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On the Glutamine  and ~ ' -Aminobutyr ic  Acid 
Contents  of Various Reg ions  of the Cat Brain 

I t  has  been  well  e s t ab l i shed  t h a t  a m i n o  acids are  no t  
on ly  t he  bu i ld ing  blocks  for t he  syn thes i s  of b r a i n  p ro te ins ,  
b u t  also t he  bas ic  s u b s t a n c e s  for t he  p r o d u c t i o n  of m a n y  
ac t ive  amines  a n d  enzymes ,  t a k i n g  a n  i m p o r t a n t  p a r t  in 
t he  m e t a b o l i s m  of th i s  o rgan  L 

The  excep t iona l  ab i l i t y  of t he  g l u t a m i e  acid to unde rgo  
ox ida t ion ,  t r a n s a m i n a t i o n  a n d  deca rbox i l a t i on ,  t he  rela-  
t i v e l y  h igh  c o n c e n t r a t i o n s  of t h e  g l u t a m i c  acid,  g l u t a m i n e  
a n d  ? , -aminobutyr ic  acid in  t he  b r a i n  as  c o m p a r e d  w i t h  
t h e  o t h e r  organs ,  a n d  t he  poss ibi l i t ies  of t h e i r  m u t u a l  
t r a n s f o r m a t i o n s ,  d e t e r m i n e ,  a cco rd ing  to some a u t h o r s  ~, 
the  c en t r a l  pos i t ion  of these  c o m p o u n d s  in t he  d y n a m i c s  
of b r a i n  m e t a b o l i s m  a n d  revea l  t h e i r  v e r y  i m p o r t a n t  role 
in t he  func t i on ing  of the  c e n t r a l  n e r v o u s  sys tem.  

P rev ious  i n f o r m a t i o n  conce rn ing  t he  g l u t a m i c  acid,  
g l u t a m i n e  a n d  ~ - a m i n o b u t y r i c  acid c o n t e n t s  of t he  b r a i n  
are der ived  f rom the  ana lyses  of t he  t o t a l  o rgan  3-s, or  of 
t he  g ray  a n d  whi t e  m a t t e r  of t he  b r a i n  6. However ,  m a n y  
inves t iga t ions ,  inc lud ing  some r e c e n t  p r o t e i n  s tud ies  7, 
showed  t h a t  because  of t he  h i g h  morpho log ica l  a n d  func-  
t i ona l  o rgan i s a t i on  of t h e  b ra in ,  t h e  va lues  of a g iven  
me tabo l i t e ,  o b t a i n e d  f rom t h e  t o t a l  b r a i n  u n d e r  g iven  
cond i t ions ,  could  no t  be cons idered  r e p r e s e n t a t i v e  of all  
t h e  d i f fe ren t  p a r t s  of th i s  com p l ex  organ .  

Th i s  series of e x p e r i m e n t s  h a v e  been  u n d e r t a k e n  to in- 
ves t iga t e  a m i n o  acid m e t a b o l i s m  of t he  b r a i n  u n d e r  
va r ious  phys iopa tho log ica l  condi t ions .  In  th i s  p r e l i m i n a r y  
c o m m u n i c a t i o n ,  however ,  on ly  t he  va lues  conce rn ing  t he  
n o r m a l  d i s t r i b u t i o n  of g l u t a m i n e  a n d  7 - a m i n o b u t y r i c  acid 
in va r ious  regions  of t he  ca t ' s  b r a i n  will be  p resen ted .  

