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HOUGH Clark long time back (1926) show-

“ ed that the acetylcholine-atropine antago-
nism is competitive in nature, there is . no
unanimity of opinion on this point. The author
(1964) has summarized the varying view-pointis
in this regard. Table I gives the findings of
the wvarious workers. This fable has been re-
produced from the author’s previous article
(1964). In that article, were reported the pAg 4,
and pAgg gqo Values for the acetylcholine-atro-
pine antagonism. That work was an attempt
to settle the controversial point raised by the
finding of Schild (1947) and Marshall (1955}
that the acetylcholine-atropine antagonism 1is
‘not-competitive’ as judged from the pA, and
pA,, values determined on the isolated guinea-
pig ileum. The selection of the pPAj g and
PAgs oo Vvalued instead of PpA, and DAy
values was not arbitrary. As explained
in the above-referred article, the pAj 49 and
PA,s ove Values for the acetylcholine-atropine
antagonism are roughly equivalent io the pa,
and pA,, values for the histamine-atropine
antagonism. However, the higher values deter-
mined did not clearly indicate that the acetyl-
choline-atropine antagonism is competitive.

have been determined. In the pA method, that
concentration of the antagonist is determined
which reduces the response of some multiple
of the original concentration (nx) to the res-
ponse of the original concentration (z) of the
agonist, Thus, the antagonist is counteracting
nx —x or (n — 1)x concentration of the ago-
nist. ¥From this, it can be easily seen that each
higher value is differing from the lower one
by a factor of 10.

The two additional values. namely, the pAg ¢
and PA,s g9y have also been determined.

METHOD

Essentially, the method described in detail
in, the earlier article (1964) was followed. The
slight wvariations made are mentioned below :

(1) The Apparatus—The whole set-up was
the one associated with the automatic biologi-
cal assay apparatus. However, as the timer
was out of order, the operations such as empty-
ing the bath and filling it with proper soiu-
tions were carried out manually, This was
done by using bull-dog clamps on the rubber
tubings on the drug reservoirs.

TABLE I
Nature of acetylcholine-gtropine antagonism

|
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Aanthors Nature of antagonism Method Test object
ee C etitive Concentration-action curves :— Frops :—

Clark, 1926 — Plots, (i) log x: log #/100—y (2} Isclated ventricular strip

(i1} log [atropine] : (#) Isolated rectus abdominis
log [A—ch] muscle
Pimms, 1966 .o do. log concentration-percentage Guinea-pig :~—Isolated ileum
action curves
Schild, 1047 .. Not competitive pA method do.
Murshall, 1986 o do. do. do.

3 d Russell, 1950
Cben and Re No. 3 on page 144)

Mitsumoto-and Kumoi, 1958 Not competitive
(I11) on page 144
Not competitive (s Fig.

Kirschuer and Stone, 1851 ..
No, 3-on page 828)

M

The present work s an extension of the pre-
vious one. Six different pA values, namely,

pAs PA11, PAso1s PAL 001 PAgo 001 aNd PAygo,on0

AP T r—————

SPaper gmesentod at the 85th Annual Meeting of the
Tutisn. Acpdemy of Sclences, Aurangabad, Dec. 1969,

.. Not competitive (see Fig, Lineweaver-Burk curves

Sm' Fig. 7

Anxsthetized dogs :—Biood

pressure response
do, do.

do. Frogs :=—1solated rectus abdo-
minis muscle

— ey

(2) Drug Solutions—The stock solutions of
both atropine sulphate and acetylcholine chio-
ride were prepared in distilled water. They
were preserved in a refrigerator, The neces-
say dilutions were made in the Tyrode solu-
tion, fresh, every day,
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{(3) The Tyrode Solution—The composition
of Tyrode solution used was as follows:

NaCl 08%; KCl1 0-02% ; CaCl, 0-01% ;
MgCl, 0:01% ; NaHCO, 0-07% (In place of
0-1%); NaH,PO, 0-015% (In place of 0-005% );
Glucose 0-19,. The pH of this Tyrode was
7-4. With the changes made in the concentra-
tions of NaHCO, and NaH,PO,, there was no
need to adjust the pH to 7-4 every day.

