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The studies of A, V, Kibyakov and A. A, Uzbekov [4] on cold-blocded animals and those of O, D. Kurmaev
[6] on warm-blooded animals have shown that the synthesls of acetylcholine depends directly on the functon of
the pancreas. The removal of the greater part of the pancreas weakenad the inhibitory effect of the vagus nerve
on heart acdvity and caused a parallel decrease In the amount of mediator — acerylcholine — escaping into the
perfusion fluid, The dlsturbance of the acetylcholine formation process occurring with pardal extirpaden of the
pancreas was due w a disturbance of the phospholipid metabolism, since the works of many authors [8, 7] have
proven that the pancreas plays 2n Iimportant role Ip the regulation of the fat-lipoid metabolism of the body.
These data make it possible to employ partal depancreatization as a method of interventieon i the acciylcholine
formadon process. This cperadoﬂ'essenﬁally has no effect on carbohydrate metabolism since, according to the
dau of Minkowski [9] and others, 3/, of the pancreas in warm-blooded animals can be removed without any
great change in the bleod sugar level. The fact that the distrbance of acetylcholine synthesis caused by partal
depancreatization is only temporary seems to be due to the compansatory functional intensification of the re-
maining glandular tssue. All disturbances of parasympathetic system activity in depancreatized animals wese
almost completely eliminated when the animals were given a compensatory injection of pharmacological acetyl-
choline.

In cur preceding investigations [1), we proved thatpardal extirpation of the pancreas causes sharp dist-rb-
ances in the acdvity of the spinal centers in frogs. At specific post-operative intervals (from the 7th to the 10th
day), we often completely failed to obtain reciprocal inhibition of the semitendinosus muscle reflex contracton,
which was clearly defined in animals which had not had the operadon. In connsction with this, we decided to
conduct analogous studies on warm-blcoded animals, inchiding additional research on the changes in the lability
of the nerve centers with the normal development of reciprocal inhibitior and after partial depancreadzation,
since we had slready obtained data {2] demonstating the importance of scetylcholine 10 changes in the lability
of the spinal centers,

EXPERIMENTAL METHODS

The experiments were conducted on dogs under ether-chloroform anesthesia. The reflex tetanic contrac-
tion of the zemitendinosus muscle in response to <* ort (19-20 seconds), repeated (every 49-50 seconds) stimula-
tion of the peroneal nerve was recorded by the current of an induction coil fed by an accumutator of 3 volts. In
other experiments, we used a siiinulator to stimulate this nerve, which permirted us to vary the stimulaton
frequency from 3 to 500 impulses per second without stopping stimulation. The limits of the afferent stimuladon
optimum and pessimum frequency were used as a cross Index of the corresponding spinal centers® lability level
Reciprocal inhibiton of the flexor reflex being recorded was obtained by contralateal stimulation of the same
nerve for a period of 4-7 minutes. Part of the experiments were conducted on dogs in which the greater part of
the pancreas had been previously removed under sterile condidons. The experiments were done at dfife-ent



post-cperative Intervals, beginning with the 2ud and ending with the 20th-22nd post-operative day. As a control,
we Injected some of the depancreatized ammials intravenously with a compensatory Injection of 1- 3 m} of phar-
macological acetylcholine, in a dilution of 1:100,000. The injections were done daily, or 1-2 hours before the
experiment, A towl of 83 experiments were conducted,

EXPERIMENTAL RESULTS

I the animals which had not had the aperation (11 experiments), stimulaton of the peroneal nerve (dist-
ance hetween Inductorium coils — 100-120 mm) caused a well-expressed reflex contraction of the semitendinosus
muscle, With the addidon of contralateral stimulaton (distance between inductorium coils — 80-100 mm), the
teflex belng recorded was sometimes first intensified and then inhibited, but in the majority of experiments this
addidonal stimulation caused the immediate lessening of the reflex, changing subsequently into profound inhibl-
tion (Fig. 1, a). We dlId not observe in any of the experiments with the animals which had not been operated upon
the {nversion of reflex inhibition in the form of the reestablishment of the originally inhibited reflex, in spite of
continuing *inhibitory”® stimulation,

