactivity with cephalo-
sporins and carbapenems is low, the risk rarely out-
weighs the benefit in these cases.

Correct answer = A. A single treatment with peni-
cillin is curative for primary and secondary syphilis. 
No antibiotic resistance has been reported, and it 
remains the drug of choice unless the patient has a 
severe allergic reaction.

29.5 A 68-year-old man presents from a nursing home 
with fever, increased urinary frequency and urgency, 
and mental status changes. He has a penicillin allergy 
of anaphylaxis. Which of the following β-lactams  
is the most appropriate choice for gram-negative 
coverage of this patient’s urinary tract infection?

A. Cefepime

B. Ertapenem

C. Aztreonam

D. Ceftaroline

29.6 A 25-year-old man presents to the urgent care cen-
ter with a painless sore on his genitals that started 
2 weeks ago. He reports unprotected sex with a 
new partner about a month ago. A blood test con-
firms the patient has Treponema pallidum. Which is 
the drug of choice for the treatment of this patient’s 
infection as a single dose?

A. Benzathine penicillin G

B. Ceftriaxone

C. Aztreonam

D. Vancomycin

29.7 A 20-year-old woman presents to the emergency 
room with headache, stiff neck, and fever for 2 
days and is diagnosed with meningitis. Which is 
the best agent for the treatment of meningitis in this 
patient?

A. Cefazolin

B. Cefdinir

C. Cefotaxime

D. Cefuroxime axetil

29.8 Which of the following cephalosporins has activity 
against gram-negative anaerobic pathogens like 
Bacteroides fragilis?

A. Cefoxitin

B. Cefepime

C. Ceftriaxone

D. Cefazolin

Correct answer = C. Cefotaxime is the only drug 
on this list with adequate CSF penetration to treat 
 meningitis. Cefdinir and cefuroxime axetil are only 
available orally, and cefazolin CSF penetration and 
spectrum of coverage against S. pneumoniae are 
likely inadequate to treat meningitis.

Correct answer = A. The cephamycins (cefoxitin and 
cefotetan) are the only cephalosporins with in vitro 
activity against anaerobic gram-negative pathogens. 
Cefepime, ceftriaxone, and cefazolin have no appre-
ciable activity against Bacteroides fragilis.
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29.9 In which of the following cases would it be appro-
priate to use telavancin?

A. A 29-year-old pregnant woman with ventilator- 
associated pneumonia.

B. A 76-year-old man with hospital-acquired 
pneumonia also receiving amiodarone for atrial 
fibrillation.

C. A 36-year-old man with cellulitis and abscess 
growing MRSA.

D. A 72-year-old woman with a diabetic foot infec-
tion growing MRSA who has moderate renal 
dysfunction.

29.10 An 18-year-old woman presents to the urgent care 
clinic with symptoms of a urinary tract infection. 
Cultures reveal Enterococcus faecalis that is pan 
sensitive. Which of the following is an appropri-
ate oral option to treat the urinary tract infection in 
this patient?

A. Cephalexin

B. Vancomycin

C. Cefdinir

D. Amoxicillin

Correct answer = D. Options A and C are incorrect 
because enterococci are inherently resistant to all 
cephalosporins. Option B is incorrect because oral 
vancomycin is not absorbed and would not reach the 
urinary tract in sufficient quantities to treat a urinary 
tract infection. Option D is the best choice, as amox-
icillin is well absorbed orally and concentrates in the 
urine.

Correct answer = C. A is not a good option due to 
the potential of telavancin harming the fetus. Option 
B is not a good choice because the patient is on 
amiodarone, and telavancin can cause QTc prolonga-
tion. Option D is not an appropriate choice because 
the patient has baseline renal dysfunction and tela-
vancin should be avoided unless benefit outweighs 
the risk. Option C is the best choice since telavancin 
is approved for skin and skin structure infections, and 
the patient has no apparent contraindication.
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I. OVERVIEW

A number of antibiotics exert their antimicrobial effects by targeting bac-
terial ribosomes and inhibiting bacterial protein synthesis. Most of these 
agents exhibit bacteriostatic activity. Bacterial ribosomes differ structurally 
from mammalian cytoplasmic ribosomes and are composed of 30S and 
50S subunits (mammalian ribosomes have 40S and 60S subunits). In gen-
eral, selectivity for bacterial ribosomes minimizes potential adverse conse-
quences encountered with the disruption of protein synthesis in mammalian 
host cells. However, high concentrations of drugs such as chloramphenicol 
or the tetracyclines may cause toxic effects as a result of interaction with 
mitochondrial mammalian ribosomes, because the structure of mitochon-
drial ribosomes more closely resembles bacterial ribosomes. Figure  30.1 
summarizes the antimicrobial protein synthesis inhibitors discussed in 
this chapter.

II. TETRACYCLINES

Tetracyclines consist of four fused rings with a system of conjugated dou-
ble bonds. Substitutions on these rings alter the individual pharmacokinet-
ics and spectrum of antimicrobial activity.

A. Mechanism of action

 Tetracyclines enter susceptible organisms via passive diffusion and by 
an energy-dependent transport protein mechanism unique to the bac-
terial inner cytoplasmic membrane. Tetracyclines concentrate intra-
cellularly in susceptible organisms. The drugs bind reversibly to the 
30S subunit of the bacterial ribosome. This action prevents binding 
of tRNA to the mRNA–ribosome complex, thereby inhibiting bacterial 
protein synthesis (Figure 30.2).

B. Antibacterial spectrum

 The tetracyclines are bacteriostatic antibiotics effective against a wide 
variety of organisms, including gram-positive and gram-negative bac-
teria, protozoa, spirochetes, mycobacteria, and atypical species. They 
are commonly used in the treatment of acne and Chlamydia infections 
(Figure 30.3).

Figure 30.1
Summary of protein synthesis inhibi-
tors and their routes of administration 
and dose. (For drug dosages, refer to 
Appendix at the end of the book.)

TETRACYCLINES
First generation (biosynthesis;  
 broad-spectrum antibiotic)
Tetracycline
Demeclocycline
Chlortetecycline
Oxytetracycline
Second generation (semisynthetic)
Doxycycline
Minocycline
Meclocycline 
Methacycline
Lymecycline
Rolitetracycline
Third generation (synthetic;  
  glycylcyclines)
Tigecycline
AMINOGLYCOSIDES
Gentamicin 
Amikacin 
Neomycin 
Streptomycin 
Tobramycin
MACROLIDES/KETOLIDES
Erythromycin 
Roxithromycin
Azithromycin 
Clarithromycin 
Telithromycin
MACROCYCLIC
Fidaxomicin
LINCOSAMIDES
Clindamycin
OXAZOLIDINONES
Linezolid 
Tedizolid
OTHERS
Chloramphenicol 
Quinupristin/Dalfopristin
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Tetracyclines 
target the 30S 
subunit and 
prevent binding 
of tRNA to mRNA.

Figure 30.2
Mechanisms of action of the various protein synthesis inhibitors. aa = amino acid.

C. Resistance

 The most commonly encountered naturally occurring resistance to 
tetracyclines is an efflux pump that expels drug out of the cell, thus 
preventing intracellular accumulation. Other mechanisms of bacterial 
resistance to tetracyclines include enzymatic inactivation of the drug 
and production of bacterial proteins that prevent tetracyclines from 
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binding to the ribosome. Resistance to one tetracycline does not con-
fer universal resistance to all tetracyclines, and the development of 
cross-resistance may be dependent on the mechanism of resistance.

D. Pharmacokinetics

1. Absorption: Tetracyclines are adequately absorbed after oral 
ingestion (Figure 30.4). Administration with dairy products or 
other substances that contain divalent and trivalent cations (for 
example, magnesium, calcium, aluminum antacids, or iron sup-
plements) decreases absorption, particularly for tetracycline  
[tet-rah-SYE-kleen], due to the formation of nonabsorbable che-
lates (Figure 30.5). Both doxycycline [dox-i-SYE-kleen] and mino-
cycline [min-oh-SYE-kleen] are available as oral and intravenous 
(IV) preparations.

2. Distribution: The tetracyclines concentrate well in the bile, 
liver, kidney, gingival fluid, and skin. Moreover, they bind to tis-
sues undergoing calcification (for example, teeth and bones) or 
to tumors that have high calcium content. Penetration into most 
body fluids is adequate. Only minocycline and doxycycline achieve 
therapeutic levels in the cerebrospinal fluid (CSF). Minocycline 

Figure 30.3
Typical therapeutic applications of tetracyclines. *A tetracycline + gentamicin.

Borrelia burgdorferi
Leptospira interrogans
Treponema pallidum

Clostridium perfringens
Clostridium tetani

Bacillus anthracis

Rickettsia rickettsii

MYCOPLASMA PNEUMONIAE

CHLAMYDIAL INFECTIONS

ROCKY MOUNTAIN SPOTTED FEVER

Chlamydia trachomatis is a major cause 
of sexually transmitted disease in the 
United States. It causes nongonococcal 
urethritis, pelvic in�ammatory disease, 
and lymphogranuloma venereum.

Chlamydia psittaci causes psittacosis, 
which usually takes the form of pneumonia. 
Other clinical forms include hepatitis, 
myocarditis, and coma.

Doxycycline or azithromycin is used to 
treat chlamydial infections.

This disease, caused by Rickettsia
rickettsii, is characterized by fever, 
chills, and aches in bones and joints.

Response to tetracyclines is prompt if 
the drug is started early in the disease 
process.

Mycoplasma pneumoniae, or walking 
pneumonia, is a common cause of 
community-acquired pneumonia in young 
adults and in people who live in close 
con�nes, such as in military camps. 

Treatment with a macrolide or doxycycline
is e�ective.

This is a spirochetal infection caused by 
Borrelia burgdorferi. The disease is 
transmitted by the bite of infected ticks.

Infection results in skin lesions, headache, 
and fever, followed by meningoencephalitis
and, eventually, arthritis.

A bull’s-eye pattern rash with a red outer
ring, called erythema migrans is a hallmark
of Lyme disease

Doxycycline  is one of the preferred
therapeutic options.

Chlamydia species

Mycoplasma pneumoniae

Brucella species*
Helicobacter pylori
Vibrio cholerae
Yersinia pestis

Gram (–) cocci

Gram (+) bacilli

Gram (–) rods

Anaerobic organisms

Spirochetes

Chlamydia

Other

Mycoplasma

CHOLERA
Cholera is caused by Vibrio cholerae 
ingested in fecally contaminated food or 
water.

The organism multiplies in the gastro-
intestinal tract, where it secretes an 
enterotoxin that produces diarrhea.

Treatment includes doxycycline, which 
reduces the number of intestinal vibrios, 
and �uid replacement.LYME DISEASE

Staphylococcus aureus
(including methicillin-
resistant strains)
Streptococcus pneumoniae

Gram (+) cocci

B

This is a spirochetal infection caused by 
Borrelia burgdorferi. The disease is g
t itt d b th bit f i f t d ti k
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GGram
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GramLYME DISEASE
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GramPEPTIC ULCER DISEASE
Helicobacter pylori is a common cause of 
peptic ulcer disease.

Treatment with a combination of bismuth, 
metronidazole, tetracycline, and a proton-
pump inhibitor is a highly e�ective regimen 
for eradication of H. pylori.

IV
IM

Doxycycline and minocycline
achieve therapeutic
concentrations in CSF

Tetracyclines

Most tetracyclines
are reabsorbed from
bile, metabolized to 
glucuronides, and 
excreted in the urine

Most tetracyclines
are reabsorbed from
bile, metabolized to 
glucuronides, and 
excreted in urine

Doxycycline 
glucuronide is
excreted via bile

Figure 30.4
Administration and fate of  
tetracyclines. CSF = cerebrospinal fluid.
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also achieves high concentrations in saliva and tears, rendering it 
useful in eradicating the meningococcal carrier state. All tetracy-
clines cross the placental barrier and concentrate in fetal bones 
and dentition.

3. Elimination: Tetracycline is primarily eliminated unchanged in the 
urine, whereas minocycline undergoes hepatic metabolism and is 
eliminated to a lesser extent via the kidney. Doxycycline is pre-
ferred in patients with renal dysfunction, as it is primarily elimi-
nated via the bile into the feces.

E. Adverse effects

1. Gastric discomfort: Epigastric distress commonly results from 
irritation of the gastric mucosa (Figure 30.6) and is often respon-
sible for noncompliance with tetracyclines. Esophagitis may be 
minimized through co-administration with food (other than dairy 
products) or fluids and the use of capsules rather than tablets. 
[Note: Tetracycline should be taken on an empty stomach.]

2. Effects on calcified tissues: Deposition in the bone and primary 
dentition occurs during the calcification process in growing chil-
dren. This may cause discoloration and hypoplasia of teeth and a 
temporary stunting of growth. For this reason, the use of tetracy-
clines is limited in pediatrics.

3. Hepatotoxicity: Rarely hepatotoxicity may occur with high doses, 
particularly in pregnant women and those with preexisting hepatic 
dysfunction or renal impairment.

4. Phototoxicity: Severe sunburn may occur in patients receiving a 
tetracycline who are exposed to sun or ultraviolet rays. This toxic-
ity is encountered with any tetracycline, but more frequently with 
tetracycline and demeclocycline [dem-e-kloe-SYE-kleen]. Patients 
should be advised to wear adequate sun protection.

5. Vestibular dysfunction: Dizziness, vertigo, and tinnitus may 
occur particularly with minocycline, which concentrates in the 
endolymph of the ear and affects function. 

6. Pseudotumor cerebri: Benign, intracranial hypertension charac-
terized by headache and blurred vision may occur rarely in adults. 
Although discontinuation of the drug reverses this condition, it is 
not clear whether permanent sequelae may occur.

7. Contraindications: The tetracyclines should not be used in pregnant 
or breast-feeding women or in children less than 8 years of age.

III. GLYCYLCYCLINES

Tigecycline [tye-ge-SYE-kleen], a derivative of minocycline, is the first 
member of the glycylcycline antimicrobial class. It is indicated for the treat-
ment of complicated skin and soft-tissue infections, complicated intra- 
abdominal infections, and community-acquired pneumonia.

A. Mechanism of action

 Tigecycline exhibits bacteriostatic action by reversibly binding to the 
30S ribosomal subunit and inhibiting bacterial protein synthesis.

Figure 30.5
Effect of antacids and milk on the 
absorption of tetracyclines.
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Some adverse effects of tetracyclines. 
GI = gastrointestinal.
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525IV. Aminoglycosides

B. Antibacterial spectrum

 Tigecycline exhibits broad-spectrum activity that includes methicillin- 
resistant staphylococci (MRSA), multidrug-resistant  streptococci, 
vancomycin-resistant enterococci (VRE), extended-spectrum  
β- lactamase–producing gram-negative bacteria, Acinetobacter bau-
mannii, and many anaerobic organisms. Tigecycline is not active 
against Morganella, Proteus, Providencia, or Pseudomonas species.

C. Resistance

 Tigecycline was developed to overcome the emergence of tetracy-
cline class–resistant organisms that utilize efflux pumps and ribosomal 
protection to confer resistance. Resistance to tigecycline has been 
observed and is primarily attributed to overexpression of efflux pumps.

D. Pharmacokinetics

 Following IV infusion, tigecycline exhibits a large volume of distri-
bution. It penetrates tissues well but achieves low plasma concen-
trations. Consequently, tigecycline is a poor option for  bloodstream 
infections. The primary route of elimination is biliary/fecal. No dosage 
adjustments are necessary for patients with renal impairment; how-
ever, a dose reduction is recommended in severe hepatic dysfunction.

E. Adverse effects

 Tigecycline is associated with significant nausea and vomiting. 
Acute pancreatitis, including fatality, has been reported with therapy. 
Elevations in liver enzymes and serum creatinine may also occur. 
All-cause mortality in patients treated with tigecycline is higher than 
with other agents. A boxed warning states that tigecycline should 
be reserved for use in situations when alternative treatments are 
not suitable. Other adverse effects are similar to those of the tetra-
cyclines and include photosensitivity, pseudotumor cerebri, discol-
oration of permanent teeth when used during tooth development, 
and fetal harm when administered in pregnancy. Tigecycline may  
decrease the clearance of warfarin. Therefore, the international 
 normalized ratio should be monitored closely when tigecycline is 
 co- administered with warfarin.

IV. AMINOGLYCOSIDES

Aminoglycosides are highly water-soluble compounds originally isolated 
from soil actinomycetes and used for the treatment of infections due 
to aerobic gram-negative bacilli. If the compounds are isolated from 
Streptomyces, they are named with the suffix “mycin” and if they are from 
Micromonospora, the compounds would be having the suffix “micin.” 

A. Mechanism of action

 Aminoglycosides diffuse through porin channels in the outer mem-
brane of susceptible organisms. These organisms also have an 
oxygen-dependent system that transports the drug across the 
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cytoplasmic membrane. Therefore, in the anaerobic conditions this 
process is inactivated. Inside the cell, they bind the 30S ribosomal 
subunit, where they interfere with the assembly of the functional 
ribosomal apparatus and/or cause the 30S subunit of the completed 
ribosome to misread the genetic code (Figure 30.2). Aminoglycosides 
have concentration-dependent bactericidal activity—that is, their effi-
cacy is dependent on the maximum concentration (Cmax) of the drug 
above the minimum inhibitory concentration (MIC) of the organism. 
For aminoglycosides, the target Cmax is 8 to 10 times the MIC. They 
also exhibit a postantibiotic effect (PAE), which is continued bacterial 
suppression after drug concentrations fall below the MIC. The larger 
the dose, the longer the PAE. Because of these properties, high-dose 
extended-interval dosing is commonly utilized. This dosing strategy 
also reduces the risk of nephrotoxicity and increases convenience.

B. Antibacterial spectrum

 The aminoglycosides are effective for the majority of aerobic 
gram-negative bacilli, such as Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Enterobacter sp. Additionally, aminoglycosides 
are often combined with a β-lactam antibiotic to employ a synergis-
tic effect, particularly in the treatment of Enterococcus faecalis and 
Enterococcus faecium infective endocarditis. Some therapeutic appli-
cations of four commonly used aminoglycosides—amikacin [am-i-KAY- 
sin], gentamicin [jen-ta-MYE-sin], tobramycin [toe-bra-MYE-sin], and 
streptomycin [strep-toe-MYE-sin]—are shown in Figure 30.7.

C. Resistance

 Resistance to aminoglycosides occurs via efflux pumps, decreased 
uptake, and/or modification and inactivation by plasmid-associated 
synthesis of enzymes. Each of these enzymes has its own aminogly-
coside specificity; therefore, cross-resistance cannot be presumed. 
[Note: Amikacin is less vulnerable to these enzymes than other antibi-
otics in this group.]

D. Pharmacokinetics

1. Absorption: The highly polar, polycationic structure of the amino-
glycosides prevents adequate absorption after oral administration; 
therefore, all aminoglycosides (except neomycin [nee-oh-MYE-sin])  
must be given parenterally to achieve adequate serum concen-
trations (Figure 30.8). However, absorption from muscles (after 
the intramuscular injection) is rapid and reaches Cmax within 30 
to 60  minutes. [Note: Neomycin is not given parenterally due to 
severe nephrotoxicity. It is administered topically for skin infec-
tions or orally to decontaminate the gastrointestinal tract prior to 
colorectal surgery.] 

2. Distribution: Because of their hydrophilicity, aminoglycoside 
tissue concentrations may be subtherapeutic and penetration 
into most body fluids is variable. Their volume of distribution is 
equivalent to the extracellular volume indicating that they are 
distributed into extracellular fluid extensively. Concentrations 
achieved in CSF are inadequate, even in the presence of inflamed 
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Pseudomonas aeruginosa rarely 
attacks healthy individuals, but 
can cause infections in patients with
speci�c risk factors (e.g., recent
antibiotic exposure, prolonged
hospitalization, bronchiectasis).

Treatment includes tobramycin
alone (e.g., for UTI) or in combination
with an antipseudomonal �-lactam
(e.g., for pneumonia).

Anaerobic organisms
Spirochetes

Chlamydia
Other
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Gentamicin is e�ective in treating 
this rare lymphoid disease.
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Figure 30.7
Typical therapeutic applications of 
aminoglycosides. UTI = urinary tract 
infection.
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meninges. For central nervous system infections, the intrathecal 
or intraventricular routes may be utilized. All aminoglycosides 
cross the placental barrier and may accumulate in fetal plasma 
and amniotic fluid. 

3. Elimination: More than 90% of the parenteral aminoglycosides 
are excreted unchanged in the urine (Figure 30.8). Accumulation 
occurs in patients with renal dysfunction; thus, dose adjust-
ments are required. Neomycin is primarily excreted unchanged 
in the feces.

4. Protein binding: Aminoglycosides are reported to have low pro-
tein binding; hence, they have lesser clinical significance.

E. Adverse effects

 Therapeutic drug monitoring of gentamicin, tobramycin, and amika-
cin plasma concentrations is imperative to ensure appropriateness 
of dosing and to minimize dose-related toxicities (Figure 30.9). The 
elderly are particularly susceptible to nephrotoxicity and ototoxicity.

1. Ototoxicity: Ototoxicity (vestibular and auditory) is directly related 
to high peak plasma concentrations and the duration of treatment. 
Aminoglycosides accumulate in the endolymph and perilymph of 
the inner ear. Deafness may be irreversible and has been known 
to affect developing fetuses. Patients simultaneously receiving 
concomitant ototoxic drugs, such as cisplatin or loop diuretics, 
are particularly at risk. Vertigo (especially in patients receiving 
streptomycin) may also occur. As aminoglycosides are known to 
cross the blood placental barrier, they are contraindicated during 
pregnancy to avoid the risk of fetal ototoxicity.

2. Nephrotoxicity: Retention of the aminoglycosides by the proxi-
mal tubular cells disrupts calcium-mediated transport processes. 
This results in kidney damage ranging from mild, reversible 
renal impairment to severe, potentially irreversible acute tubular 
necrosis.

3. Neuromuscular paralysis: This adverse effect is associated with 
a rapid increase in concentration (for example, high doses infused 
over a short period) or concurrent administration with neuromus-
cular blockers. Patients with myasthenia gravis are particularly at 
risk. Prompt administration of calcium gluconate or neostigmine 
can reverse the block that causes neuromuscular paralysis.

4. Allergic reactions: Contact dermatitis is a common reaction to 
topically applied neomycin.

V. MACROLIDES AND KETOLIDES

The macrolides are a group of antibiotics with a macrocyclic lactone 
structure to which one or more deoxy sugars are attached. Erythromycin 
[er-ith-roe-MYE-sin] was the first of these drugs to have clinical applica-
tion, both as a drug of first choice and as an alternative to penicillin in 
individuals with an allergy to β-lactam antibiotics. Clarithromycin [kla-rith-
roe-MYE-sin] (a methylated form of erythromycin), roxithromycin [ro-xith-
roe-MYE-sin], azithromycin [a-zith-roe-MYE-sin] (having a larger lactone 
ring) have some features in common with, and others that improve upon, 
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erythromycin. Telithromycin [tel-ith-roe-MYE-sin], a semisynthetic deriva-
tive of erythromycin, is the first “ketolide” antimicrobial agent. 

A. Mechanism of action

 The macrolides and ketolides bind irreversibly to a site on the 50S 
subunit of the bacterial ribosome, thus inhibiting translocation steps 
of protein synthesis (Figure 30.2). They may also interfere with other 
steps, such as transpeptidation. Generally considered to be bacte-
riostatic, they may be bactericidal at higher doses. Their binding site 
is either identical to or in close proximity to that for clindamycin and 
chloramphenicol.

B. Antibacterial spectrum

1. Erythromycin: This drug is effective against many of the same 
organisms as penicillin G (Figure 30.10); therefore, it may be con-
sidered as an alternative in patients with penicillin allergy.

2. Clarithromycin: Clarithromycin has activity similar to erythromy-
cin, but it is also effective against Haemophilus influenzae and has 
greater activity against intracellular pathogens such as Chlamydia, 
Legionella, Moraxella, Ureaplasma species, and Helicobacter pylori. 

3. Roxithromycin: Roxithromycin is a long-acting acid stable semi-
synthetic derivative of erythromycin with an N-oxime side chain 
on the lactone ring having antibacterial and antimalarial activities.

LEGIONNAIRES DISEASE
(LEGIONELLOSIS)

Undiagnosed and asymptomatic 
infections are common.

Fluoroquinolones or azithromycin
are preferred therapeutic
options.

CORYNEBACTERIUM
DIPHTHERIAE

Erythromycin or penicillin is used 
to eliminate the carrier state.

Azithromycin or doxycycline are 
preferred therapeutic options.

CHLAMYDIAL INFECTIONS

MYCOPLASMA PNEUMONIA

Called “atypical” pneumonia 
because causative mycoplasma 
escape isolation by standard  
bacteriologic techniques.

Azithromycin or doxycycline are 
preferred therapeutic options.

Treponema pallidum

Streptococcus pyogenes
Streptococcus pneumoniae

Bordetella pertussis
Campylobacter jejuni
Haemophilus in�uenzae
Legionella pneumophila

Chlamydia pneumoniae
Chlamydia psittaci
Chlamydia trachomatis

Moraxella catarrhalis
Neisseria gonorrhoeae

Mycoplasma pneumoniae
Ureaplasma urealyticum

Anaerobic organisms

Gram (+) bacilli

Gram (–) cocci

Gram (–) rods

Spirochetes

Chlamydia

Gram (+) cocci

Mycoplasma

Corynebacterium diphtheriae

Clarithromycin in combination with 
rifampin and ethambutol is preferred 
treatment of MAC infections. 
Azithromycin is an alternative to
clarithromycin in this regimen.

Once-weekly azithromycin is used as 
MAC prophylaxis in patients with AIDS.

Other
Mycobacterium avium
  complex

MYCOBACTERIUM AVIUM COMPLEX

Figure 30.10
Typical therapeutic applications of macrolides.
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 Roxithromycin gets highly concentrated in polymorphonuclear 
leukocytes and macrophages and exhibits intracellular bacte-
ricidal activity. It is also reported to enhance the adhesive and 
chemotactic functions of cells which in the presence of infection 
produce phagocytosis and bacterial lysis. It shows potent activity 
against Gardnerella vaginalis, Moraxella catarrhalis (Branhamella 
catarrhalis), Haemophilus ducreyi, etc.

3. Azithromycin: Although less active than erythromycin against 
streptococci and staphylococci, azithromycin is far more active 
against respiratory pathogens such as H. influenzae and Moraxella 
catarrhalis. Extensive use of azithromycin has resulted in growing 
Streptococcus pneumoniae resistance. 

4. Telithromycin: Telithromycin has an antimicrobial spectrum sim-
ilar to that of azithromycin. Moreover, the structural modification 
within ketolides neutralizes the most common resistance mecha-
nisms that render macrolides ineffective.

C. Resistance

 Resistance to macrolides is associated with: 1) the inability of the 
organism to take up the antibiotic, 2) the presence of efflux pumps, 
3) a decreased affinity of the 50S ribosomal subunit for the antibi-
otic due to methylation of an adenine in the 23S bacterial ribosomal 
RNA in gram-positive organisms, and 4) the presence of plasmid- 
associated erythromycin esterases in gram-negative organisms such 
as the Enterobacteriaceae. Erythromycin has limited clinical use due 
to increasing resistance. Both clarithromycin and azithromycin share 
some cross-resistance with erythromycin. Telithromycin may be effec-
tive against macrolide-resistant organisms.

D. Pharmacokinetics

1. Absorption: The erythromycin base is destroyed by gastric acid; 
thus, either enteric-coated tablets or esterified forms of the anti-
biotic are administered and all have adequate oral absorption 
(Figure 30.11). Clarithromycin, roxithromycin, azithromycin, and 
telithromycin are stable in stomach acid and are readily absorbed. 
Food interferes with the absorption of erythromycin, azithromy-
cin, and roxithromycin but can increase that of clarithromycin. 
Telithromycin is administered orally without regard to meals. 
Erythromycin and azithromycin are available in IV formulations.

2. Distribution: Erythromycin distributes well to all body fluids except 
the CSF. It is one of the few antibiotics that diffuse into prostatic 
fluid, and it also accumulates in macrophages. All four drugs con-
centrate in the liver. Clarithromycin, roxithromycin, azithromycin, and 
telithromycin are widely distributed in the tissues. Azithromycin 
and roxithromycin get concentrated in neutrophils, macrophages, 
and  fibroblasts, and serum concentrations are low. Azithromycin 
has the largest volume of distribution among all macrolides. 

3. Elimination: Macrolides are extensively metabolized by the liver. 
Drug interactions are reported with the number of drugs metabo-
lized by the CYP450 system. Interference with the metabolism of 
drugs such as theophylline, statins, and numerous antiepileptics 
has been reported for clarithromycin. 

IV

Does not 
penetrate
the CNS

Azithromycin
Clarithromycin
Erythromycin

Clarithromycin
appears in
the urine

Azithromycin and 
erythromycin and 
their metabolites 
appear in the bile

Figure 30.11
Administration and fate of the  
macrolide antibiotics. CNS = central 
nervous system.
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4. Excretion: Azithromycin is primarily concentrated and excreted in 
the bile as active drug. Erythromycin and its metabolites are also 
excreted in the bile (Figure 30.11). Approximately 10% of the dose 
of roxithromycin is excreted in urine. Partial reabsorption occurs 
through the enterohepatic circulation. In contrast, clarithromycin 
is hepatically metabolized and the active drug and its metabolites 
are mainly excreted in the urine (Figure 30.12). The dosage of this 
drug should be adjusted in patients with renal impairment.

E. Adverse effects

1. Gastric distress and motility: Gastrointestinal upset is the most 
common adverse effect of the macrolides and may lead to poor 
patient compliance (especially with erythromycin). The other mac-
rolides seem to be better tolerated (Figure 30.13). Higher doses 
of erythromycin lead to smooth muscle contractions that result in 
the movement of gastric contents to the duodenum, an adverse 
effect sometimes employed for the treatment of gastroparesis or 
postoperative ileus.

2. Cholestatic jaundice: This adverse effect occurs most com-
monly with the estolate form of erythromycin; however, it has been 
reported with other formulations and other agents in this class.

3. Ototoxicity: Transient deafness has been associated with eryth-
romycin, especially at high dosages. Azithromycin has also been 
associated with irreversible sensorineural hearing loss.

4. QTc prolongation: Macrolides and ketolides may prolong the QTc 
interval and should be used with caution in those patients with 
proarrhythmic conditions or concomitant use of proarrhythmic 
agents.

5. Contraindications: Patients with hepatic dysfunction should be 
treated cautiously with erythromycin, telithromycin, or azithromy-
cin, because these drugs accumulate in the liver. Severe hepato-
toxicity with telithromycin has limited its use, given the availability 
of alternative therapies. 

6. Drug interactions: Erythromycin, telithromycin, roxithromycin, 
and clarithromycin inhibit the hepatic metabolism of a number of 
drugs, which can lead to toxic accumulation of these compounds 
(Figure 30.14). An interaction with digoxin may occur. One theory 
to explain this interaction is that the antibiotic eliminates a spe-
cies of intestinal flora that ordinarily inactivates digoxin, leading to 
greater reabsorption of digoxin from the enterohepatic circulation.

VI. FIDAXOMICIN

Fidaxomicin [fye-DAX-oh-MYE-sin] is a macrocyclic antibiotic with a 
structure similar to the macrolides; however, it has a unique mechanism 
of action. Fidaxomicin acts on the sigma subunit of RNA polymerase, 
thereby disrupting bacterial transcription, terminating protein synthesis, 
and resulting in cell death in susceptible organisms. Fidaxomicin has a very 
narrow spectrum of activity limited to gram-positive aerobes and anaer-
obes. While it possesses activity against staphylococci and enterococci, 
it is used primarily for its bactericidal activity against Clostridium difficile.  
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Figure 30.12
Some properties of the macrolide 
antibiotics.

Figure 30.13
Some adverse effects of macrolide 
antibiotics.
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531VII. Chloramphenicol

Because of the unique target site, cross-resistance with other antibiotic 
classes has not been documented. Following oral administration, fidaxo-
micin has minimal systemic absorption and primarily remains within the 
gastrointestinal tract. This is ideal for the treatment of C. difficile infection, 
which occurs in the gut. The most common adverse effects include nau-
sea, vomiting, and abdominal pain. Anemia and neutropenia have been 
observed infrequently. Hypersensitivity reactions including angioedema, 
dyspnea, and pruritus have occurred. Fidaxomicin should be used with 
caution in patients with a macrolide allergy, as they may be at increased 
risk for hypersensitivity. 

VII. CHLORAMPHENICOL

The use of chloramphenicol [klor-am-FEN-i-kole], a broad-spectrum antibi-
otic, is restricted to life-threatening infections for which no alternatives exist.

A. Mechanism of action

 Chloramphenicol binds reversibly to the bacterial 50S ribosomal sub-
unit and inhibits protein synthesis at the peptidyl transferase reaction 
(Figure 30.2). Because of some similarity of mammalian mitochondrial 
ribosomes to those of bacteria, protein and ATP synthesis in these 
organelles may be inhibited at high circulating chloramphenicol con-
centrations, producing bone marrow toxicity. 

B. Antibacterial spectrum

 Chloramphenicol is active against many types of microorganisms 
including chlamydiae, rickettsiae, spirochetes, and anaerobes. The 
drug is primarily bacteriostatic, but it may exert bactericidal activity 
depending on the dose and organism.

C. Resistance

 Resistance is conferred by the presence of enzymes that inactivate 
chloramphenicol. Other mechanisms include decreased ability to pen-
etrate the organism and ribosomal binding site alterations.

D. Pharmacokinetics

 Chloramphenicol is administered intravenously and is widely distrib-
uted throughout the body. It reaches therapeutic concentrations in the 
CSF. Chloramphenicol primarily undergoes hepatic metabolism to an 
inactive glucuronide, which is secreted by the renal tubule and elimi-
nated in the urine. Dose reductions are necessary in patients with liver 
dysfunction or cirrhosis. Chloramphenicol is also secreted into breast 
milk and should be avoided in breastfeeding mothers.

E. Adverse effects

1. Anemias: Patients may experience dose-related anemia, hemo-
lytic anemia (observed in patients with glucose-6-phosphate dehy-
drogenase deficiency), and aplastic anemia. [Note: Aplastic anemia 
is independent of dose and may occur after therapy has ceased.]

Figure 30.14
Inhibition of the cytochrome 
P450 system by erythromycin, 
 clarithromycin, and telithromycin.
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2. Gray baby syndrome: Neonates have a low capacity to glucuro-
nidate the antibiotic and they have underdeveloped renal function, 
which decreases their ability to excrete the drug. This leads to 
drug accumulation to concentrations that interfere with the func-
tion of mitochondrial ribosomes, causing poor feeding, depressed 
breathing, cardiovascular collapse, cyanosis (hence the term “gray 
baby”), and death. Adults who have received very high doses of 
chloramphenicol may also exhibit this toxicity.

3. Drug interactions: Chloramphenicol inhibits some of the hepatic 
mixed-function oxidases, preventing the metabolism of drugs such 
as warfarin and phenytoin, which may potentiate their effects.

VIII. CLINDAMYCIN

Clindamycin [klin-da-MYE-sin] has a mechanism of action that is similar 
to that of the macrolides. Clindamycin is used primarily in the treatment 
of infections caused by gram-positive organisms, including MRSA and 
streptococcus, and anaerobic bacteria. Resistance mechanisms are the 
same as those for erythromycin, and cross-resistance has been described. 
C. difficile is resistant to clindamycin, and the utility of clindamycin for 
gram-negative anaerobes (for example, Bacteroides sp.) is decreasing due 
to increasing resistance. Clindamycin is available in both IV and oral formu-
lations, but use of oral clindamycin is limited by gastrointestinal intolerance. 
It distributes well into all body fluids, but exhibits poor entry into the CSF. 
Clindamycin undergoes extensive oxidative metabolism to active and inac-
tive products and is excreted into bile and urine. Low urinary excretion of 
active drug limits its clinical utility for urinary tract infections (Figure 30.15).  
Accumulation has been reported in patients with either severe renal impair-
ment or hepatic failure. In addition to skin rash, the most common adverse 
effect is diarrhea, which may represent a serious pseudomembranous coli-
tis caused by overgrowth of C. difficile. Oral administration of either met-
ronidazole or vancomycin is usually effective in the treatment of C. difficile 
infection. Topical clindamycin has been used for the treatment to control 
acne caused by Propionibacterium acne. 

IX. QUINUPRISTIN/DALFOPRISTIN

Quinupristin/dalfopristin [KWIN-yoo-pris-tin/DAL-foh-pris-tin] is a mixture 
of two streptogramins in a ratio of 30 to 70, respectively. Due to significant 
adverse effects, this combination drug is normally reserved for the treat-
ment of severe infections caused by vancomycin-resistant Enterococcus 
faecium (VRE) in the absence of other therapeutic options. 

A. Mechanism of action

 Each component of this combination drug binds to a separate site 
on the 50S bacterial ribosome. Dalfopristin disrupts elongation by 
interfering with the addition of new amino acids to the peptide chain. 
Quinupristin prevents elongation similar to the macrolides and causes 
release of incomplete peptide chains. Thus, they synergistically inter-
rupt protein synthesis. The combination drug has bactericidal activity 
against most susceptible organisms and has a long PAE.

Adequate levels of clindamycin 
are not achieved in the brain

Clindamycin

Metabolites of 
clindamycin 
are excreted in 
the bile and 
urine

IV

Figure 30.15
Administration and fate of 
clindamycin.

LIR_CH30.indd   532 09/10/18   12:40 PM
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B. Antibacterial spectrum

 Quinupristin/dalfopristin is active primarily against gram-positive cocci, 
including those resistant to other antibiotics. Its primary use is for 
the treatment of E. faecium infections, including VRE strains, against 
which it is bacteriostatic. The drug is not effective against E. faecalis. 

C. Resistance

 Enzymatic processes commonly account for resistance to these 
agents. For example, the presence of a ribosomal enzyme that meth-
ylates the target bacterial 23S ribosomal RNA site can interfere in 
quinupristin binding. In some cases, the enzymatic modification 
can change the action from bactericidal to bacteriostatic. Plasmid-
associated acetyltransferase inactivates dalfopristin. An active efflux 
pump can also decrease levels of the antibiotics in bacteria. 

D. Pharmacokinetics

 Quinupristin/dalfopristin is available intravenously. It does not achieve 
therapeutic concentrations in CSF. Both compounds undergo hepatic 
metabolism, with excretion mainly in the feces.

E. Adverse effects

 Venous irritation commonly occurs when quinupristin/ dalfopristin 
is administered through a peripheral rather than a central line. 
Hyperbilirubinemia occurs in about 25% of patients, resulting from a 
competition with the antibiotic for excretion. Arthralgia and myalgia 
have been reported when higher doses are administered. Quinupristin/
dalfopristin inhibits the cytochrome P450 CYP3A4 isoenzyme, and 
concomitant administration with drugs that are metabolized by this 
pathway may lead to toxicities.

X. OXAZOLIDINONES

Linezolid [lih-NEH-zo-lid] and tedizolid [ted-eye-ZOE-lid] are synthetic 
oxazolidinones developed to combat gram-positive organisms, including 
resistant isolates such as methicillin-resistant Staphylococcus aureus, 
VRE, and penicillin-resistant streptococci.

A. Mechanism of action

 Linezolid and tedizolid bind to the bacterial 23S ribosomal RNA of 
the 50S subunit, thereby inhibiting the formation of the 70S initiation 
complex (Figure 30.2) and translation of bacterial proteins.

B. Antibacterial spectrum

 The antibacterial action of the oxazolidinones is directed primarily 
against gram-positive organisms such as staphylococci, streptococci, 
and enterococci, Corynebacterium species and Listeria monocyto-
genes. It is also moderately active against Mycobacterium tubercu-
losis (Figure 30.16). The main clinical use of linezolid and tedizolid 

Enterococcus faecalis 
  (including vancomycin-resistant strains)

Enterococcus faecium 
  (including vancomycin-resistant strains)

Staphylococcus epidermidis 
  (including methicillin-resistant strains)

Staphylococcus aureus
  (including methicillin-resistant strains)

Staphylococcus haemolyticus 

Streptococcus pneumoniae 
  (including penicillin-resistant strains)

Viridans group streptococci

Corynebacterium species
Listeria monocytogenes

Clostridium perfringens

Gram (–) cocci
Gram (–) rods

Spirochetes

Chlamydia
Mycoplasma

Gram (+) bacilli

Anaerobic organisms

Gram (+) cocci

Mycobacterium tuberculosis
Other

Figure 30.16
Antimicrobial spectrum of 
oxazolidinones.
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is to treat infections caused by drug-resistant gram-positive organ-
isms. Like other agents that interfere with bacterial protein synthe-
sis, linezolid and tedizolid are bacteriostatic; however, linezolid has 
bactericidal activity against streptococci. Linezolid is an alternative to 
daptomycin for infections caused by VRE. Because they are bacterio-
static, the oxazolidinones are not recommended as first-line treatment 
for MRSA bacteremia.

C. Resistance

 Resistance primarily occurs via reduced binding at the target site. 
Reduced susceptibility and resistance have been reported in S. aureus 
and Enterococcus sp. Cross-resistance with other protein synthesis 
inhibitors does not occur.

D. Pharmacokinetics

 Linezolid and tedizolid are well absorbed after oral administration. 
IV  formulations are also available. These drugs distribute widely 
throughout the body. Although the metabolic pathway of linezolid has 
not been fully determined, it is known that it is metabolized via oxi-
dation to two inactive metabolites. The drug is excreted by both renal 
and nonrenal routes. Tedizolid is metabolized by sulfation, and the 
majority of elimination occurs via the liver, and drug is mainly excreted 
in the feces. No dose adjustments are required for either agent for 
renal or hepatic dysfunction.

E. Adverse effects

 The most common adverse effects are gastrointestinal upset, nau-
sea, diarrhea, headache, and rash. Thrombocytopenia has been 
reported, usually in patients taking the drug for longer than 10 days. 
Linezolid and tedizolid possess nonselective monoamine oxidase 
activity and may lead to serotonin syndrome if given concomitantly 
with large quantities of tyramine-containing foods, selective serotonin 
reuptake inhibitors, or monoamine oxidase inhibitors. The condition 
is reversible when the drug is discontinued. Irreversible peripheral 
neuropathies and optic neuritis causing blindness have been asso-
ciated with greater than 28 days of use, limiting utility for extended- 
duration treatments.

Correct answer = B. Macrolides, but especially eryth-
romycin, cause GI distress and increase motility of the 
GI tract, which is often used to treat gastroparesis and/
or postoperative ileus. QTc prolongation is an adverse 
effect of erythromycin but not one employed thera-
peutically. Photosensitivity and deposition in bone  
are adverse effects of tetracyclines.

Study Questions

Choose the ONE best answer.

30.1 Which of the following adverse effects is often 
employed as a therapeutic use for erythromycin? 

A. QTc prolongation

B. Increased gastrointestinal motility

C. Photosensitivity

D. Deposition in bone
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535Study Questions

Correct answer = C. Linezolid does have coverage 
against resistant S. pneumoniae. It is not an optimal 
choice for treatment of bacteremia. Linezolid also 
does not have gram-negative coverage against E. coli 
and P. aeruginosa. 

Correct answer = D. Clindamycin use has been asso-
ciated with Clostridium difficile–associated diarrhea. 
This infection should be considered in a patient who 
presents with diarrhea while on clindamycin. 

30.2 Which of the following describes the mechanism of 
action of tetracycline antibiotics? 

A. Bind the 30S subunit of the bacterial ribosome, 
preventing binding of tRNA to the mRNA– 
ribosome complex.

B. Bind the 30S ribosomal subunit, interfering with 
assembly of the functional ribosomal apparatus. 

C. Bind irreversibly to a site on the 50S subunit of 
the bacterial ribosome, inhibiting translocation 
steps of protein synthesis.

D. Bind the bacterial 23S ribosomal RNA of the 
50S subunit, inhibiting the formation of the 70S 
initiation complex.

30.3 Linezolid would be a good choice for antibi-
otic treatment in which of the following patient 
scenarios? 

A. Bacteremia caused by Staphylococcus aureus

B. Urinary tract infection caused by Escherichia coli

C. Pneumonia caused by drug-resistant 
Streptococcus pneumoniae

D. Diabetic foot infection caused by Pseudomonas 
aeruginosa 

30.4 After 5 days of clindamycin treatment for a skin 
infection, a patient develops diarrhea (10 watery 
stools/day), severe abdominal pain, and fever. 
Which of the following organisms would you be 
concerned about as the causative pathogen of 
diarrhea? 

A. Escherichia coli

B. Bacteroides fragilis

C. Staphylococcus aureus

D. Clostridium difficile 

30.5 Which of the following statements accurately 
describes the difference in spectrum of activity 
between erythromycin and azithromycin? 

A. Azithromycin has better activity against respira-
tory pathogens such as Haemophilus influenzae 
and Moraxella catarrhalis but less potent activity 
against staphylococci and streptococci. 

B. Erythromycin has the same activity as azithromy-
cin against gram-positives and gram-negatives.

C. Azithromycin has better activity against staph-
ylococci and streptococci compared to 
erythromycin. 

D. Erythromycin has better activity against 
gram-negatives such as H. influenza. 

Correct answer = A. Tetracyclines enter susceptible 
organisms via passive diffusion and also by an energy- 
dependent transport protein mechanism unique to the 
bacterial inner cytoplasmic membrane. The drugs 
bind reversibly to the 30S subunit of the bacterial 
ribosome. This action prevents binding of tRNA to the 
mRNA–ribosome complex, thereby inhibiting bacterial 
protein synthesis. B is the mechanism for aminogly-
cosides, C is the mechanism for macrolides, and D is 
the mechanism for oxazolidinones.

Correct answer = A. Erythromycin has better activ-
ity against gram-positive organisms, so B and C are 
incorrect. D is incorrect as azithromycin has better 
activity against H. influenza.
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30.6 Which of the following antibiotic agents should not 
be given to children less than 8 years of age due to 
its deposition in bone and teeth?

A. Azithromycin 

B. Doxycycline

C. Linezolid

D. Quinupristin/dalfopristin 

30.7 A 77-year-old woman was started on antibiotics 
for pneumonia treatment. After 3 days of antibiotic 
therapy, the serum creatinine doubled. Which of the 
following antibiotics is most likely responsible for 
this increase in serum creatinine? 

A. Doxycycline

B. Clarithromycin

C. Tobramycin

D. Linezolid

30.8 A 24-year-old pregnant woman was diagnosed with 
community-acquired pneumonia and will be man-
aged in the outpatient setting. Which antibiotic is a 
safe option for this patient to treat her pneumonia? 

A. Azithromycin

B. Doxycycline

C. Fidaxomicin

D. Gentamicin

30.9 Parents of a 1-month-old baby are told their child 
has developed “gray baby syndrome.” Which of 
the following antibiotics did the baby likely receive? 

A. Tobramycin

B. Linezolid

C. Erythromycin

D. Chloramphenicol

30.10 Aminoglycosides are commonly used for their 
concentration-dependent bactericidal activity 
against which group of organisms?

A. Gram-positive aerobes

B. Gram-negative aerobes

C. Gram-positive anaerobes

D. Gram-negative anaerobes

Correct answer = B. Although aminoglycosides (such 
as gentamicin) are sometimes used synergistically 
against gram-positive aerobes, this is not their most 
common use. They are typically used for their activity 
against gram-negative aerobes. Aminoglycosides do 
not have good anaerobic activity. 

Correct answer = D. Gray baby syndrome is an adverse 
effect caused by chloramphenicol in neonates due to 
their underdeveloped renal function and low capacity 
to glucuronidate the antibiotic. The other agents do 
not undergo this glucuronidation.

Correct answer = C. Aminoglycosides such as tobra-
mycin accumulate in the proximal tubular cells of the 
kidney and disrupt calcium-mediated transport pro-
cesses. This results in kidney damage ranging from 
mild, reversible renal impairment to severe, potentially 
irreversible acute tubular necrosis. Nephrotoxicity is 
not commonly associated with tetracyclines, macro-
lides or oxazolidinones. 

Correct answer = A. Azithromycin is available orally 
and considered safe in pregnancy. Doxycycline 
should not be used in pregnancy due to its ability 
to cross the placenta and affect bone and skeletal 
development in the fetus. Fidaxomicin does not reach 
therapeutic concentrations in serum or at this site 
of infection. It concentrates in the gut. Gentamicin 
crosses the placental barrier and may accumulate in 
fetal plasma and amniotic fluid. It would also not be 
used clinically in this outpatient scenario. 

Correct answer = B. Tetracyclines are contraindi-
cated in this age group because they are deposited 
in tissues undergoing calcification, such as teeth and 
bone, and can stunt growth.
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I. FLUOROQUINOLONES 

Discovery of quinolone antimicrobials led to the development of numerous 
compounds utilized in clinical practice. Following synthesis of nalidixic acid in 
the early 1960s, continued modification of the quinolone nucleus expanded 
the spectrum of activity, improved pharmacokinetics, and  stabilized com-
pounds against common mechanisms of resistance. Due to these enhance-
ments, quinolone antimicrobials were rapidly integrated into human and 
agricultural medicine. Unfortunately, overuse resulted in rising rates of 
resistance in gram-negative and -positive organisms, increased frequency 
of Clostridium difficile infections, and identification of numerous untoward 
adverse effects. Consequently, these agents have been  relegated to sec-
ond-line options for various indications. This chapter reviews key character-
istics of fluoroquinolones and their role in therapy. The fluoroquinolones and 
other antibiotics discussed in this chapter are listed in Figure 31.1.

A. Mechanism of action 

 Most bacterial species maintain two distinct type II topoisomerases 
that assist with DNA replication, DNA gyrase and topoisomerase IV.  
DNA gyrase is responsible for reducing torsional stress ahead of 
 replicating forks by breaking double-strand DNA and introducing 
negative supercoils. Topoisomerase IV assists in separating daughter 
chromosomes once replication is completed. Following cell wall entry 
through porin channels, fluoroquinolones bind to these enzymes and 
interfere with DNA ligation. This interference increases the number of 
permanent chromosomal breaks, triggering cell lysis. In general, flu-
oroquinolones have different targets for gram-negative (DNA gyrase) 
and gram-positive organisms (topoisomerase IV), resulting in rapid 
cell death. 

B. Antimicrobial spectrum 

 Fluoroquinolones are bactericidal and exhibit area-under-the-curve/
minimum inhibitory concentration (AUC/MIC)–dependent killing. 
A major facet of their development centered on improving microbiologic 
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organisms [including Pseudomo-
nas species] plus some gram-pos-
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this chapter. (Figure continues on 
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coverage. Modifications to the quinolone nucleus steadily improved 
topoisomerase inhibitory activity and facilitated bacterial cell wall 
penetration. These changes enhanced activity against a variety of 
pathogens including aerobic gram-negative and gram-positive organ-
isms, atypical organisms (for example, Chlamydia, Legionella, and 
Mycoplasma spp), and anaerobes. Based on the impact of these 
structural changes, fluoroquinolones are often classified according to 
spectrum of activity. 

 First-generation compounds (for example, nalidixic acid) were 
 narrow-spectrum agents with activity against aerobic gram-negative 
bacilli, mostly Enterobacteriaceae. Second-generation compounds 
(for example, ciprofloxacin) exhibit improved intracellular penetra-
tion and broadened coverage which includes Enterobacteriaceae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Neisseria spp, 
Chlamydia spp, and Legionella spp. Third-generation compounds 
(for example, levofloxacin) maintain the bacterial spectrum of sec-
ond-generation agents, with improved activity against Streptococcus 
spp, including S. pneumoniae, methicillin-susceptible Staphylococcus 
aureus, Stenotrophomonas maltophilia, and Mycobacterium spp. 
Fourth-generation compounds (moxifloxacin, gemifloxacin, and 
delafloxacin) have enhanced gram-positive activity, including 
Staphylococcus and Streptococcus spp. Delafloxacin has activity 
against methicillin- resistant Staphylococcus aureus and Enterococcus 
faecalis. Further, delafloxacin and moxifloxacin have activity against 
Bacteroides fragilis and Prevotella spp, while maintaining activity 
against Enterobacteriaceae and Haemophilus influenzae. From this 
group, only delafloxacin has activity against P. aeruginosa. Lastly, 
these agents maintain atypical coverage, with moxifloxacin and 
 delafloxacin showing activity against Mycobacteria spp. Common 
therapeutic applications of fluoroquinolones are shown in Figure 31.2.

INHIBITORS OF FOLATE SYNTHESIS

Mafenide
Silver sulfadiazine
Sulfadiazine 
Sulfasalazine
INHIBITORS OF FOLATE REDUCTION

Pyrimethamine 
Trimethoprim
COMBINATION OF INHIBITORS OF 
 FOLATE SYNTHESIS AND REDUCTION

Cotrimoxazole (trimethoprim +  
 sulfamethoxazole)
URINARY TRACT ANTISEPTICS

Methenamine 
Nitrofurantoin

Figure 31.1 (Continued)
Summary of drugs described in this 
chapter. (For drug dosages, refer to 
Appendix at the end of the book.)

Figure 31.2
Typical therapeutic applications of fluoroquinolones.
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C. Resistance 

 Numerous mechanisms of fluoroquinolone resistance exist in clinical 
pathogens. High-level fluoroquinolone resistance is primarily driven by 
chromosomal mutations within topoisomerases, although, decreased 
entry, efflux systems, and modifying enzymes play a role. Mechanisms 
responsible for resistance include the following:

1. Altered target binding: Mutations in bacterial genes encoding DNA 
gyrase or topoisomerase IV (for example, gyrA or parC) alter target 
site structure and reduce binding efficiency of fluoroquinolones. 

2. Decreased accumulation: Reduced intracellular concentration 
is linked to 1) a reduction in membrane permeability or 2)  efflux 
pumps. Alterations in membrane permeability are mediated 
through a reduction in outer membrane porin proteins, thus, limit-
ing drug access to topoisomerases. Efflux pumps actively remove 
fluoroquinolones from the cell.

3. Fluoroquinolone degradation: An aminoglycoside acetyltrans-
ferase variant can acetylate fluoroquinolones, rendering them 
inactive.

D. Pharmacokinetics 

1. Absorption: Fluoroquinolones are well absorbed after oral admin-
istration, with levofloxacin and moxifloxacin having a bioavailabil-
ity that exceeds 90% (Figure 31.3). Ingestion of fluoroquinolones 
with sucralfate, aluminum- or magnesium-containing antacids, 
or dietary supplements containing iron or zinc can reduce the 
absorption. Calcium and other divalent cations also interfere with 
the absorption of these agents (Figure 31.4).

2. Distribution: Binding to plasma proteins ranges from 20 to 
84%. Fluoroquinolones distribute well into all tissues and body 
fluids. Concentrations are high in bone, urine (except moxifloxa-
cin),  kidney, prostatic tissue (but not prostatic fluid), and lungs as 
compared to serum. Penetration into cerebrospinal fluid is good, 
and these agents may be considered in certain central nervous 
system (CNS) infections. Accumulation in macrophages and poly-
morphonuclear leukocytes results in activity against intracellular 
organisms such as Listeria, Chlamydia, and Mycobacterium.

3. Elimination: Most fluoroquinolones are excreted renally. Therefore, 
dosage adjustments are needed in renal dysfunction. Moxifloxacin 
is metabolized primarily by the liver, and while there is some renal 
excretion, no dose adjustment is required for renal impairment 
(Figure 31.3).

E. Adverse reactions

 In general, fluoroquinolones are well tolerated (Figure 31.5). Common 
adverse effects leading to discontinuation are nausea, vomiting, 
headache, and dizziness. These agents carry boxed warnings for 
tendinitis, tendon rupture, peripheral neuropathy, and central ner-
vous system effects (hallucinations, anxiety, insomnia, confusion, and 
seizures). Patients taking fluoroquinolones are at risk for phototoxic-
ity resulting in exaggerated sunburn reactions. Patients should use 
sunscreen and avoid excessive exposure to UV light. Arthropathy is 

Figure 31.3
Administration and fate of the 
fluoroquinolones.
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540 31. Quinolones, Folic Acid Antagonists, and Urinary Tract Antiseptics

uncommon, but arthralgia and arthritis are reported with fluoroquino-
lone use in pediatric patients. Use in the pediatric population should 
be limited to distinct clinical scenarios (for example, cystic fibrosis 
exacerbation). Hepatotoxicity or blood glucose disturbances (usually 
in diabetic patients receiving oral hypoglycemic agents or insulin) have 
been observed. Identification of any of these events should result in 
prompt removal of the agent. Fluoroquinolones may prolong the QTc 
interval, and these agents should be avoided in patients predisposed 
to arrhythmias or taking medication associated with QT prolonga-
tion. Ciprofloxacin inhibits P450 1A2 and 3A4 mediated metabolism. 
Serum concentrations of medications such as theophylline, tizanidine, 
warfarin, ropinirole, duloxetine, caffeine, sildenafil, and zolpidem may 
be increased (Figure 31.6). 

F. Examples of clinically useful fluoroquinolones 

 Due to increasing resistance and boxed warnings, fluoroquinolones 
should be used with caution in select circumstances. They may be 
considered in patients who do not tolerate other agents (for example, 
severe β-lactam allergies) or as definitive therapy once susceptibilities 
are available. Potential indications for these agents are listed in the 
following text. All of them share a common mechanism of action and 
similar side effect profiles. Since fluoroquinolones have excellent bacte-
ricidal activity against many mycobacteria; achieve effective serum, tis-
sue, and intracellular levels following oral administration; and produce 
few adverse effects, these properties have led to the increasing use 
of fluoroquinolones for the treatment of mycobacterial infections and 
are reserved for multidrug–resistant tuberculosis (MDR-TB). Therefore, 
routine use of fluoroquinolones (especially respiratory quinolones) 
should be discouraged in undiagnosed TB patients, as resistance may 
develop to the quinolones which may compromise the effectiveness of 
 second-line treatment of MDR-TB.

1. Ciprofloxacin: Ciprofloxacin [SIP-roe-FLOX-a-sin] has good 
activity against gram-negative bacilli, including P. aeruginosa. 
Ciprofloxacin is used in the treatment of traveler’s diarrhea, typhoid 

Diarrhea Headache DizzinessNausea Tendon rupture

PhototoxicitySeizureArrhythmia Peripheral
neuropathy

Figure 31.5
Some adverse reactions to fluoroquinolones.

P-450

Cyclosporine
Theophylline
Warfarin

Metabolites

- Ciprofloxacin

Serum 
concentration
increases

Figure 31.6
Drug interactions with ciprofloxacin.

LIR_CH31.indd   540 09/10/18   12:37 PM



541I. Fluoroquinolones 

fever, and anthrax. It is a second-line agent for infections arising 
from intra-abdominal, lung, skin, or urine sources. Of note, high-
dose therapy should be employed when treating Pseudomonas 
infections. Ciprofloxacin is used in the empirical therapy of any 
infection and prophylaxis for gram-negative rod bacteremia. It is 
recommended at a dose of 500 mg twice daily in normal cases 
and 750 mg twice daily in severe cases. It can also be adminis-
tered as an intravenous infusion. 

2. Norfloxacin: Norfloxacin is another derivative of fluoroquino-
lone but slightly inferior to ciprofloxacin in terms of MIC values 
of gram-negative bacteria. It is primarily used for urinary tract 
infections and bacterial diarrhea (due to low bioavailability) caus-
ing higher local concentrations in the gut. It is excreted in urine 
as unchanged after metabolism. A dose of 200 to 800 mg twice 
daily for adults is recommended. It is available in the form of 200, 
400, and 800 mg tablets as well as 100 mg/5ml suspension. Side 
effect profiles are common to all fluoroquinolones. 

3. Pefloxacin: Pefloxacin is another fluoroquinolone derivative 
which is having higher lipid solubility. After oral administration, 
it is absorbed completely and attains higher plasma concentra-
tions. Due to its lipophilicity, its CNS penetration is greater than 
other fluoroquinolones; therefore it is preferred for meningeal 
infections. It is metabolized into norfloxacin which is also active 
against the microbes. It is available as 200 and 400  mg tab-
lets and administered twice daily. Intravenous injection needs 
to be diluted with glucose solution as it is known to precip-
itate with normal saline. The side effects are same as other 
fluoroquinolones.

4. Levofloxacin: Levofloxacin [leev-oh-FLOX-a-sin] has similar activ-
ity to ciprofloxacin and they are often interchanged when man-
aging gram-negative bacilli, including P. aeruginosa. Levofloxacin 
has enhanced activity against S. pneumoniae and is first-line ther-
apy for community-acquired pneumonia (CAP). It is a second-line 
agent for the treatment of S. maltophilia. Ofloxacin is a racemic 
mixture from which levofloxacin (optical isomer) is separated due 
to its superior activity as compared to dextroisomer. It is used 
for urinary tract infections, sinusitis, pyelonephritis, prostatitis, 
and other skin and soft-tissue infections. It is available as 250, 
500, and 750 mg tablets as well as 0.3% eye and ear drops. The 
 dosing of levofloxacin ranges from 250 to 750 mg twice daily 
depending upon the condition. 

5. Moxifloxacin: Moxifloxacin [mox-ee-FLOX-a-sin] has enhanced 
activity against gram-positive organisms (for example, S. pneu-
moniae), gram-negative anaerobes, and Mycobacterium spp. The 
drug may be used for CAP, but not hospital-acquired pneumo-
nia due to poor coverage of P. aeruginosa. It may be considered 
for mild-to-moderate intra-abdominal infections, but should be 
avoided if patients have fluoroquinolone exposure within previous 
3 months, due to increasing B. fragilis resistance. Moxifloxacin 
may be considered a second-line agent for management of 
drug-susceptible tuberculosis. It has also been approved for topi-
cal eye drop for ocular infections as 0.5% eye drops. It is used at 
a dose of 400 mg once daily. It is also available as an intravenous 
infusion. 
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6. Gemifloxacin: Gemifloxacin [gem-ee-FLOX-a-sin] is indicated for 
the management of community-acquired respiratory infections. 
Unlike the other compounds, it is only available as an oral formu-
lation. It is used at a dose of 320 mg once daily. 

7. Prulifloxacin: Prulifloxacin is a relatively newer generation lipo-
philic prodrug of ulifloxacin. Ulifloxacin has been found to have 
a broad spectrum of in vitro activity against gram-positive and 
gram-negative bacteria. It has been considered the most potent 
fluoroquinolone against E.  coli and P. aeruginosa. It is reported 
to have good tissue penetration and fluids. It is extracted as 
unchanged in urine. It has shown good efficacy against bronchitis, 
UTI, etc. It is found to have no effect on the prolongation of Q-T 
interval unlike other fluroquinolones. It has been reported to have 
an acceptable toxicity profile, as compared to other fluoroquino-
lones. Trials showed nausea, vomiting, diarrhea, and skin rash of 
mild-to-moderate severity as the most frequent adverse events. It 
has a longer half-life, which allows it to be administered as once 
daily at a dose of 600 mg.

8. Delafloxacin: Delafloxacin [del-a-FLOX-a-sin] has improved activ-
ity against gram-positive cocci, including MRSA and Enterococcus 
spp. Due to its spectrum of activity, it is an option for managing 
acute bacterial skin and skin structure infections. It is available as 
an intravenous and oral formulation.

II. FOLATE ANTAGONISTS 

Folic acid is a coenzyme essential in the synthesis of RNA, DNA, and  certain 
amino acids. In the absence of folate, cells cannot grow or divide. Humans 
use dietary folate to synthesize the critical folate derivative, tetrahydrofolic 
acid. By contrast, many bacteria are impermeable to folate derivatives and 
rely on their ability to synthesize folate de novo (Figure 31.7). Sulfonamides 
(sulfa drugs) are a family of antibiotics that inhibit de novo synthesis of folate. 
A second type of folate antagonist, trimethoprim, prevents microorganisms 
from converting dihydrofolic acid to tetrahydrofolic acid. Thus, both sulfon-
amides and trimethoprim interfere with the ability of an infecting bacterium 
to perform DNA synthesis and other essential cellular functions. The com-
bination of the sulfonamide sulfamethoxazole with trimethoprim (the generic 
name for the combination is cotrimoxazole) provides a synergistic effect.

III. SULFONAMIDES 

Sulfa drugs were among the first antibiotics used in clinical practice. Today, 
they are seldom prescribed alone except in developing countries, where 
they are employed because of low cost and efficacy.

A. Mechanism of action 

 Microorganisms use the enzyme dihydropteroate synthetase to create 
dihydrofolic acid from the precursor molecule p-aminobenzoic acid 
(PABA). Sulfonamides are synthetic analogs of PABA. Because of their 
structural similarity, sulfonamides compete with PABA to inhibit dihy-
dropteroate synthetase and the genesis of bacterial dihydrofolic acid 
(Figure 31.7). These agents are bacteriostatic.
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synthesis
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Figure 31.7
Inhibition of tetrahydrofolate synthesis 
by sulfonamides and trimethoprim.
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B. Antibacterial spectrum 

 Sulfa drugs have in vitro activity against gram-negative and gram- 
positive organisms. Common organisms include Enterobacteriaceae, 
Haemophilus influenzae, Streptococcus spp, Staphylococcus spp, 
and Nocardia. Additionally, sulfadiazine [sul-fa-DYE-a-zeen] in 
 combination with the dihydrofolate reductase inhibitor pyrimethamine 
[py-ri-METH-a-meen] is the preferred treatment for toxoplasmosis. 

C. Resistance 

 Bacteria that obtain folate from their environment are naturally resis-
tant to sulfa drugs. Acquired bacterial resistance to the sulfa drugs 
can arise from plasmid transfers or random mutations. Resistance 
may be due to 1) altered dihydropteroate synthetase, 2) decreased 
cellular permeability to sulfa drugs, or 3) enhanced production of the 
natural substrate, PABA. [Note: Organisms resistant to one member of 
this drug family are resistant to all.] 

D. Pharmacokinetics 

1. Absorption: Most sulfa drugs are well absorbed following oral 
administration (Figure 31.8). An exception is sulfasalazine [sul-fa-
SAL-a-zeen]. It is not absorbed when administered orally or as a 
suppository and, therefore, is reserved for treatment of chronic 
inflammatory bowel diseases. [Note: Intestinal flora split sulfas-
alazine into sulfapyridine and 5-aminosalicylate, with the latter 
exerting the anti-inflammatory effect. Absorption of sulfapyri-
dine can lead to toxicity in patients who are slow acetylators.] 
Intravenous sulfonamides are generally reserved for patients who 
are unable to take oral preparations or have severe infections. 
Because of the risk of sensitization, sulfa drugs are not usually 
applied topically. However, in burn units, silver sulfadiazine [sul-
fa-DYE-ah-zeen] or mafenide [mah-FEN-ide] acetate (α-amino-
p-toluenesulfonamide) creams have been effective in reducing 
burn-associated sepsis because they prevent colonization of 
bacteria. [Note: Silver  sulfadiazine is preferred because mafenide 
produces pain on application and its absorption may contribute to 
acid–base  disturbances.] Silver sulfadiazine is used at a concen-
tration of 1% as topical cream for burns. 

2. Distribution: Sulfa drugs are bound to serum albumin in circu-
lation and widely distribute throughout body tissues. Sulfa drugs 
penetrate well into cerebrospinal fluid (even in the absence of 
inflammation) and cross the placental barrier to enter fetal tissues.

3. Metabolism: Sulfa drugs are acetylated and conjugated primar-
ily in the liver. The acetylated product is devoid of antimicrobial 
activity but retains the toxic potential to precipitate at neutral or 
acidic pH. This causes crystalluria (“stone formation”; see below) 
and potential damage to the kidney.

4. Excretion: Unchanged sulfa drug and metabolites are eliminated 
via glomerular filtration and secretion requiring dose adjust-
ments with renal impairment. Sulfonamides may be eliminated in 
breast milk.
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Figure 31.8
Administration and fate of the 
sulfonamides.
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E. Adverse effects 

1. Crystalluria: Nephrotoxicity may develop as a result of crystal-
luria (Figure 31.9). Adequate hydration and alkalinization of urine 
can prevent the problem by reducing the concentration of drug 
and promoting its ionization.

2. Hypersensitivity: Hypersensitivity reactions, such as rashes, 
angioedema, or Stevens-Johnson syndrome, may occur. When 
patients report previous sulfa allergies, it is paramount to acquire 
a description of the reaction to direct appropriate therapy.

3. Hematopoietic disturbances: Hemolytic anemia is encountered 
in patients with glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency. Granulocytopenia and thrombocytopenia can also occur. 
Fatal reactions have been reported from associated agranulocyto-
sis, aplastic anemia, and other blood dyscrasias.

4. Kernicterus: Bilirubin-associated brain damage (kernicterus) 
may occur in newborns, because sulfa drugs displace bilirubin 
from binding sites on serum albumin. The bilirubin is then free to 
pass into the CNS, because the blood–brain barrier is not fully 
developed.

5. Drug potentiation: Sulfamethoxazole potentiates the anticoagu-
lant effect of warfarin due to inhibition of CYP2C9, resulting in 
reduced clearance of warfarin. Sulfonamides may also displace 
warfarin from binding sites on serum albumin. Serum methotrex-
ate levels may rise through protein-binding displacement. Other 
CYP2C9 substrates, such as phenytoin, may have increased con-
centrations when given with sulfonamides. 

6. Contraindications: Due to the danger of kernicterus, sulfa drugs 
should be avoided in newborns and infants less than 2 months of 
age, as well as in pregnant women at term. Sulfonamides should 
not be given to patients receiving methenamine, since they can 
crystallize in the presence of formaldehyde produced by this 
agent.

IV. TRIMETHOPRIM 

Trimethoprim [try-METH-oh-prim], a potent inhibitor of bacterial dihydrofo-
late reductase, was initially available in combination with the sulfonamide 
sulfamethoxazole [sul-fa-meth-OX-a-zole] and later approved for use as a 
single agent. Today, trimethoprim is most commonly used in combination 
with sulfamethoxazole. 

A. Mechanism of action 

 Trimethoprim is a potent inhibitor of bacterial dihydrofolate reductase 
(Figure 31.7). Inhibition of this enzyme prevents the formation of the 
metabolically active form of folic acid, tetrahydrofolic acid, and thus 
interferes with normal bacterial cell functions. Trimethoprim binds to 
bacterial dihydrofolate reductase more readily than it does to human 
dihydrofolate reductase, which accounts for the selective toxicity of 
the drug.
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Figure 31.9
Some adverse reactions to 
sulfonamides.
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B. Antibacterial spectrum 

 The antibacterial spectrum of trimethoprim is similar to that of 
 sulfamethoxazole. However, trimethoprim is 20- to 50-fold more potent 
than the sulfonamides. Trimethoprim may be used alone in the treat-
ment of urinary tract infections (UTIs) and in the treatment of bacterial 
prostatitis (although fluoroquinolones and cotrimoxazole are preferred).

C. Resistance 

 Resistance in gram-negative bacteria is due to the presence of an 
altered dihydrofolate reductase that has a lower affinity for trimetho-
prim. Efflux pumps and decreased permeability to the drug may play 
a role.

D. Pharmacokinetics 

 Trimethoprim is rapidly absorbed following oral administration. 
Because the drug is a weak base, higher concentrations of trimetho-
prim are achieved in the relatively acidic prostatic and vaginal fluids. 
The drug is widely distributed into body tissues and fluids, including 
penetration into the cerebrospinal fluid. Trimethoprim undergoes some 
O-demethylation, but 60% to 80% is renally excreted unchanged.

E. Adverse effects 

 Trimethoprim can produce the effects of folic acid deficiency. These 
effects include megaloblastic anemia, leukopenia, and granulocytope-
nia, especially in pregnant patients and those with nutrient-poor diets. 
These blood disorders may be reversed by simultaneous admin-
istration of folinic acid (also known as leucovorin), which does not 
enter bacteria. Trimethoprim has a potassium-sparing effect and may 
cause hyperkalemia, especially at higher doses and when adminis-
tered with other medication that causes hyperkalemia (for example, 
 angiotensin-converting enzyme inhibitors). 

V. COTRIMOXAZOLE 

The combination of trimethoprim with sulfamethoxazole, called cotrimox-
azole [co-try-MOX-a-zole], shows greater antimicrobial activity than equiv-
alent quantities of either drug used alone (Figure 31.10). The combination 
was selected because of the synergistic activity and the similarity in the 
half-lives of the two drugs. Trimethoprim (80 mg) along with sulfamethox-
azole (400 mg) are used in the ratio of 1:5 in cotrimoxazole tablets. Dosage 
is usually started with 2 tablets twice daily for the duration of therapy. 
Trimethoprim 20 mg with sulfamethoxazole 100 mg is used as pediatric 
dosage. It is also available for intramuscular injection. 

A. Mechanism of action 

 The synergistic antimicrobial activity of cotrimoxazole results from its 
inhibition of two sequential steps in the synthesis of tetrahydrofolic 

Figure 31.10
Synergism between trimethoprim and 
sulfamethoxazole inhibits growth of 
E. coli.
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acid. Sulfamethoxazole inhibits the incorporation of PABA into dihy-
drofolic acid precursors, and trimethoprim prevents reduction of dihy-
drofolate to tetrahydrofolate (Figure 31.11).

B. Antibacterial spectrum 

 Cotrimoxazole has a broader spectrum of antibacterial action than the 
sulfa drugs alone (Figure 31.11). It is effective in treating UTIs and 
respiratory tract infections, as well as Pneumocystis jirovecii, toxo-
plasmosis, Listeria monocytogenes, and Salmonella infections. It has 
activity against methicillin-resistant S. aureus and can be particularly 
useful for skin and soft-tissue infections caused by this organism. It is 
the drug of choice for infections caused by susceptible Nocardia spp 
and Stenotrophomonas maltophilia.

C. Resistance 

 Resistance to the trimethoprim–sulfamethoxazole combination is 
encountered less frequently than resistance to either of the drugs 
alone, because it requires bacterium to maintain simultaneous resis-
tance to both drugs. Significant resistance has been documented in a 
number of clinically relevant organisms, including E. coli.

D. Pharmacokinetics 

 Cotrimoxazole is generally administered orally (Figure 31.12). 
Intravenous administration may be utilized in patients with severe 
pneumonia caused by Pneumocystis jirovecii. Both agents distribute 
throughout the body. Trimethoprim concentrates in the relatively acidic 
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Typical therapeutic applications of cotrimoxazole (sulfamethoxazole plus trimethoprim).
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milieu of prostatic fluids, and this accounts for the use of  trimethoprim–
sulfamethoxazole in the treatment of prostatitis. Cotrimoxazole readily 
crosses the blood–brain barrier. Both parent drugs and their metabo-
lites are excreted in the urine.

E. Adverse effects 

 Adverse reactions and drug interactions related to cotrimoxazole are 
similar to those expected with each of the individual components, 
sulfamethoxazole and trimethoprim. (Figure 31.13). The most common 
adverse reactions are nausea and vomiting, skin rash, hematologic 
toxicity, and hyperkalemia. 

VI. URINARY TRACT ANTISEPTICS/ANTIMICROBIALS 

Urinary tract infections are one of the most common bacterial infections in 
the world, primarily impacting women and the elderly. Historically, fluoro-
quinolones and trimethoprim/sulfamethoxazole have been first-line therapy 
for the treatment of UTIs. Unfortunately, resistance has increased among 
common pathogens (for example, E. coli). As a result, methenamine, nitro-
furantoin, and fosfomycin (see Chapter 29) can be considered for treat-
ment or suppression of recurrence, due to their efficacy against common 
pathogens and high concentrations in the urine.

A. Methenamine 

1. Mechanism of action: Methenamine [meth-EN-a-meen] salts 
are hydrolyzed to ammonia and formaldehyde in acidic urine 
(pH ≤  5.5). Formaldehyde denatures proteins and nucleic acids, 
resulting in bacterial cell death. Methenamine is combined with 
a weak acid (for example, hippuric acid) to maintain urine acidity 
and promote production of formaldehyde (Figure 31.14). 

2. Antibacterial spectrum: Methenamine is primarily used for chronic 
suppressive therapy to reduce the frequency of urinary tract infec-
tions. Methenamine is active against E. coli, Enterococcus spp, 
and Staphylococcus spp. It has some activity against Proteus spp 
and Pseudomonas aeruginosa, but urine pH must be kept acidic 
to achieve bactericidal activity. The main benefit of methenamine 
is the lack of selection for resistant organisms. It is not used for 
acute UTI; however, its use is restricted for chronic and resistant 
urinary infections. 

3. Pharmacokinetics: Methenamine is orally absorbed, with up to 
30% decomposing in gastric juices, unless protected by enteric 
coating. It reaches the urine through tubular secretion and glo-
merular filtration. Concentrations are sufficient to treat susceptible 
organisms. Due to ammonia formation, use should be avoided in 
hepatic insufficiency. It is used at a dose of 1 g three times a day 
or four times a day.

4. Adverse effects: The major adverse effect of methenamine is 
gastrointestinal distress, although at higher doses, albuminuria, 
hematuria, and rashes may develop. Methenamine mandelate 
is contraindicated in patients with renal insufficiency, because 
mandelic acid may precipitate. The methenamine hippurate 
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Some adverse reactions to 
cotrimoxazole.
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formulation should be used instead. [Note: Sulfonamides, such 
as cotrimoxazole, react with formaldehyde and must not be used 
concomitantly with methenamine. The combination increases the 
risk of crystalluria and mutual antagonism.]

B. Nitrofurantoin 

 Nitrofurantoin was introduced into clinical practice for the manage-
ment of cystitis in the early 1950s. For decades it was rarely used, 
but was resurrected due to increasing antibiotic resistance amongst 
Enterobacteriaceae and is considered first-line therapy for uncom-
plicated cystitis. Nitrofurantoin works by inhibiting DNA and RNA 
synthesis. Susceptible organisms include E. coli, Klebsiella spp, 
Enterococcus spp, and Staphylococcus spp. Following oral admin-
istration, it is rapidly absorbed, with nearly 40% excreted unchanged 
in the urine. Overall, nitrofurantoin is well tolerated. Common adverse 
events include nausea, vomiting, and diarrhea. Use of the microcrys-
talline formulation decreases the incidence of gastrointestinal toxicity. 
Rare complications of therapy include pulmonary fibrosis, neuropathy, 
and autoimmune hepatitis. These events are observed with prolonged 
exposure greater than 1 month. Additionally, patients with impaired 
renal function should not receive nitrofurantoin due to an increased 
risk of adverse events. It is used at a dose of 50 to 100 mg three 
times a day for adults for 5 to 10 days. 

C. Urinary analgesic

1. Phenazopyridine: Phenazopyridine is a commonly used urinary 
analgesic with no antimicrobial activity. It is a dye which exerts 
action at the urinary tract and renders symptomatic relief for burn-
ing sensation, irritation, dysuria, and frequent urgency of urination 
caused by cystitis of diverse origin. The side effects of this drug 
include nausea, epigastric pain, orange discoloration of urine, 
methemoglobinemia, yellowish skin discoloration, hepatitis, and 
rarely acute renal failure. It is used at a dose of 200 to 400 mg 
three times a day. 

Methenamine    

4NH4
+

6 Formaldehyde

HCHO

N

N

N

N

CH2

CH2

CH2 CH2

CH2CH2
Kills bacteria

enamine

4NH4
+

6 Formald

Decomposition to 
formaldehyde occurs 
at low pH of urine.

6H  O2

Figure 31.14
Formation of formaldehyde from 
methenamine at acid pH.

Study Questions

Choose the ONE best answer.

31.1 A 32-year-old man presents to an outpatient clinic 
with a 5-day history of productive cough, puru-
lent sputum, and shortness of breath. He is diag-
nosed with community-acquired pneumonia (CAP). 
It is noted that this patient has a severe ampicillin 
allergy (anaphylaxis). Which would be an accept-
able treatment for this patient?

A. Levofloxacin

B. Ciprofloxacin

C. Penicillin VK

D. Nitrofurantoin

Correct answer = A. Streptococcus pneumoniae is 
a common cause of CAP, and the respiratory fluo-
roquinolones levofloxacin and moxifloxacin provide 
good coverage. Ciprofloxacin does not cover S. 
pneumoniae well and is a poor choice for treatment 
of CAP. Penicillin would be a poor choice due to 
allergy. Nitrofurantoin has no clinical utility for respira-
tory tract infections.
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31.2 A 22-year-old woman presents with a 2-day history 
of dysuria with increased urinary frequency and 
urgency. A urine culture and urinalysis are done. 
She is diagnosed with a urinary tract infection 
caused by Escherichia coli. Which agent should be 
avoided in the treatment of her UTI?

A. Levofloxacin

B. Cotrimoxazole

C. Moxifloxacin

D. Nitrofurantoin

31.3 Which drug is correctly matched with the appropri-
ate adverse effect?

A. Levofloxacin—hyperkalemia

B. Nitrofurantoin—pulmonary fibrosis

C. Cotrimoxazole—hepatic encephalopathy

D. Methenamine—nystagmus

31.4 Cotrimoxazole provides activity against which 
organism?

A. MRSA

B. Pseudomonas aeruginosa

C. Anaerobes

D. Mycoplasma

31.5 A 55-year-old man presents to primary care clinic 
with an erythematous and tender abscess on his 
left thigh. He has a history of MRSA skin infec-
tions. Which is an appropriate antibiotic for empiric 
treatment? 

A. Ciprofloxacin

B. Cotrimoxazole

C. Pyrimethamine

D. Cephalexin

31.6 Which is a common adverse effect of 
cotrimoxazole? 

A. Hyperkalemia

B. Pulmonary fibrosis

C. Tendon rupture

D. Blood glucose disturbances

31.7 A 21-year-old marathon runner reports to the clinic 
with acute Achilles tendon rupture. The nurse 
noted that the patient recently took an antibiotic 
for community-acquired pneumonia. Which antibi-
otic may have contributed to tendon rupture?

A. Amoxicillin/clavulanate

B. Cefdinir

C. Levofloxacin

D. Minocycline

Correct answer = C. Moxifloxacin does not con-
centrate in the urine and would be ineffective for 
 treatment of a UTI. All other answers are viable alter-
natives, and the resistance profile for the E. coli can 
be utilized to direct therapy.

Correct answer = B. Hyperkalemia may be caused by 
cotrimoxazole, not fluoroquinolones. Hepatic enceph-
alopathy may be related to therapy with methenam-
ine in patients with hepatic insufficiency. Nystagmus 
is not associated with methenamine therapy.

Correct answer = B. Cotrimoxazole is the only agent 
with reliable activity against MRSA. Ciprofloxacin 
does have some minor activity, but resistance has 
readily increased and it is no longer a valid recom-
mendation. The other agents do not have activity 
against MRSA.

Correct answer = A. Trimethoprim acts as a potassium- 
sparing agent, resulting in an increase in serum 
potassium concentrations. Pulmonary fibrosis is an 
adverse effect of nitrofurantoin. Tendon rupture and 
blood glucose disturbances are adverse effects of 
fluoroquinolones.

Correct answer = C. Levofloxacin is associated with 
tendon ruptures and tendinopathy. The other agents 
are not associated with this adverse effect. 

Correct answer = A. Cotrimoxazole is effective 
against MRSA. It does not have activity against 
Pseudomonas, anaerobes, or Mycoplasma. 
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 31.8 A 70-year old woman with acute cystitis presents 
to the Family Medicine clinic for assessment. She 
has a past medical history of hypertension and 
chronic kidney disease. The team recommends ini-
tiation of nitrofurantoin for cystitis. After reviewing 
her antimicrobial therapy, which actions should be 
taken prior to clinic discharge?

A. Continue current therapy and counsel on gas-
trointestinal effects of nitrofurantoin.

B. Change nitrofurantoin to alternative agent due 
to chronic kidney disease.

C. Reduce nitrofurantoin dose due to impaired 
renal function.

D. Counsel patient regarding neuropathy associ-
ated with short-term therapy. 

 31.9 Which recommendation should be provided to 
avoid phototoxicity associated with fluoroquino-
lone therapy?

A. Use sunscreen and avoid excessive exposure 
to UV light.

B. Take the medication at night to avoid high drug 
concentrations during the day.

C. Take with food.

D. Drink with 1 liter of water per day to minimize 
drug build up in skin tissue. 

31.10 What is the main benefit for prescribing meth-
enamine for treatment of a urinary tract infection?

A. Safe to use in patients with hepatic failure

B. Available in intravenous and oral formulations

C. Broad spectrum of activity

D. Minimal development of resistance

Correct answer = B. The key issue with the antibiotic 
recommendation is that nitrofurantoin should not be 
administered in patients with poor kidney function. 
Adjusting the dose or continuing the current regimen 
are not acceptable modifications. Neuropathy is more 
common with therapy greater than 1 month.

Correct answer = A. Patients taking a fluoroquinolone 
should apply sunscreen and take precautions to min-
imize risk of phototoxicity. Adjusting the timing of the 
dose or taking with food or additional water does not 
change the risk of an event.

Correct answer = D. Methenamine does not select for 
resistance. Due to its conversion to formaldehyde, this  
compound is the least likely compound to select for 
resistant isolates. Methenamine should be avoided in 
patients with hepatic failure. This agent is only avail-
able as an oral formulation, and it has a narrow spec-
trum of activity.

LIR_CH31.indd   550 09/10/18   12:37 PM



551

Antimycobacterial  
Drugs
Charles A. Peloquin and Eric F. Egelund

32

I. OVERVIEW

Mycobacteria are rod-shaped aerobic bacilli that multiple slowly, every 18 
to 24 hours in vitro. Their cell walls contain mycolic acids, which give the 
genus its name. Mycolic acids are long-chain, β-hydroxylated fatty acids. 
Mycobacteria produce highly lipophilic cell walls that stain poorly with 
Gram stain. Once stained, the bacilli are not decolorized easily by acid-
ified organic solvents. Hence, the organisms are called “acid-fast bacilli.” 
Mycobacterial infections classically result in the formation of slow-growing, 
granulomatous lesions that cause tissue destruction anywhere in the body. 

Mycobacterium tuberculosis can cause latent tuberculosis infection (LTBI) 
and the disease known as tuberculosis (TB). [Note: In LTBI, the patient is 
infected with M. tuberculosis without signs or symptoms of active TB dis-
ease.] TB is the leading infectious cause of death worldwide, and a quarter 
of the world’s population is infected with TB. Increasing in frequency are 
diseases caused by nontuberculosis mycobacteria (NTM). These species 
include M. avium-intracellulare, M. chelonae, M. abscessus, M. kansasii, 
and M. fortuitum. Finally, M. leprae causes leprosy.

TB treatment generally includes four first-line drugs (Figure 32.1). Second-
line drugs are typically less effective, more toxic, and less extensively stud-
ied. They are used for patients who cannot tolerate the first-line drugs or 
who are infected with resistant TB. No drugs are specifically developed 
for NTM infections. Macrolides, rifamycins, and aminoglycosides are fre-
quently included, but NTM regimens vary widely by organism.

II. CHEMOTHERAPY FOR TUBERCULOSIS

M. tuberculosis is slow growing and requires treatment for months to years. 
LTBI can be treated for 9 months with isoniazid (INH) monotherapy or with 
12 once-weekly higher doses of INH and rifapentine. In contrast, active TB 
disease must be treated with several drugs. Treatment for drug-susceptible 
TB lasts for at least 6 months, while treatment of multidrug-resistant TB 
(MDR-TB) typically lasts for about 2 years.

A. Strategies for addressing drug resistance

 Populations of M. tuberculosis contain small numbers of organ-
isms that are naturally resistant to a particular drug. Under selective 

DRUGS USED TO TREAT  
TUBERCULOSIS (1st line)

Ethambutol
Isoniazid
Pyrazinamide
Rifabutin
Rifampin
Rifapentine
Aminoglycosides 
DRUGS USED TO TREAT  
TUBERCULOSIS (2nd line)

Aminosalicylic acid 
Bedaquiline 
Capreomycin 
Cycloserine 
Ethionamide 
Fluoroquinolones 
Macrolides
DRUGS USED TO TREAT LEPROSY

Clofazimine 
Dapsone
Rifampin (rifampicin)

Figure 32.1
Summary of drugs used to treat 
mycobacterial infections.
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pressure from inadequate treatment, especially from monotherapy, 
these resistant organisms can emerge as the dominant population. 
Figure 32.2 shows that resistance develops rapidly in TB patients who 
are given only streptomycin. Multidrug therapy is employed to sup-
press these resistant organisms. The first-line drugs isoniazid, rifam-
pin, ethambutol, and pyrazinamide are preferred because of their high 
efficacy and acceptable incidence of toxicity. Rifabutin or rifapentine 
may replace rifampin under certain circumstances. Active disease 
always requires treatment with multidrug regimens, and preferably 
three or more drugs with proven in vitro activity against the isolate. 
Although clinical improvement can occur in the first several weeks of 
treatment, therapy is continued much longer to eradicate persistent 
organisms and to prevent relapse.

Standard short-course chemotherapy for tuberculosis includes iso-
niazid, rifampin, ethambutol, and pyrazinamide for 2 months (the 
intensive phase), followed by isoniazid and rifampin for 4 months 
(the continuation phase; Figure 32.3). Once susceptibility data are 
available, the drug regimen can be individually tailored. Second-line 
regimens for MDR-TB (TB resistant to at least isoniazid and rifam-
pin) normally include an aminoglycoside (streptomycin, kanamycin, 
or amikacin) or capreomycin (all injectable agents), a fluoroquino-
lone (typically levofloxacin or moxifloxacin), any first-line drugs that 
remain active, and one or more of the following: cycloserine, ethi-
onamide, or p-aminosalicylic acid. For extensively drug-resistant 
TB (XDR-TB), other drugs such as clofazimine and linezolid may be 
employed empirically.

Patient adherence can be low when multidrug regimens last for 
6 months or longer. One successful strategy for achieving better treat-
ment completion rates is directly observed therapy, (DOT). Patients 
take the medications under observation of a member of the health-
care team. DOT decreases drug resistance and improves cure rates. 
Most public health departments offer DOT services.

B. Isoniazid

 Isoniazid [eye-so-NYE-a-zid], along with rifampin, is one of the two 
most important TB drugs.

1. Mechanism of action: Isoniazid is a prodrug activated by a 
mycobacterial catalase–peroxidase (KatG). Isoniazid targets the 
enzymes acyl carrier protein reductase (InhA) and β-ketoacyl-ACP 
synthase (KasA), which are essential for the synthesis of mycolic 
acid. Inhibiting mycolic acid leads to a disruption in the bacterial 
cell wall.

2. Antibacterial spectrum: Isoniazid is specific for treatment of 
M.  tuberculosis, although M. kansasii may be susceptible at 
higher drug concentrations. Most NTM are resistant to INH. The 
drug is particularly effective against rapidly growing bacilli and is 
also active against intracellular organisms.

3. Resistance: Resistance follows chromosomal mutations, includ-
ing 1) mutation or deletion of KatG (producing mutants incapa-
ble of prodrug activation), 2) varying mutations of the acyl carrier 
proteins, or 3) overexpression of the target enzyme InhA. Cross-
resistance may occur between isoniazid and ethionamide.
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Figure 32.2
Cumulative percentage of strains of 
Mycobacterium tuberculosis showing 
resistance to streptomycin.

Figure 32.3
One of several recommended multi-
drug schedules for the treatment of 
tuberculosis.
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4. Pharmacokinetics: Isoniazid is readily absorbed after oral admin-
istration. Absorption is impaired if isoniazid is taken with food, 
particularly high-fat meals. The drug diffuses into all body fluids, 
cells, and caseous material (necrotic tissue resembling cheese 
that is produced in tuberculous lesions). Drug concentrations in 
the cerebrospinal fluid (CSF) are similar to those in the serum. 
Isoniazid undergoes N-acetylation and hydrolysis, resulting in 
inactive products. Isoniazid acetylation is genetically regulated, 
with fast acetylators exhibiting a 90-minute serum half-life, as 
compared with 3 to 4 hours for slow acetylators (Figure 32.4). 
Excretion is through glomerular filtration and secretion, predomi-
nantly as metabolites (Figure 32.5). Slow acetylators excrete more 
of the parent compound.

5. Adverse effects: Hepatitis is the most serious adverse effect 
associated with isoniazid. If hepatitis goes unrecognized, and if 
isoniazid is continued, it can be fatal. The incidence increases 
with age (greater than 35 years old), among patients who 
also take rifampin, or among those who drink alcohol daily. 
Peripheral neuropathy, manifesting as paresthesia of the hands 
and feet, appears to be due to a relative pyridoxine deficiency 
caused by isoniazid. This can be avoided by daily supplemen-
tation of pyridoxine (vitamin B6). Central nervous system (CNS) 
adverse effects can occur, including convulsions in patients 
prone to seizures. Hypersensitivity reactions with isoniazid 
include rashes and fever. Because isoniazid inhibits the metab-
olism of carbamazepine and phenytoin (Figure 32.6), isoniazid 
can potentiate the adverse effects of these drugs (for example, 
nystagmus and ataxia).

C. Rifamycins: rifampin, rifabutin, and rifapentine

 Rifampin, rifabutin, and rifapentine are all considered rifamycins, a 
group of structurally similar macrocyclic antibiotics, which are first-
line oral agents for tuberculosis.

1. Rifampin: Rifampin [ri-FAM-pin] has broader antimicrobial activ-
ity than isoniazid and can be used as part of treatment for sev-
eral different bacterial infections. Because resistant strains rapidly 
emerge during monotherapy, it is never given as a single agent in 
the treatment of active tuberculosis. 

a. Mechanism of action: Rifampin blocks RNA transcription 
by interacting with the β subunit of mycobacterial DNA-
dependent RNA polymerase.

b. Antimicrobial spectrum: Rifampin is bactericidal for 
both intracellular and extracellular mycobacteria, includ-
ing M. tuberculosis, and NTM, such as M. kansasii and 
Mycobacterium avium complex (MAC). It is effective against 
many gram- positive and gram-negative organisms and is used 
prophylactically for individuals exposed to meningitis caused 
by meningococci or Haemophilus influenzae. Rifampin also is 
highly active against M. leprae.

c. Resistance: Resistance to rifampin is caused by mutations in 
the affinity of the bacterial DNA-dependent RNA polymerase 
gene for the drug.

Figure 32.4
Bimodal distribution of isoniazid 
half-lives caused by rapid and slow 
acetylation of the drug. Modified from 
data of D. A. Evans, K. A. Maley, and 
V. A. McRusick. Genetic control of 
isoniazid metabolism in man. Br. Med. 
J. 2: 485 (1960).

Figure 32.5
Administration and fate of isoniazid. 
Modified from data of P. J. Neuvonen, 
K. T. Kivisto, and P. Lehto, Clin. 
Pharm. Therapy 50: 499 (1991).
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d. Pharmacokinetics: Absorption is adequate after oral admin-
istration. Distribution of rifampin occurs to all body fluids and 
organs. Concentrations attained in the CSF are variable, often 
10% to 20% of blood concentrations. The drug is taken up 
by the liver and undergoes enterohepatic recycling. Rifampin 
can induce hepatic cytochrome P450 enzymes and transport-
ers (see Chapter 1), leading to numerous drug interactions. 
Unrelated to its effects on cytochrome P450 enzymes, rifam-
pin undergoes autoinduction, leading to a shortened elimina-
tion half-life over the first 1 to 2 weeks of dosing. Elimination 
of rifampin and its metabolites is primarily through the bile 
and into the feces; a small percentage is cleared in the urine 
(Figure 32.7). [Note: Urine, feces, and other secretions have 
an orange-red color, so patients should be forewarned. Tears 
may even stain soft contact lenses orange-red.]

e. Adverse effects: Rifampin is generally well tolerated. The 
most common adverse reactions include nausea, vom-
iting, and rash. Hepatitis and death due to liver failure are 
rare. However, the drug should be used judiciously in older 
patients, alcoholics, or those with chronic liver disease. There 
is a modest increase in the incidence of hepatic dysfunction 
when rifampin is coadministered with isoniazid and pyrazin-
amide. When rifampin is dosed intermittently, especially with 
higher doses, a flu-like syndrome can occur, with fever, chills, 
and myalgia, sometimes extending to acute renal failure, 
hemolytic anemia, and shock.

f. Drug interactions: Because rifampin induces a number of 
phase I cytochrome P450 enzymes and phase II enzymes (see 
Chapter 1), it can decrease the half-lives of coadministered 
drugs that are metabolized by these enzymes (Figure 32.8).  
This may necessitate higher dosages for coadministered 
drugs, a switch to drugs less affected by rifampin, or replace-
ment of rifampin with rifabutin.

2. Rifabutin: Rifabutin [rif-a-BYOO-tin], a derivative of rifampin, is 
preferred for TB patients coinfected with the human immunodefi-
ciency virus (HIV) who are receiving protease inhibitors or several 
of the non-nucleoside reverse transcriptase inhibitors. Rifabutin 
is a less potent inducer (approximately 40% less) of cytochrome 
P450 enzymes, thus lessening drug interactions. Rifabutin has 
adverse effects similar to those of rifampin but can also cause 
uveitis, skin hyperpigmentation, and neutropenia.

3. Rifapentine: Rifapentine [rih-fa-PEN-teen] has a longer half-life 
than that of rifampin. In combination with isoniazid, rifapentine 
may be used once weekly in patients with LTBI and in select HIV-
negative patients with minimal pulmonary TB.

D. Pyrazinamide

 Pyrazinamide [peer-a-ZIN-a-mide] is a synthetic, orally effective short-
course agent used in combination with isoniazid, rifampin, and eth-
ambutol. The precise mechanism of action is unclear. Pyrazinamide 
must be enzymatically hydrolyzed by pyrazinamidase to pyrazinoic 
acid, which is the active form of the drug. Some resistant strains lack 

P-450

Phenytoin

Metabolites

Isoniazid

Figure 32.6
Isoniazid potentiates the adverse 
effects of phenytoin.

Figure 32.7
Administration and fate of rifampin. 
[Note: Patient should be warned that 
urine and tears may turn orange-red 
in color.]
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the pyrazinamidase enzyme. Pyrazinamide is active against tubercu-
losis bacilli in acidic lesions and in macrophages. The drug distributes 
throughout the body, penetrating the CSF. Pyrazinamide may contrib-
ute to liver toxicity. Uric acid retention is common, but rarely precip-
itates a gouty attack. Most of the clinical benefit from pyrazinamide 
occurs early in treatment. Therefore, this drug is usually discontinued 
after 2 months of a 6-month regimen.

E. Ethambutol

 Ethambutol [e-THAM-byoo-tole] is bacteriostatic and specific for 
mycobacteria. Ethambutol inhibits arabinosyl transferase, an enzyme 
important for the synthesis of the mycobacterial cell wall. Ethambutol 
is used in combination with pyrazinamide, isoniazid, and rifampin 
pending culture and susceptibility data. [Note: Ethambutol may be 
discontinued if the isolate is determined to be susceptible to isoniazid, 
rifampin, and pyrazinamide.] Ethambutol distributes well throughout 
the body. Penetration into the CNS is variable, and it is question-
ably adequate for tuberculous meningitis. Both the parent drug and 
its hepatic metabolites are primarily excreted in the urine. The most 
important adverse effect is optic neuritis, which results in diminished 
visual acuity and loss of ability to discriminate between red and green. 
The risk of optic neuritis increases with higher doses and in patients 
with renal impairment. Visual acuity and color discrimination should 
be tested prior to initiating therapy and periodically thereafter. Uric 
acid excretion is decreased by ethambutol, and caution should be 
exercised in patients with gout.

 Figure 32.9 summarizes some of the adverse effects of first-line and 
second-line drugs and their management.

F. Alternate second-line drugs

 Streptomycin [strep-toe-MY-sin], para-aminosalicylic [a-mee-noe-
sal-i-SIL-ik] acid, capreomycin [kap-ree-oh-MYE-sin], cycloserine 

Figure 32.8
Induces cytochrome P450, which can 
decrease the half-lives of coadminis-
tered drugs that are metabolized by 
this system.

CBC = complete blood count; GI = gastrointestinal.

Figure 32.9
Some characteristics of first-line drugs used in treating tuberculosis.

HIV protease inhibitors
Methadone
Oral contraceptives
Prednisone
Propranolol
Quinidine
Sulfonylureas
Voriconazole
Warfarin

P-450

Metabolites

Rifampin

DRUG COMMENTS ADVERSE EFFECTS

Isoniazid

Rifampin

Pyrazinamide

Ethambutol

Hepatic enzyme elevation, hepatitis, 
peripheral neuropathy

Hepatitis, GI upset, rash, �u-like 
syndrome, signi�cant interaction 
with several drugs

Nausea, hepatitis, hyperuricemia, rash,
joint ache, gout (rare)

Optic neuritis with blurred vision,
red-green color blindness

Take baseline hepatic enzyme measurements; repeat if abnormal 
or patient is at risk or symptomatic.
Clinically signi�cant interaction with phenytoin and 
carbamazepine.

Take baseline hepatic enzyme measurements and CBC;
repeat if abnormal or patient is at risk or symptomatic. Warn 
patient that urine and tears may turn red-orange in color.

Take baseline hepatic enzymes and uric acid measurements; 
repeat if abnormal or patient is at risk or symptomatic.

Establish baseline visual acuity and color vision; test monthly.
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[sye-kloe-SER-een], ethionamide [e-thye-ON-am-ide], bedaquiline 
[bed-AK-wi-leen], fluoroquinolones, and macrolides are second-line 
TB drugs. In general, these agents are less effective and more toxic 
than the first-line agents. Figure 32.10 summarizes some of the char-
acteristics of second-line drugs.

1. Streptomycin: Streptomycin, an aminoglycoside antibiotic (see 
Chapter 30), was one of the first effective agents for TB. Its action 
appears to be greater against extracellular organisms. Infections 
due to streptomycin-resistant organisms may be treated with 
kanamycin or amikacin, to which these bacilli usually remain 
susceptible.

2. Para-aminosalicylic acid: Para-aminosalicylic acid (PAS) works 
via folic acid inhibition. While largely replaced by ethambutol for 
drug-susceptible TB, PAS remains an important component of 
many regimens for MDR-TB.

3. Capreomycin: This is a parenterally administered polypep-
tide that inhibits protein synthesis similar to aminoglycosides. 
Capreomycin is primarily reserved for the treatment of MDR-TB. 
Careful monitoring of renal function and hearing is necessary to 
minimize nephrotoxicity and ototoxicity, respectively.

4. Cycloserine: Cycloserine is an orally effective, tuberculostatic 
drug that disrupts d-alanine incorporation into the bacterial cell 
wall. It distributes well throughout body fluids, including the CSF. 
Cycloserine is primarily excreted unchanged in urine. Accumulation 
occurs with renal insufficiency. Adverse effects involve CNS dis-
turbances (for example, lethargy, difficulty concentrating, anxiety, 
and suicidal tendency), and seizures may occur.

DRUG COMMENTS ADVERSE EFFECTS

Aminoglycosides,
Capreomycin

Ethionamide

Macrolides

Fluoroquinolones

Nephrotoxicity, ototoxicity

GI intolerance, hepatotoxicity, 
hypothyroidism

GI intolerance, tinnitus

GI intolerance, tendonitis, CNS toxicity 
including ca�eine-like e�ects

Not available orally. Monitor for vestibular, auditory and renal 
toxicity.

Monitor LFTs, TSH. A majority of patients experience GI intolerance. 
Cross-resistance with isoniazid is possible.

Monitor LFTs, serum creatinine / BUN, QT interval prolongation. 
Monitor for drug interactions due to CYP inhibition (except 
azithromycin).

Monitor LFTs, serum creatinine / BUN, QT interval prolongation. 
Avoid concomitant ingestion with antacids, multivitamins or drugs 
containing di- or trivalent cations.

Cycloserine

Para-
aminosalicylic 
acid (PAS)

CNS toxicity

GI intolerance, hepatotoxicity, 
hypothyroidism

Close monitoring is needed for depression, anxiety, confusion, etc. 
Seizures may be exacerbated in patients with epilepsy. Monitor 
serum creatinine.

Monitor LFTs, TSH. Patients with G6PD deficiency are at increased 
risk of hemolytic anemia.

BUN = blood urea nitrogen; CNS = central nervous system; G6PD = glucose-6 phosphate dehydrogenase; GI = gastrointestinal; LFTs = liver function tests;  
TSH = thyroid-stimulating hormone.

Figure 32.10
Some characteristics of second-line drugs used in treating tuberculosis.
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5. Ethionamide: Ethionamide is a structural analog of isoniazid that 
also disrupts mycolic acid synthesis. The mechanism of action is 
not identical to isoniazid, but there is some overlap in the resis-
tance patterns. Ethionamide is widely distributed throughout the 
body, including the CSF. Metabolism is extensive, most likely in the 
liver, to active and inactive metabolites. Adverse effects that limit its 
use include nausea, vomiting, and hepatotoxicity. Hypothyroidism, 
gynecomastia, alopecia, impotence, and CNS effects also have 
been reported.

6. Fluoroquinolones: The fluoroquinolones (see Chapter 31), spe-
cifically moxifloxacin and levofloxacin, have an important place in 
the treatment of multidrug-resistant tuberculosis. Some NTM also 
are susceptible. 

7. Macrolides: The macrolides (see Chapter 30) azithromycin and 
clarithromycin are included in regimens for several NTM infec-
tions, including MAC. Azithromycin may be preferred for patients 
at greater risk for drug interactions, since clarithromycin is both a 
substrate and an inhibitor of cytochrome P450 enzymes. 

8. Bedaquiline: Bedaquiline, a diarylquinoline, is an ATP synthase 
inhibitor. It is approved for the treatment of MDR-TB. Bedaquiline 
is administered orally, and it is active against many types of 
mycobacteria. Bedaquiline has a boxed warning for QT prolon-
gation, and monitoring of the electrocardiogram is recommended. 
Elevations in liver enzymes have also been reported and liver 
function should be monitored during therapy. This agent is metab-
olized via CYP3A4, and administration with strong CYP3A4 induc-
ers (for example, rifampin) should be avoided.

G.  Fixed-dose combinations of drugs 

 The use of fixed-dose combination (FDC) tablets is recommended 
over separate drug formulations in treatment of patients with drug- 
susceptible TB. Patient compliance for the treatment and satisfac-
tion of the treatment are found to increase with FDCs which is very 
important for the suppression of the development of resistance and 
for improvement in clinical outcome. 

H.  Drug treatment for tuberculosis as per Revised National 
Tuberculosis Control Program (RNTCP) 

 RNTCP guidelines are continuously being updated to enable uniform 
therapeutic strategies throughout India along with WHO for the erad-
ication of tuberculosis based on the newer evidences. Tuberculosis is 
a notifiable disease. All cases of tuberculosis should be reported to 
appropriate health authorities. The treatment classification is based on 
the status of the organism in terms of resistance.

 Figure 32.11 shows drug treatment regimen and duration of TB treat-
ment based on the levels of microbial resistance. The combination 
of drugs and their duration of treatment is divided into two phases:  
1) intensive and 2) continuous phases. Figure 32.12 depicts the dosage 
of drugs for drug-sensitive tuberculosis for adults and Figure 32.13 
shows the dose for pediatric use. For the treatment of other types 
drug resistances such as mono-drug resistance (MR), poly-drug 
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Figure 32.11 
Drug treatment for various regimens for TB treatment based on the levels of microbial resistance. Courtesy: RNTCP.

ORGANISM STATUS TYPE OF TB CASE INTENSIVE PHASE (MONTHS)
CONTINUOUS PHASE 
(MONTHS)

Sensitive Newly diagnosed HRZE (2 mon) HRE (4 mon)

Previously treated (recurrence, 
lost followup during treatment, 
after failure of recent course)

HRZE (2 mon) + HRZE (1 mon) HRE (5 mon)

Resistant RR + HR/or unknown Kn Lfx, Eto, Cs, Z, E, H (6 to 9 mon) Lfx, Eto, Cs, E, H (18 mon)

Resistant MDR Km, Lfx, Eto, Cs, Z, E (6 to 9 mon) Lfx, Eto, Cs, E (18 mon)

Resistant XDR Cm, PAS, Mfx, High dose H, Cfz, Lzd, 
Amx/Clv (6 to 12 mon)

PAS, Mfx, high dose-H, Cfz, Lzd, 
Amx/Clv (18 mon)

H = isoniazid; R = rifampicin; Z = pyrazinamide; E = ethambutol; Kn = kanamycin; Lfx = levofloxacin; M = moxifloxacin; Cs = cycloserine; Eto = ethionamide;  
PAS = para-amino salicylic acid; Cfz = clofazimine; Cm = capreomycin; Lzd = linezolid; Amx/Clv = amoxicillin and clavulanic acid. 

Figure 32.13 
Drug dosage for pediatric use according to the body weight and standardized fixed-
dose combinations (FDCs) for the treatment of TB. Courtesy: RNTCP.

WEIGHT 
 CATEGORY 

(kg)

NUMBER OF TABLETS (DISPERSIBLE FDCs)

INJ. STREPTOMYCIN
(mg)

Intensive phase Continuation phase

HRZ E HRE

50/75/150 100 50/75/100

 4–7 1 1 1 100

 8–11 2 2 2 150

12–15 3 3 3 200

16–24 4 4 4 300

25–29 3 + 1A1 3 3 + 1A1 400

30–39 2 + 2A1 2 2 + 2A1 500
1A = Adult FDC (HRZE = 75/150/400/275; HRE = 75/150/275)

Figure 32.12 
Drug dosage of antitubercular drugs for drug-sensitive tuberculosis for adults having 
various body weight. Courtesy: RNTCP.

WEIGHT CATEGORY 
(kg)

NUMBER OF TABLETS (FDCs)

INJ. STREPTOMYCIN1

(g)

Intensive phase Continuation phase

HRZE HRE

75/150/400/275 75/150/275

25–39 2 2 0.5

40–54 3 3 0.75

55–69 4 4 1

≥70 5 5 1

FDC = fixed-dose combination.
1Inj. Streptomycin to be added in IP phase for 2 months in the previously treated regimen of drug-sensitive patients.  
In patients above 50 years of age, maximum dose of streptomycin should be 0.75 g. Adults weighing less than 25 kg will be 
given loose drugs as per body weight.
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resistance (PDR), and rifampicin resistance (RR), modified regimens 
are used for which one need to refer further to RNTCP guidelines.

I. Multidrug-resistant tuberculosis

 Drug resistance in TB patients can be classified into isoniazid resis-
tant, rifampicin resistant (RR-TB), multidrug resistant (MDR-TB), and 
extensively drug resistant (XDR-TB). As per a study done in 2016, 
China, India, and the Russian Federation contributed to 47% of the 
global drug resistance tuberculosis (MDR and RR-TB), out of which 
6.2% of them were classified as XDR-TB. WHO recommends a 
shorter MDR-TB treatment regimen (9 to 12 months) under specific 
conditions. Longer MDR-TB regimens up to 18 months or more are 
used for the treatment of RR-TB or MDR-TB. Clofazimine and linezolid 
are now recommended as a core second-line therapy for MDR-TB 
with p-aminosalicylic acid as an add-on agent. They are now rec-
ommended for all patients with RR-TB, regardless of confirmation of 
isoniazid resistance. Clarithromycin and other macrolides are no lon-
ger included among the drugs to be used for the treatment of MDR 
and RR-TB. Drugs are selected from groups as per WHO guidelines. 
These groups are given in Figure 32.14. Four to seven drugs are 
selected from these groups, for which the pathogen is susceptible for 
a better outcome. This regrouping is intended to guide the design of 
longer regimens. Drugs of Groups A and C (Figure 32.14) are shown 
by a decreasing order of usual preference for use. As per the WHO 
guidelines, the HIV status must be confirmed to be negative before 
thioacetazone is started.

J. Shorter MDR-TB treatment regimens

 Based on the duration of treatment, it is split into two distinct phases 
given in the following text. 

1. Intensive phase: The duration of the intensive phase is 4 months 
(extended up to a maximum of 6 months in case of lack of sputum 
smear conversion) and includes the following drugs: gatifloxacin 
(or moxifloxacin), kanamycin, prothionamide, clofazimine, high-
dose isoniazid, pyrazinamide, and ethambutol. The continuation 
phase follows the intensive phase. 

2. Continuation phase: The duration of the continuation phase is 
5 months and includes the following drugs: gatifloxacin (or moxi-
floxacin), clofazimine, pyrazinamide, and ethambutol. 

The regimen for the drug treatment for tuberculosis and MDR-TB 
is a matter of constant debate and the regimen changes from time 
to time. Therefore, one must follow WHO guidelines to update the 
current guidelines. 

III. DRUGS FOR LEPROSY

Leprosy (or Hansen’s disease) is uncommon in the United States; how-
ever, worldwide it is a much larger problem (Figure 32.15). Leprosy can be 
treated effectively with dapsone and rifampin (Figure 32.16).

Group A.  
Fluoroquinolones1

Levofloxacin

Moxifloxacin

Gatifloxacin

Group B.  
Second-line  
injectable agents

Amikacin

Capreomycin

Kanamycin

(Streptomycin)2

Group C. Other 
core second-line 
agents1

Ethionamide/ 
prothionamide

Cycloserine/terizidone

Linezolid

Clofazimine

Group D.  
Add-on agents 
(not part of the 
core MDF-TB 
regimen)

D1 Pyrazinamide

 Ethambutol

  High-dose 
 isoniazid

D2 Bedaquiline

 Delamanid

D3  p-Aminosalicylic 
acid

  Imipenuem- 
cilastatin3

 Meropenem3

  Amoxicillin- 
clavulanate3

 (Thioacetazone)4

Figure 32.14 
Drug regimen recommended for the 
treatment of RR-TB and MDR-TB by 
WHO (2016).
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Figure 32.15
Reported prevalence of leprosy 
worldwide.

1Medicines in Groups A and C are shown by a decreasing 
order of usual preference for use (subject to other con-
siderations; see the text).
2Refer to the text for the conditions under which 
streptomycin may substitute other injectable agents. 
Resistance to streptomycin alone does not qualify for 
the definition of XDR-TB. 
3Carbapenems and clavulanate are meant to be used 
together; clavulanate is only available in formulations 
combined with amoxicillin. 
4HIV status must be confirmed to be negative before 
thioacetazone is started.

LIR_CH32.indd   559 09/10/18   12:55 PM



560 32. Antimycobacterial Drugs 

A. Dapsone

 Dapsone [DAP-sone] is structurally related to the sulfonamides and 
similarly inhibits dihydropteroate synthase in the folate synthesis 
pathway. It is bacteriostatic for M. leprae, and resistant strains may 
be encountered. Dapsone is also used in the treatment of pneu-
monia caused by Pneumocystis jirovecii in immunosuppressed 
patients. The drug is well absorbed from the gastrointestinal tract 
and is distributed throughout the body, with high concentrations in 
the skin. The parent drug undergoes hepatic acetylation. Both parent 
drug and metabolites are eliminated in the urine. Adverse reactions 
include hemolysis (especially in patients with glucose-6-phosphate 
dehydrogenase deficiency), methemoglobinemia, and peripheral 
neuropathy.

B. Clofazimine

 Clofazimine [kloe-FAZ-i-meen] is a phenazine dye. Its mechanism of 
action may involve binding to DNA, although alternative mechanisms 
have been proposed. Its redox properties may lead to the generation 
of cytotoxic oxygen radicals that are toxic to the bacteria. Clofazimine 
is bactericidal to M. leprae, and it has potentially useful activity against 
M. tuberculosis and NTM. The drug is recommended by the World 
Health Organization as part of a shorter regimen (9 to 12 months) 
for MDR-TB. Following oral absorption, clofazimine accumulates in 
tissues, allowing intermittent therapy but does not enter the CNS. 
Patients typically develop a pink to brownish-black discoloration of 
the skin and should be informed of this in advance. Eosinophilic 
and other forms of enteritis, sometimes requiring surgery, have been 
reported. Clofazimine has some anti-inflammatory and anti-immune 
activities. Thus, erythema nodosum leprosum may not develop in 
patients treated with this drug. 

Figure 32.16
Patient with leprosy. A. Before therapy. 
B. After 6 months of multidrug therapy. 
Modified from Y. Nivoix, D. Leveque, 
and R. Herbrecht, et al. The enzymatic 
basis of drug-drug interactions with 
systemic triazole antifungals. Clin. 
Pharmacokinet. 47: 779 (2008).

A

B
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Study Questions

Choose the ONE best answer.

32.1 A 22-year-old female intravenous drug user was 
admitted to the hospital with a 4-week history of 
cough and fever. A chest radiograph showed left 
upper lobe cavitary infiltrate. Cultures of sputum 
yielded M. tuberculosis susceptible to all antimyco-
bacterial drugs. The patient received self- administered 
isoniazid, rifampin, pyrazinamide and ethambutol. 
Two weeks following initiation of therapy, the patient 
is concerned that her urine is a “funny-looking red-
dish color.” Which drug is the most likely cause?

A. Isoniazid

B. Rifampin

C. Pyrazinamide

D. Ethambutol

32.2 A 32-year-old man has been on standard four-drug 
therapy for active pulmonary tuberculosis for the 
past 2 months. He has no other comorbid con-
ditions. At his regular clinic visit, he complains of 
a “pins and needles” sensation in his feet. Which 
drug is most likely causing this?

A. Isoniazid

B. Rifampin

C. Pyrazinamide

D. Ethambutol

32.3  A 32-year-old man who takes standard four-drug 
therapy for active pulmonary tuberculosis com-
plains about a “pins and needles” feeling in his feet. 
He is diagnosed with peripheral neuropathy. Which 
vitamin should have been included in the regimen 
for this patient to reduce the risk of neuropathy?

A. Niacin

B. Pyridoxine

C. Thiamine

D. Ascorbic acid

32.4 A 23-year-old man was started on standard four-
drug antimycobacterial therapy for treatment of 
active TB. He has epilepsy which is controlled with 
carbamazepine. He has had no seizures in 5 years; 
however, upon return to clinic at 1 month, he reports 
having two seizures since his last visit. Which 
drug may be the reason his carbamazepine is less 
effective?

A. Isoniazid

B. Rifampin

C. Pyrazinamide

D. Ethambutol

Correct answer = A. Standard four-drug therapy 
for active pulmonary tuberculosis includes isonia-
zid. Isoniazid can cause peripheral neuropathy with 
symptoms including paresthesias, such as “pins and 
needles” and numbness. 

Correct answer = B. Concurrent administration of pyr-
idoxine (vitamin B6) prevents the neuropathic actions 
of isoniazid. The relative deficiency of pyridoxine 
appears to be due to the interference of isoniazid 
with its activation and enhancement of the excretion 
of pyridoxine. 

Correct answer = B. Rifampin is a potent inducer 
of cytochrome P450–dependent drug-metabolizing 
enzymes and may reduce the concentration of car-
bamazepine. None of the other drugs listed induce 
cytochrome P450 enzymes.

Correct answer = B. Rifampin (as well as rifabutin and 
rifapentine) and its metabolites may color urine, feces, 
saliva, sputum, sweat, and tears a bright red-orange. 
Patients should be counseled that this is an adverse 
effect which is not harmful, but can stain clothes and 
contact lenses.
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32.5 A 26-year-old female HIV patient was recently diag-
nosed with active tuberculosis. Currently, she is on 
a stable HIV regimen consisting of two protease 
inhibitors and two nucleoside reverse transcriptase 
inhibitors. Which is the most appropriate regimen 
for treatment of her tuberculosis?

A. Rifampin + isoniazid + pyrazinamide + 
ethambutol

B. Rifabutin + isoniazid + pyrazinamide + 
ethambutol

C. Rifapentine + isoniazid + pyrazinamide + 
ethambutol

D. Rifampin + moxifloxacin + pyrazinamide + 
ethambutol

32.6 A 28-year-old man with MDR-TB is receiving the 
following medications for treatment: pyrazinamide, 
ethionamide, moxifloxacin, streptomycin, and 
para-aminosalicylic acid. Which drug in his regimen 
requires monitoring for QT prolongation?

A. Pyrazinamide

B. Ethionamide

C. Moxifloxacin

D. Streptomycin

32.7 A 46-year-old male patient with active tuberculosis 
is to be initiated on the four-drug regimen of isoni-
azid, rifampin, pyrazinamide, and ethambutol. The 
patient reports no other conditions except gout. 
Which pair of antituberculosis drugs has the poten-
tial to worsen his gout?

A. Rifampin and isoniazid

B. Ethambutol and pyrazinamide

C. Rifampin and ethambutol

D. Isoniazid and ethambutol

32.8 A 24-year-old man returns to the clinic 1 month 
after starting treatment for tuberculosis. He is 
receiving isoniazid, rifampin, pyrazinamide, and 
ethambutol. He states he feels fine, but now is hav-
ing difficulty reading and feels he may need to get 
glasses. Which drug may be causing his decline in 
vision?

A. Isoniazid

B. Rifampin

C. Pyrazinamide

D. Ethambutol

Correct answer = B. Rifabutin is recommended in 
place of rifampin in patients co-infected with HIV, 
since it is a less potent inducer of CYP enzymes than 
rifampin. However, rifabutin is a CYP3A4 substrate 
and “bidirectional” interactions may result. That is, 
other medications, such as the protease inhibitors 
may affect the concentration of rifabutin, requiring 
dose adjustment of rifabutin or use of alternative HIV 
agents.

Correct answer = C. While rare, prolongation of the 
QT interval is associated with the fluoroquinolones. 
QT interval prolongation is due to the blocking of 
voltage-gated potassium channels. Of the available 
quinolones, moxifloxacin has the greatest risk. The 
risk may be minimized by avoiding co-administration  
of other medications which may prolong the QT inter-
val. The other agents are not associated with QT 
prolongation.

Correct answer = B. Ethambutol and especially pyra-
zinamide both may increase uric acid concentrations 
and have the potential to precipitate gouty attacks. 
Pyrazinamide and ethambutol-induced hyperuricemia 
may be controlled by use of anti-gout medications, 
such as xanthine oxidase inhibitors. Symptoms of 
gout must be monitored closely. 

Correct answer = D. Optic neuritis, exhibited as a 
decrease in visual acuity or loss of color discrimi-
nation, is the most important side effect associated 
with ethambutol. Visual disturbances generally are 
dose-related and more common in patients with 
reduced renal function. They are reversible (weeks to 
months) if ethambutol is discontinued promptly.
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 32.9 A 36 year-old woman with multidrug-resistant 
tuberculosis is being treated with the following 
agents: streptomycin, cycloserine, pyrazinamide, 
ethionamide, and p-aminosalicylic acid. Her phy-
sician recently noticed she appears confused and 
anxious and has a slight tremor. Which drug is 
most likely contributing to her current state?

A. Streptomycin

B. Cycloserine

C. Pyrazinamide

D. Ethionamide

32.10 Which is correct regarding clofazimine in the treat-
ment of leprosy?

A. Clofazimine should not be used in patients with 
a deficiency in glucose-6-phosphate dehydro-
genase (G6PD).

B. Peripheral neuropathy is one of the most com-
mon adverse effects seen with the drug.

C. Clofazimine may cause skin discoloration over 
time.

D. The risk of erythema nodosum leprosum is 
increased in patients given clofazimine.

32.11 MDR-TB is considered to be dangerous because:

A. Drugs are few for the treatment.

B. There are chances of spread of MDR-TB to 
others.

C. Drugs are expensive.

D. Drugs are toxic.

E. All of the above.

Correct answer = C. Clofazimine is a phenazine dye and 
causes bronzing (the skin pigment color will change 
color, from pink to brownish-black), especially in fair-
skinned patients. This occurs in a majority of patients 
and generally is not considered harmful but may take 
several months to years to fade after  discontinuing the 
medication.

