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T h e  a c e t y l c h o l i n e s t e r a s e  r e a c t i o n  and  c a t e c h o l a m i n e  f l u o r e s c e n c e  in the  g l o m u s  ce l l s  
of  rat  caro t id  b o d y  1 
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Summary. The presence  of b o t h  ace ty lchol ines terase  reac t ion  and glyoxylic  ac id- induced f luorescence of catechol-  
amines  in the  same glomus ceils of r a t  carot id  b o d y  was d e m o n s t r a t e d  using combined  h is tochemica l  methods .  A 
suggest ion is made  t h a t  the  glomus cells have  b o t h  exc i t a to ry  and inh ib i to ry  effects  on the  chemosensory  nerve via  
acetylchol ine  and  ca techolamines ,  respect ively.  

The d i s t r ibu t ion  of chol inesterases  in t he  carot id  body  
is we l l -documented  2, 8. The presence  of ca techo lamines  
in caro t id  b o d y  glomus ( type I) cells is also wel l -es tab-  
l i shed ~. The aim of the  p resen t  s t u d y  was to  compare  
t h e  d i s t r ibu t ion  of the  ace ty lchol ines terase  (ACHE) reac- 
t ion  and  ca techo lamines  in the  ca ro t id  body,  using 2 
t echn iques  for the  combined  demons t r a t i on  of glyoxylic  
ac id- induced  f luorescence and  chol ines terase  react ions  in 
t h e  same spec imen  5. 
Carot id  bodies  of adu l t  r a t s  of the  Sprague-Dawley  s t ra in  
were used in t he  p re sen t  s tudy.  Fo r  the  s imul taneous  
d e m o n s t r a t i o n  of glyoxylic  ac id- induced f luo rescence  
(GIF) and  chol ines terase  react ions ,  smal l  pieces f rom the  
caro t id  b o d y  region were f irs t  immersed  for 5 min  in 
ice-cold 2% glyoxylic  acid (GA) solut ion,  p H  7.2. They  
were t r ans fe r red  to  t he  p re incuba t ion  solut ion and  in- 
cuba t ion  solut ions for chol ines terases  made  according to 
K a r n o v s k y  and  Roots  (1964). Af ter  incuba t ion  the  
spec imens  were r insed in 2% GA solut ion for 30-60 rain. 
They  were t h e n  frozen in l iquid ni t rogen,  f reeze-dried 
and  exposed  to  t o r m M d e h y d e  gas a t  80~ for 1 h and  
v a c u u m - e m b e d d e d  in paraff in .  
For  t he  d e m o n s t r a t i o n  of G I F  and  chol ines terase  reac- 
t ions  consecut ive ly  in c ryos t a t  sections,  the  specimens  
were f irs t  f ixed b y  combined  perfus ion and  immers ion  
wi th  2% GA solution.  Af te r  immers ion  the  specimens  
were frozen and  sec t ioned wi th  a c ryos ta t .  The c ryos t a t  
sec t ions  were r insed wi th  the  GA solut ion and  dr ied  wi th  
w a r m  air f rom a hai r  dryer .  The f luorescence was devel-  
oped  b y  pro longed warming  or b y  fo rma ldehyde  gassing 
for 3 h a t  37~ and  i t  was t h e n  pho tog raphed .  The 
chol ines terase  reac t ion  was t h e n  pe r fo rmed  as above  and  
the  reac t ion  p roduc t  was  p h o t o g r a p h e d  f rom the  same 

site as before. Acety l th iochol ine  iodide was used as a 
subs t ra te .  10-~ M iso-OMPA was used as a specific in- 
h ib i tor  for the  nonspecif ic  chol inesterase  ac t iv i ty .  10 -b M 
Eser ine  was used to  inh ib i t  all the  chol inesterase  act ivi ty .  
The specimens  were p h o t o g r a p h e d  using a Lei tz  Or tho lux  
microscope equ ipped  wi th  devices for bo th  f luorescence 
and  t r a n s m i t t e d  l ight  s tudies.  
