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l'ig. 5. A mesoderm ceil adjacent to the vet~traI ectoderm during 
primary neural induction. Note the change in the cytoplasm (arrow). 
EC, ectoderm; MS, mesoderm. • 30,600. 
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The  m e s o d e r m a l  ceil f i lopodia  are closely apposed  to the  
v e n t r a l  ec tode rm layer  an d  follow its con tours  (Figure 4). 
The  d i s ta l  ends  of t h e  f i lopodia  are usual ly  n a r r o w e r  t h a n  
the i r  origins an d  a single f i lopodium m a y  c o n t a c t  two or 
th ree  cells b y  crossing the  l e n g t h  of one surface to the  
next .  

T E M  specimens. I n  sect ion the  m e s o d e r m a l  f i lopodia 
can  also be seen closely appl ied  to t h e  ec tode rm borde r  
an d  the re  is a m a r k e d  change  in the  c y t o p l a s m  of these  
cells w h e n  c o m p a r e d  to a d j a c e n t  ec tode rm regions (Fig- 
ure  5). The  c y t o p l a s m  appear s  to  be clear an d  t h e  area  is 
d i s t ingu i shed  b y  i ts  lack of r ibosomes.  In  some regions 
the  mesode rm cells are pressed aga ins t  the  ec tode rm cells 
an d  if b a s e m e n t  m e m b r a n e  ma te r i a l  is p resen t  i t  is com- 
pressed aga ins t  the  ec tode rm layer .  
Discussion. The SEM studies  descr ibed in the  p re sen t  
pape r  show t h a t  mesode rm ceils are in c o n t a c t  w i th  
severa l  ec tode rm cells a t  the  same  t ime.  Elec t rophys io log-  
ical s tud ies  also sugges t  t h a t  these  ceils are in  c o m m u n i -  
ca t ion  w i t h  one a n o t h e r  12. A single mesode rm cell con- 
t a c t i n g  severa l  e c tode rm cells an d  several  mesode rm cells 
suggests  t h a t  p r i m a r y  neura l  i l~duction m a y  occur  in 
groups  of ec tode rm cells. A single mesode rm cell con- 
t a c t i n g  the  ec tode rm in th i s  m a n n e r  would poss ibly  syn- 
chronize  p r i m a r y  neura l  i nduc t i on  in a group of ec toderm 
cells. I n d u c t i o n  of a n  area a t  a p p r o x i m a t e l y  the  same 
per iod would t h e n  be  possible. 

SEM studies  of m e s o d e r m a l  f i lopodia  show t h e m  to be 
c o n t a c t i n g  ec tode rm cells, i n  t h e  p re sen t  T E M  studies  of 
f i lopodia  in t h e  same posi t ion,  the re  is a d i s t inc t  change  
in t h e  cy top lasm.  R ibosomes  and  cell organel les  are no t  
p r e s en t  in t h e  region of the  v e n t r a l  e c tode rm border .  
P rev ious  T E M  studies~a have  descr ibed  a region an t e r io r  
to Hensen ' s  node  in the  ear ly  stage-5 e m b r y o  where  pri-  
m a r y  neura l  induc t ion  is bel ieved to occur. The  cy top l a sm 
in th i s  region showed  a m a r k e d  change.  R ibosomes  and  
o the r  cell organel les  were no t  p r e s e n t  in th i s  region. The  
p re sen t  inves t iga t ion  would sugges t  t h a t  p r i m a r y  neura l  
i nduc t ion  is occurr ing  in th i s  region a t  th i s  t ime.  
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Summary. Horse - rad i sh  perox idase  in jec ted  in to  the  femora l  ve in  of i n t a c t  rats ,  or infused a t  30 cm H20  pressure  in to  
the  m a i n  panc rea t i c  d u c t  of i n t a c t  dogs, en te red  easiIy the  i n t e r s t i t i a l  spaces s u r r o u n d i n g  acini  an d  ac inar  cells. The  
l a t t e r  are i n t e r connec t ed  a t  the i r  l umina l  s egmen t s  b y  zonulae  occludentes .  These  j u n c t i o n s  form a ba r r i e r  to  t r ace r  
p e n e t r a t i n g  f rom the  i n t e r s t i t i u m  towards  t he  l u m e n  of t e r m i n a l  dnctules .  However ,  t he  i n t r a d u c t a l l y  infused peroxi-  
dase en t e r ed  t he  i n t e r s t i t i a l  spaces, p r o b a b l y  t h r o u g h  the  pressure  in ju red  ac inar  cells, as d id  colloidal  c a r b o n  par t ic les  
w h e n  infused in t r aduc ta l ly .  

