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26.8% respect ively ,  as r epo r t ed  before  e. A l t h o u g h  t h e  
m u t a r o t a s e  a c t i v i t y  of 0.66 u n i t / g  we t  t i ssue  was de- 
t ec t ed  in t he  re t ina ,  t he  m u t a r o t a s e  in  t h e  r e t i n a  was 
cons idered  scarcely  to  affect  t h e  m u t a r o t a t i o n  r a t e  of 
D-glucose in t h e  media .  U p t a k e  of D-glucose b y  t he  r e t i n a  
d u r i n g  t h e  i n c u b a t i o n  of 3 a n d  5 min  was measu red  b y  
d e t e r m i n i n g  t he  glucose c o n t e n t s  in t he  m e d i a  before  and  
a f t e r  t he  i ncuba t ion .  

Results. After  3 m i n  incuba t ion ,  1.11 m g  of a-D-glucose 
was i nco rpo ra t ed  in t he  r e t i n a  pe r  g we t  t issue, while  
1.32 m g  of fl-D-glucose was  i nco r po r a t ed  (table).  The  in- 
co rpo ra t ed  a m o u n t  of t h e  equ i l i b r a t ed  D-glucose was be-  
t w e e n  those  of e a n d  fi anomers .  The  r a t i o  file was cal- 
cu la t ed  to  be  1.19. Th i s  va lue  was s t a t i s t i ca l ly  signifi- 
c a n t  (p < 0.05) accord ing  to  t he  t- test .  Cons ider ing  t he  
r ap id  m u t a r o t a t i o n  du r ing  i ncuba t ion ,  t he  rea l  ra t io  
shou ld  be  g rea t e r  t h a n  this .  Af te r  5 m i n  i ncuba t ion ,  t he  
i n c o r p o r a t i o n  c lear ly  increased  in eve ry  case. However ,  
t he  ra t io  /~/e b e c a m e  smal le r  t h a n  t h a t  a f te r  3 m i n  in- 
cuba t ion .  This  decrease  of t he  ra t io  will  be  a t t r i b u t a b l e  
to  t he  progress  of equ i l ib ra t ion .  

Uptake of two anomers of D-glucose and equilibrated D-glucose by 
rat retina 

Incubation time e anomer fl anomer equilibrated fl/e 

3 min 1.11=[:0.19 1.32=t=0.18 1.15• 1.19~ 
5 min 1.882E0.31 2.15=t=0.22 1.99• 1.14 b 

Values are mean -4- S.D. of 9 experiments and are expressed as mg 
of n-glucose/g wet issue. �9 p < 0.05 ; b insignificant. 

Discussion. I n  a p r e l im ina ry  expe r imen t ,  we found  t h a t  
t he  glucose u p t a k e  b y  t he  r e t i n a  is d e p e n d e n t  on  t he  
t e m p e r a t u r e  as shown  in t he  figure,  b y  i n c u b a t i n g  t h e  
r e t i n a  a t  d i f fe ren t  t e m p e r a t u r e s  (4 ~ and  37 ~ DOLLERY 
et  al. .2 c o m p a r e d  t he  ass imi la t ion  of D-glucose-l-l*C w i t h  
t h a t  of L-glucose-I-I4C in t h e  r e t i n a  of ra t .  T h e y  found  
t h a t  5 ra in  a f t e r  a n  i n t r a v e n o u s  in jec t ion  of the  radio-  
ac t ive  D- a n d  L-glucose t he  r a t io  of D/L r a d i o a c t i v i t y  in  
t he  r e t i n a  was 23.7. KEEN and  CHLOUVERAKIS .3 r epo r t ed  
t h a t  t h e  D-glucose u p t a k e  b y  t he  r a t  r e t i n a  showed t he  
s a t u r a t i o n  for D-glucose concen t r a t i on .  These  3 d a t a  
ind ica te  t he  presence  of a s tereospecif ic  car r ie r  for D- 
glucose in  t he  re t ina .  F r o m  our  result ,  i t  shou ld  be men-  
t ioned  t h a t  t h e  ca r r ie r  for D-glucose in t he  r e t i n a  prefers  
t he  fl a n o m e r  of D-glucose s tereospecif ical ly.  

