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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  

1 This work was supported by a grant from the Norwegian Research 
Council for Science and the Humanities. 
H. E~ELBERO, Heparin. Metabolism, Physiology and Clinical 
Application (Charles C. Thomas Publisher, Springfield, lllinois 
1963). 
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Fig. 1. Plasmacytoma cells from a non-synchronous 
culture exposed to heparin. • 1300. (a) A cell in mitosis 
displaying a smooth surface. (b) An interphase cell 
showing zeiotie blabs. 

Fig. 2. Plasmacytoma cells from a synchronized culture: 
G 1 phase. X1300. (a) From a control sample: The cell 
surface has tiny spines. (b) From a sample with heparin : 
The ceil shows zeiotic blebs. 

Fig. 3. Plasmacytoma cells in a synchronized culture: 
S phase.• (a) From a control sample: The cell 
surface is smooth and even. (b) From a sample with 
heparin : The cell shows zeiotic blebs. 

Fig. 4. Plasmacytoma ceils from synchronized cultures 
at mitosis exposed to heparin. • 1300. (a) A cell in late 
G~ phase without zeiotie blebs. (b) A cellin mitosis showing 
a smooth surface. (c) After completed cell divisioH: The 
cell surface has tiny spines. 

p l a sma  m e m b r a n e  and  is p re sumed  to  be an express ion 
of abnorma l  e n v i r o n m e n t  s. 

Mater ia l  and methods. Mouse p l a s m a c y t o m a  cells 
(MPC-11) grown in suspension culture,  as descr ibed 
elsewhere 7, and  mouse  f ibroblas ts  (L 929) grown in 
Eagle ' s  m i n i m u m  essent ial  med ium s were  used. P lasma-  
c y t o m a  cells were synchron ized  by  g rowth  in isoleucine 
def icient  med ium.  Ea r ly  G 1 phase  and S phase  of the  
synchronized  cul tures  were establ ished,  as previous ly  
repor ted*.  F ib rob las t s  ill monolayers  were cul tured  in 
po lys ty rene  flasks, e i ther  adhered  to  t he  b o t t o m  or on 
coverslips. Cells adher ing  to  the  cul ture  flasks were 
exposed  to  t ryps in  for 2 min  a t  37 ~ Af te r  r emova l  of 

t ryps in ,  fresh m e d i u m  was added  to  t he  flasks, which 
were gen t ly  shaken.  

H ep a r i n  (147 U S P  uni ts /mg)  was purchased  f rom 
Calbiochem, Inc. Trypsin,  cell cul ture  media,  and  serum 
were purchased  f rom 13io-Cult Labora tor ies ,  Glasgow, 
Scot land.  

Samples  of t he  cell suspension were t r ans fe r red  f rom 
cul ture  bot t les  to  t e s t  tubes,  and hepar in  (100 ~g/ml) 

G. G. RosE, J. R. microsc. Soc. 86, 87 (1966). 
7 K. A. ABRAHAM, I. F. PRYME, A. ABRO and R. M. DOWBEN, Expl 
Cell Res. 82, 95 (1973). 

s H. EAGLE, Science 130, 432 (1959). 
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was a d d e d  to  eve ry  o t h e r  tube .  Fo r  p h a s e  c o n t r a s t  
e x a m i n a t i o n  a t  r oom t e m p e r a t u r e ,  a d rop  of cell sus- 
pens ion  was p laced  on  a c lean coversl ip ,  wh ich  was 
s u b s e q u e n t l y  i n v e r t e d  over  t he  c a v i t y  of a depress ion  
slide. Also covers l ips  w i t h  adhe r ing  f ib rob las t s  were 
exposed  to  hepar in .  These  coversl ips  were care fu l ly  
c leaned  on  t he  t op  before  m o u n t i n g  on  depress ion  slides. 

Results and discussion. The vis ib le  inf luence of h e p a r i n  
on  cells seemed to be  ' a l l -or -none ' .  The  b l e b b i n g  m o t i o n  
a p p e a r e d  w h e n  t h e  h e p a r i n  concentration h a d  reached  
a c e r t a i n  level  (100 ~g/ml) ;  a f u r t h e r  increase  did  n o t  
a l t e r  t he  b e h a v i o u r  of t he  cells. 

