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Uptake  of D - g l u c o s e  a n o m e r s  by rat retina 
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Summary. Uptake  of D-glucose anomers  by  isolated ra t  re t ina  was s tudied.  Af ter  3 min  incuba t ion  at  37 ~ in the  pre-  
sence of e or fl anomer  (750 txg/ml), a s ignif icant ly  grea te r  up take  (1.32 mg/g  wet  tissue) o f /3 -anomer  was observed 
compared  wi th  t h a t  of e-D-glucose (1.11 mg/g  we t  tissue). This  resul t  and  o ther  da t a  suggest  t h a t  the  carr ier  for D- 
glucose t r a n s p o r t  in the  re t ina  prefers  the /~ -anomer  stereospecifically.  

The re t ina  is a k ind of neuron-r ich  t issue charac te r ized  
by  ex t remely  rapid  me tabo l i sm of D-glucose as well as 
brain  cor tex 3-5. 

Recen t ly  we showed t h a t  the  e anomer  of D-glucose is 
more  effective t h a n  the  /~ anomer  in t r igger ing insulin 
secret ion f rom isolated ra t  pancrea t ic  islets 6, and  the  
anomer  of D-glucose is more  easily t r a n s p o r t e d  into the  
islets t h a n  the  e anomer  7. 

F r o m  the  po in t s  of physiological  funct ion  of D-glucose 
anomers ,  i t  is in te res t ing  to s t u d y  whe the r  or no t  ano- 
meric s tereospecif ic i ty  is p resen t  in the  D-glucose up take  
by  the  re t ina  of rat .  

Materials and methods. The two anomers  of D-glucose 
were p repa red  by  apply ing  our method7 for p repa ra t ion  
of e- and /~-D-glucose-l-3H. E a c h  anomeric  pu r i t y  of the  
two  anomers  was de t e rmined  to be more  t h a n  98% by  
our me thod  using /%D-glucose oxidase [EC 1.1.3.4] (Na- 
gase & Co., Osaka), hog k idney  muta ro ta se  EEC 5.1.3.3~, 
and a Beckm an  oxygen  electrode (model 777)8,% Tota l  
a m o u n t  of D-glucose in the  react ion mix tu re  before and 
af ter  incuba t ion  was de t e rmined  by  a reagen t  ki t  of 
Boehr inger  (/3-D-glucose ox idase-perox idase-ABTS sys- 
tem) l~ The mu ta ro t a se  ac t iv i ty  of the  re t ina  was as- 
sayed by  our m e thod  using ~-D-glucose oxidase and an 
oxygen electrode H. The eyes were removed  f rom male 
Wis t a r  s t ra in  ra t s  weighing 150-200 g under  anes thes ia  
wi th  e ther  and then  hemisec ted  jus t  beh ind  the  corneo- 
scleral junct ion .  The lens and  vi t reous b o d y  were care- 
fully d ischarged and the  re t ina  was gen t ly  peeled off wi th  
a b lun t  spa tu la  f rom the  sclera. All incuba t ions  were 
pe r fo rmed  at  37~ in gassed (950/o O 2 and 5% CO2) 

Krebs -R inge r  b ica rbona te  solution. Af te r  a p re l iminary  
incuba t ion  period of 5 min,  ba tches  of 2 re t inas  (about 
20 mg) were incuba ted  for 3 and  5 rain in 300 ~1 of the  
media  w i th  e i ther  the  pure  e or /~ anomer,  or wi th  the  
mix tu re  of b o t h  anomers  a t  the  equi l ibra ted  rat io (cr 
36:64) of D-glucose. These anomers  were rap id ly  dis- 
solved in the  gassed Krebs -R inge r  b ica rbona te  solution,  
which  had  been w a rmed  to  37~ by  vigorous shaking 
jus t  before use. The final  concen t ra t ion  of D-glucose was 
750 txg/ml. The major  po r t i on  of each anomer  in the  in- 
cuba t ion  media  jus t  before  the  incuba t ion  was more  t h a n  
98%, and dur ing  the  5 min  incubat ion ,  the  e and  /~ ano- 
mers  were conver t ed  to  the  o the r  anomers  by  42.4% and  
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Influence of temperature on n-glucose uptake 
by the retina. The retinas were incubated in 
the media containing 750/zg/ml equilibrated 
D-glucose at 4~ (0) or 37~ (O). Preincuba- 
tions of 5 rain were performed at the respective 
temperatures. See the text for the detailed 
conditions, 
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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 