Correct answer = E. Multidrug-resistant TB is consid-
ered dangerous because second-line drugs for treat-
ing MDR are few and are toxic with lot of side effects 
and are expensive. Moreover, it is a public health 
concern as chances of spread of MDR-TB to others 
are increased if not treated properly. Over the years, 
the number of MDR-TB cases is rising.

Correct answer = B. Cycloserine easily penetrates 
the CNS and may cause adverse effects involving the 
nervous system, including psychoses, drowsiness, 
tremor, paresthesia, aggression, and suicidal ideation, 
among others. Patients should be monitored continu-
ally for these signs and symptoms.

LIR_CH32.indd   563 09/10/18   12:56 PM



LIR_CH32.indd   564 09/10/18   12:56 PM



565

I. OVERVIEW

Infectious diseases caused by fungi are called mycoses, and they are 
often chronic in nature. Mycotic infections may involve only the skin (cuta-
neous mycoses extending into the epidermis), or may cause subcutane-
ous or systemic infections. Unlike bacteria, fungi are much more complex 
organisms, are eukaryotic, with rigid cell walls composed largely of chitin 
rather than peptidoglycan (a characteristic component of most bacterial cell 
walls), and often grow slowly. Consequently, only a few drugs are aimed 
at interfering with cell division and have limited use. In addition, the fun-
gal cell membrane contains ergosterol rather than the cholesterol found in 
mammalian membranes. These structural characteristics are useful targets 
for chemotherapeutic agents against mycoses. Fungi are generally resis-
tant to antibiotics; conversely, bacteria are resistant to antifungal agents. 
The incidence of mycoses such as candidemia, though not as frequent as 
bacterial or viral infections, has been on the rise for the last few decades. 
This is attributed to an increased number of patients with chronic immuno-
suppression due to organ transplantation, cancer chemotherapy, or human 
immunodeficiency virus (HIV) infection. In the past decade, there have been 
several advances in antifungal therapy. Figure 33.1 summarizes clinically 
 useful agents for cutaneous and systemic mycoses. A new class of antifun-
gal agents (echinocandins) and safer and/or more bioavailable formulations 
of itraconazole and amphotericin B have been developed. Figure 33.2 lists 
the common pathogenic organisms of the Kingdom Fungi, and Figure 33.3 
provides an overview of the mechanism of action of the various antifun-
gal agents. Antifungal agents are sufficiently diverse in activity, toxicity, and 
drug  interaction potential. These characteristics allow clinicians to differen-
tiate among agents when tailoring therapy to meet the needs of a particular 
patient.

II.  DRUGS FOR SUBCUTANEOUS AND SYSTEMIC 
MYCOTIC INFECTIONS

A. Amphotericin B

 Amphotericin [am-foe-TER-i-sin] B is a naturally occurring polyene 
antifungal produced by Streptomyces nodosus. In spite of its toxic 
potential, amphotericin B remains the drug of choice for the treatment 
of several life-threatening mycoses.

1. Mechanism of action: Amphotericin B binds to ergosterol in the 
plasma membranes of fungal cells. There, it forms pores (channels) 

Antifungal Drugs
Lindsey Childs-Kean 33

Figure 33.1
Summary of antifungal agents, class, 
route of administration, and therapeu-
tic dosages. (For drug dosages, refer 
to Appendix at the end of the book.)

DRUGS FOR SUBCUTANEOUS AND 
SYSTEMIC MYCOSES
Amphotericin B 
Ecinocandin derivatives
Anidulafungin 
Caspofungin 
Micafungin 
Pyrimidine analog
Flucytosine 
Azole derivatives
Ketoconazole 
Fluconazole 
Itraconazole 
Isavuconazole 
Posaconazole 
Voriconazole
DRUGS FOR CUTANEOUS MYCOSES 
(Topical agents)
Nystatin 
Naftifine 
Topical azole derivatives
Clotrimazole
Miconazole 
Econazole 
Butoconazole 
Oxiconazole 
Efinaconazole 
Sertaconazole 
Sulconazole 
Terconazole 
Tioconazole 
Topical allylamine derivatives
Terbinafine 
Butenafine 
Tolnaftate
Naftifine
OTHER ANTIFUNGAL AGENTS
Ciclopirox 
Tavaborole 
Griseofulvin 
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Fungi

Yeast Molds

Blastomycosis
Coccidioidomycosis

Histoplasmosis
Sporotrichosis

Candida spp. Pneumocystis
jirovecii

Cryptococcus
neoformans

Dermatophytes Rhizopus
Mucor
Absidia

Aspergillus spp. Mucormycosis

Dimorphic

Figure 33.2
Common pathogenic organisms of Kingdom Fungi.

A. Target cell membrane
 Polyenes
 • Amphotericin B
 • Nystatin
 • Natamycin

 Azoles derivatives
 • Clotrimazole
 • Econazole
 • Fluconazole
 • Itraconazole
 • Ketoconazole
 • Voriconazole
 • Posaconazole

 Allylamine drugs
 • Terbnina�n
 • Nafti�ne
 • Butena�ne

B. Target cell wall
 Echinocandin drugs
 • Caspofungin
 • Micafungin
 • Antidulafungin

C. Target intracellular
 Pyrimidine analog
 • Flucytosine
 Mitotic inhibitor
 • Griseofulvin

Endoplasmic reticulum
(inhibit ergosterol synthesis)
Azole derivatives
Polyenes
Allylamine drugs

DNA synthesis
Flucytosine
Ciclopirox

Mitotic spindle
Griseofulvin

Nucleus

Cell wall
Echinocandins

Plasma membrane
Polyenes (amphotericin B, nystatin)

Hyphal distortion
Tolnaftate

A

B

C

Ribosome  (inhibit 
protein synthesis)

Tavaborole

Figure 33.3
Cellular targets of antifungal drugs.

that require hydrophobic interactions between the  lipophilic 
 segment of the polyene antifungal and the sterol (Figure  33.4). 
The pores disrupt membrane function, allowing electrolytes (par-
ticularly potassium) and small molecules to leak from the cell, 
resulting in cell death.
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2. Antifungal spectrum: Amphotericin B is either fungicidal or 
fungistatic, depending on the organism and the concentration 
of the drug. It is effective against a wide range of fungi, includ-
ing Candida albicans, Histoplasma capsulatum, Cryptococcus 
 neoformans, Coccidioides immitis, Blastomyces dermatitidis, and 
many strains of Aspergillus. [Note: Amphotericin B is also used in 
the treatment of the protozoal infection leishmaniasis.]

3. Resistance: Fungal resistance to amphotericin B, although infre-
quent, is associated with decreased ergosterol content of the fun-
gal membrane.

4. Pharmacokinetics: Amphotericin B is administered by slow intra-
venous (IV) infusion (Figure 33.5). Amphotericin B is insoluble in 
water and must be coformulated with sodium deoxycholate (con-
ventional) or artificial lipids to form liposomes. The liposomal prepa-
rations are associated with reduced renal and infusion toxicity but 
are more costly. Amphotericin B is extensively bound to plasma 
proteins and is distributed throughout the body. Inflammation 
favors penetration into various body fluids, but little of the drug is 
found in the cerebrospinal fluid (CSF), vitreous humor, peritoneal 
fluid, or synovial fluid. Low levels of the drug and its metabolites 
are excreted primarily in the urine over a long period of time. 

5. Adverse effects: Amphotericin B has a low therapeutic index. 
Toxic manifestations are outlined below (Figure 33.6). 

a. Fever and chills: These occur most commonly 1 to 3 hours 
after starting the IV administration but usually subside with 
repeated administration of the drug. Premedication with a 
corticosteroid or an antipyretic helps to prevent this problem.

b. Renal impairment: Despite the low levels of the drug excreted 
in the urine, patients may exhibit a decrease in glomerular fil-
tration rate and renal tubular function. Serum creatinine may 
increase, creatinine clearance can decrease, and potassium 
and magnesium are lost. Renal function usually returns with 
discontinuation of the drug, but residual damage is likely at 
high doses. Azotemia is exacerbated by other nephrotoxic 
drugs, such as aminoglycosides, cyclosporine, and vancomy-
cin, although adequate hydration can decrease its severity. 
Sodium loading with infusions of normal saline prior to admin-
istration of the conventional formulation or use of the liposomal 
amphotericin B products minimizes the risk of nephrotoxicity.

c. Hypotension: A shock-like fall in blood pressure accompa-
nied by hypokalemia may occur, requiring potassium supple-
mentation. Care must be exercised in patients taking digoxin 
and other drugs that can cause potassium fluctuations.

d. Thrombophlebitis: Adding heparin to the infusion can allevi-
ate this problem.

B. Antimetabolite antifungals

 Flucytosine [floo-SYE-toe-seen] (5-FC) is a synthetic pyrimidine anti-
metabolite that is often used in combination with other antifungal agents.

1. Mechanism of action: 5-FC enters the fungal cell via a cyto-
sine-specific permease, an enzyme not found in mammalian cells. 
It is subsequently converted to a series of compounds, including 

Figure 33.4
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5-fluorouracil (5-FU) and 5-fluorodeoxyuridine 5′-monophosphate, 
which disrupt nucleic acid and protein synthesis (Figure  33.7). 
[Note: Amphotericin B increases cell permeability, allowing more 
5-FC to penetrate the cell leading to synergistic effects.]

2. Antifungal spectrum: 5-FC is fungistatic. It is effective in com-
bination with itraconazole for treating chromoblastomycosis. It is 
also used in combination with amphotericin B for the treatment of 
systemic mycoses and for meningitis caused by C. neoformans 
and C. albicans. Flucytosine can also be used for Candida uri-
nary tract infections when fluconazole is not appropriate; however, 
resistance can occur with repeated use.

3. Resistance: Resistance may occur due to decreased levels of 
any of the enzymes in the conversion of 5-FC to 5-FU and other 
metabolites. The emergence of resistant fungal cells is lower with 
a combination of 5-FC plus a second antifungal agent. Thus, 5-FC 
is not used as a single antimycotic drug.

4. Pharmacokinetics: 5-FC is well absorbed after oral administration. 
It distributes throughout the body water and penetrates well into 
the CSF. 5-FU is detectable in patients and is probably the result 
of metabolism of 5-FC by intestinal bacteria. Excretion of both the 
parent drug and metabolites is via glomerular filtration, and the dose 
must be adjusted in patients with compromised renal function.

5. Adverse effects: 5-FC causes reversible neutropenia, thrombo-
cytopenia, and dose-related bone marrow depression. Reversible 
hepatic dysfunction with elevation of serum transaminases has 
been observed. Nausea, vomiting, and diarrhea are common, and 
severe enterocolitis may occur.

C. Azole antifungals

 Azole antifungals are made up of two different classes of drugs— 
imidazoles and triazoles. Although these drugs have similar mechanisms 
of action and spectra of activity, their pharmacokinetics and therapeu-
tic uses vary significantly. In general, imidazoles are applied topically for 
cutaneous infections, whereas triazoles are administered systemically 
for the treatment or prophylaxis of cutaneous and systemic mycoses. 
[Note: Imidazole antifungals are discussed in the section on agents 
for cutaneous mycotic infections.] The systemic triazole antifungals 
include fluconazole, itraconazole, posaconazole, voriconazole, and 
isavuconazole.

1. Mechanism of action: Azoles are predominantly fungistatic. They 
inhibit 14-α demethylase (a cytochrome P450 [CYP450] enzyme), 
thereby blocking the demethylation of lanosterol to ergosterol 
(Figure 33.8). The inhibition of ergosterol biosynthesis disrupts 
fungal membrane structure and function, which, in turn, inhibits 
fungal cell growth.

2. Resistance: Resistance to azole antifungals is becoming a signifi-
cant clinical problem, particularly with protracted therapy required 
in immunocompromised patients, such as those who have 
advanced HIV infection or bone marrow transplant. Mechanisms 
of resistance include mutations in the 14-α demethylase gene that 
lead to decreased azole binding and efficacy. Additionally, some 
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Adverse effects of amphotericin B.
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Figure 33.7
Mode of action of flucytosine. 
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strains of fungi develop efflux pumps that pump the drug out of 
the cell or have reduced ergosterol in the cell wall.

3. Drug interactions: All azoles inhibit the hepatic CYP450 3A4 iso-
enzyme to varying degrees. Several azoles, including itraconazole 
and voriconazole, are metabolized by CYP450 3A4 and other 
CYP450 isoenzymes except posaconazole which undergoes min-
imal CYP metabolism; most of its metabolites are glucuronide 
conjugates formed by uridine diphosphate glucuronosyltransfer-
ase (UGT) pathways, mainly UGT1A4. Patients on concomitant 
medications that are substrates for this isoenzyme may have 
increased concentrations and risk for toxicity. However, the clin-
ical relevance of these interactions may vary upon the azole 
involved and upon the “target” drug including over-the-counter 
or alternative medicines and herbs. Therefore, concomitant use of 
potent CYP450 inhibitors (for example, ritonavir) and inducers (for 
example, rifampin and phenytoin) can lead to increased adverse 
effects or clinical failure of these azoles, respectively.

4. Contraindications: Azoles are considered teratogenic, and they 
should be avoided in pregnancy unless the potential benefit out-
weighs the risk to the fetus.

D. Fluconazole

  Fluconazole [floo-KON-a-zole] was the first triazole antifungal 
agent. It is the least active of all triazoles, with most of its spec-
trum limited to yeasts and some dimorphic fungi. It has no role in 
the treatment of aspergillosis or zygomycosis. It is highly active 
against Cryptococcus neoformans and certain species of Candida, 
including C. albicans and C. parapsilosis. Resistance is a concern, 
however, with other species, including C. krusei and C. glabrata. 
Fluconazole is used for prophylaxis against invasive fungal infections 
in recipients of bone marrow transplants. It is the drug of choice for 
Cryptococcus  neoformans after induction therapy with amphotericin 
B and flucytosine and is used for the treatment of candidemia and 
coccidioidomycosis. Fluconazole is effective against most forms of 
mucocutaneous candidiasis. It is commonly used as a single-dose 
oral treatment for  vulvovaginal candidiasis. Fluconazole is available 
in oral and IV dosage formulations. It is well absorbed after oral 
administration and distributes widely to body fluids and tissues. The 
majority of the drug is excreted unchanged via the urine, and doses 
must be reduced in patients with renal dysfunction. The most com-
mon adverse effects with fluconazole are nausea, vomiting, head-
ache, and skin rashes. 

E. Itraconazole

 Itraconazole [it-ra-KON-a-zole] is a synthetic triazole that has a 
broad antifungal spectrum compared to fluconazole. Itraconazole is 
a drug of choice for the treatment of blastomycosis, sporotricho-
sis, paracoccidioidomycosis, and histoplasmosis. It is rarely used 
for treatment of infections due to Candida and Aspergillus species 
because of the availability of more effective agents. Itraconazole 
is available as a capsule, tablet, or oral solution. The capsule and 
tablet should be taken with food, and ideally an acidic beverage, 
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to increase absorption. By contrast, the solution should be taken 
on an empty stomach, as food decreases the absorption. The drug 
distributes well in most tissues, including bone and adipose tis-
sues. Itraconazole is extensively metabolized by the liver, and the 
drug and inactive metabolites are excreted in the urine and feces. 
Adverse effects include nausea, vomiting, rash (especially in immu-
nocompromised patients), hypokalemia, hypertension, edema, and 
headache. Liver toxicity can also occur, especially when given with 
other hepatotoxic drugs. Itraconazole has a negative inotropic effect 
and should be avoided in patients with evidence of ventricular dys-
function, such as heart failure.

F. Posaconazole

 Posaconazole [poe-sa-KONE-a-zole], a synthetic triazole, is a 
broad-spectrum antifungal structurally similar to itraconazole. It 
is available as an oral suspension, oral tablet, or IV formulation. 
Posaconazole is commonly used for the treatment and prophylaxis 
of invasive Candida and Aspergillus infections in severely immuno-
compromised patients. Because of its broad spectrum of activity, 
posaconazole is used in the treatment of invasive fungal infections 
caused by Scedosporium and Zygomycetes. The drug has low oral 
bioavailability and should be given with food. Unlike other azoles, 
posaconazole is not metabolized by CYP450, but is eliminated via 
glucuronidation. Drugs that increase gastric pH (for example, pro-
ton-pump inhibitors) may decrease the absorption of oral posacon-
azole and should be avoided if possible. Due to its potent inhibition 
of CYP450 3A4, concomitant use of posaconazole with a number of 
agents (for example, ergot alkaloids, atorvastatin, citalopram, and 
risperidone) is contraindicated.

G. Voriconazole

 Voriconazole [vor-i-KON-a-zole], a synthetic triazole related to fluco-
nazole, is a broad-spectrum antifungal agent that is available in both 
IV and oral dosage forms. Voriconazole has replaced amphotericin B 
as the drug of choice for invasive aspergillosis. It is also approved 
for treatment of invasive candidiasis, as well as serious infections 
caused by Scedosporium and Fusarium species. Voriconazole has 
high oral bioavailability and penetrates into tissues well. It is exten-
sively metabolized by CYP450 2C19, 2C9, and 3A4 isoenzymes, and 
the metabolites are primarily excreted via the urine. Voriconazole 
displays nonlinear kinetics, which can be affected by drug inter-
actions and pharmacogenetic variability, particularly CYP450 2C19 
polymorphisms. High trough concentrations have been associated 
with visual and auditory hallucinations and an increased incidence 
of hepatotoxicity. Voriconazole is also an inhibitor of CYP2C19, 2C9, 
and 3A4 isoenzymes. Inhibitors and inducers of these isoenzymes 
may impact levels of voriconazole, leading to toxicity or clinical 
failure, respectively. In addition, drugs that are substrates of these 
isoenzymes are impacted by voriconazole (Figure 33.9). Because 
of  significant interactions, use of voriconazole is contraindicated 
with many drugs (for example, rifampin, rifabutin, carbamazepine, and  
St. John’s wort). 
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Figure 33.9
By inhibiting cytochrome P450, 
voriconazole can potentiate the  
toxicities of other drugs.
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Figure 33.8
Mode of action of azole antifungals.
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Figure 33.10
Summary of triazole antifungals.

H. Isavuconazole

 Isavuconazole [eye-sa-voo-KON-a-zole] is a broad-spectrum antifungal 
agent which is supplied as the prodrug isavuconazonium in IV and oral 
dosage forms. Isavuconazonium is rapidly hydrolyzed by esterases in 
the blood to isavuconazole. Isavuconazole has a spectrum of activity 
similar to voriconazole and is approved for invasive aspergillosis and 
invasive mucormycosis. Isavuconazonium has high bioavailability after 
oral administration and distributes well into tissues. The drug is metab-
olized by CYP450 3A4/5 and uridine diphosphate-glucuronosyltrans-
ferases. Coadministration of isavuconazole with potent CYP450 3A4 
inhibitors and inducers is contraindicated. Isavuconazole is also an 
inhibitor of the CYP450 3A4 isoenzyme, thereby increasing the concen-
trations of drugs that are substrates of CYP450 3A4. Nausea, vomiting, 
diarrhea, and hypokalemia are common adverse effects.

 Figures 33.10 and 33.11 summarize the azole antifungal agents.

I. Echinocandins

 Echinocandins interfere with the synthesis of the fungal cell wall by 
inhibiting the synthesis of β(1,3)-d-glucan, leading to lysis and cell 
death. Caspofungin, micafungin, and anidulafungin are available for 
IV administration once daily. Micafungin is the only echinocandin 
that does not require a loading dose. The echinocandins have potent 
activity against Aspergillus and most Candida species, including 
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Figure 33.11
Major or life-threatening drug interactions of azole drugs. ↑ indicates increased; ↓ indicates decreased.

those species resistant to azoles. However, they have minimal activity 
against other fungi. The most common adverse effects are fever, rash, 
nausea, and phlebitis at the infusion site. They should be adminis-
tered via a slow IV infusion, as they can cause a histamine-like reac-
tion (flushing) when infused rapidly.

1. Caspofungin: Caspofungin [kas-poh-FUN-jin] is a first-line option 
for patients with invasive candidiasis, including candidemia, and a 
second-line option for invasive aspergillosis in patients who have 
failed or cannot tolerate amphotericin B or an azole. The dose 
of caspofungin should be adjusted with moderate hepatic dys-
function. Concomitant administration of caspofungin with CYP450 
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Figure 33.12
Mode of action of squalene  epoxidase 
inhibitors.

enzyme inducers (for example, rifampin) may require an increase 
in caspofungin dose. Caspofungin should not be coadministered 
with cyclosporine due to a high incidence of elevated hepatic 
transaminases with concurrent use.

2. Micafungin and anidulafungin: Micafungin [mi-ka-FUN-jin] 
and anidulafungin [ay-nid-yoo-la-FUN-jin] are first-line options 
for the treatment of invasive candidiasis, including candidemia. 
Micafungin is also indicated for the prophylaxis of invasive 
Candida infections in patients who are undergoing hematopoi-
etic stem cell transplantation. These agents are not substrates 
for CYP450 enzymes and do not have any associated drug 
interactions.

III. DRUGS FOR CUTANEOUS MYCOTIC INFECTIONS

Mold-like fungi that cause cutaneous infections are called dermatophytes 
or tinea. Tinea infections are classified by the affected site (for example, 
tinea pedis, which refers to an infection of the feet). Common dermatomy-
coses, such as tinea infections that appear as rings or round red patches 
with clear centers, are often referred to as “ringworm.” This is a misnomer 
because fungi rather than worms cause the disease. The three different 
fungi that cause the majority of cutaneous infections are Trichophyton, 
Microsporum, and Epidermophyton. The drugs used in the treatment of 
cutaneous mycoses are listed in Figure 33.1.

A. Squalene epoxidase inhibitors

 These agents act by inhibiting squalene epoxidase, thereby blocking 
the biosynthesis of ergosterol, an essential component of the fun-
gal cell membrane (Figure 33.12). Accumulation of toxic amounts of 
squalene results in increased membrane permeability and death of 
the fungal cell.

1. Terbinafine: Oral terbinafine [TER-bin-a-feen] is the drug of 
choice for treating dermatophyte onychomycoses (fungal infec-
tions of nails). It is better tolerated, requires a shorter duration 
of therapy, and is more effective than either itraconazole or gris-
eofulvin for Trichophyton. Therapy is prolonged (usually about 
3 months) but considerably shorter than that with griseofulvin. 
Oral terbinafine may also be used for tinea capitis (infection of 
the scalp). [Note: Oral antifungal therapy (griseofulvin, terbinafine, 
itraconazole) is needed for tinea capitis. Topical antifungals are 
ineffective.] Topical terbinafine (1% cream, gel or solution) is used 
to treat tinea pedis, tinea corporis (ringworm), tinea cruris (infec-
tion of the groin), and tinea versicolor due to Malessezia furfur. 
The duration of treatment is usually 1 week. 

a. Antifungal spectrum: Terbinafine is active against 
Trichophyton. It may also be effective against Candida, 
Epidermophyton, and Scopulariopsis, but the efficacy in 
treating clinical infections due to these pathogens has not 
been established.

b. Pharmacokinetics: Terbinafine is available for oral and topi-
cal administration. The bioavailability after oral administration 
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is only 40% due to first-pass metabolism. Terbinafine is highly 
protein bound and is deposited in the skin, nails, and adipose 
tissue. A prolonged terminal half-life of 200 to 400 hours may 
reflect the slow release from these tissues. Oral terbinafine 
is extensively metabolized by several CYP450 isoenzymes 
and is excreted mainly via the urine (Figure 33.13). The drug 
should be avoided in patients with moderate-to-severe renal 
impairment or hepatic dysfunction. Terbinafine is an inhibi-
tor of the CYP450 2D6 isoenzyme, and concomitant use with 
substrates of CYP450 2D6 may result in an increased risk of 
adverse effects with those agents.

c. Adverse effects: Common adverse effects include diarrhea, 
dyspepsia, nausea, headache, and rash. Taste and visual dis-
turbances have been reported, as well as elevations in serum 
hepatic transaminases. 

2. Naftifine: Naftifine [NAF-ti-feen] is active against Trichophyton, 
Microsporum, and Epidermophyton. Naftifine cream and gel are 
used for the topical treatment of tinea corporis, tinea cruris, and 
tinea pedis. The duration of treatment is usually 2 to 4 weeks.

3. Butenafine: Butenafine [byoo-TEN-a-feen] is active against 
Trichophyton rubrum, Epidermophyton, and Malassezia. Like 
naftifine, butenafine cream is used for topical treatment of tinea 
infections.

B. Griseofulvin

 Griseofulvin [gris-ee-oh-FUL-vin] causes disruption of the mitotic 
spindle and inhibition of fungal mitosis (Figure 33.14). It has been 
largely replaced by oral terbinafine for the treatment of onychomyco-
sis, although it is still used for dermatophytosis of the scalp and hair. 
Griseofulvin is fungistatic and requires a long duration of treatment 
(for example, 6 to 12 months for onychomycosis). The duration of 
therapy is dependent on the rate of replacement of healthy skin and 
nails. Ultrafine crystalline preparations are absorbed adequately from 
the gastrointestinal tract, and absorption is enhanced by high-fat 
meals. The drug concentrates in skin, hair, nails, and adipose tissue. 
Griseofulvin induces hepatic CYP450 activity, which increases the 
rate of metabolism of a number of drugs, including anticoagulants. 
The use of griseofulvin is contraindicated in pregnancy and patients 
with porphyria.

C. Nystatin

 Nystatin [nye-STAT-in] is a polyene antifungal, and its structure, 
chemistry, mechanism of action, and resistance profile resemble 
those of amphotericin B. It is used for the treatment of cutaneous 
and oral Candida infections. The drug is negligibly absorbed from 
the gastrointestinal tract, and it is not used parenterally due to sys-
temic toxicity (acute infusion-related adverse effects and nephro-
toxicity). It is administered as an oral agent (“swish and swallow” 
or “swish and spit”) for the treatment of oropharyngeal candidiasis 
(thrush), intravaginally for vulvovaginal candidiasis, or topically for 
cutaneous candidiasis. 

Figure 33.13
Administration and fate of terbinafine.
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Figure 33.14
Inhibition of mitosis by griseofulvin.
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D. Imidazoles

 Imidazoles are azole derivatives, which currently include buto-
conazole [byoo-toe-KON-a-zole], clotrimazole [kloe-TRIM-a-zole], 
econazole  [e-KONE-a-zole], ketoconazole [kee-toe-KON-a-zole], 
miconazole [my-KON-a-zole], oxiconazole [oks-i-KON-a-zole], sert-
aconazole [ser-ta-KOE-na-zole], sulconazole [sul-KON-a-zole], ter-
conazole [ter-KON-a-zole], and tioconazole [tye-oh-KONE-a-zole]. As 
a class of topical agents, they have a wide range of activity against 
Epidermophyton, Microsporum, Trichophyton, Candida, and Malassezia, 
depending on the agent. The topical imidazoles have a variety of uses, 
including tinea corporis, tinea cruris, tinea pedis, and oropharyngeal and 
vulvovaginal candidiasis. Topical use is associated with contact dermati-
tis, vulvar irritation, and edema. Clotrimazole is also available as a troche 
(lozenge), and miconazole is available as a buccal tablet for the treat-
ment of thrush. Oral ketoconazole is rarely used today due to the risk of 
severe liver injury, adrenal insufficiency, and adverse drug interactions.

E. Efinaconazole

 Efinaconazole [eff-in-a-CON-a-zole] is a topical triazole antifungal 
agent approved for the treatment of toenail onychomycosis caused by 
Trichophyton rubrum and Trichophyton mentagrophytes. The duration 
of treatment is 48 weeks. It has also shown activity against Candida 
albicans. 

F. Ciclopirox

 Ciclopirox [sye-kloe-PEER-oks], a pyridine antimycotic, inhibits the 
transport of essential elements in the fungal cell, disrupting the synthe-
sis of DNA, RNA, and proteins. Ciclopirox is active against Trichophyton, 
Epidermophyton, Microsporum, Candida, and Malassezia. It is avail-
able in a number of formulations. Ciclopirox shampoo is used for the 
treatment of seborrheic dermatitis. Tinea pedis, tinea corporis, tinea 
cruris, cutaneous candidiasis, and tinea versicolor may be treated 
with the cream, gel, or suspension. Onychomycosis can be treated 
with the nail lacquer formulation.

G. Tavaborole

 Tavaborole [tav-a-BOOR-ole] inhibits an aminoacyl-transfer ribonu-
cleic acid synthetase, preventing fungal protein synthesis. Tavaborole 
is active against Trichophyton rubrum, Trichophyton mentagrophytes, 
and Candida albicans. A topical solution is approved for the topical 
treatment of toenail onychomycosis, requiring 48 weeks of treatment. 

H. Tolnaftate

 Tolnaftate [tole-NAF-tate], a topical thiocarbamate, distorts the 
hyphae and stunts mycelial growth in susceptible fungi. Tolnaftate is 
active against Epidermophyton, Microsporum, and Malassezia furfur.  
[Note: Tolnaftate is not effective against Candida.] Tolnaftate is used 
to treat tinea pedis, tinea cruris, and tinea corporis. It is available as a 
solution, cream, and powder.
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IV.  MISCELLANEOUS AGENTS MEANT FOR TOPICAL 
USE IN FUNGAL INFECTIONS

A. Natamycin (pimiricin)

 Natamycin is a polyene amphoteric macrolide having a mechanism 
similar to that of amphotericin B with wide-spectrum antifungal prop-
erties. It is a poorly water-soluble compound used as a 5% sus-
pension for topical use in eye. Upon ocular instillation, natamycin is 
retained in the conjunctival fornices and reaches effective concentra-
tions in cornea for its antimycotic property.

B. Hamycin

 Hamycin is an antifungal agent similar to nystatin but relatively more 
water soluble. It is developed for topical application for oral thrush, 
cutaneous candidiasis, trichomonas vaginitis, etc.

C. Ciclopirox olamine

 Ciclopirox olamine is a broad-spectrum antifungal agent which also 
shows anti-inflammatory and antibacterial activity. It is reported to 
penetrate the skin to the level of dermis, hair follicles, and sebaceous 
glands. The lotion and cream formulations of ciclopirox are effec-
tive in many types of infection, including tinea corporis/cruris, tinea 
pedis, tinea mentagrophytes, tinea rubrum, cutaneous candidiasis, 
pityriasis (tinea) versicolor, and seborrheic dermatitis and in infec-
tions caused by Epidermophyton floccosum and Microsporum canis.  
It is used as a topical formulation (0.77% cream) for the treatment of 
seborrheic dermatitis of the scalp, interdigital tinea pedis, and tinea 
corporis. It is used as 8% nail lacquer for onychomycosis. It has been 
reported to have high cure rates up to 90% for dermatomycoses and 
candidal infections, and no significant topical toxicity has been reported. 

D. Undecylenic acid

 Undecylenic acid is a semisynthetic fatty acid isolated from ricinoleic 
acid of castor oil by pyrolysis. It is a yellow-colored liquid with a typical  
rancid odor. It is fungistatic and upon usage for longer duration at 
higher concentration, it becomes fungicidal. It is used along with zinc 
for the treatment of dermatomycoses caused due to tinea pedis, tinea 
cruris, and Candida. Some clinical studies show that topical unde-
cylenic acid is equivalent to topical tolnaftate in the treatment of 
cutaneous fungal infections. It has also been reported to be effective 
against tinea pedis when used as a topical dusting powder. However, 
its efficacy is lower than that of imidazole and tolnaftate. Undecylenic 
acid is commonly used for the treatment of diaper rash, tinea cruris, 
and other milder forms of fungal infections. 

 E. Benzoic acid

 Benzoic acid is one of the old remedies for topical antifungal therapy. 
The combination of benzoic acid with salicylic acid (in the ratio of 2:1) 
is called Whitfield’s ointment. This combination associates fungistatic 
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Correct answer = B. Amphotericin B is the best choice 
since nephrotoxicity is commonly associated with 
this medication. Although the dose of fluconazole 
must be adjusted for renal insufficiency, it is not asso-
ciated with causing nephrotoxicity. Itraconazole and 
posaconazole are metabolized by the liver and are 
not associated with nephrotoxicity.

Correct answer = A. Voriconazole is the drug of 
choice for aspergillosis. Studies have found it to be 
superior to other regimens including amphotericin B. 
Fluconazole, flucytosine, and ketoconazole do not 
have reliable in vitro activity and are therefore not 
recommended.

Study Questions

Choose the ONE best answer.

33.1 Which antifungal agent is MOST likely to cause 
renal insufficiency?

A. Fluconazole

B. Amphotericin B

C. Itraconazole

D. Posaconazole

33.2 A 55-year-old woman presents to the hospital with 
shortness of breath, fever, and malaise. She has a 
history of breast cancer and is receiving chemo-
therapy. Her chest x-ray shows pneumonia, and 
respiratory cultures are positive for Aspergillus  
fumigatus. Which is the MOST appropriate choice 
for treatment?

A. Voriconazole

B. Fluconazole

C. Flucytosine

D. Ketoconazole

activity of benzoic acid with keratolytic activity of salicylic acid that 
causes the infected stratum corneum to shed. It is used for treating 
tinea pedis and tinea capitis; a prolonged treatment is required to get 
the desired result. It causes mild irritation upon application. 

F. Quiniodochlor

 Quiniodochlor is an antiamoebic compound used by the oral route. It 
has also been reported to exhibit antifungal and antibacterial activity 
on topical application. It has been used for treating dermatophytosis 
seborrhoeic dermatitis, pityriasis versicolor, mycosis barbae, athlete’s 
foot, impetigo, infected eczema, and furunculosis. It is used as vag-
inal creams for the treatment of monilial and trichomonas vaginitis. 
Upon topical application (3% to 8%), it can cause itching, redness, 
peeling, dryness, swelling, and irritation of the skin.

G. Sodium thiosulfate

 Sodium thiosulfate is used topically as a solution at a concentrations 
of 20% to 25% for the treatment of pityriasis (tinea) versicolor. It takes 
3 to 4 weeks to exhibit its effectiveness but repigmentation of skin will 
take a longer time. It is a weak fungistatic agent which is also used 
for treating Malassezia furfur infection. Its application is safe during 
pregnancy. It is generally well tolerated but occasionally it can cause 
mild irritation. 
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33.3 Which antifungal agent should be avoided in 
patients with evidence of ventricular dysfunction?

A. Micafungin

B. Itraconazole

C. Terbinafine

D. Posaconazole

33.4 A 56-year-old woman with diabetes complains 
of thickening of the nail of the right big toe and a 
change in color (yellow). The podiatrist diagnoses 
the patient with onychomycosis of the toenails. 
Which is the most appropriate choice for treating 
this infection?

A. Terbinafine

B. Micafungin

C. Itraconazole

D. Griseofulvin

33.5 A 44-year-old man presents to clinic with fevers 
and chills, headaches, and shortness of breath. 
He reports that he was exploring caves about 
5 weeks ago. He is diagnosed with mild/moderate 
acute pulmonary histoplasmosis. Which is the most 
appropriate choice for treating this infection?

A. Micafungin

B. Itraconazole

C. Terbinafine

D. Griseofulvin

33.6 A 32-year-old HIV-positive woman is admitted to 
the hospital with severe confusion and dizziness. 
She has been nonadherent with her HIV medica-
tions for several months. She is diagnosed with 
meningitis caused by Cryptococcus neoformans. 
Which is the most appropriate choice for treating 
the infection in this patient?

A. Anidulafungin alone

B. Amphotericin B plus flucytosine

C. Flucytosine alone

D. Isavuconazole plus anidulafungin

33.7 A 22-year-old woman reports a cottage cheese–like 
vaginal discharge and slight dysuria for 1 week. 
The patient is diagnosed with vulvovaginal candi-
diasis. She requests as short a course of treatment 
as possible due to her busy schedule. Which anti-
fungal is the best choice?

A. Oral fluconazole

B. Topical miconazole

C. Oral terbinafine

D. Topical efinaconazole

Correct answer = B. There is a black box warning 
that warns against the use of itraconazole in patients 
with evidence of ventricular dysfunction, including 
patients with heart failure.

Correct answer = A. Terbinafine is better tolerated, 
requires a shorter duration of therapy, and is more 
effective than either itraconazole or griseofulvin. 
Micafungin is not active for this type of infection.

Correct answer = B. Itraconazole is the treatment 
of choice in patients with mild/moderate acute pul-
monary histoplasmosis who have had symptoms for 
more than 1 month. Micafungin, terbinafine, and gris-
eofulvin are not active for this type of infection.

Correct answer = B. The treatment of choice for initial 
therapy for cryptococcal meningitis is the combination 
of amphotericin B and flucytosine. Flucytosine should 
not be given alone because of the rapid development 
of resistance. Anidulafungin is not active against this 
type of infection. Isavuconazole has not been studied 
for the treatment of cryptococcal meningitis.

Correct answer = A. Oral fluconazole can be given 
as a one-time dose for vulvovaginal candidiasis. 
Topical miconazole requires multiple days of therapy. 
Terbinafine and efinaconazole are not used clinically 
for vulvovaginal candidiasis.
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33.8 Which drug is relatively free of drug–drug interactions?

A. Voriconazole

B. Itraconazole

C. Micafungin

D. Terbinafine

33.9 Which drug works by creating pores/channels in 
the fungal cell membrane?

A. Fluconazole

B. Anidulafungin

C. Amphotericin B

D. Flucytosine

33.10 Which drug requires a loading dose?

A. Caspofungin

B. Micafungin

C. Liposomal amphotericin B

D. Tavaborole

Correct answer = A. Caspofungin is the only drug 
listed that requires a loading dose before starting the 
maintenance dosing.

Correct answer = C. The echinocandins (includ-
ing micafungin) are not metabolized by the CYP450 
enzyme system, so they have very few drug–drug 
interactions. Voriconazole, itraconazole, and terbina-
fine are all metabolized by the CYP450 enzyme sys-
tem, so they have significant drug–drug interactions.

Correct answer = C. Amphotericin B creates pores/
channels in the fungal cell membrane. Fluconazole 
works by inhibiting the conversion of lanosterol to 
ergosterol. Anidulafungin inhibits the synthesis of 
β-d-glucan. Flucytosine disrupts nucleic acid and 
protein synthesis.

LIR_CH33.indd   579 16/10/18   12:10 PM



LIR_CH33.indd   580 16/10/18   12:10 PM



I. OVERVIEW

Viruses are obligate intracellular parasites. They lack both a cell wall and a 
cell membrane, and they do not carry out metabolic processes. Viruses use 
much of the metabolic machinery of the host, and few drugs are selective 
enough to prevent viral replication without injury to the infected host cells. 
Therapy for viral diseases is further complicated by the fact that clinical 
symptoms appear late in the course of the disease, at a time when most of 
the virus particles have replicated. At this stage of viral infection, adminis-
tration of drugs that block viral replication has limited effectiveness in many 
cases. However, a few virus groups respond to available antiviral drugs, and 
some antiviral agents are useful as prophylactic agents. These agents are 
discussed in this chapter. To assist in the review of these drugs, they are 
grouped according to the type of viral infection they target (Figure 34.1).

II. TREATMENT OF RESPIRATORY VIRAL INFECTIONS

Viral respiratory tract infections for which treatments exist include influ-
enza A and B and respiratory syncytial virus (RSV). [Note: Immunization 
against influenza is the preferred approach. However, antiviral agents are 
used when patients are allergic to the vaccine or outbreaks occur.]

A. Neuraminidase inhibitors

 The neuraminidase inhibitors oseltamivir [os-el-TAM-i-veer] and zana
mivir [za-NA-mi-veer] are effective against both type A and type B 
influenza viruses. They do not interfere with the immune response 
to influenza vaccine. Administered prior to exposure, neuraminidase 
inhibitors prevent infection and, when administered within 24 to 
48  hours after the onset of symptoms, they modestly decrease the 
 intensity and duration of symptoms.

1. Mechanism of action: Influenza viruses employ a specific neur-
aminidase that is inserted into the host cell membrane for the pur-
pose of releasing newly formed virions. This enzyme is essential 
for the virus life cycle. Oseltamivir and zanamivir selectively inhibit 
neuraminidase, thereby preventing the release of new virions and 
their spread from cell to cell.

2. Pharmacokinetics: Oseltamivir is an orally active prodrug that is 
rapidly hydrolyzed by the liver to its active form. Zanamivir is not 
active orally and is administered via inhalation. Both drugs are 
eliminated unchanged in the urine (Figure 34.2). It is available as 
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Figure 34.1
Summary of antiviral drugs.  
HIV = human immunodeficiency virus. 
(Figure continues on next page)

FOR RESPIRATORY VIRUS INFECTIONS 

Amantadine
Oseltamivir
Ribavirin
Rimantadine
Zanamivir
FOR HEPATIC VIRAL INFECTIONS: 
HEPATITIS B

Adefovir 
Entecavir 
Lamivudine
Peginterferon -2a 
Tenofovir alafenamide (TAF)
Tenofovir disoproxil fumarate (TDF)
FOR HEPATIC VIRAL INFECTIONS: 
HEPATITIS C

Daclatasvir 
Elbasvir/grazoprevir 
Glecaprevir/pibrentasvir 
Ledipasvir/sofosbuvir
Paritaprevir/ritonavir/ombitasvir
Paritaprevir/ritonavir/ombitasvir +  
 dasabuvir 
Ribavirin 
Simeprevir 
Sofosbuvir
Sofosbuvir/velpatasvir 
Sofosbuvir/velpatasvir/voxilaprevir
FOR HERPESVIRUS AND  
CYTOMEGALOVIRUS INFECTIONS

Acyclovir
Valacyclovir
Valganciclovir
Ganciclovir
Penciclovir
Cidofovir
Famciclovir
Foscarnet
Trifluridine
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75 mg capsules or 12 mg and 6 mg oral suspension. For adults, 
75 mg OD is the prophylactic dose and therapeutic dose is 75 mg 
twice daily for 5 days.

3. Adverse effects: The most common adverse effects of oseltami
vir are gastrointestinal (GI) discomfort and nausea, which can be 
alleviated by taking the drug with food. Irritation of the respira-
tory tract occurs with zanamivir. It should be used with caution in 
individuals with asthma or chronic obstructive pulmonary disease, 
because bronchospasm may occur.

4. Resistance: Mutations of the neuraminidase enzyme have been 
identified in adults treated with either of the neuraminidase inhibi-
tors. These mutants, however, are often less infective and virulent 
than the wild type.

B. Adamantane antivirals

1. Amantadine and rimantadine: The therapeutic spectrum of 
the adamantane derivatives, amantadine [a-MAN-ta-deen] and 
rimantadine [ri-MAN-ta-deen], is limited to influenza A infec-
tions. Amantadine is a unique tricyclic amine which is known to 
inhibit the replication of influenza A viruses. M2 protein of influ-
enza A virus is a proton channel spanning the viral envelope. 
This proton channel is required for uncoating of viral particles. 
By binding to the M2 proton channel, poreamantadine inhibits 
the step of uncoating of virus which is an early step in viral rep-
lication. Rimantadine is an α-methyl derivative of amantadine 
having 4 to 10 times more activity and a similar mechanism  
of action. Due to widespread resistance, the adamantanes are 
not widely recommended in few countries in the world for the 
treatment or prophylaxis of influenza A. Amantadine is adminis-
tered orally and excreted unchanged in urine over 2 to 3 days.  
The reported side effects are minor GI related and dose related. 
Nervousness, lightheadedness, concentration difficulties, 
insomnia, and loss of appetite are also reported but they are 
much less reported with rimantadine. Seasonal prophylaxis a 
total dose of 200 mg/day is used as a single or divided dose. 
For the treatment of influenza, it is used at a dose of 200 mg/day  
for 5 days. For the prevention in nosocomial influenza, 100 mg/ day  
is administered. Amantadines are effective if used within 2 days 
of H1N1 infection. All H3N3 strains of influenzae around the 
world are resistant to amantadines. Resistance develops in virus 
by mutation in the RNA sequence encoding M2 protein trans-
membrane domain, and it happens 2 to 3 days of the initiation 
of treatment. Amantadine has also been used in Parkinson’s 
disease as it shows a mild anti-Parkinson activity.

C. Ribavirin

 Ribavirin [rye-ba-VYE-rin], a synthetic guanosine analog, is effective 
against a broad spectrum of RNA and DNA viruses. For example, 
ribavirin is used in the treatment of immunosuppressed infants and 
young children with severe RSV infections. Ribavirin is also effective 
in chronic hepatitis C infections when used in combination with other 
direct-acting antivirals.

Figure 34.2
Administration and fate of oseltamivir 
and zanamivir.

FOR HIV: NUCLEOSIDE AND NUCLEOTIDE  
REVERSE TRANSCRIPTASE INHIBITORS

Zidovudine (AZT, ZDV)
Abacavir (ABC)
Didanosine (DDI)
Stavudine (d4T)
Emtricitabine (FTC)
Lamivudine (3TC)
Tenofovir (TAF and TDF)
Zalcitabine (ddC)
NON-NUCLEOSIDE REVERSE  
TRANSCRIPTASE INHIBITORS

Efaviranz (EFV)
Nevirapine (NVP)
Delavirdine (DLV)
PROTEASE INHIBITORS

Atazanavir (ATV)
Fosamprenavir (FPV)
*Ritonavir (RTV)
Lopinavir (LPV)
Sequinavir (SQV)
Tipranavir (TPV)
INTEGRASE STRAND TRANSFER  
INHIBITOR

Raltegravir (RAL)
FUSION AND ENTRY INHIBITOR

Enfluvirtide (T 20)
Maraviroc (MVC)

Figure 34.1 (Continued) 
Summary of antiviral drugs. HIV = human  
immunodeficiency virus. *Part of a fixed-
dose combination. (For drug dosages, 
refer to Appendix at the end of the book.)

Oseltamivir Zanamivir

Oseltamivir
is taken
orally

Zanamivir
is inhaled

Oseltamivir and zanamivir
appear unchanged in urine
Oseltamivir and zanamivir
appear unchanged in urine
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1. Mechanism of action: Ribavirin inhibits replication of RNA and 
DNA viruses. The drug is first phosphorylated to the 5′-phosphate 
derivatives. The major product ribavirin triphosphate exerts its 
antiviral action by inhibiting guanosine triphosphate formation, 
preventing viral messenger RNA (mRNA) capping, and blocking 
RNA-dependent RNA polymerase.

2. Pharmacokinetics: Ribavirin is effective orally and by inhalation. 
An aerosol is used in the treatment of RSV infection. Absorption is 
increased if the oral drug is taken with a fatty meal. A steady state 
can be achieved in 4 weeks of treatment. The drug and its metab-
olites are eliminated in urine (Figure 34.3). In renal insufficiency, 
ribavirin has to be used cautiously. It is used at a dose of 500 mg, 
or 600 mg (for >75 kg) is given as twice daily over a period of 
6 to 12 months depending upon the necessity (based on virology 
parameters). 

3. Adverse effects: Adverse effects of ribavirin include dose- 
dependent transient anemia. Elevated bilirubin has also been 
reported. The aerosol may be safer, although respiratory function 
in infants can deteriorate quickly after initiation of aerosol treat-
ment. Therefore, monitoring is essential. Ribavirin is contraindi-
cated in pregnancy (Figure 34.4).

III. TREATMENT OF HEPATIC VIRAL INFECTIONS

Each of the hepatitis viruses currently identified (A, B, C, D, and E) has 
a pathogenesis which specifically involves replication in and destruction 
of hepatocytes. Of this group, hepatitis B (a DNA virus) and hepatitis C  
(an RNA virus) are the most common causes of chronic hepatitis, cir-
rhosis, and hepatocellular carcinoma (Figure 34.5) and are the only 
hepatic viral infections for which therapy is currently available. [Note: 
Hepatitis A is a commonly encountered infection caused by oral inges-
tion of the virus, but it is not a chronic disease.] Chronic hepatitis B 
may be treated with peginterferonα2a [peg-in-ter-FEER-on AL-fa], 
which is injected subcutaneously once weekly. Oral therapy for chronic 
hepatitis B virus (HBV) includes lamivudine [la-MIV-yoo-deen], adefovir 
[a-DEF-o-veer], entecavir [en-TEK-a-vir], and tenofovir [ten-OF-oh-vir] 
(see Section VIII for tenofovir). The preferred treatment for chronic hep-
atitis C virus (HCV) is a combination of direct- acting antivirals (DAAs), 
the selection of which is based on the hepatitis C genotype. In cer-
tain cases, ribavirin is added to a DAA regimen to enhance virologic 
response. With the introduction of new DAAs, pegylated interferon α  
is no longer commonly used in HCV, and it is not recommended in current 
guidelines due to inferior efficacy and poor tolerability. 

IV. TREATMENT OF HEPATITIS B

A. Interferons

 Interferons are a family of naturally occurring, inducible glycoproteins 
that interfere with the ability of viruses to infect cells. The interfer-
ons are synthesized by recombinant DNA technology. At least three 
types of interferons exist—α, β, and γ (Figure 34.6). In “pegylated” 
formulations, bis-monomethoxy polyethylene glycol has been cova-
lently attached to interferon α to increase the size of the molecule. 

Poor penetration
into CNS

Aerosol

Drug and
metabolites
appear
in urine

Drug and
metabolites
appear in urine

Figure 34.3
Administration and fate of ribavirin.

Figure 34.4
Ribavirin causes teratogenic effects.

Ribavirin

Contraindicated
in pregnancy

Figure 34.5
The prevalence of chronic hepatitis 
B and C in the United States. Data 
from Surveillance for Viral Hepatitis – 
United States 2015; https://www.cdc 
.gov/hepatitis/statistics/2015 
surveillance/commentary.htm

Hepatitis B

Hepatitis C

0 2 4
Millions of people
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The larger molecular size delays absorption from the injection site, 
lengthens the duration of action of the drug, and also decreases its 
clearance.

1. Mechanism of action: The antiviral mechanism is incompletely 
understood. It appears to involve the induction of host cell 
enzymes through the activation of JAK-STAT tyrosine protein 
kinase receptors causing the inhibition of viral RNA translation, 
ultimately leading to the degradation of viral mRNA and tRNA.

2. Therapeutic uses: Peginterferon α2a is approved for the treat-
ment of chronic HBV infection. It is also indicated for the treat-
ment of HCV in combination with other agents, although its use 
is uncommon due to availability of more effective agents. For 
chronic hepatitis B infection, it is interferon α2a that is adminis-
tered at a dose of 5 to 10 MU (INF 2β = 5 to 10 MU) three times 
a week for 4 to 6 months depending upon virologic parameters. 

3. Adverse effects: These include flu-like symptoms, such as fever, 
chills, myalgias, arthralgias, and GI disturbances. Fatigue and 
mental depression are common. The principal dose-limiting tox-
icities are bone marrow suppression, severe fatigue and weight 
loss, neurotoxicity characterized by somnolence and behavioral 
disturbances, autoimmune disorders such as thyroiditis, and, 
rarely, cardiovascular problems such as heart failure. 

B. Lamivudine

 This cytosine analog is an inhibitor of both hepatitis B virus (HBV) 
and human immunodeficiency virus (HIV) reverse transcriptases (RTs). 
Lamivudine must be phosphorylated by host cellular enzymes to the 
triphosphate (active) form. This compound competitively inhibits HBV 
RNA-dependent DNA polymerase. As with many nucleotide analogs, 
the intracellular half-life of the triphosphate is many hours longer than 
its plasma half-life. The rate of HBV resistance is high following long-
term therapy with lamivudine and, therefore, lamivudine is no longer 
recommended in current hepatitis B guidelines. For chronic HBV, it 
is used at a dose of 100 mg once daily till hepatic and virological 
parameters improve.

C. Adefovir

 Adefovir is a nucleotide analog that is phosphorylated by cellu-
lar kinases to adefovir diphosphate, which is then incorporated into 
viral DNA. This leads to termination of chain elongation and prevents 
replication of HBV. Adefovir is administered once daily and is renally 
excreted via glomerular filtration and tubular secretion. As with other 
agents, discontinuation of adefovir may result in severe exacerbation 
of hepatitis. Nephrotoxicity may occur with chronic use, and the drug 
should be used cautiously in patients with existing renal dysfunction. 
Adefovir is no longer recommended in current hepatitis B guidelines 
due to lower efficacy compared to other agents. Adefovir is used at 
an oral dose of 10 mg once daily. 

Chronic 
hepatitis
B and C

Genital warts 
caused by 
papilloma-
virus

Leukemia, 
 hairy-cell
Leukemia, 
 chronic 
 myelogenous

Kaposi
sarcoma

Relapsing-
remitting 
multiple 
sclerosis

Interferon-� Interferon-� Interferon-�

Chronic 
granulo-
matous 
disease

Figure 34.6
Some approved indications for 
interferon.
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585V. Treatment of Hepatitis C 

D. Entecavir

 Entecavir is a guanosine nucleoside analog for the treatment of HBV 
infection. Following intracellular phosphorylation to the triphosphate, 
it competes with the natural substrate, deoxyguanosine triphosphate, 
for viral RT. Entecavir is effective against lamivudine-resistant strains of 
HBV and is dosed once daily. The drug is primarily excreted unchanged 
in the urine and dosage adjustments are needed in renal dysfunction. 
Concomitant use of drugs with renal toxicity should be avoided.

V. TREATMENT OF HEPATITIS C 

Hepatitis C virus (HCV) enters the hepatocyte following interaction with cellular 
entry factors. Once inside the cell, a viral genome is released from the nucleo-
capsid and an HCV polyprotein is translated using the internal ribosome entry 
site. The polyprotein is then cleaved by cellular and viral proteases to yield 
structural and nonstructural proteins. The core NS3 and NS5A proteins form 
the replication complex on lipid droplets and serve as a scaffold for RNA 
 polymerase to replicate the viral genome, which is then packaged in enve-
lope glycoproteins before noncytolytic secretion of mature virions. Several 
direct-acting antiviral agents targeting the NS3/NS4A protease, NS5B poly-
merase, and NS5A involved in HCV replication and assembly are available.

Combination therapy with DAAs is necessary to optimize HCV treatment 
response rates. Current combinations employ multiple DAAs that target dif-
ferent stages of the HCV life cycle simultaneously (Figure 34.7). With com-
bination therapy, the agents are collectively able to suppress both wild-type 
and drug-resistant viral populations. Certain combinations may have different 
efficacy based on the genotype of HCV. It is anticipated that additional agents 
will be available in the near future. For a summary of current guidelines and 
regimens recommended in specific scenarios, see www.hcvguidelines.org.

A. NS3/NS4A protease inhibitors

 The viral NS3/NS4A serine protease is crucial for processing the sin-
gle polyprotein encoded by HCV RNA into individually active pro-
teins, NS4A, NS4B, NS5A, and NS5B. Without these serine proteins, 
RNA replication does not occur and the HCV life cycle is effectively 

APPROVED HCV GENOTYPESBRAND NAME(S)GENERIC NAME(S)

Elbasvir/grazoprevir 1, 4Zepatier

Glecaprevir/pibrentasvir 1, 2, 3, 4, 5, 6Mavyret

Paritaprevir/ritonavir/ombitasvir 4Technivie

Paritaprevir/ritonavir/ombitasvir + dasabuvir 1Viekira Pak, Viekira XR

Sofosbuvir + daclatasvir 1, 3Sovaldi + Daklinza

Sofosbuvir/ledipasvir 1, 4, 5, 6Harvoni

Sofosbuvir + simeprevir 1Sovaldi + Olysio

Sofosbuvir/velpatasvir 1, 2, 3, 4, 5, 6Epclusa

Sofosbuvir/velpatasvir/voxilaprevir 1, 2, 3, 4, 5, 6Vosevi

Figure 34.7
Combinations of direct-acting antiviral agents for treatment of hepatitis C virus. HCV = hepatitis C virus.
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disrupted. Simeprevir [sim-E-pre-vir], paritaprevir [PAR-i-TAP-re-vir] 
(which requires ritonavir  [rit-OH-na-vir] boosting), grazoprevir [graz-OH-
pre-vir], voxilaprevir [VOX-i-LA-pre-vir], and glecaprevir [glec-A-pre-vir] 
are DAAs that inhibit the NS3/NS4A serine protease as their primary 
mechanism of action. [Note: HCV protease inhibitors often have the 
ending “-previr.”] These drugs have a lower barrier to resistance than 
other agents, such as sofosbuvir. Use of HCV protease inhibitors pres-
ents significant potential for drug–drug interactions due to their metab-
olism by CYP3A enzymes. Adverse effects of NS3/NS4A protease 
inhibitors include rash, pruritus, nausea, fatigue, and anemia. 

B. NS5B polymerase inhibitors

 NS5B is the sole RNA polymerase responsible for HCV replication 
and is processed with other HCV proteins into an individual poly-
peptide by the viral NS3/NS4A serine protease. There are two types 
of NS5B RNA polymerase inhibitors: 1) nucleoside/nucleotide ana-
logs that compete for the enzyme active site and 2) non-nucleoside 
 analogs that target allosteric sites. Sofosbuvir [soe-FOS-bue-vir] is 
currently the only NS5B nucleotide polymerase inhibitor for the treat-
ment of HCV infection, and dasabuvir [da-SAB-ue-vir] is the only non- 
nucleoside analog. [Note: NS5B inhibitors often end in “-buvir.”] NS5B 
polymerase inhibitors are well tolerated with few adverse effects. 

C. NS5A replication complex inhibitors

 NS5A is a viral protein that is essential for HCV RNA replication and 
assembly. Its role in replication appears to be the formation of a mem-
branous web along with viral protein NS4B, and this web provides a 
platform for replication. The currently available NS5A inhibitors include 
ledipasvir [le-DIP-as-vir], ombitasvir [om-BIT-as-vir], elbasvir [ELB-as-
vir], velpatasvir [vel-PAT-as-vir], pibrentasvir [pi-BRENT-as-vir], and 
daclatasvir [dak-LAT-as-vir]. [Note: NS5A inhibitors often end in “-asvir.”] 
With the exception of daclatasvir, these agents are all coformulated 
with other direct-acting antivirals (Figure 34.7). NS5A inhibitors have a 
number of clinically significant drug interactions due to their metabo-
lism by hepatic CYP450 isoenzymes and inhibition of P-glycoprotein 
(P-gp). For example, daclatasvir is extensively metabolized via hepatic 
CYP3A4 enzymes, and the drug is contraindicated in combination with 
strong CYP3A4 inducers because of the potential for reduced efficacy. 
In addition, the dose of daclatasvir should be decreased when coad-
ministered with strong CYP3A4 inhibitors and increased when coad-
ministered with moderate CYP3A4 inducers. Absorption of ledipasvir is 
reduced when gastric pH is increased. Patients receiving proton-pump 
inhibitors should either stop these agents during HCV therapy with 
ledipasvir or take the proton-pump inhibitor with ledipasvir-containing 
regimens under fasted conditions to ensure that gastric pH is at its 
lowest point at the time of drug administration.

D. Ribavirin

 Ribavirin is approved for the treatment of chronic HCV when used 
in combination with standard or pegylated interferon or with DAAs. 
Ribavirin, a guanosine analog, improves viral clearance, decreases 
relapse rates, and improves rates of sustained virologic response 
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when used in combination with other agents. The addition of ribavirin 
to DAA-based regimens is based on HCV genotype/subtype, cirrho-
sis status, mutational status, and treatment history. Despite its use in 
patients with HCV for more than 20 years, the precise mechanism(s) 
by which ribavirin improves outcomes is unknown. Ribavirin remains 
an important component of HCV therapy, even in the age of DAA 
therapy. Whether use of ribavirin will be necessary with future DAAs 
is not known. The dose of ribavirin is always weight-based and it is 
administered in two daily divided doses with food.

VI. TREATMENT OF HERPES VIRUS INFECTIONS

Herpes viruses are associated with a broad spectrum of diseases, for 
example, cold sores, viral encephalitis, and genital infections. The drugs 
that are effective against these viruses exert their actions during the acute 
phase of viral infections and are without effect during the latent phase.

A. Acyclovir

 Acyclovir [ay-SYE-kloe-veer] is the prototypic antiherpetic therapeutic 
agent. Herpes simplex virus (HSV) types 1 and 2, varicella-zoster virus 
(VZV), and some Epstein-Barr virus–mediated infections are sensitive 
to acyclovir. It is the treatment of choice in HSV encephalitis. The 
most common use of acyclovir is in therapy for genital herpes infec-
tions. It is also given prophylactically to seropositive patients before 
bone marrow transplant and post–heart transplant to protect such 
individuals from herpetic infections.

1. Mechanism of action: Acyclovir, a guanosine analog, is mono-
phosphorylated in the cell by the herpesvirus-encoded enzyme 
thymidine kinase (Figure 34.8). Therefore, virus-infected cells are 
most susceptible. The monophosphate analog is converted to 
the di- and triphosphate forms by the host cell kinases. Acyclovir 
triphosphate competes with deoxyguanosine triphosphate as a 
substrate for viral DNA polymerase and is itself incorporated into 
the viral DNA, causing premature DNA chain termination.

2. Pharmacokinetics: Acyclovir is administered by intravenous (IV),  
oral, or topical routes. [Note: The efficacy of topical applica-
tions is questionable.] The drug distributes well throughout the 
body, including the cerebrospinal fluid (CSF). Acyclovir is partially 
metabolized to an inactive product. Excretion into the urine occurs 
by both glomerular filtration and tubular secretion (Figure  34.9). 
Acyclovir accumulates in patients with renal failure. The valyl 
ester, valacyclovir [val-a-SYE-kloe-veer], has greater oral bioavail-
ability than acyclovir. This ester is rapidly hydrolyzed to acyclovir 
and achieves levels of the latter comparable to those of acyclovir 
following IV administration (as infusion for 1 hour) at a dose of 
5  to 15 mg/kg up to 7 to 10 days. Orally, acyclovir is used at a 
dose of 200 mg five times a day or 400 mg three times a day for 
7 to 10 days. For topical application, acyclovir is used at a dose 
of 5% ointment.

3. Adverse effects: Adverse effects of acyclovir treatment depend 
on the route of administration. For example, local irritation may 
occur from topical application; headache, diarrhea, nausea, and 
vomiting may result after oral administration. Transient renal 
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 dysfunction may occur at high doses or in a dehydrated patient 
receiving the drug intravenously.

4. Resistance: Altered or deficient thymidine kinase and DNA poly-
merases have been found in some resistant viral strains and are 
most commonly isolated from immunocompromised patients. 
Cross-resistance to the other agents in this family occurs.

B. Cidofovir

 Cidofovir [si-DOE-foe-veer] is indicated for the treatment of cytomeg-
alovirus (CMV) retinitis in patients with AIDS. [Note: CMV is a member 
of the herpesvirus family.] Cidofovir is a nucleotide analog of cyto-
sine, the phosphorylation of which is not dependent on viral or cellular 
enzymes. It inhibits viral DNA synthesis. Slow elimination of the active 
intracellular metabolite permits prolonged dosage intervals and elim-
inates the permanent venous access needed for ganciclovir therapy. 
Cidofovir is administered intravenously. Cidofovir produces significant 
renal toxicity (Figure 34.10), and it is contraindicated in patients with 
pre-existing renal impairment and in those taking nephrotoxic drugs. 
Neutropenia and metabolic acidosis also occur. Oral probenecid and 
IV normal saline are coadministered with cidofovir to reduce the risk 
of nephrotoxicity. Since the introduction of highly active antiretrovi-
ral therapy (HAART), the prevalence of CMV infections in immuno-
compromised hosts has markedly declined, as has the importance of 
cidofovir in the treatment of these patients.

C. Foscarnet

 Unlike most antiviral agents, foscarnet [fos-KAR-net] is not a purine 
or pyrimidine analog. Instead, it is a pyrophosphate derivative and 
does not require activation by viral (or cellular) kinases. Foscarnet is 
approved for CMV retinitis in immunocompromised hosts and for 
 acyclovir-resistant HSV infections. Foscarnet works by reversibly inhib-
iting viral DNA and RNA polymerases, thereby interfering with viral DNA 
and RNA synthesis. Mutation of the polymerase structure is responsible 
for resistant viruses. Foscarnet is poorly absorbed orally and must be 
injected intravenously. It must also be given frequently to avoid relapse 
when plasma levels fall. It is dispersed throughout the body, and greater 
than 10% enters the bone matrix, from which it slowly disperses. The 
parent drug is eliminated by glomerular filtration and tubular secretion 
(Figure 34.11). Adverse effects include nephrotoxicity, anemia, nausea, 
and fever. Due to chelation with divalent cations, hypocalcemia and 
hypomagnesemia are also seen. In addition, hypokalemia, hypo- and 
hyperphosphatemia, seizures, and arrhythmias have been reported.

D. Ganciclovir

 Ganciclovir [gan-SYE-kloe-veer] is an analog of acyclovir that has 
greater activity against CMV. It is used for the treatment of CMV retini-
tis in immunocompromised patients and for CMV prophylaxis in trans-
plant patients. Ganciclovir is used at a dose of 5 mg/kg twice daily for 
2 to 3 weeks followed by once a day as injection. It is administered at 
an oral dose of 1000 mg thrice daily with food or 500 mg six times a 
day (every 3 hours with food). Valacyclovir is used at a dose of 0.5 to 
1  g twice daily orally for 5 to 10 days depending upon the type of 
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herpes infection. Intravenous formulation of ganciclovir has also been 
used for intravitreal injection for CMV retinitis. 

1. Mechanism of action: Like acyclovir, ganciclovir is activated 
through conversion to the nucleoside triphosphate by viral and cel-
lular enzymes. The nucleotide inhibits viral DNA polymerase and 
can be incorporated into the DNA resulting in chain termination.

2. Pharmacokinetics: Ganciclovir is administered IV and distrib-
utes throughout the body, including the CSF. Excretion into the 
urine occurs through glomerular filtration and tubular secretion 
(Figure 34.12). Like acyclovir, ganciclovir accumulates in patients 
with renal failure. Valganciclovir [val-gan-SYE-kloe-veer], an oral 
drug, is the valyl ester of ganciclovir. Like valacyclovir, valganci
clovir has high oral bioavailability, because rapid hydrolysis in the 
intestine and liver after oral administration leads to high levels of 
ganciclovir.

3. Adverse effects: Adverse effects include severe, dose- dependent 
neutropenia. Ganciclovir is carcinogenic as well as teratogenic 
and carries a boxed warning for use in pregnancy.

4. Resistance: Resistant CMV strains have been detected that have 
lower levels of ganciclovir triphosphate.

E. Penciclovir and famciclovir

 Penciclovir [pen-SYE-kloe-veer] is an acyclic guanosine nucleoside 
derivative that is active against HSV-1, HSV-2, and VZV. Penciclovir is 
administered topically (Figure 34.13). It is monophosphorylated by viral 
thymidine kinase, and cellular enzymes form the nucleoside triphos-
phate, which inhibits HSV DNA polymerase. Penciclovir triphosphate 
has an intracellular half-life much longer than acyclovir  triphosphate. 
Penciclovir is negligibly absorbed upon topical application and is well 
tolerated. Famciclovir [fam-SYE-kloe-veer], another acyclic analog 
of 2′-deoxyguanosine, is a prodrug that is metabolized to the active 
penciclovir. The antiviral spectrum is similar to that of ganciclovir, and it 
is approved for treatment of acute herpes zoster, genital HSV infection, 
and recurrent herpes labialis. The drug is  effective orally (Figure 34.13). 
Adverse effects include headache and nausea. Famciclovir is used at 
a dose of 250 mg thrice a day for 5 to 10 days for the first episode of 
genital herpes. For recurrent infections, it is used at a dose of 250 mg 
twice a day for prolonged periods. Higher doses up to 500 mg twice a 
day are used for herpes in immunocompromised patients to suppress 
recurrent genital HSV. Topical 1% penciclovir is applied every 2 hours 
in day time for 4 days to enhance the healing.

F. Trifluridine

 Trifluridine [trye-FLURE-i-deen] is a fluorinated pyrimidine nucleoside 
analog that is structurally similar to thymidine. Once converted to the 
triphosphate, the agent is believed to inhibit the incorporation of thy-
midine triphosphate into viral DNA and, to a lesser extent, lead to the 
synthesis of defective DNA that renders the virus unable to replicate. 
Trifluridine is active against HSV-1, HSV-2, and vaccinia virus. It is 
indicated for the treatment of HSV keratoconjunctivitis and recurrent 
epithelial keratitis. Because the triphosphate form of trifluridine can 
also incorporate to some degree into cellular DNA, the drug is too 
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toxic for systemic use. Therefore, the use of trifluridine is restricted to 
a topical ophthalmic preparation (1% solution). A short half-life neces-
sitates that the drug be applied frequently. Adverse effects include a 
transient irritation of the eye and palpebral (eyelid) edema.

G. Imiquimod

 Imiquimod is an immunomodulatory compound which is used as a 
topical treatment in the case of Condylomata acuminate (genital wart), 
Molluscum contagiosum, and other dermatological conditions due to 
DNA viruses. It does not have any direct effect on the virus and the 
effect is indirect. It is applied as a topical 5% cream for the treatment of 
genital warts. Upon application, it induces local cytokines such as INF 
(interferon) α, β, and γ along with tumor necrosis factor (TNF) α which  
in turn decreases the viral load and the size of the warts in most of the 
cases. It is applied topically on the warts, three times a week for 10 to 
16 weeks. Its application causes localized erythema, itching, burning, 
and excoriation in patients. 

 Figure 34.14 summarizes selected antiviral agents.

VIRUSES OR DISEASES AFFECTEDMECHANISM OF ACTIONANTIVIRAL DRUG

Acyclovir Metabolized to acyclovir triphosphate, Herpes simplex, varicella-zoster, cytomegalovirus  
 which inhibits viral DNA polymerase   

Amantadine Blockage of the M2 protein ion channel In�uenza A   
 and its ability to modulate intracellular pH

Cidofovir Inhibition of viral DNA polymerase Cytomegalovirus; indicated only for virus-induced retinitis  
   
Famciclovir Same as penciclovir Herpes simplex, varicella-zoster   
 
Foscarnet Inhibition of viral DNA polymerase and Cytomegalovirus, acyclovir-resistant herpes simplex,  
 reverse transcriptase at the acyclovir-resistant varicella-zoster
 pyrophosphate-binding site  
 
Ganciclovir Inhibits viral DNA polymerase Cytomegalovirus   

Interferon-α Induction of cellular enzymes that interfere Hepatitis B and C, human herpesvirus 8, papilloma virus,  
 with viral protein synthesis Kaposi sarcoma,  hairy cell leukemia, chronic myelogenous 
  leukemia

Lamivudine Inhibition of viral DNA polymerase and Hepatitis B (chronic cases), human immunode�ciency   
 reverse transcriptase virus type 1

Oseltamivir  Inhibition of viral neuraminidase In�uenza A  and B

Penciclovir Metabolized to penciclovir triphosphate, Herpes simplex   
 which inhibits viral DNA polymerase

Ribavirin Interference with viral messenger RNA Lassa fever, hantavirus (hemorrhagic fever renal syndrome),  
  hepatitis C (in combination with direct-acting antiviral agents), 
  RSV in children and infants

Rimantadine Blockage of the M2 protein ion channel In�uenza A   
 and its ability to modulate intracellular pH

Valacyclovir Same as acyclovir Herpes simplex, varicella-zoster, cytomegalovirus 

Zanamivir   Inhibition of viral neuraminidase  In�uenza A and B

Figure 34.14
Summary of selected antiviral agents. RSV = respiratory syncytial virus. Modified from H. H. Balfour. Antiviral 
drugs. N. Engl. J. Med. 340: 1255 (1999).
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VII. TREATMENT OF HIV INFECTION

Prior to approval of zidovudine [zye-DOE-vyoo-deen] in 1987, the  treatment of 
HIV infections focused on decreasing the occurrence of opportunistic infec-
tions that caused a high degree of morbidity and mortality in AIDS patients. 
Today, the viral life cycle is understood (Figure 34.15), and a  combination of 
drugs is used to suppress replication of HIV and restore the number of CD4 
cells and immunocompetence to the host. This multidrug regimen is com-
monly referred to as antiretroviral therapy, or ART (Figure 34.16). There are five 
classes of antiretroviral drugs, each of which targets one of the four viral pro-
cesses. These classes of drugs are nucleoside and nucleotide reverse tran-
scriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors 
(NNRTIs), protease inhibitors (PIs), entry inhibitors, and integrase inhibitors.  
There are also two pharmacokinetic enhancers, also known as “boosters,” 
which lack anti-HIV activity themselves, but rather serve to increase drug 
levels of concomitantly administered antiretroviral agents and allow for 
less-frequent dosing and less  variation in drug levels. The initial therapy for 
HIV consists of a combination of two NRTIs with an integrase inhibitor, an 
NNRTI, or a boosted PI. Selection of the appropriate combination is based 
on 1) avoidance of the use of two agents of the same nucleoside analog; 
2) avoidance of overlapping toxicities and genotypic and phenotypic char-
acteristics of the virus; 3) patient factors, such as disease symptoms and 
concurrent illnesses; 4)  impact of drug interactions; and 5) ease of adher-
ence to the regimen. The goals of therapy are to maximally and durably sup-
press HIV RNA replication, to restore and preserve immunologic function, 
to reduce HIV-related morbidity and mortality, and to improve quality of life.

VIII. NRTIs USED TO TREAT HIV INFECTION

A. Overview of NRTIs

 NRTIs were the first agents available to treat HIV infection and cur-
rently, the use of two NRTIs is a mainstay of most initial antiretroviral 
regimens. Available NRTIs include zidovudine, lamivudine, emtricitabine 
[em-trye-SYE-ta-been], tenofovir, didanosine [dye-DAN-oh-seen], and 
abacavir [a-BAK-a-veer]. Stavudin is no longer recommended because 
of its life-threatening side effects. The most commonly used NRTIs 
are tenofovir, abacavir, emtricitabine, and lamivudine, and these NRTIs 
are recommended parts of initial regimens for most patients with HIV. 
Tenofovir disoproxil fumarate in combination with emtricitabine can 
also be used for pre-exposure prophylaxis in individuals at high risk 
for HIV acquisition.

1. Mechanism of action: These agents are inhibitors of HIV reverse 
transcriptase. NRTIs are analogs of native ribosides (nucleosides 
or nucleotides containing ribose), which all lack a 3′-hydroxyl 
group. Once they enter cells, they are phosphorylated by cel-
lular enzymes to the corresponding triphosphate analog, which 
is preferentially incorporated into the viral DNA by RT. Because 
the 3′-hydroxyl group is not present, a 3′,5′-phosphodiester bond 
between an incoming nucleoside triphosphate and the grow-
ing DNA chain cannot be formed, and DNA chain elongation is 
terminated. Affinities of the drugs for many host cell DNA poly-
merases are lower than they are for HIV RT, although mitochon-
drial DNA polymerase γ appears to be susceptible at therapeutic 
concentrations.
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2. Pharmacokinetics: All of the NRTIs are administered orally. 
[Note: Zidovudine is also available as an intravenous formula-
tion.] Tenofovir is available in two different salt forms as tenofovir 
disoproxil fumarate (TDF) and tenofovir alafenamide (TAF), both 
prodrugs of tenofovir. The tenofovir prodrug is converted by 
lymphoid cellular enzymes to tenofovir diphosphate, which is the 
active form of the drug and an inhibitor of HIV RT. TAF achieves 
improved anti-HIV activity at lower doses than TDF, resulting in a 
5- to 7-fold increase in intracellular diphosphate in the lymphoid 
cell and in lower circulating plasma tenofovir  levels. Because 
of this, TAF has fewer adverse effects (renal insufficiency and 
loss of bone mineral density) than TDF. The NRTIs are primar-
ily renally excreted, and all require dosage adjustment in renal 
insufficiency except abacavir, which is metabolized by alcohol 
dehydrogenase and glucuronyl transferase.

3. Adverse effects: Many toxicities of the NRTIs are believed to 
be due to inhibition of the mitochondrial DNA polymerase in cer-
tain tissues. As a general rule, the dideoxynucleosides, such as 
didanosine and stavudine, have a greater affinity for the mito-
chondrial DNA polymerase, leading to toxicities such as periph-
eral neuropathy, pancreatitis, and lipoatrophy. Because of these 
mitochondrial toxicities, didanosine and stavudine are rarely used 
in current antiretroviral regimens. When more than one NRTI is 
given, care is taken to avoid overlapping toxicities. All NRTIs have 
been associated with potentially fatal liver toxicity characterized 
by lactic acidosis and hepatomegaly with steatosis. Abacavir is 
associated with a hypersensitivity reaction which affects approx-
imately 5% of patients, which is usually characterized by drug 
fever, plus a rash, GI symptoms, malaise, or respiratory distress 
(Figure 34.17). Sensitized individuals should never be rechallenged 
with abacavir because of rapidly appearing, severe reactions that 
may lead to death. A genetic test (HLA-B*5701) is available to 
screen patients for the potential of this reaction. Figure 34.18 
shows some adverse reactions commonly seen with nucleoside 
analogs. 

4. Drug interactions: Due to the renal excretion of the NRTIs, there 
are not many drug interactions encountered with these agents 
except for zidovudine and tenofovir.

5. Resistance: NRTI resistance is well characterized, and the most 
common resistance pattern is a mutation at viral RT codon 184, 
which confers a high degree of resistance to lamivudine and 
emtricitabine but, more importantly, restores sensitivity to zid
ovudine and tenofovir. Because cross-resistance and antagonism 
occur between agents of the same analog class (thymidine, cyto-
sine, guanosine, and adenosine), concomitant use of agents with 
the same analog target is contraindicated (for example, zidovu
dine and stavudine are both analogs of thymidine and should not 
be used together).

IX. NNRTIs USED TO TREAT HIV INFECTION

NNRTIs are highly selective, noncompetitive inhibitors of HIV RT. They 
bind to HIV RT at an allosteric hydrophobic site adjacent to the active site, 
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Antiretroviral therapy for treatment of 
HIV. [Note: Elvitegravir is coformulated 
with cobicistat. Cobicistat inhibits the 
metabolism of elvitegravir, thereby 
increasing its concentration in the 
plasma.]
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inducing a conformational change that results in enzyme inhibition. They 
do not require activation by cellular enzymes. These drugs have common 
characteristics that include cross-resistance with other NNRTIs, drug inter-
actions, and a high incidence of hypersensitivity reactions, including rash. 
The NNRTIs include nevirapine [ne-VYE-ra-peen], delavirdine [de-LA-vir-
deen], efavirenz [e-FA-veer-enz], etravirine [et-ra-VYE-rine], and rilpivirine 
[ril-pi-VIR-een]. Efavirenz (Figure 34.19) or rilpivirine are recommended in 
initial antiretroviral regimens in certain clinical situations. For example, efa
virenz is safe to use in patients co-infected with tuberculosis because of its 
lower potential for drug interactions with rifamycins, and rilpivirine has the  
smallest tablet size, making it ideal for patients with difficulty in swallowing. 
Etravirine is a second-generation NNRTI active against many HIV strains 
that are resistant to the first-generation NNRTIs; its use is limited to HIV 
treatment-experienced, multidrug-resistant patients who have evidence of 
ongoing viral replication. Delavirdine and nevirapine are rarely used due to 
toxicities and/or inferior antiviral efficacy.

X.  PROTEASE INHIBITORS USED TO TREAT  
HIV INFECTION

Inhibitors of HIV protease have significantly altered the course of this dev-
astating viral disease. Shortly after their introduction, the number of deaths 
in the United States due to AIDS decreased, and continues to remain on 
the decline (Figure 34.20). Available PIs include atazanavir (ATV), daruna
vir (DRV) [da-ROON-a-veer], fosamprenavir (FPV) [FOS-am PREN-a-veer], 
indinavir (IDV) [in-DIN-a-veer], lopinavir (LPV) [loe-PIN-a-vir], nelfinavir (NFV) 
[nel-FIN-a-veer], saquinavir (SQV) [sa-KWIN-a-veer], and tipranavir (TPV) 
[tip-RA-na-veer]. However, current HIV guidelines only list a select few (for 
example, atazanavir or darunavir) due to improved adverse effect profile, 
virologic efficacy, and ease of dosing. Due to their high genetic barrier to 
resistance, protease inhibitors are recommended in initial regimens in cer-
tain clinical situations (for example, patients with uncertain adherence or 
when resistance testing results are not yet available).

A.  Overview

 These potent agents have several common features that characterize 
their pharmacology.

1. Mechanism of action: Drugs in this group are reversible inhibitors 
of the HIV aspartyl protease (retropepsin), which is the viral enzyme 
responsible for cleavage of the viral polyprotein into a number of 
essential enzymes (RT, protease, and integrase) and several struc-
tural proteins. The inhibition prevents maturation of the viral parti-
cles and results in the production of noninfectious virions.

2. Pharmacokinetics: High-fat meals substantially increase the bio-
availability of some PIs, such as nelfinavir and saquinavir, whereas 
the bioavailability of indinavir is decreased, and others are essen-
tially unaffected. The HIV PIs are all substantially bound to plasma 
proteins. These agents are substrates for the CYP3A4 isoenzyme, 
and individual PIs are also metabolized by other CYP450 isoen-
zymes. Metabolism is extensive, and very little drug is excreted 
unchanged in urine.

Fever

98.6

Fatigue

Skin rash

GI disturbance

Figure 34.17
Hypersensitivity reactions to abacavir.

Figure 34.18
Some adverse reactions of nucleoside 
analogs.
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Figure 34.19
Adverse reactions of efavirenz.
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594 34. Antiviral Drugs

3. Adverse effects: PIs commonly cause nausea, vomiting, and 
diarrhea (Figure 34.21). Disturbances in glucose and lipid metab-
olism also occur, including diabetes, hypertriglyceridemia, and 
hypercholesterolemia. Chronic administration results in fat redis-
tribution, including loss of fat from the extremities, fat accumula-
tion in the abdomen and the base of the neck (“buffalo hump”; 
Figure 34.22), and breast enlargement. These physical changes 
may indicate to others that an individual is HIV infected.

4. Drug interactions: Drug interactions are a common problem for 
PIs, because they are substrates and also potent inhibitors of 
CYP450 isoenzymes. Drug interactions are, therefore, quite com-
mon. Drugs that rely on metabolism for their termination of action 
may accumulate to toxic levels. Examples of potentially danger-
ous interactions with PIs include rhabdomyolysis from simvastatin 
or lovastatin, excessive sedation from midazolam or triazolam, and 
respiratory depression from fentanyl (Figure 34.23). Other drug 
interactions that require dosage modification and cautious use 
include warfarin, sildenafil, and phenytoin (Figure 34.24). In addi-
tion, inducers of CYP450 isoenzymes may decrease PI plasma 
concentrations to suboptimal levels, contributing to treatment fail-
ures. Thus, drugs such as rifampin and St. John’s wort are also 
contraindicated with PIs.

5. Resistance: Resistance occurs as an accumulation of step-
wise mutations of the protease gene. Initial mutations result in 
decreased ability of the virus to replicate, but as the mutations 
accumulate, virions with high levels of resistance to the protease 
inhibitors emerge. Suboptimal concentrations of PI result in the 
more rapid appearance of resistant strains.

B.  Atazanavir 

 Atazanavir is well absorbed after oral administration. It must be 
taken with food to increase absorption and bioavailability. Atazanavir 
requires an acidic environment for absorption. Thus, unboosted ataza
navir is contraindicated with concurrent use of proton-pump inhibi-
tors, and administration must be spaced apart from H2-blockers and 
antacids. Atazanavir can be boosted by ritonavir or cobicistat. The 
drug is highly protein bound and undergoes extensive metabolism by 
CYP3A4 isoenzymes. It is excreted primarily in bile. It has a half-life of 
about 7 hours, but it may be administered once daily. Atazanavir is a 
competitive inhibitor of glucuronyl transferase, and benign hyperbiliru-
binemia and jaundice are known adverse effects. In addition, the drug 
may prolong the PR interval. Atazanavir exhibits a decreased risk of 
hyperlipidemia compared with other PIs. 

C.  Darunavir

 Darunavir [da-RU-na-veer] is coadministered with cobicistat or a low 
dose of ritonavir. Darunavir is approved for initial therapy in treatment- 
naïve HIV-infected patients, as well as for treatment- experienced 
patients with HIV resistant to other PIs. Darunavir must be taken with 
food to increase absorption. The elimination half-life is 15 hours when 
combined with ritonavir. Darunavir is extensively metabolized by the 

Figure 34.20
Estimated number of AIDS cases and 
deaths due to AIDS. Green background 
indicates years in which  combination 
antiretroviral therapy came into com-
mon usage.
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Figure 34.21
Some adverse effects of the HIV 
 protease inhibitors.
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595XII. Integrase Inhibitors 

CYP3A enzymes and is also an inhibitor of the CYP3A4 isoenzyme. 
Adverse effects are similar to those of the  other PIs. In addition, 
darunavir therapy has been associated with a rash.

A summary of PIs is presented in Figure 34.25.

XI. ENTRY INHIBITORS 

A. Enfuvirtide

 Enfuvirtide [en-FU-veer-tide] is a fusion inhibitor. For HIV to gain entry 
into the host cell, it must fuse its membrane with that of the host 
cell. This is accomplished by changes in the conformation of the viral 
transmembrane glycoprotein gp41, which occurs when HIV binds to 
the host cell surface. Enfuvirtide is a polypeptide that binds to gp41, 
preventing the conformational change. Enfuvirtide, in combination 
with other antiretroviral agents, is indicated for therapy of treatment- 
experienced patients with evidence of viral replication despite ongoing 
antiretroviral drug therapy. As a peptide, it must be given subcutane-
ously. Most of the adverse effects are related to the injection, includ-
ing pain, erythema, induration, and nodules, which occur in almost all 
patients. Enfuvirtide must be reconstituted prior to administration.

B. Maraviroc

 Maraviroc [ma-RAV-i-rok] is an entry inhibitor that blocks the CCR5 
coreceptor that works with gp41 to facilitate HIV entry through the 
membrane into the cell. HIV may express preference for either the 
CCR5 coreceptor or the CXCR4 coreceptor, or both (dual-tropic). 
Prior to use of maraviroc, a test to determine viral tropism is required 
to distinguish whether the strain of HIV virus uses the CCR5 core-
ceptor, the CXCR4 coreceptor, or is dual-tropic. Only strains of HIV 
that use CCR5 to gain access to the cell can be successfully treated 
with maraviroc. The drug is well absorbed after oral administration. 
Maraviroc is metabolized mainly by the hepatic CYP3A isoenzyme, 
and the dose must be reduced when given with most PIs or strong 
CYP450 inhibitors. Conversely, it should be increased in patients 
receiving efavirenz, etravirine, or strong CYP450 inducers. Maraviroc 
is generally well tolerated. The drug has been associated with severe 
hepatotoxicity which may be preceded by a fever or rash. Monitoring 
of liver function is recommended.

XII. INTEGRASE INHIBITORS 

Raltegravir [ral-TEG-ra-veer], elvitegravir [el-vi-TEG-ra-vir], dolutegravir 
[doe-loo-TEG-ra-vir], and bictegravir are integrase strand transfer inhibi-
tors (INSTIs), often called integrase inhibitors. These agents work by inhib-
iting the insertion of proviral DNA into the host cell genome. The active 
site of the integrase enzyme binds to the host cell DNA and includes two 
divalent metal cations that serve as chelation targets for the INSTIs. As a 
result, when an INSTI is present, the active site of the enzyme is occupied 
and the integration process is halted. The half-life of elvitegravir is 3 hours 
when administered alone, but increases to approximately 9 hours when 

Figure 34.22
Accumulation of fat at the base of the 
neck in a patient receiving a protease 
inhibitor.
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Figure 34.23
Drugs that should not be coadminis-
tered with any protease inhibitor.
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596 34. Antiviral Drugs

boosted by cobicistat. Pharmacokinetic boosting of elvitegravir allows 
once-daily dosing with food. The INSTIs are generally well tolerated, 
with nausea and diarrhea being the most commonly reported adverse 
effects. Importantly, INSTIs are subject to chelation interactions with ant-
acids, resulting in significant reductions in bioavailability. Therefore, INSTI 
doses should be separated from antacids and other polyvalent cations 
by several hours. Resistance to INSTIs occurs with single-point muta-
tions within the integrase gene. Cross-resistance between raltegravir and 
elvitegravir can occur, although dolutegravir has limited cross-resistance 
to other INSTIs.

XIII. PHARMACOKINETIC ENHANCERS

A. Ritonavir 

 Ritonavir [ri-TOE-na-veer] is no longer used as a single PI but, instead, 
is used as a pharmacokinetic enhancer or “booster” of other PIs. 
Ritonavir is a potent inhibitor of CYP3A, and concomitant ritonavir 
administration at low doses increases the bioavailability of the second 
PI, often allowing for longer dosing intervals. The resulting higher Cmin 
levels of the “boosted” PI also help to prevent the development of HIV 
resistance. Therefore, “boosted” PIs are recommended for use in ini-
tial HIV regimens in certain clinical situations. Metabolism by CYP3A4 
and CYP2D6 and biliary excretion are the primary methods of elim-
ination. Ritonavir has a half-life of 3 to 5 hours. Although ritonavir is 
primarily an inhibitor of CYP450 isoenzymes, it may also induce sev-
eral CYP450 isoenzymes, and numerous drug interactions have been 
identified. 

B.  Cobicistat

 Cobicistat [koe-BIK-i-stat] is a pharmacokinetic enhancer or booster 
drug used in combination treatments for HIV. This agent inhibits 
CYP3A isoenzymes and is used to enhance the bioavailability of the 
protease inhibitors atazanavir and darunavir, and the integrase inhibi-
tor elvitegravir. Because cobicistat inhibits CYP3A, CYP2D6, and the 
transporter P-gp, numerous drug interactions exist. Cobicistat may 
also cause elevations in serum creatinine due to inhibition of tubular 
creatinine secretion.

XIV.  NATIONAL AIDS CONTROL ORGANIZATION 
(NACO) GUIDELINES 

The principles for selecting the first-line regimen as per National Aids 
Control Organization guidelines (2013) are as follows:

• Choose lamivudine in all regimens. 

• Choose one NRTI to combine with lamivudine (zidovudine or tenofovir). 

• Choose one NNRTI (nevirapine or efavirenz).

Monotherapy or dual therapy for the management of HIV infection or 
unboosted PIs and structured treatment interruptions should NEVER be 
used. Fixed-dose combinations are available under National AIDS Control 
Programme. As per the guidelines, different regimens are prescribed 

Figure 34.24
Drugs that require dose modifications 
or cautious use with any protease 
inhibitor.
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depending upon the comorbid conditions. One must update himself/herself 
with the current guidelines before initiating the treatment for HIV. 

• Do not start ART in the presence of an active ongoing opportunistic 
infection (OI). Diagnose and treat active infection with fever, if any, 
before commencing antiretroviral therapy (ART). 

• If the patient suffers from TB, treat TB first and then start ART. 

• OIs should be treated or at least stabilized before ART is started. 

• Adherence counseling and monitoring (patient/parent education) are 
essential in patients initiated on ART at every visit. 

• Patients should be monitored for clinical effect, adverse effects, and 
toxicities (both early and long-term). If a life-threatening toxicity occurs, 
all ARTs should be stopped until the toxicity has resolved and a revised 
regimen commenced when the patient has recovered.

Figure 34.25
Summary of protease inhibitors. [Note: 
Lopinavir is coformulated with ritonavir.  
Ritonavir inhibits the metabolism of 
lopinavir, thereby increasing its level in 
the plasma.]

DRUGS                 MAJOR TOXICITIES
 AND CONCERNS

Atazanavir Nausea, abdominal discomfort, 
 skin rash, hyperbilirubinemia

Darunavir Nausea, abdominal discomfort, 
 headache, skin rash

Fosamprenavir  Nausea, diarrhea, vomiting, 
 oral and perioral paresthesia, 
 and rash 

Indinavir Benign hyperbilirubinemia, 
 nephrolithiasis; take 1 hour 
 before or 2 hours after food;
 may take with skim milk or a 
 low-fat meal; drink >1.5 L of 
 liquid daily

Lopinavir Gastrointestinal, hyper-
 lipidemia, insulin resistance

Nel�navir Diarrhea, nausea, �atulence, 
 rash

Ritonavir Diarrhea, nausea, taste 
 perversion, vomiting, anemia, 
 increased hepatic enzymes, 
 increased triglycerides. Capsules
 require refrigeration, tablets do 
 not. Take with meals; 
 chocolate milk improves the 
 taste

Saquinavir Diarrhea, nausea, abdominal 
 discomfort, elevated trans-
 aminase levels. Take with 
 high-fat meal or within 2 
 hours of a full meal

Tipranavir Nausea, vomiting, diarrhea,
 rash, severe hepatotoxicity, 
 intracranial hemorrhage
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Study Questions

Choose the ONE best answer.

34.1 A 30-year-old man with human immunodeficiency 
virus infection is being treated with an antiretrovi-
ral regimen. Four weeks after initiating therapy, he 
presents to the emergency department complain-
ing of fever, rash, and gastrointestinal upset. His 
HLA-B*5701 test is positive. Which drug is most 
likely the cause of his symptoms?

A. Zidovudine

B. Abacavir

C. Efavirenz

D. Darunavir

34.2 A 75-year-old man with chronic obstructive 
 pulmonary disease is diagnosed with suspected 
influenza based on complaints of flu-like symp-
toms that began 24 hours ago. Which agent is 
most appropriate to initiate for the treatment of 
influenza?

A. Oseltamivir

B. Zanamivir

C. Rimantadine

D. Amantadine

34.3 A 24-year-old woman is diagnosed with genital 
herpes simplex virus infection. Which agent is indi-
cated for use in this diagnosis?

A. Valacyclovir

B. Cidofovir

C. Ganciclovir

D. Zanamivir

34.4 A woman who is being treated for chronic hepati-
tis B develops nephrotoxicity while on treatment. 
Which medication is most likely to be included in 
her HBV treatment?

A. Entecavir

B. Ribavirin

C. Lamivudine

D. Adefovir

34.5 Which class of direct-acting antivirals for hepatitis 
C works by inhibiting formation of the membranous 
web that provides a platform for viral replication?

A. NS3/NS4A protease inhibitors

B. NS5B polymerase inhibitors

C. NS5A replication complex inhibitors

D. Interferons

Correct answer = B. The abacavir hypersensitivity 
reaction is characterized by fever, rash, and gastro-
intestinal upset. The patient must stop therapy and 
should not be rechallenged with abacavir.

Correct answer = A. Oseltamivir is the best choice 
since it is administered orally and not associated with 
resistance. Zanamivir is administered via inhalation 
and is not recommended for patients with underlying 
COPD. High rates of resistance have developed to 
adamantanes (amantadine, rimantadine), and these 
drugs are infrequently indicated. 

Correct answer = A. Valacyclovir, famciclovir, penci-
clovir, and acyclovir are all indicated for herpes sim-
plex virus infection. Cidofovir and ganciclovir are used 
for CMV retinitis. Zanamivir is indicated for influenza. 

Correct answer = D. Nephrotoxicity is the most com-
monly seen with adefovir in the treatment of HBV. 
This adverse effect is uncommon with lamivudine and 
entecavir. Ribavirin is used for the treatment of hepa-
titis C infection (not HBV).

Correct answer = C. NS5A inhibitors work to inhibit 
the formation of proteins that form a membranous 
web which serves as a platform for viral replication. 
NS3/NS4A protease inhibitors prevent processing of 
the single polyprotein encoded by HCV RNA into indi-
vidually active proteins. NS5B polymerase inhibitors 
act on the RNA polymerase responsible for HCV rep-
lication. The mechanism of interferons has not been 
fully defined. 
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34.6 Which antiretroviral drug class chelates with polyva-
lent cations and, as such, their administration must 
be separated from antacids by several hours?

A. Integrase inhibitors

B. Non-nucleoside reverse transcriptase inhibitors

C. Protease inhibitors

D. Entry inhibitors

34.7 A 62-year-old man with human immunodeficiency 
virus infection is being treated with an antiretro-
viral regimen containing elvitegravir/cobicistat/
emtricitabine/tenofovir disoproxil fumarate and has 
achieved a sustained undetectable level of HIV 
RNA. His prescriber would like to change his ther-
apy to elvitegravir/cobicistat/emtricitabine/tenofovir  
alafenamide. Which information should the pre-
scriber provide to the patient that best summarizes 
the advantage of tenofovir alafenamide over teno-
fovir disoproxil fumarate?

A. Removal of food restrictions

B. Fewer drug interactions

C. Twice-daily dosing

D. Improved renal and bone safety profile

34.8 A 37-year old woman with GERD and chronic 
hepatitis C genotype 1a infection is preparing to 
begin treatment with ledipasvir/sofosbuvir. Which 
is the most appropriate information for the patient 
regarding use of a proton-pump inhibitor during 
treatment with ledipasvir/sofosbuvir?

A. Absorption of ledipasvir is increased with 
increasing pH.

B. A proton-pump inhibitor can be safely adminis-
tered with ledipasvir/sofosbuvir without regard 
to timing of the dose or food intake.

C. The patient should either stop using the proton- 
pump inhibitor or take it with ledipasvir/ sofosbuvir  
under fasted conditions.

D. Absorption of ledipasvir is not affected by  
gastric pH.

34.9 Which HIV antiretroviral is an orally administered 
entry inhibitor?

A. Maraviroc

B. Enfuvirtide

C. Rilpivirine

D. Raltegravir

34.10 Which drug is a pharmacokinetic enhancer used to 
boost levels of some HIV protease inhibitors and 
elvitegravir?

A. Cobicistat

B. Dolutegravir

C. Entecavir

D. Tenofovir

Correct answer = A. Integrase inhibitors bind to other 
positively charged ions, rendering them ineffective. 
As such, separation of doses of these agents from 
aluminum-, magnesium-, and calcium-containing ant-
acids is recommended.

Correct answer = D. Tenofovir alafenamide delivers 
the same active drug as tenofovir disoproxil fumarate, 
but with a lower incidence of renal and bone adverse 
effects. Both tenofovir-containing combinations are 
dosed once daily and should be taken with food. 
No change in drug interactions is expected, since 
tenofovir alafenamide is a prodrug which, like TDF, is 
metabolized to tenofovir.

Answer = C. Absorption of ledipasvir is reduced when 
gastric pH is increased. Patients receiving proton- 
pump inhibitors should stop these agents during 
HCV therapy with ledipasvir, or take the proton-pump 
inhibitor with ledipasvir/sofosbuvir under fasted con-
ditions to ensure that gastric pH is at its lowest point 
of the day at the time of drug administration.

Answer = A. Maraviroc is the only orally administered 
entry inhibitor for HIV infection. Enfuvirtide is an entry 
inhibitor (fusion inhibitor), but it is injected. Rilpivirine is 
an NNRTI, and raltegravir is an INSTI for HIV infection. 

Answer = A. Cobicistat is a pharmacokinetic enhancer 
used to boost serum levels of HIV protease inhibi-
tors atazanavir, darunavir, and the integrase inhibitor 
elvitegravir. Like elvitegravir, dolutegravir is an INSTI. 
Entecavir is a guanosine nucleoside analog for the 
treatment of HBV infection. Tenofovir is a nucleoside 
reverse transcriptase inhibitor used in the treatment 
of HIV and HBV.
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I. OVERVIEW

It is estimated that 10 lakh new cases of cancer are diagnosed every year 
in a population of 120 crore in India. Cancer is responsible for 60 to 70 lakh 
deaths every year (as per 2012 calculation). It is estimated that over 25% of 
the population of the United States will face a diagnosis of cancer during 
their lifetime, with more than 1.6 million new cancer patients diagnosed each 
year. Less than a quarter of these patients will be cured solely by surgery 
and/or local radiation. Most of the remainder will receive systemic che-
motherapy at some time during their illness. In a small fraction (approxi-
mately 10%) of patients with cancer representing selected neoplasms, the 
chemotherapy will result in a cure or a prolonged remission. However, in 
most cases, drug therapy will produce only a regression of the disease, and 
complications and/or relapse may eventually lead to death. Thus, the overall 
5-year survival rate for cancer patients is about 68%, ranking cancer second 
only to cardiovascular disease as a cause of mortality. Figure 35.1 provides 
a list of the anticancer agents discussed in this chapter.

II. PRINCIPLES OF CANCER CHEMOTHERAPY

Cancer chemotherapy strives to cause a lethal cytotoxic event or apopto-
sis in the cancer cells that can arrest the progression of tumor growth. The 
attack is generally directed toward DNA or against metabolic sites essential 
to cell replication, for example, the availability of purines and pyrimidines, 
which are the building blocks for DNA or RNA synthesis (Figure 35.2).  
Ideally, anticancer drugs should interfere only with cellular processes that 
are unique to malignant cells. Unfortunately, most traditional anticancer 
drugs do not specifically recognize neoplastic cells but, rather, affect all 
kinds of proliferating cells, both normal and abnormal. Therefore, almost all 
antitumor agents have a steep dose–response curve for both therapeutic 
and toxic effects. Newer agents are being developed that take a different 
approach to cancer treatment by blocking checkpoints and allowing the 
patient’s own immune system to attack cancer cells. While this strategy 
is showing great promise, adverse effects are also a concern and present 
as autoimmune toxicity, as compared to the myelosuppressive profile with 
traditional chemotherapy agents. 

A. Treatment strategies

1. Goals of treatment: The ultimate goal of chemotherapy is a cure 
(that is, long-term, disease-free survival). A true cure requires the 
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Figure 35.1
Summary of chemotherapeutic agents.
(Figure continues on next page)

Anticancer Drugs
Kourtney LaPlant and Paige May 35

ANTIMETABOLITES

Folate antagonists
Methotrexate 
Pemetrexed 
Pralatrexate
Purine antagonists
6-Mercaptopurine 
6-Thioguanine 
Azathioprine 
Fludarabine 
Cladribine
Pyrimidine antagonists
Fluorouracil (5-FU) 
Capecitabine 
Floxuridine 
Cytidine analogs
Cytarabine 
Azacytidine 
Gemcitabine
ANTIBIOTICS

Bleomycin 
Daunorubicin 
Doxorubicin 
Epirubicin 
Idarubicin 
Mitoxantrone 
Actinomycin D (dactinomycin) 
Mitomycin C 
Bleomycin
ALKYLATING AGENTS

Nitrogen mustards
Mechloreththamine 
Cyclophosphamide 
Ifosfamide 
Chlorambucil 
Melphalan 
Bendamustine
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eradication of every neoplastic cell. If a cure is not attainable, then 
the goal becomes control of the disease (prevent the cancer from 
enlarging and spreading) to extend survival and maintain quality 
of life. Thus, the individual maintains a “near-normal” existence, 
with the cancer treated as a chronic disease. In all cases, the 
neoplastic cell burden is initially reduced (debulked), either by 
surgery and/or by radiation, followed by chemotherapy, immu-
notherapy, therapy using biological modifiers, or a combination 
of these treatment modalities (Figure 35.3). In advanced stages 
of cancer, the likelihood of controlling the cancer is unlikely, and 
the goal is palliation (alleviation of symptoms and avoidance of 
life- threatening toxicity). This means that chemotherapeutic drugs 
may be used to relieve symptoms caused by the cancer and 
improve the quality of life, even though the drugs may not extend 
survival. The goal of treatment should always be kept in mind, as 
it often influences treatment decisions. Figure 35.4 illustrates how 
treatment goals can be dynamic.

2. Indications for treatment: Chemotherapy is sometimes used 
when neoplasms are disseminated and are not amenable to sur-
gery. Chemotherapy may also be used as a supplemental treat-
ment to attack micrometastasis following surgery and radiation 
treatment, in which case it is called adjuvant chemotherapy. 
Chemotherapy given prior to the surgical procedure in an attempt 
to shrink the cancer is referred to as neoadjuvant chemotherapy, 
and chemotherapy given in lower doses to assist in prolonging 
remission is known as maintenance chemotherapy.

3. Tumor susceptibility and the growth cycle: The fraction of 
tumor cells that are in the replicative cycle (“growth fraction”) 
influences susceptibility to most cancer chemotherapeutic 
agents. Rapidly dividing cells are generally more sensitive to 
chemotherapy, whereas slowly proliferating cells are less sensi-
tive to chemotherapy. In general, nondividing cells (those in the 
G0 phase; Figure 35.5) usually survive the toxic effects of many 
chemotherapeutic agents. 

a. Cell cycle specificity of drugs: Both normal cells and tumor 
cells go through growth cycles (Figure 35.5). However, the 
number of cells that are in various stages of the cycle may 
differ in normal and neoplastic tissues. Chemotherapeutic 
agents that are effective only against replicating cells (that is, 
those cells that are dividing) are said to be cell cycle–specific 
(Figure 35.5), whereas other agents are cell cycle– nonspecific. 
Although the nonspecific drugs generally have greater toxicity 
in cycling cells, they are also useful against tumors that have 
a low percentage of replicating cells.

b. Tumor growth rate: The growth rate of most solid tumors is 
initially rapid, but growth rate usually decreases as the tumor 
size increases (Figure 35.3). This is due to a deficiency of 
nutrients and oxygen caused by inadequate vascularization 
and lack of blood circulation. Tumor burden can be reduced 
through surgery, radiation, or use of cell cycle–nonspecific 
drugs that promote the remaining cells into active prolifera-
tion, thus increasing susceptibility to cell cycle–specific che-
motherapeutic agents.

Ethyleneimines
Altretamine 
Thiotepa
Alkyl sulfonates
Busulfan
Nitrasoureas
Carmustine 
Lomustine 
Streptozotocin 
Triazine
Decarbazine 
Temozolomide
Methylhydrazine
Procarbazine
MICROTUBULE INHIBITORS

Taxene derivatives
Paclitaxel
Docetaxel 
Vinca alkaloids
Vincristine
Vinblastine
Vinorelbine
TOPOISOMERASE INHIBITORS

Photophyllam derivatives
Topoisomerase-II inhibitors
Etoposide
Tiniposide
Topoisomerase-I inhibitors
Topotecan
Irinotecan
PLATINUM COMPOUNDS

Cisplatin
Carboplatin
Oxaliplatin
DRUGS ACTING THROUGH SPECIFIC 
TARGETS

Angiogensis inhibitors 
Bevacizumab
Sunitinib
Proteasome inhibitor
Bortezomib
EGF receptor inhibitors
Cefitinib
Erlotinib
Cetuximab

Figure 35.1 (Continued)
Summary of chemotherapeutic agents. 
(Figure continues on next page)
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Figure 35.1 (Continued) 
Summary of chemotherapeutic agents.

Tyrosine protein-kinase inhibitors
Imatinib
Nilotinib
Unarmed monoclonal antibody
Rituximab
Trastuzumab
ACTIVE THROUGH HORMONAL  
PATHWAY

Estrogen and receptor modulators
Ethinyl estradiol 
Diethylstilbestrol diphosphate 

( fosfestrol)
Selective estrogen receptor  
modulators (SERMS)
Tanixifen
Toremifene
Estrogen receptor down-regulators
Fluvestrant
Aramatase inhibitors
Letrozole
Anastrozole
Exemestane
Antiandrogen
Flutamide
Bicalutamide
Nilutamide
GnRH analogs
Leuprolide
Nafarelin
Goserelin

B. Treatment regimens and scheduling

 Drug dosages are usually calculated on the basis of the body surface 
area, in an effort to tailor the dosage to each patient.

1. Log kill phenomenon: Destruction of cancer cells by chemo-
therapeutic agents follows first-order kinetics (that is, a given 
dose of drug destroys a constant fraction of cells). The term 
“log kill” is used to describe this phenomenon. For example, a 
diagnosis of leukemia is generally made when there are about 
109 (total) leukemic cells. Consequently, if treatment leads to a 
99.999% kill, then 0.001% of 109 cells (or 104 cells) remain. This 
is defined as a 5-log kill (reduction of 105 cells). At this point, the 
patient becomes asymptomatic, and the patient is in remission 
(Figure 35.3). For most bacterial infections, a 5-log (100,000-fold) 
reduction in the number of microorganisms results in a cure, 
because the immune system can destroy the remaining bacterial 
cells. However, tumor cells are not as readily eliminated, and 
additional treatment is required to totally eradicate the leukemic 
cell population.

2. Pharmacologic sanctuaries: Leukemic or other tumor cells find 
sanctuary in tissues such as the central nervous system (CNS), 
where transport constraints prevent certain chemotherapeutic 
agents from entrance. Therefore, a patient may require irradia-
tion of the craniospinal axis or intrathecal administration of drugs 
to eliminate leukemic cells at that site. Similarly, drugs may be 
unable to penetrate certain areas of solid tumors.

3. Treatment protocols: Combination chemotherapy is more suc-
cessful than single-drug treatment in most cancers for which che-
motherapy is effective. 

a. Combination chemotherapy: Cytotoxic agents with differ-
ent toxicities, and with different molecular sites and mech-
anisms of action, are usually combined at full doses. This 
results in higher response rates, due to additive and/or poten-
tiated cytotoxic effects, and nonoverlapping host toxicities. 

Figure 35.2
Examples of chemotherapeutic agents affecting RNA and DNA. dTMP = deoxythymidine monophosphate.
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Figure 35.3
Effects of various treatments on the cancer cell burden in a hypothetical patient.
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Initial remissions are transient, with
symptoms recurring between treatments.
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Patient asymptomatic

Patient symptomatic

CURATIVE CHEMOTHERAPY

Combination drug chemotherapy reduces the 
chance of drug resistance.
Each drug is chosen to have a di�erent cellular
site of action or di�erent cell cycle speci�city.
Each drug is chosen to have a di�erent 
organ toxicity.

(disseminated cancers, such as leukemia)

(solid tumors such as testicular carcinoma)
Tumor burden is initially reduced by surgery and/or radiation.
Treatment of occult micrometastases continues after clinical 
signs of cancer have disappeared.

Goals of Therapy

Locally Advanced

Cure Palliation

Localized Metastatic

Figure 35.4
Goals of treatment with chemo-
therapeutic agents. Reprinted and 
amended with permission from 
Dr. Thomas George, MD.

In  contrast, agents with similar dose-limiting toxicities, such 
as myelosuppression, nephrotoxicity, or cardiotoxicity, can be 
combined safely only by reducing the doses of each.

b. Advantages of combinations: The advantages of combina-
tion chemotherapy are that it 1) provides maximal cell killing 
within the range of tolerated toxicity, 2) is effective against a 
broader range of cell lines in the heterogeneous tumor popu-
lation, and 3) may delay or prevent the development of resis-
tant cell lines.

c. Treatment protocols: Many cancer treatment protocols 
have been developed, and each is applicable to a particular 
neoplastic state. They are usually identified by an acronym. 
For example, a common regimen called R-CHOP, used for 
the treatment of non-Hodgkin lymphoma, consists of ritux-
imab, cyclophosphamide, hydroxydaunorubicin (doxorubicin), 
Oncovin (vincristine), and prednisone. Therapy is scheduled 
intermittently to allow recovery or rescue of the immune sys-
tem, which is also affected by the chemotherapeutic agents, 
thus reducing the risk of serious infection.
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605II. Principles of Cancer Chemotherapy

C. Resistance and toxicity with chemotherapy

 Cancer drugs are toxins that present a lethal threat to the cells. It 
is, therefore, not surprising that cells have evolved elaborate defense 
mechanisms to protect themselves from chemical toxins, including 
chemotherapeutic agents.

1. Resistance: Some neoplastic cells (for example, melanoma) are 
inherently resistant to most anticancer drugs. Other tumor types 
may acquire resistance to the cytotoxic effects of a drug by 
mutating, particularly after prolonged administration of suboptimal 
doses. The development of drug resistance is minimized by short-
term, intensive, intermittent therapy with combinations of drugs. 
Drug combinations are also effective against a broader range of 
resistant cells in the tumor population.

2. Multidrug resistance: Stepwise selection of an amplified gene 
that codes for a transmembrane protein (P-glycoprotein for “per-
meability” glycoprotein; Figure 35.6) is responsible for multidrug 
resistance. This resistance is due to adenosine triphosphate–
dependent pumping of drugs out of the cell in the presence of 
P-glycoprotein. Cross-resistance following the use of structurally 
unrelated agents also occurs. For example, cells that are resistant 
to the cytotoxic effects of the Vinca alkaloids are also resistant to  
dactinomycin and to the anthracycline antibiotics, as well as to 
colchicine, and vice versa. These drugs are all naturally occur-
ring substances, each of which has a hydrophobic aromatic ring 
and a positive charge at neutral pH. [Note: P-glycoprotein is nor-
mally expressed at low levels in most cell types, but higher lev-
els are found in the kidney, liver, pancreas, small intestine, colon, 
and adrenal gland. It has been suggested that the presence of 
P-glycoprotein may account for the intrinsic resistance to chemo-
therapy observed with adenocarcinomas.] Certain drugs at high 
concentrations (for example, verapamil) can inhibit the pump and, 
thus, interfere with the efflux of the anticancer agent. However, 
these drugs are undesirable because of adverse pharmacologic 
actions of their own. The third-generation P-gp inhibitor, elacridar, 
has been found to be an efficient inhibitor of human breast can-
cer resistance protein (BCRP); however, clinical translation of the 
promise is yet to be demonstrated not just for elacridar but also 
for other P-gp inhibitors in this class. 

3. Toxicity: Therapy aimed at killing rapidly dividing cancer cells also 
affects normal cells undergoing rapid proliferation (for example, 
cells of the buccal mucosa, bone marrow, gastrointestinal [GI] 
mucosa, and hair follicles), contributing to the toxic manifesta-
tions of chemotherapy. 

a. Common adverse effects: Most chemotherapeutic agents 
have a narrow therapeutic index. Severe vomiting, stomatitis, 
bone marrow suppression, and alopecia occur to a lesser or 
greater extent during therapy with all antineoplastic agents. 
Vomiting is often controlled by administration of antiemetic 
drugs. Some toxicities, such as myelosuppression that pre-
disposes to infection, are common to many chemotherapeutic 
agents (Figure 35.7), whereas other adverse reactions are con-
fined to specific agents, such as bladder toxicity with cyclo-
phosphamide, cardiotoxicity with doxorubicin, and pulmonary 
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606 35. Anticancer Drugs

fibrosis with bleomycin. The duration of the adverse effects 
varies widely. For example, alopecia is transient, but the car-
diac, pulmonary, and bladder toxicities can be irreversible.

b. Minimizing adverse effects: Some toxic reactions may be 
ameliorated by interventions, such as the use of cytopro-
tectant drugs, local perfusion of the tumor (for example, a sar-
coma of the arm), removal of some marrow of the patient prior 
to intensive treatment and then reimplantation afterwards, or 
intensive hydration and diuresis to prevent bladder toxicities. 
The megaloblastic anemia that occurs with methotrexate can 
be effectively counteracted by administering folinic acid (leu-
covorin). With the availability of human granulocyte colony–
stimulating factor (filgrastim), the neutropenia associated with 
treatment of cancer by many drugs can be partially reversed.

4. Treatment-induced tumors: Because most antineoplastic agents 
are mutagens, neoplasms (for example, acute nonlymphocytic 
leukemia) may arise 10 or more years after the original cancer 
was cured. [Note: Treatment-induced neoplasms are especially a 
problem after therapy with alkylating agents.] Most tumors that 
develop from cancer chemotherapeutic agents respond well to 
treatment strategies.

III. ANTIMETABOLITES

Antimetabolites are structurally related to normal compounds that exist 
within the cell (Figure 35.8). They generally interfere with the availability 
of normal purine or pyrimidine nucleotide precursors, either by inhibit-
ing their synthesis or by competing with them in DNA or RNA synthe-
sis. Their maximal cytotoxic effects are in S-phase and are, therefore, cell 
cycle–specific.

A.  Methotrexate, pemetrexed, and pralatrexate  
(folate antagonists) 

 The vitamin folic acid plays a central role in a variety of metabolic 
reactions involving the transfer of one-carbon units and is essential 
for cell replication. Folic acid is obtained mainly from dietary sources 
and from food sources produced by intestinal flora. Methotrexate 
[meth-oh-TREK-sate] (MTX), pemetrexed [pem-e-TREX-ed], and pra-
latrexate [pral-a-TREX-ate] are antifolate agents.

1. Mechanism of action: MTX is structurally related to folic acid and 
acts as an antagonist of the vitamin by inhibiting mammalian dihy-
drofolate reductase (DHFR), the enzyme that converts folic acid to 
its active, coenzyme form, tetrahydrofolic acid (FH4) (Figure 35.9).  
The inhibition of DHFR can only be reversed by a 1000-fold 
excess of the natural substrate, dihydrofolate (FH2), or by admin-
istration of leucovorin, which bypasses the blocked enzyme and 
replenishes the folate pool (Figure 35.9). [Note: Leucovorin, or 
folinic acid, is the N5-formyl group–carrying form of FH4.] MTX 
is specific for the S-phase of the cell cycle. Pemetrexed is an 
antimetabolite similar in mechanism to methotrexate. However, in 
addition to inhibiting DHFR, it also inhibits thymidylate synthase 
and other enzymes involved in folate metabolism and DNA syn-
thesis. Pralatrexate is an antimetabolite that also inhibits DHFR.

Vincristine, vinblastine,
doxorubicin, bleomycin
etoposide, and others

Vincristine, vinblastine
doxorubicin, bleomycin
etoposide, and others

ATP

ADP +
Pi

Figure 35.6 
The six membrane-spanning loops 
of the P-glycoprotein form a cen-
tral channel for the ATP-dependent 
pumping of drugs from the cell. 
Modified from N. Kartner, and V. Ling, 
Sci. Am. (1989).

Figure 35.7
Comparison of myelosuppressive 
potential of chemotherapeutic drugs.
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607III. Antimetabolites

2. Therapeutic uses: MTX, usually in combination with other drugs, 
is effective against acute lymphocytic leukemia, Burkitt lymphoma 
in children, breast cancer, bladder cancer, and head and neck car-
cinomas. In addition, low-dose MTX is effective as a single agent 
against certain inflammatory diseases, such as severe psoriasis 
and rheumatoid arthritis, as well as Crohn disease. All patients 
receiving MTX require close monitoring for possible toxic effects. 
Pemetrexed is primarily used in non–small cell lung cancer.  
Pralatrexate is used in relapsed or refractory T-cell lymphoma.

3. Pharmacokinetics: MTX is variably absorbed at low doses from the 
GI tract, but it can also be administered by intramuscular, intrave-
nous (IV), and intrathecal routes (Figure 35.10). Because MTX does 
not easily penetrate the blood–brain barrier, it can be administered 
intrathecally to destroy neoplastic cells that thrive in the sanctuary 
of the CNS. High concentrations of the drug are found in the intes-
tinal epithelium, liver, and kidney, as well as in ascites and pleural 
effusions. MTX is also distributed to the skin. Small amounts of MTX 
undergo hydroxylation at the 7 position to form 7-hydroxymetho-
trexate. This derivative is less water soluble than MTX and may lead 
to crystalluria. Therefore, it is important to keep the urine alkaline 
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Figure 35.8 
Summary of antimetabolites. (For drug dosages, refer to Appendix at the end of the book.)

CBC = complete blood count; CNS, central nervous system; D = diarrhea; IM = intramuscular; IT = intrathecal; IV = intravenous; N = nausea; NSAID, nonsteroidal 
anti-inflammatory drug; PO = oral; SC = subcutaneous; SMZ/TMP = sulfamethoxazole/trimethoprim; V = vomiting.
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and the patient well hydrated to avoid renal toxicity. Excretion of the 
parent drug and the 7-OH metabolite occurs primarily via urine. It 
is used at an oral dose of 15 to 30 mg daily and at a dose of 20 to 
40 mg/m2 of the body surface area by intramuscular or intravenous 
injection in twice-a-week schedule. High-dose methotrexate such 
as 1 to 5.5 g/m2 is used for long infusion over a period of 24 hours 
in every 2 to 4 weeks’ duration. For cases of acute lymphoblastic 
leukemia, leucovorin rescue therapy within 24 hours of methotrexate 
infusion is started. Low doses such as 2.5 mg/kg for 5 days fol-
lowed by 2 days’ rest or 10 to 25 mg by the intravenous route once 
weekly is given for severe psoriasis. Smaller doses are also used for 
the induction of remission in rheumatoid arthritis.

4. Adverse effects: Adverse effects of MTX are outlined in Figure 35.8. 
Pemetrexed and pralatrexate should be given with folic acid and 
vitamin B12 supplements to reduce hematologic and GI toxicities. 
Pretreatment with corticosteroids to prevent cutaneous reactions is 
recommended with pemetrexed. 

B. 6-Mercaptopurine (purine antagonists) 

 6-Mercaptopurine [mer-kap-toe-PYOOR-een] (6-MP), a purine anti-
metabolite, is the thiol analog of hypoxanthine. 6-MP and 6-thioguanine  
were the first purine analogs to prove beneficial for treating neoplastic 
disease. [Note: Azathioprine, an immunosuppressant, exerts its cyto-
toxic effects after conversion to 6-MP.] 6-MP is used principally in 
the maintenance of remission in acute lymphoblastic leukemia. 6-MP 
and its analog, azathioprine, are also beneficial in the treatment of 
Crohn disease. Adverse effects are noted in Figure 35.8. Azathioprine 
is used at an oral dose of 3 to 5 mg/kg/day followed by the mainte-
nance dose of 1 to 2 mg/kg/day.

C. Fludarabine

 Fludarabine [floo-DARE-a-been] is the 5′-phosphate of 2-fluoroadenine  
arabinoside, a purine nucleotide analog. It is useful in the treatment 
of chronic lymphocytic leukemia, hairy cell leukemia, and indolent 
non-Hodgkin lymphoma. Fludarabine is a prodrug, and the phosphate 
is removed in the plasma to form 2-F-araA, which is taken up into 
cells and again phosphorylated (initially by deoxycytidine kinase). 
Although the exact cytotoxic mechanism is uncertain, the triphosphate 
is incorporated into both DNA and RNA. This decreases their synthe-
sis in the S-phase and affects their function. Resistance is associ-
ated with reduced uptake into cells, lack of deoxycytidine kinase, and 
decreased affinity for DNA polymerase, as well as other mechanisms. 
Fludarabine is administered IV rather than orally, because intestinal 
bacteria split off the sugar to yield the very toxic metabolite, fluoroad-
enine. It is used at a dose of 25 mg/m2 of the body surface area every 
day for 5 days and every 28 days by intravenous infusion.

D. 5-Fluorouracil (pyrimidine antagonists) 

 5-Fluorouracil [flure-oh-YOOR-ah-sil] (5-FU), a pyrimidine analog, has a 
stable fluorine atom in place of a hydrogen atom at position 5 of the ura-
cil ring. The fluorine interferes with the conversion of deoxyuridylic acid to 
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thymidylic acid, thus depriving the cell of thymidine, one of the essential 
precursors for DNA synthesis. 5-FU is employed primarily in the treatment 
of slow-growing solid tumors (for example, colorectal, breast, ovarian,  
pancreatic, and gastric carcinomas). When applied topically, 5-FU is also 
effective for the treatment of superficial basal cell carcinomas. 

1. Mechanism of action: 5-FU itself is devoid of antineoplastic  
activity. It enters the cell through a carrier-mediated transport 
system and is converted to the corresponding deoxynucleotide  
(5-fluorodeoxyuridine monophosphate [5-FdUMP]; Figure 35.11), 
which competes with deoxyuridine monophosphate for thy-
midylate synthase, thus inhibiting its action. DNA synthesis 
decreases due to lack of thymidine, leading to imbalanced cell 
growth and “thymidine-less death” of rapidly dividing cells. [Note: 
Leucovorin is administered with 5-FU, because the reduced folate 
coenzyme is required in the thymidylate synthase inhibition. For 
example, a standard regimen for advanced colorectal cancer is 
irinotecan plus 5-FU/leucovorin.] 5-FU is also incorporated into 
RNA, and low levels have been detected in DNA. In the latter 
case, a glycosylase excises the 5-FU, damaging the DNA. 5-FU 
produces the anticancer effect in the S-phase of the cell cycle.

