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R e l a t i o n  b e t w e e n  n u t r i t i o n  a n d  e n z y m e  leve l  p a t t e r n s  i n  t i s sues  a n d  
b o d y  f lu ids  b e c a m e  of p r i m e  i m p o r t a n c e  in  m a k i n g  a p rec i se  d i a g n o s i s  of 
t he  d i f f e r en t  s tages  a n d  va r i ous  fo rms  of m a l n u t r i t i o n .  F a r  f r o m  m a n y  
fac tors  s u c h  as i n h e r i t a n c e ,  age, sex  a n d  e n v i r o n m e n t ,  a c h a n g e  in  t he  d ie t  
affects  the  ac t i v i t y  of severa l  e n z y m e s .  

V a r i a t i o n s  in  t he  ac t iv i t i es  of t i s s u e  e n z y m e s  i n  r e s p o n s e  to d ie t  com-  
p o s i t i o n  a n d  p a t t e r n  of f e e d i n g  has  l o n g  b e e n  e s t ab l i shed .  I n  th i s  respec t ,  
V a u g h a n  (1) h a d  r e p o r t e d  s o m e  v a r i a t i o n s  in  t i s sue  e n z y m e s  in  r e s p o n s e  to 
d i f f e r en t  d i e t a ry  c a r b o h y d r a t e s .  V a r i a t i o n s  i n  t he  ac t iv i t i es  of v a r i o u s  
t i s sue  e n z y m e s  in  r e s p o n s e  to p r o t e i n  i n t a k e  h a v e  b e e n  p r e s e n t e d  b y  K n o x  
(2) a n d  Metwa111 (3). T h e  ro le  of f e ed ing  s c h e d u l e  o n  the  leve ls  of v a r i o u s  
e n z y m e s  in  ra t  l iver  has  b e e n  s t u d i e d  in  de ta i l s  b y  P o t t e r  (4). 

T h e s e  e n z y m e  c h a n g e s  i n  r e s p o n s e  to d i e t a r y  v a r i a t i o n s  h a v e  b e e n  
c o n s i d e r e d  to  p r e s e n t  e i t he r  c h a n g e s  in  the  e n z y m e  p ro te in ,  a p o e n z y m e ,  
levels  or t he  c o e n z y m e s  or both .  T h e  p r e s e n t  s t u d y  was  d e s i g n a t e d  to 
i n v e s t i g a t e  t he  r e s p o n s e  of l iver  a l k a l i n e  p h o s p h a t a s e  g l u t a m i c - p y r u v i c  
(GPT)  t r a n s a m i n a s e  a n d  g l u t a m i c - o x a l a c e t i c  (GOT) t r a n s a m i n a s e  to pro-  
t e i n  d e p l e t i o n  in  c o m p a r i s o n  w i t h  a c o n t r o l  g r o u p  r e c e i v i n g  a n  a d e q u a t e  
a m o u n t  of p ro t e in .  T h e s e  e n z y m e s  w e r e  se lec ted  s i nc e  a l k a l i n e  p h o s p h a -  
tase  c o n t a i n s  Mg as a n  e s s e n t i a l  m e t a l  or  c o e n z y m e  a n d  t r a n s a m i n a s e s  
c o n t a i n  p y r i d o x a l  p h o s p h a t e  as c o e n z y m e .  

T h e  l ive r  a l k a l i n e  p h o s p h a t a s e  ac t iv i t i es  w e r e  d e t e r m i n e d  be fo re  a n d  
af ter  Mg a d d i t i o n  to t he  i n c u b a t i o n  m e d i a  d u r i n g  i ts  assay,  w h i l e  t r ans -  
a m i n a s e  ac t iv i t i es  we re  d e t e r m i n e d  be fo re  a n d  af ter  p y r i d o x i n e  ch lo r ide  
in j ec t ions .  

