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EXPERIMENTAL PHARMACOLOGY



PREIFACE
) the trammg program in experimental pharmacology for postgraduates m var
cus departinents of pharmacology s usually built up arcund the rescarch interest of
4 particular department o addition. the postgraduates are trained in certain basic
experimentael techmgues which form a part of regular curriculum. While traimng our
postgraduates over the last 153 vears, we had keenly folt the necessity of having scme
text bock which the posteraduates could use for regular reference for experimental
techniques. A number of books and monograms on pharmacological —screening
methods are available. and recently two excellent monograms have been published
from the Edinburgh University A number of experimental techniques are also descri-
bed in various pharmacological journals Inspite of this. we felt that there was a need
for some beoks specially written to meet with the needs of postgraduates which will
provide all the necessary mformation for routine traming at one place. obviating the
need 1o refer to specialised books and journals from day to day. A large number of
new medical colleges have been oponed m last few years. The library facilities at tnese
colleges are often not adequate, especially as far as availability of back-references in
journals i concerned. thus making it difficult for postgraduates to get the required
information. To meet with such needs. we thought it desirable to publish details of
the trainme program {ollowed at our department. with the hope that 1t will m2et
with the general requirements of posigraduates in experimental pharmacology. No
attempt nas been mad. to descr.be all the techniques and give all the information in
experimental pharmacology. which would be a major undertaking.

We have described selected topi s in experimental pharmacology, which would
meet with the curricular requirements of postgraduates. There probably is some bias
in -election towards the type of work carried out in this department. Techniques in
biochemical pharmacology. use of radioactive isotopes. use of highly sophisticated
(echniques involving polygraphs. transducers and o.cilloscopic recording are not in-
Suded. as only few departments possess the necessary equipment for carrying out
cuch techmques. We have limited our fieid 1o those tachmques which could be carried
out by ]-m.tgraduillt‘-\' in most of the pharmacological departments of a medical
collogt" in our country for whom the book is primarily intended.

Each chapter covers a very brief theoretical background and gives detail:
experimental technigues, This is' followed h}' Pl'ﬂC“Cill. exercises which the students
can carry out and compare their results with those illustrated.  This will help in
ostabhishing techniques with kno»xv‘n drugs so that ¢ne can then handle problems
usig these techniques mere c‘onhvdcntl_v‘ FFor further detailed work references to
origmal techmques have b-em.l nuip;ucd The appendices at the end of the boaok
co\"cr subjects of anaesthesia m animals. clementary statistics. and

certam important
Jetails about perfusing solutions. etc.
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Majority of practical exercises have been worked out by “"}" juntor collezies
NKD and UGK giving practical instructions and some ;memt.rons on  standard
techniques based on their experience. Ixercises  on CNS and (hm‘cucs have been
contributed by the members of the Pharmacological Rescarch Unit of Councii of
Scientific & Industrial Research, which functions as the Drug Screening Unit at thus
department NKD and UGK have been mamly responsible not only for the majority
of screntific work, but also have contributed to the artistic side of this project. All
the illustrations. Jay-out of the exercises. lettering and  cover design have been
personally carried out by them without any help from professional artists. Without
the enthusiasm and help of my these devoted, versatile co-authors, this book could
never have been completed.

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

I'am also thankful to Shri Vinoobhai Kothari of M/s Kothari Book Depot.

our publishers. for his interest and co-operation in converting the raw manuscript

mro g full fledged text book.
UK Sheth

Bombay
August 1971
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CHAPTER 1

[t has long been an axiom '
( _ of mane
that the little things are infinitely the Pl"iIlCiplGS of Drug
_ =

most important.
Action and Bioassay

S1r ArTHUR CoNaN DovLE

introduction

Pharmacology, the. science of drugs in- o (nese utugs aie pureisvs T
volves & COpS}derat1on 9f the cffects of general principles of drug action and in
drugs on living organisms. The basic this chapter experiments ar designed to
anits of interaction are the drug molecules jjlystrate some of the principles of drug
and the “receptor portion” of the organ-  action.

ism  as suggested DY Paul Ehrlich and In considering drug action we are con-
Langley. In recent times, the concept of cerned with the _receptor and its im-
receptors 1n relation to drug sction has mediate - o . ehA
progressed a great deal as @ result of Fhe prg/ggn:Q

work of many distinguished scientists  concentralion 1N e wiupmecy
as Ariens, Clark, Furchgott, and  elicit a response. The response uuciviviv

such

Paton. depends on the dose of the drug, and

It 1is commonly accepted today that the relationship bgtween dose and res-

L .ntion involves combination of drug ponse is a usefu! ‘ mdgx to thg pharma-
- and receptor molecules leading cologist, of conditions 1n the biophase.

motey g drug weffect”. The In the simplest situation, d molecule of

is termed 2 : ) : :
to what g arc expreSSed cither in active drug combines with the receptor

f hysiological, biochemical Of and sets off a reaction which ultimately
e (;1 siI())logical changes occurring M manifests as a response, the magnitude of
clectrophy? ' isolated  this response increases as the amount of

a whole, of in ( . ' :
of of symptoms or cure drug increases until a maximum 18 reach-

in a clinical situation. Thf: ed. Expressed arlthmet\cal.ly,rm} a giagihﬁ o
types €& anti- the dose response Ccurve is &

effects of drug

. of various _
effects 2’11'1 r 1})}6 OtCﬂSive, analgesic, anti- "V with a platcaus when CXplCSbEd m
spasmlo ltc ' hypoglycaemic and so on 0 emIumus v dose, this graph ~ gets
gulant . .
oaou"f ,these observations the eflects stralght.ened. - . o
qu"irltlg' 4udied N relation 1O different This relationship may be studied Y
s S s _--Lin  olotting responses to graded doses of a

frug on a convenient experimental pre-
saration like the isolated guinea PI& ileum















qualitatively, e.g. epinephrine may

Cause a contraction by itself instead
of inhibiting acetylcholine induced
contraction.

3. It is generally recommended that the
proximal end of the ileum should be
the upper end in the bath, and the
distal end the lower end.

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

Fig. 1. 2:

\ -
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}/ I,st {
/ \\‘t \
1.2 - a

The skin and muscle overlying
the spine of the Ist cervical
vertebra are divided.

incision 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
tracheobronchial secretions.

The tracheal cannula is then connected
to a Wolff’s bottle containing e(hey and
the cat is maintained on deep ether, taking
care to check heart beat and respiratio;’

~ . . ———
Burn, J. H. (1952). ‘Practical Pharmacoloay'
p. 35. Blackwell Scientific Publications, Oxfgrd'

1.2-b

The laminae of the cervical
vertebra are exposed.
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regularly.
The common carotids on either side
al

isolated and kept ready for Subseqy

clamping with the help of loose hgatuer.
as guideS. -
The cat is now placed in the Prone poq
tion and its head supported by g, asslst]
ant with the neck in full flexion Palpat
the vertebrae to locate the Spine of th:
1st cervical vertebra; for acute CXperimepy,

Righ spinalisation is preferred, anq for th;

the gap between 1st and 2n4 cervicy
vertebrae is chosen. The fur ¢ Carefylly
clipped and a vertical incision takep i, the

The spinal preparation of cat by the posterior approach.

