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fusion of a d j a c e n t  golgi vesicles b y  which  a s ign i f ican t  
a m o u n t  of t he  c y t o p l a s m  is re leased f rom t h e  apex  of the  
sec re to ry  cell as well  as t h e  l ipid drople t .  Th i s  would  be  an 
u n d e r s t a n d a b l e  ex tens ion  of one m e c h a n i s m  a l r eady  
sugges ted  for mi lk  f a t  g lobule  release ~0. I t  could  also 
expla in  the  or igin of the  smal l  pieces of c y t o p l a s m  w i t h  
and w i t h o u t  inc luded  l ipid d rop le t s  p rev ious ly  s h o w n  to  
be p r e s e n t  in  goa t ' s  mi lk  ~. PATTON'S 12 h y p o t h e t i c a l  
m e c h a n i s m  for mi lk  f a t  g lobule  release, d e p e n d i n g  solely 
on t he  specific a t t r a c t i o n  b e t w e e n  t he  l ipids of t h e  secre- 
t o ry  cell p l a s m a l e m m a  and  those  of t h e  cy top lasmic  f a t  
globule,  c a n n o t  so easi ly be  e x t e n d e d  to  exp la in  t he  pres-  
ence of cy top la smic  par t ic les  in milk.  The  decrease  in bio- 
s y n t h e t i c  a c t i v i t y  in mi lk  on s to rage  t, 2 can  be accoun ted  
for b y  a rap id  b r e a k d o w n  in t he  organized  s t r u c t u r e  of t he  
cy top la smic  par t ic les  t h a t  occurs  a f te r  t h e y  are re leased 
f rom t h e  secre tory  ep i the l ium.  

Since m o s t  of t he  cy top l a smic  drople t s  con t a ined  a 
g rea t  n u m b e r  of vesicles or shee ts  of t he  rough  endo-  
p la smic  r e t i cu lum i t  is no t  surpr i s ing  t h a t  t h e y  ac t ive ly  
syn thes ized  t r ig lycer ide  since t h i s  is t h e  si te  of t h a t  
syn thes i s  in  v ivo 1.o. The  p r e p a r a t i o n  h a d  a lmos t  ident ica l  
b i o s y n t h e t i c  p roper t i e s  so t h a t  of t he  sk im mi lk  and  gave 
a s imi la r  p a t t e r n  of p r o d u c t s  w i t h  respec t  to  t ime  as 
was found  earlier".  Stear ic  acid desa tu rase  a c t i v i t y  was 
p r e sen t  as were t he  enzymes  of t he  monoglycer ide  
p a t h w a y .  No s t i m u l a t i o n  of t he  b i o s yn t he t i c  r eac t ion  
was o b t a i n e d  on  add ing  t he  n o r m a l  r ange  of cofactors  
and,  un l ike  sk im milk, add i t i on  of free glycerol  to  t he  
mi lk  h a d  no effect. The  s y s t e m  is, therefore ,  more  ak in  
to m a m m a r y  epi the l ia l  cells used in v i t ro  la t h a n  to  
subce l lu la r  homogenates~4.  Also, t he  par t ic les ,  like 
isola ted m a m m a r y  cells, h a d  up  to twice  the  b i o s y n t h e t i c  
a c t i v i t y  w h e n  p r e p a r e d  in K r e b s - R i n g e r  b i c a r b o n a t e  
buffer  t h a n  in a p h o s p h a t e  buffer  a l t h o u g h  ox ida t ion  of 
(~4C)-glucose to CO 2 could no t  be  conf i rmed  unequivoca l ly .  

The  ab i l i ty  of f resh ly-secre ted  mi lk  f rom goa ts  to  
sus ta in  t r ig lycer ide  b io syn thes i s  was  n o t  due  t h e n  to  
t i ssue  mic rosomes  re leased in to  t h e  mi lk  b y  some process  
of t i ssue  b reakdown .  The  organized  cy top l a smic  s t r u c t u r e  
of t h e  cy top lasmic  d rop le t s  p rov ides  a m u c h  more  unde r -  
s t a n d a b l e  s y s t e m  and one  which  has  been shown in t h i s  
r e p o r t  to  i nco rpora t e  f a t t y  acids b y  the  s tandard au to -  
r ad iog raph ic  t e c h n i q u e s  ~6. 

