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The  C h e m o a r c h i t e c t o n i c s  in the  F o r e b r a i n  of 
Rept i l e s  

I t  is obvious f rom m a n y  paleontological  surveys  t h a t  
m a m m a l s  are descended  f rom repti les,  t hough  the i r  re- 
la t ionship to the  recent  rept i les  is exceedingly  remote .  In  
o ther  words,  the  rept i l ian  order  is closest to the  mammals .  
Moreover,  i t  has  been p roved  b y  compara t ive  neuro-  
morpho logy  t h a t  the  forebrain  of repti les  reveals  in a 
more  schemat ic  form the  basic division of the  forebrain,  
which is much  more  compl ica ted  in mammals ,  owing to  
the  secondary  fea tures  appear ing  a t  a h igher  s tage of 
deve lopment .  Several  h is tochemica l  s tudies  have  recent ly  
been carr ied out  concerning the  d i s t r ibu t ion  of some en- 
zymes in the  forebrain  of mammals .  The p resen t  au thors  
a t t e m p t e d  to s t u d y  the  d i s t r ibu t ion  of monoamine  oxi- 
dase and  succinic dehydrogenase  in the  rept i l ian  fore- 
brain,  in order  to help to u n d e r s t a n d  the  chemoarchi tec-  
tonics of the  h igh ly  d i f fe rent ia ted  forebrain  of mammals .  
No h is tochemica l  s tudies  of these  enzymes  in the  rept i l ia  n 
forebrain  have  ye t  been publ ished.  

The animals  used were Caretta caretta and  Geoclemmys 
reevesi, collected in September ,  which are among  the  
more pr imi t ive  repti les,  t h a t  is, an early side b ranch  of 
the  s t em reptiles.  The fresh and unf ixed brains  were cut  
into serial f ronta l  sect ions of 30/~ by  means  of a cryos ta t .  
The Glenner  m e thod  was uti l ized for demons t r a t i ng  mono-  
amine  oxidase,  and the  Nachlas  me thod  was appl ied to 
show succinic dehydrogenase .  

In  b o t h  tur t les ,  the  monoamine  oxidase  ac t iv i ty  
(Figures 1 and 2) is re la t ively  s t rongly  posi t ive  in the  

h ippocampus ,  septa l  par t ,  preopt ic  area, h y p o t h a l amus ,  
habenula ,  nucleus reuniens  and  a rch i s t r i a tum,  compared  
wi th  o the r  pa r t s  of t he  forebrain.  On the  o the r  hand ,  the  
succinic dehydrogenase  react ion (Figures 3 and  4) is 
re la t ive ly  marked  in the  neos t r ia tum,  pa l eos t r i a tum and  
nucleus ro tundus  of the  dorsal  tha lamus .  The succinic de- 
hydrogenase  ac t iv i ty  is, in general,  weak in the  areas 
which  are s t rongly  posi t ive  for the  monoamine  oxidase,  
excep t ing  the  h i p p o c a m p u s  which  shows re la t ive ly  in tense  
react ion for these b o t h  enzymes.  

F r o m  these  results ,  the  monoamine  oxidase ac t iv i ty  is 
in tense ly  recognizable in the  h ippocampus  and  the  septa l  
p a r t  which  occupy the  dorsomedia l  t owards  t he  medial  
wall of t he  te lencephalon.  As for the  s t r i a tum,  the  archi-  
s t r i a t u m homologous  to the  amygdalo id  b o d y  of m a m m a l s  
is re la t ive ly  s t rongly  posi t ive  in the  monoamine  oxidase  
reaction,  in compar i son  wi th  the  neos t r i a tum and paleo- 
s t r i a tum.  I t  is no t ed  t h a t  these  monoamine  oxidase 
in tense-pos i t ive  por t ions  correspond to the  l imbic s y s t em 
of mammals .  In  the  divisions f rom the  t e leneepha lon  
med i u m to the  diencephalon,  the  preopt ic  area, hypo-  
tha lamus ,  nucleus reuniens  and habenula  show more in- 
tense  ac t iv i ty  of monoamine  oxidase t h a n  o the r  por t ions  
of the  diencephalon.  F r o m  the  fibre a n a t o m y  1, the  
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Fig. 1 and 2. Transverse sections of the brain of Caretta stained with 
monoamine oxidase reaction (x4). 1 -  hippocampus; 2 = neo- 
striatum; 3 - septum; 4 = preoptic area; 5 = paleostriatum; 
6 = habenula; 7 = nucleus reuniens; 8 - archistriatum; 9 = nu- 

cleus rotundus; 10 - hypothalamus. 

