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Cytochemical Demonstration of Catecholamines 
Sympathetic Ganglia 

In  s y m p a t h e t i c  ganglia, noradrena l in  (NA) can be dem- 
ons t r a t ed  in the  neurona l  somas as well as in the  nerve  
fibers by  f luorescence mic roscopyL Recen t ly  several  
au thors  have  d e m o n s t r a t e d  t h a t  NA and  acetylchol in-  
esterase (ACHE) occur in the  same cells and  fibers of 
s y m p a t h e t i c  ganglia ~, 3, while o thers  have  repor ted  t h a t  a 
posi t ive  reac t ion  for NA or for AChE is mu tua l ly  exclusiv e 
in s y m p a t h e t i c  neurons  4, ~ In  the  p resen t  communica t ion ,  
a s t u d y  was made  of the  cy tochemica l  local izat ion of NA 
and  AChE in chick s y m p a t h e t i c  ganglia cul tured  in v i t ro  
to  con t r ibu te  some informat ions  to this  cont roversy .  

M a t e r i a l s  a n d  methods .  S y m p a t h e t i c  chains  t aken  f rom 
14-16-day chick embryo  were exp lan ted  on the  collagen 
coated  coversl ips and  incorpora ted  in Max imow's  slides. 
The cul tures  were  fed twice  a week wi th  feeding m e d i u m  
consis t ing of equal  pa r t s  of horse  serum, m e d i u m  199; 
Hanks '  ba lanced sal t  solution, 9-day chick embryo  
ext rac t ,  and  s u p p l e m e n t a r y  glucose in a concen t ra t ion  of 
600 mg/100 ml medium.  Cultures were incuba ted  a t  36~ 
for 7-48 days.  

Cultures were freeze-dried,  exposed  to fo rma ldehyde  
vapor  for 1 h a t  80bC and processed to d e m o n s t r a t e  NA 
fluorescence as descr ibed by  FALCK et al. 6. The prepara-  
t ions were examined  wi th  a Zeiss f luorescence microscope 
equipped  wi th  H B O  200 mercu ry  lamp, BG-12 3 m m  
exci ta t ion  filter, Zeiss 50 barr ier  f i l ter  and dark  field 
condenser .  

The m e t h o d  used for d e m o n s t r a t i n g  AChE ac t iv i ty  was 
t h a t  of I~ARNOVSKY and ROOTS 7. The cul tures  were f ixed 
in icecold formol-calc ium for 5 min,  r insed in dist i l led 
water ,  and placed in incuba t ing  m e d i u m  for 1-2 h a t  
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36~ A specific inh ib i to r  for pseudocho]inesterase,  iso- 
OMPA ( te t ra isopropyl  py rophosphoramide ) ,  was included 
in the  med i u m in the  concen t ra t ion  of 10-5M. Some 
cul tures  were f ixed in f o r m o l - a m m o n i u m  bromide  and  
silver s ta ined by  the  modi f ica t ion  of Bodian ' s  pro targol  
m e t h o d  s. 

Resul t s .  The normal  deve lopmen t  of chick s y m p a t h e t i c  
ganglia in v i t ro  has been  descr ibed by  previous  au thors  9. 
I t  takes  7-10 days  to  recognize indiv idual  s y m a p t h e t i c  
neurons  (12-15 ~m in diameter)  unt i l  the  exp lan t  has 
t h i n n ed  sufficiently.  Numerous  outgrowing axons  are also 
recognizable rad ia t ing  f rom the  exp lan t  in th is  stage. 
Re la t ive ly  wel l -d i f ferent ia ted  neurons  wi th  increased size 
(20-25 ~zm in diameter)  are observed by  4 weeks in v i t ro  
and onward  (Figure 1A). 
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Fig. 1 A) Living chick sympathetic neurons, cultured 28 days in vitro. B) Multipolar sympathetic neurons in 32-day-old culture stained by 
Bodian silver method. C) Noradrenaline fluorescence of sympathetic neurons and outgrowing fibers (arrows). 28 days in vitro. D) Intense reac- 
tion of acetyleholinersterase in cytoplasm of sympathetic neurons. Moderate enzyme activity is also seen in outgrowing fibers (arrows). Neu- 
rons in the periphery are necessarily out of focus. 32 days in vitro. Bars represent 50 ~xm. 
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S y m p a t h e t i c  neu rons  m a i n t a i n e d  in c u l t u r e  are r a re ly  
s t a ined  b y  s i lver  t e c h n i q u e  a n d  t h e  chance  of h a v i n g  well- 
i m p r e g n a t e d  neu rons  is 1 in  100 p repa ra t i ons .  W h e n  t he  
neu rons  are  successful ly  s ta ined ,  t h e y  h a v e  fine, a rgyro-  
phi l ic  neurof ib r i l s  r u n n i n g  t h r o u g h  t he  n e u r o n a l  p e r i k a r y a  
a n d  dend r i t e s  (Figure 1B). B y  4 weeks in v i t ro ,  t he  neu rons  
acqui re  m u l t i p o l a r  m o r p h o l o g y  a n d  t he  size of m o s t  
n e u r o n s  falls in  t h e  r ange  of 20-25 ~m in  d iamete r .  
Occas iona l ly  g i a n t  neu r ons  in size of 40-50 [zm are  
obse rved  (Figure  1B). 

