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P R E F A CE 

The trJi ning program in exp.:_- rime nt:1l phnrmacolngy fo r postg rad uate :. in var i
ous dc_pan me nts of pha rm aco logy is usuall y built up around the resea rch interest of 
a pa r_t1c ular d..:- p a rtrnent. In additi on . the postgr '.1duares are trJin-e d in ce rtain basic 
cxpe n mc n ta l techn iqu es \v- h ich for m a pa rr o f regular c urriculum . W hile training our 
pos tgraduates over the las t 15 y~ars . we had keenlv f.~ l t the necessity of having ~:c rn e 
tex t bo,1 k which the postgradua tes could use for -regular reference for cxperimen ta l 
techniques. A number of books and monograms ~ on pharmacological screenin g 
meth ods are avaibbl e. and recently two excellent monogram ~ have been published 
from t he Edinburgh University. A number of experi mental techniques are also descri 
b ed in vari o us pharmacologic al journ als . lnspitc of this. we felt that there was a need 
for some book s s pec iall y \n ittc n to me~ t wit h the needs of postgradu ates which will 
provide all the ne cessary in fo rma t ion for routi ne t raining a r one place , obvi ;;ir in g the 
need to rder to specialised books and journals from day to day. A large number of 
n.e \-v m edical co lleges have been op ~ n ed in last few years . The library faci lit ies at these 
co lleges are oft en n o t adeq ua te. espec ia ll y as for as availability of back-references in 
jo urnals i ; con cerned , thus m aki ng ir di ffi cult fo r postgraduates to get the required 
informat ion . T o meet \\'ith such needs. \Ve thought it desirable to publish details of 
t he trainrng p rogram followed at (lur department . \Vith the hope that it will m•.:-e t 
with the genera l requirements of postgrnduates in exP'erimental pharmacology. No 
nt tempt has been mad ~ to descr ibe all the techniques :rnd give all the informatio n in 
e .·per im cntal pharmacology. wh ich wo uld be a m ::ijor undertaking . 

We have desc ribed se lec ted topi ,: s in experimental pharmacology, which would 
meet ·with th e curric ular req ui re men ts of postgrad uates . There probably is some bias 
in ..,elec ti on to\..,·a rds the type of work carried out in this department . Techniques in 
b ioch emical pharmacology, use of radioactive isotopes. use of highly sophisticated 
tec hniques involving polygraph s. tr~rnsducers and o :;cillosc.opic recordin g are not in 
· Jud ed . as onl y few d epartment s possess the n.ece .~sary equipment for carrying out 
su ch techn iqu,2s. We have lim ired our field to th ose t :~chniq ues which could be carried 
out by po ,tgra d uates in m ost of the ph~ rma~o l o~ica~ departments of a m edic::il 

1Jeoc in o ur country fo r whom th e book 1s pnmanl y intended . 
co " 

Each chapter covers a very brief t heoretical background and gives detail : . 
~ . -p e rimenta1 t ech n iq ues . Thi s is_ fu ll owed b~ practical _ exercises which the ;; tudents 
can carry out and com pare their res ult s \\' 1th t hose il lu strated . This will h e lp in 
es tablishing techn iques with known drugs so that e nc can then handle problem:.; 
usi ng thes·c· te chn iq ues m o re c? nfid entl y . F or furth e r .d etailed work references to 
original t echn iques have b~c1: rn d_1catcd . The appe nd1~e s_ at the end of th12 book 
cover sub jects of u n a·esthe s 1 ~ 111 an ima ls. elementary statis tics , and c~ rtain important 
rleta ils nbout perfu .; ing so lut1ons, etc . 

v 

\ 
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vi SELECTED TOPICS IN EXPERIMENTAL PHARMACOLOGY 

tvLljorit l )( practic:d '"·xerciscs have been worked ou( by my jun io r co ll eagues 
NKD :qid u ;K giv ing practical inst ruction s and SL)Jlh~ ;:i lterntions on s tandard 
f ' l'hnique . .; b;1sl'd on their exper iencl' . Exaci ses on CNS and diure tics have been 
l\111tributed by the rnl'r11 bers of the Pharmacological f~ escarch Unit of Coun cil of 
Scicntit1c o ' Industrial Researc h, which fun ction s as the Drug Screenin g Unit at th is 
Jeparrmen r. NKD and UGK have be.en marnly res!1011 sib lc not on ly for the ma jority 
of :;cienrifi ' work. but :i lso have contributed to t·he C1rtistic side of thi s projec t. All 
Ille illustrations, lay-out of the exercises. letter ing and cover design have been 
personally earned out by them without any help from professional artist...; . Without 
rhc enthusiasm and help of my these devoted , versatile co-authors, this book could 
neva h a ' ' ~ been completed. 

I am very thankful to our Dean, Dr. T. H . Rindani , MD, DSc, FAMS for hi s 
constant encouragement in this project 

I am also thankful to Shri Vinoobhai Kothari of M/s Kothar i Book Depot, 
our publishers. for his interest and co-operation in converting the raw manuscript 
in to a full fledged text book. 

Bombay 
August 1971 
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rt has long been an 
that t~e little things 
most important. 

axiom of mine 
wre infinitely the 

Sm ARTHUR CoNAN DoYLE 

CHAPTER J 

Princi1lles of Drua 
Action and Bioassa; 

Introduction of action, drug interactions effects of re-

i'harmacology, the science of drugs in· _pea e rug · administration etc. Most 
volves a consideration of the effects of of these drugs are governed by certain 
drugs on living organisms. The Qasic general principles of drug action and in 

Llnl

.ts of 1· nte t. h ;i .-.--- t.· his chapter experiments are <les1·gned to 
. rac 1on are t e 11rug molecules and the " receptor portion" of the oroan- illustrate some of the principles of drug 

. 0 action . 

1sm as suggested by j>_~lJ.l Eh_rlich and 

L 1 

In considering drug action we are con-

ang ey. In recent times, the concept of 
. cerned witJL the...-roceptor a~d its im· 

receptors m relation to drug action has 
me§~.!~cinity , the biopna-se; -;-crs t e 
presence of the drug in an optimum 

progressed a great deal as a result of the 
work of many distinguished scientists 

con.ce_!.1!.f_<.!1tion in the biophase t hat w1 

such as Ariens, Clark, furchgott , and el iclr.~-~nse. The response therefore 
Paton . depends on the dose of the dru" and :'.> ' 

It is commonly accepted today that the relationship between dose and res

drug action involves combination of drug ponse is a useful index to the pharma· 
mo1eCufes and receptor molecules leading cologist, of conditions in the hiophase. 
to what is termed as drug "effect". The In the simplest situation , a molecule of 
effects of drugs are eXpressed either ,n active drug combines with the receptor 
terms of physio!Qgical, biochcmj cal or and sets of! a reaction which ultimatclv ' 
electrophys[gl_9gical changes occurring in manifests as a response; the magnitude ~f · 
the organism as a whole, or in isolated this response increases as the amount 

0

( 

tissues, or as a relief of symptoms or cure drug increases until a maximum is reach· 
of a disease in a clinical situat ion. The ed . Expressed arithmetically, on a graph, c,, . 

effects maY be of various types e.g. anti- the dose response curve is a. W'perbolic 
spasmodic, h ypoten sive, a nalgesi e, an ti- curve with a plateau; when exp 1 es;ed in 
coagulant, hypoglycaemic_ and so un . To IQgarithms O!-~dOse , this graph gets 

q uan tifY these. o b_serv alt on s the . effects straightened. t be studied in relat10n to different This relationship may be studied :iv 

mus 1 . h. 

d S 

termed as dose effect re at1ons 1 plotting responses to grarled doses of a 

ose , ~ . ff ·ficitY of action or o erw1se, e eel drug on a convenient experimental pre. 

spec1 . --rnn .~c:::o~rn~p~a~r:.:.is::.:o:::n:.....t;;.o~a _k;_.n_o_w_n_d_ru-"g'-'--, _m_e_c_h_a_n _1s_m_ para ti on like the isolated guinea pl g ileum 
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.(Exercise 1). Another way of studyin g agonist and antagoJJist with th e sa me rc: -
1t, for example in an intact <lnimal wou ld ceptor, the antagonist being specifi c to th e 
be to compare pressor responses t·o grad <·d ;igonis t. If there is a competit ion for the 
doses of N E i .. a spinal cat where com- occupation of receptor, a molecul e of 
pensatory mechanisms are eliminelt•_'cl <.mta rroni st being able to dispiace a mole_ 
(Exercise 2). cule ~f agonist, it is called competit ive , or 

For a more rap id and convenient way surm ountable, or reversible antagonism. 
of studyi ng dose response relationsh ip, Jf dose response curves are plotted with 

_,,., particularly in isolated tissues, a cumula- agonist in presence of different doses of f 
tive ~od may be usecf. Here, insfra -· antagoni st, more and more of the agoni st 
of washing- out the drug after each res- will be required to produce a given res
ponse, it is added in increments such that ponse. The maximal effect, however, will 
at a given time the amount is double that be reached even though a very large 
at the previous response . This is con - dose of agonist may be required . Hen ce 
tinued till no further contraction occurs log dose response curves will shift to the 
and subsequent addition of drug causes right, without change in the maxima 
a small relaxation. This is the suprama- (Exercise 5). 
ximal dose. If a grap is plotted w1T~ In non-c.ompetitive antagonism on the 
log dose against response taking percent- . )t_her hand, increasing doses of agonist 
age maximal contraction instead of actual will not be able to displace antagonist 
height, an S shaped curve will be obtained completely and a residual diminution in 
with the middle portion practically linear. action will be apparent, which increases 

Consider the effect of two drugs present with antagonist concentration; also, i:;ince 
in the biophase ; this can lead to three pos- displacement of antagonist does not occur 
sibilities - there may be no effect of molecule for molecule, the relation in 
either drug on the other, there may be dose and response will change, thus 
diminution in the action of one drug due altering the slopes of the log dl1se res
to the presence of the other (antagonism) ponse curves. Hence in Exercise 6, a 
or there may be an increase in the action change in slope and in the maxima is 
of one by the presence of the other apparent. 
(synergism). Synergism implies that the Non -specific antagonism however does 
end result is greater than the arithme t ic not necessarily involve receptor occupa-
total of individual responses; it can occur ti on and may occur at any step 
either (a) due to __ protec tion of agon~st from drug receptor interaction to 
from destruction , excretion or silent re- the effector system which results 
ceptor occupation , or (b) sensiti sati.m1 of irf a response. For example, two drugs 
receptors by depJct ion_ of the natural a~ting_ independently of each other to 
neurohumoral transmitter. This is shown activate two different opposing effector 
in Exercise 4 where eph edril1e, i1 sympa- systems, like epinephrine and acetyl- 1 
thomimetic amin e with dual action has choline, or papaverine and acetylcholine. ~ 
been shown to have its own presso r a _·ti on The only difference between these two 
as well as cause potent ! ati o_!~ _9t pcc~_ox ?airs is that the first pair occurs naturally 
response to NE implying thereby an acute 111 ~he body, sl!_l~serving two essential op
depletion of NE as well. . posmg physiologic mechanTsms and this 

Antagonism may be of a spec ific type antagonism is hence called physiological 
or a non-specific type, apart fr~m actua l an tag on ism (Exercise 8). 
ch!emical n eutrali sation~. Spe.c1fic anta- In identifying two drugs which produce 
gonism is caused by mteractton of an a si milar response, for example, vasode-



~· . 
I 

PRINCIPLES OF DRUG ACTION AND BlOASSAY 3 

pression by acetylcholine and histamine, 
advantage may be taken of the phcno· 
menon of specific antagonism ; a dru g 
that antagon ises only histamine e.g. 
chlorpheniramine would reduce or <ibolish 
the action of histamine alone, and leave 
the action of acetylcholine unaffec~ed 
(Exercise 7). This would help to identify 
which drug is histamine. 

When receptors are rapictly occupied by 
a large concentration of drug molecules, 
a drug effect is seen ; if this is immediately 
followed by some more drug molecules, 
most of the receptors having already been 
occupied, only a small unoccupied frac
ti on will combine to give a response . 
Hence, a progressively smaller response 
would be obtained in the presence cf a 
persistent drug receptor combination. 
This phenomenon of diminished response 
is called tachyphylaxis (Exercise 9) ; anothe r 
mechanism by which tachyphylaxis could 
occur is when a drug acts by the release 
of an endogenous substance e.g. NE with 
a slow turnover rate ; as the drug is ad
ministered smaller and smaller amounts of 
norepinephrine would be released and 
smaller responses would he obtained. 

An interesting corollary of the concept 
of receptor occupation in drug action is 
that if a large concentration of agonisLis. 
added to the receptors, addit ion cf an 
antagonist will not affect responses plotted 
with doses of agonist. This is due to the 
phenomenon of recept and is 
wet 

Bioassay 

Bioassay, or the assay of a pharmacolc1gi
cally active substance by biological means 
is even today a sensitive and reliable 
method of assay, yielding valuable informa. 
tion particularly in the analysis of~. 

.. fusatei efflu.~nt;; .from various organs etc. 

Various methods have been devised for 
the bioassay of substances, and the 
general principles of bioassay with the 

---... ' I c ~ & .. , ,.. ,.,_n'/' "'"' L• o\ ~ , -' "' vV'-:'"<. '-''\ , ) ' 't''"'- ··- -l:../LL ~ 
~ ""r . .:.>-

\~v~~ ·j ,v··( -- ..,,._.. ,.. ... \" \ "' .. '\... 
..., ·<.""'"" -v 

..r ~ .. \J 

, \ \ ' -j, 

help of isolated tissues are discussed 
here. Methods of bi oassay of specific 
substances are described in Chapter 6. 

The simplest method would be to find 
out the response to a dose of a s tandard 
solution of known concentration (S) 
which would match the response obtained 
with a known volume of test solution (T) . 
This is done by recording a dose response 
curve with standard, and with test solu
tion diluted 1:1000, 1:100, 1:10 (not shown 
here). From the latter, a response GP of 
about 6 cm height is chosen which would 
be in the linear portion of the standard 's 
dose-response curve. Two doses of stand
ard one larger and one smallerare chosen 

~ -
and repeated with T. The range between 
these two doses is then - gra ually reduced 

e. g. : 0.2 µg and 0.3 µg 
0.22 " " 0.28 ; , 
0.24 " " o. 26 " 

each time repeating T so that any varia
tion in sensitivity of the isolated tissue can 
be accounted for , a,nd less inaccurate 
results obtained. A stage will be reached 
when T will be exactly matched by some 
dose of standard. In this exercise we see 
that T matches 0.24 µg . 
If T was 0.4 ml of 1:10 diluted unknown 

O. 04 ml of unknown contain 0.24 µg 
0.4 " " 2.4 µg 
4 .0 24 µg 
1 ml = 6 µg 

i.e. the unknown has ·a concentration of 
6 fl g/ ml. As this method involves repeat
ing T inside a 'bracket' of standard doses 
it is called , bioassay by bracketing or 
direct matching. 

2 + 1 assay, 3 point assay 

(Exercise 12), owes its name to the fact 
that repetition of three doses, two of 
standard and one of unknown is done 
randomly to obtain a series of responses. 
A graded dose response curve is taken 
for the standard and for the unknowon 
solution suitably diluted. From these, 
. \ . I.Al . : ..... -1 ~ Vj .... f /.-(, ~ -; 
/ ~I ') • 7 l f [;--

\ 
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The ileum is then cut into segments of 
required length, genera lly 4 cm in the fu.ll y 
relaxed state , and sutures are taken with 
needle and thread through either end of 
a segment, care being taken to include 
only one point on the circumference with
out occluding the lumen . 

Experimental Techniques. 

Experiment l. 
The Isolated Guinea Pig Ileum. A 

guinea pig weighing about 450 gm is starv
ed for 48 hours, being allowed water ad 
Iibitum. For the purpose of the experi
ment it is killed by stunning with a sharp 
blow on the head and cutting its throat 
to bleed it to death. The abdomen is 
quickly opened and the viscera inspected. 

In the right lower quadrant of the 

With the lower suture the ileum is fi xed 
on to the hooked end of a hollow oxygen 
tube while the upper thread is tied to the 
recording lever. In this case ~~ use _an 
isotonic le_yer__wjth a frontal wntmg pomt 

Fig. I . I : Th:! isolated guilteapig ileum preparation. 

Peye r's Patch 

Caecum 

Ou t let 

I. 1 - a 
Showing the posi tion 
fo the Peyer' s patch , 
which serves as the 
landmark for further 
dissection . 

].] - b 1.1 - c 
The lumen of the ileum 
is rinsed with Tyrode, 
with minimal hydrostatic 
precssure , not exceeding 
10 cm water. 

The final set up of the 
isolated preparat ion in 
Tyrode selution at 
37°C . 

abdomen is seen a greenish sac Eke struc
ture, the caecum. This is gently turned 
outwards so as to expose its inner surface; 
this reveals a slende-r nfo.kish - leng!h of 
small intestine marked by a localised 
.tlilc enmg in the wall - a Peyer's patch 
of lymphoid tissue. 

' Using this patch as a landmark, the 
lower-most 10 cm of ileum are removed ....... .--:-----:-.. ~- _ __...._ -- ... 
rom the ~bdomen and placed in a sffa low 
ish -c-;-ntaining warm Tyrod~ solution. 
With the help of a 25 ml pipette, the 

lumen of the ileum is gently rinsed out, 
care being taken not to exert a hydro
static pressure of more than 10 cm water. 

balan~ ~<i rnvide a tension of 500 mg. 
The tissue is positioned in an organ bath 
in Tyrode solution at 37° C aerated with 
_oxygen or carbogen mixture . The tissue 
generally takes about a half hour to sta
bilise ; there should be no spontaneous / 
contractions. The fluid bathing the tissue ' 
should be renewed every 10 min . 

Practical Points : 

1. The most consistent responses are 
obtained with the segment of ileum 
above the last 6 cm. .... . 

2. The last fe w- cm are inconsistent not 
only quantitatively, but sometimes also 

,I 

" ' 

' \ 
\, 
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qualitatively, e.g. epin~phrin~ ma~ 
cause a contraction by itself mstea 
of inhibiting acetylcholine induced 
contraction . 

regularly. 
The common carotids on either sid 

. e are isolated and kept reaay for subsequ 
clamping with the help of loose: Jigatu~~: 
as guides. 3. It is aenerally recommended that the 

proxid:a1 end of the ileum should be 
the upper end in the bath, and the 
distal end the lower end. 

The cat is now placed in the prone Po . 
SJ. tion and its head supported by an assist. 

ant with the neck in full flexio~ . Palpate 
the vertebrae to locate the spine of the 
1st cervical vertebra; for acute experiment Experiment 2. 

Spinalisation of Cat. Posterior approach. ,' 
A cat about 2.5 - 3.0 kg in weight i~ 

induced with ether anaesthesia and tied 
down to the dissection table. A midline 

igh spiiiali~ati9Q. is preferred, and for thi: 
t e gap between 1st and 2nd cervical 
vertebrae is chosen. The fur is carefully 
clipped and a. vertical incision taken in the 

Fig. J. 2 : The spinal preparation of cat by the posterior approaclr. 

J.2 - a 1.2 - b J .2 - c The skin and muscle overlyi ng 
the spine of the 1st cervical 
vertebra are divided . 

The laminae of the cervical 
vertebra are exposed . The spinal cord is exposed 

in the vertebral canal. 

inc1s10n is taken in the neck, the strap 
muscles separated and the trachea exposed. 
A loose ligature is placed under the 
trachea taking care not to damage the 
large anastomotic pretracheal vein . A 
small horizontal cut is made in the 
trachea, and a cannula inserted and tied in 
place with the loose ligature. The cat 's 
chest is vigorously squeezed to expel any 
t racheobronchial secretions. 

The tracheal cannula is then connected 
to a Wolff's bottle contain ing ether and 
the cat is maintained on deeo ether, tak ing 
care to check heart beat and respiration 

Bum, J. H . (1952).. '_Practical. Pryarmacology'. 
p . 35. Blackwell Sc1ent1fic P ubl1cat1ons. Oxford . 

midline with a scalpei. The skin , con. 
n ':!ctive tissue and cervicalis muscles are 
carefully separated with good haemostasis. 
The muscular a ttachments to the spine 
are severed and the bone exposed. At 
this stage both common carotid arteries 
are clamped . 

With the aid of a bone cutter the 
spine is cut away with a wrenching ~p~ 
ward "twist of the hand, the gap bein~ 

· ·bbJer widened with the help of a bone ni ht 
Bleeding is not profuse b~cau se of. t 1' 
clamped carotids. It is advisable to ap~~ 
bone wax to the cut edges of the bo f 
and warm saline compresses to so 
tissues. The spinal cord can be seen a 

- """' 
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a smooth white strul'ture i11sidc thL' VL' 1·

tebral canal. lt is divided bdween li ga
tun:-s ; with the hdp ~)f a blu nt curv ·d i11 -
strumcnt insert'd intu the foramc n 
magnum the brain i: destro ed . 

The cavity thus L'reatcd is p:1cked wilh 
co Hon wicks and t li e muscles sutured 
over it. The skin is approximated wi l h 
skin clips and t lie Gl t turned over in the 
supine position . The ct her is dis1.:011nectcd 
and th~ tracheal cannula rnn ncctC'd U) an 
artificial respirator. Now t he comm on 
carotids are undamped. 

The femoral vein is cannulated with a 
3-way venous cannula . About 50 ml of 
5 - 10% glucose in s<1 line is then in
jected slowly to compensate for any blood 
loss that may have occurred. After ~· -
1 hour, the blood pressure recording may 
be set up by cannulating the carotid artery. 
Generally, the blood pressure is about 
80/70 mm Hg due to sp inal shock. 

SpinaJisation of Cat. Anterior Approach : 
In this method , t he s inal cord is ap

proach ed from the front of the necl<, 
av I in th~ _proc~Eure of turnin 1 the cat 
over after trach_eostomy and occlusion of 

hut Ii c;i rut ids. The trach ea and oesophagus 
arc di·1i d ~d between li gatures cepha lad lo 
tile t ra~1costomy ; the anterior spin a l 
muscles arc retrac t.eel and wi lh the neck 
hypercx tcnd ·d , t he dura over the space 
be t ween the base of the sku ll and the l st 
cerv ica l verteb ra is exposed . The excess 
spinal fluid is aspira ted with a needle and 
the transection performed in th is gap . 

Expe riment 3 : 
Record ing of blood pressure in dog. A 

dog weighing abo ut 10 kg is anaestheti sed 
with pentobarbital sodium, (35 mg/kg) 
given slowly into the saphenous vein . 
Pentobarbital sodium is prepared freshly 
in normal saline in a strength of 70 mg/ ml. 

Anaesthesia is achieved in about 60 -
90 seconds and the dog is then placed in 
the supine position on the dissection table 
and tied down . The femoral vein is can
nulated as described below. The femoral 
artery is palpated carefully in the fem oral 
t riangle below the in~uinal li ament. The 
vei lies immediately medial to it but · 
late ral to the Adductor longus musc1 e. 

Zarro , V. J. and Di Palma, J. R. (1964) . J. 
Pharm. Pharmacol 16: 427 - 428. 

Fig. J. 3 : The sp inal preparation of cat by the anterior approach. 

Prevertebral 
Muscles 

Superior Cervical Ganglion 

The anter ior aspect of the atlanto -occipital articulat ion i!i depicted as a 

window, with an arrow, in relation to adjacent landmarks . 

·-' 
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I I 
· lwl ;iJ li):!,<1t urc is t 1cd whill' ; t bul ld og ca lm 

st r~u~ht 111 ·1si )n is tak ·11 in t 1c s 111 p 
l I t i~ " l.)11Jicd bcll'W th e caudal (in· : the W:•ll 

1,) ·l'rl ·in' th· 'i n an I t l11 s is f I Wl' l ,,,y ... 
'Jr'fnl blunt dis , ·ti1.)n \\·hi ·h ) \1l'll S up of the artery ts car ·full y cut w11h a fln1.: 

I f 1 11 11ointcd 11air of sc 1 s~u r '> direc ted ' 'ow 
he l) s' ar '1.)l:tr 1 issue (\'Cr t 1' 1:'1110 ·~ t u n 

triangl ' . T he v ·m is idrntdicd as the towards th e heart '. ·i '.
1
c artcriai cannula 

bluisl.1. thin \\alkd non pulsatilc structure is inser ted and ti ed in place with the 
m thi s s1 J ·c. pair 1Jf loosl' ligatures caudai ligature . Thr cannula i. connected 
)f c tton thr al is pla ·cd around it and throu gh citra te to a mercury man omctc1 

the di ·tal one 1s tied . Herc it should be wit h a pointer. T he pressure in thi <; clos
n tcd that t ributarics must be below the ed system is raised to about I (JO - 120 
di. tal li~a turc : if they cannot he avoided mm Hg; about 0.6 ml of heparrn (1000 
they must ;_i1so be ligated . A bulldog clamp units / ml) solution is inj ec ted into the side 
i. applied above the proximal ligature and tubing of the arterial cannu la and the 
with a pair of fine pointed scissors, a cut bulldog clamp then released. The pointer 
is made in the vessel wall ; the cut edge is on the mercury manometer is now ad
lifted up with a cannula director or a silver justed so that it touches the drum in all 
probe . Under this, the venous end of a its excursions. 
3-way cann ula is guided, the -director re-
mo\?'ed , the bu1ldog clamp taken off and Experiment 4. 
the cannula tied in place with the proximal 
ligature. The lumen of the cannula is then 
gently flushed with salme. 

Next, the trachea is eannulatcd as des
cribed in the previous experiment and the 
tracheal cannula attached to an artificial 
respirator . 

The carotid artery is next eannulated 
to set up blood pressure reco!·dings. The 
carotid arteries are best approached bet
ween the strap muscles and the sternoma
stoid . The common carotid on ei ther 
si d~ is seen as a whitish, thick walled pul. 
satile structure with a sheath of loose con. 
nective tissue ~ith an accompanying vein 
and a cord hke nerve, the vagosym
pathetic trunk. 

The carotid artery on one side is care
fully cleared of these structures a d . 
double ligature p1aced under it · th n d , e ccp -

The isolated rabbit aortic strip. A rabbit 
weighing about 2 - 2.5 Kg is killed hy 
stunning and cutting the t h roat. The thorax 
is opened by extending an abdominal inci
sion upwards, cutting the sternocostal junc
tions ond separating the 2 halv es of the 
thorax. The thoracic portion of the aorta 
is identified behind the heart in front of 

' the vertebral column. The aorta is cut as 
close to the heart and diaphragmatic aper
tur.e as possible, placed in Kreb's solution 
in a shallow dish and carefully cleaned of 
c~nne~tive tissue until an opaque white 
~hstemng surface is .exposed . The cut aortl 
is then slipped over a glass rod and cut 
helic_a1ly as shown in the figure so as to 
obtain a strip about 3 mm wide . 

Furchgott- R - -F - -- -
• · . and Bhad rakom S ( 19531. J. 

Pharmacol 108 : 129 - 143. , . 
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Fig . J. 4 : The isolated aort ic stri11 (spiral) of the rahhit . 

Lung 

I 4 - a 
The aorta is identified in the 
posterior aspect of the thorax . 

The desired length is then mounted in 
an organ bath in Kreb's solution at 37° C 
aerated with carbogen mixture. The upper 
end of the aorta is attached to a lever 
balanced with 1.5 - · 2 gm and allowed to 
re lax for 2 to 3 hours. The bathing fluid is 
renewed every 10 to 15 minutes. 

Experiment 5: 

The isolated rat colon. An average siz
ed rat 150 - 200 gm is prepared for the 
experiment RX~tE..yation for 48 hoi~rs be- ~ 
ing all owed water ad libitum . This serves 

1. 4 - b 
A strip is made, 2 mm wide by cutting 

in the direction of the arrows . 

to p~ovide an emptier, cleaner colon. 
The rat is killed by stunning and cutting 

the throat; the abdomen is opened and the 
colon identified. The right flexure , i.e. 
the subhepatic region of the colon 
where the ascending colon turns to 
become the transverse colon, is cut out and 
placed in a shallow dish containing modi
fied Ringer's solution. Its lumen is gently 
cleaned out and a segment about 4 cm 
long is mounted in modified Ringer's 
solution, in an isolated organ bath at room 
temperature, aerated with oxygen . Con-

...... . 
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Fig. 1. 5 : Tire isolated rat co/011 preparation. 

Right Flexure 
of Colon ----i~ 

1. 5 - a 
The subbepatic portion of the colon 
( the right flexure ) is removed for the 

experiment. 

tractions are recorded with isotonic lever 
with frontal writing point balanced for a 
load of 500 mg. The tissue takes about 
t to 1 hour to relax initially. 

Practical Points : 

a. 

b. 

c. 

• 

• 

Acetylcholine produces an irregular 
jerky response wherea Carbachol 
produces a smooth contraction . 

_Modified Ringer's solution contains 
mu_ch less calcium than Ringer's. 

The low calcium content, and the 
room temperature both are requir
ed to diminish/ suppress spontane
ous con tractions. 

Outlet 

1. 5 - b 
The final set up of the isolated rat colon 
in modified Ringer's solution at room 

temperature . 

d . Though starvation of rats is gener. 
ally recommended, we have found 
that unstarved rats give more stable 
responses. 

Experiment 6: 

The isolated frog rectos abdominis. : A 
,frog is pithed and laid out on the · frog 
dissection board. The skin of the anterior 
abdominal wall is cut by a midline in· 
cision which is extended laterally onto the 
anterior aspects of the limbs. This exposes 
the flat whitish muscles of the anterior ab· 
dominal wall from their pubic origin to 
their sternal insertion. Cuts are placed as 
shown in the Q.iagram, separating each 

\ 
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Fig. 1. 6 : The isolated frog 's rectus a: ·lominis 11111scle preparntion. 

1. 6 - a 
The recti are dissected by placing 
cuts, as shown, along the aroows . 

rectus abdominis from the surrounding 
musculature and from its fellow, 

The two recti are removed anJ placed 
in frog Ringer solution in a shallow dish. 
They are carefully cleaned and one of them 
is trimmed to the desired size and moun t
ed in an organ bath in frog Ringer's solu. 
tion , at room temperature , aerated with 
oxygen . A very small bath of 5 ml capa
city is sufficient but in this case solutions 
of drugs must be so made that when a 
dose is added, a change of more than 15% 
in bath fluid volume should not occur. 

1. 6 - b 
The final set up of the isolated rectus muscle 
in frog Ringer solution, at room temperature. 
Note the extra load of 1 g on the lever . 

For recording purposes, an isotonic 
lever with a sideways writing point is used 
tangential to the smoked drum, balanced 
.for a tension of 2.5 gm with an extra load 
of 1 gm on the long arm. The latter serves 
to bring back the lever to baseline, since 
when the rectus has contracted, it does 
not relax rapidly even on washing out of 
the drug. 

Practical Points : 

It is advantageous to add double the 
a~mount of glucose generally recommended. 
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SELECTED TO PICS I N ClPERI MENT/\L PHA RMACOLOGY 

PracJcal Exercises 

Exercise I. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12 . 

.• 

Objective : . f 0 study dose response relationship (guinea pig ileum). 

Set up the isolated guinea pig ileum as described . 

Prepare graded strengths of histamine acid phosphate solution e.g. 
10 p.g/1nl. l.(J fl gfml., 0.1 p.g/ml. etc. 

Start the drum. 

After 30 seconds, add O. lml of the lowest strength of histamine solu. 
tion to the bath fluid with a finely calibrated pipette, and start the 
stop watch. 

After 30 seconds contact of the drug, stop the drum and drain out .. 
the bath , refill, twice. 

Allow 3 n1inutes for recovery. 

Depending on response obtained, select the subsequent doses of 
histamine and make appropriate dilutions .. 

Add these doses in the cycle mentioned above, each time allowing 
a drum movement of 30 seconds so that the responses are well spac· 
ed on the graph . For each dose take 2 responses. 

Fix the graph. 

Measure the heights of responses tor each dose. 

Plot a graph of response against dose and response against log dose. 

Observe that conversion to log scale straightens out the curve. 
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Exercise 

MENTAL PHARMACOLOGY 
SELECTED TOPICS IN EXPERI 

2. 

Objective : To study dose response relationship (spinal cat). 

l. Set up the blood pressure recording of a spinalised cat as described 

and record a strip of tracing. 

2. Stop the drum. 

3. Inject 0.5 µ g of norepinephrine via the femoral vein and flush the 
cannula with a fixed quantity of saline. 

4. When pressor response has passed its peak and begun to decline, 
start the drum. 

5. When the baseline is reached stop the drum. 

6. Continue injecting graded doses of norepinephrine intravenously 
each time flushing the cannula with the same quantity of saline 
Record 2 responses for every dose. 

7. Fix the graph. 

8. Measure mean response for every dose. 

9. Plot a graph of response against dose and response against log dose. 
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Exercise 

Objective : To demonstrate · supramaximal effect by cumulative 
dose response study. 

I. Set up isolated guinea pig ileum as described. 

2. Prepare graded strengths of histamine acid phosphate solution. 

3. Start the dru1n. 

4. Add the lowest possible dose; start stop-watch. 

5. After 30 seconds stop the drum. 

6. Do not wash out the fluid but add another dose such that the total 
drug present is doubled ; start the drum. 

7. After 30 seconds stop the drum, add the next dose of the drug so 
as to double the amount present and start the drum. Continue in 
this fashion , till supramaximal effect is seen. 

8. Fix the giaph. 

9. Measure the heights of the response at each addition from the 
baseline. 

10. Calculate the percentage of the maximal contraction. 

11. Plot a graph of % maximal contraction as response on Y axis, and 
dose on X axis. 
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, , MEN'i-AL PHARMA COLOGY 

SELECTED TOPICS IN EXPERI 

:Exercise 4. 
Objective : To demonstrate the potentiatiort of epinephrine pressor 

res11onse by ephedrine. 

1. Set up the c~rotid B. P. ttaeing _in a dog as described . Start the 

drum . 

2. Recora an initial strip of tracing. 

3. Inject epihephrine 2 pg/kg intravenously. 

4. Record 2 such responses. 

5. Inject ephedrine 0.2 mg/kg i.v. 

6. When the pressor response ot ephedrine itself has returned to base-
line inject epinephrine in the same dose. · 

7. Observe that a large response is i~ow obtained. 
8. Stop the drum. 
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EX PERIMENTAL PHARMACOLOGY 
SELECTED TOPICS I 

Exercise 5. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Objective : To study the properties of a competitive antagonist. 

Set up the isolated rabbit aortic strip as described. 

Prepare oraded strenghts of norepinephrine and of an antagoni t 
like chlo~promazine ; (we have used R-1361, a synthetic hypotensi~; 
agent) . 

Record a cumulative dose response curve with norepinephrine. 

Wash out the bath fluid . 

Add the antagonist in a small dose and take the response of the 
strip 5 minutes later to the lowest dose previously added. 

Judging from this response either proceed to record a cumulative 
dose response graph, or if antagonist is madequate, wash out and 
add a higher dose. 

Proceed till the supramaximal effect is obtained. 

Add the same doses as were added in the control tracing. 

Wash out, and record a tracing showing recovery. 

Proceed m this way for various strengths of antagonist. 

Plot a graph of responses against log dose in presence of various 
strengths of antagonist 

Observe that competitive antagonists cause a parallel shift of curves 
and have no effect on their maxima 
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Exercise 6. 

Objective : To s( u<ly the properties of a non ·competitive ant . 
agonist. 

l. S t up the isolated gui nca ri g il e um as described. 

2. Rec rd c um ulativc dose r -sponsc curves _ with his~am ine in thf' 
absence and presence of antagonist e.g. chlorpromazrne in graded 
doses. 

3. Between 2 doses of antagoni st, record cumulative dose response 
curves with hi stamine alone and show recovery. 

4. Plot log dose response graphs . 

5 . Observe that noncompetitive antagonists shift the curves in an un
parallel manner; the maxima also progressively decline. 

d 
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l. 

4. 

5. 

6. 

7. 

.T l l ·Cl'lm T PH ' .' I N EXI FH I MENTAI. PllAHM i\.CO LO ;y 

7. 

01 j ~.c1iv, : To demonstrate spl·ci ficity of antagoni sm. 

s, u1 .l r , rdi n 1 ( ·u\1tid blood prcss ur in d g. 

, i mmi.-t r a 'et. ;lch li n · 3.0 p. g/kg intrave no usly. 

1 B P l·eturns t nonnal , record the r espo nse t h 1 "n . . o is tan-. . 
11 t1 ne 

.0 µ. .g/k g. 

St p the dr um . 

Give chlorpheniran1ine maleate 5.0 mg/kg diluted rn 1 O mi saiine 
slowly. 

After 20 minutes record the responses to both acetylcholine and 
histamine in same dose as before. 

Observe that the response to acetylcholine is unchanged, but the 
response to histamine is now only 30 % of original, i.e. it is partiallv 
blocked by chlorpheniramine. · 

d 
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DRUG INTERACTION 
SPE. CIFIC ANTAGONISM 

DOG BLOOD PRESSURE 

mm of Hq · • · 
A 

• 
B i • • 

A B 
CHLORPHENIRAMINE 

( 5.0 m9/k9) 

A : Acetylcholine (3.0 .JJ.9jk9) 
B : Histamine (3.0 J.J9/1<9) 

Fig. 1 - 13 



1. 

·2. 

3. 

4. 

5. 

6. 

7. 

. ·or1cs IN FXPEH I MF i~TAL PH ARMACOLOG Y SELECTED I · • · "' ' 

ObJ·ective : To demonstrate the non-specific antagonism b . 
. d b etwe carbachol and papaverme, an car achol and . en 

p~uine. ep1ne. 

Set up the isolated rat colon as des~ribed . 

Record some control r:sponses.with carbachol (3.0 pg in this case) 
the period ot contracuon bemg 60 seconds and recovery t' 

. bt . lllle 5 to 10 minutes. Adjust the dose so as to o a1n a response 6 C!1) in 
height. 

Add papaverine 20 mg ~o the bath fluid and allow it to act for 
2 minutes. 

ln the presence of papaverine record a response to carbachol in the 
same dose. · 

Wash out papaverine. 

Record responses \o carbachol and ·observe recovery of original 
h.eight of response. 

Repeat, using epinephrine instea,d of papaverine. 



DRUG INTERACTION 
PHYSIOLOG/CllL ANTAGONISM 

I solafed ra t c olon 

At dots 3 .. 0 ..L19 carbocho/ were allowed 
to act for 60 sec. 

Bar indicates pre sence of epinephrlne 
0.0 5 JJ fjrn( for 3u ~·!'! · · 

BATH c APllc:,1t Y : ao inL 
' ·r~ig : .. 1 ~ i4:a >·:) 

DRUG_ INTERACTION 
NON- SPECIFIC ANTl/GONISM 

Isolated ~ rot, colon 

Rt dots 3.0 µ9 corbachol were allowed 
to a~t for 60 sec. 

Bar indicates presence of papaverine . 
. -Yl_p if_ft!l __ for _3 __ min. · --

~ATH CllPACITY : 20 ml: 
Fig . 1 - 14· b ----- ·- -
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Exercise 9. 

l. 

2. 

3. 

4. 

Objective : To demonstrate the phenomenon of tachyphylaxis. 

Set up a recording of carotid blood pressure in dog. 

Inject amphetamine 500 pg/kg, or ephedrine 500 fl g/kg, or tyramine 
300 µg!kg . 

Repeat the drug as soon as B.P. returns to normal. 

Observe, after a few initial responses of equal height, the pressor 
response gradually declines, indicating tachyphylaxis. 
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Exercise 10. 
Objective : To demonstrate the phenomenon of receptor protection. 

L Set up a pair of isolated rabbit aortic strips from the same animal 
in 2 organ baths under identical experimental conditions (identical 
bath, lever, temperature, load, etc.). 

2. In the perfusing fluid of one strip add norepinephrine so as to give 
a concentration of 70 fl g/ml throughout the experiinent. 

3. Allow both strips to stabilise. 

4. Elicit responses to norcpincphri nc with both strips . 

5. Add an antagonist and observe that the inhibition of norepinephrine 
induced contraction is less in the str ip bathed with NE i.e. this strip 
is 'protected'. 



RECEPTOR PROTECTION 
R paired rabbi t aortic strip preparafion· 

from the· same aorta 
" 

UNPROTECTED STRIP PROTECTED STRIP. 

.,.. 

t 
"ZO.P5j.ml Norepineph,ine 

+ +.ox}o-8 M R-1361 

r 
4x10~8M R-1361 

At dc:r-ls noFepinephtine wos added in a dose 
of 0.02 ;U.'Jfm 

~ '~~--· /:!1-61 ; S~YNTHETIC llDRENERGIC BLOCKING llGENT 
Fig. l - 16 
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Exercise 11 

Objective : To assay a hist-amine solution by bracketiQ.g. 

1 Set up the isclated guinea pig ile um as described. 

2. Atropinise the preparation (0 . .5 - l 'p.g/ml) so as to inhibit the 
spontaneity as well as render the preparation insensitive to acelyl-

choline as an impurity. 

3. Prepare graded strengths of a known solution of histam ine, and 
varying d ilutions 1 : 10, l : 100, 1 : 1000 of the unknown . 

4. Take a series of dose related responses with different doses of 
known and different volumes of appropriate dilution of unknown. 

5. Choose a response 'T ' to unknown that lies very close to a response 
to a known amount. 

6. Record responses to this 'T ' and known solutions, each time repeat
ing 'T ' after a known. 

7. Narrow down the dosage of known, increasing 
1 
and decreasing the 

smaller and larger dose respectively t ill an exact matclY is obtained. 

8. Calculate the strength of unknown ; If T (0.Y ml unknown) = O.X 

ml of known i.e. O.X fl .g, then I ml unknown = ? This amount is 
present in a dilution of the unknown. Therefore the concentration 
F)f unknown can be calculated. 

,-

\. 