Summary. The  t r ig lycer ide  b io syn thes i s  wh ich  occurs  in 
f resh ly  secre ted goa t  sk im mi lk  can  be  localized pre-  
d o m i n a n t l y  to  large (1-8 ~xm) pieces of m e m b r a n e -  
b o u n d e d  cy top lasm.  These  c o n t a i n  t he  usua l  cy top la smic  
organel les  (bu t  no  nucleus)  plus  one or more  large l ipid 
droplets .  
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D e n s e  C o r e  V e s i c l e s  i n  C e r e b r a l  C o r t e x  o f  t h e  H u m a n  F e t u s  

P r e l i m i n a r y  s tudies  on  the  fe ta l  h u m a n  cor tex  ind ica te  
t h a t  synap togen i c  a c t i v i t y  is in i t i a t ed  b y  the  8th  week of 
ges ta t ion  1. The  in i t ia l  synap t i c  con tac t s  were descr ibed  
as be ing  axo-dendr i t i c  w i th  all  p r e s y n a p t i c  t e r m i n a l s  
c o n t a i n i n g  t r a n s l u c e n t  sphero ida l  vesicles. T h o u g h  such  
c o n t a c t s  w i t h  t h e i r  associa ted  t r a n s l u c e n t  sphero ida l  
vesicles were n o t e d  to  increase  in f r equency  w i t h  ad-  
v a n c i n g  age, n o t h i n g  was a sce r t a ined  concern ing  t he  
a p p e a r a n c e  of o t h e r  vesicle popu l a t i ons ;  p a r t i c u l a r l y  
those  of t he  dense  core va r i e ty .  I n  view of this ,  t h e  con-  
cern of t h e  p re sen t  r e p o r t  is to  i nves t iga t e  t he  synap t i c  
d e v e l o p m e n t  of t h e  h u m a n  fe ta l  cor tex  in order  to  de- 
t e r m i n e  when  dense core vesicles f i rs t  appear .  

Materials and methods. To th i s  end  cor t ica l  t i ssue  f rom 
10 h u m a n  fe tuses  r a n g i n g  in age f rom 10 to  22 weeks of 
ges t a t ion  was s tudied .  All fe tuses  were o b t a i n e d  t h r o u g h  
h y s t e r e c t o m y  a b o r t i o n  u n d e r  those  provis ions  es tab l i shed  
b y  t h e  c o m m i t t e e  on  h u m a n  e x p e r i m e n t a t i o n  of t he  
Medica l  College of t he  Vi rg in ia  C o m m o n w e a l t h  Un ive r -  
sity.  Tissue b locks  cu t  f rom t he  mid - l a t e ra l  t e l encepha lon  
j u s t  dorsa l  to  t he  p r imord i a l  corpus  s t r i a t u m  were im- 
mersed  in a f ixa t ive  composed  of 2% g lu ta ra ldehyde ,  2% 
p a r a f o r m a l d e h y d e  in a 0.1 M sod ium cacody la t e  buf fe r  
w i t h  0 .01% CaC12. P o s t f i x a t i o n  was ach ieved  in 1% osmic 
acid in buffer,  and  t h e n  t h e  t issue was processed in 
a scend ing  grades  of e t h a n o l  a n d  e m b e d d e d  in E p o n  812. 
T h i c k  a n d  t h i n  sect ions  were cu t  on glass and  d i a m o n d  
kn ives  respect ively .  T h i c k  sect ions  were used for orienta-  

t ion  a n d  t h in  sect ions  were m o u n t e d  on grids, s t a ined  
w i t h  u r a n y l  ace ta te ,  lead c i t r a t e  and  v iewed and  pho to -  
g r a p h e d  on a H i t a c h i  H U - I 2  e lec t ron  microscope.  

