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PREFACE 
A few chapters like 'Pharmacology of Receptors, Histaminergic Receptors and on 
Prostaglandin' have been updated in the new edition of the boOk. Because, exper
iments on animals are cruel, expensive, and generally inapplicable to humans, the 
most recent development in experimental pharmacology is the simulation of animal 
experiments both in vivo and in vitro. Hence, the chapters on 'Common Laborato

ry Animals, Some Standard Techniques, and Anaesthetics Used in Laboratory An
imals' in the book are being deleted. However, in order to explain the mechanism 

of many endogenous substances as well as of some drugs described in different 

chapters employing experimental animals both in vivo and in vitro including toxicity 
test, are retained in the book, which will be helpful for both postgraduate students 

as well as the research workers in the fields of Pharmacy and Pharmacology. 

Kolkata, India 
Juoe,2019 

,,. 

M.N.Ghosh 



T THE FIRST EDITIO 

Just as medicine cannot be taught or learnt without ward clinics so also pharma�ol

ogy without animal experimentation. Today's pharmacology is much different from 

yesterday's materia medica. The former not only encompasses the general defini

tion 'science of drugs' but also the meaning in a more restricted sense, that is, 
'action of drugs on living organisms'. 

Today experimental pharmacology forms an integral part of teaching as it helps in 

making clear and interesting what is being taught in didactic lectures. A number of 

excellent books on experimental pharmacology are already available for research 

workers. Most of them, however, are fairly advance in nature and in scope demand

ing a sound knowledge of fundamental principles on the part of the readers. The 

purpose of the present title is to provide such fundamental knowledge on subjects 

ranging from laboratory animals and methodology to statistical analysis and inter

pretation of results. Such elementary but essential points, for example, how to adjust 

the magnification or tension of a writing lever, form the basis of this book. Attempts 

have been made to include as much relevant information as possible and to illustrate 
points with suitable examples thus making the book comprehensive but taking care 

at the same time not to make it unwieldy. 

If this book has been of any help to the postgraduates, research workers and 

junior teachers in the training for a higher degree, in the planning of research, or in 

organizing demonstrations and exercises in experimental pharmacology, it would 

have served the purpose for which it was written. 

August, 1970 M.N.GHOSH 
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Some Standard Drug and 
Salt Solutions and Some 
Useful Information 

PHYSIOLOGIC SALT SOLUTIONS FOR ISOLATED ORGAN BATH 

All solutions should be prepared with fresh glass-distilled water, and the reagents 
must all be of analytical grade. When a salt containing water of crystallization is 
used instead of an anhydrous salt, the weight of the salt should be suitably adjusted. 
For instance, when 0.2 g of anhydrous CaC12 is required, a solution can be prepared 
from, say, CaCI2.2H20 by the following formula: 

X = 0.2 g x [(mol. wf. of CaCl2.28i0) I (mol. wt. of CaC12)] 
= 0.2 g x 147/111=0.26 g . 

where Xis the amount of salt to be weighed. Similarly, when the salts are exptessed 
in terms of molarity, the molecular weight of the salt with or without water of 
crystallization should be taken into account. 

Stock salt solution. Physiologic salt solutions should be prepared fresh on the 
day of the experiment. It is, however, convenient to prepare a 20-fold stock 
concentrate of the chlorides, from which different salt solutions can be prepared. 
These concentrated solutions· can be diluted according to the need. The required 
amount of sodium bicarbonate is dissolved in sufficient volume of water and added 
at the time of setting up the experiment, since calcium carbonate is liable to be 
precipitated if the calcium and the bicarbonate are kept long together, or mixed in 
concentrated solution, or even when heated together in dilute solutions. The 
presence of glucose tends to encourage bacterial growth at room temperature; 
hence, it is either added freshly weighed, or from a hypertonic concentrated solution 
kept in the refrigerator. 

pH. The pH of the various commonly used physiologic salt solutions varies 
usually between 7.3 and 7.4. At lower pH the tonus of the preparation tends to 
decrease, thereby altering the effect of drugs. 

Temperature. In order to get consistent effect, it is important to maintain the 
temperature of the bath solution at a specified level. For instance; when the bath 
temperature is decreased below 37°C, the tonus of the intestine is increased, the 
contractions become smaller, and the contraction and relaxation time increased. 

Aeration. Air, oxygen or oxygen with 5% C02 is needed for the proper 
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· · · · · · to the tissue, stream of gas-
functiomng of the tissues. Besides prov1dmg oxygen · . f d dd d t 
bubbles also stir the bath solution thereby facilitating diffuswn ° rugs a 1 e 0 

the bath. The solution in the bath should be changed frequently, because pro on�ed 
· · f 1 duration moderate aeration aeration tends to alter the pH. In an experiment o ong ' 

should be used. In case of doubt, the pH of the bath solution should be checked. 

Composition of Some Physiologic Salt Solutions 

Composition of some commonly used physiologic salt solutions is given 

in Table 1.1 . . . 
The salt solutions contain a mixture of cations, anions and glucose in distilled 

water. All solutions are to be made up in double distilled deionized water, final pH 

of which is to be adjusted and maintained at 7.4 by the addition of NaOH. In the 
depolarizing solutions, KCI is substituted for an equivalent amount of NaCl to 
maintain isotonicity of the solution. 

Ringer, Frog-Ringer and De Jalon solutions do not contain any Mg or P04 ions. 
Frog-Ringer solution may also be prepared by adding 400 ml distilled water to one 
litre of Ringer (Locke) solution (single glucose). 

The composition of De Jalon is same as that of Ringer-Lo_cke except that it contains 
one-fourth the amount of CaC12 and half the amount of glucose. 

McEwen solution contains sucrose in addition to glucose. 
Calcium-free Ringer solution is identical with Ringer solution except that CaC12 is 

omitted. 
Calcium-free depolarizing Ringer solution contains (mM) NaCl 94.0; KCI 60.0; 

NaHC03 6.0; and dextrose 11.0. 
Zero-calcium depolarizing Ringer solution has the same composition as calcium

free depolarizing Ringer solution except that it contains in addition EGTA* 0.01. 
In order to deplete the isolated tissue of calcium; Na-EDTA 0.3 mM can be 

added to the Ca-free Krebs solution (Zero-Ca EDTA solution). 
High calcium (50 mM) solution is prepared by removing bicarbonate and 

adjusting pH to 7.4 with 5 mM Tris-HCI buffer. 
Potassium-rich Krebs is made by increasing KCI concentration up to 47.3 mM 

potassium at the expense of an equivalent amount of NaCL 
Low Na+ Krebs (gluc�se 5.55 mM) solution (63 mEq/l) is prepared by reducing 

NaCl to 38 mM and addmg sucrose 150 mM to maintain the tonicity of the solution. Low Na+ Krebs solution (25 mEq/l) is prepared by omitting NaCl completely and adding sucrose 220 mM. . . . 
K+-free Krebs solution is prepared by omitting KCI and KH PO, and addin NaH2P04 l.2 mM and sucrose 9.5 mM. . . 

2 
4 . . 

g 

Glucose-free Krebs solution is prepared by omitting glucose .. 
Krebs solutions may �ontain 2 x 10�5 M cholin� in order to feed the cholinergic nerves, and preserve their acetylchohne stores m coaxially stimulated isolated 

* Etbyleneglycol-bis-(fl-aminoethyl ether)-N,N-tetra acetic acid . 

111 



I 
Teble 1.1 I I Composition of some physiologic 11lt solutions 11 Composition Frog·Ring• Ringer or Modified Tyrode Krebs· McEwen Hukovic 

Ringer-Locke Kreb 's-Ringer 's Hense le it � . (Locke) bicarbonate (Krebs) 

NaCl (58.45) 110 (6.50)• 154 (9.0) 120 (7.0) 137 (8.0) 118 (6.9) 113 (6.6) 113 (6.6) 
i 
I KCI (74.58) 1.9 (0.14) 5.6 (0.42) 0.8 (0.06) 2.7 (0.2) 4.7 (0.35) 5.6 (0.42) 4.6 (0.34) 

C1Cl2( 110.99) 1.1 (0.12) 2.2 (0.24). 2.6 (0.09) 1.8 (0.2) 2.5 (0.28) 2.2 (0.24) 2.5 (0.28) II MgCl2 195.23) - - - 0.1· 1.0 - - -

(0.01-0.10) . &' 
MgSOlH20 - - 0.67 (0.16) 1.2 (0.28)t - 1.1 (0.26) 11 
(246.39) • 

N1HC03 (84.00) 2.4 (0.2) 6.0 (0.5) 27.5 (2.3) 11.9 (1.0) 25.0 (2.1) 25.0 (2.1) 25.0 (2.1) I 

N1H2P04 (119.97) 0.06 (0.008) .. - - 0.4 (0.05) - 1.2 (0.16) 

KH2P04 (138.08) - - 1 .. 2 (0.16) - 1.2 (0.16)tt - 1.1 (0.15) 

Glucose (180.16) 11.1 (2.0) 5.55(1.0) or 10 (1.8) 5.55 (1.0) 5.55 (1.0) or 11.1 (2.0) 11.1 (2.0) 

11.1 (2.0) 11.1 (2.0) 

Sucrose (342.31) - - - - - 13.1 (4.5) 

*Values are in mM (gnl. Values in parentheses against salts indicate mol.wt. 
tMgCl2 may be replaced in its place. 
ttNaHzP04 may be replaced in its place. 
•*May be omitted. 
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guinea pig ileum. . . 
Ringer solutions are aerated with 02 or air, and used for ma

.
mmahan isolated 

heart and other tissues; frog-Ringer is used for frog heart and tissues. 
. 

Tyrode solution is aerated with air, 02, or 5% C02 in 02and used for mammalian 

smooth muscles. 
Krebs, modified Krebs-Ringer's bicarbonate and McEwen soluti�ns are aerated 

with 5% CO in O and used for mammalian isolated .organ, specially for nerve 2 2 
responses. 

THE DRUG SOLUTIONS 

The concentrated stock solutions of drugs may be made up in distilled water 

because some c·ompounds are appreciably less soluble in physiologic salt �olu�ons 

than in water. Some drugs, particularly catecholamines, are prepared m dilute 

hydrochloric acid or ascorbic acid solution to minimize oxidation. The final dilution 

should be made with isotonic saline or physiologic salt solution. Most of the drugs 
are freshly diluted immediately before use in 0.9% (w/v) NaCl solution (saline) 
containing 0.01 N HCl. 

In order to prepare a drug solution accurately, a bigger amount that can be 
weighed accurately may be taken to prepare a stronger solution. The final solution 
may be prepared by dilution in stepwise fashion. 

Drug Concentration 

In isolated organ experiments, it is usual to describe the drug concentration as 
the weight of the drug contained in 1 ml of the bath solution. Thus, the concentration 
of histamine in a stock solution containing 1 mg per ml is 10-3 g/ml. When 0.2 ml 
(0.2 mg) is added in organ bath of a volume of 10 ml, the final concentration in the 
bath solution, which is the usual way of expression, should be 20 µg (0.02 mg) per 
ml or 2.0 x 10-s g/ml. 

Molar concentration of drugs. One great advantage of expressing the drug 
concentration in terms of molarity is that it is not necessary to specify the nature 
of the salt used. Thus, the comparisons between drugs and the results obtained by 
different workers become easier and more rational. It is the active mass of a drug 
rather than the actual weight that is more important in drug action. A drug is 
usually available in a number of salt forms, e.g. acetylcholine is available as the 
chloride, bromide or iodide salts. If the concentration is expressed on a weight 
rather than on a molarity basis, the chloride salt of acetylcholine will appear more 
active than the bromide or the iodide salt, because of its lower molecular weight. 

A mole of a particular substance is the number of grams equal to the molecular 
weight of the substance (1 mole= lg mol. wt.). 

A molar solution contains one mole or gram molecular weight of the solute in 
one litre of solution (lM = 1 mole/l = 1 mmole/ml). 

Molarity (M) i� a number that expresses the number of moles of a substance in 
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one litre of solution. The molar concentration of a substance X is usually denoted 
by the symbol [X]. 

Conversion Factors 

A. To convert per cent to molarity and vice versa 
Percent= (M x mol.wt.) / 10. 
M =(Per cent x 10) /mol.wt. 

B. To convert mg/100 ml to mEq / l and vice versa: 
mg/100 ml= (mEq/l x mol.wt.) / (10 x valence). 
mEq/l = (mg/100 ml x 10 x valence) I mol.wt. 

C. To convert volume of titratable acidity in a volume of gastric contents to mEq/l 
v 1 x c1 = v 2 x c2 

where V1, C1 are given volume and concentration of the titratable acid, and V2 is the 
volume of the gastric content. C2 is calculated in terms of normality (N), which is 
same as Eq/l; from this mEq/l is found out. 

Example: 5 ml of gastric contents are used for titration, and titration requires 
2.2 ml of 0.lN NaOH; find the titratable acidity (C2) in mEq/l. 

· 

v 1 x c1 = v 2 x c2 
2.2 x 0.1 = s x c2 
C2 = (2.2 x 0.1 )/5 = 0.044 Eq/l = 44 mEq/l. 

D. To convert percentage strength of a solution into mg/ml: 
Shift the decimal point one place to the right e.g. 0.2 per cent solution contains 

2 mg/ml. 

PREPARATION OF SOLUTIONS OF SOME UNSTABLE 
AND I OR INSOLUBLE COMPOUNDS 

Catecholamines 

Stock solutions of catecholamines (noradrenaline, adrenaline, isoprenaline and 
dopamine) 1 mg/ml are prepared in 1 % ascorbic acid solution to minimize oxidation. 
Disodium EDTA 10 mg/ml may also be added to the stock and working solutions 
in order to prevent catalytic oxidation by traces of heavy metals. The drugs are. 
freshly diluted before use in 0.9% NaCl containing 0.01 N HCl. Alternatively, an 
acidulated saline may be prepared by adding one or two drops of 1 N HCI per 100 
ml of 0.9% NaCl. 

Acetylcholine 

Used as chloride, which is highly hygroscopic and unstable in aqueous solution; 
hence should be prepared fresh at the time of the experiment. It is quite stable at 
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S 1 · 
· t acid to litmus pH 4 and becomes less stable at higher pH values. o utions JUS 

. 
paper are satisfactory. Stock solution of acetylcholine is made up m 5% (w/v) 

NaH2P04 solution so as to contain 1 mg/ml. 

Histamine 

Used as acid phosphate (diphosphate) or dihydrochloride. Since the �o salts 
differ greatly in their molecular weights, histamine is usually expressed m ter?1s 
of free base. The molecular weight of the base and different salts, and the relative 
amount of free base in each salt are as follows: 

Histamine Mol.wt. Proportion of base Equivalent of 1 mg base 

Free base 111.1 1.00 

Oiphosphate 307.1 0.36 2.75 mg 

Dihydrochloride 184.1 0.60 1.70 mg 

This means that to administer a given amount of histamine base we have to 
use approximately three times the weight of acid phosphate, or one and a half 
times the weight of the dihydrochloride. Stock solution of histamine should be 
kept at pH 4. For accurate quantitative work, it is advisable to prepare fresh solution 
from the powder on the day of the experiment. 

Physostigmine or Eserine 

Eserine as sulphate or salicylate is used to sensitize the frog rectus muscle to 
acetylcholine by adding eserine sulphate 5-10 µg per ml in Frog-Ringer solution. 
The preparation is sensitized 10-fold, starting about 10 minutes after eserine 
treatment and reaching maximum by 30 minutes. Solid and solutions tum red on 
exposure to heat, light or air, and on coming in contact with traces of metals. Hence, 
it should be kept in air-tight and light-resistant containers. Stock solution (0.1 % or 
1 % ) is made in acidulated saline and kept in cold; deterioration is shown by the 
appearance of a pink colour. 

Reserpine 

Solution is prepared by one of the following procedures immediately before 
use: (i) dissolved in 20% ascorbic acid in a concentration of 10 mg/ml, (ii) dissolved 
in minimum amount of glacial acetic acid and diluted with distilled water to give 
a concentration of 1 mg/ml (final pH 5.3), (iii) dissolved in 10% ascorbic acid and 
pH adjusted to 4.8 with 5% NaHCOy or (iv) dissolved in 30% propylene glycol. 
Stock solution (5 mg/ml) is made by dissolving 100 mg reserpine in 2 ml glacial 
acetic acid, 2.5 ml propylene glycol, 2.5 ml 95% ethanol and sufficient water to 
make20 ml. 
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Phenoxybenzamine 

It is dissolved in 95% ethanol containing 0.001 ml of 10 N HCI per ml to give 
a 100 mM stock solution. May also be dissolved in 4:1 mixture of propylene 
�����. � 
a -Methylparatyrosine HCI (a-MPT) 

��lution (30 mg/ml) is prepared in 0.5 M phosphate buffer saline (pH 7.4) and 
suffiaent lN NaOH added just to effect solution and stored at Q°C. a-MPT may 
also be suspended in water with 0.5% carboxymethylcellulose and 2.5% Tween 80. 

p-Chlorophenylalanine (PCPA) 

Always to be stored at D°C. Before use it is dissolved in 1 N NaOH, and pH 
adjusted to 8.9 with 1 N HCI, or suspended in 1 % carboxymethylcelullose to give 
30 mg/ml solution. 

6-Hydtoxydopamine HBr (6-0HDA) 

Always to be stored at Q°C. Before use the salt is dissolved in cold 0.9% NaCl 
containing 1 or 10 mg/ml ascorbic acid. May also be dissolved in 0.001 N HCI that 
had been gassed with nitrogen. 

Pimozide 

It is dissolved in 0.1 % (w/v) tartaric acid and pH adjusted to 5.5 with O.lN 
NaOH. Stock solution (lOmg/ml) is prepared by dissolving 100 mg in 3 drops of 
glacial acetic acid and 3 drops of absolute alcohol before making up to a final volume 
of 10 ml with hot 5% glucose solution. Subsequent dilutions are rriade in saline 
before use. 

Haloperidol 

The solution is prepared by one of the following methods: (i) dissolved in 
distilled water by drop-wise addition of 1 N HCI, (ii) dissolved in dilute lactic acid 
and pH adjusted to 4.8 to 6.0 with O.lNNaOH, or (iii) dissolved in propylene 
glycol:ethanol (60:40) acidified with HCl, volume made up with saline to give a 
final concentration of 1 mg/ml. 

Prostaglandin E's 

Stock solution is prepared by dissolving 2 mg/ml in 90% ethanol. PGE's 1 mg is 
dissolved in O.l ml 95% ethanol and 0.9 ml of 0.02% (w/v) Na2C03 solution before 
each experiment. 

Aspirin 

it is used as sodium salt by mixing acetylsalicylic acid with sodium bicarbonate 
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in the ratio of 180:100 and dissolving in water. May also be suspe;nded in 1 % 

carboxymethylcellulose. 

lndomethacin 

It is. dissolved by adding ethanol 0.4 to 0.8 ml to 1? to 20 mg
.
pow�er, an

0
d then 

diluting tolmg/ml with 0.9% NaCl. May also be dissolved either in 0.8 Yo w/v 

NaHC03 solution or in Tris hydrochloride (Tris HCI). 

Streptozotocin 

It is dissolved in ice-cold 50 mM sodium citrate buffer (pH 4.5) containing 0.9% 
NaCl immediately before injection. 

Apomorphine sulphate 

Dissolved in 0.9% NaCl containing ascorbic acid 0.2 mg/ml. 

Cimetidine 

Dissolved in small quantity of 0.1 N HCI neutralized by 0.1 N Na OH, and made 
upto a volume with 0.9% NaCl. May also be prepared in saline as 2% suspension. 

L-DopaHCI 

Dissolved in 0.1 N HCI to give a concentration of 40 mg/ml. 

Disulfiram 

Suspended in solution using compound powder of tragacanth. 

FLA-63 

Dissolved in hot dilute 1 % tartaric acid. 

Kainic acid 

Dissolved in 0.5 mM phosphate buffered saline. 

Metiamide 

Same as for cimetidine. 

Metergoline 

· Suspended in 5% carboxymethylcellulose. 

Nifedipine 

Dissolved in 30% ethanol. 
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Niludipine (Nisoldipine) 

Dissolved in 5% polyethylene glycol. 

Oestradiol 

Dissolved in 3 parts of absolute ethanol and 7 parts of saline. 

Spiroperidol (Spiporone) 

Dissolved in a few drops of glacial acetic acid, and made up with distilled 
water; pH adjusted to 6.0. 

Heparin 

It is available as sodium salt tontaining 100 units per mg; used intravenously 
in a dose (units per kg) 500 in dog, 1000 in cat, 2000 in rat, and 3000 in rabbit. In 
order to prevent clotting in arterial cannula, 0.5 ml of 1 % solution (500 units) of 
heparin is injected into the cannula before the arterial clamp is removed. In rat, a 
polyethylene cannula is filled with 0.1 % solution of heparin. In order to minimize 
the in vitro formation of pharmacologically active substances, it is the only suitable 
anticoagulant for blood. For such purposes, 1 vol. of a 1 % pure heparin sodium in 
0.9% NaCl is added to 20 vol. of blood. 

Anticoagulant Fluid 

Sodium citrate (8.5% ), sodium thiosulphate (25%) or half-saturated (or 30%) 
sodium sulphate solution (filtered) is used as an anticoagulant fluid to fill the tubing 
connecting the manometer with the arterial cannula for the recording of blood 
pressure. To prevent clot formation in the cannula the following procedure may 
also be adopted. The cannula is first rinsed with 2% silicone in carbon tetrachloride, 
dried in an oven and then well rinsed with tap water leaving a non-wettable film 
of silicone on the surface. Heparin 0.25 ml of 1 % solution is then placed in the tip. 

SOLVENTS OR VEHICLES 
Dilute hydrochloric acid, dilute sodium hydroxide, or 5% gum acacia suspension 

are used as solvents for test substances. 
Propylene .glycol is a useful solvent of low toxicity for substances which are 

insufficiently soluble in water, or are unstable in aqueous solution. It may be used 
for injections, although it migh� have some local iqitant effect by intramuscular 
route. 

Polysorbate (Tween 80) is a non-ionic surface-active agent used as a solubilizing 
agent for water insoluble substanc;es for injection. Although it is claimed to be an 
inert substance without any pharmacoJogical action, some actions have been 
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reported in the form of histamine release in the dog, and spasmolytic effect on 

isolated tissues (Sabir et al. 1972). 
. 

Sesame oil is one of several solubilizing agents, which are used in the animal 

for testing of water insoluble drugs such as �9-tetrahydrocannabinol (THC). It was 

found to reduce noradrenaline in the brain, heart and spleen of mice . This indicates 

that all solubilizing agents are not necessarily pharmacologically inert (Anton et 

al.1974) . 

PREPARATION OF APPROXIMATE 
NORMAL SOLUTIONS 

Acid or Alkali ml diluted to 11 with distilled water 

HCL 
HN03 
H2S04 
NaOH 

100 
63 
28 
42 g 

ATOMIC WEIGHTS OF SOME COMMON ELEMENTS 
H 
1 

c 
12 

N 
14 

Description 

Very soluble 
Freely soluble 
Soluble 

0 
16 

Sparingly soluble 
Slightly soluble 
Very slightly soluble 
Practically insoluble 

F 
19 

S Cl K Ca Fe I Na Mg P 
23 �4.3 31 32.1 35.5 39.1 40.1 55.9 126.9 

SOLUBILITY 

Relative quantities of solvent 
for 1 part of solute 

Less than 1 part 
From 1to 10 parts 
From 10 to 30 parts 
From 30 to 100 parts 
From 100 to 1,000 parts 
From 1,000 to 10,000 parts 
More than 10,000 parts 

STORAGE TEMPERATURE 
Cold place -having a tempera�i:e not exceeding 15°C . 
Refrigerator -a cold place in which �e temperature is held betw 2oc d 

15oc 
een an 

Excessive heat -temperature above 49°C 
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Freezing of biological products - provided container remains intact, freezing 
does not affect generally the potency of biological 
products. 

RELATIVE SIZE OF MOLECULES AND CELLS 
Molecular weight of any compound expressed in grams contains 6.02 x 1023 
molecules. Thus, a compound with a molecular weight of 200 : 

200 g contain about 6 x 1023 molecules 
2 mg contain about 6 x 1018 molecules 
1 mg contains about 3 x 1018 molecules 

Ouanitity 

Mass 

Concentration 

Volume 

Length 
Time 

Temperature 

Current 

Frequency 

Radioactivity 

Pressure 

UNIT AND MEASURES 

Base Unit 

gram 

mole 
litre 

metre 

second 

Celsius 

ampere 

hertz 

curie 

millimetre of mercury 

PREFIXES FOR VARIOUS UNITS 
mega (M) 108 
kilo (k) 103 
milli (m) 10"3 
micro Iµ) 10"' 
nano (n) me 
pico (p) rn-12 
femto (f) 10"16 
atto (a) j rn-1a 

FURTHER READING 
Anton, A.H., Serrano, A., Beyer, R.D. and Lavappa, K.S. (1974) Life Sci., 14, 1741. 

Symbol 

g 

mol 

1 
m 
s 

oc 
A 
Hz 

Ci 

mm Hg 

Luduena, F.P. (1960) In Methods in Medical Research, ed.-in-chief Bruner, H.D., vol.8, Year Book 

Publishers, Chicago. 
Sabir, M., Singh, M. and Bhide, N.K. (1972) Ind./. Physiol. Pharmacol. 16, 193. 
Tuttle, W.W. and Shottelius, B.A. (1963) Physiology Laboratory Manual, CV. Mosby, St. Louis, Mo. 



Some Basic Equipments 

ASSEMBLY FOR RECORDING OF THE BLOOD PRESSURE 

The mercury manometer originally designed by Poissuille in 1828 was modified 
by Carl Ludwig in 1847 to allow graphic records to be obtained from a float on the 
mercury, so that progressive changes in the blood pressure could be studied. Even 
today, the assembly virtually remains the same, consisting of a ·mercury manometer 
with a float supporting a long stiff wire that writes on the smoked surface of the 
kymograph with the help of a stylus. Owing to the inertia of the column of mercury, 
the assembly does not, however, register accurately the rapid changes of pressure 
in the artery with each heart beat that appears as comparatively small fluctuation. 
These fluctuations become larger when the heart beat is slow, because the 
manometer is now capable of keeping up with the slow rate. The assembly thus 
gives only a true and valuable record of the mean arterial pressure. 

The mercury manometer consists of a glass U-tube (5 mm bore) with two vertical 
limbs about 30 cm in height, which is half-filled with mercury. Since the mercury 
is displaced equally up in one limb and down in the other, it is obvious that any 
displacement recorded must be multiplied by two to obtain the actual pressure in 
terms of a mercury column. To obviate this, a millimeter scale with doubled values 
is fitted with the manometer so that these can be read off directly up to 250 mmHg. 
On the surface of the mercury column in one limb is- a cylindrical float of vulcanite 
from which a stiff fine wire rises bearing on its upper end a stylus (writing point) 
that writes on the traveling surface of the smoked paper. The other limb of the 
manometer has a side-tube that is connected through inextensible (pressure or 
resistance) tube made of thick rubber or polythene to an arterial cannula. The upper 
end of this limb is also connected with a reservoir bottle containing some 
anticoagulant fluid that can be pumped into this limb and through the 
interconnecting tube to the arterial cannula. At the junction .of the side-tube, a 3-
way stopcock connects or disconnects the arterial cannula and the manometer from 
the reservoir bottle (Fig. 2.1). 

. ·  

Condon's blood-pressure manometer. It is an assembly for recording of the blood 
pressure in rats and other small animals, and differs from the conventional 
manometer in the following respects. The main limb of the manometer is 28 cm 

long and the bore 2.5 mm in diameter. A reservoir 2.5 cm diameter replaces one of 
the limbs so that the mercury level falls but little in the reservoir when the column 

of mercury rises in the small bore of the main limb, thus giving approximately 
double the sensitivity of the normal U-shaped manometer. The scale is calibrated 
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to take this small change into account so that accurate pressure readings between 
0 and 200 rnrnHg may be obtained. 

Fig. 2.1. Assembly for recording of the blood pressure 
in anaesthetized animal. For details see text. 

A SSEMBLY FOR RECORDING OF 
CONTRA CTION OF ISOLATED TISSUES 

Rudolph Magnus was the first to design the arrangement of bath for excised 
organs (intestinal strips) as early as in 1904. Even today the assembly remains 
basically the same consisting of (a) a water bath made of glass or Perspex fitted 
with electrical heater with thermostatic control, and a small electrical stirrer to 
keep the water in the bath circulating for uniform heating, (b) a cylindrical organ 
bath made of glass of variable capacity (5 to 100 ml) for suspending the tissue in 
physiologic salt solution, ( c) a coil made of glass or Perspex connected to the lower 
end of the organ bath by means of a short length of rubber tubing to keep the salt 
solution warm before entering the organ bath, (d) an oxy�en tube cum tissue holder 
made of glass, (e) a writing lever, and adjustable clamps, holders, grips, etc. for 
holding the oxygen tube, writing lever and thermomete.r in position. A 
diagrammatic sketch of the set up is presented in Fig. 2.2. 

The contractions and relaxations are recorded with the help of the writing 
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lever on a smoked paper fixed round an electrically operated recording drum, 
which can be adjusted to any desired speed depending on the nature of the 
experiment. For most of the experiments a speed of one revolution in 96 minutes is 
usually used. 

.,..-------... 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
L...,__ __ .,.. 

0 

c 

d 

b 

1 

Fig. 2.2. Assembly for recording of contractions of isolated tissues. For details see text. 

The Writing Lever and its Adjustments 

The levers mostly used in the isolated tissue work are made of aluminium, 
stainless steel, balsa wood, or sometimes of 'drinking straw' that are light and 
rigid, so that while writing on a smoked surface they do not bend. Most of the 
writing levers belong to the 'class I type' of mechanical levers,· i.e. the fulcrum or 
pivot lies between the writing point and the point of attachment of the tissue. 
Starling's heart lever, however, belongs to the 'Class II type' of lev�r since the 
fulcrum lies at one end beyond the point of attachment. The levers are usually of 
isotonic type, i.e. the change in length due to contraction is recorded, while the 
tension on the muscle remains the same. Isometric levers, which record the change 
in tension only, are also used under special circumstances. For instance, when a 
twitch is produced by stimulating a muscle suspended between two rigid points, 
one bein� a strong spring; the muscle does not shorten, but only creates a force or 
tension that is recorded; the twitch is also much faster in action. For studying the 
relationship between concentration of a substance and the effect on an isolated 
tissue, it is preferable to work over as wide a range of concentration as possible. 
For this, measurement of force rather than of contraction is preferable, since the 
former has no limit, whereas a muscle can shorten (contract) only so much. For 

"' 
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delicate tissues, an isometric strain-gauge transducer should be ideal; alternatively, 
Paton's

. 
auxotonic lever (see later) will serve the purpose. 

A�1ustment for magnification of recording. The fulcrum should be so placed that 
there is some magnification of the actual contractions. In order to achieve this, the 
distance between the writing point and the fulcrum (F) should always be greater 
than that between the point of attachment to the tissue (T) and the fulcrum. By 
adjustment of these relative distances from the fulcrum, any degree of magnification 
can be obtained. For instance, in Fig. 2.3, if the distance A is 10 cm and B 2 cm, 
then the magnification is obtained by the ratio A/B = 5. The magnification to be 
employed is dependent on the individual tissue (see Table 14.1). Lesser the inherent 
contractility of a tissue, higher the magnification needed, and vice versa. For instance, 
guinea pig ileum requires five to ten times magnification, while the uterus requires 
only about one and a half times. 

A 

Fig. 2.3. Adjustment for magnification of recording. For details see text 

Adjustment of load or tension. Since the fulcrum is always away from the midpoint, 
the lever is first balanced by attaching 

' ' 

·10J 

(b) 

tcJ 

sufficient weights (W) on the shorter arm 
near the end. For efficient contractions, 
enough tension is applied on the muscle 
so that when unstimulated, it relaxes to 
its full extent, but not so as to.0bliterate 
its normal tone, or spontaneous rhythmic 
movements. This is achieved by either of 
the two ways: (a) after balancing the lever 
(with W), the effective load. (L) for the 

particular tissue is applied to the longer 

arm of the lever at the same distance from 
the fulcrum as the point of attachment of 

the tissue (T) (Fig. 2.4a), or. (b) the lever 

is first balanced by hanging sma}J. weights 

equivalent to the effective load for the 

particular tissue· a.t. the point of Fig. 2!4'.Adju_stment ofload'ortehsion of 
attachment of the tissue (L ), and also by writing lever.· For details see text. · · 

. ) 
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putting remainder of the weights at the end (W) (Fig. 2.4b);
f
the w�ghts

t
e��i

t
�ale� 

to the effective load are then removed from the point o attac men rea 

(Fig. 2.4c). 
h · h Id b . f h 

. ·g where t e tens10n s ou e 
In the case of tracheal cham o t e guinea P1 ' 

h nl t . 
minimal the weights equal to that of the chain is removed. Thus t e 0 Y enswn 

used in this case is that caused by the weight loss of the chain through the buoyancy 

of the bath fluid. Hooks with weights are available for the purpose, but balls of 

plasticine (modelling clay) of different weights may serve the purpose well. 
' 

Different Types of Lever 
Simple lever. It consists of light aluminium, or stainless steel capillary fitted 

through an axle pivoted between hardened centres mounted on a sto�t brass frame; 
a thumbscrew located on the axle midway between the centres permits the lever to 
be adjusted for length as required. A light celluloid writing point (stylus) is fitted 
at one end that gives a tangential record on the smoked drum. 

Frontal writing lever. It is so designed that the actual shortening of the muscle is 
magnified in linear proportion on the drum. The lever is made of a strip of 
aluminum fixed to a wheel that rotates freely about its axle. A long frontal-writing 
point made of glass capillary is attached to the end of the strip by means of a hinge. 

Heart lever (Starling 's). It consists of a frame carrying a light lever arm with 
holes and notches supported by a fine adjustable nickel-silver spring attached to 
an adjustable hook. 

Universal lever (Brodie's). It is a general utility lever with axis screwed with two 
nuts between which the interchangeable levers are clamped. It is complete with 
one plain lever, one notched lever with holes, and one short lever. 

"Fixit " lever. It is similar to the Brodie's, but the central spindle has an ebonite 
roller on which three pins are set at right angles. There is a rod carrying a spring, 
which slides in the frame underneath the roller, so that the lever can be held in any 
desired fixed position. This is usually operated through- camera shutter release, 
and is particularly useful to prevent the upward kick by the lever during·washing. 

Gimbal lever. With this lever the pressure of the stylus is effected by the force of 
gravity, thus obviating adjustmen.ts necessary in the case of ordinary levers. 

Isometric lever. Consists of a heavy brass frame with spring steel wire .fixed to 
each limb; the lever passes through the centre of the spring. A screw is so arranged 
that it forces the limbs apart and increases the tension of the spring. 

Pendulum auxotonic lever (Paton 's). An auxotonic lever is a light spring-loaded 
lever in which the load on the muscle increases as it shortens. The lever becomes 
virtually isotonic when the slope of the line relating the load ·of deflexion is low 
enough. Thus, with this lever both the shortening and the tension increase with 

increasing contraction. A simple way of making an auxotonic lever is to attach a 
pendulum to the lever. A small pe!forated aluminium strip is mounted do.wnwards 
at right angles to a frontal lever made with perforated aluminium strip, and bent 
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at a convenient distance from the fulcrum to make a small support to which weights 
may be attached (Paton, 1 957). 

MULTICHANNEL POLYGRAPH RECORDERS 

These are highly sensitive direct writing oscillographic recorders intended for measuring 

and recording different physiological events, such as blood pressure, muscle contractions 

(both isotonic and isometric), temperature, etc. Most of the recorders consist of three 

components: 
1 .  Transducer. A device that receives the input signals in the form of any energy 

(e.g. muscle contraction, respiration, pressure and temperature changes, 
etc.) and converts it to an electrical energy. 

2. Amplifier. Most of the commercial recording units usually provide voltage 
amplification, so that a deflection of 2 cm at the output can be caused by 1 
m V at the input. Since the commonly recorded biologic potentials lie 
between 50 m V and 150 m V, an additional multiplication of the biologic 
signal by 100 in a pre-amplifier provides an adequate range of amplification 
for most of the experiments. Pre-amplifier thus gives the signal an initial 
boost, and a power driver (amplifier) amplifies further the pre-amplifier 
signal so as to drive the pen motor through a galvanometer. 

3. Recording system. A chart-drive device that moves the chart paper at a 
variable speed. 

Many models with capacity up to eight channels a_re available (Grass Polygraph; 
Beckman Dynograph; Inco Polyrite; Encardiorite ), so that a simultaneous recording 
of a number of events can be obtained. In addition to the recording channels, time 
and event channels are also provided in these instruments. By using different pre
amplifier modules and appropriate transducers, recordings can be obtained for 
different events. 

ELECTRONIC STIMULATOR 

It provides square waves (rectangular pulses) of current of varying duration, 
frequency and voltage (Fig. 2.5) required for most of the investigations. The output 
voltage required depends on the tissue that is to be stimulated. Thus, frog nerve 

Volt r 

Pulse Fniquency 

PulH fr�quency 

�Il l nJlJ 
Fig. 2.5. Square wave or rectangular pulses. 

-
Pul se 
Wld fh 
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needs only one or two volts, whereas stimulation of human
. 
ner�e thr?ugh the 

skin may need 50 volts or more. Pulse duration of 1 or 2 ms is quite suitable for 

stimulation of the nerve. Long pulses of current are best suited for stimulation of 

smooth muscles or of sympathetic nerves. A supramaximal voltage is obtained by 

increasing the voltage until there is no further increase in the height of contraction, 
and then setting the voltage to about 50% greater than this. To avoid current spread, 
the cervical sympathetic nerve placed on a shielded bipolar platinum electrode is 
immersed in liquid paraffin. 

+ 

a c 

+ + 

Intraluminal platinum wire electrode 

Fig. 2.6. Arrangements for transmural 
(electrical field) stimulation. For details see text. 

Transmural (electrical.field) stimulation. It is used to excite· the intramural nerves 
of isolated tissues in one of the following ways: 

' 
i) Two lengths of platinum wire are cemented to the edges of a Perspex gutter, 

so that they are held parallel and about � mm apart (Fig. 2.6a). The isolated 
tissue is suspended between the h\TO wires in .a bathing fluid. 

ii) One platinum wire is threaded inside the lumen of the viscus (in�aluminal 
electrode) as one electrode with a coaxial circle of wire as the other electrode 
(Fig. 2.6b ). 

iii) A short length of platinum wire just enters the lumen at the lower end as 
one electrode with a coaxial circle of wire at the upper end as the other 
electrode (Fig. 2.6c). 

The details of The nature of stimulation to be applied to· different nerve and 

tissue preparations are giv�n in Table 2. 1 . .  
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Table 2 . 1  
Stim I t '  f · u • t on  o d ifferent tissues by square wive pulses 

Tissues Strength Duration Frequency Stimulation 
{VJ {ms/ {Hz/ {period/ 

Dog 
Vagus nerve 1 0  5 8 
(peripheral) 

Cat 
Nictitating Supramaximal 0.5 10  1 5  sec every 2 min 
membrane through 0.5 6 6 sec 
cervical sympathetic 1 5  2 5 1 0  sec 
nerve 

Splanchnic, vagal, Submaximal or 5-30 1 0  sec every 2-3 min 
superior cervical supramaximal 
nerve 

Rabbit 

Jejunum innervated 1 0  0.5 50 
(Finkelman) preparation Supramaximal ( 1 5-25) 2 5-50 20 sec every 7 min 

Guinea pig 
AtriaTwice threshold 0.5 2 

Maximal 5 1 
Supramaximal 2 3 

lleumMaximal I 
(transrooral supramaximal 0.4 or 1 0.1 
stimulation) 1 .3 x maximal 0.5 0.1  

Supramaximal (40) 0.5 0.05 
T aenia caecum 40-50 0.2 30 30 sec 

Vas deferens (transmural Supramaximal 0.1 25 15 sec every 3 min 

stiroolation) 90-1 20 0.5 5-50 5-45 sec every 5 min 

Hypogastric nerve-vas Suprarnaximal or 1 -2 50-80 100 or 200 pulses 

deferensSubmaximal (2 -3) a.very 2 min or for 
2·5 sec every min 

Rat 
Fundal strip Suprarnaximal ( 1 5) 1 - 1 0  1 0  sec every 2 min 

Phrenic nerve- Submaximal 1 0.1 
diaphragm Supramaximal ( 1 -4) 0.2 0.2·0.3 Tetanus produced 

by 50 Hz for 1 0  sec 

Direct stioolation 20-60 · 1 0.2 
of diaphragm 

Vas defnns through Suprarnaxirnal 2 20 sec every 3 min 

nerve 
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Table 2 . 1  (Cont.) 

Tissues Strength Duration frequency Stimulation 

(VJ (ms) (Hz) (period) 

Vas deferens field 1 0-30 3 0. 1 

stimulation (mounted Supramaximal 1 5 1 0 sec every 4 min 

between longitudinal 80 . 1 20 1 20 

platinum electrodes) 

Anococcygeus muscle Supramaximal 1 0  1 5  sec 

Atria 0.3· 1 .5 3 

(slightly above threshold) 
Mouse 

Vas deferens (field 1 .3 x maximal 0.5·2 0.1  
stimulation) Supramaximal 0.3 30 every 3 min 

FURTHER READING 

Bell, G.H. (1959) Experimental Physiology, Livingstone, Edinburgh. . 
Bums, B.D. (1961) In Methods in Medical Research, ed-in-chief, Quastel, J.H., vol. 9, p.347, Year Book 

Medical Publishers Inc., Chicago. 
Donovan, G.E. (1953) Medical Electronics., Butterworth, London. 
Paton, W.D.M. (1957) /. Physiol., 137, 35P. 



Pharmacology of . 
Neurohumoral Transmission 
and Sy�pathectomy 

NEUROHUMORAL TRANSMISSION 

Broadly two steps are involved in the transmission of a nerve impulse along a nerve path: 

(a) conduction or passage of an impulse along an axon, and (b) transmission or passage 

of an impulse across a synaptic or neuroeffector junction. 

Axonal Conduction 

In response to a stimulus above the threshold level, a nerve action potential 
(AP) or nerve impulse is initiated. A series of electrical and ionic changes in the 
membrane bring about a propagation or conduction of AP without decrement along 
the axon. The axonal conduction can be blocked by a few toxins, e.g. tetrodotoxin, 
batrachotoxin, etc., the mechanisms of which have been summarized in Table 3.1 

Toxin 
T etrodotoxin 

Saxitoxin 

Bltrachotoxin 

�Bungarotoxin • 

"' a ·Bungafotoxin acts postsynaptically 

Table 3 . 1  

Axon1I conduction blockers 

Source 
Puffer fish 

Dinoflagellates 

eaten by clams 
and other 
shell-fish 

Steroidal 

alkaloid 
secreted by a 
South American 

frog 

V.enom of 

Bil0garus 
muhicinctus 

1 ,  

Mechanism 
Prevent rapid inward 

Na•current leading to 

blockade of propagated 
action po�ential in 

nerve and muscle. 

Selective increase in 

Na• permeability leading 

to persistent depolarization 

and blocking of axonal 

conduction 

Blocks neuromuscular 

transnissicin presynaptically 
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Junctional Transmission 
The arrival of the AP at the axonal terminals initiates a series of events in 

succession as follows: 
1 .  Release of the transmitter. The depolarization of the axonal terminal triggers 

the release of a large quantity of neurotransmitter synthesized and stored 

in the nerve terminals. 
2. Combination of the transmitter with post-junction receptors, and production of the 

post-junctional potential. The transmitter diffuses across the synaptic or 
junctional cleft, combines with postsynaptic receptors resulting generally 
in a localized nonpropagated increase in the ionic permeability, or 
conductance of the membrane. A generalized increase· in permeability to 
all types of ions results in a localized depolarization of the membrane, that 
is, an excitatory postsynaptic potential (EPSP), while a selective increase in 
permeability to only potassium and chloride results in stabilization or actual 
hyperpolarization of the membrane, that is, an inhibitory postsynaptic potential 
(IPSP). 

3. Initiation of post-junctional activity. If an EPSP exceeds a certain threshold 
value, it initiates propagated AP in a neuron, or a muscle AP in cardiac and 
skeletal muscles, or a localized contractile response in smooth muscles, or 
secretion by gland cells. An IPSP tends to oppose excitatory potentials 
initiated by other neuronal sources at the same site. 

4. Destruction or dissipation of the transmitter. The transmitter is rapidly removed 
following each impulse by one or more of the following mechanisms: 

(a) enzymic destruction, 
(b) re-uptake into neuronal or extraneuronal sites, and 
(c) simple diffusion. 

IDENTIFICATION OF A SUBSTANCE AS A NEUROTRANSMI'ITER 

Before a subs tance (putative transmi tter) can be designated as 
'neurotransmitter', it  has to satisfy the following criteria: 

1 .  Demonstration of its presence along with its precursors in the appropriate 
nerve endings. 

2. Enzymes or systems for its synthesis and breakdown should be 
demonstrable in the nerve. 

3. Recovery of the substance from the perfusate by stimulation of the nerve. 
4. Its administration should mimic the action produced by appropriate nerve 

stimulation. 
5. Modification by drugs of responses produced by both nerve stimulation 

and administration of the putative transmitter. 
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SYMPATHECTOMY 

Sympathectomy is an experimental procedure employed to assess the role of 

peripheral sympathetic nervous system in various physiological processes, and to 

elucidate the mechanism of action of certain drugs. 

SURGICAL SYMPATHECTOMY 

In this procedure, sympathetic nerve supply to an organ is cut, e.g. denervation 
of the nictitating membrane of cat by removal of the superior cervical ganglion 
eight days previously. The drawback is that the period of denervation is brief, 
since reinervations by adrenergic nerves from neighbouring tissues and organs 
occur soon after denervation . .  

IMMUNO SYMPATHECTOMY 

Injection of the nerve-growth factor (NGF) antiserum in newborn rats destroys 
more than 90% of sympathetic cell population (paravertebral and coeliac ganglia). 
NGF, a protein isolated in pure form from the male mouse salivary glands, is 
essential for the development of sympathetic nerve cells. Higher levels of NGF 
have been found in guinea pig prostate gland that may serve as a rich source of 
NGF (Harper et al. 1979). The drawbacks of immunosympathectomy are (i) difficult 
to raise NGF antiserum, (ii) incomplete sympathectomy, (iii) both afferent and 
efferent nerves are affected, and (iv) ineffective in adult animals. 

CHEMICAL SYMPATHECTOMY 
I 

6-Hydroxydopamine (6-0HDA) 

This produces (a) reversible changes· in adult animals, selectively destroying 
peripheral adrenergic nerves alone leaving the cell body intact, thus providing the 
possibility for subsequent regeneration, and (b) irreversible changes in newborn 
animals where the whole neuron is destroyed. 

The accumulation of 6-0HDA in the adrenergic neuron by the neuronal amine 
pump seems to be a prerequisite for its destructive action on the nerve. This 
transport mechanism, which is present in the cell body, gets shifted to the axons of 
the sympathetic neuron during adulthood. This explains the difference in the action 
of 6-0HDA in adults and in newborns. 

Injection of large dose of 6-0HDA into the brain can. produce a selective 
destruction of noradrenergic and dopaminergic nerve terminals in the brain. The 
drawbacks are : (i) regeneration of the axons occurs in a few weeks, as the cell 
bodies ·are not markedly destroyed, (ii) vascular adrenergic nerve terminals 
regenerate more rapidly than the nonvascular nerves, and (iii) heart and large 
vessels are affected first, then the p�ripheral vessels, and lastly the genital system. 
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Guanethidine 

This produces widespread sympathectomy even in adult animals, and has the 
following advantages : (a) the effect persists over long period (permanent 
sympathectomy), (b) particularly suitable for studies of the reproductive organs 
which are denervated effectively, (c) produces complete sympathectomy of the 
vascular smooth muscles, and ( d) does not affect central neurons in the brain. 

CHEMICAL DESTRUCTION OF TRYPTAMINERGIC NEURONS 

Neurotoxins that are preferentially taken up into tryptaminergic neurons, 
thereby destroying these neurons are 5, 6- and 5, 7-dihydroxytryptamines. 

FURTHER READING 

Burnstock, G., Evans, B., Cannon, B.J., Heath, J. and James, V. (1971) Br. /. Pharmac., 43, 295. 
Harper, G.P., Barde, Y.A., Burnstock, G., Carstairs, J.R., Dennison, M.E., Suda, K. and Vernon, C.A. 

(1979) Nature, 279, 160. 
Koelle, G.B. (1975) In The Pharmacological Basis of Therapeutics, eds. Goodman, L.S. and Gilman, A., 

5th edn., p. 404, Macmillan Publishing Co., Inc., New York. 
Turlapaty, P.D.M.V., Jayasundar, S. and Ghosh, M.N. (1979) Ind. /. Pharmac., 11, 87. 
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Pharmacology of Receptors 

Cells, such as the ones in the human body, need a way to interact and communi
cate with hormones and drugs. That is where cellular receptors come in. 

As early as late nineteenth and early twentieth centuries, Ehrlich and Langley 
introduced independently the original concept of receptor sites. During the past 
few decades, progress had been made in the isolation and characterization of 
receptors by radioligand binding techniques. It is now well established that the 
receptor is a cellular macromolecule, or an assembly of macromolecules, mainly 
protein in nature, present on the surface of the cell membrane or inside a cell, 
concerned directly" and specifically in chemical signaling between and within the 
cells. When the endogenous agonists like hormone, neurotransmitter or intracellular 
messenger, and exogenous agonists like drugs and chemicals get attached with the 
receptor(s), there is a change in the cell function producing a response. 

Structure and Properties of Receptors* 

The regions of the receptor macromolecule to which ligands** bind are known 
as the recognition sites, consisting of primary or orthosteric sites to which the 
endogenous agonist binds, and allosteric or allotopic sites to which the other ligands 
bind. Agonists may act by combining either with the primary or orthosteric sites, 
or less commonly, with the allosteric or allotopic sites. 

Allosteric agonists or activators are ligands that are able to mediate receptor 
activation on their own by binding to a recognition site on the receptor 
macromolecule that is different from the primary site. 

Allosteric enhancers or modulators enhance the orthosteric ligand affinity and/or 
agonist efficacy, while having no effect on their own. 

Allosteric antagonists are modulators that reduce the orthosteric ligand affinity 
and/or agonist efficacy. Neutral allosteric ligands bind to an allosteric site without 
affecting the binding or function of orthosteric ligands, but can still block the action 
of other allosteric modulators that act via the same allosteric site. 

Syntopic interaction is a competitive interaction between the ligands that bind 
to the same (common) orthosteric or allosteric site on the receptor macromolecule. 

Allosteric interaCtion is a cross-interaction between different sites on a receptor 
macromolecule. 

There are four broad families of receptors as follows: 
(a) Ionotropic (channel-linked) receptors - are linke�. directly to an ion channel 

* Neubig, et al (2003) **Ligand is a molecule (agonist or antagonist) that binds to a �ptor protein. 
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which opens only when the receptor i�
. 
occ_upied b� an ago�st (ligand

gated ion channels) producing depolarization and mcrease m cytosolic 

Ca2+. 
(b) Metabotropic (G protein-coupled) receptors (GPCRs) - a large fami ly of 

receptors that serve as sites of action for many drugs. They are so named 

because their activity is regulated by iriteraction with guanine nucleotide 

regulatory protein, G protein. Agonists binding to these receptors promote 

the dissociation of the guanosine diphosphate (GDP), and binding of 

guanosine triphosphate (GTP) to the G protein that leads to the dissociation 

of the GTP bound alpha subunit, which in tum combines with the effector 

enzyme systems generating the second messenger leading to a response. 

Calcium sensing receptor (CaR) belongs to the superfamily of G protein

coupled receptors . The CaR controls extracellular calcium homeostasis 

via parathyroid hormone (PTH) secretion and renal calcium reabsorption. 

The CaR selective calcimimetic drug Cinalect stimulates the CaR to 
suppress PTH secretion in chronic kidney disease. 

(c) Kinase-linked receptors - contain a protein kinase domain within the cell 

with intrinsic enzymatic activity. 
(d) Receptors that regulate gene transcription (n uclear receptors) - are soluble 

cytosolic or intracellular proteins. 
A receptor 

.
exists in two forms, active (Ra) and inactive (R.), whose properties 

are presented m Table 4.1 _ 
' 

Tlble 4. 1 
Properties of active (R,) and inactive (R1) receptors 

Properties 

Ion channel 
Protein tyrosine kinase 
Coupling to G protein 
Affinity for full agonist 

Affinity for partial agonist 
Affinity for antagonist 

(competitive) 
Affinity for inverse agonist 

Active Receptor ( R,J Inactive Receptor ( R. ) I 

Open 
Active 
Productive 
High 
Intermediate 

Equal for both receptors 
Low 

Closed 
Inactive 
Non-productive 
Low 
Low 

The following forces that allow interacti be 
the drug and the complementary bind' 

on tween the functional groups of 

binding of a drug to a receptor: 
mg surfaces on the receptors determine the 

Hydrogen bonds 
Ionic bonds 

· van der Waals forces -· 

Covalent bonds 

d 
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When a ligand or a drug binds to a receptor, a complex is formed to produce 

a stimulus leading to a chain of biochemical effects in the cell (second messengers), 

ultimately producing a response. Second messengers, such as cyclic AMP, cyclic 

GMP, Ca2+, inositol phosphates, diacylglycerol and nitric oxide influence one 

another, both directly by altering their metabolism and indirectly by sharing 

intracellular targets. Cyclic AMP is synthesized by adenylyl cyclase under the 

control of G protein-coupled receptor, stimulation of which is mediated by Gs and 
inhibition by Gi . Cyclic AMP functions by activating cAMP - dependent protein 
kinases, which in turn phosphorylate physiological targets (metabolic enzymes or 
transport proteins), numerous protein kinases, and other regulatory proteins. It 
also directly regulates the activity of plasma membrane cation channels. 

Agonist 

It is a ligand capable of binding with receptors so as to alter the receptor state 
thereby eliciting a response. Two factors determine the ultimate response of a tissue, 
(i) affinity, that describes the strength with which an agonist combines with the 
receptor, and (ii) in trinsic activity or efficacy, that is the ability to produce a response 
once the receptors are occupied by the agonist. The activity of an agonist depends 
on the product of affinity and intrinsic activity. Affinity and intrinsic activity are 
independent properties of ligands. Agonists have both affinity and intrinsic activity. 
The relative intrinsic activities are expressed for compounds that interact with the 
same specific receptors producing the same type of response. Ariens introduced 
the term a for intrinsic activity, which may vary from 1 for a full (pure) agonist to 
0 for a pure competitive antagonist. 

Full (pure) agonist elicits maximal response as it has an intrinsic activity a equal 
to unity. 

Partial agonist having intermediate intrinsic activity a between 0 to 1 combines 
with the receptors eliciting only a stibmaximal response even in higher 
concentration. Its position is somewhere between pure agonist and pure antagonist. 
Partial agonist may also act as a partial antagonist. For instance, nalorphine, a partial 
agonist, produces weak morphine-like effects, while antagonizing the effects of 
morphine. 

Inverse agonist combines with the receptors producing reduced receptor activity. 

Antagonist 

A ligand that combines with the receptor without producing any response but 
inhibits the effect of an agonist by impairing the formation of agonist - receptor 
complex. An antagonist has affinity but no intrinsic activity. Selective antagonists 
have relatively higher affinities for receptors than that of even potent agonists. 
Many antagonists are receptor specific in low concentrations, but lose their 
specificity in higher concentrations thereby blocking a number of other receptors. 
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RECEPTOR THEORIES OF DRUG ACTION 

· h 1 · 1 ccupation theory of Clark, a 
Occupation theory. According to t e c assica 0 

f 
· · · · f t' of the number o receptors response to an agon1st is some positive unc 10n 

occupied by the agonist. The binding of a drug (D) to the receptor (R) can be 

described by the following expression: 
kl 

[D] + [R] � [DR] 

Is 
where [D] is the drug concentration, [DR] the drug-receptor complex, k! the �at: of 
association of the drug with receptor, and k2 the rate of [DR] complex dissociation. 
At equilibrium, the amount of DR formation is equal to the amount of DR 
dissociation, and thus the steady state amount of [DR] is constant: 

[D] [R] k1 = [DR] k2 
k/k2 = [DR] I [D] [R] 

Affinity is the ratio of k over k (k /k2). The reciprocal of affinity (k2/k1) that is 
i 

2 
i 

. K '  ful K is the equilibrium dissociation constant. The dissociation constant d is a use 
ro'1easure of concentration (usually micromolar or nanomolar) which describes the 
strength of binding (affinity) between receptors and their ligands. It is unique for 
each ligand (drug) for respective receptor system; hence can be used to identify 
receptors. There is an inverse relationship between the Kd and affinity. The smaller 
the Kd , the greater the affinity, and vice versa. The degree of receptor occupancy is 
dependent upon the concentration of the ligand as well as its affinity constant. In 

general, ligands with high affinity constant will occupy more receptors at any given 
concentration than those with low affinity constant. 

Rate Theory. According to Paton's rate theory, response is a function of the rate 
of association between drug molecules and receptors. Following an association, 
more occupation does not produce any further response. As a matter of fact, the 
receptor is not free for another association until it is unoccupied. For equilibrium 
conditions, drugs ·with very high dissociation constant (k2) will be strong agonists, 
those with very low k2 will be essentially pure competitive antagonists, and those 
with k2 values in an intermediate range will be partial agonists. 

EXPERIMENTAL METHODS FOR CHARACTERIZATION OF RECEPTORS 

Variants of Receptors (lsoreceptors). A receptor might have a number of agonists 
in common, although their order of potency may be different. In order to 
discriminate between variants of certain receptors, relative potencies of a series of 
agonists and antagonists can be compared. If the receptor sites ar� identical, the 
order of potency must be the same; if the order of potency differs, the receptors 
must be different. On the basis of such studies, Ahlquist in 1948 postulated two 
types of adrenergic receptors, viz., a receptors and � receptors. He found that the 
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order of potency on smooth 1 · 
d r . muse e producing contraction was adrenaline > 

nora ren
f 

a ine >> isoprenaline, which he designated as a-adrenoceptor effect. The 
order o potency on smooth mus 1 d · 1 · · i · . c e pro ucing re axahon was isoprena ine > 
adrenaline >> noradrenalin hi h h · e, w c e designated as B-adrenoceptor effect. The 
order of potency for stimulation of the heart was similar to that for relaxation of 
smooth muscle, that is '3-adrenoceptor effect. 

!he
. 
classification and sub-classification of receptors are based mainly on the 

application of one or more of the following techniques: 

1. Relative Potency (Affinity) Measurements of a Series of Agonists 

. 
Concentration-response curves on a number of tissues or organs representing 

different receptor systems under ideal conditions (see later) are obtained for a series 
of agonists, such as adrenaline, noradrenaline, phenylephrine and isoprenaline, 
and the relative potencies of these agonists are compared. The receptor type can 
be identified by inspection of these data tabulated for different tissue receptors. 
Furchgott (1967), for instance, observed a similar potency series (adrenaline > 

noradrenaline > phenylephrine » isoprenaline) when tested on three different 
tissues of the rabbit (thoracic aorta, stomach and duodenum) suggesting that the a 
receptors in these tissues are essentially of one type. By calculating the correlation 
coefficients of the relative potencies, a correlation between two systems may suggest 
a similar receptor type. For instance, correlation coefficient of sympathomimetic 
amine activity on receptor systems 'bronchodilatation-vasodepression' was 0.96, 
while that of ' cardiac stirnulation-bronchodilatation' was 0.31, suggesting the former 
as a single receptor system (B2), while the latter different receptor systems (Lands 
et al. 1967). 

The selectivity ratio (see later) between different tissues or organs may be utilized 
for the classification of receptors into subtypes. As an illustration, clo¢dine has 

most selective effect on presynaptic a2 adrenoceptors, while phenylephrine on 

postsynaptic a adrenoceptors. Thus, when the selective ratio of relative affinities 

of clonidine ar:d phenylephrine is several times greater than unity, a2 receptor is 

present, and vice versa (Wikberg, 1978). 

2. Determination of Affinity or of Dissociation Constant of Antagonists - pA2 
or pK8 Values 

Antagonists are more reliable and more conv�ncing to�ls than �gon�st� in 

characterization or classification of receptors. Different tissues with similar 

receptors would be expected to give the sam: pA2 value �ith sam� agonist

antagonist pair (see Chapter 16). For example� with acetyl?1ohne-atropme alrn?st 

identical pA2 values are obtained in such vaned pr�para�ons as frog heart, chick 

amnion and mammalian intestine, the one exception being the frog rectus that 

presumably has different (nicotinic) receptors (see Table 16.�). · 
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3 .  Isomeric Activity Ratio o f  Agonists 

Differences in potency between enantiomorphs (pairs of optical isomers) are 
determined on a particular tissue and the ratio obtained as described below. 

Isomeric activity ratio = Antilog (negative log molar ECSO of levoisomer minus 
negative log molar ECSO of dextroisomer). 

High ratio suggests a highly specific interaction with the receptor site. For 
instance,(-)-isoprenaline is about 35 times more potent than (+)-isoprenaline in 
producing positive chronotropic effect on guinea pig atria, while enantiomorphs 
of propranolol are equipotent in producing quinidine-like action on rabbit atria. 
Differences in potency between enantiomorphs may be due to differences in affinity 
alone, or in affinity and intrinsic activity (Bowman and Rand, 1980). 

Since most of the pharmacological receptors are stereospecific, these can be 

classified into different types based on their ability to interact with optical isomers. 

The similarity of the ratios between enantiomorphs in different tissues indicates the 
similarity of the receptors with which the isomers interact. In order to get a reliable 

isomeric activity ratio, a number of factors such as neuronal and extraneuronal uptake, 

unequal distribution of antagonistically acting receptors in the same tissue, and the 

presence of degradation enzymes have to be controlled by the prior use of appropriate 

drugs . 
Table. 4.2 shows how diversified isomeric ratios (range 2-64) have been altered by 

drug pretreatment to give reasonably uniform ratios (range 50 - 80). 

Table 4.2 
Isomeric activity ratio of optical isomers of noradrenaline (NA) on  

different tissues containing a·adrenergic receptors• 

Test parameter 

Cat blood pressure 

Cat nictitating membrane 

Cat spleen 

Rabbit aorta 

jejunum 

Rat vas deferens 

• Adapted from Patil, 1969 

Pretreatment 

Normal 

Reserpine 

+ cocaine 

Normal 

Reserpine 

+ cocaine 

Normal 

Reserpine 

+ cocaine 

Normal 

Normal 

Normal 

Reserpine 

+ desipramine 

Isomeric activity ratio 
f +)·NA vs.f-J·NA 

40 

60 
8 

80 
2 

65 
42 
64 

5 

50 

c 



......... .. ..... rs 

4. Use of Radiolabelled Ligands 

Radio�ab:lled ligands (agonist or antagonist) can also be used for isolation and 
characte�ahon �£. receptors. For instance, labelled a-bungarotoxin from snake 
venom binds specifically and irreversibly to cholinergic receptors of skeletal muscle. 
Labelled phenoxybenzamine, an irreversible a -selective blocker has also been used 
for iso�ation and characterization of adrenoc�ptors. �-Adrenoceptors have been 
identified and characterized in many tissues with the help of highly potent labelled 
�-adrenergic blocking agents like (3H)-dihydroalprenolol. The relative proportions 
of �1 and �2 receptors in a tissue can also be determined by ligand techniques. For 
example, in rat, the proportion of � and � receptors is about 4:1 in heart, 1:3 in 
lungs, and 2:1 in cerebral cortex (Bar:iett et al. 1978). The percentage of distribution 
between �1 and �2 adrenoceptors is about 20:80 in the guinea pig lung, and 30:70 in 
human lung (Engel,1981). 

Experimental Conditions for the Pharmacological Characterization of Receptors* 

In order to draw a valid conclusion on the pharmacological characterization of 
receptors in isolated tissues, a set of optimal conditions has to be met as follows: 

a) The response to an agonist should be due solely to its direct action on only 
one type of receptor; in order to achieve this the unwanted receptors should 
be blocked with appropriate drugs, . 

b) The response should not be due, even partially, to release of some active 
substance; this should be overcome by pretreatment of the animal with � 

suitable agent, for example, with reserpine, 
c) The concentration of free drug in the bathing solution should be maintained 

at a steady level with negligible rate of loss during the time a response is 
measured; this may be achieved by using neuronal and extra-neuronal 
uptake blockers, and metabolic enzyme (MAO, COMT) blockers (O'Donnell 
and Wanstall, 1976), 

d) The antagonist used should act competitively with the agonist for the 
receptor, 

e) The experimental design should include proper controls for corrections 
for any change in the tissue sensitivity to agonists during the course of the 
experimen,t, and 

f) Sufficient time has to be allowed for the antagonist to come into equilibrium 
with the receptors. 

* Furchgott, 1970. 
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Cholinergic Receptors 
Dale classified cholinoceptive sites into two major types: muscarinic and nicotinic 
depending on the responsiveness of the receptors to these natural substances. The 
nicotinic receptors are now known to form an ion channel (ionotropic), and the 
muscarinic receptors to activate a variety of second messenger systems through 
GTP binding proteins i.e. G proteins (metabotropic). During the recent years, the 
subtypes of muscarinic as well as nicotinic receptors have been identified by 
molecular cloning. 

Muscarinic Acetylcholine Receptors (mAChRs) 
They mediate various cellular responses including inhibition of adenylate 

cyclase, breakdown of phosphoinositides, and modulation of potassium channels 
through the action of guanine nucleotide binding regulatory proteins (G proteins). 
The cloning of cDNAs and genes for different mAChRs provides a new basis for 
characterizing muscarinic receptor function. Although as many as five types of 
muscarinic receptors have been detected, only three have been studied in detail. 
They are M1, M2 and M3 acetylcholine receptors. In recent years a number of drugs 
have been identified, notably pirenzepine that can discriminate between different 
subtypes of muscarinic receptors. 

The distribution and characteristics of muscarinic receptors have been summarized 
in Table 5.1  

Tibia 5.1  
Distribution 1nd char1cteristics of  different muscuinic 1cetylcholine receptors• 

M, 

Location Autonomic ganglia, · 

Brain 
Heart, Brain, 
Smooth muscle 
Low Pirenzepine affinity 

Pl' metabolism 
cAMP response 
Arachidonic acid 

response 
Agonist 

Antagonist 

High 
+ 

+ 

+ 

Oxotremorine 
McN·A343*" 
Pirenzepine • • 

Atropine 

* Modified after Bonner, 1989 
+ Stimulation 

0 

0 

Nil 

Atropine 
T ripitramine • • 

'PI - Phosphatidylinositol 
Inhibition 

M, 

Smooth muscle, 
Glands, Brain 
Intermediate 
+ 

+ 

+ 

Nil 

Atropine 
Darifenacin* • 

** Selective 
0 No effect 
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Nicotinic Acetylcholine Receptors (nAChRs) 

. · fvation by the alkaloid nicotine, the 
They are classified on the basis �f thei� a��ic acetykholine receptors, known 

endogenou� ligand bei�g acetylchohne. 
Nic

amil of ligand-gated cation channels. 
as ionotrop1c acetylcholme receptors, are a f y

r brain two major nAChR 
composed of five protein subunits. In mamm� 13

.
n ' 

. d" l" d b1nd1ng. subclasses can be delineated using ra 10 igan 

. h h t ·sties of different nicotinic acetylcholine Table 5.2 summarizes t e c arac en 

receptors. 

Table 5.2 
. . · f nic acetylchol ine receptors 

Distribution and characteristics of different n1co 1 

Location 

junction 

Radio ligand 

binding with 

a-BgT 

Agonists 

Antagonists 

NM 

Neuromuscular 

ganglia, CNS 

PTMA• 

Nicotine 

T ubocurarine 

a ·  BgT 

DMPP 

PTMA -

Dimethylphenylpiperazinium 

Phenyltrimethylammonium 

NN 

Autonomic 

brain 
Adrenal medulla 

DMPP• 

Nicotine 

Epibatidine* 

T rirnethaphan 

DMAC 

a-BgT -

NNI 

Mammalian 

brain 

High affinity 

(a-Bg T -sensitive) 

Anatoxin 

DMAC 

a - BgT 

Dimethylacetamide 

a-Bungarotoxin 

NN2 

Mammalian 

No affinity 

(a-Bg T -insensitive) 

Cystine, Anatoxin 

Epibatidine• 

Mecamylamine 

Dihydroerythroidin 

Erysodine 

* Selective 

Galantamine, a potent allosteric modulator, acts by binding to a site on nAChR 
that is different from the binding site of the natural agonist acetylcholine. This 
allosteric interaction amplifies the actions of acetylcholine at pre- and post-synaptic 
nAChRs. 

Bupropion, an antidepressant agent, possesses some selectivity for nAChRs. 
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Adrenergic Receptors 
Ahlquist in 1948 introduced the concept of two types of adrenergic receptors, (a) 
excitatory a receptors, and (b) inhibitory p receptors. The a receptors of intestine, 
however, are inhibitory and the p receptors of heart excitatory. In addition, many 
adrenoceptors in the central nervous system (CNS), and those mediating certain 
metabolic responses remain unclassified. Lands and coworkers in 1967, classified 
P receptors into two distinct types: (a) p1 receptors of cardiac and intestinal smooth 
muscles and adipose tissue, and (b) p2 receptors of bronchial, vascular and uterine 
muscles. Langer (1974) suggested the presence of two kinds of a receptors: (a) 
postsynaptic a1 adrenoceptors, and (b) presynaptic a2 adrenoceptors, the latter 
subserving the function of a negative feedback mechanism. Bentley et al. (1977) 
further suggested that there might be two types of postsynaptic a1 adrenoceptors: 
(a) prazosin-sensitive type stimulated by phenylephrine and blocked by prazosin, 
and (b) prazosin-insensitive type stimulated by low doses of noradrenaline but 
not blocked by prazosin. Phentolamine blocks, and high doses of noradrenaline 
stimulate both types of a

1 
adrenoceptors. Receptors innervated by the right 

splanchnic nerve in cat seem to be predominantly prazosin-insensitive type that 
may resemble the presynaptic a2 adrenoceptors located on the adrenergic terminals 
supplying the rabbit pulmonary artery and rat heart. 

Presynaptic or Prejunctional Receptors 

Two types of presynaptic receptors are involved in the modulation of , 
neurotransmitter release (Langer and Arbilla, 1981). 

1 .  Presynaptic inhibitory autoreceptors, through which the neurotransmitter can 
regulate its own release, are present in the CNS for several 
neurotransmitters, such as noradrenaline, dopamine, acetylcholine, 
serotonin, gamma-aminobutyric acid (GABA) and possibly adrenaline. For 
noradrenaline, peripheral presynaptic autoreceptors are also in existence. 