2. Pharmacokinetics: Because of severe toxicity to the GI tract, 
5-FU is administered IV or, in the case of skin cancer, topically. 
The drug penetrates well into all tissues, including the CNS. 5-FU 
is rapidly metabolized in the liver, lung, and kidney. It is eventu-
ally converted to fluoro-β-alanine, which is removed in the urine. 
Elevated levels of dihydropyrimidine dehydrogenase (DPD) can 
increase the rate of 5-FU catabolism and decrease its bioavail-
ability. The level of DPD level varies from individual to individual 
and may differ by as much as 6-fold in the general population. 
Patients with DPD deficiency may experience severe toxicity man-
ifested by pancytopenia, mucositis, and life-threatening diarrhea. 
Knowledge of DPD activity in an individual should allow more 
appropriate dosing of 5-FU. It is infused at a dose of 500 mg/m2 
by the intravenous route over a period of 1 to 3 hours weekly for 
6 to 8 weeks, or 12 mg/kg/day intravenously for 4 days followed 
by 6 mg/kg intravenously on alternate days for three to six cycles.

E. Capecitabine

 Capecitabine [cape-SITE-a-been] is a fluoropyrimidine carbamate. It 
is used in the treatment of colorectal and metastatic breast cancer. 
Capecitabine is well absorbed following oral administration. After 
being absorbed, capecitabine, which is itself nontoxic, undergoes a 
series of enzymatic reactions, the last of which is hydrolysis to 5-FU. 
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Mechanism of the cytotoxic action of 5-FU. 5-FU is converted to  
5-fluorodeoxyuridine monophosphate (5-FdUMP), which competes with 
deoxyuridine monophosphate (dUMP) for the enzyme thymidylate syn-
thetase. 5-FU = 5-fluorouracil; 5-FUR = 5-fluorouridine; 5-FUMP =  
5-fluorouridine monophosphate; 5-FUDP = 5-fluorouridine diphosphate; 
5-FUTP = 5-fluorouridine triphosphate; dUMP = deoxyuridine monophos-
phate; dTMP = deoxythymidine monophosphate.
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610 35. Anticancer Drugs

This step is catalyzed by thymidine phosphorylase, an enzyme that 
is concentrated primarily in tumors. (Figure 35.12). Thus, the cyto-
toxic activity of capecitabine is the same as that of 5-FU and is tumor 
specific. The most important enzyme inhibited by 5-FU (and, thus, 
capecitabine) is thymidylate synthase. 

F. Cytarabine (cytidine analogs) 

 Cytarabine [sye-TARE-ah-been] (cytosine arabinoside or ara-C) is 
an analog of 2′-deoxycytidine in which the natural ribose residue is 
replaced by d-arabinose. Cytarabine acts as a pyrimidine antago-
nist. The major clinical use of cytarabine is in acute nonlymphocytic 
(myelogenous) leukemia (AML). Cytarabine enters the cell by a carrier- 
mediated process and, like the other purine and pyrimidine antago-
nists, must be sequentially phosphorylated by deoxycytidine kinase 
and other nucleotide kinases to the nucleotide form (cytosine arabi-
noside triphosphate or ara-CTP) to be cytotoxic. Ara-CTP is an effec-
tive inhibitor of DNA polymerase. The nucleotide is also incorporated 
into nuclear DNA and can terminate chain elongation. It is, therefore, 
S-phase (and, hence, cell cycle) specific.

1. Pharmacokinetics: Cytarabine is not effective when given orally, 
because of deamination to the noncytotoxic ara-U by cytidine 
deaminase in the intestinal mucosa and liver. Given IV, it distrib-
utes throughout the body but does not penetrate the CNS in suf-
ficient amounts. Therefore, it may also be injected intrathecally. 
Cytarabine undergoes extensive oxidative deamination in the body 
to ara-U, a pharmacologically inactive metabolite. Both cytarabine 
and ara-U are excreted in urine.

G. Azacitidine

 Azacitidine [A-zuh-SITE-i-dine] is a pyrimidine nucleoside analog of 
cytidine. It is used for the treatment of myelodysplastic syndromes 
and AML. Azacitidine undergoes activation to the nucleotide metabo-
lite azacitidine triphosphate and gets incorporated into RNA to inhibit 
RNA processing and function. It is S-phase cell cycle–specific.

H. Gemcitabine

 Gemcitabine [jem-SITE-ah-been] is an analog of the nucleoside deox-
ycytidine. It is used most commonly for pancreatic cancer and non–
small cell lung cancer. Gemcitabine is a substrate for deoxycytidine 
kinase, which phosphorylates the drug to 2′,2′-difluorodeoxycytidine 
triphosphate. (Figure 35.13). Gemcitabine is administered by IV infu-
sion. It is deaminated to difluorodeoxyuridine, which is not cytotoxic, 
and is excreted in urine.

IV. ANTIBIOTICS

The antitumor antibiotics (Figure 35.14) owe their cytotoxic action primarily 
to their interactions with DNA, leading to disruption of DNA function. In 
addition to intercalation, their abilities to inhibit topoisomerases (I and II) 
and produce free radicals also play a major role in their cytotoxic effect. 
They are cell cycle–nonspecific, with bleomycin as an exception.
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611IV. Antibiotics

A.  Anthracyclines: Doxorubicin, daunorubicin, idarubicin, 
epirubicin, and mitoxantrone

 Doxorubicin [dox-oh-ROO-bi-sin] and daunorubicin [daw-noe-ROO-
bi-sin] are classified as anthracycline antibiotics. Doxorubicin is the 
hydroxylated analog of daunorubicin. Idarubicin [eye-da-ROO-bi-sin], 
the 4-demethoxy analog of daunorubicin, epirubicin [eh-pee-ROO-
bih-sin], and mitoxantrone [mye-toe-ZAN-trone] are also available. 
Therapeutic uses for these agents differ despite their structural simi-
larity and apparently similar mechanisms of action. Doxorubicin is one 
of the most important and widely used anticancer drugs. It is used in 
combination with other agents for treatment of sarcomas and a variety 
of carcinomas, including breast and lung, as well as for treatment of 
acute lymphocytic leukemia and lymphomas. Daunorubicin and idaru-
bicin are used in the treatment of acute leukemias, and mitoxantrone 
is used in prostate cancer.

1. Mechanism of action: Doxorubicin and other anthracyclines 
induce cytotoxicity through several different mechanisms. For 
example, doxorubicin-derived free radicals can induce membrane 
lipid peroxidation, DNA strand scission, and direct oxidation of 
purine or pyrimidine bases, thiols, and amines (Figure 35.15).

2. Pharmacokinetics: These agents must be administered intrave-
nously, because they are inactivated in the GI tract. Extravasation 
is a serious problem that can lead to tissue necrosis. The anth-
racycline antibiotics bind to plasma proteins as well as to other 
tissue components, where they are widely distributed. They do 
not penetrate the blood–brain barrier or the testes. These agents 
undergo extensive hepatic metabolism, and dosage adjustments 

CBC = complete blood count; D = diarrhea; IM = intramuscular; IV = intravenous; N = nausea; SC = subcutaneous; V = vomiting.

Figure 35.14
Summary of antitumor antibiotics. (For drug dosages, refer to Appendix at the end of the book.)
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Figure 35.15
Doxorubicin interacts with molecular 
oxygen, producing superoxide ions 
and hydrogen peroxide, which cause 
single-strand breaks in DNA.
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612 35. Anticancer Drugs

are needed in patients with impaired hepatic function. Biliary excre-
tion is the major route of elimination. Because of the dark red color 
of the anthracycline drugs, the veins may become visible surround-
ing the site of infusion, and red discoloration of urine may occur.

3. Adverse effects: Irreversible, dose-dependent cardiotoxicity 
is the most serious adverse reaction and is more common with 
daunorubicin and doxorubicin than with idarubicin and epirubicin. 
Cardiotoxicity apparently results from the generation of free rad-
icals and lipid peroxidation. Addition of trastuzumab to protocols 
with doxorubicin or epirubicin increases congestive heart failure. 
There has been some success with the iron chelator dexrazox-
ane in protecting against the cardiotoxicity of doxorubicin. The 
liposomal- encapsulated doxorubicin is reported to be less cardio-
toxic than the standard formulation.

B. Bleomycin

 Bleomycin [blee-oh-MYE-sin] is a mixture of different copper-chelating  
glycopeptides that, like the anthracycline antibiotics, cause scission 
of DNA by an oxidative process. Bleomycin is cell cycle–specific and 
causes cells to accumulate in the G2 phase. It is primarily used in the 
treatment of testicular cancers and Hodgkin lymphoma.

1. Mechanism of action: A DNA–bleomycin–Fe2+ complex appears 
to undergo oxidation to bleomycin–Fe3+. The liberated electrons 
react with oxygen to form superoxide or hydroxyl radicals, which, 
in turn, attack the phosphodiester bonds of DNA, resulting in 
strand breakage and chromosomal aberrations (Figure 35.16).

2. Pharmacokinetics: Bleomycin is administered by a number of 
routes. The bleomycin-inactivating enzyme (a hydrolase) is high 
in a number of tissues (for example, liver and spleen) but is low 
in the lung and absent in the skin, accounting for toxicity in those 
tissues. Most of the parent drug is excreted unchanged in the 
urine, necessitating dose adjustment in patients with renal failure.

3. Adverse effects: Pulmonary toxicity is the most serious adverse 
effect, progressing from rales, cough, and infiltrate to potentially 
fatal fibrosis. The pulmonary fibrosis that is caused by bleomycin is 
often referred to as “bleomycin lung.” Hypertrophic skin changes 
and hyperpigmentation of the hands are prevalent. Bleomycin is 
unusual in that myelosuppression is rare.

C. Dactinomycin (actimomycin D)

 Dactinomycin (clear, gold-colored liquid) is a chromopeptide antibi-
otic first discovered for cancer. Most of the chromopeptides con-
tain planar phenoxazone actinosin which is responsible for the color. 
Dactinomycin is used for the treatment of solid tumors in children and 
choriocarcinomas in adults. Dactinomycin is used alone or in combi-
nation with other agents in chemotherapy regimens. It is mostly used 
for the treatment of rhabdomyosarcoma and Wilm’s tumor in children. 

1. Mechanism of action: Dactinomycin binds to double-helical DNA 
and makes a complex. This complexation blocks the transcription 
of DNA by RNA polymerase. Dactinomycin, a potent anticancer 
agent, exhibits cytotoxicity by inhibiting all rapidly proliferating 
cancer cells. 

Strand breaks
in DNA

DNA-bleomycin-Fe3+

Superoxide and
hydroxyl radicals

DNA-bleomycin-Fe2+

Figure 35.16
Bleomycin causes breaks in DNA by 
an oxidative process.
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613V. Alkylating Agents

2. Pharmacokinetics: Dactinomycin is administered by the intrave-
nous route which is minimally metabolized. Excreted in urine and 
bile with a terminal half-life of 36 hours, it does not cross the 
blood–brain barrier. 

3. Adverse effects: Dactinomycin causes hematopoietic suppres-
sion with pancytopenia in the first week after completion of 
therapy. It can cause proctitis, diarrhea, glossitis, cheilitis, and 
ulcerations. Due to its action on multiplying of cells, dactinomy-
cin causes alopecia. Dactinomycin can cause nausea, anorexia, 
and vomiting within a few hours of administration. Extravasation 
during intravenous administration can cause severe local injury. 

V. ALKYLATING AGENTS

Alkylating agents (Figure 35.17) exert their cytotoxic effects by covalently 
binding to nucleophilic groups on various cell constituents. Alkylation of 
DNA is probably the crucial cytotoxic reaction that is lethal to the tumor 
cells. Alkylating agents do not discriminate between cycling and resting 
cells, even though they are most toxic for rapidly dividing cells. They are 
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Figure 35.17
Summary of alkylating agents. (For drug dosages, refer to Appendix at the end of the book.)
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614 35. Anticancer Drugs

used in combination with other agents to treat a wide variety of lymphatic 
and solid cancers. In addition to being cytotoxic, all are mutagenic and car-
cinogenic and can lead to secondary malignancies such as acute leukemia.

A. Cyclophosphamide and ifosfamide (nitrogen mustards) 

 These drugs are very closely related mustard agents that share most 
of the same primary mechanisms and toxicities. They are cytotoxic 
only after generation of their alkylating species, which are produced 
through hydroxylation by cytochrome P450 (CYP450). These agents 
have a broad clinical spectrum and are used as single agents or in 
combinations in the treatment of a wide variety of neoplastic dis-
eases, such as non-Hodgkin lymphoma, sarcoma, and breast cancer.

1. Mechanism of action: Cyclophosphamide [sye-kloe-FOSS-
fah- mide] is the most commonly used alkylating agent. Both 
 cyclophosphamide and ifosfamide [eye-FOSS-fah-mide] are first 
biotransformed to hydroxylated intermediates primarily in the liver 
by the CYP450 system (Figure 35.18). The hydroxylated interme-
diates then undergo metabolism to form the active compounds, 
phosphoramide mustard and acrolein. Reaction of the phosphor-
amide mustard with DNA is considered to be the cytotoxic step. 

2. Pharmacokinetics: Cyclophosphamide is available in oral and 
IV preparations, whereas ifosfamide is IV only. Cyclophosphamide 
is metabolized in the liver to active and inactive metabolites, and 
minimal amounts are excreted in the urine as unchanged drug. 
Ifosfamide is metabolized primarily by CYP450 3A4 and 2B6 iso-
enzymes. It is mainly renally excreted.

3. Adverse effects: A unique toxicity of both drugs is hemorrhagic 
cystitis, which can lead to fibrosis of the bladder. Bladder tox-
icity has been attributed to acrolein in the urine in the case of 
 cyclophosphamide and to toxic metabolites of ifosfamide. 
Adequate hydration as well as IV injection of mesna (sodium 
2-mercaptoethane sulfonate), which neutralizes the toxic metabo-
lites, can minimize this problem. Neurotoxicity has been reported 
in patients on high-dose ifosfamide, probably due to the metabo-
lite, chloroacetaldehyde.

B. Nitrosoureas

 Carmustine [KAR-mus-teen, BCNU] and lomustine [LOE-mus-teen, 
CCNU] are closely related nitrosoureas. Because of their ability to 
penetrate the CNS, the nitrosoureas are primarily employed in the 
treatment of brain tumors.

1. Mechanism of action: The nitrosoureas exert cytotoxic effects 
by an alkylation that inhibits replication and, eventually, RNA and 
protein synthesis. Although they alkylate DNA in resting cells, 
cytotoxicity is expressed primarily in cells that are actively divid-
ing. Therefore, nondividing cells can escape death if DNA repair 
occurs. Nitrosoureas also inhibit several key enzymatic processes 
by carbamoylation of amino acids in proteins in the targeted cells.

2. Pharmacokinetics: Carmustine is administered IV and as chemo-
therapy wafer implants, whereas lomustine is given orally. Because 
of their lipophilicity, these agents distribute widely in the body and 

Cyclophosphamide
Ifosfamide

Active phosphoramide
 mustard

Alkylated DNA

DNA

P450

Figure 35.18
Activation of cyclophosphamide  
and ifosfamide by hepatic  
cytochrome P450.
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615V. Alkylating Agents

readily penetrate the CNS. The drugs undergo extensive metabo-
lism. Lomustine is metabolized to active products. The kidney is 
the major excretory route for the nitrosoureas (Figure 35.19).

C. Streptozotocin 

 Streptozotocin is an antibiotic brought under this group due to its 
structure containing methyl nitrososurea group attached to glucose. 
It is used for the treatment of pancreatic cancer and malignant carci-
noid tumors. 

1. Mechanism of action: Due to its glucose structure, it has higher 
affinity for pancreas and in experimental animals it causes diabe-
tes by the destruction of islets of Langerhans. 

2. Pharmacokinetics: It shows a very short half-life after intrave-
nous administration of 15 minutes. Only a fraction of drug (20%) 
is excreted in urine in the unmetabolized form. 

3. Adverse effects: Nausea, vomiting, elevation of hepatic enzymes, 
and renal toxicity are reported. Streptozotocin should not be com-
bined with other nephrotoxic agents. It is also reported to cause 
hematological toxicity in some patients. 

D. Procarbazine (methylhydrazines) 

 Procarbazine is a methylhydrazine derivative used for the treatment 
of Hodgkin’s disease and malignant brain tumors. MOPP is a chemo-
therapy regimen consisting of mechlorethamine, vincristine, procarba-
zine, and prednisone. One of the components of MOPP regimen for 
treating Hodgkin’s disease has been now largely replaced with other 
drugs and regimens. 

1. Mechanism of action: Upon administration, procarbazine is con-
verted by cytochromes of the liver into a highly reactive alkylating 
species which in turn methylates DNA. It is extensively metabo-
lized and excreted. 

2. Adverse effects: Procarbazine causes leukopenia and thrombo-
cytopenia. Gastrointestinal side effects are very common. It is a 
weak mono-amino oxidase (MAO) inhibitor and blocks the metab-
olism of catecholamines. It is highly carcinogenic, mutogenic, and 
teratogenic and is associated with the risk of developing acute 
leukemia in patients undergoing treatment with this agent. 

E. Dacarbazine and temozolomide (tiazenes) 

 Dacarbazine [dah-KAR-bah-zeen] is an alkylating agent that must 
undergo biotransformation to an active metabolite, methyltriazeno-
imidazole carboxamide (MTIC). The metabolite is responsible for the 
alkylating activity of this agent by forming methylcarbonium ions that 
attack the nucleophilic groups in the DNA molecule. The cytotoxic 
action of dacarbazine has been attributed to the ability of its metabo-
lite to methylate DNA on the O-6 position of guanine. Dacarbazine has 
found use in the treatment of melanoma and Hodgkin lymphoma.

 Temozolomide [te-moe-ZOE-loe-mide] is related to dacarbazine, 
because both must undergo biotransformation to an active metabolite, 

IV

Drug crosses the
blood–brain barrier

Lomustine

Carmustine/Lomustine

Metabolites
appear in
the urine

Metabolites
appear in urine

CarmustineCarmustine

Figure 35.19
Administration and fate of carmustine/
lomustine. IV = intravenous.
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MTIC, which is likely responsible for the methylation of DNA on the 
O-6 and N-7 position of guanine. Unlike dacarbazine, temozolomide 
does not require the CYP450 system for metabolic transformation, 
and it undergoes chemical transformation at normal physiological pH. 
Temozolomide also inhibits the repair enzyme, O-6-guanine-DNA alk-
yltransferase. Temozolomide differs from dacarbazine in that it crosses 
the blood–brain barrier and, therefore, is used in the treatment of 
brain tumors such as glioblastomas and astrocytomas. It is also used 
in metastatic melanoma. Temozolomide is administered intravenously 
or orally and has excellent bioavailability after oral administration. The 
parent drug and metabolites are excreted in urine (Figure 35.20).

F. Other alkylating agents

 Mechlorethamine [mek-lor-ETH-ah-meen] was developed as a vesicant  
(nitrogen mustard) during World War I. Its ability to cause lymphocy-
topenia led to its use in lymphatic cancers. Melphalan [MEL-fah-lan],  
a phenylalanine derivative of nitrogen mustard, is used in the treat-
ment of multiple myeloma. This is a bifunctional alkylating agent that 
can be given orally, although the plasma concentration differs from 
patient to patient due to variation in intestinal absorption and metab-
olism. The dose of melphalan is carefully adjusted by monitoring the 
platelet and white blood cell counts. Chlorambucil [clor-AM-byoo-sil] 
is another bifunctional alkylating agent that is used in the treatment 
of chronic lymphocytic leukemia. Busulfan [byoo-SUL-fan] is an oral 
agent that is effective against chronic granulocytic leukemia. This agent 
can cause pulmonary fibrosis (“busulfan lung”). Like other alkylating 
agents, all of these agents are leukemogenic. Bendamustine is admin-
istered through the intravenous route over a period of 30 minutes  
which is approved for the treatment of chronic lymphoid leukemia and 
non-Hodgkin’s lymphoma. 

VI. MICROTUBULE INHIBITORS

The mitotic spindle is part of a larger, intracellular skeleton (cytoskeleton) 
that is essential for the movements of structures occurring in the cyto-
plasm of all eukaryotic cells. The mitotic spindle consists of chromatin plus 
a system of microtubules composed of the protein tubulin. The mitotic 
spindle is essential for the equal partitioning of DNA into the two daughter 
cells that are formed when a eukaryotic cell divides. Several plant-derived 
substances used as anticancer drugs disrupt this process by affecting 
the equilibrium between the polymerized and depolymerized forms of the 
microtubules, thereby causing cytotoxicity. The microtubule inhibitors are 
summarized in Figure 35.21.

A. Vincristine and vinblastine (Vinca alkaloids) 

 Vincristine [vin-KRIS-teen] (VX) and vinblastine [vin-BLAS-teen] (VBL) 
are structurally related compounds derived from the periwinkle plant, 
Vinca rosea. They are, therefore, referred to as the Vinca alkaloids. A 
less neurotoxic agent is vinorelbine [vye-NOR-el-been] (VRB). Although 
the Vinca alkaloids are structurally similar, their therapeutic indica-
tions are different. They are generally administered in combination 

Figure 35.20
Administration and fate of  
temozolomide and dacarbazine.  
IV = intravenous.
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617VI. Microtubule Inhibitors

with other drugs. VX is used in the treatment of acute lymphoblastic 
leukemia in children, Wilms tumor, Ewing soft-tissue sarcoma, and 
Hodgkin and non-Hodgkin lymphomas, as well as some other rapidly 
proliferating neoplasms. [Note: VX (former trade name, Oncovin) is 
the “O” in the R-CHOP regimen for lymphoma. Due to relatively mild 
myelosuppressive activity, VX is used in a number of other protocols.] 
VBL is administered with bleomycin and cisplatin for the treatment of 
metastatic testicular carcinoma. It is also used in the treatment of sys-
temic Hodgkin and non-Hodgkin lymphomas. VRB is beneficial in the 
treatment of advanced non–small cell lung cancer, either as a single 
agent or with cisplatin.

1. Mechanism of action: These agents are cell cycle–specific 
and phase-specific, because they block mitosis in metaphase 
(M-phase). Their binding to the microtubular protein, tubulin, 
blocks the ability of tubulin to polymerize to form microtubules. 
Instead, paracrystalline aggregates consisting of tubulin dimers 
and the alkaloid drug are formed. The resulting dysfunctional 
spindle apparatus, frozen in metaphase, prevents chromosomal 
segregation and cell proliferation (Figure 35.22).

2. Pharmacokinetics: IV injection of these agents leads to rapid 
cytotoxic effects and cell destruction. This, in turn, can cause 
hyperuricemia due to the oxidation of purines that are released 
from fragmenting DNA molecules. The Vinca alkaloids are con-
centrated and metabolized in the liver by the CYP450 path-
way and eliminated in bile and feces. Dosage adjustment is 
required in patients with impaired hepatic function or biliary 
obstruction.

3. Adverse effects: VX and VBL are both associated with phlebi-
tis or cellulitis if extravasation occurs during injection, as well as 
nausea, vomiting, diarrhea, and alopecia. VBL is a potent mye-
losuppressant, whereas peripheral neuropathy (paresthesias, loss 
of reflexes, foot drop, and ataxia) and constipation are more com-
mon with VX. These agents should not be administered intrathe-
cally. This potential drug error can result in death, and special 
precautions should be in place for administration.
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Figure 35.21
Summary of microtubule inhibitors. (For drug dosages, refer to Appendix at the end of the book.)
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618 35. Anticancer Drugs

B. Paclitaxel and docetaxel (taxanes) 

 Paclitaxel [PAK-li-tax-el] was the first member of the taxane family to 
be used in cancer chemotherapy. Semisynthetic paclitaxel is available 
through chemical modification of a precursor found in the needles 
of Pacific or Himalayan yew species. An albumin-bound form is also 
available. Substitution of a side chain resulted in docetaxel [doe-see-
TAX-el], which is the more potent of the two drugs. Paclitaxel has 
good activity against advanced ovarian cancer and metastatic breast 
cancer, as well as non–small cell lung cancer when administered with 
cisplatin. Docetaxel is commonly used in prostate, breast, GI, and 
non–small cell lung cancers.

1. Mechanism of action: Both drugs are active in the G2/M-phase of 
the cell cycle, but unlike the Vinca alkaloids, they promote polym-
erization and stabilization of the polymer rather than disassem-
bly, leading to the accumulation of microtubules (Figure 35.23). 
The microtubules formed are overly stable and nonfunctional, and 
chromosome desegregation does not occur. This results in death 
of the cell.

2. Pharmacokinetics: These agents undergo hepatic metabolism 
by the CYP450 system and are excreted via the biliary system. 
Dosages should be reduced in patients with hepatic dysfunction.

3. Adverse effects: The dose-limiting toxicities of paclitaxel and 
docetaxel are neutropenia and leukopenia. Peripheral neuropathy 
is also a common adverse effect with the taxanes. [Note: Because 
of serious hypersensitivity reactions (including dyspnea, urticaria, 
and hypotension), patients who are treated with paclitaxel should 
be premedicated with dexamethasone and diphenhydramine, as 
well as with an H2 receptor antagonist.]

VII. STEROID HORMONES AND THEIR ANTAGONISTS

Tumors that are sensitive to steroid hormones may be either 1) hormone 
responsive, in which the tumor regresses following treatment with a spe-
cific hormone; or 2) hormone dependent, in which removal of a hormonal 
stimulus causes tumor regression; or 3) both. Removal of hormonal stim-
uli from hormone-dependent tumors can be accomplished by surgery (for 
example, in the case of orchiectomy—surgical removal of one or both 
 testes—for patients with advanced prostate cancer) or by drugs (for exam-
ple, in breast cancer, treatment with the antiestrogen tamoxifen prevents 
estrogen stimulation of breast cancer cells; Figure 35.24). For a steroid 
hormone to influence a cell, that cell must have intracellular (cytosolic) 
receptors that are specific for that hormone (Figure 35.25A).

A. Tamoxifen (estrogen receptors modulators) 

 Tamoxifen [tah-MOX-ih-fen] is a selective estrogen modulator (SERM). 
It is an estrogen antagonist in breast tissue and an agonist in other tis-
sues, such as bone and the endometrium. Tamoxifen is used for first-line 
therapy in the treatment of estrogen receptor–positive breast cancer.  
It is also used for prevention of breast cancer in high-risk women.

1. Mechanism of action: Tamoxifen competes with estrogen for 
binding to estrogen receptors in the breast tissue and inhib-
its estrogen-induced growth of breast cancer (Figure 35.25B). 
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Mechanism of action of the microtu-
bule inhibitors.
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619VII. Steroid Hormones and Their Antagonists

The result is a depletion (down-regulation) of estrogen receptors, 
and the growth-promoting effects of the natural hormone and 
other growth factors are suppressed. 

2. Pharmacokinetics: Tamoxifen is effective after oral administra-
tion. It is partially metabolized by the liver. Some metabolites pos-
sess estrogen antagonist activity, whereas others have agonist 
activity. Unchanged drug and metabolites are excreted predomi-
nantly through the bile into the feces. Tamoxifen is an inhibitor of 
CYP3A4 and P-glycoprotein.

3. Adverse effects: Adverse effects caused by tamoxifen include 
hot flashes, nausea, vomiting, skin rash, and vaginal bleeding and 
discharge (due to estrogenic activity of the drug and some of its 
metabolites in the endometrial tissue). Tamoxifen has the potential 
to cause endometrial cancer. Other toxicities include thromboem-
bolism and effects on vision. 

B. Fulvestrant and raloxifene

 Fulvestrant [fool-VES-trant] is an estrogen receptor antagonist that is 
given via intramuscular injection to patients with hormone receptor– 
positive metastatic breast cancer. This agent binds to and causes 
estrogen receptor down-regulation on tumors and other targets. 
Raloxifene [ral-OKS-i-feen] is an oral SERM that blocks estrogen 
effects in the uterine and breast tissues, while promoting effects in 
the bone to inhibit resorption. This agent reduces the risk of estrogen 
receptor–positive invasive breast cancer in postmenopausal women. 
Both drugs are known to cause hot flashes, arthralgias, and myalgias.

C. Estrogens

 A high dose of estrogen is known to reduce testosterone levels through 
the negative feedback mechanism in the hypothalamo- hypophyseal 
axis. The side effects associated with estrogens are stroke, myocar-
dial infarction, pulmonary embolism, impotence, and loss of libido in 
man while treating for prostate cancer., Considering the side effects 

Figure 35.23
Paclitaxel stabilizes microtubules, 
rendering them nonfunctional.
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Figure 35.24
Summary of steroid hormones and their antagonists. (For drug dosages, refer to Appendix at the end of the book.)

ROUTE ADVERSE
EFFECTS

NOTABLE DRUG
INTERACTIONSDRUG

Warfarin, rifampin Vaginal bleeding, new 
breast lumps

Tamoxifen

Estrogen-containing 
products

Hepatic function, bone 
mineral density 
monitoring, cholesterol 
monitoring

Anastrozole and 
letrozole 

Bone mineral density 
monitoring, serum 
testosterone, PSA

Leuprolide, 
goserelin, 
triptorelin

Warfarin Hepatic function, PSAFlutamide, 
nilutamide, 
bicalutamide

MONITORING
PARAMETERS NOTES

PO

PO

Depot, 
Sub-Q, 
IM

PO

Hot �ashes, N, V, vaginal bleeding, 
hypercalcemia, thromboembolism

Hot �ashes, N, joint pain, ischemic 
cardiovascular events, osteoporosis

Tumor �are, hot �ashes, asthenia, 
gynecomastia

Hot �ashes, N, gynecomastia, 
pain, constipation

May cause endometrial cancer

Contraindicated in 
premenopausal or 
pregnant women

Combined with LHRH agonists or 
surgical castration

LIR_CH35.indd   619 09/10/18   12:46 PM



620 35. Anticancer Drugs

associated with estrogens and availability of other safer alternatives, 
estrogen therapy is not used. Diethylstilbestrol, a synthetic estrogen, 
and its phosphate derivative, fosfestrol, are used for treating prostrate 
carcinoma. 

D. Aromatase inhibitors

 The aromatase reaction is responsible for extra-adrenal synthesis of 
estrogen from androstenedione, which takes place in liver, fat, mus-
cle, skin, and breast tissues, including breast malignancies. Peripheral 
aromatization is an important source of estrogen in postmenopausal 
women. Aromatase inhibitors decrease the production of estrogen in 
these women.

1. Anastrozole and letrozole: Anastrozole [an-AS-troe-zole] and 
letrozole [LE-troe-zole] are nonsteroidal aromatase inhibitors. These 
agents are considered first-line drugs for the treatment of breast 
cancer in postmenopausal women. They are orally active and cause 
almost a total suppression of estrogen synthesis. Anastrozole and 
letrozole do not predispose patients to endometrial cancer. Both 
drugs are extensively metabolized in the liver, and metabolites and 
parent drug are excreted primarily in the urine.

2. Exemestane: A steroidal, irreversible inhibitor of aromatase, 
exemestane [ex-uh-MES-tane], is well absorbed after oral admin-
istration and widely distributed. Hepatic metabolism occurs via 
the CYP3A4 isoenzyme. Because the metabolites are excreted in 
urine, the doses of the drug must be adjusted in patients with 
renal failure. Major toxicities are nausea, fatigue, and hot flashes. 
Alopecia and dermatitis have also been noted.

E. Leuprolide, goserelin, and triptorelin (GnRH analogs) 

 GnRH is normally secreted by the hypothalamus and stimulates the 
anterior pituitary to secrete the gonadotropic hormones: 1) luteinizing 
hormone (LH), the primary stimulus for the secretion of testosterone 
by the testes, and 2) follicle-stimulating hormone (FSH), which stimu-
lates the secretion of estrogen. Leuprolide [loo-PROE-lide], goserelin 
[GOE-se-rel-in], and triptorelin [TRIP-to-rel-in] are synthetic analogs of 
GnRH. As GnRH analogs, they occupy the GnRH receptor in the pitu-
itary, which leads to its desensitization and, consequently, inhibition of 
release of FSH and LH. Thus, both androgen and estrogen synthesis 
are reduced (Figure 35.26). Response to leuprolide in prostatic can-
cer is equivalent to that of orchiectomy with regression of tumor and 
relief of bone pain. These drugs have some benefit in premenopausal 
women with advanced breast cancer and have largely replaced estro-
gens in therapy for prostate cancer. Leuprolide is available as 1) a 
subcutaneous daily injection, 2) a subcutaneous depot injection, or 
3)  an intramuscular depot injection to treat metastatic carcinoma of 
the prostate. Goserelin acetate is a subcutaneous implant, and trip-
torelin pamoate is injected intramuscularly. Levels of androgen in 
prostate cancer patients may initially rise, but then fall to castration 
levels. The adverse effects of these drugs, including impotence, hot 
flashes, and tumor flare, are minimal compared to those experienced 
with estrogen treatment.
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621VIII. Platinum Coordination Complexes

F. Antiandrogens

 Flutamide [FLOO-ta-mide], nilutamide [nye-LOO-ta-mide], bicalut-
amide [bye-ka-LOO-ta-mide], and enzalutamide [enz-a-LOO-ta-mide] 
are oral antiandrogens used in the treatment of prostate cancer. 
They compete with the natural hormone for binding to the androgen 
receptor and prevent its action in the prostate (Figure 35.24). Adverse 
effects include gynecomastia, constipation, nausea, and abdominal 
pain. Rarely, liver failure has occurred with flutamide. Nilutamide can 
cause visual problems. 

VIII. PLATINUM COORDINATION COMPLEXES

A. Cisplatin, carboplatin, and oxaliplatin

 Cisplatin [SIS-pla-tin] was the first member of the platinum coordi-
nation complex class of anticancer drugs, but because of severe 
toxicity, carboplatin [KAR-boe-pla-tin] was developed. The potency, 
pharmacokinetics, patterns of distribution, and dose-limiting tox-
icities differ significantly (Figure 35.27) between the two drugs. 
Cisplatin has synergistic cytotoxicity with radiation and other che-
motherapeutic agents. It has found wide application in the treat-
ment of solid tumors, such as metastatic testicular carcinoma in 
combination with VBL and bleomycin, ovarian carcinoma in com-
bination with cyclophosphamide, or alone for bladder carcinoma. 
Carboplatin is used when patients cannot be vigorously hydrated, 
as is required for cisplatin treatment, or if they suffer from kidney 
dysfunction or are prone to neuro- or ototoxicity. Oxaliplatin [ox-AL-
ih-pla-tin] is a closely related analog of carboplatin used in the set-
ting of colorectal cancer.

1. Mechanism of action: The mechanism of action for these agents 
is similar to that of the alkylating agents. In the high-chloride 
milieu of the plasma, cisplatin persists as the neutral species, 
which enters the cell and loses chloride in the low-chloride milieu. 
It then binds to guanine in DNA, forming inter- and intrastrand 
cross-links. The resulting cytotoxic lesion inhibits both poly-
merases for DNA replication and RNA synthesis. Cytotoxicity can 
occur at any stage of the cell cycle, but cells are most vulnerable 
to the actions of these drugs in the G1- and S-phases.

2. Pharmacokinetics: These agents are administered via IV infu-
sion. Cisplatin and carboplatin can also be given intraperitone-
ally for ovarian cancer and intra-arterially to perfuse other organs. 
The highest concentrations of the drugs are found in the liver 
and kidney and in intestinal, testicular, and ovarian cells, but little 
penetrates into the CSF. The renal route is the main pathway of 
excretion.

3. Adverse effects: Severe, persistent vomiting occurs for at least 
1  hour after administration of cisplatin and may continue for as 
long as 5 days. Premedication with antiemetic agents is required. 
The major limiting toxicity is dose-related nephrotoxicity, involv-
ing the distal convoluted tubule and collecting ducts. This can be 
prevented by aggressive hydration. Other toxicities include oto-
toxicity with high-frequency hearing loss and tinnitus. Unlike cis-
platin, carboplatin causes only mild nausea and vomiting, and it 
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622 35. Anticancer Drugs

is rarely nephro-, neuro-, or ototoxic. The dose-limiting toxicity is  
myelosuppression. Oxaliplatin has a distinct adverse effect of 
cold-induced peripheral neuropathy that usually resolves within 
72 hours of administration. It also causes myelosuppression and 
cumulative peripheral neuropathy. Hepatotoxicity has also been 
reported. These agents may cause hypersensitivity reactions 
ranging from skin rashes to anaphylaxis.

IX. TOPOISOMERASE INHIBITORS

These agents exert their mechanism of action via inhibition of topoisom-
erase enzymes, a class of enzymes that reduce supercoiling of DNA  
(Figure 35.28).

A. Camptothecins (topoisomerase II inhibitors) 

 Camptothecins are plant alkaloids originally isolated from the Chinese 
tree Camptotheca. Irinotecan [eye-rin-oh-TEE-kan] and topotecan 
[toe-poe-TEE-kan] are semisynthetic derivatives of camptothecin 
[camp-toe-THEE-sin]. Topotecan is used in metastatic ovarian cancer 
when primary therapy has failed and also in the treatment of small 
cell lung cancer. Irinotecan is used with 5-FU and leucovorin for the 
treatment of colorectal carcinoma.
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Figure 35.27
Summary of platinum coordination complexes. (For drug dosages, refer to Appendix at the end of the book.)
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Summary of topoisomerase inhibitors. (For drug dosages, refer to Appendix at the end of the book.)

LIR_CH35.indd   622 09/10/18   12:47 PM



623XI. Tyrosine Kinase Inhibitors

1. Mechanism of action: These drugs are S-phase specific and 
inhibit topoisomerase I, which is essential for the replication of 
DNA in human cells (Figure 35.29). SN-38 (the active metabolite 
of irinotecan) is approximately 1000 times as potent as irinotecan 
as an inhibitor of topoisomerase I. The topoisomerases relieve 
torsional strain in DNA by causing reversible,  single-strand 
breaks.

2. Adverse effects: Bone marrow suppression, particularly neu-
tropenia, is the dose-limiting toxicity for topotecan. Frequent 
blood counts should be performed in patients receiving this drug. 
Myelosuppression is also seen with irinotecan. Acute and delayed 
diarrhea with irinotecan may be severe and require treatment with 
atropine during the infusion or high doses of loperamide in the 
days following the infusion.

B. Etoposide (topoisomerase I inhibitors)

 Etoposide [e-toe-POE-side] is a semisynthetic derivative of the plant 
alkaloid, podophyllotoxin. This agent blocks cells in the late S- to 
G2 phase of the cell cycle, and the major target is topoisomerase II. 
Binding of the drug to the enzyme–DNA complex results in persistence 
of the transient, cleavable form of the complex and, thus, renders 
it susceptible to irreversible double-strand breaks (Figure 35.30).  
Etoposide finds its major clinical use in the treatment of lung can-
cer and in combination with bleomycin and cisplatin for testicu-
lar carcinoma. Etoposide may be administered either IV or orally. 
Dose-limiting myelosuppression (primarily leukopenia) is the major 
toxicity. 

 Teniposide is another derivative administered by the intravenous route 
having a longer terminal half-life compared to etoposide. The mecha-
nism of action is similar to that of etoposide. It is used for the refrac-
tory ALL in children. Apart from GI side effects, myelosuppression has 
also been associated with its usage. 

X. ANTIBODIES

Monoclonal antibodies (Figure 35.31) are an active area of drug devel-
opment for anticancer therapy and other non-neoplastic diseases, 
because they are directed at specific targets and often have different 
adverse effect profiles as compared to traditional chemotherapy agents. 
[Note: Monoclonal antibodies also find application in a number of other 
disorders, such as inflammatory bowel disease, psoriasis, and rheuma-
toid arthritis.] All of these agents are administered intravenously, and 
infusion-related reactions are common. 

XI. TYROSINE KINASE INHIBITORS

The tyrosine kinases are a family of enzymes that are involved in several 
important processes within a cell, including signal transduction and cell 
division. [Note: At least 50 tyrosine kinases mediate cell growth or divi-
sion by phosphorylation of signaling proteins. They have been implicated 
in the development of many neoplasms.] The tyrosine kinase inhibitors are 
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624 35. Anticancer Drugs

administered orally, and these agents have a wide variety of applications in 
the treatment of cancer (Figure 35.32). 

XII. IMMUNOTHERAPY

Immunotherapy with intravenous immune checkpoint inhibitors is 
a  rapidly evolving option for cancer treatment. The goal of immune 
checkpoint inhibitors is to block the checkpoint molecules, such as 
the  programmed-death (PD-1) receptor, that normally help to keep the 
immune system in check. By blocking these molecules, the immune sys-
tem is better able to attack the tumor and cause destruction. The two  
most commonly used checkpoint inhibitors are pembrolizumab [PEM-
broe-LIZ-ue-mab] and nivolumab [nye-VOL-ue-mab]. The adverse reac-
tion profiles of these agents consist of potentially severe and even 
fatal immune-mediated adverse events. This is because turning off the 
immune checkpoints allows attack of the tumor, but can also lead to 
unchecked autoimmune response to normal tissues. Adverse events 
include diarrhea, colitis, pneumonitis, hepatitis, nephritis, neurotoxicity, 
dermatologic toxicity in the form of severe skin rashes, and endocrinop-
athies such as hypo- or hyperthyroidism. Patients should be closely 
monitored for the potential development of signs and symptoms of tox-
icity and promptly treated with corticosteroids if necessary. 

XIII. MISCELLANEOUS AGENTS

A. Abiraterone acetate

 Abiraterone [ab-er-AT-er-own] acetate is an oral agent used in the treat-
ment of metastatic castration–resistant prostate cancer. Abiraterone 
acetate is used in conjunction with prednisone to inhibit the CYP17 
enzyme (an enzyme required for androgen synthesis), resulting in 
reduced testosterone production. Coadministration with prednisone is 
required to help lessen the effects of mineralocorticoid excess result-
ing from CYP17 inhibition. Hepatotoxicity may occur, and patients 
should be closely monitored for hypertension, hypokalemia, and fluid 
retention. Joint and muscle discomfort, hot flushes, and diarrhea are 
common adverse effects with this agent.

B. Immunomodulating agents

 Thalidomide [tha-LEHDO-mide], lenalidomide [len-ah-LEHDO-mide], 
and pomalidomide [poma-LEHDO-mide] are oral agents used in the 
treatment of multiple myeloma. Their exact mechanism of action is 
not clear, but they possess antimyeloma properties including antian-
giogenic, immune-modulation, anti-inflammatory, and anti- proliferative 
effects. These agents are often combined with dexamethasone or other 
chemotherapeutic agents. Adverse effects include, thromboembo-
lism, myelosuppression, fatigue, rash, and constipation. Thalidomide 
was previously given to pregnant women to prevent morning sick-
ness. However, severe birth defects were prevalent in children born 
to mothers who used thalidomide. Lenalidomide and pomalidomide 
are structural variants of thalidomide and because of their structural 
similarities, these drugs are contraindicated in pregnancy. 
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625XIII. Miscellaneous Agents

C. Proteasome inhibitors

 Bortezomib [bore-TEZ-o-mib], ixazomib [ix-az-O-mib], and carfilzo-
mib [kar-FIL-zo-mib] are proteasome inhibitors commonly used as 
the backbone therapy in the treatment of multiple myeloma. These 
agents work by inhibiting proteasomes, which in turn prevents the 
degradation of pro-apoptotic factors, thus leading to a promotion in 
programmed cell death (apoptosis). Malignant cells readily depend on 
suppression of the apoptotic pathway; therefore, proteasome inhibition 
works well in multiple myeloma. Bortezomib can be administered IV,  
but the subcutaneous route is preferred because it is associated with 
less neuropathy. Other adverse effects include myelosuppression, 
diarrhea, nausea, fatigue, and herpes zoster reactivation. Patients 
should receive antiviral prophylaxis if they are receiving therapy with 
bortezomib. Ixazomib is an oral agent with an adverse effect profile 
similar to bortezomib. Carfilzomib is administered intravenously, and 
common adverse effects include myelosuppression, fatigue, nausea, 
diarrhea, and fever. “Chemo Man” is a useful tool to help remember 
the most common toxicities of these drugs (Figure 35.33).

BP = blood pressure; CBC = complete blood count; EGFR = epidermal growth factor receptor; HER2 =human epidermal growth factor receptor protein 2; GI = gastrointes-
tinal; LVEF = left ventricular ejection fraction; PML = progressive multifocal leukoencephalopathy; TLS = tumor lysis syndrome; VEGF = vascular endothelial growth factor.

Figure 35.31
Summary of monoclonal antibodies. (For drug dosages, refer to Appendix at the end of the book.)
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Increased risk of nephrotoxicity 
when given with cisplatin

Embryo-fetal toxicity

Neutropenia in combination with 
chemotherapy

Premedication with antihistamine 
and acetaminophen required
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CBC, CMP

MECHANISM OF ACTION ADVERSE EFFECTSDRUG

Afatinib

Glucose, symptoms of 
heart failure or bleeding, 
CBC, BMP, INR (if warfarin)

Dabrafenib

CBC, BCR-ABL, electrolytesDasatinib

CMP

Ibrutinib CBC, CMP, atrial �brillation, 
BP, tumor lysis syndrome

MONITORING
PARAMETERS NOTES

Inhibits EGFR tyrosine 
kinase

Inhibits mutated BRAF 
kinases

Inhibits BCR-ABL tyrosine 
kinase

Inhibits EGFR tyrosine 
kinase

Inhibits Bruton’s tyrosine 
kinase 

Diarrhea, rash, stomatitis, 
paronychia, nausea, 
vomiting, pruritus

Pyrexia, rash, arthralgia, 
cough, embryo-fetal 
toxicity

Myelosuppression, �uid 
retention, diarrhea

Rash, ILD, hepatoxicity

Neutropenia, 
thombocytopenia, 
diarrhea, anemia, pain, 
rash, nausea, bruising, 
fatigue, hemorrhage, 
pyrexia

Administer on an empty 
stomach

Reduce dose for signi�cant 
diarrhea

Use e�ective contraception 
for female patients

Use e�ective contraception 
for female patients

Administer on empty 
stomach

May cause new primary 
malignancies

QT prolongation

Rash equated with 
increased response

Avoid grapefruit juice and 
Seville oranges

Can cause hepatitis B 
reactivation

Use e�ective contraceptive

NOTABLE DRUG
INTERACTIONS

P-gp inhibitors and 
inducers

CYP3A4 inhibitors and 
substrates; CYP2C8 
inhibitors and substrates; 
substrates of CYP2C9, 
CYP2C19, or CYP2B6 

CYP3A4 substrates, acid-
reducing agents

CYP3A4 substrates, acid-
reducing agents, warfarin

CYP3A inhibitors and 
inducers

Erlotinib

Idelalisib

ECG, electrolytes, CMP, 
uveitis

Vemurafenib Arthralgia, rash, alopecia, 
fatigue, photosensitivity, 
pruritus, skin papilloma

Inhibits mutated BRAF 
serine-threonine kinase

May cause new primary 
cutaneous malignancies

Use e�ective contraception 
in female patients

Imatinib

Nilotinib

Osimertinib

Pazopanib

Sorafenib

Sunitinib

Trametinib Fever, new cutaneous 
malignancies, serum 
glucose, LVEF, CBC, CMP

Reversible inhibitor of 
mitogen-activated 
extracellular kinases

Pyrexia, rash, diarrhea, 
vomiting, lymphedema

Used in combination with 
dabrafenib

Administer on empty 
stomach

CYP2C8 substrates, P-gp

BP, CMP, TSHMulti–tyrosine kinase 
inhibitor 

Hypertension, hand-foot 
syndrome, rash, diarrhea, 
fatigue, hepatotoxicity, 
hypothyroidism

Monitor for development 
of heart failure

CYP3A4 substrates

BP, CMPInhibits multiple 
intracellular and 
cell surface kinases 

Hypertension, hand-foot 
syndrome, rash, diarrhea, 
fatigue

Wound healing 
complications, cardiac 
events

CYP3A4 inducers, warfarin

ECG, electrolytes, thyroid 
function tests, LFTs, UA, 
CBC, BP

Multi–tyrosine kinase 
inhibitor

Diarrhea, hypertension, 
hair color changes, nausea, 
anorexia, vomiting

Use e�ective contraceptive 
for female patients

CYP3A4 inhibitors, 
inducers, and substrates; 
CYP2D6 or CYP2C8 
substrates; simvastatin; 
drugs that reduce 
gastric pH

CBC, ECG, electrolytesInhibits EGFR tyrosine 
kinase

Diarrhea, rash, dry skin, 
nail toxicity, fatigue

Use e�ective contraceptive 
for female patients

Strong CYP3A inducers

CBC, BCR-ABL, electrolytesInhibits BCR-ABL kinase Myelosuppression, 
QT prolongation, 
hepatotoxicity 

QT prolongation

Administer on empty 
stomach

CYP3A4 substrates, acid-
reducing agents

CBC, BCR-ABLInhibits BCR-ABL tyrosine 
kinase

Myelosuppression, �uid 
retention, CHF

Monitor for development 
of heart failure

CYP3A4 substrates, warfarin

CBC, LFTs, pulmonary 
symptoms, infection

Inhibits 
phosphatidylinositol 
3-kinase

Diarrhea, fatigue, nausea, 
cough, pyrexia, abdominal 
pain, pneumonia, rash, 
neutropenia, infection

Use e�ective contraception 
for female patients

CYP3A inducers and 
substrates

CYP3A4 inhibitors and 
inducers, CYP1A2 
substrates

BMP = basic metabolic panel; BP = blood pressure; CBC = complete blood count; CHF = congestive heart failure; CMP = complete metabolic panel; ECG = electrocar-
diogram; EGFR = epidermal growth factor receptor; ILD = interstitial lung disease; INR = international normalized ratio; LFT = liver function test; LVEF = left ventricular 
ejection fraction; P-gp = P-glycoprotein; TSH = thyroid-stimulating hormone; UA = urinalysis.

Figure 35.32
Summary of tyrosine kinase inhibitors.
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Study Questions

Choose the ONE best answer.

35.1 A patient is about to undergo three cycles of che-
motherapy prior to surgery for bladder cancer. 
Which best describes chemotherapy in this setting?

A. Adjuvant

B. Neoadjuvant

C. Palliative

D. Maintenance

35.2 A 45-year-old man is being treated with ABVD che-
motherapy for Hodgkin lymphoma. He presents for 
cycle 4 of planned 6 cycles with a new-onset cough. 
He states it started a week ago and he also feels 
like he has a little trouble catching his breath. Which 
drug in the ABVD regimen is the most likely cause of 
his pulmonary toxicity?

A. Doxorubicin (adriamycin)

B. Bleomycin

C. Vinblastine

D. Dacarbazine

Figure 35.33
Chemo Man—a summary of toxicity of chemotherapeutic agents.

CISPLATIN
Ototoxicity,

nephrotoxicity,
nausea/vomiting

BLEOMYCIN/
BUSULFAN
Pulmonary toxicity

CyCLOPHOSPHAMIDE/
IFOSFAMIDE
Hemorrhagic cystitis

CYTARABINE
Chemical conjunctivitis DOXORUBICIN /

DAUNORUBICIN
Cardiotoxicity

OXALIPLATIN/
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Peripheral neuropathy
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Correct answer = B. Chemotherapy given before 
the surgical procedure in an attempt to shrink the 
cancer is referred to as neoadjuvant chemotherapy. 
Chemotherapy is indicated when neoplasms are 
disseminated and are not amenable to surgery (pal-
liative). Chemotherapy is also used as a supplemen-
tal treatment to attack micrometastases following 
surgery and radiation treatment, in which case it is 
called adjuvant chemotherapy. Chemotherapy given 
in lower doses to assist in prolonging a remission is 
known as maintenance chemotherapy.

Correct answer = B. Pulmonary toxicity is the most 
serious adverse effect of bleomycin, progressing from 
rales, cough, and infiltrate to potentially fatal fibrosis. 
The pulmonary fibrosis that is caused by bleomycin is 
often referred to as “bleomycin lung.”
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35.3 A patient is about to begin therapy with doxorubi-
cin and cyclophosphamide. Which test should be 
ordered for baseline assessment before treatment?

A. Baseline PFTs

B. Baseline stress test

C. Baseline echocardiogram

D. Baseline urinalysis

35.4 A 64-year-old man is scheduled to undergo chemo-
therapy for rhabdomyosarcoma, and the regimen 
includes ifosfamide. Which is most appropriate to 
include in chemotherapy orders for this patient?

A. IV hydration, mesna, and frequent urinalyses

B. Leucovorin and frequent urinalyses

C. Allopurinol and frequent urinalyses

D. IV hydration, prophylactic antibiotics, and fre-
quent urinalyses

35.5 Development of signs of which condition should be 
monitored in patients receiving chemotherapy with 
ifosfamide?

A. Hand-foot syndrome

B. Rash

C. Cardiotoxicity

D. Neurotoxicity

35.6 Which chemotherapy drug can cause nephrotoxic-
ity, neurotoxicity, ototoxicity, electrolyte abnormali-
ties, and severe nausea and vomiting?

A. Cyclophosphamide

B. Oxaliplatin

C. Etoposide

D. Cisplatin

35.7 A patient was mistakenly administered vincristine 
instead of cytarabine intrathecally. What is the likely 
outcome of this drug error?

A. Neuropathy

B. Death

C. Renal failure

D. Hearing loss

35.8 The appearance of a facial rash with cetuximab is 
associated with a(n)

A. negative response to therapy.

B. positive response to therapy.

C. drug allergy.

D. infusion reaction.

Correct answer = C. Irreversible, dose-dependent car-
diotoxicity, apparently a result of the generation of free 
radicals and lipid peroxidation, is the most serious 
adverse reaction of anthracyclines, such as doxorubi-
cin. Cardiac function should be assessed prior to ther-
apy and then periodically throughout therapy.

Correct answer = A. A unique toxicity of ifosfamide 
is hemorrhagic cystitis. This bladder toxicity has 
been attributed to toxic metabolites of ifosfamide. 
Adequate hydration as well as IV injection of mesna 
(sodium 2-mercaptoethane sulfonate), which neutral-
izes the toxic metabolites, can minimize this problem. 
Frequent urinalyses to monitor for red blood cells 
should be ordered. Leucovorin is used with meth-
otrexate or 5-FU (not ifosfamide). Allopurinol has a 
drug interaction with ifosfamide and is not an agent 
that prevents hemorrhagic cystitis. IV fluids are cor-
rect; however, mesna is also needed.

Correct answer = D. A fairly high incidence of neuro-
toxicity has been reported in patients on high-dose  
ifosfamide, probably due to the metabolite, chloroac-
etaldehyde. Hand-foot syndrome is an adverse effect 
of 5-FU and derivatives. Rash is possible with many 
drugs, but is not the most appropriate answer here. 
Cardiotoxicity is an adverse effect of the anthracyclines.

Correct answer = D. Cisplatin can cause renal failure, 
neuropathy, hearing loss, electrolyte wasting, and sig-
nificant nausea and vomiting. Oxaliplatin rarely causes 
ototoxicity or nephrotoxicity. Cyclophosphamide 
and etoposide have myelosuppression as the dose- 
limiting toxicity. 

Correct answer = B. Death. Vincristine is fatal if given 
intrathecally.

Correct answer = B. Patients undergoing therapy with 
an EGFR inhibitor such as cetuximab often develop 
an acneiform-like rash on the face, chest, upper 
back, and arms. The appearance of such a rash 
has been correlated with an increased response as 
compared to patients who do not experience a rash 
during therapy.
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 35.9 Rituximab is an agent that requires a slow initial infu-
sion due to the possibility of an infusion reaction. 
Which is believed to be the cause of this reaction?

A. Allergic reaction to the drug

B. Tumor lysis syndrome

C. Activation of compliment resulting in the release 
of tumor necrosis factor and interleukins

D. Reactivation of hepatitis

35.10 Patients should receive antiviral prophylaxis for 
herpes zoster while undergoing treatment with 
which agent for multiple myeloma?

A. Dabrafenib

B. Ipilimumab

C. Cisplatin

D. Bortezomib

Correct answer = C. Patients receiving rituximab may 
experience an infusion reaction, usually on the first 
cycle. Hypotension, bronchospasm, and angioedema 
may occur. Chills and fever may occur, especially 
in patients with high circulating levels of neoplas-
tic cells, because of rapid activation of complement 
which results in the release of tumor necrosis factor-α 
and interleukins. Pretreatment with diphenhydramine, 
acetaminophen, and corticosteroids and a slower 
infusion rate can lessen the chance of this reaction.

Correct answer = D. Bortezomib is known to cause 
herpes zoster reactivation in patients receiving treat-
ment for multiple myeloma. Patients should receive 
antiviral prophylaxis while on bortezomib therapy.
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I. OVERVIEW

Protozoan parasites that cause human diseases are prevalent in under-
developed tropical and subtropical countries, where sanitary condi-
tions, hygienic practices, and control of the vectors of transmission are 
 inadequate. However, with increased world travel, protozoal diseases are 
no  longer confined to specific geographic locales. Because they are uni-
cellular eukaryotes, the protozoal cells have metabolic processes closer 
to those of the human host than to prokaryotic bacterial pathogens. 
Therefore, protozoal diseases are less easily treated than bacterial infec-
tions, and many of the antiprotozoal drugs cause serious toxic effects in 
the host, particularly on cells showing high metabolic activity. Most anti-
protozoal agents have not proven to be safe for pregnant patients. This 
chapter discusses the drugs used in the treatment of Amebiasis, Malaria, 
Trichomoniasis, Trypanosomiasis, Leshmaniasis, and Giardiasis.

Drugs used to treat protozoal infections are listed in Figure 36.1. 

II. CHEMOTHERAPY FOR AMEBIASIS

Amebiasis (amebic dysentery) is an infection of the intestinal tract caused 
by Entamoeba histolytica. E. histolytica is endemic in developing coun-
tries and is mainly transmitted via the fecal–oral route or through ingestion 
of contaminated food or water. Most infected individuals are asymptom-
atic but can exhibit varying degrees of illness depending on host factors 
and formation of trophozoites. The diagnosis is established by isolating 
E.  histolytica from feces. Due to the risk of developing invasive disease and 
acting as a potential source of infection for others, therapy is indicated for 
acutely ill patients and asymptomatic carriers of E. histolytica. A summary 
of the life cycle of E. histolytica is presented in Figure 36.2. Therapeutic 
agents for amebiasis are classified as luminal, systemic, or mixed amebi-
cides according to the site of action (Figure 36.2). For  example, luminal 
amebicides act on the parasite in the lumen of the bowel, whereas sys-
temic amebicides are effective against amebas in the intestinal wall and 
liver. Mixed amebicides are effective against both the luminal and the sys-
temic forms of the disease, although luminal concentrations are too low for 
single-drug treatment.

A. Mixed amebicides

1. Metronidazole: Metronidazole [me-troe-NYE-da-zole], a nitro-
imidazole, is the mixed amebicide of choice for treating amebic 
infections. [Note: Metronidazole is also used in the treatment 
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Figure 36.1
Summary of antiprotozoal agents. 
(For drug dosages, refer to Appendix 
at the end of the book.)

AMEBIASIS

Metronidazole
Tinidazole
Ornidazole
Secnidazole
Satranidazole
Chloroquine
Dehydroemetine
Iodoquinol
Paromomycin
GIARDIASIS

Metronidazole 
Tinidazole
Nitazoxanide 
MALARIA

Artemether/lumefantrine 
Chloroquine
Primaquine 
Pyrimethamine 
Quinine/quinidine
Mefloquine
Atovaquone–proguanil 
TRYPANOSOMIASIS

Pentamidine 
Benznidazole 
Eflornithine 
Melarsoprol 
Nifurtimox 
Suramin
LEISHMANIASIS

Miltefosine
Sodium stibogluconate
TOXOPLASMOSIS

Pyrimethamine
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632 36. Antiprotozoal Drugs

of infections caused by Giardia lamblia, Trichomonas vaginalis, 
anaerobic cocci, anaerobic gram-negative bacilli (for example, 
Bacteroides species), and anaerobic gram-positive bacilli (for 
example, Clostridium difficile).] 

a. Mechanism of action: Amebas and anaerobic organisms 
possess ferredoxin-like, low-redox-potential, electron trans-
port proteins that participate in metabolic electron removal 
reactions. It is a prodrug which requires a reactive activation 
of the nitro group by susceptible microbes. The nitro group 
of metronidazole is able to serve as an electron acceptor, by 
a radical-mediated mechanism that targets DNA and also by 
forming reduced cytotoxic compounds, resulting in death of 
the E. histolytica trophozoites and anaerobes. Metronidazole 
catalytically recycles itself by the loss of electron, but increas-
ing levels of oxygen (O2) can inhibit the cytotoxic action of 
metronidazole. Resistance to metronidazole is also docu-
mented with T. vaginalis, G. lamblia, and other anaerobic/
microaerophilic bacteria but is not seen with E. histolytica.

b. Pharmacokinetics: Metronidazole is completely and rapidly 
absorbed after oral administration. [Note: For the treatment of 
amebiasis, it is usually administered with a luminal amebicide, 

STOMACH

ILEUM

COLON

RECTUM

LIVER

Cyst formation

Expelled trophozoite
(noninfective)

Expelled cyst
(infective)

COLON
WALL

Systemic amebicides
Chloroquine
Dehydroemetine

Mixed amebicide
(luminal and 
systemic activity)

Metronidazole
Tinidazole

Luminal
amebicides

Iodoquinol
Paromomycin

2 Formation of
trophozoites

3
Multiplication
of trophozoites
within colon wall

4
5

6 Cysts discarded
with feces

Systemic
invasion

Penetration of
intestinal wall

1 Ingestion
of cysts

Figure 36.2
Life cycle of Entamoeba histolytica, showing the sites of action of amebicidal drugs.
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633II. Chemotherapy for Amebiasis

such as iodoquinol or paromomycin. This combination 
 provides cure rates of greater than 90%.] Metronidazole dis-
tributes well throughout body tissues and fluids. Therapeutic 
levels can be found in vaginal and seminal fluids, saliva, 
breast milk, and cerebrospinal fluid (CSF). Metabolism of the 
drug depends on hepatic oxidation of the metronidazole side 
chain by mixed-function oxidase, followed by glucuronida-
tion. Therefore, concomitant treatment with inducers of the 
cytochrome P450, such as phenobarbital, enhances the rate 
of metabolism, and inhibitors, such as cimetidine, prolong the 
plasma half-life of metronidazole. The drug accumulates in 
patients with severe hepatic disease. The parent drug and its 
metabolites are excreted in the urine. Metronidazole used at a 
dose of 400 mg thrice a day for mild cases and 800 mg thrice 
a day for severe cases for a duration of 7 to 10 days depends 
upon the type of infection. During colorectal and pelvic surgery, 
it is used along with other antibiotics to cover the entire spec-
trum of aerobic and anaerobic microbes. It can conveniently be 
administered through slow intravenous infusion as well. 

c. Adverse effects: The most common adverse effects are 
nausea, vomiting, epigastric distress, and abdominal cramps 
(Figure 36.3). An unpleasant, metallic taste is commonly expe-
rienced due to the excretion of metabolites in the saliva. Other 
effects include oral moniliasis (yeast infection of the mouth) 
and, rarely, neurotoxicity (dizziness, vertigo, and numbness 
or paresthesia), which may necessitate discontinuation of 
the drug. If taken with alcohol, a disulfiram-like reaction may 
occur (see Chapter 48).

2. Tinidazole: Tinidazole [tye-NI-da-zole] is a second-generation 
nitroimidazole that is similar to metronidazole in spectrum of 
activity, absorption, adverse effects, and drug interactions. It is 
used for the treatment of amebiasis, amebic liver abscess, giar-
diasis, and trichomoniasis. Tinidazole is as effective as metroni-
dazole, but it is more expensive. Alcohol consumption should be 
avoided during therapy. Due to its longer half-life (t1/2 is 12 hours; 
tinidazole can be administered conveniently in the form of a single  
dose of 2 g in adults and at a dose of 30 to 50 mg/kg in children). 
For anaerobic infections, it is administered as a prophylactic sin-
gle dose of 2 g before colorectal surgery and a dose of 500 mg 
twice daily for 2 weeks for Helicobacter pylori infections 

3. Ornidazole: The spectrum and mechanism of ornidazole are sim-
ilar to those of metronidazole. Ornidazole is reported to have lon-
ger t1/2 like tinidazole; therefore, for chronic intestinal amoebiasis 
and asymptomatic cyst passers, ornidazole is used at a dose of 
0.5 g twice daily for 5 to 7 days. Alcohol consumption should be 
avoided during this therapy.

4. Satranidazole: Satranidazole is also a congener of nitroimidazole 
having longer t1/2 of 14 hours. It has been reported to have a bet-
ter side effect profile compared to metronidazole. It is used at a 
dose of 0.3 g twice daily for 3 to 5 days. 

5. Secnidazole: The mechanism of action and spectrum of secnida-
zole are similar to those of metronidazole. Secnidazole has a poten-
tial advantage over metronidazole in that it can be administered 

Nausea

GI disturbance

 O N E   C E 
N 

T

Metallic
taste

Figure 36.3
Adverse effects of metronidazole.  
GI = gastrointestinal.
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as a single dose since its plasma t1/2 is of 17 to 29 hours. After a 
single dose of 2 g, plasma secnidazole remains above the mini-
mum inhibitory concentration (MIC) of sensitive organisms for the 
treatment of intestinal amebiasis, giardiasis, and bacterial vagi-
nosis. However, metronidazole should be considered the drug of 
choice for life-threatening anaerobic infections.

B. Luminal amebicides

 After treatment of invasive intestinal or extraintestinal amebic dis-
ease is complete, a luminal agent, for example, 8-hydroxyquinolines 
such as quinodochlor and iodoquinol, benxamides such as diloxa-
nide furoate and nitazoxanide, and antibiotics such as paromomycin, 
should be administered for treatment of the asymptomatic coloniza-
tion state. 

1. 8-hydroxyquinolines: Many 8-hydroxyquinolines, such as iodo-
chloro hydroxyquinoline (quinodochlor) and diiodohydroxyquin 
(iodoquinol), were developed and widely employed in the past. 
They share similar properties in spectrum and action. They are 
amebicidal against E. histolytica and are effective against the lumi-
nal trophozoite and cyst forms. However, their efficacy is inferior 
to that of diloxanide furoate. Absorption in the intestine is variable; 
they have a longer half-life of 12 hours. They are metabolized in 
the liver and excreted by the kidney. The unabsorbed portion of 
the drug reaches the lower bowel and acts on luminal trophozoite 
and cyst forms. 8-Hydroxyquinolines cause rashes, diarrhea, and 
dose-related peripheral neuropathy, including a rare optic neuritis. 
They cause green stools and pruritis and can also cause iodism. 
Long-term use of this drug should be avoided due to the possi-
bility of developing iodism evidenced by ptyalism, coryza, frontal 
headache, emaciation, skin eruptions, goiter, etc. People sensi-
tive to iodine might get acute reaction with chills, hyperthermia, 
angioedema, and cutaneous hemorrhages. They are also used for 
the treatment of giardiasis and for the local treatment of fungal, 
trichomonas vaginitis, and bacterial infections. Quinodochlor is 
used at a dose of 250 to 500 mg three times a day and idoquinol 
is used at a dose of 250 mg three times a day for 2 weeks. 

2. Amide derivatives: This class of benzamides such as diloxa-
nide furoate and nitazoxanide is every effective as compared 
to 8-hydroxyquinolines as luminal amebicides. They are furoate 
esters that get hydrolyzed in the intestine and release diloxanide 
which is absorbed. Although the mechanism of action is not well 
documented, after absorption it is metabolized into glucuronide 
products and excreted in urine. In a single dose, amide deriva-
tives show a clinical cure rate of 80% to 90% in asymptomatic 
cyst passers. It is well tolerated and reported to have side effects 
such as flatulence, diarrhea or cramping, nausea, headache, dis-
orientation or dizziness, and rarely diplopia. It is administered 
orally at a dose of 500 mg three times a day for 5 to 10 days. 

a. Nitazoxanide: Nitazoxanide is an oral, broad-spectrum, anti-
parasitic agent having a structure similar to niclosamide. It 
has been approved for the treatment of cryptosporidiosis and 
giardiasis in children. It inhibits the growth of trophozoids of 
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Giardia intestinalis, E. histolytica, and T. vaginalis. It is reported 
to interfere with PFOR (pyruvate decarboxylating, catalyzed 
by pyruvate:ferredoxin oxidoreductase) enzyme-dependent 
electron transfer reaction. Thereby, it is also active against 
metronidazole-resistant giardiasis. It is also effective against 
intestinal parasites such as H. nana, Strongyloidiasis stercora-
lis, A. lumbricoides, Enterobius vermicularis, Ancylostoma 
duodenale, and Fasciola hepatica and certain microaerophilic 
bacteria such as C. difficile and H. pylori. Nitazoxanide has 
also been identified as a first-in-class broad-spectrum anti-
viral drug for the treatment of influenza and others. It is used 
at a dose of 500 mg twice daily for 3 to 7 days (depends 
upon the type of infection). It has been reported to have side 
effects such as abdominal pain, nausea, constipation, head-
ache, and dizziness. It has also been used along with other 
agents for H. pylori eradication. 

3. Antibiotics:

a. Paromomycin: Paromomycin [par-oh-moe-MYE-sin], an ami-
noglycoside antibiotic, is only effective against the luminal 
forms of E. histolytica, because it is not significantly absorbed 
from the gastrointestinal tract. Paromomycin is directly ame-
bicidal and also exerts its antiamebic actions by reducing the 
population of intestinal flora. Gastrointestinal distress and 
diarrhea are the principal adverse effects. Along with metro-
nidazole, it is used for the treatment of amebic colitis and 
amebic liver abscess. It is used as a single agent against  
E. histolytica luminal amebicides. For the treatment of giar-
diasis during the first trimester of pregnancy, paromomycin 
is an alternative when nitroimidazoles are contraindicated. It 
is used at an oral dose of 500 mg three times a day for 7 days 
for amoebiasis, cryptosporidiosis, and giardiasis. 

b. Tetracycline: Tetracycline is known to have a moderate effect 
on E. histolytica. The older tetracyclines are known to have 
incomplete absorption in the intestine reaching higher con-
centration in the colon which kills the flora. 

C. Systemic amebicides

 These drugs are useful for treating extraintestinal amebiasis, such as 
liver abscesses, and for treating intestinal wall infections caused by 
amebas.

1. Chloroquine: Chloroquine [KLOR-oh-kwin] is used in combina-
tion with metronidazole (or as a substitute for one of the nitroimid-
azoles in the case of intolerance) to treat amebic liver abscesses. 
It eliminates trophozoites in liver abscesses, but it is not useful 
in treating luminal amebiasis. Therapy should be followed with a 
luminal amebicide. Chloroquine is also effective in the treatment 
of malaria.

2. Emetine: Emetine is an alkaloid derived from the roots of ipecac 
(Cephaelis ipecacuanha). It is a very potent amebicide and kills 
trophozoites but does not have any action on cysts. It is a potent 
emetic when administered orally; therefore, it is administered as 
injection 60 mg once daily. Due to its systemic side effects such 
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as nausea, vomiting, diarrhea, weakness, ECG changes, hypoten-
sion, and myocarditis, it is rarely used. It is replaced with dehy-
droemetine due to comparatively lesser side effects.

3. Dehydroemetine: Dehydroemetine [de-hye-dro-EM-e-teen] is an 
alternative agent for the treatment of amebiasis. The drug inhib-
its protein synthesis by blocking chain elongation. Intramuscular 
injection is the preferred route, since it is an irritant when taken 
orally. The use of this ipecac alkaloid is limited by its toxic-
ity, and it has largely been replaced by metronidazole. Adverse 
effects include pain at the site of injection, nausea, cardiotoxicity 
(arrhythmias and congestive heart failure), neuromuscular weak-
ness, dizziness, and rash. A summary of the treatment of amebi-
asis is shown in Figure 36.4. 

 Sporadic cases of invasive amebiasis occur worldwide, but the dis-
ease is most prevalent throughout south-east Asia including the 
Indian subcontinent, south-east and west Africa, and Central and 
South America. In places where there is a high risk of reinfection, 
neither chemoprophylaxis nor mass chemotherapy offers an effec-
tive means of control. Prevention is dependent upon eliminating fecal 
contamination of food, hands, and water supplies. Luminal amebi-
cides are active primarily against organisms in the colonic contents, 
and systemic amebicides are active against organisms responsible 
for invasive disease. In nonendemic areas, carriers (symptomless 
patients) should be treated with a luminal amebicide which reduces 
the risk of transmission and protects the patient from invasive ame-
biasis. Diloxanide furoate is most widely used, but other compounds, 
including clefamide, etofamide, and teclozan, are also effective.

 When the risk of reinfection is high, treatment is not warranted 
except for mothers responsible for preparing food within a family 
or for individuals who, as a result of their occupation or lifestyles, 
are particularly likely to infect others.

 All patients with invasive disease require treatment , first with 
a systemically active compound and subsequently with a lumi-
nal amebicide in order to eliminate any surviving organisms in 
the colon. The availability of metronidazole—and several other 
5-nitroimidazoles, including ornidazole, tinidazole, and secni-
dazole—has made the management of most cases simpler and 
safer. Parenteral formulations of metronidazole, ornidazole, and 
tinidazole are available for patients who are too ill to take drugs 
by mouth. Newer nitroimidazoles have almost similar efficacy 
and lesser side effects compared to metronidazole and can be 
administered as a single dose; therefore, the cheapest available 
preparation should be used in amebic dysentery and in bacterial 
vaginosis. Amebic liver abscess of up to 10 cm can be cured with 
metronidazole without drainage. Clinical defervescence should 
occur during the first 3 to 4 days of treatment. Failure of metro-
nidazole therapy may be an indication for surgical intervention. 
Treatment with a luminal agent should also follow.

D. Treatment for trichomoniasis 

 Trichomonias is is caused by the anaerobic, flagellated protozoan para-
site called T. vaginalis. It is a major nonviral, sexually transmitted infec-
tion causing troublesome obstetrical and gynecological problems such 
as vulvovaginitis. Although drugs such as nitroimidazoles are effective, 

Asymptomatic
cyst carriers

Diarrhea/dysentery

Extraintestinal

CLINICAL SYNDROME DRUG

Metronidazole 
(plus
iodoquinol 
or 
paromomycin) in
nonendemic  areas 

No treatment; 
Iodoquinol 
or 
paromomycin in
nonendemic areas 
       

Amebic liver 
abscess

Metronidazole 
(or tinidazole)
plus
iodoquinol 
or 
paromomycin; 
poor response:
aspirate or add 
chloroquin 

Figure 36.4
Some commonly used therapeutic 
options for the treatment of amebiasis.
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they require close monitoring and, if required, repeated courses are 
essential. Nitroimidazoles such as metronidazole, tinidazole, or secnida-
zole, either as a single higher dose or as daily doses for a week’s time, 
are followed for treatment. If required, repeated doses are considered 
6 weeks after treatment. Intravaginal administration of idodoquin/quino-
dochlor at a dose of 200 mg for 2 weeks or povidone–iodine vaginal 
inserts 400 mg daily for 2 weeks are used.

III. CHEMOTHERAPY FOR GIARDIASIS

Giardia lamblia is the most commonly diagnosed intestinal parasite in the 
United States. It has two life cycle stages: 1) the binucleate trophozoite 
with four flagella and 2) the drug-resistant, four-nucleate cyst (Figure 36.5).  
Ingestion usually occurs from fecally contaminated drinking water or food, 
leading to infection. The trophozoites exist in the small intestine and divide 
by binary fission. Occasionally, cysts are formed that pass out in stools. 
Although some infections are asymptomatic, severe diarrhea can occur, 
which can be very serious in immunocompromised patients. The treatment 
of choice is oral metronidazole for 5 days. An alternative is a single dose 
of tinidazole or another 5-nitroimidazole, which are as effective as metro-
nidazole in the treatment of giardiasis. Nitazoxanide [nye-ta-ZOX-a-nide], 
a nitrothiazole derivative, is also approved for the treatment of giardiasis. 
[Note: Nitazoxanide may also be used for cryptosporidiosis (a diarrheal 
illness most commonly seen in immunocompromised patients) caused 
by the parasite Cryptosporidium parvum.] For giardiasis, nitazoxanide is 
administered as a 3-day course of oral therapy. The anthelmintic drug 
albendazole may also be efficacious for giardiasis, and paromomycin is 
sometimes used for treatment of giardiasis in pregnant patients.

IV. CHEMOTHERAPY FOR MALARIA

Malaria is an acute infectious disease caused by five species of the proto-
zoal genus Plasmodium. It is transmitted to humans through the bite of a 
female Anopheles mosquito. The classic presentation of malaria begins with 
headache and fatigue, followed by fever, chills, and sweats. Plasmodium 
falciparum is the most dangerous species and the primary cause of severe 
malaria, causing an acute, rapidly fulminating disease characterized by 
persistent high fever, hyperparasitemia, and organ system dysfunction.  
P. falciparum infection can lead to capillary obstruction, cerebral malaria, 
and death within days without prompt treatment. Plasmodium vivax, 
malariae, and ovale cause a milder form of the disease; however, the  
P. vivax and P. ovale species can also remain dormant in the liver ( hypnozoite 
stage) which can cause relapses months or years later. Plasmodium 
knowlesi is an uncommon form of malaria, previously thought to infect only 
nonhuman primates, which causes human infections, sometimes severe, 
in Southeast Asia. Resistance acquired by Plasmodium to antiprotozoal 
drugs has led to new therapeutic challenges, particularly in the treatment of  
P. falciparum. A summary of the life cycle of the parasite and the sites of 
action of the antimalarial drugs are presented in Figure 36.6.

A. Primaquine

 Primaquine [PRIM-a-kwin], an 8-aminoquinoline, is an oral antimalarial 
drug that eradicates primary exoerythrocytic (liver) forms of plasmo-
dia and the hypnozoites of recurring malarias (P. vivax and P. ovale). 

Figure 36.5
Life cycle of Giardia lamblia.

Both cysts and trophozoites can 
be found in feces. Infection 
occurs by the ingestion of cysts 
in contaminated water or food, or 
by the fecal–oral route (via hands 
or fomites).

In the small intestine, excystation 
releases trophozoites. Trophozoites 
multiply in the lumen of the proximal 
small bowel, where they can be free 
or attached to the mucosa by a sucking 
disk. Encystation occurs as the
parasites move toward the colon.
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Figure 36.6
Life cycle of the malarial parasite, showing the sites of action of antimalarial drugs.

[Note: Primaquine is the only agent that prevents relapses of the  
P. vivax and P. ovale malarias, which may remain in the liver in the 
hypnozoite form after the erythrocytic form of the disease is elimi-
nated.] The sexual (gametocytic) forms of all plasmodia are destroyed 
in the plasma or are prevented from maturing later in the mosquito, 
thereby interrupting transmission of the disease. [Note: Primaquine is 
not effective against the erythrocytic stage of malaria and, therefore, 
it cannot be used monotherapy for treatment.] 

1. Mechanism of action: While not completely understood, metab-
olites of primaquine are believed to act as oxidants that severely 
disrupt the metabolic processes of plasmodial mitochondria. The 
metabolites are responsible for the schizonticidal action, as well 
as for the hemolysis and methemoglobinemia encountered as 
toxicities.

2. Pharmacokinetics: Primaquine is well absorbed after oral admin-
istration and is not concentrated in tissues. It is rapidly oxidized 
to many compounds, primarily the deaminated drug. Which 
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compound possesses the schizonticidal activity has not been 
established. The drug is minimally excreted in the urine.

3. Adverse effects: Primaquine is associated with drug-induced 
hemolytic anemia in patients with glucose-6-phosphate dehy-
drogenase deficiency (Figure 36.7). Large doses of the drug 
may cause abdominal discomfort (especially when administered 
in combination with chloroquine) and occasional methemoglo-
binemia. Primaquine should not be used during pregnancy. All 
Plasmodium species may develop resistance to primaquine. 

B. Chloroquine

 Chloroquine is a synthetic 4-aminoquinoline that had been the mainstay 
of antimalarial therapy for many years; however, the use is now limited 
due to P. falciparum resistance, which is seen in almost all malaria-en-
demic areas, except some parts of Central America. Chloroquine is 
less effective against P. vivax malaria. Chloroquine is used in the pro-
phylaxis of malaria for travel to areas with known chloroquine-sensitive 
malaria. It is also effective in the treatment of extraintestinal amebiasis.

1. Mechanism of action: Although the mechanism of action is 
not fully understood, the processes essential for the antimalarial 
action of chloroquine are outlined in Figure 36.8. After travers-
ing the erythrocytic and plasmodial membranes, chloroquine (a 
diprotic weak base) is concentrated in the acidic food vacuole of 
the malarial parasite, primarily by ion trapping. In the food vacuole, 
the parasite digests the host cell’s hemoglobin to obtain essential 
amino acids. However, this process also releases large amounts of 
soluble heme, which is toxic to the parasite. To protect itself, the 
parasite polymerizes the heme to hemozoin (a pigment), which is 
sequestered in the food vacuole. Chloroquine specifically binds to 
heme, preventing its polymerization to hemozoin. The increased 
pH and the accumulation of heme result in oxidative damage to 
the phospholipid membranes, leading to lysis of both the parasite 
and the red blood cell. Chloroquine phosphate is used at a dose 
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Figure 36.8
Action of chloroquine on the formation of hemozoin by Plasmodium species.
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Figure 36.7
Mechanism of primaquine-induced 
hemolytic anemia. GSH = reduced 
glutathione; GSSG = oxidized 
 glutathione; NADP+ = nicotinamide 
adenine dinucleotide phosphate; 
NADPH = reduced nicotinamide 
 adenine dinucleotide phosphate.
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equivalent to its base (chloroquine). Different schedules are used 
for the treatment of P. vivax, P. ovale, P. malariae, P. falciparum, and 
resistant forms. They are updated time to time by the regulatory 
and health authorities depending upon the prevalence. Generally, 
chloroquine is given as 600 mg (10 mg/kg) followed by 300 mg 
(5 mg/kg) three times a day for 2 days followed by primaquine 
15 mg (0.25 mg/kg) for 2 weeks as a gametocidal to complete the 
therapy. Resistant falciparum malaria is handled with the help of 
combination therapy with drugs such as artesunate, lumifantrine, 
and mefloquine. Alternative regimens using  quinine, doxycycline, 
clindamycin or arterolane, and piperaquine are also available to 
handle the drug resistant in P. falciparum infestation. 

2. Pharmacokinetics: Chloroquine is rapidly and completely 
absorbed following oral administration. The drug has a very large 
volume of distribution and concentrates in erythrocytes, liver, 
spleen, kidney, lung, melanin-containing tissues, and leukocytes. 
It persists in erythrocytes. The drug also penetrates the central 
nervous system (CNS) and traverses the placenta. Chloroquine is 
dealkylated by the hepatic mixed-function oxidase system, and 
some metabolic products retain antimalarial activity. Both parent 
drug and metabolites are excreted predominantly in urine. 

3. Adverse effects: Adverse effects are minimal at low prophy-
lactic doses. At higher doses, gastrointestinal upset, pruritus, 
 headaches, and blurred vision may occur (Figure 36.9). An oph-
thalmologic examination should be routinely performed during 
extended use due to potential retinal toxicity. Discoloration of 
the nail beds and mucous membranes may be seen on chronic 
administration. Chloroquine should be used cautiously in patients 
with hepatic dysfunction, severe gastrointestinal problems, or 
neurologic disorders. Patients with psoriasis or porphyria should 
not be treated with chloroquine, because an acute attack may be 
provoked. Chloroquine can prolong the QT interval, and use of 
other drugs that also cause QT prolongation should be avoided if 
possible.

C. Mefloquine

 Mefloquine [MEF-lo-kwin] is a 4-methanolquinoline, structurally 
related to quinine, which is an effective agent for prophylaxis from 
all plasmodia and for treatment when used in combination with an 
artemisinin derivative for infections caused by multidrug- resistant 
forms of P. falciparum. Its exact mechanism of action remains 
undetermined. Resistant strains have been identified, particularly in 
Southeast Asia. Mefloquine is well absorbed after oral administration 
and is widely distributed to tissues. It has a long half-life (20 days) 
because of enterohepatic recirculation and its concentration in var-
ious tissues. The drug undergoes extensive metabolism and is pri-
marily excreted via the bile into the feces. Adverse reactions at high 
doses range from nausea, vomiting, and dizziness to disorientation, 
hallucinations, and depression. Because of the potential for neuro-
psychiatric reactions, mefloquine is usually reserved for treatment of 
malaria when other agents cannot be used. ECG abnormalities and 
cardiac arrest are possible if mefloquine is taken concurrently with 
quinine or quinidine.

Figure 36.9
Some adverse effects commonly 
associated with chloroquine.  
GI = gastrointestinal.
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D. Quinine

 Quinine [KWYE-nine], an alkaloid originally isolated from the bark of the 
cinchona tree, interferes with heme polymerization, resulting in death of 
the erythrocytic form of the plasmodial parasite. It is reserved for severe 
infections and for chloroquine-resistant malarial strains. Quinine is usu-
ally administered in combination with doxycycline, tetracycline, or clin-
damycin. Taken orally, quinine is well distributed throughout the body. 
The major adverse effect of quinine is cinchonism, a syndrome causing 
nausea, vomiting, tinnitus, and vertigo. These effects are reversible and 
are not reasons for suspending therapy. However, quinine treatment 
should be suspended if hemolytic anemia occurs. 

E. Amodiaquine

 Amodiaquine is a congener of chloroquine but less bitter. It is not 
widely used in all the countries but it still has therapeutic benefit 
in tropical countries. Amodiaquine is well tolerated up to 35 mg/kg 
administered over a period of 3 days for uncomplicated P. falciparum 
malaria. Upon oral administration, it is converted to monodesethyl–
amodiaquine by hepatic enzymes and this metabolite is responsible 
for its therapeutic efficacy. It is used at a dose of 25 to 35 mg/kg over 
a period of 3 days and available as 200 mg tablets and in suspension 
form for pediatric use. The side effects of amodiaquine are similar to 
those of chloroquine but with a lesser frequency. The metabolite has 
a longer plasma half-life of 9 to 18 days. Artesunate combined with 
amodiaquine is the first line of treatment in many African countries 
and approved in India for P. falciparum malaria. Neutropenia has been 
reported when it is administered in children and HIV patients under-
going antiretroviral drug therapy. 

F. Piperaquine

 Piperaquine is another congener of chloroquine having a similar mech-
anism of action. It is a lipophilic compound absorbed well after oral 
administration. It reaches Cmax at 2 hours but has the longest plasma 
half-life of 3 to 5 weeks. It is more effective when combined with 
dihydroartemisinin in the ratio of 8:1 (for piperaquine and dihydroare-
misinin). It is found to be well tolerated in children and adults. This 
combination has been extensively studied in many of the Asian coun-
tries and it has been found to be equivalent to other combinations 
such as artemether–lumefantrin. A number of clinical trials, showing 
the combination of dihydroartemisinin/piperaquine, has been reported 
as highly effective in the treatment of uncomplicated P. falciparum 
malaria. Nausea, vomiting, and dizziness have been reported to be 
less as compared to artesunate with mefloquine. However, some 
cases of prolongation of the corrected QT interval have been reported 
in this combination.

G. Tafenoquine

 Tafenoquine is an investigational 8-aminoquinoline, for the prevention 
of P. vivax relapse. Tafenoquine has a long half-life and the poten-
tial for more convenient dosing, compared with the currently recom-
mended 14-day primaquine regimen.

LIR_CH36.indd   641 09/10/18   12:43 PM



642 36. Antiprotozoal Drugs

H. Lumefantrine

 Lumefantrine is also called benflumetol (belongs to the class of 
 arylamino alcohol drugs such as mefloquine). It is used for the 
treatment of uncomplicated malaria due to P. falciparum and 
 chloroquine-resistant strains. It is effective against the erythrocytic 
phase of Plasmodium species. It is administered in combination with 
artemether for improved efficacy and for the treatment of chloroquine- 
resistant species.

I. Proquanil

 Proquanil is a biguanide derivative, also called chloroguanide. A 
cyclic metabolite, cycloguanil, formed by the structural rearrange-
ment selectively inhibits both plasmodial dihydrofolate reductase 
and thymidylate synthase which are crucial for the parasite to de 
novo synthesis of purine and pyrimidine. It has been reported to 
have a wider safety margin. In the drug-sensitive P. falciparum 
malaria, it is effective in the primary liver stage as well as in the 
asexual stage in RBCs. In P. vivax malaria, latent tissue stages are 
not affected; therefore, relapses do happen upon the discontinuation 
of proguanil. It is used at a dose of 200 to 300 mg/day. The side 
effects reported with proquanil are nausea and diarrhea in the lower 
doses. As a first-line monotherapy or prophylaxis, it is not encour-
aged due to the development of resistance but can be used in com-
bination with atovoquone. This combination is used as a once-a-day 
therapy for 3 days. Its therapeutic use in combination has been jus-
tified in the resistant infections of P. falciparum which is not resistant 
to atorvoquone.

J. Pyrimethamine

 Pyrimethamine [peer-i-METH-a-meen] inhibits plasmodial dihy-
drofolate reductase required for the synthesis of tetrahydrofolate  
(a  cofactor needed for synthesis of nucleic acids). Pyrimethamine is 
structurally related to cycloguanil. It acts as a blood schizonticide and 
a strong sporonticide when the mosquito ingests it with the blood of 
the human host. Pyrimethamine is not used alone for malaria; it is 
available as a fixed-dose combination with  sulfadoxine, a sulfonamide 
antimicrobial. Resistance to this combination has developed, so it is 
usually administered with other agents, such as artemisinin derivatives. 
Pyrimethamine in combination with  sulfadiazine is also used against 
Toxoplasma gondii. If megaloblastic anemia occurs with pyrimeth-
amine treatment, it may be reversed with leucovorin. Figure 36.10 
shows some therapeutic options in the treatment of malaria.

K. Artemisinin

 Artemisinin [ar-te-MIS-in-in] is derived from the sweet wormwood 
plant which has been used in traditional Chinese medicine (from the 
plant Qin-hao-su), for many centuries. Artemisinin and its derivatives 
are recommended first-line agents for the treatment of multidrug- 
resistant P. falciparum malaria. The activity of artemisin derivatives 
is due to the reductive scission of the peroxide bridge by reduced 
heme-iron. It happens in the acidic environment of vacuole of the 
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parasite when it digests hemoglobin. Moreover, the formation of 
toxic adducts and intermediates is also responsible for its action. 
It causes more rapid clearance of the parasite and clinical improve-
ment. In three to four cycles of treatment over a period of 6 to 8 
days, it is enough to get the extensive parasite clearance from 
blood. Owing to its tolerable side effect profile, it is recommended 
for nonpregnant adults and children. Addition of another antimalarial 
agent, or artemisinin-based combination therapy (ACT), is recom-
mended to prevent the development of resistance. Artesunate is a 
semisynthetic artemisinin for oral administration. Other derivatives 
are also available for intramuscular (artesulate and artemether), 

Figure 36.10
Treatment of malaria.

TYPE OF MALARIA DOSE

P. vivax malaria Chloroquine 25 mg/kg divided over 3 days orally—that is, 10 mg/kg on day 1, 10 mg/kg 
on day 2, and 5 mg/kg on day 3

Primaquine 0.25 mg/kg daily orally for 14 days1

P. falciparum malaria Artemisinin-based combination therapy (ACT)2 consisting of following:

(ACT_SP) Artesunate 4 mg/kg body weight daily for 3 days plus Sulfadoxine  
(25 mg/kg)3

And

Single-dose primaquine 0.75 mg/kg body weight on day 2

In northeastern states (ACT-AL): Artemether 20 mg plus Lumefantrine 120 mg) 

In case of no response to ACT (clinically and parasitologically within 72 hours), oral qui-
nine 648 mg every 8 hours for 7 to 10 days with tetracycline (in adults and children over 
8 years) 500 mg twice daily for 7 to 10 days/doxycycline 3 mg/kg once daily4

P. falciparum malaria uncomplicated  
in pregnancy

First trimester: Quinine salt 10 mg/kg 3 times daily for 7 days
Second and third trimesters: ACT as above 

P. vivax malaria in pregnancy Chloroquine as above

Mixed infection (P. vivax + P. falciparum) case To be treated as P. falciparum

Treatment of P. ovale and P. malariae cases Treat P. ovale as P. vivax and P. malariae as P. falciparum

Severe malaria (an emergency) Two options, either 

Artesunate 2.4 mg/kg IV or IM given on admission (time = 0 hour); then at 12 hours and 
24 hours and then once a day. Artesunate powder should be diluted in 5% sodium bicar-
bonate provided in the pack only 

Or

Artemether 3.2 mg/kg IM given on admission and then 1.6 mg/kg per day 

Or

Artemether 150 mg IM daily for 3 days in adults only (not recommended for children) 
followed by a full course of ACT when the patient can take orally. Avoid ACT containing 
mefloquine in cerebral malaria due to neuropsychiatric complications associated with it 

Or 

Initial parenteral treatment for at least 48 hours:  Quinine 20 mg/kg as loading dose 
on admission followed by a maintenance dose of 10 mg/kg 8 hourly in 5% dextrose/
dextrose saline over a period of 4 hours or divided IM injection. The infusion rate should 
not exceed 5 mg/kg/hr. NEVER GIVE BOLUS INJECTION OF QUININE. If parenteral quinine 
therapy needs to be continued beyond 48 hours, reduce dose to 7 mg/kg 8 hourly fol-
lowed by quinine 10 mg/kg 8 hourly with doxycycline 3 mg/kg once daily

1Primaquine is contraindicated in pregnant women, infants, and individuals with G6PD deficiency.
2ACT is not to be given in the first trimester of pregnancy.
3Sulfadoxine + Pyrimethamine (SP) is contraindicated in a child of age under 5 months; treat with alternate ACTs. 
4To be reported to the concerned district authorities.
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intravenous (artesunate), and rectal (artesunate) modes of adminis-
tration. Although oral bioavailability is low (30%), rapid higher levels 
are seen in the plasma, metabolized by CYP2B6 and CYP3A4 in the 
liver and excreted. Artesunate is a microsomal enzyme autoinducer 
which enhances its own clearance. 

L. Artesunate-based combination therapy (ACT)

 One orally available ACT includes a tablet with artemether cofor-
mulated with lumefantrine [AR-te-meth-er/loo-me-FAN-treen] and is 
used for the treatment of uncomplicated malaria. [Note: Lumefantrine 
is an antimalarial drug similar in action to quinine or mefloquine.] 
Artesunate [ar-TEZ-oo-nate] may be combined with sulfadoxine–
pyrimethamine, mefloquine, clindamycin, or others. The antimalarial 
action of artemisinin derivatives involves the production of free rad-
icals resulting from cleavage of the drug’s endoperoxide bridge by 
heme-iron in the parasite food vacuole. Oral, rectal, intramuscular 
(IM), and intravenous (IV) preparations are available, but the short half-
lives preclude the use of these drugs for prophylaxis. Adverse effects 
include nausea, vomiting, and diarrhea. High doses may cause pro-
longation of the QT interval. Hypersensitivity reactions and rash have 
occurred. A recent meta-analysis revealed that in high transmission 
settings,  dihydroartemisinin–piperaquine is found to be superior to 
 artemether + lumefantrine, artesunate + sulfadoxine–pyrimethamine, 
and  artesunate + amodiaquine for preventing recurrent parasitemias 
before day 28. This study has also reported that dihydroartemisinin– 
piperaquine combination may also have an improved post‐treatment 
prophylactic effect lasting for up to 6 weeks, and this effect may be 
present even when primaquine is given to achieve radical cure. 

M. Sulfonamide–pyrimethamine

 The synergistic combination of long-acting sulfonamides, a malarial 
dihydropeteroate synthase inhibitor, and pyrimethamine, a tetrahy-
drofolate reductase inhibitor, enhances the antimalarial action. This 
combination had extensive use in the clinical settings for malaria, 
especially for the erythrocyte stage. Resistance for this combination 
occurred due to the point mutations in the dihydroperoate  synthase 
gene in the malaria. This combination is highly helpful in chloro-
quine-resistant P. falciparum malaria. Due to sulfonamide moiety, 
adverse effects such as exfoliative dermatitis and Stevens-Johnson 
syndrome are observed. It is not effective in P. vivax malaria. Tablets 
with sulfadoxine or sulfamethopyrazine at a dose of 500 mg along 
with pyrimethamine 25 mg are available. It is not used in individuals 
allergic to sulfonamides. It is usually administered as a single dose 
of three tablets (1500 mg sulfadoxine with 75 mg pyrimethamine) for 
adults. This combination is also used in toxoplasmosis. 

N. Atovaquone–proguanil

 The combination of atovaquone–proguanil [a-TOE-va-kwone pro-
GWA-nil] is effective for chloroquine-resistant strains of P. falciparum, 
and it is used in the prevention and treatment of malaria for trav-
elers from outside malaria-endemic areas. Atovaquone–proguanil is 
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not routinely used in endemic areas due to propensity for emergence 
of high-level resistance. Atovaquone is a hydroxynaphthoquinone 
which inhibits mitochondrial processes including electron transport, 
as well as ATP and pyrimidine biosynthesis. Cycloguanil, the active 
triazine metabolite of proguanil, inhibits plasmodial dihydrofolate 
reductase, thereby preventing DNA synthesis. Atovaquone may also 
be used to treat Babesia sp. and Pneumocystis jirovecii. Proguanil 
is metabolized via CYP2C19, an isoenzyme that is known to exhibit 
a genetic polymorphism resulting in poor metabolism of the drug in 
some patients. The combination should be taken with food or milk to 
enhance absorption. Common adverse effects include nausea, vomit-
ing, abdominal pain, headache, diarrhea, anorexia, and dizziness.

O. Other antibiotics

 Tetracycline, doxycycline, and clindamycin are used for the treatment 
of malaria. These are slow-acting blood schizonticides and are used in 
areas where the use of chloroquine and mefloquine in resistant malaria 
is predominant. They act by the inhibition of protein synthesis in the 
parasitic plastid. Due to their slow onset of action, these drugs are not 
recommended for clinical management. Doxycycline is recommended 
as malaria chemoprophylaxis. 

V. CHEMOTHERAPY FOR TRYPANOSOMIASIS

African trypanosomiasis (sleeping sickness) and American trypanosomiasis 
(Chagas disease) are two chronic and, eventually, fatal diseases caused by 
the species of Trypanosoma (Figure 36.11). In African sleeping sickness, 
T. brucei gambiense and T. brucei rhodesiense initially live and grow in 
the blood. The parasite later invades the CNS, causing inflammation of 
the brain and spinal cord that produces the characteristic lethargy and, 
eventually, continuous sleep. Chagas disease is caused by T. cruzi and is 
endemic in Central and South America. Antitrypanosomal drugs are out-
lined below.

A. Pentamidine

 Pentamidine [pen-TAM-i-deen] is active against a variety of proto-
zoal infections, including African trypanosomiasis due to T. brucei 
gambiense, for which it is used to treat the early stages of disease 
(hemolymphatic stage without CNS involvement). Pentamidine is also 
an alternative for prophylaxis or treatment of infections caused by  
P. jirovecii. [Note: P. jirovecii is an atypical fungus that causes pneu-
monia in immunocompromised patients, such as those with HIV infec-
tion. Trimethoprim/sulfamethoxazole is preferred in the treatment of  
P. jirovecii infections; however, pentamidine is an alternative in individ-
uals who are allergic to sulfonamides.] Pentamidine is also an alterna-
tive drug for the treatment of leishmaniasis.

1. Mechanism of action: T. brucei concentrates pentamidine by an 
energy-dependent, high-affinity uptake system. [Note: Resistance 
is associated with the inability to concentrate the drug.] Although 
its mechanism of action has not been defined, evidence exists 

TRYPANOSOMIASIS

AMERICAN: Caused by

Trypanosoma brucei
rhodesiense

Trypanosoma brucei
gambiense

AFRICAN: Caused by
Trypanosoma brucei

Trypanosoma cruzi
� Causes cardiomyopathy

� Common in infants

� Causes “sleeping sickness”

� Usually fatal if not treated
� Early invasion of the CNS

��Transmitted by insect 
     feces contaminating the
     eye or a break in the skin
� Treated with nifurtimox 

� Suramin and pentamidine are 
    used only in the early stages 
    of disease

� Slow to enter the CNS  

� Transmitted by the bite of the 
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Figure 36.11
Summary of trypanosomiasis.  
CNS = central nervous system.
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that the drug interferes with parasite synthesis of RNA, DNA, 
phospholipids, and proteins.

2. Pharmacokinetics: Pentamidine is administered intramuscularly 
or intravenously for the treatment of trypanosomiasis and pneu-
monia caused by P. jirovecii. [Note: For prophylaxis of P. jirovecii 
pneumonia, pentamidine is administered via a nebulizer.] The 
drug distributes widely and is concentrated in the liver, kidney, 
adrenals, spleen, and lungs. Because it does not enter the CSF, 
it is ineffective against the late stages (CNS involvement) of try-
panosomiasis. The drug is not metabolized, and it is excreted 
very slowly in the urine.

3. Adverse effects: Serious renal dysfunction may occur, which is 
reversible on discontinuation. Other adverse reactions include 
hyperkalemia, hypotension, pancreatitis, ventricular arrhythmias, 
and hyperglycemia. Plasma glucose should be monitored, as 
life-threatening hypoglycemia can occur.

B. Suramin

 Suramin [SOO-ra-min] is used primarily in the early stage (without CNS 
involvement) of African trypanosomiasis due to T. brucei rhodesiense. 
It is very reactive and inhibits many enzymes, especially those involved 
in energy metabolism, which appears to be the mechanism correlated 
with trypanocidal activity. Suramin must be injected intravenously. It 
binds to plasma proteins and does not penetrate the blood–brain bar-
rier well. It has a long elimination half-life (greater than 40 days) and is 
mainly excreted unchanged in the urine. Although infrequent, adverse 
reactions include nausea and vomiting, shock and loss of conscious-
ness, acute urticaria, blepharitis, and neurologic problems, such as 
paresthesia, photophobia, and hyperesthesia of the hands and feet. 
Renal insufficiency may occur, but tends to resolve with discontinu-
ation of treatment. Acute hypersensitivity reactions may occur, and a 
test dose should be given prior to drug administration.

C. Melarsoprol

 Melarsoprol [mel-AR-so-prol], a trivalent arsenical compound, is the 
only medication available for the treatment of late stages of African try-
panosomal infections (CNS involvement) due to T. brucei  rhodesiense. 
The drug reacts with sulfhydryl groups of various substances, includ-
ing enzymes in both the organism and the host. Some resistance has 
been noted, and it may be due to decreased transporter uptake of the 
drug. Melarsoprol is administered by slow IV injection and can be very 
irritating to the surrounding tissue. Adequate trypanocidal concen-
trations appear in the CSF, making melarsoprol the agent of choice 
in the treatment of T. brucei rhodesiense, which rapidly invades the 
CNS. The host readily oxidizes melarsoprol to a relatively nontoxic, 
pentavalent arsenic compound. The drug has a very short half-life and 
is rapidly excreted in urine. The use of melarsoprol is limited by CNS 
toxicity, including reactive encephalopathy, which can be fatal in 10% 
of cases. Other adverse effects include peripheral neuropathy, hyper-
tension, hepatotoxicity, and albuminuria. Hypersensitivity reactions 
may also occur, and febrile reactions may follow injection. Hemolytic 
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anemia has been seen in patients with  glucose-6-phosphate dehydro-
genase deficiency.

D. Eflornithine

 Eflornithine [ee-FLOOR-nih-theen] is an irreversible inhibitor of orni-
thine decarboxylase. Inhibition of this enzyme halts the production 
of polyamines in the parasite, thereby leading to cessation of cell 
division. The IV formulation of eflornithine is a first-line treatment for 
late-stage African trypanosomiasis caused by T. brucei gambiense. 
[Note: Topical eflornithine is used as a treatment for unwanted facial 
hair in women.] The short half-life of eflornithine necessitates frequent 
IV administration, making the treatment regimen difficult to follow. 
Eflornithine is less toxic than melarsoprol, although the drug is asso-
ciated with anemia, seizures, and temporary hearing loss.

E. Nifurtimox

 Nifurtimox [nye-FER-tim-oks] is used in the treatment of T. cruzi infec-
tions (Chagas disease), although treatment of the chronic stage of 
such infections has led to variable results. It may also be useful for 
the treatment of late-stage T. brucei gambiense in combination with 
eflornithine. Being a nitroaromatic compound, nifurtimox undergoes 
reduction and eventually generates intracellular oxygen radicals, such 
as superoxide radicals and hydrogen peroxide (Figure 36.12). These 
highly reactive radicals are toxic to T. cruzi. Nifurtimox is administered 
orally. It is extensively metabolized, and the metabolites are excreted 
mainly in the urine. Adverse effects are common following chronic 
administration, particularly among the elderly. Major toxicities include 
hypersensitivity reactions (anaphylaxis, dermatitis) and gastrointestinal 
problems that may be severe enough to cause weight loss. Peripheral 
neuropathy is relatively common, and headache and dizziness may 
also occur.

F. Benznidazole

 Benznidazole [benz-NI-da-zole] is a nitroimidazole derivative with a 
mechanism of action similar to nifurtimox. It tends to be better toler-
ated than nifurtimox and is an alternative for the treatment of Chagas 
disease. Adverse effects include dermatitis, peripheral neuropathy, 
insomnia, and anorexia.

VI. CHEMOTHERAPY FOR LEISHMANIASIS 

Leishmaniasis, called “kala-azar” in Hindi, is a protozoal infection caused 
by various species of the genus Leishmania. There are three manifesta-
tions of leishmaniasis: cutaneous, mucocutaneous, and visceral. [Note: In 
the visceral type (liver and spleen), the parasite is in the bloodstream and 
if untreated is fatal.] Leishmaniasis is transmitted by the bite of infected 
sandflies. For visceral leishmaniasis, parenteral treatments may include 
amphotericin B (see Chapter 33) and pentavalent antimonials, such as 
sodium stibogluconate or meglumine antimoniate with pentamidine and 
paromomycin as alternative agents. Miltefosine is an orally active agent 
for visceral leishmaniasis. The choice of agent depends on the species 
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of Leishmania, host factors, and resistance patterns noted in area of the 
world where the infection is acquired.

A. Sodium stibogluconate

 The pentavalent antimonial sodium stibogluconate [stib-o-GLOO-koe-
nate] is a prodrug which is reduced to the active trivalent antimonial 
compound. The exact mechanism of action has not been determined. 
Because it is not absorbed after oral administration, sodium stibo-
gluconate must be administered parenterally, and it is distributed in 
the extravascular compartment. Metabolism is minimal, and the drug 
is excreted in urine. Adverse effects include injection site pain, pan-
creatitis, elevated liver enzymes, arthralgias, myalgias, gastrointestinal 
upset, and cardiac arrhythmias. Resistance to the pentavalent anti-
monials has developed.

B. Miltefosine

 Miltefosine [mil-te-FOE-zeen] is the first orally active drug for visceral 
leishmaniasis and can also treat cutaneous and mucocutaneous forms 
of the disease. The precise mechanism of action is not known, but 
miltefosine appears to interfere with phospholipids and sterols in the 
parasitic cell membrane to induce apoptosis. Nausea and vomiting 
are common adverse reactions. The drug is teratogenic and should 
be avoided in pregnancy.

C. Amphoterincin B

 Pharmacology of the polyene antifungal amphotericin B has been dis-
cussed in this chapter. It is a hydrophobic agent known to exhibit 
nephrotoxicity; therefore, it is formulated as liposomal amphotericin B 
to reduce the higher concentrations reaching kidney. Amphotericin B 
is highly effective in kala-azar. Moreover, liposome amphotericin B is 
used for safety, and liposomes (phospholipid vesicles) are also capa-
ble of delivering amphotericin inside the circulating macrophages and 
reticuloendothelial cells in spleen and liver where amastigotes survive. 
Liposome amphotericin B, administered at a dose of 15 mg/kg over 
3 to 5 days, showed a cure rate of 98%. A single dose of 10 mg/kg  
has also been reported to have similar efficacy. It is also effective 
against sodium stibogluconate–resistant infections. Figure 36.12 
depicts drugs used in the treatment of leishmaniasis, their contraindi-
cations, and precautions to be taken during treatment.

VII. CHEMOTHERAPY FOR TOXOPLASMOSIS

One of the most common infections in humans is caused by the protozoan 
T. gondii, which is transmitted to humans when they consume raw, inade-
quately cooked infected meat, or accidentally ingest oocysts from cat feces. 
An infected pregnant woman can transmit T. gondii to her fetus. The treat-
ment of choice for this condition is a combination of sulfadiazine and pyri-
methamine. Leucovorin is commonly administered to protect against folate 
deficiency. [Note: At the first appearance of a rash, pyrimethamine should 
be discontinued, because hypersensitivity to this drug can be severe.] 
Pyrimethamine with clindamycin, or the combination of trimethoprim and 
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sulfamethoxazole, are alternative treatments. Trimethoprim/sulfamethoxazole  
is used for prophylaxis against toxoplasmosis (as well as P. jirovecii) in 
immunocompromised patients.

VIII. CHEMOTHERAPY FOR LYMPHATIC FILARIASIS

Lymphatic filariasis, commonly known as elephantiasis, is a painful and 
profoundly disfiguring disease. In communities where filariasis is trans-
mitted, all ages are affected. While the infection may be acquired during 
childhood, its visible manifestations may occur later in life, causing tem-
porary or permanent disability. In endemic countries, lymphatic filariasis 
has a major social and economic impact. The disease is caused by three 
species of thread-like nematode worms, known as filariae—Wuchereria 
 bancrofti, Brugia malayi, and Brugia timori. The adult male and female 
worms together form “nests” in the human lymphatic system.

Filarial infection can cause a variety of clinical manifestations, includ-
ing lymphedema of the limbs, genital disease (hydrocele, chylocele, and 
swelling of the scrotum and penis), and recurrent acute attacks, which are 
extremely painful and are accompanied by fever (Figure 36.13). The vast 
majority of infected people are asymptomatic, but virtually all of them have 
subclinical lymphatic damage and as many as 40% have kidney damage, 
with proteinuria and hematuria.

Diethylcarbamazine (DEC) rapidly kills microfilaria and can kill some, but 
not all adults of both Wuchereria and Brugia. DEC exerts no direct lethal 
effect on microfilariae but apparently modifies them so that they are elim-
inated by the host’s immune defence mechanism. DEC is well absorbed 
following oral administration with peak plasma concentrations reaching 
within 1 to 2 hours. The elimination half-life ranges from 10 to 12 hours. 
If the urine is alkalinized, renal excretion of the unchanged drug is pre-
vented and the  half-life of the drug increases. Adverse reactions to DEC 
may either be due to a direct effect of the drug or occur as a response to 
the pharmacodynamic effect of the drug on the worm. 

The standard dose of DEC is 6 mg/kg, given in three divided doses after 
food over a period of 12 days, which reduces microfilaremia levels by 
approximately 80% to 90% in several days. In cases of heavy parasitic load, 
in order to decrease the side effects of the DEC, start with a lower dose 
(1 to 3 mg/kg) once a day initially. Drug reactions due to dying worm may 
commence after the start of the medical treatment. These reactions may 
be local or systemic. Systemic reactions include fever, headache, myalgia, 
vomiting, weakness, and asthma; they usually result from the rapid destruc-
tion of microfilariae and perhaps adult worms, specially in heavily infected 
individuals. Local reactions include lymphadenitis, abscess formation, and 
transient lymphedema. These symptoms develop within 2 days, often within 
12 hours, after initiation of the treatment, and persist for 3 to 4 days. 

DEC should not be administered to patients who may also have onchocer-
ciasis as DEC can worsen onchocercal eye disease.   In patients with loi-
asis, DEC can cause serious adverse reactions, including encephalopathy 
and death. The risk and severity of the adverse reactions are related to Loa 
loa microfilarial density. The drug is not recommended during pregnancy 
though no teratogenic effect has been reported so far. The side effects of 
DEC therapy may be reduced with spacing in between the two doses like 
a single dose of 6 mg/g once weekly, twice monthly, or once monthly. DEC 
treatment of micofilaremic patients and with acute symptoms eliminates the 
episodes of acute lymphatic inflammation that may prevent the development 
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of obstructive lesions, hence reducing the incidence of chyluria. The drug 
is rapidly excreted and nontoxic; it can be repeated at 1 month following 
completion of the first course. Multiple courses of treatment may be required 
which may be repeated at an interval of 6 months. Peripheral eosinophilia 
often accompanies the infection with this parasite that should resolve with 
the response of the treatment. If peripheral eosinophilia and/or clinical symp-
toms persist after treatment, peripheral blood should be re-examined for 
microfilaremia/or circulating antigen. 

Ivermectin kills microfilariae only but not the adult worm and can be given as 
a single dose of 400 mg/kg. Although ivermectin leads to rapid clearance of 
microfilariae, sustained reductions at 6 months or longer after treatment are 
equivalent or better with a single 6 mg/kg dose of DEC. This is consistent 
with DEC having a greater effect on adult worms. Ivermectin can also be 
used with DEC as a single dose that gives more rapid clearance of microfi-
lariae and recurrence is delayed. The side effects of ivermectin are similar to 
those of DEC with additional neurotoxicity. Albendazole 400 mg as a single 
dose in combination with ivermectin is more effective in clearing microfilariae 
than albendazole or ivermectin alone.

All people with filariasis who have microfilaremia or a positive antigen test 
should receive antifilarial drug treatment to eliminate microfilariae. Infected 
patients can be treated with one of the following regimens: 

• Management of morbidity and disability prevention (MMDP) in lymphatic 
filariasis require a broad strategy involving both secondary and tertiary 
prevention. Secondary prevention includes simple hygiene measures, 
such as basic skin care and exercise, to prevent adenolymphangitis 
(ADL), commonly called “acute attacks,” and progression of lymph-
edema to elephantiasis. For management of hydrocele, surgery may be 
appropriate. Figure 36.13 depicts the clinical manifestations of  lymphatic 
filariasis and their management. Tertiary prevention includes psychologi-
cal and socioeconomic support for people with disabling conditions to 
ensure that they have equal access to rehabilitation services and oppor-
tunities for health, education, and income.

• Elimination of lymphatic filariasis is possible by interrupting the trans-
mission cycle. Providing treatment on a large scale to entire communi-
ties where the infection is present can stop the spread of infection. This 
strategy of preventive chemotherapy, called mass drug administration 
(MDA), involves a combined dose of two medicines given annually to an 
entire at-risk population. 

The following recommended drug regimens must be administered once a 
year for at least 5 years, with a coverage of at least 65% of the total at-risk 
population:

• Diethylcarbamazine citrate (DEC) 6 mg/kg + albendazole 400 mg Or 
Ivermectin 150 µg/kg + 400 mg albendazole (in areas that are also 
endemic for onchocerciasis).

• Albendazole 400 mg alone preferably twice per year (in areas that are 
also endemic for Loa loa). 

These medicines have a limited effect on adult parasites but effectively 
reduce microfilariae from the bloodstream and prevent the spread of micro-
filaria to mosquitoes. Adult worms can remain viable for years. Therefore, 
it is necessary to deliver several rounds of MDA. At least five rounds are 
recommended to reduce infections in the community to levels below a 
threshold at which mosquitoes are unable to continue spreading the para-
sites from person to person and new infections are prevented. 

CLINICAL  
MANIFESTATION TREATMENT

Acute  
dermatolymphangio-
adenitis

Antibiotics,  
antipyretics,  
analgesics

Lymphoedema and 
elephantiasis

Hygiene, anti-
bacterial creams, 
antifungal creams

Hydrocoele Surgery

Figure 36.13
Clinical manifestations of lymphatic 
filariasis and their management.
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Study Questions

Choose the ONE best answer.

36.1 After the acute infection, which medication is given 
to treat the asymptomatic colonization state of 
E. histolytica?

A. Chloroquine

B. Iodoquinol

C. Metronidazole

D. Primaquine

36.2 A group of college students are traveling to a 
chloroquine-resistant malaria area for a mission 
trip. Which medication can be used to both pre-
vent and treat malaria in these students?

A. Pyrimethamine

B. Artemisinin

C. Atovaquone–proguanil

D. Hydroxychloroquine

36.3 Which agent is available as an oral therapy for the 
treatment of visceral leishmaniasis?

A. Artemether/lumefantrine

B. Miltefosine

C. Nitazoxanide

D. Tinidazole

36.4 A 27-year-old woman is diagnosed with African 
trypanosomal infection due to T. brucei gambi-
ense. Which medication would be the best for this 
patient?

A. Eflornithine

B. Suramin

C. Sodium stibogluconate

D. Metronidazole

36.5 Which agent is the only medication to treat late 
stages of trypanosomal infections due to T. brucei 
rhodesiense?

A. Artemether/lumefantrine

B. Melarsoprol

C. Nitazoxanide

D. Tinidazole

Vector control is supplemental to the core strategy of MDA and can 
enhance elimination efforts by reducing the mosquito density and pre-
venting human–mosquito contact. Malaria control interventions such as 
 residual spraying and sleeping under long-lasting insecticidal nets have 
collateral benefits in reducing transmission of lymphatic filariasis.

Correct answer = B. Iodoquinol, diloxanide furo-
ate, and paromomycin are luminal amebicides that 
are usually administered with mixed or systemic 
amebicides to treat the asymptomatic colonization 
state. Chloroquine is a systemic amebicide and an 
antimalarial. Metronidazole is a mixed amebicide. 
Primaquine is an antimalarial.

Correct answer = C. The combination of  atovaquone–
proguanil has been used for both prevention and 
treatment of malaria in chloroquine-resistant areas. 
Pyrimethamine is not recommended for prophy-
laxis of malaria. Artemisinin and its derivatives are 
not used for prophylaxis, only treatment of malaria. 
Hydroxychloroquine is only an alternative treatment 
or prophylaxis option in chloroquine-sensitive regions.

Correct answer = B. Miltefosine is the only oral agent 
available for the treatment of visceral leishmania-
sis. All the other drugs are orally administered, but 
artemether/lumefantrine is used for the treatment of 
malaria, nitazoxanide is used for the treatment of 
giardiasis or cryptosporidiosis, and tinidazole is effec-
tive for amebiasis or giardiasis.

Correct answer = A. Eflornithine is indicated for the 
treatment of African trypanosomiasis caused by  
T. brucei gambiense. Suramin is used for the treat-
ment of first-stage African trypanosomiasis due to  
T. brucei rhodesiense. Sodium stibogluconate is used 
for the treatment of leishmaniasis. Metronidazole is 
used for the treatment of amebiasis and giardiasis.

Correct answer = B. Melarsoprol is the only agent 
available for the treatment of late-stage trypanosomal 
infections due to T. brucei rhodesiense. All the other 
drugs are used for other indications; artemether/
lumefantrine is used for the treatment of malaria, 
nitazoxanide is used for the treatment of giardiasis 
or cryptosporidiosis, and tinidazole is effective for 
 amebiasis or giardiasis.
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36.6 A 42-year-old man returned from a camping trip 
and is diagnosed with Giardia lamblia. Which 
medication would be considered the treatment of 
choice?

A. Chloroquine

B. Nifurtimox

C. Paromomycin

D. Metronidazole

36.7 Which statement regarding paromomycin is correct?

A. Paromomycin is only effective against the 
 luminal forms of E. histolytica. 

B. The principle adverse effects are optic neuritis 
and peripheral neuropathy. 

C. Paromomycin is considered a nitroimidazole.

D. If taken with alcohol, a disulfiram-like reaction 
may occur. 

36.8 Which treatment option is most appropriate for 
a patient diagnosed with uncomplicated malaria 
due to P. ovale?

A. Artesunate plus mefloquine

B. Doxycycline

C. Chloroquine

D. Chloroquine plus primaquine

36.9 Which antiprotozoal agent is active against 
Toxoplasma gondii?

A. Metronidazole

B. Pyrimethamine

C. Leucovorin

D. Miltefosine

36.10 A 32-year-old pregnant woman is traveling abroad 
to a malaria-endemic country with known chloro-
quine resistance. Which prophylactic regimen is 
most appropriate?

A. Doxycycline

B. Mefloquine

C. Primaquine

D. Artemether–lumefantrine

Correct answer = B. Mefloquine is one of the 
 preferred regimens for malaria prophylaxis in a preg-
nant woman. Doxycycline and primaquine are not 
recommended for use in pregnancy. Artemether– 
lumefantrine is only recommended for the treatment, 
not prophylaxis, of malaria.

Correct answer = D. Metronidazole is used for the 
treatment of amebiasis and giardiasis. Chloroquine is 
used for the treatment of malaria and extraintestinal 
amebiasis. Nifurtimox is indicated for the treatment of 
American trypanosomiasis (Chagas disease) caused 
by T. cruzi. Paromomycin is used for the treatment of 
luminal forms of E. histolytica.

Correct answer = A. Paromomycin is an aminogly-
coside antibiotic, known as a luminal amebicide. It 
is only active effective against the luminal forms of  
E. histolytica because it is not significantly absorbed 
from the gastrointestinal tract. The principle adverse 
effects are gastrointestinal distress and diarrhea. The 
nitroimidazoles should be avoided with alcohol con-
sumption due to the risk of a disulfiram-like reaction.

Correct answer = D. Chloroquine plus primaquine is 
the most appropriate treatment option due to the spe-
cies of malaria, P. ovale, which causes relapses from 
the dormant hyponozoite form unless primaquine is 
added. Chloroquine by itself would treat the acute 
infection; however, it would not prevent relapse of the 
disease. Doxycycline is only used for prophylaxis or 
as a combination with other antimalarial medications 
for treatment. Artesunate plus mefloquine would be 
more appropriate to treat severe malaria; however, 
neither agent would prevent the relapsing form of the 
disease caused by P. ovale.

Correct answer = B. Pyrimethamine is active against 
T. gondii and in combination with sulfadiazine is the 
treatment of choice for toxoplasmosis. Metronidazole 
is active against amebiasis and giardiasis. Leucovorin 
can be used during the treatment of toxoplasmosis; 
however, its actions are to protect against folate defi-
ciency caused by the treatment and the drug itself 
does not have antiprotozoal activity. Miltefosine is 
used for leishmaniasis. 
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Anthelmintic Drugs
Jonathan C. Cho and Marylee V. Worley 37
I. OVERVIEW

Nematodes, trematodes, and cestodes are three major groups of helminths 
(worms) that infect humans. Anthelmintic drugs (Figure 37.1) are aimed at 
metabolic targets that are present in the parasite but either are absent 
from or have different characteristics than those of the host. Figure  37.2 
 illustrates the high incidence of helmintic infections worldwide. Most 
anthelmintics target eliminating the organisms from the host, as well as 
controlling spread of infections.

II. DRUGS FOR THE TREATMENT OF NEMATODES

Nematodes are elongated roundworms that possess a complete diges-
tive system. They cause infections of the intestine as well as the blood 
and tissues.

A. Benzimidazoles

 Mebendazole, albendazole, and thiabendazole are the congeners of 
benzimidazole derivatives. 

