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Summary. Th e  levels  of g a m m a  a m i n o b u t y r i c  acid decreased ,  while g l u t a m i c  acid a nd  aspa r t i c  acid levels  increased  m 
the  forebra in ,  a n d  decreased  in t he  m i d  a n d  h ind  b ra in  reg ions  of frog, R a n a  cyanoph l i c t i s  d u r i n g  a l loxan  d iabe tes .  
Since g l u t a m i c  acid and  G A B A  are i n t i m a t e l y  invo lved  in t he  cen t ra l  n e r v o u s  s y s t e m  (CNS) func t ions ,  the  a l t e r a t i ons  
occur r ing  in the i r  levels d u r i n g  a l loxan  d i abe t e s  m a y  be s ign i f i can t  in b r i ng ing  a b o u t  a cor re la t ion  be tw e e n  the  d iabe t ic  
s t a t e  a n d  t h e  a l te red  func t i ona l  d y n a m i c s  of t he  CNS. 

G a m m a  a m i n o b u t y r i c  acid (GABA) is k n o w n  to ac t  as an  
i n h i b i t o r y  t r a n s m i t t e r  in t he  b ra in  of v e r t e b r a t e s  3. I t  h a s  
been  d e m o n s t r a t e d  t h a t  G A B A  i m i t a t e s  q u a l i t a t i v e l y  
t he  ac t ion  of the  cor t ica l  i n h i b i t o r y  t r a n s m i t t e r  and  t h a t  
t he r e  is an  ac t ive  u p t a k e  m e c h a n i s m  b y  wh ich  it  is re- 
m o v e d  f ro m  ex t r ace l lu l a r  spaces  and  a c c u m u l a t e d  in 
m a m m a l i a n  cells3, 4. Egaf ia  5 r epo r t ed  t h a t  G A B A  is 
specific s u b s t r a t e  of t he  v e r t e b r a t e  cen t r a l  n e r v o u s  s y s t e m  
(CNS) a n d  t h a t  it  s u p p o r t s  ox ida t i ve  p h o s p h o r y l a t i o n .  
A poss ible  role of G A B A  in the  h o m e o s t a t i c  cont ro l  of 
b ra in  m e t a b o l i s m  u n d e r  h y p o x i c  cond i t i ons  ha s  been  
exp l a in ed  6. 
However ,  i n f o r m a t i o n  is l ack ing  on t he  c h a n g e s  occur r ing  
in t h e  level of G A B A  in t he  b road  c o m p a r t m e n t s  of t he  
a m p h i b i a n  b ra in  d u r i n g  d iabe tes .  The  p resence  of G A B A  
exc lus ive ly  in t h e  neu ra l  t i s sues  and  t he  p r e p o n d e r a n c e  of 
g l u t a m i c  acid, G A B A  and  a s p a r t a t e  (which fo rm more  
t h a n  3/a of  a l p h a  a m i n o  n i t rogen  of the  cerebra l  pool) h a v e  

induced  t he  p r e s e n t  s t u d y .  The  p r e s e n t  i n v e s t i g a t i o n  is 
an  a t t e m p t  to e v a l u a t e  t h e  poss ib le  effects  of a l loxan  dia-  
be tes  on the  reg iona l  G A B A  levels to u n d e r s t a n d  i ts  role 
in the  f u n c t i o n a l  d y n a m i c s  of t he  a m p h i b i a n  CNS. 
Frogs ,  R a n a  cyanoph l i c t i s ,  of m e d i u m  size (21-26 g) were 
p u r c h a s e d  a n d  m a i n t a i n e d  in t he  l a b o r a t o r y  in glass  
a q u a r i a  a t  24 4- 2~ The se  a n i m a l s  were force-fed once 
in 3 d a y s  on t he  leg m u s c l e  of frog. 
D iabe te s  was  i nduc e d  b y  i .m.  in jec t ions  of f r e sh ly  pre-  
pa r e d  a q u e o u s  so lu t ion  of a l loxan  m o n o h y d r a t e  (40 
m g / k g  b .wt )  r. A n i m a l s  were a n a l y z e d  96 h a f te r  a l loxan-  
izat ion.  T h e y  were killed b y  d e c a p i t a t i o n  a nd  the  b r a in s  
were qu i c k ly  r e m o v e d  a n d  w a s h e d  in ice-cold sal ine (to 
r e m o v e  the  a d h e r i n g  blood).  The  fore, m i d  and  h ind  b ra in  
regions  were s e p a r a t e d  w i t h  steri l ized f ine be n t  forceps  
a nd  scalpel  a t  0~ we ighed  in an  electric ba l ance  in 
a m p h i b i a n  R i n g e r  s a t  0~ a n d  i m m e d i a t e l y  used  for 
ana lyses .  

