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The ~tud~es of A. V. Kibyakov and A. A. Uzbekov [4] on cold-blooded animals and those of O. D. Kurrnaev 
[6] on warm-blooded ~nkmal~ have shown that ~ e  synthesl~ of acet~,lc~-olhne depends directly on the fay.eden of 
the pancreas. The removal of the greater part of the pancreas weakened d~e ~hibi tory  effect  of the vagus nerve 
oa heart act ivi ty and caused a pa:al lel  decrease in tahe amount of mediator  - acep/lcholine - escaping into the 
~rfus~en fluid. The dl~varbance of the ace~/lchol~ne formation proce~ occ'.:.-ring with partial ex'drpation of the 
pancreas was due m a di~t~bance of the phosphollpid metaboH.~m, since '~ne works of many authors [8, "t] have 
proven that the pancreas ptay~ ~n important rote In ~'~e regulation of ~ e  fat-iip.~id metabolism of the body. 
These data ma~e it possible to empIoy partial depancreatIza~on as a ~e~ked of intervention in the ace;),lchollne 
formation pmce,s. This o p e r a , o n  e.~sentially has no ef fec t  on carbohydrate metabolism since, according to the 
da~  of ?,!~v.kowski [9] and or,hers, t / t  ~ of the pancrea~ in warrn-blc~oded ammal~ can be removed without an? 
great cha~ge in the blood sugar level.  The feet ff~at the .8ist~bance of  acet),lcholh-~e synthesis caused by partial  
depanczeatization t_~ only temporary seems to be due to ~ e  compensamqr fmqcgonal intenslfication of ~ e  re-  
maining gland~ar  tissue. All ~svarbanees of parasympathetic system a c t i v i ~  in depancreatized animala w ~ e  
almost completel?  ~ el iminated when the animals were given a eornpev-amry in~ectlon of pha:-macologtcal acetyl~ 
choline. 

In ce~ preceding investigations [1], we proved that:partial  extirpation of flue p_ancreas causes sharp dise-rb- 
ances in the act ivi ty of the spinal centers in frog,. At specific post-operative intervals (from the 7th to ,~.  10th 
day). we often complete ly  failed to obtain reciprocal L, xhibition of the ~mltendinosus muscle reflex contraction, 
which waz clearly defined in animals which had not had the operation. In connection with this, we decided to 
conduct analogous studies on warm-blooded animal, ,  including additional research on the changes in the labili ty 
of the nerve c~nters with the normal development  of reciprocal  inhi~ifion and after partial  depancreat tza~on,  
since we had already obtained data [2] demomtrating the L'~v'-ortance of acetylchol ine to changes in ~ e  lab~tity 
of the spinal ce~nters. 

E X P E R I M E N T A L  M E T H O D S  

The experiments were conducted on dogs under ether-chloroform a n e ~ e s l a .  The reflex tetanic ccmtrac- 
don of the semitendirmsus muscle in response to :: oft (19-20 seconds), repeated (e, 'ery 40-60 seconds) stim -~u!a- 
tion of the peroneal nerve was recorded by the current of an induction coil  fed by an accumulator of a volts. In 
other expe~ments,  we used a sdiouhator to stimulate this nerve, which permit ted us to vary the ~timtllation 
frequency from 3 to 800 impulses per second without stopping stimulation. The 11mits of the afferent stimulation 
optimum and pes.dm~it frequency were used as a cross index of the corresponding spinal centers'  labili ty level .  
Reciprocal tmhibition of the flexor reflex being recorded was obtained by contralate~;1 stimulation of the ~ame 
nerve for a period of 4-7 minutes. Part of the experiment ,  were conducted on dogs in which the greater part  o! 
the oancreas had been previously removed under sterile condidom.  The experiments were done at  d i f fe 'ent  
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post.operative Intervals, beginning with the 2nd and ending with the 20th-22nd post-operative day .  As a control, 
we Injected some of the depancreattzed animals intravenously with a compensatory inject:ton of 1-3 ml of phar- 
macologlca lacetylchol lne ,  in a dilution of 1:100,000. The Injections were donedat ly ,  or 1-2 hours before the 
experiment. A total of 83 experiments v,'ete conducted. 