2. Presynaptic receptors sensitive to other endogenous compounds different from the 
neuron 's own transmitter such as: . 
a) transmitters released from adjacent nerve terminals (axo-axonic 

synapses), 
· 

b) blood borne substances, like adrenaline or angiotensin II acting on 
presynaptic facilitatory receptors on noradrenergic nerve terminals, 
and 

c) locally formed endogenous substances that may be involved in trans-

• 
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. . ulatin transmitter release, as in the 
synaptic feedback mecharusms reg 

. 
g 

adulating noradrenaline 
case of prostaglandins and adenos1ne m 

release. . . volved in the physiological 
Both the types of presynaphc receptors may be m 

f d ction either agonist 
control of transmitter release. They are also the target 0 rug a ' 

or antagonist. t the surface of the 
Two typ�s of presy�aptic autoreceptors a�e pre;;n 

l��on of noradrenaline 
noradrenerg1c nerve endmgs that are concerned m the gu 

release (Fig. 6.1). 

Fig. 6. 1 .  Role of the presynaptic a and � adrenoceptors in the regulation of noradrenaline (NA) release 

during nerve stimulation. During NA release at low frequencies of nerve stimulation (when the 

concentration of the released transmitter in the synaptic cleft is rather low) the positive feedback 

mechanism mediated by presynaptic � adrenoceptors is activated leading to an increase in transmitter 

release. As the concentration of released NA increases, a threshold is reached at which the negative 

feedback mechanism mediated by presynaptic a adrenoceptor is triggered, leading to inhibition of 

transmitter release. Both presynaptic feedback mechanisms are present in nerves irrespective of the a 
or � nature of the receptors that mediate the response (R) of the effector organ (Langer, 1977). 

' 

1 . Presynaptic a2 adrenoceptors - activated when higher concentration of 
noradrenaline is reached in the synaptic cleft leading to the inhibition of 
transmitter release, i.e. a negative feedback mechanism.  This mechanism 
operates by restricting the calcium available for the excitation-secretion 
coupling. 

2. Presynaptic � adrenoceptors - activated by low concentration of noradrenaline 
(i.e. in the rang� of low 

.
f�equencies of nerve stimulation) that facilitates its 

further release, i.e. a positive feedback mechanism. This mechanism is mediated 
through an incr�ase in the cyclic AMP levels in 'nerve endings. Both the presynaptic feedback mechanisms are present m· 

· 
cti' nerves rrrespe ve 

of the a or � nature of the receptors that mediate the response f th ff t Th I · ff' · · · 

f d 1.  o e e ec or organ. e re ative a rmties o nora rena me for the presvnaptic·a · d R d. b · ·1 t th t f . , .. .  2 an .., a renoceptors may e s111:11 ar o a o po�tsynaptic �drenoceptors where 30 to 100 times hi her concentration of noradrenalme are required to stimulate N d 
g 

• . A u. a renoceptors than those necessary to stimulate the .., receptors (Adlet-Graschin k , d L s Y an anger, 1975). 
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TI1e major regulat01y mechanism for noradrenaline release by nerve stimulation 
w1der physiological conditions is mediated by presynaptic a2 adrenoceptors, since 
the most pronounced increase in transmitter release is obtained when the presynaptic 
a2 adre�oceptors are blocked by drugs. Presynaptic a2 adrenoceptor modulation by 
synaptically released noradrenaline, however, plays no part in cardiac sympathetic 
transmission (Angus and Komer, 1980). 

Differences exist between the presynaptic a2 adrenoceptors and postsynaptic 
a1 adrenoceptors as evidenced by the potency differences of agonists and 
antagonists at these two site s .  For instance, agonists clonidine, a
methylnoradrenaline and oxymetazoline are more potent in reducing noradrenaline 
release than in stimulating the postsynaptic a1 adrenoceptors. The antagonist 
phenoxybenzamine is 30 tolOO times more potent in blocking the postsynaptic a1 
adrenoceptors than the presynaptic a2 receptors. Though phenoxybenzamine in 
large concentration may enhance noradrenaline release, the same may not be 
evident on the effector organs, as the responses will be reduced by its predominant 
blocking action on the postsynaptic a1 receptors. In a similar fashion, low 
concentration of isoprenaline enhances the release of noradrenaline through 
stimulation of presynaptic P-adrenoceptors . The effect obtained with (-)
isoprenaline is stereospecific, since it is not obtained with ( + )-isoprenaline. Blockade 
of the presynaptic P adrenoceptors in the periphery contribute significantly to the 
antihypertensive effects of P receptor blockers. Yohimbine is more potent in 
blocking the presynaptic a2 receptor than the postsynaptic a1 receptor in the rabbit 
main pulmonary artery. Thus, low concentrations of yohimbine enhance the 
noradrenaline release, and also potentiate the responses to nerve stimulation 
without affecting the postsynaptic receptors. 

In addition to the presynaptic a2 and � adrenoceptors, a variety of presynaptic 
receptor sites have been described in noradrenergic nerve endings. These receptors 
are mostly inhibitory in nature, such as muscarine, dopamine, opiate, prostaglandin, 
5-hydroxytryptamine and adenosine receptors, while angiotensin II and GABA 
are facilitatory receptors. Except for the a2 and �· presynaptic adrenoceptors, the 
other presynaptic receptors are not present in all the noradrenergic :herve endings. 
For example, the presynaptic opiate receptors are present in the rabbit and guinea 
pig heart; presynaptic angiotensin receptors are absent in the cat spleen, and 
prostaglandin E receptors are absent in the cat nictitating membrane. All these 
receptors, however, are of pharmacological importance, since they can be acted 
upon by agonists or their analogues to modify peripheral sympathetic 
neurotransmission. 

Presynaptic receptors in CNS. A similar negative feedback mechanism by 
presynaptic a2 adrenoceptors is operative in noradrenergic nerve endings in the 
brain. The antihypertensive effect of clonidine and other imidazolines may be 
through either presynaptic or postsynaptic a adrenoceptors in the CNS or by both. 
Thus, the antihypertensive effect of cJonidine is through activation of both 
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The distribution of different types of adrenoceptors in tissues is presented in Table 6.1 .  

T1bl1 6 . 1  
Distribution o f  different typ11 o f  1drenoceptors i n  tissu11 

Adrenoceptor 

I 
I · a-R!ceptors I I 

a and /3-RIJafltors 
I I 

{3-Receptors Unclassified 

Both the receptor types present . 
Receptors 

in the same organ or tissue in Postsynaptic (a) �re��naptlC ( a1) Many receptors in CNS; 

verying extent e.g. coronary, put- excitatory mhibltory 
. 

certain metabolic mediating 

monary, splanchnic and renal Smooth muscles of blood vessels 
CNS_ ; �dre�ergic 

_
nerv_e receptors 

arterioles ; skeletal muscle of skin and mucosa; oestrogen 
termi�als; mtestmal cholmerg�c 

arterioles; intestine and uterine predominant rat uterus; guinea-pig 
ganglion cells of Auerbach s 

muscles; sp1enic capsule; guinea- and rat vas deferens; rat 
plexus ; blood platelets 

pig atria and ventricles contain anococcyge us; cardiac 1 and (human), rat vas deferens 

predominantly b, but also a- tracheo-bronchial2 111Jscles; cat and 
receptors1 rabbit spleen capsule; salivary and 

sweat glands; b·islet cells in 
pancreas 

1 Govier ( 1 967) ; 

fJ, and fJiReceptors 
Both the receptor subtypes present 
in the same organ or tissue in varying 
extent e.g. both {J1 and {J2-receptors 
in guinea-pig trachea, 2 the latter being 
predominant; both {J1 and {J2• 
receptors in adipose tissue3 

/31-Receptors 
Heart ; small 
coronaries 

2 Castro De La Mata st al. (1 962), Everitt and Cairncross (1 969), Takagi et al ( 1 967), Turner and Kiran ( 1 965) ; 
3 Ablad et al (1 975). Bafrage (1 9781 ; 
4 Gangulv and Bhattacharya (1 970) 

/32 -Receptors 
Bronchi; large coronaries; blood vessels of skeletal 
muscles; intestine; rat and guinea-pig vas deferens4, 
liver and muscle glycogen. Both diaphragm striated 
muscle (lactic acid production) and uterine muscle 
known to have little or no sympathetic innervation 
are practically fJ2 receptors ; non-innervated tissues 
like erythrocytes, human lymphocytes, mast cells 
and polymorphonuclear leucocytes contain predomi· 
nantly {J2 receptor 

... 
= 
= 
a. 
• 
a 
• 

I 
ii 
a 
i 
• 
:a. 
a 
• 

i 
-

=-
• 

ii 
• 
" 
• 
-
• 
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presynaptic a.2 ad renoceptors in the . h . 
adrenoceptors in th CNS 

penp eral sympathetic system and a. 
. 

· e (Langer, 1977). 
Miach et al. (1978) hav . . . 

d t . e provided direct biochemical evidence of two types of a 
a renocep or m rat brain. 

CLASSIFICATION OF ADRENOCEPTORS AND 
THEIR AGONISTS AND ANTAGONISTS 

A. a Adrenoceptors 

The agonists and antagonists of a adrenoceptors are presented in Table 6.2. 

Tabla 6.2 
Agonists and antagonists of a·adranocaptors 

Both postsynaptic a I 
and presynaptic a2 

I 
Agonist 

Adrenaline 
Noradrenaline 
Naphazoline 

* Selective 

receptors 
I 

I 
Antagonist 

Phenoxybenzamine 
Phentolamine 
Piperoxan 
Tolazoline 

Postsynaptic a 1 receptor 
{excitatory} 

I 
Agonist 

Phenylephrine 
Methoxamine 
lsoprenaline 
H Dobutamine 

I 
I 

Antagonist 

Prazosin* 
Labetalol 
( + )Dobutamine 
lndoramin* 

Presynaptic a2 receptor 
{inhibitory} 

I 
Agonist 

Guanfacine* 
Clonidine 
T ramazoline 
Oxymetazoline• 
a-Methylnor-

adrenaline 

I 
I 

Antagonist 

Yohimbine* 

Agonists. Adrenaline, noradrenaline and naphazoline have agonistic activities 
on both post- and pre-synaptic a receptors, adrenaline being more potent than 
noradrenaline. Adrenaline is equiactive or slightly more potent than noradrenaline 
on postsynaptic a1 adrenoceptors (excitatory) present in smooth muscles of blood 
vessels, and in salivary and sweat glands. Phenylephrine, which is less potent than 
adrenaline, has almost pure a1 activity. Isoprenaline has very weak activity on these 
receptors. Methoxamine, which does not cross the blood brain barrier, is devoid of 
any CNS effect; it has a low potency (3 antagonist activity (Patil et al.1967). Clonidine, 
tramazoline, oxymetazoline and a.-methylnoradrenaline have agonistic action on 

presynaptic cx.2 adrenoceptors (inhibitory) present in adrenergic and intestinal 

cholinergic nerve terminals, while guanfa<::ine is a selective agonist. The (-) isomer 

of dobutamine is a potent cx.1 receptor agonist, while its (+) isomer is a. potent 

antagonist. 

• 
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An tagonists. Prazosin has a selective, reversible and competitive blocking action 

on a1 receptor. Yohimbine, a selective a2 receptor antag�nist, a
.
lso blocks 5-HT 

receptor. Phenoxybenzamine is an insurmountable antagonist, while phentolamine 

is a surmountable antagonist, both being more potent at postsyna�tic than at 

presynaptic receptors. Phenoxybenzamine in high doses also block histamine, 5_ 

HT and acetylcholine receptors, as well as the neuronal and extraneuronal uptake 

of catecholamines. Phentolamine also blocks 5-HT receptors, and produces 

histamine release from mast cells. Tolazoline stimulates exocrine glands. Indoramin 

also blocks the H1 and 5-HT receptors. 
Tamsulosin is a subtype-selective (a & a ) adrenoceptor antagonist. Alpha 

IA ID 1-

receptorS predominate in the prostate gland, capsule, and urethra as well as in 
bladder. By binding to these receptors, tamsulosin relaxes smooth muscles in the 
prostate and bladder neck thereby increasing the urine flow and reducing the 
symptoms of benign prostatic hyperplasia (BPH).  Compared to prazosin and 
terazosin, tamsulosin is more selective for the a 1- receptors. 

B. P-Adrenoceptors 

The agonists and antagonists of f3 adrenoceptors are presented in Table 6.3 

Both �, (cardiac) and 
�2 Receptors 

I 
I I 

Agonist Antagonist 

lsoprenaline Propranolol 

Adrenaline Oxprenolol 

Noradrenaline Pindolol 

Sotalol 

Tmolol 

Nadolol 

Alprenolol 

Labetalol 

Table 6.3 
Agonist and Antagon ist of P-adrenoceptors 

�1 Receptor (cardiac} 
(excitatory} 

I 
I I 

Agonist Antagonist 

Dopamine Practolol 

(+ I  Dobutamine Acebutolol 

lsoprenaline Atenolol 

Metoprolol 

Tolamolol 

Celiprolol 

�2 Receptor (extracardiac) 
(inhibitory} 

I 
I I 

Agonist Antagonist 

Methoxyphenamine Butoxamine 

Salbutamol H 35/25 
Terbutaline 

Orciprenaline 

lsoetharine 

Celiprolol 

Ritodrine 

Agonists. Isoprenaline is about 10 
.
times more ef£ ti A 

d 1. d . iec ve on .., receptors than 
a rena me an noradrenaline, which are equiactive hil · h � · 

'd (FFA) I · · · 1 w e it as snrular free fatty 
aa re easing activity as adrenaline. It also fun" l · · · 

d · · · f 
s u ates msulin secretion by 

cva renergic activation o pancreatic islet cells. As a bron · . · 

is about four times more potent than d 1 .  . chodilator, Isoprenalme 
a rena me whilst no d lin . 10 . 

less potent than adrenaline Adrenal· h 
, ra rena e IS times 

· ine as more hy l . 
isoprenaline. Dobutamine is a A recept . . perg ycaemic effect than 

t-' 1 or agomst Its (+) · b · 
. 

more potent than the (-) isomer. Dopamine h 
' . . 

Iso�er emg 10 tnnes 
as a positive motropic effect on 



myocardium. Salbutamol is 10 times more selective on �2-receptors (br�nchial) 

than on �1-receptors (cardiac). Isoprenaline and salbutamol though equipotent, 

the former also produces cardiac stimulation being equieffective on both �t and 
�2 receptors. Besides bronchial relaxation, the �2 agonists may suppress the release 
of leukotrienes and histamine from mast cells in the lung tissue (Hughes et 

al.1983). Ritodrine, a B2 agonist has a specific uterine relaxant property. 
· 

Antagonists. Timolol and pindolol are five to ten times more potent than 

propranolol, while nadolol and sotalol are less potent. Pindolol, oxprenolol and 

acebutolol also act as partial agonists. Practolol and metoprolol are 10 to 20-fold 

cardioselective, while atenolol is 3-fold cardioselective. Celiprolol, a B1 antagonist 

has a mild f32 agonist activity. Both butoxamine and H 35/25 block isoprenaline
induced vasodilatation. The latter has also other smooth muscle inhibitory effect, 
and blocks increase in glucose, lactate and plasma FFA. 

The pharmacological properties of � -adrenoceptor blockers are presented in 
Table 6.4. 

Table 6.4 

Pharmacological properties of P-adrenoceptor blockers t 

13·Adrenoceptor blockers 

I 
Noncardioselective Cardioselective 

(higher affinity for 131 ·receptorsl (similar affinities for both 131 and 132 receptors) 

Intrinsic sympathomimatic 
action (ISA)* 

I 

Short acting long acting 
Acabutolol {MSA **I Practolol 

I 
No ISA 

Short acting long acting 
Metoprolol (MSA slight) Atanolol 

Tolamolol 
(MSA Slight) 

t Opie (1980), Wilcox ( 19781 
• Partial agonist 

Short acting 
Oxprenolol (MSA**I 
Alprenolol (MSA) 

• • Membrane stabilizing, local anaesthetic •nd quinidine-like action 

C. Both a and p Adrenoceptors 

I 

long acting 
Pindolol (MSA slight) 

Short acting 
Propranolol 

IMSAl 
Timolol 

. . 

I 
No ISA 

long acting 
Sotalol 
Nadolol 

Agonists. The effect of noradrenaline is more marked on a and
. 
J3 recept-0rs. 

Many non-catecholamines like ephed,rine th�t releases noradren�line have 
predominantly a and J31 (carqiac) effects. Epl)edrine has. in addition a direct 132 
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effect producing bronchodilatation. Isoprenaline elicits respons�s at P receptors 
· . . · t a receptors 1n much h1ghe in nanomolar concentration, while it activa es r 

(micromolar) concentration (Jenkinson, 1973). . f b h A n tagon is ts .  Labetalol possesses a unique combination ° ot a. �nd � 
adrenoceptor blocking activity, being four to eight times �ore potent agamst � 
than against a adrenoceptors. It is one and a half to three �mes less potent than 

propranolol in blocking '3 adrenoceptors, and six to ten times less pot�nt �han 
phentolamine in blocking a. adrenoceptors. Labetalol does not posses.s any 1:11�msic 
sympathomimetic activity. However, it appears to possess P2 agorust activity on 
the isolated spontaneously contracting rat uterus (Carey and Whalley,1979). It also 
inhibits reuptake of noradrenaline into nerve terminals. 

Carvedilol is a nonselective '3-adrenergic (P1 & P2) as well as a1_ adrenergic 
blocker. It is a potent antihypertensive agent with a dual mechanism of actions. At 
relatively low concentration it is a competitive P-adrenoceptor antagonist and a 
vasodilator, whereas at higher concentration it is also a calcium channel antagonist. 
Carvedilol is also a potent a1 -adrenoceptor antagonist which accounts for most, if 
not all, of the vasodilating response produced by the compound. The vasodilating 
activity of carvedilol results largely from a.1_adrenoceptor blockade, while its 
J3-adrenoceptor blocking activity prevents reflex tachycardia. Relative to other 
'3--blockers carvedilol has minimal inverse agonist activity. This suggests carvedilol 
has a reduced negative chronotrpic and inotropic effect compared to the other 
J3 blockers. Carvedilol is indicated in hypertension, heart failure caused by ischemic 
cardiomyopathy and left ventricular dysfunction. following myocardial infarction. 

D. Unclassified Adrenoceptors 

Many adrenoceptors in CNS, and those mediating certain metabolic functions have 
not yet been identified precisely (Table 6. 1 ). 

NATURE OF CARDIAC ADRENOCEPTORS 
The cardiac adrenoceptors are entirely of the J3 type belo�ging mainly to the �1 

subgroup . . However, '32 .adrenoc:ptors are also present tq a varying extent in the 
heart o� di�fere�t spe�ies. For instance, '32 adrenoceptors are present in small 
proportio� m gu�ea pig and dog h�arts, and in large proportion in cat and human �earts. It .1s possible. t�at at least. �n s?me species, J32 adrenoceptors are mainly
mvol�ed � the mediati�n of p�s1�ve motropic effect, whereas J31 adrenoceptors 
are pnmanly concerned m mediating positive chronotropic· effect · · 

The existence of myocardial a. adrenoceptors has been d · tr t d · t 
· I d · bb · d . emons a e m ra ve

h
ntrtc

l 
e 

hrin
an. m r

h
a i

th
t an

h 
gu�ea

d
pig atria. a-Ad_r�oc�pto�s. do not respond to 

p eny ep e w en e . eart is un er control of the normal · k H · th d · bb't I ft 'tri h 1 . . pacema er. owever, 
m e nven ra 1 e a um, p eny ephrine produces p ·ti · · ff ct through a-adrenoceptor stimulation; which can be blockOdSl b

V� .mo
d
tro

pl
c e 

t
e 

· 'k h l · . . . . e . y a a renocep or antagorusts, h e p ento amine and phenoxybertzamme (Benfey,l973). 
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TISSUES OR ORGANS EMPLOYED FOR THE STUDY OF 
DIFFERENT ADRENOCEPTOR SYSTEMS 

p0stsynaptic a1-Receptor System 
Rat isolated vas deferens (contraction) 
Rat isolated anococcygeus muscle (contractidn) 
Rabbit and guinea pig isolated aorta (contraction). 
Rabbit isolated jejunum (inhibition). 
Guinea pig isolated ileum (inhibition). 
Cat nictitating membrane (contraction) 

Presynaptic �-Receptor System 
Transmurally stimulated rat isolated vas deferens at low frequency (inhibition). 
Electrically stimulated guinea pig isolated ileum, and rabbit isolated ear artery, 

pulmonary artery and jejunum (inhibition). 

p1-Receptor System 
Rabbit isolated perfused heart (contraction) 
Rabbit isolated jejunum (inhibition) 
Minced testicular adipose tissue of rat (lipolysis) 

p2-Receptor System 

Guinea pig perfused lung (bronchodilatation) 
Guinea pig isolated trachea (inhibition) 
Rat isolated uterus (inhibition) 
Anaesthetized dog blood pressure (depression) 

Both a and P..Receptor Systems 

Mouse isolated spleen (a - contraction, � - relaxation) (Ignarro and Titus, 1968). 
For localization of presynaptic effects of drugs see Table 6.5 

Rat ifolatlld 
va1 dlf11'1111 • 

low frequency 
field 1ti11111tion 
10.1 Hz. 3 ms, 
10-30 v) 

Diract nude 
stioolation (0.1 Hz. 
100 ms, 1 00v) or nor· . 

ldrenaline evoked 

T1ble 8.5 
Loe11i11tlon of pr11yn1ptic effect of drugs 

Gua111thidi111 Bretylium Clonidi111 Papaverine 

3 Jlll/ml. 10 µg/ml. 0. 1 ·3 µg/ml. 100 µg/ml. 

0 0 0 

Mechanism 

Inhibition through 
neuron blocking, 
presyiraptic and 
direct effects 

Inhibition by 
direct effect 
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Fundama 

Table 6 .5  (Contd.) 

-��������������==��-;;-�::-���;;��
��

""MM�ec�h�an��;m:----
C /on id in e Papaverine 

Rat isolated Guanethidine Brety/ium .l I. 100 µo/m/. 
-���s�di�efi���en�s�· ����J�11n�vm�l.�. ��.!.!:.'O�µg.�vm�l.�����f-�JjfJ!J.�1m�.���....:::::.:__�-P,�;;,;��-----

r:1· 
0 Presynaptic 

Low frequency 

field sitimulation 

of the preparation 

pretreated with 

yohimbine and 

phentolamine 

inhibition by 

clonidine, 

antagonized by 
a.2 -adrenoceptor 

blockers 

. . · 40 µM desipramine 1 0  µM and propranolol 
* The tissue is bathed in Kreb's solution contammg corttcosterone 

take of catecholamines, and of the �-
0. l µM to exclude the influence of extraneuronal iµtd neuronal up 

effects. 
- inhibition; 0 no effect 
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Dopaminergic, Serotonergic 
and Gaba Receptors 

DOPAMINERGIC RECEPTORS 
The cloned dopamine (DA) receptors are divided into two classes: (i) D1 - like 
pharma-cological profile receptors (D1 and D5), and (ii) D2 - like pharmacological 
profile receptors (D2, D3 and D4). In general the D1 and D2 receptor mRNAs have a 
wider distribution and are more abundant in the CNS. Both the receptor classes 
are present in the nigrostriatal and mesocorticolimbic pathways in CNS. They exert 
their biological actions by coupling to and activating different G protein comple�es. 

The properties of DA receptors are summarized in Table 7.1 

Criteria 

Distribution 

Interaction with 
G-protein complexes 

Cyclic AMP 

Gastric motility, mucosal 
blood flow, acid secretion 

Gastric and duodenal ulcers 

Dopamine (agonist) 

Apomorphine 

Bromocriptine and lisuride . 

Agonists 

Antagonists 

" Selective agonist I antagonist 

Table 7 . 1  
Properties o f  dopaminergic receptors 

D,·like Receptors 

CNS, Stomach, 
Intestine 

G complex - stimulation 
I 

of adenylcyclase 

Increased 

Inhibited 

Anti-ulcer effect 

Low affinity (µM cone.) 

Partial agonist I antagonist 

Weak agonist (µM cone.) 

SKF-38393", Fenoldopam• 
Piribedil, Pergolide 
Bromocriptine (partial) 

SCH-23390*, SCH-39 1 6�·. 
· .Pimozide*, Spiperone. ,  . .  ' 

Clozapine (high affii:i\ty) 
. · .Butaclamol . · · 

·· Bromocriptine* I •  

D ·like Receptors 

CNS, Anterior pituitary, 
Stomach, Intestine 

G. complex - inhibition 
I 

of aaenylcyclase 

Decreased 

Stimulated 

Pro-ulcerogenic effect 

High affinity (nM cone.) 

Agonist (nM cone.) 

Potent agoni$t (nM cone.) 

Bromocriptine•, N-0437* 
Per.golide, lisuride, 
Pramipexole*, Ropinirole* 

Sulpiride •, Domperidone • 
Metocloprarnide, Spiperone, 
HalopeJidol , Risperidone 
Clozapine(low affinity) 
Cisapride 
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SERO TONER GI C (5-HYDROXYTRYPTAMINE) RECEPTORS 

Gaddum and Picarelli (1957) suggested that 5-hydroxytry�tamine �5-HT) or 

serotonin interacted with two different receptors in isolated tissues; (1) smooth 

muscle, the contraction of which is blocked by dibenzyline, hence named D 
receptors, and (ii) parasympathetic nerve endings con�rolling the r

_
elease of 

acetylcholine, named M receptors, as morphine was selective on these tissues. 
With the availability of newer techniques, especially with cloning studies, it 

appears that there are at least seven types of serotonin receptors of which only 
four types (5-HT1 - 5-HT4) with their subtypes have been studied in detail. The S
HT1 receptors are further classified into A, B, and D subtypes, and 5-HT2 receptors 
into A, B1 and C subtypes. All the 5-HT receptors belong to the G protein-coupled 
receptors (GPCRs) except 5-HT3 receptor, which is a ligand-gated cation channel 
that corresponds to M receptor. Linked to the inhibitory G proteins, 5-HT1 has an 
inhibitory effect on adenylyl cyclase, and on neurotransmission when bound by 
an agonist. Linked to stimulatory G proteins, 5-HT2 receptors through activation 
of phospholipase C, and 5-HT4 receptors through activation of adenylyl cyclase 
have a stimulatory effect on neurotransmission when bound by an agonist. 

The properties of 5-HT receptors are summarized in Table 7.2 

Table 7 .2  
Properties of  5 -HT receptors 

5-HT 5-HT 5-HT 5-HT 
" 

location CNS CNS CNS Brain 
Cerebral PNS PNS GI tract 

blood vessels Platelets (A) GI tract Heart 
Vascular smooth Bladder 
muscles, Stomach fundus 

family GPCR GPCR ligand-gated GPCR 
cation channel 

Neurotrans· Inhibition Stimulation Stimulation 
nission by linking to by linking to 

G;·protein G, protein 
by linking to 
61 protein 

Agonist Sumatriptan (0) LSD IA & Cl LSD 
Buspirone (A)* • in CNS 2·Me-5-HT 

Cisapridl" 

Metoclopramid&" Zolmitriptan (B & DJ 
Naratriptan (B & DI LSD 
Ergotanine; LSD (A) 
Flesinoxan (A)** 

Antagonist Spiperone Methysergide (A&C) Ondansetron Ergotamine • • Ketanserin (A & Cl Granisetron 
Ondansatron 

Methiothepin LSD (A) in periphery · T ropisetron 
(weak) 

Methysergide Cyproheptadine (A) Alosetron on smooth muscles 
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5-HT 
I 

( ) subtype of 5-HT receptors 

Tab le  7 . 2  (contd.)  
5-HT2 
Metergoline, T razodone 
Clozapine IA & c1• 
Risperidone (A)* 
Ritanserin (A & Cl 

• Also antidopaminergic ID21 and antihistaminic (H I 
• High affinity for a-adrenergic and H 

1 
receptors 

1 

Serotonin Reuptake Inhibitors 

5-HT 
3 

PN� Peripheral nervous system 
* * Partial agonist 
... Also antidopaminergic (02) 

Clomipram��, a potent inhibitor of 5-HT uptake also inhibits noradrenaline 
uptake, has affinity for central dopamine D histamine H and a -adrenergic 21 1 1 
rece�tors, and po�sesses �nticholinergic effect. Tertiary antidepressants (TCAs ), 
specially, the tertiary amines imipramine and amitriptyline are more selective 
uptake blockers of 5-HT than of catecholamines. Venlafaxine is a potent inhibitor 
of both 5-HT and NA uptake and weak inhipitor of DA uptake. 

Selective serotonin reuptake inhibitors (SSRis ). Paroxetine most potent, sertraline 
less potent, and fluoxetine least potent selective inhibitors. Sertraline is the most 
selective for 5-HT versus NA uptake, while fluoxetine less selective. Fluvoxamine 
is a potent and selective 5-HT uptake inhibitor. Trazodone, a selective 5-HT reuptake 
blocker, also acts as an antagonist of 5-HT and presynaptic a2-NA receptors. It is 
metabolized to m-chlorophenylpiperazine, a known agonist at 5-HT receptor and 
an inhibitor of 5-HT uptake. 

Serotonin depletors 

Fenfluramine, a selective long acting agent, and MOMA (Methylenedi-
oxymethamphetamine) are serotonin depletors. 

· 

GABA RECEPTORS 

GABA or y-aminobutyric acid is the main inhibitory neurotransmitter in the 

central nervous system. Glutamic acid decarboxylase (GAD) catalyses the formation 

of GABA from L-glutamate. Three distinct types of GABA ·receptors have been 

characterized as follows: 
GABA receptor - prevalent in the mammalian brain, is a ligand-gated Cl- ion 

channel that is opened after release of GABA from presynaptic neurons. It is 

responsible for the inhibitory neurotransmission in the CNS. This receptor has 

three basic binding sites, ( i ) G.ABA site (b subunit), (ii) benzodiazepine site (a 

subunit), and (iii) barbiturate site. GABA binds to b subunit. Benzodiazepines and 

barbiturates bind to a subunit and to barbiturate site respectively, enhancing the 

GABA-induced ionic currents through these channels, that is, they modulate the 

effects of GABA. 



GA BA8 receptor - pre se nt in hig h co nce ntratio n in t he interpedun °:1lar n u�l ei 

a nd ce rebe llu m, is a G prot ein cou pled recepto r (GPCR) coupled bot h to b 1oc he rn1c al 

pat hwa ys a nd to regu lat io n o f ion c ha nnel s, a cla ss o f  receptor re ferred to as 

metabo tro pic . 
GA BAc receptor -w ide ly d ist ributed in t he CN S, and mo st prominentl y in re tinal 

neu ron s, be long s to liga nd -gated ion c hannel famil y. 

GABA Reuptake Inhibitor 

N ipecot ic acid, 2-Hyd roxy GA BA, Gu vacine (speci fic ) 

Inhibitor of GABA Degradation 

Amino -o xyacet ic ac id 

GABAergic Neurotoxin 

Kainic ac id 

T he propert ie s  o f  di fferent t ype s o f  GA BA receptor s are summari zed in Ta bl e 
7.3 

Criteria 

Distribution 

Category 

Agonist 

Modulator 

Antagonist 

Table 7 .3  
Properties of  GABA receptors 

Mammalian brain 

LGCC 

GABA, Muscimol (potent), 
lsoguvacine6, THIP 

Diazepam, Barbiturates 
Lorazepam (a subunit I 

Bicuculline (potent) 
Fltnnazenil, Hydrastine 
SR 95531 •\ Picrotoxin 

GABA8 

Cerebellum 
lnterpeduncular nuclei 

GPCR 

GABA, (R)·Baclofen, 
SKF 97541 

(Rl·Phaclofen 
SCH 509 1 1 ,  Saclofen, 
CGP 52432 

Retinal neurons 
CNS 

LGCC 

GABA, Muscimol* 
CACA • ,  lsoguvacine* 

Zinc 

TPMPA•\ Picrotoxin, 
Low cone.of zinc ion 

THIP 

GPCR - G protein coupled receptor LGCC - Ligand-gated chloride channel 0Selective 
CACA - cis-amino crotonic acid THIP - Tetrahydro isooxazole pyridinol 
TPMPA - ( 1 ,2,5,6·Tetrahydropyridin-4-yl) methylphosphonic acid . 
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Histaminergic Receptors 
The histamine receptors are a class of G-protein-coupled receptors which 

bind histamine as their primary endogenous ligand .. 
The existen�e of t_wo types of 

histamine receptors, Hl and H2 is well known. A third type of 
.
histamine receptor 

H3 has been described by Arrang et al. (1983) as a presynaptic receptor present 

in histamine containing nerve terminals. It regulates th� release and synthesis of 
histamine through an auto-inhibitory feedbac� mechanism. �t also regulates the 

release of acetylcholine, noradrenaline, dopamine and serotonin (Leurs et al.1998). 

All the three H receptors have recently been cloned and Hl and H2 receptors shown 

to be G protein-coupled receptors. Hl receptors are coupled to phospholipase c 
leading to a chain of reactions ultimately producing a response in the target cell. H2 
receptors are linked to the stimulation of adenylyl cyclase resulting in the activation 

of cAMP-dependent protein kinase in the target cell. H3 receptor occupation, on the 

o�e� h�d, leads to decreased Ca2+ infl�x into the cell. The histamine homologues 
d1scnmmate between the H3 receptors m the cerebral cortex and in the intestinal 
strip preparations of guinea pig and mouse suggesting that there could be two 
subtypes of H3 receptors (Leurs et al.1996; Harper et al. 1999). Recently, a fourth 
type of receptor has been discovered (see Table 8.3) 

Distribution of ff-Receptors 

In mammalian brain H} receptor uses Ca2+, and H2 receptor uses cAMP as secc:! m
b

es
th

se
H
ngers. Some tissues contain either H1 or H2 receptors while others 

con o and H -rece t Th H 
' 

CNS gastroint:Sti 1 tr 
2 

t 
p
d 

ors. . e 3 receptors have been demonstrated in 
' . na ac an cardiovascular systems. 

The distribution of histamine rece t . 
d "  

Table 8.1 
P ors in ifferent tissues are presented in 

. T1bl1 8.1 
Dmrilluti1n of hiltlmi . . 

H, ,..,tor H 
nl r1e1ptor1 in different tinues 

2 receptor Effect 

.,. .......... wa.· ·  
, ...... , HICUlar ... 

+ 
+ 

+ + +  
+ 

+ 

+ +  

+ (H,) contraction (H2) relaxation• 
+ IH,) (Hz) contraction + 

IH,) contraction (Hz) relaxation 
+ IH,) preaaor (Hz) deprenor 

+ Relaxation 
+ 

IH,) contraction (Hz) relaxation 

.. 



--

• H ?11 • 11�-.  

preparation 

Rlt auesthetizM 
.-.ach 
pstric 11eretion 
isolated uterus 

Rlltbit aorta and ur 
artery 

BllM pressure 
1111. cat. rat. 
...W.it 
pinea pit 

+ presence 

H 1  receptor 

+ 

0 
0 

+ 

+ 
+ 
+ 

0 absence 

Table 8.1 (Cont.) 
H2 receptor 

0 
+ 
+ 

+ 
IH2) vasodilatation 

+ 
+ 
0 

* Muley et al. 1984 

Effect 

Contraction 
Stimulation 
Relaxation through reluse of NA 

IH1) v11ocon1triction 

Deprenor 
(H1 )  prenor IH2) depr111or 
Deprnsor 

** Okpako et al. 1978 

Cardiac histamine receptors . The distribution of histamine receptors in the heart 
differs from species to species, and also within the heart in the same species as 
shown in Table 8.2. The cardiac Hrreceptors, but not Hi-receptors, are associated 
with adenylate cyclase-cyclic AMP system. 

Table 8.2 
Distrillution of histamine receptors in the heart of different species 

Rat 
Cat 
Avian, rabbit, dog 
Guinea-pig 

left atrium 
right artium 
left ventricle 

right ventricle 
Human heart and 

coronary artery 1 

1 Ginsburg et al., 1980 

H rrec:eptor H2·receptor 

0 0 
0 + 
+ 0 
+ 0 
0 + 
+ + 

0 + 

+ + 

Effect 

Nil 
Contraction 
Contraction 

+ve inotropic 
+ve cbronotropic 
(H1)-ve inotropic 
(H2)+ve inotropic 
+ve inotropic 

(H1) contraction of coronary 
artery smooth muscle ; no 
effeot on myocardium; (H2) 
slight relaxation of coronary 
artery smooth muscle; +ve 
inotropic action on myocardium 

Histamine receptors in blood vessels. Histamine by acting on both Hi and H2 
receptors relaxes smooth muscle of terminal arterioles thereby passively producing 
capillary dilatation. It also increases capillary permeability, partly by separation of the 
endothelial cells by the passive dilatation of the post-capillary venules, and parUy by 
direct contraction or shrinkage of the endothelial cells acting through H1 receptors. 
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In rabbit, large doses of histamine produce a biphasic response, initially a . 
mediated by H1 receptors, followed by a fall mediated through H2 receptors. rise 

Ther� is an increasing evidence that hista?1�e may be a neurotransmitter in the m a��ahan CN S. The H2 receptor in the bram is coupled to adenylate C_Yclase, the activation of which by histamine may be an early step m the sequence of b1ochemi 1 
events through which certain physiological effects in the C NS are exerted. A lar

ca 
h · t 'd ge number of drugs of chemically diverse na�r� avmg an I epressant property 

are also potent inhibitors of histamine-sensitive adenylate cyclase (Kanof anct 
Greengard, 1978). 
Identification of H Receptors 

There are four known histamine receptors. Diff�rentiation of the �our receptor 
types can be made by using agonists and antagorusts that are relatively specific 
for each receptor (Table 8 3). For identification of H1 receptors, contractions of 
guinea pig isolated ileum and of anaesthetized rat stomach have been used, while 
for identification of H2 receptors, rate of contraction of guinea pig isolated atria, 
inhibition of electrically contracted uterus of rat, and rat gastric acid secretion have 
been employed (Black et al.1972). For identification of H3 receptors, intestinal-strip 
preparations of guinea pig and mouse have been used (Leurs et al.1996; Harper et al. 1999). 

Receptor 
Type 

H, 

e ect1ve 

Table 8.3 
Mechanism, Function, Agonist and Antagonist of different H receptors 

Mechanism 

Gs 
jcAMP2+ 

Function 

ileum contraction 
modulate circadian cycle 
itching 
systemic vasodilatation 
bronchoconstriction (allergy-induced asthma) 

speed up sinus rhythm 
Stimulation of gastric acid secretion 
Smooth muscle relaxation 
Inhibit antibody synthesis, T-cell proliferation 

and cytokine production 

Agonist 

Histamine 
2 ·Methylhistamine 
2-Pyridylethylamine 
2 · Thiazolylethylamine 

Histamine 
4-Methylhistamine 
Dimaprit 
lrnpromidine 

D ecrease Acetylcholine, Serotonin a n d  (R)·<X·Methylhistamine• 
Norepinephrine Neurotransmitter release lmetit 
in CNS lmrnepip 

Presynaptic autoreceptors 

mediate mast cell chemotaxis; 

• 

Antagonist 

Diphenhydramine 
Chlorpheniramine 
Loratadine 
Promethazine 
Cetirizine 
Fexofenadine 
Clemastine 

Ranitidine 
Cimetidine 
Famotidine 
Nizatidine 
Burimamide 

ABT-239 
Burimamide 
Ciproxifan 
lrnpromidine 
Clobenpropit 
Thioperamide 

Thioperamide 
JNJ 77771 20 
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Neuronal Uptake Blockers and 
Biogenic Amine Depletors 

The main physiological importance of neuronal uptake is transmitter economy. 
The transmitter noradrenaline (NA) after being released following nerve 
stimulation is taken back mostly into the nerve terminals and retained for future 
use. The primary mechanism of the termination of actions of endogenous and 
exogenous catecholamines is by uptake into the sympathetic nerve terminals 
(neuronal uptake). A very minor role is played by the uptake by other mechanisms 
(extraneuronal uptake), viz., uptake by extraneuronal cells, dilution by diffusion 
(overflow), metabolic transformation by monoamine oxidase (MAO) and catechol-
0-methyltransferase ( COMT). Extraneuronal uptake mechanism becomes 
important when the neuronal uptake is blocked or over saturated, or a very large 
concentration of catecholamines are used. 

The differences between the two uptake mechanisms, neuronal and 
extraneuonal are presented in Table 9.1 

Criteria 

nssues involved 

Membrane carrier· 
system (Na• dependent) 
requiring metabofic energy 

Uptake process 

Affinity for adrenaline IAI 
and norldrenaine INAI 

Capacity 

Sterios*:tivity in 
rat tissues 

Substrates 

Table 9.1  
Differences between the two uptake mechanisms• 

Neuronal ( Uptake 1 J 

Central and peripheral 
sympathetic neurons 

Dependent 

Saturable 

NA > >  A 

Low 

Sterioselective 
HNA > l+ INA 

NA, Tyranine, Dctopanine 
Metaraninol, a·Mtthyl-adrenafine 
a-Methyl-noradrenaline 
a-Methyl-tyramine 

Extraneuronal (Uptake J 

Post·synaptic cells, such as smooth 
muscles, gland cells, myocardium 

Less dependent 

Saturable 

Affinity for both low 
A >  NA 

High 

Not sterioselective 

lsoprenatine 



--

J 

Criteria 

Uptake and re-use 

Facilitation of uptake 
process 

Inhibition of uptake 

• Iversen, 1 973 

Table 9 . 1  (Contd.) 

Neuronal ( Uptake ) I 

+ +  

lithium, increase in 

extracellular Na· concentration 

Desipramine, Metaraminol 

I +  I-Amphetamine, Cocaine, 
PBA, Propranolol 

Extraneuronal (Uptake 2 ) 

Uptake followed by 
degradation by MAO and COMT 

No such action 

SKF 550, SKF 625A 
1 7-�-0estradiol, 
PBA in high cone. 
Corticosterone 
Propranolol inhibits NA 
uptake into platelets 

PBA - Phenoxybenzamine 

In higher concentration, desipramine and cocaine also block the effects of 
sympathetic nerve stimulation by virtue of their local anaesthetic action; 
desipramine in very high concentration produces blocking of muscarinic and 
serotonergic receptors and of serotonin uptake. PBA has inhibitory action on 
presynaptic � adrenoceptors. Metaraminol and tyramine being uptake1 substrates 
enter the sympathetic nerve. Hence, their action is generally antagonized rather 
than potentiated by uptake1 inhibitors, such as cocaine. Bretilium and guanethidine 
are selectively concentrated by uptake1 process in adrenergic nerve terminals 
thereby causing neuronal block. 6-Hydroxydopamine is selectively accumulated 
in adrenergic nerves by uptake1 mechanism thereby producing chemical lesion 
leading to the selective destruction of both peripheral and central adrenergic 
neurons. 

DOPAMINE 

In the CNS, dopamine (DA) containing neurons possess their own specialized 
uptake system for DA. The DA uptake process which is sodium-dependent has 
the following characteristics: (i) a very high affinity for DA and a low affinity for 
NA, (ii) does not show any stereoselectivity for the isomers of NA, (iii) inhibited 
by both stereoisomers of amphetamine, (+)-isomer being slightly more potent than 
(-)-isomer, (iv) very slightly blocked by desipramine, and (v) markedly inhibited 
by benztropine, an antiparkinsonian drug. 

· 

5-HYDROXYTRYPTAMINE 

5-Hydroxytryptamine (5-HT) is taken up by a specific sodium-dependent high 
affinity mechanism in tryptaminergic neurons in the brain. It is also taken up, 
though to a very less extent by both noradrenergic and dopaminergic neuronal 
uptake sites. 5-HT uptake is inhibited by various indolamines and tertiary amine 
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derivatives of imipramine and amitriptyl
.
ine, 3-chloroimipramine being t�e most 

potent inhibitor. There is a close parallelism between
. 
the �pt�k.e

 mechanisms in 
platelets and in tryptaminergic neurons, both be�ng inhibited by

. 
tricyclic 

antidepressants (Gordon and Overman,1976) .  S,6-D1hydro�ytrypta�111ne has a 
selective neurotoxic action on 5-HT containing neurons by virtue of its selective 
concentration in these nerves compared to NA or DA uptake sites. 

CHOLINE 

The high affinity uptake of choline by cholinergic nerves is an important 
mechanism for recapturing this essential transmitter precursor substance after 
acetylcholine has been released from cholinergic i:erve teri:ninals and enzymatically 
hydrolyzed in the synaptic cleft. This may be particularly 1mp?r.tant for cholinergic 
neurons in the CNS, since brain tissue is incapable of synthes1z1ng choline de nova. 

Hemicholinium-3 is a potent inhibitor of choline uptake by the cholinergic neurons. 
It competes with choline for the carrier molecules, thus preventing the passage of 
choline into the axoplasm. 

Selective blockers of neuronal uptake mechanism are presented in Table 9 .2 

Type of Neuron 

Noradrenergic (NA) 

Dopaminergic (DAI 

Serotonergic (5-HT) 

GABAergic (GABA) 

Purinergic 

Cholinergic IAChl 

-· Most potent 
"""" Intermediate potency 

Table 9.2 
Neuronal uptake blockers 

Blocker 

Desipramine, Metaraminol Venlafaxine, 
(+ I  ·Amphetamine, Cocaine, Phenoxybenzamine 
Propranolol, Clomipramine 

Amantadine, Benztropine Amitriptyline, HA-966 

Paroxetine** •, Sertraline* * Venlafaxine, Fluoxetine*, 
lmipramine, Amitriptyline,Clomipramine' 
Desipramine (high cone.), Trazadone, Fluvoxamine* ** 

Nipecotic acid, .2-Hydroxy-GABA 

Dipyridamole, Hexabendine 

Hemicholinium-3 bromide (HC-3) 

: Least 
.
po�er:it; these are all selecti�� serotonergic receptor inhibitors (SSRis) 

Also inhibits NE uptake; has affinity for dopamine D (central · · 
· · _ 

receptors. Sertraline is the most sele ti bl k 
2 ), histanune H1 and adrenergic a1 c ve oc er for 5-HT versus NE uptake. 

Different biogenic amines and their depletors alo ·th· h · h · f . . . ng w1 t err mec amsm o 
acbon are presented m Table 9.3. 

--
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Biogenic amine 

Noradrenaline & 
dopamine 

Noradrenaline 

5-Hydroxytryptamine 

Histamine 

,. Peripheral depletory 

Table 9 .3  
Biogenic amine depletors 

Oepletor 

a·Methyl·p·tyrosine (a-MPT) 

a-Methyldopa, L-a-methyl· 
dopa hydrazine (carbidopa)* 

Benserazide * 

Reserpine, T etrabenazine * * 

Disulfiram, FLA-63** 

p·Chlorophenylalanine (pCPAI 
p-Chloroamphetamine (pCAMI 

Reserpine, T etrabenazine * * 

Fenfluramine, MOMA 

�-Hydrazino-histidine 

Acts by inhibition of 

Rate limiting enzyme tyrosine 
hydroxylase 

Dopa decarboxylase 

Granular uptake and storage 

Dopamine-�·hydroxylase 

Rate limiting enzyme 
tryptophan hydroxylase 

Granular uptake and storage 

Mechanism unknown 

L-Histidine decarboxylase 

,.,. Central depletor, Benserazide peripheral depletor in low dose, and both peripheral and central in 
high dose 
MOMA - Methylenedioxymetharnphetamine 
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Purinergic and Adenosine 
Receptors 

PURINERGIC RECEPTORS 

Burnstock and coworkers (1970,1972) reported tha� the transmitter substance 
released from the non-cholinergic and non-adrenergic nerves of the gut may be 
adenosine triphosphate (ATP) or some related purin� nucleotide. These nerves 
have been designated as purinergic. In most mammalian �t 

.
s�gments, both the 

nerve - mediated as well as ATP - induced responses are inhibitory, resulting in 
relaxation. In the mammalian bladder, these cau

.
se ex�tatory �espo�se producing 

contraction. In a number of tissues, such as gumea pig taerua coh, bladder, etc. 
regardless of whether the response is inhibitory or excitatory, the relative potencies 
of nucleotides and nudeosides usually give the same result (ATP > ADP > AMP > 
adenosine). In guinea pig ileum, there are both non-adrenergic inhibitory and non
cholinergic excitatory nerves, the stimulation of which may produce a biphasic 
response, usually a relaxation followed by contraction that can also be produced 
by ATP. 

Adenosine uptake by purinergic nerves is analogous to the uptake of choline 
in cholinergic transmission after degradation of released acetykholine by 
acetykholin-esterase, and also to the uptake of. noradrenaline in adrenergic 
transmission. Dipyridamole and hex<l:bendine by blocking this uptake potentiate 
the effects of both ATP and purinergic nerve stimulation. 

Pyridylisatogen, a specific ATP antagonist, fails to block the inhibitory response 
of the �in�a pig taenia caeci to transmural stimulation, although it blocks the 
relaxat10n induced by ATP and ADP, but not by adenosine, noradrenaline, 
isoprenaline or AMP. 

Puriner�� receptors, which are present in brain, peripheral tissues and blood 
cells, are d1v1ded m to two large families, Pl (adenosine), and P2 (adenosine 
triphosphate or ATP) re�eptors. Pl receptors are further divided into subtypes, A1 -.A" and P2 re�eptors mt? P2X and P2Y. AU the purinergic receptors mediate 
theu responses via G protems, except P2X recepto hich ·dered as 
li d d · ch rs, w are consi gan -?ate mn annels. Only the P2Y receptors have been found to activate 
MAP kinase. 

The characteristics of different subtypes of Pl d p2 nted 
in Table 10. 1 .  an receptors are prese 
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Table  1 0 . 1  Characteristics of d 'ff 1 erent subtypes of purine receptors 

Criteria 
Responses via 

G proteins 

Ligand·gated 

ion channel 

Response to 

adenosine 

and AMP 

Response to ATP 

and ADP 

Adenylyl 

cyclase 

Activate MAP 

kinase 

Antagonized 

by xanthines 

Antagonized by 

pyridylisatogen 

A , 

+ 

+ + +  

+ 

+ 

Pl (Adenosine) 

A1 AJ A4 P2X 

+ 
+ 

+ 

+ 

+ + +  + + +  +. + + + 

+ + + + + +  

+ 

+ 

+ 

ADENOSINE RECEPTORS 

P2 (ATP) 

P2Y 

+ 

+ 

+ + +  

+ 

+ 

The adenosine receptors, a class of purinergic receptors, belong to G-protein 
coupled receptor (GPCR) superfamily. Activation of these receptors produces 
stimulation or inhibition of adenylyl cyclase activity leading to the corresponding 
changes in the cyclic AMP levels. Adenosine, the endogenous ligand, is a 
neuromodulator having a modulatory effect on central and peripheral neuronal 
activity increasing or decreasing the rate at which a nerve cell fires. It is used in the 
treatment of supraventricular tachycardia, and as a diagnostic tool in the 
investigation of cardiac abnormalities. 

In humans there exist four subtypes of adenosine receptors: 
1 .  A1-Adenosine receptor - present throughout the body it produces mainly 

inhibition of adenyl cyclase activity although there may be coupling via G
proteins to ion channels and phospholipase C. It is thought to mediate the 
inhibition of transmitter release and the reduction in neuronal activity. It 
has an inhibitory action like slowering of metabolic activity in the brain. 
Presynaptically, it reduces synaptic vesicle release, and postsynaptically it 
stabilizes magnesium on the N-methyl D-aspartate (NMDA) receptors. 
Acting on this receptor the endogenous adenosine plays a role in regulating 
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d. 1 consumption and · coronary blood flow. Stimulation myocar ta oxygen . h b d 
of this receptor brings about a decrease m the . eart rate y ecreasing the 
conduction of electrical impulses and suppres�ing _racem�ker cell function. 
This makes adenosine an important tool in diagnosing and treating 
tachyarrhythmia. Blockade of this receptor, on the ?ther hand, produces 
acceleration of heart beats. Caffeine and theophylhne, the non-selective 
antagonists of adenosine receptors, are used �o stimulate respiration in 
premature infants. 2'-MeCCPA is a very selective and �otent A1-receptor 
agonist, while PSB 36 and SLV 320 are potent �nd selective antagonists. 

2. A -Adenosine receptor - abundant in basal gangha, vasculature and platelets. 
It 2�odulates the stimulation of adenyl cyclase activity. The A2A - receptor is 
supposed to influence dopamine-mediated responses in basal ganglia. The 
receptor on platelets produce anti-aggretory effect. Like A1-adenosine 
receptor the A2A-receptor also plays a role in regulating myocardial oxygen 
consumption and coronary blood flow. Caffeine is a non-selective, while 
ZM281385 and SCH-58261 are potent and highly selective A2A -antagonists. 
Specific agonists are CGS21680 and ATL-146e. 

3. A28-Adenosine receptor - its function is not yet clear; may play some role in 
axon elongation. CV1808 is a non-selective agonist, while MRS1754 is a 
selective and PSB306 is a highly selective antagonist. 

4. A3- Adenosine receptor - the smallest receptor so far cloned modulates the 
inhibition �f adenyl cyclase activity. It inhibits some specific signal pathways 
of adenosme which allows the inhibition of growth in human melanoma 
cells. Specific antagonists are MRS1523, MRS1191, PSBlO and PSBll, while 
selective agonist is MRS 3558, and highly selective agonist is 2-Cl-IB-MECA. 
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Opioid and Cannabinoid 
Receptors 

OPIOID RECEPTORS 
Opiates and benzodiazepines are historical examples where the drugs were 
introduced long before the discovery of their receptors. Lee and Smith (1980) 
proposed that the opiate analgesic receptor is protein-lipid complex in nature 
consisting of two distinct classes of binding sites: a) protein sites for endogenous 
enkephalins, and b) lipid sites for alkaloids including morphine, while both sites 
for �-endorphin. The endogenous ligands for opioid receptors in mammals include 
three families of peptides - the enkephalins, endorphins and dynorphins. 
Methionine-enkephalin appears to act at a site distinct from that of leucine
enkephalin; the former inhibits the analgesic effect produced by large doses of 
morphine, while the latter potentiates the analgesic effect of the low doses of 
morphine. Martin and co-workers (1976, 1977) postulated the existence of three 
subspecies of opioid receptors with their respective agonists and antagonists. 

The three types of G-protein-coupled opioid receptors are as follows: 
1 .  µ-Opioid receptors - mu-opioid receptors named after morphine, a pure 

µ-receptor agonist. These receptors have high affinity for enkephalins and 
�-endorphin but low affinity for dynorphins. There are two subtypes of 
mu-receptor, (a) µ1-receptors, stimulation of which produce analgesia, and 
(b) µ2-receptors, stimulation of which lead to respiratory depression and 
constipation. Development of tolerance of different effects at different rates 
is due to the activation of these subtypes of mu-receptors. Alvimopan is a 
selective µ2-receptor antagonist used for treatment of postoperative ileus 
following bowel resection. Methylnaltrexone is another µ2-receptor 
antagonist used in the treatment of constipation associated with opioid 
analgesia. In animal studies the compound CX717 (AMPAKINE) has been 
shown to prevent or reverse opiate-induced respiratory depression without 
the loss of analgesia presumably by acting through µ2-receptors. 
Two peptides endorphin 1 and endorphin 2, with a difference in one amino 
acid between them, have been identified in mammalian btain. They exhibit 
the highest' specificity and affinity for the µ receptor. They may be 
considered as natural ligands for this receptor. 

2. K-Opioid receptors - kappa-opioid receptors named after ketocyclazocine, 
a pure k-receptor agonist. They bind with dynorphins, endorphins and 
enkephalins in a decreasing order of affinity. 
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endorphins and enkephah�s:d ece tors are summarized m Table 1 1 . 1 The properties of different op101 r p 

Tab l e  1 1 . 1  

P t. s of different op ioid receptors  
roper  1e 

Criteria µ·Opioid receptor 

Receptor family GPCR 

Stimulation Supraspinal analgesia 
Respiratory depression 
Euphoria, physical dependence 

Endomorphin· 1 Highly selective 

Morphine 

Agonists 

Antagonists 

Highly selective 

DAMGO*, Fentanyl* 
Endorphin, Methadone* 
Pentazocine IPA}, Enkephalin 
Etorphine, Morphine* 
Buprenorphine (PA} 
levorphanol 

Naloxone, CTOP*, 
Naltrexone, Pentazocine, 
Nalorphine, Diprenorphine 
Alvimopan* *  

GPCR - G protein-coupled receptor 
• • Selective for peripheral receptor in G.I. tract 

k·Opioid receptor 

GPCR 

Spinal analgesia 
Miosis, sedation 

less selective 

less selective 

Pentazocine, Etorphine 
Spiradoline, Dynorphin A 
Cyclazocine, levorphanol 

Naloxone, Naltrexone 
Buprenorphine, Diprenorphine, 
nor·Binaltorphimine (Nor·BNll* 

�Selective 

CANNABINOID RECEPTORS 

[>.Opioid receptor 

GPCR 

Dysphoria, hallucinations 
Respiratory and vasomotor 
stimulation 

less selective 

Etorphine, Enkephalin, 
Cyclazocine, levorphanol 
Endorphin, Deltorphin* 

Naloxone, Naltrindole* 
Naltrexone 

PA - Partial agonist 

The cannabinoid receptors (CB) belong to the G-protein coupled receptor family. They are activated by cannabinoids, generated naturally inside the body 
(endocannabinoids), or introduced into the body as cannabis or related synthetic 
compounds. Following the binding of the re<;eptors by th� ligands, multiple intracellular signal transduction pathways are activated. There are two known subtypes of cannabinoid receptors: J.  CB1- receptors present mainly in the brain; also in the liver, lungs and kidneys .

. 
Activation of presynaptic CB1- receptors inhibits sympathetic innervation of blood vessels, while activation of those in the liver increases de novo lipogenesis. Endocannabinoids released from the depolarized neuron bind to CB1- receptors in the pre-synaptic neuron leading to a reduction in GABA release. 
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2 .  CB - receptors are ma· nl 2 1 Y present on T cells of the immune system, on macrophages and B cells d · h . . . . ' an in aemop01etic cells. They are also present in peripheral nerve term· 1 . · h b . . . . . ina s, in t e rain they are mainly present in m1croghal cells. 
In addition, there are possibilities of existing non-CB and non-CB receptors in 

endo�helial cells and in the CNS. Cannabinoids bind reversibly 2 and stereo
selectively to the CB rec�ptors. Cannabinoids that bind more selectively to certain 
receptors may be e�plmted for medicinal usage. Tetrahydrocannabinol (THC) as 
well a s  two ma1or  endogenous compounds - anandamide and 2-
arachidonylglycerol (2-AG) produce most of their effects by binding to both the 
CB1 and CB2 receptors. Administration of d9-THC, or anandamide produces CBI
mediated inhibition of gastrointestinal activity; specific CBI antagonist SR141716A 
(Rimonabant) blocks this effect. The inhibition of intestinal motility, however, may 
also have a CB2 mediated component. Activation of peripheral CBI receptors is 
responsible for hemorrhagic and endotoxin-induced hypotension that may be 
mediated by anandamide produced by macrophages, and by (2-AG) produced by 
platelets. Anandamide by interacting with CBI receptors located on peripheral 
sensory nerve endings attenuates the pain behaviour in formalin treated animals. 

Cannabinoid (CBI ) antagonists have been shown to have protective effect 
against doxorubicin-induced cardiotoxicity. Doxorubicin (DOX) is one o� the i:n?st 
potent antitumour agent whose clinical use is limited by its severe ca�d1otoxicity. 
Rimonabant, a CB receptor antagonist, blocks the CBleceptor selectively. It has 
been shown to dec�ease food intake, and to regulate body weight gain. 
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vasculature, adrenal gland and kidney. Both the su types e ong t� the G protein. 
coupled receptor (GPCR) family (Mur�hey et_ al. l 991 ) .  Most 0� th� biological effects 
of the active form of angiotensin (Ang1ote�sm II) such as a 

_
nse 1� the blood pres

sure, an increase in the aldosterone secretion, and cell prohferati?n
. 
are mediated 

through the ATi receptor. The functional ro�e of the AT2 re
_
cept?r 1s 1�1 understood 

although the recent studies indicate its possible �ole as anhprohferative, apoptotic 
(programmed cell death) and vasodilatory functions. 

Angiotensin II Receptor Blockers 

AT 1 receptor exhibits a high affinity (more than 10,0?0-fold) for biphenylmethyl 
derivatives, such as losartan, candesartan, valsartan, irbesartan and telmisartan· I 

candesartan being the most effective, while losartan the least (Mimran et al.1999). 
Although the blocking is of competitive nature, the inhibition of biological responses 
to angiotensin II is often insurmountable. The AT 1 receptor has a low affinity for 
the compound PD 123177. The AT2 receptor, on the other hand, has a high affinity 
for PD 123177, and a low affinity for losartan and related compounds._ 

Angiotensin II and its Formation and Fate 

It is the
.
most potent press�r substance, being about 40 times more potent than 

noradrenaline on a molar basis. The formation and fate of angiotensin II are as 
follows. 

Angiotensinogen -
• 
• 
• +- +- +- +-

• 
• 

p�arily synthesized in the liver, is a glycoprotein (rerun substrate) attached to � globulin in plasma 
Renin released from juxtaglomerular (JG) cells in the kidney 

Angiote�sin I (inactive decapeptide) 
.l- +- +- +- +- A�g_iotensin-c�nverting enzyme (ACE), also known as 

. "- • . 
Kmmase II as it also degrades brad kinin in the lun Angioteysm II (active octar[ptide) Y g 

� � 
AT1 AT2 Uptake C 

into tissues 
onverted into .inac�ve peptide fragments · by Angiotensmase in blood and tissues 

-
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Renin-release is blocked by '3-adrenergic blockers at JG cells, and by clonidine 
decreasing se�retomotor impulses from the central nervous system to JG cells. 

AC�'
. "':

h1ch ca
.
talyses the synthesis of angiotensin II and destruction of 

bradykrmn m lung, is blocked by teprotide, a nonapeptide bradykinin potentiating 
factor (BPFJ, and by captopril, an orally effective nonpeptide (Rubin et al. 1978). 

Saralasm (1-sarcosine, 8-isolucine angiotensin II), an angiotensin II analogue, is 
a specific blocker of angiotensin II receptor, and also a partial agonist. 

Assay of Angiotensin 

Angiotensin is assayed by its pressor effect on the rat blood pressure rendered 

sensitive by vagotomy and ganglion blockade. It can also be assayed on the rat 

isolated ascending colon that is rendered specific to angiotensin by the use of 

a mixture of antagonists, viz. oxprenolol 10-s, phentolamine l0-6, atropine 10-6, 
methysergide 5 x 10-7, and polyphloretin phosphate 2 x 10-s g/ml. The rat ascending 
colon, which is sensitive to angiotensin, is relatively insensitive to substances 
likely to be found in the blood, viz., histamine, oxytocin, antidiuretic hormone and 
bradykinin. The specific inhibitor, 8-L-ala-angiotensin-II, 2.5 x 10-7 g/ml may be used 
as a final proof for angiotensin (Gagnon and Sirois,1972). 

P R O S TA G L A N D I N  

A group of compounds known as prostaglandins were originally isolated from 
the seminal fluid, now shown to be present in many tissues in the body. They are 
C20 unsaturated fatty acids containing two or more double bonds and hydroxyl 
groups and a five-member ring related to arachidonic acid. The parent fatty acid 
is known as prostanoic acid. Prostaglandins of the E and F series, which are most 
abundant and most intensively studied, are referred to as primary prostaglandins. 

Biosynthesis of Prostaglandins (Table 12.1). 
In man, arachidonic acid is either derived from dietary linoleic acid, or is ingested 

as a constituent of meat. It is then esterified as a component of cell membrane, or 
found in ester linkage in other complex lipids. Arachidonic acid is released from 
membrane phospholipids by the action of the enzyme phospholipase A2. This in 
tum is converted to endoperoxides by widely distributed fatty acid cyclo-oxygenase, 
and to the corresponding hydroperoxides by lipo-oxygenase present in lung, 
platelets and white cells. Isomerization both enzymatically and nonenzymatically 
of endoperoxides leads to the synthesis of primary and other prostaglandins. 

Inhibitors of Prostaglandin Biosynthesis 

1 .  Inhibition of the release of arachidonic add from the membrane phospholipids by 

inhibiting the enzyme phospholipase Ai: p-bromophenacyl bromide (PBPAB) 

(Mitchell et al. 1977). 
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e.g. phenylphosphonate compound N-Ol64. 

Metabolism 

Th h 1 · 1 activity of prostaglandins E and F (PGEs and PGFs) is e p armaco ogica 
b · b · · h almost entirely reduced in their passage ��u?h the lungs or Y m� ation �it 

lung extracts. Inactivation of PGs can be inhibited by low concentrations of di-4-
phloretin phosphate (DPP) and polyphloretin phosphate (PPP) (Crutchley and 
Piper,1975). 

Assay of Prostaglandin 

Rat stomach fund us strip may be used for the assay of PGE2 in Kreb' s solution 
gassed with carbogen, and containing a mixture of selective antagonists, hyoscine 
0.33 µM, mepyramine 0.35 µM, methysergide 0.57 µM, phenoxybenzamine 0.33 µM and propranolol 11 .57 µM. 

Rat colon strip may be used for PGF2a. 
Hamster stomach strip is relatively insensitive to 5-hydroxytryptamine and histamine; hence, suitable for the assay of prostaglandins in body fluids and tissue extracts. It is relatively more sensitive to prostaglandin E2 than Fia. (Ubatuba, 1973). Prostaglandins may first be separated by differential extraction or by chromatography. PGFs may be assayed selectively by first inactivating the PGEs by treatment with alkali. The majority of the primary prostaglandins can be distinguished on preliminary screening by employing rat stomach strip, rabbit coeliac artery an� ra�bit transverse sto�ach strip (Moncada et al.1977). Assays of PGE2 and PGF2a.m mixtures can be earned out by using two tissues, the rat fundus and the rat colon. PGE2 contracts rat fundus but not colon, whereas PGF2a contracts rat colon, but is much weaker than PGE2 on rat fundus. 

· 



Table 12.1  
Biosynthesis of prostaglandi nst 

3 

Essential fatty acid in diet 

Membrane Phosphol ipids 
1 .  I Phospholipase A2 
Arachidonic acid 

--�i 
Fatty acid 
cyclooxygenase l' � PGG2 

Cyclic i endoperoxide PyH2 

12-rETE 

Vessel-wall l l l l l t latelet cyclooxygenase H ETE 
cyclooxy- (Thromboxane synthetase) genase 

. PGI • TXA2* *  (Prostacychn I 
2 

\ I synthetase) + + 
6-Keto-PGF 1a TXB2 

* Anti-agg regatory vasod i l ator P G l 2  p ro d u ct i o n  
decreased by high concentration of aspi rin, thus 
enha �cing platelet aggregation. 

j Lipooxygenase 

1 
5-H PETE 

l 
Leukoyiene A 

i
Leukotriene B 

1 
Leukotriene C 

PG 
PGl2 
TX 

= protaglandin (? SRS-A) 
= prostacycli n  
= thromboxa ne 

HHT = 

HPETE = 

17-carbon hyd roxy acid 
hydroperoxyeicosatetraenoic 

acid 
* * P ro-aggregaroty vasoconstrictor TXA2 producti on HETE = hydorxyeicosatetraenoic acid 

decreased by low concentration of aspiri n resulting SRS = slow reacting substance 
in anti-aggregatory activity For explanation of numerals see text. 

t Moncada, s., Flower R. J. and Vane, J.R.' (1980) In Goodman and Gilman's The Pharmacological Basis of· Therapeutics, eds. Gilman, A.G., 

Goodman L.S. and Gilman, A., 6th edn., p.668, Macmillan Publishing co., Inc., New York. 
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Antagonists 
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th muscle preparations. PPP and Dp; competitive antagonist of
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P�s 01: smoo 

smooth muscles. Flufenamic acid and also have similar antagoru�tic ac�C: 0:iual smooth muscle contractions induced meclofenamic acid block the isola.te
ll 

ro; tive prostaglandin antagonist on smooth by PGF2a .. N-0164 is a potent partia Y se ec 
muscle preparations. 

T bl 1 2.2 a e . f . 

Receptor 

f taglandin receptors and their unctions r ble presents different types 0 pros ' a 

Racaplor Function 
type 

-

IP Gs 

PTGDR IDP I )  am GPCR 
CRTH2 (DP2) 

EP1 Gq 

EP2 G. 

EP3 G; 

Unspecified 

FP Gq 

Prostaglandin, Wikipedia. 

vasodilation 
Inhibit platelet aggregation 
bronchodilation 

b mast cells· recruits Th2 cells, eosinophils, and basophils produced ,.V 
1' ge amounts of PGD2 are found only In the brain and in mast In mamma ran organs, ar 

Critical to development of allergic diseases such as asthma 

bronchoconstrlctlon 
GI tract smooth muscle contraction 

bronchodilation 
GI tract smooth muscle relaxation 
vasodilation 

�gastric add secretion 
f gastric mucus secretion 
uterus contraction (when pregnant) 
GI tract smooth muscle contraction 
lipolysts inhibition 
tautonomic neurotransmitters 
f platelet response to their agonists and t athei'othrombosis in vivo 

hyperalgesia 
pyrogenlc 

I 

uterus contraction 
bronchoconstrlctlon 

' · 
-

N I T R I C  O X I D E  
Nitric oxide (NO), cli.osen as the "molecule of the year" by the Science Magazine in 1992, has be�n fo�d to control a wide range of bodily functions including blood 

pressure, activities of. the brain like sending messages and storing memories, and blood flow to vital organs. _ It also acts as a neurotransmitter diffusing all over thereby acting on several nearby_neurons, even those not connected by synapses· The immune system uses it_ to fight :�TI .types of infections as well as tumours. 

-
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In the year 1980, Furchgott and Zawadzki observed that the re axa on . 1 

blood vessels by acetylcholine is due to the release of a compound by endotheli� 
cells acting on smooth muscle cells of blood vessels. This compound they name 

"endothelial derived relaxing factor or EDRF" . In 1986, Furchgott and I�arro and 

their associates independently proposed that EDRF was really nitric o�ide. P��er 

et al. (1987) demonstrated that endothelial cells produced nitric oxide m sufficient 

amounts to explain the relaxation of blood vessels observed by Furchgott and co-

worker. . . 

The tiny molecule nitric oxide (NO), a reactive gas, functions both as signaling 

molecule in endothelial cells and nerve cells, and as a killer molecule by activating 

imIDune cells. Nitric oxide is not only a potent vasodilator but also inhibits platelet 

adherence and aggregation, reduces adherence of leukocytes to the endothelium, 

and suppresses prolife-ration of vascular smooth muscle cells. 

Biosynthesis of Nitric Oxide (NO) 
Nitric oxide is synthesized within the cells by oxidation of L-arginine to NO 

and L-citrulline by a family of enzymes known as nitric oxide synthases (NOS). 

Three isoforms of NOS have been identified and named after the cell types where 

they are found. These are: (a) neuronal NOS (nNOS or NOS I) found in neurons, (b) 
inducible NOS (iNOS or NOS II) found in macrophages, and (c) endothelial NOS 
(eNOS or NOS III) found in endothelial cells lining blood vessels. 

All these subtypes of NOS utilize L-arginine, oxygen, and NADPH a s  
substrates, and produce nitric oxide, L-citrulline, and NADp+, while FMN, FAD, 
tetrahydrobiopterin, heme and Ca2+/calmodulin act as cofactors. The biological 
actions of NO are terminated by its spontaneous oxidation to N02 and N031 its 
biological half-life being 3 to 5 sec. This allows NO to function locally as an autocoid. 