= Spinal

'\

1.2-c¢

The spinal cord is exposed
in the vertebral canal.

midline with 3 Scalpel.  The skin, con-
nective tissue and cervicalis muscles are
carefully scparated with good haemostasis.
The muscular attachments to the spinc
are  severed and the bone exposed. A{
this stage both common carotid arterne
are clamped.

With the aid of a bone the
Spine is cut away with a wrenching UF"
ward ist of the hand, the gap beins
widened with the help of a bone nib lef
Bleeding is not profuse because of
clamped carotids. It is advisable to app:‘
bone wax to the cut edges of the bore
and  warm salipe compresses {0 50“
tissues. The spinal cord can be sect ©

cutter
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a smooth white structure msude the v
tebral canal. 1t s divided between hiea
tures: with the help of a blunt curved m-
strument  mserted  mto the  foramen
magnum the brain s destroyed.

The cavity thus created 1s packed with
cotton  wicks and the sutured
over il The skin s approximated with
skin clips and the cat turned over e the
supine position. The cther is disconnected
and the tracheal cannula connected o an
artificial  respirator.  Now the
carotids are unclamped.

The femoral vein i1s cannulated with a
3-way venous cannula. About 50 ml of
5 — 10% glucose in saline is then in-
jected slowly to compensate for any blood
loss that may have occurred. After 1 —
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 spinal shock.

muscles

common

Spinalisation of Cat.
Tn thic mathad

Anterior Approach:

tha eninal card ie an

over atrar 1racneostomyvyv gra avcoamsaan oy

Fig. 1. 3:

~

Prevertebral
Muscles

W\

AND BIOASSAY 7
both carotids. The trachea and oesophagus
are divided between ligatures cephalad o
the  tradheostomy;  the anterior  spinal
muscles are retracted and with the neck
hyperextended,  the dura  over the space
between the base of the skull and the st
cervical vertebra is exposed. The excess
spinal {luid is aspirated with g needle and
the transection performed in this gap.

Experiment 3 :

Recording of blood pressure in dog. A
dog weighing about 10 kg is anaesthetised
with pentobarbital sodium, (35 mg/kg)
given slowiy into the saphenous vein.
Pentobarbital sodium is prepared freshly
in normal saline in a strength of 70 m~'—"

Anaesthesia is achieved in about 6U —
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 femoral
triangle below the ingt ™ ' ligament. The

w~in lies immediately medial to it but
jateral to the Adductor longus muscle.
Zarro, V. J. and Di Palma, J. R. (1964). J.

Pharm. Pharmacol 16: 427 — 428.

The spinal preparation of cat by the anterior approach.

Superior Cervical Ganglion

-— Carotid Artery

The anterior aspect of the atlanto -occipital articulation is depicted as a

window, with an arrow, in

relation to

adjacent landmarks.
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e taken o the skin
f&\nm\(‘d hy
up

A stranght masion
overlving the vemn and this s
carctul blunt which
the loose arcolar tissue over the femoral
trangle. as the

dissection opens
wdentified
Plush, (hin walled non pulsatile structure
m o Uus space

The vom s

A paun ot loose hgatures
of cotton thread s placed around 1t and
the distal one 1s tied. Here 1t should be
noted that tnbutaries must be below the
distal higature. af they cannot be avoided
they must also be ligated. A bulldog clamp
is apphed above the proximal ligature and
with a pair of fine pointed scissors, a cut
1s made 1 the vessel wall; the cut edge is
iifted up with a cannula director or a silver
probe. Under this, the venous end of a
3-way cannula is guided, the director re-
moved, the bulldog clamp taken off and
the cannula tied in place with the proximal
higature. The lumen of the cannula is then
gently flushed with saline.

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

The carotid artery is next cannulated
to set up blood pressure recordings. The
carotid arteries are best approached bet-
ween the strap muscles and the sternoma-
stord. The common carotid on either
side 1s seen as a whitish, thick walled pul.
satile structure with a sheath of loose con.
nective tissue with an accompanying vein
and a cord like nerve,
pathetic trunk.

The carotid artery on one side is care.
fully cleared of these structures and g
double ligature placed under it; the cep-

the vagosym-

PIHARMACOLOGY

REYE P 1 ,
halad hgature 1s fred while o bulldos C?llmp
IS ;,Pphcd belew the caudal ane gy wal
of the artery is carclully cut b o g

pomnted pair of sassors direse

d(}wn
towards the heart.

The wrtennd cannyy,
s inserted and tied o oplace oty the
caudai ligature. The cannulia v connecteg
(hrough citrate o @ Merewry mansmety
with a pomnter. The pressure i thyy oloe.
ed system 18 raised to about 16 10
mm Hg: about 0.6 ml of hepann (fog
units/ ml) solution s injected inte the sida
tubing of the arterial cannula and the
bulldog clamp then released.  The pointer
on the mercury manometer is now ad-
justed so that it touches the drum in g
its excursions.

Experiment 4.

The isolated rabbit aortic strip. A rabbit
weighing about 2 — 2.5 Kg 1s kiiled by
stunning and cutting the throat. The thorax
is opened by extending an abdominal inci-
sion upwards, cutting the sternocostal junc-
tions ond separating the 2 halves of the
thorax. The thoracic portion of the aorta
1s identified behind the heart, in front of
the vertebral column. The aorta is cut as
close to the heart and diaphragmatic apet-
ture as possible, placed in Kreb's solution
in a shallow dish and carefully cleaned of
connective tissue until an opaque white
glistening surface is exposed. The cut aort
is then slipped over a glass rod and cut
helically as shown in the figure so as to
cbtain a strip about 3 mm wide.

Furchgott, R. F, and Bt:dd;ak‘o—mj

S (1953,
Pharmacol 108: 129 —- 143.
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Fig. 1. 6: The isolated frog's rectus al lominis muscle preparation.

\%
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 and placed
in frog Ringer solution in a shallow dish.
They are carefully cleaned and one of them
is trimmed to the desired size and mount-
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.

74
INLET

.

OUTLET

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
amount of glucose generally recommended.



Execrcise 1.

10.
11.
12.
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Prac.ical Exercises

-

Objective : ~ fo study dose response relationship (guinea pig ilcum),
Set up the isolated guinea pig ileum as described.

Prepare graded strengths of histamine acid phosphate solution eg,
10 pg/ml. 1.0 pg/ml., 0.1 pg/ml. etc.