The  preference  for fl-D-glucose in D-glucose u p t a k e  b y  
t he  r e t i n a  was s imi la r  to  those  of r a t  p a n c r e a t i c  is lets : ,  
h u m a n  red  b lood cells .4, E h r l i c h  asci tes  t u m o r  cells .5. 
Therefore ,  i t  shou ld  be  no t i f ied  t h a t  a n y  cells of h igher  
an ima l s  genera l ly  uti l ize t he  fl a n o m e r  of D-glucose more  
p r e d o m i n a n t l y  t h a n  t he  e a n o m e r  as a n  ene rgy  source. 

On t he  o the r  h a n d ,  i t  seems l ikely t h a t  t h e  r ecep to r  
s i te  of D-glucose-recognizing cells accepts  t h e  e a n o m e r  
of D-glucose pre fe ren t ia l ly ,  since i t  is k n o w n  t h a t  t h e  
preference  for a-D-glucose is f ound  in t r igger ing  insu l in  
secre t ion  s, suppres s ing  g lucagon  secre t ion le a n d  sensing 
t he  sweetness  of D-glucose 2,17. 
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N - ( 5 ' - P h o s p h o p y r i d o x y l ) - 4 - a m i n o b u t y r i c  acid: A stable b isubstrate  adduct  inhibitor of rat brain 
4 - a m i n o b u t y r i c  acid aminotrans ferase  1 
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Summary. N - ( 5 ' - P h o s p h o p y r i d o x y l ) - 4 - a m i n o b u t y r i c  acid, a s t a b l e  a d d u c t  of p y r i d o x a l  p h o s p h a t e  and  4-amino-  
b u t y r i c  acid, ha s  been  shown  to  be  a p o t e n t  i nh ib i t o r  of r a t  b r a i n  4 - a m i n o b u t y r i c  acid a m i n o t r a n s f e r a s e  (GABA-T) 
w i t h  a Ki  of 1.4 txM. 

Introduction. The  growing  accep tance  of 4 - a m i n o b u t y r i c  
acid (GABA) as a n  i n h i b i t o r y  n e u r o t r a n s m i t t e r 3 ,  4 and  
t he  p roposa l  t h a t  some a n t i c o n v u l s a n t  d rugs  exe r t  t h e i r  
ac t ion  b y  e l eva t ing  b r a i n  G A B A  levels as a resu l t  of in-  
h ib i t i on  4 - a m i n o b u t y r i c  acid am i no t r ans f e r a s e  (GABA-  
T) 5, e h a v e  g iven  i m p e t u s  to  the  search  for p o t e n t  G A B A - T  
inh ib i to r s  in  a n t i c i p a t i o n  t h a t  these  c o m p o u n d s  will be  
p o t e n t i a l  an t i ep i l ep t i c  drugs.  
G A B A - T  be longs  to  a class of enzymes  cal led t r a n s -  
aminases .  The  m e c h a n i s m  of ac t ion  of these  enzymes  is 
well  s t ud ied  ~-9. The  ca t a ly t i c  a c t i v i t y  of t r a n s a m i n a s e s  
depends  on  t he  p resence  of p y r i d o x a l  p h o s p h a t e .  The  
e n z y m e - b o u n d  p y r i d o x a l  p h o s p h a t e  exis ts  as t he  Schiff ' s  
base  r a t h e r  t h a n  as t he  free a ldehyde .  T he  in i t ia l  s tep  in 
t he  t r a n s a m i n a s e - c a t a l y z e d  reac t ion  is a t r a n s i m i n a t i o n  
t h a t  invo lves  t h e  conve r s ion  of t he  p y r i d o x a l  p h o s p h a t e -  
e n z y m e  Schiff ' s  base  i n to  a p y r i d o x a l  p h o s p h a t e - a m i n o  
acid Schiff ' s  base  : 

