
Histological  analysis  of the kidneys in the exper imenta l  newborn mice  of all  s e r i e s  r evea led  marked  de-  
genera t ion  of the cei ls  of the tubules, together  wi th  cons iderable  ka ryo lys i s .  The number  of lysed nuclei  in 
the exper imenta l  newborn mice  of s e r i e s  IV was 36%, and of s e r i e s  V, 30%, whe rea s  in the c o r r e s p o n ~ n g  con-  
t rol  newborn mice  they numbered  only 13%, and in the intact  newborn mice  only 6%. Thickening of the b a s e -  
ment  m e m b r a n e  was observed  in the renal  co rpusc les  with deposi ts  of g ranu la r  ma te r i a l  in the lumen of the 
capsule  (Fig. 1). 

Lymphocytes  of  syngeneic donors ,  sens i t ized  to kidney antigen, if injected into female  animals  at  d i f fe r -  
ent t imes  of pregnancy and before  conception, bes ides  thei r  nonspeeif ic toxic effect,  induced changes in the 
kidneys of the newborn mice  (an inc rease  in s ize of the cel ls  of the convoluted tubules, marked  ka ryo lys i s ) .  
The ea r ly  s tages  of embryogenes i s ,  including the per iod of laying down of the metanephros  (10th-12th days) ,  
proved to be mos t  vu lnerab le .  However,  fu r the r  invest igat ions a re  n e c e s s a r y  to es tab l i sh  the concre te  mecha -  
n i sm of this effect  of lymphocyte  sens i t ized  to kidney antigen on the fate of the kidneys in the progeny,  
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Despite  the e v e r - i n c r e a s i n g  number  of invest igat ions of the phenomenon, synaptogenesis  st i l l  r ema in s  
a l a rge ly  enigmat ic  p roce s s .  This is pa r t i cu l a r ly  t rue  of ideas on the mechan i sms  of the rapid  different ia t ion 
of l~s t synap t ic  m e m b r a n e s ,  the s t ruc tu ra l  and functional organizat ion of which l a rge ly  de te rmines  the spec i -  
fic f ea tu res  of the matur ing  synapse.  

The complexi ty  of the postsynapt ic  m e m b r a n e ,  wMeh includes a complex of specia l  r ecep to r  and enzyme 
pro te ins ,  indicates  quite defini tely that its growth and different ia t ion mus t  take p lace  under  s t r i c t  genetic con-  
trol .  However,  where  and how these  m e m b r a n e s  a re  c rea ted  and ma tu re ,  and how they or  the i r  individual com-  
ponents  r each  the s i te  of the future  synapse  also a re  st i l l  unsolved p rob l ems ,  and this na tura l ly  gives r i s e  to 
many  hypotheses  and conjec tures .  

The mos t  probable  of these suggest ions is  the hypothesis  of the exclusive  role  o f  the so -ca l l ed  coated 
ves ic les  in the genes is  of the pos tsynapt ic  m e m b r a n e  and, pe rhaps ,  of the whole subsynaptic  complex of the 
ne rve  cell  [1-3] ,  although of course  there  a re  other  equally probable  a l t e rna t ives  to this hypothesis  [ 4, 5]. 

The object  of this invest igat ion was to study the poss ib le  role  of coated ves ic les  in p r o c e s s e s  of synap-  
togenesis  during the per iod of p rena ta l  development  of the nervous  s y s t e m  in man. 
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E X P E R I M E N T A L  M E T H O D  

An e lec t ron-mic roscop ic  study was made of the brachial  port ion of the spinal cord of seven-week human 
embryos.  Their  age was determined f rom a compar ison of clinical and morphometr ic  data. 

EXPERIMENTAL RESULTS 

Our previous investigations [6] and data in the literature [3, 7, 8] indicate that the leading role in the 
formation of a synaptic junction is played by events taking place in the postsynaptic neurons. It is in this neu- 
ron, in the region of the future synapse, that the ordinary plasma membrane of the cell is transformed into a 
completely special, uniquely constructed postsynaptic membrane, with its characteristic set of receptor and 
enzyme proteins. However, since these protein structures cannot be synthesized in the membrane itself, but 
only by the protein-synthesizing systems of the cell under genetic control, it will be evident that all these pro- 
teins so essential for differentiation of the postsynaptic membrane must have been transported somehow to 
their appointed place. There is nothing improbable in the notion that this transport may take place through the 
participation of what are known as coated vesicles and which, as has been shown, are specially adapted for 
transporting proteins of intracellular structures [ I, 9, I0]. 

However, in order to confirm this hypothesis, direct participation of coated vesicles in the formation of 
the subsynaptic membrane had to be demonstrated. Some facts in support of this view were given in publica- 
tions on synaptogenesis in the cerebellum [ I] and olfactory cortex [8] of rats, and also in nerve tissue cul- 
tures [3]. The present investigation, conducted on the spinal cord of human embryos, revealed morphological 
pictures which, in the writers' opinion, clearly demonstrate the direct participation of coated vesicles in the 
development of the postsynaptic membrane of presumptive synapses. 

