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Aspartate Aminotransferase and Carbohydrate Metabol ism of Rat Brain 

I n  1960 JENKINS a n d  SIZEP, 1 r epo r t ed  spec t ropho to -  
me t r i c  ev idence  for t h e  revers ib le  i n t e r conve r s ion  b e t w e e n  
t he  ' py r idoxa l '  a n d  ' p y r i d o x a m i n e '  fo rm of a s p a r t a t e  
a m i n o t r a n s f e r a s e  (L-aspa r t a t e -2 -oxog lu ta ra t e  a m i n o t r a n s -  
ferase;  EC 2.6.1.1.). A few years  l a t e r  ev idence  for  t h e  
occurrence  in v ivo  of such  a n  i n t e r conve r s ion  was also 
p roduced  b y  exposure  of 7-days-old  r a t s  to  a n o x i a  (BONA- 
VlTA et  al.~). T h o u g h  no  m e a s u r e m e n t  of single ke toac ids  
p a r t i c i p a t i n g  in t h e  Krebs  cycle was per formed,  a n  increase  
of ke toac ids  p a r t i c i p a t i n g  in t he  t r a n s a m i n a t i o n  r eac t ion  
was  supposed  to  be  respons ib le  for t he  increase  of t h e  
' py r idoxa l '  fo rm of t h e  b r a i n  e n z y m e  in t h e  anoxic  r a t .  
The  f ind ing  of a s ign i f i can t  e l eva t ion  in t he  b r a i n  of 
d i n i t r o p h e n y l h y d r a z i n e  r eac t i ng  c o m p o u n d s  was in agree- 
m e n t  w i th  t he  h y p o t h e s i s  (Bo~AVlTA et  al.~). 

The  p re sen t  c o m m u n i c a t i o n  deals  w i t h  2 e x p e r i m e n t a l  
cond i t ions  wh ich  are  k n o w n  to  mod i fy  t he  r a t e  of f lux 
t h r o u g h  t he  K r e b s  cycle a n d  also t he  s t e a d y  level  of 
ke toac ids  p a r t i c i p a t i n g  in t h e  r eac t ions  of t he  cycle. 
GOLDBERG et  al. 3 h a v e  s h o w n  t h a t  insu l in  h y p o g l y c e m i a  
wh ich  decreases  t he  f lux  t h r o u g h  t he  cycle causes  a d rop  
of p y r u v a t e  in  t h e  mouse  b r a i n  (--40%) as well  as a 
decl ine of all  ke toac ids  of t h e  K r e b s  cycle w i t h  t he  excep-  
t ion  of oxa loace t a t e  whose  n o r m a l  level  is e x t r e m e l y  low 
(4 Fmoles /kg we t  b ra in ) .  Fo l lowing  these  cons idera t ions ,  
t he  a t t e m p t  to  meas u r e  changes  of t he  r a t io  b e t w e e n  t h e  
' py r idoxa l '  and  ' p y r i d o x a m i n e '  fo rm of b r a i n  a s p a r t a t e  
a m i n o t r a n s f e r a s e  d u r i n g  insu l in  h y p o g l y c e m i a  or a l loxan-  
i nduced  h y p e r g l y c e m i a  ha s  appea red  of some in teres t .  

Materials and methods. I n s u l i n  c o m a  was o b t a i n e d  in 
ma le  W i s t a r  r a t s  (160-180 g), k e p t  in s epa ra t e  cages a n d  
s t a rved  for 12 h, b y  s.c. i n j ec t ion  of zinc insu l in  (400 U / k g  
b o d y  weight) .  D i a b e t e s  was  induced  in t he  same  r a t  s t r a i n  
b y  a single i.p. i n j ec t i on  of a l loxan  m o n o h y d r a t e  (150 
m g / k g  b o d y  weight) .  

A s p a r t a t e  a m i n o t r a n s f e r a s e  f rom t he  b r a i n  of a d u l t  
r a t s  was  e x t r a c t e d  a n d  m e a s u r e d  ( to ta l  a c t i v i t y  a n d  
a c t i v i t y  of t he  ' p y r i d o x a l '  form) u n d e r  t h e  e x p e r i m e n t a l  
cond i t ions  p rev ious ly  r epo r t ed  b y  AMORE and  BONAVlTA 4. 
Blood sugar  was  d e t e r m i n e d  accord ing  to HAGEDORN a n d  
JENSEN 5. To ta l  n i t r ogen  of t he  e x t r a c t s  was  m e a s u r e d  
b y  a s u b m i c r o s p e c t r o - p h o t o m e t r i c  m e t h o d  (BALLEN- 
TINE6). L-aspar t ic  acid a n d  2-oxoglutar ic  acid were 
p r o d u c t s  f rom F l u k a  (Buchs,  Swi tzer land) .  P y r i d o x a l  
5 -phospha t e  was a p r o d u c t  of t he  Cal i fornia  Corpo ra t i on  
for B iochemica l  Resea rch  (Los Angeles,  USA).  Zinc 
insu l in  was p u r c h a s e d  f rom Li l ly  & Co. ( Ind ianapol i s ,  
USA).  All t h e  o t h e r  c o m p o u n d s  were r eagen t  grade.  

