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Histochemical  Remarks on Monoamine Oxidase and Acetylcholinesterase in Some R e , i o n s  of 
Amphibian Brain 
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Summary. The  h i s toehemica l  loca l iza t ion  of m o n o a m i n e  oxidase  a n d  ace ty lcho l ines te rase  ha s  been  s tud ied  in t h e  
c e r e b e l h m ,  opt ic  r e c t u m  a n d  t e l encepha lon  of t h r e  e a m p h i b i a n  species. Fo r  ace ty lcho l ines te rase  in  pa r t i cu la r ,  d i f fe ren t  
h i s tochemica l  m e t h o d s  and  select ive inh ib i to r s  h a v e  been  used in order  to  i nves t i ga t e  t h e  a c t u a l  n a t u r e  of e n z y m a t i c  
a c t i v i t y  revea led .  

M a n y  enzymaLic p a t t e r n s  are welI k n o w n  in t he  b r a i n  
of h ighe r  v e r t e b r a t e s  b y  m e a n s  of h i s tochemica l  a n d  
b iochemica l  m e t h o d s  ~. Few  d a t a  are,  however ,  ava i l ab le  
on  e n z y m e  loca l iza t ion  in t he  b r a i n  of lower  ve r t eb r a t e s .  
Some resu l t s  o b t a i n e d  in a m p h i b i a n s ,  in  p a r t i c u l a r  those  
conce rn ing  A C h E  local izat ion,  are  somet imes  based  on  
p rocedures  no  longer  used  in h i s t ochemica l  pract ice~,  or 
are cha rac t e r i zed  b y  t he  non-use  of select ive inh ib i to r s  2, 
or b y  u n u s u a l  i n t e r p r e t a t i o n  of i n h i b i t o r  ac t ion  3,*. Fo r  
these  reasons  we h a v e  s tud ied  t he  h i s tochemica l  localiza-  
t i on  of m o n o a m i n e  oxidase  (MAO) a n d  ace ty lcho l ines te r -  
ase (ACHE) in some selected regions  (cerebellum, opt ic  
t e c t u m  a n d  t e l encepha lon)  of b o t h  t h e  urode le  a n d  a n u r a n  
b ra in .  

Material a~d methods. F o r  p r e s e n t  work,  we h a v e  used 
spec imens  of Triturus cristatus, Bu[o bu/o a n d  R a n a  
esculenta, sacr i f iced in  A p r i l - J u n e  a n d  A u g u s t - S e p t e m b e r  
per iods .  

Fo r  A C h E  d e m o n s t r a t i o n  t he  b r a i n s  were f ixed for  2-4  h 
in  10% formol  sa l ine ;  c r y o s t a t  sect ions,  cu t  in  t r a n s v e r s e  
a n d  sag i t t a l  planes,  were i n c u b a t e d  for 90 mil l  a t  20-22 ~ 
in t he  m e d i a  of GEREBTZOFF 5 a n d  KARNOVSKY a n d  RooTs  6, 
c o n t a i n i n g  a l t e r n a t i v e l y  ace ty l th iocho l ine  or b u t y r y l -  
t h iocho l ine  iodide as s u b s t r a t e .  The  fol lowing inh ib i t o r s  
were r o u t i n e l y  u sed : e s e r i ne  I to  3 • 10 -~ M to  i n h i b i t  all 
chol ines terases ,  i so -OMPA 3 X10 -~ to  1 x 1 0  -4 M a n d  
D F P  1 to  3 • 10 -~ M to  i n h i b i t  p seudocho l ines te rases  v-~0. 

F o r  MAO d e m o n s t r a t i o n  t h e  un f ixed  b r a i n s  were  
i m m e d i a t e l y  f rozen a n d  cu t  in  t h e  c r y o s t a t ;  t h e  sect ions  
were i n c u b a t e d  for 40 mil l  a t  35~ in t h e  m e d i u m  of 
GLEANER et  al. n .  Some con t ro l  sec t ions  were t r e a t e d  
w i t h  t he  se lect ive  MAO inh ib i to r ,  n ia lamide ,  a t  5 • 10 -'~ 
or 1 • 10 -a M concen t r a t i on .  