Start the drum,

After 30 seconds, add 0.1ml 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 minutes 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 2.
Objective :  To study dose response relationship (spinal cat),

1. Set up the blood pressure recording of a spinalised cat as describeq

and record a strip of tracing.

2. Stop the drum.
3. Inject 0.5 pg 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 fiushing 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.



DOSE RESPONSE CURVE -
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Exercise 3.

Nk w N

10.
11.
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»

Objective : To demonstrate supramaximal effect by Cumulagjy,
dose response study.

Set up isolated guinea pig ileum as described.

Prepare graded strengths of histamine acid phosphate solution

Start the drum.
Add the lowest possible dose; start stop-watch.

After 30 seconds stop the drum.
Do not wash out the fluid but add another dose such that the toty
drug present is doubled: start the drum.

After 30 seconds stop the drum, add the next dose of the drug g0
as to double the amount present and start the drum. Continue i

this fashion, till supramaximal effect is seen.

Fix the giaph.

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

Calculate the percentage of the maximal contraction.

Plot a graph of % maximal contraction as response on Y axis, and
dose on X axis.



d g

CUMULATIVE DOSE RESPONSE CURVE
(HISTAMINE)
Isolated gquineo pig ileum

-~

)
S -
& %
& / :
5 ¢ ‘
B 80 j
c !

w S {

® 5

g S 60.

st

R

. 40,
o
)
K~
& 20
O
I
\or

[+
Doses as shown in graph olL=

BATH CAPACITY- 20ml 0.05 01 02 04 08 12

Doses in ug (Log scale)

Fig. 1-9
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Exercise 4.

&)

= R, B

00 N

Objective 1 To demonstrate the potentiation of epinephrine Pressor
response by cphedrine.

Set up the carotid B. P. tracing in a dog as described. Start the
drum.

Recora an initial strip of tracing.
Inject epinephrine 2 1 g/kg intravenously.
Record 2 such responses.

Inject ephedrine 0.2 mg/kg i.v.

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

Observe that a large response is now obtained.
Stop the drum.
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Excrcise 5.

10.
11.

12.

Objective : To study the properties of a competitive antagopjg,

Set up the isolated rabbit aortic strip as described.

hts of norepinephrine and of an aNtagony

Prepare graded streng v
 chlor bwe have used R-1361, a synthetic hypote

like chlorpromazine;
agent).

NSive

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
strip 5 minutes later to the lowest dose previously added.

Judging from this response either proceed to record a cumulatye
dose response graph, or if antagonist is inadequate, wash out ang
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 1n this way for various strengths of antagonist.

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

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



STRIP

DO AU IO
CONTRACTION (% or MAXIMAL )

ANTAGONISM
RESPONSE
strip

COMPETITIVE

CUMULATIVE DOSE
Rabbit aortic

T6.0x10°M or R-136

Numerals indicate doses of nor epinephrine
(in wug)

BATH CAPACITY - 20 ml
Fig. I -11-a '

100+ v/ Y 07w
// // , ,/
90, 7’, ,// //-//
/oy s
4 // /
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/ // II
70 J /',"
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60- / /’
/ /
‘o
50" ‘
/
/
40- /
/
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-8 40"\06"R'!6|
204 v BOXIOMR|35|
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104 o0 3.‘ZXIOMR136I
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o} . : '
-9 - -8 ~
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NOR EPINEPHRINE ; g ml of bath (Log scale)
Fig. 1~ 11-b
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I'xercise 6.

U1

Objective :  To study the properties of a non competijtive antagop
50N1st,

Set up the isolated gumea pig ileum as described.
Record  cumulative dose response  curves with - histamine th
E"

absence and presence of antagonist e.g. chlornraraayina gradeq

doses.

Between 2 doses of antagonist, record cumulative dose response
curves with histamine alone and show recovery.

Plot log dose response graphs.

Observe that noncompetitive antagonists shift the curves in an un.
parallel manncr; the maxima also progressively decline.
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L xercise

| )

o

al

G.

-~

Objeciive - To demonstrate specificity of antagonism.
Set up a recording of carotid blood pressure in dog.
Admmster acetvicholine 3.0 pg/kg imtravenously.

When BP returns  to normal, record  the response tg

}“Stam]ﬂe
3.0 peke.

Stop the drum.

Give chlorpheniramine maleate 5.0 mg/kg diluted 1n g

M1 sajyp,
slowly,

After 20 minutes record the responses to both acetylcholineg gy,
histamine in same dose as before.

Observe that the response to acetylcholine is unchanged, byt the
response to histamine is now only 30% of original, i.e. it is partially
blocked by chlorpheniramine,
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Exercise 8.

to

(o}

Objective : To demonsirate the non-specific antagonisy, .
carbachol and papaverine, and carbach) and ep.e "
i g,
phrine.

Set up the isolated rat colon as described.

Record some control responses with carbachol (3.0 yg i, this cagg,
the period ot contraction being 60 seconds and recqy

> to 10 minutes. Adjust the dose so as to obtain a respopge 6 e,
height.

Add papaverine 20 mg to the bath fluid and allow it t, act for 9
minutes,

In the presence of papaverine record a response to carbachg] i the
same dose. |

Wash out papaverine,

Record responses to carbachol and ‘observe recovery of origing]
height of response,

Repeat, using epinephrine instead of papaverine,



DRUG INTERACTION

RPHYSIOLOGICAL ANTAGONISM
I'sol/ated rat colon

At dots 3.0 ug carbachol were olbwed
to act for 60 sec.
Bar indicates presence of epinephrine

138, 1~ 14-a

DRUG INTERACTION
NON- SPECIFIC ANTAGONISM

Isclated rot colon

At dcts 3.0 M9 carbachol were allowed
to act for 60 sec.

Bor indicates  presence of papavenne
710 mgfml for 3 min. R

BATH CAPACITY : 20 ml

Figo 1= L T



28 SELECTED TOPICS IN EXPERIMENTAL PHARMACOLOGY
Exercise 9.
Objective : To demonstrate the phenomenon of tachyphylaxis

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

2. Inject amphetamine 500 pg/kg, or ephedrine 500 pg/kg, or tyraming
300 pglkg.

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

4. Observe, after a few initial responses of equal height, the pressor
response gradually declines, indicating tachyphylaxis.
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Exercise 10.

o

.

Objcctive :  To demonstrate the phenomenon of receptor protection,

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.).

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

Allow both strips to stabilisce.
Elicit responses (o norepinephrine with both strips.

Add an antagonist and obscrve that the inhibition of norepinephrine
induced contraction is less in the strip bathed with NE i.e. this strip
is “protected’.






SELECTED TOPICS IN EXPERIMENTAL PHARMACOLOGY

Exercise 11

o

Objective : To assay a histamine solution by bracketing.

