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Preface

Thi .. 1:0* is ....nth:" primarily for m...dical studc nt-, oo t it shou ld al-e be

usefulto ' Iuu..'nl" and sci enn..", in Olh.:r d i 'oCirli~.. '" ho wou ld like an
ele me ntal)' and concise imroducnon [0 phannacology.

In thi .. hook the ICAI ha.. bee n reduced to a minimum fOf understand­

ing the.- figu re... Ncvertbcte..... I haw a 1w m r 't.",j in eac h chapter IU

e xpla m ho .... the dru gs produce tbeir e ffec,,,, and 10outline their use...

In rhi.. founh edition all [hi:" chapl('r. have teen updated. A recent

EEC directive requires the U '\C of Recommende d Inte rn ation al Non ­

proprietary Names Irl~N) for d rug... For m.'" drug... the Briti sh

Proprietary Name (BAN) and the rlNN arc lilt" same. bUI where the y

differ, l havc used the new rINN . This will ..ave sluuents having to learn

new names for drugs a yea r or ,Il into the ir coursv bUI may result in

accusations o f had s[1<;."lIing until the new names become gl'llt'r<llly
familiur.Thc o:h; rl1gcs of noradrenaline to uorepincpltrmc, und adrenaline

'0epmcphnnc. arc likely to he particukuly conn-nnouv. Nevcrth... lcsv,

the new names nrc used . except in thc early chapters. whcrc 1hav e g jvcu

hUlh the rl~N and BAN.

How to use thisbook
Each o r ttc cha pte rs (l isled 011 page 5 1rcprc scmv a part icul ar topic. cor­
rt:'Sp:,nd ing roughly to a 6O-minulc lecture. fkginners in pharm acolog y

shou ld slart al Ch apter I and liN read thro ugh the te xt on the left-hand

pages 1\00 hich {lCCa,ionall) coeunue.... tulhc facinjl:right -hand page an.,,\ c

the rub! Iinel of several chaprcrv using the ngurc-, (Mil) as a guide.

Onc e the general ooume hav bee n graspcd. it is prohal>l~ better 10
conccmn... te UlIlhcfi~lIrr·.1 nile <II a umc. Some arc qeuc complicated and

C;III certainly Ill>! be: taken in ' at a glance". Each , ho uld be: sludi..-d care­

fully and worl..ed through toge the r \00 ith Ihc Icgends trigh t-hand pagesl.
Bcc au ..... man ) d rugs uppeur in more than one cnaprcr. c(Mlsi<krahk

crn...v.referencing ha ... been provide..... As pro gress is made through the
n.,1(,k. usc of this cro-v-rcfcrcnl' ing will provide vuluublc reiuforcerucnt

and a gre ate r undcrvtanding o f dru g action, Once the infomuuion has
bee n under-rood . the ligu res vhuuld suhcequcmly require lill ie' more

than a brief look to refresh the mem ory,

The ligures are highly diagr.nunuuic and not to scale.

Further reading
}lriti,lh National Fornndorv. Brili,h Medical As sociation and '111C

Royal Pharmaceutical Society of (jre.u Britain . London (aNl ut XOO

prj. Th e (JI'F is upd ated twice a year.

Rang, I I.P.. Dale. M..' !. &. Riner. J .M. ( I'J')') I Ph<lrm,wology. 41h ron.
Ch urchill Livingvronc. Ed inb urg h (X,'ll prj.

Ritte r. V II.. Le wis . L. D . s: \Ian l. G X . ( 199'J l A Tr .l/hoot ofCUI/in ti
Pharma cology; 4th edn . Arnold, LondlMl (b!l7 pp).
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1 Introduction: principles of drug action
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Medical pharmacology is th.- science of chemicals (d rug,) that interact

with the human bod y. These inte rac tions nrc divided into IWo l"lasses:

• pharmncod ynamlcs. lilt"CHtds of the drug on the body, and
• pharmacokineticsthc way the body affects the drug with rime (i.e .

absorption. distribution , mctaholivm and c xcrcriuu).
The most common ways in which a drug can produce its effec ts arc

shown in the figure. A few drugs tc.g. general anaesthetics, osmotic
diuretics) act by virtue of their physicochemical properties and this is
called nOIl.spedlic drug action. Some drugs .ICI ,I', false substrates or
inhibitors for certain tra nsport sys tems (bottom right) or en zymes
tbcnom left ). However, most drugs produce their effects by acti ng Oil

specific protein molecules. usually located in the cel l membrane. These
proteins arc called receptors ( ~§h and they normally respond to
endogenous chemicals in the body. Thes e chemicals are ei ther synaptic
lransmiller su bsta nces (top len, +)or hormones (top right , . ). For

example. acetylcholine is a transmitter substance released from motor

nerve endings and it activuu-s receptors in skd elal muscle. initialing a
sequence o f event s that result s in contraction 01 the muscl e. Chemicals
re.g. acetylcholine) or drugs that acnvute receptors ami produce a
response arc called lI~(lni sts. Some drugs. call ed antagonists (9),

combine with reccprorx. but do not activate them. Antagonists reduce
the probabil ity of the trans mitter substance (or another agonist ) com­
binin g with the receptor and so reduc e or block its action .

The activat ion of receptors by an agonist or hormone is coupled rothe
physiological or biochemical rcvponscs by transduction mechani sms
(lower tigu re) that uftcn (but not always) involve molecules called 'sec­

und IUCSs('lIl!:t'rs -(_ ).
The interaction between a drug and the binding site of the receptor

depends on the compleme ntarity of "tit" of the tWO molecules. TIle
closer the lit and the greater the number ofbonds (usually non -covalcnu.

the stronger will he the attractive forces between them , and the higher

the affinit )' of the drug fur the receptor. The ability of a drug 10combine



with one part icular type of recep tor is called ~p("d fid t y. No drug is tru ly

specific but many have a relat ively sdedh l' action on one type of

rece ptor.

Receptors
These arc protein molecules thm arc norm ally activated hy rmnsminers
or hormones. Many receptors have now been cloned and their am ino

acid sequences determined . The four main types of receptor arc listed
below .

I Agonis t (Iigandj-gatcd channels are made up of prote in subunits that

form a central pore re.g. nicotinic receptor, Chapter 6: j -uminotiu ty ric

acid (GA BA) receptor, Chapter 24 ~.

2 Gcpnuein coupled receptors (sec below) Iorm a family of receptors

with seven membrane-spanning hel ices. Th ey arc linked (usually) 10

phys iologica l responses by second messengers.

3 Nuclear receptors for s teroid hormones (Chapll'r 34 ) and thy roid
hormones (Chapter 35) are present in the eel! nucleus and regulate

transcri ption and rhus protein xynthcs!s.

4 Kinase-l inked recept or s arc surface receptor s that posscss (us ually)
intrinsic tyrosine kinase activity. They include receptors for insulin,

cyto kincx and growth fac tors (Chapter 36) .

Truns m tner su hstunces arc chemicals released from nerve ter­
minals whic h diffuse across the synaptic cleft and hind to th.. re­

ceptors. This activates the receptors by changing their conformation ,

and triggers a sequence of postsynaptic events resulting in, for exa mple,
muscle contraction or glandular secretion. Following its release, the

transmitter is inactivated (left of tigurc ) by either enzymic degradation

re.g . acety lcholine) or reuptake te.g. norepinephrine [noradrenaline).

GAB A). Many drugs act by either reducing or enhancing synaptic

transmission.

Hormones ure chemicnls released into the bloods tream; they pro­
ducc their physiological effects on tissues possessing th.. necessary

specific hormone rece ptors . Drugs may interact with the endocrine
sys tem by inhibiting te .g. antithyroid drugs, Chapter 35) or increasing

(e.g. oral antidiabetic agent" Chapter 36) hormo ne release. Other drugs
interact with hormone receptors that m(IY he activated (c.g. steroidal

anti-inflanunatory drugs, Chapter ~3) or blocked te.g. oestrogen untug ­
onixts. Chapter 34) , Local honunucs (autacoids j such :;s hixtamiuc.

serotonin (5-hydroxytryptam ine, 5HT), kinins and prostagland ins ur..

released in pathological processes. The effects of histamine can
sometimes he blocked with antihistamines (Chaptcr 11), and drugs that

block prostaglandin synttws is (e.g . aspirin) arc wid ely used as anti ­
intlnmmarnry agents (Chap ter 32 ),

Transport systems
The lipid cell membrane provides a barrier against the transport of

hydrophilic molecules iruoor out of the cell.
Ion cha n nels arc selective pores in the membrane that allow the

ready transfer of ions down the ir electrochemical gradient. The open­
closed state of these channels is controlled either b) the membrane
potential rvohage-gared channels }or by transmitter substances (lipnnd­

gated channels). Some chnrmc!s (e. g, Ca1+ channe ls in the heart) arc
both voltage and transmitter gated. Voltage-gated channels for s\l(!ium ,

potassium and ca lcium have the slime b;tsic st ruc ture (Chupter 5 ) and
,uhtypes exist for lo'ach differlo'n t chunnlo'!. Impn rtant exa mples of d rug,

that act un voltage-gatl:'d l'hannels i1rl:' mlciulIl d lw md Mod.e n
(Chapter 10) thm hluc k L-typc calcium channels in vascu lar smouth
musde and the heart , and {0('<11 ill/<lC.I'liletin (Chapter 5) that bloek

~odium channels in nerves, Some ul1Iinll1l"1f{.\(I/II.I' {Chapter 2:'i) and

Drugs a re prescri bed to produce a therapeutic effect but they o ften

produce additionalu nwun ted l' fTl' t'lS (Chapter 45) that range from the

trivia l te.g . slig ht nausea) tn the fata l (e.g. apl as tic anaemia I.

some antiarrhythmic drugs (Chanter 17) also block Nat channels . No
clinically usefu l drug ucts primarily on voltage-gated K+ cha nnels hut

oral antidiabetic drugs act on a differen t type of K+ chan nel that is

regulat ed by intrace llular adenosine triphos phate (AT P; Ch apter 3fi),

Active t ran sport processes are used to transfer subs tances aga ins t

their concenuuuon gradients. They utilize special carrier molecules in
the mem brane and require met abolic energy . Two ex amples arc listed

below.

I Sodium ill/till'. This expe ls Na" ions from inside the cell by a mocha­
nism tlun derives energy from AT P and invo lves the enzyme adenosine
triphospha tase (A'TPase) . The carrier is link ed to the trans fer of K+ ions

into the cell. T he mrdi<i{, Mly{,V!Jidt's (Chapter 18) act by inhibi ting the
N a~/K+-ATPase. Na" and/or Clr tranxport processes in the kidney arc

inhibited by somedillrdics (Chapter 14).

2 Nvrl'pilll'phri/w transport, The Iricydic ({l1Iidcpl""SM/II1.\" (Cha pter

2li) prolong the action of'norepinephrine by hloc king its n-uptake into
l'.. nrru! nerve terminals.

Enzymes
These are catalytic protein, that increase the rail' of chemical reactions

in the body. Drugs that act by inhibiting enzy mes inc lude: anti­
dlOlilll'.HI'I"U.I'I'.I·, which enhance the acti on of ace tylcholine (Chapters 6

and8): rur/mnic anhvdrase inhibitnrs. which urc diu retics tt .c. increase
ur ine flo w, Ch ap ter 14 ); monoamine osidasc inhib itors, which are

anti depressants (Chapte r 28 ); and inhibitors of Cyd()-(IXYf:I'/l(/.\1' (c.g ,

aspirin, Chapter 32),

Second messengers
T hese are chemicals who se intracellular concen tra tion incre ases or,

more rarely. dec reases in response to receptor activation by agon isls ,
and whic h triggl:'r proc esses that e ventu ally result in a cell ular resp onse.

The most stud ied second messengers arc; Ca2+ ions, cyclic adeno s ine

monophospha te {l'A MP ), inositol-l,4.5-trbphosphate (InsP, ) and dia­

cylglycerol (OC;),

cA MP is formed from AT!' by the enzyme udenylyl cyclase when.

for example. f3 -adrenoce(lton. are stimulated . The cA MP activates an
enzy me (protein kinase AI , which phosphoryla te, a protein (enzyme ur

ion channel I and leads to a physiological effect.
InsP, and DG are formed fro m membrane phos ph atidylinositol­

4,S ·bisphosphate by activation o r a phospholipase C. Both messen­

ge rs can. like cA MP, activate kmascs. but Ins!' , docs this indirectly
by mobiliz ing intra cellular calcium stores. Some muscarin ic effects
of acetylcholine and u l-adrenergic effects invo lve this mechanism

(Chapte r 7).

( i -prot eins
The stimulation of adcnylyl cyclase and phosphokinase C following

receptor activation is mediated by a family of regul atory guanosine
triphosphate (GT PI-binding proteins (G-proleins), The reccptnr~agon ist

co mplex induces a ( onfonnat ional change in the G- pro tein, causing its
u ,sllbunit to bind GT P. u -GTP dissociates from the G-protein :md

al'tivates (or inhibits) the enzyme. The sigml l to the e lll.yme ends
because u -GTP has intrinsit· UTPase act ivity and turns itself off by

hydrolysing the GTP to guanosine diphnsp ll<lte (GOP). a-G OP thcn

rcassl")(,;iates with the pyG -pf\ltcin subunit~,



2 Drug-receptor interactions
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The tisvues in the body hav e only <J few basic resp onses when exposed

10 agonists (e .g. muscle com racnon. g landular secretion] and the quan­

titat ive reknionship between th ... sc phy siological responses and the

concentration of the agonis l can he measured by using hi n;l'sa ys. The

first part of the drug-receptor interaction. i.c. the binding of drug to

receptor. can be studied in isolation usin g bin d in!/: lISS l ' .\S.

It has been found hy experiment that. for many tissues and ugonists.
when the response is plotted ag,li n't the con centration of the drug, a
curve is produced rluu is often hyperbolic (cunre ntrauon-respon se
curve. top left) . In practice. it is etten more conven ient to plot the
response against the loga rithm of the agonist concc nuunon (Iu!: CUIl ­

centra tton - res pon-e curv e. middle top) . Assuming the interaction

between the dru g (A ) andthe receptor (R) (lower figure >obeys the law
of mass action. then the concentration of dru g-receptor co mplex (AR>

is given by:

[IIR] '" [Ro ] [AI
K n + [ A]

where Ro '" total conce ntr ation of receptors, A = agonist concentration.

KI)'" dissociation concam. aml AR '" concentration oroccupteo receptors.

IU

' B -~
Int rinsic

efficacy
(KAR== affinity of AR
co mplex fo r t ran sducer)

As this i, the equation for a hyperbola. the shape of the dos e­

response curve is explained if the response is directl y proportional to
[ARI , Unfortunately, this simple theory docs not explain another experi­

mental tinding-csome agonists , called pa r tia l agunisl s, cannot elic it

the same maximum response ,IS full a!lunists e ven if they have the sume

affinity for the receptor (top len and middle, - - - ). Thuv, in addition to
having affinity for the receptor. an agonist has another chemical prop­

erty. cal led intri ns ic dlkm'~' . which is its ability to elici t a response

whe n it hinds ro a receptor (lower Ilgurej.
A cnmpefiuv e a nla!:uuisl has no intrinsic ctficary and. by occ upy ing

a proportion of the receptors, elfecuvely dilutes the rcccptor con cemra­

lion. This causes a parallel shift of the log conccntrauon-rexponse curve
tn the right {top right• • ) butthe maximum response is not depressed .

In contrast. irreversible a n lagun ist s depress the maximum response
(top right. .). However. at low concentrations. a parallel shift of the log
concentrat ion-response curve may occur without a reduction in the

maximum response (top right. 0 ), Because an irreversible antagonist
in effect removes receptors from the system , it is clear that not all the

receptors nee d 10 be occupied to elicit the maximum response ti.e. there

is a receptor reserve).



Intermolecular forces
Drug molecules in the cnvirunmcm of receptors are attracted initially

by relatively long -range electrostutic forces. Then" if the molecule is
suitably shaped to tit closely to thc binding site ofthe receptor" hydro­

gen bonds and van der Waals forces briefly hind the drug to the rccep­
tor . Irreversible antagonists bind 10 receptors with strong covalent

bonds.

Affinity
This is a measure of how avidly a drug hinds to its receptor. It is d1,1T­
ac terized by the equilibrium dissociat ion constem (K u) . which is the

ratio of rate constants for the reve rse (k_l) and forward (k+ 11 reaction

between the drug "lid the receptor. 111C reciprocal of KIl is called the
affinity constant (K A ) and (in the abse nce of receptor rese rve. see
below] is the conccmranon of drug uuu produces .'i()%of the maximum

response .

Antagonists
Most antagonists are drugs that hind tn receptors btu do not uctivutc

Them . They may be competitive or irreversible. Other types of untag­

onist are less common,

Cnmpetifive anlaAunisl s hind rcvcrvihly with receptors und the

tissue response can he re turned 10 normal by inc reasing the dose of
agonist. because this increases the probability of agonist-receptor
coll isions at the expense of untugcnist-cecepror collisions. 111<;: ability

of higher doses of agonist to overcome the effects of the antagonist

results in a par alle l sh ift of the dose -response curve to the right and is

the hallmark of competitive antagonism.
Irrewrsihl t' anta~unis l s have an effect thai cannot he reversed by

increasing the concentration of agonist. The only important example

isphenoxyhf'lI:a/llillf' thm hinds covalently with u -adrenoceptors. The
resulting unsurmountable block is valuable in the management of

phaeochromocytoma, a tumour that release s large amounts ofepinephrine.
Oth er- types of antag nnls m. Non-compeuuve aut agonl..ts do not

bind to the receptor site hut act downstream to prevent the response [0

,111 agonist. e.g. calcium-channel blockers (Chapter 15).

C he mical a nta gonists simply bind to the activ e drug and inactivate
it. e.g. prolamine abolishes the an ticoagulant effect of heparin (Chapter
19).

l>h ) sioluAical anlaAlInisl.s arc two agents with opposi te effects that

tend to cancel one another out, e.g. prostacyclin and rhromboxune-A ,

on platelet aggregation (Chapter 19).

Receptor reserve
In some tissues (c.g, smooth muscle). irreversible antagonists initially

shift the log dose-response curve 10 the right without reducing the max ­
imum response, indicating that the max imum response can beobtained

without the agonist occupying all the receptors. The excess receptors
arc sometimes called ' ,Iflllre ' receptors. hut this is a misleading tcrrn
because they are of functional , ignificance. They increase both the

sensit ivity and speed of a system because the concentration of drug-

receptor co mplex (and hence the response) depend , on the prod uct of

the agonist concentration and the totat receptor conccmrunon.

Partial agonist
This is an agonist that cannot el icit the same maximu m response as a

'full' agonist. The reasons for this art' unknown. One suggestion is that

agonism depend, on the affinity of the drug -receptor complex for
a transdnrrr motocutc (lower figure). Thus, ,I full ago nist produces a

complex with high uffinuy for the transducer (e .g. the coupling G­
proteins. Chapter II, while a partial agonist-receptor complex has a

lower affin ity for the transdu cer and so cannot el icit the full response.

When acting alone at receptors. part ial agonislS stimulate a physio­

logic al response. but they can antagonize the effects of a full agonist.
This is because some of the rece ptors previously occupied by the full
agonist become occupied by the partial agonist that has a smaller effect

te.g. some ~-adrenoceptor antagonists. Chapters 15 and 16).

Intrinsic efficacy
This is the ab ility of an ugomstto alter the conformation of a receptor in

such a way thai it elici ts a response in the system. II is defined as the
affinity of the agonist-receptor co mplex for a transducer .

Parfial a~unisl s and receptor reserve. A drug that is a partial ago­

nist in a tissue wi th no receptor reserve may be a fu ll agonist in a tissue
poxscsxing m:II1Y ' spare ' receptors. becau se its poor efficacy can he

offset hy activating a large r number of receptor.... thanthat requ ired hy

a full agonist.

Bioassay
Bioassays involve the usc of a hio logicaltis...ue to relate drug concen­

uution 10 a physiological response. Usually isolated tissues are used

because it is then easier to control the drug concentra tion around the

tissue and reflex responses arc abo lished, However. bioavxays some­

times involve whole animals. and the same principles are used in
clinicaltrials. Hioavsuys can f-c used to estimate:

• the concentration of a d rug (largely superseded by chemical

methods]:

• its binding consranrs: or
• its potency relative 10 another drug.
Measurem emof the relative potencies of a series of agonislS on diffe r­

ent tissues has been one of the main ways used to classify receptors, e.g.

adrenoceptors (Chapter 7).

Binding assays
Binding assays are simple und very adaptable. Memh rane fragments

from homogenized tissues are incubated with radiolabelled drug (usually
·'H ) and then recovered by filtration. After co rrection for non-specific

bindi ng. the ' Ii- drug bound to the receptors can be determined and esti ­
mations made of KA and 8 m» (number of binding Sill'S), Bindin g assavs

arc widely used to study drug receptors but have the disadvantage that
no functional response is measured, and often the radiolabclled drug

does not hind to a single class ofreceptor.

"



3 Drug absorption , distribution and excretion

IMost drugs I
.I Firnt order

TIme (t)

IFew druge; I
~O~d". //.
~

s, "' Co.- K'l t

r.c-,.-,---

Lipid-so lubl,,-, drugs enter

ce lls (e.g. ethanol)

Highly ionized drugs are cc nftned

t o t he extracel lular f luid

(e.g. t ubocura rine)

Drugs t hat are highly pro-tein ­

bound or high molecular wel<'j ht­

(hepa r in) are retain,,-,d

In circula t-ion

,1,1

",,'
",-

"",-

: / Rena l
::: glomerulus
''', I,- . <S

Intra­
cellu lar

water

Int en;titial

water
B+ H+= BH'

Volume of di"tribution VD

.>
M @)

B V~ ~
Q'~rrDU;in.

B Bw •
>l:,. '-.. bound

BH' drug
Vascular_, __~,-, •

compar:t:,"e'nt ",0
., _ .v \

Much unionlud ( MOH. lom'z,.,d

dm,:! ~e"b5or1Jui d~ug

excreud

Urine

I Distriuution I I EKCct n I

I

I
I
I

I
Flro;t~pa% I
ml'Ul bo/i!>.'11 1

""-pH 8

W ...I3= BH'
- 1 :10

Biliary dun/

I Ab!!lorptlon

Rcutee of ad ministration

,',

--~:: :}..... Oral - most common

Stomach

Bucca l cavit y

I
I

I
I

5u l>IIn0Ual-ieiflB I
For e~ample a ~.from bucca t c.wity
weak base (B) ,:;'- aVDid liver I

P' .(j)" 7 ---;- " Intravenol'& inje-<::t;ion ~"
'" - ' ' , _ a void "' "t>,;orpt ion

" i:'a rrl~~ : r\
" ••",~,,~,

90%
molecule,;;
un lon iz",d -

Factors affecting
dr'IJfj absorption

Formulat ion

Stability t o acid and
enzym es

Motility of gut

Food in stomach

Degree of f irst -pass
met abolism

Lipid 50lLJ bility I
I

Dl':perlds a lot on
t he pK of d rug and
pH of envlrcnm ent. .

Unionized d rug is

much more lipid

so luble't han

ionized drug

The relat ive

proporttone a re givN1
by (for a weak base):

BWlog -- = pKa- pH
B

Most dru gs ar t." gi ven orally and they must pass through the gut wall 10

enter the bloodstream (left of figure. c::» .This absorptlun pHKCSS is
affected hy man y factors (left) but is usually proportional to the lipid

solu bilily of the drug. Thus. the ahxorpuon of unionized mole cules (B)

is favoured becuuse they are far mor e lipid so luhle than those that arc
ionized (BH ' ) <II1U surrounded by a ' shell" of water molecules. Drugs
art' absorbed mainl y fro m the vmal I intestine because of its larg e surface

urea. Thi s is true eve n for weak acids (e.g. aspir in), wh ich are non -ionized
in the acid (Hel ) of the stoma ch. Drugs absorbed from the gastrointes­

tinal tract ente rt he portal circ ulation (left. [] )and some are ex tensively

me tabolized as they pass through the liver (first-pas s mcrabolix m].

Drugs that arc sufficient ly lip id so luble to he readi ly ubsorted orally
arc rapidly dis tributed throughout the tlI.....ly wate r compartm ents (0 l .
Man y dru gs are loose-ly hound to plasma albumin , and an equilibrium
forms betwee n rhe hou nd (pH) and free {H ) drug in the plasma. Drug

thaI is hound to plasma proteins is co mined to the vasc ular syst em and
is not uble In e xert its pharmacological act ions.

If a dru g is given by huracenous Injectlon , it ent ers the blood and is

rapidly dist ributed to rhe li .~suc s , By lak ing repealetlohloll samples.the

fall in plasma co ncentration of the dru g with time [i.e . the rate of dru g
el imination) ca n be measured (r ight. top graph). Often the conccntra­
non falls rapidly at first . hut the n the rate of declin e prog ressive ly

decreases. Such a curve is called cx pon onuat . and this means that. at

any given lime . a con st ant traction of the dru g present is eliminated in
unit time , M:II1Ydru gs sho w an exponentia l fall in plasma concentration

becau se the rates at which the drug elimination proc esses work are
themselves usuall y proportional to the concemnuion of drug in the
plasma. The followi ng processes are involved.

I Elimination in the urine by glomerular liltralion (r ight. E.l) .
1 Metabolism. usually by the live r.

-' Uptake by the live r and suhsequcm elimination in the bile (solid line
from liver ).

A proc ess thaI depends on the concentration at any give n time is
called first order andmost drugs e xhibit first-ord er elim ination kine t­

ics. If any enzyme system responsible for drug metabolism becomes

satur a ted . then the e lim ination kinetics chang e 10 zer u enter. i.c. the
rate of clirninanon proceeds at a constant rate and is unaffected by an

Increasedconcenrranon or thedrug te.g. ethanm. phenytoin).
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Roules of administration
Dru gs can be administered orally (If parenterally (i. e. by a nOI1­

guvtrnmtestina l route I.

Oral. Mosl dru~s are absorbed by Ihis route and because of its conve­

nicncc it is tilt- 1110s1 widely used. Ho weve r. some drugs (e.g. ben­

zylpenicilJin , insulin) are destroyed h)' the acid or enzy me, in the gUI

and must hegiven parenterally .

In lr a \t'nlIUs inj t't'l ion , The drug directly enters into the ci rculation

and h)'pa.ss<:' Ihe ahSllrpi ioo N ITkrs . 11is used ;

• whe re a rapid eucct i, required te .g. furosem ide in pulmonary
oedema};

for con unuouc edminivtration (infusion):

• fo r large \'Olul11':s: ant!
• fo r drug' Ihal cause I. ,..al lissuc damage if give n l>y other routes te .g.

C)101m.ic drugs ),

Intramuscula r a nd subcutaneous injrtl iu ns . Drugs in a<J ueou s

solution are usua lly ah<.l>rllcd fairly rapid ly, but absorpt ion can be
slowed by giv ing the drug in the form of an esrcr te .g. neuroleptic depot

prcparationv. Chapter 27) .

O ther rou lt'S include inhalation (e .g. vola tile anaes thetics. MHllt:

drugs u.....-d in as lhma) and t"";("(I/ re. g. ointmentv). Suh/ingUilf and rec­

tul admi ni, tr.ltillll avoids the portal circulation. and sublingual prepara­

tions in particular are va juablc in admi ni'lering dru gs subject to a high

degree o f lirs l.pass melaholism.

Distribution and excretion
Dislribution annmd me bod y occurs w hen the dru g reaches the circuta­

lion . II mu stthen penetrate li"ues to act.

'. il l ha lf· life ) is the lime taken for the conce r nralion of dru g in blood
10 fall by half ih original value (righl. lop graph). Measu rem ent of 'va
allo ws the calc ulation of the elimination rate I"lJllSlal/t (Kd ) from the

formula:

nes
K , ­" ,
K

el
is Ihe fr;lclioll of dru g prescnl al any limc thai would be e1iminaled

in unil lime (I' .g , Kol '" 0.02 miml l~ 1 means that 2% oftht: drug presell1

is eliminall'd in I minule).
The exp0[l em illl curve of phl\ma C01KCl1l ralion (Cp) agaiml lime (I)

is d~scrilx'd by:

Cp"'Cue-Kcl '

\lo here CII'" thc initial appart'11l plasma conce nlra lion. By takin g loga­

rithm s, lhe expo.l1 1{'lllialt·urve l;:an he Imnsfunnt:d inlo a mo n: conve ­

nien t st ra i~ht line (right. hollnm gra ph) from whkh Co and 'w can

read ily be delemlint:d.

Volume nfdi'l rihUlio n ( VIII. Th is i\the apparenl volume imowhich

lhe dru g is distribuk-d. Following an int r.lvenous injec tion:

\
' _ dO'<
D -

C,

A v31ue of 1'0 <5 L imp lic!> Ihallhe drug is n:laincd within the vasc ular

compnrtmcm.A value < 15 L suggcsts rharrhc drug is restricted 10 the

cxuu ccllular Iluid . while large vo lumes of dis tribution H' D> 15 L)

indicate dist ributiunthrnughoutthc totalbody watcr or conccmrauon in

certain tivsucs . TIIC vo lume of dis tribution can be used 10calculate the

clea rance of lhe d rug,

Ul earu nce is an importum conce pt in pharmac okine tics. It is the vel­

ume (If hlnod III' plasma cleared of drug in uni t time. Plasma clea rance

(C/
p

) is given bvthc retanonship:

Cl
p

= \/nKel

The rare o f elunination '" Cl p x Cpo C learance is the sum uf ind ividual

c jearaace values. Thu s, C/p '" CI". trnetabohc clearance] +Cit crena!
excreuom. Clearance. bUI nol 11r.' provides an indication of lhe ability
of the liver and kidney 10 di spose of drugs.

Uru~ dll.,a~t' , C1o:arJ.n(,:e va lue!> can he used 10 plan dosage Iegimens.
Ideally, in drug treatment. a steadY'S1ale plasma coocemrarion (C~) is
required within a kno wn therape utic range- A steady sietc Wi ll he
a..-h ieved ...'hen the rate of drug entering ee systemic circulation
(do!>age rate ] t:l{uals the nile o f elimi nation. Thus. the dos ing rate '" CI
xC . This equ ation cou ld he applied 10 an in travenou s infu!>ion
hec~-.c lhe entire do-c eruervthe circulano n at a known rate. For oral
admi nistra lion. lhe ~ualiOll becomes:

F x dosc",-'c:"-",,=-:::; '" CI x C; average
dosing interval p p

where F '" m/l(/,."i/I./hilit.\· of the drug. The ' Ir. value of a drug is usc '
ful in choosing a do..ing in terv a l that dues nOI produ ce eJlce"ivdy

high peuks Ho xie leve ls) and low troughs (ineffective leve ls) in drug

concemrunon.

mmn ailab i l il~ is a term used 10 describe lhe proportion of udminis­

tered dru g reaching the sys temic circ ulation. Biouvaila bility is 101»
follow ing an intravenous injection fF = I ), but drugs are usually g iven

orally and lhe proportion of the do se reaching the sys temic circulation

var ies with different drugs and also from patientto pat ient. Drugs sub­
jcct to a high degre e of first-pas s metabolism may he almost inactiv e

orally tc.g. glyccryltrinitratc, lidocainc ).

Excretion
Kenai exrrt'l iu ll is ullimately rc~pon,iblc for the e liminalion of mo'l
dru gs. Drugs <lpIX'ar in thc glomcrular fillrate , hut if lhey are lipid solu­

l>le tlK'y art' re,ld ily rcal>sorocd in lhe renallubulcs by passive diffusion.

I\-kWholi sm of a dru g Illh'n n'suhs in :l less Iipid·soluhle compound.
aidin g ren ,ll cJluelinn (Sl'l' Chapler 4),

The iOll izalion of weak ,Icid, and bascs d<:pends on lht: pH of lhe

lul>ular lluid . Manipulatioo of thc urin e pH is some tinl<:s useful in
intTeasin g rena l excrelion. For example. biearoonale adminislr.lt ion

m,lkes the uritKO allaline : Ihis ionil-CS aspirin. making il les" lipid solu·

ble and increasing its rolle of exc relion.
Weak acid \ and wcak h,lses an: ac live ly "'-"l::n:ted in Ihe pro Jlimal

lObule , Peoicill ins :lre e liminaled by this route.

Uiliar~ exrreti u n . Some drugs (e.g. dielh )'lst ilbestrol ) are concen­
trJ.lo:d in lho: hile and excreled into the intestine when: lhe y may be n:ah-­

sortx-d. This clllerohepal ic circulalion increases the pcT"iSlencc of a

drug in the hudy.
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4 Drug metabolism

Productll'
(hyd rophilic )

W cee r-et.a
e-a. w",,-ran.,

Increase m<':tal1ob!lm

of other druqe. e~.
wariarin

oral con traetpt.ive9

..
Some druge incre.a5e enl)"T'o(l

&yr'Ith~ (e~. t>a rt>itura~)

Enzym ll indu~on 1-

IF,,"et pa!>!!> metatooll&m I All orally..,.... n,~Uro':d dl'Ulll~ paM th~h

L ~M liverto the ¥kmIC circulauon. Some ..,.." "0 completely rnn.tIl>oliu:<l they .. ,.."

,nac~we ora!1y - (e4, lidocaine. flyceryl ~nnft..-au)

Some people have ..
, ~ A few dnJge inhilrit t'nzymc& tI~enzyme ..

(e.g, 6Iow acet-ylaton;) . " e.g. cimctidint:. etha l'\Ol•• .
• . .. Liver• • .. .• • . PHASE) • PHAS E II, .

ID~'
+

Met.a l:>ol i~ Conjugate, •
(l ipOphiliC) J ,

Conj ugate,,
R R (formed with, , ,, ,

© ©, , • endogenou'5, -, • rea ct.a nt.], , , OH ,
, , ,

TYl'f.5 Of CONJUGMIO"I, , , RNHCH;, _ RNH
,, , glucuronide, ,

< ,
0 ,

RCH:2NHZ - 'RCHO ,
=<yl

~ ,
• gluUthione
2 RCR RCI-'R' , glyc;ine~ II I-c ' ' - ,,

eulphate-- 0 OH-' - , m_
' PJOR - Rp;lOH + Rpl ,--. ,.--- RCONI-' R, - RCOOH • R,NH2 :- ...... ·

, ,

C)'tOChrome

P-450·deperu:lent
ox:idation

AJWI<,<1Inr H'I'tlIWXYlATJON

pht'not>aroital

propranolol
phenytoin ,
s mfetami l'lt

warfarin

OXI DATlYE
N· DEAl"YLAl ION

morphine

f' ·450-INDEPENDlcNT
OXID",nQN

amineoxida5C

adrenaline

(epinephrine)

Red uct..io n

m~one

"""""""
Hydrolyeie

procaine

Be-pirin

lidocaine

Drug me raboliem h;ls 1\\.0 important eHl'l'h ,

I The . Irug is made mort: h.\"drullhilie- Ihis ha"It'n s its exc rcuon h)' 111l"

kidneys (r ig hI, .Jbec aus e the It's" lipid-soluble metabolite is 111'1
readi ly rCllhsnrlxd in the renaltubules.
2 The mel llhn lilcs arc usually Ies' active than the parent drug. 1I11 .... ­
ever. lhi, i, nOI always so, aml Sl,rnclimes Ihe ructubolites arc a, ucuvc

as (or more acnve than ) the tlr igin;11 dru g. For ex ample . diazepam
101 drug used 10 lreal anxiety ) is mt:laholi/ed 10 nordiazepam ;ukl

OX;lZI·p<lm. ht>lh of which are active. I ·rnd ru~.. arc inac tive umilthcy

arc mt:lahtlliled in the bod y 10 the ucnvc drug. For example. Ievodopa.
an allliparlin,<{lfIian dru g IChapler ~tll, i.. mcaabofizcd to dopamine.
....hik the h) poten..ive dru g mt.'lhyld npa (Clt;lpler 151is metabolized 10

U · m"'lh) InorepifK'phri 11<'.

The li\ er is the main organ uf drug mt,:laholi..m and is involved in IW"

I!l·no.'ral I) pt.... of reat: lion .

l·h a .... 1 rt'OI I"liIJIIS
Thc-,e involve Ihe t>iOl r:m~ftlnn;lIillll ..f a drug 10 a more po lar mctab o­

Iile \It'ft Ilf ligurel tJy intrt>dul-ing or unnu,Ling a funclional gfilu p (e.g.

--011.- Nil! , - Sil l.
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lhi<laliuns arc the mo..I common rcacnons andthese art' cataly ..cd
hy .1II important cia.... of 1"111-)'1111" calledthe mixed function oxida..e ..

(l'ytut.:h ru llU' 1'-45U..). n il" subst rate specificity o f Ihi, enzyme com­

plc x i, very low and ma ny differen t drugs can he oxidized (I'XllIIll' le..,

l"p left) . O ther phase I rcac uon, an,' reduction.. (midd le k t'tl anti

hyd rnly...b ( bottom tern.

' ·ha.... II reaction..
Drug.. or phase I mctabolncs. Ihal arc nu l su flieicnl ly polar 10 he
excret...d rapidly by the Li.llley" an: mad.: more hydrophilic b) ' cunju\:u·
rilln wnh endog...nou ..eOlllptlUlltl, in tbe fiver (cemrc of figure).

Repealed admim..lralitlfl of ...."Ik: drug.. IIOpl incrca'ot:.. lhe ,,)'nlhe..i..
oll-) tochroee P---45tJ It' n / y IIll' ind uctiun ). Thiv increase.. the rare of

Illt:lahoh..rn of the inducing drug ;m.l alsO of olher drugs metabolized h)
lhe s.:une enzyme (lop righn. In contra..I. drug... somclime, inhihil

microsomal enzyme acuvuy nul'. D )and thi .. increase s Ihe at;lion of

drug.. metabohzed by Iht: sa me enzyme ltnp right . J.

In ad.lit ion 10 these drug -drug uueracuons, the melaholi ..rn o f dru g..

may be influenct"d h)' \:t'nt' tk fad nr:o. Ip hammcogenctic..l. ilge anti

stlllle tJi:\C<I:\Cs. espl:dally 1110 '< ..ffn :lillg the liver.



Drugs
A few drugs re .g. gallamine. Chapter 61 an:' highl y polar because they
are fully ionized al physiological pH values. Such drugs are melaho­

lized little . if al all . and the termination of their al'li on s depends mainl y
un renal e xcrenon. How ever . nlOSt dru gs are highl y lipophilic and are

o ften bound to pla sma pro lein s. As lhe protein-bound dru g is nul

fihered at the renal g l(lmeru l u ~ and the free dru g readil )' diffuses !lad.

from the lubuk imnthc blood. such drugs wou ld nave a very prolonged
action if their removal relied on renal e xeter! ...n alone. In general, drugs

arc metabolized to mo re po lar co mpound" whi ch are more easily
excrete d by the kidm-ys .

liver
The main organ of dru g nwtaholi sm is the liver. !lut other organs. vuch
as the gastroi ntestinal tract and lungv, haw ('nnsi..kr.ahle activi ty. Drugs

given ora lly are usually' absorbed in the small inles line and enter the
portal sys tem 10 the liver, .... here they may he e\lcnsi'-ely me tabolized

te.g. lidocaine. morphine . propranolol). Thi s is calle-djirsl.pan mctu ­
!lfJIi..." . a term that dt...·s I10t refer on l)' ttl hepatic metabolism. For
example. chlorprom azine is metabolized more in lhe intestine than by

Ihe liver .

Phase I reactions
The most com mo n reaction is oxidation. Ot her . relatively uncommon ,
readi.m, arc red/wli"" and hvdrolvsis,

Mkro somal mlxeu runctfon u\idasc syst em

~hny of the enzymes invo lved in dru g metabolism ure located on the
smooth endoplasmic reticulum. whic h tonne '111.111 "",iele, when the

ti" uc b homogenized. These vesicles can be icolatcd !ly differentia l

centrifugation and are calle d nncro-omc- .

\ IiCfO'>Ol11.3.i drug oxidalion' in\'Oh'e nicncinami&--ar.knine-dinuc1t."l.lCide

phosphate (reduced form ) I:'llADPH ). o xygen and 1....0 ley enzymes:
(il .. ttavoproeem, :'IIADPII --c)hx:hrome P-4~() redu ctase: and (i i) a

haemopnxein. cy toc hrome P-4~O. which a..:ts as a lerminal n ' i.!asc.

Cy lochrom e P-4.'i( ) e ' ists in a large numh..-r of , uhty p<:' (isoe nzymes)
wilh different. hUloflen overlapping. sullslr.lle spc'Citkities.

Phase II reactions
llK"c usually on'ur in 11ll' liver and invo lve ".,njugatiun of a dmg I'r its

pha ~c I rnetahulitc wi th an t'lldoge nous suhs t.rnce. Th,' resulting "lHl­
jugates are almost alwa)'s 1o.'ss ac tive :111 <1 arc pu l:tr molec uks that arc

re'ldi ly excreted hy Ih,' ld drll'ys,

Factors affecting drug metabolism
En/,~ mt" induct iun

Some drugs (e.g. phrm,htlrhiwJ. carhama;rpi"t', rt hal/oJ and . e,pe­

d ally, rifampicin) and poUulants (e.g. p"I.I"l :,~ ·lil· ' Iwmmic h\'dro.,:ar.
!If>n,~ in tobal_TO smule) increasc the acti vily uf drug-melaboJilin~

enzymes. The me..:hanir-ms involved are unde.lr bul the chemicals
~omeho.... affC(:t , ped tk D:'>lA -.et.juence, 'r-witching.-o n' the pnxIucl iull

"I' the appropriate enZ)-nl<: , which b usually a c)' ltlChrome P-45U suh­
tyJ'l!.'( s) . However, nut all cnLyme, ,ubjcclto induclion al'{" mi<:rtlsomal.

Fur example. hep:tlic .lkohol dehydrog,'nase o.:t'urs in the cylop l'ISIll .

Enl~' mc inhihitiun
Enzynll' inh ihitio n m' IY c.tU\C:1l1vcrse dmg inter:Kt ions. Th ey tend 10

Ut:cu r mo re rap idly Ihan Ihose invo lving en/yme ind uctio n hccau\C

lht:}'occur as soo n a~ tht' inhihi ling drug I\';u:hn a high enough cnnn:n-

narion to com pete with lhc affected drug. Drug, may inhi hit di ffere nt

f0l111s of cy tochrome P-45U and '>0 affect the metabolis m only of drug s

metabolized h) Ihat particular isoenzyme. Cimnidille inhibits the met e­
bolism of ......veral potentially roxie dru gs including phenytoin. warfarin
and tbeophyllinc. Ervthromvcin a]..o inhibits the cy toc hrome P-450

system and increa""s the ecu vuy tlf theophylline. warfarin, carba­

mazepme and digo xin.

Genenc pulymorphisms

The study of how genetic determinants affect drug uction is calle d

phormocogcnctics, The response to dru gs var ies between indiv iduals

and, beca use the variations usually have a Gaussian dist ribution. it is
assume d that the dc temunam of the response is multifactoria l. How ­
eve r, some drug responses show discont inuous vari ation and in these

cases the popol:lti"lIIcan bedivided illllltwO or more groups. suggesling
a single-gene poly morphism. An import ant example of polymorphism

is debrisoqnine hydroxy/arion. Al\ou l Rif of the population are poor
hydroxylatorv and show exaggerated and prolonged responses to drug s

such a, propranolol and mctoprolol (Chapter 15}.which undergo ex ten­
sive hepatic metabolism.

Drug -ocerytating enzymes
Hepat ic N·acet) lase displays genetic polymorphism. About 50% otthe
popu lation ace tylarc isomaz jd (an unmuberculur drug) rapid l) , while

the other 511'.{ acetylate it slowly. Slow acetylation i_~ caused by an
autosomal recesvive gene lhm is assl ....iared with decre ased hepatic

N.acetylase activity. Sinw acetylnturs are more likely tu uccumuhue

the drug and to experience adverse reactions. There is evidence for

polymorphism in the acetylation of mher drugs re.g. hydralazine.
procainamide ).

Ptosma p .I('/IlJI ...-hoti nesrerase
Four separate genes for this enz)'me occur at one IllCUs. Rarely t-el :

25(0). an aty pical furm "fthe enzyme oc cu rs and thi s e \lends lhc dura­
tiOll of acliOll o f suxarnc tbomum (a fn."'IlICmly used neuromuscular
blod. ing dru g ) from aOOtli 6 m inutes to o\er 2 hOUTh or more .

A~t"

Hepalic micro..omal rnl)'meS and r"nal nlel'han isms an: redu,'ed at
hirth, espt:'cia lly in prctenn babic~. Roth systt' ms develop w pidly dur·

ing thc fi"' t four .....ee ls of lift'. There .tre var ious melhod s for c:lkulat­
ing paediat ric doses (see Hr;fi .l h /1/(/1;01/111 f ·om lli/(/ry).

In lht' dderly. hep atic met aho lism of drugs may ix' redlK'ed but

dC(: lining rcn.11 functinn is u,ually more irnportanl. B)' 05 years . the
glomerular filtra lion nul.' tG FR h1t'Crea......s hy .' ll'l . and every followin g
year it falls a further 1- 2'l- (as a resul l o f cell 10\\ and decreased ren ..1
hlood !low ). Thu s, old er people TlCt.'tI smallerd~ of many' dru gs IhaIl

Joe.. a ) Ollllger pcN>rt, opec-ially cenlrall) acling drugs (e.g. opioids,
ix'nzodi;uepirocs, antide pres<.ants). to .... hich the elderly ....~'m to he­

come more ,.....nsili H;" t h)' unknown changl" in lhe brain).

Metabolism and drug toxicity
Occasiona lly. reao:tive prod ucls of dru g mctaholism are tmde to various
organs, espt."ci:llly the Ih 'er. Pamn'/Ii/Ilol. a ..... ide ly used weal anal­

gesic. nonmdl y undcrgoes g lucurllnidnt inn and sulph:llio n. !Iowever,
Ihese prot:esscs hc" 0 111C sa turatcd at hi~h tl,, \Cs mid Ihe dntg is then
conjugaleJ with gluta thione. If the glu tathiune supply h..'COIl'll.'S lkplL-ted.

then a fl'a,'li ve and potentially lL-thal hl'p:lloto:l;ic mc taholite an'u mu­

lal c ~ IChaplcr -Hl.

"



5 local anaesthetics
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(10:1)

Moot local anae5t;het.iGfI are weak eaeee (B)
B + W ~ BW (protol'latet:l form)

The relative proportion of the two formtio
i5 qiyen by:

Loc al ana cvthcticv (lop lcft j (Ire drug-, used hI prevent pain by caus ing a

reve rsible block of conducuon along nerve fibres. Mosl arc weak bases
thai exis t mai nly in a protonatcd form 'II bod y pH (bo ttom lcftt. Th e
drugs penetra te the nerve in a non-ionized (lipophilic ) form (.1. but
once inside the axon. some ionized molec ules art' formed and these
block the Na" channels tD ) preventing the gene ration of ac uon
pnl t' nli ab (lower figure ).

All nerve libre~ an: sensitive tn 11>C<l l ,1I1,lt", theli<:s but. in gcnc rut.

-mal t-diameter fibre" ere more sensit ive than large fibres. Thus, a d if­
fer ential hlock can be achieved where the smaller pain and autono mic

fihre" are bjocked, while coarse touch and movement fibre" are spared.
Loca l anaesthet ics val) widely in their potency. duration of action. tov ­

icity and ability 10penetrate mucous membranes.
Local anaesthetics depress other excnable tissuo:"te.g. myocardium]

if the concentration in the' blood is sufficiently high. but their main sys­
temic effects involve the central nervous system. Synthetic agents pro­
cucc sedation and ligh t-hcaocdncsv. although anxie ty and rcslles<,fl('s"
so metimes occur. presumably rccau-e central inhibitory synapses arc
depressed. Ilighcr tm;ic dost·s cause twitching and visual dist urbances.
whi le severe toxicity causes convul, io(l\ and co ma. with respiratory

and cardiac dep ress ion resulung from med ullary depression. Even

coc aine. which has central snruuluu t properties unrelated to its local
anaesthet ic action, may ~' , I USl' death by respiratory depression ,

Lidocaine is the most widely use d agent . 11 acts more rapidly and i,
more stable than most uthcr I,>cal uuucsrhctics. when gjvcn with
epinephrine. its action lasl, ah"ut'~O minutes. Prilocnine i ~ similar to
hdoc uine but is more extensively metabolized and i<, less tnxic in
eq uipotent doses. Hupi vucuine has a slow onset (up til " II minute,,)
but a very lung dunuiun of ucuon. up lU X hours when used fo r nerve

blocks. It i" often uS<."'II in pregnancy to prod uce COlllinuous epi dural
blockade during laboe r. 8(' n/llca ille is a ne ut ral. water-insoluble .
local ana<:sthetic of low potency . Its only lise is in surface a naest he...ta
for non-inflamed tiss~ re.g. mouth and. phary.-m l. Tbc more to:t.ic
agents. tetracaine and cocaine . have: restricted use. Cocaine is pri ­
marily usetl for surface anaesthesia where ih intrinsic \'asocI)rJstrictur
action is oestrame te.g. in the nosc). Tet racaine drops arc used in
oph thalmology 10 anacs rheuze the cornea. bettess toxic drugs such as
,,\.~ buprucaine and pr"\.~Illt"t a('ain t'. which cause much less initial

sting ing. are beuer.
1I)'l,."rsensitivit)' rcacnunc rna)' occur with local anaesthetics. espe­

cia lly in atopic panenu. and. more ot....n with procaine and other <,sters

orn-emtnobcnzoic acid .



NaTchannels
Excitable lissues pt"' ''C S\ vpccla! voltage-gated Na" channels that

consist of one large gtycopnuein u-subunn and somenmes two smaller

I:S-suhunil" of unknow n function , The II-suhunil has four identi cal
domains. each con ta ining sh membrane-spanning u -belices (5 1-56).
The 2-1 cy lindrical heli ces are stad "etl logethe r radially in the membr.me
10 funn a cenma1 channel. Exactly how voltage-gated channe ls work

is 1101 kno wn . but the ir conductance ~Na+) i.\ given by KNaT== g Na "

nr1 h. ..... here g Na T is the max imum conductance pos .\ihlc. and m and
h urc ga ung constants tha t depend on the membrane potential. In the

figure. these constant s arc sho wn sc h....matically as physical gates within

the channel. Al the resting potential. most h-g arcs arc open and the
m-ga tcs arc closed (clmed channe l). Depolarization causes the Ill-gates

In open (open chunnch hut the intense depola rization of the actjon
porcnrial then causes the h-ga res to close the ch an ne l (inactivation].
Thi s sequence is show n in lhe upper half of she figure (Jefl 10 righ l).

The m-ga te may correspond 10 lhe four posi lively charged S-I heli ces.
..... hich are thou ght to open lhe channel by moving outwards and roIa l­

ing in response 10 membrane depolarization. The h-gate responsible

for inac tivation ma y he the intracellular loo p con nec ting the S.l and

55 hel ices: this swings into the internal mouth of lhe channel and
closes u.

Action potential
If enough Na Tchan nels are opened, rhcn the 1';111.' of Nn" e ntry into the
axo n exceeds the rate of KTe xit and at this po int, the threshold poten­

tiul, entry of Na" ions fu rthe r depolarizes rhc membrane. This opens
more Na" channels. res ulting in furth er depolariza tion that opens more
NaT channels and so on. The fast inw ard NaTcurrent quic kly depolur­

izes tile me mbrane toward, the NaTeq uilib rium po tential (around +67

mV). Th en. inac tivation of the Na" charme b, and the continui ng efflux

of K+ion s cause repolarizarion of the membrane. Finally. the Na ' chan­
ncl ... regain thei r normaltexcitable" state and the NaTpump resrorcv the
10-..1 K+and removes the ~ained Xa" ions.

Mechanism 01 local anaesthetics
Local anaesrhencs penetrate into the interior of the axo n in the funn of
the lipid-so luble free base. Th!.'rc. prultmakd mull.'(:ules arc fornll"t.!.
which then elller andplu1( the NaTchan nds after hind ing to a .ren'ptor'

(res idues of the S6 tran sm em brane he lix). TIlUs, quaternary (fully

protllnatcd j local anaesthl't ics wor k onl y if they art: injected inside the

nerv I.' axon . Un~'hll rged :tge nts (e .g. ~nzocaine ) d i......olve in the mem ­
hrane hut the channe ls arc hlnt.-ked in an all-o r·nolle man ner. Th us, ion­

iled and non -ioni zed mulecules aCI in I.'s...ent ia lly tile same way (i.e. by
bind ing 10 a ' fC("eptor' un Ihe Na +!.'hannel). Thi s 'bloc ks ' the channd.

lar!!ely by preventing the upening ofh-gate... (i.e. by inercOL'iing inact iva ­
tion). Evcmually. so man y channels arc inactivalc:d thai their number

falls below the minimum necessary for depolari lalion 10 reach Ihrcsh­
old and, b<xaus.e action poIemials cannol be generated. 11I.'1'"\'1.' block

tx:c u,...,. Local anaeslhcl ics arc ·u...e dep<:ndenl ' (i .e. lhe degree of block

is pro pol1ionallo Ihe r.llcof nerve stimulalion). Thi s indil;:atcs Ihal more
drug moll.'(:ules(in the ir protona led fonn ) ente r the Na +channd... \I'hen

Ihey art: open and ca use more inacti vat ion .

Chemistry
COlllllltlllly used hll.·al aml<'sthelics con siSl nf a lipophili c end (ofte n an

aromat ic rin g ) and a hydrophilic I.'nd (usua lly a scconda!)' or Il' n iary

amine). con nec ted by an intermediate cha in that inco rpo rates an ester or

amide lin kage.

Ettects
These maybe:
I Meal and include nerve blockade and d irec t effects on vascular

smOOlh me-ere:
1 regional, comprising loss of sc nsa lioos (pai n. temperatu re. touch)

and vasomotor tone in meregi on su pplied by the blocked nerves: and

.l systemic. occurring because of a""-xption or i111r.lVenOUS adminbtr.llion.

He a rl
Th e etT....cts of local anaesthetics on the hran arc discussed ill Ch apt er

17. Cardiac to xicity probably dtJt:s not occur in subc onv ulvive doses.

Yaccular smoo th muscle

Th e local effects vary. L'oc aine is a vasoconstrictor (because it hloc ks
norcpincphine reuptake and potentiates sympathetic acuvhy). ....hile

procaine is a vasodilator, \ 10-.1<Imido cause vasoconsiricnon at 10w

concentration, and vasodilatat ion at higher concentrations. Pril' l("ainl'

is rnos tlikely 10produce vasoccn-mcuon at clinical dose... . followed b)'

lidocaine and bupivncaine. Th e regitJTlal effect is vasodilatation caused
by blockade of sy mpathetic nerves.

Unralion ofacl ion
In gene ral. high pot ency and long duration are re lated 10 high lipid sol­
ubility bcC:IU'< Ihis results in much of the loc ally applied dru g ente ring

the ce lls. v asoconsmcuon aho lends to prolong the ana esthet ic effec t
by reducin g systemic dis tribu non of the agem. and this can beac hieved

by the addiuon of a vasoconst rictor such as epinephrine (adrena line) 01'_

I....ss often . norepinephrine [noradrenaline). Vasoconst rictors musl no t
be used for producing ring -block of an ex tremuy te.g. linger or toe)

because they may cause prolonged ischaemia and gangrene.
Amidev are tkalk)lated in the liver and e...ters (not cocaine ) are

hydrolysed b) plasma pse udocholinesterase. oot drug metabolism has
lillIe effect on the durut jc n of acuon of agents ac tually in the tissues.

Methods 01 administration
Su r face a nat'sl ht' si a

Topical appliciltion to cl\tc mal ur mu ....oslll surfac!.'s.

In fill rOllinll a Illiesl ht'si a

Subc utaneous injection to act on local nl'rvc end ings. usuall y with a
vasocons iric lllr.

:'<ler\ e hlock

TechniqOt':s r.lT1ge from infillrdlion of anacsloc lil;: around a single ner\"(:
(e. g. dental anaeslhesia)to epidural and spinal anaestht.'",ia. In spinal
anaesthesia (inlralhec al block) a drug is injected into the cerebrospinal

fluid in the suhar.tehnoi d space. In epidur.l l anaeslhesia the anat'sthelic

is injcrted ou ls idc the d ura. Spinal anaeslhesia is technk ally far eas ier

to prod uce Ihan epidura l anaesthe sia. bUltlle lalter lcrhnique vil1ually
eliminalCS Ihe J'H)stanac,the tic eOmpliCalilll1.... such as headal'he .

Inirawnulis rc~ i llllil l a n a esl ht' i'ii a
An:u:sthet ic is injn ·ted intravl.'nou... ly into an exsang uinat ed limb. A

10umiqu L' l preve 11l' the age nt rcach ing lhe sys tem ic ci rcu lation.

17



6 Drugs acting at the neuromuscular junction
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Acuon potentials arc conducted il111llg the motor nerves II' their terminals
tuppe r figure. 0 J whn!:" the dcpolnrivauon initiates an intl ux OfCI)+
ions und the rclc .oc of ;Ii'ct) k hulilli' lACh) by a process of C\uQ lnsis

tq), The acc tylchohne diffuses aero" tho: junctional deft and hind"
to receptors located on th... surface of [he rnu-cje-fibre membrane at
the motor ....ndplatc. T1lI: reversible combinatio n of accrykholine and
receptors ( lowe r ligul\' , 0 1lriggcTh ltw opening of cation-selective
channels I11 1h... cudpla rc membrane. allowing an influx of Na+ions and
a lesser efflu x of K' ions. The rcsull ing dcpulurizatuur. which is calle d

an cndplate pOle' liial (EI' !'), depolari / es the adja cent muscle-fibre
membrane . If I"rge enough. thi s d<,pu lari/ <ll ion results in an action

potential and mU"l.'ll· comracuon, The acety tchulinc rclca-cd into lhe
synaptic clc rt is rapidly hydmly-cd by' an enzyme. acerylcholincvtcr­

ase I E'J l, whi ch is presen t in the cudplatc mem brane cltl»(' In the

receptors.
Neuromuscular tranvmiv sion cun he inc reased by ant kllU li ,wsll'rase

drugs tbouom lcff}, which inhibit acetylcholinesterase and slow down

the hydrolysis of acetylcholine in the cynapric clef! (see als" Ch"plerS\.

Nl'OJ/ixmilw and f,.\'rillo.nixmilll' areUSl.'d in thl." ueannenr tll lll~ as l ht'n ia

J:ra\ is and 10 reve rse competitive neuromuscular bloc kade afte r surgery .
Overdosage of anticholiucsrcr.u,c results in c xccs, ac rtylchohnc and
a depolarization block of motor cndplates (' dlO lir1l'rgic cr isis'). 'Ow

mu-curinic cffcctv of ace tylcholine ("-<'I.' Chuprcr 7) arc also p otentiated
hy antkhol illC"lerases bu t are hlod..eo with atropine. Edrophonium has
a very sho., acuon and is on ly used 10 diagnose myasthenia gravis.

;'I; l'uwmu"l.·ular bl ll(:ki ug drugs (righl j an: u.........by tU);J<'>,lhetists In re­
la\ s"delal lllllsciesduring surp.Ie,,1opcrarion-, andh I prevent mu-cle cou ­

tn ll'ti ,ms during clcci roconvulsivc therapy (ECT) , M O' I of the clinically

useful neuromuscular h lol'~illg ,lruP.st:o l11!X'le with acetylcholine for the

rcccpror hUI do not inuiarc ionchannel ope ning. These cnmpetittve un ­

t :l~(l nish ft..... ucc the cndplatc dcpolarizat ions produced by ace tylc holine
10 a sill' lhal is below lhe rnre..hllid for muscle action IX)ICnlia l ge neration

and ...., '·au"Ca flaccid paral)"i". I ll'lx,larilin~ hl"l:keN al l uct on ace tyl -

choline rcccptorv.butmggcrthc opening of the ion channel The y are not
reversed by nnticholinestcruw s. Su\a nlt' thnniu lII is the only dru g of th is

type used clini cally .
Some ugcms (lop left ) ,!l'l presynaptically ,Inti bloc k ne uromuscular

tranxmisvion by prevennng lhe release of accrylchotine.

"



Acetvlchotme
Acetylcholine i~ synthesized in motorncuronc terminals from choline
and uccrylcocnzymc-A by the enzyme choline acetyltransferasc. The

choline is taken up into the nerve endings from the extracellular tluid by

a special choline carrier located in the terminal membrane.

EXllQlosis
Acetylcholine is stored in nerve terminals in the cytopla..m anti within

synaptic vesicles that arc anchored to thecyto..kelctnlnetwork by a protein
ca lled synapsin. When an action potential invades the terminal, Ca~+

inns enter and activate a protein kinase that phosphorylates synapsin. This

results in the detachment of vesicles from their anchoring and fusion with

the presynaptic membrane.Several hundred 'packets ' or 'quanta' ofacetyl ­
choline are released in about a millisecond. This is called quarual release

and is very sensitive 10the extracellular Ca -" ion concentration. Divalent

ions. such as Mg 2+, antagonize Ca z+ influx and inhibhrruncmitrcr release,

Acetylcholine receptor
This can heactivated by nicotine and for this reason is called a mconntc
r eceptor.« The receptor-channel complex is pentameric and is con ­

structed from four different protein subunits (Uul31r in the adult) that
span the membrane and arc arranged to form a central pore (channel)

through which cations (mainly Na+) now. Acetylcholine molecules

bind to the two rr-subunits inducing a con rorm.nlonat change that opens

the channel for about I millisecond.

Myasthenia gravis
Myasthenia gravis is ,III autoimmune disease in which neuromuscular
transmission is defective. Circulating heterogeneous immunoglobulin

G (lgG) antibodies cause a loss of functional acetylcholine receptors in

skeletal muscle. To counteractthe loss of. or damage til. receptors, the

amount of acetylcholine in the synaptic cleft is increased by the adrnin­

isiration of an uruichulinest er-ase. lnununulogicaltrcatment inc hrdcs

the administrut ion of pred nisu lnne or aza Ih inp r ine (Chapter 43) . PIas­

mapheresix. in which blond is removed and the cells re turned. may

improve motor function , presumably by reducing the level of immune

complexes, Thymectomy may becurative.

Presynaptic agents
Drugs lnhibiting acetylcholine release

Botulinum toxin is produced by Clostridium hOllllil1l1111 (an anaerobic
bacillus, sec Chapter 37). The exotoxin is ext raordinarily potent and

prevents acetylcholine release by enzymutically cleaving the proteins
required for docking of vesicles within the presynaptic- membrane. C.
hotutinum is very rarely responsible for serious food poisoning in which
the victims exhibit progressive paruxymparhctic and motor paralysis.

lIolulinum luxin type A is used in the treatment of certain dystonius.
such as blepharospasm txpavmodic eye closure) and hemifacial spasm.

lnthcse conditions. low doses of toxin are injected into the appropriate

muscle to produce paralysis that persists for about 12 weeks.
Aminogtvcosidc l/1l/ihio/iI'I (e.g. gentamicin) may cause neuromus­

cular blockade by inhibiting the calcium influx required for exocyrcs!s.

This unwanted effect uxuully occurs only as the result of an interaction
with neuromuscular blockers. Myasthenia gravis may be exaccrbmcd.

... Pcntamcric nicotinic rccl."plors aho ,,.,;cur in autonomic' ganglia ;lnd the hrain.
TIICY havc VUri,lnl" of th~ 0.- and P·'llbunir :lIld a diffcrcm pharmac"to~)'.

Competitive neuromuscular blocking dru gs
In general. the competitive neuromuscular blocking drugs arc bu lky, rigid
molecules and most haw twoquaternary N atoms. Neuromuscular block­

ing drugs art" given by intravenous injection and are distr ibuted in the

ex uacellulnrtluid. They do not pa.ssthe blood -brain burrier or the placenta,

The choice of ,I particular drug is often determined by the vide-effects
produced. These include histamine release. vagal blockade, ganglion

blockade and sympathomimetic actions. The onset of action and the dura­
tion of action of neuromuscular blocking drugs depend on the dose. but also

on other factors (e.g . prior usc of suxamcrhonium, anaesthetic agent used).

Tubocurarine was introduced in 1942 bur is no longer used.

C auamine docs nut block ganglia or release histamine hut ca uses
undevirable tachycard ia by blocking the M2-musGlrinic receptors. the

subtype of ucerylcholine receptor that predominates in the heart

(Chapter 7).lt i, rarely used.

Pancuronlum is an uminoxtcroid neuromuscular blocking drug with a
relatively long duration of action. It docs nor block gangl ia or cause

histamine release. However. it has a dose-related atropine-like effect on

the heart that can produce tachycardia.

vecurcnlum and au-acurtu m. These arc commonly used agents.
Vecuronium has no cardiovascular effects. It depends on he patic

inactivation and recovery can occur within ~O-30minutes, making it an

attractive drug for short procedures. At racuriurn has a duration of action

of 15-30 minutes. It is only stable when kept cold and at Inw pH. At
body pl l and temperature it decomposes spontaneously in plasma

and therefore does not depend on renal or hepatic function for its

elimination. It i., the drug of choice in patients with severe renal or

hepatic disease. Auucurium may cause histamine release with flushing

and hypotension.

Roc uronium has an intermediate duration of action or about 30
minutes but with a rapid onset of action (1-2 minutest comparable to

that nf suxurncthunium ( 1-1.5 minutes). It is reported to have no

cardiovascular effects.

Depolarizingneuromuscular blockingdrugs
Suxa mc rho ntur n (succinylcholine) is used because of its rapid onset

and very short duration of action (3-7 minutes). The drug is normally

hydrolysed rapidly by plasma pseudocholinesterase. but a few people
inherit un atypical torm of the enzyme and in such individual, the neu ­

romuscular block may last for hOUN. Suxamethonium dcpolarizes the
cndptatc and. because the drug does not dissociate rapidly from the

receptors. a prolonged receptor acrivuuon is produced. The resulting
endplate depolarization initially causes a brief train 01' muscle action

potentials and muscle-fibre twitches. Neuromuscular block then occurs
as a result of several factors which include: (i) inactivation of the voltage­

scnslttvc Na" channels in the surrounding muscle-fibre membrane. so

that action potentials arc no longer generated: and (ii) transformauon of
the activated receptors to a 'desensitized' state, unresponsive tu acetyl ­
choline. The main disadv<tntage of sux<lmethonium is that the initial

asynchronous muscle-l1bre twitches cause damage. which often results
in muscle pains the nex ! day. The damage alsn causes pot,lssium

release. Repeated dost's of suxalllethon ium may cause bradyCi.lrdia in

the absence of atropine (a musc:trinic effect).
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7 Autonomic nervous system
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(t) ciliary muscle

(+) Isc ri m".1 gland

,,

,,-~_... (+) IUrlg airways

--- .... (-) heart

(t)gutwall

(-) gut ephtnctere mcreaee in

.:
(+) gut eecretrcne moti lit y and tone

(+) pancreae Irlc..ease irl
exocrine and
endocrirle

ee-vee e.ecr~n

(- -)

}~
(t) bladder

detrusor micturition

-.,:--- (-) ~ph inc;ter

, , .
(t) reetum defaecatiorl, , , .. (t) pel1if; erection

(cc-relea ee of
rlit-ric oxide)

PQ!;t¥~lIo..dc
-e-vee (- - - )

, . - ~ -

..