P a n c r e a t i c  ac inar  cells are s u r r o u n d e d  b y  in t e r s t i t i a l  
spaces 1-~ easi ly p e r m e a t e d  b y  horse - rad i sh  pe rox idase  
(HRP) ,  a n  u l t r a s t r u c t u r a l  p ro t e in  m a r k e r  5 l eav ing  t h e  
panc rea t i c  e n d o t h e l i u m  rapid ly" .  A t  apica l  segments  of 
these  spaces,  in te rce l lu la r  j unc t i ons  (zonulae occludentes)  
are located  and  serve as local ba r r i e r s  to  t he  passage  of 
p a n c r e a t i c  enzymes  f rom the  l u m e n  of t e r m i n a l  duc tu les  
t o w a r d s  t he  panc rea t i c  i n t e r s t i t i u m  ~, 8. The  j u n c t i o n s  be- 
tween  t he  d u c t u l a r  cells b o r d e r i n g  t he  l u m e n  fulfil  t he  
s ame  func t ion .  Some of them are, however ,  p e r m e a t e d  by  
H R P  r each ing  the  lumen  f rom interce l IuIar  s p a c e s t  

The  e x p e r i m e n t s  r epo r t ed  here  were designed to s t u d y  
p a t h w a y s  for H R P  an d  colloidal  c a r b o n  par t ic les  escap- 
ing the  l umen  of t h e  p a n c r e a t i c  due tu les  an d  en t e r ing  
in t e r s t i t i a l  spaces. 

Material and methods. P a n c r e a t i c  t issue spec imens  f rom 
10 p e n t o b a r b i t a l  anaes the t i zed ,  CFY  i n t a c t  male  r a t s  
weighing  200 g, a n d  10 ch lo ra lose -anaes the t i zed  i n t a c t  
male  dogs weighing  15 kg on t h e  average  were used. 

5 r a t s  received 20 m g  per  100 g b .w.  of H R P  (Sigma 
type  I I )" ,  d issolved in 0.5 ml  of saline,  into  t h e  femoral  
vein.  Spec imens  f rom p a n c r e a t i c  t issues were f ixed 
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8 - 1 0  m i n  a f t e r  H R P  i n j e c t i o n .  5 r a t s  n o t  g i v e n  H R P  
s e r v e d  as  c o n t r o l s .  

P o l y e t h y l e n e  c a n n u l a s  w e r e  i n t r o d u c e d  i n t o  t h e  d. 
S a n t o r i n i  of 8 d o g s  f a s t e d  for  24 h ;  t h e  f ree  e x i t  of t h e i r  
s m a l l  d u c t  i n t o  t h e  d u o d e n u m  w a s  l e f t  i n t a c t .  5 m g  of 
H R P  p e r  d o g  d i s s o l v e d  in  2 m l  of s a l i n e  w a s  i n f u s e d  a t  a 
p r e s s u r e  n o t  e x c e e d i n g  30 c m  H 2 0  i n t o  m a i n  p a n c r e a t i c  
d u c t  of 4 d o g s  d u r i n g  3 0 - m i n u t e  p e r i o d s .  F o r  4 o t h e r  d o g s  
2 m l  of 1 :1  s a l i n e  d i l u t e d  colloidal carbon particles (Pe l i -  
k a n )  w e r e  i n f u s e d  as  d e s c r i b e d  before .  T h e  p a n c r e a t i c  

* F. S. J. SJ6STRAND and V. HANZON, Exp. Cell Res. 7, 393 (1954). 
2 y .  EDLUND and R. EKHOLM, Aeta chir. seand. 713, 469 (1957). 
a R. EKHOLM, T. ZELANDER and Y. EDLUND, J. Ultrastruct. Res. 