Role of NO in producing vasodilatation 

The various steps by which the vasoactive drug (V AD) produces vasodilatation 
are as follows: . . 

· 
-

VAD Receptors - Elevation of - caz+ activates- NO - 110 difful8S in 
in endothelial Ca2+ cone. eNOS released neighboring 
cells of blood in cells endothelial 
vessels cells, blood 

cells and muscle 

cGMP activates GC synthesizes NO stimulates 
cells of V8118ls 

� � 
protein kinase G cGMP guanylyl cyclase (GC) 

,!. 
V110c1ilat1tion , 

N.B. Nitroglycerine is converted to NO inside vascular tissue, which causes vasodilatatio d inhi'b· . 
. 

blood clotting. 
n an it1on of 
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NOS inhibitors: 

Aminoguanidine, dexamethasone, and a number of arginine derivatives, like 
NG - monomethyl arginine (NMMA) are potent inhibitors of �OS. 

. 
The cytotoxic effect of endotoxin on vascular endothelial cells is inhibited 

?Y NMMA, and by dexamethasone & hydrocortisom�, the two inhib�tors of the 
mduction of nitric oxide synthases (NOS), su?geshn? the �ytotox1c effect of 
endotoxin is mediated by the nitric oxide synthesized by �ducible NC?S. This may 
also be a mechanism for the local endothelial damage during endotoxm shock and 
other immunologically based conditions. 
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Studies on Isolated Muscle 
Preparations 
The advantages of isolated tissues over intact animals are that several preparations 
can be obtained from a single animal; relatively small amount of the test material 
is required; and the drug effect is tested directly without the factors of absorption, 
metabolism, excretion or interference due to nerve reflexes. Because of these, the 
results obtained on isolated experiments are not always reproducible when tested 
on the whole animal. 

Guinea pigs, rabbits and rats are usually the common sources of isolated tissues. 
Mice are also sometimes used, while cats and dogs are too big to be sacrificed just 
for a piece of tissue. In the latter cases, the preparations are generally obtained 
from anaesthetized animals used for other tests. 

The isolated strips of intestine are the most commonly employed smooth muscle 
preparations because (i) the materials are abundant, (ii) they are more resistant to 
handling, (iii) they are relatively easy to set up, (iv) different sections have a variable 
degree of spontaneous activity, and (v) they permit the study of different types of 
pharmacological actions. Ileum being relatively more resistant to trauma is easier 
to set up and produces larger contractions than jejunum or duodenum. The 
functional components of the isolated intestines are terminal sympathetic and 
parasympathetic synapses as well as parasympathetic ganglionic synapse. Guinea 
pig and rabbit intestines are routinely used in preference to other species. 

Muscle Tone 

Some isolated muscle preparation exhibits a sustained submaximal contraction 
or inherent tone, which may be of neurogenic or myogenic origin or of both. It 
represents the backgroU.nd activity of the muscle. When the degree of tone is high, 
as in the case of rabbit duodenum and jejunum, rat stomach strip, guinea pig taenia 
caeci and ascending colon, the smooth muscle may respond by relaxation following 
a particular drug. Intramural prostaglandin production contributes to this inherent 
tone of the muscle (Ferreira et al. 1976). Oxygen or glucose lack may abolish this 
tone by interfering either with the intramural generation of, or with the reaction of 
the tissue with prostaglandin. 

Biophase 

The environment in which a drug is in position to interact with the receptors 
without intervening diffusion barriers is known as biophase. In most of the isolated 
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tissue preparations, the concentration of drug in biophase is in equilibrium . 
U:e surrounding physiologic salt solution. In case of many drugs, when ther;1 th 
sites of l�ss in intimate association wi�h the rec�ptors (e.g. due to neuronal upt�e 
m echarusm), there may be marked difference m the drug concentration betw e 
the biophase and the salt solution unless the site of loss is blocked (Waud,I96s��n 

Contact Period of the Drug with the Tissue 

The contact period of a water soluble drug with the tissue is regulat d 
depending on the time the response reaches a steady level. If the response is slo: 
or when a poor water soluble drug is added to the bath in the form of a suspension

' 

�e contact period with the tissue should be kept constant, since the effect ma; 
�crease with longer contact period. The usual effect of drugs on isolated intestines 
is produced by penetration through the serosa and not through the mucosa. It 
should be remembered that agonists can be rapidly rinsed out from a tissue, but 
antagonists may take longer time to leave a tissue despite repeated washings. 

Rate of Action of Drugs 

The rate of action of drugs will depend on: (a) access to the receptor through 
diffusion barriers, (b) conversion of the drug from an inactive to an active form, ( c) 
rate of combination with the receptor, and ( d) rate of production of response, viz. 
fast contraction by guinea pig ileum or slow contracture by frog rectus abdominis 
muscle. 

EXPERIMENTAL PROCEDURES 

Before sacrificing the animal, all equipments should be checked for their perfect 
working condition. The organ bath should be scrupulously cleaned, filled with the 
physiologic salt solution bubbled with gas, and maintained at desired temperature. 
The writing lever should be adjusted for the desired degree of magnification and 
tension. 

Small animals are usually killed by a head-blow (stunning), and organs to be 
studied removed rapidly and immersed in a salt solution in a shallow Petri dish. 
After putting up the tissue and giving rest for about 30 to 90 minutes, if the strip is 
found to relax, the lever is readjusted to horizontal position. Occasionally due to 

increased tonus, the strip may fail to relax until the tension on the lever is increased 

by readjustment of weights. . 
The organ bath is emptied at regular intervals, and the fluid is replaced by 

fresh solution during the experimental period to avoid alteration of pH due to 

prolonged aeration, which in tum changes the tone of the muscle. . 
The drum is started at a ·slow speed. After measuring the volume of the drug 

solution accurately (0. 1 to 0.5 ml) with the help of a 1 ml graduated pipe�e, o� a 

tuberculin syringe fitted with a needle, the drug is added to the bath flmd WI� 
uniform speed. Simultaneously with the addition of the drug a stopwatch is 

d 
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tarted . The dru g  is allowed t · 1 1  . d . 
0 act h th r pons r a h s a t ad y 1 v I or u p  

t a fi e time (say 3 0  to 60 ) d . . ' . ' 

. 
' . 

sec · ep ndmg on th natur of t h  x p n m  nt, a ft r 
which the bath fluid contain ' th d · · · 

. mg e rug is wash d out  a nd fr h o l u t1on 1 s  
allowed to fill the bath The h' · . · · was mg is repeated two or thr e h m  s m ord r to 
allow �e lever to come back to the original base line. At the ti me of wash ing, th �rum is s�ofped so that any contraction due to the momentary exposur of the 
tis�ue to air is recorded as a vertical kick readily discernible from true contractions. 
This can, ho�ever, be a

.
voided by emptying the organ bath by the overflow 

method, that is, by replacing the fluid with fresh solution from the bottom withou t  
actually emptying the bath. After some definite interval, depending on the tissue 
as well as the drug, another dose of the drug· is  added and the stop watch is 
restarted, thus completing a cycle which is strictly followed and repeated 
throughout the whole experimental period. A spontaneous activity especial ly of 
the uterus is sometimes overcome by lowering the bath temperature or by 
reducing the interval between successive doses. Sensitivity of the preparations 
may sometimes be improved by raising the temperature or by increasing the dose 
intervals. 

Every time a drug is added into the bath, a mark is put on the drum near the . 
base line and labeled appropriately indicating the drug used and its dose or 
concentration. Sometime, it is useful to include a time tracing below the base line. 
At the end of the experiment, the date, tissue employed, bath fluid, temperature, 
gas and the nature of the experiment, etc. are recorded on the smoked surface 
before fixing the tracings permanently. 

The test should start with a very low concentration of the substance producing 
slight or no response, and gradually increasing the concentration 5-10 times more 
than the preceding one until the activity range is found, or until total ineffectiveness 
is proved by giving sufficiently large concentration. A sudden exposure of the 
tissue to a high concentration of drug may affect it for a prolonged period making 
it unsuitable for further testing. It is a good practice to try two or three standard 
drugs (e.g. acetylcholine, histamine, 5-hydroxytryptamine, etc.) before and after 
each addition of the unknown drug so as not to lose sight of the latter's inhibitory 
property, if any. In the case of an inhibitory drug, a very high concentration will 
have a nonspecific antagonism against a number of agonists, thus its true specific 
nature will not be detected. 

ISOTONIC AND ISOMETRIC CONTRACTIONS OF MUSCLE 

Isotonic contraction of a mu scle is the shortening of the muscle during 
contraction that can be recorded isotonically under a steady load .  Isometric 
contraction on the other hand, is the development of tension (force) during 
contraction �hat is recorded isometrically without allowing the muscle to shorten. 

Auxotoru· thod of recording is that in which the restoring force increases in c me 
b d . h . 

1 proportion to the extent of shortening. This may e 
_
one wit a spring ever or 
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with an auxotonic pendulum lever, the restoring force being exerted by the spring 
or the pendulum. 

The isotonic and the isometric responses coincide in some muscles, but diff 
greatly in other muscles. For instance, in frog rectus abdominis and in dorsa1 Ieec� 
muscle, the percentage of shortenffig is much greater than development of tension 
by a given concentration of an agonist; while in guinea pig ileum longitudinal 
muscle, there is no difference between the percentage of shortening anct 
development of  tension. Michelson and Shelkovni�ov ( 1 9 76) compared 
quantitatively the ratio "ECSO isometric I ECSO isotonic" of agonists on different 
muscles and obtained the values as follows: frog rectus abdominis 5.0, leech dorsal 
muscle 4.3 and guinea pig ileum 1 .0. 

STUDY OF THE MECHANISM OF DRUG 

DISPOSITION IN SMOOTH MUSCLE 

The rate of relaxation of vascular smooth muscle in vitro is a function of the 
residual concentration of the active drug in the environment of tissue receptors. 
After a steady state, contraction is produced by an agonist in an aqueous medium; 
the bathing fluid is then1eplaced by mineral oil (liquid petroleum) to eliminate 
loss by diffusion out of the tissue. The relaxation curve is then recorded. This 
provides a direct measure of the termination of action by intrinsic inechanisms 
(Kalsner and Nickerson,1968). 

FURTHER READING 
Ferreira, S.H., Herman, A.G. and Vane, J. R. (1976) Br. f. Pharmac., 56, 469. 
Kalsner, S. and Nickerson, M. (1968) .Can. /. Physiol. Pharmacol., 46, 719. 
Michelson, M.J. and Shelkovnikov, S.A. (1976) Br. f. Pharmac., 56, 457. 
Waud, D.R. (1968) Pharmac. Rev., 20, 49. 
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Some Standard Isolated 
Muscle Preparations 

GUINEA PIG ILEUM 

Healthy adult guinea pig is stunned by head-blow, neck vessels cut, and the animal 
is bled out. Abdomen is opened through a midline incision, the ileocaecal junction 
exposed, the terminal ileum is cut after discarding 10 cm nearest to the ileocaecal 
junction because of the presence of excitatory a-adrenoceptors near the ileocaecal 
junction (Munro,1953). The mesenteric attachment is cut as close to the gut as 
possible without injury for a distance of about 20 to 25 cm. The intestine is then cut 
across, and the lumen of the isolated piece thoroughly cleaned by running warm 
salt solution repeatedly through the proximal opening, with the help of a 50 ml 
volumetric (bulb) pipette. Undue stretching, ballooning or handling of the gut 
should be avoided. The clean strip of the intestine is then placed in fresh warm salt 
solution for a short period for acclimatization before being put up for the 
experiment. If strips are to be kept for future use, they are better placed directly in 
ice-cold aerated salt solution, and kept in refrigerator overnight. About couple of 
hours before use, they are transferred to salt solution at room temperature and 
actively aerated. A small segment usually 4 to 6 cm in length (depending on the 
size of the organ bath) is cut; at each end a thread is passed through the lumen and 
the wall near the mesenteric attachment with the help of a fine sewing needle, and 
tied securely without occluding the lumen. To facilitate cutting out a segment of 
desired length, a scale (cm) may be marked on one side of the cork mat, on which 
these manipulations can be made with the tissue soaked in salt solution. One end 
of the segment is tied securely to the tissue holder or some other suitable 
contrivance, and transferred to the organ bath (already filled with salt solution 
and bubbled with gas) holding both the tissue-holder and the long thread attached 
to the tissue in the same hand to avoid accidental stretching. The tissue-holder is fixed in position with clamps and the long thread from the tissue is fixed to a 
frontal writing lever adjusted suitably for tension and magnification. For maximum 
sensitivity, the lever should be nearly balanced, and friction at t;he writing surface 
reduced to a minimum by using a smooth writing point. A small vibrator attached 
to the lever support to the base of the drum, or to the water bath may be used to 
reduce the effect of friction on the drum. 

The preparation responds to most of the common spasmogens, and is  
particularly suitable for the assay of  histamine. . 

· 
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GUINEA PIG MYENTERIC PLEXUS - LONGITUDINAL MUSCLE* 

. . . Ion is slid on to a glass rod (5 to 6 mm dia). A piece of terminal ileum 10 cm � . ht r e the longitudinal mu 1 After setting the mesenteric attachment in a st�aig
f 

i� '
and tangentially int 

s
t� e 

is separated from the circular muscle by stroking irm � h 1 
. 

f 
0 e 

attachment along the whole length of the segment and t
1 

e 
.
w o

Th
e cir

tr
c�m ere�ce of 

. . . 1 k d in Krebs so ution. e s  ip consists of the ileum wi� a �isp of cotton ':oo soa e
t 

. plexus adhered firmly to it. Th all the longitudinal muscle with myen enc . e 

mesenteric attachment seen as a whitish material is remov�d by t�kU:g one end 

with a fine forceps and pulling it off the muscle. A strip of suitabl� siz� is put 
.
up in 

an organ bath containing Krebs solution at 36 °C and
. 
bubbled with 5 Yo co2 m 02. 

An auxotonic lever with 0.3 g load is used for recording of the muscle responses. 

HYPOGASTRIC NERVE - VAS DEFERENS PREPARATION OF THE 
GUINEA PIG** 

Guinea pig is killed by stunning and bled; the abdomen opened along the 
midline, and the gut displaced on one side. The testis is pushed into the abdominal 
cavity by pressure on the scrotum. Holding the testis, the vas deferens of one side 
is freed from the connective tissues and cut from the epididymis. Grasping the cut 
end of the vas deferens with small forceps, it is separated from the adjacent tissue 
and left as it is. The hypogastric nerves (right and left) are now identified in the 
middle of the mesentery of the colon. One nerve is tied and cut 5 cm from the vas 
deferens; this is cleaned to within 0.5 cm of the organ. A piece of peritoneum 
containing the remainder of the nerve up to the vas deferens is isolated. The vas 
deferens is then cut from the urethra and removed together with its nerve along 
with the small piece of peritoneum and put up in an organ bath containing Krebs 
solution. During the dissection, the organ and the nerve are moistened with Krebs 
· Solution. The contralateral preparation can also be dissected out, if required. 

GUINEA PIG TRACHEAL CHAIN 
. 

Trach�a is re�ove� from a freshly killed guinea pig (500 to 600g) and sectioned wi� a
. 
pa1� of s�1ssors �to 10 �o 12 approximately equal size rings. Rings are kept mmst in Ringer s solution while they are being tied in series by short loops of silk thread. The rings are oriented in such a way that the dorsal sm th I b d · · 

l' In 1 · 00 muse e an IS in.�inei � � �eri;ative �ut simpler method, the trachea is cut spirally, or opened w1 a 
d
ongitu m� cut a ong the mid-dorsal surface, and a series of transverse cuts ma e successively from alternate sides so that th I b d h . ey over ap one another ut o not transect t e preparation completely. 

* Kosterlitz et al., 1970 ** Hukovic, 1961 
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G UINEA PIG TAENIA CAECUM 

Guinea pig is killed by stu . 

the midline. The caecu . 
nnmg and bled, and the abdomen is opened along 

and kept in McEwen's 
� is

. 
exposed, and a single strip of taenia is dissected out 

lo  ml organ bath co t
s� �hon. A length of 2-3 cm of the preparation is put up in 

n ammg McEw ' 1 . 
bubbled with 5% CO in 0 

en s so ution at a temperature of 37°C and 

. otonic frontal . � 1 2· 
Res�oses are recorded on a smoked drum with an 

15 
Th 

w�i ? ever (tension 1 g., magnification 6-fold) . 
e 

.
pre

b
par

h
ahon is  suitable for the study of cholinergic agents and their 

antagonists ot on muscarini d · · · 
. . . c an on mcotimc receptors. Preparation with a low 

tone is most sensitive to acetyl h 1 . h·1 · · · · · c o me, w i e that with high tone 1s least sensitive. 

RABBij ILEUM OR JEJUNUM 

These �re put up
. 
in � similar fashion as the guinea pig ileum, the organ bath 

usually bem� la�ger m size. These are particularly suitable for producing barium 
or acetyl�holme 1i:�uced spasms for the study of their antagonism. Stored for four 
da�s at 4 C,. rabbit ileum becomes increasingly sensitive to the inhibitory activity 
of 1soprenalme. 

RABBIT DUODENUM 

A strip of duodenum 4 to 5 cm long is removed from a freshly killed rabbit and 
put up in a similar way as the guinea pig ileum. This preparation is particularly 
suitable for adrenaline and noradrenaline that produce relaxation. The important 
factor for the success is the proper adjustment of the load or tension on the muscle. 
It is desirable that the strip should acquire a certain degree of tone, so that when it 

is relaxed by adrenaline the lever falls by 3 to 4 cm from the base line. If the weight 

on the lever is too much, no tone develops although there may be rhythmic 

contractions. The only effect of adrenaline is then to decrease the size of the rhythmic 

contractions. The weight on the lever, on the other hand, must be enough to cause 

it to fall when the tone is reduced by adrenaline. Hence, it is essential to find out 

the optimal weight on the lever by trial and error even if it involves spending 

some time. The segment is then left in the bath for some time in order to develop 

the requisite tone; repeated addition of adrenaline with washing facilitates this 

process further. In the course of half to one hour, the strip should acquire sufficient 

tone so as to enable the actual assay to be performed. 

While the peristaltic movements depend.
on the ganglion cells, the rhythmicity 

or the pendular movement is inherent only m the muscle. 

RABBIT AORTIC STRIPS* 

A rabbit (2.5 to 3.5 kg) is stunned and exsanguinated (decapitated). The 

,. Furchgott and Bhadrakom, 1953 
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d I d in Krebs-bicarbonate solutio descending thoracic aorta is removed a� P ace 
ff d the whole length f t�· Excess fat and connective tissues are trimmed 0 ' an. h Id horizon tall 0t 

e 
aorta is then cut in a close spiral as follows. The aorta is e 

f d 
Y a one 

end with the left hand and is gradually rotated and move� orwa� while a 
tin. · 1 (h l' 1) t ·s  made with a small sharp-p01nted scissors. The con uous sp1ra e 1ca cu 1 . . 
ltin. t · · ll b t 2 mm wide and 20 cm long with smooth circular resu g s np is usua y a ou . . . 

fibres oriented at about 15 degrees relative to its long axis. �rom. this stnp �horter 
strips (2 to 4 cm) are cut for the use in the experiments. �e �ssue is kep� mmstened 
in Krebs solution during the whole procedure. The strip �s mounted in an organ 
bath and the preparation is allowed to stabilize fo� 9? minutes before the 

.
actual 

experiment is started. During this period the bath fluid is changed every 15 minute�. 
The preparation has a very slight spontaneous �one �d shows no r�ythm1c 

contraction. It responds to a-adrenoceptor agon1sts hke noradrenal ine and 
adrenaline by contractions. Histamine and acetylcholine also produce contractions 
but in much higher concentrations. 

RABBIT PERFUSED EAR ARTERY* 
Lop-eared rabbit (2.5 to 4 kg) is anaesthetized with 25% urethane 7 ml/kg i.p. 

The hair over the base of the ear and along the course of the central artery is clipped 
and the skin is incised adjacent to the central artery and vein, which are dissected 
carefully avoiding damage to these structures. The central artery is identified at 
the base of the ear; ligatures are placed around it preparatory to cannulation. The 
ventral auricular nerve that runs parallel to the central vein is dissected free and 
ligated. Heparin (1000 units) is injected i.v; the artery is then cannulated after a 
couple of minutes with fine polythene tubing about 1 cm of which is inserted into 
the artery, and the ligature tied over it. The central artery together with the adjacent 
structure including the central vein and the ventral auricular nerve are dissected 
free from the cartilaginous bed of the ear for a length of 4 to 7 cm and width of 
about 4 mm. The arterial segment is perfused with Krebs-bicarbonate solution prewarmed at 37°C bubbled with 5% co2 in 02. The perfused tissue is suspended 
in Krebs solution at 37°C; the effluent solution is washed off from the bath by an overflow tube. The perfusion pressure is measured by means of an ordinary or a Condon mercury manometer recording on a kymograph. 

Stimulation transmurally, periarterially, or through the ventral auricular nerve produces vasoconstriction. 
Drugs are injected through a.rubber connection close to. the cannula in a volume of 0.05 to 0.1 ml freshly prepared in Krebs solution. The preparatio ds b . . d r . n respon y constnchon to �or� re�a ine m nanogram doses, and to histamine and 5-hydroxytryptamme m m1cr�gra� doses. Acetylcholine produces dilatation onl when the tone of the artery is raised. y 

* de La Lande and Rand, 1965. 
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The pre?aration may be utilized for the bioassay of catecholamines, and for 

the comparison of adrenergic neuron blocking drugs. 

RAT COLON 
The first 4 cm of the descending colon (distinguished by diagonal strips of 

muscle on its surface) is used. This tissue provides a sensitive test organ for 

noradrenaline that generally has slightly more effect than adrenaline. Storing the 

tissue for 24 hour at 4 °C can further increase the sensitivity to noradrenaline; this 

process also minimizes the spontaneous movements. 
The rat colon is also highly sensitive to substance P and to some extent to 

angiotensin and to PGF za. 

RAT DUODENUM 

Proximal 3 cm of duodenum from freshly killed rat (150 to 250 g) is dipped in 
salt solution at 4 to 6°C for two to three hours before use. It is suitable for the 
identification of bradykinin that relaxes the preparation in very minute 
concentration (more than 1000 times sensitive compared to other relaxants), while 
substance P contracts it. The dose contact of drugs in this preparation is usually 30 
seconds at intervals of three to five minutes. 

RAT STOMACH* 

The stomach from a freshly killed rat is dissected out and placed in the salt 
solution. The translucent fundus (rumen) is cut along the pylorus (thick and red) 
leaving· a thin band of the pyloric tissue attached to the fundus, and its contents 
washed clean. The fundus is then cut open along the lesser curvature and spread 
on a cork mat soaked in salt solution. Alternative transverse cuts are made to 
preserve the longitudinal muscle. The strip is then pulled out by cotton thread tied 
on each end, and protrusions and fringes of pyloric tissue trimmed away to give a 
long clean thin strip for suspension in the bath. 

It is suitable for the assay of 5-hydroxytryptamine being very sensitive to it. It 
is 10 times less sensitive to acetylcholine, the effect of which can be blocked by 
hyoscine. It is over 1000 times less sensitive to histamine. It is also used for the 
assay of PGE2• 

RAT UTERUS 

Although the guinea pig uterus was used in classical experiments on 
anaphylaxis by Dale, and for the assay of pituitrin for some years, this has since 
been replaced by the rat uterus, which produces relatively less spontaneous 
contraction. 

The
. 
rat uterus is chiefly used for the assay of oxytocin, 5-hydroxytryptamine 

and adrenaline. For the estimation of oxytocic activity, the uterus from the virgin 
"' Vane, 1957 

· 
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rat ( 140 to 200 g) is dissected out and the two horns divided. One horn is suspended 
in the bath and the other horn kept in salt solution a� room te�perature fo� later 
use, if needed. By using de Jalon's solution the rhythmic contr�ct10ns are aboh�hed

. 
To have relatively quiescent but sensitive uterus for routine ass��s,. the virgin 

rat (120 to 200 g) is injected with stilboestrol 24 hm�r before sacrificing. For 5-
hydroxytryptamine assay, a relatively large dose of ��l?oestrol 

.
(0.25 mg/100 g) is 

injected intraperitoneally for three days before sacnficm?. As. little as 2 .ng of 5-
hydroxytryptamine per ml of bath fluid can be detec�ed m thi� preparation.  The 
acetylcholine response is blocked by atropine. Histamine by acting on H2-receptor 
releases noradrenaline, which in tum relaxes uterine muscle. It is very sensitive to 
stimulation by posterior pituitary extract, bradykinin, substa:1ce P and adenosine 
compounds, and to inhibition by adrenaline and noradrenaline. 

One of the most specific and sensitive tests for adrenaline is the use of the rat 
uterus, which contains only �-receptors. Contractions are produced at regular 
intervals with acetylcholine or carbachol, and adrenaline estimated by its power 
of reducing the size of these contractions. Noradrenaline is 75-300 times less active 
in this test. Adult female rat not in oestrus is used. The uterus is even suitable for 
experiments when kept at 4° C for 24 hour. Excitatory a-adrenoceptors have been 
shown to exist in the rat uterus only under certain conditions, such as after oestrogen 
treatment, during natural oestrus, in late pregnancy, and for five to six days after 
parturition. The a-adrenoceptors are temperature sensitive, and the initial excitation 
phase produced by several sympathomimetic amines is greatly reduced or even 
abolished by lowering the bath temperature to 25°C. 

RAT ANOCOCCYGEUS MUSCLE* 

A male rat is killed by a blow on the head and bled. The abdomen is opened in 
the mid-line, the pelvis split, and the bladder and urethra removed taking care not 
to damage the ventral band of muscle lying ventral to the colon. The colon is then 
cut through at the pelvic brim, the pelvic portion pulled forward and the connective 
tissues cleaned until the anococcygeus muscles come into view. The two 
anococcygeus muscles in rat arise from the upper coccygeal vertebra behind the 
terminal colon, pass ventrocaudally to sweep round the lateral side of the colon, 
and unite in front of the colon a few millimeter from the anus to form a ventral 
band. The two muscles can be easily dissected out, and the extrinsic nerves that 
enter the deep surface of each muscle just short of the ventral band can be retained 
with the muscle for stimulation. The ventral band is cut through and each muscle 
is mounted in a 100 ml bath. 

This s�ooth muscle preparatio� is ganglion-free being innervated by long 
a d renerg1c ne.uro�s, and having �uscarinic, a-adrenergic and 5-
hydroxytryptammerg1c receptors, all of which produce motor responses. Histamine 

"' Gillespie, 1971, 1972. 
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�s almo�t ineffective in this p�e�aration. An inhibitory response to field stimulation 
is obtaine� �fter the adm1n1stration of guanethidine, which is blocked by 
tetrodot

.
oxin in �os�s �hat do not abolish muscle tone or response to noradrenaline, 

suggesting the inhibitory action is due to nerve stimulation. The nature of the 
inhibitory transmitter is unknown. 

RAT PHRENIC NERVE - DIAPHRAGM* 

Adul� rat is sacrificed and the frontal part of the right thoracic wall is removed 
after cutting along the right side of the sternum. The mediastinum is cut just above 
the frontal insertion of the diaphragm taking care not to damage the phrenic nerve. 
The frontal part of the left thoracic wall is then removed so as to expose the phrenic 
nerve, and the left lung removed. The left abdominal muscles are cut along the 
costal margin and the last rib is held with a pair of forceps. Two converging cuts 
are made through the rib (12 mm apart) towards the tendinous part of the 
diaphragm (3 mm wide) parallel to its muscle fibres 3 mm on either side of the 
point where the phrenic nerve enters the diaphragm. The strip is cut out beyond 
the tendinous part with about 2.5 cm of phrenic �erve attached to it. The fan-shaped 
preparation is fixed by inserting the rib inside a slit in the platinum electrode. A 
thread tied around the tendinous end is attached to a light isotonic spring lever. 
The phrenic nerve is laid on the slit across the two wires and covered with a moist 
piece of cotton wool. The contractions are recorded on the smoked drum following 
stimulation of the phrenic nerve and also following direct stimulation of the muscle. 

HAMSTER STOMACH STRIP** 

Adult male golden hamster (Mesocricetus auratus) 120 to 150 g body weight is 
given water and food ad libitum until killed by decapitation. The stomach is removed, 
the pouch separated from the main body of the organ and washed in warm Krebs 
solution. Strips 5 to 7 cm long are then cut by making three to five incisions in the 
direction of the longitudinal muscle of the pouch. The strip is put up in a 5 ml 
organ bath. 

Hamster stomach strips are useful test preparations for the assay of 
prostaglandins E and F in nanogram concentration. Compared to the rat stomach, 
its dose-response curve is steeper, responses are faster and relaxations with small 
loads on the lever easier. The relative insensitivity of the preparation to 5-
hydroxytryptamine and histamine renders it suitable for the assay of prostaglandins 

in body fluids and tissue extracts. The relative insensitivity of the preparation to 

prostaglanidins F1a' F2a and A1 compa�ed to �2 may be t�ken advantage of in the 

estimation of mixtures of prostaglandms of different senes. . 

"' Bulbring, 1946 "'* Ubatuba, 1973 
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CAT SPLENIC STRIP 

The spleen of the urethanized cat is removed through a lateral abdominal 
incision and washed in warm Krebs solution. Strips measuring 25 x 5 mm are cut 
and put up in an orgari bath. An initial tension of 2 to 3 g is applie� to �he strip and 
readjusted to 1 to 1 .5 g after stabilization for one hour. Cat splemc strips are used 
for the assay of noradrenaline. 

FROG RECTUS MUSCLE · 

It is a voluntary muscle preparation producing slow contracture in response to 
acetykholine. A pithed frog is laid on its back on a corkboard; the abdominal skin 
is cut away and the rectus muscle of one side dissected from the pelvic girdle up to 
the pectoral girdle. The muscle is then pinned to the cork so as to keep it stretched 
to its normal length soaked in frog saline. A thread is sewn through each end, and 
the muscle is then fixed in the bath, while the thread from the other end is fixed to 

a simple or Gimbal lever. 
The preparation is suitable for the assay of acetykholine as well as for cu�are

like substances. 
Table 14. 1  summarizes the experimental details of some common isolated 

preparations . . 

Table 1 4. 1  
Summary of experimental details for some common isolated preparations 

Preparation Sah solution Temp fCJ Gas Lever Tension (g/ Magnification 

Guinea-pig ileum Tyrode 35.37 02 or Isotonic 0.5· 1 5- 10 
Air frontal 

Ringer 32 . Air 0.5 

ile11n (coaxial) Krebs 37 Carbogen" 0.5· 1 
trachea 37 0.2·0.5 12-20 

vas deferens Tyrode 32-34 Air 0.5· 1 4·8 
Ringer 37 
McEwen 29 Carbogen 
Krebs 31 

seminal vesicle McEwen 32 n 0.2-0.5 8 

taenia caeci 35 1 .5 4 
Ringer 37 

atria Krebs 30 Starling . 0.5·1 7- 10 
heart 

McEwen 

Ringer 
32-37 02 

(double glucose) 29-30 

,. .5% C02 in 02 
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Table 

PffPlrltion Salt solution Temp ("CJ 
Rabbit 
duodenum McEwen 37 

duodenum or ileum. Tyrode 34·38 

ileum or jejunum Ringer 

jejunum Krebs 37 

innervated jejunum Tyrode 
(Finkelman) 

aorta Krebs 
(double glucose) 
Krebs 37 

(half bicarbonate) 

McEwen 37 

Rabbit 
heart Ringer · 37 

(Langendorf fl (double glucose) 

atria Krebs 

(double glucose & 
half bicarbonate) 

McEwen 

Rat 
ileum or duodenum de Jalon 30-31 

ileum Tyrode 37 

ascending colon Krebs 37 

descending colon de Jalon 25 

stomach (fundus) Tyrode 37 

de Jalon or 
Krebs 

anococcygeus Krebs 36 or 37 

uterus de Jalon 25-36 

Krebs 37 

McEwen 34 
Locke 37 

vas deferens Krebs 37 

Ringer 

1 4. 1  (Contd . )  

Gas 

Carbo gen 

Air 

Carbogen 

02 

02 or Carbogen 

02 

29 

02 or 

02 

Carbogen 

02 or 

02 
Carbogen 

02 or 

Carbogen 
02 

Carbogen 

Carbogen . 

Air 

lever Tension fgJ Magnification 

Isotonic 4 9 

frontal 

1 -3 5 

2-4 7-10 

4 

4 4 or 9 

Starling 4 4 or 9 

heart 

0.5· 1 .5 

Carbogen Isometric 

Isotonic 0.5 1 5  

Carbogen frontal " 
0.25 7 

. 2 4 

Carbogen 

5-1 6  

0.2·1 1 0  

0.5·1 4 
Carbogen 

4 

1 0  

Isotonic 0.5·1 6 

frontal 
0.5 6-8 
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Tabla 1 4. 1 (Contd.) -

Gas Lever Tension (g} Magnification Preparation Salt solution Temp fCJ -
Carbogen 1 6 

Tyrode 3 2  0 . 3 5  
McEwen 32 or 37 

31 or 37 02 or Spring 8· 1 8  
phrenic nerve· Tyrode 

Carbogen loaded or 
diaphragm (double glucose simple 

or Krebs) 

Mouse 
Isotonic 0.2 6-8 ileum Ringer 37 Air 

frontal 

vas deferens 
0.5· 1 0. 1 ·  1 Krebs 37 Carbogen

. 
Hukovic 32 

I I  0.3 10 · 1 5  

Frog 
rectus Frog Ringer Room 02 or Air Simple 0.5· 1 1 0  

o r  gimbal 
Cat 

splenic strip Krebs 37 Carbogen Isotonic 1 · 1 .5 
6- 1 0  
frontal 

McEwen 38 0.5 
1 0  
Hamster Krebs 37 0.5-2 

stomach strip (Single glucose) 
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Quantitative Study of 
Agonists on Isolated 
Preparations 
The estimation of potency of an unknown concentration o f  an agonist (test) is carried 
out by comparing its activity with the same agonist of known sti:engt� (s

.
tandard), 

and finding out the equiactive dose. This is what is called analytical dzlutwn ass�y, 

because the assay involves the determination of the factor by which the test agorust 
is diluted or concentrated compared with the standard agonist. The nature of the 
test and of the standard being qualitatively the same, this type of assay gives almost 
identical res·ults whatever may be the test organ, the species or the method. This is 
in contrast to comparative assay where the test compound i$ chemically different 
from the standard though having similar activity. In such an assay, testing on 
different tissues may give different results because of difference in sensitivity to 
two different substances (Schild,1950). 

MATCHING OR BRACKETING ASSAY 

The simplest type of graded assay is one for which no statistics is required, 
and in which the standard and unknown are matched by a trial and error process 
until they produce equal effects. It has one great advantage that it does not depend 
on the assumption of a dose-response relationship, but h a s  a numb e r  of 
disadvantages as follows: (a) it is  inefficient since the preliminary effects are not 
utilized in the final assessment, (b) the inatch is purely subjective, ( c) experimental 
error cannot be determined from the assay itself, and ( d) it gives no indication of 
the parallelism of the dose-response curves of standard and unknown, that is of 
the qualitative differences, since the effects are matched at only one dose level. 

The working. dose of the. standard is first determined in the sensitive part of 
the dose-response curve. In practice it is not necessary to determine the whole range of the dose-response curve but to select a dose that will produ a�proximately 50 per cent of the maximal contraction. The simplest way of d 

. 
c e  

this is to give sl:lfficiently large dose o f  the drug so as to get a maximal contr �
mg 

and to confirm by giving still larger dose after washing, showing no furth 
. ac on, 

· h . er mcrease m t 
. 
e

. 
response. The lever should be so ad1usted that the contraction hei ht is f suff1c1ent length that is recorded completely on the smoked surface Th 

g
ti � 

· e ssue is 

I 
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th b k to the original base line en washed several times till the lever comes ac . / anct a 

d . . lf h ximal contraction. ose is selected which produces almost ha t e ma . 
Usually the dose of the standard is kept constant through�ut the �xpe�iment to 

h · · · ty f the tissue with tim 'T'1.. ave some idea about the change in the sens1tiv1 ° . . e. ! Ile 
standard is added to the bath at a fixed interval alternating with the test, so that 
each contraction produced by the tes t is brackete� (flanked) by contractions 
produced by fixed doses of the standard. At first a particular volume of the standard 
solution is given producing sufficient response, followed by the same v�lume of 
the test solution, again followed by the same volume of s tandard solution. The 
doses of the test are then increased or decreased accordingly to obtain contractions 
just larger and smaller than the average of those of the standard flanked on either 
side. If a matching is obtained right at the outset, it could have been fortuitous due 
to change in the sensitivity of the tissue rather than due to the dose, and is not 
acceptable. Close bracketing is liable to give more accurate approximation, from 
which an equivalent dose of the test is tried. The matching becomes perfect if almost 
identical responses are obtained by giving two to three times the equivalent doses 
of the standard and of the test. 

Example: An unknown solution of histamine (T) was estimated by comparison 
with a known solution (S) on isolated guinea pig ileum as illustrated in Fig. 15.1. 

The effects of equal doses of the S and T were observed first, and then the 
effects of T and S were bracketed as closely as possible. Thus, 0.2 ml T produced 
bigger effect than 0.2 ml S; 0.15 ml T still produced bigger, while both 0.1 ml and 
0.12 ml produced smaller effects than 0.2 ml S; 0;14 ml T produced Same effect as 
0.2 ml S; finally, two and a half times the equivalent doses of both T and S produced 
almost identical effects. 

---- ... 

S T  S T  S T S  T. S T  S T  S 
0.2 0.2 o. 1e  · 0. 1 0.12 0. 14 o. 3S o.e ml . 

Fig. 1 5. l . Matching assay of an unknown solution of hi tami. . . . s ne 
on gumea pig ileum. For details see text. 

Since, 0.2 ml S = 0.14 ml T, 
1 ml S = 0.70 ml T 

Now, 1 ml S contains 10 mg of histamine 
Hence, 1 ml T is estimated to contain 10/0 7 i e 14 3 f hi . · ' · · · mg o stanune 
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But T actually contained 15 I 1 . . 
The error of the assay 

= 

[(15 
m
14

g
3

m
)/15

o
] 
f histamine 

. 
- . x 100 = 4 7% Sometimes, a geometric mean (G M ) 

· 

lose-bracketed value · · · . rather than arithmetic mean (AM.) of the 
c s gives a better estimate. 

DOSE-RESPONSE CURVES For determination of the d · · 
d . . t . . ose-response relationship, graded effects are obtained by a minis enng �arymg concentrations (or doses) of the drug by the intermittent dose method, that is washing 0 t th d' · . ' u e prece mg dose before addmg the next. At least four or five vary�g doses are used to cover the range between the smallest �nd the largest (�a�imal) responses. Maximal response is that which does not 

increase further with mcrease in the dose. For the convenience of plotting the dose
response curve, the doses are increased in geometric progression (logarithmic '---�
intervals), because the response is roughly linearly related to the log dose. In order 
to do this, each dose is obtained by multiplying the preceding dose by some constant 
factor, termed the common ratio (e.g. by 2, �2, 0.5, etc.). It is better to administer the 
doses in a random fashion rather than to give in ascending or descending order. In 
order to obtain a fairly smooth dose-response curve at least four or five responses 
should be obtained for each dose, and the mean effect plotted against each dose. 

The logarithms of doses (independent variables) are first plotted along the 
abscissa or X-axis (horizontal scale). If the doses are in geometric progression (log -
intervals) they can be plotted directly at equidistant intervals; while if they are in 
arithmetic progression, each dose is converted into log value, which is then plotted 
along the abscissa. Alternatively, the original doses are plotted directly on a 
logarithmic paper. The responses (dependent variables) are measured for each 
dose, and the mean responses- (or the percentage of maximal responses) are then 
plotted along the ordinate or Y-axis (vertical scale) against the corresponding doses. 

The logarithmic transformation of dosage has the following advantages: 
a) Results can be plotted when the doses vary even over a 1000-fold range 

which otherwise is not possible. 
b) Dose-response curve becomes linear particularly in the middle part. 
c) The error is generally normally distributed and independent of the dese. 
d) Has certain mathematical advantages when the two dose-effect curves 

are compared. . . 
For example, the horizontal distance between the two parallel Imes is a measure 

of the potency ratio of the two drugs. . . . . . . 
A log dose-response curve has a charactenstic sigm01d or S-shape with lm�ar 

rti
. 

· th 'ddle that can sometimes be further extended by transformation po on m e mi · . . · - 1 f . ( meters) into corresponding probits, squares, rec1proca s, etc. o responses para 
· f h 1 · 1 fl ( ) Th lower and the upper parts o t e curve are re atlve y a

.
t metameters . e . 

· 11 hil th - · ddl hin ti ely zero and maximum asymptotica y, w e e mi e a
1.
pproac .g r�specl �vely steep As can be seen from the Fig. 15.2 the middle mear portion 1s re a · . 
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f th rve and the working doses are ' ti part o e cu linear portion is the most sensI ve 
titative assay. 

therefore selected around thi� region for 
.
a:� �u:

ree parameters: 
The dose-response curve IS charactenz 

f � t as E or efficacy, which should (i) Maximal or ceiling effect. Commonly re erre 
0 v;cy between similar drugs not be confused with the term potency. P�tency ma�ydrochlorothiazide, which i� while the efficacy remains the same. For

.
m�=�='

a diuretic, has a similar efficacy. about 20 times more potent than chlorothiazI 
. re potent than chlorothiazide 'd th th h d ·s not only lO times mo FurosemI e, on e o er an ' I . ff Different efficacy suggests but also has a higher ceiling effect, that IS, e Icacy. 

different mechanisms of drug action. 

Log dose 

Fig. 1 5.2. Sigmoid dose-response curve showing sensitive (steep) mid�le porti�n 

and relatively insensitive (flat) lower and upper portions. The same mcrease m 

dose produces greater increase in response at B than at A or C. 

(ii) Position of the curve. In relation to the abscissa it gives an idea about the 
affinity or potency of the drug. For example, when the curve is more towards the 
left, it is more potent, and vice versa. 

The potency of a substance depends on a number of factors, such as, its 
accessibility to the tissue, number of receptors combined with it, its affinity for the 
receptors, and its efficacy. 

The potency of a drug may be expressed as ED50 or EC50 (median effective 
dose or concentration), that is a dose or concentration producing 50 per cent of the 
maximal response. Lower the value, more potent is the drug. All horizontal shifts 
of dose-response curves are measured at the level of ED50 or EC50. It is preferable 
to use the term ED50 for in vivo, and EC50 for in vitro studies. 

Another way of expressing the potency, particularly when the values are rather inconvenient numbers, such as molar concentration, is by the pD value (analogous 
to pH}, which is the mean negative logarithm of molar concentration

2
producing 50 per cent of maximal response (Ariens and van Rossum, 1957). Higher the pD2 value, 

higher is the potency. 
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Calculation

. 
of pD2 value. The percentage of the maximal response produced 

by each d?se is �lotted against the log molar concentration of the drug, and a 
concentration-ac�on cu�ve is obtained. The 50 per cent point of the curve is projected 
on the concentration �xis (abscissa), and the value is read out. In case the projection 
falls between the pomts indicating the whole division of ten the distance to the 
nearest point at �he !eft �s measured. Suppose, the nearest pom't at the left indicates 
10-6 and the pro1echon is on the 4th division, then the sought concentration is 10-
6+0.4 or 10·5·6• The pD2 value therefore is 5.6 (Fig. 15.3). Ariens and van Rossum 
(1957), however, employed 30 divisions along the concentration axis in their 
studies. 

(iii) Slope of the curve. Also known as the regression coefficient (b), which determines 
the error or reliability (precision) of an assay. The value of a biological method 
depends on the rate at which the effect increases in relation to the increase in the 
dose. Steeper the slope (i.e. higher the b value), more precise is the assay, and vice 
versa. In other words, with steeper slope the discrimination between doses is good, 
that is, small differences in doses produce large differences in response. A simple 
method of finding out the slope of a dose-response curve is to calculate the ratio of 
the concentration of responses producing 80% and 20% maximal effects 
(Stephenson,1956), or as the quotient "60 divided by (log EC80-log EC20)" (Langer 
and Trendelenburgh,1969). It may be mentioned here, that doubling the dose of a 
drug does not necessarily produce doubling of an effect. Thus, the magnitude of 
the effects produced by the same dose of two drugs cannot be the basis of 
comparison. For instance, if one drug produces a response twice the size of that 
produced by the same dose of another drug, the first drug is not necessarily �ice 
as potent as the second drug. Determination of doses of the two drugs producrng 

almost equal effects is usually the basis of comparison. 
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Fig. 15.3. Graphical calculation of pD2 value. For details see text. 
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LOG DOSE-RESPONSE LINE OR RE GRES S ION �INE 

ti nal to the log dose, that 1s, linea . 
The response is directly prop�r 0 The experimentally observed 

r .w1thi11 
limits of 20 to 80 percent of the �a;i:�ch 

is usually drawn to the eye af �:ts on 
a graph are scattered about the h� 

.
' f th line however, are bound t 

e best 
fittin l' Th 1 d the position o e ' o vary d g me. e s ope an . t There is however a ma th lle 
to the subjective bias of the expenmen ��at gives �he best titting Ii 

ernatica1 
procedure the method of least square, . h 1 .  ne to th 

. ' 
Th . . 1 of least square states t at, a me of best fit e 

experimental data. e pnncip e 
of the deviations f · . . to a 

series of values is a line, the sum of the squares . . t· . 
0 tndiv1dua1 

b ti. 
b t hich will be minimum. In addition to 1nd1ng the best fiti;_ 

o serva ons a ou w . . 1 b h e to be d fin •u1g 
line, its distance above the base line a, and its s ope

. 
av � e� . Standard 

statistical theory states, that the line best representing these relationships has the 
following linear regression equation: 

Y = a + bX 

where, a is the distance above the base line at which the regression line cuts the 
Y-axis, and b (regression coefficient) is the degr�e of the �l�pe, �r the inclination of 
the regression line to the X-axis. The regressi�n c

.
oefficient is usually positive 

indicating that the inclination of the regression line is upwards �owards the right. 
When it is negative, the inclination is downwards towards the nght. 
The formulas for the regression coefficient b and for a are as follows : 

b = Sxy I Sx2 , where x = (X- X ), and y = (Y- Y ) 

a = Y- - b x , where x and Y- are the mean values of X and Y respectively. 
Example: Calculation of the regression line of the sleeping time in three groups 

of mice (5 in each group) following three different volumes of ether administered 
for a fixed time is presented below (Ghosh et al. 1964): 

Total number of mice = n Log vol. ether (ml) = X Sleeping time (sec) = Y 
n = 15 SX = 34.7 x = 2.31 SX2 = 80.39 (SX)2 = 1204.l SY = 499 Y- = 33.3 SXY = 1 163.8 (SX)(SY) = 17315.3 

Sx2 = SX2 - (SX)2 /n Sxy = SXY - (SX)(SY)/n 
= 80.39 - 80.27 = 1 163.8 - 1 154.4 
= 0.12 = 9.4 

b = Sxy/Sx2 
= 9.4/0.12 
= 78.3 

The regression equation of y on X is 
Y = a + bX 

. 

= - 147.6 + 78.3 x 

a = y - b x 
= 33.3 - (78.3 x 2.31) 
= - 147.6 

� 
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Taking three values of X a d b . n SU Shtutin th . xl = 2.20, y = - 1 g ese m the equation, we get: 

x = 2 32 y � 47.6 + (78.3 x 2.20) = 24.7 
x2 = 2.42' Y2 = - 147.6 + (78.3 x 2.32) = 34.1 3 • I 3 - - 147.6 + (78.3 X 2.42) = 41.9 

A regression line is fitted as . per the equation through these points (Fig.15.4): 
60 

-g 50 0 
as en 40 c:: ....... 
� 
s 30 ....... ....... 
OJ.) 

.s 20 Q.. � � r;} 1 0  

0 ...___.'-;:;7-'--:f-:-���....1-.1.... 2.1 2.2 2.3 2.4 2.5 
Log Vol. ether vapour 

Fig. 1 5 .4. Regression line fitted by the method of least square. For details see text. 

EVALUATION OF AGONIST 

From the dose-response curve three parameters can be determined directly: 

(i) Intrinsic activity (a ): expressed as the ratio between the maximum effect of 

the drug under study (EmaxT) and that of the reference drug (EmaxS) of a homologous 

series: 
a = Emax/ EmaxS 

(ii) Affinity: Expressed as EC50 or pD2 value. Conversion of ECSO to pD2 : 

If ECSO is expressed as (m x 10-n),· 

then pD2 = n - log m, 

where m is molar concentration 

Example: ECSO = 9.5 x 10-6 
pD2 = n - log m 

= 6 - log 9.5 
= 6 - 0.98 
= 5.02 

(iii) Slope of the curve: Expressed as regression coefficient (b). 
. 

· ts are enerally more linearly related to the geometric 

The responses t� ��: incre!ents in dose. Parametric statistical procedures, 

rather than to the an e 
th t the mean used in the calculation is based on 

such as Student's t test assume a . . 
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1 of equieffective doses (EC50) of ago . 

its normal dist�b�tion. The log va u;se mean of equieffective doses, and the
nists 

are normally d1stnbuted. Therefore, 
lo or antilog, i .e .  on the geometric test 

of significance should be based on mean g Illean 
(G.M.) and not on the arithmetic me�n: calculated as described in Ch 

G.M.s and their 95% confidence lunits are apter 
3 1 . 

ASSAY DESIGN 
bt ·ned with two doses of the stand d .  (2 and 1)  dose assay. Responses are 0 ai . ar 111 e and a dose of the test 1s found h the linear range of the dose-response curv ' t at 

h tw doses The dose of the standard prod · produces a response between t ese o · . . ucmg 
th t · f und out by mterpolation from th I exactly the same response as e tes is 0 e og 

dose-response curve of the standard. In 95 per cent 0� cases, the assumption 
regarding a linear dose-response relationship and parallelism of the dose-response 
lines for unknown and standard is probably true. . 

(2 and 2) dose assay. A satisfactory method for general u�e is a (2+2)_ dose assay, 
in which error of the method can be calculated from the mtemal evidence. It is 
preferable also from the point of view of reasonable ac�racy and economy of time 
and of the animals. The test consists of three parts (Schdd,1942) :  

i) Selection of two doses of standard near the steepest part of the curve, that 
is, in a region where a given increase in the dose produces the maximum 
increase in the response. This is obtained by increasing or reducing the 
dose by say, a multiple of. two until the range of greatest sensitivity is found, 
and responses one near 30 per cent, and the other near 70 per cent of the 
maximal are selected. These doses may be in the ratio of 1 :2 or 3:2 or in 
some other ratio. It is obvious that the larger the ratio of 'high' to 'low' 
dose, the less precise will be the estimate. 

ii) A preliminary estimate of the strength of the unknown solution is made by 
a matching assay. A dilution of the unknown or the standard is then made, 
so that equ� ;olumes . of unknown and standard contain approximately 
the same activity by this rough estimation. 

iii) The main part of the test consists in adding the two. selected doses of standard, and the two selected doses of unknown in the same ratio to the · bath one after another at regular intervals. The addition of these four doses are then repe�ted fiv� or six times, varying the order of doses in each group rand�mly, ?r m a l�tin square design. The test is valid provided the followm· g cond'ti' fulfill d ( ) lin ar d . 1 ons are e : a a e log ose-response exists throughout the range f d d ff f any d . . o 0ses use , (b) e ects o · one ose are normally distributed (c) st d d d ff t ·s independent of. the effect it If (<l) 
' - �1.1 ar eviation of the e ec 1 se ' a small value of s!b (A.) hich · d easure of precision, and ( e) allocation of the orde� ot' d . . � 1S a goo 

� de by some random process It · 
· oses m different groups 1.s ma · is generally sufficient to assume the first three 

... 
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conditions to be generally true, if previous experiments have made it likely that 
condition (a) will be fulfilled. 

When the respo
.
nse is linearly related to log dose, and the two regression lines 

are·parallel� the horizontal distance M between the regression lines is the logarithm 
of the n�lati�e potency. The antilog of M gives the potency ratio. The precision of 
co�panson is

.
greater, steeper the regression lines (i.e. higher the values of b). The 

ratio of the vanance to regression coefficient ( slb=A. ) is known as the index of precision. 
This index is independent of the units in which doses are measured, and also of 
the experimental design, viz, arrangement of doses, number of animals used, etc. 
The lower the index, the more precise is the assay. Table 15.1 gives some idea of 
the precision of some common bioassays. The lambda value (A.) of 0.05 and below 
is excellent, 0 .1  to 0.2 is acceptable, and 05 and above not acceptable. 

Table 1 5 . 1  
Indices o f  precision 

Comparisons on the  same animal or tissue in acute experiments (2 + 21 dose assayst 

Drug Animal Response/Tissue 

Adrenaline Dog Blood pressure 

Rat Colon 

Uterus 

Posterior pituitary Rat Uterus 
Guinea pig Uterus 
Chicken Blood pressure 

Histamine Guinea pig Ileum 

Methantheline/ Atropine* Rats·2 Gastric 
acid 

Rats·4 secretion 

). - s/b 

0.2 

0.038 
0.033 

0. 1 3  
0.062 

0.057 
0.2 

0.043 

0.033 

0.09 

0.25 

t Modified after Gaddum, 1953. * Comparative assay in two and four rats (Ghosh, 1958). 

CUMULATIVE DOSE-RESPONSE CURVE 

The cumulative dose-response curves may be obtained by increasing the 
concentration of the drug in the bath fluid step by step without washing out the 
preceding doses, that is, by the cumulative dose method (van Rossum and van den 
Brink,1962) .  This technique is simple and requires much less time than the 
conventional technique where each dose is added after washing out the preceding 
dose. The dose-response curves obtained by either method are virtually the same. 

This technique, however, cannot. 
be adopted

. 
if the drug is unstable or fading 

occurs, i.e. the response to a dose first ��aches its
. 
�e� and then decreases to a 

steady level without washing. Nonspecific desensitization can be expected to be 



. dose-response curve is reached th 
greater by the time the top of the cumulaf:lve 

aration by the intermitt an 

1 f the maximal dose were given to a fresh j'rep
t be too small and rep ent 

conventional method. The organ bath . 
shoul �o 

t £feet the volume b 
eatect 

addition of drug solutions without waslung shou no a 
f d 1 ti J'd

more 

than five per cent (e.g. for 10 ml bath the total volum� 0 .  �� s� .u 
t 

0� a b 
ed is 

0.5 ml or less). After stabilization of the tissue, the agorust is a . e � 0 � . ath in 

cumulative amounts (usually in molar concentration) every 1:1me t e eqmhbrium 

is reached following a dose. The sequence 1, +2, +7, +2?, +70, +ZOO, �tc. is used so 

that the drug concentration in the bath increases stepwi�e m the �nes 1, 3, 10, 30, 

100, 300, etc. at 0.5 log unit intervals. Along with �e increase m .concentration, 
the contraction of the tissue increases step by step without relaxation. If the next 

concentration does not cause a further increase in contraction, it is assumed that 
the maximum effect for that particular drug is reached, and the drug is then 

washed out (see Chapter 19, Fig. 19.2). Cumulative dose-response curves of the 
standard are made alternately with those of the test compound. The effect of each 
cumulative dose is expressed as percentage of the maximum height of the 
preceding curve of the standard, and plotted against log dose. A difference in the 
position of the curves on the abscissa indicates a difference in potency. 

The r
.
elative potency .can also be calculated from the following formula: 

R�latzve potency (affinity ratio) = 100 x antilog mean (negative log ECSO of test _  
negative log ECSO of standard), where standard is assigned a value of 100 (Tabl 
15.2 and 15.3).  

e 

Terbutaline 

7.09 ± 0.05 

Table 1 5.2 
Potency of terbutaline compared with isoprenaline 

on guinea pig isolated trachea and atria* 
Negative log EC 50 ± s.e. (Molar cone.} lpO) 

Trachea 

lsoprenaline Terbutaline 

7.60 ± 0.05 5.43± 0.08 

Atria 

lsoprenaline 

8.87 ± 0.06 
· Data from O'Donnell and Wanstall, 1 974 Values are mean of five observations 

Table 1 5.3 
Potency ratio of terbutaline and isoprenaline 

Trachea Atria 

Difference" between 
pD21 of terbutaline and isoprenafine 

- 0.51 - 3.44 

Relative potency of 
·terbutafine 

30.9 
0.036 

(isoprenaline - 1 001 

" Differences ara derived from Table 1 5.2 
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· Table 1 5.4 S I  · · · 8 activity ratio of terbutaline and isoprenaline 

Terbutaline 
Difference" between 

p02s for trachea and atria 1 .66 

Selectivity ratio 
trachea : atria 45.7 
(antilog difference) 

• Differences are derived from Table 1 5  .2 

lsoprenaline 

- 1 .27 

0.054 

Selectivity. The selectivity of a compound for one tissue or the other can be 
determined by estimating its EC50 value on both the tissues being examined. The 
selectivity ratio is then calculated from the following formula: Selectivity ratio (tissue1 I tissue2) = antilog mean (negative log EC50 on 

tissue1 - negative log EC50 on tissue2) (Table 15.2 and 15.4). 
Relative potency (affinity ratio) values may also be computed for selectivity ratio. 

This is a more satisfactory method, since it eliminates the variability associated 
with sensitivity differences between the experimental animals or the tissues. 

A value much greater than or less than one indicates selectivity to one tissue or 
the other, while a value nearing unity suggests nonselectivity. 

Potentiation. Dose-response curves are obtained before and after treatment with 
a potentiating agent and the value for potentiation is calculated as per the formula 
below: 

Potentiation = antilog mean (negative log EC50 after treatment - negative 
log ECSO before treatment). 
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Quantitative Study of 

Antagonists on Isolated 

Preparations 
An antagonist (say, an antispasmodic) can be assayed against either a spontaneous 
or a spasmogen-i�duced contraction. Antagonism b� way ?f relaxation of the 
spontaneously increased tone of guinea pig trachea �s obtamed by adrenaline, 
papaverine as well as aminophylline, while that of rabbit duodenum by adrenaline 
alone. Atropine and related drugs, and antihistamines, how�ver, do not produce 
any relaxation of these preparations as such, but they effectively antagonize the 
contractions induced by the specific spasmogens. · 

It is important to realize that the full effect of an antagonist may take many 
minutes or even hours to develop, unlike stimulant drugs, where the effect reaches 
its peak fairly rapidly. Speed of onset of antagonism is directly proportional to the 
concentration; hence it is slower with more potent drug given in smaller 
concentration than with less potent drug given in higher concentration. 

The antagonisms of the drug-induced contractions are of two types: 
1 .  Preventive - where an antagonist added first into the bath prevents or 

inhibits the effect of an agonist added subsequently. Antagonism of 
histamine is satisfactorily tested on guinea pig ileum, of acetylcholine and 
barium on rabbit ileum, and of oxytocics on guinea pig or rat uterus. 
Aminophylline, which is ineffective in antagonizing histamine action on 
the intestine, is quite active in antagonizing its action on the guinea pig 
trachea. 

2. �urative. -
. 
where a �pasm is first induced usually in guinea pig trachea, or 

in rabbit 
.
ileum �1th any of the standard agonists, like histamine, 

acetylchohne, barmm, etc.; the antagonist is then added into the bath to 
bring about relaxation. 

DETERMINATION OF ICSO VALUE 
One of the si�plest way

.
s of expressing an antagonist quantitatively is to find out the �o

t
ncentration that will produce 50 per cent inhibition (ICSO) of the effect of 

an agorus . 
Two or three equal submaximal contract1·0 f ' b · d 'th a . . ns are Irst o ta1ne w1 spasmogen. One minute earlier to the subsequent d f h d se ose o t e spasmogen, a o 
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of the antagonist is added suff" · . icient to produ d 70 0 
contraction produced by the d 

ce, say aroun to 8 percent 

antagonist, the spasmogen is ad�s� of spasmoge� alone. After washing out the 

complete recovery of the effe t 
e
f 

�epeatedly with washings, till there is almost 

added so as to produce aroun� 2� to
t 3� spasmogen. A d�se of antagonist is now 

is repeated at least four or f f 
per cent contraction. The whole procedure 

for test compound The m 
ive imes for each dose, both for the standard as well as 

· ean percent "nh"b·  · 
the log dose. The 50 per t ·nh·b ·  

age i 1 ition by each dose is plotted against 

The relative potency of 
ce

t
n i

d 
i itory dose (IC 50) is found out by interpolation. 

a s an ard and of a test com d th b d 
It is important that b th h 

poun can us e compare . 

. 
0 t e standard and the test compound are studied 

simultaneously on the same preparation f l "  bl · · 
Ic50 1 1 

or re ia e estimation. 
va ue can a so be esti·mat d f h 

. 
. e or t e curative type of antagonism in the 

�ollow:m� way (�uduena and Lands, 1954). A contracture of an isolated rabbit 
ileum is first obtained with a�etylcholine. After two minutes, the antagonist is added 
to the 

.
bath ai:id the resulting reduction of acetylcholine-induced contracture 

occurring dunng the subsequent two minutes is expressed as percentage of the 
tot� coi:tracture. Th� drugs are then washed out, and the muscle strip washed 
twice with fres� bathi1:1g fluid, and again five minutes later. Before testing the next 
dose of antagomst, typical spastic contracture should be obtained with acetylcholine 
again. The effect of four or five doses at logarithmic intervals is determined. The 
mean percentage reduction in contracture of five to six determinations for each 

dose is plotted against the log dose. The ICSO is estimated from the log dose

response curve and compared with that of the standard. 

DETERMINATION OF DOSE RATIO 

The effect of antagonism can be measured in terms of the dose ratio by finding 

out the equiactive doses of agonist in the presence and in the absence of the 

competitive antagonist: 
Dose ratio = ECSO after antagonist I ECSO before antagonist. 

The dose ratio is the factor by which the concentration of the agonist must be 

multiplied to produce a given response in the presence of the antagonist. Higher 

the dose-ratio, more specific is the antagonist. The dose-ratio generally increases 

with the time of exposure; hence it is desirable to adopt a standard time of exposure 

(say, 14 or 60 min) in order to avoid the errors inherent in very long experiments. 

DETERMINATION OF PERCENTAGE INHIBITION 

Antagonism can also be expressed in terms of percentage inhibition, which is 

calculated as follows: . . 

Percenta e inhibition = 1 00 - [ {height of contraction (or si�e of any other 
g response) after exposure to antagonist I that before 

exposure to antagonist} x 100] 
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RELATIVE POTENCY FROM DOSE-RESPONSE CURVES 

The log dose-response curves are plotted for the standard and for the t 
antagonist using four or five varying doses against a constant dose of the ago �st 

The two curves are usually parallel, and the horizontal distance between the :t. 
gives an estimate of the potency ratio. 0 

As with the agonist, a (2 and 2) dose ass
.
ay may also be carried out With 

antagonists. Two concentrations of the antagomst (each f?r standard and for test), 
�n� producing less than 50 percent and the other �roducmg �?re than 50 percent 
inhibition of the effect of a constant dose of the agomst are admrmstered two minut 
before the constant dose of the agonist. Between each administration of t�s 

antagonist, several doses of the agonist are repeated until there is a complet: 
recovery of the response. 

Mathematical calculation of the potency: The calculation depends on the assumption 
that the response bears a linear relation to log dose. 

Example: Finding out the relative activity of atropine and methantheline on 
methacholine induced gastric acid secretion in the rat by (2+2) dose assay 
(Ghosh,1958) . Results are presented in Table 16.1 

Table 1 6 . 1  
Results o f  (2 + 2) dose assay o f  atropine and methantheline on 

methacholine induced gastric secretion in rat 

Drug Dose (µg} Maximum def/exion of pH in different groups 
Mean 

Atropine (81} 
1 .52 
Methantheline (T1) 
1 .46 
Atropine (82) 
0.52 
Methantheline (T 2) 
0.44 

s1 - 1 .52 

1 .0 

0.1 

3.0 

0.3 

82 - 0.52 

Log ratio of dose (I) - log 3 - 0.48 

1 .4 0.9 1 .9 

0.9 0.8 2.35 

0.3 0.25 1 . 1  

0.3 0.2 0.55 

T1 - 1 .46 T2 - 0.44 

Dose difference (El - } (T 2 - T 1 + 82 - 81) - }10.44 - 1 .46 + 0.52 - 1 .52) - - 1 .0 1  
Preparation difference (f) - } IT 1 + T 2 - 81 - 82) - } ( 1 .46 + 0.44 - 1 .52 - 0.52) - _ 0.07 
Slope (b) - E/I - -1 .01/0.48 - - 2.1 
Log ratio potency T/S or M • f/b - - 0.07/ - 2. 1 - 0.033 
Potency ratio (antttog of Ml - 1 .08 

1 .9 

1 .8 

0.45 

0.7 

' . 

Total 

6.1 

5.85 

2.1 

1 .75 

Since met�antheline produced slightly more inhibition than atropine, and its 
dose was 10 times less than that of atropine : 

Methan�eline 0.3 µg = I .OS Atropme 3.0 µg 

Therefore, methantheline - 1 .o�.� 3·0, i .e 1 0.8 x atropine 
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In other words, methanthelin . . 

reducing methacholine ind d 
e is �bou� 11 times more potent than atropine in 

Almost similar result i�
c
�bt 

g
.
astnc acid �ecretion in the anaestheti�ed rat. 

gainst the log dose and th h 
· �med gr�phically when the response is plotted 

�s measured (Fig. 16.l) .  Th: 

onzontal �istance between the two regression lines 

ears to be M = 1 03 h 
potei:cy �atio between atropine and methantheline 

�h�aned mathematicall; ose antilog is 10.7, which is very close to the value 10.8 

2.0 
Methantheline Atropine 

(!) 
c: . .... 

....l 
(!) "-> 1 .5 � 

o::i 
s 
0 

<!::: M = 1 .03 
(!) 1 .0 
u 
c: 
� 
� . .... 0.5 0 
::i:: 
0.. 

0 
1 .0 1 .5 0 0.5 1 .0 

Log Dose 

Fig. 1 6. 1 .  Graphical method of finding out the potency. Note the negative regression lines. 

CUMULATIVE DOSE-RESPONSE CURVES 
STUDY OF ANTAGONISM 

Cumulative dose-response curves with an agonist are recorded alternately in 

the absence and in the presence of different concentrations of an antagonist (Fig. 
16.2). 

. . 
7 12 

A C h  A A Ch A 
9n9 3n9 
+A Ch +A Ch 

Fig . 1 6.2. 
·Cumulative dose-respons� curves of acetycho�ne (A Ch) 

on mouse ileum in absence and m presence of atropme (A) 
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f a r  n ist f r d i ff r nt 
r plotted as percentage response a . 

n ntrations of the antagonist (Fig. 1g6���t 
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Fig. 1 6.3 .  Log dose response curves of acetylchol ine (ACh) in ab ence and in pre ence of atropine. 
The e are plotted from cumulative dose-response curves of ACh on mou e i leum. 

•-• ACh alone; in presence of atropine 11-/!l I ng;  0-0 3 ng;  o--o 9 ng . 

TYPES OF DRUG ANTAGONISM 

Competitive Antagonism 

An antagonist is said to be competitive if it competes with the agonist for the 
same binding site on the receptor. 

Reversible (s urmountable or equilibrium) competitive an tagonism. When the bond 
formed between the antagonist ·and the receptor is loose, the receptor-antagonist 
complex can dissociate thereby producing classical reversible competitive 
antagonism. The antagonism increases as the concentration of the antagonist is 
increased.  Conversely, the antagonism can be overcome (s u rmo unted), if the 
concentration of the agonist is increased. The concentration-response curves of 
the agonist are parallel and shifted to the right more and more with increasing 
concentrations of the antagonist, but the maximal response remains the same 
(Fig. 16.4). 

Irreversible (insurmountable or nonequilibrium) competitive antagonism. The bond 

formed between antagonist and the receptor is of the covalent type. As the dose of 
the antagonist is increased the slope as well as the maxima of the agonist curve are 

progressively depressed. With sufficiently high dose of antagonist no amount of 
agonist wil l  produce a response. Dibenamine and phenoxybenzamine are 

antagonists belonging to this category (Fig. 16.5). 

d 
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Fig. 16.4. Response of spiral strips of rabbit aorta to adrenaline in the absence and presence of 

d.ihydroergotamine (DHE). Parallel shift of the dose-response curve 

characteristic of competitive inhibition ( Furchgot, 1 955). 
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9 8 7 6 5 4 
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Fig. 1 6.5. Response of spiral strips of rabbit aorta to adrenaline in the absence and in the 

presence of dibenamine (DB). Reduction in the slope as well as the maxima in addition 

to the shift of the dose-response curves suggestive of noncompetitive inhibition ( 

Furchgot, 1955). 

Noncompetitive Antagonism 

An antagonist is said to be noncompetitive if it acts at a site different from that 
on the receptor with which the agonist reacts. · The effect of noncompetitive 
antagonist is similar to that of nonequilibrium competitive antagonist, where the 
antagonist cannot be displaced even with higher . concentration of agonist. . 



........... .. bllltlllllll ........... 

oncentration - Actlon Curve 

When the one nt r . t i  n- ction curv of agonist shifts �o t�e �ig�t without any 

'-1: p �si n f ma im I r �sp ns f Bowing an antagonist, it is likely that the 

nt rust i. of ompet i t i  natur . How ver, it needs further confirmation for 
. t bli . hing th mpetitiv natur of antagonism. 

2. Double Reciprocal Plot of Lineweaver and Burk 

h n and Ru 11 ( 1 950) uggested that the type of antagonism should be 

rmin by th m thod of Lineweaver and Burk, in which the reciprocal of the 

ff t i. pl tted a ainst the reciprocal of the dose. If the points lie on straight lines, 

. d if  th trai ht lines d termined in the presence and absence of the antagonist, 
ant r on th l in corr ponding to infinite dose, the antagonism is said to be 

m t iti v . Th maximum response is given by the intercept of the lines with the 
rdin t axi . F r il lu tration see Fig.16.6 

0.40 
0.34 
0.32 
0.28 
0.24 

� 
0.20 
0 . 16 
0. 1 2  
0.08 
0 .04 

0 '-;:-��-1-J.......JLl_ 
i . l 6.6. Reciprocal analy i of the prcssor :if�� �f n��� ·

5 0·6 07 . 
i · the pre sor effect (mmHg). Abscis a: l /S, where S is 

�nalme m the cat. Ordinate: lN, where V 

on I ;  � after chlorpromazine (7 .2 mg/k ) · 6 6 
e dose of noradrenaline {µg/kg);. o----0 

• fter chlOfPrOmazfoe (28.8 mg/kg). Regressi� ' 1 . 
-& after chlorpromazine ( 14.4 mg/kg); • -

. bu . n mes ior the four sets f di . opes c· • common intercept. which lies on the Ii . o con lions have different 

that the inhibition caused by each of these doses of ch�e corrcsJ>?n�ng to infinite dose. This indicates 
orpromaztne is competitive (Gokhale et aL 1964). 
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3. Schild Plot 

The most commonly used h met od fo f · pharmacological competitive a t 
. 