, , , ,

-~" ", ,
" ', ,

----. ',"...... " .---...... "",

~Iivary glands (+)

i><ood "...,Je.)Le-)
heart( +)

gut wall (-) ..

gut 5phinete~ (+)

radi al muecle . ..
of pup il (+)

lung ai rway", (-)

bl.adder •
detruoor (-) . -­

ephincter (+)

uU:ru e (+) ---;'

(-) .' "

v99o::lefererls (+) ,.','

!>emirla! ;' ", ,
ves~ le9 (+ ) , ", ,
ewest ~ l ll rld5 (t ). ' "
pilomotor
mcecle e (+) - ~

1 d ilatat ion of pupil

~ rels><atlon
a COI1t,raction - - - - ..

a cont raCt-ion or }
J3l rela><atlon

(depend'.> on

c :J:::~:t8") {
mUfjCs ri nic
sweating

1 pilocrecncn {hatre
5tarld on ema)

Effllcts

tl2 bronchod llatat ion

0: 5ecretlon of t hick

",sliva
0: vaeccceeretct.icn1
~2 va~illltatiOn J
Ii; rate and force

increa!>ed

~/Jll secreaee In
a motility and tone

gly~"noly5i'.> }
gluCOr1 eogel1cs is
(g l uco~e rereeee
into blood)

(0 ncr. in huma"~)
Note: (+) '" = iUltiOl'l

( -) = irlh;!>;tion
In the !lympat.het.k: s~tem (+) and (-)
generallyC01'Te.:;!'O"d to « ·a nd Il.reccptor'!j, ~peGti"eIy

Many systcms of the hod)' te.g . digestion. circ ulation} are contr olled
autom atica lly hy the au tonomic nervous sys te m (and the cudocnne sys ­
tem ). Co mrotor the autonomic ner vou s sys tem often involves nega tive

feedback and there are man y afferent (sensory) fibres thai carry inlortna­

tion 10 ce ntres in the hypothalamu s and med uttc. These cen tres contr o l

the ou tflo w o f the au tonomic nervous system , which is divided on

anatomical grounds imo IWOmajo r pan s: the s~ m pat hcti c !>.\sh' m (left )
and the parusy mpmher ic s v..te m (right l. Many organ s arc innerva ted

by both system." which in general have oppm;ing actions. The act ions
of sympathctic Ileft ) and paravympurhcttc (right) srimularion on Iiiffcr ­

enttissucv arc indicuted in the inner co lumns and the resulting effec ts on

diffe rent organs 'Ire show n in the ou ter columns .

The sympathetic nerves (Id l . -- l leave the thoracol um bar region
ofthe spinal cord{T I- L]J,md synapse either in the paravert ebral ga llJ.: lia

(0 )or in the p revertebrat ga nJ.: lia Ie) and plex uses in the abdomi nal
cavity . Postganglionic non-myelinated nerve fibres (Io:fl, - - _ . ) arising
fm m ncu rone s in the gan g lia innervate must Or}!:;IOSof the body (left) .

111C tranxmlncr subs tance released at sympathetic ne rve endings is
noreplnephrme (noradrenaline; lop lefl). lnactivauon of this transmitte r

occurs largely by rcuptake intothe nerve terminals, Some preganglionic

sym pathetic tibres pass direc tly 10 the adrenal medulla Ill) that can

release epinep hr'Ine Iudrcnnlinc l into rhe circ ul.nion. Norepinephrine
and epinephrine produce their act ions on e ffec tor organs by acting on

U' , ~ I ' or P1-adrelllll'eptor:\tcxtrcmclcru
2n



In the parasympathetic system.the preganglionic fibres tright. __ )

lean ' the central nervou.. sys tem via the crania l nerves tc-pcctc tty III.
VII , IX and XI and the unrd and fourth ..acr:ll spinal roots. They often
tra ve l much furth er than sympathetic fihre s before sy naps ing in gun­
gfia ( e) thar art." oft en in the tissu e ihel f (righ tl .

Th e nerve endings of the J'Kl\tgang lio nic paravympath cric fibres
(rig ht, , ) release :....:l'I ~ kh lll i ne (lop righu, wh ich prod uce.. its

action.. on the effector organ<. (right) by artjvaring mus curmic reccp­

tor s, Acetylcholine released at ..ynapscs is inacti vated by the enzy me

ace tylcholinesterase .
All the pregangfiomc ne rve Iihres t syrnpathctic and para symparh-

E pmephrtne (<Illn'lIu!ine ) mimics most sy mpathetic effect.., i.e . it is a

sympathomimetic uge/l / (Cha pte r 9), Ellio t suggested in 190-1 that

adrenaline was lhe syrnpmhenc tran ..mine r suh..ranee. hu t Dale pointed
out in 1910 that IlOrl/ll r('//(/!im' mimicked syr npurhetic nerve stimula­

tion more closely.

Effe<:1suf sympat hctlc st im u la tio n

These (Ire most eu..ily remembered by thinking uf what dllll1ges in the
body arc approp riate in the '[ri,lIhtor flight reaction', Note which of the

fo llowing effects ;ITC excitatory and whi ch arc inhibitory.
I Pupillary dilatation (more light reac hes the re tina).

2: Bronchiolar dilatation rfacituatcs increas ed vent ilation).

3 Hea rt rate and force <Ire incre ased; blood pre....ure rises (mo re hlood
for increased activity of ..keletalmuscles-crunning'].
-' Va ..oconsmcnon in skin and viscera and vasod il.uauon in skele tal
muscles (appropriate redismbuuun of blood to muscles),

S To pro vide e xtra ene rgy, glycogcno tys i.. is slimulatcd and the blood

glucose level tnc rea ......... . Th e gas tro intest ina l trac t and urin ary bladder

rel ax.

Adrenecepturs are di vided ioto two ma in type..: a -receptors med iate
the exci la tnry effCl'ls o f symp athurn imct ie ami n.·s, while their inhi h­

itory cffee h are gl' ner<i Jly medi llled by /J·n ' t"t'!Jlors (cxceptio ns arc

the smoo th muscl e of the gut . wl1l're a -stirnulat inn is inhihitoT)'. ami
lhe heart , where f}-..timulat ion is exci talory) . Rcspon ses medi ated!:oy {l­

and ~1\.'Ceplo", com he di ..tingu i..hed by: (i) phento lamine and propra ·
nolo l. wh ich ,I'dec/h'dy block u - and f}-re ceIlIOTS, re..pecti vel y: ,ml!
(ii) hy lhe relative pot encies. un differcnt li ....ues. of nllrt'pinephrinc

(NEl.l'pinephrine (E) and isoprenaline ( I I, Th e o rder o f potent-y is l" E
> E > I where exci tatory (a) responses are examinffi, hut fo r inhibitory

(13) re..pon ses this ord er is reve rsed (I » E > NE ).

~Adrcnuel.' pturs are nOI homogenc ou , . For example, norepine­
phri ne is an effect ive slimu lllnt of ca rdiac p.rcceptol"1;, hUI has lillIe

or no acl ion on lhe ~- r~'CCplors. l1R'diat ing vaslxt ilalalion. On Ihe bas is
of Ihe type of difft' rt' nth tl sensitivil y they e xhi1"li l to drugs, f} -receplurs

are div idl'd into two types: PI(he,ln, inte..tinal smoo th mu scle ) and f}2
(bron chial. vasc ular and U1eri llC SlIlUOlh mu sel e ).

a .Ad rr llUcl'pto rs h;!ve been divided inlo two c1a..ses, ori gin ally

depending on whelher their IO~'al i\l1l WllS po..tsynaptic (U I) or presynap­

tic {U l l . Sl imul alion of the pre..) 'nuplic a 2-rcl'cplors by syn aptica lly
re lea Sl.'lI nnrepillCphrine red uce.. fun he r lransmiller re lease (neg at ive

fccdhal'k ), Postsyna ptic (l l -reel'ptors occur in a few tissues, e.g. br.lin.

vascular smooth mu ..cle (but mainly u l ).

Act'l~khulinl'
:\ l'l't ~ khnl inc is the tnm~mille r suhsta nce re lea sed by the followi ng.

eric . _ _ 1 are myelin ate d and release acetylcholine trom the nerve

rcnninals : the acetylcholine depolarize.. the ga ngl ionic neurone.. by
activating niconmc receptors.

A small proportion of autonomic nerv e.. do nlll release eithcr

acetylcholine or norepinephrine. For exam ple. the ..ave mou.. nerves
release nunc oxi de (NO) in lhe penis. Thi s re la xes the smoo lh mu scle

of the co rpora cave mosa (vi a cycl ic guanos ine -J.5-rnollophos phate

(cG MPl, Chapter 16 ) allowin g expansion of the lacunar space v and
erection. Sildl' lm lil, use d in male se xual dysfunction, inhibits phos­

phodie..terasc type 5 and, b)' tnc rce ..ing the conce nuauoo of l-GMP,
fad litah.·.. erec tion.

I All preganglionic autnrunnic nerves rl.e. both sy mpat hetic and

para..ympathcricI.
2 Pos lgan gl ionic parasymparheuc IlCrvCS.

.1 Som e post ganglionic sym pathetic nerves t i.c. thermorcguhuory
sWC:L1 g lands and ..kclctal mu scle vasodi lator fibres) ,

,J Nerve to adrenal medulla,

S Somatic motor ne rves 10 skel etal muscle endplutcs (Ch apter 6 1,
(, Some ncuroucs in the central nervous system (Chapter 22).
Act' l ~ lchnlme receptors (chlilinuccplur s ) arc di vided into nicotinic

and musc arinic ..ubrype s (orig inally determined by measuring the

sensiuvity o f various tissues 10 the drugs nicotine and mu scarine,
respectiv ely ).

M UJ('ur inic receptors . Accrykhcline release d at the nerve terminals

of po stgan glion ic parasympathetic fi" res acts on mu scarinic rece ptors

an d can heblocked selectively hy atropine. Five subtypes o f mu scarinic

rec eptor exist. three of which have been well charactcnzcd: M r' M2and
~1 .l' Mt-f'Cl."epto l"1; {lccur ill the brain and gas lriCparietal t1:11..,M~- TCl.-"'Plnrs

in tbc heart and M r-receptorv in ..moo th muscle and glands. EXCCPI

for pi renxepme. .... hich selectively bloc j,.. Mj" reCCPlOrs (Chapte r 12),
dink-all y usefu l muscar inic ugonists and ,mlagonists sho w lillie or nil

selectivity fo r the d ifferent ..uhtypc s of mu scari nic receptor.
Ni""fi"ic ren·f'f .wS occ ur in autonomic ganglia and in the ;Klrcnal

medulla, where the effee ts of ,ll'l't ylcltolinc (Ill nicotine ) ca n be hlodl'd

se lectivcl)' with heXlllnethonilllll . Th e nil-olin ic reCephlrSlllthe ~ke kt;i1

tnuse k neuromuscular junct ion are no t bkll'ked by h<.'x arnethonium, hut
arc Nod cd by tuhocur.lrine , Thus, recept o l"1; at ga nglia and neuromus­

cular jurll'tions are different , although hoth types arc ..timulated hy

nicoline and therefore called nicotinic.

A ctions vjflcetyll'lwliflt'
..W/f,l'(·<Jrinic e1f{'ff,1 are mainly p:lra, ymp ,llhOln imet ic (except swe,u ing

and vasod ilatation), ,md io ge neral arc lh..: opJ'Klsite of tho sc cau .,ed by

sympathetie slimulat i'ffi. Mu sea rini c effecls indude: con ..lriclion o r lhc
JlI.lpil. a~'Co111m(l•.blion for nca r vis ion (Chapler lU), pmfu...: walery sal­
ivalion. bronchiolar con..trictil,n , bronchllscl'retion, hypolension (,lS a

result of bradycardia and vasod ilatation), an inl'Tease in g,."tmintes tinal
mOlility and sce retion, contral'lion or the urin ary bl;lddcr and swe:lling.

Nin.rinic l'jfl'l"/.I indude slirllulation of all autonomic gllllg!ia. Ilow­

..:ver, lhl' acti on (Jf IKc tylcholinc nn ganglia is re latiVely weak ellrnp:rn'd

wit h it.. effl'e l on mu scarinic fI.'Cc ptors. aml ..11 para .' ymp ,llh.... tie c fli:c ts
predom inate. The nicotinic aclilln.. of acetylcholine on lhe sympalhl' lic

sys tem ",Ill be denlllll.'-lr:lled , fllr example, un ca t blllllll pre..sure, b)'
hlorking its mus C:lrinic actions wilh atrnpirll' . High inlnl\'l'nous doses

o f al'e lykholine then cau.... a ri..e in blotlll pr.:ssure. hccau sc st imula tion
of lhe ~ympalhel ic ga ng lia and adrenal me dulla now res ults in vasocon­

slricti' l11 and lad tycardia.

"



8 Autonomic drugs acting at cholinergic synapses
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Acetylcholine Tekolsl'lI Inun rhc tcrminalv of po stgangliunic purasym­

patbcnc nerves (h:ft . D ) produces ih m,:lions on vanou-, ... tfcc tor

o rgans by activating mu -.c:arin ic receptors ( 0 ). The ettcctv of
acc tyh-hnlinc an: usually excitatory . buran important e xce ption is rhc
heart. which receive inhibitory cholinergic tlbre s t'W11l the vag us

(e h.lr lcr 171. Drugs that mimic llll' cncce, Ill" ace tylcholine arc called

l'hulinom inll'l k !'o and can IX' divided in totwo group~ :

• dru gs Ihal ,WI directly "11 ~Cph ll" <nkolink nndmU"l'a rink a~"ni~ l ~ ) :

and
• anlkhl)linl·sl t'ra "l.~ . whic h inhihil acetylcholinesterase. and sll act

indirectly hy ;llluw ing acetylcholine 10 uccumnlatc in the synapse and

prod uce us effects.
:\IUS4.'";Irin k 3~l lll i sh (lop kfll have kill U'>eS. hUI piluc arpme (as

cycdrops) is IIM.' d tu redu ce innaoculnr prcvsure in pariem s with
glaucoma (Chuprer 10). C:l r h;lchu] and hethunechul are used 10

vrimuf utc lhl' bladder in urinary retention under conditions where Ihere
is no ubvtrucrion III Ihe bladder nutle t tc.g. in ncurologtcul di~e3~e or

postopcrat ivet y l.
Anlichlll in t<Stcnlw s (bottom left) have rcfauvety little cttect ,II

ganglia and arc use d mainly fur the ir nicotinic enCl'" on lhe nL'uroT11US'
cula r junction. They arc used in lhc lTt' ;Llnll' nl of myas thenia gravis and

to reverse the cttect-, of r ompctitivc muscle relaxa nts used during

surgeT)' (ChaplCr 6 ).

.\lu"l.'3rink lI n t a~onhls (bottom middl(' ) bloc k (he effe cts of ac etyl­

choline released from [-"lslgan glionic paruxympathctic nerve remunals.

The ir elTec' s can. in gene ral. he worked nut by e x.unmation oflhc figure

in Chapt er 7. However, para sympathetic e ffector organs vury in thei r
w nsi livi ly In the hlocking effect of arua gonistv. Secretions of the sali v­

ary. bronchial uml swear glalH.b are movt Sl'n silive to blockade . Higher

doses of umagonist dilate lht: pupils. paralyse accornrnodution and



produce tach ycardia by blocking vaga l tone in the heart. S ti ll highe r
du,,<,:s inhibit paravympat hcnc control o f the gast roiruesrinultruc t and

bteooer. Ga stric acid secretion is mosl rcvi-aaruto hlockade \Ch;lpt....r 12 ).

Atrop ine . h~"n'.dnc (-.copo lami ncl or ruher antagonis rv arc:used:
1 in anaesthesia In hlo<:k vagal slowing of lhe hcart al1<l 10 inhibit

bronchial see renon:
2 to reduce imcstinul spasm in, for example. irr itable bowel sy ndrom e
(Chapter 13 );

.~ in Par kin son ' s di SC:,ISC: te.g. benzatropin e. Cbaprc r 26 ):

Cholint'rj!, ic nerv e terminals in the autonomic nervou s system vynth c­
size. s tore and re tca se ace tylcholine in e sse ntially the same way as anhe

neuromusc ular junc tion (Chaple r 6 ). Ace tylc holinestera-e io; hound to

both the pre- and pmtsynaptic mcmbranes.

Cholinomimetlcs
(;an~ l ion stimulants
These have widespread ac tions becausc they stim ulate nicot in ic recc p­

tors on bot h parus ympathcuc and vymp amctic ga ng lio nic neu roncs.

Sy mpathetic effectx inc lude vasoconstriction. t..chyc ardia and hyper­
tension. Par axymp..thctic effects include in<:rea't-u motili ty of the gut and

increased sa livary and bronchia l sec re tion. Th ey have no cl inica l uses.

Mu, carinic IIAlm isls

These directly ucuvate rnuccarimc rece ptors usually produc ing exclra­
tory effects. An im po rta nt exceptio n is the heart . ....here activat ion nf the

predom inant ly M z·f<.'CcptOI'1\ has inhibitory effects on the ra te and force

of (a trial] contrac tion. The M2~ receptors are negatively cou plcd by a G ·
protein (G I) to udcnyly l cyc lase. which ex pla in, the negal ive inotTllpic

effect of ACh. Suh uni ..s il3y)o r G I dire, lly Inc rea,e K + cn nduc I1\llt'C' in
lh.: heart c1lusing hyperpnJar ization ..nd hradycardia (Chaptcr 17) . ACh

, limulales glandul1,r ","'Cretion and C;IU......Sconlraclinn of ..moo th mu-.cle

by ac tiva ting M 1·ft.'Ce plol'i . whi ch ar<:cnupkd to lhe formalion of InsP I

and diacylg lyc~rol (C hapter 1). In'P I incre " >e, cy to,olic Ca z+. t hu~
trigg ering mU."Cle COlltmc tion or glarl<fular .-ecrc lion, An intrave no us
Injeclioll nf AC h CHU.-es va , odi lalalion indirectJy by rele asin g nitric

o xide (NO) fmm va,cular endothdi,lI ce ll, (Chaptcr 16). Ho wc vcr ,

mn'l hlood ves ....·l.. have no para"ym p;tlhelic innerv ation and so the
physiolog ical function o f va-.cular lIIuo;carinic recept ors i, unccrt ain .

C h nlille es lers

C a r bat'hol ami hl'l hanl'(·hol arc tjualem ,try l·ompounds Ih11\ do not

penetra te thc hl<xM.! -hrain bam er. Th d r actions arc mu ch more pro ­
longcd than tho , e of ace ty lcholine, bccOluse they are no t hydroly....·d by

chu line..terase,

Pilocarpinl' po ""cs'\Cs a h:rtiary N '110m, .... hich confen; increa ......d
lipid so luh ility. This enables lhe drug tn r<:netrate lhe corne a rc, ldi Jy

when ap pl ied loca lly. and COlcr lhe brJin whcn gi\'c n s)'s tcmically .

,\ nt il'hol inc,lcra, c,
n lt'>;e are indi re, tly at·ting cho linomimet ics. Th e commonly USl'd an ti­

l'ho!inc,tera.-e d rugs are 4umc mary t'n rnpouluh that do mIt p;tss the

hltxld-brain oarril-°r alld have neg ligible .."ntra JeffOXh. Th ey are poorly

aosorbed orally. l·h, ..."l i~lI1ine (eserine) is a tert iary amine ,Ind i,
much mo re lipid su luh le. It io; we ll ahsorbed aftc r oral or lr.)(:al adminis­
trat il,n (e .g. ,IScyt-d rops) and p,I"Sl'S inl lll lu: hrain.

'l~han ism o r al' l ion
Inilially. ace ty lcholine binds to the aClivc , il': of the e"terase and i,

.& 10 I'rc ve nt motion sid d les s thyoscinc. Chapter 30 );
5 tn dilatt'thc pupilfor op hthahuolog jcal exarnimuion re.g. tr opicamide j

or to paralyse the ci liary musclc t'Chuprcr 101: and
II as a bronc hodilator in ast hma ti prarropium. Chapter I I).

Transmission at autonomic ga ng lia ((:) can ho: slimulaled h)'
nicotinic agtlnist.~ t top middle ) or blocked by dru gs thut ,ICt specifically

on the g,lI1g lionic neurone nicotinic reccpror/ionophorc (middle ),

Nicotinic agnni.,ts arc of no cl inical usc hut gang lion blockcrs hav e a

limited usc: in anaesthesia.

hydro ly......d. producing free choline and acet ylutcd enzyme. In a second

step. the cov ale nt acetyl-enzyme bon d is vpfit with the addition of wa ter.

Ed ruphnnlum is the ma in example of a reversible unnchotincstc rasc. It

binds hy ulcctrosuuic force" tuthc activ e si te of the e11lYI11e, II doc s not
for m covalent bond s wnh the enzyme and xo is very short act ing (2- 1()

minu tes ). Th e ca rban uue es le rs (e.g , lll"o,t i~lllill l'. II, ridl l!>liJ!llIine )
unde rgo the same two-step Pf<x:eo;s a, acctykholinc. e xcept that the

brea kdown o f the ca rbamylascd enzyme is much slower (30 numnev

to 6 hou rs) . Organ op hosphorus agents. (e.g. l't.'ulhiopale ) result in a
phosphorylated enzyme active sill'. Th e cov ale nt phovphorus--enzymc

bond is very stable and the enzyme is inactivated fo r hundreds of hours,

For rhi-, rca-on, the orga nophosp hor us "'Ol11pOll11<1 s are referred to as
irreversible auticholincstcnescs. They are extrem ely rox ie and used as

insec tic ides Iparat hion. mala th ion ) and chem ica l warfare:agent"
The erTl'l·" or a ntkhulin'-"'It' ruo;eo; arc ge ne ra lly vimlla r 10 mo -e

prod uced hy the dire ctly acting me-canmc agllllio;t, . but, in addi tion .

tran smisvion al thc neuromuscular ju nction is po tentia ted. Th e cho line­

«erase inhibitors produce less vasodilatation than the direc tly acting

ago nists ~C,IlJ se they can only act on lhe (fl'W) ve""ds po~sessing

choline rg ic inne rvation. Abo, stimulation of sympathe tic g Ol ngl ia may

oppose th... va,odi lator efkcls of the drug. On ly large tox ic do.-es of

3m icho lincstcrJ.SC: prod uce marked bmdycardia and hyp()te n,ion.

T ox ic dllo;eo; initia lly C;l U.-e signs of eXlre me mu-.carinic st imulation:

mimi, . salivation. , wc aling. hrOiKh ial constrictinn. hron rh o"ecre tion.
vomiting and dia rrhoea. Excess ivc stim ulatio n of nicoti nic rece ptors

may C,lUSC depol ari zin g ncummu ' l'u lar bltX"kar.!t-. If th... drug is lipid

soluole (e.g. phY'osligmine. orgallophosphoru, com p<lund'l. cOlw ul­
sinns. Com11and respiralOr)' arrc sl may occ ur. S trong nud eop hile, (e.g.

pralidn, inu: ) can sp Jit the ph<...phoru s- enzyme bond in itiall y forme d

hy organnpho"phorus clmlpo unds and 'regenemtc' thc cn/yme. Later
lhis ht."C1H1lCS im poo;siblt' ht....·au"· a pnx."" of ' age ing' s treng then, lhe
phosphuru, --enl yme oond.

Cholinergic receptor anlagonists
Ga n~lion hl ud , ers
Th ese cau'\C hypolen, ion. myd riasis, dry mouth. anhidm si, . constipa­

tion . urinary retenl ion and imp<,lence. Tri metaphan is u",d to pT<Xluce

cOlllrulk-J hypu len , ion d uring ce nain surg ica l pru<."dures.

l\Iu ,{'arinil- ;l n l a~l)n isls

A1rulline o<.-cu rs in deadly nighl,ha.1c (Atropa hdim/olll"' ).1l i ~ a weak
ce 11lrJ I stimulant......pcci aJly un thc vagal nucl eus. and lo w dnse s often

ca us<: hrad ycardia. Highe r do.......s cuu.-e tac hycardia. lI, u, cinc (S/'Ol}(l/ ­

amilli') is more sc:da live lhan atw pinc and oft en prtlduc.:s dro\l, ~ille",

and amne, ill. T\)'lic dos<: , of txlth dru gs caus<: excitemt·nl. agi lation.

hallu"' inatinn and coma. Th l" \."ffect , uf musc<trinic an lagon isl" can be
work ed nul hy ..tudying lhc ligu rl' in Ch apter 7. n le sludell! should

undt' rstand why these drug ~ produce dilated pup ils. olur red vis idh , dry
mou th. con,t ipation and diflit'uhy wi th micturi tion .
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9 Drugs acting on the sympathetic system

Noradre01U~ tC Mrve
termin,,1

• Partial a<\ol1i,.;1 SCIivlly
t MOIJlllpid "",lut>l~

It Lea,.;llipidooIu~

Adrenergic neuro ne

blockertt

. • r~rpi",,':

" l~i"" guanethidine
.• W;t.hanldlne

Ad renoce ptor
antagonitttlll

a ·~OC"ER5

U,/U 2

phenoKYVcnZSmine
phentolamine.-.. a ,

, • •. prazooin

1l-8LOC" ER5

Il,/IS.:
prop....nolol t
naaclcl tt
t imolol t
oKprenololt ·

pinaolo]"
ca rve-d ilol
I~ (cardi05elective)

me:toprolol t
aUnolol tt
acebutolol'

-'..
Pff:VI'",I~ ::: ..

;;wr~" ::: ,:'

\)'-,-/'
" ..
" "

,)/,'\
,"
'::" Pff:V/:rlrIJ

r/:lca~

D~a"'lnaud

mM-a"olite..

....

DI~ceNE

NE

NE

".,'...
'.~......

