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f i l amentous  material ,  mi tochondr i a  and agranular  endo-  
p lasmic  re~dculum (Figure 4). Last ly ,  o the r  dense core 
vesicles are found  wi th in  p resynap t i c  axon te rmina ls  
(Figure 5). W h e n  wi th in  these  terminals ,  the  dense core 
vesicles are f requen t ly  found  in conjunc t ion  wi th  t rans -  
lucent  sphero ida l  vesicles. By  the  17th and  22nd weeks 
of gesta t ion,  the  p a t t e r n  of dense core vesicle d is t r ibu t ion  
remains  unchanged .  However ,  t h e y  are now more fie- 
q u e n d y  seen, as by th is  per iod there  has  occurred a 
s ignif icant  increase in synap t ic  deve lopment .  

The resul ts  of the  p resen t  s t u d y  indicate  t h a t  in the  
h u m a n  cerebral  cor tex  by  the  15th week of gesta t ion,  
dense core vesicles are found wi th in  axon cylinders,  
distal ,  d i la ted axon segments  and wi th in  p r e synap t i c  
axon terminals .  Those vesicles wi th in  the  axon cyl inders  
are p robab ly  r ep resen ta t ive  of synap t ic  vesicles in t ran-  
s i t<  On the  basis of morphological  cr i ter ia  es tabl ished in 
o ther  species a ~, those  dilated,  dis ta l  axon  segments  
conta in ing  dense core vesicles appear  to be axon growth  
cones, and thus,  the  presence of dense core vesicles the re in  
demons t r a t e s  t h a t  this  vesicular  c o m p o n e n t  is p resen t  in 
the  ac t ive ly  growing axon processes. Last ly ,  the  identif i-  
ca t ion  of dense core vesicles wi th in  the  p resynap t i c  axon 
te rmina ls  seems of par t icu lar  significance, for i t  suggests  
t h a t  these vesicles m a y  be involved in the  process of 
neural  t ransmiss ion.  Dense core vesicles comparab le  to 
those  descr ibed have  been ident i f ied in t he  roden t  
cerebra l  cor tex  and such vesicles were ident i f ied as 
s torage sites for the monoanl ine,  norepinephrine6,  h 
Though  i t  is a t t r ac t ive  to  specula te  t h a t  t he  dense core 
vesicles of the  p resen t  s tudy  are also l inked wi th  the  
s torage of norepinephr ine ,  it is impossible  on the  basis of 
pure ly  morphological  da t a  to make  such an assumpt ion .  
Addi t ional ly ,  the  fact  t h a t  even cholinergic te rminals  
con ta in  occasional  dense core vesicles s, makes  the  cor- 
re la t ion of these dense core vesicles wi th  the  monoamine ,  

norepinephr ine ,  all t he  more  equivocal.  Though  the  
n e u r o t r a n s m i t t e r  l inked wi th  these  dense core vesicles 
remains  to  be identif ied,  the  fact  t h a t  these vesicles  are 
p resen t  a t  all m u s t  be considered significant .  The presence 
of dense core vesicles here a t  t he  15th week of ges ta t ion  
indicates  t h a t  in t e rms  of the  synap t ic  vesicle popula t ion ,  
i.e., t r ans lucen t  and  dense core vesicles, the  typ ica l  
synapt ic  complexes  of the  h u m a n  cerebral  cor tex  appea r  
qui te  m a t u r e  par t icu lar ly  in l ight  of th is  ve ry  ear ly  s tage 
of fetal  deve lopment .  

Summary. The p resen t  s tudy  clearly d e m o n s t r a t e s  
t h a t  by  the  15th week of ges ta t ion  dense core vesicles 
appear  wi th in  the  h u m a n  cerebral  cortex.  These vesicles 
can be ident i f ied wi th in  axon cylinders,  axon g rowth  
cones, and  axon  synap t i c  terminals .  The role of these  
vesicles is speculat ive,  yet ,  the i r  very  presence a t  th is  
early fetal  s tage seems to  reflect  an advanced  s t a te  of 
synap t i c  vesicle deve lopment .  
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P r i m a r y  N e u r a l  I n d u c t i o n  as  S t u d i e d  by  S c a n n i n g  E l e c t r o n  M i c r o s c o p y  

P r i m a r y  neural  induct ion  has been s tudied  extens ive ly  
by  l ight  and t ransmiss ion  electron microscopy1, 2 and 
recen t  s tudies  have  d e m o n s t r a t e d  two morphological  
markers  of p r imary  neural  induct ion  in the  early stage-5 
embryo.  

In  the  l ight  microscope a band  of nuclei can be seen 
immedia te ly  anter ior  to Hensen ' s  node a and in the  t rans -  
mission electron microscope a r ibosome free area has been 
observed  4. 

The p resen t  s t u d y  inves t iga tes  the  scanning  electron 
microscopic (SEM) appearances  dur ing  p r i m a r y  neural  
induc t ion  in the  chick embryo,  pay ing  par t icu lar  a t t en t ion  
to  the  mesoderm ceils and  the i r  re la t ionship  to the  ecto-  
de rm layer.  

