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The  dynamics  of  appea rance  of mic ro tubu les  and the development  of the i r  connections with syn-  
apses  and the  nuclear  m e m b r a n e  was studied by e lec t ron  mic roscopy  in different ia t ing neuro -  
b las t s  f r o m  the an te r io r  horns  of  the human spinal cord  during the f i r s t  half  of antenatal  develop-  
ment .  A hypothesis  is put fo rward  to explain the function of the connections d i scovered  between 
the miero tubules  and subsynapt ic  zone of the neuroblas t  and its nucleus.  
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It  was obse rved  p rev ious ly  that  a f te r  the appearance  of synaptic contacts  on developing neurob las t s  the i r  
functional matura t ion  and different ia t ion a r e  cons iderably  acce l e r a t ed  [5, 6, 8]. T h e s e  p r o c e s s e s  a r e  known 
to be accompanied  by profound changes in the internal  cell  organizat ion and, consequently,  they a r e  connected 
with inc reased  synthes is  of enzyme and s t ruc tu ra l  p ro te ins  in the cell, i .e. ,  in other  words,  with high act ivi ty  
of i ts  genetic appara tus .  I t  was accordingly  sugges ted  that  synapt ic  in terneuronal  contacts  have a s t imulat ing 
influence on the ac t iv i ty  of  the  genome of the developing ne rve  cell .  

At p re sen t ,  however ,  hardly  anything is known about the na ture  of this s t imulat ing factor  or  of the ways 
and methods  of its t r a n s p o r t  to the cel l  nucleus.  If it is a s sumed  that this fac tor  is a substance  fo rmed in the 
synapt ic  zone of the nerve  cell ,  the mos t  l ikely explanation would be that it moves  toward the nucleus through 
the par t ic ipat ion  of specia l  cell  o rganel les  (microtubules) ,  whose ro le  in the rapid  and or iented  in t race l lu lar  
t r a n s p o r t  of m a t e r i a l s  is becoming increas ingly  m o r e  evident [7, 9, 10]. Di rec t  connections between m i c r o -  
tubules and the subsynapt ic  zone in m a t u r e  neurons  have been d i scovered  on m o r e  than one occasion [1-4, 11]. 
However ,  it is not yet  known how they f o r m  in the developing neuroblas ts ,  or  when and how di rec t  re la t ions  a r e  
es tab l i shed  between the micro tubu les  and subsynaptic  region of the nerve  cell  and a lso  with its nucleus, a l -  
though knowledge of these  p r o c e s s e s  is e x t r e m e l y  essen t i a l  for  the understanding of the mechan i sms  of develop-  
ment  and dif ferent ia t ion of neurons .  

In the invest igat ion desc r ibed  below the dynamics  of appearance  of micro tubules  and of development  of 
the i r  connections with matur ing  synapses  and the cell  nucleus was studied with pa r t i cu l a r  r e f e r e n c e  to neuro-  
b las t s  of the human spinal cord  during the f i r s t  half  of p rena ta l  development  (the 8th-21st  weeks of pregnancy) .  

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

Mater ia l  for  the invest igat ions was obtained a f te r  abor t ions  c a r r i e d  out in gynecological  cl inics in Mos-  
cow. Al together  32 human e m b r y o s  and fe tuses  aged f r o m  8 to 21 weeks of gestat ion were  studied by e lec t ron  
m i c r o s c o p y .  The i r  age was de te rmined  on the bas i s  of cl inical  and morphological  data. 

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

Microtubules  we re  c l ea r ly  found in developing neuroblas ts  f~om the an te r io r  horns  of the human spinal 
cord in 8-week e m b r y o s .  They must  ce r ta in ly  have been the re  a lso  at  e a r l i e r  s tages  of in t rauter ine  develop-  
ment ,  but they were  difficult to detect  because  of thei r  e x t r e m e  labil i ty and the i r  instabil i ty toward many of 
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Fig. 1. Microtubules (arrows) in developing neuroblasts from anterior horns of 
brachial portion of spinal cord of 12-week (a, b) and 21-week (c, d) human fetuses. 
Magnification: a) 38,500 x, b) 52,500x; c) 67,800x, d) 105,800 x. 

the factors arising during histological preparation of nerve tissue. This is evidently the reason for the scarci ty 
of information in the l i terature on these organelles in developing nerve cells.  

At the 8th week of prenatal development, as also at later stages (9-12 weeks), microtubules were found 
in the cytoplasm of the body of the neuroblasts and also in their growing dendrites and axons. In the latter 
they formed well-developed bundles, usually filling their entire thickness (Fig. la). They are "packed" par-  
t icularly densely in the thin branches of the growing axons. In this region, along the microtubules, accompany- 
ing vesicles of varied caliber could frequently be seen, some of them indistinguishable from synaptic vesicles 
in their structure.  

Microtubules were located less densely in the dendrites than in the axons, but there too they were also 
arranged longitudinally and were sometimes accompanied by vesicles and by small electron-dense granules. 

In this early period of ontogenetic development of the neurons microtubules were found exceptionally in 
the cytoplasm of the growing axons and dendrites (Fig. la). No other similar s t ructures  and, above alI, micro-  
filaments could be found. 

