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2 con t ro l  groups,  an  i n t e r e s t i ng  fac t  was  n o t e d :  in t he  
h e a r t s  pe r fused  w i t h  a n  i n s u l i n - con t a i n i ng  m ed i um,  in 
a g r e e m e n t  w i t h  t h e  f u n c t i o n a l  f indings ,  no  d a m a g e  to  t he  
muscle  cells or e n l a r g e m e n t  of t he  s a r cop l a sma t i c  re t i -  
cu lum (T- tubul i )  was  found  as seen in  long- t ime  L angen -  
do r f f -p repa ra t i ons  1~. 

Our  f ind ings  m a y  be  i n t e r p r e t e d  t h u s  : T he  f o r m a t i o n  of 
ca rd iac  e d e m a  is in tens i f i ed  b y  t he  l iga t ion  of l y m p h  
vessels in  t h e  i so la ted  work ing  hea r t .  Moreover ,  a n  
in te r fe rence  w i t h  mic roc i r cu la t ion  due  to  edema,  swell ing 
of t he  endo the l i a l  cells a n d  closed or  col lapsed b lood 
capi l lar ies  is increased  b y  lyn lphos tas i s .  Therefore ,  t h e  
i r revers ib le  d a m a g e  to  t he  m y o c a r d i u m  is no t  on ly  t he  
resu l t  of t he  l y m p h e d e m a  b u t  also due to ischemia,  
acco rd ing  to  o t h e r  i nves t iga to r s  16. 
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The  reduced  l y m p h  flow causes  a n  i m p a i r m e n t  of 
m e t a b o l i s m  because  oxygen  t r a n s p o r t ,  s u b s t r a t e  u t i l iza-  
t ion,  and  r e m o v a l  of m e t a b o l i t e s  m a y  be h indered .  I f  
insu l in  is added  to  t he  med ium,  t he  s u b s t r a t e  u t i l i za t ion  is 
cons ide rab ly  improved ,  so t h a t  t he  d i s t u r b a n c e  of micro-  
c i rcu la t ion  is c o m p e n s a t e d  for a ce r t a in  per iod  of t ime.  
R e c e n t  i nves t i ga t i ons  17-2~ h a v e  shown  t h a t  glucose a n d  
insu l in  h a v e  a p r o t e c t i v e  effect  on  hypox i ca l l y  i nduced  
i n j u r y  of t he  hea r t .  W h e t h e r  a s imi la r ly  f a v o u r a b l e  effect  
occurs  in  l y m p h o s t a s i s  will h a v e  to  be shown in f u r t h e r  
expe r imen t s .  

Zusammen/assung. Die expe r imen te l l e  L y m p h s t a u u n g  
b e w i r k t  a m  isol ier ten,  a r b e i t e n d e n  R a t t e n h e r z e n  t r o t z  
k o n s t a n t e m  Koronar f luss  eine progress ive  A b n a h m e  de r  
Auswur f l e i s tung  des l inken  Ventr ike ls ,  die morpho log i sch  
u n t e r  a n d e r e m  m i t  e inem in te r s t i t i e l l en  u n d  in t r a -  
zellul/ iren 0 d e m ,  in sbesonde re  der  Herzmuske lze l l en  ul ld 
K a p i l l a r e n d o t h e l i e n  sowie m i t  pa r t i e l l en  Herzmuske l -  
ze l lnekrosen  e inhergeh t .  
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Degeneration in the Adult Rat Spinal Cord Following Systemic Treatment with 6-Hydroxy-  
dopamine.  Electron Microscopic Study 