Removing the greater part of the pancreas from the experimental dogs (30 experiments) caused essendal
changes in the character of spinal acdvity. The most obvious change was a comparatively rapid "exhaustibility”
of the reflex reactions. Even ipsilateral sumulatonr caused the pessimal Inhibition of the sernitendinosus muscle
reflex contractions. The reflex ‘exhaustibility” was greatest on the 6th-10th days after the operation. In these
cases, we had to terminate the experiment without testing the effect of conwalateral simulation. In these same
experiments, when the semitendinosus muscle reflex contractions in response to the short, repeated tetanizations
of the peroneal nerve were still sufficiently well expressed, we added continuous simulation of the same, but
contralateral nerve to the stimulaton of the ipsilateral nerve, We observed no evident disturbances in the normal
development of reciprocal inhibitdon during the first days after the operation (3rd-4th). At later post-operatve
intervals (beginning with the 5th-6th and ending with the 11th-12th days), it was very difficult to cbtain the
development of reciprocal inhibition of the flexor reflex being recorded in the experimental dogs. Although we
couid still observe a weak reciprocal inhibition of the semitendinosus muscle reflex contractions on the 5th-6th
day, on the Tth-8th-9th day the flexor reflex was usually not inhibited under the influence of contralateral nerve
stimulation, in spite of the fact that the conditions of nerve stimulaton remained the same (Fig. 1, b). In several
experiments, we observed the inversion of the reciprocal inhibition, in which, in spite of the contmumg *inhib-
ftory® stimuladon, the initially inhibited flexor reflex was unexpectedly reestablished (Fig. 1, c); this was never
observed in the animals which had not had the operation. By the 11th-12th day, the di:t_urbanc-és ia the acdyvity
of the spinal centers had begun to subside. On the 14th-15th day, the development of exwemely profound re-
ciprocal inhibition was observed in almost all of the experiments conducted, The inversion, and occasionally
the impossibility of ohtaining reciprocal inhibiton in the depancreatized animals was also observed on a back-
ground indirectly recording the lability, for which the limits of optimal stimulation frequency in ipsilateral nerve
stimulaton served as the index.

The experiments made with animals which had not had the operation (12 experiments) showed that the
addition of contralateral nerve stimulation caused various changes in the character of the semitendinosus muscle
reflex contraction. On a background of "inhibitory® stimulation, the limits of the afferent stimuladon optimum
frequency in the flexor reflex showed a tendency towards slower rates in the majority of experiments, thus indi-
cating a reduced lability in the corresponding center; wransitional parabiotic stages became apparent — the
equalizing and the paradoxxcal (Fig. 2, a). Sometimes, the decrease in lability which occurred with the develop~
ment of reciprocal Inhibition was preceded by some tendency of the optimal stimulaton limits toward faster
frequencies, After the inhibitory stimulation was stopped, the reflex being recorded was rather quickly reestab-
lished, and the optimal stimulation frequencies returned to the original high levels,

In experfments with depancreatized animals (16 experiments), an average decrease in the cpnmal stimula-
tion frequency to 17-12 impulses per second could be observed, and a decrease to 6 and 3 impulses per second
in separale experiments, whereas the optimal stimulation frequency in the animals which had not had the opera-
tion consisted of an average of 33-50 and even 80 impulses per second. In the depancreatized animals, a tendency
to more rapid pessimal inhibition of the reflex was observed under the influence of ipsilateral stimulation. How-
ever, along with the tendency to direct pessimal inhibition, sharp disturbances occurred in the development of
the connected reciprocal inhibition, In the depancreatized animals, contralateral nerve stimulation usually did
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not cause 2 change in the opdmal frequency Umits of ipsilateral suimuladon sowards stower rhythms as was ob-
setved {n the normal animals, but, on the contrary, i a series of experiments caused the optimal simuladon
Umits to shift toward faster rates with no subsequent decrease (Fig. 2, b). An tuverted reaction often appeared:

the lability reducton In the flexor reflex center which began under the influence of conmalateral simuladon

was suddenly replaced by an increase in the lability — the Mmits of opuimal stiimulaton frequency shifted to
higher levels (Fig. 2, ¢). In several experiments, a decrease In lability was subsequently observed; however, this
1abillty reduction was malnsained or even further reduced when the *inhibltory® sdmulation was excluded. This
indicates that the inhibidon of the flexor reflex is not caused by the development of reciprocal Inhibidon, but

by the direct Inhibitory effect of the ipsilateral simulaton fwself. Such disturbances were greatest on the §th-12th
post-operatdve days,
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Fig. 1. The eifect of partal depancreadzation on the development

of reciprocal inhibiden in dogs.