A dendritic profile, in which two coated vesicles are clearly distinguishable, can be distinctly seen in 
Fig. ]a, which depicts an area of the marginal zone of the developing spinal cord on the boundary with its 
ventrolateral nucleus. One of ~ them lies freely in the cytoplasm, between two mitochondria with a dense core, 
the other is in close interaction with the plasma membrane of the cell. On closer examination (Fig. la, b) it 
will be clear that this vesicle is apparently insinuating into the plasma membrane, fusing with it as in exocy- 
tosis. 

This developing synaptic junction (Fig. la, b), to judge from the morphological features, is passing 
through the earliest stages of its formation. This is shown both by the structure of its presynaptic membrane, 
which is almost indistinguishable from the ordinary plasmalemma, and by the presence of only solitary synap- 
tic Vesicles, scattered in the axoplasm, in addition to microtubules in the presynaptic terminal; one of these 
vesicles is adjacent to the presynaptic membrane, apparently opposite the coated vesicle insinuating into the 
postsynaptic membrane. 

A study of static morphological pictures must of course always lead to doubts whether the coated vesicle 
described is actually fusing with the postsynaptic membrane, and that what we are seeing here is not the ordi- 
nary picture of endocytosis. A serious objection to this view, we consider, is the picture in Fig. Ic. Here it 
will be noted that the membrane of the coated vesicle differs sharply from the plasma membrane with which it 
interacts' .  This observat ion is weighty evidence in support  of the view that what is recorded  on the e lectron 
mic rograph  is in fact fusion of the membrane  of the coated vesicle  with the p lasma membrane,  for  otherwise,  
if  it were  endocytosis ,  the two membranes  ought to be morphological ly  identical. Consequently, here we see 
one of the f i r s t  s tages of synaptogenesis  - the initial format ion of the postsynaptic membrane.  

F r o m  where do these dist inctive vesic les ,  which play such an important  role in the proc 'esses of synapto- 
genesis ,  appear  and where a re  they formed? It is not easy  to give an unequivocal answer to these questions, 
for coated vesic les  may ar i se  in the most  widely different regions of the cell. However, the main sites of 
their  mass ive  genesis are  the c i s te rns  of the Golgi lamel la r  complex. By Studying this complex in the same 
human embryos ,  it is easy  to be convinced of the exceptionally active process  of coated vesicle  format ion 
(Fig. ld) ,  and on some electron micrographs  all stages of their  genesis can be t raced - f rom the appearance 
of individual regions of "downy" membranes  at the edges of the c i s te rns  to complete separat ion of coated 
vesic les  ready for  t ransportat ion.  

On the basis  of these observat ions it can therefore  be suggested that the formation of postsynaptic mem-  
branes  and~ consequently, the development of new synapses takes place as follows. The axon, growing toward 
a neuroblast ,  in all probabil i ty acts as a special ized inducer,  capable of inducing cer ta in  differential  activity 
of its genome in the presumpt ive  postsynaptic neuron. It is in this way that the p rocess  of synthesis of r ecep-  
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Fig. 1. Coated ves ic les  ( a r rows)  in developing nerve  cel ls  f r o m  p re sumpt ive  an te r io r  horns  
of  b rach ia l  por t ion of spinal  cord  of 7-week human embryo .  Magnification: A) 60,500~ B) 
170,500; C) 95,000; D) 50,000. 

tor  and enzyme prote ins ,  s t r i c t ly  specif ic  fo r  the future synapse,  is t r igge red  in this ne rve  cell.  These newly 
synthes ized prote ins  sooner  or  l a t e r  en te r  the Golgi l ame l l a r  complex,  where  they undergo appropr ia te  t r a n s -  
fo rmat ion  and a re  incorpora ted  into the m e m b r a n e s  which a re  being produced there ,  and which subsequently 
become  what a r e  essen t ia l ly  p r e sumpt ive  pos tsynapt ic  m e m b r a n e s .  In other  words ,  it is suggested that  i t  is 
in the Golgi appara tus  that  an a lmos t  r e a d y - m a d e  postsynapt ie  m e m b r a n e  of the future  synapse  is c rea ted ,  
with all its complex s y s t e m  of specif ic  r e c e p t o r  and enzyme pro te in  s t ruc tu res .  

