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Stud ies  on  the  Col lec tabi l i ty  of  ~ H - y - A m i n o b u t y r i c  Acid  f r o m  Rat  Cerebral  Cor tex ;  
Effects  of  L i t h i u m  ~ 

C o n s i d e r a b l e  i n f o r m a t i o n  h a s  a c c u m u l a t e d  o n  t h e  
p h y s i o l o g i c a l  e f f ec t s  of  Li+  in  a n i m a l s ,  i n c l u d i n g  m a n  2-s, 
a n d  a l t h o u g h  t h e  a c t i o n s  os Li+  o n  t h e  b r M n  h a v e  b e e n  
s t u d i e d  w i t h  r e l a t i o n  to  m o n o a m i n e  m e t a b o l i s m  ~,~~ a n d  
t h e  a c t i o n  o f  c y c l i c - A M P  v, az f e w  s t u d i e s  h a v e  b e e n  m a d e  
on  t h e  p o s s i b l e  a s s o c i a t i o n  b e t w e e n  L i  + a n d  c e r e b r a l  
a m i n o  a c i d s  le-~s. U s i n g  p e r f u s i o n  t e c h n i q u e s  w h i c h  h a v e  
b e e n  d e s c r i b e d  p r e v i o u s l y  ~9, e0, t h e  e f f ec t s  of  r e p l a c e m e n t  
of  N a +  b y  Li+  a n d  of  e l e c t r i c a l  s t i m u l a t i o n  on  t h e  e f f l u x  
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Fig. 1. Efflux of 8H-GABA from the exposed surface of the cerebral 
cortices of Dial-anaesthetized rats. The cerebral cortex was exposed 
and 35 lxCi of 8H-GABA were placed into the perfusion cup for 20 min 
and then superfusion was begun. Times during which the cortex was 
stimulated electrically or superfused with medium containing Li + 
are indicated; each collection period was 2 rain. a) EffIux from a 
living vs a dead rat;  h) efflux produced twice in the same rat;  c) 
electrically- and Li+-evoked increases in 8H-GABA efflux. 

of  n e w l y - a c q u i r e d  8 H - G A B A  h a v e  b e e n  c o m p a r e d  in  v i t r o  
a n d  in v i v o  i n  r a t  c e r e b r a l  c o r t e x .  

K r e b s  b i c a r b o n a t e - b u f f e r e d  m e d i a ,  c o n t a i n i n g  10 m M  
g lucose ,  a n d  v a r i o u s  c o n c e n t r a t i o n s  of  LiC1 (as s u b s t i t u -  
t i o n s  fo r  NaCI)  w e r e  u sed .  I n  e x p e r i m e n t s  w i t h  c o r t i c a l  
s l ices ,  e l e c t r i c a l  ( un ipo l a r )  s t i m u l a t i o n  w a s  c a r r i e d  o u t  a t  
60 Hz ,  20 m A  (5 m s e c  d u r a t i o n )  for  1 m i n ,  a n d  in  r a t s  
a n a e s t h e t i z e d  w i t h  'D i a l  C o m p o u n d '  t h e  e x p o s e d  c o r t e x  
w a s  s t i m u l a t e d  w i t h  a b i p o l a r  e l e c t r o d e  a s s e m b l y  a t  30, 
60 o r  200 Hz ,  1 m A  (0.5 m s e c  d u r a t i o n )  for  1 m i n .  T h e  
e f f l u x  of  aH w a s  m o n i t o r e d  u s i n g  a P a c k a r d  M o d e l  3375 
l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r  a n d  c o r r e c t i o n s  fo r  
q u e n c h i n g  we re  m a d e  b y  e x t e r n a l  s t a n d a r d i z a t i o n  2~ 
A m i n o o x y a c e t i c  a c i d - h e m i h y d r o c h l o r i d e  ( A O A A ,  M a n n  
C h e m i c a l  Co.) w a s  a d d e d  to  t h e  i n c u b a t i o n  m e d i a  d u r i n g  
c o r t i c a l  s l ice  e x p e r i m e n t s  (5 • 10 - s  M )  a n d  w a s  i n j e c t e d  
s.c.  in  t h e  in  v i v o  e x p e r i m e n t s  (40 m g / k g )  to  p r e v e n t  t h e  
c a t a b o l i s m  of n e w l y - a c q u i r e d  G A B A .  T h e  c o n c e n t r a t i o n  
of  2, 3 - S H - G A B A  (New E n g l a n d  N u c l e a r  C o r p ;  spec i f i c  
r a d i o a c t i v i t y ,  2.02 C i / m m o l e )  in  t h e  m e d i a  u s e d  for  
l a b e l l i n g  t h e  s l i ces  (for 30 r a in  a t  37~ w a s  1 • 10 -7 M ,  
a n d  in  t h e  in  v i v o  e x p e r i m e n t s  35 FCi w e r e  a p p l i e d  
d i r e c t l y  to  t h e  e x p o s e d  s u r f a c e  of  t h e  c o r t e x  for  20 m i n  
b e f o r e  b e g i n n i n g  p e r f u s i o n .  

