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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  

1 j .  TIZARD, Br. med. Bull. 30, 169 (1974). 
2 j .  DOBBING, Adv. exp. Med. Biol. 13, 399 (1970). 
3 B. G. CRAGO, Brain 95, 143 (1972). 
4 p. GAMBETTI, g. AUTILIO-GAMBETTI, N. RIZZUTO, B. SCUAFER 

and L. PFAFF, ExpI. Neurol. d3, 464 (1974). 
5 E. G. GRAY, J. Anat. 94, 420 (1959). 
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Fig. 1. Light micrograph of the rat cerebrai cortex. Inset indicates the region examined by electron microscopy, g, outer granular layer; 
pl, plexiform layer. Scale: 0.5 ram. Cresyl violet-stained 16 p.m-thick frozen section. 

Figs. 2M. Ultrastructural aspects of E-PTA-stained synaptic junctions in control (Figures 2 and 3) and malnourished (Figure 4) rats. The 
survey electron micrograph (Figure 2) illustrates the strikingly selective staining of synaptic junctions after E-PTA. Note the similarities 
between the structural components of the synaptic profiles in Figures 3 and 4. dp, presynaptie dense projections; ic, intracleft material; 
po, postsynaptic band. Scale: Fig. 2, 0.5 ~m; Figs. 3 and 4, 100 nm. 
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p r e s y n a p t i c  dense  projec t ions .  W h e n  a ldehyde- f ixed ,  
n o n - o s m i c a t e d  b r a i n  t i ssue  is b lock - s t a ined  in an  e thano l i c  
so lu t ion  of p h o s p h o t u n g s t i c  acid (E-PTA) ,  accord ing  to  
t he  m e t h o d  of AGHAJANIAN a n d  BLOOM s, e lec t ron  dens i t y  
of t h e  p a r a m e m b r a n o u s  a n d  i n t e r m e m b r a n o u s  m a t e r i a l  
a t  t h e  s y n a p t i c  j u n c t i o n  is p roduced ,  l eav ing  u n s t a i n e d  
the  u n i t  m e m b r a n e s  of t h e  cell a n d  i ts  organel les .  The  
s t a i n  is t h o u g h t  to  revea l  bas ic  p r o t e i n s L  Thus ,  t h e  E -  
P T A  m e t h o d  m a k e s  feasible  t he  q u a n t i f i c a t i o n  of 
n u m e r i c a l  d e n s i t y  of s y n a p t i c  j u n c t i o n s  and,  fu r ther ,  
fac i l i t a tes  desc r ip t ion  of con f igu ra t iona l  changes  wh ich  
deve lop  w i t h  t i m e  in the  m a t u r i n g  synapse  s' ~ or  as a 
consequence  of a l t e red  e n v i r o n m e n t a l  inf luences  ~~ 

The  pu rpose  of th i s  s t u d y  was to  q u a l i t a t i v e l y  compa re  
s y n a p t i c  profiles, as revea led  b y  t he  E - P T A  m e t h o d ,  of 
p e r i n a t a l l y  m a l n o u r i s h e d  r a t s  w i t h  those  of wel l -nour i shed  
age ma te s .  Male S P F  a lb ino  o u t b r e d  r a t s  (S tock:  ROROf)  
were  used in aI1 expe r imen t s .  M a l n u t r i t i o n  was  induced  
acco rd ing  to  t he  m e t h o d  of SHOEMAKER a n d  V~rURTMAN n.  
T ime-ges t a t i on  r a t s  were g iven  free access to  isocaloric  
die ts  cons i s t ing  of 8 .5% p r o t e i n  (ma lnour i shed  a n i m a l s )  
or 24% p r o t e i n  (control  an imals ) .  T he  v i t a m i n  a n d  m i n e r a l  
c o n t e n t s  of t h e  2 d ie ts  were ident ica l .  T he  low p r o t e i n  
reg ime  was i n i t i a t e d  on  t he  12 th  d a y  pos t - concep t ion  a n d  
c o n t i n u e d  un t i l  t h e  35 th  d a y  a f t e r  del ivery.  E a c h  l i t t e r  
was  r educed  to  8 pups  on  t he  d a y  of b i r t h .  Offspr ing  were 
lef t  w i t h  d a m s  a n t i l  t h e  35 th  d a y  a f t e r  b i r t h ,  a t  wh ich  
t i m e  t h e  u l t r a s t r u c t u r a l  s tud ies  were made .  Only  51% of 
t he  m a l n o u r i s h e d  r a t s  s u r v i v e d ;  m e a n  b o d y  a n d  whole 
b r a i n  we igh t s  of th i s  g roup  were 20 a n d  80% respec t ive ly  
of controls .  

F i x a t i o n  for  e lec t ron  mic roscopy  was  ca r r i ed  ou t  b y  
aor t ic  perfus ion,  u n d e r  e the r  anaes thes ia ,  of 5% g lu ta ra l -  
dehyde ,  p h o s p h a t e - b u f f e r e d  a t  p H  7.4, a t  20 ~ for 15 min .  
Area  10 of t he  f ron ta l  cor tex  12 was  isolated,  cu t  in to  smal l  
cubes  and ,  a f t e r  i m m e d i a t e  d e h y d r a t i o n  in a scend ing  
grades  of e thano l s ,  was  b lock - s t a ined  for 1 h in  1% P T A  
in abso lu te  e thano l  c o n t a i n i n g  20 drops  of 95% e t h a n o l  
per  100 ml  of s t a in ing  solut ion.  Tissues were t h e n  r insed  
br ief ly  in  cold p ropy lene  oxide and,  f inal ly,  t he  t i ssues  
were e m b e d d e d  in E p o n .  