Results. No r e m a r k a b l e  MAO a c t i v i t y  is r evea led  b y  
h i s tochemica l  m e t h o d  in t h e  b r a i n  of Triturus. I n  t h e  
a n u r a n  cerebel lum,  m a r k e d  reac t ion  is p r e s e n t  in  t h e  
f ibrous  layer  a n d  weake r  r eac t i on  in t h e  molecu la r  one 
(Figures  I a n d  2). Th e  opt ic  r e c t u m  of /~ana  a n d  Bu/o 
exh ib i t s  w e a k  r eac t i on  in p e r i v e n t r i c u l a r  p lex i fo rm layers  
a n d  more  in t ense  r eac t ion  in i n n e r  f ib rous  layer ,  whi le  
t he  r eac t i on  is of m e d i u m  i n t e n s i t y  in  superf ic ia l  t e c t a l  
a rea  (Figures  1 a n d  2). In  t he  t e l e n c e p h a l o n  t h e  r eac t ion  
is a l m o s t  u n i f o r m l y  sp read ;  MAO a c t i v i t y  is a l i t t l e  
s t ronge r  in  sep ta l  a n d  s t r i a t a l  a reas  (Figure  3). I n  a n y  
case, n i a l amide  t r e a t m e n t  causes  a l m o s t  comple t e  d isap-  
p e a r a n c e  of t h e  h i s t o c h e m i c M  reac t ion .  

The  a t r o p h i c  ce rebeI lum of Trilurus does n o t  show 
pos i t ive  r eac t ion  for ACHE, whi le  in  a n u r a n  ce rebe l lum 
w e a k  r eac t ion  is p r e s e n t  in  t h e  g r a n u l a r  l ayer  a n d  s t ronge r  
r eac t i on  in t h e  molecu la r  one (Figure  4). I n  t h e  op t ic  
r e c t u m  of Triturus, 2 b a n d s  of s t rong  A C h E  a c t i v i t y  are  
revea led  in superf ic ia l  layers,  i.e. t h e  a f f e r en t  and  t h e  
neu rop i l a r  layers  (F~gure 6). A C h E  local iza t ion  is s imi la r  
in t h e  opt ic  r e c t u m  of Bu/o a n d  Rana (Figures  4 a n d  5) : 
in  ou t e r  f ib rous  a n d  p lex i fo rm layers  t he  r e a c t i o n  is 
d i s t r i b u t e d  in  3 b a n d s ;  t h e  deepes t  b a n d  shows s t ronge r  

r eac t ion  a n d  cor responds  to laminae C (par t ly) ,  D a n d  E 
of POTTER'S classificationX2; t h e  u n d e r l y i n g  layer  of 
p y r a m i d a l  neu rons  shows w e a k  reac t ion ,  whi le  no r eac t ion  
is p r e sen t  in  all t h e  o t h e r  deep layers .  The  t e l e n c e p h a t o n  
of Triturus does n o t  show pos i t ive  reac t ion .  In  t h e  a n u r a n  
t e l encepha lon  a def in i t e  A C h E  a c t i v i t y  is p r e s e n t  in sub-  
pal l ia l  reg ions :  t he  h i s t ochemica l  r eac t i on  is s ca t t e r ed  in 
sep ta l  a n d  s t r i a t a l  a reas  (Figures  9 a n d  10) ; moreover ,  in  
Rana a d i s t i nc t  r eac t ion  appea r s  in  a superf ic ia l  b a n d  
co r re spond ing  to  t he  ou t e r  m a r g i n  of e p i s t r i a t u m  a n d  
l a t e ra l  pa l l ium,  where  t he  l a t e ra l  o l fac to ry  t r a c t  runs .  The  
o t h e r  pa l l ia l  a reas  do n o t  show apprec i ab le  reac t ion .  

I n  m a n y  areas  of a m p h i b i a n  b ra in ,  one can  no t i ce  a 
s h a r p  r eac t i on  for A C h E  on  capiI1ary walls.  Th i s  k i n d  of 
loca l iza t ion  is more  e v i d e n t  us ing  t he  C-EREBTZOFF m e t h o d  
a n d  preva i l s  in areas  w i t h  h i g h  A C h E  ac t iv i ty .  B u t y r y l -  
cho l ines te rase  (BuChE)  a c t i v i t y  is h a r d l y  vis ible  in  
a n u r a n  b ra in ,  whi le  in  Triturus w e a k  b u t  def in i te  r eac t i on  
is p r e s e n t  on  cap i l l a ry  wails  (Figure  7). Ese r ine  t r e a t m e n t  
comple t e ly  i nh ib i t s  t he  h i s tochemica l  r eac t i on  for  ACHE, 
excep t  for w e a k  r eac t ion  w h i c h  pers is t s  on  cap i l l a ry  walls  
of Triturus. (Figure  8). F ina l l y  no  s ign i f ican t  d i f ferences  
in  t he  loca l iza t ion  a n d  i n t e n s i t y  of t he  h i s t o c h e m i c a l  
r eac t i on  h a v e  b e e n  obse rved  in sec t ions  t r e a t e d  or  un -  
t r e a t e d  w i t h  i so -OMPA a n d  D F P .  

