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ab l e  w i t h  t h e  v a l u e s  of  t h e  h y p o t h e r m i c  r a t s  of  g r o u p  I I ,  
t h e  l a c t a t e  c o n c e n t r a t i o n  of  t h e  b l o o d  i n v a r i a b l y  i n c r e a s e s  
to  a b o u t  300 to  4 0 0 %  of  t h e  c o n t r o l  v a l u e s  (HUCKABEE 6). 
S ince  n o  i n c r e a s e  o c c u r s  in  t h e  h y p o t h e r m i c  r a t s  a t  a pI-I 
of  7.60, t h e  h y d r o g e n  i on  c o n c e n t r a t i o n  i t se l f  is a p p a r e n t l y  
n o t  c o r r e l a t e d  w i t h  t h e  c h a n g e s  in  l a c t a t e  c o n c e n t r a t i o n  
in  h y p o t h e r l n i a .  H o w e v e r ,  t h e  l a c t a t e  c o n c e n t r a t i o n  
i n c r e a s e s  a l so  in  h y p o t h e r m i a  if  t h e  v e n t i l a t i o n  is e n h a n c -  
ed  a n d  t h e  O H - / H  + r a t i o  is r a i s ed .  I t  t h e r e f o r e  s e e m s  
c o n c e i v a b l e  t h a t  t h e  i n c r e a s e  in  l a c t a t e  c a u s e d  b y  h y p e r -  
v e n t i l a t i o n  is c o r r e l a t e d  w i t h  t h e  r e l a t i v e  a l k a l i n i t y  
r a t h e r  t h a n  w i t h  t h e  a b s o l u t e  v a l u e  o f  t h e  h y d r o g e n  ion  
c o n c e n t r a t i o n .  

Zusammen/assung. D e r  d u t c h  H y p e r v e n t i l a t i o n  a u s -  
g e l 6 s t e  Mi lchs~Lureans t i eg  b l e i b t  be i  v e r g t e i c h b a r e r  Sen -  
k u n g  d e s  p H  in  t ~ y p o t h e r m i e  aus ,  s o l a n g e  d a b e i  d e r  
O H - / H + - Q u o t i e n t  bzw.  d ie  r e l a t i v e  A l k a l i n i t g t  n a c h  
tZAH~ 2 k o n s t a n t  b l e ib t .  S tXrke re  H y p e r v e n t i l a t i o n ,  d ie  
zu  e i n e r  Z u n a h m e  des  O H - / H + - Q u o t i e n t e n  f i ih r t ,  l b s t  
d a g e g e n  a u c h  in  H y p o t h e r m i e  e i n e n  Mi lchs~Lureans t i eg  
aUS. 
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I n  p r e v i o u s  r e p o r t s  i t  h a s  b e e n  s h o w n  t h a t  y - a m i n o -  
b u t y r i c  a c i d  ( G A B A )  ' b i n d s '  r a p i d l y  to  s u b c e l l u l a r  
p a r t i c l e s  of  b r a i n  b y  a N a + - d e p e n d e n t  m e c h a n i s m  w h i c h  
d o e s  n o t  r e q u i r e  e n z y m a t i c  a c t i o n  or  c e l l u l a r  e n e r g y  e-L 
I t  h a s  a l so  b e e n  s h o w n  t h a t - N a + - d e p e n d e n t  G A B A  
b i n d i n g  is m a x i m a l  a t  a b o u t  p H  7.34, s w h i c h  is a p p r o x i -  
m a t e l y  t h e  i soe l ec t r i c  p o i n t  (pI) for  G A B A g ;  i.e., G A B A  
b i n d i n g  is m a x i m a l  a t  p h y s i o l o g i c a l  p H  w h e n  i t  is p r e s e n t  
as  a ' z w i t t e r i o n '  a n d  h e n c e  t h i s  b i n d i n g  m a y  r e q u i r e  t w o  
o p p o s i t e l y - c h a r g e d  m e m b r a n e  s i t e s  S o m e  e v i d e n c e  h a s  
b e e n  p r o v i d e d  t h a t  o t h e r  a m i n o  a c i d s  m a y  be  b o u n d  b y  
N a + - d e p e n d e n t  m e c h a n i s m s  to  b r a i n  p a r t i c l e s  a, b u t  no  
s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  o n  t h e s e  p r o c e s s e s  in  d e v e l -  
o p i n g  b r a i n .  I n  t h e  p r e s e n t  s t u d y ,  t h e  N a + - d e p e n d e n c y  o f  
b i n d i n g  of  G A I 3 A  h a s  b e e n  c o m p a r e d  w i t h  t h a t  of  o t h e r  
a m i n o  a c i d s  in  s u b c e l l u l a r  p a r t i c l e s  p r e p a r e d  f r o m  r a t  
b r a i n  d u r i n g  d e v e l o p m e n t .  