Table 1. Blood glucose level and body and brain weight of control 
and alloxan diabetic frogs, R. cyanophlietis 

Blood glucose b. wt (g) Brain wt (mg) 
(rag/100 ml) 

Controls 33.8 4- 3.3 26.0 :]2 3.2 77.2 • 8.4 
(Normal frogs) 

Diabetics 61.7 -1- 4.0 22.9 4- 2.1 70.0 4- 6.5 
(96 h) 

Each value represents mean 4- SD of 8 observations. 
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Table 2. Changes in GABA, glutamic acid and aspartic acid levels in the fore, mid and hind brain regions of controls and alloxan diabetic 
frogs 

Amino acid Forebrain Midbrain Hindbrain 
determined Control Diabetic Control Diabetic Control Diabetic 

GABA (btmoles/g wet wt) 6.1 • 0,4 2.9 i 0.08 4.0 4- 0.8 2.3 • 0.2 7.2 4- 0.6 2 4- 0.6 
(12) (12) (12) (12) (12) (12) 

-52.5* - 4 2 . 5 .  -72.3* 
p <  0.01 p < 0.01 p <  0.01 

Glutamic acid (~zmoles/g wet wt) 39.9 4- 4.2 59.0 -4- 7.0 51.3 =k- 6.1 36.1 4- 5 34.2 q- 4.8 26.6 4- 3.3 
+47.6* --29.6* --22.2* 

p <  0.01 p <  0.05 NS 

Aspartic acid ([xmoles/g wet wt) 11.2 ~ 2.4 17.5 4- 3 18.2 ~ 2.5 16.0 4- 4 22.7 4- 5.6 21.6 4- 4.6 
+56.3* --12.1" --4.8* 

