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rou t e  is be ing  used 2~. Th i s  a p p r o a c h  should  p rove  useful  
in  compar ing ,  a t  t h e  u l t r a s t r u c t u r a l  level,  w i t h  t he  resul t s  
f rom a r ecen t  r e p o r t  de r ived  f rom f luorescence h is to-  
chemica l  s tudies ,  wh ich  showed  t h a t  even  in t h e  a d u l t  r a t  
sp ina l  cord  N A  n e r v e  t e r m i n a l s  m a y  r egene ra t e  fol lowing 
p rev ious  se lect ive  d e s t r u c t i o n  b y  6 - O H D A  t r e a t m e n t  36. 

~s L.-G. NYa~EN, L. OLSON and A. SEtGER, Histochemie 28, 1 (197t). 
37 Mr. H. L. C~AN rendered ilavMuable technical assistance. 
38 Present address: Department of Anatomy, University College 

London, Gower Street, London WCIE 6BT, England. 

Zusammen/assung. Bei  ausgewachsenen  A l b i n o r a t t e n  
ge lang  n a c h  i.v. I n j e k t i o n  y o n  6 - O H D A  (100 mg/kg)  der  
e l ek t ro n en mi k ro s k o p i s ch e  Nachweis  de r  t e r m i n a l e n  und  
a x o n a l e n  D e g e n e r a t i o n  a n  der  I n t e r m e d i a  la te ra l i s  des 
Ha l smarkes .  Bei  geni igender  Dos ie rung  k o n n t e  6 - O H D A  
die G e h i r n b l u t s c h r a n k e  t iberschre i ten .  
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High-Voltage Electron Microscopy of the Cat Adrenal Medulla 

A p r o m i n e n t  morpho log ica l  f ea tu re  of adrena l  medul -  
l a ry  cells is a large  n u m b e r  of dense-cored  vesicles. Us ing  
c o n v e n t i o n a l  e lec t ron  microscopy,  m o s t  vesicles a p p e a r  
spher ica l  w i t h  a n  osmiophi l ic  core s e p a r a t e d  f rom a n  
ou t e r  m e m b r a n e  b y  a n  e l e c t r o n - t r a n s l u c e n t  halo.  Al- 
t h o u g h  some of t he  vesicles a p p e a r  i r regula r  in  shape  1, 
l i t t l e  s ignif icance ha s  been  a t t a c h e d  to  these.  General ly ,  
i t  is t h o u g h t  t h a t  t he  vesicles are i n d i v i d u a l  organel les  
a n d  t h a t  each  is de r ived  b y  ' b u d d i n g '  f rom t h e  Golgi 
complex  before  t r a v e r s i n g  t he  c y t o p l a s m  and  re leas ing  
t h e i r  c o n t e n t s  b y  exocytos is  2, 3 I t  has  been  d e m o n s t r a t e d  
b iochemica l ly  t h a t  these  vesicles c o n t a i n  ca techo lamines ,  
ATP ,  a n d  soluble  p ro t e in s  4,5. 

The  cells of t h e  ca t  adrenaI  medu l l a  h a v e  been  e x a m i n e d  
emp loy ing  h igh -vo l t age  e lec t ron  mic roscopy  in a s t u d y  
des igned  to r e i n v e s t i g a t e  t h e  r e l a t ionsh ip  of c a t echo l amine -  
c o n t a i n i n g  vesicles to  t he  cel lular  m e m b r a n e  sys tems.  The  
e x a m i n a t i o n  of u l t r a s t r u c t u r e  in  r e l a t ive ly  t h i c k  (0.5-2.0 
am)  spec imens  allows for s tereoscopic  v iewing  a f t e r  pa i rs  
of m ie rog raphs  are  t a k e n  a t  a p p r o p r i a t e  s tage  t i l t  angles.  
Thus ,  t h r e e - d i m e n s i o n a l  ana lys i s  of cell organel les  is 
possible  a n d  more  i n f o r m a t i o n  a b o u t  t he  r e l a t ionsh ips  of 
cel lular  c o n s t i t u e n t s  is gained.  