E X P E R I M E N T A L  RESULTS 

In tile animals which had riot had the operation (11 experiments), stimulation of the peroneal nerve (dist- 
ance between Inductor|urn coils - 100-130 ram) caused a well-expressed reflex contraction of the iemltendlnosus 
muscle. With the addition of contralateral stimulation (distance between inducrorium coils - 80-100 ram), the 
reflex being recorded was sometimes first intendfied and then inhibited, but in the majority of experiments this 
additional stimulation caused the Lmmediate lessening of the reflex, changing subsequently into profov~,d Inhibi- 
tion {Fig. 1, a). We did not observe in any of the experiments with the animals which had not been operated upon 
the inversion of reflex inhibition in the form of the reestablishment of the originally inhibited reflex, in spite of 
continuing "inhibitory" ;timulation. 

t%movlng the greater part of ~e  pancreas from the experimental dogs (30 experiments) caused essential 
changes in the character of spinal activity. The most obvious change was a comparatively rapid "exhaustibility" 
of the reflex reactions. Even ipsilateral stimulation, caused the pessimal Inhibition of the semitendinosus muscle 
reflex contractions. The reflex "exhaustibility" was greatest on the 6th-t0th days after the operation. In these 
cams, we had to terminate the experiment without testing the effect of contralateral stimulation. In these same 
experiments, when the semtte~dinosus muscle reflex contractions in response to the short, repeated tetanlzation~ 
of the peroneal nerve were still sufficiently well expressed, ~'e added continuous stimulation of the same, but 
conualateral  nerve to the stimulation of the ipsilateral nerve. We observed no evident disturbances in the normal 
development of reciprocal inhibition during the first days after the operation (3rd-4th). At later post-operative 
intervals (beginning with the 5th.Gth and ending with the 11th-12th days), i t  was very difficult to obtain the 
development of reciprocal inhibition of the flexor reflex being recorded in the experimental dogs. Although we 
could still observe a weak reciprocal D.hibition of the semitendlnosus muscle reflex contractions c.n the 5th-6th 
day, on the 7th-gth-9th day the flexor reflex was usually not inhibited under the influence of contraiateral nerve 
stimulation, in spite of the fact that the conditions of nerve stimulation remained the same (Fig. 1, b). In several 
experiments, we observed the inversion of the reciprocal inhibition, i,n which, in spite of the continuing "fnhib- 
tmry" stimulation, the initialiy inhibited flexor reflex was unexpectedly reestablished (Fig. I, c); this was never 
observed In the animals which had not had the operation. By the 11th-12th day, the dhturbances ia the activity 
of the spinal centers had begun to subside. On the 14th-15th day, the development of ex~emely  profound re- 
ciprocal inhibition was observed in almost all of the experiments conducted. The inversion, and occasionally 
the impossibility of obtaining reciprocal inhibition in the depancreatized animals was also observed on a back- 
ground indirectly recording the lability, for which the limits of optimal stimulation frequency in i~ i la tera l  nerve 
Stimulation ~,erved as the index. 

The experiments made with a.n.imals 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. Ou a background of "inhibitory" stimulation, the limits of the afferent stimulation optimum 
frequency in ti~e flexor reflex showed a tendency towards slower rates in the majority of experiments, thus indi- 
cating a reduced lability in the corresponding center; transitional parabiotic stages became appa ren t -  the 
equalizing and the paradoxical (Fig. 2, a). Sometimes, the decrease in lability which occurred with the develop- 
ment  of reciprocal inhibition was preced'ed by some tendency of the optimal stimulation limits toward faster 
f;equencies. After the inhibitory stimulation was stopped, the reflex being recorded was rather ~tuickly reestab- 
lished, and the optimal stimulation frequencies returned to the original high levels. 

In experiments With depancreatized animals (16 experiments), an average decrease in the opt imal  stimula- 
tion frequency to 17-!2 impulsesper second could be observed, and a decrease to 6 and a impu "lses pc/second 
in separate experiments, whereas the optimal stimulation frequency in the animals which had not had the opera- 
tion consisted of an aVerage of an-80 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 04 ipsllateral stimulation. How- 
ever, along with the tendency to direct pessima.l inhibition, sharp disturbances occurred in the development of 
the connected reciprocal inhibition. In the depanereatized animals, contralateral nerve stimulation usually did 
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not ca~.~e a change in the optimal frequency llr.~it~ of ip~ilateral stimulation ,'owards slower rhythms as was ob- 
served tn the m~rmal artlmalh but, oJ~ the co~trary, ha a series of expe;lrne~lts caused the optimal ~timulatlon 
limits to ~hift toward faster rates ~tth t:o subseqt.~ent decrease (Fig. 2. b). An inverted reaction often appeared: 
r.he lability reduc.don In the flexor reflex cea~tet ~hlch began under the influence of co~ttzalateral stimulation 
was ~udde1:ly replaced by an increase in the lability - the limits of optimal stimulation frequency shifted to 
hig.~er level~ (Fig. 2, c). I~ ~everal experiments, a decrease in lability was subsequently observed; however, thts 
lability reduction was maln:ained or even further reduced when the "inhibitory ~ stimulation was exch~ded. This 
tndica~e~ that the inhibition of the flexor reflex it not caused by the development of reciprocal lnhlbldon, but 
by ~ e  direct inhibitory effect  of ~e  lpsilateral stimulation i~elf.  Such dlsturbances were greatest on the 6th-12th 
po~t-opera ti~e da)a. 