W h e n  pieces f rom caro t id  bodies  were t r e a t e d  wi th  GA 
solut ion and  incuba ted  as small  pieces in the  th iochol ine  
media,  t h e y  showed s imul taneous ly  a reac t ion  p ro d uc t  
of acetylchol ines terase  (ACHE) reac t ion  in the  cell 
m e m b r a n e  of some f luorescent  ( type I) cells. In  sect ions 
in which  the  G I F  was f irs t  p h o t o g r a p h e d  and  the  AChE 
react ion t h e n  performed,  the  AChE react ion was located 
b o t h  a t  t he  cell m e m b r a n e  and  the re  also seemed to  be 
some ac t iv i ty  in the  cy top la sm of all f luorescent  ( type I) 
glomus cells (see figures). 
B o t h  m e t h o d s  clearly showed the  presence of ACHE- 
posi t ive  nerve  fibres in the  v ic in i ty  of the  p a r e n c h y m a l  
cell groups  and  a round  blood vessels. The s l ight ly  dif- 
fe rent  resul ts  ob ta ined  wi th  these  2 me t h o d s  m a y  be due  
to differences in the  pene t r a t i on  of the  chol ines terase  
reagents .  The consecut ive  reac t ion  order  when  appl ied 
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Fig. 1. A fluorescence photo- 
micrograph, glyoxylic acid-induc- 
ed fluorescence from a cryostat 
section of rat carotid body. • 210. 
Fig. 2. The same field as in 
figure 1 after consecutive demon- 
stration of acetylcholinesterase 
activity (incubation time 2 h). 
Arrowheads in the figures indicate 
corresponding cell groups. Cross 
sections of some blood vessels are 
marked with +.  The course of 
some AChE-positive nerve strands 
is marked with arrows. • 210. 
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to  c r y o s t a t  sec t ions  seemed more  su i t ab l e  for  t he  d e m o n -  
s t r a t i o n  of t he  A C h E  r eac t i on  in  cells such  as g lomus  
ceils, w h i c h  also e x h i b i t  c a t e c h o l a m i n e  f luorescence.  
The  presence  of A C h E  r eac t i on  in t he  f luorescen t  g lomus  
cells is in  a g r e e m e n t  w i t h  t h e  concep t  t h a t  these  cells 
be long  to  t h e  A P U D  cells 8. T he  p r e s en t  o b s e r v a t i o n s  are  
also in a g r e e m e n t  w i t h  t h e  e lec t ron-microscopica l  f ind ings  
of P a p k a  ~ on  t he  loca l iza t ion  of t he  A C h E  in t he  g lomus  
bodies  of r a b b i t  h e a r t .  I n  his  s t u d y  t he  A C h E  was  
local ized in t he  g lomus  cell pe r inuc lea r  c is ternae ,  g lomus  
cell endop lasmic  r e t i cu lum,  g lomus  cell m e m b r a n e ,  a t  t h e  
a x o l e m m a  of u n m y e l i n a t e d  axons  and  a r o u n d  t he  s y n a p t i c  
t e r m i n a l s  to  t he  g lomus  ceils. T he  presence  of A C h E  in 
c a t e c h o l a m i n e - c o n t a i n i n g  g lomus  cells c an  be  exp la ined  
in m a n y  ways  7. However ,  t h i s  f ind ing  a n d  t h e  o b s e r v a t i o n  
of Ba l l a rd  a n d  Jones  s on  t h e  presence  of chol ine  ace ty l  
t r an s f e r a se  in g lomus  cells of c a t  ca ro t id  b o d y  and  t h e  
f ind ing  of F idone  e t  al. 9 on  t he  u p t a k e  of a l l -chol ine  b y  
t h e  g lomus  ceils s u p p o r t  t he  presence  of ac t ive  ace ty l -  
chol ine  m e t a b o l i s m  in t h e  g lomus  cells. Ace ty lcho l ine  
m i g h t  be  s y n t h e t i z e d  a n d  s to red  in t h e  g lomus  cells a n d  
d i scha rged  f rom t h e  cells, to  h a v e  a n  e x c i t a t o r y  ac t ion  
on  t h e  c h e m o n s e n s o r y  ne rve  ending.  However ,  a l t h o u g h  
ace ty l cho l ine  does exc i te  t he  c h e m o n s e n s o r y  n e r v e  ending,  

t he  c h e m o n s e n s o r y  n e r v e  e n d i n g  i tself  m o s t  is p r o b a b l y  
n o t  chol inergic  because  impul ses  p roduced  w i th  phys io -  
logical s t imul i  a re  no t  abo l i shed  b y  the  ac t ion  of chol in-  
ergic b lock ing  agen t s  1~ The  ca ro t id  b o d y  c o n t a i n s  large 
q u a n t i t i e s  of d o p a m i n e  a i ld  n o r a d r e n a l i n e  n .  T h e  effect  
of ca techo lamines ,  especial ly  t h a t  of dopamine ,  on  t h e  
c h e m o n s e n s o r y  dr ive  is i n h i b i t i v e  in  n a t u r e  1~. 