. 
r es imahng pA2 values (see later) for 

(I), where DR represents the
n ago�ists is to plot log (DR-I) against negative log 

concentration of the antagonist. 
�nist dose�ratio, a�d (I) represents the molar 

straight line with a slope, which is 
en the Sc�il_d plot g_ives a statistically acceptable 

antagonism is competitive (Fig. 16_;�t statistically different from unity, then the 

1 .2 
1 .0 
0.8 

...-._ 0.6 ....... 
I 0.4 >< '-" 

00 0.2 0 
...:i 

0.0 

f.s 
1.6 
f.5 

- Log B 

Fig. 16.  7 .Results with the rat seminal vesicle preparation plotted by the method of Arunlakshana and 
Schild 

_
( 1 9�9) to determine the �alues of pA2 and pA2 -- pA10• Ordinate: log (x- 1 ), where x is the ratio 

of eqmactJ.ve doses of adrenalme (a) or noradrenaline (b) in the presence and in the absence of 
chlorpromazine. Abscissa: negative log B ,  where B is the molar concentration of chlorpromazine. 
The lines are calculated regression lines, and are very highly significant (P<0.00 1 ). They intersect 
the abscissa at 1 4.08 (a) and 14.2 (b) which are the pA2 values respectively for antagonism of adrenaline 
and noradrenaline responses. The pA2 - pA10 values are 0.99 in (a) and 1 . 1 9 in (b); these values are in 
good agreement with the theoretical value of 0.95 for competitive antagonism. (Gokhale et al., 1964 ). 

4. Difference between pA2 and pA10 Values. 

A method of testing competitive or noncompetitive nature of an antagonist is 
to determine both pA2 and pA10 values for the agonist-antagonist pair on the same 
tissue. If the difference between these two values is found to be 0.95 or very near 
(0.8 to 1 .2), the antagonism is likely to be competitive. The two pA values may also 
be interpolated from the Schild plot line, and the difference ca�culated (Fig: 19.7).  

A gross departure of this difference from the value of 0.95 provides clear evidence 
that the inhibition is not competitive. 

pAx VALUE 

Schild (1947) proposed a pA scale (more or l�ss analogous to pH scale) to express 

drug antagonism, so that comparison can reliably be made between drugs. !"le 

defined A as the negative logarithm (to the base 10)
.o

f the molar concentration 

f t
p 

x • t hich w1·11 reduce the effect of a multiple dose x (usually 2 or 10) 
o an an agorus , w 
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- Th s if  the presence of a moI of an active drug to that of a single d ose. u ' 
h ff t f 2 hi t 

ar 
. . . b th duces t e e ec o mg s amin concentration of 10·9.4 mepyramme in the a re 

f . e 
· · d b 1 ·n the absence o mepyranune th on gumea pig ileum to that produce y . µ? 1 . ' e 

pA2 of mepyramine-histamine on guinea pig ileum is 9.4. 
d . th b 

Method of determination of pA2 • The organ bath is connecte wi tw? . ottles, 

one containing only the physiologic salt solution an� the oth�r conta
_
1rnng tlie 

antagonist solution. A number of submaximal contractions are first obtained with 
an agonist at regular intervals till a constant response i� produced. The organ bath 
is then filled with the solution containing the antagonist and the dose of agonist 
doubled in its presence. The response sometimes increases initially but it  gradually 
diminishes and usually reaches a steady level in about 14 minutes. A concentration 
of antagonist that produces response slightly greater than the original response to 
a single dose of the agonist is first used, and then the bath is connected to the bottle 
containing the salt solution to allow for the complete recovery of its effect. The 
assay is concluded by producing a series of maximal contractions. Then the 
experiment is repeated with a concentration of antagonist that produces slightly 
s
_
maller response than the original response to a single dose of the agonist. A fresh 

tissue for each concentration of antagonist is usually used particularly when the 
effect of �tago�st is �ersistent. The contact time with antagonist may also be set 
at two �r fi�e mmutes mstead of 14 minutes. The result  of a typical experiment is 
shown m Fig. 16.8. 

Plotting of pA2 values. The contraction height of the single dose of agonist in the 

Max 

H H j2H 2H 2H 2H 2Hj 2H 2H 2H IOH IOH 
DIPHENHYDRAMINE 169 

Mox. 

H H j2H 2H 2H 2H 2� 2H 2H 2H IOH IOH 
DIPHENHYDRAMINE 3Xl<f9 

Fig. 1 6.8. pA2 detennination on isolated . . . gumea pig ile F um. or details see text. 
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absence o f the antagoni st and of double dose of agon i st fol lowin g two 

concentrations of antagonist are expressed as percentage of maximal contraction; 

the latter two percentage contractions are then plotted against the two doses of 
antagonist on a logarithmic scale. The concentration of antagonist that produces 
response equal to single dose of agonist is found out by interpolation. 

Alternatively, the responses in the presence of two concentrations of antagonist 
are expressed as percentage of the effect of a single dose in the absence of the 
antagonist. The pA2 value is interpolated at 100 per cent level. 

ihe pA2 values for each agonist-antagonist pair are determined in at least three 
to four experiments on tissues from different individual animals, and the mean 
value calculated along with the standard error. 

Another method of determination of pA2 value is from the Schild plot (Table 
16.2). The steps are as follows: 

1. Plot log dose-response curves in the absence and in the presence of 
antagonist. 

2. Determine dose-ratio (DR) from these curves for each concentration of 
antagonist (Fig 16.3). 

3. Plot log (DR - 1) as ordinate against either log molar concentration or against 
negative log molar concentration of antagonist. 

Atropine (molar cone.) 

1 .44 x 1 0-9 

4.32 x 1 0-9 

1 .30 x 1 0-8 

Table 1 6.2  
Computatio n  of values for Schild plot from results of  

atropine·acetylCholine a ntagon ism on mouse isolated ileum 

log molar OR (OR - I}  

9. 1 6  2.75 1 . 75 

!l64 1 7.38 1 6.38 

!l 1 1  1 38�00 1 37.00 

log (OR · IJ 

0.24 

1 .2 1  

2. 1 4  

4. In the latter case, the pA2 value is directly read out at the point where the 
line intersects the abscissa at the zero level of the ordinate, while in case of 
the former, the log value thus obtained is converted to negative logarithm 
in order to arrive at the pA2 value (Fig. 16.9). 

The pA2 values of four antagonists against histamine and acetylcholine as 
measured on the guinea pig ileum are presented in Fig. 16.10. . 

A high specificity of antagonists is indicated by high values, while low specificity 
gives low values. The points on the two scales referring to the same antagonist are 
joined. If an antagonist does not discriminate between histamine and acetylcholine 
(i.e. nonspecific antagonism) the line joining the two scales tends to be horizontal 
(e.g. pethidine); if it discriminates sharply, the line is steep (e.g. mepyramine, 
atropine). 
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Fig. 16. 9 Determination of pA2 value rom e 

pA2 pA2 

Histamine Acetycholine 

1 0• •1 0 
Mepyrarnine 

9 

Benadryl 8 

Atropine 
5 

4 

9 
Atropine 

8 

7 
Benadryl 

6
Pethidine 

5 Mepyramine 

4 

Fig. 16. 1 O. pA2 scale showing the activities of four antagonists against histamine and acetylcholine 

as measured on the guinea pig ileum (Schild, 1947). For details see text. 

The quantitative applications of pA measurements are as follows : 
1 .  Drugs that act on the same receptors can be· expected to be antagonized 

by the same concentration of a competitive antagonist, even though they 
themselves may differ considerably in activity. For example, histamine and 
pyridylethylamine differ markedly in their stimulant activity on guinea 
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pig ileum (the former being about 100 times more potent than the latter); 
nevertheless, they are antagonized by exactly the same concentration of 
diphenhydramine giving the same pA values. 

2. If a given drug-antagonist pair giv;s similar pAx values in different 
preparations, it is suggestive though not a positive proof that the receptors 
are identical. On the other hand different pAx values are indicative of 
different receptors (Table 16.3). 

' x 

3. pAx values can be used to distinguish between compe titive a n d  
noncompetitive antagonists. 

PKB VALUE 
Sometimes, the term pK8 value is used to refer to the negative logarithm of the 

estimated dissociation constant (�) having the same connotation as the pA2 value. 

Preparation 

Guinea pig ileum 
trachea 
lung (perfused) 

Rat intestine 

Frog rectus 
auricle 

Chick amnion 

Human bronchi 

t Schild, 1961. 

pAz 

8.8 

8.8 

8.8 

Table 1 6.3 
pA, values in different preparationst 

Atropine - Mepyramine - Oiphenhydramine -
Acetylcholine Histamine Histamine 

pA10 pA2 pAz 

8. 1  9.3 8.0 
9. 1 7.8 

7.6 9.4 7.8 

8. 1 

4.2* 
8.3 

9.3 

• Strikingly different value is presumably due to different (nicotinic) receptor� in frog rectus. 

PD12 VALUE 

.While pA2 is a measure of the affinity of a reversible competitive antagonist for 
a specific receptor, p0'2 is a measure of the affinity of a reversible noncompetitive 
as well as an irreversible competitive antagonist for a specific receptor. PD'2 is 
defined as the negative logarithm of the molar concentration of noncompetitive 
antagonist which will reduce the effect of an agonist to one-half (50%) its maximum_ 
(Ariens and van Rossum, 1957). 

pD'2 value is determined as per the following equation: 

p0'2= pD'x + log [(EAm/E ABm) - 1] 

where pD'x is the negative logarithm of the molar concentration of the antagonist 



employed and E and E are the maximal contraction heights in the absence 

and in th: presen� of the ��(agonist respectively (Bickerton,1963). 
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Anaesthetized Animal 
Preparations 

RECORDING OF THE BLOOD PRESSURE 

Recording of the blood pressure in an anaesthetized animal is one of the standard 
methods for the pharmacological studies of drugs. 

A dog, cat or rabbit is anaesthetized with a suitable anaesthetic. A midline 
incision is made on the skin of the neck starting from the lower end of larynx up to 
the upper end of thorax. Muscles are separated along the midline with the help of 
a pair of scissors by introducing the closed tips and then separating the blades. 
Trachea is exposed by retracting the pretracheal muscles, and a transverse cut is 
made in between the two rings. A tracheal cannula is introduced into the gap 
between the two rings pointing towards the lungs and held firmly in position with 
the help of a ligature. The purpose of cannulating the trachea as a routine is to 
allow free breathing without any obstruction by secretions that can be cleared as 
and when necessary, and to provide artificial respiration when needed. The volume 
of air per stroke of the respiratory pump and the rate are adjusted depending on 
the species of the animal. Carotid arteries that lie close to the trachea on either side 
along with the veins and the nerves are easily recognized by their elastic and 
pulsating nature. One of these arteries is cleaned from the accompanying structures 
for a sufficient length with the help of a blunt dissector. It is then tied as near the 
head end as possible, a bulldog clamp is placed about 3 cm nearer the head and a 
thread is passed round the artery. A cut is made carefully on the artery close to the 
ligature with the help of a sharp curved scissors so as to make a small opening 
through which an arterial cannula already filled with some anticoagulant fluid is 
inserted directing towards the heart, and firmly secured with the help of the ligature 
already in position. The three-way tap in the manometer is then turned so as to fill 
one limb, the connecting tubing and the cannula with the anticoagulant fluid from 
the reservoir bottle. The pinchcock on the short tubing attached to the side tube of 
the artery cannula is opened at the same time so as to allow the coagulant fluid to 
run out. When the whole system is rendered free of air bubbles the pinchcock is 
closed. The pressure in the manometer is then increased to about 150 mmHg and 
the three-way tap turned so that the manometer now remains in communication 
only with the cannula. The positive pressure being approximately equal to that of 
the blood in the animal, it prevents too much blood from coming out of the.animal's 
artery into the recording system. Before the bulldog clamp is removed, 0.5 ml of 
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· 1 cannula through the rubber tubing 1 °I< heparin solution. is injected into the artena 
of mercury rises or falls slightl 

· 
TI1e bulldog damp 1s then taken off; the column 

d Th riting point remain y until its pressure counterbalances
_ 
tha� of the bloo 

� he:r�beats and the res ir:t�
t 

a constant level except for slight oscillations due to th 
th t d

p
b ry 1 'dway between e op an ottorn movements. The height of the mercury co umn mi 

Th f 1 . 
t r

. 
al pressure. e emora vem i of these oscillations is taken as the mean ar e 1 s · . . . . d ' 1 f ce of the upper part of the thigh exposed by a m1dhne mas10n on the me ia sur a . . . 

In the rabbit, usually the external jugular vein is exposed JUSt under the �k� at the 
· . . d e 1' t The venous cannula 1s inserted side of the neck taking special care not to amag · 

into the vein in the same fashion as into the artery except that the bulldog clamp is 
first applied proximally and a ligature tied a !ittle

. 
d�stally while th� vein is full 

with blood. After the cannula is tied in position, it is connected 
.
with a burette 

filled with warm saline. Drugs are injected through the rubber �bmg cl�s� to.the 
cannula and a constant volume of saline is allowed to run each time after Injection. 

Normal variations in the blood pressure record. A steadily ris�ng base l�ne when the 
blood in the arterial cannula appears dark suggests anoxia. Occa�10�ally, after 
switching to artificial respiration a spiky base line may o�c��· This �s o�ten an 
indication that the animal is .t rying to breathe against the artificial respuation. An 
erratic base line also occurs when the anaesthesia is too light or the bladder is full. 
The tracings of the normal blood pressure record show that in addition to the 
variations in pulse pressure (waves of the first order due to heart beats) there are 
sometimes variations with respiration (waves of the second order). The blood 
pressure somewhat rises with each inspiration and drops with each expiration 
due to an increased blood flow to the heart during inspiration, concomitant 
acceleration of heart and spread of the stimulation from the respiratory to the 
vasomotor centres producing slight vasoconstriction. Very large respiratory waves 
(Traube-Hering curves) are sometimes observed during abnormally slow 
respiration caused by 'explosions' of the strong excitation of the respiratory centre. 
The blood pressure curve sometime shows slow waves each taking in a period of 
eight or more respiratory movements (waves of the third order or Meyer's waves). 
They are dependent on changes in nervous control of blood vessels; rise when 
insufficient blood flows to the cere�rum, or during increase in the intracranial 
pressure. These are also commonly seen after haemorrhage due to the following 
mechanism. As the blood pressure falls due to haemorrhage, chemoreceptor 
stimu�ati�n occurs due to st��ant anoxia of the chemoreceptor glomus ,tissue 
resulting m reflex vasoconstriction. The systemic pressure thereupon rises and as 
a res1;11t the chemo.receptor �timulatio� di�s away as the blood flow to the glomus 
cells i?1proves. This resu�ts m a  r:duction m the reflex vasoconstriction producing 
a fall m blood pressure one: agam thus �epeating the cycle. These Meyer's waves 
are always accentuated by bilateral carotid occlusions and are abolished by cutting the chemoreceptor nerves. 
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RECORDING OF NICTITATING MEMBRANE CONTRACTIONS 

Cat is more suitable than the dog for recording of nictitating membrane 

contractions, because the former has a highly developed nictitating membrane 

that responds to the stimulation of the cervical sympathetic trunk. In case of the 

dog, it is less developed; in addition the cervical sympathetic and vagal nerves run 

inseparably in the same trunk (vagosympathetic nerve); thus �timulation of the 

cervical sympathetic cannot be obtained independent of central vagal stimulati
.
01:. 

Nictitati.J::lg membrane contains smooth muscle with a low resting tone. Hence, it is 

not capable of exhibiting relaxation. 
Chloralose is a suitable anaesthetic because of its smaller inhibitory action on 

autonomic functions, greater constancy of the depth of anaesthesia produced by 

it, and the resulting steadiness of the nictitating membrane tone and the blood 

pressure. 
After cannulation of the trachea, the left carotid artery and the right femoral 

vein, the head of the cat is raised on a wooden block about 10 cm high and the ears 

pinned on to the block. The head is then held rigidly by passing a rod (about 4 mm 
dia) between its jaws and tying them firmly together with a string. The ends of the 
rod are gripped tightly in clamps supported on uprights fixed on the sides of the 
table. By means of a fine needle a silk thread is passed through the centre of the 
edge of the right nictitating membrane (i.e. opposite side of the cannulated carotid 
artery) and tied; the free end of the thread is then taken outward and forward 
making an angle of about 30° with the axis of the cat, then round a pulley and 
vertically to a frontal writing lever (magnification 6 to 7 times, load 2g). The superior 
cervical ganglion and the preganglionic and postganglionic cervical sympathetic 
nerves on the right side are traced along the course of the carotid artery. The cervical 
sympathetic chain is dissected. A silk thread tied tightly around it and the chain is 
cut low in the neck so that a length can be laid on a pair of shielded electrodes and 
left in position. 

Square wave shocks from an electronic stimulator are used to stimulate the 
nerves. When supramaximally effective voltage and pulse width of 0.5 to 1 msec 
are used (see Chapter 5), the responses usually remain fairly constant in experiments 
lasting for almost eight hours or longer. The magnitude of the contraction varies · 
with the frequency of stimulation between 0.1 to 10 shocks per second. If the 
frequency is increased further (up to 30/sec) the magnitude of contraction usually 
increases, but because of ganglion fatigue the contractions are poorly maintained 
and subside to a level not exceeding that produced by 10 shocks per second. The 
choice of the frequency of stimuli and the duration of their application depends on 
the nature of the investigation. If the lever ratio is 15:1 and tension 7 g, a maximum 
contraction should record a height of about 10 cm. 

PREPARATION OF SPINAL CAT BY DALE'S METHOD 

An adult cat is anaesthetized with ether, the trachea cannulated, and the 
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an th ia maintained through the cannula. Both carotids are .cla?-1�e� t�mporarily 
' rith ulld clamps. TI1e animal is then turned over the belly, skm is incised down 
th midlin from the top of the head up to the level of shoulders by holding the 
h d with the left hand and flexing the neck, and the �� flaps of skin ar� held 
b k wi th retractors. The first layer of muscles is then divided down the m1dline 
fr m th kull for about 7 cm and held apart; muscles are cut away from the sides 

f th pine of second cervical vertebra (having most prominent �pine) a:oiding 
th kull end of the spine. Muscles are cleared from the bone by using a thin blunt 
di ctor, and held away by hooks and weights. Muscle attached to the lower end 
of the pine is cu t  through, the spine cut off with a pair of bone forceps. To �ize 
th lo of blood at this stage the animal should be as deeply anaesthetized as 
p ible. Bleeding from the bone may be stopped with plasticine and from other 
ti ues by pressing cotton wool swab dipped in hot saline and wrung out. With a 
pair of bone forceps the layer of bone covering the spinal cord is carefully nibbled 
away tiJI the dura mater is exposed over a length of about 1 cm and over its full 
breadth. The dura and spinal cord are then cut through with a sharp instrument; 
anaesthetic removed, and artificial respiration begun immediately. The brain is 
destroyed with a probe (stiff wire 3 to 4 mm dia) thrust through the foramen 
magnum, withdrawn and a tapering cone of plasticine introduced into the brain, 
and finally the foramen is plugged with a small cork. The upper end of the cut 
cord should be separated by about 1 cm from the lower end of the cork. Any bleeding 
from the end of the cord is arrested by applying cotton wool dipped in hot saline. 
Skin of the back of the neck is finally sewn together, and the cat turned on its back. 

The temperature of the cat is maintained by heating the operating table with 
th help of electric lamps. The blood pressure, which may be as high as 150 mmHg 
initially, usually falls to a lower level during the course of one hour and maintained 
for 24 hour. The preparation can be used after one hour; if the blood pressure is 
high or variable the spinal cord should be destroyed by passing a stiff wire down 
th pinaJ canal and plugging the open end of the canal with plasticine to minimize 
bleeding. The destruction of the spinal cord causes a precipitous fall in blood 
pressure; in order to keep the cat alive, an intravenous injection of adrenaline should 
be made promptly. 

RECORDING OF BLOOD PRESSURE IN ANAESTHETIZED RAT 
An anaes�etized r

.
at is place� s�p�e on a small-animal operating board and 

secured by tying the hmbs. A rmdhne incision is made on the neck; the trachea 
e �d 

.
and cannulated to e�sure a free airway. The common carotid artery on 

one side is then exposed and hgated at the superior end and clamped ctt the inferior 
end. A polythene .c�ula attached to a 23-gauge needle is inserted into the artery through a small mas1on and connected via a three-way stopcock to a Condon 
�ercu� man�meter and t� the pres��re bottle of the mercury manometer system filled with 0.9 � NaCl solution contarmng heparin 1000 units per ml. The system is 
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t h a .  h1 •d b ri d l  ' I t h  l w p . l r i n . a l i n ' sol u t i  n a nd blood pressure recorded by 
·h ·1 1 . lnr t l w 1 1· t t • ri n l ' I l m p . 1 l w  t�, l <'rn n l  jugular vein is exposed on the other side 

1 1 1 1 , t  1 1 1 1 H H i l .l l t ' d  ' i t h  . p I t l wne t u b i ng a tta ched to a 23-gauge needle and 

,,1 1n 1 w1 'h'd i1 l 1 t hr '· w. . l o pe ·k for injecti ng drugs and for flushing with saline

IWf '· ' ri n , , , 1 1 1 1 i t 1n f t t • r  l\ t.'h in jl' l ion.  
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( ; l'l'\ ' 1 1, A . f l. nd Bou rn, A .L. A .  ( 1 950) I n  Cvnluntion of Drug Activities: Pharmacometrics, eds. Laurence, 

I . I t  nnd f\nchnr h, A . L., vol . 1 ,  AcAdcmic Press, New York and London . 



Assay of Drugs on Blood 

Pressure of Anaesthetized 
Animals 

EFFECT OF THE AUTONOMIC DRUGS ON BLOOD PRESSURE 

A common observation in blood pressure experimen� is �hat
. 

a dose of a drug 

sometimes produces a small rise and sometim�s a
. 
big nse in bloo� pressu�e 

depending on whether the initial blood pressure 1s high or low re
.
spectively. This 

is according to the law of initial value of Wilder, which states that g
.
1ven a st��a�d 

stimulus or drug and a standard period of measurement, the higher the Irutial 
value, the smaller is the response to function-raising stimuli, and greater is the 
response to function-depressing stimuli; the converse occurs when the initial value 
is low. Further beyond a certain range of initial value there is an increasing tendency 
to exhibit no response (occasional) or a reversal of response (frequent). The higher 
the initial values, the more frequent the reversals with function.:raising stimuli; 
the lower the initial value, the more frequent the Feversals with function-depressing 
stimuli. For instance, a vasomotor reversal with adrenaline is demonstrable in a 
chloralosed cat but not in a spinal cat, because in the latter the blood vessels are 
already maximally or almost maximally dilated so that adrenaline cannot dilate 
them further. 

Adrenaline on blood pressure. When adrenaline is injected intravenously into an 
anaesthetized animal, the blood pressure rises rapidly to a peak and then falls 
below the initial level (base line) before returning to the base line (i.e. biphasic 
response, (cf: noradrenaline). The mechanism of the rise in blood pressure is due 
to (a) a direct myocardial stimulation (positive inotropic), (b) an increased heart 
rate (rosit�ve �ronotropic), and (c) arteriolar constriction in many vascular beds 
especially m skm, mucous membrane and splanchnic region. The pulse rate. at first 
accelerated becomes markedly slow at the height of the rise in blood pressure due 
to the compensatory r�flex t

.
hrough vagus. This bradycardia is  absent after 

vagotomy or after atropine. Mmute doses of adrenaline (less than 0.1 µg/kg) may 
cause the blood pressure to fall below normal level without any initial rise. The 
depressor effect of small doses and the biphasic response t l d d e . . . . o arger oses are u 
to the greater sens1tiv1ty to adr�nalme of �-receptors in vas 1 b d (' f k 1 tal I h'ch d 'l d) th f 

cu ar e s i.e. o s e e 
muse es w 1 are 1 ate an o a-receptors in vascula b d ( '  f kin l hni d k'd h' h 

r e s  1.e. o s , mucosa, 
sp anc c an I ney w ic are constricted) .  Ooses of adrenaline too small to act 
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on a-receptors, lower the blo d 
ctivate a-rece tors red . 

0 pressure by their �-receptor action; larger doses a 
d 

A. 
rece t

p 
. 

P . 
ommantly and the overall effect of full activation of both a an 1-.r p ors is an increase · · h . . · · 

1 d Wh 
m penp eral resistance with a consequent nse in 

b oo pressure. en enough d l" . . a rena me has been eliminated to end its effect on 
the less sensitive but predo · · . . mmant a-receptors, the effect on �-receptors persists 
for a time, thus accounting for th d f 1 · · . e secon ary a 1 of the biphasic response. As early as m 1906 Henr D 1 d · · 

. . ' Y a e emonstrated that in anaesthetized cat when 
ergot preparation is administered prior to a dose of adrenaline instead of a rise in 
the blood pressure there is a fall. Subsequently it was establi�hed that the fall in 
the blood pressure was due to the blocking of a-receptors by ergot or related 
co

_
mpound�, so that when adrenaline is administered following these agents it 

fails to excite a-rec�ptors, but stimulates the �-receptors leading to the fall in the 
blood pressure. This phenomenon is known as 'vasomotor reversal of Dale' . 

Acetylcholine on blood pressure. Acetylcholine in a small dose (2 µg) produces a 
fall in blood pressure due to vasodilatation without any change in heart rate, while 
a large dose (50 µg) produces an abrupt fall accompani�d by bradycardia due to 
cardio-inhibition in addition to vasodilatation. In the presence of eserine (0.1 mg 
at 1 min intervals for 3 doses) a small dose (2 µg) of acetylcholine now causes 
prolonged fall in blood pressure as well as slowing of the1 heart rate. Following 2 
mg atropine even larger dose of acetylcholine (50 µg) fails to produce any response. 
Still higher doses of acetylcholine (2.5 to 5 mg), however, produce a steep rise in 
blood pressure due to its nicotinic action on the sympathetic ganglia producing 
vasoconstriction, followed by a second rise accompanied by an acceleration of heart 
rate due to adrenaline released from adrenal medulla. 

ASSAY OF ADRENALINE 
The blood pressure of the spinal cat provides the most sensitive preparation 

for the assay of adrenaline and noradrenaline. The chloralosed cat treated with 
hexamethonium (50 mg/kg) is a less sensitive preparation. The blood pressure in 
this preparation may be stabilized by the intramu�cular injection ?f er�otamine 
tartrate (0.05 to 0.1 mg/kg), while cocaine hydrochloride ( 4 to 8 mg/k? i.m.) increases 
the sensitivity of the preparation. · 

. . . 

The blood pressure of pithed rat is an extremely sensitive test ob1ect for the 
determination of very small amounts of adrenaline and noradrenaline (10 ng/ml) .  
Th h thonium treated rat (1 mg/100 g) anaesthetized with urethane can also e exame bl . .  · th ·th d b d 1th gh the blood pressure is not as sta e _as it ts in e pi e rat. e use , a ou d" · d h 1 h d · 

An anaesthetized dog can also be used. A me 1um-�ize ea t y og is 

th · d ·th a barbiturate and prepared for the recording of blood pressure. anaes etize wi th 1 d · inhib · ch · In order to increase the accuracy of the assay, e va�a �ar io- itory me aru�m 

th b · b t flex bradycardia with each nse in blood pressure following 
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d by atropine sulphate 1 mg/kg intravenously. Vagal paralysis a rena me 1s oc e . . . . . 
· . . · f acetylcholine chfonde 10 µg/kg or by electrical stimulation 
IS tested by 1�1ection o 



of vagus. If either of these still produces any fall in bloo
d
d pres

f
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tr
re, a�rop1

h
"nization 

· · f h lf th riginal ose o a opine s ould b is incomplete, and subsequent doses o a e 0 . . . e 

given until the dose of acetylcholine or vagal stimulation ehci�s no f�ll. �e standard 
. · d " l  ted in acid sahne in suffic· 

and the test preparations of adrenaline are i u . 
ient 

concentration so that a rise in blood pressure equivalent �o 30. to 60 mrnHg is 

obtained following 0.5 to 1 .5 ml of each preparation. Th� �mn�rnl is then te�te� for 
sensitivity and for uniformity of responses by alternate inJections of two dilutions 

of the standard solution that differ in amount by not more than 20 per cent and 

which produce elevations in blood pressure be™'.'een 30 and 60 mmHg. A constant 
interval of not less than five minutes but long enough to allow the blood pressure 
to return to approximately its former level should be used. After two or more 
injections of each dose have been made alternately, the rise in blood pressure is 
measured to the nearest millimeter and the average rise and the maximum 
difference in the rise produced by each dose is calculated. If the two average rise 
differ by at least 5 mm, and this difference is at least twice the maximum difference 
in the rise produced by each dose, the animal is considered satisfactorily sensitive 
otherwise this is discarded. A matching assay is then carried out (Fig. 18.1) a� 
already described for isolated preparations (see Chapter 15).  The dose of the 
standard is kept constant unless the sensitivity of the animal changes, in which 
case the dose is increased or decreased so as to give a rise of  blood pressure of 
between 30 and 50 mmHg. 
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Fig. 1 8  . .  1_. Matching assay of unknown solution of aclr r 
dog. Ordinate: mmHg rise from basal level S 

ena me on the blood pressure of anaesthetized · · - standard pre ti" 
preparation of adrenaline (ml). For details see text. 

para on of adrenaline (ml). U - test 

ASSAY OF ACETYLCHOLINE 
An ana�sthetized cat or dog is prepared for the rec . 

Before startmg the assay, mepyramine 1 mg/k . . . 
ording of the blood pressure. 

g is lilJected intravenously. If breathing 
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is regular and blood pressure record is free from disturbing fluctuations, the animal is ready 

for the assay; if not, artificial respiration is given. If acetylcholine 2 ng/kg i. v. does not 
produce a perceptible fall in blood pressure, eserine 0.05 to 0. 1 mg/kg i.v. is injected and 

10 minutes allowed for full sensitization. Sometimes, there is not much improvement of the 

acetylcholine effect even after eserine. Excessive eserinization should be avoided because 

of the danger of progressive circulatory failure. A matching assay is carried out allowing a 

dose interval of two to three minutes. At the end of the assay, it should be demonstrated 

that the depressor effect of the extract is destroyed by alkalinization and that it is antagonized 
by atropine. The threshold dose of acetylcholine is I to 6 ng for a 2 kg cat, and the 
accuracy of the assay is usually about 10 per cent. It is the most rapid method when many 
samples are to be assayed and is about equal to leech sensitivity. 

ASSAY OF HISTAMINE 

A cat or dog of suitable size is anaesthetized with chloralose or barbiturate 
and prepared for recording of the blood pressure. Sensitivity of the animal to 
histamine is determined by injecting doses of standard solution at five-minute 
intervals. Doses corresponding to 0.05, 0.1 and 0.15 µg of histamine base per kg 
body weight are injected intravenously. A fixed dose of the standard producing a 
fall in pressure of about 20 mmHg is injected with changing doses of the unknown 
at regular intervals, and a matching assay is carried out. This may be accomplished 
by exact matching of the unknown and the standard provided larger and smaller 
falls have also been obtained. 

The depressor responses of histamine can be inhibited by antihistamine as 
illustrated in Fig. 18.2. 

0 IH 02 0 l.Omg/kg · 
· · H .4H QIH I .6H AH Q4H 0.8H L6H 3.2H 6.4H 12.IH 

Fig. 1 8.2. Antagonism of the depressor response of histamine (H) 
by antihistamine (AH). Doses of H in µg. For details see text. 

In this experiment, a dose of 3.2 µg histamine after 1 mg/kg of an antihistamine 
produced about the same effect as 0.2 µg before blocking, and a dose of 6.4 µg after 
blocking produced about the same response as 0.4 µg before blocking. Hence, the 
dose-ratio was about 16. 

DETERMINATION OF EDSO VALUE 

As with in vitro experiments, the geometric rather than arithmetic means of 
equieffective (EDSO) doses should be determined. Unlike in vitro experiments, it 
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is · not always possible to reach a maximum response in vivo experiments. In such 
cases, doses producing a specific magnitude of responses ED40 mmHg, are 
calculated; that is, a dose that causes a pressure rise of 40 mmHg. 

FURTHER READING 

Bum, J.H. (1952) Practical Pharmacology, Blackwell Scientific Publications, Oxford. 
Code, C.F. and Mcintire, F.C. (1 956) In Methods of Biochemical Analysis, ed. Glick, D., vol. 3. Interscience Publishers Inc., New York. 
Nordine, _J.H. and: Siegler, P.E. (1 964) Animal and Clinical Techniques in Drug Evaluation, Year Book Medical Publishers, Chicago. 



Identification of A 
Compound by Testing on 
Anaesthetized Animals 

TESTING ON BLOOD PRESSURE 
For investigating a new compound, a series of standard tests are carried out on 

blood pressure of the anaesthetized animal before as well as after injecting the 
compound . These tests which constitute the normal response brackets are: (a) electrical 
stimulation of the peripheral vagus nerve (20 shocks/sec for 2 to 5 sec), (b) injecting 
acetylcholine (0.5 to 5.0 µg/kg), ( c) injecting noradrenaline (1 to 5  µg/kg), ( d) injecting 
adrenaline (1 to 5 µg/kg), and ( e) occluding both carotid arteries for 30 or 45 seconds. 
Vagal stimulation and acetylcholine injection produce a transient fall in blood 
pressure, while injections of adrenaline and noradrenaline a transient rise. 

Carotid occlusion reflex. Two factors are responsible for the rise in blood pressure 
following occlusion of one or both carotid arteries: (a) reduction in baroreceptor 
impulses owing to the reduced pressure in the region above the point of occlusion, 
and (b) increased chemoreceptor activity resulting from the hypoxic conditions 
within the carotid body due to reduced blood flow. For centrally mediated 
cardiovascular reflexes, it is desirable to keep anaesthesia light or to use anaesthetics 
having minimal depressant action on the autonomic responses. Chloralose in this 
respect is satisfactory in the cat, and morphine and chloralose in the dog. Centrally 
mediated vasopressor reflexes (carotid occlusion reflex) are more susceptible to the 
blocking action of most drugs than are centrally mediated vasodepressor reflexes 
(stimulation of cut central end of vagus in most animals, or of depressor nerve in 
rabbits). The afferent nerves that arise in the carotid sinus pass along a branch of 
the glossopharyngeal nerve to the cardiac centres in the medulla oblongata. The 
cardio-aortic nerve endings arise from the left ventricle and the aortic arch 
ascending along the trunk of the vagus in man and in most animals but forming a 
separate nerve bundle (depressor nerve) in th� rabbit. In the cat the depressor 
nerve may run with the vagus trunk on the right but separately on the left. 

Stimulation of the central end of the cut vagus produces cardiac slowing and a fall 
in blood pressure as a result of afferent impulses traveling along the stimulated 
vagus nerve to the cardioinhibitory centre, and efferent impulses passing down 

the other intact vagus nerve to the heart. When both the vagi are cut, there is no 



cardiac slowing but a fall in blood pressure due to the dilatation of abdominal 
vessels supplied by splanchnic nerves. 

After the normal response brackets, the test compound is injected with a low dose 
level (say, 5 µg/kg) and any effect on the blood pressure noted. The normal response 
brackets are then repeated (Fig. 19.1); alteration of one or more of these responses 
by the prior treatment with the test compound helps in its preliminary identification 
(Fig. 19.2). If there is no effect on the blood pressure or on the response brackets, 
the compound is repeated in a three or four-fold increasing doses usually up to 10 
per cent of its LOSO value. The procedure is more appropriate for a long-acting 
drug, since it is not practicable to observe the effect of a short-acting drug on so 
many test responses. Hence, with the latter type of drug an appropriate selection 
from the response brackets has to be made. Besides any effect on the normal response 
brackets, the compounds may have some direct effect on the blood pressure that 
may also lead to its identification. For instance, if it produces a fall in blood pressure 
of less than two minutes duration, it is probably due to muscarinic (vasodilator or 
cardiac depressant) action; if more than two minutes duration, it is probably due 
to its ganglion blocking, tranquilizing or cardiac depressant action. If it produces 
a rise in blood pressure of less than five minutes duration, it is probably due to 
sympathomimetic or vasoconstrictor action; if it is more than five minutes duration, 
it is likely to have monoamine oxidase inhibitory action. 

• • • • • 
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Fig. 1 9  . 1 .  'Normal response brackets' before and after an unknown 
compound (CL) on the blood pressure of anaesthetized dog. 

TESTING ON CAT NICTITATING MEMBRANE 
For preparation of the animal for recording of nictitating membrane contractions 

see Chapter 17. 
Effect of adrenaline and noradrenaline. With equipressor doses of adrenaline and 

ttoradrenaline, the former produces contraction of the nictitating membrane, while 
the latter has a very slight effect. When these are repeated five minutes after injection 
of cocaine hydrochloride 8 mg (2 mg i.p., and 2 mg i.m. each into three limbs) their 
effects on . blood pressure are greater than before, so also are their effects on 
nictitating membrane� but the effect of noradrenaline on the latter is much greater. 
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Fig. 1 9  .2 . Identification of a compound by observing changes in 'normal 
response brackets' .  * Indicates alteration in the responses. 

Similar changes are also observed when the corresponding cervical sympathetic ganglion is removed by prior operation two to three weeks earlier. 
· 

Effect of ganglionic blocking agents. Following hexamethonium or related drugs, responses to preganglionic nerve stimulation (sympathetic chain) are blocked, while the responses to postganglionic nerve stimulation remain unaffected. This is strikingly demonstrable by r·ecording the contractions of both nictitating membranes, stimulating the preganglionic nerve on one side and the postganglionic nerve on the other before and after injecting hexamethonium 0.25 mg/kg. A characteristic of these compounds is that a dose that fails to block the nictitating membrane contractions caused by a brief burst of stimulation (5 sec) of the 
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. . . the contraction during continuous preganghon1c nerve, produces a fall in . · tain a contraction (F' ti. I · (60 th · th brane fails to main ig. s mu ation sec), at is, e m�m . . 
h th ompounds are inject d 19.3). The most sensitive situation is that in w�ic
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with 5-20 shocks/ 
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. . . one-fortieth of the activity of hexamethonium on the ructitati�� me1:11brane, and 
has different effect on the blood pressure. Hence, it is easily distinguishable from 
the true ganglionic blocking agents. 
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Fig. 1 9 . 3 .  Nictitating membrane contractions in chloralosed cat. Following 

hexamethonium, the reduction of response to brief stimulation was small, but it 

failed to sustain a contraction during continuous stimulation for 60 sec. (Green and 

Boura, 1 964) 

Effect of adrenergic neuron blocking agents. The preganglionic cervical sympathetic 
nerve is stimulated for one-minute period (0.3 to 30 shocks/sec) during which the 
contractions of nictitating membrane usually attain the peak. Contractions though 
reduced by adrenergic neuron blocking agents are well maintained during 
continuous nerve stimulation (cf. ganglion blockers which produce 'spike 
contractions') .  They also increase the response of nictitating membrane to 
adrenaline and noradrenaline. It is also desirable to test the drug against responses 
to more than one frequency of stimulation, and to plot the regression curve relating 
the nictitating membrane contractions to log of the frequency of nerve stimulation 
(say, 0.3, 1, 3, 10 and 30 shocks/sec). Guanethidine produces a shift to the right of 
this regression curve while bretylium produc�s a reduction in the slope. 
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Effect of adrenergic a-receptor blockers. Contractions due to both pre and postganglionic sympathetic nerve stimulation are inhibited following a-adrenoceptor blockers (cf. ganglion blockers). Responses to adrenaline and noradrenaline are also inhibited (cf. adrenergic neuron blockers) usually more than to nerve stimulation. 

FURTHER READING 
Green, A.F. and Boura, AL.A. (1964) In Evaluation of Drug Activities: Pharmacometrics, eds. Laurence, D.R. and Bacharach, A.L, vol. 1, Academic Press, New York and London. Smith, W.G. (1961) In Progress in Medicinal Chemistry, eds. Ellis, G.P. and West, G.B. vol. 1, Butterworth, London. 



Identification and Estimation 

of Biologically Active 
Substances 
The body fluid or tissue extract is subjected to physicoch�mical met�ods prio.r to 

the biological test primarily for two reasons: (a) conce�tr�hn? the fluid (e.g. un�e) 

so that the activity becomes measurable, and (b) ehmmahng unwa�te� active 

substances that may interfere with the assay. Most methods of extraction ?1volve 

a certain variable percentage loss of activity. This however, can be determmed by 
adopting the similar method of extraction with a measured amount of the active 

substance expected in the extract. The final fraction is tested biologically, and the 

percentage of recovery of the substance added determined.  The greater the 

sensitivity of the assay and the higher the degree of concentration of the extract, 
the more likelihood that the interfering substances will show themselves. It is also 
possible that other substances in the extract may modify the properties of the active 
substance. This is checked by adding a known substance to the extract in quantities 
that might be present initially, and then testing the properties of the known 
substance under similar condition as those of the unknown substance. If their 
properties still differ they cannot be identical. 

If a specific tissue can be found which is very sensitive to one of the substances 
in an extract and insensitive to others, this can be utilized for identification. For 
instance, acetylcholine can be assayed by its effect on the frog rectus muscle, which 
does not respond to histamine, 5-hydroxytryptamine, substance p or adenosine; 
or o� �abbit �tes�e which is ins�nsitive to histamine and inhibited by adenosine. 
Rat 1e1unum is smtable for screenmg of muscarinic substances since in contrast to 
guinea pig ileum 

.
i� responds

. 
fee�ly to nicotine and other gan�lionic stimulants. 

When a specific antagonist is available, the same may be ut ' l '  d f the 'd 'fi · f h · 5 · 1 IZe or 
1 enti cation o t e agorust. mce a high concentration of an t · t · 11 k 
th . . . . . y an agorus w1 ma e 

e tissue msens1tive to any
. agorust (nonspecific), it is desirable to include two 

control drugs for comparison, one of which 1· s ant · d b ' f' . . agonize y a spec1 1c 
concentration of the antagorust while the other is not E · · d f 1 d d h . · qu1active oses o two 
contro rugs an t e extract are given first and the d . f th · f h · n repeate m presence o e antagorust. I t e extract is antagonized along with 0 1 · 

1 1 · · · d 
ne contro ,  these two are 01ven 

a temate y in equiactive oses. If the two substan . d . 0� f 
the two will be equally depressed by d 

ces are 1 entical, the effects o 
a mo erate dose of th t . d ft washing they will recover together in a similar f hi ( 

.e an agorust, an a . �r 
. as on Fig.20.1). When specific 
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antagonist is not available for a substance, an alternative method is to add a suitably 

high concentration of the substance into the bath after which there will be a 

contraction followed by relaxation in spite of the continued presence of the 

substance. It is then insensitive to �mall doses of the same substance already present 

in high concentration but responds to various other stimulant substances. However, 

if a very high concentration of the first substance is used a non-specific 

desensitization may occur. 

H E H H E H E H E H E  

Fig. 20. 1 .  Contractions of guinea pig ileum to equiactive doses of histamine (H) and tissue 

extract (E). Following antihistamine at the arrow, there is almost equal inhibition and recovery 
of both the responses. 

To establish a definite identity of a substance, parallel quantitative assay using 
different pharmacological tests are carried out, and relative potencies are found 
out in comparison to the standard. If several such parallel estimates of the potency 
of the substance agree quantitatively with one another, then the identification of 
the active substance can be taken as established (Fig. 20.2). The ratio of the results 
of two parallel assays is called the index of discrimination. For substances to be 

( I ) ( 3 )  

A B c A B c 

A 8 c 
A 8 c 

. ( 2 ) ( 4 )  
Fig. 20.2. Identification ·of released acetylcholine by parallel quantitative assays on ( 1 )  blood pressure 

of cat, (2) isolated frog heart, (3) isolated frog rectus, and (4) isolated dorsal muscle of the leech. In 
each test, the effluent (B) had the same activity relative to the standard acetylcholine solutions (A and 
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nder test are e same. makes it extremely unlikely that the substances u 
b t . b t . . . · has to e cer ain a ou sensitivity Before a substance is re1·ected as inactive, one 
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t b f" tted with those o any known the test. If the effects of an extract canno e i . 
. . . f than one active substance should be compound, a possibility of presence o more 

thought of. 

DETECTION AND ESTIMATION OF ACETYLCHOLINE 

A number of tests are available for identification of acetylcholine as follows: 
1 .  Parallel quantitative assay giving almost id.e�tical �esults on a number of 

test objects, such as guinea pig ileum, rabbit mt�s�me, �d blood p�essure 
in anaesthetized cat or rat, all producing muscanmc action antagonized by . 
atropine; while rectus abdominis muscle of frog, and dorsal leech muscle 
producing nicotinic action antagonized

. 
b� curar�. All these eff�cts are 

potentiated by eserine. When guinea pig Ileum 1s used . for testing the 
presence of acetylcholine, the bathing fluid should contain mepyramine 
(0.5 µg/ml), hexamethonium (20 µg/ml) and morphine (11 µg/ml). A three
minute response cycle is used for the agonist. 

2. Activity of the solution containing acetylcholine disappears when boiled 
with N NaOH solution but not with weakly acidic solution. 

3. Activity disappears rapidly when mixed with blood (due to its cholinesterase 
content) but much more slowly when the mixture contains eserine. 

When it is almost certain that acetylcholine is the only substance present, the 
single most convenient method may be chosen for its assay. When this is not the 
case, at least two test objects must be used for any reliable result. Usually the blood 
pressure in anaesthetized cat, and either the frog rectus or the leech muscle are 
employed, the rectus giving more reproducible results, and eserinized leech muscle 
higher sensitivity. Effect of eserine on frog rectus is much less striking than in the 
case of the leech muscle; the usual sensitization being about 10-fold as against 1000-
fold for leech muscle. The appropriate sensitizing (eserine) and antagonizing 
(atropine or curare) drugs should be used wherever applicable, and the alkali
inactivation procedure in every instance. 

For testing extracts, the standard acetylcholine should always be prepared by 
Feldberg's method as follows: The standard acetylcholine solution instead of being 
made up in Locke's solution is mixed with a portion of the extract to be tested, 
which has previously been f�eed from acetylcholine by boiling with one-tenth 
volume of N NaOH for one mmute and then neutralizing with N HCI. The dose of 
the test extract must represent the same amount of tissue as the dose of standard 
extract (acetylcholine-free) with which it is being compared. Frog rectus muscle. The frog rectus muscle is put up in an organ b th d ttached 

I . . I h . t . a an a 
to a simp e wnting ever avmg ens1on 0.75 tol g initially reduced to 0.5 g at the 

, 
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beginning of the.assay. The �reparation may be sensitized by adding neosti�mine, 

which is superior to esenne as a sensitizing agent. A standard solution of 

acetylcholine is added to the bath and a slow contracture is recorded on the s�o�

moving drum for exactly 90 seconds. The drum is stopped and the bath fluid is 

replaced by fresh frog-Ringer solution. The lever is pressed gently to e�tend the 

muscle to its original length (i.e. back to the base line) or an extra 1 g load is used as 

a stretcher-weight for a few minutes. A dose interval of five minutes is followed 
throughout and a matching assay of the unknown carried out. The method is fairly 

sensitive (threshold concentration about 10-8, cf. leech muscle 10-9) and accurate 

(error ± 5%, cf. leech muscle ± 15 to 20%), and probably the most convenient and 

precise of the methods generally available. 
Cat blood pressure. For details see Chapter 18. 

DETECTION AND ESTIMATION OF HISTAMINE 
Isolated guinea pig ileum. The isolated ileum of guinea pig is the most sensitive 

and accurate test object for the assay of histamine. A piece of terminal ileum is put 
up in an isolated bath in Tyrode solution containing 10-7g/ml atropine sulphate. 
This eliminates or reduces contractile responses due to cholinergic agents, causes 
relaxation of the gut producing a fixed base line, and reduces or eliminates 
spontaneous contractile activity in the gut. All these effects contribute to the precision 
of the assay. Contractions of the gut to histamine are usually complete in 30 seconds 
or less; relaxation during rinsing or washing of the bath with two or three changes 
of Tyrode solution is almost complete in another 30 seconds. Hence, contractions 
for exactly 30 seconds are regularly obtained at intervals of one to one and half 
minutes. 

The preparation usually gives· a good response to histamine in a concentration 
of 10-s g/ml. A matching assay is carried out with the standard and the results 
expressed in terms of base. 

Identification of histamine in an extract. If the extract is boiled with strong acid, 
the pharmacological activities of common contaminants like adenosine and 
substance P but not of histamine are destroyed. Treatment of the tissue with atropine 
(0.3 µM) renders it insensitive to acetylcholine. It is rendered sensitive by adding 
propranolol (3 µM) in the bathing fluid. It is not enough merely to demonstrate 
that an antihistamine abolishes the effect of the extract. A dose of the latter 
(mepyramine 10-s to 10-7) sufficient to reduce but not to abolish the response of the 
gut to doses of histamine of the order of those used in the assay is added to the 
bath and washed out after two or three minutes. Alternate doses of the extract and 
approximate equivalent doses of histamine are · then added into the bath at the 
usual time intervals. Identification of histamine can be regarded as established if 
the recovery of the response of the ileum to the extract and to histamine follows a similar time course (see Fig. 20.1).  

Cat or dog blood pressure. For details see Chapter 18.1.  
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DETECTION AND ESTIMATION OF 

ADRENALINE AND NORADRENALINE 

1 .  d oradrenaline relax the smooth Isolated rabbit duodenum. Both adrena me an 11 
t ation of an unkno 1 f th bb. · · (b th A d a effects) · the concen r wn muse e o e ra it mtestine o .., an . ' . ff t ' th that of a stand d solution of which can be estimated by comparing its e ec �1 

. . d.ff 
ar 

solution. The relative activity of adrenaline and noradrena me va
f
ne

l 
s in 1 �rent 

· d l ' e is more power u , sometimes pieces of intestine . Sometimes, a rena in 
b 

noradrenaline· hence an unknown solution of either of them must e compared 

with a known
1 
solution of the same substance. The duodenum

. 
(4 to � cm long) is 

put up in an organ bath (50 to 75 ml) and a matching assay is earned out with 

adrenaline or noradrenaline as a standard. 

Dog or spinal cat blood pressure. For details see Chapter 18.  

ESTIMATION OF ADRENALINE AND NORADRENALINE IN A 
MIXTURE 

Rat u terus.  The best organ for the assay of adrenaline in presence of 
noradrenaline is the non-pregnant rat uterus on which noradrenaline has no effect. 
The most sensitive method of estimating adrenaline (sensitive to 1 ng/ml) is to 
determine its power to antagonize the contractile actions of acetylcholine on this 
preparation. 

One horn of the uterus is put up in an organ bath. A contraction is obtained by 
adding acetylcholine (2 µg/ml) or carbachol (0.75 µg/ml) to the bath and washed 
after 30 seconds and the bath fluid changed twice when the muscle relaxes. After 2 
minutes (i.e. 90 seconds after washing the first dose), a second dose of acetylcholine 
is given, and the whole cycle is repeated every 2 minutes until the muscle shows 
uniform contractions. A known amount of adrenaline (1 to 10 ng) is then added 
into the bath 30 seconds before· a dose of acetylcholine, and the amount of reduction 
of the latter's effect noted. As soon as the inhibitory effect of adrenaline disappears 
and the acetylcholine effect completely recovered, a dose of the unknown adrenaline 
is tried so as to carry out a matching assay. 

When the amount of adrenaline in the mixture has thus been determined 
(noradrenaline usually has only one-hundredth of the effect of adrenaline in this 
preparation that can be disregarded), the mixture (usually an extract) is injected 
intravenously into a spinal cat, and an equivalent amount of adrenaline in this 
mixtur� also . injected for comparison. The rise of blood pressure caused by 
adrenalme will be less than that caused by the mixture. Noradrenaline is now 
�dded to this a�ount of adrenaline until the rise of pressure caused by the mixture 
is equal to the nse of pressure caused by the unknown mixture (extract) The amount 
of noradrenaline added is then equal to the amount present in the 

·
tr ct Ra lo This . 'd 

ex a . . t co n. tissue prov1 es a sensitive test for noradrenaline which generally 
has slightly more effect than equal dose of adrenaline (ratio varym· f 0 1  t 1). In b. 

. 'th th t t thi g rom . o com mation w1 e ra u erus, s preparation can be d f · the use or assaymg 
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two catecholamines in a mixture b t th · · 

. u e error is large. The procedure is rather 
sinul�r t� that of rat u

.
terus. The temperature of the bath containing de Jalon's 

solution is lowered until spontaneous contractions disappear (usually 25 to 27°C). 
If �till troublesome, the �pontaneous movements may sometimes be abolished by 
using a lower concentration of calcium chloride (0.003% ) .  The dose of acetylcholine 
and of carbachol is lower than that for uterus (5 to 50 ng/ml). 

DETECTION AND ESTIMATION OF 5-HYDROXYTRYPTAMINE 
Both rat uterus �d stomach are highly sensitive to 5-hydroxytryptamine. 
Rat uterus. Rats m natural oestrus may be selected. In a 5 ml bath as little as 10 

ng 5-hydroxytryptamine can be detected. A contact for one and a half minutes and 
dose intervals of five minutes are used for the assay by this method. 

Rat stomach. In a 5 ml bath as little as 1 ng 5-hydroxytryptamine can be detected. 
Hyoscine reduces sensitivity to acetylcholine. Histamine, bradykinin and adenosine 
compounds stimulate this preparation in microgram doses, while vasopressin 
stimulates only in moderately high doses. Sensitivity to inhibition by adrenaline 
and noradrenaline is high. Specific blockade of 5-HT is produced by methysergide. 

a 

DETECTION AND ESTIMATION OF OXYTOCIN 

Rat uterus . Rats are pretreated 36 to 48 hours earlier with 0 . 1  m g  
diethylstilboestrol intramuscularly. In general, calcium tends to increase both the 
spontaneous activity of the uterus and the sensitivity to drugs. Magnesium has the 
reverse effect, though there is some evidence that it can potentiate the effects of 
posterior pituitary hormones. De Jalon's solution, containing a quarter of the amount 
of calcium in Ringer-Locke solution, is used for the assay of oxytocin. The slight 
loss of sensitivity to oxytocin is more than offset by the lack of spontaneous activity. 
Other measures to control the erratic behaviour of this preparation are lowering of 
the bath temperature to 25 to 35°C, and of pH by aerating with oxygen containing 
5% C02' Doses of oxytocin are usually 0.1 to 3 milliunits per ml; contact for 30 
seconds at intervals of five minutes. 

IDENTIFICATION AND ASSAY OF AN UNKNOWN SUBSTANCE 

Isolated guinea pig ileum. A piece of terminal ileum of guinea pig is put up in an 
organ bath. Submaximal contractions are obtained with acetylcholine starting with 
a dose giving a bath concentration of 0.01 µg/ml (contact for 30 to 60 seconds) and 
then repeating every one and half to three minutes, if necessary, in 10-fold increasing 
doses. After obtaining two or three uniform contractions, the bath is washed and 
the test material added at a bath concentration of 1 µg/ml. The response, if any, is 
recorded for one minute, and then after washing the dose of acetylcholine repeated. 
If there is no response on its own, nor any change in the subsequent acetylcholine 
response the dose of the test material is added repeatedly after each washing in 5 
to 10-fold increasing doses up to a maximum of 1 mg/ml bath fluid. Thus, the 
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material can be found to be inactive, or to have a s 1 c 

to acetylcholine. f . t own the nature of the compound If . 1 h ti' lant action o 1 s ' 
d f th the test matena as a s  mu t a stimulant ose o e material and its site of action are determined. The response 

0 atching dose of acetylcholine is is observed for one minute. Then a response t
h
o 

fl
a n:1d is now added, and after one b · d A d f · 0 01 µg!ml bat ui · 1 · · . o tame . ose o atropine . · d complete or partia mh1b1tion of minute the dose of acetylchohne repe�ted, an

d complete recovery of acetylcholine response observed. After repeated was�gs an . f llowed by the test material response, the experi�ent is repeated with atro�� 
�oduced by the test materiai If the response remains unaffected, the contrac � 

t i' s  then performed .  · · ti n The expenmen m a is probably not due to muscarm1c ac o. . . d bl k d with hexametho . 
similar fashion with matching dose of mcotine an oc e . . ru�m 
10 µg/ml. If the response due to the test mat�rial. but not du� to nicotine rema�s 
unaltered, then the material lacks a gangliomc stimulant act�on. If the response is 

due to histamine-like action, it will be blocked by mepyramine 0.01 �g(�l as will 
be the response of a matching dose of histamine. On the other hand, if it is due to 
5-hydroxytryptamine-like activity, its respon�e a s  well a s  that of 5-
hydroxytryptamine will be antagonized by methysergide 0.5 ng/ml. I� t�e response 
of the test material cannot be antagonized by any of the above means, it is probably 
a polypeptide having direct stimulant action on the smooth muscle. 

The antagonistic activity of the test material can be studied by including three 
more substances (histamine 0.2 µg, 5-hydroxytryptamine 0.2 µg and nicotine 2 µg/ 
ml) and studying them one after another as with acetylcholine. In this way, any 
antagonistic action of the test material against the four standard stimulants can be 
detected. Furthermore, from these tests a preferential or specific antagonism against 
a particular substance, or a nonspecific antagonism against all the four substances 
can be determined. For instance, if it is selective against acetylcholine, i.e. a dose 
which blocks the effect of acetylcholine and not the other three substances, then it 
is supposed to have a muscarinic-blocking action like atropine. Similarly, antihistaminic, antinicotinic and antiserotonin actions can be determined by using a specific concentration of the material. On the other hand, if all the four standard stimu�� are b!ocked t? about the same extent by a particular dose of the test matenal, 1t ha� eit�er a �irec� smooth muscle depressant action like papaverine, or a sym�atho�metic action hke adrenaline or noradrenaline. Guznea pzg vas deferens. The papaverine-like and sympath · ti' ti' are d'ff · d b  · th . . om1me c ac ons 1 erentiate y testing e matenal on guinea pig v d f ti' n th d d 1. . as e erens, a prepara o at respon s to a rena me-hke substance by contracti b 

· 
· like substance. If the test material has a stimulant acti 

on, ut
chin
n?t to papav�nn�-

. 'th · on, a mat g contraction is obtained w1 adrenaline (dose contact 45 seconds and · . . Th h · · · f h mterval five minutes) e sympat om1mehc action o t e material is confi d fu · 
al 

blocking of both the responses by an adrenergic bl 
r
�: 

rther by almost eq�al 
has no stimulant action on this preparation 

�c mg drug. If the test maten 
ut reduces the responses to 
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acetylcholine and histamine, it has papaverine-like effect. This can be confirmed by administering matching doses of histamine and acetylcholine before and after 
an effective dose of the test material. Nonspecific antagonism like papaverine will 
be confirmed by observing almost equal antagonism of both the responses. The interpretation of results obtained on isolated guinea pig ileum and vas 
deferens experiments are summarized in Table 20.1 .  

Table 20.1 
Interpretation of results obtained on guinea pig ileum and vas deferens 

A. If the compound simulates ileum which is 
antagonized by : 

Atropine (0. 1 µg/ml.) 
Hexamethonium (1 00 µg/ml.) 
Mepyramine (0.01 µg/ml.) 
Methysergide (0.5 ng/ml.) 
None of the above 

B. If the compound antagonizes the ileum stimulated by : 

Acetycholine 
Histamine 
Serotonin 
Nicotine or DMPP 

Nicotine and serotonin 
All the above 

C. If the compound stimulates vas deferens 
which is antagonized by: 

Phenoxybenzamine or phentolamine 

o. If the compound antagonizes vas deferens stimulated by : 

Acetylcholine, histamine 

Inference 

Muscarinic 
Ganglionic stinulant 
Histaminic 
Serotonin-like 
Direct smooth muscle stimulating biologically active 

polypeptides 

Atropine-like 
Antihistaminic 
Antiserotonin 
Ganglionic blocking or local anaesthetic 

(differentiated by testing on cat nictitating membrane 
preparation, and for local anaesthetic activity in guineapig) 

Same as above 
Papaverine-like or sympathomimetic 

Sympathomimetic amines 

Papaverine·like activity confirmed by equal antagonism 
of acetylcholine and histamine by the same dose of 
the compound 

IN VITRO SCREENING OF ACTIVE SUBSTANCES PRESENT 
IN BIOLOGICAL FLUIDS AND TISSUES 

A. Tiited 01 Giline1 N lllllm 

Contraction-. 
5-Hydroxytryptarnine 
Acetylcholine 
Angiotensin 
Bradykinin 
Histamine 

Rslaxation or no effect. 
Noradrenaline 
Adrenaline 
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T lltld on Rat Duodenum 

Contraction: 
5-Hydroxytryptamine 
Acetylcholine 
Angiotensin 

Relaxation-. 
Bradykinin 

No effect. 
Histamine 

c. Tested on Rat Ascending Colon 
Contraction: 

5-Hydroxytryptamine 
Acetylcholine 
Histamine 
Angiotensin 

. fi 11 onfirmed by the use of respective th ound 1s ma Y c The identification of e comp 

antagonists . 
· · . b. 1 gically active substances is presented The sensitivity of different tissues to 10 o 

. in Table 20.2 
Tobie zo.z . 

• 
.. . 

some biologically active substances Sensitivity of different isolated preparations to 

Preparation 5-HT A Ch A T  BK NA A 

Rat ascending 
colon 

Rat stomach 
strip 

Rat duodenum 

Guinea-pig 
ileum 

2.0 x 1()-7 
(CJ 

1 0·1 
(Cl 

2.0 x 10-1 
(Cl 

2.0 x 1 0-8 
(CJ 

2.0 x 10-1 2.0 x 1()-9 
(CJ (Cl 

2.0 x 10-1 2.0 x lQ-9 
(CJ (CJ 

2.0 x 1 0-1 2.0 x 1()-7 
(CJ (Cl 

2.0 x 1 0-8 2.0 x 1 0-1 
(�) ,IC) 

Values are g/ml bath fluid . ' 
. 
, · 

2.0 x 10·7 
(RI 

2.0 x 1 0-1 
(C or R) 

2.0 x 1()-9 
!RI 

2.0 X 1 Ct7 : . 
(Cl 

C = Contraction, R = Relaxation, 0 = No response 
• Modified after Reg.oli cµtd· Vane, 1964 • : 

. · . .) ' ' 

2.0 x 1 0·7 2.0 x 1 0·7 
(RI !RI 

2.0 x 1 0·1 2.0 x 1 0·7 
(R) !RI 

2.0 x 1 0·1 2.0 x 1 0"7 
(RJ . (RI 

2.0 x · 10-.7 2.0 x 1 0"7 
(RI !RI 

H 

ms 
(Cl 

0 

0 

10-1 
(Cl 

POLYPEPTIDES THAT STIMULATE SMOOTH- MUSCLES� The polypeptides like oxytocin, vasopressin, angiotens�, . bradykWn and substance P have the common property of stimulating smooth muscles. These may, however, be differentiated by one or more of the following tests. . .  . . . ·. - . Isolated guinea pig ile�"!· Exceptin� oxytocin, all Stimulate this prep:rration_ t� a varying extent. Bradykuun and angiotensin are about 30 times niore sensitive than vasopressin, and about five limes more than substance p iln this tisSue. * Schacter and Morley, 1 964 



llllldftCld• 1111 Esdm1d1n II BIOIODIClllV Active Substances 

Isolated rat u terus. Substance P is least sensitive in this preparation in producing 

contraction, being 10 times less than vasopressin, 50 times less than oxytocin and 

angiotensin, and 100 times less than bradykinin. 
Isolated rat colon. Substance P is most sensitive being about 700 times more than 

oxytocin, vasopressin and bradykinin, and about 350 times more than angiotensin 
in producing contraction. 

Isolated rat duodenum. Except substance P that contracts, all others produce 
relaxation. Bradykinin is about 1000 times more sensitive than vasopressin, and 
about 3000 times more than oxytocin as relaxant. 

Blood pressure in anaesthetized animals. Vasopressin, oxytocin and angiotensin 
produce a pressor effect, while bradykinin and substance P a depressor effect on 
rat or rabbit blood pressure. In rabbit, substance P is 100 times more sensitive than 
bradykinin, while in rat it is only 20 times more sensitive as a depressor agent. 
Angiotensin and vasopressin are about 35 times more potent than oxytocin as a 
pressor agent in rat. 

Rat antidiuresis. Vasopressin is several thousand times more sensitive than all 
others. 

Bronchoconstriction in anaesthetized guinea pig. Bradykinin is about 40 times more 
sensitive than angiotensin, oxytocin and vasopressin, and one to four times more 
sensitive than substance P in producing bronchoconstriction. 

The effect due to bradykinin is specifically antagonized by salicylates and related 
drugs. 

Rabbit milk ejection. Oxytocin is highly sensitive being several thousand times 
more effective than substance P, angiotensin and bradykinin, and 10 times more 
than vasopressin. 

Inactivation by enzymes. All are inactivated by chymotrypsin; substance P, 
angiotensin and vasopressin are also inactivated by trypsin, and substance P and 
angiotensin in addition by pepsin. 

Polypeptide 

Oxytocin 

Vasopressin 

Angiotensin 

Bradykinin 

Substance P 

ASSAY METHODS OF POLYPEPTIDES 

Preparation 

Rat isolated uterus (stilboestrol treated) 

Blood pressure in anaesthetized rat 
(pretreated 24-hour earlier with phenoxybenzamine) 

Guinea pig isolated ileum 

Rat ascending colon 
Blood Pressure in anaesthetized dog or rat 

(treated with phenoxybenzamine and atropine) 

Rat isolated duodenum 

Guinea pig isolated ileum 

Guinea pig isolated ileum 

(treated with atropine, mepyramine and rnethysergide) 
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Some Common Evaluation 
Techniques 

EVALUATION OF ANALGESIC AGENTS 

Jn general three types of stimuli - physical, thermal and chemical are employ�� in 
mice or rats for evaluation of analgesic property of a compound. Since false positive 
results are sometimes obtained with these tests, a discoordination test is carried out 
to exclude such possibilities. The animals are placed on a slowly rotating drum 
covered with a wire-mesh; the animals that fall off are considered as discoordinated 
and they are excluded from the experiment. 

The analgesic tests are usually carried out as follows. 

PHYSICAL STIMULUS 

Tail-Clip Method* 

In this method, an artery clip with thin rubber sleeves is applied to the base of 
the mouse's tail for 30 seconds. Control mice make continuous efforts to dislod.ge 
the clip by biting it. The pressure exerted by the clip is so adjusted that it is just 
sufficient to make all control mice to respond. Analgesics make the mice indifferent 
to the clip. A group of mice is injected subcutaneously with a dose of the test 
substance and 30 minutes later the clip is applied. The percentage of mice in a 
group that fails to respond is calculated. By employing graded doses the EDSO is 
found out. The analgesic tested by this method involves the higher centres. 

THERMAL STIMULUS 

Hot-Plate Method** 

Mice or rats are placed on a hot plate maintained at 55°C. The reaction time is 
that between placing the animals on the hot plate and licking of the fore or hind 
paws. A cut off time of 30 seconds is followed to avoid any thermal injury to the 
paws. The mean increase in the reaction time is plotted against time after drug 
administration, and the area under the time-response curve is calculated either · 
graphically or planimetrically. By using different doses, a dose-reaction time curve 
can be plotted and EDSO value worked out. 

,. Bianchi and Franceschini, 1954 ** Eddy and Leimbach, 1953 
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Tail-Flick Response* 
. 1 truding out Radiant . . . er with the ta1 pro 

. 
. . Mice or rats are held m smtabl

.
e restrain 

. h the help of a suitable device. The 
heat is applied over t�e tail on

.
a single sp?�w:�

e tail is taken as the reaction time. 
time taken by the arumal to withdraw (fhc ) 

r inary screening. Those showing 
In this method the animals are selected by pre im 

ction times at 15 minute interval 
variation of more than one second between tw

e
o;e:re discarded. The time-response 

or more than three seconds from the group m 

curves may be plotted or ED50 values calculated. 

Tail-Immersion Test 
. 

. . . . bl restrainer with the tail protruding Mice or rats are held m P?sitio� m a suita e 
f ter at 55oc. The time taken to out. The tail up to 5 cm is dipped m a beaker 0 wa . ti withdraw the tail clearly out of water is taken as the reaction me. 

CHEMICAL STIMULUS 

Writhing Test 
Intraperitoneal injection of phenylquinone (0.2� ml ?f 0:02°!� aqueous solu�o�) 

or acetic acid (1 ml/100 g body weight of 0.6% acetic aCid) m �ice produce within 
3 tolO minutes a writhing or stretching syndrome characte�ized by a

. 
wa�e of 

contractions of the abdominal musculature followed by extension of the hind hmbs. 
These chemicals, however, tend to produce irritation and cannot be repeated at 
shorter intervals to study the tolerance development of the drug under 
investigation. Further, the test may give false positive results. 

Writhing Induced by 4% NaCl Solution** 
The writhing test with 4% NaCl in rats is a sensitive and specific test for 

predicting analgesic activity of a compound in man. It is also useful for examining 
changes in analgesic activity of drugs during chronic (repeated) administration. 
Male rats (150 ± 10 g) are injected intraperitoneally with lml/kg of 4% NaCL Animals 
that do not exhibit writhing within 30 seconds are discarded. The onset of writhing 
is much quicker (30 sec) than that with phenylquinone or acetic acid, and lasts for 
a shorter period (about 3 min). The drug under investigation is administered 
subcutaneously 15 to 20 minutes before administering NaCl solution. The animals 
showing no response are defined as analgesic positive. The percentage protection 
at each dose level is calculated for each group of 1 0  to 20 animals, and the EDSO values are calculated from the dose-response curves. 

Writhing Induced by Aconitine*** 
This test is found to be selective for aspirin-like analgesics. Each mouse is 

,. D' Amour and Smith, 1941 ,.,. Fukawa et al.1980 "'"'"' Bhalla and Bhargava, 1980 
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injected intra-peritoneally with 2 µg of aconitine. The writhing appears within 

two minutes and lasts for about 60 minutes. 

DETERMINATION OF PA VALUE OF ANALGESIC -2 
ANTAGONIST COMBINATION* 

The response� of the analgesic in the absence and in the presence of different 

doses of antagonist (say, morphine-naloxone) are determined in mice. The dose 

ratios (EDSO with antagonist I ED50 without antagonist) thus obtained are plotted 

against the negative log molar dose of antagonist (Schild plot - see Chapter 19) and 

the apparent pA2 value is calculated. Comparison of the pA values with different 
analgesic-antagonist combinations gives an idea of the types

2
of receptors involved. 

An almost identical pA2value with different types of analgesic tests (tail-flick, hot 

plate and writhing) will indicate the involvement of identical receptors. 

EVALUATION OF ANTI-INFLAMMATORY AGENTS 

The main shortcoming in the screening of anti-inflammatory drugs for use in 
human arthritic disease is the lack of suitable animal model. Moreover, the 
aetiological agents that may trigger off the various connective. tissue diseases are 
not known as yet. Anti-inflammatory agents have been evaluated by studying 
inflammatory responses produced in the animals by injecting foreign or noxious 
agents. These responses mostly comprise of the development of oedema and/or 
the formation of exudate and granuloma. Agents that suppress any of these are 
designated as anti-inflammatory. The term anti-inflammatory has so many connotations 
that multiple assays are required to affirm this property in any chemical compound. 

The complete process of inflammation generally consists of three phases (i) 
dilatation and increased permeability of small blood vessels resulting in oedema 
and swelling, (ii) emigration of leucocytes from venules and capillaries, cellular 
infiltration, and a general mopping up reaction, and (iii) proliferation of fibroblasts 
and synthesis of new connectivetissue to repair the injury. 

