RESULTS

(4) NICOTINIC GANGI.IONIC BLOCKERS

DOG NICTITATING MEMBRANE s

Supramaximal stimula};ien of the preganglionic fibres of the
superior cervical ganglion elicited frequency dependent contractile
responses of the nictitsting membrane, When frequencyresponse
curves were plotted with the i:er centage of maximal éontraetion on

the ordinate and log of frequency on the abseissa, bell-shaped
' -8 -7

curves were obtained, Hexamethonium (4,95 x 10 , 1,58 x 10 ,

-7 -6 -7
4,95 x 10 , and 1,58 »' 10 ); tetraethylammonium (7,69 x 10 ,

-8 -8 -6
1,92x 10 , 3,84 x10 , and 7,69 x 10 ; Fig, 4 a); mecemylamine

"‘7 '6 "6 -5
6,02x10 , 1,9 =10 , 6,02 x 10 , and 1,9 x 10 ; Fig. 4 b);

-7 ~7 -8 -8
pempidine (2,06 x 10 , 6,45 x 10 , 2,08 x 10 , and 6,45 x 10 )3
-8 - -7

chlorisondamine (8,84 x 10 , 2,76 x 10 , 8,84 x 10 , and .
2.76 x 10-6): and pentolinium (1,33 x 10“2 4,16 % 10"7, 1,33 2 10 ,
and 4,16 x 10”-6) elicited graded inhibitior of the frequency-response
curves as indicated by successive shifts of the curves to the right,
The blocking action of hexamethonium and tetraethylammonium lasted
for 15«20 min, The blocking action of the lower two doses of the
other agents lasted for about 30 min and those of the two higher

doses lasted for sbout 1 hr,

Hexemethonium and tetraethylammonium in all the doses studied
produced parsllel shifts of the frequency-response curves, There was
no reduction of the maximal responses and no flattening of the curves,

suggesting competltive antagonism. The degree of the antagonism was

-



LEGEND F(R FIG, 4 a

Frequency-response curves of the contractile responses of the dog
nictitating membrane stimulated préganglim;gany with supra-maximal
square wave.pulses of 2,§ msec duration at variasble frequenciles for
30 sec every 10 min, Per centage of the maximal contraction is

plotted on the ordinate and log frequency per sec on the abscissa,

»

*— ® jindicates control frequency-response curve, X——X, 0—0O
(-]

B  end A——A indicate frequency-response curves

after 7.69 x 10".: 1,92 x 10-3 3.84 x 10-68135 7.69 x 10-6M/gapglion
respectively of tetragthylammonit_xm glven by close intra-arterial
injection into the blood supply of the superior cervical ganglionm,
Responses to nerve stimulation were elicited 15 min after the

injection of the blocker,

IE(END FOR FIG, 4b
Frequency-response curves of the contractile responses of the dog
nictitating membrane stimuleted preganglionically with supra-maximel
squaere wave pulses of 2.5 msec duration at variable frequencles for
30 sec every 10 min. Per centage of the n'uxaximal‘ qontractiqn is
plotted en the ordinate and log frequency per sec on the sbscissa.

®—® indicates control frequency-response curve, X——X , O—O,

g——MN and A A  indicate frequency-response curwsres
’ T 7 : o -6 ' -
after 6,02 x 10 , 1.9 x 10 , 6,02 x 10 and 1,% x 10 M/genglion

respectively of mecamylamine given by close intra-arterisl injectlon
into the blood supply of ;;he superior cervical ganglion, Responses to
nerve stimulation were elicited 15 min after the injection of the

blocker,
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, caleulated in terms of dose ratio, which is the ratio of the
equieffective strength of the frequencies after and before the
addition of the antagonist (Gaddum et al, 1955), The log of the

dose ratio was given by the horizontal distance betueen the

parallel lines and when the lines were not parallel, it was

calculated from the horizontal distance between the frequency=-
response curves at S50% of the maximal response, The dose ratios

for a given concentration of an entagonist were closely similar,
indicating that variations in the sensitivity of a tissue to the
artagonists were small and were independent of the variations in
sensitivity to the frequency of stimulation, Mecamylamine (1,96 x 10.3
and 6,02 x 10 ), pempidine (2,08 x 10:7and 8,45 x 10 7),
chlerisondanine (8.83 x 10 - - -

3
-7 -7
(1,33 x 10 , and 4,16 x 10 ) caused parallel shifts of the

and 2,78 x 10 ) and pentolinium

froquency-rasponse curves, However, with higher doses of these four
antagonists, the shift of the frequency;response curves was not
parallel and there was reduction of the maximal responsés with
flattening of the eurves, A parallel shift of the frequency-response
curves does not constitute exclusive proof of competitivm antagonism
(Aranlakshena &4 Schild, 1959), Arunlakshana -&: Schild (1959)
introduced the method of pA plot; for this plot the logarithm of

-~ 1) is plotted against the molar concentrations of B, where x
is the dose ratic and B the molar concentration of the antagonist,
The intercept of regression line with the abscissa (at zero level)
gives the pA, value, The ph 10 value 1s calculated from the regression
line, In order for antagonism to be competitive,lthe slope valus of

the regression line should be unity., The data obtained with the dog

~
4
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nietitating membrane were anaiysed in this mammer and are smnmarized.
in Table 3, The mean phy, and the mean pA,, values were obtained from
the individual pllz and pAlO values respectively, An examination of
Table 3 reveals thet taking p{lz as a mea:sure of the poteney of the
ganglion blockers, the order of potency was hexamethonium >
chlorisondamine > mecamylamine > pempidine = pentolinﬁm >
totracthylammonium, The slope values of the regression lines for
hexamethonium end tetrasethylammonium were close to the theoretical
value of wnity recommsnded for competitive antagonism (p > 0,05),
whersas the slope values of the regression lines for mecamylamine,
pempidine, chlorisondamine and pentolinium were significently
different from the thearetical walue (p <  0,05), Thus, at the
superior cervical ganglion of the dog, hexamethonlium,tetraethylammonium
and lower doses of mecamylamine, pempidinre, chlorisondemine and
pentolinium acted competitively; while In higher doses the latter

four blockers did nob act competitively.

