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Investigations in the author's laboratory have shown that, judging from physiological finding, the 
myoneural junctions in skeletal muscles mature gradually during ontogenesis and acquire the typical char- 
acteristics of the adult orgaism only at the time when locomotor acts are learned and stabilized, [i-i0]. 
This gradual nature of the maturation of the myoneural junctions during postnatal ontogenesis has also been 
revealed by morphological investigation [ii, 13-15]. 

Because  of the i m p o r t a n c e  of this  p rob l em,  an a t tempt  Was made to continue the ana lys i s  of the m e -  
chan i sms  of ma tu ra t i on  of the myoneura l  junct ion dur ing on togenes i s .  If the myoneura l  junctions ma tu re  
g radua l ly ,  this obvious ly  mus t  influence the b locking act ion of c u r a r e  at d i f ferent  age p e r i o d s .  

EXPERIMENTAL METHOD 

Expe r imen t s  were  c a r r i e d  out on 46 dogs and puppies  ranging f rom 1 day old to adult  an ima l s .  The 
puppies  aged up to 1.0-1.5 months were  anes the t i zed  with e the r  and the adul t  dogs and the puppies  over  
1.0-1.5 month old with morphine  and es The tes t  object  cons i s t edo f  t h e s c i a t i c  nerve a n d g a s t r o c n e m i u s  
musc l e .  Bur ied  s i l v e r  e l e c t r o d e s ,  5 mm apa r t ,  were  appl ied  to a segment  of the n e r v e  i so l a t ed  f r o m  the 
cen t e r  and were  connected to a "Mul t i s t im"  e l ec t ron i c  r e c t a n g u l a r  pulse  g e n e r a t o r  (Disa), giving impu l ses  
with a dura t ion  of 0.5 m s e c .  D i rec t  s t imu la t ion  was c a r r i e d  out at  va r ious  d i s t ances  f r o m  the point  of 
en t ry  of the n e r v e  into the m u s c l e .  The s t imula t ion  needle  e l e c t r o d e s ,  coa ted  with va r n i s h  (except  at  the 
v e r y  end), f r o m  1.5 to 3 m m  a p a r t  depending on the age of the dog, were  e i the r  bu r i ed  in the m u s c l e  or  
p l aced  in contact  with i ts su r f ace .  As dur ing  i n d i r e c t  s t imula t ion ,  so also dur ing  d i r e c t  the p r e s e n c e  or  
absence  of a block was t e s ted  only to s ingle  and double s t imul i .  The act ion poten t ia l s  f rom the musc le  in 
r e s p o n s e  to d i r e c t  and ind i r ec t  s t imula t ion  we re  de tec ted  by means  of b i p o l a r  needle e l e c t r o d e s .  The d i s -  
tance between the de tec t ing  e l e c t r o d e s  and the s t imula t ing  e l e c t r o d e s  in each  e x p e r i m e n t  v a r i e d  f rom 5-6 
to 30 mm depending on the s i ze  of the musc le ,  and because  of the n e c e s s i t y  of ensu r ing  the p r e s e n c e  of a 
r eac t i on  to d i r ec t  s t imula t ion .  The c o m p a r a t i v e  c lo senes s  of the e l e c t r o d e s  (s t imula t ing  and d e t e c t i n g ) -  
made i t  i m p o s s i b l e  to exclude the p o s s i b i l i t y  of an a r t i f ac t  of s t imula t ion ,  but  this did not  i n t e r f e r e  with 
the r e c o r d i n g  of the musc l e  act ion po ten t ia l s .  The act ion of compet i t ive  c u r a r e  (pachycurare ) ,  an infusion 
of a lkalo ids  of depo la r i z ing  c u r a r e  ( lep toeurare) ,  and lys thenon (suecinylchol ine ,  di t i l in) ,  was inves t iga ted .  
Cura re  (infusion) was in jec ted  in a dose  of between 0.2 and 1.0 m l / k g  and lys thenon in a dose  of between 
2 and 6 mg /kg .  All that  was a t t empted  in the inves t iga t ion  was to a s s e s s  the p r e s e n c e  o r  absence  of b l o c k -  
ing effect  depending on the age of the animal ,  and no a t tempt  was made to inves t iga te  the th resho lds  of the 
blocking doses .  

