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Sir: 

Many drugs classed as competitive antagonists 
seem to bear a close structural resemblance to the 
corresponding agonist and are presumed to have 
an affinity for the same receptor. However, i t  
is frequently observed that in many classes of 
drugs changes in structure of agonists and com- 
petitive antagonists do not result in a parallel 
change in activity. If affinity is the property 
altered by the structural modification, then clas- 
sical receptor theory offers no explanation for 
this. Ariens has suggested that the receptor 
site for agonists and antagonists in such a case 
may not be identical (1-3). Thus, competitive 
antagonists are pictured as occupying a space 
that overlaps only a portion of the agonist site 
and gain affinity through attraction to a subsite 
not utilized by the agonist. This latter portion 
of the antagonist receptor is referred to as “addi- 
tional receptor parts.” 

In the case of the cholinergic receptor at post- 
ganglionic parasympathetic synapses, an  agonist 
should combine with a certain region of the recep- 
tor as shown in Fig. 1A for acetylcholine (Ia) or 
carbachol (Ib). Classical antagonists such as 
choline benzilate {Ira) or lachesine (Z-dimethyl- 
aminoethyl benzilate ethobromide, IIh) are then 
assumed to combine with a portion of the agonist 
site and some additional receptor parts (which 
together make up the antagonist receptor) as 
shown in Fig. IB. 

The authors became interested in the possi- 
bility of preparing compounds such as 2-[(2-  
acetoxyethyl)methylamino]ethyl benzilate ineth- 
obromide (IIIa) and 2- [(%carbamyloxyethyl) - 
methylaminojethyl benzilate methochloride 
(IIIb), which could combine with both the ag- 
onist and antagonist receptors as illustrated in 
Fig. 1C. These two compounds contain a cat- 
ionic head attached to two chains-one resem- 
bling the potent agonists acetylcholine or carba- 
chol and the other resembling the potent antag- 
onist lachesine. If all portions of the molecule 
can bind to the appropriate portions of the recep- 
tor simultaneously, then these compounds should 

have a greater affinity and, therefore, be more 
active antagonists than compounds not contain- 
ing an agonist moiety. The compounds IIIa and 
IIIb were prepared by alkylation of dirnethyl- 
aminoethyl benzilate with bromoethyl acetate 
or chloroethyl carbamate. Compound IIIa has 
been prepared previously (4). 

The drugs were evaluated by means of the 
pA2 described originally by Schild (5). Segments 
of isolated ileum from guinea pig were suspended 
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Fig. 1-Possible relative position of drugs on the 
agonist site (solid Lines) and antagonist site (dolled 

lines) of the cholinergic receptor. 
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TABLE I-AFFINITIES OF LACHESINE AND DERIVATIVES FOR CHOLINERCIC RECEPTORS IN GUINEA PIG ILEUM 

CH, I+ O P  I I  

b R-CH2-CH2--N-CH2-CH2-O-C- -OH 

pAn =t S.E.a - 
I1 b H- 8.71 f 0.07 (12)* 8.70 f 0.04 (16) 

111 a CH2-C-0- 7.96 f 0.06 (10) 7.85 f 0.05 (10) 

I11 b HzN-C-0- 7.19 f 0.07 (8) 6.90 f 0.10 (7) 

Agonist: Ib 

I 
CH, 

7 

Compd. R Agonist: Ia 

0 
II 
0 
II 

a S.E. = standard error. Number in parentheses indicates the number of segments of guinea pig ileum used for each deter- 
mination. 

in Tyrode’s solution at 25’ and aerated with 95% 
oxygen and 5% carbon dioxide. Tension devel- 
opment was measured by means of FT 0.03 
force displacement transducers and recording 
made on a Grass model 5D polygraph. 

Both acetylcholine and carbachol were used as 
agonists. Four or five dose-response curves were 
determined on each isolated tissue preparation, 
and a fresh segment was used for each agonist- 
antagonist combination. Increasing concentra- 
tions of antagonist prodvced a parallel shift to 
the right of the dose-response curves of the ago- 
nist and did not depress the maximum response. 
The compounds themselves did not initiate a re- 
sponse in any concentration. Thus, they do 
behave as true competitive antagonists. The 
compounds are highly specific for the cholinergic 
receptors as evidenced by the fact that they do 
not alter the response of the isolated ileum to 
potassium. 

The compounds IIIa and IIIb were compared 
with the potent antagonist lachesine which dif- 
fers only in that it lacks an acetoxy or carbamyloxy 
group. The pA2 values were obtained by linear 
regression analysis according to the method oi 
Steel and Torrie (6). The results are summa- 
rized in Table I. There was no significant dif- 
ference between the pA2 values obtained with 
acetylcholine and carbachol. However, differ- 
ences between antagonists were significant. Lac- 
hesine, the model compound for this series, was 
significantly more effective than either of the 
derivatives. The addition of an acetoxy group 
on the ethyl moiety decreased the pA2 nearly one 
log unit, and substitution of the carbamyloxy 
group in the same position further reduced the 
activity of the derivative. 

Clearly the additional acetoxy or carbamyloxy 
groups attached to lachesine do not lead to the 

expected increase in affinity for the receptor. A 
report has appeared recently from Ariens’ lab- 
oratory involving antihistamine agents based on 
the same type of agonist-antagonist double mol- 
ecule (7). These also failed to show any aug- 
mented antagonist action. 

The present results do not allow any conclu- 
sions concerning the general validity of Ariens’ 
dual receptor site theory since several alterna- 
tive explanations might be advanced for the lack 
of higher pA, values: (a) The lower affinity 
might be only apparent due to a lowered ability 
of the compounds to reach the site of action. (b)  
The various receptor parts may not be arranged 
in a linear fashion as depicted in Fig. 1. In such 
case, the n6nbondcd interactions within the mol- 
ecule may hinder the drug from assuming a con- 
formation in which all parts could combine with 
their respective subsites simultaneously. (c) 
Ariens’ dual receptor site theory may not be 
applicable to the ester-type antagonist used in 
the present case. Other compounds employing 
additional cholinergic agonist-antagonist moiety 
combinations are being studied. Antiadrener- 
gic agents based on a similar approach are also 
being investigated. 
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