T h e  t a b l e  s h o w s  t h e  e f f ec t  of  r e p l a c i n g  a b o u t  8 0 %  of  
t h e  t o t a l  N a  + c o n t e n t  of  t h e  m e d i u m  w i t h  L i  + o n  t h e  
s p o n t a n e o u s  e f f l u x  of aH f r o m  t h e  s l i ces  a n d  t h e  e f f e c t s  
of  e l e c t r i c a l  s t i m u l a t i o n  a t  60 H z  o n  t h i s  e f f lux .  S u b s t i t u -  
t i o n  o f  N a  + b y  Li+  e v o k e d  a h i g h l y - s i g n i f i c a n t  i n c r e a s e  
in  t h e  e f f l u x  of  8H f r o m  t h e  s l ices  w h i c h  w a s  c o m p a r a b l e  
to  t h a t  e v o k e d  b y  e l ec t r i ca l  s t i m u l a t i o n  ~9, b u t  t h e  Li+-  
e v o k e d  e f f l u x  w a s  s l o w e r  in  o n s e t  a n d  u s u a l l y  of  l o n g e r  
d u r a t i o n .  F u r t h e r  e x p e r i m e n t s  we re  c o n d u c t e d  u s i n g  
i s o t o n i c  LiC1 as  t h e  p e r f u s i o n  f lu id  d u r i n g  t h e  e n t i r e  c o u r s e  
of  t h e  e f f l u x  s t u d i e s  (30 c o l l e c t i o n s ;  60 m i n ) ,  a n d  u n d e r  
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Efflux of ~H-GABA from slices of rat cerebral cortex in vitro 

Specialia EXPERIENTIA 30/5 

Condition dpm in peak fraction Average collection No. 
dpm in fraction No. 9 for peak of radioactivity 

Fresh slices 

No stimulation 
Stimulation during collection No. 10 
Li + during collections No. 10-20 

Frozen and thawed slices 

Stimulation during collection No. 10 
Li + during collections No, 10 20 

0.9 • 0.1 (5) 
3.2 ~: 1.3 (4) 11 
2.0 zt= 0.2 (4) 18 

1.3 • 0.1 (3) 12 
1.3 (2) 11 

Means ~ standard errors; numbers of experiments in parentheses. Fraction No. 9 was collected just prior to electrical stimulation or applica- 
tion of Li +. In media containing Li +, about 80% of the NaC1 was replaced by LiC1. ~ Slices of cerebral cortex were frozen at --20~ Ior 24 b 
prior to experiments. 

these  condit ions,  e lectr ical ly-evoked release became 
negligible, p r e sumab ly  due to  t he  marked  increase in 
res t ing  release (2 expe r imen t s ;  da t a  no t  shown).  W h e n  
abou t  40% of t he  Na+ of t he  m e d i u m  was replaced by  Li+, 
b o t h  the  electr ical ly-evoked and  spon taneous  efflux were 
unaffec ted  (1 expe r imen t ;  da ta  no t  shown). W h e n  
med ium conta in ing  Li + was appl ied a t  the  same t ime  as 
electrical s t imulat ion,  it  had  no obvious  effect  on the  
electr ical ly-evoked increase in aH-GABA efflux bu t  the  
addi t iona l  efflux was pro longed (4 exper imen t s ;  da t a  no t  
shown).  The results  in t he  tab le  indica te  fu r ther  t h a t  b o t h  
Li+ and  electrical s t imula t ion  caused negligible amo u n t s  
of ZH-GABA to be released f rom frozen and t hawed  slices 
which  served as controls .  