7, 61 (1961). 
R. EKHOLM, T. ZELANDER and Y. EDLUND, J. Ultrastruct. Res. 
7, 73 (1962). 

5 M. J. KARNOVSKY, J. Cell Biol. 35, 213 (1967). 
M. N. I. WALTERS, J. M. PAeADIMITRmU, T. A. ROBERTSON and 
J. M. ARCHER, J. Path. 700, 31 (1970). 

7 H. F. KERN and H. F~RNER, Z. Zellforsch. 773, 322 (1971). 
8 j .  D. JA~I~SON and G. E. PALADE, J. Cell Biol. 34, 577 (1967). 

A. A. LIKE, Am. J. Path. 59, 225 (1970). 

Fig. 1. Intact  ra t  pancreas. HRP was injected intravenously. The electron micrograph shows intercellular spaces (IS) containing 
peroxidase reaction products which do not enter the excretory ductules lmnen (LU). 

Fig. 2. Intact  canine pancreas. Colloidal carbon particles were infused by retrograde way. The electron mierograph shows the carbon 
particles containing central lumen (LU) and intercellular canaliculi (IC) of a pancreatic acini. The arrows indicate ruptures on the 
luminal surface membrane of a centroacinar (CAC) and acinar cell (AC). 

Fig. 3 and 4. In tact  canine pancreas, HRP was infused by retrograde way. Electron micrographs show peroxidase reaction products got 
into intercellular (IS) and periacinar spaces (PS). 
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secre t ion  of 2 dogs in each  of these  groups  was s t i m u l a t e d  
b y  3 U / k g  b .w.  of secre t in  (Boots) in j ec ted  in to  t he  
femora l  vein.  H R P  or c a r b o n  par t ic les  were infused 
i n t r a d u c t a l I y  w h e n  t he  effect  of secre t in  h a d  worn  off. 
Two o the r  dogs served  as controls .  Spec imens  f rom pan -  
crea t ic  t issues were f ixed 30 rain  a f te r  i n t r a d u c t a l  in- 
fusions. 

All  t he  spec imens  f rom r a t  and  dog panc rea s  were 
immersed  in to  a + 4 ~  so lu t ion  of 2% f o r m a l d e h y d e  - 
2.5~ g l u t a r a l d e h y d e  in 0.13 M sod ium cacodyla te -  
HC1 buffer  (pH 7.2). To d e m o n s t r a t e  c a r b o n  part ic les ,  
t he  f ixed spec imens  were d e h y d r a t e d  and  e m b e d d e d  in 
p las t ic  ( D u r c u p a n  ACM). T h i n  sect ions  for e lec t ron  
microscopy  were s t a ined  w i t h  u r a n y l a c e t a t e  and  lead 
c i t ra te .  To d e m o n s t r a t e  H R P ,  t he  f ixed spec imens  were 
washed  in 0.13 M cacody la te  buffer ,  t h e n  cu t  in to  50 lxm 
slices and  p r e i n c u b a t e d  in t he  same buffer  b u t  con ta in ing  
50 mg  % 3, 3 ' - d i aminobenz id ine  t e t r a h y d r o c h l o r i d e  (DAB) 
for 30 min.  The  slices were t h e n  i n c u b a t e d  in t he  buffer  
c o n t a i n i n g  50 m g  0/0 D A B  and  0.01~ H202 for 30 m i n  and  
fixed in 2% OsOa solut ion.  All the  spec imens  were de- 
h y d r a t e d  us ing  e t h a n o l  and  e m b e d d e d  in D u r c u p a n  
ACM. U n s t a i n e d  u l t r a t h i n  sect ions  were examined .  