Materials and methods. Stereoseanning electron micro- 
scopy (SEM). W h i t e  leghorn chick embryos  were in- 
cuba ted  a t  37.5~ unt i l  early s tage-5< The eggs were 
opened and  some of the  a lbumen poured  away.  KARNOV- 
SKY'S f ixa t ive  6 was then  gen t ly  in jec ted  below and  above 
each embryo.  The specimens  were cu t  off the  yolk and  
placed in KARNOVSKY'S f ixat ive  for several  h. They  
were t h e n  buffered  in Cacodyta te  buffer  ~ for several  h, 
followed by  2% OsO 4 for 1 h and d e h y d r a t e d  in a graded 
series of ace tone /wate r .  In  70% ace tone /wa te r  a na r row 
f rac ture  was di rec ted  across the  area pel lucida t h ro u g h  
the  region immed ia t e ly  anter ior  to Hensen ' s  node.  I t  was 
then  possible to s t u d y  mesoderm cell con tac t s  in the  
area peltucida and  anter ior  to the  node.  In  some speci- 

mens,  the  en d o d e rm was peeled off in the  Cacodyla te  
buffer  to s t u d y  the  ven t ra l  ec toderm in th is  region. 

The spec imens  were  cri t ical  po in t  dr ied b y  replacing 
the  acetone wi th  liquid CO~ and m o u n t e d  on Cambr idge  
s tubs  w i th  colloidal silver paint .  They  were then  coa ted  
wi th  gold and  pa l lad ium app rox ima te ly  40 n m  th ick  and  
viewed on a Cambridge  $4-10 scanning electron micro-  
scope. 

Transmission electron microscopy (TEM).  Specimens  
for s t u d y  by  T E M  were fixed and buffered as descr ibed for 
SEM specimens.  They  were t h e n  d e h y d r a t e d  in a g raded  
series of e thano l /wa te r  and  emb ed d ed  in Araldi te  8. 
Fol lowing u l t r a th in  sect ioning t h e y  were viewed on a 
Siemens E lmiskop  1B (80 KV) t ransmiss ion  e lec t ron 
microscope.  
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Results.  By scanning  electron microscopy the  midl ine  
ec tode rm i m m e d i a t e l y  an te r io r  to  H e n s e n ' s  node  is a 
com pac t  layer  several  cells in th ickness  (Figure 1). The 
layer  is a pseudos t ra t i f i ed  ep i the l ium wi th  the  cells 
al igned dorso-vent ra l ly .  Along the  ven t ra l  ec tode rm bor-  
der  several  mesode rm cells are p resen t  (Figure 2). E a c h  
mesode rm cell has  several  filopodia. They  are of va ry ing  
lengths  and  appear  to  con t ac t  o the r  mesode rm (Figure 3) 
and  endode rm  cells. The f i lopodia s imilar ly  appear  to 
con tac t  t he  ec tode rm layer.  The mesode rm cell con tac t s  
in th is  region are similar  to  those  in the  ad j acen t  area  
pellucida. 

In  the  scanning  e lec t ron microscope i t  was no t  possible  
to  d is t inguish  the  var ious  t ypes  of cell junc t ions  as 
recognized in the  t ransmiss ion  electron microscope.  I Iow-  
ever, i t  is possible to  see cells con tac t ing  one ano ther .  
I t  is also possible to  see tu f t s  of f ibrous mater ia l  p resen t  in 
the  region of the  dorsal  mesode rm and  p re sumpt ive  neura l -  
ec tode rm border .  

The ven t r a l  ec tode rm surface was examined  on the  SEM 
spec imens  in which  t h e  e n d o d e r m  h a d  been peeled away.  
The cells can  be recognized as b u m p s  wi th  an encircl ing 
depress ion represen t ing  the  cell per imete rs  (Figure 4). 
B a s e m e n t  m e m b r a n e  and  cellular f i lopodia are p resen t  on 
th is  surface.  

Fig. 1. Transverse section of a stage-5 chick embryo studied by SEM. 
The ectoderm cells (EC) are aligned dorso-ventrally. Mesoderm cells 
(MS) are present between the ectoderm and endoderm (EN) layers. 
• 1,520. 

Fig. 3. A mesoderm cell (MS) ventral to the ectoderm border (EC) 
and in contact with another mesoderm cell. • 7,900. 

Fig. 2. Junction of the ectoderm (EC) and mesoderm (MS) cells in 
Figure 1. Several filopodia are present on the mesoderm cells. • 7,700. 

Fig. 4. The ventral ectoderm surface as studied by SEM'. The cells 
(e) are present as swellings. Cell perimeters are seen as depressions. 
Several filopodia are on the surface probably remaining as the 
mesoderm cells were peeled away. • 1,100. 
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Fig. 5. A basement membrane (bnl) is present lining the ventral 
eetodernl border. • 17,700. 