Whi le  t h e r e  is now  cons iderab le  ev idence  a t  t he  u l t r a -  
s t r u c t u r a l  level  to  show t h a t  t he  sys temic  a d m i n i s t r a t i o n  
of 6 - h y d r o x y d o p a m i n e  (6-OHDA) in a d u l t  an i m a l s  causes  
degene ra t i on  of pe r iphe ra l  no rad rene rg i c  (NA) ne rve  
t e r m i n a l s  1-9, t h e  effect  of t he  d rug  v ia  th i s  rou te  on  t he  
cen t r a l  N A  sys t ems  would  a p p e a r  to  be m u c h  more  severe  
if t he  an ima l s  t r e a t e d  were n e o n a t e s  t h a n  if t h e y  were 
adults10 15. Th i s  has  been  a t t r i b u t e d  to t he  g rea te r  
p e r m e a b i l i t y  ot 6 - O H D A  across t he  b lood -b ra in  ba r r i e r  in  
t i le  fo rmer  t h a n  in t h e  l a t t e r  (see TI~OENEN a n d  TRANZER 16 
for discussion).  On t he  o the r  h a n d ,  in  a d u l t  an imals ,  w h e n  
a p p r o p r i a t e  doses of t he  d rug  were in jec ted  e i the r  direct ly ,  
i n t r a c i s t e r n a l l y  or i n t r a v e n t r i c u l a r l y ,  in severa l  nuclei  
t h a t  are k n o w n  to h a v e  a r ich  N A  i n n e r v a t i o n ,  e lec t ron  
mic roscopy  showed degene r a t i on  of n e r v e  t e r m i n a l s  17-22. 
This  suggests  t h a t  6 - O H D A  can  cause  se lect ive  degenera-  
t i on  of cen t r a l  N A  n e r v e  t e r m i n a l s  as well as p e r i p h e r a l  
ones. Recen t ly ,  a rev iew on t he  cen t r a l  effects of 6 - O H D A  
suggests  t h a t  in  a d u l t  an ima l s  a l i t t l e  of t he  d rug  m a y  cross 
t he  b lood -b ra in  ba r r i e r  2~. W h e t h e r  th i s  a m o u n t  of 
d i f fus ion  of 6 - O H D A  would  cause  a suff ic ient  degree of 
d e g e n e r a t i o n  of cen t r a l  N A  n e r v e  t e r m i n a l s  t h a t  can  be 
de t ec t ed  u l t r a s t r u c t u r a l l y  is no t  known.  The  p r e s en t  p a p e r  
descr ibes  a n  e lec t ron  microscopic  s t u d y  of th i s  p r o b l e m  
in t he  i n t e r m e d i o l a t e r a l  c o l u m n  (ILC) of t he  adu l t  r a t  
sp ina l  cord, a nuc leus  t h a t  is k n o w n  f rom f luorescence 
h i s tochemica l  s tud ies  to  be  r i ch ly  i n n e r v a t e d  b y  N A  
n e r v e  t e r m i n a l s  24. 

A d u l t  a lb ino  r a t s  we igh ing  be t w een  250-300 g were 
g iven  a single i.v. i n j ec t i on  t h r o u g h  t he  s a p h e n o u s  ve in  
of 100 m g / k g  6 - O H D A  HC1 (25 m g / m l  6 - O H D A  HC1 
dissolved in a so lu t ion  c o n t a i n i n g  1 m g / m l  ascorbic  acid). 

Cont ro l  r a t s  were in jec ted  i.v. w i t h  a n  e q u i v a l e n t  v o l u m e  
of ascorbic  acid. A t  24, 48 a n d  72 h a f t e r  i n j ec t ion  of 
6 -OHDA,  t h e  sp ina l  cord was f ixed b y  i n t r a c a r d i a c  
per fus ion  witt l  a so lu t ion  con ta in ing  2% p a r a f o r m a l d e h y d e  
a n d  2.5% g l u t a r a l d e h y d e  in 0.1 M cacody la t e  buf fe r  
c o n t a i n i n g  0.5 rag/1 CaCI~. The  per fus ion  t i m e  was a b o u t  
20 rain.  A sho r t  s egmen t  of t i le mid - tho rac i c  sp ina l  cord  
was t h e n  carefu l ly  d issected  ou t  and  f u r t h e r  sliced 
t r a n s v e r s e l y  in to  t h i n n e r  segments .  The  l a t t e r  were k e p t  
o v e r n i g h t  in  ice-cold f resh f ixa t ive ,  a f te r  wh ich  t h e y  were 
pos t - f ixed  in 1% o s m i u m  t e t rox ide  ~s, d e h y d r a t e d  w i t h  
ace tone  and  e m b e d d e d  ill a ra ld i te .  S e m i - t h i n  t r a n s v e r s e  
sect ions  of t he  sp ina l  cord were s t a ined  w i t h  m e t h y l e n e  
blue  a n d  p r e p a r e d  for l igh t  microscopy.  U l t r a - t h i n  
t r a n s v e r s e  sect ions  were s t a ined  w i t h  aqueous  s a t u r a t e d  
u r a n y l  a ce t a t e  2G a n d  lead c i t r a t e  ~7 a n d  e x a m i n e d  in a 