'P ~
'.,.,~

~~~":"":::::::-. Inoctl~.st ion

Mffii~lteg,' ::; '.
".',

5ym pathomjm~lcl!l

Indl rect-Iyactlng
"' ,e:phed rirle

amfetamine
..

(tyramine)
cccaloe ---

Direc t lyactlne

U -AGO~jST5

u,lu~

norepinephrine

epinephrine

a,
clonidine
u-meth yl-

rlOrepinephrine

"pheny lephrine

methoxamine

1' ''60015 [5

1i,/J32

epinephrine

ioopreMSliM ..~.~ ..
P..
5al~utamol

u rou taline

p,
norepinephrtrte

dolnJtamine

The sympathe tic nervous system is important in regulating nrgml' such
as the heart and pcriphcrulvascul.nurc (Chapler , 15 an.llll ). Tlu-trans­
muter released from sym pathetic ne rve enuillll-s is nurepineph r fne

(I\ t : l (noradrenaline. c:» bur. in response to some forms o f stress.
ep illl'p h r ine (adrenaline. is also released Irotu the ndrcnalmedullu.
The -e carecholamines a TC inactivated mai nly by re up take (..J.

S) llIpa lhmni melics Od"T) arc d rugs uuu partially or co mpletely
mimi c the act ions of norepinephrine and epinephrine. '111<: y Jcl e ithe r

directly on (1 - .mdlo r ILldrenoceplors (left. open co lumn) or indin·ct lJ
on the precynuptic terminals (lop lefl. ,halkd /. usually by cauving the
release of norepinephrine (c:> l. TIll' effcct-, of adrcnoccptnr srimulu­

tion can be wen in the tigure in Chapter 7.

p1-,\dn'/lll('epl"r ugoni...' s cause bronchial dilatuuon and arc used in
the treatment of asthma (C hapte r II ). They arc aho used 10relax uter ­
ine muscle in an auem pr to prevent pretc rm labour. P.-Adrcn ' l('t'plor
al:onisb (dobuturniuc j arc sometimes used to stim ula te Ihe force

of heart comracuon in severe Im"'-OUII'UI heart failure (Chapter III).
al-A~(ln ish re.g. ph(,l1~ lephrinl' ) arc used a-s mydriatic.. (Chapter 10)
<t nd in man y popula r decc ngcvtunt preparations. al-A~on isb , notably
c1nn id inl' and me thjldnpu (which (ll'l" utter ib conve rs ion 10 u ­
mcrhy tnorepinephnnc. a false transmitter). are centrally acting hypo­
tcncivc d rugs (Chaple r 15),

Symp;lthnmimclk amine" that <letmainly by causing nnrel'inl'phrint'

release (c.g. a mfe la mi ne ) have the aiu! selectivity ornorepinephrine ,



Ephedr m e, in addition In causing norepinephrine re lease. abo has a
dire ct action. lis e ffects resemble those of epinephrine. hut l a ~t much

longl'r, Ephed rine is a mild central stimulan t, hut amfetamine, ~'hkh
ente rs thl': brain more read ily, hasa much greate r stimulant effect on mood

and alcrmexs and a depressant effec t on appetite. Amfe tami ne and vim­
ilar dru gs have a high abuse potential and arc rare ly used (Chapter 3 1).

~Adrennt't'pI Clr anl ~l ~unisl s (fl-h lut'kers) (bonom right) are im­
portent dru gs in the treatment (If hypertens ion lCh apter 15 ), ang ina

IChapter 16), cardiac arrhyt hmia-, (Chapter 17 ). heart failure (Chapte r

18) and glaucoma (Chapter 10). a-Adrt' lluce llln r anb.~unisls ta-

Reupla ke o f norepinephrine by a hig h-alfinity tran sport sys tem
(Uptake I ) in rh... nerv e terminals ' recaptures ' most of the transnuucr

and is the main method o f tcrminaung its effec ts. A simi lar (ex trane u­

ronal) transport sys tem \ Upt ake 2)eJlists in lhe lissues but is less se fec­
rive and less easily saturated.

:\Io"ollmint' o\ idaw ( MAt H and calechnl -O-nl eth ~ l l nlllsfera'iC

tCO :\IT) are widely distributed enzyme s that cata bolize catechol­

amincs. Inhihition o r MAO and ("01\11' has little potentiating effect on
respon ses to sym parhcnc nerve stimulation or injected carecholae unev

(norepi nephrine, epinephrine) beca use the)" are largely inactivated b)'
reuptakc .

a .- ,\drentll.'e plo rs are pos tsynaptic. Their ac tiva tion in several

tissues te. g. smooth muscle, salivary g l;lnd~) causes an increase in
inositol tnsphocphare and suhsequcrnly cy tosulic ca lcium tC hapter I ),

which triggers muscle cont rac tion (except gUI)or g landu lar secretion,

~.(\drennt'l' ll tnrs occur on noradrencrgic nerv e termiuuls. Their
activ urion by norepin ephrine inhibits adenyly l cyclase. The cOI1~...quem

fall in cA \ IP cloSt'SCa~+ chanllCb and diminishes further tr ausmiucr
release,

fl-Ad re f1 0l:eplnr aelivation results in st imulalion of <ld...-nylyl

cycla ..... . incre;lsing the COilversion or ATI' to cA MP, The cA MP aels as

a ' secolul mc,sl'n ger ' coupling Tl'eeptor ;lclivation tll Tl'Sp'l n~e,

Sympathomimetics
Ind in'!' lly actinJ: Sy lll p;l l hn m imelics

Ind ir el.'ll) actin~ s.\ mp lil ho mime lics rese mhle the ~ lnK'tu re of
norepil1~'phrinc d OSl'lyl'llough 10 hL' t ran~p',ned by Uptake I intn ",:TVe

tenninals wher c the )' displace ve~ic u l<tr nnrepinl'phrine into the

c)'loplas m. Sonw of the norepine phriue is nwtahol il-LxI by M AO, but
Ihe remai nde r i ~ rdeased b)' earricr-m...diat<.x1 tr.mspon to adivate

adrenllceptors.

Amfela m ines are resisl<lntto MAO. 1llcir periphl'r;ll action s (e.g.

\;lChycllTllia, hYp'.'nl'n~i lln ) ;md l'l' ntral slimulanl act iol1s arl' mainly
eaus<:J by catcchn l:lIn ine rdca'c , I)t"\ anlft'l alllinc and lIIl'l h ~l jlh t·ll i .

da le are sometimes uloCd in hypcd illt.'tic ehiltlr<:n. Dc llamfetamine ;u,,1

IIlfld a lin ii may heh.:nelidal in narct>1ep~y , IA.'pendence on amfelamilw,
like drug~ is C0 l1 1111011 (Chap ter 3 1l.

Cocaine , in add ition 10 be ing a loca l amW~lhelic \Ch upt...r 51, is a

s) mp,Uhnmimetic t->ceauSl' il inhihils the rl'uplake of mm'pilwphrine hy
IWTVe tcnn inals. It has an inlense Cl'nlral stim ulant efFel' t thut has made

it a popu l:lr d rug of lthu"l' tC haptcr J I ).

Uirecll)' :.!'t inJ: s~ mpa thuminll' l k s

The effec t of sym pathomimd ic drugs in hum;ln s dq".' nds on their

rec~ptor spe d /icity 1.lt antl/n r Ji) and onlhe ctlmpens at"ry retle~c ~ the y
c\'oke.

Ep illl.'llh r int' ami nurt'pineph r hw arc destroyed in Ihe gut ,1Ild are

~ hon lasling when injcl'!etl hcCHU SC o f uptak e ;llld ml.'l<lbnlism,

Epinephrine incrca..es Ihc blnod pressure by slimulaling tht.' rale and

hl..d\t' r ~ l (middle right ) hav e limited clinical upplicatiuns. Prazo-tn. a

se lect ive Ill -antago nist, is sometimes used in the treatment ufhy perten­
vion. I·henu\~hen/.amine , an irre ve rsible antagonist, i" used 10 hloc k

the n -effccrs of the large ;Illltlunts of catecholarnincs released from

tumours of the adre nal medulla tphaeochromocytonnn. ~1 any u -hloc kers
have been (and are Ju.....-d in the trea tment of peripheral vasc ular occlus­

ive disease. usually with little success.

,\ d rent' r~k neurune- blucklng dru~s (lop right . , haded) either
depk-te the nerve remnnals of norepinep hrine trcserpinej or prevent its
release. They were used a~ hypotensive ag~nh (Chapter 15 ),

force or thc heanhcal (131-cfk cls ). Stiruulatioe uf vasc ular a -TL'CepIOTS

caus es vasoconstncuon tvisc eru, skin ) hut P~-stimuration causes

vasodilaunion (skell'tal mu ccIc' and the total peripheral resis tance may
actuall y dec rease.

Norepinephrine has linlc or no e ffec t on the vascular p~-rCl'I'ptors

and so the u-mediated vascconcmcr ton is unopposed . The resulti ng rise

in blood pressu re rc nc xtvcty slows the heart . usually overcoming the

direct P I-stimulant action on th~ heart rare.
Epinephrine hy injection has an imponant use in the treatment o f

al1aphyla ct ic .\hod; (Chapter II ).

j.l-Kecepl nr -w lect i, e dru~s
Isoprena lin e stimulates all Il-Tcl·eplOrs, increasing the rate and force
of the heartbeat and cauvlng vas odilutarion. These erfec t~ result in a

fall in diastolic and mea n arte rial pressu re with lill ie change in s) 'stolic
pressur e.

13:-Ad re nnce plnr lIJ:lln isls arc relatively selective drugs rl uu pro­
duce bro nch oditatanon al doSl's tha t cause minim al effects on the heart .

They are resi stantltl MAO "lu I are proh ahly nl'! taken up into nl'urones.
Th l'ir mai n use is in thl' trcaln ll'1llof asthma (Chapter I I ),

Adrenoceptor antagonists
a- IUuc k ers
a- lIInd,; t'rs reduce an eriolar and ven ous lOne, causing a f;lll in pcriph­

e r<l l rt:sist:lIu;e and hypo tension (Ch ,tplc r 15), They rcwrse lhe pres~or

cffL·I.'ls of cpinl· phrin.... heca u..... its l}2-med ialed vasod ilator effec ts an:
uno ppose d hy (X·mediat ed \,asOl'(lllSlric tion and IhI': periphcr.tl resist;tnce

fa ll ~ (epineph rine rewrsall, tl -BIOl'ken. cau , ... a rene Jl tachycardia.

~ hkh is gre;lll' r with mm-~IL't' l ive dru gs thai also blt,..ok u 1-pTC'i)'napl ic
rcrerlnr~ nil t h~ heart , hL-cau..... Ihe augnwnted rel...u_se of nn Tl'pinephrine

., timulat<: s furth~r thc ca rd inc Il- r~!·cptnrs. Pr :lI.nsin. a sclecti ve u l ­

antagonis t, causes rel ;ltive ly linl e tachycardia.

~1I 1()ckcrs

fl-H1l1t:kers vary in the ir /iflid ,fai lihility and (',m !io.w ln ti l';ty. 110..... ­
cver , the y all hloek Ilj-rcceplurs and are cqually effective in fl.'du cing
bloud pTl' ssu re and preventi ng anginu . Thl' morc lipid-so luhlc drug~ are

nw re rapidly absorhLxll'rom th•.' gUl, und~rgo more lin.t -pa~s hL' patie
mewbolislll ;md are mme rapidl y e liminated. They are also more likel y
to ente r Ihe brain ;md cause centr.tl effects (e.g. b;K1 dreams1.Cun!i(Jw!t'l:­
lidly is onl)' relative lIml d iminishes with highl'r dose s. NC\'en hcless,

sele clive l}j-bIIX:kade'l'elll S 10 produce Ie~s peripheral vu_socon.stric_

tion (col d hand s and r<"l,t) and does not rcdul'e the response to eJlcn:ise­
indul'ed hYp' lglyeaem ia (sTimul;ltion of glucol'lCogenesis in the liver is

metliat<:J by l} !-rec~plur~ l. CarJiosdel'ti ve dru gs may have ~unkil'nl

fl! -aelh 'ily III prct:ipitatl' Sl'\'cre bronch""p;I~m in pat icnt ~ ~ith as thnla
and they should aHlid l}-bllx:kc n.. Snm e l}-bl ...t:ke r~ po.1SSl'S ~ i lltrillxi..

sl 'mpulllOlllinWlic (/I"lhity (i,e, ;I T!.' rani al "gnnis ts, Chapter 2), The cl in­

ica l impon:mce of lhis i~ dehu (;lhle , bul see Chapter 16,



10 Ocular pharmacology
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The ~ )' c is <In inflated spherical shelf, i l ~ OUI"'f layer hc ing th", tough.

ccllagcn. nch sclera. The normal illlnu/I.'ular pressure nOP ) i~ about
15 mm Hg and b muimu incd by ubuluncc of aqueous humour formauon
b)' the r iliarv "'1</.1' (. ) and outflow th rou gh the trohccutnr mesh.....ork
into lhe c anal t1fSchlcmm i __ ), In open -angle ~ Iau{'nma . the lO P

remains abtlve::! -t mmUg because pa lhulugical change' inthe uabecu­

lar me sh work de crease the outflow tlf aq ueous. Because the elevated
lOP will eve urually damage the optic nerv e , the pressu re is reduced.

usuall y with ,[rugs . This can he achieved either by inc rc..,ing uqucous

outflow with mu scarinic a~nnis" . suc h a.' " ilul:arpinc tbottom ld t),
or by rcdudng aq ucou -, tormauon with a -eanet y of d rugs (middll' righ t)

b UI es pecially tinmlnl , a ~-bloder.

At the rrom Ilf the eye, the sclera run, intothe cor-nea IllIp [dO .... host:
transparency i, obtained by ulig nmcm of the collagen Iihrev. ~hny

superficialmanipulations. such ,I' tonom etr y tmeasurcmcnt of the lOP )
and the removal Ill' corneal forei gn bodie s. require the instillation of
a [m·,,1anarsthrtic. Huore-ccm i~ commonly invtillc d inlll thc C)'Cto

reve al damagod are av of co rnea l epithelium, which are ' l:lined bri ght

green by the dye. In fla mmal it'n of the cornea res ult ing from allergy ('I'

dwmil·al bums i>treated with topical anti-inflammatory drugs (Chapter

33), lntections are not treated with unu-intlamnnuory agents except

together .... ith an effective chemo therapeutic ilge nt because ant i­

inn amnl iuory dmgs red uce recis tunce to invadi ng microorganisms.
Th e ir i, [middle rem 11I" '><: ' '><: s a sphinc ter mu ccle . which receiv es

paravympathctic nerves, and a d ilator muscle. which is innervated by
sy mpathet ic fibres. Th us muscarinic antugonixtv ,ulli n -adrenoc cpror
agoll i'h dillli e the pu pil (rIIJd r ia, isJ. whil e mus cnrjnic aglln isls and u ­
adrcnoc cpt or antagonicts ranstrict the pupilt mi nsi , ),

Coruracuon of the par;\Symp athcl ically innervated d li,l rJ mu sde

(t ' IlIWIU Id t) allows the lens to become thicker and accomrnodanon fur
nca r \·i, iull I)CCIlI'S. ·11111 ~. mu scarinic amagonish , ,,,m!.nf' the ciliary

muscle (("J d llpl t'~hl) ,HId prevent accommoda tion for ncar vixiou.
..... hilc ugonist s caust' nccommodatien and a loss of far vis ion.

Th e I('n s (m iddle top j pro vide s the adjustable part of the eye's refrac-
tive po er. Opacity o f the lens is called a ca tarac t. Smile drugs, nota bly

co rt icc tcroids, may cuusc cutaructs.
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Th e r etina is " pnrt (If rhc central ne rvous sys tem hUI it see rnv lilll.:

affected hy drugs, prob ably Ocl',IU"":: of the euecuve blood -rcrinul har ­
rier. \"t'rf t'porli n is a new llrug used 10 lreal age-related mac ular degcn-

C ilia r)' hcd y
The pTtlce, scs of the c iliary body are highly vascu larized and arc the

sil':s of aq ueo us humou r formntien. Th e l;ilia r} epilhl'lial cells. which
connun AT Pase arul ca rtomc anh ydrasc. absorb Na+ selectively From

the stroma and trans port it unothe intercellular c lefts , whic h open only

on the aq ueous humour side. Th e hypercs molality in the clefts cuuscv

water no w from tile saromu. producing a connnuous flow o f aqueous.
The ci lia ry e pithelium i, leak y. all owing significant p a....ive tit rrunon.

and up ttl JO% of aqu eou s may he form ed by uttrafiluuuon.

Tra becutar IlIl".h 'lurk

Th e aqueous humour circulate- through th e pupil and isd rain ed intothe
canal nf Schlcnun, which is a circular gutter within the sur face o f the

scient utthe limhu... Th e sieve-Hke trabec ul ar mes hw ork is the roof of

the gutter. through which the OIIJUt."tlllS must pa.... before il is eventu ally

drained away into the epis clc rul ve ins.

Glaucoma
Thi s h a group of oc ular diseases with the common features of ab nor­
mall y high lOP and ultimate 10....of vision if untreated . It II\:CUrs in ,tho ut

1% otpeopte over 40 years of age . viewed through an ophthalmoscope.

the optic di sc apJlc..'ars ocpre...sed (cuppin g) bec aus.... of th.... lo,;.s of nen e
fibn.·s. Th e rnechanicm by whic h the nerve fibres are des troyed in

glauco ma is undear, bltl ma y invu lve l11 edlal1i<:al fal'tnrs amI/or Itl\:l\1
Ischa ,'mi". 0Jlc..'n-angle (chronic simple) glau<:oma Is lhe tllo,;.l COml11lln

form of lh.... di .....,,-.e. In closed-angle glaucoma, Ihe ang le he l\\t-....n Ihe

co nlL'a " nd the ir is is ,Ibnorma lly sma ll. o.; casionall)' , the angle c1uses

completel y. prev t-'nling ;Klue lJus outfl ow . ;Uld the 10 1' <Iuickl)' rises,
Bt'cause IX'nnanenl da mage 10 lhc n: lina can occu r during the....:: allal.:ks.

the pn:,sure mU,1he red uced a ~ t.j uil·kly a"!",-"sIblc by illU'flsi!'e imlifl<l ­
(;0 /1 of l'i!o('jlrpiIW e)' edrops l·olJlhined. if necessary. with intr.tv enous

lI{'{'(lI :ollltl/ide and i l1l ra ventlu~ hYl lI'rtonic lIIalln itol (an l'lSmolic agelll ),
to ren lllve wale r. Ace talo lamide inhibits carho nie ,tnhyd rdsc in lhe

ci liary hody and prevents bical'fMlnale sy nthesis. Th is leads to a fall in

sod ium lranspon and a'l ueom fnnnati nn lM.'eau se hicltrhnnalc and
soclium transport ,lI't: linked,

PiI'K:llrpirw . he ing " le rtiary amine. diffuse-s readily Ihrough tile

cornea illln Ihe :l'lu<'nus humu ur. II redUCt-'S the lOP hy o;onlraet ing the
ciliary nm,cl .... . Th is pulls the scleral spur ;md rcs ulls in the lrahee..' ular

mesh wo rk be ing strl' tcheJ and M."paraled. The fluid p,llhways arc

oJlc..'nl-'d up and aqueous oUlllow is increase J . All par.tsy mp'llhomime t­

ic,;. cau"" miosis. n.'sult ing in pon r nighl visinn and l"<..mrlairll" of 'd im­
min g of vis ion ' . Ci liary mu~de spasm that incTt'ases nl·ar -sighted ne....

caus ing nlurred v i~ i o l1 is not usually a pron lcm in lhe ;lge group lhat

de- \'c1op.. glaucoma but ca n cuu"" headache and brow'll·he. Some
p<.l ti....nls lind lhe-.eeffl-'I:ts in lolerun te.

!J.ll hll." ker s. Ti molul is the dru g of choic e in upen-an l!.k glaUn ll\1a.
[t blol.·k ~ 132-ad renol.·epl ors on lh<' cili ary prll\:es;,cs anti so red uces

aqUC'I 'us "I.'Crclion. In addit ion . lim olol mllY nlock !'S-fCl'eplo!"); in the
afferent hllMxi vessels , uppl)'ing the ci lial1' proce....es . Th e res ulli ng

vasocllm lril.' l iun resuh s in rCllul.'l·d ultrafiltrat ion amI ,lqUe-OIlS fnnna ­

lion . T imolol avo ids lhe unpl easant effecls of pi locarpin<' on the eye ,
hut it is ahsorI:>W syslemieally and may provoke bn lllehospasm in

asthma lics or brddycard ia in sll'oCeptibk pali cnts. Th C' TI.'fol'C' .l3-h loch·rs

cnuiou (A MD). Th e retina rnay occaviuually bedamaged by dru p te.g.

bonum rig ht I or by high oxygen tenvlon in new born ha llies.

tcvcn sele ctive I3I-a l11 agonisIS) should he avoided in p.uicnr s with
aslhma . hear! failure . heart block or brad ycardia .

l .at anopne- t is a prudrug o f prust;lgl;mdin-F2. Th e drug passes
throu gh the comca and reduces the [01' hy increasin g the uvcosclerat

outflow of aqueous .
Epinep hrilll' t udren nlinc ) and rr-adrcnoc cptor vtimularus lower the

101' b)' an u .mcdiated vasocon-aricuon of lhe d lial')' body arrcrcm
nllMlll ves se ls, Co nfusing ly. u -antagoni sls and 13-,ulrenoceplOr agonis ls

res pcci ally 1i2"Slimulanls ) also low er the 101'. These dru gs inc rease the
omnow of aq ucous rat her than reduc ing il;, fo rmauon. pres um ably by

dilatation o f lhe aqueous vei n,;. and/or episc le ral wins.

IIr im unidinl' and apruclunidiu e arc u 2-adrcmM:epIUragonists. They

decrease aqu eou s formation h)' s timulat ing ({2-TC"cpwrs on the udre­
nc rgic nerv e terminals innervating the cihury body (lIIUs redu cing nor­

epinephri ne rctca-e j.
Il llr wiamidl.' is a top icall y ac tive inhibitor of carbonic anh ydrase

(CA-21. It can he used alone in paricms in whom ii-binders arc con­

truindicated. It is a sulp honamide and syste mic side-effec ts may occur.

c.g. s"i n rashes, bronchospas m.
Laser Ir-aheculur suq :ery may be u,ed as an ancrnauvc \0 dru gs in

gfuucom a. Under local aruu-crhesiu. the ..urgeon use -,an argon or dilx!....

la ......r 10 place ahtlUl 100 evenly spaced lesion, on the ioncr surface of
the trabecula r meshwork. 'I111.· laser ' hum, ' cau ,C'k><: alilt':d shrinkage.

whidt cxcns ll'n~ion on lhe adj,!t·elll. unt realed tissue . olX'ning sp ,tccs

in lhl' me shwork and all owin g incr l'a,ed llqUe-OU.~ dr;lina ge. In closed­

anj!.k glaul'oma, an )'ll riu m alu minium ga nwt ( YAG lla-.ermay be u""d

10 make a hole 011 lhe periphery of lhe iris. Thi s prcve llls the forward

mo wtllent of the iris lhm pl'ecipitatl' s anne- glaUl'ollla anti is uSllally

causl'd by a pan ial block Il l'a'lueous llow Ihrou gh lhe pup il.
While lhe hc..'nclil\ of trca ting palie llls wilh closed-angle glaucoma are

d ear, the same cannot he ...Iid fur pati ent s with 1lJlt,' n-ang1e glauo;oma ,
",-'Cause the availahle evidence dol'Sm,t c' ll lvi ne..' i n~ l y show lhat lrcatmcnt

wilh drugs or la.....r su rgery an ...-cb the long -tenn progre,;.s uflbe d isca-.e.

Mydriatics
MydriaSiS(d ilatation of the pup il ) is rcq uin'd for ophthalmoscop y. The

drops most commo nly used arc the rc1<il ivcly shllrt -al' ling mU'oC"rinic
amagonis" Ir npk am id e and ('~ dll pt'n lf)hl le , wh ich prlx!uce rolh my ­

driasi ~ "nd cycloplegia. Th e 1.t-adrcnol.·l'pIOr stimul an t Ilhen~ 1l'Ilh r ine
may tM: used to pnxiu ee mydri;tsis wi lhuUI :lffec ling lhe..' pupill ;lry light

I'I."tk\ or accomrnlx!alion. Myd riasis ilia)' precipilate a>:ute c1oscd -angk
glauo;olll,l in su-..::eplin1epat il'n ls who lire usuall y agl'l.lllwr 60 yea .....

Age-related macular degeneration
-'!!eordaled mm;ula r de!!elWralion (-' \ 11)) affectsnlOcr p.:nple and is
the most eo mmlln >:ause of hlimlne,s in Ih... UK. Nl'lIo' hlol l<! \'e ....el-.

fonn unl!<:r the re- tina ;lI1d Ie;lf." age of lluid and hlood frum the vaWlllar

comple \e~ cau~e .. ""veTt' loss of v i~ ill n within a few years. Verl l.·Il<,r lin
i,;. a lighl-....::nsiti vc dye th" l is given inlrawnuusly and is laken up hy the
v;\'oCular endolheliu llI. A la,,-'r is then applie<l lo the Il'siol1 and this aCli­

val es the dye. rele as ing IOxi>: free rad il.'als that dcst roy the new \'C~se ls

(p hol,l<!ynamic the rapy ), The eflic acy {If this imcresling Ircalmcnl has
yelill he eSlablished bUI it "l....nls to be most e ffec live in pa lielll s wit h

d a" ic ~ uhfovC'a l ol.·{lva-..::ulari/.at ion .
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11 Asthma , hay lever and anaphylaxis
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A sthma. hay fever and anaphyla xis (shaded boxcx) nrc rauwd hy (he

sam c basic pro c esses: I.~E antibody attac hes to mast cells (top lef t) and.
on renewed exposure to the " lllW antigen H~l. degranul;uion of the
mast ce lls occurs with the pr oduction and rek-ase o f IUl'd ia lurs (midd le
lctn. If the release of mediators is localized, hay fever 1I0P righo
or asthma tbonom righl) resul t. but ;, massive genera l reka...: causes
anaphylaxis . which is a rare hut life -t hre atening reac tion 1Il bee Slings
an d penicillin I l f other dru gs, Antigl'n , that can t rigg er thl" l' reactions

are called a lll·rj.!t'Us rrop len l.
Bronchtat act hmu is an inrlammatury d isease in which the calibre

of the airway s i, chronically narrow ed by oed ema and *' unstable.
During an unack the patie nt ,urfer, Irom wheezmg and difficuhy in

breathing ;1' a re,ull nf bro nchovpavm . mucosal tll.".kma and mUl'US

formuuon rbouom right}. Eventually 'h e chronic intlunuuatien ca uses
irrev ersible d Hl nges In the airw ays t hnllnm righ I), When tIlt' acute

attack has an allerg ic hasi s the term j',IIrIII.I'ic asthma *' o ften used .
When there is till obvious allergic has*, fo r the disease, it is called

i n /r i ll.l it" <ls/ hmel ,

In mi ld III moder ate axttnuu the tir st-Iinc drugs arc short-actin g

1i!-adr"noc<' pIUr agonis ts I ~J.~ l i m l1 l a n l ~ . mid dle right) inhal ed from
prcvsurizc d co ntainers when req uired. If (l-;Igoni,rs nrc required more
than once a day. then n-gulur adminis tratio n of jnhaled ste rold or c ro­
nlO ' j.!l k a le i.. added (bonum righ l ). In more severe ucrhma, short -ac ting

1J-:lgo lli\ IS arc retained. eithe r with the add ilion of hig h-dose inhaled
stl"milh , or with the addition of a regular inhaled Illng-,u.:ting l3·st imul;Ull

tc.g. slllrnl'ler " l) togeth er with suurdurd dose inhaled ste r oid. If necess ary .
high-dose inhal ed steroid is tried with sarmctcrol, inha led Ipratropium
(a muscarinic untagonivtl. lIT IIT.. I sustained rell"aM' lh l''' llh~ Hlnc. Some
patien ts are controlle d on ly hy or al steroids (usually predn isnlune.

Chapter J .~I. \ lnnleluk ll'l is an "r.d l)' administered jcucotnene an tag ­
onis l Ihal red uct', the bronch..constncror amI in jhunmaro ry effects of

LTD~ , II is used in rhc trcauncnr otaspiri n-induccd as thma. whic h is

lhought lo be l;;lused by uu-rcased teucorrt ene sy11lIK'si, .
Anile se ve re a!t;u:k s IIf ll\ l h lllll (status as!hlll;lti~'u s ) that arc not

controlled hy the pauc ru's U\ U;lIdrugs nrc potentially fatal nnd must he

dealt wilh ..s an t:lllctj;.eIlCY . rt:tjuiring huspi lal adl11i),ion,



Anaph, la\ i ~ [bottom len) requires prompt treatment wit h e pine­

ph r ine (adrenaline) (Chapter 9), given by ir uramuscutar injection th.u

is repeated every 5 minutes until the blood pressure and pulse improve.

O xygen is administe red (if availahk ) and chlurphenamine (an antihiv­

mmme ] given muavenoudy after the epinephrine is useful. In severe
or recu rrent anaphylaxis. intravenous or intrumusculur h,dnlClJr li:otlml'
is g iven.

11:1-: is the major class of reaginic antibod y. In al lergic patients, specific

umibody leve ls may he increased to 100 liflles greater than normal.
Binding of the F< port ion of the unubody \(l rece ptors Oil mast ce lls.

fo llowed b)' cross-linking of adjaccm molec ules 1:1)' antigen. lriggers
degranulanon hy a mechanism involv ing Ca2+ inllux.

!\Ia sf ce lls contain the body stores of his tamine and occur in ulnmst

alltissues. Within thl' must ce ll" histamine is hound wi th heparin in
cytoplasmic granules. His tamine release normally involv es an innul\ uf
Ca " ions lind, because the permea bility of thecell membrunc 10c, > inns

is reduced when inlraeellular cAM I' leve ls are raised. drugs rhur stimulate

cA MI' synthl'sis (J1~-adrenocePlOr ugunislS) reduce histamine release .

Medlururs
The ini tial phase otun asthma attac k is brought abou t main ly by spas m

of the bronchial srnooth muscle caused by lhe release of "pa~nu~l'lIs

(middle left) from mast ce lls. In many usthm atics. a second delayed

phase result s from the rcj ease 1' 1' chcnunaxms (ce ntre left , shaded) rtuu
attract lntlarumutory cells, especially eosi nophi!s. These inrlamrnutory

processes cause vasodilatation, oedema, mucus secretion and hron­
rttospasm and arc at lirsl reversible.However. permanent da mage to me

bronchial epithelium and smooth muscle hypert rophy eventually lead
to irre\"Crsihle airways obstruction. This da mage seems 10 be caused

mainly by substances relea sed frorn thc eosimlphil gra nu les tespectany
eos inophil major bask protein and granule pe roxidas e ).

Bronchodilators
~_Adrt' mll'e ll t llr st inu ila nls . TI,e airw ay smooth musl'1e has few

udrenergic nl'r,'e fibres bUI man y [}~- reeeptors. stimulatio n of whkh
r;auses hroochodilalalion . AClival ion (If 1l2-adre mw..'I.'ptoN relal\es SmlMlth

musl'1e by incre asing inlracellular cA MP, ....hich act ivales II protein
kinasc (sec nitrates . Chapter (6 ). ll,i, inhih its mu,de cnntradinn by

pt\llSphory lming and inhibit ing myosin-lighl-t.'huin kina-.e. ~~-Agoni'l"

suc h as sa lhula mol are usually given b)' inhalation, They are not

spe cific. but Ill""ffects (cardiac stimulat ion) arc nul usually seen at
do, t:s Ihut cause hron ehodi latutiotl, Advcrse.' d fects include line tremor.

nervou s tension and tachycard ia. bul lhese are tlot usual ly lnl uhlc....1l11e

when the d rug is given hy inhalation. Or.al administr.at iun is usua lly
rcs trk ted 10 r;hildren amI othc r p.llicnt s .... ho l'un nnt usc iln aew sol

pl"l.'paration. Sal nlt' lervl i... mueh longe r la' ting than salhul;HlIOI. [n
COrilrolst 10 ~hort-aet i ng Il~-agoni'h. reg ular treatment ..... ith inhaled
s;t!me terol has hcndki<ll effec ls in "s thma tics,

Ip ral rllp ium is a O1u ~carin i c antagonist and a nuxln ;ttd y effeclivc

hronehod il;tlor . presumahly beeau-.e il redu l'Cs retle' va!!.11 broncho­
cllnstrict ion lhat results from h i ~talll i nc stim ulat ion of -.ensory (irri tan l)

rcl.:eptors in the airwuys. Jpmtmpium givt:n hy inhalation r;m:ly Cil UWS
atl\l pine .Jike side-effects.

XlInlhin es

Tlwullh ,lIhw tll<ly bene lill'hildrell who cannut usc inhal' ltlls, and adults
wilh predominantly noc lumal s)'mplum~. Theophy lline o ften cuuscs
advcr....: effccls, even orn l sust ained-I'I.'Je<lse theophylline pl"l.'puration s

lI a, re ver is mos l commonly caused by allergy to gras" polle n.

,·\ n l i h i ~l a lll i l1 l"S control some symptoms and nava! corncocrcroids are

very c ffe..cnve. C ro mlll:lk ate eyedmps may he a valuable adjunct in
allergic conj unctivitis.

that arc effect ive for up to 12 hou rs, Even when plasma conccmrations
are in the the rapeutic range i I0 -20 mg L-t I. nausea, headache, insom­

nia and ubdomiunl discomfor t arc cnnunon.

Above 25 mg L- t. toxic effects incl ude serious arr hythmias and

convulsio ns lhal may be fatal. It is not know n how theopbylfinc

causes bronchoditaration in ast hmatics. Theophylline inhibi ts phospho­
diesk'ruse and increases ce llu lar cA MP levels The concentratio n of

theophylline lhal inhibits most phusphodievtcruses is high l"1' than
the therapeutic range hut there is some evide nce that a sub lype of the

enzyme in airw ay smooth mus cle i, more sensitive to rho drug.

Cromoglicate
Thi s is a prophylactic dru g ,HId is of no value in acute auac kv. It has unu­
inl1 mnmaltlry ucnons in some pat ients (especially children I hut it is not

pn~sible to predict which patient... will bencfu. CromoglicalC mU.sl he
given reg ula rly and it may be several weeks before bcnenciat effects are
apparent. The mec hanism of action or crornog ficarc is uncle ar . [t may

act hy decreasing the sensit ivity of bronchia l sensory nerves, abol ishing
loc al reflexes that ~Iimu lil\e inflammalion.

Corticosteroids
Steroids e ffectively mcreasc the airway calibre in as thma by red ucing

bronchial mflammatory rcacuons (e.g. oedemaand mucus hyper-cere­
riun ) and by mod ifying a llergic reac tions. Drnl admi nistra tion of

sll'wid, is associated with many serious adverse ef fects (Chapter 33)

hut. except for high doses, these cen be avoided in as thma by aerosol

<ld rninis trJ tiun of the drugs (e.g. IwdulIlt'la sull e l. Inhaled stemi ds are
usua lly effeClive in 3-7 days, bUI ural steroids Illay be neccs~ary in
!>Imle palienls, where .111 othe r lherapy fails. Sternid nas.;11 sprays (e.g.

bcclllnie la sll nl", h ude snnide J arc very effective in hay fever and;lre

especially useful in pat icnl ~ wilh nas:11 conge~tion that is not al'feck'd hy

ant ihis tamines.

Acute severeasthma
l h:n~en (40-60%) is give n logether wi th nebulized or ill1r:lvctlouS
f}~ -llgllnisls (e.g. s.ulbulllnmh. Then int ravenou s h~dru,,·nrli..o ne or

nr.a.1p rcdni :otl lhm t' is giwII. Neb ulil'ed ipralrn"ium may also be UM.'d
if rel]uired, If these drugs till not produ ce a resp{ln ~c , .m intravenous

in fusion o f uminoph)lIine may hclp hUlthere is lillie evidence that il
dill'S. Anilkial w ntilation nlilYlM: I\.'ljuil"l.'d.

Antihistamines
Antagonisls lh'lt blOCK l i t-histamine l"I.'Cepton; ure used in thl: lreatmenl
of alle rgic elln dilions sueh a, hay fe ver. unicaria, drug .....nsitiv ity

ra~hcs , pruritis and in'Cc t biles und .'>l ings. Older antihis tmn ine drugs

(e,g. l'h lor ph ena mine. a lillll'lnali nl' . p rolll l'tha l ine l have amimus­
earinic lletion, and pa", the hlOlXl~br.ain barrier , commonly cau~ing

drowsiness and psychomolor impa imlen t. Newc r uge nts (e.g. Inr a lOl ­
d ine , (·t'l ir izille, fexu l'l'nlld ine ) do nll1 havc atl1ll' ine-like actions and .

becau..... lhey do nOl cross lhc blOl.Mi - hrain tmrrier to any Cl\lem. the)'
cau\C much less dro.....~iness.

,.



12 Drugs acting on the gastrointestinal tract. I: Peptic ulcer
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(proo t a gilina ine. )

The term peptic ulcer refers III any ulcer in an area wh....re the muc osa
i.. bathed in the hydrochloric acid and pep..in of gas tric juice t i.c . Ihc

stomach and upper part of the duodenum). Drugs, rb,n arc ct fccuv c

in the rteanncnr nf IIl'plic ulcer either reduce l!a~trk a d d secretiun
tteft ccntre and right) or incfl'a M' mun Nl1 r .....i ..ren ee 10 acid-pep-in
attack (h<ll1 nm tetu.

Acid secretion from the p oll'if l<ll cdl.' I.J i, reduced by Ill "
hi' laminl.' a ntal!lIni, l!> t right) or h~.. p rll lull pum p inhi hitnr , (r ight)

that can produce vinual anacidity by inhihiling th..' pump I.J lhat
trunsport-, II ' i l.J n ~ uut "f the parietal cel ls, Proton pump inh ihi l\.lrs arc
ve ry effective in prnnlOling ulcer healing, even in patients who are

revistaruto 11!-antag<lllisIS, The ' ll111t'Usa i ' l re n lo:l ht' ner, ' tbouom lefl/
increase ulcer healing by binding to the ulcer hilS'" (k h, • J, This
provides physica l prutt 'cliun and allows the secretion of IICO ,- to

rc-es lahlish the pl l gr..diem normally pre vent in the mucu.. layer

'01 that ongimuc , from mucus-secreung ce ll, U=» . Jli.wl'ro,l/ol
is a prostaglandin analogue thai promotes ulcer hcaling by stimul ating

prolccliH.' mechnni..ms in the gastric mucoxu and hy fedul'in l; acid

....-cret ioll. It i ~ ....Jln...timc' u.....J 10 pre\'cnl ulct."f' in palients rakin g

non -slcl1lidal ami ·inllammatory drugs ( NSAIDs. C'hilptcr 3~ l.

Pep tic ulcers. howe ver healed. will oncn recur without continuous

dru g udmmismmon. Thi s is Ix' C.lU S<': chronic infection of the stomach

with Ihlir"hlll"!I'r pylori (~# J is ,HI important acuological factor in
ulcer formation. /I . pylori intccnon is a-vociated with ahoul 95% of

duode nal ulce rs and 7l1'l of t!-a.~l rk- ulcers . The infection 111<1)' rcsull
in a chronic hyperguvtrinacrnla. which stimulate-, acid production and
cuusev ulcer s (bonom right). Uncomplicated peptic ulcers aSSlll'iatcl!

with H. f'y{ori infection are treated by the eradica tion o f H. 1'.I·lori
u~ing a cnmhinalioo llf:1proton pump inhrhitur te.g . omcprazulc} Yoith
,mtihilltics (Icft. centre). Before treatment. infection with II . pyl"ri is
confirmed hy a urcu breath 1,' ..1 in which some PC-Url';[ is mgcvrcd .

1/. pyluri p!'sse ,ses urease, ,III cnymc Ihal IJreab do wn the urea
,md produce I.lC -hic'lmo nalc thtu can tv de tec ted in a sam ple of

breath. 'J11C breath Il" 1 i.. also uvcd after treatment Itl verify 1/. flyl"ri
eradic anou.

Anlacilh [lop left) are base , that raise Ihe ga~l ric luminal pll by
neutralizing gastric add (middle lcftt. The)' provide effective treat­

mcnl fur many dyspe psias and symplomatil' rel ief in [lI.'plic uker and

o".''iOphage.1! rcllu.... . Many propril'tary mixt ures wh ich u, " ,lIly conlain

magnesium I1T aluminium 'ialt'i afe ;lvailahll',



Acid secretion
Pa ri(' I:11cells sec rete acid into Ihe stomac h IU111en . This b achieved h)'
a uniqu e H'/K+-ATPasc tp roton pump) that ca ta lyses the exchange of

intrace llular 11+fo r extracellu lar K+. The sec retion Ill' IICI is stimu lated

0)" avctylchotine (AC h ). released from vagal p nstg anglionic fibres

(ri gh l of Ilgurcl. and eastrin, released into the bloodst ream from Ci-cel ls
in the antral mucosa when they detec t amino adds and peptides (from

food) in Ihe slo111al..h. lilld by gast ric d i~tension via loc al and long
rcttcxcs.

Although the parieta l ce lls pllSseSS mu vcunnic (M I ) and gavtrin IG)
receptors, both ACh and gll, trin mai nly stnnulatc acid secretion indi­
recrly , by releasing hi.\/<llIIilll' from parucrinc cdls t rig ht, CJ )located

close 10 the parietal ce lls, His tamin e then aels locally ( <=---) un the
pa rieta l ce lls. when: aClivlltio\1ofh btamine II: -rel'e plors ( H:) res ulls in

an increase in intracel lular cA \ 1P and the secretion of ac id. Hecause

acctylcholmc and gastrin ac t ind irectly by re leasi ng histam ine. the

!'flc cts on acid sec retion uf both vagal vtimulution and gast rin arc

reduced hy II:-receptnr antagonists.
Cholinergic agonists can powerfully ~Iirnulate acid secrenon in the

prese nce of H!-ani agon i'ls. indicat ing that AC'h released from lhe

vag us must have limited access to the parietal ce ll muscarinic rece ptors,

Gas trin acting direc tly on the parietal ce lls has a we ak effcl' l on acid
scc n-rion. hu t this ls grea tly p otentiated when the histamine rece ptors

arc ucuvatcd.

Protective factors
,\ l uCII'" l a ~ er
Th is fo rms a physical harrie r (approximately 5()(l j.l m thic k) on 11K'

surfact' of the stoma l'll and rro~illlal duo"l<·nlll1l. ilnd consis l.' of a
mucu s gel into wh ich HCO \- is sec re ted. Wi thin the gd rn:ltri, the

HCO\- ncul rali1.~s acid di ffusing from Ih,,' lumen . Thi s crNll'S :I pH
gmdil' ru :lnu lhe gas lrk mucosa is mainlained :It a rlt."u lral I'll. even
whl' n the ~I()mach cOnlc nh are at pH 2, I'm stag landins E: ;100 11 arc

synthcsil.<.'d by the g:lslrk mUt·usa. Whl'f'C they :Ire thought to cxc rl
a cy tllilrutec!ive al"tion hy stimulating the Sl.'cret iun of mu cu, lind hil;ar­

htmale, und by increasing the I11 Ul'(NII hll,ud How,

Ulcer healing drugs
Acid Sl'(T(·l inn r !'dlll·...r '"
II;sramifll' II~-rt'("t'pl/Jr tlllfll!-:tmistJ
l"i ml'l id int' and r anilidiu(' arc r:lllid ly ahsorbetl orally, They hllK k the

act iun of hi ,t :lrninl" on th" pOi rid al n~ lI s and rcdu cc arid sent.>!ion.

These drugs reli eve Ihe pain of peptic ulet'r ;lI1d increase the ratc of uk <' r
hea ling, ~ inci dc nce of si.le-effeCls is Inw, Cimctidine has sli{!hl
;mt iandmgenic act ions. and [;Irely C;lUses 8yml<'eom;ls lia. Cimc lidi ne

;lho hind , Itlcy toc hrome 1)-450 and Ill;ly reduce tht' hcpatic mew hnli , m

of dru g, (e.g. warfarin. ph l't1)toin :lnd theophylli ne ).

Prolon /111/1//1 inhih i lor.\

O nwl'ralUl...:lnd lan ' ''p r a/ ol ... :Ire inact ive :It neut ra l pH. hut in acid
they n'arr.mge imo lwo lyJlC"s of reaClivc nlOlefuk, wh ich rellC l wilh

sul phydryl groups in the II· /K · -AT Pase lp.....ton pump ) responsihll' for
transpl)rl ing 11+ ions out uf the parieta l ce lls. Because the ell/ynlL' is

irrcversihly inhihi ted , otrill s"'l'rd ion only rl"lIl11t' , after the sy nlh<'sis of

new l'nlymc. They are particularly use fu l in p.me mv wit h severe gaxmc

acid hypersec retion cau scd hy Zollinger- Ellison sy ndrome . :I rure
condition caused by an islcl -i,'ell gast rin -secreting tumo ur of the pan ­

crcus. and in patients with reuux oesoph agiti s whe re seve re ulce ration
is usually rcsixturu ro nthcr d rugs.

If . pylori is a mo bile spiral-shaped Gram -negauvc rod found deep in

the mucu s layer where a I' l l of 7.11 i, oprirual fo r ib gro.... tn.The bac tc ­

ria invade Ihc epit helia l cell surface to some extent and loxin.\ and

ammo nia produced by 'trong urease activity ma y damage the cells.
Ga,tri ti, avsociated with II , pylori infection f\t.·r, i\ b fo r yell", or fur

life . and is as soc iated wi th a sustai ned increase in gas trin rele ase . which
increases the basa l release of IICI. Th e incrcn-ed gas tr in re lease may he
ca used hy cylolinc~ resulting from inflammation. whic h also com­
promises mucosal defence. A lrophic e ll"t.'C1of the hyper gastrinacmia

ill\:rea 'o<-" the mass of Ihl' pur jctal cc lls causing an exaggemll'd acid­

't..-crl'ting respo nse to g:lstrin. In the duodenum. the ad d induces
mucosal injury and metaplastic ce lls of the g;lstric phenotype . Chronic

intlamrnaricn o f these cc fts le:ld, tu ulc erauon. Eradicatio n of 1/. pylori

sigmticunrly red uces lIe l sccretion and prod uct' s long-term hC:lling of
duodenal and gastric ulce rs. Trials have shown that a combination
of ac io inhibition and anti hiotics ca n eradicate II. pylori in over /'x)'k

of patients in I wee k. ~tost recommended d rug combinations inclu de
clarithnuuycin . e.g, ctnrirhromycin. omeprazolc and metronidazole
(or amox jcillinj. If clarjthrom ycin ca nnot be used, amoxicillin. ruct ron­

idazolc and orneprazolc may hoc used. Rcsisl;\IIct' 10 metronida zole is

common,

\1Ul'11\;111 !ool r e ngl henl' r s

Surnilfate po lymcrizcs hc low I'll! 4 to give a vc ry ,ti ck y gel tlwt
adlll"res stw ngly to the 1'0;1...... of ulc er cra teN. Bism uth che l:ltc may act in

a ,imil:lr way to ,ucnllfa!c, II has a ~Irong aninity for mUl'INII glyco­

prolein " espcd:llly in the nec rotic lissue o f the ulce r cr,Jlers , .... hich

become l'uated in a prolecl ive la}e r o f po lymcr-glycoprotein cumple~ .

Bismuth ma)' hlackellt he lel'th :lnd stooh, Hismuth :lnd sucra lfat"'11lu'l
he g ivcn on an empty slo111llC h or thc y wi ll n H\lple' with foot.!pwtt'in s.

Antacids
An laci d~ mise tile luminal pll of the s[om; lch. Th i, increaSl..'s Iht' r;lIt' of
em ptying :lnd so Ihe d Icet of a nt;leid~ is shun, Ga~tri ll releil ..... is

illl're;tst.'<.l :lnd, hccause this ~ti mul<llcs add rdcasc, l:lrger amnunl~ of
ant aci ll, arc [weded than woulu he predil'tt'd «add rebound). Frt'4u t'nl

high dust's o f antacius promote ulc er heali ng, but such trea ll11ent is

rare l)' praelic:ll.
S.,di u lll bica rbonal l"is Ihe on ly useful wille r'!Mllu!:lle ;lntacid, It a....s

rapidly hut has a lran sit-nt action :lnd ahsorht.'tI hicarbollal e in high
UOSt.'s may cause ~ystt'lI1it- alka losis.

I\h j;tlll'siUlll h~'drn\id l' anl! tlwgnesium tri,il katl' arc insn luhk in
wOl ter ami h:lw a fairly rapid al"lioll. I\lagncsiu111 has a la, ative efft'l·t

and may C:luse d i:lrrhoca.
Al u min iu m h)dro\ idt, h;1S a relatively slower ilCtion. AI,1-+ ion s fnrm

comrle~cs with cenain drug~ (e.g. tetmcycl inl' s ) and tend W ClIU .....

constipltliotl, Mixlures of 1II00 gm: sium and alu minium l'umpounds may
be lIscuttl minim ize the l' ITt'l'!s nn mo!i lily.
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13 Drugs acting on the gastrointestinal tract. II: Motility and secretions

Drug~ used In
inflam matcry

b'owel d i" a " e

Ant i-inflammatory
d rug 5

CO~ncosTEROIP.:>

hydroccrtioone
prednioolone

(suppositoriefi.
enemas. fo .. m)

oral prMl1leolone

Ami not:ialicylaut:i
5ulfa5alazine

mC5alazine

Pancreatic
6upplemente

pancreatin

laxati ves

~UL-~

bran

ispaghllia
05 MOnc

Mg5D4

Iactcloee

5 T I:~:T ~~_.~,:.

bif>acodyt
glyurol
ecppcettcnee

FAECAl5OFTENf~

doc usate
arachis 011

"""

Dh~&olve

gall&tone&

ea E !\ODS

url>odeoxyc hollc acid

metoe;lopramlde .J
.:lampe-ridone

Liver

--

Mycnkrle

p1""'U!I

I
I :.-:::.-: .- _-
_ c'

-I' Ac> J
1 - , I

ACh-
~·r; IOJ.__ Lon'3 it udinal mU!lClc

1'O'trlf-- Clreular mu,;clc

~.....:====== Sul:>mucooa

Anti e pa em od lee

MUSCARINIC
ANr AGQNISfS

atropine
propan t-hellne
dicyclove:rlne

Antimotllity
druge

MORPHINE ' LI~ E

AGf"T5

morphine:
codeine
diphe: nollYla te
loperamide

Musculu r conrracno ns ot the gill and sccrcuon of acid and enzymes are
under autonomic comrol, TIk e rncric part of the autonomic nervous
vyxtcm cnnsists of g,ulglinmlled plexuses ( _ / with complex inter ­
connections supplying Ihe smooth mus cle. m ucosa lind blue...l \''':\'1.'1"

The gang li:! ( . ) Iparusymput hetic l rece ive ex trins ic excitatory nb res
from the vagu~ and inhibitory symparhcuc tibrcv, Other trunvmittcrs in
the gut include Si lT , AT P, nitric Wij de ;md neuropepridc-Y,

C hu linum ime tic dru~~ (c.g. ca r bachol. ne~li~mil1e l increase
motility and may cau ..c colic ami dia rrhoea. Th ey arc wry occu ..ionall y
m ed in the treatm ent o f paralyt ic ileus (Chapter 8), More uwfulmunl­
il) sumu tants (hollum middle) facilitate ace tylcholine rctcu-c from the
myen teric plexus and arc used in the trcuuncruof oe..ophagcal re tlux
and gas tric ~tasis. I.a \ ali \ t,s t bonom tem arc drugs used to increase the
monluy of the gut and encou rage dda~·,at illn. !Jul" I:nalh t" (12:] )

stimu late stretch rece ptors in the mucosa. Stim ula nl la vauv es ..tirnu­

lure the myenteric plexus and SOl11C drug., act a, luhrk;lllls (.1.

J2

Muscarinic antagonivtv (lop right) red uce gastrointe..tina l motility and
arc Il ..cd 10 reduce ..pa..m in irritable howe! syndrome tan tis pavmod ­

il;SI. Anndiarrhoc nl drugs incl ude a n!inml ililY drug s (bottom right ).

hUI rl'f,I<ln' t1!t'lII ,,[ water rllUl dt'clrulwl' 10-',1' i,l !i elll' ra fty /IIO/'{' im­
1""'1<1111 Ihull (/mg In'UII/WIIl. especially in infants and in inlectious
diarrhoe a.

Anl i-inllamm:lln r, comco-rcrolds and aminosalicylatev uop ieI'l l

arc u..I....1 in ulcerative l:olitis :md Crnhn 's disease. To reduce the need
h IT Sy..rcm ic ..tertlids. it is usual to add a/a lh iop r int:. an irnmunosup­
pres..um (Chapk·r4J).

In the duodenum. bile from the live r ( ti ll' right) and pancreatic juice
from the pancrc a.. (righl. D )enter (.J usually through a common
opening that is re..trictcd by the ..phinctcr of Dddi. n ile adds (10 1"

middle] are somcume-, used 10 di ....ofve chele ..te rot ~ar"toncs ( e).

Pan creaue supplements (left middle ) arc given orally when the

sccrcnon of pancreatic j uice is absent or reduced .



Motility stimulants
Mt'lod ull r amidl' and dUlIlllt' r idnm.' arc dopamine ,Hllagn nists and , hy
block ing central dopamine rece ptors in the chemorece ptor trigger lone,
they prod uce an antinausca/antiernctic action ( M."C;' also Chapter 30 ).The
drugs also increase contractions in the stomach and enhance the tone of
the lo wer oesophageal sphincter. ,It'tions that combine to spee d the
transu of conte nts from the stomach. The pmkinctic ucuons of mcto­
clopramide and domperidonc arc blocked by atropine , ~uggesting that
they resu lt from an increase of acety jchohnc release Irom the myenteric
plexus. Th is effect on acetylcholine relc:lse is thought to be caused by
activanon of 5HT4 rece ptors on the cholinergic ncurone s. Tegascrod,
a 5J1T~ untagonist, may prove to he bene ficial in some patient s with
irritable bowe l syndrome.

laxatives
Con stipation is charac terize d by xbduminul discomfort, loss of appe tite
and malai se re.'ult ing from insufficient frequency of defaecarion;
this resulb in abnorma lly hard and dry Faeces. The frequency and
volu me of dcfaecunon are bes t regulated by die t. but drugs may be
needed for specific purp"ses tc.g. before surgery o f the co lon or
rectum; colonoscopy).

lJuJk lax atives inc rease the volume o f the intestinal contents. stimu­
lating peristals is. They include indigestihle poly sacch ..rides such as
ceuulo,c (hran) and isp:lghula. {hlll"lit' laxatives inc rease hulk in the
bowe l by retain ing water by an os motic effec t. They incl ude salts con­
taining poo rly absor bed ions (e.g. I\1 ~SO~ , Epso m snlls ) and lactulu..e,
wh ich takes 48 hou.... to act and must hegive n regularly,

Sl imulanl laxatives increase motili ty by acting ou the mucosa or
nerve plc xu..es. which may be damaged by pro longed drug usc. They
often cause abdnrninalcrump. Amh mquinoncs released from precu ....or

glycllSidcs present in se nna and cascara stimulate the myenteri c plexus.
Bisacud ,\ 1 may ;tct by stimu lating sensory nerv e e ndi ngs. It i ~ rn'linly
used before investigational procedures.

Faecal softe ne rs promote defaccauon by softening te.g. docusatej

and/or luhricaling (e.g , <l nlchis uil.li'lu id paral1in ) f:tl'ces and a.~si-, ­

ting ev, Ll; u,Ltion, Chronit' usc of liquid Il;lr..ffin may impair absorption uf
the fat-so luble vitamins A and D and cause paraffinomas.

Anlidiarrhoeal drugs
Infectio us diarrhoeH is a very coml1\on cause u f illness ami rt:sults in ,I
high mortality in develuping co untries . Bacterial p;uhllgens euuse the
mcv..t seve re forms o f infeetillus diarrhoea . but mill\' lllkn diarrhue a is
cau~d by a viral i n f~t iun ,

An l i lllut ilit~ dru~s arc widely uscd to prov ide sympllllll..tic re lief in
mild to moderate forms of acute diarrlillea. Opiuid s stich as morphine.
diphrlltl.I)·/<1te and ("l/(/d/l/' activa tc V-R-cl'ptors on mye nteric nt:urolles
and cause hyperpolarilation by illcreasing tht:ir potassium oofliluCI­
anee. Th is inhibits ace tylcholine release from the Ill)'e meric plt:llUS
und reduces bowel motili ty. Lup... r amide is the must ;tppropriate
opioid for Joc al effects on the gut beca use it docs not eas ily penet rate to
the brain. Uenl'e , it h..s few cc ntrJ.1 "l;tiuns and is onlikd y to caose
dependence.

Rehyd ration thera py. Oral sotuuons co nta ining electro lytes and
gfucosc are givcn til correctthe severe dc hydnuion that can he ca used
by infection with toxig enic organisms.

,\ n lih illl ics are useful only in ce rtain specific infections. e.g. cholera
and severe bacillary dyser nry, which arc treated with tetracycline. The
q uinolon es [Chapter 37 ) are more recent agents that seem til he ef fec­
tive against most importurn diurr hucul pathogens.

Drugs used in Inflammatory bowel disease
Inflammatory bowe l disease is d ivided into two types:
I Crohn's disea se, which can affect the entire gut; and
2 ulceruttr e co litis, which affect s only the large bowel.
L(II:a l or system ic anti-intlammatory t'u r licvsl eru ids.e.g . pred nisulnne
(Ch,lptt:r .13). are the main drugs u....-d for acme attacks. butlheir serious
adverse effects make them un- uha blc for main tenance trea tment, How­
ever. ow l budesunlde (slow re lease ) is a conlco..tcroid with reduced
absnrpuon and may not cause adrenal suppression. :\ minllsa licyla lt's re­
duce Ihe symptom- in mild dise ase and maintenance trcutmem reduces
the relapse rates of p auerns in remission, Sulfa'kl la /inl' is acombinauon
of ;'i.a minosalicy lic acid with a sulphonmn ide th:!t carne, the dru g to the
co lon where it is cleave d by bacteria. releasing S<,lln innsalic) lic ac hl.
which is the active moie ty . and xulphapy ridinc , whic h is absorbed and
may prod uce lhe adverse effects characterisuc of sulphonamides te .g.
nausea, rashes. blood disorders. see Chapter 35) , Newe r, less ro xie drugs
are mt'Sl.llalint', which is 5-aminosalicy late in a preparation that releases
the drug in the co lon, and olsatazlne (azodisalicylatc). which consis ts of
IWOmolecules of 5-anlinosalkylil;acid joined by anuzu bond , clea ved
by bacteria in the co lon. The mec hanism of action o f 5-aminosal icy late
is unkn ow n. Inllhhnah is a monoclonal antibod y to tumour llt'I.'ro sis
factor (TNP·a). Inh ihition of this prointlammarury cytokine can be

very e ffective in treati ng severe refractory Crohn 's diseuse.

Drugs used to dissolve gallstones
Bile t-olllains cholcstt.'rol and hill.' s..lts, thc I:lller being important lit

kccp ing l;hnlestcrol in solution, An innease in cho le, terol concentra·
tion or a dt"erea.'>C in hi l<: salts may result in the fOfOlalion of choles tero l
stones, If they gi\ 'c rise til symptoms, laparoseopic chnlecYM~IIHny is
the tre;llnlCnt o f cho ice. However. small non -ca1cified stones m..y be
d issolved by pro longed oral admin istration of the hile acid ursud l"il'\)'<
chulit' llcid , which dC~' feases the l;ho!es lt.'rol l;nntcnt u f hill' hy inhi bit­
ing an enlyme invo lved in chn!es tt'ro l format ion.

Pancreatic supplements
Pant'reati<.' j uke co ntains imponmll en/ ymes thaI hreak down pfllteins
(trypsin, chymotrypsin), starl;h (ullly lase) and fats !l ipasc ), In su me
diseases (e.g . chronic pancreati tis. cys tic fibrO'iis). the re is an absencc (lr
reduction in these enlYmcs. Patients wilh parn:reatic insufficienl;y an:
given plillc re 31in . an e lltrJct o r pancreas con taining protease. lipase
and amyla.~e. Bel;au ~e lhe t'm:ymes are inactivated by gastril; ,Kid, it is
usu.d to g ive an H2<receptor anta gon ist (e.g. d nlf'lidine) beforehan d,
Ne wer t:nteric-eoated prep..r.tlions that de liver more of the enl)·rtIl:S to
tht: duode num Me ava ilahle.
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14 Drugs acting on the kidney-diuretics

Thlaz ld" lI

In:ndrofj umet.hiaz ide

(bl.'ndrof luazide)

mew iazone

Pota&" ium-eparlng

diuretlce

~ ep irono lac:tone

j amiloride:
... trlamterene

\"....itrit
-' -:,,::::'-::::::>--.-_.

N,'

•

,.

Thick a""""nd~

loop of Henle

•
Na' W
__N.t' 1'M~,on (" t inwlated by

a~urone) """Ke!> lumen mOl?' '-"e'
eP'l(:our.i4i1I9 ~ ' a nd H' <>ecnmon

'-'--- ---'-'-'''-'-'-

",
' ..

,CC
N..·.f;. ·

Luminal
mem t>r. ne

Baoo lat:.erlll
mem iJran e

LUMEN

N,'

HCO,'

'" Na '

"...

......

,,
,..

Carl70n ic
anhydra_
jnhi l>itor!J

Loop agent&

furO!>t: midl:

~umeta" i de

aC<':U1zolamide

minor act ion of
t hrOlzid e,,;and

loop age nts

LUMEN

Diureti cs an' drugs thatne t Oil 11K' kidney tn incrca».. 111<.' exc rc non of

W;II...r and sodiu m chlorid .... Normally. reabs orption of 'all and W'I[<."T is

roetrullcd by a ldoslero llc :Illd \ a ...' IIn......in (antid iure tic hnm 1UI\<,.·. ,' DIB.
rccpccuvely. Most diurcuc work by reducing till' reab-orpnon (I f elec­
Iml)'lc, hy the tubule... (lOr ). The inCTC;\-eed declnllytcl.'XCll.'linn is accom­
parried by an inc rease in w.ucr excrenon. rK.'t;es'kII)' to mainta in an osmouc

baluncc . Diuretic art.'used h. ....-duce oe dema in 1"001/:(',I/i\"l'II1''''''[ailure,
come 1"<'111//diW'l1.\('.I' and IWI'/lic ";I'I"/IOSi.l. SOllie diun:lics. llowhly the

t h i a lide~ , are widely uvcd in the trcanncnr othypencncion. buttheir long­
term hypotens ive action i ~ mu only rclat ..d 10their diureuc propert ies.

Th e rhtaztdcs and rehu..d compounds (lop ri ~hll arc sufc. ora lly
..cnvc. hut rela tively we..~ diuretics. More effective drugs urc the h i~h

cd lins: or Inllp d iu rt-l io (tor kIn. These drug-, hove ,I very rap id
onset and fairly short duration of action. They are very powerful (hence
the ten n ' high ce iling.'J and can cause serious elec trolyte imbala nces

aml dehydration. :\1elolatUIll' is a thiazide-related drug wuh activity

between the loop and thlazklc diure tics. II h;ls a powerful syuc rgixuc
ncuon with furosem ide and the combin ation may he effective in
l"I.', i'I; U1I oedema and in p;1I ienl' with w nocvly impaired rena! failure.
Th e thiaztdcv, and the loop diurl.'t k-s, increase potassium excre tion and
JII)ta,~iulll supplements may hl' required 10 prevent hypokalaemia.

Sunil' diure tics are 'put;l" illl1l ~p ;l r i n~ ' \ho.mom righll . They arc
weak when used alone. bUI they cuuw potassium rciennon . LI nd a re

nftcu giwil with thiazide.. or tUlIPdiure tic s 10 prewnl hypokalucrula.
Ca rhnnic anhydrase lnhlhlturs tbonom k-tt} arc weak diuretics ami

are rarely u,cd for thei r diuretic action. ( h lllul k d turcncs (1.'.~.lIIwlflilol)

are compounds that arc tihercd bUI nor reah..or bed. They arc exc reted
with all ovruonc equivalent uf water and are used in cerebral oedema .
and <,(,ml'l ime~ 10main tain ,Idiurc ..i ~ during surge!)'.

The kidlle) is one of lhe major mult's of drug ehminauon . and im­
pairmc m of renal fund inn in old agl' orin renal diseuse can signiticunrly

decreasethe: ctirninarion uf drugs.
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:\ld"~ I t'rtlm' slimu l:ne~ Na" !'t'ahsorptio n in the distal tubule and
inr reuses K+and II ' secretion. It , 1l'1~ on cy toplasmic receptors (Ch,lpk'r
3~'1 and ind uces 11K' symhcsb, of N,,+tK+-AT Paw ill the basokncra l

membrane and a specific med iato r prote in. which increases lhe per ­

me:Lhilit) ' of the Na + channels, A mo rt: rapid increuse in Na' c hanne l

perme ubiluy may be mediated by cell surface aldos terone receptors.
Diu rc uc s incrrnxe the Na" load in the dis tal tubule and, except fo r the
porass ium-v pnnng agen ts, thi s resu lts in an im'ffa.wd K + secrrthm

(and excretio n). Thi s effect is greater if plas mu aldosterone levels arc

high : for example. if vig orous diurl't ic therapy has depleted the on..ly o f
Na+ stores,

Vusuprl'ssin (,\ nil ) is released from the p osterior pituitary gl;lI1 ll. lt

increases lhe number Ill" watcr chunncts in the collecting duc ts allowing
the puss ive reabso tption of water. In ' cra nia l' d iabcre-, j n~ ipidus, absence

of A D}I cuuses the excretion o f larg.... volumes of hH!tl ltlilic urin e. Thi s

is treatc-d with vasopressin or dl'SI11Upressin . a longe r ,Kling analog ue.

Ca r bon ic u nhydruse inhlbitor-s depress bic arbonate reabsorption
in the proximal tubul ..' by inhibiting the catalyvis "IfCO.: hyd rat ion ami

dehydration reactions. Thus, 11K' excretion of IICO ,-, Na" and Il l ) is
incre ased . The loss of IIC0 1- ca u..es a me tabolic ;lcidllSis and the

effects of the dru g become sel f-limi ting us the blood bic arbonate falls.

The increased Na " delivered to the dista l neph ron inc reases K+ scc rc­

lion . Acetazolamide is used in the treatment of glaueo mu to reduc e
intraocular pressure , whic h it docs by red uci ng the secretion of I ICO .1­

and associated 11.:0 into the aqueous humour IChapter 10). It is also

used a' a proph ylac tic ugcm for mount ain (altitude ) sick ness.

Thiazides
Thiaxidc-, were developed fro m rh.., carbonic anhydrase inhihito l"1i.

Howe ver. the diuretic urtivity of tlww drug, is not rela ted to their

effects on thi , enzyme. The thiazides arc widely used in the treatmentnf
m ild hean f:lilure (C h;lpter 18 ) and hypm ension (C ha pte r 15), in which
1;ondi tion they have hce n shown III reduce thc inddence o f ., trtlk... .

T he re arc many thiazidcs but the unl y majur d ifferen,,;e i ~ Ihe ir dur,uion
of a,,·tioll. ll cnd r ullu lIU'lh i:ll ide is wide ly u ~ed .

:\-Ict:h anism of llct io n

Thiaz ides a,,;t ma inly on lh...early seg01en!s of Ihe di .\1<1/ f/lfmll' , .... here

they inhihil NtlCI rru/J.\'orfl/i"" by hinding to the syn poner reslltll1~ihk

for lhe ekctrnneutral ,,'ot ranspon uf Na+/CI-. EXlTetinn uf Cl ', Na+

and ;J1;,,;ompanyin j:! Ii i ) is inn ea....d. "n il' inc rea-.ed Na+ load in the
distaltuhule stimulates Na~ exchange with K· and Il ~ . increasing lhe ir

cllcrction :Uld ca us ing hypokaluemi a ,Uld a melabo lic alkal~is.

Ad vt' rsl' e ffe cts
Adler,e l'!ll'Cts incl ude Wt'<llillt'.iJ. illJflOlt'lJn' and llcl'asiona lly .d:i"

(tH/II'.I. Se rio us allergic reuctions IC.g. thromhoc ytopt'nia l are mre.
More COllllllon are the fo llowing l11etaho.\lic effect s.

I IIJpnk al llem ia m:lY precipita te l' ard iae arrh ylh mias, cs pt:cia lly in
patients o n digital is, Thi s can he prcwnled by g iving pUlussiu01supp le.

mc nh if nel'esSa!)", or by combined thempy wit h a putassium-s puring

d iurelic.
2 1I ~'perlJ ri cllem ia . l lric add level s in the hloo<.l arc u ften inerca"",d
hc1;aU~e thia, ides are sel' reted hy the organic acid sl'cn:tnry sy, t"' 111 in

lhe tuhu1.:s :Uld 1;omp"'te for uric acid sel'reliun.Th is tn,l)' predpilate ,\tOIl I,

-' G IUCUS1' tolerance may he impaired und thia.li.ll' s are cont ra ind i­

cated in pa tic lils wilh non ·insulin-dept'nde lll diahetes.

~ !.il,ids. Thiazid es increase pla~ I11 ;1 chulestcrot levels ur leas t d uring
the tirst (j ruomh s of admirustrution hUI this is of nne ...nain s i~m i licance.

loop diuretics
Loop di ure tics (usu ally fu r':- lIlide) ;ITC used 10 reduce pe riphera l and

pulmonary oedema in moderate and severe heart failure (Chapter IX).
They are given int ravenously to l"lIio.' nls wi th pulmonary oedema rhm

resu lls from ac ute vent ricu lar failure . Unl ike the Ihi:llides. loop diuret ics
are effective in panents w ith d iminished rena l function .

,\ Il'd la n ism oraction

Loop ugenrs hav e a thiazide-lik e ucnon on the early dista l tubule hut.
much more im port aruly. they il/hihil NIlC/ fj'lIh ...arption in the IIJid;

lI.\('t'",JiII~ lovp of111'/1"'. Th is seg me nt has a hig h capacil)"fo r ahsom­
ing N:ICI and so drugs that act on this site produce a d iure sis that is

much greater than that of other diu reti cs. LOIIJl diu retics ncr on the
luminal me mbrane where the y inh ihit the cotrunxport of Na +/K+I2('I -.

(The Na " is actively transpo rted out of the cells into the interstit ium hy

a rs;a ' /K +-A'FPace-dcpcnderu pump in the basolateral mernbra ne.j Th e

spccilici ly of the loop diuretics is because of their high local conce ntra­
tinn in the renal tubules . Ho we ver . al high doses, these dru gs ma y

ind uce changes in the electrolyte composlnon o f Ih,,' endolymp h and

cause deafness.

Ad verse effec ts
Like the rhiazidcs. rhc loop ag,,'nl ' have hYfln~IY(,(/l"mi(', hvpcruri­
carmic, hypotensive an d hypo};,,/al'''';' ' e ffec ts , Pota vvium loxs. as with

the IhiiUides. is often cli nicall)"unimportant un ll'ss there are add ition al
risk factors fu r arrhythmja e, te.g. digox in treatment) . O verent husiastic

use of 101'p diuret ics (hig h dos es. intrav enous adminis tration] can cause

dl' lIjIIl'H . ....'hich may nor~ rt'vt'r sih1e.

Potassium-sparing diuretics
The..e d iure tics at·t on the aldo~Ierune - responsive "",gme nts of the distal

nl·phrnn . whe rc K+ hom eosta sis is contro lled , Aldm/l'I"OI le , limu!:l!es

Na ' fl'ubsn rp tion. gcnerating a neg,ltivc pn tentiu l in lhe lumcn . wh ich
d rives K ' and H' iOlls inlo Ih.: lume n (and hence thei r eXl·retionl.
The pn t;lss ium-sp;lring diure tics rt:t!Ul"C' Na+ reahsorpl ion by e ilher

unlugoni/ ing aldosterone (sp iro nolal'tune J or hillt.>king. Na + ,,'han ncls

(a m ilur idl'. Iriamtcr en e l. Th i, cau ....'s lhe c1el' lrkul !""Itential acwss

Illc tuh ular epi thd iulll to fall, rcducin~ the driv ing forl'e fo r K+ sec re­

tion . The drugs may 1;ause .~I' rl'rt' h.I·/II'r};"'lIemill, es pt.....iall y in p;llien ts
..... ith renal im paimR'nl. Hyperkal ao.' miu is ulso likel y to occ ur if pal il'lll s
are alsu laking inhihi[(lrs of angi utl'nsin l'onvening en l ym.: {e .g. l':lplO­

prill , occ ause lhes,,' drugs reduce aldos terone seerelion (;lnd lherefo re
K+e:l.crelio n).

Spiftllluladone eOlllpt.'litivel)· hlocb lhe binding o f aldostemne to
its c), topl;!~lI1 ic rece ptor :lnd su in1; reases the ellnetion of Na+1('1 aml

HzO) and denea,e ~ lhc 'c1en rically coupled ' K+s"·l·re tinn. 1l i ~ (I wea"
d iure tic , heeau'iC" onl y 2% of the total N,,+ r.:absorpt iun is und er ald o­

ste rone ,,'OIltro!. Spi ronnl aClollt: is u'iC"d mainly in livl' r d isease wilh

a....·i tes. Co nn's sy n,trollle (prima!)' hyp.:ra ld~te ro" i sml and M.'Vere
hean failure.

Amiluride and Ir iamll' rl'll t' lleerC"S': the IUll1i n:ll mernhrane Na+
penneah il ily in the distal nephro n h)' eomhining ..... ith Na+1;h:lI1ne ls ;1Ild

lJlocking them on a I ; I bas is. Thi.. increases Na+(Cl - ,lIId 1 120 I e ~ c rc ­

lion and dec reases K· e~erction.
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15 Drugs used in hypertension
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High blood pressure is (lssol.'i:ucd with decreased life e xpectancy and
increas ed risk uf stroke. roronnry heart disea se and other end-organ
disease te .g . retinopathy. renal failure ). The problem is thaI the rh k is
graded and M11~rt: is no o tlVio llS line bctwc....-n patients who should he
ne ared and those who should not. Lowering the blood pR'ssu re of
pa tient s with a diastolic olund pressure of above 'Xl mm Hg dccrcu....':s

mortalit y and mo rbidity hili this could include 2;'i% o f the popul.uion.
In the UK . it is ge ne ra lly accepted thai. in patients without additional
risk rectors . therapy is indicated if the tlia,I . ,lic pressure is greater than

100 mrnllg and/or the s)'Slulic pressure is greater than ](,(l mmHg.
Other risk factors for vascular d isease tha t ma y be ,ym:rgis ti~' include
smoking Idiscourage strongly ). obesity. hype rfipidncrnia. dillh<:tes
and left ventric ular hypertroph y, A fe w palicnls have hypenenvion
secondary tOl"l.'nal or endoc ri ne dise ase .

In some patients with mild hypertensio n. weig ht reduction. if appro­
prtatc. reduced alcohol consur nprion and moderate reduction in sail
consumption may be sufficient. bUI usually d rug treatment is required .
Th e !>-lllln· IIlH.'ep lllr a nla l:unisl s (l3·blnckers. ce ntre k fl) (HId the
th iaz ide diuretics t top rig ht) are presently the first-line drugs in the

treatment {If hyperte nsion. In nc une r case is the ir mode of action clear.

Se vera l gro ups of dru gs. by diffe rent mechanisms reduce blood pressure

hy decreasing vasocnnsmctor tone an d hence peri pheral resis tance. The
mll, t important of these arc the an~ill lt' n~ i n co nver ting enzy me (,\ C E )
inh ihitor s (midd le rtghtl , which decrease circulanng nngj orensin II (a

va-oconsmctor j. 311l: in ten"in II receptor (Al'l subtype ! 3nI31:0n i..t ..

and the ca lciu m ant..~oni"l~ (m idd le right) that block the entry of ca l­
ci um into vascular smooth musc le cel ls, Meta-analysis of clinical trials

indica le, that thialides. 13-blockcf'l. ACE inhibitors and calc ium urnug­

(lni"", significantly reduce the ri ,k ~ of stroke. coronary hear! di sc...se
<Int i canfiovasculur death . Other vusodilutcrs tbonom right) have been
largely super......ded by the ACE inhibitors and culc jurn antaglJll i'b,

although there is MIme inte res t in sele ctive al-lIdn'IU~t'pl"r anlll~o·

ni, ls, ma inly because it is claimed thatthey howe 'fuvouruble' elf'ects

on blood lipids, C enl rall) :Jl;t i n~ dru~~ tt op left) dec rease sy mp athetic
outflow by slimulating cent ral u 2,adre noce pton;. but arc nute used

curren tly because of their ad vers e e ffects.
Mihlto moderate hype rtension carl often he controlled by a sing le