> 

A number of mediators have been identified that initiate the early development 
(first phase) of certain experimentally induced inflammatory processes. These are 
considered to be released in a sequential manner. Thus, there is an initial release of 
histamine and 
5-hydroxytryptamine (5-HT) producing an increased vascular permeability 
followed by release of kinins further contributing to the increased vascular 
permeability and finally, the prostaglandins and slow reacting substance (SRS) are 
released to maintain the increased vascular permeability produced by histamine, 
5-HT and kinins (Smith et al. 1974). 

The biochemical events accompanying the second phase are not well 
understood. Many factors are implicated as the regulators of phagocytosis including 

.. Hyashi and Takemori, 1971 
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-:c:s:=ISC'llO::!::�a::::sell!:' '"=3!i!!C:'i-==----==--. f t r complement factor, etc. These oting ac o , . . calcium chemotoxin, leucocyte prom . h process of leucocyhc migration. chemotactic factors play a major role .

1n t � the cellular infiltrate during the dominate m 1 Polymorphonuclear leucocytes pre 
d . . ·shes and granu ar mononuclear I h . mber imiru "nfl early stages; subsequent y, t eir nu 

ominating leucocyte in the i amed tissue leucocytes (monocytes) become the pred · 
(Vinegar et al. 1973�. . mation subsides, the i�iti�l stages of the As the exudahve phase of i�flam 

tion The fibroblast, which is the dominant reparative or third phase are set m 
;111° ·then synthesizes extracellular material cell in the wounded zon

.
e, first prol�f�rate�co olysaccharides, which are laid down including new collagen fibres and acidic � P. h 1965) .  . f matnx (White ouse, to form the new connective issue 

f infl ation the following experimental On the basis of the different asp�cts 
0 . t:= anti�inflammatory activity of a models are generally selected to mveshga 

chemical compound. 

Rat Paw Oedema 

Oed t the early phase of inflammation. Carrageenan-induced paw ema represen s .d 1 d d 1 f tud · oedema (Winter et al. 1962) is the simplest and most wi e
. 
Y �se mo e or s ymg 

the anti-inflammatory activity of new compounds. Sim�larly, the paw oede�a 
induced by histamine, 5-HT, bradykinin, dextran, hyaluroru�ase and prostaglandm 
E1 have been used for studying the antagonism to these mediators (G;o�� et a1��63; 
Ghosh and Singh,1974; Parmar and Ghosh,1978). Th�se �gents can e in1ecte

. 
m a  

0.1 ml volume of suitable concentration in sterile sahne into the subplantar tissue 
of the rat hind foot, and the paw volume can be measured immediately, and then 
at pre-determined intervals by the plethysmometric method of Singh and Ghosh 
(1968). 

Granuloma Pouch 

Granuloma represents the exudative and proliferative phases of inflammation. 
The cotton pellet method described by Meir et al. ( 1950), and the croton oil method 
described by Selye (1953) have been most widely used for producing granulomas. 
Fukuhara and Tsurufuji (1969) have described a different method of producing granuloma pouch using 4 ml of 2% (w/v) carrageenan in sterile normal saline. It has certain advantages over the classical methods as follows. Unlike the croton oil granuloma, the necrosis of pouch-wall does not occur in this model. The granulation tissue formed can be clearly separated from the body and the exudate can be 
�ompletel� re�overed and meas�re� correctly. In the cotton pellet method, the inflammation lS ?'1e�sured by we1g�g the capsular granuloma together with the cotton pellet, which lS often contammated with the exudate and pus· hence it often gives inconsistent results. In the carrageenan method al l  th 'th desired · 1 f d · , e ree parameters,

.
1.e. vo ume o exu ate, weight of the pouch wall and the accumulation of collagen m the granuloma can be satisfactorily studied. 

-



Experimental Pleurisy 

Pl urisy induced by the intra leu . 
. . . . . 

. 

carrageenan in the rat per . t  
p 

h 
ral m1echons of irritants, hke turpentine and 

' rn1 s t e experi t 1 d 
. 

. . 
e udative. This has been w·d 1 

men a pro uct10n that is typically 
I e y used for stud . th ff f d h 

migration of leucocytes (Fo d H h' 
ymg e e ect o rugs on t e 

r - utc inson et al. 1975). 

Adjuvant-Induced Arthritis 
Adjuvant-induced arthritis is the nl . 

been considered as parallel to th 
0 Y exp�r�me�tal model, which has often 

ther laboratory model N b 
e human art�1tic disease more closely than any 

� . 
bl t 

. 1 d thi 
( ew ould,1963; Sofia et al. 1975). Hence, it is considered 

f esira 
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e ti? 
l
mc

lini
u

. 
e 

1 
s model in any inflammatory study to be of predictive value 

or po en a c ca use The arthr·t · d · · 

. . . ·. 
· I IC syn rorne is induced by the intradermal 

mJection of 0.05 ml of a fine emulsion of dead tub 1 b ·11· (5 ; 1) · h 
1 t f f · h . 

ere e aa I mg m mto t e 

P an . ar sur ace 0 ng t hind foot. The following parameters are noted in the control 
and in th� treated groups th�oughout the period of 14 days: (i) paw oedema, (ii) 
the seventy of secondary lesions, and (iii) body weight changes. . 

EVALUATION OF COMPOUNDS ON GASTROINTESTINAL FUNCTIONS 

ASSAY OF ANTI-ULCER AGENTS 
Several standard animal models are used for the evaluation of various agents 

for their possible gastric anti-ulcer properties. 

Pylorus Ligated (Shay) Raf 

Albino rats weighing 140 to 165 g are housed in individual cages and fasted 

(water allowed) for 48 hours prior to pyloric ligation, care being taken to avoid 

coprophagy. Under light ether anaesthesia the abdomen is opened by a small 

midline incision below the xiphoid process; pyloric portion of the stomach is slightly 

lifted out and ligated avoiding traction to the pylorus or damage to its blood supply. 

The stomach is replaced carefully and the abdominal wall closed by interrupted 

sutures. The drugs are administered subcutaneously once daily for two days prior 

to and immediately after pyloric ligation. They are deprived of both food and water 

during the postoperative period and are sacrificed at the end of 19 hours after 

operation. Stomach is dissected out and the contents subjected to analysis for pH 

and for free and total acidity. The stomach is then cut open along the greater 

curvature and the inner surface is examined for any ulceration. The degree of 

ulceration is graded from zero to five, depending on the size and severity of ulcers 

as described by Barret et al. (1953) . 

.. Shay et al., 1 945 
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Restraint Ulcer in Rat* 

Rat after fasting for 36 to 40 hours (water allo�ed) is lightly anaestheti�ed With 
th d I d . f galvanized steel window-screen of appropriate size e er an p ace on a piece o . 1 · h · · 

Th · Id d d the aru'mal and held m p ace wit wire staples Th 
e screen is mou e roun . . · e 

limbs are held together in pairs and tightened wi
.
th adhesive tapes so that the 

· 1 t The drugs are administered either orally or subcutaneously aruma canno move. b · · 

once daily for two days prior to and 30 min�tes b:fore su 1ectmg the animal to 
stress.  At the end of 24-hour period the animal IS removed from the screen, 
sacrificed, and the degree of ulceration assessed. 

I D  . R t ** 
Drug Induced Gastric Mucosa amage 1n a 

Gastric ulceration in rats is induced by drugs, and the ability of several agents 
either to protect against or to aggravate this ulceration is observed. Generally, the 
compounds under investigation are administered once daily for two days prior to 
and 30 minutes before administration of the ulcerogenic agent. The stomach of the 
sacrificed animal is examined for the presence of mucosa! lesions. The incidence 
and grading of ulcers are done according to the method described by Wilhelmi 
and Menasse-Gdynia (1972). Necro-haemorrhagic spots greater than 2 mm diameter 
are taken as ulcers. These are graded as follows: 0.5 - minute, sporadic, punctuate 
lesions; 1 - several small lesions; 2 - one large extensive lesion, or multiple moderate 
sized lesions; and 3 - several large lesions. 

The following drugs are routinely used as ulcerogenic agents. 
Aspirin. This is suspended in 1 % carboxymethylcellulose and administered 

orally through an intragastric polythene tubing (gavage) in a dose of 200 mg/kg; 
four hours later the animals are sacrificed. 
. 

Phenylbutazone. A� a gavage in a dose of 100 mg/kg. Two doses are given at an 

interval of 15 hours; SIX hours after the second dose the animals are sacrificed. 
lndometha�in �nd ibuprofen. �s a gavage indomethacin is given in two doses of 

1? mg/kg, while ibuprofen is given in two doses of 200 mg/kg at 1 5-hour interval; 
SIX hours after the second dose the animals are sacrificed 

Re�erpine. A sing�� injection of 5 mg/kg is given intram
.
uscularly· 24 hours later 

the animals are sacnficed. ' 

Histamine Induced Gastric Ulceration in Guinea pig*** 
Male guinea p'g · hin 30 VI. ti' . . d 

1 s
d
w

b
eig. . 

g . 0 to 450 g are fasted for 48 hours (water allowed). 
cera on is m uce y Injecting 1 ml of hi t . . 

base) intraperitoneally p h . s amine acid phosphate soln.(50 mg 

intraperitoneally 15 minuie b
ro

f
met az1ne hyd ro chlori d e  5 m g  is  injected 

s e ore and 15 minut ft his · ect the 
animals against histamine tox· 'ty Th 

e� a. er tamme to prot 
ICI · e drug unde ti · · · rally once daily for two days 30 to 45 . r mves gation 1s given o 

mmutes before histamine injection. The ani.Inals ,. Brodie and Hanson, 1960 *''Hemmati t 1 19 . e a .  73, Gupta et al. 1974 *""*Zaidi and Mukerji, 1958 
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are sacrificed on the second day four hours after histamine a mmis a . ' . th 
the stomach is dissected out. The gastric contents are subjected to analysis, . 

e 

stomach is cut open and the degree of ulceration is graded depending on the size 

and intensity of the ulcers as described by Barret et al. 1953. 

ASSAY OF ANTI-SECRETORY AGENTS 

Continuous Recording of Gastric Acid Secretion in Rat* 

In this method, several doses of drugs can be given in the same animal for a 

quantitative assay purpose. Male rats weighing 180 g and abov� are starve d  

overnight and anaesthetized with 25% urethane solution (0.6 ml/100 g i.m. ) .  Trachea 

and external jugular vein are cannulated. By a midline incision on the abdomei:, 

the pyloric end of stomach is exposed and cannulated. A flexible polythene tube is  

passed down the oesophagus and tied in the cervical region. The stomach is washed 

out thoroughly by passing distilled water through the tube and allowing it to come 

out of the pyloric cannula. The stomach is then perfused continuously at a uniform 
rate (1 ml per minute) with N/4000 NaOH soln. either by using a gravity feed 
system using a high pressure and high resistance to control flow (Mariotte bottle), 
or by using a peristaltic pump. The concentration of NaOH may be adjusted so 
that the perfusate under basal condition has a pH 6 to 6.5. The perfusate after 
emerging out of the pylorus bathes a microflow glass electrode connected to a 
direct-reading pH meter, which in tum is connected to an ink recorder. Changes in 
the acid secretion are recorded as changes in pH in response to secretagogues like 
histamine, carbachol, etc. administered intravenously. The drug under investigation 
is injected prior to each dose of a secretagogue and any inhibition or potentiation 
of the effect is recorded. 

ASSAY OF DRUGS AFFECTING INTESTINAL MOTILITY 

Charcoal Meal Test in Mice** 

Adult mice are given a charcoal meal (animal charcoal 12 g, tragacanth 2 g, 
water 130 ml) by gavage and killed 15  minutes later. The abdomen is opened; the 
�mall intestine from pylorus to the ileocaecal junction is dissected out and its length 
is measured. The distance that the charcoal meal has traveled is also measured 
and expressed as a percentage of the total length of the small intestine. The drugs 
are administered by gavage 45 minutes before the charcoal meal and intestinal 
motility determined by assessing the rate of passage of the charcoal meal. 

Rat Treated with Castor Oil*** 

Rats were administered either saline (control) or test substance orally 30 min 
� Ghosh and Schild, 1958. "'* Macht and Barbara-Gose, 1931 "'*"' Vischer and Casals-Stenzel, 1983 
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.1 (2 1 per rat) and charcoal meal (1 ml/Ioo before oral administration of castor 01 m 
. 1  d h g). The rats are killed b exsanguination 30 min after ca�tor OI an c arcoal meal 

administration The abdomen is opened, the small intestine from the pylorus up to 
th . · full d and gently stretched. The total length of the e caecum IS care y remove . d intestine and the distance travelled by the black marker IS measure · Intestinal 

· . f th length traversed by the charcoal mark transit is expressed as a percentage o e er 
to the total length of the small intestine. 

Intraluminal Fluid Accumulation in Rat* 

Saline or test substance is administered orally to 18 h fasted rats 30 min before 
oral administration of castor oil (2 ml per rat). After a further period of 30 min the 
rats are killed by exsanguination. The pyloric .and �he �aecal ends of �he s�all 
intestine are tied, the intervening portion of the intestine IS removed; the intestinal 
content is then collected and its volume measured. 

Normal Defaecation in Mice·· 

Mice are placed individually in polythene cages with clean filter paper at the 
bottom. The saline or the test substance is administered orally; the number of faeces 
are counted at 2 hourly interval for 4 h; and the percent reduction in the treated 
group is compared with the control. 

Castor Oil Induced Diarrhoea in Mice+ 

Mice are fasted for 12 h before the experiment. The test substance in increasing 
concentration or saline (control) are given orally 30 min before oral administration 
of castor oil (0.2 ml /mouse). The mice are then placed individually in polythene 
cages over clean filter paper. Two hours later the mice are scored for copious (++), 
mild (+), or lack of diarrhoea (0) (Piercey and Ruwart, 1979). The activity score is 
calculated by taking the sum of the number of '+' mice and twice the number of'++' 
mice. Thus for a group of six mice the maximum score is 12 indicating severe 
diarrhoea. A score of zero indicates no diarrhoea. 

EVALUATION OF HEPATOPROTECTIVE AGENTS 

Carbon Tetrachloride Induced Hepatotoxicity in Rats 

Carbon tetrachloride (CC14), a ·p otent hepatotoxin when introduced into the 
body !s �etaboli�e� to CCl3, a free radical that binds to lipoprotein leading to 
perox1dati?n of hp1ds of the endoplasmic reticulum in liver. The cytoplasmic 
enzyme� hke glutamate pyruvate transaminase (GPT), glutamate oxaloacetate 
transamma� (GOT), etc. are released into the serum as a result of hepatocellular 
damage. An increase of these enzymes in serum serves as reliable indices in the 
.,. Robert et al., 1976 .,..,. Melo et al., 1988 t Piercey and Ruwart, 1979 
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assessment of the degree of hepatic damage. Decrease in these values by a 

compound indicates its hepatoprotective activity. . . . 
Liver toxicity is induced in a group of rats by subcutaneous inJection of CC14 

suspended in liquid paraffin (1 :2 v/v) in a dose of 1 ml/kg on alternate days for one 

week. The test substance is administered orally in another group of r
.
ats along 

with the administration of CC14 on alternate days for one week. On the eighth day 

the blood is collected from retrobulbar plexus of the anaestized animals. The serum 

is separated after coagulating the blood at 37° C for 30 min and centrifuging, and 

estimated for GOT, GPT, alkaline phosphatase (ALP), acid phosphatase (ACP) and 

bilirubin. The values from the two groups are compared, and if the values in the 

treated group are significantly lower than those of the untreated group it suggests 

hepatoprotective effect of the test substance. 

Barbiturate Induced Sleeping Time in Mice 

The hepatoprotective activity is studied in pentothal sodium induced sleeping 
time in mice treated with CC14_ Liver is the primary site for biotransformation of 
pentothal sodium, an ultra-short acting barbiturate. Thus, its damage by CCl4 leads 
to an increase in the sleeping time in mice following pentothal sodium. 

Sleeping time is measured in a group of mice injected with pentothal sodium 
25 mg/kg i .p. In the second group, CC14 lml/kg i.p is administered two hours prior 
to pentothal sodium administration; the sleeping time is prolonged in this group. 
Test substance is administered prior to the CC14 injection followed by pentothal 
sodium in the third group, and the sleeping time is measured. Any shortening in 
the sleeping time will indicate the hepatoprotective effect of the test substance. 

SCREENING OF ANTIFERTILITY AGENTS 

A screening programme should clearly demonstrate the potentiality of a 
compound to produce temporary and fully reversible sterility in laboratory animals. 
The initial routine fertility tests may be carried out in both sexes followed by special 
tests to determine the mechanism of action. Rats are commonly used although 
mice, rabbits and monkeys may also be employed for the purpose. 

TESTS IN THE FEMALE RAT 
Antifertility action in the female may result from the following: (i) inhibition 

of ovulation, (ii) prevention of fertilization, (iii) interference with the transport 
and/or implantation of the fertilized ovum, and (iv) destruction and resorption of 
the early implanted embryos. 

The following tests are usually carried out for screening of antifertility drugs. 
Cohabitation test. Female rats of established fertility (having produced two 

consecutive litters) are examined by vaginal smear for seven consecutive days for 
the presence of normal oestrous cycle. �fter administration of the test -compound 
or the solvent the females are paired with males of proven fertility. The females :;e examined for the following: (a) sign of mating as indicated by the presence of 
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ge time from pairing to the first . of the avera 
h b sperm in the vagina; prolonga?0n

. . ff t (b) oestrous cycle c anges y vaginal 
insemination is indicative of anti�ertihty e ec 

'for number of implants, (d) number 
smear examinations, ( c) inspec�on of uterus 

s revealed by the differences between of litters at birth, and (e) resorption of foetuse 
(c) and (d). 

. . d ra t  The ovarian weight increases in 
Ovarian weight in unilateral ovariecto7�: 

oth�r ovary. A decrease in the ovarian control animal 7-14 days after removal 0 
th trol will indicate an inhibition of · h · th d · 1 compared to e con we1g t m e treate anima . . lating hormone. Ovarian histology ovulation through suppression of follicular stimu 

may show corpus luteum, etc. · ht ·11 · d" . 
· · ht Any change in uterine we1g w1 m 1cate anti-Changes zn the uterzne weig . 

oestrogenic action. . d t · ·n · d · 
Deciduomata. The development of deciduoma m the en ome num WI m icate 

progestational action. 

TESTS IN THE MALE RAT 
In the male, there are two possible mechanisms by which an antifertility agent 

may act: (i) suppression of spermatogenesis �t any of t�� stages r�sul.ting in sterili� 
associated with oligospermia or aspermia, and (n) a qualitative change m 

spermatozoa rendering them nonfunctional. 
Routine testing of male fertility is most conveniently carried out in rats, since 

tests extending over 12 weeks after treatment cover possible effects on any stage of 
spermatogenesis normally of 9 weeks duration. Any qualitative or quantitative 
change in sperm collected from the base of the epididymis is also studied. 

Cohabitation test. Treated males are mated each with two females of known 
fertility. The females are examined for the following: (a) sign of mating as indicated by the presence of sperm in the vagina, (b) calculation of the date of insemination from the da� of birth �g.estation period approximately 21 days) permits an estimate of the duration of stenl�� (c� ps�udopregnancy (presence of leucocytes in vaginal smear for 10 to 14 days) is md1cative of aspermic copulation and ( d) normal oestrous cycle is an indication of failure to mate due to the lack of libido.  

EVALUATION OF ANTIDIABETIC AGENTS Alloxan (mesoxalylurea) produces hyperglycaemia d 1 . . f the experimental animals ·exce t th . . � g ycosuna m most o 
Production of DNA lesions by �lox

e guin
hi:ch

a pig. Free radicals are involved in the an, w generate "d ·  d ON · h Preference for purines thus contributin t th . oxi ize A bases wit a ' g o e1r alkylatin · (STZ), a glucose analogue, was originally isolated fr 
g property. Streptozotoon 

achromogenes by Herr et al. (1960). The 1 
om the cultures of Streptomyces 

mediates glucose uptake into '3-cells of pan
g ucose 

1
transporter 2 (GLUT2), which . creas a so m d" ak of STZ. Reaching the pancreatic '3-cells STZ 

e 1ates the cellular upt e causes fragmentation of DNA through 
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format i?n of fr lkylating radicals leading to reduction in the cellular levels of 
nu l o.t td 

. 
nd related compounds, particularly NAO+, which causes a rapid 

ne ro t of B-c 11 �. The classical rodent models (alloxan or STZ) represent type-I 
(IDDM) diab t s only. The streptozotocin-spontaneously hypertensive (STZ-SHR) 
rat and ob Zuker rat are examples of animal models where diabetes is associated 
with hypertension (van Zwieten 1999) . The diabetogenic activity of STZ was first 
reported by Rakieten et al. (1963) .  It is now widely used to induce experimental 
diabete in various laboratory animals. 

For doses and routes of administration of alloxan and STZ in different species, 
refer to the "Guide to drug doses in laboratory animals" under Appendix. 

Depending on the age of the rat, and the dose and route of administration of 
STZ, hyperglycaemic models of both type-I and type-II diabetes can be produced. 

Type-I diabetes: Male adult rats are administered STZ (dissolved in citrate buffer) 
40 mg/kg intravenously into the tail vein; after 14 days the blood glucose level is 
checked. The animals displaying more than 200-300 mg% of blood glucose are 
selected for the study. The substance under investigation is administered in 
predetermined doses and duration, and the blood glucose level in each animal is 
estimated at weekly intervals. 

Type-II diabetes: Two-days old pups of rats are administered STZ 90 mg/kg 
intraperitonealy. The pups develop high blood glucose levels during their adulthood 
resembling type-II diabetes. The test substance is administered in predetermined 
doses and duration, and the blood glucose level estimated before and after the 
administration of the test substance. 

Blood samples (0.05 ml) are obtained for glucose estimation either through the 
tail vein or by retro-orbital puncture using capillary tubes. 

EVALUATION OF ANTIPARKINSONIAN AGENTS 

Since parkinsonism results from hypoactivity of the dopaminergic system or 

hyperactivity of the cholinergic system, either dopamine inhibitors or cholinomimetics 

are employed i n  the production of animal models  for the evaluation of 

antiparkinsonian agents. 

Oxotremorine Model 

Oxotremorine [1 -(2-oxo-l-pyrrolidinyl)-4-(1-pyrrolidinyl)-2- butyne ], a 
muscarinic agonist, is widely used to produ

.
ce tremor in experimental animals 

similar to that of parkinsonism. The mouse is
. 
th

.
e mos� preferred model where 

oxotremorine 1-5 mg/kg i.p. produce tremor within
. 
5 mm,

. �
d the effect

. 
lasts for 

about 30 min (Fukuzaki et al. 2000).  The test agent is admrmstered 30 mm before 
oxotremorine· after 10, 20 and 30 min, the tremor is scored in the individual mouse 
following a r�ting scale of O to 3 (0 - no tremor, 1- occasional isolated twitches, 2 _ 
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moderate or intermittent tremor with short period of quiescence, and 3 
pronounced continuous tremor). The tremor can also be measured objectively . .... 
qu ti" t  . f . ' in a an ative ashion by using a 'tremor mom tor . 

LON - 954 Model 

LON - 954 [N-carbamoyl-2-(2,6-dichlorophenyl) acetamidine hydrochloride] a dopamine inhibitor and a tremorogen, produces a reproducible dose-dependen� tremor in mouse at rest with an oral dose of 5-100 m�/kg. The tr�mor is rapid in 
onset, of short duration and of constant frequency without any sign of akinesia 
muscle rigidity or antinociceptive activity. ' 

MPTP Model 

MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine ), a neurotoxin, produces 
neurochemical, histopathological and behavioural changes in animals resembling 
very closely the Parkinson's disease. Mice are administered MPTP 30 mg/kg i.p. 
twice a day for consecutive five days. One week after the last dose of MPTP, the 
above mentioned changes are observed (Ogawa et al. 1985). 

EVALUATION OF ANTICARCINOGENIC AGENTS 

Some of the common animal models for the evaluation of anticarcinogenic 
agents are presented below : 

Ehrlich Ascites Carcinoma (EAC) 

Ehrlich ascites carcinoma cells in mouse are maintained by weekly 
intraperitoneal inoculation of 106 cells per mouse. Groups of Balb-C mice are 
inoculated i .p. with 2-3 x 105 cells per mouse on day 0 .  Substances under 
investigation are administered either orally or intraperitoneally 24 hr after the 
inoculation, and continued for the duration of the study as per plan. Control mice 
are treated with equal volume of 0.9% saline. Median survival time (MST) for each 
group is noted. The viability of the cells are judged by the trypan blue test; the 
tumour cells are collected by repeated intraperitoneal wash with 0.9% saline, and 
viable tumour cell count is done using haemocytometer . .  Increase in the median 
survival time (MST), reduction of the viable cancer cells, and of the efficacy of the 
harvested cells to produce tumour are taken as the criteria for any anti-carcinogenic 
property of the substance under study (Sur and Ganguly, 1994). 

Solid Tumour 

Solid tumour is induced in Balb-C mice by subcutaneous injection of 3-
methylcholanthrene (3-MC) 0.5 mg in castor oil into the calf muscle on day 1 and on . 

day 7. The test substance is injected i.p. 3 days prior to 3-MC administration and 
continued as per the predetermined time schedule. The animals are killed by 
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��capitation on �e 6th, 8th, and 1 1 th  week after the last injection of 3-MC. The tumour 
is isolated and w�ighed, blood is collected from the retro-orbital plexus of the animals, 
and haematological and biochemical parameters are studied both for the control 
and for the treated groups of animals and results compared (Chaudhuri et al. 1998) 

Colon Cancer 

Colon cancer is produced in adult rats ( 1 0-1 3 week old) by injecting 
azoxymethane (15 mg/kg) s.c. repeated after one week. The substances under study 
are administered i.p. for the predetermined time. At the end of 8 weeks all rats are 
killed by decapitation; the whole intestine from duodenum to anus is removed, 
slit open and flushed with normal saline. Neoplasmic growths are counted along 
the entire length of the intestine. The colon is fixed in formalin saline and stained 
with 0.5% methylene blue to detect any pre-neoplastic lesions or cryptic foci in the 
tissue (Belobrajdic et al. 2003). 
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Toxicity Studies 
It is essential to use at least two species (usually a rodent and a non-rodent) in the 
evaluation of the potential toxicity of a drug because species differ in their responses 
to toxic agents. It is also unwise to use a homogenous strain (inbred strain) in 
toxicity tests, and the aim should be to discover new and unexpected effects of a 
drug in animals of wider variability like random bred animals. A drug effect that is 
seen both in the rat and in the dog probably involves a common physiologic 
mechanism that is likely to be present in the human, whereas an effect seen only in 
one of the two species indicates that the same is peculiar to that species, and is less 
likely to be present in the third species. For instance, a toxic effect observed only in 
rats or dogs would indicate its probability of occurring in about 2S per cent in 
cases of man; while an effect observed in both rats and dogs would indicate a 
probability of 80 per cent. 

The following tests are performed on laboratory animals for detection of toxicity 
of a compound. 

Acute toxicity test (single dose). Test in which a single dose of the drug is used 
in each animal on one occasion only for the determination of gross behaviour (Table 
22. 1) and LOSO or median lethal dose (MLO), i.e. the dose which will kill SO per 
cent of the animals of a particular species. LOSO value is determined in a 24-hour 
test using two species, one rodent (mice or rats) and one non-rodent (usually rabbit), 
and two routes of administration, one by intended route to be used subsequently. 

Increased motor activity 

Tremors 

Clonic convulsions 

Tonic extension 

Straub reaction 

Pilo·erection 

Muscle spasm 

Catatonia 

Spasticity 

Opisthotonus 

Hyperesthesia 

Loss of righting reflex 

Table 22. 1 
Signs recorded during acute toxicity studies 

· Decreased motor activity 

Ataxia 

Sedation 

Muscle relaxation 

Hypnosis 
Analgesia 

Anaesthesia 

Arching and rolling 
Ptosis 

Lacrimation 

Exophthalmos 

Diarrhoea 

Salivation: 

viscid 

watery 

Writhing 
Respiration: 

depression 

stimulation 

failure 

Skin colour: 

blanching 
cyanosis 

vasodilatation 

Subacute toxicity test (daily doses). Test in which anima!s (usually rats and dogs) 
are dosed daily, starting at around expected therapeutic level and increasing 
stepwise every two to three days until toxic signs are observed. Hematological 
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I d level of the compound checked 
. d t and b oo . 

l and biochemical monitoring i carne ou '  . t ·ned at the maximum to eratect · ls are matn at  
f th l t n ure its ab orption. The an1 ma 

1 1  development o any P� o ogicaI d . for a period of two to three we�ks to a 0� 11 pathological and histological changes, and then killed and subjected to u 
·ne the maximum tolerated dose . f thi t t is to determ1 

. . . ' 
e ammations. The purpose o s es 

. th t suitable chronic tox1c1ty studies and to indicate the nature of toxic reaction�, so 
t

a 
tial of the compound. Daily or can be designed to evaluate fully the toxi� P�;:;bition of growth rate in young weekly body weight changes are record� 

· 

. le and sensitive test for evidence male rats (21 days old weighing 40 to 50 g) is a simp 
of some toxicities of the compound. 

. h' h two species, one rodent (usually Chronic toxicity test (daily doses). Tests m ': 1�e) are dosed daily for six months. rat) and one non-rodent (usually dog or a prn�a 
h dose will produce significant Three d

.
ose levels are chosen so that !he h1g 

es the low dose is about twice retardation of growth or some pathological chang ' . fi · d ' d  b · · · d hil the third dose is xe mi way etween the expected maximum clrmcal ose, w e . . 
the high and the low dose. The high dose level should ideally be at least 10 ti�es 
th ct d · lin' 1 dose During the course of the test, the followmg e expe e maximum c ica · 

4 d b d · 

parameters are measured at regular intervals (at least every 1 ays): 0 Y weight, 
food intake renal function hepatic function, haematology, pulse rate, blood 
pressure, an'd blood level of the compound tested. At !he end of the te�t, all animals 
are sacrificed �d autopsy performed, vital organs weighed and exam�ed for gross 
changes as well as for any histological changes .. Long-term treatment in man must 
be preceded by 3 to 12 months of chronic toxicity studies in animals. 

Special tests. If the drug is to be used in women of childbearing age, its effect on 
fertility as well as· its teratogenic potential must be investigated. Drugs that are to 
be used for chronic treatment should be tested for carcinogenicity.' It has been stated 
that generally man is six times as sensitive as the dog, and 10 times as sensitive as 
the rat to the toxic effects of drugs. However, there is no pharmacological basis for such assumptions except that the smaller the animal the greater is its resting metabolism per kilogram body weight. The small animal has a big surface relative to weight from which heat is lost. To maintain body temperature relatively more heat must be produced. Hence, the metabolic rate is more in mouse (180 kcal/kg), than in rat (90), monkey (50), dog (36) and man (27). . 

Acute Toxicity Test 

The acute toxicity tes! aims at establishing the therapeutic index, i.e. the ratio between �e pharmacologically effective dose and the lethal dose on the same strain and speaes (LDSO/EDSO). The greater the index the safer th d d ·ce Be f · 

. . e compoun an vi versa. cause o s�eaes vanatio� �everal species of animals are used to determine the LOSO. In practice, .howev�r, it is �ot necessary to establish LOSO fi res for a whole range of species. It is considered sufficient! d . gu 
· 

h 
nfid limits · tabl' h d Y a equate if LDSO wit co ence IS es IS e on one common laboratory species, such as mice 
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T1xtcb Studies 

or rats by the standard method. The LDSO dose, thus found, is then given to guinea 
pigs, rabbits, cats or dogs on weight basis or better still on the basis of relative 
surface areas. The dose to be given to a particular species on the basis of surface 
area can be extrapolated by referring to Table 22.2. To determine the absolute dose 
for a species in the column, the absolute dose given to the species in a row is 
multiplied by the factor given at intersection of relevant row and column. For 
instance, the LDSO of crotalaburnine (CL) is 83 mg/kg i.v. in mice (Snehalata and 
Ghosh, 1968). Therefore, absolute dose in a 20 g mouse is 1 .66 mg. Extrapolated to 
dog (12 kg) by surface area, the effect might be expected at a dose of (1.66 mg x 
124.2) 206.17 mg as opposed to 996 mg given by ratio of body weights. The LDSO 
value of CL for dog is, therefore, calculated as (206.17 mg/12 kg) 17.18 mg/kg, which 
should be tried out in this species. 

Table 22.2 
Surface area ratios of some common laboratory species and man• 

20g 200g 400g 1 .5 kg 2kg 4 kg 12 kg lO kg 
Mouse Rat Guinea pig Rabbit Cat Monkey Dog Man 

20g 
Mouse 1 .0 7.0 1 2.25 27.8 29.7 64. 1 1 24.2 387.9 

200g 
Rat 0. 1 4  1 .0 1 .74 3.9 4.2 9.2 1 7.8 56.0 

400g 
Guinea pig 0.08 0.57 1 .0 2.25 2.4 5.2 1 0.2 3 1 .5 

1 .5 kg 

Rabbit 0.04 0.25 0.44 1 .0 1 .08 2.4 4.5 1 4.2 

2kg 

Cat 0.03 0.23 0.41 0.92 1 .0 2.2 4.1 1 3.0 

4kg 

Monkey 0.0 1 6  0. 1 1  0. 1 9  0.42 0.45 1 .0 1 .9 6. 1 

12 kg 

Dog 0.008 0.06 0. 1 0  0.22 0.24 0.52 1 .0 3.1  

70 kg 

Man 0.0026 0.0 1 8  0.031 0.07 0.076 0. 1 6  0.32 . 1 .0 

*From Paget and Barnes, 1964 

If the LOSO is of the same order in a number of species investigated, -then one 

may cautiously assume that a similar LDSO exists in man. If a compound is to be 

administered in infants less than six
. 
months of age, the LDSO � new born rats 

under 24 hours of age is compared with the LDSO of mature rats m order to assess 

any difference in sensitivity due to the age. 
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Design of Acute Toxicity Test 

· · ty tests on mice are usually perfor In any screening programme acute tox1c1 
ll 

. med . . ' lly or parentera y at vanous d first. The compound is administered once ora 
1 . ose . . f b th xes about equa m number whi h levels to groups of five to ten mice o o se ' c 

h 
. . 18 h ) At least three or four dose lev 1 ave been fastmg overnight (about our ·  e s 
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causing less than 50 per cent, but not zero percent, and more than �O per cent but 
not 100 per cent mortality should be used. The -intravenous route is preferable to 

the intraperitoneal route, because many drugs get detoxicated by �he liv:r when 
given by the latter route. Whenever possible, the solvent should be isotonic �aline, 
and the usual volume of intravenous injection should be 1 to 10 ml/kg and maxunurn 
50 ml/kg. Water-miscible solvents, like glycerol or propylene glycol, tho�gh may 
be administered intravenously, they are best avoided because of unknown influence 
on the test compound when given together despite parallel control studies. 
Solutions with widely variable pH or containing a non-aqueous solvent should be 
administered slowly and with care to avoid any precipit�tion of the. �aterial in the 
blood. Slow and uniform speed of injection will also avmd undue k1llmg by a drug 
having predominant action on the central nervous system or on the heart. 

Before the actual LDSO determination, a pilot study is made on a small group 
of mice, mainly to select the dose range for the subsequent study. The compound 
is administered intravenously to pairs of mice in ascending and widely spaced 
doses, say, 10, 30, 100, 300 and 1000 mg/kg. The injected mice should be observed 
continuously for two hours, and then occasionally for further four hours and finally 
overnight mortality recorded. By observing the behaviour of the injected animals 
carefully, valuable indications of the action of the drug may be obtained, which 
may guide the experimenter for further testing. Convulsions during injection 'can 

. usually be felt as tremor in the tail, or observed as paddling of the feet. Respiratory 
arrest when immediate is almost accompanied by rising of the head. Whenever 
such effect is observed, the injection is repeated in fresh mice taking care to inject 
very slowly in order to minimize such effect. A checklist for important signs is 
given in Table 22.1 .  The dose killing one out of two mice in such experiments gives 
a very approximate estimate of the LDSO. 

Another method is that, each dose is given to one animal only, and the LD50 
estimated from the mean of the logarithms of the smallest effective dose and the 
largest ineffective dose. 

A simple method which is economical in animals but not in time is known as 
the "up and down" or "staircase" method. Two mice are injected with a particular 
dose, say, 50 mg/kg and observed for a period of 24 hour for any mortality. The 
subsequent doses are then increased by a factorl .5 if the dose t 1 ated and 

d b  f 0 7 ' f  . was o er , decrease y a actor . i it �as lethal. The maximum nonlethal and the minimuin lethal doses are thus .determined approximately using only about 10 mice. Once the approximate LDSO, or the range between th · -lethal 
d · · 1 thal d · f d 

e maximum non an mmimum e ose is oun / a final and more reliable LOSO assay is planned 
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using at least three or four dose levels within this range with larger number of 

animals in each group. Following injections, the animals should be placed separately 

in glass cylinders or suitable containers for close observation, and should not be 

grouped together in the same cage, because aggregation of mice has been shown 

to affect the LOSO value of amphetamine and a few other drugs. The final LOSO 
value is determined by various procedures and expressed in terms of mg per kg. 

In addition, a number of information such as source of the animal, sex, age, body 

weight, injection time, route and solvent used, and presence or absence of any 

immediate reactions are also recorded for future references. 
A comparison of intravenous LOSO value with the oral value gives an indication 

of the degree of absorption of the .compound from the gastrointestinal tract. Thus, 
an almost identical value would indicate complete absorbability when given orally, 
while a higher oral LOSO value would indicate poor absorption of the compound. 

Extrapolation of the first dose to be tried in humans from the data obtained in laboratory 
animals. Man is a distinct species, and it is not always true that a drug which appears 
safe for animals will be safe for man, or conversely, that a drug which shows 
alarming toxicity in animals will necessarily represent the same hazard for man. 
The predictability of the drug response in man might be improved not by increasing 
the number, but by including additional species and less pure strains of animals in 
the toxicity tests. On the basis of data from acute toxicity studies, the minimum 
effective dose producing any response is taken as the dose for calculation. If the rat 
was the test animal, a safe arbitrary suggestion might be two-hundredth of this 
dose as the total single initial dose for an average man using the same route of 
administration. If the dog was the test animal, then one-tenth of this dose might be 
used. A wide safety margin, however, can be obtained by transferring toxicity in 
terms of surface area, and activity in terms of body weight. 

Table 22.3 presents commonly used terms for toxicities along with the dose 
equivalents both in rats and in humans. 

Commonly used terms 

Extremely toxic 

Highly toxic 

Moderately toxic 

Slightly toxic 

Practically nontoxic 

Relatively harmless 

Table 22.3 
Commonly used terms for toxicities 

L050 (Single oral dose per kg in rats} 

1 mg or less 
1 ·50 mg 

50·500 mg 

0.5-5g 

5- 1 5  g 

1 5  g or more 

CALCULATION OF LOSO VALUE 

Probable lethal dose for man 

65 mg 
4 g 

30 g 

250 g 

1 kg 

> 1 kg 

Graphical method: This method is simple and accurate enough in most of the 
cases and should always be tried first. The observed percentage mortality is  
converted into probit by referring to the Table 22.4 and the values thus obtained 
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1 and its standard error ma b 
are plotted against log dose. The LOSO v� ue 

h 
Y e 

determined from the graph if the line is straight enoug · 

% 0 
0 2.67 
1 0  3.72 3.77 
20 4. 1 6  4. 19  
30 4.48 4.50 
40 4.75 4.77 
50 5.00 5.03 
60 5.25 5.28 
70 5.52 5.55 
80 5.84 5.88 
90 6.28 6.34 

Tabla 22.4 
t 

Transformation of perceotages to probits 

4 5 6 2 3 
2.95 3. 1 2  3.25 3.36 3.45 . 
3.82 3.87 3.92 3.96 4.0 1  
4.23 4.26 4.29 4.33 4.36 
4.53 4.56 4.59 4.61 4.64 
4.80 4.82 4.85 4.87 4.90 
5.05 5.08 �. 1 0  5. 1 3  5. 1 5  
5.31 5.33 5.36 5.39 5.41 
5.58 5.61 5.64 5.67 5 .71  
5.92 5.95 5.99. 6.04 6.08 
6.41 6.48 6.55 6.64 6.75 

--7 8 9 
---3.52' 3.59 3.66 4.05 4.08 4. 1 2 4.39 4.42 4.45 4.67 4.69 4.72 4.92 4.95 4.97 

5. 1 8  5.20 5.23 
5.44 5.47 5.50 
5:74 5:77 5.8 1 
6. 1 3  6. 1 8  6.23 
6.88 7.05 7.33 

t Abridged from Table IX of Fisher and Yates: Statistical Tables for Biological, Agricultural and Medical 
Research, published by Oliver and Boyd, Edinburgh, and by permission of the authors and publishers. 

Example: Determination of intravenous LOSO value of crotalabumine (CL) in 
mice (Snehalata and Ghosh,1968) by the graphic method of Miller and Tainter (1944). 
The results are presented in Table 22.5. Before plotting, the percentage dead for O 
and 100 are corrected. The probit values are plotted against log doses, and then the 
dose corresponding to probit 5 (50%) is found out (Fig.22. 1  ) . In the present case, 

the value was found to be 79.5 mg/kg. 
The approximate standard error of LOSO value is obtained by the formula: 

. Approx. S.E.of LOSO = (Log LD84 - Log LD16) / .Y2N 
where N is the total number of animals employed in the two groups. The log values 
are obtained from the line on the graph corresponding to probits 6 and 4. 

Table 22.5 
Results of acute intravenous toxicity of CL in mice• 

Group Dose Log dose Dead/Total Dead % Corrected % ""  Porbit 
mg/kg 

1 64 1 .81  0/1 0  0 2.5 3.04 2 7 1  1 .85 2/ 10 20 20 4. 16 
3 8 1  1 .9 1  4/ 1 0  40 4.75 4 90 1 .95 40 9/ 1 0  90 90 6.28 5 100 2.00 10/ 10 1 00 97.5 6.96 

• Snehalata and Ghosh, 1968 
•• Corrected formula : for the 0% dead : 100 (0.25/n)· for the 1003 d 

· 
the number of animals in the group. 

' 0 ead : 1 00 [(n-0.25)/n], where n 15 
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Fig. 22. 1 .  Graphical method of determination of LDSO. The results have been 
plotted from the Table 22.5. The LDSO value was found to be 79.5 mg/kg. 

Arithmetical method. The. LDSO may be calculated by Karber's method that does 
not involve any plotting of dose-response curve. It is the simplest and rapid though 
crude method of deriving LOSO value particularly when the number of animal is 
small. The interval mean of the number dead in each group of animals is used as 
well as the difference between the doses for the same interval. The product of the 
interval mean and the dose difference is obtained. Results from doses larger than 
the least dose lethal to all in a group and from doses smaller than the maximal 
tolerated dose are excluded. The sum of the product is divided by the number of 
animals in a group and the resulting quotient is subtracted from the least lethal 
dose in order to obtain the LOSO value. The results of the same CL data have been 
presented in Table 22.6. The LDSO value of CL (81 mg/kg) obtained by this method 
compares favorably with the value (79.5 mg/kg) obtained by the graphical method. 

Group 

1 
2 
3 
4 
5 

Dose 

mg/kg 

64 
7 1  
8 1  
90 
1 00 

Tabla 22.6 
LD50 determination by Karbar's method 

No. of Dose Dead 

animals difference 

(a) 

1 0  0 
1 0  7 2 
1 0  1 0  4 
1 0  9 9 
1 0  1 0  10  

LOSO = 100 - (190.5/10) = 8lmg/kg (approx) 

Mean 

mortality 

(b) 

1 
3 

6.5 
9.5 

Product 
(a x b) 

7 
30 
58.5 
95 

1 90.5 
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Some Standard 
Physicochemical Techniques 

PHOTOMETRY 

General Principles 

Whei:'- white light is allowed to pass through a solution which absorbs radiation 
of a parti�lar wavelength, the transmitted light is complementary to that of the 
absorbed hght (complementary colours: violet and yellow, blue and orange, green 
and red).  The amount of light absorbed is expressed as absorbance A (also known 
as extinction E). 

A = log (I/I) = kcl, where 10 is the intensity of incident light, I is the intensity of 
transmitted light, k is a constant for the substance, c concentration of the substance 
and I length of light path. 

k = A/cl. 
When c is expressed in moles/litre and 1 in cm, then k is known as molar 

absorptivity or molar extinction coefficient (E). Values of E are useful to characterize 
compounds and to establish their purity. 

COLORIMETRY 

In this, absorption of light is measured only in the visible range (300 to 750 mµ) 
by using a tungsten lamp as the light source. Light from this is allowed to pass 
through a colour filter (the colour of which is complementary to that of the absorbing · 
substance) in order to select the desired range of wavelength. It is then passed 
through a slit, and then through a tube containing the substance in solution. The 
intensity of the emerging light is measured using a photo-electric device attached 
to a galvanometer which is calibrated in extinction values. 

Initially the sample tube is filled with the solvent, and by adjusting the slit 
width, the galvanometer read�ng !s brought to zero . . Then the absor.bance of 
standard as well as the test solution is measured; from this the concentration of the 
test solution can be calculated. A better method is to plot a calibration curve 
(absorbance vs concentration) of the. standard by using different concentr�tions of 
the standard solution. By measuring the absorbance of the test solution, the 

concentration .can be found out using the graph. 
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PHOTOMETRY 
SPECTRO 

be made at any point in the 
urement can . 1 In spectrophotometer, the n:1�as 

R However, for practica purposes 200 electromagnetic spectrum (UV, V1s1ble or 1 ) .  
t photometer has the advantage . lik 1 rimeter spec ro 

b b . to 750 mµ range is used. Un e co o ' 1 but which a sor radiation 
that even the compounds which are colour ess 
selectively in the UV region can be �easured. 

hydrogen lamp for UV radiation 
The instrument consists of as a hght sou_r�e

b
, 1 

nge (300 - 750 m µ) and a 
) d t lamp for v1si 1e ra ' 

(200 - 340 mµ an tungs en . ) . t d of a colour filter, which selects monochromator (prism or diffraction grating ;:is ea 
ts are similar to that of the 

radiation of a desired wavelength. The ot er par 
colorimeter. d d " ff t 1 h . . th b b ce of a compoun at i eren wave engt s For qualitative study, e a sor an 

1 h d d b lottin a graph of A, E or log E vs. wave engt , the can be measure ' an y p g . t m of a compound .  absorption spectrum is obtained.  The absorption spe.c ru . . . . is 
h · ti. f th nd Hence it is useful in the idenhficahon and c aractens c o  e compou . , 

determination of purity and structure of a compound. . The wavelength at which maximum absorption occurs is known as A m�x. As 
in colorimetry, a calibration graph of absorbance (at A max) vs. concentration of 
the standard is useful for the quantitative measurement. 

FLUORIMETRY 

Some molecules when excited by the absorption ofradiation soon return to the 
ground state by emitting fluorescence at longer wavelength (lower energy). Fluorescence usually consists of a number of different wavelengths, and constitutes 
a fluorescence spectrum that is characteristic of a compound. The intensity of 
fluorescence is proportional to the concentration of the fluorescing substance. Hence, by observing the intensity of fluorescence, the concentration of the substance can be found out using a suitable standard. 

Fl':1orimetry has a ?r�ater overall specificity than spectrophotometry for each organic molecule. This is because only fewer molecules exhibit fluorescence. Moreover, in fluorimetry both the wavelength of the absorbed and e�itted radiations are taken into consideration, which are characteristics of the particular compound. 

FLAME PHOTOMETRY 
Certain metals when excited by the thermal energy e "t  l "  h "th I n+l.... � . . . ffil 1 t WI wave en0'"u" charactenstic of the metals. The intensity of emitted li ht c 

g
b · a flame photometer. g an e measured using 

The temperature at which the metals get excit d . · 
1 Th L. N K d c · e vanes from metal to meta · us 1, a, an a require temperature of 17QOoc . . Ag and Fe require still higher temperature. 

for excitation, whereas Cu, 



s1m1 Standard Phnlc1chem1ca1 Techniques 
The flame photo1nete h 1 . . . r as a non- um1nous flame as the heat source. The test solu hon contaming the m t 1 · · · · · . . e a ions is sprayed into the flame with the help of an atomizer. The intensity of th ' tt d 1 .  h . . . . 11 th 

e em1 e ig t is measured by a photoelectric device. Fina y, e concentration of the test solution is found out using a calibration curve of the standard as before. 

CHROMATOGRAPHY 
The chromatographic technique is used for the separation pu�ification and i�entific�tio� of. compounds present in a mixture. The principle is based on the differential d1stnbu�on of a mixture between two phases, the fixed or the stationary �hase a:11d the moving or the mobile phase. The stationary phase is an adsorbent hke activated alumina, silica gel, cellulose and ion-exchange resins (adsorption 

chromatography), or it may be a solvent that dissolves the solute (partition 
chromatography). The mobile phase is a liquid or a gas. 

COLUMN CHROMATOGRAPHY 

The column chromatography is used for the separation of large quantity of 
samples. , 

Adsorption chromatography. In this, the adsorbent is packed in a glass tube having 
glass wool or cotton at the bottom. The mixture of drugs present in a solvent is 
poured on the top of this column. Then more of the solvent is slowly added. The 
drug particles move down at different rates depending on their affinity for the 
adsorbent. 

If the drugs are coloured, then different layers containing these drugs can be 
easily identified. The column can be extruded and each layer separated. If the 
compounds are colourless, suitable methods (spraying reagents which develop 
colours, inspection under UV light. etc.) can be employed to locate the layers. Finally, 
each substance can be extracted using a suitable solvent. 

Instead of extruding the column, the substances can also be separated by 
pouring more of the solvent at the top of the column so that the dissolved substances 
come out at the bottom one after another. 

Partition chromatography. It is similar to the adsorption chromatography, but 
the only difference is that both the mo�ile and !he .stationary phases are liquids 
(immiscible). The stationary phase consists of.a hqu1d adsorbed on the column so 
as to give a larger surface area, which in turn gives a better separation. 

PAPER CHROMATOGRAPHY 

It · sed for separation and identification of small quantity of a sample. In IS u . h f . 1 th chr matography, the adsorbent is a stnp or s eet o specra paper at serves 

�=��: sta�onary phase. The mobile phase (liquid) is. allowed to move upward 

( d . h omatography) or downward (descending chromatography). The ascen ing c r . d f th · · . ded in a vapour-tight chamber. One en o e paper is m contact paper 1s suspen 
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. t d is applied in minute quantity with the mobile phase. The mixture to be separa e 
from the paper-end which is in 

. f timeters away 
11 · 1 ·b  over a spot on a line drawn a ew cen 

b . sealed to a o w  e qu1 1 ration . Th ham er is contact with the mobile phase . e c . h h olvent vapour. After the solvent d h er wit t e s · (saturation) of the chamber an t e pap 
1 ti' n of the solvent front is marked 

· d d' t e the oca o , front has moved over a desire is anc ' 
and the paper is allowed to dry. b . dentified as in the case of column 

The area of each separated compound can e
f 
i
ll s· · 1 lated as o ow · chromatography. The Rf value is ca cu 

b the compound, and ds = distance Rf = dc/ds, where de = distance travelled 
. 

y 
ful in the identification of the travelled by the solvent front. The Rf value is use 

compound. 

THIN LAYER CHROMATOGRAPHY 

· 'fi ti' f very small quantity of samples. In It is used for separation and idenh ca on ° 
1 t thi 1 this, the adsorbent (stationary phase) is applied ove� a gl

d
a�s P

th
a e a

l
s a 

t (
n a

b
y�lr

. 
d hi h is d1ppe m e so ven mo i e The drug spots are made near one en , w c 

h ) Th 1 t · k t · vapour-tight chamber and the Rf values of the p ase . e p a e 1s ep m a . . . compounds calculated. The spots may also be removed for quantitative analysis. 
GAS CHROMATOGRAPHY 

Gas chromatography requires sophisticated apparatus, and is used for both 
qualitative and quantitative analyses. . . . In gas chromatography, the mobile phase is an inert gas hke hehum. The 
stationary phase is either a liquid coated on to an inert m aterial (Gas-Liquid 
Chromatography) or a solid adsorbent (Gas-Solid Chromatography). 

The mixture to be separated is vaporized and is carried by the mobile phase 
into the chamber containing the stationary phase. If it is difficult to vaporize the 
compounds, then their derivatives (acetylated, methylated, etc.) that vaporize easily 
can be prepared. The chamber is also kept at a high temperature (150-350°C) so that the vapor does not condense. The compounds in the mixture get separated and they come out of the chamber one by one. A detector present at the outlet emits a signal proportional to the concentration of the outgoing substance. The det�ctor i� coup�ed to an �uto1:1'-atic re.cord�g device, which plots a graph showing the mtens1ty of signal against time. U smg this graph as well as a standard calibration curve, the nature and the concentration of the compounds can be determined. The compounds coming out of the chamber can also be collected in a cold trap for further analysis. 

The advantages of gas chromatography over the other th d th t the · · chi d 'dl me o s are a separation is a eve more rap1 y, and that there are v · .ti. , lm· e' . . . anous sens1 ve on-methods of detection and quantitation of drugs readily available. 
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HIGH PERFOMANCE LIQUID CHROMATOGRAPHY · .Hi�h performance or high pressure liquid chromatography (HPLC) is a form 
of 

.
hquid chromato�raphy in which the solvent (mobile liquid phase), instead of 

b�mg allowed to dnp through the column under gravity, is forced through under 
high pr

.
essu

.
re so

. �
s t� run it much faster. HPLC is a powerful tool used in the 

separation, identification, and quantitation of the compounds present in a sample · 
dissolved in the solvent. 

HPLC instrument consists of a reservoir for the solvent (most commonly 
�ethano! and acetonitrile), a pump for producing high pressure, an injector for 
mtroducmg the sample, a separation column packed with sorbent (small spherical 
silica particles), and a detector (such as UV, fluorescence, electrochemical, etc). 

The compounds are separated by injecting a sample mixture onto the column; 
the different fractions in the mixture pass through the column at different rates 
due to the differences in their partition behaviour between the mobile liquid phase 
and the stationary phase. 

Normal-phase partition chromatography uses a polar stationary phase, such 
as a bonded siloxane with a polar functional group, and a nonpolar organic solvent, 
such as n-hexane, methylene chloride, or chloroform as the mobile phase. 

Reverse-phase partition chromatography uses a relatively nonpolar stationary 
phase and a polar mobile phase, such as methanol, acetonitrile, water, or mixtures 
of these solvents. Reverse-phase chromatography is the most common form of 
liquid chromatography where wide ranges of analytes dissolve in the mobile phase. 

A recorder is used to display the results, and an integrator for performing the 
calculations. The elution of the fraction from the column is detected as a peak in 
the chromatogram. The retention time at the peak is used in the identification of 
the fraction, while the area under the peak determines the amount of the fraction 
in the sample. 

The advantages of HPLC over other forms of liquid chromatography are: i) 

compounds in trace concentrations as low as parts per trillion (ppt) can be detected, . 

ii) analysis done within' much shorter time, iii) achieves a higher degree of 

resolution, that is, more complete separation of the fractions, iv) stationary columns 

can be re-used without waiting for their regeneration, v) results are highly 

reproducible, and vi) permits both instrumentation and quantitation to be 

automated. 

FURTHER READING 

Drach, J. C. (1970) In Remington 's Pharmaceutical Sciences, Osol. A. ed., 14th edn. p. 670, Mack Publishing 

Co., Pennsylvania. . . 
Nematollahi, J. (1970) In Remington's Pharmaceutical Sciences, Osol, A. ed.� 14th edn., p. 694, Mack 

Publishing Co., Pennsylvania. 



Immunoassays 
RADIOIMMUNOASSAY (RIA) 

h d f measuring the concentration of Sensitive, precise and specific met o s or . 
f th · d "  t "b ti 

substances and drugs in blood are needed for analysi� 0 . 
eir is n 

h
u on and 

· · · · bl d 1 ls Classical b1oassay met ods hav metabolism, and for morutonng their oo eve · e 
. . . ·t urate measurements of nanogram 

been found to be too msens1tive to perm1 ace . . . 
and picogram quantities to be met under clinical cond1b�ns. This �as, however, 
overcome by the advent of radioimmunoassay (RIA), which was first developed 
for insulin by Yalow and Berson (1960). . . 

The concept of RIA is based on the principles of la': of mas� action and isotopic 
dilution of a characteristic antigen-antibody reaction. This �ccurs when the 
equilibrium state is allowed to set in the reaction between the antigen (component 
to be measured), restrictive amounts of its specific antibody, and a corresponding 
antigen-antibody complex in a system that includes trace amount of labelled 
antigen. At this state, as the' amount of unlabelled antigen is increased, there is a 
competitive inhibition of labelled antigen bound to the antibody, provided the 
same amount of labelled antigen and antibody are used throughout the assay 
procedure. As . a result of this competitive inhibition, the ratio of labelled bound 
antigen (B) to the free (F) antigen denoted as B/F is diminished as the concentration 
of the unlabelled antigen is increased. ; 

Since the final expression of results is based on the counts of labelled fraction 
bound to the antibody, efficient methods for effective separation of bound and free 
antigen fractions should be obtained by various methods such as electrophoresis, 
chromatography, adsorption on to the dextran coated charcoal, or by the use of 
double antibody procedure. The concentration of the unknown substance is 
determined from a standard curve in which known quantities of the standard 
antigen are added to the system. 

A
.
s the sub

_
sta�ce to be assayed should possess antigenicity, it was initially useful 

only in estabhshmg RIA procedures for protein and peptide hormones Australia 
antigen, etc. However, in subsequent years, methods were developed by 

'
covalently 

linking several lower molecular weight substances such as d "  • t  · hine . . . , igi ox1n, morp , 
pethidine, chlorpromazme, steroid hormones, etc. to bovine lb · and 

h · Th "b d d" 
serum a umm 

o� �r 
.
prote1nsi . e fnti �fY . .  ireted against these coupled antigens maintained 

t e�r 1mmuno ogica speci icity o �gglutination reaction with the low molecular weight drugs and hormones otherwise termed haptens u · th b · 1 11 h d 1 . · sing e a ove techniques, 
a most a t e rugs current y m therapeutic use incl d" 

b · RIA f . . u mg most of the hormones 
could e put mto system or estimation and mo ·t · th . ru onng eu blood levels. 
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. 
Though RIA method is accurate and highly sensitive, it is quite cumbersome, 

is cost
.
ly and c�nnot be employed in smaller centres due to heavy cost of labelled 

matenals, and m the maintenance of antibodies and counting instruments such as 
li�ui� s�intillation � counters and gamma ray spectrometers. Moreover, RIA cannot 
d1scnmmate between biologically active and ina'ctive substances, as the reaction is purely depe�dent on immunogenic property of antigen-antibody coupling. If this 
�mm:inogernc property continues to be retained in a biologically degraded and 
mactiv� component or metabolite, RIA system employed for such a compound 
may give false positive results. Nor will it be of much use, if a drug becomes 
biologically active in vivo only. Under these circumstances, biological assay should 
be the appropriate technique. 

ENZYME IMMUNOASSAY (EIA) 

This procedure was developed as an alternative to overcome the drawbacks 
encountered in the RIA system. It offers a method for a sensitive and reproducible 
detection of antigen-antibody union with relatively inexpensive reagents, and 
without any risk of radiation. 

Instead of a radioactive label, EIA makes use of an enzyme as a marker, the 
activity of which can be assayed using colorimeter or spectrophotometer. The 
enzyme is first coupled either with the antigen or the antibody depending on which 
is being measured. The enzyme labelled substance and that present in the fluid to 
be assayed compete for the binding sites. Following the union between antigen 
and antibody, the enzymatic activity of the label is assayed by the addition of a 
suitable substrate. The enzymatic activity present in the system is directly 
proportional to the amount of enzyme label present either on the antigen or on the 
antibody, and inversely proportional to the amount present in the fluid. A major 
modification of EIA has been the immobilization of either antigen or antibody on 
polystyrene or polyvinyl surfaces, thus generating an immunoadsorbent, the 
procedure being called enzyme linked immunosorbent assay or ELISA. Immobilized 
standard antigen has been used to quantitate antibiotics by the use of labelled 
antiglobulins. The enzymes generally employed as markers are horse radish 
peroxidase, penicillinase, malate dehydrogenase, or gluco�e 6-phosphate 
dehydrogenase, the activities of which can be assayed photometncally. 

FURTHER READING 

Ekins, R.P. (1974) Br. med. Bull, 30, 3. 
Elins, R.J. (1980) Science, 210, 286. 
Yalow, R.S. and Berson, S.A. (1960) /. Clin. Inves., 39, 1157. 



Plant Extraction Methods* 
. . . t e of medicines for human ailment 

Plants continue to remain an importan sourc . . s. 

The use of plant products in the treatment of va:iou
_
s diseases m humans and 

animals can be traced to various old civilizations m different parts of the world. 

This practice has evolved as traditional system of med�ci�e in many co�ntries. 

Subsequent scientific validation of traditional med1Cines ha� contributed 

significantly to the development of modem medicine. Modem analytical techniques 

have enabled us to isolate and identify active ingredients from plants. Many active 

principles such as atropine, morphine, reserpine, etc. derived from plants have 
been employed in modem medicine. In addition, these compounds served as lead 
molecules for the development of many more useful drugs. Thus, the investigation 

of plants for active ingredients has always fascinated the chemists and 
pharmacologists alike. The avid interest in plant chemistry (phytochemistry) has 
rewarded us with more than 10,000 plant alkaloids (Harbome 1998), a few thousand 

flavono��s and num�rous
_
other types of active constituents. Hence, the investigation 

of medicinal plants is being actively pursued all over the world.  An overall idea 
regarding the criteria for selection of a plant for investigation, processing the parts 
of the plant, methods of extraction etc. will be useful to the new investigator 
venturing into this area of research. 

Selection of Plant Material 

. 
Tr�diti?nal

_ 
claim. By conve�tion, �e main criterion for selection of a plant for 

mve�tigation is always a mention of its use in trad"ti 1 · · 
£ lkl 

· I ona systems of med1crne or 
o ore practices. Such a selection provides J·ustifi"c  ti" f th . . . . 

11 f lid 
. a on or e screntific pursmt 

as we as or va ation of the claims made in tr d
. 
ti al . 

plant_selection is made based on the presenc f 
a I on systems. Sometimes the 

f h.  
. e o some specific co d( ) A rt 

rom t is, random selection of a plant for anal . . . 
mpoun s . pa 

laboratories. 
ysis is being adopted in some 

Availability. It is preferable for a new · . 
' 

locally. This will obviate the need for t 
investigator to choose a plant available 

places leading to its deterioration or sp
�o� 0� plant �aterial from far away 

presence of a plant material in abundance h 
g
ld 

urmg transit. However, the mere 
. . . 0 h 

s ou not be th 1 . 
an investigation. t er related species of th . . e so e cnterion for starting 

yield similar active constituents and e t . 
e

. 
traditionally used plant may also 

xer similar properties.  
* Contributed by S.  Viswanathan, E .  Sukumar d S R • an · amaswamy 
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A u then }ication of pla n t  material. The correct botanical identity of the plant 
selected for investigation should be established beyond doubt. It is preferable to 
seek the help of a field botanist during the collection of a plant material, which 
should be authenticated by an expert taxonomist. Voucher specimens should be 
preserved in the institution as well as deposited in a recognized herbariurn for 
future reference. 

�l�nt parts to be used. In general, the same part of the plant that has been used in 
traditional medicine should be chosen for investigation. Leaves, flowers, fruits, 
stern, bark, seeds and roots of a plant are used in_rnany instances to treat diseases 
in folklore practice. The material collected should be free from any extraneous 
impurities, as well as from parasitic or fungal contamination that may otherwise 
yield misleading result. 

Processing of plant material. Ideally, fresh plants should be used for extraction. 
However, when this is

. not possible, the plant material should be dried in shade at 
room temperature away from the direct sunlight._Air drying considerably reduces 
the water content in the plant material, which otherwise is a hindrance to the 
extraction, preservation and isolation processes. The dried plant part may be stored 
in airtight containers for a reasonable period till extraction. 

Extraction 

Extraction refers to the separation of medicinally active ingredients from plant 
material employing selective solvents and standard procedures. 

Secondary metabolites . Plants in addition to the production of primary 
metabolites also synthesize a variety of secondary metabolites. These secondary 
metabolites like anthocyanin pigments, flavonoids, alkaloids, terpenes and 
glycosides etc. are useful in pollination, protection of plants from infection and 
from grazing animals besides playing significant role in plant metabolism. 
Interestingly, these secondary metabolites are endowed with many therapeutic 
benefits applicable to humans. Hence, the extraction procedure is primarily 
targeted towards the separation of secondary metabolites from plants. 

Extraction procedures. The use of a known herb in powder form or as decoction 
is a legendary practice in traditional medicine. Modern science has suitably 
modified this technique to extract different fractions with various solvents, and 
isolate active compounds by adopting suitable methods. A variety of solvents are 
used to extract different types of active ingredients from the plants. These solvents 
penetrate the plant cells to dissolve the chemicals bringing them in solution. The 
dried plant material is coarsely powdered before extraction so that there is good 
penetration of the solvent into the plant tissues. The following methods are usually 
employed in the laboratories for extraction of active constituents from plants. 

Cold Extraction 

Maceration. Maceration is a method of cold extraction of a plant material with 
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d d plant material is charged in a 
a solvent. Shade dried and coarsely �ow e�e 

bl solvent till the plant material 
�toppered glass container, and filled· wi!h a 

;�
t
�ta�on will help in the uniform 

is completely soaked. Frequent sha�mg g 
m temperature for 3-4 day 

d f th Tl t · 1s kept at roo s. 
sprea o e solvent. le con amer 

1 t · poured into the contain 
The extract is decanted and filtered. More so ve� is 

The filtered extracts a
er 

d h d f lete extract10n.  re an t e process repeate or comp . . . r boiling water bath d 
combined and the solvent is removed by distillation ove 

t d 
' an 

concentrated at low temperature using a rotary flash evapo�a �r � er v�cuum. 

The condensed extract as such may be used for pharmaco ogica 
. 
screening� or 

d to separate the a ctive chemical alternatively it may be further processe 

constituents. Maceration is the most commonly employed method of extraction 

being very useful in the extraction of thermo-labile compounds. However, a large 

volume of solvent is needed for repeated extraction, and some extract is retained 

in the plant material. To avoid this, the soaked plant material is taken out and 

squeezed to express all the extract. . 
Percolation. This is another widely used method for plant extraction. The 

equipment used is a conical glass I porcelain vessel with a tap at the bottom 
(percolator). The plant material along with solvent is filled in the vessel and closed. 
After standing for 4 - 24 h, the tap of the vessel is opened to drain the extract. 
Additional solvent is added to the vessel and the process is repeated. The mare is 
then pressed and the expressed solution is added to the extract which can be 
condensed as described above. In the percolation method, hot solvent may be 
employed, and the extract is continuously collected at the bottom. This approach 
may reduce the time required for complete extraction. Percolation is more efficient 
method of extraction than maceration since it is a process in which the saturated 
solvent is continuously replaced by fresh solvent. However, finely ground plant 
mat�rial m�y result in clogging of the percolator tap, which may be avoided by 
placing a piece of cotton wool at the bottom of the percolator prior to loading of 
the plant material. . 

Soxhlet Extraction 

This is a process of continuou� extraction in which hot solvent percolates through the powdered plant matenal and gets recycled s xhl t bl (F' · 
25 1) · d f thr · o e assem y 1g. . is ma e o ee detacha�le parts-a round bottomed flask that holds the solvent, a body of extractor with a side tube and a s·  h . f T Th th of the extractor is connected to a reflux co�den f

ip on aci �ty. � mou 

I d 
ser or water arculation The coarse y pow ered plant material is packed in th tr . · 

b d 
· thi bl 

e ex actor either on a cotton e , or m a m e, or packed in filter paper. lnitiall . . 
the plant material is filled with solvent at roo t 

y, the extractor contammg 
siphon once before heating. The round bottom:i 

�:pe�ature, and allowed to 

bath, and a few freshly activated porcel'3; .... b 't  . sk Is  place d  over a water 
U..U. l I s are slipped in t th fl k 'd bumping. The solvent is heated to boilin . th o e as to avo1 g, e vapour passes through the side 

JI 
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arm u p  into the reflux 
condenser, gets condensed and 
drips into the plant material. 
Once the extraction chamber is 
fi lled wi th the extract the 
siphoning system pushes �ntire 
contents into the round 
bottomed flask. The cycle of 
solvent evaporation and 
siphoning back continues a 
nu�ber of times resulting in 
efficient extraction. The extract 
collects into the lower flask and Vaport 
becomes more concentrated 
with r e p eated cycles.  The 
vapour rising from the heated 
extract is pure solvent vapour, 
which condenses on the 
material again. The advantage 
of this system is that a limited 
quantity of solvent is recycled 
to get the p l ant extract 
containing the chemical 

� Condenser 

Ext ractio n c: ham ber 

Th i mb l e  
Si phon arm 

Ex.tract ion so lve nt 

Bo i l i ng flas k 

Fig. 25. 1  So:xhlet apparatus 

principles. However, repeated heating of the extract may affect thermo- labile 
compounds. 

Sequential exhaustive extraction I serial exhaustive extractwn. This procedure is 
very useful in bioassay-guided fractionation of active principles. In this method, 
the plant material is extracted successively using a soxhlet apparatus with solvents 
of increasing polarity from a low polar solvent like n-hexane or petroleum ether 
to a high polar solvent like methanol. Thus, it is possible to fractionate different 
types of compounds with each solvent according to their polarity. The extract 
obtained from each solvent may be concentrated and used for pharmacological 
screening and for chem�cal tests. Further steps in the isolation and identification 
of the active principles are made easy by this technique, since a preliminary stage 
of separation is already achieved. While changing the solvent, it is necessary to 
dry the plant material before placing it into the soxhlet. 

Decoction. This is a conventional method adopted in all traditional systems of 
medicine. Fresh or dry plant material is soaked in water and boiled for about 15 
minutes· the extract is then cooled and filtered. In traditional systems, the decoction 
is used �s such or diluted further and used as a medicament. The water soluble 
and thermo-stable constituents of medicinal plants are extracted by decoction, 
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d ·sub . ected to chemical testing and which may be further concentrated an J 
pharmacological screening. 

t ·on For further usage, the large 
d ·t reserva z • Concen tration of the extract an 1 5 P d res is condensed by removing . d b th bove proce u 1 volume of extract obtame Y e. a 

flash evaporator can a so be used the solvent by distillation. Altern�tively, a r��:r:mploys low p ressure and low to concentrate the extract. This appara 1 f lvent from the extract without temperature thus ensuring complete remo��
. 0 fs� is another method employed affecting thermo- labile compounds. Lyop 1. 1sa �01 ophiliser, the extract may be for further concentrating the extract. By usmg d and reconstituted later with obtained in a powder form tha� can be �rese�e 

eneral, the concentrated extract suitable solvent for pharmacolog�cal screening. g 
d in air tight container and is like a paste in consistency. This sh?uld be pres�r�� 

a be stored in a vacuu stored in a refrige:rator. If the extract is hygroscopic, i m Y m 
desiccator. 

