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In our previous researches [4, 5, 6] we showed that if the formation of acetylcholine in the body was disturbed
by the preliminary operative removal of the pancreas, in addition to the changes taking place in certain functional
indices relating to the nerve trunk the time taken for nonconductivity to develop in the nerve during accommodation
is shortened and certain changes arise in the typical parabiotic phases.

In the present research we investigated the development of parabiosis of a nerve during experimental impair-
ment of acetylcholine synthesis brought about in various ways. As criteria of the state of parabiosis we used the curve
of cathode threshold parabiosis, as defined by L. L. Vasil'ev [1], characterizing the resistance of both the intact
nerve and the nerve during the action of alteration, and also the time taken for parabiosis to develop when a standard
strength of direct current was applied (D. G. Kvasov's functional resistance [9]).

EXPERIMENTAL METHOD

Experiments were carried out on the ordinary nerve-muscle preparation of the frog (Rana ridibunda), Alteration
of the nerve was induced by a dc cathode, using widely separated nonpolarizing electrodes (Zn-ZnSO,). The anode
was placed near the remains of the spine, and the cathode 2.5 cm distal to it. The strength of the direct current was
graded by means of a rheochord and checked by means of a microammeter included in the circuit. The nerve was
stimulated by means of balanced single induction pulses through silver electrodes, situated at an indifferent point be~
tween the nonpolarizing electrodes. For the investigation of the changes in threshold cathodic parabiosis alteration
began with a current strength of 22 A, After the development of nonconductivity the direct current was reduced suc-
cessively every 2-3 min until the minimal level maintaining the state of nonconductivity was reached. The saength
of the stimulating induction current remained constant throughout the experiment, at the level of 3 cm above the
threshold of stimulation before alteration. The functional resistance of the nerve was determined from the time of
onset of nonconductivity during the action of a direct current of standard strength of 15 A, Maximal induction pul-
ses were used to stimulate the nerve.

Acetyicholine synthesis was impaired by the preliminary (6-10 days before the experiment) operative removal
of the pancreas [10] or by treating the nerve with the cholinesterase inhibitor 2-methylnaphthoquinone {7, 13, 14]. In
the latter case experiments were carried out on two preparations from the same frog: one was soaked in a 1:10,000
solution of 2-methylnaphthoquinone in Ringer, and the other (the control) in Ringer's solution. More than 150 experi-
ments were performed, 26 on preliminarily pancreatectomized animals and 52 using 2-methylnaphthoquinone,

EXPERIMENTAL RESULTS
Investigation of the changes in threshold cathodic parabiosis in nerve-muscle preparations from intact frogs
showed that nonconductivity usually developed 2-3 min, or more rarely 5-6 min, after making the direct current with
a standard strength of 22 pyA. Thereafter, the minimal strength of current maintaining nonconductivity of thenerve de-
creased successively. The curve of threshold cathodic parabiosis, plotted from the magnitudes of the threshold block-
ing current, was regular in character and approximated to the shape of a rectangular hyperbola (Fig. 1, 1). In only
one or two experiments, although the threshold depolarizing current fell regularly, the course of the curve was fluctating,

239



In experiments carried out on the 6th-~10th day after pancrea-
tectomy, when the same strength of direct current was used (22 pA)
to induce alteration, nonconductivity of the nerve developed more
rapidly (after 1-3 min) and, in some experiments, almost instantan-
eously (within a few seconds). Only in one or two experiments per-
formed on the 10th day after operation did nonconductivity take
longer to develop. The lowering of the threshold of blocking during
polarization of the nerve took place much more quickly than in the
control experiments. For instance, 3 min after making the direct
current the average blocking threshold was 15.1 A compared with
18,9 pA in normal frogs (a decrease to 69 and 86% of the initial val-
2 r : ue,respectively). After 9 min the minimal polarization was 9.35 pA
3 7 7 70 compared with 13,2 pA in the control (a decrease to 42,5 and 60%
of the initial value respectively), After 15 min the threshold strength
of current to induce alteration fell to 7.26 uA compared with a nor-
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Fig. 1. Curves of threshold cathodic para- mal value of 9 pA (a decrease to 33 and 41% of the initial value re-
biosis of the sciatic nerve of normal frogs spectively), and after 30 min its value was 6.5 nA compared with 7.7
(1), on the 6th-10th day after pancreatec- pA in the control preparations (a decrease to 29.5 and 35% of the in-
tomy (2) and after the action of a1:10,000 itial value respectively). The time taken for the blocking current to
solution of 2-methylnaphthoquinone for 60 fall to half its initial value was 6.6 min in these experiments, com-
min (3). Mean values are plotted. ' pared with 12.1 min in normal conditions, or a decrease of almost