ISOLATED RABBIT IIEUM s -

Isotonie lever:
-8 -7 -7 B

Nicotine (5,55 x 10 , 1,85 x 10 , 5,55 x 10 , 1,85 x }g ’
8

and 5,55 x 10“ ) and dimethylpher:glpiperazini\m (oMPP) (1,5 x 10 ,
3,0 x 10- s 6,0 x 10— sy 75 x 10, ond 1,5 x 10-5) elicited graded
contractile responses, DMPP was comperatively a weaker agonist for
this preparation. The dose-response curves of these two agonists
were bell-shaped, The curves with nicotine were more bellwshaped than
those with DMPP, In order to avoild autoinhibition due to nicotine and

DMPP, the influence of the antagonists was studied on the ascending
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TABIE -3

Dog 'nictitating menbrane (stimulated 1nd,ireét1y preganglionically; .
_genglionic blockers given Into the arterial blood supply of the
superior cerviecal ganglion), Values of Phys Phygs PA, = DA, ., and
slope ( -b ) wers obtained from pA plots, Probability ( p.) is of
significance of the experimental value of (-b) from that of the

theoretical value of mity for competitive entagonism,

-
- - oy 0 s I e FYE 2 i

Gangllionic Mean Meen Mean Mean -
blocker pﬁzi SE.M, pAlo‘i SsEeMs  phy - mean s:}g eit p
Ph10 S,EgM
L 252 Eet
Bexamethonium 7,80 0,084 6,80% 0,083 0,80 0,93 0,053 > 0,05
(12) ‘ .
Tetraethyl- 5,96 0,074 5,32 * 0,052 0,64 0,91 % 0,043 > 0,05
ammonium .
- (12)
Mecamylamine 6,51 % 0,057 5,12 ¥ 0.044 1,39 0,43 0,087< 0,05
(;Lz) .
Pempidine 6,46 = 0,072 5,35 ¥ 0,083 1,11 0,51%0,073< 0,05
- (1)
Chlorisond= 6,70 * 0,063 5,40 * 0,054 1,30 0.43 £ 0,069< 0,05
amine
(12)
Pentolinium 6.46 £ 0,080 5.83 £ 0,075 0,83 0.68 £ 0,072< 0,05
(12)

T TS 5 O o U g A e S S S M A SIS0 P A SR S o IR S B PO gt P90 b G O Py gy SO g D e A AR 05 i TN R S R U U O D S S N TS D O W gy gy g Ry D S 0O WO

Figures in parentheses Indicate the number of experiments,
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limb of the dose-response curves, The dose.response curves were
plotted by taking the per cent of the maximal response on the
ordinate and the log dose of nicotine or DMPP, in the presence and

absence cf various doses of antagonists, on the absg:tssa.
Hexemethonium (2,47 x 10-5, 4,95 x 10'.3, 9,90 x 10_Dand 1.98 x 10-4;
Fig. 5 a); tetraethylammonium (7.69 x 1o~5, 2.5 x 10-4, 7.69 x 10-4,
and 2,5 x 10 3) s mecamylemine (6,02 x 10.-7 s 1.50 x 10‘6, 6,02 x 10-'6,
and 1,93 x 10- ); pempidine (6.45 x 10 7, 2,06 x 10-6, 6.45 x 10_6,
and 2,06 x61o‘5); chlorisondamine (2,76 x 10-7, 8,90 x 10’7,

1.38 x 10- , and 6,90 x 10:6) and pentolinium (2,08 x 10-6,6.66 x 10.f
2,08 x 10‘f and 6,66 x 10-3) shifted the dose~response curvgs of

nicotine to the right. Similarly, hexamethonium (4,95 x 10 ,
9,90 x 10—5, 1.98 x 10 ‘,1 end 4,95 x 10 4), tetraethylammoniim

(7,69 x 10.5, 2.46 x 10 4, 7.69 x 10_4, and 2,46 x 10-4), mecamylamine
(1,93 x 10-7, 6,02 x 10-7, 1.93 x 10_? and 6,02 x 10 )s pempidine
(6.45 x 10-7, 2,06 x 10-5, 6,45 x 10-6anc'i 2,08 x 10-5);chlorisondamine
(6490 x 10-8, 1,38 x 10-7, 2,78 x 10-7, and 6,90 X 10-7) and
pentolinium (2,08 x 10-6, 6.66 x 10-6, 2,08 x 10-3 end 6,66 x 10;5?

Fig. 5 b‘) shifted the dose-response curves of DMPP to the right,
Hexamethonium and tetreaethylammonium in all the doses studied caused
parallel shifts of the dose-response curves with no reduction of the

maximal responses snd no flattening of the curves, Mecamylamine
(6,02 x 10—7and 1.50 x 10 6), pempidine (6745 x 10 7and 2,06 x 10 );
chlorisondamine (2,76 x 10 7»zumil 6.90 x 10 ) and pentolinium

(2,08 x 10 6and 6.68 x 10 6) caused p&rallel shifts of the dosee
Tesponse curves of nicotine. Similarly, mecamylamine (1.93 x 10 -

and 6,02 x 10‘7), pempidine (6,45 x 10 7and 2,06 x 10—6),



IEGEND F(R FIG, § a

e - .

Responses of the isolated rabbit ileum (;'gcqrded with
isotanic lever) to nicotine {at dots) 5,55 x ;38}1 st (1);
1.85 x 15 M at (2); 5.55 x 3_.6 M at (3); 1.85 x 15%: at (4);
5,55 x 156M at (5); 1485 x 155}« at (6); 5.55 x 185M‘atv(‘7)
and 1.85 x 15%4 at (Q). Hexamethonium was given (4495 x 18 M)
at (4) end (1.98 x 1841«!) at (B). The drum was stopped at ___

for 15 min, Contact time for nicotine was 30 sec and that
for hexamethonium wes 15 min,

IEGEND FOR FIG, 5 b

bose-_-responsg curves of the contractile responses (recordgd 'with
isotonic lever) of the isclated rebbit ileun to DMPP (abscissa,
log of DMFP; ordinate, per centage of maxinal contraction).

o © indicates control dose-response curve; x——X,0—0,
n W and A 'y indieate dose-responge curves after
I S o WB T e T