Cat  ad rena l s  were per fused  in s i tu  w i t h  a d i lu te  a ldehyde  
so lu t ion  as descr ibed  b y  SMITH a n d  VANORDEN 3. F i x a t i o n  
was  c o n t i n u e d  in o s m i u m  t e t r o x i d e  a n d  t h e  ad r en a l  

medu l l a  was e m b e d d e d  in Epon .  R e p r e s e n t a t i v e  sect ions  
(0.5 to  2.0 ~m in th ickness )  f rom 4 an i ma l s  were m o u n t e d  
on copper  grids coa ted  w i t h  F o r m v a r  an d  carbon ,  and  
s t a ined  w i t h  u r a n y l  a ce t a t e  an d  lead c i t r a t e  for 30 ra in  
to  2 h. Spec imens  were e x a m i n e d  a t  1000 K V  w i t h  t he  
e lec t ron  microscope a t  t h e  U n i t e d  S ta te s  Steel  Resea rch  
L a b o r a t o r y  in Monroevi l le ,  P e n n s y l v a n i a .  S te reo-pa i r  
m i c ro g rap h s  were t a k e n  a t  10,500 • magn i f i ca t i on  a t  t i l t  
angles  f rom 6 ~ to  36 ~ a n d  were ana lyzed  us ing  a lens- 
m i r r o r  s tereoscope.  

I n  b o t h  t ypes  of ch romaf f in  cells ( ep inephr ine  a n d  
norep inephr ine ) ,  mos t  of the  c a t e c h o l a m i n e - c o n t a i n i n g  
vesicles were spher ical .  E a c h  vesicle was  enclosed in i ts  
own  l imi t ing  m e m b r a n e .  Some m e m b r a n e s  were  obse rved  
to  t a p e r  f rom t h e  e lec t ron-dense  core for a sho r t  d i s t ance  
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This stereo-pair micrograph illus- 
trates tubular (arrows) and double 
condensation (arrowhead) cate- 
eholamine-containing vesicles. A 
sinai1 stereo viewer is needed to 
obtain a three-dimensional image. 
• 21,000. 
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b u t  appea red  to  r e m a i n  con t inuous .  Of t he  7,026 vesicles 
observed ,  14.9% a p p e a r e d  t u b u l a r  b y  t h r e e - d i m e n s i o n a l  
ana lys i s  (Figure).  The  t u b u l a r  forms cons is ted  of a single 
m e m b r a n e - b o u n d  dense  core whi le  some were ind iv idua l  
condensa t ions  of e lec t ron-dense  m a t e r i a l  s u r r o u n d e d  b y  a 
single l imi t ing  m e m b r a n e .  However ,  t he  l e n g t h  of t h e  
t u b e s  or t he i r  ex i s tance  in a n e t w o r k  could no t  be  deter -  
m i n e d  as t h e y  usua l ly  e x t e n d e d  f rom t he  t op  or b o t t o m  
surfaces  of t h e  sect ion.  T he  t u b u l a r  fo rms  (bo th  t he  single 
and  mul t ip le  c o n d e n s a t i o n  types)  a p p e a r e d  w i t h  g rea te r  
f r equency  nea r  t he  nucleus.  T he  two  types  did  no t  a p p e a r  
to  be  i n t e r c o n n e c t e d  b y  a c o n t i n u o u s  m e m b r a n e  no r  
were t h e y  seen to  be  connec t ed  to  t h e  Golgi complex.  
Spher ica l  vesicles were occas ional ly  seen in a l inear  a r ray .  