Set up the isclated guinea pig ileum as described.
Atropinise the preparation (0.5 — 1 'pg/ml) §0 as 't_o inhib‘it the
spontaneity as well as render the preparation insensitive to acetyl-
choline as an impurity.

Prepare graded strengths of a known solution of histamine, and
varying dilutions 1: 10, 1 : 100, 1: 1000 of the unknown.

Take a series of dose related responses with different doses of
known and different volumes of appropriate dilution of unknown.
Choose a response ‘T’ to unknown that lies very close to a response
to a known amount.

Record responses to this “I” and known solutions, each time repeat-
ing ‘T’ after a known.

Narrow down the dosage of known, increasing and decreasing the
smaller and larger dose respectively till an exact matchris obtained.

Calculate the strength of unknown; If T (O.Y ml unknown) = 0.X
ml of known 1.e. O.X £g, then 1 ml unknown = ? This amount is
present in a dilution of the unknown. Therefore the concentration

nf unknown can be calculated.
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Exercise 13.

—

()

Objective : To determine the choice of doses in a + point assay

(2 + 2 assayh
ha isclared frog's rectus abdominis as described

S osirengths of known snlutions ol acesvicnolinz. znd

usons of unknown.
of dose relazed responses with wnown and unknown.
d of contact = 90 seconds, of recovery. o minutes),

trom each series that bear to “hemselves

Record a series
{The time perio
Select pairs of responses
S
Sz
log dose response curve.

These responses should not be identical. Preferably

S1 >Ul >822 > U2

Record responses to thesc 4 doses uming Latin squares to obtain
zood randomisation, getting 14 responses in all.

Let S1. S2 be A, B and Ul, v oe C. D.

c

' = X. and lie on the straight part of a

2

the same ratio 1.e.

o

ABCD ABCD ABCD ABCD
BCDA BADC BDAC BADC
CDAB CDBA CADB CDAB
DABC DCAB DCBA DCBA

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 curves uind confirm that the dose s,
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.

.

Ul-S1) 4+ (U2-52)

e r—

(ST-STTFTTUTSgr) X logs2is = Potency ratio
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Exercise 14

L

N voRw

10.
11.
12.

Objective : To perform a 4 point assay of histamine.
Set up an isolated guinea pig ijleum preparation.

Prepare graded solutions of known, and varying dilutions
unknown.

Record dose response curves with both standard and test solutiong
Choose 4 doses, 2 of standard and 2 of test as directed in exercise 13
Record 4 responses with each dose in a randomised fashion.

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

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

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

Jom the mid points of S1, S2 and T1, T2; from the point of inter-
section of the 2 new lines thus obtained, draw a horizontal cutting

S1, S2 and T1, T2. From these 2 points drop perpendiculars onto
the abscissa.

The intercept ‘D’ thus obatined is the log potency ratio.
Hence potency ratio = antilog D.

Calculate strength of the unknown from the graph as well as tix
formula given in exercise 13.









AV TON i
We shull proceed io study (he effects of

drugs on cacht system separately.

The Adrencrgic System.
Advencrawe
pathonumetic

drugs neludiy the sy

Ihe cflect of
ey oy (i SRR ) . e '
adreacraic drugs 1w vivo s best stwdied by

annnes

the demonsitat on of then actions on three
different (e spleae
volume  blooad pressure and vespivation
(Fig. 2-3)

Recording splene volume w a closed.
constant-pressure  system would give us
an idea of the contraction of the splenw
capsule, ar - "se mn volume denoting a
contraction ol the capsule ( o effect)

~acorded as a downward deflection of the
nointer af the M-o~'- 4ot

Systems namety

Drugs
witn a giealel o cuewr wowa produce a
bigger splenic contraction (E > NE, Fig.
2-3).

Blood pressure recording gives us infor-
mation about the o« and f§ 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 effect
on respiration is complex, being partly
central and partly reflex from the effect
~on blood pressure. Pressor effects would
. be accompanied by bradypnoea (slowing)
and depressor effects by tachypnoea (rapi-
dity of respiration) as is demonstrated in
Fig. 2-3 by the actions of norepinephrine
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 suflicient 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

PHEARMAC OTOGY 4}

andd would potentiate the actions of ex-
ogonously administered epimephrine and
votepinephrine. The effect of the drugs
(hemselves on blood pressure would be a
reflection of the relative rapidity of deple-
fron: lag. 25 shows the action of guane-
(udme o useful — antthypertensive  drug
which acts  partly by depleting  norepine-
phrme from adrenergic nerve endings and
reducing  overall  sympathetic tone. In

domy this 1t produces  a small  pressor
action ol its own.  Fig. 2-6  shows the
action of  tyramine an indirectly  acting

sympathomimetic amine which acts prin-
cipally by release of norcpinephrine.

Other drugs that can potentiate the
action of NE would be those that can
block cell membrane uptake of norepine-
phrine for e.f /mi~ 2-4), Such a
drug would not pe expectea 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 potentiates the
action.

Turning our attention to agents that
can block the action of epinephrine and
norepinephrine, these would fall into two
categories, the o blockers and the §8
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 &~ ™' -

varcal nhanamanng,

B

‘or-re-
1s wmvoives vlock-
buv ui w reeepund 10 unmask the B 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

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

blocking agents (Fig. 2-8). If in the pre-

DN N R DU 6 T U5 S, P

cannn ~Ff -
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Chapter 1.
connected

The tracheal  cannula
to the artiticial - respirator as
described but to a Marey’s tambour

The abdomen s opened by a midhine m-
upper  half
achieve good haemostasis

o not

ciston s taking care o
The spleen s
lifted from its position under the left Johe
of the diaphragm and cavefully dehvered
into the ncision: care 1 taken to handle
the spleen with the fngers only as 1t s
very friable and would tear or bleed if held
with forceps. The splenic  mesentery is
cleaved carclully and the spleen titted into
the lower half of a splecn oncometer lined
with paraffin: care is taken to place the
hilar blood vessels in the notch of the on-
cometer. The oncometer is then assembled
and the edges of the two halves carefully
sealed with paraffin. The entire instru-
ment is placed in the abdominal cavity.
The outlet tube is connected by means of
rubber tubing to a Marey's tambour; the
rubber diaphragm of this tambour is kept
in a state of optimal tension by injecting
a little air mto the tubing. The pointers
of the two tambours and the mercury
manometer are all brought to lie along
the same vertical line. A control strip
of tracing is taken and the effect of drugs
studied.

2. Blood pressure and nictitating mem-
brane preparation in cat. Anaesthesia is

induced with ether in a cat, and the
femoral vein is rapidly cannulated.
Maintenance anaesthesia is given with

chloralose 80 mg/kg intravenously. This
substance is soluble
olweal and is administereu 1 s soivent
ou — 100 mg/ml, diluted with saline
(Refer Appendix 1I).