50%. Hence, the minimal polarization of the nerve at the 6th-10th

day after the operation diminished in value at a more rapid rate and
reached lower levels than in control preparations. The curve of threshold cathodic parabiosis correspondingly showed
a marked shift downward and to the left, and its fall was steeper than in the curves obtained with preparations from
intact frogs (Fig. 1, 2). It should also be noted that after pancreatectomy the decrease in the curve of threshold
cathodic parabiosis of the nerve was characterized not only by its greater rapidity and depth, but also by the absence
of fluctuations and temporary rises,

Since the effects of preliminary pancreatectomy in cold-blooded animals are primarily associated with distur-
bance of acetylcholine synthesis, we carried out a series of experiments in which pancreatectomized animals received
compensatory injections of acetylcholine. These showed that systematic injection of small doses of acetylcholine
(0.2-0,3 ml of a 1:10,000 solution daily, starting on the 3rd-4th day after operation) caused a slight delay in the de-

"velopment of parabiosis, asshown by the later development of nonconductivity and the less rapid fall of the

curve of threshold cathodic parabiosis in the initial period of alteration. However, the subsequent course of the
curve was similar to that observed in the experiments on the pancreatectomized animals not receiving acetylcholine.
Only if large doses of acetylcholine were administered (2 ml of a 1:10,000 solution 2 h before the experiment) were
a larger decrease in the rate of development and an increase in the level of the curve of threshold cathodic par-
abiosis observed..

For the investigation of the action of 2-methylnaphthoquinone (2MN) on the changes in threshold cathodic par-
abiosis, the nerve-muscle preparation or its nerve was kept before the experiment in a solution of this compound for
1 hr. A control preparation was kept for the same length of time in Ringer's solution, After treatment of the prepara-
tion with 2MN nonconductivity of the nerve developed very quickly during the action of a direct current with a
standard strength of 22 pA, almost instantly (in the control preparations the time required for this was usually 1-6
min). The same effect was also frequently observed after application of much weaker currents (12-15 pA). The min-
imal strength of direct current maintaining a state of nonconductivity fell much more rapidly than in the control
preparations. For instance, 3 min after making the altering current the average blocking threshold was 11 pA ( a de-
crease to 50% of the initial value), after 9min —7 pA (32%), after 15 min — 4.4 LA (20%) , and after 30 min— 3 LA
(14%). The time during which the strength of the current produ cing alteration fell to half its initial value was only
3 min. The decrease in threshold alteration after treatment of the nerve with 2MN also required a longer time and
was more profound in character, At the end of the first hour the value of the blocking direct current often was lowered
to zero, whereas in control preparations it remained considerable. The curve of threshold cathodic parabiosis was cor-
respondingly displaced towards the axis of ordinates, as a result of which the curves of the experimental and control
preparations became apparently divergent in character (see Fig. 1, 1; Fig. 1, 3). If the duration of exposure of the
preparations to the 2MN solution were increased, the displacement of the curve of threshold cathodic parabiosis was
increased still further.
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é Experiments to investigate the changes in threshold cath-
= odic parabiosis showed that when the acetylcholine metabolism
i 6 was disturbed, nonconductivity of the nerve developed more