In the later  period of development (18-21 weeks), when growth of the axons and dendrites was slower and, 
in some neurobiasts, was largely complete, the number of microtubules in them was considerably reduced and 
it appeared that they were beginning to be replaced by microfilaments (Fig. lc). This process  is evidently con- 

399 



nected with the fact  that  in the di f ferent ia t ing neurons  the need for  s t ruc tu ra l  and enzyme pro te ins  to be t r a n s -  
por t ed  to the i r  growth cones was na tura l ly  reduced  a f t e r  the end of the per iod  of rap id  growth of thei r  axons 
and dendri tes  and, consequently,  t he re  was no longer any need for the wel l -developed micro tubular  t r a n s p o r t  
s y s t e m s  that  a re  c h a r a c t e r i s t i c  of the e a r l i e r  s tages  of ontogenetic development  of the ne rve  cell .  

Microtubules  appeared  in the cy top lasm of the body of the neuroblas ts  f r o m  this reg ion  of the spinal cord 
at  the s a m e  t i m e s  as  in the axons and dendr i tes  and the pa t t e rn  of the i r  development  was mos t  marked  in fe-  
t u se s  aged 10-12 weeks.  At that  t ime  micro tubu les  r a n  through the cy top lasm of the cell  body in l a rge  num- 
be r s ,  s o m e t i m e s  singly, s o m e t i m e s  in sma l l  bundles.  Ve ry  often they ran  in the immedia te  vicini ty of organ-  
e l les  such as mi tochondr ia  and Golgi complexes .  They always appeared  to surround the Golgi complexes ,  
where  they were  in c lose  contact  with the ves i c l e s  fo rmed  in them.  

To unders tand the p r o c e s s e s  of development  of the neuroblas ts ,  r e la t ions  between the micro tubules  and 
nucle i  a r e  impor tan t .  The e lec t ron  m i c r o g r a p h s  frequently showed how mic ro tubu les  r a n  toward the nucleus 
of the neuroblas t  f r o m  all s ides and in l a rge  numbers .  Many went r igh t  up to the nucleus and joined the nu- 
c lear  m e m b r a n e  with the i r  s l ightly expanded end, mos t  f requently by the nuclear  pore  i tself  (Fig. lb).  

The  function of these  connections has not ye t  been  adequately studied. One thing is cer ta in ,  however:  if 
the micro tubules  in fact  s e r v e  as  a t r a n s p o r t  s y s t e m  in the cell, their  a t tachment  to the nuclear  m e m b r a n e  by 
the nuclear  po re s  would be m o s t  in ha rmony  with this function. 

P a r t i c u l a r  effor ts  we re  made to study the dynamics  of re la t ions  between micro tubules  and synaptic s t r u c -  
t u r e s  developing during synaptogenes is .  Having studied many e lec t ron  m i c r o g r a p h s  on which the micro tubules  
were  seen mos t  c lear ly ,  the wr i t e r s  concluded that  in all  probabi l i ty  they connect  with the subsynaptic  zone 
only in the final s tages  of synaptogenesis ,  when the synapse,  to judge f r o m  the morphological  p ic ture ,  r e a c h e s  
a high degree  of matur i ty .  

One of the initial s tages  of  synaptogenes is  when the growth cone of the axon, although it had not yet  los t  
its cha r ac t e r i s t i c  fea tu res  (groups of ves ic les  of different  ca l iber  - the so -ca l l ed  mound a rea ,  glycogen g ran -  
tries, and so on), f o r m s  a synaptic contact  with the dendri te  of a neuroblas t  is shown in Fig. la .  The concen-  
t r a t ion  of typical  synaptic  ves ic les  in the ac t ive  zone of this  contact,  in c lose  apposit ion with the p resynap t i c  
m e m b r a n e ,  and the c lear  a s y m m e t r i c a l  thickening of the opposed m e m b r a n e s  a r e  evidence of its functional 
competence .  

At the s a m e  t ime,  however ,  the growing mierotubt t les  have not yet  r eached  the synapse.  This  can be 
concluded with cer ta in ty ,  for in the sect ion these  organe l les  were  well p r e s e r v e d  on fixation. This  is shown 
by the p r e s e n c e  of wel l -developed bundles of mic ro tubu les  running through into a eel1 p r o c e s s  located along- 
side the synapse  (Fig. la) .  

Even in the l a te r  per iods  of synaptogenesis ,  when in its morphologica l  p ic tu re  the synapse appeared  to 
co r respond  comple te ly  to m a t u r e  fo rms ,  the micro tubules  st i l l  did not r e a c h  it. Only in the l a tes t  s tages  of 
th i s  p roces s ,  when all the morphologica l  fea tures  of the functionally ma tu r e  interneuronal  contact  had been 
acquired,  did the growing micro tubu les  gradual ly  begin to r each  the synapse  {Fig. ld). The i r  end facing the  
pos tsynapt ic  m e m b r a n e  under  these  c i r c u m s t a n c e s  widened into a funnel, the edges of which merged  with the 
osmiophil ic  substance  on the inner sur face  of the subsynaptic  m e m b r a n e .  The opposite end of the micro tubule  
sank into the depth of the cell  cy top la sm in the direct ion of its center ,  containing the nucleus.  With the e s -  
tab l i shment  of d i r ec t  connections between these  organe l les  and the subsynapt ic ,zone the p r o c e s s  of functional 
matura t ion  of the in terneuronal  synaptic contact  can be r ega rded  as  complete .  