I 
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BIOASSAY 
( HISTRMINE ) 

Isolated 9vinea pi9 ileum 

Dose RESPONSE BRACKETING llSSAY 

0.1 0.2 0.3 0.4 T T 0.2 T 0.3 T 0.28T 0.24 

Doses in JJ. <j 

BAT H C fl ,OACITY ~. 20 ml 
Fig. 1-17 

E. P. 3 
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BIO ASSAY 
( H ISTAMINE) 

Isolatec/ quinea piq ileum 

2 +I ASSAY 

-e 
e 120 
.£ 
c 
0 

llJ .:;:: 
CJ) CJ 
~ 0 
0 ~ 80 
Q.. c 
(I) 0 
llJ (J 

Q: 't-o 
~ 40 
.c: 
. ~ 

~ 
'-

S2 

I 

I 

103.25 

:35.'75 
I 
I 

S, .L ___ L ____ _ -
' ~ 0 .1 

0.301 T 

0 --~"T-~~~~~--~~--' 

S '· = O. 2 ..u.q of Sfonclard 
52 = 0 .4 µ9 of Standard 
T = 0 .4 ml of Test 

F ig. 1 - I ii 

0.2 0.4 

Dose6 in >iq (Loq scale) 
BATH CAPACI TY - 20ml 
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Exercise 13. 

1. 

3. 

4. 

5. 

6. 

Obje<:th·e : 
· the choice of doses in a 4 point assay To determme 

2 + 2 assay . 

tu a omi is as described . Set . e · -olated fr (1 s rec s 

f 1,. solutions of ace =·lcholine. and p ·e e g a ·t e gt : o 1'.no 1.· 

gra -e d'l ~ io s of nkno' ·n. 

d . - f d se rela '- ed responses v· ·th known a nd unknown. Recor a sene:::i o o - _ . 
. . d f ntact - 90 seconds of recovery, ) ffilnutes . IT he tune peno o co . - , 

S l · t ponser from each se ries that bear to themselves e ect paII o res . ;:") 

h t . · 51 _ ~ = x and lie on the straight part of a t e same ra 1 o Le. ~ - u 2 • 

log dose response curve. 

These responses should not be iden ical. Preferably 
Sl > U l > S2 > U2. 

Record responses to these -+ doses usir,g Latin squares to obtain 

good randomisation, getting ~esponses in all. 

Let SI , S2 be A , B and Ul, ill be C , D . 

ABCD 
BCDA 
CDAB 
DABC 

ABCD 
BADC 
CDBA 
DCAB 

ABCD 
BDAC 
CADB 
DCBA 

ABCD 
BADC 
CDAB 
DCBA 

7. Fix the graph and determine mean heights of responses A, B and 
C, D. Also determine heights of dose related responses initially 
recorded. Plot dose response cur ·es and confirm that the dose s l , 
ul, s2, u2 chosen with your judgement do lie on the straight seg
ments. <Since doses are not known volumes of unknown solution 
added are plotted) . 

Calculate strength of unknown from the formula . 
( U I - Sl ) + ( U2 - S2) 
(S2 - SJ ) + (U2-Ul) X 101 s2/s1 =Potency rat io 



BIO ASSAY 
Isolated froq's rec tus abdominis muscle 

STRNDARD 

C\I .,., "If- II) '° co ooodoo 
2+2. 

TEST 

- . /'. /.: 
. I! . I, I ! 

, / . 
- A '/' I 

II I . I 
I . ' 

1/ I I I/ ·
1 

I: I/ I : 
. /11 I/ ' i 

I
i i \ j I I 

'I 1 I \ 1 

IJHl~\c 
• • • • • • 
- Nflt>"lf-11>-0 
0 0 00 00 

l/SSAY 

~ 

e 
E 

- ~ 100 

§ 
l&J ·.;::; 
Cl) 0 

~ ~ 
<l. 1: 
U) 0 
l&J 0 
a: 'to-

o 

60 

~Standard ---. Test 

-+...a 2 0 -i • 
~ 

~ o L __ -:-w:-~DA" "'-J 
0.1 0.2 0.4 0.8 

Doses in ml ( Loq scale) 

A : O. 2 ml of standard 
B : 0 .4 ml of standard 
C : 0 .2 ml of test 
D : 0 .4 ml of test 

A SC OBA DCC DA BDCBA 

CONCENTRATION OF STANDARD 

( 10 J.PJjml) 

Fig . 1 - 19 
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Exercise 14 

Objective : To perform a 4 point assay of histan1ine. 

1. Set up an isolated guinea pig ileum preparation. 

2. Prepare graded solutions of known, and varying dilutions of 

unknown. 

3. Record dose response curves with both standard and test solutions. 

4. Choose 4 doses, 2 of standard and 2 of test as directed in exercise 13. 

5 Record 4 responses with each dose in a randomised fashion . 

6. Fix the graph and measure mean heights of response to each dose. 

7. Plot a graph of response against log dose since sl : s2 == ul : u2 
= X (generally) the absolute dose need not be known. Plot the 
points at a distance of log X on the abscissa. 

8. Note that the 2 lines need not always be parallel ; draw a line passin§ 
exactly midway between them. 

9. ]01n t he mid points of Sl, S2 and Tl, T2; from the point of inter
section of the 2 new lines thus obtained, draw a horizontal cutting 
Sl, S2 and Tl, T2. From these 2 points drop perpendiculars onto 
the abscissa. 

10. The intercept 'D' thus obatined is the log potency ratio . 

11. Hence potency ratio = antilog D . 
,.--- -

12. Calculate strength of the unknown from the graph as well as th( 
formula given in exercise 13 . 



B l OAS SAY 
(~ISTA/VllNE) 

I soloted quineo pi9 ileum 

2+2 ASSAY 

- 120 

~ 
.£ 
s::: 

""' 0 
Cl) · - 80 <: 1; 
0 0 
Q.. ~ 
CJ) c: 
~ 0 
ct u 

'O 40 
.... 
~ ·-~ c 

A. 

ABCDBCDACDABAD BC o ~--------,.._~--~-,-----~ 

A Cs,)= 0 .2 ml of standard, a (s2 ) = o.4- ml 

ot standard, C(r,)= 0.3 ml of test, 
D fr2J= 0.6 ml of test 

Fig. I - 20 
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'Begin at the beginning' the Icing said, 
. ' . to gravely, 'and go on t?.11 yo 1i come 

the end then stop ! 
ALICE IN W oNDERLAND 

Introduction 

Autonomic pharmacology concerns the 
actions of drugs on the autonomic nervous 
system. This system is compri~ed of the 
sympathetic and the parasympathetic 
divisions. These divisions in turn consist 
of specific nerve fibres arising from the 
central nervous system, ganglia where they 
synapse, and post ganglionic fibres sup
plying various effector organs. The 
ganglia may be situated in accessible sites 
as an orderl chain re from the 
organs supplied e.g. the sympathetic 
ganglia, or may be situated very close to 
or in the substance of the effector organ 
itself for e.g. the parasympathetic ganglia. 

The actions of the two opposing divi
sions of the autonomic nervous system are 
mediated by the liberation (by nerve 
impulses or by drugs) of specific neuro
humoral transmitter substances, being 
different at different sites. Acetylcholinc 
acts as the transmitter at all ganglia, at 
post ganglionic parasympathetic nerve 
endings, at the neuromuscular junction, 
(Refer Chapter 3) and some rare instances 
of post ganglionic sympathetic nerve 
endings. The transmitter implicated in the 
sympathetic system is noradrenaline. 

The adrenal medulla may be considered 

Auton0lll. 
Pharrnaco}o~~ 

~y 

as a specialized ganglion bein~ stimulated 
by acetylcholine to pour out its secretio 
of adrenaline and noradrenali!l e. Thesn . e 
neurohumo ral substances m turn act on 
specific receptors the nature of which 
depends on the end organ. Acctylcholine 
action involves activation of nicotinic 
receptors in the ganglia and n~lU'Qm _sc I r 
junction;. and o muscarit:ic receptors i 
the other effector organs. 

Norcpinephrine on the other hand acts 
by mainly activat ing a: rec~ptcm; in the 
arte riolar wall , splenic capsule, etc. The ac
tions of epinephrine are more complex and 
involve the activation of one more set of 
receptors called the ~ receptors found 
mainly in the heart, bronchial smooth 
muscle, skeletal muscle vasculature etc. 
The ~ receptors are mainly involved in 
myocardial excitation , bronchodila tation 
a~ perip era vaso ilatation. The action 
of epinephrine on a: receptors is greater 
t han the action of norepinephrine. The 
catecholamine isoprenal ine activates mai nly 
~ receptors with negligible actions on cc 
receptors. 

The actions of the ncurohu mural sub
stances may be mimicked or antagonized 
by a large number of drugs respectively 
called mimetics, and blockers or lytics. 
The latter term is not favoured today. 



, 

We shall proceed to st11dy tl1L' ctr •cts of 
dru gs on each sy. tcm S1.' parat ely. 

The Adrrn 'rgk Sy 'h'm: 

Ad n.'n l' \"!P '-' drul!s 111 l·lml i11 )!, t il e sy 111 

pathomimct i , ami 111..' ," Th i~ ~· ll'ccl uf 
adrcncrgic drugs in vi \'() 1s l est sludi ('d b / 
the d 'nhrnstrat ion of the ir acti ns OI\ tli 1\' 1.' 
diff1.">rcn t syst °' 11\ S nam.cl ' the splc 111c 

volume, blo) l pre. sure and rc5.piratio1 ~. 

(Fig. 2-3) 
Recording splenic volume in a closed, 

constan t-pressure system ' vould give us 
an idea of the contraction of the splenic 
capsule, an increase in v0lume denoti112 a ,.-r-- 0 

contraction of the oapsulc ( o: effect) 
morded as a downward deflection of the-· 
pointer of the ... Marev's tambour. .. _ Drue:-s - -- . ...... ~ .... _ __...____ ..., 

with a greater a: .effect would produce a 
bigger splenic contraction (E > NE, Fig. 
2-3). 

Blood pressure recording gives us infor
mation about the o: and ~ receptors of 
the cardiovascular system, the disadvant· 
age being that in vivo the actions tend to 
be offset by the homeostatic mechanisms 
of the body like the baroreceptor reflexes. 

A recording of respiration offers us infor
mation on the effect of drugs on both rate 
and amplitude of respiration. The eilect 
on respiration is complex, being partly 
ceniral and partly reflex from the effect 

• J on blood pressure. Pressor effects would 
I 

~ 0e accompanied by bradypnoea (slowing) 
and depressor effects by tachypnoea (rapi
dity of respiration) as is demonstrated in 
Fig. 2· 3 by the actions of norepinephri11e 
and isoprenaline . Occasionally the classi
cally described effect of epinephrine name
ly 'epinephrine apnoea' is produced which 
can also be seen in Fig. 2-3. 

Recordings of blood pressure alone can 
give sufficient information as to the class 
of compound by judicious combination 
with agonist or antagonist. Drugs that 
act by release of norepinephrine from the 
nerve ending would cause an acute deple
tion , a form of 'chemical sympathectomy' 

41 

;111d wo ul d pnll' nlia lc tll ' actions of cx
ngL°'nously administered epinephrine and 
111 11\ ' pi11 ·plirinc. Th · effect of the drugs 
1 li c111 sclves 0 11 blond pressure wo uld be a 
1\·!lcl'lio11 of the rcl<lli vc rapidity of dcple-
1 i\111; h g. 2-5 shows I he action of gua11e· 
tll idi 11 c ;1 11scful a11t ihypcrtcnsivc drug 
whi ·Ii acts pa rtly hy depleting norcpinc· 
phrin c frnm 11d rcncrgic nerve endi ngs and 
reduci ng overall sympa thetic tone. In 
doi ng t hi s it. proclnces a small pressor 
action of its own . fi g. 2-6 shows the 
ac t ion of ·tyramin c an indi rectly acting 
sympathornimcl ic amine which acts prin 
cipally by release of norepi nephrine. 

Other drugs that can potentiate the 
action of NE would be those that can 
block cell membrane uptake of norepine
phrine for e.g. cocaine (Fig. 2-4). Such a 
drug would not be expected to alter blood 
pressure as it does not release NE from 
intragranular stores, but prevents the up
take of exogenous and endogenously 
liberated NE, and thereby potcntiates the 
act ion. 

Turnin g our attention to agents that 
can block the action of epinephrine and 
norepinephrine, these would fall in to two 
categories, the a: blockers and the ~ 

blockers. A consequence of selective 
blockade of only one type of receptor in 
a system where both are present, would 
be the relative dominance of the un
blocked receptor and this is the basis of 
what is termed as Dale's vasomQtor-re
versal phenomenon.' This involves block
ade of a: receptors to unmask the ~ com
ponent of the action of epinephrine thus 
converting the pressor response to a de
pressor response (Fig. 2-7). The actions 

. of norcpinephrine would therefore be 
I I 

blocked but not reversed while that of 
isoprenaline would be unaffected. Isopre
naline can be selectively blocked by ~ 

blocking agents (Fig. 2-8). If i_n the_ pre
s~n~e of a: blockade, a @ bloc~ng~ ent 
were administered the action of cpinc· 

· t_ r!~ wo:11d _reappear a_nd this is ca1le~l 

I r ( . 
( 
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zyme in the frog rectus muscle ·t 

. l Se]f re-reversal (Fig. 2-9). . 
Another way of blocking sympathetic 

transmission would be to prevent the re
lease of or cause release and depletion ' . 

may not only be fatlure of inh ·b . .> the 
. . f I It10 te 

actual potent1at10n o the r n b 
. . e~o ~ 

acetylcholme (Fig. 2-13). nse to 
At the outset we had ment1· of transmitter substance from adrrnergic onect 

acetylcholine acts on two types of t~1 nerve endings. e.g. bretylium and guane· 
thidine resply. This would best be 
demonstrated by fail ure of electrical sti
mulation of a sympathetic nerve to produce 
the usual response, for example, inhibi· 

tors, nicotinic and muscarinic. The recep, 
tors in the vasculature are c!assifi:ecep, 
muscarinic, and they mediate the de d as 

Press 
response. They m~st ?~ blocked by or 
ropine before the mcotm1c action at, tion of normal pendular movements of je· 

junum will be inhibited by sympathetic 
stimulation and this effect will be blocked 
by adrenergic neurone blockers, (Fig. 2-10) 
The effect of exogenously added epine
phrine will not be blocked serving to dis
tinguish it from adrenergic blockers act .. 
ing at receptor level. 

. can b 
demonstrated (Fig. 2-14). It may al e 

·1 . b so b noted that wh1 e atroprne locks the e 
carinic actions of all cholinerg1c lllus.. 
adfui_~isrerecr,-i~ease- iP._J he qose 0 ~gs 
c~_fpine or c_arb~c_hol ~nlL ~esults in ~ 
overcoming of this block, while acety c 1 

in e alone produces a vasopressor actio · 
~hich i~ ~ n~ot.inic .actio!l. ~omp~ised 0 tW~ ' 
facets ianglion1c s_! 1mul~t1on an~ ll eration 
l:.i_ adrenaline fro_!11 _ the adrenal medUIT;~ 
Th i. ac tion of acetylcholine may be direct: ( 
ly compared to that of nicoti ne (Fig. 2-15). 

The effects of adrenergic agonists and 
antagonists on the heart will be considered 
in Chapter 4 (Cardiovascular Ph;uma· 
cology). 

The actions of the sympathetic system 
are opposed by those of the parasym
pathetic system. The action of acc tylcho
line, the neurotransm itte r of the latter 
system, is limited in du ra tion because of its 
rapid destruction in the body by hydroly
sis by cholinesterase enzymes (ChE). Ace
tylcholine causes a sharp transient fall in 
blood pressure. As a corollary to this, we 
would expect inhibition of the ChE enzyme 
to potentia te and prolong the action of 
acetylcholine (Figs. 2-lJ and 2-12). The 
action of other cholinergic substances which 
are not substra tes of ChE will not be pro
longed or potentiated (Fig. 2-11). The 
ChE enzyme is present in blood (Fig. 2-11) 
and in tis:;ues (Fig. 2-12). The presence 

111 blood may b, demonstrated by allowing 
fresh serum to act on acetylcholinc be
fore adding the latter to an iso!J ted pre
parnt1on . when hydrolytic destruction 
will lead to a diminution in response. Pro
t tion of th is CJCetylcholine rray be effe r
ed by adJing Jn anti -ChE to the -erum 

rrior ! its m1x1ng with a etyl holine. and 
if me of thi . ant1-ChE a 1- n the en-

The ganglion stimulant action of acety. 
!choline is mimicked by drugs like nicotine~ 
D~PP (fig. 2-16} and can be blocked 0y ~ 

an excess _ of these drugs, or by a variety 01 

of other drugs incl uding pe..ntolin.ium o 
(fig. 2.15). Th se gangl i0n hlocking agen ts ~ 
do nor block, and may enhance the pres· c 
sor rt'spunsc ll) 1h)repinephrine. An in· q 
tcresting app!icJtion of ga ngl ion block ing ., 
agents is to Joc,tte ganglia on the paths of c 

autonomic nerve (Fig. 2-17). The effects 
of vagal stimulation and injected ace tyl· 
choline on blood pressure and heart rate 
(atrial beats) is studied before and after 11. 

short acting ganglion blocking agent. It ' 
may be seen that va al stimulation is 
blocked while acetylcholine is unaffected 
thereby indica ting the presence of ganglia 
between the vagus and SA node, probably 
in the myoc:irdial substance. 

Experimental Techniques 
I. Spleen volumr, blood prt'ssurr and rr· 
piration of dog. The carotid blooJ prrs

sure re ording i set up as described in 

--
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Chapter I. The trach al (a11nula ;s 11nt: a11 isnlou[ · kvn wi th ~im bal) and a sidc
conncctcd ll) lhc arti!kial respirator as · ways <11ri lin).!. r io r,' previou ly ha lancc<l 
described but h a Man'y 's tamholl! . fo r ·1 tension uf 2 5 Rn:!· Recordings are 

The abdomen is open 'd by a mid linc in- lakl'll on a s11wked uru rn. 
ci:ion in it s upper half taking L\ trc to 3. Opcu chest prt:paration of cat. A 
achieve good haemostasis. The spleen is cal is anaestheti sed with ether and chl o
liftcd from its position under the left Johe rn losc. ;1ncl the level of anaesthesia allow
of the diaphragm and carefully dclive n~d cd lo slabilisc for 45 minutes. 
into the incision : care is taken to hallCllc r he ca t is r laccd in the supine position 
the spleen with the fin ge rs only as it is and the fur ove r the sternum clipped. An 
very friable and would tear or bleed if held incision is take., exposing the stern um 
with forceps. The spknic mesentr.ry is and the sterno-cos tal junctions are divid
cleared car fully and the spleen fitted into eel with a bone cutter; bleeding from the 
the lower half of a spleen oncometer lined bone is arrested with bonewax. 
with paraffin ; care is taken · to place the The cut edges of· the chest wall are 
hilar blood vessels in the notch of the on - kept retracted and the heart in its peri
cometer. The oncometer is then assembled cardial sac exposed. The pericardium is 
and the edges of the two halv,es carefully gently picked up with a blunt rounded 
sealed with paraffin. The entire instru- forceps, taking care not to touch the 
ment is placed in the abdominal cavity. heart; it is slit open and the heart cleared 
The outlet tube is connected by means of of it as far as possible. The cut edges of 
rubber tubing to a Marey's tambour; the the pericardium are kept retracted by 
rubber diaphragm of this tambour is kept taking stay sutures through it and through 
in a state of optimal tension by injecting the retracted chest wall. A suture is 
a little air into the tubing. The pointers taken through the muscular wall of the 
of the two tambours and the mercury atrium on one side and the thread tied 
manometer are all brought to lie along to a sensitive pressure transdwcer con
the same vertical line. A control strip nected to the E & M Physiograph. Al
of tracing is taken and the effect of drugs ternatively it may be attached to a Starl-
studied. ing lever, recording on a kymograph. 

2. Blood pressure and nictitating mem- The vagus is isolated in the neck as 
brane preparation in cat. Anaesthesia is the thicker portion of the vago-sympathe
induced with ether in a cat, and the tic bundle adjacent to the carotid artery. 
femoral vein is rapidly cannulated. The nerve is isolated ·and divided between 
Maintenance anaesthesia is given with ligatures, the peripheral cut end being 
chloralose 80 mg/kg intravenously. This stimulated with a square wave pulse 
substance is soluble in warm propy ene generator. 
_glycol, and is administered in this solvent The carotid artery is cannulated and 
80 - 100 mg/ml , diluted with saline connected through heparinised saline to 
(Refer Appendix 1). the blood pressure transducer of the E 

The lower lid of one eye of the cat is & M Physiograph, a1ternative1y it is re
retracted downwards and sutured in this corded by a mercury manometer on a 
po~ition to the skin over the mandible. smoked drum. 
The nictitating membrane is lifted up Responses to acetykholine and vagal 
gently and a suture is taken through the stimulation before and after pent0linium 
cartila inous ortion the threa assed ·are recorded. -- - -. rouna a tight pulley (subtending ~ngle 4. Isolated innervated rabbit jejunum 
of 30° wit~ the sagittal plane), and_J_ieci..!_o_ (Fin~elman's preparation). A rabbit is 



. 1- a 
Tne seiecdon of a segment of jejunum with an 

arteriole 10 tbe mesentery. 

ded in fat (which on tains the accompany
in g adrenergic fi bres). A segment of 
;1:1unum is chosen with an accompanying 
sector of m,esentery and the embedded 
mescn teric arteriole. This is placed in a 
shallow dish in Tyrode's solution and 
tied onto an oxygen tube. A fine 
thread is tied at the apex of the mesen
tery and led onto a bipolar stimu-
Jafng electrode. This entire assembly is 

I . I I 

Out I 

2. 1- b 

I Ht 
I \I I 

I i ·I 

Ill I if1 Il l hi 

37°C 

The final set up of the inne1vated jejunum, in 
Tyrode solution at 379 • The stimulating ele · 
trode must rest above th fluid level nly during 

stimulation of the pr pa ration . 

with frontal \ riting point un a snH ked 
drum. Stimulation of th mes 'ntery leads 
to stimulation of periarterial sympathetic 
nerve fibres and the effect is SL'en as an 
inhibition of pendular movements. 

5. The innervated vas defercns pre· 
paration in vivo in the guinea pig. A male 
guinea pig weighing 250-350 gm is 
anaesthetised with urethane (150mg/ 
100 g) intraperitoneally. The internal 

_J 
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jugular vein ;i nd f ra ·lil'<l tl 't' ruut i11 ·l y 
cannulatcd . The ahdnmcn ts opc 11 'd ;111d 
the pelvic viscera opnsccl . Imm· lia k l 
beh ind t llc pubic symp ll sis the bl;1dd -r 

is visiuk . TmJ cord like strnctm s c 111 

be f It entering the base of the blaJdcr. 
( nc L)Jl ~ithi.:' r si le. These ar the v;:is;1 
cicfrrcntia . Select the t)llL' more L' (1nvc 11 i-

nt (( use slip a ligature around it and 
s , ·er i ts connc 'tion with the bla<idcr . 
Clcar it of connc·tive tiss11e fo r a 
length of about I I cm so <Li to allow free 

Fig. 2. 2 : 

111 cs ' ntcry, travell in g down wards into 
f;1fty ti ssue around the vas de fcrens. 
T l1 csc arc the hypogast ric nerves which 
should be gently cleared for the placc -
111cnl of ;1 bipc lar st imulatin g, electrode. 
l f is not necessary to trace them th rougli 
the fat beca use in this regi on they 
divide and ramify ;111cl dissection wou1d 
damag' the branches. Electrica l stirnula
f i\ )11 or the nerve should elicit a brisk 
con tr;1ction of the vas clcfcrens, which 
fades rapidly on cessation of stimulati on . 

VESICLE ( L) 

VAS DEFERENS 

:"-.-... '-,/ '-' ....,.. ,..------ . --------
The preparation is shown in situ in relation to adjacent landmarks 

movement duri1w contractions. These .::> 

are recorded by a ligature tied to a light 
transducer of a polygraph or a Ji gli 1 

lever recording on a smoked drum. 
Locate the clescending colon and its 
mesentery, and gently spread it out for 
inspection . Two shining white slender 
structures may be seen at the root of the 

Epinephrine and norepinephrinc may be 
administered through the cannula in the 
jugular vein to elicit a typical slow, 
sustained response. Adrenergic neurone 
blocking agents wou1 ock stimUiatiGn ...... 
ind uced coti"t-;ac ti~ns , but not epinephrine 

"i;ducecCone. (This method can be appro- ... 
priately modified for in vitro studies). 
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Exercise l : 

Objective : 

Practical Exercises 

To study the effects of adrenergic drugs on B.P ., spleen. 
volume and respiration. 

l. Set up a recording of spleen volume, blood pressure and respiration. 
in a dog as described, and take a control strip of tracing. 

2. Inject epinephrine 2.0 µg /Kg, and observe the effect. 

3. Allow the pojnters to return to their original base lines and admi. 
nister norepinephrine 2.0 fl g/kg1. 

4. Similarly, inject isoprenaline 1.0 pg/kg . 

. 5. Observe that the pressor effect of epinephrine is slightly smaller 
than that of an equal dose of norepinephrine. The effect on spleen 
volume however is larger. 

6. Observe the respiratory changes produced : epinephrine produces 
apnoea, which is not seen with norepinephrine ; isoprenaline by 
producing a fall in B.P . causes a reflex tachypnoea. 
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ADRENERGIC DRUGS 
EPINEPHRINE , NOR£PINEPHRINE and ISOPR£NALIN£. 

on dog spleen volume, blood pressur(} and respiration 

SPLEE N 
VOLUME 

170 

B. P. 
130 

mm of J.lq 

Rt.SP/RATION 

• 
A 

A : 
8 : 
C : 

• 0 

B c 
( 2.0 .).1.9/kq) epinephr1'ne 

nor epinephrine ( 2 .0 ,µ.9/kq) 
isoprenoline ( I . 0 JJq/k9 ) 

Fis . 2-3 

' 
II 
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Exercise 2 : 

Objective : To study the action o~ cocai~e on blood P.ressure. all" 
epinephrine and norepmephrme pressor responses. " 

J. Set up a re 'ordi ng of carotid blood press urc in a dog. 

2. Elicit responses to eprnephrine and norepi nephri ne. 

3. Inject cocaine ] .0 mg/kg. 

4. After an interval of 10 to 20 minutes again elicit the responses t 
epinephrine and norepinephrine. 0 

5. O~serve that by itself cocaine has a small (nondescript) presso 
effect. r 

6. Cocaine P?tenti~tes the pressor responses obtained with epinephrin 
and norepmephrme. e 
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120 
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ADRENERGIC DRUGS 
DOG BLOOD PRESSURE 
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B CO CAIN£ A 8 
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A : Epinephrine (2. o .JJ.9/kq) 
B :Norepinephrine (/.5 _µ'J/Kg) 

Fig . 2-4 
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E -crdsc J : 

1. 

1 

3. 

IJ . 

Ohj • ti (.' : To slud f ht.· ;H· fio11 of g11a11dhidi11c 011 hlood prc~mure 
.·and cu1 1n•·s.so1· dkrts of cpiucr'Jhdnc ·111<1 

phrinc. 
" , uorcf)ine. 

H. • ·o r I prc.·.·or rl' .' j)Oll .' l'.· lu c1 i11 l' plir111 · ;ind rior ·pi11c·p lir111 ·. 

Adrnini sl<·r 11 u; 111 ·L'11di11c LO m 1/kg i11lr;1v ' JH )l1.·Jy. 

After an in( ·rv· I ol I 0 mi1111lcs record th<.! pr '.'.'or rc.- ron .-es to 
·pr n ·ph ri 11<.'. and norcpi 11cp /J ri 11 c. 

5. Obse rve lk1t g u;irwtl1id i11 · prod uc ·s hiplla.- i · rc.' punst:s by rlsclf, 
an initial depressor and a Ltle r pressor rcspon:· ·. 

6. Gut.111 thiclill <' polc.:nli;ll ·~.; llr ·action nf exog<·11011sly administered 
cJtcchoJami ncs. 

I 
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A : Epinephrine (2.s A'J/k9) 
8 : Norepinephrine (2 .0 A9/k9) 

Fig . 2- 5 
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Ex<.'rcis(' 4 : 

Objective : To stu ll) the act ion of ty ratnine on h1ood pressure a 
. I . <l . n1 pre. sor actions of cpmcp ume an norcprnephrlne. 

1. Set up a rec rdi ng of car tid blood pressure in a dog. 

Eli it r sponscs to epin ephrine and norepinephrine . 

3. In j ct tyramine 300 f' g/kg. 

4 . After 10 minutes interval , inject epinephrine and norepinephrine. 

5. Obse rve that tyramine has a dramatic pressor action by itself. 

6 . Tyramine potentiates the actions of exogenous catecholamines. 



ADRENERGIC DRUGS 
DOG BL DOD PRESSURE 

B.P. I.. 

200 

120 

mm of Hg • 
A 

• ft 0 • 

8 TY RAMIN£ fl B 
( 300 A-<J/l<<J) 

fl : Norepinephrine ( 2.0 p.9/1<9) 
B : Epinephrine (2.5 Pj/1<5) 

Fig . 2- 6 
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bxercisc 5 : 

Objective : To study the effect of ex: blockade and demonstrate 
Dale's vasomotor reversal phenomenon. 

I. Set up a recording of carotid blood pressure in a dog. 

2. Record responses to epinephrine, norepinephrine and isoprenaline 
all in doses of 2 fl g/kg. ' 

3. Administer the ex: blocking agent tolazoline (Prisco!) in a dose o! 
5 mg/kg and allow the system to stabilise, for a half hour. 

4. Repeat epinephrine, norepinephrine and isoprenaline in the same 
doses as before. 

5. Observe that the pressor effect of epinephrine has been blocked 
(=blockade) and replaced by a depressor effect due to unmasking 
of its ~ action (Dale's vasomotor reversal},. 

6. The action of norepinephrine has also been reversed but to a much 
smaller extent. 

7. The action of isoprenaline is unaffected . 
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c( BLOCKADE 

DOG BLOOD PRESSURE 
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A : Epinephrine 
B : Norepinephrine 
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Fig . 2-7 
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Exercise 6 : 

Objective : To demonstrate blockade of ~ receptors. 

1 Set up a recording of ca rotid blood pressure in a dog,. 

2. Elicit responses with epinephrine, norepinephrine and isoprenaline 
in the doses indicated. 

3. Administer propranolol (0 .1 1ng/kg) and wait for an interval of 20 
minutes. 

4. Repeat the administration of epinephrine, norepinephrine and 
isoprenaline. 

5. Observe that the vasodepressor effect of isoprenaline has been 
blocked completely. 
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ADRENERGIC DRUGS 
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J3 BLOCKRDE 

DOG BLOOD PRESSURE. 
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B : Norepinephrine ( 2. O .A.J9/k9 ) 
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Fig . 2- 8 
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SELE TED TOP I ,.' lN EXPERIM ENT A L PH ARM ACOLOGY 

Exerd~c 7 : 

Objectiv~ : To demonstrate ex: blockade and the reversal of ~ 
blockade by a ~ blocking agent. 

1. S t up a recording of c:uotid blood pressure in a dog. 

2. Elicit responses to epinephrine , norepi nephrine and isoprenaline. 

3. Administer phenoxybenzamine 5.0 n1g/kg slowly intravenously well 
diluted in 20 ml of saline. 

4. Twenty tninutes la ter , repeat epinephrine, norepinephrine and 
isoprenaline. 

) . Administer propranolol (0 .1 mg/kg) slowly intravenously. 

6. After 10 minutes repeat epinephrine, norepinephrine and 
isoprenaline. 

7. Observe that when phenoxybenzamine is administered the vaso· 
pressor action of epinephrine is reversed, that of norepinephrine 
considerably blocked and the small pressor component of isoprena
line action blocked. (Refer Fig. 2-7 where ~ blockade has unmask
ed this small a: component of isoprenaline action),. 

8. Observe that the administration of propranolol causes a reappear· 
ance of the pressor actions previously blocked by phenoxybenza
mine but blocks t he vasodepressor action of isoprenaline. 
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Fig . 2-9 
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SELECTED T PI S lN EXPERIM ENTAL PHARMACOLOGY 

Exercise 8 : 
Objective : To demonstrate the action of adrenergic neurone 

blocking agent s on responses elicited by nerve stimula. 

tion. 

1. t up the i. olat d in nervated preparation of rabbit jejunum as des. 

cribed abo e. 

I 

R cord a control strip of tracing of pendular movements of the 
j junum and the effect of electrical stimulation on these movements. 

) . Add an aJrenergic neurone blocking agent like bretylium to the 
bath fluid (1.0 fl g/ml) and allow a period of about 5 to 10 minutes 
to elapse. 

4. Repeat electrical stimulation and observe that the inhibition of 
pendular movements is not produced i.e. the effect of nerve stimula
tion has been blocked. 

5. Keep stimulating the preparation every 10 minutes and observe re
covery ot response. 



I 

t · J :;unum 
) . 

I 

a ontr I b In th pr n 

br yl um I 0 µ9/m/) R v ry 
Bar · 1nd1 t timuloti n of 

m s nt ry for 0 c. 
( Volts :-/0 / Duration;- O. · rn 

Rate:- so shocks/sec ) 
·i . 2- 10 
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Exercise 9: 

Objective : To demonstrate the potentiation of acetykhoHne by 
anticholinesterase agent. an 

l . Set up a recording of carotid B.P. in a dog. 

2. Administer carbachol, pilocarpine and 2 doses of acetylcholine. 

3. In1ect physostigm1ne (0.l mg/kg) slowly intravenously. 

4. Twenty minutes later inject the smaller of the 2 doses of acetylcho. 
line, pilocarpine and carbachol. 

5. Observe that all 3 drugs produce a fall in blood pressure, the fall 
due to acetylcholine appears dose dependent. 

6. Administration of an anticholinesterase agent potentiates the action 
of acetylcholine so that the effect of the smaller dose is now much 
larger than the effect of the large dose elicited in absence of ChE. 

7. The actions of carbachol and pilocarpine which are not the sub
strates of ChE, are not potentiated. 

. ; ' t 

r 

( 
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CHOLINERGIC DRUGS 
POTENT/AT/ON OF ACETYLCl-IOLIN£ 

BY ~NT/ CHOLINESTERASE AGE.NT 

• 
A 

DOG BL OOD PRESSURE 

• 
B ~ ~ l ~ A ~ 

PHYSOSTIGMINE (O.f m9/k9) 

A: Carbachol (o.s .JJJJ/1<9) 
B : Pilocarpine ( s.o fl9/ k9) 
c : Acetylcholine (I. O .,J.19/k9) 
D: Acetylcholine (2. O P9/1<9) 

Fig . 2- ll 
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SELECTED TOPICS IN EXPERIMENTAL PHARMACOLOGY 

Exercise 10: 

Objective : To dentonstrate the potentiation of acetylcholine actio 
by an anticholinesterase agent. 

11 

1. Set up an isolated frog 's rectus abdominis preparation. 

2. Elicit 3 responses to acetylcholine 2.0 fl g. 

3. Add physostigmine 0.5 fl g, and allow to act for 3 minutes. 

4. In the presence of physostigmine elicit a response to the sa1ne dose 
of acetylcholine. 

5. Wash out the fluid and refill the bath. 

6, Elicit responses to the same dose of acetylcholine till recovery of 
original height of contractions occurs. 

7, Observe that physostigmine potentiates the action of acetylcholine 
and this potentiation is reversible. 

I 
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Potentiation of ACh 
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to act for 90 sec. 
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OPICS TN EXPERIMENT AL 

SELECTED T 
PHARMACOLOGY 

Exercise 11 : 

To 
demonstrate hydrolysis of acetylcholine by ser1 

]. 

2. 

3. 

4. 

5. 

6. 

7. 

Objective : 
chol inestcrasc. 

. l' ted frog 's rectus abdon1inis preparation. 
Set up an iso a - L 

Elicit 3 responses to 3.0 f' g of acetylcholine. 

Add 0.5 ml of 1 : 5 diluted fresh serum to 3.0 fl g ACh. 

Immediately add this mixture to the bath fluid , record the respor_ 

To 3.0 fl g. ACh add 0.5 1111 sermn and allow it to act for 10 minu1 

Now add this mixture to the bath and record the response. 

To 0.5 ml serum add 4.0 fl g physostigmine and 3.0 µ g ACh a 
allow to stand for l 0 minutes. 

8. Record a response with the mixture thus obtained. 

9. Repeat acetylcholine as above until recovery is seen. 

10. Observe that (a) the addition of serum just before eliciting a t 

ponse does not alter the height of contraction; (b) allowing t 
serum to act for 10 minutes din1inishes the effect of acetylcholi 1 

thereby indicating partial hydrolysis ; (c) addition of physostigm: 
potentiates the action of acetylcholine because not only is ser~ 

ChE inhibited, preventing hydrolysis of ACh, but muscle ChE 
also inhibited resulting in actual enhancement. 
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CHOLINERGIC DRUGS 
ISOLATED FROG's RECTUS RBDOMINIS MUSCLE 

Hydrolysis of FICh by serum cholinesterase 

B " 
At dots 3 .0 »g acetylcholine were allowed 

to act tor 90 sec. 
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Fig . 2-13 
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Exercise 12 : 

Objective : To demonstrate the nicotinic action of acctylcholinc. 

I. Set up a recording of carotid blood pressure in dog. 

2. Administer carbachol, pilocarpi ne and acetylcholi ne rn doses 
0.5 f' g/kg, 5.0 µ g/kg and 4.0 f' g/kg respectively. 

3. Inject atropine (3 .0 mg/kg) slowly i.e. well diluted in 20 ml saline. 

4. Twenty minutes later repeat carbachol, pilocarpine and acetylcho
line in the same doses as before. 

5. Adminis ter carbachol, pilocarpine and acetylcholine in larger doses 
0.5 mg/kg, 1.0 mg/kg and 1.0 mg/kg respectively. 

6. Observe that atropine blocks the vasodepressor effect of carbachol, 
pilocarpine and acetylcholine . 

7. This blockade is surmountable because very large doses of carbachol 
and pilocarpine show small depressor effects. 

8. A cetylchohne alone possesses a pressor effect in large doses , m 
presence of atropine, which is its nicotinic action . 
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Exercise 13 : 

Objective : To den1onstrate muscarinic blockade. 

1. Set up a recording of carotid blood pressure in a cat. 

2. Elicit responses to acetylcholine 3 mg/kg and nicotine 0.1 mg/kg. 

3. Inject atropine 2.0 n1g/kg well diluted in saline, slowly i.v. 

4. Twenty minutes later repeat acetylcholine and nicotine in the same 
dose. 

5. Observe that acetylcholine produces a depressor response ; nicotine 
produces a biphasic response with wide fluctuations in_ B.P. __ at the 

eak of res_sqr r~?.PQI).~~. qu to re_?piratory~ stin1ulation. 

6. Observe complete blockade of action of acetylcholine, and blockade 
of depressor component of nicotine action . 
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Exercise 14 : 

Objective : To demonstrate ganglion stimulation and blo~ ad. 

1. Set up a recording of carotid blood pressure and nict1t1l 1ng m rn 
brane in a cat as described. 

2. Inject epinephrme (E) 1.5 f' g/kg and DMPP (50 /lg/kg) 

3. Administer pentolinium tartrate (2.0 mg/kg) slowly i.v 

4. Twenty minutes later. repeat epinephrine and DMPP . 

5. Observe the initial pressor and nictitating membrane stimulating 
actions of E and D!\1PP (cak holamine and ganglion st1m lant). 

6. Observe that pentolinium blocks the action of DMF P on bloo 
_ pre_ss e and nictitating membrane withou t any action on effect 

0 
on the nicti tati ng mem bran : it potentiate the pre :or effect of E 
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Exerc ise 15 : 

Objective : To demonstrate ganglion blockade in relatio1'i to the 
vagus nerve. 

l. Set up carotid blood pressure and atrial beat recordings as d\;scribed. 

1 Elici t control responses to vagal stimulation and acetylcholine in
jection. 

3. Administer pentolinium tartrate 3.0 mg/kg. 

4. Repeat vagal stimulation and acetylcholine injections 10 to 20 
minutes later. 

5. Observe that both vagal stimulation and acetylcholine injection 
lower the blood pressure and depress atrial contractility. 

6. Pentolinium blocks the action of vagal stimulation on B-.P. and atrial 
beats, without effect on acetylcholine injection. 

7. This blockade is reversible as shown by reappearance of vagal action 
at 120 minutes. · 
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Exercise 16 : 

l. 

2. 
., 
.) . 
4. 

5. 

6. 

7. 

Objective : To demonstrate adrenergic neurone blocking activit, 
in vivo. 

Set up a hypogastric nerve vas deferens preparation as described. 

Elicit responses to electrical stimulation. 

Ad1ninister norepinephrine intravenously and record the response . 

Inject guanethidine l - 2 mg/kg i.v. 

" 

After a period of fifteen minutes re-elicit the response to electrical 
stimulation with the same parameters. 

Observe partial to complete blockade of contraction. 

Inject norepinephrine in the same dose and observe that the res. 
ponse is practically unchanged. 



AUTONOMIC PHARMACOLOGY 

INNERVATED VAS DEFERENS OF 

GUINEA- PIG ( IN VIVO) 

AT DOTS SINGLE STIMULI WERE APPLIED 
TO THE HYPOGASTRIC N. 

PARAMETERS 
OF 

STIMULATION 

FREQUENCY= 80/sec 
PULSE WIDTH= 0.5 msec 
AMPLITUDE= 4.0 V 

INTERVAL 3.0 m.in 

Fig. 2-18 
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The work of Science is to substitute 
facts for appearances, and demonstra
tions for impressions. 

CLAUDE BERNARD 

Skeletal M11scle 
Relaxants 

Introduction muscle tone is normally maintained at a 
£!i1siQIQiical _ _le~el ~y the monosynapti£. 