Mos t  p l a s m a c y t o m a  cells in  i n t e rphase ,  t a k e n  f rom 
n o n - s y n c h r o n o u s  cul tures ,  r evea l ed  p r o m i n e n t  zeiotic 
a c t i v i t y  w h e n  t r e a t e d  w i t h  h e p a r i n  (Figure l b). In  
con t ras t ,  cells in va r ious  mi to t i c  phases  h a d  a s m o o t h  
a n d  r o u n d e d  surface  (Figure l a). These  obse rva t i o n s  
were conf i rmed  w h e n  synch ronous  cu l tu re s  were t e s t ed :  
H e p a r i n  induced  zeiotic a c t i v i t y  in cells in  the  G 1 phase  
(Figure  2b),  S phase  (Figure  3b), a n d  ear ly  G2 phase.  

No b lebs  were seen on cells in the  la te  G~ p h a s e  (Figure 
4a)  or d u r i n g  mi tos i s  (Figures 4 b  an d  c). 

Zeiot ic  b lebs  a p p e a r e d  to be  p u n c h e d  o u t  f rom the  
cell b y  t h e  c y t o p l a s m  wh ich  filled a n d  d i la ted  t h e m ;  
t h r o u g h  cy t o p l a s mi c  r e tu rn ,  t h e  b lebs  were emp t i ed  a n d  
w i t h d r a w n .  No r u p t u r e  of t h e  p l a s m a  m e m b r a n e  or 
d e t a c h m e n t  of b lebs  f rom t h e  cells were obse rved  u n d e r  
these  condi t ions .  The  zeiotic effect  p roduced  b y  h e p a r i n  
m i g h t  be  ampl i f i ed  b y  the  t e m p e r a t u r e  d rop  d u r i n g  
microscopic  e x a m i n a t i o n .  The  b l e b b i n g  m o t i o n  decl ined 
g r a d u a l l y  an d  f ina l ly  ceased a f t e r  10-15 rain, p r e s u m a b l y  
because  the  cells a d a p t e d  to t h e  new e n v i r o n m e n t .  

The  changes  in h e p a r i n  s ens i t i v i t y  w i t h  cell cycle 
progress ion  obv ious ly  ref lect  modi f i ca t ions  in t h e  charac-  
t e r  of the  cell surface  9. F l u c t u a t i o n s  of t h e  c o m p o n e n t s  

9 R. HYNES and I. MACPHI~RSON, Membrane Tram[ormations in 
Neoplasia (Eds. F. SCHULWZ and R. E. BLOCK, Miami Winter 
Symposia, Academic Press, New York 1974), vol. 6, p. 51. 

Fig. 5. (a) Fibroblasts, control. • 400. (b) Fibroblasts exposed to heparin: Cells show a blebbing surface. • 400. (e) Fibroblasts trypsinized 
before exposure to heparin: Extensive bleb formation of interphase cells (left); cell in mitosis with smooth surface (right). • 1300. 
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of t h e  cell surface  h a v e  been  r epo r t ed  10. P rev ious  u l t r a -  
s t r u c t u r a l  s tud ies  on  synch ron ized  p l a s m a c y t o m a  cells 
d e m o n s t r a t e d  t h a t  cells in  t h e  G 1 p h a s e  h a v e  on  t h e i r  
surface  t i n y  s lender  cy top l a smic  p ro jec t ions  (seen also 
in t h e  p h a s e  c o n t r a s t  microscope,  F igures  2a  a n d  4c) ;  
t h e y  d i s a p p e a r  in  t he  S phase  7. This  m i g h t  b e  due  to  
r educed  s t a b i l i t y  of surface s t ruc tu re s  d u r i n g  G 1 phase .  
B u t  i t  is as ye t  u n c e r t a i n  w h e t h e r  th i s  p h e n o m e n o n  is 
r e l a t ed  to  t he  h e p a r i n  sens i t iv i ty .  