U n d e r  t he  f luorescence microscope,  s t rong  N A  fluor-  
escence r eac t i on  is obse rved  in n e u r o n a l  p e r i k a r y a  and  
f iber  b u n d l e s  (Figure  1C). F luorescence  r eac t ion  in non-  
n e u r o n a l  e l emen t s  inc lud ing  S c h w a n n  cells is nega t ive ,  
t h o u g h  non-specif ic  f luorescence  is occas iona l ly  obse rved  
in r o u n d - s h a p e d  n o n - n e u r o n a l  e l emen t s  in  o u t g r o w t h  
zone, p r o b a b l y  m a c r o p h a g e s  or m a s t  cells. T he  f luorescence 
in n e r v e  f ibers  is of a b e a d e d  na tu re ,  showing  smal l  
f luorescen t  var icos i t ies  a long  t he  course of t he  f ibers  
(Figure  1C). 

W h e n  t he  cu l tu res  are processed for A C h E  e n z y m e  h is to-  
chemis t ry ,  m o s t  of t he  s y m p a t h e t i c  neu r ons  r evea l  
i n t ense  A C h E  ac t iv i ty .  T he  r eac t i on  of A C h E  is obse rved  
in p e r i k a r y a  of s y m p a t h e t i c  neu r ons  and  m o d e r a t e  to  
weak  e n z y m e  a c t i v i t y  is also seen in t h e  dend r i t e s  a n d  
ou tg rowing  f ibers  (Figure  1D). T he  e n z y m e  a c t i v i t y  is 
a lways  n e g a t i v e  in n o n - n e u r o n a l  e l emen t s  inc lud ing  
S c h w a n n  cells. 

Our  a t t e m p t s  to  d e m o n s t r a t e  N A  f luorescence and  
A C h E  r eac t i on  consecu t ive ly  in a same  cu l tu re  m e t  w i t h  
cons iderab le  success. Fo r  t h a t  pu rpose  t he  fol lowing 
p rocedures  were  u n d e r t a k e n :  cu l tu res  were dr ied  in t he  
air  cu r ren t ,  exposed  to f o r m a l d e h y d e  v a p o r  for 1 h a t  
40~ to  p roduce  N A  fluorescence,  a n d  e x a m i n e d  u n d e r  
t he  f luorescence microscope.  Af te r  br ie f  r ins ing  in dis t i l led  
water ,  t h e  p r e p a r a t i o n s  were i n c u b a t e d  in t h e  A C h E  
m e d i u m  (vide supra)  for 2-3  h a t  36~ P h o t o m i c r o g r a p h s  
were t a k e n  of t he  s ame  cu l tures  a f t e r  each  h i s t o c h e m i c a l  
procedure .  W e  h a v e  r e p e a t e d l y  seen t he  p resence  of N A  
f luorescence a n d  A C h E  reac t ion  in t he  same  or in closely 
assoc ia ted  fibers.  

Discussion. A l t h o u g h  t he  presence  of N A  f luorescence in 
cu l tu red  s y m p a t h e t i c  neu rons  has  been  d e m o n s t r a t e d  in 
r a t  a n d  mouse  10 a n d  in ch ick  11, no  i n f o r m a t i o n  is ava i l ab le  
on  A C h E  a c t i v i t y  in  cu l tu red  s y m p a t h e t i c  neurons .  I t  is 
t h e  f i rs t  t ime,  to  our  knowledge,  t h a t  A C h E  a c t i v i t y  is 
d e m o n s t r a t e d  h i s tochemica l ly  in  cu l tu red  s y m p a t h e t i c  
neurons .  

I t  is genera l ly  accep ted  t h a t  t he  ne rve  cell p o p u l a t i o n  
of t h e  s y m p a t h e t i c  gangl ia  is m o s t l y  no rad rene rg i c  and  a 
smal l  p o p u l a t i o n  of chol inergic  cells are also present .  
The re  d o e s  no t  seem to be  an  obv ious  e x p l a n a t i o n  as to  
w h y  mos t  of s y m p a t h e t i c  neu rons  cu l tu red  in  v i t ro  exh ib-  
i t  b o t h  N A  f luorescence a n d  AChE ac t iv i ty .  