+ . 2 N - R  _ . + H 2 N - - E  

N--E ~ N--R 

With the participation of the appropriate acidic and 
basic groups of the enzyme in a hydrolytic reaction, a 
pyridoxamine phosphate derivative of the enzyme and 
a keto acid are formed. On the basis of this reaction 
mechanism it was anticipated that N-(5'-phosphopyri- 
doxyl)-amino acids would be good inhibitors of pyridoxal 
phosphate dependent enzymes 10 since these compounds 
structurally resemble the intermediates in the enzymatic 
reaction pathway. 
Sever in  e t  al. *~ r epo r t ed  t h a t  N- (5 ' -phosphopyr idoxy l ) -4 -  
a m i n o b u t y r i c  acid a t  1 m M  c o n c e n t r a t i o n  i n h i b i t e d  r a t  
b r a in  G A B A - T  b y  30%. However ,  t he  m e c h a n i s m  of 
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ac t ion  of th is  compound  on the  enzyme  was no t  inves-  
t iga ted .  
Our in te res t  in GABA metabo l i sm in bra in  has  p r o m p t e d  
us to  synthes ize  N- (5 ' -phosphopyr idoxy l ) -4 -aminobu ty r i c  
acid (PLP-GABA)  and  inves t iga te  its mode  of inhib i t ion  
on r a t  b ra in  GABA-T.  
Mater ia l s  and  methods. Animals .  Male Charles River  ra t s  
weighing abou t  200 g were used for th is  s tudy.  The animals  
were ma in t a ined  in our  an imal  qua r t e r s  for a t  least  3 
days  pr ior  to use and  dur ing  th is  t ime  had  un l imi ted  
access to food and water .  
Chemicals.  All chemicals  used in th is  s t u d y  were pur-  
chased  f rom Sigma Chemical  Co., St. Louis, Mo., USA,  
E n z y m e  prepara t ions .  The enzyme  used in th is  inves t iga-  
t ion  was p repared  by  the  m e t h o d  of Maitre  et  al. n up to  
the  s tage of a m m o n i u m  sulfate  prec ip i ta t ion .  Pro te ins  
p rec ip i t a t ed  be tween  42.5% and-67 .5% a m m o n i u m  sul- 
fa te  were dissolved in 0.1 mM po tass ium p h o s p h a t e  buffer  
(pH 7.5) con ta in ing  10 FM pyr idoxa l  p h o s p h a t e  and  1 mM 
2-aminoe thy l - i so th iouronium bromide  hydrobromide .  The 
enzyme  was dialized agains t  2 changes  of 3 li tres of the  
dissolving buffer,  The d ia lysa te  was used as the  enzyme 
source. 
De t e rmina t i on  of GABA-T act iv i ty .  The ac t iv i ty  of 
GABA-T was measured  b y  coupl ing wi th  succinic s e m i -  
a ldehyde  dehydrogenase  and  changes  in absorbance  a t  
340 n m  were moni to red  con t inuous ly  in a Beckman n  
Acta  M VI recording  spec t rophotomete r l2 ,  ~3. Enzy mi c  
react ions  were  carr ied out  a t  30 ~ 
P r e p a r a t i o n  of P L P - G A B A .  P L P - G A B A  was synthes ized  
by  the  procedure  of Severin e t  al. 10 and  K h o m u t o v  et  al. x4 
according to the  following scheme:  

