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FEEDING PRETERM INFANTS WITH L-CARNITINE SUPPLEMENTED FORMULA

B. MELEGH, J .  KERNER, L.  SZŰCS, Z.  PORPÁCZY

D e p a r t m e n t  o f  P e d i a t r i c s  and D e p a r t m e n t  o f  B i o c h e m i s t r y ,  

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  Pécs ,  P é c s ;  C e n t r a l  L a b o r a t o r y  o f  

C h i l d r e n ' s  H o s p i t a l  Heim P á l ,  B u d a p e s t ;  Hung ary

R e c e i v e d  25 March 1988

A t o t a l  o f  29 p r e t e r m  i n f a n t s  m a i n t a i n e d  on mixed  
e n t e r a l  n u t r i t i o n  (50  % p o o l e d  human m i l k ,  50 4 f o r m u l a  
d a i l y )  w e re  s t u d i e d  o v e r  a 15 days p e r i o d .  16 o f  them 
r e c e i v e d  L - c a r n i t i n e  s u p p l e m e n t e d  f o r m u l a  d u r i n g  t h e  
f i r s t  s e v e n  c o n s e c u t i v e  d ays  (6 00  n m o l / m l ,  as added 
s u p p l e m e n t ) ,  13 i n f a n t s  s e r v e d  as c o n t r o l s .  I n  r e s p o n s e  
t o  enhanced  d i e t a r y  i n t a k e ,  t h e  p lasma l e v e l s  and 
u r i n a r y  e x c r e t i o n  r a t e s  o f  c a r n i t i n e s  were i n c r e a s e d  by 
t h e  7 t h  day  o f  s t u d y .  The p l asma  c a r n i t i n e s  t h e n  
r e t u r n e d  t o  t h e  i n i t i a l  v a l u e s ,  w h i l s t  t h e  u r i n a r y  
e x c r e t i o n  r e m a i n e d  e l e v a t e d  a t  t h e  1 4 th  day o f  s t u d y .  
The e l e v a t e d  d a i l y  u r i n a r y  e x c r e t i o n  o f  c a r n i t i n e s  was 
acc o m p a n ie d  by i n c r e a s e d  c l e a r a n c e  and d e c r e a s e d  
r e l a t i v e  r e a b s o r p t i o n  r a t e s  i n  t h e  s u p p l e m e n t e d  g r o u p .  
I n  t h e  c o n t r o l  g ro u p  t h e  p la s m a  c a r n i t i n e  l e v e l s  
re m a in e d  un c h a n g e d  t h r o u g h o u t  t h e  o b s e r v a t i o n s ,  w h i l e  
t h e  d a i l y  e x c r e t i o n  o f  f r e e  c a r n i t i n e  d e c r e a s e d  by t h e  
end o f  t h e  s t u d y .  I n  t h e  s u p p l e m e n t e d  g r o u p  
s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  was f o u n d  i n  t h e  
d a i l y  e x c r e t e d  ammonia and u r e a  w i t h  a d e c r e a s e  o f  
p lasma a l a n i n e  and g l u t a m i n e  l e v e l s  by t h e  7 t h  day o f  
s t u d y .  The p lasma l e v e l s  o f  b e t a - h y d r o x y b u t y r a t e , 
g l u c o s e  and c r e a t i n i n e  r e m a i n e d  unchanged  in  both g ro u p s .

INTRODUCTION

H i t h e r t o  a w i d e  s p e c t r u m  o f  t h e  c a r n i t i n e  d e f i c i e n c y  

syn d ro m es  has been docum en te d  / 8 , 3 2 / .  S i n c e  t h e  c a r n i t i n e  p l a y s  

an e s s e n t i a l  r o l e  i n  t h e  o x i d a t i o n  o f  l o n g  c h a i n  f a t t y  a c i d s  

and i n  k e t o g e n e s i s  / 5 , 1 4 /  i n  t h e s e  s y n d r o m e s  t h e  m i t o c h o n d r i a l  

o x i d a t i o n  o f  f a t t y  a c i d s  and t h e  k e t o g e n i c  p r o c e s s  may be 

i m p a i r e  M o r e o v e r ,  due t o  s e c o n d a r y  m e t a b o l i c  c a s c a d e  a
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m u l t i p l e x  d e t e r i o r a t i o n  o f  i n t r a c e l l u l a r  p r o c e s s e s  may d e v e l o p  

/ 2 8 /  l e a d i n g  t o  a l t e r e d  m e t a b o l i s m  o f  v a r i o u s  m e t a b o l i t e s ,  even 

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

o x i d a t i o n  / 1 9 / .