A d u l t  ca t s  were used in t he  e x p e r i m e n t s .  B e a r i n g  in 
m i n d  t he  f ind ings  of HAKKINEN et  al. s t h a t  for  t he  
e s t i m a t i o n  of g l u t a m i c  acid g l u t a m i n e  a n d  ? , -aminobutyr ic  
acid,  t h e  f i xa t ion  in t h e  l iqu id  a i r  was  n o t  necessary ,  t h e  
t i ssue  samples  excised f rom va r ious  regions  of t he  b r a i n  
a f t e r  d e c a p i t a t i o n  a t  r oom t e m p e r a t u r e ,  were i m m e d i a t e l y  
homogen ized  in ice cold 75°i; e thano l .  Af te r  be ing  k e p t  for 
a t  leas t  1 h a t  4°C, t he  h o m o g e n a t e s  were cen t r i fuged  a t  
24 000 g for 1 h a t  0 ° C. The  p rec ip i t a t e s  were su spended  in 
5 ml  of cold 75°,o e t h a n o l  a n d  cen t r i fuged  aga in  for 30 min.  
Af te r  e v a p o r a t i o n  of t he  c o m b i n e d  s u p e r n a t a n t s ,  t he  d r y  
res idues  were d issolved in w a t e r  (1 ml /g  of or ig ina l  f resh 
b ra in  t issue).  G l u t a m i n e  a n d  ) J -aminobutyr ic  acid were  
s e p a r a t e d  b y  m e a n s  of t w o - d i m e n s i o n a l  p a p e r  c h r o m a -  
t o g r a p h y ,  acco rd ing  to  t he  s l igh t ly  modi f ied  m e t h o d  of 
ROBERTS e t  al. 9, a n d  t h e i r  c o n t e n t s  q u a n t i t a t i v e l y  
e s t i m a t e d  us ing  a B e c k m a n  D U  s p e c t r o p h o t o m e t e r .  U n -  
f o r t una t e ly ,  t he  g l u t a m i c  acid was n o t  s e p a r a t e d  c lea r ly  
e n o u g h  to p e r m i t  t he  q u a n t i t a t i v e  d e t e r m i n a t i o n .  S t a n d -  
a rds  c o n t a i n i n g  t he  m i x t u r e  of equa l  a m o u n t s  of 5 ~g of 

g l u t a m i c  acid,  g lu t amine ,  y - a m i n o b u t y r i c  acid,  taur ine ,  
serine,  a l an ine  a n d  a spa r t i c  acid were r u n  t h r o u g h  the 
whole  c h r o m a t o g r a p h i c  p rocedu re  w i t h  each  expe r imen t a l  
series. C h r o m a t o g r a m s  of b r a i n  t i ssue  e x t r a c t s  were found 
to be q u a l i t a t i v e l y  iden t i ca l  w i t h  t he  s t a n d a r d s .  

Resu l t s  of the  e x p e r i m e n t s  are p r e sen t ed  in t h e  Table. 
The  h ighes t  c o n c e n t r a t i o n s  of g l u t a m i n e  were found  to be 
p r e sen t  in t he  c a u d a t e  nuc leus  and  t he  ce rebe l l a r  cortex, 
s o m e w h a t  lower  in the  f ron ta l  cor tex ,  h ippocampus ,  
t h a l a m u s  a n d  h y p o t h a l a m u s ,  sti l l  lower in t he  pens, 
m e d u l l a  a n d  t h e  sp ina l  cord  a n d  the  lowest  in the  cerebra l  
w h i t e  m a t t e r .  

The  d i s t r i b u t i o n  of t h e  } , -aminobutyr ic  acid followed 
d i f fe ren t  p a t t e r n :  t he  h ighes t  c o n c e n t r a t i o n s  were found 
in t he  h y p o t h a l a m u s  a n d  t h e  c a u d a t e  nucleus ,  s o m e w h a t  
lower  in  t he  t h a l a m u s  a n d  p e n s  a n d  t he  lowes t  in  the  
f ron t a l  cor tex,  h i p p o c a m p u s ,  ce rebe l la r  cor tex ,  medul la  
sp ina l  cord  a n d  the  ce rebra l  wh i t e  m a t t e r .  I t  seems to be 
w o r t h  e m p h a s i z i n g  t h a t  while  t he  c o n c e n t r a t i o n s  of glu- 
t a m i n e  of t he  cor t ica l  a n d  the  d iencepha l i c  s t r u c t u r e s  were 
r e m a r k a b l y  h i g h e r  t h a n  those  of t he  lower p a r t s  of the  
b r a i n  s tem,  a n d  p a r t i c u l a r l y  of the  wh i t e  m a t t e r ,  t he  con- 
c e n t r a t i o n s  of t he  y - a m i n o b u t y r i c  acid were r a t h e r  uni-  
f o r m l y  d i s t r i b u t e d  a m o n g  these  s t ruc tu res .  

I t  would  be, of course,  e x t r e m e l y  d i f f icu l t  a n d  pre-  
m a t u r e ,  on t he  basis  of e x p e r i m e n t s  of such  s t a t i c  type ,  to 
d r a w  a n y  def in i t e  conc lus ion  as to  t he  f u n c t i o n a l  signifi- 
cance  of t he  resu l t s  o b t a i n e d ,  especia l ly  w h e n  one  ha s  in 
m i n d  t h a t  in t h e  b ra in ,  t he re  is a c o n s t a n t  a n d  h igh ly  
d y n a m i c  i n t e r p l a y  of a v a r i e t y  of fac to rs  d e t e r m i n i n g  the  
m e t a b o l i s m  a n d  t he  t u r n o v e r  r a t e  of p ro te ins .  N e v e r t h e -  
less i t  is t e m p t i n g  to  m a k e  some v e r y  genera l  r e m a r k s  in 
th i s  respect .  