N•C/H //0 
\~) + H2N-- CH 2- CH2--CH2--C.~,O H 

t 
N c( 1 
I ~  N-CHz--CH2--CH2--Cxo H 

N ~  INaBH4 
CH2-- NH--CH2--CH2---CH2--C~ OH 

1 mmole  of py r idoxa l -5 ' -phospha te  was dissolved in 5 ml 
of anhydrous  me thano l  conta in ing  2 mmoles  of KOH.  
To the  resul t ing yellow solut ion was added  8 ml  of me tha -  
nol conta in ing  1 mmole  K O H  and 1 mmole  of GABA. 
The solut ion was cooled in an ice b a t h  for 10 rain. Then 
40 mg of sodium borohydr ide  was slowly added  wi th  
s t i r r ing to the  solut ion over  10 min  per iod and the  mix tu re  
was con t inued  to be s t i r red for an addi t iona l  10 rain, 
a f t e r  which i t  was neut ra l ized  wi th  acetic  acid to p H  6. 
The so lvent  was r emoved  in vacuo at  50 ~ using a ro t a ry  
evapora tor .  The solid was dissolved in 25 ml of a solut ion 
of 0.3 M acetic acid and  0.3 M-pyr id ine  and ch roma to -  
g raphed  on a co lumn of DEAE-cel lu lose  (30 • 3 cm) 
which  had  been equi l ibra ted  wi th  the  same buffer.  The 
column was eluted wi th  th is  buffer.  F rac t ions  of 15 ml  
were collected and those  wi th  an ex t inc t ion  a t  327 n m  
were pooled and evapora t ed  to d ryness  using a ro t a ry  
evapora tor .  A m m o n i a - s a t u r a t e d  e thanol  was added  to  
the  d ry  solid and evapora t ion  repea ted  unt i l  crystal l iza-  
t ion occurred.  
Resul ts  and  discussion.  N-(5 ' -phosphopyr idoxyl ) -4 -amino-  
bu ty r i c  acid has been synthes ized  according to the  pro-  

cedure  of Sever in  e t  al. ~~ and  K h o m u t o v  et  al. 14. I t  shows 
charac te r i s t ic  abso rp t ion  bands  a t  ca. 295, 310 and  
325 n m  in acidic (0.1 M HC1) basic (0.1 M NaOH) and  
neu t ra l  (pH 7.0) solut ion respect ively.  
A n u m b e r  of N- (5 ' -phosphopyr idoxy l ) - amino  acid ad-  
duc ts  have  been  syn thes ized  and  shown to  be inh ib i tors  
of pyr idoxa l  p h o s p h a t e  d e p e n d e n t  enzymes  10,14,15. 
The effects of P L P - G A B A  of the  ac t iv i ty  of r a t  b ra in  
GABA-T are shown in the  figure. I t  is clear t h a t  P L P -  
GABA inhibi ts  GABA-T compe t i t ive ly  wi th  respec t  to  
GABA. In  view of the  results  of Severin et  al. 1~ the  in- 
h ib i to ry  effects  of P L P - G A B A  w e r e  an t ic ipa ted .  How-  
ever,  i ts  p o t e n c y  as a GABA-T inh ib i to r  was unexpec ted .  
F r o m  the  d a t a  p resen ted  in the  figure and f rom the  fol- 
lowing equa t ion  (1) which  descr ibes  the  compe t i t ive  in- 
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Lineweaver-13urk plots of GA13A-T activity against GA13A con- 
centration ill the absence (O) and in the presence of inhibitor (O). 
The inhibitor (PLP-GA13A} concentration was 1 {LM. [NAD] : 4 mM; 
[Enzyme]: 0.5 mg/ml, temperature: 30~ 50 mM potassium phos- 
phate buffer pH 7.5, pyridoxal phosphate: 10 p~M, [GABA]: 1.8-30 
mM. v: A0.D at 340 nm per rain; s: GA13A concentration. Each 
point represents the nlean of 4 determinations. 
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h i b i t o r  of t he  e n z y m e  b y  P L P - G A B A ,  t he  i n h i b i t o r  (PLP-  
G A B A ) - e n z y m e  d issoc ia t ion  c o n s t a n t  (K d was ca lcu la ted  
as 1.4 txM, 