Voluntary movements perfoml.ed by ~flex Jlrc, I.~. a senso_ry _ f1pr~, a spinal__ 
skeletal muscle are under the control of · synapse and the motoneurone. This reflex 
central mechanisms of a complex · nature. · ~_rcls.afso influenced by centraLregulatin&_ 
Impulses originate in the cerebral cortex · mechanis~~.i. which may be facilitatory or 
and pass down the pyramidal tracts into Inhibitory. The best example of tbis_ -
the spinal cord. Here in the anterior horn, monosynaptic reflex is the patellar re~ex or_ 
the tracts synapse with a new ~et of nerve knee jerk._ When the patellar tendon is . 
fibres, the motor neur'1ncs, -.vhich directly tapped, a slight stretchi~g of the muscle ..J 
reach the skeletal muscles that they supp- oelry occurs. this causes a stretching" not 
ly. This junction of nerve and skeletal only of the skeletal muscle fibres themselv-
m scles is a specialised )unction, the es, but also of certain associated structures 
myoneural junction or p ate re- called muscle spindles (refer Fig. 3.1 ). When 

-rgion. these spindles are stretched, the nerve 
The fine control of voluntary movements endings surrounding the central bag like 

is brought about by the _'ext!_.a pyra~idal structure are stimul~ted, and impulses 
...._ sy~ _which is not under consci-. travel along these afferent nerves ( a: 

ous control. This system exerts its in- afferents) to the spinal cord. Here a 
fluence through··a vast network of neurones synapse occurs with the motoneurones in· 
collectively called the reticular formation nervating the muscle fibres and a co
of the brain, extending upwards into the ordinated contraction of the entire muscle 
thalamus & subcortical regions, and down· is seen as the knee jerk. The entire pro· 
wards into the grey matter of the spinal cess -occurs in fractions of a second. Fine 
cord. Such influences are felt at the an: control of muscle tone occurs by altera· 
terior horn synapse in the spinal cord, and tion in the state of the muscle spindle it· · 
hence any drug acting on these synapses self. This is achieved through the efferents 
would affect control of skeletal muscles. from the spinal cord, which innervate the 

For movements of skeletal muscle to myofibrils ·of the muscle spindles. Thec::e 
occur, the muscle must possess a basal de- fibrils, being inserted into the nuclear bag, 
gree of 'tone'. {This tone is som.ethin~ akin __ cause changes in the tone ·of this bag, and 
to the tau!ness of a violin string). This thus the degree of sttetch is affected, in 

- ·--- - ---

. 
I! 
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turn affecting the entire monosynaptic muscular junction is susceptible to the 
reflex. action of peripherally actmg skeletal 

At the neuro_muscular junction, a nerve muscle relaxants. These are so named, 
Jmpuls_eJiberates acetylcholine from the _ because, by interfering with neuromuscular 
nerve ending into the cleft between muscle transmission, they cause a relaxation of 
-a~d ;e;;e fibre. This acetylcholine causes· muscle by loss of muscle tone. They are 
a depolarization of the muscle fibre which of two types - curariform, which pre-
in turn sets off a muscle action potential, vent depolarization by competitive 
and contraction of the muscle fibre. The c..ntagonism, and the depolarizing 
peculiarity of mammalian muscle is that type, like succinylcholine or decametho
each muscle fibre has a single end-plate nium (C IO). Thi5 latter group 'arc partial 
and single nerve fibre innervating it. agonists of acetylcholine. By themselves, 
Hence, the contraction obtained by nerve they cause depolarization and would thcre
stimulation is a quick, brisk l\·vitch. This fore, (i) facilitate neuromuscular tran~mis-
is seen in the response of rat phrenic nerve sion in small doses; (ii) cause a contrac
hemidiaphragm preparation and in the con- __ ture of denervated muscle. In larger 
traction of the cat's Tibiali,; muscle nerve amounts, by causing persistent depolariza
preparation. The muscle fibres of lower tion they prevent the development of the 
species like frog are multiply innervated , propagated action potential essential for 
and hence nerve stimulation causes per- rntiSCI~ctivaTIOi~resulting in loss -of -
sistent depolarization and · a prolonged, muscle tone and relaxation. These actions 
slow contracture of the musde. are well demonstrated by muscle nerve 

.Fig. 3. 1 : The 1liortosy11aptic reflex pathway. 

Spinal cord 

On the basis of this concept of muscle 
function, the actions of various drugs may 
be considered. At the periphery the neuro-

Dorsal 
ganglion 

Afferent 

Muscle 

preparations in vitro e.g. rat phrenic nerve 
diaphragm, or in vivo as in the cat, Tibialis 
anterior muscle nerve, or gastrocnemius 
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fibres and endplate regi-on will restore 
neuromuscular transmission. The nature 
of post synaptic blockade, whether curari
form or otherwise may be confirmed. on 
the isolated frog's rcctus abdom.inis muscle 

sciatic nerve preparations. The twitches 
obtained by stimulation of the nerve would 
provide a good index of neuromuscular 
transmission and at the same time, direct 
muscle stimulation could be done to pin
point site of action of the drug. Blockade of 
transmission would manifest as a reduction 
in height of twitch elicited indirectly, but 
not that obtained directly. 

The depolarizing type of muscle relaxants 
also possess an interesting property, name
ly, a dual mechanism of blockade. This 
consists of two phases; in the first phase 
the type of blockade is non competitive, 
while in the second phase it is competitive. 
It is mere easily ~ee11 in 'fast' muscles like 
Gastrocnemius and Soleus than in 'slow' 
muscles like Tibialis anterior. From these 
facts it can be appreciated that the actions 
of curariform and depolarizing agents are 
mutually antagonistic. Furthermore, the 

preparation. 
As mentioned before, muscle tone main-

tained by the monosynaptic reflex arc, is 
regulated by supraspinal influences. These 
reach the spinal cord by descending fibres 
which synapse on spinal interneurones. 
These neurones serve as a relay for the 
impulse before it reache.:; the spina1 
motoneurone. Thus, for an impulse to 
reach the spinal reflex arc it has to traverse 
more than one synapse, and these mechan
isms are therefore termed polysynaptic. 
They arc evidence of a more advanced 
form of transmission and are more susce
ptible to drug action than monosynaptic 
mechanisms. 

Fig. 3.2 : The. po/ysy11aptic pathways ill the spinal cord, attd the mechanisms of reciprocal ilthibition 
or facilitation. 

Stimulator 

"~ + s: f ocilitotion 

- • inhibition 

action of curariform agents can be over
come by excess of acetylcholine as provid
ed by .anticholinesterase treatment. The 
overactton of depolarizing type f 

be 
o agents 

cannot overcome by any m 
1 

easures, and 
on y eventual repolarization of 1 musce 

Muscle tone can therefore be influenced 
by drug~ that act centrally by disrupting 
supraspmal facilitatory or inhibitory in· 
fluences (via I . 
th b 

. po ysynapt1c pathways) ·on 
e as1c mono-y ti' dr . .:> nap c reflex arc. Such 
ugs will leave the patellar tap unaffected. 
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reflex or linguomandibular refle.x; (b) 
facilitation or inhibition of knee 1erk by 
stimulation of reticular formation in the 
brain stem in appropriate areas; (c) patellar 

The phenomenon of d onus and dcccrebratc 
igidity represent disinhibition of spinal r . . 

neurones from supraspmal influences, with 
facilitatory influences dominating. These 

Fig. 3. 3 : The isolated rat µhrr11ic 11en c - /zcmidiaphragm preparatiott . 

/,.,--_ 
\ 
\ 

1 
J 
I 

3. 3 -a 
!he thoracic cage is opened 
m the direction of the arrows. 

3.3- b 
The phrenic nerve is identifi
ed by the side of the heart, 
travelling downwards to its 
corresponding hemidiaphragm. 

will accordingly be ameliorated by centra
lly acting muscle relaxants. Therefore 
~uch agents may be investigated by study
mg (a) polysynaptic reflexes like fiexor 
E.P.6 

• • • 

Oxygen 

3. 3 -c 

The _final set up of the preparation in krebs 
solution at 37 °C. During stimulation the fluid 
!evel shol!ld b e lower than the nerve stimulat
mg term1_nal o! the 3-way electrode. The 
muscle st1mulatmg terminal serves as the sup
port for the preparation. 

clonus on decerebration. 
The lmgu0mandibul..-r reflex is an ex

ampl~ of a polysynaptic reflex. It origin
ates in the sensory fibres of the 5th cranial 
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(Trigeminal) nerve, is integrated in the 
spinal cord and medulla, and the afferent 
pathway is subserved by the facial nerve. 
It is elicited by electrical stimulatwn of 
the root of the tongue and manifests as a 
jaw - jerk. The action of drugs that pro
duce relaxation of skeletal muscle must 
therefore be studied on these polysynaptic 
mechanisms to arrive at a po:ssible central 
mechanism. 

The selectivity of drugs acting on poly
synaptic motor pathways, as opposed to 
other polysynaptic pathways may be studi
ed by simultaneously recording one such 
response namely the carotid occlusion res
ponse or spinal compre:ssion vasomotor 
response, (S.C.V.R.). Failure of a drug to 
affect this polysynaptic autonomic response 
implies selective action on motor pathways. 

Experimental Techniquf's 

Peripherally acting muscle relaxants. 
The isolated frogs' rectus abdominis 

muscle preparation. The technique has 
been described in Chapter l, experiment 6. 

The isolated rat phrenic nerve diaphragm 
preparation.* A rat weighing 150 - 200 
gm is killed by stunning and cutting the 
throat. The skin ·overlying the xiphoid 
process of the sternum is picked up and 
carefully cut upwards, exposing the thoracic 
cage, and downwards into the abdomen. 
The thoracic wall is gently separated from 
the thoracic cage on both sides. Cuts are 
placed on either side of the sternum as 
shown in the diagram, proceeding from 
above downwards, care being taken not to 

I 

damage the sternal attachment of the dia-
phragm. From the ends of these cuts, 
lateral extensions are made so as to ex
pose the contents of the thorax. The dia
phragm is identified a5 the flat pinkish 
brown structure completely separating the 
thorax from the abdomen. 

Bulbring, Edith, 0946) Br. J. Pharmac Cherno
ther. 1. 38. 

The phrenic nerves are seen as thin 
tough white strands embedded in connec
tive tissue, one on either side of the heart, 
going up into the neck and down to the 
respective half of the diaphragm which it 
supplies. The nerve is gently cleared of 
connective tissue, care being taken to pre
vent drying by gently dripping Krebs solu
tion from time to time on the nerve. 

A single lobe of the diaphragm is chosen 
for the experiment, and is cut in the direc
tion of its fibres. This gives a triangular 
segment, the apex being the tendinous por
tion and the base a strip of muscle attach
ed to the ribs (which are cut along with 
it). The phrenic nerve is cut in the neck 
and cleared to the point where it enters 
the musde substance near the tendinous 
apex. This preparation now consists of a 
nerve and hemidiaphragm. 

It is tied onto a perspex electrode with 
three terminals which can be connected 
as described. The strip of ribs is tied onto 
the horizontal bar of the electrode while 
the nerve is gently placed on the sliding 
terminal. This preparation mounted on 
the electrode is now set up in a large organ 
bath (capacity about 80 ml) in Kreb's solu
tion, maintained at 37°C and aerated with 
oxygen. 

A suture through the tendinous apex 
connects this preparation to a Straub's 
lever with minimal inertia, recording the 
muscle twitches on a smoked drum. These 
twitches are elicited either by direct stimu
lation of the muscle or by indirect stimula· 
tion through the nerve, each requiring cor· 
rect connection of the appropriate termin
al. Stimuli are obtained from a square 
wave pulse generator, the voltage, pulse 
width and frequency being adjusted opti· 
mally for each preparation. The response 
elicited by both direct and indirect stimula· 
tion is a quick sharp downward twitch, 
with a rebound flyback upwards due to the 
spring of the lever. 

Drugs under consideration are added 
to the bath fluid and their actions on the 
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muscle twitches elicited directly and in- TS 83 
directly are studied. supplying the Tibialis anterior muscle. 

The tibialis anterior muscle nerve pre- T hi!s nerve is carefully isolated and a 
f A loose ligature placed under 1·t th'e ent1·re paration o cat. cat weighing about ' 

J.0 kg is anaesthetised with ether and gap being filled with liquid paraffin to 
. prevent drying of the nerve. 

Fig. 3.4 : Simplified anatomy or th h . d'' .r 
'J e 111 1eg O; cat. 

Nerve to -~._.i'loole~':I.~~-~ Nerve to . 

Gostrocnemlus m. Tibiolls anterior 

maintained on chloralose as described in 
chapter 2. (Also refer Appendix I). 

After the level of anaesthesia has been 
allowed to stabilise ·tor about 40 min, the 
dissection may be commenced. The fur 
on the dorsal aspect of the thigh and all 
over the lower leg is removed by close 
clippi.r~g. A vertical incision is taken in 
the skin over the dorsal aspect along its 
length so as to expose subcutaneous fat 
and muscle. All the vessels are carefully 
ligated and the gap between the two major 
groups of muscles is opened up gently to 
expose the sciatic nerve in the floor of 
the ~ap. This nerve comprises two trunks, 
a thicker medial, and a thi~ner lateral 

m. 

A steel pin is now driven through the 
lower end of the femur to fix the knee joint. 
(When a muscle contraction has to be re
corded, one end must be fixed ~o that the 
entire contraction is transmitted to the re
cording lever. In this case, the Tibialis 
anterior under study takes its origin from 
the lower end of the frmur which is there
fore kept fixed). The entire muscle is freed 
of its surrounding structures through a 
longitudinal skin incision, ancl the tendon 
of insertion located on the anterior aspect 
of the ankle. Herc it i:> in relation to a 
large vein which must be carefully ligated 
and cut. The tendon may be identified as 
the large, flat shining white structure just 
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beneath the vein. The tendon is trans
fixed, ligated and cut, the suture being led 
over a pulley to be attached to the bar of 
a Palmer isometric lever. 

For the purpose of clo:ie intra-arterial 
injection of drugs, the contralateral femor
al artery is cannulated through an inguinal 
incision, and the tip of the cannula guided 
through an abdominal laparotomy to the 
bifurcation of the aorta. The cannula is 
tied securely in place and the abdomen 

to the muscle nerve preparation from a 
square wave pulse generator, the para
meters of the stimuli being adjusted opti
mally for each experiment. Isometric twit
ches are recorded on a smoked drum, and 
the effects of the drugs studied. 
4. The gastrocncmius-sciatic muscle nerve 
preparation of cat. A cat of about 3.0 kg 
weight is anaesthetised with ether and 
chloralose, and the level of anaesthesia 
allowed to stabilise for about 40 mm. 

Fig. 3. 5 : Close iJttra - arterial injection in tlte femoral artery of cat. 

The cannula is introduced into the contralateral femoral artery and guided to the bifurcation o§ 
the aorta. 

closed in layers. Injections made into this 
cannula will be pu:hed by ·aortic blood 
flow into the ipsilateral femoral artery with
out the disadvantage of occluding the 
blood supply to the limb. 

For the purpose of the experiment a 
bipolar electrode is placed on the nerve to 
the Tibialis anterior and stimuli delivered 

The nerve supply of the gastrocnemius 
arises above the level of bifurcation of the 
sciatic nerve, and hence, this nerve is 
isolated on the posterior aspect of the hip 
joint rather than in the thigh. It is found 
in the floor of an easily palpable gap bet· 
ween two bony prominences on the poster· 
icr aspect of the hip joint. After isolation 
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loose ligature is placed under it for fur
:her manipulations. It is preferred to tie 

additional ligature on the nerve itself 
an h · f · 1 · cephalad t? t e pomt o stu~u ation so 
that stimuh do not reach the spinal cord by 
antidromic (retrograde) conduction. 

The gastrocnemius muscle is the fleshy 
muscle or the calf muscle on the posterior 
aspect of the leg, and the twitches are re
corded from the tendon of this muc;cle in 

ether chloralose. The trachea is cannulat
ed routinely. 

A pin is driven through the lower end 
of the femur and the knee roint mai~taincd 
at 90° flexion, with free movement. The 
position of the cat is adjusted such that the 
hip is also at 90° flexion. A suture is 
taken through the TendoachiIJes, and con
nected to the recording system, either a 
Palmer isometric lever wri.ting on a kymo-

Fig. 3.6: Simplified anatomy of the cat's hind/eg .. 

I 
I 

I 
I 

I 
I 

...... , 
' \ 

I 
I 

a manner similiar to experiment 3. 

I 

I 
I 

I 

Centrally acting muscle relaxants. 
5. Monosynaptic reflexes in cat. A cat 

Weighing about 3.0 kg is anaesthetised with 

Gastrocnemius 
a 

Soleus m. 

Tendo-Achilles 

graph, or a heavy pressure tr.:nsducer, and 
a polygraph. A patellar hammer driven 
electrically is fixed over the knee joint such 
that the hammer lightly taps the tendon 
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RETICULAR 

Fig. J.7: Stimulation of reticular system of cat braitt. 
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OF CAT BRAIN 

Inhihiting Regions(-) -
4. reticu/o - spinal 
5. ref1culo- spinal 
6. vesfibulo- Spinal 

The anatomical basis for the experiment, depict
ing the relevant tracts and the areas to stimu
late them. 
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The pattern of the recording obtained by stimu. 
lation of the facilitatory area (1st panel) and 

the inhibitory area (2nd panel). 
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of the Quadriceps femoris, and elicits a tance of 0.65 cm from the 
knee jerk. The frequency of this tap is midline. The 

circular disc of bone is then removed and 
adjusted a; desired, and a record of tho 
knee-jerk is obtained. 

6. Polysynaptic reflexes. The simplest 
method is to elicit the fiexor reflex by 
stimulating the central end of the posterior 
tibial nerve, and recording the contrac
tions of the Tibialis anterior muscle. Al
ternatively the central cut end of the 
sciatic nerve distal to the origin of the 
nerve supply of the Tibialis muscle may be 
stimulated. 

7. Linguomandibular reflex. Needle 
electrode.; inserted into the root of the 
tongue deliver rectangular pulses, eliciting 
the jaw-jerk as described above. 

8. Effect of stimulation of Reticular 
formation. A cat weighing between 2.8 
and 3.5 kg is anaesthetised with chloralose 

t~e dura mater carefully slit open. A 
pliable strip of plastic, or a flat strip of 
metal curved at the end with a radius of 
curvature of approximately 5.0 cm, is then 
inserted into this opening and moved as 
described. It is thrust forwards until it 
hit:; the opposite parietal bone, theR swept 
in an arc backwards until one edge touches 
the bony part of the tentorium cerebelli. 
Now it is rotated through 120' , so that 
the upper surface becomes the lower sur· 
face, resting on the tentorium. It is then 
slid forward:; and downwards along the 
tentorium, and a mid-collicular secticn of 
the brain stem thus effected. Care should 
be taken not to point the handle down· 
wards and backwards as this would damage 
the medulla. 

Practical Points: 
and positioned in a .;tereotaxic instrument 
(Horsley Clarke). The skin and muscle 
over the occipital region is divided and the 
bone exposed. A flap of this bone is re
moved and the reticular formation in the 2. 
floor of the IVth ventricle is stimulated by 
using the appropriate co-ordinates defined 

I. Venom bleeding may be controlled by 
simple elevation of the head. 
Bony bleeding, may be arrested by ap
plication of Hors~ey's bone wax or 
plasticine. 

by Alexander. The effect of such stimulation 3. 
on the patellar reflex and blood pressure 
recorded from the femoral artery, is studi~ 
ed, before and after administration of drug. 

Arterial bleeding arises from branches 
of the vertebral arteries and may be 
stopped by application of pressure on 
the artery against the laminae of the 
atlas vertebrae. 
Oozing from muscle and skin can be 
checked by warm (60°C) saline com
presses which have been .squeezed dry 

· before application. 

9. Decerebrate Cat. A cat is anaesthe
tised with chloralose, and the trachea can- 4. 
nulated. It is then placed in the prone 
position, with the head maintained in the 
fully flexed position by an assis~ant ... The 
skin and mu.;cles overlying the panetal 
region are divided to expose the bone. 

The patellar reflex of this cat is record
ed 60 min after the decerebration proce
d un'! and the effc.ct of putative centrally 
acting muscle relaxants investigated. 

A trephine hole is made on an imaginary 
line joining the ears, with a minimum dis-
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Practical Exercises 
Exercise I. 

Objective : To study the effect of d-tubocurarine on acctylcI10 . 

line induced muscle contraction. 

1. · Set up an isolated preparation of Frog's rectus abdominis muscle. 

2. Elicit responses to acetylcholine as shown in the figure. 

3. Add d-Tubocurarine in an equivalent strength and allow it to 
act for 3 minutes. 

4. In the presence of d-Tc elicit a response to the same dose of 
acetylcholine as before. 

5. Observe the diminution in magnitude of response. 

6. Wash out the bath fluid _repeatedly. 

7. Record responses to acetylcholine. 

8. Observe that the blockade produced by d-Tc is reversible. . 



SKELETAL MUSCLE RELAXANTS 

Isolated fro9's rectus obdominis muscle 

At dots : 4-.0 ,,u.9 aoetylcholine were 
ol/owed to oct for 90 SQc. . 

Horizontai bar indicatres presenc~ of d-Tc 
(10 µ9) allowed t o act for 3 min. 

BATH CAP ACITY - 20 ml 
Fig . 3-8 
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Exercise 2: 

. Objective : To study the effect of d-tubocurarinc on neuro
muscular transmission. 

I. Set up an isolated preparation of rat phrenic nerve-hemidiaphragm 
as described. 

2. Obtain a recording of muscle twitches by electrical stimulation of 
the nerve. 

3. Add d-Tc to the bath fluid. 

4. Observe the gradual diminution in height of twitches obtained by 
nerve stimulation. 

5. Stimulate the muscle directly. 

6. Observe that d-Tc does not affect direct muscle stimulation. 

7. Wash out the bath. 

8. Note that the twitches reappear immediately indicating the rever
sibility of action of d-Tc. 

9. Repeat the addition of d-Tc. 

IO. In presence of d-Tc, add neostigmine in the dose indicated. 

II. Observe that the action of d-Tc can be partly overcome by excess 
of acetylcholine provided by neostigmine treatment. 

12. This experiment has therefore demonstrated that d-Tc; 

(i) blocks neuromuscular transmission because indirect, but not 
direct, stimulation of muscle twitch is blocked. 

(ii) shows competitive antagonism to acetylcholine. 
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Isolated rat·s phrenic nerve c/iaphraqm 

I I I I I 60 sec 
, d-TC (l.OJJ9/1nl) Wash 

White bar indicates direct stimulation of muscle 

+ 
d-TC NEOSTIGMINE. 

( 1.0~9/ml) (1.0 >'9/ml) 

BATH CAPACITY- 80ml 

PARAMETERS OF STIMULATION 
VOLTAGE- 2.-4- Volts: DURATION- 5msec 

FREQUENCY- 1/1osec . 

For direct stimulation - B-10 Volts 

Fig. 3- 9 
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Exercise 3: 

1. 

2. 

3. 

'4. 

5. 

6. 

7. 

8. 

9. 

Objective : To study the effects of peripherally acting skeletal 
muscle relaxants on the neuro1nuscular junction. 

Set up a Tibialis anterior muscle nerve preparation as described in 
an intact cat. 

Inject d-Tc (150 pg) intra-arterially. 

Observe reduction· in the height of twitches. 

Directly stimulate muscle and observe failure 9f blockade by d-Tc. 

After the twitches have regained the original height, repeat the in
jection of d-Tc (150 pg). 

Immediately inject neostigmine (100 pg) and observe the dramatic 
recovery in this case, as opposed to gradual recovery in absence of 
neostigmine. 

Repeat d-Tc, and inject succinylcholine 50 pg immediately. 

Observe rapid recovery of twitches, though not as rapid as with 
neostigmine. 

It may be concluded that succinylcholine has a partial agonistic 
action at the neuromuscular junction, thus being able to antagonize 
d-Tc, though less active than neostigmine. 



SKELETAL MUSCLE RELAXANTS 

SKELETAL MUSCLE RELAXANTS (PERIPHERAL) 

cat tibialis anterior muscle nerve preparafion 

""' d-TC (150 JHJ) 

White har indicates direct stimufat1on 
of muscle 

93 

60sec 
t t 

d·TC NEOSTIGMINE 
(2 00 ,p9) ( 100 )J'/) 

1' 1' 
d-TC SUCCINYLCHOLINE 

(200JJ9) (50 JJll) 

All injections made intra- iliac 
PARAMETERS VOLT RGe - 4-6 Volts DURRTION- 5 msec 

OF FREQ.UENCV- 1/10 sec 
STIMULATION For direct stimulation voltaqe was 8~ 10 volts 

Fig. 3-10 
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Exercise 4: 

Objective : To demonstrate the phenomenon of dual blockade. 

l. Set up a preparation of Gastrocnemius muscle - sciatic nerve in 
intact cat. 

2. Inject succinylcholine (150 fl g) intra-arterially and observe the 
degree of blockade of neuromuscular transmission. 

3. Choose the appropriate dose of succinylcholine ( 100 µg) so as to 
get only partial blockade. 

4. Inject neostigmine (100 fl g) and note the .worsening of the block
ade. 

5. Inject d-Tc and observe a partial recovery of twitches to nerve 
stimulation,. This is phase I of dual block. 

6. Repeat succinylcholine carefully until tachyphylaxis sets in, i.e. until 
twitch heights are no longer decreased by succinylcholine in the 
same dose. 

7. Now injec~ a larger dose of succinylcholine, and observe reappear
ance of neuromuscular blockade . .. 

,..,. 
8. Inject d-Tc and observe a worsening of the effect. 

9. Inject neostigmine and observe recovery of twitches to their origin
al height. 

This is phase II~ or the competitive phase, of dual blockade by 
succinylcholine. 
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SKELETAL MUSCLE RELAXANTS (PERIPHERAL ) 

Cat 9astrocnemius muscle nerve preparation 

Such 
( 400).lq) 

5UCCINyLCHOLINE (SuCh) 
(ISO .)!.'!) 

NEO 
( +oo JI'!) 

_..____,. 60sec 

A : shows spontaneous recovery ofter 
succinylcholine. 

B: shows phase I of duo/ block. 
c : shows phase JI ·of dual block. 

PARAMETERS OF STIMULATION 
VOLTAGE: 6-10 Volts 
DURATION: 5' mseo 
FREqUENCY: 1/10 sec 

Fig. 3-11 
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Exercise 5: 

Objective : To study the effect of centrally acting muscle relaxants 
on somatic reflexes in the cat. 

I. Set up a recording of the linguomandibular, flexor and patellar 
reflexes in a chloralose anaesthetised cat. 

2. With the parameters of recording kept constant, administer me
phenesin (25 mg/kg) i.v. slowly. 

3. Observe selective depression of the polysynaptic reflexes viz. linguo
mandibular and ftexor reflexes, while the patellar reflex is unaffect
ed. 
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:"' ..., SKELETAL MUSCLE RELAXANTS (CENTRAL) 

lin9uomandibulor 
reflex 

3.0 Volts 
I shock /2 sec 

F /exor reflex 
6.0 volts 

I shock/ 2 sec 

Patellar reflex 
(Knee jerk ) . 

i/s sec 

SOMATIC REFLEXES JN CAT 

Fig. 3- 12 
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Exercise 6: 

Objective : To study the effect of centrally acting muscle relax. 
ants in deccrcbratc cat. 

1. Perforn1 decerebration of an ether anaesthetised cat as described 
before. 

2. Set up a recording of patellar reflex. 

3. Observe that instead of a single sharp, jerk, a series of oscillations 
or clonus is obtained with every tap. 

4. Inject a centrally acting muscle relaxant like mephenesin. 

5. Observe that the donus is markedly damped with only a few small 
· oscillations with every tap. 
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DECEREBR~TE CAT 
of patellar clonus 

Fig. 3-13 
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Our road does not lie on a level, but 
ascends and descends, first ascending 
to axioms, then descending to works. 

SIR FRANCIS BACON 

Introduction 

A study of the actions of drugs on the 
cardiovascular system involves considera
tion of a large number of inter-related 
factors. _Experimental studies are easier 
to perform, analyse and interpret than 
clinical assessment, but the criteria chosen 
are similar. Blood pressure changes are 
an index of comparison very commonly 
(if not routinely) chosen in a pharmacology 
laboratory. This single criterion is mflu
enced by a wide variety of mechanisms. In 
the first place, it is maintained by a deli
cate balance between the cardiac output 
and the capacity of the vascular bed. It is 
controUcd by the autonomic nervous 
system acting on both heart and vascula
ture as the need arises, and is affected ac
cordingly by cholinergic and adrenergic 
agonists and antagonists. Furthermore, 
drugs that act independently of autonomic 
innervation on the heart and/ or vessels 
would also affect the blood pressure. This 
index ·of a3sessment of drug action is hence 
qualitatively extremely useful. In addition, 
the interplay of other regulating factor& 
like central nervous system, electrolyte in
take etc. can also be understood and the 
changes prcduced by a drug fairly easily 
quantified. 

Tlle h~art i~ inn~rvated by the parasy-

CHAPTER 4 

Car<l iovascnla1 
l)l1ar111acology 

mpathetic nervous system ~ough the 10th 
cranial nerve, the vagus and by the sym-: 
c;;'" • 

pathetic system from the thoraco-lumbar 
outflow from the spinal cord. These fatter 

. nerves synapse m the stellate ganglion and 
then reach the heart. The fibres of the 
vagus synapse in the substance of the 
myocardium and these intramural ganglia 
are not definable anatomically. Generally, 
the vagus and sympathetic trunks are in 
close proximity in the neck and may form 
a common trunk in the dog. In the cat, 
though enclosed in a common c;heath they 
are distinct, the vagus being identifiable as 
the fleshier trunk, while the sympathetic 
is a finer bundle. 

As discussed in chapter 2, the actions of 
these two portions of the autonomic nerv. 
ous system are directly opposite and are 
mediated by specific transmitters, nor· 
epinephrine and acetylcholine. They act 
respectively on ~ adrenergic and mus· 
carinic cholinergic receptors in the my· 
ocardium. The former subserves the "fight 
or flight" response· and produces tachy· 
cardia and improvement in force of con· 
traction of the heart, called chronotropic 
and posit_ive inotropic ·effects. The vagus 
on the other hand produces bradycardia 
and diminution in amplitude of contrac· 
tion. These effects are exerted directly on 
the myocardium and may be duplicated on 
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. olated preparations of t his muscle such 
1s . (E . ~'a use a foll in the perfusion pressure be-
• rabbit atna xerc1ses 1- 3). 

a> d' :i . mg recorded. Such a preparation is useful 
The myocar mm c en ves its energy re- for the study of va~cu l.J 1 changes in ab-

quirements from coro~ary . arterial blood sc~ce of reflex adjustments or myocardial 
supply, and any alteration m this arterial action of drugs. It is necessary to pin
system would hamper myocardial perform- polnt the site of action of drugs pro1ucing 
ance, as illustrated in the pathological hypotens.ion in routine screening experi
condition of coronary heart disease. This ments. H aving looked for direct cardiac 
disease calls for drugs that can dilate the and vascular effects, the action of the drug 
narrowed lumen of the coronary arteries on adrenergic t ransmission (which is the 
selectively, without deleterious effect on sole autonomic regulator of blood prcs
the myocardium. A simple method of sure) is investigated. This may be con
studying_ both 1!1yocardial performance and veniently done by means of the cat's 
~oronary artenal. calibre. as reflectc? by ·_superior cervical ganglion-nictita ... ting mem-
coronary flow, is the . isolated perrused brane "preparation (Exercises 6a, b and c). 
rabbit heart preparation of LangendorfT. Generally this is accompanied by a blood 

tlowever, it must be remembered that pressure recording with the help of which 
drugs that increase myocardial wm k can specific agonist-ant~gonist interactions can 
secondarily improve coronary flow in ab- be pinpointed as for example, if a drug 
sence of significant arterial disease as may is producing hypotension by ex: -adrenergic 
be noticed with epinephrine in exercise 4. blockade, the pressor response to exogen
Extrapolation of results from su: h normal ous epinephrine and norepinephrine will 
hearts to clinical situations is therefore be selectively blocked. The superior cer
unwarranted. Further, the removal of ex- vical ganglion is a sympathetic ganglion 
traneous factors such as innervation, effect with easily accessible pre- and post-gang- · ;:r /' ,., ... ~.- • 

of venous return, peripheral resistance of !ionic nerve trunks. The end point of its ... 
arterial bed etc causes the emergence stimulation is a contraction of the smooth 
of an over-simplified picture. There is as yet muscle of the nictitating membr ane ·of the 
no selective coronary vasodilator of thera- eye, which can be easily recorded on a 
peutic efficacy. The coronary vasodilator smoked drum/polygraph. 
action of sodium nitrite Exercise 4 is not A hypotensive drug which blocks gang-
the as1s 'O it.; efficacy in angina pectoris; !ionic transmission will leave re.;ponses to b\ \<.. • 
avenodilatahon and reduction in venous a post-ganglionic stimulation and injected ~0 
return causes a diminution in cardiac out- tpinephrine unaffected while transmission ~ v , ~ · 

_E!!.t and reduces the work load on the heart of pre-ganglionic stimuli will be blc-ckcd. Po~ ~o.~. t 
which secondarily relieves angina! pain. This blockade will also occur with adrener- ~ ~ + Q>~ 

Another method of studying a direct gic neuron blockade but the character is lA.,, ~ , 
vasodilator action which has the advant- !.C'mewhat different. The effect of pro- PY"~ C>. ~I, 
age of being uninfluenced by cardiac per- longed stimulation e.g. for 0 seconds C1.~t.q_t.:l-
formance is the method of perfusion of easily differentiates the two, or examp e tc~ ·© 
isolated region.:; of the body for example exercises 6a and 6b. A well sustained 
~ar5, cat hin~quart~~~_(_§xercise ?> contraction of the nictlta.Q_ng membrane kr< _1~~~~ 
~;~· J-\'S""'CXphrin~d-in-· the .. method later m - end a plateau-shaped tracing are found CJ'iT~ 
~his chapter, the perfusion of hindquarters with neuron blockade. An cc -receptor • 
is a closed circuit with a constant pres.:;ure blocking agent would blocl< the effects of 
rnaintained by a Sigmamotor pump. A nerve st1muiahon as well as injected epine
change in calibre of the blood vessels would phrine. A useful scheme for localising -
alter the capacity of the vascular bed, and The site of action of a hypotensive drug is 

~C.Wi\\e>1" ,~v r~~o~ I· ~o $fU.._,. fo-sf-3~'· ?o.t~-· EI \ 
~~· Q~~ f?-lrA.M.~ . - - 90~~. ~ ' "'lA9 l:j . 1~-::i . 

. . . , ~ . . ; e~~e.l~/ ~t.t. ,FtJ:fo~ e.wi . ' ' 

""'""""' • .~ n .dA-t"I tt&.J ""' 

{ 
1 
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~~ included in the Appendix. taken th rough the apex o f the ventricl~ 
crt-lL- r Maintenance of blood pressure involves and the thread is led over t he sy~tem of 
~~ the property c f contractility of the myocar- pul leys to the bar of the Starling lever 
~ dium; the other properties of this tissue which records the contractions on a 
'~~ tev.e for example conduction, impulse genera- smoked drum. 
j"4"" ~1:ion etc. are of~ortance __ ~_hen one con- Thuo.rcnary flow is measured in terms 
\ {~ sid~~s the _ _9rganism as a whole. The ~~rdiac g.utput per .m inute bc.cau.se in 

1 _ ~r -¥ ~ rhythf!t of the heart beat is a sum or all ~pr~p_ara.t1on, the. flu id e~ters t_nc aorta, 
...... ~1-W these actions, and plays a major role in t_he <;oronancs, the nght atnum. l'i~',h! Ven • 

. ...... , b 1~ normal cardiovascular functio~ing. - Alter~:_ t~ _an~ leave~ by the cut ends of '.he 
~ tions in this rhythm in disease states~r pul~n.ary __ ~rte1:1 cs.. Drugs to bt! studied 
r~.V following drug therapy, have therdor~ to for their action 0!1 coronary flow and rate 
~ i be set right with .the help of antiarrhythmic ~nd ampli~ude .of heart be3t, arc in_iected 

,1~ drugs. The actions of such drugs ~r~ __ into the side limb of the cannula m _tl~e 
oft~!l needed in arrhythmias induced by e.Q!:!a and the actions noted. 
digita.Iis therapy, and hen~e the· inductfon Practical points: It is generally advis
of experimental . arrhy!hmias with digoxjn able to adjust the rate ·of flow of perfu
serves a dual purpose as a modeJ for _anti- sion fluid in the Langendorff apparatus 
arrhyThmlC agents i~ general and _t.h_os~ and maintain the temperature at about 37° 
usefUir~ -~igi!ali_s ~rrhythmias in. P.arti_~r C. The aerating mixture used is oxygen. 
(Exercise 7). The solution to be perfused (Ringer Locke) 

Experimental Techniques 

1. The isolated perfused heart of rabbit 
or the preparation of Langendorff. A 
rabbit weighing about 2.0 kg is killed by 

_..........-stunning and cutting its throat to exsan
guinate it. The thorax. is opened quickly, 
cutting the sternocostal junctions with a 
pair of large scissors. The heart is seen 
behind the sternum, beating in its peri
cardia! covering. This fine membranous 
covering is carefully pickr.d up and opened 
out, exposing the heart and the great 
vessels. The heart and half inch of aorta 
are removed by cutting aJI these attach
ments and placed in a shallow dish con
taining warm Ringer Locke solution 
through which oxygen is bubbled. The , 
heart is gently squeezed to remove blood 
from the cavities of atria and ventricles, 
and to prevent clotting inside the coron
ary arteries. 

The heart is then cleared of extraneous 
connective tissue and the aorta tied in 
position over the tip of the glass cannula 
in the Langendorff apparatus. A suture is 

should be filtered through a cinter-glass 
funnel by vacuum filtration so as to re
move all particulate matter. 

2. The isolated rabbit atria. A rabbit 
weighing between 1.5 and 2.0 kg is killed 
by stunning and cutting its throat and the 
heart removed as described in experiment 
I. It is placed in Ringer Locke solution 
in a shallow dish and the exce.;s fat is care
fully but rapidly trimmed off. 

With a pair of fine pointed scissors, the 
heart is cut along the atrioventricular 
junction and the dark brownish ventricles 
discarded. The atria are left behind as a 
rapidly beating pale pink leafy pair of 

structures. They are carefully opened 
out and threads tied onto either end. The 
atria are then mounted onto an oxygen 
tube in a large bath in Ringer Locke solu· 
tion aerated with oxygen and their con· 
tracti-ons recorded by a Starling lever on 
a smoked drum. · 

Drugs under study are added to the 
bathing fluid . Practical points: (I) This 
preparati-on does not need a bath tern· 
perature of 37° C. (2) The automaticity of 
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in the right atrium may be in

che nodcby using Feigan's solution as the 
creased medium (Refer Appendix 4). perfusion 

103 
(3) In experiments where the spontaneous 
pacemaker is not required or is to be ex
cluded, the left atrium alone may be 

Fig. 4. 1: The isolatecl atrial preparation of rhc rabbit. 

Atria 

"h.. 4. I - a . 
u1e distinction between atria 
and ventricles is made by the 5~Parating groove and the 
difference in colour • 

.. 
" ( . 

Starling lever 

~e' 
,~ 

4. 1 -b 
. are dissected 

The atna d tied for 
d the en s . 

an f mounting. poses o 

0 

Oxygen 

Outlet 

free 
pur-

4. 1 - c 

The final set .up of the is~~f~: 
etl atria in Ringer Locke . 
tion at room temperature. 
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MENTAL PHARMACOLOGY 
SELECTED TOPICS IN EXPERI . . . embrane preparation of cat. 

. 
/ 

rt /ion - n1ctt1a11ng m 
Fig. 4. 2 : 

Th'- superior cerv1ca ga 'K 

Oesophagus 

carotid artery 

Superior cervical g. 
a 

Sympathetic trunk 

tJodose ganglion 

8 
Vogus n. 

4. 2 - a 
The approach to the superior cervical ganglion, from the anterior aspect of the 
neck. Adjacent landmarks are identified, and redundant structures removed or divi· 

uc::u between ligatures for easy access. 

Recorder Electt~dt• 

• 

• I 

Cannula In 
lingual artery 

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

. 
I . 

. I 

• . . 
Superior cervical ganglion 

4. 2 - b 

' 
Common ' carotid a • 

A diagrammatic representation of the preparation (Add.ti na1 f 
. • • 1 o eatures include details for 

provisional experiments to cannulate the I' l mgua artery) 
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mounted. . Th e nictitating membrane con sis ts or a. 
J. The supenor cervical ganglion and cartilaginous portion and a mu.;cular por-

. titating membrane of cat.* A cat tion, the contraction of which is to be re-
111c k . , 1 • 
weighing about 3.0 g 1s anacsthctis~d corded. The lower eyelid is sutur cu m a 
with ether chloralose (refer Appendix I) retracted position and the nictita ting m em-
nd the depth of anaesthe.;ia allowed to lnane freed of its con junctiva} attachment. 

:tabilise for a p_eriod of one hour. . A suture through the cartibginous por-
An incision is taken in the mi<lline of don is led over a pulley to an i.;otonic 

the neck and the paratracheal intermuscu- lever, bnlanced for a temion of...J.:2._g, with _ 
lar gap around the neurovascular bundle a sideways \\.Titing point. The caroti~ an-_ _ 
in the neck is gen tly opened up on one e ry on thi: ·other side is now cannulate<!_ 
side, i.e. the side on which the ca rotid i.; for the purpose of direct bloo.d pressure 
notto15e carinu1ate4_~ - '!'he lateral brancff:- 1ecording. 

--eS-oCfhe- carotid are tied off. Simila rly, Stimuli are obtained from a ~quare wave _ 
the carotlcf artcryon-the opposite side is pulse generatcr, t he amplitude, wid th a nd . 