U l t r a t h i n  sec t ions  were m a d e  p e r p e n d i c u l a r  to  the  
pial  surface.  E lec t ron  mic rog raphs  were t a k e n  in t he  
p l ex i fo rm layer  of t he  f ron ta l  cor tex,  as i nd i ca t ed  in 
F igu re  1. 

R e p e a t e d  use of t he  E - P T A  t e c h n i q u e  yie lded c o n s i s t e n t  
resu l t s  in  wh ich  synap t i c  j u n c t i o n s  could be  ident i f ied  b y  

t he  presence  of p r e s y n a p t i c  dense  projec t ions ,  i n t r ac l e f t  
ma te r ia l ,  a n d  a p o s t s y n a p t i c  b a n d  as i l l u s t r a t ed  in F igu re  
2. H i g h  m a g n i f i c a t i o n  e lec t ron  mic rographs ,  F igu res  3 
and  4, c o n t r a s t  s y n a p t i c  prof i les  f rom con t ro l  a n d  ma l -  
nou r i shed  an ima l s  respect ive ly .  No obv ious  di f ferences  
in  t h e  s t r u c t u r a l  c o m p o n e n t s  of t he  synap t i c  profi les  f rom 
m a l n o u r i s h e d  a n d  con t ro l  an ima l s  a t  35 days  a f te r  b i r t h  
were  revealed .  

W h e t h e r  u l t r amorpho log i ca l  dif ferences  are more  
r ead i ly  d e t e c t a b l e  a t  a l a t e r  s tage  in d e v e l o p m e n t  is n o t  
known.  The  m e c h a n i s m  of s y n a p t i c  adhes ion  in t he  devel-  
o p m e n t  of the  synapse  has  no t  ye t  been  clarif ied al- 
t h o u g h  t h e  p a r t i c i p a t i o n  of p ro t e inaceous  ma te r i a l  w i t h i n  
t h e  cleft  in t h e  e s t a b l i s h m e n t  and  m a i n t e n a n c e  of 
s y n a p t i c  c o n n e c t i v i t y  ha s  r ecen t l y  been  discussed ~. 

S u m m a r y .  T h e  effect  of a p ro te in -de f i c i en t  d ie t  o n  E-  
P T A  s t a ined  synapses  in  r a t  ce rebra l  co r t ex  was  s tud ied  
b y  e lec t ron  microscopy .  No s ign i f ican t  di f ference was  
obse rved  in s y n a p t i c  m o r p h o l o g y  be tween  con t ro l  a n d  
m a l n o u r i s h e d  an ima l s  a t  35 days  p o s t n a t a l .  
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H e p a r i n  Ef fec t s  on  C u l t u r e d  M a m m a l i a n  Ce l l s  1 

Hepar in ,  wide ly  used as a n  a n t i c o a g u l a n t  2, inf luences  
l iv ing  cells in d i f fe rent  ways.  I n  h igh  concen t r a t i ons ,  i t  
c an  be  i n h i b i t o r y  to  g r o w t h  of t i ssue  cells a n d  m i g h t  
p roduce  morpho log ica l  abnorma l i t i e s ,  b u t  if t h e  con-  
c e n t r a t i o n  is k e p t  a t  a level  t h a t  j u s t  i nh ib i t s  coagu la t ion  
(0.2 m s / 1 0 0  ml) ,  i t  seems to be  r e l a t i ve ly  h a r m l e s s  3. I n  
o rder  to  i n h i b i t  r ibonuc lease  ac t iv i ty% h e p a r i n  was  
inc luded  in t h e  buffer  used for  i so la t ion  of po lysomes  
f rom p l a s m a c y t o m a  cells g rown in suspens ion  cu l tu re  5. 
W h e n  h e p a r i n  was i nc i den t a l l y  o m i t t e d  f rom t h e  buffer ,  
h ighe r  c o n c e n t r a t i o n s  of t h e  non- ion ic  d e t e r g e n t  K y r o  
E O B  were necessa ry  to o b t a i n  comple t e  re lease  of free 
polysomes .  Th i s  p r o m p t e d  e x p e r i m e n t s  on  t h e  inf luence  
of  h e p a r i n  a lone  on  cells. T he  p r e s en t  c o m m u n i c a t i o n  
r epo r t s  on  morpho log ica l  a l t e r a t i ons  i nduced  b y  h e p a r i n  
on  cells in  cul ture ,  synch ron ized  as wel l  as n o n - s y n c h r o -  
nized.  H e p a r i n ,  a d d e d  to  cu l tu res  of mouse  p l a s m a c y t o m a  

cells or  mouse  f ibroblas t s ,  was  found  to  el ici t  a n  a c t i v i t y  
of i n t e r m i t t e n t  b l eb  f o r m a t i o n  in  these  cells. This  b l e b b i n g  
m o t i o n  of t h e  cell surface  (called zeiosis , from t h e  Greek  
word  zeis m e a n i n g  'bo i l  over ' )  involves  expans ion  of t he  
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