2,08 x 10 M, “6’.66 x 10 M, 2,08 x 10 M and 6,66 x 10 H respectively
of pentolinium, Contact time for DMPP wes 30 sec and that for

pentolinium was 15 min,
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chlorisondamine (6,90 x 10 , end 1.38 x 10 ) and pentolinium

(2,08 x 10““5 , and 6,66 x 10-6) caused parallel shifts of the dose~
response curves of DMPP, With the higher doses of the antagonists

the shifts were not parallel and there was reduntion of the maximal
responses and flattening of the curves excluding competitive
éntagonism. pAz, Phy0s pA2 = pA; and slope values were calculated
according to the method of Arunlakshana & Schild (1959) eas

described imder the dog nictitating membrene. The data are summerized
in Tebles 4 and 5, An exaemination of the Tables 4 and § reveals thet
taking pA, values as measure of potency of the ganglion blockers, the
order of potency was, mecamylemine > pempidine > chlorisondamine >
pentolinium > hexamethonium > tetrasthylammonium with nicotine es
the agonist and chlorisondemine > mecamylamine 3> pempidine
pentolinium > hexamethonium 7> tetraethylammonium with DM?P a8 the
agonist, The slope values of pA plots for hexamethonium and
tetraethylammonium were close to the theoretical value of 1 recommended
for competitive antagonism (p > 0,05), The slope values of pA plots
‘for mecamylamine, pempidine, chlorisondamine, end pentolinium were
significantly different from the theoretical valuve of 1 (p < 0,05).
Thus, hexamethonium anditetraethylammonium acted competitively against
both nicotine and DMPP, whereas mecamylanine, pempidine,chlorisondamine,

and pentolinium did not act competitively.

Auxotonic lever:.

=7 -8 NP 1 -5
Nieotine (5,56 x 10 , 1,85 x 10 , 5,55 x 10 and 1,85 x 10 )3
-6 -6
and dimethylphenylpiperazinium (DMPP) (3,75 x 10 , 7.50 x 10 ,
-5 -5 -5

1.13 x 10 , 1,50 x 10 , and 3,0 x 10 ) eliecited graded contractile
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TABIE 4
Isolated rabbit ileun {isotonic lever; agonist, nicotine), Val;zes of phg, pAl
pd, - Alo’ and slope(b) were obtained from pA plots, Probability (p) is of
significance of experimental value of (b) from that of theoretical value of

0)

unity for competitive antagonism,

- - - e g S W - bl ot

Ganglionic Mean Meen ) Mean Mean slopet p
blocker phptS.EM,  phyot S.EM, phgemean (b) S.E.M.
& Pho
Hexa?etl)nonium, 4,55 * 0,073 3,90*0,085 0,85 1.13 £ 0,073 > 0,05
12
Tetraethyl- 4,35 + 0,098 3,66*0,088 0,70 1,05 £.0,048 > 0,05
ammon ium
(12)
Meca.r?ylz;mine 6,68 + 0,080 5,59%10,084 1,09 0.68 = 0,035 £ 0,05
12
. Pempidine 8.46 * 0,098 4,78*0,007 1.68 0.45 * 0,135 < 0,05
(12)
° Chlorisond- 6,22 £ 0,133 5.68*0.,07 0,54 1.41 * 0,073 < 0,05
amine
(12)
Pent?li:;ximn 5.50 £ 0,098 4,96%0,075 0,54 1.49 £ 0,074 < 0,05
12 :

- - L e U g g s . YOO TN S N VIR S A Yy Mg o - e S P e S S S ) T B TIE DO G W S SO W G P g O 2 D Gl T YD g R S e D G gy,

Figures in parentheses indicate the number of experiments,

i



TABIE 5 66

Isolated rabbit ileum (isotonic lever; agonist, DMPP), Values of pho, pAlo,
P4, - ph,,, and slope (b) were obtained from pA plots. Probebility (p) is
of significance of experimental value of (b) from thet of the theoretical

velue of unity for competitive antagonism,

D S O 0 e SO TP g e WU N S TR I T D gy SV S M5 M0 200 S5 U S0 D e kit M 00 O T T o T T g g O R W T Y T C Ras Lol K

Ganglionie Mean Mean Mean Mean slope
blocker ph, t S,E.M, pAm’L S.F.M,  phA,-mean (b) £ S,E.M, P
PAio

Hexamethonium 4,68 * 0,067 3,92 * 0,049 0,76 0,97 F 6,074 > 0,08

T (?)

Tetraethyl- 4,31 = 0,079 3,50 % 0,053 0.71 1.06 £ 0,082 > 0,05

ammonium
(12)

Mecamylamine 8,34 * 0,076 5,30 ¥ 0,097 - 1,04 0.69 £ 0,074 < 0,05
(12)

Pempidine 6,16 + 0,033 5,08 * 0,057 1,10 0.86 + 0,063 < 0,05
(1) , :

Chlorisong- 6,49 + 0,075 6,01 * 0,083 0,49 1.52 £ 0,074 { 0,08

amine ’
(12)

Pentolinium 5,63 * 0,083 5,07 + 0,075 0.56 1,52 + 0,050 £ 0,05
(12)

- -, - - - g O i O gy WO O WAL YU O O 0 1o e W A S e o B . g e g A O g e 0 T

Figures in the parentheses indicate numbers of experiments,
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responses with diffe:(-ent preparations, The dose-response curves were
plotted as described for isotonic lever, The preparationé could be used
for 3=-4 hr without the appearance of fade, In arder 'to aveold aubow
inhibition care was taken not to expose the tiss;a to extremag.y high

doses of tge agonists, Hezamethonlm (1,57 x 10 , 4,85 x .1:C5) ’ =
9,80 x 10-49.nd 1,98 x 10-4) $ tetraethylammonium (2.4671: 10 ,7. 6963: 10 ,
2,46 x 10_6ana 7.69 x 10_5), mecamylamine (6,02 x 10 , 1..,07x 10 , .

