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Investigation of rhythmic movements  of the chick embryo showed that, besides movements  
with a frequency of 6-20/rain due to contract ions  of the amnion (5th-14th days of incubation), 
slower movements  with a frequency of 1-3/rain also occur .  These slower movements are  
also observed after  the 5th day, and they continue until the yolk sac is fully drawn in before 
hatching. Differences in the action of muscle relaxants suggest  that the movements  of the 
1st and 2nd types are  of different origins, and that those of the second type resul t  f rom con-  
t ract ions  of the skeletal muscles  of the embryo itself. 

During development of the chick embryo,  not only active movements  caused by the muscles  of the 
embryo itself, but also passive movements  resul t ing f rom contract ion of the amniotic sac are  observed.  

Rhythmic contract ions  of the amnion are  observed f rom the 5th to the 14th days of incubation with a 
frequency of 6-20/min [1, 4, 7, 8]. Contract ions of the amnion have been observed osci l lographical ly  in em-  
bryos  as ear ly  as the 4th day [6]. After  the 14th day of incubation, contract ions of the amnion cease  be -  
cause of the disintegrat ion and gradual degenerat ion of its muscular  layer  [5, 9]. 

Observations in the w r i t e r ' s  labora tory  have shown that, s tar t ing from the 5th day of embryonic de-  
velopment, rhythmic passive movements  occur  not only at a frequency of 6-20/min ,  but also at a much 
lower frequency. It has been suggested that these movements  a re  associated with other muscular  s t r uc -  
tures .  The object of this investigation was to examine the nature and source of these contract ions.  

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

Pass ive  movements  were  recorded  by convert ing the movements  of the membranes  into e lec t r ica l  
oscil lat ions which were  recorded  on a loop osci l lograph [2]. 

Chick embryos  of the White Leghorn breed were used in the experiments .  The eggs were  incubated 
at 38 ~ in a labora tory  incubator.  

Movements of the membranes  were observed and recorded  in an acute experiment  in eggs with the 
shell and shell membranes  opened f rom the side of the air  chamber .  On the 14th day of incubation the em-  
bryo, together  with the yolk sac, was poured f rom the egg into a bath containing physiological saline; its 
connection with the allantois, which remained in the sheli, was p reserved .  

Contract ions of the amnion were  observed and recorded  f rom the 5th to the 14th days, and movements  
of the yolk sac f rom the 6th to the 19th days. Elect rodes  of the detector  for record ing  movements  were 
fixed to the wall of the amnion or to the vitelline membrane.  

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

When the e lec t rodes  were located on the amnion, two different types of contract ions were  distinctly 
observed.  The f i rs t  of these, with a frequency of 6-20/rain, was observed f rom the 5th until the 14th day of 
development. The frequency of these contract ions varied with age:  it increased from the 5th to the 8th day 
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Fig. 1. Spontaneous rhy thmic  movemen t s .  A) Movements  
of amnion (al, age 7 days;  a2, aged 10 days);  B) movemen t s  
of yolk sac (bl, age 6 days;  amnion not injured; b2, age 8 
days,  amnion des t royed;  b3, age 17 days,  amnion not func- 
tioning). 

and dec rea sed  f r o m  the 9th to the 14th day. Contrac t ions  of this f requency have a lso  been obse rved  by o ther  
w o r k e r s  both in the intact  chick embryo  [1] and in an isolated s t r ip  of amnion [4, 7, 8]. The w r i t e r t s  visual  
observat ions ,  together  with graphic  record ings ,  a lso  indicate that  movemen t s  of this type a r e  a ssoc ia ted  
with cont rac t ions  of the amnion (Fig. 1A). 

Contract ions  of the second type (Fig. 1B) were  found f r o m  the 5th day of incubation, and the i r  f r e -  
quency did not exceed 1-3/rain. The durat ion of each cont rac t ion  var ied  f r o m  12 to 15 sec,  whe reas  the 
durat ion of each cont rac t ion  of the f i r s t  type was  2-7 sec.  No other  inves t iga tor  has r epor t ed  the exis tence  
of a rhy thm of this type.  These  cont rac t ions  showed no signif icant  change f rom the 6th to the 19th day of 
incubation, and they r ema ined  a f t e r  surg ica l  des t ruc t ion  of the amnion (in the f i r s t  half of incubation), and 
a f te r  its degenera t ion  (in the second half of incubation), indicating the i r  independence of cont rac t ions  of the 
amnion. Visual  observa t ions  showed that cont rac t ions  of this type a r e  a ssoc ia ted  with movemen t  of the 
yolk sac.  