1 c~ of connective tissue and kept pre- frequency being adjusted optimally fo~ ~)-~..:..:_ t/ pared for cannulation with the placement every experiment. 
<f't of two loose ligatures. The preganglionic and post-ganglionic 

&''\irrurtilerdissection of th~ superior cervi- nerves a re s timula ted a t vary ing voltage 
~..:- / calgangliOilis facilitated by severing the and the .... s_uQramaximal2 trength of current 

cisopbagus -and trachea at this stage and - is chosen for the_ experiment. --· - -~-
retracting their cut ends. . <fhis exposes ~.-Hindquarters perfusion in the intact 
the flat mu.;cl~s_ins~rted in!o the anterior anaesthetised cat. A cat 2.5 - 3.0 kg in 
surface of the vertebral column and the weight is starved for 12 h ours before the 
base of the skull. In a shallow depre~~ion experiment. 
!mmediately -latieral to these museles - is It is anaesthetised with ether chloralose 
seen a fleshy pinkish nodular sti=llct_ure . and the depth of anaesthesia allowed to 
which is tnesuperior cervical ganglio1t. stabilise for half an hour. The carotid 
From this ganglion a nerve trunk can be artery i~~nnulat~c!. for direct blood pres-
traced into the base of the skull for a sure rec ording. -
short distance of about 5-6 mm, the supc1 · - TJic abdomen is opened and the coils 
ficial pinkish fibres of which constitute the of 5>mall intestine retracted gently to one 
post-ganglionic part of the sympathetic side to expose the peritoneum on the an-

------=... -- - ' 
supply destined for the eye. A bipola1 ~!'ior surface of the vertebral column:-" 
electrode is carefully manipulated into This peritoneum is gently opened and the 
position under this post-ganglionic nerve. aorta located as the pulsatile, shining, 
It may be empha.;ized at this stage that the thick-walled structure in the midline ac: 
~nglian derives .its...bloocLsupply _ fron1 companied by a large vein. The aor~a is 
!_Tl~ltiple small_ ar~erio1e5 arriving from .its' c~refully cJeared for a distance of about 

' \ ... '! \· 

. ~ateral asi)ecf-;jiif_h_ !!1_1:!?t - theref~rc - be s.ix inches from its bifurcation. Three loose · · ,,-
T ntouched throughout the experiment. ltgatures are placed under it in re::idiness ~-u· " .:,;;._ 
*-P~lioni<:__§i'mpathetic nerve _i3 _.for cannulation as follows: a central one, 
in~ly accessible i~ .the_ symp~~~~tic trui;.~· c?e j~st above the bifurcation and one as_ 
an~ he~, accompany.ing the . carotid_ high m the abdomen as possible. 

1t h.ry, and an electrode 1s placed around The apparatu~ used for perfusion (in this 
ere s· 
~ case a 1gmamotor pump) is prepared for 

. , ·-~ · . . ~~evfch D. A. ''Ganglion-blocking and ganglion stimulating agents" Pergamon Press, Oxford, 
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the l!Xperimcnt by filling the enti re systern 
with heparini,;ed saline (10 units / ml), and 
connecting it to a mercury manometer. 
The central ligature on the aorta is then 
tied and the two ends of the perfusiun 
cannula inserted above and beiow this 
liga ture and secured firmly in place with 

If a druo under consid~ration when in-
" jected in to the ,;ide tuhing of the perfu. 

<; i, n system causes a fa ll in perfusinn p1 es
su1 e, it has do~ so by incrca:;i ng the 
V61ume of a cksed, const;.in t pressure cir
cuit and it is thereby interpreted as l eing 
n vas,-:dilntor. Conversely, a rise ir, i>er-

Fig. 4. 3: fli11dquarters' perf11sio11 in the cat. 

MANOMET 

~eparinised blood is circulate~ by a ~i~am?tor pump from above to below an aortic ligature. 
A mercury manometer placed m , the c1rcu1t, distal to the pump records perfusion pressure. Drugs 

are injected into a side-tubing in the same limb of the apparatus. 

the other 2 ligatures (refer Fig. 4.3). The fusion pressure would mean a vasocon· 
rate of perfusion of the hir.dquarters is stricter effect. 
adjusted so .as to maintain a u~iform pre~- These changes will occur only in rerfu· 
sure head very similar to that 2ecor~ed _ sion pres.;ure, and the systemic blood pres· 
from the carotid artery in this animal._ sure recorded from the carotid will not be 
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5. Digoxin induced arrhythmias.* A 
dog weighing between 10.0 and 14.0 kg is 
anaesthetised wit h pentobarbital sod ium 
35 mg/ kg i.v. in saline. The limb leads of 
an· electrocardiograp h (or a P olygraph con~ 
necred through the appropriate amplifie:
and lead selector) arc placed in position 
with .subcutaneous needle recordino 

::> 

electrodes. A standard II lead is record-
ed, preferably more than twice, nt 1 O 
minute intervals prio r to ind uction of 
arrhythmias. 

Digoxin i5 then infused slowly intraven
ously in a dose of 40 fl g I kg over a period 
of 20 minutes. The ECG is scanned fo r 
the appearance of the characteristi c irre
gularities. Supplements of 20 fl g / kg after 
30 minutes and IO fl g/ kg after 60 minutes 
may be required to establi~h typical ar
rhythmias. After the appearance of such 
ECG changes as prolongation of P-R 
interval, or depression of ST segment, or 

inversion of T waves, the cirug to be tested 
for un tiarrhythmic propertie5 is given in
travenously. Alterna tively, if the d~t! 
of digoxin requi red for induction of ar
rhythmia has been standardized within a 
fixed range, the change in this dose by 
pret reatment with the antiarrhythmic may 
be assessed. 

6. Recording of atrial and ventricular 
brats in an open chest preparation. The 
open chest preparation of an anaesthetised 
cat is set up as described in chapter 2. 
In addition to the suture placed in the 
ven tricular wall, an additional one is taken 
through the atrial appendage. A record
ing of each beat, atrial and ventricular, is 
obtained by separate displacement transdu
cers on the Polygraph. The effects of 
drugs to alter atrioventricular conduction, 
-or p referentially depress ventricular func
tion, or to cause atrioventricular dissocia
.llon is thus amenable to investigation. 

·ph acological Testing Methods" . Medical Research Series, 
"' Burger A. (Ed .): "Selected arm York 1968. 

Vol. 3, Publ : M. Dekker Inc., New ' 
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Practical Exercises 

Exercise I: 
Objective : To study the effects of adrenergic drugs on cardiac 

muscle. 

I. Set up a preparation of isolated rabbit atria as described. 

2. Allow the preparation to stabilise for 15-30 minutes. 

3. Add epinephrine in a dose to obtain a concentration of 0.1 f1 g/ml 
for a period of 180 seconds. 

4. Wash out the drug and allow a recovery period of 2 minutes. 

5. Add norepinephrine in the same dose a.nd for the same period of 
time. 

6. Follow this by isoprenaline in an identical dose and timing sequence. 
Note that all 3 catecholamines enhance force and rate of contrac
tion in the order Iso > E > NE 

7. Add phenoxybenzamine to the reservoir fluid so as to obtain a con
centration of 0.5 f' g/ml. 

8. Repeat the sequential additions of epinephrine, norepinephrine and 
isoprenaline in the presence of phenoxybenzamine. 

9. Observe failure of blockade and actual slight enhancement of the 
actio.n of thes~ catecholamines, indicating that mainly ~ receptors 
are involved in the process of myocardial stimulation by these 
catecholamines. 



180 

CARDIOVASCULAR PH ARMACOLOGY 
109 

ADRENERGIC 
Isolated 

DRUGS 
rob bit atria 
PHENOXYBENZAMINE ( O.S J.19 /m/) 

£ IP IP 

! ! J 

E: Epinephrine (o.1p9/m1) NE: Nor-epinephrine ( 0.1 J.19/ml) 
IP : Isoprenaline (o.os JJ9/ml) 

W: Repeated washing 
Fig . 4-4 
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Exercise 2: 

Objective : To study the nature of the cholinergic receptor in the 

heart. 

1. Set up an isolated preparation of rabbit's atria. 

2. Allow a stabilization period of about 30 minutes. 

3. Add epinephrine and isoprenaline to a concentration of 0.1 µ g/ml 
in the bath fluid as in exercise 1. 

4. Add propranolol (a ~ receptor blocking agent) to the reservoir 
fluid to achieve a concentration of 0.05 µg/ml. 

5. In the presence of propranolol, add epinephrine, norepinephrine 
and isoprenaline in the same amounts as before. 

6. Observe a complete blockade of the actions of epinephrine, nore
phrine and isoprenaline, confirming the involvement of ~ receptors 
in the stimulant action of these catecholamines on the myocardium. 
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E : Epinephrine (o. I P9/ml) NE: Norepinephrine (0.1 µ9/1nl) 
IP: Isoprenaline (o.os µ9/ml) 

w : Repeated woshin9 
Fig. 4-5 
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Exercise J(a) . 

Objective : To study the nature of the .cholinergic receptor in the 
my~cardium. 

1. Set up an isolated preparation of rabbit's atria . 

2. After an initial stabilising period, add acetylcholine to a concentra
tion of 0.1 fl g/ml in the bath fluid. Elicit two such responses. 
Note the di1ninution in force and rate of contraction of the atria. 

3. Add atropine to the bath fluid (1.0 fl g/ml). 

4. In the presence of atropine, re-elicit the response to acetylcholine. 

5. Note that atropine has completely blocked the response to acetyl
choline, confirming the muscarinic nature of the myocardial 
cholinergic receptor. 

Exercise J(b) 

1. 

2. 

3. 

4. 

. 
Objective : To study the effect of cholinergic drugs on the myocar-

dium. 

Set up an isolated perfused preparation of rabbit heart. 

Inject carbachol (0.1 nlg) into the side tubing of the Langendorfl 
perfusion apparatus. 

Observe the depression of contractility (in this case, actual cardiac 
·arrest) produced by carbachol. 

Inject atropine (0.1 mg) and note the immediate recovery of the 
heart. 

l 
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Exerci e ..J: 

Objecth·e : To study the e.ff ect of drugs on n1~·ocardia.l pt'rfortn. 
ance and coronar~· flow. 

1. Set up an isolated, perfused preparation of rabbit heart. 

2. Record the amplitude of heart beat on a s111oked Jrum . ..imultane. 
ously note the heart rate, and the coronary outflow in 1111 min. 

J. Inject epinephrine (2.0 pg) into the tubing of the aorttc cannula 
and observe the increase in force and rate of heart beat and the 
increase in coronary flow. 

4. Inject sodium nitrite (Q.5 n1g) and observe absence of significant 
effect on myocardial perfonnance, but increase in coronary outflow. 

5. Inject aminophylline (1.0 tng) and note the improvement in force 
of heart beat, tachycardia and increase in outflow through thr 
coronaries. 

6. Inject oxytocin (2.5 I. U .) and note a slight myocardial depression 
and diminution in coronary flow. 
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. 

Exercise 5: 

Objective : To study the efTect of a drug on bloou vrsscls. 

1. Set up a hindquarters perfusion experiment as described, with 
simultaneous recording of systemic blood pressure from a common 
carotid artery. 

2. Inject graded doses of a vasodilator drug into the side tubing of 
the perfusion cannula. 

3. Observe the fall in perfusion pressure unaccompanied by any 
changes in systemic pressure, which confirms a direct vasodilator 
effect. . · · 

(In our experiments \-ve used a synthetic piperazine R-1361; 
however, acefylcholine and histamine would yield the same results. In 
addition it would be possible to study the interaction with specific 
antagonists) . 

. . 

. . 
J 
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Exercise 6: 

Objective: To compare the modes of action of hypolen h·c drugs 

on (a) ganglion, (b) adrenergic neuron and (c) adrener. 
gic receptor. 

(a)l. Set up a preparation of nictitating membrane - superior cervical 
ganglion in the cat as described. 

2. Select stimulation parameters for preganglionic and post-gri1 glionic 
by gradually increasing voltage until a maximal response is obtained. 

3. Keep these pa1·ameters constant throughout the experiment. 

4. Record the responses of the nictitating membrane to prcg::mglionic 
stimulation for periods of 30 and 90 seconds and pos t-gang1ionic 
stimulation for 30 seconds. Elicit two responses of each to ensure 
~nsistent results. 

5. Elicit a respons·e to epinephrine injected i.v. 2.0 µ g/kg. 

6. Administer pentolinium tartrate in a dose of 1.0 mg/kg. 

7. After a period of 10-15 minutes repeat stimulation of pre- and post
ganglionic sympathetic nerves. 

8. Observe that the re~ponse to preganglionic stimulation is diminish
ed for both 30 and 90 second periods. The response to post· 
g_angli<;_>nic nerve stimulation is unaffected, as also the response to 
injected_ epinephrine. 
- . . 

9. Eli~it these responses after 60-120 minutes and observe that they 
have recovered from drug action completely. 

(b)l. Set up a preparation of nictitating membrane - superio_r cervical 
ganglion of cat as described. 

2. Elicit control responses to stimulation of the preganglionic sym· 
pathetic nerve for 30 and 90 second periods and of the post
ganglionic sympathetic nerve for 30 seconds. 

3. Record a response to injected epinephrine (3.0 µg/kg). 

-
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4. Administer bretylium tosylate (2.0 mg/kg). 

5. After a period of 10 minutes re-elicit the responses recordeci pre. 
viouslv. 

6. Observe that the response to post-ganglionic stimulation is urwlter. 
ed, while the response to prcganglionic stimulation for both 30 and 
90 seconds is diminished. 

7. Contrast the latter response (to 90 . sec stimulation) to that 
obtained after pentolinium tartrate and note that whereas the 
ganglion blocker caused ;:t gradual loss of tone in the stimulated 
nictitating membrane, the neuron blocker maintains this tone thus 
causing a plateau shaped response to contlrluous stimulation. 

8. The response to injected epinephrine is unaffected. ,---

9. Recovery is seen aftP.r 120 minutes. . 
• 

(c)l. Set up a preparation of superior cervical ganglion-nic;titating mem

brane in a cat. 

2. Elicit control responses to stimulation of pre- and post-ganglionic 
sympathetic nerves, and to injected epinephrine (2.0 µg/kg) . 

3. Administer phenoxybenzamine (3.0 mg/kg). 

4. Re-elicit the responses previously recorded. 

5. Observe that responses to nerve stimulation as well as injected 
epinephrine are blocked. 

6. Recovery is -seen after 120-180 minutes. 
I 
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Exercise 7: 

Objective : To study the antiarrhythmic action of xylocaine. 

l. Start an infusion of digoxin 40.0 µg/kg / 20 min in an anaesthetised 
dog as described. 

2. Observe the onset of characteristic ECG changes. 

3. Begin another intravenous infusion containing xylocaine <3.0 mg/ 
kg) given over a period of 10 minutes. 

4. Note a complete reversal of digoxin induced arrhythmias. 
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Though this be madness, yet there is 
method in't. 

HAMLET W. SHAKESPEARE 

' 

CHAPTER 5 

J)r11gs ~.\ct ing· 
011 the ()<•11 tra I 

N er,rous S)·ste1u 

Introduction use of precision electronic cquipmt'n t have 
It is practically impossible to cover in a not been mentioned, since thesl.! \-. ill be 

sin~le chapter an account of methods used carried out only by a few spccial'.sed de
for evaluating the effects of drugs on the partments. A bibliography of st lected 
central nervous system (CNS). The readings will cover the references to these 
functions of the CNS are so complex and techniques. 
widespread, that at best one ~an give a General Screening Procedures 
very sketchy account of the techniques For successful testing, it is necessary to 
used to evaluate effects of drugs on some define the approximate dosage on ,,·hich 
cf the functions. Broadly speaking, the the tests will be carried out, dnd aiso if 
drugs may either decrease or increase a possible information on onset, peak effect 
particular function or functions 0f CNS. and duration of action. When a new 
Depending upan the dosage used. one could chemical is made available, prim-ary scrcen
gct a variety of degree of alterations in ing for CNS activity is carried _ou t in mice_ 
functions. The interpretation ,)f the test · Q!.. rats.Some ~ t_!t_e _ co!!_lpot;mds arc al~q, 
will depend on what one is looking for as screened i!l cats. A variety of I nformation_ 
the final objective. ~NS dep~esant may can be made available from these screen· 
produce a mild sedaticm, decrease_ in ag- ing-:- procedures by simple Jbscrvations. _ 
gressiveness:- hypnotic effect or general These tests though developed as tests for _ 
anaesthesia. In this cha.pter we have. given centr~1 ac~n ? f ~J)lgs, not only dt->tecr 
a general plan ~f screening drugs a~tmg on seaahves, h_ypnotics, tranquilliur~,, CNS/ 
CNS, and have included a few ~pel:1fic tests stimulant$, muscle 'letaxants an:tlocsics, 
for specialised activities. A general dis- an-d anticonvulsants( but al 5>o d~tect ~curo· 
cussion will be followed by a series of muscular --blocking agents /atropine · 1ike 
p~actic~l exercises .which will illustrafe the .. cJrug:;, sy!!1__pathomimetics, ~eripheral vaso· 
d1scu~~1on. Selection of the exercises has constrictors and vasodilators, diuretics, 
b~~n based on th~ ~imp~icity, reproduci- ~etylcholine like compounds, etc. The 
b1hty and ease with which they can be screenino test in mice is carrieJ out in 
carried ~ut .in mos~ of. the pharmac.ology male albino mice. The test compound is 
laborato.n~s m teachm~ mstitutions. High- m1ected intraperitoneally in dose'i of 5J1-
ly sophisticated techniques involving the ~QQ, __ 200_, 490 and 800 mg/kg. Thr~e 
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antmals arc used per dose Th . 
SYSTEM 125 

th~11· b · e rmcc <i re 
0 served ·111d test '<l · · • · c m vcinous ways 

to measure onset 11c·t1 . durat1'on d t 
• • • - - ' l ", ~ an ype .;!/ .ict1v1ty. The approximate LD;,u of the 

drug c~n also be estimated. from 1hesc 
approximate LD.,o values, accurate LD 
~ctcrminations can be planned more elie~: 
t1vely Tl · · l e various changes l,bscrvcd 
~ould be quantified by assigning ~cores. 
F~ay be assigned for a characteristic 
which is normal. which can be increased 
to 8 for increase in that particular activity 
and decreased to 0 for decrease of 1hat 
activity. Signs normally absent begin at 
0 and are graded upwards upto 8. Thus, 

~ all the effects are scored in a scale varying 
from 0 to 8. The effects observed arc 

' mot9r activity,' PQ.~tu_re, closur~o_f the eye
~ ~s, size of the pupils, m_otor incoordina
~ !i_on.1 muscle ~e, reflexe~ aw<ug_!less of the 

&urrounqirrgs, autonomic and miscellane
ou~tions. Each of these can -be sub---------- ---
divided: under reflexes include pinnal, cor-

drugs which will prove the reproducibility 
of the results. 

Drugs which show interesting CNS 
activity by these tests can also be scrcu1c<l 
for behavioural effects in cats. Vllr:ous 
parameters of 0hservations can be noted. 
The details of the recording chart arc given 
in fi g. 5-1-c. Detailed ~pcci~£:. te:,ts arc_ 
carried out usu<i lly-at ff 5th or 1/ 10th the .._ --------· --·· - --- ===--LD:·•1 dose a3 judged by-prima ry screen:. 

'Int!, procedure in mtce..; - ... , 

Specific Tests 
Tranquillizers and Sedatives : The 

methods available for the assessment of 
tranquillizers are numerous, thcugh their 
interprctati·on is sometimes difficult. The 
major problem of obtaining an animal 
model re"sembling human psycho~is and 
neurosi;-reriiai ns stili _u_~~ol~ed. However, 

--many · cxperim-cntal ·tcchni.ques which have 
been propo~ed for the evaluation of tran
quillizers do provide a reasonable working 
foundation for further investigation. The 
methods may be considered under the 
following headings as suggest~d by Riley 
and Spinks (1958). 

neal, scratch anci_ __ righJi11g.Jf~ex; under 
mvareness, one can observe the animal's 
alertness, orientation, struggle respon~e, 
aggressiveness, stupor·, etc. A ~pic~l cha_rt 
of the observations recorded, is given m 
Fig. 5-la, 5-lb and 5-lc. !1:e ob.servations-· 
are made before the adm1mstrat10n of the 2. 
Uruo and repeatedly at periodic intervals for 

1. Methods of measuring general sedative 

i p;riod of 4 hours and at 24 hours. The 3. 

action. 
Behavioural methods (not involving 
conditioning). 
Ncurophysiolcgical techniques. 
Antagonism to psychotomimetic drugs. 
Conditioning methods. i;nimals arc · further observed~_ 4. 

1 d.etcct any toxic cffe_:ts. During tbese 5. 
!observations, measurements c~n be made Methods for measuring sedation. A 

number of methods are used for mea~uring 
sedation. Their value depends on · the- -
extent to which one expects sedation to- be 
the property of a drug one· is looking- a1. 

, I· j of body temperature, analgesic ~ect. to 
. ainful stimulants, etc. Some of the nuce 
Ip always injected with vehicle to act as 
~ are . . roce . ia control group. This screening p ... 

·,.- .. ~dure gives an overall profile for the :ict1v1ty 
-- · of the drug, approximate LD50 and s~me 
.. , ,.. . · b t 'ts potency onset of ~ctton, 
~::1 idca ·a oµ 1 ' , · ''·'· .· ·.. f action etc. There are many t '·-:; duration o ' . d ~/ .... I limitations' .to this . screening _vrocte .ur~. 

: ... :·· .\:' . . ·· tJ·e ·procedure 15 observauona, 1t is 
' ·, '· .. since 1 . tl . b '.':f ·/~ . I t be biased. However, ns <·:in e 
,~~.;._; .. ,, Itab e .. o · d d se ~·:"./;'.: { . . ·. . . d by using a bltn proce urc, u 
.... .,,.: • • .f ,. nun1m1se f t dard :-tr~.;;_,n f . , r controls . and use • s an 
~~!~~:'.] 0 _sa _me 
•~1~"'.n}1 ._ 
~ ....... ~ ,, 

. ~· .. _. __ 
\ 
Fall-Time Methods: ... Fall-time b:ls been 
~- to_as~~0e abilitY,· of controla nd 
_!!:~!e1_!!},_i~e, tcLmaintain equilibriun'!_1msL 
muscle control. The methods fall into two 
i roiips; · ~t1os; ~~LJm:JiJiS;.d ~ .i?.l~!!.c~~- ~n~-: __ 
~hose ~s1~~..l£!!!.~S-!~.s.;..... The angle of 
thc ... slope of the inclined p1ane, or the rate .. 

I • 

I ""-~ 

• 
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DATE 

SAMPLE SOLVENT 

PRIMARY SCREENING 

pH 

ANIMAL: MOUSE 

ROUTE 

STIMULATION I DEPRESSION I AUTONOMIC EFFE_c_r ___ __ 

dJ 

E 
~ 

30 min. 

I hour 

2 hours 

4 hours 

24 hours 

VJ 
~ z 
~ 
::E 
::E 
0 u 

I 
C/J ::::: c: I o oc:: 

,.!:.( > ·-
>.I . I c:: 
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0::: g iz I ~ -~ I .2 ! .~ '~ · "? I Vl g- ~ -= ;: ·=1'REMARKS 
..._. -.C ,......, ~ .._ 0::: C:: . ....... u I Vl I I ;u "(7. ··;::: C ::::: ~ 
o 0 u o c:: / o c .~ 1 0 ~ i ~n-9 5 ~ 1 :::; ~ . 23 t; 

o.., t/l ;.:s C I _; ~ :;: vi - - _... () • - C l 'C ,..... U 

v Vlo ~· ~ i:l p: I ~ o... i ;., I ~ I Vlo' ~ I g 12 -9 I ~ I co; 1~ .C C/'J 
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ONSET OF EFFECT • APPROX LD-50 
0 = '\JO f>. .\ !AL 

DURATION OF ACTION 
1 + = 1\lfLO OR 

tvl ODE f<ATE 
EFFECT 

f 

EFFECTIVE DOSE 

NATURE OF ACTIVITY ' 
- ,_ 

- ---~a_ )>.~ ~QS° 
PEAK ACTION • 

- .L + = .'V1AHK ED 
SlGNA TURE t F FECT 
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C\ 
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Approximately LD.o _____ mg/ kg i.p. mice 
Cause of death 

code - = no eff e t 
PRIMARY SCREENING _ ___ ------~ - -

+ + = strong effect + ;;: mild effect 

( } \-uoaE_ -"EF"-

1 
_G_ROS5_':""~-.-"-·_Tl-ON_S_M_Jc_1: __ ;-M-G-'K-G-: ___ =-..;. -"":' -_"T"::'T:-:-1 - c:.~~~V~5CULAR (DOGS o~i _ _ __ _ 

Stimulant I 1 
1 At.lrcnergic - ..J.. + ± 

.....-?. ttyperactivity I Adrcnergic Blockade 
Irritability I I 

11 
Cholinergic 

Tremor I Anticholinergic . 
Convulsions (tonic) I . Ganglionic Blockade 
Convulsions <clonic) I I I Central Blockade 
Piloerection I An ti histaminic 

Depressant 
Ptosis 
Sedation 
Anaesthesia 
Ataxia 

J Loss of righting reflex 
Catatonia 
Analgesia (tail clip) 

Straub's tail phenomenon 
Rotating rod test 
Loss ot p1acing reflex 
Loss of pinna reflex 

Autonomic Effects 
Laboured Respiration 
Cyanosis 
Blanching 
Reddening 
HYJ>Othermia 
Abnormal Secretions 
Diarrhoea 
Constipation 
Distress 

' Hypertensive 
lj Hypotensivt! 

Tachycardia 
l Bradycardia 

l' Diarrhoea 
J Emesis 

I 
ii 
I 

/ Smooth Muscle (g. pig ileum l 
j Antiacetylcholine 
I Antiserotonin 
ii Antinicotine 
ii Antihistaminic 
:1 Anti Barium-Chloride 
II . · Contraction 

I. Antipyresis (rats) 
Diuresis (Rats) 

I Anti inflammatory test 
I Carrageenin Oedema (Rats) 
I Cats: 
I Hyperactivity 
I Restlessness 

Decreased activity 
Nic-Mem relax 
Vomiting 

Motor Activity (mice) Diarrhoea 
Increased Salivation 
Decreased Aggressiveness 
Anti-Convulsant test Sleep 
(mice) Motor tone 
Analgesic test I Gait 
b) CbernicaJ I Appetite 
a) Electrical (M.E.S.) , 1 Tremors 

. .,..) B.rbital SOdium Hypnosis j I Convulsions 
'.··\ Anti-reSi>o ...... ine test Respiration 

· ~~ ~ ..___----:::.!._~~-·~~:.__~------~~~-~----------~~~~~--~~~ ~i .... ; 
,:;. 
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Solvent:--

Convulsion 

Tremors 

Hyperactivity 

Restlessness 

Piloerection 

Decreased activity 

Sleep 
.. 

Motor tone 

Gait 

Aggressiveness 

Nictitating membrane 

Pupil dilatation 

Pupil-constriction 

Salivation 

Vomiting 

Urination 

Diarrhora 

HRIMARY ~CREENtNG 

ADMINISTRATION 
~OUTE OF 
DOSE:-

DATE : 

ANIMAL: CAT 
SEX: 
\iVt. 

I Rosal j i hour ] 1 hour I 1 ! hour I~ hours 13 hours 14 hours 124 ~ 
I -------

/ 
I 
I 

I 
I I 

. I r· 
! 

I I 

I ' I I I 

I 
I 

' ' 

I I. ' 
i 

' I I I 
I I i I I 

1· I 
I 
I 
' 

I 
I 
I 

I r, . , 

, .. 
Rc:;piration 

. I 
. I 

I 

Appetite 1' 

--~.~~1~-· .L_l_-L--LLL~ 
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;' f revolution of th~ rod is ud jus t'!d so tha t culations on drug responses. Rotarod pcr-
l ~ornia l mice r~n:~1111 on the JPP<:ratu~ for for ma nee of mice treated with CNS de-

certain fixcdz t1!11$\ and th-:: mic~ dosed pressants could be recordeJ as citfier a 

!<."a . the type of'~rug to be s tudied, fall per cent decrease in pcrform<.111cc time on . et,\llth . d . •' 0' otf dther due to _excessive <;c· ati? n, or_ the rod or oer cent of animals falling 
(~} of muscle tone. The results give an o.""ff the rod at a predetermined time. A. 

0 less..- 1 k . 
1 t "' . -d·cation of onset, t ic pea J(:t1011 and more consistent dose respons~ effect is 
.l 10 I f h . . h 
·~ the duration o t e actio n .o t t .e drug. obtained from chlor roma1.ine when the 

The results are . calcul~tlL'd m terms of (P~rlormancc t_imc method rccNding is . 
pe~age of mice fallin g off a t __ _:i~ r~ous --c(sed._ If an animal scores "x .. seconds on 

' l / 
' Q \, ... 

. y \"' Fig. 5. 2 : T!te rotating-rod (roturod) ut up f or f ull time vf mice. 
'I/ :() 

<er;~~" WHEEL 
I ~\ ' ... J l(i 

( ~ ~ -

- . 
L...! I . ' 

' - I .. 
I-

R MOTO 
r-- ~ 

intervals (Exercise no. 1). The classes cf 
substances which are shown to be active by 
these tests include sedatives, tranquillizers, 
hypnotics, alcohol and also convulsants. 

· it curare and other muscle relaxant drugs. 
l'1 • .he effect measured in fac;t is neurotoxi~ 

city and the. test migl'it be most valuable 
. ~discard rather than -sele ct-· pot;n-t~al_ 

tranquillizers. 
--. .... ... _ - --- ---

There has been recently some renewed 
thi k' n mg about the importance of 10tarod 
n
1
1ethod (Kinnard and Watzman, 1966). 
nstead f · 

d o Just notin(f 'fall off' time more 
etailcd b . o ' 

is i!n- --~--~~rva!~~f!?_ sh£~ld b~ ll?ad~_. . _It 
. · . P0 rtant to observe the animal \Vhilc 
It IS Walk. . . 
h~~- ... ·~~ .-Ol• th~ rotating rod .t~ see. 

.tt ~ 
" 11 I 

\l - -

~ .. 

lhc rod under a lo\v dose .1nd a ·Jicss time 
under a higher dose, a satisfactory dose 
response curve would be achieved under · 
the time response procedure. The fall out 
time method would represent a 100 per 
cent depression for both the d'Jses. It is 
also argued that rotarod does !}Ot just 
pick up neurotoxicity but Jl~o g\~es scn:ie 
indication of other behavioural effect 
which could be _t:aj_l_ed tranqµillizing or 
an~iety In the standard rc.tarod pro-
~edure the flat table on which the mice fall 
is substituted by an electrified ~::id. There 
is a marked difference in effective dc.scs or 
EDai.1 between shock and non-shock experi
ments with drugs like chlordiazepoxid(} 
and diazepam, whereas there is no signi
ficant difference in animals treated with 

1 

~~!!Y-time~ the <!IJJ.m.a! . takes 'free 
~· A free ride is defined as a rcvolu-
~oond of the rod during which the animal 
uo11 on ------=----_,...~-...,.-~~......,..,.~~-
~ to the rod, rather than walks on 
· "?r. ese free rides could affect th':! cal

.... 9 

· meprobamate and mephenesin. Chlordia
zepoxide probably alte11s the motivation 
to stay on the rod to avoid the shock situa
tion. It is argued that the rodents may 

..... .. 
r..fY ·"' 

. J i ~ , . l 1,,: ~ 
, ( f'\t. • • I•.·"- / • "" . J 

' " " ; ' " r' ·' , .., • ~ ~ r 
' ; 

' ~· 
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fall off the rod with some drugs because. of 
lack of motivation and not neces~a:i~y 
due to ataxia. It seems with the initial 
depression that the dose of ~ compound 
as measured in the observatrnnal pi oce
dure, correlates quite well with EDso 
from the rotarod test without sl:ock. The 
initial ataxic dose seems 'to correlate well 
\vith ED,,0 obtained with shock. These 
observations need further confirmation. 

or forced movements of the an{rnals. 
~ 1'he activity of mice as measured in a 
pflOt"oelectric activity box (actopho tometer) 
is one of the commonest methods used. 
A group of 6 mice is placed in the acto. 
photometer and the mov.emcnts are re. 
corded for a period of 10 minutes at a time. 
Each time a mouse cuts through a beam 
of light the photocell is activated- and a 
cumulative count is -recorded. The move. 
m~-ts_m_ rec orded at 0 hours and at the 

Reduction of Spontaneous Activity. One end of 1, 2 and 4 hours 3fter drug admini-
of the most obvious signs of sedation in stration. A control group receiving only 
animals is a red~.~tion j u .. - their motor ..- the vehicle is always included Cutting 
activLty~ .... The animals used 3re either mice (1959) described a variation of this method 
or rats. Movements are measured in vari- designated as orientation hyperactivity. 
ous types of activity cages. These activity Mice are allowed food and wciter till the 
cages may be those which- revolve or rnay begi~ning of the test. ~ Th_e total2ctivity. al 

,,.. move up and down (jiggle cage) due to r minutes is recot"ded. The recorded 
movemen s o amma s, or thosi.: with ~ctivity is compared to solvent treated ~on
photocells which aI'.C activated when the trols and e~resses!-E? _ _percentage inhibi_: ' 
rays of light falling on photocells are cut off tion or increase. In a new environment :--..------ ---. . -~- . 
by animals crossing the path of the light it 1s expected that the animals will be curi-
beam (actophotometer) . . Th~ revolving-· ous and explore the surroundings for a a 
wfieel -records the- r unning activity of an short period of time. Anothet variation of~ 
animal. The jiggle cages record the over- this test is to stimulate the ·spontane~us V4 
all activ?ty of the ammar, whereas acto- motor activity by injectino amphetamine ~~ 
photometers record the active exploratO'rj (4 mg/kg s c.). The effect ~f th~ test c-offi: r~' 

~/pound on this amphetamine in~uced hyper- tV 
1.-- activity is then· recorded. and expressed m 

Q. ~ "' - I 

Fig. 5. 3 : Diagram of the construction ' ~rms of percenta~e of amphetamine treat- ~~ 
of 011 acto-Photometer. ed group. rv 

LIGHT SOURCE 
' 
' \ 

' I 
I 1 I 
I ' I 

----:- -· ---"- - -
I I I 
' I I ----·- -J---·--- -
I I I 
I I I 

• - -T - 'T-•---· 
I I ' 
I I 

' 

~· D. P. N. (~/ ~ iminodipropionitri_le) 
when injected in miceproduces a hyperac·_ 

._!ive state which lasts for montLs (Azime et , 
al, 1956) . ..Mi_ce so treated ::ihow a continu:_ 
ous circling activity. Chlorptomazine, reser· 
pine and hydroxyzine stop the agitation 
and circling of the IDPN mice and normal· 
ise their response to noxious ~timuli. Hyp· 
n?tics like barbiturates arrest circling acti· 

"PHOTOCELL vity only at narcotic doses. 

-------r----l / ~phe~~minc Aggregation Toxicity. Amp· · 
~.etamine when injected in mice causes ex· 
~itement which is much more pronounced 
if the mice are kept together in one cage 

- COUNTER 

rather than separately, one per cage. Jncre· 

\ 
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.!.. ··d stinwlat1011 o~cunng 111 grouped mice bi tJ I 5kc . . . . 
as: ses the tox1c1ty of amphetamine by t~h t h pmg time. This is due to the fact 
·0crea . n t ere a re sev J 'bl · 1 • 

1 
10 timl!s (amphetamine 14 mo / kg .1 . h~.;.::_ era poss1 e ways m 

near Y . - e- \\Ill e 1 uruSJs may :or; b b -
1 . ) pro tection agarnst the toxicity of am- ti on- Som~- -.££0 o~g___ ar_i~~~t:. -~c·_ 
; ~~a;;c in _gr?up_~d mice .ca_n be obtained susc~ ti bil~t substance~ :may incre31~e t~e 
~ ( P atment with tranqu1J11zers Chior b, ·b·. p Y of the bra!n to the action of 
' bY tre - : - at 1turatc or may · d 

l 
......-:"". ·ne and reserpine atford prote ct·- . ' increase _or ccrease 

PromJZJ - - · ion vasculanty <Jlterincr th t f f 
' .. ~t\vhcreas mcprobamate and b :- b· . . . b e ra e o entry o 
1 ~n tut1 JS;:, u :.:>• ~ - -: - en at b1turatc rn the brain The short 

tll.41Gt°IVe. - - - d . . · 
urat1on of ac tion of hexobarbital is 

oxygen Consumption in Mice (Cutting ct 
al J959J. This f!Xperiment is carried out by 
p~tting a mo~se in a~ ai rtight bottle, \\'hich 
contains calcmm oxide to absorb moistu
re and carbon dioxide. The bottle is closed 
with a tight fitting 2 holed cork through 
which pass a glass tube of uniform diameter 
open at both ends and a thermometer to re
cord the room temperature. The glass tube 
is marked in c.cm. from its upper end. Soap 
solution is used to make a thin film on the 
upper open end of the glass tube. As the 
animal uses up oxygen, the v0lumc inside 
the bottle decreases and the soap film 
moves down. The movement of the soap 
film depends upon the amount of oxygen . 

partly due to its rapid inactiva tion by 
liver microsomal enzymes. These enzyme 
systems can be affected by many drugs, 
and thus, prolong or shorten the hexobar
bi tal sleeping time inspite of tht! drug.; 
facking CNS activity. Barbital sodium is 

1~x~reted u_nchanged by the kidney because 
1t 1s not b10transformed by the liver enzy
mes. Potcntiation of barbital sodium 
hypnosis by a test drug is more likely due 
to its depressant action on CNS provided 
inhibition of renal excretion can-oe exclud
ed. A screening method for CNS depres
sants utilising potcntiation of barbital 
sodium hypnosis has been described 
(Sethy ct al, 1967): 

,; consumed by the mouse which in turn de- v Conditioned Avoidance Response: The 
~ pends upon the activity of the animal. Ti- effects of drugs on conditioned responses 
D .me is recorded in seconds for the soap 1i1m , in experimental animals has be~n _usecl.as_ 

.!2 travel 2 cm. distance. T;1e animals arc _,.!!. sc~~~~-i_ng £~o:_edure: Cook and \-~~idley 
starved overnight. The drugs and the vehi- in 1957 described tl1c use of cond1t1oned 
c.le are injected intraperitoncally. Observa- avoidance response in rats as a screening 

~ tions are al~o recorded of the activity stat- ?roced.ure for ~<ti£r t~anquilliz.crs. t~e t.est 
'D !S of the ammaI as seen through the glass. 1s earned _out m ~!ts _ m the pole cl1mbrng_ -··

apparatus <fri;criOed _iyith ;m_cl~.tdfie£L 

, ~ot~nUateJLNarcosis.-This test measures ~nci and__!! _h~1~_z:~ -~ '!~r~~ge~ci1 t__ T]1e· pole _ 
tie mfluenc;~_ of the new Jrug on the d~ra:~!!!ach~~ . to_0e _lid ~\h1ch can_ be -~cm?":: _. 
/~~--~Ie~p induced by a standard hypno- .. ed_ after the rat has clt~bed .onto. the pole. , 
f~£e (Winter, 1948). The hypnotic · A group of rats a.re. trained tn this appara-
a equentJy used is hexobarbitaJ \ The par- tus. During . tram111g, the bu~zer an.d 
Io~eter for recording sle~pin~ time is the shock are s1multaneous.ly apphe~ . . T.hts 
·~very of the tif htiag rd lex in . differs from the dass1cal. _cond1t10.nmg 
~mal-The t t · 'f . bl . rried methods where the uncond1t1oned st1mu· out _ es 1s pre er a y cc1 . . . f 

- . at a constant t t b t en 34 ° Jus follows the cond1t10ned st 1mulus a ter 
and 36bC ' empera ure e we 1 Th I k (80 1 5 
th ~· .,Snle:=eeni 1"nno · t t1· - · ·· ··- o1 ··· ·.::t -i.:y -aill a certain interva. e s 1oc · vo ts, 

----~me 1s pr: ong_ey u .- - - ~- ----
1 ~known tran uilli .:-.-:-:. ·(,- f -· t ·-· ·t= rJ, -;t-·' ulses sec. is applied through a stimulator 

. · · n~WfieJ..Y ·of ·othe zersb . . t n or unh~ceh a'r·e· to t e floor grid. The rats arc shocked 
~ ot e __, ---.: r su s ances w 1 • f · •. :~Y!.~-:CNS_g~ire~sants proion.ihcxobar- intermittently for vanable lengths o time, 

. f-)O \J ol ~' ( te-·'-v 1 \ I -e,. .) .,,; 
(. od< ~ f ., t f" , / • I I. ;i ,,.,.,,t .t. . 9 / 

\ 
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each time the shock lasting for not more 
than a maximum of 30 seconds. The rats 
ae trained initially 3 times a day. After a 
week's trial only the buzzer is tried and 
the shock is app.licd only when the rats do 
not climb the pole .)11 hearing the buzzer. 

Fig. 5. 4 : Diagrmn1tzatic rcprcJr11tation vf Coo/.. 's 

po/e-climbi11g apparatus, with electrified grid 

( Tire bu==cr lra:r not been s/roll'11} . 

I: 
I' 
It 

:\1. A. O. Inhibit iPn 'J'lo-.t : Hydi .i:tmc und 
non-hydrazi nl.! anti lkpre~s.lll ts e~hibit an 
intcn ~1tv of MAO inhibi11on whil11 parJ\. 
Ids r0 -~nme cxtl'nt their clinical df\'di· 
\'l'ness as anti-tkpressa nt di ug~. Thi~ led 
to the in troduction of MAO inhibition as 
a p<1rn mctcr to screen po<;siblc ant i-dcprl'S· 
sant c'Jmpounds. Activity on MAO in 
vit ro 1.:. t•sually measured manuml'lrically, 
using tyraminc or tryptam ine <.~s substra te. 
Reserpine and tetrnbcnazinc mduce CNS 
lleprcs3fon, _ptosis and mi~si s. a fa~ 
body temperature. prolo11ga t10Q of _ he~ 

· barbital sleeping time nnd blockin~ of CR. / 
They also reduce 5-Hl a nd NE content- \ 
in the brain The.:c effect s can be bluckccl / 
,1r reversed by irroniazi d and other MAO 
inhibitors (Pletscher et al, 1960). MAO 
inhibitors can only prevcn t the reserpine 
effects, but cannot reverse them once they 
arc fully established. In rodents imipra
mine Jnd amitriptylinc antagoni~e the + effects of tetrabenazine and reserpine 

A~~~~~~~r-- tSuJser ct al, 1962). L!he rev~r_sal of re· 
serpine induced hypoThe'rmia has -son-;;-/ 
t'!mes-been used to assess the anti-de

The rats usually learn to climb the pole 
within 3 seconds of the buzzer in about 2 
weeks. Reinforcem-erff runs have to be 
repeated 2 or 3 times.-a week. During the 
experiment the rats receive the drugs and 
are tested at intervals of 30 minutes. 
Blockade of the conditioned response (CR) 

!?-res~ant ~cti~itY-ln rabbits and rats. Other 
... tests for - antidepressant screening proce· 
dures have been well discussed by Graham 
Chen in 'Evaluation of drug activities', 
Pharmacometrics, Vol. 1 (1964). 