Results. Figure  1 shows t he  s u d d e n  d rop  of t h e  'pyr i -  
doxa l '  fo rm of a s p a r t a t e  a m i n o t r a n s f e r a s e  f rom r a t  b r a i n  
du r ing  insu l in  hypog lycemia .  A s igni f ican t  d rop  is a l r eady  
no t iced  b y  t he  15 th  min,  w h e n  b lood  sugar  ha s  a t t a i n e d  
t he  m e a n  level  of 62 Jc 10 mg/100  ml. F igure  2 shows t h e  
oppos i te  changes  of t he  r a t io  be tween  t he  ' py r idoxa l '  a n d  
' p y r i d o x a m i n e '  fo rm of t h e  e n z y m e  du r ing  t h e  a l loxan-  
i nduced  hype rg lycemia ,  wh ich  undergoes  a progress ive  
increase  a n d  a s u b s e q u e n t  decl ine a f t e r  a single in j ec t ion  
of a l loxan.  The  m a x i m a l  va lue  of t he  ' py r idoxa l '  fo rm 
is m e a s u r e d  a t  t h e  4 th  day  a f t e r  a l loxan  in ject ion,  w h e n  
t he  b lood  sugar  level  ha s  also a t t a i n e d  i ts  m a x i m u m  
(370 =L 40 mg/100 ml). 

Discussion. The  d a t a  descr ibed  in t he  p r e s en t  a r t ic le  
deserve  a s h o r t  c o m m e n t .  P a t t e r n s  of s u b s t r a t e  changes  
in t he  b r a i n  u n d e r  cond i t ions  of increased  or decreased  
m e t a b o l i c  r a t e s  h a v e  sugges ted  ' t h e  presence  of coordi-  
n a t i n g  con t ro l l ing  s teps  in  t he  ci t r ic  acid cycle a t  t h e  
p o i n t  of i soc i t ra te  and  succ ina te  ox ida t ion  as well  as a t  

some s tep  b e t w e e n  p y r u v a t e  and  c i t r a t e '  (GOLDBERG 
et  al.~). The  p r e sen t  f ind ing  of changes  in t he  ' p y r i d o x a l ' /  
' p y r i d o x a m i n e '  r a t io  of a s p a r t a t e  a m i n o t r a n s f e r a s e  u n d e r  
cond i t ions  of decreased  or increased f lux t h r o u g h  t he  
iKrebs cycle ind ica tes  t h a t  a s p a r t a t e  a m i n o t r a n s f e r a s e  is 
m o s t  l ike ly  a n o t h e r  con t ro l l ing  s i te  which  is affected b y  
and  m a y  affec t  t h e  s u b s t r a t e  levels. D u r i n g  insul in  hypo-  
glycemia,  t he  d rop  of t he  ' py r idoxa l '  fo rm of a s p a r t a t e  
a m i n o t r a n s f e r a s e  is t he  d i rec t  consequence  of the  lack 
of me t abo l i t e s  in  t he  K r e b s  cycle. 

The  second p o i n t  one shou ld  consider  is t he  physiological  
s ignif icance of t he  r epor ted  sh i f t  in t he  equ i l ib r ium be- 
tween  the  ' py r idoxa l '  a n d  ' p y r i d o x a m i n e '  fo rm of aspar -  
t a t e  a m i n o t r a n s f e r a s e  in d iabe t i c  ra ts .  The  f ind ing  of 
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Fig. 1. Percent changes of the 'pyridoxal' form of aspartate amino- 
transferase from the adult rat brain during insulin coma. Each 
value represents the mean of at least 3 determinations in tripIieate. 
Specific activity (see AMORE and BONAVlTA 4) did not show any 
change. For experimental details, see text. 
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Fig. 2. Percent changes of the 'pyridoxal' form of aspartate amino- 
transferase from the adult rat  brain after alloxan treatment. For 
other details, see text and Figure 1. 
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higher  concen t ra t ions  of the  'pyr idoxa l '  enzyme in prolif- 
e ra t ing  nervous  t issues w i th  a p redominance  of glycolysis 
versus respi ra t ion  (AMORE and B O N A V I T A 1 ;  PICCOLI et  
ald) would suggest  t h a t  a t  the  bra in  level hyperg lycemia  
s t imula tes  glycolysis more  t h a n  oxygen  consumpt ion  s. 