1. Mebendazole: Mebendazole [me-BEN-da-zole], a synthetic ben-
zimidazole compound, is a first-line agent for the treatment of 
infections caused by whipworms (Trichuris trichiura), pinworms 
(Enterobius vermicularis), hookworms (Necator americanus and 
Ancylostoma duodenale), and roundworms (Ascaris lumbricoides). 
Mebendazole and benzimidazoles, as a class, act by binding to 
parasite β-tubulin and inhibiting microtubule polymerization in the 
parasite. Affected parasites are expelled in the feces. It is well tol-
erated generally. Its adverse effects include abdominal pain, nau-
sea, vomiting, and diarrhea. Mebendazole should not be used in 
pregnant women. [Note: Many anthelmintics should be avoided in 
pregnancy (Figure 37.3); however, in mass prevention or treatment 
programs, certain agents (for example, mebendazole or albenda-
zole) may be used in the second or third trimester.] Mebendazole 
has poor bioavailability (22%) due to its extensive first-pass 
metabolism. It is used at a dose of 100 mg chewable tablets or 
100 mg/5 ml suspension. The dose for children above 2 years is 
the same as the adult dose but for 1 to 2 years, it is half the adult 
dose. A single oral dose is adequate for pinworm infestations, 
whereas for roundworm, hookworm, and whipworm infestations it 
is given 100 mg twice daily for 3 days. In case of trichinosis, it is 
usually taken 200 mg twice daily for 4 days. 

Figure 37.1
Summary of anthelmintic agents.

Figure 37.2
Relative incidence of helminth infec-
tions worldwide.
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2. Albendazole: Albendazole is another derivative of benimidaz-
ole which is superior to mebendazole in curing hookworm and 
trichuriasis in children. Due to its active metabolite, albenda-
zole sulfoxide, it is also found to be superior to mebendazole 
in all tissue-residing worm infestations. It is converted to inac-
tive metabolite and excreted in urine. It is the drug of choice for 
treating cystic hydatid disease due to Echinococcus granulosus 
and Taenia solium infestations. It is administered at a dose of 
400 mg twice daily in adults and 15 mg/kg in children for varying 
durations depending on the infestation. Absorption is reported 
to be erratic after oral administration and it is enhanced by fatty 
food. A single dose of 400 mg is adequate for the treatment of 
soil transmitted helminths (STH) such as enterobiasis, ascariasis, 
trichuriasis, and hookworm. Similar to mebendazole, it is highly 
effective for the treatment of infestations with intestinal nema-
todes such as A. lumbricoides, T. trichuria, and hookworms. It 
is used for AIDS patients suffering from microsporidial intesti-
nal infections, Capillaria philippinensis. Albendazole therapy is 
reported to have fewer side effects such as nausea, vomiting, 
diarrhea, and epigastric pain. Rarely it can cause dizziness and 
headache.

B. Pyrantel pamoate

 Pyrantel pamoate [pi-RAN-tel PAM-oh-ate] is also effective in the 
treatment of infections caused by roundworms, pinworms, and hook-
worms (Figure 37.4). Pyrantel pamoate is poorly absorbed after oral 
administration and is only effective against intestinal infections. It acts 
as a depolarizing, neuromuscular-blocking agent, causing release of 
acetylcholine and inhibition of cholinesterase, leading to paralysis of 
the worm and subsequent expulsion. Adverse effects are mild and 
include nausea, vomiting, and diarrhea. 

C. Thiabendazole

 Thiabendazole [thye-a-BEN-da-zole], a synthetic benzimidazole, is 
a potent broad-spectrum anthelmintic agent. Current use of thia-
bendazole is limited to the topical treatment of cutaneous larva 
migrans (creeping eruption). Because of its toxic effects and removal 
from the market in many countries, it has been largely replaced by 
other agents.

D. Tetramisole and levamisole

 Tetramisole is an old agent and its optical isomer levamisole has 
been found to be more active for the treatment of ascariasis and 
ancylostomiasis and is kept as second-line therapy. Neural stim-
ulation in the worm causing tonic paralysis is expected to be the 
mechanism of action on the worms. For ascariasis, tetramisole is 
used as a single dose of 150 mg for adults 100 mg for children with 
a body weight of 20 to 39 kg and 50 mg with a body weight of 10 to 
19 kg. For ancylostomiasis, it is used as two doses in a day in a 
gap of 12 hours.

Figure 37.3
Albendazole, ivermectin, mebenda-
zole, and thiabendazole should be 
avoided in pregnancy.
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Figure 37.4
Characteristics of and therapy for commonly encountered nematode infections.

FILARIASIS
Causative organisms: Wuchereria bancrofti, 
Brugia malayi, Brugia timori.

Worms cause blockage of lymph �ow. 
Ultimately, local in�ammation and �brosis of 
the lymphatics occurs.

After years of infestation, the arms, legs, and
scrotum �ll with �uid, causing elephantiasis.

Therapy:  A combination of diethyl-
carbamazine and albendazole.

ENTEROBIASIS
(PINWORM DISEASE)
Causative organism:  Enterobius vermicularis.

Most common helminthic infection in the
United States.

Pruritus ani occurs, with white worms visible
in stools or perianal region.

Therapy: Mebendazole or pyrantel pamoate.

TRICHURIASIS
(WHIPWORM DISEASE)
Causative organism: Trichuris trichiura.

Infection is usually asymptomatic; however,
abdominal pain, diarrhea, and �atulence can
occur.

Therapy: Mebendazole.

ASCARIASIS 
(ROUNDWORM DISEASE)
Causative organism: Ascaris lumbricoides.

Globally the most common human worm
infection.

Ingested larvae grow in the intestine, causing
abdominal symptoms, including intestinal 
obstruction; roundworms may pass to blood
and infect the lungs.

Therapy: Albendazole, mebendazole, or 
pyrantel pamoate.

ENTEROBIASIS
(PINWORM DISEASE)

ONCHOCERCIASIS 
(RIVER BLINDNESS)
Causative organism:  Onchocerca volvulus.

Common in tropical Africa, Brazil, Venezuela, 
and Yemen.

Characterized by subcutaneous nodules, a 
pruritic skin rash, and ocular lesions often 
resulting in blindness.

Therapy: Ivermectin.

HOOKWORM DISEASE
Causative organisms: Ancylostoma duodenale 
(Old World hookworm), Necator americanus 
(New World hookworm).

Worm attaches to the intestinal mucosa, 
causing anorexia, ulcer-like symptoms, and 
chronic intestinal blood loss that leads to 
anemia.

Treatment is unnecessary in asymptomatic
individuals who are not anemic.

Therapy: Pyrantel pamoate or mebendazole.

Treatment is unnecessary in asymptomatic
individuals who are not anemic.

Therapy: Pyrantel pamoate or mebendazole.

STRONGYLOIDIASIS
(THREADWORM DISEASE)
Causative organism: Strongyloides stercoralis.

Relatively uncommon compared with other
intestinal nematodes; a relatively benign 
disease in normal individuals that can 
progress to a fatal outcome in immuno-
compromised patients.

Therapy: Ivermectin.Therapy: Ivermectin.

TRICHINOSIS
Causative organism:  Trichinella spiralis.

Usually caused by consumption of insu�ciently cooked meat, 
especially pork.

Starts with abdominal discomfort, followed by muscle pain, 
swelling of face and eyes, and aching joints.

Therapy: Albendazole or mebendazole.
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E. Piperazine

 Piperazine is highly effective against A. lumbricoides and Enterobius 
vermicularis. It is expelled from the intestine by peristalsis by caus-
ing flaccid paralysis in the worms. It acts as a GABA agonist and 
causes induction of chloride conductance on the ascaris mus-
cle membrane. However, piperazine has been replaced by benim-
idazoles in the recent past for the treatment of Ascaris. After oral 
administration, benimidazoles is absorbed and after metabolism it 
is excreted through urine. Nausea, vomiting, abdominal discomfort, 
and CNS excitation at high dose have been reported with this agent.  
It is contraindicated in patients with epilepsy and renal insufficiency. It 
is used at a dose of 4 g once a day for 2 days for Ascaris infestation. 
For pinworm infestation, it is used at a dose of 50 mg/kg once daily 
for 7 days and repeated after 3 weeks for the eradication. 

F. Ivermectin

 Ivermectin [eye-ver-MEK-tin] is the drug of choice for the treatment of 
cutaneous larva migrans, strongyloidiasis, and onchocerciasis (river 
blindness, although not curative due to lack of activity in adult worms). 
[Note: Ivermectin is also useful in the treatment of pediculosis (lice) 
and scabies.] Ivermectin targets the glutamate-gated  chloride channel 
receptors. Chloride influx is enhanced, and hyperpolarization occurs, 
resulting in paralysis and death of the worm. The drug is given orally 
and does not readily cross the blood–brain barrier. Ivermectin should 
not be used in pregnancy (Figure 37.3). It is extensively metabolized by 
CYP3A4, and it is not excreted in urine. Therefore, dosage reduction 
is not required in case of kidney disease. The killing of the microfilaria 
in onchocerciasis can result in a dangerous Mazzotti reaction (fever, 
headache, dizziness, somnolence, and hypotension). The severity of 
this reaction is related to parasite load. Antihistamines or steroids may 
be given to ameliorate the symptoms. Ivermectin is administered as 
a single dose of 150 to 200 µg/kg every 6 to 12 months for the treat-
ment of onchocerciasis and filariasis over a period of 5 to 6 years. 
A single dose of 0.2 mg/kg is effective against scabies and pedicu-
losis. It is well tolerated by an uninfected person; however, parasite 
kill-induced side effects vary with the organism. It is reported to have 
a side effect profile such as itching, giddiness, headache, hypoten-
sion, tachycardia, myalgia, arthralgia, and facial and peripheral edema 
which responds well to glucocorticoid therapy.

G. Diethylcarbamazine

 Diethylcarbamazine [dye-eth-il-kar-BAM-a-zeen] is the drug of choice 
for filariasis caused by infection with Wuchereria bancrofti, Brugia 
malayi, or Brugia timori. It kills the microfilariae and has activity against 
adult worms. [Note: In countries where filariasis is endemic, a combi-
nation of antifilarial drugs (either diethylcarbamazine and albendazole 
or ivermectin and albendazole) may be used annually as preventive 
chemotherapy.] Diethylcarbamazine is rapidly absorbed following 
oral administration with meals and is excreted mainly in the urine. 
Adverse effects may include fever, nausea, vomiting, arthralgia, and 
headache. [Note: Patients suspected of having onchocerciasis should 
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be given ivermectin and albendazole because diethylcarbamazine can  
accelerate blindness and cause severe Mazzotti reactions.]. In India, 
diethylcarbamazine is used for filariasis eradication programs and 
tropical pulmonary eosinophilia. Microfilarial forms of susceptible filar-
ial species are first affected by this agent. Microfilaria of Onchocerca 
volvulus rapidly disappears from skin after the administration of this 
agent. Used at a dose of 2 mg/kg three times a day, it produces rapid 
relief within a few days but the adult worm survives in the lymphatics; 
therefore, a prolonged therapy is required. A dosage therapy of 72 to 
126 mg/kg spread across 12 to 21 days was found to be satisfac-
tory. Repeated drug therapy is required in a gap of 3 to 4 weeks to 
get complete eradication. It has a limited role in the chronic filariasis 
causing lymphatic obstruction. Diethylcarbamazine (6 mg/kg) along 
with albendazole (400 mg) is used to control mass transmission of 
filariasis in endemic areas by reducing microfilaremia. 

III. DRUGS FOR THE TREATMENT OF TREMATODES

The trematodes (flukes) are leaf-shaped flatworms that are generally char-
acterized by the tissues they infect (for example, liver, lung, intestinal, or 
blood; Figure 37.5).

     Clonorchiasis

• Causative organism: Clonorchis sinensis 
     (Oriental liver �uke). 

• The primary site of infection is the 
     biliary tract, where the resulting 
     in�ammatory response can cause 
     �brosis and hyperplasia. 

• The disease is transmitted by eating raw 
     freshwater �sh.

• Clonorchiasis is diagnosed by 
     identifying eggs in the stool. 

• Therapy: Praziquantel.

     Schistosomiasis (New World)

• Causative organisms: Schistosoma mansoni 
     and Schistosoma japonicum. 

• The primary site of infection is the GI tract. 
     Damage to the intestinal wall is caused by 
     the host’s in�ammatory response to eggs 
     deposited at that site. The eggs also secrete 
     proteolytic enzymes that further damage 
     the tissue.

• Clinical presentation includes GI bleeding, 
     diarrhea, and liver damage.

• The disease is transmitted by direct skin 
     penetration.

• This form of schistosomiasis is diagnosed 
     by identi�cation of characteristic eggs in 
     the stool.

     Paragonimiasis

• Causative organism: Paragonimus 
westermani (lung �uke). 

• The organisms move from the GI tract to 
     the lung, which is the primary site of 
     damage. Secondary bacterial infections 
     can result in a cough that produces 
     bloody sputum. 

• The disease is transmitted by eating raw 
     or undercooked crabs.

• Paragonimiasis is diagnosed by 
     identifying eggs in the sputum and 
     stool. 

• Therapy: Praziquantel.

    Schistosomiasis (Old World)

• Causative organism: Schistosoma 
     haematobium. 

• The primary sites of infection are veins of 
     the urinary bladder, where the organism’s 
     eggs can induce �brosis, granulomas, and 
     hematuria.

• The disease is transmitted by direct skin 
     penetration.

• This form of schistosomiasis is diagnosed 
     by identifying characteristic eggs in the 
     urine or bladder wall.

• Therapy: Praziquantel.

Figure 37.5
Characteristics of and therapy for commonly encountered trematode infections. GI = gastrointestinal.
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A. Praziquantel

 Praziquantel [pray-zi-KWON-tel] is an agent of choice for the treat-
ment of all forms of schistosomiasis, other trematode infections, and 
cestode infections such as taeniasis. Praziquantel causes contrac-
ture and paralysis of parasites by increasing the permeability of the 
cell membrane to calcium. It is rapidly absorbed after oral admin-
istration and should be taken with food. The drug is extensively 
metabolized, and the inactive metabolites are excreted primarily 
in the urine. Common adverse effects include dizziness, malaise, 
and headache as well as gastrointestinal upset. Dexamethasone, 
phenytoin, rifampin, and carbamazepine may increase the metab-
olism of praziquantel. Cimetidine causes increased praziquantel 
levels. Praziquantel is contraindicated for the treatment of ocular 
cysticercosis, because destruction of the organism in the eye may 
cause irreversible damage. It is used at a single dose of 10 mg/kg  
for T. saginata and T. solium and is used at 15 to 25 mg/kg thrice 
a day for 1 day for Hymenolopis nana and Diphyllobothrium latum. 
In neurocysticercosis, schistosoma, and other flukes, it is used at a 
higher dose for varying periods. 

IV. DRUGS FOR THE TREATMENT OF CESTODES

The cestodes, or “true tapeworms,” typically have a flat, segmented body 
and attach to the host’s intestine (Figure 37.6). Like the trematodes, the 
tapeworms lack a mouth and a digestive tract throughout their life cycle.

A. Niclosamide

 Niclosamide [ni-KLOE-sa-mide] (no longer available in the United 
States) is an alternative to praziquantel for the treatment of taenia-
sis, diphyllobothriasis, and other cestode infections. It inhibits the 
mitochondrial phosphorylation of adenosine diphosphate (ADP) in the 
parasite, making it lethal for the cestode’s scolex and segments but 
not for the ova. A laxative is administered prior to oral administration 
to purge the bowel of all dead segments and to enhance digestion 
and liberation of the ova. Alcohol should be avoided within 1 day of 
niclosamide use.

 Niclosamide is formulated as 0.5 g chewable tablets. Two tablets are 
administered orally and another two tablets after a gap of 1 hour. For 
children aged 2 to 6 years, the dose is 1 g. After the dose, a saline 
cathartic is given to pull the worms out.

B. Albendazole

 Albendazole [al-BEN-da-zole], another benzimidazole, inhibits micro-
tubule synthesis and glucose uptake in nematodes and is  effective 
against most nematodes known. Its primary therapeutic application, 
however, is in the treatment of cestodal infestations, such as cysticer-
cosis and hydatid disease (caused by the larval stage of E. granulosus). 
[Note: Albendazole is also very effective in treating microsporidiosis, a 
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fungal infection.] Albendazole is erratically absorbed after oral admin-
istration, but absorption is enhanced by a high-fat meal. It under-
goes extensive first-pass metabolism in the liver, including formation 
of an active sulfoxide, and its metabolites are primarily excreted in 
the bile. When used in short-course therapy (1 to 3 days) for nema-
todal infestations, adverse effects are mild and transient and include 
headache and nausea. Treatment of hydatid disease (3 months) has 
a risk of hepatotoxicity and, rarely, agranulocytosis or pancytopenia. 
Medical treatment of  neurocysticercosis is associated with inflamma-
tory responses to dying parasites in the CNS, including headache, 
vomiting, fever, and seizures. 

     Echinococcosis (Hydatid 
     Disease)
• Causative organism: Echinococcus 
     granulosus (dog tapeworm). 

• Infection produces large hydatids 
     (cysts) in the liver, lung, and brain. 
     Anaphylactic reaction to worm antigens 
     can occur if the cyst ruptures.

• The disease follows ingestion of eggs in 
     dog feces. Sheep often serve as an 
     intermediate host.

• Echinococcosis is diagnosed by CT scan 
     or biopsy of infected tissue and is 
     treated by surgical excision of cysts.

• Therapy: Albendazole.

     Taeniasis
• Causative organism: adult Taenia solium 
     (pork tapeworm). 

• Intestines are the primary site of 
     infection, where the organism can cause 
     diarrhea. Most of these infections, 
     however, are asymptomatic.

• The disease is transmitted by larvae in 
     undercooked pork or by ingestion of 
     tapeworm eggs.

• Taeniasis is diagnosed by detection of 
     proglottids in stools.

• Therapy: Praziquantel.

     Cysticercosis
• Causative organism: Taenia solium larvae. 

• Infection produces cysticerci in the brain 
     (causing seizures, headache, and vomiting) 
     and in the eyes.

• The disease follows ingestion of eggs from 
     human feces.

• Cysticercosis is diagnosed by CT scan or 
     biopsy.

• Therapy: Praziquantel, albendazole, and/or 
     surgery.

    Diphyllobothriasis
• Causative organism: Diphyllobothrium latum (�sh tapeworm). 

• The adult worm in a host’s intestine can be as long as 15 meters.

• The disease is transmitted by larvae in raw or undercooked �sh.

• Diphyllobothriasis is diagnosed by detection of characteristic eggs in 
     stools.

• Therapy: Praziquantel or niclosamide.

     surgery.

phyllobothriasis

     Taeniasis
• Causative organism: larval form of Taenia 

saginata (beef tapeworm). 

• The organism primarily infects the intestines 
     and does not produce cysticerci. Most 
     infected individuals are asymptomatic.

• The disease is transmitted by larvae in 
undercooked or raw beef.

• Taeniasis is diagnosed by detection of 
     proglottids in stools.

• Therapy: Praziquantel.

Figure 37.6
Characteristics of and therapy for commonly encountered cestode infections. CT = computed tomography.
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Study Questions

Choose the ONE best answer.

37.1 A 32-year-old man is diagnosed with whipworm 
disease after he spent the summer working outside 
without shoes. Which would be the best treatment 
option?

A. Pyrantel pamoate

B. Mebendazole

C. Thiabendazole

D. Diethylcarbamazine

37.2 Which combination would be appropriate to use 
for preventative chemotherapy in countries with 
endemic filariasis and endemic onchocerciasis?

A. Pyrantel pamoate and mebendazole

B. Ivermectin and diethylcarbamazine

C. Albendazole and diethylcarbamazine

D. Ivermectin and albendazole

37.3 Which statement best describes the mechanism of 
action of pyrantel pamoate?

A. Acts as a depolarizing neuromuscular blocking 
agent leading to paralysis of the worm

B. Binds to β-tubulin and inhibits the assembly of 
the microtubules polymerization in the parasite

C. Inhibits the mitochondrial phosphorylation of 
adenosine diphosphate (ADP) in the parasite

D. Inhibits glucose uptake leading to parasite death

37.4 Which is the best treatment option for treatment of 
cutaneous larva migrans?

A. Pyrantel pamoate

B. Diethylcarbamazine

C. Ivermectin

D. Niclosamide

37.5 Which medication used to treat river blindness 
 targets chloride channels and can cause a Mazzotti 
reaction?

A. Ivermectin

B. Praziquantel

C. Pyrantel pamoate

D. Albendazole

Correct answer = B. Mebendazole is the drug of 
choice for treating whipworm. Thiabendazole is not a 
preferred treatment option for many nematode infec-
tions due to its toxicity.

Correct answer = D. Ivermectin and albendazole should 
be used as combination therapy for filariasis in patients 
that could also be infected with onchocerciasis due 
to the propensity of diethylcarbamazine to accelerate 
blindness in patients at risk for river blindness.

Correct answer = A. Pyrantel pamoate acts as a 
depolarizing, neuromuscular-blocking agent, causing 
release of acetylcholine and inhibition of cholinester-
ase, leading to paralysis and intestinal expulsion of 
the worm.

Correct answer = C. Ivermectin is the drug of choice 
for treatment of cutaneous larva migrans, which is 
usually self-limiting; however, treatment will shorten 
the course of the disease.

Correct answer = A. Ivermectin targets the para-
site’s glutamate-gated chloride channel receptors. 
Chloride influx and hyperpolarization occur, resulting 
in paralysis of the worm. The killing of the microfi-
laria in onchocerciasis can result in a dangerous 
Mazzotti reaction. This can happen with ivermectin or 
diethylcarbamazine.
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 37.6 A 48-year-old immigrant from Mexico presents 
with seizures and other neurologic symptoms. 
Eggs of T.  solium are found in a stool specimen. 
A magnetic resonance image of the brain shows 
many cysts, some of which are calcified. Which 
drug would be of benefit to this individual?

A. Ivermectin

B. Pyrantel pamoate

C. Albendazole

D. Diethylcarbamazine

 37.7 Which drug works by increasing the permeability 
of the cell membrane to calcium?

A. Albendazole

B. Ivermectin

C. Niclosamide

D. Praziquantel

 37.8 When used for treatment of taeniasis, a laxative is 
usually administered prior to oral administration of 
which drug?

A. Mebendazole

B. Diethylcarbamazine

C. Niclosamide

D. Pyrantel pamoate

 37.9 A 37-year-old man presents with diarrhea and 
gastrointestinal bleeding. Eggs of S. mansoni are 
found upon examination of a stool specimen. The 
patient has a history of seizures and is currently 
on phenytoin. Metabolism of which medication 
will be increased due to his current drug regimen?

A. Ivermectin

B. Praziquantel

C. Thiabendazole

D. Niclosamide

37.10 When used for longer treatment, such as hydatid 
disease, which medication is associated with risks 
of hepatotoxicity and agranulocytosis?

A. Albendazole

B. Diethylcarbamazine

C. Niclosamide

D. Ivermectin

Correct answer = C. The symptoms and other find-
ings for this patient are consistent with neurocys-
ticercosis. Albendazole is the drug of choice for the 
treatment of this infestation. The other drugs are not 
effective against the larval forms of tapeworms.

Correct answer = D. Praziquantel works by increas-
ing the permeability off the cell membrane to calcium, 
causing contracture and paralysis of the parasites. 

Correct answer = C. A laxative is administered prior 
to oral administration of niclosamide to purge the 
bowel of all dead segments and to enhance digestion 
and liberation of the ova.

Correct answer = B. Dexamethasone, phenytoin, rifam-
pin, and carbamazepine may increase the metabolism 
of praziquantel.

Correct answer = A. When used in short-course ther-
apy, albendazole is associated with adverse effects 
such as headache and nausea. When used for 
treatment of hydatid disease (3 months) there is a 
risk of hepatotoxicity and, rarely, agranulocytosis or 
pancytopenia.
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I. OVERVIEW

The importance of the immune system in protecting the body against 
harmful foreign molecules is well recognized. The immune system is one 
of the most complex organ systems in the body, which can make it difficult 
to manipulate. Immunosuppressants are drugs that reduce the activation 
or efficacy of the immune system to treat certain conditions, such as auto-
immune diseases, or to lower the body’s ability to reject a transplanted 
organ. Autoimmune diseases can arise when the immune system mistak-
enly identifies an individual’s own tissues as foreign and directs a destruc-
tive response against them. The goal of treatment for these diseases is to 
use drug therapy to stop this inappropriate and harmful process. In the 
case of organ transplantation, foreign tissue is purposely implanted into 
the recipient, but the goal remains the same—to use drug therapy to limit 
the damage inflicted by the immune system and potential rejection of the 
transplanted organ. Transplantation of organs and tissues (for example,  
kidney, heart, or bone marrow) has become routine due to improved surgical 
techniques and better tissue typing. Available drugs now more selectively 
inhibit rejection of transplanted tissues while preventing the patient from 
immunological compromise and prolonging the life of transplanted organs 
(Figure 38.1). Earlier drugs were nonselective, and patients frequently suc-
cumbed to infection due to suppression of both the antibody-mediated 
(humoral) and the cell-mediated arms of the immune system. Today, the 
principal approach to immunosuppressive therapy is to alter lymphocyte 
function using drugs or antibodies against immune proteins. Because of 
their severe toxicities when used as monotherapy, a combination of immu-
nosuppressive agents, usually at lower doses, is generally employed. 
Immunosuppressive drug regimens typically consist of two to four agents 
with different mechanisms of action that disrupt various levels of T-cell 
activation. [Note: Although this chapter focuses on immunosuppressive 
agents in the context of organ transplantation, these agents may be used 
in the treatment of other disorders. For example, cyclosporine may be use-
ful in the treatment of psoriasis, and various monoclonal antibodies have 
applications in a number of disorders, including rheumatoid arthritis, multi-
ple sclerosis, Crohn’s disease, and ulcerative colitis.]

The immune activation cascade can be described as a three-signal model 
(Figure 38.2). Signal 1 constitutes T-cell triggering at the CD3 receptor 
complex by an antigen on the surface of an antigen-presenting cell (APC). 
Signal 1 alone is insufficient for T-cell activation and requires signal 2. 
Signal 2, also referred to as co-stimulation, occurs when CD80 and CD86 

663

Immunosuppressants
Jennifer Jebrock and Jane Revollo 38

Figure 38.1
Immunosuppressant drugs.  
mTOR = mammalian target of 
 rapamycin. (For drug dosages, refer 
to Appendix at the end of the book.)

ANTIBODIES

Alemtuzumab 
Antithymocyte globulins
Basiliximab 
Rituximab
CALCINEURIN INHIBITORS

Cyclosporine 
Tacrolimus
COSTIMULATION BLOCKER

Belatacept
mTOR INHIBITORS

Everolimus 
Sirolimus
ANTIPROLIFERATIVES

Azathioprine 
Mycophenolate mofetil 
Mycophenolate sodium
ADRENOCORTICOIDS

Methylprednisolone
Prednisolone 
Prednisone
OTHER

Bortezomib
Intravenous immunoglobulin

LIR_CH38.indd   663 09/10/18   12:50 PM



664 38. Immunosuppressants

(also known as B7.1 and B7.2) on the surface of APCs engage CD28 on 
T-cells. Both signals 1 and 2 activate several intracellular signal transduc-
tion pathways, one of which is the calcium–calcineurin pathway. These 
pathways trigger the production of cytokines such as interleukin (IL)-2. IL-2 
then binds to the IL-2 receptor (also known as CD25) on the surface of 
other T-cells, thereby providing signal 3 activating the cell cycle via mam-
malian target of rapamycin (mTOR) and leading to T-cell proliferation. 

Immunosuppressants can be broadly categorized by their place in ther-
apy and their mechanism of action. More potent immunosuppressant 
drugs, such as monoclonal and polyclonal antibodies, are often used 
in induction therapy, which powerfully suppresses the immune system 
at the time of transplant, allowing the new organ to start functioning in 
the recipient and preventing early graft rejection. Maintenance immu-
nosuppressant drugs, on the other hand, are less potent and provide 
long-term immunological protection for the transplanted organs, with 
lower risk of infection than with the induction drugs. As noted above, 
maintenance immunosuppressant medications are frequently combined 
in regimens to maintain adequate immunosuppression while minimizing 
adverse effects.

Figure 38.2
Mechanism of action of immunosuppressive agents. IL-2 = interleukin 2; mRNA = messenger RNA;  
mTOR = mammalian target of rapamycin; NFAT = nuclear factor of activated T.
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II.  INDUCTION AND REJECTION 
IMMUNOSUPPRESSANT MEDICATIONS 

The use of antibodies plays a central role in prolonging allograft survival. [Note: 
An allograft is transplant of an organ or tissue from one person to another who 
is not genetically identical.] Antibodies are prepared by immunization of either 
rabbits or horses with human lymphoid cells (producing a mixture of polyclonal 
antibodies or monoclonal antibodies) or by hybridoma technology (producing 
antigen-specific monoclonal antibodies). Hybridomas are produced by fusing 
mouse antibody-producing cells with tumor cells. Hybrid cells are selected 
and cloned, and the antibody specificity of the clones is determined. Clones of 
interest can be cultured in large quantities to produce clinically useful amounts 
of the desired antibody. Recombinant DNA technology can also be used to 
replace part of the mouse gene sequence with human genetic material, thus 
“humanizing” the antibodies and making them less antigenic. The names of 
monoclonal antibodies conventionally contain “xi” or “zu” if they are chime-
rized or humanized, respectively. The suffix “-mab” (monoclonal antibody) 
identifies the category of drug. The polyclonal antibodies, although relatively 
inexpensive to produce, are variable and less specific, which is in contrast to 
monoclonal antibodies, which are homogeneous and specific (Figure 38.3).

Figure 38.3
Medications used for induction and/or rejection immunosuppressant therapy. 

CMV = cytomegalovirus; HLD = hyperlipidemia; HSV = herpes simplex virus; HTN = hypertension; IL = interleukin; PML = progressive  multifocal leukoencephalopathy; 
TNF = tumor necrosis factor.
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A. Antithymocyte globulins

 Antithymocyte globulins are polyclonal antibodies produced by isolat-
ing γ-globulin fractions of serum obtained from rabbits or horses after 
immunization with human thymocytes. They cause depletion of circu-
lating T-cells and apoptosis of activated T-cells. Rabbit preparations 
are preferred over horse preparations because of greater potency and 
less toxicity. 

 Antithymocyte globulin, rabbit is primarily used at the time of trans-
plantation to prevent early allograft rejection, along with other immu-
nosuppressive agents. It may also be used to treat severe rejection 
episodes or corticosteroid-resistant acute rejection. It is usually used 
for 3 to 10 days to produce profound lymphopenia that may last 
beyond 1 year. 

 The antibodies are slowly infused intravenously and their half-life 
extends from 3 to 9 days. Premedication with corticosteroids, acet-
aminophen, and antihistamines may help reduce infusion-related 
reactions. Prolonged use may be associated with profound immuno-
suppression and an increased risk of opportunistic infections and/or 
post-transplant lymphoproliferative disease (PTLD). 

B. Basiliximab

 Basiliximab [bass-il-IX-im-ab] is a chimeric murine/human monoclonal 
antibody that binds to the α chain of the IL-2 receptor (CD25) on acti-
vated T-cells and, thus, interferes with the proliferation of these cells. 
Blockade of this receptor foils the ability of any antigenic stimulus to 
activate the T-cell response system. 

 Basiliximab is approved for prophylaxis of acute rejection in renal trans-
plantation in combination with cyclosporine and corticosteroids. This 
may allow for reduced doses or delayed introduction of calcineurin 
inhibitors. The drug may be beneficial in those with delayed graft 
function and may reduce the risk of calcineurin inhibitor– associated 
renal failure. Basiliximab is not T-cell depleting and, therefore, is mainly 
used in induction protocols as opposed to the treatment of rejection. 
Basiliximab is given as an IV infusion. The serum half-life of basiliximab 
is about 7 days. Usually, two doses of this drug are administered—the 
first at 2 hours prior to transplantation and the second at 4 days after 
the surgery. The drug is generally well tolerated.

C. Alemtuzumab

 Alemtuzumab [AL-em-TOOZ-ue-mab] is a humanized monoclo-
nal antibody that binds to CD52 on both T- and B-cells, resulting in 
depletion of both lymphoid cell lines. Depletion of T- and B-cells is 
observed soon after infusion and recovery of these cells is gradual. 
T-cells recover over 6 to 12 months, and B-cells recover in 6 months 
or less. It is approved for the treatment of chronic lymphocytic leuke-
mia, but has been used in transplantation as an induction and antire-
jection agent for both acute cellular rejection and antibody-mediated 
rejection due to its activity against both T- and B-cells. Due to its 
potent and prolonged immunosuppressive effect, it is recommended 
to initiate or continue prophylaxis for Pneumocystis pneumonia and 
herpes viruses after administration of alemtuzumab. 
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 Alemtuzumab was removed from the United States market by the 
manufacturer in 2012 in preparation for relabeling for use in multiple 
sclerosis, but it can still be obtained through the Campath Distribution 
Program for use in transplant patients. 

D. Rituximab

 Rituximab [ri-TUX-i-mab] is a chimeric monoclonal antibody against 
the antigen CD20 on pre B-cells, mature B-cells, and memory 
B-cells. Rituximab causes B-cell depletion by inducing B-cell lysis 
and blocking B-cell activation and eventual maturation to anti-
body-forming plasma cells. Existing plasma cells do not express the 
CD20 antigen and, therefore, are unaffected by rituximab. The drug 
is approved for use in the treatment of B-cell lymphomas, PTLD, and 
rheumatoid arthritis. The benefit of using rituximab in transplantation 
is for antibody removal, which has been utilized in ABO (blood type) 
incompatible transplants, desensitization protocols, and treatment 
of antibody-mediated rejection (AMR).

 Intravenous administration of rituximab leads to rapid and sus-
tained depletion of B-lymphocytes, with B-cell counts returning 
to normal within 9 to 12 months. Rituximab has a boxed warning 
for reactivation of JC virus leading to progressive multifocal leuko-
encephalopathy (PML) which has been reported in the nontrans-
plant population. Activation of hepatitis B infection has also been 
reported following treatment, and hepatitis serologies should be 
monitored. 

E. Bortezomib

 AMR involves the production of high levels of antibodies by plasma 
cells, either newly made from B-cells or from those that existed prior 
to transplant. One mechanism to control AMR is to target antibody 
production by plasma cells. Bortezomib [bor-TEZ-oh-mib] is a protea-
some inhibitor that leads to cell cycle arrest and apoptosis of normal 
plasma cells, thereby decreasing antibody production in sensitized 
patients. 

 Bortezomib is approved for the treatment of multiple myeloma, but 
it has been adapted for use in the treatment of AMR in transplant 
patients. It can be administered via intravenous bolus or subcutane-
ous injection, so it has a low potential for infusion-related reactions. 
Bortezomib is metabolized primarily by cytochrome P450 enzymes 
and hepatic dysfunction has rarely been reported when multiple 
cycles are given. 

F. Intravenous immunoglobulin

 Intravenous immunoglobulin (IVIG) contains immunoglobulins pre-
pared by human plasma pooled from many donors. It has an immu-
nomodulatory effect and is often used for autoimmune diseases, 
pretransplant desensitization protocols, and treatment of AMR. The 
immunomodulatory effects on T- and B-cells occur at high doses, 
and it is also used at lower doses to prevent infection by replacing 
immunoglobulins removed during plasmapheresis. The mechanism of 
action is not well defined, but high doses of IVIG appear to induce 
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B-cell apoptosis and modulate B-cell signaling. It also inhibits binding 
of antibodies to the transplanted graft and activation of the comple-
ment system. The serum half-life of IVIG is about 3 to 4 weeks. 

 Adverse effects of IVIG include headache, fever, chills, myalgias, and 
hypotension/hypertension, which can be reduced by slowing the infu-
sion rate. Serious adverse effects are rare and can include aseptic 
meningitis, acute renal failure, and thrombotic events. 

III.  MAINTENANCE IMMUNOSUPPRESSANT 
MEDICATIONS 

Maintenance immunosuppressants are intended to provide adequate 
immunosuppression to prevent allograft rejection, while minimizing infec-
tion, malignancy, and drug-induced adverse effects. Often they are com-
bined in regimens of two to four drugs, using medications with different 
mechanisms of action to minimize drug toxicity. These drugs can be fur-
ther divided into four main classes: 1) calcineurin inhibitors (cyclosporine 
and tacrolimus), 2) co-stimulation blockers (belatacept), 3) mTOR inhibi-
tors (sirolimus and everolimus), and 4) antiproliferatives (mycophenolate 
and azathioprine) (Figure 38.4).
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Figure 38.4
Medications used for maintenance immunosuppressant therapy.
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A. Calcineurin inhibitors

 Calcineurin inhibitors cyclosporine [sye-kloe-SPOR-een] and tacroli-
mus [tac-RO-li-mus] block signal transduction through the calcium–
calcineurin pathway, activated downstream of signal 1, to impair T-cell 
activation. Calcineurin, a calcium-dependent protein phosphatase, 
dephosphorylates the transcription factor Nuclear Factor of Activated 
T-cells (NFAT), allowing NFAT to enter the T-cell nucleus and bind to 
DNA, leading to transcription and production of cytokines, including 
IL-2. Cyclosporine binds to cyclophilin, whereas tacrolimus binds a 
protein called FK-binding protein (FKBP). These drug–protein com-
plexes inhibit the activity of calcineurin, thereby preventing T-cell 
activation. Tacrolimus is the preferred calcineurin inhibitor due to its 
decreased rate of allograft rejection as compared to cyclosporine. 
Although it is approved for renal, liver, and heart transplant, tacroli-
mus is the mainstay of maintenance immunosuppressants for all solid 
organ transplants. 

 Enzymes CYP3A4, CYP3A5, and P-glycoprotein (P-gp) expressed in 
the gastrointestinal tract and liver are responsible for the interindivid-
ual variability in oral absorption and metabolism of cyclosporine and 
tacrolimus. Dosing titration is based on 12-hour trough levels, with 
goal trough levels varying between different organs, time from trans-
plant, and transplant center-specific protocols.

 One of the primary limitations to the use of calcineurin inhibitors is 
nephrotoxicity, which has led to the development of regimens using 
these agents in combination with other immunosuppressant drugs. 
As with all immunosuppressants, infections are possible with the use 
of calcineurin inhibitors, and recipients are often given prophylactic 
medications post-transplant. Hirsutism, or excessive hair growth, is a 
common adverse effect of cyclosporine.

B. Costimulation blocker

 Belatacept [bel-a-TA-sept], a second-generation costimulation blocker, 
is a recombinant fusion protein of CTLA-4, which, like CD28, binds to 
CD80 and CD86 on APCs. Binding of belatacept to CD80 and CD86 
prevents CD28 from binding to those molecules and, thus, inhib-
its signal 2 of the T-cell activation pathway. Belatacept is approved 
for kidney transplantation in combination with basiliximab, myco-
phenolate mofetil, and corticosteroids. This drug can substitute for 
 calcineurin inhibitors to avoid the detrimental long-term nephrotoxic, 
cardiovascular, and metabolic complications seen with cyclosporine 
and tacrolimus. [Note: The first-generation costimulation blocker 
abatacept is approved for rheumatoid arthritis.] 

 Belatacept is the first IV maintenance immunosuppressant and is 
dosed in two phases. Initially, it is administered four times in the first 
month at a higher dose to build up drug levels and then decreased 
to once-monthly dosing. After 4 months, the dose is also decreased. 
Monthly dosing may be beneficial in patients for whom medication 
compliance is an issue. Clearance of belatacept is not affected by 
age, sex, race, renal, or hepatic function. Belatacept increases the 
risk of PTLD, particularly of the central nervous system. Therefore, it 
is contraindicated in patients who are seronegative to Epstein-Barr 
virus (EBV), a common cause of PTLD. Serological titers to EBV are 
typically obtained to confirm exposure.
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C. mTOR inhibitors

 Sirolimus [sih-RO-lih-mus] (also known as rapamycin) and everolimus 
[e-ve-RO-lih-mus] inhibit the protein mTOR, blocking the signal trans-
duction pathway activated by signal 3. Progression into the cell cycle 
and T-cell proliferation is subsequently prevented (Figure 38.5). The 
mTOR inhibitors are commonly used in multidrug regimens, frequently 
to minimize the dose of calcineurin inhibitors and spare their nephro-
toxic adverse effects. 

 Like the calcineurin inhibitors, both sirolimus and everolimus are 
metabolized by CYP3A4, are substrates for P-gp, and are subject to 
numerous drug–drug interactions. Both agents require drug monitor-
ing of trough concentrations to optimize therapy. Sirolimus has a lon-
ger half-life than the calcineurin inhibitors or everolimus, and is dosed 
only once daily, which may improve medication compliance. The anti-
proliferative action of sirolimus is also valuable in cardiology where 
sirolimus-coated stents are used to inhibit restenosis of the blood 
vessels by reducing proliferation of the endothelial cells. Everolimus is 
also used in oncology to treat many different types of cancer, includ-
ing breast, renal cell, and neuroendocrine tumors. However, the doses 
for tumor treatment are higher than those used in transplantation.

D. Antiproliferatives

 The antiproliferatives azathioprine [ay-za-THYE-oh-preen] and myco-
phenolate [mye-koe-FEN-oh-late] block lymphocyte proliferation by 
inhibiting nucleic acid synthesis. Azathioprine, which was one of the 
first agents to achieve widespread use in organ transplantation, is a 
prodrug that is converted first to 6-mercaptopurine (6-MP) and then 
to the corresponding nucleotide analog, thioinosinic acid. The analog 
is incorporated into nucleic acid chains and blocks further elongation 
of the DNA. Mycophenolate is a potent, reversible, noncompetitive 
inhibitor of inosine monophosphate dehydrogenase, which blocks the 
de novo formation of guanosine phosphate (Figure 38.6). Because 
lymphocytes are unable to utilize the salvage pathway of nucleotide 
synthesis, mycophenolate effectively blocks T- and B-cell proliferation 
by eliminating de novo production of guanosine. 
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Figure 38.5
Mechanism of action of sirolimus 
and everolimus. FKBP = FK-binding 
 protein; IL = interleukin; mRNA = 
messenger RNA; mTOR = mammalian 
target of rapamycin.

Figure 38.6
Mechanism of action of mycophenolate. GMP = guanosine monophosphate; IMP = inosine-59-monophosphate.
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 These medications are used as adjunctive immunosuppressant 
agents, primarily with calcineurin inhibitors with or without cortico-
steroids. However, mycophenolate has largely replaced azathioprine 
in this role due to its improved safety and efficacy profile. The main 
dose-limiting adverse effect of azathioprine is bone marrow sup-
pression. Allopurinol inhibits the metabolism of azathioprine, thereby 
enhancing the adverse effects of azathioprine. Thus, concomitant use 
of allopurinol requires a significant reduction in azathioprine dose. 

 Mycophenolate is available in two formulations: 1) as a prod-
rug mycophenolate mofetil and 2) as an active drug mycophe-
nolic acid. Mycophenolate mofetil is rapidly hydrolyzed in the 
gastrointestinal tract to mycophenolic acid. Glucuronidation of 
 mycophenolic acid in the liver produces an inactive metabolite, 
but enterohepatic recirculation occurs, prolonging the effect of the 
drug. Mycophenolic acid is an enteric-coated tablet designed to 
theoretically reduce the gastrointestinal upset commonly experi-
enced with mycophenolate mofetil.

E. Cytotoxic agents for immunosuppression

 Some of the cytotoxic agents used in anticancer therapy have also 
showed immunosuppression by suppressing clonal expression of T 
and B lymphocytes; therefore, they are employed in immunosuppres-
sion. Azathioprine, chlorambucil, and cyclophosphamide are used in 
various autoimmune conditions. Methotrexate has been used as a 
first-line agent in conditions such as severe psoriasis, myasthenia gra-
vis, uveitis, and pemphigus. 

F. Corticosteroids

 The corticosteroids (see Chapter 26) were the first pharmacologic 
agents to be used as immunosuppressives, both in transplanta-
tion and in various autoimmune disorders. They are still one of the 
mainstays for attenuating rejection episodes. For transplantation, 
the most common agents are prednisone and methylprednisolone, 
whereas prednisone and prednisolone are used for autoimmune con-
ditions. [Note: In transplantation, they are used in combination with 
agents described previously in this chapter.] The steroids are used 
to suppress acute rejection of solid organ allografts and in chronic 
graft-versus-host disease. In addition, they are effective against a 
wide variety of autoimmune conditions, including refractory rheuma-
toid arthritis, systemic lupus erythematosus, temporal arthritis, and 
asthma. The exact mechanism responsible for the immunosuppres-
sive action of the corticosteroids is unclear. The T-lymphocytes are 
most affected. The steroids are able to rapidly reduce lymphocyte 
populations by lysis or redistribution. On entering cells, they bind to 
the glucocorticoid receptor. The complex passes into the nucleus and 
regulates the transcription of DNA. Among the genes affected are 
those involved in inflammatory responses. The use of these agents 
is associated with numerous adverse effects. For example, they are 
diabetogenic and can cause hypercholesterolemia, cataracts, osteo-
porosis, and hypertension with prolonged use. Consequently, efforts 
are being directed toward reducing or eliminating the use of steroids 
in the maintenance of allografts.
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Study Questions

Choose the ONE best answer.

38.1 A 45-year-old man who received a renal transplant 
3 months ago and is being maintained on tacro-
limus, prednisone, and mycophenolate mofetil is 
found to have increased creatinine levels and a 
kidney biopsy indicates severe rejection. Which 
course of therapy would be appropriate?

A. Increased dose of prednisone

B. Treatment with rabbit antithymocyte globulin

C. Treatment with sirolimus

D. Treatment with azathioprine

38.2 Which combination of immunosuppressive drugs 
should be avoided?

A. Basiliximab, belatacept, mycophenolate mofetil, 
and prednisone

B. Tacrolimus, mycophenolate mofetil, and 
prednisone

C. Tacrolimus, cyclosporine, and prednisone

D. Tacrolimus, sirolimus, and prednisone

38.3 Which drug used to prevent allograft rejection can 
cause hyperlipidemia?

A. Basiliximab

B. Belatacept

C. Mycophenolate mofetil

D. Sirolimus

38.4 Which drug specifically inhibits calcineurin in the 
activated T lymphocytes?

A. Basiliximab

B. Tacrolimus

C. Sirolimus

D. Mycophenolate mofetil

Correct answer = B. This patient is apparently under-
going an acute rejection of the kidney. The most effec-
tive treatment would be administration of an antibody. 
Increasing the dose of prednisone may have some 
effect but would not be enough to treat the rejection. 
Sirolimus is used prophylactically with cyclosporine 
to prevent renal rejection but is less effective when 
an episode is occurring. Azathioprine has no benefit 
over mycophenolate.

Correct answer = C. Tacrolimus and cyclosporine are 
both calcineurin inhibitors and have the same mech-
anism of action. Immunosuppressive drug regimens 
should work synergistically at different places in the 
T-cell activation cascade. Additionally, cyclosporine 
and tacrolimus are both extremely nephrotoxic and 
when used together would cause harm to patients. 
All of the other combinations are reasonable.

Correct answer = D. Patients who are receiving siro-
limus can develop elevated cholesterol and triglycer-
ide levels, which can be controlled by statin therapy. 
None of the other agents has this adverse effect.

Correct answer = B. Tacrolimus binds to FKBP-12, 
which, in turn, inhibits calcineurin and interferes in the 
cascade of reactions that synthesize interleukin-2 (IL-2) 
and lead to T-lymphocyte proliferation. Although basilix-
imab also interferes with T-lymphocyte proliferation, it 
does so by binding to the CD25 site on the IL-2 recep-
tor. Sirolimus, while also binding to FKBP-12, does not 
inhibit calcineurin. Mycophenolate mofetil exerts its 
immunosuppressive action by inhibiting inosine mono-
phosphate dehydrogenase, thus depriving the cells of 
guanosine, a key component of nucleic acids.

IV.  THERAPEUTIC DRUG MONITORING 
OF IMMUNOSUPPRESSANTS

Immunosuppressants require therapeutic drug monitoring because of 
their narrow therapeutic index and significant inter-individual variability in 
blood concentrations, especially for cyclosporine, tacrolimus, sirolimus, 
and mycophenolic acid. This variability in blood levels can be because of 
 factors such as age, gender, drug–disease interactions, drug–nutrient inter-
actions, renal and hepatic insufficiency, inflammation and infection, and 
polymorphism. For details, see Chapter 1.
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Correct answer = A. Hirsutism, or excessive hair 
growth, is a well-known adverse effect of cyclo-
sporine. Many patients experience dark, coarse 
facial or body hair growth while taking cyclosporine. 
Switching cyclosporine to tacrolimus would eliminate 
this adverse effect and keep the patient on a calci-
neurin inhibitor that is effective in preventing rejec-
tion. Mycophenolate and prednisone are not known 
to cause hirsutism. 

38.5 An 18-year-old woman who received a kidney 
transplant 6 months ago comes in to clinic com-
plaining of facial hair growth and does not want 
to take an immunsuppressant anymore. Which 
treatment option would be the most appropriate to 
address her concerns?

A. Switch cyclosporine to tacrolimus.

B. Switch mycophenolate mofetil to sirolimus.

C. Stop prednisone and add methylprednisolone.

D. Switch mycophenolate mofetil to mycophenolic 
acid. 

38.6 Which immunosuppressant medication avoids the 
need for therapeutic drug monitoring?

A. Cyclosporine

B. Tacrolimus

C. Mycophenolate mofetil

D. Sirolimus

38.7 Which clinical situation is least appropriate for 
immunosuppression with sirolimus?

A. A patient with primary renal failure

B. A patient who has failed calcineurin inhibitors 
due to neurotoxicity

C. A patient who is 6 months postliver transplant 
and the incision site is fully healed

D. A patient with an abnormal lipid profile

38.8 Which statement is correct regarding the differ-
ence between induction immunosuppression (IS) 
and maintenance IS?

A. Maintenance IS is less important than induction 
IS for long-term graft survival.

B. Induction IS is more intense than maintenance IS. 

C. Maintenance IS includes lymphocyte-depleting 
antibodies, while induction IS does not. 

D. Induction IS increases the risk of infection, 
while maintenance IS does not.

Correct answer = C. Calcineurin inhibitors (cyclospo-
rine and tacrolimus) and mTOR inhibitors (sirolimus 
and everolimus) require therapeutic drug monitoring in 
order to maximize efficacy (prevent rejection episodes) 
and minimize toxicity (adverse effects). Mycophenolate 
mofetil is the correct answer since there is no role for 
routine monitoring with this medication.

Correct answer = D. A patient with an abnormal lipid 
profile is a poor candidate for immunosuppression 
with sirolimus, since this medication is known to cause 
or exacerbate hyperlipidemia, particularly triglyced-
rides and total cholesterol. A patient with primary renal 
failure would be a candidate for sirolimus, since it does 
not cause nephrotoxicity as calcineurin inhibitors do. 
It would be appropriate to switch a patient who has 
failed calcineurin inhibitors due to neurotoxicity to siro-
limus for immunosuppression since it is not associated 
with that adverse effect. Sirolimus is known to impair 
wound healing, but a patient with a fully healed inci-
sion site could appropriately be placed on sirolimus. 

Correct answer = B. Induction IS is more intense than 
maintenance IS, as it provides IS during the intraop-
erative and early postoperative period to combat the 
body’s initial immune response to the transplanted 
graft. Both maintenance and induction IS are import-
ant for the long-term survival of the graft. Lymphocyte-
depleting antibodies are used as induction IS and not 
as maintenance. Although induction IS is more potent, 
all IS (both induction and maintenance) can increase 
the risk of infection. 
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38.9 A 39-year-old man is admitted 3 months after 
liver transplant with increased liver function tests. 
A liver biopsy is performed and the results show 
acute and severe rejection. The team decides to 
start treatment with antithymocyte globulin, rabbit. 
What additional drug therapy is required for appro-
priate administration of this medication?

A. No additional medications are required.

B. Diphenhydramine, acetaminophen

C. Diphenhydramine, toradol, corticosteroids

D. Diphenhydramine, acetaminophen, corticosteroids

38.10 A 21-year-old woman is admitted to receive a kid-
ney transplant from her father. Since she has a 
low-to-moderate risk of rejection, she will receive 
induction with the antibody basiliximab. Which state-
ment indicates the uniqueness of the therapy she is 
receiving compared with other antibody agents?

A. Basiliximab is generally well tolerated and 
does not require premedications prior to 
administration.

B. Basiliximab binds to CD52 and targets B- and 
T-lymphocytes.

C. Basiliximab is used only in combination with 
antithymocyte globulin.

D. Basiliximab targets B-cells, not T-cells.

Correct answer = A. Basixilimab does not require 
premedication since it is a nondepleting agent and 
would not be expected to cause cytokine release or 
infusion reactions. It can be used in combination with 
antithymocyte globulin, but most commonly it is used 
alone. Basiliximab binds to CD25 (not CD52) and 
affects T-cells. It does not have any affect on B-cells. 

Correct answer = D. Infusion-related reactions are 
common with the administration of antithymocyte 
globulins due to cytokine release. Common symp-
toms include chills, fever, hypotension, and pulmonary 
edema. Premedication with acetaminophen, diphen-
hydramine, and corticosteroids should be administered 
30  minutes prior to the start of the infusion to prevent 
this syndrome. Although diphenhydramine and acet-
aminophen are correct, corticosteroids are also needed 
as premedication. Toradol is not the most appropriate 
for use as premedication for antithymocyte globulin. 
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Histamine and  
Serotonin
Nancy Hart and Carol Motycka 39
I. OVERVIEW

Histamine and serotonin, along with prostaglandins, belong to a group 
of endogenous compounds called autacoids. These heterogeneous sub-
stances have widely differing structures and pharmacologic activities. They 
all have the common feature of being formed by the tissues on which they 
act and, therefore, function as local hormones. [Note: The word “ autacoid” 
comes from the Greek words “autos,” which means self, and “akos,” 
which means medicinal agent or remedy.] The autacoids also differ from 
circulating hormones in that they are produced by many tissues rather than 
in specific endocrine glands. The drugs described in this chapter are either 
autacoids or autacoid antagonists (compounds that inhibit the synthesis 
of certain autacoids or that interfere with their interactions with receptors).

II. HISTAMINE

Histamine is a chemical messenger mostly generated in mast cells. 
Histamine, via multiple receptor systems, mediates a wide range of cel-
lular responses, including allergic and inflammatory reactions, gastric acid 
secretion, and neurotransmission in parts of the brain. Histamine has no 
clinical applications, but agents that inhibit the action of histamine (antihis-
tamines or histamine receptor blockers) have important therapeutic appli-
cations. Figure 39.1 provides a summary of the antihistamines.

A. Location, synthesis, and release of histamine

1. Location: Histamine is present in practically all tissues, with signif-
icant amounts in the lungs, skin, blood vessels, and GI tract. It is 
found at high concentration in mast cells and basophils. Histamine 

Figure 39.1
Summary of antihistamines. (For drug 
dosages, refer to Appendix at the end 
of the book.)

ANTIHISTAMINES

Sedating
Diphenhydramine 
Dimenhydrinate 
Chlorpheniramine 
Brompheniramine
Doxylamine 
Nonsedating
Fexofenadine 
Cetirizine 
Levocetirizine 
Loratadine 
Desloratadine 
Mast cell stabilizers
Hydroxyzine 
Ketotifen 
ANTIHISTAMINES AND MAST CELL 
STABILIZERS

Azelastine 
Olopatadine
Alcaftadine 
Bepotastine 
Clemastine 
Cyproheptadine 
Emedastine 
Motion sickness and nausea
Cyclizine 
Meclizine 
Promethazine 
Dimenhydrinate 
Triprolidine 

UNIT VII
Special Topics in Pharmacology
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functions as a neurotransmitter in the brain. It also occurs as a 
component of venoms and in secretions from insect stings.

2. Synthesis: Histamine is an amine formed by the decarboxylation 
of the amino acid histidine by the enzyme histidine decarboxylase, 
which is expressed in cells throughout the body, including neu-
rons, gastric parietal cells, mast cells, and basophils (Figure 39.2). 
In mast cells, histamine is stored in granules. If histamine is not 
stored, it is rapidly inactivated by the enzyme amine oxidase.

3. Release of histamine: Most often, histamine is just one of sev-
eral chemical mediators released in response to stimuli. The stim-
uli for release of histamine from tissues may include destruction 
of cells as a result of cold, toxins from organisms, venoms from 
insects and spiders, and trauma. Allergies and anaphylaxis can 
also trigger significant release of histamine.

B. Mechanism of action

 Histamine released in response to certain stimuli exerts its effects by 
binding to various types of histamine receptors (H1, H2, H3, and H4).  
H1 and H2 receptors are widely expressed and are the targets of clin-
ically useful drugs. Histamine has a wide range of pharmacologic 
effects that are mediated by both H1 and H2 receptors. For example, 
the H1 receptors are important in producing smooth muscle contrac-
tion and increasing capillary permeability (Figure 39.3). Histamine pro-
motes vasodilation of small blood vessels by causing the vascular 
endothelium to release nitric oxide. In addition, histamine can enhance 
the secretion of proinflammatory cytokines in several cell types and 
in local tissues. Histamine H1 receptors mediate many pathological 
 processes, including allergic rhinitis, atopic dermatitis, conjunctivitis, 
urticaria, bronchoconstriction, asthma, and anaphylaxis. Moreover, 
histamine stimulates the parietal cells in the stomach, causing an 
increase in acid secretion via the activation of H2 receptors.

C. Role in allergy and anaphylaxis

 The symptoms resulting from intravenous injection of histamine are 
similar to those associated with anaphylactic shock and allergic 
 reactions. These include contraction of airway smooth muscle, stim-
ulation of secretions, dilation and increased permeability of the capil-
laries, and stimulation of sensory nerve endings. Symptoms associated 
with allergy and anaphylactic shock result from the release of certain 
mediators from their storage sites. Such mediators include histamine, 
serotonin, leukotrienes, and the eosinophil chemotactic factor of ana-
phylaxis. In some cases, these mediators cause a localized allergic 
reaction, producing, for example, actions on the skin or respiratory 
tract. Under other conditions, these mediators may cause a full-blown 
anaphylactic response. It is thought that the difference between these 
two situations results from differences in the sites from which medi-
ators are released and in their rates of release. For example, if the 
release of histamine is slow enough to permit its inactivation before 
it enters the bloodstream, a local allergic reaction results. However, 
if histamine release is too fast for efficient inactivation, a full-blown 
anaphylactic reaction occurs.

CH2

NH2 C O O HC
H

N N

Histidine

CH2

NH2

N N

CH2

Histamine

Decarboxylase

CO2

Figure 39.2
Biosynthesis of histamine.
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III. H1 ANTIHISTAMINES

The term antihistamine refers primarily to the classic H1-receptor blockers. 
The H1-receptor blockers can be divided into first- and second- generation 
drugs (Figure 39.4). The older first-generation drugs are still widely used 
because they are effective and inexpensive. However, most of these 
drugs penetrate the central nervous system (CNS) and cause sedation. 
Furthermore, they tend to interact with other receptors, producing a variety 
of unwanted adverse effects. By contrast, the second-generation agents are 
specific for peripheral H1 receptors. The second-generation antihistamines 
are made polar, mainly by adding carboxyl groups (for example, cetirizine 
is the carboxylated derivative of hydroxyzine), and, therefore, these agents 
do not penetrate the blood–brain barrier and cause less CNS depression 
than the first- generation drugs. Among the second-generation agents, 
desloratadine [des-lor-AH-tah-deen], fexofenadine [fex-oh-FEN-a-deen],  
and loratadine [lor-AT-a-deen] show the least sedation (Figure 39.5). 
Cetirizine [seh-TEER-ih-zeen] and levocetirizine [lee-voe-seh-TEER-ih-zeen]  
are partially sedating second-generation agents.

A. Actions

 The action of all H1-receptor blockers is qualitatively similar. Most of 
these compounds do not influence the formation or release of his-
tamine. Rather, they block the receptor-mediated response of a tar-
get tissue. They are much more effective in preventing symptoms 
than reversing them once they have occurred. However, most of 
these agents have additional effects unrelated to their ability to block 
H1  receptors. These effects reflect binding of the H1-receptor antag-
onists to cholinergic, adrenergic, or serotonin receptors (Figure 39.6). 
For example, cyproheptadine [SYE-proe-HEP-ta-deen] also acts as 
a serotonin antagonist on the appetite center, resulting in appetite 
stimulation. Antihistamines such as azelastine [a-ZEL-uh-steen] and 
ketotifen [kee-toe-TYE-fen] also have mast cell–stabilizing effects in 
addition to their histamine receptor–blocking effects.

B. Therapeutic uses

1. Allergic and inflammatory conditions: H1-receptor blockers are 
useful in treating and preventing allergic reactions caused by anti-
gens acting on immunoglobulin E antibody. For example, oral anti-
histamines are the drugs of choice in controlling the symptoms 
of allergic rhinitis and urticaria because histamine is the principal 
mediator released by mast cells. They are used for the manage-
ment of anaphylactic reaction to quickly control urticaria, itching, 
and edema but antihistaminics show only partial protection against 
the hypotension. Ophthalmic antihistamines, such as azelastine, 
olopatadine [oh-loe-PAT-a-deen], ketotifen, and others, are useful 
for the treatment of allergic conjunctivitis. However, the H1-receptor 
blockers are not indicated in treating bronchial asthma, because 
histamine is only one of several mediators that are responsible 
for causing bronchial reactions. [Note: Epinephrine has actions on 
smooth muscle that are opposite to those of histamine. It acts 
via β2 receptors on smooth muscle, causing cAMP-mediated 
relaxation. Therefore, epinephrine is the drug of choice in treating 

Increased production of nasal and
bronchial mucus, resulting in
respiratory symptoms.

EXOCRINE EXCRETION

Constriction of bronchioles results
in symptoms of asthma and decreased
lung capacity.

BRONCHIAL SMOOTH MUSCLE

Constriction results in intestinal cramps 
and diarrhea.

INTESTINAL SMOOTH MUSCLE

Causes itching and pain.

SENSORY NERVE ENDINGS

Dilation and increased permeability of
the capillaries results in leakage of
proteins and �uid into the tissues.
In the skin, this results in the classic
“triple response”: wheal formation,
reddening due to local vasodilation,
and �are (“halo”).

SKIN

Stimulation of gastric hydrochloric
acid secretion.

STOMACH

H2 Receptors

H1 Receptors

Lowers systemic blood pressure by
reducing peripheral resistance.
Causes positive chronotropism
(mediated by H2 receptors) and a
positive inotropism (mediated by
both H1 and H2 receptors).

CARDIOVASCULAR SYSTEM

H1 and H2 Receptors

Skin

Figure 39.3
Actions of histamine.
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systemic anaphylaxis and other conditions that involve massive 
release of histamine.] Antihistaminics are routinely used for com-
mon cold formulas, but they can provide only symptomatic relief 
by decreasing the rhinorrhea and sneezing. 

2. Motion sickness and nausea: Along with the antimuscarinic 
agent scopolamine, certain H1-receptor blockers, such as diphen-
hydramine [dye-fen-HYE-dra-meen], dimenhydrinate [dye-men-
HYE-dri-nate] (a chemical combination of diphenhydramine and 
a chlorinated theophylline derivative), cyclizine [SYE-kli-zeen], 
meclizine [MEK-li-zeen], and promethazine [proe-METH-a-zeen], 
are the most effective agents for prevention of the symptoms 
of motion sickness. They are usually not effective if symptoms 
are already present and, thus, should be taken prior to expected 
travel. The antihistamines prevent or diminish nausea and vomit-
ing mediated by both the chemoreceptor and the vestibular path-
ways. The antiemetic action of these medications seems to be 
due to their blockade of central H1 and M1 muscarinic receptors. 
Meclizine is also useful for the treatment of vertigo associated 
with vestibular disorders.

3. Somnifacients: Although they are not the medications of choice, 
many first-generation antihistamines, such as diphenhydramine 
and doxylamine [dox-IL-a-meen], have strong sedative proper-
ties and are used in the treatment of insomnia. The use of first- 
generation H1 antihistamines is contraindicated in the treatment 
of individuals working in jobs in which wakefulness is critical. The 
second-generation antihistamines have no value as somnifacients.

C. Pharmacokinetics

 H1-receptor blockers are well absorbed after oral administration, with 
maximum serum levels occurring at 1 to 2 hours. The average plasma 
half-life is 4 to 6 hours, except for that of meclizine and the second- 
generation agents, which is 12 to 24 hours, allowing for once-daily 
dosing. First-generation H1-receptor blockers are distributed in all 
tissues, including the CNS. All first-generation H1 antihistamines and 
some second-generation H1 antihistamines, such as desloratadine and 
loratadine, are metabolized by the hepatic cytochrome P450 system. 
Levocetirizine is the active enantiomer of cetirizine. Cetirizine and levo-
cetirizine are excreted largely unchanged in urine, and fexofenadine  
is excreted largely unchanged in feces. After a single oral dose, the 
onset of action occurs within 1 to 3 hours. Azelastine, olopatadine, keto-
tifen, alcaftadine [al-KAF-ta-deen], bepotastine [bep-oh-TAS-teen],  
and emedastine [em-e-DAS-teen] are available in ophthalmic formu-
lations that allow for more targeted tissue delivery. Azelastine and 
olopatadine have intranasal formulations, as well.

D. Adverse effects

 First-generation H1-receptor blockers have a low specificity, interact-
ing not only with histamine receptors but also with muscarinic cho-
linergic receptors, α-adrenergic receptors, and serotonin receptors 
(Figure 39.6). The extent of interaction with these receptors and, as 
a result, the nature of the side effects vary with the structure of the 

8 pt bold text

Marked potential
for producing
sedation

Used to treat
motion sickness

Weak potential
for producing
sedation

Nonsedating

First generation

Second generation

Cetirizine
Desloratadine
Fexofenadine
Levocetirizine
Loratadine

Brompheniramine
Chlorpheniramine
Clemastine
Cyclizine
Cyproheptadine
Diphenhydramine
Dimenhydrinate
Doxylamine
Hydroxyzine
Meclizine
Promethazine

Figure 39.4
Summary of therapeutic advantages 
and disadvantages of some  
H1 histamine receptor–blocking 
agents.
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drug. Some side effects may be undesirable, and others may be of 
therapeutic value. Furthermore, the incidence and severity of adverse 
reactions for a given drug varies between individual subjects.

1. Sedation: First-generation H1 antihistamines, such as chlorphe-
niramine [klor-fen-IR-a-meen], pheniramine, diphenhydramine, 
hydroxyzine [hye-DROX-ee-zeen], and promethazine, bind to 
H1 receptors and block the neurotransmitter effect of histamine in 
the CNS. The most frequently observed adverse reaction is seda-
tion (Figure 39.7); however, diphenhydramine may cause paradox-
ical hyperactivity in young children. Other central actions include 
fatigue, dizziness, lack of coordination, and tremors. Elderly 
patients are more sensitive to these effects. Sedation is less com-
mon with the second-generation drugs, since they do not readily 
enter the CNS. Second-generation H1 antihistamines are specific 
for peripheral H1 receptors.

2. Other effects: First-generation antihistamines exert anticholinergic 
effects, leading to dryness in the nasal passage and oral cavity. They 
also may cause blurred vision and retention of urine. The most com-
mon adverse reaction associated with second- generation antihis-
tamines is headache. Topical formulations of diphenhydramine can 
cause local hypersensitivity reactions such as contact dermatitis.

3. Drug interactions: Interaction of H1-receptor blockers with other 
drugs can cause serious consequences, such as potentiation of 
effects of other CNS depressants, including alcohol. Patients tak-
ing monoamine oxidase inhibitors (MAOIs), for example phenelzine, 
should not take antihistamines because the MAOIs can exacer-
bate the sedative and anticholinergic effects of antihistamines. In 
addition, the first-generation antihistamines (diphenhydramine and 

Figure 39.6
Effects of H1 antihistamines at histamine, adrenergic, cholinergic, and serotonin-binding receptors. CNS = central 
nervous system.
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others) with anticholinergic (antimuscarinic) actions may decrease 
the effectiveness of cholinesterase inhibitors (donepezil, rivastig-
mine, and galantamine) in the treatment of Alzheimer’s disease.

4. Overdoses: Although the margin of safety of H1-receptor block-
ers is relatively high and chronic toxicity is rare, acute poison-
ing is relatively common, especially in young children. The most 
common and dangerous effects of acute poisoning are those on 
the CNS, including hallucinations, excitement, ataxia, and convul-
sions. If untreated, the patient may experience a deepening coma 
and collapse of the cardiorespiratory system.

E. Other uses of antihistaminics

 Although antihistaminics are used in cough formulas, they do not have 
any cough-suppressant property—that is, how they create symptom-
atic relief through anticholinergic action. Antihistaminics that have 
anticholinergic activity can be used in the initial stages of Parkinson’s 
disease; however, they are inferior to other agents. 

IV. HISTAMINE H2-RECEPTOR BLOCKERS

Histamine H2-receptor blockers have little, if any, affinity for H1 recep-
tors. Although antagonists of the histamine H2 receptor (H2 antagonists or 
H2-receptor blockers) block the actions of histamine at all H2 receptors, 
their chief clinical use is as inhibitors of gastric acid secretion in the treat-
ment of ulcers and heartburn. The H2-receptor blockers cimetidine, raniti-
dine, famotidine, and nizatidine are discussed in Chapter 42.

V. SEROTONIN

Serotonin (also called 5-hydroxytryptamine or 5HT) is a neurotransmitter 
within the enteric nervous system and the CNS. It plays a role in vaso-
constriction, inhibition of gastric secretion, and stimulation of smooth 
muscle contraction. It is present in plant and animal kingdom and its 
effect is often encountered in venoms of wasps and scorpions. Within the 
 gastrointestinal (GI) tract, it may serve as a local hormone to influence GI 
motility and secretion. Within the brain, the serotonergic neurons affect 
mood, appetite, body temperature regulation, and sleep. While sero-
tonin has no therapeutic uses, selective serotonin agonists find clinical 
utility in  the management of several disorders, such as depression and 
migraine headache. 

A. Location, synthesis, and release of serotonin

1. Location: Serotonin is largely present within the enterochromaffin 
cells of the gastrointestinal tract. It is also found in storage gran-
ules in platelets and the raphe nuclei of the brainstem.

2. Synthesis: Serotonin (also known as 5-hydroxytryptamine, 5-HT) is 
synthesized from the amino acid l-tryptophan. L-tryptophan under-
goes hydroxylation of the indole ring to form l-5-hydroxy- tryptophan, 
followed by decarboxylation to form 5-hydroxytryptamine. 

3. Release of serotonin: Following synthesis, serotonin is stored in 
vesicles and is released by exocytosis of the vesicle in response 
to an action potential. The activity of serotonin is terminated by 

Drowsiness

Tachycardia

BP
Hypotension

Vertigo

Increased
appetite

Dry mouth

Urinary
retention

Figure 39.7
Some adverse effects observed with 
antihistamines. BP = blood pressure. 
Buproprion/Naltrexone CONTRAVE.

LIR_CH39.indd   680 09/10/18   12:44 PM



681VI. Drugs Used to Treat Headache Disorders

uptake into the neuron and platelets. Metabolism occurs mainly 
via monoamine oxidase.

B. Mechanism of action

 There are seven families of 5-HT receptor subtypes, with numeric 
subscripts 1 through 7. Most of these are G protein–coupled recep-
tors, while the 5-HT3 receptor is a ligand-gated cation channel. The 
5-HT1 and 5-HT2 receptors have several subtypes denoted by letters 
(for example, 5-HT2C). Serotonin has a wide range of effects that are 
mediated by the different types of serotonin receptors. For example, 
serotonin activity at 5-HT2C receptors in the CNS may cause a reduc-
tion in appetite, and stimulation of 5-HT3 receptors in the GI tract and 
vomiting center may trigger emesis. [Note: 5-HT3 receptor antagonists 
are highly effective for the management of chemotherapy-induced or 
postsurgical nausea and vomiting; see Chapter 42.] 

C. Therapeutic uses 

 Selective serotonin agonists have a variety of clinical indications, 
depending on the receptor specificity. Serotonin has a role in the 
pathophysiology of clinical depression, and agents such as selective 
serotonin reuptake inhibitors (SSRIs) and serotonin and norepineph-
rine reuptake inhibitors (SNRIs) are effective therapies for this con-
dition (see Chapter 10). The clinical use of serotonin agonists in the 
management of migraine and obesity is further described below. 

VI. DRUGS USED TO TREAT HEADACHE DISORDERS

The most common types of headaches are migraine, tension-type, and cluster 
headaches. Migraines can usually be distinguished from cluster headaches 
and tension-type headaches by the characteristics as shown in Figure 39.8. 
Patients with severe migraine headaches report one to five attacks per month 

Figure 39.8
Characteristics of migraine, cluster, and tension-type headaches.

Females more often than males Males more often than females

Variable During sleep

Usually unilateral Behind or around one eye

Sex

Onset

Location

Character and severity Pulsating, throbbing Excruciating, sharp, steady

Duration 2–72 hours per episode 15–90 minutes per episode

Family history Yes No

Associated symptoms Visual auras, sensitivity to light 
and sound, pale facial 
appearance, nausea and 
vomiting

Unilateral or bilateral sweating, 
facial �ushing, nasal congestion, 
lacrimation, pupillary changes

Females more often than males

Under stress

Bilateral in band around head

Dull, persistent, tightening

30 minutes to 7 days per episode

Yes

Mild intolerance to light and
noise, anorexia

MIGRAINE  TENSION TYPECLUSTER
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Figure 39.9
Summary of drugs used to treat migraine headache and their dosages. Modified from D. D. Dubose, A. C. Cutlip,  
and W. D. Cutlip. Migraines and other headaches: an approach to diagnosis and classification. Am. Fam. 
Physician 51: 1498 (1995).

ROUTE DOSE 

Triptans:
Almotriptan Oral 6.25–25 mg/day, once or twice a day

Eletriptan Oral 20–80 mg/day, twice a day

Frovatriptan Oral 2.5–7.5 mg/day, up to thrice a day

Naratriptan Oral 1–5 mg/day, once in 4-hour interval

Rizatriptan Oral 5–30 mg/day, once in 2-hour interval

Sumatriptan Oral/intranasal/subcutaneous Oral = 25–200 mg/day, once in 2 hours if required

Intranasal = 5–40 mg/day, once in 2 hours if required

Subcutaneous = 6–12 mg/day, twice a day with 1 hour interval

Zolmitriptan Oral/intranasal Oral: 1–10 mg/day (once in 2 hr)

Intranasal = 5–10 mg/day, once in 2 hours if required

Ergots:
Dihydroergotamine Sublingual/IM/subcutaneous/IV/

intranasal
Sublingual = 2–6 mg/day, 30 minutes of interval

Subcutaneous/IM = 1–3 mg/day, once in 1-hour interval

IV = 1–2 mg/day, once in 1-hour interval

Intranasal = 1–3 mg/day, once in 15 minutes on both nostrils

Ergotamine Oral/sublingual/suppository Oral: 

Adult = 1–6 mg/day or 1–10 mg/week, with 30 minutes of interval

Children = 1–3 mg/day or 1–5 mg/week, with 30 minutes of 
interval

Sublingual = 2–6 mg/day, with 30 minutes of interval

Suppository = 2–10 mg/week, once in 1 hour interval

Other agents:
NSAIDs (refer to Chapter 40):

Aspirin, Ibuprofen, Indomethacin, ketorolac

Naproxen

Prophylactic medications: 

Anticonvulsants (refer to Chapter 12)

β-Blockers (refer to Chapter 7) 

Calcium channel blockers (refer to Chapter 16)

Tricyclic antidepressants (refer to Chapter 10)

of moderate-to-severe pain which is usually unilateral. Headache disorders 
significantly affect quality of life and result in considerable healthcare costs. 
Management of headaches involves avoidance of headache triggers (for 
example, alcohol, chocolate, and stress) and use of abortive treatments for 
acute headaches, as well as prophylactic therapy in patients with frequent or 
severe migraines (Figure 39.9). Serotonin agonists (triptans and ergot alka-
loids) are effective as abortive agents in the treatment of migraines.

A. Types of migraine

 There are two main types of migraine headaches. The first, migraine 
without aura, is a severe, unilateral, pulsating headache that typically 
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lasts from 2 to 72 hours. These headaches are often aggravated by 
physical activity and are accompanied by nausea, vomiting, photo-
phobia (hypersensitivity to light), and phonophobia (hypersensitivity 
to sound). The majority of patients with migraine do not have aura. 
In the second type, migraine with aura, the headache is preceded 
by neurologic symptoms called auras, which can be visual, sensory, 
and/or cause speech or motor disturbances. Most commonly, these 
prodromal symptoms are visual (flashes, zigzag lines, and glare) and 
occur approximately 20 to 40 minutes before headache pain begins. 
In the 15% of migraine patients whose headache is preceded by an 
aura, the aura itself allows diagnosis. The headache in migraines with 
or without auras is similar. Women are threefold more likely than men 
to experience either type of migraine.

B. Biologic basis of migraine headaches

 The first manifestation of migraine with aura is a spreading depres-
sion of neuronal activity accompanied by reduced blood flow in the 
most posterior part of the cerebral hemisphere. This hypoperfusion 
gradually spreads forward over the surface of the cortex to other con-
tiguous areas of the brain. The vascular alteration is accompanied 
by functional changes. The hypoperfusion persists throughout the 
aura and well into the headache phase. Patients who have migraine 
without aura do not show hypoperfusion. However, the pain of both 
types of migraine may be due to extracranial and intracranial arterial 
vasodilation, which leads to release of neuroactive molecules, such as 
substance P, neurokinin A, and calcitonin gene–related peptide.

C. Symptomatic treatment of acute migraine

 Acute treatments can be classified as nonspecific (symptomatic) or 
migraine specific. Nonspecific treatment includes analgesics such as 
nonsteroidal anti-inflammatory drugs (NSAIDs) and antiemetics (for 
example, prochlorperazine) to control vomiting. Opioids are reserved 
as rescue medication when other treatments for a severe migraine are 
not successful. Migraine-specific therapy includes triptans and ergot 
alkaloids, which are 5-HT1B/1D receptor and 5-HT1D receptor agonists, 
respectively. It has been proposed that activation of 5-HT1 receptors 
by these agents leads either to vasoconstriction or to inhibition of 
the release of proinflammatory neuropeptides on the trigeminal nerve 
innervating cranial blood vessels.

1. Triptans: This class of drugs includes almotriptan [al-moe-TRIP-
tan], eletriptan [el-e-TRIP-tan], frovatriptan [froe-va-TRIP-tan],  
naratriptan [nar-a-TRIP-tan], rizatriptan [rye-za-TRIP-tan], 
sumatriptan [soo-ma-TRIP-tan], and zolmitriptan [zole-ma-TRIP-
tan]. Sumatriptan was the first available triptan and is the pro-
totype of this class. These agents rapidly and effectively abort 
or markedly reduce the severity of migraine headaches in about 
70% of patients. The triptans are serotonin agonists, acting at a 
subgroup of serotonin receptors found on small peripheral nerves 
that innervate the intracranial vasculature. The nausea that occurs 
with dihydroergotamine and the vasoconstriction caused by 
ergotamine (see below) are much less pronounced with the trip-
tans. Sumatriptan is given subcutaneously, intranasally, or orally  
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(sumatriptan is also available in a combination product with 
naproxen). Zolmitriptan is available orally and by nasal spray. All 
other agents are taken orally. The onset of the parenteral drug 
sumatriptan is about 20 minutes, compared with 1 to 2 hours 
when the drug is administered orally. The drug has a short dura-
tion of action, with an elimination half-life of 2 hours. Headache 
commonly recurs within 24 to 48 hours after a single dose of drug, 
but in most patients, a second dose is effective in aborting the 
headache. Frovatriptan is the longest acting triptan, with a half-life 
of more than 24 hours. Individual response to triptans varies, and 
a trial of more than one triptan may be necessary before treat-
ment is successful. Elevation of blood pressure and other cardiac 
events have been reported with triptan use. Therefore, triptans 
should not be administered to patients with risk factors for coro-
nary artery disease without performing a cardiac evaluation prior 
to administration. Other adverse events with the use of  triptans 
include pain and pressure sensations in the chest, neck, throat, 
and jaw. Dizziness and malaise have also been seen with the use 
of triptans.

2. Ergot alkaloids: Ergot is the dried sclerotium of the fungus 
Claviceps purpura which grows on rye plant. Ergot alkaloids 
such as ergotamine and ergonovine are potent bioactive com-
pounds. Ergotamine [er-GOT-a-meen] and dihydroergotamine 
[dye-hye-droe-er-GOT-a-meen], a semisynthetic derivative of 
ergotamine, are ergot alkaloids approved for the treatment of 
migraine headaches. The action of the ergot alkaloids is com-
plex, with the ability to bind to 5-HT1 receptors, α receptors, 
and dopamine receptors. 5-HT1 receptors located on intracra-
nial blood vessels are targets that cause vasoconstriction with 
the use of these agents. Ergotamine is currently available sub-
lingually and is mostly effective when used in the early stages of 
the migraine. It is also available as an oral tablet or suppository 
containing both ergotamine and caffeine. Ergotamine is used 
with strict daily and weekly dosage limits due to its ability to 
cause dependence and rebound headaches. Dihydroergotamine 
is administered intravenously or intranasally and has an efficacy 
similar to that of sumatriptan. The use of dihydroergotamine 
is limited to severe cases of migraines. Nausea is a common  
adverse effect. Ergotamine and dihydroergotamine are con-
traindicated in patients with angina and peripheral vascu-
lar disease because they are significant vasoconstrictors. 
Apart from migraine, ergot alkaloids such as ergonocine and  
methylergonovine are used as uterotonic in postpartum women. 
After intravenous administration, the effect can be observed 
within 10  minutes. The plasma half-life of methylergonovine is 
between 0.5 and 2 hours. Considering this action of ergot alka-
loids on the uterus, it is contraindicated in patients who have 
migraine during pregnancy or who are likely to become preg-
nant. Ergot alkaloids are known to cause fetal distress and mis-
carriage in pregnant women. 

3. Nonspecific therapies: Other therapies for acute migraine attacks 
include analgesics, antiemetics, nonsteroidal anti-inflammatory  
drugs, and corticosteroids. 
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D. Prophylaxis for migraine headache

 Therapy to prevent migraine is indicated if the attacks occur two or 
more times a month and if the headaches are severe or complicated 
by serious neurologic signs. β-Blockers are the drugs of choice for 
migraine prophylaxis; however, calcium channel blockers, anticonvul-
sants, and tricyclic antidepressants have also shown effectiveness in 
migraine prevention (Figure 39.10). 

TimeTime

β-Blockers: Propranolol and nadolol

Tricyclic antidepressant: Amitriptyline

Anticonvulsant: Divalproex

Calcium channel blocker: Verapamil

DIHYDRO-
ERGOTAMINE
Dihydroergotamine is a 
vasoconstrictor.

Most e�ective when given
during the prodromal phase.

Contraindicated in 
pregnancy and in patients 
with peripheral vascular 
disease or coronary artery 
disease.

ANALGESICS
Anti-in�ammatory drugs
such as aspirin, naproxen,
and ibuprofen are useful 
in relieving migraine attacks.

Severe pain may require
administration of opioids
such as codeine sulfate
or meperidine.

DIHYDRO-
ERGOTAMINE
Dihydroergotamine is a 
vasoconstrictor.

Most e�ective when given
during the prodromal phase.

Contraindicated in 
pregnancy and in patients
with peripheral vascular 
disease or coronary artery
disease.

ANALGESICS
Anti-in�ammatory drugs
such as aspirin, naproxen,
and ibuprofen are useful 
in relieving migraine attac

Severe pain may require
administration of opioids
such as codeine sulfate
or meperidine.

Triptans rapidly and e�ectively abort or markedly reduce the 
severity of migraine headaches in about 80% of patients.

Triptans are serotonin agonists, acting at 5-HT1D receptors.

Pain, nausea, and
vomiting.

Associated with cerebral
vasodilation and lower-
than-normal levels of
serotonin.  

Prodromal phase
Visual disturbances 
that precede the
actual headache.

Associated with arterial
vasoconstriction and 
release of serotonin.

Headache phase
Asymptomatic phase

Between attacks, no
symptoms or pathologic
features are evident.

Agents used in prophylaxis

Agents used to treat an acute attack

Start of
attack

TRIPTANS

Several classes of drugs are e�ective
in reducing the frequency and severity 
of migraine attacks:

Figure 39.10
Drugs useful in the treatment and prophylaxis of migraine headaches.
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E. Drugs for tension and cluster headache

 Analgesics (NSAIDS, acetaminophen, aspirin) are used for symptom 
relief of tension headaches, and caffeine and butalbital are often com-
bined with acetaminophen or aspirin. Triptans, along with inhalation 
of 100% oxygen, are used as first-line abortive strategies for cluster 
headache.

VII. DRUGS FOR OBESITY

The term “obesity” is given to individuals with a body mass index (BMI) 
30 kg/m2 or greater. Obesity is due in part to an energy imbalance; however,  
it is now well understood that genetics, metabolism, behavior, environment, 
culture, and socioeconomic status play a role in obesity, as well. Serotonin 
agonists have been used in the treatment of obesity for the appetite sup-
pression that they produce. Drugs for obesity are considered effective if 
they demonstrate at least a 5% greater reduction in body weight as com-
pared to placebo (no treatment). The majority of drugs approved to treat 
obesity have short-term indications for usage. A summary of medications 
for obesity is provided in Figure 39.11.

A. Serotonin agonists

 The first serotonin agonists used for weight loss, fenfluramine and 
dexflenfluramine, were withdrawn from the market following an 
increase in potentially fatal adverse effects, including valvulopathy. 

Figure 39.11
Summary of the drugs used for the treatment of obesity and their doses. 

DRUG NAME ROUTE OF ADMINISTRATION COMMENTS

Nonspecific 5HT2C receptor agonists:
Fenfluramine Oral Discontinued by FDA

Dexfenfluramine Oral Discontinued by FDA

Specific 5HT2C receptor agonist: 
Lorcaserin Oral 10–20 mg/day, twice a day

Appetite suppressants: 
Phentermine Oral 12–30 mg/day, once a day

Diethylpropion Oral 25–75 mg/day, up to thrice a day

Lipase inhibitor:
Orlistat Oral 120–360 mg/day, thrice a day at 1 hour  

after meal

Glucagon-like peptide-1 (GLP-1) receptor agonist: 
Liraglutide Subcutaneous 0.6–1.8 mg/day, once a day

Combination drugs: 
Buproprion/naltrexone Oral Naltrexone 8 mg/bupropion 90 mg, 1–4  

tablets/wk

Pentermine/topiramate Oral Phentermine = 3.75–15 mg/day, topiramate = 
23–92 mg/day, once a day in morning
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Valvulopathy, which may lead to pulmonary hypertension, is linked 
to 5-HT2B receptors. Lorcaserin [lor-KAS-er-in] is a serotonin ago-
nist with selectivity for the 5-HT2C serotonin receptor. In contrast 
to many other weight-loss drugs, it is used for chronic weight 
management. 

1. Mechanism of action: Lorcaserin selectively activates 5-HT2C 
receptors, which are almost exclusively found in the central  nervous 
system. This activation, in turn, stimulates pro-opiomelanocortin 
(POMC) neurons, which activate melanocortin receptors, thereby 
causing a decrease in appetite (Figure 39.12). If a patient does not 
lose at least 5% of their body weight after 12 weeks of use, the 
drug should be discontinued.

2. Pharmacokinetics: Lorcaserin is extensively metabolized in 
the liver to two inactive metabolites that are then eliminated 
in the urine. Lorcaserin has not been studied for use in severe 
hepatic impairment and is not recommended in severe renal 
impairment.

3. Adverse effects: The most common adverse effects observed 
with lorcaserin are nausea, headache, dry mouth, dizziness, 
constipation, and lethargy. Although rare, mood changes and 
suicidal ideation can occur. The development of life-threatening  
serotonin syndrome or neuroleptic malignant syndrome has 
been reported with the use of serotonin agonists. Therefore, 
patients should be monitored for the emergence of these 
 conditions while on lorcaserin. Because of the increased risk of 
serotonin syndrome, concomitant use of lorcaserin with selec-
tive serotonin reuptake inhibitors, serotonin–norepinephrine 
reuptake inhibitors, MAOIs, or other serotonergic drugs should 
be avoided. As mentioned in the preceding text, valvulopathy 
has been associated with the use of 5-HT2B receptor agonists. 
Although the incidence of valvulopathy was not significantly 
increased in studies of lorcaserin (5HT2c receptor agonist), 
patients should still be monitored for the development of this 
condition. For that reason, individuals with a history of heart 
failure should use this agent with caution.

B. Other agents for obesity

 In addition to lorcaserin, several agents with varying mechanisms of 
action are available for weight loss and the management of obesity.

1. Appetite suppressants: Phentermine [FEN-ter-meen] and dieth-
ylpropion [dye-eth-ill-PROE-pee-on] are appetite suppressants. 
They exert pharmacologic action by increasing the release of 
norepinephrine and dopamine from the nerve terminals and by 
inhibiting reuptake of these neurotransmitters, thereby increasing 
levels of neurotransmitters in the brain. The increase in norepi-
nephrine signals a “fight-or-flight” response by the body, which, 
in turn, decreases appetite. Tolerance to the weight loss effect 
of these agents develops within weeks, and weight loss typ-
ically plateaus. An increase in the dosage generally does not 
result in further weight loss, and discontinuation of the drug is 
usually recommended once the plateau is reached. The anorex-
iants are classified as controlled substances due to the potential 

Figure 39.12
Lorcaserin mechanism of action. 
POMC = pro-opiomelanocortin.

5-HT2C
receptor
activation 

Increased
POMC

Melanocortin
receptor
activation

Decreased
appetite
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for dependence or abuse. Dry mouth, headache, insomnia, and 
constipation are common adverse effects. Heart rate and blood 
pressure may be increased with these agents. Therefore, these 
drugs should be avoided in patients with a history of uncontrolled 
hypertension, cardiovascular disease, arrhythmias, heart failure, 
or stroke. Concomitant use of anorexiants with monoamine oxi-
dase inhibitors (MAOIs) or other sympathomimetics should be 
avoided.

2. Lipase inhibitor: Orlistat [OR-lih-stat] is the only agent in a class 
of antiobesity drugs known as lipase inhibitors. It is indicated for 
weight loss or weight maintenance. Orlistat is a pentanoic acid 
ester that inhibits gastric and pancreatic lipases, thus decreasing 
the breakdown of dietary fat into smaller molecules that can be  
absorbed. Administration of orlistat decreases fat absorption by 
about 30%. The loss of calories from decreased absorption of 
fat is the main cause of weight loss. Figure 39.13 shows the 
effects of orlistat treatment. The clinical utility of orlistat is limited 
by gastrointestinal adverse effects, including oily spotting, flat-
ulence with discharge, fecal urgency, and increased defecation. 
These effects may be minimized through a low-fat diet and the 
use of concomitant cholestyramine. Orlistat is contraindicated 
in pregnancy and in patients with chronic malabsorption syn-
drome or cholestasis. The drug also interferes with the absorp-
tion of fat-soluble vitamins and β-carotene. Patients should be 
advised to take a multivitamin supplement that contains vita-
mins A, D, E, and K and β-carotene. Orlistat can also interfere 
with the absorption of other medications, such as amiodarone, 
cyclosporine, and levothyroxine, and clinical response to these 
medications should be monitored if orlistat is initiated. The dose 
of levothyroxine should be separated from orlistat by at least 
4 hours.

3. Glucagon-like peptide-1 (GLP-1) receptor agonist: Liraglutide 
is an injectable GLP-1 receptor agonist that is indicated for 
obesity. See Chapter 24 for a full discussion of GLP-1 receptor 
agonists.

4. Combination therapy: The combination of phentermine and topi-
ramate has been approved for long-term use in the treatment of 
obesity. Initial studies of the anticonvulsant topiramate observed 
weight loss in patients taking the medication. Because of the 
sedating effects of topiramate, the stimulant phentermine was 
added to counteract sedation and promote additional weight loss. 
If a patient does not achieve a 5% weight loss after 12 weeks on 
the highest dose of this medication, then it should be discontin-
ued. It is also important to note that this medication should not 
be stopped abruptly as seizures may be precipitated. Topiramate 
has been associated with birth defects including cleft palate, 
and, thus, the combination of phentermine/topiramate is con-
traindicated in pregnancy. Bupropion and naltrexone is another 
combination therapy approved for chronic weight management. 
Important characteristics of the medications for obesity are sum-
marized in Figure 39.14.

Figure 39.13
Effect of orlistat treatment on body 
weight.
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Study Questions

Choose the ONE best answer.

39.1 A 43-year-old heavy machine operator complains of 
seasonal allergies. Which medication is most appro-
priate for management of his allergy symptoms?

A. Diphenhydramine

B. Doxylamine

C. Hydroxyzine

D. Fexofenadine

GLP-1 receptor agonist

CNS—5-HT2C receptor 
agonist

GI system—inhibits gastric 
and pancreatic lipase

CNS—increase in NE and 
dopamine release and 
reuptake inhibition

CNS—increase in NE and 
dopamine release and 
reuptake inhibition

Bupropion: CNS–POMC 
neuron stimulation

Naltrexone: CNS—blocks 
autoinhibitory feedback
of  the hypothalamic 
melanocortin system

Phentermine: CNS—
increase in NE and 
dopamine release and 
reuptake inhibition 

Topiramate: CNS—
increase in GABA

Slows gastric emptying 
and increases satiety

Appetite suppression

Fat absorption decreased 
by ~30%, which decreases 
overall caloric intake

Appetite suppression

Appetite suppression

Combination regulates 
the mesolimbic reward 
system and results in 
appetite suppression

Appetite suppression and 
increased satiety

Nausea and vomiting, 
pancreatitis, hypoglycemia, 
acute gall bladder disease, 
elevated heart rate, suicidal 
ideation

Nausea, headache, dry 
mouth, dizziness, 
constipation, suicidal 
ideation, lethargy

GI symptoms such as oily 
spotting, �atulence, fecal 
urgency, and increased 
defecation

Dry mouth, headache, 
insomnia, constipation 

Possible heart rate and 
blood pressure increases

Dry mouth, headache, 
insomnia, constipation

Possible heart rate and 
blood pressure increases

Nausea, headache, dry 
mouth, dizziness, 
constipation, suicidal 
ideation

Paresthesia, altered taste, 
dizziness, insomnia, dry 
mouth, constipation

Contraindicated in 
pregnancy

TARGET ADVERSE EFFECTSMECHANISM OF ACTION

Liraglutide

Lorcaserin

Orlistat

Phentermine

Diethylpropion

Bupropion + 
naltrexone

Phentermine + 
topiramate

DRUG PHARMACOKINETICS

Excretion through the 
kidneys and metabolism 
in the liver

Extensive metabolism in 
the liver

Minimal systemic 
absorption

Excretion through the 
kidneys

Excretion mainly through 
the kidneys

Extensive metabolism 
through CYP2D6

Excretion primarily 
through the kidneys with 
limited hepatic metabolism

Figure 39.14
Characteristics of the medications for obesity. 

CNS = central nervous system; GABA = γ-aminobutyric acid;  GI = gastrointestinal; GLP = glucagon-like peptide; NE = norepinephrine; POMC = pro-opiomelanocortin.

Correct answer = D. The use of first-generation H1 
antihistamines is contraindicated in the treatment of 
pilots and others who must remain alert. Because of 
its lower potential to induce drowsiness, fexofenadine 
may be recommended for individuals working in jobs 
in which wakefulness is critical.
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39.2 Which statement concerning H1 antihistamines is 
correct?

A. Second-generation H1 antihistamines are rela-
tively free of adverse effects.

B. Because of the established long-term safety of 
first-generation H1 antihistamines, they are the 
first choice for allergic rhinitis.

C. The motor coordination involved in driving 
an automobile is not affected by the use of 
first-generation H1 antihistamines.

D. H1 antihistamines can be used in the treatment 
of acute anaphylaxis.

39.3 Which histamine receptor antagonist is known to 
enter the central nervous system readily and cause 
sedation?

A. Hydroxyzine

B. Cetirizine

C. Desloratadine

D. Loratadine

39.4 Which drug is an H1-receptor antagonist that also 
has serotonin receptor antagonism on the appetite 
center, with the ability to stimulate appetite?

A. Hydroxyzine

B. Loratadine

C. Diphenhydramine

D. Cyproheptadine

39.5 Which drug for headache is contraindicated in 
patients with peripheral vascular disease?

A. Ergotamine

B. Aspirin

C. Acetaminophen

D. Naproxen

 39.6 A 29-year-old woman complains of migraine 
headaches associated with early onset vomiting. 
Currently, she uses ibuprofen as needed for her 
migraines, but it is not very effective. Which triptan 
would be ideal for this patient?

A. Naratriptan

B. Zolmitriptan

C. Frovatriptan

D. Almotriptan

Correct answer = B. Although all of the triptans listed 
are available as an oral tablet, this patient suffers from 
vomiting associated with her migraines. Zolmitriptan 
and sumatriptan are available as an intranasal dosage 
form, which would be ideal for this patient.

Correct answer = A. Second-generation H1 antihis-
tamines are preferred over first-generation agents 
because they are relatively free of adverse effects. 
Driving performance is adversely affected by 
first-generation H1 antihistamines. Epinephrine, not 
antihistamine, is an acceptable treatment for acute 
anaphylaxis. Second-generation H1 antihistamines 
penetrate the blood–brain barrier to a lesser degree 
than the first-generation drugs.

Correct answer = A. Choices B, C, and D are all 
 second-generation antihistamines that cross the 
blood–brain barrier to a much lesser extent than 
hydroxyzine. Hydroxyzine is the only drug that crosses 
the blood–brain barrier easily.

Correct answer = D. Cyproheptadine has significant  
serotonin antagonism and is known to increase appetite.

Correct answer = A. Ergotamine is contraindicated in 
peripheral vascular disease because it is a significant 
vasoconstrictor.

LIR_CH39.indd   690 09/10/18   12:44 PM



691Study Questions

 39.7 A 35-year-old woman is having several severe 
migraines per month. The migraines are usually 
relieved with one or two doses of triptan drugs. 
Which is most appropriate for prophylaxis to 
reduce the frequency of her migraines?

A. Dihydroergotamine

B. Ibuprofen

C. Propranolol

D. Sumatriptan

 39.8 A 27-year-old married woman is asking about 
treatment options for obesity. She recently stopped 
taking her birth control medications, as she felt 
they were contributing to her weight gain. Which 
medication should be avoided in this patient?

A. Phentermine/topiramate

B. Orlistat

C. Diethylproprion

D. Lorcaserin

 39.9 A fellow healthcare provider is concerned about 
prescribing orlistat to adolescent patients. Many 
of his adolescent patients are stopping the med-
ication during the first month of treatment. Which 
side effect is the most likely reason the adoles-
cents are stopping orlistat?

A. Valvulopathy

B. Suicidal ideation

C. Drowsiness

D. Flatulence

39.10 A 38-year-old obese man with depression is con-
sidering a weight loss medication following sev-
eral failed attempts with diet and exercise. Which 
medication could be considered in this individual?

A. Liraglutide

B. Bupropion + naltrexone

C. Orlistat

D. Lorcaserin

Correct answer = A. Although patients should not 
take any medications to lose weight during preg-
nancy, the topiramate component of this medication 
is especially dangerous, since it can be teratogenic. 
Because this patient stopped her birth control medi-
cine, she is at risk of becoming pregnant and devel-
oping birth defects while also on this medication.

Correct answer = D. Flatulence is a very common 
side effect with orlistat, along with several other GI 
disturbances. For adolescents, these side effects 
may be embarrassing and difficult to manage. It is 
important to counsel patients about these gastroin-
testinal side effects with orlistat and recommend a 
low-fat diet as well as cholestyramine to counteract 
the effects should they become bothersome. The 
other side effects listed have been seen with other 
obesity medications, but not with orlistat.

Correct answer = C. Only orlistat has not been asso-
ciated with suicidal ideation. All of the other drugs 
listed may cause suicidal ideation and would not be 
advisable for an individual with depression. Also, with 
a history of depression, the patient may be taking a 
medication that could increase serotonin levels. The 
addition of lorcaserin, a serotonin receptor agonist, 
could lead to serotonin syndrome further excluding it 
from the list of possible options.

Correct answer = C. β-Blockers such as propranolol 
are used for prophylaxis to reduce the frequency of 
migraines. The other medications are all used to treat 
an acute migraine headache.
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I. OVERVIEW

Inflammation is a normal, protective response to tissue injury caused by 
physical trauma, noxious chemicals, or microbiologic agents. Inflammation 
is the body’s effort to inactivate or destroy invading organisms, remove 
irritants, and set the stage for tissue repair. When healing is complete, the 
inflammatory process usually subsides. However, inappropriate activation 
of the immune system can result in inflammation and immune-mediated 
diseases such as rheumatoid arthritis (RA). Normally, the immune sys-
tem can differentiate between self and non-self. In RA, white blood cells 
(WBCs) view the synovium as non-self and initiate an inflammatory attack. 
WBC activation leads to stimulation of T lymphocytes which recruit and 
activate monocytes and macrophages. These cells secrete proinflamma-
tory cytokines, including tumor necrosis factor (TNF)-α and interleukin 
(IL)-1, into the synovial cavity, ultimately leading to joint destruction and 
other systemic abnormalities characteristic of RA. In addition to T lym-
phocyte activation, B lymphocytes are also involved and produce rheu-
matoid factor and other autoantibodies to maintain inflammation. These 
defensive reactions cause progressive tissue injury, resulting in joint dam-
age and erosions, functional disability, pain, and reduced quality of life. 
Pharmacotherapy for RA includes anti-inflammatory and/or immunosup-
pressive agents that modulate/reduce the inflammatory process, with the 
goals of reducing inflammation and pain, and halting or slowing disease 
progression. The agents discussed in this chapter (Figure 40.1) include 
nonsteroidal anti-inflammatory drugs (NSAIDs), celecoxib, paracetamol, 
and disease-modifying antirheumatic drugs (DMARDs). Additionally, agents 
used for the treatment of gout are reviewed.

II. PROSTAGLANDINS

NSAIDs act through inhibition of the synthesis of prostaglandins. Thus, 
an understanding of NSAIDs requires comprehension of the actions 
and biosynthesis of prostaglandins—unsaturated fatty acid derivatives 
 containing 20 carbons that include a cyclic ring structure. [Note: These 
compounds are sometimes referred to as eicosanoids; “eicosa” refers to 
the 20 carbon atoms.]
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Figure 40.1
Summary of anti-inflammatory drugs. 
(Figure continues on next page)
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694 40. Anti-inflammatory, Antipyretic, and Analgesic Agents

A. Role of prostaglandins as local mediators

 Prostaglandins and related compounds are produced in minute quan-
tities by virtually all tissues. They generally act locally on the tissues 
in which they are synthesized and are rapidly metabolized to inactive 
products at their sites of action. Therefore, prostaglandins do not cir-
culate in the blood in significant concentrations. Thromboxanes and 
leukotrienes are related compounds that are synthesized from the 
same precursors as the prostaglandins.

B. Synthesis of prostaglandins

 Arachidonic acid is the primary precursor of the prostaglandins and 
related compounds, and it is present as a component of the phos-
pholipids of cell membranes. Free arachidonic acid is released from 
tissue phospholipids by the action of phospholipase A2 via a process 
controlled by hormones and other stimuli. There are two major path-
ways in the synthesis of eicosanoids from arachidonic acid, the cyclo-
oxygenase and the lipoxygenase pathways.

1. Cyclooxygenase pathway: Eicosanoids with ring structures (that 
is, prostaglandins, thromboxanes, and prostacyclins) are synthe-
sized via the cyclooxygenase pathway. Two related isoforms of 
the cyclooxygenase enzymes exist. Cyclooxygenase-1 (COX-1)  
is responsible for the physiologic production of prostanoids, 
whereas cyclooxygenase-2 (COX-2) causes the elevated produc-
tion of prostanoids that occurs in sites of chronic disease and 
inflammation. COX-1 is a constitutive enzyme that regulates nor-
mal cellular processes, such as gastric cytoprotection, vascular 
homeostasis, platelet aggregation, and reproductive and kidney 
functions. COX-2 is constitutively expressed in tissues such as the 
brain, kidney, and bone. Its expression at other sites is increased 
during states of chronic inflammation. Differences in binding site 
shape have permitted the development of selective COX-2 inhib-
itors (Figure 40.2). Additionally, expression of COX-2 is induced 
by inflammatory mediators such as TNF-α and IL-1 but can also 
be pharmacologically inhibited by glucocorticoids (Figure 40.3),  
which may contribute to the significant anti-inflammatory effects 
of these drugs.

2. Lipoxygenase pathway: Alternatively, several lipoxygenases 
can act on arachidonic acid to form leukotrienes (Figure 40.3). 
Antileukotriene drugs, such as zileuton, zafirlukast, and montelu-
kast, are treatment options for asthma (see Chapter 41).

C. Actions of prostaglandins

 Actions of prostaglandins are mediated by their binding to a variety of 
distinct G-coupled protein receptors in cell membranes. Prostaglandins 
and their metabolites act as local signals that fine-tune the response 
of a specific cell type. Their functions vary depending on the tis-
sue and the specific enzymes within the pathway that are available 
at that particular site. For example, the release of thromboxane A2  
(TXA2) from platelets during tissue injury triggers the recruitment of 
new platelets for aggregation and local vasoconstriction. However, 

Substrate-
binding

site 

Substrate-

COX-1 

COX-2 has a larger and more �exible 
substrate channel than COX-1, and 
COX-2 has a larger space at the site where 
inhibitors bind. 

COX-2

Figure 40.2
Structural differences in active sites of 
cyclooxygenase (COX)-1 and COX-2.
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Figure 40.1 (Continued)
Summary of anti-inflammatory  
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695II. Prostaglandins

prostacyclin (PGI2), produced by endothelial cells, has opposite 
effects, inhibiting platelet aggregation and producing vasodilation. 
The net effect on platelets and blood vessels depends on the balance 
of these two prostanoids.

D. Therapeutic uses of prostaglandins

 Prostaglandins have a major role in modulating pain, inflammation, 
and fever. They control many physiological functions, such as acid 
secretion and mucus production in the gastrointestinal (GI) tract, 
uterine contractions, and renal blood flow. Prostaglandins are among 
the chemical mediators released in allergic and inflammatory pro-
cesses. Therefore, they find use for the disorders discussed below 
(Figure 40.4).

E. Alprostadil

 Alprostadil [al-PROS-ta-dil] is a PGE1 analog that is naturally pro-
duced in tissues such as seminal vesicles and cavernous tissues, in 
the placenta, and in the ductus arteriosus of the fetus. PGE1 maintains 
the patency of the ductus arteriosus during pregnancy. The ductus 
closes soon after delivery to allow normal blood circulation between 
the lungs and the heart. In neonates with congenital heart conditions, 
infusion of alprostadil keeps the ductus open, allowing time until sur-
gical correction is possible. Alprostadil is also used for erectile dys-
function (see Chapter 43).

F. Lubiprostone

 Lubiprostone [loo-bee-PROS-tone] is a PGE1 derivative indicated for 
the treatment of chronic idiopathic constipation, opioid-induced con-
stipation, and irritable bowel syndrome with constipation. It stimu-
lates chloride channels in the luminal cells of the intestinal epithelium, 
thereby increasing intestinal fluid secretion (see Chapter 42). Nausea 
and diarrhea are the most common adverse effects of lubiprostone 
(Figure 40.5). Nausea can be decreased if taken with food.

G. Misoprostol

 Misoprostol [mye-soe-PROST-ole], a PGE1 analog, is used to protect 
the mucosal lining of the stomach during chronic NSAID treatment. 
Misoprostol interacts with prostaglandin receptors on parietal cells 
within the stomach, reducing gastric acid secretion. Furthermore, 
misoprostol has a GI cytoprotective effect by stimulating mucus and 
bicarbonate production. This combination of effects decreases the 
incidence of NSAID-induced gastric ulcers. [Note: There is a com-
bination product containing the NSAID diclofenac and misopros-
tol.] Misoprostol is also used off-label in obstetric settings for labor 
induction, since it increases uterine contractions by interacting with 
prostaglandin receptors in the uterus. Misoprostol has the potential 
to induce abortion. Therefore, the drug is contraindicated during preg-
nancy. Its use is limited by common adverse effects including diarrhea 
and abdominal pain.

Figure 40.3
Synthesis of prostaglandins and  
leukotrienes. COX = cyclooxygenase.
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696 40. Anti-inflammatory, Antipyretic, and Analgesic Agents

H. Prostaglandin F2 analogs

 Bimatoprost [bih-MAT-oh-prost], latanoprost [la-TAN-oh-prost], taflu-
prost [TAF-loo-prost], and travoprost [TRAV-oh-prost] are PGF2α 
analogs that are indicated for the treatment of open-angle glau-
coma. By binding to prostaglandin receptors, they increase uveo-
scleral outflow, reducing intraocular pressure. They are administered 
as ophthalmic solutions once a day and are as effective as timolol 
or better in reducing intraocular pressure. Bimatoprost increases 
eyelash prominence, length, and darkness and is approved for the 
treatment of eyelash hypotrichosis. Ocular reactions include blurred 
vision, iris color change (increased brown pigmentation), increased 
number and pigment of eyelashes, ocular irritation, and foreign body 
sensation.

I. Prostacyclin (PGI2) analogs

 Epoprostenol [ee-poe-PROST-en-ol], the pharmaceutical form of nat-
urally occurring prostacyclin, and the synthetic analogs of prostacyclin 
(iloprost [EYE-loe-prost] and treprostinil [tre-PROS-ti-nil]) are potent 
pulmonary vasodilators that are used for the treatment of pulmonary 
arterial hypertension. These drugs mimic the effects of prostacyclin 
in endothelial cells, producing a significant reduction in pulmonary 
arterial resistance with a subsequent increase in cardiac index and  
oxygen delivery. These agents have short half-lives. Epoprostenol 
and treprostinil are administered as a continuous intravenous infusion, 
and treprostinil is administered orally or via inhalation or subcutane-
ous infusion. Inhaled iloprost requires frequent dosing due to the short 
half-life (Figure 40.6). Dizziness, headache, flushing, and fainting are 
the most common adverse effects (Figure 40.7). Bronchospasm and 
cough can also occur after inhalation of iloprost.

III. NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

NSAIDs are a group of chemically dissimilar agents that differ in their 
antipyretic, analgesic, and anti-inflammatory activities. The class includes 
derivatives of salicylic acid (aspirin [AS-pir-in], diflunisal [dye-FLOO-ni-sal], 
salsalate [SAL-sa-late]), propionic acid (ibuprofen [eye-bue-PROE-fen], 
fenoprofen [fen-oh-PROE-fen], flurbiprofen [flure-BI-proe-fen], ketoprofen 
[kee-toe-PROE-fen], naproxen [na-PROX-en], oxaprozin [ox-a-PROE-zin]), 
acetic acid (diclofenac [dye-KLOE-fen- ak], etodolac [ee-toe-DOE-lak], 
indomethacin [in-doe-METH-a-sin], ketorolac [kee-toe-ROLE-ak], nabu-
metone [na-BUE-me-tone], sulindac [sul-IN-dak], tolmetin [TOLE-met-in]), 
enolic acid (meloxicam [mel-OKS-i-kam], piroxicam [peer-OX-i-kam]), 
fenamates (mefenamic [me-fe-NAM-ik] acid, meclofenamate [me-kloe-fen-
AM-ate]), and the selective COX-2 inhibitor (celecoxib [sel-e-KOX-ib]). They 
act primarily by inhibiting the cyclooxygenase enzymes that catalyze the 
first step in prostanoid biosynthesis. This leads to decreased prostaglandin 
synthesis with both beneficial and unwanted effects. [Note: Differences in 
safety and efficacy of the NSAIDs may be explained by relative selectivity 
for the COX-1 or COX-2 enzyme. Inhibition of COX-2 is thought to lead to 
the anti-inflammatory and analgesic actions of NSAIDs, whereas inhibition 
of COX-1 is responsible for prevention of cardiovascular events and most 
adverse events.]

Bimatoprost
Latanoprost
Ta�uprost
Travoprost 

PROSTAGLANDIN E1 ANALOGS

Alprostadil
Lubiprostone
Misoprostol 

PROSTAGLANDIN F2� ANALOGS

Epoprostenol 
Iloprost
Treprostinil 

PROSTACYCLIN ANALOGS

Figure 40.4
Summary of prostaglandin and  
prostacyclin analogs.

Figure 40.5
Some adverse reactions to 
lubiprostone.

Nausea

Diarrhea

LIR_CH40.indd   696 10/10/18   1:19 PM



697III. Nonsteroidal Anti-Inflammatory Drugs

A. Aspirin and other NSAIDs

 Aspirin can be thought of as a traditional NSAID, but it exhibits anti- 
inflammatory activity only at relatively high doses that are rarely used. 
It is used more frequently at lower doses to prevent cardiovascular 
events such as stroke and myocardial infarction (MI). Aspirin is often 
differentiated from other NSAIDs since it is an irreversible inhibitor of 
cyclooxygenase activity.

1. Mechanism of action: Aspirin is a weak organic acid that irrevers-
ibly acetylates and, thus, inactivates cyclooxygenase (Figure 40.8).  
The other NSAIDs are reversible inhibitors of cyclooxygenase. The 
NSAIDs, including aspirin, have three major therapeutic actions: 
they reduce inflammation (anti-inflammatory), pain (analgesic 
effect), and fever (antipyretic effect; Figure 40.9). However, not all 
NSAIDs are equally effective in each of these actions. 

a. Anti-inflammatory actions: Inhibition of cyclooxygenase 
diminishes the formation of prostaglandins and, thus, mod-
ulates aspects of inflammation mediated by prostaglandins. 
NSAIDs inhibit inflammation in arthritis, but they neither arrest 
the progression of the disease nor induce remission.

b. Analgesic action: PGE2 is thought to sensitize nerve endings 
to the action of bradykinin, histamine, and other chemical 
mediators released locally by the inflammatory process. Thus, 
by decreasing PGE2 synthesis, the sensation of pain can be 
decreased. As COX-2 is expressed during times of inflam-
mation and injury, it is thought that inhibition of this enzyme 
is responsible for the analgesic activity of NSAIDs. No single 
NSAID has demonstrated superior efficacy over another, and 
they are generally considered to have equivalent analgesic 
efficacy. The NSAIDs are used mainly for the management 
of mild-to-moderate pain arising from musculoskeletal disor-
ders. One exception is ketorolac, which can be used for more 
severe pain, but for only a short duration.

c. Antipyretic action: Fever occurs when the set point of the ante-
rior hypothalamic thermoregulatory center is elevated. This can 
be caused by PGE2 synthesis, which is stimulated when endog-
enous fever-producing agents (pyrogens), such as cytokines, 
are released from WBCs that are activated by infection, hyper-
sensitivity, malignancy, or inflammation. The NSAIDs lower body 
temperature in patients with fever by impeding PGE2 synthesis 
and release, resetting the “thermostat” back towards normal. 
This rapidly lowers the body temperature of febrile patients by 
increasing heat dissipation through peripheral vasodilation and 
sweating. NSAIDs have no effect on normal body temperature.

2. Therapeutic uses: 

a. Anti-inflammatory and analgesic uses: NSAIDs are used in 
the treatment of osteoarthritis, gout, RA, and common con-
ditions requiring analgesia such as (for example, headache, 
arthralgia, myalgia, and dysmenorrhea). Combinations of opi-
oids and NSAIDs may be effective in treating pain caused by 
malignancy. Furthermore, the addition of NSAIDs may lead 
to an opioid-sparing effect, allowing for lower doses of opi-
oids to be utilized. The salicylates exhibit analgesic activity 

Figure 40.7
Some adverse reactions to iloprost.

Figure 40.6
Administration and fate of iloprost.
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698 40. Anti-inflammatory, Antipyretic, and Analgesic Agents

at lower doses. Only at higher doses do these drugs show 
anti-inflammatory activity (Figure 40.10). For example, two 
325-mg aspirin tablets administered four times daily produce 
analgesia, whereas 12 to 20 tablets per day produce both 
analgesic and anti-inflammatory activity.

b. Antipyretic uses: Aspirin, ibuprofen, and naproxen may be 
used to treat fever. [Note: Aspirin should be avoided in patients 
less than 19 years old with viral infections, such as varicella 
(chickenpox) or influenza, to prevent Reye’s  syndrome—a 
syndrome that can cause fulminating hepatitis with cerebral 
edema, often leading to death.]

c. Cardiovascular applications: Aspirin irreversibly inhibits 
COX-1–mediated production of TXA2, thereby reducing TXA2-
mediated vasoconstriction and platelet aggregation and the 
subsequent risk of cardiovascular events (Figure 40.11). The 
antiplatelet effects persist for the life of the platelet. Low 
doses of aspirin (75 to 162 mg—commonly 81 mg) are used 
prophylactically to reduce the risk of recurrent cardiovascular 
events, transient ischemic attacks (TIAs), stroke, and death in 
patients with a history of previous MI, TIA, or stroke. Chronic 
use of aspirin allows for continued inhibition as new plate-
lets are generated. Aspirin is also used acutely to reduce the 
risk of death in acute MI and in patients undergoing certain 
revascularization procedures. Aspirin is used at a dose of 
0.3 to 0.6 mg tablets three to four times a day in rheumatic 
fever. It is available as 350 mg tablets with or without enteric 
coating (to avoid its release in stomach). It is also available 
as a dispersible tablet as Disprin (aspirin 350 mg along with 
calcium carbonate and citric acid) and should be taken after 
adding it in a cup of water and while in an effervescent stage. 
Injectable aspirin has been available as lysine acetylsalicylate.

d. External applications: Salicylic acid is used topically to treat 
acne, corns, calluses, and warts. Methyl salicylate (“oil of win-
tergreen”) is used externally as a cutaneous counterirritant in 
liniments, such as arthritis creams and sports rubs. Diclofenac 
is available in topical formulations (gel or solution) for treatment  
of osteoarthritis in the knees or hands. In order to avoid  systemic 
toxicity of NSAIDs and for prolonged application in painful 
musculoskeletal conditions such as sports injuries, rheuma-
toid arthritis, osteoarthritis, joint pains, ankylosing spondylitis, 
sprains, and tenosynovitis, topical application is preferred for 
localized drug therapy. The thin-film application of drug on the 
localized part above the skin causes topical NSAIDs to pene-
trate up to dermis. Localized inflammation might increase the 
drug penetration and disposition, and systemic drug exposure 
after topical application is very low. Counterirritants are also 
used along with the NSAIDs in drug formulations to give more 
localized relief. A higher degree of interindividual variability has 
been seen upon with the localized drug response. Drugs such 
as diclofenac (1%), nimesulide (1%), piroxicam (0.5%), and ibu-
profen (10%) are used in the form of ointment or gel for topical 
application. In addition, ocular formulations of ketorolac and 
flurbiprofen are available for the management of seasonal aller-
gic conjunctivitis and inflammation and pain related to ocular 
surgery.
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699III. Nonsteroidal Anti-Inflammatory Drugs

e. Migraine abortive and prophylactic uses: NSAIDs are used 
as abortive therapy in case of mild-to-moderate migraine (that 
is, occasional throbbing headaches and no major impairment of 
functioning). The choice of acute migraine treatments depends 
on rapidity of onset, headache severity, associated symptoms 
(for example, nausea/vomiting), and patient preference. Acute 
treatment is most effective when given within 15  minutes of 
pain onset and when pain is mild. Rule out rebound syndrome 
prior to initiating therapy. If rebound is present, prevention and 
acute migraine medications may not be effective. If a patient 
does not respond to one to two adequate doses of a given 
NSAID during a migraine episode, or in patients with mod-
erate-to-severe headache, with nausea or vomiting or rapid 
progression to severe headache, add other drugs, tryptans or 
 parenteral NSAIDs (Diclofenac). See also Chapter 39.

3. Pharmacokinetics: 

a. Aspirin: After oral administration, aspirin is rapidly deacetyl-
ated by esterases in the body to produce salicylate. Unionized 
salicylates are passively absorbed mainly from the upper small 
intestine. Salicylates (except for diflunisal) cross both the 
blood–brain barrier and the placenta and are absorbed through 
intact skin (especially methyl salicylate). Salicylate is con-
verted by the liver to water-soluble conjugates that are rapidly 
cleared by the kidney, resulting in first-order elimination and 
a serum half-life of 3.5 hours. At anti-inflammatory dosages 
of aspirin (more than 4 g/day), the hepatic metabolic pathway 
becomes saturated, and zero-order kinetics are observed, 
leading to a half-life of 15 hours or more (Figure 40.12).  
Salicylate is secreted into the urine and can affect uric acid 
excretion. Therefore, aspirin should be avoided in gout, if 
possible, or in patients taking probenecid.

b. Other NSAIDs: Most NSAIDs are well absorbed after oral 
administration and circulate highly bound to plasma proteins. 
The majority are metabolized by the liver, mostly to inactivate 
metabolites. Few (for example, nabumetone and sulindac) 
have active metabolites. Excretion of active drug and metab-
olites is primarily via the urine.

4. Adverse events: Because of the adverse event profile, it is pref-
erable to use NSAIDs at the lowest effective dose for the shortest 
duration possible. 

a. Gastrointestinal: These are the most common adverse effects 
of NSAIDs, ranging from dyspepsia to bleeding. Normally, pro-
duction of prostacyclin (PGI2) inhibits gastric acid secretion, and 
PGE2 and PGF2α stimulate synthesis of protective mucus in both 
the stomach and the small intestine. Agents that inhibit COX-1 
reduce beneficial levels of these prostaglandins, resulting in 
increased gastric acid secretion, diminished mucus protection, 
and increased risk for GI bleeding and ulceration. Agents with 
a higher relative selectivity for COX-1 may have a higher risk 
for GI events compared to those with a lower relative selectivity 
for COX-1 (that is, higher COX-2 selectivity). NSAIDs should be 
taken with food or fluids to diminish GI upset. If NSAIDs are 
used in patients at high risk for GI events, proton-pump inhib-
itors or misoprostol should be used concomitantly to prevent 
NSAID-induced ulcers (see Chapter 42).

Figure 40.10
Dose-dependent effects of salicylate.