dru g tus uatly a rhiuzid e or l3-b luck erJ. bUI if thi-, fails the traditionnl

uppr ouc h is to combine two drugs (e.g . diu retic and Ji·hlocker; diu renc

and AC E inhihi l\Jr) and add a thin! if ncu'ssary.
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Thiazide diuretics
The mechanism by which diuretics reduce arteri al hlood pressu re is lint
kno wn. Initiall y, the hlOtll! pressure fall s beca use of a dec rease in blood

volume. venous return and cardiac ou tput. Gra dually. lhe card iac lJUI­

pUI returns 10 normal hut the hypotensive e ffec t remains because the

peripheral resis tance has , in the me uruimc, decrea sed . Diuretics hav e no
d irect effect on vasc ula r smooth muscle and the va"od ilatatilm they

cause seems to be associated with a small but persis tent reduct ion in

body Na". One possible mechanism i" that a fa ll in "mon th mUM'Ie Na+

causes a secondary redu ction in intracellular Ca "' "0 Ihat the muscle

becomes levs responsive. Th iaz ide diure tics may ca use h.l'POli.ll!Ut'f!lill ,

lli"ht'le.\ mdfiwx,1I01l/ and change the blood lip id" in an ' urherogemc

way (see also Chapte r 14 ). Side-effect" such as impotence and loss of

libido were reported to he more common with lhia/idc usage than
with Ii-h lock crs. but it is now appreciated that thiazidcs have a lIal

dose-response curve and the lo w dO'>C" of thiazjde-, curre ntly used 10
lower blood pressure ca use insig nificant metabolic e ffec ts.

p-Adrenoceptor antagonists
p..81od ,ers inuially produce a fall in bjood press ure b)' dec reasing the
cardiac output, Wil h continued treatment. the cardiac ou tpu t returns to

normnl but the Mood pres sure remain" low because, by an unkn own
mechanism, till' peripheral vascular resistance is ' rc-ct' ilt a lower level

(ind ivid ua l dru gs are discu"......-.J in Chapter 9), Disadvumages of ~­

blockade are the com mon adverse c1T«:ts. such as cold hands and

fatig ue, and th(.' less common. hUI serious. adverse effects . such as th"
provocat ion 01asthma. 111'</1"/[ailure or lWld llt"/(II1{'l ' hlm'Ii.. Ii-Hlo{:h' rs

also tend to mise serum triglyceride and d.."l,: r'l'ilse high d..·nsity lipopmh.'in­

cbole-ac rollevels. All the I}-blockers lower blood pressure but at least
some of the side-effec ts can be redu ced by using curdioselectivc

hydrophi lic drugs (i.c . those withoutliver rucrnbolisru or brain pcncrra­
tion ) such as atcnolol.

Vasodilatordrugs
AL E inhibi lllrs. Angiol(.'nsill II is a pll..... erful c irculating VaSl~(ln ­

strictor and inh ibition of ils synthes is in h)'JlCrtensive P:lliclltS re"u lts

in a fa ll in peripheral res istilIlce and a lowe rin!! of blood pressure . AC E
inhibitors do no t impair cllrd iova.scular re l1C1lCS and llrC devoid {If

m.IIlYof th(.' adve rse elTel't s of the diu reti cs and Ii-h lock ers. A COllllllon
unwanted e ff(.'c t of ACE inhibito rs is il dry co ugh that ma y he (;auSI.'d

by inneased l>r.adykini n (ACE also melahol izcs hmd )'ki nin l. Rare ,

hut se rious, adve l'e enl'CIS of AC E inhih itors inclu de angin<.-dcma.

proleinuria and neutropcni ll. Thc first do '>l' may CllU'>C 11 very "teep
fall in blood pressure , e.g. in p<ltients nn diureti cs (1"lI.'Cuu"e they are

Na' depl eted ). AC E inhihito rs may cau'>l' rena l fail ure in patienls with
bilateral renal artery stcno" b , heca use in thiOi, eondition .mgiotensin II is

,lpparc ntly requ ired to conslric t ptl"tglnmeru lar arteriol es and mai ntain
adequate g lolllerular tilt r.uion , Inhihitillil of angiotell"in II fommt ion
reduces. hut dflCOi, not seriou sly im(l<lir, aldos terone sel're tion. and

ellccOi,s ive K+ rete ntion only occurs in patil'ms taking potassium sup­

plements or pot assium -sparing diuretics (aldostell.ne increases ~a '

reahsnrption and K+e xcre lion, Chapter 141.

AIl~ i ule l1sin rt·1.'eplllf a nt a gunbts (e.g . losar lan ) lower the hl'lIx!

prcs"ure by block ing angiotensin (AT t) l\.'Ceptors. They have similar

properties to thl' ACE inh ibiltlN bUI do not ca usc cough. pcrh ap"
hecllUse thcy do not prcvenl hrad yki nin degradation.

Cli id u m-cha n lwl blockers (ca lcium a nlagunists) (sec also Chap­

ters 16 and 17). TIll' tone of vasc ular smooth muscle is determined by

thl' cylOsolic Ca l+ concentration. Th is is incre ased b)' O: I-adre mx:eptor
uctivmio n (resulti ng from sym pathetic lone ) rhar rrigg er-, Ca 1+ release

from the sarcoplavmic reticulum via the second messeng er inositol

trisphosphate IChapto:: r I), There are also receptor-operated cation
channels tha t a rlo' important because the entry o f cat ions through them

dcpolarizes the cell. opening voltage-depende nt (L-I)'PC) Ca l+ channels

and causing additional c,> to ente r the ce ll. The calcium antagonists

te.g. nifedipme. amlnd ipint' ) bind to the Laypcchannels and . by block ­
ing the entry or Cal' into the celt. they ca use relax anon of the arteriolar

smoo th muscle . This redu ces the periphe ral resistan ce and results in a

rail in blood press ure. The efficacy of calcium antagonists is sirnilur
to thtu of the thiazides.ff-blocker s and ACE inhibitor s. Their most com ­

mo n side -effec ts are caused by exc essive vasodilatation and include

di llinc"s. hypotenvion , flushing and ankle oedema .

(l I,Ad r em lol:e plllf antagoni sts. Pnllosin and the loug cr acting

dn\lllll"in cause va vodilatution by selec tively blocking vascular 0: 1­
adr cnoc eprors. Unlike non- selective u -blockc rv, these drugs arc nor

likdy to cause tachycardia . but they may CHUse pos tural byp oten vion.

Severe hypotcnsjon may occur utter the tirst do-,e. Prazovin and doxa­
zos !n relieve the sym ptoms of prostaric hyperplasia and therefore may

he indic ated in hypertensive patients with this condition.

II ) drala zjue is used in combtnanon with a Ji-bhx:ker and diu retic.
Side -effects include rcnex tachycardia ......hich may provoke angi na,

headaches and fluid retention (as a result of sec ondary hyperaldosrc ro­

nisnu. !n slow accrylutors in part icular, hydralazine may induce a 11I1'1l,1'
SY /l J I"lIIIII' resulting in fever. arth ralgia. malaise and hep atit is.

.\Iinu\.id il is a (Xltcnt vasod ilato r that causes severe lIuid retenuo n

and oede ma . However......hen g iven with a Ii-b locker and loop diuretic,

it i" e ffective m sevcrc hypertension resistant to other drug com binations.
Minox jdil relaxes vascular slTKlI Jlh muscle cell s by opening ATP- sensitivc
K' channels causing hyperpolarization and closin g of vohugc-sc nsuive

Cal+channels. Thcse K+channels are nomlall y I.. epl closed by imra ccl­

lular AT!'......hil·h is apparently antagonil_cd by minox idil sulphate ("n '
oral alllidiahetic drugs, Chapler ]6).

Centrally acting drugs
Meth)ldnp a is converted in ;ldrel1l'rg ic nel"\le l'ndings to the f,llse tran s­

milll'r , a -mclhylnor epi nephrinc . ..... hich slimulates a I-recepl ors in thl'
lTh.-dulla and red UCl'S ,,)'mpathelic outflo ..... . Drowsiness is C(lIlunon and

in 2()<f of palicn ts it causes a po siti" e antig lobulin ,Coomhs' J tesl and,

rarel y, haemolylic ana o::mia (Chapter 45 ). C lnnidine cause" rebound
hypcrt l'nsi nll if thl' dru g is suddenly ..... ithdrawll ,

Acute severe hypertension
In hYf'l'rtensivc cris is, drugs m..y he given hy intravenous infusion tc .g.
h)'d ntla /ine in hypt.'rrl·nsion a"<lCillted with ecl llmpsill o f pregnanc y:
n i lrupru,~side in malignanl hypertcnsinn ..... ilh ence phalopathy).

Howe ve r, intra venous drugs are mre l)' nece_ssa ry, and thl' lreoo is to use

oml ag~'nt s wheneve r poss ible (c .g. atenolol. am lndipinc ). Nitropms­

sidl' del'Ol11posCs in the blood til rcll'a"c nitri c oxide (NO), an unstable
ctllllpt.und thm causes vasod il;ltation (see Chilpter 16 fo r ml' chanism l.
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16 Drugs used in angina
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(Chapter& 9 aru:l 15 )

13-5Iockere;

The coronary arteries ~oprly I1 I'MMI tn thc heurt. With increacing age .

utheronuuous pI;1 4 U"'~ prugre~~ iv cly narrow thc arteries. and the oh xtruc ­

non til blood flow may eventually become Sl.l severe th.u. when exercise

irn:rca 'oC~ the oxygen concumpnon ti t the heart . not enoug h hlIM.... can

P<l' ~ thro ugh the arteries tn supply it. The ischac mic muscle then

produces the churacrcrl-tic sympl\lms of a n/;: ina pcc tur ts. probably
because waste pn....ucts released du ring muscle contraction acc um ulate

in the poorly perfused tis'lI '·.
The basic aim o f drug trea tmen t in anginll is '0reduc e the wurk of

tilt.' heart and hence ib ovyg eu demand. The ntt rar e, Inuddl... ) are Ihe

hrvt- line dru gs. Their main effect is to cause peripheral vaxodlhnarion.

especia lly in Ih.· veins. by an act ion on the vasc ular smooth muscle
that involves the formation of nitric oxide ("01 and an increase in intra­

ce llular cG i\l P (rig ht figure). The ro:,ulting poo ling (If blood in .hc
capaci tance ves,d, (vei ns) reduces ven ous return ami rhc ventricular

volume i, deen-ascd. H,'<.IO.·lion in the divteuvion o f the heart wall

dccrcascv oxygen demand and the pain is quick ly relieved. ( ;I.H·l'r~ 1

Ir-initrute given sublingually 10 avo id 'i r.t·pll'~ met abolism i ,~ u~d 10

trra' acute anginal allacb. If .hi, i, ind"fective. •hen cnmhint:J 'herapy

i, re4ui red in which !i-ad Tl'nuCl'plur b ll >l.·kl·r~ (lop ldt! nr f a ldlllll·
{·ha nnd hlc >l.·k er ~ lmidd lc t"p ) are ",ken in a, ld iti" n tll glycer)"llr ini~
Irate . whic h i, rl'1aino.-'tl for aeu.e anal·b.

!i-Adrenllccplor hll1ckl'rs depress m)'l lClml iltl l'unlnll'lili,y lmd reduce

tho: hca n nile . In addi tion ." the ...... effects..... hieh reduce the ox ygen
de mand.13-bllx.'kers may ab,o inc rease the perfusion of the ischacmic
urea. because the decrease in heart Tateincrease , the durat ion of diastole

and hence the rune uvailuhle for coronary blood Ilow. If necessary a

kmg-acnng nitrate b add ed (middle I.
Ii·BI IlCkers arc Ih.· ~ta1lt llm.l drug, u,ed in angi na. but they have many

side-effcctv and comraindkmions (Chapter 151. If !3--bll....ko:r-.ClIlIllO. he
used . c.g, in paucut-, with avthma, then a culcium-vhun nel blocker
can he used as an adj unct to short -acting mmucs. Calcium umugonivrs
haw ucu..u-, on 'he heart. bUI the)' relieve ungtna ml.inl)' by cau,ing

peripheral arter iolar dilatation and unerload reduction. 111ey arc cs pc­
cially useful if there is ~unw degree u l' coronary artery spas m (varian'

lIngilla j. HCCl:n' evidence ~uggesl' Iha. sho rt-acting calctcm antagonists
rc.g. nitcdipinc and dillia/emJ may inc rease morta lity ill patients with

ungiuu land perhaps hn ....-rtcnsion). Long-acting preparations Ill' these
drug, lire now available. hutlhe ....lfe't choice .....·ems 10 be vera p amil or

amlodipinc. Because dilnazcm slows tho: sinoatriul (SA I node rate , it b

e,po:eially useful in patients unabl e til take 13-hhll:kers.
In llO"lablt: a n/;: ina. rbcrc i, a high risk of rnyocurdial infarction ( Mi l.

In :uldilion to li -I1I I....·l er' . these patienl s are trell,,'d ""ilh all1iplatelel drugs
(centre. htlllllrn) and hcp;u in (Chllpter 19 ) to r"duce platele t aggregation

1I11d Ihrornbo~i , . When lilt.· ,ymp tom, CantHI' he cnmrolkd. urgo:m

rl.'\:l"rulilr i/al iml is considered.



An /.:inll~lnrio; io; a descript ion of a typica l 0;<."1 of sy mp tom- rl.'l., l.·d 10

myocardial isch~mia and u,uall) caused t"o). urkkrlying alh..'nlmah)t."

narTtlI'-'ing of Ihr: CUnlfla!) anencc. 1110:...: 0;) mptumo; include a fLooding

of lighlne" in the C~'I. u,ually re tn ...temal and oflen radiating 10 Ihr:
annv, precipitated b)' ewrct-e and relieved by re,1and nilr,lte, .

Slabl", a nd unstable angina
In " lahk' angrna there i":1 pmjiClat"ok pauem 101hr:pain and fTl'\jucocy
of angina pectoris. Ho.... ever..... hen lhe symptom, an- of sudden or
receru 'lfl...:l. Of are ~Il:'>,ing in ...:\crn) or fl\'l.lUCocy . occurring
at k,...:r k\'eb of exemon or 'II re..l. lho:term ' un-aable angina ' rna) ' be
applied. Unvablc angina has a differen t p.mholog) and rc..ulb from

lh..unng Of erocion of an alhl.-mmalouo;pllll.l~ .... ilh ..ubsequeru pla lel"1

ag,gregalion (Chapter 19). In these Jl'lticnb. anliplaleicl treatment
(u ..u311)' a..pinm reduces lhe prob;lt"oili t)· of myocardial infan1lon h) '

applU\ illla lely ,5()q .

Nitrates
Shurl -lidinJ.: nil r a te, . (ily ccry I t r in itrate i ..ublingu..ltablet or ..pray )

ac" for ahou l ) 0 min utes. II i.. more ucefu l in prevent ing allad... man in

..Iur ping them once they have begun. Parch ..... containing glycerolmni­
Imle llr; 1I1'>1.1e ffi1 ..1adminblrmilln) have a lung durulion of aClion (up 10

24 h"urs ).
l .on J.:· ll(·t inl: n il r at t""l ar...nlUfe ..Iahlc aud may tle effect ive for .....v·

era l hour; . dc~nding on the drug and prep; lfali'lfl uo;ed l..uhlingual.
or.d .or.d ..u..laincd It'lea'oC). h ..... .rbid lr' dinil fllt e is .... idel) u'<t! . hut

il i.. r.lpidl) metaholi/ed by the Iher. 1bc u'<"of i...,..orbidlr' mnnnni·

Ir at .. ..... hich i.. lhe main act i\ 'e melaholilc til' the dinilrale. avoilh the

"arial-Ie al:N.lfJICioll and unpn.-dklat>1c liN 'J13-'" me laboli ..m of the

dmitr.lle.

,\dH'N:' dft'Ch. 1bc alt.'fial dilalati(ln pnJl1llt."ed b~ lhe nilr.llI.·..

"au,<,< hr:adac~..... hich ffallWfllly Iimll the do-oe. ~tort' ....-riou.. "ide'­
dfech are h)polen..ion and fainting . Rel Ic , lach)cardia oflrn occun.

bul Ihi.. i.. J"K'wnled b) c'omhined lher.lry .... llh f}-bloclcf'\. l"rol'lfl ~ed

hig.hd,...a~e rna)' cauo;e melhaenu>!! lol-oinal.'mia a.. a resul t of oll ida linn

o f hac mllgl ull in.
:\1''1,·hani..m of aetinn . Mela t"ou li..m of the drug.. lirst relca'o(''' nil rite

ion ..(NO ~). a proce.... that ft"t(u ireo; ti....ut· Ihinl... Within the cell. )\;02- i..
conwnt'tt hi ni tric ollide (NO).....hieh lhen 3.·ti\ ..I..... gu ..ny l)'19da-<.

cOlu"ing an int·rcOl....... in the intr.lcel lular cnnn'n tra linn of guarn ine 3'5'·
1l111110phm,phale (l,:{ iMPj in Ihe vasc ul..r Ml10n lh mu..,·lc ce ll Prcd ..l'ly

ho w lh.· ('OM!' C" UM."S re l a~al i nn i" nol cl.....r, nUl il ... venlUally re.ulls in
th... dcph" "phnrylaliou o f the nl) n..in light ...ha in (M LC). pus-ihl)' t"o)'

dtocreas ing tho: conccntmtiofl of free Ca~ ' i'"l" in lhe (")'1'....0 1.
CPht."pht ,ry la liofl of MLC initia leo; th... interaclion of m)O\in with acli n

and mu'\Cle cuntracl illfl.)
Tuler an('to may oc.-ur hi nil r.lle... Fo r C'xampk. chronic ~nl"l·f)lh ·

ri lo l telra niume has Ix...·n ..Ix} .... n to prtltiu"e toler.mce 10 subhngu..1
glyceryllrinitrate. and moderalCdo'>('sof ura l i .......>rhide dini tr.ue four
lime-. • day' produce tolcnflCC .... ilh \0....... of the antianginal df<;X."t.

Ho ....evcr. t....·icc dail)' doo;ing. of iSO'oOlt>itk dlnitralc Oil O&l> and 13llJ

hour; dt_ noc produce toler.mcc. pre..umahly hecau~ the o\'emighl
re... alln.... s ti.."ue M.'n,iti\ ·it) 10 relurn hy thl.- next day. Tolcraoce to

nilmte.. is puorl) undcNfklti bUI dcplrl ion of "ulphydf)'Ig.roup donof'\

may toe in\ohed. h:'cau,<" lokr.iIK'C' to nitr.l"'" ;11 I'itro can "'OffiI:lime..

Ix rc\crs.o:d l'l)' ,"·-ace lylc ) "IC' ine.

Ji-Adrenoceptor antagonists
p.. m..d. ... f'i an: used for p,,-,phyla,i ..of angina. The choice of drug ilia)
h.' important. intrinsic ,wt;" i,)' mi~hl he' (J I/iS<l</l'(U1tuge in ang ina . and

the cardill'<k.-ethe p-hlncle....vuch a..a h:nnlnl and mt'l ..pn...... are rn*'­
ahl)' the drug, of choice. AIIIl-t">Iol'lt'n,mu,1he avoided in a..themuic..

a.. lhey rna)' precipitate bnllk·hc"'pa ..m. The ad\ t'1"'o(" eIfect v and con ­
tnindkatiun.. of p-h\o.l('lel'o ..hould he revie .... ed IChaptel'o 9 and I ~ I.

Calcium antagonists
The ..... drug.. are .... idel) used In the treaterent ul' angina and have re.... er

.....ri,lI.> .. "idc--elfech than ll-hl....kcrv. Calcium >Ifllagoni..", bk..,:1. I.-I) pc
voltage-sen..itive calcium chann...h in arteria l ..muoIh musc le. causing

It'la\alion and H _"Odilatali.lflIChapter 1,5). Preload is flO( .. ignittcantl)

alTec'ted. Calcium chanT1(.·I .. in thC' myocardium and coodocting li....uc"
of the bean are also affected by calcium an lag,lfli ..h ..... hich pnltill(."(' •

neg at i\ 'e imumpic effect h) ' mJocing cah-ium influx durin g lhe plateau

pha-c nf Ih", action porcmi..1. Howeve r. the dihydropyridine- te.g.
nifcrlipine. amludi p in lr' l have relatively little e ffect on IhL' hcan

bccuu ..... they have a much higher affinity I'm channels in the ina,·liv..t d

..I,IlC. Such chan nels arc rnnrc Ire qucrn in vascu lar mu scle bccau it
b relatively more dcpol..ri/cd IIt,II1 canli..c mu wlc {me mbrane po ' n-

ri..1 ~o mV d . xn mvj. Fu rthermore. ;11 clink-ally u..cd do........ va jdi-

hllalion rc..ull s in a re t1c\ illl·rca ..e in 'y·n1p"l he lic tnn", lhal cml " a
miM I' lc h)'cardia and cou ntcr a.·" Ihe mild neg at ive inoln.pic d li.oci .

,\ nll.>d ipin.. . .... hic h h.." a lon g dural ion of a..·ti'l(l. produce" It'"" lach)'­
caniia Ih..n nifedipinc. V('fapamil and. 10 a b.o;er ex tent. diitia/t'1ll

dcf"l"e"" the sinus node. cau..ing a mi ld resling bfad)'canlia. Vcr,lpamil

bintJ" preferenliall) to op...n channel.. and i" Ie.... affn.-ted b) Ihr:
me mhr.lne pOlential. ClIodUt.·li'lfl in tht: ..Iriot'en tric ular node i.... Io .... ed

and. h:'cau...: the effect nf \ mparnillunhl.e nift'dipine) i.. ffC\(ucnt:')

dcprndcnt. it ('lTcct i~ely ..10 ' the wnlricular raIl.' in atrial arrh) lhmia..
IChaptcr 17).1110: neg.th·c in lropic dfet:b of \'croipaffiil and dllliu"m

an: partiall) off.....1 b) the relle\ iflCll.'a'oC In adrencfl!ic lone and 1hC'
dtTrea-< in afterload. Dilt ialcm ha.. lIt"ti....n .. intel1TlC\Jiale bet ....ecn tho.__

of ver.t pamil and nif.-dlpine and i.. popular in the lrea tmelllnf angi na

be....au ..e it doc" nol ca u...• t...·h) canlia.
Toha,'co ..nmkin~ . Smol.ing i.. prnlhnlffil'oulic and athen.genk, il

n'ttut'<."' coronary hl... ><:1 11".... alld the nk-uline-induced ri"oC in he..n

ra tc and blood pre ...surc inclt'a"C .. the uxygC'n de ma nd of lhe h..'an . In

a,ltlilinn. lhe formalion 01 cartw.J\yh.....muglo hin red uces tht.' n \ ygcn­

carry ing c,lpat ily of the hluutt . Su me p,uienl ' itnpruve ro,;markahly on

giv ing up smo king.

Revascularization
(:on'llllry arlery' bypa.... l:raflini: l<:.-\ IU;, ,II' perculan("(lU.. tran·
"olIrlt'ria l ~,ronafY an~i"I'I;I ..IY11"T e,\) m..y he ind i,'alel! in p;lli,·nl ..

1ll1l rc..pt.Hlding to dru g... In hyp; I.... opcrati'Hl.... a 'oCgnlenl o f ....phem.u..
vein ur int...mal mam mary anery i.. in....n ed Ixl .........n the anrta antl a
point beyond thr: s le!'K.... i.. of lbe afre..·ted curon al )' arte!)'. An1/ina i..

relie"ed (If improved in 90't of palien.... tout It'Iums in 50'} ....ithin 7

)'caf". \tonalit) is dc'l;r>:a'<t! in wrnc palht.llogical conditiOO'> (e .g. left

main corortat)' artery di'oC'a'oC I. Ori~inal1y , in PTCA. a balloon catbe ler
....a.. u.....'d 10 ..plil and comprc.... the athr:romatuu .. plM.Juc. bul III).... thC'

calhe tC'r is u~ 10 ell.p;..nd • me"h tu hC' ' ..Ienl) thai compre"'oC" lbe
pllll.luc. Althc}(lg.h il rclic\'C"- ,,)'mpttll1l". lbe mle of PTCA in imprcwing

pn'1!III"'i.. i.. unprmen.



17 Antiarrhythmic drugs

Cardiae ac tion potentia l (AP)
(Ccmpcette d iaqram pacemaker pounUtl ls
occ ur only in the SAN 8 11d AVN)
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The rhythm of the- heart i" normally de te r mined ny pacemak er-1;c11" ill
the sinoatria l nod e (SAN. lOP). hUI it can he disturbe d in a varie ly of
ways. produ cing anything from occasiona l discomfort 10 the symptoms
of heart failure or eve n sudde n death. Arrhythm ias ca n occu r in the
upparernly healt h)' heart , hUI serious ones (c.g . ventricular tac hycanlia)

arc usually assoctated with heart dise ase te .g. myocardial infarction)
amiu poor prognosis. The rhythm ofthe heart is affected h)' both 1I l;t'1}1­
fhulin l' (ACh j and noe-eptneph rfne (NEJ. rcle a....-d from puracympa­

llll·l il.' and vympathctic nerves. revpcctivety (upper ligu re J,
Sup raventricular urrhythuuax aris e in the utrial myocardium or .un­

ove ntriculu r node (AVN). while ventricular arrhythmias lIriginah: in
lhe ventric les. Arr hythmias may he caused by an ectopic f,>(.'u \ , whi ch

sla r1, tiring at a hig he r ra te than the normal pacemake r (SAN), More
commonly. A r r o{·nlr,. mechanism is involv ed, where action potentials.

delayed for some pathological rca-on . rc-mvadc nearb y muscle tihres

which.being no longe r refractory. aga in depolarize. eSlahl ishing a loo p
of depola rization (circus mov ement }.

Many antiarrhythmic d rugs have local anae sthetic uctivuy Ii.c. hloc k
voltage..-dcpcndc tu Na" ch.umcls r or are cujcium antagonis ts. These

actions decrease the autom.uicny of pacemaker cells and increase the

cff...xtivc ref...actory pcn od of atrial, ventricular and Pu rkinjc Iibrcv.

Anua rrhyt hmic agen ts can hi: ctavsitied lmo:
I tho se which arc e ffec tive in supruvent r h-ula r- lIrrh}lhmia s (loP

righl l:
1 lhl....e e ffective in venn-lc uta r arrh,.lhmi".. ( bottom left): and

.' lh", e effec tive ill hnlh types (middle len l.
Arrhy thmia-, a-ooc jutcd with stre" cnndilions in which there i.. an

incre ase in adrenergic activity (emotion. excuemc nr. thyrotoxico sis .
my' lI.'ardial iufurctlonj may ht.. treated with J}-bloc kers t bouom rig brj.
An arrhythm ia common anc r acute myoc ardial infarelion is ..inu..

bradycardia, which can he treated with inrruvenous atropine if u.c
card iac outpu t is 11J\n'fI.'<.I ( top lef t), Anuarrhythrnics have also been

classified 011 the bu..is of the ir efcctrophysiologic al effects on Purkiujc
fib rcv (TOman numerals), The e ffects of umiarrh yrh ruic agents on the

cardiac " el inn peteutial are shown iujbc lower figure . hut il is not usu ­

ally known how these ac tions relate (0 the drugs' therapeutic effect..,

~13IlY antiarrhythmic drugs can actually induce lethal arr hyt hmia-... espc­
d ally in paricnts with isch:lcmic heart d isease. Except fur l3-hlol:kers in
myoc ardial infurcnon . there is no evidence thur antiarrhythmic drug,

redu ce ruc rtahty in any' condition.
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Cardiac action potential
Mll~t ca rdiac cells have two depolarizing currents, a fa.' t Na" curre nt
and a slllwe rCa1+current. Howe ve r, in thc SAr\ and A VN there is on ly

a Ca 1+ curren t and. tecuu-e pure 'Ca1+ spikes" conduct very slowly.

there is a dela y between atrial and ve ruricula r contractio n, 111e long

refractory period of cardiac fibres normally protect s them from re­
exc itat ion dur ing a heart beat.

Pacemaker cells
In the SAN ami AVN there are no fa~ t Na' ch annels and the upswing

les';Cntjall )' phase 2) u f the action po tenti al is slow , beca use the dcpo­
larizat jon is prod uced b)' Ca 1+enter ing thro ugh slow ly activating Ce "

channe ls. The pacema ker potent ial dcpcnd~ on several cu rrents inclulli ng

an outward K+ current thnt gradua lly decreases. ami two inward Na"

currents (I, and Ib ) tha t gra dually inc rease wit h time. Wh en the resulting
de polariz ation reaches thre shold . an action potenti al is initiated. The
s[upe of the pacemaker po ten tia ls in the SAN is greater than in the AVN
and so the SA N normally dc tcrmincs rhc hea rt rate (s inus rhythm). The
pacemaker and co nducting l'e lls rece ive autonomic innervat ion.

A('"el ~ Ich oline

Vag al fibre s re lease ace tylc holine onto ~l l-m uscarinic recepto rs that
open a K+ channel ( Kill ,,) via G-prot l'in coup ling. Th e increase in K+

conducta nce causes a hypcrpularizing current and decreases the slope

of the pacema ke r potential. Th us. the th re ~hold for firing is reached later

lind the hcen bem slo ws. AC h also inhibits .uriov cmncular conduction,

Nu repinephr im:

Sympat hetic nb rcs rel euse norepinephr ine onto lJl-rec<ptors in the
pacema ke r tis,ue~ and myoc ardium. Norepinephrine increases the

inwa rd Na"current (I I)' <;U thre shold Is reac hed eurlicrand the heart rate

increases. Norepinephrine also inc reases the force uf coruracnon by
increasing the in llu x o f calcium during the pla teau phase (pusit ive
inotropic effect).

Drugs used Insupraventricular arrhythmias
Ad euosine stimulates Al-mknol,ine~'l'ptUf'< and opens ACh·scnsit i...e
K+channels. Thi~ hyperpolari /.es the ce ll lllemhrane in lhe AVN amI,

hy inhibiting the calciu m l'hannds. , lows conduction in lhc 1\ VN .
Adenos ine is rapidl)' inactivated (lI n '" !'I_ IOsj am i so side-.effel·ts (e.g .

dyspnoea. hronehospasrn ) are ~hon-lived. Intravenous ade nosint.' is

USl.'d 10 tennina te ac ute supmvcnt ricu lar tach ycard ia.
l)i~lIxin ~timu l ates vagal activity (C hapter l ~ ) , e;!Using the re lt'a ....:

of AC h, whi ch ~ lows conduc tion and pro lnng~ lh.... refracto ry per iod in

thc AV N 3nd hundle of lI is. Or31ad ministrat ion of di j!oxin is used in
atrial librillation. whe re the atria hea t at s(lr h high rates thOlt the vemri­
des {'"an onl)' fo llo w irregularly . By dd <l ying atrioventricular l'ond uc­

tance . digoxin increases the ,h..gret: of hlod. and slows :UllJ ~l rt: ngt l1l'ns

till' venl riculnr be:i1. Int raw nnus digox in is used in lhe treatm ....nt of

mpid uoco ntrtllll'd atrial lh lller .md Iihri lilltion.
Veraparnil acts by hllll.·k ing L-type c;llcium l'hanncl s (cia ..... IV

a~enls ) (sec .1I~o Chllp lers l:'i ami lti l and hilS pan icillar ly powerful

e lleets on th.... AVN where conduc tion is ent irely dept.'mlen t on calciulll
..pikes, It aho inhit>i ts the inllux o f Calo during lhe plateau pha...e o f lhe

al·tion potenlb l and therefore has a negative innlropic ac lion ,

Adenosine h." la rgely replaced illlruverllHls v(,' rapam il f" r lhe tre:ttment
of supraventric ula r t,lChyCirrdias t>ccausc il is ..afe r, e~pcc i a t ly if lhe

patie nt really has a ventricular tachyeardiOl. in ....hich case the ne~ativ.:

irl< .trop ic d fl't.:t uf \'erdpami l lllay be di,;aslmus, Oral w rapami l i~ sti ll

used in the prophylaxis of supraventric ular tachycardia. Veraparnil

xhould nOI OC' used with 1}.t>IIIl.·l..c rs or quin idine because of cumulative

negative inotropic effects.

Drugs enective Insupraventricular and
ventricular arrhythmias
C ia..... 1:\ a~l;'nh uct by blocking (open) voltage-dependem Na" chan­

nels. They slow phase 0 and lengthen the effect ive refractory pe riod .
Cla~s IA agenh produce a frequency (uscj-dcpcndem bloc k. Du ring

diasto le when the Na " channe ls are closed. class IA agen ts diss ociate

re lativel y slowly (<5 s) so. if the frequency is hig h. dru g is sl ill ho und 10

the ch annel. which therefore cunnot contribu te to the actiofl potential.
Disoll ~r;llnidt' is mai nly used ora lly to preve nt recurrent vcmricular

arrh ythmia... Disopyramidc ha.. ;1 negative inotropic ucuon and may
cause hypotension (cspecially intrave nous ly) and nggravore cardiac

fa ilure. Oth er side -effects includc nausea. vomi ting and mar ked anti­

chohnergic effects. wh ich rna)' Iimi l its usc in men (u rinary retentio n ),
Quinidin l;' is cffcct ivc in the treatment of both supra vcutr icular and

ventric ular arrhythmias. bu t its usc is limi ted by potentially dan gerous

cardiac and freq uent non -cardtac side-effec ts. Side-effects include :lnt i·
choline rgic effec ts, nausea. vomiting, diarrhoea and arrhy thmias.

(,Ia~s Ie a gen ts dissoc iate ve ry slowly Ir om Na" channels (10- 20 s)

and strong ly dc preo, conduction in the myocardium. f<ll'l' lIinid l;' is mainl y

used in the prophyl axis of paroxysmal atrialfibrillation but il ha.s a neg ­

nnve ino tropic ucriun and may cause se rious vcnmcular arrhythmias.
Cl as... III agt'nl s act by slowing repolurivauon (p hase J) and pro­

longing the action potential and retruc to ry period in all cardiac tissues.

Amiudaront" h.l.s blocking ael ions on several channe ls (e.l1 . K+ and

inacti vated Na" channels] and l!-adrcnoccptllf'<. Amiodarone is often

effecti ve when other drugs haw fa iled hUI its use is resmctcd tn pa tients

in whom other dm!,!s are ineffectiv e beca use it may cause serio us
adverse effect... incl ud ing pho tose ns itivity , thymid d isorders, ncurop­
athy and pu lmonary alveolitiv, Su talol has class II I acuons as well as

class II Il!·hlocl..ing) acnons. It lac b the ..ide-effects of amiodarone bu t
has the usua l vide-effects of I}-hlllders,

Drugs used in ventricular arrhythmias
C las.. III a J,!c nls hllll.·k (in;ll' tivated ) voltage-depende nt Na +f;hannds.

I.idlll:aint' given int ravenou..l)· is used in the trea tmcnt of vemricular

arrh yth mias. usually a fter an ;\l' utl' m}Tl(:ardi :11 infarction, [n cnnt ra~ t l n

cla,-s IA a~ents. whic h block ope n :'IIa+ehanl1l'ls.lidocainc hlocks mainly
inactivated Na +ch;mncls. In normal eardi:lc tissue. lidol.·aine hOlS litt le
t:ffect b<"eause it dissociales l"dpidl y « O,:'i s) fmm the N:l+ channels.

whidl th.... re fore ret'nve r during d i a~tole. Hnwl' w r. in isd lacmic area s,

wh ere .umx ia f;;lUsesdepolarizat ilill and arrh ythmogenic ;Ict ivity, many
Na +chan nels ;Ire inacti vated 3nd there fore suseept ib le to lidocaine.

Alternatives to drugs
P;lccm .lkers are requ ired fo r complete heart hloc k. and arc ~omC1 imes

1ISt.'d in taeh yanhythmi as. Wht.'n the left alri:ll sill' is nonnal, dirt'Ct f;ur­

fC nt sho!,:k cause~ n:vc rsion to sinus rhyt hm in nlU~t pa t ielll ~ Wilh at ri:lI

lit>rillat ion . bu t ahout OO'} relap se wilh in I ye<tr, despill' mai ntenance
trealllwn i with diso pyral11idc . Surgic al lIhlutinn of the l'Clopic focu s or

bundle o f His is a successful method of cuntnl iling supmventric ular
arr hyt hmias. A mUt'h sOlfer me thlld is abl;uion o f the foc us or hundle ViOl

e leclrollcs on an inlraca rd iac t.·alhe le r (l"mllll."lvity ahla liorll. Ik caus....

atr inwntricular hll ll.'k is produeed.Ol peml;lllent p;lccmal..er is rel.l uired.
[n thoSt., plltients at risk of Iife -lh reatenin g tal·hyarrhyth mias. an im ­

plant able aUloma led ca rdiO\'ener dcJibri llator may be insc n cd .
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18 Drugs used in heart fa ilure

ACE i nhi l>lto~

DeCTl!:ilSC both pr""load
and aft.erload

captopril

ena lapril

Can'leHi ~e ~ympwm~

End' ,> 'i1"to llc LV p"e(>tlure Dy6pr'lllea

Diur~IC!l

THI"llDES

bendreflumet.hiazldc
coo,

iNmetsrlidc
furot>l'lmidc

AI.DOSfElWNE

A.NTAGONI$T

t;pironolacumc

P~itil'e

inotropic

rifcc t5" .

.-.-."

dol:.>utamine

Inotropic
a gentll

digoxin

carved;!ol '
l:.>i50prolol

metopro lol

Heart tauure CXish II.'h<'r1 the cardiac output is iuxutficicnt 10 ade ­
quatcly perfu se the li""ucs. despite nomlall illing ofth... heart . Th is lends
til a variety of symptoms. e.g , fauguc. oedema. on:;uhlc"snc" and
reduced excrcisc tolerance. COII.Cf'.I/h'{' 1,.'</1'/ [ailure is usually taken 10
mean co mbined right and left heart failure. producing both pulmonary
congestion and peripheral oedema. Causes of heart failure include
hypertension. va lvular dis euse. cardiomyopathy and. most commonly.
coronary heart disease. The low card iac ou tpu t in heart failure results in
increased sym pathetic nervous activity . which stimulate s the nne and
force of the hea rt heat and maintains the blood pressure hy lucrcaving
the vusculur resis tance. In the failing heart . the resulnng increase in the

resistance agai nsl which the heart has 10 pump (a fterlnadl further
dcprevses cardiac output. Reduced renal hloud tlnw rexult-, in renin
secretion •md increased plasma angiotensin and aldosterone lcvc-Is.
Sodium and wute r retention increase lhe hlood volume. inneasing the

central venous pressure l preload ! andthe lilo.elihood of oedema forma­
non. These compensatory changes at tirst help to mairuai n cardiac out­
pUI hut in the longer 1.·011 lead to changes rc.g. abnormal ven tr icular
dil.dat inn) that mcrea..... morbidity and mortality, Onl y dru gs that inhihit
till' ncu rohormones involved in these cornpcnvatnry i;han!!es increase
survival in paricms with chronic hean failure (i.e. ACE inhihitors.

l3-blockeT1OJ.
Trealmen l of mi ld heart failure usually st;nt, ",'ilh an :ml:inlt'nsin

('( Ill \ c r l i n~ t'nl}mC\,\C E) inhihitnr (lop righll . ACE inhihitn.... (e.g.

t:aptnp r il J reduce Ill\' load on the heart [diagonal arrow. right tigure )
and clinical trials have shown that the)' decrease symptoms. slow
di-casc pmgres,ion and prolong lifo: in chronic heart failure. In more

severe failure. a diuretic 'Chapter I ~ ) is added . which increases the
excretion of sodiu m and water and, by reducmg the circulating volu me.
dccreuccv the preload and oedema (curved arrow . ngtu figure ). A

thiazide te.g. bt' nd ruflu IIlt't hi:u ide ) may he sufficient bUToncn a loop
diu retic is necessary te.g. Iurose mid e j. I f heart f'lilure is so severe
lhal a comtnnauon of diuret ic and ACE inhibnor fails tu provide an
udcquute response , then d il:H\i ll, an inut rnpic dnll: (lop em. rnay I'C
added. Inotropic drug v all increa ..... the force of cardiac muscle con ­
traction (vertical arrow , right tigurer by increasmg the rise in cytcso lic
ca lcium that occurs with each action potential (left fig ure). HiJ;:ll,in
increases intracellular calcium indirectly. by inhib iting membrane
Na ·/K ' -ATI ........ (@). Inot ro pic dru gs all rend III cause urrhythmla-,
because exccsvivc cytosohc culcunn can trigger arrnyrhmogcnic meru ­
branc curn-rnx.

Recen t lriab nave shown uuu. in mild/moderute and seve re heart
failure. lhc addition of a l!-hlnt:"l'r tbomun. lefl l furt her decreasesmor­

tality in patients laking ACE inhibitors and diuretics (wi th or without
digoxin ). In patients with severe heart failure and with symptoms
uncontrolled with standard thenupy. the addi lion (If sp ir unnlaClu llt·
\C hapler 1 ~ 1 has hcen shown ILl redw:e (.:! -year) I\mrta1ily from ~o%

10 35~ .
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ACE inhibitors
Venous dilatation reduces the lill ing pressure (pr l'loadl and uncriolur
dilatation lowers the attcrload, The redu ction in va';(.· ul;lr lone decreas es

lhe wo rk and uxygcn demand of the failing hea rt. AC E inhihitors (e. g.

ca plop r il. enalapril ) ( ~~ also Ch :lph: r 15) are the mtN appropriate
vasodilators in heart fa ilure. becau se they IU'Ncr holh the artcriul and

venous resistance hy preventing the increase in (vasoconvrricror j

ang jntc nvin II that is often present in heart failu re. Th e cardiuc (lUlPUI
incre ;l~s und, becau se the ren ovascular resista nce Ialls. the re is an

incrcn..c in renal hltxltl now. This latter e ffec t. together with redu ced

aldo..tcronc relea..c tangiotcnvin II is a st imulus for aldosterone
re lease ). increases Na' and H~() excre ston. connucnng the blood
vo lume and reducing venous return In the hean. AC E mhibuion also

reduces the direct g rowth ael ion lhal angiol emin ha.. Of) Ihe heart.
Angnucn..in ant agonist-,(c.g. h"' arlan J ma yor ma y nnl have the ..ame
beneficial effects as ACE inhibitors. Other vasodilators rc.g . i..usorhide
mononitrate with hydralazine) are now only used in patients who

ca nnoi iolcnue ACE inhibuurs.

p-Bloekers
Acutely, [l-hlockcr.. l':111 decrcu..... myocardial contractility and worsen
heart failure . How ever. long -term udmmismuion has been convinc­

ing ly shown 10 improve the survival of stable patients with heart failure .

presumably by bloc king the damagin g effect s of ove rac tive Symll;l­
thcnc activity. To avoid adverse effects, the rap y is started with a low

do..e lhat is gradu<llly innea-"Cd ovcr a period Ill' weeks or nltlnlh s.

Ca rwdilul. hisnpru lul and ml'l uprul"l , gh,...n wilh an ACE inhi hitor

and diu re lic for ahllul 1 )'ear. have hel'n found in d inica l lrials 10 fl.·duct'
morta lilYfrum 11- 17'l to 7- 12%.

Inotropic drugs
Hi;:m .in . a g lyco-.ide e .... lrJCled rrom ro ....g lov...lcav~s (Dit:i1tllis sp.), is
the Tll(l'>1 impurtant inolrupe.

Ml'l'lmnil'al effects lllld therapellt ic hcnetil
Digo~ i n inneases lhe force of card iac cont rac lion in the failin g heart.

Thi.. henefil has o fll.'n hl.'en douhll'd in p'-llient, wilh chron ic heart

failure in sinus rhylhm. hUI recen! clinica l tria ls have sho wn that
digo .... in call redut-e Ihe sy mplOm, (If hean failure in palil'n ls who ;lre

already receiving diuretit's ;md ACE inhihilllrs. Digo xin is particularly
indicm ed in heart failure caused by alria l fibrill ;llion (Chapler 17 ).

\I el:h llnism orlI ctillll

Digo .... in inhihits memhnlne Na+/K+·A TPm.e ( i). whi ch is f't.·.. fKmsihlc

for Na +/K+e xchange arrns.. the mu ';(.·le ,·e ll mernhrane. Thi s int' rca-.cs
intr..ls·cllular Na ' and produces a sec ondary inl·rea .'>C in inlr..lee llu lar
Cah lhat increao;cs lhe foree of myl'l(:ard ial conlmeli on. The incre a..... in

imran 'l lular C:t~+ occu rs hecau'e the derreased Na+gradienl aero, s the

memhmne redUl:e.s the e .... lrusion or Ca2+ hy th" Nll' /C\1+ exch :Hlger
(0) lha l t!l.·eurs during diaslole.

Digo .... in and K+ions cnmJII.·le for a ' rcc,'plor' (N a+/ K+-ATP ase) on lhc

oUI~idc of Ihe mu ..... le loc ll me mbr.mc. "0 11M.' efkclSofdigOll.in rna)' he dan·

KerOlHly int "rf't.JSl'd ill h.\1/(,kil /ll/'mia. pn.ltlu\.--ed. for e .... :lI1 lple. by d iuretic...

Elect ric;tl effel·ts
These 'Ire due 10 a complk ated mi.... lure of dire ci and indin.'('1 aCliolls.

lJin 'cl l'.IlI'cl s (bottom, D )
In alri,, 1and vcmriculur cclls. fhc nrtiun potential and refractory period

arc shortened . because the incrcuvcd intracellular Ca 2+ slimul:lles the

pUlassium chan nels. Toxic conc entratio ns (lop. • 1cuu-e dcpolariza­
tiun ( resu lt i n~ from Na" pump inhib ition). and osc illa tory dcpoluriz­

ing uttcrpotemiulv ap pear after nOOlI,,1 action pot entials (caused by
increased intracellular Ca 2+). If these delayed attcrpotentiab; reach

threshold. action potentials are gene rated, causing 'ectopic bears'. Wilh

increasin g tox jcit y Ihe ec topic he:tl itself e1icils further beal s, c.\usi ng a
,,, If-s usl:tining arrh ythmia tvcmricula r tuch ycurd iaj. wh ich ma y

progrc», 10 ventricular fibri llation.

tndirec effects
Digoxin incre ase.. central vag al aClh'ilY and fad lilalel. mu sca rinic
lr..an,missilln in the heart . Th is: (i) slows the heart rare : Iii ) 1,10\,"1, atri­

ovcnmculur eOndUl'UIIK'e : and (iii) prolongs the refractory period ofthe
atrioventricular node. Use iI made of this till'I '1 ill atrial jI/Jrill.llioll

(Chapter 17), hUI atroxie level s t eart hlock t)CCUl"..

Errects nil ulh er or~allS

Digo xin affects ;111 cxcuutue tissues. ils cardioxclcctivity resuumg from

a gre ater dependence of my ocardial tuncuou nil the rate of sodium

extruvien. 11k: mos t common exrracard iac action is on the gut. and

digo xin may ca use anore xia. nau.....a, vomiting or diarrhoea. Th csc-cffccts

are partl y brou ght ubou t by actions on lhe smoo lh mus cle of the gUI and
arc part ly a rcsuh uf ce ntral vagal and ehl' morece plor lrigger zon e stim­

ul:llinn. Le ss COnUIl' l11 effe cts include confusion or even psychosis.

Tu\id l)

Digo .... in lo .... ieily is ,/ilill ' {"( m il/HIli hccause arrh ylhmias ran occur at

COllt'ent raliom onl y Iwn or lhree limes lhal of the Ilplimallhenlpeulic
concent ralion. According 10 ill, severily , lrealment may requ ire wilh­

dr,!..... a l or Ihe drug, pOlas,i urn su ppleme nts, ant iarrhy lhmic drugs

(pheny loin or lidoca ine) or, in vc ry severe inloJlic:tlion . lligo .... in­

spel'il ic :ul1ibody fmgmellts (Fah l.

Sympathomimeticagents
Th e..... aClivate card iac ~-receplOrs and slimuhlle aden ylyl CYC 1:I~ , an
effec t med iated hy a G-prntcin called G, IldO. 111e r...sul1ing rise in

cA MP al'livales c AMl' -deJll."ndcnl protein kina'l· ...... hil·h leads 10 phos­
phoryl;llion of Ihe L-IYpe Ca2+ channds and an ins'rease in Ihe proha ­
bil ily of lheir open ing. Thi s increast.·s Ihe influ Jl or Ca~~ and hencc th~

foree of myocard ia l colllmciion. In l·'lIllra ..t lo d igo .... in Ihal has a nculml
effn 'l 011 survival . olh er positivc ino lrllpes hav e he~'n fou nd In incr..-:t....•

mortal ilY. For lhis re:tson . mlO-glYl"t1side inotrnpcs arc used onl y for
short· le rm use in refraclory pal ienl ' or lhose awaiting cardi :ll; Imns­
plalll ;l\iun . I)uhufallline is given lly intravenllu" infus ion in IIHlle

II'I'I'r(' 'wart f uifllrt'. II slimullllcs ~1-;ldrenocept tJr; in the heart 'lIld
increasl"sconlmclililYwilh linl e e lfe l·t on mIt. In addition, an al"tion on

P2' f"C(,"eplo rs cau ses vaslld il:tlat inn. !Ju lJllmint' give n hy inlravenous
infusil~n in low dt......... In h<:allhy volunleers increases rena l perfusion by

stimulaling dOJlllmine «.'Ceptors in Ihe renal va'>CulalUre. Th is findin g
has lon~ l' ncouraged lhe use of low doses of dop;lIl1inc (logether with

dobulallline) in cartl iog cnic sht",:k , whrre delerinratioll of renal func­

lion i, common. Ilowever. a recent study found no benefit in c rilica lly
ill pal it'n lSg iven low,dose dopamine.
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19 Drugs used to affect blood coagulation
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....ariarl"

heparin
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'!:otandard')

low molecular weight , ,
hcpariM!> (L MW heparin) ,
daltepari n
enoxaparine

Th e centre of the figu re "hm." the fina l ;,Iage;, o f the casc ade seq uenc e
involved in dol tthromhux) fnrmation . In the slower moving venous

"ide of the circu lation. the thrombus ( 0 ) const -rs of a fibrin web
enmeshed with platclct-, and red blood ce lls. l\ nl k ullJ:u la nl dru~s

(lop !l·fn . particularly hepari n and warfarin . '11\' wide ly used in the
prevenuon amI lreillnWlll of \,('/11 "'.\ thrombosis and embolism tc.g.
deep ve in thruruboxis. prevention of povmpcratlve thnuuboxis. atrial

fibri llation. patients with artificial bcun valvevl. The main ad verse
effec t of anti ccl;lgu]anls is h<lt,//w r r l J<Jgl' .

Hepa r in is short ac:tillg and must he given by injection. Its ant i­

coagulan t effect requiR: s the pre ....-nce uf 'II1tirhromhin III . a pretense
inhibtmr in thc hlood thai form, it ] I comple x with thrombin Iql.

Heparin increases the rate o f complex formation 100IO-fo ld. "lu,ing
the almost mvtantancouv inacnvauon o f thrombin. The heparin­
umhhrumbin III complex also inhihit-, factor Xu ;HI ,I SOInc nthe r factors .

Low molecular wei ght (LMWj hcpurin-uunthrombin complex irtluhits

only factor Xa . Heparin acts both ill vitro and i ll l"iI"o.

\Va r f;l rili is active orally, It is ;1 coumar in derivative with a struct ure
sim ilar to thai of vitamin K, Warfarin blocks vitamin Kcdependcm

y-carooxy lalion of gfununarc residues uop. shaded >, resulting in the pro­
d uction otmoditicd fucror s VII, IX, X and prothrombin t i l). Th ese are

inactive in promoting coag ulation becuuse th e y-carboJly lalion confe rs
Ca2+_biI1lJing Pfll~l1il;'s rluu arc essent ial for the proteins to usscmblc

into an efficient catalytic complex . The oral auucoagulantc are onl y

ac tive ill \ 'i l"O and lake' 2- 3 days fur the full .uuicoagulnm effect to
develop. Thus, if an unmcdiarc effect is required , heparin mu,t begiven

in addition,
Anti coaguluuts are less usefu l in preventing arterial thrnmhosit ,

because in facrcr flowing vessels thrombi arc comp osed ma inly of

pla telet s with lil1k fibrin. An t ip latl'lt.'t drugs (right) reduce platelet

aggregation and arteria l thrombosis. In athcromutous arteries. the plaques

most likely to rup ture J'I,s..css a large lipid-rich core cov ered b)' a thin
fi brous cap. Rupt ure of the cap exposes subendothelial coll agen that
activates platelets and causcv aggrega tion. This, releases lhrmllooxanc-A~.

adenosine diphosphate (AI)}» al1l15HT tright figure ) lhal pmnKll.efurthe r

platelet (Lggrcg;lli"n, vacoconsrricuon ami uctivution ofthe cloning ca s­

cade . An' iplald ct dru gs. especially aspirin, haw been shown to redu ce
lhe rick of myocardial infarc tion in patients with uuvtah le angina,

increase -urvivnl of pa tient s who have had myocardial mfa rcnon and
reducethe risk of strok e in pa tient ' with tmnvicnt ischacmic attack v.

Fih r inulylir d rugs (bottom left) are udrninis tered intravenously.
They (Ire agents that ca n r apidly Iy..c thrombi by ucuvanng plasmmogen

to form plasmin l l l, which is a prutcclync enzyme that degrades

librin and so dixsolve-, thrombi. Thromb olytic dru gs. especially -t rcp ­
rokinu se . are ex tens ive ly use d tog ether with oral avpinn in the treatment

of myocardial infarction, and all have been shown IIIdecrease mortality.



The bene ficia l e ffec ts are gre:uc~1 if the drug~ are give n within

I}U minutes of myocardial lnfarcnon, with prog ressive ly le.... benefi t

T hr ..m bus is an unwanted d Ol inside a bloo.... vessel. Thrombosis is

partic ularly likely to oc cur where the hlnol! 110w i~ ~lugg i ~h . because
lhi ~ allows activated clolling facto rs to acc um ulate instead of bcmg

washed away. A common prob lem is pos tope rat ive rhrombosiv in the
leg veins. Sometimes bils of thromb us break off (emholi) and are

carried lodislanl sues, which may he severely damaged , e.g. pulmon ary

embolism. In at rial libri llat ion the loss o f at rial comracno n prvdisposcv
10 slas is of blood and enc ourages thrombus formation. These may

detach and cause cere bral embol ism (slroke) .

Anticoagulants
Il epa r in is a natura lly oc curring, highl y acidic glycosammogtyca n
of vary ing mol ecular weight (.'\UOO- l.'\ (lOU), Sabcutuncous injec tions

or continuo us intraven ous infusions of hep ar in reduce the incidence of

deep venous thrombosis in patients undcrgoing ge neral surgery and

those recoverin g Irom stroke and myocard ia l infarction.
The main side-effect o f hepa rin is blet"tling. Becau se it has a ..hon

duration of acnon (4- 6 hou rs). bleeding can u..ually he controlled h) '

..topping the dru g administn..rion. If necessary. heparin can hi:' neutral­
ized by the intravenous injection ofprotarninc, a basic pept ide uuu cum­

hine s with the acidic heparin. Heparin occ uvionally cau ses allergic
reactions and throm bocytopenia.

1..\ 1\\' hepa r ins haw a lon ger half-life than sta ndard hepurm. " ....y
have me advan tages of requiring on ly a ..ingle da ily dose by sub­

cutaneous inj l"Ction and prophylactic doses do not requi re monitoring.

Vitamin Kantagonists
Warfar in is well abxorbed after oral adrninlstration. but the on set of

ilS full antic o;lgula nt effeci is dela)'ed for 2- 3 days. while thc inacl in :
l;oagulatinn fac lors ind llt'ed by the drug groldually replace those

o rig inally presem . Warfarin has a long half-l ife (about ~O hours) and

it call lake up 1O.s days for the prothrmnhin time 10 relurn 10 nonnaJ
alkr Slopping: lreatmcnt. [t is met alx.ll ized oy lhe liver 10 inaclive 7­
hydro~yw3rfa rin . Dru gs Ihal induce hcpatic microsom a l enl)·mes (e.g.
harhilllrale5. ('urbl,/ma;l'{,im' ) an tagonize Ihe alllicoagulam 3~·t infl of

warfar in, and hae morrhage may OCl;ur if they are withdraw n. Drugs

Ihal inhioit hepat ic enl)'mes dec rease lht' ca tabolism of warfarin and
plltl'nt iate iI., ac tion (e.l,:, cillll'lidine, "thrlllo/, mf'troniJI,/;I,/{e). Warfati n

can be rever sed by g iving a coneentrale of d Olling fa..: tors (or fresh

frol en plasma which contai ns clon ing: fac tol1i): this is the lrc at fl\~nt

o f choice for rapid revt'NlJ. In \<:vere overdosage, vitamin K (phytom­

en ad ionel can be given by intr,lVcnous injl."t' lion out lakes 6--- 12hou n;
10 a..:t.

Antiplalelet drugs
Asp iri n redu ces the ris!. of Illyocardi al infarction in patienl s wilh un ·
slable ang ina and increases surv ival in paticnts who have h'ld acute
myoc ardial infaI'Cl ion. II also red uces the risk o f slroke in plltients

",'ilh trwlsient isch acmic aU,tl:ks, The h<:nelicial effel;ls of asp irin in

throm hoembolic d isease are hrou ght alx.lut by the inhihilion of pl;ucle l

thromlx.n <l ne-A, (TXA,) synthesis. l'lrol1100 ~ ane-Al is a po werf ul
induccr of platelet aggregalion. II act~ on cdl surfacc receptors and ;«:ti-

OVCT 24 hours. Rap id administnution of a throrn boly ric age nt after

inf'lI'Ct ion is more imp ortant thanthe choice o f age nt.

vales phospholipase C, causing the formuuou of inositol tris phosphate
(lnsp.1 ) and consequently a rise in intracellular calc ium. The calcium

changes inact ive G Pll il/ l]la receptors on rho platelet membrane to a

conformation with a high affinity fo r fibrinogen that for mscross -links
betwee n lhl' pla tele ts, ami hence aggregat ion. The endothelial cells of

the vascu lar ..... all produce a prostagland in, PGl l i pwstacydin ). ....hkh

may beme physiological umugon ist of TXA~ . PG l1 stimulates ditfercm
receptors onthe plat ele t and ac tivates ,ulenyl)' l cycl ase. The resulting

increase in cAMP is aSSllCialed with a decrease in imrncellulur culcium
and inhibit ion of platdct aggregation . Aspirin prevent s TXA~ forma­
lion by irreversibly iahibning cyc to-oxyge ns-e lChap ter 32). Platelets
cunnot synthesize new enzyme, butthe vascular endothelial ,.:dls can,

and a It,W....ose (75 -300 mg.) uf aspirin given ,l;lil)' produces a selective

inhihition of cyclo- oxygcnuse over much uf the dose interval. Thu s. the

bulunc c of the untia ggrcgurury effects of PG I~ and the pro-aggregurory
effec ts o fTX A1 is shi fted in a beneficial direction . C iu pidol:: rt'l red uces

agg re gation by irre versibly block ing the effects of ADP on pla te let s. It
has a synergistic acnon whcn given with asp irin. the latte r drug having.

a relat ively weak annplatclcr acnon on ilSOWI1. C jopid ogrel is also used

in paucms in whom aspirin is contraindicated. f<: pt ilihl ltide. l iruliha n
and a hcixhn a h (a monoc lona l antibody}inhibit platelet aggr egation by

bindi ng 10 the glycoprotein li b/ lil a receptors. They are give n h)' intra­
venous infusion together with asp irin and hepari n to prevent myo­

cardial fntarcuon in high -risk patients with unstable angina awa iting
PTC A. Iupyrfdamote is used with warfarin io prevent thrombo sis for ­

marion on prosthetic hean valves although there is doubt of its efficacy.

It is a phospbodicstcr usc inhibitor and is thought 10 reduce platelet

aggreg.ll ion by increasing cA MP levels .

Fibrinolytic drugs (thrombolytics)
fibrinol ytic drugs <Ire uscd c)(lCnsivel)' in myocardial infarction 10

lyse lhe lhro mhi that hlo,,:k ,'u ronary ar1eries. They are admin islel'Cd by
inlravenous infusion and prnh,lhly caus e fI.·pcrfusion in ahoul .'\0%

of anenes. if give n wilhill 3 huurs. The h('nefit"i<lll'ffecl.l of II.\pirin in

mYlx·I,/FfJi.I/ill!flrrtilm I,/r e <If"';';"" to thme of throlllhol.\·tics. The main
side-eff,.."t'h o fthrombolylks are nausea , vomiling . blet:ding and. iJl the

l;ase of slre plokinase. alkrgic reac lio ns. Ilk ed ing is usually rcst ric led
to Ihe injet· tion site but tlceasion ally stroke occu rs. Sl r eplokimlw is nOI

an t'n/.yme; il hinds 10 circulaling plasminogen 10 furm an al:livatnr

comp1c~ lhat convens fun her plasminogen tn plasmi n. Beca usc Ih.:re

is a large excess of plasmin inhibitors in the blood . which can neu ­
lralize circulat ing plasmin. hlceding is nOI usua lly a problem. With in
Ih~' thrumb us tbe concentnlti\lll o f plasmin inh ibi tor~ is 10...... (Ill.... sO

slreptokinas..: has some select ivity for clo ts.
Alteplase is human II'A prod uced by reelll11hirWlll DNA lcchnolugy ,

Alteplase doc s nul ca usc alkrgit' reat'lions and can be used in pati<'nts
when fI."Cent streplococcal infeclions or rece nt use (If st reptokinllse c(ln­

lraind icates the use of streptok inase (i.e. pa tients in whom Tl."pcrfusion
may fail lx..-cause of the act inn of ncu tra liz ing antibodies and wilt) are at

some ris k 0 1" ana ph)'hnis). In cont ras t to slrl'p lOkinase, coadminhlrol­

tinn of heparin Wilh alt~'pl asc produces add~'d h<:ne tit but inc reases the
risk of strokc.

"



20 Lipid-lowering drugs
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Lipids such a!> l ri g lyceridc~ and cholc-acry lestcrs arc insoluble in water

and are trauvponcd in pla sma in the core of panicles t lipop rot clnvr thar
have a hydrophilic shell of phospholipids and free chole sterol. This
surface layer is stabiliz ed by nne or more ap nl ipuprnh' ins which also
act as ligand, for cell sur f;lI:l' r eceptors. About lI'm -thirds of pla..ma
lipoproteins arc s)'m he si/l'<l in the liver (middle. s lwdcd J. Tri gl yccridcs

(TO) an.' secreted into the nhK1'I1 as \'t'I) ' {"w drnsitv li/l"pfOtl'iIl.' (\ '[D L
~). In IIw ",,:1cand mlipu'>C tissue. lite capilla rie-, (fighll P'''Sl'' ' an

enzyme, lif't.'fJrolc'ill l ip" ,,,, ( = l, that hydrolyses the mgtyceridcs to
fuuy acid s: these then enter the 1l1USCie cc tl-,(for ene rgy }and adipocyrcs
tfor ~ lllfage ). T he resid ual parnctc-, routaimng a cur.. rich in rhules­
t... rylcvtcr (e E) arc ca lled ,,,11' " 1'I1., il.l' Iip"proldl1 (W I.) parti cles.
The liver and other cell-, J'< '~'>t:'~ S LOI. r/"'I'/,IOI'.\ (~ ) that remov e
LDt from rh... plasma by t' I1<(,)c) IO, i, ttup tigure ). 1'111' hCI'Uf ic flTI '/' lor ·
/lwdi<ll /'d 1'1'11I01'<11 ' if [DL i., fhl' main /111'chan i ,wi" [or j"(J/!/ m !lillg

I'ItB/II<lWI- h" 'd~ ,

Fall)' acid , and chole sterol trom ingested dietary rat are re-c- acrincd
in mucosal ce ll, 01' the imcvunc and fonn rhe COl\' of ,"hy/o/lliuOlu that
ente r the plu-m. via the thoracic duct. Fatty acid, art' hydr olysed from

,.

the chylomicrons by lipop rotein lipa ....· and the re,idllal triglyce ride .
depleted n 'nrrl,mn and are removed by the liver.

T here is a strong pll~jt ivt' correhuion between the plasma conccntra­
non of LDL chole sterol and the dev elopment Ill' a lhe rlJsd('rlls is in
mediu m and large arteri es. Therapy that lowc rv LDL and rai -.c~ high
density lipoprotein (HDLJ has been shown to reduce the prllgre,sion
of coronary a lhero~cll·ru,is. I.ipid-luwering dru~s are- indirutcd 1110'1
~ trnl\g ly in patients with corollary urtcry disca...... or tho-sc with high risk
of coronary '1I1el)' di~;\'>t:' because of multiple rhk rac rco. and in patients
with fami lia l hypcrcholcxrcrolacuuu. Aninn e,cha nge re , in.. uop
left . 0) hind hik at' id, \ 13 I and, because they arc not ub..orbed. choles­
tcml excrcuou is increased. The , la lin... ]-h )'dr{lJ\ Y-]-llw.h yl~lularyl

coe nzyme 1\ 111\ 1< ; Cn ..\ I red uctase inhi hil urs (lop righll , dcc rea.....
hepatic cholcvrcrol ' yll1h\',i ,. TIll." fall in hepatocyte cholesterol caused
hy re-sins and statin s induc es a compcnsutury increase in hepatic LDt
receptors nop tigure) and conseq uently a fall in plasma chole vteml.
:'\k lllin k add (cen tre righll reduce s the rclca ..... of VLDL 0)' theliver .
while the Hhrat es tbottom righI), which mainly lower trigly cerid e

le w is. probably act rnamly by slimul illing lipoprotein lipas e.



l .ip npn.ldns are classified according totheir density on equilibrium
uhroc cutrifugurion. The larger panicles tc hylomicrons . rcnuuuu-, amt
VLD1.) arc the least dense and arc nul athe rogenic because their greater
size (diameter 30-500 nml prevents them passing into blood vessel
walls . LDL part il'les (dia meter 18-2.<; nmj can easily penelnul' damaged
nnerics ;llIdare mainly respuus ihle for Iht: dcveloprncrnofathcrosclcrosrs.
HDL par1ir k s are the smallest Idinmetcr 5- 12 nrm and epidenuological
studies have revealed lhal high levels of HDL are aSsot:ia led with a
lowe r incidence of atheroma. HDL ucccp rs excess (uncstcnficd} r ho­
lcstcrol from ('el ls and nlso from lipopr otein s rhar have losttheir trigly ­
ccridcs and therefore ha ve an excess of surface components, includ ing
chnlevteml. The cholesterol is made less pol ar hy rc-estenficauon.
causing it to move inlo the hydrophobic core and leav ing the surface
available 10 accept morc choleste rol, The cholesterylester s ure then

returned 10 the live r. Tbe n-mo vul of choles te ro l from an c ry walls by
IIDt. is thought \(I be thc b;,sis u f ils untiarhcrogenic acnon.

I I,pt'rlipidal' mias , Primary lipop nuc in disorders may involve
cbole-tcrol, rrigfyceridcs. or both. Secondary hypcrhpiducrmus are
the result uf another illness. c.g. d iabetes mellitus. hypothy roidism.
Hypcrcholcsterulaemia is the most com mon disorder. About 5% of
cases are familia l bUl in mosl cuce, the cause is unknown. The main
therapy for hyperlipidaemins. e xcep t for severe and hereditary Iypes.
is dietary modification ti.e. low fat and die t rcsmcucn 10 obram idea l
hod)' weight).

,\!her usd er usis. [I is nor fully understood how uthcrommou-,

plaq ues develop in arteries butturbulent tlow is thought ro initiate the
process hy ca using (,,,:a l damage 10 the inlim a. The pl;I<.lues , whic h
pm trude illln the lumen . :lrt' ridl in t'ho lesterol .tnd h;t\le a lipid core
l'tl\ll'red by a fibrous cap. [ I' the cap ruplure,~. lhe suhill lillHI ;lcts as a
focu s (' lr thmmbosi s. and occlusinn of lhe ar1ery may cause unslable
angina, myol' aniial infarc tion or ~lrtJl.t'. Epidemiolog ic:t1 s\udil's h:l\'c

show n a slrung: posi live corre lalinn bt:lwecn plasma cholesle ro l
conl'cntrati' lll (LDLl and cllromll)' alhertlsclem sis. thl' inddenrc ami
sewrily of wh ich is greally inn e;tsed by uther risk far lors includ ing
l'ig:m.'lIe smoking . hypertl·nsiu n. ttiabeles. family ur r,,: rsllnal hislory
of prema ture hea n d isc;isc .lIId Il'ft venlriru lar hypcrln .phy.

lipid-lowering drugs
11\1(; Co '\ r t d urlaw in hihilu N [sta lios) arc the mos l Tt.'l-elll lipid­
lowering: drugs. They are ,", cry effeClive in lowering lotal and LDL
choleslero l and have been show n h i reduce l'oronary events and lotal
mnnality. They have few side-effl'l'\S and arc now usual ly lhe drugs
uf firstl·hoice. HMG Co A reducl ase inhihitors hlock thc synlhes is o r
cholestl'rol in Ihc liver (which l.lkes up most of the drug). Thi .s stinlU­
latcs lhe expressio n of mnrc etllyme. lending: In restore dlokslt'ro l

synthesis In nonnat eve n in the presence of the drug. Howe ver, this

compensatory effect is incomplete andthe reduct ion or choles terol in
11K.' hcpatocytc-, leads to an inc reased expression o f LDL rcc...ptorx ,

.... hich increases the clearance of cho lc slero l fmm lhc plasma. Slm ng
evidenccthatjhc stunns lower plasma cholccrcrol, mainly by inere 'lsing
lhc number of LDt. receptors. is provided by the failure of Ihe drugs
10 wort in patients with homozygous familial hypercholcste rola cm ia

(who have /1<1 LDL reccprorsr,
Adl'f'r\{' f'1ff'("/,1 arc rare. the main one be ing myopath y, 1111.'

incidence of myopathy is increased in patients given combined therapy
with nicotinic add or fibrutcs. SIalins should not be given during prcg­
nancy becuusc chole stero l is evscnuu! for normal fetal development.

Aniu n \' \\'ha Jl ~e resin s, ClIleo;l,ramine and cule-.l ipo l are powders
taken with liquid. The)' increase Ihe e xcretion of hile acids. causing
more chok-ctcmlto he convened 10 bile acids. The fall in hep' ltocyle
chole ste rol concentra tion causes rompencarory increases in li !l.lG ellA
reductase ucrivuy and the num ber of LDL receptors. Becau se anion
exchange resins do nor work in p.uicms with homozygous familia l
hypercholestcrolucmia. il seems that increased express ion Ill' hepatic
LO L receptors is the main mechanism hy which resins lower plasma
cholesterol.

Adverse tf/I'f'f.1 are connned 10 the gill. because the resins are mu
absorbed. and include bloating. abdominal divcomfon . d iarrhoe a and
consupanon.

:'\io:nl ink add reduces the release of VLDL and therefore lowers
plasma triglyccridc-, (by 30-50'!f,). It also lowers choles terol thy 10­
20%) ,\fld illl'reascs IIDL. Nico linic aelli was the firsl lipid-lowering
drug tn rl.' durc nvcralllllortalilYin ]l<lticlllS with eo ron.lry ;lrtery diseasc
bul its u....• is limiled hy unwlulled d ferts Ihat includc pros t'lgl;llld in­
mediall'll l1 ushing. dil.Lint's.s and palpitalions. Nicot inic ,Id ll is nllw

almosl nC\'l'r USl't:l.

t'ihra l\"i (c .g , ~I:mfihrul il. be l.alib ru lt' ) prtxl ucc a mode sl decn·a.se
in LDL (ahnul IU'k ) and iru:rea....• in II DL (ahoul lOtH). In ('" n' rast. they
cause II m;lrkt'l l fall in plasl11 <1 lrigl)'n'rides (uhoUl ;10%). apparently h)'

slimul,tting li/Xlprtllc in lipasc ;ll'livily . Fihrales art' first-line drugs in
palicnts with wI)' high plasma trig lyct'ride levt'ls who are :II risk of
pmlr realitis.

Adl 'fT.I't· rflr!,/,I. Alllhc fihra les can C,IUSCa myosilis-like syrnlro llle ,

11teincidence of myositis is increast.-dby conc urrent usc of H!l.tG eoA
inhihi lors and sUl-h combinations shov ld be a\'t litloo.

I)ru): cllm h ilm l iulls
Severe hypcrlipidaem ia lIlay rr yuirc a cOlllhimtlion of lipid-hlwl·ring.
drugs. t'.g. ,til io n ex-ch.mge resin wilh ,Ill I:I MG CoA redut:tase

inhihitor.



21 Agents used in anaemias
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Normal crythropoievi-, requires iro n. vitamin R1! and folic- acid . A
deficiency of any of these causes unuemia. Erythropoietic activit y is
regulated by cQ thropoictln . a hormone released mainly by I~ kidneys.
In chronic renal fai lure. anaemia often occurs because <If a rail in
eryt hropoietin production.

Iron is nec essary fur haemoglobin production. and inm deficiency
result s in small red blood (ells with insufficient haemoglobin (micro­

eyrie hypoch romic anacnua r, The administration of iron prcpuruuons
(lop right) is needed in iron deficie ncy. which may hc tecau...: o f
chronic hlood loss (c.g. mcunrrhagiu). pregnancy nb c fetus takes iron
from the mOlhcr ).....arious cbnorrnuluic.. of the gut {inm abso rption
may he reduced) or premature birt h (such bubie.. arc hom wuh very low
iron storl's).

The main proble m with ora l iron preparation .. b that they freque ntly
cause gastrointestinal «psrrs. Orultherupy is connuued until hacmo­

globin is norma l and the body stores 01 iron arc built up by ..evc ral
months of lower iron doses. Children are very sen..itive to iron toxicity
and can he killed hy as lillie a.S I g of ferrous sulphate . O verdosage of
iron i.. treated with oral and parente ral d l·,rcrriu\umine. a poiem iron
chetaung agent.

Yitarnin " u and fuli<: acid are essential for severa l react ions neces­
sary for nonnal D:'Ii r\ synthes is. A deficiency of either vuarnm causes

impaired production and abnormal maturati on or erythroid precursor

cells (megalohl a..til; anaemia). In add ition to anaemia. vitamin 8
12

deficiency cuusc.. central nervous .'ySII'III df'gf' lIenllir)// (vuhucute

co mbined dcgencrauonj. which may rc..en in psychiatric or physical
symptoms. The anaemia is caused by a block of H~ folaie synthesis
(lo wer figure, liiiJ ) and the ncr.... ous dcgcneratiuu is caused by an uccu­

mulation ofmct hylmalony l-Cor\ (upper tigure, mill I.

Villllllin" n deficiency (X:C Uf>; when there is malabsorption because
of a lack of intrinsic factor (pernici ous anacr niaj. fullnwing gas trectomy
(no imnn..ic Factor], or in various small bowel diseases. where absorp­

lion i ~ impaired. Bcc uuce the dis eas e is nearly always caused by malub­

sorption. oral vitamin administrat ion is of little value. and replacement
therapy. usually Ior lire, involve .. injections of vitamin B12 OdO.
Hydroxoc obulumin is the form of choke for therapy bccauw it i ~

retained in the body longer than cyanocobalamin (cyanocobalamin i~

hound k's ~ to plasma prote ins and is more rapidly excre ted in unnc j.
Folk actd dl'l il'ienc,' kad in~ to a mcgalob la..tic anae mia. which