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

F r o m  the r e s u l t s  obtained the e x p e r i m e n t a l  an imals  could be divided into three  age g roups .  Group 
1 included puppies  aged up to 16-18 days (29 an imals ) ,  group 2 - p u p p i e s  aged f r o m  20 days  to 2.0-2.5 
months (10 an imals ) ,  and group 3 - p u p p i e s  over  3 months old and adult  dogs (7 an imals ) .  

In the an imals  of age group 3, 2-3 rain a f te r  in t ravenous  in jec t ion  ot both p a c h y c u r a r e  and l e p t o c u r a r e ,  
act ion poten t ia l s  f r o m  the musc l e  cea sed  to be r e c o r d e d  in r e s p o n s e  to i n d i r e c t  s t imula t ion .  In r e s p o n s e  
to d i r e c t  s t imula t ion  of the musc le  act ion po ten t ia l s  continued to be r e c o r d e d  but t h e i r  ampl i tude  was low-  
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Fig.  1. Action potent ia ls  of a musc le  
in r e spons e  to ind i rec t  and d i rec t  
s t imula t ion  in puppies of age group 1 
be fo re  and a f te r  cu ra r i za t ion ,  l a n d  3) 
Ind i rec t  exci tabi l i ty  be fo re  and a f t e r  
curar iza t ion ;  2 and 4) d i r ec t  exci tabi l -  
i ty before  and a f te r  cu ra r i za t ion  
(ar t i facts  can be seen  in 4). 
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Fig. 2. Action potent ials  of a musc le  
in r e sponse  to indi rec t  and d i rec t  
s t imulat ion in puppies of age group 2 
before  and a f t e r  cura r iza t ion .  1 and 
3} Indi rec t  exci tabi l i ty  be fo re  and 
a f te r  curar iza t ion;  2 and 4) d i rec t  
exci tabi l i ty  before  and a f t e r  c u r a r i z a -  
tion (art i facts  can be seen  in 3). 

e red  by 50%. Hence in the an imals  of age group 3, 
ind i rec t  excitabil i ty (excitabil i ty of the subsynapt ic  

membrane} d i sappea red  on cu ra r i za t ion  but d i rec t  exci tabi l i ty  (excitabil i ty of the pos tsynapt ic  membrane} 
of the musc le  was p r e s e r v e d .  

In the puppies of age group 1 af ter  in t ravenous injection of c u r a r e  (competi t ive and lysthenon) a c o m -  
ple te  block to ind i rec t  s t imula t ion  did not develop. After  curar iza t ion ,  in r e sponse  to ind i rec t  s t imulat ion 
the musc le  r ema ined  capable  not m e r e l y  of genera t ing  action potentials ,  but also of contacting. However,  
the ampli tude of the action potent ia ls  was reduced  by 50-60% and in individual cases ,  by 70%; the intensi ty  
of the cont rac t i le  reac t ion  was a lso  diminished.  Because  of the dec rea se  in the ampli tude of the action 
potent ia l  in r e sp ons e  to ind i rec t  s t imulat ion,  i t  cannot be concluded that blocking is absent  at an ea r ly  age. 
It would be more  c o r r e c t  to speak  m e r e l y  of pa r t i a l  blocking. The musc le  r eac t ed  to d i rec t  s t imulat ion 
e i the r  by a ve ry  weak local  s ta t ional  contrat ion,  not becoming speading in cha rac t e r ,  or  it did not r e a c t  
at all.  Hence in the puppies of age group 1, in con t r a s t  to adult animals ,  a f te r  cu ra r i za t ion  indi rec t  exc i t -  
abil i ty p e r s i s t s  while d i r e c t d l s a p p e a r s ( F i g .  1). After  the 18th-20th day (in the puppies of age group 2) the 
reac t ion  of the musc le  to ind i rec t  s t imula t ion  d i sappeared  complete ly  a f t e r  cu ra r i za t ion  and the musc le  
gradual ly  developed the abil i ty to respond  to the action of d i r ec t  s t imulat ion by the genera t ion  of an action 
potent ia l  and a speading cont ra t ion  (Fig. 2}. 