H i t a c h i  HS-8  e lec t ron  microscope.  
The  obse rva t i ons  were conf ined  to t he  ILC of t h e  a d u l t  

r a t  sp ina l  cord (Figure 1, inset) .  The  resu l t s  will  be  ex- 
pressed  in t e r m s  of those  pos i t ive  fea tu res  t h a t  were 
p r e s e n t  in  t h e  e x p e r i m e n t a l  m a t e r i a l  b u t  were  a b s e n t  in  
t he  controls .  The  e v a l u a t i o n  of t h e  presence  oi degenera-  
t ion  was a ided  b y  reference  to  t he  p a p e r  of GLEES a n d  
HASAN ~s and  to p rev ious  s tud ies  on t h e  d e g e n e r a t i o n  of 
cen t r a l  N A  ne rve  t e r m i n a l s  fol lowing t r e a t m e n t  w i t h  
6_Ot-IDA1~-~2. 

A s t u d y  of t he  24 h m a t e r i a l  showed  t h a t  s ca t t e r ed  
sparse ly  in t he  genera l ly  no rma l - look ing  neurop i l  were 
ne rve  t e r m i n a l s  t h a t  were more  e lec t ron-dense  t h a n  o the r s  
t h a t  were p r e s e n t  (Figure  1). These  e lec t ron-dense  
ne rve  t e r m i n a l s  a p p e a r e d  col lapsed w i t h  c rowding  of 
vesicles, t he  m a j o r i t y  of which  were of t h e  smal l  spher ica l  



Fig. 1. A low power electron micrograph of neuropi l  from a t rea ted  an ima l  (24 h, i.v. 100 mg/kg) to show 2 isola ted degenera t ing  electron 
dense nerve  te rminals  (dr). x 10,500. Inset ,  a l igh t  pho tomicrograph  of a semi- th in  t ransverse  section of thoracic  spinal  cord from a t rea ted  
an imal  (72 h, i.v. 100 mg/kg) to show the area observed for degenerat ion.  ILC, in te rmedio la te ra l  column. • 55. 

Fig. 2. A degenera t ing  electron dense t e rmina l  forming an axo-dendr i t ic  synapse  from a t rea ted  an imal  (24 h, i.v. 100 mg/kg).  Note crowding 
oI agranular  vesicles {agv). d, dendr i te ;  lgv, large granular  vesicle;  m, mi tochondr ion;  so, synapt ic  contact .  

Fig. 3. A degenera t ing  electron dense nerve  te rmina l  f rom a t rea ted  an ima l  (4811 i.v. 100 mg/kg).  Note crowding of agranu la r  vesicles (agv} 
and also the normal  looking axo-dendr i t ic  synapse  adjacent  to it. d, dendr i te ;  lgv, large granular  vesicle. • 

Fig. 4. A nerve  te rmina l  Iorming an axo-dendr i t ie  synapse  in an advanced  s t a t e  of degenera t ion  from a t rea ted  an imal  (48 h i.v. 100 mg/kg).  
Note tha t  some of the lucent  vesicles (iv) are discoid;  this  is unusual ,  d, dendr i te ;  dv, d i s in tegra ted  vesicles; g, as t rogl ia l  process; m, mito-  
chondrion;  sc, synap t ie  contact .  •  

Fig. 5. A nerve  te rmina l  forming an  axo-dendr i t ie  synapse  in an advanced  s t a t e  of degenera t ion  from a t rea ted  an ima l  (72 h, i.v. 100 mg/kg).  
Note va r i e ty  of inclusions wi th in  the nerve  terminal ,  agv, agrann la r  vesicle; dm, degenera t ing  mi tochondr ion;  g, as t rogl ia l  process; nt ,  
neurotubule ;  pv, p leomorphie  vesicles; sc, synap t ie  contact .  • 37,500. 

Fig. 6. A nerve  t e rmina l  forming an axo-dendr i t ie  synapse  in an advanced  s t a t e  of degenera t ion  from a t r ea ted  an imal  (72 h, i.v. 100 mg/kg).  
Note va r i e ty  of inclusions wi th in  the nerve  terminal ,  agv, agranu la r  vesicle; d, dendr i te ;  din, degenera t ing  mi tochondr ion ;  g, as t rogl ia l  pro- 
cess; lgv, large granular  vesicle; nt ,  neuro tubule ;  pv, p leomorphic  vesicles; sc, synapt ic  contact .  • 37.500. 