Discussion. MAO loca l iza t ion  obse rved  in a n u r a n  
n e r v o u s  cen t res  p a r t l y  co r responds  to  t h a t  descr ibed  b y  
K u s u N o x i  e t  al. ~3. The  maii~ d i f ference  is t h e  pos i t ive  
r eac t ion  in t h e  f ibrous  layer  of ce rebe l lum;  t h i s  k ind  of 
loca l iza t ion  is a c o m m o n  fea tu re  also in o t h e r  ve r t e -  
b r a t e s  ~4-t6. R e g a r d i n g  t h e  a n u r a n  t e l encepha lon ,  ou r  
resu l t s  are in  a g r e e m e n t  w i t h  those  of 2{ORTItCUTT 17 
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Figs.  1 a n d  2. M A 0  a c t i v i t y  in  ce rebe l lum (cb) a n d  opt ic  t e c t u m  (tc) of Bu/o (1) a n d  Rana (2). • 55. Fig.  3. MAO a c t i v i t y  in the  telen- 
c e p h a l o n  of BuJo: sp, sep ta l  a r ea ;  s t ,  s t r i a t a l  a rea .  •  Fig.  4. A C h E  a c t i v i t y  in  ce rebe l lum (eb) a n d  op t ic  r e c t u m  (te) of Bu]o: ni,  nuc leus  
i s thmi .  GEREBTZOFF m e t h o d ;  sec t ion  t r e a t e d  wi th  i so -OMPA 5 • 10 - s  M.  • 50. Fig.  5. A C h E  a c t i v i t y  in  op t ic  t e e t u m  of Ran~. I<AI~NOVSKY 
a n d  RooTs  m e t h o d ;  sec t ion  t r e a t e d  wi th  i s o - O g P A  5 • 10 -5 M .  • 40. Fig.  6. A C h E  a c t i v i t y  in superf ic ia l  l aye r s  of the  opt ic  r e c t u m  of Tfitufus. 
GEREBTZOFF m e t h o d ;  sec t ion  t r e a t e d  wi th  D F P  3 x 10 .7 M.  x 55. Fig .  7. B u C h E  a c t i v i t y  on cap i l l a ry  wails  in the  op t ic  r e c t u m  of Triturus. 
KARNOVSKY a n d  RooTs  m e t h o d .  • 40. Fig.  8. Eser ine- res i s t ing ,  non-spec i f ic  es terase  a c t i v i t y  o n  cap i l l a ry  wai ls  in  the  op t ic  r e c t u m  of Tri- 
tutus. KARNOVSKV a n d  RooTs  m e t h o d ;  sec t ion  t r e a t e d  w i th  eser ine 3 • 10 - s  M.  • 40. Figs. 9 -11 .  A C h E  a c t i v i t y  in  the  t e l encepha lon  of Bu]o 
(9) a n d  Rana (10 a n d  11) : 1% Ia t e ra l  o l f a c t o r y  t r a c t ;  sp,  s ep t a i  a r e a ;  s t ,  s t r i a t a l  m-ea. 9 a n d  11 : K A ~ o v s K Y  a n d  RooTs  m e t h o d ;  10: GEREBT- 
ZOFF m e t h o d .  Sect ions  t r e a t e d  wi th  i so -OMPA 5 • 10 -~ M.  x 40. 
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A C h E  a c t i v i t y  in  a m p h i b i a n  opt ic  t e c t u m  appea r s  
p r o m i n e n t  in  superf ic ia l  layers ,  where  sens i t ive  (ma in ly  
ret inic)  a f fe ren ts  discharge.  I n  compar i son  w i t h  p rev ious  
obse rva t ions  2, we no t i ced  a more  d i f f e ren t i a t ed  A C h E  
d i s t r i b u t i o n  in a n u r a n  opt ic  r e c t um .  Th i s  k i n d  of d i s t r ibu-  
t i on  co r responds  to  d i f fe ren t  b a n d s  of re t in ic  t e r m i n a l s  
revea led  w i t h  d i f fe ren t  e x p e r i m e n t a l  methodsVa, la, 19. 
A C h E  r ich  b a n d s  in superf ic ia l  t e c t a l  layers  m i g h t  cor- 
r e spond  to  s i tes  of ac t ion  of t h e  chol inergic  i n h i b i t o r y  
s y s t e m  descr ibed b y  STEVENS ~~ I n  t h e  a n u r a n  te lence-  
pha lon ,  A C h E  a c t i v i t y  is p r o m i n e n t  in sub-pal l ia l  regions,  
in  a g r e e m e n t  w i t h  obse rva t ions  m a d e  w i t h  a h i s t ochemica l  
s e m i - q u a n t i t a t i v e  method ~7 A cha rac t e r i s t i c  d i f ference in 
A C h E  local iza t ion b e t w e e n  Rana a n d  Burn is t h e  pos i t ive  
reac t ion  co r respond ing  to  t he  la te ra l  o l fac to ry  t rac t ,  
obse rved  on ly  in t h e  t e l e n c e p h a l o n  of Rana. 