% ul /,/"‘«v quickly during the action of a direct current than in the control
B - : preparations. To study this effect in greater detail we inves-
'g 12 1= - tigated the time taken for nonconductivity to develop after ap-
o wk e plication of a weaker direct current (15 yA)toproduce altera-
g tion, and after treatment for a different period with 2MN. It
'; | was found that the time for nonconductivity to develop in pre-
g or parations kept in Ringer's solution was increased, and in prepar-
§ L 2 ations treated with 2MN it was decreased. For instance, after
8 treatment with 2MN for 60 min, and using a maximal strength
5 a of stimulation, nonconductivity developed after 3~12 min (av-
é’ J’o 4‘5 5‘0 y‘g erage 7.7 min), compared with 9-16 (average 12) min in the

a control preparations, and after treatment with 2MN for 90 min

Exposure (in min) the corresponding figures were 7.2 min compared with 15.3 min
in the control preparations (average values). Subsequently, the
rate of development of parabiosis increased sharply and the
time taken for nonconductivity to develop fell to a matter of
minutes, or even seconds (Fig, 2).

Fig. 2. Rate of development of parabiosis of the
sciatic nerve of the frog in control preparations
kept in Ringer's solution (1), and after treatment
with 2MN in a concentration of 1:10,000 (2). Mean
values. Strengthof current 15 pA, The results showed that preliminary pancreatectomy and
treatment of the nerve with 2 MN caused basically similar
changes in the rate of development and in the pattern of thresh-
old cathodic parabiosis, the changes caused by 2MN being more marked and depending in degree on the concentra-
tion and duration of action of the compound. These changes demonstrate that when acetylcholine synthesis is disturbed
the functional resistance of the nerve in relation to the action of factors producing alteration is lowered. Not only the
initial resistance of the nerve, but also its resistance in the course of alterations,is lowered, as a result of which the
curves of threshold cathodic parabiosis show a more rapid and deeper fall. These findings suggest that the capacity of
the nerve for resisting the action of parabiotic factors and for compensating their effect and maintaining its functional
state during alteration is considerably diminished, i.e., the adaptation power of the nerve towards alteration (to use
L. L. Vasil'ev's terminology [1]) is lowered. This is also demonstrated by the absence of fluctuations in the curve of
threshold cathodic parabiosis in the experiments on the pancreatectomized animals, resulting from a temporary in-
crease in the functional state of the altered nerve.

A diminished resistance to the action of parabiotic factors and a lowering of adaptation towards alteration evi-
dently affect all the motor fibers composing the nerve trunk. An increase in the rate of development of parabiosis is
observed both in experiments to determine the time of onset of nonconductivity during application of maximal test
stimuli, exciting all the nerve fibers, and also when relatively weak test stimuli are used to investigate the changes
in threshold cathodic parabiosis, acting on only the most excitable motor elements of the common nerve trunk.

These experimental findings obviously do not support the view that acetylcholine is a factor bringing about
alteration [2, 12] or, still more, isresponsible for thedevelopment of parabiosis of the nerve trunk [3, 8], for a distur-
bance of acetylcholine metabolism and a decrease in its synthesis cause a more rapid development and a deeper de-
gree of parabiotic changes. The results demonstrate that acetylcholine, formed in the nerve trunk, increases the re-
sistance of the nerve to the action of alteration and, by stimulating restorative, compensatory processes, increases the

functional state of the nerve conductor. This effect apparently lies at the root of the action of acetylcholine in abol-
ishing parabiosis of the altered nerve [1, 4, 11},

SUMMARY
In disturbance of acetylcholine synthesis caused by preliminary excision of the pancreas or by treating the nerve
with 2-methylnaphthoquinone (a cholinesterase inhibitor) there is an accelerated development of nerve parabiosis
under the effect of direct current cathode. The minimal intensity of direct current, maintaining a nonconductivity
state, decreases in these conditions more rapidly and reaches lower values than in cases of control preparations, As a

result of this the curve of threshold cathodic parabiosis proves to be displaced to the axis of ordinates and to the axis

of abscissae. The occurring changes testify to a reduction of the nerve resistance to the action of alteration and de-
crease of restorative, compensatory processes.
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