U.
·.e: failure of the rat to climb with buzzer 
sounding is considered as the main para
meter. The CR is taken as completely 

~ ' · blocked if the rat does not climb within 
30 seconds with the buzzer on. At the end 
of 30 seconds, s~ock is applied to find ~ut 

.. 

Anticonvul$ants: These drugs are in· 
tended for the treatment of convulsive 
disorders in man. Convulsions may arise 
as a result of many causes. Most of the 
animal techniques used for screening anti· 
convulsant drugs are aimed at evaluating 
i!_nti-~ile_g_tjc drugs. Human epilepsy i~ 
not a single disease, but a syndrome with 
a variety of manifestations. The principal 
scjzure types are deter~nined largely by a 
focus of abnormal activity in the brain. 

_ . the presence of unconditioned rcspoilse 
[ (UR). Blocking of UR is considered as an 

indication either of motor paralysb or 
severe toxic effect of the drug. A dose 
re~ponse relationship · in a time recovery 
curve should be plotted. CR is blocked 
effectively by major tranquillizers (Chit-
tµI and Sheth1 1~63), ' 
\ 

\ 

'rfie extent and accessibility of the areas 
secondarily invaded, the characteristic 
changes in the electrical activity as seen 
by EEG recording and the external mani· 
festation of functional hyperactivity differ 
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in different types of epileptic disorders. Peak act ivity of the d rug a11 d the neuro- _ 
Differences in these factors arc sometimes ~icity is deter_mined ~y u:;ing -rotarod test 
accompanied by considerable differences in as mentioned before. _A t least 3 dosC' 
clinical drug re.sponsc. H ence, a bat tery of ·-icvefa a rc established between the limits 
tests is essential to evaluate the total pro- of I 00 ~ ; protection or toxic ity. The results 
file of the test drug. 0btaincd then are plotted on logarithmic 

The general principle is to p roduce sci- prcbability paper and regre.;sion lines arl! 
zures by electrical :;timulation, or systemic fi tted to the plotted points by the mclhod 
administration of · convulsant - chemical of maximum likelihood. The dose of the 

v->~n~s .. eg: ~ntylcnc~'!_zo_l~,- _or_ produ~: . d rug producing the d esired endpoint (pro: 
·- tion of a chronic, fecal epileptogenic lesion. tcction or neurotoxicity) in 50'/~ of animals 

.., '. ""'fhe parameter measured may be either a- (ED:..1 or TO.H ) are computed, the regrcs· 
/'."\ chJnge of threshold l o the stimulus ap- sion lines are tested for parallelism oy the 
lJJ ,plied, ·a c hange in the pattern of convulsive chi-square method (Finney, 1952), and pro· 

~.!._e or a change in the EEG pattern;.) tcctivc indices (P. I. = TD60/ED40) are cal· 
I!!..~~ff_7ct1ven~ss of a drug _1s expresse~ i_.n culated. Duration of anticonvulsant effect 
!~!!!1S of th~ rat io of the dose ~agsing some _ _is determined from a time response graph 
undesired toxic effect (TD:.11) to the dose from the data obtained by testing groups of 

·havmg desired -antic'onvulsant effect (ED50f 4 or more animals by the MES test at vari-
By using electrical stimulation of the ous intervals after the administration of 

brain, a variety of seizures can be pro- EDoo of the drug. 
duced, the principal one being (a) sup
ramaximal electric shock (MES); · (b) 

~1 'psychomotor' electric shock; and (c) 
c;;;- minimal electric shock threshold. The test --· animals used are generally mice or rats. 

Analgesics. The problem of ascertaining 
whether a chemical compound fias the 
ability to relieve pain or not in animals, 
has been a perplexing one for the experi· 
mental pharmacologist. The variety and 

Supramaximal Electric Shock: ~~ number of experimental procedures and 
~ ~ice weighing about 25 gms. are stimul~t- de.signs that have been developed over the '. co..li.:\ • .. r 
. P\\e~- through corneal .,!l!_ct~~S;~ (~50 m~ • p~st th~ee ~ecade.s, ~re reflections of the 

7
, .1 ,. . _ - ~ . 

!"(' alternating current, 0.2 sec. stimulus dura- d1fficult1es inherent m the problem. A 
~e,L, t ion) (Swinyard, 1949). The resultant potentially n~xious stimulus in the animal , 
... seizure in normal mice shows a tonic phase will evoke ~~ti_sponse when the pam .. 1

• 

{~ of limb ftexion of roug!ll.Y- l.5_sec;!, (91lol'[ed threshold ha;; been reached and many ~t 
0 .Er . .:JulJ_tonic._extensio_n_of roughly . 10 -sec._t~ese reflexes have be~n used as indicators · 

and a few clonic_i~rk~_Jher~~f~~r_:_ '!'~ t_h~ _character of stimulus. Most of the· 
number of post-tonic asphy~i~l deaths are refl~x act_ivity in~tiated ~¥_~.potentially 

·; . noted. Drugs which are chmcally. accept· nox1ou~ sti.mulus .1s of:--an f escape.'._ n~!ure.,J 
" . , ed as effective in grand mal, e.g. d1phenyl- T!te tail fhck, skm tw1tche3, limb flexion 
.f:', hy_dantoin, can ab~Iish all of . th: to~ic .:_tc:: are all move~ents -which wo~ld te~d 
L • ph_a.;e without causing_ ~eurolog1c impair- t~ remove the animal or the affected part · 

ment,". and tnis is ·the· bas1~ of our stand.~rd away from the stimulus. Such reflexes" 
screening test for evaluating drugs against '\ - have formed the basis for determi·n· th 

1. f d " . mg e orand mal. Dose re.;ponse mes or stan - pam threshold' ' in animal~ and 1 . 
t.> d · d b · · \ , :. ana ges10 ard test drugs are e~ermmc . y giving drugs ar~ screened by testing th . b'l" 

f 4 m 1 d • . -·· h" __ _ e1r a 1 1ty 
groups o or more am a s ·various oses to raise t is threshold A · 1 . _ 
of ·the drug and subjecting them to MES \ ments do away with . mmab" expert-

. · •t k · · f many pro iems of at the ume o pea activity o the drug. \ patient sugge~tibili'ty 1 b . . . :. , p ace o reactions. 

A 



IN EXPERIMENTAL PHARMACOLOG1 
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B. of the determine ' fi . 
patient and observer bias. 1as h t hen rats were tested vc times at 

d by a proper t a w . . b 
invest~gator can be remove 2'0 minute intervals, vanancc etween 
choice of a exp_erimental . design. . I were not sion ifican tly greater bet-tr1a s :::> • 

ween rats. Hence there 13 n o advantage 
Methods : . · g a rat as his own control. in usm . . 

pessure on tails: ,Repeated use of the ammal lead~ _to de-
/ Haffner (1929) and Eddy (1~32) desc~ibed crease in · threshold due to cond1t1on.iug,_ 

methods using pressure on tails of animals . . However if no more than two pre-m1ection 
- J ·but~y were hampered ~lack of pr~ and two' post-injection determinations are 

.._.o- cision and illY _QfffuJ5.fllJ.JllL.'l-to-the area 
~ --·--- · made (e.g. 30 to 60 minute~ after injection) 
'.::J u~eq for pressure. the thr;shold remains sufficiently stable. 

· ·The criteria of having attained the no-
dceptive threshold is usually vocalisation. Winder (1959) has put ma jor emphasis on 
In rats this takes the form of a brief, but results with the squeak thre3hold in rats. 
just audible squeak and hence one uses Collier et al ( 1961) applied artery clips 
the term "squeak threshold". The neural to ~Ch· toe of guinea pigs Or rats ana 
-mechanism:; involved in vocalization are counted the squeaks thus elicited. The 
different from those in the ,bent indl!£eq_~)do~ of narcotic drugs to reduce the 
tailJ!ick. The latter can be elicited, in ~~~s by 50% were compared to those 

'spinal rats, whereas vocalization disappears _required by other methods of assessment. 
after mid-brain section. It does not ne- Randall and Selitto (1957) have introduc· 
ces5arily follow that a drug eliminating the ed an interesting modification. They appli· 
squeak response must act on higher centres. ed the pressure to the hind_paw of the rat 

·Eagle and Carlson (1950) and Green (1955) instead of the tail. The sensitivity of the 
have-used metal rods with sharp or blunt foot was increased by injection of 0.1 ml. 
·tip_ to produce pre5sure at the base or tm. of 20% suspension of brewers' yeast. 
,.Q.Uhe tail in rats. I his was connected to Thre;;hold in inflamed feet was increased 
a scale g_raduated m gms. of pressure at not" only by narcotic drugs but . also by 

. I 0 gms..:. interval. As t~e end poi~t, the so~l!.im . salicylate and phenylbutazope. 
_squeak or any other evldence of d13com- This method wa.; further analysed 
fort was used e.g. struggle. Often a mean by Gilfoil (1963) who showed a lack 
of-:-two thresholds, squeak and struggle was of strict correlation between the amount 
used. Way et al (1953) and Winder et al of edema and th d f h 

"( J 959' h d d"fi . e egree o ypera· 
J ave me mo i cations of this esthesia in the · ft d f A · · · 

method. It . is generaily agreed that this doses h . m . a~e oot. spmn tn 

·method lacks precision unless young rats volume avmg ~1~1 s1gnifican t effect on foot 
4 to 5 weeks old of the weight range about threshold ~ar e y raised the reaction 
-RO ~s. are used. Cut off pressure is im- or squeak response. 

portant, if the animal is to be used repeat- W "th" 
.edlv but different investigators have !cV M n . mg Syndrome: Vander-Wende and 
different parameters varying from 2~s~ . argoha (195~) and Siegmund et al (1957) 

. 500 gm~. elevation above pre-drug treat- ~~tr~uc:d th:s ~ethod. ,:WrithiI]g is ind~C~ 
ment levels. Exact detai] ~ of the ~ n mice or rats bv mtraperitonefil_l!l-
. t 11 . :. pressure iedf n !a . . ~ -
ac ua Y applied at the point of c t t o acetic acid or 2-pheJ!Yl-1 4-ben· 
the t ' ·1 on ac on zoqume 25 I ~ e ra s . tats and the rate at wh' h h ... . . m . of 0.02%). The syndroJt1 . 
pressure is increased are o&te ic_ ~ e was characterised by intermittent contrac· 
G 11 ![ n nussmg tio f ::1:"'..J - - ~ 

enera y, pre-drug treatment and . ' n o auoominal muscle5 with ~ 
~rug .treatment values in . ~ame t post- filon of the hind limbs and ~stin,.. Of tM.. 

~ ras are trunk M . ~ 
...,_ · ~st mice sh~ t~ 
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"'va'riat1ons m re~uency. Non-narcotic . . me to the subject, that the 
~l<!S'~ this :ca.ction ;-~u~ . ~o __ di> ~u~ot the test of. his ability to en~~~~ed~~ 

.... r ... ,111-?.an:a:ets~th;:-e-:t1:;c_s~a~n~t~1-=h~1s:-:t~a~m~tn~ic~-~.,~~·l....E:_ rather of his C"pac'ity t d P ' v-.~ .::1 u c a fi t .. ' o etect th~ 
' ~umber of compounds of various rs t~acc of pain. "" 

P
·harm;colo0 ical classes. LSD is effect· . ~adiant heat method fixed i t ··t 

• . , lv e vanablc d . ' n en=i1 y, 
in rats but not m mice. fhe dose of amino- 1941 . urat10n. D'Amour and Smith in 
pyrine and of morphine, effective in mice is i' introduced a modification of 'the 

. . t Th . met iod of Hard W lff ineffective m ra s. e relationship of 1 . Y, o and Goodell by 
the ''writ~ing syndrome'' to nociceptivc ettm~ a fix:d intensity of heat to acf for 

. ~ . . . a vanable time n th " h 
reactions reqmrmg analgesic drugs for ,, . ~ un 1 e t reshold res-
their relief is questionable. The u.se of r0~se lS obtame~. They focussed tho 1' 

pradykinin as the writhe inducing agent ig_t.: _.ra~ls from a light bulb on the tip of ' 

b 
sa ~ ta1 and the intens't a· d 

_bas also not een helpful to make the test so th t dd . I y was a Juste .. ; 
useful. ..__ . a a su en fhck of the tail occurred ~ 
~ ~n about 5 seconds. The criteria for the · 

end poin'f'W'iS failure of the animal to move 
Thermal Methods: Goldscheider (1894) th t ·1 A e at . cut-off time of 10 seconds was 

introduced heat ~~3 a means of evoking _ ~~troduc~ and any animal not responding .:.. 
pai!!__ ~~perimentally. In the beginning, J.n 10 seconds was judoed to have com-
heat was transmitted by contact ei'ther plet I · c ffb · " e ana ges1a. ut-o time; is necessary · 
through hot water, or hot objects applied to prevent tissue damage. . Bavin et al 
to the skin. Contact methods however, (1952) have .. advocated 12 seconds and 
include touch and pressure in ad di ti on to Davies ct al (1946) 15 seconds as cut-off 
heat or cold. Alrutz, in 1897, suggested time. 
the use of !:filli!nt heat. Oppel and Hardy, Davies et al (1946) further modified the 
in 1937 showed that heat radiation techni· procedure in 1946 by using a red hot 
uqe could be applied to study quantitative- nichrome wire 1/8 inch below the tail as 
ly, temperature sense in man. The extensive the source of heat instead of the lamp. 
work of Hardy, Wolff and Goodell on the Winter and Flataker (1953) have suggest-
radiant heat method for producing experi- ed a cut-off time of 10 seconds (with pre- · ~ , ·.~) 
mental pain stems from this. They used drug reaction time of 4-5 sec.). Bonny- ·] ' ri ~ -~ 1 
human subjects, but the general principle castle and Ipsen (1950) determined the _ .,, · ,..~) 
of applying sharply localised heat to elicit pre-drug reaction time and set a~ ,,\r,u 0 
a response from animals, has been· more iime 2.3 standard deviation above that. But _ "'>\'•. , ; 
widely ado ted as for exam le in various "this did not add ~y significant advantage. ~/--<~,'· < / 
dolorim t p . p . The D'Amour-Sm1th (1941) method · has ' .. /./ 

e ers. d . · · h 1 ... 
Radiant heat method fixed duration, vari· also been use m mice wit a dnorm; re· 

able intensity. Light 'or heat from a 500~ actio~ time ?f 3.4 h± 0.7 ~con s ~ c~t-
. to lOOO ~ . --- . focussed- off time 3 times t e pre· rug rea ~ or 
~f =;- watt pr_QJ~~t!on la!!!J' __ i_s _ --- --- - h · 1 Winter et al (1953) reported 

or pr I f 3 5 ems eac an1ma . 'Otbfa~cise Y 3 ~ec .. on ~~ ar:~ -~ _ '4i ead'.... that consecutive observations on the same 
of tit~k.~~~d 'rt1~ -_. usually the. fo~~to rat with 3 successive readings about · l 
the ___ 

6
e ~':~J~~ct. The current dehver~ 

1 
hour apart showed a variation of only 0.7 

I lament lamp is the only vanab e. d of the averaae for the group in 
~creased current. delivers incre~sed heat secon f 

0 

co th --b~·· • ---~-- - --- h·~rn 90% o cases. 
·~b -.. ~ -~- je,~.L!UL.~e exp_erie.'!~!S _a_s -~ 