The c a r n i t i n e  s u p p l y  o f  t h e  body  d e r i v e s  i n  p a r t  f r o m  

d i e t a r y  i n t a k e  and i n  p a r t  f r o m  e n d o g e n o u s  s y n t h e s i s .  I n  t h e  

a b s e n c e  o f  e x o g e n o u s  i n t a k e  t h e  p l a s m a  and t i s s u e  c a r n i t i n e  

l e v e l s  o f  te r m  and  p r e t e r m  i n f a n t s  d e c l i n e ,  s u g g e s t i n g  an 

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

/ 2 , 2 3 , 2 7 / .  The q u a n t i t i e s  o f  o p t i m a l  d a i l y  needs  a re  n o t  know n.  

The c a r n i t i n e  content  o f  mature human mi l k  dec l in es  as a f u n c t io n  o f  t ime 

a f t e r  d e l i v e r y  / 2 4 , 2 6 / ,  t h e  a v a i l a b l e  f o r m u l a s  c o n t a i n  i t  i n  

v a r i a b l e  amounts / 3 / .  M o r e o v e r ,  t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e  

b i o a v a i l a b i l i t y  o f  c a r n i t i n e  f r o m  some f o r m u l a s  may be l o w e r  

t h a n  f r o m  b r e a s t  m i l k  / 3 0 / .  Thus ,  t h e  ex o g e n o u s  i n t a k e  may v a r y  

n o r m a l l y  on a w id e  s c a l e  d e p e n d i n g  on t h e  f e e d i n g  r e g i m e n  o f  an 

i n d i v i d u a l  i n f a n t .

The aim o f  t h e  p r e s e n t  work was t o  s t u d y  some p o s s i b l e  

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

MATERIALS AND METHODS

29 a p p r o p r i a t e  f o r  g e s t a t i o n a l  age i n f a n t s  were s e l e c t e d  f o r  
t h e  s t u d y .  The r e l e v a n t  c l i n i c a l  d a t a  o f  i n f a n t s  a r e  s u m m a r iz e d  
i n  T a b l e  I .  A l l  o f  the m were  f r e e  f r o m  m a j o r  m e d i c a l  p r o b l e m s  
and  t h e y  d i d  n o t  r e q u i r e  any p a r e n t e r a l  l i q u i d  i n t a k e  f o r  a t  
l e a s t  one week b e f o r e  t h e  s t a r t  o f  s t u d y .  The i n f a n t s  were  f e d  
w i t h  a mixed e n t e r a l  n u t r i t i o n  d u r i n g  t h e  s t u d y  p e r i o d ,  t h e y  
r e c e i v e d  a l t e r n a t i v e l y  p o o l e d  b r e a s t  m i l k  and a f o r m u l a  ( R o b é b i  
A ) .  Thus ,  th e  h a l f  o f  d a i l y  i n t a k e  was human m i l k  and t h e  o t h e r  
h a l f  was f o r m u l a .  The s t u d y  p e r i o d  c o v e r e d  15 d a y s .  I n  ma le 
s u b j e c t s  on t h e  0 . ,  7 . ,  and 14 .  d a y s  u r i n e  c o l l e c t i o n  was 
p e r f o r m e d  o v e r  24 h r  p e r i o d s  w i t h  t h e  h e l p  o f  u r i n e  c o l l e c t o r  
b a g s .  The u r i n e  s a m p l e s  were  sucked  f r o m  t h e  bags w i t h  p l a s t i c  
c a n u l a  a f t e r  v o i d i n g s  and were s t o r e d  u n d e r  a few d r o p s  o f  
t o u l e n e .  A f t e r  t e r m i n a t i o n  o f  c o l l e c t i o n  t h e  u r i n e  was f r o z e n  
u n d e r  -20°C u n t i l  a n a l y s i s .  On t h e  d a y s  o f  u r i n e  c o l l e c t i o n  
b l o o d  samples w e re  t a k e n  f r o m  a p e r i p h e r a l  v e i n  i n t o  
h e p a r i n i z e d  t u b e s .  The b l o o d  was i m m e d i a t e l y  c e n t r i f u g e d  and 
t h e  p la sm a  was s t o r e d  u n d e r  -2 0 ° C .