Figure 40.11
Aspirin irreversibly inhibits platelet 
cyclooxygenase-1.
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700 40. Anti-inflammatory, Antipyretic, and Analgesic Agents

b. Increased risk of bleeding (antiplatelet effect): As described 
above, aspirin inhibits COX-1 mediated formation of TXA2 and 
reduces platelet aggregation for the lifetime of the platelet (3 
to 7 days). Platelet aggregation is the first step in thrombus 
formation, and the antiplatelet effect of aspirin results in a pro-
longed bleeding time. For this reason, aspirin is often withheld 
for at least 1 week prior to surgery. NSAIDs other than aspirin 
are not utilized for their antiplatelet effect but can still prolong 
bleeding time, especially when combined with anticoagulants. 
Concomitant use of NSAIDs and aspirin can prevent aspirin 
from binding to cyclooxygenase. Patients who take aspirin for 
cardioprotection should avoid concomitant NSAID use if pos-
sible or take aspirin at least 30 minutes prior to the NSAID.

c. Renal effects: NSAIDs prevent the synthesis of PGE2 and PGI2, 
prostaglandins that are responsible for maintaining renal blood 
flow (Figure 40.13). Decreased synthesis of prostaglandins can 
result in retention of sodium and water and may cause edema. 
Patients with a history of heart failure or kidney disease are at 
particularly high risk. These effects can also mitigate the ben-
eficial effects of antihypertensive medications. In susceptible 
patients, NSAIDs have led to acute kidney injury.

d. Cardiac effects: Agents such as aspirin, with a very high 
degree of COX-1 selectivity at low doses, have a cardiovas-
cular protective effect thought to be due to a reduction in 
the production of TXA2. Agents with higher relative COX-2 
selectivity have been associated with an increased risk for 
cardiovascular events, possibly by decreasing PGI2 produc-
tion mediated by COX-2. An increased risk for cardiovascular 
events, including MI and stroke, has been associated with 
all NSAIDs except aspirin. All NSAIDs carry a boxed warn-
ing regarding the increased risk for cardiovascular events. 
Use of NSAIDs, other than aspirin, is discouraged in patients 
with established cardiovascular disease. For patients with 
cardiovascular disease in whom NSAID treatment cannot be 
avoided, naproxen may be the least likely to be harmful. 
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Figure 40.13
Renal effect of NSAIDs inhibition of prostaglandin synthesis. NSAIDs = nonsteroidal anti-inflammatory drugs.
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e. Other adverse effects: NSAIDs are inhibitors of cyclooxy-
genases and, therefore, inhibit the synthesis of prostaglan-
dins but not of leukotrienes. For this reason, NSAIDs should 
be used with caution in patients with asthma, as inhibition 
of prostaglandin synthesis can cause a shift toward leukot-
riene production and increase the risk of asthma exacerba-
tions. Central nervous system (CNS) adverse effects, such as 
headache, tinnitus, and dizziness, may occur. Approximately 
15% of patients taking aspirin experience hypersensitivity 
 reactions. Symptoms of true allergy include urticaria, bron-
choconstriction, and angioedema. Patients with severe 
hypersensitivity to aspirin should avoid using NSAIDs. Aspirin 
is both an NSAID and uricosuric at high doses. 

f. Drug interactions: Salicylate is roughly 80% to 90% 
plasma protein bound (albumin) and can be displaced from 
 protein-binding sites, resulting in increased concentration of 
free salicylate. Alternatively, aspirin can displace other highly 
protein-bound drugs, such as warfarin, phenytoin, or valproic 
acid, resulting in higher free concentrations of these agents 
(Figure 40.14).

g. Toxicity: Large doses of aspirin cause hypoglycemia and 
 glycosuria along with depletion of glycogen in liver and  muscles. 
Mild salicylate toxicity is called salicylism and is characterized 
by nausea, vomiting, marked hyperventilation, headache, men-
tal confusion, dizziness, and tinnitus (ringing or roaring in the 
ears). When large doses of salicylate are administered, severe 
salicylate intoxication may result (Figure 40.10). Restlessness, 
delirium, hallucinations, convulsions, coma, respiratory and 
metabolic acidosis, and death from respiratory failure may 
occur. Children are particularly prone to salicylate intoxication; 
ingestion of as little as 10 g of aspirin can be fatal.

h. Pregnancy: NSAIDs should be used in pregnancy only 
if benefits outweigh risks to the developing fetus. [Note: 
Paracetamol is preferred if analgesic or antipyretic effects 
are needed during pregnancy.] In the third trimester, NSAIDs 
should generally be avoided due to the risk of premature clo-
sure of the ductus arteriosus.

B. Diflunisal 

 Diflunisal, a fluorinated derivative of salicylic acid which is more 
potent than that of aspirin in anti-inflammatory effect, however, lacks 
antipyretic effect due to poor CNS penetration. Diflunisal is used in 
cases of pain due to arthritis and is used at an oral dose of 1 g two 
to three times a day followed by 0.5 g twice a day. Diflunisal has low 
propensity to cause GI and antiplatelet side effects.

C. Propionic acid derivatives

 The compounds that belong to this group, shown in Figure 40.1, 
share similar pharmacodynamic properties with a slight variation in 
pharmacokinetics. They are nonselective cyclooxygenase inhibitors. 
Analgesic, anti-inflammatory, and antipyretic properties are somewhat 
equivalent or inferior to the analgesic dose of aspirin. However, they are 

Figure 40.14
Drugs interacting with salicylates.
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better tolerated than aspirin; therefore, they are used for pain caused 
by different types of arthritis. They also have different degrees of effect 
on platelets as seen with aspirin. Amongst all, naproxen is found to 
have higher analgesic efficacy. 

D. Ibuprofen

 Ibuprofen is a commonly prescribed analgesic having weak anti- 
inflammatory activity. It is used at a dose of 400 to 600 mg three times 
a day. It has a very weak antiplatelet activity and shares  common side 
effects of other NSAIDS. Fenoprofen and oxaprozin are similar to ibu-
profen in their pharmacology. 

E. Naproxen

 Apart from analgesic property, naproxen also shows good anti- 
inflammatory property. Therefore, it is used for rheumatoid arthritis, 
osteoarthritis, ankylosing spondylitis, tendonitis, dysmenorrhea, bursi-
tis, and migraine. The plasma half-life of naproxen is 14 hours in young 
and it doubles in elderly patients due to age-related decrease in renal 
function. It is used at a dose of 250 mg two to three times a day.

F. Ketoprofen

 Apart from being analgesic, ketoprofen has also been reported 
to  stabilize lysosomal membranes and antagonize the action of 
 bradykinin. Ketoprofen is used at a dose of 50–100 mg two to three 
times a day. 

G. Flurbiprofen

 Flurbiprofen is a fluorinated propionic acid derivative known to have 
similar activity and toxicity profile like ibuprofen. It is also used as 
anti-inflammatory for topical application in ophthalmic conditions. It is 
used as 0.03% eye drops instilled four times a day. 

H. Indomethacin

 Indomethacin is approximately 20 times more potent nonselective 
inhibitor of COX pathway compared to aspirin. It is an acetic acid 
derivative. It inhibits infiltration of polymorphonuclear leukocytes and 
suppresses the biosynthesis of mucopolysaccharides. It is a potent 
anti-inflammatory with the analgesic and antipyretic properties equiv-
alent to aspirin. It also causes vasoconstriction which might be inde-
pendent of its effect on COX pathway. It is used for the closure of 
persistent patent ductus arteriosus in premature infants weighing 500 
to 1750 g, and it can be administered by the intravenous route (three 
doses of 0.1 to 0.2 mg/kg administered 12 hourly). Due to a higher 
incidence of adverse effects, indomethacin is not used as a first-line 
drug for many inflammatory conditions such as arthritis of various ori-
gins. It is only used in refractory cases such as Bartter’s syndrome 
due to enhanced prostaglandin synthesis. Sulindac is a prodrug and 
a congener of indomethacin. Its active sulfide metabolite is more than 
500 times potent COX inhibitor compared to sulindac but less potent 
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than indomethacin. No distinct advantage has been shown as com-
pared to indomethacin except a lesser extent of GI-related side effects. 

I. Ketarolac

 Among NSAIDs, ketarolac is an aryl acetic acid derivative with a 
potent analgesic having comparatively a lesser anti-inflammatory 
property. In the control of postoperative pain, it is equivalent to that of 
morphine. Its use is limited to acute pain control for shorter periods. 
It is absorbed orally as well as administered through intramuscular 
or intravenous routes. Adverse effects include somnolence, dizziness, 
headache, GI-related side effects, and pain at the site of injection. 
A transient rise in liver enzymes has also been reported. Ketarolac is 
metabolized in the liver and excreted in urine. It is used at a dose of 
10 to 20 mg four times a day (maximum of 90 mg/day). 

J. Etodolac 

 Etodolac is an acetic acid derivative. It is another agent in this group 
that has lesser GI-related side effects due to more selectivity toward 
COX-2. It is used at a dose of 200 to 400 mg three times a day for 
postoperative analgesia. It is also used as a uricosuric for the treatment 
of gout and as analgesic for the treatment of different types of arthritis. 

K. Nabumetone

 Nabumetone is an acetic acid derivative. It is a prodrug and upon 
conversion, it shows potent nonselective COX inhibition. It has been 
reported to have low GI-related side effects with good analgesic, 
anti-inflammatory, and antipyretic activity. It is used for the treatment 
of different types of arthritis and soft-tissue injuries. It is well absorbed 
orally and converted to active metabolites in the liver, and the inacti-
vated metabolites are excreted through bile. It shows a longer plasma 
half-life, thereby enabling once-a-day therapy. It is used in the dose of 
500 mg tablets given once a day. 

L. Fenamates 

 Fenamates is an acetic acid derivative. Fenamic acid is a molecule 
which, especially in its ester form, fenamate, serves as a parent struc-
ture for several NSAIDs, including mefenamic acid, tolfenamic acid, 
flufenamic acid, and meclofenamic acid. These drugs are commonly 
referred to as “anthranilic acid derivatives” or “fenamates” because 
fenamic acid is a derivative of anthranilic acid. 

M. Mefenamic acid

 Mefenamic acid is an acetic acid derivative. Its action is similar to other 
NSAIDs with analgesic, antipyretic, and weak anti-inflammatory activi-
ties. It is used for short-term pain relief in conditions such as dysmen-
orrhea and soft-tissue injuries. It is not used for arthritis. GI side effects 
and diarrhea are common. Transient elevation of hepatic enzymes is 
seen. It rarely causes autoimmune hemolytic anemia, which is poten-
tially serious in nature. Mephenamic acid is used at a dose of 250 to 
500 mg three times a day. 
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N. Piroxicam 

 Piroxicam is an oxicam. It is a potent anti-inflammatory with good anal-
gesic and antipyretic compounds. It is a nonselective and reversible 
COX inhibitor known to have longer activity. It is completely absorbed, 
metabolized, and eliminated through kidney. Due to its longer half-
life after slower onset of action, it reaches a good steady-state level 
enabling single-dose administration per day. It is used for rheumatoid 
arthritis, osteoarthritis, and ankylosing spondylitis. However, due to 
serious skin reactions besides GI-related side effects, it is not consid-
ered a first-line therapy for arthritis. 

 Piroxicam is used at a dose of 10 to 20 mg once a day. Tenoxicam is 
used at a dose of 20 mg/day. 

O. Apazone (azapropazone)

 Apazone is an oxicam. Apart from anti-inflammatory, analgesic, and 
antipyretic activity, it is also known to have potent uricosuric activity. It 
is used for different types of arthritis, ankylosing spondylitis, and gout. 
It is reserved when other safer NSAIDs fail to achieve required activity. 
It is used at a dose of 600 mg three times a day. Its side effects are 
similar to those of nonselective COX inhibitors. GI-related side effects, 
headache, and vertigo have been reported. 

P. Diclofenac

 Although diclofenac is a commonly used NSAID, it is classified 
as acetic acid derivative due to its preferential activity on COX-2 
(similar to celecoxib). It is a potent compound, having good anal-
gesic, antipyretic, and anti-inflammatory activities, as compared to 
naproxen, indomethacin, etc. Upon oral administration, it is absorbed 
well but undergoes extensive first-pass metabolism. It accumulates 
in synovial fluid; therefore, its pharmacological  activity is more than 
its plasma half-life and correlation. It is metabolized in liver and 
excreted through urine and bile. It is not recommended for children, 
nursing mothers, and pregnant women. GI-related adverse effects 
are similar to those of celecoxib; however, transient elevation of 
liver enzymes is observed. Like other NSAIDs, it increases the risk 
for cardiovascular events, including MI and stroke. It is used at a 
dose of 50 mg three times a day or 75 mg twice daily. It is also 
administered as 75 mg intramuscular injection. Its ethyl ammonium 
salt is used for making ointments for topical applications (used as 
1% topical gel or ointment). It is also used as 0.1% eye drop for 
ocular inflammatory conditions. 

Q. Aceclofenac

 Aceclofenac is a preferential COX-2 inhibitor. It is another pheny-
lacetic acid derivative and has properties similar to diclofenac. It 
shows higher COX-2 selectivity compared to diclofenac. NSAIDs 
may impair the ability of the chondrocyte to repair its damaged 
extracellular matrix in osteoarthritic cartilage; however, aceclofenac 
is reported to increase the synthesis of proteoglycans and hyaluronic 
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acid in a dose-dependent manner. It is used at a dose of 100 mg 
twice daily. 

R. Etodolac

 Etodolac is a preferential COX-2 inhibitor. It is similar to diclofenac and 
aceclofenac having higher selectivity for COX-2 and is well absorbed 
orally. Its side effects are similar to those of other agents. It is used at 
a dose of 200 to 400 mg twice daily. 

S. Meloxicam 

 Meloxicam is a preferential COX-2 inhibitor. Although it belongs to the 
category of oxicams, it shows preferentiality to COX-2 as compared 
to piroxicam. Its pharmacological activities are similar to piroxicam 
but its gastric site effects are much lesser. It is used at a dose of 
7.5 to 15 mg once daily. 

T. Nimesulide

 Nimesulide is a preferential COX-2 inhibitor. It is an arylsulfonanilide 
derivative lacking an acidic group like most of the NSAIDS. It was 
developed in Europe and is used in most of the countries. Apart from 
preferential COX inhibition, it is reported to reduce the generation 
of reactive oxygen species in neutrophils, decrease in cytokine like 
TNF-α release, and inhibit PAF synthesis and matrix metalloprotein-
ase activity in cartilage by the activation of glucocorticoid receptors. 
Its anti-inflammatory, analgesic, and antipyretic activities are compa-
rable with other NSAIDs. People who have aspirin-induced allergy are 
reported to tolerate nimesulide. Nimesulide has rapid and complete 
absorption after oral administration. It is rapidly distributed into the 
synovial fluid and exists for a longer period despite the fall in plasma 
levels. Its adverse effect profile is similar to that of other COX-2 
inhibitors. It is metabolized in liver and excreted through kidney. 
Hepatotoxicity of nimesulide has been considered similar to that of 
other NSAIDs. However, its use in children has been banned in many 
countries including India. It is used at a dose of 100 mg twice daily for 
arthritis, cancer, thrombophlebitis, bursitis, dysmenorrhea, renal colic, 
postoperative conditions, etc. 

U. Metamizol 

 Metamizol is a pyrazoline derivative. It is an aminopyridine  derivative 
that has analgesic and antipyretic properties but weak anti- 
inflammatory property. It has been reported to cause agranulocytosis; 
therefore, it is banned in USA. However, it is used in India and other 
European countries without any serious toxicities. Mild GI irritation and 
GI-related side effects have been reported. It is used at a dose of 
0.5 to 1.5 g orally or by intramuscular or intravenous routes. 

V. Propiphenazone

 Propiphenazone is a pyrazoline derivative. It is similar to the pyrazoline 
derivative metamizole, which is used in India. It is extensively used as 
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an over-the-counter product for headache and fever during common 
cold and other mild pain, either alone or in combination with other 
antipyretics such as paracetamol. It is used at the dose of 150  to 
600 mg three times a day along with paracetamol or with caffeine. 

W. Celecoxib

 Celecoxib [SEL-e-KOX-ib], a selective COX-2 inhibitor, is significantly 
more selective for inhibition of COX-2 than COX-1 (Figure 40.15). 
Unlike the inhibition of COX-1 by aspirin (which is irreversible), the 
inhibition of COX-2 is reversible.

1. Therapeutic uses: Celecoxib is approved for the treatment of RA, 
osteoarthritis, and acute pain. Celecoxib has similar efficacy to 
NSAIDs in the treatment of pain.

2. Pharmacokinetics: Celecoxib is readily absorbed after oral 
administration. It is extensively metabolized in the liver by cyto-
chrome P450 (CYP2C9) and the metabolites are excreted in feces 
and urine. The half-life is about 11 hours, and the drug may be 
dosed once or twice daily. The dosage should be reduced in 
those with moderate hepatic impairment, and celecoxib should 
be avoided in patients with severe hepatic or renal disease.

3. Adverse effects: Headache, dyspepsia, diarrhea, and abdominal 
pain are the most common adverse effects. Celecoxib is asso-
ciated with less GI bleeding and dyspepsia than other NSAIDs. 
However, this benefit is lost when aspirin is added to celecoxib 
therapy. Patients who are at a high risk of ulcers and require aspi-
rin for cardiovascular prevention should avoid the use of cele-
coxib. Like other NSAIDs, celecoxib has a similar risk for cardio-
vascular events. Patients who have had anaphylactoid reactions 
to aspirin or nonselective NSAIDs may be at risk for similar effects 
with celecoxib. Inhibitors of CYP2C9, such as fluconazole, may 
increase serum levels of celecoxib.

 Figure 40.16 summarizes some of the therapeutic advantages and 
disadvantages of members of the NSAID family.

X. Etoricoxib

 Etoricoxib is another highly selective COX-2 inhibitor suitable for once-
a-day therapy for various arthritis conditions, ankylosing spondylitis, 
surgical pain, etc. As compared to others in this group, etoricoxib 
shows very low GI-related side effects. However, it has been reported 
to have the risk of cardiovascular events and stroke. It is used at an 
oral dose of 60 to 120 mg once a day. 

Y. Parecoxib and valdecoxib

 Parecoxib is one of the selective COX-2 inhibitors. Valdecoxib has 
been modified suitably as a prodrug which is suitable for injection 
after demethylation. Therefore, it can be used for postoperative con-
ditions by intravenous or intramuscular routes. Valdecoxib has been 
reported to cause severe skin reactions and parecoxib injection shares 
such risk due to its active metabolite conversion into valdecoxib. It is 
used at a dose of 40 mg two to three times a day either orally or as 
intramuscular/intravenous injections.
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Figure 40.15
Relative selectivity of some 
 commonly used NSAIDs. Data 
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it showing significantly more COX-1 
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S. A. 96: 7563 (1999).
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IV. PARACETAMOL (ACETAMINOPHEN)

Paracetamol [Para-SEET-a-Mol] (N-acetyl-p-aminophenol or APAP)  inhibits 
prostaglandin synthesis in the CNS, leading to antipyretic and analge-
sic effects. Paracetamol has less effect on cyclooxygenase in periph-
eral tissues (due to peripheral inactivation), which accounts for its weak 
anti-inflammatory activity. Paracetamol does not affect platelet function or 
increase bleeding time. It is not considered an NSAID.

A. Therapeutic uses

 Paracetamol is used for the treatment of fever and relief of pain. It is 
useful in patients with gastric complaints/risks with NSAIDs and those 
who do not require the anti-inflammatory action of NSAIDs. Paracetamol 
is the analgesic/antipyretic of choice for children with viral infections or 
chickenpox (due to the risk of Reye syndrome with aspirin).

B. Pharmacokinetics

 Paracetamol is rapidly absorbed from the GI tract and undergoes sig-
nificant first-pass metabolism. It is conjugated in the liver to form inac-
tive glucuronidated or sulfated metabolites. A portion of paracetamol is 
hydroxylated to form N-acetyl-p-benzoquinoneimine, or NAPQI, a highly 
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Figure 40.16
Summary of nonsteroidal anti-inflammatory agents (NSAIDs). CNS = central nervous  system; COX-2 = cyclooxygen-
ase-2; GI = gastrointestinal. *As a group, with the exception of aspirin, these drugs may have the potential to increase 
risk of myocardial infarction and stroke.
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reactive metabolite that can react with sulfhydryl groups and cause liver 
damage. At normal doses of paracetamol, NAPQI reacts with the sulfhy-
dryl group of glutathione produced by the liver, forming a nontoxic sub-
stance (Figure 40.17). Paracetamol and its metabolites are excreted in 
urine. The drug is also available in intravenous and rectal formulations.

C. Adverse effects

 At normal therapeutic doses, paracetamol has few significant adverse 
effects. With large doses of paracetamol, the available glutathione 
in the liver becomes depleted, and NAPQI reacts with the sulfhydryl 
groups of hepatic proteins (Figure 40.17). Hepatic necrosis, a seri-
ous and potentially life-threatening condition, can result. Patients with 
hepatic disease, viral hepatitis, or a history of alcoholism are at a higher 
risk of paracetamol-induced hepatotoxicity. [Note: N-acetylcysteine 
is an antidote in cases of overdose (see Chapter 46).] Paracetamol 
should be avoided in patients with severe hepatic impairment. It is 
used at a dose of 325 to 650 mg three to five times a day and the 
total adult dose of paracetamol per day is restricted to 2600 mg. 

V.  TRADITIONAL DISEASE-MODIFYING 
ANTIRHEUMATIC DRUGS (DMARDS)

Traditional DMARDs (methotrexate, hydroxychloroquine, leflunomide, or 
sulfasalazine) are used in the treatment of RA and have been shown to slow 
the course of the disease, induce remission, and prevent further destruc-
tion of the joints and involved tissues. Following diagnosis of RA, these 
agents should be started as soon as possible to delay progression of the 
disease. Monotherapy may be initiated with any of the traditional DMARDs, 
although methotrexate is generally preferred. For patients with inadequate 
response to monotherapy, a combination of traditional DMARDs, or use 
of a TNF inhibitor or non-TNF biologic agent may be needed. NSAIDs or 
glucocorticoids can also be used for their anti-inflammatory actions. 

A. Methotrexate

 Methotrexate [meth-oh-TREX-ate] is a folic acid antagonist that inhib-
its cytokine production and purine nucleotide biosynthesis, leading to 
immunosuppressive and anti-inflammatory effects. It has become a 
mainstay of treatment in patients with rheumatoid arthritis. Response 
to methotrexate usually occurs within 3 to 6 weeks of starting treat-
ment. Other traditional DMARDs, TNF inhibitors, or non-TNF biologic 
agents can be added to methotrexate if there is inadequate response 
to monotherapy with this agent. Doses of methotrexate required for 
RA treatment are much lower than those needed in cancer chemo-
therapy and generally administered once weekly, thereby minimizing 
adverse effects. Common adverse effects of methotrexate when used 
for RA are mucosal ulceration and nausea. Cytopenias (particularly 
leukopenia), cirrhosis of the liver, and an acute pneumonia-like syn-
drome may occur with chronic administration. [Note: Supplementation 
with folic acid may improve tolerability of methotrexate and reduce 
gastrointestinal and hepatic adverse effects.] Periodic liver function 
tests, complete blood counts, and monitoring for signs of infection 
are recommended. Methotrexate is contraindicated in pregnancy.
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Metabolism of paracetamol.
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B. Hydroxychloroquine

 Hydroxychloroquine [hye-drox-ee-KLOR-oh-kwin] is used for early, 
mild RA and may be combined with methotrexate. Its mechanism of 
action in autoimmune disorders is unknown, and onset of effects takes 
6 weeks to 6 months. Hydroxychloroquine has less adverse effects on 
the liver and immune system than other DMARDs. However, it may 
cause ocular toxicity, including irreversible retinal damage and cor-
neal deposits, CNS disturbances, GI upset, and skin discoloration 
and eruptions.

C. Leflunomide

 Leflunomide [le-FLOO-no-mide] is an immunomodulatory agent that 
preferentially causes cell arrest of the autoimmune lymphocytes 
through its action on dihydroorotate dehydrogenase (DHODH). After 
biotransformation, leflunomide becomes a reversible inhibitor of 
DHODH, an enzyme necessary for pyrimidine synthesis (Figure 40.18). 
Leflunomide may be used as monotherapy in patients who have intol-
erance or contraindications to use of methotrexate in RA, or it may 
be used in combination with methotrexate for patients with subopti-
mal response to methotrexate alone. Common adverse effects include 
headache, diarrhea, and nausea. Other effects are weight loss, aller-
gic reactions, including a flu-like syndrome, skin rash, alopecia, and 
hypokalemia. The drug is not recommended in patients with liver dis-
ease as it can be hepatotoxic. Leflunomide is contraindicated in preg-
nancy. Monitoring parameters include signs of infection, complete 
blood count, electrolytes, and liver enzymes.

D. Sulfasalazine

 Sulfasalazine [sul-fa-SAH-la-zeen] has recommendations for use sim-
ilar to leflunomide in the treatment of RA. Its mechanism of action in 
treating RA is unclear. The onset of activity is 1 to 3 months, and it is 
associated with GI adverse effects (nausea, vomiting, anorexia) and 
leukopenia. 

E. Glucocorticoids

 Glucocorticoids (see Chapter 26) are potent anti-inflammatory drugs 
that are commonly used in patients with RA to provide symptom-
atic relief and bridge the time until other DMARDs become effective. 
Glucocorticoids should always be used at the lowest dose and for the 
shortest duration possible to avoid adverse effects associated with 
long-term use.

VI.  BIOLOGIC DISEASE-MODIFYING  
ANTIRHEUMATIC DRUGS 

IL-1 and TNF-α are proinflammatory cytokines involved in the pathogenesis 
of RA. When secreted by synovial macrophages, IL-1 and TNF-α stimulate 
synovial cells to proliferate and synthesize collagenase, thereby degrad-
ing cartilage, stimulating bone resorption, and inhibiting proteoglycan 
synthesis. The TNF-α inhibitors (adalimumab, certolizumab, etanercept, 
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Figure 40.18
Site of action of leflunomide.
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golimumab, and infliximab) are biologic DMARDs which have been shown 
to decrease signs and symptoms of RA, reduce progression of structural 
damage, and improve physical function. Clinical response can be seen 
within 2 weeks of therapy. TNF-α inhibitors are usually employed in RA 
after a patient has an inadequate response to traditional DMARDs. These 
agents may be used alone or in combination with traditional DMARDs. If 
a patient has failed monotherapy with one TNF-α inhibitor, a traditional 
DMARD may be added, or therapy with a non-TNF biologic agent or a 
different TNF-α inhibitor may be tried. TNF-α inhibitors should be used 
cautiously in those with heart failure, as they can cause and/or worsen 
pre-existing heart failure. An increased risk of lymphoma and other cancers 
has been observed with the use of TNF-α inhibitors. 

Biologic DMARDs include the TNF-α inhibitors as well as the non-TNF 
biologic agents (abatacept, rituximab, tocilizumab). Like TNF-α inhibitors, 
non-TNF biologics are generally used in RA after a patient has an inad-
equate response to traditional DMARDs, and they may be used alone or 
in combination with traditional DMARDs. If a patient has failed monother-
apy with one non-TNF biologic, a trial of another non-TNF biologic with 
or without methotrexate is warranted. Patients receiving biologic DMARDs 
are at increased risk for infections, such as tuberculosis, fungal opportu-
nistic infections, and sepsis. [Note: TNF-α inhibitors and non-TNF  biologic 
agents should not be used together due to the risk of severe infections.] 
Reactivation of hepatitis B may occur with use of these agents. Live vac-
cinations should not be administered to patients taking any of the  biologic 
DMARDs. Characteristics of the TNF-α inhibitors and non-TNF biologic 
therapies for the treatment of RA are outlined below. [Note: TNF-α inhibi-
tors find use in a number of disorders, such as ulcerative colitis and Crohn’s 
disease (see Chapter 42), psoriasis, and ankylosing spondylitis.]

A. Adalimumab

 Adalimumab [a-dal-AYE-mu-mab] is a recombinant monoclonal anti-
body that binds to TNF-α and interferes with its activity by block-
ing interaction of TNF-α with cell surface receptors. Adalimumab is 
administered subcutaneously weekly or every other week. It may 
cause headache, nausea, agranulocytosis, rash, reaction at the injec-
tion site, and increased risk of infections.

B. Certolizumab pegol

 Certolizumab [ser-toe-LIZ-oo-mab] is a humanized antibody that neu-
tralizes biological actions of TNF-α. It is combined with polyethylene 
glycol (pegylated) and is administered every 2 weeks via subcutane-
ous injection. Its adverse effects are similar to other TNF-α inhibitors.

C. Etanercept

 Etanercept [ee-TAN-er-cept] is a genetically engineered fusion protein 
that binds to TNF-α, thereby blocking its interaction with cell surface 
TNF-α receptors. The combination of etanercept and methotrexate 
is more effective than methotrexate or etanercept alone in hindering 
the RA disease process, improving function, and achieving remission 
(Figure 40.19). Etanercept is given subcutaneously once weekly and 
is generally well tolerated. 
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Figure 40.19
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therapy.
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D. Golimumab

 Golimumab [goe-LIM-ue-mab] neutralizes the biological activity of 
TNF-α by binding to it and blocking its interaction with cell surface 
receptors. It is administered subcutaneously once a month in combi-
nation with methotrexate. Golimumab may increase hepatic enzymes. 

E. Infliximab

 Infliximab [in-FLIX-i-mab] is a chimeric monoclonal antibody com-
posed of human and murine regions. The antibody binds specifically 
to human TNF-α and inhibits binding with its receptors. This agent 
is not indicated for monotherapy, as this leads to the development 
of anti-infliximab antibodies and reduced efficacy. Infliximab should 
be administered with methotrexate. Infliximab is administered as an 
IV infusion every 8 weeks. Infusion-related reactions, such as fever, 
chills, pruritus, and urticarial, may occur. 

F. Abatacept

 T lymphocytes need two interactions to become activated: 1) the 
antigen-presenting cell (macrophages or B cells) must interact with 
the receptor on the T cell and 2) the CD80/CD86 protein on the 
 antigen-presenting cell must interact with the CD28 protein on the 
T cell. Abatacept [a-BAT-ah-cept] is a recombinant fusion protein 
and costimulation modulator that competes with CD28 for binding 
on CD80/CD86 protein, thereby preventing full T-cell activation and 
reducing the inflammatory response. Abatacept is administered as an 
IV infusion every 4 weeks. Common adverse effects include infusion- 
related reactions, headache, upper respiratory infections, and nausea. 

G. Rituximab

 In RA, B lymphocytes can perpetuate the inflammatory process in 
the synovium by 1) activating T lymphocytes, 2) producing autoan-
tibodies and rheumatoid factor, and 3) producing proinflammatory 
cytokines, such as TNF-α and IL-1. Rituximab [ri-TUK-si-mab] is a 
genetically engineered chimeric murine/human monoclonal antibody 
directed against the CD20 antigen found on the surface of normal 
and malignant B lymphocytes. Administration of rituximab results in 
B-cell depletion. Rituximab is administered as an intravenous infusion 
every 16 to 24 weeks. To reduce the severity of infusion reactions, 
methylprednisolone is administered 30 minutes prior to each infusion. 
Infusion reactions (urticaria, hypotension, and angioedema) are the 
most common complaints and typically occur during the first infusion.

H. Tocilizumab and sarilumab

 Tocilizumab [toe-si-LIZ-ue-mab] and sarilumab [sar-IL-ue-mab] are 
recombinant monoclonal antibodies that bind to IL-6 receptors and 
inhibit activity of the proinflammatory cytokine IL-6. Both tocilizumab 
and sarilumab are administered as a subcutaneous injection every 
2 weeks. Tocilizumab may also be administered as an intravenous 
infusion every 4 weeks. Adverse reactions to tocilizumab include ele-
vated liver function tests, hyperlipidemia, neutropenia, hypertension, 
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and infusion-related and injection site reactions. Adverse reactions for 
sarilumab are similar.

VII. OTHER DRUGS FOR RHEUMATOID ARTHRITIS

Janus kinases are intracellular enzymes that modulate immune cell activ-
ity in response to the binding of inflammatory mediators to the cellular 
membrane. Tofacitinib [toe-fa-SYE-ti-nib] is a synthetic small molecule 
that is an oral inhibitor of Janus kinases. It is indicated for the treatment 
of moderate-to-severe established RA in patients who have had an inad-
equate response or intolerance to methotrexate. Metabolism of tofaci-
tinib is mediated primarily by CYP3A4, and dosage adjustments may be 
required if the drug is taken with potent inhibitors or inducers of this 
isoenzyme. Hemoglobin concentrations must be greater than 9 g/dL to 
start tofacitinib and must be monitored during therapy due to the risk for 
anemia. Likewise, lymphocyte and neutrophil counts should be checked 
prior to initiation of therapy and monitored during treatment. Tofacitinib 
treatment may also increase the risk for new primary malignancy and 
opportunistic infections. Due to long-term safety concerns, tofacitinib is 
usually reserved for patients who have inadequate response or intoler-
ance to other agents. [Note: Anakinra, azathioprine, cyclosporine, gold, 
and minocycline are other agents used infrequently in the treatment of RA 
due to their adverse effect profile or the availability of other agents with 
more proven efficacy.]

VIII. DRUGS USED FOR THE TREATMENT OF GOUT

Gout is a metabolic disorder characterized by high levels of uric acid in 
the blood (hyperuricemia). Hyperuricemia can lead to deposition of sodium 
urate crystals in tissues, especially the joints and kidney. The deposition of 
urate crystals initiates an inflammatory process involving the infiltration of 
granulocytes that phagocytize the urate crystals (Figure 40.20). Acute flares 
of gout usually present as pain, swelling, tenderness, and redness in the 
affected joints (for example, big toe, knees, ankles, wrists, or elbows). The 
cause of hyperuricemia in gout is an imbalance between overproduction of 
uric acid and/or the inability to excrete uric acid renally. Most therapeutic 
strategies for gout involve lowering the uric acid level below the saturation 
point (6 mg/dL), thus preventing the deposition of urate crystals. This can 
be accomplished by interfering with uric acid synthesis or increasing uric 
acid excretion.

A. Treatment of acute gout

 Acute gout attacks can result from a number of conditions, includ-
ing excessive alcohol consumption, a diet rich in purines, and kidney 
disease. NSAIDs, corticosteroids, and colchicine are effective agents 
for the management of acute gouty arthritis. Indomethacin is consid-
ered the classic NSAID of choice, although all NSAIDs are likely to be 
effective in decreasing pain and inflammation. Intra-articular adminis-
tration of corticosteroids (when only one or two joints are affected) is 
also appropriate in the acute setting, or systemic corticosteroids for 
more widespread joint involvement. Patients are candidates for pro-
phylactic urate-lowering therapy if they have more than two attacks 
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per year or they have chronic kidney disease, kidney stones, or tophi 
(deposit of urate crystals in the joints, bones, cartilage, or other body 
structures).

B. Treatment of chronic gout

 Urate-lowering therapy for chronic gout aims to reduce the frequency 
of attacks and complications of gout. Treatment strategies include 
the use of xanthine oxidase inhibitors to reduce the synthesis of uric 
acid or use of uricosuric drugs to increase its excretion. Xanthine 
oxidase inhibitors (allopurinol, febuxostat) are first-line urate-lowering 
agents. Uricosuric agents (probenecid) may be used in patients who 
are intolerant to xanthine oxidase inhibitors or fail to achieve ade-
quate response with those agents. [Note: Initiation of urate-lowering 
therapy can precipitate an acute gout attack due to rapid changes 
in serum urate concentrations. Medications for the prevention of an 
acute gout attack (low-dose colchicine, NSAIDs, or corticosteroids) 
should be initiated with urate-lowering therapy and continued for at 
least 6 months.]

C. Colchicine

 Colchicine [KOL-chi-seen], a plant alkaloid, is used for the treatment 
of acute gouty attacks. It is neither a uricosuric nor an analgesic 
agent, although it relieves pain in acute attacks of gout.

1. Mechanism of action: Colchicine binds to tubulin, a microtubular 
protein, causing its depolymerization. This disrupts cellular func-
tions, such as the mobility of neutrophils, thus decreasing their 
migration into the inflamed joint. Furthermore, colchicine blocks 
cell division by binding to mitotic spindles.

2. Therapeutic uses: The anti-inflammatory activity of colchicine is 
specific for gout, usually alleviating the pain of acute gout within 
12 hours. [Note: Colchicine must be administered within 36 hours 
of onset of attack to be effective.] NSAIDs have largely replaced 
colchicine in the treatment of acute gouty attacks for safety rea-
sons. Colchicine is also used as a prophylactic agent to prevent 
acute attacks of gout in patients initiating urate-lowering therapy.

3. Pharmacokinetics: Colchicine is administered orally and is rap-
idly absorbed from the GI tract. Colchicine is metabolized by 
hepatic CYP450 3A4 and other tissues. It undergoes enterohe-
patic recirculation and exhibits high interpatient variability in the 
elimination half-life. A portion of the drug is excreted unchanged 
in the urine.

4. Adverse effects: Colchicine may cause nausea, vomiting, abdom-
inal pain, and diarrhea (Figure 40.21). Chronic administration may 
lead to myopathy, neutropenia, aplastic anemia, and alopecia. The 
drug should not be used in pregnancy and should be used with 
caution in patients with hepatic, renal, or cardiovascular disease. 
Adequate drug holiday must be given between dosages to avoid 
cumulative toxicity. Dosage adjustments are required in patients 
taking CYP3A4 inhibitors (for example, clarithromycin and itracon-
azole) or P-gp inhibitors (for example, amiodarone and verapamil) 
and those with severe renal impairment.

GI disturbance

Diarrhea
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Nausea

Agranulocytosis
Aplastic anemia

Figure 40.21
Some adverse effects of colchicine. 
GI = gastrointestinal.

LIR_CH40.indd   713 10/10/18   1:20 PM



714 40. Anti-inflammatory, Antipyretic, and Analgesic Agents

D. Allopurinol

 Allopurinol [al-oh-PURE-i-nole], a xanthine oxidase inhibitor, is a 
purine analog. It reduces the production of uric acid by competitively 
inhibiting the last two steps in uric acid biosynthesis that are cata-
lyzed by xanthine oxidase (Figure 40.20).

1. Therapeutic uses: Allopurinol is an effective urate-lowering 
 therapy in the treatment of gout and hyperuricemia secondary 
to other conditions, such as that associated with certain malig-
nancies (those in which large amounts of purines are produced, 
 particularly after chemotherapy) or in renal disease.

2. Pharmacokinetics: Allopurinol is completely absorbed after oral 
administration. The primary metabolite alloxanthine (oxypurinol) is 
also a xanthine oxidase inhibitor with a half-life of 15 to 18 hours. 
Thus, effective inhibition of xanthine oxidase can be maintained 
with once-daily dosing. The drug and its active metabolite are 
excreted in the urine. Dose adjustment is needed if the estimated 
glomerular filtration rate is less than 30 mL/min/1.73 m2.

3. Adverse effects: Allopurinol is well tolerated by most patients. 
Hypersensitivity reactions, especially skin rashes, are the most 
common adverse reactions. The risk is increased in those with 
reduced renal function. Because acute attacks of gout may occur 
more frequently during the first several months of therapy, colchi-
cine, NSAIDs, or corticosteroids can be administered concurrently. 

E. Febuxostat

 Febuxostat [feb-UX-oh-stat] is an oral xanthine oxidase inhibitor struc-
turally unrelated to allopurinol. Febuxostat is rapidly absorbed after 
oral administration with the time to reach peak concentration (tmax) 
being of approximately 1 hour. The drug is highly bound to albumin in 
blood (~99%) and appears to have a low-to-medium apparent volume 
of distribution of approximately 0.7 l/kg. Febuxostat is indicated for 
the long-term management of hyperuricemia in patients with gout at 
a dose of 10 to 120 mg once daily. Febuxostat is well tolerated. Its 
adverse effect profile is similar to that of allopurinol, although the risk 
for rash and hypersensitivity reactions may be reduced. Febuxostat 
does not have the same degree of renal elimination as allopurinol and 
thus requires less adjustment in those with reduced renal function. 
The most common adverse events include abnormal liver function 
test results, abdominal pain, diarrhea, headache, joint-related signs 
and symptoms, and musculoskeletal and connective tissue signs and 
symptoms. Febuxostat should be used with caution in patients with 
a history of heart disease or stroke, as this agent may be associated 
with a greater risk of these events as compared to allopurinol.

F. Probenecid

 Probenecid [proe-BEN-a-sid] is an oral uricosuric drug. It is a weak 
organic acid that promotes renal clearance of uric acid by inhibit-
ing the urate–anion exchanger in the proximal tubule. At therapeutic 
doses, it blocks proximal tubular reabsorption of uric acid. Probenecid 
should be avoided if the creatinine clearance is less than 50 mL/min. 
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Adverse effects include nausea, vomiting, and dermatologic reactions, 
and, rarely, anemia or anaphylactic reactions. It is used at a dose of 
0.25 to 0.5 g twice daily. However, intermittent colchicine therapy is 
indicated to avoid acute precipitation of gout. 

G. Pegloticase

 Pegloticase [peg-LOE-ti-kase] is a recombinant form of the enzyme 
urate oxidase or uricase. It acts by converting uric acid to allantoin, 
a water-soluble nontoxic metabolite that is excreted primarily by the 
kidneys. Pegloticase is indicated for patients with gout who fail treat-
ment with standard therapies such as xanthine oxidase inhibitors. 
It is administered as an IV infusion every 2 weeks. Infusion-related 
reactions and anaphylaxis may occur with pegloticase, and patients 
should be premedicated with antihistamines and corticosteroids.

Study Questions

Choose the ONE best answer.

40.1 A 64-year-old man presents with mild-to- moderate 
musculoskeletal back pain. He states he has tried 
paracetamol without relief. His medical history 
includes diabetes, hypertension, hyperlipidemia, 
gastric ulcer (resolved), and coronary artery dis-
ease. Which is the most appropriate NSAID regi-
men to treat this patient’s pain?

A. Celecoxib

B. Indomethacin and omeprazole

C. Naproxen and omeprazole

D. Naproxen

40.2 Which statement is correct regarding the difference 
between paracetamol and naproxen?

A. Paracetamol has more anti-inflammatory effects 
compared with naproxen.

B. Paracetamol has more GI side effects but less 
effects on bleeding compared with naproxen. 

C. Paracetamol has less risk for CV events com-
pared with naproxen.

D. Paracetamol has fewer antipyretic effects than 
naproxen.

Correct answer = C. This patient is at high risk 
of future ulcers, due to the history of gastric ulcer. 
Therefore, using a regimen that includes an agent that 
is more COX-2 selective or a proton-pump inhibitor is 
warranted. Therefore, D is incorrect. Choices A and B  
are incorrect because this patient has significant 
cardiovascular risk and a history of coronary artery 
disease. Naproxen is thought of as the safest NSAID 
regarding cardiovascular disease, though it still 
can present risks. Therefore, C is correct as it uses 
the first-choice NSAID with the GI protection of a 
 proton-pump inhibitor.

Correct answer = C. While paracetamol inhibits pros-
taglandin synthesis via COX inhibition, it is inacti-
vated peripherally so it is devoid of systemic GI, CV, 
and bleeding adverse effects which are hallmarks of 
NSAIDs like naproxen. However, as paracetamol is 
active centrally it is still able to maintain antipyretic 
effects similar to other NSAIDs.
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40.3 Which statement correctly describes the proposed 
mechanism of cardioprotection from low-dose 
aspirin?

A. Aspirin preferentially inhibits COX-2 to lead to a 
relative reduction in thromboxane A2 levels.

B. Aspirin preferentially inhibits COX-1 to lead to a 
relative reduction in thromboxane A2 levels.

C. Aspirin preferentially inhibits COX-2 to lead to a 
relative reduction in prostacyclin levels.

D. Aspirin preferentially inhibits COX-1 to lead a 
relative reduction in prostacyclin levels.

40.4 Which statement correctly describes the patho-
physiologic actions of prostaglandins at a target 
tissue?

A. Promote vasoconstriction in the kidneys

B. Promote sodium and water retention in the 
kidneys

C. Decrease secretion of mucus at the lining of the 
stomach

D. Decrease secretion of gastric acid in the stomach

40.5 Which prostaglandin agents can be used to 
maintain the patency of the ductus arteriosus in 
 neonates with congenital heart problems while 
awaiting surgery?

A. Misoprostol

B. Epoprostenol

C. Bimatoprost

D. Alprostadil

40.6 A 34-year-old woman with RA is planning for 
 pregnancy. Which RA agents are absolutely contra-
indicated in pregnancy?

A. Abatacept and rituximab

B. Adalimumab and certolizumab pegol

C. Infliximab and etanercept

D. Methotrexate and leflunomide

40.7 Which agent for RA competes with CD28 to prevent  
full T-cell activation?

A. Sarilumab

B. Abatacept

C. Golimumab

D. Adalimumab

Correct answer = B. At low doses aspirin selectively 
inhibits COX-1, which reduces the production of 
thromboxane A2, a substance that promotes vaso-
constriction and platelet aggregation. COX-2 activity 
is thought to lead to relatively higher levels of pros-
tacyclin which causes vasodilation and inhibits plate-
let aggregation. Selective COX-2 inhibitors, as well 
as all NSAIDs, may increase the risk for CV events 
by inhibiting the beneficial production of prostacyclin 
by COX-2, thereby leading to a relative imbalance of 
thromboxane A2 and promoting platelet aggregation 
and vasoconstriction.

Correct answer = D. Prostaglandins, specifically PGE2 
and PGI2, cause vasodilation in the renal arteries; a 
decrease in prostaglandins from NSAIDs can lead to 
vasoconstriction of renal arteries as well as sodium 
and water retention. In the stomach, PGI2 inhibits 
gastric acid secretion, while PGE2 and PGF2α pro-
mote secretion of protective mucus at the stomach 
lining.

Correct answer = D. Misoprostol, a PGE1 ana-
log, is used for GI protection or labor induction. 
Epoprostenol, a PGI2 analog, is used for the treat-
ment of pulmonary arterial hypertension. Bimatoprost, 
a PGF2α analog, is used topically in the eye for the 
treatment of open-angle glaucoma or on the lashes 
for hypotrichosis. Alprostadil, a PGE1 analog, is used 
to maintain patency of the ductus arteriosus in neo-
nates with congenital heart problems. The drug can 
also be used for erectile dysfunction.

Correct answer = D. Both methotrexate and lefluno-
mide are contraindicated in pregnancy. Data is  limited 
in other RA agents to confirm or rule out teratoge-
nicity in pregnancy. The risk of RA treatment on the 
developing fetus should be weighed against the ben-
efits of improved RA symptoms with these therapies. 
Any adverse outcomes should be reported to the 
pregnancy registry.

Correct answer = B. Abatacept is a costimulation 
modulator that competes with CD28 to prevent its 
binding on CD80/CD86 protein, resulting in reduced 
T-cell activation. Golimumab and adalimumab are 
both TNF-α inhibitors and sarilumab is an IL-6 
inhibitor.
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 40.8 Which statement correctly represents the mecha-
nism of action of tofacitinib in the treatment of RA?

A. TNF-α inhibitor

B. Janus kinase inhibitor

C. IL-6 receptor blocker

D. Dihydrofolate reductase inhibitor

 40.9 A 54-year-old man with gout is found to have an 
issue with renal excretion of uric acid. Which drug 
is an oral agent that would target the cause of his 
acute gout attacks?

A. Allopurinol

B. Febuxostat

C. Probenecid

D. Pegloticase

40.10 A 64-year-old man presents with signs and symp-
toms of an acute gouty flare. Which strategy is the 
least likely to acutely improve his gout symptoms 
and pain?

A. Naproxen

B. Colchicine

C. Probenecid

D. Prednisone

Correct answer = B. Tofacitinib is an inhibitor of Janus 
kinases 1, 3, and, to a lesser extent, 2. Methotrexate 
inhibits dihydrofolate reductase. Etanercept is an 
example of TNF-α inhibitor, and tocilizumab is an 
example of an IL-6 inhibitor. 

Correct answer = C. Probenecid is a uricosuric agent 
that increases renal excretion by inhibiting the urate–
anion exchanger in the proximal tubule, thereby block-
ing reabsorption of uric acid and facilitating its  excretion. 
Allopurinol and febuxostat are xanthine oxidase inhibi-
tors which primarily act by decreasing uric acid produc-
tion. Pegloticase works by increasing renal excretion of 
uric acid; however, it is an IV infusion.

Correct answer = C. Probenecid is a uricosuric agent 
indicated to lower serum urate levels to prevent gout 
attacks. It is not indicated during acute gout flares 
and should not be started until after the resolution 
of an acute attack. Naproxen, colchicine, and pred-
nisone all represent viable treatment options that 
acutely reduce pain and inflammation associated with 
acute gout attacks.
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I. OVERVIEW

Asthma, chronic obstructive pulmonary disease (COPD), and allergic rhi-
nitis are commonly encountered respiratory disorders. Each of these con-
ditions may be associated with a troublesome cough, which may be the 
only presenting complaint. Asthma is a chronic disease characterized by 
hyper-responsive airways that affects over 235 million patients worldwide. 
This disorder is under-diagnosed and under-treated, creating a substantial 
burden to individuals and families, and resulting in millions of emergency 
room visits. COPD is currently the fourth leading cause of death in the 
world, and is predicted to become the third leading cause of death by 
2030. Allergic rhinitis is a common chronic disease and is characterized by 
itchy, watery eyes, runny nose, and a nonproductive cough that can sig-
nificantly decrease the quality of life. Each of these respiratory conditions 
may be managed with a combination of lifestyle changes and medications. 
Drugs used to treat respiratory conditions can be delivered topically to 
the nasal mucosa, inhaled into the lungs, or given orally or parenterally 
for systemic absorption. Local delivery methods, such as nasal sprays or 
inhalers, are preferred to target affected tissues while minimizing systemic 
adverse effects. Medications used to treat common respiratory disorders 
are summarized in Figure 41.1.

II. PREFERRED DRUGS USED TO TREAT ASTHMA

Asthma is a chronic inflammatory disease of the airways characterized by 
episodes of acute bronchoconstriction which cause shortness of breath, 
cough, chest tightness, wheezing, and rapid respiration. 

A. Pathophysiology of asthma

 Airflow obstruction in asthma is due to bronchoconstriction that results 
from contraction of bronchial smooth muscle, inflammation of the 
 bronchial wall, and increased secretion of mucus (Figure 41.2). The 
underlying inflammation of the airways contributes to airway hyper- 
responsiveness, airflow limitation, respiratory symptoms, and disease 
chronicity. Asthma attacks may be triggered by exposure to allergens, 
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Albuterol  
Levalbuterol 

Arformoterol 
Formoterol 
Indacaterol 
Olodaterol
Salmeterol

Beclomethasone 
Budesonide 
Ciclesonide 
Fluticasone 
Mometasone 
Triamcinolone 

Formoterol/budesonide 
Formoterol/mometasone 
Salmeterol/�uticasone 
Vilanterol/�uticasone 

Aclidinium bromide 
Glycopyrrolate 
Tiotropium 
Umeclidinium 

Montelukast 
Za�rlukast 
Zileuton 

Azelastine 
Cetirizine 
Desloratadine 
Fexofenadine 
Loratadine 

Oxymetazoline 
Phenylephrine 
Pseudoephedrine 

Benzonatate 
Codeine (with guaifenesin) 
Dextromethorphan 
Dextromethorphan (with guaifenesin) 
Guaifenesin 

Benralizumab 
Cromolyn1 
Mepolizumab 
Omalizumab 
Reslizumab 
Ro�umilast 
Theophylline 

SHORT-ACTING �2 ADRENERGIC AGONISTS (SABAs)
MEDICATION INDICATION

LONG-ACTING �2 ADRENERGIC AGONISTS (LABAs)

INHALED CORTICOSTEROIDS

LONG-ACTING �2  ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION

SHORT-ACTING ANTICHOLINERGIC

LONG-ACTING ANTICHOLINERGIC (LAMA)

LEUKOTRIENE MODIFIERS

ANTIHISTAMINES (H1-RECEPTOR ANTAGONISTS)

�-ADRENERGIC AGONISTS

AGENTS FOR COUGH

OTHER AGENTS

Asthma, COPD
Asthma, COPD

COPD
Asthma, COPD
COPD
COPD
Asthma, COPD

Allergic rhinitis, Asthma, COPD
Allergic rhinitis, Asthma, COPD
Allergic rhinitis, Asthma
Allergic rhinitis, Asthma, COPD
Allergic rhinitis, Asthma
Allergic rhinitis, Asthma

Asthma, COPD
Asthma, COPD
Asthma, COPD
COPD

Ipratropium Allergic rhinitis, COPD

COPD
COPD
Asthma, COPD
COPD

Asthma, Allergic rhinitis
Asthma
Asthma

Allergic rhinitis
Allergic rhinitis
Allergic rhinitis
Allergic rhinitis
Allergic rhinitis

Allergic rhinitis
Allergic rhinitis
Allergic rhinitis

Cough suppressant
Cough suppressant/expectorant
Cough suppressant
Cough suppressant/expectorant
Expectorant

Asthma
Asthma, Allergic rhinitis
Asthma
Asthma
Asthma
COPD
Asthma, COPD

SHORT-ACTING �2 AGONIST/SHORT-ACTING ANTICHOLINERGIC COMBINATION
Albuterol/ipratropium COPD

LABA/LAMA COMBINATION

Formoterol/glycopyrrolate 
Indacaterol/glycopyrrolate 
Vilanterol/umeclidinium 
Olodaterol/tiotropium 

COPD
COPD
COPD
COPD

Figure 41.1
Summary of drugs affecting the respiratory system. (For drug dosages, refer to Appendix at the end of the book.)

LABA = long-acting β2 agonist; LAMA = long-acting muscarinic antagonist; SABA = short-acting β2 agonist.
1Indicates intranasal formulation. 
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exercise, stress, and respiratory infections. Asthma can be episodic 
(seasonal) or chronic in nature (perennial, status asthmatic). After 
the trigger, mast cell degranulation releases mediators such as his-
tamine, proteolytic enzymes, and inflammatory cytokines like TNF-α.  
The triggering inflammation also synthesizes slow-releasing sub-
stances of anaphylaxis such as leukotrienes, prostaglandins, and 
platelet- activating factor. Activation of gene-responsive elements 
also causes the production of cytokines and chemokines. The airway 
inflammatory phase leads to brochoconstriction, edema, mucus secre-
tion, vasodilation, and activation of sensory nerves. A chronic inflam-
matory condition can lead to structural modifications in the airway 
epithelium, causing subepithelial fibrosis, smooth muscle hypertrophy, 
hyperplasia, angiogenesis, and hyperplasia of mucus-secreting cells. 

 Unlike COPD, cystic fibrosis, and bronchiectasis, asthma is usually 
not a progressive disease. However, if untreated, asthma may cause 
airway remodeling, resulting in increased severity and incidence of 
asthma exacerbations and/or death.

B. Goals of therapy

 Asthma can present as an acute exacerbation which can be mild, 
moderate-to-severe, or life-threatening. Treatment depends on the 
severity of asthma. The management algorithm for treating acute 
asthma in a hospital is depicted in Figure 41.3.

 The trigger factor(s) should be identified and avoided, wherever pos-
sible, smoking should be stopped, and regular breathing exercises 
(such as “Pranayama”) should be started. Physical activity and weight 
loss help in prevention of acute episodes of asthma. 

 Drug therapy for long-term control of asthma is designed to reverse 
and prevent airway inflammation. The goals of asthma therapy are to 
decrease the intensity and frequency of asthma symptoms, prevent 
future exacerbations, and minimize limitations in activity related to 
asthma symptoms. First-line drug therapy based on classification of 
asthma is presented in Figure 41.4. Figure 41.5 depicts the stepwise 
approach to management of asthma.

C. b2-Adrenergic agonists

 Inhaled β2-adrenergic agonists directly relax airway smooth muscle. 
They are used for the quick relief of asthma symptoms (therefore, also 
referred to as “reliever”) as well as an adjunctive therapy for long-term 
control of the disease.

1. Quick relief: Short-acting β2 agonists (SABAs) have a rapid onset 
of action (5 to 30 minutes) and provide relief for 4 to 6 hours. They 
are used for symptomatic treatment of bronchospasm, providing 
quick relief of acute bronchoconstriction. All patients with asthma 
should receive a SABA inhaler for use as needed. β2 agonists 
have no anti-inflammatory effects, and they should not be used as 
monotherapy for patients with persistent asthma. However, mono-
therapy with SABAs may be appropriate for patients with mild, 
intermittent asthma or exercise-induced bronchospasm. Direct-
acting β2-selective agonists include  salbutamol and terbutaline. 
These agents provide significant bronchodilation with little of the 
undesired effect of α or β1 stimulation (see Chapter 6). Adverse 
effects, such as tachycardia, hyperglycemia, hypokalemia, hypo-
magnesemia, and β2-mediated skeletal muscle tremors are mini-
mized with inhaled delivery versus systemic administration. 

B Asthma

A Normal

In�amed bronchial 
tube

Normal bronchial 
tube

Muscles of bronchi are 
tight and thickened. The 
bronchi are in�amed and 
�lled with mucus, which 
impedes air�ow.

Muscles of bronchi are 
relaxed, allowing  easy 
air�ow.

Figure 41.2
Comparison of bronchi of normal 
and asthmatic individuals.
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Figure 41.3
Management algorithm for treating acute asthma in a hospital.

Initial assessment and grade severity of attack 
History and physical examination

Life-threatening asthma (drowsy, confused, silent chest) 
URGENT TRANSFER TO ACUTE CARE FACILITY 

During transfer give SABA, oxygen, and systemic steroids

MILD ATTACK MODERATE-TO-SEVERE ATTACK

Initial Treatment

• Salbutamol inhalation 2.5 mg/dose  
(5 mg/ml solution), by nebulizer every  
20 minutes × 3 doses

or

• Salbutamol inhalation by MDI-spacer 
4 puffs (100 mcg/puff) at 2–3 minute  
interval. This course is repeated every  
20 minutes × 3 doses

Good response:

Observe for 3–4 hours 
if stable, discharge 
on inhaled or oral 
salbutamol 6 hourly

Incomplete or poor 
response:

• Add steroids
• Observe for 4 hours
• Continue 

Salbutamol 4–6  
hourly inhalation 

• Discharge, if 
improvement seen

Home treatment:
• Continue inhaled 

or oral salbu-
tamol 6 hourly

• Short-course  
steroids for 3–5 
days; can be 
stopped without  
tapering

Good response at 
any stage:
Follow the principle of 
“Last in–First out’’
• Omit aminophylline 

infusion in 12–24 
hours, if used

• Omit ipratropium 
inhalation in next 
12–24 hours

• Reduce the salbu-
tamol inhalation to 
4–6 hourly

• Plan discharge

Poor response:

• Repeat initial treatment as before, if general  
danger signs and difficult breathing present add

• lpratropium bromide inhalation (may mix or alter-
nate with salbutamol)

• Oxygen
• Oral Prednisolone (1–2 mg/kg) or equivalent

Poor response:
• Continue bronchodilator 1–2 hourly 

and lpratropium 8 hourly; continue 
steroids

• Give one dose of magnesium sulfate

Poor response:
• Give one dose of magnesium sul-

fate or aminophylline choosing what 
was not used in the previous step
Or

• Refer to a higher center

Initial Treatment

• Salbutamol inhalation 2.5 mg/dose (5 mg/ml solution), by nebulizer 
every 20 minutes × 3

or 

• Salbutamol inhalation by MDI-spacer 4 puffs (100 mcg/puff) at  
2–3 minute interval. This course is repeated every 20 minutes × 3

or

• Inj. Adrenaline 0.01 ml/kg (maximum of 0.3 ml) of 1:1000 solution 
subcutaneous every 20 minutes × 3

• Oxygen

• Start steroids; Prednisolone 1–2 mg/kg in divided doses or  
Hydrocortisone 4 mg/kg IV stat Or Methylprednisolone 40 mg  
every 6 hours

Reassess every 30–60 minutes

Reassess every 30–60 minutes

Reassess every 30–60 minutes

LIR_CH41.indd   722 09/10/18   12:43 PM



723II. Preferred Drugs Used to Treat Asthma

2. Long-term control: Salmeterol [sal-MEE-ter-all] and formoterol 
[for-MOE-ter-all] are long-acting β2 agonists (LABAs) and chem-
ical analogs of salbutamol. Salmeterol and formoterol have a 
long duration of action, providing bronchodilation for at least 
12  hours. Use of LABA monotherapy is contraindicated, and 

ICS = inhaled corticosteroid; LABA = long-acting β2 agonist.

Figure 41.4
Guidelines for the treatment of asthma. In all asthmatic patients, quick relief is provided by a SABA as needed for 
symptoms.

CLASSIFICATION
BRONCHO-
CONSTRICTIVE
EPISODES

NIGHT TIME 
SYMPTOMS

RESULTS OF 
PEAK FLOW OR  
SPIROMETRY

LONG-TERM  
CONTROL

QUICK RELIEF  
OF SYMPTOMS

Grade 1
Mild Intermittent

Asymptomatic and 
normal between 
attacks

Less than 2 times 
a month

Near normal  
(80% of normal) 

No daily medication Short-acting  
b2 agonist

Grade 2
Mild persistent

More than one time 
a week but less than 
one time a day

More than 2 times 
a month

Near normal  
(>60% to 80%  
of normal)

Low-dose ICS Short-acting  
b2 agonist

Grade 3
Moderate 
 persistent

More than once daily Once a week 60% to 80% of
normal

Low-dose ICS + LABA
OR
Medium-dose ICS

Short-acting b2  
agonist ICS/formoterol 
is an alternative

Grade 4
Severe persistent

Continual; limited 
physical activity 

Frequent Less than 60% of 
normal

Medium-dose ICS + LABA
OR
High-dose ICS + LABA

Short-acting b2  
agonist ICS/formoterol 
is an alternative

STEP 5

STEP 4 Refer for 
add-on 
treatmentSTEP 3 Medium/high-

dose ICS/LABA
STEP 2 Low-dose ICS/

LABA
STEP 1

Low-dose ICSPreferred 
controller 
choice

Other 
controller 
options

Low-dose ICS LTRA/low-dose  
theophylline1

Medium/high-
dose ICS/low 
dose  ICS + LTRA  
(Or+Theophylline)

Add Ipratropium/ 
tiotropium/high-
dose ICS + LTRA 
(Or+Theophylline)

Reliever As needed SABA As needed SABA or low-dose ICS/f

Symptoms Intermittent Persistent

ICS = inhaled corticosteroid; LABA = long-acting β2 agonist.
Notes:  Before step-up, check dose, device, adherence, and inhaler technique and correct errors, check for triggers, and 
comorbidity, if any (allergic rhinitis, sinusitis).
Short step-up for 1–2 weeks during viral infection or exposure to allergens.  
Day-to-day adjustments by patients on ICS as maintenance or reliever therapy. Step down if symptoms controlled for  
3 months and at low risk of exacerbation.
1For children 6 to 11 years of age, theophylline is not recommended; the preferred step 3 treatment is medium-dose ICS
2Low-dose ICS/formoterol is reliever for patients prescribed low-dose budesonide/formoterol or beclomethasone/formoterol.

ormoterol2

Refer for 
add-on 
treatment  
with 
omalizumab

Figure 41.5
Stepwise approach to management of asthma.
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724 41. Drugs for Disorders of the Respiratory System

LABAs should be used only in combination with an asthma 
controller medication, such as an inhaled corticosteroid (ICS). 
ICS remains the long-term controllers of choice in asthma, and 
LABAs are considered to be useful adjunctive therapy for attain-
ing control in moderate-to- severe asthma. Some LABAs are 
available as a combination product with an ICS (Figure 41.1). 
Although both LABAs are usually used on a scheduled basis to 
control asthma, adults and adolescents with moderate persistent 
asthma can use the ICS/ formoterol combination for relief of 
acute symptoms. Adverse effects of LABAs are similar to quick- 
acting β2 agonists. Bambuterol is a prodrug of  terbutaline. Upon 
administration, it is slowly released over a period of 24 hours by 
pseudocholinesterase. 

D. Corticosteroids

 ICS are the drugs of choice for long-term control (preventer) in patients 
with persistent asthma (Figure 41.4). Corticosteroids (see Chapter 26) 
inhibit the release of arachidonic acid through inhibition of phospholi-
pase A2, thereby producing direct anti-inflammatory properties in the 
airways (Figure 41.6). To be effective in controlling inflammation, these 
agents must be used regularly. Treatment of exacerbations or severe 
persistent asthma may require the addition of a short course of oral or 
intravenous corticosteroids.

1. Actions on lung: ICS therapy directly targets underlying airway 
inflammation by decreasing the inflammatory cascade (eosin-
ophils, macrophages, and T lymphocytes), reversing mucosal 
edema, decreasing the permeability of capillaries, and inhibiting 
the release of leukotrienes. After several months of regular use, 
ICS reduce the hyper-responsiveness of the airway smooth mus-
cle to a variety of bronchoconstrictor stimuli, such as allergens, 
irritants, cold air, and exercise.

2. Routes of administration: 

a. Inhalation: The development of ICS has markedly reduced 
the need for systemic corticosteroid treatment to achieve 
control of asthma symptoms. However, as with all inhaled 
medications, appropriate inhalation technique is critical to the 
success of therapy (see section on Inhaler Technique).

b. Oral/systemic: Patients with a severe exacerbation of 
asthma (status asthmaticus) may require intravenous meth-
ylprednisolone or oral prednisone to reduce airway inflam-
mation. In most cases, suppression of the hypothalamic–
pituitary–adrenal cortex axis does not occur during the oral 
prednisone “burst” (short course) typically prescribed for an 
asthma exacerbation, Thus, a dose taper is unnecessary 
prior to discontinuation.

c. Adverse effects: Oral or parenteral corticosteroids have a 
variety of potentially serious adverse effects (see Chapter 
26), whereas ICS, particularly if used with a spacer, have few 
systemic effects. ICS deposition on the oral and laryngeal 
mucosa can cause oropharyngeal candidiasis (due to local 
immune suppression) and hoarseness. Patients should be 
instructed to rinse the mouth in a “swish-and-spit” method 

CYTOSOL

EXTRACELLULAR
SPACE

AIRWAY
Smooth muscle constriction

Eosinophil migration
Edema

(prevented by drugs)

Leukotriene D4

Leukotriene C4 Leukotriene E4

CysLT1
receptor

Montelukast
Za�rlukast

5-Lipoxygenase

Zileuton

Leukotriene A4 Leukotriene B4

Leukotriene B4

NEUTROPHIL EOSINOPHIL

Chemotaxis

CE
LL

 M
EMBRANE 

Cysteinyl 
leukotrienes

Arachidonic acid

Leukotriene C4

CELL MEMBRANEPHOSPHOLIPIDS

CELL MEMBRANEPHOSPHOLIPIDS

Steroids
Phospholipases

Figure 41.6
Sites of action for various  respiratory 
medications. CysLT1 = cysteinyl 
leukotriene-1.
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with water following use of the inhaler to decrease the 
chance of these adverse events. Due to the potential for 
serious adverse effects, chronic maintenance with oral corti-
costeroids should be reserved for patients who are not con-
trolled on an ICS.

III. ALTERNATIVE DRUGS USED TO TREAT ASTHMA

These drugs are useful for treatment of asthma in patients who are poorly 
controlled by conventional therapy or experience adverse effects second-
ary to corticosteroid treatment. These drugs should be used in conjunction 
with ICS therapy for most patients.

A.  Leukotriene modifiers (leukotriene receptor antagonists 
and lipoxygenase inhibitors)

 Leukotrienes (LT) B4 and the cysteinyl leukotrienes, LTC4, LTD4, and 
LTE4, are products of the 5-lipoxygenase pathway of arachidonic acid 
metabolism and part of the inflammatory cascade. 5-Lipoxygenase 
is found in cells of myeloid origin, such as mast cells, basophils, 
eosinophils, and neutrophils. LTB4 is a potent chemoattractant for 
neutrophils and eosinophils, whereas the cysteinyl leukotrienes con-
strict bronchiolar smooth muscle, increase endothelial permeability, 
and promote mucus secretion. Zileuton [zye-LOO-ton] is a selective 
and specific inhibitor of 5-lipoxygenase, preventing the formation of 
both LTB4 and the cysteinyl leukotrienes. Zafirlukast [za-FIR-loo-kast]  
and montelukast [mon-te-LOO-kast] are selective antagonists of the 
cysteinyl leukotriene-1 receptor, and they block the effects of cys-
teinyl leukotrienes (Figure 41.6). These agents are approved for the 
prevention of asthma symptoms. They should not be used in situ-
ations where immediate bronchodilation is required. Leukotriene 
 receptor antagonists have also shown efficacy for the prevention of 
exercise-induced bronchospasm.

1. Pharmacokinetics: These agents are orally active and highly pro-
tein bound. Food impairs the absorption of zafirlukast. The drugs 
undergo extensive hepatic metabolism. Zileuton and its metabo-
lites are excreted in urine, whereas zafirlukast, montelukast, and 
their metabolites undergo biliary excretion.

2. Adverse effects: Elevations in serum hepatic enzymes may occur 
with these drugs, requiring periodic monitoring and discontinua-
tion when enzymes exceed three to five times the upper limit of 
normal. Other effects include headache and dyspepsia. Zafirlukast 
is an inhibitor of cytochrome P450 (CYP) isoenzymes 2C8, 2C9, 
and 3A4, and zileuton inhibits CYP1A2. Coadministration with 
drugs that are substrates of these isoenzymes may result in 
increased effects and/or toxicity.

B. Mast cell stabilizers 

1. Cromolyn: Cromolyn [KRO-moe-lin] is a prophylactic anti-inflam-
matory agent that inhibits mast cell degranulation and release of 
histamine. It is  an alternative therapy for mild persistent asthma 
and is available as a nebulized solution. Because cromolyn is not 

LIR_CH41.indd   725 09/10/18   12:44 PM



726 41. Drugs for Disorders of the Respiratory System

a bronchodilator, it is not useful in managing an acute asthma 
attack. Because of its short duration of action, this agent requires 
dosing three or four times daily, which affects adherence and lim-
its its use. Adverse effects are minor and include cough, irritation, 
and unpleasant taste.

2. Ketotifen: Ketotifen is an antihistaminic reported to have mast 
cell stabilization  activity. It shows moderate antiasthmatic activ-
ity on prolonged use. It is useful in patients with allergy such as 
rhinitis, conjunctivitis, and dermatitis. Unlike cromolyn, it induces 
sedation and dry mouth. 

C. Cholinergic antagonists

 The anticholinergic agents block vagally mediated contraction of air-
way smooth muscle and mucus secretion (see Chapter 5). Inhaled 
ipratropium [IP-ra-TROE-pee-um], a short-acting quaternary deriv-
ative of atropine, is not recommended for the routine treatment of 
acute bronchospasm in asthma, as its onset is much slower than 
inhaled SABAs. However, it may be useful in patients who are unable 
to tolerate a SABA or patients with asthma-COPD overlap syndrome. 
Ipratropium also offers additional benefit when used with a SABA 
for the treatment of acute asthma exacerbations in the emergency 
department. Tiotropium [tye-oh-TROE-pee-um], a long-acting anti-
cholinergic agent, can be used as an add-on treatment in adult 
patients with severe asthma and a history of exacerbations. Adverse 
effects such as xerostomia and bitter taste are related to local anti-
cholinergic effects.

D. Methylxanthines 

1. Theophylline: Theophylline [thee-OFF-i-lin] is a bronchodilator 
that relieves airflow obstruction in chronic asthma and decreases 
its symptoms. It may also possess anti-inflammatory activity. 
Although it is precise, the mechanism of action is unclear. It is a 
nonselective phosphodiesterase inhibitor known to increase cel-
lular cAMP and cGMP levels, which are accounted for the bron-
chodilation achieved. It is also responsible for its cardiac side 
effects. Additionally, theophylline is reported to play a beneficial 
role in asthma due to its ability to antagonize adenosine receptors 
causing bronchoconstriction, induce anti-inflammatory interleukin 
(IL10) release, prevent the gene transcription of NF–kB, prevent 
adenosine-induced constriction of blood vessels, inhibit histone 
decarboxylase-2 by its anti-inflammatory action, and increase cir-
culating catecholamines. 

 Previously, the mainstay of asthma therapy, theophylline has been 
largely replaced with β2 agonists and corticosteroids due to its 
narrow therapeutic window, adverse effect profile, and potential 
for drug interactions. Overdose may cause seizures or potentially 
fatal arrhythmias. Theophylline is metabolized in the liver and is a 
CYP1A2 and 3A4 substrate. It is subject to numerous drug inter-
actions. Serum concentration monitoring should be performed 
when theophylline is used chronically.
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E. Monoclonal antibodies

 Omalizumab [OH-ma-LIZ-oo-mab] is a monoclonal antibody that 
selectively binds to human immunoglobulin E (IgE). This leads to 
decreased binding of IgE to its receptor on the surface of mast cells 
and basophils. Reduction in surface-bound IgE limits the release of 
mediators of the allergic response. The monoclonal antibodies mepo-
lizumab [MEP-oh-LIZ-ue-mab], benralizumab [ben-ra-LIZ-ue-mab], 
and reslizumab [res-LIZ-ue-mab] are interleukin-5 (IL-5) antagonists. 
IL-5 is the major cytokine involved in recruitment, activation, and sur-
vival of eosinophils in eosinophilic asthma. These agents are indi-
cated for the treatment of severe persistent asthma in patients who 
are poorly controlled with conventional therapy. Their use is limited by 
the high cost, route of administration (IV for reslizumab and subcuta-
neous for others), and adverse effect profile. Adverse effects include 
serious anaphylactic reactions (rare), arthralgias, fever, rash, and 
increased risk of infections. New malignancies have been reported.

IV.  DRUGS USED TO TREAT CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE (COPD)

COPD is a chronic, irreversible obstruction of airflow that is usually progres-
sive and characterized by persistent symptoms. These may include cough, 
excess mucus production, chest tightness, breathlessness, difficulty sleep-
ing, and fatigue. Although symptoms are similar to asthma, the character-
istic irreversible airflow obstruction of COPD is one of the most significant 
differences between the diseases. Smoking is the greatest risk factor for 
COPD and is directly linked to the progressive decline of lung function, as 
demonstrated by forced expiratory volume in 1 second (FEV1). Smoking 
cessation should be recommended regardless of the stage and severity of 
COPD, or the age of the patient. Drug therapy for COPD is aimed at relief 
of symptoms and prevention of disease progression. Unfortunately, with 
the current available care, many patients still experience a decline in lung 
function over time.

A. Bronchodilators

 Inhaled bronchodilators, including the β2-adrenergic agonists and 
anticholinergic agents (muscarinic antagonists), are the foundation of 
therapy for COPD (Figure 41.7). These drugs increase airflow, alleviate 
symptoms, and decrease exacerbations. The long-acting bronchodi-
lators, LABAs and long-acting muscarinic antagonists (LAMAs), are 
preferred as first-line treatment of COPD for all patients except those 
who are at low risk with less symptoms. LABAs include once-daily 
indacaterol [in-da-KA-ter-ol], olodaterol [OH-loe-DAT-er-ol], and vilan-
terol [vye-LAN-ter-ol], as well as the twice-daily inhaled formulations of 
arformoterol, formoterol, and salmeterol. Aclidinium [A-kli-DIN-ee-um],  
tiotropium, glycopyrrolate [GLYE-koe-PIR-oh-late], and umeclidinium 
[ue-ME-kli-DIN-ee-um]) are LAMAs. The combination of an anticho-
linergic and a β2 agonist may be helpful in patients who have inade-
quate response to a single inhaled bronchodilator and are at risk of 
exacerbations.
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B. Corticosteroids

 The addition of an ICS to a long-acting bronchodilator may improve 
symptoms, lung function, and quality of life in COPD patients with 
FEV1 of less than 60% predicted or patients with symptoms of 
both asthma and COPD. However, ICS treatment in COPD should 
be restricted to these patients, since its use is associated with an 
increased risk of pneumonia. Although often used for acute exac-
erbations, oral corticosteroids are not recommended for long-term 
treatment of COPD.

C. Other agents

 Roflumilast [roe-FLUE-mi-last] is an oral phosphodiesterase-4 inhib-
itor used to reduce exacerbations in patients with severe chronic 
bronchitis. Although its activity is not well defined in COPD, it is 
theorized to reduce inflammation by increasing levels of intracellu-
lar cAMP in lung cells. Roflumilast is not a bronchodilator and is 
not indicated for the relief of acute bronchospasm. Its use is lim-
ited by common adverse effects including weight loss, nausea, diar-
rhea, and headache. In COPD, the use of theophylline has largely 
been replaced by the more effective and tolerable long-acting 
bronchodilators.

V. INHALER TECHNIQUE

An appropriate inhaler technique differs between metered-dose inhalers 
(MDIs) and dry powder inhalers (DPIs). A proper technique is critical to the 
success of therapy, and the inhaler technique should be assessed regularly.

Bronchodilator:
SABA 
or 
LABA 
or 
Short-acting anticholinergic 
or 
LAMA

Long acting bronchodilator:
LABA 
or 
LAMA

LAMA

LAMA + LABA

Try alternative class

LAMA + LABA

LAMA + LABA
or
LABA + ICS

LAMA + LABA + ICS
(May consider ro�umilast if FEV1 < 50% predicted 
and chronic bronchitis)

A

B

C

D

Low risk
Fewer symptoms

Low risk
More symptoms

High risk
Fewer symptoms

High risk
More symptoms

RECOMMENDED FIRST CHOICE RECOMMENDED ESCALATIONPATIENT GROUP

Whalen7-ch037-�g005

Figure 41.7
Guidelines for the pharmacologic therapy of stable chronic obstructive pulmonary disease. 

FEV1 = forced expiratory volume in 1 second; ICS = inhaled corticosteroid; LABA = long-acting b2 agonist; LAMA = long-acting muscarinic antagonist;  
SABA = short-acting b2 agonist.
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A. Metered-dose inhalers and dry powder inhalers

 MDIs have propellants that eject the active medication from the canister. 
Patients should be instructed to exhale before they actuate the inhaler, 
and then begin to inhale slowly as they press the canister and con-
tinue inhaling slowly and deeply throughout actuation. This technique 
avoids impaction of the medication onto the laryngeal mucosa and 
facilitates the drug reaching the site of action in the bronchial smooth 
muscle. A large fraction (typically 80% to 90%) of inhaled medication 
(for example, corticosteroids) is either deposited in the mouth and phar-
ynx or swallowed (Figure 41.8). The remaining 10% to 20% of a dose of 
inhaled glucocorticoids that is not swallowed reaches the site of action 
in the airway. Use of an appropriate technique with ICS reduces the 
risk of systemic absorption and adverse effects. DPIs require a different 
inhaler technique. Patients should be instructed to inhale quickly and 
deeply to optimize drug delivery to the lungs. Patients using any type 
of inhaled corticosteroid device should be instructed to rinse the mouth 
after use to prevent the development of oral candidiasis.

B. Spacers

 A spacer is a large-volume chamber attached to an MDI. The chamber 
reduces the velocity of the aerosol before entering the mouth, allowing 
large drug particles to be deposited in the device. The smaller, higher 
velocity drug particles are less likely to be deposited in the mouth and 
more likely to reach the target airway tissue (Figure 41.9). Patients 
should be advised to wash and/or rinse spacers to reduce the risk of 
bacterial or fungal growth that may induce an asthma attack.

VI. DRUGS USED TO TREAT ALLERGIC RHINITIS

Rhinitis is an inflammation of the mucous membranes of the nose and is 
characterized by sneezing, itchy nose/eyes, watery rhinorrhea, nasal con-
gestion, and sometimes a nonproductive cough. An attack may be precip-
itated by inhalation of an allergen (such as dust, pollen, or animal dander). 
The foreign material interacts with mast cells coated with IgE generated 
in response to a previous allergen exposure. The mast cells release medi-
ators, such as histamine, leukotrienes, and chemotactic factors that pro-
mote bronchiolar spasm and mucosal thickening from edema and cellular 
infiltration. Antihistamines and/or intranasal corticosteroids are preferred 
therapies for allergic rhinitis.

A. Antihistamines 

 Oral antihistamines (H1 receptor antagonists; see Chapter 39) have 
a fast-onset of action and are useful for the management of symp-
toms of allergic rhinitis caused by histamine release, such as sneez-
ing, watery  rhinorrhea, and itchy eyes/nose. However, they are more 
effective for prevention of symptoms in mild or intermittent disease, 
rather than treatment once symptoms have begun. First-generation 
antihistamines, such as diphenhydramine and chlorpheniramine, 
are usually not preferred due to adverse effects, such as sedation, 
performance  impairment, and other anticholinergic effects. The 

Figure 41.8 
Pharmacokinetics of inhaled 
 glucocorticoids. GI = gastrointestinal.
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730 41. Drugs for Disorders of the Respiratory System

second-generation antihistamines (for example, fexofenadine, lorata-
dine, desloratadine, and cetirizine) are generally better tolerated. 
Ophthalmic and nasal antihistamine delivery devices are available for 
targeted, topical tissue delivery. Examples of topical intranasal anti-
histamines include olopatadine [OH-loe-PA-ta-deen] and azelastine 
[a-ZEL-uh-steen]. Intranasal antihistamines provide increased deliv-
ery of the drug with fewer adverse effects. Combinations of antihista-
mines with decongestants (see the following text) are effective when 
congestion is a feature of rhinitis, or when patients have no response 
or incomplete control of symptoms with intranasal corticosteroids.

B. Corticosteroids

 Intranasal corticosteroids, such as beclomethasone, budesonide, flu-
ticasone, ciclesonide, mometasone, and triamcinolone, are the most 
effective medications for treatment of allergic rhinitis. With an onset 
of action that ranges from 3 to 36 hours after the first dose, intrana-
sal corticosteroids improve sneezing, itching, rhinorrhea, and nasal 
congestion. Systemic absorption is minimal, and adverse effects of 
treatment are localized. These include nasal irritation, nosebleed, 
sore throat, and, rarely, candidiasis. To minimize systemic absorption, 
patients should be instructed to avoid deep inhalation during admin-
istration into the nose, because the target tissue is the nose, not the 
lungs or the throat. For patients with chronic rhinitis, improvement 
may not be seen until 1 to 2 weeks after starting therapy.

C. a-Adrenergic agonists

 Short-acting α-adrenergic agonists (“nasal decongestants”), such as 
phenylephrine, constrict dilated arterioles in the nasal mucosa and reduce 
airway resistance. Long-acting oxymetazoline [OX-i-me-TAZ-oh-leen]  
is also available. When administered intranasally, these drugs have a 
rapid onset of action and show few systemic effects. However, intra-
nasal formulations of α-adrenergic agonists should be used for no 
longer than 3 days due to the risk of rebound nasal congestion (rhini-
tis medicamentosa). For this reason, the α-adrenergic agents are not 
used in the long-term treatment of allergic rhinitis. Administration of 
oral α-adrenergic agonists results in a longer duration of action but 
also increased systemic effects, such as increased blood pressure 
and heart rate (see Chapter 6). As with intranasal formulations, regular 
use of oral α-adrenergic agonists (phenylephrine and pseudoephed-
rine) alone or in combination with antihistamines is not recommended.

D. Other agents

 Intranasal cromolyn may be useful in allergic rhinitis, particularly when 
administered before contact with an allergen. To optimize the ther-
apeutic effect, dosing should begin at least 1 to 2 weeks prior to 
allergen exposure. Although potentially inferior to other treatments, 
some leukotriene receptor antagonists are effective for allergic rhinitis 
as monotherapy or in combination with other agents. They may be 
a reasonable option in patients who also have asthma. An intranasal 
formulation of ipratropium is available to treat rhinorrhea associated 
with allergic rhinitis or the common cold. It does not relieve sneezing 
or nasal congestion.

Figure 41.9
Effect of a spacer on the delivery of 
an inhaled aerosol.

Large particles of aerosol are
deposited in the chamber 
before the patient inhales.

Inhaled aerosol is enriched in 
small particles that more readily 
travel to the small airways.
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731VII. Drugs Used to Treat Cough/Antitussive agents

VII.  DRUGS USED TO TREAT COUGH/ANTITUSSIVE 
AGENTS

Coughing is an important defense mechanism of the respiratory system in 
response to irritants and is a common reason for patients to seek medi-
cal care. A troublesome cough may represent several etiologies, such as 
the common cold, sinusitis, and/or an underlying chronic respiratory dis-
ease. In some cases, cough may be an effective defense reflex against 
an underlying bacterial infection and should not be suppressed. Before 
treating cough, identification of its cause is important to ensure that anti-
tussive treatment is appropriate. The priority should always be to treat the 
underlying cause of cough when possible.

A. Opioids

 Codeine [KOE-deen], an opioid, decreases the sensitivity of cough cen-
ters in the central nervous system to peripheral stimuli and decreases 
mucosal secretion. These therapeutic effects occur at doses lower 
than those required for analgesia. However, common adverse effects, 
such as constipation, dysphoria, and fatigue, still occur. In addition, 
codeine has addictive potential which limits its use, given increasing 
concerns with opioid addiction (see Chapter 14). 

 Dextromethorphan [dex-troe-meth-OR-fan] is a synthetic derivative of 
morphine that has no analgesic effects in antitussive doses. It is a 
centrally active excitatory amino acid NMDA receptor antagonist and 
is also reported to antagonize opioid receptors. It has a better adverse 
effect profile than codeine and is equally effective for cough suppres-
sion. In low doses, dextromethorphan has a low addictive profile. 
However, it is also a potential drug of abuse, since it may cause dys-
phoria at high doses. Guaifenesin [gwye-FEN-e-sin], an expectorant, 
is available as a single-ingredient formulation and is commonly found 
in combination cough products with codeine or dextromethorphan.

 Other opioid derivatives such as pholcodine and ethylmorphine are 
structurally related to codeine and are used as antitussive. Pholcodine 
is long acting while ethylmorphine is less constipating. 

B. Nonopioid cough suppressants 

1. Benzonatate: Unlike the opioids, benzonatate [ben-ZOE-na-tate] 
suppresses the cough reflex through peripheral action. It anes-
thetizes the stretch receptors located in the respiratory passages, 
lungs, and pleura. Adverse effects include dizziness, numbness 
of the tongue, mouth, and throat. These localized effects may be 
particularly problematic if the capsules are broken or chewed and 
the drug comes in direct contact with the oral mucosa.

2. Noscapine: Although noscapine is also isolated from the opium 
poppy, it is chemically different from the phenanthrene type of 
alkaloids (morphine type). Noscapine acts as a cough suppres-
sant through the nonopioid pathway. Sigma receptors are sug-
gested to be involved in the antitussive mechanism of noscapine 
used for spasmodic cough. Headache and nausea are the side 
effects reported on its usage. 
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3. Chlophedianol: Chlophedianol is a centrally acting antitus-
sive having a slow onset of action along with a longer duration 
of action. It is reported to cause irritability, vertigo, and dryness of 
mouth. 

4. Prenoxdiazine: Prenoxdiazine is a locally acting antitussive which 
desensitizes pulmonary stretch receptors and decreases the 
impulses arising from lungs. Due to its peripheral action, it is indi-
cated for the bronchial cough. 

C. Mucokinetics and expectorants

 Mucokinetics are a class of drugs which aid in the clearance of mucus 
from the airways and lungs. Such drugs can be further categorized by 
their mechanism of action: 

• Mucolytic agents

• Expectorants

• Surfactants—wetting agents (hypoviscosity agents) and adhesives 
(that decrease the adhesivity of secretions)

 An expectorant (derived from the Latin expectorare, to expel or ban-
ish) increases the bronchial secretion or reduces its viscosity, facilitat-
ing its removal by coughing, and relieves the irritated respiratory tract. 
Expectorants do not alter ciliary beat frequency or mucociliary clear-
ance. Sodium and potassium citrate or acetate, potassium iodide, 
guaiacol, guaiphenesin (glyceryl guaiacolate), balsum of tolu, vasaka, 
and terpin hydrate are commonly used mucolytics. Mucolytics are 
medications that change the biophysical properties of secretions 
by degrading the mucin polymers, DNA, fibrin, or F-actin in airway 
secretions, generally decreasing viscosity. This does not necessarily 
improve secretion clearance, because sputum that is more viscous 
but less sticky tends to clear better with cough. Some examples of 
mucolytics are bromhexine, ambroxol, acetyl cysteine, and carbo-
cisteine. There is no evidence that the currently available expecto-
rants are effective and therefore are not recommended for chronic 
bronchitis or during acute exacerbation.

 Both expectorants and mucolytics are used to increase the output 
of bronchial secretions, enhance the clearance of bronchial exudate, 
and promote a productive cough. Saline expectorants stimulate bron-
chial mucous secretions via a vagally mediated reflex action on the 
gastric mucosa. However, there are no well-designed studies that 
support these claims. Examples of these drugs include ammonium 
chloride, ammonium carbonate, potassium iodide, calcium iodide, 
and ethylenediamine dihydroiodide. Iodine-containing products are 
contraindicated in pregnant, and prolonged use can induce goiter and 
hypothyroidism.

 Direct stimulants of respiratory secretions include the volatile oils, 
such as eucalyptus oil and oil of lemon. They are believed to directly 
increase respiratory tract secretions. Their efficacy in animals is 
unknown.

 Guaifenesin (glyceryl guaiacolate) is a centrally acting muscle relaxant 
that may also have an expectorant effect. It may stimulate bronchial 
secretions via vagal pathways. The volume and viscosity of bronchial 
secretions do not change, but particle clearance from the airways 
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may accelerate. Guaifenesin is commonly available in many over-the-
counter cough syrups in combination with dextromethorphan.

 N-acetylcysteine is available as a 10% solution that can be nebulized. 
Its mucolytic effect is the result of the exposed sulfhydryl groups on 
the compound, which interact with disulfide bonds on mucoprotein. 
Acetylcysteine helps to break down respiratory mucus and enhance 
clearance. It may also increase the levels of glutathione, which is a 
scavenger of oxygen-free radicals. N-acetylcysteine has no proven 
benefit and carry a risk of epithelial damage when administered via 
aerosol. Aerosolization of acetylcysteine can cause reflex bronchoc-
onstriction due to irritant receptor stimulation, so its use should be 
preceded by bronchodilator therapy. These drugs also act as antioxi-
dants and may therefore reduce airway inflammation.

 Bromhexine/Ambroxol is a derivative of the alkaloid vasicine obtained 
from Adhantodavasica. It is a potent mucolytic and mucokinetic, 
capable of inducing thin copious bronchial secretion and, helps in 
dissolving hard phlegm/mucus plugs. Side effects include rhinorrhea, 
lacrymation, gastric irritation, and hypersensitivity.

Study Questions

Choose the ONE best answer.

41.1 A 12-year-old girl with asthma presents to the emer-
gency room with complaints of cough, dyspnea, 
and wheezing after visiting a riding stable. Which 
is the most appropriate drug to rapidly reverse her 
bronchoconstriction?

A. Inhaled fluticasone

B. Inhaled beclomethasone

C. Inhaled salbutamol

D. Intravenous propranolol

41.2 A 9-year-old girl has severe asthma that required 
three hospitalizations in the past year. She is now 
receiving therapy that has greatly reduced the fre-
quency of severe attacks. Which drug is most likely 
responsible for this benefit?

A. Inhaled salbutamol

B. Inhaled ipratropium

C. Inhaled fluticasone

D. Oral zafirlukast

Correct answer = C. Inhalation of a rapid-acting b2 
agonist, such as salbutamol, usually provides imme-
diate bronchodilation. An acute asthmatic crisis 
often requires intravenous corticosteroids, such as 
methylprednisolone. Inhaled corticosteroids such as 
beclomethasone and fluticasone treat chronic airway 
inflammation but do not provide any immediate effect. 
Propranolol is a nonselective b-blocker and would 
aggravate the bronchoconstriction. 

Correct answer = C. Administration of an inhaled cor-
ticosteroid such as fluticasone significantly reduces 
the frequency of severe asthma attacks. This ben-
efit is accomplished with minimal risk of the severe 
systemic adverse effects of oral corticosteroid ther-
apy. The b2 agonist salbutamol is used to treat acute 
asthma symptoms. Ipratropium has more common 
use in COPD and sometimes in the acute manage-
ment of acute asthma exacerbations. Zafirlukast 
may reduce the severity of attacks, but not to the 
same degree or consistency as fluticasone (or other 
corticosteroids).
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Correct answer = C. The addition of an anticholin-
ergic bronchodilator to the LABA salmeterol would 
be appropriate and provide additional therapeutic 
benefit. Systemic corticosteroids are used to treat 
exacerbations in patients with COPD, but not rec-
ommended for chronic use. The addition of a SABA 
(salbutamol) is less likely to provide additional benefit 
since the patient is already using medication with the 
same mechanism of action. Roflumilast is not indi-
cated, since the patient only has moderate airway 
obstruction. 

Correct answer = C. The addition of an inhaled cor-
ticosteroid may provide additional benefit since the 
patient has significant airway obstruction and fre-
quent exacerbations requiring hospitalization. It is not 
routinely recommended to discontinue a long-acting 
bronchodilator unless the patient experiences an 
adverse effect or experiences no therapeutic bene-
fit. In this case, the patient reports mild symptoms 
in between exacerbations, suggesting she may bene-
fit from both bronchodilators. Theophylline is an oral 
bronchodilator that is beneficial to some patients with 
stable COPD. However, because of its toxic potential, 
its use is not routinely recommended.

Correct answer = C. Benzonatate suppresses the 
cough reflex through peripheral action and has no 
abuse potential. Dextromethorphan, an opioid deriva-
tive, and codeine, an opioid, both have abuse potential. 
Montelukast is not indicated for cough suppression.

Correct answer = C. Inhaled corticosteroids have 
direct anti-inflammatory properties on the airways 
and require regular dosing to be effective. Tiotropium 
is used more frequently for the treatment of COPD. 
It does not have anti-inflammatory effects like the 
corticosteroids. Salmeterol and salbutamol are both 
bronchodilators, but do not have anti-inflammatory 
properties.

41.3 A 68-year-old man has COPD with moderate airway 
obstruction. Despite using salmeterol twice daily, he 
reports continued symptoms of shortness of breath 
with mild exertion. Which agent is an appropriate 
addition to his current therapy?

A. Systemic corticosteroids

B. Salbutamol

C. Tiotropium

D. Roflumilast

41.4 A 58-year-old woman with COPD has been hospi-
talized three times in the past year for COPD exac-
erbations. She reports only mild symptoms between 
exacerbations. Her regimen for the past year has 
included inhaled salmeterol twice daily and inhaled 
tiotropium once daily. Her current FEV1 is below 
60%. Which is an appropriate change in her drug 
therapy?

A. Discontinue the tiotropium.

B. Discontinue the salmeterol.

C. Change the salmeterol to a combination product 
that includes both a LABA and an inhaled cortico-
steroid (for example, salmeterol/fluticasone DPI).

D. Add theophylline.

41.5 A 32-year-old man with a history of opioid addiction 
presents with cough due to a viral upper respiratory 
system infection. Which is appropriate symptomatic 
treatment for cough in this patient?

A. Guaifenesin/dextromethorphan

B. Guaifenesin/codeine

C. Benzonatate

D. Montelukast

41.6 Because of its anti-inflammatory mechanism of 
action, which drug requires regular administration 
for the treatment of asthma?

A. Tiotropium

B. Salmeterol

C. Mometasone

D. Salbutamol
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Correct answer = C. Zileuton is the only 5-lipoxygen-
ase inhibitor available. While zafirlukast and montelu-
kast both inhibit the effects of leukotrienes, they do 
so by blocking the receptor. Cromolyn inhibits mast 
cell degranulation and the release of histamine. 

Correct answer = C. “Quick and deep” inhalation is 
required for effective use of a DPI. Inhaling “slowly 
and deeply” and the use of a spacer describe tech-
niques associated with an MDI, not DPI. Rinsing the 
mouth may be appropriate for either type of inhaler 
if the medication being administered is an inhaled 
corticosteroid; however, this should always be done 
following inhaler use, not prior to use.

Correct answer = B. Intranasal decongestants should 
be used no longer than 3 days due to the risk of 
rebound nasal congestion (rhinitis medicamentosa). 
For this reason, the α-adrenergic agents should not 
be used in the long-term treatment of allergic rhinitis. 
The other agents may be used as chronic therapies.

Correct answer = D. Chlorpheniramine and diphen-
hydramine are first-generation antihistamines and 
are usually not a preferred treatment due to their 
increased risk of adverse effects, such as sedation, 
performance impairment, and other anticholinergic 
effects. Phenylephrine is short-acting α-adrenergic 
agonist (“nasal decongestant”). Cetirizine is a second- 
generation antihistamine and is generally better toler-
ated, making it a preferred agent for allergic rhinitis.

41.7 Which agent is a preferred antihistamine for the 
management of allergic rhinitis?

A. Chlorpheniramine

B. Diphenhydramine

C. Phenylephrine

D. Cetirizine

41.8 Which medication inhibits the action of 5-lipoxy-
genase and consequently the action of leukotriene 
B4 and the cysteinyl leukotrienes?

A. Cromolyn

B. Zafirlukast

C. Zileuton

D. Montelukast

41.9 Which statement describes appropriate inhaler 
technique for a dry powder inhaler?

A. Inhale slowly and deeply just before and 
throughout actuation of the inhaler.

B. Use a large-volume chamber (spacer) to 
decrease deposition of drug in the mouth 
caused by improper inhaler technique.

C. Inhale quickly and deeply to optimize drug 
delivery to the lungs.

D. Rinse mouth in a “swish-and-spit” method 
with water prior to inhaler use to decrease the 
chance of adverse events.

41.10 Which category of allergic rhinitis medications is 
most likely to be associated with rhinitis medica-
mentosa (rebound nasal congestion) with pro-
longed use?

A. Intranasal corticosteroid

B. Intranasal decongestant

C. Leukotriene antagonist

D. Oral antihistamine
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I. OVERVIEW

This chapter describes drugs used to treat six common medical conditions 
involving the gastrointestinal (GI) tract: 1) peptic ulcers and gastroesopha-
geal reflux disease (GERD), 2) chemotherapy-induced emesis, 3) diarrhea, 
4) constipation, 5) irritable bowel syndrome (IBS), and 6) inflammatory 
bowel disease (IBD). Many drugs described in other chapters also find 
application in the treatment of GI disorders. For example, the meperidine 
derivative diphenoxylate, which decreases peristaltic activity of the gut, is 
useful in the treatment of severe diarrhea. Other drugs are used almost 
exclusively to treat GI tract disorders. For example, H2 receptor antago-
nists and proton-pump inhibitors (PPIs) are used to heal peptic ulcers.

II.  DRUGS USED TO TREAT PEPTIC ULCER DISEASE 
AND GASTROESOPHAGEAL REFLUX DISEASE

The two main causes of peptic ulcer disease are infection with gram- 
negative Helicobacter pylori and the use of nonsteroidal anti-inflammatory 
drugs (NSAIDs). Increased hydrochloric acid (HCl) secretion and inade-
quate mucosal defense against gastric acid also play a role (faulty roof and 
acid rain). Treatment approaches include 1) eradicating the H. pylori infec-
tion, 2) reducing secretion of gastric acid with the use of PPIs or H2 recep-
tor antagonists, and/or 3) providing agents that protect the gastric mucosa 
from damage, such as misoprostol and sucralfate. Figure 42.1 summarizes 
agents that are effective in treating peptic ulcer disease.

A. Antimicrobial agents

 Patients with peptic ulcer disease (duodenal or gastric ulcers) who are 
infected with H. pylori require antimicrobial treatment. Infection with 
H. pylori is diagnosed via endoscopic biopsy of the gastric mucosa or 
various noninvasive methods, including serology, fecal antigen tests, 
and urea breath tests (Figure 42.2). Figure 42.3 shows a biopsy sam-
ple in which H. pylori is discovered on the gastric mucosa. Eradication 
of H.  pylori with various combinations of antimicrobial drugs results 
in rapid healing of active ulcers and low recurrence rates (less than 
15% compared with 60% to 100% per year for ulcers healed with 
acid-reducing therapy alone). Currently, quadruple therapy of bismuth 

Gastrointestinal and 
Antiemetic Drugs
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Figure 42.1
Summary of drugs used to treat peptic 
ulcer disease. (For drug dosages, refer 
to Appendix at the end of the book.)

ANTIMICROBIAL AGENTS  
(for eradication of H. pylori)
Amoxicillin
Bismuth compounds
Clarithromycin
Metronidazole
Tetracycline
H2-HISTAMINE RECEPTOR BLOCKERS 
Cimetidine 
Ranitidine
Nizatidine 
Famotidine 
PROTON-PUMP INHIBITORS (PPIs)
Omeprazole 
Pantoprazole 
Lansoprazole 
Rabeprazole
Esomeprazole
Dexlansoprazole
PROSTAGLANDINS
Misoprostol
ANTIMUSCARINIC AGENTS
Dicyclomine
ANTACIDS
Aluminum hydroxide 
Calcium carbonate 
Magnesium hydroxide 
Sodium bicarbonate
MUCOSAL PROTECTIVE AGENTS
Bismuth subsalicylate 
Sucralfate
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subsalicylate, metronidazole, and tetracycline plus a PPI is a rec-
ommended first-line option. Bismuth quadruple therapy is particu-
larly attractive in patients with any previous macrolide exposure or 
who are allergic to penicillin. This usually results in a 90% or greater 
 eradication rate. Triple therapy consisting of a PPI combined with 
amoxicillin (metronidazole may be used in penicillin-allergic patients) 
plus clarithromycin is a preferred treatment when rates of clarithro-
mycin resistance are low and the patient has no prior exposure to 
macrolide antibiotics. Figure 42.4 depicts the treatment regimens for 
H. pylori infection. Confirm eradication of H. pylori after therapy in 
patients with H. pylori–associated ulcer, continued dyspeptic symp-
toms, mucosa-associated lymphoid tissue lymphoma, and resection 
of gastric cancer.

B. H2 receptor antagonists

 Gastric acid secretion is stimulated by acetylcholine, histamine, 
and gastrin (Figure 42.5). The receptor-mediated binding of ace-
tylcholine, histamine, or gastrin results in the activation of protein 
kinases, which in turn stimulates the H+/K+-adenosine triphospha-
tase (ATPase) proton pump to secrete hydrogen ions in exchange 
for K+ into the lumen of the stomach. By competitively blocking the 
binding of histamine to H2 receptors, these agents reduce the secre-
tion of gastric acid. Drugs such as cimeditine, raniditine, famotidine, 
roxatidine, and nizatidine are used to inhibit basal, food-stimulated, 
and nocturnal secretion of gastric acid, reducing acid secretion by 
approximately 70%. Cimetidine was the first H2 receptor antagonist. 
However, its utility is limited by its adverse effect profile and drug–
drug interactions.

1. Actions: The histamine H2 receptor antagonists act selectively on 
H2 receptors in the stomach, without effects on H1 receptors. They 
are competitive antagonists of histamine and are fully reversible.

2. Therapeutic uses: The use of these agents has decreased with 
the advent of PPIs. 

a. Peptic ulcers: All four agents are equally effective in pro-
moting the healing of duodenal and gastric ulcers. However, 
recurrence is common if H. pylori is present and the patient is 
treated with these agents alone. Patients with NSAID-induced 
ulcers should be treated with PPIs, because these agents 
heal and prevent future ulcers more effectively than do H2 
receptor antagonists.

b. Acute stress ulcers: These drugs are given as an intrave-
nous infusion to prevent and manage acute stress ulcers 
associated with high-risk patients in the intensive care set-
ting. However, because tolerance may occur with these 
agents, PPIs are also used for this indication.

c. Gastroesophageal reflux disease: H2 receptor antagonists 
are effective for the treatment of heartburn or gastroesoph-
ageal reflux disease (GERD). H2 receptor antagonists act by 
decreasing acid secretion; therefore, they may not relieve 
symptoms of heartburn for up to 45 minutes. Antacids more 
quickly and efficiently neutralize stomach acid, but their 
action is short-lived. For these reasons, PPIs are now used 
preferentially in the treatment of GERD, especially for patients 
with severe and frequent heartburn.

H. pylori
urease

13CO2

13CO2 + NH3

Subjects are given urea 
labeled with 13C orally.

13C-urea

13C-urea

Exhaled 13CO2 is  analyzed. The 
presence of H. pylori results in an 
increase in the ratio of 13CO2 to
12CO2  in expired breath.

1

4

H. pylori produces urease, 
which hydrolyzes the labelled 
urea to 13CO2 and ammonia.

2

13CO2 is dissolved in the 
blood and transported to 
the lungs.

3

13CO2 + H2O
in blood

Figure 42.2
Urea breath test, one of several non-
invasive methods for detecting pres-
ence of Helicobacter pylori. Modified 
from D. Cave, Hosp. Pract. (1992).

Figure 42.3
Helicobacter pylori in association with 
gastric mucosa.
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TYPE REGIMEN DURATION ERADICATION RATE COMMENTS

First line (preferred):
Standard triple therapy PPI, amoxicillin 1 g, and clarithromycin 

500 mg twice daily
7–10 days (up to 
14 days)

70–85% Preferred

PPI, clarithromycin 500 mg, and metro-
nidazole 500 mg twice daily

10–14 days 70–85% –

If the patient does not tolerate triple therapy, switch to sequential regimen

Sequential therapy PPI and amoxicillin 1 g twice daily, fol-
lowed by PPI, clarithromycin 500 mg, 
and tinidazole 500 mg or metronida-
zole 500 mg twice daily

10 days (5 days 
for each regimen)

> 4% –

Second line:
Non–bismuth-based 
quadruple therapy (con-
comitant therapy)

PPI, amoxicillin 1 g, clarithromycin 500 
mg, and tinidazole 500 mg or metroni-
dazole 500 mg twice daily

10 days 90% Less complex than 
 sequential therapy 
with similar eradica-
tion rates

Bismuth-based quadru-
ple therapy

Bismuth subsalicylate 525 mg or subci-
trate 300 mg, metronidazole 250 mg, 
and tetracycline 500 mg, four times 
daily; and PPI twice daily

10–14 days 75–90% May also be used if 
first-line therapy fails

Levofloxacin-based 
triple therapy

PPI and amoxicillin 1 g twice daily, and 
levofloxacin 500 mg once daily

10 days – Needs validation; 
should be used as sal-
vage therapy only

PPI = proton-pump inhibitor
Notes: Tab. Omeprazole 20 mg Or Lansoprazole 30 mg Or Pantoprazole 40 mg Or Rabeprazole 20 mg Or Esomeprazole 40 mg 2 times a day (Esomeprazole can be 
taken once daily). All medicines to be taken 15 to 30 minutes before meals.

3. Pharmacokinetics: After oral administration, the H2 receptor 
antagonists distribute widely throughout the body (including into 
breast milk and across the placenta) and are excreted mainly in 
urine. Cimetidine, ranitidine, and famotidine are also available in 
intravenous formulations. The half-life of these agents may be 
increased in patients with renal dysfunction, and dosage adjust-
ments are needed.

4. Adverse effects: In general, the H2 receptor antagonists are 
well tolerated. However, cimetidine can have endocrine effects 
 (displaces dihydrotestosterone from its binding site), such as 
gynecomastia and galactorrhea (continuous release/discharge of 
milk) because it acts as a nonsteroidal antiandrogen. Other cen-
tral nervous system effects such as confusion and altered men-
tation occur primarily in elderly patients and after intravenous 
administration. H2 receptor antagonists may reduce the efficacy of 
drugs that require an acidic environment for absorption, such as 
ketoconazole. Cimetidine inhibits several cytochrome P450 isoen-
zymes and can interfere with the metabolism of many drugs, such 
as warfarin, phenytoin, and clopidogrel (Figure 42.6). 

C. Inhibitors of the H+/K+-ATPase proton pump

 The proton-pump inhibitors (PPIs) bind to the H+/K+-ATPase enzyme 
system (proton pump) and suppress the secretion of hydrogen ions 
into the gastric lumen. The membrane-bound proton pump is the final 

Figure 42.4
Treatment regimens for Helicobacter pylori infection.
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740 42. Gastrointestinal and Antiemetic Drugs

step in the secretion of gastric acid (Figure 42.5). The available PPIs 
include lansoprazole [lan-SO-pra-zole] (and its isomer dexlansoprazole), 
esomeprazole [es-oh-MEH-pra-zole], omeprazole [oh-MEH-pra-zole], 
pantoprazole [pan-TOE-pra-zole], and rabeprazole [rah-BEH-pra-zole].

1. Actions: These agents are prodrugs with an acid-resistant enteric 
coating to protect them from premature degradation by gastric acid. 
The coating is removed in the alkaline duodenum, and the prod-
rug, a weak base, is absorbed and transported to the parietal cell. 
There, it is converted to the active drug and forms a stable cova-
lent bond with the H+/K+-ATPase enzyme. It takes about 18 hours 
for the enzyme to be resynthesized, and acid secretion is inhibited 
during this time. At standard doses, PPIs inhibit both basal and 
stimulated gastric acid secretion by more than 90%. An oral prod-
uct containing omeprazole combined with sodium bicarbonate for 
faster absorption is also available. Some degree of difference has 
been observed between the individual agents for their acid stability. 

2. Therapeutic uses: The PPIs are superior to the H2 antagonists 
in suppressing acid production and healing ulcers. Thus, they are 
the preferred drugs for the treatment of GERD, erosive esopha-
gitis, active duodenal ulcer, and pathologic hypersecretory con-
ditions such as Zollinger–Ellison syndrome. PPIs reduce the risk 
of bleeding from ulcers caused by aspirin and other NSAIDs and 
may be used for prevention or treatment of NSAID-induced ulcers. 
PPIs are also used for stress ulcer prophylaxis and management, 
Finally, PPIs are combined with antimicrobial regimens used to 
eradicate H. pylori.

Figure 42.5
Effects of acetylcholine, histamine, prostaglandin E2, and gastrin on gastric acid secretion by the parietal cells of 
stomach. Gs and Gi are membrane proteins that mediate the stimulatory or inhibitory effect of receptor coupling to 
adenylyl cyclase.

Figure 42.6
Drug interactions with cimetidine. 
Modified from F. E. Silverstein, D. Y. 
Graham, and J. R. Senior. Misoprostol 
reduces serious gastrointestinal 
 complications in patients with rheu-
matoid arthritis receiving nonsteroidal 
anti-inflammatory drugs. A randomized, 
double-blind, placebo- controlled trial. 
Ann. Intern. Med. 123: 241 (1995).
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741II. Drugs Used to Treat Peptic Ulcer Disease and Gastroesophageal Reflux Disease

3. Pharmacokinetics: These agents are effective orally. For maximum 
effect, PPIs should be taken 30 to 60 minutes before  breakfast or 
the largest meal of the day. [Note: Some of them are formulated as 
dual delayed-release formulation and can be taken without regard 
to food.] Esomeprazole, lansoprazole, and pantoprazole are also 
available in intravenous formulations. Although the plasma half-life 
of these agents is only a few hours, they have a long duration of 
action due to covalent bonding with the H+/K+-ATPase enzyme. 
Metabolites of these agents are excreted in urine and feces.

4. Adverse effects: The PPIs are generally well tolerated. 
Omeprazole and esomeprazole may decrease the effectiveness of 
clopidogrel because they inhibit CYP2C19 and prevent the con-
version of clopidogrel to its active metabolite. Concomitant use 
of these PPIs with clopidogrel is not recommended. PPIs may 
increase the risk of fractures, particularly if the duration of use 
is 1 year or greater (Figure 42.7). Prolonged acid suppression 
with PPIs (and H2 receptor antagonists) may result in low vitamin 
B12 because acid is required for its absorption in a complex with 
intrinsic factor. Elevated gastric pH may also impair the absorp-
tion of calcium carbonate. Calcium citrate is an effective option 
for calcium supplementation in patients on acid suppressive ther-
apy, since absorption of the citrate salt is not affected by gastric 
pH. Diarrhea and Clostridium difficile colitis may occur in patients 
receiving PPIs. Patients must be counseled to discontinue PPI 
therapy and contact their physician if they have diarrhea for sev-
eral days. Additional adverse effects may include hypomagnese-
mia and an increased incidence of pneumonia.

D. Prostaglandins

 Prostaglandin E, produced by the gastric mucosa, inhibits secretion 
of acid and stimulates secretion of mucus and bicarbonate (cytopro-
tective effect). A deficiency of prostaglandins is thought to be involved 
in the pathogenesis of peptic ulcers. Misoprostol [mye-soe-PROST-
ole], an analog of prostaglandin E1, is approved for the prevention of 
NSAID-induced gastric ulcers (Figure 42.8). Prophylactic use of miso-
prostol should be considered in patients who take NSAIDs and are 
at moderate-to-high risk of NSAID-induced ulcers, such as elderly 
patients and those with previous ulcers. Misoprostol is contraindicated 
in pregnancy, since it can stimulate uterine contractions and cause 
miscarriage. Dose-related diarrhea is the most common adverse effect 
and limits the use of this agent. Thus, PPIs are preferred agents for the 
prevention of NSAID-induced ulcers.

E. Antacids

 Antacids are weak bases that react with gastric acid to form water and 
a salt to diminish gastric acidity. Because pepsin (a proteolytic enzyme) 
is inactive at a pH greater than 4, antacids also reduce pepsin activity.

1. Chemistry: Antacid products vary widely in their chemical 
 composition, acid-neutralizing capacity, sodium content, and 
palatability. The efficacy of an antacid depends on its capac-
ity to neutralize gastric HCl and on whether the stomach is full 
or empty. Food delays stomach emptying, allowing more time 
for the antacid to react and prolonging the duration of action. 
Commonly used antacids are combinations of salts of aluminum 

Diarrhea

Headache

GI disturbance

Nausea

Bone fractures
(increased risk 
with long-term use:
hip, wrist, and spine)

Figure 42.7
Some adverse effects of proton 
pump therapy. GI = gastrointestinal. 
Modified from S. M. Grunberg,  
and P. J. Hesketh. Control of  
chemotherapy-induced emesis.  
N. Engl. J. Med. 329: 1790 (1993).
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and magnesium, such as aluminum hydroxide and magnesium 
hydroxide [Mg(OH)2]. Calcium carbonate [CaCO3] reacts with HCl 
to form CO2 and CaCl2 and is also a commonly used prepara-
tion. Systemic absorption of sodium bicarbonate [NaHCO3] can 
produce transient metabolic alkalosis and produce a significant 
sodium load. Therefore, this antacid is not recommended.

2. Therapeutic uses: Antacids are used for symptomatic relief of 
peptic ulcer disease, heartburn, and GERD. They should be admin-
istered after meals for maximum effectiveness. [Note: Calcium 
carbonate preparations are also used as calcium supplements for 
the prevention of osteoporosis.] Magaldrate is a hydrated com-
plex of hydroxy magnesium aluminate that releases aluminum 
hydroxide upon reaction with acid. This complex shows sustained 
as well as higher acid neutralizing capacity upon administration. 

3. Adverse effects: Aluminum hydroxide tends to cause constipa-
tion, whereas magnesium hydroxide tends to produce diarrhea. 
Preparations that combine these agents aid in normalizing bowel 
function. Absorption of the cations from antacids (Mg2+, Al3+, 
Ca2+) is usually not a problem in patients with normal renal func-
tion; however, accumulation and adverse effects may occur in 
patients with renal impairment.

F. Mucosal protective agents

 Also known as cytoprotective compounds, these agents have several 
actions that enhance mucosal protection mechanisms, thereby prevent-
ing mucosal injury, reducing inflammation, and healing existing ulcers.

1. Sucralfate: This complex of aluminum hydroxide and sulfated 
sucrose binds to positively charged groups in proteins of both 
normal and necrotic mucosa. By forming complex gels with epi-
thelial cells, sucralfate [soo-KRAL-fate] creates a physical barrier 
that protects the ulcer from pepsin and acid, allowing the ulcer to 
heal. Although sucralfate is effective for the treatment of duode-
nal ulcers and prevention of stress ulcers, its use is limited due 
to the need for multiple daily dosing, drug–drug interactions, and 
availability of more effective agents. Because it requires an acidic 
pH for activation, sucralfate should not be administered with PPIs, 
H2 antagonists, or antacids. Sucralfate is well tolerated, but it can 
bind to other drugs and interfere with their absorption. 

2. Bismuth subsalicylate: This agent is used as a component of 
quadruple therapy to heal H. pylori–related peptic ulcers. In addi-
tion to its antimicrobial actions, it inhibits the activity of pepsin, 
increases secretion of mucus, and interacts with glycoproteins in 
necrotic mucosal tissue to coat and protect the ulcer.

III.  DRUGS USED TO CONTROL CHEMOTHERAPY-
INDUCED NAUSEA AND VOMITING

Although nausea and vomiting occur in a variety of conditions (for example, 
motion sickness, pregnancy, and GI illnesses) and are always unpleasant 
for the patient, the nausea and vomiting produced by chemotherapeutic 
agents demands especially effective management. Nearly 70% to 80% of 
patients who undergo chemotherapy experience nausea and/or vomiting.  
Several factors influence the incidence and severity of chemotherapy- induced  
nausea and vomiting (CINV), including the specific chemotherapeutic drug 
(Figure 42.9); the dose, route, and schedule of administration; and patient 
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Figure 42.8
Misoprostol reduces serious gastroin-
testinal (GI) complications in patients 
with rheumatoid arthritis receiving 
nonsteroidal anti-inflammatory drugs.
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Figure 42.9
Comparison of emetic potential 
of  anticancer drugs. From data 
of S. Bilgrami, and B. G. Fallon. 
Chemotherapy-induced nausea 
and vomiting. Easing patients’ 
fear and discomfort with effective 
antiemetic regimens. Postgrad. 
Med. 94: 55 (1993).
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743III. Drugs Used to Control Chemotherapy-Induced Nausea and Vomiting

variables. For example, young patients and women are more susceptible 
than older patients and men, and 10% to 40% of patients experience nau-
sea and/or vomiting in anticipation of chemotherapy (anticipatory vomiting). 
CINV not only affects quality of life but can also lead to rejection of poten-
tially curative chemotherapy. In addition, uncontrolled vomiting can produce 
dehydration, profound metabolic imbalances, and nutrient depletion.

A. Mechanisms that trigger vomiting

 Two brainstem sites have key roles in the vomiting reflex pathway. 
The chemoreceptor trigger zone (CTZ) is located in the area postrema  
(a circumventricular structure at the caudal end of the fourth ventricle). It 
is outside the blood–brain barrier. Thus, it can respond directly to chemi-
cal stimuli in the blood or cerebrospinal fluid. The second important site, 
the vomiting center, which is located in the lateral reticular formation of 
the medulla, coordinates the motor mechanisms of vomiting. The vom-
iting center also responds to afferent input from the vestibular system, 
the periphery (pharynx and GI tract), and higher brainstem and cortical 
structures. The vestibular system functions mainly in motion sickness.

B. Emetic actions of chemotherapeutic agents

 Chemotherapeutic agents can directly activate the medullary CTZ or 
vomiting center. Several neuroreceptors, including dopamine receptor 
type 2 and serotonin type 3 (5-HT3), play critical roles. Often, the color 
or smell of chemotherapeutic drugs (and even stimuli associated with 
chemotherapy) can activate higher brain centers and trigger emesis. 
Chemotherapeutic drugs can also act peripherally by causing cell 
damage in the GI tract and by releasing serotonin from the enteroch-
romaffin cells of the small intestine. Serotonin activates 5-HT3 recep-
tors on vagal and splanchnic afferent fibers, which then carry sensory 
signals to the medulla, leading to the emetic response.

C. Antiemetic drugs

 Considering the complexity of the mechanisms involved in emesis, 
it is not surprising that antiemetics represent a variety of classes 
(Figure 42.10) and offer a range of efficacies (Figure 42.11). This group 
contains a wide range of drugs that belong to antihistamines, anti-
cholinergics, antidopaminergics, selective 5-HT receptor antagonists, 
neuroleptics, neurokinin 1 antagonists, and their combinations. 

 Motion sickness sometimes is bothersome during travelling and with use 
of advanced visual information technologies such as 3D visuals mim-
icking reality. Motion sickness arises from a mismatch between sensory 
inputs from the visual and vestibular systems. Agents with anticholinergic 
and antihistaminic properties are the drug of choice for motion sickness 
and they are taken before commencement of the journey. 

 Incidence of morning sickness accompanied by nausea and vomiting is 
reported in 85% of pregnant women. The most severe form,  hyperemesis 
gravidarum, affects up to 3% of women and can have significant adverse 
physical and psychological consequences. Clinical studies found for the 
mild symptoms of nausea and emesis of pregnancy,  ginger, pyridoxine, 
antihistamines, and metoclopramide are found to provide greater bene-
fit. For moderate symptoms, pyridoxine- doxylamine,  promethazine, and 
metoclopramide are beneficial. Ondansetron is associated with improve-
ment for a range of symptom severity, and in severe cases corticoste-
roids may have some added benefit.

PHENOTHIAZINES
Prochlorperazine 

5-HT3 SEROTONIN RECEPTOR 
ANTAGONISTS
Dolasetron 
Granisetron  
Ondansetron 
Palonosetron 

SUBSTITUTED BENZAMIDES
Metoclopramide 

BUTYROPHENONES
Droperidol 
Haloperidol 
BENZODIAZEPINES
Alprazolam 
Lorazepam 

CORTICOSTEROIDS
Dexamethasone 
Methylprednisolone 

SUBSTANCE P/NEUROKININ-1 
RECEPTOR ANTAGONIST
Aprepitant, Fosaprepitant 
Netupitant* 
Rolapitant 

Figure 42.10
Summary of drugs used to treat CINV. 
*In combination with palonosetron.

Figure 42.11
Efficacy of antiemetic drugs.
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1. Anticholinergics: Anticholinergic drugs, especially the muscarinic 
receptor antagonist scopolamine, also called hyoscine, are used pre-
dominately for motion sickness. By blocking the cholinergic pathway  
link between vestibular apparatus and vomiting centers, hyoscine 
exhibit its action as antiemetic. Since it has a shorter duration of 
action, it cannot be used for longer journeys. It is also formulated 
as a transdermal patch (applied behind pinna) which can deliver the 
drug over a period of 3 days. Apart from hyoscine, dicyclomine has 
also been used as a prophylaxis for motion sickness. 

2. Antihistamines: Antihistaminics, such as diphenhydramine and 
dimenhydrinate, known to have antiemetic property, are also used 
for motion sickness and to a lesser extent for morning sickness. 
Antiemetic effects of antihistaminics are due to their nonspecific 
action of anticholinergic and antidopaminergic activities apart from 
their action on histamine receptors. However, sedation and anti-
cholinergic side effects such as dryness of mouth are associated 
with its use. Dimenhydrinate, meclizine, and cyclizine, are very use-
ful in motion sickness but are ineffective against substances that 
act directly on the CTZ. Doxylamine is an antihistaminic effective 
for “morning sickness” in early pregnancy. Doxylamine–pyridoxine 
is recommended as a first-line treatment for nausea and vomiting 
during pregnancy and it is commonly prescribed. Meclizine shows 
lesser sedation along with longer duration (24 hours) of action; 
it is used for sea sickness. Acute vestibular symptoms may be 
ameliorated by antiemetic and vestibular-suppressant drugs such 
as cinnarizine or flunarizine but these drugs have extrapyramidal 
side effects and should be used cautiously by older patients. 

3. Phenothiazines: Phenothiazines, such as prochlorperazine [proe-
klor-PER-ah-zeen], act by blocking dopamine receptors in the 
CTZ. Prochlorperazine is effective against low or moderately eme-
togenic chemotherapeutic agents (for example, fluorouracil and 
doxorubicin). Although increasing the dose improves antiemetic 
activity, adverse effects are dose limiting. Promethazine, used 
for motion sickness, is a centrally acting phenothiazine deriva-
tive having weak antidopaminergic effect. By acting through D2 
receptors, older generation neuroleptics such as phenothiazines 
and haloperidol exhibit antiemetic property. 

4. 5-HT3 receptor blockers: The 5-HT3 receptor antagonists include 
dolasetron [dol-A-seh-tron], granisetron [gra-NI-seh-tron], ondan-
setron [on-DAN-seh-tron], palonosetron [pa-low-NO-seh-tron], 
and ramosetron. These agents selectively block 5-HT3 receptors 
in the periphery (visceral vagal afferent fibers) and in the CTZ. 
This class of agents is important in treating CINV, because of their 
superior efficacy and longer duration of action. These drugs can 
be administered as a single dose prior to chemotherapy (intra-
venously or orally) and are efficacious against all grades of eme-
togenic therapy. Ondansetron and granisetron prevent emesis in 
50% to 60% of cisplatin-treated patients. These agents are also 
useful in the management of postoperative nausea and vomiting. 
5-HT3 antagonists are extensively metabolized by the liver; how-
ever, only ondansetron requires dosage adjustments in hepatic 
insufficiency. Excretion is via the urine. QT prolongation can occur 
with high doses of ondansetron and dolasetron. For this reason, 
the indication for CINV prophylaxis was withdrawn for intravenous 
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dolasetron. Ramosetron is developed in Japan and available for 
use in Asian countries. Its pharmacology is similar to ondanse-
tron. It is used for CINV by injecting intravenously before chemo-
therapy. It is orally administered once daily where a lesser degree 
of CINV is expected. 

