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A study of the functional features of presynaptic terminations is highly important in connection with deter-
mining the mechanism of neuro-muscular ansmission. The résults obuained by many authors leads to the conclu~
sion that the function of these endings is determined by the degree of polarization of their membrane, Depolariza-
tion leads to an increased frequency of spontaneous discharges of the miniaiure end-plate potentials and to 2 reduc-
tion of the end-plate potentials evoked by mervous impulses [3, 7, 9], Hyperpolarization is associated with a reduc-
tion of the discharge frequency of miniature potentials at the en&plaﬁ:m aud to an increase of the synchronized po-
tentials of the end~plates. However, these results do not appesr to be complete, because owing to the inadequacy
of the method of electrical polarization, a high current swength could not be used, and a block of conduction in
the nerve fibers themselves could easily be produczd.

By now a new method of producing polarization has been werked out; it enables considerable changes in the
nerve endings themselves to be produced without any block of conduction in the neeve fiber [5, 8]. This method has
been successfully used to study functional changes evoled by electrical polarization of the presynaptic endings of
the rat diaphragm.

An exwmemely interesting application of this method is to apply it to a determination of the functional features
of nerve endings in the classical frog nerve-muscle preparation,

EXPERIMENTAL METHOD

For the experiments we used a nerve~muscle preparation of the frog sartorius, In some cases immobilization
was induced by curarization (1“;-2 0+ 10°% Detubocurarine), and in others by an increase of magnesium iocn con-
centration {11 mM) of the solution surrounding the muscle, Stimulation was by square-waves delivered through a
radio-frequency Jead., The end-plate potentials (EPP) were led off from the *Vmptzc region of the muscle fier by
intracellular micsoelecmedes having a resistance from S to 15 megs, The polarizipg current was applied through
two siiver chlorided elzewodes, one of mw"h was connected through an agar brid g to the nerve and the other was
placed in a m! *“'3"??'"“"?' f%cﬁ: with a ce not greater than 8 megs) (Fig, 1), The micropipette
was pot further i :

od provided wide viristion in urarion and extent of
the polarization f **e motos perve éndings without lead

ing o any block of we imy ve fibers.
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Fig. 1. Diagram showing the method of polarization cf the presynaptic terminations of the neuro-

muscular junction in the frog. The muscle lies in the right-hand part of the chamber which is

filled with Ringer, The EPPs were led off by means of an inwracellular electrode (0). The polar-

izing current was applied between a micropipette (P} lying by the end-plate 2nd an elecwode in

contact with the nerve immersed in vassline {in the left part of the chambesr). The polarizing
curent was measursd by o microam {A),
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Fig. 3. : “d

An increased amplitude of the EPP depended not only on the duratipn of the polarization but also on the stzength
of the current applied. Small curents produced elther no effect, or 2 weak one; with increase of current strength the
amplitude of the responses increased. '

When solutions copaining an increased magnesium content {up to 11 mM), with hyperpolarization of the motor
nerve endings the same increase in the amplitude of the EPP was observed as was found in curarized preparations.

with depolarization of the nerve endings the EPP were reduced iz amplitude immediatel ; after the caz:z'e.m was
started, and remained depressed subsequently 1o the same degree throughout the whele period of polarization{Fig. 3).
The amplitude was reduced 10-20% below the normal value, according to the current sirengily with increase of cun-
rent strength there was a considerable reduction in the amplitude of EPP. After the cumrent vwas switched off the am-
plitude of the end-plate potentials immediately retumed 1o the original value,

As in the case of hypezpoiarizazis;z these cha 7 during elecwoionic polarization of the endings.

The results obrained confirmed th
pulse depends to some extent on the lev
énd hyperpolarization increases the a¢ iz charge of polarization of the ending itself,
because when there is a-distance greaser the Ot berween the end-plats apd the polarizing elecrode no changes
cgcewr.  These results agree with those © nerve=mscls conpention in the frog {81.and also
with those obtained for other typfx of g "_}”‘.3 pig.

z‘fea wans-gynapiic action of a nervous im-

¥ the perve endings: depolarization depresses,

eats brought o iylar e;ecn‘cde inserted into
potenzial of the po e "éi‘ and a z}zanc&*d postsynap-

Thus, hyperpolerization of the pres)
the giant synapse of a squid camed an ins

tic potential; thzs effect appeared 1o be due 1o an {ncreased ¢ The same effecy
was produced by hyperpolarizatzion of the terminal branches of the efferent Hbers of ? cozd in the cat [41,

Depolarization of the presynaptic elements in all cases

In our experiments there were in addition changss of synaptic &4:15'&;;;@;1 vhich

4 H
to changes of elecmical polarizotion of the endings, and which have not beon pointed cut &
we have referred.

The pauage of 2
which exceeded severs
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s
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However, the slowly increasing changes cannot of course bé related te such a mechanism. The idea hasthere~
fore arisen that hyperpolarization leads to important changes within the cytoplasm of the termination and possibly
to a spread within it of the synaptic vesicles which, accerding to-modern views [1, 2, 11] camry the mediator,

SUMMARY

A frog nerve-muscle preparation was used to study the effects of depolarization and hyperpolarization of the
wansmission of single impulses at nerve endings, The efficacy of synaptic wansmission was determined by the value
of the end-plate potentizl led off inwacellularly from the muscle fiber.

Depolarization of the nerve endings produced a rapid reduction of up to 10-20% in the wans-synaptic action
of the ending. Hyperpolarization of the endiugs caused the efficacy of wans-synaptic action to increase slowly for
three minutes. In such cases the end-plate potential rose ©o 3 or 4 times the contol level. These changes were ob=
served only with a local polarization of the region of the nerve endings, and were absent when the preterminal
branches of the nerve were polarized,
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