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Exposure  of p regnant  rabbi t s  to modera t e  hypoxia,  inducing fetal  m o v e m e n t s ,  led to sharp  
acce l e ra t ion  of growth and development  both of the fe tuses  as a whole and of the i r  ske le ta l  
m u s c u l a r  s y s t e m  in pa r t i cu la r .  Exc i tab i l i tyof the  musc le  m e m b r a n e  developed sooner ,  the 
mechan ica l  p a r a m e t e r s  of  the musc l e s  were  inc reased ,  and glycogen synthes is  in the l i ve r  
was intensif ied by c o m p a r i s o n  with control  fe tuses  of the s a m e  age. Exposure  to hyperoxta  
o r  powerful  s t r e s s o r  s t imulat ion,  inducing neuros i s  and inhibiting the "ges t a t i on  dominant ,"  
reduced  the fetal  movemen t s .  Growth and development  of the fetus as a whole and of its ske l -  
etal  muscu l a r  s y s t e m  in pa r t i cu l a r  by a s ignif icant  degree  was accompanied  by reduced  
synthes is  of the chief  energy-g iv ing  m a t e r i a l  of the musc l e s  (glycogen), both in the ske le ta l  
musc l e s  themse lves  and in the l ive r .  

Exper imen t s  in the w r i t e r s '  l a b o r a t o r y  [1, 2] have shown that  ac t iv i ty  of the ske le ta l  m u s c u l a r  s y s t e m  
in the antenatal  per iod a r i s e s  in two ways.  Constant tonic act ivi ty  gives the fetus its speci f ic  orthotonic po-  
s i t ion and p e r f o r m s  a c i r cu l a to ry  function (the " m u s c u l a r  p u m p " ) ,  support ing the c i rcu la t ion  at  the requ i red  
level .  The ro le  of the , ,muscu la r  p u m p "  is pa r t i cu l a r l y  impor tan t  in the o ther  f o r m  of act ivi ty,  which is 
adaptive in or ig in  in r e sponse  to a deficiency of food subs tances  and oxygen in the blood, and with the cha r -  
a c t e r  of an opisthotonic or  genera l i zed  m o t o r  r e sponse  [1, 3]. 

The object  of this invest igat ion was to s tudy how intensif icat ion of the adaptive mo to r  r e sponses  or  
the i r  suppres s ion  affects  the growth and development  of the ske le ta l  m u s c u l a r  s y s t e m  of the fetus.  

TABLE 1. Functional P a r a m e t e r s  of the Gas t rocnemius  Muscle of 
Rabbit  Fe tuses  on the Thir t ie th  Day of In t rau ter ine  Development  
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Note. In the case  m a r k e d  by an a s t e r i s k ,  P > 0.005; o therwise  P < 0.01. 
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Fig. I. Weight parameters of rabbit fetuses on 30th day of intrauter- 
ine development under normal conditions and with inhibition of gesta- 
tion dominant: I) control; 2) hypoxia; 3) hyperoxia; 4) neurosis. 

Fig. 2. Electrical (A) and mechanical (B, C, D) responses of gastroc- 
nemius muscle of rabbit fetuses on thirtieth day of intrauterine develop- 
ment: I, 2, 3, 4) same groups of animals as in Fig. i. A) MP and AP. 
Calibration 20 mV, I0 msee; B) single contract{on. Calibration i0 g, 
500 msec; C) contraction at 5/sec. Calibration i0 g, 1 sec; D) contraction 
at 20/see. Calibration i0 g, 2 rain. 