RESULTS

The results obtained in the present work are
given in Tables II and III. In Table IV are
reproduced some previous results, Table V
compares some of the pA values from the two
series worked out in the present work.

TABLE 11

The pA wvalues for the acetylcholine-atropine
antagonism

Test Object : Tsolated guinea-pig ileum,
Antagonism determined at 14 minutes,

+ = Competitive ; a = ‘not competitive'.
Test for competition .
n={10+10) —2=18; P =0-05; 2= 2.10.

Expected difference berween two consecutive values for
competitive antagonism: 1-0 of 2 pA urit,

pA: pAz PAyr DA DPAircer PAio,cor PA100,001
pA value 8-82 8:06 7-07 601 4-90 394
St, dev. 0-189 0-085 0-143 0-211 O-111  (Q-086
1" 10 10 10 10 10 10
Y —p— PN _“___Jl.._____f___}'..____r___ PR = F)
Difference 076 0-99 1-06 1-11 0+96
+ or x x -+ -+ + +
? 3:660 0-1901 07446 1-457 0-8983
TaBre 11l
The pA values for the acetylcholine-atropine
antagonism

Test Object : Isolated guinea-pig ileum.
Antagonism determined at 14 minutes.

+ = Competitive ; == ‘not competitive’,
Test for competition :
n=(4+56)—-2=7; P=005; 7= 2:36

Expected difference between the two values for
competitive antagonism: 0-7 of a pA unit.

pAe pAs 001 PAzs,pot
pA value . 524 4d+4]
St. dev. .o 0-187 G-092
” ‘e 4 5

s p——— —

Difference . 0+83
+ or x . +
.t L N |
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Acetylcholine-Atropine Antagonism as Determined by pA Valwes [Cﬂﬁ' ent

Science
TaBLE IV

The pA wvalues for the acetylcholine-atropine
antagonism.

Test Object : Isolated guinea-pig tleam.
Antagonism determined at 14 minutes.
+ = Competitive ; x = ‘not competitive’,
Test for competition :
n={(d4+4)—-2=6; P=0:06; #= 2:45,
Expected difference between the two values for
competitive antagonism: 0+7 of a pA unit,

PA; pAs,o00 PAgs, 000
pA value .s 544 4.-62
St, dev. s 0-042* 0-012
” .n 4 4
differ ence - 0+82
+ or x .. 1
! .o 5381

*In the previous paper (1964) 0-012 was wrongly
printed in place of 0-042,

T The difference is significantly higher than the expected
difference of 0+7 of a pA unit. In the previous paper
(1964) this was interpreted to indicate competitive

antagonisin.
TABLE V
The pA wvalues for the dacetylcholine-atropine
antagonism

Test Object : Isolated guinea-pig ilenm.
Antagonism determined at 14 minutes.

+ = Competitive; x = ‘non competitive’.
Comparison of some pA values from the two series

pA; PA1go1 PAs5,001 PA1g,002 PA2s,001 PAtoo,0ur
pA value .. 601 5624 490 4-41 394
St dev. .. 0211 0-187 0-111 0.+092 0-086
7 . 10 4 10 b 10
1__-__‘ . g% ~— F Y -._‘,-__I\,__ __1._,___}
Difference .. 0-77 0-:34 0-49 0-47
Expected 0.7 0-3 0-4 06
difference
+ orax ., <+ e + X
¢ found out 0-6184 0-3909 1-686 2-680
¢ from the 2.18 2418 218 2°16
table
DISCUSSION
The results given in Table 1II very