Results. After  t he  i n t r a v e n o u s  in jec t ion  of H R P ,  per-  
oxidase  a c t i v i t y  was occas ional ly  seen in t he  p inocy to t i c  
vesicles of t he  ac ina r  cells. A reac t ion  p r o d u c t  was, how- 
ever,  p r e s e n t  in  t he  i n t e r s t i t i a l  space s u r r o u n d i n g  acini  
a n d  ac ina r  cells. The  in te rce l lu la r  j u n c t i o n s  of a d j a c e n t  
ac ina r  cells o b s t r u c t e d  t he  i n t e r s t i t i a l  passage  of H1RP 
in to  t he  l u m e n  (Figure 1). Ca rbon  par t ic les ,  however ,  in- 
fused b y  r e t rog rade  w ay  en te red  s ec re t i n - s t imu la t ed  
ac inar  a n d  c e n t r o - a c i n a r  cells. Desp i te  t he  low infus ion 
pressure ,  t he  l umina l  surface  m e m b r a n e s  were r u p t u r e d  
(Figure 2). B y  th i s  way  t he  i n t r a d u c t a l l y  infused H R P  
ce r t a in ly  en te red  t he  i n t e r s t i t i a l  spaces  a r o u n d  t he  acini  
and  ac ina r  cells (Figures 3 a n d  4). 

Discussion. The  crucia l  p o i n t  in the  pa thogenes i s  of 
acu te  panc rea t i t i s  is: B y  which  p a t h w a y s  can  the  diges- 
t ive  enzymes  escape the  exc re to ry  d u c t  s y s t e m  and  r each  
t h e  i n t e r s t i t i u m  in b u l k  ? On t he  basis  of his tological  
obse rva t i ons  i t  h a s  been  supposed  t h a t ,  due  to  the  in- 

c reased pressure,  c a r b o n  par t ic les  or dyes  in jec ted  in t r a -  
d u c t a l l y  m a y  e n t e r  the  i n t e r s t i t i u m  t h r o u g h  t he  ac ina r  
cells 1~ in te rce l lu la r  gaps  L0, n or t h r o u g h  i n t a c t  cells 
bo rde r ing  the  i s thmic  segments  of the  exc re to ry  duc t -  
ules ~2. The  passage  of d i f fe ren t  ma rke r s  infused in t r a -  
duc t a l l y  h a d  been  s tudied ,  and  i t  was  shown t h a t  c a r b o n  
par t ic les  m a y  e n t e r  seeming ly  i n t a c t  ac ina r  cells 13 
t h o r o t r a s t  m a y  reach  the  i n t e r s t i t i u m  t h r o u g h  spaces  
b e t w e e n  ac inar  cells l~, 15, w i t h o u t  r u p t u r e  of t he  ex- 
c r e to ry  d u c t  sys tem,  or i n t r a v e n o u s l y  g iven  H R P  can  
r each  t he  l umen  occas ional ly  t h r o u g h  some d u c t u l a r  cell 
j u n c t i o n s L  because  the  in t e r s t i t i a l  spaces be tween  ac ina r  
cells a n d  mos t  of spaces  be tween  cen t roac ina r  cells are 
occluded b y  zonulae  occ ludentes  7, s. 