I n  t he  in vivo expe r imen t s  t he  eff lux of 3H-GABA from 
tile exposed cor tex  was increased by  electrical  s t imula t ion  
in 39 of the  49 ra ts  used;  in some prepara t ions  i t  was 
possible to  eIicit increases in 3H efflux as m a n y  as 5 t imes  
dur ing  the  exper iment .  No clear-cut  f requency  dependence  
for 3H-GABA release could be shown. Reasons  for t he  
ineffect iveness  of electrical  s t imula t ion  in some of the  
ra t s  remain  u n k n o w n  bu t  are pe rhaps  re la ted  to cerebral  
anoxia  caused by  decreases in cerebral  blood supply.  The 
plots  of Figure  l a  ind ica te  t h a t  i t  is necessary  to  have  a 
l iving animal  w i th  i n t ac t  cerebral  blood supply  to  show 
electr ical ly- induced increases in 3H-GABA efflux. Figure 
l b  i l lus t ra tes  an  e x p e r i m e n t  ill which  increases in at-I- 
GABA efflux were caused twice by  60 Hz  s t imula t ion .  
R e p l a c e m e n t  of abou t  80% of the  Na  + of the  superfusioll  
fluid by  Li+ p roduced  a d rama t i c  increase in aH-GABA 
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Fig. 2. Effect of substituting 80% of Na* by Li + on the uptake of 
3H-GABA by sliees of rat cerebral cortex. Slices were incubated in 
the presence of 10 .7 M 8H-GABA and 5 • 10 -5 M AOAA-HC1. 

efflux which  was a t  least  as great  as t h a t  evoked by  electri- 
cal s t imulat ion.  (This effect  was shown in 5 d i f ferent  rats.)  
I t  is n o t e w o r t h y  t h a t  t h e  increase in col lectabi l i ty  of 3H- 
GABA caused by  Li + occurred af ter  a de lay  of abou t  8 min  
(Figure lc). In  fu r ther  expe r imen t s  w i t h  slices of cerebral  
cor tex  it was shown t h a t  subs t i t u t i on  of abou t  80% of 
the  Na  + of the  m e d i u m  by  Li+ caused a ma rk ed  reduc t ion  
in 3H-GABA up take  (Figure 2). 

The results  p resen ted  here indica te  t h a t  t h e  eff lux of 
newly-acqui red  GABA from the  cerebral  cor tex  can be 
increased no t  only  by  electrical  s t i m u l a t i o n o f  the  cort ical  
surface bu t  also by  subs t i tu t ing  large por t ions  of the  Na + 
of the  superfus ion fluid by  Li+. The increased col lectabi l i ty  
of GABA caused by  Li + m a y  be due to  a combina t ion  of 
factors,  t he  major  ones being a b locking act ion of Li + on 
the  processes of ' b ind ing '  and up take  of GABA, bo th  of 
which  have  been shown to be Na+-dependen t  12,1~, 17, 2~-~9 
F u r t h e r  s tudies  a!ong these lines m a y  provide  useful 
in format ion  about  the  ionic bases of amino acid release 
mechan i sms  and  on the  in te r re la t ionsh ips  which  exis t  
be tween  'b inding ' ,  up t ake  and release mechanisms.  No 
def ini te  conclusions can be d rawn f rom the  p resen t  s t u d y  
regard ing  the  possible i nvo lvemen t  of GABA in the  
the rapeu t i c  act ions  of Li + since such large amo u n t s  of 
Li+ had  to be used (as r ep l acemen t  for Na +) to show 
effects on GABA movemen t s .  

Rdsumd. La l ib4rat ion de l 'acide y -aminobn ty r ique  5 la 
surface du cor tex  cerebral  est  augment6e  par  remplace-  
m e n t  du Na + par  le Li+. 
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