Publ ished data re la t ing  to movemen t s  of the yolk sac a r e  concerned only with the per iod of hatching 
of the chick, when this sac is drawn inside the body cavi ty  of the embryo  (19th-20th day of incubation). As 
Rogazina [3] s ta tes ,  f r o m  the 17th day of incubation the yolk sac begins to be overgrown by its m u s c u l a r  
layer ,  which is der ived f r o m  the abdominal  wall of the embryo .  She a s s o c i a t e s  the m e c h a n i s m  of indrawing 
of the yolk sac into the abdominal  cavi ty  with cont rac t ions  of these  musc le s .  Lil l ie [9], on the o ther  hand, 
ascribes this process entirely to contractions of the embryo, s abdominal wall, and does not mention over- 
growth of the yolk sac by the muscular layer. Although these observations apply only to the period of hatch- 
ing, they do suggest that the skeletal muscles of the embryo play a part in producing the movements of the 
yolk sac which were recorded in the present experiments starting from the 5th day of development. Con- 
tractions of the amnion, on the other hand, as many investigators have firmly established, are produced by 
nerveless smooth muscle fibers. 
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T A B L E  1. D o s e s  of M u s c l e R e l a x a n t s  

Day of 
incubation 

6--7th 
8--I ]th 

12-- 15th 
16-- [9th 

D- tubocuratine 

c o n c n ,  dose (in ml) 

I:10000 0,1 
1 : 1 000 0 ,  I - - 0 , 2  
1:10000 0,05--0, l 
l : l  000 0,[ 0,2 

succinyleholine 

c o n c h .  [dose(!nml) 

1:10 000 0,1 
l : l  000 0,l--0,2 
l:10 000 0.005--0,1 
l:l  000 0,005 0,I 

Method of admin- 
istration of drug 

Application to surface 
of a m n i o n  

I n j e c t i o n  i n t o  body 
o f  embryo 

Fig. 2. Action of tubocurarine on movements of amnion 
(A) and yolk sac (B) (age 12 and 15 days, respectively). 
al, bl) Before administration of tubocurarine; a2, b2) 2 rain 
after administration~ 

It c a n  be  c o n c l u d e d  tha t  d i f f e r e n t  m u s c l e  t i s s u e s  a r e  c o n c e r n e d  in the  f o r m a t i o n  of t h e s e  two t y p e s  
of m o v e m e n t s :  s m o o t h  n e r v e l e s s  m u s c l e s  of t he  a m n i o n  in the  f i r s t  c a s e ,  and s k e l e t a l  m u s c l e s  of the  e m -  
b r y o  in the  s econd  c a s e .  If t h i s  h y p o t h e s i s  i s  c o r r e c t ,  t h e s e  s t r u c t u r e s  m u s t  d i f f e r  in t h e i r  r e l a t i o n s h i p  
to m u s c l e  r e l a x a n t s .  To v e r i f y  t h i s  deduc t ion ,  a s e r i e s  of e x p e r i m e n t s  w a s  c a r r i e d  out  to s tudy  the  a c t i o n  
of D - t u b o c u r a r i n e  and s u c c i n y l c h o l i n e  on the  c o u r s e  of r h y t h m i c  c o n t r a c t i o n s  of the  f i r s t  and s econd  t y p e s .  

So lu t ions  of D - t u b o c u r a r i n e  and s u c c i n y l c h o l i n e ,  m a d e  up in p h y s i o l o g i c a l  s a l i n e ,  w e r e  used  in d i f -  
f e r e n t  c o n c e n t r a t i o n s  depend ing  on the t i m e  of incuba t ion .  M i n i m a l  d o s e s  s topp ing  m o v e m e n t s  of the  e m -  
b r y o  w e r e  c h o s e n .  F r o m  the  6th to  the  11th days  of d e v e l o p m e n t ,  the  d r u g  was  a p p l i e d  d i r e c t l y  to the  a m -  
n io t ic  m e m b r a n e ;  f r o m  the 12th day  the  d r u g  was  i n j e c t e d  s u b c u t a n e o u s l y  into the  e m b r y o ' s  th igh  o r  

wing (Table  1). 