S t a r t e d  by v a r i o u s  p o s t n a t a l  ages t h e  c h i l d r e n  were  r a n d o m l y  
d i v i d e d  i n t o  two  g r o u p s .  16 o f  th em ( s u p p l e m e n t e d  g r o u p )  
r e c e i v e d  L - c a r n i t i n e  s u p p l e m e n t e d  f o r m u l a  d u r i n g  t h e  f i r s t  week
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TABLE 1

C l i n i c a l  and n u t r i t i o n a l  d a t a  o f  i n f a n t s  (means w i t h  r a n g e s  i n
p a r e n t h e s e s )

Su p p le m e n t e d  g r o u p  C o n t r o l s
( n = 1 6 )  (n= 13 )

G e s t a t i o n a l  a g e ( w k ) 3 0 . 2 ( 2 7 - 3 3 ) 29 .5 ( 2 8 - 3 2 )
P o s t n a t a l  age ( d a y s ) 2 6 . 5 ( 1 4 - 4 2 ) 24 .9 ( 1 4 - 3 8 )
B i r t h w e i g h t  ( g ) 1368 ( 9 8 0 - 1 7 5 0 ) 1466 ( 1 1 0 0 - 1 7 1 0 )

W e i g h t  ( g )
day 0 1521 ( 1 1 7 0 - 1 9 3 0 ) 1664 ( 1 1 0 0 - 2 0 9 5 )
day 7 1684 ( 1 3 0 0 - 2 1 8 0 ) 1830 ( 1 2 0 0 - 2 2 5 0 )
day 14 1903 ( 1 5 6 0 - 2 4 7 0 ) 2008 ( 1 3 0 0 - 2 4 9 0 )

Gr owt h  r a t e  ( q / w k )
day 0 - 7 163 ( 6 0 - 2 5 0 ) 167 ( 4 0 - 2 4 0 )
day 7 -1 4 193 ( 7 0 - 2 9 0 ) 177 ( 1 0 0 - 2 8 0 )

Food i n t a k e  ( m l / k g )
day 0 188 ( 1 4 8 - 2 1 5 ) 181 ( 1 5 3 - 2 0 4 )
day 7 179 ( 1 5 7 - 2 0 6 ) 179 ( 1 5 1 - 2 0 3 )
day 14 173 ( 1 4 0 - 1 9 8 ) 168 ( 1 4 5 - 2 0 3 )

C a r n i t i n e  s u p p l e m e n t  
O b m o l / k g / d a y )
day 1 5 6 . 4 ( 4 4 . 0 - 6 4 . 4 ) —

day 7 5 3 . 6 ( 4 7 . 2 - 6 1 . 9 ) —

o f  s t u d y  ( d a y  1 t o  7 ) .  The dose o f  a d m i n i s t e r e d  c a r n i t i n e  was 
600 n m o l / m l  f o r m u l a  ( 9 6 . 7  / j g / m l )  o v e r  i t s  endogenous c o n t e n t  
( t h e  c a r n i t i n e  c o n t e n t  o f  Ro béb i  A was f o u n d  t o  be 7 7 . 2  ( 6 8 . 1 -  
8 0 . 2 )  n m o l / m l ;  v a l u e s  a re  mean and r a n g e  o f  f o u r  s e p a r a t e  
m e a s u r e m e n t s ,  r e f  2 6 ) .  13 i n f a n t s  s e r v e d  as c o n t r o l s  ( T a b l e  I ) .  
T he re  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
i n f a n t s ’ w e i g h t  and p o s t n a t a l  age a t  t h e  s t a r t  o f  s t u d y .