M a t e r i a l  a n d  M e t h o d s  
Animals 

The present study was carried out on rats of Sprague Dawley strain of our own 
colony. Rats of three weeks old, weighing 35 -+ 3 g were housed individually in 
wire- bottomed cages at room temperature of 23-25 ~ and relative humidi ty of 
45-55%. Animals were assembled into three groups, each of 32 animals. The first 
group was fed diets containing adequate quanti ty of protein (20%). The second was 
maintained on a low-protein diet (5%). These two groups were fed ad libitum. The 
third was a pair fed group receiving the high-protein diet in amounts  equivalent to 
that actually consumed by the low-protein group. This is in order to avoid any 
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v a r i a t i o n s  in  food  i n t a k e  s ince  it  was  v e r y  m a r k e d l y  low in  t he  l o w - p r o t e i n  g r o u p  
c o m p a r e d  w i t h  t h e  h i g h - p r o t e i n  g roup .  T h e  f eed i ng  e x p e r i m e n t  l a s t e d  for  t h r e e  
weeks .  

D i e t s  

T h e  d ie t s  p r e p a r e d  h a v e  t he  fo l lowing  f o r m u l a e  a n d  w e r e  c h e m i c a l l y  a n a l y s e d  
for  c r u d e  p r o t e i n  a n d  f ibe r  c o n t e n t  a f te r  i ts  p r e p a r a t i o n  

H i g h  p r o t e i n  L o w  p r o t e i n  
g/100 g ( cooked  b r o a d  b e a n s )  

P r o t e i n  (Casein)  
F a t  (Co t ton  s e e d  oil) 
C a r b o h y d r a t e  (Suga r  cane)  
Sa l t  M i x t u r e s  (Spec to r  5) 
V i t a m i n  m i x t u r e  (Met ta  a n d  MJtche l l  [6]) 
V i t a m i n  A a n d  D 
V i t a m i n  E a n d  K 
C h o l i n e  c h l o r i d e  

20.00 5.00 
10.00 10.00 
64.55 79.55 

3.50 3.50 
1.00 1.00 
0.40 0.40 
0.05 0.05 
0.50 0.50 

Enzyme assay procedures 

A t  t h e  e n d  of t h e  f e ed i ng  e x p e r i m e n t ,  a n i m a l s  w e r e  k i l l ed  b y  d e c a p i t a t i o n ,  l ive rs  
we re  r a p i d l y  r e m o v e d ,  f r eed  f r o m  b l o o d  w i t h  b l o t t i n g  or  f i l ter  p a p e r  a n d  w a s h e d  
w i t h  d e i o n i s e d  water .  L ive r s  w e r e  h o m o g e n i s e d  w i t h  t h e  f ivefo ld  of i ts  v o l u m e  of 
co ld  d e i o n i s e d  w a t e r  in  a glass  h o m o g e n i z e r  s u r r o u n d e d  b y  ice. H o m o g e n a t e s  we re  
f i l t e red  a n d  a l iquo t s  w e r e  u s e d  for  e n z y m e  assays .  T h e  m e t h o d  d e s c r i b e d  for  
a lka l i ne  p h o s p h a t a s e  a s say  b y  K / n g  was  fo l lowed  (7). Th i s  was  t h e  t e c h n i q u e  for  
a lka l i ne  p h o s p h a t a s e .  T h e  ef fec t  of Mg ions  o n  t h e  e n z y m e  ac t iv i ty  was  s t u d i e d  a t  
c o n c e n t r a t i o n  of 0.01 M. E n z y m e  u n i t s  w e r e  e x p r e s s e d  as m g  P l i b e r a t e d  p e r  f i f t een  
m i n u t e s  p e r  g t i s s u e  p ro t e in .  