The lower lid of one eye of the cat is
retracted downwards and sutured in this
position to the skin over the mandible.
The nictitating membrane is lifted up

gantly and a cunfura e talran thraah 4hla

in w©wINTrm nranvriana

ansentonic layer with gim™! and a ot

tmg, ~oint, previously  balancea
or i wension of 2 5 am Recordings are
ttken on a smokea acan

3. Open chest preparation of cat. A
cat 1s anaesthetised with ether and chlo-
ralose. and the level of anaesthesia allow-
ed to stabilise for 45 minutes.

The cat is placed in the supine position
and the fur over the sternum clipped.  An
incision 1s laken exposing the sternum
and the sterno-costal junctions are divid-
ed with a bone cutter; bleeding from the
bone is arrested with bonewax,

The cut edges of the chest wall are
kept retracied and the heart in its peri-
cardial sac exposed. The pericardium is
gently picked up with a blunt rounded
forceps, taking care not to touch the
heart: it is slit open and the heart cleared
of it as far as possible. The cut edges of
the pericardium are kept retracted by
taking stay sutures through it and through
the retracted chest wall. A suture is
taken through the muscular wall of the
atrium on one side and the thread tied
to a sensitive pressure transducer con-
nected to the E & M Physiograph. Al-
ternatively it may be attached to a Starl-
ing lever, recording on a kymograph.

The vagus is isolated in the neck as
the thicker portion of the vago-sympathe-
tic bundle adjacent to the carotid artery.
The nerve is isolated and divided between

ligatures, the peripheral cut end being
stimulated with a square wave pulse
generator.

The carotid artery is cannulated and
connected through heparinised saline to
the blood pressure transducer of the E
& M Physiograph, alternatively it is re-
corded by a mercury manometer on a
smoked drum.

Responses to acetylcholine and vagal
~*imulation before and after pentolinium

e recorded.

4. Isolated innervated rabbit jejunum

'inkelman’s preparation). A rabbit is
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Prac ical Exerc ses

Exercise 1:

1.

Objective : To study the effects of adrenergic drugs on B ., Spleey
volume and respiration.

Set up a recording of spleen volume, blood pressure and respiratioy,
in a dog as described, and take a control strip of tracing.
Inject epinephrine 2.0 #g/Kg, and observe the effect.

Allow the pointers to return to their original base lines an adm;.

nister norepinephrine 2.0 pg/kg.

Similarly, inject isoprenaline 1.0 pg/kg.

Observe that the pressor effect of epinephrine is slightly smalle;

than that of an equal dose of norepinephrine. The effect on spleen

volume however is larger.

Observe the respiratory changes produced : epinephrine produces
apnoea, which is not seen with norepinephrine; isoprenaline b

producing a fall in B.P. causes a reflex tachypnoea. ’
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Exercise 2:
Objective : To study the action of cocaine on blood pressure ,
epinephrine and norepinephrine p. 550 I€t onses,

Set up a recording of carotid blood pressure in a dog.
Flicit responses to epmephrine and norepinephrine.

3. Inject cocaine 1.0 mg/kg.

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

(?Pserve that by itself cocaine has a small (nondescript) presgy,
eltect.

Aa ]

6. Cocaine potentiates the pressor responses obtained with epinephring
and norepinephrine,
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boxercise 3

Objective = To study the action of puancthidine on blood Pressy
' . . . “Ure
and on pressor effects ot epinephrine  and norepipg,

phrine.
I Set up a recordinge of carotid blood pressure i dog
2 Record pressor responses o epmephrme and norepmephrine,

3. Admumster puancthidine 3.0 my/ky mtravenously.

1o After an ommterval of 10 nunuates record the pressor responses g
cpimephrine and norepinephrine.

5. Obscerve that guancthidine produces biphasie responses by itself,

an nrtial depressor and a lader pressor response.

Guancthidine  potentiates the action ol exogenously  administered

.
catecholamines.
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Exercise 4

397

‘o

(3

Objective = To study the action of tyramine on blood pressure an
. . - - ‘
pressor actions of cpinephrine and norepinephrine

Set up a recordig of carotid blood pressure in a dog.

Elicit responses to epinephrine and norepinephrine.

Inject tyramine 300 p g/kg.

After 10 minutes interval, inject epinephrine and norepinephrine,
Observe that tyramine has a dramatic pressor action by itself.

Tyramine potentiates the actions of exogenous catecholamines,
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exercise 5:

)

Objective :  To study the effect of « blockade and deOHStrate
Dale’s vasomotor reversal phenomenon.

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

Rec_ord responses to epinephrine, norepinephrine and isoprenaline,
all in doses of 2 p ¢/kg.

Administer the « blocking agent tolazoline (Priscol) in a dose of
5 mg/kg and allow the system to stabilise, for a half hour.

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

Observe that the pressor effect of epinephrine has been blocked
(=< blockade) and replaced by a depressor effect due to unmasking
of its B action (Dale’s vasomotor reversal).

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

The action of isoprenaline is unaffected.
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Exercise 6:

Objective :  To demonstrate blockade of P receptors.

1  Set ap a recording of carotid blood pressure in a dog.

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

3. Administer propranolol (0.1 mg/kg) and wait for an interval of 2

minutes.

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

5.

Observe that the vasodepressor effect of isoprenaline has been
blocked completely.
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Exercise 7

[J

[y

~1

Objective :  To demonstrate < blockade and the reversal of o
blockade by a B blocking agent.

Set up a recording of carotid blood pressure in a dog.
Elicit responses to epinephrine, norepinephrine and isoprenaline.

Administer phenoxybenzamine 5.0 mg/kg slowly intravenously wej
diluted in 20 ml of saline.

Twenty minutes later, repeat epinephrine, norepinephrine ang
1soprenaline.

Administer propranolol (0.1 mg/kg) slowly intravenously.

After 10 minutes repeat epinephrine, norepinephrine and
1soprenaline.

Observe that when phenoxybenzamine is administered the wvaso-
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 B blockade has unmask-
ed this small « component of isoprenaline action).

Observe that the administration of propranolol causes a reappear-

ance of the pressor actions previously blocked by phenoxybenza
mine but blocks the vasodepressor action of isoprenaline.
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Exercisc 8:

Pl

(e

A\ |

Objective :  To demonstrate the action of adrenergic Neuropg
blocking agents on responses clicited by nerve stimuyjy,
tion.

Set up the isolated muervated preparation of rabbit jejunum as deg.
cribed above.

Record a control strip of tracing of pendular movements of the
jejunum and the effect of electrical stimulation on these movements,

Add an adrenergic neurone blocking agent like bretylium to the

bath fluid (1.0 ¢ g/ml) and allow a period of about 5 to 10 minutes
to elapse.

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.

Keep stimulating the preparation every 10 minutes and observe re-
covery of response.
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Exercise 9:

1.

i B )

To demonstrate the potentiation of acety :holine by a
n

Objective :
anticholinesterase agent.