I t  is pe r fec t ly  c lear  t o d a y  t h a t  g l u t a m i n e  a n d  7-amino-  
b u t y r i c  acid m u s t  be cons idered  t o g e t h e r  w i t h  g lu t amic  
acid to  which  t h e y  are  b o t h  chemica l ly  a n d  me tabo l i ca l ly  
v e r y  closely re la ted .  G l u t a m i n e  is k n o w n  to  be  t he  depo t  
of g t u t a m i c  acid ~ a n d  to  p a r t i c i p a t e  in  t he  d e t o x i c a t i o n  of 
a m m o n i a  a c c u m u l a t e d  d u r i n g  t he  f u n c t i o n a l  a c t i v i t y  of 
t he  b r a i n  2. 7 - a m i n o b u t y r i c  acid,  on t he  o t h e r  h a n d ,  is 
found  to be  a specific i n h i b i t o r  of n e u r o n a l  t r ansmiss ion .  
There  is a good deal  of ev idence  now t h a t  g l u t a m a t e -  
G A B A  s y s t e m  plays  a n  i m p o r t a n t  role in t he  m a i n t a i n a n c e  
of t he  exc i t ab i l i t y  of t he  b r a i n  a n d  c o n s e q u e n t l y  in i ts 
convu l s ive  a c t i v i t y  ,z. 

The re  can  h a r d l y  be  a n y  d o u b t  t h a t  t he  s ign i f ican t  
d i f ferences  in  t he  c o n t e n t  of g l u t a m i n e  a n d  ~-amino-  
b u t y r i c  acid in d i f fe ren t  regions  of t h e  b r a i n  e x a m i n e d  in 
ou r  e x p e r i m e n t s  ref lect  t he  v a r i a t i o n s  in  the  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  the  f u n c t i o n a l  ac t iv i t i e s  of 
t h e  r e spec t ive  regions  of t h e  c e n t r a l  n e r v o u s  sys tem.  
.4 priori  t he  u n i q u e l y  h igh  c o n c e n t r a t i o n s  in  some p a r t s  of 
the  b r a i n  m i g h t  poss ib ly  be due  to t he  g r ea t e r  r a t e  of 

Brain Numberof Glutamine (;ABA 
region animals mg % mg % 

Frontal cortex 7 -17.1 ± 11.1~ 37.0 ~ 16.'2 
Hippocampus 7 45.9 z}z 9.3 39.1 zlz 9.0 
Cerebral white matter 7 '27.7 ± 4.4 3'2.7 z~z 1'2.1 
Cerebellar cortex 7 56.7 -I 9.o 35.7 z]- 10.4 
Caudate nueleu~ 7 66.2 i 13.3 51.6 :i: 19.0 
Thalamus 7 47.ojL 9.1 46.2:}: 11.9 
Hypothalanms 7 17.7 :~: 4.9 61.9:L 17.l 
l'ons 7 37.9 i 7.0 41.3 ~_ 13.8 
Medulla 7 3'2.7 :L 7.0 36.3 4- 10.6 
Spinalcord t1 '28.4 :[: 5.6 q5,9 ~= 8.0 
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f o r m a t i o n  t h a n  in t h e  o t h e r s ,  s l o wer  r a t e  of  r e m o v a l ,  o r  
the  c o m b i n a t i o n  of  b o t h .  \ V i t h  t h i s  in v iew,  t h e  e x c e p -  
t iona l ly  h i g h  c o n c e n t r a t i o n  of  7 - a m i n o b u t y r i c  ac id  in t h e  
h y p o t h a l a m u s ,  for  e x a m p l e ,  m i g h t  i n d i c a t e  t h e  p r e s e n c e  
of g r e a t e r  a m o u n t  of  e n z y m e  a n d  t h e  h i g h e r  r a t e  of  ~-de-  
c a r b o x i l a t i o n  of  t h e  g l u t a m i c  ac id  in t h i s  h i g h l y  f u n c t i o n a l  
p a r t  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  T h e  l o w e s t  c o n c e n -  
t r a t i o n s  of  i n v e s t i g a t e d  c o m p o u n d s  in t h e  c e r e b r a l  w h i t e  
m a t t e r  c o u l d  be  a c c o u n t e d  for  b y  t h e  i m p r o b a b i l i t y ,  in 
view of  t h e  e l e c t r o n  m i c r o s c o p i c  e v i d e n c e ,  t h a t  t h e  a x o -  
p l a s m  c o n t a i n s  t h e  s y s t e m s  r e s p o n s i b l e  for  p r o t e i n  s y n t h e -  
s isL H o w e v e r ,  w h a t  t h e  f u n c t i o n a l  s i g n i f i c a n c e  of  t h e  
h i g h e s t  g l u t a m i n e  c o n t e n t s  in t h e  c a u d a t e  n u c l eu s  a n d  
c e r e b e l l u m  m a y  be ,  w h e t h e r  t h e  s e c o n d  h i g h e s t  c o n c e n -  
t r a t i o n  of  y - a m i n o b u t y r i c  ac id  in t h e  c a u d a t e  n u c l e u s  
could  be  r e l a t e d  to  t h e  f a c t  t h a t  t h i s  n u c l e u s  r e p r e s e n t s  an  
i n t e g r a l  p a r t  o f  ' s u p r e s s o r  s y s t e m '  in t h e  b r a i n  ~0, r e m a i n  
q u e s t i o n s  a w a i t i n g  a n  a n s w e r  f r o m  f u r t h e r  i n v e s t i g a -  
t i ons  ~ L 