Male ,  S p r a g u e - D a w l e y  r a t s ,  1 -75  d a y s  old  ( I n d i a n a p o l i s  
L a b .  S u p p l y  Co.) w e r e  p u r c h a s e d  as  l i t t e r m a t e s  e x c e p t  for  
t h o s e  w h i c h  we re  3 5 - 3 6  or  7 4 - 7 5  d a y s  old.  A f t e r  d e c a p i t a -  

t i o n ,  c e r e b r a l  h e m i s p h e r e s  w e r e  e x c i s e d  r a p i d l y ,  w e i g h e d  
a n d  h o m o g e n i z e d  i m m e d i a t e l y  in  10 v o l u m e s  o f  i ce -co ld  

i s o s m o t i c  s u c r o s e  s o l u t i o n s  c o n t a i n i n g  0.1 or  0.2 ~zCi/ml 
of  U [ l ~ C ] D - s u c r o s e  (New E n g l a n d  N u c l e a r  Co rp . :  505 
m C i / m m o l e )  + 0 . 2 5 - 0 . 4 5  a C i / m l  o f  t h e  r a d i o a c t i v e  a m i n o  
a c i d s  [ 2 , 3 - ~ H ] ~ - a m i n o b u t y r i c  ac id ,  2 C i / m m o l e ;  [SH]z-  
g l u t a m i c  acid ,  1.9 C i / m m o l e  ; [2-~H] g lyc ine ,  11.1 C i / m m o l e ,  

1 This s tudy was supported in part by a grant from the Eli Lilly 
Company to the author and by State-Appropriated funds to this 
Institute. 

2 K. A. C. ]~LLIOTT and N. M. VAN GELDER, J. Physiol., Lond. 153, 
423 (1960). 
K. SAgO and E. ROBERTS, Biochem. biophys. Res. Commun. 4, 358 
(1961). 

4 K. A. C. ELLIOTT, R. T. KHAN, F. BILODEAU and R. A. LOVELL, 
Can. J. Biochem. d3, 407 (1965). 

5 S. VARON, G. WEINSTEIN, T. KAKEFUDA and E. ROBERTS, Biochem. 
Pharmac. ld, 1213 (1965). 

6 K. KURIYAMA, E. ROBERTS and J. Vos, Brain Res. 9, 231 (1968). 
K. A. C. ELLIOTT, Br. med. Bull. 27, 70 (1965). 

s K. SANO and E. ROBERTS, Biochem. Pharmac. 12, 489 (1963). 
9 R. 1VI. C. DAWSON, D. C. ELLIOT% W. H. ELLIOTT and K. M. JONES, 

Data/or Biochemical Research, 2nd edn. (Oxford University Press, 
Oxford 1969). 

Table I. Differences between percentage distributions of 8H-amino acids and a4C-sucrose in P1 fractions of developing rat brain 

Post-partum age of rat (days) (% 3H-amino acid) minus @~C-sucrose) in P1 fraction 
GABA Glutamate Glycine Arginine 

Na+-free homogenizing fluid 

1 0.6 i 0.18 0.5 q- 0.15 0.2 i 0.11 b 1.9 d- 0.34 ~ 
11 0.4 4- 0.16 0.7 4- 0.10 a 0.3 4- 0.06 1.6 4- 0.10 c 
15 0.3 4- 0.10 0.6 =~ 0.13 ~ 0.3 4- 0.10 1.6 =L 0.13 o 
21-22 0.5 4- 0.11 0.3 ~ 0.13 0.2 -4- 0.08~ 1.4 =k 0.16o 
35-36 0.5 ~ 0.16 0.1 =L 0.10 ~ 0.3 4- 0.09 2.2 4- 0.27 ~ 
74-75 0.5 • 0.08 0.04 4- 0.10 c 0.2 4- 0.08 o 2.7 4- 0.45 c 