p -< 0.05 NS NS 

Each value represents mean 4- SD of 8 observations, for glutamie and aspartic acids. * Percentage change, +indicating an increase in the 
level and, --indicating a decrease in the level with respect to controls. NS, not significant. Alloxan diabetic frogs: Animals exhibiting 80-85% 
elevation in the blood sugar levels 96 h after alloxanization. Numbers in parentheses indicate number of observations. 
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G A B A  was d e t e r m i n e d  b y  t he  p a p e r  c h r o m a t o g r a p h i c  
m e t h o d  of R o b e r t  a n d  F r a n k e l  as g iven  b y  Colowick and  
K a p l a n  9. D e s c e n d i n g  c h r o m a t o g r a m s  w e r e  r u n  on w h a t -  
m a n  No. 1 p a p e r  u t i l iz ing  w a t e r  s a t u r a t e d  pheno l  as 
s o l v e n t  for 24 h. The  dr ied  shee ts  were s p r ayed  on  b o t h  
sides w i t h  a 0 .1% so lu t ion  of n i n h y d r i n  in b u t a n o l  a n d  
t h e  colour  d e v e l o p m e n t  al lowed to t a k e  place for 30 min  
a t  90~ The  deve loped  spots  were cu t  o u t  in s t a n d a r d s  
a n d  e x p e r i m e n t a l  samples .  S u i t a b l y  chosen  p a p e r  b l a n k s  
were a lways  included.  The  pieces of p a p e r  c o n t a i n i n g  t h e  
spo t s  were cu t  in to  smal l  s t r ips  a n d  e lu ted  w i t h  5 ml  of 
glass dis t i l led water .  The  OD of t he  e lua te  was mea-  
su red  in a DU2  B e c k m a n  s p e c t r o p h o t o m e t e r  a t  570 nm.  
Changes  in g l u t a m i c  and  a spa r t i c  acid levels  were fol lowed 
b y  c i rcu la r  c h r o m a t o g r a p h y  (on w h a t m a n  No. 1 circles 
of 32 cm d iamete r ) ,  as descr ibed  b y  Girl  and  Rao  1~ Fo r  
q u a n t i t a t i v e  e s t ima t ion ,  t he  amino  acid b a n d  was cu t  
a n d  e lu ted  w i t h  75% e t h a n o l  and  0 .1% copper  su lpha t e  
(5:1) solut ion.  The  OD of t he  e lua te  was  m e a s u r e d  in a 
s p e c t r o p h o t o m e t e r  a t  510 nm .  T he  c o n c e n t r a t i o n s  of 
a m i n o  acids were e v a l u a t e d  f rom s t a n d a r d  graphs ,  pre-  
p a r e d  us ing  s t a n d a r d  g l u t a m i c  a n d  a spa r t i c  acids ( B D H  
E n g l a n d ) .  The  levels of glucose in t he  b lood (collected b y  
ca rd iac  punc tu re )  were d e t e r m i n e d  co lor imet r ica l ly  n .  
Results and discussion. I t  is e v i d e n t  f rom t he  d a t a  g iven  
in t a b l e  1 t h a t  t he  we igh t  of t he  a n i m a l  and  b r a i n  ex- 
h i b i t e d  cons iderab le  decrease  as a f unc t i on  of a l loxan  
d iabe tes .  The  b l o o d  sugar  levels d e m o n s t r a t e d  8 0 - 8 5 %  
e l e v a t i o n  as a f u n c t i o n  of disease ( table  1). The  level  of 
G A B A  in genera l  showed  cons ide rab le  decrease  in t he  fore, 
m id  a n d  h i n d  b r a i n  regions on  a l l oxan i za t i on  ( table  2). 
I t  is also clear t h a t  t he  level  of G A B A  exh ib i t ed  regional  
specif ici ty.  I t  was  more  in t he  b r a i n  s t em region a n d  
less in t he  m i d - b r a i n  of con t ro l  frogs ( table  2). On in-  
duc ing  d iabe tes ,  t he  level  of G A B A  decreased  r e m a r k a b l y  
( -- 72.3%) in t he  h i n d b r a i n ,  hence ,  th i s  region showed  t h e  
h i g h e s t  response  d u r i n g  t h e  d i abe t i c  s t a t e  ( table  2). I t  
is the re fore  obv ious  t h a t  t he  b r a i n  s t e m  is the  region 
wh ich  is h igh ly  suscep t ib le  to  t he  effects of a l loxan  
d iabe tes ,  t h u s  sa fegard ing  t h e  fore- a n d  m i d - b r a i n  regions  
w i t h  t he i r  h igh ly  s ign i f ican t  f u n c t i o n a l  a ss ignments .  
T h e  level  of g lu t amic  acid increased  in t h e  fo rebra in  a n d  
decreased  in t he  mid-  and  h i n d - b r a i n  regions  on a l loxaniza-  
t i on  ( tab le  2). Fo l lowing  t he  same t r end ,  t he  level  of 
a spa r t i c  acid also exh ib i t ed  a n  increase  in the  fo reb ra in  
a n d  a decrease  in t he  mid-  a n d  h i n d - b r a i n  regions ( table  2). 