. i - QCpain, -the "threshold pain'', at exa~tly C nductcd Heat methods: Ben-Basant et 
i·:: .. : be end of 3 second exposure. The perio.ci;-~ 1 (~~59) and Janssen et al (1963) introduc· 
~·:' : . ~-twee~ exposures "i; one minute. It 15 a 
~~~ . ..... . . 

, ··' · . . . 

_,: ...... ,. 
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ed a modification in thermal method in Haemostatic mechanisms o( th~ area, (2) 

mice and rats. This consisted in dipping absolute ten]J?_erature attained. (3) degree 
the tail in hot water and timing the with- of rise of tel nperature above the resting 
dra\..,·al reaction. The method has not been level, (4) rate of tempera! ure changes, (5 ) 

widely used, but appears to be sensitive. the temperature gradient ac ros . .; the skin to 
Another method of measuring analgesic the level of recept ors and (6) the tern. 

drug reaction by noting the response to perature difference between adjacent areas. 

thermal stimuli is called the "Mouse hot 
plate method" introduced by WoifI 7ind 

'"'Macdonald (1944). _M!fe_'<y~re p1ace~ in ~ , 
cylinder on a metal plate maintained at. 
a fi~ed ·temperature. The animal's first_ 
sign of discomfort was to sit on its hind 
paws and lick and blow on its fo;e paws.· __ ____. -
A few seconds later, the animals would· 
kick with their hind paws or attempt to 
jum·p out. Only the hind paw reaction is 
used for evaluation, since the front paw 
'is_ often u5ed for grooming etc. 

This method was used by Eddy in 1950 .. -
to screen a large number of analgesic 
drugs. The temperature of the plate was 
maintained at j5.5 °C by a light bulb and 
later oh by use Of constant temperature 
obtained by boiling a mixture of ethyl for
mate and acetcne as described by Chen 
and Beckman in 1951. Reaction tj_me is 
de~rmined 5, 10, 20, 30, 45 and 60 minutes 
after subcutaneo_us_Tilject'fon oCthe · -drug 
and, area of time effect curve is plotted. 
The percentage of animals, exhibiting· 
plotled areas. in excess of twice the stand
ard deviation, above the control group is 
determined for several dose levels· andi 
ED50 is calculated by probit analysis. 

The use of thermalStimuli permit quanti
tative determination of threshold values. 
The .amount of energy delivered by the 
apparatus to produce heat can be readily 
measured and easily varied, but the actual 
stimulus which is the energy absorbed by 
the mechanism, initiating the response of 
the organism, cannot be measured. The 
relatLon of energy delivered, by the ap
paratus to the surface of the skin, and 
that reaching the reactive site will vary 
depending on many factors such as (1) -----

Electrical Methods. More than 100 years 
ago Von Helmholtz (1 85 1) used fa radic 
current to produce pain. The modern use 
of electrical methods for prod ucing ex· 
perimental pain started nearly 60 years ago 
with the work of Gordenoff who used this 
method in rabbits. Man was the subject 
of choice and galvanic, faradic, high fre
quency currents and condenser discha:rge5 
have been used. A liquid fin ger electrode 
was used by Martin et al in 191 4. Knowl ton 
and Gross, in 1943 used clogs, ; using 
widening of palpebral fissure as tl1'e sign 
af ''pain". Goetze} et al (1943) used a 
.stimulator arranged to give peaks of in-
duced current to man's and dog's teeth 
through amalgam fillings. They have 
highly recommended the use of tooth pulp 
stimulation as an ideal method for screen
ing analgesics. But the data presented by 
them and many other \vorkers, using similar 
methods is not uniform or convincing as 
satisfactory. 

Thorp (1946) used an electronic stimula· 
tor with electrodes on scrotal sacs of rat5, 
but the contact resistance of the electrodes 
proved to be too variable. 
~ nul)'lber of workers have used clectri- 

cal" stimulation of tail of micedesciTb~ 
by Grewal (1952). ~re applied 
once each second and the mmiber of . 5~ 
-s-lfc5Cks count;ct, .JYhich caused the mouse. 
!Q~q~. If a drugged mouse required: . 
inore than 3 shocks_ab.ove the _pre-plJlg_ .f 
nuro!;>er, it. was rated as havino anargesia. l' 

Lar~ n..1!-lllher of .-!Tli£e ·a~~-n_ee,£~d~_pe:_ dose __ 
(about 60) and the method is not very 
se!l§i!j,Ye. Nilsen (1961) i.nscrted e lectrodes ~. 
Ln the mouse's tail beneath the skin, to 
_decrease the variability, -but could not get 
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~dual vanatwn. r_gni 1can t threshold - appears to b 
·n~-- - Ycstigating h . . e as a tool for in-
~iffcrences are sccnd associa ted with age, rather th-1n a p y~1olog1cal mechanisms 
..........-:-Strain and pre- rug thrc.:;hold of the ing unkn~wn s a primary screen for evaluat: 
se.\~ e· - The use of cicctric shock fo r pro - compounds er · 1 -iifQ.[l5s..:. . . _,. perimental m th d . in1ca anu ex-

• <1 p;:iin m man and nocrceptivc res- uesi·c- a e o s of evaluation -1 1 ducineo . . . t> r o ana -
""5 in arumals has gi ven nse to ITT<'ny· . -> e covered in ureater deta1·1 i·n ,,, 

ron,,._ u review by Sh h 0 
.. 

dl
·fliculties and inconsis tencies and as yet A . . ct and Scthy (196i) 

nt1fatioue te t • V . . 
nJnc of these electrical methods have pi·o· 0 s s. anous methods of screening ha b 
ved -atisfactory. _ · ' ve ecn used to study the 

haviour tcst. 1 The use of operant b"- : timulant effect of a drug which can in-
~ crease physical , d . 

ural techniques for testing analgesic d --:- · en urance and increase the 
I t . l t A l ~ration. of some well-coordinated oroan1·". -

druf?S is re a 1ve Y .!!£e!l . n cement of ~a 1 1 ::-. ·' 
~ t: . p iys~ca activity, e.g. swimmino. o; run-

~haviour response may : be prc3ent in nrng b l ' t . . b . 

d · .a 1 1 Y in arnmals. The simplest ones 
ma. ny testing proce ures. The "flinch- des' b d h • ...-ri e ave been a variety of swimm-
jump", method introduced by Evan (1961) mg tests in rats, where the rats are made 
relies upon behavioura_l observations. Sc- ~~ -~-w~m over .certain - distance.;, with or 
veral procedures based upon Skinnerian \:_llhout increasing amount of loads attach- · 
cperant. b~haviour. have recently yielded ~~~heir __ tails and .tb..e time noted to-
interestmg mforrnat10n. cover a particular distance, without the rat _ 

In generaI,J:hi_§_~pp~oach consists _of ad- getting drowned. A simple apparatus which · 
ministering a _ nociceptives timulus to tho··- can measure a rat's ability to run in an 
animal which can be graded in mtens1ty organised fashion for varying periods uf 
from sub'ifire.;hold levels to a Iexel. whi;-h time, till it is exhausted is described below. 
Becomes aversive. ...-The animal can then The a aratus consists of a revolving 

~reduce_ t~e int~nsity by an appropriate be- circular plastic cage (diameter 2 c ose. 
IiayiQural. response; such as pres.;ing -a • on two sides, and connected over tfle cir- -
Tever, to a non-aversive level. Intensity is cumference by plastic stri s laced a small 
Tiieilagain gradually increased until the 1stance apart. A part of the c_ircumference 
thre5hold is reached again and the cycle can be opened to serve as a door to place 
is repeated. T~us by ;eco;ding the inten- the rat i~side the cage. The c~ge is su?-
sity of stimulus and th~ response of the merged m a rectangular plast1~ tub 1.n 
animal, a record is obtained of the "aver- which it can rotate freely. This tub is , 
sive thre3hold". filled with water (20 C) so that the cage 

In contrast to more wideiy used ''avoid- is partly subm.erged. . . . 
ance sched ·1 .. . " . threshold'" When a rat is placed m the cage, it tnes 
J-- u e , rn aversive ".:-- ~- "" ·d b · b e g d · ~, ueform · r· h . · . . 1 to climl).'°" to avor erng su m r e 

t.;-1J ma 10n t ere 1s a warning srgna • . - . h t 
· - andt}i- -h- -- _ ---:- ·- in water. This causes t e cage o 
,:f ~y~l_ r~~n..~.ave~.s~..c~ d the rat continues to climb 
' ,~ore or less insidious1J:-.-On~ it IS ~h an tati'ng caoe which in turn 

reacned · · · up t e_ . ro E! • 
c · _ it can be escaped by lever pre~~~ng • . ~t . the r~tation of the cage, till 

eneraJiy th ~k. ~- _ .. d that main ams . 
~ e · ..,\.:m:ut11c 1s arrange so h t . t'red The end point is the time 
" f1Urnb€ f - · t e ra rs 1 • 
Cd Th er o. presses (about 20) are reqmr- h the animal is fatigued and begins to 
av· 'd e stimulus can be escaped but not ; e~ At this stage the animal is remov-
ro~;s ed; Stimuli can be applied by el7ct- c~o~:~ the cage, dried and returned to 
ar implanted in various subcort1cal . The total period of the stay 

eas. its own cage. . ae is record- / 
At f the animal in the rotating cao ,i 

ha~io Present the principle· usefulness of be- 0 
• inutes (§.wimming time). 1 

Ural techniques in the study tll anal- ed .P m ... - - / 
f 

\ I 

~ 
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SELECTED TOPCCS IN EXPERIM ENTAL PHARMACOLOGY 

Practical Exercises 

Exercise I. 

Rota-Rod Test 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Objective: To determine the effect of drugs on muscle tone and 
balance in mice. 

Select mice of either sex weighing 20-25 gms. 

Train the mice to walk on a rotating rod 2 ems in diameter, rotated 
at 12 rpm by an electric motor, till the mice can balance for at least 
-2 minut~s (2 to 4 trials per day for 2 days). 

For further test, select only those mice which complete three 
successful trials per day for two days. 

Administer the test compound (~.g. chlorpromazine 1, 2, 4, anrl 
8 mg/ kg i.p.; chlordiazepoxide 5, 10, 20, 40 & 80 mg/kg i.p. and 
meprobamate 50,100, 150, 200 and 400 mg/kg) intraperitoneally. 
Use 10 mice per group per dose. Include one control group treated 
with saline only. -

Place the mice on the rota-rod at 15, 30, 60, 90, 120, 180 and 240 
minutes after the treatment. 

~e the number of mice falling o~ within 120 seconds at each time 
~.nterval from each ~up. 

Plot the percentage mice falling against time interval to determine 
peak'. drug effect at any dose level. Note the. onset of action and 
recovery from drug effect. · 

C:Uiculate EDw from time of peak effect and percentage fall with 
different doses and compare the different drugs for potency. 
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TABLE 5. l 

Results : Rota rod test in mice. 

139 

Drug ED: .. (mg/kg) (95 ~·( confidence limits) 

Chlorpromazine 

Librium 

Meprobamatc 

2.6 (2.0 - 3.4) 

45.0 (33.5 - 60.0) 

88.0 (67.0 -117) 
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Exercise 2. 

XPERIMENTAL PHARM ACOLOG Y 
SELECTED TOPICS IN E 

Motor activity in mice 
Objective: To study the effect of drugs on spontaneous motor 

activity in mice as measured by Actophotomctcr . 

. l. Select male mice (body weight 20-25 gms) into groups of 6 mice 

each. · 

2. Inject one group i.p. with saline or 27n st~rch (vehicle) . 

J. Inject one group each with chlorpromazine in different doses - e.g. 
0.5, 1, 2, 4 mg/kg i.p. in 27c· starch solution. 

4. Inject one .group each with meprobamate in different doses - e.g. 
50, 100, 150, 200 and 400 mg/kg i.p. in 2'lo starch solution. 

5. Measure the activity of each group by placing them in an Acto· 
photom(:ter for 10 minutes, at the interval of t hr, 1 hr, 1 ! hrs, 2 hrs 
and 3 hrs, after drug treatment. 

6. Calculate the percentage decrease in activity considering saline 
control activity as 100. 

7. Determine the time at which each drug shows maximum activity. 

8. To calculate ED50 value, take 6 groups of 6 mice at each dose 
level. Record as above the motor activity of each treated group 

for 10 minutes at the time of peak drug action. Calculate ED;1 
from the results obtained. 
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TABLE 5.2 

Results : Spontaneous motor acth ity in mice. ______________________________________ ,,__ 

Drug ED:i1, (mg/kg) (95% confidence limit:;) _____________________________ _... _________ _,,...._. 

Chlorpromazine 

Meprobama te 

l .4 5 (0.81 - 2.60) 

125 (96 - 162) 

J . 



142 

.... , . 
-:. . . ' 

SELECTED TOPICS IN EXPERI~ENTAL PHARMACOLOGY 

Exercise 3. 

Effects of drugs on motor activity in mice 

Objective: To study the effects of CNS depressant drugs on am. 
phetamine induced hyperactivity in mice. 

1. Select 3 groups of 6 male mice each (weight 20-25 gms). 

2. To one group administer the test drug (1/ 10th LDso dose) i.p. 

3. To other groups inject saline and vehicle i.p. 

4. Inject amphetamine (4.5 mg/kg) i.p. to one group treated with 
saline and one group treated with test drug, one hour after the ad
ministration of test drug. 

5. After 30 minutes record the motor activity of each group for 10 
minutes. 

6. Calculate the percentage inhibition of amphetamine-induced hyper· 
activity with the test drug. 

f 
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>: : . . 

. ·. 

TABLE 5.3 

Effect of tranquillizers on Amphetamine-induced Hyperactivity 
in mice (Actophotomctcr stmlic~) 

Activity Count Treatment Dose mg/kg 
for IO min. t.p . 

(mean S.E.) 

Saline 1 ml/100 g 862 I+ 25.0 

Saline + 1 ml/100 g 1015 + 31.0 
Amphetamine 4.5 

Chlorpromazine 2.0 I+ 1532 31.0 

+ 
Amphetamine 4.5 

·-··-- -11 

· . 
. . .. .. ... , .. . . . : 

143 

Percentage 
inhibition 

77.0 
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Exercise 4. 

--
XPERIMENTAL PHARMACOLOGY 

SELECTED TOPICS IN E 

A~regation Toxicity Tests 
Objective: To study the protective effects ?f drugs on an1phetamine 

induced toxicity in grouped mice. 

1. Select 2 groups of 10 male mice per each group (weight 20-25 gms). 

2. Place each group in a covered circular cage (40 x 25 x 25 ems) in a 

quiet room. 

3. Administer the test drug i.p. to one group (1 I10th LDr.o dose). 

4. Administer saline or vehicle to the other group. 

5. Inject both groups with challenging dose of d~amphetamine (14.5 
mg/kg i.p.) one hour after administration of test compound. 

6. Observe both groups for motor activity, and mortality. Record 
mortality at the end of 24 hours in each group. 

7. Observe if test compound has protected mice against amphetamine 
induced mortality. 
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IN EXPERIMENT AL PHA~MACOLOGY 
SELECTED TOPICS 

Exercise 5. . . 
. f B' rbiturate induced sleeping time 

Prolongatwn ° a 
. T study the effects of drugs on sleep (loss of riglir 

Objccttve: o b" t Ing reflex) produced by Bar 1tura es. 

(a) Barbital Sodium Hypnosis 

I. Select two group of 10 mice each of either sex (body weight 20.25 

gms). 

Inject saline or vehicle i.p. in one group . ., ..... 

3. Inject test drug~illlOth J.D511 dose) in an~the~_g!.~up. 
:--~- --· --- ~ 

4. One hour after treatment, inject Barbital Sodium (180 ~ 
to both grouos. 

5. Place the mice on their backs, repeatedly, till they fail to regain their 
normal posture of resting on their ventral side (loss of righting 
reflex). With barbital sodium, the loss of righting reflex lasts for 5 
to 6 hours. So instead of noting the duration of loss of righting 

~- reflex, only count the number of mice which lose their righting reflex. 

6. In the control group only 3 out of 1 O :will lose the righting reflex. 

1. Witii c~s~-d~~~~~~n!~· - · ; ·-~~- ~~re ~iil io;; ·th;··~ight~, 
whereas with CNS stimulants, none may sl;p ·(resUft<; between 3 
.and 7 are not significant). · 
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Barbital Sodium 

+ 
Test Compound 

·-----
Reserpine 

Chlorpromazi nc 

Meprobamate 

Nikethamide 

Amphetamine 

TABLE 5.4 

Results : Barbital sodium hypnosis 

Dose mg/ kg Route 

0.25 i.p. 

20 i.p. 

200 i.p. 

125 1.p. 

5 i.p. 

No. lost R. R. 

No. observed 

9I 10 

10/10 

10/ 10 

0/10 

0 / 10 
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(b) Hexobarhital sleeping tin1e 

1. Select mice of body weight 20-25 gms - in t\vo groups each of i2 
n1ice (6 males and 6 females). 

2. Use one group as control, inject saline or vehicle i.p. 

3. Inject intrapcritoneally the test compound (sec table) in the second 
group. 

5. 

6. 

. · . 

Inject both groups with He?'obarbital sodiu~- 125 mg/kg (solu. 
tiQil_J)trength 12.5 mg/2ml) dissolved in cHstilled~ water i.p. i~ 
volume of 2ml/10Ugms ot mouse body \veight. 

Note the sleeping time - which is the interval behveen the loss of 
rightin refie nd regaining of the righting refi~ 
as measured by the stop-watch. Calculate t e me· 
group and express in minutes with SD and SE. 

Calculate at what level of significance ('t' test) the treated group 
differs from the control group . 
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TABLE S.5 
Hexobarbital Sleeping Time (Mice) 

Hexobarb Hexobarb Signi-
alone +Drug 

Results 
ficance 

-----·· --
Solvents 

Tween 80 ( 12.5% ) 74 ± 18 179 ± 66 Increase 0.001 
Propylene glycol (50 %) 44 ± 10 185 ± 56 Increase 0.001 
Serpasil solvent ( 507(. ) 77 ± 25 137 ± 28 Increase 0.001 
Librium solvent (50 %) 80 ± 21 102 .l: 27 Increase 0.05 

Depressants 
Librium ( 10 mg/ kg) 57 ± 27 102 ± 25 Increase 0.001 
.Methaqualone HCI 

0.001 (20 mg / kg) 85 ± 32 139 ± 81 Increase 

Antazoline (50 mg/kg) 76 ± 17 94 ± 24 Increase O.Q5 

Stimulants 
Caffeine et sod. bcnzoate 

70 ± 31 Decrease 0.02 (25mg/ kg) 105 ± 37 
94 + 19 75 ± 21 Decrease 0.50 

Methedrine (15 mg I kg) 
178 .:'.: 39 Increase 0.001 

Nikcthamide (l.25%) 89 ± 23 
75 ± 14 212 ± 32 Increase 0.001 

Nikethamide (5 %) 
99 :t 38 42 ± 15 Decrease 0.001 

Picrotoxin (10 mg/ kg) 
Strychnine sulphate 

85 ± 18 69± 16 Decrease 0.05 
(l mg / kg) 

Nicotine salicylate 
88 ± 24 109 ± 19 Increase 0.01 

(2 ·mg/kg) 

Miscellaneous 86 ± 20 127 ± 30 Increase 0.001 
Hydergin·e (2.3 mg/kg) 

97 ± 20 117 ± 24 Increase 0.05 
Calcium gluconate (5o/o) 
Sodium salicylate 74 ± 19 55 ± 16 Decrease 0.05 

· (250 mg/kg) 
-· ~·-··---
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RIMENTAL PHARMACOLOGY 
SELECTED TOPICS IN EXPE 

Exercise 6. 

Conditioned · Avoidance Response .(CAR) . 
. . T t bl'sh CAR in rats and study the ellcc ls of druas 

Ob1ect1ve: o es a t ~ 
on CAR. 

l. Select a group of rats of either sex weigh,ing 80 t~ 12~ grns. 
2. Place a single rat in the chamber of Cooks pole chn1bing apparatus. 

3. Deliver a series of foot shocks (80 v?lts -f bS pulse / sec) thro ugh the 
grid floor, concurrently with activation o uzzer. 

4. Continue shock and buzzer for 30 seconds orhuntil tShe rat manages 
tu climb the pole where it does not get the. s ock. top the stimuli 
im1nediately. In the beginning the rat will show random escape 
movements, but in a few exposures to shock and buzzer, the rat 
learns to escape onto the pole. 

5. Train the rats 3 times a day for 3 days. 
6. On the fourth day, expose the rat to buzzer only (shock switch 

closed). If the rat responds to buzzer only and climbs the pole, 
CAR is consider~d to be established·. If the rat does not respond 
to the buzzer, deliver foot shock and repeat till CAR is established. 
Now t~e r~t should escape on the pole within 3 seconds of sound 
(buzzer) stimulus. ' 

7. 

8. 

. 9. 

10. 

P~riodic shock and buzzer reinforcement may be necessary to main· 
tam CAR for longer periods. 

Effects of drugs. 

In groups of trained rats, inject the following in different groups: 
a) Chlorpromazine - 2, 4, 6 and 8 n1g/kg _ i.p. 
b) Chlordiazepoxide - 20, 40, 60 and 80 mg/kg _ i.p. 
c) Meprobamate - 1-00, 150, 200 and 250 a/ka - . 
d) N 1 1

. mn n 1.p. 
- or~a sa me for control group. . 

Test for CAR 30 minutes and 60 . 
minutes after injection. 

For those rats which do no . 
se.conds (CAR blocked) first tdri·spond to sound stimulus witlun 3~ 
chmb the pole" e iver foot shock and note if they no\' 

With major tran uillisers CA . . 
e ec nca s im~J~_ersists. .R. IS . block~d but esca e response to 
0 t:her CNS de ressanrs rat ~ith_sedat1ves like barbitura ·es a~ 
stimulus or oot snoc ~ e 8 0 not ~scape either wit~ 
to produce ataxia an~ncoond.he ~se QLfh.e_drua IS larae enoug 

. r mati f ~ b -

A"""'"~. c. on o motor functions. 
~ ~ ~ bo+h v ~.s,~o ~ t? i, 

f:>- tovf"td 
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Exercise 7. 

Antireserpine Test 

151 

Objective: To s1 udy ~1AO inhibitor type of drugs in mice using 
reversal of reserpine activity. 

1. Select mice of either sex (body weight 20-25 gms) in groups of 3 
each. 

2. · Inject in one group saline or 27r, starch vehicle i.p. 

J. Inject in one group each nialamide in doses of 10 and 20 mg/kg i.p. 

4. Two hours after the injection, administer reserpine to all groups 
(2.5 mg/kg i.p.) 

5. Observe the . animals for presence or absence of sedation, ptosis 
or excitation for the next 6 hours. Compare the results obtained 
in nialamide group with that of reserpine. 

f\wcJ-~ 

tlMJ [ WJ(e_x ff/?~ 
2:11scn1 ~ ~., °'-

2.--G~~J 

UJofL I ..C f' cf E:_ 

-< ' -

l o .L. o 1 - j /') J<a..J 
L ~ C- 'lier -e._,v.._CI · p trt e_., 

t> / 'f-{. • D~t-h t-~ f (M o-f
tl\A.~~ ~ 

~ "~i 'tr/ 
f11 e1.,v·fl~ 

·--



1~2 

4 

SELECTED TOPICS IN EXPERIMENTAL PIIARl\\ACOLOGY 

Exercise: 8. 

Objective: To screen anticonvulsant activity in mice by electro. 
convulsion method (MES Test). 

1. Select mice of either sex weighing about 25 to 30 gms. 

2. On the previous day of testing, choose the mice by gi ving electrical 
shock through corneal electrodes 00 MA duration 0.2 sec.) which 
should produce extension of hind limbs. Select only those mice 
which show positive results. 

3. Next day, divide into 2 groups of 6 mice each. 

4. Administer one group with test drug orally (e.g. Dilantin sodium 
40 mg/kg. or phenobarbital sodium 50 mg/kg), and use another 
group as control treated with saline or vehicle. 

5. Shock the mice after 60 minutes after drug administration. 

6. Note the percentage of mice which do not show hind limb exten
sion (clonic convulsion may occur). Effective anticonvulsants 
abolish the extensor response (tonic. phase). 

4 
€.J:>-5o vo.luv}5rd. o\v~ ~ ,;GV~ f:; LJ-Q • 

m :i. { f.::.j ( :I. · f J 
A V' b CDV' \) t...J s. o...vJ; -

a . ('(\ e:s -r 

\J. fv"+tle""-e 
-J;e: t'YCA(S 0 I~ 

·v.)J~ 
I ~cAi~:~l~~ 
~I~ 1? · 

-u;ro...u--hi,, __, ·1b·'Z.(\?...·J ·- 1ZJ·?.) JI 
p~~obtMzk · tJ~-? zr· o l 1' ·6 ~ ::S&'0 

r~ 0 h1A
1 
~vJcft-hbn D 12.S~ 
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Exercise: 9. 
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Objective: To screen anticouvulsant a t• ,•t . . • . 
L C l\I \: 10 mice a0 arnst eptazole (pcntyJcnctetrazole) · i " d . ~ 

. me nee convuJs1ons in mice. 

l. Select mice of either sex weighing about 25 to 30 gms. 

2. On t?e previous day, inject _s.c. (in the scruff of the. neck) Lepta
zole 1n a dose of 70 mg/kg (; mg/ ml solution). Observe .... for clonic 
convulsi<?~s for next 15_ minute~_. Select those mice ~ch-show 
clonic convuls)ons. 

-- - - : . _.. 

3. Next day, divide into_ 2 groups of 6 mice each. 

4. Administer one group with test drug orally, and use another group 
as control, treated with saline or vehicle. 

5. An hour after the drug administration, inject Leptazole as above. 

6. Observe the mice for 15 minutes and note the percentage of mice 
protected fron1 clonic convulsions. Drugs effective in petit mal 
like· Tridione, block 100% of clonic convulsions . 

• 

t 
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SELECTED T 

Exercise: 10. 

(A) 

1. 

2. 

3. 

(B) 

1. 

2. 

3. 

(C) 

1. 

2. 

3. 

Objective: T<? study the analgesic activity of a test compound in 
mice. 

Albino mice of eithe~ sex w.eighii:ig ~0-30 gins. are used for this ex. 
periment. Select the mice whi.c~ wil! 1 eact to clip, .electro-shock and 
hot plate methods befo~e adm1mstenng th~. drugs .111 O\der to choose 
only those animals which react to the noxious st1mul1. 

Clip method 
Apply a bull-dog clip to the base of the tail of the n1ouse. 

:Note do\vn the reaction time in secon9s frofl!. the 1n01nent the clip 
is applied to the moment when the annnal tnes to remove the clip 
by biting. 
Discard the animals not responding within 5 seconds. 

Electric shock method 
Apply electric shocks (Voltage 20, pulse width 20 ms. frequency 
1 I sec.) to the tail of the mouse, using a square wave stimulator. 

Select only those animals which ·respond with a squeak at this 
particular voltage. 

Discard the animals which require more than 20 volts to squeak. 
/ 

Hot Plate method 

Place a mouse on a hot plate, maintained at 55 .5 ± 0.5 °C 

Note the time required for each mouse either to lick its hind paws 
or to jump in an attempt to escape. Normal mice react to this 
stimulus within 4 seconds. 

If the reaction time is more than 4 seconds, discard the animal./ 

After. ~election, ~ivide the .animals in groups of 10 for each dose. 
Adm1mster. the test drug mtraperitoneally (3 different doses one 
per group) In the volume of l ml/ loo· gm. Test the animals by clip, 
electro-s~o.ck ai:ct thermal method 15, 30 45 and 60 minutes after 
the adm1rnstrat1on of drug. ' 

The test compound is con · d d · ff t if' 
(a) reaction time is prol a sd1 bere to have an analges1~ e ·ech, d: 
(b) animal re · onbe Y 10 seconds for the chp met 0 ' 
shock method~u~~eJ more th~n 2~ volts to sqeak for the electro; 
the thermal m~thod. (c) reaction time increased by ]._ second fo 

For each dose carry t 11 · e 
. ou a these three methods at the same wn · 
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ELECTRIC SHOCK METHOD 
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(D) Tail flick method 

(Instrument: Dolorimeter or analgesio~neter using heated Nich. 
rome wire as source o~ sttn1ulus). 

1. Select two groups of rats each of either sex (body weight 80-lOO 
gms). 

2. Hold a rat on the instrument, so that the tail lies over the Nichrome 
wire of analgesiometer without touching it. Wait till the rat settles 
down and does not move the tail. 

3. Start the "on" switch which heats the Nichrome wire using 5 mA 
current through galvanometer and start the stop watch. 

4. Note the time interval, when the rat attempts to escape the heat 
stimulus by flicking the tail. The time between onset of stimulus 
and flicking of tail is termed as "Reaction time". Note the reaction 
time for each rat. This will give the untreated control readings. 

5. Administer the test drug to one group intraperitoneally and saline 
or vehicle,to another group which will act as untreated control. 

, 6. Record the reaction time of each rat from each, group at intervals of 
15 and 30 minutes after the administration of drug. If a rat fails 
to flick the tail do not continue beyond 8 seconds to avoid injury 
to tail. 

7. Compare the results of treated group with control group. 

8. To calculate EDs.1, take one group each at 3 different dosages. fe.g. 
Morphine 6, 8, 12 and 16 mg/kg; Pethidine 6, 8, 12 and 24 mg/kg). 
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TABLE 5.6 
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(19/"0 co n
{iucnce limits) of morphine sulphate, mcperidinc hydrochloride and 

EV:ii .. mctamizolc in mg I kg by various methods. 

----Drug ------Morphine sulphate 

Meperidine . 
hydrochloride 

Metamizole 

-

-.. 

.. ' 

' !. ,.,a ' 
. ... . 

' . 

. ·. 

Clip !vkthod Hot Plate Method Electric Shock Method 

8.0 ( 4.6 - 13.6) 5.9 (2.7 - 12.4) 6.6 (4.7 - 9.3) 

8.3 (4.3 - 15.0) 17.0 (8.3 - 34.0) 12.0 (8.4 - 17.2) 

540 (295 - 930) 1920 (987 - 2240) 780 (565.5 - 1030) 
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Introduction 
The isolated tissue preparation and the 

method of bioassay may well be considered 
the trademark of the . pharmacologist. With 
greater advances in the field of neurohu
moral mechanisms, and better insights into 
human biochemical pharmacology, it is yet 
difficult to better the bioassay by chemi
cal assay. This is particularly true with 
studies of mixtures of substances in per
fusates/effluents or in the isolation .of an 
intermediate with less biolonical but almost 
identical chemical activity :s the end pro
duct in biosynthesis. Bioassay or the 
assay of a substance by biolooical means 
~akes diverse forms of animal ~xpe.riment~ 
in general, of three types. 

Measurement of an all or non-phenome
non eithe 
a . ' r as 1) an endpomt m each 

n1ma1 e h 
.g. ead drop bv curare _cardiac 

~ .. l- :~p~-~~~'"='or- as .. 2)-··;~~rcentaoe 
, onse in - ::-i 

ficatio a group of animals e.g. cornb.. 
n rat's · 1 · oestrog _ vagma epithelium after 

c90\41l-:ns, ~evelopment of hypoo]vcemic 
:tlons I . ·. t) - • -

etc. 11 mice after msulin. injection, 
Me · e asurement f 

.g. the d 0 a graded phenomenon 
ect · ose related · · · tissue ( 1 1 esponse of an 1solat-
~p--_:_~r Chapter 1 ). 

Z S: 

CHAPTER 6 

- -- L iW'.!bhi3 ..,.,. __ 

Isolated · Tiss11c 
Ex1lerime11ts 

This chapter will deal with the useful
ness of particular isolated tissues for a 
given substance and for further details of 
bioassay method or isolated ti ssue prepara
tions the reader is recommended references 
cited below. 

The guinea pig's isolated ileum is a 
tissue suitable for bioassay of histamin e. 
The responses are generally quite consist
en~ and the relation to dose fa irly predict
able. Discrimination between doses is 
good enough for purposes of bioassay. 
Acetylcholine can also be assayed by this 
method, but this again has the disadvant
age of promoting the development of spont
aneous contractions. The sensitivity of the 
tissue is not marked. 

Practical points 
The tissue should be perfectly clean, 

because accumulation of mucus in the 
lumen sets off spontaneous contractions. 
This should be ensured by starving the 
animal for 24-48 hours before the experi
ment and repeated washing of the tissue. 

The frog's isolated rcctus abdominis 
muscle is an extremely convenient prepara-

. }I barillacological ----·--_- - -
harrnaco} Experiments on isolated preparations" ogy U . . by the Staff, Department of 

Ltd., London & Edinburgh, 1968. .; · ' ntvers1ty of Edinburgh, E. & S. Livingstone 
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h r and mines (m this case. noreptncphnne). It . 
tion for the bioassay of acetylc 0 me of easy to set up. fairly specific for norepi 15 

160 

d-tuhocurarine. It has the advantage d hrine and extremely consisknt in ·t ne. 
• f · ience to use an P . . 1 s res. t:ase o mounttng, conven . se The main d1sadvan tagc is th 1 f ·1 b·1· r d not need tern- pon · e sow. ret> av,11 a 1 1ty. t oes f contraction which can b -
perature reuulation and does not pose pro- ness ob -:-- th . . 

1
• t . de over. 

b . The come y using e cumu <1 1vc ose r 
blem~ of spontaneity of contract10n. · . . es. 

. . . h d . fficiently ponse curve as described m Chapter 1 It sens1t1v1ty of the met o is su d' · · t' f · 
high for all practical purposes and may ~s not very . iscn_min~1 . ',ng as,, ~r as small 

b · d b dd't' f hyso-tigmine increments m do~es at c conc1.:rned and is e 11u:reasc y a 1 1011 o p :'.I • 

(0.S µ g/ml) or alcohol to the perfusion best sUJted for the .study of a: adrenergic 

fl 'd s 't ' . th t' - . t 4°ce.nverniuht antagonists to decide the nature of the u1 . onng e bSue tl v o d ·· 
in Frog Ringer saturated with oxygen in- antagonism. Cumulative ose response 
creases its sensitivity. The main disad- curves are obtained in the abscnc~ and 
vantage of the method is the lengthiness pre·sence of graded amounts of the anta. 
of the entire experiment, as each contrac- gonist, each time attempting to elici t sup
tiun takes 90 seconds for completion and ramaximal contraction . The doses of 
15 minutes for relaxation. agonist and .antagonist are converted to 

The isolated rat colon is a convenient 
preparation for the bioassay of epine
phrine. The method followed is that of 
Dt! Jal on who originally used the rat uterus. 
Graded doses of epinephrine are added to 
produce inhibition of a standard carbachol 
induced contraction. The degree of inhi
bition is considered as the response to 
epinephrine. The method is easy, conveni
ent and fairly sensitive. Generally a 
bracketing assay is done. The usual spont
aneity seen is damped by utilising a modi
fied Ringer solution poor in calcium as the 
perfusion fluid (refer Appendix 4). 

molar amounts and curves are plotted 
using percentage of maximal response 
obtained against the log of the correspond
ing dose. In other words, if a response is 
40 mm high and the maximal height of the 
cumulative curve obtained is 160 mm high, 
the response is considered as 40 I 160 = 
25%, and this value is plotted on the 'Y' 
axis. The nature of the curves obtained in 
presence of antagonist indicates the type of 
antagonism. Competitive type is shown bv 
a parallel shift of the curves without 
change in maxima, while noncompetitive 
antagonism is reflected by a non-parallel 
shift combined with decline in maximal 
heights. 

f The isolated rabbit jejunum is another 
fnethod of bioassay of epinephrine utilising 
1thc dose dependent inhibition of pendular 
movements by epinephrine. This inhibi
tion is accompanied by actual relaxation, 
also dose related. The method is only 
fairly sensitive. The tensi·on on the tissue 
is extremely critical and can produce wax-

8~ 

. The isolated r~ uterus is utilised f~r j 
b1oassay of e~phrine by D~ 
methoc!_J,as with ~nd of 5-hydro· ~ 
xytfyptamine. The latter produces g radecl 
responses to njl.ll.Ogram-doses. The method 
is very sensitive and discriminating. The 
disadvantage of spontaneity is overcome P:Y 
using De Jalon's solution which is poor l!'l 

11
J 

calcium, and by eliciting responses at room 'J 

/ ing an? waning of pcndular movements, 
1 rendering the preparation unsuitable for 

bioassay purposes. Thus, though easy to 
set up, the method is tedious to continue. 

The isolated aortic strip of the rabbit is 
yet another means of assaying catechola-

temperature instead of at 37°C. / 

Another re aration usef · bioass.p 
o~_ 5- HT is the isolated rat fundie "5tffi?· 
This tissue is also sensitive, and d~.:
mi!lating but occasion-ally instead of a 
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E~:tion rnovemendts arTeh~bta~ned, produc- flank, with large ' one horn lying in each 
'. " a~ zig-zag re~or . is tissue can be inferior border ~~~unts of fat along its 
rn:7 . rted for b1oassay of catecholamines and placed . . is care_f ully removed 
co~~he relax it, by producing a steady tonus- De Jalo ' in ~ shallow dish containing 
~1.'nfh~~e tissue by addition o! _5-H"!:' in the the f n s_ s.olution and disS<!cted free of 

'd I th - at, ovaries etc. Care is taken not to 
fusing flm . n e presence of this stretch the P . 

per h . r d ' 11 d reparat10n. One horn is then 
5.HT, epinep nne p o uces a we -gra cd mou~ted in a~ isolated organ both in De 
rt'laxation. . . . . . Jalon s solut10n at 37oc aerated with 

A similar prmc1ple is utilised in the oxygen. 

l·solated tracheal chain of guinea pig. Tonic A · d f b penc o a out half an hour is ailow-
contraction due to __ piLocarpine is utilized cd for stabilisation and the experiment then 

to study epinephri~_e dose _dependent r~-- begun R _ · esponses to 5-HT are recorded 
JaxafiOil. The effect of agonists like 5-HT, using a contact period of 30 seconds and 
histamine and acetykholine which produce a recovery period of 3.5 minutes in bet~een 
contraction are easier to elicit. The nature successive doses, by means of an isotonic 
of adrenergic receptors in the tracheobron- lever loaded for a tension of 0.5 g. 
chial tree (of practical interest in bronchial 
asthma) may also be studied utilizing ap
propriate agonists and antagonists. 

Isolated .Cat Spleen : This preparation 
is of greater academic than practical im
portance and is useful to study the nature 
of the adrenergic receptor in the spleen 
in - vl!~o-:- It is not ·commonly · used-for
bioassay of epinephrine. 

Experimental Techniques 

1. The isolated guinea pig ileum. This 
preparation has been described in Chapter 
1. 
2· ~he isolated rabbit jejunum. This pre· 
raration has been described in Chapter 2. 
· The isolated frog rectus abdominis 

:use.le. Refer Chapter 1 for a description 
4 this preparation. 

c;ib:~o~ated rat colon preparation is des-

7. The isolated rat f undic strip. This is 
a preparation of the fundic portion of the 
stomach of rat. After a period of 24-48 
hours starvation a rat is killed by stunning 
and the abdomen opened to reveal the 
viscera. The stomach is identified as a 
ho11ow viscus just beneath the diaphragm. 
It is removed and placed in a shallow dish 
containing Krebs solution. _Q!_1_ close in_:. 
specti·on it _I!}_~Y. b~_ foun~ to co~sis! cf '1!1. -.!
upper greyish and a lower pinkish portion _ _ 
representing respectively the fundus ana 
the pylorus of the stomach. The fundus 
and a strip of the pyloric part are cut ~ut 
and slit open as shown in the figure. With 
a series of parallel cuts place~ alter~ately 
from either margin the fundus JS c~t m the 
direction of its fibres to form a strip 3 mm 
in width (the bits of pylor~s may now be 

d having served their purpose as a 
remove . . d 

d k) This fundic stnp JS mounte 
Ian mar · • 
in Krebs' solution at 37 C a~d re~-

dcd with an isotonic 
ponses recor Th 

1 ded for a tension of 1-2 g. - e 
5 in Chapter 1. 
up. Isolated rabbit aortic spiral/ strip is set 

as des 'b 6. 'Tb • en ed in Chapter I. · 
rat i .e .'501ated rat uterus. A young female 
in a~ '0hJ:cted with stilboestrol (0.l mg/kg) 

ac is ·1 . . h 
CXJ>er' 01 i.m. 24 hours pnor to t e 
the a~ent. lt is killed by stunning and 
nuate omen quickly opened. The bicor· 

l~ver> .oa allowed to relax J_or j/4 - 1 hou_r_ 
ussuc J.s a b' furthet-cnh<:J!Ked-.by_an. 

.~~_!!ie lever. Repons~s to 
t:xtra · p "'-HT are recorded with a 
~griatcf'Cfoses of :J ·---:r--;;-0a-are:-

• d o f 90 seconus .... . 
on ·act _ PE .J.e.._ f ~ t)c t IO 15 nlinutes: - ' d a OU • -covery peno 0 • .. Uteru · · ·1 · !. " s 1s identified behind the coi s 

r. lJ 

---
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r · 6 / rr1n 1•1(1/,acd rat uterus pref'' " 11rin11 . 
l'/l[. l . ,' I I« 

· I o. I ·a 
The uterus is identified as a 

6. J ·b 
The ute rus is remo\'ed, and 
the fat seen along the infe. 
rior borders is trimmed. One 
horn is used for the cxpcri· 
ment. 

bicornuatc ~tructurc behind 
the o ther abdominill 'iscera. 

_ _, __ +-- Oxyoen 

Outlet 

6. 1-c 
The final set u p of the isolat
ed rat uterus in De-Jalon's 
solution a t room temperature. 

I # 
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Fig. 6. 2. Tlte iso! I , I " c' f1t1tdic . · strip of rat. 

Fund us 

pyloric end 

6. 2-a 

pie fundus f h is identifi d 0 t e stomach 
with e . ' removed alon"' 

a stnp of I e. shown by th PY orus as 
open. e arrows, and cut 

flJndic strip 

6. 2-b 

Cut~ are placed alon" the 
ve~ucal lines in (a) and the 
stnp thus obtained opened 
out. 

Auxotonic lever 

Inlet 

Outlet 

6. 2-c 

The final set up of the iso· 
lated. fundic strip in Krebs' 
solution at 37°C. 

~. The • · ~·• pig.--A a • • _ •• ~ c am o •. e the ends. Th:~ strips arc joi~d end to 
u • ~solated trache I h • f h . lvei&liflSkille oumea pig. of ·aboui-450 g . end, !'S. shown in the diagram and _the _ 
the throat . as d by stunning and cutting _ _ t_i:a0e~I chain thus obtained is mounted 
Possible. The close to the mandible as .-in _an._organ, .. b_a_th in J{reb( ._ soluti~_~: ;· 
are divided a skm and muscles of the neck ~~". _recording lever is. ba!ance'!!.<:r_ l 
removed. It t d the t ra ch ea. isolated. ~ n d a ten 51_".n of .. ~·~ g ~ n ~- ._the. _t 1 ss ~"...a llow~d 17 
Kreb, soluti s placed tn a dish con ta1mng ~.1~r _a.~~U.!-~ .. ::-- 1 J _h9~·~· )3-e?:-

. tissue unn on . and cleared of connective ponses to drugs arc eh cited usmg a contact 
surface - is 

1 
-~· g!i~ te)l in g white cartilaginous period of 90 seconds and recovery period 

strip of smrevealed. _This also includes a df 15-20 minutes. -
pe ooth .......- · ·-
. ct. 11i · . muscle on the posterior. as- --- · hca}J e cart1lag· ·r · I t d bre 'c nerve hcmi· 

Oi_ y in th mous portion is cut ver- 9. he 1so a e P n• -P<ncd 

0 

e midline and the ·trachea diapbragttl preparation of rat (refer 

stri ut. It · ~ JlS each 15 then cut into transverse Chapter 3) . . •nt of s~f which contains a central seg· JO. Isolated atria of rabbit (refer (hapt· 

t:': ooth muscle .with cartilage at er 4) . 

.. . ... . · .. 
-e . • '.·: · • 
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11. Isolated, perfused rabbit heart or 
Langendorff's preparation (refer Chapter 
4). 

12. Isolated cat spleen. The spleen from 
an anaesthetised cat is removed prior to 
administration of any drug in the course 
of a routine experiment. It may be pre
served overnight at 4 °C in Tyrode solution 
saturated with oxygen. 

For the purpose of this experiment it is 
allowed to regain room temperature and 
a slice is cut as shown in the figure so as 

to obtain a complete ring -of capsule ar . I . ct . ound the shce. t is mounte m an or\Jan b 
d 

. b ath 
at 37°C in Tyro e, with a recording 1 . ever 
balanced for a tension of 0.5 g. Relaxa. 
tion is allowed to occur fo r about l h 

. 1 b our 
and the experiment t 1en egun . Response 
to graded doses of an a: agonist like epine~ 
phrine are recorded, using a contact period 
of 30 seconds and a recovery period t 

5 
. 0 

10 -- 1 mmutes. 

13. The isolated, innervated rabbit jeju. 
num is described in Chapter 2. 

Fig. 6 . J. The isolated tracheal chain preparation of guittea pig. 

Tracheal chain 

Tracheal ring 

6. 3-a 
The trachea is removed, cut 
as shown and the semi circle 
thus obtained joined together 
end to end. 

Carbogen 

Outlet 

. 6. 3-b 
The final set up of the tra· 
~eal chain in Krebs' solu
tion at 37°C aerated with 
carbogel?- 95 ° oxygen, 5 °t, 
i;arbond1oxide). 

Inlet 
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Fig. 6. 4. The isolated car spleen preparation. 

Spleen 

Capsule 
Splenic strip 

6. 4-a 

The spleen slice removed as shown so as to 
obtain a complete ring of splenic capsule 
around it. 

Oxygen 

Inlet 

Outlet 

6. 4-b 

The final set up of the splenic strip 
in Tyrode solution at 37°C 
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Practical Exercises 

Exercise I 

Objective: To assay an unknown solution of histamine. 

1. Set up an isolated preparation of guinea pig's ileum. 

2. Elicit dose-related responses to a standard solution of histamine. 

3. Similarly, elicit responses to graded amounts of a suitable dilution 
of the unknown solution. 

4. Choose 2 doses of unknown and two of standard and perform a 4 
point assay. 
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E~ercise 2 
Objective : To assay an unknown solution of acetykholine. 

Set up a preparation of isolated frog's rectus abdominis muscle. 
1. 

167 

Elicit dose related responses to a standard solution of acetylcholine. 
2. 

Elicit responses to graded amounts of a suitahle dilution of the un-
3. 

known solution. 

4. Select 2 doses of unknown and 2 doses of standard and perform a 
4 point assay as described in Chapter 1. 

. . ' 

( 
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Exercise 3 

Objective: To assay an unknown solution of epinephrine 
(De J alon's method). 

1. Set up an isolated preparation of rat colon as described. / 

2. Elicit responses to carbachol (10~ f' g/~1) such that the height of 
the contraction is about 6 cm. - ,,,,, 

3. Add 0.5 µ g ep!nephrine and in its presence elicit a response to 
carbachol in the same dose as before. 

4. Wash out the drug and record recovery of the response to carbachol. 

5. Similarly, elicit responses to carbachol in the presence of 1.0, 1.5, 
2.0 f' g epinephrine. 

6. Observe that the degree of inhibition of the carbachol response is 
related to the dose of epinephrine. 

7. vVith a suitable dilution of unknown solution of epinephrine, per
form L!2E_a~ke~-~-s~y! ~_atcE_in~_ ~he inhibition of the carbach~! 
responses produced :with standard and unknown. -

L . 
I 
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Estimation of epinephrine by De Jalons method 

LtJ 
Cl) 
~ 
0 
Q 
(/) 
l1.) 

(t 

41 
CJ) 

0 
Q 

. o. 5 ,,J..J. q 
r 

1.0 µg 2.0 P.9 

0.2 ml (Test) 0.2 P.'J.. 
"-. ~"'-----"' . - ..- -· ..._ - ... --

responses ... recorded wifh 4.0 JJ9_ __ of 
carbachol. Bars indicate presence ·of 

0. 5 .P-'J 
All 

--,-- ~ 

- ,.. ~"" ,·""I'\ 0 rl 
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Exercise 4 (a) 

Objective: To assay an unknown solution of epinephrine. 

1. Set up an isolated preparation of rabbit jejunum. 

2. Allow the tissue to stabilise. 

3. Add graded doses of a standard solution of epinephrine. 

4. Observe the dose related relaxation of the jejunum. 

5. Proceed to perform a bracketing assay with the unknown solution. 

Exercise 4 (b) 

Objective : To study the sensitivity of rabbit aortic strip to various 
agonists. 

1. Set up an isolated aortic strip of rabbit. 

2. After stabilization of the tissue, elicit responses to the agonists as 
follows : Epinephrine and norepinephrine in micrograms, 5-HT and 
histamine in microgram doses larger than those of E,NE and 
acetylcholine in very large doses (100 fl g). 



BIOASSAY (EPINEPHRINE ) 

ISOLllTED RABBIT JEJUNUM 
£ff ect of epinephrine 

Sin9le dose Dose response curve 

• • • • WASH 
2.0 1.0 2.0 +.o 

( DOSES IN .J-19) 

BATH CAPACITY: 20 ml 

ISOLATED 
Sensitivity 

Fig. 6.6-a 

~ AQRTL£_~~R_I~ _ 
to various 09on1srs 
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Exercise 5 

Objective: (a) To assay an unknown solution of 5-1-IT. 

1. Set up an isolated fundic strip from the stomach of rat. 

2. Elicit responses to graded doses of 5-HT (10, 15, 20, 25 nanograms). 

3. Observe the good discrimination between doses and the high sen. 
sitivity of the tissue which make it suitable for bioassay purposes. 

Objective: (b) To assay an unknown solution of epinephrine. --::::: .... ..., 

l. Set up an Isolated rat fundic strip. 

2. Maintain a degree of tonus in the tissue by addition of 5-HT to the 
perfusing fluid (10 fl g/litre). -. 

3. Balance the lever after the tissue has reached a stable tone. 

4. Add graded doses of epinephrine and observe the dose related 
response. 

5. This tissue has a sensitivity in the region of nanogram amounts of 
_)l epinephrine and is suitable for assay of this substance in small 

)
J J amounts. 

l"~ 
~ ~... -~ ';>a-~' / ' ~/ 

. ; . ....... ~ OJ' •' ,,., \ 
(.. ~ .. .. ,":\ , / \Y ,', 

...(- -. . i.'1l... 
I ,/ l " • ·_;-
'":) ~ 

' \ ' .-
~ ~/ ) _,, 

. ' . 
/ 

/ 
- 1• 

.. 
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CATECHOLRMINE ASSAY 
Isolated rat fundus strip 

• • • • 
/. 5 2 3 4.5 

Epinephrine ( n9/ml) 
( <:!:!__T in concentration ·of 

10 .µ9}J_in bat hin9 fluid ) 
\ 

Fig. 6. 7-a 

BIOASSAY C S·HT) 

ISOLATED RAT FUNDUS STRIP 

I 2 -f. 6 8 

5 ·HT ( n9 /ml ) 

Fig. 6. 7-b 
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Exercise 6 

Objective: To assay an unknown solution of 5-HT. 

1. Set up an isolated preparation of rat uterus. 

2. 

3. 
Add graded doses oi5·HI Jn.pa~ .. ~srams (10, 15, 20, 25). 

Observe the sensitivity of the preparation which makes it suitable 
for bioassay of small amounts of 5-HT. 



ISOLATED Tl~SUE E'Xl'EHli\t f.NTS 

ISOLATED RAT UTERUS 

10 15 20 25 

5-HT in n9 
BATH CAPACITY : 20 m/ 

Fig. 6 . 8 

• I 75 
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Exercise 7 

Objective: (a) To assay an unknown solution of isoprenaliue. 

1. Set up an isolated preparation of guinea pig's tracheal chain. 

2. Maintain a steady state of tone in the tissue by addition of carbachol 
SO µ__gJJitre-in the perfusion fluid and adjust the balancing of the 
iever. 

3. Add graded amounts of isoprenaline and observe that the relaxa
tion elicited is proportional to dose. 

4. Observe the sensitivity of the tissue in nanogram quantities. 

5. Proceed to perform a bracketing assay with an unknown solution 
of isoprenaline. 

Objective: (b) To study the sensitivity of the guinea pig tracheal 
chain to various agonists. 

1. Set up an isolated preparation of guinea pig tracheal ch~in as 
described. 

2. Elicit responses to graded doses of histamine, acetylcholine and 
5-HT. 

. 
3. Observe that the sensitivity is in microgram quantities as opposed 

to the nanogram doses of isoprenaline recorded in part (a) . 
....... 

. ) 
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Objective: (c) To study the nature of the. adrcnergic receptors in 
the guinea pig tracheal chain. 

1. Set up an isolated preparation of guinea pig tracheal chain. 

2. Elicit responses to isoprenaline in presence of carbachol in the per. 

f-usion fluid. 

3. Aud phenoxybenzamin~ to the bath 10 f' g/ ml and elicit response 
to isoprenaline. 

4. Observe no potentiation/blockade of isof)renaline ( ~ agonist) by 
phenoxybenzamine ( ex: antagonist). 

3. Elicit responses to epinephrine in absence and presence of .Pheno
xybenzamine. 

6. Observe that the relaxant ( ~ .> effect of epinephrine ( o: and ~. 

agonist) is potentiated by phenoxybenzamine by blockade of the 
cc receptors i.e. this shows that apart from the predominant ~ 

receptors, certain ex: receptors inust be present. 

7. Similarly, elicit isoprenaline responses before and after D.C.I. and 
observe blockade of the response. 
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Experiment 8 

1. 

2. 

3. 

Objective: To assay an unknown solution of d-tubocurarine. 

Set up a preparation of rat phrenic nerve-hemidiaphragm as des. 
cribed.· 

Add d-tubocurarine in graded amounts and observe dose related 
inhibition of contractions. 

Utilise this for a bracketing assay of d-Tc (Alternatively, a frog's 
rectus abdominis muscle preparation may be used, utilising De 
Jalon's principle). 
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Experiment 9 

Objective: To study the effect of drugs on 1hc myocardium in 
vitro (Refer Chapter 4). 

Experiment 10 

Objective : To study the effect of drugs on myocardium and 
coronary vessels in vitro (Refer Chapter 4). 
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Experiment 11 

Objective: To study the suitability of the cat spleen as an 
adrcnergic system in vitro. 

l. Set up a preparation of cats isolated spleen slice as described. 

2. Elicit responses to graded doses of epinephrine and norcpinephrine. 

3. Observe that the sensitivity is low and the responses to the pure a: 

agonist norepinephrine are smaller than the responses to the o: and~ 
agonist epinephrine. 
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Experiment 12 

Objective: To study the site of adrcnergic blockade produced h)' 
an unknown drug in vitro. 

1. Set up an isolated Finkelman preparation as described. 

2. Elirit control responses to electrical stimulation a nd to epinephrine 
added to the bath fluid. 

3. Add the test drug to the bath fluid. 

4. Elicit responses to electrical stimulation and added epinephrine. 

5. Observe that an adrenergic neuron blocker inhibits the response to 
electrical stimulation but not that to added epinephrine, while an 
adrenergic receptor blocker will block both. 
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Somehow. problems get into my blood 
and they don·r give me peace, they 
tortnre me. I have to get them out oj 
my system , and there is b1tt one way 
10 get them 011-t . - by solv ing them. 
A problem solved is no problem at 
all, it j11st disappear s. 

ALBERT S ZENT-GYORGYI -

PERSPECTUS IN BIOLOGY & 
. MEDICINE, 5, 173, 1962 

In this chapter. \Ve have described a few 
miscellaneous topics, like screening of 
diuretics, anti-inflammatory drugs and 
bronchodilators. Each one of them by 
themselves, could form a separate chapter, 
with extensive theoretical and practical 
details. Such details would only interest a 
few workers, who are actively engaged in 
these fields. We have described here only 
a few of these techniques which arc being 
carried out in our laboratory and could be 
of interest to all the postgraduates in 
pharmacology as exercises in a general 
training program. Most of these practical 
exercises could be carried out without the 
need for specialised equipment. 

Diuretics 
The screening of diuretics for clinical 

'O utility is a matter of practical importance. 
?, . f Pro~ising laboratory results at times are 

· ".J .;/ not . supported by subsequent clinical 
2 -~ ' trials. This may be due to specie:; difference 

-' ·,.. d n· · t{ . · in response to rugs. 1uret1cs are most 
J : · commonly screened in rats and dogs. 

..._S·-: . A method using rats for estimation of 
/' antidiuretic potency was described by 
! Burn in 1931. This method or a modifi-

cation of it has been used for diuretic 
assay.; by most of the subsequent workers. 

( Lepchitz*. et al ( 1943) described a method 

CHA PTEk 7 

~11 iscelJa 1i.~ons 
~r opics 

which was a modification of Burn 's 
method for diurdic assay using several 
commonly u.:;eci diuretics. Next tl) the rat 
the most commonly used animal fo r asses
sing diuretic activity is the dog. The 
technical details vary considerably with 
different workers. Dog:; used are e ither 
anaesthetised or unana.~stheti . ed. Generally. 
unanesthetised trained female dogs are 
u!:ied. A catheter is pa:;sed in the bladder 
and urine is collected over a fixed period .' 
of time. Sometimes the female dogs arc 
prepared before hand by some preoperative 
procedure to allow easy catheterisat ioil . 
However, in practice, with a little training. 
self-retaining catheter can be easily 
passed in a female dog. Animals arc 
either hydrated with saline or with dis· 
tilled water, or not hydrated at a11. It is 
best to assay a new diuretic in both dogs 
and rats, since some of the drug:; may be 
active in one species and not in the other. 

Diuretic studies in the rat 
Male albino rats weighing in group of 

4 between 750 to 850 g (average 800 g) ./ 
are selected. Prior to the experiment the . 
rats are allowed free access to food and . 
water. During the experiment no food er , 
water is allowed. Some workers hydrate 
the animals prior to the experiment. Each 

1
J 

* Lepchitz W: L., Maddian, Z. and Kerpccsor A (1943) J Ph E 
' · · arm ·xptl. Therap 79 : 97. 
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rat is primed by administration of 25 mg/ 

k" of 0.9% . aline intraperitoneJlly. Cum-
~ 

mings• et :i i ( 1960) advoca ted use of non-
hydrated animals. The period of urine 
c~'larie.s. from 5 liruu:.,<;_ro 2_4 ~· 
Most of the workers have used 5 hours a 
the scnecTUTed pl?riod. Modi et al (19633~':' 
J963b.~~ · ':' 1963c**••l advocated use of 24 
!tours collection period. Drugs a re Jdmini 
stered either orally (0.5 ml 2 % starch 

i solution as vehicle for the drug). nr in 
traperitoncally. Control group receives 
only the vehicle. another group trea ted 
with hydrochlorthiazide (2.5mg/ kg) serv~ 
as the standard treated control. Urine 
volume is recorded . Excretion of Na. K 
and chloride is estimated and recorded in 
mEq/ litre. 

Alternately the same set of 4 is used 
for control and treated observation with a 
mini mum period of 48 hours rest in be

. l~n two e-..:j1criment:;. A. 2 pecially de
signetf me'tabolic cage is used which 
houses 4 rats !Refer Fig. 7.5). In this 
CJge urine can be col lected free from 
faeces. Urine vol ume is recorded at the 
end of- 5 and 24 hours. Sodium. potas~ 
silim and chlonde excretion during obser
~ati on penod is estimated. Somcprerer to 
use 5maller cages \vn1e 1 ouseunty-one rat. 

·---- - . ----
Diurelic studies in dogs 

Dogs under anaesthesia. Either male or 
female dogs cJn be used. Anaesthesia is in
duced by pent:obarbitone 35 mg/ kg given 
intraperitoneally. Thi.! dog 1.; hydrated by 

Fig. 7. 1 : A1Ptabolic cage design for diuretic screening in rats • 

/ 
..... ~:-.. , 

i'\ 
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I ' I 

\ [j 
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~ 
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The designs include a cage for a group of four rats, and a cage for a single rat. 

* Cummings, J. R., Mayres, J. D., Lipchuck, L M. and Rosenberg. M.A. (1960) 
J. Pharm. Exptl. Therap .. 128: 414. 

•• Modi, K. N., vartak, M. N. and Sheth. U. K. (1963aJ Arch. Int. Pharmacodyn. 142 : 539 
~.. Modi K. N .. Vartak . M. N .. Shah. N. N., Lotlikar, K. and Sheth U. K. tJ963bl 

Arch. Int. Pharmacodyn. 144 : 51. 61 
..... Modi, K. N. Shah, N. N., and Sheth: U. K. (l 963c) Arch Int. Pharmacod}n. 144 : • 
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givin~ 0.9°{, saline intravenously, in a dog receives orally hydrochlorthiaz.ide 
~ 1< l 2.5 m1!/kg. The urine is collected for the 

dose of 20 ml/kg given by drip at t 1e v 

k h 
· next 4 hours and the rc~ults noted 1·0 rate of 10 ml/ g per our. . . 

The urinary bladder of the animal is terms of urine volume and electrolyte 
exposed by a median incision over lower ' ,.excretions. . 
part of abdomen. Both ureters are identi· / After 4. days rest the same dog is used 
fied, cleared and cannulated about an for studying any new compound. The re. 
inch above the urinary bladder with 

/ 
suits with the new compound are compa

polythene tubing. Urine is collected and , red to those obtained wi thout any drug 
volume recorded ev ery 15 minutes.- Con· I treatment and also to those obtained with 
'frol observaf!QI13:are .recorded-=-forabout- · hydrochlorthiazide. Every new compound 
to -2-hours...aft~r the saline drip is over. should be tried at different doses to find 
The te~t . drug_j_s th~n __ i!ljected, and t he .- out the maximum effective dose. A 
urine volum e is recorded every 15n iinufes··--sequential plan as suggested by Modi et 
for a ~~her pc!iod of 5 hours. 3.:_h_ al (l963b) is useful in screening compounds 
sample is estimated for sodium, - potas- with potent diuretic activity. 
sium_ and-Chloride _- (mEqjlitrer-·The-_.§: In order to know more about the me
s~-obtained._in_. the_ p~riod _ _Qf_drug chanism of action of a diuretic various te
treatm_:~.t are c~mpared with th~s~of chnique.; may be used, such as the effec-
A'he~ C<;lntrol period. · - - - · - -- - - tiveness of the compound in acidosis and 
~ alkalosis, clearance studies to as:;ess the 

Unanaesthetized dogs. Female dogs effect on the glomcrular filtration rate and 
weighing from 12 t~ 14. kg are selected. re?al plasma flow, stop flow techniques and 
T.he dogs . are kept m animal house on a m1cropuncture studies. These are de· 
diet of mil~, meat and b:ead for a week scribed in detail in various monograms on 
before starting the experiment. Water is diuretics. The effect under alkalosis or 
freely allowed. . acidosis and c~earance studies may be 

After an overnight fast - each dog is carried out in dogs, without elaborate 
first used. for untre~ted ~ontrol studies. laboratory facilities. 
!he. dog is cathetensed with a . self-retain- Metabolic Acidosis (Beyer•, 1958). Meta 
mg catheter and the bladder is emptied bolic ac·d · · d · · 
The dog is weighed and kept in the stand~ ammo . I osh1sl .ids pro uced by ~i!lg-
. . . . d ·- · mum c on e 100 mEq/aay (5 3 
mg position m a og-stand. The urine is / gms) for fi e d · . · · 
collected hourly for 5 hours. The output' diet 0 th~ ~ts dm1xed w1t~e_daily_, 
per hour is recorded and the samplet f__.or d .. n t ' e sixt ay, the dog is tested · 

~ iure 1c- activity "th th 
analysed for electrolytes. This gives th - - d w1 e test com· 
normal pattern of fluid and electrolyt po~n- · d A_ week- lat~r, when the animal is 
excretion from the kidney for that partf n~d u~ er-the · previous effect of metabolic 

. ' • ac1 os1s control re d' d 
cular ammal. Some workers prefer to - M - i,·-· . a. mgs are repeate . 
hydrate the animal by feeding 500 ml of 1 . et~ ohc Alkalos1s. Metabolic alka· 
water orally prior to the start of the b~sis b is produced by giving sodium 
experiment. fiicar onate .100 mEq/day (8.4gms) for 

The same dog is u.;ed after 2 days for tlve ~ays mixed with the daily diet. On 
studying the response to a standard diure· ~ le sixth d~y the diuretic effect of the test 
tic like hydrochlorthiazide. After one \ compou~d is observed in presence of the 
hour's urine collection without drug the \metabolic alkalosis. Control readings are 

' ' repeated as mentioned above. 

• Beye:-, K. H. (1958) Ann. New York Ac d S .. 
• a ' C. I { ! 363, 
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Clearance studies in dogs, Prior to the also estimated (Beyer et al, 1958). GFR 

and RPF are estimated from th~ rate of 
excretion of crcatinine and PAH. 

~·· 

experiment the dog is given 3.0 gms of 
sodium chloride for three days, mixed 
with normal diet. The dog is starved 

overnight, but free access to water is Anti-inflammatory Screening techniques 
allowed till the beginning of the experi- Recent advances in the use of nonste· 
ment. roidal an ti-inflammatory drugs in the 

On the day of the experiment, the dog treatment of arthritis, has created in· 
is weighed and anaesthetized with pento- terest i~ laboratory techniques which arc 
barbitone sodium (30 mg/kg i.p.). The used in screening new drugs for anti· 
trachea is opened and cannulated. The inflammatory activities. Most of the anti· 
femoral vein and artery one on each side inflammatory drugs owe their action to 
are exposed for continuous infusion and their pharmacological property of inhibit
collection of blood samples respectively. ing tissue reaction to a variety of agents 
Carotid arkrial pressure is recorded by a which produce inflammation and tissue 
me.r .. ~i:ry manometer. A self-retaining - reaction injury. In animal tests, a tissue 
catheter is passed in the bladder. reaction is provoked by chemical. thermal 

Sixty and thirty minutes prior to the or radiation injury and this reaction is 
collection of control samples, 500 ml of in-hlblted bi antl-lrlflammatorv drugs: 
wash is given each time orally by a sto· These- -r~~ction ~ may be of the nature o~ 
mach tube. Immediately after this a con· acUte oedema of rat . p~w induced by_ sub- ' _ 
tinuous intravenous infusion at a rate of ;Janfar in ·ection of irritants like Car.- : '· ..J• .. 

7 ml/minute is started. The contents of rageenin, formalin, mustar , yea , gg 
thi.; in.fusion are creatinine 0.7 g,. para- wllitc, silver nitrate, br,.a<W;;i.njn etc."Ery--- ·-- . - ...___ mino hippuric acid (PAH) 0.1 g, Mannitol thema may be produced m guinea pigs by 

,... -- _,.. 
8.0 g in 30 ml of distil1ed water. (Intra· exposure to thermal stimuli. Chronic in-
venous continuous infusion, creatinin\: • flammation is-produced by use- of implanta--
0.2 %, PAH 30 mgYt , 0.023M. Ph~hatetion of foreign bodies like CQtton pellets 
bUTfer;Q'flt~fning 0.23 gm of Mannitol · aC. in rats, or injection oCiriliant.s ·i~ --joints ~ · 
~4 _:_ ·~arate of 7 ml / min Ute). Three - t£. ~roduce-arthriti~ e :· silver. nitrate, .or • > 

control sa_!llp1~s-;.9.Lb1ooo_and __ urine __ ~mm~~.e crys~lsi'~! . ad1uva!!! _ m- _ -~~ 
collected at ten minute_ intervals. Blood ~fuced arthritis. The effects of drugs c.m 

... sample; a-re~ coiiected at the mid point_9f~~uch inflamed joints, for e.g., suppres
eacht 1me- interval. Immediately after the sion of inflammation, decreased P.ain 

CoJiection of the third urine sample, the (squeak response on moving joints in rats) 
test compound is injected in the infusion. and J..ncrea:;ed mobility of joints etc. could 
JJle. drug is allowed to act !or _ten ~tes be studied .. ~ammation prOduc.e~ in
and then a further three samples of blood creased capillary permeability. Inhibitory 
and. urine are coJlected at intervals of ten effects of anti-inflammatory drugs on 

. minutes. The test compound may be increased capillary permeability induced 
given a5 a single dose, or as a priming by irritants can be studied. in rabbits, 
dose followed by more doses. guinea pigs or mice. (Brown & Robson*, 

Urine and blood samples are analysed .1964). Biochemical studies on the com
for creatinine PAH electroytes; pH and position of inflammatory tissue exudatg, 
titrable acidit~ of the urine samples is and involve!Jlent of various enzymes, 

* B . · rown; D. M. ~nd Robson, R. D. (1964). Nature, 202, 812 
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mediating these changes, and effects of 
anti-inflammatory drugs on these bioche
mical parameters have been extensively 
reported by •Garattin1 & Dukes (1964). 

Carrageenin induced oedema. Carrageen
in is used as a phlogistic agent to produce 
acute oedema in rat's hind paw. Drugs to 
be screened are fed orally, usually an hour 
befor(! the injection of carragecnin . . Thir 
time interval may vary depending upon 
the rate of absorption and excretion of the , 
te,;t drug. The degree of inhibition of 
oedema is assessed by measuring rat's paw 
volume of both control group and treated 
group at the end of three hours, after car
rageen in injection. The rat's paw volume 
is measured in a plethysmograph by noting 
the displacement of mercury, when the paw 
is dipped in mercury column to a pre-deter
mined mark on the paw (Fig. 7.2a). 

two weeks nodular swellings appear on the 
·tail and ears. Drugs can be screened e~ 
to suppres3 the initial phase of arthritis, if 
administered from the beginning of the ex
periment and continued for 2 weeks, 01. 

to suppress the late phase of connective 
tissue involvement , (as indicated by nodular 
swellings), by s tarting the treatment 2 
weeks after thl.! inject ion of adjuvant and 
continuing it for two weeks. 

Screening for Antihistaminic Activity : 
Since the introduction of compounds 

with antihistaminic activity by Fourneau 
and Bovd in 1933, there has been a con
tinued interc3t in developing new anti
histaminic drugs. A number of methods 
for screening compounds for antihista
minic activity have been described. Most 
of the3e methods demonstrate· antagonism 
by test compounds tG histamine either in 
vivo or vitro. Antihistamines also have 

Cotton pellet granuloma. A chronic shown other interesting activities not re
inflammatory granuloma is produced by lated to their property of blocking hi3ta· 
implanting sterilised, weighed cotton pellets mine. These activities include topical 
subcutaneously in rats; a period of seven local anaesthetic activity, antitussivc acti
"days is required for the foroiation of a vity, anti-emetic activity, anti-arrhythmic 
. gra.nuloma. From the first day of implan: activity, etc. These compounds are also 
.tahcn, one group receives the test drug effective in treatment of parkinsonism and 
.. orally for the duration of the experiment. !JlOtion sicknes5• 

(>n the eighth day, under ether anaesthesia, Antihistaminic activity can be demon-
t_tie cotton pellets, covered with inflamma- t t d · _ _ s .ra. e in isolated preparations, e.g. ~uinea 
tory tiss. ues •. which has now formed -a gran:- 1 · 

I d - pig 1 eum. on which competitive antagonism Ji"' 
u pma 1s 1ssected free. The difference to h' . · 
· h . istamine can be demonstrated. In ,, 
m t e wet an~ dry weight of gran- v ·h ~ 
uloma, from control group and treated ivo, anti istaminic activity can be de-

. monstrated in vario . 1 l'k bb' 
group gives an estimate of the inhibitor t . . us amma s 1 re ~ 1t1-
activity of the test compound. Y ~ or guinea Pl~ The most favoured 

a~t~mal 15 ~uinea £ ig, since it is very sen- i.vl ~ 
Sl !Ve t h' · - 111~ 

Adjuv_ant a.rthritis. Chronic arthritis and -~- istamu~e. A number of metho~s, \ 
are used to c t . 

connective tissue le.5ions are induced . · . oun eract bronchospasm a 
t b . . . m asphyxia mouc-d . - .. , 

ra s y m1ectmg adjuvant, which consists mine · ~d · . . e m gumea pigs by h1sta· · 
of m~tha~ol .dried tubercle bacilli. emul;i- ** ministered as an aerosol (Armit· 
~fi~d m hquid garaffin. Swellings of th~ ~g~, et al. 1961) or- -by systemic route. 
JOmts appear within 14 da:ll.s. In the next n ravenously administered histamine 
---- -- ---· --- _ ...,._ _ causes death of th . -

• Garatt,ini. s . and Dukes. M. N. G. Ed- ·-:---- _ ---·--- -· ___ e animal. By pretreat 
drugs. Excerpta Mcdica Foundati .NSyrnpos1u.rn on 'Non-st . 'd • * A . on o. 82 Milan i 964 ei 0 1 al anti intlammatory 

rm1tage, A. K., Boswood, J. and La 
0 

' • • 

r~e B. J. 0961) Brit. J. Pharmacol. 16, 59. 
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.~ent with antihi tominics given in variou:; 