Homogenizing fluid containing 40 m M  NaC1 

1 2.4 4- 0.29 1.2 22 0.21 ~ 1.7 :~ 0.26a 2.7 ~ 0.35 
11 5.4 4- 1.02 1.9 :~ 0.39 c 2.9 4- 0.29 c 4.7 ::~ 0.43 
15 5.2 2~ 0.40 2.7 4- 0.44 ~ 2.9 4- 0.16o 5.6 4- 1.33 
21-22 7.5 4- 1.08 2.9 4- 0.50 ~ 2.9 4- 0.14c 3.9 • 0.69 ~ 
35-36 8.1 4- 0.54 3.2 4- 0.13 ~ 2.7 i 0.47 o 3.5 :L 0.61 o 
74-75 6.7 i 0.35 2.7 4- 0.30 c 2.4 q- 0.22 ~ 3.2 4- 0.34 ~ 

Means 4- standard deviations of individual differences between 3H and 14C found in each pellet fraction; 4 pellets from 4 rat brains in all cases. 
"p < 0.02; bp < 0.01 and cp < 0.001, for comparisons between values for other amino acids versus GABA. 
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Table II. Differences between percentage distributions of all-amino acids and taC-sucrose in P~ fractions of developing rat brain 

Post-partum age (days) (% all-amino acid) minus (% ~4C-sucrose) in P2 fraction 
GABA Glutamate Glycine Arginine 

Na+-free homogemzing fluid 

1 1.3 4- 0.22 1.6 4- 0.11 1.8 :L 0.22~ 10.8 4- 0.63~ 
11 2.2 4- 0.21 3.6 :J: 0.21 ~ 5.0 4- 0.28 b 19.4 4- 3.19 ~ 
15 1.5 4- 0.13 4.2 4- 0.45 b 4.2 4- 0.15~ 19.3 4- 0.72~ 
21-22 1.6 • 0.30 3.2 4- 0.14~ 3.9 ~: 0.18b 18.0 4- 0.50~ 
35-36 1.6 4- 0.21 2.8 4- 0.29 ~ 3.0 4- 0.13b 15.7 4- 0.30~ 
74-75 1.0 4- 0.32 2.2 4- 0.28 ~ 2.9 4- 0.22 ~ 13.7 4- 0.41 ~ 

Homogenizing fluid containing 40 m M  NaCI 

1 8.7 ~ 1.14 2.6 -t- 0.27b 3.4 4- 0.25 b 5.9 4- 0.20 ~ 
11 17.2 4- 0.82 3.9 -4- 0.34 ~ 6.4: 4- 0.44 ~ 12.0 --  0.29 ~ 
15 16.8 -4- 1.51 4.6 4- 0.80 ~ 4.1 4- 0.51~ 6.2 4- 0.31 b 
21-22 8.7 4- 0.25 2.3 4- 0.39 ~ 2.8 :t: 0.31~ 6.2 4- 0.47~ 
35-36 4.0 4- 0.73 1.4 4- 0.23 ~ 1.8 4- 0.19 ~ 3.3 4- 0.06 
74-75 3.5 4- 0.27 1,2 4- 0.15 ~ 1.7 4- 0.20 ~ 3.1 4- 0.53 

Means :t: s tandard deviations of individual differences between ~H and 1~C found in each pellet fraction; 4 pellets from 4 rat brains in all cases. 
�9 p < 0.02 and up % 0.001, for comparisons between values for other amino acids versus GABA. 