8,02 x 10 and 1,92 x 10-; Fig. 6 a); pempidine (6,45 x.;;o 42,08 x 197 ,

- |
6,45 x 10 and 2,06 x 10 ); chlorisondamine (2,76 x 10 , 8,83 x 10 ,
-8 -6 -7 =7

2,76 x 10.6311:1 8.83 x 10-6) and pentolinium (1,33 x 10 , 4,16 x 10 ,
1.33 x 10 and 4,16 x 10 ) shifted the dose~response curves of
nicotine to the right, Similarly, hexemethonium (4,95 x 10-‘6 1.58 x 10-5,
4,95 x 10 Sand 1,58 x 10 4), tetraethylammonium (2,46 x 10‘5 7,69 x 10-5,
2,46 x lo:Zand 7.69 x 10-:); mecamylamine (6,02 x %O-Z 1,50 xllg’s,

6,02 x 10 Ga.nd 1,93 x 10 ); pempidine (6,45 x 10 , 1,61 x 10 ,
- -5 -8

6.45 x 10 and 2,06 x 10 ); ehlorisondamine (8,83 x 10 ,

2.76 x 10—7, 8,83 x 10-7and 2,76 x 10.6; Fig, 6 b) and pentolinium
(1,33 x 10-7, 4,16 x 10-7, 1,33 x 10-6311:1 4,16 x 10.6) shifted the
dose~-response curves of DMPP to the right, phoy DAy pA2 '-PAlo and
slope values were celoulated as described for the isobtonic lever and
the data are presented in Tables 6 and 7, The anelysis of the data '
reveals that the antegoniem exhibited by the six ganglion blockers
was similar in ndture to that obtalned with the lsotonie lever, The
order of potency with nicotine as the agonist was, mecamylamine >
chlerisendamine > pempidine > pentolinium > hexamethonium >
tetrasthylammonium and that with DMPP as the agonist was mecamylamine

chloriscndamine > pempidine > pentolinium 3 hexamethonium 3,



IEGEND FOR FIG, 6 a

Responses of the isclated rabbit ileunm (recorded
with auxotonic lever) to nicotine (at dots) 5;55 x10M .
’ «5 B -

at (1); 1485 x 10 M at ()5 5455 x 10 M at (3); 1485 x 10 M
=5 b o}

at (4), 5.55 x 10 M at (5), 185 x 10 M at (G), 5.52 x 10 ¥ at
(7) and 1,85 x 10 M at (8). Mecamylamine (1,50 x 10 M) and

ok ¢
1,92 x 10 M) was given at A and B respectively, The drum was

for 50 min,

stopped at === for 15 min ahd at

TEGEND FOR FIG, 6 b

Responses of the isolated rabbit ileum (recorded
-6

with auxotonie lever) to DMPP (a,t dots) 3.756 x 10 M at
-8 -5 =5

ﬁ%%mmeﬂ&LmemMuﬁhlmxmmn
' w5 -5 d

(%Lmxwmumxsmxmmn@nhmxmmu(
(7) and 5,20 x 104M at (8), Chlar isondamine (8,83 x 158“'{) and
(8.83 x ;07M) was given at A and B respectively, The drum was
stopped at === far 15 min, Comtact time for nicotine was 30

sec and that for chlorisondanine was 15 min,
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TABIE 6

Isolated rabbit ileum (auxotonic lever; agonist, nicotine), Values of pAg, pAygs

63

pAs - pA 5, and slope (b) were obtained from pA plots. Probability (p) is of

significance of experimental value of (b) from that of the theoretical valus

of unity for competitive antagonism,

A, A g Y S . VY S 4 2 g W S WY W W - - -

-------------------- - - -

Mean slope

(b) * S.E.M,

0,97

0.59

0.74

0.56

1.43

0,085

0,031

0.076

0.097

P

< 0,08
< 0,05

< 0,05

< 0,05

Genglionic Mean Mean . Mean
bloclker pA2 T S.E.M, pAlOI S.E.M, pA,-mean
Phyp
Hexamethonium 4,86 * 0,083 4,09 £ 0,078 0,77
(12)
Tetraethyl- 4,18 * 0,087 3,42 * 0,008 0,76
ammonium :
(12)
Mecamylamine 6,89 * 0,097 5,63 * 0,076 1,26
(12)
Pempidine 6,42 * 0,075 5.46 + 0,087 0,96
(12)
Chlorisond- 6,55 X 0.068 5,16 +* 0,073 1,39
amine
(12)
Pento](.in:;.um 5,80 * 0,054 5,23 0,075 0,87
12

Figures in the parentheses indicate the number of experiments,
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Isolated rebbit ileum (auxotonic lever; agonist, DMPP), Values of ph,, pAlOw s

TABIE 7

pA, - ph,, , and slope (b) were obtained from ph plots. Probability (p) 1s of
significance of experizentsl valve of (b) from thet of theoretical value of
unity for competitive antagonism,

Py 0D D T S S ak FD 108 W Ll D NS T T S A T M It M e O 0 0m s o X G e

. S e W N T S G0 LR B B W i M S o S S e

Ganglionic Mean Mean Mean Mean slope
blocler ph, T S.EM. pAmt SeEdM,  pl,-mean (b) £ S.ENM,. P
Phig

Hexamethonium  5.01 * 0,073 4,25 * 0,085 0,76 0.96 * 0,037 > 0.05
(12) ‘

Tetracthyl- 4,33 + 0,080 3,58 £ 0,073 0,75 1,02 £ 0,083 > 0,05

ammonium
(12)

Mecamylamine 8,77 + 0,076 5,38 £ 0,064 1,39 0.56 * 0,067 < 0,08
(12) ‘

Pempidine 8.37 + 0,087 5,06 +£ 0,003 1,31 0.57 + 0,054 < 0,05
(12) ‘

Chlorisond- 6,62 + 0,078 5,42 + 0,083 1,21 0,83 + 0,076 < 0,05

amine
(12)

Pentolinium 6,17 * 0,057 4,76 ¥ 0,089 1,41 0,55 -+ 0,079 < 0,05
(12)

Figures in parentheses indicate the number of experiments,
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tetraethylammonium,

Nickerson's (1957) approach to differentiste classical
competitive antagonism from nonequilibrium antagonism was based on
the premise that different factors control the temporal development
and disappearance of the two types of blockede, The time course e
appears to be limited primerily by penetration into and escape from
the biophase (K‘1 and Kb) in the case of competitive antagonists and
by the very low value of 1{2 in the cese of nonequilibrium agents, The
development of the bloclade produced by a classical competitive agent
ceases and is reversed as soon as the active drug is removed from the
surrounding medium whereas the formation of the steble IR complex
from active nonequilibrium inhibitor present in the biophase may
continue for some time after washiné.