5. Substituted benzamides: One of several substituted benzamides 
with antiemetic activity, metoclopramide [met-oh-kloe-PRAH-
mide], is effective at high doses against the emetogenic cispla-
tin, preventing emesis in 30% to 40% of patients and reducing 
emesis in the majority of patients. Metoclopramide accomplishes 
this through inhibition of dopamine in the CTZ. Antidopaminergic 
adverse effects, including extrapyramidal symptoms, limit long-
term high-dose use. Metoclopramide enhances gastric motility 
and is useful for patients with gastroparesis.

6. Butyrophenones: Droperidol [droe-PER-i-doll] and haloperidol 
[hal-oh-PER-i-doll] act by blocking dopamine receptors. The 
butyrophenones are moderately effective antiemetics. Droperidol 
had been used most often for sedation in endoscopy and surgery, 
usually in combination with opioids or benzodiazepines. However, 
it may prolong the QTc interval and should be reserved for patients 
with inadequate response to other agents. 

7. Domperidone: Domperidone is a D2 receptor antagonist, struc-
turally related to butyrophenones in the upper  gastrointestinal 
tract. Its antiemetic and prokinetic actions are similar to those of 
metoclopramide. As it crosses the blood–brain barrier poorly, its 
extrapyramidal side effects are rare but can cause hyperprolac-
tinemia. It can cause mild galactorrhea (used for the induction 
of lactation) in females, dry mouth, and headache. Its antiemetic 
activity is through its penetration at the blood–brain barrier– 
deficient chemoreceptor trigger zone (CTZ). It is absorbed 
orally and shows poor bioavailability due to  extensive first-pass 
metabolism. It has a plasma half-life of 7 hours. Health Canada 
released a warning regarding the use of domperidone, because 
of its association with life-threatening arrhythmias and death.

 8. Benzodiazepines: The antiemetic potency of lorazepam [lor-
A-ze-pam] and alprazolam [al-PRAH-zoe-lam] is low. Their 
beneficial effects may be due to their sedative, anxiolytic, and 
amnestic properties. These same properties make benzodiaze-
pines useful in treating anticipatory vomiting. Concomitant use 
of alcohol should be avoided due to additive CNS depressant 
effects.

 9. Corticosteroids: Dexamethasone [dex-a-MEH-tha-sone] and 
methylprednisolone [meth-ill-pred-NIH-so-lone], used alone, are 
effective against mildly to moderately emetogenic chemotherapy. 
Most frequently, they are used in combination with other agents. 
Their antiemetic mechanism is not known, but it may involve 
blockade of prostaglandins.

10. Substance P/neurokinin-1 receptor antagonist: Aprepitant 
[ah-PRE-pih-tant], netupitant [net-UE-pi-tant], and  rolapitant [net-
UE-pi-tant] target the neurokinin receptor in the vomiting center 
and block the actions of substance P. [Note: Fosaprepitant is a 
prodrug of aprepitant that is administered intravenously.] These 
oral agents are indicated for highly or moderately emetogenic 
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chemotherapy regimens, and they are usually administered with 
dexamethasone and a 5-HT3 antagonist. Unlike most 5-HT3 
antagonists, these agents are effective for the delayed phase 
of CINV which occurs 24 hours or more after chemotherapy. 
Aprepitant and rolapitant undergo hepatic metabolism, pri-
marily by CYP3A4. Coadministration with strong inhibitors or 
inducers of CYP3A4 (for example, clarithromycin or St. John’s 
wort, respectively) should be avoided. Aprepitant is an inducer 
of CYP3A4 and CYP2C9, and it also exhibits dose-dependent 
inhibition of CYP3A4. Therefore, it may affect the metabolism 
of other drugs that are substrates of these isoenzymes and is 
subject to numerous drug interactions. Rolapitant is a moderate 
inhibitor of CYP2D6. Fatigue, diarrhea, abdominal pain, and hic-
cups are adverse effects of this class.

11. Combination regimens: Antiemetic drugs are often com-
bined to increase efficacy or decrease toxicity (Figure 42.12). 
Corticosteroids, most commonly dexamethasone, increase anti-
emetic activity when given with high-dose metoclopramide, a 
5-HT3 antagonist, phenothiazine, butyrophenone, or a benzo-
diazepine. Antihistamines, such as diphenhydramine, are often 
administered in combination with high-dose metoclopramide to 
reduce extrapyramidal reactions or with corticosteroids to counter 
 metoclopramide-induced diarrhea. Addition of a substance  
P/neurokinin-1 receptor antagonist to a 5-HT3 antagonist and 
dexamethasone is beneficial in highly emetogenic regimens, 
especially those with delayed CINV.

IV. THERAPEUTIC USE OF ANTIEMETIC DRUGS

Antiemetics are indicated to control vomiting, especially when profuse 
and protracted vomiting may lead to fluid, electrolyte, or acid–base dis-
turbances or is causing distress to the patient or owner. Antiemetic drugs 
are commonly used to prevent vomiting predicted to occur with the use 
of emetic drugs, for example, anticancer drugs and amphotericin. Use of 
antiemetic agents for chemotherapy-induced vomiting should take into 
account individual patient risk factors (for example, sex, age, history of 
alcohol use, and previous emesis with chemotherapy). Postoperative nau-
sea and vomiting frequently occur in the first 24 hours after anesthesia and 
surgery. Dexamethasone, prochlorperazine, hyoscine (using a transdermal 
patch), cyclizine, and 5-HT3 receptor antagonists are all effective for pre-
venting postoperative vomiting. 

Nausea is common in pregnancy. High doses of pyridoxine (vitamin B6) or 
nonpharmacological therapy ground ginger may be effective. Hyperemesis 
gravidarum, severe morning sickness which begins in the first trimes-
ter, can lead to marked maternal weight loss, dehydration, electrolyte 
disturbances, and vitamin deficiencies. Avoid drugs, whenever possi-
ble; however, if vomiting arises in pregnancy doxylamine, promethazine, 
prochlorperazine, metoclopramide, or ondansetron at bed time is used for 
short-term treatment. For more severe vomiting, intravenous rehydration 
and nutritional supplementation (particularly thiamine in hyperemesis grav-
idarum) will be necessary.
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Figure 42.12
Effectiveness of antiemetic activity 
of some drug combinations against 
emetic episodes in the first 24 hours 
after cisplatin chemotherapy.
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Use of antiemetics is not necessary if vomiting is intermittent, the patient 
is not distressed, and correction of fluid and electrolyte imbalances can 
easily be achieved.

A. Inappropriate use of antiemetics

 Use of antiemetics in the following situations is inappropriate:

• Gastrointestinal obstruction—antiemetics may delay diagnosis.

• Gastrointestinal toxicity/gastroenteritis—antiemetics may prevent 
the patient from eliminating the toxin.

• Systemic hypotension—the phenothiazines and α2-adrenergic 
antagonists, when used in high doses, can intensify hypotension.

V. ANTIDIARRHEALS

Diarrhea is a condition of having at least three loose or liquid bowel move-
ments (or more frequently than usual) in a day lasting for less than 14 days. 
Diarrhea can be accompanied by painful abdominal cramps, nausea, fever, 
bloating, and generalized weakness. It often lasts for a few days and can 
result in dehydration due to loss of fluids in stool, especially in young chil-
dren and older people. Symptoms of dehydration in adults can include 
thirst, lack of energy, passing less urine than normal, dizziness or lighthead-
edness, and loss of skin colour and turgor. Symptoms of mild-to-moderate 
dehydration in children can include dry mouth, decreased urination, irrita-
bility, listlessness, and less tears when crying. Signs of severe dehydration 
in children include sunken eyes, cheeks or belly or a sunken fontanelle. 
People with diarrhea, especially the very young and the very elderly, are 
at risk of becoming rapidly dehydrated. This requires immediate medical 
attention. 

The most common cause of the gastroenteritis are due to either a virus, 
bacteria, or parasite. Parasites include particularly protozoa (for   example, 
Cryptosporidium spp., Giardia spp., Entamoeba  histolytica). Infectious 
diarrhea due to norovirus in adults and rotavirus in children is the most 
common cause of diarrhea worldwide and is the leading cause of death in 
childhood. Bacterial diarrhea are caused by infections by Salmonella spp., 
Shigella spp., and some strains of Escherichia coli. These infections are 
often acquired from contaminated food or water with viruses or bacteria. 
Diarrhea can be prevented by improved sanitation, clean drinking water, 
hand washing with soap, exclusive breast-feeding up to 6 months, and 
rotavirus vaccination. The rotavirus vaccine is given as 2 or 3 doses as part 
of the routine childhood immunization schedule at 2 months, 4 months, 
and sometimes also at 6 months. 

A. Antibiotics

 Since diarrhea is a self-limiting illness and most deaths are caused by 
dehydration, the mainstay of treatment in diarrhea is rehydration with 
oral rehydration solution (ORS). Increased motility of the GI tract and 
decreased absorption of fluid are major factors in diarrhea. Because 
acute diarrhea is most often self-limited and caused by viruses, rou-
tine antibiotic use is not recommended for most adults with nonse-
vere, watery diarrhea. Therefore, the role of antimicrobial agents in 
the management of infective diarrhea is limited and these agents are 
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indicated in case of bacillary dysentery as in shigellosis, campylobac-
teriosis, Clostridium difficile, traveler’s diarrhea, and protozoal infec-
tions. Additionally, the overuse of antibiotics can lead to resistance, 
harmful eradication of normal flora, prolongation of illness (for exam-
ple, superinfection with C. difficile), prolongation of carrier state (for 
example, delayed excretion of Salmonella), induction of Shiga toxins 
(for example, from Shiga toxin–producing E. coli), and increased cost. 
Antibiotics may be considered in patients with  traveler’s diarrhea, 
old patients, immunocompromised, severely ill, or septic patients. 
Probiotics have been shown to have some efficacy in diarrhea by 
stimulating the immune system and competing for binding sites 
on intestinal epithelial cells. However, further scrutiny is required to 
determine the magnitude of their effect as many species are generally 
 categorized as probiotics, but even closely related strains may have 
different clinical effects.

B. Zinc supplementation

 Zinc supplementation (20 mg per day for 10 days in children older 
than 2 months) may play a crucial role in treating and preventing 
acute diarrhea, in children. A decrease in the risk of dehydration and 
in the duration and severity of the diarrheal episode by 20% to 40% 
has been observed. However, additional research is needed to evalu-
ate potential benefits of zinc supplementation in the adult population.

C. Rehydration therapy

 Oral rehydration therapy (ORT) is the cornerstone of treatment and 
is by far the safest, most physiologic, and most effective way to 
provide rehydration and maintain hydration in children with acute 
diarrhea worldwide, as recommended by the WHO. The reduced 
osmolarity ORS (250 mOsm/L or less) decreases stool outputs, epi-
sodes of emesis, and the need for intravenous rehydration with-
out increasing hyponatremia, compared with the standard ORS 
(osmolarity 311  mOsm/L). Not all commercial ORT formulas pro-
mote optimal absorption of electrolytes, water, and nutrients. The 
ideal solution has a low osmolarity (210 to 250 mOsm/L) and a 
sodium content of 50 to 60 mmol/L. In addition, maintenance fluids 
are given for replacement of losses. Educate caregivers in meth-
ods necessary to replace this amount of fluid. Small amounts of 
fluid at frequent intervals minimize discomfort and vomiting. Early 
refeeding decreases intestinal permeability caused by infections, 
reduces the duration of illness, and improves nutritional out-
comes. In case of severe-to-moderate dehydration, the patient 
requires intravenous lactated Ringer solution or normal saline  
(20 ml/kg until perfusion and mental status improve), followed by 
100 ml/kg ORS over 4 hours or 5% dextrose, or half-normal saline 
intravenously at twice-maintenance fluid rates. 

VI. OTHER ANTIDIARRHEAL DRUGS

Antidiarrheal drugs include antimotility agents, adsorbents, and drugs that 
modify fluid and electrolyte transport (Figure 42.13).
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A. Antimotility agents

 Two drugs that are widely used to control diarrhea are diphenoxyl-
ate [dye-fen-OX-see-late] and loperamide [loe-PER-ah-mide]. Both 
are analogs of meperidine and have opioid-like actions on the gut. 
They activate presynaptic opioid receptors in the enteric nervous 
system to inhibit acetylcholine release and decrease peristalsis. At 
the usual doses, they lack analgesic effects. Loperamide is used 
for the general treatment of acute diarrhea, including traveler’s diar-
rhea. Because these drugs can contribute to toxic megacolon, they 
should not be used in young children or in patients with severe 
colitis.

B. Adsorbents

 Adsorbent agents, such as aluminum hydroxide and methylcellulose 
[meth-ill-CELL-you-lowse], are used to control diarrhea. Presumably, 
these agents act by adsorbing intestinal toxins or microorganisms 
and/or by coating or protecting the intestinal mucosa. They are much 
less effective than antimotility agents, and they can interfere with the 
absorption of other drugs.

C. Agents that modify fluid and electrolyte transport

 Bismuth subsalicylate, used for prevention and treatment of traveler’s 
diarrhea, decreases fluid secretion in the bowel. Its action may be 
due to its salicylate component as well as its coating action. Adverse 
effects may include black tongue and black stools.

VII. LAXATIVES

Constipation is defined as a decrease in frequency and liquidity of stool 
compared to the normal pattern in a particular individual. Laxatives 
are commonly used in the treatment of constipation to accelerate the 
motility of the bowel, soften the stool, and increase the frequency of 
bowel movements. These drugs are classified on the basis of their 
 mechanism of action (Figure 42.14). Laxatives increase the potential for 
loss of  pharmacologic effect of poorly absorbed, delayed-acting, and 
extended-release oral preparations by accelerating their transit through 
the intestines. They may also cause electrolyte imbalances when used 
chronically. Many of these drugs have a risk of dependency for the 
user. Lifestyle advice, fluid intake, fiber, and exercise must be contin-
ued throughout laxative therapy. Acute constipation may be a part of 
a more serious illness such as acute bowel obstruction. Red flag signs 
which point toward other causes of constipation include a persistent 
unexplained change in the bowel habit, especially in an elderly person 
whose bowel habits have always been regular, unexplained weight loss, 
iron deficiency anemia, fever, nocturnal symptoms, severe, persistent 
constipation which is unresponsive to treatment, palpable mass in the 
abdomen or pelvis, persistent rectal bleeding without anal symptoms, 
narrowing of stool caliber, family history of colon cancer, or inflammatory 
bowel disease.

Figure 42.13
Summary of drugs used to treat 
diarrhea.

DRUGS USED IN DIARRHEA
Oral rehydration therapy (ORS)
Probiotics
Zinc
ANTIMOTILITY AGENTS
Diphenoxylate + atropine
Loperamide
ADSORBENTS
Aluminum hydroxide
Methylcellulose
AGENTS THAT MODIFY FLUID AND 
ELECTROLYTE TRANSPORT
Bismuth subsalicylate
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Figure 42.14
Summary of drugs used to treat constipation, precautions, and their contraindications. (Figure continues on next page)

Stimulant and irritant laxatives (can cause abdominal cramps due to increased intestinal motility. They generally act by 
stimulating nerves to induce peristalsis and also decrease water reabsorption from the colon).

EXAMPLES ROUTE ACTS WITHIN EXTRA MEASURES AND CONTRAINDICATIONS

Habit forming:
Bisacodyl Oral 5–15 mg or 

 rectal (supps or 
liquid) once a day

10–12 hours Oral medication should not be used for long-term treatment, which 
could cause loss of tone on the colon and hypokalemia

Not to be used in cases of intestinal obstruction, for example, fecal 
impaction

Senna Oral 17.6–26.4 mg at 
bedtime

10–12 hours May cause the urine to be colored brown or red

Not to be used in cases of intestinal obstruction

Not to be used for long-term treatment, which could cause loss of 
tone on the colon and hypokalemia 

Castor oil Oral solution 15–60 ml  
once in constipation; 
16 hours before 
procedure 

6–12 hours Decreases net absorption of fluid and electrolytes and stimulates 
peristalsis 

It acts on the small intestine

Bulk laxatives:
Methylcellulose Oral

Dose varies

1 heaping tablespoon 
(2 g) in 8 oz water a 
day to every 8 hours

8–12 hours Dietary fiber supplements of poorly digestible polysaccharides and 
celluloses derived principally from cereal grains, wheat bran, and 
psyllium 

Form gels in the large intestine causing water retention and intesti-
nal distension, thereby increasing peristaltic activity

Should be used cautiously in immobile patients because of  potential 
for causing intestinal obstruction

These preparations must be taken with water or they may cause 
obstruction

Bran 

Psyllium (Ispaghula)

Saline and osmotic laxatives:
Magnesium salts:
Magnesium hydroxide 
and magnesium citrate

Oral (40–80 mmol 
of magnesium ion);
dissolve one dose in 
8 ounces of water

Within 2 hours Rarely used

Distend the bowel by attracting water into the bowel, increasing the 
volume of the stool, and also increasing intestinal activity

Only for short-term use for rapid evacuation of the bowel

Not to be used for intestinal obstruction

Avoid dehydration and maintain oral fluids

It may cause electrolyte imbalance, especially in young children or 
patients with renal insufficiency

Isotonic polyethylene 
glycol (PEG) solution

Oral 125–250 ml Used as colonic lavage solutions to prepare gut for radiologic or 
endoscopic procedures

Used in smaller volumes as an osmotic (but not hyperosmotic) 
agent

Causes less cramping and gas than other laxatives

Sodium picosufate Oral 10 mg at night Usually within 
3 hours of the 
first dose

Often used for bowel evacuation prior to investigations or surgery

Not to be used for intestinal obstruction or for long-term use

Side effects include nausea, vomiting, and abdominal cramps

Lubricant laxatives:
Glycerol Rectal suppositories 20 minutes Lubricates the anorectum

Mild irritant effect which stimulates defecation

There are no significant side effects or contraindications for their use
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Figure 42.14 (Continued)
Summary of drugs used to treat constipation, precautions, and their contraindications.

EXAMPLES ROUTE ACTS WITHIN EXTRA MEASURES AND CONTRAINDICATIONS

Mineral oil (liquid 
paraffin)

Oral liquid 15–45 
mL/day, single or 
divided doses

8 hours Lubricates the intestine and facilitate passage of stool by  decreasing 
water absorption from the intestine 

Used for acute or subacute management of constipation

Unpalatable

Mineral oil usage should probably be limited to rectal administra-
tion because of the risk of aspiration pneumonia

Long-term use is accompanied by concerns about lipid  pneumonia, 
lymphoid hyperplasia, and foreign body reactions

Osmotic laxatives:
Lactulose Oral 15–20 ml at 

night
~48 hours 
 accumulative

Broken down to form lactic, formic, and acetic acids in the colon, 
which stimulate peristalsis; increases osmotic pressure, causing 
fluid accumulation, colon distension, soft stools, and defecation

Not to be used in patients with abdominal obstruction

Can cause flatulence and abdominal cramps

Fluid intake must be increased when taking these medications

Stool softeners (see also bulk-forming laxatives and docusate sodium):
Docusate sodium Oral or rectal 24–48 hours Has detergent and emulsifying properties which also soften the stool

It is given in patients who should avoid straining during defecation. 
Docusate is effective acutely. It does not induce defecation

Not to be used long term as tachyphylaxis develops with long-term use 

Can cause abdominal cramps 

Not to be used in patients with intestinal obstruction

Not to be used concomitantly with mineral oil

Rectal suppositories and enemas (enemas general act by causing rectal distention and sometimes  irritation of 
the rectal  mucosa. Although generally safe, enemas may cause serious damage to the rectum by misinsertion 
resulting in trauma to the rectal mucosa):
Rectal phosphates Rectal suppositories 

or enemas
Within 
30  minutes

Have a direct osmotic and stimulant effect 

Only for short-term use; produce rapid bowel evacuation as in acute 
severe constipation or subacute intestinal obstruction 

Not to be used in patients with abdominal obstruction or acute 
gastrointestinal conditions

Not for use in patients with neurogenic bowel

Rectal sodium citrate 
enema

Administered as an 
enema

Within 
30  minutes

Only for short-term use to produce rapid bowel evacuation

Not to be used in patients with abdominal obstruction or acute 
gastrointestinal conditions

Case should be taken in patients where sodium salts are contraindi-
cated, for example, cardiac failure

Chloride channel activators:
Lubiprostone Orally 

8 mcg twice a day in 
irritable bowel syn-
drome; 24 mcg twice 
a day in chronic idio-
pathic constipation 
and opioid-induced 
constipation

30–60 minutes Acts locally and enhances a chloride-rich intestinal fluid secretion 
without altering sodium and potassium concentrations in the serum. 
It increases intestinal fluid secretion to assist in GI motility, thereby 
decreasing symptoms of constipation (for example,  abdominal pain, 
bloating, straining, hard stools) 

Used in chronic idiopathic constipation; opioid-induced constipa-
tion in patients with chronic, noncancer pain; and for women with 
constipation caused by irritable bowel syndrome.

Note: Laxatives should not be used for long-term use and review and look for other underlying problems if not effective after 1 week. Do not use to relieve gastrointestinal 
symptoms of an unknown cause. Depletion of fluids and electrolytes may result from their chronic use.
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A. Irritants and stimulants

1. Senna: This agent is a widely used stimulant laxative. Its active 
ingredient is a group of sennosides, a natural complex of anthraqui-
none glycosides. Taken orally, senna causes evacuation of the bow-
els within 6 to 12 hours. It also causes water and electrolyte secretion 
into the bowel. In combination products with a docusate-containing 
stool softener, it is useful in treating opioid-induced constipation.

2. Bisacodyl: Available as suppositories and enteric-coated tablets, 
bisacodyl is a potent stimulant of the colon. It acts directly on 
nerve fibers in the mucosa of the colon.

3. Castor oil: This agent is broken down in the small intestine to rici-
noleic acid, which is very irritating to the stomach and promptly 
increases peristalsis. Pregnant patients should avoid castor oil 
because it may stimulate uterine contractions. Use of castor oil is 
generally not recommended due to poor palatability and potential 
for GI adverse effects.

B. Bulk laxatives

 The bulk laxatives include hydrophilic colloids (from indigestible parts 
of fruits and vegetables). They form gels in the large intestine, caus-
ing water retention and intestinal distension, thereby increasing peristal-
tic activity. Similar actions are produced by methylcellulose, psyllium 
 (Ispaghula/isabgol husk), and bran. They should be used cautiously in 
patients who are immobile because of their potential for causing intesti-
nal obstruction. Psyllium can reduce the absorption of other oral drugs, 
and administration of other agents should be separated from psyllium by 
at least 2 hours.

C. Saline and osmotic laxatives

 Saline cathartics, such as magnesium citrate and magnesium hydrox-
ide, are nonabsorbable salts (anions and cations) that hold water in 
the intestine by osmosis. This distends the bowel, increasing intesti-
nal activity and producing defecation in a few hours. Electrolyte solu-
tions containing polyethylene glycol (PEG) are used as colonic lavage 
solutions to prepare the gut for radiologic or endoscopic procedures. 
PEG powder for solution without electrolytes is also used as a laxative 
and has been shown to cause less cramping and gas than other laxa-
tives. Lactulose is a semisynthetic disaccharide sugar that acts as an 
osmotic laxative. It cannot be hydrolyzed by GI enzymes. Oral doses 
reach the colon and are degraded by colonic bacteria into lactic, for-
mic, and acetic acids. This increases osmotic pressure, causing fluid 
accumulation, colon distension, soft stools, and defecation. Lactulose 
is also used for the treatment of hepatic encephalopathy, due to its 
ability to reduce ammonia levels.

D. Stool softeners (emollient laxatives or surfactants)

 Surface-active agents that become emulsified with the stool pro-
duce softer feces and ease passage of stool. These include docusate 
sodium and docusate calcium. They may take days to become effec-
tive and are often used for prophylaxis rather than acute treatment. 
Stool softeners should not be taken concomitantly with mineral oil 
because of the potential for absorption of the mineral oil.
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E. Lubricant laxatives

 Mineral oil (liquid paraffin) and glycerin suppositories are lubricants 
and act by facilitating the passage of hard stools. Mineral oil should 
be taken orally in an upright position to avoid its aspiration and poten-
tial for lipid or lipoid pneumonia.

F. Chloride channel activators

 Lubiprostone [loo-bee-PROS-tone] works by activating chloride chan-
nels to increase fluid secretion in the intestinal lumen. This eases the 
passage of stools and causes little change in electrolyte balance. 
Lubiprostone is used in the treatment of chronic constipation and irri-
table bowel syndrome with constipation (IBS-C), particularly because 
tolerance or dependency has not been associated with this drug. 
Also, drug–drug interactions appear minimal because metabolism 
occurs quickly in the stomach and jejunum.

VIII. GASTROKINETIC AGENTS

A. Cisapride

 Cisapride is the first agent approved with prokinetic activity. By the 
activation of 5-HT4 receptors, it induces peristaltic movements in the 
intestine by releasing acetyl choline in myenteric interneurons. It also 
exhibits a weak 5-HT3 antagonism which suppresses inhibitory trans-
mission in the myenteric plexus. It also stimulates cAMP-dependent 
Cl– secretion in the colon, thereby augmenting increased water con-
tent in the stools. It stimulates the propulsion (motility)—that is, gas-
trointestinal smooth muscle motility and decreases the transit time of 
gastrointestinal contents down the length of the tract. As this action 
has been seen throughout the alimentary tract (from esophagus to 
colon), its action has also been called “pan-prokinetic.” Moreover, 
it also improves the tone of the lower esophageal sphincter; hence, 
it is highly effective for gastroesophageal reflux disease (GERD). 
Cisapride is metabolized by CYP3A4, thereby having several drug 
interactions. A potential drug interaction is expected to increase 
cisapride metabolism reaching higher concentrations in the plasma 
causing “torsades de pointes” (ventricular arrhythmia). It is due to the 
activation of HERG channels (inward rectifying potassium channels 
in heart causing QT prolongation). Therefore, the use of this agent 
is banned in many countries or highly restricted. Its use has been 
reported to cause side effects such as diarrhea, abdominal cramps, 
flatulence, headache, stuffy nose, and cough. Therefore, in this group 
of benamides, other congeners which have no or lesser effect on 
HERG channels are in use. 

 Mosapride, a congener of cisapride having similar action, is reported 
to have no risk of arrhythmia in clinical trials. It is metabolized by 
CYP3A4 and therefore has potential for drug interactions with the 
concomitant use of azole antifungals, erythromycin, etc. It is highly 
effective for the gastrointestinal disorders, including chronic gastritis, 
gastroesophageal reflux disease, chronic constipation, diabetic gast-
roparesis, and functional dyspepsia. Mosapride was generally well tol-
erated, but diarrhea/loose stools, abdominal pain, dry mouth, malaise, 
and headache have been reported in <5% of patients. 
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B. Prucalopride 

 Prucalopride is a highly selective serotonin 5-HT4 receptor agonist which 
exhibits its action similar to cisapride. It is used for constipation, predom-
inantly irritable bowel syndrome, or chronic constipation. As it is reported 
to have no effect on Q-T prolongation in the clinical studies, it is found 
to be safe unlike cisapride. Diarrhea, abdominal discomfort, headache, 
nausea, diarrhea, and fatigue are the common side effects reported.

C. Itopride 

 Itopride is a benzamide derivative similar to cisapride and mosapride, 
but its activity differs significantly from them. It is a dopamine D2 
receptor antagonist and an acetylcholine esterase inhibitor. It acceler-
ates gastric emptying, improves gastric tension and sensitivity, and has 
an antiemetic action. Itopride has been identified to have equiefficacy 
with cisapride in functional dyspepsia. As it is not being metabolized 
by CYP3A4, the drug interaction–related risk of ventricular arrythmia 
is not encountered. It is metabolized by flavin mono-oxygenases, and 
itopride is considered a safer prokinetic agent. Diarrhea/loose stools, 
abdominal pain, and headache are the general side effects, and rarely 
gynecomastia and galactorrhea are reported. The risk of extrapyrami-
dal effects is reported to be low with itopride. 

IX. IRRITABLE BOWEL SYNDROME

Irritable bowel syndrome (IBS) is characterized by chronic abdominal pain and 
altered bowel habits in the absence of an organic cause. IBS may be clas-
sified as constipation predominant (IBS-C), diarrhea predominant (IBS-D),  
or a combination of both. Diet and psychosocial modifications play an 
important role in the management of the disease, as well as drug therapy 
(Figure 42.15). Key characteristics of medications used for the treatment of 
IBS-C and IBS-D are provided in Figure 42.16.

IBS-C AGENTS
Linaclotide 
Lubiprostone 

IBS-D AGENTS
Alosetron 
Eluxadoline 
Rifaximin 

AGENTS FOR ISB-C AND IBS-D
Dicyclomine 
Hyoscyamine 

Figure 42.15
Summary of drugs used to treat  
irritable bowel syndrome. IBS-C = 
 irritable bowel syndrome with 
 constipation; IBS-D = irritable bowel 
syndrome with diarrhea.

Linaclotide

INDICATION ADVERSE EFFECTSDRUG

Lubiprostone

Alosetron

Eluxadoline

Rifaximin

Dicyclomine

Hyoscyamine

IBS-C1

Women with IBS-C1

Women with severe IBS-D

IBS-D

Short-term use in IBS-D 

IBS-C and IBS-D

IBS-C and IBS-D

Increases intestinal �uid secretion via 
increased cGMP

Chloride channel activator

5-HT3 antagonist

μ-Opioid receptor agonist

Decreases bacterial load (structural 
analog of rifampin)

Antimuscarinic; decreases GI spasms 
and motility 

Antimuscarinic; decreases GI spasms 
and motility

Diarrhea, abdominal pain, �atulence, and 
abdominal distention
Do not use in children < 17 years old

Nausea and vomiting, dyspepsia, headache, 
dizziness, and hypotension

Constipation, nausea and vomiting, 
heartburn, ischemic colitis (rare)

Constipation, abdominal pain, nausea, 
pancreatitis (rare)
Possible risk of dependence and overdose

Nausea, fatigue, headache, dizziness, 
peripheral edema, and risk of Clostridium 
di�cile infection

Anticholinergic e�ects such as drowsiness 
and dry mouth

Anticholinergic e�ects such as drowsiness 
and dry mouth
Overdose may produce hallucinations, 
arrhythmias, and nausea and vomiting

MECHANISM OF ACTION

cGMP = cyclic guanosine monophosphate; IBS-C = irritable bowel syndrome with constipation; IBS-D = irritable bowel syndrome with diarrhea; GI = gastrointestinal.
1Also indicated for the treatment of chronic constipation.

Figure 42.16
Characteristics of drugs used to treat irritable bowel syndrome. (For drug dosages, refer to Appendix at the end of the book.)
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X.  DRUGS USED TO TREAT INFLAMMATORY 
BOWEL DISEASE

Inflammatory bowel disease (IBD) is a group of idiopathic chronic intes-
tinal conditions characterized by immune-mediated GI tract inflamma-
tion in response to bacterial antigens in the intestinal lumen. The most 
common subtypes of IBD are Crohn’s disease (CD) and ulcerative coli-
tis (UC). CD can affect any portion of the GI tract from the mouth to 
the anus in a noncontinuous fashion and is characterized by transmural 
inflammation. UC usually affects the rectum. It may extend continuously 
to affect other parts of the colon and is characterized by inflammation 
limited to the mucosal layer (Figure 42.17). Severity, extent of disease, 
and risk of complications guide treatment of IBD. Remission of IBD can 
be induced with the use of rectal and oral 5-aminosalicylates (5-ASAs), 
corticosteroids (rectal, oral locally delivered and systemic), and biologic 
agents (TNF-α inhibitors, α4-integrin inhibitors, and the IL-12/23 inhibitor 
ustekinumab). Drugs used to maintain remission are the same as those 
used for  induction. The immunomodulators (azathioprine, 6-mercaptopu-
rine, and methotrexate) are additional agents used in the maintenance of 
remission in IBD. Figure 42.18 summarizes agents used in the treatment 
of inflammatory bowel disease.

A. 5-Aminosalicylates

 Two types of 5-ASA compounds exist, the azo compounds and 
the mesalamine compounds. The azo compounds are prodrugs 
that consist of a 5-ASA molecule bound via an azo (N=N) bond to 
another molecule. These include balsalazide [bal-SAL-a-zide], olsal-
azine  [ole-SAL-a-zeen], and sulfasalazine [SUL-fa-SAL-a-zeen]. The 
oral mesalamine [me-SAL-a-meen] compounds consist of  single 
5-ASA molecules enclosed within an enteric coat or a semiper-
meable membrane. The first 5-ASA agent used in the treatment of 
IBD, sulfasalazine, is a prodrug consisting of 5-ASA linked to sul-
fapyridine. Colonic bacteria cleave sulfasalazine to produce 5-ASA 

Ulcerative colitisCrohn disease BA

Figure 42.17
Distribution patterns of disease with skip lesions in Crohn’s disease (A) and continuous involvement of the colon 
(B), beginning with the rectum, in ulcerative colitis.
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(mesalamine) and sulfapyridine (Figure 42.19). When it became 
known that 5-ASA was responsible for the efficacy of sulfasalazine 
while sulfapyridine was mainly responsible for its adverse effects, 
unlinked 5-ASA formulations were produced. However, unlinked 
5-ASA is rapidly absorbed with only 20% reaching the site of action 
in the terminal ileum and colon. Therefore, other azo-bonded com-
pounds and various formulations of mesalamine were developed to 
limit absorption of 5-ASA in the proximal gastrointestinal tract and 
allow increased drug delivery to the colon. These formulations differ 
in their sites of topical delivery within the intestinal tract and dosing 
frequency (Figure 42.20). Compared to sulfasalazine, the mesala-
mine formulations and the other azo compounds have improved tol-
erability with similar efficacy, making them the mainstay of therapy 
in UC.

1. Actions: The 5-ASAs exhibit anti-inflammatory and immunosup-
pressive properties that are the main determinants of their efficacy 
in IBD. The exact mechanism of action of 5-ASA is unknown but 
is thought to be due in part to 1) inhibition of cytokine synthesis, 
2) inhibition of leukotriene and prostaglandin synthesis, 3) scav-
enging of free radicals, 4) inhibition of T-cell proliferation, activa-
tion, and differentiation, and 5) impairment of leukocyte adhesion 
and function. 5-ASA is thought to act via topical interaction with 
the intestinal mucosa and the mechanisms are the same with 
both oral and rectal administration. 

2. Therapeutic uses: The 5-ASA drugs are the mainstay of treat-
ment in UC. All 5-ASA formulations and sulfasalazine are indicated 
in UC for induction and maintenance of remission. Current guide-
lines recommend these agents as first line for mild-to-moderate  
disease. Use of 5-ASA drugs in CD is limited due to a general lack 
of efficacy.

3. Pharmacokinetics: 5-ASA (mesalamine) pharmacokinetics are 
variable and dependent on the route of administration (for exam-
ple, rectal vs. oral), type of oral formulation (Figure 42.20) and 
disease activity. Absorption of 5-ASA increases with more severe 
disease and decreases with decreasing pH. In UC, 5-ASAs work 
by local effect. Therefore, the 5-ASA preparations deliver drug 
to the colon for maximal intestinal exposure. Absorption of rec-
tally administered mesalamine and systemic exposure depends 
on rectal retention time. Due to the topical mechanism of action, 
differences in systemic exposure are not related to efficacy but 
may be important for adverse effects. Sulfasalazine is adminis-
tered orally, with the sulfapyridine component having significant 
absorption (60% to 80%). 

4. Adverse effects: Adverse effects of sulfasalazine occur in up to 
45% of patients, with the majority due to the sulfapyridine compo-
nent. Headache, nausea, and fatigue are most common and are 
dose-related. Serious reactions include hemolytic anemia, mye-
losuppression, hepatitis, pneumonitis, nephrotoxicity, fever, rash, 
and Stevens–Johnson syndrome. Treatment should be discontin-
ued at the first sign of skin rash or hypersensitivity. Sulfasalazine 
reversibly impairs male fertility. Sulfasalazine also inhibits intestinal 
folate absorption, and folate supplementation is recommended 
with chronic use. The newer mesalamine formulations are well tol-
erated; headache and dyspepsia are the most common adverse 
effects. Rarely, acute interstitial nephritis may occur and renal 

5-AMINOSALICYLATES
Oral formulation
Balsalazide 
Mesalamine 
Olsalazine 
Sulfasalazine 

Rectal formulation
Mesalamine enema 
Mesalamine suppository 

CORTICOSTEROIDS
Oral formulation
Budesonide delayed-release 
Budesonide extended-release 
Hydrocortisone 
Prednisone 
Methylprednisolone 

Intravenous formulation
Hyrdrocortisone 
Methylprednisolone 

Rectal formulation
Budesonide foam 
Hydrocortisone suppository 
Hydrocortisone enema 
Hydrocortisone foam 

BIOLOGIC AGENTS
TNF-� inhibitors
Adalimumab 
Certolizumab 
Golimumab 
In�iximab 

�4-Integrin inhibitor
Vedolizumab 

IL-12/13 inhibitor
Ustekinumab 

IMMUNOMODULATORS
Azathioprine 
6-Mercaptopurine 
Methotrexate 

Figure 42.18
Agents used in the treatment of 
inflammatory bowel disease. (For drug 
dosages, refer to Appendix at the 
end of the book.)

LIR_CH42.indd   756 16/10/18   12:11 PM



757X. Drugs Used to Treat Inflammatory Bowel Disease

function should be monitored in patients receiving mesalamine. 
Watery diarrhea occurs in up to 20% of patients treated with 
olsalazine. Some formulations of mesalamine depend on pH for 
their release (Figure 42.20), and coadministration of drugs that 
increase pH (for example, PPIs, H2 receptor antagonists, and ant-
acids) may result in increased systemic absorption and premature 
release of 5-ASA before reaching the site of action. Concomitant 
use should be avoided or another formulation of 5-ASA that is 
non-pH dependent should be used (for example, olsalazine and 
balsalazide).

B. Corticosteroids

 Corticosteroids are used in IBD for their anti-inflammatory effects 
as they are in other inflammatory conditions (see Chapter 26). 
Although very effective at inducing remission in IBD, long-term 
maintenance with corticosteroids should be avoided due to the del-
eterious effects of chronic use. Rectal formulations (for example, 
hydrocortisone enema and budesonide foam) have fewer adverse 
effects than systemic steroids but use is limited to left-sided dis-
ease in UC. Enteric release preparations of oral budesonide deliver 
corticosteroid to a portion of inflamed intestine. This agent has 
minimal systemic adverse effects due to low bioavailability result-
ing from extensive first-pass hepatic metabolism. Delayed-release 
budesonide delivers drug to the terminal ileum and proximal large 
bowel and is used in ileocecal CD. Extended-release budesonide 
delivers drug throughout the colon and is used in UC patients with 
pancolitis. Although systemic exposure is less than other cortico-
steroids, the use of budesonide in extended maintenance of remis-
sion is limited due to concerns with long-term use.
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Figure 42.19
Sulfasalazine metabolism.

Balsalazide

BRAND(S) FORMULATIONDRUG

Mesalamine

Olasalazine

Colazal

Dipentum

PO

PO

Colon

Colon

ROUTE

Three times 
daily

Twice daily

DOSING
FREQUENCY

SITE OF
DELIVERY

5-ASA azo bonded to inert carrier molecule; 
release dependent on cleavage by colonic 
bacteria

Apriso PO ColonOnce daily pH-dependent (≥ 6) delayed release with 
extended-release matrix core

5-ASA azo bonded to another 5-ASA 
molecule; release dependent on cleavage 
by colonic bacteria

Asacol, 
Asacol HD

PO Distal ileum, colonThree times 
daily

pH-dependent (≥ 7) delayed release

Canasa Rectal RectumOnce daily Suppository

Lialda PO Distal ileum, colonOnce daily pH-dependent (≥ 7) delayed-release 
multimatrix system 

Pentasa PO Entire small 
intestine, colon

Four times daily Ethyl cellulose membrane controlled-release 
micropellets 

Rowasa Rectal Rectum, sigmoid 
colon

Once daily Liquid enema

Figure 42.20
5-Aminosalicylate formulations.
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C. Biologic agents

 The TNF-α inhibitors, α-4 integrin inhibitors, and the IL-12/23 inhibi-
tor ustekinumab are biologic agents used in the management of IBD. 
Use of these agents is associated with an increased risk for infection. 
Patients should be evaluated for tuberculosis and treatment for latent 
TB should be considered prior to the use of these drugs. Many of 
these agents have other therapeutic indications such as rheumatoid 
arthritis (see Chapter 40) or psoriasis (see Chapter 45). The actions, 
pharmacokinetics, and adverse effects of these drugs in other condi-
tions are similar in IBD.

1. TNF- inhibitors: TNF-α inhibitors are parenteral agents that 
are effective for both induction and maintenance of remission 
in IBD. Infliximab [in-FLIX-ih-mab] and adalimumab [AY-da-LIM-
ue-mab] are indicated in both moderate-to-severe CD and UC. 
Certolizumab [SER-toe-LIZ-oo-mab] is indicated for moder-
ate-to-severe CD, and golimumab [goe-LIM-ue-mab] is  indicated 
for moderate-to-severe UC. The TNF-α inhibitors are generally 
reserved as second-line agents in patients with UC who have 
failed 5-ASAs, are unresponsive to or dependent on cortico-
steroids, or who present with more severe disease. In CD, the 
TNF-α inhibitors have a first-line role in patients with moderate-
to- severe disease and those at higher risk of progression and 
worse outcomes. These agents are associated with the develop-
ment of immunogenicity and antidrug antibodies that can result 
in loss of response in a significant proportion of patients.

2. -4 Integrin inhibitors: α-4 Integrins are adhesion molecules that 
promote leukocyte migration to sites of inflammation. Use of α-4 
integrin inhibitors reduces lymphocyte migration into the intestinal 
mucosa and inflammation. The use of α-4 integrin inhibitors in IBD 
is reserved for disease refractory to TNF-α inhibitors. Vedolizumab 
[VE-doe-LIZ-ue-mab] exhibits specific binding to α-4/β-7 integrin 
and is indicated for refractory UC and CD. The most common 
adverse reactions include headache, arthralgia, nausea, fatigue, 
and musculoskeletal pain. 

3. IL-12/23 inhibitor: Ustekinumab [YOO-sti-KIN-ue-mab] inhibits 
the cytokines IL-12 and IL-23 involved in lymphocyte activation. 
It is indicated for psoriasis, psoriatic arthritis, and induction and 
maintenance of remission in CD in patients refractory to or intol-
erant of TNF-α inhibitors, immunomodulators, or corticosteroids. 
Common adverse effects include headache, arthralgia, infection, 
nausea, and nasopharyngitis.

D. Immunomodulators

 The immunomodulator drugs most often used in IBD are methotrex-
ate and the thiopurines azathioprine and 6-mercaptopurine (6-MP). 
Methotrexate (MTX) also has therapeutic applications in cancer, rheu-
matoid arthritis, and psoriasis (see Chapters 38, 40, and 45) and aza-
thioprine is sometimes use in kidney transplant (see Chapter 35). The 
actions, pharmacokinetics, and adverse effects of the immunomodu-
lators in other conditions are similar in IBD.

1. Methotrexate: MTX is a structural analog of folic acid that 
inhibits the production of folinic acid. The exact mechanism of 
action in CD is unknown. Only intramuscular or subcutaneous 
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administration of MTX has efficacy in CD. MTX is a recommended 
monotherapy option for maintenance of remission in CD, but is not 
recommended in maintenance for UC. Common adverse effects 
of MTX are headache, nausea, vomiting, abdominal discomfort, 
serum aminotransferase elevations, and rash. Daily administration 
of folic acid is effective at reducing the incidence of GI adverse 
effects and is recommended in patients receiving MTX.

2. Thiopurines: The thiopurines azathioprine and 6-mercaptopu-
rine (6-MP) are oral medications that have corticosteroid-sparing 
effects in patients with UC and CD. They are considered first line 
as monotherapy for maintenance of remission. Use of thiopurines 
in IBD is limited by concerns of toxicity, including bone marrow 
suppression and hepatotoxicity. Monitoring of complete blood 
counts and liver function tests is recommended in all patients 
treated with a thiopurine.

Study Questions

Choose the ONE best answer.

42.1 A 68-year-old patient with cardiac failure is diag-
nosed with ovarian cancer. She begins using cis-
platin but becomes nauseous and suffers from 
severe vomiting. Which drug would be most effec-
tive to counteract the emesis in this patient without 
exacerbating her cardiac problem?

A. Droperidol

B. Dolasetron

C. Prochlorperazine

D. Palonosetron

42.2 A 45-year-old woman complains of severe per-
sistent heartburn and an unpleasant, acid-like taste 
in her mouth. The clinician suspects that she has 
gastroesophageal reflux disease. Which drug is 
most appropriate?

A. An antacid such as aluminum hydroxide

B. Dicyclomine

C. Granisetron

D. Esomeprazole

42.3 A couple celebrating their 30th wedding anniver-
sary are given a trip to Peru to visit Machu Picchu. 
Because of past experiences while traveling, they 
ask their doctor to prescribe an agent in case they 
experience diarrhea. Which drug would be effective?

A. Omeprazole

B. Loperamide

C. Famotidine

D. Lubiprostone

Correct answer = D. Palonosetron is a 5-HT3 antag-
onist that is effective against drugs with high emeto-
genic activity, such as cisplatin. Although dolasetron is 
also in this category, its propensity to affect the heart 
makes it a poor choice for this patient. Droperidolis 
only a moderately effective antiemetic and has the 
potential to prolong the qTc interval, so it is preferred in 
this patient. The antiemetic effect of prochlorperazine, 
a phenothiazine, is most beneficial against anticancer 
drugs with moderate-to-low emetogenic properties.

Correct answer = D. It is appropriate to treat this 
patient with a proton-pump inhibitor (PPI) to reduce 
acid production and promote healing. An H2 receptor 
antagonist might also be effective, but the PPIs are 
preferred. An antacid would decrease gastric acid, 
but its effects are short lived compared to those of 
the PPIs and H2 receptor antagonists. Dicyclomine 
is an antimuscarinic drug that is mainly used as an 
antispasmodic for IBS. The 5-HT3 receptor antagonist 
granisetron is an antiemetic and not appropriate for 
the treatment of GERD.

Correct answer = B. Loperamide is the only drug 
that has antidiarrheal activity. Omeprazole is a  
proton-pump inhibitor, famotidine antagonizes the H2 
receptor to reduce acid production, and lubiprostone 
is indicated for chronic constipation or IBS-C.

LIR_CH42.indd   759 16/10/18   12:11 PM



760 42. Gastrointestinal and Antiemetic Drugs

42.4 A 27-year-old woman who is 34 weeks’ pregnant is 
on bed rest and is experiencing mild constipation. 
Which drug is most appropriate for her?

A. Castor oil

B. Docusate

C. Mineral oil

D. Loperamide

42.5 Which drug has been known to cause discoloration 
of the tongue?

A. Amoxicillin

B. Omeprazole

C. Bismuth subsalicylate

D. Lubiprostone

42.6. An elderly woman with a recent history of myocar-
dial infarction is seeking a medication to help treat 
her occasional heartburn. She is currently taking 
several medications, including aspirin, clopidogrel, 
simvastatin, metoprolol, and lisinopril. Which drug 
should be avoided in this patient?

A. Calcium citrate

B. Famotidine

C. Omeprazole

D. Ranitidine

42.7. Extrapyramidal symptoms (EPS) have been associ-
ated with which drug?

A. Metoclopramide

B. Sucralfate

C. Aprepitant

D. Bisacodyl

42.8 Which agent for gastrointestinal problems is con-
traindicated in pregnancy?

A. Calcium carbonate

B. Famotidine

C. Lansoprazole

D. Misoprostol

42.9 A patient presents with a 2-month history of crampy 
right lower quadrant abdominal pain. Results of 
endoscopy are consistent with moderate Crohn’s 
disease involving the terminal ileum and proximal 
large intestine. Which drug is best to initiate in this 
patient at this time?

A. Extended-release budesonide

B. Delayed-release budesonide

C. Mesalamine enema

D. Ustekinumab

Correct answer = A. Only metoclopramide has been 
associated with EPS. This is due to its ability to inhibit 
dopamine activity.

Correct answer = D. Misoprostol, a synthetic pros-
taglandin analog, is contraindicated in pregnancy 
because it may stimulate uterine contractions. The 
other medications may be used during pregnancy for 
the treatment of heartburn (common in pregnancy) or 
peptic ulcer disease.

Correct answer = B. Delayed-release budesonide is 
indicated in Crohn’s disease because it releases in 
the terminal ileum and proximal large bowel and is 
effective in inducing remission. Extended-release 
budesonide, although effective at inducing remis-
sion, is only indicated in ulcerative colitis because it 
does not release in the small bowel and would not be 
expected to be effective in this patient’s ileal disease. 
Mesalamine enema is only effective on the distal large 
intestine. Ustekinumab is only indicated in patients 
who are refractory or intolerant to TNF-α inhibitors.

Correct answer = B. Although its effects are not 
immediate, docusate may be used for mild constipa-
tion and is generally considered safe in pregnancy. 
Castor oil should not be used in pregnancy because 
of its ability to cause uterine contractions. Mineral oil 
should not be used in bedridden patients due to the 
possibility of aspiration. Loperamide is used for diar-
rhea, not constipation.

Correct answer = C. Bismuth subsalicylate com-
pounds may cause a harmless black discoloration of 
the tongue. The other agents have not been associ-
ated with this effect.

Correct answer = C. Omeprazole may possibly 
decrease the efficacy of clopidogrel because it inhib-
its the conversion of clopidogrel to its active form.
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42.10 A patient with a history of ulcerative colitis well 
controlled on mesalamine (Apriso) presents 
with epigastric pain and dark tarry stools. He is 
found to have a duodenal ulcer and is prescribed 
esomeprazole for 8 weeks. At follow-up 2 weeks 
later, his epigastric pain and dark tarry stools are 
resolved. However, he reports having increased 
lower abdominal pain and increased stool fre-
quency. Which change in drug therapy is appro-
priate at this time?

A. Change esomeprazole to omeprazole due to 
interaction with mesalamine (Apriso).

B. Discontinue esomeprazole.

C. Change mesalamine (Apriso) to mesalamine 
(Asacol).

D. Change mesalamine (Apriso) to olsalazine 
(Dipentum).

Correct answer = D. The patient seems to be having 
increased symptoms of ulcerative colitis after starting 
the PPI, esomeprazole. The pH-dependent release 
formulations of mesalamine have a significant inter-
action with the PPIs which may lead to early release 
and loss of efficacy. A is incorrect because omepra-
zole is expected to have the same interaction. B is 
incorrect because this patient still requires therapy 
with a PPI. C is incorrect because Asacol is also 
pH-dependent release and is likely to be affected.  
D is correct because olsalazine is not pH-dependent 
and release relies on cleavage by colonic bacteria.
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I. OVERVIEW

Erectile dysfunction (ED) and benign prostatic hyperplasia (BPH) are 
 common urologic disorders in males. ED is the inability to maintain penile 
erection for the successful performance of sexual activity. ED has many 
physical and psychological causes, including vascular disease, diabetes, 
medications, depression, and sequelae to prostatic surgery. BPH is usu-
ally a nonmalignant enlargement of the prostate, which occurs naturally 
as men age. As the prostate grows in size, lower urinary tract symptoms 
develop, which can significantly impact a patient’s quality of life. A sum-
mary of drugs for ED and BPH is provided in Figure 43.1.

II. DRUGS USED TO TREAT ERECTILE DYSFUNCTION

Therapy for ED includes penile implants, intrapenile injections of alprosta-
dil, intraurethral suppositories of alprostadil, and oral  phosphodiesterase-5 
(PDE-5) inhibitors. Because of the efficacy, ease of use, and safety of 
PDE-5 inhibitors, these drugs are first-line therapy for ED. 

A. Phosphodiesterase-5 inhibitors

 Four PDE-5 inhibitors sildenafil [sil-DEN-a-fil], vardenafil [var-DEN-na-
fil], tadalafil [ta-DAL-a-fil], and avanafil [a-VAN-a-fil] are approved for 
the treatment of ED. [Note: Sildenafil and tadalafil are also indicated 
to treat pulmonary hypertension, although the dosage regimen differs 
for this indication.] All four PDE-5 inhibitors are equally effective in 
treating ED, and the adverse effect profiles of the drugs are similar. 
However, these agents differ in the duration of action and the effects 
of food on drug absorption.

1. Mechanism of action: Sexual arousal results in smooth muscle 
relaxation of the corpus cavernosum, increasing the inflow of blood 
(Figure 43.2). The mediator of this response is nitric oxide (NO). NO 
activates guanylyl cyclase, which forms cyclic guanosine mono-
phosphate (cGMP) from guanosine triphosphate. cGMP produces 
smooth muscle relaxation through a reduction in the intracellular 
Ca2+ concentration. The duration of action of cyclic nucleotides 
is controlled by the action of phosphodiesterase  (PDE). At least 
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Figure 43.1
Summary of drugs used for the 
 treatment of urologic disorders. 
(For drug dosages, refer to Appendix 
at the end of the book.)

DRUGS FOR ERECTILE DYSFUNCTION

Alprostadil
Avanafil
Sildenafil
Tadalafil
Vardenafil
α-BLOCKERS

Alfuzosin 
Doxazosin 
Prazosin 
Silodosin 
Tamsulosin 
Terazosin
5-α REDUCTASE INHIBITORS

Dutasteride 
Finasteride
COMBINATION PRODUCT

Dutasteride/tamsulosin
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Figure 43.2
Mechanism of penile erection. cGMP = cyclic guanosine monophosphate.
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Figure 43.3
Some properties of phosphodiesterase  
inhibitors. *Delay in time to reach peak 
drug concentration when taken with 
high-fat foods.

11  isozymes of PDE have been characterized. Sildenafil, varde-
nafil, tadalafil, and avanafil inhibit PDE-5, the isozyme responsible 
for degradation of cGMP in the corpus cavernosum. The action of 
PDE-5 inhibitors is to increase the flow of blood into the corpus 
cavernosum at any given level of sexual stimulation. At recom-
mended doses, PDE-5 inhibitors have no effect in the absence of 
sexual stimulation.

2. Pharmacokinetics: Sildenafil and vardenafil have similar pharma-
cokinetic properties. Both drugs should be taken approximately 
1 hour prior to anticipated sexual activity, with erectile enhance-
ment observed for up to 4 hours after administration. Thus, 
administration of sildenafil and vardenafil must be timed appro-
priately with regard to anticipated sexual activity. The absorption 
of both drugs is delayed by consumption of a high-fat meal. 
Vardenafil is also available in an orally disintegrating tablet (ODT) 
formulation, which is not affected by a high-fat meal. However, 
the bioavailability of the ODT formulation may be decreased by 
water, and therefore the ODT should be placed under the tongue 
and not administered with liquids. The vardenafil ODT provides a 
higher systemic bioavailability than the vardenafil film-coated oral 
tablet, and these products are not interchangeable. Tadalafil has 
a slower onset of action (Figure 43.3) than sildenafil and vardena-
fil, but a significantly longer half-life of approximately 18 hours.  
As such, it is approved for once-daily dosing (in addition to 
as-needed dosing). This results in enhanced erectile function for 
up to 36 hours. Furthermore, the absorption of tadalafil is not 
clinically influenced by food. The timing of sexual activity is less 
critical for  tadalafil because of its prolonged duration of effect. 
Of all the PDE-5 inhibitors, avanafil has the quickest onset of 
action. It should be taken 30 minutes prior to sexual activity. 
All PDE-5 inhibitors are metabolized by the cytochrome P450 
3A4 (CYP3A4) isoenzyme. Dosage adjustments for sildenafil, 
tadalafil, and vardenafil are recommended in patients with mild-
to- moderate hepatic dysfunction. PDE-5 inhibitors should be 
avoided in patients with severe hepatic impairment. For patients 
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765II. Drugs Used to Treat Erectile Dysfunction

with severe renal dysfunction, the dose of sildenafil and tadalafil 
should be reduced, and daily-dose tadalafil and as needed ava-
nafil are contraindicated in these patients.

3. Adverse effects: The most frequent adverse effects of the PDE-5 
inhibitors are headache, flushing, dyspepsia, and nasal conges-
tion. These effects are generally mild, and men with ED rarely dis-
continue treatment because of side effects. Disturbances in color 
vision (loss of blue/green discrimination) may occur with PDE-5 
inhibitors, likely due to inhibition of PDE-6 which is involved in 
the photoreceptor signal transduction in the retina (a PDE found 
in the retina that is important in color vision). Tadalafil, however, 
does not appear to disrupt PDE-6, and reports of changes in 
color vision have been rare with this medication. The incidence of 
these reactions appears to be dose-dependent. Sudden hearing 
loss has also been reported with the use of PDE-5 inhibitors, per-
haps due to changes in sinus pressure because of vasodilation. 
Tadalafil has been associated with back pain and myalgias, likely 
because of inhibition of PDE-11, an enzyme found in skeletal 
muscle. There is an inherent cardiac risk associated with sexual 
activity. Therefore, PDE-5 inhibitors should be used with caution 
in patients with a history of cardiovascular disease or those with 
strong risk factors for cardiovascular disease. PDE-5 inhibitors 
should not be used more than once per day for the treatment of 
erectile dysfunction. All of the PDE-5 inhibitors have the potential 
to cause priapism (a painful, prolonged erection). Although this is 
a rare side effect, it is a medical emergency.

4. Drug interactions: Because of the ability of PDE-5 inhibitors to 
potentiate the hypotensive activity of NO, administration of these 
medications in combination with organic nitrates (for example, 
nitroglycerin products, isosorbide dinitrate, or isosorbide mono-
nitrate) is contraindicated. PDE-5 inhibitors may produce additive 
blood pressure–lowering effects when used in patients taking 
α-adrenergic antagonists for treatment of hypertension and/or 
alleviation of symptoms associated with BPH. The combination of 
PDE-5 inhibitors and α-adrenergic antagonists should be used with 
caution. Patients should be on a stable dose of the α-adrenergic  
antagonist prior to the initiation of the PDE-5 inhibitor, and the 
PDE-5 inhibitor should be started at a low dose if this combina-
tion is used. Doses of PDE-5 inhibitors may need to be reduced 
in the presence of potent inhibitors of CYP3A4, such as clarithro-
mycin, ritonavir, and other protease inhibitors. Because of QT pro-
longation, the combination of vardenafil and dronedarone should 
be avoided. 

B. Alprostadil

 Alprostadil [al-PRAHST-uh-dill] is synthetic prostaglandin E1 (PGE1). 
In the penile tissue, PGE1 allows for relaxation of the smooth muscle 
in the corpus cavernosum. Alprostadil is available as an intraurethral 
suppository and an injectable formulation. Although PDE-5 inhibitors 
are considered first-line therapy for the treatment of ED, alprostadil 
may be used for patients who are not candidates for oral therapies. In 
contrast to oral agents, alprostadil acts locally, which may reduce the 
occurrence of adverse effects.
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1. Mechanism of action: Alprostadil causes smooth muscle relax-
ation by an unknown mechanism. It is believed that alprostadil 
increases concentrations of cyclic AMP (cAMP) within cavernosal 
tissue. As a result, protein kinase is activated, allowing trabecu-
lar smooth muscle relaxation and dilation of cavernosal arteries. 
Increased blood flow to the erection chamber compresses venous 
outflow, so that blood is entrapped  leading to penile tumescence 
(erection) to help in intercourse and erection may occur.

2. Pharmacokinetics: Systemic absorption of alprostadil is minimal. 
If any alprostadil is systemically absorbed, it is quickly metabo-
lized. Therefore, it is either administered as a corpus cavernasal 
injection on the penis using a very fine needle or administered 
as a urethral suppository.   The onset of action of alprostadil is 
5 to 10 minutes when given as a urethral suppository and 2 to 
25  minutes when administered by injection. The resulting erection 
may last for 30 to 60 minutes, or longer, depending upon the par-
ticular patient.

3. Adverse effects: Since alprostadil is not systemically absorbed, 
adverse systemic effects are rare. However, hypotension or head-
ache is a possibility due to PGE1-induced vasodilation. Locally, 
adverse effects of alprostadil include penile pain, urethral pain, 
and testicular pain. Bleeding from the insertion or injection of 
alprostadil is rare. Hematoma, ecchymosis, and rash are possible 
from alprostadil injection, although these adverse effects are also 
rare. Alprostadil administration may lead to priapism.

C. Papaverine or phentolamine 

 The combination of papaverine, a direct smooth muscle relaxant 
(an alkaloid isolated from opium poppy but having different struc-
ture unlike morphine), and phentolamine, nonselective α-adrenergic 
blocker known to cause vasodilation are used together to induce 
penile erection. Papaverine and phentolamine are directly injected 
into corpus cavernosum for the effect. Though priapism is a common 
problem, it is an emergency situation, where  the reversal is achieved 
by withdrawing blood from the corpus cavernosum or by injecting 
vasoconstrictors such as phenylephrine. Moreover, self-injection 
requires adequate skills and the injection can cause local hematoma, 
infection, and damage of the smooth muscle. It is used only in situa-
tions where all other pharmacological methods fail. 

D. Androgen substitution therapy

 Androgen deficiency is one of the factors responsible for ED. 
Hypogonadism due to various factors causing ED can be treated by 
the injection of the esters of testosterone or topical or transdermal 
testosterone therapy.  

III. BENIGN PROSTATIC HYPERPLASIA

Three classes of medications are used to treat BPH: α1-adrenergic 
antagonists, 5-α reductase inhibitors, and phosphodiesterase-5 (PDE-5) 
inhibitors.
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A. α1-Adrenergic antagonists

 Terazosin [ter-AY-zoe-sin], doxazosin [dox-AY-zoe-sin], tamsulosin 
 [tam-SUE-loh-sin], alfuzosin [al-FUE-zoe-sin], and silodosin [sil-oh-DOE-
sin] are selective competitive blockers of the α1 receptor. All drugs with 
their dosage and receptor specificity which are indicated for the treat-
ment of BPH are shown in Figure 43.1. Prazosin is an α-blocker that is 
used off-label in the treatment of BPH. However, current guidelines do 
not endorse the use of prazosin for BPH. Please refer to Chapter 7 for a 
discussion of α-blockers in the setting of hypertension.

1. Mechanism of action: α1A Receptors are found in the prostate, 
α1B receptors are found in the prostate and vasculature, and α1D 
receptors are found in the vasculature. By blocking the α1A and α1B 
receptors in the prostate, the α-blockers cause prostatic smooth 
muscle relaxation, which leads to improved urine flow. As dox-
azosin, terazosin, and alfuzosin also have blockade on α1B apart 
from α1A receptors, they can cause decrease in blood pressure 
by reducing peripheral vascular resistance. In contrast, tamsulosin 
and silodosin have less of an effect on blood pressure because 
they are more selective for the prostate-specific α1A receptor. 

2. Pharmacokinetics: The α-blockers are well absorbed following 
oral administration. When taken with food, the absorption of tam-
sulosin, alfuzosin, and silodosin is increased. Therefore, for best 
efficacy, these agents should be taken with food or after a meal, 
typically supper. Doxazosin, alfuzosin, tamsulosin, and silodosin 
are metabolized through the cytochrome P450 system. Silodosin 
is also a substrate for P-glycoprotein (P-gp). Terazosin is metab-
olized in the liver, but not through the CYP system. In general, 
the α-blockers have a half-life of 8 to 22 hours, with peak effects  
1 to 4 hours after administration. Silodosin requires dosage 
adjustment in renal impairment and is contraindicated in patients 
with severe renal dysfunction.

3. Adverse effects: α-Blockers may cause dizziness, a lack of 
energy, nasal congestion, headache, drowsiness, and ortho-
static hypotension. Because tamsulosin and silodosin are more 
selective for the α1A receptors found on the smooth muscle 
of the prostate, they have relatively minimal effects on blood 
pressure, although dizziness and orthostasis may occur. By 
blocking α receptors in the ejaculatory ducts and impairing 
smooth muscle contraction, inhibition of ejaculation and retro-
grade ejaculation have been reported. Several of these agents 
have a  caution  about “floppy iris syndrome,” a condition in 
which  the  iris billows in response to intraoperative eye surgery 
(Figure 43.4)

4. Drug interactions: Drugs that inhibit CYP3A4 and CYP2D6 (for 
example, verapamil, diltiazem) may increase the plasma concen-
trations of doxazosin, alfuzosin, tamsulosin, and silodosin, whereas 
drugs that induce the CYP450 system (for example, carbamaze-
pine, phenytoin, and St. John’s wort) may decrease plasma con-
centrations. Alfuzosin may prolong the QT interval, so it should 
be used with caution with other drugs that cause QT prolonga-
tion (for example, class III antiarrhythmics). Because silodosin is a 
substrate for P-gp, drugs that inhibit P-gp, such as cyclosporine, 
may increase silodosin concentrations.

Tachycardia

Orthostatic
hypotension

BP

Vertigo

Headache

Fatigue

Whalen7-ch041-�g004

Figure 43.4
Some adverse effects commonly 
observed with nonselective α-blockers.
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B. 5- Reductase inhibitors

 Finasteride [fin-AS-ter-ide] and dutasteride [doo-TAS-ter-ride] inhibit 
5-α reductase. Compared to the α-blockers, which provide patients 
with relief from BPH symptoms within 7 to 10 days, these agents may 
take up to 12 months to relieve symptoms.

1. Mechanism of action: Both finasteride and dutasteride inhibit the 
enzyme 5-α reductase, which is responsible for converting testos-
terone to the more active dihydrotestosterone (DHT). DHT is an 
androgen that stimulates prostate growth. By reducing DHT, the 
prostate shrinks and urine flow improves. Compared with finas-
teride, dutasteride is more potent and causes a greater decrease 
in DHT. Finasteride inhibits only 5-α reductase I iso-enzyme (pres-
ent predominantly in the male urogenital tract) but dutasteride 
blocks both I and II iso-enzymes, thereby reducing plasma DHT 
levels more than finasteride. In order for the 5-α reductase inhibi-
tors to be effective, the prostate must be enlarged. Since it takes 
several months for 5-α reductase inhibitors to reduce the prostate 
size, it is appropriate to use these agents in combination with an 
α-blocker to provide relief of symptoms. Dutasteride and tamsu-
losin are available as a combination product for this indication. 
Figures 43.5 and 43.6 summarize important differences between 
these two classes of agents. Finasteride is also used for alopecia, 
especially for male pattern baldness, as reduction of DHT in scalp 
and serum prevents hair loss. 

25

20

15

10

5

0
3 4 50 1 2

Placebo

Finasteride

Doxazosin

Finasteride 
plus doxazosin

Years

• Terazosin, doxazosin, tamsulosin, 
    silodosin, and alfuzosin relieve 
    outlet obstruction of the bladder
    by reducing the tension of prostatic 
    smooth muscle in the prostate, 
    prostate capsule, and bladder 
    neck.

• The most important side e�ects 
    are orthostatic hypotension 
    and dizziness.

�1-Adrenergic antagonists

• Combination therapy with an 
    �1-adrenergic antagonist plus a 
    5-� reductase inhibitor produces
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    urinary retention, urinary 
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    or recurrent urinary tract infections.   

Combination therapy

5-� Reductase inhibitors

• Finasteride and dutasteride 
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    su�ciently reduced to improve 
    symptoms.

• The major side e�ects of 
    the 5-� reductase inhibitors 
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Figure 43.5
Therapy for benign prostatic hyperplasia (BPH).
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2. Pharmacokinetics: Food does not affect the absorption of finas-
teride or dutasteride. Both agents are highly protein bound and 
metabolized by the CYP450 system. The mean plasma elimi-
nation half-life of finasteride is 6 to 16 hours, while the terminal 
elimination half-life of dutasteride is 5 weeks once steady-state 
concentrations are achieved (which is typically after 6 months of 
therapy).

3. Adverse effects: The 5-α reductase inhibitors cause sexual side 
effects, such as decreased ejaculate, decreased libido, ED, gyne-
comastia, and oligospermia. Finasteride and dutasteride are tera-
togenic. Women who are pregnant or of childbearing age should 
not handle or ingest either agent, as this may lead to serious 
birth defects involving the genitalia in a male fetus. Although 
both agents are metabolized by the CYP450 system, drug inter-
actions are rare. It is not ideal to use a 5-α reductase inhibitor 
with  testosterone, since both finasteride and dutasteride inhibit 
the conversion of testosterone to its active form, DHT.

C. Phosphodiesterase-5 inhibitor

 Tadalafil is the only PDE-5 inhibitor approved for the treatment of 
BPH. PDE-5 is present in the prostate and bladder. As such, inhibi-
tion of PDE-5 by tadalafil allows for vasodilation and relaxation of the 
smooth muscle of the prostate and bladder, which thereby improves 
symptoms of BPH.

Figure 43.6
Comparisons of treatment for benign prostatic hyperplasia. 
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 �1-ADRENERGIC ANTAGONISTS  5-� REDUCTASE INHIBITORS

Tamsulosin and alfuzosin Finasteride and dutasteride
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PSA = prostate-specific antigen.

Study Questions

Choose the ONE best answer.

43.1 Which is CORRECT regarding the mechanism of 
action of phosphodiesterase-5 (PDE-5) inhibitors?

A. PDE-5 inhibitors increase prostaglandin 
production.

B. PDE-5 inhibitors enhance the effect of nitric oxide.

C. PDE-5 inhibitors cause vasoconstriction of the 
erection chamber.

D. PDE-5 inhibitors antagonize cyclic GMP.

Correct answer = B. PDE-5 inhibitors enhance the 
effect of nitric oxide by preventing the breakdown 
of cGMP. PDE-5 inhibitors do not affect prosta-
glandin production. Although blood is drawn to the 
erection chamber, PDE-5 inhibitors allow for this via 
vasodilation, not vasoconstriction. PDE-5 inhibitors 
 prevent the breakdown of cGMP but do not antag-
onize its action.

LIR_CH43.indd   769 09/10/18   12:50 PM



770 43. Drugs for Urologic Disorders

43.2 When selecting between the available PDE-5 inhib-
itors for treatment of ED, which is an important 
consideration?

A. Tadalafil has the shortest half-life of the PDE-5 
inhibitors.

B. Sildenafil should be given with food to increase 
absorption.

C. Vardenafil ODT doses are not equal to film-
coated vardenafil doses.

D. Avanafil should be taken at least 1 hour before 
intercourse.

43.3 A patient who is taking a PDE-5 inhibitor for ED is 
diagnosed with angina. Which antianginal medica-
tion would be of particular concern in this patient?

A. Metoprolol

B. Diltiazem

C. Amlodipine

D. Nitroglycerin

43.4 Which BEST describes the mechanism of action of 
alprostadil?

A. Alprostadil blocks cGMP.

B. Alprostadil blocks nitric oxide.

C. Alprostadil increases PDE-5.

D. Alprostadil increases cAMP.

43.5 Which is CORRECT regarding local administration 
of alprostadil?

A. Local administration of alprostadil allows for low 
systemic absorption.

B. Local administration of alprostadil increases the 
chance of drug interactions.

C. Local administration of alprostadil is accom-
plished by application of a cream.

D. Local administration of alprostadil causes 
changes in color vision.

43.6 Which is the BEST description of the mechanism 
of action of dutasteride?

A. Dutasteride blocks 5-α reductase.

B. Dutasteride blocks α1A receptors.

C. Dutasteride blocks PDE-5.

D. Dutasteride blocks α1A and α1B receptors.

43.7 A patient is worried about starting terazosin 
because he is very sensitive to side effects of 
medications. Which adverse effect would be most 
expected in this patient?

A. Erectile dysfunction

B. Gynecomastia

C. Dizziness

D. Vomiting

Correct answer = C. The ODT dosage form of var-
denafil provides a high systemic concentration of 
vardenafil, which is higher than that provided by the 
film-coated tablets. As such, the doses are not inter-
changeable. Tadalafil has the longest half-life of all 
PDE-5 inhibitors. Food may delay sildenafil absorp-
tion. Avanafil has the quickest onset of action and 
may be taken 30 minutes before intercourse.

Correct answer = D. Nitrates, such as nitroglycerin, 
can cause life-threatening hypotension when taken 
with PDE-5 inhibitors. While metoprolol, diltiazem, 
and amlodipine may all lower blood pressure, the 
interaction with PDE-5 inhibitors is not relevant.

Correct answer = D. Through an unknown mechanism, 
alprostadil (a synthetic prostaglandin) increases levels 
of cAMP, causing smooth muscle relaxation. Alprostadil 
does not affect cGMP, nitric oxide, or PDE-5.

Correct answer = A. Local administration of alpros-
tadil allows for minimal systemic absorption. This 
makes alprostadil associated with few drug inter-
actions. Alprostadil is administered by injection or 
 urethral suppository, not a cream. Because there is 
little systemic absorption, and alprostadil does not 
affect PDE-6, changes in color vision are not likely.

Correct answer = A. Dutasteride blocks 5-α reduc-
tase. Dutasteride does not affect α1A receptors, α1B 
receptors, or PDE-5.

Correct answer = C. Because of the α-blocking prop-
erties, terazosin commonly causes dizziness (this 
may be related to orthostatic hypotension). ED and 
gynecomastia would be unexpected with α-blockers. 
While most drugs may cause nausea and vomiting, 
terazosin is much more likely to cause dizziness.
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43.8 Which describes an important difference between 
terazosin and tamsulosin?

A. Terazosin blocks α1A receptors, whereas tam-
sulosin blocks α1A and α1B receptors.

B. Terazosin blocks α1A and α1B receptors, 
whereas tamsulosin blocks α1A receptors.

C. Terazosin blocks 5-α reductase, whereas tam-
sulosin blocks PDE-5.

D. Terazosin must be taken with food, whereas 
tamsulosin can be taken on an empty stomach.

43.9 Which is CORRECT regarding finasteride?

A. Finasteride is associated with significant 
hypotension.

B. Finasteride is associated with birth defects.

C. Finasteride is effective within 2 weeks of 
initiation.

D. Finasteride is renally eliminated.

43.10 A 70-year-old man with BPH and an enlarged 
prostate continues to have urinary symptoms 
after an adequate trial of tamsulosin. Dutasteride 
is added to his therapy. In addition to tamsulosin, 
he is also taking hydrochlorothiazide, testoster-
one, and vardenafil as needed before intercourse. 
Which of his medications could have an interac-
tion with dutasteride?

A. Hydrochlorothiazide

B. Tamsulosin

C. Testosterone

D. Vardenafil

Correct answer = B. Tamsulosin is more selective 
for the α1A receptor, found in the prostate. Terazosin 
blocks α1A; however, terazosin also blocks α1B. Neither 
one blocks 5-α reductase nor PDE-5. Tamsulosin 
should be taken with food, while terazosin does not 
need to be taken with food.

Correct answer = B. Because finasteride inhibits the 
conversion of testosterone to its active form, it may 
cause significant developmental defects in the male 
genitalia of a developing fetus. As such, it is contrain-
dicated in pregnancy. Unlike the α-blockers, the 5-α 
reductase inhibitors are not associated with hypoten-
sion. Finasteride may take up to 12 months before 
it is effective. Finasteride is metabolized via CYP450 
and is not renally eliminated.

Correct answer = C. Because dutasteride prevents 
the conversion of testosterone to the more active 
form, DHT, these medications have an interaction. 
Essentially, dutasteride prevents testosterone from 
“working.” Hydrochlorothiazide does not interfere 
with the metabolism of dutasteride, and dutasteride 
does not have any effect on the blood pressure– 
lowering effects of hydrochlorothiazide. Tamsulosin 
is appropriate in combination with a 5-α reductase 
inhibitor when the prostate is enlarged. Vardenafil is 
only prescribed as needed, and the two drugs do not 
have a pharmacokinetic interaction.
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Drugs for Anemia
Lori Dupree 44
I. OVERVIEW

Anemia is defined as a below-normal plasma hemoglobin concentration 
resulting from a decreased number of circulating red blood cells or an abnor-
mally low total hemoglobin content per unit of blood volume. General signs 
and symptoms of anemia include fatigue, palpitations, shortness of breath, 
pallor, dizziness, and insomnia. Anemia can be caused by chronic blood 
loss, bone marrow abnormalities, hemolysis, infections, malignancy, endo-
crine deficiencies, renal failure, and a number of other disease states. A large 
number of drugs cause toxic effects on blood cells, hemoglobin production, 
or erythropoietic organs, which, in turn, may cause anemia. Nutritional ane-
mias are caused by dietary deficiencies of substances such as iron, folic 
acid, and vitamin B12 (cyanocobalamin) that are necessary for normal eryth-
ropoiesis. Individuals with a genetic predisposition to anemia, such as sickle 
cell disease, can benefit from pharmacologic treatment with actions beyond 
nutritional supplementation, such as hydroxyurea. While severe anemia can 
be temporarily corrected by transfusion of packed cell or whole blood, a 
summary of agents used for the treatment of mild-to-moderate anemia is 
provided in Figure 44.1.

II. AGENTS USED TO TREAT ANEMIAS

A. Iron

 Iron is stored in the intestinal mucosal cells, liver, spleen, and bone 
marrow as ferritin (an iron–protein complex) and delivered to the mar-
row for hemoglobin production by transferrin, a transport protein. Iron 
deficiency, the most common nutritional deficiency, results from a neg-
ative iron balance due to depletion of iron stores and/or inadequate 
intake, such as acute or chronic blood loss, menstruating or pregnant 
women, or periods of accelerated growth in children. In addition to gen-
eral signs and symptoms of anemia, iron deficiency anemia may cause 
pica (hunger for ice, dirt, paper, etc.), koilonychias (upward curvature 
of the finger and toe nails), and soreness and cracking at the corners 
of the mouth. Treatment with an iron preparation is justified only in the 
presence of a demonstrable iron-deficiency state. Before starting treat-
ment, it is important to exclude any serious underlying cause of the 
anemia (for example, gastric erosion and gastrointestinal cancer). 

 Prophylaxis with an iron preparation may be appropriate in pregnancy, 
in menorrhagia, in malabsorption, after subtotal or total gastrectomy, 
in hemodialysis patients, and in the management of low birth weight 
infants such as preterm neonates.

Figure 44.1
Summary of drugs for the  treatment 
of anemia, dose, and route of 
 administration. *Elemental iron may 
vary  markedly from one or more 
preparation. (For drug dosages, refer 
to Appendix at the end of the book.)

TREATMENT OF ANEMIA

Oral preparations (available as tab-
lets, capsules [extended release, 
film coated], suspension, chew-
able tablets)

*Iron salt—ferrous sulfate,  ferrous 
gluconate, ferrous fumarate, 
 ferrous carbonate anhydrous, 
 ferrous succinate

Iron carbonyl iron
 Iron polysaccharide complex  

(iron polymaltose) 
 Combination of iron salts,  

vitamins, and minerals
Folic acid
Cyanocobalamin (vitamin B12) 
Parenteral iron preparations
Iron dextran complex
Iron sucrose
Ferric carboxymaltose
Hormones produced by kidney
 Epoetin alfa (EPO)
 Darbepoetin
BIOLOGIC RESPONSE MODIFIERS

Filgrastim
Pegfilgrastim
Sargramostim
Tbo-filgrastim
TREATMENT OF SICKLE CELL ANEMIA

Hydroxyurea
Iron antagonist
Deferrioxamine
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1. Mechanism of action: Supplementation with elemental iron 
corrects the iron deficiency. An oral dose of 3 to 5 mg/kg body 
weight (100 to 180 mg/day) of oral elemental iron is administered 
in divided doses two to three times daily for patients with iron 
deficiency anemia.

2. Pharmacokinetics: Iron is absorbed after oral administration. 
Acidic conditions in the stomach keep iron in the reduced fer-
rous form, which is the more soluble form. Iron is then absorbed 
in the duodenum. [Note: The amount absorbed depends on the 
current body stores of iron. If iron stores are adequate, less iron 
is absorbed. If stores are low, more iron is absorbed.] The rel-
ative percentage of iron absorbed decreases with increasing 
doses. Oral preparations include ferrous sulfate, ferrous fuma-
rate, ferrous gluconate, polysaccharide–iron complex, and car-
bonyl iron formulations. The percentage of elemental iron varies 
in each oral iron preparation (Figure 44.2). Parenteral formulations 
of iron, such as iron dextran, sodium ferric gluconate, ferumoxy-
tol, ferric carboxymaltose, and iron sucrose, are also available. 
Iron salts should be given by mouth unless there are good rea-
sons for using another route such as vomiting or poor tolerability 
of oral iron, continuing blood loss, or malabsorption. Parenteral 
iron, when given with erythropoietins, may also play a role in the 
management of chemotherapy-induced anemia. It can also be 
used in in specific patient groups and in case of chronic renal 
failure in patients on dialysis. Depending on the preparation used, 

Figure 44.2
Characteristics of various iron formulations.

Ferrous gluconate 12 •  Less elemental iron, but similar tolerability to 
    ferrous sulfate

Ferric ammonium citrate 18 •  Less bioavailable than ferrous salts

•  Must be reduced to ferrous form in the intestine

Ferrous sulfate 20 •  Most common oral iron supplement

•  Low cost with good e�ectiveness and tolerability

Ferrous sulfate, anhydrous 30 •  Extended-release formulation of ferrous sulfate 
    (once-daily dosing)

•  Higher cost than ferrous sulfate

Ferrous fumarate 33 •  Similar e�ectiveness and tolerability to ferrous 
    sulfate

•  Almost no taste compared to other iron salts

Carbonyl iron 100 •  Microparticles of puri�ed iron

•  Dissolves in the stomach to form HCl salt to be 
    absorbed

•  Less toxic than iron salts due to slower absorption 
    rate (continued iron release for 1 to 2 days)

Polysaccharide-iron complex 100 •  Tasteless and odorless

•  Once-daily elemental iron dose similar to twice-
    daily ferrous sulfate

IRON
FORMULATION

ELEMENTAL
IRON (%) NOTES
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 parenteral iron is given as a total dose or in divided doses. Further 
treatment should be guided by monitoring hemoglobin and serum 
iron concentrations. Ferrous salts show only marginal differences 
among themselves in efficiency of absorption of iron. Hemoglobin 
regeneration rate is little affected by the type of salt used pro-
vided sufficient iron is given, and in most patients the speed of 
response is not critical. Thus, the choice of preparation is usually 
decided by the incidence of side effects and cost.

 Carbonyl iron is a micronized metallic iron formulation. It has 
been reported to be absorbed slowly and better tolerated as 
compared to other forms of iron. Although its bioavailability is 
reported to be low as compared to ferrous sulfate, it has been 
found to have a higher safety margin in terms of iron toxicity. 
Modified-release preparations of iron are available for once-daily 
dosage, but have no therapeutic advantage and are not rec-
ommended. These preparations are formulated to release iron 
gradually; the low incidence of side effects may reflect the small 
amounts of iron available for absorption as the iron is carried 
past the first part of the duodenum into an area of the gut where 
absorption may be poor.

a. Compound preparations: Several preparations containing 
folic acid are used during pregnancy in women who are at a 
high risk of developing iron and folic acid deficiency and for 
prevention of neural tube defects in women planning a preg-
nancy. However, the small doses of folic acid contained in 
these preparations are inadequate for the treatment of mega-
loblastic anemias.

 Some oral preparations contain ascorbic acid to aid absorp-
tion of the iron but the therapeutic advantage of such prepa-
rations is minimal and may be costlier. Similarly, there is no 
justification for the inclusion of Vitamin B group (except folic 
acid for pregnant women).

3. Adverse effects: Excess of iron is having a highly toxic value. 
Accidental overdosage (>60 mg/kg) of iron formulation can pro-
duce fatal consequences. It can cause vomiting, hematemesis, 
diarrhea, abdominal pain, acidosis, cardiovascular collapse and 
death. A quick toxicological management is essential. In thera-
peutic doses, gastrointestinal (GI) disturbances caused by local 
irritation (abdominal pain, constipation, nausea, diarrhea) and 
dark stools are the most common adverse effects of oral iron 
supplements. Parenteral iron formulations may be used in those 
who cannot tolerate or inadequately absorb oral iron, as well as 
those receiving erythropoietin with hemodialysis or chemother-
apy. Fatal hypersensitivity and anaphylactoid reactions can occur 
in patients receiving parenteral iron (mainly iron dextran formula-
tions). A test dose should be administered prior to iron dextran. 
In addition, intravenous iron should be used cautiously in the 
presence of active infections. [Note: Iron is essential for bacterial 
growth.] 

 Iron supplementation is indicated in the treatment of iron defi-
ciency anemia, in megaloblastic anemia B12, and in folic acid 
therapy but the underlying cause for iron deficiency needs to be 
evaluated before supplementation. 
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a. Treatment of iron poisoning: Acute overdosage (prevalent in 
children) of iron needs to be reduced by gastric lavage with 
sodium bicarbonate solution to prevent further absorption 
of iron. Desferroxamine injection (50 mg/kg repeated based 
on serum levels), intramuscularly or intravenously (10 to  
15 mg/kg/hr to a maximum of 75 mg/kg/day), is used as an 
antidote to chelate ion. Periodic serum level monitoring is 
essential while continuing with desferroxamine therapy. In the 
absence of desferroxamine, diethylene triamine penta-acetic 
acid (DTPA) or calcium EDTA can be used. 

B. Folic acid (folate)

 The primary use of folic acid is in treating deficiency states that 
arise from inadequate levels of the vitamin. Folate deficiency may be 
caused by 1) increased demand (for example, pregnancy and lacta-
tion), 2) poor absorption caused by pathology of the small intestine, 
3) alcoholism, or 4) treatment with drugs that are dihydrofolate reduc-
tase inhibitors (for example, methotrexate and trimethoprim), drugs 
that directly inhibit DNA synthesis (for example, azathioprine and zid-
ovudine), or drugs that reduce folate absorption (for example, phe-
nytoin and phenobarbital). Folinic acid (N5-Formyl-THF), also called 
“leucovorin,” is the active coenzyme of folic acid which is used for 
the rescue of normal cells while treating cancer with a higher dose 
of methotrexate. Folinic acid is also used to enhance the anticancer 
efficacy of 5-fluorouracil. A primary result of folic acid deficiency is 
megaloblastic anemia (large-sized red blood cells), which is caused 
by diminished synthesis of purines and pyrimidines. This leads to an 
inability of erythropoietic tissue to make DNA and, thereby, proliferate 
(Figure 44.3). [Note: To avoid neurological complications of vitamin B12 
deficiency, it is important to evaluate the basis of the megaloblastic 
anemia prior to instituting therapy. Both vitamin B12 and folate defi-
ciency can cause similar symptoms.]

 Folic acid is rapidly absorbed in the jejunum unless abnormal pathol-
ogy is present. Oral folic acid administration is nontoxic and at high 
doses, excess vitamin is excreted in the urine. Rare hypersensitivity 
reactions to parenteral injections have been reported.

C. Cyanocobalamin and hydroxocobalamin (vitamin B12)

 Deficiencies of vitamin B12 can result from either low dietary levels or, 
more commonly, poor absorption of the vitamin due to the failure of 
gastric parietal cells to produce intrinsic factor (as in pernicious ane-
mia), or a loss of activity of the receptor needed for intestinal uptake 
of the vitamin. Nonspecific malabsorption syndromes or gastric resec-
tion can also cause vitamin B12 deficiency. In addition to general signs 
and symptoms of anemia, vitamin B12 deficiency anemia may cause 
tingling (pins and needles) in the hands and feet, difficulty walking, 
dementia and, in extreme cases, hallucinations, paranoia, or schizo-
phrenia. [Note: Folic acid administration alone reverses the hemato-
logic abnormality and, thus, masks the vitamin B12 deficiency, which 
can then proceed to severe neurologic dysfunction and disease. The 
cause of megaloblastic anemia needs to be determined in order to be 
specific in terms of treatment. Therefore, megaloblastic anemia should 
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Figure 44.3
Causes and consequences of folic 
acid depletion.
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not be treated with folic acid alone but, rather, with a  combination of 
folic acid and vitamin B12.]. Predominantly, vitamin B12 deficiency has 
been seen in strict vegetarians such as vegans. Therefore, it is essen-
tial to understand the dietary habits of the patients suffering from 
anemia. Vitamin B12 also has independent metabolic functions, as it 
gets converted to active coenzymes such as adenosyl cobalamin and 
methylcobalamin which are involved in metabolism. Vitamin B12 defi-
ciency can also cause neuropathy as it is required for the synthesis of 
myelin. 

 The vitamin may be administered orally (for dietary deficiencies), 
intramuscularly, or deep subcutaneously (for pernicious anemia). 
Intramuscular hydroxocobalamin [hye-drox-oh-koe-BAL-a-min] is 
preferred since it has a rapid response, is highly protein bound, and 
maintains longer plasma levels. In patients with malabsorption, such 
as in bariatric surgery (surgical treatment for obesity), vitamin B12 
supplementation as cyanocobalamin [sye-an-oh-koe-BAL-a-min] is 
required daily in high oral doses or monthly by the parenteral route. 
For neurological defects due to diabetes, alcoholic, and other forms 
of  peripheral neuropathy, vitamin B12 is substituted in a dose of  
1.5 mg/day. This vitamin is nontoxic even in large doses. In pernicious 
anemia, therapy must be continued for life.

D. Erythropoietin and darbepoetin

 Peritubular cells in the kidneys respond to hypoxia and synthesize 
and release erythropoietin [ee-rith-ro-POI-eh-tin; EPO], a glycoprotein. 
EPO stimulates stem cells to differentiate into proerythroblasts and 
promotes the release of reticulocytes from the marrow and initiation 
of hemoglobin formation. Thus, EPO regulates red blood cell prolifer-
ation and differentiation in bone marrow. Human erythropoietin (epo-
etin alfa), produced by recombinant DNA technology, is effective in 
the treatment of anemia caused by end-stage renal disease, human 
immunodeficiency virus infection, bone marrow disorders, prematu-
rity, and malignancy. A long-acting form of erythropoietin, darbepoetin 
[dar-be-POE-e-tin], has a half-life about three times that of epoetin 
alfa due to the addition of two carbohydrate chains. These agents 
are well tolerated and are administered intravenously in renal dialysis 
patients or subcutaneously for other indications. Side effects such as 
blood pressure elevation and arthralgia may occur in some cases. 
[Note: The former may be due to increases in peripheral vascular 
resistance and/or blood viscosity.] In addition, iron supplementation 
may be required to ensure an adequate response.

 When epoetin alfa is used to target hemoglobin concentrations over 
11 g/dL, serious cardiovascular events (such as thrombosis and severe 
hypertension), increased risk of death, shortened time to tumor progres-
sion, and decreased survival have been observed. The  recommendations 
for all patients receiving epoetin alfa or darbepoetin include a minimum 
effective dose that does not exceed a hemoglobin level of 12 g/dL, and 
a hemoglobin level that does not rise by more than 1 g/dL over a 2-week 
period. Additionally, if the hemoglobin level exceeds 10 g/dL, doses of 
epoetin alfa or darbepoetin should be reduced or treatment should be 
discontinued. Neither agent has any value in the acute treatment of ane-
mia due to their delayed onset of action.
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At 12 months, 75% of treated 
patients have had an episode of 
pain, compared to 90% of 
patients in the placebo group. 

Figure 44.4
Effect of treatment with hydroxyu-
rea on the percentage of sickle cell 
patients experiencing the first painful 
episode.

III. AGENTS USED TO TREAT NEUTROPENIA

Myeloid growth factors or granulocyte colony–stimulating factors 
(G-CSF), such as filgrastim [fil-GRAS-tim], tbo-filgrastim, and pegfilgras-
tim [peg-fil-GRAS-tim], and granulocyte–macrophage colony– stimulating 
factors (GM-CSF), such as sargramostim [sar-GRA-moe-stim],  stimulate 
granulocyte production in the marrow to increase the neutrophil counts 
and reduce the duration of severe neutropenia. These agents are  typically 
used prophylactically to reduce the risk of neutropenia following chemo-
therapy and bone marrow transplantation. Filgrastim and  sargramostim 
can be dosed either subcutaneously or intravenously, whereas tbo- 
filgrastim and pegfilgrastim are dosed subcutaneously only. The main 
difference between the available agents is in the frequency of dosing. 
Filgrastim, tbo-filgrastim, and sargramostim are dosed once a day begin-
ning 24 to 72 hours after chemotherapy, until the absolute neutrophil 
count (ANC) reaches 5000 to 10,000/μL. Pegfilgrastim is a pegylated 
form of G-CSF, resulting in a longer half-life when compared to the other 
agents, and is administered 24 hours after chemotherapy, as a single 
dose, rather than once daily. Monitoring of ANC is typically not neces-
sary with pegfilgrastim. There is no evidence to show superiority of one 
agent over another in terms of efficacy, safety, or tolerability. Bone pain 
is a common adverse effect with these agents. 

IV. AGENTS USED TO TREAT SICKLE CELL DISEASE

A. Hydroxyurea

 Hydroxyurea [high-DROX-ee-YOUR-ee-ah] is an oral ribonucleotide 
reductase inhibitor that can reduce the frequency of painful sickle 
cell crises (Figure 44.4). In sickle cell disease, hydroxyurea increases 
fetal hemoglobin (HbF) levels, thus diluting the abnormal hemoglobin 
S (HbS). Polymerization of HbS is delayed and reduced in treated 
patients, so that painful crises are not caused by sickled cells block-
ing capillaries and causing tissue anoxia. A clinical response may 
take 3 to 6 months. Important side effects of hydroxyurea include 
bone marrow suppression and cutaneous vasculitis. It is important 
that hydroxyurea is administered under the supervision of a physician 
experienced in the treatment of sickle cell disease. Hydroxyurea is 
also used off-label to treat acute myelogenous leukemia, psoriasis, 
and polycythemia vera.

 Figure 44.5 provides a summary of medications used in the manage-
ment of anemia.
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Study Questions

Choose the ONE best answer.

44.1 Which is an appropriate treatment for a nutritional 
anemia that presents as a hunger for ice and/or 
upward curvature of the fingernails?

A. Vitamin B12 (cyanocobalamin)

B. Folic acid

C. Vitamin D

D. Iron

Figure 44.5
Medications for the management of anemia. 

Cyanocobalamin/B12

Erythropoietin/epoetin
alfa

Darbepoetin alfa
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CVA
Thrombosis
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CVA
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Bad taste in mouth
Nausea
Confusion
Irritability

Proton-pump inhibitors—may 
decrease oral absorption of
vitamin B12

Darbepoietin alfa—duplication 
of therapy can lead to increase 
adverse events

Epoetin alfa—duplication of 
therapy can lead to increase 
adverse events

Vitamin B12
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H/H
Serum ferritin
Blood pressure

H/H
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Blood pressure

CBC
Serum folate

Cholestyramine—may interfere 
 with absorption

Iron Pruritus
N/V/D
Headache
Anaphylaxis

H/H
Serum iron
TIBC
Transferrin 
Reticulocyte count

Deferoxamine—chelates iron
Dimercaprol—chelates iron

Hydroxyurea Myelosuppression
Skin ulcer
Secondary leukemia
Elevated liver enzymes

CBCHIV medications—hydroxyurea
can decrease CD4 counts

Salicylates—increase bleeding 
risk

Probenecid—� uric acid

Treatment of anemia:

Treatment of sickle cell anemia:

MEDICATION ADVERSE
EFFECTS

DRUG
INTERACTIONS

MONITORING
PARAMETERS

CBC = complete blood count; CVA = cerebrovascular accident; H/H = hemoglobin and hematocrit; N/V/D = nausea/vomiting/diarrhea; TIBC = total iron binding capacity.

Correct answer = C. Vitamin B12, folic acid, and iron 
deficiencies all contribute to anemia, but iron defi-
ciency is associated with pica (hunger for ice or dirt) 
and koilonychias (upward curvature of toenails/finger-
nails). Vitamin D deficiency does exist but does not 
cause anemia.
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44.2 Which iron supplement contains the highest per-
centage of elemental iron?

A. Ferrous sulfate

B. Carbonyl iron

C. Ferrous gluconate

D. Ferric ammonium citrate

44.3 A 56-year-old woman is discovered to have meg-
aloblastic anemia. Her past medical history is 
 significant for alcoholism. Which would be the best 
treatment option for this patient?

A. Oral vitamin B12

B. Parenteral vitamin B12

C. Oral folic acid

D. Oral vitamin B12 with oral folic acid

44.4 A 60-year-old woman presents to her primary care 
physician complaining of dizziness and fatigue. 
Following laboratory testing, the patient is diag-
nosed with iron deficiency anemia, and oral iron 
supplementation is needed. Which would be the 
most appropriate dosing regimen for the patient?

A. Ferrous fumarate 325 mg once daily

B. Ferrous gluconate 256 mg once daily

C. Polysaccharide–iron complex 150 mg two to 
three times daily

D. Ferrous sulfate 325 mg two to three times daily

44.5 A 63-year-old female patient with anemia sec-
ondary to chronic kidney disease and a hemoglo-
bin level of 8.6 g/dL is treated with epoetin alfa. 
Eight days after the initial dose of epoetin alfa, the 
patient’s hemoglobin is 10.5 g/dL. Which would be 
the next step in the management of this patient’s 
anemia?

A. Discontinue epoetin alfa. 

B. Discontinue epoetin alfa and initiate darbepoetin. 

C. Continue epoetin alfa.

D. Increase the dose of epoetin alfa. 

44.6 Which drug would be beneficial to reduce the fre-
quency of painful crises in a patient with sickle cell 
disease?

A. Epoetin alfa

B. Filgrastim

C. Hydroxyurea

D. Sargramostim

Correct answer = B. Ferrous sulfate contains 20% (or 
30% in the anhydrous formulation), ferrous gluconate 
contains 12%, and ferric ammonium citrate contains 
18% of elemental iron. These are all well below the 
percent of elemental iron in carbonyl iron, which con-
tains 100% elemental iron.

Correct answer = D. The patient has a history of 
alcoholism, which would suggest folic acid deficiency 
anemia. However, folic acid administration alone 
reverses the hematologic abnormality and masks 
possible vitamin B12 deficiency, which can then pro-
ceed to severe neurologic dysfunction and disease. 
The cause of megaloblastic anemia needs to be 
determined in order to be specific in terms of treat-
ment. Therefore, megaloblastic anemia should not be 
treated with folic acid alone but, rather, with a combi-
nation of folic acid and vitamin B12.

Correct answer = D. The recommended dose of iron 
supplementation in iron deficiency anemia is typi-
cally about 150 mg of elemental iron in two to three 
divided doses. Extended-release formulations (such 
as polysaccharide–iron complex) may be dosed once 
daily. Ferrous sulfate 325 mg contains approximately 
65 mg of elemental iron, ferrous fumarate 325 mg 
contains about 107 mg elemental iron, ferrous gluco-
nate 256 mg contains approximately 30 mg elemental 
iron, and polysaccharide–iron complex 150 mg con-
tains 150 mg elemental iron.

Correct answer = A. Hemoglobin has increased to 
more than 10 g/dL and more than 1 g/dL in 2 weeks, 
so epoetin alfa should be discontinued or the dose 
reduced. Switching to darbepoetin, continuing epo-
etin alfa, or increasing the dose of epoetin alfa 
would continue to increase hemoglobin and lead to 
increased risk of cardiovascular events.

Correct answer = C. Clinical evidence supports the 
use of hydroxyurea for reducing the frequency and 
severity of painful sickle cell crises during the course 
of sickle cell disease. Epoetin alfa helps increase 
hemoglobin and red blood cell production in anemias 
secondary to chronic kidney disease, HIV, bone mar-
row disorders, and other disorders. Filgrastim and 
sargramostim stimulate granulocyte production in the 
marrow to increase the neutrophil counts and reduce 
the duration of severe neutropenia.
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 44.7 After completing his last cycle of chemotherapy, a 
68-year-old man received a dose of pegfilgrastim 
prophylactically to reduce his risk of neutropenia. 
Twenty-four hours later, he returned to clinic to 
receive an additional dose of pegfilgrastim and was 
told he did not need another dose. Which would 
explain the rationale behind this recommendation? 

A. Absolute neutrophil count is above 1,000/μL

B. Pegfilgrastim is given as single dose

C. Next dose of pegfilgrastim is due 72 hours 
after the first dose

D. Next dose of pegfilgrastim is due 48 hours 
after the first dose

 44.8 A patient has been taking ferrous sulfate 325 mg 
twice daily for 2 weeks and is complaining of a 
bad taste after each dose. Which once-daily, oral 
iron formulations would improve tolerability and 
provide a similar total daily dose of elemental iron 
as twice-daily ferrous sulfate? 

A. Ferric ammonium citrate 25 mg

B. Ferrous gluconate 100 mg

C. Ferrous sulfate, anhydrous 142 mg

D. Polysaccharide–iron complex 150 mg

 44.9 Which patient with iron deficiency anemia would 
need the parenteral form of iron replacement?

A. 22-year-old woman with heavy menstrual 
periods.

B. 58-year-old man with end stage renal disease 
on hemodialysis.

C. 32-year-old woman in the first trimester of 
pregnancy.

D. 40-year-old man with a diabetic foot infection. 

44.10 An 81-year-old woman presents to the emergency 
department with progressive weakness, fatigue, 
confusion, and reports of seeing people in her 
house who were trying to hurt her but who were 
not physically present. Her physical exam was 
positive for pallor but negative for koilonychias 
or cracking at the corners of the mouth. Which 
deficiency would be the highest priority in this 
patient’s workup?

A Vitamin B12

B. Iron

C. Folate

D. Calcium

Correct answer = B. Pegfilgrastim is a pegylated 
form of G-CSF and has a longer half-life; therefore, 
it is administered as a single dose with no additional 
doses needed. Monitoring of the ANC is not neces-
sary with pegfilgrastim due to the pharmacokinetics 
of the drug.

Correct answer = D. Once-daily polysaccharide–iron 
complex (150 mg = 150 mg elemental iron) is taste-
less and odorless, with a similar total daily dose of 
elemental iron as ferrous sulfate 325 mg twice daily 
(130 mg elemental iron/day). Once-daily ferric ammo-
nium citrate 25 mg (4.5 mg elemental iron) is less 
bioavailable than twice-daily ferrous sulfate. Ferrous 
sulfate and ferrous gluconate have similar tolerability, 
but once-daily ferrous gluconate has less elemental 
iron (12 mg elemental iron). Ferrous sulfate, anhy-
drous has better tolerability with the extended- release 
 formulation, but has less elemental iron (43  mg ele-
mental iron) administered once daily compared to 
twice-daily ferrous sulfate. 

Correct answer = B. Clinical evidence supports the 
use of parenteral iron over oral iron in hemodialy-
sis patients due to a significantly greater increase 
in hemoglobin levels and lower incidence of treat-
ment-related adverse events. Parenteral iron is also 
preferred in patients who cannot tolerate oral iron or 
who have iron malabsorption. Patients with heavy 
menstrual periods, who are pregnant, or who have 
chronic disease states, such as diabetes, and infec-
tions, should be administered an initial trial of oral iron. 

Correct answer = A. Based on the presentation of 
confusion and hallucinations, vitamin B12 deficiency 
should be considered the highest priority. Second 
priority would be to assess folate deficiency, since 
symptoms are similar to vitamin B12 deficiency. Iron 
would be the third priority due to the patient’s age, 
even without the presence of koilonychias or crack-
ing of the mouth. Last priority would be to assess 
age-related deficiencies in calcium which could lead 
to fatigue as well as muscle cramps, poor appetite, 
and abnormal heart rhythms.
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Drugs for Dermatologic 
Disorders
Stacey Curtis and Cary Mobley

45

I. OVERVIEW

The skin is a complex and dynamic organ comprising cells, tissues, and 
biomolecules that coordinate to provide many interdependent functions, 
including protection from environmental insults from noxious chemicals, 
infectious pathogens, and ultraviolet radiation, as well as serving vital func-
tions in wound repair, sensation, thermoregulation, and vitamin D synthe-
sis. This chapter focuses on drugs that are used for some of the more 
common skin conditions including psoriasis, acne, rosacea, infections, 
pigmentation disorders, and alopecia. Drugs for acne, superficial bacterial 
infections, and rosacea are summarized in Figure 45.1. [Note: Agents for 
fungal infections of the skin are covered in Chapter 33.]

II. TOPICAL PREPARATIONS

The skin is composed of two main layers, the epidermis and the dermis 
(Figure 45.2). The epidermis is composed of several layers of keratinocytes, 
with the outermost layer, the stratum corneum, serving as the primary barrier 
to external insults. The dermis, located between the epidermis and the sub-
cutaneous tissue, is composed of connective tissue and contains many spe-
cialized structures, such as sweat glands, sebaceous glands, hair follicles, 
and blood vessels. Defects in skin structure and function induced by genetics 
and by environmental insults can lead to numerous dermatological condi-
tions, many of which can be controlled or cured with the use of drug therapy. 

Use of topical agents for treatment of dermatologic disorders is not 
only convenient, but also can minimize systemic adverse effects. Common 
topical dosage forms include sprays, powders, lotions, creams, pastes, 
gels, ointments, and foams. The choice of which dosage form to use for a 
particular condition involves factors such as occlusiveness, ease of appli-
cation, patient acceptance, and drug potency. The choice also includes 
factors such as stratum corneum thickness and integrity, as well as the 
type, location, and extent of the lesions being treated.

III. AGENTS FOR ACNE

Acne vulgaris (common acne) is a common skin disorder that occurs 
in about 85% of individuals 12 to 24 years of age, coinciding with an 
increase in androgen production. [Note: Use of oral contraceptives may 

Figure 45.1
Summary of drugs for acne, superfi-
cial bacterial infections, and rosacea.
(For drug dosages, refer to Appendix 
at the end of the book.)

TOPICAL AGENTS FOR ACNE

Retinoids
Tretinoin
Alitretinoin 
Adapalene
Bexarotene 
Tazarotene 
Salicylic acid 
Azelaic acid
Benzoyl peroxide
Systemic retinoid
Isotretinoin 
Acitretin
Etretinate
Bexarotene 
Topical and Oral antibiotics
Minocycline 
Clindamycin
Doxycycline 
Erythromycin 
AGENTS FOR SUPERFICIAL BACTERIAL 
INFECTIONS

Bacitracin 
Gentamicin 
Mupirocin 
Neomycin 
Polymyxin 
Retapamulin
AGENTS USED FOR ROSACEA

Azelaic acid 
Brimonidine 
Oxymetazoline 
Pimecrolimus 
Sulfacetamide sodium 
Doxycycline 
Metronidazole 
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Figure 45.2
Cross-section of the skin.

Figure 45.3
Acne vulgaris. A. Normal sebaceous 
gland and hair follicle. B. Comedone 
formation. C. Pustule formation.

A B

C

help decrease circulating levels of free androgen and reduce symptoms 
of acne in females (see Chapter 25).] It begins with excessive prolifera-
tion and adhesion of skin cells that form a keratin plug (microcomedone), 
which closes the hair follicle (Figure 45.3). Within the closed hair follicle, 
skin cells are shed and sebum production continues. This causes the fol-
licle to dilate to form a comedone.

The sebum serves as a nutrient for the proliferation of Propionibacterium 
acnes, which, along with other factors, triggers an inflammatory response 
that causes the formation of a pustule or papule—the pimple. If this pro-
gresses, the follicular wall can rupture, leading to the formation of an 
inflamed nodule. Different medications can be used alone or in combina-
tion to affect one or more of these pathological components to clear the 
acne lesions. 

A. Antibiotics

 Topical and oral antibiotics are commonly used in acne, with oral anti-
biotics reserved for moderate-to-severe acne. The use of antibiotics 
in acne is based not only on their antibacterial effects, but also on 
anti-inflammatory properties, which can be significant for some antibi-
otics, such as the tetracyclines. The most common topical antibiotics 
used are clindamycin [klin-da-MYE-sin] (solution or 1% gel or solution), 
erythromycin [er-ITH-roe-MYE-sin] (3% cream, gel, or lotion) and nadi-
floxacin (1% cream). The most common oral antibiotics used for acne 
are the tetracyclines, doxycycline [DOX-i-SYE-kleen] and minocycline 
[mi-no-SYE-kleen], and the macrolides, erythromycin and azithromy-
cin [a-ZITH-roe-MYE-sin]. Topical forms tend to be well  tolerated. For 
oral tetracyclines, common adverse effects are gastrointestinal distur-
bances and photosensitivity, and for the macrolides, gastrointestinal 
disturbances are common. The most significant concern in the use of 
both topical and oral antibiotics is the development of bacterial resis-
tance. Some measures that can be taken to limit the development 
of resistance include using antibiotics only in combination with other 
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acne agents, using oral antibiotics for the shortest time possible, and 
using low-dose oral antibiotics (subantimicrobial dosing) when possi-
ble. Also, once acne lesions are clear, patients should follow topical 
maintenance therapy with effective nonantibiotic topical agents, such 
as benzoyl peroxide and the retinoids. Antibiotics are covered in more 
detail in Chapters 30 and 31.

B. Azelaic acid

 Azelaic [aze-eh-LAY-ik] acid is a naturally occurring dicarboxylic acid 
that has antibacterial activity against P. acnes through its ability to 
inhibit protein synthesis. It also exhibits anti-inflammatory activity, 
inhibits the division and differentiation of keratinocytes, and shows 
comedolytic activity. Azelaic acid also exhibits a lightening effect on 
hyperpigmented skin, which makes it useful in patients who experi-
ence dyspigmentation as a consequence of inflammatory acne. It is 
available as a cream and a gel, and the major adverse effects are mild 
and transient pruritus, burning, stinging, and tingling.

C. Benzoyl peroxide

 Benzoyl peroxide [BEN-zoyl per-OX-ide] is a commonly used topical 
medication that improves acne primarily through its bactericidal action, 
where its oxidizing activity is lethal for P. acnes. It shows no bacterial 
resistance. The agent also reduces inflammation and has comedolytic 
activity. It is available in topical washes, foams, creams, and gels. The 
major adverse effects are dry skin, irritation, and bleaching of bedding 
and clothing. It may also cause contact dermatitis in some patients.

D. Dapsone

 Dapsone [DAP-sone] is a sulfone that exhibits both anti-inflammatory 
and antibacterial activity and is effective at reducing inflammatory 
acne lesion counts, with some reduction in non-inflammatory lesions 
as well. Its anti-inflammatory activity derives partly from its ability to 
interfere with neutrophilic function and to reduce the production of 
TNF-α by mononuclear cells. It is available as a topical gel with the 
most common adverse effects being transient oiliness, dryness, and 
erythema, which may be at least in part due to the nondrug part of the 
formulation.

E. Retinoids

 Retinoids are Vitamin A derivatives that interact with retinoid recep-
tors to regulate gene expression in a manner that normalizes kerati-
nocyte differentiation and reduces their hyperproliferation (giving them 
comedolytic activity). They also reduce sebum production and inflam-
mation. These diverse effects make retinoids useful for acne, as well 
as a variety of other conditions, including psoriasis and severe rosa-
cea. For acne vulgaris, the topical retinoids tretinoin [TRET-i-no-in], 
adapalene [a-DAP-a-leen] (0.1% gel), and tazarotene [ta-ZAR-oh-teen]  
are used for mild and moderate forms, whereas the oral retinoid 
isotretinoin [eye-so-TRET-i-no-in] is reserved for severe nodular forms 
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of acne. Topical retinoids such as tazarotene (0.05% to 0.1% gel) are 
also used for psoriasis. 

 Adverse effects of the topical retinoids include erythema, desquama-
tion, burning, and stinging. These effects often decrease with time. 
Other potential adverse effects include dry mucous membranes and 
photosensitivity. Patients should be cautioned to wear sunscreen. 
Though their systemic absorption is generally limited, use should be 
avoided during pregnancy, particularly topical tazarotene, which is the 
most teratogenic of the three topical retinoids for acne. Oral isotreti-
noin, used in severe acne, has potentially serious adverse effects 
including psychiatric effects and birth defects. It is contraindicated in 
women who are pregnant or intend to become pregnant.

F. Salicylic acid

 Topical salicylic [sal-i-SIL-ik] acid, a β-hydroxy acid, penetrates the 
pilosebaceous unit and works as an exfoliant to clear comedones. 
Its comedolytic effects are not as pronounced as those of the reti-
noids. The drug has mild anti-inflammatory activity and is keratolytic 
at higher concentrations. Salicylic acid is used as a treatment for mild 
acne and is available in many over-the-counter facial washes and 
medicated treatment pads. Mild skin peeling, dryness, and local irrita-
tion are adverse effects.

G. Sulfacetamide sodium

 Sulfacetamide sodium [SUL-fa-SET-a-mide SOE-dee-um] interferes 
with bacterial growth and is often combined with sulfur, a keratolytic 
agent. The combination is used to treat inflammatory acne lesions 
when present. It is also used to treat rosacea (see the following text). 
The product is available as cleanser, cream, foam, gel, lotion, pads, 
suspension, and a wash. The most common adverse effects include 
contact dermatitis, erythema, pruritus, Stevens–Johnson syndrome, 
and xeroderma.

IV.  AGENTS FOR SUPERFICIAL BACTERIAL 
INFECTIONS

Several gram-positive and gram-negative bacteria can cause various 
superficial skin infections, such as folliculitis and impetigo, as well as 
deeper infections, such as erysipelas and cellulitis. In more severe cases, 
these infections can lead to ulceration and systemic infections. This sec-
tion covers topical antibacterial agents that can be used for the treatment 
and prevention of certain superficial skin infections.

A. Bacitracin

 Bacitracin [bas-i-TRAY-sin] is a peptide antibiotic active against many 
gram-positive organisms. It is used mainly in topical formulations; if 
used systemically, it is toxic. Bacitracin is mostly used for the pre-
vention of skin infections after burns or minor scrapes. It is frequently 
found in combination products with neomycin and/or polymyxin (see 
the following text). It is available as an ointment.
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787V. Agents Used for Rosacea

B. Gentamicin

 Gentamicin [GEN-ta-MYE-sin] interferes with bacterial protein syn-
thesis targeting gram-negative organisms. This agent is often used 
in combination with other agents to treat skin infections caused by 
gram-negative organisms. It is available as a cream and an ointment. 
Topical use of this agent rarely causes systemic side effects.

C. Mupirocin

 Mupirocin [mue-PIR-oh-sin] is a protein synthesis inhibitor targeting 
gram-positive organisms. It is useful in treating impetigo (a contagious 
skin infection caused by streptococci or staphylococci; Figure 45.4) 
and other serious gram-positive skin infections, including infections 
caused by methicillin-resistant Staphylococcus aureus. It is avail-
able as a cream and an ointment. [Note: Intranasal mupirocin may 
be used to eradicate colonization with methicillin-resistant S. aureus 
and reduce the risk of infection in hospitalized patients.] The most 
common adverse effects are pruritus, skin rash, and burning.

D. Neomycin

 Neomycin [nee-oh-MY-sin] interferes with bacterial protein synthesis 
and is active primarily against gram-negative organisms, with some 
activity against gram-positive organisms. This agent is often formu-
lated with other topical anti-infectives, such as bacitracin and poly-
myxin to treat skin infections. The combination is available as an 
ointment. Common adverse effects associated with the combination 
agents include contact dermatitis, erythema, rash, and urticaria.

E. Polymyxin

 Polymyxin [paw-lee-MIX-in] B is a cyclic hydrophobic peptide that 
disrupts the bacterial cell membrane of gram-negative organisms. 
As noted above, it is commonly combined with bacitracin (“double 
antibiotic”) and neomycin with bacitracin (“triple antibiotic”) in topical 
products used for the prevention of skin infections after minor skin 
trauma. These combinations are available as ointments.

F. Retapamulin

 Retapamulin [RE-te-PAM-ue-lin] is a protein synthesis inhibitor active 
against gram-positive organisms. It is indicated for the treatment of 
impetigo. The only available dosage form is an ointment and the most 
common adverse effects are pruritus and skin irritation. 

V. AGENTS USED FOR ROSACEA

Rosacea is a common inflammatory disorder affecting the central portion 
of facial skin. Common clinical features include facial erythema (flushing) 
and inflammatory lesions that are similar to acne lesions. The signs, symp-
toms, and severity determine the treatment for this disorder. Azelaic acid 

Figure 45.4
Impetigo on the face.
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is one potential treatment for rosacea. Other topical and oral products for 
rosacea are described below.

A. Brimonidine

 Brimonidine [bri-MOE-ni-deen] is an a2 adrenoceptor agonist that 
reduces erythema through vasoconstriction. It is available as a gel 
and its major adverse effects are burning, localized warm feeling, and 
flushing. [Note: Brimonidine ophthalmic solution is used for the treat-
ment of glaucoma.]

B. Doxycycline

 Doxycycline [DOX-i-SYE-kleen] is an antibacterial agent used orally at 
low doses, where it exerts its effects on rosacea, not by killing bac-
teria, but rather through its anti-inflammatory effects. It is available as 
a capsule and tablet and its major adverse effects include diarrhea, 
nausea, dyspepsia, and nasopharyngitis.

C. Metronidazole

 Metronidazole [me-troe-NI-da-zole] is an antibacterial agent used 
topically for rosacea. It is believed to work in rosacea through anti- 
inflammatory or immunosuppressive effects, rather than through its 
antibacterial effects. It is available as a cream, gel, and lotion and its 
major adverse effects are burning, erythema, skin irritation,  xeroderma, 
and acne vulgaris. 

D. Oxymetazoline

 Oxymetazoline [ox-e-meh-TAZ-oh-lean] is an α1 adrenoceptor agonist 
that reduces erythema through vasoconstriction. It is available as a 
cream and its major adverse effects are application site dermatitis, 
worsening inflammatory lesions, site pruritus, site erythema, and a 
burning sensation.

E. Pimecrolimus

 Pimecrolimus [pim-e-KROE-li-mus] is a topical calcineurin inhibitor/
immunosuppressant agent that decreases inflammation. It is available 
as a cream, and its major adverse effects are burning, irritation, pruri-
tus, and erythema.

VI. AGENTS FOR PIGMENTATION DISORDERS 

The color of skin is derived from melanin produced by melanocytes in the 
basal layer of the epidermis. When the melanocytes are damaged, the mel-
anin levels are affected, which ultimately leads to pigmentation disorders. 
If the body does not make enough melanin, the skin gets lighter (hypopig-
mentation). If the body makes too much melanin, the skin gets darker 
(hyperpigmentation). Pigmentation disorders can be widespread and affect 
many areas of the skin or they can be localized. Agents used for pigmen-
tation disorders are discussed below and summarized in Figure 45.5. 
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789VI. Agents for Pigmentation Disorders 

A. Demelanizing agents 

1. Hydroquinone: Hydroquinone [HYE-droe-KWIN-one] is a topical 
skin-whitening agent that reduces hyperpigmentation associated 
with freckles and melasma (brown to gray-brown patches on the 
skin; Figure 45.6). It is often used in combination with topical ret-
inoids to treat the signs of photoaging. The mechanism of action 
of hydroquinone is through inhibition of the tyrosinase, an enzyme 
required for melanin synthesis. Hydroquinone lightens the skin 
temporarily and is commonly used as a 4% preparation. It should 
not be used in higher concentrations, or in excessive quantities for 

Figure 45.5
Summary of drug for pigmentation disorders, psoriasis, and alopecia.

DRUG DOSE

Agents for pigmentation disorders:
Hydroquinone 4% topical application 

Methoxsalen 20 mg oral capsule taken along with milk or food before 4 hours of UV radiation therapy 

Trisoralen 20–40 mg oral tablet before 2–4 hours of UVA exposure and two to three times a week with 48-hour interval

Tazarotene 0.05–0.1% topical gel application daily in the evening

Agents for psoriasis:
Apremilast 10–60 mg/day, twice a day

Dithranol 1% solution

Coal tar 1–15% topical application

Salicylic acid 2–6% cream used topically 

Acitretin 25–50 mg/day oral once a day with the main meal

Adalimumab SC injection 80 mg as initial dose followed by 40 mg/wk as maintenance dose

Brodalumab SC injection of 210 mg for 0, 1, and 2 weeks followed by 210 mg every 2 week 

Calcipotriene 0.005% ointment, apply once or twice 

Calcitriol 0.25–0.5 mcg/day capsule or liquid 

0.5–1.5 µg/weekly thrice through IV

Certolizumab pegol SC infusion 400 mg or 200 mg every 2 weeks

Etanercept 50 mg twice a week for 3 months followed by 50 mg/wk SC

Pediatric: 0.8 mg/kg/wk up to 50 mg/wk SC

Golimumab 50 mg/mon subcutaneous

Guselkumab 100 mg at weeks 0 and 4 and then at 8 weeks thereafter subcutaneously

Infliximab 5 mg/kg at 0, 2, and 6 weeks and then every 8 weeks intravenously

Ixekizumab Initial dose of 160 mg followed by 80 mg every 2 weeks for 12 weeks followed by 80 mg every 4 weeks SC

Methotrexate Psoriasis: 10–25 mg once weekly for oral, IM, SC, or IV

Secukinumab 150–300 mg/wk SC for 0 to 4 weeks followed by 150–300 mg every 4 weeks

Ustekinumab Psoriasis, psoriatic arthritis: 45–90 mg SC initially and 4 weeks later followed by 45–90 mg every 12 weeks

Tacrolimus 0.03–0.1% topical ointment for adults and 0.03 for children of age 3–11 years

Pimercrolimus 1% topical application twice daily

Agents for alopecia:
Finasteride 1 mg/day oral

Minoxidil 2–5% topical solution
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an extended duration, as it is associated with possible carcino-
genicity. The most common adverse effect is local skin irritation. 
Monobenzone is a monobenzyl ether of hydroquinone which upon 
topical use is used as an ointment (20%). It is known to cause 
permanent depigmentation in 4 to 6 months. It is reported to have 
skin irritation, contact dermatitis, ocular side effects, and exoge-
nous ochronosis. 

B. Melanizing agents 

1. Methoxsalen: Methoxsalen [meth-OX-a-len] is a psoralen pho-
toactive agent that stimulates melanocytes and is used as a 
repigmentation agent for patients with vitiligo (Figure 45.7). It is 
administered as a dose of 10 mg tablet for oral use. Its plasma  
half-life is 1 hour but the photosensitization of skin persists up 
to 8 hours or more. It must be photoactivated by UV radiation to 
form a DNA adduct inhibiting DNA replication by a method called 
PUVA (psoralen plus UVA radiation). Methoxsalen inhibits cell pro-
liferation and promotes cell differentiation of epithelial cells. Topical 
methoxsalen (0.1% to 1% used as ointment or solution) may be 
used for small patches of vitiligo, and oral therapy is used for 
more widespread disease. Because of the possibilities for aging 
of the skin and carcinogenicity, it is used with caution. Psoralen is 
used as 10 mg tablet or 1% topical ointment. Trioxsalen is used 
as 5 mg tablets or 0.2% topical lotion. 

2. Tazarotene: Tazarotene is a topical retinoid which decreases 
hyperpigmentation and is sometimes used to treat the signs of 
photoaging. It is available as a cream, foam, and gel. The most 
common adverse effects include itching, burning, erythema, rash, 
and dryness.