a) development of reciprocal Inhibiden in dog which had not had the
operaton; b) absénce of reclprocal inhibiten on the 9th day after the
oparaton removing part of the pancreas; ¢) Inverted reaction on the
8th day after the operaton. Curves from top 1o bottom signify: record-
ing of semitzndinosus muscle contraction; indlcaton of peroneal nerve
stmuladon frequency: {ndicaton of contralateral sumuladon; indlca-
ton of dme (In § second marks),
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Fig. 2. Change of afferent stmulation optimal frequency oo a back-
ground of contralateral nerve sttmuladon,

a}) In dog which had not had the operatien; b)on the 6th day after the
Spezadcn pardally removing the pancreas; E} on the 10th day alter
the operaton, Curves mean the same as in Fig. L

In order o prove that the changes observed in spinal activiry were specific, 1. e. that they were due to
the disturbance of the acetylcholine formaten piscess, a group of the depancrestized dogs were injected with
pharmacologital acetylcholine (14 experiments). In the majority of cases in the contol experiments, we
succeeded in obtalning the development of reciprocal inhiblton eof the recorded reflex under the influence of
contralateral stimuladon (Fig. 3). This proved the specific character of the changes observed in'the development
of reciprocal inhibitlon In the depancreatized animals,

The changes we have described {n the character of the reflex reactions of the anlmals operated upon are
explained, we belleve, by a2 change In the functicnal conditdon of the spinal centers, since the studies of L. N,
Zeflrov and A, V, Kibyakov [3] and of A. V. Kibyakov and N. E. piontak (5] have shown that acetylcholine
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sytnthesis disturbance has no notlceable effect on the development of the tetanic form of skeletal muscle con-
active activity In the pertpheral newso-nwscular apparans,

| _

Fig. 3. Development of reciprocal Inhibition after compensatory Inroduction
of acetylcholine (8th day after operatlon). Curves mean the same as Figs. 1
and 2,

Analysis of the results obtained permits the conclusfon that acetyicholine synthesls disturbance in dogs
causes essential disturbances in the development of reciprocal inhibiden: in splte of contnuing "inhibitory®
stimulaton, reciprocal inhibldon either completely fails to develop or shows an altered reaction .n the form of
the reestablishment of the reflex, In a serles of cases, the direct inhibltory Influence of ipsilateral stimuladon
was added, The Inverted development of reciprocal inhibitlon has been described by N, E. Vvedensky as eccur-
ring with extremely strong or prolonged stimulaton of a sensory nerve. N, E. Vvedensky believes this phenomenon
to be due to the development of inhibitlon in the center of the *antagonisdc™ reflex are, which caused the
reflex reaction being recarded opposite o be disinhibited. We ako observed a simllar Inversion of the reacdon
in the animals which had had the operation in response to sumulation of moderate force and duration of the
*inhibitory® nerve: this can enly be asscclated with the reduced lability of the nerve centers and their tendency
to more rapid transition to pessimal Inhibitlon caused by the disturbed synthests of a nervous acdvity medlator
such as acetylcholine. These data, which prove the important role of acetylcholine in regulating the functional
condition of the splnal centers, can be used to help explain a serles of symptoms attending dizeases of the pancreas,

SUMMARY
The disturbance of the synthests of acetylchoiine in the organism of warm-blooded animals by partal

removal of the pancreas with simultaneous Hgation of it ducts causes disturbance of the spinal activity, The
total level of lability of the nerve centers {s decreased, wansmission to the pessimal Inhibiton is more rapid,
but simultaneously the development of reclprocal {nhibitlon is altered. - It either does not occur at all with the
usual conditlons of stimulation or shows alteved reactoea In the form of reestablistiment of the reflex, notwith-
standing the continuing *inhibitory® stumulation.
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