Set up a recording of carotid B.P. in a dog.
Administer carbachol, pilocarpine and 2 doses of acetylcholine.

Inject physostigmine (0.1 mg/kg) slowly intravenously.

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

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

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,

The actions of carbachol and pilocarpine which are not the sub
strates of ChE, are not potentiated.
|
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Exercise 10:

Sl

N4

Objective : To demonstrate the potentiation of acetylcholine actiy,
by an anticholinesterase agent.

Set up an isolated frog's rectus abdominis preparation.
Elicit 3 responses to acetylcholine 2.0 1 g
Add physostigmine 0.5 pg, and allow to act for 3 minutes.

In the presence of physostigmine elicit a response to the same dog;
of acetylcholine.

Wash out the fluid and refill the bath.

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

Observe that physostigmine potentiates the action of acetylcholing
and this potentiation is reversible.
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xercise

o

NS R

>

10.

¥ COLOGY
SELECTED TOPICS IN EXPERIMEN TAL PHARMA

To demonstrate hydrolysis of acetylcholine by ser,

)bjective :
cholinesterasc.

Set up an isolated frog’s rectus abdominis preparation

0 ngol acetylcholine.

h serum to 3.0 p#g ACh.

Elicit 3 responses to 2.
Add 0.5 mi of 1:5 diluted fres
Immediately add this mixture to the bath fluid, record the respor
To 3.0 x g. ACh add 0.5 ml serum and allow it to act for 10 minui

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

To 0.5 ml serum add 4.0 pg physostigmine and 3.0 #8 ACh ¢
allow to stand for 10 minutes.

Record a response with the mixture thus obtained.
Repeat acetylcholine as above until recovery is seen.

Observe that (a) the addition of serum just before eliciting a 1
ponse does not alter the height of contraction; (b) allowing t
serum to act for 10 minutes diminishes the effect of acetylcholi
thereby indicating partial hydrolysis; (c) addition of physostigm
potentiates the action of acetylcholine because not oniy Is ser
ChE inhibited, preventing hydrolysis of ACh, but muscie ChE
also inhibited resulting in actual enhancement.



CHOLINERGIC DRUGS
ISOLATED FROG'S RECTUS ABDOMINIS MU CLE
Hydrolysis of ACh by serum cholinestercs

A B C
At dots 3.0 mg acetylcholine were
to act for 90 sec.
A:0-5 ml serum + 3.0 ug ACh added mmediately.
B:0.5 ml serum+ 3.0 mg ACh, 1omin ofter mixing
C:c5 ml serum+4.0 ug physostigmine + 3.0 ug ACh

Fig. 2-13

aliowed
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Exercise 14:

(o)

W

Objective : To demonstrate ganglion stimulation an  bloc ;.

Set up a recording of carotid blood pressure and mctiia: .. e,
brane in a cat as described.

Inject epinephrine (E) 1.5 p g/kg and DMPP (50 pgvy
Administer pentolinium tartrate (2.0 mg/kg) slowly 11
Twenty minutes later, repeat epinephrine and DMFPV

Observe the initial pressor and nictitating membruiic i, nu}atmg
actions of E and DMPP (catecholamine and ganghion stir iiuny

Observe that pentolintum blocks the action of DMy 4 “io0d

~ bressure and nictitating membrane without AV ACton on eileg of £

on the mctlmtmU membranc: i potentiates the prese.. Yol Y F
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Exercise 15

~3

Objective :  To demonstrate ganglion blockade in relatior ) t}q
vagus nerve.

Set up carotid blood pressure and atrial beat recordings as describeq

Flicit control responses to vagal stimulation and acetylcholine iy,
jection.

Administer pentolinium tartrate 3.0 mg/kg.

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

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

Pentolinium blocks the action of vagal stimulation on B.P. and atria]
beats, without effect on acetylcholine injection.

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

S

Objective : To demonstrate adrenergic neurone blocking activig,

in vivo. -
Set up a hypogastric nerve vas deferens preparation as describeq
Elicit responses to electrical stimulation.

Administer norepinephrine intravenously and record the responge,

Inject guanethidine 1 — 2 mg/kg i.v.

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

Observe partial to complete blockade of contraction.

Inject norepinephrine in the same dose and observe that the reg.
ponse is practically unchanged.
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Practical Exercises

Exercise 1.

° N o ow

Objective : To study the effect of d-tubocurarine ont acel cho.
iine induced muscle contraction.

Set up an isolated preparation of Frog's rectus abdominis muscle,
Elicit responses to acetylcholine as shown in the figure.

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

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

Observe the diminution in magnitude of response.
Wash out the bath fluid repeatedly.
Record responses to acetylcholine.

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



At dots: 4.0 ug acetylcholine were

allowed to act for 90 sec.
Horizontal bar indicates presence of d-TC
(IO ug) allowed to act for 3 min.
BATH CAPACITY-2C ml

Fig. 3-8

AR k|

T 3710
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Exercise 2:

e |
.

1o

PN AW

10.
11.

12.

Objective: To study the effect of d-tubocurarine on net ».
muscular transmission.

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

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

Add d-Tc to the bath fluid.

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

Stimulate the muscle directly.

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

Wash out the bath.
Note that the twitches reappear immediately indicating the rever-
sibility of action of d-Tc. :

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

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

This experiment has therefore demonstrated that d-Tc;

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

(i) shows competitive antagonism to acetylcholine,
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Exercise 6:

(a)l.

(b)1.

Objective : To compare the modes of action of hypotensive drugg
on (a) ganglion, (b) adrenergic neuron and (c) adrene}.

gic receplor,

Set up a preparation of nictitating membrane — superior cervicy)
ganglion in the cat as described.

Select stimulation parameters for preganglionic and post-gauglionic
by gradually increasing voltage until a maximal response is obtaineq.

Keep these parameters constant throughout the experiment,

Record the responses of the nictitating membrane to preganglionic
stimulation for periods of 30 and 90 seconds and post-ganslionic
stimulation for 30 seconds. Elicit two responses of each 1o ensure

istent results,

Elicit a response to epinephrine injected i.v. 2.0 pg/kg.

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

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

Observe that the response to preganglionic stimulation is diminish-
ed for both 30 and 90 second periods. The response to post-
ganglionic nerve stimulation is unaffected, as also the response to

injected epinephrine.
Elicit these responses after 60-120 minutes and observe that they
have recovered from drug action completely.

Set up a preparation of nictitating membrane — superior cervical
ganglion of cat as described.

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,

Record a response to injected epinephrine (3.0 ug/kg).
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Practical Exercises

1338

Exercise 1.

Rota-Rod Test
Objective: To determine the effect of drugs on muscle tone yng
balance in mice.

1. Select mice of either sex weighing 20-25> gms.

2. Train the mice to walk on a rotating rod 2 cms in diameter, rotateg
at 12 rpm by an electric motor, till the mice can balance for at least
2 minutes (2 to 4 trials per day for 2 days).