Solvents used for Extraction of Active Principles 

An important guideline for choosing a suitable solven� f�r extraction of an 
active constituent often follows the principle "like extracts hke (Bart, 2011) . Low 
polar solvents like n-hexane or petroleum ether mainly extract compounds �e 
wax and fats, while high polar solvents like methanol extracts c?i:npounds of high 
polarity such as glycosides and saponins (Fig. 25.2) . Ot�e� additional factors. �at 
determine the selection of solvent include recoverability of  solvent, tox1c1ty, 
flammability, thermal and chemical stability. In other words, the solvent should 
be non-toxic, not easily flammable and easily removable by distillation. 

Hexane and petroleum ether. These are least polar solvents useful in extracting 
chlorophyll, fat and plant waxes. They are mainly employed to remove the above 
constituents from plants which may otherwise hinder the separation of bio-active 
components like alkaloids, terpenoids, steroids .and flavonoids etc. 

Benzene and di-ethyl ether. These solvents are of low polarity and useful in 
extracting terpenoids, steroids and coumarins. 

Chloroform and acetone. These are slightly more polar compared to the above 
solvents, useful in the extraction of terpenoids, steroids and alkaloids. 

Ethyl acetate. The next higher polar solvent ethyl acetate is useful in extracting phenolic compounds including flavonoids and glycosides. 
Alcohol. Ethyl and methyl alcohols are extensively used for extraction of active constituents from �lants. Both the solvents are polar in nature, and extract major seconda� m�tabohtes from the plants. The .extract obtained using methyl or ethyl alcohol is quite stable and can be stored without microbial contamination unlike aqueo.us . extract. � m?s� .laborat?ries, the pharmacological activity of a plant matenal is determined lilltially using the alcoholic extract If ful ti·VI·ty is h . . . any use ac detected, then t e extract is sub1ected to further bioassa •d d f ti. ti·on · 1 · y-gu1 e rac ona · Saponms, lactones, g ycosides and poly-phenolic compounds like anthocyaniJlS, 
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Plant Shade dried 

� Coarsely powdered Waxes, oils, chlorophyll, 
Low polar n-hexane /pet ether long chain alcohols, fatty 

-------� acids etc. 
� Marc 

Benzene / Diethyl ether -------...J Terpenoids, steroids, 
coumarins 

� Marc 

Chloroform/ Acetone Terpenoids, steroids, 
--------1 Flavonoids, Alkaloids 

� Marc 

Ethyl acetate I 
Phenols, Flavones, 

---------1. glycos1des 

� Marc 

Ethanol/ Methanol/ n-butanol ______ 

-1 Anthocyanin, Saponins, 
Lactones, Polyphenols 

High polar 

I Tannins, Glycosides 
+ Marc 

Water Starch, Tannin, Saponins, 
______

___ __, Polypeptides, Lac�ones, 
High polar compounds, 
soluble inorganic 
compounds 

Fig. 25.2 Solvents used for extraction of active principles 

flavonoids and tannins are some of the major phytochemicals extracted by alcohols. 
In some instances, water is added to the alcohol up to 50% to increase the polarity. 
The extract thus obtained is called a hydro-alcoholic extract. 

Water. Water is widely used in various traditional systems of medicine to prepare 
decoction that contains most of the active constituents from plants. Water 
preferentially extracts high polar compounds like tannins, plant pigments, etc. that 
may require some special post-treatment for further purification. Generally, the 
solvent is evaporated to get a small volume of condensed extract, which is suitable 

for further chemical and pharmalogical screening. However, water requiring high 

heat for evaporation is very difficult to remove completely compared to the organic 

solvents. Further, aqueous extracts being hygroscopic are prone to bacterial and fungal 

contamination. Finally, water soluble impurities such as inorganic salts may pose 

challenges in further purification by chromatography or crystallization (Bart, 2011 ) . 
Thus, water employed alone is not a preferred

. 
s?lvent for extraction of the secondary 

metabolites or active constituents from med1crnal plants. 
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P . . . t eed to be pure as far as pos ·bl u rificat1011 of solvents. All the organic solven s n . f 
si e 

in order to achieve effective extraction besides unwanted inter �r�nce
. 
fro� other 

d d thod such as distillation is us d compounds. For purifying solvents, stan ar me e . 

Methods of Extraction 

In general, two methods are employed in the isolation of �ctive �rinciples 
from plants. In one method, the plant material is ex;racted wit� a. 

high polar 
solvent like alcohol. The extract thus obtained is called total extra�t since most of 
the chemical constituents / secondary metabolites from low to high polarity are 

eluted by alcohol. In the other method, wax, chlorophyll and fat are first removed 
from the plant material by using n-hexane or petroleum ether. Then the plant 
material is successively extracted with chloroform, acetone, eth!l aceta�e and:alcohol 
to isolate the desired constituents. The extracts thus obtained using different 
solvents or the total ;lcoholic extract are further subjected to pharmacological 
and chemical screening (Fig. 25.3). Chromatography techniques are useful in the 
separation of individual chemicals from the extract. Pure compound thus separated 
from the extract is further analysed for its chemical nature and structure by 
employing various spectroscopic procedures. 

Chemical Tests 

The pure compound isolated from the plant extract is subjected to different 
chemical tests using various reagents to identify and characterise its nature viz. 
alkaloid, terpenoid, steroid, flavonoid etc. 

Elemental Analysis 

A small amount of the pure isolated compound is used for this analysis, which 
is also known as CHN analysis. The percentage of carbon, hydrogen and nitrogen 
as well as the chemical formula of the compound is determined. 
Infra-Red (IR) Spectroscopy 

This technique is useful in identifying the presence of functional groups (such 
as hydroxyl, carbonyl, C-0-C etc.) as well as un-saturation in a compound. The 
molecul�s �n the s�mple absorb ra�iations of specific frequencies that are 
characteristic of their structures. A small quantity of the compound (2-5 mg) is 
sufficient for the s�dy. The substance is dissolved in a suitable solvent like 11ujol 
or made a pellet �it� K�r, and the I� radiation is passed through the substance. 
The emergmg r�d1ation is recorded m a .chart. From the nature of the absorption 
bands, the functional groups, un-saturation etc·. are identified. 
Ultra-Violet (UV) Spectroscopy 

Ultra-violet 
.
spectrosc.opy deals with the study of absorption of UV radiation 

by compounds m the region 200 - 400 nm. Coloured compounds absorb radiation 
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Fig. 25.3 Methods of plant extraction 

in 400 - 800 run region, while colourless samples absorb radiation in UV region. 
This technique is used to get information on conjugation in organic compounds, 
the presence or absence of un-saturation, as well as the presence of hetero atoms 
such as sulphur, oxygen, nitrogen or halogens. 

Nuclear Magnetic ·Resonance (NMR) Spectroscopy 

Proton magnetic resonance (PMR or 1HNMR). The nature of hydrogen atoms in 
a compound is identified by this method. Depending upon other hydrogen atoms 
present in the surrounding carbon atoms, each hydrogen atom splits in the 
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tri let or multiplet in the chart. B 
magnetic environment giving singlet, doublet, 

d
p 

atoms are identified y 
tud . th 1. . h ture of hy rogen . s ymg e sp ittmg patterns, t e na 

R) Th nature of carbon at 
Carbon magnetic resonance (CMR or 13C":'A!-

e�red 
e
b this method. The s�:s 

(primary, secon�ary, tertiary or quaternary) is inf 
t alo�g with the 12C isoto 11 amount o� nc isotope o� the c�rbon ato� i:rese

�aracteristic splitting patt�
e, 

responds m the magnetic environment giving c 
1 1 

rn 
depending upon the nature of carbons present in the mo ecu e.  

Mass Spectroscopy . 
In this anal tical techni ue, the molecules present in the compound a�e ionized y q 

d f mass·charge ratio d · 
to generate molecular fragments that are measure or · 

. 
/ an 1s 

revealed as the peak in the spectrum. By knowin? .the molecular 10n peak, other 
peaks are identified as also the elemental composition of the molecule. 

X-Ray Crystallography . 

With pure crystalline compounds, this gives information on the three 
dimensional arrangement of atoms in a molecule. By using computer aided 
programmes, the bond lengths and angles are also arrived at by this method. 

Structure Elucidation 

The information obtained employing all the methods described above enables 
one to arrive at the structure of the compound isolated from the plant extract. The 
advantage of structure elucidation is to obtain the compound in larger amounts by 
employing synthetic procedures. Structural modifications of the isolated compound 
by desired substitution or by preparing new derivatives may yield a new array of 
pharmacologically active molecules. 

FURTHER READING 
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. mques o an a ys1s, e . . . . ar ome., pnnger (India) Ltd. Springer International Edition. 



Alternatives to Animal 
Experiments 
The scientific and legislative authorities and animal rights activists throughout 
the world have been demanding the abolition of the animal experiments in the 
laboratory advocating the development of some alternatives. According to Philippe 
Busquin, European Research Commissioner, the use of animals to test drugs is 
unfortunately necessary to safeguard human health. Striking a balance between 
the two views, Russell and Burch in 1959 developed the concept of 3 R's alternatives 
that can minimize to a great extent the use of animals in the area of drug 
development and testing. The three R's are as follows: 

Refinement 

To minimize the incidence or severity of inhumane procedures that may have 
to be applied unavoidably to animals in certain experiments. Any modification of 
a procedure that decreases potential pain or distress, or uses animals lower in 
phylogenetic category is acceptable. 

The examples of refinement are: 
1 .  Non-invesive monitoring, such as MRI. 
2. Implantable monitoring device, such as. recording of B.P. 
3. Humane end points. 

Reduction 

A reduction in the number of animals to be used in an experiment. For example, 
in the past, large numbers of animals were being used for the regulatory 
requirement of vaccine quality control. Following the principle of 3R's, there has 
been a significant reduction in the animal use. Strict adherence to the principle of 
3R's in the vaccine quality control might eventually result in the total elimination 
of the animal use. 

Replacement 

Substitution of msentient material in place of conscious higher animals. An 

experiment should not be performe� ?n an animal if ano�her s.cientifically 
satisfactory non-animal method of obtall11l1g the result sought is available. 

Replacement may be relative where animals. are
. 
still required to provide. cell, 

tissue, or organ, but experiments are conducted m vitro on perfused organs, tissue 
slices, tissue culture and on cellular and subcellular fractions. 
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h t-term non-mammalian tests f 
The drug industry uses in vitro and other s  or or 

product development and drug discovery. 
11 . 

Some of the alternative non-animal tests are as fo ows. 

A. In vitro pyrogen test 

A number of alternative cellular assays have been developed, su':11 as Lirnulus 

amoebocyte lysate (LAL) test, monocyte activation test (MAT), etc. replaong the animal 

rabbit pyrogen test. . 
. 

. 
All the test-systems are based on the response of human leukocytes (primarily 

monocytes) that release inflammatory mediators (endogenous pyrogens) in 

JI 

response to pyrogenic contamination (exogenous pyrogens ) .  . 
The principle of the LAL test is that the lypopolysacchandes (LPS) cause " 

extracellular coagulation of the blood (haemolymph) of the horseshoe crab Lumulus 

polyphemus (Levin and Bang, 1964). The LAL test though more sensitive than the 
rabbit pyrogen test, it gives false negative results with certain products, likely to 

overestimate the pyrogen content of other products, and does not detect pyrogens 
other than the bacterial endotoxins (Gram-positive endotoxins), viruses and fungi. 

The monocy�e activation test (MAT) uses human mononuclear cells (e.g. 
monocytes) obtained from human volunteers or from the blood bank. This test 
detects pro-inflammatory and pyrogenic contaminants not always detected in the 
rabbit pyrogen test or in the LAL test. . 

B. Embryonic stem cell test (EST) 

This is used for the detection of any embryonic toxicity. The embryonic stem 
cells develop �pontru:e�usly into contracting myocardium. The different end points 
of prenatal differentiation used in the mouse EST are as follows: 

1. Inhi�ition of differentiation of the embryonic stem (ES)  cell · t 
card1omyocytes 

s m o 

2. Cytotoxic effects on the ES cells 
3. Cytotoxic effect on 3T3 fibroblasts 

In the Embryonic Stem Cell Test (EST) th . 
cell line D3) to develop into speci r d 

' e c�paaty of the stem cells (rodent 

days are used to assess the embry�;�
e . con

t
tra�ting heart cells in vitro within 10 

. . x1c po ential of the test d b li h 
microscop1c evaluation, or with more ob' ti 

compoun y g t 

In vitro metabolism studies using h 
Jee ve �olecular endpoints. 

provide information on whether a non t
u�an

h
microsomal enzymes or cell lines 

• . - OXlC C emi 1 · l"k 
to a toxic form, or vice versa. 

ca IS 1 ely to be metabolized 

A positive result in the EST should b 
· 

embryotoxicity to classify a chemical as l 'k 
e 

1 
regarded as sufficient evidence of 

and reproduction. Negative results c 
1

ld
e Y

b 
to be 

.hazardous for development 
. . 'f . ou e sub1e t t f assessments m vitro, 1 necessary. c o urther mechanistic 
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C. Local lymph node a (LL ssay NA) for skin sensitization 

TI1e basic principle und 1 . 
the Sk. .

t . . 
er ymg the LLNA is that when a test compound is applied 

on m, i is considered · · · · · 
f ch 

. 1 1 .  . as a sensitiser when the lymph node drammg the site 
o ern1ca app ication rev 1 . 

. 
. 

. . ea s a primary proliferation of lymphocytes as measured 
by the radioactive labelin Thi 1 . . . 

. 
. 

th . d  . g. s pro iferation is proportional to the dose apphed 
at prov1 es a simple means of bt 

. . 
b" . . . 

. . . o a1mng an o Jechve, quantitative measurement 
of se�sitiz�ti�n. The LLNA assesses this proliferation in the form of a dose-response 
relationship in which the l " f  · · 

h 
· · 

. pro l erahon m t e test groups is compared to that m the �ehicle tre
.
ated controls. The ratio of the proliferation in the treated groups to that 

m the vehicular controls is the Stimulation Index. The index must be at least three 
before the test substance can be further evaluated as a potential skin sensitizer. 

D. Clinical skin patch test on human volunteers (Basketter et al. 1997) 
Clinical patch tests offer the benefit of being directly relevant to the humans. 

Before a chemical is considered for a clinical patch test, it should be confirmed that 
it is not corrosive using the non-animal in vitro test. The chemicals that appear to 
be non-irritating and are negative in in vitro mutagenicity studies can be used in 
clinical patch test to confirm their non-irritancy. In most cases, properly conducted 
human patch tests (positive or negative response) are an acceptable alternative to 
the animal testing for skin irritation or skin sensitization. 

E. Neutral red uptake (NRU) assay 

The NRU assay has been developed as an in vitro alternative (e.g. normal human 

epidermal keratinocytes (NHEK), balb/c 3T3 mouse fibroblasts and SIRC cell line 

derived from rabbit cornea) to the Draize rabbit eye test for the screening of 

chemicals for eye irritation potential (Harbell et al.,1997) . .  The NRU assay measures 

the ability of a test substance to inhibit the uptake of neutral red dye, a marker of 

cell viability. The neutral red penetrates cell membranes and accumulates 

intracellularly in lysosomes. Alterations of the cell surface or sensitive lysosomal 

membrane result in a decreased uptake of the neutral red. The NRU assay has 

been conducted on primary cell cultures as well as on established cell lines, e.g. 

Chinese hamster V79, CHO, 3T3 Balb/c and rabbit corneal cells (SIRC line). The 

concentration of test substance producing 50 per cent inhibition of neutral red 

uptake in comparison · to control samples is obtained by extrapolation 
_
from 

_
the 

dose-response curves. This so-called NRUSO or ICSO value serves as toxicological 

endpoint. 

F. Carcinogenecity test 

A substance's potential to induce carcinogenicity throu?h non-genotoxic 

ch · ms can be assessed in vitro by means of cell transformation assays. Among 

:: m:i
s 
promising examples are the Balb/c 3T3 Assay (Kajiwara and Ajimi, 2003) 
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(Englehardt  et al., 2004). A recent and Syrian Hamster Embryo (SHE) ass�y 
S . ces Institute (ILSI) found th . t' al Life cien at collaborative study by the· 

.
Intema . ion 

. nt laboratories with a high level of these assays could be performed in
. 
differe 

1 f redictivity. The SHE assay, · reproducibility, while exhibiting a high le�e
d 0 p 

e of both genotoxic and n'01n 
. l f d b .ti. to a wi e rang n-particu ar, was oun to e sensi ve 

h an carcinogens being detect d genotoxic carcinogens with 96 percent �f kn�wn u
; and less expensive than � · 

This assay is considerably faster (taking six wee � . volves substantially fe e 
rodent bioassay and transgenic mouse �odels, an 

m re animals in a stand Wer 
animals (maximum eight embryos against 800 or mo ard 
bioassay). 

G. Acute toxicity test 

B d th · th t th ctions of chemicals that produce toxicity do so 
th 

ase
ll 

o
l
n 

1 
e p

l
r
(
e
G�

s
h
e a 

d
e
S
a
m1·th 1984·) many non-specific cell toxicity tests at e ce u ar eve ns am an / ' 

h r t t . 
have been developed as potential replacements to acute !et a ity es

. 
s on arumals. 

A combination of three such tests and a simple mathematical calculation �as found 
to be significantly more predictive of human lethal doses for 50 chemicals than 
predictions based on rat and mouse LDSO values (Ekwall :t al.,1998). Re?11latory 
guidance and recommended in vitro study protocols have smce be�n pubhs�ed for 
use with normal human keratinocytes (NHK) and other standardized cell lines. A 
metabolic component can be incorporated into the assessment by means of in vitro 
metabolism studies, e.g. using human microsomal enzymes. In addition, there are 
several computer software packages for predicting acute toxicity from the chemical 
structure of the test compounds. 

H. Repeated dose toxicity test 

The absorption, distribution, metabolism and elimination of a chemical by 
biological systems are critical in determining the nature and degree of toxicity that 
may result. Computerized biokinetic modeling is already widely used as a means 
of predicting the distribution of a chemical among the various organs and tissues 
of the body (Connell et al., 1993), and by extension targeting for organ-specific 
toxicity (e.g., brain, liver, kidneys, etc.). Such predictions can then be verified 
quantitatively using cell cultures of these specialized tissues (Belamont et al., 1999; Ha�g et �l., 1999; �heers et al:, 20?1) thus effectively replacing the repeated dose 
study m arumals with a combination of computerized biokinetic modeling and 
organ-specific in vitro assays . 

I. Developmental neurotoxicity test (ONT) ( Lein, 2007) 
. 
:ne proced_ures that will reduce the cost and the number of animals used, facrhtate screenmg of large numbers of chemicals and pro ·d d t f · · ation 

f h · 1 f fu h 
' vi e a a or pnonz o c em1ca s or rt er targeted testing animals are as follows: 

• 
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1. Use of alternative species (non-mammalian) wi �h conserved neuro-
developmental process. 

2. Use of in vitro cell culture models 
3.  Development of in silica model 
In vitro models are applied based on the key events of brain development that 

a�e con�e�ved across the species, such as cell proliferation, migration, 
differentiation, survival and apoptosis, synaptogenesis, myelination, and axonal 
and dendritic outgrowth. 

Common sources of tissue for in vitro models · 
1 .  Avian - chick embryos 
2. Rodents - rats and mice (wild type and transgenic): 

embryonic, post-natal and adult 
3. Human - neural progenitor cells from aborted foetuses 

stem cell lines 
cord blood derived stem cells 

Types of in vitro systems - cell culture: 
1 .  Cell lines 
2. Primary culture 
3. Culture with heterogeneous cell interactions 

Advantages of In Vitro Studies 

1 .  Small quantity of test substance is needed 
2. Experiment done under controlled condition 
3. Result is obtained quickly 
4. No major infrastructure is required 

Disadvantages of  In Vitro Studies 

1 .  In  vivo dose-response not available 
2. No systemic effect could be studied 
3. Organ specificity lacking 
4. Chronic and long-term effects could not be studied 

5. Transportation of material not easy 

Enhanced Predictivity of the Drug Under Investigation for Human Use 

1 .  

2 .  

3. 

Use of human based in vitro experimental system that gives human

specific data. 
use of relevant non-human in vivo model yielding key in vivo 

parameters. . . . . . 

Combination of in vitro and m vivo observations results in an enhanced 

predictivity of human usage of the drug under study. 



d i n 1 i t ro t t hou l d  ensu re speci fi c i ty, s e ns i t i v i ty, rel i a b i l i ty 
ucibil ity), accuracy and predictivity. 
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Clinical Research 

Clinical research is the scientific study that determines the safety and effectiveness 
of medications used in the diagnosis, treatment, prevention, or relief of symptoms 
in man. Pre-clinical studies, conducted on animals prior to clinical trials on humans, 
play a vital role in the drug discovery. These include a wide range of studies in a 
variety of systems such as in vivo animal models, isolated perfused liver, kidney, 
intestine, hind limb and heart, studies on animal and human liver microsomes, 
bioavailability and pharmacokinetic studies, metabolism in human liver 
microsomes, studies on cytochrome P450 enzyme models, assessment of potential 
for metabolic drug - drug interactions, in silica modeling, etc. Based on the results 
of the animal experiments the mechanism of action, potential therapeutic 
application, approximate dose range and possible _toxicities are first established 
for a compound under investigation. The results are then translated in the humans 
in a cautious manner that forms the basis of clinical research. It deals with the 
drug dosage, pharmacokinetics, pharmacodynamics, pharmacogenetics and 
pharmacogenomics, factors affecting drug response and finally the toxicities and 
side effects. Pharmacogenetic studies identify the genetic factors responsible for 
either toxicity or failure of the drug under study. Drug toxicity occurs mainly due 
to its increased plasma level as a result of. poor metabolizing capacity owing to 
genetic polymorphisms. In clinical trials pharmacogenomics play an important 
role in the assessment of several determinants of drug responses. The drug designed 
with pharmacogenomic support has a predetermined efficacy status in a sense 
that the chance of it failing in preclinical and clinical studies is minimum. 

The fundamental principle of good clinical research is that the interest of science 
and society should never take precedence over considerations related to the well
being of the human subject under stµdy. Good clinical practice (GCP) is a set of 
guide lines for biomedical studies that encompasses the design, conduct, 
termination, audit, analysis, reporting and documentation of the studies involving 
human subjects. It aims to ensure that the studies are scientifically and ethically 
sound, and that the clinical results of the pharmaceutical substances under study 
are properly documented. The guidelines seek to establish two cardinal principles: 
(a) protection of the rights of human subjects, and (b) authenticity of the data 
generated. These guidelines should be followed in carrying out all biomedical 
studies during all th� stages of the drug development, prior and subsequent to the 
product registration. 

· 

The clinical research is conducted in four phases: 

Phase 1 _ The primary objectives of this phase are: (i) to establish safe dose 
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. h lthy human subjects, and (ii) to · f tion m ea 
· d range of the compound under mves iga 

h macodynam1c ata upon which 
k. ti' well as P ar 

d I d provide sufficient pharmaco me c as 
. h e the compoun a rea y tested · · · I b d In this P as ' . f the subsequent chrucal tna s are ase 

· . . 1 h se) with satls actory results is in the laboratory and in animals (prechmca P1 
a
nteers informed and agreed for 

given to a small number (20 to 50} of healthy v? u 
Im' ical research is the choice of 

t sial areas m c the study. One of the most con rover 
d h t one or two per cent of the dose the initial human dose. Dollery suggeste
d 

t
P�t suggested that taking following predicted from the animal data can be use · b

1 s 
1 cted low enough to avoid · t t · dose can e se e factors mto account a s ar ing . . dose in man (assuming 70 unnecessary risk in humans: (i) theoretical ma;;�um 

one-tenth of the maximum kg as an average weight) is c�l�lated .
as o�e- 1 

ti%.ate of robable daily human tolerated dose in the most sensitive species, (n) an es . p 
·th t f dose from the animal study, and (iii) prior human experience wi agen s 0 a 

similar or related chemical class. . . . Phase 2 - The major objectives of this phase are: (1) to �ro:ide deta1�ed 
pharmacokinetic data, (ii) to establish clinica� .�ffica� and the incidence of �1de 
effects and adverse drug reaction, if any, and (m) to find out the most ap�ropnate 
dosage schedule. Initially a small number of informed and consented patients are 
employed to determine the potential usefulness of the compound un�er t�st. B�fore 
involving a larger number of patients, a review of the results obtamed m arumal 
studies is made regarding the acute and chronic toxicities, and any effect on 
reproduction and fertility. If the compound found to be safe from these studies, a 
larger number of patients (100 - 300) are employed for a longer period to determine 
the final dosage form, and more data on metabolic activity. · 

Phase 3 - During this phase the compound under investigation is tried out in a very large number of patients (1000 - 5000) in order to determine its efficacy and safety. By employing a 'double blind' method, where neither the patient nor the clinician knows which treatment (a placebo or a standard drug or the compound under investigation) is being given to whom. It is, however, unethical to withdraw an established drug in critically ill patients for the sake of clinical trial. At the end of this phase, if the compound found safe and effective, a product license is issued for marketing. 
Phase 4 � <?nc� the c?��ound is ma�keted, a careful study is made on the patients by the participating chruc1ans regarding the drug utilization pattern additional efficacy, if any, or toxicity on long term use of the drug (pharm · :I ) Th d. 

d I acovig1 ance . e 1scovery, eve opment and commercialisation of d '  · · 1 d . . . a me 1cme is a comp ex an time consuming process, which on the average s d b l2 14 . , prea s etween to years. Further, out of five thousand compounds eval t d · · · 11 fi f L 1· · I · I Of h ua e rmtia y; only ve o tnem enter c mica tr1a s. t ese five compounds nl 
' 

f marketing 0 Y one gets approved or 

1 
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Molecular Cell Biology 

SOME BASIC PRINCIPLES 

b · 1 as the study of the chemic I 
William Astbury in 1945 defined molecular IO og

[ Th aim of the stud . a 
and physical structure of biological macromolecu es. e 5. 

1 t 
Y is to 

. 1 b"  1 · 1 phenomena. imp e sys ems such 
understand the molecular basis of al IO ogica . fl" · Id · f . · 1 · ) ast and fruit ies yie m ormation as bacteria, bactenophages (bacteria viruses ' ye . ll 
about basic biological processes more readily than the ammal ce s.  

. 
There exist two types of organisms - prokaryotes and eukary�tes. Bactena belong 

to unicellular prokaryotes while most organisms belong to multicellular euka�otes. 

Fungi and protozoa, however, belong to unicellular eukaryotes. �rokaryotic
. 
cells 

are smaller than eukaryotic cells, and have simpler structure without any Inner 

cell membranes. A eukaryotic cell .has a nucleus that is separated from t�e rest of 
the cell by a membrane. The nucleus contains chromosomes, the earner of the 

genetic material DNA. In prokaryotic cell the genetic material DNA is present 

throughout the cell mostly free of structural protein. The genetic material is RNA 
in some animal viruses and in a few bacteriophages. Within the eukaryotic cells 
there are membrane-enclosed compartments (organelles) like centrioles, lysosomes, 
Golgi complexes, endoplasmic reticulum, mitochondria, ribosomes etc., each 
responsible for a particular biological process. Mitochondria are specialized for 
energy production (respiration); lysosomes degrade worn-out cell constituents and 
foreign materials present in the cell; Golgi complexes direct membrane constituents 
to appropriate places in the cell; endoplasmic reticulum (a network of membranes) 
where glycoproteins and lipids are synthesized; and ribosomes where protein 
synthesis takes place. Organization, the form of genetic material, and the mechanism 
of protein synthesis, and regulation of gene expression are different in the two 
types of cell, and yet many biological processes are highly conserved from bacteria 
to man making the use of simple, experimentally tractable organisms useful in the 
study of �uch processes: The es�ential properties of most living cells are their ability 
to gro': m an

. 
appropriate envi

�
ronment, and to undergo cell division with some 

exceptions, hke neurons havmg only an initial growth h p k t 
· 1 1 b · 1 . 1 p ase.  ro aryo es, 

particu ar y actena mu hp y freely. Multi-cellular orgaru·s b · lif · 1 . ms egm e as a sing e 
cell (zygote) as a result of umon of a male and a femal 11 ( ) Thi . . . e sex ce gametes . s single cell has to grow, divide and differentiate into di"ff · t 11 d d "ff · 

eren ce types to pro uce 
1 erent types of tissues and organs in higher eukaryot H . 

· 
· 

and differentiation need to be controlled. 
es. owever, the cell division 
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Cells consist of two basic types of molecules that control life: 

1 .  Small rn_olecules like water molecules, sugars, fatty acids, amino acids and 
nucleotides that serve as building blocks of the macromolecules. In addition, 
they have independent roles, such as signal transmission, or a source of 
energy for a cell to function. Biological membranes are mostly fatty acids 
into which macromolecules are embedded. 

2. Macromolecules like proteins, DNA and RNA. Proteins perform two 
functions, one, structural,- serving as the organism's basic building blocks, 
and two, functional, such as enzymes that catalyze a number of biochemical 
reactions. Transmembrane proteins are responsible for the maintenance of 
the cellular environment, regulating the cell volume, extraction and 
concentration of small molecules from the extracellular environment, and 
generation of ionic gradients like sodium/potassium pump essential for 
muscle and nerve cell functions. DNA, the main information carrier 
molecule in a cell, is either single or double stranded. A single stranded 
DNA :i;nolecule (polynucleotide) is a chain of small molecules (nucleotides) 
or bases, which are of two types, purines: adenine (A) and guanine (G), and 
pyrimidines: cytosine (C) and thymine (T). Different nucleotides are linked 
together in different order or in different sequence to form polynucleotides 
of different lengths. The two ends of this DNA molecule are chemically 
different and are marked as 5' on left and 3' on right. Specific pairs of 
nucleotides form weak bonds between themselves, 'N binding to 'T' with 
two hydrogen bonds, and 'C' binding to 'G' with three hydrogen bonds. 
The A-T and C-G pairs are called base-pairs (bp) in terms of which the length 
of a DNA molecule is usually measured. Two complementary polynucleotide 
chains form a stable structure resembling a helix (DNA double helix) that 
serves as information storage. More bonds make the molecule more stable. 
The number of links needed to keep the double helix together depends on 
the temperature and other environmental factors. A single strand of the 
DNA molecule carries the information to be passed on to the next generation. 
DNA that is no longer in the helical form is said to be denatured. Molecular 
machinery in cells keeps both DNA strands intact and complementary by 
repairing a damaged strand using the second template. If the damaged 

DNA caused by environmental factors like radiation is not repaired the 
result can be cell death. RNA usually is single stranded having the same 

bases as DNA except that in place of thymine (T) it has uracil (U) . RNA has 

different forms performing different functions, such as a messenger RNA 

(mRNA)) that is complementary to one strand of DNA, and conveys 

information encoded in DNA to the translation machinery in the cytoplasm; 

a transfer RNA (tRNA) that transfers amino acids as par the mRNA coding; 

and a ribosomal RNA (rRNA) that is involved in protein synthesis. 
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GENES AND PROTEIN SYNTHESIS 

· 
. ·nformation from DNA to RNA leadin The whole process of transfer of genetic 1 

. g 
to protein synthesis takes place in three stages. 

d d DNA d ouble helix is fi 1 .  Transcription :  in this phase, two-stran e
l le is  the n  copied into

rst 

d d t d of DNA mo ecu a unwoun , an one s ran 
re-mRNA) by the protein complex complementary pre-messenger RNA (p 

kn wn to be major regulat RNA polymerase II. Steroid hormones that are .0 
t 

ors 
. 1 et bound m some cases o receptor of transcription in higher amma s g 

·r b. 
proteins, which in tum activate transcription via sequence-spec1 ic mding 
to enhancer elements. 

RNA kn wn as i t . 2 Splicing: removes some stretches of the pre-m 0 
. . 

n rons, the · 
. . · th · m· ed together producing mRNA remammg sections called exons are en JO . . 

Exons are the part of the gene that code fo.r proteins and they are 
interspersed with non-coding intrans that are to be. r�moved by splicing. 
Prokaryote RNAs do not have intrans and so. no �ph�1ng takes pla�e.. 

. 
3. Translation: is the process of making proteins in nb

.
osomes �y J01�mg 

together amino acids as encoded in the mRNA .
. 

A particul.ar. am�o acid is 
being determined by a base-sequence of three adjacent nucleotides m mRNA 
known as triplet or codon. The transfer RNA (tRNA) molecules each carry 
one amino acid to the ribosome specifically recognizing one codon on the 
rnRNA. The end of translation is the final part of gene expression and the 
final product is a protein. 

The enzyme reverse transcriptase copies RNA into DNA (reverse process of DNA 
to RNA). The enzyme found in retroviruses is used to synthesize a strand of DNA 
complementary to each viral RNA molecule. This enzyme can polymerize 
deoxynucleoside triphosphates into a complementary DNA strand using an RNA 
molecule as template. Like other DNA polymerases, reverse transcriptase can add 
nucleotides only to the 3'end of a preexisting primer base paired to the template. 

GENOME AND GENOMICS 

. 
Genome is the total genetic information carried by a cell or organism comprising chromosomal DNA that is in abundance an� mitochondrial DNA. In a typical cell 

there are one or several long double stranded DNA organized as chromosomes. A human has 23 pairs of chromosomes. The number and size of the chromosomes are the same in all cells of an organism, but vary among different types of organisms. All org�sms have ge�omes that e�code almost all the hereditary information of the org�sm: All cells m an ?�g�1sm contain identical genomes as the result of DNA replication at each cell d1vis1on. Genomes contain genes m t f hich encode . DNA . th . 
f OS 0 w proteins. . 1� e earner o genes that is passed from generation to eneration by DNA replication. g 

Genomics is the study of genomes including nucleotid ntent, e sequence, gene co 

l 
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organization, and gene number. It is a collection of methods by which the clones 
are

.
se�u�nce� . A genomic library contains at least one copy of all the sequences in 

an individual s genome. Changes in genomic DNA are known as mutations. DNA sequencing is the determination of the four-letter sequence for a given 
ONA molecule. 

RECOMBINANT DNA TECHNOLOGY 
(GENETIC ENGINEERING) 

The term recombinant DNA refers to a new combination of DNA molecules that 
are n�t 

.
f�und normally. Recombinant DNA technology encompasses more than 

mer� JOrrung of DNA molecules, and includes multiple methods to analyze and 
m�p':1late DNA. In DNA cloning, the DNA fragments of interest produced by 
restrzctwn enzyme digestion are first inserted into vector DNA molecules forming 
recombinant DNA molecules in vitro. The ·recombinant DNA molecules are then 
introduced into host cells where they replicate producing large number of 
recombinant DNA molecules. All the descendants from single such cell known as 
clone carry the same recombinant DNA molecule. Clones are identical organisms, 
cells or molecules descended from a single ancestor. Cloning a gene involves 
producing many identical copies that can be used for numerous purposes including 
research into the structure and organization of a gene1 and the commercial 
production of proteins such as insulin. A vector or carrier must be able to replicate; 
there must be some way of introducing vector DNA into a cell; and there must be 
some means of detecting its presence, preferably by plating test in petri dishes. 
The three most common types of vector having all the three properties are plasmids, 
E. coli phage A, and viruses. Plasmids are small circular DNA molecules present in 
bacteria. Plasmids replicate more or less independent of chromosomal replication, 
and are carried from one generation to the next. Plasmids are important elements 
in modern DNA technology for two reasons; one, they can be easily isolated and 
transferred to other host cells merely by mixing purified plasmid DNA with the 

desired host cells in appropriate solutions, and two, by use· of restriction enzymes 

any gene can be inserted into the plasmid DNA. Another enzyme DNA ligase can 

insert ONA restriction fragments into DNA molecules producing recombinant 

DNA. The recombinant DNA molecules then can be introduced into appropriate 

cells most often bacterial cells. All the descendants from a single such cell, �alled 

clan;, carry the same recombinant DNA m?l�cule. Once
. � c�one o� cel1s bearing a 

desired segment of DNA is isolated, unlimited quantities of this DNA can be 

prepared. In addition, DNA sequences up to about 100-base lo�g can now be 

chemically synthesized by entirely automated procedures. Recombinant I?NA thus 

b oduced containing either natural D�A fragments resulting from can e pr 
d . d h . 11 th . d 

restriction-enzyme cleavage or from any esire c emica y syn es1ze mutant 

sequences. . 
f 1 'd DNA . . 1 b . 1 

Isolation of plasmid DNA: The presence o p asmi ·" m a  sing e actena 
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. 1 colony is taken and lysed ;i ,.. 
· s A s111g e b · ' �id colony can be detected by electrophoresi · 

t rial chromosome emg large . 

h · The bac e f 1 tr ll\ then subjected to gel electrop .oresis. . d DNA can. The rate o e
. ec ophoretic size cannot penetrate the gel, while the plasm; . eases with decreasmg molecu1 

movement of DNA molecules through a ge U1Cr 
band at a position in the g

a.� weight, so that plasmid DNA f�rms a n�rro;
s visualized by staining the g

e
l characteristic of its molecular w�1ght. .The an 

t�e DNA and flu oresces unct e 
- with ethidium bromide that binds tightly t� . d DNA can be calculated fr 

er 
ultraviolet light. The molecular weigh� of �e p asrl 

lative to that for plasmjct
olll 

the distance moved in a particular time mte�a r� very useful in recombm· of 
kn 1 1 . h Thi ning technique IS ant own mo ecu ar weig t. . s scree 

detected in a cleared lysate b DNA technology. Plasmid DNA can also be fr 
t of interest are cl y electrophoretic technique. A vector and a DNA agmen 

ifi b 
eavect 

with a restriction enzyme (endonuclease) that recognizes a spec c .ase s;quence in a  
DNA molecule and makes two cuts, one in each strand, generating 3 OH and S'P 
termini. The j�ining is accomplished by annealing the complementary single 
stranded ends by the action of an enzyme DNA ligase that catalyzes the formation 
of a phosphodiester bond between free 5' and 3' ends. . . 

Denaturation of DNA: During DNA replication, �e unwinding and �eparation 
of DNA strands first take place ( denaturation or melting) . The denaturation can be 
induced experimentally by heating a solution of DNA. The thermal energy increases 
molecular movement leading to the breakage of the hydrogen bonds and other 
forces that stabilize the double helix, thus separating the strands. The absorption 
of ultraviolet (UV) light by the DNAs is routinely used to measure DNA 
concentration in a solution. Single-stranded DNA absorbs almost twice as much 
UV light as does the equivalent amount of native double-stranded DNA. Thus, the absorption of UV light increases with the increase in the denaturation of DNA. 

Renaturation of DNA: Native DNA can be reformed (renaturation) by special treatment of denatured DNA in a solution. 
Hybr�dization: In a �olution of de��tured DNA, the single strands freely mix so that dunng re

.
n�tu�ation, s�ands JOm together producing a molecular mixing known as hybridzzatzo

.
n. �ybndization occurs in a sequence-specific manner rather �an at random, that IS, smgle DNA strands will renature preferentially with other smgle strands that have a complementary sequence based 0 th · · fA 'th T and C with G. n e pamng o WI 

Anal¥sis of DNAs b¥ Southern blot hybridizations: Southern blottin d veloped by Edwin Southern, is one of the mo t · d I 
g, e 

hybridization between complem t 
8 

cl 
�1 e

_ 
Y u sed methods for detecting 

essential feature of this techniq:;i:i nu
tr 

eic
c 
aad (DNA or RNA) molecules. The e ans1er of DNA m I cul t d by gel electrophoresis to a sheet of DNA-bindin . . o e es separa e 

membrane. The DNA in the gel is denature� X:ten�l like nitrocellulose or nylon 
treatment with an alkaline solution prior to t 

to smgle-stranded fragments �y 
complete, · the DNA is immobilized on th 

he transfer. After the transfer is e membrane by drying. A radioactive 

• 
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�NA Cp�obe) containing the sequence of interest is then hybridized with the 
m�mobihzed DNA on the membrane. The probe will form a double helix only 
with DNA molecules on the membrane that contain a nucleotide sequence 
complementary to the sequence of the probe. Excess probe is washed away and 
the 

_
was�e? �embrane is exposed to X-ray film that detects the presence of the 

rad1oachv1ty m the bound probe. After the development of autoradiogram the 
dark bands show the position(s) of DNA sequences that have hybridized with 
the probe. Southern blotting permits a comparison between the restriction map 
of DNA isolated directly from an organism and the restriction map of cloned DNA. 
It is also used to map restriction sites in genomic DNA next to the sequence of a 
cloned DNA fragment. 

Analysis of RN As by Northern blot hybridizations: Northern blotting, humorously 
named, is used to detect a particular RNA in a mixture of RN As. An RNA sample 
is denatured by the treatment with formaldehyde that prevents hydrogen bonding 
between base pairs ensuring that all the RNA molecules have an unfolded linear 
conformation. The individual RNAs are separated according to the size by gel 
electrophoresis, and transferred to a nitrocellulose filter to which the extended 
denatured RNAs adhere. The filter is then exposed to a labeled DNA probe and 
subjected to autoradiography. 

Analysis of pro teins by Wes tern blo t techniques:  In this, proteins are 
electrophoretically separated and transferred to a cellulose or nylon membrane to 
which the protein is covalently linked. Western blots are used to detect DNA
binding proteins. Radioactive double-stranded DNA is used as a probe. The 
association of radioactivity with a protein band indicates that the particular protein 
is a DNA-binding protein. Western blotting is more typically used to identify specific 
proteins in a mixture by the use of antibodies. After the separated proteins are 
transferred to the nitrocellulose, the membrane is exposed to an antibody to the 
protein of interest. The bound antibody is then detected by a second antibody (an 
anti-immunoglobulin that is conjugated to an enzyme usually horseradish 
peroxidase) that is able to bind to the first antibody. The presence of the enzyme is 
then detected by addition of a substrate that forms either a colored product or a 
chemiluminescent product that will darken X-ray film. 

DETERMINATION OF BASE SEQUENCE OF DNA 

Maxam-Gilbert procedure: Single-stranded DNA is subjected to several chemical 

treatments that cleave the DNA molecule and generate a family of short single

stranded fragments. The number of nucleotides in each fragment is determined 

by gel electrophoresis that can separate molecules whose lengths differ by only a 

single nucleotide. Several cleavage protocols are used, each of which is base-specific 

and provides the base sequence. The more commonly used method is that of 

Sanger, and is based on chain termination by incorporation of dideoxynucleotide 

analogs. 
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N REACTION (PCR)  
. POLYMERASE CHAI . action (PCR) can be used to . I rase chain re . An alternative to clorung, the po yme in a complex mixture when directly amplify manifold a specific ONA sequen

b
ce 

used to clone a given DNA 
k PCR can e 

f I '  f . the ends of the sequence are no':�· This method o amp i ying rare sequence in vitro without using living cells.
1. t 'ons in basic research, human . h rous app ica i sequences from a mixture as nume 

genetic testing, and forensics. 

DNA MICROARRAYS (DNA CHIPS)  

. d f . dividual gene sequences bound to DNA microarr�ys consist of thousan s 0 
:: microscopic slide. By hybridizing closely spaced regions on �e surface of a gla 
th microarray chip it is possible to RNAs from different expenmental samples to e 

I c 1 · th compare levels of thousands of individual RNAs simultaneou
:i 

Y· oup i
l 

ese 
methods with the results from genome sequencing projects � ow

d 
re�ear er� �o 

· · I of an organism unng specific analyze the complete transcr�ptiona program 
physiological response or developmental process. 

CLONING OF cDNAs PRODUCED FROM PURIFIED mRNAs 

.The in vitro synthesis of cDNA (complementary DNA) from purifi�d mRNA 
and other RNA molecules using reverse transcriptase has become a very important 

· tool in molecular genetics. 

SITE-DIRECTED MUTAGENESIS 
A useful experimental technique where a designed mutation is introduced at a prescribed site within a gene of interest. The main aim of the technique is to alter one or more specific nucleotides within a gene so as to change a specific triplet codon. As a result of transcription and translation, the change causes the insertion of a 'mutant' amino acid into the protein encoded by the original gene. Such desi�ed mutations are particul�rly useful in the study of the effects of specific mutations on both gene express10n and protein function. The basic steps of the technique are as follows: . 

1. A �in?le str�� of D�A from a gene of interest is first isolated. 2. �s is hybridized with a synthetic oligonucleotide containin an altered triplet so as to encode an amino acid of choice 
g 

3. Following semiconservative replication a diff t 1 b · pair is present in one of the new duple;es. 
eren comp ementary ase 

4. Following transcription and translation a d . d produced. ' esigne mutant protein will be 



111ec111r c111 11111n 

RNA INTERFERENCE 
Molecules that can specifically silence gene expression are powerful resea��h 

tools. RNA interference is a method to decrease (0knock-down") the level of specific 
mRNAs by the use of short interfering RNAs (siRNAs). siRNA is one of the latest 
sequence-specific gene-silencing agents . When the siRNA that is complementary 
to a short stretch of the target mRNA is introduced into cells, the expression of the 
targeted mRNA but not other mRNAs is decreased. 

GENE KNOCKOUT 

It is a technique for selectively inactivating a gene by replacing it with a mutant 
allele* in an otherwise normal organism. 

Gene-knockout in mice: Gene-targeted knockout mice are powerful experimental 
system for studying their development, behaviour, and physiology. The procedure 
for producing gene-targeted knockout mice involves the following steps: 

1 .  Mutant alleles are introduced into embryonic stem (ES) cells by homologous 
recombination 

2. ES cells containing a knockout mutation in one allele of the gene being 
studied are introduced into early mouse embryos. The resultant mice will 
be chimeras** containing tissues derived from both the transplanted ES cells 
and the host cells. These cells can contribute to both the germ cell and 
somatic cell populations. 

3. In order to assess whether the mutation is incorporated into the germ line 
the chimeric mice are mated. 

4. Mice, each heterozygous for the knockout mutation, are mated to produce 
homozygous knockout mice. 

Use of knockout mice to study human genetic diseases: Gene knockout mice are 
model systems for studying inherited human diseases. These are powerful tools 
for investigating the nature of genetic diseases, the efficacy of different types of 
treatment, and for developing effective gene therapies to cure these often 
devastating diseases. 

APPLICATIONS OF GENETIC ENGINEERING 

The techniques of molecular biology enable research workers to apply to the 
studies of muscle and nerve function, membrane structure, mode of action of 
antibiotics and other agents, cellular differentiation and development, immunology, 
etc. Some of the applications of genetic engineering are as follows: 

Production of drugs: (1 )  developing organisms that would abundantly produce 
antibiotics thereby reducing production cost, (2) producing biologically active 
compounds in large amount such as somastatin or growth hormone and insulin, 
* One of a pair, or series, of alternative forms of a gene that occur at a given locus in a chromosome. 

**An animal or tissue composed of elements derived from genetically distinct individuals. 
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(3) producing a pure material like antiviral agent a-interfer.on that could 
.
be

. 
tested 

clinically, and (4) cloning of interleukin II, a substance that stimula�es mul�phcation 

of certain cells in the immune system; this is being tested on
_ ?

atients w�th AIDS. 

Synthetic vaccines: The viral antigen genes are first cloned 1n. 
an E .

coh �lasmid. 

Animal cell lines that support the growth of vaccinia ar� then �nfected with both 

normal vaccinia, and the plasmid DNA containing the viral-antig�� gene . . Genetic 

recombination occurs in the infected cells and some progeny vaccrma particles are 
formed that contain the cloned gene, thus the foreign viral a�.tigen in the vaccinia 

coat. Various procedures are used to isolate these vaccinia hybrids. A surface antigen 
of P. falciparum has also been placed in 'the vaccinia coat; this may lead to the 
development of antimalarial vaccine .. 

Gene therapy: Somatic cell gene therapy has been used in the treatment of human 
diseases. It involves three sequential steps: (1) removal of some of the patient's 
cells, (2) introduction of normal functional copies of the gene that is defective into 
these cells, and (3) reintroduction of the transgenic* repaired cells into the patient. 

Since bone marrow transplant technology is highly advanced, obtaining cells 
for gene transplants and re-implanting the modified cells in the bone marrow of 
the patient should be a routine. 

* A  clon�
. 
gene that is introduced and suitably incorporated into an animal, and is passed on to successive 

generations. 
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The Cell Line Studies* 

It i s  relatively easy to screen extracts and other materials for cytotoxic effects 
throu�h a�tom�ted screening procedures used in industry as well as by the research 
orga�zations, hke the National Cancer Institute, USA running 60 different cancer 
cell hnes .  In India the National Centre for Cell Science (NCCS), Pune, an 
aut�nomous institute of the Department of Biotechnology (DBT), Government of 
India has a cell repository from where the cell lines can be procured. 

A few common methods for studying cytotoxic activity are described below: 
Cytotoxicity testing. It is based on one or more mammalian cell lines in actively 

growing condition undergoing mitotic division. The cells are cultured in a 
microliter-well plate; the rate of multiplication and growth is measured by the 
intensity of a colour directly proportional to the number of cells present. Different 
types of experiments are employed, the most basic one being a comparison of the 
rate of proliferation of a cancer cell line after a specified period of time in the 
presence and in the absence of the test material. In order to assess selectivity 
different cancer cell lines are used. The addition of normal cell lines to any of these 
determines the selectivity between the cancer and the normal cell lines. This gives 
an indication of the potential use in clinical setting for which a selectivity of at 
least two orders of magnitude in the susceptible cancer cell lines is undertaken. 
For determination of the cytotoxic effect whether cytostatic or cytocidal, two sets 
of identical cells are exposed to the test agent under identical conditions for the 
same period of time. At the end of the exposure period one set of cells is assayed, 
whilst in the other set the medium containing test material is replaced by the fresh 
medium. The cells pre then incubated for a fixed period of time before the assay 
for the cell growth. If the test material has only cytostatic effect, the cells will grow 
and undergo mitosis in the fresh medium. On the other hand, if it has cytocidal 
effect, no such growth of cells will be observed. 

Two major techniques are used to assess the cell growth. The first one uses 
either 3-( 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MIT) or 2,3-
bis(2-methoxy-4-nitro-5-sulphophe�yl)-�H-tetrazol�um-5 carboxanilide sodium 
(XTI) salt. The MTT method was first introduced m 1986 by Cole (Cole, 1986) 
followed by the XTT method in the year 1988 (Scudiero et al.,1988). Both the reagents 
MTT and XTT are metabolically reduced by the mitochondria present in the viable 
cells to a coloured formazan product, the intensity of which is measured 
spectrophotometrically in a plate reader. The use of X'IT is preferred since the 

f * Conributed by J. R. Vedasiromoni 

I 
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h solubilisation step is required . t whereas t e 
t ff' . formazan produced is soluble m wa er, 

cell lines are no so e ic1ent in 
if MTT is used (Skehan et al., 1996) . Ho.wever, ���Jon of phenazine methosulphate reducing XTT compared to MTI; but with the�

diero et al.,1988) .  The second major 
(PMS) the reduction becomes much b�tt�r (� h Ipho-rhodamine B 

_
(SRB) assay. technique preferred in testing cytotoxicity. 

is 1 e ��rged pink aminozanthine dye This is based on the uptake of the ne.
gative Y1t The greater the number of cells, . 

(SRB) by the basic amino acids pres�nt m the c� s.
After fixing, the cells are lysed the greater the amount of dye being taken

l P· d greater absorbance (Skehan . th d th 
. . ntense co our an releasmg e ye at gives more i . . re roducible and faster than the et al.,1996) .  The SRB assay is �impl�, sensi��7' 

af-to-noise ratio, and has a stable formazan assay. It gives better lmeanty, goo . . gn 
rement compared to the . f e sensitive measu . end-point that does no� require a im -

6 Kee ers et al., 1991) .  However, MIT or XIT assays (Fricker and Buckley, 19? ' 
f u!wed in different laboratories both the formazan based and SRB assays are bemg 0 

f d . · 
Determination of IC . It is a measure of the effectiveness o a compoun in 

inhibiting the biologic�! or biochemical function (vide chapter 1 9) .. Th� cancer 
cells (lx105 ) are seeded in 96-well sterile plates, and treated �ith different 
concentrations of the test material. The cell growth inhibition studies are don� by 
the trypan blue exclusion method based on the fact that the dy� enters only into 
the dead but not into the viable cells (Sur et al., 1995) .  With the �elp of a 

haemocytometer the number of living cells is determined under the �icrosco�e. 
The IC50 value is determined either by cell count method or by cytotoxicity studies 
or by both. 

. Apart from cytotoxicity testing the other types of expenments are conducted 
to determine whether the decrease in the number of cells is due to necrosis or as a 
result of apoptosis: 

Fluorescence microscopic studies. The changes in the membrane permeability 
and in nuclear integrity of the leukemic cells treated with the test material are 
observed under fluorescence microscope. The cells (lxl05 ) pre treated with the 
desired concentration of the test material; after 24 h the treated and the untreated cells are harvested separately, washed with PBS, and stained with acridine orange (100 µg/ml) and ethidium bromide (100 µg/ml) in equal proportion. The cells are then mounted on a slide and observed under the fluorescence microscope for any morphological changes, like apoptosis or necrosis. 

Confocal microscopic studies. The leukemic cells (lxlOS> are treated with different concentrations of the test material; the untreated cells and the treated cells are harvested and ��he� w�th ice cold PBS. The cells are then stained with nuclear binding dyes prop1d1um 10d1de and Hoescht 33342 separately for 5 min. After mounting on slides under the confocal laser scanning microscope, any difference in the nuclear morphology between the treated and the untreated cancer cells ar b d . 
if . b DNA fr e o serve . Detection o apoptosis y agmentation and agarose gel z t h · The leukemic cells treated with the test material are harvested and �:���� :::;·with 
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PBS. They 

0
are suspended in 500 µl of lysis buffer (50mM Tris HCl pH 8.00, 10 mM EDTA, 0.5 Yo SOS); 100 µg/ml of proteinase K is added and incubated at 50° C for 1 

h and at 37° C overnight. DNA extraction is carried out following the general 
phenol-chloroform extraction procedure (Herrmann et al., 1994) and kept overnight 
at

. 
- 20° C. After centrifugation, DNA precipitates are washed with 70% ethanol, 

dned at r�om temperature, dissolved in TE buffer (pH 8.0) and kept overnight at 
4° C. 1:1e i�olated DNA precipitates are subjected to electrophoresis overnight at 
20 V in 1 Yo agarose gel; after staining with ethidium bromide the DNA 
fragmentation is observed under UV transilluminator. 
. 

D�tection of apoptosis/necrosis by DOT plot assay using flow-cytometry. In order to 
investigate the type of cell death by the test material, flow-cytometric analysis is 
done by the DOT plot assay. The leukemic cells (lx106 ) are treated with the test 
material; the cells are pelleted down, centrifuged at 2000 rpm for 8 min at 4° C and 
washed with annexin V FITC binding buffer (10 mM HEPES, 140 mM NaCl and 
2.5 mM CaCl2 .2H20 pH 7.4). After centrifuging again at 2000 rpm at 4° C, the cell 
pellets are dissolved in annexin V FIT binding buffer containing in addition 
propidium iodide. Flow-cytometric analysis is done after incubation for 15 min in 
dark at room temperature. 

Study of cell cycle arrest by flow-cytometric analysis. The cells (lxl06 ) are treated 
with the test material, washed with PBS, fixed with cold methanol adding drop by 
drop and kept at - 20° C for 3 min. They are then suspended in cold PBS, and kept 
at 4° C for 90 min. The cells are pelleted down, dissolved in cold PBS, treated with 
RNase A for 30 min at 37° C, stained with propidium iodide (20 µl from 50 µg/ml 
soln.) and kept in dark for 15 min. The flow-cytometric analysis is carried out 
immediately to determine if there is any cell cycle arrest. 

Advantages and Disadvantages of Cell Line Studies 

A. Advantages 

i) A large number of ex:tracts and other materi�ls can be screened for cytotoxic 
effects using throughput automated screening procedures 

ii) Compared to in vivo and in vitro studies very small concentration of the 
material is required 

iii) The results are obtained quickly 

B. Disadvantages . 

1. ) 5 histicated and expensive equipments, like fluorescence microscope, op d · d. · 
confocal microscope, flow-cytometer etc. un er aseptic con ihon are 
required. · . . . . 

ii) Results are inconsistent with water msol':1ble matenals excepting when they 

are soluble in less than 1 % DMSO solution. 



Fundamental• ol bP&rlmental Phannac01._ 

i i i )  R su it  obtain d with th  I I J in may not corroborate with those of the 

in vi <> studi . 

Th 1 1  J in stu di s provid a qu ick indication regarding the efficacy of the 

t t material a w 1 1  a i t  probabl mechanism of act�on. A number of te�t materials 

can � scr en d at a time. However, in order to conftrm the resu�ts obtamed by the 

1 1  lm studi s, both in vitro and in vivo studies have to be earned out. 
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� anote�hnology in 
B1omed1cal Science* 

Nanotechnology is a well-known term that has become popular during the 
last few years It i·s · t d "  · l " · · · . . · � in er iscip inary science dealing with the study of nano-
p�rticles, their syn�esis and application in our ' day to day life. The present chapter 
gives an ov�rall �iew on nanotechnology, its applications with special emphasis 
on the techni�ues involved in biomedical science. Nanoscience and nanotechnology 
are n�w frontiers of the present century that have merged the disciplines of physics, 
chem�s� engineering and medicine. The concept of nanotechnology in science 
was first mtroduced by the physicist Richard Feynman in his talk given at the 
American Physical Society meeting at Caltech in U.S.A. on December 29, 1959, 
where he said "there's plenty of room at the bottom" . The term "nanotechnology" 
was first introd�ced in 1974 by Professor Norio Taniguchi of Tokyo with the 
following words: "Nano-technology mainly consists of the processing, separation, 
consolidation, and deformation of materials by one atom or by one molecule". 
Since then the technology has been developed further by renowned scientist 
Dr.K.Eric Drexler. 

Nanotechnology got started in the early 1980s with two revolutionary 
discoveries, one the birth of cluster science, and the other the invention of the 
scanning tunnelling microscopy (STM) which took the technology further step 
ahead. Today, nanotechnology is being employed in various fields, such as 
computers, electronics, communication, energy production, medicine, agriculture, 
food industry, cosmetics etc. Research and development at the nano scale level is 
booming worldwide, bringing forward medical and biological applications to a 

completely new horizon. The day is not far that this technology will become a part 

of our day to day life and solve many of the medical problems. Nanotechnology is 

manipulation of matter at nano scale level i.e., one billionth of a meter. In fact, it is 

a scale and .not a type of technology. Materials when manipulated at nano scale 

level exhibit unique electrical, optical, ma�etic, thermodyna�ic, thermal, chemical, 

and mechanical properties compared to its regular properties at bulk form (Patra 

et al, 2008). These unique properties make 
.
them potential cand�d�tes to be used in 

th f
. 

Id of biomedical science. Hence, in a broader sense it is the branch of 
e ie 

'th 
. . d f 

t hn 1. which generally deals w1 quantitative concepts an measurement o 
ec o ogy . . d d ti' M t 

. 1 h 
objects based on the use of specific size- epen ent proper es. . a ena s w ere at 
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. 1 lOO Nano meters are referred to a 
t n dimen ion is less than appr�ximate 

Y f electrical, and other properti 8 ''nan mat rial" exhibiting unique optical, ma�e ic, 
dicine, etc. 

es 
havin great p tentials in the field of electronics, me 

·r  d · to· ano materials can be broadly classi ie m
h · fullerene and nanofibers a 

A C b bl k C b tubes grap ene, ' re . ar on ac : ar on nano 
. 

' 
scale level showing significant! new class of carbon materials at nano 

(K t 2006) Y 
h f of carbon ama , . different property from ot er orms . Id co er silver platin B. Metals! Alloys: Different metals and alloys l�e go 

d
' 

1. 
p

u
p
m �ickel 

'
etc c umb ' · · 11 d' m selenium ca m , . an e iron oxide, magnesmm, pa a m / ' . 

· d tr · d 1 1 1 to be used in the diagnosis an eatment of synthesize at nano sea e eve 
diseases. . l 'k  · 1 · t ' t  · C. Ceramics and Polymers: Ceramic nanoparticles 1 e SI .1ca, 1 ani�m, and 

1 · b · d to desired size and porosity for theu use as a umma can e engmeere . 
drug vehicles. Polymeric nanoparticles a.re . bio-�egradable that can be 
fabricated in a wide range of sizes and vanehes (Yih et al, 2006). 

Nano materials :  Synthesis and Characterization Techniques 

There are two different approaches for the synthesis of nanomaterial:. o�e, the 
top-down-cutting away material approach, and the ot�er bottom-�p- building or 
assembling approach. The different types of nanoparticles synth�s1� a�e: 

Liquid-Phase Synthesis: This kind of synthesis involves co-prec�p1tation, sol-gel 
processing, micro-emulsions, hydro-thermal /solvo-thermal, microwave, sono
chemical, template and biomirnetic syntheses. 

Gas-Phase Synthesis: It is a well-known chemical manufacturing technique for 
varieties of nano particles. This type of synthesis involves homogeneous nucleation 
of gases including laser vaporisation of solids, sputtering, inert gas condensation, 
expansion-cooling, laser ablation of solids, electrospray systems and spray pyrolysis 
(nano powders). 

Vapour-Phase Synthesis: This technique includes the use of solid precursors 
involving inert gas condensation, pulsed laser ablation, spark discharge generation, 
and ion sputtering. 

There are methods using liquid or vapour precursors involving chemical vapour, laser pyrolysis/photo-thermal, thermal plasma, flame, and low temperature reactive syntheses, as well as spray and flame spray pyrolysis. N anoparticles after s�thesis hav� to t:>e ch.ara.cte�zed to de.termine the physical qualities such as diameter, �article size d1�tribu�on, etc. with the help following methods: Analytical Ultra-C�trifug�tion (A UC�: A high-speed centrifuge machine using rotor: capable of se�1mentation of col�01dal and other small particles determines the size of such particles as well as weights of large molecules UV-vis spectroscopy: It includes a radiation source (vtsible/UV), filters (mon�luomators), sa�pl� cel
d
ls/cont�ine:s, and detectors. It is used in analytical chenustry for the quantitative etermmation of different types of analytes, such as 
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transition me�al io�s, highly conjugated organic compounds, conjugated nano 
compounds, biolo?ical macromolecules and nanoparticles. It is one of the important 
tools of �anoparticle characterization giving an overall picture of the size of the 
nano particles. 

Dynam ic 
,
l igh t sca ttering (DLS) : It is also known as 'photon correlation 

spec�oscopy a common technology used to measure the size of nanoparticles, 
colloids: and molecules dispersed or dissolved in a liquid. The principle involves 
measu:rng the Brownian motion of particles or molecules in suspension that causes 
laser hght to

. 
be scattered at different intensities. The intensity fluctuations are 

an�lysed to yield the velocity of the Brownian motion and thereby the particle size 
u�ing the Stokes-Einstein relationship. By th�s technique the hydrodynamic 
diameter of the particles are recorded. 

Atomic Force Microscopy (AFM): This is one of the most promising tools that 
provide information on bio-recognition processes at single molecule resolution. 
AFM was developed to overcome the certain limitations of (STM). AFM measures 
forces acting between biomolecules undergoing bio-recognition process with pico 
Newton sensitivity in near-physiological conditions and without Clllf labelling 
making it of great value in bio-nano technological analysis. In fact, it is capable of 
providing detailed information about the kinetics and thermodynamics of a single 
pair of interacting bio-molecules, offering the possibility to elucidate non
conventional aspects of bio-recognition processes, transient phenomena, 
conformational changes and molecular heterogeneity. AFM has been essentially 
used for studying surface interactions by means of force-distance measurement. 
AFM has the capability in imaging almost any type of surface, including polymers, 
ceramics, composites, glass, and biological samples. 

Transmission Electron Microscopy (TEM): Transmission electron microscopy 
provides information regarding morphologic, compositional and crystallographic 
constitution of the samples utilizing energetic electrons. It is capable of producing 

high-resolution, two-dimensional images, thus being utilized in all areas of 

biological and biomedical investigations. TEM images are formed using transmitted 

electrons (instead of the visible light) which are capable of producing magnification 

details up to 1,000,000X with resolution better than lOA0• Even the elemental 

composition of the sample with high spatial resolution can be determined. Due to 

its high resolution and magnification it is capable o� i?'1aging nan?particles. 

Fourier Transform Infrared spectrosc�py (FTIR): This includes an infrared source, 

interferometer, sample, detector and a computer. IR radiation is passed through 

th ample in which some of it is absorbed and some transmitted. The resulting e s
t m represents the molecular absorption and transmission creating a spec ru 1 L'k fin . 1 1 

molecular fingerprint of the samp e. i e gerprmt,
_ 
every mo ecu ar structure 

d unioue infrared spectrum based on the compound analysed and 
pro uces a � . . 

1 ch · · 1 
ch ct · d This basic technique 1s an Important too to aractenze nanopartic es 

ara enze . . th d In £ . 
be . . ti' ns and combinations with o er compoun s. act, 1t can used to 

m con1uga o 
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. consistency of the sample, and.  the identify as well as to determine the quality or 

amount of mixtures in the sample. b ht forward the possibilitie M · · · · t hnology have roug s a1or innovations m nano ec . . N otechnology provides tool of its application in the field of biomedical science. an 
ork A combination of thi

s 

b I · 1 h ells and organs w · s to ena le us to earn precise Y o� � 
has made it possible to reveal new new technology with the other existi1:1� ones 

b " hnology. The application f fr · · th fi Id f b. 1 medicine and 10tec o ontiers m e e s o  io ogy, 
d " . ·nly concerns the use f hn I . d " . 

kn wn as nano me icme mai o nanotec o ogy m me icme o 
1 th eutic and diagnosf precisely engineered particles to deve.lop . no�f

e
f 

e
t
r��lds of biology such �

c 
modalities. Nano materials are also applied m di ere

b
n. d t ti f th 

s 

fluorescent biological labels, drug and gene delivery, 10- e ec . on °. pa ogens, 
· · f DNA t cture tissue engineering, tumour detection of proteins, probmg o s ru . 1 • • • • • 

destruction via heating (hyperthermia), separation and pu�ific�hon °� bwlog1cal 
molecules and cells, MRI contrast enhancement, phagokinehc studies, ca�cer 
therapy, medical diagnostic tools and therapy. Medical n.anotechnology is a 
combination of nano electronic biosensors, nanomatenal, and molecular 
nanotechrft)logy leading to molecular manufacturing. It holds promise in providing 
economical yet quality healthcare requirements. 

Imaging 

Inherited properties of nanomaterial, like superior photo stability, narrow range 
of emission, broad excitation wavelength, luminescence, surface Plasmon 
resonance, and multiple possibilities of modification, make them excellent 
candidates as bio-markers, sensors, and drug targeting agents. Quantum dots are 
highly light absorbing luminescent semiconductor nano crystals that are widely 
used in optical imaging. Conjugating particle surface with biomolecules, allowing 
cell targeting using quantum dots, is another development in nano-biomedical 
science. In fact, quantum dots are employed in the fluorescence resonance energy 
transfer analysis (FRET), gene technology, fluorescent labelling of cellular proteins, 
cell tracking, pathogen and toxin detection, and in vivo animal imaging. Advanced 
nanotechnology allows the manipulation of biological materials in a controlled 
way enabling integration with nanostructures. Manipulation systems in 20 include 
scanning tunnelling microscope (STM), atomic force microscope (AFM), scanning 
elect.ron �icroscope (�EM), and. trans1:11ission electron microscope (TEM). 30 m�pulation. sy�tems mclu�e micro-g�ipp,ers and nano-tweezers, manipulation usmg magne�c field, acoustic forces, �icrofluidics, and di-electrophoresis. Many of �hes� te�ques ca� be used. to m�ip�late and integrate biological samples to bmld b10logical machines for diagnosis, b10-sensing, and bioelectronics. 

Molecular Targeting and Drug Delivery 

Nanoparticles can be used as a drug delivery system as th · · 

_ · 
allow h . 1 . 1 b . , eu nano size them to penetrate .p ysio ogica arners like small capillaries into individual cells, 

,, 

' 
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targeting drugs towards ·f· 1 . . 
Th 

. . . speci IC ocahons m the body sparing the normal cells. e main principle is the entrapment or encapsulation of the drug within the n�osm;cture that is not rejected by the immune system while the drug is released 
um or� Y over a period of time. The encapsulated therapeutic agent could be DNA, 
plasmid DNA proteins t'd 1 . . . . ' . , pep 1 es, ow molecular weight compounds, anti-cancer, 
anti-vual, and anti-bacterial agents. 
Combination molecules - Bio-Nano conjugation 

"Bio-Nano co�jugation" is the merging of biological and non-biological systems 
at Nano level. It is the combination of functionalities of biomolecules and non
b�ologically . d�rive� molecular species for specific use such as biomarkers, 
b1osenso�s, b10-rmagmg agents, and masking of immunogenic moieties and targeted 
drug .dehve� systems. These are tailored systems to operate at cellular level for 
the dia�os1s and treatment of diseases. Examples of such bio-conjugates with 
n�op�ticles are quantum dots as fluorescent biological labels, gold nanoparticle 
bio-con1ugate based colorimetric assay; gold nano-shell polymer composite photo 
thermally triggered drug delivery system, core/shell fluorescent magnetic silica
coated composite nanoparticles, bio-conjugated silica and colloidal gold 
nanoparticles etc. Similarity in size range of nano-materials and biomolecules make 
these dwarf particles attractive for intercellular tagging, and ideal for bio
conjugation, such as antibody targeting of a contrast agent. 

Bio-analysis and Biosensors 

Nanoparticles can be used in a variety of bio-analytical formats in the form of 
quantification tags, such as optical detection of quantum dots, and the 
electrochemical detection of metallic nanoparticles, encoded nanoparticles as 
substrates for multiplexed bioassays, such as striped metallic nanoparticles. that 
leverage signal transduction. In colloidal gold-based aggregation assays, the 
functional nanoparticles exploit their specific physical or chemical properties in 

order to carry out novel functions, such as . the catalysis of a biological reaction 

(Penn et al, 2003). The unique physical and chemical properties exhibited by 

materials at nano scale level also makes them very promising for designing efficient 

sensing devices, especially electrochemica� senso�s and biosensors. Nano mat�rials 

in different structural forms like nano wires, nano rods, nano belts, nano rings, 

and nano crystals, provide high surface area, surface to v?lu�e ratio and !11terfacial 

properties compared to their cou�terpart at macroscopic size. scale. This e�abled 

the research workers to design different types of sensmg devices. Many kinds of 

nanoparticles, such as metal, oxide and semiconductor nanope3:rticles have been 

used for constructing electrochemical sensors and biosensors. (Luo et al, 2006) . . 