Fig. 4 

Fig. 3 and 4. Transverse sections of the brain of Caretta stained with 
suecinic dehydrogenase reaction ( x 4.2). 
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p reop t i c  a rea  and  t he  h y p o t h a l a m u s  are r e l a t ed  to  the  
l imbic  s y s t e m  of t he  t e l encepha lon  b y  t he  med ia l  fore- 
b r a i n  b u n d l e  and  the  s t r ia  te rmina l i s ,  and  t he  h a b e n u l a  
is connec t ed  w i t h  t he  l imbic  sys t em b y  t he  s t r i a  medul -  
laris. The  a rea  in which  the  m o n o a m i n e  oxidase  ac t i v i t y  
is s t r ong ly  pos i t ive  shows a weak  reac t ion  of succinic  
d e h y d r o g e n a s e  p a r t i c i p a t i n g  in aerobic  resp i ra t ion .  

This  is s imi la r  to  the  resu l t s  o b t a i n e d  in  ch ick  e m b r y o  ~ 
b y  the  p r e sen t  au tho r s  in  t h a t  t he  a c t i v i t y  of m o n o a m i n e  
oxidase  me tabo l i z ing  t he  chemica l  t r a n s m i t t e r s  as ca te-  
cho lamines  a n d  se ro ton in  is i n t ense ly  revea led  in t he  
l imbic  sys tem,  p reop t ic  a rea  and  h y p o t h a l a m u s ,  wh ich  
p l a y  a n  i m p o r t a n t  role in  t he  v iscera l  func t ions  of t he  
r ep t i l i an  bra in .  The  p r e s en t  d a t a  c an  be used to exp la in  
c lear ly  t he  d i s t r i b u t i o n  of m o n o a m i n e  oxidase  in t he  
m a m m a l i a n  fo rebra in  8. 

de r  Sch i ldk r6 t en  ausgef i ihr t .  Die M o n o a m i n o x y d a s e -  
r eak t i on  is t  in  d e n  v i sce ra len  Abte i lungen ,  d e m  l imbi-  
schen  Sys tem,  Area  p r eop t i ca  u n d  H y p o t h a l a m u s  s ta rk ,  
w/ ih rend  die S u c c i n o d e h y d r o g e n a s e r e a k t i o n  i m  Neos t r ia -  
turn ,  P a l e o s t r i a t u m  und  Nucleus  r o t u n d u s  des T h a l a m u s  
dorsa l i s  st~irker zu sein schein t .  Die Be fnnde  lassen die 
V e r t e i l u n g e n  der  E n z y m a k t i v i t / i t  im  kompl iz i e r t  gebau-  
t e n  V o r d e r h i r n  der  S~tuger be f r i ed igend  erkl~iren. 
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Zusammen/assung. Ausgehend  v o m  V o r d e r h i r n  der  
Rep t i l i en  als s chema t i s che r  T y p u s  fiir Sgugerverh~iltnisse,  
w u r d e n  h i s tochemische  U n t e r s u c h u n g e n  von  Mono-  
a m i n o x y d a s e  und  Succ inodehydrogenase  im V o r d e r h i r n  
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I n c o r p o r a t i o n  of a M e t a b o l i c a l l y  I ne r t  A m i n o  
A c i d  i n t o  the  C e n t r a l  N e r v o u s  S y s t e m  

As p a r t  of a more  genera l  s t u d y  of t he  d i s t r i b u t i o n  of 
va r ious  a m i n o  acids b e t w e e n  p lasma,  ce rebrosp ina l  f lu id  
a n d  ne rvous  p a r e n c h y m a ,  we h a v e  employed  a -amino  
i sobu ty r i c  acid (AIBA) as r e p r e s e n t a t i v e  of an  i n e r t  
amino  acid wh ich  is n o t  m e t abo l i z ed  b y  t he  ne r vous  tis-  
sue. I n  th i s  way,  o t h e r  me tabo l i c  fac tors  wh ich  m i g h t  
modi fy  t he  basic  m e c h a n i s m s  of t r a n s p o r t  of amino  acids 
were e l imina ted .  