1 Km ( [I]~ 1 , 1 
v = ~  1 + ~ f N '  v (i) 

where  v : in i t i a l  r a t e  of t h e  enzym i c  reac t ion ,  V m :  max i -  
m u m  ra te  of t he  enzymic  reac t ion ,  K m :  Michael ' s  con-  

s t an t ,  [I] : c o n c e n t r a t i o n  of P L P - G A B A ,  Ki :  P L P - G A B A  
and  e n z y m e  d issoc ia t ion  cons t an t ,  IS]: c o n c e n t r a t i o n  of 
GABA.  
The  m a g n i t u d e  of t he  Kl  ind ica tes  t h a t  P L P - G A B A  is a 
power fu l  G A B A - T  inh ib i to r .  Such  an  i n h i b i t o r  m i g h t  be 
a useful  tool  in  t h e  in  v ivo  s t u d y  of b r a i n  G A B A  m e t a -  
bo l i sm if i t  t r a n s p i r e s  t h a t  i t  can  cross t he  b lood -b ra in  
bar r ie r .  As well, i t  could  serve as a p o t e n t i a l  l i gand  in 
a f f in i ty  c h r o m a t o g r a p h y  for t he  pur i f i ca t ion  of GABA-T.  

Effec t  of  c h r o n i c  a l l o x a n  d i a b e t e s  a n d  i n s u l i n  t r e a t m e n t  o n  a d i p o s e  t i s s u e  l ip id  c o m p o s i t i o n  of  r a t s  

V. P. S. CHAUHAN a n d  A. K.  SARKAR 
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Summary. Decreased  c o n t e n t  of t h e  adipose  t i ssue  l ipids was obse rved  in chron ic  a l loxan  d iabe t ic  r a t s  a n d  was res to red  
to  n o r m a l  w i t h  insul in  t r e a t m e n t .  P ro longed  insul in  t r e a t m e n t  in  n o r m a l  r a t s  also resu l ted  in increase  of t he  l ipid 
c o n t e n t  of t he  adipose  tissue. 

Adipose t i ssue  is cha rac t e r i zed  b y  i ts  h igh  c o n t e n t  of 
fa t  wh ich  compr izes  m o s t l y  t r iglycer ides .  The  compos i t ion  
of yel low and  b r o w n  adipose  t i ssue  l ipids a n d  i ts  va r i a -  
t ions  w i t h  d i f fe ren t  per iods  of s t a r v a t i o n  h a v e  been  re- 
p o r t e d  1. BENJAMIN et  a l )  a n d  PECKHOLM et  al. 3 s tud ied  
t he  effects  of age a n d  d ie t  on  adipose  t i ssue  l ipids of rats .  
The  adipose  t i ssue  l ipids are also u n d e r  t h e  inf luence  of 
t he  h o r m o n a l  s t a t u s  of t he  a n i m a l  4. However ,  i n fo rma-  
t ion  rega rd ing  t he  effect  of d iabe tes  on  t h e  adipose  t issue 
l ipids and  on  t h e i r  changes  w i t h  insul in  t r e a t m e n t  are 
scanty .  Therefore  a s t u d y  was  u n d e r t a k e n  to examine  
t he  de ta i led  l ipid compos i t i on  of t he  ad ipose  t i ssue  of 
chron ic  a l loxan  d iabe t i c  r a t s  a n d  t he  effect  of insul in  
t r e a t m e n t  on  t he  composi t ion .  