Results and discussion. W i t h i n  the  cor tex  of t he  fe tus  
of 10 weeks ges t a t ion  occas ional  synap t i c  con t ac t s  were 
observed .  These  con t ac t s  appea red  to  be conf ined  to 
zones i m m e d i a t e l y  superf icial  and  deep to t he  deve lop ing  
cor t ica l  pla te .  As n o t e d  b y  MOLLIVER et  al. 1, t he  axon  
p r e synap t i c  t e r m i n a l s  con t a ined  on ly  t r a n s l u c e n t  spheroi-  
dal  vesicles. There  was no ev idence  of a n y  vesicles of t he  
dense  core va r i e ty .  By  t he  15 th  week  of ges ta t ion ,  
synap togen ic  a c t i v i t y  was sti l l  conf ined  to t he  i nne r  and 
o u t e r m o s t  aspects  of t he  cor t ica l  p la te .  However ,  t he  
n u m b e r  of s y n a p t i c  con t ac t s  has  s ign i f i can t ly  increased  
and now in a d d i t i o n  to t r a n s l u c e n t  sphero ida l  vesicles 
(Figure 1), vesicles of the  dense  core v a r i e t y  are presen t .  
Such  vesicles are a p p r o x i m a t e l y  700 1,000 A in d i a m e t e r  
and possess  an e lec t ron  dense  core of 400-500 ~ in dia-  
meter .  These  vesicles occur  s ingular ly  or m a y  be mul t ip le  
in  n u m b e r  and  are widespread  in t he i r  d i s t r ibu t ion .  Some 
are found  in axon  cyl inders  e i the r  t o g e t h e r  w i t h  t r a n s -  
lucen t  sphero ida l  vesicles (Figure 2) or  in  close assoc ia t ion  
w i t h  n u m e r o u s  n e u r o t u b u l e s  (Figure 3). O the r s  lie w i t h i n  
distal ,  d i la ted  axon  segmen t s  wh ich  c o n t a i n  a fine 

1 M. J~. MOLLIVER, 1. KOSTOVlC and H. VAN DER LOOS, Bra in  Res. 
50, 403 (1973). 



Fig.  1. A n  axo -dend r i t i c  synapse  f rom the  zone i m m e d i a t e l y  superf ic ia l  to the  cor t i ca l  p la te .  Note  t h a t  the  p r e s y n a p t i e  a x o n  t e r m i n a l  con ta ins  
n u m e r o u s  t r a n s l u c e n t  sphero ida l  vesicles (V). 15 weeks  of ges ta t ion ,  • 45,000. 

Fig.  2. This  sect ion cu t  parMlel  to  the  long  axis  of the  a x o n  c y h n d e r  d e m o n s t r a t e s  a t yp i ca l  dense  core vesicle (arrow) ly ing  a m o n g  several  
t r a n s l u c e n t  sphe ro ida l  vesicles (V). Also note  w i th in  the  a x o n  cy l inder ,  s c a t t e r e d  t r a n s l u c e n t  sphe ro ida l  vesicles (V) a n d  neu ro tubu l e s  (T). 
Zone super f ic ia l  to t he  cor t i ca l  p la te ,  15 weeks  of ges ta t ion ,  • 60,000. 

Fig.  3. W i t h i n  th i s  a x o n  cy l inde r  a dense  core vesicle (arrow) is seen in  close p r o x i m i t y  to severa l  neu ro tubu l e s  (T). Zone  deep  to the  cor t ica l  
p la te ,  15 weeks  of ges ta t ion ,  • 60,000. 

Fig.  4. A n  a x o n  (Ax) is here  seen to t e r m i n a t e  in  a bu lbous  expans ion ,  c h a r a c t e r i z e d  as a g r o w t h  cone.  No te  t h a t  w i t h i n  the  ~ o w t h  cone  2 
dense  core vesicles (arrows) a m i t o c h o n d r i o n  (IV[) a n d  profi les of a g r a n u l a r  endop la smic  r e t i eu lum (Ag) are  seen in t e r spe r sed  in a fine fila- 
m e n t o u s  subs t ance .  Zone  superf ic ia l  to the  cor t ica l  p la te ,  15 weeks  of ges ta t ion ,  • 45,000. 

Fig.  5. An a x o n  t e r m i n a l  (AT) fo rms  s y n a p t i c  c o n t a c t  wi th  a dendr i t i c  spine (D). No te  t h a t  th is  t e rmina l  con ta in s  a dense  core vesicle (arrow) 
as well  as n u m e r o u s  t r a n s l u c e n t  sphero ida l  vesicles (V). Zone deep  to the  cor t ica l  plate ,  15 weeks of ges ta t ion ,  • 50,000. 
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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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