The p l asma  a c i d  s o l u b l e  and u r i n a r y  c a r n i t i n e s  w ere  
d e t e r m i n e d  as p r e v i o u s l y  d e s c r i b e d  / 1 2 / .  Plasma b e t a  
h y d r o x y b u t y r a t e  / 3 1 /  and ammonia / 1 3 /  were meas ur ed  by 
e n z y m a t i c  m e t h o d s ,  t h e  u re a  and g l u c o s e  by e n z y m a t i c  k i t s  
( R e a n a l ,  H u n g a r y ;  B o e h r i n g e r ,  Man nhe im ,  ( F . R . G . ) .  The p l a s m a  
f r e e  amino a c i d s  were  measured by B i o t r o n i c  LC 2000 a n a l y s e r  
u s i n g  f l u o r e s c e n t  d e t e c t i o n  method  ( L . S . ) .  C r e a t i n i n e  was 
d e t e r m i n e d  by t h e  O a f f é ' s  p i c r i c  a c i d  method f o l l o w i n g  t h e  
a d m i n i s t r a t i o n  o f  F u l l e r ' s  e a r t h  t o  remo ve  th e  i n t e r f e r i n g  
c h r o m o g e n i c s  / 1 1 / .  The u r i n a r y  a l p h a  a m i n o  n i t r o g e n  and p l a s m a  
and u r i n a r y  p h o s p h a t e  were  measured  by c o l o r i m e t r i c  m e t h o d s  
/ 7 , 2 5 / .  The c l e a r a n c e  and r e l a t i v e  r e a b s o r p t i o n  r a t e s  w e r e
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c a l c u l a t e d  w i t h  t h e  u s u a l  f o r m u l a  as d e s c r i b e d  p r e v i o u s l y  
/ 1 5 / .  For  s t a t i s t i c a l  a n a l y s i s  t h e  S t u d e n t ’ s t e s t  f o r  p a i r e d  
s a m p l e s  was e m p l o y e d  u s i n g  a s t a n d a r d  c o m p u t e r  p a c k a g e .  The 
2p < 0 . 0 5  l e v e l  was t a k e n  as t h e  l e v e l  o f  s t a t i s t i c a l  
s i g n i f i c a n c e .

RESULTS

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

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

was s i m i l a r  i n  t h e  two  g r o u p s  ( T a b l e  I ) .

I n  t h e  s u p p l e m e n t e d  g ro u p  ( T a b l e  I I )  t h e  p lasma a c i d  s o l u b l e  

c a r n i t i n e s  were  f o u n d  t o  be e l e v a t e d  by t h e  7 th  day o f  s t u d y  as 

co m pa re d  t o  t h e  i n i t i a l  v a l u e s .  At  th e  l a s t  day  o f  

o b s e r v a t i o n s  t h e  p lasma l e v e l  o f  c a r n i t i n e s  r e t u r n e d  t o  t h e  

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

i n  t h e  p l asma  r e m a i n e d  u n c h a n g e d .  T h e r e  were no s t a t i s t i c a l l y  

s i g n i f i c a n t  c h a n g e s  i n  t h e  p l a s m a  l e v e l s  o f  g l u c o s e ,  b e t a  

h y d r o x y b u t y r a t e  and c r e a t i n i n e  i n  e i t h e r  g ro up  ( T a b l e  I I )

The amounts  o f  u r i n a r y  c a r n i t i n e s  a r e  shown i n  F i g .  1 .  The 

e l e v a t e d  d i e t a r y  i n t a k e  r e s u l t e d  i n  i n c r e a s e d  e x c r e t i o n  o f  

c a r n i t i n e s .  A t  t h e  7 th  day o f  s t u d y  t h e  d a i l y  e x c r e t e d  t o t a l  

c a r n i t i n e  amou nt ed  t o  a p p r o x i m a t e l y  55 per c e n t  o f  e x t r a  

i n t a k e .  The i n c r e a s e  o f  d a i l y  e x c r e t i o n  r a t e  was h i g h e r  f o r  

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

r e s u l t s  o f  day  7 v s .  day 0 ( 4 . 1  t i m e s  and 2 . 2  t i m e s ,  

r e s p e c t i v e l y ) .  I n  t h e  s u p p l e m e n t e d  g r o u p  t h e  d a i l y  e x c r e t i o n  o f  

t o t a l  c a r n i t i n e  r e m a i n e d  e l e v a t e d  a t  t h e  l a s t  day o f  s t u d y  due 

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

e x c r e t i o n  o f  f r e e  f r a c t i o n  r e t u r n e d  n e a r l y  t o  th e  i n i t i a l  v a l u a  

I n  t h e  c o n t r o l  g r o u p  t h e  e x c r e t i o n  o f  t o t a l  c a r n i t i n e  r e m a i n e d  

u n c h a n g e d  d u r i n g  t h e  s t u d y  p e r i o d ,  by c o n t r a s t ,  e x c r e t i o n  o f  

f r e e  c a r n i t i n e  d e c r e a s e d  by t h e  l a s t  day o f  !t h e  s t u d y  as 

co m pa re d  t o  t h e  s t a r t i n g  v a l u e  ( F i g .  1 ) .