Next, this  m e m b r a n e  s e p a r a t e s  f r o m  the c i s t e rns  of the l a m e l l a r  complex and p roceeds  in the fo rm of a 
coated ves ic le  to its appointed destination,  poss ib ly  using m i c r o  f i lamentous and mie ro tubu la r  t r a n s p o r t  s y s -  
t e m s  of the cel t  for  this purpose .  Having reached  the region of the p l a s m a  m e m b r a n e  of the cel l  where  con-  
tac t  was  made With the approaching axon, the coated ves ic le  s tops,  becomes  f i rmly  apposed to the membrane ,  
and by means  of the o ld-es tab l i shed  cytological  m e c h a n i s m  of exocytosis ,  insinuates into it. As a r e su l t  of 
this p r o c e s s  the until then o rd inary  p l a s m a  m e m b r a n e  is apparent ly  r ep laced  by a spec ia l  pos tsynapt ic  m e m -  
brane ,  with i ts  own specif ic  a s s o r t m e n t  of r ecep to r  and enzyme s t ruc tu res .  We also cons ide r  that i t  is this 
p r o c e s s  which l ies at the bas i s  of growth and different ia t ion of the pos tsynapt ic  m e m b r a n e  of the developing 
synapse.  This is a s tepwise  p roce s s ,  and each new coated ves ic le ,  insinuating into the m e m b r a n e ,  br ings  with 
it  i ts own quantum of the spec ia l ized  postsynapt ic  m e m b r a n e  which, we mus t  a s sume ,  is a l ready  capable  of 
pe r fo rming ,  although pe rhaps  not fully, i ts  bas ic  functions in the in terneuronal  synapse.  There  is eve ry  r e a -  
son to suppose that  this m e c h a n i s m  a lso  is widely used  in the adult not only during the fo rmat ion  of new syn-  
apses ,  but a lso  during the i r  recons t ruc t ion ,  which is r espons ib le  for  the p las t i c i ty  of exist ing synaptic junc- 
tions. 
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Studies of the functional [2, 3, 8] and s t ruc tu ra l  [ 1, 4-7, 10] bases  of l o n g - t e r m  adaptation to h igh-a l t i -  
tude and other  e x t r e m a l  conditions have recen t ly  been published. Typical  r e p r e s e n t a t i v e s  of pe rmanen t  moun-  
t a in -dwel l e r s  a r e  the argal i ,  which l ive in he rds  on exposed spaces  of mountain p la teaus  at al t i tudes of 3800- 
5000 m above sea  level .  The specif ic  fea tures  of the i r  ecologic envi ronment  make spec ia l  demands  on the 
argal i .  They have a s t rong  constitution, they have g r ea t  powers  of endurance,  and if n e c e s s a r y  they can cove r  
g r e a t  d is tances  over  rocky  mountains at  high speed. No apprec iab le  functional d i s turbances  of the c a r d i o v a s -  
cu la r  and r e s p i r a t o r y  s y s t e m s  a r i s e  in the argal i .  Yet no invest igat ions have yet  been  under taken to study the 
pa r t i cu l a r  fea tu res  of the u l t r a s t r u c t u r e  of the ca rd iomyocy tes  in the argal i .  It was accordingly decided to 
study the myoea rd ium of these an imals  by the use of l ight-opt ical  and e l e c t r o n - m i c r o s c o p i c  methods of inves -  
tigation. 

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

Pieces  of m y o c a r d i u m  f r o m  the lef t  and r ight  ven t r ic les  of a rga l i  were  taken 20-30 rain a f t e r  s laughter  
of the animals .  The length of the hea r t s  va r i ed  f rom 11 to 12 cm, the t r a n s v e r s e  d i ame te r  f r o m  9 to 12 cm,  
and the a n t e r o p o s t e r i o r  d i a m e t e r  6-8 cm. The thickness  of the wall  of the left  ven t r ic le  was 1.8-2.2 cm,  of 
the r ight  ven t r ic le  0.5-1 cm,  and of the ven t r i cu la r  sep tum 1.4-1.8 cm,  which co r r e sponds  to mode ra t e  and 
un i form hyper t rophy  of the myocard ium.  

P ieces  of m y o c a r d i u m  for  light m i c r o s c o p y  were  fixed in 10% neut ra l  fo rmal in  solution and embedded 
in paraf f in  wax. Sections were  s ta ined with hematoxyl in  and eosin. Mater ia l  for  e lec t ron  m i c r o s c o p y  was 
fixed in 1% osmium  te t roxide solution in ve rona l - ace t a t e  buffer ,  pH 7.4, for  2 h. The f r agments  were  dehy-  
dra ted  in alcohols of inc reas ing  concentrat ion.  Af te r  appropr ia t e  r insing and p roces s ing  they were  embedded 
in a mix tu re  of Epon-812 and Araldi te .  Ul t ra thin sect ions were  s ta ined with lead c i t r a te  by Reynolds v method 
and examined in the JEM-100B e lec t ron  mic roscope .  Semithin sec t ions  1 ~ thick a lso  were  cut f r o m  the 
blocks  embedded for  e l e c t r o n - m i c r o s c o p y  and these  were  s ta ined with toluidine blue. 

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

Macroscopica l ly ,  the hea r t  had the concical  shape usual  for  m a m m a l s .  The a lmos t  comple te  absence  of 
adipose t i s sue  beneath the ep ica rd inm was noted. A ve ry  sma l l  quantity of adipose t i s sue  was confined to the 
c o r o n a r y  sulcus.  The cou r s e  of the b ranches  co r re sponded  to the left  co rona ry  type of blood supply to hhe 
hear t .  The main  b ranches  were  s t r a igh t  in hheir course .  On sect ion their  in t ima was smooth.  The t i ssue  of 
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