F o r  t r a n s a r n i n a s e  act iv i t ies ,  s e v e n  a n i m a l s  of e a c h  g r o u p  w e r e  ki l led;  a n o t h e r  
s e v e n  a n i m a l s  w e r e  i n j e c t e d  b y  1 m g  p y r i d o x i n e  h y d r o c h l o r i d e  pe r  g b o d y  w e i g h t  
a n d  k i l l ed  a f te r  s ix hours .  L ive r s  w e r e  h o m o g e n i s e d  in  0.1 M p h o s p h a t e  b u f f e r  p H  
7.4 a n d  f i l tered.  E n z y m e  ac t iv i t i e s  w e r e  d e t e r m i n e d  in  t he  a l i quo t s  u s i n g  t h e  
m e t h o d  of R e i t m a n  and  F r a n k e l  (8). Ac t iv i ty  u n i t s  w e r e  e x p r e s s e d  p e r  g t i s s u e  
p ro te ins .  T i s sue  p r o t e i n s  w e r e  d e t e r m i n e d  a c c o r d i n g  to t h e  m e t h o d  of L o w r y  (9). 

T a b l e  1. L i v e r  a lka l ine  p h o s p h a t a s e  ac t iv i t i e s  be fo re  a n d  a f te r  Mg a d d i t i o n  to t h e  
i n c u b a t i o n  m e d i u m  (un i t s /g  t i s s u e  prote in) .  

A l k a l i n e  p h o s p h a t a s e  A lka l i ne  p h o s p h a t a s e  P e r c e n t  
G r o u p  ac t iv i ty  w i t h o u t  ac t iv i ty  a f te r  0.01 M a c t i v a t i o n  

Mg a d d i t i o n  M g  a d d i t i o n  

H i g h  pro te in*  (9) 1.16 • 0.14 2.72 • 0.13 68.94 
L o w  p r o t e i n  (9) 10.19 • 0.68 10.20 +_ 0.63 00.09 
P a i r  fed  (9) 1.46 • 0.08 2.32 • 0.42 58.90 

* N u m b e r  of a n i m a l s  s t u d i e d  
• S t a n d a r d  e r ro r  
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Table 2. Liver transaminase activities before and after pyridoxine injection (units/g 
tissue protein). 

GPT GOT 
Group Before After Percent Before After Percent 

activation activation 

High protein 9,117 152,250 1569 6 ,510 121,750 1770 
(7) _ 915 _ 16,390 +_ 1,605 _ 5,593 

Low protein 22,215 54,417 145 18,492 42,945 132 
(7) + 1,480 _+ 5,078 _+ 3,871 -+ 1,079 

Pair fed 7,520 29,710 295 5,020 24,196 318 
(7) +_ 331 _ 1,020 __ 202 + 1,650 

+_ Standard error 

R e s u l t s  a n d  D i s c u s s i o n  

The results obta ined were presented  in the a c c o m p a n y i n g  tables. 
The  increased activities of liver alkaline phospha tase  in the protein- 

deple ted  group in compar i son  with bo th  the h igh protein and the pair fed 
groups  agreed with that  repor ted by Ross and Bat t  (10). These  increased 
activities agreed also with the claim of Vaughan (1) that h igh ca rbohydra te  
con ten t  of the diet s t imulates the synthesis  of the prote in  apoenzymes  
responsible  for ca rbohydra te  metabol ism. This a manifestat ion of the 
adapt ive  response  mechan i sm reported by  Vaughan (1). 

The relatively marked  activation of liver alkaline phospha tase  in the 
h igh protein and  the pair fed groups  sugges ted  that  the apoenzyme  protein 
synthesis  is m u c h  active in protein-depleted animals. This suggest ion is 
based on the observat ion that  Mg addi t ion to in the incubat ion  media  
failed to activate the enzyme in the protein-depleted group.  A/so, the 
relatively low values of alkaline phospha tase  activities in bo th  h igh pro- 
tein and the pair fed groups  cannot  be related Mg inavailability since both  
groups  received the salt mixture.  Mg intake of the low-protein group is 
m u c h  lower than  the h igh protein fed group since the food intake of 
former  group is marked ly  diminished.  Differences in the nature  of alkaline 
phospha tases  can ' t  be ignored since Rosenberg (11) repor ted  such varia- 
t ions by  us ing e lectrophoret ic  techniques.  

Bo th  liver GPT and  GOT showed a similar response  to prote in  deple- 
tion. Both  enzymes  were highly increased in the low protein fed group in 
compar i son  with bo th  the high protein and the pair  fed groups.  Also, food 
restr ict ion seems to have an inhibi tory effect on  both  t ransaminases.  