The  v i sua l i za t ion  of t h e  t u b u l a r  fo rms  of vesicles m a y  
sugges t  t h a t  t h e  g r anu l a r  m a t r i x  wh ich  begins  to  fo rm 
in t h e  Golgi complex  en te r s  a n e t w o r k  of tubules ,  and  a t  
t he  t e r m i n a l  aspects  of t h e  s y s t e m  t h e  granules  condense  
a n d  become  enclosed b y  a s epa ra t e  m e m b r a n e .  I t  seems 
l ikely t h a t  t he  vesicles obse rved  in a l inear  a r r a y  r ep resen t  
t he  las t  s tage  in  t he  m a t u r a t i o n  of t h e  spher ica l  granules .  

6 R. E. COUPLAND, J. Anat. 99, 231 (1965). 
J. G. WOOD, Histochemie 28, 183 (1971). 

s I. BENEDECZKY and A. D. SMITH, Z. Zellforsch. 72d, 367 (1972). 
9 I'{. PLATTNER, H. WINKLER, H. HORTNAGL and W. PFALLER, 

J. Ultrastruct. Res. 28, 191 (1969). 
10 We thank G. WRAY, AL SZIRMAE, DRES. L. THOMAS and R. FISHER 
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On t he  o the r  hand ,  i t  is possible  t h a t  t he  t u b u l a r  vesicles 
r e m a i n  as s epa ra t e  fo rms  a n d  m a y  be  func t i ona l l y  
d i f fe rent  f rom t h e  more  f r e q u e n t l y  encoun t e r ed  spher ica l  
vesicles. P e r h a p s  t h e  use of o the r  h e a v y  m e t a l  s t a ins  will 
p rov ide  b e t t e r  r e so lu t ion  of t he  m e m b r a n e  sys tems  of t h e  
ad r ena l  medu l l a  for t h r e e - d i m e n s i o n a l  ana lys i s  a n d  more  
precise i n f o r m a t i o n  a b o u t  t h e  d e v e l o p m e n t  of t he  cate-  
c h o l a m i n e - c o n t a i n i n g  vesicles c a n  be  ob ta ined .  

C o m p a r i n g  these  d a t a  w i t h  t h a t  o b t a i n e d  f rom conven-  
t i ona l  e lec t ron  microscopy,  i t  seems l ikely t h a t  t he  irreg- 
u la r  forms of vesicles (ovoid, e longated ,  c o m m a - s h a p e d ,  
dumbe l l - shaped)  r epo r t ed  b y  o the r  i nves t iga to r s~176  
resu l t  f rom t a n g e n t i a l  sec t ion ing  t h r o u g h  these  t u b u l a r  
forms.  I n  u l t r a t h i n  sect ions  a r ecogn i t ion  of t u b u l a r  forms 
would  be  diff icult .  E v e n  t h o u g h  i n t e r c o n n e c t i o n s  were 
no t  found  in a f reeze-e tch ing  s t u d y  0 t h e  poss ib i l i ty  t h a t  
these  t u b u l a r  vesicles i n t e r c o n n e c t  shou ld  r e m a i n  open  
for f u r t h e r  inves t iga t ion .  

Zusammen/assung. Nachweis ,  dass  die ca t echo l amin -  
ha l t i gen  VesikeI des N e b e n n i e r e n m a r k e s  eine sehr  spezi- 
f ische d re id imens iona le  F o r m  h a b e n ,  die sich bet  der  
gew6hn l i chen  T r a n s m i s s i o n s e l e k t r o n e n m i k r o s k o p i e  n u t  
d u r c h  Unregelm/~ssigkei ten b e m e r k b a r  m a c h t ,  j edoch  m i t  
Hilfe  der  S t e r e o - E l e k t r o n e n m i k r o s k o p i e  m i t  H o c h s p a n -  
n u n g  s i c h t b a r  g e m a c h t  werden  kann .  
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Development of Enterochromaffin and Dopamine Cells in the Gastrointestinal Tract of the Calf 