VII. AGENTS FOR PSORIASIS 

Psoriasis is a chronic autoimmune skin disease that manifests as epider-
mal hyperplasia and dermal inflammation, which can range from mild to 
disabling. It is a condition that has significant genetic associations and it 
tends to wax and wane, with flare-ups that can be triggered by a number 
of environmental factors including stress and skin trauma. There are several 
forms of psoriasis, with the most common form being plaque psoriasis. 
Plaque psoriasis is characterized by the presence of sharply demarcated, 
thick, erythematous plaques that are usually covered by dry silvery white 
scales (Figure 45.8). The plaques range in size from 1 square centimeter to 
several square centimeters. In mild-to-moderate cases these plaques cover 
less than 5% of the body surface area, but in more severe cases, they can 
cover more than 20% of the body. Therapies may target inflammation and 
the abnormal immune response, as well as epidermal hyperproliferation. 

A. Apremilast

 Apremilast [a-PRE-mi-last] is an oral agent approved for  moderate- 
to-severe plaque psoriasis. It works by inhibiting phosphodies-
terase-4, which ultimately leads to reduced production of several 
 inflammatory mediators in psoriasis. The most common adverse 
effects are diarrhea, nausea, and headache. Depression may also 

Figure 45.6
Melasma on the face. From Jensen 
S: Pocket Guide for Nursing Health 
Assessment: A Best Practice Approach, 
2nd Edition. Wolters Kluwer (2011).

Figure 45.7
The palm is frequently affected by 
vitiligo.

LIR_CH45.indd   790 09/10/18   12:54 PM



791VII. Agents for Psoriasis 

occur. Strong CYP450 inducers (for example, carbamazepine 
and phenytoin) may reduce the efficacy of apremilast, and co- 
administration is not recommended. 

B. Anthralin (Dithranol)

 Anthralin is an anthracene derivative that has been reported to be the 
most effective topical treatment of stable plaque psoriasis. It has been 
reported to restore cell differentiation by mitochondrial dysfunction, 
preventing the activation of T-cells, decreasing keratinocyte prolifera-
tion. Overnight therapy with 1% is indicated for the topical use. Short 
contact anthralin therapy (SCAT) is adopted (20 minutes to 1  hour 
before removal) for the treatment of scaly plaques of psoriasis on 
the body or the scalp which are not responding to other treatments.  
The side effects of anthralin therapy include skin irritation and stain-
ing of the applied area and clothes. Triethanolamine is used for the 
removal of anthralin residue remaining in the skin. 

C. Coal tar 

 Coal tar is a thick, black liquid obtained while distiling bituminous 
coal. It is reported to contain phenolic compounds such as benzene, 
naphthalene, phenols, and aniline. On exposure to light, it causes pho-
toexcitation by UV-A (320 to 380 nm) and retards hyperproliferation 
of keratinocytes by suppressing DNA synthesis. It is conventionally 
applied in an alcoholic solution (containing 1% to 15% coal tar) with 
salicylic acid on the psoriatic plaques. A preparation containing crude 
coal tar is also frequently used as a part of an inpatient or daily dress-
ing regimen. It is used for psoriasis of scalp, palmoplantar, and chronic 
plaque. This therapy is expected to improve psoriasis 1 month after 
the initiation of the treatment and remission is also longer than with 
any other agent. Common side effects include strong odor, severe skin 
irritation, stinging folliculitis, and formation of keratoacanthomas. Coal 
tar exposure is considered a carcinogenic occupational hazard but its 
relevance to topical therapy during psoriasis is not yet studied. 

D. Salicylic acid

 Topical salicylic acid (2% to 6%) is a well-recognized keratolytic agent 
and has been used for psoriasis for many years. A combination con-
taining steroid with salicylic acid is used as a first line of treatment 
on thick, scaly plaques in palm, scalp, trunk, and soles but must not 
be used on eyes, genitals, and mucous membrane. It can also be 
combined with topical calcineurin inhibitors. Salicylic acid therapy for 
psoriasis suffers from a major problem of a potential chronic or acute 
systemic intoxication, called “salicylism,” which has symptoms of nau-
sea, vomiting, tinnitus, metabolic acidosis, oral mucosa burning, etc. 
Therefore, it should be used more than 20% of the body surface area. 

E. Methotrexate

 Methotrexate [meth-oh-TREX-ate] is the most commonly used sys-
temic therapy for psoriasis. The drug is used in more severe forms of 
psoriasis and its primary mechanism of action is due to immunosup-
pressive action, resulting from its ability to reduce DNA synthesis in 

Figure 45.8
Psoriasis. A large, scaly, erythematous 
plaque.

Scales
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cells of the immune system, particularly T-lymphocytes. Methotrexate 
is available in oral and injectable dosage forms. Among the common 
potential adverse effects are nausea, diarrhea, mouth ulcers, hair loss, 
and skin rashes. The primary long-term risk is the potential for liver 
damage, and therefore periodic liver function tests are required for 
patients using methotrexate. 

F. Retinoids

 Retinoids normalize keratinocyte differentiation and reduce hyper-
proliferation and inflammation. Tazarotene is a topical retinoid used 
for the treatment of plaque psoriasis. Adverse effects are similar to 
other topical retinoids described for acne. Acitretin [a-si-TRE-tin] is 
a  second-generation retinoid used orally in the treatment of pustular 
forms of psoriasis. It is administered in the dose of 0.5 to 0.75 mg/kg 
per day orally. Similar to oral isotretinoin used in acne, acitretin is tera-
togenic and women must avoid pregnancy for at least 3 years after 
the use of this drug (due to its long duration of teratogenic potential). 
Ethanol is contraindicated with this agent. Cheilitis, pruritus, peeling 
skin, and hyperlipidemia are common adverse effects. Due to side 
effects, it is reserved for severe forms of psoriasis. 

G. Topical corticosteroids

 Topical corticosteroids have been a mainstay of psoriasis therapy for 
over 50 years and are used in variety of other skin conditions as well. 
The available agents differ in potencies and are formulate d in a vari-
ety of dosage forms, including solutions, lotions, creams, ointments, 
gels, and shampoo (Figure 45.9). Upon binding to intracellular cortico-
steroid receptors, these agents produce numerous effects that can be 
beneficial for psoriasis, including anti-inflammatory, antiproliferative, 
immunosuppressive, and vasoconstrictive effects. Potential adverse 
effects, especially with the long-term use of potent corticosteroids, 
include skin atrophy, striae, acneiform eruptions, dermatitis, local 
infections, and hypopigmentation. In children, excessive use of potent 
agents applied to a large surface area can cause systemic toxicity, 
including possible depression of the hypothalamic–pituitary–adrenal 
axis and growth retardation.

H. Topical calcineurin inhibitors

 Calcineurin inhibitors such as tacrolimus ointment (0.03% and 0.1%) 
and pimecrolimus cream (1%) are in use for mild-to-moderate atopic 
dermatitis and psoriasis. They are found to be safer and effective 
in patients with facial, intertriginous, and genital psoriasis. They are 
reported to have transient side effects such as stinging sensation 
upon application. 

I. Vitamin D analogs

 Calcipotriene [kal-sih-poh-TRY-een] and calcitriol [kal-si-TRYE-ol] 
are synthetic vitamin D3 (calcitriol) derivatives used topically to treat 
plaque psoriasis. They bind to the same receptors as calcitriol to 
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inhibit keratinocyte proliferation, enhance keratinocyte differentiation, 
and inhibit certain inflammatory elements. Calcipotriene is available 
in cream, ointment, solution, and foam formulations, and calcitriol is 
available as an ointment. Potential adverse effects include itching, 
dryness, burning, irritation, and erythema.

J. Biologic agents

 Biologics are agents isolated from natural sources, including humans, 
animals, and microorganisms. They can be composed of sugars, pro-
teins, or nucleic acids or complex combinations of these substances. 
The biologics approved for psoriasis are all injectable, antibody-based 
proteins produced by recombinant DNA technology. They are used 
for moderate-to-severe psoriasis and their mechanism of action 
results from their interaction with specific cytokines that induce or 
mediate T-cell effector function, which is important in autoimmune 
diseases such as psoriasis. For example, several biologics target 
TNF-α, which plays multiple roles in psoriasis pathogenesis, includ-
ing the stimulation of keratinocyte proliferation, neutrophils, and the 
release of pro- inflammatory cytokines. The TNF-α blockers include 
etanercept [ee-TAN-er-sept], infliximab [in-FLIKS-e-mab], adalimumab  
[a-da- LIM-yoo-mab], certolizumab pegol [ser-toe-LIZ-oo-mab PEG-ol], 

Alclometasone dipropionate
0.05% (c, o)

Clocortolone pivalate 0.1% (c)
Fluocinolone acetonide
0.01% solution (s)

Hydrocortisone base or
acetate 0.25% to 2.5% (o, c)

Triamcinolone acetonide
0.025% (c, l, o)

Betamethasone dipropionate
0.05% (c)

Desonide 0.05% (c, l, o)

Desoximetasone 0.05% (c)

Fluocinolone acetonide 0.025%
(c, o)

Flurandrenolide 0.025 to 0.5%
(c, o)

Fluticasone propionate
0.005% to 0.05% (o, c)

Hydrocortisone butyrate 0.1%
(c, o, s)

Hydrocortisone valerate 0.2%
(c, o)

Mometasone furoate 0.1%
(c, o, l)

Triamcinolone acetonide
0.1% to 0.2% (c, o)

Amcinonide 0.1% (c, l, o)

Betamethasone dipropionate,
augmented 0.05% (c, l)

Desoximetasone 0.05% (o)

Di�orasone diacetate
0.05% (o, c)

Fluocinonide 0.05% (c, g, o, s)

Halcinonide 0.1% (c, o)

Triamcinolone acetonide 
0.5% (c, o)

Betamethasone dipropionate
0.05% (o, g)

Clobetasol propionate
0.05% (c, g, o)

Di�orasone diacetate
0.05% (o)

Fluocinonide 0.1% (c)

Flurandrenolide 0.05% (l)

Halobetasol 0.05% (c, o)

LOW
STRENGTH

INTERMEDIATE
STRENGTH

HIGH
STRENGTH

VERY HIGH
STRENGTH

c = cream; g = gel; o = ointment; s = solution.

Figure 45.9
Potency of various topical corticosteroids.
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and  golimumab [goe-LIM-ue-mab]. Biologics that target other cyto-
kines important in psoriasis pathogenesis include the anti-IL-12/
IL-23  medication, ustekinumab [YOO-st-KIN-ue-mab]; the anti-IL-23 
medication, guselkumab [gue-sel-KOO-mab]; and the anti-IL-17A 
 medications, secukinumab [SEK-ue-KIN-ue-mab], ixekizumab [IX-ee-
KIZ-ue-mab], and brodalumab [broe-DAL-ue-mab]. Though each 
agent has specific potential risks and adverse effects, among the 
adverse effects that they share include injection or infusion reac-
tions and increased risk of infections due to their suppression of the 
immune system. In addition, because they are foreign proteins, there 
is a risk for the development of antidrug antibodies, which may affect 
efficacy over the course of therapy.

VIII. AGENTS FOR ALOPECIA

Alopecia (baldness) is the partial or complete loss of hair from areas where 
hair normally grows. The most common type of hair loss is androgenic 
alopecia (also known as male pattern baldness) which can occur in men or 
women. Trichogenic agents are used to stimulate hair growth and slow the 
progression of hair loss.

A. Finasteride

 Finasteride [fih-NAH-steh-ride] is an oral 5-α reductase inhibitor that 
blocks conversion of testosterone to the potent androgen 5-α dihy-
drotestosterone (DHT). High levels of DHT can cause the hair follicle 
to miniaturize and atrophy. Finasteride decreases scalp and serum 
DHT concentrations, thus inhibiting a key factor in the etiology of 
androgenic alopecia. [Note: Finasteride is used in higher doses for the 
treatment of benign prostatic hyperplasia (see Chapter 43).] Adverse 
effects include decreased libido, decreased ejaculation, and erectile 
dysfunction. The drug should not be used or handled in pregnancy, 
as it can cause hypospadias in a male fetus. Like minoxidil, use must 
be continued to maintain therapeutic benefits.

B. Minoxidil

 Minoxidil [min-OX-i-dil], originally used as a systemic antihyperten-
sive, was noted to have the adverse effect of increased hair growth. 
This adverse effect was turned into a therapeutic application in the 
treatment of alopecia. For hair loss, the drug is available as a non-
prescription topical foam or solution, without systemic hypotensive 
effects. Minoxidil is effective at halting hair loss in both men and 
women and may produce hair growth in some patients. Although the 
mechanism of action is not fully known, it is believed to act, at least 
in part, by shortening the rest phase of the hair cycle. The drug must 
be used continuously to maintain effects on hair growth. The main 
adverse effects include erythema and pruritus.
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Study Questions

Choose the ONE best answer.

45.1 Which is correct regarding the use of isotretinoin in 
the treatment of acne?

A. It is used topically in the treatment of acne.

B. It acts primarily on the corticosteroid receptors.

C. It is used for milder forms of acne.

D. It is contraindicated in pregnancy.

45.2 Which drug is a topically applied antibiotic that is 
thought to work through anti-inflammatory effects 
to treat rosacea?

A. Brimonidine

B. Doxycycline

C. Metronidazole

D. Benzoyl peroxide

45.3 Which drug is taken orally for more severe forms of 
psoriasis?

A. Etanercept

B. Calcipotriene

C. Tazarotene

D. Methotrexate

45.4 Which is correct regarding trichogenic agents?

A. Topically applied minoxidil is known for its hypo-
tensive effects.

B. Once hair regrowth has been established with 
topically applied minoxidil, hair growth will be 
maintained after discontinuing its use. 

C. Finasteride inhibits the 5-α reductase enzyme 
that controls the production of DHT from 
testosterone.

D. Both oral and topical minoxidil are commonly 
used for alopecia.

45.5 A 12-year-old child has extensive psoriatic lesions 
covering his back. Which topical therapy would, 
with continuous use, most likely prevent him from 
reaching his full adult height?

A. Clobetasol propionate

B. Salicylic acid

C. Calciprotriene

D. Calcitriol

Correct answer = D. Isotretinoin is an oral retinoid 
reserved for more severe forms of acne. Retinoic 
acids play an important role in mammalian embryo-
genesis. Excessive amounts of retinoids such as 
isotretinoin have been shown to cause teratogenicity, 
but the exact molecular mechanism is not known.

Correct answer = C. Metronidazole is an antibacte-
rial agent used topically for rosacea. It is believed to 
work in rosacea through anti-inflammatory or immu-
nosuppressive effects. Doxycycline is also used for 
its anti-inflammatory effects, but is used orally rather 
than topically.

Correct answer = A. Excessive use of potent corti-
costeroids applied to a large surface area can cause 
systemic toxicity, including growth retardation.

Correct answer = D. Methotrexate is the most com-
monly used systemic therapy for psoriasis. It is used 
in more severe forms of psoriasis and is available as 
an oral tablet and injection.

Correct answer = C. Androgenic alopecia is asso-
ciated with DHT concentrations, and finasteride is 
known to inhibit the 5-α reductase enzyme required 
for the formation of DHT from testosterone. Only top-
ical minoxidil is used for the treatment of alopecia. 
Both minoxidil and finasteride must be continued to 
maintain effects on hair growth.
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45.6 A 17-year-old female has darkened spots on her 
face following resolution of acne lesions. Which 
agent is the best choice to treat her acne, if one of 
the goals of therapy is to lighten these spots?

A. Benzoyl peroxide

B. Azelaic acid

C. Clindamycin

D. Dapsone

45.7 A 26-year-old woman is diagnosed with pustular 
psoriasis. She is getting married in 1 year and she 
would like to become pregnant and start a family 
within a year of her marriage. Which agent should 
be avoided for treatment of her psoriasis because 
the duration of its teratogenic potential may affect 
her plans for pregnancy?

A. Methotrexate

B. Triamcinolone acetonide

C. Infliximab

D. Acitretin

45.8 A patient has been using topical minoxidil to man-
age his baldness for several years, but now wants 
to stop using the medication. What is the likely 
consequence of discontinuing this medication?

A. Hair loss will resume.

B. Hair growth will be maintained.

C. Hair color will start to turn gray.

D. Blood pressure will increase.

45.9 A 16-year-old female has mild acne on her face. 
Which agent is the least appropriate choice for 
treating her acne?

A. Benzoyl peroxide

B. Topical clindamycin

C. Oral doxycycline

D. Adapalene

45.10 Which topical antibacterial agent targets gram- 
negative bacteria?

A. Gentamicin

B. Bacitracin

C. Mupirocin

D. Retapamulin

Correct answer = B. Azelaic acid exhibits a lightening 
effect on hyperpigmented skin, which makes it use-
ful in patients who experience dyspigmentation as a 
consequence of inflammatory acne. The other agents 
do not lighten the skin.

Correct answer = D. Acitretin is teratogenic and 
women must avoid pregnancy for at least 3 years 
after the use of this drug (due to the long duration of 
teratogenic potential).

Correct answer = A. Topical minoxidil must be used 
continuously to maintain effects on hair growth. 
Minoxidil does not affect hair color, and topical 
minoxidil does not affect blood pressure.

Correct answer = C. Oral antibiotics, such as doxycy-
cline, are reserved for moderate-to-severe acne.

Correct answer = A. Gentamicin interferes with 
bacterial protein synthesis targeting gram-negative 
organisms and is often used in combination with 
other agents to treat skin infections caused by gram- 
negative organisms.
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Clinical Toxicology
Dawn Sollee and Emily Winograd 46
I. OVERVIEW

For thousands of years, poisons and the study of them (toxicology) have 
been woven into the rich fabric of the human experience. Homer and 
Aristotle described the poison arrow; Socrates was executed with poison 
hemlock; lead poisoning may have helped bring down the Roman Empire; 
Marilyn Monroe, Elvis Presley, and Michael Jackson all fatally overdosed 
on prescription medications. Toxins can be inhaled, insufflated (snorted), 
orally ingested, injected, and absorbed dermally (Figure 46.1). An under-
standing of the varied mechanisms of toxicity helps to develop an approach 
to treatment. This chapter provides an overview of the emergent manage-
ment of the poisoned patient, as well as a brief review of some of the more 
common and interesting toxins, their mechanisms, clinical presentations, 
and clinical management.

A stepwise care approach to a patient of poisoning is helpful in successful 
management.

A. Stepwise care approach

• Diagnosis—suspect and identify poison, if possible.

• Treatment includes basic principles, antidotes, symptomatic, and 
supportive.

• Anticipate complications, preserve evidence, and prevent sequelae 
as well as recurrence.

II.  EMERGENCY TREATMENT OF THE  
POISONED PATIENT

The first principle in the management of the poisoned patient is high 
index of suspicion of poisoning in case of sudden onset and persistence 
of symptoms along with increasing severity of symptoms in a group, for 
example, food poisoning or industrial poisoning. Unexplained nausea, 
vomiting, diarrhea, drowsiness or coma, euphoria, increased psychomo-
tor activity, convulsions, delirium, and unusual breath smell are symptoms 
which in the absence of disease need careful evaluation for suspected 
poisoning. Identification of the substance should not take precedence over 
the first step, since the process is slow and unreliable and further lack 
of proper history might add to confusion. Action of poisons is modified 
by physical factors such as quantity, form, chemical combination, dilution, 
route of administration, and host factors like age, idiosyncrasy, sleep, food, 
and use (abuse) of multiple substances.

Figure 46.1
Routes of exposure for toxins.

Inhalation

Dermal

Injection
Ingestion
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798 46. Clinical Toxicology

Attention to CAB (Circulation, Airway, and Breathing) of resuscitation is utmost 
priority at all times. The basic principle is to treat the patient, not the poison. 
Poisoned patients may deteriorate rapidly. Care for all patients who are criti-
cally ill or under evaluation for possible toxin exposure or ingestion, particu-
larly when the history is uncertain, should begin in a monitored treatment area 
where the development of central nervous system depression, hemodynamic 
instability, or seizures can be rapidly recognized and addressed.

Airway, breathing, and circulation are assessed and addressed initially, 
along with any other immediately life-threatening toxic effect (for exam-
ple, profound increases or decreases in blood pressure, heart rate, res-
pirations, body temperature, or any dangerous dysrhythmias). Acid/base 
and electrolyte disturbances, acetaminophen and salicylate blood levels, 
and results of other appropriate drug screens can be further assessed as 
laboratory results are obtained. After administering oxygen, obtaining intra-
venous access, and placing the patient on a cardiac monitor, the poisoned 
patient with altered mental status should be considered for administration 
of the “coma cocktail.” The coma cocktail consists of intravenous dextrose 
to treat hypoglycemia, a possible toxicological cause of altered mental sta-
tus, naloxone to treat possible opioid or clonidine toxicity, and thiamine for 
ethanol-induced Wernicke encephalopathy. 

A. Removal of poison: decontamination

 Once the patient is stabilized, decontamination can occur—that is, 
removal of poison from the person or person from the poison. After 
getting quick information about the type of exposure, the decontam-
ination step is adopted as a first-aid measure. The cloth soiled with 
poison is removed and the exposed surface is washed with an ade-
quate amount of clean water. Chemical or poison exposure to eye 
requires wash with saline (irrigating solution) to reach neutral pH. In 
case of exposures such as toxic gases, the affected person must be 
bought out to an open ventilated place and if required artificial res-
piration be given. Gastrointestinal (GI) decontamination with gastric 
lavage, activated charcoal, or whole bowel irrigation (utilizing a poly-
ethylene glycol electrolyte balanced solution) for ingestions, once a 
mainstay in the management of ingested toxins, has a less signifi-
cant role in poisoning treatment today. With rare exceptions, gastric 
lavage, whole bowel irrigation, and administration of syrup ipecac are 
no longer recommended. Therapy should be administered prefera-
bly within 1 hour of ingestion. Several substances do not adsorb to 
activated charcoal (for example, lead and other heavy metals, iron, 
lithium, potassium, and alcohols), limiting the use of activated char-
coal unless there are coingested products. Also, charcoal should not 
be administered in cases of ingestion of caustic substances, metals, 
or hydrocarbons. Induction of emesis is contraindicated in cases of 
corrosive poisoning, in unconscious patients, and in those who have 
swallowed petroleum products. Mechanical tickling of the throat with 
fingers, spatula, or tongue depressor will induce vomiting. Sometimes, 
syrup ipecac (10 to 20 ml) may be used followed by half a glass of 
water but it is contraindicated in children aged less than 6 months.

B. Elimination enhancement

 Elimination of poisonous substances can be enhanced by use of 
diuretics such as frusemide, ethacrynic acid, and acetazolamide and 
of osmotic substances such as urea and mannitol. Forced alkaline 
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799II. Emergency Treatment of the Poisoned Patient 

diuresis treatment is done in patients of barbiturate intoxication. Other 
effective measures to eliminate ionizable substances are peritoneal 
dialysis, hemodialysis, and exchange transfusions.

1. Hemodialysis: The elimination of some medications/toxins may be 
enhanced by hemodialysis if certain properties are met, such as low 
protein binding, small volume of distribution, small molecular weight, 
and water solubility of the toxin. Examples of medications or sub-
stances that can be removed with hemodialysis include methanol, 
ethylene glycol, salicylates, theophylline, phenobarbital, and lithium.

2. Urinary alkalinization: Alkalinization of the urine enhances the 
elimination of salicylates or phenobarbital. Increasing the urine pH 
with intravenous sodium bicarbonate transforms the drug into an 
ionized form that prevents reabsorption, thereby trapping it in the 
urine to be excreted by the kidney. The goal urine pH is 7.5 to 8, 
while ensuring the serum pH does not exceed 7.55.

3. Multiple dose–activated charcoal: Multiple dose–activated char-
coal enhances the elimination of certain drugs (for example, 
 phenobarbital, digoxin, carbamazepine, alkaloids such as atro-
pine,  morphine, reserpine, and theophylline). Activated charcoal 
is extremely porous and has a high surface area, which creates 
a gradient across the lumen of the gut. Medications traverse 
from areas of high concentration to low concentration, promoting 
absorbed medication to cross back into the gut to be adsorbed by 
the  activated charcoal. In addition, activated charcoal blocks the 
 reabsorption of medications that undergo enterohepatic recircula-
tion (such as phenytoin), by adsorbing the substance to the acti-
vated charcoal (Figure 46.2). Bowel sounds must be present prior to 
each activated charcoal dose to prevent obstruction. As mentioned 
earlier, charcoal should not be administered in cases of ingestion 
of caustic substances, metals, or hydrocarbons. In patients who 
are at risk for aspiration, endotracheal intubation and head-of-bed 
elevation should be performed before charcoal administration.

C. Antidote (Figure 46.3) 

 After removal of the ingested poison (absorption of the ingested poison), 
antidotes play an important role in the management of most toxins and 
are essentially life-saving when used as early as possible in the treat-
ment of toxins with known antidotes (for example, N-acetylcysteine, 
naloxone, and pyridoxine). Chelating drugs are used in cases of poison-
ing with heavy metals and occasionally with other drugs. 

D. Ongoing supportive measures

 Most symptoms (for example, agitation, sedation, coma, cerebral 
edema, hypertension, arrhythmias, renal failure, and hypoglycemia) 
are treated with the usual supportive measures.

Fluid and electrolyte disturbances are managed with proper labora-
tory investigations and assessment of intake and output. 

Careful monitoring of vital signs such as temperature, pulse, respiration, 
and blood pressure is mandatory. Metabolic needs get increased by 
about 10% and then the temperature rises by about 0.8°C. Hyperthermia 
is treated with aggressive sedation and physical cooling measures rather 
than with antipyretics. Hypothermia delays detoxification and excretion 
of poison due to reduced metabolism and circulatory disturbances. 

D
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dsorption

A
dsorption

Absorption

Active
secretion

Di�usion
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Absorption

= Activated charcoal
= Xenobiotic

Figure 46.2
Mechanism of multiple dose– 
activated charcoal.
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A

POISON ANTIDOTE AND DOSE
Carbon monoxide Pure oxygen

Cyanide Sodium nitrite (3% soln, 0.2 ml/kg, IV over 2 min) followed by sodium thiosulfate (25% soln, 1 ml/kg,  
IV over 10–20 minutes)

Nitrate and nitrites If methemoglobinemia, treat with methylene blue

Organophosphates Inj. Atropine 0.05 mg/kg, IV every 10 minutes until signs of atropinism 

Inj. PAM 25–50 mg/kg, IV in older children, and 250 mg IV in infants over 5–10 minutes, 8 hourly up 
to 36 hours; Adults 1 g IV repeated every 3–4 hours as needed, preferably as a constant  infusion of 
250–400 mg/kg

Anticholinergics Inj. Physostigmine 0.56 mg slow IV over 5 minutes (atropine gp); repeated every 10 minutes till a 
maximum of 2 mg

Narcotics (opium) Inj. Naloxone 0.05–0.1 mg/kg IV or intratracheal titrated to symptom reversal, from birth up to 
5 years or 20 kg of weight; at times, a minimum of 2 mg should be used

Methyl alcohol Ethyl alcohol (ethanol) or fomepizole

Methaemoglobinemia Methylene blue 1–2 mg/kg over 5 minutes

Phenothiazine Inj. Diphenhydramine 1–2 mg/kg

Iron Inj. Desferrioxamine 15 mg/kg/hr IV in 100–200 ml 5% glucose soln (maximum 80 mg/kg in 
24 hours or 6–8 g/day; 100 mg of desferrioxamine binds 8.5 mg of iron)

Paracetamol N-acetyl cysteine Oral initially 140 mg/kg, then 4 hourly up to 72 hours. IV 150 mg/kg by infusion over 15 minutes 
 followed by 50 mg/kg 4 hourly for 72 hours

Benzodiazepines Adults: Diazepam Inj. Flumazenil. Initial dose: 0.2 mg IV one time over 30 seconds; 0.5 mg may be 
given every minute (most patients respond to 1 to 3 mg; max total dose 3 mg). Patients respond-
ing partially at 3 mg may receive additional doses up to 5 mg. Resedation doses: 0.5 mg every 
20 minutes to a total of 1 mg/dose and 3 mg/hr

Children: 1–17 years: Initial dose: 0.01 mg/kg IV over 15 seconds. Repeat doses: 0.01 mg/kg given 
over 15 seconds; may repeat 0.01 mg/kg after 45 seconds, then every minute to a maximum total 
cumulative dose of 0.05 mg/kg

Figure 46.3
Commonly available specific antidotes. (Figure continues on next page)

B
Acetaminophen (paracetamol) Oral or IV N-acetylcysteine, if hepatotoxicity is likely.  A loading dose of 150 mg/kg in 200 ml of 

5% D/W given over 15 minutes is followed by a maintenance doses of 50 mg/kg in 500 ml of 5% D/W 
given over 4 hours, then 100 mg/kg in 1000 ml of 5% D/W given over 16 hours. For children, dosing 
may need to be adjusted to decrease the total volume of fluid delivered.  The N-acetylcysteine is 
most effective if given within 8 hours of acetaminophen ingestion. After 24 hours, the benefit is 
questionable, but it should still be given. If the degree of toxicity is uncertain, N-acetylcysteine 
should be given until toxicity is ruled out. 

The oral loading dose of N-acetylcysteine is 140 mg/kg. This dose is followed by 17 additional doses 
of 70 mg/kg every 4 hours. Oral acetylcysteine is unpalatable; it is given diluted 1:4 in a carbonated 
beverage or fruit juice and may still cause vomiting.

Arsenic Dimercaprol (British anti-lewisite [BAL]) Or Succimer (dimercaptosuccinic acid [DMSA]) Or Dimerval 
(dimercaptopropane sulfonate) [DMPS]) 

Lead Succimer or D-penicillamine orally in case blood lead levels (BLLs) are higher than 45 µg/dl  
Or parenteral edetate (EDTA) calcium disodium (CaNa2 EDTA).

In lead encephalopathy, parenteral dimercaprol is a drug of choice. With high BLLs (>100 µg/dl), 
dimercaprol is used in conjunction with CaNa2 EDTA.

Isoniazid Diazepam 5–10 mg IV for seizure control; repeat dose as necessary. 

Pyridoxine in a dose equivalent to the suspected maximum amount of isoniazid ingested (that 
is, gram-per-gram replacement). If the dose of isoniazid not known, 5 g of pyridoxine IV over  
5 to 10 minutes.
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801II. Emergency Treatment of the Poisoned Patient 

A comatose patient needs careful supervision for clear airway, proper 
oxygenation, prevention of aspiration of gastric contents by proper 
positioning, frequent change of position, and care of bladder, bowels, 
skin, eyes, and buccal mucosa. Antibiotics for infections are given 
according to the needs.

Drug-induced hypotension and arrhythmias may not respond to the 
usual drug treatments. For refractory hypotension, dopamine, epi-
nephrine, other vasopressors, an intra-aortic balloon pump, or even 
extracorporeal circulatory support may be needed. 

Seizures are first treated with benzodiazepines. Phenobarbital or phe-
nytoin may be required.

E. Complications arising commonly in poisoning  

 Anticipating complications arising due to poisoning and their proper 
management help in a successful outcome. Prevention of sequelae 
such as strictures following corrosive poisoning is done by using cor-
ticosteroids. Corticosteroids are useful in petroleum product poisoning 
to treat shock and lung syndrome and to prevent pulmonary fibrosis.

Preserving evidence for medicolegal purposes and toxicological stud-
ies is the responsibility of the attending physician. Urine, stool, gastric 
contents (vomited or aspirated), blood and food samples, and viscera 
should be preserved. 

F. Prevention

 Preventing recurrence of poisoning is by proper labeling (household 
products and prescription drugs); keeping medicines, cosmetics, 
and household products separately; storing such substances in 
cabinets that are locked and inaccessible to children; and  providing 

Figure 46.3 (Continued)
Commonly available specific antidotes.

Digitalis Digoxin immune Fab (Digibind) in case of severe, acute digitalis toxicity and correction of 
 hyperkalemia, hypokalemia, and hypomagnesemia to reverse dysrhythmias. Reconstitute 
digoxin immune Fab 40-mg vial with 4 ml of sterile water for IV injection over 30 minutes via a 
0.22-μm membrane filter or in an unstable clinical situation, can be given as IV bolus. Administer 
 reconstituted solution immediately or, if refrigerated, used within 4 hours. In acute, intentional 
overdose, administration of four to six vials as a loading dose, followed by 0.5 mg/min for 8 hours 
and then 0.1 mg/min for about 6 hours.

Heparin Protamine IV depending on the dose of heparin (1 mg of protamine neutralizes ~100 units of 
 heparin); maximum dose: 50 mg; 

Heparin overdosage, following intravenous administration—consider duration of time since heparin 
administration to adjust the protamine dosage since IV blood heparin concentrations decrease 
rapidly after administration as below:

TIME ELAPSED 
DOSE OF PROTAMINE (MG) TO NEUTRALIZE 100 UNITS 
OF HEPARIN

Immediate 1–1.5

30–60 min 0.5–0.75 

>2 hr 0.25–0.375

Heparin overdosage, following subcutaneous injection: 1–1.5 mg protamine IV per 100 units heparin

Warfarin Transfusions of packed red blood cells (RBCs), fresh frozen plasma (FFP), and if PT is elevated, IV/
oral vitamin K1. 1–2.5 mg orally lowers the INR to <5 within 24 hours or 5–10 mg slow IV infusion 
over 30 minutes
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psychiatric consultation to patients who have taken drugs with sui-
cidal intention. Use of child-resistant containers with safety caps 
reduces the number of poisoning deaths in children. Limiting the 
amount of OTC (over-the-counter) analgesics in a single container 
and eliminating confusing and redundant formulations or fixed-dose 
combinations reduce the severity of poisoning, particularly with 
acetaminophen, aspirin, or ibuprofen.

Public education measures to encourage storage of substances in 
their original containers (for example, not placing insecticides in drink 
bottles) are also important. Use of imprint identifications on solid 
drugs helps to prevent confusion and errors by patients, pharmacists, 
and healthcare practitioners.

III.  SELECT PHARMACEUTICAL AND OCCUPATIONAL 
TOXICITIES

A. Acetaminophen (Paracetamol)

 Acetaminophen produces toxicity when normal metabolic pathways 
become saturated, leading to the production of a hepatotoxic metab-
olite (N-acetyl-p-benzoquinone imine, NAPQI) (Figure 46.4). After 
therapeutic doses of acetaminophen, the liver generates glutathi-
one, which detoxifies NAPQI. However, in overdose, glutathione is 
depleted, leaving the metabolite to produce toxicity. There are four 
phases typically describing acetaminophen toxicity (Figure 46.5). The 
antidote for acetaminophen toxicity, N-acetylcysteine (NAC), works 
as a glutathione precursor and glutathione substitute, and assists 
with sulfation. NAC may also function as an antioxidant to aid in 
recovery. NAC is most effective when initiated within 8 to 10 hours 
of ingestion. The Rumack-Matthew nomogram (Figure 46.6), which is 
based on the time of ingestion and the serum acetaminophen level, 
is utilized after an acute ingestion to determine if NAC therapy is 
needed. The nomogram is helpful to predict acetaminophen toxicity 
when levels can be obtained between 4 and 24 hours postingestion.

B. Alcohols

1. Methanol (wood alcohol) and ethylene glycol: Methanol is found 
in products such as windshield washer fluid and model airplane 
fuel. Ethylene glycol is most commonly found in radiator anti-
freeze. In India, the primary reason for methanol poisoning is the 
consumption of country liquor or methylated spirit. Epidemic poi-
sonings are not rare due to distilling and fermenting errors and 
beverage contamination. These primary alcohols cause CNS 
depression. Methanol gets converted by alcohol dehydrogenase 
into formaldehyde as metabolic intermediate which in turn gets 
converted to formic acid by aldehyde dehydrogenase. The lethal 
dose of methanol is approximately 30 to 240 mL or 1 gram per 
kilogram. Blindness can happen even with the minimum ingestion 
of 30 mL of methanol. Conversion of formic acid is responsible 
for severe toxicity which includes blindness or even death. Retinal 
damage is primarily due to the formic acid’s oxidative stress. 
Methanol follows zero-order pharmacokinetics such as ethanol. 
Methanol poisoning is manifested by vomiting, severe epigas-
tric pain, disorientation, hyperventilation, dyspnea, bradycardia, 
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Figure 46.4
Metabolism of acetaminophen.

Figure 46.5
Phases of acetaminophen toxicity.

Phase 1 (0 to 24 hours): loss of
 appetite, nausea, vomiting,
 general malaise

Phase 2 (24 to 72 hours): abdominal
 pain, increased liver enzymes

Phase 3 (72 to 96 hours): liver
 necrosis, jaundice, encephalopathy,
 renal failure, death
 
Phase 4 (> 4 days to 2 weeks):
 complete resolution of symptoms
 and organ failure
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and hypotension. If untreated, methanol ingestion may produce 
blindness, metabolic acidosis, seizures, and coma. In general, 
treatment for methanol poisoning includes supportive care which 
includes intravenous sodium bicarbonate infusion, fomepizole, 
ethanol, dialysis, and supplementation of folate. [Note: Ethanol is 
an alternative antidote, if fomepizole is not available.]

As ethanol has more affinity for alcohol dehydrogenase, it can 
saturate the enzyme at the concentration of 100 mg/dl; therefore, 
ethanol can retard the metabolism of methanol into formalde-
hyde and formic acid. It prevents the formation of toxic metab-
olites and allows the parent alcohol to be excreted by the kidney 
(Figure 46.7). Ethanol is usually administered as a 10% solution in 
water through a nasogastric tube. In the absence of pure ethanol, 

Figure 46.6
Rumack-Matthew nomogram for acetaminophen poisoning. Acetaminophen 
concentration plotted vs. time after exposure to predict potential  toxicity and 
antidote use. Reprinted with permission from B. H. Rumack. Acetaminophen 
overdose in children and adolescents. Pediatr. Clin. North Am. 33: 691 (1986).
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to make 10% solution, commercial alcoholic preparations such as 
whisky, gin, or brandy can be diluted appropriately for this pur-
pose. Ethanol substitution therapy can cause hypoglycemia which 
needs to be corrected. Hemodialysis is often utilized to remove the 
toxic acids that are already produced. This treatment need to con-
tinue for a prolonged period, and periodic alcohol measurement in 
blood needs to monitored. In addition, cofactors are administered 
to encourage metabolism to nontoxic metabolites (folate for meth-
anol, thiamine and pyridoxine for ethylene glycol).

Ethylene glycol is metabolized into toxic products such as gly-
colic, glyoxylic, and oxalic acids. Fomepizole [foe-MEP-i-zole] 
inhibits this oxidative pathway by blocking alcohol dehydroge-
nase. Ethylene glycol ingestion may lead to renal failure, hypo-
calcemia, metabolic acidosis, and heart failure. The treatment of 
ethylene glycol ingestion should be treated in a similar manner to 
that of methanol poisoning. 

2. Isopropanol (rubbing alcohol, isopropyl alcohol): This sec-
ondary alcohol is metabolized to acetone via alcohol dehydroge-
nase. Acetone cannot be further oxidized to carboxylic acids, and 
therefore, acidemia does not occur. Because isopropyl alcohol is 
not metabolized to a toxic metabolite, no antidote is necessary to 
treat an isopropyl alcohol ingestion. Isopropanol is a known CNS 
depressant (approximately twice as intoxicating as ethanol) and 
GI irritant. Treatment centers on supportive care.

C. Carbon monoxide

 Carbon monoxide is a colorless, odorless, and tasteless gas. It is 
a natural by-product of the combustion of carbonaceous materials, 
and common sources of this gas include automobiles, poorly vented 
furnaces, fireplaces, wood-burning stoves, kerosene space heaters, 
house fires, charcoal grills, and generators. Following inhalation, car-
bon monoxide rapidly binds to hemoglobin to produce carboxyhemo-
globin. The binding affinity of carbon monoxide to hemoglobin is 230 
to 270 times greater than that of oxygen. Consequently, even low con-
centrations of carbon monoxide in the air can produce significant levels 
of carboxyhemoglobin. In addition, bound carbon monoxide increases 
hemoglobin affinity for oxygen at the other oxygen-binding sites. This 
high-affinity binding of oxygen prevents the unloading of oxygen at the 
tissues, further reducing oxygen delivery (Figure 46.8). The presence of 
this highly oxygenated blood may produce “cherry red” skin. Carbon 
monoxide toxicity can also occur following inhalation or ingestion of 
methylene chloride found in paint strippers. Once absorbed, methy-
lene chloride is metabolized to carbon monoxide through the hepatic 
cytochrome P450 pathway. The symptoms of carbon monoxide intoxi-
cation are consistent with hypoxia, including headache, dyspnea, leth-
argy, confusion, and drowsiness. Higher exposure levels can lead to 
seizures, coma, and death. The management of a carbon monoxide–
poisoned patient includes prompt removal from the source of carbon 
monoxide, and institution of 100% oxygen by a nonrebreathing face 
mask or an endotracheal tube. In patients with severe intoxication, 
oxygenation in a hyperbaric chamber is recommended.
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D. Cyanide

 Cyanide is one of the toxic products of combustion produced during 
house fires. Its principal toxicity occurs as a result of the inactivation of 
the enzyme cytochrome oxidase (cytochrome a3), leading to the inhibi-
tion of cellular respiration. Therefore, even in the presence of oxygen, 
tissues with a high oxygen demand, such as the brain and heart, are 
adversely affected. Death can occur quickly due to arrest of oxidative 
phosphorylation and production of adenosine triphosphate. The anti-
dote, hydroxocobalamin (vitamin B12a), is administered intravenously 
to bind the cyanide and produce cyanocobalamin (vitamin B12) without 
the adverse effects of hypotension or methemoglobin production seen 
with older antidotes. The older cyanide antidote kit consists of sodium 
nitrite to form cyanomethemoglobin and sodium thiosulfate to acceler-
ate the production of thiocyanate, which is much less toxic than cyanide 
and is quickly excreted in urine. To avoid the oxygen-carrying capacity 
becoming too low in patients with smoke inhalation and cyanide toxicity, 
the induction of methemoglobin with sodium nitrite should be avoided 
unless the carboxyhemoglobin concentration is less than 10%.

E. Iron

 The incidence of pediatric iron toxicity has greatly diminished during 
the past two decades due to education and changes in packaging and 
labeling of iron products. Iron is radiopaque and may show up on an 
abdominal radiograph if the product contains a sufficient concentration 
of  elemental iron. Toxic effects can be expected with ingestions as little as 
20 mg/kg of elemental iron, and doses of 60 mg/kg may be lethal. Each 
iron salt contains a different concentration of elemental iron (Figure 46.9).  
A serum iron level should be obtained, since levels between 500 and 
1000 μg/dL have been associated with shock and levels higher than 
1000 μg/dL with death. Patients with iron toxicity usually present with 
nausea, vomiting, and abdominal pain. Depending on the amount of ele-
mental iron ingested, the patient may experience a latent period or may 
progress quickly to hypovolemia, metabolic acidosis, hypotension, and 
coagulopathy. Ultimately, hepatic failure and multisystem failure, coma, 
and death may occur. Deferoxamine [de-fer-OKS-a-meen], an iron- 
specific chelator, binds free iron, creating ferrioxamine, which is excreted 
in the urine. Hypotension may occur if rapid intravenous boluses of 
deferoxamine are administered instead of a continuous infusion.

F. Lead

 Lead is ubiquitous in the environment, with sources of exposure 
including old paint, drinking water, industrial pollution, food, and con-
taminated dust. Most chronic exposure to lead occurs with inorganic 
lead salts, such as those in paint used in housing constructed prior 
to 1978. Adults absorb about 10% of ingested lead, whereas chil-
dren absorb about 40%. Inorganic forms of lead are initially distrib-
uted to the soft tissues and more slowly redistribute to bone, teeth, 
and hair. Lead impairs bone formation and causes increased calcium 
deposition in long bones visible on x-ray. Ingested lead is radiopaque 
and may appear on an abdominal radiograph if present in the GI 
tract. Lead has an apparent blood half-life of about 1 to 2 months, 

Figure 46.9
Elemental iron contained in various 
iron preparations.
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whereas its half-life in the bone is 20 to 30 years. Chronic exposure to 
lead can have serious effects on several tissues (Figure 46.10). Early 
symptoms of lead toxicity can include discomfort and constipation 
(and, occasionally, diarrhea), whereas higher exposures can produce 
painful intestinal spasms. CNS effects from lead include headaches, 
confusion, clumsiness, insomnia, fatigue, and impaired concentration. 
As the disease progresses, clonic convulsions and coma can occur. 
Death is rare, given the ability to treat lead intoxication with chelation 
therapy. Blood levels of 5 to 20 μg/dL in children have been shown to 
lower IQ in the absence of other symptoms. Finally, lead can cause 
hypochromic, microcytic anemia as a result of a shortened erythro-
cyte life span and disruption of heme synthesis.

Multiple chelators can be utilized in the treatment of lead toxicity. 
When levels are greater than 45 μg/dL, but less than 70 μg/dL in 
children, succimer [dimercaptosuccinic acid (DMSA)], an oral chela-
tor, is the treatment of choice. With lead levels greater than 70 μg/dL  
or if encephalopathy is present, dual parenteral therapy is required 
with dimercaprol given intramuscularly and calcium disodium edetate 

Figure 46.10
Comparison of effects of lead on children and adults. From the Centers for 
Disease Control and Prevention. http://wonder.cdc.gov/.
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Study Questions

Choose the ONE best answer.

46.1 A 3-year-old boy is brought to the emergency 
department by his mother, who reports that he has 
been crying continuously and “does not want to 
play or eat” for the past few days. She also states 
that he has not had regular bowel movements, with 
mostly constipation and occasional diarrhea, and 
frequently complains of abdominal pain. The child 
now has an altered level of consciousness, is dif-
ficult to arouse, and begins to seize. The clinician 
rules out infection and other medical causes. Upon 
questioning, the mother states that the house is 
in an older neighborhood, that her house has not 
been remodeled or repainted since the 1940s, and 
that the paint is chipping around the windows and 
doors. The child is otherwise breathing on his own 
and urinating normally. Which toxin would you 
expect to be producing such severe effects in this 
child?

A. Iron

B. Lead

C. Carbon monoxide

D. Cyanide

Correct answer = B. Lead poisoning is common 
among children in older homes painted before lead 
was removed from paint. Paint chips with lead are 
easily ingested by toddlers, and excessively high lead 
levels can lead to the signs and symptoms described 
plus clumsiness, confusion, headaches, coma, con-
stipation, intestinal spasms, and anemia. Death is 
rare when chelation therapy is instituted. Iron can 
produce abdominal pain, but more often would cause 
diarrhea, vomiting, and volume loss. Carbon mon-
oxide would affect the entire household, depending 
on the source. Clinical effects from carbon monoxide 
would include headache, nausea, and CNS depres-
sion. If he had cyanide poisoning, death would have 
occurred quickly following respiratory arrest of oxi-
dative phosphorylation and production of adenosine 
triphosphate, but this child has been exhibiting symp-
toms over several days.

given intravenously. Dimercaprol is suspended in peanut oil and 
should not be given to those with a peanut allergy. 

G. Organophosphate and carbamate insecticides

 These insecticides exert their toxicity through inhibition of acetyl-
cholinesterase, with subsequent accumulation of excess acetylcho-
line producing nicotinic (mydriasis, fasciculations, muscle  weakness, 
tachycardia, hypertension) and muscarinic (diarrhea, urination, mio-
sis, bradycardia, bronchorrhea, emesis, lacrimation, salivation) 
effects. Carbamates reversibly bind to acetylcholinesterase, whereas 
organophosphates undergo an aging process to ultimately irrevers-
ibly  inactivate the enzyme. Organophosphate nerve agents, such as 
sarin, soman, and tabun, have the same mechanism of action, but 
the aging process is much more rapid compared to insecticides. 
Atropine, a muscarinic receptor antagonist, and pralidoxime, an oxime 
to  reactivate cholinesterase, should be administered intravenously or 
intramuscularly to treat the muscarinic and nicotinic effects, respec-
tively (see Chapter 4).

IV. ANTIDOTES

Specific chemical antidotes for poisoning have been developed for a 
 number of chemicals or classes of toxicants (Figure 46.3). This is not an 
all- inclusive list.
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46.2 A 41-year-old male jeweler presents to the emer-
gency department after he was found uncon-
scious on the floor of the shop by a coworker. 
The coworker states that the patient complained 
of being cold this morning around 8 am (the cen-
tral heat was broken, and the outdoor temperature 
was 34ºF) and that since noon, he had been com-
plaining of headache, drowsiness, confusion, and 
nausea. The clinician notices that he has cherry red 
skin. What is the most likely toxin causing his signs 
and symptoms?

A. Ethylene glycol

B. Cyanide

C. Acetaminophen

D. Carbon monoxide

46.3 A 50-year-old migrant field worker comes to the 
emergency department and complains of diarrhea, 
tearing, nausea and vomiting, and sweating. The 
clinician notices that he looks generally anxious 
and has fine fasciculations in the muscles of the 
upper chest as well as pinpoint pupils. Which anti-
dote should he receive first?

A. N-acetylcysteine

B. Sodium nitrite

C. Deferoxamine

D. Atropine

Correct answer = D. Atropine is appropriate for this 
patient, who has symptoms consistent with organo-
phosphate (insecticide) poisoning. The mnemonic 
DUMBBELS (diarrhea, urination, miosis, bronchor-
rhea/bradycardia, emesis, lacrimation, salivation) can 
be used to remember the signs and symptoms of 
cholinergic toxicity. An anticholinergic antidote, atro-
pine, controls these muscarinic symptoms, whereas 
the antidote pralidoxime treats the nicotinic symp-
toms like fasciculations (involuntary muscle quiver-
ing or twitching). N-acetylcysteine is the antidote for 
acetaminophen overdose and acts as a sulfhydryl 
donor. Sodium nitrite is one of the antidotes included 
in the old cyanide antidote kit (sodium nitrite and 
sodium thiosulfate). Deferoxamine is the chelating 
agent for iron. 

Correct answer = D. Although watch makers and 
other professionals who use electroplating may be at 
higher risk for cyanide exposure because many plating 
baths use cyanide-containing ingredients (for exam-
ple, potassium cyanide), this patient shows signs of 
carbon monoxide poisoning, such as cherry red skin, 
headache, confusion, nausea, and drowsiness lead-
ing to unconsciousness. The history also leads us to 
believe that this person may have been using a space 
heater to stay warm, which would be consistent with 
the description. A carboxyhemoglobin level should 
be obtained to confirm the exposure. Cyanide in low 
doses from such an occupational exposure can pres-
ent with loss of consciousness, flushing, headache, 
and confusion. Chronically, workers may develop a 
rash after handling cyanide solutions. Also, an odor 
of bitter almonds may be present. An arterial blood 
gas and a venous blood gas could be obtained and 
compared to determine if cyanide is present (a lack 
of oxygen extraction would be present on the venous 
side). Ethylene glycol toxicity may cause alterations in 
mental status, but the history did not include anything 
suggesting a toxic alcohol ingestion. Acetaminophen 
toxicity is not consistent with this presentation.
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46.4 A 45-year-old man presented to the emergency 
department 18 hours after ingesting an unknown 
product. On presentation, he is tachycardic, hyper-
tensive, tachypneic, and complaining of flank pain. 
A metabolic panel is obtained, and the patient has 
a large anion gap acidosis, an increased creatinine, 
and hypocalcemia. Which substance was most 
likely ingested?

A. Methanol

B. Acetaminophen

C. Ethylene glycol

D. Iron

46.5 A 27-year-old woman presents to the emergency 
department 6 hours after reportedly ingesting 20 
tablets of acetaminophen 500 mg. An acetamino-
phen level is drawn, but it has to be sent out to 
another lab and will not return for another 6 hours. 
What is the most appropriate next step in manage-
ment of this patient?

A. Administer a dose (50 g) of activated charcoal.

B. Start empirical N-acetylcysteine therapy.

C. Wait for the level to return and then decide what 
to do.

D. Draw a NAPQI level.

46.6 A 15-year-old girl presents to the emergency 
department with CNS depression. She is slightly 
bradycardic and slightly hypotensive. Upon further 
questioning, the mother admits that the patient was 
found with an open bottle of clonidine. Which anti-
dote might be beneficial for this patient?

A. Flumazenil

B. Atropine

C. Deferoxamine

D. Naloxone

46.7 A 45-year-old woman presents to the emergency 
department with a complaint of persistent vomit-
ing. The patient appears intoxicated, but an ethanol 
level returns as negative and her basic metabolic 
panel is unremarkable. Which substance did she 
probably ingest?

A. Isopropyl alcohol

B. Methanol

C. Ethylene glycol

D. Ethanol

Correct answer = D. Naloxone has a reversal rate of 
the CNS effects of approximately 50% in clonidine 
ingestions. Flumazenil reverses benzodiazepines and 
has no effect on clonidine. Atropine is an anticholin-
ergic agent and would not improve the CNS depres-
sion. Deferoxamine is the chelator for iron.

Correct answer = C. Ethylene glycol produces a 
metabolic acidosis from the toxic metabolites. The 
formation of calcium oxalate crystals, which can be 
found on urinalysis, leads to hypocalcemia and renal 
failure. The treatment regimen for this patient would 
include intravenous fomepizole, if some of the par-
ent compound was still present, and hemodialysis. 
Methanol may produce a metabolic acidosis as well, 
but its target organ of toxicity is the eyes instead of 
the kidneys as with ethylene glycol. Acetaminophen 
toxicity may produce upper quadrant pain within the 
first 24 hours, but vital sign abnormalities are not usu-
ally found during this time frame. Iron toxicity may 
also produce a metabolic acidosis and tachycardia. 
However, hypocalcemia does not occur. 

Correct answer = B. N-acetylcysteine should be 
started empirically on the basis of the history, and 
then, once the level returns and is plotted on the 
Rumack-Matthew nomogram, a final decision on 
whether to continue therapy can be made. Activated 
charcoal would not be of any benefit 6 hours post–
acetaminophen ingestion. The optimal time frame to 
give N-acetylcysteine is within 8 to 10 hours post-
ingestion. So, waiting on the level to return would 
put the patient more than 12 hours postingestion. 
Therefore, initiation of N-acetylcysteine therapy 
should happen, if possible during the optimal time 
frame. Clinicians are unable to draw a NAPQI level 
and therefore cannot utilize this to guide therapy.

Correct answer = A. Isopropyl alcohol produces twice 
as much CNS depression as ethanol and is known 
to cause GI distress. Isopropyl alcohol is metabolized 
to acetone, so a metabolic acidosis does not result 
(which is in contrast to the acidosis generated by 
methanol and ethylene glycol). The ethanol level was 
negative, eliminating ethanol as an ingestion. 
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46.8 A 5-year-old boy is brought in to the health care 
facility for being irritable and failure to thrive. He is 
drowsy, and his vital signs are normal. The doctor 
diagnoses him with lead toxicity when the blood 
lead level returns as 75 μg/dL. Which chelator 
regimen should be started?

A. Dimercaprol

B. Calcium disodium edetate

C. Both dimercaprol and calcium disodium edetate

D. Succimer

46.9 A healthy 2-year-old boy ingested one of his 
mother’s 2 mg clonazepam tablets 1 hour ago. 
The child presented to the emergency department 
with CNS depression but a normal heart rate and 
blood pressure. His bedside glucose check is also 
normal. Which antidote might be helpful?

A. Flumazenil

B. Naloxone

C. Physostigmine

D. Fomepizole

46.10 A 47-year-old man with a history of a seizure dis-
order, maintained on phenytoin, presented to the 
emergency department with salicylate toxicity. 
The salicylate level was 50 mg/dL (15 to 35 mg/dL  
therapeutic range) and the phenytoin level was 
15 mg/L (10 to 20 mg/L therapeutic range). What 
therapy can be considered to enhance the elimina-
tion of salicylate without impacting the phenytoin?

A. Multiple doses of activated charcoal

B. Urinary alkalinization

C. Whole bowel irrigation

D. Urinary acidification

Correct answer = B. Urinary alkalinization enhances 
the elimination of the salicylate but does not affect 
the therapeutic phenytoin level. Multiple doses of 
activated charcoal would lower the concentration of 
both medications, rendering the phenytoin subther-
apeutic. Whole bowel irrigation is another GI decon-
tamination modality involving administration of large 
quantities (up to 2 L/hr in adults) of a polyethylene 
glycol–balanced electrolyte solution via a nasogastric 
tube until the patient generates clear rectal effluent.

Correct answer = A. Flumazenil is a competitive benzo-
diazepine antagonist that reverses the CNS depres-
sion from benzodiazepines such as clonazepam. After 
flumazenil administration, resedation usually occurs, 
since the duration of the benzodiazepine is longer than 
that of the flumazenil. Naloxone reverses the effects 
from opioids and clonidine, not benzodiazepines. 
Physostigmine is the antidote for anticholinergic toxic-
ity. Fomepizole is the antidote for methanol or ethylene 
glycol toxicity.

Correct answer = C. Dual parenteral therapy with 
dimercaprol and calcium disodium edetate is  indicated 
if encephalopathy is present, or if the lead level is 
greater than 70 μg/dL in a child. Dimercaprol intramus-
cular therapy is initiated 4 hours prior to the intrave-
nous administration of calcium disodium edetate when 
both medications are required. Succimer (dimercap-
tosuccinic acid, DMSA) is utilized when the lead 
level is greater than 45 μg/dL but less than 70 μg/dL,  
without encephalopathy. 
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Antisnake Venom
Shyamal R. Sinha and Sangeeta Sharma 47
I. OVERVIEW

WHO classifies snakebite as a neglected tropical disease. Envenoming 
is a significant public health problem in tropical and subtropical regions. 
Snakebite is an acute life-threatening, time-limiting medical emergency. It 
is a preventable public health hazard often faced by rural population in 
tropical and subtropical countries with heavy rainfall and humid climate. 
Snakebite is a common occupational hazard affecting farmers, plantation 
workers, and others, resulting in thousands of deaths each year. Since 
snakebite is an environmental, occupational, and climatic hazard and 
mostly affect farmers, plantation workers, herdsmen, fishermen, snake 
restaurant workers, and other food producers, it results in tens of thou-
sands of deaths each year and chronic physical handicap in many cases.

There are more than 2000 species of snakes in the world and about 
300  species are found in India out of which 52 are venomous. The ven-
omous snakes found in India belong to three families Elapidae, Viperidae, 
and hydrophinae (Sea Snakes). The most common Indian elapids are 
Naja naja (Indian Cobra), Bungarus caeruleus (Indian krait), Daboia russalii 
(Russells’ viper), and Echis carinatus (saw-scaled viper). Figure 47.1 lists 
some common snakes and the families they belong to. The clinical effects 
of envenoming by the same species of snake are almost similar except a 
few regional variations. Kraits are active during night hours, often biting a 
person sleeping on the floor bed. Maximum Viper and Cobra bites occur 
during the day or early darkness, while watering the plantation or walking 
barefoot in grown grass or soybean crops. 

Although the total number of bites may be more than 5 to 6 lakhs, only 
30% are venomous bites. On the basis of Million Death Study, nonfatal 
bites may be as high as 1.4 million per year. Snakes are found all over 
the world except in Antarctica, Iceland, Greenland, Madagascar, Ireland, 
and New Zealand. Most snakes are found in tropical regions. Snakes are 
found in many habitats including water. They eat their prey whole and are 
able to consume prey three times larger than the diameter of their head. 
Venomous snakes inject their prey with venom, while constrictors squeeze 
their prey. 

This chapter provides an overview of the types of poisonous snakes,  
their toxins, and clinical manifestations and management of a snake bite. 
Figure 47.1.

Figure 47.1
Common poisonous snakes.

FAMILY NAMES

Viperidae Saw-scaled viper,  
Russell’s viper

Elapidae Indian cobra,  
Common krait

Crotalidae Pit viper

Hydrophidae Sea snakes

Colubridae Grass snakes  
and garter snakes
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II.  PATHOPHYSIOLOGY AND CLINICAL 
MANIFESTATIONS

Venomous snakes are so called because they produce venom, which is 
basically modified saliva. It is discharged with the purpose of killing prey or 
disabling predators and delivered by grooved or hollow fangs in the upper 
jaw. Glands producing venom are found below each eye. Snake venom 
is mostly made up of water, but its venomous effects are from a complex 
mixture of proteins, enzymes, nonenzymatic polypeptide, toxins, and non-
toxic proteins. 

A clinical presentation of a snakebite victim depends upon the species 
of snake. The venomous effects vary (Figure 47.2) due to the amount of 
venom injected, site of bite, area covered or uncovered, dry or incomplete 
bite, multiple bites, venom injection in vessel, weight of the victim, and time 
elapsed between the bite and administration of antisnake venom (ASV). 

The patient can present in any of the four clinical syndromes or with over-
lapping syndrome: 1) progressive weakness (neuroparalytic/neurotoxic), 
2)  bleeding (vasculotoxic/hemotoxic), 3) myotoxic, and 4) painful progressive 
swelling (Figure 47.2). There may be considerable overlap of clinical features. 

The clinical features may be localized to the site of the bite or they may be 
systemic. The pathological effects of venom on one hand may not be noticed 
for about 6 hours; on the other hand, the effects may last for a few weeks. 

The venom effects produced may be local or systemic.

A. Local effects

 Local effects are confined to the part of the body that has been bit-
ten (local bleeding, pain, inflammation, blistering, necrosis around the 
fang marks). The enzymes in the venom cause destruction of the tis-
sues locally with hemolysis and muscle necrosis leading to further 
spread of the venom (Figure 47.3). 

B. Systemic effects

 Systemic effects are on the organs and tissues away from the part 
of the body that has been bitten. These effects may be neurologic, 
cardiovascular, or thrombogenic depending on the type of snake and 
its toxin released.

1. Neuroparalytic/Neurologic: Predominantly in case of elapids 
(cobra, krait). The neurotoxins can cause pre- or postsynaptic 
blockade, depending on the type of the snake that has bitten. 
Postsynaptic neurotoxins are polypeptides that target the neuro-
muscular junction. They bind to the acetylcholine receptor on the 
muscle end-plate, blocking neurotransmitter binding, thus caus-
ing paralysis. The response to neostigmine is satisfactory. This is 
typical of a cobra bite. The presynaptic neurotoxins are modified 
phospholipase A2 toxins which target the terminal axon of the 
neuromuscular junction causing first the release of the neurotrans-
mitter and then extensive damage to the axonal structure with 
progressive flaccid paralysis thereafter as seen in Krait poisoning. 
Neostigmine causes no response in this type of paralysis. The 
neurologic effects include drowsiness, paresthesia, abnormalities 
of taste and smell, ptosis, external ophthalmoplegia, paralysis of 
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Figure 47.2
Clinical syndromes of snakebite—that is, progressive weakness (neuroparalytic/neurotoxic), bleeding (vasculotoxic/
hemotoxic), myotoxic, and painful progressive swelling and its management.
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Observe for
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tachycardia, paresthesia
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No history of bite
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Nonvenomous
(70%) 

Venomous
(30%)

Symptomatic1

Predominant symptom manifestation

Progressive painful
swelling Neuroparalytic Vasculotoxic Myotoxic

• Neuroparalytic symptoms
with no local signs

• Severe abdominal pain,
vomiting

• Ptosis
• Diplopia
• Dysarthia
• Dysphonia
• Dyspnoea
• Dysphagia
• Paralysis

•  ASV3 
•  AN4 
•  Ventilation 

• Bleeding
• Demonstrable 
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(20WBCT 
incoagulable)

• Shock
• Acute kidney injury 

(not seen with 
saw-scaled viper)

•  ASV3,5 
•  Supportive 
    treatment
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•  Blood  
    transfusion

•  ASV2,5

•  Supportive 
    treatment
•  Dialysis 

• Muscle ache
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• Involuntary

contractions of
muscles

• Compartment
syndrome

• Local necrosis
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• Painful

swelling
• Compartment

syndrome

Dry bite

Cobra
Krait

Russel’s viper
Saw-scaled viper

Flat tailed
Sea snake

Viper

Krait

1Even though present as predominant manifestation but there may be overlap of syndrome as well.
2ASV indicated in rapidly developing swelling only. Purely localized swelling with or without bite marks is not an indication of ASV. 
3For reaction to antisnake venom (ASV) Dose of Adrenaline 0.5 mg IM (in children 0.01 mg/kg)

5Specific ASV for sea snake and Pit viper bite is not available in India. However, available ASV may have some advantage by cross reaction.

4“AN” injection Atropine 0.6 mg followed by neostigmine (1.5mg) IV stat (In children Inj. Atropine 0.05 mg/kg followed by Inj. Neostigmine 
   0.04 mg/kg IV.) Repeat neostigmine 0.5 mg (in children 0.01mg/kg) with atropine every 30 minutes for 5 doses. Thereafter taper dose at 1 hour,
   2 hours, 6 hours and 12 hours. Positive response is measured as 50% or more recovery of the ptosis in one hour. If no response after 3rd dose stop
   AN injection. No AN injection in confirmed krait bite.

Note: The snake specie shown above are indicative only. Russell’s viper envenoming in Tamil Nadu and some other areas commonly causes 
paralysis. The venom of this species varies considerably across its range in India.

Suspected
snake bite
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facial muscles and other muscles innervated by the cranial nerves, 
and aphonia (Figure 47.4).

2. Vasculotoxic:

a. Thrombogenic: Russell’s viper venom contains serine prote-
ases and other procoagulant enzymes that are thrombin-like 
or activate factor X, prothrombin, and other clotting factors 
causing consumption coagulopathy. This is due to the vascu-
lotoxic effect of the viper venom. This leads to spontaneous 
systemic bleeding from gums, epistaxis, bleeding into the 
tears, bleeding into the mucosae, hemoptysis, hemateme-
sis, rectal bleeding or melena, hematuria, vaginal bleeding, 
antepartum hemorrhage in pregnant women, and intracranial 
hemorrhage.

b. Cardiovascular effects: Predominantly in case of Russell’s 
viper. Certain cardiotoxins are phospholipases causing cellu-
lar injury of skeletal, smooth, and cardiac muscles to produce 
paralysis and cardiac asystole. Some cardiotoxins cause 
irreversible depolarization of the cell membrane and systolic 
cardiac arrest. As muscles undergo lysis and also following 
massive hemolysis or rhabdomyolysis, there is hyperkalemia 
that depresses cardiac function. The effects include collapse, 
shock, hypotension, cardiac arrhythmias, cardiac failure, pul-
monary edema, and respiratory failure.

3. Painful progressive swelling (PPS): Progressive painful swelling 
is indicative of local venom toxicity. It is prominent in Russel’s 
viper bite, saw-scaled viper bite, and cobra bite. This is associ-
ated with the following:

• Local necrosis which often has a rancid smell. The limb is 
swollen and the skin is taut and shiny. Blistering with reddish 
black fluid at and around the bite site. Skip lesions around the 
main lesion are also seen. 

• Ecchymoses due to venom action destroying the blood 
vessel wall.

• Significant painful swelling potentially involving the whole limb 
and extending onto the trunk. 

• Compartment syndrome presents invariably.

• Regional tender enlarged lymphadenopathy.

4. Occult snakebite:

• Krait bite victims often present in the early morning with paral-
ysis with no local signs and no bite marks. 

• The snakebite victim gets up in the morning with severe epi-
gastric/umbilical pain with vomiting persisting for 3 to 4 hours 
and followed by typical neuroparalytic symptoms within the 
next 4 to 6 hours. There is no history of snakebite. 

• Unexplained respiratory distress in children in the presence 
of ptosis or sudden onset of acute flaccid paralysis in a child 
(locked-in syndrome) are highly suspicious symptoms in endemic 
areas, particularly of krait bite envenomation. Sometimes, 
patients may present with throat, chest, or joint pain. 

Figure 47.3
Swollen part of the limb after snakebite; 
bleeding can be seen.

Figure 47.4
Ptosis (drooping eyelids) due to 
cobra envenomation. It is a neuro-
toxic effect. Source: Mabel Cordeiro 
Vasnaik (2012). Snake envenoma-
tion. In David, Suresh S. (Chief Ed.). 
Textbook of Emergency Medicine. 
Delhi: Wolters Kluwer.
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III. MANAGEMENT OF SNAKEBITE

A. Diagnosis 

 Snakebite is a medical emergency. Therefore history, symptoms, 
and signs must be obtained quickly. Assess circulation, airway, and 
breathing and deal with any life-threatening symptoms on presen-
tation. Vasculotoxic patients presenting with bleeding from multiple 
orifices with hypotension, reduced urine output, obtunded mentation 
(drowsy, confused), and cold extremities need urgent attention and 
ICU care for volume replacement, pressor support, dialysis and infu-
sion of blood and blood products.

 Neuroparalytic patients presenting with respiratory paralysis, tachy-
pnea or bradypnea or paradoxical respiration (only moving abdomen), 
obtunded mentation, and peripheral skeletal muscle paralysis need 
urgent ventilator management with endotracheal intubation, ventila-
tion bag, or ventilator assistance. 

 Other noncritical patients can be evaluated to decide the severity of 
their illness. Management of all snakebite victims includes the following.

• Establish large-bore intravenous access and start normal saline 
slow infusion. 

• Before removal of the tourniquet/ligatures, test for the presence 
of a pulse distal to the tourniquet. If the pulse is absent, ensure a 
doctor is present before removal of ligatures. 

• In case of a clinically confirmed venomous bite, remove tourniquet 
only after starting the loading dose of ASV and keep atropine neostig-
mine injection ready. In case of multiple ligatures, all the ligatures can 
be released in an Emergency Room EXCEPT the most proximal one, 
which should only be released after admission and all preparations.

• Carry out a medical assessment including history and physical 
examination every 1–2 hourly and record bite site, local swelling, 
painful tender and enlarged local lymph glands, persistent bleeding 
from the bite wound, blood pressure, pulse rate, bleeding (gums, 
nose, vomit, stool, or urine), level of consciousness, drooping eye-
lids, and other signs of paralysis. The Glasgow Coma scale can-
not be used to assess the level of consciousness of patients 
paralyzed by neurotoxic venoms.

• Check for 20 minutes Whole Blood Clotting Test (20 WBCT) at 
admission and in case clotted, monitor every hour for the first 
3 hours and every 6 hours for the remaining 24 hours to detect 
evolving venom-induced DIC. In case test is nonclotting, repeat 
6 hours after administration of a loading dose of ASV. Figure 47.5 
depicts the method and precautions to be taken while doing 
20WBCT. In case of neurotoxic envenomation, repeat clotting 
test after 6  hours. Use a new, clean, dry test tube. If clotted, 
carry out every 1 hour from admission for 3 hours and then 
6  hourly for 24 hours. If the test is nonclotting, repeat 6 hours 
after administration of a loading dose of ASV. 

• Check distal pulses and monitor if there is presence of gross swelling. 
The presence of a pulse does not rule out compartment syndrome. 

• Examine the snake carefully, if brought, and identify, if possible. 
Take one smart phone photograph of the snake, dead or alive, if 
available, for confirmation by an expert.

Figure 47.5
20-minute whole blood clotting test 
(20WBCT).
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816 47. Antisnake Venom

 Victims of snakebite may suffer from any or all of the following:

• No physical effects other than the fang/tooth puncture due to bites 
by nonvenomous snakes, animals other than snakes (lizards, fish, 
rodent, spiders), and dry bite by a venomous snake.

Examination of the bite site.

• Examine the bite site and look for fang marks or any signs of local 
envenomation. Fang marks or their patterns have no role to deter-
mine whether the biting species was venomous or nonvenomous 
or the amount of venom injected, severity of systemic poisoning, 
and nature of poisoning—Elapidae or viperidae venom. Some spe-
cies such as krait may leave no bite marks. 

• Local envenoming confined to the bitten part of the body: These 
effects may be transient, resolving in hours or a few days. They 
may persist for a few weeks or may be debilitating, sometimes per-
manently, due to local necrotic effects of venom and complicating 
infections.

• Systemic envenoming involving organs and tissues distant from the 
bitten part of the body: These effects may be transient, life threat-
ening and debilitating, and persistent, sometimes permanently.

• Effects of anxiety prompted by the frightening experience of being 
bitten (real or imagined) and by exaggerated beliefs about the 
potency and speed of action of snake venoms. The symptoms may 
mislead the treating personnel.

• Effects of first-aid and other prehospital treatments that may cause 
misleading clinical features.

 Though to a large extent the manifestation of snakebite depends upon 
the species of snake, unfortunately, in many cases the biting snake 
is not seen, and if it is, its description by the victim is often mislead-
ing. Therefore, identification of the type of snake should not hold the 
treatment. At times, the bite mark might not be visible (for example, 
in the case of krait). The clinical manifestations of the patient may not 
correlate with the species of snake brought as evidence. 

B. Treatment 

1. First-aid measures and some do’s and don’ts are shown in 
Figure 47.6:

• Admit all confirmed or suspected victims of snakebite and 
keep them under observation for 24 hours. Observe for signs 
of envenomation. 

• Administer ASV therapy as soon as there is evidence of 
envenomation.

• In case of dry bite, symptoms due to anxiety and sympathetic 
over-activity due to stress or panic may sometimes mimic early 
envenoming symptoms. Thus, clinicians may have difficulties in 
determining whether envenoming occurred or not. 

• Local wound care should be taken care of by cleaning the bite 
site with povidone-iodine solution (but do not apply any dress-
ing). Leave blisters alone allowing them to break spontaneously 
and heal. If there is local necrosis, excise and apply saline dress-
ings. Surgical decompression may be necessary in some cases. 
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817III. Management of Snakebite

DO’S IMPORTANT DON’TS

First-Aid Measures 
Shift the victim to the nearest health facility (PHC/hospital) 
IMMEDIATELY after providing first aid where optimal medical 
care with antisnake venom (ASV) is available. 
At The Community or Village Level 
• Check history of snakebite and look for obvious evidence of 

a bite (fang puncture marks, bleeding, swelling of the bitten 
part, etc.). 

• Reassure the patient as around 70% of all snakebites are 
from nonvenomous species and there is treatment for 
 venomous snakebite.

• Immobilize the limb in the same way as a fractured limb (in 
the recovery position [prone, on the left side]) with airway 
protected. 

• Splint should extend the entire length of the limb, immobi-
lizing all joints of the bitten limb. May use any rigid object 
as a splint, for example, spade, piece of wood or tree branch, 
rolled-up newspapers, and ruler), but do NOT block the blood 
supply or apply pressure.

• Nil by mouth till the victim reaches a medical health facility.
• Arrange transport of the patient to medical care as quickly, 

safely, and passively as possible by vehicle ambulance (toll 
free no. 102/108/etc.), boat, bicycle, motorbike, stretcher, 
etc., whichever is readily available. If no other transport is 
available, a motorbike may be used but a third person should 
sit behind the patient.

• The victim must not run or drive himself to reach a health 
facility. 

• Remove shoes, rings, watches, jewelry, and tight clothing 
from the bitten area. 

• Leave the blisters undisturbed. 

• Do NOT attempt to kill/catch the snake. 
• Discard traditional first-aid methods (black stones, scarification) and 

alternative medical/herbal therapy.
• Do NOT wash wound and interfere with the bite wound (incisions, suc-

tion, rubbing, massage, tattooing, application of herbs or chemicals, 
cryotherapy, cautery). 

• Do NOT apply or inject antisnake venom (ASV) locally. 
• Do NOT tie tourniquets as they may cause gangrenous limbs. 
• If the victim is expected to reach the hospital in more than 30 minutes 

but less than 3 hours, crepe bandage may be applied by a qualified 
medical personnel only till the patient is shifted to the hospital. The 
bandage is wrapped over the bitten area as well as the entire limb with 
the limb placed in a splint. It should be capable of admitting a finger 
beneath it. 

At a Healthcare Facility
•  Admit all victims of confirmed or suspected snakebite and 

 observe for 24 hours for signs of envenomation.
•  Provide first-aid measures and supportive measures 

 immediately. 
•  Administer ASV therapy as soon as there is evidence of 

 envenomation.

Figure 47.6
Some do’s and don’ts while providing first-aid measures in snakebite victims.

• Administer booster tetanus toxoid dose. General care includes 
monitoring pulse, blood pressure, respiration, EKGs for arrhyth-
mias; maintaining adequate hydration; and achieving an intra-
venous access.

• Medications include antibiotics. Other medications may include 
benzodiazepines for anxiety and sedation, opioids for pain, 
fluid replacement, and vasopressor support for shock.

2. Antisnake venom (ASV) therapy: ASV is the only effective 
antidote for snake venom and is an essential element of treat-
ment of systemic envenoming. It should be given as soon as 
it is indicated. The dosage required varies with the degree of 
envenomation.
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818 47. Antisnake Venom

 Antivenom is immunoglobulin purified from the plasma of a horse, 
mule, or donkey (equine), or sheep (bovine) that has been immu-
nized with the venoms of one or more species of snake. 

 “Specific” antivenom implies that the antivenom has been raised 
against the venom of the snake that has bitten the patient and 
that it can therefore be expected to contain a specific antibody 
that will neutralize that particular venom and perhaps the venoms 
of closely related species (paraspecific neutralization). Monovalent 
(monospecific) antivenom neutralizes the venom of only one spe-
cies of snake. Polyvalent (polyspecific) antivenom neutralizes the 
venoms of several different species of snakes, usually the most 
important species, from a medical point of view, in a particular 
geographical area.

 Antibodies raised against the venom of one species may have 
cross-neutralizing activity against other venoms, usually from 
closely related species. This is known as paraspecific activity.

 In India, only polyvalent antisnake venom is available; these are 
produced against four most important venomous snakes—Naza 
naza (cobra), B. ceruleus (Indian common krait), Daboi Russelli 
(Russell’s viper), and Echis carinatus (saw-scaled viper). It is 
raised in horse serum. They are prepared in two forms: 

• Lyophilized/freeze dried form (heat stable; to be stored at cool 
temperature—stored below 25ºC; shelf-life 3 to 5 years) which 
will be reconstituted with 10 mL water to 10 mL of ASV. Mixing 
is done by swirling and not by vigorous shaking. Do not use, if 
reconstituted solution is opaque to any extent as it may have 
been denatured by an inadequate freeze-drying technique.

• Liquid form of ASV (heat labile; ready to use; requires reliable 
cold chain [stored at 2oC to 8oC and NOT frozen] with a refrig-
eration shelf-life of 2 years but costlier)—each vial contains 
10 mL of ASV. It should be preserved at −20oC to 80°C.

 If the integrity of the cold chain is not guaranteed (in remote areas), 
use of lyophilized ASV is preferred. 

 The range of venom injected is 5 to 147 mg. Each mL of polyvalent 
ASV produced in India neutralizes

• 0.6 mg dried Indian cobra venom,

• 0.45 mg dried common krait venom,

• 0.6 mg of dried Russell’s venom, and

• 0.45 mg dried saw-scaled viper venom.

 The total required dose range is between 10 and 30 vials. Depending 
on the patient condition, additional vials can be considered. 

 Pregnant women and children are treated in exactly the same way 
as other victims. They are given the same dose of ASV as adults as 
snakes inject the same amount of venom into children and adult.

3. Indications:

a. Early features of systemic envenoming:
• Hemostatic abnormalities

– Spontaneous systemic bleeding

– Noncoagulable blood in 20-minute whole blood clotting 
test (20 WBCT)
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• Neurotoxic signs

– Ptosis, external ophthalmoplegia, dysphagia, and paralysis

• Cardiovascular abnormalities

– Shock and cardiac arrhythmia

b. Local envenoming:
• Local swelling involving more than half of the bitten limb (in 

the absence of a tourniquet)

• Rapid extension of swelling 

• Development of an enlarged tender lymph node draining 
the bitten limb

4. Administration:

a. Systemic: Systemic administration is by intravenous infusion 
diluted in approximately 5 to 10 mL/kg of body weight or 250 to 
500 mL of normal saline or 5% dextrose in case of adults over a 
period of 1 hour to achieve the effective blood concentration rap-
idly. An intravenous push injection can be given but slowly (not 
more than 2 mL/min) which appears to be more cumbersome.

 NEVER give ASV by the IM route. Antivenom should never be 
injected into the gluteal region (upper outer quadrant of the 
buttock) as absorption is exceptionally slow and unreliable 
and there is always the danger of sciatic nerve damage when 
the injection is given by an inexperienced person. No ASV 
test dose must be administered. Skin/conjunctival hypersen-
sitivity testing does not reliably predict early or late antisnake 
venom reactions and is not recommended.

b. Local: Local administration of antivenom at the site of bite is 
not recommended as it has not shown to be effective and is 
extremely painful and may produce an increase in the intra-
compartmental pressure.

5. Repeat administration: The dose should be repeated in the fol-
lowing cases:

• Persistence or recurrence of blood incoagulability (as mea-
sured by 20WBCT) after 6 hours of the first dose

• In patients who continue to bleed briskly after 1 to 2 hours of 
the first dose of ASV.

• Deteriorating neurotoxic or cardiovascular signs after 1 to 2 hours 
of the first dose of ASV.

6. Victims who arrive late: Sometimes victims arrive late after the 
bite, often after several days, usually with acute kidney injury. 
Determine the current venom activity such as bleeding in case 
of viperine envenomation. Perform 20WBCT and determine if any 
coagulopathy is present; then administer ASV. If no coagulopathy 
is evident, treat kidney injury, if any.

a. Prophylactic epinephrine with antisnake venom:
• Give prophylactic epinephrine (adrenaline) 0.25 mg of 0.1% 

solution (1:1000 dilution) by subcutaneous injection (children 
0.005 mg/kg body weight of 0.1% solution) except in known 
hypertensive or in patients with cardiovascular disease and 
draw epinephrine in readiness in two syringes before ASV is 
administered. 

LIR_CH47.indd   819 10/10/18   1:20 PM



820 47. Antisnake Venom

7. Adverse reactions: 

a. Early anaphylactic reactions: These occur within 10 to 
180 minutes of starting the antivenin. Clinical features include 
urticaria, itching, cough, nausea, vomiting, abdominal colic, 
diarrhea, and tachycardia.

b. Pyrogenic (endotoxin) reactions: They develop 1 to 2 hours 
after starting ASV therapy. Clinical features include fever, 
rigor, chill, and lower blood pressure.

c. Late (serum sickness type) reactions: They develop 1 to 
12 days after antivenin therapy (mean 7 days). Clinical fea-
tures include fever, nausea, vomiting, arthralgia, arthritis, diar-
rhea, itching, recurrent urticaria, myalgia, lymphadenopathy, 
and proteinuria.

8. Treatment of early antisnake venom reaction: Use of histamine, 
anti-H1 and anti-H2 blockers, corticosteroids, and the rate of intra-
venous infusion of antivenom between 10 and 120 minutes does 
not affect the incidence or severity of early antivenom reactions.

IV.  MANAGEMENT OF NEUROTOXIC 
(NEUROPARALYTIC) ENVENOMATION

Antisnake venom treatment alone cannot be relied upon to save the life of 
a patient with bulbar and respiratory paralysis. Administer the following in 
addition:

• Oxygen 

• Assisted ventilation. If the patient has evidence of bulbar or respiratory 
paralysis, insert an endotracheal tube with the help of the anesthesi-
ologist, if available, or by a trained medical personnel or use laryngeal 
mask airway (LMA). If there is evidence of respiratory failure, assist ven-
tilation manually by an anesthetic bag or a mechanical ventilator. The 
duration of mechanical ventilation in  snakebite  victims is usually short 
since neuroparalysis reverses quickly with prompt administration of 
ASV. Manual  ventilation ( self- ventilating anesthetic bag) is also effective 
if the mechanical ventilator is not available. Prolonged assisted ventila-
tion with room air or oxygen is followed by complete recovery in case of 
Guillain–Barre syndrome and delayed neuropathy following snakebite. 

• Administer “atropine neostigmine (AN)” schedule as described in the 
following text. Give one dose of “AN” injection before transferring to a 
higher center as rapid deterioration of cobra bite neurotoxic syndrome 
may kill the patient on the way during transfer. Some patients go into 
a deep coma state but recover completely. Hence, diagnosis of brain 
death should not be considered. 

• Do not give AN in case of a confirmed krait bite.

• The initial dose of ASV is administered over 1 hour. If ASV is not avail-
able, refer to a higher facility where ASV is available or if no improve-
ment after the initial dose. 

A.  Atropine neostigmine (AN) dosage schedule

 Atropine 0.6 mg followed by neostigmine (1.5 mg) to be given  
IV stat and repeat dose of neostigmine 0.5 mg with atropine every 
30   minutes for 5 doses (in children, Inj. Atropine 0.05 mg/kg 
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followed by Inj. Neostigmine 0.04 mg/kg intravenous and repeat dose  
0.01 mg/kg every 30 minutes for 5 doses). A fixed-dose combination 
of neostigmine and glycopyrrolate IV can also be used, thereafter to 
be given as tapering dose at 1 hour, 2 hours, 6 hours, and 12 hours. 

 Majority of patients improve within the first 5 doses. Observe the 
patient closely for 1 hour to determine if the neostigmine is effective. 
After 30  minutes, any improvement should be visible by an improve-
ment in ptosis. A  positive response to the “AN” trial is measured if 
50% or more recovery of the ptosis occurs in 1 hour.

 Stop atropine neostigmine (AN) dosage schedule if:

• Patient has complete recovery from neuroparalysis. Rarely the 
patient can have recurrence; carefully watch patients for recurrence.

• Patient shows side effects in the form of fasciculations or bradycardia.

 If there is no improvement after 3 doses of atropine neostigmine, it 
indicates a probable krait bite which requires calcium gluconate. Krait 
affects presynaptic fibers where calcium ion acts as a neurotransmitter. 

 Improvement by atropine neostigmine indicates cobra bite. A few 
Nilgiri Russel’s viper bites victims also improve with this regimen. 

Most of the information is taken from Standard Treatment Guidelines, Ministry of Health and Family Welfare (Govt. of India) July 2016 draft 
on Management of Snake Bite (clinicalestablishments.gov.in).

Correct Answer = D. In this patient, signs of systemic 
envenomation have developed; hence, ASV has to 
be administered. In cobra, the toxin is postsynaptic 
so administration of neostigmine will be beneficial to 
the patient.

Study Questions

Choose the ONE best answer.

47.1 A 35-year-old farmer was working in the fields when 
he was bitten by a snake. After 3 hours, he started 
developing ptosis and paralysis of facial muscles. 
Subsequently, he was taken to a local hospital where 
he was diagnosed to have suffered from snake bite 
by a cobra (identified from bite marks). What should 
be the ideal management of this patient?

A. Observe the patient and maintain his vitals.

B. Take local care of the wound.

C. Administer ASV to the patient.

D. Administer ASV, atropine, and neostigmine to 
the patient.

47.2 A 42-year-old female, while working at the garden 
in the night, was bitten by a snake. She rapidly 
developed local swelling of the limb and there-
after had ptosis and paralysis of facial muscles. 
Subsequently, she was taken to a hospital where 
she was diagnosed to have suffered from snakebite 
by a krait (identified from bite marks). What should 
be the ideal management of this patient?

A. Observe the patient and maintain his vitals.

B. Take local care of the wound.

C. Administer ASV to the patient.

D. Administer ASV, atropine, and neostigmine to 
the patient.

Correct Answer = C. In this patient, signs of local and 
systemic envenomation have developed; hence, ASV 
has to be administered. In krait, the toxin is presynaptic 
so administration of neostigmine will not be beneficial 
for the patient.
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Figure 48.1
Summary of commonly abused 
substances.
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Figure 48.2
Past-month illicit drug use among persons aged 12 or older. Illicit drugs 
include marijuana/hashish, cocaine (including crack), heroin, hallucinogens, 
inhalants, or prescription-type psychotherapeutics used nonmedically.

Drugs of Abuse
Carol Motycka and Joseph Spillane 48
I. OVERVIEW

A boy inhales paint fumes to momentarily escape his surroundings of 
poverty; a new gang member smokes crack with his friends to feel like 
he belongs; a curious girl swallows a “Molly” to see what it is like; a pre-
scription drug abuser injects fentanyl-laced heroin to substitute for the 
pain pills that are more difficult to obtain; and a lonely widower drinks 
another shot of bourbon to help remember the past and forget the pres-
ent. In each of these cases, chemicals are being used for nontherapeu-
tic effects on the body or mind. Excessive use or misuse of drugs or 
alcohol for intoxicating or mind-altering effects is considered substance 
misuse, and those who misuse substances are considered to have a 
substance use disorder. Figure 48.1 provides a list of commonly abused 
substances.

Substance use disorders occur in many forms and their effects have been 
witnessed throughout the history of the world. The lure of addictive sub-
stances continues to impact people today. In 2015, approximately 10.1% 
of the population in the United States were current users of some form 
of illicit substance (Figure 48.2), while 6.2% were considered to have an 
alcohol use disorder, and 4.7% misused prescription medications. Abused 
substances have become progressively more potent, and their routes of 
administration have become increasingly effective, resulting in greater risks 
of addiction (Figure 48.3) and toxicity. Some examples of the methods, 
mechanisms, and clinical manifestations of toxicity of commonly abused 
substances are discussed in this chapter.

II. SYMPATHOMIMETICS

Sympathomimetics are stimulants that mimic the sympathetic nervous 
system, producing “fight-or-flight” responses. Sympathomimetics usually 
produce a relative increase of adrenergic neurotransmitters at the site of 
action (Figure 48.4), thereby causing effects such as tachycardia, hyper-
tension, hyperthermia, and tachypnea. These agents come from natural 
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sources, such as plants, or are synthesized in legitimate or clandestine 
laboratories. Aside from the stimulant effect, many of these agents have 
a remarkable ability to produce pleasure. Consequently, their addictive 
potential and monetary value on the illicit market offer a huge profit 
motive.

A. Cocaine

 Cocaine is derived from coca (Erythroxylum coca) shrub that grows 
in the foothills of the Andes Mountains in South America. It causes 
central nervous system (CNS) stimulation by inhibiting the reuptake 
of norepinephrine into the adrenergic neuron, thus increasing the 
availability of catecholamines at the synapse. The profound ability 
of cocaine to stimulate the pleasure center of the human brain is 
thought to result from inhibition of reuptake of dopamine and sero-
tonin. Cocaine has minimal bioavailability when taken by the oral 
route. Instead, the cocaine hydrochloride powder is snorted, or 
solubilized and injected. The cocaine powder cannot be effectively 
smoked, as it is destroyed upon heating. However, crack cocaine, 
an alkaloidal form, can be smoked. Smoking is an extremely effec-
tive route of administration, as the lungs are richly perfused with 
blood and carry the drug within seconds to its site of action, the 
brain. This causes an intense euphoria or “rush” that is followed rap-
idly by an intense dysphoria or “crash.” It is this immediate positive 
reinforcement, followed rapidly by the negative reinforcement that 
makes the drug, particularly in this form, so addictive. Like most 
drugs of abuse, street cocaine powder and crack are usually adul-
terated to increase the bulk, mimic the action, and thereby increase 
the profitability.

The clinical manifestations of cocaine toxicity are a function of its 
stimulant effects. Common reasons for cocaine users to present to 
the emergency department include psychiatric complaints (depres-
sion precipitated by cocaine dysphoria, agitation/paranoia), con-
vulsions, hyperthermia, and chest pain. Hyperthermia is caused by 
cocaine-induced CNS stimulation that increases heat production 
and vasoconstrictive effects of cocaine that minimize the ability 
to dissipate heat. Cocaine-related chest pain can be chest mus-
cle pain or cardiac in nature, as cocaine causes vasoconstriction 
of coronary arteries and accelerates the atherosclerotic process. 
Commonly, cocaine is consumed with alcohol, which creates a 
secondary metabolite cocaethylene. The metabolite is cardiotoxic 
and further contributes to cardiac issues related to cocaine con-
sumption. Cocaine chest pain can also be related to pulmonary 
damage caused by inhalation of this heated impure substance. 
Cocaine convulsions are a natural extension of the CNS stimulant 
effect (Figure 48.5). Cocaine toxicity is treated by calming and cool-
ing the patient. Benzodiazepines, such as lorazepam, help to calm 
the agitated patient and can both treat and prevent convulsions. 
In addition, the calming effect helps cool the patient and manage 
hyperthermia. This is an important therapeutic effect, as hyperther-
mia is one of the major causes of cocaine fatalities. The remainder 
of cocaine toxicity is treated with short-acting antihypertensives, 
anticonvulsants, and symptomatic supportive care.

Figure 48.4
Mechanism of action of cocaine.

Figure 48.3
Relative potential for physical depend-
ence of commonly abused substances.
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B. Amphetamines

 Amphetamines such as methamphetamine are sympathomimetics 
with clinical effects very similar to those of cocaine. Amphetamines 
act by enhancing the release of biogenic amines from the storage 
sites in the nerve terminals. In many cases, these effects may last lon-
ger and are associated with more stimulation and less euphoria when 
compared to cocaine. Treatment of amphetamine toxicity is similar to 
that of cocaine toxicity. Therapeutic uses of amphetamines are pre-
sented in Chapter 15.

C. Methylenedioxymethamphetamine

 Methylenedioxymethamphetamine (MDMA), commonly known as 
ecstasy or molly, is a hallucinogenic amphetamine with profound 
serotonin-releasing effects (Figure 48.6). However, like most illicit sub-
stances, MDMA is often substituted or adulterated with other drugs 
such as methylone. The chemical structure of methylone differs from 
MDMA by one carbonyl group (Figure 48.7), but the drug is more 
profitable to dealers and does not produce the same euphoric effect. 
Because of MDMA’s unique serotonin properties, it is sometimes 
referred to as an “empathogen,” and tactile stimulation is particularly 
pleasurable to users. Many users describe a sense of well-being and 
social interactivity, and sexual offenders have also taken advantage 
of this property of the drug. Like many amphetamines, MDMA can 
cause bruxism (teeth grinding) and trismus (jaw clenching), which 
explain the baby pacifiers and lollipops that have been popularized 
among “ravers.” Among the most disturbing properties of MDMA 
abuse is its propensity to cause profound hyperthermia, altered men-
tal status, and serotonin syndrome. Benzodiazepines help to calm 
and cool the patient, and life-threatening hyperthermia has been 
treated with neuromuscular blockers and endotracheal intubation to 
control excessive movement and heat generation. Cyproheptadine is 
a serotonin antagonist that has been used to treat serotonin syn-
drome; however, one of its practical limitations is that it is only avail-
able in an oral formulation.

 Aminorex is also called “ICE.” It is a cyclic derivative converted 
from phenylpropanolamine as a synthesis intermediate. Chemically, 
it is 2-amino-5-phenyl-2-oxazoline. It was originally developed as 
an anorexiant but withdrawn from the market due to its severe side 
effect of pulmonary hypertension. It exhibits effects on CNS similar 
to amphetamine and has moderate dependence potential. It is illicitly 
distributed in many countries. 

D. Synthetic cathinones

 Cathinone is the psychoactive component in the evergreen shrub 
Khat (Catha edulis) native to East Africa and the Arabian Peninsula. 
Synthetic cathinones, also known as “bath salts,” have become 
increasingly popular. These products are packaged and labeled as 
“bath salts” or “pond water cleaner” to circumvent detection, prosecu-
tion, and enforcement. Many of these packages read “not for human 
consumption,” although they are sold with an unstated understanding 
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Figure 48.5
Major effects of cocaine use.
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by the seller and buyer that they produce intoxication. Synthetic cathi-
nones are not easily detected in urine toxicology screens.

Methcathinone, butylone, methylene dioxypyrovalerone, and naphy-
rone are just a few examples of synthetic cathinones. These drugs 
increase the release and inhibit the reuptake of catecholamines (nor-
epinephrine, epinephrine, and dopamine) in a manner very similar 
to cocaine and amphetamines. A rapid onset of amphetamine-like 
stimulation with psychotomimetic effects of variable duration is com-
mon with synthetic cathinones. Bath salts are generally snorted or 
ingested, but they may also be injected. Treatment is similar to the 
emergent treatment of amphetamines and cocaine.

III. HALLUCINOGENS

Lysergic acid diethylamide (LSD), marijuana, and synthetic cannabinoids 
are substances that fall into this category.

A. Lysergic acid diethylamide

 LSD, lysergic acid diethylamide, is perhaps the most commonly rec-
ognized drug in the hallucinogen class. LSD was first created from 
ergot in 1938 by Dr. Albert Hoffman. LSD produces its psychedelic 
effects through serving as a potent partial agonist at 5-HT2A receptors. 
Aside from the very colorful hallucinations, the drug is also responsi-
ble for mood alterations, sleep disturbances, and anxiety. Repeated 
use rapidly produces tolerance through down-regulation of serotonin 
receptors.

Although physical adverse effects are typically minimal, LSD may 
cause mydriasis, tachycardia, increased blood pressure and body 
temperature, dizziness, decreased appetite, and sweating. Perhaps, 
the most troubling side effects are the loss of judgment and impaired 
reasoning associated with use of LSD. This can sometimes be an 
exaggerated effect with extreme panic, which is known by individuals 
as a “bad trip,” and may lead to trauma. Recently, a group of syn-
thetic serotonin agonists collectively known as “N-Bomb” have been 
substituted for LSD. Like LSD, these agents are used in liquid form 
or with blotter paper and have resulted in hypertension, convulsions, 
and accidental traumatic injury and death. 

B. Marijuana

 Cannabis is a plant that has been used by humans for over 10,000 years.  
Centuries-old Chinese documents describe the use of cannabis for 
clothing production, food, and as an agent to communicate with 
spirits. In India, cannabis consumption is known from the ancient lit-
erature and followed in spiritual practice even today. The leaves of 
Cannabis indica taken orally are called “Bhang,” the dried female inflo-
rescence smoking is called “Ganja,” and the smoking of dried resin-
ous extract from the leaves and flowering tops with tobacco is called 
“Charas.” Today, marijuana is the most frequently used illicit drug, 
and the illicit drug that new users are most likely to try (Figure 48.8).  
Those numbers are expected to grow as liberalization of marijuana laws 
continues throughout the United States but is banned in India. Although 

Figure 48.6
Proposed mechanism of action of 
methylenedioxymethamphetamine 
(MDMA).
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827III. Hallucinogens

cannabis is a substance of abuse, it exhibits lowest toxicity. Certain 
cannabis plants can be used for making rope or clothing; however, the 
species Cannabis sativa is the plant most often used for its psychoac-
tive properties. The main psychoactive alkaloid contained in marijuana is 
Δ9-tetrahydrocannabinol [tet-ra-HY-dro-can-NAB-i-nol] (THC). Growing 
techniques have evolved over the past 50 years, and THC concentra-
tions found in the plant have increased as much as 20-fold during that 
time period.

Specific receptors in the brain, cannabinoid or CB1 receptors, were 
discovered in the late 1980s and found to be reactive to THC. When 
CB1 receptors are activated by marijuana, effects include physical 
relaxation, hyperphagia (increased appetite), increased heart rate, 
decreased muscle coordination, conjunctivitis, and minor pain control 
(Figure 48.9). Depending on the social situation, THC can produce 
euphoria, followed by drowsiness and relaxation. Although hallucina-
tions are typically not as robust as those observed with the use of 
LSD, marijuana is often used for the mild hallucinogenic effects that 
it produces. Marijuana stimulates the amygdala, causing the user to 
have a sense of novelty to anything the user encounters through an 
enhancement of sensory activity. For this same reason, heavy users 
have a down-regulation in their CB1 receptors, leaving them with a 
feeling of boredom when not taking the drug. The effects of mar-
ijuana on γ-aminobutyric acid (GABA) in the hippocampus diminish 
the capacity for short-term memory in users, and this effect seems to 
be more pronounced in adolescents. In addition to adversely affect-
ing short-term memory and mental activity, THC decreases muscle 
strength and impairs highly skilled motor activity, such as that required 
to drive a car. The effects of THC appear immediately after smoking 
marijuana, but maximum effects take about 20 minutes. By 3 hours, 
the effects largely disappear.

In chronic marijuana users, tolerance develops rapidly, 9% of all users 
and 17% of adolescent users will develop dependence, and with-
drawal has been observed. Marijuana may be found in the body up to 
3 months after the last usage in heavy chronic users. For this reason, 
withdrawal occurs much later in individuals who previously used mari-
juana heavily. Withdrawal may include cravings, insomnia, depression, 
pain, and irritability.

Although not well studied for medicinal use, marijuana has been used 
as an adjuvant in the treatment of chemotherapy-induced nausea and 
vomiting, cachexia secondary to cancer and AIDS, epilepsy, chronic 
pain, multiple sclerosis, glaucoma, and anxiety. Synthetic THC medi-
cations are available as prescription products and include dronabinol 
[droe-NAB-i-nol] and nabilone [NA-bi-lone]. These medications are 
used for the prevention of CINV. Nabiximols, a medication created 
from the extract of the Cannabis sativa plant, is an oromucosal spray 
available in several countries throughout the world for the treatment 
of spasticity in multiple sclerosis. 

C. Synthetic cannabinoids

 Synthetic cannabinoids are sprayed onto plant material in a process 
known as dusting. These first-generation products such as “Spice” 
and “K2” are than smoked to produce intoxication. Since the molecular 
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Figure 48.7
Comparison of the structures of  
methylenedioxymethamphetamine 
and methylone.

Figure 48.8
First specific drug associated with 
initiation of illicit drug use among  
past year illicit drug initiates aged 
12 or older.
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828 48. Drugs of Abuse

structure of synthetic cannabinoids is much different from the canna-
binoids found in marijuana plants, users do not test positive for THC 
with traditional drug tests. Sympathomimetic effects may also be seen 
in users, including tachycardia and hypertension. The greatest danger 
with the use of these agents includes extreme hallucinations and psy-
chotic reactions. More recent formulations of synthetic cannabinoids 
and their contaminants have caused convulsions, acute kidney injury, 
and deaths.

IV. ETHANOL

Ethanol (EtOH) is a clear, colorless hydroxylated hydrocarbon that is the 
product of fermentation of fruits, grains, or vegetables. Ethanol is mainly 
important in medicine but because of the consequences of abuse and 
misuse, it is a major cause of deadly automobile accidents, drownings, 
and fatal falls and is a related factor in many hospital admissions. Alcohol 
use is common since ancient times and is the most commonly abused 
substance in modern society, with the prevalence of alcohol use disorder 
being as high as 12.6% of the population in some regions of the world. 
Alcoholism decreases life expectancy by 10 to 15 years and impacts 
one in three families. It is thought that ethanol exerts its desired and 
toxic effects through several mechanisms, including enhanced effects 
of the inhibitory neurotransmitter GABA, increased release of endoge-
nous opioids, and altered levels of serotonin and dopamine. Ethanol is 
a selective CNS depressant at low doses, resulting in decreased inhibi-
tions and the characteristic loquaciousness or drunken behavior. At high 
doses, it is a general CNS depressant, which can result in coma and 
respiratory depression.

Drinking ethanol traditionally has been the most common route of 
administration, although recently the inhalation of aerosolized ethanol 
has gained popularity. Ethanol is highly lipid soluble and is absorbed 
rapidly from the stomach and duodenum, and food (especially milk, 
fat, and carbohydrates) slows and decreases absorption. Peak etha-
nol levels are generally achieved in 20 minutes to 1 hour of ingestion. 
The maximum concentration of alcohol in blood after oral consumption 
depends on many factors such as gender, total quantity, strength of the 
solution, and duration of consumption. Status of food in the stomach 
(empty or filled), type of food as well as speed of metabolism and clear-
ance are also the deciding factors. There is a greater subjective feeling 
of intoxication while levels are ascending (absorption), as compared to 
when levels are descending. About 95% of ethanol is metabolized by 
alcohol dehydrogenase to acetaldehyde and then by aldehyde dehy-
drogenase to acetate in the liver (Figure 48.10), and the remainder is 
excreted in the breath, sweat, and urine. Ethanol metabolism by alcohol 
dehydrogenase follows first-order kinetics at low doses. However, once 
the blood concentration exceeds 15 to 40 mg/dL/hr, it follows dose- 
dependent (zero-order) kinetics as the enzymatic processes are saturated  
and the elimination rate no longer increases with rising concentration 
with potential major adverse consequences for the individual. Tolerance 
and toxicity develop in habitual users due to induction of the alcohol 
hepatic drug metabolizing enzyme. Increased formation of metabolites 
(acetaldehyde in the liver) results in toxicity leading to organ damage 
in chronic overconsumption and increased susceptibility to liver injury 
when heavy drinkers are exposed to drugs, anesthetics, and industrial 

Figure 48.9
Effects of tetrahydrocannabinol.
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829IV. Ethanol

solvents. Binge drinking (an acute substantial dose of alcohol) inhibits 
hepatic drug metabolism. Marked interethnic variation is seen in the 
ability to metabolize alcohol. Asians, particularly Japanese, develop 
flushing, headache, and nausea after small amounts of alcohol as per 
Caucasian standards. Genetic deficiency of aldehyde dehydrogenase 
with slow metabolism of acetaldehyde (toxic metabolite) explains these 
features. Blood concentration of alcohol has medicolegal importance. 
Because there is a constant blood-to-breath ratio of 2100:1, a breath 
sample can be used to determine blood alcohol levels. Medical manage-
ment of acute ethanol toxicity includes symptomatic supportive care and 
thiamine and folate administration. Patients with extremely high alcohol 
levels can be dialyzed, although that is rarely necessary, and could pre-
cipitate withdrawal in an alcoholic.

Chronic ethanol abuse can cause profound hepatic, cardiovascu-
lar, pulmonary, hematologic, endocrine, metabolic, and CNS damage 
(Figure  48.11). Alcohol dependence varies from social drinkers to indi-
viduals drinking at the end of a working day to a person who cannot 
resist the need and whose whole life is dominated by the quest for alco-
hol. Sudden cessation of ethanol ingestion in a heavy drinker who has 
developed physical dependence can precipitate withdrawal manifested 
by tachycardia, sweating, tremor, anxiety, and agitation in 6 hours and 
an acute psychotic attack (delirium tremens), hallucinations, and con-
vulsions at 72 hours. Alcohol withdrawal is a life-threatening situation 
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Figure 48.10
The pathway of ethanol metabolism. 
ADH = alcohol dehydrogenase;  
ALDH = acetaldehyde dehydrogenase.
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830 48. Drugs of Abuse

that should be medically managed with symptomatic/supportive care, 
short-term benzodiazepines (chlordiazepoxide), and long-term addiction 
treatment. The drugs used in the treatment of alcohol dependence are 
given in the following text.

A. Disulfiram

 Disulfiram [dye-SUL-fi-ram] blocks the oxidation of acetaldehyde to 
acetic acid by inhibiting aldehyde dehydrogenase (Figure 48.12). This 
results in the accumulation of acetaldehyde in the blood and imme-
diate unpleasantness due to flushing, tachycardia, hyperventilation, 
and nausea. Disulfiram has found some use in patients seriously 
desiring to stop alcohol ingestion. The objective is that patients will 
find the drinking experience so unpleasant that they will start avoid-
ing alcohol. A conditioned avoidance response is induced so that 
the patient abstains from alcohol to prevent the unpleasant effects 
of disulfiram-induced acetaldehyde accumulation which occurs 
within 5 minutes of alcohol intake and consists of fall in blood pres-
sure, sweating, dyspnea, chest pain, nausea, and vomiting. Severe 
reactions include convulsions and circulatory collapse which may 
last for several hours. That is why use of disulfiram is advocated 
under supervision in an inpatient setting usually after the fifth day.  
A  disulfiram-like reaction occurs with other drugs as well such as 
metronidazole, chlorpropamide, cefamandole, procarbazine, and 
griseofulvin.

Alcohol can induce the metabolism of antiepileptic drugs, contribut-
ing to adverse effect on seizure control. Control with oral anticoagu-
lants may be disturbed. Some alcoholic drinks containing tyramine 
can cause hypertensive crisis in a patient taking monoamine oxidase 
inhibitors (MAOIs). 

Fetal alcohol syndrome (microcephaly, mental retardation, low birth 
weight babies, poor co-ordination, hypotonia, small eyeballs, and 
short palpebral fissures) has been reported in 10% of the children 
of women alcohol abusers. During lactation, even a small amount of 
alcohol can delay motor development in the child. 

B. Naltrexone

 Naltrexone [nal-TREX-own] is a competitive and relatively long-acting 
opioid antagonist that helps decrease cravings for alcohol. It should 
be used in conjunction with supportive psychotherapy. Naltrexone is 
better tolerated than disulfiram and does not produce the aversive 
reaction that disulfiram does.

C. Acamprosate

 Acamprosate [a-kam-PROE-sate] is an agent used in alcohol depen-
dence treatment programs and is thought to decrease cravings 
through its regulatory effects on NMDA-mediated glutamatergic exci-
tation. This agent should also be used in conjunction with support-
ive psychotherapy. It may cause gastrointestinal adverse effects and 
cutaneous rashes.

Figure 48.12
The effect of disulfiram on the  
metabolism of ethanol.
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V. PRESCRIPTION DRUG ABUSE

This chapter has discussed many of the illicit substances that are abused 
by individuals. It is important to also mention that parts of the world, 
including the United States and portions of Europe, are currently experi-
encing an epidemic of prescription drug abuse. Some commonly abused 
prescription drugs include opioids and benzodiazepines. In the United 
States, between 1997 and 2007, there was a 600% increase in the pre-
scribing of opioids, and by 2010, enough opioid prescription pain reliev-
ers were sold in the United States to medicate every American adult with 
5 mg of hydrocodone every 4 hours for 1 month. An increased emphasis 
on treating pain as the “fifth vital sign,” coupled with an exaggerated 
belief in the beneficial capacity of these medications and a minimization 
of their inherent toxicity among the lay public and health professionals, 
were among the many possible explanations for the epidemic. Recent 
efforts have been made to decrease the misuse of prescription opioids, 
which has resulted in an increased use of heroin, often adulterated with 
fentanyl and extremely potent fentanyl derivatives such as carfentanil. 
Reversal of fentanyl and its derivatives is much more difficult than rever-
sal of opioids such as morphine. This has contributed to a dramatic 
increase in death rates, with over 33,000 overdose deaths in the United 
States alone in 2015 (Figure 48.13). Medications for the treatment of 
opioid toxicity and dependence are reviewed in Chapter 14. In India, 
cough syrup abuse is prevalent among prescription drugs, especially 
codeine-containing cough syrups. 

Figure 48.13
Overdose deaths involving opioids in 
the United States between 2000 and 
2015. From the Centers for Disease 
Control and Prevention; National 
Center for Health Statistics. National 
Vital Statistics System, mortality. CDC 
WONDER. Atlanta, GA: US Department 
of Health and Human Services, CDC; 
2016. https://wonder.cdc.gov/.
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Study Questions

Choose the ONE best answer.

48.1 A 15-year-old asthmatic patient has been told that 
marijuana may help his anxiety. Which adverse 
effect has been associated with marijuana and 
may be a reason for this patient to avoid use of 
marijuana?

A. Short-term memory loss

B. Hyperthermia

C. Hepatitis

D. Hyponatremia

48.2 A 21-year-old college student is curious about the 
effects of LSD. She asks what type of risks may 
be involved with using the drug for the first time. 
Which is a correct response to her question?

A. Exaggerated hallucinations

B. Cardiomyopathy

C. Hyperphagia

D. Bronchitis

Correct answer = A. Short-term memory loss is 
observed with marijuana use and is more pronounced 
in adolescents. Hyperthermia, hepatitis, and hypona-
tremia have not been associated with marijuana use. 

Correct answer = A. Exaggerated hallucinations, some-
times known as “bad trips,” may occur, even in first-
time users. These hallucinations can lead to extreme 
panic, which has caused individuals to react in a man-
ner very uncharacteristic of their typical behavior.
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832 48. Drugs of Abuse

48.3 A 58-year-old man is brought into the emergency 
department following an automobile accident. His 
blood alcohol level on admission is 280 mg/dL. He 
has been treated in the past for seizures related to 
alcohol abuse, and he confirms that he has been 
drinking heavily over the past month since losing 
his job. What treatment should be given to this 
patient if he begins to go into withdrawal while 
hospitalized?

A. Acamprosate

B. Lorazepam

C. Naltrexone

D. Disulfiram

48.4 A 35-year-old man has been abusing cocaine and 
is agitated, tachycardic, hypertensive, and hyper-
thermic. Which statement is correct regarding treat-
ment in this situation?

A. This patient should undergo gastric lavage; 
that is, he should have his stomach pumped 
immediately.

B. Atropine should be administered by IV route to 
reverse the CNS depression which can occur 
with cocaine toxicity.

C. Benzodiazepines should be administered to 
calm the patient and decrease heart rate, blood 
pressure, and body temperature.

D. Phenobarbital should be the first choice as an 
anticonvulsant.

48.5 A 22-year-old man with a history of substance 
abuse arrives in the emergency department hyper-
tensive, hyperthermic, and tachycardic. He also 
presents with an altered mental status and hyper-
reflexia. Which substance is most likely causing 
these symptoms?

A. LSD

B. Bath salts 

C. Heroin

D. Marijuana

48.6 THC is a psychoactive alkaloid found in: 

A. N-bomb

B. K2

C. LSD

D. Marijuana

Correct answer = B. “Bath salts” often contain syn-
thetic cathinones and are labeled, marketed, and 
sold as something “not for human consumption” to 
avoid law enforcement and prosecution. In addition, 
they are usually not detected on urine toxicology 
screening so often evaluation of symptoms are used 
to distinguish the substance taken. These products 
can cause an amphetamine-like sympathomimetic 
toxidrome, as well as serotonin syndrome, which 
would be treated with symptomatic/supportive care 
and possibly a serotonin antagonist (not a serotonin 
agonist) such as cyproheptadine. LSD and marijuana 
would produce mostly psychological symptoms such 
as hallucinations and paranoia and opioids would 
produce depressive symptoms such as respiratory 
depression, hyperthermia, and stupor.

Correct answer = B. Should this patient go into alco-
hol withdrawal, he will likely also have seizures asso-
ciated with it, given his past history. Benzodiazepines 
are used to treat seizures associated with alcohol 
withdrawal. Acamprosate, naltrexone, and disulfiram 
may be considered at a later time to treat the depen-
dence, but would not be useful in the acute with-
drawal setting.

Correct answer = C. Benzodiazepines such as lora-
zepam have anxiolytic properties and can calm a 
cocaine-toxic patient, thereby decreasing heart rate 
and blood pressure. As the patient becomes less 
agitated, he/she decreases movement and the body 
temperature drops. In addition, the use of benzodi-
azepines decreases the chance of the patient experi-
encing a convulsion and would be the first choice to 
treat cocaine-induced convulsions.

Correct answer = D. THC is the main psychoac-
tive alkaloid contained in marijuana. N-bomb is a 
synthetic hallucinogen derived from mescaline. K2, 
also known as Spice or synthetic cannabis, is dried 
plant material which has been sprayed with synthetic 
chemicals that cause psychoactive effects. K2 does 
not contain THC. LSD is also a psychoactive drug but 
contains lysergic acid diethylamine.
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 48.7 Which drug has clinical effects similar to those of 
cocaine?

A. LSD

B. Marijuana

C. Methamphetamine

D. Ethanol

 48.8 Which drug leads to the formation of a cardiotoxic 
metabolite when administered with cocaine?

A. Lorazepam

B. Marijuana

C. Ethanol

D. Khat

 48.9 Which agent is often found as an adulterant in 
heroin and has led to an increase in overdose 
deaths?

A. Spice

B. Fentanyl

C. Marijuana

D. Cathinones

48.10 Death secondary to MDMA use has occurred sec-
ondary to which adverse effect?

A. Respiratory depression

B. Acute kidney injury

C. CNS depression

D. Hyperthermia

Correct answer = C. Cocaine and methamphetamine 
have similar stimulant effects such as alertness, anxi-
ety, tachycardia, hypertension, and hyperthermia. This 
can lead to arrhythmias, stroke, or myocardial infarc-
tion. LSD and marijuana cause primarily psychoac-
tive effects such as hallucinations and paranoia, but 
have negligible to minimal stimulant effects. Ethanol 
is a depressant which often will produce the opposite 
effects of stimulants including relaxation, drowsiness, 
and in high doses hypothermia.

Correct answer = C. Cocaine combined with ethanol 
forms cocaethylene, which may lead to aggressive 
and impulsive behaviors as well as the potential for 
sudden myocardial infarction.

Correct answer = B. Fentanyl and its multitude of 
derivatives are often found in samples of heroin. 
Fentanyl derivatives are often many times more 
potent than heroin or fentanyl, which has led to an 
alarming number of overdoses in recent years.