Riassunto. ~L s ta to  d e t e r m i n a t o  il r appor to  t r a  forma 
~piridossalica~ e Iorma ~piridossaminica~ de l l ' a spar ta to  
aminot rans fe ras i  nel l 'encefalo to ta le  di r a t t i  albini  du- 
r an te  l ' ipoglicemia da insul ina e l ' ipergl icemia da  allos- 
sana. I1 r appor to  t ra  le due forme catal i t iche de l l ' enz ima 
6 s ta to  considera to  un indice dell 'eff icienza del ciclo degli 
acidi tricarbossilici ,  ed 6 s t a t a  p r o s p e t t a t a  la possibilit& 

che l ' a spa r t a to  aminot rans fe ras i  abbia  una  funzione rego- 
la t iva  nei  r iguardi  del ciclo. 
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L a c k  of  a - A m y l a s e  i n  H o r s e  S e r u m  

Pre l iminary  da t a  were ob ta ined  in our l abora to ry  to 
show t h a t  ~-glucosidase, r a the r  t h a n  a-amylase,  accounted  
for the  amyloly t ic  ac t iv i ty  of unf rac t iona ted  horse serum l 
F u r t h e r  expe r imen t s  were therefore  p lanned  in order  to 
achieve conclusive evidence of the  lack of e -amylase  in 
horse serum, since the  enzyme  has been repor ted  to  occur 
in all m a m m a l i a n  sera 2 ; in an a t t e m p t  to  separa te  e -amy-  
lase f rom e-glucosidase the  technique  of ge l -chromato-  
g raphy  was resor ted  to, since it p roved  successful wi th  
o ther  biological fluids 3 ~. Fur the rmore ,  in search for a 
possible exp lana t ion  for the  lack of the  enzyme in horse 
serum, the  ge l -chromatographic  behaviour  of amylases  
from pancreas  and  sa l ivary  glands was also s tudied.  

Materials and methods. Horse  serum and prote ins  ex- 
t r ac ted  f rom horse pancreas  and sal ivary glands were 
dialized and, in turn,  f rac t iona ted  on the  same column 
of Sephadex  G-100 (Pharmacia ,  Uppsala) :  buffered 1 M  
sodium chloride was the  elut ing fluid. Amylase  and mal- 
tase act ivi t ies  were mon i to red  in the  eluted fractions.  
E n z y m e  assay and character iza t ion,  and cellulose aceta te  
electrophoresis  of enzymat i c  prepara t ion ,  were per formed 
as previously  descr ibed 5. 

Results and discussion. Typical  ch romatograph ic  pat -  
terns  are shown in Figure 1. Enzyma t i ca l l y  act ive tubes  
f rom serum f rac t iona t ion  were pooled and concent ra ted .  
The resul t ing enzymic  p repara t ion  behaved  as an e-gluco- 
sidase in s ta rch  hydro lys i sC I t s  e lect rophoret ic  mobi l i ty  
approached  the  mobi l i ty  of horse serum albumin,  p H  
curves in b o t h  mal tose  and  s ta rch  hydro lys is  are shown 
in Figure 2. 

No u-amylase ac t iv i ty  was recorded when  the  tubes  cor- 
responding to the  Ve/V o values of 1.6 and 2.5 f rom serum 
and  sa l ivary  glands f rac t iona t ions  were assayed,  af ter  
concent ra t ion ,  by  an amyloclas t ic  method .  

Tile p resen t  results  m a y  be summar ized  as follows: 
(1) An ~-glucosidase occurs in horse serum:  p H  curves 
would indicate  possible inhomogene i ty  of the  enzyme ; its 
iden t i ty  wi th  t he  ' amylase '  of horse serum 6 is l ikely on 
the  basis of its e lec t rophore t ic  mobil i ty .  The occurrence 
of 'mal tase '  in horse serum has been repor ted  ~. (2) e -amy-  
lase is lacking f rom horse se rum and sal ivary glands;  the  
lack of the  enzyme  f rom sal ivary  glands has been  re- 
por ted,  bu t  there  is no general  ag reemen t  2. (3) As far 
as the  V J V  o values f rom ge l -ch romatography  can be 
ex t rapo la ted  to  molecular  size, horse pancrea t ic  amylase  
has  the  same low molecular  size as some amylases  f rom 
di f ferent  m a m m a l i a n  sources 5, s. 

These f indings pose some ques t ions  abou t  the  mecha-  
nisms which favour  the  diffusion of ~-amylase f rom pan-  
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Fig.  1. Eh t t i on  p a t t e r n  of ma l t a s e  a n d  a m y l a s e  act iv i t ies  f rom a 
S e p h a d e x  G-100 co lumn ,  a f t e r  horse  panc rea s ,  s a l i v a r y  g lands  a n d  
serum fractionation. The V o of the column was the elution vohune 
of blue dextran 2000. 
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