[ aH~L-a rg in ine ,  24.2 C i / m m o l e ;  N e w  E n g l a n d  N u c l e a r  
Corp . )  ~: 40 m M  NaC1. T h e  p H  of  r e s u l t a n t  h o m o g e n a t e s  
w a s  6 .8 -7 .2 .  T h e  a m o u n t s  of  t r i t i a t e d  a m i n o  a c i d s  u s e d  
a c c o u n t e d  for  < 1 %  of  t h e  t o t a l  a m i n o  a c i d s  r e l e a s e d  
f r o m  t h e  t i s s u e  d u r i n g  h o m o g e n i z a t i o n  a n d  t h e r e f o r e  
t h e s e  s e r v e d  o n l y  as  ' t r a c e r '  s u b s t a n c e s .  A l i q u o t s  of  
h o m o g e n a t e s  w e r e  c e n t r i f u g e d  a t  1 ,000 •  10 m i n ,  0~  
t o  o b t a i n  P1 ( c rude  n u c l e a r  pe l le t )  a n d  S 1 ( f i r s t  s u p e r -  
n a t a n t )  f r a c t i o n s ;  r e - c e n t r i f u g a t i o n  of  a l i q u o t s  of  S~ 
f r a c t i o n s  a t  17,500 • g, 55 m i n ,  0 ~ p r o v i d e d  t h e  P2 p e l l e t  
( c o n t a i n i n g  n e r v e  e n d i n g s  a n d  m i t o c h o n d r i a )  a n d  t h e  
S 2 f r a c t i o n  ( c o n t a i n i n g  r i b o s o m e s ,  m i c r o s o m e s  a n d  
ce l l u l a r  sap)~0. Al l  o t h e r  p r o c e d u r e s  w e r e  c a r r i e d  o u t  a t  
0 - 4  ~C to  p r e v e n t  t h e  c a t a b o l i s m  of  a m i n o  a c i d s  a n d  t h e i r  
i n c o r p o r a t i o n  i n t o  p r o t e i n ,  a n d  al l  f r a c t i o n s  we re  w e i g h e d  
o n  a m i c r o b a l a n c e .  R a d i o a c t i v i t y  d u e  t o  [~C~ s u c r o s e  
( w h i c h  p r o v i d e d  a n  e s t i m a t e  of  e n t r a p p e d  h o m o g e n i z i n g  
f lu id)  a n d  t h a t  d u e  t o  EaH~ a m i n o  a c i d s  ( w h i c h  p r o v i d e d  a n  
e s t i m a t e  of  t h e i r  b i n d i n g )  w a s  d e t e r m i n e d  in  1 0 0 - 5 0 0  F1 
a l i q u o t s  of  s o l u b l e  f r a c t i o n s  a n d  r e - s u s p e n d e d  pe l l e t s .  

R a d i o a c t i v i t y  in  al l  f r a c t i o u s  w a s  m o n i t o r e d  b y  a d o u b l e -  
l a b e l l i n g  p r o c e d u r e  u s i n g  a P a c k a r d  M o d e l  3375 s c in t i l l a -  
t i o n  c o u n t e r  a n d  c o n v e r s i o n s  of  c p m  to  d p m  a n d  co r r ec -  
t i o n s  fo r  ' s p i l l o v e r '  w e r e  m a d e  u s i n g  q u e n c h  a n d  co r r e l a -  
t i o n  c u r v e s  ( c h a n n e l s - r a t i o  m e t h o d s ) .  A c o u n t i n g  ' c o c k t a i l ' ,  
d e s c r i b e d  p r e v i o u s l y  11, p e r m i t t e d  m e a s u r e m e n t  of  r a d i o -  
a c t i v i t y  w i t h  m i n i m a l  q u e n c h i n g ,  R e c o v e r i e s  r a n g e d  f r o m  
92-100~ for  [t~C~ a n d  f r o m  9 1 - 1 2 7 %  for  ESH~ fo r  c e n t r i -  
f u g a t i o n s  a t  1 , 0 0 0 •  a n d  f r o m  9 1 - 1 0 3 %  for  E}~C] a n d  
f r o m  85-100~ for  pH~ for  c e n t r i f u g a t i o n s  a t  17;500 •  
I n  a l l  a l i q u o t s  c o u n t e d ,  > 1,000 d p m  of E14C~ a n d  [SH~ 
w e r e  p r e s e n t .  

D a t a  p r e s e n t e d  in  t h e  T a b l e s  a r e  e x p r e s s e d  as  d i f f e r e n c e s  
b e t w e e n  t h e  % E3Hl (due  t o  a m i n o  ac id)  a n d  % E14C~ (due  
t o  e n t r a p p e d  suc ro se )  w h e r e ,  

10 E. G. GRAY and V. P. WHITTAKER, J. Anat., Loud. 96, 79 (1962). 
11 F. V. DE FEuI)IS, Res. Commun. chem, path. Pharmac. 2, 189 
(1971). 
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Fig. 1. Effects of Na + on '% spaces' of !~ 1 pellets prepared from developing rat brain (a) homogenization in the absence of added Na +; 
(b) homogenization in medium containing 40 m M  NaC1. 
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% dpm in pel let  = 

d p m  in pel let  ~ (100). 
dpm in pel let  + supe rna tan t  f lu id /  

To calculate  '%  spaces'  (for da t a  shown in the  figures), 
the  following equa t ion  was used:  

% space of pel let  = (- dpm/g  of pel let  ) (100). 
dpm/g  of supe rna tan t  

% Space measurements  provide  theore t ica l  Values for the  
% of the  to ta l  pel let  weight  which contains  r ad ioac t iv i ty  
a t  the  same concent ra t ion  as t h a t  in the  corresponding 
superna tan t  fraction.  This  me thod  thus  provided  an 
addi t ional  es t imate  of the  ex ten t  to which [3H] G A B A  
was bound to t issue part icles dur ing var ious  stages of 
bra in  development .  Addi t ion  of 40 m M  NaC1 to homo-  
genizing fluids caused increases in P~ pellets and corres- 
ponding  decreases in P2 pellets, bu t  these changes were 
corrected for by  moni to r ing  the  ex ten t  to which [14C] 
sucrose was occluded in pellets. 

