
It has also been shown that  i s chemia  of the sma l l  intest ine is accompanied  by specif ic  hormonal  changes 
in the blood, which differ  f rom those obs e rve d  a f t e r  l apa ro tomy.  This  fact  may  evidently re f l ec t  the much 
g r e a t e r  contr ibution of the in tes t inal  hormonal  (enterin) [3] s y s t e m  to the r e sponse  of the t i s sue  to injury,  
which in te rac t s  v e r y  c lose ly  through numerous  feedback c i rcu i t s  with the genera l  hormonal  sy s t em.  
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NEUROTROPHIC CONTROL OF FROG SKELETAL MUSCLE 
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Dis turbance  of axop lasmic  t r a n s p o r t  (AT) of colchicine (COL) in m o t o r  ne rve  f ibe r s  of m a m m a l s  and 
amphibians  leads to the appearance  of denerva t ion- l ike  changes in the skele ta l  musc l e  without any d is turbance  
of neu romuscu l a r  t r a n s m i s s i o n  or  exclusion of the m u s c l e  f rom m o t o r  act ivi ty [1, 4]. This  sugges ts  that  sub-  
s tances  (trophic fac tors ) ,  c a r r i e d  to the m usc l e  by AT [6], par t ic ipa te  in the mechan i sm of neurot rophic  con-  
t ro l  of  ske le ta l  m us c l e  f ibe r s .  Meanwhile invest igat ions have shown that  denerva t ion- l ike  changes also de-  
velop in m a m m a l i a n  m u s c l e s  in d i r ec t  contact  with COL.  In this case  AT in m o t o r  ne rve  f ibe r s  is not ap-  
p rec i ab ly  affected [5, 7]. It can t h e r e f o r e  be tenta t ively  sugges ted  that  the development  of the denerva t ion-  
l ike synd rome  in m us c l e  f ibers  in expe r imen t s  with COL is not n e c e s s a r i l y  the r e su l t  of a d is turbance of 
AT but m a y  be the r e su l t  of the d i rec t  act ion of the alkaloid on the musc le  [5, 7]. However ,  the expe r imen t s  
desc r ibed  above did not so lve  the p rob lem of how n e u r o m u s c u l a r  t r a n s m i s s i o n  is a l t e red  under  these  c i r c u m -  
s t ances ,  and at  the s a m e  t ime ,  we know that  d is turbance  of n e u r o m u s c u l a r  t r a n s m i s s i o n  can lead to the a p -  
p e a r a n c e  of changes of a denervat ion type in m u s c l e  [6]. 

Consequent ly ,  in expe r imen t s  on f rogs  in which denervat ion  changes in musc l e  f ibers  differ  in ce r t a in  
r e s p e c t s  f rom those  in warm-b looded  an imals  [8], it is in teres t ing to study whether  COL,  through d i rec t  contact  
with the m u s c l e ,  can cause  the appea rance  of denerva t ion- l ike  changes in the m u s c l e  f ibers  and whether  the 
c h a r a c t e r  of  myoneura l  t r a n s m i s s i o n  is a l t e red  under  these  c i r c u m s t a n c e s .  

The a im of the p r e s e n t  invest igat ion was to study the functional s ta te  of the p r e -  and pos tsynapt ic  m e m -  
b ranes  of the neu rom us cu l a r  synapse  a f t e r  p a r e n t e r a l  injection of COL into f rogs .  

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

E xpe r imen t s  we re  c a r r i e d  out on a n e r v e - m u s c l e p r e p a r a t i o n  of the sc ia t ic  ne rve  and s a r to r ius  mu sc l e  
of f rogs  (Rana r idibunda and Rana t e m p o r a r i a )  in the winter  per iod,  using a s tandard  m i c r o e l e c t r o d e  technique.  
F r o g s  of the expe r imen ta l  group r ece ived  an injection of 0.1 ml  of a 10 mM solution of COL (from Merck,  
West  Germany) ,  made up in R i nge r ' s  solution, into the dorsa l  lymph sac .  The dose used is equivalent to the 
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TABLE 1. MP, E lec t r i ca l  P rope r t i e s ,  Zone and Level of Maximal Sensitivity of Postsynapt ic  
Membrane to ACh, and Frequency of MEPPs  of Frog  Sar tor ius  Muscle F ibers  13-15 Days 
af ter  Injection of 0.1 ml  of 10 mM COL Solution o r  Some Vo lumeofR inge r ' s  Solution with- 
out COL into Lymph Sac (M • m) 

