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SERUM ANTIOXIDANT A C T IV IT Y  IN  PREMATURE BABIES

L.  KARMAZSIN, V . A .  OLÁH, Gy.  BALLA,

A. MAKAY

D e p a r t m e n t  o f  P e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  
S c h o o l  o f  D e b r e c e n

R e c e i v e d  8 F e b r u a r y  1989

A u t o o x i d a t i o n  o f  b o v i n e - b r a i n  homogenate  p r o v e d  
t o  be a good model  t o  d e t e r m i n e  t h e  a n t i o x i d a n t  
c a p a c i t y  o f  s e r a .  I t  was m e a s u r e d  i n  p a r a l l e l  w i t h  t h e  
l e v e l  o f  c e r u l o p l a s m i n  and a p o t r a n s f e r r i n  i n  s e r a  o f  
35 h e a l t h y  c h i l d r e n  and 20 p r e m a t u r e  b a b i e s  
( g e s t a t i o n a l  age 2 8 - 3 3  w e e k s ) .  A n t i o x i d a n t  c a p a c i t y  
was v e r y  lo w  i n  p r e m a t u r e  b a b i e s  w i t h  a n a d i r  on t h e  
4 t h  p o s t n a t a l  d a y .  L i p i d - p e r o x i d a t i o n  o f  b o v i n e - b r a i n  
homog enat e  c o u l d  be i n h i b i t e d  i n  v i t r o  by t h e  a d d i t i o n  
o f  exogen  a n t i o x i d a n t .  I n  t h i s  assay  MTDQ-DS, 
C a v i n t o n ,  DPA-HC1, v i t a m i n  E,  A, C showed d i f f e r e n t  
a n t i o x i d a n t  a c t i v i t y .

INTRODUCTION

D u r i n g  t h e  s t u d y  o f  l i p i d  p e r o x i d a t i o n  i n  t i s s u e  h o m o g e n a t e s  

i t  was o b s e r v e d  t h a t  se rum c o u l d  i n h i b i t  t h i s  p r o c e s s  / 1 , 6 / .  

Serum p r o t e i n s ,  p a r t i c u l a r l y  c e r u l o p l a s m i n  and a p o t r a n s f e r r i n  

( w i t h  f e r r o x i d a s e  a c t i v i t y  and a b i l i t y  t o  b i n d  f e r r i c  i o n )  ha ve  

h i g h  a n t i o x i d a n t  a c t i v i t y  s i m i l a r l y  t o  o t h e r  b i o l o g i c a l  f l u i d s  

( c e r e b r o s p i n a l  and s y n o v i a l  f l u i d ,  c o l o s t r u m ) .  I t  i s  w e l l  known 

t h a t  v a r i a t i o n s  i n  se rum a n t i o x i d a n t  a c t i v i t y  have c o n s i d e r a b l e  

c l i n i c a l  r e l e v a n c e  / 3 , 5 / .  T h a t  was t h e  ma in  r e a s o n  f o r  a 

s t a n d a r d  b i o l o g i c a l  a n t i o x i d a n t  a s s a y  d e v e l o p e d  by S t o c k s  e t  

a l  / 3 / .

S p o n t a n e o u s  a u t o o x i d a t i o n  o f  b o v i n e - b r a i n  homogenate  p r o v e d  

t o  be a good mode l  t o  s t u d y  l i p i d  p e r o x i d a t i o n  i n  t i s s u e s  and 

t o  i n v e s t i g a t e  t h e  i n h i b i t i o n  e f f e c t  o f  s e v e r a l  b i o l o g i c a l  

f l u i d s  and d i f f e r e n t  d r u g s .  U s i n g  t h i s  method S u l l i v a n  and 

Newton d e m o n s t r a t e d  t h a t  t h e  a n t i o x i d a n t  c a p a c i t y  o f  n e w - b o r n  

i n f a n t s ’ c o r d  s e r a  i n c r e a s e d  w i t h  b i r t h  w e i g h t ,  b u t  was much
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l o w e r  t h a n  i n  t h e  a d u l t  / 4 / .