requires ural fo lic acid (ho1I0111 right). may occur in pregnancy (folate
requirement is Increased} and in mchrhsurpt ion syndromes re.g. stcut­
orrhoca and sprue) .

Xeutrupenla caused by anticancer drup can be ..ho nenc d in duration
by treatment with recombinant human gran ulocyte colo ny-snm ulatmg
factor (1I:Ilo!:: r :tslim I, Although rhe incid<':llCe of sepsis may be reduced

there b no cvidcnce that the drug improves overall survival.



Iron
The nucleus of haem is formed by iron. which. in combinauon with lhe

appropriate globin chains. forms the protein haemoglobin. Over \X)'l of

the IlOfI -MOrJge irun in the body is in haemogloh in [about 23 g). Some
iron (about I g) is ~IUI"\."t.1 as ferri tin and h,u:m usilkrin in mac rophapes in

the spleen, liver and hun e marrow.

A bsorption

Iron is norm ally absorbed in the d uodenum and proximal jejunum.

Norm ally 5 -10% of dietary iron is ah~urbed [about 0 .5 - 1 mg day-I)
hul this can be increased if iron srorcs are lo w. Iron rnu-r be in the

ferrous forrn for absorption. which occurs h)' ac tive transport . In the

plasma, iron is tranxpon ed ho und to trans fer rin, a l3-glohulin. There is

no mechanism fur the exc retion of irnu andthe regulation of irun hal­
unce is achieved by ap propriate changl's in iron absorptio n.

Iron preparations
For oral therapy. iron preparanons contain rcrrons sall~ because these

are abso rbed most ef ficiently. In iron-de ficient panentv, ahl.JIl150 -HK l

mg of iron can he incorporated into haemog lobin dai ly. Because ubout

25% of ora l ferrous sa lls ca n he absorbed. IIK l- 200 mg iron should
he give n daily I'm the faslest possible correction of deficiency. If this

causes intole rable ga.slrointes linal irr ttation (nausea. epiga~lric pain.

diarrhoea. constipa tion). lower dO"oCs can he given: these will com­

pletely correcr the iron deficiency. hUI more slowly.
Pa re ntera l irun does not hasten the haemoglobin revponcc and

should only he used if oraltherapy has failed us a result of continuing
severe blood I ll~S , r nulabvorprion or lack of patient cooperation.

tron su r h ilul is a complex of l rou, sorbitol and citric acid. 11 i~ not

suitable for intravenous injeclilHl and is given by deep intramuscular

inject ions to mi nimize ~taining of the skin. lron sorbitol may cause una­

phylacroid reactions. Iron sucr ose i.. a complex o f ferric hyd roxi de

with sucrose that i~ given by intravenous injection or infusion. Severe
reac tions may occur and drop for re..u..citation and anaphy lax is shou ld

be availa ble.

Iron l ox i ci l ~

Acu te loxicily occurs most commllnly in young children who have
ingcsk'd iron tablets. 1bcsc cause n~"I.'rot i/ing gastroenteritis wi th

abdominal pain. vnmiling, hloody d i(lrrhOl',1and . later. shod;, Th is may

he followed . even after apP(lrl'nl im provcmenl. by ac idosis. com a and
deu th.

Vitamin 812
In megalohl a~ l ic anae mias. the underly ing defect is imp'J ired DNA
synthesis. Cell divbiun is decrea"Cd but RNA and pro tein synthe~ks

l.'tlTllinue. This resul ts in large (macfOl;yt ie) rra~ i lc red cells, Th o:' cubalt
alom at {he cenlre of lhe vila min BI2molecule covalently hind~ ditfl'rent

l igand ~ . f0l111 illg v,lrious ~·{l bulamins. M f'l llyh 'OI",tlomin and df'(/,I)'mh'no­

.I.\'ko/Ja{(//nin <I re lhe ac tive fomls of lhe vilamin and olher cooa lamins

musl he convened 10 these act ive fonns .
Vilamin B ll (c)ltrin~k factor ) i ~ ah~nrtoed only when cornplexoo

with imrimic ful"tor. ,I glycoprlllcin secreled by Ihe /JlJr ietuf 1"t'1I.~ o f

the gas tric mucu~a . Absorpt iOfl occur'> in lhe distal ileum by a highly

specitic transport process and lhc vitamin is then transported bound to
transcobulumm II (a plasma glycoprotein), PernicimH anaemia results

from a 11c'jicil'nc.l' in intrinsic factor caused by au toantibodies. ei ther to

the fac tur itsel f or to the gastric parietal cells (a trop hic ga~tri tis).

"Il'lh~llIIalon~I .Cof\ mu tase
This enzyme req uires dcoxyudcnosylcobalumin for the conversion

of mct hylrualonyl-CuA to succmyl-Coa. In the absence of vitamin

B12. this reactio n ca nnot tukc place and there is accumulation of

ml'thy/m<lfoflyJ-CoA. This rcsuus in the 'ylllhcsis of ab normal fatty
acid~..... hich become incorporated in neuronal membranes and m..y

cause the ncurolog jcal defects seen in vitamin 8 11de ficiency. However,

it is also possible that the disruption uf me thio nine synthesis may he

involv ed in lhc neuronal damag e.
5-C I1 .1 · 11 ~ fllhl le-hnrnll(,') sll:il w ruethyltrunsfer'ace conve rts 5·

CH I· H~ fo late and homocysteine 10 H~ fola te and methionine, In this
reac uoa, cobalam in is converted 10 mct hylc obalmnin. wh en vitamin

B I2dehcicncy prevents this reac tion. lhe conversion of the major dietary

and slllrage folate i5 -C H ," U~ fu late) 10the precu rsor of folate coractors
( I l~ fulatc} cannot occ ur and a deficiency in rhe rotate coractors ncces­
sury for DNA synthes is dev elops. This reac tion link, folic acid and

vitamin Il l2 metabolism and explains why high do"Cs (If fo lic acid can

impro ve the anaemia. hUI not the nervous degeneration , caused b)"

vitamin " l2delic iency,

Folic acid
The body vtorcs of folatcv are relatively low (5 -20 I1IgJ and. as dai ly

requirements are high, foli c ,I!:id dctlciency and megaloblastic ana em ia

can quickly develop (1-6 momhx) if the intake o f folic acidstops. Fo lic

acid it~lf is complete ly abs orbed in the proximal jejunum. bUI dietary

folales are ma inly polygfutamarc fonns of 5-C IIj- H~ fo lale. All bUI one

of the ghuamyl residues arc hydmlyced off before the abs orption of

r nouoglutamatc 5-CH .l-H~ fo late, In contract 10vitamin Bl2defi ciency.
fol ic acid deficiency is often caused by inadequa te d ietary intake of
folat e . Some dru gs te .g. phenytoin, 0/'(/ / CUl1f/"(/f·t"flti rn, i.wllia;id) can

ca use folic acid deJiciency hy red ucing ils absorplion,
f olic acid and vilamin B l2 have no known to~ic cffec lS. llowever. it

is im[JIlrtalll nol lo give folk acid alo ne in vitamin Bll dctkiency sta tes

bc~·'IUse. although lhe anae mia m<lYimprove. Ihe neurologic.1! degener­
ation progre~ses and may ococome irreversible,

Erythropoietin
HY[JI1Xi'l. or loss of hlood . n: suhs in increased hlleffiuglubin synthes is

and relea.se of erylhrocytes. The~e l'hangl's an: rned iall"t.1 by an increase

in circulating el)'thropoie lin (a glycopro tein contai ning 1M amino acid
res iducs). Ery thropoietin binds to receplors on el), throid ce ll prec ursors

in Ihe 1lI11le marro ..... and increases thl' lr.rnscripl ion of cnlymes involved
in h<lem synlhesis. Recumhinunt human ery throfK lictin i, avai1<lble as

epll(,'l in lilfa and epuel in h",I;I, the two limns hcing c1illica lly indi st in­
gui,hah le. They arc give n by illlravcn ous or ~uhcul allcnu~ injec lion 10

com'cl amlemia in chronic !"I.'nal failure d isease. whic h is caused largely
by a de licie ncy of Ihc honnOfle, Epot'l in is aIM) used 10 lreat anaemia

cau ......d by platinum-comaining llnlicance r drugs,
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22 Central transmitter substances
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Fae t point-to-point
I!IIgnallin9

I>ru != ~ arting on the ce ntral IWTVUUS xyctcm arc u-cd mo rc• than any

other type of ugcm. In ndditien In their therapeutic uses. dru g_, such as
l,;tlTcill"', akllhnl nnd nk ut illl' art' used sociully to provide a scn>e of

well-being. Cent ral lim!,!, ottcn produce dependence with continued
usc (Chapter 3 11and many arc sUhjce l to ..trictlcpnl coruro!c,

111l" me charn..ms hy which ceutra l dru g.. produce their thl'rall<:'utic
e ffcc tv arc usually unknown. retlcl'l ing our lad, (If umlerslanding of

n...urological ami pvycbiuuic disease. Knm.. led gc of ccr ural uuucnnucr

' UI" I:1 I1CO:' is lmportaur because virtually all umg, ,u:ting on till' brain
produce the ir effec ts hy Illllditying vynapuc trans ruivvion.

Till' uansmiuerv used in fast point-to-point neural circuits are a mi no
ltcids ( left ), e xce pt for a tcw cholinergic synupsev with nicminic reccp­

tors . (Jlullllllalt.' j, the main central e xcitatory Ir;llN lIillCr. It depolar­

ilC' ucuroncv hy Iriggcrin g :lII tucrcu,c in membrane :'IIa'l'ondli clance.
y.:\ tlli nnhU I ~ric a rid 1( ; ..\1\ ,\ 1 h the ma in inhihitor;.' transmitte r,
perhal" h<'ing released .11 nne -Ihinl of alt central ,~" nap....·,. II hypcrpo­

Iarih's ncu rones by inn~';I,ing their membrane CI conductance and

slilhili/cs llll' resling lIlCmhr;lIll' potclltial J1l'ilr lhc CI l'4uilihriu l11

potential. (;{,I'cill<' is also an inhibitory transmitter. mainly in the spinal
cord.

In addition tu fa' i point-to-point ~ign;r lling,lhe hruin pt)S'~·'''C' more

diffu, e rcgulalur;.' systems. which usc 1I1un"a lllin ~"S u-, their trans­
mill ers tbouom righn. The cel l t>odil' , or these branched :1:0. 011' project

Itl many "rca' of the brain. Tr ansmitter release oc cu rs diffusely from
many point , along vancosc• terminal llCl .... nrh of mOIl< IOlmi llCrgic
neuronc v. anccling very largl' numbers ofturget ce lls. T he lurKli' lll'o o f
Illl' central monoaminergic pathwa)', are oh..cure. but they nrc in volved

in dbllflk r, ..urh :IS P(/r~ill,\()II ' ,1 diM',Hl' . drpressmn, migraim: and
,1'f'hi: " I ,ht'f'l lio,

Owr40 Ilt'lllhle.. ttop righl) h.1Wht:cn found in central ncuroues and
nerve terminals. Th e evidence for their TIlle as nuncmincr ,uh,tances is

u,ually wry incom ple te. They torm another group of diffuse ly ac ting

regulalur;. rran - nuuco . but :I' yet Ihe physio logical role, of m'1'ot of
mom a~ ulll.nll....n.

~ lt"l n-cemly . il has oc<'11 "Uggl'.,tl'd lhat nitric ""ide (NO ) ac t, '1,:1

1r:lll'>l11ilter in Ihe hrain.



Amino acids
y.i\ m inuhIlIJric add is pre-em in all ureas of the cent ral nervou s

system. main ly in local inhihuury imcmcurones It rapid ly inhibits
ce ntra l neuronev. the rcxpouee being mediated by po, t, ynapl ic GABA,\

receptors. which are bloc ked toy' the convulvant drug bicuculhnc.

Some GAB A receptors (GAHA Il ) arc nnt bloc ked by bic uculline. but

arc selccnvety activated by buc1uren (p·chloro phenyl-G ABA). Many
GA BAB receptors arc located on prevynupnc nerve terminals and their

ac tiva tion rc, " It, in a red uction in transnuuer release te.g. of g lutamate

and GA BA itS(" lrJ. Baclofcn red uce, glutamate reka...e in the spinal
cord aod producev an aot i,pa,t ic effect. wf uch b u'>Cful in co ntrolling

the muscular 'ra'm' that occur in di'>Ca..e,such a, multi ple sclerosis.

Following re jease from presynaptic nerve te rmin als . amino a.:id
transmitters arc inactivated by' reuptaLc systems.

Drugs that are thought to oct by modifying GA RAt'rgie synaptic
tr.m, mi" ion incl ude the bt-n llldia/t'pin...... harbitural ..... tChaptcr 2,H

and the amicOIl\ul-.anh vi~ahalrin and remap' varproate (Chapter
25).

GIJd ne i, an inhibitory transnuuer in cpinal intemeuroeev. It is

antagonized by ,tl)·,hniOl' and it-, relea'>C i, prevented by te tanus toxin .

bot:hsub-aance causing coevulvions.

G luta mate excites virtually' all cem nil ncurooe, by acuvanng several

types o f excitatory amino acid receptor. These receptors are eta...vitied

into(ligand-gall-d) kainatc. A MPA · and "" ~ I DA. rece ptors. depending

on wbc rbcr or not they are sclecrivcly 3I.'t i\ 'ated by these glu tama te ana ­
logues. A fam ily o f mc tatootn'pic (G-prolein coupled I receptors abo
exi,,,. r-o'IDA n.'C{"ptOI' amagnub" le.g. 2-aminoptK.r.,phorlOvakratcl

haw boeen ,ho.... n to havc ant i~'oll\·ul-.ant a' tiv i t~.. in many experimental

ani mal moo;kl,\lf epilep,y .md th..:)' may pro\'e 10 be belll:tir:ial in ~lroke.

wlk"re at lea" MIIllC o f the rlt'uruna l damage i~ lhuughtto re~ult from an

exct'~,i\'e releil'l' of glut' lmalt'. Lamnlrig ill<.' is an amiepileptil' drug

(Chapler 25; that i, thought I\> ;!l·t pan ly by' redlll: ing prC', ynapt k 1!- lut3­

male re lea'l'.

Monoamines
AcelJlchlllin t' is ma inly exci llllOry in tht' brain. 11 i, lhe t ran~miller

rdca.'cd from mutonleuwnl' nl'Nl' e nding, at the neuromu~cu[ar ju nc­

lion and ul collall'rnl a" lln 'yrwp'l" wilh Rt' n, haw cells in lite spinal
cord. The e"ci talory Cncl't' of ;ll'elylc h"line on central neumncs are
usually media led via muscarini c rO:l't'ptors and ma y invo lve stlppres­

~inn of a vol!agt'.'l'miti ve K+cu nduclance (M current ). Th is inhihi tion
innea'e, lhe l',r;i l;lhi lily uf lhl' l'e ll 'Lnli facililatcs i" response III Ionic
exci lalory intluencc, .

Cholinergk neurone, arc parli elll<lrl y tloundant in lhe hasal ganglia
and olher , ,t'em to he irwol wd in l'o rlica l arnusal re~ portse, and in
memoT)'. ,\ Ir up ine. likl' dr ug, can imp,Lir memory and the amn{", ic

;lc tiort Il l' hyw .dnl' i, rnadl' uw of in anac,thelic pr{"medka tion

.. A' tPA. u-ami...n".'·hyum"y-:'i -mclhyl-4·i",um!cpmpinnic acid: ~ 'lIlA.

N -m<:lhyt·l>-a,partalc.

(Chapter 2J). The y ure abo used for the ir central adiom in motion
,~i("~IIt,.1'S and I'ad il'.w ,, ·.l dilel/I'e (C hapte r 26). Los s of cholinergic

ncurcnes and memory are prominent featu res of AI; hein/a ·.\ disease, a

common form of 'cnik demcutiu for which there is nil effect ive treat­
ment at present. 1)"nt'IK'lil and r ivas l i ~nl i ne are untichohnesu-rascs of
mud e, t benefit in up 10 51)'} o f pat ient, .... ith Alzheirnc rv dise ase.

I)opamint' gerlCrally inhibit , ce ntral oeurones by opening K·
channels. Dopamincrgic p;llhwny~ projec t from th{" suhstantut nigra in

the mid brain rouic basal gangl ia and fro m the midbrain to the limbic
cortex and other limbic , trot·ture,. A thi rd ttubercinfundibularj path way'

is involved in reg ulati ng prolactin n:: ka'>C.The mgro-ariata l pathway' i,

concerned wi th moo.!ulatillg the control of voluntary movemen t and its
degencranon recun-, in ParJ.inJlJ" · .~ disease, The meso timtnc path way

i, 'overacnve in !Il"hi;ol",rl'nia, hut it is not known why. Dopam ine

a,t{onLI/.~ are used in the treatment of P.ui in'l.>n ' s disease (Chapter 2(,)
and u"r",~ollilr.~ .......urolt>pti,'l are u-ed in schizophrenia (Chapter ::!:7).
The chen....receptor trigg{"T 70ne (CTZI hue dopamine receptors. and
dopamine an tagonist, have ami"n/erit' effects (OJaptC'r 301.

:'\l,repint'ph r ine both inhibits and excite' central neurooes by acti­

vating III and 0 ,111 receptors. respectively. Norepincphnne-comnimng
cel l bodies occur in severat group' in the brainsrem, 11Je largest of these

nuclei i, the /OUH coernleus in lilt' poll" which projects 10 the enure

dorsal forebrain. especially the cerebral COl1e.' and hippocampuv. Tbc
hypothalamus al-.o pt>,>'>C,se, a high dcncity of noradrenergic litoft', .

:"O(>l"l"piOl'phrine and dopamine in limb ic fore brain structure.. te-pectauy
the nuc leus accumbenc) may be involved in an ascending 'reward'

system. \\ hich ha' been implicated in drug Jepl'lldellcl' tChaptt'T3 1J.
Impainnenl of 1I0radrenergic function may be a"ociatcd wilh deprn­
.~;Oll (Chaptt' r 2K). z.,;orepino:phr irlC in the Illl--dulla i.. involved in blood

pre" ure reg ulation tChapler 15 ).

St'm tunin (S·h)'dro,ytl)'ptamirlC, 5HTI occ un; in edl hod ies in lhe

raphl' IIl1dl'II.~o flhe to rain,tern thai projoxh to many forebra in area, and

10 the \tl'nl ral ;111<1 don-al hom, of the ~pinal cord. Thc latter de-eending

proj ection modu lales p..in inputs tClmpler 21,1) . 5HT rna) , likt- nore ­
pin{"phrir1l', he invn lved in l!f'pre.l.l;oll. 511T\ l\.'Ceptof!> occur in lhe CTL

and anlago lli", h;lvl' ;1Il(ieme til.: <;:: fk rt,. 5 1-1T II) rlX'eplo l"'> occur in
cnllli,,1 bl'Ml,J vl'~,,-,h alld thC' agolli'l sUlllalr ipta n relieve, migraine oy

l.:I lIlstr;cting lhe Vl'SM'I, lhal arc abll"nnally dilalcd during lhe ana rk.
5H T is involwd in thc eon lrol of ,ell'ory trammis,ion and 511Tl
agoniqs (l' .g. I.sn > l.::luse h:llludnation, (Chapicr 31 ).

lIi ~bllllilll' i, ;l Tl'lative ly minor lran,rn ine r in lhe brain. bllt 11 1­

;mlagoni'ls , ause ,'oCl b lion mul have :mti<:metic aclion, (Chapler ] 0 ).

:"i ,'u rnpl'ptidt', r"nll lhc must nurnefllllS grou p of pu"ihk centml

trall ,miltcr" hUI lill ie is known yl' t of thcir funclions. Suo~ l aT1l'e P and
tht' enkeph,L!in, ,lrc invo lv{"d in pain pathways (Chapler 29).

Nilril: m, id" (:\0 >. Nilrk o ,idl' ,y mhOi,e \ NOS) is prese nl in atM'lIl
1- 2'li of neu rol1{'" in many area, of tlK:: orain. e.g. cero:hr,,1 corlex.

hipptx:mnp u" ' triaIUm.NO has hee n shown to hnv(' many a"il'n~ in the
torai n and it i, Ix-lieved to h:I\IO' a mlMlulalury role. Ir alkcl , Ih{" rclea'>C
of oth{"r wlIl,mi llt' r, and thl' re i, {"\" idellC{" tha t il may be in\'ol \"l.-d in

,ynaptic pla' lit'i ty, e.g. ItJng ·tC'nn ptJto: ntial ion ,
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23 General anaesthetics

PremedicatIon

n;trou5 oxide
halothane

Idura l1/":
enflura nc

dC5flur;me
eevceu ra oe

Il1halatlol1
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""l.'etflJlU.T'E5

t hlopel1 t-a1
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RELIEF FPOJ,l NlXIETY

~nZodj8zep;nCs

R£O\.ICTION IN SU:RETJON~

ANDVA(joAL l1EFLEXE5

mue.cs~l n ;c

811Caqonl 6t5

PQ5T·O"HATIVE
"'-NfI·EMESIS

aen-emence
rAIN f:El.IfF

opioid 61n81q1:61c5
N5 AID&

Genera! anac~lht' s i a is the absenc e of sensation a'''nchllcd with a
revcrcible In"" (If consc iousncvs. f' umcrou s agem, ranging from inen
gases 10 sh:rn ids produce anacsthcsi<t in animals, butonly it few lire used

clinically (righl) . Historical anucs thcrics include envr. chloroform.
cyclopropane. cthylc hloridc and trichlorethylene .

Anae sthetics dcpres all excitable tissues includ ing ce ntral neurones.
cardiac muscle and smooth and strialal muscle . However. mcsc lissues
have differen t -.cnsitivilies 10 an<lcslhd ics ami the areas of the brain

responsihk fur consdousness (middle , ll!D ) an: among the mosl sen­
suive. Thus. it is possible to administer unuesrheuc agents ot t concen­
trations that prod uce unconsciousness without unduly lkprc.,sing the
canhov ascufur and res piratory centres or the myoc ardium. How ever .

for most anaesthetics. Ihl' margin Of,liI]i'ly is smalt.
Gene ral anaesthesia usually involves th.. admmicrarion o f diff..rent

drugs for:
prenl ed ica l ion ( top left );
indu etiun of ,mas'sthcsia (bottom right); and
maintenum'e of anal:"sthl:"sia (top right ).
Prcmcdicuuon has twu main aims:
the prevention (If the purasympamormmetic ef fe cts ' If anaesthesia

[bradycurdia, bronchial secretion): and

2 the red ucno n of an xiety or pain .
Premedic atio n is oflen omitted for minor opcrarions. If ncccv-ary , the
ap propriate drugs tc. g. hy,,,,,:ine ) are give n intravenou sly at induction.

Induc tion is moctconunonly achieved h)' the innuvcnou v injection
of thiupentu l or p ru puful, Unconsciousness occurs within secomtv
and is maintained 0)· thc admi nistration of an inhalation anaesthet ic.
1I11 lul ha nt' was the hrvtIluor inutcd volatile anaesthet ic and was widely'
used in thc UK. Howeve r. il is associat ed wilh a very low incidence of
potentially fatal hepatotoxicity and has largely been replaced with
newer, Ie" roxie agent s, e.g. d esftnra ne and istlllura ne _Nitruus u\ide
at concentrations up to 70'k in oxygen is the most widely used unucs­

thcnc agent. It is used with oxygen as a carrier gas for the volatile
;lgL"nts. or together with \' pio id ana lgesics (e.g./tn/onyl ). Nitrous oxide
cuu-c-, cedanon and unalgccia hUI il is not sufticicm alone 10 mainta in

auaevthcvia.
During the induction o f ,lllal'sthes ia, di stinCI ' stages" occur with

sonu- agL'n ls, expecially crhcr. First. analgesia is produced ( ~ t age I).
fo llo wed by excitement (stagt' IIi ca used by inhibition uf inhibitory
retic ular neuronev ( 0--< I, The n surgical anaesthesia (stage Il l ) ucvct­
op~ , the dept h of which depends on the amount of drug administered.

TI ICSC ~I age.s are norub~' iuu.s with currently uscuanaouicucs .
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Reticular activating sys tem (RAS)
Thi s is a complex polysynaptic pathway in the bruinstcm reticular
formation that projects diffusely to the cortex . Activity in the RAS is
concerned with maint aining consciousness and. because it is especially
sensitive to the depressant action of anaesthetics. it is thought to be their
primary site of action .

Mechanism ef actiun of anaesthet ics
It is not known how anaesthetics produce the ir effects. Anaesthetic
potency correl ates well with lipid solubility and anaesthe tics may
dissolve in the lipid bilayer of the cell membrane, ex panding the
membrane and increasing its fluidity. The resulting disorder in the
membrane may alter ionic tluxcs (decrease sodium influx or increase
potassium etflux) and produce anaesthesia. A finding consistent with
this idea is lhat high pressure reve rses anaexthevia, presumably by
'reordering' the cell membrane . Another possibility is that anaesthetics
might bind to a hydrophobic area uf a protein (e.g. ion channel} and

inhibit its normal funct ion.

Premedication
Relieffrnm a n xief y (Chapter 24)
Oral bcnzodf azeplnes . such as diazepam or lorazcpam. art: rncst
effect ive.

Rertucthm o f sl'c r t't iu lI.s a nd \'llgal re fteves
Muscartnlc antagon ist s. usually h~' oscine . are used to prevent saliva­
tiun and bronchial secretions and, more importantly. to protect the heart
from urrhythmius. particularly bradycardia caused by halothane. propo­

1'01, suxamcthonium and neostigmine . Hyoscine is also antiemetic and
produces some amnesia.

AnalAes ics
O p iuid llna l~e~ks . e.g. morphine (Chapter 29). are rarely given before
an ope ration unless the patient is ill pain. Fe nta ny l and related drugs
re.g. alfentan)l l arc used intravenously to supplement nitrous oxide
anaesthesia. These opioid s are highly lipid soluble and have a rapid
onset of act ion. They have a short dura tion of action because of redis ­
tribution. J\<SAII>s(e.g. didllfenac) may prov ide sufficient postopcra ­

rive analgesia and do not cause respiratory dep ression. They can be

given orally or by injec tion.

Po stoperati ve uuticmesis
Nausea and vomiting are very common after anaesthesia. Otten. opinid
drugs given during and after the operation are responsible. Sometimes
antiemetic drugs are given with the premedication. but they are more
effective if administered intravenously duri ng anuesrhesia. The
dopamine antag on ist druperidul is widely used for this purpose and is
effect ive against opioid-induced emesis.

Intravenous agents
These may he used alone for short surgical procedures. hut nrc uxed
mainly for the induct ion of anuesthcvia.

Barbiturates
Thiopen tal injected intravenously induces anaesthesia in less than 30
seconds because the very lipid-soluble drug quickly dissolves in the
rapidly perfused brain. Recovery from thiopental is rapid because of
redistribution into less perfused tissues (bottom right figure}, The liver

subsequently metabolizes thiopental. Dose s of thiopental on ly slightly
above the 'sleep dose' depress the myocardium and the respiratory

centre. Very occasionally anaphylaxis may occur.

Nun-burbiturutes
Many agents with potential advantages over the barbiturates (e.g.
less myocardial depression. more rapid elimin.uionj have been
introduced. but few have found much favour for long. Prupuful (2.0­

diisopropylphcnol) is associated with rapid recovery without nausea
or hangover and for this reason is widely used. However. irmay occa­

sionully cause convulsions and. very rarely . anaphylaxis. Ketumtne
may he given by intramuscular or intravenous injection. It is analgesic
in subanacsthctic dmes hut o ften causes hallucinations. Its main use is
in paediatric anaesthesia.

Inhalation agents
Uptake and di st ributinn (bonomleft figure)
The spee d at which induction of anae sthesia OCCUf" depends mainly
on its soluhility ill hlood and the inspired concentration of gas, When
agents of low solubil ity (nitrous oxide ) diffuse from the lungs into arte ­
rial blood. relatively small amounts are requi red to cuurutc the blood.

and so the urteriulrension (and hence bruintensionl rises quickly. More
soluble agents (halothane ) require the so lution of much more anaes­
rhcuc before the arterial anaesthetic ten-ion approaches that of the
inspired gas and so induction is slower. Recovery from anaesthesia is
also slower with increasing anaesthetic solubility .

Nit rous o\ ide is not potent enough to usc as a sole anaesthetic agent.

hut it is commonly used as a non-flammable carrier gas for volatile
agents, allowing their co ncent ration to be signitic'lIIt ly reduced. lt is a
good analgesic and a 50 % mixture in oxygen tEntonox j is used when
analgesia is requiredte.g. in childbirth , road traffic accidents), Nitrous

oxide h;IS little effect on the cardiovascular or respiratory systems.
Halothane is a potent agent and, as the vapour is non -irritant.

induction is smooth and pleasant. It causes a co ncen tration-dependent
hypotension. largely by myocardial depression. Halothane often
causes arrhythmias and. because the myocardium is sensitized \0 catc­
cholamincs, infiltration of epinephrine may cause cardiac arrest. Like
most volatile anaesthetics, halothane depresses the respiratory centre.
More than 20% of the administered halot hane is biorransformcd by the
liver to metabolites te.g. tritluoroacetic acid) that may cause severe
hepatotoxicity with a high mortal ity. Hepatotoxici ty is more likely afte r
repe ated exposure to halot hane, which should heavoided.

Enn urauc is similar in action \0 halothane. It unde rgoes much tess
metabolism (2% ) than halothane and is unl ikely 10cause hepatotoxic­
ity. The disadvantage of entlurane is tluu it may cause seizure activity
and, occasionally. muscle twi tch ing.

bununme has similar actions to halothane but is less cardiodcprcx­
sanr and docs not sensitize the heart \0 epinephrine (adrenaline). It
causes dose-re lated hypotension by dec reasi ng systemic vascular
resistance. On ly 0.2 % of the absorbed dose is metabolized and so
isotlu rane i, very unlikely to cause hepatotoxicity .

Destlurane is similar to isoflurune but is less potent . Because hig her
concentrations must be inhaled. it may cause respiratory tract irritation
(cough. breath-holding). Dcstturanc has low blood solubility (blood ;
gas = 0.4 ) and so recovery is rapid.

Sevotturane is more po tent than dcsflurane. It also has a low blond ;
gas coefficient ({l ,ti) ami emergence and recovery urc rapid. This may

necessitate early postoperative pain relief.
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24 Anxiolytics and hypnotics

Amdolyticll

HypnotiCIl

ecz,

diazepam (32)
lora zepa m' (12)

" NnDfM:ESSANTS

ami't r lpty line

bueptrc oe
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e .ecooee

propranolol

GAB"
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GAM
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"'"temazepam" (6)
lormet.a zepa m (10)
ni trazepam (24)

OTHEJt Of':UGS

zopiclone •_.

chloral hydrau
chlo mcthiazole

(usrl1it uratte)

( )= Appr""imat~

elimination half Ilf /:' (hour!» ~ ~

• No active metabollU6 .,':_,.:=- ,; C' ..

BDu increase protolltoility
of en• .,"",l opening

Drug treatment of Sl"ql disorders thypmuicxj and (/('w,' (1I/.I;l'IYM <lT(',1

(:lIlxiu lylk's ) i\ dominated hy the h,,·lImdia/.epilU's ~ f-l DZ s). In gene ral.

these drugs will induce sk..' P when give n ill hig h du"es at nig ht and will

provide sed ation and reduce anxi ety "hen give n in low . d ivided do .....~
durin g the day.

BDl_, have mn ioly l il". /rn mOlil". 1II1I ,1'd" Fl'!a,WIII . lI lII iroJll" t!.I</1Ifund

amnesic ucnons (Ch apte r 25). which urc thou gh tto be caused nuunly 11)'
lhe enha ncement of G ,\#I,\ ·m",/;</I"I/ ;'J/;ihit;"!l in thl.' ce nt ra l nervous

system, OA BA (.) n.'k:I~-..J from ne rve terminals (top milll llc. ~hadl-dJ

hind,s In (jAHA " r ...n' ll l ll r~ ( ¥ ); the activation ' If these receptors

increasev the Cl" conductance of the neurone tbouom righU. Th e
GA BA" ICI- l:hanne l ellmpkx als n h:lsa BDZ mod ula to ry rece pto r sire
(U). Oc cupation <If Ihl' BDZ , itc' h)' BDZ receptor ugonict s (_)

causes ucnuformationalchangc in the GA BA 1"I-'l'l'PIOr. Th is increases
the ani nit)' of GA BA him ling and enhances the act ions ofG ABA on the
C I- conductance of the neuronal me mbrane tbouom Icfl l. 1111.' barhltu­

r at es act ;11 another lJind ing site and vimila rly enhance the act ion of

GA BA ( r un ittusuurcdi. In the absence ofGABA. BDZ, and low doses
of barbiturutcv do not affect CI conductance.

Th e po pul ar ity of BDb arose from their appa 1"l-'n tly I,," toxicity .

hut it b nuw I"\"ali/ ed Ihal dl ronil' !U>Z 1rt':llm."nl may (';lUS,' cognilive

impairmcnt.julcrancc and dependence. I'm the se 1"I-' ,l'''1I' , BDZs shuuld
on ly ht.. used fo r 2- 4 weeks In treat seven- an xiety ,H1 d in-omnia.

Man y a nlidt 'p rl;"'>sa nl' te.g. a lll ilr ipl, line) are (liso uuxiolync and

dn nul ca use de pende nce . lt uvpirune i, anon-sedarivc unxiolytic thai

al'h :II 5HT syn:lp'e~. ~lIIndi t"rs can he u..... ful in an xiety where auto­

nomic vymptoms prcdomnuuc rc .g. tremor. tachyc.mlia. sweating ).

Different BI>Z, arc mart..c1ed a, hypfHllk ' Clop IefO and unxiolyucs
( top righ t I. It i, ma inly me duration of ,lI:tion that de termmc Ihc ehokc

of dru g. Many HDZs are metabolized in the liver III:H~l i\ I' lIIl'tahulil es .

which may tuvc lon ger cliruination hal f-l ives (11/2) than the purvm
drug. For e xumplc. d lazepum (tin " :!O-l:IO hours ) h..v un active N·
dcvmcth yl metabolite th(lt has an eluuinat jon half-lift' or up III :!IX)

hours.
IlDZs used a, hypnotics uop left) l', 111hedivided intu short ,It'lin g and

longe r acti ng . A rapid ly ctummued drug te.g. le m'lfepam l i' usuall y
preferred III avoi d day time sedation. A lon ger ac ting drug re.g. nil ­

r a zcpam J might hepre fe rred where early morning wak ing is a proble m
allli whe re a da ytime an xinlyuc ...tfect is needed . 1,llpiciulU' nets ur ten­
/.od i;ll.epilll' rece ptors nul i-, a cycjo py rroloec. Th is I1Ime recent drug

ha' a ~ hor1 dura lion of ;tetio n hut no proven ;Kh'antagl' OWf ICmaI.Cp;Ull

wilh regard lodcpcndencl'.
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( ; ..\UA r",n'p IOr lo (("haph:r 22l of the G All A I)"re are involved in the

aclion' of h)'plll ' ticlo/'lIl \ illl) tin . The GA BA receptor he l,nl~lo to me
superfamily of lig..nd·~;l tl....1ion l:h;lI1neh (olhef l.·\..ruples arc the nico­

tinic. ~ I)'l.· i ne and ~IIT \ rl.~'erlllhl. TIle GA IJA... rc-ceptcr l:onloilol' of
five vuhunits tbottomtigurcj. vanam-, o f each of these vub unitv h..ve

be....n cloned tloi\ 0: '. 111ft.....· ~- . thn ...... 't: and urM.· O·'ul>unil). Several ot her

'ul'lunit' c\i'l l'Iul il secm' tha i m')',1 GA R"...reccpror-, comprise 1"'0 0:-.

two I}- and nne "(-suhunil. A major I) pc i, prnhahly zct - :!j}~. 1~ becau.....
mRNA, cncoding tllc:'''C.' 'uhunillo are often colocalized in lhe brain.

Ela.'lft'flhy,illloj:kal experimcntv on luad ouC)'le' J!O"'ol:'"in~ vanou-,
f;(lIuhi n.u ion, 0 1G ABA ... 101l01l11i'' (pftld lll.·oo h)' mjecnng their mR NA

into Ihe oocy Ie ) have Il."wal,-d Ihalll."C'C'ptuf" convtmcred from u- and Ii­
"Uhuni" recpood to GA HA t i.e. Iht: CI ' CIIO,hX:lant:e iIll..Tea....... I.1'Iu1 for­

a I'a-c-ptur 10"-""I"JIld full) hi a BOZ. a l !,,"hunil i, Te't.fuired. In mice. il
...xrtllolhal lhe a l-..llhtm il i, il1\ohed. panil.·lIlarl) in tOesedative at."1ion
of HDZ., . be.......use a po im mli latitlfl in the u j.,ul'lunit (arg in ine Il."placC'l>

hi,tidinc: at posinon Ifll l arParentl)' aouli,lJc, the sedative acuon of
diazepam \loitiKM.It ,d'fl."Cling it, an\iul)l ic ;..:Iiun. Thi, imphe-, IhatlOe

aI1\tol)lil; adion o( RD7_, in\'ohelo 'Mher loIlN)pe" of the a -,uhunit. hu l

il remains 10 he '<en i(:I nor....,etbti\c. lollhunil-.....kcll\'e drug can he

found 10 redocc amkl)' in humanlo.
Sorne drug, mal hind to the BDZ receptor .....lUall)' irocrea.-e an'ticl)

and arccal1<.-.1 in\rfM' lI~uni,b. In the aO""·Ot.·e ..fli~and. IIlOSt R"l.."l.·ptLIf'l>

arc hc: lie\oo to hr in a Il."lolin,. lotale (Cll..pte r 21 hul BOZ ret.-cptt'" are

appre<:iahly .....Ii\ ..too. c\cn ...hen 00 ligand i, pre«nl. In\'ef'oe a~oni'b
arc anll i\)ji:enic ht......au-e the) convert .....l i\ 'al<.-.1 BOZ ~p10f"" to lhe
resting ,laic. Antaguni,t\ do lhe ..arne Ihlng. and thilorna)' c.,plain why

DOZ antagonish (c .g. lIu lIllllr n ill arc " ,m.:times amio~t"nic and wry
ra rc ly cau ..... cUfl"uf.,inn\. p' lrti...ularly in o:pill.·plic,.

nUlIla/t'n ii i, acompct ilivc HOZ antag' " lh l that ha ' a ~hon durat ion

o( Xlion and ilo g ive n inlra \'CIKllI,ly. il e m he u...ro 10 rC\'cl'iC the 'I..'<la,
th e ell'l.'Ch of BOZ., III anac,thc!.ia. inh:n, i\ 'e l.'are. diaglll'llotic prucc­

dllll.'" and in O\'Cru'l'<lo.

Ua rhilur at",n~t' lltllr

F!arh iturale, arc far mllrc ' !cpn','.;ml lha n BOZ., . Ix.....au'c Oil highe r d,Jse Io
the)' inc n:a ..... Ih...C I cUlld ul:tance dire<:ll y and dC('rea "<: the .....n ' il ivily
of the nl.·IIf1nlal f!')',tlo) n;lpli...memh r.lIlt." IIIeuila lory transmil1~'h.

H" rhitunuc lo were e'tt" n,ivdy lI.....d hill are nnw oh-.ok lc alo hypnnl il.·~

and anlli" lylil.'sh.:l;au , c thcy n: adi ly le....l lo ployl.·ho lol1i... al'lI1d phy~ i "'; j l

dl·I.....nllcn...c. indu...e micro,omal enl)' l11l" ami re l;llivcl y lo l11 ,lll "vcr ­

dnlo'l~l.· Illay ht- f'Lla l. III CIlI1 II";I, t, hugc uVt·rtlm.e, uf BOZ Io h"ve Ix'cn

1.II.cn wilhoul .....rioli lo I" np. -t\·nn effCl.' llo. B" rhitur:J1c lo (c.g. Ihinllt'nl~ll ,

Ch apt" r HI remain imponanl in anac lothe, ia and are ~t i ll u.....d a' ant i­
c tln\'UI,a ntlo (c.~, pht·noh:lrhi lal . Chapll.·r251.

Benzodiazepines
Thc!>C a ll." al.' liw nfally und. alt hough mm.1are 1l lt.'laonl i7.ed h)'"'d llation

in lhe Ii" ...r. mey dn n",1 indul."(· hq l;.ll ic cnlynlt.' loy,l...mlo. The)' arc Cl.'1l1 ral

<.k'prclos.anh bu t. in etmtra,1 III olh.:r h)r'!I'>Ik"" and amiol) lic', IIK·ir

rna'timum effecl ...hen "I\'CII'>r.dl)' doe, TIlM numlall)' C"au..... fatal. "re\en

.....-vcrc. revpira tory dl·pre"iun. IIn..rever. res pira to ry dcpre ~, iun may

occur in p"l ielll' with hftnll:hnpulmon;lry di"C.'a..... o r wit h intravl.'lInu,

ad lllini'lrat ion. AdH'rw t·rrl"l1lo in,.-Iudc drnw,illt.'lolo. impaired alcn ne".
agitaliun ;/Ild ata xia . l.·,pct.'i'III)' in 11'0c eld erly .

Hq)t,'m!l-n l't' . A ph}, il.·a l wilhtlra", a llo)"ndTl'l1ll.· may occur in pollil.' nh

~i\'ell HDZ, fur even , h" n pcnod-. The ,)'m pll' llllo. whic h may pt.' r-, ilol
(or weeh or nllm lh,. illc1I1'l.: all\il·t)' . mcomnia. depre ....ion . na ll\Ca and

perceptual chan~C',.

l )rol: inl ",r Mt MHl". HIU " hal.e addi li\c or ~)n,:rgi\lk effects ...ith Dlh,:r

eo:mral,kpre"anh ' "0:1'0 a, akohol. harhitura te-, and an lihi ,lamine , .

Inl fll H'''" U' nUl., te.g . d ialt"p« m . Inrllll'panll are used in ,tallllo
o:pilept i,u"IChapter 1.'i Iand wry ()("C".L"iuna ll)' in pa nic alla,:h(ht".c\er.

oral aJprllmlli m ilo probaol)"I110fC effective for this latter purp.>l>C and ilo
....ferl . \I id .il , . ollllll . unlike oIOer BOZ, . form, ....arer -sotuble ....lb and ilo

1I'>Cd ;I., an inlra\Cn".." ....'dauve durin~endo",."upic and d<.-ma! pnlt-"CdUf\"'-.
\\okn ~ i\<'n inlra\'ellt>u,l) UOz.'Io have an imf'rrl.lil"r mn~!if" at ·tlo" and

pa lie ll" may remember 'lIMhin~ o f unplc a-....m procedures . Inlra \ ent>U'
Blll __rna) '0111"<: re'plrall>r) deprc ....ion and a"i,lcd w ntilation may he

Te't.fllired.

Antidepressants
Trk)"I'lk antidcJlll.""salth . ,U<."'h a' amitripl~ line , ha\"e aI1\ioI)lk elll.....·b.
llM.')' art' u'<d in pIllic m, \00 ilh dt.·J'fC"ion and an~iel)'. and (Of pa licnl'

...hnl'l:'t.jllire ItHlg-lenn am inl)' lic druglo whert' BOb would re ..1l1t in

dept.'1ldclll..·e. Mono.lm ine tJ\ida.-e inhihi t<"', e ,g. rno ....lohe mi dt". m.l)'

he e'pn:iall) u.....ful in phtlhil.· amid) di,..Kder.;. Specific "C'fUIonin
reuptalc inhihitno.. e.~. cilalopram. rna)' heeffecli\'e in panic di...-.rtkr

(Chapter :!XI.

Drugs acting at serotonergic (5HY) receptors
511T cei l htxl il." are loca tcd in lhe ra phe nucki of the midbra in and pro­
';':""1 tn ma n) art'aloof the hrain inc luJ ing tho....: lhoIIght 10 he important

in an\il.·I)' (hippcl\:am pu" am)'gd ala. frontall;lIrtelll. In rah .lC'Siofh o(

Ihe raphe nlldei pmdul.'e anlliol ) 'l il; effect~ and BOb mkminje......loo
int" Ih,' dorsa l raphc nLld...1l1o red ll...e thc r.lle of ne llron a l tiring arid pm­
du ('c all ;lI1 l1in lytk elfc... t. T1M....... ell p,:rime ntlo ~ ugg,·, ted Ihat 511T antag·

tH1i," migh t he u..... lu l an\ivl)'lit.' d rug lo. UUlopirune. a ~tlTl '" part ial

a~\'lI i't. ha.' an llio l) til: ;U: lio ll' in huma n lo , pc rhap.. by at.'ling "10 an

an l a~tln i,t at pu'''yna pti... ~ I IT '''' ..ilc lo in Ihc hippocam pUlo \ .... IK're Iht:re
i, lin Ie re cplor re ......rve) . HUlo piro nc ilo nul .....dat ivc and dl1< 1o nllt C;tu~C

dc['t.' n,kll e , Unfo rtunall·ly. it j., nnly an xi"l yti... afle r 2 wcd,, ' atll11in·

i' tr;ll i" n ;lnlllll l' imli" ;lli" lIlo for hu,pironc ,Ire IInclcar.
C h lora l h~d nll t" i' ,unvc r1cd in Ihc htldy 10 tril:hloroc lhalln1.whk h

i~ an etk.....liw hyplltlt ic , It may C;III..... Inler.mcc and dept.'lldcn cc .

Chlnral hydra te can l.·.IU..... ga .'lri... irri la ti"n hut il is Ic" lil.dy 10 aO;II­
mul 'd.· lhan lhe BDZ lo .

C h lo llwl hia / ult"1'0 ,1, nu ad\"mnagl.' m 'e r , hn!t· a'ling BD7" ,cxu' l' l in

lhe dd,·rly. whl.·fI.' il ma y ...au"C.' le"lo hangllvl.' r. II i' g ivcn by inlra1ll'1Il ' UIo
inlll, itln in l.·a!>Clo tlf ac UIO: ak uho l wilhd nt ...al and in ~Iatu, epilt·p lil.·u,.

Cll ltlfl\('thiawle cau.....·' tkpt.'ndcnce and loho.lU ld Ix ul><:d unl ) ' fclI'" a

limi led peri'ld.



25 Antiepileptic drugs
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Epi leps y is a chronic disease in which seizures result from the abnormal
discharge of ccrchra1neuroncs. nit: seizu res are clasxificd empirically.

Partlat (fjK;UI) seizu res begi n <11 a specific locus {upper r ight figure ]

in the brain and may he limited to cloni c jerking of an extremity.
Ho wever , the discharge ma y spread (C:::> land become generalized

( st'cnnda r i l ~' ge neralized seizure). I' r inm ri l ~ geue rauzed seizures
are those in which there is no evide nce of localized onset. both cerebral
hemispheres being involved from the onset. They include tu ntc-ctontc
attacks (iif{l/l(IIII<lf-pcriods of tonic rigidity followed later by rna..vive
jerking of the body) and ahsenres (fie/it /I/ol--.;:hanges in conscio usness
usuall y lasting less than 10 seconds).

Tunic -donie and partialseizures are treated mainly with oral curna­
mazepine (top middle) . valproate or phcnytuin . These drugs are of
similar e ffect iveness ami a sing le drug will comrolrhe fits in 70-i\O%
of patients with tonic-clonic se izures. but only 311-40'k o f patient s
with partial seizures. In these poorl y controlled pauentsthe addition of
la mutr-iuine, Iopirumate. viga ba t rin or gabapcnun may reduce the

incidence of seizures. but only about 7'7r of these refractory patients be-

come totally seizure free. Pheuobarbltal. primidone and clnnazepam
are alternative drugs, but are more sedative.

Absence seizures arc treated with ethosuxhuide (bottom right) or
valproate. Absence epilepsy only occasionally continues into adult life,
out at least 10% of children willlater develop rontc-ctonfc seizures.

Stams e pucpncus is defined as continuous seizures lasting at least
30 minute ..or a state in which lits follo w each other without conscious­
ness being fully regained. Urge nt treatment with nuruvenous anents
(bouoru lefll is nece>sary to stop the tits, which , if unchecked , result
in e xhaustion and ce re bral damage. Lorasepam or diaz epam is used
initially followed by phe nj Iuin it' necessary. If the tits are not con ­
trolled. the patient is anaesthet ized with prupoful or Ihinpenfal.

Auticpileptic drugs contro l seizures by mecha nisms that are often
unclear . but usually involve either the en hancement of GA BA-medinled
inhibition (benzodiuzepincs. vigubatrin . phenobarbital. valpmate. left uf

figure) or a reduction of Na" fluxes (phenytoin. ru rbamazcplnc. valproatc.
lamotrigine. right of figure). Ethosuximide and valp roate may inhibit a
spike -generating Ca~+ curr ent in thalamic neurones (bottom right).
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Causes of epilepsy
The aetiology is unknown in 60-70"1<of cases , but heredity is an lmpor­

rant factor. Damage to the brain tc.g. tumours, avphyxiu. infections or
head injury) may subsequently cause epilepsy. Convulsions may he

precipitated in epileptics hy several groups of drugs, including pheno­
thiazines. fl'kydil' ill1fitllpl'e.\.\ilnt.\ and many antihistamines.

Mechanisms of action of anticonvulsants
The most-studied agent is phenytuin. which at therapeutic concemra­
nons has nu effect on transmitter release or on neuronal responses to
glutamatc or GARA. lis anticonvulsant ucnon is probably a result of its

ability to /'I'/'I'I'flI high-fi'''lJlIc!!<yrepetitive aClidlY, Just how pheny toin
does this is not clear, hut in voltage clamp experiments it has been
shown to increase the proportion of inactivated xa' channels {or any
given membrane potential. Phenytoin hinds preferentially to inacti­
vared (closed) Na" channels, stabilizing them in the inactivated state

and preventing them from returning to the resting (closed) state that
they must re-enter before they can again open (see Chapter 5), High­
frequency repetitive depolarization Increases the proportion of Nn"
channel, in the inactivated state and, because these are susceptible to
blockade by phenytoin. the Na' current is progressively reduced until it
is eventually insufficient to evoke an action porenrial. Neuronal trans­
mission at normal frequencie s is relatively unaffected by phenytoin.
because a much smaller proportion of the Nu" channels are in the inac­
tivated state, Ca r ha ma..epfne. hllllulriJtine . vat prua te and probably
toplrnmate have similar actions nn neurona l Na" channels. Valproatc
abo seems to increase GABAergic cen tral inhibition by mechanisms
that may involve STimulation of glutamic acid decarboxylase activity
and/or inhibition of GABA-T activity. Vigahatrin is an irreversible
inhibitor ofGABA-T, which increases brain GABA levels and central

GABA release. The bcnzodiazcpincs (c.g. clunazepam } and pbeno­
burbnat also increase central inhibition, but b)' enhancing the action of
synaptically released GABA atthe GABA", recepror-Cl" channel com ­
plex (Chapter 24). Phenobarhital may also reduce the effects of gluta ­
mate at excitatory synapses.

Absence seizures involve oscillatory neuronal activity between the
thalamus and cerebral cortex. This osclflarion involves (Tctype) Ca='+
channels in the thalamic m-uruues, which produce low threshold spikes
and allow the cells to tire in bursts. Recent evidence suggests that drug,
that control absences (ethosux imide and valprna te l reduce this ca>
current, dampening the thalamocortical oscillations that are cruical in
the generation of absence seizures.

Drugs used in partial and generalized tonic-clonic
(grand mal) seizures
Treatment with a single drug is preferred because this reduces adverse
effects and drug interactions. Furthermore, most patients obtain no extra
benefit from multiple drug regimens. Ca rba mnz eplne and vatproatc
are the llrst-line drugs in epilepsy becaust' they cau,<: relatively ft'w
advers<: effects and se<:m to havt' It'asl detrimental effec t., on cugnitive

function and behaviour. Some antieol1vulsallts. especially phenytoin.

phenoburbual and carbarnazepine. arc potentli\'l'r en:ylll(, inducers and
stimulate the metabolism of many drugs, e.g. oral contraceptives. war­
farin. theophylline.

La r bu mazepine is metabolized in the liver to curbamazepinc-In.
ll-epoxide. an active metabolite that partly contributes to both its anti ­
convulsant uction and neurotoxicity. In contrast to phenytoin. there is a
linear increase in serum conccrurauon with dosage. Mild neurotoxic
effects are common (nausea. dizzinesx. drowsiness. blurred vision and
utaxiaj and often determine the limit of dosage. Agranulocytosis is a
rarer idiosyncratic reaction to carbamu..opine.

Phenytoin is hydruxylated in the liver by a saturable enzyme system.
The rute of metabolism varies greatly in different patients, and up to 20
days may be required fo r the serum levelto stabilize after changing the
dose. Therefore, the dose may be increased gradually unutfus arc pre­
vented. or until signs of ccreocttar di.\'turl1</IIn' occur (nystagmus.
ataxia, involu ntary movements), Measurement of serum drug levels is
extremely valuable because, once the metaboli..ing en..ymes are sutur­
atcd. a small increase in dose may produce toxic blood levels of the
drug. Other adverse effects include gum hype rtrophy. acne, greasy skin.
coar-cnmg of the facial features and hirsutism.

l .amutriJtine, which can heused alone, seems to be similar to pheny ­
toin but with fewer side-effects. These include blurred vision. dizziness
and drowsiness. Serious skin reactions may occur. especially in children.

Phenobarbltal is probably as effective as carbamazepine and
phenytoin in the treatment of tonic-clonic and partial seizures, but it is
much more sedative. Tolerance occurs with prolonged use and sudden
withdrawal may precipitate status cpilcpticus. Side-effects include
ccrchetlar symptoms re.g. sedation, ataxia. nystagmus), drowsiness in
adults and hyperkinesia in children. I'rimidnne is metabolized to active
anticonvulsant metabolites. one of which is phenobarbital.

viaabatrin . gabapcntin and topiramate arc used as 'add-on' drugs
in patients where epilepsy is not satixfuctorily controlled by other
anuepilepucs. Vigabatrin is less used because it reduce, the visual
fields in up to one-third of patients, Gabapcntin (and carbama..epinc]
are also used tu relieve shootinR </11</ stilhbil1g nenropathic pain that

responds poorly TO conventional analgesics.

Drugs used to treat absences (petit mal)
Ethosuxumde IS only effective in the treatment of absences and myo ­
clonic seizures (brief jerky movements without loss uf consciousness).

Drugs effective in tonic-clonic (grand mal) and absence
(petit mal) seizures
valpruate. The advantages of valpmatc arc its relative I;ICk of sedative
effects. its wide spectrum uf activity and the mild nature of most of its
adverse effects (nausea. weight gain, bleeding tendencies and transient
hair loss). The main disadvantage is that occasional idiosyncratic
responses cause severe 01'}illal hl'fltlli<' toxicin',

Hen"\Id ia..cpines . C lnna"l'pa lll is a potent anticonvulsant thaT is
effeCTive in absences. tonie-donic ,eizurcs and myoclonic seizures. It is
very sedative and tolerance occurs with prolonged oral administration.
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Parki nson ' j;disease is a disease of the basal gan~lia and is char acterized

hy a poverty nf IllIIVt'IllCIl1 . rigi dity and tre mor. It is pro grc v..ivc and

Icalh tu im-rcaxing disa hility uulevs c ffective treatment is given.
ln the early ['JIIOs. lll1al y ~i s of brains of patient s dyillg with

Parlo.inson·s di-sease reve a led greally dec reased levels of dupa mlne
(DA) in the ba\ al j!a llj!lia (caudate nucleus. pmamcn. glohus p alhduv).

Par lo.i nso n's dhelN~ thus ~a1T1e Ihe fi"l di"l'l 'W IIIhe a~"IKialed with
a ..pccitlc transmitter ubnonnality in the brain, Th e main pluhnlogy in
/';,rlo.in son ' ~ dis euvc is extensive degcnerarion o f the dop.muncrgic

nij!n >slria lal tr act . but tht: cuucc of the dcgene rauou i ~ usually
uuknow n uop ieru. Th e ce ll hI....fic-, o f this truct arc loc alized in the sub­

~l;lnl i:1 nigra in the mid brain. ami it seem.. that trunk \y mpltlm\ of

Parkinson' s dise.lsl' appear only when mo rt' than XO'~ olthcsc ncurones

have dcgcnenucd. About one- third o r pati ent ' with Purkinson'v dis ease
eve ntually develop dem en tia.

Replacement therapy with dopamine itsdf i.. no t po ible in
Pan tnson's divea..c bec ause do pamine docs no t pa , ~ the bk» I- hrain

barrier. Ho weve r. it- precursor , levodopa (I.-.;topa), docs pene trate the

brain. .... here it i, decarboxylatcd 10 dup;uninc lright figure ), Orally
adminisacred . lev(,dopa i.. largely metabolized oin..ide she bruin and so

it b given with <I se lect ive rxtracrrebrut dccurhoxylasc i l1/I/'/Illol" tea r ­
hid upa or hen ..eru zldei. Th is gre atly decreases the effective dos e by
redu cing peri phe ral rnetabolitcv and red uces peripheral adverse effects

(11<111.1('11, (1<',I/lIr<l1 JnT'ml"/u;"n l. Lc vod opa. logether with a peripheral
dccurboxyla..e inhibitor. is the main..tay of treatment. Oth er dopamin­
c rg ic dru g, used in Par kin ..nn ' , di ..e" ..e (h.,lIom right ) are dire ctly
(Le ling dopamfue agun i,t, am i amantadine. which cau se.. dopamine

n-lcuse. Sorne of the peri pheral side-effects ('1' dopamincrgjc drugs ca n

he red uced with dem peridone. a dopamine ,Lnlago ni'l thai dll(:" not

pcnc lmte the brain. Inhibition of monoamine oxi dase B (MAOlil with

"1·II'j!i1inl' uop right) potentiates the actions uf k'vodopa . I·:l1 laca pnllc
i.. a new dru g th:u inhibits CO MT and prevents the periphc ralcortver ­
..ion of lc vod opa 10 (inaCli\"e) .l·O,rne thyldopa. II tocrceoc-, the pla ..rna

hal f- life of levodopa and increu-es its action.
A, the nig mstriatal neuronev progressively degenerate in Parkinso n' s

di'l':tse ,the release or (inhihilorYJdopamine declines and the excitatory



cholinergic imcmc uroncs in the striatum become relatively 'overact­
ive' (ldi. &;1 ). This simple idea provides the rationale for treatment
with antkholiner~ic a~l'Ilis (bottom left) . They arc most useful in

Aetiology
The cause of Parkinson 's disease is unknown and no endogenous or
environmentalneurotoxin has been discovered. However. the possibi l­
ity that such a chemical exists has been suggested dramatically by the

discovery in Californian drug addicts (who were trying to make pethi­
dinelthat l -methyl -4-pheny l-I.2,3.6-tetrahydropyridine (MPTPI causes
degenerat ion of the nigrostriatal tract and Parkinson ' , dis eas e . !\lPTP
acts indirectly via a metabolite. l-methyl-a-phcnylpyridmc (MPP+j,
which is formed by the action of MAOB• 11 is not ce rtain how MPP-­
kills dopaminergic nerve cell s. but free radicals generated during its
formation by MA0 1t may poison mitochondria and/or damage the cel l
membrane by pcroxidation.

Antipvychntic dru~s (Chapter 27) block dopamine receptor, and
often produce a Pnrkinxons disease-like syndrome,

Dopaminergic drugs
Le~'udupa with a selective cxtraccrcbral decarboxylase inhibitor is the
most effective treatment for most patients with Parkinson 's disease.

:\'lechanism oraction
Levodopa is the imrnediute precursor of dopamine ami is able to
penetrate the brain , where it is converted to dopamine . The site of this
decarboxylation in the parkinson ian brain is uncertain . but as dopa
decarboxylase is not nne limiting . there may besufficient enzy me in the
remaining dopamincrg!c nerve terminals. Another possibility is that the
conversion occurs in noradrenergic ur scroronergic terminals. because
thedecarboxylase activityin these ncuroucs is not specific. ln any event.
the re lease of dopamine replaced in the bruin b)' levodopu therapy must
be very abnormal. and it is remnrkuble that most patients with
Parkinson's disease benefit . often dra matically. from its administration.

Ad verse effect s
Adverse effects are frequent. and mainly result from widespread stimula­
tion ofdopamine receptors. Nansea nndvomiting are caused by -umuta­
tion of the chemorece ptor trigger zone (CTZ) in the area post rema,
which lies outside the blood- bruin barrier. This can he red uced by the
periphe rally acting dopamine antagoni st domperidone. Psychiatric
side-effects are the most commonlimiting factor in lcvodopa treatment
and include vivid dreams, hallucinations. psychotic "tates and confu­
sion. These effects are probably ca used by stimul ation of mcsofimbic
or mesoconicat dopamine rece ptors (remember overucrivity in these
systems is axsociuted with schizophrenia). Postural hypotension is
com mon but often asymptomatic. DY.lf,;i!w\·i(/.I" are an lrnportaru adverse
effect rhar. in the early stages of Parkinson's disea se. usually renect
ovcnrcutmcru and respond 10simple dose reduction (or fractionation ].

P ro b le ms with long-ter m t reat ment
After 5 yea rs' treatment about ~Wk of patient, will have lost ground. In

some there is a gradual recurrence of park insonian akinesia. A second
form of deterioruuon i, the shortening of du ration of action of each dose
of levndopa ( " t'/uJ-()f~do.\'(' J<·/uiol"lIliof! '). Various dy skinesias ma y

appear and. with time , man y patient' start to ex perience increasingly
severe and rapid o-ciltauons in mobility and dyskinexias-c-the 'on-off:

effect . These fluctuations in response are related to the peak s and
troughs of plasm a lcv odopalevels.

controlling the tremor that is usually the presenting feature in
Parkin son', disease. Withdrawal of antimuscarinic drug s may worsen
symptoms.

Dopamine agonists
These include ergot derivatives, c.g. brulllocriptine. and newer non­
ergot drug ." e.g. r up inir ule . They have no advantage over lcvodopa
and the adverse effects are simi lar (nau se-a. psychiatric symptoms,
postural hypo tens ion ). Most patients benefit initially from levodopu
therapy but vic ....-sdiffer liS to whether the later deve lopment of dyski­
nesias and unpredictable 'on-off" effects are caused by the cumulati ve
dose of lcvodopa or whether they just reflect progres sion of the disease.
For this reason. younger patient s. in particular. arc often given a
dopamine agon ist as initial therapy (sometime s together with sele gi ­

line). This stra teg y may slow the development of dyskinesia, but only
about 50 % of patients show any beneficial response to munotherapy

with dopamine agonict s.
When patients on lcvodopa therapy start to show deterioration,

dopamine agonists arc often added to try and reduce the "off' periods. In
late disease. it seems that progressive neuron al degeneration reduc e,
the capacity of the striatum to buffer fluctuating lcvodopa levels.
because conti nuous dopuminergic stimulation produced by the intra­
venous infusion of levodopa. or xubcumneous infusion of apomor­
phine, co ntrols the dy vkinexiax. Unfortunately, th is form of treatment is
not generally practical, but a simpler strategy of combining oral lev­
odopa with single injections of apo morphine given during the 'off'
periods helps many advanced fluctuatin g parkinsonian patients to have
a more stable day .

Drugs causing dopamine release
Amantadine has muscarinic blocking actions and pmbably increases
dopamine release. It has modest anuparkinsoniun effects in a few
patients. but tolerance soon occurs.

MAOeand COMT inhibitors
Selc alll ne selectiv ely inhibit s MA01t present in the brain , (or which
dopamine, hut not norepinephrine or serotonin . is a substrate . It reduces
the metabolism of dopamine in the brain and potenti ates the actions of
levodopa. the dose of which can be reduced h)' up to one -third. Because
sclcgflinc protects animals from the effects of MVI'P. it was hoped that
the dru g might slo w the progression of Parkinson's disease in patient s.
However. it see ms that sclc giline may actually increase mortalit y.
Sclegiline has a mild unuparkinsonian action when used alone and can
delay the need for levodopa. It is also used in hue disease as an adjunct

to lcvcdcpa.
En tacapone inhibits cutechol-fj-ruethyltransfcra sc (COM T). It

,lows the elimination oflevodopa and prolongs the duration of a single
dose. It has no antiparkinsonian action alone, but initial studie s suggest
that it augments the act ion of lcvodopa and reduces the ' off' time in
late disease.

Anticholinergic agents
Mu scarinic a nla l:unisls produce a modest improvement in the early
stages of Parkin son 's disease, but the akinesia that is responsible for
most of the function al disabilit y responds least well. Furthermore,
adverse e ffects are common and include dry mouth, urinary retention
and constipation. More seriously. unticholinerg jcs can utfect memory
and concentration and precipitate an organi c confusional state with
visual hullucinutions. es pecially in elde rly nr dcmcnting patients.
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27 Antipsychotic drugs (neuroleptics)

I CHEMICAL CLASS IFICATION I RECEPTOR ~LOCl<ADE I ID2-DOPAMINE RECEPTOR I'LOCKADE I
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chlorpromazil'll'l thioridazine fluphenazine

V''Y Moderatdy Le%
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anticholinergiC anticholinergic ilntJcno/irtergic

30d f~, more
tNtr"apyramidal extropyramidal pronounced
dft::eta m,,,,,. extrapyramidal

rlf~a

Schizophrenia is a vyndnunc chaructcnzcd by specific psycholugical
manifestannnv. These inc-lude auditory hullucinatirmv, delusions. thought

disorders and ho... huvioural dislurP<llll:CS. Recent e vidence suggests
that schizop hrenia is caused by dcvclopmcmul ' I bnunml li l ic~ involving
the media l tempo ral lol'lC' Iparahippocar upal /!y ru ~. hipp()..-ampus and
amygdala ]. l,,·mp...ral and IronmlIobc co rte x. Schizophrenia can he a
geneti call y dCI ...rmin c-d illnc~s hut thc'fc is also evidence iruplicaring
intrauterine ~' v\' n r S and obstetric complications. Neuroleptic lIrugs eOI1 ­
trot many ...r the symptoms of , ..'hizophrcuiu. They h.IVCmost effect on
the positi ve symptoms_..uch as hallu cuuuion- and delusion. Negative
symptoms. suc'h as soc ial withdrawal and e motion al apath y. arc less
affec ted 11)' ncurok-pric drugs. Al10uI_' (I'k (\1' patients show on ly limited
imp rovement. and 71k show no Improvement even with prolonged
treatment, Th e- ncurolcpricv arc all :1I11aJ.:lI n is t.~ al IInpaminc rerep­
tors. suggesting Ihal schizophrenia i, '''s<>I.'i'ltl.'d with increased activity
in the dopamiucrg jc11/('.1'1 'lilllhh' :!lul/. 'T m, ',wcorti<'1/1/ >1.11/11I '(/.1' l rop right l.
In ugreemcut with this idea. arnfcramine (.... hil:hcause, dnp;lmine release)

( an produ ..c a psy..hotic , Iatc in lIun nal subjc(ts. Re( CIll c\f1Crirnelll'

using singk pln non cmission computed tomog raphy (SPECT) have shown
that in schizophrenics IIR'rc i, a greater occu panc y of 1J2-rece ptor, .
impl ying greate r dopununcrgic stimulation,

Neurolcpu..• drugs require w vcral we-ck, 10 control 111<.' sy mptom-,

of schilophrcnia and 1110'<1 pal icms will require maintenance treatment
for m;1I1)' years . Relapses arc common even in drug -maintaincd patie nts
and mor..' than two-thirds of patients relaps e within I yc-ur if they ,top
drug treatment. Unfortunately. ncurolcpncs :l!sOblock dopam ine reccp­
tors in the ha-ul ganglia und this frequently rcsul ts in distressing ;U\\l
d isahling mov ement di , urd ers tcxtrapyramidnl effect, . rightl. These
include parkinsonism. acute dysrllnic reactions (wh ich rna)' requi re
lrealmenl with amicholiucrgic dru gsl . akathivia ruunor restle ssne , s l
and tardi ve dyskin...-sia (orofacial and trun k moventc'ntsl. which may be

irrevcrviblc. 11 is not know n whut cau scStardive d)'skin""sia but. because
it may Ix· made worse hy removing the drug. it has been suggesT...d that
the str ialal dopaminc receptors bec-orne su[x:r'en'ilivc. Som ... ' at j pical ·
drll~' (Ot l\lnm lefT)are free or relatively tre e of c-xtrapyramida] side ­

effCl'" ,ll ln l'l Uo:-..:, .
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In Ih... pituitary g land. dopamine aClin~ on O!-dopamin... rec ... pt:ors
inhib us prolactin relc aec. This effect is blol.·kcd by neurokplks and the

res ulting increase in prolactin ret eusc on...n causes endoc r tne ~i d('­

elTl.'t::h (bottom right).

Many neumleprie s have muscarinic receptor and rr-adrenoccptor

Dopamine receptors
Dopamine receptor.. were ori ginall y su bdivided into two types (1)1and

0 2)' CUITCntly there arc live cloned dopamine rece pto rs that fall into

these IWOclasses. TIll' D I -Iike receptors include 0 1and 0.\. white the

D1-lik c receptors include O!, D, and D~ , Th e dopamine receptors :111
display the seven rransmcmbranc-vpanmng domains churucrcncnc of

G cprutcin-Iink cd rec eptors and are linked III adcn yly l cyclase stimula­
tion (Dl Ior inhibition (D21.

HI"m,t' dupamine recep tor-, (subtypes 0 1, D~ I are involved mainl y

in post synap lic inhibition. Mo st neuroleptic drugs block Dj-rcccjuors
hut this ucrion doc _s nOI corrchnc with the ir umipvychotic activity. III

pnrti culnr. the Imly flll'lwllollt'.1 are po tcm ncurotcptics. hUI are weak

0 l-ren 'ptor alllagonisb.

Hz-li kt"dllp~llni ne rt't'eplnrs (s ubty pes D~ , D" D~) are involved in
pre synapti c and poslsyn,lplk inhibition. Th e D2-Il.--ceptor is the pre ­

dominant subtype in the hrain and is invo lved in most o f the kno wn

tunctious of dopamine. J)2·reccplors occur in th... limbic syst em. wh ich
is concerned with mood and emotional stability, and in the basal gang lia

where they arc invol ved in the contro l o f movement . There are rar fewer

0.1- and ()~ - receplors in lhe bratn and the y are localed mOlinl )' in the lim ­
bic OI ll."as where they ma y he involv ed in I."Ollni liun and emotion .

~h,t::han ism or act ion IJf neuruleptlc.... Th e affinit y o f ncurok-pric

drugs for Ih... D2-ren "ptor cllm :lates dosely wilh their antipsychntic

potency am l lhe bllJ(:kadc of D1-recep tnf' in lhe fOfchmin is be lieved

to underlie lhe ir ttk'rapcul ic aclions. Unfortunately, blockade of D~­

rI.'Ceplors in the basal ga nglia u;,uall y result s in moveme nt disol\!cl'!\.

Some neurolep lics. in add il ion 10 hlncli.ing Dl-rl.-ceplOrs , are alstl antag­

o nists al .'i 11T2 rtteplol'!\. and it is thou ghl hy som...lha l this ma y some ­

how fI:duL'c lhe movellletl1 disorders causl.'d hy Dl · 'lIltagonism.

Chemical classification
Drugs wilh a widt.' VOInl"ly of structures have antipsychotic aCliv ity, bul

Ihey all have in com mon the abilil)' 10 blol:k dnpamin... recept ors,

Phellulhi:ll in es

Phenolhiazincs are suhdivided according to Ihe typ'" of side-chain
alt:l",hL"d 10 the N-atom o f lhe phenOlhialilll.' ring .

I l'rllp~lamint" sidt>och:lin. !>tk-llothiaz incs wilh an aliphalic side-ehain

have relal ively low pOlt.'ncy :md prtXIuL'e nearly all oflhe side-efkcts
shown in Ihe tigure. C h ior pr lllna zine was Ihe firsl phennthialine used

in sL'hiw phrcnia and is wid l.'l y used, all hou gh it pn>duces more allve"e
effel.·ts Ihan newer drugs, 11 is very scdativc alld is particularly ust:ful in

trea ling violent patienls. Adverse e frl.'l' ls inclu de se ns ilivil)' read i" ns.
sm;h as agr:mu loc ylosis, haem olylic anae mia, rashes, cholestal ic jaun­

d ice and photosen sili/.'llion .
2 I'ipl'ridinl' sidl'- t:: ha in , The main dru g in Ihis group is t hin rida/ ille .
Th e advanlage of lh is dru g is Ihat it is relatively rarely asst lCiated wilh

mOVCIllt.'n l d isorders and doc s nol cause lrouhlesome hangover drow.

s i n<."s~. AntidlOlin... rgic acl iv ity is marked an Ll il rna)· cause sc xual

dysfuncti on , incl udin g relrogr.llie ejac ulation. Ra rely" high dose s m,ly
cause n;linal d.:gener.l lion,

hlocking actions and cause a utonomic side-l.'lTt"t·ts (m iddle ), including

postural hypot ension. dry mouth and cons tip:ttion, Th e potency o f indi­