The r e n a l  c l e a r a n c e  r a t e s  o f  c r e a t i n i n e  and c a r n i t i n e s  a r e  

shown i n  T a b l e  I I I .  The c l e a r a n c e  r a t e  o f  c r e a t i n i n e ,  showed a 

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

c o n t r o l  day ( d a y  0 )  t h e  c l e a r a n c e  r a t e  o f  c a r n i t i n e  e s t e r s  was



TABLE I I

Changes o f  p l asma m e t a b o l i t e  l e v e l s  d u r i n g  t h e  s t u d y  p e r i o d  (means + SEM)

P a t i e n t s
( n ) Day 0 Day 7’ Day :14

Su p p le m e n t e d  q ro u p

C a r n i t i n e ,  , u m o l / l 16
t o t a l 3 1 .4 + 1 .9 8 4 3 . 8 + 2 .4  3 a 3 2 .2 + 1 . 3 3 b
f r e e 2 1 .7 + 2 . 3 9 2 8 .8 + 1. 9 2 a 2 1 . 0 + 1 • 22ba c y l 9 .6 8 T 1 .0 4 1 5 .0 ~ 1 .1 7  a 11 .1 T 1 . 14b
a c y l / f r e e  r a t i o 0 .4 5 + 0 . 0 5 0 . 5 5 + 0 . 0 5 0 . 5 7  + 0 .0 7

G l u c o s e ,  mmol /1 13 3 .7 1 + 0 . 2 2 3 .5 7 + 0 . 1 9 3 . 4 9  + 0 . 1 8
ß  H y d r o x y b u t y r a t e , / j m o l / 1 9 2 9 . 5 + 2 . 7 3 31 .1 + 2 . 9 5 3 1 . 4 + 3 .0 3
C r e a t i n i n e ,  p m o l / l 10 5 9 .6 + 5 . 5 0 5 6 . 6 + 5 .0 7 5 4 .1 + 6 . 8 2

C o n t r o l  g r o u p

C a r n i t i n e 11
t o t a l 3 4 .8 + 1 .3 1 3 3 . 6 + 1 .4 4 3 4 . 0 + 1 .3 6
f r e e 23 .7 + 1 . 0 5 2 2 .1 + 0 . 8 4 2 3 . 6 + 1 .1 5
a c y l 11 .1 + 1 .21 1 1 .4 + 0 . 8 8 1 0 .5 + 0 . 7 9
a c y l / f r e e  r a t i o 0 . 4 8 + 0 . 0 7 0 .5 1 + 0 . 0 3 0 . 4 6 + 0 .0 4

G lu co se 5 4 . 8 8 + 0 . 4 7 4 . 1 0 + 0 . 5 2 4 . 5 9 + 0 . 4 3
ß h y d r o x y b u t y r a t e 7 3 0 .1 + 3 .5 2 2 7 .8 + 2 . 1 8 2 5 . 8 + 3 . 3 9
C r e a t i n i n e 9 5 0 . 0 + 3 .8 3 4 7 . 1 + 2 . 8 6 4 7 . 7 + 4 . 0 7

ap < 0 . 0 5  vs day 0 

bp < 0 . 0 5  vs day 7

F
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F i g .  1.  U r i n a r y  e x c r e t i o n  o f  c a r n i t i n e s  i n  t h e  s u p p l e m e n t e d  
(A ;  n = l l )  and  i n  t h e  c o n t r o l  ( B ;  n= 9 )  g r o u p  o f  
i n f a n t s .
*  The d i f f e r e n c e s  a re  s i g n i f i c a n t  f o r  a t  l e a s t  

p < 0 . 0 5  vs  day  0

h i g h e r  th an  t h a t  o f  f r e e  c a r n i t i n e s  i n  b o t h  g r o u p s .  The 

e l e v a t e d  u r i n a r y  e x c r e t i o n  o f  c a r n i t i n e s  ( d a y  7)  was f o l l o w e d  

by  an i n c r e a s e  o f  c l e a r a n c e  v a l u e s  i n  t h e  s u p p l e m e n t e d  g r o u p .  