The p u r p o s e  o f  o u r  s t u d y  was t o  e v a l u a t e  t h e  a n t i o x i d a n t  

c a p a c i t y  i n  p r e m a t u r e  b a b i e s .  F i r s t  we m easu re d  t h e  

a n t i o x i d a n t  c a p a c i t y  o f  s e ra  i n  p a r a l l e l  w i t h  t h e  l e v e l  o f  

c e r u l o p l a s m i n  and a p o t r a n s f e r r i n  i n  35 h e a l t h y  i n f a n t s  and 

c h i l d r e n  f r o m  t h e  age 1 day t o  13 y e a r s  ( n o r m a l  c o n t r o l s ) .  Then 

we d e t e r m i n e d  t h e s e  p a r a m e t e r s  i n  20 p r e m a t u r e  b a b i e s  

( g e s t a t i o n a l  age 2 8 - 3 3  weeks)  on t h e  1 s t ,  4 t h ,  7 t h  and 1 4 t h  day 

o f  t h e i r  p o s t n a t a l  l i f e  t o g e t h e r  w i t h  b l o o d - g a s e  p a r a m e t e r s  

( p Ü 2 , PCO2 , p H ) .  The p r e m a t u r e  b a b i e s  were p a t i e n t s  i n  o u r  

p e r i n a t a l  i n t e n s i v e  c e n t r e .  A l t h o u g h  t h e y  have r e c e i v e d  

s i m i l a r  m e d i c a l  t r e a t m e n t  t h e y  c o n s t i t u t e d  a r a t h e r  

in h o m o g e n o u s  and п о п - h e a l t h y  p o p u l a t i o n .  I n  a d d i t i o n  we 

i n v e s t i g a t e d  i n  v i t r o  t h e  i n h i b i t i o n  e f f e c t  o f  d i f f e r e n t  d r u g s  

( O - p e n i c i l l a m i n e . HC1, C a v i n t o n ,  v i t a m i n  E, C, A, MTDQ-DS, 

s a l i c y l i c  a c i d  and D - m a n n i t )  on t h e  l i p i d  p e r o x i d a t i o n  o f  

b o v i n e - b r a i n  h o m o g e n a t e .

METHODS

The a n t i o x i d a n t  a c t i v i t y  was d e t e r m i n e d  by t h e  m o d i f i e d  

m e t h o d  o f  S t o c k s  e t  a l  / 3 / .

The compounds t e s t e d  were as f o l l o w s :  D - p e n i c i l l a m i n e ■HC1 

( K n o l l  AG),  C a v i n t o n  ( v i n p o c e t i n e ,  R i c h t e r ) ,  D - m a n n i t  ( M e r c k ) ,  

s a l i c y l i c  a c i d ,  a s c o r b i c  a c i d  ( R e a n a l ) ,  MTDQ-DS were s o l v e d  i n  

1 / 1 5  mol  p h o s p h a t e  b u f f e r e d  s a l i n e  (pH 7 . 4 ) ,  v i t a m i n  A ( E g i s )  

i n  o l e u m  h e l i a n t h i  and v i t a m i n  E ( F l u k a )  i n  w a t e r - e t h a n o l  ( 1 : 1 )  

c o n t a i n i n g  10 \  T w e e n - 2 0 .

The c o n c e n t r a t i o n  o f  c e r u l o p l a s m i n  and a p o t r a n s f e r r i n  was 

d e t e r m i n e d  by u s i n g  a Beckman I m m u n o c h e m i s t r y  A n a l y z e r  t y p e  I I .  

n e p h e l o m e t e r .

RESULTS

I n  a c c o r d a n c e  w i t h  t h e  r e s u l t s  o f  S u l l i v a n  and Newton  / 4 /  we 

h a v e  f o u n d  t h a t  a n t i o x i d a n t  c a p a c i t y  i n  35 h e a l t h y  c h i l d r e n
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( a g e s  f r o m  1 day  t o  13 y e a r s )  i n c r e a s e d  w i t h  age .  I n  c a s e  o f  

n o r m a l  c o n t r o l  c h i l d r e n  (a g e s  f r o m  1 day  t o  4 weeks)  t h e  vo l u m e  

o f  se rum needed  f o r  max im a l  i n h i b i t i o n  o f  b o v i n e - b r a i n  

a u t o o x i d a t i o n  ( v Q) i s  h i g h  (62  +_ 6 j u l ) ,  i . e .  a n t i o x i d a n t  

c a p a c i t y  i s  l o w .  The a n t i o x i d a n t  c a p a c i t y  i n c r e a s e s  d u r i n g  t h e  

f i r s t  4 m on th s  o f  a ge ,  t h e n  re m a in s  u n c h a n g e d  u n t i l  13 y e a r s  o f  

age ( a v e r a g e  v a l u e  o f  v 0 : 15 +_ 2 y u l )  ( F i g .  1 ) .

\tfnD

1 d ay , mont h year

F i g .  1.  A n t i o x i d a n t  c a p a c i t y  o f  n o r m a l  c o n t r o l  c h i l d r e n

P r e m a t u r e  b a b i e s  w i t h  a g e s t a t i o n a l  age o f  2 8 -3 3  w e e k s ,  and 

a b i r t h  w e i g h t  o f  7 2 0 - 2 7 0 0  g had v e r y  lo w  a n t i o x i d a n t  a c t i v i t y .  