Based on this approach, study was made with hexamethonium and
chlorisondamine, Two identical pieces of rabbit ileum from the same
animal were mounted simulteneously under similar experimental
conditions (5 experiments), DMPP was used as the agonist. Hexamethonium
vas used as an agent acting competitively since it is reported in the
literature and observed in the present study to be a competitive
antagonist and chlorisondamine was used as an antagonist not acting
competitively. Hexamethonium (4,95 x 10 5) and chlorisondamine
(2.76 x 10 ) were each kept in contact with the tissue for 5 min,

10 miz? » 15 min and 45 min so that the equilibration time for both
the drugs could be studied, The dose ratios of hexamethonium for 15
and 45 min of contact time were 8,80 ¥ 0.8 and 9,8 * 0,4 respectively

and those of chlorisondamine were 7,2 * 0,6 and 8,0 * 0.4 respectively,

AN
\
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The dose ratios of the two blockers for different perlods of contact
time were not statistically significantly differemt (p > 0.95)
from each other.‘ﬁext, the time taken for DMPP $o elicit econtrol
responses following wash out of the entegonist was studied, After

8 contact time of 45 ;nin, recovery with ehlorisondamine was
obgerved at the end of 75 min whereas that with hexamethonium was
observed at the end of 45 min, In generel, it was observed that the
recovery of the responses to nicotine and DMPP fg:llowing 15 min
contact time with high doses of mecamylamine (1,92 x 10-5) 3
pempidine (2,06 x 10-5); chlorisondamine (8,83 x 10-6) and
pentolinium (6,66 x 10-8) occured after 50 to 70 min and thet
following 15 min of contact time with high dese of hexamethonium
(4,95 x 10'4) and tetrsethylammonium (7,69 x 10.4) occured after

15 min, . | |

In another set of 5 experimsnts paired preparations were
aet up as described sbove, DMPP was used as the agonist, One plece
was exposed to a single high dose of hexamethonium (4,95 x 10-5) or
chlorisondamine (8,83 x 10’,6) for 45 min, The other piece was exposed
to the same dose in the form of three divided doses given cummulstively

. -8 -8
at interval of 15 min (hexamethonium 5,8 -g 10 3 5.8 x 10 and
'5 ’ -

3,79 x 10 and chlorisondamine 1,65 x 10 , 1,65 x 10.6and 5.53 x 10-8).
The dose-ratios of hexamethonium given singly and cummilatively wers
12,75 = 0,36 and 11,69 v+ 0,21 respectively, The dose-ratios of
chlorisondamine given singly snd cumulatively were 8,35 % 0,21

and 19,56 * 0,36 respectively,
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In 5 experiments using paired preparations, hexamethonium
and chlorisondam:ine which were foumd to be " competitive ¥ and
" not competitive " antagonists respectively were tested alone ang
in combination against DMPP, According to Paton and Rang (1985)
when two antagonists which compete to occupy the same receptors are
used together then the dose ratio (DR) of both is given by the
formula, (DR1 + DR, ~1); but if the two antagonists ocecupy
different receptor sites then the dose ratio (DR) is miven by the
formula, (DRl X DRz) where DR, stands for the dose ratio of one

1

and DR2 stands for the dose ratio of the other, The individuel dosse
-5 -5
ratios of hexamethonium (4,95 x 10 ) and chlorisondemine (2,76 x 10 )

were 9,0 + 0,6 and 4,0 T 0,3 respectively. When both ﬁhe entagonists
were used together in the same concentrations, the dose ratio was

38 * 1,5 which is very close to the product of the individual doss
ratios 9 x 4 » 36, suggesting that the two blockers in the doses used
did not coupete with each other for the same receptor, The parallel
shift of the dose-response curve produced by hexamethonium (4,95 x 10-‘5)
used alone was converted to a nomparallel shift with reduction of the
maxima] responses when used in combination with chlorisondamine

(2,76 x 10“6).

In the next series of experiments a higher dose of hexamethonium
was used together with a serles of doses of chlorisondamine,
Hexamethonium (1,57 x 10-4) and chlorisondamine (8,83 x 3.0~?) or
hexamethonium (1,57 x 10_4) and chlorisondamine (8,83 x 10-8) indueed
nonparallel shifts of the agonist doss-response curves and there was

-4
reduction of the maximal responses, However, hexamethonium (1,57 x 10 )
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and chlorisondamine (2,76 x 10 ) induced a parallel shift of the
dose-response curve and there was no reduction of the maximal
responses, This indicates that hexamethonium (1,57 x 10-4) could
protect the specific receptors from the lowsr doses of
ehlorisondamine (2.76 x 3.0‘ ) whereas the same dose of hexamethonium
could not protect the recepgors against ghe bigher doses of

chlorisondamine (8,83 x 10 3 8,83 x 10; Fiz..8.¢). =7 ; .. or,

Antagonism ofiatr@ine againgt DMPP: DMPP was used a8 an
agonist to study the effect of atropine against it. Atropire '
(1.1 x 10 7, 3,47 x 10- ,» 1.1 x 10 - and 3,47 x 10 6) induced a
nonparallel shift of the dose-response curve of DMPP and there was
e reduction of the maximal responses with flattening of the curves
indicating that the antagonism was: not competitive, The date were
analysed as outlined under dog nictitating membrane, The mean pAz
value was 6,84 * 0,071; the meen pAyo value was 5,25 * 0,094; the

mean ph, ~ the mean PAI.O valve was 1,59 and the mean slope value was 0.48

£0,18, Thus the antagonism of atropine ageinet DMPP was not competitive.