S tudies  re la ted  specif ical ly to  A I B A  in i ts  r e l a t ionsh ip  
b e t w e e n  b lood and  n e r vous  s y s t e m  in  vivo,  are those  of 
KUTTNER et  al. 1 a n d  GORDON et  al. 2 who  p o s t u l a t e d  t he  
ex is tence  of ac t ive  t r a n s p o r t  m e c h a n i s m s  capab le  of con-  
c e n t r a t i n g  t he  amino  acid in t he  b r a i n  up  to va lues  twice  
i t s  p l a s m a t i c  level  in  a lapse  of 20 h. Th i s  process  is more  
r e s t r i c t ed  t h a n  for l iver  or k idney.  I n  these  s tud ies  a 
single in j ec t ion  of the  a m i n o  acid was given,  and  t i ssue  
c o n c e n t r a t i o n  w a s  d e t e r m i n e d  s i m u l t aneous l y  w i t h  b lood 
levels a t  d i f fe rent  in te rva l s .  The  t i ssue  c o n c e n t r a t i o n  of 
a n  in jec ted  s u b s t a n c e  is t he  resu l t  of complex  processes 
such  as r a t e s  of inf lux,  local  m e t a b o l i s m  a n d  efflux. In  
t he  case of A I B A ,  t he  i m p o r t a n t  m e t a b o l i c  f ac to r  is 
e l imina t ed  as a cause  of va r i a t ion ,  b u t  t he re  sti l l  r e m a i n  
those  conce rned  w i t h  t he  e n t r a n c e  and  o u t p u t  of t he  
compound .  I n  the  bra in ,  t he  exis tence  of t he  b lood -b ra in  
barr ier ,  wh ich  also appea r s  ope ra t ive  for th i s  amino  acid 1, 
is a n o t h e r  fac to r  which  inf luences  t he  k ine t ics  of passage  
in b o t h  d i rec t ions  (en t rance  and  efflux). I n  such  condi-  
t ions ,  t he  b lood va lues  could  decay  a t  a r a t e  d i f fe rent  to  
t h a t  in  t he  t issues,  c o n s e q u e n t l y  t he  k ine t ics  of p e n e t r a -  
t i on  a n d  t h e  r e s u l t a n t  t i ssue  c o n c e n t r a t i o n  could  be  b e t t e r  
app rec i a t ed  if s t e a d y  levels in  t he  p l a s m a  c o m p a r t m e n t  
were m a i n t a i n e d  t h r o u g h o u t  t he  e x p e r i m e n t a l  per iod.  
This approach has been used by IREDDY and KINSEY 8 to 
study AIBA transport from blood to ocular fluids and 
lens, and it was also followed in the present work. 

]Vf aterials and methods. U n a n a e s t h e t i z e d  a d u l t  r abb i t s ,  
2-3  kg in weight ,  were used t h r o u g h o u t .  The  A I B A  solu- 

t i on  was infused  in to  t he  ear  ve in  du r ing  120 rain  b y  
m e a n s  of a n  infus ion  p u m p  w i t h  a d j u s t a b l e  speed. The  
r a t e  of in fus ion  was a d j u s t e d  a f t e r  p r e l i m i n a r y  t r ia ls  to  
m a i n t a i n  t h e  amino  acid p l a s m a  a t  a c o n s t a n t  level. 
B lood  samples  were t a k e n  f rom t h e  ve in  of t h e  o the r  ear  
or occas ional ly  f rom the  h e a r t  a f t e r  6, 15, 30, 60, 90 and  
120 min.  E x p e r i m e n t s  in  wh ich  a n y  sample  showed  more  
t h a n  20% d e v i a t i o n  over  t he  m e a n  va lues  of t he  series 
were discarded.  B o t h  k idneys  were r e m o v e d  in 2 pre-  
v ious ly  a n a e s t h e t i z e d  animals ,  a n d  t h e n  a single in t ra -  
venous  A I B A  in jec t ion  was given.  I n  th i s  way  i t  was 
possible  to  m a i n t a i n  s t e a d y  levels of A I B A  in the  blood 
for longer  periods.  Af te r  25 h t he  r a b b i t s  were killed and  
t h e  A I B A  of t h e  t issues u n d e r  s t u d y  was  de t e rmined .  

1-14C-c~-amino i sobu tyr ic  acid,  4.6 m c / m M  (Calbiochem) 
a t  a c o n c e n t r a t i o n  of 1 # c / m l  was used. On occasion 12C- 
A I B A  was a d d e d  as carrier .  The  A I B A  d e t e r m i n a t i o n s  
were car r ied  ou t  in p lasma,  ce rebrosp ina l  f luid (CSF), 
aqueous  a n d  v i t r eous  h u m o r ,  b ra in ,  sp ina l  cord, and  
muscle.  A t  t he  end  of the  in fus ion  period,  t he  a n i m a l  was 
a n a e s t h e t i z e d  a n d  CSF  was col lected b y  c is te rna l  punc-  
ture .  Aqueous  h u m o r  was t a k e n  b y  p u n c t u r e  of b o t h  
eyebal ls ;  t h e n  t he  eyes were enuc l ea t ed  to  o b t a i n  t he  
v i t r eous  h u m o u r  4. The  r a b b i t  was  d e c a p i t a t e d  and  t he  
b r a i n  f rom the  t e n t o r i u m  cerebel l i  I r o n t w a r d s  was re- 
moved .  The  t i ssue  was c o n v e n i e n t l y  d i s in t eg ra t ed  in a 
P o t t e r - E l v e h j e m  homogen ize r  w i t h  a m i x t u r e  of T r i t on  
X-100 and  to luene  (1:2). Spina l  cord  and  muscle  were 
sub jec t ed  to t he  same t r e a t m e n t  a n d  w i t h  t he  biological  
f luids were p r e p a r e d  for sc in t i l l a t ion  c o u n t i n g  in a Tri-  
Carb  l iquid sc in t i l l a t ion  spec t rome te r .  
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