A n t i o x i d a n t  a c t i v i t y  i n c r e a s e d  w i t h  g e s t a t i o n a l  age and b i r t h  

w e i g h t  ( F i g s .  2 , 3 ) .  We have f o u n d  a c h a r a c t e r i s t i c  p o s t n a t a l  

ch ange  o f  a n t i o x i d a n t  c a p a c i t y  i n  a g r o u p  o f  9 p r e m a t u r e  b a b i e s  

w i t h  g e s t a t i o n a l  age o f  28 t o  33 weeks  and b i r t h  w e i g h t  o f  

1 2 0 0 - 2 0 0 0  g .  The n a d i r  o f  a n t i o x i d a n t  c a p a c i t y  was on t h e  4 t h  

p o s t n a t a l  day ( F i g .  4 ) .  As d u r i n g  t h e  f i r s t  4 days  t h e y  o f t e n  

s u f f e r e d  f r o m  h y p o x i a ,  a c i d o s i s  and a s p h y x i a ,  t h i s  low  

a n t i o x i d a n t  c a p a c i t y  was p r o b a b l y  due t o  s e v e r a l  f a c t o r s .  

T o g e t h e r  w i t h  t h e  o t h e r  p a r a m e t e r s ,  a n t i o x i d a n t  c a p a c i t y  shows 

t h a t  t h e  4 t h  day i s  a c r i t i c a l  p e r i o d  f o r  p r e m a t u r e  b a b i e s .

On t h e  b a s i s  o f  o u r  r e s u l t s ,  a n t i o x i d a n t  c a p a c i t y  o f  se rum
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F i g .  2 A n t i o x i d a n t  c a p a c i t y  o f  p r e m a t u r e  b a b i e s  

V.(ul)

F i g .  3 A n t i o x i d a n t  c a p a c i t y  o f  p r e m a t u r e  b a b i e s  w i t h  

d i f f e r e n t  b i r t h  w e i g h t

seems t o  have c o n s i d e r a b l e  c l i n i c a l  r e l e v a n c e  i n  p r e m a t u r e  

i n f a n t s .  Serum a p o t r a n s f e r r  i n  c o n c e n t r a t i o n  i n  p r e m a t u r e  

b a b i e s  has a maximum v a l u e  on t h e  4 t h  p o s t n a t a l  d a y .  

C e r u l o p l a s m i n  l e v e l  i s  i n c r e a s i n g  d u r i n g  t h e  f i r s t  14 d a y s  o f  

l i f e  b u t  d e c l i n e s  on t h e  4 t h  day ( F i g .  3 ) .

S t o c k s  e t  a l  / 3 /  and S u l l i v a n  / 4 /  d e s c r i b e d  t h a t  l i p i d
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F i g .  4 A n t i o x i d a n t  c a p a c i t y  o f  9 p r e m a t u r e  b a b i e s  d u r i n g  t h e  
f i r s t  14 d a y s  o f  l i f e

C A p o tra n s fe rr in  ( m g /1 )  C C eru lop lasm in  ( m g / l )

F i g .  5 Serum a p o t r a n s f e r r i n  and c e r u l o p l a s m i n  l e v e l  i n
p r e m a t u r e  b a b i e s  d u r i n g  t h e  f i r s t  14 days  o f  l i f e

p e r o x i d a t i o n  o f  b o v i n e - b r a i n  h o m o gena te  i n  v i t r o  can be 

i n h i b i t e d  by t h e  a d d i t i o n  o f  e xo gen  a n t i o x i d a n t  ( v i t a m i n  E, 

DPA, d e s f e r o x a m i n e  m e s y l a t e  and i r o n  c h e l a t i n g  r e a g e n t s ) .

We m easur ed  r e s i d u a l  a u t o o x i d a t i o n  i n  t h e  p r e s e n c e  o f  

v i t a m i n  E, A, C, C a v i n t o n ,  D - p e n i c i l l a m i n • H C l , MTDQ-OS, 

s a l i c y l i c  a c i d  and D - m a n n i t .  I n h i b i t o r  c o n c e n t r a t i o n  a t  50 % 

i n h i b i t i o n  ( C 1 / 2 ) i s  a c h a r a c t e r i s t i c  o f  d r u g s ,  w i t h  good 

a n t i o x i d a n t  e f f e c t  ( F i g s .  6 , 7 , 8 ) .
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E-Ey

MTDQ-DS
( • )

Vitamin E
(■)