vid ual dru gs in block ing autonomic receptors, and therefore their pre­

dominant periphera l vide-effects. depends on the chernieal crass 10
which they belong (len ).

J I'illt'ra/inl' side-chum. Drugs in this gro up include Huphenaaiue ,
lK'r phena/ine and Irilluul)(·r a zine . They are le~s seduuve and k ss
anucholiucrgic Ihan chlorprom azine. bUIarc particularly likel y In cuuse
movement disorders. es pecially in the eld erly. for whom lhior idaline

is preferred.

Other chemica l c1a ~sl's

Huryrnphenones. U;II"IK'ridol has little unticholinergic actum OIl'" is
le s~ sedative and hypotensive than chlo rpromazine. Howe ver. there is a

high incidence of movement disorders.

Al )pical drUl::S arc \\1 called because they are associatcu with a

lower incidence of movement disorders and are bcuer tolerated than

oth er antipsychorics.

Clezapine is regarded by "o rne a;, the onl y tru ly atypical neu roleptic
becau se it is so me times effective in paricruv refrac tory to other neuro­

teptic dru gs. The dmg is rcvtricred to this group of refractory puuems
hI.·CllUSI.' il causes neutropenia in about 3%, and pote ntially fatal ugran ­

ulocytosi-, in about I %of puncms (b lood samples arc required regularly

to monitor .... hire ce lls). Ctozaptnc ma y heatypical bec ause al clinically
e ffec tive doses it hloch O~- receptors rpre ccrnmainly in limbi c areas)
with rclanve ly little effec t on striatal Dj-rcccpeors. Howeve r, a spe­
cific O~-OIntagoniSl was completely devoid Il l' nruipvychotic act ivity .

Clo /apine hlocks many other receptors (Cl' ntre figure ) including

mu scarinic and 5HTl receplo rs. Because alllicholinergie dru gs ahort

neurolcpl ic-induced nlOvcrncnt di'iordef'. il is possihle thai hlorbde of

muscarinic n:ceptors accounls for lhe OIt yp ica l Olcli oll of d Olapine , hut

Ihi"rid ,lIill l', wh ich alsll has a high affini ly for mu scarinic recepto rs.
may ca llS<;' e u rapy ramidal effec ts at higher doscs, Anmhcr sugges tio n

is Ihallhe aly pic al aclion of cloLapine is tx,cau sc of its polenl hlock of

5HT2 rece ptors . Thi s idel! is supported by an init ial clinical Irial in
whi ch ritanserin (3 .'iIITtantagonisl) apparenlly reduced the mo vem ent

disordcrs ca use d by c1a.ssical neu roleptics.
Rispl'ridlln t' is a newer dru g lhal is no n-S(."tla live and lacks anlil."ho­

linerg il." and a -blo(:k ing <ll."t ion s. It blocks .'i l IT! n:ceplors bUI is a mo re

potl.'nl alllagonisilhan c1ulapine at 0 2-rel."l.' jltors. AI low doses. il \loes
nol ca use e~ l ntpyram ida l L'ffecls bUl lhi s advantage is losl wilh hillht.'r

do"Cs.

Suill iri de is. a ve l)' spl.'Ci fic D1-hl ocker thm is widely used heL'ause it
has a lo w lia bilily for ellJr.lpyr amidal cffel:ls and . although !Juile seda l­
ing , C;1Il be we Il IOler.lled. II h,lS been sugges led lhat ~ulpiridl.' h,lS a

higher ..ftinily for mesolimbic D2-rec ...ptur~ tha n striata l D2-rect.'plol'!\.

Depot preparations
Sch iwphren ic pati en h are iocrea-singl)' be ing 'relume d to the com mu n­
ily ' . Th is has led 10 an incn:asl."d usc of lon g-aCling depol injecl ions for
mailll enanl.'C Ihempy. O ily inje ct ion s of thl.' dCl.',lIHlate de rivlIlives o f

lIupl'nlhi\ul. halopl'ridnl and lIuphenaline m:l)' he given al inlervals
of 2-4 week s, bUlthcse pre parations increasc the incidence of move­

menl disu rders.
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28 Drugs used in affective disorders-antidepressants
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Affective disorders are d hlr:ll:lerill.'t! by a dis tum,H\ce01' mood ussoc iured

with ahc ratjous in behaviour. energy. appetite, sleep and weight. T he

ex tremes range fnun inten se excitement und elation tmania l 10 severe
d l'p r t'ssin <sla ll's . In depression. .... hich is milch mo re t'0 Il111HHI than

mania. a person bccome-, pel"is tt'lllly sad and unh, lpp) '. Dcprevs jon is
common and , although it ca ll cause peo ple It. killthemsclv ev, in general

the prognosis is good.

\ lI....t o f the dru gs u .....d in the treatment of de prcssinn inhibu the reup­

t:1I.;1.' of norepmcphnn e ( ~ E) ami/or scnuomn (.'i IITJ (lop 1d'1). 1111.' tricy­

elks arc old er dru gs with proven efficacy omare often sedative and have
autonomic side-effects l_) that may limit their usc. n ...·lrkyel it·s are
the rnc....l dangerou s in ove rdo-age. mainly' because (If cardio toxicuy.

hUI convulvious nrc C0t\1 Il11 lll, S,<!t',"lh e ser numtn re uptuke inhihiturs

(SSRhJ arc newer d rugs nun have a ....-ide rn..rgin of sa!"cl Yand a differ­
cru sJ'L'Clru rn of vide..dfe,:ls (mainly gas trointcsnnalj. "nnnamilll' u,i­
da..... lnhibiturv (~lA()Is , tup rig hl) are U"-'l1 It'ss oncn than other
unudcpressamc bccuu ce of da ngerou s interactions with some food s and

drugs. However. the recent inlrOlluclion of rC\c",ihk inhihilors o f
mon oamine ("'jda .... Iype A (RIMAs, lOp righl l has kJ It. some ine rt'ase

in lh~' usc of Ihb Iype of dru g , SOUR' ' :11) pit:lll ' an l i fl ,'p re~S:lrI l s arc nol

MAOl s and do nu l inhihit ami ne upl"I.,o.' (llI. llom lefn.
All .ll1 lid,·pr....s~,llll~ may' provo" e s.... i/.ures ;Illd nn p,tr!it-ular d rug is

safc ror the dt'presS{.·d e l1 ikplic pali~'nL A ~l r i l i ng <: h;lra~' te ri~ lit' of

anti de rressanlt rcalmelll wilh drug~ i~ lhal l tlt.' heneti l d(....~ not become

apparent fur 2-3 wee ks. Th e reason for this b unkno.... n. hu t may he

related III gra dual changes ill the sc nsujvity of ce ntr al :"i Il T and lor
ad re m....cptorv (D), About 7(J'li o f p. r t i ~' nl s respond sutisfactorily 10

treatment with unridcprcssunr drugs . bUI in sc vere or refractive cases of

depression. clccm ......uvutsiv c the rapy ( [ (I) 111;ly be req uired in add i­

tiun. In paucnr-, who failto rcvpoud to sing le dru gv and lor EfT, so me

psyehi ,ltrbh combine tricyc fics with 1\.1AOb or lithium hut dan gerous

imcracnonv ca ll occ ur with the ..... drug eumb i n al ion~. Following a

response, unridcprcssam drugs sho uld he continued for ~-fo months

becau se this redu ces lite incidence of relapse. Abrupt withdrawal of
unndeprcvsam drugs. expecially MAOl s. may cause nausea, vomiting,

rank. anxiety and motor re'l kssnes ~.

The C; llrse of dcprcvvion and the merhmnsrn of action of antidcprc v­

sautv are unkno.... n. The monuatuine lh l'ur)' was based Oil the idea that

dcprcxvion resulted from a dccrca.... in the ucrivuy o f cer arur noradren­
crgic and lorscroroncrgic ~yslems, There are problems with thi s th....ory­
hUI il has 1101 be....n replaced with a bet te r one, More recentl y, interest has

focu sed on Ihe mecharnvm lJr OIl'l iun of ;In1 i,kprc ss,lllls,

In II/<I/lia and in hif'0hlr ((f!i', 'firc di.lOl"d,,'-.1 ( w h~' re rnani,l altem atl' s
wilh depn'"iol1l. lilh iulll Itas a rll, lt_l(I- ~I ,lhili ling act ion. Lith iulll salt­

havc a low thef:Jpt.'Uli, /lo",k r'l tio and ,lth'Crl;C cffet' ls are enmlllOI1.

Carba rna/ t"phU' and l a lprllah' als o h,l\'e lllt ltxl- 'laoili l.ing prtlpe rli e ~

,Illd can he u ~etl in cases 'If rll,n ·re sI""-1I1'~- Ilr inrokwrH;<: III lilhiulll.
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;\lfJllfJamille th~lr)' u f dep r e, ....Io n

Rescrpinr: \lo hich derkt ..." thc brain uf nor epinephri ne and se rotonin.
oncn causes dep ression. In C{,mrd"'. the Irilydin and related com­
pounds blnc k the rcu prskc of norepincphrin ... ;1I11I/ur sen uo mn andthe

MAOI.- increase their con ccrur.uton in the brain . Hoth of thccc aClillil"

increas e rhc amounts of norepinephrine and/or se ro tonin avuiluhle in

the synap tic cleft. Th ese dru g e ff...cI" "ugge, t that ..Icp rcssion migh t be
associated with a dccrcusc in brain norcpincphrin... and/or sc nuonin
Iuncuon hut it ha s proved diFli{"ultto find tbe expected de fec ts in cc ntra l

noradrcucrgjc and ser monergic sy slems in de pressed pancms. TIK're

,1fC several prohlem, with the monoamine theory uf dcpr... sxion. In par­
ticu lnr, it h'ls been difficult to unde rstand wh y the tricyclic dru gs ra pid ly
hind. norepinephrine/serotonin upt ake "ut require weeks of a..tminis­
u auomo acme ve an aruidcprevs aru e ffect. Als o. M.mo:dru gs are amide­
pressunt hUI do not affe-c-t am ine upt ak e te.g. truzodone). whil e cocaine
block-,Upl,lk", hut is not umi..lepress anl.

\I t·dlllnis lII (If a ction of untidep res....un tv

The mechanisms involvex1in ant idcpres"ant ac tion are p oorly undc rsl< lIlU.

It is tho ughlthal SSR ls ca usean increase in ex tracellu lar sc roromn Ih;1l

initially acnvures autorec cptors, an action that inhibits serotonin n.'k'lse
and redu"'t:\ l' Alr,Kel lu l,lr sl' n llunin 10 ils prl' v j"u" le ve l. How e\'cr . Wilh
chronic lre;t1l1lcnt, th... inhihitory alllmecl·plors dc·\cllSirize ,md 1Ill'rc' is

lhen a lI1>lilllained incrca\ e in II' rehra in sc'm runin rclc llse Ihal ca u,cs lhc

lher:l l"'llt k- ...ffecl ~ . Drugs Ihat inhibit no rc·pi nl·phrin... uptak l' prull ith[) '

acl indi rectl y, either by slimulal ing Ihe se ru lonergic neurones \l hlll hlwe

an ewiwlory no rad rl'lle rgk inpuO or b)' {k'ser1Silizi ng inhillilory pro:­
synaplic u 2-1\."{;eptors in Ihe furellra in_In ;Iddilinn In (t~-adrerH Il:ept" r;.

rhe chw ni,,; mlmi ni"lration Ilf ;Ul lid... prcssarlls rll f(xknls also gradually

deerea.....s Ihe .,em itiv ily Ill' 'l" ntml 511T2 and li l·ad rello,,;eplllrs hUI the
,igni li,an,e of these ("hanges is unknown. !l IS al so unknown whelher

change" in receplor .....nsitivi ly are in vol vl"d in lhl' anridl' prl'ss.anl ac tion
ofdru gs in humans. hUI chronic anli(kpre~....ml trealment has hl.....n shuw n

ttl low... r the se nsi tiv il) o f c10nidi ne (an Rz-ad l"l' lIllCeprllr >lgn nbl ).

Drugs that inhibil amine uptake
Th e Icnn · lr k.n lie d r ul: · r..-fe rs In {"ompounds hased on till' di­

benla/cpine (e.g_ imi llr am ine) and diho,;nlOcyclnhcplad il'nl' (o:.g.

am ilripl } li"!;'1ring "lru"'lUfe".!'o<<l in<:li\'idllall rk )'dic drug has "upcriur
am idl'press ant 'ldiv ily and Ih... ('ho ice of dru g i, dl'l...ml incd hy 11ll' mo sl
a,cel'Whle or dl',ired side-d'fec ts . Thus. drugs wirh ~...uali vl' a,,;tions

sUl'h a, :lm ilripl) 'lin !;'<HId d ll'oult'pin are nl\'re suitahle for ;tgital ed ,1IHI

an ,\iou" pali l'lll s and. if gi\'Cn ;\I bedrime . will a l"o aet a \ a hypn ntk-. The
tricyel i";,, re"e mbk Ihe plll.' ntlthiat ines in "lrul' lure and h,IVC simi lar

bloc ling .1l:1inns al cho linergic mll.11 'ur ifl ;r /·I'n·(,'ol".l.u-uJI"f'/rort'a('f"n
and I1iIfllfllim' I"I'C('j'to r !i. 'Il les", ,lClion" l"rl'qul'rul ) ' cause dry muu lh .

blurred vi, ion. co n-,;ripalion, urinary rct cnti on.tach ycardia ;H1d postural

hypotl·n , illn. In overdosagl' , th... anticholine rgk aCliv ily and a "Iuini­
d inc- Iil.l' adinn of the lr ieycl ics Ullth e hea n may cause arrhylhmias ami

'udde n dcal h. Thl 'Y urI" l'mul'u;"I!iI'uft'l1ill/Wl lr! l/i.\I"(/.'I'.
Th e SS RIs do nOl: h,IVe Ihl.' trou bleson le aUlono mic side -el' Ii....'ls or

appclile-slilllu lal ing e ff"'l' l~ of lh... l ricycl ics, hut dll have differeru nne',

the rno,t Clllllmon being nau sca . vilill iling. diarrlw"':l and con"lip1l1ion.
Th ey l11ay also cause "l'x ual dysfu ncrion , Thl' SS Hb ,In.' now g... nl'rall y

accl'ptcd a, first- line drug". e" l'lI:da lly in pa lie nl" "i th carJiov;lSl.·ular
disease. (Jr lhu~ in whom allY ~.,..d ation lllUS' heavn id<."li, or for tllIlse .... hn

cannnl ln!cntle Ihe ;llltic hn1iri\"rgil'effel.' l~ o r lhl' lricyd ics. ' ·... nlara\ in l"
and n{·ra/.l"lm....a re new d nlgs Ihal inhib it lhe reu plake uf onlh 5UT and

nore pinep hrine butlack lhe recepto r-blocking ac tio ns of inc rricyclics.

Thei r adverse effec ts ge nc'rally ft'St."mh!c lh{","' of the SSRIs bur nc ra­
zod one ra rely cuuse-, -esuut dysfunction.

Atypical antidepressants
Th ese drugs ha ve lin le o r no activity on amine upta ke. They generally

cause fewer uutononnc ~ iJe-el'lCclS ami becausc they are less car­

d iolOAk they are le~!> dangerous in overdosage . \li rt.lla pine and Ira­
ll >dutu' are scdutive anl i \kpressalll~ . Minalapinl" has u 2-a drer1< lI.'cpt Of

hh ll.·king activity and. h)' bl' ll.'l.ing inhihitn ry U 2-lWlIlrccc prors on ce n­

tral norad rcncrgic nerve endinl!s, it may increase the urnount of nurv ­

pinc phrine in the sy naplil' cle ft.

\lunU lllll in !;'o\ ida~1' inh i h i lor~

The nlder MAOIs tc.g. ph t' nt'l/ ind are irrevcrsihle non-sell...-nvc inh ih­

itor-, of monoamine oJlida se and appear to hc I1\Il"t useful in atypical

depression and phobic anxiety slall·s. Their uscfulrevs is limited hy adverse
ctfcc·ls (postura l hypotension.diuine!>.s. aurichobuc rgic effec ts anu live r

damage) and by inter:..d ioll\ with sympathomimetic a minc", (e.g.I'p/wd.
rine, oncn prese nl in cough mi:l. turcs ;md decongestive preparanons], or

foods comauung tyramine (e.g. en..'esc. gam c. alc oholic dri nks), which

ma y res ult in sev ere hypcncn cion. lng cstcx1 tyramine is nor mally meta­

"n li/ l'd by I11llnoarninc oxidase in lile' gul wall OInd livcr, bUl wlwlI the
cn/ym,,; is inhibitl"li. tymrnirle R'lIl.' hc" the ci rculatinn and l'lUl'C"the n'il'aSl'

o f m,re r ine phri ne from sy mpalhd i{" TlI.·P'l' endi ngs (ind irel' l "ymlla th­
omime lic lll·lion). MAOb are no l specilie and redul'e Ihe mctaoo lism of

har biIUra l...s. opioid allalgl's ics lind alcoho l. Pe lhid ine is especially d;lI\­

ge Hllls in palient ' lak ing :'IotAOb . callsing-hy an unknown rnec h,lIIisrn

- h)' llCrpy rl'xia. hypot ... nsioll and ...oma. !\1uduh"·lIlirie is a rcwr"ibl ...
inhibitor lhat sete,rivcl y inhihit, nllmo >ll11 ine oJl id a.,~ A (c l".sl' leg ilin .

CharIer 26\. It is wclll" ll·ral cd . rhe main side-dTl'l:1s be ing d illincss.
insomnia ami nallse ;!. ~ lodobern i de i11lc' ral' ls .... ilh Ihe sa me drugs as

othe r M AOIs bUi beca use it b reversible tn.: d ll'Ch nf the inter al'l inn
rar idl y dimin bh whell th... drug i, di sr.: nn lin ued . Mnclobcmidc is a

-"CcOlld- linl' drug used in 11L'prl'ss ion afte r trk ydi ... s an d SS Kb.

l.ithium is used for prnrhyl ,nis in III l11lic!IJq ll"l',I'.I Il 'I· illnc s~ . It is ,r1so
u '<Cd in Ihc lreatment (, f ;\l'Ull' rn,mia. hu t. Ix'cause it may tak c so.·vl'rJ.l

da~' " li 'r thc 'l11limanic eflcl-I 10 develop, an :ullipsycholic dru g is
u.slla lly pn:feITed for a, uld y di slurbed palicnts. Lilh ium is used a.\ an

anli ril' pre~"'1I1 1 in c\ lIn" in;ltion wi lh tri... yclk, in refractory pa licn ts.

Lith ium is nlpidly llh ' '' l'hed frolll thc' gut. Thl' th~rapcutk am ltuxk
do scs are ,i milar and ,><:n lln lilhiurn l'onl·...n.ra.imh mu st he lIIea su red

regularl)' (l he rapeut ic mn ge U.-l- [ .0 I11 S1). Ad "l' rsc cffec ls indude mlll­
sea. vomiling. anorcAia. dia rrhllC<I . Iremor n l lhl.· hands. po lydipsia ,md

po l)'uria (a fe w pil1 ienlS de \'c1op neph m gcni ' di 'lht'le , insi pidus).
hypOlhyw id ism and weigbl gllin. Si gn , {,f lithium /(u ;";/)" indullc·

drowsine"s . ala xia and co nfus ion. :md al ' l'rUI11 le\'C1s llh<l\'e 2-3 mM,
life-Ihrelltl'ning se i, url'S am i ,ollla lIIay nccur .

M I' I '}Ul1I i .I/II ufIIcliotl

Th is is unkno wn . bUI pn,h<lbly invol \'es intcracl ions wi rh S<.·{:und­

messenge r "ys te rns. In pank ular, Iilhium at cuncc nt r,lIiOIlSof less limn

I m\1 hlol'ks Ihc phosphat illylinosiln l (P[ ) pathway alrh... pnill1 where
ino sit"I -I 'pho"phJte i, hyd roly,cd 10 inosito l. '!lIb ,au ~e , depl ... tion of
memb..... rk: P[P~ (see Char Ier I ) and ma y reduce lhc ac lion~ of lmn,mi l­

ler; ,Kling al rcceplOrs Ihal involve inosilll llrisp hosphlUe/di :k:)'lgl y{"­

eml (In"PJDG) as Ihl.'ir s..-cond me"S<.·ngc~.



29 Opioid analgesics

EndogenouD
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morphll1e

diam orphine (hero in)
phenazOCine
dextromoramide

methadone

pethidine

I>upcenorph ine"
fentanyl
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codeiM

dihydroccdeine

dextropropoxyphel1e
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enkephll iine
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Penll queductal
'!Jr"'1 m"ttcr

To relay n"'uronee main ly
in t:he thalamua

Dor(;al hom of
spll"la l cord

C· polymO<lsl nociU'ptor&
Ao"'e(;hanore(;epw~

Pain reccpto.... (hollnom. rj~hl). when stimulated by noxiou-,stimuli. ini ­
ri.uc firing in primary afferent tibrevIhal synapse in lamina I and 11 ofthe
dorsal hom o f Ilk" spin al cord. The R'I:,)' neu roncv (.) in til l' dnrsal
hom tran vrnit pa in infonn ation 10the se ll'll')' cort ex via neuronev in the

thalamus. Lill ie is kno wn about the transmitter suh stam:cs utilized in
the ascending pain pathways, hut som e primary uffcrcnr fibres release

pc ptidcs re.g. subs tance P. calc itonin ge ne -related peptide l tlowcr
figure, shade d) .

The act ivi ty ofthe dorsal hom rela y neurone, is m....dulared 0)' M,.'v<;.'TaJ

i llhihilOl)' inputs. These include lo<:a l imerncuroncs. which release
upinid pe ptidcs (mainly dynorphim. and desc ending ('"k.."halim·/JI;t',
noradrenergic and I('r(JIOIIl'r.l:k fibre-...which originarc in the bminvtcrn
uop left) and arc themsel ves activuted hy ""io;,J/",, ' lid,'.I' . Thu v. opioid
peptidc retcn..... in both thc nrain~tcm undrhe spinalcord can ({' l!w'(' the

ac li\ 'ily of the dorsal hom rela y neuronc~ and can cau..... analgesia . The

eITel'h of opiuid pcprid c-, are medialed by specifi c 1I1, i"i d r e«1' 1" ,.,;.
Opi oid allalg...~k~ (right) nrc dru gv tha i mimic ...ndugcuous opioid

pt..'plides by causing a prolonged activation (If opioid receptors Iusually

u -rc-cc pcnr~ ) . Thi s produces analgesia. respiratory depresvion . euphoria

and .....dution.Pnin al:l~ a ~ an antagonist of respiratory depression thatmay.
however , I>cnl111C a prohlem if the pain is removed . e.g. with a local
anuesthefic , Opioidv oncn cause nau.....a and vomiting and euucmeuc-,

may he requited. Effe ct s o n the nerve plexu ses in the gut, wh ich also
p ossess opioid peprid.., .~ and receptors. caus es constipation. and laxa­

tives are usuatly req uired CChaptl'r IJ l. Continuous treatment with opi­

oid analge~ic~ resuns in 1" ll'ran « and de penden ce in addk1s . However.
in termin ally ill paricmv . a steady increase in morphine dos age is not

automatic, and where it doe-, occur i~ more likely to result from pro­
grevsively increasing pain rather than tolerance . Simi larly, in the cl in­

ical COniC,,",. dependence is unimportant. Unfortunarct y. ovcrcauuon in
IIu- use of opioid an;tlge ,i ...~ frequently rcsu lt~ ill unnc ccvsurily poor

pain control in patients.
So me analgesics, vuch a~ code jne and d ih , dnll'(ldd nl\ are less

potent tha n morphine and cannot be given in e....[uianalgcsic do-..e~

because of the onset of adverse effects. A~ a resu lt of this restric tion

III dosag e. they are ks~ like ly, in practice, Itl produce rcsplrarory



deprescion and dependence . They are useful in controlling mild to
moder ate pain.

:\al",.ulle i~ a spec ific antagonis t at op ioid receptors and reverses
respiratory depression caused by morphine-like drugs. It also precipitates

Opioid .. an:' okfiflL"d a.-. compounds with errecrs that arc antagonized by
nalo\IMl('. Tbe re arc three farnilie .. of OpHHd peptides. which are derived
from large prec ursor mo lecules, encoded for by separate genes. Pm­
vpiomdtlllfJwrtin tPO,\ IC j gives rise totbe opioid peptide li-endorphin
and a numbe r of other non-opi oid peplide., including adrenoconicotro­
phic b ormooe (ACTH l. Procnkepha lin gives rice to lcu-enkephalin and
met-enkephalin. Prodyllorphin gives n-e to a numher of opioid peptidcs,
which contain leu -enke phalin at their am ino tennina l te .g. dynorphin
AI. The pr::pt idc s derived from eac h o f these three precursor mo lec ules
have a distinct anatomical dis tribution in [he central nervou s sy~tem

and have vary ing affinity for the different tyJ"l."s of opioid rece ptors. The
precise Iunrtjon of these opioid pepudcs in the brain and elsewhere i ~

still unclear.
I )pillid receptors are widely dis trihu ted throughout the ce ntral ner­

vnus syst em and have been classified intu three muin types. ThL' 1.1 ­
receptors are most highly conc entra ted in brain areas in.... nlved in
noc jccprion and are the recept ors with which most opioid analges ics
inte ract to prod uce ana lgesia. TIle 0- and c -reccptors display se lectivity
for the enkephalins and the dynorph ins, respectively. Acti vation of 1( ­

rece ptors a lso prod uces ana lges ia but in co ntra-a to u- agonists te.g.
merphine j which cause euphoria. c -agomsr s te.g. pentazocine, nat­
buphine ) are assoc iated with d ysphoria. Some opioid analgesics te.g.
pt'ntu:(ldflt) produce stimulant and psychotomimetic effects by act­
ing 00 a -rece ptors Iphencychdine. a psychotomimetic drug, bind~ to
these receptors). Because these effects are not blocked by naloxone .
e -rece peors are 00l opioid receptors. The opioid pep udes have

inhibitory ......tions on synapses in the cen tral nervou s sys tem and gut.
Act ivation of 1.1 - and o-recl."ptOT'i causes hyperpolarizatioo of ne urooes
by' 31.1ivating K· channels by a pl"OI.-es" in\·olving a G-pl'Ole in. Activa tion
of l(-reL-epllID.inhihits membrane Ca h channel".

Strong opioid analgesics
TheS(' are used panicularly in the treatmen l of doll, poorl y loca liled
(viscl' ral) pain, Somatic pa in is ~harply dd ined aJ1d may be relieved by
a wea l npio id ,lllalgesi c or by a non-sleroi dal ;lIIti-inflammatory drug
(NSA I[), ChaplL'r 32), I' a renleral nlllrphine is widel y used to tre;d
scvere pllin anu oral rnurphine is Ihe drug of chok e in tenninal care ,

:\t ur p hinl' and other opioid analgesk s pTllduce a rangc of centra l
effec ts thaI includ e analges ia. euphoria, sL'd ati" n, respi rato r), dL·prc.~ ­

sioo, dcpression of the vawmotorl·erllre (c;lUsing pos tural hypotension ),
miosi ~ hl..'Cause of llI rd nerve nucleus stimulation (except pethidine
whk h ha." weak atro pine-like aclivity), and n;lusca and vomiting caused

by stimulation of the chemorece ptor tril!ger w ne. They also cause
cllUgh suppress ion, bUl this h not C\lfrelalL'ti wilh lhe ir op ioid acliv ity.
Pcri pher.ll effects, w'hich inclu dl." constipa tiOfl, biliary spasm and coo­
slric lion oflhe sphincter o f Oddi, rna)' occur. :\lorph ine may eaust' his­
tamine rdea.se with vasodi latat ion and itching. Mlwphinc is meta bolil.cd
in tllC liver by conjugation with glu,umnic a,id to form morph ine-3­
glucurunide. ", hich i.. inacl ive, and morphine-6-glucuronidc. which is
a more potL'n1 ana lgesic than morpb illC ilsclf. e"pecially when giwn
inlrathceally,

a withdrawal syndrome when dependence ha~ occ urred. Electroacupunc­
ture analgevia. transcutaneou s nerve srimulntion-induce d analgesia and

placebo effects can sometimes be partially "loc ked by nalo xone. sug­
ges ting the invo lveme nt of the e nd ogenous opsoid pepudcs.

Tolerance n.e. a decreased rcvponcivenessj to many o f the effec ts o f
op ioid analgesics occurs with cont inuous administra tion. Mios is and
constipat ion arc effects to which lin le tole rance develops.

Both physical and psychological dependence on opioid analgevics
grdd oaJly develops and sudden terminanon of drug adm inistra tion pre '
cipitates a withdrawal syndrome (Chapler 31).

I)ia mor phinl' (hemi n. diacetylmorphine ) is more lipid soluble than
morphine and there fore has a mo re rap id onsel of action when given by
injec tion. TIle higher peal levels result in more sedation than that
ca used by morphine. Increasingly. small epid ural doses of diamorp hinc

are bein g used to con trol seve re pain.
t'h en a zoctne is a very potent dru g used in severe pain .
Ikxlrnlllora mide has a short d uration of acnon (2-.J. hours ) and can

he gjvcn orall y or sublinguully shortly before a painful procedure.
Fen ta nyl (Chapter 23 ) can he given transdcrmally in patients with

chronic stabilized pain , especially if oral opioids cau se iruructublc IIltU­
sea or vomiting. The patches arc 11111snirublc for trea ting acute pain .

Methadone has a long duration of action and is less sedating. than
morphine. It is used orally for matmenance treatment of heroin or mor­
phmc addicts in whom it prevents lhe 'buzz of intra venous drugs (see
also Chapter 31 J.

I' et h id ine has a rapid onset o f actiun but its short durauo n (3 houT'i )
makes it unsuita ble for the courrol of prolonged pain. Pethidine is
metabolized in the liver and at high doscs a toxic metabolite (llOl'fJo:thi­
di ne ) can acc umulate and cause convulxiens, Pethidine interacts sen­
ously with MAOIs (Chapter :!X) causing deli rium, hyperpyrexia and

convulvionv or-respiratory depre..vion.
n Up rl' nu r p hine is a partial agonist ar p -rcceprors. lt has a ..low onset

o f acnon but is an effective analge-, ic following sublingual administra ·
tion . It has a much longer durJ.tiun Ilf action {6-8 hoors l than morphine
but may ca use prolon ged vomiting., Ke..pirJ.lory depres..ion is rare but.
if il IlL'(·un, is difficult to reverse with nalo , one, because buprenorphillC
d issoc iales very slowly from the rccepton.

Weak opioid analgesics
Wcal opioid analge~ics arc used in 'm ild- to-modc ratc ' pain. They nmy
c; l u ~e (h." p(:ndencc and are suhjcct to abu se. However, they are less
all ractive to addicts because they dll not g ive a good ' buzz' .

Cud eine (methylmorphine ) is well ahsor~u orally hut has a very low
aftin ity for opioid recept'lrs, Abo ut Ill'if of the drug is demethylated in
Ihe liver to morphine, which is re"p'-llIsihl L' for the analgesic cf fecls o f
codei ne. Side-effec ts (constipatilln, vomiting. >edation) Iimit lhe pos­
sibiL' dosage 10 leve ls that prod uce much It'ss analg.esia than morph inc.
CllIlcine is also used as an amituss i.... e ;md antidiarrhocal ag.en t.

•....'In'propo'' ph ene is at'ooot half as potcnt as codei ne, hut has sim­
ilar ;lI.,tions atetjuiana lgesic doses. II is oftcn given in fi:ted combinatillns
with a..pirin or- paJ'a(X"lamol (e.g. cn pro, a mull but there i~ linle evi­
dence that such combinations are more ef fectiH: than the ~SAID alone.
Combinations with~tamol are dangerous in overdose becau'oC!he
dcll.lropropo:typhcne causes re"pir,lIory depression. while the paraceta­
mol is hepa tOlo:tic.



30 Drugs used in nausea and vertigo (antiemetics)
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Dopam ine
antagonittt&

ondanset-ron
grarli5etron

proch lorperazint'
metoclopramlde
l'lomperidone

Nnu ....·a and vomitmg haw mall)' causc·'. incl uding drugs tc.g. C)'IIlIOJlic

:lgl'mS. opiuiJs. all;ll'qh"tk" d igoxin). v.:sl itlul ar di , ... a,,' , pro vocuuvc
movement (c.g . scasickrw,s). migruinc and pregnancy. Vomiting i.,
much eavier to prevent than to crop once il ha.. stan cJ . Therefore. ifpn,.
vible , anti emcuc, shou ld be giwn \\ ... 11 before the cmct ic stiruulu-, is

expected. All1i.'ml' lic, vhuuhl not be give n before 11ll" diuguoxi .. i...
kno....n fecauee idcuri ticatiou o f the underly ing C,llISCo' may bedelayed.

Emes is i-, cooruinmed hy the ' (>mil ill ~ cen tr e (0) in the medulla
(upper figure). An important source of vtimularion of lhe vomiting ceu­

In.' is the cheuturercptur- I ri ~J:rr Will' lC'TZ. '" ) iuthc arca po-trcma.
Bccause the CTZ is nOl protectcd b)' th.... t>1< ..xi-bruin barrier tn is part of

Ihe circurnvcntricular sySll'm) il can bestimulated hy circulaun g ltl\ ins
or drugs (lop ), The crt. pos.....s'>\.·s man)' dopamine (D..) receptors,
which e xpla ins why dupuminerg!c drugs used in the ncunucur o f
Parkinson's di sc;lse frequently cause nausea and vomumg. On the other
hand. dll pa minl' receptor ;lnlaJ:lIni..l.. are a nliellll"lk.. (uppe r left f and
;Irc u..ed 10 reduce nausea ;nul "omiting ;""lCi:llcd wilh Ihl' adm inislra­
linn (Ifemclogl' llic dru gs fl' .g. many tyt"tnxic aulica IK·.... r agcnl s ).

The ITl also possesscs .'iHT , rece ptors and 5111'.. a ntalollmists re.g.
ondan.....tron . kfl lower ) urc effec tive unnc mctic s. Because they have
fewer un wanted action" they are inc reasingly being used 10 prevent or
reduce the nmtSC;1 and vomiting a"nd;lIed with cancer chemotherapy
uf and gener;ll anacs rhccia . In StlUll' cases it is uncerta in how .'i HT 1

anlagon islSprod uce their unucmcnc effec ts. Thcrc is a high concentr a­
linn or511T, receptors in the crL, nUl a pc riphcrol l action may abo be
important . \lall Y eylllltn ic d rugs (;lI1l1X-mdialinll ) cause lhl' re jease o f
:'iI IT from cnrcrochromaffin ce lls (01 in the gUI, and this acuvare-,
."11"1"1rec eptors on vagal sl'nsory fib res (.) (low... r figu re ). Sumuluuon
of scn~\lry hnrl's in the stomach by irritants te.g. ipecacuanha. bacteri al
lo xins) ca u...... s -re ttex" nausea and vomiting.

Dopamine antagonis.., und .'i11T.1 al1lag' lIlisls arc ineffec tive in rcduc­

iug the nuu-cu ;11ll1vom iling 1' 1' mu liun ..io:kul" s. AnlidliJlilwr l-: k drul-:s
or :Ill lihi, llllllilll"> (righlJ" which ;leI directly ,111 the vomiting ce ntre.
may be effe-crive. althoug h vide-effec ts are common. Vertigo and vomit­
ing avsociarcd ...... ilh \l', tih u lar d isl':lsl' arc lreall'u wilh a nli his t;llllirll'S
rc.g. pw l1ll·lha/ in.... ci nnar i/i llcl, plw nul hia /.int·, or Ill'l ahi.~tinl· .



The l()l1I itj n~ centre is in the lateral rcuculur formation of the
medulla al the level of the olivary nuclei. It rece ives nffere nts from
the following.
I Limhir cortes. These presumably account for the nausea as..ociated
wilh unpleasant OUO'UI1i and ~ ig.ht-.. Cortical aft...-renr-, are also involved

in lhe conditioned vomuing renex that may occur .... hen patients see or
smelilhe C}tolm.ic drugs they are ubout to receive.
2 CTZ,
_~ !li/ldell.lxolililri,H. 1llcse complete the an: for the gag rertexn.e. the
rene, cuu-ed by poking a finger in lhe- IThltlth).
.. Spino' rord {spinoreticular fit>re~I. Tbese are involved in the nausea
that accompanies physical injury.
5 Vrstihnlor S.".\I/'/1/. These are involved in the nausea and vomit ing.
associmed with vestibular disease and motion siclne~~.

The tranc miucrs involved in the p'llhway..co ncerned wuh emesis are
not fully known. HO....ever. the L17. is rich in dup'lmine-D2 and :'iI IT.1
receptors. Cholmcrgic and his taminergic ~ynapse~ are involved in
transmission from the vcs iib ulur apparatus to the vomiting ce ntre.

·11l<.' vomiting centre projects to the vag us nerve and to the spinal
motomeuroncs supplying the abdominal muscle s. II is respons ible tor
coordinating the complex events underlying emes is. Reverse pcristalvis
trans fers the contents of the upper intes tine into the stom ach. The g lot­
tis c1o~e s . the breath is held. the oesophagus and gas tric sphinc ter relax.
and finally the <lbdominal muscles contract. ejecting the gast ric contents.

Dru g-Induced \ omiting
Cytotoxic drugs vary in their emetic poeenrial. but some. e.g. cisplmin,
cause severe vomiting in most palil'nb. Tbe ~melil' act ion of the<;e
drug!> \tXm~ to in\-olve the CTZ. and Ihe dopamine anlagoni~t~are often
effcct i\-'(' an tiemetic". PrnchlorperaJ'in~ i~ a phenothiazine that ha~

~n widely USl.'li as an antiemetic. It is I...ss .....dati\'e than ('hlor­
promv.ine but may cause se\'ere d)~It)(lic reaclion~ (like all l)'pical
neurolept ic,;. (napier 27 ). 'Ielnclnpramide is a D~-anl<lgonisl bUI al""
has a prokinctie acl ion on the gul and incR:a.....s lhe ato..orplion of many
drug~ (Chapler 13). Thi s C<ln be an advanlage. e.g. in migraine. where
lhe ahsorpl i{ID of an <l lgesic" is enh" nl·l'd. Ad\'ef'iC ~ffects are usually
mild but ....:veredystonic real' lions m<l)' occur (more commonly in the
yuung and in femall'sl . DOlllpt'ridnnl' i ~ simi lar til meloclopramide but
dlles nol pa~s the blood-brain barrie r ;md r<lrcl)' causes SCd<l lion I'l"

extrapyra m ida l effects . The .'lilT \ .m lagnn i~ ts. e.g. ulldil nse tron . l<ld
the .ulwrsc c ffcds of dopmni nl' an t agon i~ ts butl11a)' C<l use con.stipation
or headaches. It has bt'en shown in c1ink; i1 trials that the se vere vomit­
ing cau.....d by high ly emelic cytotoxic d rug~ is controlled bcner by
combinalilln~ of intravenou s ant iemetic drug~. e.g. nletuclup ra mide
and deX<lIIlt'l hOlsune. A combination ti l' und ;IIl'>l.·tron and dl'xa ml'l ha ·
so ne will preve nl cispl alin-induced eme..is in nl{)~ t patienls. II is not
kno ....n ....hy deumelha....ne is anlil'melie.

M ulion sick ness
.... lotion sickness is vel')' common and includes seasickness. airvickncsc.

ere. It is charac terized b)' pallor . cold swearing. nausea and vomiti ng.
The symptoms and signs develop relatively gradually but eventually
culminate in vomirmg or fetching. ancr which there i~ o flen " tern­
porary k!>'>Cning of ma laise. Continued exposure 10 the provocenve
moIion te.g. of a shipl lcad~ 10 increa~ing protective adaplali{ID and

afll'r4 day,; IIlU!>I people are symptom free. ~ l oI.i Ol\ sickness is believed
to bea response to confticnng scn"'ll")' information ti.e. signa ls from the
eye <lnd ve ..tibular system do nOI agree} lillie is known aOout lhe neu­
ral mechanisms involved in moti{m siclne" but il does not occur 1'01­

lo.... ing labyrinthectomy Of ab lalion of the vestibular cerebellum.
Procedures thai reduce \'e~libular/visual conniel may help. For

example. avoid head rnovemcms. and if on lhe dec k of a ship one

..bould fixate 00 the horizon. but if enclosed in a cabin it is better to close
one's eyes. Hyosdne i.. one of the must e ffective agents 10 reduce
the incidence of monon s iclnl's~. It is a muscari nic receptor ant"goniSl
and frequent ly causes drew..inc" . dry mouth and blurred vision.
(:! nlHlr i..ine is an aruih isrammc . It has ,10 e fficacy similar to that of

hyoscine bUI produces fewer side-e ffec ts. [t mus t be taken 2 hours
be fore expos ure to provoc ative stimulation.

Vestibulu r di sease
The labyrinths generate a continuous input 10the brainstem. Any parho­
logica l process that alters the balance of Ihis 'omu may cause dil1i ne..~
(anylhing from ligh tness in the head to the inability 10 sland or walk).

The major symptom is I'ertigo. .... hieh is a false sense o f rotary move­
ment as-ociated with sympathetic overactivuy. nausea and vomiung.

,\ c u lt' lab~ rinthil is
Acute labyrinthi tis oft",n presenl~ ahroptly a~ vertigo with nausea aoJ
\omiling. It is frequently reg<lrded a~ a lIintl or J1O"tviral s)'1ldrome.
' Ieniere"s dist'a"" result, from increased pre~sure in the- membranous
labyrinlh. Allacks of '>CveT(' IIcrtigo a~"IlCiall"d .... ith nausea. \omit ing.
deafne~s and linn illls occur sewral t i me~. followed hy long periods
of fl:miss itID. Beh\ ccn allacks. Ihl' deafness and tinni lus pe.... i ~1 and
gradually won.en. Antiemetics uM'd in labyrinth di<;ease include ;Int i·
hista minl:s (d n na r i..ine . cydi/ ine l and pheno lh ial ines l p ru rnet hll­
l ine. prnt:hlorpe ra/ine l, IJl'lahi sl inl' is a drug used spel'ilk-ally in
Mcn i Crl" ~ disc<l '<t' becau ~e it i ~ ~uppo~ed to <ld by reducin g cm!ol) l1l­
ph'ltic prt:ssure.

IJ re~nan9

Antieme tics should on l)' he uscd for intractable vom iting bcc<lu ~e of
po~~ible-but undel ined---rislto the ICl U ~ . Limited ev idcnce ~uggesls

that p rOllll:tha/i nt' is safe.
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. Icohol

t1"",i tur~'"
chlor_1hy<ir.~
ch!omettliazole

Stimula nts

.- cocai ne
amfetamine
dex.smfeuomine
m<t>oyIe~-

dio><yrneth-
amfetamine

('ect>ta9y')

Ha llucin09eft&-,
........ LSD

P'ilocin
:"":~I i"le

dim~m'1e

(DMf)

Ot'*' drug&

n~e

canna t>it>

::::~ ~~~~~::

pg,..,. : :::, .. "......~'"
5HT1~

"-.-....'.
I~ "" : ::: :

Pe"zodiszep;"~

~roi"

(di.llmOfl*!i>'le)
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The rdali(l(\~hip between drug... that act on the mind and "'-""ict)' j ... one
of an linea, )' and changing cocxivtcoce. For eumple. there i, much

popular concern 1,)(101)' "hllUllhe iIIid t U'>C of "piol,j" but in the nme­
teeruhc..-ruury . laudanum. an alcoholic solution of opium. \Ii", a pop­
ular and readily available hu rtle medication. SIXiCI)' now ucccpe, only

a lcuh ul and nlcot me uobacco t a, legal psychoa..-uve drug" although
the ir rmvu...e is Il.''opnn'ihlc for con side rable morbidity and mort ality.
Smok ing i, by far the most couuuon drug dependency in the U K and

cause ... 120000 lIC'IIIl ' euc h year in Britain: it i, the bjggC~1 cuuse of
avoidable premature dea th.

Th e Icrm drull lIIisu w is app lied 10 any drug-laki ng whic h h,lnTls or

threatens hi harmthe phyvicalor me nta l hea lth of an ind ividua l. O f oth er
individuals. or whic h is illegal. Thus . drug misuse incl udes <111,,,11,,1 and

Ilie",illt"and the ddel~'rillus ove rpre scnpuon of 1l1ed icincs te. g. Iwnw­

dialt."pir\l's. sl im ula nhl. a~ well as the more obvious Ial.ing uf illicit
dru gs.

l) ru2 dependence is a term u\t.'d when a pers on has a ccmpulvion 10

lake a dru g in order tu e xpe rience it, pcychic effec rs, and sometime.. 10

avoid the di-comfon of wuhdrawal , ymploms.

"The likelihood tlf dru g misu-.c leading (0 dependence do.-p:nd, on

many fa,;lor>\ . inc lud ing Ihe 1.\'1'<' of ,/rug. the Will.. of odmmistranon,
the ,..Jllt'"of ,lru,l(-luAing and the i" .liI'iJui/l. Rapid Ikli\el') 'y'lems
(Le. inlrd vcnou.. inje<;lion...moling cOl:aine Of heroin) illf,,"R:a--..: lhe

lkpcndencc f'l>lential. Inlra\'cmJoll, inJCClions haH: allendanl dan g.."f'\ of
infcclion (AIDS. hepalili , . \t.'plicacmia. CIC.).

Dru g dt'p<:ndencc i' o lk n ao;.-.l.ll:ialed wilh lul l'rance. a phcnof'nenon

lhal ma y Ol:cur wilh chron ic admini 'lralion o f a dru g. It is char.telc rin -d

by the net:e--,ity 10 pn~TC"',ivel)' il"lf:K'a-.e lhe dO:Ne of lhe dru g 10 prodoce

i" o rig inal effec t. Tolerance rna)' he caused. in part , 0)' mcreascd
metabolivm uf the drug (phamlacokincli c lolerancel, OUI il i ~ mainly
{'au"-....by ncur,l;ld;lpli~'e , h,mges in Ilk- brain.

The rucch.uusmc und.:rlying drug dependence and tolerance an: poorly
undcrcrood. In gene ral, chrome drug administratnm induces hume...•

,Iali , adaptive change' in lhe brain that operate in a manner 10 Upptl\t.'
the action 01' Ihe dru g. Withdrawal <If the d rug causes a rebound in

ce mral excitubiluy. Th us the withdrawal of depressant ' re.g . alcohol.
haroituml e'l Ill;.y result inconvulsions. while the withdra wa l 01' exc uu­
tory d rug, rc.g.umfetanuncj res ul ts in depression .

Many ncuroadupnve , hanges in the hrain have bee n describcd Iullow­
illg chronic drug udminicrrnnon. They incl ude an increase ill ('a 2~

d l;lnne !.- t top k lt l. de ple tion 01" transmitter (to p right ). rec eptor down­

regulation uniddtc righ l). , h.mges in second messen ger tbonom le lll

;llld Ihe ' l lllhe,b of an inverse ago ni'l (middle lcm.
The hrai n circuits. involv ed in drug dependence are not know n.

However. me re i, evidence from animal experiments that one imponam
rircuit i, the dopamincr gil' pathwa y from lhe ventral tegmenta l area
that projects 10 11M: nucleuvacc umben-,and prefrontal curte ll. By tlk- usc

of microdial)"i' techniques. which can measure transminer rejca -e
from discre te brain area s, il has bee n shown Ihal m;my drugs of depcn­

Ikr1ol:C' le.g. ,timulanh. opinids. nicotine. alcohol) increa-.e dopamine

relca-..: in the nudeu.. accumtJcns and/or lhe fronlal cortell . Some (e .g.
am felaminc. ,ocainc l al:l on nerve lennmals. whi k opioido;. inl,:re;l-.c

dopamine rei,' ;•...:' oy inhrhiling GABAcrgic input onl O lhe dopaminer­
gic neUlllfle... Animals w ill ......If-adminbler {'(){'a ine and uJlioid, intn lhe
nud eu, acxumOcn, and lhe 'plcasoure' Ih i, ('auSCl\ l't'infOftt'<> the: -elf­

admini~lrdlion. A similar- n:...;mj "p lem rna)' til: in~()hed in hum an



dru g dependence. There is some ev ide nce from e xperiments usin g
posi tron em iss ion tomography (PET) that drug abuse may he associated
with reduced Dj-dopamine receptors in the bra jn.

Central stimulants
Amrt·tamine·like drugs given or.dly decrease appetite. go e a sense of
ir'M;T1;'a 'iCd ene rgy andwell-being andt'flhaor;e ph}sicaJ performance. Tbe y
also have peripheral sympathomimetic effects te .g. bypenencion.tachy­

card ia) and cause insomnia. Amfetam ine-likc drugs cause dopam ine and
norepinephrine release from nerve terminals, hu t the ir behavioural effects
are caused mainly by dopamine release. Cocaine blocks the reuptake of

dopiuni ne into nerve terminals andhas very similar effects to amfetam ine.

Coc aine hydroc hloride is usually ' snort ed' up the nose. but the free base
('cTal·k') . ..... hich is more volat ile . can he smoked ......hereupon it is

nlpidly absorbed through the lungs and produ ces a sudden. brief. but
overwhelmin g, sense o f euphoria ('ru, h'). A similar 'rush ' is produced
by intravenous amfetamine and addi cts cannot d istinguish betw een

them , The .\'li mll /<JfIII ore hi?,!IIy a,M ;U ;I'(' and arc psychotoxic, Re­
pea led administration may produce .1 slat e resembling an acute uuack
of schizophrenia.

l\-1eth)'l ent'djo'~' mt'lhamretmll int' (1\11) \ 1'\, 'CI;S!:lsy' j has mi xed

stimulant and hallu cinogenic properties. the luuc r action perhaps result ­
ing from !i1IT relea se. MDMA is widely abu sed as a "recreational ' dru g,

but has occ as jonally caused fatal acut e hyperthermia. There is mcreas­

ing ev idence thatlong-term usc of MD\1A dest roys 5HT nerve tenni­

nals and inc rease... the ri...k of psychiatric disorde rs.

Opioids
Hiamuf"ph ine Iheroin1and other oploids have a high nususe and dcpcn­

dence potential because o f the intense sense o f euphoria they produce

...... hen taken intravenou ... ly. Tolerance devel~ qu ickly in adJicts and
uhru pr wuhdra..... al of opi o ids resull s in a craving to take the drug, to­

gether w ith a withdrawal syndrome characterized by yawn ing, swea t­

ing. goosetlesh, tremor. irritability. anorexia. nausea and vomiting. The
suh,titution of oral lon g-a ctin g drug" (methadone or huprenoephine j

reduces the hann of heroin add iction te.g. infection. criminality) and can

he a stage 10 de tox ification by gradually reducing the do se. The usual
non -substitute method of detoxificeuon is adruinivtrauon of lufexid inl'.

a centrally actin g (l2-agonist that can supprl'ss some compone nt... of the

withdrawal syndrom e. especially the nausea. vomit ing and diarrhoea.
~lI l1rI"l:.Ulll' , an orally acrive opiokl antagonist , prevents the eup horic

acrion of opioids and is g ivl'n d'lily to romlcr addi ct ... wilh lhe idl'a or

preventi ng rdap'iCs.
'Il le mechani"ms undl'rly"ing opio id dqll'nJenl'e and tolerance are

unkn own , Chronic admini... tration J lJl·... not affect opi oid rel·eptor... hut
change" in 'i\'l.:o nd messen ger.. ma y he imponant. e.g. in the 10<"11.1

l"l1t'm/l'llJ. IJ' Il:ceplor a{"tivation inhioits OKknylyl cycl ase acti vity. but
with chron ic opioid administrntion the activ ity o r the enzy me innea<.e ....

Withdrnwal of (he inhihitOf)" opioid then results in ellcessive cAMP
production ...... hich may contribu te to the rehound (iocrea«) of neu ronal

ellcitahility .

Hallucin~t"ns Ips) {" hedl'l icsl
I.~M·r$tk acid dil:th ~ lam ide ( I_'\ UI and related drugs induce dra ma tic

state ... of allered pe«:eption. vivid and unusual scn'iOl')' ell perieOCeS and
feeling" of ecstasy. Occasion ally, 1-<; D prod uce... un....anted effa.·t".
which include panic . frightening de lu"i",ns and hallu dnaliOlls. U!<ually

thc .had trip' fade ... away. but ...onll"time-s it returns later (· f1 ashbacks·).

Sa ow flergi,' systems may he imponam in the action" of LSD . which
inhibits (he tiring of 5 HT-coutaining neurone... in the raphe nllI'lei,

probably by ... timulaung 5 1lT~ inhibi tory uutoreceptors 0fI these cells.

Tolerance to LSD and related compounds occurs. and is associated with
a down-regulanon of 5HT! rece ptors. However , there is [to wit bdra ....al

syndrome.
Canna h is (m a r ij ua na. hashish I. The main acnve constit uent o f

can nabis is .l·-tell'ah ~·drocannah inol (THC). Cannabis ha s bot h hallu­

cinogenic and depressan t ac tions. It prod uces feelings of euphoria.
relax ation and well-being. Cannabis is not dangerous ly addict ive. bul at

lea"t mi ld deg rees of dependence may occur. Cannabis may cause acu te

psyc horox jc effect s that in sotTIe.... ay' resemble an LSD 'bad trip ' .

G eut"ra l depressants
Ren.wdiazepint'S are more readily available dru gs and temazepam is a

popular dru g of abus e. especially with o piate addicts, who use it to tide
themselves over withdrawals.

Alcn lml has effects that Te'iCrnhle those of general anaesthetics. 11

inhibits pre...ynaptic Ca!+ entry (and hence transmitte r release) and

pn tl' ntinte, GABA -medi;tled inhihiuon. Considerable to lerance occur s
to alcohol. but the mechanisms invo lved are poorly understood.

Presynaptic Ca2+channels may increase in number. so that when alco­

hoI i... withdrawn tran ...mill er relea se is ahnenually high and this rna}'
contribute to the withdrawal syndrome.

Chronic heavy drinking leads to physical dependence. In the UK there

are about l ~ KOO pauemvadmitted each year to psychiatric hospi tals for
alco hol de pende nce and p"ychO'<is; bruin damage and live r disease

Icadin g 10cirrhociv are at-e common .
The ph)"' ica l withdrawal syndromes in humans range from a ' /u" ll?'

over : to l'pill'plic fits and the condition of 'delirium tremens' . in which

the ,"uhj.."Ct bec omes ag itated. con fused and may have severe ha llucina ­
tions. Alcoho l withdrawal may req uire di azepam or, rare ly, ch jome­

thiamle admi nistra tion 10 prevent o;e itures. C lonid ine may be helpful

hut does not protect aga ins t tit .... Maintenance of abs tinence may be
helped by dail y acamprosare unec hani ...rn unknown) or disulliram , a

drug that mak es takin g alcoho l ext remely unplea...ant because it causes

the- accumulation of aceta ldeh yde .

Tobacco
Tobacco (nicotine) is a highly addic tive drug that is responsible for
more damage to health in the UK Ihan all other drugs (induding alco ­

ho l) comtJinl'd. Nieminc increa..c ... aknness, decreases irri l"bil ity and
d~·l'rt'ase ... , kektal muscle tone HlCcau"e Rcnshaw ce lls are ...timulated ).

Tolerance occurs to some effect.. of nico tine. no tably (he nausea and

v{)ln iting sCl'n in non -tolerant ...uhjects. The to\'icity ofto1l<Jco) is cauSl-d
hy the m..ny chemica ls in the slllo ke. some o f whkh are 'mo wn car­

dnoge-n.... Serious di 'iCa.'iCs a""ociated with chronic tohacco- "mol.ing
include lung cancer_ coronary heart di-.ease and peripheral va~ular dh­
ease, Smol.ing during preg nancy signi fican tly n'du{"es the hirth ....c ight

o f babics and increases perinatal monali ty.
U'i lhJm -..-a1of tohacro Cau'iCS a ...}'ndrome (las ting 2-3 wee l.s) that

inc ludes ' n aving ' for tohacco. irritahili ty. hunger and often .....eight gai n.

The 'iC symptoms may be reduced by coun'iClJing in conjuoc tinn ..... ith
nic:ucine repla~'fllH"nl therap~ I:'\RT) (e.g. cne..... ing gum. nasa l sprays.

"kin pale ne ... ) or amf...bulanlUne tbuprup ion ). a drug that ..... a"originally·

developed as an antidepres...ant. Af ter I year aholtt 20- 30'l- o f patie nts
taking NRT or amfeou tamnne are nut Mno king. compared wi th oll ly

10% of contrnls given a placehu.



32 Non-steroidal anti-inflammatory drugs (NSAlDs)

N5AID5

SALlCYUC .-.aD
0E~!v"'TM:5

a"pirin
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naproxen

cr-eee
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Prot>t."yclln (PGI2)
Pl8tel~ c,o.MP t
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(Chapter 33)

These drugs have j/IJ l llgl'.Iil'. ollliP.I'f l't il' and, at high~r unscs, ant i­
i lljl/lll/nl<llory action s. The y are extensively u~ and. in the UK. almos t
one -quarter of l"<lt iCllh consultin g their gl' m.' ral pructitiunerv hnve wine
form Ill' ' rheumatic' complaint. nH.~SC pal i\'nl s are frcqucmly prescribed
NSA ID..and uddiuonalmillions of as pir in, pa racetamor and Ihuproren

lahll'l' are bought over the <;Il Un!CT(or the wlf-trc.nmcm of headaches.

dental pain . various mu-culo-keletal d isllrd,'rs . de. They arc nut e ffcc­
nv e in the treatment o f visce ral pain te.g . myocardial infa rt.'l ion . renal

co lic, acu te abdomen]. whi ch requires npioid analgccics. However .
NSA IDs are effecti ve in ce rtain types of severe pain te.g. hone cancer).

Aspirin hils important unuplutclct activity (Chapter 19).

"I11e NSA IDs form a chemically diverse group (Ic ftj. hut they all have

the abi lity 10 inh ihi l c) ('lu,o'9j!cnaw JCO X, c::». and the resultin g
inhibition of prosla~landin s)'lllhcsis is largely respcnvible for their

therapeut ic effects. Un fortu nately. the inhibition of prostaglandin syn ­
Jh,'s is in the gus tric mucosa frequently rcsuhv in gastrointestinaldam­
<I!.:f" (dyspeps ia, nausea and gas lrit is). Mo re serious adve rse effects

include ga.Slroilll" slin'll bleeding and perforation. COX ,' Xisls in the
tissuc as a constitutive isofonn (COX- I) hut .11 sil':s nf inl'I;L rmnation

cylol in.:s st imulate Ih,' induction of a second isoform lCOX ·2). Inhibi­

lion of COX-2 is thou ghl 10 hi: responsible for the ami-intlanunatory

at:tiuns of NSAIDs. while inh ibition of COX -I is responsible for their
guctrointcstinal lOXicuy. Must currently used NSA IDs urc somewhat

sc fccnve fu r COX - I hut selective COX -2 inhibitors have "'-.',·n illlrn­

dun'd recentl y. Cel'1.·u\ ih and rof"""u\ ib are S\'k t:tive CO X·2 inhihi toni

Ih'LI ha\'e simi lar cflit:at:y as non-sc hx tive COX inhihi tnrs hut thc
inddence o f gasl ric r....rfora lion. ohstru<:tinn,In,1blttdin~ is ....:ouc<;:d by

at ll' ast 50''''- . Howcvcr . Ihe~c Ill'W dru lls lin not provide any card iopro--.
" ,,·tinn lx'cause platckt aggreg;llion is unaffectcd.
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l\ ~p i r i n ( at:t'l y l ~lI l icy l ic acid ] is the longcsHtanding NSAlD and is
an effective analge sic. with a du rat ion of action of about 4 hours.

Aspirin is wctlahsorbcd orally. As n is a weal add (pK" = 35). the
add pH of the stomach keeps a large fraction of aspirin non-ionized

and the refore prununcs absorption in the stomac h. although much

uvpinn is absorbed vi.r Ihe large surtacc area of the upper small trues­

tine . The absorbed uvpinn is hydrolysed by eslerases in the blood and

l i~~lle, 10 salicyla1l' (which is acnv cj and acet ic add, Most sa liC)'laIC
is con verted in thc liver 10 water-soluble conjugate s uun are rapidly

e xcreted by the kitlncy . Atk elin izuuon of the urine iomze-, the sulky­

late and , because this reduces ils tub ular reabsorption. excretion is

inc reased.
Avpinn was. widely used in lhe trcanuent nf inflamm atory joint dis­

ca se. hut up 10 50'Jf- of paricms <NUld not tolerate the udve rsc effects
mau....-a, vom iting. epigastric pain . tinnitis ) caused by the high do ses of

so luhle asp irin nl'Ccssary tu achieve an ani i-inflarnmutcry effect. For
this reason. newer NSA l[h arc generally pre ferred fo r ue unng the

vyrnpunns of intlamm.nory jo int disease (pain. stiffness and swdling).
NS,\ IOs seem III hav e vimila r effectiveness. However, there is consid­

er..hle patient varialion in response and so it is impossible 10 know
which drug will be effec tive in lin ind ividual . alt hou gh 6()~ o f paricms

will res pond 111 any dru g. B,·t:auS\' the propionie add derivauvcs tc .g.
lh up rofen, napro wut arc ussociarcd with fewe r se riou .s adverse

dlc": IS. these ilre olten tried first.

I' ;lf actla mol has no signitk ant allti -inllmIl11latOl) ' act ion. bUI is wid"'J)'

used as a mild lIn.tlgesit: when p;\in has 110 intlammalOI)' comptlll"nl. II
is we ll absorbt.-d orally .md do.:s nlll t:ause gaslrie initalion. It ha.. Ih",

disadvantage th.tt. in tl\'en.ltlsage. serious hepatoloxidl)' is Iilcl)' to

ot:t:ur (C haptcrs 4 ;Hrd 44),



Mechanisms ofaction
A n:t l~t,,,ic act ton . The an algesic .Iclinn of NSA IDs is exerted beth pe­

ripberally and cent rally. but the peripheral .1l·liun.. predominate . Th eir
ana lgesic action is usua lly a""ocialed with their anti-inflammatory

ao;liun and resu lls from the inhibition of proslaglarnh n synthesis in lhe

inflamed li""u es. Prustaglandin-, produce lill ie pain b) the m selves, but

pou-miare lhe pain caused b)' Ol:tIl:r medial tlrs o f intlammalion te .g. his­
ramtrc. hrad)'kinin ).

An li.in"amma lor, action. lbe ru le o f pnlStagbndins in inflamma­

lion is 10 produce vasodilatation and increased vasc ular pe rmeability.

Howe ver. inhihilion of prostaglandin sy nthes is b) ' :'\SA IDs attenua te ..

rather Ihan ahohshes in flammation. bec ause Ihe drugv do nol inhibil
ojher mediators of inll ammalion . Ncvenbcle -,s. the rctanve ly modest
arui-inllanunatory ac non.. o f lhe NSA llJs gin", 10 mosl patients wnh
rhe umatoid an hriti .....o rne reli ef from pain. ..nffne.... and ..wel ling , hUI
they do nOI alter the course of the di ..eu......

Anti p)' relk ac tio n. NSAID..do nut reduce tho:normal body ll'mp.:r­

uturc or the elevated temperatures in heat str oke. which i.. caused by hypo­
thalamic malfunction . Durin g fe ver . cnl!ogl' no lls pyrogen Iinterleukin-! )
i.. rek-ascd from lcucoc yrcs and acts directly on the thermoregulatory

centre in the hypothalaruu.. 10 increase body temperature. This effec t is
associated with a rise in bruin pro-aa glandins (w hich are pyro genic).

Aspi rin pre \'Cnls the tcmperature-ruism g effects o f interleukin-! by
prevemi ng Iht' rise in bmin pro ..tagland in level...

' Ic(hanism of action on c,d"-1I\ '~t'naw. :'\SA IDs inhibit CO X by

se \'C' T'"oi l mt:chani..m... A..pi rin aCC'l)" lale" a se rine rc"idue of the con"lilU·
live ftlnn of lhe enz)·me. cau..ing irrcve" ihle inhibiliun. Th i.. re ..uh"

from ..t....ric hindralK~ o f aCl-':~S of ..ub--troil.... 10 the o x)gena ...... aCli\'l' ..ile.
In con lroi..l. oI11crNSA lo.. (ino:ludi ng ..alicylate ) arc revers ihle compel,

ili\'e inhihilors of COX. I' arao;eta nllli at' l.. at lea "l partly b) redueing

c)"top la..mic penn:itk lfJfle: p.:ro"itk i" rt\XC"Ss.al')' 10 activale ItIl: hac:m

enz yme 10 lhe ferry,'1 fonn. In area.. of aC"ult: inflammation. par.rcelamol
i.. nOI vel)' c: ffl"Clive htxause ne utrophil .. and mOrKJC)"tC"S produce high

Il'vel .. of H10! and lipid peroxide . whi ch OVl'1l:Offil' Ihe ac lion s of lhe
drog . Ho we ver. p;.1J""cetamol i.. an effecli ve analge ..ic in condi lio n"

" here leucocyle inlihml ion i.. ab"C'nl or low .

Adv ...r "!' ...rTe~:ls of NSAIDs are common. pa rtl )· becau Iht' d rug..
ma y he given in high do-e .. fo r a lon g lime and part ly ht-"Cau lh....y are

widely u,",,'d in elde rly pali ents who arc llUlI"(' "u"c....pl ih le 10 ..ide-cffcl',,".

G'l.I'troi fl/ "J/irwl In"., . D<llnage !lllhe muco\a of Ihe gastroinleslinal
Iral·t ><Cl' I11Sto lll' main ly a CIJll.\l--quence or pro",aglandin ..ynlhe,i .. inhibi ­

lion. ntlh l'r lhan a di ~tly ero ..ive aClion o f the dro gs . Proslaglalld ilh
(!'G EI and 1'(12) inhihit g;L\lriC ac id "l."I.·rt·lion. increa -e hl,x>d tlow throu gh

lhe glt..triC muco..a and have a c)' loproll'elivc al'l iun (PGE! an d ..omc

analul,":ues indun ' healin g of peptic ulce r). Ry inh ihiling prosta glandin
fomlatiun. NSAlo.. may ca use uk-.:r"lion hy pl\xluci ng mucosal i..c.'h ae­

mia and hy impai ring lhe prOl:eclive muc u.. barrier . Ihll\ exposing Ihl'

mucosa 10 lhe dam agi ng cffec'" o f add. ~1i....vrtlSlu l i\ a PGEI deriva­
ti\'l' lhal i" elTC'\:live in pI'l'\"C'nling lhl' ga" lrn ime "linal lO" ici l)' of I'SAlo...
11...main indicat ion i.. in piltienl .. wilh a hi ..I,1T)' of peplic uker"host' nrt'd

for ~SAID lrealmcm i.. such that the analge..io; cannol be- withdroiwn .

Nl'phrtllo.lk io·. P'rosraglandill-"PGF~ and POI ! are powerful \·a....xlila ­
1<lT"\ s)·nlhe ..i/ed in lhe renal medulla and glomeru li. respl'Clivcly. and

are involved in the contru l ut renal blood ilo ilo' and excretion of ..all and

water. Inhibition of renal pro ..tagtandiu "y11lht'..is may result in sodium
retcn non . reduced rena l bleod Ilow and renal fai lure. especially in palil.'nrs
wilh cond ition .. a..sociared with va....JC0I1..m ctor carecrotammes and

angiolcn..in II release re .g . cong e" liw bean fa ilure. cirrhoci..). In addi­
linn, :'\SAJ Ds may cause iruer-auia l ncp hr ui.. an d hypc rkalacmia.

Prolonged analge..ic abuse over a period of yean. is a..-.ocialed "ith pa­
pillary necro-i, and chronic renal failure.

Otllt' ,. adverse efft'rfJ indUtk broochocpa ..m , especially in a..thmat­

ics...lin r" ..he .. and Ol:hera llergie".

Other NSAIDs
Pro pion ic ac id.,...uch a, ihuprofe n. ft'nhure n and naps-e ven . ha ve

bee n widd y rega rded .1., Ih.: d rug.. uf fiN choice for me treatment
uf in flammatory joint di",,-'ase , ht-'C.IU"C' lhe y had the lowe..1 incide nce

of ..ide -e ffect ... However. the selective CO X- 2 inhibitors ct'll't:u \ ih and

rutccov tb ha ve the lowest toxicity and nrc believed by man y ro be the
drugs nf chorec in intlemrrnuory joint disease.

tndomctacm is one of the more e ffec tive agents, bur hus a highe r

incidence of ndvcr..e effect.. including ulceration, gastric bleeding,
hcndurhcs and dizzine..... It ma y also cau..e blood dyscrasia".

(hkam... Piruxicam ha.. a long half-life and only requires a ..inglc

daily dose to be administe red. It may he a....ociarcd with a particularly
hig h incidern:l' of ga..tro intes tinal hke d ing in Ihe e lderly.

l', r alUltlllt"'i. Ph...n.\ lbutalUnt" i.. an ell:trcme ly poIenl anti-inllamma­
1(1)' ageul. bul ha.. "C'riou" 10-,idIY. It i.. re ..lricled 10hl l'opital u..e for lhe

trealmt:n1 of inlmctable pain l'aU"l.-d by inflammatory anhrili ... such

a.. anl) lo"ing spondylilis. bel·au se it '>OIneli~ eau~ fala l ap la"lic
anat"m ia. A7--'1pntpalo nt' due.. nUl cau,"", bone:: marn>" ~uppn:.."ion

bu l is the :-':SAID a..sociated "ilh the highe..t ineidence of ad\ ersc

effl'C,,". It i" fl' stricted for I~ trealment of pa lienls w~re ot~r dro g..
has'l;" fa ikd.

Goul
G nul i.. cha r"dcrized hy deptl..ition of ""xJiulll um te cl)stal" in Ihe joinl.
( llu..ing painful anhrili s. Ac ute a llad ... a re Ircaled wilh indtlm....ad n .
napr own or othe r NSt\ ID.. but not .... ,itl! uIf,i,.in. whi ch rai-.e.. pla..ma

urale le vd .. at low dll'ol'S hy inhihiling uric acid secretion in lhe renal

luhul e... Co k h icine i.. effec live in gout. II hinds In tuhulin in lcucoc ylC"
.U\d prev t'nl .. ils polymerizillio ll inlo mit·wlubul t's. This inhihil.. lhe

phngol.')'tic aClivily and migralilll1 of !t'llcocylcs to Ihe area .. Ill' uri c al'id
deposilinn. and henl"C rcdlll'e " Ihe inllatntn.tlury re ..po n..es . However,

co rchil·ine l·au ..es nau st."a , vllmiting, diarrhol'a and abdominal pain.

l ' ruph,la clic t reat me nt "r ~nut

,\ lInpu r innl lo we" pla ..ma urale by in hihiling "an thino: oxida se . Ihe

l'nlYlllC fl'''JXm..ihlc for conven ing xalllhine 10 uri c al'id. It i.. u..eful in
pa lil'n1" wit h ret..'u rre nl a lla<.' k..o f gou t.

t'ri C("",,ric drog.....uch a.. "u lli np, ra / nnt" and proht"nccid . inhihil

I\'nal lut>ular reab<.orplion o f uric ac id . increa..ing its cxcrelion. Plenl~
of water ..hould be lak en 10 as'oid ttll: e ry"tall izalion of umle in Ihl' urine.

l bl'''C' d rug..are les~effective and tllllfl' IOxic than allopurinol . lbe)' are
nOfmall)' u....'d in pa licnfS who eannol lolerJ.lc allopu rinol.
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33 Corticosteroids
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mRNA--• .-
The adrenal corte" rdea M:" sev eral vtcmid homm noc, uno the circula­
rion, They are divided by their ;lcliuns into IWOdas'>Cs.
I :\-l incralncor lkuid" , ma inly a ldt~lc«me in humans. have salt-retain ing

activity and arc synthes ized in the cells of the zon a glomcruloxa.
2 (i IUl'\lClfrlicnids. mainly l'u rlisul t hydrocortisunc ] in humans, uttc cr
ca rbo hydrate and prote in metabolism. hut also have signi lic<l nl min er­

aloconicoid activity . Th ey arc vynthevized in the cells of the zona fusci­
culata and l una rcticularis .

Th e release of cort iso l is controlled by a negative fl...-dbackmecha nism
involving the hypothalamus ami ante rior pitu itary tupper tlgure , C!J ).
Low plasma conisol lew is re..ull in the release of co rticotrophin

(adre nocorticotro phic hormone. ACT H), which stimulates corti sol

synthes is and release by activating adc nyly! cyclu..e. Cyclic A MP then

uctiv .ucs prot ein kinase A. wh ich phoxp boryhncs and increases the

acti vit y uf cholcstcrytcs tcr hy drolase. the rare -Iimitmg step in steroid

synt hcsiv. Aldo..rcronc rcJea Sl' b affected by ACT II hut nth l' r fac tors
te.g. renin-angiotensin system. plasma fIllla.s..iumj arc mnrl' important.

The steroids are example.. of gene-active hormones. The steroid
di ffuses into the cells [ lo wer hgure. 0 J where it hind .. to cyrop la..r nic

gfucoconiccid receptors(E I, tu the absenceofcortisol. the receptor is
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inacriv uted h)' a heat shock protein I l--=,Il, Cornso l triggers the release

Il l' h"p9(l and the activated receptor ( GEl) ente rs the nuc leus where it
st imulates (or inh ib its) the symhcsis of protein s. which then produce the

chanll'te ristit: ac tio ns of the hormone (midd le bottom J,

The stero id lnu-mune.. (hyd rlH:lwli"ullc or eort tsoue j arc g iVl'n wi th
a synthe tic mineralocorticoid. uvuully lIu dnICurlisunc (lop rig ht) , for
replacement therap y in patients wit h ad rena l insu fficie ncy tc .g, in

Addbon'" di sca 'oC ). Fu r movt thcra pcunc USl'~ , "'"Ihel le ~hll'IK"iJ rl i­

l"i,id s uop middle ) have replaced tilt, natunu1hormones, mai nly because

the y have litt le or no sa lt-retaining uctivuy .
( lIucIH:urtkuids totten pn'dni"olunl: ) are used to suppress intlumm u­

non,all ergy and immu ne resJll' llsc ." Anti-inflanuuutory therapy is used

in many diseases re.g. rheumato id urthruis . ulcerative colius. bronchial

asthma. seve re inflammatory conditions o f the eye and skin ). Supprcs­
sion of the immune sys tem is Ill'va lue in prevent ing rejection fol lowi ng

tissue trau vplantation. Ste roid s <I re ,llso used to suppress Iymp hoptlil'sj"
in patients. with certain lcukacmiuv and lymphomas.

SII"I1Jids can JII1-Jdun." striking improccmcm in certain di 'oC.I.'I....., hut high

dll"t"" and prolon ged use may cause severe ad\el"W efft."l:ls (right , _ ).

These arc usually prrdirt ablr Inunthr known an ions of lite IIrug"



Cor lic lJlr Uphin rl'll'lI~ing hormone (C Rt l) i-, a al -arnino-ac jd po ly­

peptide wh use ac tion i ~ enhanced by argin ine vasopressin (A DH). It
is prod uced in Iho: hypoth alamus and reaches the 'I<leno hy po physis in

the hypothalnrno-hyp ophysiat portal sys tem. where it ~t imu l alcs the
relea se of cortlcono phin.

C or t ico t ro ph in (A CTH) is processed from .1 large-molecular­

weight precursor, pro-opiomelunr...-onin trOMC l. pre sen t in coni­

cotroph ce lls o f the adcnoh ypo phyxis; its main ac tion i~ to st imulate the

sYlllhcsis and release of romsol (hydrocortisone]. PO!\I C also co ntains
the seque nces for IJ.. /ip{){rupin (p·LPHI and {J-t'lIdO/phil1. which are

concomitantly release'd into the hlood. Corticot rop hin is also believed

to sensitize the zona gfomerulosa 10 other stim uli. which cause nldo ­

ste ronc re lease rt.e. low pla sma Na". high plasma K". angiotensin Il l.

G1ucocorticoids
Mech'lIli sllIs uf a ctmn . Corti sol (and synthetic g fucoconicoidsj

d iffu-.es into target cel ls and binds 10 a cytoplasmic glucocorticoid
receptor Ihat be longs to the superfamily o f ster oid,thyro id (Ch ap ter 3.'i)