S i n c e  t h e  l e v e l  o f  а с у l c a r n i t i n e s  i n  t h e  s u p p l e m e n t e d  g r o u p  

r e t u r n e d  t o  t h e  i n i t i a l  v a l u e  by t h e  l a s t  day o f  s t u d y , whereas 

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

c l e a r a n c e  r a t e  o f  c a r n i t i n e  e s t e r s  showed a f u r t h e r  i n c r e a s e  

a t  t h e  end o f  s t u d y .  I n  t h e  c o n t r o l  g r o u p  t h e  f a l l  o f  f r e e
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c a r n i t i n e  e x c r e t i o n  was a c c o m p a n i e d  by a d e c r e a s e  o f  i t s  

c l e a r a n c e  r a t e  ( d a y  14 vs 0 ,  T a b l e  I I I . ) . '

Changes o f  p la sm a  and u r i n a r y  c a r n i t i n e s  were a s s o c i a t e d  

w i t h  ch anges  o f  r e l a t i v e  r e a b s o r p t i o n  r a t e s  o f  c a r n i t i n e s  

( T a b l e  I V . ) .  The e l e v a t e d  u r i n a r y  e x c r e t i o n  cause d  d e c r e a s e d  

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

o f  t u b u l a r  f u n c t i o n s ,  t h e  r e l a t i v e  r e a b s o r p t i o n  r a t e  o f  

p h o s p h a t e  was a l s o  d e t e r m i n e d  i n  b o t h  g r o u p s .  I t s  v a l u e  

r e m a i n e d  unchanged  d u r i n g  t h e  s t u d y  p e r i o d  ( n o t  shown )  

s u g g e s t i n g ,  t h a t  t h e  changes  o f  r e a b s o r p t i o n  r a t e s  o f  

c a r n i t i n e s  were  n o t  a s s o c i a t e d  t o  t h e  age r e l a t e d  c h a n g e s  o f  

t u b u l a r  f u n c t i o n s .

The d a i l y  e x c r e t e d  amoun ts  o f  ammonia ,  u r e a ,  a l p h a  amino  

n i t r o g e n  and c r e a t i n i n e  a r e  d e p i c t e d  i n  F i g .  2.  A m o d e r a t e ,  b u t  

s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  ( n a d i r )  was f o u n d  i n  t h e  

d a i l y  e x c r e t e d  ammonia ( 1 . 0 7 + 0 . 1 5 ,  0 . 8 7 ^ 0 . 1 3  and 1 . 4 2 ^ 0 . 2 0 ,  

means + SEM; day  0 , 7  and 14 r e s p e c t i v e l y ,  p < 0 . 0 5  as com pa re d  

t h e  r e s u l t s  o f  day  7 vs  0 and 14 t o g e t h e r )  and i n  e x c r e t e d  u r e a  

( 2 . 6 0  + 0 . 2 3 ,  2 . 2 5  + 0 . 1 8  and 2 . 3 1  + 0 . 2 1  ; p < 0 . 0 5  on day 7 vs  day  0 

and 14 t o g e t h e r )  w i t h i n  t h e  s u p p l e m e n t e d  g r o u p .  I n  t h e  c o n t r o l  

g r o u p  t h e  d a i l y  e x c r e t e d  amount  o f  ammonia r e m a i n e d  c o n s t a n t ,  

w h e re a s  t h e  e x c r e t e d  amount o f  u r e a  e x h i b i t e d  a t r e n d  t o  

d e c r e a s e .  The d a i l y  e x c r e t e d  amou nts  o f  a l p h a  amino  n i t r o g e n  

and c r e a t i n i n e  r e m a i n e d  un ch anged  i n  b o t h  g r o u p s .

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

g r o u p  a r e  shown i n  T a b l e  V. The l e v e l s  o f  a l a n i n e  and g l u t a m i n e  

were t h e  l o w e s t  a t  t h e  7 t h  day o f  s t u d y  ( p < 0 . 0 5  on day  7 vs 

day 0 and 14 t o g e t h e r ) .