The  e x p e r i m e n t s  showed tha t  t u b o c u r a r i n e  in m o s t  c a s e s  c a u s e s  a c t i v a t i o n  of a m n i o t i c  c o n t r a c t i o n s ,  
a s  shown by an i n c r e a s e  in the  d u r a t i o n  of the  p e r i o d s  of a c t i v i t y  and i n c r e a s e d  f r e q u e n c y  and r e g u l a r i t y  
of the  r h y t h m  of c o n t r a c t i o n s  (Fig.  2A). In the  e a r l y  s t a g e s  of d e v e l o p m e n t  ( f rom the  6th to the 9th d a y s  
of incuba t ion) ,  t u b o c u r a r i n e  a l s o  a c t i v a t e s  m o v e m e n t s  of the  yo lk  sac ,  wh i l e  in the  l a t e r  s t a g e s  of d e v e l o p -  
m e n t  (15th-19th  d a y s  of incubat ion)  t u b o c u r a r i n e  has  the  o p p o s i t e  e f fec t :  i t  r e d u c e s  the  f r e q u e n c y  of the  

c o n t r a e t i o n s  o r  i nh ib i t s  t h e m  c o m p l e t e l y  (Fig .  2b). 

S u c c i n y l c h o l i n e  a l s o  d i f f e r e d  in i t s  a c t i o n  on the  c o n t r a c t i o n s  of the  f i r s t  and second  t y p e s .  D u r i n g  
the  a c t i o n  of s u c e i n y l e h o l i n e  on the a m n i o n , i n h i b i t i o n  (an i n c r e a s e  in the  d u r a t i o n  of the  r e s t  p e r i o d s )  o r  
to ta l  c e s s a t i o n  of the  m o v e m e n t s  was  o b s e r v e d  in 71% of c a s e s .  The  i n h i b i t o r y  e f f ec t  was  o b s e r v e d  
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Fig. 3. Action of succinylcholine on movements of amnion 
(A) and yolk sac (B) (age 8 and 9 days, respectively), al, bl) 
Before administration of succinylcholine; a2, b2) 2 min after 
administration; a3) 4 rain after administration. 

throughout the period of activity of the amnion - f rom the 6th to the 13th day (Fig. 3A), and activation of 
amniotic contract ions was observed only in 2% of the experiments .  The action of succinylcholine on move-  
ments of the yolk sac was expressed either as inhibition or as activation through the period of embryonic  
development. However, activation of movements  predominated throughout the period of incubation (activa- 
tion in 58%, inhibition in 36% of the experiments) .  In some experiments  (6%) no action of succinylcholine 
could be observed (Fig. 3B). 

Control observat ions showed that physiological saline, in which the solutions of tubocurar ine and 
succinylcholine were made up, i tself can inhibit contract ions  of the membranes .  It might be concluded 

f r o m  analysis  of the resul ts  that the effects of physiological saline and of succinylcholine were s imilar .  
However, physiological saline acts  on contract ions  of the amnion only during the f i rs t  minutes af ter  its ad-  
ministrat ion,  af ter  which the normal  contract ions  are  res tored,  while the effect of succinylcholine becomes  
s t ronger  with the passage of t ime. The t ime of physiological saline is always weaker  than that of suc-  
cinylcholine. 

After  adminis t rat ion of succinylcholine the response  of the yolk sac, like that of the amnion, was 
more permanent  and definite in cha rac t e r  than its response  to injection of physiological saline. 

It can be concluded f rom these resu l t s  as a whole that by the 5th day of embryonic  development of 
the chick, both the amnion and yolk sac part ic ipate  in its pass ive movements .  However, movements  of the 
embryo relat ive to the amniotic fluid can be regarded as passive only if they are  produced by contract ions  
of the walls of the amnion, which are  known to possess  their  own pacemaker  mechanism [6, 7]. Movements 
of the embryo connected with movements  of the yolk sac, on the other hand, are  not passive in the t rue 
meaning of the term,  for they are  evidently associa ted  with the skeletal muscles  of the embryo itself. The 
resul ts  of the experiments  with muscle re laxants  descr ibed above a re  evidence in support  of the view that 
these movements  are  connected with the skeletal muscles  of the embryo.  
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