A. G. Ginets inski i  and N. M. Shamar ina  [12] studied the dynamics  of the spat ia l  change in sens i t iv i ty  
of musc le  t i ssue to acetylehol ine in fe tuses  and animals  during the f i r s t  day of life. They found that in 
fe tuses  and newborn rabbi t s  the ske le ta l  musc les  p o s s e s s  tonic p r o p e r t i e s  and m a r k e d  sensi t iv i ty  to ace ty l -  
choline throughout the i r  extent.  With each succes s ive  day the pa r t  of the musc le  f iber  reac t ing  to ace ty l -  
choline becomes  s m a l l e r ,  and on the 10th day it co r responds  to the zone of the synapse.  

Diamond and Miledi [17] conf i rmed  the findings of Ginets inski i  and Shamar ine  in invest igat ions o~ 
r a t s  [12]. They found that in r a t s  in the ea r ly  s tages  of development  chemorecep t ion  of acetylcholine is 
genera l i zed  over  the whole su r face  of the musc le  f iber .  During ontogenesis  the chemorecep t ive  zone of the 
musc le  t i s sue  gradual ly  con t rac t s  and by the 15th day of l ife it is confined to the region of neu romuscu la r  
synapse .  

It may  be postula ted that the loss  of d i r ec t  exci tabi l i ty  of the musc le  t i s sue  in  the p r e s e n t  e x p e r i -  
men t  (excitabil i ty of the pos tsynapt ic  m e m b r a n e  away f r o m  the future subsynaptic  region} in puppies under 
16-18 days of age was due to the fact  that at  this per iod  c u r a r e  {both compet i t ive  and depolarizing} blocks 
the whole chemorecep t ive  su r face  of the musc le  f iber .  It may  be a s sumed  that  at an ea r ly  age, in r e sponse  
to d i rec t  s t imulat ion,  the musc le  is also exci ted because  of s t iml, lat ion of the ne rve  ending within it. F r o m  
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this point of view d i rec t  s t imula t ion  at an ea r ly  age is evidently also indirect .  It was natura l  to t ry  to 
explain why a f t e r  the act ion of blocking subs tances  the genera l ized  c h e m o - r e c e p t i v e  appara tus  of the m u s -  
cle f i be r s  ceases  to r eac t  at an ea r ly  age to e l ec t r i ca l  s t imulat ion.  Meanwhile,  the r e su l t s  indicating that 
ind i rec t  exci tabi l i ty  is p r e s e r v e d  a f t e r  cu ra r i za t ion  sugges ts  that at an e a r l y  age the subsynapt ic  region 
has  not yet  developed to ma tu r i t y  and the chemorecep t ive  p r o p e r t i e s  of this region in the ea r ly  s tages  di f fer  
f r o m  those p r o p e r t i e s  of the r e s t  of the pos tsynapt ie  region of the musc le  f ibe r .  The cause  and the phys -  
iological  s ignif icance of these d i f fe rences  mus t  r ece ive  fu r the r  ana lys i s .  If we r e m e m b e r  not only the facts  
obtained f r o m  the study of the r e su l t s  of eura r iza t ion ,  but also the l abo ra to ry  invest igat ions  ci ted above, 
i t  must  be accepted  that  f inal ma tu ra t ion  of this region takes place  in dogs at  the age of 2.0-2,5 months.  

The r e su l t s  obtained provide  an explanation of cl inical  observa t ions  which have been r epo r t ed .  
Stead [18], for  ins tance ,  s t a t e s  that  a much l a r g e r  dose of depolar iz ing re l axan t s  p e r  k i l og ram body weight 
is r equ i red  to produce  apnea in newborn infants than in adults.  Churchi l l -Davidson [16] de sc r ibe s  the 
high r e s i s t a n c e  of newborn infants to decamethonium ( leptocurare) .  He found only a pa r t i a l  block, which 
could be r e m o v e d  by an t i eho l ines te rase  p repa ra t ions  of neos t igmine  type. I. A. Arshavsk i i  [8] r epo r t s  that 
in dog fe tuses ,  joined to the mothe r  by the umbi l ica l  cord,  the subcutaneous injection of c u r a r e  causes  d i s -  
appea rance  of re f lex  reac t ions  s t imulat ion of var ious  recep t ive  fields of the skin su r face .  The loss  of 
r e f l ex  reac t ions  in this case  may  be due to pa r t i a l  blocking of impulses  not only in the myoneura l  junctions,  
but also in the synapses  of the cen t ra l  nervous  sy s t em.  
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