The results of this investigation indicate that the heat loss center in different animals contains mech-
anisms which incorporate cholinergic neurons whose activity is not significantly inhibited by PG. There is
also reason to suppose that the development of febrile reactions is modulated to a considerable degree by the
functional activity of central cholinergic and monoaminergic systems.

The authors are grateful to Dr, I, R, Weeks and Dr, J. E, Pike (Upjohn Company, Kalamazoo, Michi~
gan, USA) for providing the prostaglandins used in these experiments,
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ABOLITION OF THE PRESYNAPTIC ACTION OF
CARBACHOL BY TUBOCURARINE

E., E. Nikol'skii and R, A. Giniatullin v UDC 615.,217.32.015.23:615.217,34

The presynaptic action of carbachol (C) was studied in experiments on a neuromuscular prepara-
tion of the sartorius muscle of Rana ridibunda. C was shown to significantly reduce the quantum
composition of the endplate potentials (mEPP) as a result of the direct action of C on motor nerve
endings. D-Tubocurarine causeda marked decrease in the sensitivity of motor nerve endings to
C. Relations between C and tubocurarine as regards their action on the quantum composition of
mEPP were of the competitive antagonism type. Atropine, in low concentrations, had no effect
-on the presynaptic action of C. The results of these experiments indicate that the decrease in
mEPP under the influence of C is mediated through specific nicotinic cholinergic structures of
motor nerve endings.

KEY WORDS: nerve ending; carbachol; presynaptic action; tubocurarine; competitive relations.

Many cholinomimetic drugs are known to possess a presynaptic action, manifested as changes in the
process of mediator liberation in response to motor nerve stimulation [2,9,10,12], In particular, acetylcholine
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TABLE 1. Effect of C (5°107% M) on mEPP
of Neuromuscular Preparations in Ringer's
Solution without (A) and with (B) Tubocurarine
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(ACh), succinyl choline (SCh), and carbachol (C) reduced the quantum composition of end-plate potentials
(mEPP) in neuromuscular preparations on rats 12] and frogs [2,9,10]. The fact that these substances, in
low concentrations, acted on mediator liberation suggested that their presynaptic effect is mediated through
specific cholinergic nerve endings [12,15].

The present investigation was undertaken to test this hypothesis. Since establishment of competitive
relations between cholinomimetic drugs and their antagonists is important evidence of the receptor nature of
their action, it was decided to study the effect of C on mEPP in the presence of the nicotinic cholinolytic D-
tubocurarine and the muscarinic cholinolytic atropine, |

EXPERIMENTAL METHOD

Experiments were carried out on a neuromuscular preparation of the sartorius muscle of Rana ridibunda
in the fall and winter. A standard microelectrode technique was used to record synaptic potentials, During
the experiment the neuromuscular preparation was kept in a bath with a capacity of 7 cm?, containing running
Ringer's solution, which could easily be replaced by a similar solution containing the test drugs. The rate of
flow of the solutions through the bath was 8 ml/min. The experiments were carried out at room temperature
and the pH of the solutions was kept at 7.3, Action potentials of the muscle fiber were blocked either by re-
ducing the Ca*" jon concentration in the Ringer's solution to 0.9 mM and addition of Mg** in a concentration of
5 mM [8] or by dividing the muscle fibers transversely [1,6]. Depending on the method of blocking of myo-
neural transmission the mEPPs were calculated either by the direct method — division of the mean amplitude
of the EPP by the mean amplitude of the miniature EPP, or by calculation of the coefficient of variation of EPP
amplitudes during stimulation of the nerve with a frequency of 0.5 Hz {8,11]. The experimental results were
subjected to statistical analysis by Student's t-test with a 0.95 level of significance, The effect of C on synap-
ses of intact neuromuscular preparations and on preparations previously treated with atropine was compared by
Wilcoxon's criterion.