and re tinoid receptors. 'lhc ac tiva ted rec eptur-glucocorticoid com plex

enters the nucleus and oind." 10 steroid respo nse etcmenrs on largct

D~A r nnlccules. This either induce-s the vynthcais of specific mRNA
or rep resses gc:nes by inhih iting tr anscripti on fac tors, e.g. NFKB, For

mOSI clinical purposev, synthcuc g jucocomcoids are used bec ause they

hav e II higher affinity for the receptor. are jess rapidly inactivated and
have linle or no salt-retaining prope rtie s.

' l ~ drll('iJrl h.unt" is used : (i Iorally for replacementtherapy; (ii) intra ­
venous ty in ~hod: and ~1~l lUS as rlunuticus: and (iii) topica lly (c.g. oint­

memv in eczema, t·flCma.~ in ulccflI tiv{" colili"l.

Pn·d n i..nlon(' is the mosl widely use<! drug given oral ly in in l1amma­
tory <lnd 'llk rgic d i ~ea ~c s ,

8 elaml'lha slln e and d e\ amelha ..lIne are lIel)' potent anJ han " no
sa lt-rela ini ng al-tions. Th is ma ke.. them e..pccially u:-eful for high-dn ..e

therap y in condition ... sllch as cerehral l>edl·ma. wherc water n:tcnlion
would Ilc <I di sadvantage.

Hecill ml'la'>l llll' d iprup ionale .1I1d hlldl'l;lInid (' p;ISS 111clnbranc..
poo rly and <lfC more ac tive topically than when givcn orally. They are

used in i1..lhma (as an lICf'OM}ll and topicall y in :-evert:'CClema til provide
'1111Cal ami- intlmllma tory aClion with minimal ..y..t{"mie effect s,

Trimnci nulmll.' is u..ed in ..everc aSlhma and by imra -anicular injec ­
tion for local inll ammat ion of jo ints.

E ffecls

Glurocorlicoid~ intluenee 11I01>t cel ls in th{" t>ody.

M f'II/I", /ic fi/ccf.\' . Glu l'oc nTficllid s ;lre cS~l' n l i .t1 for life . lhc ir mo , t
irnpo rt<llli al' lion boeing 10 fa\'i lil;l1e Ihe I;onlll·",ion (If protein to glyc()­
ge n. G lueocortk'nid.. inhihil protein ~ymhesis and sti mulale prot{"in

ciuaho lism to amino aci(h . Glucnneugene., b , glycogcn depllsi tio n and

gluco"l' rd ea-.c fwm thi.· liver arc slimulatl-d but Jll'rip herd l glueo..e
upt ako: is inhibito:d. During fast ing. glucoconicoids are vital to prevent
(pos~ibly f;ltal) hypog lyCill'm ia.

Aflli.;"j/amfll<llory find immI/I1lIJllp/Irf'.uil't' f'fff'l't.~. Conko~lcroid..

have pro found artli-in llOl mlllatllry cfft'ets and arc widely u..ed for lh is

pu rpo..e, 111e)' sup prc..s all pha:-es of the inflan nna tory respon:-e. inclu d­
ing the early swe lling, redness and pain aOO the later pro lifeTaI ive l'hanges

see n in chro nic inllarnma lion . Innarnl1lalillil is supp rl's ~ed Ity severa l

me cha nism... Circulating immuoocompcrcmcclls and mac rophugcs are

reduced and the fon nution of pro-infbunm atu ry med iators, such liSpros­
t;lglandin~. lcucomenc.. and plate lei ac tiva ting fac tor WAF). <Ire inhib­

ned. S tero ids produce these latter effects by stimu lating the synthcvi.. in

lcucocytcs of il pnaein {Tipocortin'} that inhibits phos pholipase A1,
Th is enzyme, located in the cell mem brane . j., <lct iva lctl in da maged
ce lls and i~ rcsponsjble for the for muno n uf arachidonic acid, the pre­

cu rso r of many inf1;lmmalnry mediators (Chapter 321. Co mcocrcrotds

abo suppress the genes encoding for phospholipase A1• COX-2 and the
IL-2 rcc ....pror. The se genes arc nonunlly switched on hy NFd~ but

steroids ind uce the ..ynt hesi« of IKB Ihal binds 10 NFK8 and inhibits it

by preventing ils entry intothe nucleus.

Gfucocorncoids rlcpres.. monocyte/macrophage function and decrcas....
circ uhuing thymus-derived lym phoc ytes (T-celtsj, especially he lper
T~ lymp hocytes. 111t're lease of ime rlc ukins IL, I and IL-2 (necessary 10

ucuvarc and ..tirnulate lymphocy te proliferatio n ) is inhibited. The trans­

port o f lymphoc ytes 10 the site o f <lntigenic stimulation and the prod uc­
tio n of untjbcd y are also inhibited.

'\d\ t"rse effects
Gl ucocort ico ids produce ma ny adverse effects. especially with the high
do~e s required for ami-inflammatory activity. (Simi lar effects an: pro­

d uced by Ihe exee..s COT1ico..tc roids secreted in Cushing's sy nd rome.)

M.'lah" lk rfferts. High dIN'S quickly ca use a rou nded. pleth or ic face
trnoon face). and fat i.. redistributed from lite extrcnuties to th~' trunk

and face. Purple striae and a tendency to bruise develop. Distur bed car­
hoh ydrate met abolism leads to hypc rgtycaemia and oc cusionully dia­
hctc ... Proto: in 10 '0-" fru m skdetal mu..c1cs C<lUSC~ wa..ling and weaknc..s.

l 11b ca nml\ he remedied by dietary protein bet·.lu..e protC'in synthesis is

inhih ited. An inc rea' l' in mll\e {"a tahil lism may cau~e os teoporosis.

8i<.phll..pl lllll a tl'S (e .g , elidrnnale , a lt' nd rumlll' l bind 10hydrox)'ara­

t i t~· l'rys tab and rcdul'e hon e n::~(Jrption. 111ey C;III be us\"d for the pre­
wmilln ;lnd lrca tlllem of conkosternid-ind uccd ostetlporosi~ ami to

treall~lt:(Jpof(l>,is in p"stme no paus<llwomen (Ch apler 34I.
Flltit/ r(".'mioll. hypnkalal'mia and hypL·rten ..inn may IlCl'urwilh com­

pounds Ihal have signi lican t rnin{"rOl lol::(.rt icoid ae tiv ily. Thus. hyd ro­

coniso no: (and cortisone) an.' g..nerally u-.cd only for replacemenl

lherapy in allrt'na l irNlflicieney.
Adrcnal .IIfJlf>rf'S.I·j"". Slemid thempy supprcssc~ corticotroph in Sf'cre­

tion and this eventua lly lead.. 10 ad n.'nal almphy. It may tal l': 6 - 12

mllnth ~ for unTmal adrenal funct illn to reco ve r ol1ce therapy is SlOpped.

B{"C<luse Ihc pa lient's respLlIlsc10 sln.'ss b ~upprt:'s"Cd. additiona l sternid
mu..t be adminis tere d in tim{"s of :-evere sl ress {e,g. su rgery, inkctiun).

Sh:rn id thera py Illu, t he w ilhd rawn Vl'ry grad ually , hel'aUSe ahrupt

wit hdmw al causc~ adrenal insuflic ienl·y .
/n/t'C"tirm,I , There is i ncrea~ed ~uscepl ihil i lY to infectilllls. which may

pro gress unrccogni / ed bee<lu..e the nalu rJ I indicators of infeetillll <Ire
inhit>itl-d.

() Ihrr nml/,Iical;tms inl'1ude p"yehos is. ea t3facts. g];lul'nma. peptic

ulecr.ltinn and thc re' letivatin n of nascent infect iullS(e .g. tuhc rculm is).

Mineralocorticoids
.;Iudfll\:urlisnn e is givcn wi th hy'drOCI' n isone in :ldrenal illsufficie ney
(".g. Addison's dis ..;t ..... or following adrcnalttlomy) ht.-cau..eIht" laller

dru g does unt pLlsse ss ~ufficient salt- retai ning ~ll'livi ty,
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The ovaries and rc-aes. in addition to producing gamete... also secre te
horm ones (mainly 'Il.'l>t ru~l· n.. and andn~l·n ... revpectivcly). '111e !'CCfC­
lion of ocslrogcns (main ly e<ol ra d inll und androgens (ma inly l~ht'>l t'r·

line ) requires ~unlldulruphin.. (Iuh.'ini/.ing hormone. LI t and foll icle
srimulating hormone. FSII), which arc hormones released from the
anterior puuuary (middle top]. The release of LH and FSH is in tum
controlled by the hypo thalamus (lop. 0), which releases pulses of
gonadotrophin-releasing hormone (( ;nRH).

In the h.'sl t'S tr'ight, 0 J, spl.'mMI\llllil arc produced in thc ·,c minifc r­
(I US tubules by a proc ess requiring both FSH and testosterone, the tune r
hormone being vymhcslzcd in the intcrvtitial ccu-, in rccponxc to U I.
Testostcrnnc cau-es Ilk changes thaIoccu r in Ilk' normal male at puberty

(bottom right, sh:u.kJ). ,\ nd r ugt'ns (middle right) arc used mainly for

replacement lherapy in cuvtnucd males o r in ma les who arc hypogo­
nudal eithe r because of pituitary or rcxticulur dise ase. Testosterone is
rapidly' inactivatec1by the liver following om! ad ministration, but syn­
thetic nudrcgens te.g. IIll'slerulnnt' ) nrc active orally. An..hul k'

~ leruid~ t bonom right }have relatively muc androgenic activity and arc
used to II)' and increase protein synthesis alte r major ~\lrgeT) ,1I1d in
chronic deb ililating d i,easc, The' main adverse effec ts \.1' androgen_ and,
to a lesser e xtent. the anabolic steroids an.' masculinization in women
and prepuberta l children and the ,uppression of r-SII and LI-I.

In lhe fJ\ar~- . FSII (and LHj stim ulates follicular development
(middle lefl, A- B)and t'Sln ld iul synt lwsis by the granulu-a cells of the
Iolhclc. In the ea rly follicular pha"C,lhe low e-aradiol lcvel in the blood

(middle left) e~cns a ncguuvc feedback effect on FStl , ensuring that



only the dorni na m follicl e ripe n,,>. Midway lh rou gh the cycle, es tradio l
level s are high and rhiv has u posirive feedbuc k effect on LH secretion.

leading III lilt: ' LH surgl" (bottom rcru that causes ovulation. Th ese
feedback effec ts Ill' es tradio l nrc exerted on the hypothalurnuv (chang­

ing lhe amount IIf G nlU I secre ted) and lhe pituitary gland (alll.·ring il.,

res ponse to GnR H). The ruptured follic le ( I) develops into the co rp us

lureum (EI, which \t.,<:reles oe-arogen and progesterone (mitkllc rem
unlil the end "f the cycle. Duri ng the folli cular phase of the cycle.

oestrogen ' Iimulates en domcrnur prolife rat ion. In Ihe lu teal phase.

increased pro gesterone re lease stimulates the rrtaturution lind glundular

(;nRII ( ~"nad' lnol i n Ii, a tk'<:ap..·pt idc that ~til11ulale' FSII and L1 1release
from the unrcr ior pituitary gland. Pulvatile infu,iom of Gn RH ure used
[0 treat hypot halamic hypogonadism.

Lli and FSII are glycuprolein hormones produced by the ante rior

pitui tary. TIlI:y reg ulate gon adal function.

Infertility
In nuov ulutory women, inferti lity may be overcome pn rvide d that the

ova ry is capable of prod ucing maurre ova and the appropriate ,,>lemids.

C lum ili.°l1 lo arul lamtl\ifcn arc anti-ncxtrogcn s. Th ey work by in­

hibiting Ihl' feedh:ld.. in hibi liun of oestrogens in lhe hypulh alarnu, and

.'0 increa se FSH und LH re tca-c.
( ;unadUlruph ins are used in wom en wholack ap propriate pituitary

function or do nnl respond to ctomtrcn c rhcrupy . Treatment ~Iarh with

dai ly injections of menotrophlu (L11 and FSH in eq ual amounts) or
urnfnllilrllilin (FS II) , foll owed by one or two large dllS\.°S of chorton!c

Ruoadulrophin (mainly LH ) 10 induce ov ulat ion. ,r..1uhipll· binhs

olxur in 20-3W o f preg na ncies afte r lrc atnll"nl. In men with hyplJgo"

nadolrophie h)'p..lgo nadi,m. bOlh gon adotrophins arc sume limes given
10 slim ulate ,pentmlOgene,is ami androgen rdea-e.

Testosterone
Th<, IIlO"1 impn n alll andrug<'1l in human , is le'lu, lerone. Aboul 29<

of les lO">lc ....mc in lhe pla,ma is fre<, an d in Ihe sk in. pmsla[coS\.'minal

\'e.~k' ies and ep ididy nli" it i, cOllwned ttl di hydrole' ln"I<'J1.ln<'. And roge ll
detid loncy is usual ly tre;lIc(\ wilh inuamus.cular dCPOI injeclions of

ICSlo, ll' rone pro pilll1atc.
Errects . AI pu beny, androgen, eaus.c (!<'velopnlCnl o f lh<, 'ol'Condary

,exua l charal'll' rb lk's in lht: malc, In thc aol ull JH ale . IMgc dll'C~ suppre S">
lhe rd eas.cof gonadotrophin, and ca us.c wille ;Itrop hy of lhe inlCl'\lil ial

tissue :md luhule ' of Ihl." Ic 'tes. In Wll l11en. androglons ca ll,e changes.
man y of whkh are ,jmil;lr 10 lho, l' SCl'n in the prep uhcnal mille.

Oestrogens
Es l rlld iul is th t: m;lin oc,Imgen rclea ~ed by' the hUnlim o\'ary. S)' nthclk
(!Cslrogens arc more cffeclive fu llo wint: 1In11 :ldmini">tralion.

Ad H.'rSl;' elTl'Cts("'°e m;tl contral-eplivesj. TIll: Cllfl linuou, admi ni">lrd­
lion of tlC' lw gen, for pw longed pt.'rind., can ea u"o(' allllommi endome­

lrial hypcrpl;t,i aollhno ml al bkeding p:lllcms ;lIld i ~ ,1'Mleiall"ll wilh an
inere;l,cd ind deni,:c (1 1' enllome lr ia l eOirc ino m;1. W hl' l1 a pw!?-e'log('n is

given wilh lhe oe'lnJgen. lhcre b a decreased incidelll"c of IIvarial1and
l' ndo llwlrial cannon;. Thu, owomen lak ing II RT mu~ l aho lake a pm­
ge,ltlt!-l'n unle, ~ lh<,)' ha\'C had 01 hy'Sl<'reeltlm y,

Progestogens
I' roge, logt:n"> a rl' u, ed for hOnl lll llal COlllral'l°plion mill fill' producing

long-lenn o\"ar ian 'uppreS">itln for other PUrr0"l'S (c ,t:0dysnwnorrh oc ao

development of the endometrium, which i"> 111l'n shed in rhe process of
me nstrual ion.

( k',,>l rtJ~cn, (midd le tctu haw many ef fects (bottom len. ,h'lllcd).

111ey an: us\" d for hormone replacement the rapy l Il RT) in prima ry

hypogonadism and in postmenopausal women to prevent hili flushes,

atrophic vag inil is and ucrcopnnrsix. Th ey arc alxo used in a numbe r of

mcnvruat di"urd en; re.g. vp..xmodic dysmenorrhoea) and. in combina­
tiou with prnge~log l·n s. a, conuuccpnvcs. I'rulo:l'SIU!:l'I1S (lOP left} arc

used mainly for ho rmonal contraception. Sex hu m ioncs and ,lnlagoni,'"
are used in 111l' treatment nf ce rtain cancer, (Chapler 4 .~ ) ,

endometriosis hirsutism and bleeding disorders ] when oestrogen» are

contrui ndicated.

Oral contraceptives
l'lIlu h ina lilln llm s contain oestroge n. usually ethinylestradiol. and a

progestogen . Th ey arc taken for ~(l-2 1 days and discontinued for the
following 6-7 day, III al low menstruatjon to occur.

I'ru!:I",>lugen -unI J pill , contain a Inw dose of proge slogen (c.g ,

norerhistcroncj and arc taken co ntinuoucly.

En zyme-ind ucing dro gs, l'.g, phcnobnrhualccurbamuzcpinc. phony ­

toin and especially rifampicin. rna)' cause fa ilure of coruruception.

J\ II'{'h;lnis lll "f actluu . Combiruuion pilb ucr b)' feedback inhibit ion
tin the hypothalamus to , upp reS"> GnRl 1and he nce plasma gonadotro­

ph in secre tion. the reby blocking ovulation. Th es e drugs alvo produce
an endometriumthat j, unrece ptive IUimplantation. OIlie r Fall opian lube

motility and cha nge the composition of cervical mucus. Th e-e latter

eHeets:lre al">ll p....Jtiul"l·dby pmgt:'lugen ..o nly pil l- and appear 10 be the
ha.~ is o f Ihcir cu tHraCcpli\'e acti ons. hccaus.c thcy IInly hloek ov ulalion

in aho ul 25'l of WOllllon.Men~ l ru;ll ion o ften ce;I......s ini liall y with pro­

ge'logcn" bUI u,ually relum, wilh prolonged adminisll"illion . However,

Ih<, len gl h and dural ion o f bk-cding are \'Cry variable.

Ad \{'rse efTe~:h. NtJfl- li/,,-tlJrelltl'lIing ,ide-eHe-cis Ih:ll (lee ur wilh
buth combi nalion pill., and prn ge' \tJgen ' indude break lhrough bleed­

ing, wc igh l gain, changt:s in libido. bre 'I.\1 ~(lrcnesso headac he and
nall"-';l. ('{lillI-illation pill s lllay abo eau,... hir,ul i.\IlI, \'ag ina l yea, t

infl'<:lion, and d..-pre,sion. Ahoul 20-JO'l o f wome n wi ll e~po:rience

"lInt: oflhest: effect s ;md 10- 15% wi ll 'lup laking lhe pill bel',ll t' l"of
thl·m. TIle owra ll incidence of .,ide-effec'" h lowl'r wilh pmge'logen..

only pi lls. hUI brcaklhrn ug h bleeding and irregul ;tr mt:n,,' ,,> arc major

co mplai nl\ Wilh lhe..e dllJg~.

Sl'riOll.~ .lidl'·/1fiTfS arc mre. They incl ude ch o le,t:llic ja undke lmd a
, Iigh lly grealer incitie llCl" o f lhmmht!Crnho lic di"o('asc, for which lhe

o....s lrogen i, appim..nl ly re'ptlll,ibll". Comhi ncd pilh cuntai ning gc'w..

de nl' and d~'wgl" lrci an: a"'ocialed wilh a 'lightly high er incidence uf
'hrumhtlCJJl huli , m. Howevl'r, Ih<, am.ol Ule ri,k o r lh romtJclCl11 htlli \ 111 i">

wry ' mall (about 25 incident"> po:r 10 (100 wo mcn po:r yt:ar). A hi'IUry

of lhrum Oo.lt..rn htl l i ~m o cigilrclle smllk ing. h)perkl1~ion .1I1d di:lbl'les
inl'rca.s.cs lhe throm hn..'lllhol ic ris k u f ural cunl raCt:plio n.

":m('r~~'nQ (O" nl rll(Tpli" n . Eme rgency ,oontrileepl ioll can he pro ·
dUl'ed up IIIJ days after unprotccted intcrcuurse hy g iving lwo Ilu\Cs uf

le\'onorgeslreJ 12 bu un; apart.

Therapl.'ulic Il-rminaliun uf pHogna nC)' . Proge~le rtJlJC sup ports
endome lria l nid:llio n of Ihe fertil ized uv um alld lhe proge, lero ne anlilg­

oni ~l , mil ....pri,IUJIl'. is highly effl'Cli\ie in lerminal ing early pregnancy
(up 10 6.1 day~' ge'lalinn) when used wilh a Jlrthlagl,md in cervical

ripening ..glom (Cog. ge fl1e pm~1 pt:">saric,,>l. Th e main ;H.1 w !"'<e effec ts are
p;.lin and h1t.....ding.
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Antithyroid c:kU95

The thyroid gland secretes two iodinated hormone s called I r iiudul h~­

r onim,' (T.II and l h~rmj"t· ne \ ot h~ro\int'. tcrraiodothyronmc . T~ I.

whic h arc responsible fur the optimal growth. developme nt. function
and maintenance of body tivsues. Another hormone. culc ftonln . h,
prod uced by the pnrafollicular cel ls am l is invulv ...-d in rh...' regulation o f
calciu m nu-tabolism.

Th ... sy nthes is " I' 1'., and '1'4 require s iudil1l', which is nortnutly

ingested (<,I, iodidc j in the di':-I. An active . Ih.I'rOlfO"IIin...J<'T'l'ndenl
pump (q) concentrate, the iud idl' n-) in the fo llicular ccll-, (centre

figure ) where, atthe apical boundary. il is rapidly o:d llil-ed hy per ox i­
dasc 10 the more reactive iudim' 0 °). Th e iouine reucrv with tyrosine

reviducv present in thyrnglubulin t 'oegamucauon". <Il l, and uni" of
'1'1(0) amt '1'4 \ + ) are formed. The thyroglo hul in containing the se
iodothyroninev i, stored in the Iolliclev as colloid (0 l.

Th c ret ca.....• orT, and '1'4 is comrol!...d by a negative feedback systcm

(top figure) . w hen the circulating levels of" T J ami 'I'~ fall. l h)' rol rop hin
(T SII) is relea sed fro m Ihe an terior puuitary gtand and slimubll.'s Ilk'

transport tlf colloid {by crhkOl,:ylOsis ) into the follicular cel ls, Th en . the

co llo id droplet s fu..... with lysosome" and protease enzymes degrade
the thyroglobulin. relea.s ing '1'1 to) and '1'4 ( .) in to Ihe ci rculation .

Roth thyroid hormones acton receptors (R 1 in the pla sma membran e
and on intracellu lar recepto r, tbonom figure) In produce n variety of
<,Ieli on, (ri gh t),

Th yroid hype rfuncuon and hypofunction oc cur in aho.lllt 2% or the
popufunon and. together with dia betes mellitus (2-3% of the popula­
lion ), are the most common end ocrine disorde rs . In (;rOl\l's ' disease .

hyperthyroidism i, prod uced by an IgG antibody that cnuws prolonged
activation Ill' the TS Il receptors and n-xults in e xcessiv c sec retion of T J
and T

4
• Thyroi d activ ity can he red uced with d rug, uun red uce hormone

,ymhesi, (1cft). llr hy thc dest ruc tion o r the gland with radiation (us ing
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01 1) or surgery. Hyperth yroidism often l;,IU>cS inc reased sym pathetic

e ffec ts. which can he blocked with ~-adrcnnCl'plOr anlagoni~ts te.g.

proprano lol ). Gra ves' disease is o nen asso,;:iated with ophthalmopathy.

whic h is ofte n difficuhro control, and may he a disti nct orga n-s pecific
autoimmune diseuse.

Th, rlli rnphin·relea~i n~ hormone (T Ril l is a tripeptide synt he­
sized in the hypothalamus and transported in the cupitlancs of the pitu ­

itary portal venous system III the pituitary gland. where it stimu f.ucv
TSII sy r nhcvis and release.

Th yrotrophin (TSHl is a glycoprore m hormone lhat is released from

the puuitury gland (adenohypophys is). It activ ates rece ptor" on the 1'01­

liculnr ce lls and increases cAMP. which slimulates t h~' synthesis and
release of hormone.s from the thyroid gland. In hypothyroidism 0 1'.

rarely. iodi ne deficiency. abnormally high levels of TSII result in the

enlargement of the thyroid gland (guitrc ).

T.l lind T4. Triiodothyronine .1I1d thyroxine uetraiod othy rnnin c) enter
the circulation. where they are transported largely bou nd to plasma pro­

tein s (W.5 and W .95'l. respectively). The thyroid only contributes about

:':0% of 11K' unbound circ ulaung T.1. the remainder being produced by
the peripheratcnnversion of T4 to T3' T4 may abo be dciod matcd 10

inact ive reverse T~ (rTJ ) accord ing to the de mands o f the lis.sue~ . 1',
see ms 10 he mainl y a prohormonc ofT~.

Ad inns. The mechanisms of ac tion of the thymid hormones are nnl

full y und erstood. but are thought to invol ve his h.aftinilYbinding sites
(receptors ) in the plasma mt·ml,rl/ll/'. mitochondria and nucleus, These

receptor-hormone interactions resu lt in a varie ty of effects, incl uding

increased protein sYnl tll's i ~ and all increase in energy rnctabolisrn . Must
r ecepturs are intracellular, The nuclear rece ptors for T 1 (and ste r oids

and vitamin 0 ) are coded for by a superfamily of genes related 10 Ihe

rts-oucogcncs . Free T l I T ~ enters the ce ll by a carrier mec hanism and

most 1'4 is conve rted IIIT1(or 1'1', J. whi ch binds 10the Cucrmin usofthe
recep tor and indu ces a conformational chunge in its UNA hind ing sire .
Thi s pcml ils the activated rec eptor 10 inter.ll·t with a thyroid horm one

regula tory ele ment in tne target DNA mole~·ulcs . Hem:e. ge ne tr:lll­

scription and prolein synthes is arc slimulah:d ur repr essed .

Hyperthyroidism(thyrotoxicosis)
The hasal melabolic rale is incn·.",:d . causing heat inll llemnce. arrhy th.

mia s and increased appeli le. The skin is wann and moi st. There i ~

increased nervousne1io~ and hyperkines ia. Sy mpa thet ic (lvcrac tivi ty

cau\'.t.'s lachycardia. swe ating and tremor. Ang ina and high -ou tpu t hean
failure may occur. The upper eye lids are relmcled. cau~ing a wide .sl;lre.

Trad iliona lly. young palients have I:x.--en treated with ,llitilhyro id dru gs
and. if thc con ditioll relapses, subtotal thyroidl'l:tomy. Pat ien ts over aboUl

40 years (If age have lx"t."n give n radioi od ine the rapy . Now ildays . )'llUng
patienh may be givc n ul l ami carhimal.ulc may be givc n lonfHt'nn .

Antithyroid drugs
T hi"namides pussess a lhiocarl>,1II1ide group (S=C-N) that is essenlia l
1"01' lheir aelivity . They preVel11 the synthes is of thyruid honllones by

~'ornpc l i livcly inh ibiling lhe pcru~ida~~'at;IIYSl'd react ions necessa ry

for iodine organ ific;ltion . Thcy abo bloc k Ihe <:llupling o f iudotyrosine .
especi ally diiodothywnine foml;ltion. Thi onamides ma y be imm urm·

suppressive. bUI this is l;onlruversial. All the antilhyro id dru g, are

Primary hypothyroidism (myxOftll' lmt ) probabl y result s inmtl~t cases
from a ce ll-mediated immune res ponse directed again st the thyroid

follicular cel ls. l .e \ ol h, ruxlne is the dru g o f choice for replacemen t
therapy (fop right).

administered orally and arc acc urnulutcd in the lhywi d gland. Their
on set of act ion is del ayed untilthe preformed horm ones are depic ted . a
pnll.' e ~ s that may take 3-4 weeks.

Carbtmazote is rapidly convened 10me thimazole ill 1"i1'O. The uim is

to render the patient euthy roid and then to give a reduc ed do se for main ­
tcnan cc . It is ofte n possible to cea se treatment afte r l or 2 yea rs. Side­

effects include rashes and. rarely. :lgranulocytosis (warn pati ent s to

report a so re throat).

I'rup,lth i" urad l is usuall y reserved Ior patients nuolemntro car­
bimazole . lr is associat ed with a high....r incidence of ag ranulocytosis

(OA% ) than curbimuxolc (0. 1'l). In addituur to inhibit ing hormone syn­

thesis. propylthi ou raci l also inhibits the peripheral dciodinanon of T4

and perhaps ha-,an immunos uppressive ac tion,

lud idl's have several poorly understood nction s on rhc thyroid. They
inhibit organiticanon and hormone release . In addition. iod ide de­

crca .'>Cs the Sill' and vascularity o f lhe hyperplast ic gland. ef fects which
are useful in thc preparation of patie nts for thyroid ectomy. In ' pharm a­

co log ical' dose.' , the main effec t of iodides is 10 inhibit hormone re lease

(possi bly by inhibition of thyruglobulin prote olyvis) 'II\d. beca use thy­
rotoxic symptoms are reduced relatively quickly (2- 7 days). lod lnc is

val uable in the tre atment of Ihyr nlo'l it' cr is is n hyroid sln r m '-a life­

rhrcatcrung acut e exacerbunon of allthe symptoms of thyrutoxicosisl.

Iod ine cannot be used for the long-tertnt reat meu r o f hyperth yroi d ism
because us antithyl"llid ac tion tends 10d iminis h.

Prupra nnlol o r at enolot can redu ce thc heart rate and other sympa­

tbcric manucsuutons of hyperthyroidism and provide partia l re lief 01"

vymptems until full control is achi eved with ca rbirn uzolc. jt is useful in

lhe preoperative preparunon o f patients undergo ing thyroidectomy.
Pw prannlol is abo u ~ed \tJgelher wilh hydrocorti sone. iudin e and car­
bima l.Ole in ·th yr oid stor m ' .

Hypothyroidi sm
Ti redn ess and lethargy are lhe mos t com mon symplollls , Oth er e ffe~·ts

incl ude depression uf the basalllletabolic rule. appel ite and cardiac out­

PUI. LOW-OUlput heart f:lilure may occur. The skin is dry. Th yroid hor­

mo ne depri valion in ear ly lifc res ults in irreversible mental retard al ion
and d Wlll'fism (cretinism). and \tJ prevent lhis all newborn infants are

.'i(:rn ·nl·d and replacemenl ther;lpy is give n from birth.

Replacement therapy
Ll'\llllhyroJdnl' .ldm inistered orally is lhe lrea tmenl of choice .
Synt hetic T

4
is lhe sod ium sail of leVtllhyroxine (L-lhyrox ine) . Its

efft.'Cb arc de layt."d until the p la~ma pml ein and tissul' hindi ng .sites are

occupied. Treatm~'nt is aso;csSl.'ll by mon iloring plasma TSH le vels.
whkh fall to nnml ,ll when the op timum duw is achi eved.

UUl hJ roninl' is lhe sodi um sa lt ofT] (Lnd. hccau sl.' it is less pm lein ­

bou nd. it ac!s more qui ck ly than T4• 1lII: main II SC uf TJ is in hypothyroid
coma. " hen it is given \ lOg~·th~·r with hyd rocort isune ) by intravt'nous

injel"liLln.
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36 Antidiabetic agents

Oral a ntlc:liat>~lc
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ieop hane in9Ulirl

meulln zinc

fouspension

(teote '"
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5Hor;:TIIcnNG

oolul:>le ineulin

tneulln lispro

Ineulin aepart.

meml1rane

I"!!lu lln
prepara t ion !!

Cell

611,.1-2

Insulin i-, a hormone secreted to) the p-('e1lsofthe i, k " of l.angcrhans in
the p ancreas uopj. Various slimu li rclea-e insu lin c.) from s[o r.lgc:g ran ­

ulcs {@)in lhe-IJ.·<:d b.l'oul lhclll'''l pOlen!sTimulushariseinpla"na
g luen,c thyperglycuemia}. Insulin toimh to specific receptors, (middle)

in thecell membranes. initial ing a number-of actions 1. 11"'110111 right. shad.:d)
inrluding an increase nl" ghK"N:uriah' by muscle. liver and a<.l ip<N: ussue.

In d ia tlt't l;'S mellitu s 111<' 1"\.' is u relative or total ;t I1WIK,' of insuli n.

which causes reduced gl ucosc up';l~e by insu lin-se-nsinvc li"ues and hns

.....·r inus ,'un...e'!uenCI;S Illli,ldk bottom}. Li po lysis and lIIu.,.,;k prorcoly­

s is res ull in weigh t 10" ami wea~lle" . Th e hlood kn·ts of free f;lUy

,Kids an d gtycerot rise. An eXCe" of "cd )'I-e oA is produced in the liver

and converted 10<la/,m... '/;,. <I ..id, which is then either reduced III {J-

hvdrovvtuuvric ud,/or decurht)\)'lah..'d !Oun'/Ol1c. These 'ketone Ixxlil'S'

accumulate in Ilk- blood.c..using an u,'idosis Iketoacidoviv). Abou t :!j 'l
of di:llx'licl have a severe deficiency of insulin. This tj pe I or inlulin ·
,Il'lll'tIll"n t diabetes is uscociarcd with HLA ant igens and irumunolog­

tea! sc-lccuvc IJ-cd l de vtruc tiun. In these patients . kc!m ;,\ is l '0l11l11l111

ami insulin is required. Variou s lnvulin preparatilln' (Inp kt"U and
rl'!:il1wu' :lre used. Th ere is evidence rhm metabolic control ea rly in the

course nf the diseuse may prevent or delay the nnse l of diahctk' complic a­

l itln~ ttonom ten. sh adcdt, In type II or nen-jucultn-rlependent

d ial H:lt"l lhe adilllogy i~ U Il~ II(1.... n. toul a st rong genetic com ponent i~

prcwm. There il a rest-ranee to cuculanng inluli n, which does. however.

pnucctrhc p.nicm fHl1\1 kClolh, There i~ a rcducuou inthe number of
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insulin receptors a ndthis is oncn iLw:lCi,lh,:d wuh obcsuy, u"'~ of weight

(d il'l and exe rcise) reduce s insulin ' rccivtancc' andcontrols <l ho tlt one ­
th ird of lype II dia betics. Another one- third of type II diabcuc s arc con­

lrolled by d iel together with ural anndrabenc dru~s (tor righO. The
..u lp hun) lurras (.) and rc paglin id l' close KA'lI' channels {middle).

Insulin
In..ulin is a polypeptide co ntaining 5 1amin o acid ..arranged in rwo chainv
(A and B) linked hy disulphklc brid ge.., A precu t..o r. calle d proinsuli n,

is hydrolysed insitk ..tc rage granules 10 form in..ulin and a res id ual C­

peptide. The granu les store insuli n as Cf)'st,lIs com:lining zinc and insulin.

In ..ulin ruleuse. GIUCI~'iC is the most potcntxtimulus for insulin rctcasc
from islel P-I·e1ls. The re is a continuous basal secretio n with su rges at

feedi ng times. Th e p-ccJl s ptJS '>CSS K + ch.mncl-, lhat are regula ted by

muuccllulur AT P (K ATl' channels) . WI1l'n the blood gfuco ..e inc rca..cs.
more glucose e nters the p -cell ..and its metabolism res ults in an mcre a.....

in intracettulur ATP, which cfo..cs the KAT!' channels . The resulting
dcp ol..rizution of the ~-cell initiates all influx of ca > ions thr ou gh
vo ltage-sen..itive Cal> channe ls and thi.. triggers in..ul in release.

Insul in receptors. In..ulin receptors are me mbrane-span ning glyco­

pnueins con sixring of two u -..ubunirs and two J}-suhunils linked cnvu­
lcruly hy di ..ulphide honds. Afte r insulin hinds to the u -subunit, the

insu lin-receptor co mplex enters the cel l. whe re the ins ulin is destroyed
hy IYMlSlllll:r1 enzy mes . The iutcrnalizuuon of the inxulin -recepror

comp lex underlies the dOI'l·/I.rt'!<II/<lIitm o f rec eptors Ihat i.. prod uced by
high level .. of insulin te.g. in obese subjects]. TIK' binding of insu lin III

the receptors ac tivates the tyrosine kina se ac uvuy of the p-suhunit and
initiate .. a cnmp lex chain o f re<l('lioll-s lhal Ie'ld 10 lhe clTec t.. of insulin.

Insulinpreparations
MO..1diabel ics in the UKare now trealed ..... ilh hum an insu lin . Insulin is

admi niste red hy suh!,.·ulaneous inject illn ..nd il.. rolte of Il flsw ll' iol1 c:m

he prnlongeJ hy illl 'rcl/.I'illg III,' fll/rtidl' Ii:e (i.e. cryslals slower than
amurpho us) or by compkling the in_\11lil/ wilh ;i/l( ' or {'rotc/lllill" .

Shurt-lIl'lill!: in ..ulins. Sulublt' in..u lin is a simple Solulion of insulin.
(Onset JOminut....s. peak al:tivi ly 2- 4 hours, su bside s hy l:\hours. ) 11 e..n

be adminislered int rJvcflOUs!y in hypergl )'caern il: l'lIle rgencie" hUI ih

effects only last for 30 mi nutes hy this roule . In sul in Iisp r o and insulin
lIspllrl are insulin anal ogue s tha t have a fask' r onsel and sho n er act ion
lhan solub le insulin.

In terrnedi lll...• lind lun ll: ' lIcli n j: insu lin ... Th ese: have a duration of
acl ion hclwcl'n 16and J5 hours, Sl'llIilente is a suspens ion of amorphou..

insulin zinc. 1.4.·nle is u m illlure of urnorphnus insulinlino.: Oll("~,) and
insul in l inc ('I)'Mals (7{)'l). lhe I.mer prolong ing. the ,1ur.tlion of this
prep,uation .

l"l lilh am: in..ulin (NPU ) is .1 complex o f pw lamine and insulin. lltc

mi xlure is sUl'h lhalno free hin din g. sites rem,lin on the protam ine. After

injel'tion, pro ll'olyli l: en/.ymes dell-rade th,' protamine and Ihe insulin is
ah...orix"ll.1llC durdtinn Ill'NP II is ..imila r 10 thUl of " 'lI/r(ubnut:!Ohour-.I.

niphask liv..-d mi \tur es contain \'<lrious pro puni Ulb of ..o luble and

i_,opllane in..ulin le .g. .'0% soluhle aruI 70'1i, isuphallcl. TIlc soluhl e co m·

punent givc,sa rdpid on .....1and lhe isuphane insulin prolong.. lhe <lcl ion .

I :h ra lcnle is a ..u..!X"nsion o f poorly ..ol uble in..ul in t inc er)"tals thaI
h:1S:l dural ion (If up 1035 hours. Th e long Juration o r ultnllenlc can le:lll

to in..ul in an 'lIlllulatinn and d:1I1g~·rou.. hypogl ycaem i<l .

Ad H' r s......11'1'('1\

Hypu!<ly("( /I'miu cauSl.'lJ hy in..utin owrdn.... or inaUe4ualc ca lorific

int, lke is lhe nlOS! commnn and mo..t se rious co mplil'lltioll 1>1' ins ulin

cauving dcpolarizatjou o f the p .celh and increased insulin release .

,\ cur buse delays the ubsorption of glu cose following a menl. The glila­

l lllll'" imp ro ve se nsuivity 10 insulin . Type II diabcricv n01contro lled hy

diet and oral antid iabe tic drugs req uire insulin inje ctions. These lend 10

he the thinner patients who lack the urst phase insulin response ,

treatme nt. w hen severe, coma and dea th will occ ur if the pat ient i.. not

treated with glucose tim ravcnousty if uncon..cious j. i nsulin <llIIih<" Ul',I ,

All insu lin.. are immunogenic to some e xtent (bov ine mo st ] hut

immunological resi..lance to in..ulin is rdre,

/.ipohYl'r n rophy is common with all preparations of insulin hUl10l' 111
allergic reactions utrhc injection sit.... are no w ver y rare.

Insulin r e J,:ti m ellS

Mosttype I diabetic putictus use a regimen involving a short-ucung insulin
mi xed with imc rmcd iarc-ecring in~u lin injec ted ..ubcuiancously twice

dai ly, before breakfast and be fore the eve ning meal. Mo re lk ma nding.

uncnsive control regim ens. designed 10produ ce nccr-normogt ycaenua.
red uce diabet ic complicut jon.. lIefl, shade d). One ..uch regi me n is an

injection of inrcrrnediatc-acnng insulin. to provide a background level
of insulin, and ...nluble in... ulin rbrec lim....s a da y before meals.

Oral antidiabetic drugs
Su lphunyhlf('lIs arc indicated in pat ient s (especiall y tho se near their

idea l we igh!) in whom diet fa ils to control rbe hypcrglycacmia . hu t in
uborn JO'l control is not ..chi....vcd with these drugs. These agent s ..tim­

ututc insul in rekase frulll the pan('re atic islels ullll so lhe pati l'nt must

have p<lrtillll.\"!lmctio//<l1 ~1 ·('/f.1 for these drugs 10 hc o f usc . (llipilid...
and J,:licll /ide have rela tive ly shun half-Iifes and .m: commo nly trieJ

lirsl . (ilihendamide has a longer uuratinn uf al:lil1n and , an he giv cn

once d;li ly. lIowevl·r. the re i.. more ehanl:t' of h) poglJil"acmi a and

gl ihcncla mide sho uld he avo ided in p..lient s al risk from hypogly­

cac mia (e,g. the e1dcrly ), Th ese palient s tIlil )' he more sarcl)' given

lnlhula m id l" , whic h has the shone"1dura lion of aCliun.

1\ ,11'1'1".1'(' ('ji i'I'I.I'

Gaslwi me..tinal disturhances and ra..hes t1ol·l:Ur. bUI are rarc . llypogly.

caemia and h)'ptlglycaemi c com,1 rna)' he ind uCI'd hy 10llger-aclin g

dru gs, t'lfll'd<llly ill d dl'r/y IXl/klll.I'. Su lphon ylurc:ls are contr.!indicaled
in severe (espedally ke tot ic ) h)'pc rglyeal'm ia_ surgery and majo r il l­

ne ~ s. \\ hen insulin should heg iven.

Kl'll a ~linidl' is a Ix' nlamido derivativ e wilh a rapid onset and short

dUmliun of act ion. II is lakcn al lhe unset of a meal to pro v'idc a su rge o f
in..ulin rel ease during dig<' slio n with a n'du ced ri... k of intl'rprandi al

hypo glycaemia.
IU!:uan id ...... \ t ...lrurmi n act .. peripherally 10 inc ,I_'l· glucose up take

by an unknow n mech anism . As il dot's nOl inc r se in..ulin release. it

nlrely causes hyptlgl ycaemia. Advers l' c fli:c ls inelude nau .....:l. vomit­
ing, di<llTh oea and. very 'lCcasitlll;lIly, fat ;t1I'll·tic acidosis.

Aca r lJlI...... inhibits inte ...tinal {f·gl ycosidases, dela yin g the digestion
of slarl:h and SUC fO_,e. II is laken with mea ls and lowe rs lhe poslp mn dial

inc reiL'oC of bllllld glucuse. Its ma in side--effec t is f1al ulence .
( ;Iilalonl'" Uhi;llOIid ined innes). Thcse /lew drugs increa ..... se nsi ­

tivil y III insulin lJy binding 10 thl' nuekar PPAR-y receptor :md. by
deI'Cprc, siotl . illl'rease transcription of cenain insul in· se nsil ivc ge ne ....
Th ey are giwn in ('omhina tion with melfomlin III' ,ulphonylureas.

TI1l' glitam nes have no dcmon~ t r:t lt'd ad vml1ages ova olJa tl1l'mpies

and the ir Inng-lenn safety b unk nown.



37 Antibacterial drugs that inhibit nucleic acid synthesis: sulphonamides,
trimethoprim, quinolones and nitroimidazoles

cc-tetmcxazcte tela
coml?inat iol1 of

trimcthoprim and
sulfa met hOl<il zole

t rlmn hoprim

• I
Rcill><e<l DNA
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nalidixic acid
norfloxacin
c iprofioxacin

··
Nltro lmlda zolee
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• t inidazole
•

rifampicin

5uperc;ollc.::l DNA

The sulphonamidcs were the lirst drugs found to heeffective in lhc trcut­
rncm o f sys temic infec tions. However. they are no w of lillie im p ortance

bec aus e of the develo pment of more effective agents that are !l'ss [oxic.
Also . runny organ isllls have developed res jsra nce 10 sulphonumidcs .
Their principal usc alone is in the treatment o f urinary tract infec­
tions caused by sensitive Gr am-positive or Hram-ncgutiv c organisms ,.

There arc man y sulphonurnides amI 11 few examples arc given
toge ther with thei r general struc ture (top righl). They arc structura l una­
Iogues of p -arninobcnzoic acid nop lefl). which is essential for folic
acid synthes is in bac teria . The sctcc ttve t" ,kit~' of the sulphonamides
dependson the fucr that mammalian ee l" take up Iohuc supplied in the
die t. but susce ptible b;K:len a 1'II:k this ability and musl syrubcsize folate.
Su tphonamides com petitively inhibit the enzyme dihyd roplt'male
synthetase (_), and prevent the production of fulutc required for the
synthesis of D;..IA. The sulphonarmdesare bacteno... rauc agents. Their
mOSI important side-effec ts are ra"hc s (common). renal fai lure and
blood dysc rasius.

T r il1l l'lhop r im (bouom left ) a(I Son rhc same m...t;lhtllie pathway ,, _~

sulphonamides. but is an inhibitor otdihydrofolate reductase (0 ). II is
selec tive ly toxic because its affinity for the bacte rial enzyme is 50 000

• Bacteria are c1:l"i ti~ by lh<-ir shaP<' (e".:ci at\' spherical. OOci lli are rod ·
shaJII.'d l ;1l1" man)' by whether lGr.tm"l'0s iti_e ) or not tGnun·negalivel thcy
n' ma in sla irlCd with rncthy! \' iuler afte r was hing ...vith "",·lnne . Th,- rctcnuon or
nul n r mdlr yl vinld n"tleds iml'n n artl " illerenees in the ha" leri,,1 cell """l is,

R<'

time s grea ter than its "mnily for the human enzyme. Trimethoprim is
widely UM.-d in urin ary tract infec tions. A combinalion of trirncthopnm

and sultarnerhoxazole (l'n-tr irnu\ :Ullh.". len ) may produce a sync rgtstic
action and increased activity uguinst certain bacteria. Co-uimoxazolc is
used mainly in the treatment of respiratory infec tion".

Th e q uinelnnee (middle rig ht j inhibit DNA gyrasc , an enzyme that
compresses bacterial DNA into supc rcoils ( q ). To til the cum pam­
uvcty long . double-strand...d DNA into the b..ctcnal cell. u is arranged in
loops [relaxed DNA , b ouom right l, which arc then shortened by super­
coiling. 111L' quinoloncs are bactericidal because the y inhibit rescalin g
o f the DNA strands rhar are opened in the supc rcoiling process. Eukar y­
otic cells do 001contain DNA gyrase. Ci prllllo \ad n is a broad-spectrum

umibacrerial agent. hnponanr properties of the ...uinolones are their good
pcuetrution into tissues and ce lls (d. penicillin s). their effectiveness
whe n given orall y, and th... ir relatively low toxicity,

Th e 5-n itruim idawlcs. e.g , metronidazole [bottom righl). have a
very wid... spec trum and are active ugains t ana...robic bacteria and some
protozoa (C hap ter 42 ). The drug diffu ses into the organism where
the nitro grnup is rcduee-d. During this reduct ion process, chemica lly
reac tive imcrmcdiatcv arc formed that inhil:Jit DNA synthes is an,j}or
damage DNA. impairing its function.

Rifampici n prevents RNA transcript ion in many bac teria by inhibit­
ing DNA--dependent RNA poly merase (bonom righl). Resis tance to
rifampicin ...uickly develop s but in combination with uthcr drugs it is
important in the treutmcm of tuberculosis (Chup rer 3')).



Selectiv e (uxid ly

The use of chemic als 10 try and erad icate para vites, bacteria. viruses or
cance r cel ls in the bod y is called chemotherapy. It depends on the dru gs

being selectively tox ic , i.e. toxic 10 Ihc ce lls of the paracite. but 001 (10 0 )

toxic to the human hO~I. Bacteria have many biochemical diffe rence..
from human cell.., and some an tibat erial drug .. arc "Irikingl) non-tox ic

to humans.On the other hand , because cancer cells are ,.;0 simi lar to nor­
mal ce lls. mo..t anncancer drugs show linle selective toxic ity and there­

fore produce se rious adVCThC:' e ffects IChapt:l'r ·H),

8 acleril"'lat ic age nts inhibit bacterial growth. ...hile ha cte r lctda l
agents ac tually kil1l he org anism. Th is distinct ion i~ not usually impor­

tant cl inica lly. a... bo-a-defence mechanisms are involved in Ihe final

e1im inalion of bacterial pathogens. An exception i.. the treatment o f

mfecuons in irnmu nocom promised pat ients (AIDS. corti costeroids.
anticancer and imm unosuppre..sam drug s), ...hen a bacrericjdal age nt

should he used.

Re..lstan ce to ant imicrobial dru gs can be acquired or innate . In the
latter case, an entire bac terial species ma y he resistant to a drug before

its mtroducnon. For example. P,WlIdOmOlI<l.l' aeruginosa has always
bee n resist ant to Hucloxacilhn. More vcrioux clinically is acquired

reslsnmce, where bac teri a that were OIKe sensitive to a drug become

resis tant. Mechanis ms responsible fur resist ance to antimicrobial drugs
include thl" following.

I In ;lelh alin~ enzymes th a I de-.truy th e d ru g, e.g. ~-Iactama.-.es

produced by man y sraphytocccct tr ucuvurc most penicillins and many
cepha josponns.

2 Decreased d rug accu mulat ion ,Tetracycline re-auarce occurs where

the bacteria l ce ll me mbrane becomes impe rmeable 10 the drug 01" there
i.. increased efflux.

.\ Al l ~ral il," uf bi nding sues . Amin ogl ycosides and erythromycin

bind to bacterial r ibosomes and inhib it protem cyr nbesis. In res ista nt
org anisms. ltv: sites of drug binding may be modi lied so that they no

longer ha ve affinity for the drugs.
~ '-"" t'lupm!;'nl of a ller na lh e nll·f4lbol k pat hwaj s. Bac teria can

become resi sran r ro sulphonamides and trim crhoprim because they pro­

duce mod ified dih)'d ropteroate synlhelasc and dihydrofolat e red uctase
enzymc s. re~Jl'C\:t ivc ly, ....hich hav e lillic or no affinity for the drugs.

Antibiol ic-resislan l baclerial populations can develop in sevcral
....a)'s.

I SCII'i:tiun . Within a pnpul,llion there will be snme bacteria with

acqu irell rc~is tml(,:e . The drug thell eliminatcs the sens itive organi~m~

and the rl"sisHl nl fonns prolifenue.

2 Tr;msfcrred re sisfa ne... . Hc re . the gelll' th'lt code s for the resis tllnce
mel'hani,rn is transferred from one organ ism to another. The mllibiolic

resisl'lIIee genes may be carried in ph .smids. .... hich are smal1 l1utono­

mou sly repli cati ng e~ tmchromosnma l pieces of D:"olA .... ithin the baCle·
ria . The plasmid_, land thl"reforc anlibiotic re,i,tance )can be Iran, ferred

from one org anism to anOl:her by nmjlfR<I/iml lIhe fonn ation of a
lube belwt'l' n lhe org an i..ms ). Many Gram ·negali ve and some Gram ­
posi live bacleria can conjugate. In trlJludlu ·/ion. plasmid D:"olA is

t EJd,<,ri, 'hi" coli is 1I Gnun-neJ!3Iivc rod;ood is Ihr '"""" common cau..... of uri·
IIlIr) 1I'3<.1 m fe<.1 ions .

enclosed in a bacterial viru s (bucterlophage rand transferred 10 ano ther
orgunivm of the same species. Thi s is a relati vely ineffective meth od of
transfer , but is cli nica lly important in the transfer of resislance genes

bet...een strain .. of staphylococci and streptoc occi,

Sulphonamides
Sulradialin... is ....1.' 11 absorbed follo ...'ing oral adm inistrati nn .

Sulphonamidcs ....ere usc-d 10 treat 's imple' urinary tract infection.. but
man )' ES('herj('hio coli t strains are re..ivtan t and much lees toxic drugs

are no.... available . Sul fadi az ine in com binauoe w ith pyrimethamine is
used in infections of Toxoplasma gondii,

Ad verce errects
The most common sid e-effec ts are alle rgic reac lions and induOe skin
rashe s (morbill iform or urt icari al ), someumes w ith a fever, Much k!i.s

common are more Sl'riOlJs reactions. e.g. the Ste vens-John son syn­

drome. which is a form of ery thema muhifonne with a high mortality

rate . Various blood dyscravins may occur. rarely. incl uding ngranulocy ­
tllS!S. aplastic anaemia and haemolytic anaemia (especially in patients
with gjucosc-ti-phos phodehydrogcnasc deficiency ].

'I'rimefhnprim is well absorbed ora lly and is effective in mo...t

pauenrs wit h simple lower urin ary tract infections. It is sometimes used
for res pirator), tract infection s. but it has relatively poor act ivit y again .st

Slrt'f'/ ot ·,XTII Spneumaniae and Strep IOCO('("H pyo/(e nes.

Ce-rrunc xazole Ilr imel hnpr im combined with su lfa melho\alllle).
Becau se the vide-e ffect s o f co- m moxazole are main ly the same a..

those tlf the ..ulphonamides. ils use is no .... largel y restricted 10 trea t­
ing pane nts .... ith p" , uIII(}("p tis rarinii pneumonia. nocardiasis and
fO-wplo ,\/IU/sis.

Quinolones
~alidi\ ic acid was the first quinolone found to have antibacterial ecuv­

uy, be t jl doe s not achieve sys lcmic anti bacl eri al leveb and has bee n
used on ly for urinary trac t infections. C ip nJHm .al'i n has a 6- f1 uom sub­

sli tuenlthat con f<"r'; greatl y enhance d antibacterial potency again st hUlh
G mm-posit ive and especi all)' Gram.n egat ive organisms, including E,
('oli , Pselldolll(IIIOSOefUKi"wtl, Salmonella arnJ Caflll'_\'/oha( ·ler . So far,
rc,i stan l'e is urn;ommon. Cipmfloxacin is well absorbed orall)' and can

he: giwn intravenousl)' . It is e limin..ted. largely unchanged. mainly by
the kidneys, Side-effccts are infrequcnt but include na usea. vomiting,

ra, lws. diainess and hClldad lC. Conv ulsions ma), occ ur beclluse the
q uinolnnes are GA BA ..ntagonists. Nnrlhn;adn has no systemk ,!Ctiv­

ily, II is concentra tcd in lhl' urin l.' lind is a second-linl' drug in urinary
traci infcclions,

5-Nitroimidazoles
\I clronida zol l" is ...el l ahsorhed orally and can be given intraven ·

(lUsl)'. II is aClive againsl mosl alla<.'robic bacleria incl uding Ra("/t'ro id<,s

species . \1elronidazo1c is lhe dru g o f cooice in cenain pRllo zoal infec ·

tion s. i.e. Enw mof'/Jt./ hiswlytiClJ. G ia rdio lamh lia. Tr i('h" mO/ws "ugi­

nali.f \Chaple r 421. Side -effecl s inc lulk ga...tminteslinal di slurbances.

Tinida znlt' ha... simi lar aclions to me tronidazole bul has a longer
du ....ltion of ac lion. It is use ful in giard iasis ....here the high doses of

me tron idazole ma) be poorl)' loleraled .

"



38 Antibacterial drugs that inhibit cell wall synthesis: penicillins ,
cephalosporins and vancomycin
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The structures of the penicillins uop Id H ami ce phalosporin- Unp
right) share the common feature Il f a 13- I:lctarn ring (Ill. the integrity
of which b essential fur antimicrobial activity. Modification of groups
R1 and R! has resuhcd in many scmiv yn thc ric amiblotics. soene
of ....hich arc add recivrum (and orally acuver . have a wide s!X"\.'I­
rum of antimicmhial ucuvuy. or arc resis tant to h:ll:[crial l3 ·!aclamases.
Othe r fl-Iaclams have been developed that are res i'tant lull-Ial"'arnascs
l1Jo11nm lell). The penicillins (lell ) nrc the most important antihioricx;"
the ccphalosporinv trightj have few spc.:i lic indications. The !3-lart .nn
antituuncs urc bacte ricidal, They produce their antunicrobi al action
b)' preventin g the cIlJ,,-lin"age berwecn Ihe linear peptidoglycan
polyme r chains that make up the cell wall, e.g. hy a penragtycinc
bridge ( . 1. This action is because a pan of their struc ture ( _ )

• AntihiOlin are ...hennuhc rapeunc a~<,nh ma<.l<' by' livin~ lIlino-urgalli,ms
rather thanhy' chemical symllcsis.

resemble, the u-alunyl-n -ulanine of the peptide ch ains of the bacte rial
cell wall.

IknlJ lpt'ni d llin was the first of the penicillins and remains import­
ant. but it is largely des trnyed by gastric acid and must be given
by injec non. l' hl.'ntn ) lI\t'th)l pt'ni dllin has a virrular antimicrobial
spec trum. hut is acnve orall y, Many bacteria (including most vtuphylo­
coccu arc resistant to bcnz ylpcnic ilfin because they produce enzymes
l!3-bctamases, pcnicillina.sel Ihal open the 1l-I<Jc"tam ring. The genetic
comrot o f Ii-lac"tamascs often recidcv in transmissi ble plasmid,
(Chapter 371. Some penicillins, c.g . l1udo\ill'illin . are c uccnve aga inst

fJ-lal"t'UTI;I.,e ·produeing staphylococci. Gram-negarivc . but nOI Gram­
positive, bac teria possess an outer phospholipid membrane tha t In:!y

co nfer penicillin res i~l an.:e by hindering ucccsv IIf the drugs ttl the cell
w<J11. The h rund -sp ertrum pcnicitlins. such as allw,idllin and a m pi.
d llin . arc more hyd rop hilic than benzylpenicillin and arc active again"

some ( Iraut-ncguuve bacte ria because they can pass through pores in
the outer phospholipid membr ane. Penicillinase-producing organisms



arc resistan t to amoxiclum and ampicillin. The antill~t'udlllllllnal

penicillinx tbouom le ft) are used mainly fo r the treatment of serious

infections caused by P.ll 'lIdOlIWII<J.I <lul/gino.m.t

Penicill ins have a wry [ow toxicity. bUI high concentrations (renal

failure. intrathec al admin i ~t"'ltion ) may produce encephalopathy. wh ich

can he: f'ltal . H) persenlOil hit ) i" the most important <;.idl"-effl,."l' t of the
penicjllinv, which ma y' cuu-,c ras hes and . rarelyt , anap hjlarfic r euc­

tionsrhat are fatal in about 10'-", of t·a<;.c<;..

Penicill ins
HI'nl)lpt 'nidllin is still a useful annbiotic hut it has a ' narrow spectrum'

of activity. mainly against Geem-po-ulve organisms. Ben zylpenicillin

i<;. effective for trea ting pneumococcal. s treptococcal. mcnin goc occal

and lcp tocpiral infections. It is also valuable fo r the pwphylaxis of

clos tridial ga.. ga ng rene. Mo"t SI<lpll.rfon,n·lIs 'lIIrt'1I5~ no w produces
pemcillmase. Benz ylpenicillin is add lahile and i<;. rh...rcfore poorly

absorbed orally. It is give n by int ramuscular inje ction . hut large dll"e s
arc painful and arc given intravenously . Penic ill in dit'fll 'SC ~ widely

through the body tissues. but pcncrrunon into the brain i~ poor. except

when the men inges are inllam ed , Foll o wing intramuscular injection.

peak pla sm a levels occ ur aft...r 15 - .10 minutes and the dru g b rapid ly

excreted lIargcl y unchanged) b)' the kidneys. Th e e limination half-life

(1112) i ~ normally :m minutev. hu t b prolonged to ubout HI hou rs in
anuria. The renal tubu lar sec rcnon (If penicillin can be inhibited b)'
organ ic 1lCid~ vuch as pruben ec ld and this res ults in high... r and more

prolong......plasma conc entrations.
Pheuoxymethylpenicilfin hus the same spectrum as bcn zylpcni­

cillin. but is [ess acti ve . It is ucid slable and is given orally. However . i t ~

absorption is variable and it i ~ only use ful fur very se ns itive (lrgani,ms.
.... here a rapid ac tion is unnecess ary (s trcprococcal tonsuliuv j. Phenoxy­

methylpcnicillin isuseful in the prophylaxis o f rhe umalic fever.

I' e n id llinll _'l'-rl'lO isla nl pe n idll in s- lIu d U\ aci llin

F1udoxal:illin is indicated in infeclinn s l·aU'l-..... by penicillina...e-producing

pcnieillin .res i~tan t ~taphylot:Ill;l:i. It is U sl·misyntht·tic pcnidll in and is
resistalllto penicillinase bcC(lllSe an ]sn xalolyl group al R I ~Ier ic a ll)'

hin...... rs al:Ce~S of thc enLyme to the 1l.laclam ring . FlucloxacilJin is It'~s

dfl,.'l:ti ve than ben z)'lpenicill in and ~ hou l d only bc u'>Cd in infe ct ions

ca u<oed by penit"illlna ..e-pruducing ~taph)' lococci (w hich includes mo st

huspita l-,Ietluired staphy lococc al infect i(IDs). F1uclo xacillin i~ well
abo,orbed orally. hm in severe in fet·ti(ln ~ it ,..,hould be gh'en hy injection

and nol bc u,,-"<I alone. Epidl' mic ~ t ra i ns ofSluphylnCtIl"ClU1I11 r t'IlJ r'(', is­

lam tOlllcthici llin (MRSA ). l1udll x,tci llin an '" olhl'"r antihiolics art' an

ilKrl'"ltsing problem. e~ped:llly in ho~pilals. Such infel:lions arc bc~t

lreated with intr avenous v,ulclllll yci n.

Uroad.spet"lrum pt'nicillins
,\ mpkillin ,md a mm;ic illin are :1I.·tl\·...aga in" non-jl-Iactamase .pmdocing

Gram-po.lsit ive hacteria. and het:a U\l' they diffu se into Gram-negati ve
bacleria mo re read ily than hcn l ylpcnicillin.lhey are a lso acti ve ,lga i n~t

man )' s\nlins of £.Icheridliu coli. 1J.u·m0l'hi l i I injlm'II; !/(' and Salflumd ill.

t P ,,, ·/,, I"''''''I<I.\· ut'n,~i'lIJ." <I i, a (i nlln·nej:alive hacillll~ rc,i sl"nl I" man )' ;tl1 li·
hi"lies. II eml cau~ sen" us npp"rluni,lil' infL'elions indudinj: pncum" nia an<l
>cpllca.:mia.
:l: $'''I'''.I'',,,·''n·u.I <I/lrf'''_' i, a Gram-positive etll,:CUS. It is a tontl1ll-111 l:au'"
or inft'l:ti"m iocluding boils. wound inft'l.'1ions. pneumonia. t'oo"eardilis arMl
sep'l<"a<'mla.

For oraladministration. arnox icilfm is the drug of choice, because it i ~

Ix..ncr absorbed than ampicillin. which should be given parenterally .
Amoxicillin and ampicillin are inactivated by penicillinase-pre..Iucing

bac teriu. Organism , that arc rcsisram to amoxicillm include me..... t

Staflh.l'/OCtJcT/U uurrns, 50 % of £..dtrridti" cof i stra in, and up to 15'l
of flmwlOpJlilis il ljlllt'II::Ut' strains. Man y bacteria l fJ-lac tam a"l"s arc

inhibued by d iJm!IlIl ;" acid. and a mi xture of this inhibitor with llmux­

k ill in Ico·amu\ id il\') result s in the antibiotic bei ng effective again ~t

pcnicillinacc-producing organisms. Co-emoxictav is indicated in rcspt­
ratory and urinary tr ac t infections. which arc confirmed to be re~isumt

to amoxivilhu.

Anlipst'udolllllll al penicillins
l>jpt'r:lt:iII in.llllocil1in and ticurcilfin are g iven by injl,.'l:t ion fo r w rious
infection s with Gram-negative bact...ria . es pec ially p ,\l 'u, l"n/imas

lIt' fU,d /l(>.IiI . Th cy can be combined with amiuoglycosides fo r the initial
trcanncm of serinu~ infection te .g. se pticaemia. endocarditis) whcn the

bacterial C(IUse has nut bee n identified,

Cephalosporins
The cephalos porin antibiotics an: used for the treatment of mcningitis.

pneumonia and se pticae m ia. Th e cc phalospo rins have the same mccba ­

nisrn of uc uon as. and similar pharmacolog y to. penicill in. 111c)' may

produce alle rgu- reactions and cross -scnsiuvity to penicillin ma y occur.
The y OIl'c excreted mainly by the kidn.' ys and their actions can be pro­
longed with probenecid. Th ey 1111 hav e a similar broad spec trum of

unnbacn-rial activity. al though ind ividual drugs have different activity
ugainsr certnin bacteria. Ce fadrll\ i1 i ~ administered orally and is used

in urina ry tnlel infections where rh... organism s are resistant to tither

ar uibiotics. Ceru ru xlme IS give n by inject ion often as a prophylactic in

surg~ry {usuall y with melronidawlc 10 pro vide co\'er againsl anac r­

ohe s) . Ccfuro xim l'" is resistanllo in,lCtiva tion by bacterial fJ-lat"t,tmases

and is used in se riuus infec tions when other antihiolics an: ineffective .
Cl'fi a l.idi lllt' has an increilsed ran ge of acti vit y againsl Gram.n...gative

hactcria ind ud ing p ,\·f'wJomOIl /l .\' {/('ru~illm". bUI is less :Icti ve than
cefufllxim... ,tgainst Grarn-po~ilive organisms (e.g. Slaphy!rJl '!Wn lS

WIre /iS). 1l reach"", Ihe central nerv ous ~yslem and is used in meningi tis
cause d hy G ram .n egative organ i~ m_,. Ct'll r ia w nl' has a longl'"r half·life

than ot her cephalos po rin, and onl y nt'Cd ~ to bc given once a da y.

Olher ~llIt" l a lll anl i h iot il~

~lerllpt'nt'l1l is a t"arhapenell1 (a st ructun" similar III penicillin ) hut is
highly rcsis t:lrtt to 1l.[,It·lama~es. It has a wide spectrum of al·tivity but

i~ inacti ve agaimt ~Ol11e P .\{'lItiomOlItH slmi ns and MRSA. [I is givell hy

intravennu~ injet·tinn .

Vancomycin
Vancumyc in is a bactericidal antih iotic that is not absorbed u rall)'. It
acts hy inh ihiling peptidnglyt"an fonnation and is at:tive aga inst most
Grnm.po.l~iti ve organhms. I n t nl vt'nou~ vancomyci n is illlpl.lrt:lI1 t for

the lreatrnerl\ u f patil'"nts with septi cul'rnia or endocarditis cail"l"d by
mt'thit·ill in ·r...~ist:mt slrains of Sfllphylo('ot'{'I/,' /ll/rf'I/S. Ii is Ihe dru g

of choice (given untlly) for antihilllic-;tssoeiated pscudnm em brarmus

colitis (a se rio us complication of ;mtihiotic therapy c;tuscd by a supe r­

infl,.'l:t ion of the bowel by CIOJtridi ll 11l ,IlIJidlt' . wh ich produces a lO\in
that damage~ the co lonit' mu cosa ). Rarel y. van.:omyc in may ca use

r""nal failure or h"';lring loss.



39 Antibacterial drugs that inhibit protein synthesis: aminoglycosides,
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Thi s group of anubiotics acts by inhibiting bacterial protein synthes is.
111CYare selectively toxic because bact erial nbosomc uhe , itcs of pro ­

tcin synth" si" , consis t o f a 50S and a J(15 subunit. whil e mammalian
ribosomes have a IlOS and a -l()S subunit.

Pr oteins ere bui ll from amin o acids, on ribosomes ( C) . which

mow alon g (1- 2- 3 ) strands of messenger ribon ucleic acid (mRNA,o)so that success ive codons ( LLJ) pa_s' throu gh an acceptor (amino­

acy l. A SiIC,_Ifor spec ific tran sfer RNA (tRN AI molecules lhal bear

the next ami no acid (top right. • ) required 10 elongate the peptide
chain . The letracycunes ttop len) and am inn~l,cw.idt"S t bonom left)
bind to the .' OS suhunu and inhibit binding of the aminoacyl-tRNA.

In add ilion . the auunoglycosi des ca use misrt'fIIJi"x {If mRNA. so that
non -functional proteins are synt hesized . The next step in peptide

syn the~ is i~ tran spcpriduuon (2). where the growing peptide chain
(-00-), attached to the P t pepridyl, c:::J ) Sill.'. b trans ferred In
the amino acid (.) uuachcd tn the i.Imino;It:yI-IRNA ut the A site.

C hlnr a mp hl,' nk ul lmiddlc righl ) inhibits pt'plidyl transferase activity

of the 50S ribosomal subunit. Following transpeptidation. the peptide
chain is transloc ated from site A to P (3) so lhal the A "ile is ready to

accept the next am inoacyl -tRNA. The IImcrlllidcs (bottom r1l!ht J hind
to tho.' 50S subunit and illhihiltral/s/of.'lJtitJll.

1hc am im~I),'-'t~idl'<;. such as ~l'lI l amkin . must be giv en by injL-;;ti ("l.
They arc vahrable drug s in the treatment o f severe infe ctions. but arc

likely 10 produ ce nephrotoxi c and ototoxic ettecrs. The Iclr ac)di nl'!'i

are orally active . wide -spectrum antibiotics. but increasing bacterial
restvance has red uced their usefulness .\ Iacr olid\'!'i (e.g. er, l hro m) cin l

have a similar antibacterial spectrum 10 benzylpenicillin. Gram-positive
bacteriaarc more scnvitive to erythromycin lhan Gram-negati ve bacteria

because they uccumutate about IOOtimes mort: drug. Ch lnr a mphenk o l
is etfecnve agai nsl a wide range o f urgani sJIl'>. hut se rious ~ itle-effet:l.s

tc .g. aplastic anaemia I restrict its use.



Am inoglycosides
The a mi nllglYCllSidl"!> are not uhsorbed orally and must he g iven

by injection. They arc bactericidal and are active again~t many Gram­

negative and some Gram- posit ive organisms. The aminogfyco sidc s have

a narrow therapeu tic index and are all potent ially toxic . They an: ex­
crcted hy the kidn ey. and renal impairment results in accumul ation and

a grea ter risk o f tox ic vide-effects. The mos t im port ant side-effects of

the ami noj,:lycosidl' s are damage to the VI11th crania l nerve rutotovlc­
ity) and damage 10 the k id llc, s. The se effec ts are dose related . and

assay s of blood .umnogt ycoside levels should be car ried (lUI regu larl y

on all pa tients receiving ami noglyc~ides. A mmogtycosides ma y impair

neuromu scular nanx mis vion and arc therefore contraindica ted in p.uicms
with myasthenia grav is.

Resistance 10 amirm gly covides arhes from several roecharusms. the

rnosr important being the prod uctio n of enzymes (p lasmid con tro lled)
that inactivate the dru g by acetylation , phos phorylation or udenyl.uion .

Othcr mech anisms are the alte rations o f the envelope to prevent drug
access and alte ration o f the binding vite on the JUS subunit so that the

drug docs not bind (s treptomycin only).

(;t"nta mic in is the mo-t importan t uminoglycoside, its main use being

in the ' empirical' treatment of acu te life -threatening (Iram -ncgutivc
infect ions Ie.g. P.\t'I/([omollaJ Iwntgil1lMal in hospi ta ls. until uruihiotic

sensniviries arc kno wn. Gen tamicin may have a synergistic anti micro­

bial ac tion with peni ci ll in and vancomycin. and combinations wit h o ne
of these agen ts are used in the treatment of streptoc occ al cnd ocurdni s.

Amikaci n i, le,-s affected by amill/lglycos idc-inac1ivating enzy mes and
is used in se rious Oram-ncg.utvc infections that arc gentamicin resis­

tant . ~t'lilmid n is cl aime d 10 be less toxic than gcruarnicin. :\ eOlIl' cin

is too roxie for paren teral use. II is used topically in skin infec tion s and

urally to ..tcrilize the bowel prior to su rgery .

Sl rl'plum}'dn isuctive again st Myt"l!/Jl/l'tt'r ilJlII tuncmdosis. However.

beca use it C.IUseS dose -rehued olnluxidl, . especially with prolonged or
inten sive therapy , it has bee n large ly repla ced by r ira m pici n (Chapter

37). Resis tance rapidly ..kvelops to rifamp icin atone. and in the t reat­

ment ur t ubcrcuhe-is . it is combined with i'llnia /id , et ha mh ut ul and
pyraemamide for the first 2 month, of ITe-atme-nr. Then treatment

is continued for another 4 mont hs, usually with rifampicin ,lOd iso ni­

az id. ElhamhuloL isoniaz id and pyraJ inam ide are aelive un ly againsl
M. 114 /J I.'f(·u /osi.t hut the ir mecha nisms of at·tinn are unknown,

Macrolides
l\1acrulides" are usually g iven o rally but er,l hrlllll,'dn and c1arilhrll_

m"cin can lIlC given imrave nou, ly if nece",ary . They have a similar
anl imicro bia l spec trum to bcllly lpt'nidllin (i.e. narrow spt'ctru m.

mainly ac tive aga inst Gram-posilive 0rJani, ms) and can he used as an

alte m.uive drug in pt'nici ll in-sensi live p'llicnts, espcd ally in infel"liorls
ca uS4'd by stre ptococci, staphy lot-ocd, plle umOl:ocd and d (&trid ia. tl nw­
ever. they are ineffecl ive in ml' ningili, bcc.llI, e lhe y du not penelntle

lhe ccntntl nervous sys lem aOe"luatcly. Unlike penicillin. lhe mac rulidcs

• Macn,lide: a mallY-llIcmlicrcdlaclUllc ring '" whk h line or more densy 'uga,-,;
are anadll>d .

are effec tive again~t several unusual org anivr us and arc specifically

indicated in M.w·op1<l.v llu pneumoniaeand Legionnaires' dise use. Resis­
tance 10macrohdes may occur beca use o f plasmid -con trolled alte rat ion

of their rece ptor on the .'iOS sub unit of th",bacteria l ribosomes (reducing
bind ing j.

Er, -lh ru m,'cin is met aboliz ed by the liver and dosage redu ct ion in

renal failure is unnecessary unit'S, there is severe failure . 11k:macr olidcs
are ve ry safe drugs. Erythromycin in high doses may ca use nausea and
vomiting bul lhesc etf..sets are less common with azi thromyci n and d ar­

ithrom ycin . Azuhromycin has a very lo ng half-life (40 - hOhours) and a

sing le dose is a, effective in the treatment of ch lamy d ial non-spec tnc
ureth ritis as tet racycline administered for 7 days. The mucrolid cs inhibit
cytoc hrome P450 and cause accumulation o f war fari n.

Tetracyclines
T rlrac, -d ines are usually g iven orally hut may be given by inject ion.
Ab,orption from the gu t is variab le and is reduced by ca lcium ions

(m ilk). magnesium inn, te.g. antacids ], food and iron preparations.

Tetracyclin es are broad-spectrum antibiotics . bUl there are more suit­
ab le agents for mos t infections. However, they are the dru gs of choice

for treating some inf..x rtons caused by intracellular orgnnisrn s. beca use

they penetrate macrophage s we ll. e.g. Chlamydia (non-spec ific urethri­
tis.trachoma, psi llaco~ i s), rickcnsia tQ·feve r) and Horrelia lmrgdorfl'ri
(Lyme dise ase ], Or!!anbm~ sensitive to tetracyc lines accumulate the

drug partly by pass ive d iffus ion a nd part ly by act ive lransport. Resis tant

organisms prod uce an ef flux pum p and do not acc um ulate the umibi­
otic . Selection of microbial populations follow ing the widespread uce

o f tetracyclin es m rhe pas t ha' resulted in many resistant strains of strep­