The  decrease  in the  level  of G A B A  a n d  a co r r e spond ing  
decrease  in g lu t amic  a n d  a spa r t i c  acid levels  in  t he  mid-  
a n d  h i n d - b r a i n  regions as a func t ion  of a l loxan  d i abe t e s  
ind ica te  a decrease  in the  p r o d u c t i o n  of t he  i n h i b i t o r y  
t r a n s m i t t e r  in  these  regions.  I n  s u p p o r t  of th is ,  consider-  
able  decrease  in t he  t o t a l  free amino  pool  of mid-  a n d  
h i n d - b r a i n  regions  was obse rved  on  i nduc ing  a l loxan  
d i abe t e s  in  frogs (unpub l i shed  o b s e r v a t i o n s  of N a y e e m -  
unnisa ,  1976). I t  is the re fo re  l ikely t h a t  t he  g lu t amic  acid 
convers ion  to  G A B A  was i n h i b i t e d  b y  t h e  decrease  in t h e  
p recurso r  subs t r a t e .  Th i s  in  t u r n  is r e l a t ed  to t he  h ighe r  
r e s p i r a t o r y  r a t e  of acu te  d iabe t i c  s t a t e  12 and  would  al low 
ce r t a in  synap t i c  p a t h w a y s  to  be  fac i l i t a t ed  a n d  synap t i c  
r a t io  to  be  a l t e red  so t h a t  t h r o u g h  c o n d u c t i o n  p a t h w a y s  
would  be  e s t ab l i shed  13. 
The  s u b s t a n t i a l  decrease  in t he  level  of G A B A  a n d  corres-  
p o n d i n g  increase  in g l u t a m i c  a n d  a spa r t i c  acid levels in  
t he  fo re -bra in  du r ing  d i abe t e s  ( table  2) ind ica te  t h a t  t h e  
p r o d u c t i o n  of t he  i n h i b i t o r y  t r a n s m i t t e r  is decreased  in 
th i s  region p r o b a b l y  due  to s u b s t r a t e  i n h i b i t i o n  as t h e  t o t a l  
free a m i n o  acid pool  increases  in t he  fo re -b ra in  d u r i n g  
d i abe t e s  ( u n p u b l i s h e d  obse rva t i ons  of N a y e e m u n n i s a ,  
1976). This  m a y  p e r h a p s  be  re la ted  to  t he  e n h a n c e d  
p r o t e i n  c a t a b o l i s m  in t h i s  region d u r i n g  d iabe tes .  Ea r l i e r  
r epo r t s  of N a y e e m u n n i s a  7 ind ica t ed  t h a t  t he  p ro t e in  
m e t a b o l i s m  is af fected in t he  b r a i n  of frog d u r i n g  d iabe tes .  
I t  is the re fo re  possible  t h a t  an  increase  in p ro t e in  ca ta -  
bo l i sm m a y  resu l t  as a consequence  of d i abe t i c  s ta te ,  
w h i c h  is well  i nd ica t ed  b y  t he  increase  of free amino  acid 
levels of t he  fo re -bra in  ( table  2 and  u n p u b l i s h e d  obse rva -  
t ions  of N a y e e m u n n i s a ) .  Since g lu t amic  acid and  G A B A  
are i n t i m a t e l y  i nvo lved  in t he  CNS func t ion ,  t he  a l ter -  
a t i ons  b r o u g h t  a b o u t  in  t h e i r  levels b y  t h e  d iabe t i c  s t a t e  
emphas ize  a cor re la t ion  b e t w e e n  t he  d i abe t i c  s t a t e  a n d  
t h e  a l t e red  f u n c t i o n a l  d y n a m i c s  of t h e  cen t r a l  ne rvous  
sys tem.  
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Summary. Sr ac t ion  p o t e n t i a l s  e l ic i ted in guinea-p ig  pap i l l a ry  muscle  u n d e r  Na-f ree  cond i t ions  decreased  t he  space  
c o n s t a n t  and  increased  t he  i n p u t  res is tance .  I t  suggests  t h a t  Sr c u r r e n t  induced  in te rce l lu la r  u n c o u p l i n g  b y  increas ing  
[Sr~i. 

The  p r o p a g a t i o n  of ca rd iac  ac t ion  p o t e n t i a l  requi res  elec- 
t r i ca l  coupl ing  b e t w e e n  ceils. T he  coup l ing  is i n t e r r u p t e d  
b y  Ca, Sr 2 and  N a  3 ions e l ec t rophore t i ca l l y  in j ec ted  in to  
t h e  m y o p l a s m  of P u r k i n j e  f ibres  as in  ep i the l ia l  cells 4 and  
b y  o u a b a i n  t r e a t m e n t  in v e n t r i c u l a r  muscle  5. I r e p o r t  
here  t h a t  s imi la r  e lec t r ica l  u n c o u p l i n g  was p r o d u c e d  b y  
Sr ac t ion  p o t e n t i a l s  ~ wh ich  could increase  [Sr]l b y  Sr  cur-  
r e n t  t h r o u g h  t he  genera l  m e m b r a n e .  
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