Pyr idox ine  injection activates significantly liver t ransaminases  in all 
g roups  s tudied but  this activation was compara t ive ly  h igher  in the group 
receiving the high protein diet. The percentage  of activation reached about  
ten t imes that  of the low protein  fed group.  Cont ra ry  to alkaline phosphat -  
ase, t ransaminases  activities after pyr idoxine  injection exceeded  that  
activity before  and even after pyr idoxine  injection its cor responding  val- 
ues in the low protein and the pair fed groups.  F r o m  the above finding, one 
can suggest  that  the increased activities of liver t ransaminases  in the low 
protein fed group before pyr idoxine  injection was not  due  to increased 
enzyme protein synthesis.  I t  can also be suggested  that  t ransaminase  
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a p o e n z y m e  s y n t h e s i s  is m u c h  h i g h e r  in  t h e  cases  r e c e i v i n g  t h e  h i g h  
p r o t e i n  diet .  T h e  m a i n  ro l e  of  p y r i d o x i n e  a n d  its m e t a b o l i t e s  w a s  w e l l  
e s t a b l i s h e d  in  t h e  m e t a b o l i s m  of  c a r b o h y d r a t e s  (12) as w e l l  as in  a m i n o  
ac id s '  s y n t h e s i s  (13). T h u s  in t h e  cases  of  l o w  p r o t e i n  d ie t s ,  t h e  a n i m a l  
a d a p t s  h i m s e l f  by  i n c r e a s i n g  t r a n s a m i n a s e s  a c t i v i t i e s  in  o r d e r  to m e t a b o l -  
i se  t h e  e x c e s s  c a r b o h y d r a t e s  of t h e  d ie t .  A r e g u l a t i o n  m e c h a n i s m  b e t w e e n  
t h e  a p o e n z y m e  a n d  its c o e n z y m e  h a s  b e e n  s u g g e s t e d  a n d  t h e  r e l a t i v e l y  
l o w  r e s p o n s e  to  p y r i d o x i n e  i n j e c t i o n  in  t h e  p r o t e i n - d e p l e t e d  g r o u p  c a n  be  
s u g g e s t e d  as a r e s u l t  of d e c r e a s e d  a p o e n z y m e  s y n t h e s i s  r a t h e r  t h a n  
c o e n z y m e  d e f i c i e n c y .  

F ina l ly ,  i t  c a n  be  s u g g e s t e d  t h a t  i n c r e a s e d  a c t i v i t i e s  of s o m e  l i ve r  
e n z y m e s  in  p r o t e i n  d e p l e t i o n  v a r y  in  n a t u r e  s i n c e  a l k a l i n e  p h o s p h a t a s e s  
i n c r e a s e d  ac t i v i t i e s  s e e m  to  be  an  i n c r e a s e d  e n z y m e  p r o t e i n  s y n t h e s i s ;  
w h i l e  i n c r e a s e d  t r a n s a m i n a s e  ac t i v i t i e s  w a s  s u g g e s t e d  to be  a r e s u l t  of  a 
r e g u l a t i o n  m e c h a n i s m  b e t w e e n  t h e  a p o e n z y m e  a n d  i ts  c o e n z y m e .  

Summary  

Liver enzymes alkaline phosphatase and transaminases (GPT & GOT) were 
studied in cases of protein-depleted rats. Alkaline phosphatase activities were 
determined with and without Mg addition to the incumedia,  since it is the essential 
metal  for this enzyme. The liver transaminases were also determined before and 
after pyridoxine injection, which is the coenzyrne for this group. Both liver alkaline 
phosphatase and transaminases activities were increased on protein depletion. The 
study indicates that the increased activities of liver alkaline phosphatase in protein- 
depleted animals is suggestive of increased enzyme protein synthesis. On the 
contrary, high activities of liver transarninases are suggestive to be a result of some 
regulation mechanisms between the enzyme protein and its coenzyme. 
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