The  resul t s  p r e sen t ed  here  s u p p o r t  t he  idea  t h a t  en- 
zymes  m a y  r each  the  g l and  i n t e r s t i t i u m  even  a t  low 
pressure  t h r o u g h  the  r u p t u r e d  ac inar  and  c e n t r o a c i n a r  
cells and  possibly  some i n t e r d u c t u l a r  cell j u n c t i o n s  6. 
However ,  a n o t h e r  p r o b l e m  arises:  W h y  is a r ich  inges ted  
mea l  so ra re ly  followed b y  p a n c r e a t i c  au tod iges t ion  
t h o u g h  the  pressure  du r ing  diges t ion rises to  t he  same  or 
even  to h igher  values~n t h a n  we used in th i s  expe r imen t ,  
r e su l t ing  in the  r u p t u r e  of some ac ina r  and  c e n t r o - a c i n a r  
ceils a n d  escape of ducts1 H R P  or  ca rbon  par t ic les  in to  
the  in t e r s t i t i a l  spaces  ? 
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Summary. Acid h e m a t i n  t e s t  w i t h  pyr id ine  and  S u d a n  b l ack  B con t ro l s  was emp loyed  on  se lected areas of the  b ra ins  
of US;  140 days  fetuses,  neona t e s  and  a d u l t  squir re l  m o n k e y s  m a i n t a i n e d  on  low a n d  h igh  p ro t e in  diet .  Our  h is to-  
chemica l  f indings  ind ica te  t h a t  t he  r educ t i on  of phospho l ip ids  in  t he  low p ro t e in  fetuses  and  neona t e s  is r e l a t ed  to 
mye l ina t ion ,  whereas  in  the  adul ts ,  mos t  of the  l ipids are b o u n d  to p ro te ins  a n d / o r  cerebrosides  to  form complexes ,  as 
revealed  b y  t he  u n m a s k i n g  ac t ion  of pyr id ine .  

P r e p a r a t i o n s  f rom a t o t a l  of t w e n t y - s i x  an imal s  were 
s tudied.  A colony of 64 h e a l t h y  female  squi r re l  m o n k e y s  
(Saimiri sciureus) were m a i n t a i n e d  in o u t d o r  cages for 
t he  purpose  of breeding.  O u t  of t he  59 an i m a l s  t h a t  be- 
came  p r e g n a n t  35 were m a i n t a i n e d  on a d ie t  low in p ro t e in  
c o n t e n t  (4% and  8% p ro t e in  calories) and  24 an imal s  were 
fed a d ie t  s imi lar  in composi t ion ,  b u t  h igh  in p ro t e in  
c o n t e n t  (25~ p ro t e in  calories) s t a r t i n g  f rom 35 days  a f te r  
concept ion .  Fe tuses  f rom an i m a l s  m a i n t a i n e d  on low and  
h igh  p ro t e in  die ts  were r e m o v e d  a t  115 days  and  140 
days  a f te r  ges ta t ion .  The  n e o n a t e s  de l ivered  a t  full  t e r m  
(175-178 days) and  t he  young  adu l t s  (3 years  of age) were 
also used. The  va r ious  h i s tochemica l  t es t s  employed  for 

l ipids are g iven  in t he  tab le .  The  Bake r ' s  acid h e m a t i n  
t e s t  followed b y  i ts  py r id ine  e x t r a c t i o n  con t ro l  gave  the  
mos t  i n t e r e s t i ng  resu l t s  in the  course of l ipid f o r m a t i o n  
du r ing  t he  per iod  of b r a i n  deve lopmen t .  In  t he  115 days  
and  140 days  old fetuses  (born to m o t h e r s  g iven  low and  
h igh  p ro t e in  diets),  t h e  acid h e m a t i n  t e s t  gives m o d e r a t e  
a c t i v i t y  which  pers is ts  more  or less u n c h a n g e d  a f t e r  
py r id ine  ex t rac t ion .  A t  th i s  s tage some diffuse s t a in ing  
of t he  neurop i l  is also obse rved  before  pyr id ine  ex t rac -  
t ion,  which,  as ALMEIDA a n d  PEARSE 2 h a v e  s t a t ed ,  m a y  
ind ica te  t e m p o r a r y  s torage  of sphingol ip id ,  to  be  used 
la te r  in  t he  process  of mye l ina t ion .  B y  t he  t i m e  t he  ani-  
mals  are b o r n  a t  full  t e rm,  the  acid h e m a t i n  s t a in ing  w i t h  


