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In experiments on an isolated segment of the upper part of the frog's stomac¢h, hemicholinium and
tricthylcholine prevented the action of acetylcholine, choline, arecoline, neostigmine, and eserine, while in
experiments on the frog rectus abdominis muscle, they prevented the action of nicotine, subecholine {diio-
dide of the dicholine ester of suberic acid), arecoline, neostigmine, and eserine. This action is reversible
and depends on the concentration of the substances (hoth inhibitors of acetylcholine synthesis and cholinomi-
metic agents) given and the duration of their action on the tissues.

* * *

The view is widely held that the action of cholinomimetics does not depend on liberation of acetyl-
choline medintors, and it is based on the concept that this mediator is liberated only by presynaptic nerve
endings. However, the results of the latest investigations have shown that acetylcholine can be synthesized
in the postsynaptic part of the synapse and also by Shwann cells {3, 7, 8, 16]. This raises once again the
question of the mechanism of action of cholinomimetic drugs.

Reports have recently been published of a number of new chemical compounds capable of causing
specific inhibition of acetylcholine synthesis in the tissues: hemicholinium (HC-3; ¢-a'~dimethylamino-
ethanol-4,4'-bisacetophenone) and triethylcholine (N-triethylamincethanol; the triethyl analog of choline).
These substances have been shown to produce specific inhibition of acetylcholine synthesis by campetitive
displacement of choline from the corresponding biochemical reactions [1, 4, 5, 10, 14, 17, 18].

We have investigated the action of hemicholinium and triethylcholine on excitation of the M (muscarine-
sensitive) cholinergic receptors of the smooth muscles of the frog's stomach and the N (nicotine-sensitive}
cholinergic receptors of the frog (Rana ridibunda) rectus abdominis muscle under the ‘influence of acetyl-
choline chloride (1x107%, 1 x107%), arecoline hydrobromide (1 x 107%), nicotine base, and subecholine
(1 %1075, 1 x107% on the rectus muscle) and of the anticholinesterase substances neostigmine {5 x 10™4,

2 x 107%) and eserine salicylate (5 x 1074,

Experiments on the isolated segment of the stomach were carried out from October to February. Ac-
cording to S. E. Belen'kaya [2], acetylcholine, arecoline, and pilocarpine excite the gastric musculature of
the frog, the reaction to these cholinomimetics corresponding to
that observed in mammals after denervation of the stomach. S.I.
Matveeva [6] found that degenerative changes take place in the intra-
mural plexuses and ganglia of the frog's digestive tract during the
winter; this process of winter degeneration may proceed far enough
Ar.'/o"R:n T‘EC A::/o"{ A,fm..fﬁ’m_ to cause death of individual parts or all of the neuron.
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Fig. 1. Tracc of contractions of
segment of upper part of frog's
stomach. Ar.107% indicates ac-

Isolated segments of the upper part of the stomach or the
rectus abdominis musele of the frog were placed in a jar of

tion of arecoline in concentration *Read at a Symposium on "Importance of Humoral Factors in Synap-
of 1x107% TEC 0.5%, action of tic Transmissicn of Excitation,” Kazan' {(1965); see also "Proceed—
triethylcholine in concentration ings of the 11th All-Union Conference of Pharmacologists® Jin

of 5% 107% Rin.—~rinsing. Russian}], Moscow (1965).
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Schucllerfs (stomach) or Ringer's solution through which air was
continuously bubbled. Contractions were recorded on a kymograph.

Altogéther 60 experiments were performed on organs tuken from
N G0 different frogs of both sexes.
b e ' EXPERIMENTAL RESULTS

AR, #7 Arn Rin, Art0™

Jmin2sminaz  Fmin 2sminimin Preliminary administration of hemicholinium or triethyl-

/gmin choline prevented the effects of the cholinomimetic drugs used in
Fig. 2. Trace of contractions of these experiments. The sensitivity of the smooth muscle of the
segment of upper part of frog's stomach and the striated rectus ahdominis muscle to the cholinomi-
stomach. HC-3 2x 1075 repre- metic drugs used was restored after rinsing (Figs. 1-3). To pre~
sents action of hemicholinium in vent the action of cholinomimetics, high concentrations were re-
concentration of 2x 1075, Re- quired of hemicholinium (2x 107 and higher) and, in particular, of
mainder of legend as in Fig. 1. triethylcholine (5x 107 for the stomach museles, 2x 107 for the

rectus abdominis muscle), and the higher the concentrations of
cholinomimetics used in the experiment and the longevr their action,
the greater the concentrations and duration of action of these drugs

on the tissues had to be. In some experiments (especially in the
‘/ case of spontaneous rhythmic activity) hemicholinium and triethyl-
-/ .._/ choline initially increased the tone of the gastric musculature, and
7 2 7 L) this was followed by its relaxation. Triethylcholine prevented con-
Fig. 3. Trace of contraction of tracturc of the striated muscle producedby neostismine. The block-
isolated frog rectus abdominis ing action of triethylcholine was abolished by choline (Fig. 3). The
mascle. 1) Action of neostigmine blocking action of hemicholinium on the isolated striated muscle,
in concentration of 2x 107* (1 as is reported in the literature, was aholished by neostigmine but
min); 2) action of triethylcholine not by choline [15].

in concentration of 2x 1074 on
the same muscle after rinsing
out neostigmine (30 min);

3) combined action of triethyl-
choline (2 x 107%) and neostig~
mine (2% 1074 1 min) on the

Hence, these experiments clearly demonstrated the ability of
specific inhibitors of acetylcholine synthesis (hemicholinium and
triethylcholine) to prevent the action of choliromimetics directly or
indirectly exciting tissue cholinergic receptors of smooth (M re-
ceptors) or striated (N receptors) frog muscle.

same muscle; 4) liquid bathing Several workers have shown experimentally [4] that hemi-
muscle replaced by solution of cholinium abolishes the effect of frequent stimulation of pregangli~
triethylcholine (2 x 1074 and onic fibers but does not prevent the action of extringic pharmaco-
choline (5 x107%; 5 min); 5) ac~ logical} acetylcholine on ganglion eells. The penetration of hemi-
tion of neostigmine in concen~ cholinium into cells has been shown to be directly proportional to
tration of 2x 1075 (1 min). the degree of their excitation. Naturally hemicholinium penetrates

more 2apidly into aa electrically stimulated axon than into ganglion

cells whose indirect excitation progressively fell with a decrease
in the number of quanta of acetylcholine liberated by the stimulated axon in the presence of hemicholinium.
The ability of hemicholinium and tricthylcholine observed in our experiments to prevent excitation of the
isolated frog rectus abdominis muscle under the influence of cholinomimetics is in full.agreement with
published data concerning the postsynaptic action of these inhibitors of acetylcholine synthesis on neuro-
muscular synapses of a recently isolated muscle {15, 17, 20}.

There are no grounds for assuming that hemicholinium or triethylcholine participates in biochemical
mechanisms of the postsynaptic membrane in any other way than in the biochemical mechanisms of the pre-
synaptic membrane. Nachmansohn (16] considers that the biochemical processes taking place in the two
membranes at a time of cholinergic excitation are identical. Finally, it will be noted that the results of the
experiments Jdescribed in this paper agree with previously published data on the analogous effect of sub-
stances inhibiting acetic acid formation in the tissucs on the action of pharmacological cholinomimetics
{18]; like choline, acetic acid is essential for acetylcholine synthesis.
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