Zone of sensitiv- Maximal sensi- Frequency of Experimental MP, mV kQ msec tivity to ACh, 
conditions Rin' ~, ity to ACh, mm mV/nC MEPPs, Hz 

Control (injection of 
Ringer's solution) 

Injection of COL 

Legend, 

86• 
(58) 

78__ 1,6. 
(65) 

456+30 
(2~) 

418+20 (36) 
I8,2• 

(24) 
18,1• 

(36) 

350+__50 
(5) 

1600+120" 
(H) 

23,6• 
(5) 

32,7 + 7 ,3 (11) 
0,34~0,115 

(20) 
0,24 ~0, 03 

(21) 

Number  of observat ions shown in parentheses;  *P < 0.05 compared with control ,  

oTI 

a 

160 b I O I ~  ~~-~ L 
I 7 \ ~ 20msec 

ilo pA 

I I l 0~I I I I I I I 0 ~ ' 0 8 12 14<0 0,60 40  70~ 
0 0,.9 1,8 m p n 

Fig. I Fig. 2 

Fig. i. Sensitivity to ACh and input resistance of postsynaptic membrane of frog 
sartorius muscle fibers, a) Control, b) on 13th-15th day after injection of COL into 
dorsal  lymph sac.  Absc i ssa ,  distance along fiber (in ram); ordinate,  sensit ivity (in 
mV/nC ). Calibrat ion in mill ivolts  and p icoamperes .  

Fig. 2. Distribution of myoneural  synapses of frog sa r to r ius  musc le  based on m value 
of E P P s .  a) Control (24 observations);  b) on 13th-15th day after  injection of COL into 
dorsa l  lymph sac (21-23 observat ions) .  Absc i ssa ,  value of m; ordinate,  frequency of 
sign. 

amount of COL applied to the nerve in o rde r  to disturb AT [1]. The same volume of Ringer ' s  solution without 
COL was injected into frogs of the control  group. The animals were used in the experiments  2 weeks af ter  
the injection, when denervation changes in the muscle  af ter  division of the nerve supplying it o r  af ter  applica-  
tion of COL to the nerve  were already pronounced [1]. All animals were kept at room tempera ture .  

The zone and magnitude of maximal  sensi t ivi ty of single nerve f ibers  to acetylcholine (ACh) were m e a -  
sured by mic roe lec t rophores i s  [7, 8]. The input res i s tance  and t ime constant of the electrogenic membrane  
[1, 8] of the muscle  fibers were determined by means of two microe lec t rodes  by the voltage drop method. 
The quantum composition (m) of end-plate potentials (EPPs) was determined by the direct  method [3]. For  
this purpose, 200 miniature EPPs  (MEPPs)and also 200 E P P s  during stimulation of the nerve with a frequency 
of 0.2 Hz were recorded  in success ion.  

During the experiment  the muscle  was kept in a t r ansparen t  plastic bath containing Ringer ' s  solution 
of the following ionic composit ion (in raM): NaC1 115, KC1 2.5, CaC12 1.8, in phosphate buffer, pH 7.2. The 
rate  of flow of the fluid through the bath was 4 ml /mtn .  To r eco rd  E P P s  uncomplicated by an action potential 
and contract ion of the muscle  [3], Mg ++ ions (4 raM) were added to the Ringer ' s  solution and the Ca ++ ion con-  
centrat ion was correspondingly reduced (0.75 raM). ME PPs  and E P P s  were recorded  at 19~ and the post -  
synaptic membrane  study was ca r r i ed  out at room tempera ture .  

EXPERIMENTAL RESULTS 

The membrane  potential (MP) of the sa r tor ius  muscle  fibers 2 weeks af ter  injection of COL into the 
dorsa l  lymph sac of the frog was significantly lower than in the control  on average by 8 mV (Table 1). The 
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input r e s i s t a n c e  and t i m e  constant  of the e lec t rogenic  m e m b r a n e  of the musc l e  f ibers  following injection of 
COL were  the s a m e  as in the control  (Fig. 1, Tab le  1). Bes ides  the fall  in MP, 2 weeks a f te r  injection of COL 
the zone of pos tsynapt ic  sens i t iv i ty  in the m usc l e  f ibers  to ACh was apprec iab ly  widened, but t he re  was no 
change in the level  of  m ax i m a l  sens i t iv i ty  (Fig. 1, Tab le  1). 