Biomedical Applications of Nanotechnology 

The integration of nanotechnology with biotechnology and medicine enables 
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k. g of the biological systems at . nd wor 111 . f l" . 1 the re earch workers to unveil the nature a . t ls to 111ter ace iving ce ls With 1 rov1des oo 1 t d . hi nano scale perspective. Nanotechno ogy P ors to be imp an e wit ·n the h. · h enables sens d fu · engineered particulat� m�tter� w 1c . n biological processes  an n�ti�ns. human tissues to obtain vital information 
° ls currently employed to treat InJUries Stem Cells Therapy: These are powerful too 

th ir limitations that can be solved and tissue degeneration etc. Ho�ever, they h�v� e
PY· Nanoparticles in stem cell by merging nanotechnology with stem eel t e�m dot-based applications which therapy involve magnetic nanoparticles and q�n 
trol functions of cellular signals can track and guide transplanted stem cel�s 

� 
c�� the field s  of atherosclerosis. Nano systems have also find its application 

06) ' 
th b · d cul b · 1 (Wickline et al., 20 · rom os1s, an vas ar 10 ogy . d to characterize the interactio Cancer Therapy: Cancer nanotechnology is use 

" f" 1 n · · th 11 1 d molecular components spec1 ica ly related of nano scale devices WI ce u ar an 
h lds romise in the fi l to cancer diagnosis and therapy. Cancer nanotechnology 0 � 

h" 1 e d 
of cancer therapy since these particles can be modifie� to eng�eer ve ic es with 
unique therapeutic properties, which because of t�eir small size can pene.tr

ate 
tumours with a high-level specificity and target oriented therapy. The N��onal 
Cancer Institute, USA has recognized the potential of nanotechnology prov1dmg a 
significant breakthrough in the diagnosis and treatment of c ancer. 

Nano Toxicology 

Owing to the increasing application in medical science these dwarf particles 
are liable to produce detrimental effects in human body as well as to the 
environment. Nanoparticles can potentially cause adverse effects on organs, tissues, 
and in cellular, subcellular and protein levels because o f  their unusual physicochemical properties, such as small size, solubility, shape, high surface area to volume ratio, chemical composition, crystallinity, electronic properties, surface structur� reactivi� and functional groups, inorganic or organic coatings, and aggregation b�hav1?ur. Sen�pta et al., (2012) have recently reported toxicity of g�ld nanoparticles � the �mal s.ystem. Spions group of metals which are being widely used for various b1omed1cal applications, such as magnetic resonance imaging,. targ�ted delivery of drugs or genes, and in hyperthermia may lead to severe b1

.
olog1cal �azards. Hence a complete understanding of the hazard of nanoparticles both m human body as well as in environm t · b 1 1 tt'al en 1s a so ute y essen · Safer Nanotechnology - Gree� synthesis . 

Though the physical and chemical are po 1 · 1 synthesis recent concepts indicate that th b
. �u ar methods of n anopartiC .e 

a better o�tion due to its eco-friendliness 
(� 

1
1ogeruc production of nanoparticles J.S a am et al 2012) G th · fers to a method by which nanomaterials a 

' · reen syn es1s re 
environment or human health. Different 

�e �ro
l
duced without affecting th� 

various plants, tea, coffee, banana, simple am�o 
ra 

. 
products, such as extracts 0 aods, as well as win�, table sugar, 

• 
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glucose, bacteria, algae and fungi are used as reductant, and as capping agents to 
synthesize nanoparticles thereby reducing the hazards of nano toxicity. 
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Biostatistical Methods 
St tistical method deals with the Statistics by definition is a science of numbers.

. 
a 

1 sis interpretation and 
designing of experiment followed by col�ectwn, 

:rr:iYability. Statistics applied presentation of data accompanying appropriate test 
in biological science is known as biostatistics. 

WHY STATISTICS? 

RESEARCH PUBLICATION 

t � 
Statistical Data In�erpretation and Appreciation of 

For Publication Other's Published Results 

For any research publication in the field of bio�hemistry, . microbi�l�gy, 
physiology, pharmacology, pharmaceutical sciences etc., mcorporation of statistical 
data is a must in support of the conclusion drawn in the experiment. Thus, some 
knowledge of basic statistics is an essential requirement on the part of the 
investigator. One may argue by saying that in this computer age where software 
on statistics (SigmaStat, GraphPad, SPSS, etc.) are available that carry out all the 
statistical analysis of the data, where is the need to know about statistics. This 
concept is absolutely wrong because the computer will carry out whatever data 
are being fed as an input whether right or wrong. If the data of an experiment not 
designed properly are fed into the computer, the results obtained may not be 
dependable. Thus, the knowledge of proper designing an experiment is a 

prerequisite in order to draw a reliable conclusion from the results obtained in the 
experiment. Another reason why one should have some basic knowledge of 
statistics is in the interpretation and appreciation of other's published results based 
on the statistical data and to check its correctness. 

Before we g� into .the experimental design and statistical analysis, it would be 
prudent to consider some of the elementary arithmetic that forms the foundation 
of any dependable quantitative study. 

SCIENCE OF NUMBERS 

th 
In

. pu�e
6

mathe
k
m

th
atics the n

b
umb

h
ers 40 and 40.00 have the same meaning. But in e saenti c wor ese num ers ave different mearun· g In · th ber . saence, e num 40 mean

hi
s
l 

th
40

at
00

the measu
h
reme

h
nt lays between 39.S and 40.5, that is a difference of one, w e . means t at t e measurement lies between 39.995 and 4o.OOS, that 
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is a difference of 0.01. In other words, the number 40.00 is measured more accurately 
than the number 40. 

Significant Figures 

Signific�t �?ures (S.F.) are those that have practical meanings. The more the 
number of s1gruf1cant figures more towards the accuracy. Every digit is significant 
except zeros. Zeros are significant unless they are at the extreme right of a number 
and to the left of the decimal point, or at the extreme left of a number. 

Examples: 125 (3 S.F.), 1250 (3 S.F.), 1205 (4 S.F.), 0.0125 (3 S.F.) 
and 1250.00 (6 S.F.). 

Few biological measurements can be made with more than three significant 
digits; though up to six may reasonably be retained for intermediate calculations 
not more than four should normally be presented in the final results. 

Rounding off Numbers 

In rounding off the numbers, the accepted principle is to leave the last digit 
retained unchanged if the quantity rounded off is less than half a unit, but increase 
it by one unit if the quantity exceeds half. 

Examples: The figures 39 .3 are rounded off to 39, while 70.8 �re rounded off �o 
71 . 

If the quantity rounded off amounts to exactly half, the convention is to leave 
unchanged the last digit retain�d if it is even, but to increase it by one unit if it is 
odd. 

Example: The figures 87.5 rounded off to 88 while 58.5 are rounded off to 58. 
Supposing, we are given certain numbers and asked to round them off to two 

significant figures, we have the following: 
1425 rounded off to1400; 1550 to1600; 1268 to1300; 1850 to1800; 1996 to 2000. 
The last answer 2000 is not correct since it has only one significant figure instead 

of two. The correct answer is 2.0 x 103 that indicates that there are two significant 
figures. This type of representation of number is knowi:i as the "scientific or standard 
notation" very often used to indicate a concentration or dose of a substance, the 
expression of which otherwise is very unwieldy. This is done by writing the number 
with one figure to the left of the decimal point multipl.ied by the appropriate power 
of 10. , · ·  . .  · 

Exm
.
nple: 31200000 . 

312 
0.00312 

= 3.12 x 107 
= 3.12 x 102 
= 3.12 x 10-3 

Ac<!uracy of M.easurements · · 
. 

It is extremely easy to do· ari�m�tl�. Herem lies the diffieulty: For i.D.stance, the 
average or mean of a group of individual values can be calculated to umpteen 



fllll•••••• •• Elll•rlDl•llll Phlnn1c11111 
-

· 11 with the help of a calculat 
places of decimals with astonishing ease, espec1a Y or, 

and the result thus presented may look very accurate. 
. ts 1·n a bala 

S d · ght of six ra nee that 
uppose, we have measured the bo Y wei 

1 es in G. as f 11 
measures accurately up to 0.5 G. division and we have the va �

37 0 °1 °Ws: 

145.5 139.0 142.5 151 .5 . 48.0 

We get a mean value of 143.917 and present it as 143.92. �re we presenting 

correctly the mean value of the body weight of six rats? Depending on the accuracy 

of the measurement only as many significant figures sh?uld be reported as the 
correct value. The measured values have four significant figures. Hence, the mean 

value should be 143.9. But the balance can measure accurately up to 0.5 G. So the 
final correct mean value should be 144.0. To make a report more accurate than the 
actual measurement is a mispresentation. 

MEASURE OF CENTRAL TENDENCY OR AVERAGE
. 

An average is a typical value that represents a group of individual values in a 
simple and concise manner. It tells us the point about which the several values 
cluster. The sample .mean is an unbiased estimate of the population mean. More 
the number of observations, nearer the true value of the population mean. 

Arithmetic Mean or Mean 
The terms average, mean and arithmetic mean are commonly used inter

changeably. Mean (A.M.) summarizes the results in a single value. It is typical of 
the whole set. In successive samples from the same population the mean varies 
less than the individual values (Table 31 . 1). 

Table 31.1  

75 80 80 88 
86 85 77 90 
68 75 76 1 1 0 
72 74 84 93 
85 80 73 72 

Mun 77 n n H 

Thus, it gives us confidence in using the mean as a fin 1 1 
Th ( - ) . 

a va ue. 
e mean x is equal to the sum of the individ 1 1 

number of individual items (N): x = SX/N 
ua va ues (SX) divided by the 

The mean can be treated further for stat" f 
· 

disadvantage is that the mean is greatly distorted � 
ical analysis.  However, the 

not be typical in certain cases. 
Y extr�me values and thus may 

For example, the mortality rate per month . . 
Europe during the epidemic of influenza was 

m �Particular year in a town in 
6 7 7 9 8 6 8 

re�or
. 

ed as follows: 
8 865 20 10 9 
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Mean (A.M.) is calculated as 80 which neither represents the 1 1  small values 
nor the single extreme value of 865. 

Median 

It is the calculated value of the middle item when the items are arranged in 
order of ma�tu�e. When the items are in large numbers, the simple formula to 
locate the rmddle item is by the formula: (N + 1 )/2. 

For example, if there are 171 items, the middle item is (171 + 1)/2 = 86th item. 
When the items are in even number, the median is the arithmetic mean of the 
middle pair. 

The median is the average of position while arithmetic mean is a calculated 
average. Median is affected by the number of items and not by the size of the 
individual items. Measurement of the individual items is not required but only of 
the middle item. It is used in the calculation of the median lethal dose (LOSO) and 
in the median effective dose or concentration (EDSO or ECSO) though not generally 
appreciated. Not distorted by extreme values as can be seen in the case of mortality 
rate due to the epidemic of influenza: 

6 7 7 9 8 6 8 8 865 20 10 9 
A.M. = 80 Median = 7 

Median 7 is more representative than the A.M. 80. 
The median is not so generally familiar as the arithmetic mean nor is it amenable 

to statistical analysis. 

Geometric Mean 

The geometric mean (G.M.) is the Nth root of the product of N items: 
G.M. = N'1 (Xl"X2 • • • •  • • • • Xn) 

For a large series of items, the computation is simplified by converting the 
original values into log values: 

Log G.M. = (log X1 + log � + . . . . . . . .  + log Xn)/N 
Antilog of the coefficient gives the G.M. In o�er words, G.M. is the antilog of 

the arithmetic mean of log doses. Since so many dose-response curves are 

constructed and analyzed with the log dose, the G.M. is commonly used but not 

always appreciated. 
G.M.'s of ECSO values and their 95% confidence limits are calcul�ted � the 

following steps (Fleming, et al.1972): . 
i) EC 50 value is determined from the do�-response curve of each expenment. 

ii) Values are converted into log values. 

iii) Mean log EC 50 value is calculated. 
. 

) C nfid nee limits (95%) are calculated. 
iv 

C
o 

rtin
e

. the mean and the confidence limit values to their antilog values 
v) onve g 

01 nfid limi·t , . Id th G M and their 95 io co ence . 
Y1.

e e 
· ·0. ate average of quantities that follow a geometric progression 

G.M. is the approp 
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b cterial growth. It is a calculated 
or an exponential law like population growth or 

11 �he individual values. It is mo 

average like arithmetic mean dependent u_Pon 
.
a . 1 s affected by extreme valu 

re 

typ. I th h 'thm ti an since 1t is es es 
1ca average an t e an e c m� erage, relatively difficult t · 

The disadvantage is that it is not w1del� kno�e
a:tive or zero. 

0 

compute, and cannot be employed if any item is g · 

Mode · lue provided a sufficiently lar 
The mode is a most commonly occurring va . I . . d 

ge 

number of items are available to give a smooth distributi?�· t is m ependent of 
· . d' · verage of position. In a small numbe 

extreme items. The mode hke me 1an 1s an a r 

of cases the mode may not exist as none of the value may be repea�ed. 

Harmonic Mean 
The harmonic mean (HM) is the reciprocal of the arithmetic mean of the 

reciprocals of the number of items (replicates) in each sample: 

HM =  N/(l/k1 +· 1/k2 + . . . . .  ; . . .  +l/kn), where k is the sample size (replicates) and 
N the number of items. 

Example: The harmonic mean of four items say, 5 9 4 7 is computed as below: 
HM = 4/(1/5 + 1/9 + 1/4 + 1/7) 

= 4/(0.20 + 0.11 + 0.25 + 0.14) 
= 4/0.7 , 
= 5.71 

The harmonic mean is used in the Dunnett's test
.
described later. 

SCATTER OR VARIATION 
The average or mean though a typical value it does not tell the whole story 

about the distribution of individual values around the mean as shown in Table 
31.2. 

Table 31 .2 

1 1 9 1 22 51  
1 20 1 ·1 a 1 7  
1 2 1  1 24 387 
1 20 1 20 5 
1 20 1 1 6 . l40 

Mean 1 20 1 20 1 20 
As can be seen, although the me

.
ans of all th · 

· . 
variation amongst the individual values in th 

f e three gr?ups are identical, the 
group intermediate and in the third group 

. � irst group IS slight, in the second 

average is incomplete without s�me meas�:.':1 f · H�nc.e, .only the measurement of 
around the mean. 

0 variation of .th� individual values 
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MEASURMENT OF VARIATION 

Range 

. Range is the difference between the lowest and the highest value. Though it is 
a simplest measure of variation, it is not dependable since it is based only on the 
two extreme values ignoring the variability amongst the other intermediate v�lues. 

Mean Deviation 

Mean deviation is the arithmetic mean of the deviation of individual values 
from the mean ignoring the signs. It is better than the range but not ideal since 
signs are ignored. Mean deviation is not amenable to statistical analysis. 

. 

Standard Deviation 

The most important measure of variation is the standard deviation, which is a 
special form of average deviation from the mean. It is the spread of the individual 
values around the mean in a sample. H is a typical deviation as much the same way 
that the mean is a typical . observation. It is used widely since it is amenable to 
statistical analysis. · · · 
, The standard deviation is calculated in the following reverse steps of the phrase· 

"root-mean-square deviation": 

1 .  Calculate the deviation of the individual values from their mean (d) 
2. Square up d to get rid of signs (d2) 
3. Add up d2 to get "sum of squares of deviations" (Sd2) 
4. Divide Sd2 by (N-1) to get "mean square deviation" or "variance" (s2) 
5. Take the square root (reversing step 2) of the variance (s2) to get the standard 

deviation S.b . . or s = -Vs2 = -V(Sd2/N-l). . 
. 

An alternative formula for calculating Sd2 is commonly employed bypassing 
steps 1 and 2 as follows: . . . .  

Sd2 = sx2 - (SX)2/N where X is the individual vaJue, S the sum and N the number 
of items. . 

Dividing the s9m of squares (Sd2) by N-l(degrees of freedom) instead of by N 
needs some explanation. Our main interest is in !Pe population variance that we 
estimate from large samples. Small samples of say, less than 30 items tend to under 
estimate the variance of,the population since the range of the sample is likely to be 
much less than that of the population. The sample variance m such a situation 
would likely �o fall short of that- of the po�ulation �f ��vision of the sum of squares 
were by N. In order to counterbalance this� the div1s1?n of the sum of squares is 

carried out by one less than the number of �terns t�at is by N-1 rather than l;Jy N, 

thus giving a better estimate of the population v.anan<Je.
. 
. . . . . . . 
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Standard Deviation of the Mean or Standard Error 
· 

· 

f pulation their means will 
If a senes of random samples are drawn rom a po 

th 
. . 

vary from one to another though to a lesser degree compared to . 
e vanation of 

individual values in a sample (see Table 31.1) . The standard error is the spread of 

the means around the mean of means of a number of samples. The greater the 

sample size, the smaller will be the standard error: 
A simple way of finding out the standard error (S.E.) i� t� calculate the S.E. of 

just one sample. This S.E. is an estimate of the standard deviation (S.D.)  that would 

be obtained from the means of a large number of samples drawn from the same 

population. 
The standard error is obtained by dividing S.D by square root of the number of 

items in a sample (N): 
S.E. = S.D./"-fN 

Alternatively, S.E. can be obtained by dividing the variance (s2) by the number 
of items (N), and then extracting its square root: 

S.E. = "-f (s2/N) 
Standard error varies directly with the standard deviation and inversely with 

the square root of the number of observations. In order to reduce the standard 
error to half, the number of observations has to be increased by four times. The 
standard error is used in the determination of confidence limits, in the Student's t 
test and in the analysis of variance. 

Determination of Standard Deviation and Standard Error 

Example : Atrop�e 
.
1 µg produced inhibi�on of methacholine induced gastric 

secretion m a  rat measured continuously by recording in a pH meter. 
The same treatment is repeated four times and the results are 
presented in Table 31 .3. 

Table 3 1 .3 

pH values Square 

1 .4 
0.9 
1 .9 
1 .9 

1 .96 
0.81 
3.61 
3.61 

sx - 6.1 sx2 - 9.99 

Mean ( x) = SX/N, where S is the sum, X the individual al 
of individuals values: re= 6.1 / 4 = 1.52 

v ues and N the number 

Steps for calculation of standard deviation and standard . 
1. Add up the individual values SX = 6.1 

error. 

2. Square up the individual values and add them SV? Up A- = 9.99 
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3. Find the sum of square of deviation from the mean 
Sd2 = SX2 - (SX)2/N = 9.99 - (6.1)2 /4 = 0.69 

4. Divide Sd2 by N-1 to get the variance 
s2 = Sd2 I N-l = 0.69/3 = 0.23 

5. Extract square root of s2 or variance to get the standard deviation 
S.D. or s =  '1s2 = '1(Sd2/N-1) = 0.48 

6.  To get standard error (S.E.) either divide S.D. by '1N = 0.48/2 = 0.24 or 
extract square root of (s2/N) = '1(0.23/4) = 0.24 

NORMAL DISTRIBUTION 

Many biological characteristics conform to a so-called "normal" or "Gaussian" 
distribution that is always symmetrically bell-shaped, and unimodal having mean, 

Values 
Fig. 3 1 . 1  Normal bell-shaped curve with lesser 

number of items at the extreme ends 
(cf. t-distribution curve) 

median and mode all at the same 
point, and completely described by 
two parameters that is mean and 
the standard deviation (Fig. 31.1) .  

When the data set follows 
normal distribution, we can 
estimate the spread of the data as 
approximately 95% falling within 
mean ±2 S.D. The means of samples 
drawn from normal population are 
normally distributed. The means 
tend to be distributed normally 
even when the parent population 
is not normally distributed. Thus, 
the means have a greater role in 

practical applications where the exact form of the sampled population is not known. 
As the sample size increases the shape of the sampling distribution approaches 
normal. However, it should be borne in mind that there is nothing abnormal about 
any observed distribution that does not follow the normal distribution. In such a 
case they should be treated as a-normal or non-normal rather than abnormal. 

t DISTRIBUTION 

In the case of small samples containing less than 30 observations unlike the 

normal distribution with large samples, the ratio of the differences between the means 

of the samples to their S .E.s will not be normally distributed but in a rather different 

shaped curve known as the t distribution described by W.S. Gosset, a civil servant 

under the pseudonym "Student" (Fig . 3 1 .2) . 
The shape of the t 'distribution curve depends on the degrees of freedom (d.f.), 

the concept also developed by "Student" . The t distribution has relatively more 
values in its tails (leptokurtic) than does the normal distribution (cf. normal 
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distribution curve). With very few d.f. 
the t distribution is very leptokurtic. As 
the d . f . increases the t distribu tion 
approaches the normal distribution. 

t VALUE 
The quantity t is a ratio defined by 

the formula ± t = ( x- - m)/S.E., where x g 
is  the sample mean and m the g 

d d � population mean and S.E. the stan ar . J: �iijii-:::._,..--r--r.......--r---r---:i,. 
error of the mean. We know x and t · 
S. E . from our sample; we select an 

Values 

appropriate value of t corresponding to Fig. 3 1 .2. t distribution cun:-e with more and more 
a particular probability level from the items at the extreme ends with less and less degree 

t bl f t d. t ·b ti. ( A d. 
) of freedom (cf normal distribution curve) 

a e o IS n u on see ppen IX , · 
and calculate the value of m, that is the population mean: 

m = x ± t0.05 S.E. 

CONFIDENCE LIMITS OR FIDUCIAL INTERVALS 
These describe the limits within which 95% of the mean values are likely to fall 

if determined in similar experiments. The value of t corresponding to a probability 
of 0.05 for the appropriate degree of freedom (N - 1)  is read from the table of t 
distribution (see Appendix) .  By multiplying the value with the S .E .the 95% 
confidence limits for the population mean (m) are obtamed as per the ' formula 
below: 

m = x ± t0.05 S.E. 
Lower value of m = x - to.os. S.E Hi?her value of m = x + t0.05S.E 
Thus, we may say that the population mean (m) lies within these limits in 95% 

of cases. The probability of the mischance by the sampling that may fall outside 
this limits is only 5% that is one in 20. . Example: Mean and S.E. of safety index of halothane in 10 mice were as follows: Mean = 2.21 S.E. = 0.15 t f 9 d f  - 2 26 C nfid 1. 't o os or . . - . 

o ence rm1 s: · 
Lower value = 2.21 - (2.26 x 0.15) = 1 .87 
Higher value = 2.21 + (2.26 x 0.15) = 2.55 

Thus, the mean is 2.21 and C.L.at 95% level is 1 .87 to 2.55 
COEFFICIENT OF VARiATION 

When the mean of two samples are almost simil 1 k · . 
deviations (S.D.or s) we may be able to say which of th

ar, 00 ing at their standard 
the means, on the other hand, are widely diff . e sample is more variable. If erent it may not be easy to say which 



lllllllllllC1l M11bea 

of the sample is more variable. In such a case the variables can be compared by 
finding the relative standard deviation or coefficient of variation (C.V.) of each 
sample where the standard deviation of each sample is expressed as a fraction of 
the mean (s/ x ) .  The C.V. is usually expressed· as a percentage of this fraction : 

C.V. = (s/ x ) x 100. 

Knowledge of C.V is useful both in planning as well as in evaluating 
experimental results. 

· . 

Determination of sample size that is required to give a reliable result : The C.V. is 
utilized in estimating the sample size depending upon the results of the preliminary 
experiments showing no difference between the means of the two samples. The 
formula used for the purpose is derived from the equation we know already: 

± t = ( x - m)/S.E; substituting 0 for m, that is no difference between the 
population mean and the calculated mean, and s/--./n for S.E. we get the equation: 

± t = x /(s/--./n) = x --./n/s 
n = t2s2/ x 2 = t2CV2 

Thus, a sample size may be estimated for any specified probability (say 5%) of 
t, provided some idea about s and x are available from the prior experiment. 

Evaluation of experimental results: It is also a convenient way of comparing two 
variables independent of the units or the methods employed in the experiment. 

Example: Comparison of the variability between the two methods of 
measurement of the rat-paw oedema (Table 31 .4) . 

Method 

Harris & Spencer ( 1 962) 
Singh & Ghosh ( 1 968) 

Table 3 1 .4 

Mean 

0.60 
0.78 

s.o. 

0.23 
0.1 5 

c. v. 

38.3 % 
1 9.2 % . 

C.V. values indicate that the method employed by Singh & Ghosh is less variable 
than that of Harris & Spencer. 

· 

It should be remembered that the coefficient of variation is informative and 
useful only if it is presented along with the values of x and s. 

EXPERIMENTAL DESIGN 

If an architect's plan (blue-print) is faulty then the construction of the building 
becomes defective notwithstanding the use of the best materials and labours. 
Similarly, if the design of an experiment is faulty, any statistical interpretation that 
makes the result conclusive must be faulty too. The experimental design and 
statistical procedure are interdependent, and one without the other makes any 
conclusion drawn from an experiment invalid. Hence, it is imperative that before 
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. · d out if necessary, with the d · · 1s carne ' starting any experiment, proper es1gnm� 
· 1 . from the results obtained. help of the statistician in order to draw a vahd cone usic: 

ld learn all he can about To make this collaboration successful the statistician s ou
bout the basic statistical the problem in hand, and the experimenter all he can a · 

approach. 

Population 

. d"ff t meaning from the one used in In statistics the term population has a 1 eren · 

. th ti. ti. · 1 · 1 t opulation e sta s cians a so ordinary speech. Besides human, animal or P an P 
. ti 1 term a 0 ulation speak of population of objects, events, procedures etc. In stati
l
s ca 

f b . 
p
t 

p 
t f d plants but a so o o 1ec s, even s, is an aggregate not only o creatures an 

procedures, things etc. 

Sample 

Since a population contains too many individuals or items to s�dy conv�niently, 
an investigation is restricted to one or more samples drawn from it. Sam�lmgs are 
thus devices for learning about large masses that is population by observing a few 
individuals that is sample. We get from our sample statistic an estimate of the 
population parameter. 

Examples of Sampling 

POPULATION 

DRAWN i j INFERENCE 

SAMPLE 

The physician makes an inference about the patient's blood through examination 
of a drop or a few ml of blood. A dozen rats may suffice to disclose useful facts 
concerning a population that runs into hundreds and thousands. A simple 
household example of sampling is to take a few grains of boiling rice and press 
them between the fingers in order to see if the whole quantity of rice in the pot has 
been cooked properly or not. 

Replication 

The replication helps us in isolating response due to treatment from that due to chance variation that is the experimental error. The replication not only reduces the experimental error but also actually furnishes an estimate· of the error that remains. The difference amongst the values in each group provides variation as a result of chance (within group variation), while the difference between the groups provide variation partly due to the chance and partly due to the effect of the treatment (between group variation) . By isolating the within group variation from 
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the between group variation we get the effect due to the treatment. This is the 
basis of the analysis of variance that is considered later. 

Randomization 
Inference about the population may not be true unless the samples are drawn 

in a random fashion. An important attribute of a sample is that every individual or 
item in the population from which the sample is grawn must have an equal chance 
of being included in it. In other words, there should be no favoritism or bias in the 
process of drawing samples. In an unbiased sample, as the number of item is 
increased the mean tends toward the population mean. To ensure un-biasness we 
have to adopt a method of randomization. 

In randomization the selection of the subject is made by means of a process in 
which chance alone and not subjective biasness operates. This could be either by 
spinning a coin, or drawing cards, or more commonly the use of the table of random 
numpers (see Appendix). A sample so chosen is called a random sample. 

Table of random numbers: The numbers in the table are arranged in blocks of 
five for easy reading. In practice, two consecutive numbers are taken together for 
allotment in a random fashion. For example, we want to conduct an experiment 
using three groups of rats each group comprising 10 rats. Three groups of rats are 
given different treatments including the control. Before starting the experiment 
we have to allot the rats in a random fashion to different groups. In the first group 
we allot rat No.I to 10, in the second group rat No.11 to 20, and in the third group 
rat No. 21 to 30. In order to do this in a random fashion we start from any point in 
the table and then proceed in any direction allotting the rat to the particular group. 
Suppose we start at a point in row14 and column 20-24 and proceed towards the 
right direction and we get the numbers 23 41 01 27 40 02 54 05 44 40 32 94 9 etc. We 
pick up the rats one by one and go on allotting to different groups as per the number 
in the table. For instance, we allot the first rat to the third group the number being 
23. In the process, we ignore if the number allotted appears again and also any 
number greater than 30. The next rat we allot to the group one the number being 
01 and so on till all the three groups have been completed. We have to skip off a 
large combination of numbers in the table being greater than 30. To overcome this 
the alternative method will be to divide the number by 30 if it is larger and take the 
remainder for allotment ignoring if remainder was zero. In the present series we 
divide 41 by 30 and allot the remainder 11  to the second group, and so on till the 
process is completed. We ignore if a particular number has been allotted already. 
Once this allotment process is over we treat one group as control, one treated with 
a standard drug and the third group treated with the compound under study. 

Latin square design: In this design perfected by R.A.Fisher, the number of 
replicates (rows) is same as the number of treatments (columns).  It is designed in 
such a way that each treatment occurs once and o�y once in each row �d in each 
column. In biological assay there may be a particular trend, say, an mcreas.e or 
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decrease in the response in a single animal or in a single tissue to several consecutive 
doses of a drug. The Latin square design takes care of this trend.  In the case of 

(2+2) dose assay in which two solutions of standard (S) and test (T) are compared 
and observations are made at two dose levels, high (H) and low (L), there are four 
treatments S S T and T . If each treatment is repeated four times, there are 16 

H' L' H L • • • • 

observations, and the order in which each set of four treatments IS given IS vaned 
in such a way that each one occupies a different position in the set in each replication. 
This arrangement is known as 4 x 4 Latin square design. 

4 x 4 Latin squares design 

ABCO ACBO ADCB ACDB 

BCOA CBDA DCBA CDBA 

COAB BOAC CBAD DBAC 
OABC OACB BADC BACD 

Any of the columns is selected for the experiment. Each treatment is assigned 
an alphabet and applied as per the arrangement in the table. By this, each treatment 
occurs once in each block in each order of administration. By appropriate statistical 
analysis it is possible to determine the variability attributable to this arrangement. 
The variation from this source can be subtracted from the total variation in the 
experiment. Thus, the degree of uncertainty in the comparison of the two solutions 
can thereby be decreased. 

Control 
A control has to be included in every study so that some inference could be 

drawn about the treatment group compared to the control group. The control may 
be of following three types: 

1 .  Untreated control group where no treatment i s  given. 
2. Placebo-control group where an inert substance is given or sham operation 

carried out similar to that in the treated group 
3. Treat�d-co�trol �roup where a standard treatment is given or a standard 

technique IS earned out to compare with the new treatment or technique 

Control 

! 
Untreated 

i i 
Treated Placebo 

Variability in the Responses 
The vanability in the responses arises partly from errors . d 1 fr · b. 1 · 1 · · m measurement an part y om mnate 10 og1ca vanations. 
The error in the measurement may be of two types: 
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(a) Systematic error (biased) yielding results that are consistently too high or 
too low and not amenable to statistical treatment. 

(b) Random error (unbiased) yielding results that vary randomly from the true 
value, some being larger and some smaller, and amenable to statistical 
treatment. 

The error due to biological variation is likely to occur not only from animal to 
animal of the same species, but also from time to time in the same animal or in the 
same tissue or organ. The errors due to variability in the measurement and due to 
biological variation can be reduced partly by improving the technique of 
observation and measurement, and partly by the method of replication in a random 
fashion. Replication not only reduces the experimental error but actually furnishes 
an estimate of the error that remains. In order to obtain a valid estimate, an 
experiment should be self contained in respect of two things, (i) inclusion of a 
control group to make the experiments comparative, and (ii) estimation of the 
experimental error from the data of the experiment itself. 

Variation Between the Samples 

Even after drawing samples by randomization there will be some chance 
variation between the samples. The variation may be slight or considerable. For 
instance, in healthy individuals variation in the body temperature is much less 
compared to that of the systolic blood pressure. Thus, the variation between the 
samples depends on the degree of variation in the population from which they are 
drawn. The more the members of a population included in a sample the more 
chance that the sample will accurately represent the population provided a random 
process is employed in the construction of the sample. The variations between the 
samples depends partly ori the inherent variation in the population and partly on 
the size of the sample. We do not know about the variation in the population. So 
we use the variation in the sample (S.E.) as an estimate of it. One can usually estimate 
the margin of error by finding the square root of the sample size (N), then dividing 
1 by that number. For instance, let us find out the margin of error of a sample of 30 
observations. The square root of 30 is 5.48; by dividing 1 by 5.48 we get the value 
0.18 or 18%. Therefore, the margin of error is ±18%. If we increase the number of 
observations say, to 40, the margin of error will be 1/'140 that is 0.16. or 16%. Thus, 
by increasing the size of the sample we can reduce the margin of error. 

STATISTICAL ANALYSIS 

Null Hypothesis 

In practice the hypothesis most ?ften S::t up is that the�e
,
�s no difference betwe�n 

the two populations sampled that 1s the null hypothesis (h0). However, even m 

such a situation the sample means are most �ikely to be identical since there will 

be some difference between them due to chance variation. Consequently, we set 
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. . . . !es as not having any signific 
the hm1ts withm which we shall regard the saIIlP ill\t 

difference. 
Significance . that values that differ from th . 

We know from the normal distribution curv� . are rela tively rare 
eir 

mean by more than twice the standard deviation 
d ted and a d.ff

· As ' 

conventional level twice the standard error is therefore 
th
a op

t d d 
1 erence 

b 
' than twice e s an ar error of th 

�tween the means in two samples
. 
gr��ter 

0 <0.05) . In oth e 

difference is said to be statistically significant at 5 Yo l�ve� (p 
f 100 

er words, 
differences of this size would occur by chance alone m five out 0 tests or one 

in 20. 

Significant v. Non-Significant 
A statistically non-significant result does not necessarily signify that the 

compound under investigation is inactive. It may indicate that the particulor 
experiment failed to prove its effectiveness. Non-significant result may be due to , 
number of factors like use of wrong or insufficient subjects, or insufficient dose or 
concentration of the test substance. In such a situation it is better to take statistically 
not significant as the "non proven" of Scot's law rather than as the "not guilty" of 
English law. 
Sampling Error 

There exist two risks in sampling that is a possibility of either of the two types 
of error (Fig.31 .3) . · 

Type I Error (False Positive) 

Type II Error (False Negative) 

� /\ 
J11s09f\ 

Fig. 3 1 .3 .  Diagrammatic representation of th t e wo types of errors 
1 .  Type I Error (a) or false positive - .  th 

· 

when no such difference really ex�:ts 
e probability of finding a difference 

2. Type II Error (�) or false negati · . · th d'ff 
ve - is the b e 1 erence when there exists th �ro ability of inability to detect 

e real difference. 

• 
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Impact of Sampling Error in the Drug Screening Program 

. In type I error (false positive) an inactive compound is taken as an active one. 
However, in subsequent studies its inactivity will be revealed and thus will get 
rejected at a later stage. 

In type II error (false negative) an active compound is taken as an inactive one 
and gets rejected at a very early stage and thus gets lost from the further studies. 

Ways of Reducing Sampling Errors 

1 .  Selecting less variable population, such as the use of the inbred rather than 
the random bred laboratory animals. 

2. Subdividing into strata of similar individuals e.g. use of the same litter, or 
the same sex or age, or the similar body weight etc. 

3. Using sufficient number of subjects to give a reliable result. 
4. Using the same animal (paired sample) or tissue for different treatments 
5 Using sufficient dose or concentration of the test substance 

How Significant is Statistically Significant 

The term significant has two meanings. As per the dictionary, it ordinarily means 
important, while statistically significant means it is probably caused by something 
other than mere chance. In an experiment the finding may be statistically significant 
but not necessarily of practical importance. 

Assumptions Made in the Significance Tests 

In the test of significance of the difference between the two sample means we 
generally assume that the means of the two populations or their variances or both 
are similar. For equal sample sizes the normality and the variances of the two 
samples are usually equal. The test for the homogeneity of variances should be 
carried out if one sample is much smaller in size and has a much larger variance 
than the other. 

Test of Homogeneity of Variances 

In order to decide whether two or more variances differ significantly we do the F test 
as follows: 

F = larger variance/smaller variance. 

The calculated value of F is compared against the tabulated value of F at 5% 
probability (see Appendix). If the sample F is larger than the tabulated value; it 

fails in the homogeneity test. In such a situation the usual procedure is the 

logarithmic transformation of the data before doing the t test. Alternatively, a non

parametric test such as Wilcoxon's rank sum test may be employed. 

Difference Between the Two Means 

In a comparative study, we usually try to find out whether the means of the 
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d know that that the mean of 
a two groups differ significantly or not. We alrea 

Y differs more than twice its sample has a standard error, and that a value that 
chance only in about 5% of standard error from the mean would be expected by 

(S.E.diff.)  also has 
cases. Likewise, the difference between the two sample me;:i� 

two sample mean 
a 

standard error calculated as the sum of
.
the standard

.
erro;. 

01 d�ff rent way; first b
s. 

In statistics however this (S.E. +S.E) is calculated in a itt e i � _ ' 
t Y ' ' 1 

d th extracting its square roo as adding the variances of the two samples an en 

shown below: 

S.E. diff. = .../(SD2/n1 + SD2/n2) .  

PARAMETRIC TESTS 

The parametric test is performed where the data are assumed to be normally 

distributed. To test the null hypothesis that there is no difference between the means 

of the two samples, we divide the difference between the means 
.
by the stan�ar

.
d 

error (S.E.)  of the difference. If the difference is more than twice the S.E.  it is 
significant and likely to occur by chance in less than 5% of cases (P<0.05). 

Student's t Test 

With smaller sample size of less than 60, the multiple of S.E. is somewhat larger 
than twice the S.E., and the smaller the sample size the larger it becomes. This is 
because of the fact that in the t distribution curve more values are in the extended 
tail ends in contrast to the normal distribution curve where there are very few 
values in the tail ends. Hence, in the case of small sample size some modification 
of the procedure of dividing the difference between the means by the S.E. is needed, . 
and the technique thus developed is known as the Student's t test. This is one of 
the most widely used tests applied in biological investigations employing samples 
of small size. The t test has to be applied for statistical analysis when a sample 
consists of about 30 or less number of items. It is usually applicable to measurement 
(graded) data, such as blood sugar level, body weight, reaction time, etc. 

It can be used under two situations: 
(i) wh�n the comp�rison is made between the two different groups (between 

subjects comparison) 
(ii) when the comparison is made between the two measurements in the same 

subject following two consecutive treatments provided the first has no inf!uence on the effect of the second (within subject comparison b the paired t test) Y 

Difference Between the Means of the Two Samples 
For a small sample size, say 30 or less, we first calculate b

. 
d 

· 
for the two samples in the following steps : 

a com me vanance 

11 
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502 = (Sx/ + Sx/)/(n1 + n2 - 2), where Sx 2 and Sx 2 are the respective sum of 
squares of deviations, and n1 and � the number of individuals in each sample. 

Then, we calculate the standard error (S.E.) of the difference: 

S.E.diff. = -V(SD2/n1 + SD2/n
2
). 

Finally, we get the value t by dividing the difference between the two means 
by the S. E .of the difference: , 

t = ( x 1 - x 
2
)/S.E.diff. 

The value thus obtained is compared against the value in table of t distribution 
(see Appendix) against the combined degrees of freedom (n1 + n2 

.:... 2) at the 
appropriate probability level. 

Example: Testing the difference in the ECSO of acetylcholine in control and in 
morphine treated mouse isolated ileum (Table 31.5). 

Table 3 1 .5 
EC50 values of ACh ng/ml in control (X1) and in morphine treated (X2) mice. 

Control Morphin1 tr111t1d 
x ,  x z 

1 x x z 

28 784 40 1 600 
37 1 369 27 729 
22 484 57 3249 
30 900 26 676 
3 1  961 60 3600 

1 0  1 00 39 1 521  

40 1 600 42 1 764 

33 1 089 38 1444 

2 1  441 48 2304 

26 676 5 1  260 1 

1 0  1 00 

1 5  225 

24 576 

25 625 

sx, - 352 sx2 - 9930 sx2 - 428 sx2 - 1 9488 I 2 (SX/ - 1 23904 (SXzl2 - 183184 

, _ 25. 1 , _ 42.8 

P11r11m«•r Control Tr111tld 

/ n 14  1 0  

sx 352 428 

1 25. 1 42.8 

(SX)2 1 23904 1831 84 

sx2 9930 1 9488 

(SXl2/n 8850.29 1 83 1 8.4 

sx2 - sx2.1sx12tn 1 079.7 1  1 1 69.6 
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2 - 1 079.7 1 + 1 1 69.6 = 1 02.24 
S. D. 

-
1 4 + 1 0 - 2 

. . _ I 02.24 + 1 02.24 = 1 02.24(-1 + _!_J = 4. 19 
S. E. diff - 14  1 0 1 4  1 0 

t = 42.8 - 25. 1 = 4.22; d.f. = 14 + 1 0 - 2 = 22 
4.1 9 

The table of t distribution (see Appendix) shows that at 22 degrees of freedom, 
the calculated t value 4.22 lies beyond the recorded value 3.792 at probability level 

0.001, which indicates that the difference in the mean ECSO values of the two groups 

of mice are highly significant (P<0.001 ) .  

Difference Between Means of Paired Sample 

As an illustration, 10 rats were used in the study of an anorectic compound. The 

difference in the body weight before and after treatment was recorded in each rat as 

set out in Table 31 .6. 

Rat 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  

Table 3 1 .6 
Difference in the body weight of rats before and after treatment 

Before treatment 
(A) 

1 90 
208 
221 
1 88 
1 76 
200 
2 1 0  
1 98 
205 
1 99 

2 2 1 1 6  
Sx = 478 - W = 266.4 

After treatment 

(8) 

1 9 1  
20 1 
2 1 9  
1 90 
1 79 
1 96 
1 99 
1 9 1 
1 96 
1 87 

Difference in 8. W. 
(A-8) or d 

-1  
7 
2 

-2 
-3 

4 
1 1  

7 
9 

1 2  
Sd - 46 

(Sd)2 - 2 1 1 6  
d - 4.6 

2 S x 2 
S . D  == - ==  

n - 1 

Squared difference 
d 1 

1 
49 

4 
4 
9 

16  
1 2 1 
49 
8 1  

1 44 
Sd2 - 478 

266.4 ' 
= 29.6 

9 
S. D. = 5.44 S. E.= �· = 1.72 t = � - 4.6 

S. E - 1.72 = 2.67 

Consulting the table of t distribution ( A . 
we find that the value 2.67 lies beyond th

.
e 

see ppendix) at 9 degrees of freedoJJl, 

0 05 Th . . recorded v I 2 . el . . us, the value obtained is statisticall . . . a ue .62 at probability Iev 

. 
y significant (P<0.05). 

l 
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Verification of the Published Data 
An important rule in a publication is to give the reader all the information he 

needs so as to enable hi t ·fy h . . m o ven t e result presented there. With the available 
data, such as the mean, the standard deviation (s) or the standard error.(s.e.) and 
the number of observations (n) we can verify the results by squaring the s.e. adding 
them u d fin 11 · 

' 
P an a Y taking the square root to get S.E.difference: 

S.E.diff. = °'1(s.e/ + s.e2
2
) 

diff�
e get the t value by dividing the difference between the means by the S.E. 

t = ( x 1 - x 2)/S.E. diff. 

. 
F.

inal�y, the calculated t value is compared with the value in the table of t 
d�stnbution against the d.f. (n1 + n2 - 2) at 0.05 probability. 

As an example, we have picked up the figures from the Table 1 described by 
Paul, et al. 2004 and presented in Table 31.7 

Number (n) 
Mean ±- SE. 
S.E.2 -
Sum S.E.2 
S.E. �iff 

Table 3 1 .7 
Mucosa! mast call count in stressed and in un-strassad (control) rats 

Control fx/ 
8 

74. 1 3  ±- 5.04 
25.40 

35.26 
5.94 

t = ( x 1 - x 2)/S.E.diff. = (74.13 - 23.38)/5.94 = 8.54 

Stress fx) 
8 

23.38 ±_ 3. 14 
9.86 

Consulting the t table for 14 d.f. we find the calculated value 8.54 far exceeds 
the value 4.140 at P = 0.001 . Therefore, the conclusion by .the authors that the 
difference between control and stressed groups is highly significant (P<0.001) is 

found to be correct. 
-

ANALYSIS OF VARIANCE (ANOVA) 

While the Student's t test compares the means of the two samples, the ANOVA compares 

the variances of two or more samples. It is the most elegant, powerful and useful technique 

by which the total variation in the set of data is reduced �o �ompone�ts associated with 

possible sources of variability. The te�t comp�es th; :ar_ia�ion� (vanance) betw�en the 

groups with those within the groups: If
. 

betwee� and within vanances are approximately 

of the same size, there will be no sigmficant difference betwe�� the group means. On the 

other hand, a comparative larger 'between' variance will in�icate a significant difference 

between them. An assumption is made similar to t test that all sample groups have similar 

._,._,,..,. · -
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· . · has to do a priori test for the 
vanances .  If there 1s som� strong reason to doubt this,  one . . 

h 
· · . ANOVA test ts becommg more 

omogene1ty of vanance as already descnbed. The one-way 

and more popular in the scientific studies. 
Steps for calculation for the one-way ANOVA or F test: 

1 .  Enter the data (x) in respective columns (n) 

2. The data in rows indicate replicates (k) . 
3. Add up the values in each column (x1 + . . . .  + xk) and obtain the sum Sx1, Sx2, 

. . .  Sxn against each column . 

4. Add up the column totals (Sx1 + . . . . . .  +Sx) to get the grand total of all items 

(SX) 
5. Square up the grand total to get (SX)2 

6. Divide each Sx by the number of replicates k to get the mean of each column 

( x ) 
7. Square up each item in a column and add up to get sum of squares (Sx2) for 

each column 
8. Add up all the Sx2 to get SX2 (A) 
9. Divide (SX)2 by N the total number of items to get the 'correction factor' (C) 
10. Square up each column total and divide by the number of replicates k to 

get (Sx)2/k for each column total and finally add them up (B) 

Computation: 
Total number of items N = Number of groups (n) multiplied by number of 

. replicates (k) 
= nk 

Total sum of squares = A  - C 
Between groups (treatments) sum of squares = B - C 
Within group (error) sum of squares = A - B 
Degrees of freedom (d.f.): Total number of items = N - 1 

Number of treatments = n - 1 
Error = N- n  

By dividing the sum of squares by the respective d f we g t th
· 

Finally, we divide the between groups mean square b 
. .  

th 
e
. . 

e mean square. 

square to get the value for F (Table 31 .8). 
Y e within groups mean 

Sources of variation d.f. 

Between groups n - 1  

Within groups {Error) N - n  

Total N - 1  

Table 31 .8 
Analysis of Variance 

Sum of squares 

SSGr 
SS& 
SS 

Mean square 

SSJd.f • • MS 
SSJd.f. • MS 

Gr 

Er 

F 

MS&r I MS& 

Example: Three groups of six rats each were ass· 
control, tea root extract and acetylsalicylic acid to c 

igned three treatments, that is 
ompare the' ff . 

. Ir e ect on the weight 
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of the cotton pellet g 1 . . . 
f 

ranu oma as presented m the Table 31 .9. The aim of this study 
was to i

f
nd out whether there was any significant difference between the three 

groups o treatment p thi . 
· or s we performed the one-way ANOVA or F test named 

after R A. Fisher, the renowned statistician. 

Table 3 1 .9 Increase in the weight ( I f h . . g o t e cotton·pellet granuloma m control and m treated groups* 

Sx 

Mean ( x I 

Control (x ) 
T 

0.050 
0. 1 25 
0.085 
0. 1 20 
0. 1 05 
0. 1 45 

0.63 

0. 1 05 

Tea root ext. (x2) Acetylsa/icylic acid (x3) 

0.040 0.065 
0.030 0.055 
0.045 0.050 
0.055 0.070 
0.050 0.060 
0.055 0.065 

0.275 0.365 sx - 1 .27 

0.046 0.061 
Sx2 0.072 0.0 1 3  0.022 sx2 - 0. 1 01 !Al 
(SxJ2 / k 0.066 0.0 1 3  0.022 

* Raw data by courtesy of Dr. J.R.Vedasirornoni 

Computation: 

Total number of observations N = n.k = 18 
Correction factor = (SX)2 I N = (1 .27)2 / 18 = 0.090 (C ) 
Total sum of squares = (A - C) = 0.107 - 0.090 = 0.01 7 (TSS) 

- 0. 1 0 1  (8) 

Between group sum of squares = (B - C) = 0.101 - 0.090 = 0.011 (BSS) 
Within group sum of squares (error) (TSS-BSS) = 0.017 - 0.01 1 = 0.006 
Degrees of freedom (d.f.):  Total number of observations (N - 1) = 17 

Number of groups (treatments) = (n - 1) = 2 
Error = 17 - 2 = 15 

By dividing the sum of squares by the respective d.f. we get the mean squares 
(variances). Finally, we divide the 'between group mean square' by the 'within 
group mean square' to get the value of F (Table 31 .10) 

I 

Sources of variation 

Between treatments 
Within treatments (Error) 
Total 

d.f. 

2 
1 5  
1 7  

Table 3 1 . 1 0  
Analysis of Variance 

Sum of squares 

0.0 1 1 
0.006 
0.0 1 7  

Mean squares 

0.006 
o.ooo4 

F 

1 5  

Referring to the table of distribution of F (see Appendix) against 2 d.f. for grater 

mean square and 15 d.f. for lesser mean square, we find a value 6.36 at 1 % level of 
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f 15 · · f greater than the recorded 
significance. Since the experimental value o is ar 

h' hly si· gru·f· · th groups are 1g icant value we conclude that the differences between e 
{P<0.01 ) . l '  d · · . ) I be app ie m experiments Like the t test the analysis of variance (F test can a so . f · · · I t' vely easier to per orm than mvolvmg only two sample groups. The F test is re a I . . 
the t test. It is, however, up to the investigator to select the test of his chmce. 

DUNNETT'S TEST 
A significant F test tells us that there are differences between the groups as a 

whole and not which group differs from the other. In case we want to know 
specifically which group differs from the other, we may have to take recourse to a 
post hoc analysis by a specialized test known as the Dunnett's test n��ed after the 
statistician who developed it. It is conducted by computing a modified form of t 
test between the different groups using the formula: 

t = (M. - M )/'1(2MSE/HM) where M. is the mean of the ith experimental group, d 
I C I I 

M is the mean of the control group, MSE is the mean square error as computed 
fr�m the analysis of variance, HM is the harmonic mean of the sample sizes of all 
the experimental groups including control. 

HM = n/(l/k1 + l/k2 + . . .  + l/k) where n is the number of sample groups and k 
the number of items in each sample. 

The degrees of freedom ( df) for the test are equal to N - n, where N is the total 
number of subjects in all groups and n is the number of groups including the control. 

Example : Having found the F test significant in the earlier example, we wanted 
to know specifically whether there is significant difference between the tea root 
extract group (Mean 0.046) and the control group (Mean 0.105). We carried out a 
post hoc analysis by the Dunnett's test as follows: 

Comparing the two groups, we first work out the harmonic mean (HM) and 
then the td : 

HM = 3/(1/6 + 1/6 + 1/6) = 5.90 
td = (0.105 - 0.046)/'1(2 x 0.0004/5.90) = 0.059/0.012 = 4.92 

The degrees of freedom (18 - 3) = 15 
· 

Consulting the Dunnett table (see Appendix) at 15 d.f. we find the value 3 25 against group 3 at 0.01 probability. The calculated value 4.92 is 1 th fu stated value 3.25 indicating the difference between the tea ro t tr
ar

ct
ger an 

d
e 

th t 1 . hi hl . ' f' 
o ex a group an e con ro group is g y s1gn1 1cant (P<0.01 ) .  

Now, we want to know whether there is  any shm1ficant d "ff b th . oA � 1 erence etween e tea root extract group and the acetylsalicylic acid group w al 1 as follows: 
· e c cu ate the td value 

td = (0.061 - 0.046)/'1(2 x 0.0004/5.90) = 0.015/0.012 = 1 Consulting the Dunnett Table against 15 d.f. we find th 
·25 

. 
group 3 at 0.05 probability is much higher than the calcul t 

d e value 2.� �g�t 
that there is no significant difference between the two tr 

a e
tm

value 1 .25 md1cating 
. ea ent groups (P>0.05). 
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NON-PARAMETRIC TESTS 
The 1_10n-parametric or distribution-free methods are becoming increasing"iy 

popular 11_1 t�e analysis of biological data because of the following: (a) It is simpler to use without much mathematical calculations, and 
(b) Unlike in the t test, no assumption is made regarding the nature of the 

distribution so that the test can be applied irrespective of the data being 
normally distributed. 

Wilcoxon's Signed Rank Test (Paired Data) 

We take the experiment described earlier where the differences in the body 
weight in rats before and after an anorectic compound have been recorded. The 
results are arranged in a tabular form (Table 31 .11)  in the following steps : 

1 .  Rank the differences in the body weight in an incr�asing order irrespective 
of the signs, the smallest value being given rank 1 .  

2. Average ranks. are given for the tied values. 
3. Zero differences, i f  any, are excluded and the sample size reduced 

accordingly. 
4. The rank total must correspond to the value obtained by the formula : 

n (n+ 1)/2, where n is the number of items (rats). 
5. The respective sign is attached to each rank. 
6. The plus ranks and the minus ranks are added separately, and the smaller 

total is taken for the test of significance. 
7. Irrespective of its sign, it is referred to the table of Wilcoxon test on paired 

samples against the number of pairs in the sample (see Appendix). 
8. Larger rank totals than those recorded in the table are non-significant at 

the level of the probability shown. 

Table 3 1 . 1 1 
Ranking of the differences in the body weight in each rat before and after treatment 

Rat Differences in 8. W.(g) Rank Rank Average Signed Rank 

1 
2 

3 
4 

5 

6 

7 

8 
9 

1 0  

1 
-2 
2 
3 
-4 
-7 

-7 

-9 
-1 1 

-1 2 

1 
2 
3 
4 
5 
6 
7 

8 
9 
1 0  

1 
2.5 
2.5 
4 
5 

6.5 
6.5 
8 
9 
1 0  

1 
- 2.5 
2.5 

4 
-5 

-6.5 
-6.5 
-8 
-9 

�10  

t Xample the rank total adds up to 55, the plus ranks = 7.5, the 
In the presen e ' 

. · ·1 
. nk _ 47 5 Number of paired observations = 10. Consulting W1 coxon 

mmus ra s - · · · 1 th th d d al 8 . d b ati'ons the smaller value 7.5 is ess an e recor e v ue 
table of paire o serv ' 
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· d · significant at 5% level (P 
at 5% level against 10 pairs. Hence, the result obtame 15 

< 0.05). 
Wilcoxon's Two-Sample Rank Test (Unpaired Data) 

Th. . . . 1 h d not be of equal size .  Steps for 
1s test 1s applied to unpaired samp es t at nee 

calculation are as follows: 
b' · d into a single se · 1 .  The observations in two samples (groups) are com me nes 

and ranked in order of magnitude; the figures f�o� one sample are 

distinguished from those of the other, say, by underhrung. . 
2. Average ranks are given for the tied values; the total should tally with the 

calculated value by the formula n(n+ 1)/2, where n is equal to the total of 

both the samples. · 

3. The ranks of any one sample are added; if the total (T1) is more than half 
the rank total of the two samples together, the other rank total (T2) is found 
out by the formula T2 = [n(n+l)/2] - T1 • 

4. The smaller of the two rank totals is referred to the table of Wilcoxon test 
on unpaired samples (see Appendix) with n1 = number of observations in 

smaller sample, if any, and n2 = number of observations in the other sample. 
If the calculated total (T1 or T2) is equal or less than the tabulated value, we 
reject the null hypothesis at the corresponding significance level. 

Example: �e data in Table 31 .12 represent the number of jumps per mouse 
observed dunng naloxo:t:le precipitated morphine withdrawal in control and in 
atropine treated mice. 

Table 31 . 12  

Number of jumps per mouse in the control and in  the treated group 
Control Mice No. of jumps Treated Mice No. of jumps 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

5 

2 

13  

6 

5 

8 

2 

5 

9 

1 7  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 5  

9 

1 1  

5 

31  

36 

9 

1 8  

23 

21  

The values (number of jumps) of two groups are b. 
in an increasing order (underlined figures . d' 

com med together and ranked 
. in icate valu fr presented m Table 31.13. Average ranks are entered f th 

es om treated mice) 

. ·  

or e same values. 
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Table 3 1 . 1 3  
Ranking o f  number of jumps i n  the control and i n  the treated group combined together 

No. of jumps Ranks Average ranks No. of jumps Ranks Average ranks 
2 1 1 .5 9 1 1  1 0  
2 2 1 .5 1 1  1 2  1 2  
5 3 4.5 1 3  1 3  1 3  
5 4 4.5 1 5  14  1 4  
5 5 4.5 1 7  1 5  1 5  
5 6 4.5 1 8  1 6  1 6  
6 7 7 2 1  1 7  1 7  
8 8 8 23 1 8  1 8  
9 9 1 0  3 1  1 9  1 9  
9 1 0  1 0  36 20 20 

. 
The average r� total is calculated by adding up the individual average ranks. 

This can also be calculated by the formula n(n+ 1 )/2, where n is total number of 
ranks. 

In the present case the average rank total = 20(20 + 1)/2 = 210 
Control = 69.5 Treated = 210 - 69.5 = 140.5 
With 10 mice in each group (n1 = n2 = 10) the smaller value 69.5 is less than the 

recorded value 71 in the table of Wilcoxon test on unpaired samples at 1 % level of 
probability. Hence, the difference is highly significant (P<0.01 ) . . 

CORRELATION 

Correlation is the mutual relationship between the two measurements. There 
are usually two variables, the independent variables that are predetermined, and 
the dependent variables that vary proportionately with changes in the independent 
variables. With the progressive increase in the size of the independent variable 
there may be either an increase (positive correlation) or a decrease (negative 
correlation) in that of the dependent variable. The correlation between the two 
variables does not necessarily mean a cause and effect relationship but simply an 
association between the two. 

Correlation Coefficient (r) 
It is a measure of covariation, the degree of association between the two 

variables. The independent variable is plotted along the horizontal axis. (abscissa), 

while the dependent variable is plotted along the vertical scale (ordinate) . In 

biological science, the values plotted in the form of a scatter diagram generally 

occupy an elliptical area, the o�erall impression �f which ��y be
. 
approximately of 

a linear nature (linear regression). The correlation coefficient 1s measured on a 

scale ranging from + 1 to -1 . Complete correlation between the two �ariab!es in the 

shape of a straight line is �xpressed by + 1 �hen the dependent vanable increases 

"th th ·"rease in the independent vanable, and by -1 when the dependent 

::riabl: �ecreases with the increase in the independent variable. When the 

• 
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llldividual plots are scattered in an elliptical shape instead of ID a perfe�t straight 

lme the correlation coefficient is less than 1 .  Complete absence of correlation where 

the individual plots are scattered almost in the shape of a circle is expressed as 0. 

Calculation of the correlation coefficien t. The formula for the calculation of the 

correlation coefficient (r) is as follows : 

r = Sxy /.../(Sx2 x Sy2), where Sxy = SXY - [(SX)(SY)]/N 
S/ = SX2 - (SX)2/N 

S 2 = SY2 - (SY)2/N 
y 

Example: The weight gain foilowing high protein diet in eight rats are 

presented for the calculation of the correlation coefficient (Table 

31 .14). 

Tabla 3 1 . 1 4  
Waight gain i n  rats following high protein diet 

Rat Initial weight (X) Gain in weight (Y) X2 Y2 
1 60 1 1 2 . 3500 1 2544 
2 48 1 1 8 2304 1 3924 
3 64 1 59 4096 2528 1 
4 46 82 21 1 6  6724 
5 50 1 28 2500 1 6384 
6 57 1 07 3249 1 1 449 
7 45 1 03 2025 1 0609 
8 . 74 1 33 547 1 7689 

N - 8  sx - 444 SY · 942 sx2 - 25366 sv2 - 1 1 4604 
x - 55.50 v - 1 1 7.75 (SX)2 • 1 97 1 36 (SY)2 - 887364 

Computation: 
Sxy = SXY - (SX)(SY)/N = 53308 - [(444 x 942)/S] = 1027 

2 
. 

5x = SX2 - (SX)2/N = 25366 - (197136/8) = 724 
S/ = SY2 - (SY)2/N = 114604 - (887364/8) = 3684 
r = SJ .../(S/ x S/) = 1027/.../(724 x 3684) = 0.63 

The correlation coefficient (r) thus works out to be
.
0.63. 

Standard Error of r : · 

XY 

6720 
5664 
1 0 1 76 '  
3772 
6400 
6099 
4635 
9842 

SXY - 53308 

To test the deviation of r from o, or nil correlati 
t = r x.../[(N - 2)/(l - r2)]; dJ.

o�Nw� ;se the t test as follows: 

In the above example, . the number of rats N = 8 A . 
we have: 

· · pplymg the above formula, 

,;) 
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t = 0.63 x �[(8 - 2)/(1 - 0.632)] = 0.63 x �(6/0.6) 
= 0.63 x 3.16 = 1.99 

Consulting the t table at 6 d.f., we find the valuel .99 is less than the recorded 
valu� 2.�7 at probability 0.05. The correlation coefficient may thus be regarded as 
not s1gruficant (P >0.05). 

REGRESSION 
In regression the average value of y (dependent variable) changes with x 

(indei:>endent variable). This relationship between y and x is represented by a simple 
equation known as the regression equation. When it changes approximately in a 
linear fashion it is known as the linear regression. · 

Regression Equation 

The regression equation is represented by the following formula: 
Y = a + bX 

where Y is the dependent variable, a is the point on the ordinate (vertical axis) 
at which the regression line meets, b (regression coefficient) the slope of the 
regression line and X the independent variable. 

Calculation of Regression Equation 

b = Sxy/Sx2 a = y - b x  
Applying the data in Table 31.14 for correlation coefficient, we get the following: 

b = 1027 I 724 = 1.42 
a =  117.75 - (1 .42 x 55.50) = 38.94 

Therefore, the regression equation of the values in Table 31.14 is as follows: 
Y = a +  bX = 38.94 + 1 .42 X 

This means that on average, for each gram of increase in initial weight there is 
1 .42 grams of increase in gain over the range of measurements made. 

In order to draw the regression line as per the equation, we take three values of 

X, one a lower, one a middle and one a higher value, and substitute these in the 

equation as follows: 

If x = 48, y = 38.94 + (1 .42 x 48) = 107 
If x = 57, y = 38.94 + (1 .42 x 57) = 120 
If x = 64, y = 38.94 + (1 .42 x 64) = 130 

We plot these three points and then draw a line through them as shown in the 

Fig. 31 .4 

• 
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30 40 50 60 70 80 
Fig. 3 1 .4 Scatter diagram. Abscissa: Initial body weight (g.). Orqinate: g�n in bod� weight. 

Black dots: original values. Lines: calculated values as per the regress10n equation. 