Similar  results  are ob ta ined  by  t ransmiss ion  electron 
microscopy (Figure 5). The ven t ra l  ec toderm border  has 
raised cells wi th  sl ight  depressions where the  cells meet .  
These cells are no t  joined by  junct ional  contac ts .  The 
entire midl ine ec toderm ven t ra l  border  anter ior  to Hen-  
sen 's  node  is l ined by  a b a s e m e n t  m e m b r a n e  excep t  in the  
region of Hensen ' s  node.  Here  the  m e m b r a n e  is in ter-  
mi t t en t .  

Discussion. In TEM studies  the  stage-5 mesoderm cells 
have  usual ly appeared  to have  3 or 4 fi lopodia which  can 
only be t raced  a shor t  d is tance  in the  mic rograph  9. The 
SEM photographs ,  however ,  allow the  fi lopodia on an 
entire cell to be considered and the i r  re la t ionship  to the  
ec tode rm and  endode rm cells to be considered.  The 
mesode rm cells have  f i lopodia on every  p a r t  of the i r  
surface and one cell m a y  have  6 or 7 cellular extensions .  

E a c h  mesoderm cell is also in con tac t  wi th  several  
o ther  mesode rm and endode rm cells which m a y  be im- 
p o r t a n t  in allowing each cell to iden t i fy  its posi t ion in the  
embryo  as a whole 1~ Elec t rophysio logica l  s tudies  have  
also sugges ted  these cells are in communica t ion  11. The 
impor tance  of f i lopodia con tac t  in p r i m a r y  neural  induc-  
t ion is no t  clear. However ,  the  number s  of f i lopodia p resen t  

i n  con tac t  wi th  several  d i f ferent  ceils indica te  a ve ry  close 
re la t ionship  be tween  all the  cell t ypes  present .  

Al though  the  SEM specimens  allow an ent i re  cell to  
be s tudied  in re la t ion to  the  embryo ,  t he  finer surface 
s t ruc tu res  of the  3 cell layers have  general ly  no t  been  
corre la ted  wi th  TEM studies.  Several  d i f fe rent  junc t iona l  
cell con tac t s  are recognized by  TEM 9 b u t  a t  t he  p re sen t  
t ime  mos t  junc t iona l  cell con tac t s  do no t  appear  dis- 
t inguishable  by  SEM 1~. 

The tuf t s  of f ibrous  mater ia l  p resen t  a long the  ven t ra l  
ec toderm border  cor respond to  the  posi t ion of tu f t s  of 
b a s e m e n t  m e m b r a n e  as seen by  t r ansmiss ion  e lec t ron 
microscopy.  

Summary. Normal  p r imary  neural  induc t ion  has been 
s tudied  by  scanning electron microscopy  and the  resul ts  
compared  wi th  those ob ta ined  by  TEM. Mesoderm cells 
are usually in con tac t  wi th  several  o the r  cells, b o t h  
mesodermal  and  endode rma l  in origin. By  SEM the  
ec toderm layer  has been shown to  be in con tac t  wi th  the  
under ly ing  mesode rm cells. Tufts  of f ibrous b a s emen t  
m e m b r a n e  are aIso p resen t  be tween  the  two cell types .  
TEM specimens  also show an in t e rmed ia t e  b a s e m e n t  
membrane .  
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An Ultrastructural  Invest igat ion  of the Effects of 
Synapt ic  Junct ions  

The effects of ma lnu t r i t i on  on the  developing brain,  
in par t i cu la r  on synap t ic  on togeny ,  have recen t ly  a t t r a c t e d  
much  a t t en t i on  in scientif ic research 1,2, in view of the  
key role of the  synapse  in the  processing,  s torage  and 
t rans fe r  of in fo rmat ion  wi th in  t he  nervous  sys tem.  Stu-  
dies of the  effects of ma lnu t r i t i on  a, * h a v e  focused on 
q u a n t i t a t i v e  aspects  of synaptogenes i s  as revealed by  
s t a n d a r d  p repa ra t ive  t echn iques  for d e m o n s t r a t i o n  of 
fine s t ruc ture .  Resul ts  f rom these  inves t iga t ions  are 
confl ic t ing:  while GAMBETTI et  al. 4 repor ted  a reduc t ion  
in size and  dens i ty  of p re synap t i c  endings  in the  cerebral  
cor tex  of malnour i shed  ra ts  compared  to  controls ,  earlier 
s tudies  of CRAGG 3 revealed no s ignif icant  change  in 

Perinatal  Malnutri t ion on E - P T A - S t a i n e d  

these  pa rame te r s  b u t  a marked  reduc t ion  in the  n u m b e r  
of synap t i c  connec t ions  per  neuron.  

In  order  to inves t iga te  w h e t h e r  qua l i ta t ive  morpho-  
logical a l te ra t ions  occur as a resul t  of malnut r i t ion ,  
synap t ic  profiles were select ively s ta ined wi th  phospho-  
tungs t i c  acid, a t echn ique  first  used by  GRAY5 to reveal  
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