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Tile pancreas plays an important  role in the ac t iv i ty  of  the body. The  evidence which we have goes to 

show that,  besides its well-known impor tance  in carbohydrate  me tabo l i sm,  it takes part in phospholipid me tabo -  
lism [7, 11, 12] and in the associated ace ty lcho l ine  metabol i sm [5]. 

It was shown in previous research [1, 2, 3] that interference with aee ty lchol ine  metabol i sm by means of  
removal  of the pancreas causes a d iminut ion of  some of the functional  properties of  the neuromuscular appara-  
tus. Administrat ion of pharmacolog ica l  ace ty lcho l ine  prevented the development  of  these changes. These 
experiments  were performed exclus ively  with the use of  myograpbie  recording. 

IlL the present communica t ion  we give the results of  e lec t rophys io logica l  investigations of  the common 
nerve trunk, the myoneural  jmlct ion and the proprioceptors of the skele ta l  muscles of the frog after removal  of 

the pancreas and adminis t ra t ion of smal l  doses of  ace ty lcho l ine  to the an imal  after operat ion.  

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

The research was carried out on a ne rve-musc le  preparat ion of  the gastrocnemius muscle and the scia t ic  

nerve, and on the sc i a t i e - t i b i a l  nerve trunk of the frog (Rana ridibunda) on the 5th-Oth day after pancrea tec tomy.  
Aee ty lcho l ine  was in jec ted  dai ly ,  start ing on tile 3rd day after opera t ion ,  into the posterior lymph sac (0.5 ml of 

a 1:10,000 solution). S t imula t ion  of  tile motor nerve was effected by means of  an e lec t ronic  device.  The action 
currents of  the nerve and muscle  were recorded on a two-channe l  cathode osci l lograph.  Altogether  185 exper i -  
ments were performed,  including 110 to invest igate  the nerve trunk, 25 the myoneural  junction and 50 the propri-  
oceptors.  In a series of experiments  all  tlLe investigations were carried out on a single ne rve -musc l e  prepara-  

tion. In these cases the proprioceptors were studied first, followed by the myoneura l  junct ion and last ly ,  by the 

nerve trunk. 

E X P E R I M E N T A L  R E S U L T S  

After removal  of the pancreas the following changes were observed in the ac t iv i ty  of  the above-ment ioned  

e lements  of the somatic  nervous system. 

a )  Investigations on the nerve trunk. The  development  and spread of  a wave of exc i ta t ion  in the nerve 

were preserved for different lengths of t ime  after the operat ion.  The degree of exci ta t ion  was al tered insigni-  
f icant ly  and irregularly.  In some cases an increase in the exci ta t ion  of  the nerve trunk was also observed. The 
ve loc i ty  of  spread of the waves of  exc i ta t ion  in the most rapidly conducting fibers (A ,a )  fell  s l ightly,  and on 
the 6th-0th day after operat ion its average value was 28.5 m / s e e  instead of 32 m / s e e  in the animals not sub- 
jec ted  to operat ion (Fig. 1 a, b). The ve loc i ty  of  conduction of  exc i ta t ion  in the other groups of  nerve fibers 

791 



was not determined,  but drawing out and spli t t ing up of the action currents were sys temat ica l ly  observed 
(Fig. 1, b), demonstrating that the veloci ty  of spread of exci tat ion in the more slowly conducting fibers (5) had 

decreased to an even greater extent. 

The opt imal  rate of exci ta t ion,  determined by the lowest frequency causing a reduction in the action cur-  

rents of the nerve [6], fell to a0-V0 per second (normal 80-150 per second), The l imits  of transformation of the 
action currents (maximum rhythm) were also displaced toward: lower frequencies and had values of 210-270 per 
second (normal 400-450 per second) (Fig,1 c, d). 

Fig. 1. Action currents in the scia t ic  nerve of the frog. Veloci ty  of spread 

of the impulse in a normal frog (a) and in a frog on which the operation was 
performed 7 days before the experiment  (b). Limits of transformation (a l t e r -  
nating rhythm) in a normal frog ( c ) a n d  in a frog undergoing operat ion 7 days 
before the experiment (d). Frequency of st imulat ion 550 and 270 pe r second 
respectively.  T ime  marker  0.01 second. 

A decrease thus took p lace  in the liabili ty of the nerve trunk when determined both at the opt imum and 
the maximum frequency of  st imulation.  As has been shown by myographic and e lect rophysiotogical  invest iga-  

tions of single te tan ic  contractions [4, 9] carried out under s imilar  conditions, this decrease in l ab i l i ty  was 
associated with a strengthening and drawing out of the subsequent processes. 

b) Investigations on the motor nerve endings, Direct  determinat ion of the  l ab i l i ty  of  the myoneural  june -  

tion by an e lec tmphysiologica l  method showed that transformation and a lowering of the ampl i tude  of the action 
currents of the muscle were observed even at a frequency of 35-50 st imuli  per second. Comple te  disappearance 
of the e lec t r i ca l  ac t iv i ty  (pessimum) took p lace  at frequencies of s t imulat ion of 60-80 instead of 100-110 per 
second in the unoperated animals. The stabi l i ty  of the myoneural  junction was sharply reduced. In response to 
te tanic  s t imulat ion of  the motor nerve at a frequency of 85 per second,the action currents of the muscle c o m -  
p le te ly  disappeared after only 5-15 seconds of s t imulat ion (in the unoperated animals after 40 seconds and over). 
These findings of a decrease in the lab i l i ty  of the  myoneural  junction after removal  of the pancreas confirmed 
the results of experiments on warm-blooded animals previously described by us [ 3]. 