Fig. 1. The effect  of ~pardal depancreadzadon ea the development 
of reciprocal Inhibition in dog~. 
a) development of reciprocal tn.hibtdon in dog ~hlch had not had t~e 
o-peradon; b) a -bsemce of reciprocal ~ h i b i d e n  o~n the 9 ~  day after the 
operation removing part of th e pa~uc:eas: c) have~ed reaction on the 
8th day a f t ~  the operation. Cu.rve~ from top to bottom ~lgnify: record- 
hag of semiteadiao~us muscle contraction; indication of peroneal nerve 
stimulation frequency; indication of  contralaw.~-al stimulation; indlea- 

tlon of t ime fin 5 second marVa). 
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Fig. 2. Change of afferent .*~mulatton opthzal frequency ~'a a back- 
g:ound of contralateral he:re stfl'nuiatloa. 
a) In dog wkdch had not bad the operafic~; b) on the 6th ~z~- a f t~  ~ e  
opera,on partially removing the pancreas; c) on the 10~ day a f t~  
the operation. Curves mean the ~ m e  as in ~ig. L 

Ln ~der  to prove that nhe changes observed In spinal aefivi W were ~pecifie, i. e. r.hat they were due to 
the di~wrb.xnce of the acet).lcholine formation p~3cess, a group of ~ e  depancreadzed ~ g s  were ~njected with 
pharrnacologieal acerjlchottne (14 expe~imenu). In the maj~dty of cases in ~ e  c ~ o l  experiment_~ we 
succeeded in obtaining the development of rec ip~cal  inhibition ~f the recorded reflex under the influence of 
contraLateral ,tLmutadon (Fig. 3). This proved ~he specific character of the chaages observed in  the development 
of reclprc, cal lahiblflon In the depancreattzed animals. 

The changes we have described In the character of the reflex reactions of ~ e  animals operated upon are 
explained, we believe, by a change In the functional condition of ~he sphaal cenmr$, since the studies of L N. 
Zef l~v  aad A. V, Kib~-akov [3] and of A. V. Kibyakov and N. E. ~ontak [5] have ~own that acetylchollne 
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synthe.d~ disturbance ha, no noticeable effect on the development of the tetanlc form of ,keleual muscle con- 
tractive acBvlty In the peripheral ~enw-w.uscular apparatus. 

Fig. 3. Development of reciprocal lnh~Sttion after compen~at0ry introduction 
of  acetylchol!ne (gth day after operation), Curves mean O~e same as Figs. 1 
and 

Analysis of the resulta obtained pewits  the conclusion that acety4choilne synthetic, dh~rbance In dogs 
Cause~ essential dlsturbanee~ in ~he development of reciprocal Inklb~.~on: in spite of con~nulng "h~hibltory" 
stimulation, reciprocal tr~ibltlm: either completely faiI~ to develop or ~ows an altered reaction in the form of 
eke reestablishment of the reflex. In a series of ca~s, g~,e direct in,hibitory infl~ence of fpsilateral stimulation 
was added. The Inverted development of reciprocal l,<nibttion ha~ been described by N. E. Vvedemky as okcur- 
ring with extremely strong or prolonged stimulation of a _~ensory nerve. N. E. VvedemkybeIJeves this phenomenon 
to be due to the development of inhibition tn the cenr~ of the "antagonistic" reflex are, which caused the 
reflex reaction being recorded opposite to be disinhlbited, We al~o ob.~erved a sinaltar inversl'on of the reaction 
in the animah which had had the operation in response to stimulation of moderate force and duration of the 
"inhibitory" nerve: this can only be associated with the reduced labil t~ of {he nerve center~ and their tendency 
to more rapid trandtton to pessimal D&ibfflon caused by the disturbed synthesis of a nervous activity mediator 
such as acetylchollne. These data, which prove the lmportant-rt31e of acetytchotlne in regulating the functional 
condition of the spinal centers, can be uved to help explain a ~erles of symptoms attending d!e.ea~es of the pancreas. 

SUMMARY 

The disturbance of the syntheds of acetylchoIIne in ~he or.ganism of warm-blooded a,ntm, als by partial 
removal of the pancreas with sirn.ultaneo,~ llgatlon of iu ducts c a u l s  disturbance of the spinal activlty. The 
total level of lability of the nerve centers is decreased, transmission to the pesdmaI Inhibition is more rapid, 
but slmultaneous.ly the developme:~t of reciprocal tnhib~.tton Is altered.- It either does not occur at all with the 
us.ual conditlons of stimulation or shows alte:'ed reaction In the form of reestablishment of ~e  reflex, notwith- 
standing the continuing "inhibitory" ~timulatlon. 
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