EXPERIMENTAL METHOD 

In the las t  third of pregnancy (from the 23rd day), i.e., in the fetal period of antenatal development, 
pregnant rabbits were  exposed to various forms of s t r e s s .  In the experiments  of se r ies  I the rabbits  were 
exposed to moderate  degrees of hypoxia which, according to ea r l i e r  observations [1, 2, 7, 8], s t imulates 
adaptive fetal movements .  For  this purpose the rabbits  were exposed daily in a p r e s su re  chamber  to a 
p r e s su re  equivalent to ana l t i tude  of 4 km (12.75% O2). Exposure las ted 3 h. In ser ies  lI the rabbits were  
exposed to hyperoxia in a p r e s s u r e  chamber  with an oxygen concentrat ion of 70-80%. Exposure again lasted 
3 h. P rev ious  experiments  in the w r i t e r s '  l abora to ry  [1, 8] showed that exposure in this way inhibits the 
adaptive motor  responses  of the fetus. The same resul t  was obtained in the experiments  of se r ies  III, in 
which inhibition of the gestat ion dominant was induced by the format ion of an experimental  neurosis  for 2 
days, on the 22rid and 23rd days ofpregnancy,  by the method usually adopted in the l abora to ry  [1, 4, 8]: s i -  
multaneous electr ical  s t imulat ion of bare  par ts  of the rabbi t s '  l imbs and powerful acoust ic  st imulat ion 
(siren) for 30 min.  On the 30th day of intrauterine development the fetuses were taken f rom the exper imen-  
tal rabbits ,  including those with a normal  pregnancy (control), by caesar ian  sectipn. In some fetuses the 
body weight, the total weight of the musc les ,  and also the absolute and relat ive weight of the bones were  
determined. Glycogen in the muscles  and l iver  was determined by the anthrone method [11] and the resul ts  
were expressed  in mg % for f resh  tissue. Other fetuses f rom the same l i t ters  were fixed secure ly  by the 
hind l imb in the usual way [6], without anesthesia,  and the membrane  potential (lVl:P) and action potential (AP) 
of the muscles  f ibers of the gas t roenemius  muscle  were r ecorded  int racel lular ly  by means of glass  m i c r o -  
e lec t rodes ,  filled with 3 M KC1 solution, in response  to indirect  stimulation. The body tempera ture  was 
maintained at 36.5-36.8~ and the dissected muscle  was kept constantly mois t  with warm physiological s a -  
line. To measure  the mechanical  responses  of the muscle  under i somet r ic  conditions and at different f r e -  
quencies of s t imulat ion the distal end of the muscle  was detached f rom the bone together with the per ios teum 
and secured  to a s t ra in  gauge of appropriate  sensitivity.  The e lect rc ia l  responses  of the muscle were led 
through.a UBP1-02 ampli f ier  and the mechanical  responses  through a TU-4M amplif ier  and recorded  on a 
type N-700 loop oseil lograph.  The experimental  resul ts  were  subjected to stat is t ical  analysis and Student's 
c r i te r ion  was used to compare the experimental  and control  measurements .  

EXPERIMENTAL RESULTS 

The experiments  were ca r r i ed  out on 21 fetuses (from 5 rabbits) with normal  intrauterine develop- 
ment,  25 fetuses ( f romfour rabbt t s )  developing during exposure to hypoxta, 19 fetuses (from four rabbits) 
developing in hyperoxta,  and 22 fetuses (from five rabbits) developing during s tess - induced  neurosis .  
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The weights of the fe tuses  invest igated a re  given in Fig. 1. They show that  exposure  to modera t e  
hypoxia led to m a rked  acce l e r a t i on  of body growth, due p r i m a r i l y  to growth and  development  of the ske le ta l  
muscu l a tu r e ,  while the m a s s  of the bones r ema ined  unchanged f r o m  that of cont ro l  f e t u s e s  of the s a m e  age.  
Exposure  to hyperox ia  and inhibition of the ges ta t ion  dominant by s t e s s  both led to m a r k e d  delay in growth 
of the fetus as a whole and of the skele ta l  muscu la tu re  in pa r t i cu la r :  

