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C h a n g e s  o f  G l u t a m i n e ,  G l u t a m i c  A c i d  a n d  G A B A  
i n  C o r t i c a l  a n d  S u b c o r t i c a l  B r a i n  S t r u c t u r e s  o f  
H i b e r n a t i n g  a n d  F u l l y  A r o u s e d  G r o u n d  S q u i r r e l s  

( CiteUus citeUus) 

I t  h a s  been  d e m o n s t r a t e d  b y  p r ev ious  e x p e r i m e n t s  
t h a t  (GABA)  7 - a m i n o b u t y r i c  acid.  e s t i m a t e d  in t he  whole  
g round- squ i r r e l  b r a i n ,  e x h i b i t s  a s ign i f i can t  t e n d e n c y  to  
decrease  as t he  a n i m a l  a p p r o a c h e s  full  a rousa l  f rom t he  
h i b e r n a t i n g  s t a t e  x. Cons ider ing  t h a t  d i f ferences  in  a m i n o  
ac id  c o n t e n t  of d i f f e ren t  b r a i n  regions  ~ ref lect  v a r i a t i o n s  
in  t h e  m e t a b o l i s m  of these  c o m p o u n d s  r e l a t ed  to  t h e  func-  
t iona l  s t a t e  of t h e  r e spec t ive  p a r t  of t h e  b ra in ,  a n d  b e a r i n g  
in  m i n d  t h e  d i f fe ren t ia l  role of va r i ous  ce rebra l  s t r u c t u r e s  
in  t he  m e c h a n i s m  of a rousa l  as r evea led  b y  classical  
neurophys io log ica la  a n d  c o n t e m p o r a r y  e lec t rophys io-  
logical~ s tudies ,  we proposed  to i n v e s t i g a t e  t he  possible  
changes  in g lu t amine ,  g l u t a m i c  ac id  and  G A B A  in a n u m -  

o t h e r s  were a l lowed to e n t e r  t he  s t a t e  of h i b e r n a t i o n .  F ive  
of t h e m  were sacr i f iced whi le  h i b e r n a t i n g  w i t h  a r ec ta l  
t e m p e r a t u r e  of 5°C. T h e  r e m a i n i n g  f ive were t r a n s f e r r e d  
f rom the  cold room in to  the  l a b o r a t o r y  a t  a h ighe r  t e m -  
pe ra tu r e .  T h u s  in i t i a t ed ,  t he  process  of a rousa l  was  al- 
lowed to proceed  un t i l  a rec ta l  t e m p e r a t u r e  of 35°C was  
a t t a i n e d  (wi th in  1.5-2.5 h). Fol lowing d e c a p i t a t i o n ,  t he  
t issue samples  f rom va r ious  b r a i n  regions  were ca re fu l ly  
excised a n d  i m m e d i a t e l y  processed in o rde r  to  i d e n t i f y  
a n d  q u a n t i t a t i v e l y  e s t i m a t e  t he  ce rebra l  a m i n o  ac ids  as 
p rev ious ly  descr ibed  ~,*. 

Resu l t s  are s u m m a r i z e d  in t he  Figure.  The  h ighes t  con-  
c e n t r a t i o n s  of b o t h  g l u t a m i n e  and  g l u t a m i c  acid in t he  
b ra in  of con t ro l  a n i m a l s  was  found  in the  c a u d a t e  nucleus .  
The  c o n c e n t r a t i o n s  were  lower  in  neocor t ica l ,  a l locor t ical  
a n d  d i encepha l i c  a reas  a n d  lowes t  in  the  p e n s  and  t h e  
sp ina l  cord. D i s t r i b u t i o n  of G A B A  p r e s e n t e d  a n  en t i re ly  
d i f fe ren t  p a t t e r n .  B y  far  the  h ighes t  c o n c e n t r a t i o n  was 
e s t i m a t e d  in t h e  h y p o t h a l a m u s .  T h e  o rde r  of c o n c e n t r a t i o n  
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be r  of cor t ica l  a n d  subco r t i ca l  a reas  of t h e  b r a i n  in  h ibe r -  
n a t i o n  a n d  fol lowing arousal .  

16 E u r o p e a n  g r o u n d  squi r re l s  (Citellus citeUus) were 
used.  T a k i n g  in to  cons ide ra t i on  t h e  i m p o r t a n c e  of seasona l  
v a r i a t i o n s  of  t he  a m i n o  acid c o n t e n t  of t h e  b r a i n  of 
g r o u n d  squi r re l s  5, b o t h  con t ro l  a n d  e x p e r i m e n t a l  a n i m a l s  
were  sacr i f iced a t  ~he s a m e  t i m e  of t h e  year .  Six  a n i m a l s  
were k e p t  a n d  ki l led in  t he  s t a t e  of e u t h e r m i a ,  whi le  t he  
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from highest to lowest in other investigated regions was as 
follows: caudate nucleus, thalamus, pons, neoeortieal 
areas and hippocampus, and the spinal cord. 

The most conspicuous change Iound in the brain of 
animals killed while deeply hibernating at  a rectal tem- 
perature of 5°C, as compared with the controls, was a 
considerable and statistically highly significant increase 
of GABA in the hypothalamus (28.4% ; p > 0.001), thala- 
mus (25.1%; p > 0.001) and the frontal cortex (23.8%; 
p > 0.001). This was associated with an equally significant 
decrease of glutamic acid in the frontal cortex, caudate 
nucleus and hypothalamus. 