/ <loses, ED:,tl or PD..c.. the dose of anti· 
histamine protective to 50% of animals 
can be calculatc<l by interpolation on a 
probi t-log dose curve : (Lisch,':' ct al. 
1960). Micro shock method using rabbits 
as test animals has been described by 
Herxhimer• * (1952). Micro-~hock in rabbits 
can also be p roduced by sensitising the 
;1nimals to fore ign protein (egg albumin). 
A challenging dose of the same protein 
given after an interval of 3 weeks will 
lead to anaphylactic shock due to release 
of histamine and other autacoids. Anti
histamines can be tested for protective 
effect by pretrcating the animal before the 
challenging dose of foreign protein is ad
ministered (Herxhimer "'** and Strese
mann, 1960). In anaesthetised cat5 or rab
bits, histamine produces a fall in blood 
pressure which can be prevented or de
creased by pretreatment with antihistn
mincs. (Preziosi,**** 1958). 

constant resistance. A recording of a con 
stant height and frequency itkntical to 
that of the respirator is thus ubtaineJ . A 
change in the trachcobronchial resistance 
would alter the height of the tracin2, in the 
following manner. Brond10constriction 
would increase the resistance offered t o 

ai r flow, and consequently the prcssur~ 
transmitted to th~ recording water mano
meter would be increased. Conversely, 
bronchodilatation would decrease the re
sistance and the pressure recorde,I would 
foll. For observation c f maximal changes, 
the basal tone of bronchial musculature 
~hould be inversely related i.e. to obsav~ 
bronchoconstriction there must be goo,l 
dila tion initially and vice versa. These 
requirements are avoided by studying the 
effect of a drug on histamine-induced 
bronchoconstriction. 

This method has the advanta!!,c of be
ing adjustable, short-lived and reversible. 
Confrol responses to histamine admini
st~intravcnously arc elicited. The 

_!!1~ Kon_zctt.::..R~~]£!_~1ctho<l of screen· drug to be · tested is then administered, 
in!! for bronchodilator activitv. and its effects on the bronchial resi~tancc 
~ ----"'~ 

A guincapig uf cithor sex weiglung 259· if any noted . . l;li_stamine _is th~n admini-
350 gm~. is anaesthetised with urethane stercd as before, a11Cl- thc- 1:cspons.cs -com: ·- - -
( 150 mg / lOO g) intraperitoncally. A mid- pTr°i<l - to the control. -The ability - c f _ the . 
line incision on the anterior aspect of the ~lrn~ to an-tagunJze h~a~ine indu~cd 
neck exposes the trachea. In the inter- --OWncT1oconstriction indicates mainly a 
muscular gap lateral to the trachea the b r:'(m chodilator action, and to some cx
internal jugular vein may be located cm- ·tent may be also present 111 antiliista
bcdded in fatt y tissue. This vein is care· min_ic drugs. 
fully cannulat~d with a vcnou5 cannula.- (The-metlfoo. may ~e modified to screen 
The trachea is cannulated by means of a antitussivc agents). 
glass cannula with 3 arms - two of these 
are connected to a Palmer respirator for 
small animals. The third arm is connect
ed to the apparatus for recording as shown 
in the diagram. The respirator pushes air 
into the trachcobronchial tree against a 

.._Domcnhlz._ IJ1£!.h2.$h. .of ~Crc£nins_ for 
antitussivc activity. 
(Superfor laryngeal' nerve stimulation in
duced cough in cats). 

A cat of either sex weighing between 

* Lisch, P. M., Albert J. R. Peters, E. L. and Allen, L. E. 0 960l Arch. Int 
Pharmacodyn. 16, 77. 

•• Hcrxhimer, H. (1952) J. Physiol. (London) lli, 251. 
•.-. Herxhimcr H. and Stresemann, E. (1960) Arch. Int. Pharmacodyn. 125, 265. 
•••* Preziosi, P. (19j8) Arch. Int. Pharmacodyn. 115, ~2. 
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2.8 and 3.5 kg is anaesthetised with 
pcntobarbital sodium (25-30 mg/ kg). The 
choice of drug and its dose are of import
ance because anaesthesia in general, 
obtunds, respiratory reflexes and aug
ments the activity of antitussives. Barbi
turates in smaller doses are believed to 
heighten respiratory reflexes elicited by 
peripheral stimuli, as distinct from their 
direct depressant effect on the respirato
ry centre. 

The femoral vein is cannulated for pur
poses of drug administration. The trachea 
is cannulated and connected to a Marcy's 

,. 

• I • 

·, 

tambour. The vago-symputhetic trunk is 
identified adjacent to the carotid, and the 
superior laryngeal nerve located supply. 
ing the laryngeal muscle. This nerve i
cardully isolated and its laryngeal en~ 
ligated securely to avoid retrograde sti
mulation. The nerve forms the afferent 
limb of the cough reflex arc and stimuli 
applied to the nerve should proceed 
centrally to the brain. The coughs elicited 
by stimulation are recorded as brisk in
creases in respiratory excursions of the 
recording lever of Marey's tJmbour. 

"" 
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Practical Exercises 
Exercise I 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Objective: To st d th ff 
d f 

,u Y
1 

· c c eel of diuretic drugs in unanaesthetiz· 
c ema e dogs. 

Select female dogs weighing 12 kg to 14 kg. 

Keep the dogs on normal diet (milk meat bread) which has 
adequate salt content, for 4 days. ' ' 

After fasting overnight, next day morning start the control studies. 

Catheterise the dog with a self-retaining catheter (child size). 

~n:ipty the bladder; wash 3 or 4 times with water and ensure that 
it is completely empty by inflation and deflation with air. 

Make the dog stand in a special stand, with broad canvas bling 
supporting the dog. 

Collect urine in a bottle containing toluene. Measure volumes, l 
hourly for 5 hours. Estimate pH and electrolyte concentration of 
each sample. (Na and K is estimated by a ftamephotometer). Chlo
ride is estimated as sodium chloride gms/litre by titration with 
standard si lver nitrate solution (2.906 g/litre) using a drop of 
potassium chromate 15',; ) as an indicator. All values are finally 
expressed as total mEq/litre in unit of time. 

After 2 days of rest, the ent ire e~periment is repeated in . th~ same 
dog, but this time the dog r~ce1~es orCl:ll¥ hydrochlo~th1az1de 2.5 
mg/ kg orally in. a fine su_spens1on m a m1mmum quantity of water, 
prior to collect1on of unne samples. 

Collections and estimations are carried out similar to step (7). 

Effect of hydrochlorthiazide is expressed as percent increase, tak
ing control values as 100. 

Note: (i) Some workers prefer to hydrate the dog w~th 500 ml of 
tap water fed orally ?Y a stomach tube pnor to the be· 
ginning of the experiment. 

(ii) The first hours sample may be considere~ as contro~ 
and the drug could be given orally, or intravenously, 
the next 4 samples collected 1 hourly may then be ta~el as 
due to drug effect and results calculated according y. 
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Exercise 2 
Objective: To study the diuretic activity of a compound in rats. 

1. Select male albino rats weighinP, about 150 to 180 g (total weight 
in a group of four between 750-850 g!. . 

2. Allow free access to water and food till start of experiments. 
3. DivTcle the rats in groups of four each and place them in metabolic 

cages. 
4. To one group administer orally ?·9' ; sodiu1:1 chloride 

0 

solution 
in a dose of 5<jc, of their body weight. Also give orally 2 Yo starch 
solution in a dose of 5 ml /kg, as vehicle. 

3. Hydrate similarly other 3 groups of . 4 .rats. eac~; and give th~m 
orally varying doses of hydrochlorth1az1de m 2 10 starch sol.ution 
in a volume of 5 ml/kg (1.2 mg: 2.5 mg: 5 mg per kg of body weight). 
Place each group separately in metabolic cages. 

6. Collect urine from each at the end o~S hours) Note volume and 
take a sample for electrolyte and pH estirnatrons. 

7. Collect urine samples at the end of 24 hours. Note volume and 
take samples for electrolyte and pH estimations. 

8. Estimate Na and K by using flame photometer. 
9. Chlorides are estimated by titration. 

10. Estimate percent increase in urine volume and electrolyte excre
tion, taking control values as 100%. Plot a dose effect relation
ship by plotting % increase against log dose. 

Exercise 3 
Objective: To study the effect of anti-inflammatory drugs on 

cotton pellet granuloma in rats. 
I. Select rats of either sex weighing 80 - 120 g. 
2. Prepare cotton pellets of 10 mg each from S mm section of cotton 

rolls (dental rolls). 
3. Sterilize the pellets in an autoclave for 30 - 45 min under 15 lb 

pressure. 
4. Insert subcutaneously four pellets in the ventral region in _the_gmin ~ 

area, two on either side in each rat undef1ight ether anaesthesia. 
5. Administer the test drug orally suspended in 1 % w /v C.M.C. 

(Carbo~ymethylcel~ulos~) 1 ml/ 1 OJl. g daily for seven days. Control 
group is treated with e1t:trernorma1 saline or vehicle used for the 
test drug for number of days. 

6. Sacrifice the rats on the 8th day and remove cotton pellet. Clean 
the cotton J?el~et of extraneous tissue and weigh on chemical 
bal~n~e. This ts ~ecorde~ as wet. we~ght. Dry the pellets in . an 
h.ot air oven at 6~ -. 70 and weigh it on balance· repeat drying 
till a constant weight 1s obtained. ' 

7. Calculate percentage inhibition of granuloma comparing dry weight 
of control gro':1p to the treated group. Construct a dose response 
curve by plotting log dose against percentage inhibition. Calculate 
ED.o. 
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Table 7.l 

Effect of drugs on cotton pellet granuloma in rats. 
--- ----

Dose Dry Weight (mg) Percentage 
Drug mg 1kg Mean ± S.E. inhibition 

Control l ml · 100 g 128 + 2.8 
Phenylbutazone 50 95 + 1.8 25 

100 72 + 2.1 47 

150 52 + 1.2 56 

lndomethacin 2 90 + 1.8 30 

4 68 + 2.1 44 -
6 -l6 + 1.7 64 



196 

Exercise 4. 

~NTAL PHA RMACO LOGY 
SELECTE D TOPICS IN EXPERIME 

Objective: To study the effect of anti-inflammatory drugs on carra. 
, geenin ocdenta in rats. 

1. Select rats of either sex weighing 80-100 g. Make a mark on the 
hind paw just beyond tibio-tarsal junction, ~o as t? fix a constant 
level upto which the rat's paw must be dipped tn the mercury 

in the plethysmograph. 

2. Measure the initial volume of hind paws on the plethysmograph 
apparatus. To begin with the mercury levels in the column in A 
and B are adjusted to the same level, with the mercury level in C 
at zero. The paw is dipped in the reservoir A to the predetermined 
mark. This will raise the level of mercury in the column B. With 
the syringe attached to column C withdraw air till the raised level 
of mercury in column B comes back to the initial level. This pro· 
cedure raises level of mercury in the column q. This rise of mercury 
in the column C is measured by reading divisions marked on the 
column C and this represents the volume of the foot. 

3. Divide the rats into two groups. One group will serve as control 
and receive normal saline or vehicle. In the other group administer 
the test drug orally suspended in 1 % w /v C.M.C. (1 ml/ 100 g). / 

4. After 60 minutes in_1ect. carrageenin suspension in C.M.C .. 1 % w Jv
1 

O.l 1iiISiilYcutaneou~ly into the plantar region of each hind paw. 

5. Record the hind paw volume 3 hours after carrageenin injection. 
The difference in the initial and final volume indicates the volume 
of inflammation. Calculate percentage inhibition produced by the 
drug by taking volume of inflammation in the control group as 
100%. 

6. Using three different dosages (one dose per group) construct a dose 
response curve by plotting percentage inhibition against log dose. 
Calculate ED so. 
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7. 2-a 
The plethysmographic apparatus used . 

. .... ... . . .. .. .. .. 

e-e INDOW.ETHACIN 

+-+ HYOROCORTISONE 

*--* CINCOPHEN 

·-· NIFLUMIOUE ACID 
~-~ PHE NYLBUTAZONE 

·-· ASPIRIN 

OL-+~~_...~~----------+-~~....__._~..__..__~.__1-----'..___,__--i--' 

1.0 10 100 500 
DOSES mCJ/kg i.p. ( log scale) 

7. 2-b 
The expression of the results as dose against % inhibition of oedema (response) . 

Table 7.2 
HIND PAW OEDEMA 

Wts Drug ... ... . . .. . ... . Dose Animals 
Carrageenin l % in 0.5% C.M.C. Do~e . . . 0.1 ml/Paw I I -i---,, - ---i----r1 __.:._--:---

Route ... . ...... ... .. .... . . 

No: of Initial 
t\mmal 
N 

Mean 
S.D. 
S. E. 

I \st paw 2nd paw 

t = 
p= 

1st paw 2nd paw 

Oedema\;{oedemaldeviat ion I 

Total 
Mean 

d2 

S. D. = 
S. E. = 

o nh1 . . I l°/c J ·1 
1 

bition dev1at1onj d2 

I 
I 

-----

I 
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Exercise 5. 

Objective : To study the antihistaminic property of a drug by its 
protection of guinea pig against histamine aerosol. 

1. Select guinea pigs of either sex (weight 250-350 g) and starve 
overnight. 

2. In one animal inject 1 ml vehicle (saline or 2 % starch) intraperi
ton~ally - to serve as control. 

3. In another animal inject test drug (e.g. Chlorpheniramine) l / Sth 
LD;o intraperitoneally. 

4. One hour after the injection confine the animals to the twin cham
ber, one in each compartment. 

5. With the help of a compressor, spray a finely atomized mist of 5% 
histamine-diphosphate from a nebulizer in both the compartments 
(use compressed air at constant pressure of 100 mm/Hg to operate 
the nebulizer). 

6. Observe both the animals for signs of respiratory distress like diffi
culty and cessation of breathing and asphyxia! convulsion (saline 
control will show this). . 

7. Observe if the test drug protects ~he animal from respiratory 
distress. 

Exercise 6. 

Objective : To study the bronchodilator action of a test drug. 

1. Set up a Konzett and Rossler preparation as described. 
2. Record a control strip of tracing. 

Elicit responses to intrave.nous histamine. 

Administer the test drug. 

Observe the effects if any on bronchial resistance. 

Re.elicit responses to histamine. 

q 

3. 
4. 
5. 
6. 
7. ~bserve antagonism to histamine indicative mainl f b cho· 

dilator effect. Y o a ron 

8. Rule out ahtihistaminic activity by other experiments. 



Tit!· 7 · 3: n1~ Kon:eff Ro flt!r method of rcrce11ing for broncltodilaton 

TO RECORDER -

-- -
-- -- . 

7. 3-a 
1 he experimental set up used for the method. 

KONZETT 8 ROSSLER METHOD 
(GUINEA PIG) 

• CONTROL CON~ROL t ~.Omin 
ISOPRENALINE 

( 1.0 µ.g/kg ) 

• 90min 

At dots, histamine ( 5. O JlQlkg) was 
injected i. v. 

7. 3-b 
The recording obtained by the method. 

PUMP 
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Exercise 7. 

Objective: To study the antitussive activity of a test drug. 

1. Set up a superior laryngeal nerve stimulated preparat ion as des. 

cribed by the method of Domenjoz. 

2. Elicit responses to electrical stimulation of the nerve for l 0 seconds 
at 3 min intervals. 

3. Administer the test drug intravenously. 

4. After 5-10 minutes re-elicit the respooses to electrical stimulation 
of the nerve with the same parameter as before. 

5. Observe the blocking effect, if any, of the drug. 

6. Follow the course of recovery of responses to determine the dura
tion of action of the drug. 



~--·---

Fig. 7.4: Domenjoz's method for a111i-tussive screening. 

VAGO-SYMPATHETIC 
TRUNK 

SUPERIOR LARYNGFJ.\(... N. 

\ 

CAROTID A. 

~ .-~~ .......... 

w~~ 

( 
·~-· 

!<·~i~!... ·j. ..,.,,-.,; 
~·." •• p,~?,. ~ 

<_.,Ji·~,,/..,,;.W~ .~~ · - -:t.,.- 'Wl: -, 

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

RECURRENT N. 

7. 4-a 
The pathway subserving the cough reflex, elicited by sti

mulating the central end of the superior la ryngeal nerve. 

., 
OOMENJOZ' S METHOD IN CAT 

• • • 0 

Control I IOmin 20 min 
CODEINE ( 1.5 mg/kg i.v.) 

30min 

At dots stimulation of superior laryngeal nerve. 
Parameters= l.OV: l.Omsec 5.0 c.p.s. 

7. 4-b 
The recording obtained b.r this method . 

. 

. .. __ _ 
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And the Lord God caused a deep sleep 
to fall llpoiz. Adam and he slept. and 
he took one of his ribs and closed up 
the flesh instead there of.. 

BIBLE GENESIS 2:21 

Introduction 
For human experimentation, the use of 

anaesthesia, either local or general, is a 
foregone conclusion. The wide use of 
experimental techniques in drug evalua
tion today has compelled biomedical 
, workers to s.tudy the eft}ects of anaes· 
thesia in animals more carefully. Anaes
~hetic agents are not pharmacologically 
inert and their presence in the body 
alters physiological homeostatic mecha
nisms. It has to be yet clarified whether·, 
and to what extent, these alterations 
themselves affect drug actiom studied in 
Theexperimental animal. Their effects 
may vary from an extremely subtle un
noticeable change, to a gross alteration in 
physiological functions. The choice of 
anaesthetics and their routes of adminis· 
tration must therefore be done carefully 
in the light of their role in basic design 
and results of research. 

At the very outset, while planning his 
experiment, the careful re5earch worker 
will decide whether or not he needs an 
anaesthetic. If he decides in favour of 
one, he must carefully evaluate the pos
sible changes this might necessitate in his 
experimental design. Having decided in 
favour of anaesthesia, he will then choose 
the particular agent such a5 will affect his 
experiment minimally. This will then 

APPENDIX I 

Lal,orato1·y 
t 

A11acstl1csia: 
Pri11ci1)les and 

'recl111iq 11es 

lead to a consideration of route and tt!ch
nique of administration of the agent, and 
for this a great amount of skill and care, 
and gentle but efficient handling of ani· 
mals is a must. 

It can be appreciated that two sets of 
complications can arise when anaesthesia 
has been produced. The first is the effect 
on homeostasis and the second is the 
effect on specific organ systems concern· 
ing a particular experiment for example 
myocardial depression and direct vaso
dilatation should be guarded against in 
experiments particularly designed to 
study cardiovascular pharmacology in 
vivo, renal blood flow while studying 
diuretics, synaptic transmission while 
considering autonomic agents and so on. 
The effect of different anaesthetic agents 
on these systems is different. 

Another important fact to be consider
ed is that following general anaesthesia 
an impairment of r_espjratory - functions 
definitely occurs. This would have two 
implications: fir5tly, it necessitates as
sistance of respiration; secondly, there 
will be a tendency for the carbon dioxide 
tension in the blood to rise and oxygen 
tension to fall, in turn altering blood pH, 
and possibly affecting drug action through 
ionisation effects. C02 itself i 5 a central 
depressant. A natural and binding corol· 
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lary of this would be that assistance in Nonrebreathing techniques: This requir· 
respiration should also not cause hyper- es the introduction of a tracheal cannula. 
ventilation. either __ QY._QQCn t rachcostomy or by ender 

Another wise precaution would be _ tracheal in tubation. It has the advantage 
monitoring of body temperature. Most of maintainin(• a.c onstant alveolar t en-o __ _ ;__ _ _ _ __ _ 

anim~l~ show hypothermia body tempera- sion of anaesthetic gas and complete eli· 
ture would also depend on the thickness min(!Jion of exhaled carbon dioxide. 
of the fur and the administration of drugs In its simples.tform- the apparatus con-
like atropine. The level of body tempera- sists of a small metal Y tube, one 
ture might conceivably alter the actions, limb of which is connected to the 
or maniksta tions of drug actions. anaesthetic mixture either directly 
-it is therefore clear that anaesthesia or through a reservoir, one limb 
acts as a form of stress, with accompany- is open to the atmosphere and the stem 
ing endocrine changes and unless these of the y is connected to the tracheal can· 
alterations in physiological function are nula. Elaboration·s of this non- rebreathing 
taken into account, meaningful and re· system can be devised with the help of 
liable conclusions cannot be drawn from sev,eral types of non·rf!breathi·ng valves. 
a research experiment. Valve control is also utilised in the clos

Techniques of Anaesthesia 
(A) lnhalational anaesthesia though not 
the method of choice in a laboratory ani
mal has the jMfyantage of being fairly 
safe and mos'ibeasily reversible . Many 
methods of administration of volatile 
anaesthetics arc available: 

Open drop method: A small tin for 
large animals, or a metal cap of a bottle 
for small animals is perforated and the_ 
boltom packed with gauze soaked in ana-

ed (complete rebreathing) and semiclosed 
(partial rebreathing) systems. The ad
vantage of such complex systems is the 
prevention of loss of moistures and 
heat in exhaled air, while a disadvantage . 
would be a tendency towards carbon 
dioxide retention if elimination of car
bon dioxide by absorption into soda lime 
is incomplete. 

_,. &sthetic. Th~ask." thus made is 

Endotracheal intubation is necessitated 
because of the danger of the toogue fall
ing back over the epiglottis in "an anaes· 
thetised animal and the accumulation of 
secretions in the pharynx. Intubation also 
serves to reduce dead space and decrease 
resistance to breathing. (In this connec
tion it would be relevant to mention 
that the resistance to flow is inversely 

placed over the muzzle of the animal 
f 1) and when it breathes air through the per· 

forations, the anaesthetic is also inhaled 
along with it. If properly performed it is 
very useful for short surgical procedures 
in small animals for example adrenalecto
mies in mice, placement of cotton pellets 
under the skin of rats, etc. The following 
point.; must be taken care of-

i) The anaesthetic concentration is 
· $ variable and the animal may go 

~~ LOv'- ' "under" too deeply and quickl~. 
1~ ii) ~x apnoea may occur prevent-
~vS6' mg further inhalation. 

: iii) Artificial respiration by positive 
1 pressure would be impos,;ible. 

I 
I 

j . '. 
·g 

proportional to the fifth power of the in
ternal radius of the tube and directly 
proportional to the length). 

EnCfotracheal intubation may be done 
orally for survival experiments. In small 
animals where even minimal leakage 
c:onstitutes a significant proportion of 
tidal volume, a tracheostpmy is manda
tory. 

(8) Non-inhal._tional Anaesthesia 
l. Intravenous: This is the most widely 
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employed method of administering gene-. 
ral anaesthesia particularly in large co~ 

_operative animals with accessible vein5. 
It would also depend on the nature of 
the anaesthetic agent required, for ex
ample barbiturates arc best given by this 
route. These barbiturates may be (i) of 

~ the ultrashort-acting type like thiopental, 
~-? · used for induction and followed by main

~r:;\;;> ,, tenance on inhalational anaesthe5ia, or 
~ # (ii) a mixture of an ultrashort and a long-
~ ff.~ acting barbiturate for example thiopental 

and phenobarbital, or (iii) an intermedi
ate acting barbiturate like pentobarbital. 

(ii) Thiopenta l: Freshly prepared solu· 
t ions arc given in doses of 15-23 
mg/ kg and produce anaest hesia in .. 
about 30 second.;;;, lasting for 20-.2 "i 
minutes. Ir requires repea ted sup
plementation and may therefor\! 
be given as a (iii) Thi open tal-Phe
nobatb mixture . 

Herc maintenance is achived aut omatica
ly by the administration of phcnobarb 35 
mg/kg or barbital 250 mg/kg. 

' • ...._.J ' , ) 

If phenobarbital is given alone (50 mg/ 
kg) it i;; some what slower acting but 
anaesthesia is stable and quite pro-
longed. ~ 

>--\'S~ 2. Intramuscular and intrapcritoncal are 
employed in unma.nageable animals like 
cats (pentobarbital) qr in small animalJ 
like guinea pigs (urethane). 

3. Other routes: Regional anaesthesia 
for short-la,:;ting minor procedures like 
introduction of an intracerebroventri
cular cannula in rabbits. These routes 
are not commonly employed as they re
quire well trained co-operative animals. 

Rectal route of administration though 
safe and simple is rendered unreliable by 
the presence of faecal material. 

The barbiturates in general are deprcs- _v~-• 
sant to cardiova; cular reflexes like caro- Q) 
tid occlu;ion reflex and to spinal cord __ . 
peflcxes. Tryptaminc ·induced refl exes 
arc als~_E!Pressed, and ~lpcardial C2E;~l 
t!'acti!_ity ~~ dim\nishe~ Anoth~r 
~~age is_ !,h'a5_ IDJ!§.£11}~ rel~xation@ 
~i~~q~-

.__ . - \ 
1. M.2!J?hine. BO mg/ kg is effective in 
anaestheti~ing ~gs_ wi th-:_the _singul~<>
a~van t(Jgc of sev_crc_ vo_m11mg. An ad
vantage claimed for morphine anaesthesia. 
is its reversal qy n-allyl-normofphine. 

Choice of Anaesthetic Agents 
f erent Species 
(I ) Anaesthesia for the dog. 

for Dif- 2. ~loralo~:i dissolved in p_I..opylene 
glycol as a 1 O'/o solution, heated and cool-
ed and diluted with saline i.:; given in ~.a .-1cro~ 
doses of 80-100 mg / kg. This . anaesthesia 

Injectable Anaesthetics barbiturates is adequate rorqts, while in d oos it 
(i) Pentobarbit!I;.- This is the most cause.; a hypcr~c.i_ted state that 'n~ ,' 

common.ly use~ .~naesthe.tic in t~·e ~ne'"'J?.:~t_:e~~nt 2 ~i?~/
1 

dog. Jt IS admtnt:>tcred d1ssolved 1Il r_fhlg r<:i lose ~n_aesthes1a IS useful for the 
saline in a dose of 35 . i,ng / ki:!. For study of drugs affectincr ga._n~1· 0· · - 't - - <fJ 

-- fil - . - ..- - . o 0 i mc ran;:. 
convenience, it is prepared as a 70 _m1ss10n- and dlraiovascular reflexes. ~ · 
mg / ml solution and the amo-unt Neuromuscular reflex es are also -heiaht-
required diluted to about 10 ml cned. ~ · ~ ·-LI 

\ • C\#()C.' ~de_ .,. ;o.~l. .I ,.,.__ --~·.:"r , r;; and injected slowly intravenously,. <J c• " t'f 
- ,, ,_ - • • "'t eA°'1CI / ~ dtfti-

~:,, , if'~ Anaesthesia is complete in ·about. 3. -~orph1,!?~hanc : This is not a con- dJ..oJ 
•• ~' t..-Af, 60-90 seconds and is maintained vcment combination-as anaesthesia is in-

,, · for about I 1 - 2 hours. At this d.uced erratically. Morphine 2 ma /kg is 
.,J ·stage, -Supplementation with 5-10 ilJm:en __ su9c~taneously a~d uretlia;e 0~5 _.:: 

mg/kg may be needed. 1 1.5 g/kg) intrnperitoneally. _, 
.,£ aw::;: ~ .... ,, 
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4. Allobarbital: Consi , ting. of the pri- Other routes 
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mary ingredient diallyl barbituric acid In trapleu ral: With the dog in standing 
0.1 g / ml, urethane 0.4 g/ ml, nw nocthyl position, low in the right 9th intercost~tl 
ure.i 0.4 g/ ml. The do.,e of this mixture space. Requires extreme caution not to 
is 0.4 - 0.6 ml i kg int raperi toneal and is enter lung parenchyma. 
not convenient to use. Intramuscular infection is hesl mad~ 

into the thigh muscles avoiding the ;;ciatic 
lnhalational Anae thctics: The~ have nerve. Barbitu rates are irritating by this 

dedincd in populcu·i ty since the availabi- route. 
lity of the barbit ur;.ites. Tnhalational an
aesthetiL·s nccc3sitate skilful handling,, re
quire expensive equipment and those like 
ether demand heavy atropinisation to dry 
respiratory secretions. Atr9pine would 
itself interfere with many experimental 
design:;. 

Route of anaesthesia for the dog: 
intravenou:~ route is relatively safe, 
and decidedlv humane. 

Accessible veins. 

The 
easy 

Intraperitoneal injections are made just 
lateral to the umbilicus: ca rt? is taken t o 

withdraw the piston of th~ syringe to 
ensure that the needle i.; not in a viscus 
before the injection is made. 

Epidural anaesthesia in dogs. This mJy 
be done by injecting into the slight de
pression palpable just caudal to the :-pine 
of the 7th lumbar vertebra. This may be 
identified as the prominence felt in th1: 
midline on the imaginary line join!nt, the 
wings of the hipbone. A 22 gauge needle 

The cephalic vein in the forelimb a:; it is used, passing it do\\"nwards and slightly 
crosses the anteromedial aspect of - the forward until it is fe lt to pierce the liga
ca rpus and runs along the anterior aspect ment. 
of the fore leg. The elbow of the sitting 

r~' t..._O 

d og is grasped in the palm of the hand , Artificial Ventilation in th~ dog. The 
with the thumb acro:;s the extensor sur- amount of air reaching the alveoli is of 
face of the joint : the thumb is then rotat- greater importance rather than the 
ed laterally, tensing the skin and mak- amount of air inhaled. The dead space 
ing the vein more prominent. of the dog is 30-80 ml, the physiological 

The saphenous vein as it crosses th~ dead space being 40-200 ml. The tidal 
Ja~ral aspect of the tarsus obliquely m volume of do s ·' i 1 16-30 kg is in 

1v 
3Jov--l <;he hindleg behind the gastrocnemius the region 3.00-450 ml air. J Accordingly, 

ii'i'uscle. the artificial respirator is set to maintain 
· The femoral vein lying in the femoral as natural a gaseous exchange as possible . 

triangle generally requires a cut down 
but is routinely cannulated for adminis
tration of drugs throughout · the experi
ment. 

The external jugular vein as visualised 
in the n~ck superficial to the sternomas-
toidniiisCles. - - -
_ The iingual, the marginal ear vein and. 
visceral veins ha.ve also been-usecl for 
5Upplementation of anaesthesia. 

(2) Feline Anaesthesia 
The cat is the only laboratory animal 

which metabolizes dru s at a slower rak 
_J:han man~ , the other species havmg a5 er 
metabolic rates. 

Pre..anaetsthetic medication. P~thidinc 

hydrochloride is tolerated i.m. or s.c. in 
doses upto a critical level of 11 mg/ kg. 
Larger doses cause CNS stimulation with 
convulsions. 
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Fig . App. J : bttrare11011s anaesthesia ilt the dog. 

App. I-a 
Tying the muzzle, first knot. 

App. 1-c 

/ __ / 
App. 1-b 

Tying the muzzle, second knot . 

Positioning the animal, for inject' . 
10n mto the saphenous vein. 
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Atropine: T he usual do:;e in cats is 
207 

0.06 mg / kg. The highest tolerated dose 
is about 4-0 mg/ kg. 

Criteria of anal'sthesia. The palpcb~a!~ f e_d c---1 
l:orneal and ear whisker reflexes are reli- _ 
able indicators of surgi\:al anaesthesia i!t _ 
The cat. 

App. 1-d. 
Bringing the dog's saphenous vein 

in prominence. 

Succinylcholine for muscle relaxation 
particularly for endotracheal intubation, 
small doses of about 0.1 mg/ kg are ade
quate. Muscle paralysis requires about 
1 mg/kg. The administration of succinyl
choline necessitates pretreatment with 
atropine. 

General Anaesthesia in Cats 
The short-acting barbiturates, volatile 

anaesthet ics like ether or halothane, 
chloralose and urethane have been used 
for general anaesthesia in cats. The 
latter two have the distinct advantage of 
not obtunding certain reflexes e.g. 
neuromuscular and cardiovascular. 

Fig. App. 2 : lmraperitoneal inj11ctio11 in tire cat . 

App-2 

ASSISTANT 'S 
RIGHT ~ANO 

This method of immobilisation of untamed 
cats requires the help of a single assistant. 

Barbiturates. The5e anaesthetics <!re 
administered intraperitoneally or intrave
nously. The former is an easier route 
though somewhat less reliable than the 
latter. Generally pentobarbital sodium is 
administered in a dose of 35-40 mg/ kg. 

Chloralose. This agent is administered. 
as a 10% solution in propykne glycol. 
dilute1f'iil saline, intravenously. 

~ , ; 

Intravenous administration to untamed 
stray cats generally necessitates induction 
with ether in an ethcrbox, a rapid venesec
tion and administration of the anaesthetic 
agent through an indwelling cannula. For 
this reason such anaesthetic procedures 
are employed only for acute experiments. 
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For chronic cx~rimcnts, it is advisable (4) _ Anaesthesia in the Guinea Pig 
to inject directly intravenously, or use the The usual intravascular routes a r::! ~x-

. intraperitcneal route with sterile pre- tremely fragile and arc rarely used : T he 
cautions. simplest approach i . .; th.c int rapcrtton-cal 

route. Pentobarbital sod ium 20-30 m~ kg 

(3) ,Anaesthesia in the rabbit or urethane ( 150 mg( 100. g l . ma~ be u . r d . , 1 •aj!j 
Rabbits, though easy to 7 handle, are Criteria of anaesthesia <11 £ r <1 tc .rnd d eplh 

very apprehensive and therefore more of respiration, flaccidity o f skeletal niu.-d- " 
diflicult · to anae.;thctise. They ar~ im· cs and disappcara~cc o.f re!lex rcspon.s<:~;_ 
mobilised in a rabbit box specially ~ --The guinea pig 1s r.ar.tu..: ulc~rly v.:dl .su1teu 
structed to leave head and ears acc~ssiblc to the testing of a nt1h1stammcs, as it rcs
to handling. The mar~inal ear vein of the ponds with a marked bronchoconstrictJon 
rabbit is fairly prominent and can be re- to histamine. 

d ·1 ,., ) • '..., ·1 ) " n ered more so by swabbing the ear wit i f "' / , .,, . . ; 
xylene. Intravenous anaesthesia in the (5 Anaesthesia in the rat .. _, ~::_:.2" ; .--~ · - · I r_s 

'form of pentobarbital sodium..i.:; most he intravascular anaes e 1cs arc most' ":> , · ~ I 
~.J. ~\ commonly administered by this v-cin in easily administered via the tail vein of the r~ f'. ·,-

:>ttl -..r' ,;~ 1-v a dose of 25-40 mg/ l)g. The best crit-cria rat. Subcutaneou.:;· injections a rc m ade by 
\ C ~ of · surgical anaesthesia in the rabbit are pinching up the skin and injecting between 

'? \..~ ~ the £2!,.e and d~ of res.niration and the skin and underlying muscle. Intraperi-
@ !_9e-pinch reflex:.. The toe reflex i3 elicited toneal injections are fairly easy to rnakc 

( 
by pinching between the 1st and ~he 2nd and may be given single handed. E~2:.. 
toe of either front or hind foot. This ~ d ose of 30-40 mg / kg dissolv. 1 

anaesthesia lasts for 30-45 minutes and ed in saline so as to inject 0.1 ml / 100 g 
may be supplemented as desired. body weight is commonly used- intra--

For prolonged anaesthesia, urethane is pcritoneally. 
an excellent agent, in a dose of 1.6 gm /kg For short-lasting procedures like 
$ or J-IJ gm/kg wit~ i~orphinc , nephrectomy, adrenalectomy, recording of 
~ m=Mf.g·. ~he onset of action 1s slow, bl.ood pressure, inhalational anaesthesia 
but uratlon is prolonged upto 3-4 hours. with ether may be safely administered. 
It has a wider margin of safety than the The simplest way to do this is to place 
barbiturates. . . the animal ,2_n a perforated platfvrm:. 

Paraldehyde orally rn a dose _2!_!:_5 _ Beneath this is placed cotton wc-gf saturat . .. 
mILkg._mixed with tap v_at.~r_l !] __ i3_also ~ with ~tfier:. The jar is close: l ·a nd· t?e4 

·satisfactory an~esthesia. It. may be. n~t.ed rat gets anaesthetised. During th~ experi
that the r~bb'.t has ccrtam pecult=intle5 ment a small cone with eth~r SQaktd . 
worth ment1onmg: . . . cotton may be placed near the muzzle, for 

(a) The response to h1stamme is vc1 y maintenance of anaesthesia. · Guid;,5- to , 
poor and hence it is not suitable to depth of anaesthesia are th res · .'"'t. ~ 

h · f ·h· e pu a 10n.\lJ 
demonstrate t c action o an~1 1 ·~t@muscle tone and colour of th . ·- · 
amines. - and .taH. -- -- ©- --~ . ea1 :., paws . 

(b) The gastric emptying time in the R~n from overdosagc of ctLer: 
rabbit is extremely prolonged a1~d A w1?e-bore rubber tube is held over the 
may contain food when fasted for nostnls and the operator breathes gently 
as long as 5 days. H~ncc it is not thro~gh this at a fast rate i.e. the rionnal 

I 

~,he animal of choice for investiga- respiratory rate of rat. Gent!e \.!hest 
tions on the absorption of orally massage may also be done. /l\i 

admini3tcred drugs. /;\' r \...,"-
\ Jf u\ e}.P 

'·\\r--10 ~ 
l\\,fr 

('_}:. 
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Fig. App. 3: l 11trave11011s i11jectio1t in the rat . 
2U9 

The femoral vein may be easily exposed, with the rat rolled in a towel as shown. 

Note: The rat i:; very resistant to tro- gical anaesthesia is indicated by th~ ~ -; 
pine requiring upto 20 mg/ kg for block- reflex o_: the tail , pi~ch r£fiex. J 

ade of respiratory secretions. The most commonly used parenteral 

(6) Anaesthesia in the mouse 
1 he choice of anaesthetics is governed 

by the duration of anaesthesia required 
for short-lasting procedures; ~ther is the 
agent o f choice, adminis tered by a small 
cone as for thr rat, care being taken of 
respiration and general pink colour of the 
ears, muzzle paws a nd tail. Onset of sur-

Fig. App . 4 : fntrarntous i11jection in the mouse. 

App-4 . 
The tail veins are accessible, with the mouse 

placed in a mouse holder. 

anaesthetic in mice is e ntobarbital SO I 

intraperitoneally, somciimes intravenous y 
via the tail vein . in a dose 0f 40-70 mg/ kg. 
For purposes of intravenouS--m1eci1on the 
mouse may be placed in a mouse holder. 

(7) ~naesthesia in Monkeys 
There is no one univer..;ally satisfactory 

general anaesthetic in monkeys d•Je to 
wide variations with species and age. In
travascular anaesthetics are the simple5t 
and most convenient to administer. Pen
tobarbital sodium in dose of 20 mg/ kg 
and 30 mg/ kg will produce surgical 
anaesthe5ia lasting 30 and 180 minutes res
pectively. For short-lasting procedures, 
sodium thiopental 25 mg / ml, given 
l ml/kg is a useful anaesthetic. The onset 
of surgical anae:;thesia is judged by dis
appearance of corneal reflex. Inh.:.lational 
anaesthesia is also practicable in well 
equipped laboratories. 

Miller, E. v. (1969) : Fed. Proc 28 (4) 1373-1586, 
e .P.J4 . 



APPENDIX 2 

-----~------------------------
Investigators seem to have settled f 01· 

what is measurable in.stead of 
measuring why they would really 
like to know. 

ED.MINO D. PELLEGRINO -

CLINICAL RESEARCH 12, 421, 1964 

1) Calculation uf Standard Deviation (S.D .) 

If there are "n" number of observations 
x" x~. X3, xH .. . ... Xn·1t Xn, the following steps 
are done if n < 30 

a . Square the individual observations 

~01ne sol vc<l 
cxa u11>lcs ht 

StatisticH: 

2) Standard Error of the mean S.E. 

S. D. 

,..;-n 
3) To find the statistical significance of 
the difference of the means of two sets 
of observations. 

d h ~ x2 
f and fin t e sum L... If xi and x2 are the means of two sets o 

n1 and n1 number of observation~, • and 
b. Square the sum of the individual SE, and SE~ the respective standard 

observations and divide by n error of the means, 

n 

c. Subtract (b) from (a) 

~x2 - ( 2: x )2 
i.e. ~ n 

d. Divide (c) by (n-1) 

i. e r.x2- ( r.nx )
2 

n-1 

e. Find the square root of {d) 

i.e. S. D. = 

' 
Degree of freedom N = n 1 + 112 - 2 

A table of 't' is consulted, and the value 
obtained read off against the correspond· 
ing degree of freedom. The level of pro
bability is thus obtained. This denote~ 
the probability of the difference being a 
chance occurr~1ce. The lower the pro· 
bability level, the less the likelihood of 
the difference being due to chance, i.e. 
the more the significance statistically. The 
most widely accepted level is 5'/< , which 
indicates that the difference is likely to 
be significant. 
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Latent period of reaction to -
1 

· 
• < given 

st '. mtilus w~re recorded in groups of 10 
m.1ce, of which one group had been treated 
with a test drug: 

Group A 
Group 8 

3.8 

3.2 

4.6 

5.0 

4.8 

3.0 

2.4 

4.8 

3.6 

4.8 

40.2 

Mean =- 4.02 

S.D. = ± 1.26 

S.E. = 0.3987 

Mean 

S.D. 

S.E. 

( (13.0)2+ (14.2)2+ (13 .2}2+ ...... ) -

13.0 

14.2 

l 3.2 

15.8 

16.2 

14.0 

17.0 

12.0 

l7.0 

17.0 

149.4 

- 14.94 

- . ± 1.88 

0.595 

( 149.4 >2 
10 

•I--~~~~~~~~~~~~~~~~~ 

f •• 

9 

t = 14.94 - 4 .02 

j(0.595~+ (0.398)2 

Reading off the calculated value of t from 
the table, the value of p obtained is less 
than 0.002. This mean s that the level of 
probability is 0.2%. The difference is 
therefore highly significant. 

(41 The Chi Square test x2 

This method i.> based on the null hypo
thesis. It ik appljcable if two sets of 
observations have to be compared in the 
form of ratios. The as.:;umption is made 
that there . hould be no difference between 
the two observed sets (0). On the basis 
of this as :umption, an expected se t (E) of 
observations is calculated . 

X 
2 

= the sum of 1.ill v1.ilucs ( O ~ E f 
If the ditf erence is great, X 2 

will be high 

and convcrsly a high value of Chi::! in 
cficates that the null hypothc~is i5 wrong. 
Consider the effect of a new an tiviral 
agent in protecting against influenza. One 
set of patients is treated '' ith the drug, 
while the other is not. 

------- - --- - -
Row 

Infected Not infected Total 
- -------- --
Treated 8 11 2 

Not treated 33 372 

Column total 41 484 

120 

405 

525 

Out of 525 subject:;. 41 developed intiu
cnza. If th1: antiviral drug is use less (null 
hypothesis) the infection rate should be 
the same in both groups of subjects. The 
proportion of treated subjects is l 20 I 525 
in the entire sample. Therefore if the 
drug is useless, the treated group :;hould 
have the same proportion out of the total 
inf! uenza cases. 

(a) Thcrdore cxped cd value uf treated 
and infected cases 

. 120 

x 41 = 9.3 

525 

' 
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The remainde r. i.e . 41 _ 9.3 = 31.7 ing off the value of 0.25. in a table we find 
should be the number of influenza tl1e probability to be > 10

1
1; · Th is means 

cases in the untreated group. that the probabi lity of o ur nu ll ass ump. 

In the first case, observed number of 
treated but infected was 8 (instead of 
expected value 9.3) and in the latter 
case 33 instead of 31.7. Similarly, 
out of 484 subjects who did not get in-

120 
fluenza, we expect -- x 484 = 110.6 

525 
to be in the treated group and the 
rest, i.e. 484 - 110.6 = 373.4 to be 
in the untreated group. 
The.:e are the expected values. 

(b) Find the differ~nce D between observ. 
ed and expeckd values. 

(c) The square of D is then determined. 
(d) Divide each value of D2 by its cor
responding value of E 
(e) The sum of these values of D2 / E is 

equal to x2 

tion being true is grea ter th<1 n 10 ': ... or 
that the antiviral drug did not cause any 
significant difference in incidence of in
ft~enza between treated and unt reated 

subjects. 

(5) The Litchfield and \Vikoxon * method 
of regression naly~is : 

In con ~id ;;Tng data such as the ac tivity 
of a drug in a given percentage of animals 
in a gr~up, it has been often observed 
that day-to-day variations occur which 
make the comparison of ED:.o values 
difficult. Thi.> necessitated t11e develop
ment of other methods for comparison of 
activities of 2 drugs: one of the most use
ful and widely accepted method is that of 
Litchfield and Wilcoxon. 

The following are the important trans
formations t o which data are :;ubjected : 

Consider the effects of two analgesic 
drugs ~and ]Lon the responses to no-

-- - - -
0 E = R x. c 

N 
\0 - E\~ ~----i -··----~1 02 

E 

8 9.3 - 1.3 

33 31.7 + 1.3 

112 110.6 + 1.4 

372 373.4 - l.4 

The degree3 of freedom (d.o.f) for, (a) 
a single set of numbers with c classes in 
a row, d.o.f. = c - l , and (b) 2 or more 
sets of numbers consi·sting of c vertical 
columns and r horizontal rows degrees of 
freedom = (c-1) (r-1). 

· In our example there are three classes · 
and hence degree3 of freedom are 2. Read-

• Litchfield J. T. Wilcoxon F. (1949) 
J. Pharmacol. Exptl Thet'. 96: 99-lB. 

1.69 

l.69 

2.56 

2.56 

x2 

0.17 

0.05 

0.02 

0.01 

= 0.25 

xious ·stimuli as determined by three 
methods : (a) ~aving .ascertained the per-

._centage responses at each of at least four _ 
doses of each dru h - · . 

r . g, grap ;) of dose against 
P.~rc~ntage response .. are plotted on log
~tobit paper on the basis of closest.fit as 
J~dged visually. This procedure automa
tically straightens out the expected cur-
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vilinear graph . (b) From th~ graph. as
cestain the ED1.;. ED.;o and ED" of b~1th 
A and B. (Obvi'-1usly. the doses should 
have been so chosen as to yield responses 
ranging from 10-90% but not O and 
100'.; ). tc) From these values of ED

1
,,. ED:.ll 

and ED 84, determine "s" where 

213 

= ( EDs.i + __ g_Dso ) _. 
2

. 
ED so ED16 • 

(d) From the graph find the number N 
of a nimals responding to doses lying bet
ween ED16 and ED,,,. Take into consider
ation all the points that have been plotted, 
including those that do not actually lie on 
the graph. 

(e) Find the value of 

2.77 

ED50 = ( S )rn 
(f)' Alternatively, from th~ nomogram 
(No. 2) of Litchfield and Wtlcoxon, deter· 

solved exam ple. Analgesic study. 

Drug A 
- ---

M e thod 

Clip 

Electroshock 

Thermal 

Drug B 

Method 

----
ED1" 

8.8 

62.0 

37.0 

ED l6 

] 1.5 

37.5 

31.0 

mine fED:,, from the value of S as '·base" 

and ( ~7 ) as ' 'exponent", reading off 

the fED.>11 on the line connecting the 2 
points where it intersects the "result" 
co lumn. 

(g) Calculate the potency ratio P. R. bet. 
ween A and B by 

P. R. = ED.soA 

ED.soa 
where ED.soA > ED.so 

(h) From the values of fEDso for both A 
and B, from nomogram No. 4, find the 
value of fPR as follows: Take fED:;o of A 
as f1, fED50 of B f2• connect them and 
read off the intersected point on fl / 2 as 
being the value of fPR. 

(i) Compare the values of fPR ~nd P.R. 
If P.R. is greater than fPR, the difference 
between the drugs A and B is stati-.~tically 

sianificant at the S';o probability level. t> 

ED so ED~4 s 

25.0 76.0 2.92 

82.0 102.0 1.25 

80.0 170.0 2.11 

ED;o EDs.i s 

54.0 245.0 4.61 

190.0 180.0 4.4 

78.0 liO.O 2.47 

fPR P.R 

Method 

Oip 

Electroshock 

Thermal 

I I 
B I I 

2.57 2.16 2.2 
2.31 

I fEDso 

J.-----~-~-=-:a-_-+J~,~;:-7 IC_!~-~~-:-:::___:_~~ 
30 2.25 2.2 

1.82 1.02 1.6 
20 1.12 

30 1.45 
30 30 --

' 

J 
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The potencv ratio PR exceed:.. fPR for the 
electroshock metJ1od, and a significant 
diff erencc exists between these 2 drugs by 
this method at the 5' ; level. 

(j) To find the 957' confidence limits of 
the EDr,(l values 

EDso x fEDso is the upper limit 

EDso + fEDso is the lower limit 

(6) Regression Analysis 

/~his procedure is of use in ascertaining 
( how far a \lerticular function regresse_s o~ 

(i) The regression equation is 

y =y +b(x -x ) 

(j} With the values of y, b, and x, write 

out the equation for Y · 

(k) For each value of x, find the ex
. pected value of y from the equation. 

(I ) Plot a graph of this expected value 
of y, i.e . y' against x. 

(m} Confirm that the functio n x regresses 
on y by the linearity of this graph. 

7) Correlation coefficient 'r' 

\ 

a other for example, thefUOctlons of time 
of administ ration on the re:;ponse to a (a) Make a table of ( y - y )2. 
drug. Consider a set of data, x,, X2, X3, X1 

and x5 in ascending order. with corres-
ponding values Y" Y~. Y~. y, and Y~ to be (b) Calculate r 
<tnalysed for regression. 

~(x-x )(y-y) 

(al X1 + X2 + x1+ X4 + xs = x, i.e. mean 
5 

of the x values. 

- (b} Similarly, obtain Y 

(c) For each value of x , find x - x, and 
retain the algebraic sign of ( +) or(-). 

c) Interpret the results as follows : When 
'r' approaches - 1.0, there is a ncga. 
tive correlation, when it approaches 
+ 1.0, there is a positive correlation, 
and when it is close to, or equal to, 
zero, there is no correlation. 

(d) Find (x-x) for each value of x, and Solved example 

determine their sum l: ( x _ x )2 

(e) Find ( y - y) for each value of y, 
with the appropriate algebraic sign. 

(f) Determine the product (x - i) (y-Y) 
for each set of x and y. 

(g) Add all the products thus obtaining 

(h} Calculate b 
_ ~(x-x){y-y) 

l:(x->02 

The blood levels of a drug A were 
determined at varying interval.5 after in. 
travenous administration to determine 
whether they were dependent on titne. A 
set of values was obtained as follows : 

Time in minutes (x) 

1 

5 

10 

20 

40 

Blood level (y) 

1.70 

3.40 

l.28 

0.87 

0.82 



l 
l 

:\ 
; 

: . 

I 
SOME SOLVE D EXAMPLES IN STATISTICS 

This wa~ found to be a curvilinear gra h ., 
d l · 1 P · Conversion to logarithms fore an og.t1me va ues taken as x 
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Sr. No. x y 

l. 0.30 1.70 

2. 0.70 3.40 

3. l.00 l.30 

4. l.30 0.90 

5. l.60 0.80 

LX = 4.9 r. y 

x -- 0.98 y 

y-y 

l + 0.08 

2 + 1.78 

3 - 0.32 

4 - 0.72 

5 - - 0.82 

b-

~ . ( x - i ) ( y - y ) - - 1 . 3006 

~<x-x)(y-y) 

Z:(x-i)2 

- 1.3 = - 1.78 
0 .73 

y=y+b(x-~) 
= ( l. 62 ) + ( -1. 78 ) ( x - 0 . 98 ) 

' . 
·-.c: a mean of these 

ot be exact ly 

-x-x ( x - x )2 

- 0.68 0.4624 

- 0.28 0.0784 

+ 0.02 0.0004 

+ 0.32 0.1024 

+ 0.62 0.3844 

- 8 . l 2:: ( x - x h := 0 . 7280 
=-= 1.62 

(x-i) (y-y) 

-- 0.0542 

- 0.5000 

- 0.0064 

- 0.2300 

- 0.5100 

For each value of x, y can be obtained. ln 
this case for x = 0.7, 1.0 and 1.3, y was 
found to be 2.12, 1.584, and 1.05. The5e 
were found to lie on a straight line. 

The choice of statistical method for vari
ous types of measurements is discu:;sed 
lucidly by Langley* ( 1968), while the 
statistical basis of the calculations of a 4-
point assay are elucidated in the treatise 
by the staff of the University of Edin. 
burgh.':'* 

---·-------- ---------- --------- - - ---
• I)~ Lan 1 n " Practical Statistics". Pan Books, London. 1968. 

g ey, "'" · . I t d 
••2) Staff Univ. Edinburgh : ''Pharmacological . experiments on 1so a e 

Publ. :· E & s· Livingstone, London , 1970. 

preparation9 . 

. ~ . 
. . 
) ; 
. \l 
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The pAx, pDx and pD'x scales. 2. Non-competitive antagonism is indi· 
In Chapter 1, the use of cumulative I~ cated by non-parallel shift of the log dose 
dose response curves to elucidate the response l1frves as indicated in Chapter I. 
nature of antagonism between two drugs Such a non-parallel shift would al3o be ac. 
was described. Having ascertained the companied by a change in pAx with
nature of this antagonism, it might be ne- dllrerent d<;>ses of agonist indicates a 
cessary to compare the activity of the competitive type of antagonism. 
antagonist ~o a known reference compound. ~ 
For purposes of such comparison the pAx. J. The p~x ~ is actually ~property_, ~ 

i
pDx and pD'x scales are used.. The pAx_ ... of thL_re:ceprOr and not of the antagonist. 
_§Sale is useful for the quantitative c~ Thus, the determination of pAx values for , P 

· parison 01 coin~fitive . antagoil[.sts, . ~ _:_specified a.gonist-antagonist combinatio~_,.? 
· pAx we mean the negative logarithm (to on different isolated issues would serve to · ?' 
~ base 10) o! that molar concentration ot clarify the .identity of the receptors in- (j) 

the antagonist that is required to reduce volved. This would also be of help to find , ~ 
t the effect of 'x' times the dose .of agonist · ?ut wheth~r the same receptor i.; involved "'J .ci 

d 
to that of a single dose (in_ absence of_ m the actions of a number of agonists on -.... 
an tagonis!!). The more active the the same isolated tissues, if a common ~ p-
antagonist the smaller the dose required antagonist can be found. The activities 

/ and thcref~re, the larger the pAx value. of non.competitive antagonists can he 

) 
- _.,So~ specific examples of pAx values_ are compared with the pD'x scales. This is l 
./ the pA2 and the pA10 the neg~tive log~rithm (to base 10) of the 

"' molar concentration - of the antagonist 

1 1. Confirmation of nature of antagonism. wnich is required to reduce the maximum · 
f ':).. The Ariens theory may be employed to ffe the. · t t~of that w _ ich 

()• arrive at the final deduction that pA2 - it exerts in the a sen~f antagon~st. 
I pA10= 0.95 for compotive antagoni~ts. T1ie pD'x is the measure of choice be-

In generat, the values obtained are only ' h d cause t e concentration of a drug require 
approximately 0.95. If the value obtained to produce half its maximum effect is 
is 0.5 or less, the type of antagonism is inversely related to its affinity. ,. '[he .... 
most certainly not competitive. greater the activity the smaller 



Hence v = (Ul - SI) + (U2 - S2) 
2 -

PRINCIPLES OF 
amount of an tagonist . GENERAL PHARMACOLOGY 
fore the larger the . Dr~,4tmed and there. Th, b 217 

- Th - .~ P 2 value e est value for v is . 
e pD! value sh o uld b . . two because the l' a mean of these 

dent o f the d ose of . ~ m.depcn- pa rallel. . mes may not he exactly 

antagonism is tru ly agonis t tf the 
· no n-competit iv Jf 
increasing the dose f . e. , on 

f II h 
o agcnist . the D' 

a s, t e c: n tacr cn ism 1 . P 2 
. b 1c1s some c . 

The slopes = S2 - Sl - d - where d =log X2-
log XI 

t1 ve compo nen t· i.. . ompet1 -• U{'Cau e th h. h 
of ago inst has ov · e ig er dose 

e rcome th"' ff 
antacronist l 'h A l: e ect of 

U2-U! 
b · · e P x and D 

are therefore a ffeckd ; P '~ va.lues 
t' b · n opposm(f d1rec 
ions y an increase in dose b . -

and in different of agonist, d 

for a more 

~ d manne r for competitive 
an no n-co · · -· S2 ' p x . mpeut1ve antagonists. The s --= ( - SI ) + (U~ - UI) 

is una~fected for compe titive anta- 2d -
aonists, while . it increases f ~H· non- accurate estimate 

s 
competitive ones,· the pD'x d ecr~ases 

_ ~r competitive antagonist3 and is Hence, H = v 
affect~~ for non-competitive ones ;~~ 
pA~ is unaffected for competitiv~ anta
gonist can be utilised to find out whether 
a non-specific antagonist like papaverine 
has a common mechanism of action aaainst 
a number of agonists. b 

Mathematical Basis of the 4.Point Assay 

_ (Ul-Sl) + (U2-S2) 
(~2 - SI_) -j- (U~_-:_!:!~ ) 

d 

_ ( Ul - SI) + (U2 _ S2) 

(S2-St) + (U~-Ut) 
xd 

where dis log ( ~) = log 2 in the ex· 

periment described. 

The Choice of recording levers 

In C hapte r 1, the manner of performing 
a 4-po in t (o r 2 + 2) assay has been d~s
cribed. If SI , S2 are the responses to 
volume XI. X2 of standard solution (or SI. 
S2 doses), aud U I, U2 the responses to 
the same volumes of the unknown solu- _[~e-~p..Qn~ o~tained from an isolated 
ti on, since we have chosen the point:; t o _£reparc.tion requires - a ppropriate- trails-
lie on the linear part of a hypothetical .lation iii!oafracing b) ·correct choice of 

LDR curve, the two lines obtained with levers - - - - - -

......,, -

these 4 points will be assumed parailel. - Th~ most commonly used lever for 
The horizontal distance 'H' between th~ 2 isolated smooth muscle is the frontal 
curves (if not parallel, this i.; taken at writing lever. The writingp0inTC'rSU'Ch c _,,,, \~ 1n--~-·· I ~ v l! 
their respective mid-points), representSJ a lever touches ~ drun1 suda~_c11d:Q.n, 

d I
. . "n F L,...-("J~\...C 

the logarithm of the ratio of the concen-r;~·i n t~a~~~e~~_ont.r2.c!}.~ 1 iction 
tration of active material in the standard'~ an be reduced to a mm1mum, and due 
and unknown solutions. \~ o linearity of recorded re.;;ponse, compari-

. ~ 'S' _ ..::!_ \, · Q_n _of _h~igh.ts of responses is easie::.:_ -
If the slope of the hne,, is H - S Another commonly used lever is the 

where v is the vertical distance between sideways writing lever. This mak~s 
the 2 lines. Now, v should be Ul - contact ~~ia~ !o the drug surface and 
SI = U2 _ S2. the responses are recorded in a curved 
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manner (Ref. experiments with frog Some Uasic Tenets of Drug Receptor 
rectus, Chap. 1). _The drun1 _must there- Interaction 
fore be absolu~vcrtical, and the lever 

- -- h d Th b"s1·c formulation of a druo must maintain contact with t e rum e '" ~ 
t~ut its · ·;ovcmc~t- i ; ensur~ t his- receptor interaction is as follmvs: 

~ - :::> , • 

latter requirement, the sideways writing K 1 
lever has been mounted in gimbals so that Drug (D) + Receptor ( R) < .::. Drug 
the writing arm always fa\ls onto the receptor complex (DR) K 2 

paper. The curvilinearity of the tracing Hence d (DR) = Kl (D) (R) _ K2 (DR), 
impose.; a distortion error because it dt 
converts a linear contraction of muscle . f at"ion - Kl I D) (R) -. . . . i.e. rate o . occup - , 
into a cur~cd respo_nse which is not direct- K2 (DR) of receptor by drug. Generalising 
ly pr~porhonal _to it. . T~1e lev~rs thus far further Clark derived the following: 

~~escnbed are isotonic m their perform-
" .'I ance i.e. ~ey record changes in ler_:g..!!!_ d (DR) =Kl (D) (R)t - Kl (D) + K2 (DR) 

eiJ~ against unchangiJla tone _.i!!_..the_ contract:__ dt 
G .. \j ing muscle. . . .. .... '\ 
~ \ · A lever was devised by Paton to mvest1· where (R) t = total number of receptors. 

, . -'· gate the phenomenon of drug action with R t · tlle pre-cnce of 
~· • . • r ecep or occupancy m ~ 

. ,, .:- the help of isolated tissues. This lever I t A d t ·s t B ·5 a·ve·n by 
~ ,'· • • 1 agortls · nn an agont L 0 1 

· '·~ .> 1s called an auxotomc lever, because as 
~" .; ~contracti~n -pr~~1s, ti1e t~ns~qft" in · - y1 = (A) 

1 r;;-< , • ~-, ~e mu.;cle ~lso_jl)c.reA?~S~ It is claimed ' (D)I + K2/Kl ( l + B' /KB ) 
~- , . (. _.;... that this lever produces tracings which are ' K2 / Kl = KA which is the dissociation 

I , · _,L ....._$>--.... not unacceptably steeper than predicted constant for the aaonist. In absence of 
. ' ... c. h . ''l d I o ~ :.f' .i' c, ,.... t eoretica1< y an presents a ~or: ac.curate 1 antagonist !·'r .,d ....., ·picture of the changes occurring m tissues. \ . 
f . ·r · J Thi.; . leve lso demonstrates the re- \ y = (A) 
i, -: r.: nowne . :_fade" ~!nomenon. \ (D) + K2/Kl 
f As con1tasted to these levers, the re· \vhen Y = Y', we rearrange to get 
j ,cordiilgOC cfiangesi~ !one ag~in5!-·a~~ _(A') . 
I (_ground of unaltered le~gth is done by (D) l = dose ratto - 1 

t
. ~ometric levers. U;ese are u~ei_ -parti.:- _ (Bl ) 

cularly _ in res2~d~ng_:esl2_o~~of _ in.amma- - KB 
... ;;F J;m -skeletal _mu;cle_L~e S!"'cie~ 
~ .!.. ~?!...(Ref. Chapter 3). KB = (B)1 

~ Lastly, the recording of rapid twitch. ( dose ratio - 1 ) 

I
: -~ '\J like responses of )solated skeletal muscle 

\J (e&..-the _ra(s.heiiiirtfaphragm) or- the.rapid- B', D ' etc. denote the respective Conccnt-
j c..;-..:·j spontaneous beating of cardiac muscle is . rations in presence of antagonist. 
; . ) •• ... ~ - best- done with the help of spring levers.: Arunlakshana and Schild converted this 

, .· These have m~er.tia and the ~g_ equation to log (dose ratio- 1) = log 
ensur..~~_!"apid retu!"n of ~~~--i:eco.rding_arm (B)' - log KB. 
to the baseline in time for the next_ re!t KB, and hence the pA

2 
may be ob· 

pon-se. - This spring however causes a tained directly from the intercept with 
rebound flyback in the tracing in the · the log (B)' axis of the plot of log (dose 
opposite ~ d!r£S_fio~- to the_origi~_~] .c~n!rac. ratio-1) against log (B)'. The slope 
tion. should be unity. 

--· _ ... ,.. ---4··- ----- .. --
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Fig. App 5: D('rirution of pA2. a11d p'-12-
1
,.410 

by the lllC't /iod r~( .411111/al.shana mu/ Schild 

1·0 

0·1 

- O·S -I 
)( 

0 ·4 
(!) 

0 
..J 0· 2 

O·O 
6·1 6·3 6·5 6·7 6·9 

1'·8 - LOG B 

Determination of Dissociatiou 
Equilibrium Constant of an agonist: 

In the pres~nce of an irreversible 
competitive antagonist, an agonist will 
lead to a receptor occupancy 

Y' = (DJ' - - - x ( l - Y ' ) 
(D)' + K2/Kl 

where Y 1 is receptor pool fraction blocked 

by an tagonis t. Equating wi th recepto:· 

occupancy before blockade, we g<>t 

l Y' Kl I l - = - -- --+ - - -
(D) I - Y ' K2 I - Y· (DJ• 

Hence a plot o f the reciprocal of the con . 

trol dose for a given response against the 

reciprocal of the dose required to give the 

same response after an tag on ist blockade 
will give the Kl / K2 of agonist as 

Kl = ~pt on l/D axis 
K2 slope - 1 

Such a plot is called the Lineweaver-Burke 

plot or a double reciprocal plot. The 

equation of Arunlakshana and Schild can 
Fig. App . 6: The Li11ewem·l'r-B11rke plot of reciprocal of dose agai11s1 reciprocal of response . 

COMPETITIVE ANTAGONISM 

SPINAL CAT : SECTION C2 

1 ·0 
R-1361 

0·8 ~ 1·0mg/kg 
Q) 
en 
c 

0·6 
~ 

0 
Q. 

x ~ 0·5mg/kg 
en 
Q) 

0:: 0·4 
~CONTROL_ ' .... 

0·2 

0L-4L8...L~24--~16:--------:-8~4--~2;;-::-~:-'g 
1 I Dose ( Nor -Epinephrine) 
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be used in another way for competitive is limitl'J by the nature o f the Jo. ~-
'bl . I effec t rela tionship. From the t.'y uatinn 

revers1 e antagonists. A plot of --- - 1 . 1 (D) from the lope of the rela tion bet-
agamst - from the above equation will (D) 

(0)' 
go through the orioin and th" s. lop ... will b_., 1 d 1 ks o t t 

1 
~ "' · ... '"' ween (D) an (D); ,..,·or ' . u o ( 1 _ y '), 

the equilibrium dose ratio. Equilibrium 
dose ratios may thus be obtained for use 
in this equation. 

The use of pD'1 values for comparing 

potencies of non-competitive antagonists 

/ 

Thus the receptor occlusion hv the non. 
competitive antagonist is obta ined di rect. 

ly as 

y' = s_l<!pe - 1 
slope 

- - --B' D ' etc. denote the respective concentrations · in presence of antagonist. 



I PRINCIPLES OF GE 1ERAL PHARMACOLOGY 
TABLE l : Identification of an unknown hypotcnsive, using an adrcnergk sy tcm. 

-----···--. -

I Carotid Blood Pressure Nictitating Membrane 
Drug 

1 

Occlusion --

1 1 _ _ _ -----~-~~on~~i~cc_1 _ __ E ____ N_E_ Direc~ _I Pre G l~osl GI E 

c< Receptor Blockers 

Ph~n o:-.ybcnzamin~ 

T olazoline 

Adrcncrgic neurone 
blockers 

Brety lium 

Guanethidine 

Reserpinl! 

Uptake inhibitors 

Cocaine ;I 
DMI 

Ganglion blockers 

P~ntolinium, C6 

Ganglion stimulants 

DMPP 

Nicotine 

s. M. Amines 

Ephedrine 

~ amphetamine 
tyramine 

l 
l 

t 
/ 

( 

t / I 

I 
- ' i 

i --

-
* shows tachyphylaxis 
t = Action or increase . 

{. = Decrease 

i 
t, ! 

-
t 

,i, t 

i ti< 

I 

i ! - -t J 
1· t 

't t 

( .. 
t t 

t i t 
t t i 

t t t -

l 

)< 

-, ,l 

-, "' 

I 

I i 
t ~ 
I ~ 
I 
I 

t 
I 

I 

~ 

-,t 
-, i 

I l 

t 

i 

I t 
.-- I ...__ 

: -

• 
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TABLE 2: Choice of Isolated Preparation for Bioassay · 

-~----

Preparation Speed of Assay Technique Threshold dose 

U\ c""-' J 
Bioassay of Cholincrgic Agents 

Leech dorsal muscle 

Cat B. P. 
/ G . ·1 . pig 1 eum 

Frog rectus 

I -\. 

Slow 

Rapid 

Adequate 

Rapid 

Very rapid 

More rapid 

Organ bath 

" " 

" " 

In vivo 

Su perfused 

" 

_____ -------- Bioassay of Adrenergic Agents 

-- - Rat uterus 

f",,-
!/-

' ': "". 
' 

.... {_ 

Rabbit aortic strip . ,-
..i'. \ -

"\ 

'I -'! ·= • ~ G. pig tracheal < 
· .' .~ ,- chain 

\ '> 
i c (.• 1' . G. pig vas ' 

.- < , ':...· •( ' ~ deferens . 

Adequate Organ bath 

/ Slow " .. . 

Slow " 
,, 

Adequate ,, 
" 

' .. '' ( .... 

r· ' · , Rat colon ~equate . " " 
. - ·~ ~ b ' e..e.,t.-. -\i . 

i ~... '£:._c\~-ll.d _ ~ l <::Jc._Q.\ 
t ~ '\'-! ~\JI\- dv..\lo~ ' Bioassay of Histaminergic Agents 

! / :,, _,.R'abbit aortic Slow Organ bath 
, -_ strip 

G. pig. tracheal 
/ _chain. 

r . ~\vv/"" 
'-\ ·\>'C\ / 

Aat fundus 

Rabbit aortic 
./strip 

\\_~~ 

Slow " ,, 

Bioassay of 5HT 

Adequate 

Slow 
.Organ bath 

,, 
" 

I 6 I "~0-1 I \ (' : \. * \." 

6 x J0-9 mole 
( 0.001 f1g/ml) 
~ 

1. 5 x l.0-8 mole 
L~.:.~J~ft@J ) 
6 x 10- 8 mole 
~). 

~ 
0. 0025 fl g/do_se 

O. 01 f'g/inj . 

\Q. :X:jo- s mole 
1 x 10-7 mole 
2 x 10-6 mole 

-1so/ 
E ......
NE~ 

2 x 10-7 mole ISO ~ 
5 x 10-9 mole E 

· 5 x 10-9 mole NE. 

u ~-10-s m~1e::is&'J 
~x 10-7 mole E 
:=.- 1 x 10-7 mole NE 

3 I -s mole NE 

2x l0-7 mole_ ...--- E 

5 x 10-8 mole 

5 x 10-7 mole 

\ 
r"I 11 / : :,.- (,_\ .... : 

1 x lQ-9 mole ...1) \J . _ 

b.-:·. ~·:,.,. . 
5 x 10-8 mole 

-+-:J~-n.· 11/'"cx--~ 1 v - r " , ;· 
. .--> !~-'---.:....-.!... _ _ - ------------

\ 
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TABLE 3 : Showing experimental ~ct up with various isolated preparations. 

------------------ - - -

Prepa ration 
Initial Ten sion 
Previous Treat. 

ment if any 

Perfusing 
Solution 

Tempera
ture 
c 

Drug Sensitivity 
and uses 

- ------- -------- ----- --- - - - - ----
J Frog reetus] 

Leech dorsal m. 

Rat phrenic n. 
diaphragm 

(i. pig i!<:_um 

Finkelman 

Rat fundus 

Rat uterus 

/Rabbit_ aortic 
stnp 

G. pig tracheal 
•. chain 

~G. pig vas 

~eferens 
Langendorff 

Atria 

/Isolated 
.../ cat spleen 

0.5 -- 1.0 gm 
'- Eserinise - ' 

l.5 x ro.{ mole / ml 

nil 

nil 

) 

0.5 gm 

I gm 

0.1 mg/ kg.,.>C 
Stilbocstrol 
24 hrs prior 
0.5 gm 

3 - 4 gms 

0.2 - 0.5 gm 

0.75 - 1.0 gm 

Nil 

Nil 

Frog Ringer 

/ 

Frog Ringer 
or Locke 

Tyrode with 
double glucose 

or Krebs 

Tyro de -----Ty rode 

Krebs · -D.e .alon 

Krebs 

Krebs 

Kre"Qs 

Ringer Locke 

Feigans, 
Ringer .Locke 

0.5 gm Ty rode 

V Rat cofon 0.3 - 0.5 gm 

I .l~· ... ~ ...__/"\ 
Modified 

- ~~ I . . /. 
i_-.., \0....-"'' .... ___. , A:>_... 

Ringer 

R.T. Ach. 6 x J0 - 8 mole - ----
or O. 01 fl/ml. 

R.T. 0 .001 p /ml. Ach . 

37 

37 

37 

37 

30-32 

37 

37 

32 

37 

R.T. 

37 

_!LJ. ' 

Ach. 0.0025 fl /ml. 

Qualitative study of 

adrenergic agents. . v( 

0.4-0.8 mg/ml.~~ 
5HT, ~ -adrenergic ~ 

NE, E, 10-9 mole 

adrenergic 

E, NE, 10-7 mole 

lsopren 10-s mole 

Useful for study of 

adrcnergic agents. 

Qualitative 

E 10 - 15 µg /ml 

E IO - 15 µg/ml 

f 
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TABLE 4: Showing tint• intervals for various isolated tissues. 

Isolated preparation 

Frog Rectus 

Guinea pig ileum 

Leech dorsal m 

Rat phrenic 

n. diaphragm 

Finkelman 

I .,Y J(Rat fundus strip 

~~ /' / --
~ R~uterus ' 

S ~t-; i.;Jfuit aortic strip 

,,. ~ / G. pig tracheal chain 

/ l_;tr /' 
G. pig vas deferens 

elio ated cat spleen 
-~· 

Initial 
Time of drug 

time of 
contact 

relaxation 
in seconds ------- ---

30 mins 

--~ 

30 mins 

3 hours 

Not reqd. 

30 mins 

30 min 

30 min 
\""---

60-120 mins 

30 - 60 mins 
...... -

Not reqd. 

2 - 3 hours 

90 -
30 

90 

Peak effect 

60 

60 - 90 

1Q- 60 --

90 

90 

~ 

60 

60 
;:;, 

30 60 

Time of 
recovery 

in minutes 

5 - 10 

3 

20 

On washing 

Out 

On washing 
Out 

6- 10 

2-5 () 

15 - 30 

15-~ 

Immediate 

5 - 15 
..... -if';::-) 

5 10 
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:e -"" TABLE 5: Table showing compositions of commonly used physiological salt solutions (in g/ litrc) 

Solutions Glucose NaCl KCI Ca Cl~ MgCJ~ NaH~PO. NaHC0.1 Aeration 
- --- - - --- - -- ------- - -- --·- -- '"O 

:::0 

Frog Ringer 2.0 6.5 0.14 0.12 - 0.005 0.4 Oxygen ~ 

Ringer 1.0 9.0 0.42 0.12 - - 0.5 Oxygen ~ 
(/) 

tL"1'!rode 1.0 8.0 / 0.2 0.2 MgSo, 0.05 l.O Carbogen ~ 
- ~ - - 7H a -.._,_ I , ,; ~o m 

~- -·--.,..:... 0.26 z_ 

~ -· m 
I ~ , ~· 1 ' ~ <r:~ -.:-• > 

"'. ,>•1 ~ rebs 2.0 6.9 0.35 0.28 0.14 KH~P01 0.16 2.1 Carboge11 r< 
I t1' '"O 

or ~ > 
Na H:PO~ ~ 

f><..J. J.- / ./ 0.11 8 
De Jalon 0.5 9.0 ""- 0.42 0.03 -- ' - 0.5 Carbogl!n 5 

' . •• ,.,,.-· C) 
- -< 

Feigan 1.0 9'.0 0.42 0.62 - - 0.6 Carbog1.:n 

Locke Ringer 2.0 9.0 0.42 0.24 - - 0.3 Oxygen 

Modified Ringer 1.QO 9.0 0.40 0.03 - - 0.15 Oxygen 

" o I o ' •d , ' ,. c - fj' ' o r< ,, ..... o ,, ... . , ··· ' c 
! ./' I 

"'1 \ J (>·". , ~ .., ... (' "' ' . t 'l, - ) t 11 Iv 
· ,,. y- IV 

I y '2. fl' '' •; •'·' (' I I Vt 

r- • 0 C. I 
I ,r ~ .f.L I 

' t " er'> J . 
' ~ - - -

·- \ L
,, L---

- ~ . 
' ... ~,·-· .. .I ·---- ;I 14 " -------- :trti. 
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TABLE 6: Blood Pressure Recording Chart 

Expt. No .. .. . ... . .. .. . .. .. . .. .... .. . .. . 

Species . .. . . ...... . Sex . . . . . . . . . . . . . . . . . . Weight ..... . . .. .. .. .. . .. .. ... ..... . . Date . . .. .. ... .. .. .. . .. .. .. .... . . . . 

Anaesthetic . .. .. .. . . . .. ...... . .. ... ... . . . Dose . .. ... .. ... .. . .... .. .. ...... . . Route .. ..... .. .. .... . .. ..... . . .. . . . 

Time Surgery began .. . ...... .. ...... . .... ... . .. .. 

Drug under study ..... .. . . . ... . : .... ... .. . .... . 

Time I I I Route Drug or Dose of I mg/kg Adm. procedure 

I I I I 

Onset 
of 

effect 

Respiration 

Basal Expt. 

Ampl. Rate Ampl. 

Time Surgery ended ...... . .. . . ......... ..... .. .. . 

Expt. Terminated-

A. Time ·· ····· ··· ··· ·· ··· ·· ·· ···· ···· 
B. Manner . .... . ...... .. .. ... .. .. . .... . . 

Duration 
of 

effect 

Spleen Vol. 

Blood pressure 
Remarks 

I Max \ Diff. Basal effect 

N ictitating 
membrane 

. 
~~~~~~~~~~~~~~~~~~~~~-'-~~~~~--~~~~~~~~~~~~~~~~~~~~--~~~~--~~~-