EXPERIMENTAL RESULTS

Experiments on neuromuscular preparations (Ca** concentration 0.9 mM, Mg** concentration 5 mM in
the Ringer's solution) showed that C, in a concentration of 5-10~% M, acting for 15 min, led to a decrease in
the amplitude of mEPP on average by 30.1 + 5.2% of its initial value (Table 1), This decrease could be ex-
plained either by the direct action of the agonist on motor nerve endings or by ionic changes accompanying
activation of the postsynaptic membrane [14]. To study the importance of depolarization of the end plate of
the muscle fiber in the decrease in mEPP, the effect of C was studied in a concentration which did not act on
the postsynaptic membrane, The experiments showed that C, in a concentration of 1 -107¢ M, reduced mEPP
by 14.3 £ 5.0% (P < 0.05) but caused virtually no change in the membrane potential of the muscle fiber. These
results indicate a direct action of C on motor nerve endings. To study the connection between the presynaptic
effect of C and activation of nicotinic cholinergic structures of nerve endings, the presynaptic acticn of the
mimetic was studied in the presence of D-tubocurarine. These experiments were started after preliminary
incubation of the neuromuscular preparation for 1 h in Ringer's solution with D-tubocurarine (1 -10~7 g/ml),
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Fig, 1, Presynaptic action of C as a function of its con~
centration. Abscissa, negative logarithm of carbachol
concentration (M); ordinate, quantum composition of EPP
(in % of initial value). 1) Effect of C on quantum composi~
tion of EPP in Ringer's solution without tubocurarine; 2)
effect of C on quantum composition of EPP in Ringer's so-
lution with tubocurarine. Each point on curves represents
results of six experiments.

when the mEPP, somewhat reduced as a result of the presynaptic action of the D-tubocurarine itself [5,13],
had become stabilized. The experiments showed that curarization considerably reduced the sensitivity of the
motor nerve endings to C (Table 1), These results indicate that nicotinic cholinergic receptors. play an im-
portant role in the mechanism of the presynaptic action of C. To determine the character of relations between
C and D-tubocurarine as regards their effect on mEPP, concentration —effect curves for intact and curarized
(5+10~" g/ml) muscles were plotted. Experiments were carried out on a "divided" neuromuscular prepara-
tion, for the permanent disturbance of action potential generation in the divided muscle fibers enabled the ac-
tion of high doses of the cholinomimetic to be studied. The results of these experiments are illustrated in Fig.
1 and they show that under the influence of tubocurarine the concentration — effect curve for C was shifted to-
ward higher concentrations but remained parallel to the first curve obtained for preparations not treated with
D-tubocurarine. This arrangement of the concentration — effect curves is evidence of competitive—antagonistic
relations [3] between C and D-tubocurarine on nerve endings.

To study the existence of muscarinic cholinergic receptors on the presynaptic membrane similar experi-
ments were carried out with atropine. In low concentrations atropine is known to have no presynaptic action
[7], but to keep the experimental conditions the same as were used to study the effect of D-tubocurarine, the
action of C on mEPP of the atropinized preparation was studied after preliminary incubation of the neuromus-
cular preparation for 1 h in Ringer's solution with atropine. These experiments showed that atropine, in a
concentration of 4 +10~% M, did not change the intensity of presynaptic action of C (P > 0.05) and reduced it
slightly in a concentration of 1 +107% M, The specificity of atropine as a muscarinic cholinolytic is known to
be exhibited in concentrations of the order of 1078 M, and in higher concentrations it may have a nicotinic
cholinolytic action [4]. H can be concluded from the results that the decrease in mEPP under the influence of
C is effected through nicotinic cholinergic structures of the motor nerve endings. The fact that C gave a pre-
synaptic effect in concentrations lower than thosé required to depolarize the end plate suggests the existence
of differences in the organization of cholinergic receptors of the motor nerve endings and presynaptic mem-
brane of amphibian muscle fibers.
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