The process of arousal, on the other hand, was found to 
be characterized by a remarkable decrease of GABA 
undershooting the control values in the hypothalamus 
(13.9% ; p > 0.01) and caudate nucleus (22.1% ; p > 0.001), 
a return to control levels in the thalamus and frontal 
cortex, and a highly significant increase of this compound 
in the pons (31.5% ; p > 0.001) and the spinal cord (22.1% ; 
p > 0.01). With the exception of the two latter structures, 
where it increased, and the caudate nucleus, where it ex- 
hibited further decrease, glutamic acid remained at levels 
determined in hibernation at 5 ° C in all other investigated 
regions. 

Glutamine was practically unchanged throughout. 
I t  was tempting to interpret the differential changes of 

GABA observed in various cerebral structures following 
arousal in specific functional terms. This, however, would 
not at the present time lead to anything but another 
more or less plausible speculation. Some general conclu- 
sions, however, seem to be warranted. Results presented 
provide good further evidence for the considerable hetero- 

geneity of amino acid pools in morphologically and func- 
tionally differentiated areas of the brain under normal 
and varying physiological conditions. In hibernation and 
IoUowing arousal, the most remarkable and apparently 
most dynamic changes of GABA occurred in those sub- 
cortical (diencephalic and brain stem) structures which 
have been implicated as essential for control of these co- 
ordinated physiological processes. This gives further sup- 
port to the assumption tha t  the glutamate-GABA system 
is of paramount  importance in the regulation and main- 
tenance of cerebral excitabili ty *. 

Rdsumd. On 6tudie ici la teneur en glutamine, en acide 
glutamique et en GABA dans des diff6rentes parties du 
cerveau ehez le Spermophile en sommeil hivernal profond 
et apr~s le r6veit de l 'hib~rnation. Les changements les 
plus remarquables de l 'acide glutamique et du GABA ont 
6t6 constat6s dans les structures sous-corticales regard6es 
comme essentielles pour la r6gulation de ces processus 
physiologiques coordonn~s. 
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Sur  les  effets  du 5 - f luorurac i l e  inject~ 
l ' e m b r y o n  de Pou le t  fi des  s t a d e s  a v a n c ~ s  de 

l ' incubat ion  ~ 

Dans une note, parue pr~c~demment dans cette revue 2, 
nous avons publi6 les premiers r6sultats obtenus en injec- 
tant  ~ l 'embryon de Poulet, ~ des stades pr6coces de son 
d6veloppement (avant l 'incubation, 24 et 48 h apr~s le 
d6but de l'incubation), diff6rentes doses de 5-fluoruracile 
(5-FU). On a constat~ que la substance a trois effets im- 
portants: un effet l*thal imm6diat, un effet 16thal tardif  
et un effet t~ratog~ne. I1 nous a paru int~ressant de con- 
trOler si ces trois effets se manifestent encore lorsque la 
substance est inject6e ~ des stades avane6s de l ' incubation 
et cela dans le but  de mieux pr6ciser s i c e s  effets sont 
sp6cifiques pour la substance ou s'ils sont plut6t en rap- 
port avec une p~riode particuli~rement critique du d~- 
veloppement embryonnaire. 

Nos experiences portent sur un ensemble de 2500 em- 
bryons de Poulet, divis~s en deux groupes: darts le pre- 
mier, la substance a 6t6 inject6e ~t la fin du cinqui~me, 
dans le second, ~ la fin du huiti~me jour de l ' ineubation. 
Le nombre des s~ries (embryons inject6s et embryons- 
t6moins), les quantit~s de substance et la modalit~ de 
l'injection sont exactement les m~mes que ceux employ6s 
au cours des experiences pr6c6dentes. 

Les r6sultats sont les suivants: 
E/let ldthal immddiat. L'embryon supporte tr~s bien 

l'injection de la substance et le % des embryons qui 

meurent dans les trois jours qui suivent l ' injection est 
minime, sauf pour les doses 61ev~es. Si le 5-FU est inject6 

la fin du cinqui~me jour de l ' ineubation, les doses ~lev6es 
de 800/~g et de i mg sont assez fortement toxiques : le 36 et  
le 68% des embryons meurent. Mais avec les doses inf6- 
rieures de substance, comme d'ailleurs avee toutes les 
doses, faibles et 61ev6es, inject6es ~ la fin du huiti~me 
jour, le hombre des morts est tr~s bas, presque toujours 
superposable aux valeurs des s6ries de contr61e. 

E/Jet ldthal tardi/. Nos exp6riences montrent  que le 
hombre des embryons qui arr ivent  vivants  le vingt-et- 
uni~me jour s'accroit sensiblement au fur et k mesure que 
l ' injection de la substance est faite A des p6riodes plus 
avanc6es de l ' incubation. Jusqu '~ la dose de 400 #g, ie % 
des embryons vivants  correspond environ h celui des 
s6ries de contr61e; avec des doses plus 61ev6es, les valeurs 
baissent. Mais, mSme avec les trois doses les plus 61ev6es 
(600, 800 et  1000 #g), il y a toujours un certain hombre 
d 'embryons (du 5 au 36%) qui arr ivent  vivants  au terme 
de l ' incubation; ce hombre est d 'environ trois fois plus 
61ev6 lorsque l ' injection est faite ~ l a  fin du huitigme jour. 
Dans nos premieres exp6riences (injection de la substance 

des stades tr~s pr6coces), aucun embryon n '6tai t  arriv6 
vivant  avec les trois doses les plus 61ev6es. 

I Ces recherches ont 6t6 faites grace ~ un subside du Fonds National 
Suisse de la recherche scientifique et de la Fondation E. Barell. 
G. C0NTI et g. A~TA, Exper. 21,479 (1965). 