F i g .  6 I n h i b i t i o n  e f f e c t  o f  MTDQ-DS and v i t a m i n  E on t h e  
a u t o o x i d a t i o n  o f  b o v i n e - b r a i n  h o m ogena te

C1 / 2  ( mM)

MTDQ-DS 0 . 0 8

v i t a m i n  E 0 . 3 5

C a v i n t o n 0 . 5 0

DPA-HC1 0 . 5 6

v i t a m i n  A 2 . 5 5

v i t a m i n  C 2 . 6 0

As t h e  v i t a m i n  E c o u l d  be s o l v e d  o n l y  i n  w a t e r - e t h a n o l  

T w e e n - 2 0  s o l u t i o n ,  and  v i t a m i n  A i n  o l e u m  h e l i a n t h i , w e  have  

m e a s u r e d  t h e  i n h i b i t i o n  e f f e c t  o f  t h e  s o l v e n t s  t o o ,  b u t  we have  

f o u n d  no s u b s t a n t i a l  i n h i b i t i o n  a t  t h i s  low  c o n c e n t r a t i o n  

r a n g e .

U s i n g  our  i n  v i t r o  sy s te m  s a l i c y l i c  a c i d  ( 0 . 1 - 4 . 4  mM) and 

D - m a n n i t  (1 - 5 0  mM) d i d  n o t  show any a n t i o x i d a n t  e f f e c t .
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DPA HCL Cavinton  
E -E y  ( • )  W

F i g  7 I n h i b i t i o n  e f f e c t  o f  DPA-HC1 and  C a v i n t o n  on t h e  
a u t o o x i d a t i o n  o f  b o v i n e - b r a i n  h o m ogena te

E-Ey

0  0.10.2 0 .4  0.6 0.8 1.0 1.2 1.4 1.6 18  2 0  2.2 2.4 2.6 C (m M )

F i g  8 I n h i b i t i o n  e f f e c t  o f  v i t a m i n  A and v i t a m i n  C on t h e  
a u t o o x i d a t i o n  o f  b o v i n e - b r a i n  hom ogenat e

D IS C U S S IO N

As t h e  speed  o f  l i p i d p e r o x i d a t i o n  depends  on i r o n - i o n  

c o n c e n t r a t i o n ,  we c o u l d  d e t e r m i n e  t h e  a u t o o x i d a n t  c a p a c i t y  o n l y  

i n  t h o s e  s e r a  w h i c h  d i d  n o t  s u f f e r  h a e m o l y s i s .  P r o b a b l y  i r o n -  

i o n s  l i b e r a t e d  f r o m  h a e m o g l o b i n  c a u s e  e r r o n e o u s l y  h i g h  l i p i d  

p e r o x i d a t i o n  i n  b o v i n e - b r a i n  h o m o g e n a t e .  T h i s  f a c t  l i m i t e d  t h e  

p r e c i s i o n  o f  v Q v a l u e  (SE 10 4)  d e r i v e d  by l i n e a r  r e g r e s s i o n  

( c o r r e l a t i o n  c o e f f i c i e n t  0 . 9 6 7 - 0 . 9 9 9 ) .
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Among o t h e r  a u t h o r s  S u l l i v a n  and Newton  / 4 /  have  e m p h a s i z e d  

t h e  c e n t r a l  i m p o r t a n c e  o f  i n c r e a s e d  p lasma c o n c e n t r a t i o n  o f  

i r o n .  I n  a c c o r d a n c e  w i t h  t h e i r  r e s u l t s  we have p r o v e d  t h a t  t h e  

a n t i o x i d a n t  c a p a c i t y  i n  p r e m a t u r e  b a b i e s  i s  low  and dep e n d s  

u p o n  t h e  b i r t h  w e i g h t  and g e s t a t i o n a l  age .  D u r i n g  t h e  f i r s t  14 

d a y s  o f  p o s t n a t a l  l i f e  t h i s  p a r a m e t e r  i s  c h a n g i n g  and depends  

on  s e v e r a l  f a c t o r s  r e q u i r i n g  f u r t h e r  i n v e s t i g a t i o n s .  

A n t i o x i d a n t  c a p a c i t y  seems t o  be c h a r a c t e r i s t i c  f o r  t h e  g e n e r a l  

c o n d i t i o n s  o f  p r e m a t u r e  b a b i e s .

I n  o u r  i n  v i t r o  i n v e s t i g a t i o n s  we have f o u n d  t h a t  v i t a m i n  

E,  A,  C, C a v i n t o n ,  D PA^ HCl ,  MTDQ-DS a r e  e f f e c t i v e  i n h i b i t o r s  o f  

l i p i d  a u t o o x i d a t i o n .
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