Correct answer = D. MDMA, or Ecstasy, is a stimu-
lant with similar properties to cocaine. The stimulant 
effects may include hyperthermia, hypertension, and 
tachycardia.
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APPENDIX
DRUGS AND DOSAGES

I. ADRENERGIC ANTAGONIST

-BLOCKERS 

Nonselective:

Phenoxybenzamine 
(irreversible)

Oral: 20–60 mg/day
IV: 1 mg/kg

Phentolamine IV: 5 mg

1 Selective:

Prazosin Oral: 0.5–4 mg (twice or thrice a day) 

Doxazosin Oral: 1–8 mg (once or twice a day)

Terazosin Oral: 2–10 mg/day

Alfuzosin Oral: 5–10 mg/day

1A Selective:

Tamsulosin Oral: 0.4–0.8 mg/day

2 Selective:

Yohimbine Oral: 2 mg

-BLOCKERS

Nonselective 1 and 2:

Propranolol Oral: 40–160 mg/day 
IV: 2–5 mg

Carvedilol Oral: 6.25–50 mg/day

Labetalol Oral: 100–600 mg/day 
IV: 20–40 mg

Nadolol Oral: 40–320 mg/day

Penbutolol Oral: 10–80 mg/day

Pindolol Oral: 10–30 mg/day

Sotalol Oral: 160–480 mg/day

Timolol Topical: 0.25–0.5% (two times a day)

Carteolol Topical: 1% (two times a day)

1 Selective:

Atenolol Oral: 25–100 mg/day

Metoprolol Oral: 50–400 mg/day
IV: 5–15 mg

Betaxolol Topical: 0.5% (two times a day)

Bisoprolol Oral: 2.5–10 mg/day

Celiprolol Oral: 100–600 mg/day

Esmolol (ultra 
short acting)

IV: 0.05–0.5 mg/kg

Nebivolol  
(vasodilatory)

Oral: 2.5–5 mg/day

Acebutolol  
(partial  agonist)

Oral: 400–1200 mg/day
IV: 20–40 mg

1 and 2 Selective:

Labetalol Oral: 100–600 mg/day 
IV: 20–40 mg

Carvedilol Oral: 6.25–50 mg/day

II.  OPIOID ANALGESICS: AGONISTS 
AND ANTAGONISTS

Strong agonists:

Alfentanil IV: 3–245 µg/kg

Fentanyl IV: 2–4 µg/kg 

Heroin Restricted in India 

Morphine Adult: 
Oral: 10–50 mg
IM: 10–15 mg
Epidural/intrathecal: 2–3 mg
Children:
IM: 0.1–0.2 mg/kg

Hydrocodone Oral: 20–80 mg/day

Hydromorphone Oral: 8–32 mg
IM/SC: 4–12 mg/day

Levorphanol Oral: 6–12 mg/day

Meperidine Oral: Adult = 300–1200 mg/day, 
 children = 1.1–1.8 mg/kg

Methadone Oral/IM: 2.5–40 mg/day

Oxycodone Oral: 20–80 mg/day

Oxymorphone Oral: 5–40 mg

Remifentanil IV: 0.5–1 1–2 µg/kg

Sufentanil IV/ Epidural: 10–15 µg (or) 1–2 µg/kg

Moderate/low agonist:

Codeine Oral: 30–60 mg

(Continued)

Thirumurthy Velpandian

LIR_Appendix.indd   835 10/16/18   12:45 PM
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Mixed agonist–antagonist and partial agonists:

Pentazocine Oral: 50–100 mg
IM/SC: 30–60 mg

Buprenorphine IM/IV/SC: 0.3–0.6 mg
Sublingual: 0.2–0.4 mg

Butorphanol IV/IM: 1–4 mg

Nalbuphine IV/IM/SC: 40–160 mg/day 

Antagonists:

Naloxone IV: Adults = 0.4–10 mg, pediatric = 10 μg/kg

Naltrexone Oral: 50 mg/day

Other analgesics:

Tramadol Oral/IV/IM: Adults = 200–600 mg/day, 
pediatric = 1–2 mg/kg

Tapentadol Oral: 100–600 mg/day 

III.  CENTRAL NERVOUS SYSTEM (CNS) 
STIMULANTS

PSYCHOMOTOR STIMULANTS

Methylxanthines:

Caffeine Oral: 1600 mg/day

Theophylline Oral: 100–300 mg 8 hourly

Nicotine Transdermal: 7–21 mg/day
Oral: 6– 96 mg/day

Varenicline Oral: 0.5–1 mg/day

Cocaine Topical: Maximum up to 3 mg/kg

Amphetamine Oral: Adults = 5–60 mg/day,  
children = 2.5–40 mg/day

Methamphetamine Oral: 20–25 mg/day 12 hourly

Dextroamphetamine Oral: Adults = 5–60 mg/day,  
children = 2.5–40 mg/day

Lisdexamfetamine Oral: 30–70 mg/day

Methylphenidate or mixed amphetamine salts:

Methylphenidate Oral: 18–72 mg/day

Dexmethylphenidate Oral: 5–20 mg/day

Modafinil Oral: 200–400 mg/day

Armodafinil Oral: 150–250 mg/day

Selective norepinephrine (noradrenaline)  
reuptake inhibitors:

Atomoxetine Oral: 40–100 mg/day

Hallucinogens

Lysergic acid 
 diethyamide (LSD)

Restricted in India 

Tetrahydrocannabinol 
(Marijuana)

Restricted in India

IV. ANTIHYPERTENSIVE DRUGS

Angiotensin converting enzyme inhibitors:

Captopril Oral: 50–150 mg/day

Enalapril Oral: 2.5–40 mg/day

Ramipril Oral: 1.25–10 mg/day

Lisinopril Oral: 5–40 mg/day

Quinapril Oral: 10–40 mg/day

Fosinopril Oral: 10–40 mg/day

Angiotensin receptor blockers:

Losartan Oral: 50–100 mg/day

Telmisartan Oral: 20–80 mg/day

Valsartan Oral: 80–160 mg/day

Candesartan Oral: 8–16 mg/day

Angiotensin receptor-neprilysin inhibitor:

Sacubitril/Valsartan Oral: 80–160 mg/day

Aldosterone antagonists:

Spironolactone Oral: 50–150 mg/day

Eplerenone Oral: 50–100 mg/day

β-Adrenoreceptor blockers:

Bisoprolol Oral: 2.5–10 mg/day

Carvedilol Oral: 6.25–50 mg/day

Metoprolol succinate Oral: 25–200 mg/day

Metoprolol tartrate Oral: 100–450 mg/day 
IV: 5–15 mg/day

Diuretics:

Metolazone Oral: 5–20 mg/day

Furosemide Oral: 20–80 mg/day

Bumetanide Oral: 1–5 mg/day 
IV/IM: 2–4 mg/day

Torsemide Oral: 2.5–20 mg/day

Direct vaso- and venodilators:

Hydralazine Oral: 25–150 mg/day

Isosorbide dinitrate Oral: 25–150 mg/day 
Sublingual: 10–40 mg/day

FDC (Hydralazine + 
Isosorbide dinitrate)

Oral: (30 mg + 56.25 mg) to  
(60 mg + 112.5 mg) per day

HCN channel blocker:

Ivabradine 5–15 mg/day

Inotropic agents:

Digoxin Oral: 0.125–0.5 mg/day
IV/IM: 0.1–0.25 mg

Dobutamine IV: 2.5–10 µg/kg

Milrinone IV: 50 µg/kg

B-Type natriuretic peptide:

Nesiritide IV: 2 μg/kg

(Continued)
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V. ANTIANGINAL DRUGS

DRUG ROUTE AND DOSAGE

-Blockers

Propranolol Oral: 10–160 mg 6–12 hourly
IV: 2–5 mg

Atenolol Oral: 25–100 mg/day

Bisoprolol Oral: 2.5–10 mg/day

Metoprolol Oral: 50–600 mg/day
IV: 5–15 mg

Calcium channel blockers (dihydropyridines):

Amlodipine Oral: 5–10 mg/day

Nifedipine Oral: 5–20 mg 8–12 hourly

Felodipine Oral: 5–10 mg/day

Calcium channel blockers (nondihydropyridines):

Diltiazem Oral: 30–60 mg 6–8 hourly

Verapamil Oral: 40–160 mg 8 hourly
IV: 5 mg

Nitrates:

Nitroglycerin Sublingual: 0.5 mg
Oral: 5–15 mg
Transdermal: 14–16 hr/day
IV: 5–20 µg/min

Isosorbide dinitrate Sublingual: 5–10 mg
Oral: 10–20 mg
Sustained release oral: 20–40 mg

Isosorbide mononitrate Oral: 20 mg 12 hourly

Sodium channel blocker:

Ranolazine Sustained release oral: 0.5–1.0 g 
12 hourly

VI.  DRUGS USED IN TREATING 
DYSFUNCTIONS OF HEMOSTASIS

PLATELET INHIBITORS

Thromboxane A2 inhibitor:

Aspirin (Oral) 75–150 mg/day

Vasodilator and thromboxane A2 synthesis inhibitor:

Dipyridamole (Oral) 150–300 mg/day

ADP receptor inhibitors:

Clopidogrel (Oral) 75 mg/day

Ticlopidine (Oral) 250 mg 12 hourly

Prasugrel (Oral) 5–10 mg/day

Ticagrelor (Oral) 60–90 mg 12 hourly with 75–100 mg  
Aspirin

Cangrelor (IV) 30 µg/kg bolus followed by 4 µg/kg over 
2 hours

Vasodilator and PDE III inhibitor:

Cilostazol (Oral) 100 mg 12 hourly

GP IIb/IIIa inhibitors:

Abciximab (IV) 0.25 mg/kg followed by 10 µg/min over 
12 hours

Tirofiban (IV) 0.4 μg/kg/min over 30 minutes, followed by 
0.1 μg/kg/min over 48–108 hours

Eptifibatide (IV) 180 μg/kg/IV followed by 2 μg/kg/min over 
72 hours

ANTICOAGULANTS

Heparin (IV, SC) IV: Adults = 5000–10,000 U bolus followed 
by 750–1000 U/hr, children = 50–100 U/kg
SC: 5000 U 8–12 hourly

Low molecular weight heparins:

Enoxaparin (SC) 20–40 mg/day

Dalteparin (SC) 100–200 U/kg 12–24 hourly

Synthetic parenteral:

Argatroban (IV) 2–25 µg/kg/min

Fondaparinux (SC) SC: 5–10 mg/day

Hirudin analogs:

Bivalirudin (IV) 0.75 mg/kg bolus followed by 1.75 mg/kg/hr

Desirudin (SC) SC: 15 mg 12 hourly

Warfarin (Oral) 2–10 mg/day

Dabigatran (Oral) 75–150 mg 12 hourly

Apixaban (Oral) 2.5–5 mg 12 hourly

Betrixaban (Oral) 80 mg/day for 35–42 days

Edoxaban (Oral) 30–60 mg/day

Rivaroxaban (Oral) 10–20 mg/day

THROMBOLYTIC AGENTS (IV)

Streptokinase IV: 2.5–15 lac IU over 30 minutes to 1 hour, 
1 lac IU/hr for 24 hours

Urokinase IV: 2.5 lac IU over 10 minutes followed by 5 lac 
IU over 1 hour or 6000 IU/min for 2 hours;

4400 IU/kg over 10 minutes followed by 
4400 IU/kg/hr for 12 hours

Alteplase (tPA) IV: 15 mg bolus followed by 35–50 mg over 
30 minutes to 1 hour; 100 mg over 2 hours

Reteplase IV: 10 mg over 10 minutes, every 30 minutes

Tenecteplase IV: 0.5 mg/kg

TREATMENT OF BLEEDING

Protamine 
 sulfate (IV)

0.25–1.5 mg to neutralise 100 units of 
heparin

Tranexamic acid 
(Oral, IV)

Oral: 10–15 mg/kg 8–12 hourly or 1–1.5 g 
8 hourly
IV: 0.5–1 g 8 hourly

Vitamin K1  
(phytonadione) 

Oral IM: 5–10 mg

(Continued)
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TREATMENT OF BLEEDING

Idarucizumab (IV) 5 g

Aminocaproic 
acid (IV)

IV: 1 g/hr for 8 hours
Oral: 1–1.25 g/hr for 8 hours

VII.  DRUGS USED IN THE TREATMENT 
OF OSTEOPOROSIS AND OTHER 
BONE DISORDERS

HORMONAL REGULATION OF CALCIUM AND PHOSPHATE 
 HOMEOSTASIS

Calcitonin IM/SC: 50–100 IU/day  
16–32 IU/kg/day

Parathyroid hormone 
 derivative—Teriparatide

SC: 20 µg/day

Vitamin D–Hormone 
 replacement therapy (HRT)

Vit D3 oral: 400–1000IU/day

ANTIRESORPTIVE AGENTS

Bisphosphonates:

Abaloparatide SC: 80 µg/day

Alendronate Oral: 5–40 mg/day

Ibandronate Oral: 2.5 mg/day

Risedronate Oral: 5 mg/day

Zoledronic acid IV: 4 mg per week

Monoclonal antibody:

Denosumab SC: 120–360 mg every 4 weeks

Drugs for disorders of bone remodeling:

Etidronate Oral: 5–20 mg/kg/day

Pamidronate IV: 30–90 mg/wk

Tiludronate Oral: 400 mg/day

Selective estrogen receptor modulator:

Raloxifene Oral: 60 mg/day

VIII.  ANTIMICROBIAL AGENTS 
AFFECTING CELL WALL SYNTHESIS 
(PENICILLINS AND CONGENERS)

CLASSIFICATION/
NAME ROUTE DOSAGE 

Natural penicillins:

Aqueous 
 penicillin G 
( benzylpenicillin)

IM or IV 0.5–5 MU IM or IV 6–12 hourly 
Pediatric: 0.025–0.4 MU/kg/day 
(4–6 hourly doses)

Penicillin G 
 benzathine

IM 0.6–2.5 MU IM 12–24 hourly

Penicillin G 
 procaine

IM/IV 0.5–1 MU/day

Pencillin V
(phenoxymethyl 
penicillin) 

Oral Oral: 250–500 mg every 
6–8 hourly 
Pediatric: 25–50 mg/kg/day 
(6 hourly doses)

β-Lactamase-resistant penicillins (antistaphylococcal 
 penicillins; narrow spectrum):

Methicillin IV/IM Discontinued 

Cloxacillin Oral/IV/IM 0.25–0.5 g 6 hourly, IV/IM  
0.25–1 g 
Pediatric: 25–50 mg/kg/day  
(6 hourly doses)

Nafcillin IV 1–2 g every 4–6 hours 
Pediatric: 50–100 mg/kg/day 
(divided doses)

Oxacillin IV 0.25–1 g every 4–6 hours 
Pediatric: 50–100 mg/kg/day  
(4–6 hourly doses)

Dicloxacillin Oral 125–250 mg 6 hourly
Pediatric: 12.5–25 mg/kg/day 
6 hourly

Extended spectrum penicillins (Aminopenicillins):

Ampicillin Oral/IV/IM 0.25–2 g every 6 hours 
Pediatric: 50–150 mg/kg/day 

Amoxicillin Oral/IV/IM 0.25–0.5 g 8 hourly 
Pediatric: 25–40 mg/kg/day  
(8 hourly doses)

Bacampicillin Oral 400–800 mg 12 hourly

Cloxacillin Oral/IM/IV 250–500 mg 6 hourly
0.25–1 g 6 hourly

Extended spectrum penicillins (antipseudomonals):

CARBOXYPENICILLINS

Carbenicillin IV/IM 1–5 g IV/1–2 g IM 4–6 hourly

Ticarcillin IV 3 g IV every 4 hours 

UREIDOPENICILLINS

Azlocillin Discontinued

Mezlocillin Discontinued

Piperacillin IV/IM IM/IV 100–150 mg/kg/day 
8 hourly

ß-Lactamase inhibitors (clavulanic acid, sulbactam, 
 tazobactam) and their combinations:

Amoxicillin + 
clavulanic acid

Oral/IV/IM 250 mg + 125 mg to 500 mg + 
250 mg 8–12 hourly 
IV/IM 1 g + 0.2 g 6–8 hourly
Paediatric: <12 weeks of age:
30 mg/kg/day every 12 hours from 
125 mg/5 mL oral suspension
12 weeks and older: 25–45 mg/kg/
day every 12 hours from 200 or 
400 mg/5 ml oral suspension

(Continued)
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Ampicillin + 
sulbactam

IV/IM 1 g + 0.5 g–2 g + 1 g every 
6–8 hours
Pediatric: 1 year or older: 300 
mg/kg every 6 hours (200 mg 
ampicillin + 100 mg sulbactam)

Sultamicillin 
tosylate

Oral 75–750 mg twice daily

Piperacillin + 
tazobactam

IV 4 g + 0.5 g 8 hourly by IV
Pediatric: 2–9 months age: 80 mg 
piperacillin/10 mg tazobactam/
kg, every 8 hours
9 months and older: 100 mg pip-
eracillin/12.5 mg tazobactam/kg 
every 8 hours
Weighing more than 40 kg, same 
as adult dose

IX.  ANTIMICROBIAL AGENTS 
AFFECTING CELL WALL 
SYNTHESIS (CEPHALOSPORINS 
AND CONGENERS)

CLASSIFICA-
TION/NAME

ROUTE  
(IV/IM/ORAL)

DOSAGE

First generation (broad spectrum of activity and  
low toxicity):

Cefadroxil Oral 0.5–1 g/day 12 hourly

Pediatric: 30 mg/kg/day 
12 hourly

Cefazolin IV/IM 0.5–1 g/day 8 hourly

Pediatric: 25–100 mg/kg/day 
divided 6 hourly

Cephalexin Oral 0.25–1 g/day 6 hourly

Pediatric: 25–50 mg/kg/day 
6 hourly

Cephradine IV/oral Discontinued 

Second generation (intermediate spectrum; extended 
gram-negative coverage; active against Enterobacter, 
 Proteus vulgaris, Klebsiella, Haemophilus influenzae):

Cefaclor Oral 0.25–1 g 8 hourly

Cefotetan IV/IM 1–2 g 12 hourly

Cefoxitin IV 1–2 g 6–8 hourly 

Pediatric: 75–150 mg/kg/day 
6 hourly

Cefprozil Oral 0.5 g/day 12–24 hourly

Pediatric: 7.5–20 mg/kg 
12 hourly

Cefuroxime IM/IV/oral 0.75–1.5 g 8 hourly 

Pediatric: 50–100 mg/kg/day 
6 hourly 

Third generation (extended spectrum of activities 
and extended gram-negative coverage;  Pseudomonas 
aeruginosae; Serratia; Neisseria gonorrhoeae; activity 
for Staphylococcus aureus, Streptococcus  pneumoniae, 
Enterobacteriaceae):

Cefoperazone IV/IM 1–3 g IV/IM 12 hourly 

Cefotaxime IV/IM 1–2 g 6–12 hourly

Pediatric: 50–100 mg/kg/day 
12 hourly 

Ceftriaxone IV/IM 1–4 g/day IV/IM 24 hourly

Pediatric: 50–100 mg/kg 
12–24 hourly

Ceftazidime IV/IM 0.5–2 g 8–12 hourly

Pediatric: 75–150 mg/kg/day 
8 hourly

Cefdinir Oral 300 mg 12 hourly

Pediatric: 7–14 mg/kg 
12–24 hourly

Cefixime Oral 200–400 mg/day 12 hourly

Pediatric: 4–8 mg/kg/day 
12–24 hourly

Cefpodoxime 
proxetil

Oral 200 mg 12 hourly

Pediatric: 5 mg/kg 12 hourly

Ceftibuten Oral 200–400 mg 12–24 hourly 

Fourth generation (extended gram-negative coverage; 
increased activity against Streptococci and MRSA):

Cefepime IV/IM 0.5–2 g 8–12 hourly 

Pediatric: 75–120 mg/kg, 
8 hourly

Fifth generation (extended spectrum against MRSA):

Ceftaroline IV 0.6 g 12 hourly as slow IV 
infusion (1 hr) 

Pediatric: 8–12 mg/kg 
8 hourly slow IV infusion (1 hr)

Ceftabiprole IV 0.5 g 8 hourly as IV as slow 
infusion over 2 hours

Carbapenems:

Doripenem IV 0.5 g (slow IV infusion over 
1 hr) 8 hourly

FaropenemM Oral 150–300 mg 8 hourly

Imipenem/
cilastatin

IV 0.5 g 6–8 hourly (max 4 g/day)

Pediatric: 15–25 mg/kg 
6 hourly

Meropenem IV 0.5–2 g 8 hourly

Pediatric: 60–120 mg/kg 
8 hourly

Monobactam:

Aztreonam IM/IV 0.5–2 g 6–12 hourly

Pediatric: 30 mg/kg 6–8 hourly

(Continued)
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X. CELL WALL INHIBITORS

DRUG ROUTE AND DOSAGE

Vancomycin Oral: 125–500 mg
IV: 0.5–1 g

Daptomycin IV: 4–6 mg/kg

Telavancin IV: 10 mg/kg/day

XI. PROTEIN SYNTHESIS INHIBITORS

DRUG ROUTE AND DOSAGE

First generation (biosynthesis; broad-spectrum antibiotic):

Tetracycline Oral 250–500 mg 6–8 hourly

Oxytetracycline

Telithromycin

Oral 250–500 mg 6–8 hourly
IV 500 mg 6–12 hourly
Oral: 800 mg once a day

Chlortetracycline Oral: 
Adult = 250–500 mg 4–12 hourly
Pediatric = 25–50 mg/kg/day

Demeclocycline Oral: 
Adult = 300–600 mg/day, twice a day
Pediatric = 7–13 mg/kg

Second generation (semisynthetic):

Doxycycline 200 mg/day initial dose followed by  
100–200 mg/day once a day 

Minocycline IV 
Adult = 200 mg/day as initial dose and 100 mg 
every 12 hours
Children = 4 mg/kg as initial dose and  
2 mg/kg every 12 hours
Oral: 100 mg once or twice a day

Methacycline Oral 300–600 mg 12 hourly

Lymecycline Oral 300–600 mg 12 hourly

Third generation (synthetic; glycylcyclines):

Tigecycline 100 mg as loading dose, followed by 50 mg in 
12 hours in IV for 5–14 days

Aminoglycosides:

Gentamicin 3–5 mg/kg IM/IV in single dose
0.1–0.3% in topical (eye or skin)

Amikacin 0.75–1.0 g (15 mg/kg/day) IM

Neomycin 0.25–1 g/day orally four times a day, 0.3–0.5% 
topical 

Streptomycin 1000 mg (15 mg/kg) daily or thrice weekly by IM 
for 30–60 days

Tobramycin 3–5 mg/kg/day IM in 1–3 doses
0.3% eye drops

Macrolides/ketolides:

Erythromycin Oral: 
Adult = 250–500 mg per 6 hours, maximum  
4 g/day orally
Children = 30–60 mg/kg/day

Roxithromycin Oral: 
Adult = 150–300 mg twice a day, 30 minutes 
before meals
Children = 2.5–5 mg/kg twice a day

Azithromycin Oral: 
Adult: 500 mg/day 1 hour before or 2 hours after 
food
Children: 10 mg/kg
500 mg for IM

Clarithromycin Oral: 250–500 mg/day twice a day up  
to 14 days

Telithromycin Oral: 800 mg once a day

Macrocyclic: 

Fidaxomicin Oral 200 mg every 12 hours for 10 days; may 
take with or without food

Lincosamides:

Clindamycin Oral:
Adult = 150–300 mg/day four times a day 
Children = 3 mg/kg four times a day
IV 200–600 mg 8 hourly
1% topical application

Oxazolidinones:

Linezolid 600 mg 12 hourly oral/IV

Tedizolid Oral: 200 mg 24 hourly

Others:

Chloramphenicol Oral: 
Adult = 250–500 mg 6 hourly 
Children = 25–50 mg/kg/day
0.5–1% in topically in eye
5–10% topically in ear 
1% as skin application

Quinupristin/dalfo-
pristin

7.5 mg/kg every 8–12 hours IV

XII. FLUOROQUIONOLONES

DRUGS ROUTE AND DOSAGE

First generation (active against gram-negative  organisms 
but not Pseudomonas species):

Nalidixic acid Oral: Adult = 1 g 6 hourly, maximum dose of 
4 g/day
Children = 33–55 mg/kg 6 hourly

Second generation (gram-negative organisms [ including 
Pseudomonas species] plus some gram-positive organisms 
 [Staphylococcus aureus but not Streptococcus  pneumoniae] 
and some  atypical pathogens):

Ciprofloxacin Oral: 250–750 mg 12 hourly 100–200 mg IV

(Continued)
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Norfloxacin Oral: 200–400 mg 12 hourly 0.3% topical 
eye drops

Ofloxacin Oral: 200–400 mg 12 hourly 200 mg IV
0.3% topical eye drops

Levofloxacin Oral: 500 mg once a day 500 mg IV

Third generation (as above plus expanded gram- positive 
 coverage [penicillin-sensitive and  penicillin-resistant 
S. pneumoniae] and expanded activity against atypical 
pathogens):

Gatifloxacin 0.3–0.5% topical eye drops

Fourth generation (same as for third-generation agents 
plus broad anaerobic coverage):

Moxifloxacin Oral: 400 mg once a day 400 mg IV 0.5% 
topical eye drops

Gemifloxacin Oral: 320 mg/day

Inhibitors of folate synthesis:

Mafenide 1% topical cream

Silver sulfadiazine 1% topical cream

Sulfadiazine Oral: 0.5–2 g 8 hourly

Sulfasalazine Oral: Adult = 1–4 g/day 
Children = 40–60 mg/kg/day

Inhibitors of folate reduction:

Pyrimethamine Available as combination with sulfadoxine, 
sulfapyrazine, and dapsone
Oral: Adult = 75 mg/day
Children = 25–50 mg/day

Trimethoprim Combination available with 
 sulfamethoxazole
Adult: 
Oral = 80–160 mg 12 hourly 
IM = 160 mg 12 hourly 
IV = 80 mg 12 hourly
Children: Oral= 20–40 mg 12 hourly

Combination of inhibitors of folate synthesis 
and  reduction:

Cotrimoxazole 
(trimethoprim + 
sulfamethoxazole) 

Adult:
Oral: (80 mg + 400 mg) to (160 mg + 800 mg) 
12 hourly
IM = (160 mg + 800 mg)12 hourly
IV = (80 mg + 400 mg) 12 hourly
Children:
Oral = (20 mg + 100 mg) to (40 mg + 200 mg) 
12 hourly

Urinary tract antiseptics:

Methenamine Oral: 3–4 g/day

Nitrofurantoin Oral: 150–400 mg /day 

XIII.  ANTIFUNGAL AGENTS

DRUG ROUTE DOSAGE

Polyene:

Amphotericin B
and liposome 
 amphotericin B

IV, oral, 
topical,
intrathecal

IV = 0.3–0.7 mg/kg daily by slow 
infusion over 4–8 hours (total 
dose 3–4 g)

IV liposome amphotericin  
B = 3–5 mg/kg/day infused over 
2 hours 

Intrathecal = 0.5 mg

Topical = 3% ear drops

Azoles:

Fluconazole Oral, IV, 
topical

Oral = 150 mg weekly (for tinea 
infection and cutaneous and 
vaginal candidiasis)

For systemic mycosis =  
200–400 mg daily oral/IV

Topical = 0.3% in eye for fungal 
keratitis

Ketoconazole Oral, 
tropical

Oral = 200 mg OD–BD 
Tropical = 2%

Isavuconazole Oral, IV Oral = 200 mg every 8 hours for 
2 days followed by 200 mg once daily

IV = 200 mg every 8 hours for 2 days 
followed by 200 mg once daily

Itraconazole Oral 200 mg OD–BD (for systemic 
mycosis)

200 mg OD (for vaginal candidiasis 
and dermatophytosis)

Posaconazole Oral 200 mg QID or 400 mg BD with 
meal

Voriconazole Oral/IV Oral = 200 mg BD (1 hour and 
1 hour after meal)

IV = Initially 6 mg/kg 12 hourly 
2 doses, then 3–4 mg/kg 12 hourly 
(drug is to be reconstituted and 
diluted, and infused at not more 
than 3 mg/kg/hr) 

Pyrimidine analog: 

Flucytosine Oral Oral = 50–150 mg/kg/ day in 
 divided doses at 6-hour intervals

Echinocandin derivatives: 

Caspofungin IV IV = 70 mg over 1 hour (loading 
dose), followed by 50 mg IV daily 

Micafungin IV IV = 150 mg/day 

Anidulafungin IV IV =100–200 mg loading dose on 
Day 1, followed by 50–100 mg daily

Drug for cutaneous mycoses:

Griseofulvin Oral 120–250 mg 2–4 times daily 
( taken with meals) 

(Continued)
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DRUG ROUTE DOSAGE

Topical azole derivatives:

Miconazole Topical 2% topical application  
2 to 3 times daily, 100 mg 
 intravaginal nightly 

Clotrimazole Topical 1% topical application twice 
daily, 100 mg intravaginal at 
bed time 

Econazole Topical 1% topical application  
2 to 3 times daily, 150 mg 
 intravaginal nightly 

Sertaconazole Topical 2% cream 2 times a day for 4 
weeks

Sulconazole Topical 1% cream or solution 

Butoconazole Topical 2% cream 

Efinaconazole Topical 10% topical solution

Oxiconazole Topical 1% topical

Terconazole Topical 0.4% and 0.8% intravaginal cream 
and vaginal suppositories 

Tioconazole Topical 6.5% vaginal cream

Topical allylamine derivatives:

Terbinafine Oral/ 
topical

Oral = 250 mg OD oral

Topical = 1% topical application 

Butenafine Topical 1% topical

Naftifine Topical 1% or 2% cream or gel

Miscellaneous: 

Natamycin 
(Pimiricin)

Topical 5% ophthalmic suspension 

Hamycin Topical 2–5 lac U/g for topical, 4 lac U 
vaginal application 

Ciclopirox 
olamine 

Topical 1% topical and vaginal applica-
tion 

Tolnaftate Topical 1% topical application 

Nystatin Oral/ 
topical

Oral = 5 lac U 8 hourly 

Topical = 1 lac U nightly for 
vaginal insertion, 10,000 U/ml for 
buccal application, 1 lac U/g for 
application over skin and eye 

Tavaborole Topical 5% toenail solution 

Undecylenic acid Topical 5–10% topical application 

Benzoic acid Topical 5% topical

Quiniodochlor Topical 3–10% topical

Sodium 
 thiosulfate

Topical 20% topical

XIV. ANTIVIRAL DRUGS

DRUG ROUTE AND DOSAGE

For respiratory virus infections:

Amantadine Oral: Adults = 200 mg/day, elderly =  
100 mg/day, children = 5 mg/kg/day 

Oseltamivir Oral: 75–150 mg/day for 5 days

Ribavirin Oral: Adults = 800 mg/day,  
children = 10mg/kg/day

Rimantadine Oral: Adults = 200 mg/day, elderly =  
100 mg/day, children = 5 mg/kg/day

Zanamivir Intranasal: 10–20 mg/day

For hepatic viral infections—Hepatitis B:

Adefovir Oral: 10 mg/day

Entecavir Oral: 0.5–1 mg/day

Lamivudine Oral: 100 mg/day

Peginterferon α-2α SC: 0.18 mg/week

Tenofovir 
alafenamide (TAF)

Oral: 25 mg/day

Tenofovir  disoproxil 
fumarate (TDF)

Oral: Adults = 300 mg/day,  
children = 150–300 mg/kg/day 

For hepatic viral infections—Hepatitis C:

Daclatasvir Oral: 60 mg/day for 12 weeks

Elbasvir/ 
grazoprevir

Oral: 50 mg/day elbasvir and 100 mg/day 
grazoprevir for 12–16 weeks

Glecaprevir/ 
pibrentasvir

Oral: 300 mg/day glecaprevir and  
120 mg/day pibrentasvir for 8–16 weeks

Ledipasvir/ 
sofosbuvir

Oral: 90 mg/day ledipasvir and  
400 mg/day sofosbuvir for 12–24 weeks

Paritaprevir/ 
ritonavir/ 
ombitasvir

Oral: 25 mg/day ombitasvir, 75 mg/day 
paritaprevir, and 50 mg/day ritonavir for 
12 weeks

Paritaprevir/
ritonavir/ 
ombitasvir +
dasabuvir

Oral: 25 mg/day ombitasvir, 75 mg/day 
 paritaprevir, 50 mg/day ritonavir, and 
500 mg/day dasabuvir for 12–24 weeks

Ribavirin Oral: Adults = 200 mg 6 hourly, children = 
10 mg/kg/day

Simeprevir Oral: 150 mg/day

Sofosbuvir Oral: 400 mg/day

Sofosbuvir/ 
velpatasvir

Oral: 400 mg/day sofosbuvir and 100 mg/day 
velpatasvir for 12 weeks

Sofosbuvir/ 
velpatasvir/ 
voxilaprevir

Oral: 400 mg/day sofosbuvir,  
100 mg/day velpatasvir, and  
100 mg/day  voxilaprevir for 12 weeks

For herpesvirus and cytomegalovirus infections:

Acyclovir Oral: 200 mg x 5/day (15 mg/kg/day)
IV: 5–10 mg/kg 8 hourly
Topical: 5% ointment 6 times/day
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Valacyclovir Oral: 0.5–2 g/day or 12 hourly

Valganciclovir Oral: 900 mg/day

Ganciclovir Oral: 5–10 mg/kg/day

Penciclovir Topical: 1% cream 2 hourly for 4 days

Cidofovir IV: 3–5 mg/kg/week for 2 weeks 

Famciclovir Oral: 250–500 mg 8 hourly for 5–10 days

Foscarnet IV: 40–90 mg/kg 8–12 hourly for 2–3 weeks

Trifluridine Oral: 35 mg/m2 12 hourly

XV. ANTI-HIV DRUGS

Nucleoside and nucleotide reverse  transcriptase inhibitors:

Zidovudine 
(AZT, ZDV)

Oral: Adults = 300 mg 12 hourly,   
children = 180 mg/m2 12 hourly

Abacavir (ABC) Oral: 300 mg 12 hourly

Didanosine (DDI) Oral: 250–400 mg/day

Stavudine (d4T) Oral: 30 mg 12 hourly

Emtricitabine 
(FTC)

Oral: Adults = 200–240 mg/day,   
children = 3–6 mg/kg/day

Lamivudine (3TC) Oral: 150 mg 12 hourly

Tenofovir (TAF and 
TDF)

Oral: 300 mg/day

Zalcitabine (ddC) Oral: 0.75 mg 8 hourly

Non-nucleoside reverse transcriptase inhibitors:

Efaviranz (EFV) Oral: Adults = 600 mg/day, children = 
200–600 mg based on body weight

Nevirapine (NVP) Oral: 200 mg/day to 200 mg 12 hourly after 
2 weeks

Delavirdine (DLV) Oral: 400 mg 8 hourly

Protease inhibitors:

Atazanavir (ATV) Oral: 300 mg/day with 100 mg  Ritonavir

Fosamprenavir 
(FPV)

Oral: 700–1400 mg 12 hourly with  
100–200 mg Ritonavir

Ritonavir (RTV) Oral: 600 mg 12 hourly

Lopinavir (LPV) Oral: 400 mg 12 hourly with 100 mg Ritonavir

Sequinavir (SQV) Oral: 1000–1200 mg 8–12 hourly with 
100 mg Ritonavir

Tipranavir (TPV) Oral: 500 mg 12 hourly with 200 mg Ritonavir

Integrase strand transfer inhibitor:

Raltegravir (RAL) Oral: Adults = 400 mg 12 hourly, 800 mg 
12 hourly with Rifampin,  children =  
300–400 mg 12 hourly based on body weight

Fusion and entry inhibitor

Enfluvirtide (T 20) SC: Adults = 90 mg 12 hourly, children = 
2 mg/kg–90 mg 12 hourly 

Maraviroc (MVC) Oral: 150–600 mg 12 hourly

XVI. ANTICANCER DRUGS

DRUG ROUTE AND DOSAGE

Methotrexate Oral: 15–30 mg/day for 5 days
IM/IV: 20–40 mg/m2 (BSA) twice weekly 
or 2.5–15 mg/day

6-Mercaptopurine Oral: 1.25–2.5 mg/kg/day

Fludarabine IV: 25 mg/m2 BSA for 5 days every 
28 days

Cladribine IV: 0.09 mg/kg/day for 7 days

Fluorouracil (5-FU) IV: 500 mg/m2 (or) 6–12 mg/kg/day

Capecitabine Oral: 1250 mg/m2 twice a day for 2 weeks

Cytarabine IV/IT: 100 mg/m2 once or twice a day (or) 
1–3 g/day

Azacitidine  IV/SC: 75–100 mg/m2/day

Gemcitabine IV: 1000 mg/m2/week

XVII. ANTITUMOR ANTIBIOTICS

DRUG ROUTE AND DOSAGE

Doxorubicin IV: 60–75 mg/m2 every 3 weeks

Daunorubicin IV: 30–50 mg/m2/day

liposomal doxorubicin IV: 20–50 mg/m2

Epirubicin IV: 60–90 mg/m2 

Idarubicin IV: 12 mg/m2/day

Bleomycin IV/IM: 60 mg/wk (or) 300–400 mg

XVIII. ALKYLATING AGENTS

DRUG ROUTE AND DOSAGE

Cyclophosphamide Oral: 2–3 mg/kg/day
IV: 10–15 mg/kg

Ifosfamide IV: 10–15 mg/kg

Carmustine IV: 150–200 mg/m2 every 6 weeks

Lomustine Oral: 100–130 mg/m2 every 
6 weeks

Dacarbazine IV: 3.5 mg/kg/day

Temozolomide Oral/IV: 75–150 mg/m2/day

Melphalan Oral/IV: 10 mg/day and 2–4 mg/day 
as maintenance dose 

Chlorambucil Oral: 4–10 mg/day and 2 mg/day as 
maintenance dose

Busulfan Oral: 2–6 mg/day 

(Continued)
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XIX. MICROTUBULE INHIBITORS

DRUG ROUTE AND DOSAGE

Vincristine IV: 1.5–2 mg/m2/wk

Vinblastine IV: 0.1–0.15 mg/kg

Vinorelbine IV: 25–30 mg/m2/wk

Paclitaxel IV: 135–175 mg/m2 (every 3 weeks)

Docetaxel IV: 75–100 mg/m2 (every 3 weeks)

XX.  STEROID HORMONES AND THEIR 
ANTAGONISTS

DRUG ROUTE AND DOSAGE

Tamoxifen Oral: 20–40 mg/day 

letrozole Oral: 2.5 mg/day

Anastrozole Oral: 1 mg/day

leuprolide Depot/IM/SC: 1–3.75 mg

Goserelin SC: 10.8 mg every 12 weeks

Triptorelin IM: 3.75–7.5 mg every 4 weeks

Flutamide Oral: 750 mg/day

Nilutamide Oral: 150–300 mg/day

Bicalutamide Oral: 50 mg/day

XXI.  PLATINUM COORDINATION 
COMPLEXES

DRUG ROUTE AND DOSAGE

Cisplatin IV: 50–100 mg/m2

Carboplatin IV: 400 mg/m2

Oxaliplatin IV: 75–85 mg/m2

XXII. TOPOISOMERASE INHIBITORS

DRUG ROUTE AND DOSAGE

Irinotecan IV: 125 mg/m2/wk

Topotecan IV: 1.5 mg/m2/day

Etoposide Oral: 100–200 mg2/day
IV: 50–100 mg/m2/day 

XXIII. MONOCLONCAL ANTIBODIES

DRUG ROUTE AND DOSAGE

Bevacizumab IV: 05–15 mg/kg (every 2–3 weeks)

Cetuximab IV: 250–400 mg/m2

Daratumumab IV: 16 mg/kg

Ramucirumab IV: 8 mg/kg (every 2 weeks)

Rituximab IV: 250–500 mg/m2

Trastuzumab IN: 2–8 mg/kg

XXIV. ANTIPROTOZOAL AGENTS

DRUG ROUTE AND DOSAGE

Amebiasis:

Metronidazole Oral: Adults = 400–800 mg 8 hourly for 
5–10 days, children = 30–50 mg/kg/day
IV: 15 mg/kg/hr, 7.5 mg/kg 6–8 hourly 

Tinidazole Oral: Adults = 0.6 g 12 hourly for 5–10 days 
or 2.0 g/day for 3 days, children =  
30–50 mg/kg/day

Ornidazole Oral: 2 g/day for 3 days or 0.6 g 12 hourly for 
5–10 days
IV: 0.5–1.0 g

Secnidazole Oral: Adults = 1.5–2.0 g/day, children = 
30 mg/kg

Satranidazole Oral: 300 mg 12 hourly for 3–5 days

Chloroquine Oral: 600 mg/day for 2 days followed by 
300 mg/day for 2–3 weeks

Dehydroemetine IM, SC: 60–100 mg/day for maximum  
10 days

Iodoquinol Oral: 650 mg 8 hourly for 14 days

Paromomycin IM: 15 mg/kg for 21 days

Giardiasis:

Metronidazole Oral: 400 mg 8 hourly for 7 days

Tinidazole Oral: 2 g single dose or 0.6 g/day for 7 days

Nitazoxanide Oral: Adults = 500 mg 12 hourly for 3 days, 
children = 7.5 mg/kg

Malaria:

Artemether/ 
lumefantrine

Oral: Adults = 6 doses over 3-day period of 
80 mg Artemether and 480 mg Lumefan-
trine, children = 6 doses over 3-day period 
of 20–80 mg Artemether and 120–480 mg 
Lumefantrine based on body weight

Chloroquine Oral: Adults = 4 doses over 3-day period of 
300–600 mg, children = 150–1000 mg over 
3 days

Primaquine Oral: Adults = 15 mg/day for 2 weeks 
or 45 mg single dose with Chloroquine, 
 children = 0.25–0.75 mg/kg

Pyrimethamine Oral: Adults = 25–50 mg/day for 2 days, 
 children = 25 mg/day for 2 days

Quinine/quinidine Quinine: IV: 20 mg/kg over 4 hours followed 
by 10 mg/kg over 8 hours, 
Oral: 600 mg 8 hourly for 7 days
Quinidine: Oral: 100–200 mg 8 hourly, 
IV: 100–300 mg

Mefloquine Oral: 25 mg/kg divided over 2 days with 
4 mg/kg/day Artesunate for 3 days

(Continued)
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Atovaquone–
proguanil

Oral: Adults = 1 g/day Atovaquone and 
400 mg/day Proguanil for 3 days,  
children = 125 mg–1 g/day Atovaquone and 
50–400 mg/day Proguanil based on body 
weight

Trypanosomiasis:

Pentamidine Intranasal: 300 mg every 4 weeks

Benznidazole Oral: Children = 5 mg/kg–8 mg/kg divided 
12 hourly for 60 days

Eflornithine IV: 400 mg/kg/day

Melarsoprol IV: Adult = 3.6 mg/kg/day for 3 days, 
 children = 18–25 mg/kg over 1 month

Nifurtimox Oral: Adults = 8–10 mg/kg/day for 
3–4 months, children = 12.5–20 mg/kg/day 
for 3–4 months

Suramin IV: 100–200 mg followed by 10–20 mg/kg/day  
for 5–7 days

Leishmaniasis:

Miltefosine Oral: Adults = 50 mg 12 hourly,  
children = 2.5 mg/kg/day

Sodium 
 stibogluconate

IM, IV: 20 mg/kg/day for 30 days

Toxoplasmosis:

Pyrimethamine Oral: Adults = 25–50 mg/day for 2 days, 
 children = 25 mg/day for 2 days

XXV. IMMUNOSUPPRESSANT DRUGS

Antibodies:

Alemtuzumab IV: 12 mg/day

Antithymocyte globulins

Basiliximab IV: Adult = 20 mg 12 hourly, children = 
10 mg 12 hourly

Rituximab IV: 250–500 mg/m2

Calcineurin inhibitors:

Cyclosporine Oral: 2–15 mg/kg/ day 
IV: 3–5 mg/kg/day

Tacrolimus Oral: 0.05–0.2 mg/kg 12 hourly
0.03% and 0.1% topical ointment

Costimulation blocker:

Belatacept IV: 5–10 mg/kg

mTOR Inhibitors:

Everolimus Oral: 2.5–20 mg/day

Sirolimus Oral: 1 mg/m2/day

Antiproliferatives:

Azathioprine Oral: 1–5 mg/kg/day 

Mycophenolate mofetil Oral: 1 g twice a day

Mycophenolate sodium Oral:
Adult: 720 mg twice a day, children: 
400–720 mg twice a day

Adrenocorticoids:

Methylprednisolone Oral: 4–32 mg/day
IV: 0.5–1 g

Prednisolone Oral: 5–60 mg/day
IM/intra-articular: 10–40 mg/day

Prednisone Oral: Adult = 0.5–2 mg/kg/day, children: 
0.05–2 mg/kg/day

Others:

Bortezomib IV: 1.3 mg/m2 

Intravenous 
 immunoglobulin

IV : 300–1000 mg/kg

XXVI. ANTIHISTAMINIC DRUGS

DRUG ROUTE DOSAGE

Sedating:

Diphenhydramine Oral/IM/IV Oral = 25–50 mg, 6–8 hourly/day 

IM or IV = 10–50 mg deep IM 
or IV

Dimenhydrinate Oral/IM 25–50 mg oral 

Chlorpheniramine Oral/IM Oral/IM = 2–4 mg every 6 hours 
(max 32 mg/day)

IV, IM = 5–20 mg 

Pediatric oral =  0.5 mg every 12 
hours (3–5 mon)

1.0 mg every 12 
hours (6–8 mon)

1–1.5 every 12 
hours (9–18 mon)

Brompheniramine Oral/IV/IM Oral: 4–8 mg every 6 hours 
(max 24 mg/day)

IV, IM = 5–20 mg every 6 or 
12 hours (max 40 mg/day)

Pediatric oral = 0.125 mg/kg 
every 6 hours (<6 yr)

Doxylamine Oral 10–20 mg oral/day before bed

Nonsedating:

Fexofenadine Oral Adult = 120–180 mg/day, once or 
twice a day

Children (6–11 yr) = 60 mg/day, 
twice a day

Cetirizine Oral Adults = 5–10 mg/day, once or 
twice a day

Children (6 mon to 5 yr) = 2.5–5 
mg/day, once or twice a day

Levocetirizine Oral Adult = 2.5–5 mg/day, once a day

Children = 2.5 mg/day, once 
a day

Loratadine Oral Adult = 10 mg/day, once a day

Children (2–6 yr) = 5 mg/day, 
once a day

(Continued)
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DRUG ROUTE DOSAGE

Desloratadine Oral Adult = 5 mg/day, once a day

Children (6–11 yr) = 2.5mg/day, 
once a day

Children (1–5 yr) = 1.25 mg/day, 
once a day

Children (6–11 mon) = 1 mg/day, 
once a day

Mast cell stabilizers:

Hydroxyzine Oral/IM Oral: Adult = 10–50 mg/day 

IM: Adult = 25–50 mg/day

Ketotifen Oral Adult = 1–2 mg/day,  
twice a day

Children = 0.5 mg/day, twice 
a day

Antihistamines and mast cell stabilizers:

Azelastine Oral/intra-
nasal 

Oral = 4 mg 

Intranasal = 0.28 mg 

Olopatadine Topical- 
ophthal-
mic (0.1% 
to 0.2%), 
intranasal 
(0.6%)

Ophthalmic: One drop in the 
affected eye, once a day

Intranasal: Two sprays per nostril, 
twice a day

Alcaftadine Topical- 
oph-
thalmic 
(0.25%) 

One drop in the affected eye, 
once a day

Emedastine Topical- 
oph-
thalmic 
(0.05%) 

One drop in the affected eye, 
four times a day

Clemastine Oral 1–2 mg/day

Cyproheptadine Oral Adult = 4–32 mg/day, three times 
a day

Children (7–14 yr) = 4–12 mg/
day, twice or thrice a day

Children (2–6 yr) = 2–12 mg/day, 
twice or thrice a day

Bepotastine Topical- 
Ophthal-
mic (1.5%)

One drop in the affected eye, 
twice a day

Motion sickness and nausea:

Cyclizine IM/IV 50–150 mg/day, up to thrice a 
day

Meclizine Oral 25–100 mg/day 

Promethazine Oral/sup-
pository/
deep IM 
or IV

Oral = 25–50 mg, up to thrice a 
day

Deep IM or IV = 12.5–50 mg/day

Suppository = 12.5–25 mg/day, 
twice a day

Dimenhydrinate Oral/IM/IV Oral:

Adult = 50–400 mg/day, every 
4–6 hours

Children (6–11 yr) = 25–150 mg/
day, every 6–8 hours

Children (2–5 yr) = 12.5–75 mg/
day, every 6–8 hours

IM/IV:

Adult = 50–400 mg/day, every 
4 hours

Triprolidine Oral (dis-
continued 
in FDA)

Adult = 2.5–10 mg/day, every 
6 hours

Children (6–12 yr) = 1.25–5 mg/
day, every 6 hours

XXVII.  DRUGS AFFECTING THE 
RESPIRATORY SYSTEM

DRUG ROUTE AND DOSAGE

Short-acting 2 adrenergic agonists (SABAs):

Albuterol Oral inhalation: Adults and children  
(>4 yr) = 2  inhalations (180 µg) 4–6 hourly

Levalbuterol Oral inhalation: Adults and adolescents 
(>12 yr) = 0.63 mg 6–8  hourly, children 
(6–11 yr) = 0.31 mg 8 hourly

Long-acting 2 adrenergic agonists (LABAs):

Arformoterol Oral inhalation:
Adults = 15 µg 12 hourly

Formoterol Oral inhalation: Adults and children  
(>5 yr) = 12 µg 12 hourly

Indacaterol Oral inhalation: Adults = 75 µg 24 hourly

Olodaterol Oral inhalation: Adults = 5 µg (2 inhalations) 
24 hourly

Salmeterol Oral inhalation: Adults and children  
(>4 yr) = 50 µg 12 hourly

Inhaled corticosteroids:

Beclomethasone Oral inhalation: 100–400 µg (2–4 times a day) 

Budesonide Oral inhalation: 200–400 µg (2–4 times a day) 

Ciclesonide Inhalation: 80–160 µg/day in evening

Fluticasone Inhalation: 200–1000 µg/day 

Mometasone Inhalation: Adult = 440–880 µg/day, children 
= 110 µg/day

Triamcinolone Oral: 4–32 mg/day
IM/IA: 5–40 mg

Long-acting 2 adrenergic agonists/ cortlcosteroid  
combination:

Formoterol/
budesonide

Inhalation: Budesonide = 80–160 µg and 
formoterol = 4.5 µg (once or twice a day)

Formoterol/
mometasone

Inhalation: Mometasone = 100–200 µg and 
formoterol = 5 µg (once or twice a day)
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Salmeterol/ 
fluticasone

Inhalation: Fluticasone = 100–500 µg and 
salmeterol = 50 µg (twice daily)

Vilanterol/ 
fluticasone

Inhalation: Fluticasone = 100–200 µg/day and 
 formoterol = 25 µg/day

Short-acting anticholinergic:

Ipratropium Inhalation: 40–80 µg (3–4 times a day)

Short-acting 2 agonist/short-acting  anticholinergic 
 combination:

Albuterol/ 
Ipratropium

Inhalation: Ipratropium = 0.5 mg and 
 albuterol = 3 mg (up to 4 times a day)

Long-acting anticholinergic (LAMA):

Aclidinium bromide Inhalation: 400–800 µg/day 

Glycopyrrolate Oral: 1–2 mg
IM/IV: 0.1–0.3 mg

Tiotropium Inhalation: 18 µg

Umeclidinium Inhalation: 62.5 µg/day

LABA/LAMA combination:

Formoterol/glyco-
pyrrolate

Inhalation: Glycopyrrolate = 18 µg and 
 formoterol = 9.6 µg (twice daily)

Indacaterol/glyco-
pyrrolate

Inhalation: Indacaterol = 27.5 µg and 
 glycopyrrolate = 15.6 µg (twice a day)

Vilanterol/umecli-
dinium

Inhalation: Umeclidinium = 62.5 µg/day 
and vilanterol = 25 µg/day

Olodaterol/tiotro-
pium

Inhalation: Olodaterol = 5 µg /day and 
 tiotropium = 5 µg /day

Leukotriene modifiers:

Montelukast Oral: Adult = 10 mg/day, children = 4–5 mg/day

Zafirlukast Oral: Adult = 20 mg (twice a day), children = 
10 mg (twice a day)

Zileuton Oral: 600–2400 mg/day

Antihistamines (H1-receptor antagonists):

Azelastine Oral: 4 mg
Intranasal: 0.28 mg

Cetirizine Oral: 10 mg

Desloratadine Oral: 5 mg

Fexofenadine Oral: 120–180 mg

Loratadine Oral: 10 mg

-Adrenergic agonists:

Oxymetazoline Topically in nose: 0.025–0.05%

Phenylephrine Oral: 5–10 mg
IM: 2–5 mg
IV: 0.1–0.5 mg
Topically in nose: 0.25%
Topically in eye: 5–10%

Pseudoephedrine Oral: 30–60 mg (thrice a day) 

Agents for cough:

Benzonatate Oral: 300–600 mg/day

Codeine (with 
guaifenesin)

Oral: Codeine = 30 mg and guaifenesin = 
600 mg

Dextromethorphan Oral: Adult = 10–20 mg, children = 2.5–10 mg

Dextromethorphan 
(with guaifenesin)

Oral: Dextromethorphan = 60 mg/day and 
guaifenesin = 600 mg/day

Guaifenesin Oral: 600–1200 mg (twice or thrice a day)

Other agents:

Benralizumab SC: 30 mg

Cromolyn Oral: Adult = 800 mg/day, children = 400  
mg/day
Inhalation: 6.4 mg

Mepolizumab SC: 100–300 mg

Omalizumab SC: 75–375 mg

Reslizumab IV: 3 mg/kg

Roflumilast Oral: 0.5 mg/day

Theophylline Oral: 300–900 mg/day (or) 15 mg/kg/day

XXVIII.  DRUGS USED TO TREAT PEPTIC 
ULCER DISEASE

DRUG ROUTE AND DOSAGE

Antimicrobial agents (for eradication 
of  Helicobacter  pylori):

Amoxicillin 750–1000 mg 12 hourly

Bismuth compounds

Clarithromycin 500 mg 12 hourly

Metronidazole 400 mg 8 hourly

Tetracycline 500 mg 6 hourly

H2-Histamine receptor blockers:

Cimetidine Oral: 800 mg/day
IV: 50 mg/hr

Ranitidine Oral: 150–300 mg/day
Parenteral IM: 50 mg
Parenteral IV: 0.1–0.25 mg/kg/hr 

Nizatidine Oral: 300 mg/day

Famotidine Oral: 20–40 mg/day
Parenteral IV: 20 mg 12 hourly  
or 2 mg/hr

Proton-pump inhibitors (PPIs):

Omeprazole Oral: 20–60 mg/day

Pantoprazole Oral: 20–40 mg/day

Lansoprazole Oral: 15–30 mg/day

Rabeprazole Oral: 20 mg/day

Esomeprazole Oral: 20–40 mg/day

Dexlansoprazole Oral: 30–60 mg/day

Prostaglandins:

Misoprostol Oral: 0.2 mg 6 hourly
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DRUG ROUTE AND DOSAGE

Antimuscarinic agents:

Dicyclomine Oral: 10–20 mg

Antacids:

Aluminum 
 hydroxide

Gel: 0.6–2.4 g

Calcium carbonate Oral: 1–2 g/day

Magnesium 
 hydroxide

Oral: 0.4–1.0 g

Sodium 
 bicarbonate

IV: 44.6–50 mEq/5–10 minutes or  
2–5 mEq/kg/4–8 hours

Mucosal protective agents:

Bismuth subsalic-
ylate

Oral: Adults = 524 mg 6 hourly,  
children = 262–524 mg 6  
hourly for 6 weeks

Sucralfate Oral: 2–4 g/day

XXIX.  DRUGS USED TO TREAT 
IRRITABLE BOWEL SYNDROME

DRUG ROUTE AND DOSAGE

Linaclotide Oral: 145–290 µg/day

Lubiprostone Oral: 8–24 µg/day

Alosetron Oral: 1–2 mg/day

Eluxadoline Oral: 150–200 mg/day in two 
 divided doses

Rifaximin Oral: 200–550 mg  
(three times a day)

Dicyclomine Oral: 20 mg

Hyoscyamine Oral: Adult = 1.25–3 mg/day, 
 children = 0.375–0.075 mg/day

XXX.  DRUG USED TO TREAT 
INFLAMMATORY BOWEL DISEASE

DRUG ROUTE AND DOSAGE

5-Aminosalicylates:

Balsalazide Oral: 1.5–2.25 g (twice/thrice a day)

Mesalamine Oral: 1.2–2.4 g/day
Rectal: 4 g

Olsalazine Oral: 1 g/day (twice a day)

Sulfasalazine Oral: 1.5–4 g/day

Corticosteroids:

Budesonide Oral: 6–9 mg/day
Rectal: 2 mg/day

Hydrocortisone Oral: 20–30 mg/day
Rectal: 2 g
IV: 100 mg 8 hourly
IM: 100–200 mg

Prednisone Oral: 5 mg

Methylprednisolone Oral: 4–32 mg/day
IV: 0.5–1 g 

Biological agents:
TNF- inhibitor:

Adalimumab SC: Adult= 40–160 mg,  
children = 10–40 mg

Certolizumab SC: 200–400 mg

Golimumab SC: 50 mg/month

Infliximab IV: 5–10 mg/kg

4-Integrin inhibitor:

Vedolizumab IV: 300 mg

IL-12/13 inhibitor:

Ustekinumab SC/IV: 45–520 mg

Immunomodulators:

Azathioprine Oral: 1–5 mg/kg/day

6-Mercaptopurine Oral: 1.25–2.5 mg/kg/day

Methotrexate Oral: 7.5–30 mg/day
IV/IM: 20–40 mg/m2

XXXI.  DRUGS USED FOR THE 
 TREATMENT OF UROLOGIC 
DISORDERS

DRUG ROUTE AND DOSAGE

Drugs for erectile dysfunction:

Alprostadil 1–40 µg intracavernous injection

Avanafil Oral = 50–200 mg not more than once 
a day  approximately 30 minutes before 
intercourse

Sildenafil Oral = 25–100 mg

Tadalafil Oral = 10–20 mg

Vardenafil Oral = 20 mg 

Phentolamine 5 mg IV repeated as required

Papaverine Intracavernous injection of papaverine 
(3–20 mg) with or without  phentolamine 
(0.5–1 mg)

Benign prostrate hypertrophy (BPH):

α1-Blocker short acting:

Alfuzosin

Prazosin

Indoramin

Oral = 2.5–10 mg 6–24 hourly

Oral = 0.5–1 mg BD or TID initial 
to 20 mg divided dose/day oral or 
 sublingual, 0.15–0.6 mg by IM

Oral = 20 mg tablet twice a day. If need-
ed, the dose may be increased by 20 mg 
every 2 weeks. The  maximum dose is 
100 mg per day
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α1-Blocker long acting:

Terazosin

Doxazosin

Oral =1 mg tablet at bedtime is the 
initial dose 
Usual maintenance dose 2–10 mg OD

Oral = 1 mg tablet OD initially, increase 
up to 8 mg BD

Selective α1A-blocker:

Silodosin

Tamsulosin

Oral = 8 mg PO every day

Oral = 0.2–0.4 mg MR capsule OD

Nonselective α-blocker:

Phenoxy benzamine Oral = 20–60 mg/day, 1 mg/kg slow IV 
infusion over 1 hour

5-α reductase inhibitors:

Dutasteride

Finasteride

Oral = 0.5 mg/day tablet 

Oral = 1 mg OD with or without meals, 
review after 6 months

Combinations:

Dutasteride + tamsulosin Oral = 0.5 mg + 0.4 mg per day 

XXXII.  DRUGS FOR THE TREATMENT 
OF ANEMIA

 DRUG ROUTE AND DOSAGE

Treatment of anemia:

Oral iron salts and 
formulations 

Elemental iron Therapeutic 
Adult: Formulation 
equivalent to 100–200 
mg elemental iron/day
Pediatric: Formu-
lation equivalent 
to  elemental iron  
3–5 mg/kg/day

Prophylactic 
Adult: Iron formulation 
equivalent to 30 mg of 
elemental iron/day
Pediatric: Formulation 
equivalent to elemental 
iron 1 mg/kg/day

Pregnancy
30–60 mg elemental 
iron with 0.4 mg folic 
acid daily

Oral iron prepara-
tions are available 
as tablets, capsules 
[extended release, film 
coated], suspension, 
chewable tablets

Ferrous gluconate 12%

Ferric ammonium citrate 18%

Ferrous sulfate 20%

Ferrous sulfate anhy-
drous 

30%

Ferrous fumarate 33%

Ferrous succinate 35%

Colloidal ferric hydroxide 50%

Iron carbonyl iron 100%

Iron polysaccharide com-
plex (iron polymaltose) 

100%

Parenteral iron preparations:

Iron dextran complex 50 mg elemental iron/ml 

2 ml deep IM injection by “Z” track 
 technique/day or alternate day

2 ml slow IV injection (over 10 min)
(Continued)

Iron sucrose 50 mg elemental iron/2.5 ml and 100 mg 
in 5 ml amp for IV inj.

Ferric carboxymaltose 50 mg elemental iron/ml in 2 ml and 
10 ml vials

Iron–sorbital–citric acid 75 mg elemental iron/ml (max 100 mg) 
daily or on alternate days

Combination of iron 
salts, vitamins, and 
 minerals

Formulation differs (refer to individual 
formulation carefully)

Folic acid Therapeutic = 2–5 mg/day

Prophylactic = 0.5 mg/day

Cyanocobalamin 
( vitamin B12)

Nutritional deficiency

Oral = 25–2000 µg/day

Pediatric = 0.5–3 µg/day

Nutritional supplementation (RDA)

Adult 2.4 µg, pregnant women 2.6 µg, 
dietary supplement 50–6000 µg/day

Hormones produced by kidney:

Epoetin alfa (EPO) 25–100 units/kg SC or IV 3 times a week 
(max dose 600 units/kg/wk)

Darbepoetin alfa IV/SC: 0.45–2.25 µg/kg for 2–4 weeks

Biologic response modifiers:

Filgrastim 5 µg/kg/day for 15–30 minutes

Pegfilgrastim 6 mg SC

Sargramostim IV/SC: 250 µg/m2/day

Tbo-filgrastim SC: 5 µg/kg/day

Treatment of sickle cell anemia:

Hydroxyurea Oral = 20–80 mg/kg day

Iron chelator:

Desferrioxamine Acute iron intoxication

IM: 1 g/day initially followed by 500 mg 
4 hourly for two doses

IV: 15 mg/kg/hr followed by 500 mg 
4 hourly for two doses 

Chronic iron overload

SC: 20–40 mg/kg 8–24 hourly

XXXIII.  DRUGS FOR ACNE, SUPERFICIAL 
BACTERIAL INFECTIONS, 
AND ROSACEA

DRUG ROUTE AND DOSAGE

Topical agents for acne:

Retinoids 0.1% gel once daily (12 years or 
above) 

Tretinoin 0.02% cream once daily in the 
 evening time

Alitretinoin 0.1% 6–24 hourly

(Continued)
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DRUG ROUTE AND DOSAGE

Adapalene 0.1% gel once daily at bed time

Bexarotene 1% gel once daily to three to four 
times based on lesion tolerance 

Tazarotene 0.05–0.1% application daily in the 
evening

Salicylic acid 1.9% cream used topically once or 
twice daily

Azelaic acid 10–20% gel gently to massaged into 
the affected area twice daily

Benzoyl peroxide 3–9% gel once a day to two to three 
times a day 

Systemic retinoid for acne:

Isotretinoin Oral = 0.5–1 mg/kg/day for  
15–20 weeks

Acitretin 0.5–0.75 mg/kg/day oral for severe 
psoriasis in adults

Etretinate Discontinued

Bexarotene Oral = 300 mg/m2/day

Topical and oral antibiotics for acne:

Minocycline Oral = 1 mg/kg once daily for up to 
12 weeks 

Clindamycin 1% topical application twice daily to 
affected area

Doxycycline Oral = 200 mg first day (100 mg every 
12 hours) followed by a maintenance 
dose of 100 mg/day

Erythromycin 2–4% topical application. It used in 
combination with benzoyl peroxide 
topically

Agents for superficial bacterial infections (topical use):

Bacitracin Zinc 500 IU/g ointment or cream

Gentamicin 0.1–0.3% ointment 

Mupirocin 2% topical ointment 

Neomycin 3.5 mg neomycin base per gram 
ointment 

Polymyxin B 5000 U/g ointment (often used 
in combination)

Retapamulin 1% ointment for twice-daily 
 application

Agents used for rosacea (topical):

Azelaic acid 15–20% cream for twice-daily 
 application

Brimonidine 0.33% topical gel 

Oxymetazoline 1% topical cream applied In face 
avoiding eye and lips

Pimecrolimus 1% topical application to be applied 
on affected area twice daily

Sulfacetamide sodium 5–10% topical lotion 

Doxycycline 200 mg initially followed by  
100–200 mg once a day oral

Metronidazole 0.75% gel along with oral 
 metronidazole

(Continued)

LIR_Appendix.indd   850 10/16/18   12:45 PM



Index

A
Abatacept, 711
Abciximab, 397–398
Abiraterone acetate, 624
Absorption

bioavailability, 36–39
bioequivalence, 39
definition of, 28
determinants of, 33
factors influencing, 34–35
mechanisms from GI tract, 33–34
pattern, advantages, and disadvantages of, 

32–33
Acamprosate, 830
Acarbose, 448–449
Acebutolol, 174–175
Aceclofenac, 704–705
Acetaminophen. See Paracetamol
Acetaminophen, 802
Acetazolamide, 340–341
Acetylcholine, 110–111, 121–122
Acetylcholinesterase inhibitors, 191
Aclidinium, 138
Acne vulgaris

antibiotics, 784–785
azelaic acid, 785
benzoyl peroxide, 785
dapsone, 785
description of, 783–784
retinoids, 785–786
salicylic acid, 786
sulfacetamide sodium, 786

ACT. See Artesunate-based combination  
therapy

Actimomycin D, 612–613
Activation, 57
Active transport, 34
Acute coronary syndrome, 382
Acute gout treatment, 712–713
Acute heart failure, 351
Acute migraine treatment, 683–684
Acyclovir, 587–588
ADA. See American Diabetes Association
Adalimumab, 710
Adamantane antivirals, 582
Additive effect, 78
Adefovir, 584
Adenosine, 374
Adherence, 74
Adrenal hormones. See Corticosteroids
Adrenergic agonists

characteristics of, 152–153
direct-acting, 154–160
indirect-acting, 160–161
mixed-action, 161
therapeutic uses of, 163

α-Adrenergic agonists, 730
β-Adrenergic agonists, 360
β2-Adrenergic agonists, 721, 723–724
Adrenergic antagonists
α-adrenergic blocking agents, 167–169
β-adrenergic blocking agents, 170–175

α1-Adrenergic antagonists, 767
β-Adrenergic blockers, 383–384
α-Adrenergic blocking agents, 167–169
β-Adrenergic blocking agents, 170–175

α-Adrenoceptor–blocking agents, 325
β-Adrenoceptor–blocking agents, 325

actions, 320–321
adverse effects, 321
pharmacokinetics, 321
therapeutic uses, 321

Adrenocorticoid biosynthesis, 476–477
Adrenocorticotropic hormone, 428–429
ADRs. See Adverse drug reactions
Adverse drug reactions (ADRs)

classification of, 88–91
general definitions, 86–87
management, 95–98
pharmacovigilance, 91–95
WHO definition, 87

Afferent neurons, 104
Albendazole, 654, 658–659
Alemtuzumab, 666–667
Alfentanil, 288
Alkylating agents, 613–616
Allergic rhinitis drugs
α-adrenergic agonists, 730
antihistamines, 729–730
corticosteroids, 730
other agents, 730

Allopurinol, 714
Allosteric antagonists, 66
Alogliptin, 449
Alopecia (baldness), 794
Alprostadil, 695, 765–766
ALS. See Amyotrophic lateral sclerosis
Alteplase, 406–407
Alternate second-line drugs, 555–557
Alzheimer’s disease drugs

acetylcholinesterase inhibitors, 191
NMDA receptor antagonist, 191–192

Amantadine, 190
Amebiasis (Amebic dysentery)

luminal amebicides, 634–635
mixed amebicides, 631–634
systemic amebicides, 635–636
trichomoniasis treatment, 636–637

American Diabetes Association (ADA), 437
Amiloride, 340
Aminocaproic acid, 407
Aminoglycoside antibiotics, 142
Aminoglycosides, 525–527
5-Aminosalicylates, 755–757
Amiodarone, 371–372
Amlodipine, 385
Amodiaquine, 641
Amphetamine, 160, 303–305
Amphetamines, 825
Amphotericin B, 565–567, 648
AMR. See Antimicrobial resistance
Amylin, 444
Amyotrophic lateral sclerosis (ALS), 193
Analgesia, 278
Anastrozole, 620
Androgens

adverse effects, 468
definition of, 466–467
mechanism of action, 467
pharmacokinetics, 467–468
therapeutic uses, 467

Androgen substitution therapy, 766

Anemia
agents to treat

cyanocobalamin, 776–777
darbepoetin, 777
erythropoietin, 777
folate, 776
hydroxocobalamin, 776–777
iron, 773–776

definition of, 773
medications for, 779

Anesthetics
adjuncts, 278–279
inhalation. See Inhalation anesthetics
intravenous. See Intravenous anesthetics
local. See Local anesthetics
neuromuscular blockers, 271–273
overview of, 257–258
patient factors

concomitant use of drugs, 259
status of organ systems, 258–259

sedation levels, 259–260
Angina pectoris

treatment strategies
β-adrenergic blockers, 383–384
calcium channel blockers, 384–385
organic nitrates, 385–386
overview of, 382–383
sodium channel blockers, 386

types of, 381–382
Angiotensin-converting enzyme (ACE) inhibitors

actions, 322
adverse effects, 323
pharmacokinetics, 322–323
therapeutic uses, 322

Angiotensin II receptor blockers (ARBs), 323
Angiotensin receptor-neprilysin  

inhibitor, 355–356
Anidulafungin, 573
Antacids, 741–742
Antagonists, 65–66
Anterior pituitary hormones. See Hypothalamic 

hormones
Anthelmintic drugs

cestodes, 658–659
nematodes, 653–657
trematodes, 657–658

Anthracyclines, 611–612
Anthralin, 791
Antiandrogens, 468–469, 621
Antiarrhythmic drugs

actions of, 368
class I, 368–371
class II, 371
class III, 371–373
class IV, 373
other type of, 373–378
uses of, 367

Antibiotics
acne vulgaris, 784–785
antidiarrheals, 747–748
chemotherapeutic spectra

broad-spectrum, 496
extended-spectrum, 495
narrow-spectrum, 495

general guidelines, 499–500
prophylactic use of, 500

I-1

Note: Drug names are shown in italics and Genus names are shown in underline.
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Antibiotic therapy complications
direct toxicity, 501
hypersensitivity, 501
Jarisch–Herxheimer reaction, 502
superinfections, 501

Antibodies, 623
Anticancer drugs

alkylating agents, 613–616
antibiotics, 610–613
antibodies, 623
antimetabolites, 606–610
cancer chemotherapy principles, 601–606
immunotherapy, 624
microtubule inhibitors, 616–618
miscellaneous agents, 624–625
platinum coordination complexes, 621–622
steroid hormones, 618–621
topoisomerase inhibitors, 622–623
tyrosine kinase inhibitors, 623–624

Anticholinesterase agents
irreversible, 126–127
reversible, 124–126
toxicology of, 127–128

Anticoagulants
blood coagulation, 399
direct oral, 404–405
drugs for bleeding, 407–408
parenteral, 399–403
platelet aggregation inhibitors, 394–398
platelet response to vascular injury

clot formation, 394
fibrinolysis, 394
platelet activation, 393
platelet adhesion, 393
platelet aggregation, 393–394
resting platelets, 392

thrombolytic drugs, 406–407
thrombus vs. embolus, 391
vitamin K antagonists, 403–404

Antidepressants, 203
atypical, 218–219
mania and bipolar disorder treatment, 222–225
mechanism of drugs, 213
monoamine oxidase inhibitors, 221–222
pharmacologic properties of, 215
selective serotonin reuptake inhibitors, 213–217
serotonin-dopamine antagonists, 222
serotonin/norepinephrine reuptake inhibitors, 

217–218
tricyclic, 219–220

Antidiarrheals
adsorbents, 749
antibiotics, 747–748
antimotility agents, 749
fluid and electrolyte transport, 749
rehydration therapy, 748
zinc supplementation, 748

Antidotes, 799, 807
Antiemetic drugs

chemotherapy-induced nausea and vomiting, 
743–746

inappropriate use of, 747
therapeutic use of, 746–747

Antiepileptic drugs (AEDs), 240–241
Antihistamines

allergic rhinitis drugs, 729–730
antiemetic drugs, 744

Antihypertensives
ACE inhibitors, 322–323
α-adrenoceptor–blocking agents, 325
angiotensin II receptor blockers, 323
β-adrenoceptor–blocking agents, 325
calcium channel blockers, 324–325
centrally acting adrenergic drugs, 325–326
in children and adolescents, 327
diuretics, 316–317, 319–320

drug interactions, 327–328
in pregnancy, 327
renin inhibitor, 323
resistant hypertension, 327
vasodilators, 326

Antimetabolite antifungals, 567–568
Antimetabolites, 606–610
Antimicrobial agents

peptic ulcer disease, 737–738
rational dosing

concentration-dependent killing, 494
definition of, 494
postantibiotic effect, 495
time-dependent killing, 495

route of administration, 494
selection

antimicrobial susceptibility, 490–491
blood–brain barrier, 492
cost of therapy, 494
empiric antimicrobial therapy, 490
infecting organism identification, 489–490
patient factors, 492–493
safety of agent, 493–494

Antimicrobial drugs
definition of, 489
drug combinations, 496
sites of, 502

Antimicrobial resistance (AMR), 12, 498
Antimicrobial susceptibility, 490–491
Antimicrobial therapy. See Antimicrobial agents; 

Antimicrobial drugs
Antimotility agents, 749
Antimuscarinic agents, 135–138, 190–191
Antiprogestin, 463
Antiproliferatives, 670–671
Antipseudomonal Penicillins, 507
Antipsychotic drugs

absorption and metabolism, 231
adverse effects of, 231–233
anticholinergic effects, 230
antiemetic effects, 229
extrapyramidal effects, 229
first-generation, 227
maintenance treatment, 233
mechanism of action, 228–230
second-generation, 228
therapeutic uses, 230
uses of, 227

Antisnake venom (ASV) therapy, 817–818
Antistaphylococcal Penicillins, 506–507
Antithymocyte globulins, 666
Anxiety, 197, 278
Anxiolytic/Hypnotic drugs

barbiturates, 205–206
benzodiazepines, 197–203
nonbenzodiazepine hypnotic agents, 206–207
other anxiolytic agents, 203–204
other hypnotic agents, 207–208
therapeutic disadvantages and advantages 

of, 209
Apazone, 704
Apomorphine, 189–190
Appetite suppressants, 687–688
Apremilast, 790–791
ARBs. See Angiotensin II receptor blockers
Argatroban, 402
Aripiprazole, 64
Aromatase inhibitors, 620
Arrhythmias

causes of, 365, 367
definition of, 365
therapeutic indications, 366

Artemisinin, 642–644
Artesunate-based combination therapy (ACT), 

644
Aspirin, 394, 396, 697–701

Asthma
β2-adrenergic agonists, 721, 723–724
alternative drugs

cholinergic antagonists, 726
leukotriene modifiers, 725
mast cell stabilizers, 725–726
methylxanthines, 726
monoclonal antibodies, 727

corticosteroids, 724–725
goals of therapy, 721
management algorithm for, 722
pathophysiology of, 719, 721

Atazanavir, 594
Atenolol, 174
Atovaquone–proguanil, 644–645
Atropine, 128, 135–137
Atropine neostigmine, 820–821
Atypical antidepressants, 218–219
Autonomic dysfunction, 112
Autonomic nervous system (ANS)

anatomy of, 104–106
chemical signaling between cells

hormones, 110
local mediators, 110
neurotransmitters, 110–112

control of autonomic functions, 107–108
functional divisions within, 103–104
functions of parasympathetic nervous  

system, 107
functions of sympathetic nervous system, 

106–107
innervation by, 108–109
organization of, 103
somatic nervous system, 109

Azacitidine, 610
Azapropazone, 704
Azelaic acid, 785
Azithromycin, 529
Azole antifungals, 568–569

B
Bacitracin, 786
Bacteriostatic vs. bactericidal drugs, 491
Barbiturates, 205–206, 270
Baroreceptor reflex, 156
Baroreceptors, 311
Basal–bolus insulin regimen, 453
Basiliximab, 666
Bazedoxifene, 461
Bedaquiline, 557
Belatacept, 669
Bendamustine, 616
Benign prostatic hyperplasia (BPH)
α1-adrenergic antagonists, 767
phosphodiesterase-5 inhibitors, 769
5-α reductase inhibitors, 768–769

Benzimidazoles, 653–654
Benznidazole, 647
Benzodiazepines, 745

adverse effects, 202–203
antagonist, 203
antiseizure medications, 244–251
definition of, 197
intravenous anesthetics, 270
mechanism of action, 197–198
pharmacokinetics, 200–202
therapeutic uses, 198–200
tolerance, abuse, and dependence, 202

Benzoic acid, 576–577
Benzonatate, 731
Benzothiazepines, 324
Benzoyl peroxide, 785
Benztropine, 138
Betaxolol, 174
Bethanechol, 122
Biguanides, 447
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Bile acid sequestrants, 421–422
Bioavailability

definition of, 36
determination of, 36
factors influencing, 36–39

Bioequivalence, 39
Biologic agents, 793–794
Biologic disease-modifying antirheumatic  

drugs, 709–712
Bisacodyl, 752
Bismuth subsalicylate, 742
Bisoprolol, 174
Bisphosphonates, 482–483
Bivalirudin, 402
Bleomycin, 612
Blood–brain barrier, 492
Blood coagulation

fibrin formation, 399
inhibitors of, 399

Blood flow
drug absorption, 35
drug distribution, 39–40

Blood pressure
classification of, 310
controlling mechanisms

baroreceptors, 311
renin–angiotensin–aldosterone system, 

311–312
sympathetic nervous system, 311

elevated, 309
treatment strategies

individualized care, 314–315
overview, 312, 314
patient compliance, 315–316
rational drug combinations, 315

Bone mineralization, 481
Bone remodeling, 481
Bortezomib, 667
BPH. See Benign prostatic hyperplasia
Brimonidine, 788
Brivaracetam, 244
Broad-spectrum AEDs, 241
Broad-spectrum antibiotics, 496
Bromocriptine, 189, 431, 450
Bronchospasm, 154–155
Bulk laxatives, 752
Bumetanide, 337–338
Buprenorphine, 290–291
Bupropion, 218
Buspirone, 204
Busulfan, 616
Butenafine, 574
Butorphanol, 291
Butyrophenones, 745

C
CAB. See Circulation, Airway, and Breathing
Calcineurin inhibitors, 669
Calcitonin, 484
Calcium carbonate, 481
Calcium channel blockers, 142

angina pectoris, 384–385
antihypertensives

actions, 324
adverse effects, 325
classes of, 324
pharmacokinetics, 325
therapeutic uses, 324–325

dihydropyridine, 385
nondihydropyridine, 385

Calcium citrate, 481–482
Camptothecins, 622–623
Canagliflozin, 449–450
Cancer chemotherapy

resistance and toxicity, 605–606
treatment regimens and scheduling

log kill phenomenon, 603
pharmacologic sanctuaries, 603
treatment protocols, 603–604

treatment strategies
goals, 601–602
growth cycle, 602
indications, 602
tumor susceptibility, 602

Candesartan, 62
Capecitabine, 609–610
Capillary permeability, 40
Capreomycin, 556
Carbachol, 122–123
Carbamate insecticides, 807
Carbamazepine, 244–246
Carbamylcholine. See Carbachol
Carbapenems, 512, 514–515
Carbidopa, 185–187
Carbonic anhydrase inhibitor, 340–341
Carbon monoxide, 804
Carboplatin, 621–622
Cardiac contraction, 348
Cardiac myocytes, 348
Carfentanil, 288
Carmustine, 614–615
Carvedilol, 175, 325
Caspofungin, 572–573
Castor oil, 752
Catechol-O-methyltransferase inhibitors, 188–189
Ceftolozane, 514
Celecoxib, 706
Centrally acting adrenergic drugs, 325–326
Central nervous system (CNS)

neurodegenerative diseases, 183
neurotransmission, 181
stimulants

hallucinogens, 306
psychomotor, 299–305

synaptic potentials, 182–183
Cephalosporin, 514
Cephalosporins

adverse effects, 512
antibacterial spectrum, 510–511
definition of, 510
pharmacokinetics, 511
resistance to, 511

Certolizumab, 710
Cestodes, 658–659
Chemo Man, 625, 627
Chemotherapeutic spectra

broad-spectrum antibiotics, 496
extended-spectrum antibiotics, 495
narrow-spectrum antibiotics, 495

Chemotherapy
for amebiasis

luminal amebicides, 634–635
mixed amebicides, 631–634
systemic amebicides, 635–636
trichomoniasis treatment, 636–637

definition of, 2
for giardiasis, 637
for leishmaniasis, 647–648
for lymphatic filariasis, 649–651
for malaria, 637–645
for toxoplasmosis, 648–649
for trypanosomiasis, 645–647
for tuberculosis, 551–559

Chemotherapy-induced nausea and vomiting
antiemetic drugs, 743–746
description of, 742–743
emetic actions, 743
trigger vomiting, 743

Chlophedianol, 732
Chlorambucil, 616
Chloramphenicol, 531–532
Chloride channel activators, 753

Chloroquine, 635, 639–640
Chlorothiazide, 334
Cholesterol absorption inhibitor, 422
Cholestyramine, 421
Cholinergic antagonist

antimuscarinic agents, 135–138
ganglionic blockers, 139–140
neuromuscular-blocking agents, 140–143

Cholinergic antagonists, 726
Cholinergic receptors

muscarinic receptors, 120
nicotinic receptors, 120–121

Cholinesterase inhibitors, 141
Cholinoceptors. See Cholinergic receptors
Chronic gout treatment, 713
Chronic obstructive pulmonary disease (COPD)

bronchodilators, 727
corticosteroids, 728
definition of, 727
other agents, 728

Ciclopirox, 575
Ciclopirox olamine, 576
Cidofovir, 588
Cilostazol, 398
Ciprofloxacin, 540–541
Circulation, Airway, and Breathing (CAB), 798
Cisapride, 754
Cisplatin, 621–622
Clarithromycin, 528
Class I antiarrhythmic drugs, 368–371
Class II antiarrhythmic drugs, 371
Class III antiarrhythmic drugs, 371–373
Class IV antiarrhythmic drugs, 373
Classic angina pectoris, 381–382
Clindamycin, 532, 645
Clinical pharmacology, 3
Clinical pharmacy, 3
Clofazimine, 560
Clomiphene, 461, 462
Clonidine, 325–326
Clorazepate, 202
Cluster headache drugs, 686
Coal tar, 791
Cobicistat, 596
Cocaine, 160–161, 303, 824
Codeine, 286, 731
Colchicine, 713
Colesevelam, 450
Combination drug therapy, 423–424
Combination oral contraceptives, 463–464
Competitive antagonists, 66
Complexation, 57
Concentration-dependent killing, 494
Constipation, 749
Contact time, 35
Continuous infusion dosage regimen, 49–50
Contraceptives

adverse effects, 466
definition of, 463
hormonal, 463–466
mechanism of action, 466

COPD. See Chronic obstructive pulmonary 
disease

Corticosteroids, 671, 724–725, 730, 745, 757
adrenocorticoid biosynthesis, 476–477
adverse effects of, 475
definition of, 471
discontinuation, 475–476
glucocorticoids, 471–472
mineralocorticoids, 472
pharmacokinetics, 475
therapeutic uses of, 472–474

Corticotropin-releasing hormone (CRH), 428
Cortisol, 471
Costimulation blocker, 669
Cotrimoxazole, 545–547

LIR_Index.indd   3 15/10/18   3:59 PM



I-4 Index

Cough/antitussive agents
expectorant, 732–733
mucokinetics, 732–733
nonopioid cough suppressants, 731–732
opioids, 731

Counterfeit medicines, 28
CRH. See Corticotropin-releasing hormone
Crystalluria, 544
Cutaneous mycotic infection drugs, 573–575
Cyanide, 805
Cyanocobalamin, 776–777
Cyclopentolate, 138
Cyclophosphamide, 614
Cycloserine, 556
CYP inducers, 45
CYP inhibitors, 45
Cyproheptadine, 825
Cytarabine, 610
Cytidine analogs, 610
Cytotoxic agents, 671

D
Dabigatran, 404–405
Dacarbazine, 615–616
Dactinomycin, 612
Dalfampridine, 193
Dalfopristin, 532–533
Dapsone, 560, 785
Daptomycin, 516
Darbepoetin, 777
Darunavir, 594–595
Daunorubicin, 611–612
DEC. See Diethylcarbamazine
Dehydroemetine, 636
Delafloxacin, 542
Denosumab, 483
Depolarizing agents, 142–143
Dermatologic disorders

acne agents, 783–786
alopecia agents, 794
pigmentation disorders agents, 788–790
psoriasis agents, 790–794
rosacea agents, 787–788
superficial bacterial infections, 786–787
topical preparations, 783

Desamino–oxytocin, 432
Desflurane, 265–266
Desirudin, 402
Desmopressin, 432
Desvenlafaxine, 217
Dexmedetomidine, 271
Dextromethorphan, 286–287, 731
Diabetes mellitus

glucagon-like peptide receptor agonists, 
444–445

insulin. See Insulin
management

basal–bolus regimen, 453
combining OHAs and insulin, 454
insulin therapy, 450–453

oral hypoglycemic agents, 445–450
synthetic amylin analog, 444
type 1, 437–438
type 2, 438

Diazepam, 200
Diclofenac, 704
Dietary supplements, 8
Diethylcarbamazine (DEC), 649–650, 656–657
Diethyl ether, 266
Diflunisal, 701
Digitalis glycosides, 358–360
Digoxin, 52, 358–360, 373–374
Dihydropyridine calcium channel blockers, 385
Dihydropyridines, 324
Dilling’s formula, 72
Diltiazem, 385

Dimethyl fumarate, 193
Dipeptidyl peptidase-4 inhibitors, 449
Diphenoxylate, 292
Diphenylalkylamines, 324
Dipyridamole, 398
Direct-acting cholinergic agonists

acetylcholine, 121–122
bethanechol, 122
carbachol, 122–123
pilocarpine, 123

Direct oral anticoagulants, 404–405
Direct oral factor Xa inhibitors, 405
Discontinuation, 475–476
Discontinuation syndrome, 217
Disease-modifying antirheumatic  

drugs (DMARDs)
biologic, 709–712
traditional, 708–709

Disopyramide, 368–369
Distal convoluted tubule, 333
Distal tubular reabsorption, 47
Distribution

blood flow, 39–40
capillary permeability, 40
definition of, 29, 39
lipophilicity, 41
plasma proteins and tissues  

binding, 40–41
volume of distribution, 41–42

Disulfiram, 830
Diuretics

definition of, 331
heart failure, 355
loop, 319–320, 337–338
osmotic, 341
potassium-sparing, 320, 339–340
thiazide, 316–317, 319, 333–336

Divalproex, 250–251
DMARDs. See Disease-modifying antirheumatic 

drugs
Dobutamine, 360
Docetaxel, 618
Doctor–patient interaction, 75
Dofetilide, 373
Domperidone, 745
Donepezil, 126
Dopamine, 360
Dopamine receptor agonists, 189–190
Dosage regimens

continuous infusion regimens, 49–50
fixed-dose/fixed-time regimens, 50–51
optimization of dose, 51–53

Dose–response relationships
drug binding to pharmacologic effect, 63
effects on receptor binding, 62–63
graded dose–response relations, 61–62

Dosing rate, 51
Doxazosin, 168–169
Doxepin, 208
Doxorubicin, 611–612
Doxycycline, 645, 788
DRA. See Drug Regulatory Authority
Dronedarone, 372
Drospirenone, 463
Drug(s)

action, 57
biotransformation of, 44
development and approval process, 8–9
fake, 27–28
information sources of, 12–14
Internet sources of information, 13–14
irrational, nonessential, and hazardous, 23–24
nomenclature/naming of, 6–7
orphan, 3–4
prescription, 10
sources of, 4–6

Drug administration routes
enteral

oral, 29–30
sublingual/buccal, 30

intrathecal/intraventricular, 31
oral inhalation and nasal preparations, 31
parenteral

intradermal, 30–31
intramuscular, 30
intravenous, 30
subcutaneous, 30

rectal, 31
topical, 31
transdermal, 31

Drug–drug interactions
benefits of, 85
consequences of, 78–79
lethal reactions, 85
mechanisms of, 79–84
outcomes of, 79
reactions with contraindicated drugs, 85
red alert drugs and interactions, 84
severity rating, 84–85

Drug–receptor complex, 58
Drug Regulatory Authority (DRA), 7–8
Drug resistance

altered expression of proteins, 497–498
antimicrobial resistance, 498
description of, 496
genetic alterations, 497

Dry powder inhalers, 729
Dual innervation, 108
Duloxetine, 217–218
Dysautonomia, 112

E
Echinocandins, 571–573
Ecothiophate, 127
Edaravone, 193
Edrophonium, 124–125
Efferent neurons, 104
Efficacy, 62
Effort-induced angina, 381–382
Efinaconazole, 575
Eflornithine, 647
Elevated blood pressure, 309
Elimination

definition of, 29, 46
renal elimination

distal tubular reabsorption, 47
glomerular filtration, 46
proximal tubular secretion, 46–47

Embolus vs. thrombus, 391
Emergency treatment, poisoned patient

airway, breathing, and circulation, 798
anticipating complications, 801
antidote, 799
elimination enhancement, 798–799
first principle, 797
ongoing supportive measures, 799, 801
prevention, 801–802
removal of poison, 798

Emetine, 635–636
Emollient laxatives, 752
Empiric antimicrobial therapy, 490
Endocytosis, 34
Enfuvirtide, 595
Entacapone, 188
Entamoeba histolytica, 631
Entecavir, 585
Enteral drug administration

oral, 29–30
sublingual/buccal, 30

Enteric neurons, 106
Entry inhibitors, 595
Environmental variables, 73–74
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Enzyme-linked receptors, 60
Epalrestat, 450
Ephedrine, 161
Epilepsy

antiseizure medications, 244–251
drug selection

description of, 241–242
discontinuing antiepileptic drugs, 244
therapeutic drug monitoring, 242

seizures
classification of, 240
etiology of, 239

women’s health and, 252
Epinephrine, 112
Epirubicin, 611–612
Eplerenone, 339–340, 477
Epoprostenol, 696
Eptifibatide, 397
Erectile dysfunction

alprostadil, 765–766
androgen substitution therapy, 766
papaverine/phentolamine, 766
phosphodiesterase-5 inhibitors, 763–765

Ergot alkaloids, 684
Erythromycin, 528
Erythropoietin, 777
Eslicarbazepine, 246
Esmolol, 174, 371
Essential medicines

definition of, 3
formulary system, 15–16
impact of, 14–15

Estradiol, 458, 460
Estradiol valerate, 459–460
Estriol, 458, 460
Estrogen receptors modulators, 618–619
Estrogens

adverse effects, 460
definition of, 458
mechanism of action, 458
pharmacokinetics, 459–460
therapeutic uses, 458–459

Estrogens, 619–620
Estrone, 458
Eszopiclone, 207
Etanercept, 710
Ethacrynic acid, 337–338
Ethambutol, 555
Ethanol, 828–830
Ethinyl estradiol, 458, 459
Ethionamide, 557
Ethosuximide, 247
Ethylene glycol, 804
Etodolac, 703, 705
Etomidate, 271
Etoposide, 623
Etoricoxib, 706
Excretion

definition of, 47
drug half-life, 48–49
total body clearance, 47–48

Exemestane, 620
Exocytosis, 34
Expectorant, 732–733
Extended-spectrum antibiotics, 495
Ezetimibe, 422

F
Facilitated diffusion, 34
Fake drugs, 27–28
Fake medicine, 28
Famciclovir, 589
FDCs. See Fixed-dose combinations
Febuxostat, 714
Felbamate, 247
Fenamates, 703

Fenofibrate, 420–421
Fentanyl, 288
Fibrinolysis, 394
Fidaxomicin, 530–531
Fight-or-flight response, 107
Finasteride, 794
Fingolimod, 193
First-generation antipsychotic drugs, 227
First-order kinetics, 43
First-pass hepatic metabolism, 36
Fixed-dose combinations (FDCs), 24–27, 557
Fixed-dose/fixed-time dosage regimen, 50–51
Flecainide, 370–371
Fluconazole, 85
Fluconazole, 569
Fludarabine, 608
Flumazenil, 203
Fluoroquinolones, 557

adverse reactions, 539–540
antimicrobial spectrum, 537–538
clinically useful examples, 540–542
mechanism of action, 537
pharmacokinetics, 539
resistance, 539

5-Fluorouracil, 608–609
Fluoxetine, 216
Flurbiprofen, 702
Focal seizures, 240
Folate, 776
Folate antagonists, 542, 606–608
Folic acid, 542
Fondaparinux, 402–403
Food and Drug Administration, 244
Food–drug interactions, 83–84
Foscarnet, 588
Fosfomycin, 516
Fosphenytoin, 249
Frovatriptan, 684
Full agonists, 64
Fulvestrant, 619
Functional antagonism, 66
Fungal infections drugs, 576–577
Furosemide, 337–338

G
Gabapentin, 247
Galantamine, 126, 191
Ganciclovir, 588–589
Ganglionic blockers, 139–140
Gastroesophageal reflux disease (GERD), 

737–742. See also Peptic ulcer disease
Gastrokinetic agents, 753–764
Gemcitabine, 610
Gemifloxacin, 542
General anesthesia

definition of, 260
depth of, 261
induction, 260
maintenance of anesthesia, 260–261
recovery, 261

Generalized seizures, 240
Generic medicine, 7
Gentamicin, 787
GERD. See Gastroesophageal reflux disease
Gestational diabetes, 437
Giardia lamblia, 637
Giardiasis, 637
Glatiramer, 193
Glinides, 446–447
Glomerular filtration, 46
Glucagon-like peptide receptor agonists, 444–445
Glucagon-like peptide-1 receptor agonists, 688
Glucocorticoids, 471–472, 709
α-Glucosidase inhibitors, 448–449
Glucuronidation, 45–46
Glycoprotein IIb/IIIa inhibitors, 397–398

Glycopyrrolate, 138
Glycylcycline, 524–525
GnRH. See Gonadotropin-releasing hormone
Golimumab, 711
Gonadotropin-releasing hormone (GnRH), 430
Gonadotropins, 430–431
Goserelin, 620
Gout, 712–713
Graded dose–response relations, 61–62
Graves disease, 433
Griseofulvin, 574
Guaifenesin, 731, 732

H
Half-life, 48
Hallucinogens, 306, 826–828
Halogenated hydrocarbon anesthetics, 141
Halothane, 266–268
Hamycin, 576
Hansen’s disease, 559–560
H1 antihistamines

action of, 677
adverse effects, 678–680
description of, 676–677
other uses of, 680
pharmacokinetics, 678
therapeutic uses, 677–678

HBV. See Hepatitis B virus
Headache disorders drugs

overview of, 681–682
types of migraine, 682–683

Heart failure (HF)
acute, 351
angiotensin receptor-neprilysin inhibitor, 355–356
β-blockers, 354
compensatory responses, 348–351
diuretics, 355
hyperpolarization-activated cyclic nucleotide- 

gated (HCN) channel blocker, 356–357
inotropic drugs, 358–360
New York Heart Association (NYHA) functional 

classification, 361–362
order of therapy, 361–362
pharmacologic intervention goals, 347
physiologic compensatory mechanisms, 347
recombinant b-type natriuretic peptide, 360
renin-angiotensin-aldosterone system, 352–354
therapeutic strategies, 352
treatment goals, 361–362
vaso- and venodilators, 357–358

Henle cell
ascending loop of, 333
descending loop of, 333

Heparin, 399–402
Heparin-induced thrombocytopenia (HIT), 402
Hepatic viral infections, 583
Hepatitis B virus (HBV)

adefovir, 584
entecavir, 585
interferons, 583–584
lamivudine, 584

Hepatitis C virus (HCV)
description of, 585
NS5A replication complex inhibitors, 586
NS5B polymerase inhibitors, 586
NS3/NS4A protease inhibitors, 585–586
ribavirin, 586–587

Herpes virus infections, 587–590
HF. See Heart failure
Histamine

in allergy and anaphylaxis, 676
definition of, 675
location, 675
mechanism of action, 676
release of, 676
synthesis, 675
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Histamine H2-receptor blockers, 680
HIT. See Heparin-induced thrombocytopenia
HIV infection

non-nucleoside reverse transcriptase  
inhibitors, 592–593

nucleotide reverse transcriptase  
inhibitors, 591–592

protease inhibitors, 593–595
treatment of, 591

H+/K+-ATPase proton pump inhibitors, 739–741
Hormonal contraceptives

combination oral contraceptives, 463–464
injectable progestin, 465
intrauterine device, 465
postcoital, 465–466
progestin implants, 465
progestin-only pills, 464
transdermal patch, 464
vaginal ring, 464

H2 receptor antagonists, 738–739
5-HT3 receptor blockers, 744–745
Hydralazine, 326
Hydrocodone, 288
Hydromorphone, 288
Hydroquinone, 789–790
Hydroxocobalamin, 776–777
Hydroxychloroquine, 709
3-Hydroxy-3-methylglutaryl coenzyme A (HMG 

CoA) reductase inhibitors, 416–419
8-Hydroxyquinolines, 634
5-Hydroxytryptamine (5HT). See Serotonin
Hydroxyurea, 778
Hyperlipidemia

definition of, 413
drugs for, 416–424
treatment goals, 416

Hyperpolarization-activated cyclic nucleotide- 
gated (HCN) channel blocker, 356–357

Hypertension
in children and adolescents, 327
description of, 309–310
drug interactions, 327–328
etiology of, 310–311
in pregnancy, 327
resistant, 327

Hypertensive emergency, 326–327
Hyperthyroidism, 433–435
Hypothalamic hormones

adrenocorticotropic hormone, 428–429
gonadotropin-releasing hormone, 430
gonadotropins, 430–431
growth hormone (somatotropin), 429
prolactin, 431
somatostatin (growth hormone–inhibiting 

hormone), 430
Hypothyroidism, 433

I
IBS. See Irritable bowel syndrome
Ibuprofen, 702
Ibutilide, 373
Icosapent ethyl, 423
Idarubicin, 611–612
Idarucizumab, 408
Ifosfamide, 614
Imidazoles, 575
Imipramine, 220
Imiquimod, 590
Immunomodulating agents, 624
Immunomodulators, 758–759
Immunosuppressants

definition of, 663
induction and rejection reactions, 665–668
maintenance, 668–671

antiproliferatives, 670–671
calcineurin inhibitors, 669

corticosteroids, 671
costimulation blocker, 669
cytotoxic agents, 671
mTOR inhibitors, 670

overview of, 663–664
therapeutic drug monitoring, 672

Immunotherapy, 624
Indirect-acting adrenergic agonists, 160–161
Indirect-acting cholinergic agonists

anticholinesterase agents (irreversible), 127
anticholinesterase agents (reversible), 124–126

Individualized care, 314–315
Indomethacin, 702–703
Infliximab, 711
Inhalation anesthetics

common features of, 262
description of, 261–262
desflurane, 265–266
diethyl ether, 266
halothane, 266–268
isoflurane, 265
malignant hyperthermia, 268
mechanism of action, 265
nitrous oxide, 266
potency, 262–263
sevoflurane, 266
uptake and distribution of, 263–265

Inhaled bronchodilators, 727
Inhaler technique

description of, 728
dry powder inhalers, 729
metered-dose inhalers, 729
spacers, 729

Inhibition, 57
Injectable progestin, 465
INN. See International Nonproprietary Name
Inotropic drugs
β-adrenergic agonists, 360
digitalis glycosides, 358–360
phosphodiesterase inhibitor, 360

Inscription, 17
Insulin

adverse effects, 439
definition of, 438–439
mechanism of action, 439
pharmacokinetics, 439
preparations and treatment

delivery devices, 441
intermediate-acting, 440
long-acting, 440–441
premixed combinations, 441
rapid-acting and short-acting, 440
standard vs. intensive treatment, 443–444
storage, injection sites, and administration, 

441, 443
Insulin therapy, 450–453
Integrase inhibitors, 595–596
Interferon, 192–193
Interferons, 583–584
Intermediate-acting insulin, 440
International Nonproprietary Name (INN), 6
Intracellular receptors, 60
Intranasal corticosteroids, 730
Intranasal cromolyn, 730
Intrathecal/intraventricular drug  

administration, 31
Intravenous anesthetics

barbiturates, 270
benzodiazepines, 270
causes, 268
dexmedetomidine, 271
etomidate, 271
induction, 268–269
ketamine, 271
opioids, 270–271
propofol, 269–270

recovery phase, 269
reduced cardiac output, 269

Intravenous immunoglobulin (IVIG), 667–668
Inverse agonists, 64–65
In vivo drug interactions

pharmacodynamic drug interactions, 80
pharmacokinetic drug interactions, 80–82

Ion trapping, 47
Ipratropium, 138
Irbesartan, 62
Irinotecan, 622–623
Iron, 773–776, 805
Irreversible antagonists, 66
Irritable bowel syndrome (IBS)

5-aminosalicylates, 755–757
biologic agents, 758
corticosteroids, 757
definition of, 754
immunomodulators, 758–759

Irritants and stimulants, 752
Isavuconazole, 571
Isoflurane, 265
Isoflurophate, 127
Isoniazid, 552–553
Isopropyl alcohol, 804
Itopride, 754
Itraconazole, 569–570
Ivabradine, 356–357
Ivermectin, 650, 656
IVIG. See Intravenous immunoglobulin

J
Janus kinases, 712
Jarisch–Herxheimer reaction (JHR), 502
JHR. See Jarisch–Herxheimer reaction

K
Kernicterus, 544
Ketamine, 271
Ketarolac, 703
Ketoconazole, 476
Ketolides, 527–530
Ketoprofen, 702
Kidneys, fluid and electrolytes regulation

ascending loop of Henle, 333
collecting tubule and duct, 333
descending loop of Henle, 333
distal convoluted tubule, 333
proximal convoluted tubule, 331–332

L
Labetalol, 175, 325
Lacosamide, 247
β-Lactam antibiotics

carbapenems, 512
monobactams, 513

β-Lactamase inhibitors
carbapenem and, 514–515
cephalosporin and, 514
description of, 513–514

Lamivudine, 584
Lamotrigine, 247–248
Lanreotide, 430
LARC. See Long-acting reversible  

contraceptives
Law of mass action, 63
Laxatives

bulk, 752
chloride channel activators, 753
definition of, 749
emollient, 752
irritants and stimulants, 752
lubricant, 753
saline and osmotic, 752
stool softeners, 752

LIR_Index.indd   6 15/10/18   3:59 PM



I-7Index

Lead, 805–807
Leflunomide, 709
Leishmaniasis, 647–648
Leprosy drugs, 559–560
Letrozole, 620
Leukotriene modifiers, 725
Leuprolide, 430, 620
Levamisole, 654
Levetiracetam, 248
Levodopa, 185–187
Levofloxacin, 541
Levomilnacipran, 218
Lidocaine, 369–370
Lipase inhibitor, 688
Lipoglycopeptides, 515–516
Lipophilic drugs, 41
Lipophilicity, 41
Lithium, 222, 224
LMWH. See Low molecular weight heparin
Loading dose, 51
Local anesthetics

allergic reactions, 276–277
delivery techniques of, 275–276
description of, 273–275
metabolism, 276
onset, potency, and duration of action, 276
systemic toxicity, 277

Local mediators, 110
Log kill phenomenon, 603
Lomustine, 614–615
Long-acting insulin, 440–441
Long-acting reversible contraceptives  

(LARC), 465
Loop diuretics, 337–338

in antihypertensives, 319–320
Loperamide, 292
Low molecular weight heparin (LMWH), 399–402
LSD. See Lysergic acid diethylamide
Lubiprostone, 695
Lubricant laxatives, 753
Lumefantrine, 642
Luminal amebicides, 634–635
Lymphatic filariasis, 649–651
Lysergic acid diethylamide (LSD), 826

M
Macrolides, 527–530, 557
Magnesium sulfate, 374
Maintenance immunosuppressants

antiproliferatives, 670–671
calcineurin inhibitors, 669
corticosteroids, 671
costimulation blocker, 669
cytotoxic agents, 671
definition of, 668
medications used for, 668
mTOR inhibitors, 670

Major/Severe drug–drug interactions, 85
Malaria, 637–645
Mannitol, 341
Maraviroc, 595
Marijuana, 826–827
Mast cell stabilizers, 725–726
MBC. See Minimum bactericidal concentration
MDMA. See Methylenedioxymethamphetamine
Mebendazole, 653
Mechlorethamine, 616
Medication errors, 22–23
Mefenamic acid, 703
Mefloquine, 640
Melarsoprol, 646–647
Melatonin, 207–208
Melatonin receptor agonists, 207–208
Meloxicam, 705
Melphalan, 616
Memantine, 191–192

Membrane receptors, 110
Menotropin, 431
6-Mercaptopurine, 608
Metabolism

definition of, 29, 42
first-order kinetics, 43
phase II reactions, 45–46
phase I reactions, 43–45
zero-order kinetics, 43

Metamizol, 705
Metered-dose inhalers, 729
Metformin, 447
Methadone, 289
Methanol, 802–804
Methenamine, 547–548
Methicillin-resistant Staphylococcus aureus 

(MRSA), 506–507
Methotrexate, 606–608, 708, 791–792
Methoxsalen, 790
Methyldopa, 326
Methylenedioxymethamphetamine (MDMA), 825
Methylhydrazine, 615
Methylphenidate, 305
Methylxanthines, 299–300, 726
Metoprolol, 174, 371
Metronidazole, 631–633, 788
Mexiletine, 369–370
MIC. See Minimum inhibitory concentration
Micafungin, 573
Michaelis constant, 43
Microtubule inhibitors, 616–618
Mifepristone, 463
Miglitol, 448–449
Migraine headaches

biologic basis, 683
prophylaxis for, 685

Mild drug–drug interactions, 84–85
Milrinone, 360
Miltefosine, 647–648
Mineralocorticoids, 472
Minimum bactericidal concentration (MBC), 491
Minimum inhibitory concentration (MIC), 491
Minoxidil, 794
Mirtazapine, 208, 218
Misoprostol, 695
Mitoxantrone, 611–612
Mixed-action adrenergic agonists, 161
Mixed agonist–antagonists, 290–291
Mixed amebicides, 631–634
Moderate drug–drug interactions, 85
Monoamine oxidase (MAO) inhibitors, 221–222
Monobactams, 513
Monoclonal antibodies, 193, 727
Morphine, 282–286
Moxifloxacin, 541
MRSA. See Methicillin-resistant  

Staphylococcus aureus
mTOR inhibitors, 670
Mucokinetics, 732–733
Mucosal protective agents, 742
Multidrug-resistant tuberculosis, 559
Multiple sclerosis (MS)

definition of, 192
drugs

disease-modifying therapies, 192–193
symptomatic treatment, 193

Mupirocin, 787
Muscarinic receptors, 120
Muscle contraction physiology

action potential, 348
acute heart failure, 351
cardiac contraction, 348
compensatory responses, 348–351
therapeutic strategies, 352

Mycobacteria, 551
Mycobacterium tuberculosis, 551–552

Mycolic acids, 551
Mycotic infection drugs

cutaneous, 573–575
subcutaneous, 565–573
systemic, 565–573

N
Nabumetone, 703
N-acetylcysteine, 733
N-acetylprocainamide (NAPA), 369
Nadolol, 173
Nafarelin, 430
Naftifine, 574
Nalbuphine, 291
Naloxone, 292–294
Naltrexone, 294, 830
NAPA. See N-acetylprocainamide
Naproxen, 702
Narcotic and Psychotropic Substances (NDPS) 

Act, 10
Narcotics and controlled substances, 19
Narrow-spectrum AEDs, 241
Narrow-spectrum antibiotics, 495
Natamycin, 576
National Aids Control Organization (NACO)  

guidelines, 596–597
National formulary, 3
Naturally occurring estrogens, 459
Natural Penicillins, 506
Nebivolol, 174
Nefazodone, 218–219
Nematodes, 653–657
Neomycin, 787
Neostigmine, 126
Nesiritide, 360
Neuraminidase inhibitors, 581–582
Neurodegenerative diseases, 183
Neuromuscular blockers, 271–273
Neuromuscular-blocking agents

depolarizing agents, 142–143
nondepolarizing agents, 140–142

Neurotoxic (Neuroparalytic) envenomation, 820–821
Neurotransmission

adrenergic neurons, 148–150
central nervous system, 181
cholinergic neurons, 117–119

Neurotransmitters, 110–112
drugs affecting, 175–176

Neutralization, 57
Neutropenia, 778
Niacin, 419–420
Niclosamide, 658
Nicotine, 140, 300–302
Nicotinic acid, 419–420
Nicotinic receptors, 120–121
Nifedipine, 385
Nifurtimox, 647
Nimesulide, 705
Nitazoxanide, 634–635
Nitrofurantoin, 548
Nitrogen mustards, 614
Nitrosoureas, 614–615
Nitrous oxide, 266
NMDA receptor antagonist, 191–192
NNRTIs. See Non-nucleoside reverse  

transcriptase inhibitors
Nonbenzodiazepine hypnotic agents, 206–207
Noncompliance, 74–75
Nondepolarizing agents, 140–142
Nondihydropyridine calcium channel blockers, 

385
Non-nucleoside reverse transcriptase inhibitors 

(NNRTIs), 592–593
Nonopioid cough suppressants, 731–732
Nonselective β antagonists. See Nadolol; 

Propranolol; Timolol
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Nonsteroidal anti-inflammatory drugs (NSAIDs), 
696–706

Norepinephrine, 112
Norfloxacin, 541
Noscapine, 287, 731
NRTIs. See Nucleotide reverse transcriptase 

inhibitors
NSAIDs. See Nonsteroidal anti-inflammatory 

drugs
NS5A replication complex inhibitors, 586
NS5B polymerase inhibitors, 586
NS3/NS4A protease inhibitors, 585–586
Nucleotide reverse transcriptase inhibitors 

(NRTIs), 591–592
Nystatin, 574

O
Obesity drugs

other agents for, 687–689
serotonin agonists, 686–687

Ocrelizumab, 193
Octreotide, 430
Off-label prescribing, 19
OHA. See Oral hypoglycemic agents
Omega-3 fatty acids, 422–423
Opioids

agonists, 282–290
antagonists, 292–294
cough/antitussive agents, 731
intravenous anesthetics, 270–271
mixed agonist–antagonists, 290–291
other analgesics, 291–292
partial agonists, 290–291
receptors, 281

Oral antihistamines, 729
Oral hypoglycemic agents (OHA)

biguanides, 447
definition of, 445
dipeptidyl peptidase-4 inhibitors, 449
glinides, 446–447
α-glucosidase inhibitors, 448–449
other agents, 450
sodium–glucose cotransporter 2 inhibitors, 

449–450
sulfonylureas, 446
thiazolidinediones, 447–448

Oral inhalation and nasal preparations, 31
Organic nitrates

adverse effects, 386
mechanism of action, 385–386
pharmacokinetics, 386

Organophosphate, 807
Ornidazole, 633
Orphan drugs, 3–4
Osmotic diuretics, 341
Ospemifene, 461, 462
Osteoporosis

description of, 481
prevention of, 481–482
treatment

bisphosphonates, 482–483
calcitonin, 484
calcium and vitamin D supplements, 485
denosumab, 483
parathormone, 484–485
parathyroid agents, 483–484
selective estrogen receptor modulators, 484

Over-the-counter/home remedies, 10
Oxaliplatin, 621–622
Oxazolidinones, 533–534
Oxcarbazepine, 246
Oxybutynin, 138
Oxycodone, 287–288
Oxymetazoline, 788
Oxymorphone, 287–288
Oxytocin, 431–432

P
Paclitaxel, 618
PAE. See Postantibiotic effect
Pain, definition of, 281
Papaverine, 766
Para-aminosalicylic acid (PAS), 556
Paracetamol, 707–708
Paraenteral drug administration

intradermal, 30–31
intramuscular, 30
intravenous, 30
subcutaneous, 30

Parasympathetic nervous system, 107
Parasympathetic neurons, 104, 106
Parathormone, 484–485
Parathyroid agents, 483–484
Parecoxib, 706
Parenteral anticoagulants, 399–403
Parkinsonism

definition of, 183
etiology of, 183–184
strategy of treatment, 184

Parkinson’s disease drugs
amantadine, 190
antimuscarinic agents, 190–191
carbidopa, 185–187
catechol-O-methyltransferase inhibitors, 188–189
dopamine receptor agonists, 189–190
levodopa, 185–187
rasagiline, 187–188
safinamide, 187–188
selegiline, 187–188

Paromomycin, 635
Paroxetine, 216
Partial agonists, 64
Partial opioid agonists, 290–291
PAS. See Para-aminosalicylic acid
Passive diffusion, 34
Patient compliance, 315–316
PBPs. See Penicillin-binding proteins
Pefloxacin, 541
Pegloticase, 715
Pemetrexed, 606–608
Penciclovir, 589
Penicillin, 67

adverse reactions, 509
antibacterial spectrum, 505–507
antipseudomonal, 507
antistaphylococcal, 506–507
mechanism of action, 505
natural, 506
pharmacokinetics, 508–509
resistance, 507
semisynthetic, 506

Penicillin-binding proteins (PBPs), 505
Pentamidine, 645–646
Pentazocine, 291
Peptic ulcer disease

antacids, 741–742
antimicrobial agents, 737–738
H+/K+-ATPase proton pump inhibitors, 739–741
H2 receptor antagonists, 738–739
mucosal protective agents, 742
prostaglandins, 741

Perampanel, 248
Pethidine, 289–290
P-glycoprotein, 35
Pharmaceutical and occupational toxicities

Acetaminophen, 802
carbamate insecticides, 807
carbon monoxide, 804
cyanide, 805
iron, 805
lead, 805–807
methanol, 802–804
organophosphate, 807

Pharmacodynamics
adverse drug reactions

classification of, 88–91
general definitions, 86–87
management, 95–98
pharmacovigilance, 91–95
WHO definition, 87

definition of, 2
description of, 57
dose–response relationships

drug binding to pharmacologic effect, 63
effects on receptor binding, 62–63
graded dose–response relations, 61–62

drug–drug interactions
benefits of, 85
consequences of, 78–79
lethal reactions, 85
mechanisms of, 79–84
outcomes of, 79
reactions with contraindicated drugs, 85
red alert drugs and interactions, 84
severity rating, 84–85

evaluation of response to therapy
clinical evaluation of beneficial and adverse 

effects, 74–76
factors affecting drug response, 68–74
laboratory tests, 76–77
therapeutic drug monitoring, 77–78

intrinsic activity
antagonists, 65–66
full agonists, 64
inverse agonists, 64–65
partial agonists, 64

quantal dose–response  
relationships, 66–67

signal transduction
characteristics of, 60–61
definition of, 57–58
drug–receptor complex, 58
major receptor families, 58–60
receptor states, 58

Pharmacodynamic variables, 71–73
Pharmacoeconomics, 3
Pharmacoepidemiology, 3
Pharmacogenetics, 3
Pharmacogenetic variability, 73
Pharmacogenomics, 3
Pharmacognosy, 3
Pharmacokinetic enhancers, 596
Pharmacokinetics, 2
Pharmacology

branches of, 2
description of, 1–2
WHO definition of, 1

Pharmacopoeia, 3
Pharmacotherapeutics

core interventions, 12
definition of, 2
irrational use of medicines, 11–12
rational use of medicines, 10–11

Pharmacovigilance
aims and objectives of, 93
definition of, 91–92
postmarketing surveillance, 92–93
rationale for, 92
reporting of, 93–95

Pharmacy
clinical, 3
definition of, 3

pH, drug absorption, 34–35
Phenazopyridine, 548
Phenobarbital, 248–249
Phenothiazines, 744
Phenoxybenzamine, 167–168
Phentolamine, 766
Phentolamine, 168
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Phenylephrine, 64
Phenytoin, 249
Phosphodiesterase inhibitor, 360
Phosphodiesterase-5 inhibitors, 763–765

benign prostatic hyperplasia, 769
erectile dysfunction, 763–765

Physostigmine, 125
Pigmentation disorders

demelanizing agents, 789–790
drug for, 789
melanizing agents, 790

Pilocarpine, 123
Pimecrolimus, 788
Pimiricin, 576
Pindolol, 174–175
Pioglitazone, 447–448
Piperaquine, 641
Piperazine, 656
Piroxicam, 704
Pituitary hormones

anterior, 428–431
posterior, 431–432

Placebo effect, 74
Plasma half-life, 48
Platelet aggregation inhibitors, 394–398
Platelet response to vascular injury

clot formation, 394
fibrinolysis, 394
platelet activation, 393
platelet adhesion, 393
platelet aggregation, 393–394
resting platelets, 392

Platinum coordination complexes, 621–622
Poisoned patient, emergency treatment

airway, breathing, and circulation, 798
anticipating complications, 801
antidote, 799
elimination enhancement, 798–799
first principle, 797
ongoing supportive measures, 799, 801
prevention, 801–802
removal of poison, 798

Polymyxin, 516–517, 787
Polypharmacy, 75
Polyunsaturated fatty acids (PUFAs), 422–423
PONV. See Postoperative nausea and vomiting
Posaconazole, 570
Postantibiotic effect (PAE), 495
Postcoital contraception, 465–466
Posterior pituitary hormones, 431–432
Postmarketing surveillance, 92–93
Postoperative nausea and vomiting (PONV), 278
Potassium-sparing diuretics, 339–340

in antihypertensives, 320
Potency, 62, 262–263
Potentiation, 79
PPIs. See Proton-pump inhibitors
Pralatrexate, 606–608
Pralidoxime, 127–128
Pramipexole, 189–190
Praziquantel, 658
Prazosin, 168–169
Prednisone, 475
Pregabalin, 249–250
Pregnancy, hypertension in, 327
Prenoxdiazine, 732
Prescription

definition of, 19–20
narcotics and controlled substances, 19
off-label prescribing, 19
parts of, 19
principles of writing, 19–22
signature of physician, 18

Prescription drug, 10
Prescription drug abuse, 831
Primaquine, 637–639

Primidone, 248–249
Prinzmetal angina, 382
Probenecid, 47, 714–715
Procainamide, 368–369
Procarbazine, 615
Prodrug, 52–53
Progesterone, 462–463
Progestin implants, 465
Progestin intrauterine device, 465
Progestin-only pills, 464
Progestogens, 462–463
Prolactin, 431
Propafenone, 370–371
Propionic acid derivatives, 701–702
Propiphenazone, 705–706
Propofol, 269–270
Propoxyphene, 290
Propranolol, 170–173, 371
Proprotein convertase subtilisin kexin type 9 

(PCSK9) inhibitors, 422–423
Proquanil, 642
Prostacyclin, 392
Prostaglandins

actions of, 694–695
definition of, 693
F2α analogs, 696
as local mediators, 694
peptic ulcer disease, 741
PGI2 analogs, 696
synthesis of, 694
therapeutic uses of, 695

Protamine sulfate, 407–408
Protease inhibitors, 593–595
Proteasome inhibitors, 625
Protein synthesis inhibitors

aminoglycosides, 525–527
chloramphenicol, 531–532
clindamycin, 532
fidaxomicin, 530–531
glycylcycline, 524–525
ketolides, 527–530
macrolides, 527–530
oxazolidinones, 533–534
quinupristin/dalfopristin, 532–533
tetracyclines, 521–524

Proton-pump inhibitors (PPIs), 739–741
Proximal convoluted tubule, 331–332
Proximal tubular secretion, 46–47
Prucalopride, 754
Prulifloxacin, 542
Pseudoephedrine, 161
Psoriasis

anthralin, 791
apremilast, 790–791
biologic agents, 793–794
coal tar, 791
drug for, 789
methotrexate, 791–792
retinoids, 792
salicylic acid, 791
topical calcineurin inhibitors, 792
topical corticosteroids, 792
vitamin D analogs, 792–793

Psychomotor stimulants, 299–305
PUFAs. See Polyunsaturated fatty acids
Purine antagonists, 608
Pyrantel pamoate, 654
Pyrazinamide, 554–555
P2Y12 receptor antagonists, 396–397
Pyridostigmine, 126
Pyrimethamine, 642

Q
Quantal dose–response relationships, 66–67
Quinidine, 368–369
Quinidine sulfate, 369

Quinine, 641
Quiniodochlor, 577
Quinupristin, 532–533

R
RAAS. See Renin−angiotensin−aldosterone 

system
Raloxifene, 461, 484, 619
Ramelteon, 208
Ranolazine, 374, 386
Rapid-acting and short-acting insulin, 440
Rasagiline, 187–188
Rate of drug metabolism, 43
Rational dosing

concentration-dependent killing, 494
definition of, 494
postantibiotic effect, 495
time-dependent killing, 495

Rational drug combinations, 315
Receptor states, 58
Recombinant b-type natriuretic peptide, 360
Rectal drug administration, 31
Red alert drugs, 84
5-α Reductase inhibitors, 768–769
Reflex arcs, 107
Remifentanil, 288
Renal elimination of drugs

distal tubular reabsorption, 47
glomerular filtration, 46
proximal tubular secretion, 46–47

Renin–angiotensin–aldosterone system (RAAS)
aldosterone receptor antagonists, 354
angiotensin-converting enzyme inhibitors, 

352–353
angiotensin receptor blockers, 353–354
blood pressure, 311–312

Renin inhibitor, 323
Reserpine, 175–176
Resins, 421–422
Resistant hypertension, 327
Respiratory viral infections

adamantane antivirals, 582
neuraminidase inhibitors, 581–582
ribavirin, 582–583

Resting platelets
chemical mediators, 392
thrombin, thromboxanes, and collagen, 392

Retapamulin, 787
Reteplase, 406–407
Retinoids, 785–786, 792
Revised National Tuberculosis Control Program 

(RNTCP), 557–559
Rheumatoid arthritis drugs, 712
Ribavirin, 582–583, 586–587
Rifabutin, 554
Rifampin, 553–554
Rifapentine, 554
Riluzole, 193
Ritonavir, 596
Rituximab, 667, 711
Rivaroxaban, 405
Rivastigmine, 126, 191
RNTCP. See Revised National Tuberculosis 

Control Program
Roflumilast, 728
Ropinirole, 189–190
Rosacea, 787–788
Rosiglitazone, 448
Rotigotine, 189–190
Roxithromycin, 528–529
Rufinamide, 250

S
Sacubitril/valsartan, 355–356
Safinamide, 187–188
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Salicylic acid, 786, 791
Saline and osmotic laxatives, 752
Sarilumab, 711–712
Satranidazole, 633
Saxagliptin, 449
Schizophrenia, 227
Scopolamine, 137–138
Secnidazole, 633–634
Second-generation antipsychotic drugs, 228
Seizures

classification of, 240
etiology of, 239

Selective estrogen receptor modulators  
(SERMs), 460–462, 484

Selective serotonin reuptake inhibitors  
(SSRIs), 203, 213–217

Selegiline, 187–188
Semisynthetic Penicillins, 506
Senna, 752
SERMs. See Selective estrogen receptor 

modulators
Serotonin, 680–681
Serotonin-dopamine antagonists, 222
Serotonin/norepinephrine reuptake inhibitors 

(SNRIs), 217–218
Serotonin syndrome, 217
Sevoflurane, 266
Sex hormones, 457. See also Androgens; 

Estrogens
Sickle cell disease, 778
Signal amplification, 61
Signal transduction

characteristics of, 60–61
definition of, 57–58
drug–receptor complex, 58
in effector cell, 112
major receptor families, 58–60
receptor states, 58

Sitagliptin, 449
Snakebite

diagnosis management, 815–816
pathophysiology and clinical manifestations

local effects, 812
systemic effects, 812–814

treatment, 816–820
SNRIs. See Serotonin/norepinephrine reuptake 

inhibitors
Sodium–glucose cotransporter 2 inhibitors, 

449–450
Sodium stibogluconate, 648
Sodium thiosulfate, 577
Somatic nervous system, 109
Somatostatin, 430
Somatotropin, 429
Sotalol, 372
Spacers, 729
Spironolactone, 339–340, 477
Spurious drugs, 28
Spurious/falsely labeled/falsified/counterfeit 

(SFFC) medicines, 28
Squalene epoxidase inhibitors, 573–574
SSRIs. See Selective serotonin  

reuptake inhibitors
Stable angina, 381–382
Statins, 85, 416–419
Status epilepticus, 251–252
Steroid hormones, 618–621
Stimulants

hallucinogens, 306
psychomotor, 299–305

Stool softeners, 752
Streptokinase, 407
Streptomycin, 556
Streptozotocin, 615
Subcutaneous mycotic infection  

drugs, 565–573

Subscription, 17–18
Substance P/Neurokinin-1 receptor antagonist, 

745–746
Substandard medicine, 28
Substituted benzamides, 745
Succinylcholine, 142–143
Sucralfate, 742
Sufentanil, 288
Sugammadex, 273
Sulfacetamide sodium, 786
Sulfamethoxazole, 544
Sulfasalazine, 709
Sulfonamide–pyrimethamine, 644
Sulfonamides

adverse reactions, 544
antibacterial spectrum, 543
mechanism of action, 542
pharmacokinetics, 543
resistance, 543

Sulfonylureas, 446
Sumatriptan, 683
Superficial bacterial infections, 786–787
Superscription, 17
Suramin, 646
Surfactants, 732, 752
Suvorexant, 208
Sympathetic innervation, 109
Sympathetic nervous system, 106–107
Sympathetic neurons, 104
Sympathomimetics

amphetamines, 825
cocaine, 824
definition of, 823–824
methylenedioxymethamphetamine, 825
synthetic cathinones, 825–826

Synaptic potentials
combined effects of, 183
excitatory pathways, 182–183
inhibitory pathways, 183

Synergism, 78
Synthetic cannabinoids, 827–828
Synthetic cathinones, 825–826
Synthetic estrogens, 459–460
Synthetic progestins, 463
Systemic amebicides, 635–636
Systemic mycotic infection drugs, 565–573

T
Tacrine, 126
Tafenoquine, 641
Tamoxifen, 461, 618–619
Tapentadol, 291–292
Tasimelteon, 208
Tavaborole, 575
Taxanes, 618
Tazarotene, 790
TCAs. See Tricyclic antidepressants
TDM. See Therapeutic drug monitoring
Telavancin, 515
Telithromycin, 529
Temozolomide, 615–616
Tenecteplase, 406–407
Teniposide, 623
Tension type headache drugs, 686
Terazosin, 168–169
Terbinafine, 573–574
Teriflunomide, 193
Teriparatide, 483–484
Testosterone, 466–468
Tetracycline, 635, 645
Tetracyclines, 521–524
Tetramisole, 654
Therapeutic antagonism, 78
Therapeutic drug monitoring (TDM), 77–78
Therapeutic equivalence, 39

Therapeutic index, 67
Thiabendazole, 654
Thiazide diuretics

adverse effects, 336
in antihypertensives, 316–317, 319
mechanism of action, 334–335
pharmacokinetics, 336
therapeutic uses, 335–336
uses of, 333–334

Thiazolidinediones, 447–448
Thrombolytic drugs, 406–407
Thrombus vs. embolus, 391
Thyroid hormones

hyperthyroidism treatment, 433–435
hypothyroidism treatment, 433
mechanism of action, 433
pharmacokinetics, 433
synthesis and secretion, 432–433

Thyrotoxicosis, 433–435
Tiagabine, 250
Tiazenes, 615–616
Tigecycline, 524–525
Time-dependent killing, 495
Timolol, 173
Tinidazole, 633
Tiotropium, 138
Tocilizumab, 711–712
Tofacitinib, 712
Tolcapone, 188
Tolnaftate, 575
Topical calcineurin inhibitors, 792
Topical corticosteroids, 792
Topical drug administration, 31
Topical preparations, 783
Topiramate, 250
Topoisomerase II inhibitors, 622–623
Topoisomerase I inhibitors, 623
Topotecan, 622–623
Torsemide, 337–338
Total surface area, 35
Toxicology

of anticholinesterase agents, 127–128
definition of, 2

Toxoplasmosis, 648–649
Traditional disease-modifying antirheumatic 

drugs, 708–709
Tramadol, 292
Tranexamic acid, 407
Transdermal drug administration, 31
Transmembrane G protein–coupled receptors, 

59–60
Transmembrane ligand-gated ion channels, 58–59
Trazodone, 208, 218–219
Treatment-induced tumors, 606
Trematodes, 657–658
Treprostinil, 696
Triamterene, 340
Trichomoniasis treatment, 636–637
Tricyclic antidepressants (TCAs), 219–220
Trifluridine, 589–590
Trihexyphenidyl, 138
Trimethoprim, 544–545
Triptans, 683–684
Triptorelin, 620
Tropicamide, 138
Trypanosomiasis, 645–647
Tuberculosis

chemotherapy for, 551–559
multidrug-resistant, 559

Tubular secretion, 47
Tumor susceptibility, 602
Type 1 diabetes, 437–438
Type 2 diabetes, 438
Typical angina pectoris, 381–382
Tyramine, 160
Tyrosine kinase inhibitors, 623–624
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U
Ulifloxacin, 542
Undecylenic acid, 576
Unstable angina, 382
Urinary tract antimicrobials, 547–548
Urinary tract antiseptics, 547–548
Urokinase, 407

V
Valdecoxib, 706
Valproic acid, 250–251
Vancomycin, 515
Varenicline, 302
Vasodilators, 326, 357–358
Vasopressin, 432
Venlafaxine, 217
Venodilators, 357–358

Verapamil, 385
Vigabatrin, 251
Vilazodone, 219
Vinblastine, 616–617
Vinca alkaloids, 616–617
Vincristine, 616–617
Vitamin D analogs, 792–793
Vitamin D supplements, 485
Vitamin K1 (phytonadione), 408
Vitamin K antagonists, 403–404
Volume of distribution, 41–42
Voriconazole, 570
Vortioxetine, 219

W
Warfarin, 67, 83, 403–404
Women’s health, epilepsy and, 252

Y
Yohimbine, 169
Young’s formula, 72

Z
Zaleplon, 207
Z-drugs, 206
Zero-order kinetics, 43
Zidovudine, 591
Zinc supplementation, 748
Zolmitriptan, 684
Zolpidem, 207
Zonisamide, 251
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