Rdsumd. L e s  a u t e u r s  o n t  d 6 t e r m i n 6  p a r  la m 6 t h o d e  
d e  la c h r o m a t o g r a p h i c  ~ d e u x  d i m e n s i o n s ,  la t e n e u r  en  
g l u t a m i n e  e t  en  a c i d e y - a m i n o b u t y r i q u e  d e s  d i f f 4 r c n t c s  
p a r t i e s  du  c e r v e a u  d u  c h a t .  ] ,a c o n c e n t r a t i o n  la p l u s  
41ev6e d e  l ' a c i d e  ? ~ - a m i n o b u t y r i q u e  a 6t6 t r o u v 6  d a n s  
l ' h y p o t h a l a m u s ,  t a n d i s  q u e  c e l l e  d e  la g l n t a m i n e  a 6 t6  
c o n s t a t 6 e  d a n s  le n o y a u  c a u d 6 .  L e s  c o n c e n t r a t i o n s  les  
p l u s  b a s s e s  d e  ce s  d e u x  p r o t d i n e s  a p p a r a i s s e n t  d a n s  la 
s u b s t a n c e  b l a n c h e  d u  c e r v e a u .  
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Nucleoside Phosphorylase Activity in Guinea Pig 
Polymorphonuclear Leukocytes 

N u c l e o s i d e  p h o s p h o r y l a s e  a c t i v i t y  has  b e e n  t h e  s u b j e c t  
of a n u m b e r  o f  i n v e s t i g a t i o n s  in  t h e  r ed  cel ls  o f  m a n  a n d  
o t h e r  m a m m a l s  1. O n  t h e  o t h e r  h a n d ,  no  d a t a  a r e  a v a i l a b l e  
c o n c e r n i n g  l e u k o c y t e s :  t h e  p r e s e n t  r e p o r t  d e a l s  w i t h  
s o m e  s t u d i e s  p e r f o r m e d  on  g u i n e a  p ig  n e u t r o p h i l i c  g r a n -  
u locy t e s .  