clearly indicate that while the antagonism
is ‘not competitive at the level of PA,—PA,y,
it is competitive from the level of pA;;-PAig
to that of pAjg 0o1~PA100,001. As there are six
different pA values available, five tests for the
nature of antagonism can be appliegd by com-
paring two consecutive pA values. The four
out of these five tests make out the acetylcho-
line-atropine antagonism as competitive and
only one makes it out as ‘not competitive,
Thus, there is an overwhelming evidence in
favour of the acetylcholine~atropine antagonisim
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being competitive in nature as tested by the
Schild's pA method on the isolated guinea-pig
ileum. The comparison of the pA, and pA;,
values shows that the antagonism is not com-
petitive. This is ih agreement with the findings
of Schild (1947) and Marshall (1955). Why a
compound like atropine which antagonizes ace-
tylcholine competitively even at the level ot
its PA g o1~ PBigo oy Values does not do so at
the lower level of its pA.,—pPA;, (or PA,PA,,)
values is difficult to understand. This is as yet
an unsolved problem. The present work was
not designed to find an explanation to this
apparent discrepancy.

The author (1964) for the first time deter-
mined such high values as PAj 4 and DAy g0
in the study of drug antagonism, In the pre.
sent work, the highest pA value determined 1is
even higher than the one previously determin-
ed, namely, PAysq9c One possible objection
to testing very high concentrations of an anta-
gonist is that at high concentrations, it may
exert a non-specific action. This is a distinct
theoretical possibility to be borne in mind.
However, it must be proved to apply in a given
instance. In the case of a truly competitive
and highly specific compound, it may not
apply. From the present work, it appears that
such is the case with atropine for its acetyl-
choline antagonism.

In the present work, pA., PAq, PAyp1, PAY 001,
PA g op1 And DAy4. o)y Values have been deter-
mined and not pA.,, DA, PAygg. PAY 000
PA1g 000 3Nd PAgg 0ao- This change is only a
finer refinement in the pA method. The ex-
pected differences between pA, and pA,, and
pA, and pA,; for competitive antagonism are
respectively 0-9542 and 1-0000 of a pA unit
Handling the integral is easier than the frac-
tion. Hence the change was made,

The pA; gy0 and PA,; o9 values determined
previously had not unhequivocally indicated that
the acetylcholine-atropine antagonism is com-
petitive. Therefore, along with' the above-
referred series of pA values, these values were
repeated. Actually, however, the values deter-
mined were DAy gy and DA,; g to be in line
with the first series of the pA values,

The results of this work are given Iin
Table III. For the sake of comparison, the
previously determined pA; g and PA.s ouy
valies are reproduced in Table IV. The com-
paﬂmn of the pAﬁ,i}ﬂI and pA-zﬁ 001 values shows

that the. antagonism is competitive, However,
the comparison of the PA; 000 2N DPAyx oo
values had not clearly indicated the presence
of competition. The difference between the two
values was significantly higher than the ex-
pected difference of 0-7 of a pA unit. This was
provisionally interpreted as indicating compe-
titive antagonism. The difference in the two
sets of results emphasizes that four observations
may not pe adequate. The smaller the interval
between the pA values compared, greater
should be the number of observations. In the
present work, though only four observations
have been made for pA; go; and pAys 9 values,
for the series of six values between pA, and
PAu go1» ten observations have been made for
each pA value. By interposing the pAj oo and
PAgs po1s Values in the first series of the pA
values some more comparisons and therefore
some more tests for the nature of the antago-
nism are available. Table V gives these com-
perisons. Three out of the four tests available
make out the antagonism as competi-
tive. This is an added support to the
conclusion arrived at from the present
work that the acetylcholine-atropine antago-
nism is competitive in nature as tested on the
isolated guinea-pig ileum, by the pA method.
The fact that one of the tests is falling out of
line may be explained, as discussed above, on
the basis of five determinations for DAs; go1
values being not adequate. It is/ to be noted
that pAjgg po1 value differs from the pAyy e
by a factor of 4. |
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