3. For further test, select only those mice which complete three
successful trials per day for two days.

4.  Administer the test compound (@.g. chlorpromazine 1, 2, 4, and
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. )

5. Place the mice on the rota-rod at 15, 30, 60, 90, 120, 180 and 240
minutes after the treatment.

6. Note the number of mice falling off.within 120 seconds at each time
interval from each group.

7. 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.

8. Qulculate EDw from time of peak effect and percentage fall with
different doses and compare the different drugs for potency.
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TABLE 5.5
Hexobarbital Sleepmg Time (Mice)

et A S 2 e e = o L L
ap——— i S

o —

Hexobarb Hexobarb R Signi-
alone + Drug esults founce
Solvents
Tween 80 (12.5%) 74118 179... 66 Increase 0.001
Propy h'ene glycol (50%) 44+ 10 185 + 56 Increase 0.001
Sferpasﬂ solvent (50%) 77425 137 .. 28 Increase 0.001
Librium solvent (50%) 80 = 21 10227 Increase 0.05
Depressants
Librium (10 mg/kg) 57 +27 102 + 25 Increase 0.001
Methaqualone HCI
(20 mg/kg) 85132 139 + 81 Increase 0.001
Antazoline (50 mg/kg) 76 £17 94+ 24 Increase 0.85
Stimulants
Caffeine et sod. benzoate
(25mg/kg) : 105 +37 70+ 31 Decrease 0.02
Methedrine (15 mg/kg) 94+ 19 7521 Decrease 0.50
Nikethamide (1.25%) 89 + 23 178 i 39 Increase 0.001
Nikethamide (5%) 75%14 2}}3; fg g“"ease ggg}
Picrotoxin (10 mg/kg) 99 + 38 + ecrease .
Strychnine sulphate N
(1 mg/kg) 85 i 18 6916 Decrease 0.05
Nicotine salicylate 9.4 19
(2 mg/kg) 88 + 24 109+ Increase 0.01
Miscellaneous
) 86 + 20 127+ 30 Increase 0.001
Hvdergine (2.3 mg/ke) Ox >
Czﬂcmfﬂ gluconate (5%) 97+ 20 117 +24 Increase 0.05
Sodium salicylate 55416 Decrease 0
(250 mg/ke) 742 19 a 05
e

e e
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Tail flick method

(Instrument: Dolorimeter or analgesiometer using heateq Nich
rome wire as source of stimulus).

Select two groups of rats each of either sex (body weight 80-10¢
gms).

Hold a rat on the instrument, so that the tail lies over the Nichrop,

wire of analgesiometer without touching it. Wait till the rat settleg
down and does not move the tail.

Start the “on” switch which heats the Nichrome wire using 5 ma
current through galvanometer and start the stop watch. =

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.

Administer the test drug to one group intraperitoneally and saline
or vehicle-to another group which will act as untreated control.

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.

Compare the results of treated group with control group.

To calculate EDs, 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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tion for the bioassay of acetylcholine and
d-tubocurarine. It has the advantage of
case of mounting, convenience to use and
free availability. It does not need tfem-
perature regulation and does not pose pro-
blems of spontaneity of contraction. The
sensitivity  of the method 1s sufficiently
high for all practical purposes and may
be increased by addition of physostigmine
(0.5 pg/ml) or alcohol to the perfusion
fluid. Storing the tissue at 4°Covernight
in Frog Ringer saturated with oxygen in-
creases its sensitivity. The main disad-
vantage of the method is the lengthiness
of the entire experiment, as each contrac-
tion takes 90 seconds for completion and
15 minutes for relaxation.

The isolated rat colon is a convenient
preparation for the bioassay of epine-
phrine. The method followed is that of
De Jalon 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).

The isolated rabbit jejunum is another
method of bioassay of epinephrine utilising
the 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 tension on the tissye
is extremely critical and can produce wax-
ing and waning of pendular movements,

: 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-

N EXPERIMENTAL PHARMACOLOGY

mines (in this case. norepinephrine)_ It §
easy to set up, fairly specific for “Ofepin;
phrine and extremely consistent iy jg res.
ponse. The main disadvantage is the slow.
ness of contraction which can be gye,.
dome by using the cumulative dose pe
ponse curve as described in Chapter | It
ig not very discriminating as far ag Sma]|
increments in doses are concerned ang is
best suited for the study of ocadrenergic
antagonists to decide the nature of the
antagonism. Cumulative dosc response
curves are obtained in the absence apg
presence of graded amounts of the apta.
gonist, each time attempting to clicit sup-
ramaximal contraction. The doses of
agonist and antagonist are converted to
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 40/160 =
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 by
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.

The isolated rat uterus is utilised for

bioassay of epinephrine by De Jalons
method (as wit%t‘fcdnﬂ‘and of 5-hydro-
xytfyptamine. The latter produces graded
responses to nanogeam-doses. The method
is very sensitive and discriminating. The
disadvantage of spontaneity is overcome by

using De Jalon’s solution which is poor 1"

temperature instead of at 37°C.

Another preparation useful_for. bioassdy
of 5-HT is the isolated rat fundic StHP"
This tissue is also sensitive, and discrl
minating  but occasionally instead of 2

{
calcium, and by eliciting responses at room
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Practical Exercises

166

Exercise 1
Objective: To assay an unknown solution of histamine.

Set up an isolated preparation of guinea pig’s ileum.

1.
2. Elicit dose-related responses to a standard solution of histamine.
3. Similarly, elicit responses to graded amounts of a suitable dilutjop

of the unknown solution.
4. Choose 2 doses of unknown and two of standard and perform a 4
point assay.
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Exercise 4 (a)

Objective: To assay an unknown solution of epinephrine,

1. Set up an isolated preparation of rabbit jejunum.

ha

Allow the tissue to stabilise.

Add graded doses of a standard solution of epinephrine.

Observe the dose related relaxation of the jejunum.

A

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 u g).





















ISOLATED GUINEA-PIG TRACHEAL CHAIN

1.0 2.0 3.0
Isoprenatine ( ngfml)

Carbachol was present in the
concentration of 50 wgfl of bath fluid
Fig. 6.9-a

~ ISOLATED GUINEA-PIG TRACHEAL CHAIN

Sensitivity to vorious agonists
Histamine Acetylcholine 5-HT

DOSES IN ug

BATH CAPACITY : 20 mi
Fig. 69-b
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Objective: (c) To study the nature of the. adrenergic receptors ;,
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.
fusion fluid.

3. Add phenoxybenzamine to the bath 10 p g/ml and elicit responge
to isoprenaline.

4. Observe no potentiation/blockade of isoprenaline ( B agonist) by
phenoxybenzamine ( « antagonist).

A

Elicit responses to epinephrine in absence and presence of pheno.

xybenzamine.