The  def in i te  p resence  of b o t h  ca t echo l amines  and  ace ty l -  
cho l ines te rase  a c t i v i t y  in  t he  same  g lomus  ( type I) cells 
of ca ro t id  body ,  as d e m o n s t r a t e d  in t h i s  s tudy ,  leads us  
to  sugges t  t h a t  t he  g lomus  cells m i g h t  s tore  b o t h  e x c i t a t o r y  
a n d  i n h i b i t o r y  (modula t ing)  t r a n s m i t t e r s  wh ich  do in-  
f luence t he  c h e m o s e n s o r y  n e r v e  ending.  
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Particle aggregates in plasma and intracellular membranes  of toad bladder (granular cell)x 
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Summary. Freeze - f r ac tu re  of g r a n u l a r  cells of t o a d  u r i n a r y  b l adde r  (Bu/o marinus) revea ls  t h e  presence,  h i t h e r t o  un -  
descr ibed,  of i n t r a m e m b r a n o u s  par t ic le  aggrega tes  in  i n t r a c y t o p l a s m i c  s t r u c t u r e s  ( tubules ,  vacuoles  a n d  vesicles) 
b o t h  in res t ing  and  v a s o p r e s s i n - s t i m u l a t e d  epi thel ia .  

A m p h i b i a n  b l adde r s  h a v e  long  been  used as p r iv i l eged  
mode ls  for s t u d y i n g  w a t e r  p e r m e a b i l i t y  in t i g h t  ep i the l i a  
a n d  i ts  m o d u l a t i o n  b y  n e u r o h y p o p h y s e a l  hormones .  Con- 
v e r g e n t  ev idence  f rom t r a n s m i s s i o n  4 a n d  s cann ing  elec- 
t r o n  mic roscopy  s ind ica tes  t h a t  t he re  is cel lular  speci f ic i ty  
for  t h e  h y d r o s m o t i c  effect  of vasopress in ,  t h e  ap ica l  m e m -  
b r a n e  of t he  g r a n u l a r  cells be ing  t he  p r i m a r y  t a r g e t  of t h e  
ho rmone .  Moreover ,  cell organel les  such  as lysosomal  
g ranu les  a n d  the i r  a t t e n d a n t  enzym es  s, m i c r o t u b u l e s  a n d  
mic ro f i l amen t s  v-l~ a n d  p h e n o m e n a  such  as exocytos is  11, 
p inocy tos i s  1. a n d  changes  in m e m b r a n e  f lu id i ty  la a p p e a r  
to  be  assoc ia ted  w i t h  t h e  increase  in p e r m e a b i l i t y  to  
wate r .  
Recen t ly ,  cha rac t e r i s t i c  o r gan i za t i ona l  p a t t e r n s  of m e m -  
b r a n e  pa r t i c les  in  d i f f e ren t  cell t ypes  of t o a d  b l a d d e r  were  
r evea led  b y  the  f reeze- f rac ture  t e c h n i q u e  14-18 In  add i t ion ,  
consp icuous  aggrega tes  of par t ic les  were seen in frog 17, is 
a n d  t o a d  b l adde r s  19-** cha l l enged  w i t h  oxy toc in  or vaso-  
press in .  So far, these  morpho log ica l  a l t e r a t i ons  h a v e  on ly  
been  f o u n d  in t he  P a n d  E f r ac tu re  faces ~8 of  t h e  ap ica l  
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