Zeiosis was  also obse rved  w h e n  m o n o l a y e r  cu l tu res  of 
f ib rob las t s  were exposed  to  hepa r i n  (Figure  5 a  a n d  b). 
Af te r  t ryps in i za t ion ,  s imi la r  c o n c e n t r a t i o n s  of h e p a r i n  
p roduced  large non- reve r s ib le  b lebs  in  all  cells excep t  
those  in mi tos i s  (Figure  5 c). F i b r ob l a s t s  t e n d  to  p roduce  
smal l  r evers ib le  b lebs  a f t e r  t r y p s i n i z a t i o n ;  however ,  
h e p a r i n  seemed to a c c e n t u a t e  t h e  effect  cons iderab ly .  
P r eced ing  t r y p s i n i z a t i o n  m a d e  t he  cells fragile, a n d  
blebs  d e t a c h e d  easily. 

A l t h o u g h  h e p a r i n  is k n o w n  to  p roduce  morpho log ica l  
changes  in cells 3 t he  m e c h a n i s m  b e h i n d  such  man i f e s t a -  
t ions  ha s  n o t  b e e n  expla ined .  F i b r ob l a s t s  a n d  asci tes  cells 
i n c u b a t e d  w i t h  h e p a r i n  h a v e  been  s h o w n  to  adso rb  th i s  
p o l y a n i o n  to  t h e  cell  surface  b o t h  r eve r s ib ly  a n d  irre- 
ve r s ib ly  11. T h e  p r e s en t  obs e r va t i ons  sugges t  t h a t  t h e  
p r i m a r y  t a r g e t  f o r  h e p a r i n  is to  be s o u g h t  a m o n g  com- 
p o n e n t s  of t he  cel lular  pe r iphery .  The  p l a s m a  m e m b r a n e  
a n d  i ts  ad jo in ing  g lycoca lyx  or 'cell coat ' ,  r ich  in he te ro -  
sacchar ide  mate r ia l s ,  are inc luded  w i t h i n  t h e  concep t  of a 
larger  func t iona l  complex  ~. As t he  necessa ry  s t r u c t u r a l  
an d  f u n c t i o n a l  i n f o r m a t i o n  is lacking,  t h e  b io logy  of t he  
cell surface has been the subject for much speculation. 
The compounds of the cell surface are believed to play 
fundamental roles in cell-to-cell interactions in develop- 

m e n t  a n d  d i f fe ren t ia t ion ,  cell t r a n s f o r m a t i o n ,  a n d  mal ig -  
n a n c y .  I t  shou ld  be e m p h a s i z e d  t h a t  h e p a r i n  is s t r u c t u r -  
a l ly  close to  c o m p o u n d s  of t h e  cell surface.  As t ryps in i zed  
cells, p r e s u m e d  to  h a v e  lost  m o s t  of t h e i r  g lycoca lyx  13 
inc lud ing  t h e i r  h e p a r a n  su lpha t e  1~ r e s p o n d  to  h e p a r i n  
more  v igorous ly  t h a n  n o n - t r y p s i n i z e d  cells, p e r h a p s  t h e  
t a r g e t  for  h e p a r i n  is to  be  found  in t h e  p l a s m a  m e m b r a n e  
p r o p e r  a n d  n o t  in  t h e  s tab i l iz ing  glycocalyx.  

Summary. P l a s m a c y t o m a  cells exposed  to h e p a r i n  
e x h i b i t e d  zeiotic b lebs  in  t he  G a phase ,  S phase ,  and  
ea r ly  G 2 phase.  Zeiosis was  n o t  seen in  m i t o t i c  cells. This  
h e p a r i n  effect  was  revers ible .  Also f ib rob las t s  were  sen- 
s i t ive  to  hepa r in .  Af te r  t r y p s i n i z a t i o n  of f i b r o b l a s t s ,  
h e p a r i n  p roduced  large non- revers ib le  zeiot ic  b lebs  in 
t h e  cells, excep t  in  those  in mitosis .  T h e  p r i m a r y  t a r g e t  
for  h e p a r i n  is a p p a r e n t l y  to  be  s o u g h t  a m o n g  c o m p o n e n t s  
of t h e  cel lular  pe r iphe ry .  
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Histochemistry  of the Lumenal  Cell Surfaces of the Mucosa of the Oviducts and the Uterus of the Rat. 
Changes in Prepuberty,  Estrous Cycle, Castration, Hormone Replacement and Pseudopregnancy 