Materials and methods. Male ra t s  of I n s t i t u t e  co lony 
(Wis ta r  s t ra in)  weighing  160 4- 25 g were k e p t  on  com- 
merc ia l  r a t  pel le ts  (Hind  Lever ,  B o m b a y )  a n d  w a t e r  ad  
l ib i tum.  D iabe te s  was  p roduced  in 36 h fas ted  r a t s  b y  
i .p.  in jec t ions  of f resh ly  p r e p a r e d  aqueous  so lu t ion  of al- 
l oxan  m o n o h y d r a t e  (150 m g / k g  b o d y  wt.) .  Af te r  t he  
p r o d u c t i o n  of d iabetes ,  ha l f  of t he  an i m a l s  were t r e a t e d  
w i t h  s.c. in jec t ions  of 3 un i t s  of p r o t a m i n e  zinc insu l in  
(Boots) daily,  and  t he  o t h e r  ha l f  were g iven  t he  same 

Table I. Body weight and blood sugar values of rats in different 
groups 

Groups Body weight (g) Blood sugar at the 
time of sacrifice 

Initial Final (mg/100 ml) 

A) Saline treated 
control 156:~8 222-t-ll 80• 

B) Insulin treated 
control 1714-7 266-t-5 68-t-6 

C) Saline treated 
diabetic 152=[_3 1444-4 3934-12 

D) Insulin treated 
diabetic 174• 231-t-18 276-t-6 

Values were Mean i SE of 5 animals in each group 

a m o u n t  o f  0.15 M saline. I n  non -d i abe t i c  animals ,  t he  
dose of insul in  was  s t a r t e d  f rom 0.3 un i t s  wh ich  was  in- 
c reased eve ry  3rd d a y  b y  0.2 un i t s  ,depending on  the  
to l e rance  of t h e  animals ,  t i l l  a f inal  level  of 3 u n i t s  was 
reached,  and  th i s  dose was m a i n t a i n e d  t h r o u g h o u t  the  
res t  of t he  e x p e r i m e n t a l  period.  The  an ima l s  were ob- 
se rved  for 120 days.  T h e n  t h e y  were sacrif iced a f t e r  over-  
n i g h t  fas t  u n d e r  l igh t  e the r  anaes thes ia .  In su l in  injec-  
t ions  were s topped  24 h before sacrifice. 

E p i d i d y m a l  f a t  pads  were qu ick ly  r e m o v e d  a n d  the  
l ipids were e x t r a c t e d  5. N e u t r a l  l ipids were s epa ra t ed  b y  
t h i n  l ayer  c h r o m a t o g r a p h y  on  silica gel G p la tes  us ing 
so lven t  sys t em p e t r o l e u m  e the r - e the r - ace t i c  acid, 90 : 10:1 
(V/V). N e u t r a l  l ipids f rom silica gel G p la tes  were e lu ted  
successively  w i t h  ch lo ro fo rm a n d  c h l o r o f o r m - m e t h a n o l  
2 :1  (V/V). Choles terol  6, t r ig lycer ides  7, free f a t t y  acids s 
and  phospho l i p id  p h o s p h o r u s  9 were m e a s u r e d  in the  
l ipid ex t rac t s .  Blood sugar  10 e s t ima t ions  were also done 
in t h e  an ima l s  before  sacrifice. 

Results and discussion. The  in i t ia l  a n d  f ina l  b o d y  
we igh t s  and  t he  b lood sugar  levels of r a t s  a t  t he  t i m e  of 
sacrifice h a v e  been  p re sen t ed  in Tab le  I. There  was  in- 
crease of b o d y  we igh t s  in  all  t h e  g roups  excep t  in  the  
sa l ine - t r ea t ed  d iabe t i c  group.  Blood sugar  levels of the  
d i abe t i c  groups  (Groups C and  D) were h ighe r  as com- 
p a r e d  to  those  of t h e  n o n - d i a b e t i c  g roups  (groups A and  
B). However ,  i n su l i n - t r e a t ed  d iabe t i c  g roup  (group D) 
showed m u c h  lower  va lues  as c o m p a r e d  to t h a t  of t he  
sa l ine - t r ea ted  d iabe t i c  g roup  (group D). 
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