Invest igat ion of the functional p a r a m e t e r s  of the ske le ta l  musc les  (Table 1) showed that during hypoxia 
these p a r a m e t e r s  develop sooner :  a h igher  level  of po la r iza t ion  of the musc le  f ibe r s ,  r e v e r s a l  of the AP 
appear ing  for  the f i r s t  t ime ,  but st i l l  only ve ry  sl ight  in degree ,  and a dec rea se  in the durat ion of the AP 
compared  with  these p a r a m e t e r s  in the control  fe tuses .  These cha r ac t e r i s t i c s  r e f l ec t  an inc rease  in the 
potential  labi l i ty  of the ske le ta l  musc l e s  of the animals  actual ly  during antenatal  development.  According 
to Diamond and Miledi [10], tonic act ivi ty  of the skele ta l  musc l e s  of the fetus at  this age in animals  such 
as rabbi t s  that a re  b o r n  blind is produced by low- f requency  and low-ampl i tude  local  potent ia ls  o r  local  
end-pla te  potent ials  (EPPs) ,  in consequence of the genera l i zed  chol inergic  r e c e p t o r  act ivi ty  of the musc le  
m e m b r a n e  cha ra c t e r i s t i c  of that  age. D u r i n g e x p o s u r e t o h y p e r o x [ a  and neuros i s  there  was a sha rp  dec rease  
in MP and a dec rea se  in ampli tude of AP. Differences  between the e l ec t r i ca l  r e sponses  of the gas t rocnemins  
musc le  in fe tuses  with di f ferent  conditions of in t rauter ine  development  a re  c l ea r ly  vis ible  in Fig. 2. For  
instance,  whereas  in the fe tuses  in the exper imen t s  of s e r i e s  I the f i r s t  signs of convers ion  of the E P P  into 
a spreading  AP can be seen,  in the exper imen t s  of s e r i e s  II and III the musc le  E P P s  a r e  p ro t r ac t ed  in cha r -  
ac te r .  Compar i son  of the mechanica l  cha rac t e r i s t i c s  of the gas t rocnemius  musc l e s  (Fig. 2, Table 1) also 
shows that the working capaci ty  of the fetal  ske le ta l  muscu la tu re  is inc reased  if the i r  growth is a cce l e r a t ed  
(hypoxia) but sharp ly  reduced  if the i r  growth is delayed (hyperoxia and neuros is) .  If  the potential  labi l i ty  
of the ske le ta l  muscu la tu re  is judged f rom the min imal  f requency of s t imula t ion  r equ i red  to produce a con- 
t inuous contract ion [5], as  Table 1 shows,  in s e r i e s  II  this f requency was i n c r e a s e d  and c a m e c l o s e  to the va l -  
ues found during postnatal  development.  In s e r i e s  II  and III  it was reduced,  indicating a lowered  value of 
the potential  labil i ty.  During prolonged s t imula t ion  at  20 / s ec  for  10 min,  no evidence of fatigue ( a sudden 
drop in the s t rength  of mechanica l  contraction) was obse rved  during i s o m e t r i c  contract ion.  Meanwhile in 
the fetuses  in the expe r imen t s  of s e r i e s  II  and III c l ea r  evidence of a drop in mechan ica l  contract ion was 
found a f t e r  only 2-3 rain. 

Under the conditions of a normal  pregnancy,  when natural  phsiological  hypoxemia  occurs  [1, 2, 9], the 
pr incipal  source  of ene rgy  for  the working act ivi ty  of the musc l e s  is anaerob ic  breakdown of ca rbohydra tes ,  
e spec ia l ly  glycogen [3] .  For  this r e a s o n  it was decided to de te rmine  the glycogen content in the ske le ta l  
musc l e s  and l i ve r  of the fe tuses ,  the pr incipal  g lycogen depots. The r e su l t s  showed that the glycogen con- 
cent-ration in the musc l e s  was not s ignif icant ly changed during in t rauter ine  development  a f t e r  exposure  to 
the var ious  fac tors  (Table 1') although there  was a tendency for  it to dec rease  in the expe r imen t s  of s e r i e s  
III. The glycogen concentra t ion in the l iver ,  however ,  va r i ed  cons iderably  depending on the c h a r a c t e r  of 
in t rauter ine  development.  In the fetuses  in the expe r imen t s  of s e r i e s  I, for  instance,  it was higher  (4,600 =~ 
32 mg ~) than i n t h e  control  (4,020-~ 30 mg  %). It  fell  sha rp ly  in the fe tuses  i n t h e  expe r imen t s  of s e r i e s  II 
and HI (1,865 =~ 28 and 1,115 ~: 18 mg  %, respec t ive ly) .  

The dec rease  in adaptive moto r  act ivi ty  in the fe tuses  exposed to hyperoxia  or  to inhibition of 
the ges ta t ion  dominant thus leads  to delay in the growth and development  of the ske le ta l  m u s c u l a r  sy s t em,  
whereas  s t imulat ion of adaptive m o t o r  r e s p o n s e s  byhypoxia  leads  to the acce l e r a t i on  of growth and develop-  
men t  of the skele ta l  m us cu l a r  sys t em.  
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