IS OLATED GUINEA PIG TIEUM

Tsotonic lever :

Nicotine and DMPP induced graded contractile rssponses
of the terminal portion of the guinea pig ileum, The dcse-respounsse
curves were more steep with nicotine than with DMPP and also more

.steep than those obtained with the isclated rabbit ileum, Thus a
narrow dose renge of nicotine (1.80 x 10 , 2,88 x 10 , 4,5 x 10 ,
-7 -7 -6 3

&
5.76 x 10 , 9.0 x 10 , and 1,80 x 10 ) and DMPP (1,56 x 10 ,



IEGEND FOR FIG, 6 ¢

Dose-regpcmsg curves of thg_ contractile responses
(recorded with auxotonic lever) of the Ais_qla_tjbed;;rabbit
{leum to DMPP (abscissa, log M of DMPP; ordinate, per

centage of maximal contraction), @ ——e indicates

control dqsenggsponse_ curve, 0——0O, X X and ,
A——A indicate dgge;ljeSponee curves after 1,57 x 1§4M‘
hgx_g;qgt_hpni@ and 2,76 x 1‘_68 M_ch}.orgg{ldamine, _1‘..57':: 184M'
hg;gaxqethog:!gm end 8,83 x 158M cblori%g_da.mip?,rand 1,57 x 1841\{

w7
hexamethonium end 8,83 x 10 M qmo:ismdamine respectively,

Contact time for DMPP was 30 sec and that for the antagonists
was 15 min,
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3,75 x 10 , 4.8x10 , 7,5 x 10 and 1,05 x 10 ) could be used

to construct the dose~response curves in the absence of the antagonists,
-6 "'5 -5 “‘4
Hexamethonium (4,95 x 10 , 1,58 x 10 , 4,95 x 10 and 1,58 x 10 )
-5 =5 -4 ‘
and tetreethylemmonium (2,46 x 10 , 7.69 x 10 , 2,46 x 10 and
4

7.69 x 10 ; Fig, 7 a) induced parsllel shifts of dose-response

-8
curves of ga.eotine to tge right, Similarly hexamethonium (1,58 x 10 ,
4,95 x 10 , 1,58 x 10 , and 4,95 x 10 ) and tetraethylammonium
5 -5 -4 -

(2,46 x 10 , 7,69 x 10 , 2,46 x 10 and 7.69 x 10 ) induced
parallel shifts to the right of the dose-response curves of DMPP,

There was no reduction of the maximal responses and no ﬂattening of

the curves, Lower doses of mecamylamine (6,02 x 10 and 1,92 x 10 )3
-. -6
pempidine (6,45 x 10 and 2,08 x 10 ; Fig, 7.b)y chlorisondamine
-8 7 -7 -6

(8.83 x 10 and 2,76 x 10 ) and pentolinium (6,66 x 10 and 2,08 x 10 )
induced paralel shifts of the dose-response éurves of nicotine and
-6
I)MPp to right, With higher doses ofsmecamylamine (6,02 x 10 and
-5 -5

1.92 x 10 ); permpidine (8.45 x 10 and’ 3.06 % 103 Y,.Fig. ’?.b)-1
-7 -8

chlorisondamine (8,83 x 10 and 2,76 x 10 ) and pentolinium (6,66 x 10
and 2,08 x 10 5) the shifts of the dose-response curves to the right
were nonparallel and there was-reduction of the meximal responses

and flattening of the curves, This indlcated that antagonism by
necamylamine, pempidine, chlorisondamine and pentolinium was
competitive in lower doses and not competitive in higher doses, The
data were further analysed to caicula‘l:e pﬁz, pAm, pA2 - pﬂm end
slope values as outlined for the dog nictitating membrane, The data
are summarized in Tables 8 and 9, It is clear from the Tables that

hexamethonium and tetreethylammonium acted competitively and the other



LEGEND FOR FI1G, 7 a

Dose~response curves of the contractile responses
{recorded with isotonic lever) of the isolated guinea
pig ileum to nicotine (abscissa, log M of nicotine;

ordinate, per centage of maximal qm}trac‘bion). ® ®©

indicates control dose-response curve, x X,

0 ——o, - - n andA-—.——A.k indicate
dpge-respai;;fg_'cmqs aFfter 2,48 ;;3;,‘ 7.69 x 15?4, '

2,46 x 15‘34 and'7.69 x 15 M respectively of tetrasthylammonium,
Contact time for nicotine was 30 sec and .that for

tetraethylamonivm was 15 min,

LEGEND FOR FIG, 7 b

Dose=response c\lzrveg'of the contractile responses
(rocorded with lactenic lever) of isolsted guinea pig

ilewn to nicotine (abscigsa, log M of nicotine; ordinate,

per centagg of r{g_a_z_cimal contraction), @ —-e@ »1nd:{cates control
dqsg;respgnse curve, x—-—-;% yO—0 'f‘"%‘ and A——4& indicate
dose-response curves after 6,45 x 153?‘!, 2408 x 166!4 and 2.06l x 165M
respectively of pempidine, Contact time for nicotine was 30 sec

and that for pempidine was 15 min,
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TABIE 8

/

75

Isolated guinea pig ileum (isotonic lever; agonist, nicotine). Values of

Phos PA 45 PRy - P

A, 4» and slope (b) were obtained from pA plots, Probability

(p) is of significance of experimental value of (b) from that of the theorstical

value of unity for competitive antagonism,

oy - - - -

Canglionic- Mean Mean Mean
blocker phs t S.E.M, pAlO‘.’: 2.EM, pﬁg-mean
P10
Hexanethonium 5,864 * 0,078 4,96%10,098 0,68
(12)
Tetraothyl- 4,19 * 0,094 3,38+0,064 0,82
anmoninn
(12)
Meocamylamine 6,56 * 0,037 5,46+0,059 1,10
(12)
Pempidine 8,50 * 0,087 5,280,073 1,22
(12)
Chlorisond- 7,47 + 0,074 6,36 +0,048 1,11
amine -
(12)
Pentoliniun 6035 + 0-096 5010 toooe‘l 1.25
(a2)

- L
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Mean slope
(b) 'i' S,E.Ma P

1,06 * 0,078 > 0,05

0,92 + 0,087 > 0,05

0.68 + 0,073 < 0,05

0,63 + 0,069 < 0,05

0,58 + 0,003 <{ 0,05

- - "

™ e o o e - -

Figures in the parentheses indicate the number of experiments,
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TABIE 9

Isolated guinea pig ileum (isotonie lever;‘ agonist, DMPP), Values of Phs,
Phys DAy - pAlo,'and slope (b) were obtained from pA plots, Probability
(p) is of significance of experimental value of (b) from that of the
theoretical value of wnity for competitive antagonism,