In order to test the statistical significance of the regression coefficient, we 
compute the value of t as follows: 

t = b/sb,, 
where sb = -iJ(Sy.x2/Sx2); 

Syx2 = Sdyx2 /(N - 2); 

Sd 2 = S 2 - (S )2 IS 2 yx y xy 
x 

Thus, Sd 2 = 3684 - [(1027)2/724] = 3684 - 1457 = 2227 yx 

s 2 = 2227/6 = 371 yx 

Sb = �(371/724) = 0.71 

Therefore, t = 1 .42/0.71 = 2.0 

Consulting the table of t distribution, we find the value 2.0 i.s less than the 
value recorded against 6 d.f. (2.447) at 0.05 probability indicating that the regression 
coefficient (b=l .42) is not statistically significant (P > 0.05). 
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Appendix 

GUIDE TO DRUG DOSES IN LABORATORY ANIMALS 

Drug Species Oose per kg Remarks 
body weight and route 

Acetylcholine Chloride Dog 1 to 1 0  µg iv Muscarinic lnicotinic in high 

0.1 mg iv dose) agonist 

Cat 5 to 1 0  µg iv 

Rabbit 1 0  µg iv 

Rat 1 to 1 0  µg iv 

Adrenaline bitartrate Dog 0.5 to 3 µg iv Adrenoceptor agonist 

Cat 1 to _5 µg iv 

Rabbit, 

Guinea pig 
& Rat 3 µg iv 

Alloxan monohydrate Dog 50 to 75 mg iv Produces experimental diabetes 

Rabbit 1 50 to 200 mg iv mellitus 

Rat 50 mg iv 1 week before experiment 

1 50 mg po 24 hours before experiment 

Mouse 80 mg iv 3 days before experiment 

Af vimopan Rat 0.1  to 3 mg/kg po Seletive opioid µ receptor 

1 mg/kg iv antagonist 

Amantadine HCI Rat 1 0  to 30 mg ip DA uptake blocker 

Aminoguanidine HCI Mouse 1 00 mg po NOS* inhibitor 

Aminooxyacetic acid Rat 20 mg ip Increases central GABA level; 

60 min prior to test 

Arnitriptytine HCI Mouse 1 0  mg ip DA uptake blocker 

d-Amphetamine sulphate Rat 3 to 5 mg sc CNS stimulant and anorectic; 
0.7 mg SC increases locomotor activity 

Angiotensin II amide Dog 0.4 µg iv Produces hypertension 
Cat 0.02 to 0.1 µg iv 

Apomorphine HCI {)og 0.1  mg SC Emetic 
Guinea pig 2 to 8 mg sc Dopaminergic agonist 
Rat 0.2 to 0.8 mg sc 

"' Nitric oxide synthases 

• 
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Drug Species Dose per kg Remarks 

body weight and route 

Mouse 0.1  to 1 .0 mg ip 
Aspirin Rat 200 mg po To induce gastric ulcers 

Atenolol Dog 0.3 mg iv 13, ·Adrenoceptor blocker; 5 min 
prior to test 

Atropine methylnitrate Rabbit 0.5 mg iv Peripheral muscarinic receptor 
Rat 2.5 to 5 mg sc blocker 
Mouse 2 to 5 mg ip 

Atropine sulphate Dog 0.5 to 1 mg iv Muscarinic receptor blocker 
Rabbit 2 mg iv 
Rat l mg iv 
Mouse 2 to 1 0  mg ip 

Baclofen HCI Mouse 1 mg ip GABA antagonist 

Benserazide HCI Guinea pig 50 mg ip x 14 days Peripheral DOPA decarboxylase 
inhibitor 

Rat 50 mg ip 3 times In lower doses only peripheral 
at 2 hourly intervals depletion 

200 mg ip 3 times Both central and peripheral 
at 2 hourly intervals noradrenaline (NA) depletion 

�n high doses 
Mouse 50 mg ip 30 min before experiment 

Benztropine Rat 1 to 6 mg ip DA uptake blocker 

Bretylium tosylate Rat 5 to 20 mg iv Adrenergic neuron blocker; 
2 h prior to test 

Bromocriptine mesylate Rat 1 to 5 mg SC Dopaminergic agonist 

Butaclamol Rat 5 to 1 0  mg po Dopaminergic antagonist 

Candesartan Rat 5 to 1 0  µg iv AT, -blocker 

Carbachol chloride Rat 0.2 to 0.5 µg iv Gastric acid stimulation 

Carbon tetrachloride Rat 0.1 to 1 ml po Induction of liver damage 
total dose 

Carrageen an Rat 0.1 ml of 1 0% soln. Phlogistin 
subplantar 

DL ·p-Chloroamphetamine Mouse 5 mg ip 5HT depletor; 24 h before 

HCI IPCA) 
experiment 
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Remarks 
Drug Species Dose per kg 

body weight and route 

1 25 mg daily for 
5-HT depletor; depletes 5-HT to the 

p·Chlorophenylalanine Rabbit maximum on 4th day; results in 
(PCPAI 3 days ip 

80% depletion of 5-HT and much 
Rat 300 mg daily for 

less of NA and dopamine IDA) 
3 days ip 

1 00 mg every 48 h 

• for 5 days sc 

Mouse 1 50 to 300 mg 1 2 
• hourly for 3 days ip 

• Rat 1 00 mg daily for Soluble form of PCPA to be 
DL -p-Chlorophenylalanine 

stored at 0°C ; experiment to be 
methylestar HCI 4 days ip 

done 1 2  h after the last dose 1 50 to 300 mg daily 

for 3 days ip 

Cimetidine Rat 1 00 mg ip H -Receptor blocker 
2 

Cinanserin HCI Rat 10 mg ip 5-HT blocker; 30 min prior to 

Mouse 5 mg ip test 

Ciproxifan Rat 0.3 to 3 mg po H3 • antagonist 

Clobenpropit Rat 3 to 30 mg po H3- antagonist 

dihydrobronide 

Clomiprlllline HCI Rat 1 0  mg ip NA uptake blocker 

Cocaine HCI Dog 5 mg iv Neuronal catecholamine (CA) 
Cat 2 mg ip uptake blocker 

B mg im 
Mouse 4 mg ip Locomotor activity by DA 

uptake inhibition 

Cromoglycate Of cromolyn Rat 2.5 to 5 mg >< 2 daily Mast cell stabilizer 
sodMn tor 4 days po 

Cyproheptadine HCI Dog 40 to 1 00 µg iv 5-HT and histamine blocker 
Guinea pig 250 µg ·ip 
Rat 50 µg SC 

Decamethonium bromide Dog 0.2 mg iv Depolarizing neuromuscular 
Cat 1 5  µg iv blocker 
Rabbit 1 mg iv 

Deoxycorticosterone Rat 25 mg >< 2 tab Produces hypertension in unilateral 
acetate (DOCAI sc implantation nephrectomized rat 5 mg sc twice Drinking water replaced by 0.9% a week >< 7 weeks NaCl after 5 to 6 weeks 
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Drug Species 

Desmethylimipramine Rat 
(Desipraminel 

Mouse 

Oiethyldithiocarbamate Rabbit 
sodium (DOC) Mouse 

Diethylstilboestrol Rat 
(Stilboestrol) 

Digoxin Dog 
Cat 

Dihydroergotamine Dog 
tartrate Rabbit 

Rat 

l ,  l -Dimethyl-4-phenyl· Dog 
piperazinium iodide !DMPPI Cat 

Diphenhydramine HCI Dog 
Cat 
Guinea pig 

Dipyridamole Cat 
Rat 

Disulfiram Rabbit 
(T etraethylthiuram & Rat 
disulfide) 

Domperidone HCl Rat 

l-DOPA HCl Guinea pig 
Rat 
Mouse 

Dopamine Rat 
Mousa 

Egg albumin or ovalbumin Guinea pig 

Dose per kg 
body weight and route 

0.1 to 0.5 mg iv 
25 mg ip 
20 mg ip 

400 mg ip 
500 mg ip followed 

after 2 h by 
500 mg SC 

l mg ip/im 
0.1 mg im/sc 

0.2 mg iv 
0. 1 5  mg iv 

1 0  mg iv 
l mg iv 
0.5 mg iv 

0 . 15  mg iv 
0.2 mg iv 

2 mg iv 
2 mg iv 
8 mg ip 

l mg iv 
1 0  mg iv 

1 00 mg ip 

0.1 to 25 mg ip 
6 mg SC 

1 0  mg ip 
2.5 mg ip 
2 to 6 mg sc 

l to 10  mg sc 
4 to 1 2  mg sc 

A total dose of 1 ml sc 

Remarks 

Neuronal uptake inhibitor of CA 
l h before experiment 

Brain NA depletion by 46% 6,h 
after sc administration; DA is 
increased and 5-HT remains 
unchanged 

24 h prior to experiment for 
priming young female rats 

To induce cardiac arrhythmia 

a-Adrenergic blocker 

Ganglionic stimulant 

H 1-Receptor blocker 

Phosphodiesterase inhibitor 

NA synthesis inhibitor 
(dopamine-�·oxidase and aldehyde 
dehydrogenase inhibitor) 

DA (02) antagonist 

Dopaminergic agonist (to altar 
motor activity) 

Dopaminargic agonist (to alter 
motor activity) 

Sensitization for anaphylactic 
and 1 ml ip of a 1 00% reaction 
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Drug Species Dose per kg Remarks 
body weight and route 

Galla mine Dog 0.4 mg iv Competitive neuromuscular 
Cat 1 to 5 mg iv blocker 
Rabbit 0.6 mg iv 

Guanethidine sulphate Dog 10 to 1 5  mg iv Adrenergic neuron blocker; 
Cat 15 mg iv 6 h before experiment 
Rabbit 3 mg iv 
Guinea pig 15 mg SC 

Rat 1 to 5 mg iv 

HA-966 Rat 10 to 40 mg iv DA blocker 

Haloperidol Rat 0.5 to 5 mg ip DA antagonist 

Mouse 
10 mg SC 

0.5 to 2.5 mg ip 
10 mg SC 

Hemicholinium-3 Rat 5 mg ip ACh synthesis blocker 

Heparin sodium Dog B mg iv Anticoagulant 
Cat 10  mg iv 
Rabbit 30 mg iv 
Rat 20 mg iv 

Hexamethonium bromide Dog 10 mg iv Ganglion blocker 

Cat 0.5 to 5 mg iv 

Rabbit 10 mg iv 

Guinea pig 5 mg iv 

Rat 10 to 20 mg iv 
'-

Histamine dihydrochloride Dog 0.2 to 5 µg iv Gastric acid stimulant 

or acid phosphate Cat 0. 1 to 5 µg iv 

Rabbit 30 to 1 50 µg iv 

Guinea pig 0. 1 mg iv 
0.1 to 0.7% aerosol Bronchospasm 

Rat 0.25 to 1 mg iv total dose 

Hyaluronidase Rat A total dose of For testing anti-inflanvnatory 

0.4 ml of 600 IU/ml agents 

in saline sc on the 
dorsum of the foot 

Hydrocortisone Rat 1 0  to 40 mg sc Anti-inflammatory agent 

Guinea pig 30 mg ip Neurotoxic to NA and DA nerve 
6-Hydroxydopamine terminals; administered 36 h 

(6-0HDAI HBr before experiment 
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Drug Species Oose per kg Remarks 

body weight and route 

50 to 200 mg ip Administer for 2 consecutive 
days and carry out the experiment 
on the third day 

Rat 250 µg icv in 25 µI 
Experiment to be performed 24 h 50 mg iv (2 doses of 

this within 24 h after but within 1 week after the 
followed a week later last dose 
by 2 x 1 00 mg dose) 

Start experiment on day 5 or day 6 1 50 mg x 1 4  days sc 
50 mg x 2 ip on day 1 

and 1 00 mg x 2 ip 
from day 2 to 4 

6-Hydroxydopamine Cat 20 mg iv Start experiment after 3 days 
(6-0HDA) HCI Guinea pig 2 x 25 mg iv on Start experiment between day 8 

day 1 ;  2 x 50 mg iv . to 1 0  days 
from day 2 to day 6 

Mouse 50 mg x 2 doses 24 h after the 3rd dose the animal 
(newborn) followed 8 days is killed 

later by a single dose 
of 1 00 mg iv 

5-Hydroxytryptamine Dog 25 µg iv For cardiovascular effects 
(Serotonin) creatinine Guinea pig 2% (base) aerosol To produce bronchospasm 
sulphate 

5-Hydroxytryptophan Rat 2 to 25 mg ip Precursor of 5-HT; tested 30 min 
(5-HTP) methylester Mouse 25 to 50 mg ip after administration 

Hyoscine HBr Dog 1 mg SC Muscarinic blocker; 1 5  min 
Rabbit 5 mg iv before experiment 
Rat 0.05 to 1 mg sc 
Mouse 0.5 to 4 mg sc 

lmetit Mouse 50 mg ip H3-agonist 

lmipramine HCI Rat 20 mg ip Neuronal uptake blocker of CA 
Mouse 50 to 1 00 mg ip 

lmmepip Rat 5 mg SC H3-agonist 

lndomethacin Rat 4 to 5 mg ip Anti-inflammatory agent 

lproniazid phosphate Dog 65 mg iv MAO inhibitor 
Rabbit 1 00 mg iv 
Rat 50 mg ip 

lsoprenaline HCI Dog 2 to 5 µg iv '3·Adrenoceptor agonist Cat 0.1 to 5 µg iv 
Rabbit 2 µg iv 
Guinea pig 1 0  µg iv 



....... 
·�;" •• t..• .,..... ·� 

Drug Species Dose per kg Remarks 

body weight and route 

Rat 5 to 500 µg SC 24 h before experiment to induce 
myocardial necrosis 

Kainic acid Rat 1 to 1 0  µg icv Neurotoxic to GABAergic neurons 

Leptazol Rabbit 60 mg iv Convulsant 
Rat 70 to 1 1 2 mg ip/sc 
Mouse 0.2 ml of 6% soln. 

total iv 

Lithium chloride Rat 1 50 mg ip Produces behavioral 
Mouse 40 to 300 mg ip changes (head twitches) 

Mecamylamine HCI Rat 3 mg SC N-antagonist 

Mephenesin Dog 5 to 25 mg iv . Strychnine antagonism and 
Rat 80 mg im inhibition of poly· 
Frog 50 mg SC synaptic reflexes 

Mepyranine maleate Dog 5 mg iv H1·Receptor blocker 
Cat 1 0  mg iv 
Guinea pig 2 mg SC 
Rat 5 to 1 0  mg ip 
Mouse 2.5 to 25 mg ip 

Metaraminol Rat 5 mg ip NA uptake blocker 
bitartrate 

Metergoline Rat 0.5 mg ip 5-HT antagonist; 
1 to 2 h prior 
to experiment 

Methacholine chloride Dog 2 µg iv Gastric acid stimulant 
Rabbit 2 µg iv 
Rat 5 to 1 0  µg iv 

total dose 

<X·Methyldopa hydrazine Rabbit 25 mg ip Dopa decarboxylase inhibitor; 
Rat 200 mg im depletion of peripheral NA 

stores 

a-Methyl histamine Rat 1 00 mg po H3 agonist 

dihydrochloride 

�-Methylparatyrosine HCI Rabbit 80 mg 4 times T yrosin hydroxylase inhibitor 
1 2· hourly ip producing NA and DA 

Rat 1 50 mg iv depletion; maximal depletion of 
200 mg ip CA occurs 1 2  h after adminis· 
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Drug Species Oose per kg 
Remarks 

body weight and route 

1 00 mg SC 
tration; administred 1 6  to 1 8  h 

30 to 50 mg icv before experiment 

Mouse 1 00 to 200 mg ip 
CA synthesis blocker (water 

a -Methylparatyrosine Rat 1 50 to 250 mg ip 
methylester HCI Mouse 1 00 to 250 mg ip soluble to be stored at 0° C); 

depletion occurs maximum by 4 h 

Methysergide bimaleate Rat 20 mg ip 5-HT antagonist; 30 min before 

Mouse · 1 to 5 mg iv experiment 

Metiamide Rat 25 to 1 00 mg ip H2-receptor blocker; 30 min 
Mouse 25 to 200 mg prior to experiment 

total icv 

Metoclopramide Guinea pig 78 mg SC Selective dopamine ( 02) antagonist; 
dihydrochloride Rat 1 0  to 50 mg ip to induce catalepsy or 

Mouse 3 mg im stereotyped behaviour 

Metoprolol tartrate Rat 0.2 to 5 mg sc Selective 131 ·adrenoceptor blocker 

Mianserin HCI Rat 1 3  mg ip 5-HT blocker; 30 min prior to 
experiment 

Morphine sulphate Cat 5 to 1 0  mg ip Analgesic 
or HCI Guinea pig 10 mg SC 

Rat 1 .5 to 1 0  mg sc 
Mouse 1 to 5  mg im 

Muscimol Rat 1 0  to 30 mg ip GABA agonist; 30 min prior to 
0.05 to 0.2 mg test 
total icv 

Mouse 3 mg ip 

N-0437 Rat 0.5 to 2 mg ip Dopaminergic agonist 

Nadolol Dog 0. 1 mg iv Selective 131-adrenoceptor blocker 

Nalorphine HCI Dog 2 mg iv Opioid antagonist with partial 
Cat 3 mg iv 
Rabbit 5 mg iv 

agonist activity 

Rat 5 mg ip 
Mouse 1 to 5 mg ip 

Naloxone HCI Dog & Cat 1 to 5 mg sc 
Rat & 

Opiate antagonist 

Mouse 0.1 to 1 mg sc 
Mous

·
e 1 to 5  mg ip Precipitation of morphine 

withdrawal 



Drug Species Dose per kg Remarks 
body weight and route 

Neostigmine bromide Dog 0. 1 7  mg iv Cholinesterase inhibitor 
Cat · 25 to 75 µg iv 
Rabbit 0.25 mg iv 
Rat 0.3 to 1 mg sc/iv 
Mouse 0.'1  mg SC 

Nicotine acid tartrate Dog 0.25 mg iv Ganglion stimula�t; higher than 
Cat 0.2 mg iv 0.3 mg dose produces convulsion 
Rabbit 0 . 1  mg iv 
Guinea pig 0.3 mg iv 
Rat 0. 1 mg iv 

Nifedipine Rat 5 to 50 mg iv Calcium antagonist; blocks 
calcium channels 

Nikethamide Dog 75 mg iv Medullary stimulant 
Rabbit 10 mg iv 

Niludipine Rat 50 µg iv Calcium antagonist 

Nipecotic acid Rat 0.5 to 5 mg ip GABA uptake blocker 

NMMA• Mouse 80 mg po/day NOS inhibitor 
for 3 days 

Noradrenaline bitartrate Dog · � 0.3 to 5µg iv a·Adrenoceptor agonist 
or HCI Cat 0.5 to 3 µg iv 

Rat, 
Rabbit & 
Guinea pig · ·  .3 µg iv 

Oestradiol valerate or Rat 0. 1 to 1 mg sc Administered 1 day before 
benzoate experiment 

Ouabain octahydrate Dog . 25 µg iv . · Slow infusion until arrhythmia 
Cat . . . 2 µg iv sets in 
Rabbit 50 µg iv 
Guinea pig 20 µg iv 

Oxotremorine Rat • . 0.2 to 0.4 mg ip T remorogenic 
0.5 to 2 mg ip 

Mouse 2 mg  ip 

Oxymetazofine HCI Rat 0.3 to 3 µg iv a-Adrenoceptor agonist 

Pargyline: HCI Rabbit 25 mg daily for , . . MAO inhibitor; experiment 1 2  h 
2 days sc after the last dose 

"' NG-monomethyl arginine 

• 
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Oose per kg 
Remarks 

Drug Species 

body weight and route 

Rat 50 mg im 
· 3 h before experiment 

Mouse 75 mg ip 

Paroxetine Mouse 4 mg ip 5-HT uptake blocker 

Pethidine HCI Rat 30 to 40 mg sc Analgesic 

50 mg ip 

Phaclofen Mouse 1 0  to 30 mg ip GABA8 antagonist 

Phenoxybenzamime HCI Dog 1 5  mg iv a-Adrenoceptor blocker; 

Cat 3 mg iv neuronal and extraneuronal 

Rabbit 1 5  mg iv CA uptake blocker; 2 h before 

Rat 1 mg iv experiment 
Mouse 1 0  to 20 mg ip 

Phentolamine mesylate Dog 1 mg iv a-Adrenoceptor blocken . 
or HCI Cat 1 to 2 mg iv 30 min before test 

Rabbit 3 mg iv 
Rat 10 mg iv 
Mouse 1 0  mg ip 

Phenylbutazone Rat 1 00 to 600 mg po Anti-inflammatory agent 
· 200 mg SC 

. ' 
Phenylephrine HCI Rat 5 to 70 µg iv a-Adrenoceptor agonist 

t.otal dose 

Phenylquinone Mouse 0.25 ml ip • Production of writhing syndrome 
(0.02% in 5% for evaluating analgesics 

, .. . alcohol) 

Phenytoin Rat 1 35 mg ip Anticonvulsant 
300 mg SC 

Pimozide . Rabbit 4 mg ip · . .  Dopamine ID1) blocker; 3h, before 
Rat 1 0  mg ip experiment 
Mouse 1 mg ip 

Piperoxan HCI Rat 20 mg ip a-Adrenoceptor blocker; 1 0  min 
Mouse 1 0  to 20.mg ip to 1 h before experiment . i . 

Prazosin HCI Rat 0.1 to 1 mg iv a-Adrenoceptor blocker; 1 5  min 
1 mg ip 

. t, . . 
to 1 h before experiment Mouse � •.' 20 mg ip 

Propranolo! HCI Rat .: ' 1 5 mg ip '. •  · a-Adrenoceptor blocker; 4 h . : ·  ' •  5 mg SC before experiment · 1 mg iv 

j 
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Drug Species Dose per kg Remarks 
body weight and route 

Mouse 5 to 1 0  mg ip 1 h before experiment 

Ouinidine sulphate Dog 0.1 to 3 mg iv Antiarrhythmic 
Cat 2 mg iv 
Guinea pig 5 mg iv 

Quipazine maleate Mouse 3 mg ip 5-HT agonist 

Reserpine Dog 0.2 to 1 mg iv For cardiovascular effects 
Mouse 1 mg ip 
Rat, Cat 
& Rabbit 1 mg iv 
Monkey 0:75 mg im For behavioral effects; 1 5  h· prior 
Rabbit 1 mg ip to experiment 
Rat 1 mg im 
Dog · .5 mg SC For monoamine depletion; 
Cat · 1 to 5 mg ip/sc 24 h before experiment 
Rabbit 5 mg ip/im 

0.5 mg ip x 2 days 
Guinea pig 5 to 1 0  mg im/ip 2 h before experiment 
Rat · 0.5 mg ip x 14 days 

5 to 1 5  mg ip/sc 20 to 24 h prior to experiment 
:. Mouse . , ·5 mg ip 

Salbutamol sulphate Rat i ' 0;5 to 5 mg ip Selective f32 -adrenoceptor. agohist 
,., \ . � I . . ' . 

SCH 23390 Rat 2 to 4 mg ip Dopaminergic (D1) antagonist 
., . . ; : 

SCH 391 66 Rat 10 to 20 mg po Dopaminergic (01) iinta·gonist' : 

Sertraline Rat 8 ing iv 5-HT uptake blocker 

SKF-525A Rat 40 mg ip Hepatic microsomal enzyme 
- - .,,. inhibitor 

I 'J , 

SKF-38393 Rat 1 to 4 mg ip Dopaminergic agonist 
1 0  mg po 

Sodium salicylate Rat 500 mg ip Anti-inflammatory . . 

Sotalol Rat 10 mg iv f31 ·Adrenoceptor blocker 

Rat · ; . 2 to 4 mg ip ·. ; . · · DA antagonist; 20 min blfore· 
Spiperone 

Mouse 0.1  mg ip experiment 
· . , "' • ; 

· 1 ·mg SC 

Streptozotocin' Rat 1�5 to 65 mg iv · · ,,.. Destroys f3 cells of the islets of . , : ' Langerhans; use after 2 weeks 

Mouse 1 25 to 1 50 mg iv Use after 7 days 



---Remarks 
Drug Species nose per kg 

body weight and route -

1 00 mg iv 
Depolarizing neuromuscular 

Succinylcholine chloride Dog blocker 
Cat 80 mg iv 

Rabbit 250 mg iv 

Rat 450 mg iv Oopaminergic antagonist 
Sulpiride Dog 1 0  mg ip 

Rat 0. 1 mg iv 
0.5 mg ip 

T etrabenazine methane 25 mg SC 
5-HT depletor ; 6 h prior to 

Rat experiment 
sulfonate Mouse 30 mg SC 

Thioperamide Mouse 5 to 20 mg ip H3 -antagonist 

maleate 

T olazoline HCI Dog 2.5 mg ip a-Adrenoceptor blocker 

Cat 1 mg ip 
Rat 10 mg ip 

T remorine dihydrochloride Rat & 5 to 20 mg T remorogenic 

Mouse ip/sc/im 

Trifluoperazine HCI Rat • 10 til 1 00 mg SC . To induce catalepsy 

T rimethadione Rabbit 500 mg sc/ip Antiepileptic 
Rat 40 mg SC 

T ripelennamine Dog 5 to 8 mg iv H1-Receptor antagonist 
(Pyribenzanine) HCI Cat 5 mg iv 

Guinea pig 5 mg im/sc 
1 0  mg ip 

Rat 10 mg iv 

Trypan blue Rabbit 1 ml of 1 %  1 0 to 20 min after intracutaneous 
soln. iv administration of test material 

d-T ubocurarine chloride Cat
'
& Competitive neuromuscular 

Rabbit 0.1 2  mg iv blocker 

U-14624 Rat 200 mg ip Central depletion of NA more 
than peripheral 

Venlafaxine Mouse · · " 1 to 8  mg ip NA uptake blocker 
Yohimbine HCI Rat 1 mg ip 

Presynaptic a-receptor blocker; 
· Mouse 1 mg ip 1 h before experiment 

. ·. t . 1  1 5  min before experiment 



pa 

...... 

GUIDE TO DRUG CONCENTRATIONS FOR ISOLATED PREPARATIONS 

Drug (Mo/ wt) Preparations 
Acetylcholine chloride Rabbit, ileum 

( 1 8 1 . 7) ear perfusion 
Guinea pig, ileum 

trachea 
Rat, stomach 

(fundus) 
ileum 
caecum 

anococcygeus 
vas deferens 

Mouse ileum 
Frog rectus 

Adenosine Guinea pig, ileum 
triphosphate (507 .2) taenia caeci 

distal colon 
vas deferens 
left atria 

Rat, duodenum 
vas deferens 

Frog atria 

Adrenaline bitartrate Rabbit,. intestine 

(333.3) aorta 
Langendorff heart 

Guinea pig, treachea 
vas deferens 

Rat uterus 

Angiotensin II amide Rat, uterus 

( 1 03 1 .2) ascending colon 

Apomorphine HCL Rat vas deferens 

(31 2.8) 

Atropine sulphate Cat trachea 

Rabbit intestine (694.8) 
Guinea pig, ileum 

urinary bladder 

atrium 

Rat, anococcygeus 

caecum 
' 

Concentration • (Molar) 

1 0-1 to 2 x 1 0-e 

5 )( 1 0-5 

10-e to 1 0-5 

2 x 1 0"7 to 2 x 10-e 

1 0-1 to 1 0_. 

1 0-e to 10-7 

2 )( 1 0-e to 4 )( 1 o-s 

1 0-e to 1 0-1 

1 0-1 to 1 0-3 

2 x 1 0-9 to 2 x 1 0-4 

1 0-e to 1 O_. 

1 0-9 to 10-5 

1 0-1 to 1 0-5 

1 0-e to 1 0-4 

1 0-e to 5 x 1 0-5 

10"6 

1 0-9 to 1 0-5 

1 0-5 

1 0-5 

10-1 to 1 0-e 
' 

1 0-e to 1 0-e 

. 10-9 to 3 x 10_. 

1 0-1 to 1 0-5 

1 o-e to 10-4 

1 0-a to 10-e 

· 1 0-9 to 1 0-7 
•2 x r n-e 

. 1 0-• to 1 0-e 

5 x 1 0-5 

2 )( 1 ()-8  

1 0-e 

4 )( 1 0-1 

2 )( 1 o-e  

1 0-9 to 10-a 

10-9 to 1 0-7 

I ' j '  ' . 

Remarks 

Muscarinic agonist 

Nicotinic agonist 

Purinergic agonist; produces 
relaxation or inhibits 
contraction 

Adrenoceptor agonist 

., 

Spasmogen 

Dopamine agonist; inhibits 
electrically induced contraction 

Muscarfoic antagonist 

' . ' I  

. 1 r litre of bath fluid unless indicated otherwise. 
"'Concentrations are m mo e pe 

-
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Drug (Mo/ wt) Preparations Concentration (Molar) 
Remarks 

stomach strip 1 0-7 

vas deferens 3.4 x 1 0-e 

Mouse vas deferens 3 x 1 0-5 

Barium chloride Rabbit intestine 1 % soln. in Tyrode Spasmogen 

(244.3) Guinea pig, ileum 2 x 1 0-4 to 2 x 1 0-3 

trachea f 0-3 

( + I Bicuculline Guinea pig colon 2.7 x 1 0-1 to GASA antagonist 

anhydrous (367.31 2.7 x 1 0-5 

Bradykinin Rabbit ear perfusion 1 0-1 Relaxant 

( 1 060.2) Guinea pig, stomach 1 0-9 to 10-a 

taenia caeci 1 0-9 to 1 0-7 

distal colon 1 0-9 to 1 0-7 

Rat duodenum 10..., to 1 o-a 

Bretylium tosylate Rabbit ileum 1 .2 x 1 0-4 Adrenergic neuron blocker 

(414.4) Guinea pig, ileum 1 0-4 

1 1 
vas deferens 2 x 10-5 
taenia caeci me 

Rat, mesenteric artery 2 x 1 0-5 
vas deferens 2 x 1 0-5 

Burimamide Guinea pig atrium 2 x 1 0-5 to H2·Receptor antagonist 
(21 2.3) 2 x 1 0-4 

Rat, uterus 2 x 1 0-s to 
2 x 1 0-4 

vas deferens 2.4 x 1 0-s 

Carbachol Cat trachea 1 0-9 to l Q-4 Cholinergic agonist 
( 1 82.6) Rabbit intestine 0.00 1 % soln. 

in Tyrode 
Guinea pig ileum . 1 0-a to 10-5 
Rat, caecum 2 x 1 0-a to 

2 x lQ-8 
uterus 3 x 10-a to 

, . 
5 x 1 0-a 

Frog rectus . 5 x 10-a to 
5 x 1 0-7 

Cimetidine Guinea pig right 
(252.3 ) atrium 3 x ms to l Q-4  

H2 ·Receptor antagonist 

Rat stomach · · 1 0_. to 1 0-3 . .  ' 

Clobenpropit 
' • . : . :, · ; 1  '• 

Guinea pig ileum 1 0-5 to 3 x 1 0�5 
. .  

1 dihydrobromide ! H3-antagonist 

I I (470.7) 
I : r '  
I 

Clonidine HCI Rabbit heart 4.3 x 1 0-8 
. (266.6 I Guinea pig, ileum 1 0-a to 1 0-5 

� ·Adrenoceptor agonist 
· urinary bladder ·� x 1 0-8 



-

........ 

Drug (Mo/ wt} 

Cocaine HCI 
(339.8) 

Corticosterone 
(346.4) 

Cyproheptadine HCI 
(350.9) 

Desipramine HCI 
(302.8) 

Desoxycorticosterone 
acetate (372.5) 

Dexamethasone diso· 
dium phosphate 
(51 6.4) 

Diphenhydramine HCI 
(29 1 .8) 

Disodium edetate 
(372.2) 

DMPP . .  
(3 1 8.2) 

Dopamine HCI 
( 1 89.8) 

' 
·. 

Epibatidine 
dihydrochloride 
(28 1 .8) 1 ," : , •  

Preparations 

Rat, thoracic aorta 
vas deferens 

Rabbit, aorta 
ileum 
splenic strip 
vas def erens 

Rat vas deferens 

Rabbit ileum & 
splenic strip 

Guinea pig ileum 

Rat anococcygeus 

Guinea pig vas 
def erens & atria 

Rat vas def erens 

Guinea pig trachea 

Rat heart 

Guinea pig fundus 

Rat stomach strip 

Rabbit, ear perfusion 
ileum 
splenic strip 

Rabbit heart 

· Guinea pig intestine 
Rat vas deferens 

Rat vas deferens 

Guinea pig ileum 

· • 

. .  ' . 

I .  

Concentration (Molar} 

4 x 1 0-1 
1 0-10 to 1 0-11 
1 0-6 
3 x 1 0-6 
3 x 1 o-6 
1 .8 x 1 0-5 
1 .8 x 1 0-5 

2.a x 1 0-5 
3 x 1 0·5 

1 0"' to 1 0-1 
10·1 

5 x 1 0" to 
2 x 1 0-6 
3 x 1 0-5 

1 0-5 

7 x 10-7 

1 0-6 

3 x 1 0-6 

· 3 x 1 0-6 

2 x 1 0-a to 
2 x 1 0-7 
1 .3 x 1 0-5 

1 0-7 to 10_. 

. l Q-8  to l Q-8  

: l Q-9  to l Q-8  
;, . 

Remarks 

Neuronal catecholamine 
uptake inhibitor 

Extraneuronal catecholamine 
uptake inhibitor 

Serotonin antagonist 

Neuronal catecholamine 
uptake inhibitor 

Extraneuronal catecholamine 
uptake inhibitor 

NOS* inhibitor 

. 
H1 -Receptor antagonist . 

Chelating agent; prevents 
oxidative degradation of 
catecholamines 

Ganglionic stirllllant 

Inhibition of electrical 
contraction 

N . . .  _ agonist 

"' Nitric oxide synthases "'"' l,l-Dimethyl-4-phenyl piperazinium iodide .... Nicotinic 
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Drug {Mo/ wt) Preparations Concentration (Molar/ 
Remarks 

--

Ergometrine maleate 1 . 1 x 1 0-s to 
Oxytocic agent 

Rat uterus 

(441 .51 1 . 1  x 1 0-3 

Flumazenil Rat trachea 1 0-a to 1 0-4 
GABAA- antagonist 

(303.3) 

Ganvna·aminobutyric Guinea pig colon 3 x 1 0-4 
Relaxation 

acid (GABA) 

( 103. 1 )  Adrenergic neuron blocker 
Guanethidine sulphate Rabbit ileum 2 x 1 0-5 

(494.71 Guinea pig, urinary 
bladder 1 0-e 

stomach 2 x ms 

Rat vas deferens 10-e to 1 0-s 

Haloperidol (375.91 Rat vas deferens m 10 to ms Dopamine antagonist 

Hemichoffnium·3 Guinea pig ileum 2 x 1 0-5 ACh synthesis 

(574.41 blocker 

Hexahydrosiladifenidol Rat heart 3 x 1 0-1 M3 -antagonist 

(367. 1 )  

Hexamethonitln Guinea pig, ileum 1 0..s Ganglion blocker 
bromide (362.2) taenia caecum 1 0.e 

Rat, vas deferens 1 0.e 

anococcygeus 1 0-4 

Histamine acid Guinea pig, tracheal H-Receptor agonist 
phosphate (325.21 chain 1 0-7 to 1 0-4  

atrium 1 0-1 to 1 0-3 

Rat vas deferens 1 0-1 to 1 0  ..... 

Hydrocortisone Guinea pig trachea 5 )( 10..s Extraneuronal catecholamine 
hemisuccinate 
soditln (484.51 

uptake inhibitor 

5-Hydroxytryptamine Cat trachea 1 0-e to 1 0-S T ryptaninergic agonist (serotonin) Rabbit heart 1 0-1 to 2 x 1 iJ-1 . 
creatiine sulphite Guinea pig ileum 2.5 )( 10"1 to 
(387.51 2.5 )( 1 o-s 

Rat, vas deferens 1 0-1 to 1 0-s 
anococcygeus 1 0-1 to 1 0-s 
fundus 1 0  .... to 1 0-s 
caecum 1 0  .... to 1 0-S 

Hyoscine HBr Guinea pig, ileum 5 
)( 1 0-1 

. (438.31 taenia caeci 1 .3 )( 1 0--8 
Muscarinic bloclc• 

I """'" 



........ 

Drog {Mo/ wt) 

lmetit dihydrobromide 
(332. 1 )  

lmipramine HCI 
(31 6.9) 

lndomethacin 
(357.81 

lproniazid phosphate 
(277.2) 

lsoprenaline HCI 
(247.71 

sulphate (556.6) 

Mepyramine 
(Pyrilamine) 
maleate (40 1 .51 

Metanephrine HCI 
(233.7) 

Methoxarriine HCI 
(247.7) 

a-Methyl histamine 
dihydrochloride 
( 1 98. 1 )  

Methysergide bimaleate 
(469.5} 

Morphine HCI 
(375.8} 

' " 

Preparations 

Rat aorta 

Rat anococcygeus 

Guinea pig, trachea 
stomach 
urinary bladder 

Rat, vas deferens 
urinary bladder 

Rabbit aorta 
Rabbit, guinea pig 

& rat splenic strips 

Guinea pig, taenia 
caeci 
atrium 
ileum 
vas deferens 
stomach 
urinary bladder 

Rat, vas deferens 
uterus 
anococcygeus 
caecum 

Cat trachea 
Guinea pig trachea 

& ileum 

Guinea pig trachea 
& atria 

Guinea pig vas 
deferens 

Rat mesenteric 
artery 

Guinea pig ileum 

Cat trachea 
.Rat, vas deferens 

anococcygeus 
stomach strip 
ascending colon 

Guinea pig ileum 
Mouse vas deferens 

Concentralion (Molar) Remarks 

3 x 1 0-e H3-agonist 

1 0-8 Neuronal catecholamine 
uptake inhibitor 

1 .7 x 1 0-8 Prostaglandin synthetase 
10-5 to 1 0-4 inhibitor 
5 x 1 0-e 

1 .4 x 1 0-5 

5 x 1 0-e 

2 x 1 0-4 Monoamine oxidase inhibitor 

3.6 x l Q-4 

�-Adrenoceptor agonist 
1 0-e to 1 0-4 

4 x 1 0-e 

2 x 1 0-e 

2 x 1 0-e 

10-e to 5 x 1 0"5 

5 x 1 0.a 

3.5 x l Q-8 

5 x 1 0-1 

1 0-9 

3 x 1 0-9 to 1 0-1 

1 0-1 H 1-Receptor antagonist 

1 0-e 

Extraneuronal catecholamine 
1 0"5 to 1 0_. uptake inhibitor 

1 0.a to 1 0"3 
a1 ·Adrenoceptor agonist 

4 x 1 0"8 to 
4 x  1 0"5 

1 0-e H3-agonist 

.rn• Serotonin antagonist 
2.8 )( 1 0"7 

2 x 1 0.a to 1 0-s 

6 x l Q-7 

1 0-s 

1 0-a Inhibits electrical contraction 
1 0-a 



Drug (Mol wtJ Preparations 

Naloxone HCI Guinea pig ileum 

(363.8) Mouse vas deferens 

Neostigmine bromide Guinea pig ileum 

(303.2) Rat anococcygeus 
Frog rectus 

Nialamide (298.3) Rat anococcygeus 

Nicotine bitartrate Guinea pig ileum 
(498.4) 

Nifedipine (346.3) Guinea pig heart 
Rat, vas deferens 

thoracic aorta 

NMMA* Rat aorta 
(248.31 

Noradrenaline bitartrate Rabbit, heart 
(337.3) aorta 

duodenum 
Guinea pig, vas 

deferens 
taenia caeci 

Rat, thoracic aorta 
& portal vein 

vas deferens 
uterus 
caecum 
mesenteric artery 

1 7, �-Oestradiol Rabbit, guinea pig & 
(272.41 ' rat splenic strips 

Guinea pig atria 

Ouabain octahydrate Rabbit atria 
(728.8) Guinea pig ileum 

Frog heart 

Oxprenolol HCI Rat ascending colon 
(301 .81 

Oxytocin Rat uterus 
( 1 007.21 

fUllllllff- II EU&rlmellll Ph ......
. 

Concentration (Molar) 

1 0-e 
1 0-1 to 1 0-5 

2 x 1 0-1 
1 0..s 

- 2 x l 0-5 

2.2 x 1 0..s 

3 x 1 0-e to 

3 x 1 0·5 

1 0.a to 1 0-8 
1 0·6 

r n-1 

l o-4 

1 0"8 to lo-& 
1 0.a 
l Q-3 

1 0-e to 10-
3 

1 0-9 to 1 0-7 

10-11 to l o-& 
1 0-e to 10-4 

. 1 0-8 
1 0-e to 1 0-8 
1 0-7 

7.3 x 1 0-7 
5 x 10-a 

5 x 1 0-a 
1 0-ato 1 0-4 
1Q-8to 4 x l Q-8 • , · . 

3.3 x 1 0-s 

'2 x 1 0-e to I' ) •  

2 x 1 0-a 

�-

-

Remarks 

-

Opiate antagonist 

Cholinoceptor agonist 

Monoamine oxidase inhibitor 

Ganglionic stimulant 

Calcium antagonist 

NOS inhibitor 

a-Adrenoceptor agonist 

Extraneuronal catecholanine 
uptake inhibitor 

Inhibits Na-K ATPase activity 

�Adrenoceptor blocker 

· O�ytocic 



......... 

Drug (Mo/ wt} Preparations Concentration (Molar} Remarks 

Papaverine HCI Rabbit, intestine 2 x l Q-4 Smooth muscle relaxant 
(375.8) ear perfusion 1 0-4 

Guinea pig ileum 1 0-1 

Rat uterus 3 x 1 0-e 

Phaclofen (249.6) Rat trachea 1 o-5 GABA8 antagonist 

Phenoxybenzamine HCI Rabbit, guinea pig Neuronal catecholamine uptake 
(340.3) splenic strips 10-e to 4 x 1 o-e inhibitor; also extraneuronal 

Guinea pig, atrium 1 0-5 catecholamine uptake 
trachea 5 x 1 0-5 inhibitor in high dose 

Rat splenic strip l Q-6 

Phentolamine mesylate Guinea pig, atrium 4 x 1 0-6 a-Adrenoceptor blocker 
(377.5) ileum 2 x 1 o-e 

stomach 5 x 1 o-e to 5 x 1 0-5 

trachea 1 0·5 

vas deferens 2.5 x 1 0-5 

urinary bladder 5 x 1 0-e 

Rat, anococcygeus 10-e to 1 o-e 

uterus 5 x 1 0-1 

vas deferens . 3.5 )( l Q-6 

caecum 1 0-1 to 1 0-s 

stomach strip 7 x 1 0-1 

1-Phenylephrine HCI · Rat thoracic aorta · 3 x 1 0-6 · -a-Adrenoceptor agonist ... 

(203.7) 

Physostigmine (Eserine) · Rabbit ileum 1 0-s · · Cholinoceptor agonist 
salicylate (41 3.4) Guinea pig, · ileum · 2 x l Q-B 

sulphate (648.8) urinary bladder 2 x 1 0-e . . 

Rat caecum 8 x 1 0-1 , ' 

Frog rectus 2 x 1 0-5to 4 x 10-5 

Pimozide J; ·.  -Rilt vas def erens · 4 x 1 0-9 to · Dopamine antagonist 
(46 1 .6) 

. ' 2.5 x 10-1 � ! ' . 

Pindolol Guinea pig, atrium . .  1 0-5 to 1 0-3 · . · ·; .. " �-Adrenoceptor blocker • .: · · 

(248.3) vas deferens 1 0-3 to 1 0-2 

· Polyphloretin Rabbit jejunum . • Prostaglandin antagonis� . 

phosphate · & uterus 2.5 to 30 µg/ml · 

Guinea pig ileuni 50 to 300 µg/ml 
Rat, uterus 1 0 to 50 µg/ml 

,. ".),. ' .. .  ascending colon 20 µg/ml 
• '  

Potassium chloride Guinea pig ileum 6 x 1 0-2 ·{ . .  Spasmogen 

Rat mesenteric artery I 1 )  1 0-3 to 1 .5 x 1 0-2 
(74.6) 
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Concentration (Molar) 
Remarks 

Drug (Mo/ wt) Preparations -

Mouse, ileum 4 )( 1 0-3 

vas deferens 4 )( 1 0-3 

1 0-1 to 4 x 1 0-3 f3-Adrenoceptor blocker 
Practolol Guinea pig atrium 

(266.3) 

Prazosin HCI Rat, vas def erens 2 x 1 0-s 
a1 -Adrenoceptor blocker 

(4 1 9.9) thoracic aorta 1 0-10 to 1 0-e 

Promethazine HCI Guinea pig, left 
H1-Receptor blocker 

(320.9) atrium 3 x 1 0-5 

ileum l o-6  

d, l·Propranolol HCI Rabbit, heart 3 )( 1 0-e f3·Adrenoceptor blocker 

(295.8) ileum 4 x 1 0-e to 1 0-5 

splenic strip 1 .7 )( 1 0-e 

Guinea pig, atrium 4 )( 10-e 
urinary bladder 5 )( 1o-a 
splenic strip 1 .7 )( 1 0-e 

Rat, caecum 1 0"7 to 1 o-6 
splenic strip 1 .7 )( 1 0-e 
uterus m• 
vas deferens 1 .9 )( 1 0-5 
stomach strip 7 )( 1 0-1 

Prostacycline sodium Guinea pig, stomach 1 0-10 to 1 0-e Contraction 
(374.41 lung strips 1 0-' to 1 Q-5 

Prostaglandin E2 Guinea pig Contraction 
(352.5) longitudinal muscle 1 0-8 to 1 o-4 

Rat, mesentaric artery 1 o-e to 3 >< lQ-5 
uterus 9 )( 1 Q-5  
aorta 9 )( 1 ()-4  

Prostaglandin F 211 Rat, mesentaric artery 1 0:'6 Contraction 
(354.5) aorta 3 )( 1 0-6 

Pyranzepine Guine pig ileum 1 0-' to 1 Q-5  M, ·antagonist dihydrochloride 
(424.3) 

Pyrogallol Rat anococcygaus 2.3 )( 1 Q-5 
( 1 26. 1 )  Catechol·O·methyltransfarlSI 

ICOMT) blocker 

SC-1 9220 Rabbit ear 
(336.0) perfusion 1 o-e PG-Receptor antag&list 

Guinea pig ileum 3 )( 1 0-5 
Rat stomach 5 )( l Q-5  

l 



........ 

Drug (Mo/ wt) Preparations Concentration (Molar) Remarks 

Sotalol HCI Rabbit heart 4 x 1 0-9 �-Adrenoceptor blocker 

(308.8) Guinea pig, atrium 4 x 1 0-9 

ileum 5 x 1 0-5 
Succinylcholine chloride Frog rectus 1 0-s Neuromuscular blocker 

(397.3) 

T etrodotoxin anhydrous Guinea pig, ileum 5 x 1 0-1 Inhibition of axonal conduction 
(31 9.3) stomach 5 x 1 0-3 

vas deferens 3 x 1 0-4 
urinary bladder 5 x 1 0-1 
taenia coli 1 0-s 

Rat anococcygeus 2 x 1 0-1 

Tropolone Rabbit ileum, splenic COMT blocker 
( 1 22. 1 )  & aortic strips 3 x 1 0-5 

d· T ubocurarine chloride Rat phrenic nerve- Neuromuscular blocker 
(695.66) diaphragm 1 0"8 to 1 0_. 

Frog rectus 1 0"8 to 7 x 1 o-6 

Verapamil HCI Rabbit ear perfusion 5 x 1 0-e to 10-5 Calcium antagonist 
(49 1 . 1 )  Guinea pig, ileum 1 0-4 

heart 1 0-1 to 10-e 
Rat, thoracic aorta 

& portal vein 1 0"7 to m-e 
fundus 1 0.a to I0-5 

Yohimbine HCI Rabbit heart 2.8 x 1 0-e a.-Adrenoceptor blocker 
(390.9) · Guinea pig ileum 1 0..c to 5 x 10-3 

Rat, vas deferens 1 0-1 to 1 0-5 · 

thoracic aorta 5 x 1 0-B  to 1 0-1 



00-0 

00 54463 
0 1  1 5389 
02 85941 
03 6 1 1 49 
04 052 1 9  
05 4141 7 
06 28357 
07 1 7783 
08 40950 
09 82995 
1 0  96754 
1 1  34357 
1 2  063 1 8  
1 3  6221 1 
1 4  47534 
1 5  98614 
1 6  24856 
1 7  96887 
1 8  90801 
1 9  551 65 
20 75884 
21  1 6777 
22 46230 
23 42902 
24 8 1 007 
25 68089 
26 2041 1 
27 582 1 2  
28 70577 
29 94522 
30 42626 
3 1  1 6051 
32 08244 
33 59497 
34 971 55 
35 98409 
36 45476 
37 89300 
38 50051 
39 31 753 
40 79 1 52 
41  44560 
42 68328 
43 46939 
44 83544 

Fundamentals al EQ1r1m1ntal Pharmacal111 

TABLE OF RANDOM NUMBER 

05-09 1 0- 1 4  1 5- 1 9  20-24 25-29 30-34 35.39 
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000 1 5  1 0806 83091 9 1 530 36466 39981 6248 1 
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1 7676 55659 441 05 47361 34833 86679 23930 
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37403 49927 577 1 5  50423 67372 . 63 1 1 6  48888 

52820 07243 79931 89292 84767 85693 73947 

09243 67879 00544 2341 0 1 2740 02540 54440 
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03648 44898 09351 98795 1 8644 39765 7 1 058 
1 2479 80621 66223 86085 78285 02432 53342 
2 1 472 428 1 5  77408 37390 76766 526 1 5  321 4 1  
773 1 2  83666 36028 28420 702 1 9  8 1 369 4 1 943 
1 2952 843 1 8  951 08 72305 64620 9 1 3 1 8  89872 
371 1 6  58550 42958 2 1 460 439 1 0  0 1 1 75 87894 
43877 80207 88877 89380 32992 9 1 380 03 1 64 
66892 461 34 1 0432 947 1 0  23474 20423 601 37 
00333 39693 28039 1 01 54 95425 39220 1 9774 
01 1 22 5 1 1 1 1  72373 06902 74373 961 99 . 970 1 7  
67081 89950 1 6944 93054 87687 96693 87236 
1 3 1 60 06468 1 57 1 8  82627 76999 05999 58680 
42866 24969 6 1 21 0  76046 67699 42054 1 2696 
74358 71 659 62038 79643 . 791 69 44741 05437 
8681 9  85651 88678 1 7401 03252 99547 32404 
33763 571 94 1 6752 54450 1 9031  58580 47629 
27647 3385 1 44705 9421 1 467 1 6  1 1 738 55784 
04392 094 1 9  89964 5 1 2 1 1 04894 72882 1 7805 
1 3428 40293 09985 58434 0 141 2 691 24 821 7 1  
661 62 95763 47420 20792 6 1 527 20441 39435 
84882 651 09 96597 25930 66790 65706 6 1 203 
69700 50741 303?9 1 1 658 231 66 05400 66669 
951 37 9 1 631  663 1 5  9 1 428 1 2275 248 1 6  68091  
851 78 3 1 3 1 0  89642 98364 02306 246 1 7  09609 
53829 77250 201 90 56535 1 8760 69942 77448 
38750 83635 56540 64900 429 1 2  1 3953 791 49 
83378 63369 7 1 381 39564 056 1 5  42451 64559 
38689 58625 08342 30459 85863 2078 1  09284 
86141 1 5707 96256 23068 1 3782 08467 89469 

Reprinted by permission from Statistical Methods, 5th Ed., by George w. Snedecor (Cl 1 956 by the lwoa State University Press, Ames, lwoa, U.S.A. 
' 

40-44 45.49 

47058 08 1 86 

60933 26927 

0 1 385 1 5345 

33451  77455 

83463 75577 

97365 30976 

47286 76305 

49 1 77 75779 

77379 90279 

88629 3723 1 

53249 27083 

90600 7 1 1 1 3 

2 1 505 801 82 
22278 1 1 551  
32949 1 349 1 
48 1 67 34770 
90368 441 04 
42846 94771  
30268 1 8 1 06 
47366 41 067 
45375 85436 
8 1 378 1 0620 
98656 59337 
60609 1 3 1 1 9  
3 1 782 49037 
41 273 2 1 546 
77054 33848 
96739 63700 
93758 03283 
39038 1 3 1 63 
1 79 1 8  62880 
541 32 6063 1 
95374 72655 
2 1 896 83864 
59058 82859 
1 1 859 4 1 567 
53634 22557 
48708 03887 
7 1 7 1 0  33258 
83942 2271 6  
33278 48805 
1 87 1 0  686 1 8  
97501 65747 
26333 9 1 777 
93842 55349 



TABLE OF DISTRIBUTION OF t 

Probability 
OF 0.5 0. 1 0.05 0.02 0.01 0.001 

1 1 .000 6.3 1 4  1 2.706 31 .821 63.657 636.6 1 9  

2 0.8 1 6  2.920 4.303 6.965 9.925 . 31 .598 

3 0.765 2.353 3 . 182  4.541 5.841 1 2.94 1 

4 0.741 2.1 32 2.776 3.747 4.604 8.6 1 0  

s 0.727 2.0 1 5  2.57 1 3.365 4.032 6.859 

6 0.7 1 8  1 .943 2.447 3. 1 43 3.707 5.959 

7 0.71 1 1 .895 2.365 2.998 3.499 5.405 

8 0.706 1 .860 2.306 2.896 3.355 5.04 1 

9 0.703 1 .833 2.262 2.821 3.250 4.78 1 

1 0  0.700 1 .8 1 2  2.228 2.764 3. 1 69 4.587 

1 1  0.697 1 .796 2.20 1 2.7 1 8  3.1 06 4.437 

1 2  0.695 1 .782 2.1 79 2.681 3.055 4.3 1 8  

1 3  0.694 1 .771  2.1 60 2.650 3.0 1 2  4.221 

1 4  0.692 1 .761 2. 1 45 2.624 2.977 4. 1 40 . 

1 5  0.691 U53 2. 1 3 1  2.602 2.947 4.073 

1 6  0.690 1 .746 2: 1 20 2.583 2.921 4.01 5 

1 7  0.689 1 .740 2.1 1 0  2.567 2.898 3.965: 

1 8  0.688 1 .734 2. 1 0 1  2.552 2.878 3.922 

1 9  0.688 1 .729 . 2.093 2.539 2.861 3.883 

20 0.687 1 .725 2.086 2.528 2.845. 3.850 

2 1  0.686 1 .721 2.080 2.5 1 8  2.831 3.8 1 9  

22 0.686 1 .7 1 7  2.074 2.506 2.8 1 9  . 3.792 

23 0.685 1 .7 1 4  2.069 . 2.500 2.807 3.767 

24 0.685 1 .7 1 1 . 2.064 2.492 2.797 3.745 

25 0.684 1 .708 . 2.060 2.485 2.787 ' 3.725 

26 0.684 1 .706 2.056 2.479 2.779 3.707 

27 0.684 1 .703 2.052 2.473 2.771 3.690 

28 0.683 1 .70 1 . 2.048 2.467 2.763 3.674 ° 

29 0.683 1 .699 2.045 2.462 2.756 . 3.659 

30 0.683 1 .697 2.042 2.457 2.750 - 3.646 

40 0.68 1 1 .684 2:02 1 2.423 2.704 3.551 

60 0.679 1 .671 2.000 2.390 2.660'. 3.460 

1 20 0.677 1 .658 1 .980 2.358 2.6 1 7  . ·  3.373 . 

oC: 0.674 1 .645 1 .960 : 2.326 2.576 3.291 · 

Adapted by permission of the authors and publishers from table Ill of Fisher and Yates: Statistical Tables for Bio/ogi�al, Agricuhural 

and Medical Research. published by Longman Group Ltd., London (previously published by Oliver & Boy_d, Edinburgh)., . 
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Fund1m1n1111 at E1111rl111n111 Ph1nn1c11en 

TABLE OF DISTRIBUTION OF F 

P = 0.05 

nz n1 degrees of freedom (for greater mean square) 

2 3 4 5 6 7 8 1 2  24 00 

5 6.61 5.79 5.41 5. 1 9  5.05 4.95 4.88 4.82 4.68 4.53 4.37 

6 5.99 5. 14  4.76 4.53 4.39 4.28 4.21 4. 1 5  4.00 3.84 3.67 

7 5.59 4.74 4.35 4. 1 2  3.97 3.87 3.79 3.73 3.57 3.41 3.23 

8. 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.28 3. 1 2  2.93 

9 5. 1 2  4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.07 2.90 2.71 

1 0  4.96 4. 1 0  3.71 3.48 3.33 3.22 3. 1 4  3.07 2.91 2.74 2.54 

1 1  4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.79 2.61 2.41 

1 2  4.75 3.89 3.49 3.26 3.1 1 3.00 2.91 2.85 2.69 2.51  2.30 

1 3  4.67 3.81 3.41 3. 1 8  3.03 2.92' 2.83 2.77 2.60 2.42 2.21 

1 4  4.60 3.74 3.34 3. 1 1  2.96 2.85 2.76 2.70 2.53 2.35 2. 1 3  

1 5  4.54 3.68 3.29 3.06 2.90 2.79 2.7 1 2.64 2.48 2.29 2.07 

1 6  4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.42 2.24 2.01 

1 7  4.45 3.59 . 3.20 2.96 2.81 2.70 2.61 2.55 2.38 2. 1 9  1 .96 

1 8  4.41 3.55 3. 1 6  2.93 2.77 2.66 2.58 2.51 2.34 2. 1 5  1 .92 

1 9  4.38 3.52 3. 13  2.90 2.74 2.63 2.54 2.48 2.3 1  2.1 1 1 .88 

20 4.35 3.49 3. 1 0  2.87 2.71 2.60 2.51 2.45 2.28 2.08 1 .84 

2 1  4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.25 2.05 1 .8 1  

22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.23 2.03 1 .78 

23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.20 2.01 1 .76 

24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2. 1 8  1 .98 1 .73 

25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2� 1 6  1 .96 1 .7 1  
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2. 1 5  1 .95 1 .69 
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.1 3  1 .93 1 .67 
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.1 2  1 .9 1  1 .66 
29 4. 1 8  3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.1 0  1 .90 1 .64 
30 4. 17  3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.09 . 1 .89 1 .62 
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2. 1 8  2.00 1 .79 1 .51 
60 4.00 3.1 5 2.76 2.53 2.37 2.25 2. 1 7  2. 1 0  1 .92 1 .70 1 .39 
80 3.96 3.1 1 2.72 2.49 2.33 2.21 2. 1 3  2.06 1 .88 1 .65 1 .33 
1 00 3.94 3.09 2.70 2.46 2.31 2. 1 9  2. 1 0  2.03 1 .85 1 .63 1 .28 
1 20 3.92 3.07 2.68 2.45 2.29 2. 18  2.09 2.02 1 .83 1 .61  1 .26 

oc 3.84 3.00 2.61 2.37 2.22 2. 1 0  2.01 1 .94 1 .75 l .52  . 1 .00 



TABLE OF DISTRIBUTION OF F 
p = 0.01 

"2 n,degrees of freedom (for greater mean square) 

2 3 4 5 6 7 8 1 2  24 00 

5 1 6.26 1 3.27 1 2.06 1 1 .39 1 0.97 1 0.67 1 0.46 1 0.29 9.89 9.47 9.02 
6 1 3.75 1 0.92 9.78 9. 1 5  8.75 8.47 8.26 8. 1 0  7.72 7.31 6.88 
7 1 2.25 9.55 8.45 7.85 7.46 7.1 9 6.99 6.84 6.47 6.07 5.65 
8 1 1 .26 8.65 7.59 7.01 6.63 6.37 6. 1 8  6.03 5.67 5.28 4.86 
9 1 0.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5 . 1 1 4.73 4.31 
1 0  1 0.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.7 1 4.33 3.91 
1 1  9.65 7.21 6.22 . 5.67 5.32 5.07 4.89 4.74 4.40 4.02 3.60 
1 2  9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4. 1 6  3.78 3.36 
1 3  9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 3.96 3.59 3. 1 7  
14  8.86 6.5 1 5.56 5.04 4.69 4.32 4.28 4. 1 4  3.80 3.43 3.01 
1 5  8.68 6.36 5.42 4.89 4.56 4.32 4. 1 4  4.00 3.67 3.29 2.87 
1 6  8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.55 3. 1 8  2.75 
1 7  8.40 6.1 1 5. 1 8  4.67 4.34 4. 1 0  3.93 3.79 3.46 3.08 2.65 
1 8  8.29 6.0 1 5.09 4.58 4.25 4.01 3.84 3.7 1 3.37 3.00 2.57 
1 9  8 . 1 8  5.93 5.0 1 4.50 4. 1 7  3.94 3.77 3.63 3.30 2.92 2.49 
20 8. 1 0  5.85 4.94 4.43 4. 1 0  3.87 3.70 . 3.56 3.23 2.86 2.42 
2 1  8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3 . 1 7  2.80 2.36 
22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3. 1 2  2.75 2.3 1 
23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.07 2.70 2.26 

24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.03 2.66 2.21 

25 7.77 5.57 4.68 4. 1 8  3.85 3.63 3.46 3.32 2.99 2.62 2. 1 7  

26 7.72 5.53 4.64 4. 1 4  3.82 3.59 3.42 3.29 2.96 2.58 2.1 3  

27 7.68 5.49 4.60 4.1 1 3.78 3.56 3.39 3.26 2.93 2.55 2. 1 0  

28 7.64 5.45 4.57 4.07 3.75 3.53 . 3.36 3.23 2.90 2.52 2.07 

29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 2.87 2.49 2.04 

30 7.56 5.39 4.5 1 4.02 3.70 3.47 . 3.30 3. 1 7  2.84 2.47 2.01 

40 7.31 5. 1 8  4.31 3.83 3.51 3.29 3. 1 2  2.99 2.66 2.29 1 .8 1  

60 7.08 4.98 4. 1 3  3.65 3.34 3.1 2  2.95 2.82 2.50 2. 1 2  1 .60 

80 6.96 4.88 4.04 3.56 - 3.26 3.04 2.87 2.74 2.42 2.03 1 .50 

1 00 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.37 1 .98 1 .43 

1 20 6.85 4.79 3.95 3.48 . 3. 1 7  2.96 2.79 2.66 2.34 1 .95 1 .38 

oc 6.64 4.61 3.78 3.32 3.02' 2.80 2.64 2.51 2.1 9  1 .79 1 .00 

· .  



Fundamentals al bPerlmental Ph1nnac111n 

OUNNETI TABLE 

Number of Groups Including Control Group 
dfe alpha 2 3 4 5 

3.48 5 0.05 2.57 3.03 3.29 
0.01 4.03 4.63 4.98 5.22 

3. 1 3.26 6 0.05 2.45 2.86 
0.01 3.71 4.2 1 4.5 1  4.71  

7 0.05 2.75 2.97 3. 1 2  2.36 
O.Ql 3.5 3.95 4.2 1  4.39 

8 0.05 2.3 1 2.67 2.88 3.02 
0.01 3.36 3.77 4 4. 1 7  

9 0.05 2.26 2.6 1 2.8 1 2.95 
0.01 3.25 3.63 3.85 4.01 

1 0 0.05 2.23 2.57 2.76 2.89 
0.0 1 3. 1 7  3.53 3.74 3.88 

1 1  0.05 2.2 2.53 2.72 2.84 
0.0 1 3. 1 1  3.45 3.65 3.79 

1 2  0.05 2. 1 8  2.5 2.68 2.8 1 
0.0 1 3.05 3.39 3.58 3.71 

1 3 0.05 2. 1 6  2.48 2.65 2.78 
0.01 3.01 3.33 3.52 3.65 

1 4  0.05 2. 1 4  2.46 2.63 2.75 
0.01 2.98 3.29 3.47 3.59 

1 5  0.05 2. 1 3  2.44 2.6 1  2.73 
0.01 2.95 3.25 3.43 3.55 

1 6  0.05 2. 1 2  2.42 2.59 2.71 
0.01 2.92 3.22 . 3.39 3.51 

1 7  0.05 2. 1 1  2.41 2.58 2.69 
0.01 2.9 3. 1 9  3.36 3.47 

1 8  0.05 2 . 1  2.4 2.56 2.68 
0.01 2.88 3. 1 7  3.33 3.44 

1 9  0.05 2.09 2.39 2.55 2.66 
0.01 2.86 3. 1 5  3.31 3.42 

20 0.05 2.09 2.38 2.54 2.65 
0.01 2.85 3. 13 3.29 3.4 

24 0.05 2.06 2.35 2.5 1  l.61 
0.01 2.8 3.07 3.22 3.32 

30 0.05 2.04 2.32 2.47 2.58 
0.01 2.75 3.01 3. 1 5 3.25 

40 0.05 2.02 2.29 2.44 2.54 
0.01 2.7 2.95 3.09 3. 1 9  

60 0.05 2 2.27 2.41 2.51 
0.01  2.66 2.9 3.03 3. 1 2  

6 

3.62 
5.41 

3.39 
4.87 

3.24 
4.53 

3. 1 3 
4.29 

3.05 
4. 1 2  

2.99 
3.99 

2.94 
3.89 

2.9 
3.81 

2.87 
3.74 

2.84 
3.69 

2.82 
3.64 

2.8 
3.6 

2.78 
3.56 

2.76 
3.53 

2.75 
3.5 

2.73 
3.48 

2.7 
3.4 

. 2.66 
3.33 

2.62 
3.26 

2.58 
3. 1 9  

-

7 8 9 1 0 
-

3.73 3.82 3.9 3.97 
5.56 5.69 5.8 5.89 

3.49 3.57 3.64 3.7 1 
5 5 . 1  5.2 5.28 

3.33 3.41 3.47 3.53 
4.64 4.74 4.82 4.89 

3.22 3.29 3.35 3.41 
4.4 4.48 4.56 4.62 

3 . 1 4  3 . 2  3.26 3.32 
4.22 4.3 4.37 4.43 

3.07 3. 1 4 3. 1 9  3.24 
4.08 4. 1 6  4.22 4.28 

3.02 3.08 3. 1 4  3. 1 9  
3.98 4.05 4. 1 1  4. 1 6  

2.98 3.04 3.09 3. 14 
3.89 3.96 4.02 4.07 

2.94 3 3.06 3. 1 
3.82 . 3.89 3.94 3.99 

2.9 1 2 .97 3.02 3.07 
3.76 3.83 3.88 3.93 

2.89 2.95 3 3.04 
3.71  3 .78 3.83 3.88 

2.87 2.92 2.97 3.02 
3.67 3.73 3.78 3.83 

2.85 2.9 2.95 3 
3.63 3.69 3.74 3.79 

2.83 2.89 2.94 2.98 
3.6 3.66 3.7 1 3.75 

2.81 2.87 2.92 2.96 
3.57 3.63 3.68 3.72 

2.8 2.86 2.9 2.95 
3.55 3.6· 3.65 3.69 

2.76 2.8 1 2.86 2.9 
3.47 3.52 3.57 3.61 

2.72 2.77 2.82 2.86 
3.39 3.44 3.49 3.52 

-

2.68 2.81 2.73 2.77 
3.32 3.37 3.41 3.44_ 

2.64 2.77 2.69 2.73 
3.25 3.29 3.33 3.37 

-

1 
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TABLE OF WILCOXON TEST ON PAIRED SAMPLES 

Number of pairs 5% level 1 % level 
7 2 0 
8 2 0 
9 6 2 
1 0  8 3 
1 1  1 1  5 
1 2  14 7 
1 3  1 7  1 0  
1 4  2 1  1 3  
1 5  25 1 6  
1 6  30 1 9  

Reprinted (slightly abbreviated) by permission of the publisher from Statistical Methods, by George 

W Snedecor and William G Cochran, 6th edn. (copyright), 1967, Iowa State _university Press, Ames, 

Iowa, USA, 

TABLE OF WILCOXON TEST ON UNPAIRED SAMPLES 
5% Critical points of rank sums 

n2 n1� 
i 2 3 4 5 .6 7 8 9 10 1 1  1 2  1 3  14 1 5  

4 1 0  
5 6 1 1  1 7  
6 7 1 2  1 8  26 
7 7 1 3  20 27 36 
8 3 8 1 4  2 1  29 38 49 
9 3 8 1 5  22 31 40 51  63 
1 0  3 9 1 5  23 32 42 53 65 78 
1 1  4 9 1 6  24 34 44 55 68 8 1  96 
1 2  4 1 0  1 7  26 35 46 58 7 1  85 99 1 1 5 
13 4 1 0  18 27 37 48 60 .. 73 88 1 03 1 1 9 1 37 
14  4 ii 1 9  28 38 50 . )' 63 76 9 1  1 06 1 23 1 41 1 60 
15 4 1 1  20 29 40 52 65 79' 94 . 1 1 0 1 27 1 45 .. 1 64 1 85 
1 6  4 1 2  2 1  3 1  42 54 67 82 97 1 14 1 31 1 50 1 69 
1 7  5 1 2  2 1  32 43 56 70 84 1 00 1 1 7 1 35 1 54 
1 1  5 1 3  22 33 45 58 72 87 1 03 1 2 1  1 39 
1 9  5 1 3  23 34 46 60 74 90 1 07 1 24 
20 5 1 4  24 35 48 62 77 93 1 1 0 
2 1  6 1 4  25 37 50 64 79 95 
22 6 1 5  26 38 5 1  66 82 
23 6 1 5  27 39 53 68 
24 6 1 8  28 40 55 
25 6 1 8  28 42 
28 7 1 7  29 
27 7 1 7  
28 7 



fllll•m•ntals at EUerlmental Pharmac11111 

TABLE OF WILCOXON TEST ON UNPAIRED SAMPLES 

1 % Critical points of rank sums 

"2 n1-? 
1 0  1 1  1 2  1 3  J: 2 3 4 5 .6 7 8 9 

5 1 5  
6 1 0  1 6  23 
7 1 0  1 7  24 32 
8 1 1  1 7  25 34 43 

9 6 1 1  1 8  26 35 45 56 

1 0  6 1 2  1 9  27 37 47 58 7 1  

1 1  6 1 2  20 28 38 49 6 1  74 87 

1 2  7 1 3  2 1  30 40 5 1  63 76 90 1 06 

1 3  7 14 22 3 1  4 1  53 65 79 93 1 09 1 25 

1 4  7 1 4  22 32 43 54 67 8 1  96 1 1 2 1 29 

1 5  8 1 5  23 33 44 56 70 84 99 1 1 5  1 33 

1 6  8 1 5  24 34 46 58 72 86 1 02 1 1 9 1 37 

1 7  8 1 6  25 36 47 60 74 89 1 05 1 22 140 

1 8  8 1 6  26 37 49 62 76 92 1 08 1 25 

1 9  3 9 1 7  27 38 50 64 78 94 1 1 1  

20 3 9 1 8  28 39 52 66 8 1  97 

2 1  3 9 1 8  29 40 53 68 83 
22 3 1 0  1 9  29 42 55 70 
23  3 1 0  1 9  \ 30 43 57 
24 3 1 0  20 3 1  44 
25 3 1 1  20 32 
26 3 1 1  2 1  
27 4 1 1  
28 4 

n, and n1 are the numbers of cases in the two groups. If the groups are unequal in size, n1 refers to the smaller. 
Reproduced by permission of the author and publisher from White, C. Biometrics, 1 952, 8, 33 
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Index 
Page number followed by t refers to table 
Accuracy of measurements 203 
Acetylcholine, assay of 1 1 6 

detection and estimation 126 
Adenosine receptors 59 
Adrenaline, assay of 1 1 5 

detection and estimation of, 
and noradreanaline in a mixture 128 

Adrenoceptors, classification 39 
distribution of different types of, in tissues 38t 
a-adrenoceptors, agonist and antagonist 39t 
�-adrenoceptors, agonist and antagonist 40t 

blockers, pharmacological properties of 41 t 
cardiac, nature of 42 
tissues or organs employed for the study of 
different 43 

· 

Affinity or dissociation constant of 
antagonists - p� or p� values determination 
of 29 

· 

Agonist 27 
evaluation of 91  
isomeric activity ratio of 30 

Allele 1 89 
Analgesic agents, evaluation of 1 35 
Analysis of 

· 

DNAs by Southern blot hybridizations 186 
proteins by Western blot techniques 187 
RNAs by Northern blot hybridization� 187 
Variance 221 

Angiotensin 64 

assay of 65 
II formation and fate 64 

II receptor blockers 64 

ANOVA 221 . 
Antagonist' 27 

determination of affinity or dissociation 
constant 29 

Anticarcinogenic agents, evaluation of 146. 
Anticoagulant fluid 9 
Antidiabetic agents, evaluation of '144 
Antifertility agents, screening of 143 
Anti-inflammatory agents, evaluation of 137 
Anti-Parkinsonian agents, evaluation of 145 

Ariti-secretory agents; assay of 141 
Anti-ulcer agents, assay of 1 39 

Arithmetic mean 204 
Assay, design 92 

matching or bracketing 85 
Assembly for recording of 

blood pressure 12 
contraction of isolated tissues 1 3  

Atomic weights of some common elements 10 
Average 204 
Axonal conduction 21 

blockers 21t 

Biogenic amine depletors 57t 
Biophase 7 1  
Blood pressure, effect of autonomic drugs on 1 14 

recording of 109 
in anaesthetized rat 1 12 
testing on 1 19 

Cannabinoid receptors 62 
Carcinogenecity test 175 

nictitating membrane, testing on 120 
splenic strip 82 

Cell line studies 
advantages 193 

· cytotoxicity testing 191 
detection of apoptosis by · · 

DNA fragmentation 192 
DOT plot assay 1 93 

determination of IC50 1 92 
disadvantages 193 
studies 

cell cycle arrest 193 
confocal microscopic 1 92 
fluorescence microscopic 192 

Characterization of receptors 
experimental, conditions for 3 1  
methods for 28 
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high performance ·liquid 161  · 

paper 1 59 
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Clone 185 
Cloning of cDNAs produced from purified 

mRNAs 188 
Coefficient of variation 210 
Colorimetry 157 
Computation of values for Schild plot 105t 
Confidence limits 210 
Contact period of drug with the tissue 72 
Control 214 
Conversion factors 5 
Correlation 227 

coefficient 227 
Cumulative dose-response curve 99 

study of antagonism 99 

Denaturation of DNA 186 
Developmental neurotoxicity test 176 
Difference between, two means 217 

the means of, two samples 218 
paired samples 220 
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ligase 1 85 
microarrays 188 
plasmid, isolation 185 
recombinant 185 

technology 1 85 
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sequencing 185 

DNT 1 26 
Dopaminergic receptors, properties 45t 
Dose-response curves 87 
Dose ratio, determination of 97 
Drug, antagonism, types 100 

experimental methods 
for determination of 102 

concentration 4 
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the mechanism 74 
rate of action of 72 
solutions 4 

Dunnett's test 224 
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Electronic stimulator 17 
Embryonic stem cell test 1 74 
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under investigation for human use 

Enzyme immunoassay 1 63 

EST 174 
Eukaryotes 1 82 

Experimental, design 2 1 1  

procedures 72 
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Flame photometry 158 

Fluorometry 158 

rectus muscle 82 
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. receptors 4 7 
properties of 48t 

reuptake inhibitor 48 
GABAergic neurotoxin 48 
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Gastrointestinal functions, evaluation of compounds 
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Gene knockout 1 89 
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Genetic engineering 1 85 

applications of 1 89 
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preparation 76 
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Intestinal motility, assay of drugs affecting 141 
In vitro, pyrogen test 174 
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in biological fluids and tissues 1 3 1  

studies, advantages and disadvantages 177 
Isolated preparations, summary of 

experimental details 82t 
Isomeric activity ratio of, agonists 30 
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Isotonic and isometric contractions of muscle 73 
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LD50, calculation of 1 53 

determination by Karber's method 155t 
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Log dose-response line 90 
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Neurotransmitter, identification 
of a substance as 22 

Neutral red uptake assay 1 75 
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Normal, distribution 209 

solutions, preparation 1 0  
NOS inhibitors 70 
NRU 175 
Null hypothesis 2 1 5  

Opioid receptors 6 1  
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Oxytocin, detection and estimation 1 29 
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PCR 1 88 
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Percentage inhibition, determination 97 
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Physiologic salt solutions, composition l ,3t 
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Plant material 164 

extraction 165 
elemental analysis 1 70 

chemical tests 170 
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solvents used for 1 68 
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Mass 172 
nuclear magnetic resonan�e 1 7 1  . 
ultraviolet 1 70 
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structure elucidation 1 72 
X-ray crystallography 172 

selection of 1 64 
Polymerase chain reaction 1 88 
Polypeptides, assay methods 1 33 

that stimulate smooth muscles 1 32 
Population 2 1 2  
Potency of terbutaline compared with 
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trachea and atria 94t 

Potency ratio of terbutaline and isoprenaline 94t 
Prefixes for various units 1 1  
Preparation of , approx. normal solutions 10 
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Presynaptic, effect of drugs, localization of 43t 
or prejunctional receptors 35 

Prokaryotes 1 82 
Properties of active and inactive receptors 26t 
Prostaglandin 65 

antagonists 68 
assay 66 
biosynthesis 65, 67t 

inhibitors 65 
metabolism 66 

Purinergic receptors 58 
characteristics of different subtypes 59t 

aortic strips 77 
duodenum 77 
ileum or jejunum 77 
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Radioimmunoassay 162 
Radiolabelled ligands, use of 3 1  
Randomization 2 1 3  
Range 207 
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colon 79 
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theories of drug action 28 
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Refinement 173 
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equation 229 
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Relative, potency from dose-response curves 98 
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RNA interference 1 89 
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Serotonergic (5-HT) receptors 46 

properties of 46t 
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reuptake inhibitors 47 
Significance 2 1 6  
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Site-directed mutagenesis 1 88 
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Southern blot hybridizations 

analysis of DNAs by 1 86 
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Spinal cat by Dale's method, preparation of I l l  
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determination of 208 
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surgical 23 

t, distribution 209 
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Toxicity, acute, test, 1 49, 1 50, 1 76 
chronic 1 50 
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results of 1 54t 
repeated dose 17 6 

subacnte 1 49 

Transcription 1 84 
Transformation of percentage to probits 1 54t 
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Translation 1 84 

Tryptaminergic neurons, chemical 
destruction of 24 
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Variance, analysis o f  22 1 
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Variation 206 
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Why statistics 202 
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Excerpts of Book reviews 
The book contains a chapter on alternate methods of experiments instead of research on whole animal. In this chapter, 
many methods such as in  vitro pyrogen test, embryonic stem cell test, local lymph node assay for skin sensitization, 
neutral red uptake assay, carcinogenic test, acute toxicity test, and repeated toxicity test are described. These tests might 
become obligatory for research in various biomedical sciences due to the CPCSEA guidelines for minimizing the usage of 
animal experiments. There is no meaning in doing pharmacological research without biostatical analysis. In this 
connection, I would like to acknowledge the authors for depicting several method of statistical analysis with suitable 
examples. These statistical methods written in the book will be immensely beneficial for research scholars in 
pharmacological and other biomedical sciences . . . .  The current edition of this book will be useful to postgraduate students, 
teachers of pharmacology, and researchers working in pharmaceutical industries around the world. 

Indian Journal of Pharmacology, 47(2),236. 20 1 5  

This edition includes all the basic topics and the details of all the topics which are in the "must learn" area of a postgraduate 
student of pharmacology and-also pharmacy. This knowledge will be required by the medical educators also for guiding 
the postgraduate students. There is inclusion of some new chapters like Plant Extraction Methods, The Cell Line Studies 
and Nano technology in Biomedical sciences which are of immense importance for recent medical education. This book is 
an excellent resource to introduce the postgraduate students of pharmacology and both undergraduate and 
postgraduate students of pharmacy to the basics of experimental pharmacology. 

Pharma Times, 48, 03. 20 1 6  

Few new chapters has been included in this edition such as cell line studies, Nano Technology i n  Biomedical Science and 
method of plant extractions. These chapters are very useful as many researches are being done on all these aspects. 
Overall this book will be very helpful to PG Students, Researchers as well as Teachers of Pharmacology. 
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