R e g a r d i n g  A C h E  r eac t i on  on cap i l l a ry  walls,  t h e  use of 
two d i f fe ren t  h i s tochemica l  me thods ,  two d i f fe ren t  sub-  
s t r a t e s  a n d  select ive i nh ib i t o r s  p e r m i t s  us  to  d r a w  some 
conclusions.  I n  a n u r a n s  t he  comple te  absence  of h i s to -  
chemica l  r eac t ion  ach ieved  b y  e i t he r  eser ine i n h i b i t i o n  or 
t h e  use of b u t y r y l t h i o c h o l i n e  as subs t r a t e ,  p e r m i t s  
exclus ion of in te r fe rences  of non-specif ic  es te rases  or  
pseudochol ines te rases .  Th i s  f ind ing  is conf i rmed  b y  t he  
lack of a n y  r e m a r k a b l e  i n h i b i t o r y  effect  us ing  t he  selec- 

l i ve  pseudocho l ines te rase  inh ib i to rs ,  i so -OMPA a n d  D F P .  
Thus ,  f r om h i s tochemica l  controls ,  i t  c lear ly  resu l t s  t h a t  
t h e  h i s t ochemica l  r eac t ion  is on ly  due to  t r u e  ACHE. 
However ,  some of our  o b s e r v a t i o n s  sugges t  t h a t  A C h E  
loca l iza t ion  on  cap i l l a ry  walls m a y  be  a c t u a l l y  a false 
local izat ion.  I n  fact ,  t h i s  k ind  of loca l iza t ion  is more  or 
less e v i d e n t  us ing  d i f fe ren t  h i s t ochemica l  me thods .  F u r -  
t h e r m o r e ,  in  n e r v o u s  areas  devoid  of A C h E  ac t iv i ty ,  as for 
examp le  t h e  t e l e n c e p h a l o n  of Triturus and some pal l ia l  
regions  of anu rans ,  one  c a n n o t  f ind  a n y  pos i t ive  r eac t ion  
on  t h e  cap i l l a ry  wai ls ;  t h i s  l a s t  f ind ing  m i g h t  i nd i ca t e  a 
di f fus ion process  f rom areas  r ich  in e n z y m e  a c t i v i t y  a n d  
s u b s e q u e n t  a b s o r p t i o n  of t h e  e n z y m e  on  cap i l l a ry  walls.  
I n  Triturus t h e  s i t ua t i on  is l i t t l e  di f ferent ,  a n d  i t  appea r s  
t h a t  also pseudocho l ines te rases  a n d  non-specif ic  es terases  
m a y  p a r t l y  c o n t r i b u t e  to  r e a c t i o n  on  cap i l la ry  wai ls ;  
h o w e v e r  h i s t ochemica l  cont ro l s  do n o t  con f i rm  t h a t  t h i s  
k i n d  of r eac t ion  is on ly  or p r eva i l i ng ly  due  to  non-speci f ic  
es te rases  in  Triturus 8, 4. 
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~Orporation of ~ .~Pated'~di- ' iae  During! Pachytene and Diplotene Stages in the Oocytes of the 
panese Quail (Coturnix coturnix japonica,) 
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Summary. I n c o r p o r a t i o n  of 3H-uridine was  s tud ied  d u r i n g  p a c h y t e n e  a n d  d ip lo t ene  s tages  of quai l  oocytes .  No 
labe l l ing  could be  de t ec t ed  d u r i n g  ear ly  p a c h y t e n e .  D u r i n g  a d v a n c e d  and  la te  p a c h y t e n e ,  labe l l ing  s i m u l t a n e o u s l y  
appeared on the macrochromosomes and on certain michromosomes in the zone where they emerge from the chromo- 
centric surface periphery. The latter localization corresponds to the region of ribosomal RNA synthesis. At diplotene 
tile same localizations were labelled with a considerably increased intensity. 