6. Observe that the relaxant ( 8) effect of epinephrine ( « and 8
agonist) is potentiated by phenoxybenzamine by blockade of the
« receptors i.e. this shows that apart from the predominant 8
receptors, certain « receptors must be present.

7.

Similarly, elicit isoprenaline responses before and after D.C.I and
observe blockade of the response.



IsoLRTE D GUINEA PIG TRACHEAL CHAIN
.l—q’p_g_/f_”!_ 1.0.1g[ml /10 yq/ml

ol jsoprenaline was At dotls epinephrine wos odded
’:{&d in o dose of in a dose of /0 ngfml
2 ngfm!

BARS INDICATE PRESENCE OF PHENOXYBENZAMINE
/N DOSES MENTIONED
Corbachol was present in the
concentration of 50 ugfml of bath fluid

Fig. 6.9-c

ISOLATED GUINEA PIG TRACHEAL CHAIN
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Experiment 9

Objective: To study the effect of drugs on the mvocardium in
vitro (Refer Chapter 4).

Experiment 10

Objective: To study the effect of drugs on myocardium and
coronary vessels in vitro (Refer Chapter 4).







































Com

194

SELECTED TOPICS IN EXPERIMENTAL PHARMACOLOGY

Exercise 2

Objective: To study the diuretic activity of a compound in rags,
Select male albino rats weighing about 150 to 180 g (total weigh,
in a group of four between 750-850 g). |

Allow free access to water and food till start of experiments.

Divide the rats in groups of four each and place them in metabolie
cages. ' N _ '
To one group administer orally 0.9'¢ sodium chloride solution

in a dose of 5% of their body weight. Also give orally 2% starch
solution in a dose of 5 ml/kg, as vehicle,

Hydrate similarly other 3 groups of 4 ‘rats_each,, and give them
orally varying doses of hydrochlorthiazide in 2% starch solution
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.

Collect urine from each at the end of 5 hours; Note volume and
take a sample for electrolyte and pH estimations.

Collect urine samples at the end of 24 hours. Note volume and
take samples for electrolyte and pH estimations.

Estimate Na and K by using flame photometer.

Chlorides are estimated by titration.

Estimate percent increase in urine volume and electrolyte excre-

tion, taking control values as 100%. Plot a dose effect relation-
ship by plotting ‘e increase against log dose.

Exercise 3

—

5.

Objective: To study the effect of anti-inflaimmatory drugs on
cotton pellet granuloma in rats.

Select rats of either sex weighing 80 — 120 g.

Prepare cotton pellets of 10 mg cach from 5 mm section of cotton
rolls (dental rolls).

Sterilize the pellets in an autoclave for 30 — 45 min under 15 Ib
pressure.

Insert subcutaneously four pellets in the_ventral region in the groitl
area, two on either side in each rat under light ether anaesthesia.

Administer the test drug orally suspended in 1% w/v CMC.

(Carboxymethylcellulose) 1 ml/100 g daily for seven days. Control
group is treated with eiﬁrﬂ’ﬁ&r’n%l saline or vehicle gsed for the
test drug for number of days.

Sacrifice the rats on the 8th day and remove cotton pellet. Clean

the cotton pellet of extraneous tissue and weigh on chemical
balance. This is recorded as wet

i . weight, Dry the pellets in a8
h_ot air oven at 6Q — 70° and weigh it on balgnce- rle):peat drying
till a lc:onstant weight is obtained, ’ "
Calculate percentage inhibition of granul : rv weig
of control group to the treated group.  Gonsiopa N8 dry

. group. Construct a dose respons®
Elgve by plotting log dose againgt percentage inhibition. Calculate
s
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Exercise 4.

Objective: To study the effect of anti-inflammatory drugs on carra.
. geenin oedema in rats.

Select rats of either sex weighing 80-100 g. Make a‘mark on the
hind paw just beyond tibio-tarsal junction, so as to fix a constant
level upto which the rat’s paw must be dipped in the mercury

in the plethysmograph.

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 C. 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.

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).

After 60 minutes iniect carrageenin suspension in C.M.C. 1 wlv
0.1"ml subcutaneously into the plantar region of each hind paw.

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%.

Using three different dosages (one dose per group) construct a dose

response curve by plotting percentage inhibition against log dose.
Calculate EDw, gainst fog
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Exercise 7.
Objective : To study the antitussive activity of a test drug.

1. Set up a superior laryngeal nerve stimulated preparation as des.
cribed by the method of Domenjoz.

2. Elicit responses to electrical stimulation of the nerve for 10 seconds
at 3 min intervals,

3. Administer the test drug intravenously.

4. After 5-10 minutes re-elicit the responses 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.
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The potency ratio PR exceeds fPR for the
electroshock method, and a significant
difference exists between thesc 2 drugs by
this method at the 5°¢ level.

(j) To find the 95 confidence limits of
the ED. values

EDso X fEDso is the upper limit
EDs 4+ fEDs is the lower limit

(6) Regression Analysis

P

This procedure is of use in ascertaining

how far a particular function regresses on

agother for example, the functions of time
of administration on the response to a
drug. Consider a set of data, X, X X3 X
and x, in ascending order. with corres.
ponding values yi, ¥» ¥» ¥:» and ys to be
analysed for regression.

X .
(a) X+ X2+ Xt X+ X5 25 ¢ mean

‘ 5
% of the x values.

- (b) Similarly, obtain ¥

(c) For each value of x, find x - X, and
retain the algebraic sign of (4) or(-).

(d) Find (x-x) for each value of x, and
determine their sum 3 (x . § )2

(¢) Find (y -¥) for each value of y,
with the appropriate algebraic sign.

(f) Determine the product (x - X) (y-v)
for each set of x and y.

(g) Add all the products thus obtaining

Z(X=X)y-Y)

o Z2(x=x)y-y)
S(x-%)°

(h) Calculate b

EXPERIMENTAL PHA RMACOLOGY

(i) The regression equation is
y = .y- + b( X - f)

(j) With the values of ¥, b, and X, write
out the equation fory.

(k) For each value of X, find the ex-
pected value of y from the equation.

(1) Plot a graph of this expected value
of y,i.e. y against X.

(m) Confirm that the function x regresses
on y by the linearity of this graph.

7) Correlation coefficient ‘r’
(a) Make a table of (y - ¥ )2.

Z(x-x Ny-y)
(b) Calculate I = 5 =
,JE(X—R) 2(y-¥)

c¢) Interpret the results as follows : When
‘t" approaches — 1.0, there is a nega-
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.

Solved example

The blood levels of a drug A were
determined at varying intervals after in-
travenous administration to determine
whether they were dependent on time. A
set of values was obtained as follows :‘

Time in minutes (x) Rlood level (y)
1 1.70
5 3.40
10 1.28
20 0.87

0 0.82
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