Fig. 7. Two degenerating unmyelinated axons flanking a normal looking axo-dendritic synapse from a treated animal (48 h, i.v. 100 mg/kg). 
agv, agranular vesicle; db, dense body; g, astroglial process; Igv, large granular vesicle. • 

Fig. 8. A degenerating unmyelinated axon, possibly a preterminal from a treated animal (72 h, i.v. 100 mg/kg). Note variety of inclusions 
within the axon, agv, agranular vesicle; dm, degenerating mitochondrion; lgv, large granular vesicle; nt, neurotubule; pv, pleomorphic 
vesicle. • 22,000. 

Fig. 9. A group of degenerating myelinated axons from a treated animal (72 h, i.v. 100 mg/kg). Note normal-looking axons adjacent to them. 
din, degenerating mitochondrion; pv, pleomorphic vesicles. • 

Fig. 10. A degenerating myelinated axon from a treated animal (72 h, i.v. 100 mg/kg). Note variety of inclusions within the axon. dm, degener- 
ating mitoehondrion; lgv, large granular vesicle; nt, neurotubule; pv, pleomorphie vesicles. • 

Fig. 11. A degenerating nerve terminal completely engulfed by astroglial processes (g) from a treated animal (48 h, i.v. 100 mg/kg). • 37,500. 

Fig. 12. A degenerating nerve terminal completely engulfed by astroglial processes (g) from a treated animal (72 h, i.v. 100 mg/kg). Note the 
normal-looking axo-dendritic synapse adjacent to it. • 27,500 
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agranular  t y p e  (agv) wi th  occasional  large granular  
vesicles (Figure 2). The out l ine of t he  agv, t houg h  no t  
dis t inct ,  could still  be made  out  and  the re  was no loss of 
vesicles in all the  e lec t ron-dense  nerve  t e rmina l s  observed.  
The ma jo r i t y  of the  mi tochondr i a  in these  nerve  t e rmina l s  
a t  th i s  s tage appea red  normal ,  t h o u g h  some could be 
considered t o  be degenerat ing.  Such e lec t ron-dense  
nerve  te rmina ls  were rare ly  seen ill the  48 h mater ia l  
(Figure 3) and no t  a t  all in the  72 h spec imens .  Degenera t -  
ing nerve  t e rmina l s  encoun te red  in these  s tages appeared  
swollen and  con ta ined  wi th in  t h e m  a var ie ty  of inclusions 
no t  m e t  w i th  in normal  nerve  t e rmina l s  (Figures 4-6). 
In  all the  degenera t ing  nerve  te rmina ls  s tud ied  in the  48 
and  72 h specimens,  a t  least  a p ropor t ion  of t he  mi to-  
chondr ia  were degenera t ing  and  the re  was loss of agv. 
In  some degenera t ing  nerve  te rmina ls  the re  were accumu-  
la t ions  of p leomorphic  vesicles of d i f ferent  sizes and 
tubu la r  profiles t h a t  resembled  smoo th  endoplasmic  
re t icu lum (Figures 5 and  6). Though  the  degenera t ing  
nerve  te rmina ls  were sur rounded  by  astroglial  processes,  
the  p a r a m e m b r a n o u s  s t ruc tures  a t  the  synap t ic  si tes were 
dis t inguishable .  In  all t he  s tages s tudied  so far, t he  
degenera t ing  nerve  te rmina ls  have  been observed to  form 
only axo-dendr i t i c  synapses  and  t h e y  did no t  show any  
neurof i l amentous  accumulat ion .  

In  the  48 and  72 h specimens,  no t  inf requent ly ,  some 
unmye l ina t ed  axons  and  poss ibly  p re te rmina l s  as well 
were obviously  degenera t ing  and con ta ined  wi th in  t h e m  a 
va r i e ty  of inclusions no t  seen in normal  axons  (Figures 7 
and 8). Some degenera t ing  mye l ina ted  axons  showed 
accumula t ions  of neuro tubu la r  e lements  and, a hos t  of 
p leomorphic  vesicles of all sizes, some of which  had  very  
large dense cores (Figures 9 and 10). Occasional ly dense 
osmiophil ic  masses  w i th  some recognizable in ternal  
s t ruc ture  were found  comple te ly  engulfed by  astroglial  
processes (Figures 11 and 12). These were diagnosed as 
degenera ted ,  sh runken  and phagocy tosed  nerve  terminals .  