DISCUSSION

One o f  t h e  r e g u l a t o r y  mechan isms by w h ic h  t h e  h i g h e r  

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

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

e x c e s s i v e  c a r n i t i n e  l o a d  c a u s e s  enhanced  r e n a l  e l i m i n i t a t i o n  o f  

c a r n i t i n e s  p r e d o m i n a n t l y  as f r e e  c a r n i t i n e  / 1 0 / .  By c o n t r a s t ,  

as t h e  body i s  d e p l e t e d  o f  c a r n i t i n e ,  t h e  t o t a l  amo un t  o f



TABLE I I I -О
Re na l  c l e a r a n c e  r a t e s  ( m l / m i n )  o f  c r e a t i n i n e  and c a r n i t i n e s  (means w i t h  r a n g e s  i n

p a r a n t h e s e s ) .

C r e a t i n i n e 3 Fre e  c a r n i t i n e  A c y l a t e d  c a r n i t i n e

S u p p le m e n t e d  g r o u p  ( n = l l )
day 0 2 . 3 8 ( 1 . 1 0 - 5 . 3 6 ) 0 . 2 9 ( 0 . 1 9 - 0 . 5 1 ) 0 . 3 9 ( 0 . 0 9 - 1 . 1 6 )
day 7 2 .3 1 ( 1 . 3 9 - 3 . 4 4 ) 0 .8 7 ( 0 . 6 1 - 1 . 2 3 ) * 0 . 6 4 ( 0 . 1 7 - 1 . 3 6 ) *
day 14 3 .4 8 ( 1 . 3 1 - 6 . 2 7 ) 0 . 3 9 ( 0 . 2 2 - 0 . 5 1 ) 0 .8 1 ( 0 . 1 6 - 1 . 8 8 ) *

C o n t r o l  g r o u p  (n  = 9)
day 0 2 .3 7 ( 1 . 6 2 - 3 . 0 8 ) 0 . 3 0 ( 0 . 1 8 - 0 . 4 3 ) 0 .5 0 ( 0 . 1 3 - 2 . 1 9 )
day 7 2 . 7 2 ( 1 . 6 5 - 3 . 1 9 ) 0 .2 9 ( 0 . 1 6 - 0 . 4 8 ) 0 .4 4 ( 0 . 0 3 - 1 . 2 5 )
day 14 2 .8 6 ( 1 . 9 5 - 4 . 1 6 ) 0 . 1 9 ( 0 . 1 1 - 0 . 2 8 ) * 0 .4 6 ( 0 . 1 4 - 1 . 1 3 )

* t h e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  f o r  a t  l e a s t  p <  0 . 0 5  vs day 0 ;  an=10 i n  t h e  s u p p l e m e n t e d  
g ro up

TABLE IV

R e l a t i v e  r e a b s o r p t i o n  r a t e s  ( p e r  c e n t )  o f  c a r n i t i n e s  d u r i n g  t h e  s t u d y  p e r i o d  (means
and r a n g e s  i n  p a r e n t h e s e s ) .

F re e  c a r n i t i n e E s t e r i f i e d  c a r n i t i n e

S u p p le m e n t e d  g r o u p  ( n = 1 0 )
day 0 86.. 1 (77 , .5 -95 .7 ) 79,. 1 (52 , .2 -9 5 , .4 )
day 7 58,. 7 (38 , . 3 -77 • D * 69 ..3 (10 , . 1 -9 4 , . 0 ) *
day 14 85,.2 (70 , .9 -96 . 4 ) * 68 ,.3 (47 , .7 -9 7 , . 4 ) *

C o n t r o l  g r o u p  (n = 9)
day 0 87 ,.2 (7 9 , .7 -8 2 , .8 ) 83,.1 (4 7 . .4 -9 5 , .4 )
day 7 89,.8 (8 3 , .6 -9 4 , .5 ) 81.,3 (4 8 . .3 -9 8 , .9 )
day 14 92 ,.4 (8 7 . .0 -9 7 . . 4 ) * 80, . 9 (4 8 . .6 -9 4 , .7 )

* d i f f e r e n c e s  a re s i g n i f i c a n t  f o r  a t l e a s t  fD < 0 . 0 5 V S day 0

. 
M

elegh e
t 
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Plasma f r e e  amino  a c i d s  i n  t h e  s u p p l e m e n t e d  g r o u p  o f  c h i l d r e n  ( ^ m o l / l ,  n=1 0 ,  means + SEM).