T h e  cel ls  w e r e  o b t a i n e d  f r o m  a d u l t  f e m a l e  g u i n e a  p igs  
b y  t h e  p e r i t o n e a l  s t e r i l e  e x u d a t e  t e c h n i q u e ,  u s ing  7.2°.0 
s o d i u m  c a s e i n a t e ,  as  d e s c r i b e d  b y  HIRSCH2; g ro s s l y  
h e m o r r h a g i c  s a m p l e s  w e r e  d i s c a r d e d .  T h e  p e r i t o n e a l  
f luid w a s  c o l l e c t e d  w i t h  a n  a n t i c o a g u l a n t  ( 1.2 ° o a m m o n i  u m  
s u l p h a t e  in 0 .8% p o t a s s i u m  o x a l a t e )  a n d  c e n t r i f u g e d  for  
10 m i n  a t  1000 × ~,. T h e  s e d i m e n t e d  cel ls  were  a d d i t i o n e d  
w i t h  1 vo l  o f  0 . 2 %  NaC1; a f t e r  2 m i n  1 vo l  o f  1 .6% NaCt  
w a s  a d d e d ,  in  o r d e r  to  i n s u r e  lys i s  o f  t h e  r a r e  r ed  cel ls  w i t h  
m i n i m u m  d a m a g e  to  t h e  l e u k o e y t e s .  A f t e r  c e n t r i f u g i n g ,  
t h e  s l i g h t l y  p i n k i s h  s u p e r n a t a n t  w a s  d i s c a r d e d ,  t h e  cells  
were  r e - s u s p e n d e d  in a b o u t  9 vo l  o f  w a t e r  a n d  h o m o g e -  
n ized  in  a P o t t e r - E l v e h j e m  a p p a r a t u s  a t  0°C.  T h e  s o l u b l e  
f r a c t i o n  w a s  o b t a i n e d  f r o m  t h i s  w h o l e  h o m o g e n a t e  by" 
c e n t r i f u g i n g  a t  2°C for  1 h a t  3 0 0 0 0 × g .  D i f f e r e n t i a l  
c e n t r i f u g a t i o n  was  p e r f o r m e d  in s o m e  e x p e r i m e n t s  in 
0.25 M s u c r o s e  a c c o r d i n g  to  MONT REUI L a. 

N u c l e o s i d e  p h o s p h o r y l a s e  a c t i v i t y  was  e s t i m a t e d ,  w i t h  
inos ine  as  s u b s t r a t e ,  b y  m e a s u r i n g  t h e  r a t e  of  ur ic  ac id  
f o r m a t i o n  in t h e  p r e s e n c e  of  x a n t h i n e  o x i d a s e  L T h e  l a t t e r  
e n z y m e  w a s  p r e p a r e d  f r o m  b u t t e r m i l k  a c c o r d i n g  to  
HORECKER a n d  HEPPI';LS: a 20 -30 - fo ld  p u r i f i c a t i o n ,  cor -  
r e s p o n d i n g  to  t h e  a m m o n i u m  s u l p h a t e  s t ep ,  was  g e n e r a l l y  
s a t i s f a c t o r y  6. F o r  a s e m i - q u a n t i t a t i v e  e s t i m a t i o n  of  
nuc l eos ide  p h o s p h o r y l a s e ,  a n d  for  p u r p o s e s  of  c o m p a r i s o n  
w i t h  a c t i v i t y  on  g u a n o s i n e ,  t h e  d e t e r m i n a t i o n  of  t h e  d is -  
a p p e a r a n c e  of  N a O H - I a s t  p e n t o s e  ~ h a s  b e e n  f o u n d  
su i t ab le ,  a n d  in g o o d  a g r e e m e n t  w i t h  t h e  s p e c t r o p h o t o -  
m e t r i c  t e c h n i q u e .  P r o t e i n s  were  d e t e r m i n e d  b y  Bt:CHER'S 
m e t h o d  8. 

T h e  r e s u l t s  o b t a i n e d  w i t h  r i s ing  c o n c e n t r a t i o n s  of  
inos ine  a r e  s h o w n  in F i g u r e  1. W h e n  t h e  e n z y m e  is 
s a t u r a t e d  w i t h  r e s p e c t  to  b o t h  s u b s t r a t e s  ( inos ine  a n d  in- 
o rgan ic  p h o s p h a t e ) ,  t h e  a c t i v i t y  e x h i b i t e d  c o r r e s p o n d s  to  
t h e  s p l i t t i n g  of  2 [ ,moIes l m e l e o s i d e  p e r  m g  p r o t e i n  in 
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Fig, I, hiosint, phosph,)rylase activity ()f guinea pig h'uko('ytes. The 
react ion llliXtllr(, WItS I)rcpared in 1.35 ml I cm path spectr()phot()- 
!nettle cuvt,ttes and c(mtain('d 2:1 [xmoh's of sodium phosphate buffer, 
pH 7.t;, :tl) btl of xanthin(, oxidase, II) btl of th(' h'ukocyte sohll~l(' 
fraction (corr(,spondiug to o. ! 7 ~tg of pr(>teil,), a))(l inosine at the c(m- 
centrations indicated, ill a final vohmw of I ml. Readings were taken 
every  ltliIHlto at ~(.)l)lll~t llSillg all Optica CI c I speclroph(>tometer. 
Reaction rate was COliStallt for at least Io l l l i l l .  IIl  the c('ntral part ()f 
the Figure, data are pk)tted according to LINEVCI{AVER itll(i I)URK 12. 
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