c) Investigations on the proprioeeptors. The degree of  exci tat ion of the proprioceptors,  determined by the 

magnitude of the stretching of the muscle to cause min imum e lec t r ica l  ac t iv i ty  of the nerve connected with the 
muscle,  felt slightly (average value in normal conditions a.a g~ after removal  of the pancreas 4.2 g). The fre-  
quency of impulsation depended on the load, and when this was twice the threshold weight the average frequency 
was 108 impulses per second (120 in the unoperated frogs), and in response to a standard 100 gram stretching, 
on the average 191 impulses per second (282 in the uuoperated frogs). A fall  in the  adaptat ion of the receptors 
was aim observed. The frequency of impulsation at the end of the first minute of stretching of the  muscle in 
response to twice the threshold load was 81.8% of the ini t ia l  value,  and in response to a standard 100 gram load, 
84.6% (in the unoperated animals 27.7 and 75% respectively).  The course of adaptat ion was a l te red:  in the 
unoperated frogs the greatest fall in the frequency of impulsation was observed in the first 10 seconds of  stretching, 
but after removal  of the pancreas,  at 30 seconds (Fig. 2 a ,b) .  

d) The effect of acetylchol ine.  The systematic inject ion of smal l  doses of ace ty lchol ine  to the animals 
after operation led to normalizat ion of the functional state of the neuromuscular apparatus. Under these c i rcum- 
stances an obvious fal l  in the exci tat ion of the nerve trunk was observed. Experiments carried out at the  same 
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t ime  (in February) showed that after removal  of the pancreas the degree of exci ta t ion corresponded, on the 

average, to 0.5 of a scale  division of the st imulator ,  and after the an imal  had received an inject ion of ace ty lcho-  
l i n e ,  to 1.4 divisions. An increase also took p lace  in the resistance of the nerve to al terat ion and in the op t i -  

mum and max imum frequencies to 100-150 and 300-400 st imuli  per second respect ively.  At the same t ime  a 

diminution of the aftereffects was observed, as shown by disappearance of  the abi l i ty  to develop single te tanic  

responses. 

The resistance of the myoneural  junction to te tanic  s t imulat ion was increased.  The l imits  of the pessimum 

and of the  disappearance of the action currents of the muscle  were displaced toward higher frequencies. The  
adaptat ion of. the proprioceptors was acce le ra ted ,  its value at the end of  the first minute  of stretching by twice 
the threshold load being 23%0, and by a 100-gram load 72% of  the or iginal  frequency. -The adaptat ion curve 

acquired the typ ica l  character  of  the unoperated animals (Fig. 2, c). Thus after removal  of the pancreas,  the 
character  of the propriocept ive impulsat ion became  close to the impulsat ion of muscles in te tany,  and after 
in jec t ion  of ace ty leho l ine  to the impulsat ion of  the proprioeeptors of tonic muscles [8]. 
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Fig. 2. Curves of  adapta t ion of  

the proprioceptors of the gastroc-  

nemius muscle  of  the frog. a) 
Unoperatedl  b) after removal  of  
the pancreas; c) in response to the 
compensatory in jec t ion  of  ace ty l~  
choline to the operated animal ,  
Along the abscissa-- t ime  of s t re t -  
ching, in seconds, along the ordinate  
axis -- frequency o f  impulsat ion.  

Load 100 g. 

It must be pointed out, however, that c lear  differences were ob-  

served in the react ion of the elements  of the reflex arc to adminis t ra-  
tion of acetylchol ine .  Whereas in the nerve trunk, the in jec ted  a ce ty l -  

chol ine behaved almost exclus ively  as a factor enhancing its functional 
s tate ,  overdosage of the drug had a pessimal effect on the nerve endings. 

The results obtained showed that removal  of the pancreas affected 

the functions of the various e lements  of  the somat ic  nervous system to a 
different degree. It caused more substantial changes in the nerve and 
myoneural  junction,  and less so in the receptor  apparatus of  the ske le -  

ta l  muscles. 

The  e lec t rophysio logica l  investigations carried out provided direct  

proof of the fact that after removal  of the pancreas the  waves of e x c i t a -  
tion in the e lements  of the somatic  nervous system became drawn out, 
and a s tagnating parabiot ic  process developed in them,  charac ter ized  by 

diminished lab i l i ty ,  unchanged or even increased exci ta t ion ,  decreased 
ve loc i ty  of  conduction of the nerve impulse and lowered adaptat ion of 
the receptors, The  systematic  administrat ion of ace ty lchol ine  to ani -  
mals after operat ion produced an increase in the functional properties 
and normal iza t ion  of  the functional state of the nerve tissue. 

The  results obta ined confirmed A. A. Ukhtomskii 's  hypothesis [10] 
that in the somatic  nervous system ace ty lchot ine  is a regulator of  the 
functional state of  the nerve tissue, and can thus be regarded as a trophic 
faetor of the somatic  nervous system [1], 

SUMMARY 

Prel iminary (several days before the experiments)  removal  of the pancreas in frogs caused a certain de -  

crease in the rate of  the exci ta t ion  spread and reduction o f  the nerve stem labi l i ty .  Both the l ab i l i ty  and the 
s tabi l i ty  of  the myoneura l  connect ion are decreased as wel l  as the exc i t ab i l i t y ,  the frequency of  impulsat ion and 
adaptat ion of the  proprioceptors of the neuromuscular appratus. Systemat ic  administrat ion of ace ty lchol ine  to 
the operated animals  prevents the development  of  the ment ioned changes in the preparation.  
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