Str iking changes in the  binding of all the  amino acids 
were ev ident  dur ing development .  I n  Table  I i t  is shown 
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Fig. 2. Effects of Na+ on '% spaces' of P2 pellets prepared from the 
rats of differeilt ages. (a) homogenization in the absence of added 
Na+; (b) homogenization in the presence of 40 mM NaC1. 

t h a t  negligible amounts  of GAt3A, glycine and g lu t ama te  
were bound  to P t  f ract ions in the  absence of Na+, bu t  t h a t  
a considerable a m o u n t  of arginine was bound.  In  the  
presence of added Na  + bo th  glycine and g lu t ama te  were 
bound  to a lesser ex ten t  t h a n  GA]3A over  the  whole age 
range s tudied bu t  in bra in  par t ic les  f rom younger  rats  
arginine w a s  bound s imilar ly  to GABA. I t  is no t ewor thy  
t h a t  addi t ion  of Na  + caused increased binding of all 
amino  acids s tudied to P t  fractions.  D a t a  in Table  I I  
indicate  t ha t  in the  absence of added Na+, g lu tamate ,  
glycine and arginine were all bound  to a greater  ex ten t  
t han  G A B A  to P~ fract ions of rats  of all ages. But ,  wi th  
added Na +, G A B A  was bound  more than  the  o ther  amino 
acids. Binding of arginine to the  Pe fract ion occurred to 
the  greates t  ex ten t  in the  absence of Na+ and the  binding 
of glycine and g lu t ama te  were hard ly  affected by  addi t ion 
of Na+. Perhaps  the  mos t  in teres t ing f inding (Table II)  
was t h a t  the  binding of all amino acids s tudied was 
max ima l  in P2 fract ions (which conta in  nerve  endings) 
prepared  f rom the  brains of 1-, 11- and 15-day-old rats,  
bo th  in Na+-free media  and i n  the  presence of added 
40 m M  Na+. 

In  Figure  l a  it  is shown t h a t  a sl ight  a m o u n t  of G A B A  
is bound  to P1 fract ions in the  absence ol added Na+ bu t  
t h a t  this  b inding is no t  age-dependent .  In  the  presence of 
40 m M  Na+, % sucrose spaces remained  similar  to those 
shown in Figure  la,  bu t  apprec iably  more G A B A  was 
bound and binding was max ima l  in the  l l - 1 5 - d a y - o l d  
rats  (Figure lb).  Resul ts  shown in Figure  2a indicate  t ha t  
s l ight ly more G A B A  is bound  to the  P2 than  to the  P1 
pel let  in the  absence of Na +. A s t r iking increase in the  
capac i ty  for G A B A  binding to P2 fract ions of brains of 
11- and 15-day-old rats  occurred in the  presence of 
40 m2W Na+, while % sucrose spaces remained  re la t ive ly  
cons tan t  over  the  whole age range. 

The results presented  herein provide  evidence t h a t  
G A B A  binding is more dependen t  on Na+ than  the  binding 
of arginine, glycine or g lu tamate .  Though  arginine 
binding appeared to be increased in the  P1 fract ion by  
addi t ion of Na  +, i t  was ac tua l ly  decreased by  added Na+ 
in the  P~ fraction.  The binding of glycine and g lu t ama te  
to the  P~ fract ions of developing ra t  bra in  were hard ly  
changed by  addi t ion  of Na+. All amino acids s tudied were 
bound m a x i m a l l y  to P~ fract ions prepared  f rom 11- and 
15-day-old ra ts  and binding decreased wi th  fur ther  
matura t ion .  I t  is in teres t ing t h a t  max ima l  b inding of 
amino acids to P~ fract ions occurs dur ing a period of 
growth  in which synapt ic  deve lopment  1~ and bra in  
exci tabi l i ty  ** are also maximal .  

Rdsumd. La r6tent ion de l ' ac ide  y -aminobu ty r ique  dans 
des part icules  subcellulaires du cerveau d6pend davan tage  
du Na+ que ce n 'es t  le cas des autres  acides amin6s. La  
r4tent ion des acides amin6s dans le cerveau est en fonct ion 
de l'&ge des rats.  
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