The  ga s t ro in t e s t i na l  (G-I) t r a c t  of t he  cow and  some 
o the r  species con ta ins  n u m e r o u s  amine - s t ro ing  cells 1. 
E n t e r o c h r o m a f f i n  cells (EC) are cha rac te r i zed  b y  5- 
h y d r o x y t r y p t a m i n e  (5-HT) ~, whereas  w h a t  are cal led 
' d o p a m i n e  cells'  (DC) h a v e  been  shown  to con t a in  
d o p a m i n e  3. The  epi the l ia l  or igin of t he  EC has  been  
genera l ly  accepteda,  5, whereas  i t  is p r e s u m e d  t h a t  DC 
be long  to  t he  m a s t  cell ca tegory  ~ I t  is cha rac t e r i s t i c  of 
G-I  a m i n e - s t r o n g  cells t h a t  t h e y  a p p e a r  a t  ear ly  s tages  
of deve lopmen t ,  whereas  a c c u m u l a t i o n  of amines  b y  
these  ceils was  shown  to  v a r y  in v ivo  a n d  in v i t ro  experi-  
m e n t s  7,s. Because  t he re  are no d a t a  conce rn ing  t he  
a p p e a r a n c e  of DC in t he  G-I  t r ac t ,  an  a t t e m p t  was m a d e  
to  cor re la te  t he  d e v e l o p m e n t  of DC w i t h  t h a t  of o the r  
a m i n e - c o n t a i n i n g  s t ruc tures ,  us ing  t he  specific h is to-  
chemica l  m e t h o d  to  d e m o n s t r a t e  m onoam i nes .  

Material and methods. 19 e m b r y o n a l  calves  of b o t h  
sexes were s tudied .  The  age of t he  e m b r y o s  was de ter -  
m i n e d  on  t he  bas is  of b o d y  l e n g t h t  The  e m b r y o s  were 
o b t a i n e d  w i t h i n  a b o u t  5 ra in  a f te r  shoo t ing  the  cow and  
smal l  pieces were cu t  i m m e d i a t e l y  f rom t he  corpus  and  
a n t r u m  area  of t he  s tomach ,  t he  oral  t h i r d  of t he  duode-  
n u m  and  t he  j e j u n u m ,  t he  i l eum t e r m i n a l e  a n d  t he  oral  
t h i r d  of t he  colon. The  pieces were i m m e d i a t e l y  frozen in 
i s o p e n t a n  precooled w i t h  l iqu id  n i t rogen .  The  h i s tochemi -  
cal m e t h o d  to d e m o n s t r a t e  m o n o a m i n e s  fol lowed t he  
pr inc ip les  ou t l ined  b y  ERXNK6 10 and  FALCK et al. 11. The  
spec imens  were f reeze-dr ied a t  - -40 ~ in vacuo  for  24 to  
48 h. T h e n  t e m p e r a t u r e  of t he  ho lder  in vacuo  was 
g radua l ly  increased  to  above  room t e m p e r a t u r e .  The  
spec imens  were t r e a t e d  w i t h  f o r m a l d e h y d e  v a p o u r  a t  

80 ~ for 1 h. P a r a f o r m a l d e h y d e  was equ i l i b r a t ed  a t  60% 
h u m i d i t y .  The  pa ra f f in  sect ions  were cu t  pe rpend icu l a r ly  
to  the  axis  of the  i n t e s t i n u m  and  c o n t a i n e d  all i n t e s t i na l  
layers.  The  n u m b e r  of EC a n d  DC was d e t e r m i n e d  for t he  
duodenum.  The  t o t a l  cells coun ted  for each  spec imen  va r i ed  
f rom 150 to  250. The  vo lume  of 5 ~m a d j a c e n t  sect ions  
was d e t e r m i n e d  b y  p l a n i m e t e r  and  a p p r o p r i a t e  cor- 
rec t ions  were madel~.  

Results. EC were f i rs t  seen in the  d u o d e n u m  and  in  t he  
o the r  pa r t s  of t he  G-I  t r a c t  before  t he  7 th  e m b r y o n i c  
week. The  cells were ident i f ied  b y  t h e i r  b r igh t ,  s t rong  
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