L Rl LT S T T Y O s 1o 2 G D SR 2 S D - B O S AP U A S A S OO 0D OB S DS T W R e £ T T WD G R A S AR T W 0 RS W K TN A T e L L

Ganglionic Mean Mean Mean | Mean slope
blocker pA, T S.B.M, pAloiS.E.M. pAy-msan (b) £ S, B M, P
Phyg

Hexamethonium 5«77+ 0,065 5,10% 0,074 0,67 1,13 + 0,067 > 0,05
(12) )

Tetraethyl- 4446 10,074 3,650,096 0,81 0,93 t 0,087 > 0,05

ammon ium
(12)

Mecamylamine 6431%0,065 5,80 £0,079 0,51 1,48 + 0,038 < 0,05
(12) ‘

Pempidine 6.30+0,071 5,00+0,023 1,30 0.58 £ 0,075 < 0,05
(12) ‘

amine
(12)

Pentolinium 6,63+0,043 5,25+0,054 1,38 0.53 + 0,054 < 0,05
(12) ,

- g O - - - . W D TR D TS I T g WS AE DN W A S 2O A0 IS IR R B TS T kS W K O

Pigures in the parentheses indicate the number of experiments,
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bloclersdid not act competitively,

With nicotine as the agonist the crder of potency (p.t&:3 values )
was chloriscndeamine > mecamylamine 3> pempidine > pentolinium
hexamethonium > tetraethylemmonium aend with the DMPP as the agonist
the order of potency was chlorisondamine > pentolinium >

mecamylamine > pempidine > hexamethonium > tetraethylammonium,

Auxotonic lever :
-7 -7 -7 -7
Nicotine (1,80 x 10 , 2,88 x 10 , 4,5 x 10 and 5,76 x 10 )}
end DMPP (7.5 x 10-6, 1.1 x 10-5, 1,56 ¥ 10'59116 2.2 ¥ 10-5) were
used to construct the dose~rssponse curves, ' The.l:: curves wers more
bell shaped than those with isotonic lever and the preparations showed
"fade" very soon (12 experiments), Therefore, detailed investigation

with the guinea pig ileum was carried out only with the isctonic lever,

L3 OTATED GUINEA PIG HYPOGASTRIC NERVE VAS DEFERENS :
Isotonic lever :

Hypogastric nerve when stimulated supramaximally (3 times the
maximal voltage) at frequencies ranging from 1,2,5,7,10,25,50 and 100"
per sec applied for 30 sec and pulse duration of 2.5 msec every 10 nin
elicited frequency.dependent responses of the smooth muscle, Frequency=
response curves were obtained by plotting the log of the frequencies
on the sbsclssa and per centage of the maximal contraction on the
ordinate, lower doses of fll the six ganglion blockers i.e,
hexamethoniun (4,95 x 10 and 2.47 x 10‘4;3 Fig. 8 a); tetracthylammonium
(2,46 x 10*5and 7.69 x 10-54; Fig. g b); mecamylamé.ne (1,93 x 10“6311&

-5 -
8,02 x 10 ); pempidine (2,08x 10 and 6,45 x 10 ; Tig, 8 ¢);



IEGEND F(R FIG, 8 a

Isolated guinea pig hypogastric nerve vas dgferens
preparation, Responses of vas deferens (at dots)
st?.ngﬁated ind%:pectly t.l'moqgh hypogag'l_:ric nerve with
s@ra@xina]_. squere wave pulses of 2,5 msec duration

for 30 sec every 10 min, Frequencies (per sec) of stimuli
were 7 at (1)3 5 at (2)3 3.5 at (3); 2 at (4); 10 at (5)3
20 at (6), 60 at (7) and 120 at (8). Hexamsthcnim

(4495 x 156 M) wes given at (4) and (1,98 x 104M) at (B).
Contact time for hexemethonium was 15 min,

LEGEND FOR FPIG, 8 b
Isolated guinea pig hypogastric nerve vas defamens
preparation, Raaponses of vas deferens (at dots)
stimiated indirectly through hypogastric nerve with
supramsximal square wave pulses of 2,5 msee duratim -
for 30 sec every 10 min, ?ye‘qu_gnc’ifeg ,(pgr sec) of stimlation
were 7 at (1); 5 at (2); 3.5 at (3); 2 at (4); 10 at (5);
20 at (6); 80 at (7) end 120 at (8) Tetraethylammon:lm
(7.69 x 3.05M) wes given at (A) end (7.69 x 10414) at (B),
Contact time for tetraethylammcnimn was 15 min,
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Fig.8b -




LEGEND FOR FIG, 8 ¢

Isolated guines pig hypogastric nerve vss deferens
preparation, Respouses of the ves daferejns' (at aots)
stimlated indirectly through hypogastr'ic nerve with
supramaximal square wave pulses of 2,5 msec duration

for 30 sec every 10 min, Frequencies (pe:l' sec) of stimulation
were 2 at (1); 3.5 at (2); 5 at (3); 7 ﬁf, (4); 10 at (5);

20 at (6); 60 at (7) and 120 at (8), Pexé:pmmg(z.os x 13614)
was given at (8) end (6445 x 16514) at (!:3). Contact time

for pempidine was 15 min, l
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chlorisondamine (6.9 x 30 and 1,38 x 10 ) and pentolinium (6,66 x
~5
and 2.08 x 10 ) precduced parallel shifts to the right of the frequency-
-5

response curves, However, with higher doses of hexamethonium {9,9 x 10

and 1,98 x 10 3 Fig, 8 a); tetraethylammonium (2,48 x 10 and

i ~5 -5
7.6¢ x 10 ; Fig, 8 b); mecamylamine (1,23 x 10 and 6.02 x 10 );
-5 -5
pempidine (; W08 x 10 and76.45 x 10 ; Fig, B ¢); chlorisondamine
/ -5 -5