-·---

...., ..,, 
°' 

(/) 
m 
I""' 
m 
(") 
...; 
!Tl 
0 
...., 
0 
"O -~ 
-z 
m 
~ m 
~ ...... 
3: 
tr! z ...., 
> 
I""' 

"O 
:.::: 
> 
~ 
3: 
> 
("'] 

0 
r" 
0 
C') 
-< 
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TABLE 7 The Average Normal Temperature and Pulse Rate of Some Common Laboratory Animals 

Rltes Per Minute 
.. !~ ( 

Rectal Rectal 
Animal Temperature "C Temperature °F 

Cat 38.7 l 101.6 

Dog 38.6 101.4 

Guinea Pig 38.6 101. 48 

Mouse 37.4 99.3 

Monkey, Rhesus 38.4 101. l 

Rabbit :s.7 101.f 

Rat 37.5 99.5 
Hamster 36-38 98-101 

Pulse 

\ ... 
130 • 

( . 
".., ·- . . 

95 ,. .I" •• 

I \, 

150 .... ,,.. 

'foo~ -
100 

~ 
( 300 _ 

450 

Respiration 
-

24 

14 

' 80-., 

.. 163 

19 

I ' 55 .. I 

210 
i 

74 

.' 

~ 
:::0 ...... z 
(") 

'"'O 
r 
ti'1 
Vl 

0 
'Tl 

Cl 
m z 
m 
:::0 
> 
t"' 

"'t1 
TABLE 8 : Some data on the reproductive .!ycles of common laboratory animals. 

Species Mating Age Breeding Season 

--
Cat 10 months Jan. -Aug. 

Guinea Pig 5-6 months No definite season 

Hamster 8-12 weeks No definite season 

Mouse 6-8 weeks No definite season 

.•. Rabbit 6-" months No definite season 

, / 

: Rat 90-100 days No definite season 
,.-- '\.., \~ -----

~~~~~~~~~~--~~~~~~---~-~x 

Oes · rus 
Duration 

7-14 days 

6-12 hours 

7 

10-20 hours 

Interval 

14- 21 days 

14- 16 d:l.)S 

4 days 

5 days . ·' -Prolonged i 1 absence ... ... . 
of male LI>'1fv.>. ;,_,.d v tr" 

. -.... ·-
10-20 hours 5 days 

\ 

> 
Length of Recurrence of ~ 
Pregnancy Oestrus ;; 

. -~~ (") 
• ~ 0 
63 ~s End of lactation 5 

- 66 d~~~; Postpartum then regular cycle ~ 
16 days ,_ End of lactation 

Postpartum then regular cycle. 
- - --- .. -·· 
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