The f requency  of  M E P P s  in s a r t o r i u s  m u s c l e  f ibe r s  2 weeks a f t e r  injection of COL did not differ  s t a -  
t i s t i ca l ly  s ignif icant ly  f rom the control  values {Table 1). 

Meanwhile the num ber  of synapses  with lower  m values of the i r  E P P s  was inc reased  in the musc le  (Fig. 
2). In the intact  m us c l e ,  for  ins tance,  the number  of synapses  with low m values (under 5 quanta) was 59% 
and on the 13th-15th day a f t e r  inject ion of COL they a l ready  accounted for  77% of the total  number  of f ibers  
t e s ted .  

The expe r imen t s  showed that  inject ion of COL into the dorsa l  lymph sac  of the frog causes  a fall  in MP 
and the appearance  of ex t rasynap t i c  sens i t iv i ty  to ACh, but the e l ec t r i ca l  p rope r t i e s  of  the p l a s m a  m e m b r a n e  
a r e  unchanged. Injection of COL into the f rog thus gives  r i s e  to bas ica l ly  the s a m e  effects  as surg ica l  de-  
ne rva t ion  of m u s c l e  f ibers  [7, 8]. This  m a y  be the r e su l t  both of the d i rec t  action of COL on the musc le  and 
its indi rec t  act ion through ne rve  endings,  for  COL is an agent which affects  n e u r o s e c r e t o r y  p r o c e s s e s  [9]. 

In fact ,  in the p re sen t  expe r imen t s  the appea rance  of signs of the denervat ion syndrome  in the mu sc l e  
f ibers  was accompanied  by a change in functional s ta te  of the myoneura l  synapses .  Fo r  instance,  the number  
of synapses  in the m u s c l e  with lower  m values of the i r  E P P s  was inc reased .  A change in the functional s ta te  
of  myoneura I  synapses  in the expe r imen t s  with COL m a y  perhaps  play an impor tan t  ro le  in the m e c h a n i s m  of 
d i s turbance  of neurot rophic  control  of ske le ta l  musc l e  f ibe r s ,  for  d is turbance of neu romuscu l a r  t r a n s m i s s i o n ,  
by botulinus toxin fo r  example ,  causes  the appearance  of denerva t ion- l ike  changes in f rog musc le  [10]. A l -  
though the r e su l t s  of the p r e s en t  expe r imen t s  do not rule  out the probabi l i ty  of appearance  of denerva t ion- l ike  
changes in m u s c l e  f ibers  as a r e s u l t  of the d i rec t  action of COL on them,  neve r the le s s  the s imul taneous  change 
in the functional s ta te  of the myoneura l  appara tus  points to the poss ib i l i ty  that  the phenomena obse rved  m a y  
have a different  in te rpre ta t ion .  

It was shown prev ious ly  that  local  i sola ted appl icat ion of COL to a m o t o r  nerve  modif ies  the p rope r t i e s  
of the musc l e  f ibers  in the s a m e  way as division of the mo to r  nerve ,  but without disturbing t r a n s m i s s i o n  of 
exci ta t ion f rom ne rve  to musc le  [2]. Under those c i r c u m s t a n c e s  denerva t ion- l ike  changes do not a r i s e  in the 
con t r a l a t e r a l  m u s c l e s  of the expe r imen ta l  an imals ,  evidence agains t  a d i rec t  act ion of the alkaloid on the 
m u s c l e .  

These  a rguments  suppor t  the view that  in the p re sen t  exper imen t s  with p a r e n t e r a I  injection of COL the 
appea rance  of denerva t ion- l ike  changes in the musc l e  takes  place  as a r e su l t  of the act ion of the alkaloid main ly  
on ne rve  endings and not d i rec t ly  on the musc l e ,  in good a g r e e m e n t  with data in the l i t e r a tu re  [1, 2, 4]. 
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