(2,76 £ 10 and 6,9 x 10 ) and pentolinium (4,16 x 10 and 6,86 x 10 )
the shifts to the right were not parallel, and there was reduction of
the maximal responses and £1attening of the curves, The results
suggested that in lower doses these agents acted competitively end in
higher doses the antagonism was not competitive, Further analysis of
the data wes done as outlined for the dog nictitating membrane and the
results are summarized in Table 10; The slope values of 211 the six
antagonists were significantly different from the theoretical value of
1 (p <« 0,05) suggesting that the six ganglion blockers did not
act compeﬁ:itively at the peripheral ganglia situated on the hypogastriec
nerve innervating the vas, The crder of potency (pA2 values) was
_chlorisondamine > mecamylamine > pempidine 7> pentolinium 7>

hexamethonium > tetraethylammonium,

The preparations when stimulated postganglioniecally by
placing the shislded electrodes on the nerve 1-5 - mm away from the
vas exhibited responses at a time vhen responses to preganglionie

stimulation hed been completely blocked by the antagonisis,

i

Auxotonie lever:

The data obtained with auxotonie lsver were identical with
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TABIE 10
Isolated guinea pig hypogastric nerve vas deferens (stimulated indirectly
preganglionically). Values of pAz, pA 10° pAz - pAlo, and slope (b) were
obtained from pA plots, Probability (p) is of significance of the experimental
value of (b) from that of the theoretical value of unity for competitive

antagonism,

Ganglionic Mean:: Mean Mean Mean slope

blocker PAy 1 S.B Mo pA TS, EM, ph,~mean (b)+ S.E.M, P

Phio

Hoxamethonium  4+R4 $0.067 2,82 £0,075 1,42 .55 10,073 L 0.05
(12) .

Tetraethyl- 3,44 £0,093 2,07 +0,075 1,37 0.51 + 0,097 < 0,05

ammon ium
(12)

Mecan(:yl:;.mine 5.53 +0,075 4.,52+0,087 /1.01 0,72 +0,033 < 0,05
12

Pempi(.dine 5,39 +0,066 4,300,037 1,08 0,67 * 0,095 £ 0,05
12)

Chlorisond- 8,65+0,098 5.,51+0,074 1,14 0.65 * 0,032 < 0.05

amine
(12)

Pento%in:;.um 4,96 +0,040 3,64+0,085 1,32 0,58 * 0,073 £ 0,05

12

o - g - - A O WS G T e W S SR B s X W e e B B e 00 mex e KO S T G 2w S 106 O TR e

Figures in parentheses indicate the number of experiments,
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those obtained with isotonic lever (12 experiments), Hence detailed

study with this lever was not attempted.

(B) NONSNICOrMNIC GANGLIOVIC BLOCHKERS :

CAT NICTITATING MEMBRANE :

Muscarine and 4-{mechlorophenyl-carbamoyloxy)=2-butynyl-
trimethylammonium chloride (Mcl-A-343) elicited graded dose=-related
responses of the nictitating membrane when administered intra-
arterially through the lingual artery into the blood supplying the
superior cervieal genglifn, In preliminar& experiments 1t was observed
that muscarine was more potent than McN-A-343, Muscarine (5.75 x 10-9,
1.44 x 10”8, 2,87 x 10-8and 5,75 x 10-8) and McN-A-343 (6,09 x 10-8,
1,22 x 10-7, 2,03 x 10”7, 4,08 x 10—7, 6.09 x 10—7ana 8,13 x 10-7)
were used to construct the dosee-response curves by plotting the logs
of their doses on the abscissa and the per centage of the maximal
contraction on the ordinate. Atropine (3.4 x 1.0-10, 8.5 x 10-10,

1.7 x 10‘9and 3.4 x 10“9; Figs, @ 2 and 2 b) caused parallel shifts

to the right (without suppression of the maximal responses and
flattening of the curves) of the dose~response curves indicating
competitive anéégonism. From the pA plots pls, phyn, phy = pAyq and
slope values were computed, The data are summarized in Table 1l. The
slope values are close to the theoretical value of unity (p > 0,05),
Thus atropine exhibited competitive antagonism against muscarine and

MoN-A-343 at the superior cervieal ganglia of the cat.



IEGEND FOR FIG, © a

Dose-response curves of the contractile responses of the cat
nictitating membrene to muscarine (injected intra-arterially
into the blood supply of the superior cervicsl ganglion);

ab;c;ssé;lpg M of muscarine; ordinate, per centage of maximal

contraction, O——@ indicates control dose-respense curve,

o o, X X and A A indicate dose-response
-10 -9 . =9

curves after 8.5 x 10 M, 1.7 x 10Mand 3,4 x 10 M respectively

of atropine, Cosztractions‘ were recorded 15 min after injection

of atropine into the blood supply of the superior cervicsl

ganglion,

IEGEND FOR FIG, 9 b

Dose~response curves on the contractile responses of the cat
nictitating membrane to McN-A-343 (injected intra-arterially
into the blood supply of the superior cervieal ganglion);

sbscisse,log M of McN—A-343;' ordinate, per centage of maximal

contraction,” ® ® m;iicates control dose-response curve.

X, O———0 , @—— and 4 A .
) «10 = <0
indicate dose-response curves after 3,4 x 10 M, 8,5 x 10 /M,
-9 : -9 ) : ) :

1.7 x 10Mand 3.4 x 10 M respectively of atropine, Contractions
were recarded 15 min after injection of atropine into the blood

supply of the superior cervical ganglion,
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TABIE 11

Cat nictitating membrane (isctonic lever; agonists, muscarine; McN-A.343),
Values of pA,5 PA s 'pAz - pA,,» and slope (b) were obtained from pi plots.
Probability (p) is of significance of experimental value of (b) from that

of the theoretical value of unity for competitive entagonism,

hndad Bad 1 L Bkl T T Rt 2 3 2 T - - - T A ot W T W - -y - — - -

Ganglicnic Mean Mean Mean - Mean slope

blocker pﬁz‘tS.E..M. pAiO;i:S.E,M. pﬁz-mea.n (b) + S, F .M. P

(muscarinic) ph

10

Muscarine/

atropine 9.60 + 0,073 8,96+0,087 0,64 1.11 + 0,057 > 0.05
(12)

MoN-A-343/

at:('op;me 9,48 + 0,068 8,83+0,078 0,86 1,16 * 0,080 > 0,05
12
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Figures in parentheses indicate the number of experiments,