By studying the ontogenetic development  of nerve  cel ls  in the an te r io r  horns  of the human spinal cord  
it was thus shown that  thei r  specia l  o rganel les  - micro tubules  - es tabl ish  d i r ec t  connections with cell  s t r u c -  
t u re s  such as synapses  and the nuclear  m e m b r a n e .  This  sugges ts  that  rap id  and or iented  t r a n s p o r t  of b io-  
logical ly  act ive  subs tances  f r o m  the subsynapt ic  region of the neuroblas t  toward i ts  nucleus can take p lace  
through the par t i c ipa t ion  of these  o rgane l l es .  
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EFFECT OF VAGOTOMY ON MORPHOLOGY AND FUNCTION 

OF THE ADRENAL MEDULLA IN RATS 

N~ Y a .  Y a k o v l e v a  a n d  V .  V.  Y a g l o v  UDC 612.819.918:612.452.014.2 

Marked dilatation of the venous s inusoids,  a d e c r e a s e  in a r e a  of the chromaff in  t i ssue ,  and a 
s t ronger  chromaff in  reac t ion  in the adrena l  medul la  were  found 7 and 45 days af ter  b i l a te ra l  
subdiaphragmat ic  vagotomy in male  albino r a t s .  Cons iderable  changes were  found in the u l t r a -  
s t ruc tu ra l  organiza t ion  of the s e c r e t o r y  ce l l s  and endothelinm. Inject ion of glucose into these  
an imals  caused only slight f luctuations in the adrenal in  content in the chromaff in  cel ls .  

KEY WORDS: vagotomy; adrenals ;  chromaff in  t i ssue;  hyperg lycemia .  

P r e v i o u s  invest igat ions showed that  b i l a t e r a l  subdiaphragmat ic  vagotomy d e p r e s s e s  functional act ivi ty  
of the insulin s y s t e m  of the p a n c r e a s  [1] and of the adrena l  cor tex  [3]. The  object  of this  invest igat ion was to 
study the ef fec t  of b i l a t e ra l  subdiaphragmat ic  vagotomy on the adrenal  medul la .  

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

Altogether  90 male  albino r a t s  weighing 120-140 g were  used. Under e ther  anes thes ia  b i l a te ra l  sub-  
d iaphragmat ic  vagotomy was p e r f o r m e d  on the an imals .  The  r a t s  w e r e  ki l led 7 and 45 days  a f t e r  the opera t ion 
a f te r  s t a rva t ion  for 24 h and 1, 2, 3, and 6 h a f te r  admin is t ra t ion  of 20% glucose solution by gas t r i c  tube in 
a dose of 2 g / k g  body weight. Glucose was chosen because  of the need to synchronize  the s e c r e t o r y  p r o c e s s  
of the chromaff in  cel ls  of the adrenal  medulla  to some degree ,  for  hype rg lycemia  inhibits ca techolamine  se -  
cre t ion.  At each t ime  of the invest igat ion five control  and five expe r imen ta l  an imals  were  studied. The adre~ 
nal medulla  was studied by Yag lov ' s  combined h i s tochemica l  method [2], whereby adrenal in  and noradrena l in  
can be detected s imul taneously  in the chromaff in  cei ls ,  unsa tura ted  phospholipids in the adrenocor t i cocy ies ,  
and DNA in the cell  nuclei.  To compare  the a r e a s  o:f the chromaff in  t i s sue  and venous sinusoids of the ad re -  
nal medulla in the control and vagotomized animals, a gravimetric method was used, with sections obtained 
from the middle part of the organ. The adrenalin and noradrenalin content was judged from the intensity of 
the chromaffin reaction. Material for electron-microscopic investigation was taken from three experimental 
and three control animals at each time. 

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

In all exper imenta l  an imals  cons iderab le  di latat ion of the venous s inusoids  was obse rved  7 days a f te r  
the operat ion,  amounting to 92%. Homogeneous  contents were  seen  in the i r  lumen and s t a s i s  of e ry th roey t e s ,  
giving a posi t ive  reac t ion  for catecl iolamines,  was observed~ The  a r e a  occupied by the chromaff in  t i s sue  was 
20.8% sma l l e r  than in an imals  of the contro l  group.  Analys i s  of the s ta te  of the chromaff in  cel ls  in the expe r i -  
mental  an ima l s  showed that  m o s t  ce l l s  in the medul la  we re  in the phase  of accumula t ion  of secretion, and gave 
a strong chromaffin reaction. Vacuolation of the cytoplasm was observed in many noradrenocytes and some 
adrenocytes. Administration of glucose caused changes in the catecholamine content in the chromaffin ceils 
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