tococ ci, staphyloc occi, pneumoc oc c i and coliforrns. The genes for

tetracyclin e res istance are transmitted by plasmid s and art' close ly a\ , o­

ctar cd with those for other drugs to which the organisms will also

be resistam ti.e. sulphouamidcs, amlnoglycocidev, chloramphenicol].

Tetracy clines bind to ca lcium in gw wing tones and teeth. Thi s ca uses
d iscolora tion o f the l..seth in lhe young, and tetracycl ine s should be
avoided in childre n up \II 8 years of age and in pregnant nr lactatm g
wom en . Diarrhoea and nausea may occ ur. Overgro wth with Candida
alnicans in the mo uth or bow el ~t1me time.s kads tn thrush.

Chloramphenicol
Chlnramph...nicol is gin-n ()fally IIr by intravcnous injecti" n. It i, effec­

tive against a wide ran ge of org anis ms. Unfonu nalely. serious side ­
effec ts, which includ... bone marrow apla-sia (inciden ce abour I in
40 llOO---usually fatal). reversi l:>le (dO'<C-relaled) suppression o f red and

whi le blood ce lls, enn'phal llJlalhy and opti c neurilis . res trict its usc.
Chlol"amphenicol is indicated in lyphoid feve r and Ha emophi hu inftu ­

en:,,/, meningiti" II is melahoti ~ ed rmlinly in the liver and penet rates
widely, including the orain. Chl omrnphenicol inhi bits the melaoolism
of ot her drugs and may potent iate the acti(ln ~ of plK'nylOin, su lphnnyl­

ureas and warfar in, Pe rilld ic blood counts are rel.juircd . eSfll"Cially when

the drug is given in high doses. for a long lime. to paticnl s wi lh renal

fa ilure. or to neonates. The laller cannot melaholize lhedrug rapidl y and
acc unm lalinn cau ses 'grey bab y ' syndrome. i.e . pallor , abd om inal d is­

If~n"ion. vomiling and co lla!,,'oC.



40 Antifungal and antiviral drugs

Antiviral dr-ug"

INHlatT PENEITi:ATION

ama ntadine

==" y·gloi:>ulin

INHt61TNlJCl EIC ACID.. , -
SYNTHES~

acyc lovir
ganc lclovir

ANn I1EfRO>'IRAlDRUG5

zidOVlJdine
nevtrapme
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Il'squinavir
ritonavlr
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zana mavir
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Antifungal drug~ I
POLYENES _ · · ··"Wi:"'i,';~·;t

amphotericin ,
nyfltatin

IMiDAlOLES -,

mlconazolc :l ~~~
ket occnszcle
clotrimazo!e ,

TR~~~n:z~e ""

,trs.QClIla7.ol;:

f1 u cyto~l"e "

griuofulvin

terbinllfine _' .

".

Fungal infl't'linns (myn~l's) may he superficial or sys temic . the latter
occurring moxrly in immuno c om promiscd llil1il'nlS(A IDS pmic ms. <.'OT­

ricosteroids. anticancer d rugs). There arc nor many effec tive antifungal
drugs (left) and the first -fine drug in sewn: and potenti ally fata l sys­
temic myCI)"l'S, amphotericin. is highly to~ ic. Amphutericin is a
po lye ne antitnouc th at interac ts (k it _ j with ergosterol tE ) in the

fungal cell membrane and forms pores through which CSM:l1 li,1 1fungal

cell convtuu cms arc lost (---,), The dr ug is selec tively ln~ ic because
in human ce lls the major stero l is rh olcvrc rol rather than v· rgm t.... rot.
Flu e;\"lusint· (bottom Idll is much less roxie than amphotericin. but its
use is limited because it has a narrow spect rum and resistance can
deve lop rapidly du ring therapy. Flucytovinc is convened in fungal
cells. hut nul in human cells. imo Iluerour acil (c::::> J that inhibits
DNA synthesis (Chapter ·B ). Till: imidawlcs Ileft . c::J l, which are
widely used topic ally. are hrend- spectrum antifungal drugs that ,1Ct by
inhibiting crgostern l ~ynthesis. The tri a , ollos (Iefl. _ ) are newer

drugs. structurally similar to the imidazolcs llut with a wide r range of
anrifungul activit)'. They have a lo.... cr incidence of adverse effects
because they are much mort' specific inhrhitors o f I,lnosternl n ­
demerhyluse 11.0, bonom tern. an action that results in inhibition of
ergosterol syn lht'sis. G rist.'oful \ in is given orally and is useful for some

derrmnophytc infcctioo s. particularly scalp ringworm. Connrmcd der ­
matophytc infect jons of the flails or skin arc treated with ter-hinafin e
that inhibit-, squale ne cpoxid c (SE) and Ieilds turoxic levels Ilf s4uale n~'
accu mulat ing in the fungal v'elis {bot10m left I.

\ 'iruws arc intr.ll:ellular parasites th.ll lad, illdepcnde nt mclilhol ism
and can replica tc only wilhin living host cells. Bv-..:ausc the ir repliclllilln

cycle i ~ S(J intimald y connected with the metabolic processcc of the
host ce ll. it hits proved extremely difficult to prod uce drugs thar arc
selectively toxic to viruses. For this reason . vuccincs have been the

main method for cuutrolling vira l infec tions (e.g . poliomyel itis, rabies ,
yellow fever . me<lsle". mumps. ruho..'l lal. Some e ffecnv c antivira l drugs
(righll have been produced and. although they arc of limited U"C , they
have transform ed lhe treatment of seve ral disease". notably lhosc
caused by herpes virus infection» . Viral rcplicauon involves several
slt' p., (righl figure ). Amantadine andy-glllhu lin (tnl' righl ) inhibi t pen ­
crruuon of the cell h)' the virus « f'; J, hut mOSI ant ivira l drugs (centre
right ) Me nucleu..idc a na l...~u~ -ihat interfere with viral (and often

hum an ) nucleic acid synthesis. Nc'AWdrugs. e..pccially aCJclo \ tr . are
mo re se lectively ant iviral bec ausc they arc inactive until phosphory­
latcd by enzyml'S that are preferentially synthesized by the virus .
,\ nt ir l't ro\ in tl dntgs (midd le righlJ arc u.......d In suppress the replication
o f human imnmnoddiciency v i ro~ IHIV) in pillients with AIDS.
Rt's i, unee 10 ..ingle drugs devel ops rapidly but lhe use of prorca....·
inhibitors tc.g. sllq uina \ ir I in combinauon with two reverse transcrip­
ra-e inhibitors (c.g. lidm -udin l' and laldtahinl' ) has ledto a dramatic
reduct ion in A IDS·associllled morbidity and ruort nlity . Unpleasant
adverse ef fects are common b UI il is vitalthat ann-Hlv drugs are raken
continuou..ly tn prevent re..Israncc developing . In lcrfewn- alfa i ~ an
untiviru l protem thill is normally produced by leucocyte». Recombm ­
ani interferon -H lf" is given hy inj':: l·tinn in lite lrealrnCI11 of l'hwnic
pt'"istclll h.:: patitis II and in com hination wilh rihavirin in l'hwnic
hqxltitis C.



Fungal infections
There are three main groups of fung i rl uu ca use diseuw in humans.

I Mou ld s (lilamenlous fung i)grow as long filamell1s rhar tmenwtne tc
form a mycelium. Examples are lhe (lermatvphytt'I, so called because

nftheir ability 10digest ke rat in. which cause infectious of the sk in, nail,

and hair, and A.~/lt.'rRillll.~ fllmi.~<l/IH, which may cau...... pulmonary or
dissemiruucd aspe rgillosis.

2 True 'e.... ts are unice llular rou nd or oval fungi, e.g. Cr:rP'O("l>fTII.i

!/rtljorml/lU, which may cau ...... rryptococcal men ingitis or pulmonary
infections. usually only in inunuuocompromiscd patients.

.\ Yea<;! , lik e fun~i are simi lar 10 yeasts hut may also fo rm long non ­

brunching filame nts. An important example is emu/ida alhirans, whic h

is a common comrn ..nsa l organism in lhe gut. mouth and vagina. It
causes a wide range of di ,ca'l's incl ud ing oral thru sh , vagi nitis . cndo­
ca rditis and septicaemia totten fatal).

Polyenes
Amphnl",ri dn is u wide-spectrum ant ifungal drug used to treat potcn­

riafly fata l systemic infections caused by asperg jtfus, candida or crypto­
COl;CUs. II is poorl y absorbed umll)' and is given by intravenou s

infusion. or iruruthccully. when the ce ntrulnervous system is invo lved.

Adverse effects are very common and most putie r us develop fever.
chills and nausea. Long- term therapy almost inevitably causes renal

damage, whic h is revercihle on ly if detected early, Amphotericin for­

muhned in hposomcs is somewhatless Itl~ic.l')sla t i n is too toxic fo r
pa renteral U\C. II is ma inly used for Can<iiduathirans infections of the

skin (cream or oimmenu and mucou s me mbranes (Iahkh sucked in the

mouth, vag inal pessaries). O ropharyngeal ca nd id ias is (thr ush) is one of
the mos l common Icajures o f AI DS and is sometimes a sCljucl 10 Ih.: USl"

of broad -spec trum antibiotics. anticancer drugs or conicocreroids.

Flucytosine
Flu cyrocinc is given orally or hy imruvenous infusion. It is al;live

only aga insl yca~h and is u.....d mainl y to treat syr.temic ca ndid ias is
or cry plocOCl;al infl"l;tion s. As re.~i St alll; e oft en devclop~ rapi d ly,

fluC)los ine is often given in combinalion ",i lh amphoteric in. The drugs
act syncrgistiully and the combination is effeclive in cT)'ptlK:occal

men ingilis.

Imidazoles
ImidaJo les are widc-sjl<.'(:trum ant ifungal drugs to which resi.slance rare ly

develops. Excepl fnr ke tlK:Ol1aLolc, lhe imidazoles are ponrly ahsorhed
omlly. f: lolr im..zo le, fi'OOlllule ;md mictlnOlzule ure widdy used lopil;­

ally in lhe treatmelll (If de nmllophyle and Ci/ndid<lll'hi('mr,~ infC'Ctions.

Mkuna mle is used int ravenously in syslemic infectio ns in p:tlicnt s
who c;mnot loll"rdll: ampholericin, II may l'a use o;lUsea and vo miting.

fa il11nl:ss and anaph)' la:o;is. Kl'locuII;Irule is we ll ahsorbed ora lly. and hll.'
heen used in the lrealment of local und sy'>ll'rnic rn)·co.....s. Ent husiasm

for " elocona/.I.le ha ~ declined beca use it may causl;.' hc palic nel'rosis

and adT<'nal su ppre-..ion.

Triazoles
t 'lucu muole may be given tlm lly IIr intravenously and ha~ bt-cn '>ue­

eessful1y used in a widl' range of sup"'rlici:l l and sys ll'mic mycose'> (nOI
ASfH-',gillus ). Unlike kelOl;onalOle, it is nol hepuloloxie und docs not

inhibit adrenat steroid syn thes is. II ral'u nu/Ul e is absorbed orally and,

un like the im idalOles and ffuconnzolc. it is ac tive ;lguill-~ t A.IJWI"!>:ilfll.l.

AntiViral drugs
I)ruAs that slUI) the virus e n lerinj.!; nr lea\' i n~ lite host cells
Amanta d fne interferes with the replication of mnuenza A by inhibiting

lhe transmembrane M2 protein that i, essentia l for uucoanng the virus.
It has a narrow spectru m and influenza vaccine is usually preferable.

Zamullhir is a new drug t h at specifically inhibits both influenza A

and B neuraminidase . an enzyme that i'> ne-ccssary fur the release of
virus from infect ed cells. The drug reduces the duration of symptoms if

give n within 41' hours of the onset of sympnuns. Ir is also effective in

preven ting influenza in healthy adu lts.

"tG lnhu lin. Human immunogfohulin cor uainv specific antibodies
ag;lins t superficial an tigens o f viruses and can ime rfere with the ir entry

into the hos l cells. Normal im mu nog lobul in injections are used to giv e
temporary protection against hepumis, A.

DrtlJ;:s th at inhihil nuctetc add s_\lllh l"si s
Ac, chn'ir (aqdng.uanosind. The herpes viruses. e.g. h('rl't'.~ simplex

(l ISV) and varicella :;1I.1'ft'1" (VZV) . co ntain (I thy midine kinasl" uuu

converts acyclovir to a monophosphmc. Th e monophos phate is sub­
sequc nny phosphorylated by host ce ll en zymes 10 acycloguanovine

triphosphate. which inhibits viral DN A polymerase and viral DNA syn­
thesis, Acyclovir is sclccuvcly toxic because the thymidine kinase of

unin fectcd host cells activates only a lillie of the d rug. and the DN A

polymerase of herpe'> virus has a muc h higher affinity for lhe activated
drug than the ce llular DNA polymerase. Acy clovir is ucnve aga inst her­

pcs viruses bu t dnes not eradicate them. It is effect ive topica lly. orally

and parentcrulty. and Ihl.' appropriate route depe nds on the site and

severi ty of the infection. Acyclovir is widely used in she treatment of

IISV ge nital infec tion s and high oral doses are effective in treutin g

severe shingles, a painful condit ion caused by reucuv arion of a previous

inf<;.'{:' Iion with VZV (i.e. chickenpox),
( ;andclu\ir nm ,l be give n intravenllusly and , hl'c ause of its tox icity

(neulropenia), it is used on l)' 10 trea l severe cytomegalovirus tCMV)

infeClions in imm unocompromiscd pa tients. C MV is r(.'sist:mt lo acy­

clovir because it dues nol code for lhym id ine kinase.
l id on tdi n", inh ihits HIV and is used ord lly in the trealmelll of AI DS.

Th l' d rug is act iva led by tripl e phos phorylation und tll..n binds 10

revel"'C tmnscriptase , for which il has 1lI0 times the aflini ty Ihal it has

for l;ellul(\r DNA pr..ly merases. Th e drug is inwrpor(\led illlo the DNA

chuin and, bo,.-.:ausc il lal;ks a 3' hydroxyl. another nucleotide can nOl fonn
a 3'-5' phusphlxlic,>ler bond and so thl" DNA l;hilin is tenninalt:d. Sortie

patknts ca llnUlIOlerale the severe sidl"-l.'fft.,t: ts. wh ich incl ude anaem iu,
nculropenia. myalgia. nuusea and hl"ada..hes, Othn nuc k os ide reveThC

lran s..riplaSl.' inhihi lurs indurle didanusine and laldl;lhine. Newt'r.

rnm-nu cleoside inhibi tors incl ude ne' "irapine and efe,iren1..

Prul t'a se in h ib itors
In IIIV. mRNAs are Imns laled into inl'rt pu lyprolc ins, Th ese are thcn

l;onverted irllul'ssenlial ma ture protl" ins (e.g. rever...... transc riptase) by a
virus.specitic pro tease. Inhibitor" of ' HIV prol ease ' , u-.cd in com ­

bimltinn with ot her drugs. ind mlc s:tlju imn' ir and riluna \'ir. Adve rse
effee!". incl ude Il;\USCa, vumiting . diahetes and lipr.ldyst rophy,
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41 Drugs acting on parasites. I: Helminths (worms)
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" ' ~' ,
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I'a rasutsm is a rclation,hip where one biological ~pt."C ics lives in a
dependent associmion with another. Although rnic roorgunisms such
a" bacteriu may beconsidered 10be in such a relationship. o nly the pro­

tnlUa and helminths arc generally referre d to as parasi tes. They typi­
ca lly are cu knryoric and have complex life cyc les. Onl y a few parasitic
disca....s are common in Great Britain te.g . rhreadwonns . giardiasis:
Chapter 42). hut in tropical and subtropica l areas, where abundant
water and high temperatures provide an optimal environ ment for the
larvae and intcrmcdiutc vector hosts te.g. mosquitoes ), paraxitic dis ­
eases arc common and wide spread. Overcrowding. malnutrit iun and
1:'11:1.. of sanitation facilitate me spread of diseuse and as many as 1()(J(1
million people may be infected with p'lfas ilcs . Drugs play an important
part in thc trea tment and control o f parn viuc diseases but mhcr method s.
e.g. vector cont rol hy insl'l·tic idl·s and lund drainage. are also important.

The helminths arc worm s that nre muml (ne m atode... left) ur Hat
tpla tyhelmiruhs. rightl , The f1:.1t WI>nlIS arc div ided into tape worms
rcestod es. bottom righl) and Ilukcs (l re ma tndes, lop rightl , The ner­
I'OM .{yslI' m in ht'lmi nths has important differences from that in verte­
hr.ltl's and these form the basis o f the scfecuve toxicit y o f mevt drugs
used to treat infections with worn", (illl thd m intks l. Nematode mus -

d es have both exc itatory and inhibitory neuromu scular junctions, the
transmitte rs being acetylcholine (ganglion-type nicotinic recep tors ) and
y-al1linuhUlyrie add (GABA l. respectively. l. l'va misnll' (centre left )
st imulates the nicotini c recep tors at the neuromuscular junction and
causes a spas tic panllysis that results in the worm s bcmg e xpelled.
Ive nuccun tbotrom ldt ). a new drug effecnve agai nst most nematodes.

may enhance GAB A-med iated inhibition at lht' neuromu scularjunction.
whi le piperall:in l' (ce ntre left) mOl)' act as a GABA agonist. Both dru gs
cause flaccid paralysis of the worm s. GAAAergic drugs are in­
e ffec tive again st trematodes and ces rodes becaus e they do nor have
periphera lGABA('r~ i c nerves. I' r a / illllmlll'! {righl l, a h ighly effective
agent. induces muscular con tracnon and spas tic paral ysis in these
parasites hy increasing.calciu m fluxes. Some a mhelrnimics have quite
wei l-charactenzed biochemical actions. In part icu lar, the benzimidazole
dcnvuuves . e.g. mehendazole (centre left l, hind to l3-tuhulin in nema­
todc cel ls with a much higher affinit y than they do to humun tubu lin.
and bloc k the transport of secretory granules and other organelle s. The
mcc ham-rn o f action of some anth elmimics is unkno wn. e.g , dierhyl­
ca r hamaame. a drug used in the treatme nt of lymphatic filariasis.



Nematodes (roundworms)
Ascar i5 tnmhricoides (common roundwonm infects the gut lumen

in abou t 25% of the world 's pop ulation. The wonns. which are betwee n

10 and 3fJer n long. are common in the su btropicv. especially in areas
where sanitation is poor. Treatment is with omlmebendazele or levumt­

so le. "ipt'"ral ine is also effective hut may cause vomi ting and diarrhoe a.
II IMlkwurm h, infecti on o f thoc gu t with either AII(·.I'/lJ.\ t<Jma t!/Il J(/r·

nail, or Necator americanus, These sm all worms (about I em long )gri p

the mucos a and take II little blood Irom rhc hu..t each day, Hook worm is

a common ca use of u cn-dericicncy unuerma in tropica l and subtropica l
cou ntries. :'\Ieocndawle is e ffec tive .

Slrunlt} loides infect s the gut. hut ma ny PCllP1c infected with these

small worms(2 mill long ) arc asy mptomatic. Treatment is with tla be n­

dazete . al hendatule or lverm ecun.
T h re:ld worms (pin worm]. tnrccnon with Emr m hiliJ vcrmicularis

(about I e rn lo ng) is very common, especially in child ren. Prurnis ani is
the ma in symptom, Female worms deposit eggs o n the perian al skin and

this ca uses irritatjcn. The larva are o ften reingesied via the linger; and

this maintains a cycle o f autoinfec tion, The whole family is uvually
treated with rnebenuazole .

\\'hi pworrns. Trichur is Ir i("h;(IIII';" causes nuecnon of the gut lumen .

often toget her with th l'tlr is and hookworms. Li~ht asy mptoma tic tntec­
lion is common. :\Jebt'nda lole i\ effec tive .

F illlr ilil inf('Ctiun s . Both the adult and larval trnicroulariae j form s

of the filaria e occur in humans. Tmnsmiseion is by the bin- of blood ­
sucking insec ts.The adult wonns are very long-lived . and the shedding

of microtilanae lusts for m;rny years. The severity of the disease depends

on ItH.' aduh worm burden of the Im,1.

Ly mphatic fila r ia, is is intc-ction. usua lly with w nchereria b an­
aof,i, Rrugia ma/a)';or B.nmori, caused by the hite of mosquito vectors.

Adult worms living in the lymph atic vesseh, cause path{llogil:al change-,

lhal mity result in olNruct ive Iympho,.-dem;l. Ahoull)() Illill ion people

are ink cted . two -third, (If lhem living in Chin:l. India and Indoncsia.

Ont'hul,-erciasis is inkl,.'tion wi th Olld"H."t'rnl \'OiI'lIllf," and O\.'Cur;
ma inly in lropi cal Africa and ('enl ral America. Tnln ,mi" i"n is by lhe

Simulimn hlack ny, Mosl human infectious are acq uired near rivers

hec;\u,e lhe se aft' req uired by the blad .lly to brt.'Cd. Ikalh o f the
microlilar iac in the skin causes l,.·hwnic pruri tis. and in lhc co~a eve n­

luall y causes scarring and hlindne" (river blimlness )_

Dielhyle;trbamaz ine i1 nd ivennel'lin are used in mari al ink-ctions. TIle
treat ment of nn<:hocercias is was for many yeaI' wilh dit'lh) lea r ha m­

aline , which kills microfilariae (hy an unknow n mechanism ) but mll

adu h worms. Unfon unately. killin g the mkrntilariac e"al'e m atl's the
disease. oft en wi th sewn." reac lion, where there arc lesion, in lhe eyes.

1\ ("rlllC{'l in causes much less e illacerlxltinn or thedi""ase and is now the
Ircalmelll of cho ice ,

TOMH.:a rhl sis is c;luscd by infL'l:lillll with lal'i al fonm ofTm Ol'lIm !'Uni.1

or T ('{IIi, Eggs shed in the faeces of dogs and calS are inge' led (mos t

oll~n by' f;hildren) and release larvae . which 1:ll.'C1H.llCdi\"I:minalt>d tonMny

organ s including the eye . Dead worms evoke granuloma Iormarion and

may cause bhndnc........ Tre atment is with d ielhJ karhamaline. which kills
mignl ting worms but cannot affect libro,ing lesio ns alre ady present.

Trematodes (flukes)
Sc hi,hl'to m iasi\ (bilhaTliasis) is infection with flukes of the genus .'khi.\­

Ifm",k /; these ttukcs affect the bladd er and urinary trac t (S,htU'mll/oPillm)

or intestine (S, mansoni, S.jlll''''';ClIIII j. The secondary hosl is an aquatic
Snilillhal rele:lse ~ cercariae into the water. Children are infected curly in

life by playi ng in infec ted wate r. Treatment is with praziquantel.
whrrh is effect ive in all fluke infec tio ns (eIllCl.'pl lhe liver fluke F ml'io{f/

''''//( //;('t/ I.

Cestodes (tapeworms)
Taenia sag inata and T. ,Wllillm infectio n, occur aher caring under­

coo ked infected beef and pork . respectively. The scolex evagiruucs
from the inge sted cys ucercu- (larva l ~ lage ) and fixes to the gUI wall.

Then. seu-rcmlc proglonids develop. The worm may he 5- 10 III long
burotten causes n osym ptoms,Fi,h tapeworm (D iphyUobrolhrilllll f<l/llmj

infection i~ obnnncd hy eating infected uncooked lish. I' r a l.i<IIHlIl lt·1 i..

effe ctiv e in tape worm infections.

Anthelmintics
,\] <'hen<laltlle. t iahendazule nnd :l1Ili'n<l;1I.I 111'arc bcuzimidazolcs given
o rally. They have a wide r ange of ac tion. es pecially ugainst intestinal

nem atodes. Me helldazo le and alhendalOle bavc few sidc-effech. pro b­

ably beca use they have low sys temic bioavailuh ility .
I .evumlsolc i~ very .. Ifccriv c in roundworm intccrious. h is g iven

orally and paraly ses the wo rms. which are rhcn expe lled in rhe faeces,

Le vami-cole very rare ly ca uses nausea or vo miting.

Iverrnect in bind... to invertebrate GABA recept ors with an affinity

about 100 rnne -, grl'ale r lhan that for vl'rt chnne ren 'ptnrs and Ill;IY

paralyse the womls hy irKfCasi ng GARA -nled iated inhibilion. 1I0w­
e\'er, rece nt studie, sugge'l thai ivennee lill ;\clivale, a g lutarnale.g mcd
l-hloride channel found onl y in invertehrates. Ceslodes and lremahxles

lack high-aflinil y hind ing siles for ivennec;tin and ~(l t he dru g is inef­

fcrtive against these hclminths. Ivcmlloctin i, :lClive agains t the

microhlariae of (}nf"l, I )('l' r r U 1"II/1·"/'1.\ but not the adull wonn. lt is ;llso
highl y effC1:tivc ,lgainst asc<t ria,is , ent erobia,i , . trkhuriasis and

strongy loidiasis. h emlCcti n is g ive n orally and has few ~ i dl'- e ff"' ls, A

single do se of the drug. givl' n every 6-12 months.contro h, bot d'M:s nOI
cure. unchocc rci;\sis .

l' r ;lI iquantel i, g iven orally and has no ' erious unw lmlcd l'ffecls,
II is highl y c1Teelive again sl many lrelll:ltodes and ces wdes (h UI

nOi ncm alOdcs). The dru g is taken up by susceptihle hc1mimh s and
increases mCll1hnlllC pcmlt'ah ilily to calcium. Th is causcs a spa~t ic

paral y.,is and deta chment of lh..- womlS. Pl'rhaps mo re important ly,

praziquanlel dalllages lhe legm entum. ca using activat ion o f hllSl
defence Illechanb ms and dcsln....tion of the hel minlh,.
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42 Drugs acting on parasites. II: Protozoa

6 100d

~ch i zo"ticlde~

euram!n

me1;rOM'da zo le

m~rOMidawle:

dl loX8Mlde

co- t.rimOl<Jlzole
pent amidine

metronidaz ole

etil:>o.:llucoMate

Tl')'pano~omla~ i ~

G ia rd i a~l~

Amoeuic dy~e"tel')'

PMeumocy&t.o~ i ~

Tri c homo" ia~i~• •• ••

Blood

Erythrocytic et .aqee

•• •

• ••••

I!}-16 day~

.. ...

SporuzoiU~

Liver

Pre-erythrocyt ic o r t iOO LJC

5t.3.l1Ca

"":::.
" '
""""'.'.'.'.'.'
~~""

Malaria

P'la5modi um "p.
P. is tops rum
P. viva )!

P. malilrla~

P. ava lt: (rare )

TI&IlU II

Ilch izo ntlc lde

primaquiflC
(G6PD deficiency?) ,

f' rt:V«nt
with

r<:elap~ I
"

Malaria is the I11ml se rious protozoa l lIb c <l sc ' 1II11. a ltho ug h il b nOI

endemic in Europe or No rth America . travellerv to ma laria l are as risk
infection. Th is rb l; can begreatly reduced hy lol ling prophylactic drugs

tprup hylaxiv. l0r righ t ) hut drug-resistant P"I"",,,U/lm!afdl'l/f/lfI/ is an
increasing problem in man y parts of the worl d and travellers a rc al

increased Tis" of this pote nt ially Inc -threat cning for m of nuuurta. Th ere

is no proph yla ctic drug trcatmcru fu r ot he r protozoal int"eClio us (right

bonorm and some. e.g. giardiasis. ure quite common.
Malaria is caused hy fou r sl'l<.'l·ks of pro IO/O,! uop lcfl l lh m h,I\ 'C' pan

of th.... ir life cycle in the female A llol'hd('.~ I11I 'SliUiln. Wh .... n a mosquito
bites a human . il injects SpOnlWill'S into a capitlury (lnl' le ft of figure.

~) and th.... st: are carried in IhC' blood to th.... IiVCf. where thcy multi­

ply and form lissue schizonrs. This is the pre-erythrocytic or primary
uxsuc stage o( tho: diseasc uen ha lf (If the tigurC'l, Afte r 5 -lt'o days

tho: schi zonts rupture and release ( Q ) thousaud-, of mcrozouc-, (.)

that infect fed blood cells (0) and stan the ery throcyt ic stuge of th....
d iSl:asc 'right Iigure). In thc cilSl: of P. l 'iI ',I ,I' und r . 01" 1/1' {b ut not P.
ft 1f.-iptJn ml l. sorne ofthe <;ehi/onts in the liver ....-main dormant 101
and Ihese rna)' rupture mon ths or years later, causing a relapse of the
diseuse (... ).

Most untimalurinls are toxic tothe crythnx-ytic schizont, (blood schi­

zonticid .... s. Inp ri},lhl) and Ih.... rapidly ;LCling one' rchto roq ujne . quinine.

md l"quil1l' and \ Ialaron e euovaquou.... with proguaniln arc used to
treat clinical ;m ad .s o f malnriu . l'r ogua nil al'ls ElM) slow ly (or this pur ­

pOSl' and is used til prov ide pro phy lax is. Mcfl oquine. Mul l/ r m /t' and
chloroquine arc used for both pro phylaxis ,lIul treatment. Howeve r,

moe P.fulcil' ,m llll is now rccivnuu to chloroquine. Quinine is 10 0 tox ic
for prophylaxis . Primaquine \left) is :1 tissue schizonnc jdc used to

.... hrusna tc the schi/I,nts in the liver (radical curl' ) once the clinical at tac k
h:ls ","e n co ntro lled.
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Blood schlzonlicides (slowlyacting)
l'rul:uan ii and p)'rilllethllluine arc effective schizonricidcs but their
action is 100 slow to trent acute auacks. Proguanil is used . usually .... ilh

chloroq uine, fur the prophylax is of malaria. Pr uguanil w ilh allni!­
qunne (Mall/rt!IIf' ) is used totrcut resistant r .fakiparum infections and

is im-reavingiy used for chemoprophylax is. Py rimethamine is given in

com bination with sulfadoxmc (Fl1Iuill<lr ) follow ing the use of quinine
10 treat P. ftl /dpflmm infcctiun . Mlllo!, r im. a combination of pyri­

mcthamin c with dapsone. is sorIk:limes used with chloroquine for

prophylaxi s where there is .1 high risk of chlomquiue-revistnn t I' .
p llci, lclmm. Sulfaduxinc and dapsone al'l on the same pathway a,
pynrncrhammc. bUIal a different poi", (Chapler 37 ,.

Mt'dWlli,I/lI of nction. Pyrimeth amine and the acti ve me tabolite of

progu unil IcycloguanilI arc Iulnte anlagonisls. They inhibit dih ydroto­
lall' reductase aud. by preventing the regeneration of tetrahydrofnlarc.

the y inhibit DNi\ syntht'sis and cell division. The drugs are selectively
toxic because lhey have IO(K) link' Sthe affinuy fo r the plasmodial enzyme
than for the human enzyme (co mpare with methotrexate. Cha pter 4.1.

which has a high affinity for the human cn/yme ).

Blood schizonticides (rapidly acting)
C btor oq ufne is used til treat P. \' i l'<!\ and P. OI'UIt' infections hUI il
has no action on the liver schizouts lind must be followed by a course
of primaquine. In most areas of the world P'/afd plmmr has become
resistant 10 the dru g, whi ch should nol be used for ireauncru. where

P. ftl /dl'arum is resistant. chloroq uine with proguunil is sometimes
used for prophylax is. This docs not provide optimal protection hUI is

used if other drugs musl he avoided. Chloroquine is usually g iven orally
hul may be given h)' intravenous infusion 10 se riously ill pauems.

Mechanism of action. Plasmod ia within parasitized erythrocytes
digest haemoglobin. producing haem (fe rriprotoporphyrin IX) thnt is

toxic. Plasmodial haem polymerase converts haem 10 harmless hal'II1:I­
zorn. Chloroquine (and quinine) is concentrated in sensitive plasmodia

and inhibits hae m polymerase. The resultin g accumulation of haem i,

thoughtto kill the parasi tes hy a rnembranuly tic action.
Adverse l'lj'enl. These (Ire unusual wilh the low doses used for

prophylaxis , The hight'r do....·s used for trcallllCnl may cau!>e nausea ,

vomiting. d iarrhot:-ll. rashes, pru riti s and. mre ly, Ih)'chuses. Pro longt·J
;llllllinisl ralion of high doses Ill;ty irreversihly damage the ret ina.

Quinine , mdlutlUine and Ml1larlll1e arc used ora lly to lrcat P.jtl /d ­
{'tImm infections (malignalll tenian mal"ria). Quinine can be giv l'n
by irllravenou s infusion if ne..:t'ssaf)' le .g , unconsciousncss). A 7..Jay

course of quinine is given, If quinine resisl,IIKe is known or suspected,
il is followed hy FI1/l.l'idar ((Ir do~ycycline if f',III .lid",. resistanll.

Comhined lhcrapy is mll nt'l:essary wilh Ine tloq uine or M"laroll/ ·.
which arc- mo re pulcnt and Ie" (tu:;iethan qu inine. The mechanisms of

act ion of quinine, mdloquine .ilId atovaquulle arc unknown.

Ath 'I'r.\t'l1}('('/s. Adverse eHl'cls of qu ininc incl udc ahdo ll1ina l pain,
nausea. linnilUs, headache. blin dllC.ss ;Iud hypef"Cnsitivily reae lions.
,\ Ielll>q u ine may cause neuropsychial rie re<lClillm, <Ind ,\falorfJ/1t' or

dlJ\~ Qcline are increasingly being used 10 provide prophylaxi s in
,m,';IS of ehloroqu ine-resiqanl P.jl1ld(lilrwlI,

Tissue schizonticide
I' rimaquine is an impunalll dru g becau se it i~ the o nly .1Illim<ll:lrial

that wi ll killthe schizorus of I' , vivux and I ' , ovule lying dormant in
the live r, However, it i., of no value in treating c linica l attacks becau se

it has lin le effect on the erythrocytic M: hi7.:>n ls. The mec hanism of

action of prim aquine is unknown. It see ms uuu ox idative damage 10
the parasite is caused by' active rncrabolucs that may als n ca use hac ­

moly sis of eryth rocytes in persons with an inhcrired deficiency of
gtucusc-n-phospha tc de hydrogenase (GflPI)). For lhis reas on. lhe
hlood of palients sho uld be Il'~ICd fo r G6PD ecuv uy before vtartmg
treutmcm with primaq uine.

Ad ,','r.I'I' ejJi't"I.1 include nnuscu. vomit ing. bone marrow dep ression
and haemolyt ic anaemia.

Other protozoal diseases
,\ muc h ie d~-'st'nl l'r~'

A mocbiuvis is caused by infection with Entamoeba histnlytico.
:\Ielrunidazolt' (Chapler 37, is used in ecute intecnons hut in asymp­
tomatic infections, where cysls are presen t. dllovanlde Iumute is also

necessary.

(;iardiasis

Gillrd iallmlhfia is :I fl agellarc pear-sh aped protozoan. It i ~ a common

bowl'! pathogen causing flatu lence and dia rrhoea . :\lelrllnidazule is
e ffective.

Trichullluniasi..

Trichomonas 1·t/gil/aIiI is a common cause (If vag inal disc harge and

occ aainnully caus es ureth riti s in both se xes. Mdrunida/Ille is usually
very effccuve.

Pneumol') stl>si s

Pm'IIIIIIII.')'.l'Iiscorim! i~ 11 common organism th:1I is proh ahl y inha led in

earl y lift: and lies dormant in the lungs. In unmunosuppresscd pat ients
(steroids. imrnunocuppressive drug~ . A IDS) il may cause <Ill intt'rsliti:ll
pneumonitis , P. Hlrillii pneumonia is the mosl common presentation of

A IDS in w e-tern cou ntries. It is treated with {'u-l r imll\uzule {Chaplcr

37) . atevaquone or pentamidine give n parenterally or by inhalat ion.

The mechanism of acnon of pcn lamidine is unknow n. II has man y side ­
effecls, .... hil-h are s\lnK' lime s fatal.

Ldshllmniasis

1bc /"' ·;.IIII'I<llIia arc illlr.t..:ellul<lr prOll)LOan parolsites thai are trJflsminoo

to humans b)' the hile of infcc ll'1l1>andllies. Bolh CUlanl'OUs leishmaniasis
and visce ralleishm.miasis (kala-al.ar) :lre tre:tled wit h s l i hu~ lucuna l e .

an urganic pent:lV <l lent antimony compound rhal reacls with lhinl
gmups and n.'l!uees ATI' proJul' lion in lhe p;.lrasile. Pcnl<llllidine and

3mphult"ricin (O"pler 40) are ....'l:o lld · line drug~.

Tr~ llan(J.~(Jmia,si~

African Ir)panusumiasis (s leepi ng sic kness ) is sp re<ld by the I.<;el<oe

II)' aml is e<l used b)· inft'l:lion with ei ther T0'1'dI",.I'oma .l:,""hi~IIW or

T. rlwtlf'siellse. Suramin kill s the para sites in blood and lymphoid

nodes hy ;1 11 unknown mcchan Ls rn and is cural ive e'lr ly in lhe d isease .l t
does nnl cross lhc hloud - bl'.lin harri~'r and is ineffeclive whlon lhe re is

neurolugic<l l invo lw llIenl .
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43 Drugs used in cancer

do><orobicil1

dact-inomycll1
~eomycin

procart>azill l!l

chlormct-hine

cyc lophosphamide:
chlorambUCil

bueulphan
clepla t.ln

Antiviotic6

InactivaU' DNA

Alkylating .gant6

I
Steroid hcrmcnee

e1ucocort-icoide
ceetrcae ne. Sl1tl-Oe&t roaen&.
andr0'3ene.

Many drug" (above)
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I.e. 110n-pha".

"'pecffic:
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•
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RNA
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•

-- - ------ ..
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llyn tnC!ii!i

Purln.."

Pyrlmldi ~ "ll

'.'.".-:;:'-

G,

VI"ICA AI.I>.ALOI~

vint:>la5t.ine
vincristine

TN.:o\NES- - - - --~­
paclitaxel

mercaptopur ine ',

thl~uanine \ \

,,,,,,,,,,,'.

InhibIt DNA I,._:; :c-. Inhlbit5 ON"

.y'"'''' "" l-- ,-p"ym"8M
- c:yta ra bme .'

t' Inhll:nU

~, ::::=:~~- - - --_..-.-..;;. ~~~~~~::~ ~
:, fluorouracil - ••• • -"I" IMethylat.ion of deoxyuridylic

: "'. ltathymidylicacid, '.'

1 ' '\:-:! ll1hlbit5 t hymldylateI T-
, Ig,ynthaa:>!l ' ~,,
"•,,
",

Prereplicat ion ll ta'l "

The aim o f neauucm in patients with cancer is cure or. if thi , i.. nul
p ovsible. effec tive pallianon. Many cancers prevent a, localized tumour
llla~,es. hut surge ry Of radiotherapy oltcn fails to eradicate the disease.
which eventually becomes widespread. Fur this rea son . there is a trend
to mcorponue sys temic trea tment with local treatm ent at the lime of

diagnosis.
Drug, uvcd 10 treat cunce r inhihil the mechunivms of cell prolifera­

lion. They arc therefore tu xic 10 bo th tumour ce ll- and proliferating

norma! cells. es peciahy in tlk: hone marrow, gastronuestinot cpahelium
and 1I<1ir follicles. The Sl.'It'1.·l h i l ~' uf cy toto xic dru gs occurs because. in
malignant tumours, a higher pruportionofthc component ce lls i, under­

going division than in normal proliferating tissues.
Anticance r dru gs arc d as, ilicd according (0 thei r sik'i o f ad il"l alon g

rhc synthetic pathway of cellular macromolecules (tllp). Some drug, arc

only effective during part of the ce ll cycle (p hase-specific dru \.:'i. left) .

y, hile ruherv ( c~ d{,- S IH'C i lic drUl-:s, righl) an: cy totoxic throug hou l thc
ce ll cycle (lower frgurel .

Alk) lalinl-: :Igen ls (lop righ t) readily form covalen t bonds. They
react with the l1a 'iCs in DNA und preven t ce ll division by cress-lin king
the two strand-,u f the double helix . Several an lihiutics (midd le right)

isolated from various specie s o f Slft'/llomyc(' .1 abo interac t ..... ith DN A
und are widel y used as anticancer dru gs. Some cytotoxic drugs act by
interferin g w ith D:"oiA sy nthes is (lUp left ).Thew agents arc amimetab­

..lites and inhibit purine or pyri midine symhcsis . One is a folic acid
lllllagonh t( JIlt.'l hul n ' '\a1(') . The , -inCH alkuluids and la'\:dtl es (bonum

left) inhibit mitcvis by binding 10 the microtubula r proteins necessary

for spind le tonnanon. A misccllallCou" gro up of drug" i'i :11so used in
the treatment of cancer, c.g. proca rbazine. Sk roid hnrnmlll'S and
hormone antagonists (lo wer right } ure often used in the treatment

of cancer. C mn h in:ll inns of CYIOl{)~ic drugs may be ~(ri"ingly more



successful than single d rugs in the uenmem of \tlllle cancel'> te.g.
Il t)(Jgkin ' s di"<:';\"I.").

Tbe admini,tration of cytotoxic drug, may' he a,-.ociall-d .... nh

unplc:a~1 :md even life-threatening a d \!' ,..,.. r rrrd.., Individ ual drug~

~tlmc:time.. have cpecihc to~ic effects, but gt'n.:r-aJ adverse effcch
common Itl many age nts include nau .....a and vomiting (reduced by

amiemeuc-, ,Ut:h a-, melodopramide. dr:\llrTK"tha-..one and gr-aniselnx'll.

Drug combinations
The administration of combination.. of drog.. given imcrmitternly often

produce. bencr I"e"Uhs!hanITJ()r( continuou, In:almnlt ....ith a singledrug.

'The: rationale i\ Ihal a combination of drugllo .... ith dlnerenlto~ic effectv

and affecting difft-rcnl btochemM:.a1 path .... a) ..has higher anti tumour ecnv ­
it) withou t edduive toxicity. For example. the l'o mhinalitJIIo f chlorme­

thine (m u..li l1(' ), vmcri..tioc. procarbazine and prednisone ( MO P!')
indua:lIo remi ....itJII in 8lJ<t- of patient ith Hod gkin'..di .....a-...... .... hile lhe:

drugs used individually' induce rem! iun in lc....than -'O~ of patient ...

Selectivity
The selectivity (If antitu mo ur drug~ i.. marginal at be...1. Their beneficia l

effects dt'JlC'fid onlht" hone 01,1(('0..... cdh I\.-cowring fa..ter than the tumour

1'c1I~ utter drug udmin i..trauo n. F(lt!uwing marrow recovery. more dru g
can he give n and, because a fixed proportion of tumour t'e lls is kill ed

during each period ofdrug adminisrratjon. the lumour may eventually he
eradicated. l ,('nt~ra'l im (recnmhinant gr,multlC)te cllltlnY-'limulating
fac tor) may reduce the durat itln of drug-induced neu tropenia. In pra<.' ­

nee. the rc'Jltlnse of IUITl<.IUr; to cbemotberapy ranges from ·CUI'\"· . e.g.
acute Iymphotlla...tic leukaemia in childn:n, to being completd)" rcfrao:­

lory. e.g. malignanl melanotl"la.

Alkylaling agents
~ drug .. aK' .....idely u'C:d in caocer ehemother-ap)'. Prolonged uo;as.e

oftC'fl arrect~ gamet<>gt'lle'>i, w.en:ly; nK...1malello b..-come pem1anently

..terik. 1be drug~ ;u'e as-.ociated \Ioith an int"fl:'a'C:d incidence' of acule
non-l)'mphoc)'t ic leukaemia.C,dop hl ph a mide i~ mclabol ized in tilt:

Iive:r. formi ng se\eral ac live mc taholi te One nlt:tahoh te, acrolein. Ot:ca ·

~i"""all)' Call'>C" hat'1lltJnhagic cystit is. a "fi..IU..compl icalioll. Intra\l'lKIU'
2-mc:rcapt"""1hallt: .,u lphoo ate Mldium (N a ) (me..na) protect.. the bladd..'r

hy com bining .... ilh ac role in in thc kidn.:)'. Cyclophosphamidl" is exten­

sively used in a wide variel)' tlf cmll'er~. u"ulIll)' ill comh ination w ith

ol ht'rd rugs.

Cytotoxic antibiotics
Iln, ur uh id n is wide ly used in aCUIe k ukHl"mias. lymr hoTl1 ..... and a

varkly of stJlid tum our;. It i.. an anthr-a.:ycl ine thai can ..lip bclwoxn
lK"ighhouring has<: pain. in D:"oiA (inlen'al,t1ionl. It inhihit, DNA and

RNA 'yll1heo;i.., prohahly by an al:li....o on topJlst>mer-ase II. High cumu·
I<ttivc doses an: cardiotoxic. prohably hct:au..... o:xygen fn~ r.ul icals are

formc:d; the..e an: not imtl:tillalt"d in the hear1 b<:caUM: It lack, catala......

I-:Iu puskle i, 001 an antibiolic bul may' acl by inhlblllOg lopoi\OlTll'r-ase

11 . It is u.....ful in hront:hial and te>oticular cancer.

Vincaalkaloids and tannes
\ ' l ncri~ine is used in acule Iymphobla-"lic Ieukaemia.l)mphoma.. and

some: o;olid tumoun.. It ha-<; tm.M; t'ffccb on peripheral and aUlonomic

ner"es. \"inhlastine i~ used in the trealmcnt of I)" mphoma.. and testicu·
lar teratoma~. It causes mtlre mye lo..uppre....itln tha n vincri,t ioc but

is Ie;;;; neuro!oxk. 1be t:nanes arc: 1K"\lo drug.. from ),ew lree han..

oral and intevtinal ulceration. d iarrhocu. alopeci a and bon..' mam lw
suppre....ion. which can dec rease produc tion of any or all of the form..-d
elemenls of bl...xi. Leucopenia i~ asstlCiatetl with an increased ri..k

of orponunistic inf..ecuon..; thromtxlC)topenia kad.. 10 bleeding,
end det."fl:'ase-d red ce ll formation cau.....~ anaemia. \ ';/It'riUllIl' and

hll'tHn)'n'lI are exception.. lhat do nol cause myd~uPrre"itln. ~ft...t

C) tOlo"ic drugs arc: tcratogeruc.

l·lIClilln.el v.ith ci..platin Of carborlatin i~ the treatment of choke in
ovarian cancer. Pretreatment wi th dc~anlt:thasone and antihistamine.. i..

net:.....-.ary io pre vem Sl:n,i ti"ity n:actions.

Ant imetaboliles
r lil it' lldd anla~nn i,ls. :'o ll' l hntre\ a le competitively inhi hih dihydru­

fotnc reductase and pre"ents the regencratitlo of tetrah ydrololic <tC id
and the coenzyme. me th)\t'nc tctrahydrofolute. which is r~sent ial for

the conversion of deox)"·u ridy lic acid to thymi d)'l ic acid . Becau .....
rapidly divid ing cell .. requi re an ubundanr supply o f deo xythyr nidylatc

fur the sym he..is of DNA. rncrhot rexmc prevent s the djvivion of cel l...

It i~ used in acu te lymp hatic leukaemia. lymphomas and severa l sol id

tumours.
An till ) r irnid ines. Fluurourucll i.. co nvened to Iluorodco xyuridyhc

acid. which inhibi ts rhymidylate ..ynrhcraw. the enzyme responvible

fo r convertmg deox)'uridy'latc to thymidylic acid. This imp air; D;..lA
~)ntht:..i, b) reducing the availability of thymidylic acid . It i.. used

in the: treatment of wild IUmllUl'>..-\ntipurint"o impair the ,,)nthe,is
of purine nuc jcoude.. but the mct·hani,m... involved arc not dear.

:'olt'reaphopurint' i, used for maintenaoo;e therapy in palients with acute

Seulaemia-.._

Hormones
G IUC1...·u r1icllid, (e.g. predni'>l.lllflt' l inhihil Ct"1l divisioo b)' interfer­

ing .... ilh DSA s)nthe~i". 'The:)' are .... idel)' used in the treatment of
leulaemia... lymphtlma.. and brea..t cancer.

St-\ hurmnnes a nd an la~on isls . The groy, th tlf some lUlrKlUr;. t: ..pe­
cia lly' caR"inoma of the brea~t and prostate, i~ part ly dcpcntk'nt upon
ht.lTTIlt>rles. Removal of the glaJld producing the htlT1TlOllt" (e.g.orehidt.-c­
ttlm) ' in PfO"lalic caoct'r). the adm ini,tra lion of honnont:s with the

(lppII~i te act ion nr lhe adrnini~tr-at i(}n of an 'Ill t agooi~t may indul'e

tumo ur regres , ion . "I'amn,ifl'n . ,Illncslwgt"n an tagonist . is widely u..ed

for alljuvallliherapy follo..... ing hrea ..t .:anCl" r ,urgery and for the lre;tl­
mt' llt of JXJ~ lmcllOr:lU ..al met a..ta tic hrea..1canl:... r. In pro..tatic C'lllcer,

di"'lh , 1..l ilht"olro \ ha.. hee n repl :lt"cd h)' gon;ldtlrelin (sym hetit: GnR ll 1
anal ogul"s (('.g. hu st.'ft'lin ) that have fewcr ;\tlv('f'i(' e rte,ts. When givt'n

cutl tinuuu ..ly GnR II analoglle'i. in itially st imulate oot the n inhihitlute in­

i/ing hurmone (U ll ~relion. tho."fl:'by ~urrrc"ing tC'i.t""ternne release.
11K" initial incn:ase in LH ma) eau..... the tunKlUr to grov. . Thi .. 'llan: '
can b.: pre\ented .... ilh an tiandwgen.., e.g, " u tamide . Unfortuna tely ,

the effecl.. of hOfllltllK"S an: u..ually tcmpor-a.ry, because htll1llOrll'­
indo:pendc:nlCt"U, e\(Tlluall)' predominate.

Immunoo>upp..........nt s are used to pre\'c:nt tissue reJCClion aftt'r

organ tran..plan tati(ln, and 10 lreal autoimmune and collagen disea.....lIo.
PTt'dni'ol.ltlll t' i~ .... idel y used often in l"Ombinatioo wi th ll/.al hinpr ine

or. in acut ..• rejt:'t."1ion. v.ilh m~('Ilpht'n'''i1t e morelil. Ckloo.porin and

Illen .lim u' an: calcin.:urin inhihit"lT1> and potent immunosuPJ1re'io<.ants
that are u.....d .... ith prednisoltlne. Immunuo.uPf'Tt"s-' lmts ha\'e .....riou~

ad..'crst: effects and m.t' cylOfII.til· drtlX.t int'R"a-e vulOt:rahilily 10 the

rapid ~rread of infcclion...
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Th e mu st corr mam dru gs caus ing rlcuth by 'l~ l f- r() i ,o l1 ing arc Cu­

prU\a lllll l.- paracetnmul alone and tric~dic a n!idt>press;tnls. How­
ever. the most common cause uf Iatul '>C l f-ptl i"'lfI i n~. especially in men .

is ca rton monoxide or ig inati ng h orn a car ex haust . Sl'If-ptlh"nin g with
IWOor more dru g.. i, nul uncommon and alcohol i.. nl..u tak en in ;100 UI

50% uf incidents. M"'l cases of intentional se lf-poisoning <I re cries for

help tpa ras uicidc j hut ov er ::moo pctlplc a ye ar slll'ccssfulI)' killthem ­

selvev by poisoning. Once in hospital the mort al i ty of "",If-ptli"" nc'"
is les.. than 1% . Accidental M'lf-po i" ming oc curs mainly in yo ung

children rundcr 5 ye ars ) nnd usually invo lves medicines ur household
chemicals te.g. bleach} left with in re ac h. Patient s present ing w ith

poi soning must tJc given an initia l a....cssme ru {lop) includ ing a rapid

bUI care ful clinical ex amination. It i, impo rtant In excl ude other cuuses

of coma and abnormal behaviour tc.g . head injury. cpilcp..y. diabetes }.
Must patients admitted for self-poivoning req uire only I!l'Ill'r:11 sup­

purliH' nlt'a' u re.., Drug '\Cn'Cn, are rarely needed a.. an emergency .

but wuh some drugs uop rigb tj the cl inical ..tale o f the patient ma y

nOI retlccr thc severity of the overdo..c ami rnea..url·rnellt o f the phl,ma

conccmrarion can indic ate the usc of life-..avmg technique.. (Centre
bonorm or "IIl'ci lic antiduh.·.. (le ft}.

Trudiuonully. routin...all... rnpts were madeto rcduc e further ab,orptitm

of the drug , ...ubcr by cauving ...mesi.. with ~~ rup or ipecacu a nha or hy'

~a'trk aspiratum and I:l\a~e . These time-hallowed ucmmcm-, an:
used le.... and k~~ becuu..c there i .. no cvid... nee that the y improv e rh...

ou tcome in poivoned pal il'n ts. lncrea..ingly . the oral admtm..muion of

ac t iva ted \'harcua l is being used \IJ reduce drug abc orprion. In volun­

tc...·r ..tudicv. charcoal h;" been sho wn In reduce the ah..orpnon of ma ny

drugs, evp..-ciutly In the li r~l hour after admini..tranou. Unfortunately.
clinical studies have fai led 10 ..how that charcoal affct:t, the o urcom... of
poi..oning. Nc ve rthe jess , charcoal i.. often given to pancms who have
ingested ;t po tent iall y toxic am c um of poison within the la,. ho ur.

T echnique, used 10Increase dru~ eluninutjun (bottom} ha ve a limited
rotc. hut ;Ire important ina ..mall number o f severely f'0i ....sued pnticm...

Reductionof absorption
Emesis
Sy ru p of il'el' al'uanha induCt'S emesis in ov...r 9()% 1' 1' palients. II can
ollly he u.....d in consc ious pal ien ts. There i ~ no cvidelln' Ihal ipccacu­
anha rcduce~ the severil )' of po isoning ant.! ils use ha.. heel! aballl ltlllctJ.



( iaslric a.~ piral illn and la vage
An orogastric tube is passed into the stomach. which is then washed ou t
with JOU-oOO ml of wa ter (three or four limes or umilrhe cltl u...nl is

c kar). lf the patient is unconscious. the airway must he prot ct.: tcd wit h a
cutfcd endotrachealrube. After an ho ur from ingestion, lavage remo ves

only a tin y proporuon of the poison and thc re is no evi de nce thai the

procedure is beneficial. Earl y lavage twithin 60 minute s of ingestion )
may benetil p,tlk nh who have taken a potentiulfy life -th reatening

amount o f poison. Gastric lavage is contraindicated in poisoning with

corro sives or pc tru l... um compounds.

Activat ed charcoat
Ac tivated charcoal is a very fine porou s blac k powder with an enormous
surface area in relat ion 10 weight ( I (XIO 1112 g- r), It binds man y drugs and
lU g of ch arcoal wil l ahsorb about , II: of drug. C harcoal docs nm absorb

iron, lithium , corrosive agenls or organic so lvelll", Charcoal is con­

tra mdicared in patients wi th an unp rotected airway Ie.g. dro.... sy or

comatose patit' olS) because mere is a rivk o f pulmonary aspira tion ,

Enhancem ent of elimination
Enhanceme nt of climimuion can reduce the time o r recove ry hut the re
is Iiule evi de nce th;tl it changes mo rbidity, except in severely co matose

patients (grade IV com a].

RepeQll'd ,Imt'." ofactivated dll1rCO<l / . Repeated mal uoces of cha r­

coal may increasc etuumauon by' gaslrtlime"lina[ dialys is: it has Ilk'
merit o f be ing relatively vafe (u nless aspirated ),

Atkatine diuresis. Th e urine is ma de alkal ine (pH 7.5 -K5) hy the
udrmnisrruuon or Nalt CO _\ (intravenous infusion). This ioniz es weak

aci d", e.g. aspirin. in lhe renal tub ul(' s and reduces reabs orp tion.

Si milar ly, acid diures is may be UM:ful in cases o f po isoning wilh hasic

drugs such as amrela nlloc and 'ecstas y' , Fnrc('<! aJl;atioc diures is usin g

large illlravenous vo lumes or water conlaining Na UCO_\ is hal-ilTljous

and no longe r uSt'd.

ffaemOt:!ia!y ,I ;.\ /llId h<lf'/IWpt'/fil.lion are invasive lec hniques requi r­
ing cannulation of lUiartery and vcin (UMJalJ)' in thc ann ) 10 est ah lish a

temporary extracorpurcal circulalion. In haernnd ialys is. lh... drug passes
down its ClffiCl:n tra tion gradient lhrtlugh the dialy~ is ml' mbr,Llle and is

remm'ed in lhe dia lysis tlu id. In hae mnpcrfusion. lht" blocK! is passed
lh rou gh a colum n ufal'tivated chareoal ur res in onto ..... hich the dru g is

ahMJrbeJ. Th ese k'l.'h niques have signitkalll ris"'" (haemo rrh agl' , air
l'mhnlbm. infl:l'lin n, lllss or a pc rip hcHl1ar1ery) and the shor1l'ned elim·

inalion half-life doc s 110t nl'cessarily co rre ll,le with imp rllvt'd r.:I inicll l
sla le (i .e. reuu ced morhidily or mortali ty ). In some caSt'.s, e,g, l-arba·

mal.epine pois"ning, mu ltip le dose.sof .Il'tivalL-o chan:oal are as eff(·c·
live as haemo~rfusion ,

Aspirin
The sy mploms of sa lit:ylale poi son ing ind ude linnitu s, hypeTV~' nli la l i (ln

and swe aling. ClllIW is uncommon ami indicales ve ry sewre poisoning.

Acid-ba.s~" distumant.:es are complicated bet:ame aspi rin st inlUlalcs the

respiralory centre, causing a respira tory alk .lIo" is, bUI a[s" uncn uple s
oll idal ive pho sphurylltlion , which 1I1ay call« a mcl aool ic aci dos is.

Immed iale manage-m...nl inclu des measuremenl of plasma "alicy late
c(fficenlra tio n (;U -!-b ho urs post ingt"slionl , electrolytes and blood

g.lses. GlIMric lavage (up to I ho ur 1I1kr ingestion) is foll o .....ed by arl iv·

,11Cd charcoill mt l[li n i~ lnt l i on . Severe [X,iso ning (plasma conn'nlra·
liun above 500 mg L- l) rcq uires ur inary alklliininiio n. In very St'wrc

rxlisu ning, hacrnlxli alysi'\. is the trea lmelll of dlllicc ,

Paracelamol
Pnricms may heasymptcnumc or complain only of nausea ;lIt<! vomiting.
But, afte r a dela y of 4~-72 hours. rekuively small amouru-, (more than

10 9, 20 - .,0 tablets) may cause fatal hepatocellular necro-Is. Normally.
paraceunuol is me tabolized. mainly by conjugal ion reactions in the
liver, but high doses saturate Ihl'sC palhways and the dru g is then

ox idized til a reactive (Io\ic) quinone inter mediate (N-acetylbt' nlo­

quinonciruinc). Th e quinone cun be inactiva ted by combinurion with

glutathione hu t hig h doses of p aracetam o l deplete the hepatic gluta­

th ione sIU""Sandthe rcaet ivt' quinone tbencovalently binds ro thiol groups
on Ihe cell proteins and kill s the cell. ACel) Ic) ~ leine uru ravenous or

ora l) and mcthtuntne (orall are potentially life -saving antidote s in
cases of puruccrarnol po isoning because they increase the syn thesis of

liver g jutnthione. Patients who have taken an ove rdose of paracctamol
should huve a blood sa mple taken ru 4 hou rs (or taler) after ingevrio n 10

determine quickly the pla vma concentration of drug so lhat the antidot e

can be given. l f less than I hou r h,IS elapsed since ingestion . a dose of
acnvared charcoal should be given. Th e decision on ..... he ther to con­

rinue treatment with the an tidote is decid ed by referring the plasma

paruc etaruul concemnnion In a nomogram. which joins semijog plots of
2(X) mg L~ I ,11 4 hours and ., 0 mg t-' :II 15 hours. This nomogrurn is

bused on ou tcome studies of many fatal and non -fatal case, of pois on ­

ing carried oUI before etfecuvc treatment beca me available. If the

pa tiem's drug concentra tion is abo ve lhis "2(0-Iine ' men antidote treat­

ment is con tinued. Patie nts taki ng enzyrne-mducmg drop (incl udi ng
alcohol) and those with glutathiunc depletion te.g. pat ients wi th eating

disnn!crs ) arc at increa sed risk , and fur these patients the anudotc is
giv en if the plasma concentration of paracetumol is above the ' IOO-line '

(joining 11K) rug I.- I at -! hours and 15 mg L-I at 15 hou rs). If the tillle

since ingeslion is l e ~s than -! hours , the plasma COncl' lllra lion is un­

reliahle hc.'l.'auS(' pa rnct"tamoJ ahs(lrp ti(lll wi ll he cont inui ng. The mosl

effec tive alllidlllC is ace lylcystei ne given intrnvern.u'>ly within 8 ho ur.;;

of paracclamol ingestion , Adverse eff('CIS, incl uding anaphylactoid

rea d ions, occ ur in about 5% " f patie nls.

Opioids
Opioid s ca ll..... coma, pinpo int pupils and respiralOry depression , lltcy'

are ~pcci fically an lagonized by na lll\lIIU' , which i.. giwn illlr-.I.....nou .sly

in R'fl'Cated do'\.Cs um il ventilal i"n is adequatt". Naloil<.tlC has a ..hon er
half-l ife than most opioids i1 nd lllilicity may rt"Cur, t1l'cessitali ng furt her

dosl"~ . N" loxo!lt" ma y C" USl' an <lcUle withdrawa l syndm me in opiuid
addi cts.

Tricyclicantidepressants
To\icilY follo.... ing ove rdus agl" ari ses Illainl y frum celllmi anlicho­
linergic ct'k'Cb trespir.tlory depres"inn , ha lluc ina lions. convuhion~)

and l-ardioIO\ie ilY, MOSI palient'> requi re onl)' !lhst"TValioll or simple
sup[X,rtiw me asu res ,> ut:h as uxyg~'n to correc t hy- po xi;1and al'tiv,tl t"d

charcoal (wilhin 1 hour),l1lc I\Illstl'(, rnmOn arrhythlll i;\ is sinus lach y·
card ia as a res ult of an alrop in... . lih· d fect. Lenglh en ing of lhe QR S

complell (a qu inid ine-like ..-tTel'u is an llmi nous sil?n lIlld may presilge

convulsions , whit:h may he l"'<.>!l lro lled by intravcnous diun·pam ur
c hlu lIlt'lh ia lUle. Prolong(>,j QR S Of arrily lhmias are tTC iited .....ith

imrJvt"nllus SlK!ium bicarbonal.... 'l1Je u..... of gast ric lavage in tricycl ic

[Xlisonin g is t.:l llllT<lVersial hccause Ihe ga~ l ric l"lllllcnis lIIay be pus ht"d
bey'ond lhe pylonLs and irK'rl'asl' Ihe amount of dru g ah sOThed .

Stru ggle tJuring lavag e may raus..- hypo xia and pruv ole li t"c -lhrl'alening

arrhy'lhrnias.
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Thc incidcnee of adverw {harmful} drug Tr ,Kti llllS is difficult to

estah lish but up to 5'k of ncutc admi .."ions to hn"pilal result from an
adverse relict ion 10 drugs given in general practice. In hospital. up 10
:!O% o f paucms exper ience lin adverse drug rcucrion. and although

Ihe"... arc rarely life-threatening. they account for U.5 -1 % of hos pital
inpatient deaths. A recent study est imated lha. in the USA adverse
drug reac tions cause ove r JOO 000 deaths each year making them

the fourth most commo n C,IUS'" o f dea th. The majunry of adverse

drug reac tinns can be divided into those that arc d uS4.' relaterl and
'hose that are non -dose related: Ihe latter , which oc cu r less trequcmly.
often have an immunological bas is. A few drugs are associated .... ith
an increased incidence of birth de fects I h:, ralo~t' n slllr tumou rs tea r ­
cinn~t'ns ) . Some drugs, when give n cominuousty, lead to ada pti ve
cha nges. and stopping the drug causes unwanted Il..ithdrawul cffect-,

tc.g. benzodiuzcpines-c-insomnia and anxiety; conico stcroids-cacurc
udrcna l insufficiency).

Dose-refuted (I)'PC Al adverse drug react ions are predi ctable and
arc caused by an excess of the drug ' s wanted pharmacological effect

te.g. hypogtycacmia with insuli n. bk'eu ing with hcpuruu or somcumes

a dru g ' s parallel unwanted ac tion tc.g. respi ratory depression with

mo rphinc t. Dose-related adverse drug reactions occur 1I\OSI often
with drug-, that have a steep dose- response curve and lor a small dif­
terence between rhcrupc utic and toxic doses ( i .c . a low t herapeu t ic

ind ex = luxit' do'>('!th t'rapt'u tic dH~) . Cornmouly used dru gs with a

1o" th era pe ut ic ind C\ include I.mliClI(I)(/llantJ. h.\Jlo)(I.\'I ·I.II'mil · llrIl ,~.f.

I.Ii/loxi fJ, antiurrtratnnicx. <lmill(}glynl.~hJe.~, xamhines, ("y' ,, /Oxic and

imllll lllo ,HI/)/II"/'s.I"in' drugs. Dos e -related ad ve rse dru g reucuons arc
usually caused hy ifJl.'orl"l'l."T dmag(' nuo high ) or /.II/ern/ phaflll<ll'uJ..i .

""li l'S, usually impaired drug elimination tc .g. renal f:lilurc) . Uru!':
interact ion s arc involved in IO-2rY.i of adverse drug reactions and

arc especially common in the elderly. who are more likely to receive

mult iple dru gs for multiple unmem-.
~(Jn-d. IS(' - rt' la tcd (idiosyncratic. type B l adverse drug reactions are

relatively rare , hut are unpredictable, and in cuntrasr 10 dose-related

adverse drug reac tions have a cnnxidcrable mortality. Drug alle rgy may

involve hypersensitivity reactions (types I-IV . tigure) but othen. are nol

easily ctasviticd. Anaphyluxiv is the must com mo n serious dru g allcrg )'
and is potential ly Iatal.



Dose-related (type Al adverse reactions
Pharm ;II:tlkin ~lic vartauons
The ~limination of drugs i _~ very variahle in nonnal individua ls and
genetic rectors can reduce drug diminat itl/l and cause adverse reacnon..

(c.g . slI':cin)kholillC' causes prolonged apnoea in pments with de fec­

ti...e pscudocbohnesterase, Chapter -' I. Ken <ll di """<1 """ can lead 10 eccu­
mulal ion and tox jcity if a drug is excreted by glomerular filtra lion or
tubular -.ccretion te.g. gentamicin and otber ammogtycosioes, digoxin.
amphotericin. captoprilj.

I>ru Jl: lnt eracrions
Drug interaction is the mod ification of meacnon ofone drug by another
and involves pharmacodyn amic or pharmacekinenc mec hanisms.
Drug-, .... ith steep dosc-rcvpon ce CUI"\i~~ and serious do-e -related toxic­
iti~s are e..pccia jly like ly 10 be involved in adverse drug interactions
{i.e. thIN: with a lo w therapeutic index, opp osite pagc),

Pharmacodynamic interactions
Pharmucodynumic interactions arc the most co mmo n and u..ual1y
have a simple mechanism. Thu s. dru gs with similar actions. e.g.
bcnzodiazepines ami alcohol. produ ce additive effects and may cause
severe cemru! nervous system depression. Conversely. drugs may have
opposite actions, c.g. in asthmatic paticllls ji. hloc kcrs ..... ill op po-c
l3-agoni~l~ (and thcophy lline) aod may precipitate severe or even
falal asth ma.

Ph armacoklneuc lnteractkms
.-\h"""rpti nn . Drugs that increase (e.g . mctoclopramide) or decrease
(e.g. atropine) the rate of ga..tric ~mpt)ing may affect akorpion,
Emeroh.:palic recirculalion of or.l.l contral.:epti\'~s (especially low-dosc:

Ot'''lrog~nl may be decreased by anlibiOlics 3nd lead to pregnancy
(antihiotics kill the gUI bacteri3 Ihat nomlally release the ~teroid from
the conjugall.-d fonn ellcre led in bile).

I)htrihulion . \Iany drug~ are bound to pla~ma album in and ma~' be
dbpllll'ed by a second drug, Wilh Ihe exce ption of a few d rugs (e.g. war­
farin. pheny toin, tolbutamid~l. "' hich arc more than 9(Yf bound. tht:
dbplal'ement of d rugs b)' thb mechani~m i~ u~ually n f Iin le practical
con-.cljuencc hecau..e increased elimination ljui<:kly rcd uces the pl a~ma

cn nn'ntrott ion of free drug to its original value.
l\-It'hihulislll _ Induct ion of hl.·pat ic e ll '-yme~ h)' a ..econd d rug (e,g.

phenytoin , phellobarhilal , l'arb;uJ\l\Zepil w, rifampi cin ) can den ease the
eftkllcy of drup metabolized hy lhe ~ame en/.yme~ (e,g . warfarin).
Enl ymc inhibi tors (e .g. cimet idine) polent iate the cffects of warfa rin
and may cause phenytoin and theophylline tOllicity, O lher exa mples are
di'>Cu..sed in Chapler-'.

t>.cre(ion . Drugs may sharc the ~ame Iransport ~yst~m in the pro.\i ·
mal lubule... Thu~. probenecid com~litilidy reduces penicillin ellcre­
lion.Thiv ido.: and loo p diuretics rcdoct: "",),jium reabsorplion. cau~ing a
compc..ns.atory iocrease in the rea~rptilln of monovalenl ions in lhe
prollimaltubule, Thi .. proc~s can rc~uh in lilhium accumulation and
-.c\'~re tOllicity in patienls nxei\ing Iilhium thcrolpy. POias si um~sparing

diuretil;!> combined .... ith pula~sium supplements and/or angiOlen..in
(on\Crting: ~nzyme (ACEI inhibilors cau\C h)'perl.:alacmia.

Non-dose-related (idiosyncratic. type B)adverse reactions
IIHK' rsensili , iIJ rl"<lclions to drup (drug allcrgy) invotw imm uno­
logk-al rca<:lions, La rge molecule~, e.g. vaccine~. insulin. de"'ran~,

can them-.cllle~ he immunogeni!; bUI most drug~ are sma ll moleculcs

and arc not antigenic on their ow n. In some patients (we do not know
..... hich) they, or a metabolite. act as a hapten and combine with tisvue
proleins, forming an antigenic conj ugate. The antigens induce the vyn­
thesis of annbediev and ..ub-equem exposure to the drug triggers an
immuoological reaction re.g. ra..h. anaphylaxis]. Allhough drug allergy
is unpredictable. it is more m.dy 10 occur in patients with a hi~ltlry of
atopic disease (hay fever. as thma. eczema),
Anaph~ la"is is a IH M! 1 react i"n in which the drug (8) interacts

'" nh IgE tilled to mast cells (MC) and basophils, triggering Itlt.. relea .....
of histamine and other mediator"> {Chapler 11I. Drugs likely 10 caucc
thi .. hfe -rhreatemag reaction llop right) include penicilli n..... hich is
responvible for 75€I of all anaphylactic deaths. Some drugs te.g. son~
cont rasl medial can produce an anaphylaxi..-like {anaphylactoid) reac­
non OIl tirs l ex posure.

U1IMod dyscra sia s. Allergic reactions 10drugs that cause blood dys­

lToI~ia~ t bonorn left) involve typ e II Q lnlo" ic rea ction... Circulating
antibody of the Ig M o r IgG typc interacts with a drug (hap ten) cum ­
bined with the blood cell membrane to form an antigenic co mplex(---( ).
Com ple men t ( © l is ac tivate d. cau~ ing cell lysis. Som e dru gs pre­
dict..bly cau se blood dyscrusiax. For ex ample. mO~1 cyt oto xic anti­
cancer ugcms (Chapter 43) inhibit cell division in rhc hone marrow. and
paric nrs with gfucose- o-phospha te deh ydrogenase deficiency hav e: a
high rL.k of haem o lyt ic anaemia if give n primaquine (Chapter -'2).

Ser um sickness is a l)pc III reaction trigge red by some drugs (001­
tom righu. where antibody (lgD) co mbines with the hapten-protein­
antigen complex in the circulation. The resulung co mplex. instead of
being removed nonn ally by phagocytic cells, remains in the nvsue .. or
circulation. Phagocytic cell\ and complement <©) are activated. caus­
ing inflammation and damage 10 the capillary endothelium. Thi .. is
especially serious .... hen lhe complexc.. are stud: 10 wall'> of vilal blood

IIcssel~ (e.g. rena l glomeruli), 11Je s) 'mploms include feller. arthrili~.

unicaria and I)'mphadenopalhy.
RII..hn . Drugs (lop lef t I cau.-.c a .... ide lIariel) ' of ra..hes. some of

....hichare lifl" -threaleni ng bul fortunalel) rare. e.g. 10)(icepidennal nee­
roly~ i~ (35~ mortal ity ).T~pc 1\' ct"1I-med ia led rea cti on s are involved
in whkh T ·I)'mphOC)'IC\ ( CD) arc scn~itized hy' a hapten-prOldn com ·
ple)(. \Vhen Ihe Iymp hlll:ytes come inlo con iac i wilh the antigen pre­
Sl.'nting cell (APe). an inflammatory re~ptm-.c is pruducl-d. If the antigl'n
( .) enters through the skin (e.g, ant ibiot ic cream). contact st: n~i till ity

llIay call ~e an eczema tou~ ra~h wilh ol'lIema at the applica tion ~ i te.

Teratogenesis
Terawgene~i -, i~ the IX:(Urrencc of fetal dellelopmemal ahnonnalitks
cau...-d by drug\ laken during tht: li rst t rin~sler of pregnancy. :\lo~1 drugs
ero~, the placental barrier to .'i\)me c)(tent and, if po"''''ible, drugs ..hould
he avoided du ring pregnancy . Kno wn I~r.ltog~n~ include alcohol t fetal
akohol s) ndromel. anlil'ancer drugs, ..... arfarin (multiple congenilal
defccls). valproole. carbamuepinc (neural lube defects) and olher anii­
convulsanlS and telr.!C)'c1inc:.. (inhibition of boo...gro..... lh \.

Carcinogenesis
Drug-induced tumours are probably lIel)' rolfC bccau,< the phannaceu­
tical induslry make!; grea l effort... to avoid marketing carcinogenic agenls.
The mechanism", in\olliOO in chemical carcinogenesis are u~uall~' un·
kllO.... n bUI immunosuppr~s~ion (e.g. at.athioprine with prednisolone) i~

a~..uciated wilh a greatly increa .....-d ri~k of lymphomas. Alk)'laling agCllI~

(e,g. C)'cJophospham idc) are Ihoughl lo exhibil 'gene loxi( il)" and may'
cause non-lymphocytic leukaemi as,
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