I n c o r p o r a t i o n  of R N A  precursors  du r ing  p a c h y t e n e  and  
d ip lo tene  in t h e  oocyte  ha s  been  s tud ied  b y  au to rad io -  
g r a p h y  on ly  in A m p h i b i a n s  1, 2 a n d  I n v e r t e b r a t e s  3-s. 

I n  a p rev ious  s tudy,  we h a v e  shown  t h a t  t h e  he te ro -  
c h r o m a t i c  regions of quai l  m ic roch romosomes  fuse d u r i n g  
pach3~ene  to  c o n s t i t u t e  t h e  ch romocen te r s .  E u c h r o m a t i c  
regions  of t he  mic roeh r om os om es  r e m a i n  flee, r a d i a t i n g  
a r o u n d  each  ch romocen te r .  D u r i n g  diplotene,  nucleol i  
a p p e a r  and  deve lop  in c o n t a c t  w i t h  t h e  ch romocen te r s  a n d  
in  s t r i c t  r e l a t i on  w i t h  e n c h r o m a t i c  s egmen t s  of c e r t a i n  
mic roehromosomes .  These  s egmen t s  e i t h e r  encircle  or  
p e n e t r a t e  t he  nucleolus  7, Since label led  nucleosides  are  
i n c o r p o r a t e d  ear ly  b y  precursors  of r i b o s o m a l  R N A ,  
a d m i n i s t r a t i o n  of t r i t i a t e d  ur id ine  m a y  c o n t r i b u t e  to  t h e  
iden t i f i ca t ion  of t he  si tes of nuc leo la r  o rgan iza t i on  s. 

Material and methods. Cor tex  f rom t h e  ovar ies  of h a t c h -  
ing quai ls  aged 12 and  24 h were sec t ioned  in to  f r a g m e n t s  
of a b o u t  1 ram.  F r a g m e n t s  were i n c u b a t e d  in a m e d i u m  
of 80% H a n k s  so lu t ion  a n d  20% fe ta l  calf  s e rum con t a in -  
ing 100 ~Ci of H3-ur id ine /ml  (specific a c t i v i t y  25 C i /mM,  
CEA France) .  

I n c u b a t i o n  t imes  were 5, 15, 20, 30, 45 a n d  60 rain.  
I n c u b a t i o n  was followed b y  a 5 ra in  chase  us ing  t he  same 
m e d i u m  c o n t a i n i n g  n o n - r a d i o a c t i v e  u r id ine  a t  a concen-  
t r a t i o n  of 1 mg/ml .  Spec imens  were  i m m e d i a t e l y  f ixed in 

m e t h a n o l  acet ic  acid (3/1) a n d  t r e a t e d  b y  t h e  m e t h o d  of 
LUClANI e t  al. 9 w h i c h  pe rmi t s  one to o b t a i n  isola ted and  
wel l -spread  ge rmina l  cells. P r e p a r a t i o n s  were s t a ined  b y  
acet ic  orcein a n d  covered  b y  I l ford  K2 emuls ion.  E x p o s u r e  
t imes  were 3 weeks,  1 m o n t h  and  45 days.  

Observations. (A) Pachytene stage. D u r i n g  ear ly  
p a e h y t e n e ,  p r io r  to  fusion of t h e  h e t e r o c h r o m a t i c  zones of 
t h e  mic rochromosomes ,  no  r a d i o a c t i v i t y  c an  be  de tec ted .  
I n c o r p o r a t i o n  of t r i t i a t e d  u r id ine  can  on ly  be  de t ec t ed  in 
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