The resul ts  of the  p resen t  s tudy  which  suggest  tha t ,  
following sys temic  t r e a t m e n t  wi th  6 -OHDA in adul t  rats,  
the re  is degenera t ion  in t he  ILC of tile spinal  cord, need 
to be in t e rp re t ed  caut iously,  expecial ly  since i t  has  been  
found tha t ,  even  in no rma l  neuropil ,  spon taneous  de- 

genera t ion  of nerve  te rmina ls  and axons m a y  occur e", 30. 
No twi ths t and ing ,  t he  p resen t  f indings indicate  t h a t  in the  
exper imen ta l  mater ia l  t he  degenera t ion  observed was 
sequent ia l  and progressive,  and the  evidence agrees w i th  
previous  s tudies  on the  degenera t ion  of cent ra l  NA nerve  
te rmina ls  following t r e a t m e n t  w i th  6-OHDA ~-22. More- 
over, such fea tures  were no t  observed in t he  contro l  
neuropil .  I t  was therefore  h ighly  p robab le  t h a t  t he  
degenera t ion  observed  resul ted  f rom the  t r e a t m e n t  w i th  
6 -OHDA and  t h a t  some a m o u n t  of t he  drug m a y  be 
pos tu la t ed  to have  passed the  b lood-bra in  barrier .  Our 
s t u d y  compares  w i th  t h a t  of BERTLER et  al. 31 which  
showed t h a t  L-Dopa, when  given sys temical ly  in high 
doses (80  mg/kg),  can  cross the  b lood-bra in  barrier .  
Never theless ,  i t  would be desirable  to  conf i rm the  p resen t  
s tudy  by  in t roduc ing  the  drug  via  a more  di rect  route,  
e.g. in t racis ternal ,  and  th is  needs  to  be done.  

Whi le  the  ques t ion  of t he  ac tua l  d i s t r ibu t ion  of NA 
nerve  te rmina ls  in t he  r a t  ILC m a y  no t  be answered  wi th  
t he  p resen t  evidence (since i t  is no t  known  if the  6-OHDA 
t h a t  had  crossed the  b lood-bra in  barr ier  had  ac ted  
on all or only a p ropor t ion  of the  NA nerve  te rmina ls  t h a t  
were present)  ye t  the  fact  t h a t  all t he  degenera t ing  nerve  
te rmina ls  so far observed formed only  axo-dendr i t i c  
synapses ,  suggests  t h a t  these  te rmina ls  m a y  have  a 
modu la t ing  influence on the  pre-ganglionic  neurons  in 
the  ILC. RETHIELYI 32, in his s tudy  of the  normal  ca t  ILC, 
has suggested t h a t  NA nerve  t e rmina l s  m a y  be those  wi th  
a p reponde rance  of large g r amd a r  vesicles wi th in  them.  
We  have  no t  been able to  conf i rm th is  in t he  degenera t ing  
nerve  te rmina ls  in t he  ra t  ILC following t r e a t m e n t  wi th  
6-OHDA. Indeed ,  as far  as can be ascer ta ined,  in all the  
degenera t ing  nerve  t e rmina l s  observed,  agv p redomina ted .  

The degenera t ion  of axons  following 6 -OHDA t r e a t m e n t  
has  been repor ted  previous ly  in e lectron microscopic ~s-~2 
as well as l ight  microscopic s tudies  a3. The appearance  of 
these  axons  resembles  t h a t  descr ibed in t he  p rox imal  
segments  of expe r imen ta l ly  cons t r ic ted  per iphera l  NA 
axons  34, 85. 

The sys temic  admin i s t r a t i on  of 6 -OHDA has the  
a d v a n t a g e  in t h a t  i t  avoids  some of t he  compl ica t ions  in 
i n t e rp r e t a t i o n  t h a t  are encoun te red  when  a more  d i rec t  
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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 .  

W. C. WONGa7 an d  C. K. TAN as 

Depar/ment o/Anatomy,  University o/Singapore, 
Sepoy Lines, Singapore 3, 30 Apri l  1974. 

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  

1 R. E. COUPLAND, The Natural History of the Chroma/]ir~ Cell 
(Longmans, London 1965) p. 33. 
E. DEROBERTIS and A. VAZFERREIRA, Expl Cell Res. 12, 568 
(1957). 

3 D. J. SmTH and L. S. VANORDEN III, Neuropharmacology 
72, 875 (1973). 

4 W. W. DOUOLAS and A. M. POIS.~ER, J. Physiol., Lond. 183, 236 
(i966). 

5 j .  j .  SAGE, W. J. S~alZ~ and N. KI~S~rER, Molee. Pharmae. 3, 81 
(1967). 

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. 