F r o m  our  results ,  i t  appea r s  t h a t  the  s y m p a t h e t i c  
neurons ,  g rown a n d  m a i n t a i n e d  in vi t ro ,  are capab le  of 
syn thes i z ing  c a t h e c h o l a m i n e s  and  a t  t he  same  t i m e  are  
well  equ ipped  w i t h  ACHE, t he  e n z y m e  metabo l i zes  t he  
chol inergic  t r a n s m i t t e r .  Our  resu l t s  agree w i t h  p rev ious  
s tud ies  wh ich  sugges t  t he  presence  of A C h E  in  adrenerg ic  
neu rons  or f ibers.  This  fac t  suppo r t s  t h e  h y p o t h e s i s  of 
BURN and  P~AND 12 wh ich  invo lves  ACh in adrenerg ic  
t r ansmiss ion .  

Zusammen[assung. Es wurde  die K a t e c h o l a m i n - F l u o r e s -  
zenz u n d  Ace ty l cho l in - e s t e r a se -Reak t ion  a n  Nervenze l l en  
des s y m p a t h e t i s c h e n  G r e n z s t r a n g s  an  H i i h n e r e m b r y o n e n  
in Gewebeku ] tu r  demons t r i e r t .  
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Ultras tructura l  Aspec t s  of the Basal  Zone in the 

The  s t u d y  of t h e  ap ica l  a n d  midd le  region has  been  t h e  
m a i n  sub jec t  of m o s t  p a p e r s  conce rn ing  t h e  t a s t e  bud .  On 
t he  con t ra ry ,  th i s  r e p o r t  deals  w i t h  t h e  u l t r a s t r u c t u r a l  
i nves t i ga t i on  of t he  basa l  region of t a s t e  buds .  

JV[aterials and methods. Fol ia te  papi l lae  of a d u l t  r a b b i t s  
were f ixed  in g lu t a r a ldehyde ,  pos t f ixed  in osmium,  
d e h y d r a t e d  in e t h a n o l  a n d  e m b e d d e d  in Epon .  F i x a t i o n  
in g l u t a r a l d e h y d e  was pe r fo rmed  b y  i m m e r s i o n  or b y  
perfus ion.  

Results and discussion. T he  c o n t o u r  of t he  basa l  region,  
fo rmed  f rom t h e  basa l  c o n t o u r  of t he  t a s t e  b u d  cells,:.is 
gen t ly  c u r v e d  a n d  is l ined  b y  a b a s e m e n t  m e m b r a n e  
a p p r o x i m a t e l y  500 A t h i c k  (Figure  1). T he  cells more  
f r e q u e n t l y  found  in t h i s  region are  t he  basa l  cells a n d  t he  
'c lear  cells'.  The  basa l  cells are r o u n d i s h  or e longa t ed  in 
shape,  a n d  show a b u n d a n c e  of free r ibosomes  a n d  tono-  
f i l aments ,  w h i t  a r e l a t ive  sca rc i ty  of o the r  cy t op l a smic  
organel les  (Figure  2). The  'c lear '  cells, i n t e r spe r sed  a m o n g  
o the r  cells, are e longa ted  in shape  a n d  c o n t a i n  sho r t  
s ca t t e r ed  c i s t e rnae  of t h e  rough  endop la smic  re t i cu lum,  
f ine f i l amen tous  bundles ,  m a i n l y  l ong i t ud i na l l y  or iented ,  
and  some dense  bodies.  T he  cy top l a smic  m a t r i x  is qu i t e  
clear (Figure 3). S o m e t i m e s  t h e y  possess dense  bodies  
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w i t h  t he  aspec t  of cy tosegregosomes  1. The  low po r t i on  of 
these  cells o f ten  shows a cha rac t e r i s t i c  c lumping  of mi to-  
chondr ia .  (Figure  1). I t  is f r e q u e n t l y  possible  to  observe  
ne rve  f ibers  j u s t  en t e r ing  t he  t a s t e  b u d  wh ich  are  r i ch  in  
m i c r o t u b u l e s  a n d  d i f fe ren t ly  o r i en ted  (Figure 1). Some 
n e r v e  ceils come in to  c o n t a c t  w i t h  cells wh ich  h a v e  been  
descr ibed  as neu rosec re to ry  or g u s t a t o r y  ~,3, a n d  con- 
sidered, as neu rosenso ry  in func t ion .  I n  these  po in t s  i t  is 
qu i t e  poss ible  to  observe  synapse- l ike  ' ac t ive  s i tes '  w i t h  
severa l  synap t i c - l ike  vesicles c rowded  a long t he  p l a s m a  
m e m b r a n e  on  t h e  cy top l a smic  side (Figure 1). Somet imes  
one or more  p o l i m o r p h o n u c l e a r  leucocytes  are obse rved  
u n d e r l y i n g  t he  basa l  region of t h e  t a s t e  bud .  

The  basa l  region of t h e  t a s t e  b u d  assumes  a r e m a r k a b l e  
i m p o r t a n c e  because  of t h e  r e l a t i onsh ip  w i t h  s u b g e m m a l  
connec t ive  t i ssue  a n d  w i t h  t h e  n e r v e  f ibers  en t e r i ng  t he  
t a s t e  bud .  Such  region shows t he  presence  of l i t t l e  
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