I t  was  r epo r t ed  t h a t  t h e  ap ica l  surface  of t h e  ep i the l ia l  
cells of t he  i s t h m u s  of t h e  r a t  ov i duc t  was  more  i n t ense ly  
PAS-pos i t i ve  t h a n  t he  a m p u l l a  a n d  f i m b r i a t e d  end,  b u t  
no changes  were  recorded  d u r i n g  t h e  es t rous  cycle 1. 
Also, P A S - p o s i t i v e  m a t e r i a l  was n o t e d  a t  t h e  ceil surfaces  
as well  as in t h e  ap ica l  c y t o p l a s m  of t h e  ep i the l ia l  cells 
of t he  gu inea-p ig  u te rus ,  v a r y i n g  d u r i n g  t he  cycle~, 3 
S imi la r  o b s e r v a t i o n s  were m a d e  on  t he  mouse  u t e r u s  4, 
and  on  t he  p r e p u b e r a l  r a t  o v i d u c t  5. T he  pu rpose  of t h e  
p r e sen t  s t u d y  was  to  cha rac t e r i ze  f u r t h e r  b y  h i s t ochemica l  
t e c h n i q u e s  t he  surface  coa t  of t he  r a t  ov iduc t s  and  u t e r u s  
a t  p r e p u b e r t y ,  d u r i n g  t h e  e s t rous  cycle, a f t e r  c a s t r a t i o n  
w i t h  a n d  w i t h o u t  h o r m o n e  r e p l a c e m e n t  a n d  in pseudo-  
p regnancy .  

Materials and methods. Alb ino  female  ra ts ,  k e p t  w i t h  a 
12 h schedule  of l igh t  a n d  darkness ,  were fed a b a l a n c e d  
d ie t  a n d  w a t e r  ad  l ib i tum.  

1. Prepuberal rats. 16 n o r m a l  r a t s  were sacr i f ied f rom 
t h e  10 th  u p  to  t h e  30 th  d a y  of age. P s e u d o p r e g n a n c y  was 
induced  in a n o t h e r  g roup  of 25-day-old  ra ts .  26 r a t s  
were i n j ec t ed  s.c. w i t h  75 I U  of P M S G  (Eleagol,  Elea) in  
0.5 ml  of 0 .9% sod ium chlor ide  followed 60 h l a t e r  w i t h  
25 I U  of H C G  (Endocor ion ,  Elea) in  0.5 ml  of 0 .9% 
s o d i u m  chlor ide ,  s.c. ~. 8 con t ro l  r a t s  rece ived  0.5 m l  of 
0 .9% sod ium chlor ide .  A n i m a l s  were sacr i f iced b e t w e e n  
the 6th and the 21 th day after the last injection. 

2.' Adult rats. 21 rats, 2 to 4 months old, which showed 
a regular 4-day cycle controlled by exfoliative cytology, 
were sacrificed. 

3. Castrated rats. 17 a d u l t  r a t s  were b i l a t e ra l ly  cas t r a t ed .  
15 r a t s  were s u b j e c t e d  to  a s h a m  opera t ion .  Groups  of 
e x p e r i m e n t a l  a n d  con t ro l  an ima l s  were  sacr i f iced 15 
days  a f t e r  ca s t r a t ion .  3 c a s t r a t e d  r a t s  rece ived  s.c. for 
15 d a y s  30 ~g es t r ad io l  b e n z o a t e  ( P r o g y n o n  B-Scher ing)  
dai ly.  3 c a s t r a t e d  r a t s  were i n j ec t ed  da i ly  w i t h  2 mg  
p roges t e rone  (P ro lu t ion-Scher ing)  for 15 days.  

Light microscopy. Segmen t s  of t he  ov iduc t s  a n d  u t e rus  
a t  t h e  level  of t h e  u t e r i ne  horns ,  were  f ixed in  10% 
n e u t r a l  buf fe red  f o r m a l d e h y d e  p H  7.0 for  24 h a t  4~ 
The  fol lowing h i s tochemica l  t e c h n i q u e s  for  c a r b o h y d r a t e s  
were  appl ied  to  t i ssue  sec t ions :  per iodic  ac id-Schi f f  and  
d ias tase  d iges t ion  7 ; col loidal  i ron 8 ; a lc ian  b lue  (pH 1.0 
a n d  2.5)s;  a lc ian  b lue  (pH 1.0 a n d  2 .5) -PAS sequence  s 
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