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SUMMARY

A grapimic immethod is presented wimich permits one to differentiate between otherwise
indistinguishable dose-effect plots of drugs displaying coimmpetitive synergism (both drugs

acting on the same receptor) and functional synergisnm (drugs acting on different receptors
linked to the sanme effector system).

r#{231}�� � ernms ‘ ‘conipet itive sytiergisin’ ‘ and

“functional synergisimm” refer to the effect

of the coinhiimation of two siimiilarly

acting drugs; in the fornmer case timese drugs
act on the saimme receptor (1), in time latter on

different recept ors which operate through
the sanme effector systeimm (2). The respective

equations (I�is. 1 and 2) are

F arK1i�A} + i3rKA[B1�‘AB Kn[Aj + KAIB] + KAKB

where LA1� �S time (‘ffe(t of time drugs A and B
in colmml)ilmatioll, a and � are the intrinsic

activities of time t \V() (Irugs, KA and KB are
their dissociation constants from their re-
(ept O1�5, ). in the first (‘(huh 1011 and i� aimd r1,

ill t he se(O11(l are t he t ol a! (oneent rations
of time respective receptors, and E,� the
maximal response of wimi(lI time effeetor sys-

t(�11I is (apal)ie. �1’lmese syiimbols, ternms, and
equat ions follow t ime pl(’5(’nI at ion of Ai�i#{235}ims

ci al. (1, 2).

As �\i�i#{235}iis point s out (3), 1 ime (ustoimmary

technique of identifying the character of the

interaction of two drugs (plotting dose-
response curves for one drug at several con-

stant concentrations of the other) fails in
this instance when the intrinsic activities of

the two drugs are approximately the same:

in that ease both types of drug interaction
yield plots of the saimme appearance. The

reason for this failure is that, when [B] is
kept constant, h(1S. I and 2 are both re-
duced to time forni EAI� = ([A] + K,)/
( K2[A] + K3), wimene the constants K1, K2,
and K, contain the several parameters of
Eqs. i and 2. rFlmus in both cases similar

grapims are obtained; and since not all the

paranmeters can he known, it is also itmipossi-

ble to distinguish between the two inecha-
nisms in (1UeStiOlI i)3r the imuimmerical values

(2) of the variables.
Nevertheless, a different approach can

make these graphs yield time desired informa-
tion. It is easily seen that, when not [B] but
LAB �S kept constant and [A] and [B] are the
vanial)les, l’�(l. 1 becomes linear and Eq. 2
hyperbolic . What is needed, therefore, is to

draw iSOb(�)li(� hues (si raight liimes perpendicu-
ian to time LAB axis) aimd to note their inter-

sections with time dose-effect curves. Next,
time con(entrations of the two drugs at these
points of iimtersectioii are plotted against
each other. if, for time poiimts along each
isobole, linear plots are obtained, the
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FIG. 1. Isoboles (at 70, 80, and 90% contrachion) for the contraction of frog rectus muscle by the drug pairs

succinyichoiine-bntyltrinmethylarnmoninrn (top) and digikvcin-butyltthnethylammoniuin (bottom).

After Ari#{235}ns(3).

synergism is competitive ; otherwise it is

functional.

Ari#{235}ns illustrates the problem of dif-

ferentiating between these two types of
synergism with the examples of succinyl-

choline and butylt niinethylainimmonium on
the one hand, and butyitnimethylamimmoniuin

and digitoxin on the other (3). All three

drugs contract the frog rectus muscle, but
it is reasonable to presunme that the syn-

ergism between succinyicholine and butyl-
tnimethylamnmonium is coimmpet itive, si nec

these two drugs are opposed in their ac-

tion by the same competitive antagonists,

while digitoxin and butyltniimmethyiaimmino-

niuin have no such coimminon aiitagonist, so

that their comimmon action should proceed by

different receptors. The dose-effect plots for
the two pairs of drugs are, as expected, in-

distinguishable (3) . Wheim, however, the
graphic procedure outlined in the preceding
paragraph is applied to these plots, the

difference between them becoimmes apparent
and the postulated mechanisms are con-

firimmed since, as shown iim i”ig. 1, linear plots
result for the syimergisin of the two quater-

nanies, and hyperbolic plots for the syn-
ergisin between hutyitriimmethylaimm inoniutmi
and digitoxin.
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