TABLE V

Day 0 Day 7 Day 14

T a u r i n e 6 9 . 7 + 1 3 .5 1 2 4 .5 + 2 1 . 0 1 1 8 .3 + 2 7 . 2
A s p a r t a t e 1 2 .3 + 0 . 5 1 7 .9 + 2 . 5 1 6 .0 + 1 .4

T h r e o n i n e 18 0 .5 + 1 5 .3 1 7 2 .5 + 17 .7 2 0 0 .9 + 1 3 .5
S e r i n e 1 5 0 .5 + 9 .1 1 3 9 .0 + 10 .9 149 .1 + 1 0 . 8

Asparagine + g l u t a m a t e 1 1 4 .0 + 2 1 .0 1 2 9 .3 + 2 3 .9 127 .1 + 1 7 .3

G l u t a m i n e 3 7 2 .7 + 5 0 . 0 3 1 7 .6 + 4 7 . 1 * 4 1 5 .8 + 4 5 . 7
G l y c i n e 2 3 3 . 9 + 16 .0 23 0 .1 + 1 8 .0 2 2 5 .0 + 1 5 .5
A l a n i n e 2 1 1 .5 + 2 3 .3 1 8 4 .2 + 2 6 . 2 * 2 3 1 .5 + 1 6 .3
V a l i n e 15 3 .6 + 12 .8 1 4 3 .7 + 1 0 . 7 1 7 5 .9 + 1 1 .2
M e t h i o n i n e 2 4 . 0 + 2 .2 2 5 . 9 + 1 .8 3 3 . 9 + 2 . 0
I s o l e u c i n e 3 9 . 3 + 1 .8 4 0 .1 + 2 . 0 4 8 . 6 + 3 .6

L e u c i n e 7 3 . 2 + 4 .5 7 0 . 9 + 4 .5 8 4 . 3 + 6 . 1

T y r o s i n e 9 6 . 9 + 1 1 .9 9 5 . 7 + 9 .2 12 4 .4 + 8 .1

P h e n y l a l a n i n e 5 0 .8 + 3 .9 4 5 . 9 + 2 . 5 5 5 .4 + 3 .8
O r n i t i n e 6 3 . 5 + 5 .9 5 8 . 8 + 4 . 9 6 5 . 0 + 4 . 5
L y s i n e 1 4 2 .2 + 16 .0 14 3 .3 + 1 4 .3 15 9 .2 + 1 2 .4
H i s t i d i n e 6 0 .1 + 2 .8 5 9 .1 + 2 .8 6 7 . 7 + 2 .8
T r y p t o p h a n 4 3 . 4 + 6 .2 5 2 . 9 + 3 .1 5 7 . 8 + 3 .3
A r g i n i n e 7 9 . 8 + 9 .5 7 5 .7 + 10 .4 9 0 .2 + 7 .5

p < 0 . 0 5  vs day 0 and day 14
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F i g .  2.  U r i n a r y  e x c r e t i o n  o f  ammon ia ,  u r e a ,  a l p h a  amino  
n i t r o g e n  and c r e a t i n i n e  ( m m o l / k g / d a y ) i n  t h e
s u p p l e m e n t e d  ( — В— , n = l l )  and i n  t h e  c o n t r o l  
( —  0 — , n = 9 )  i n f a n t s .  S i g n i f i c a n c e  i s  shown be tw e e n  
day 7 vs day  0 and 14 w i t h i n  t h e  s u p p l em e n te d  i n f a n t s .

c a r n i t i n e  e x c r e t e d  may d e c r e a s e ,  a l t h o u g h  t h e  h i g h  r a t i o  o f  

a c y l  t o  f r e e  c a r n i t i n e  i n  t h e  u r i n e  wou ld  be m a i n t a i n e d  

/ 6 , 1 6 , 2 8 / .  I n  t h e  p r e s e n t  s t u d y  t h e  d a i l y  e x c r e t e d  a m o u n t  o f  

t o t a l  c a r n i t i n e  was f o u n d  t o  be h i g h e r  th a n  i n  a p r e v i o u s  one 

/ 1 7 / ,  where a s i m i l a r  c o h o r t  o f  p r e t e r m  i n f a n t s  m a i n t a i n e d  

on human m i l k  was m o n i t o r e d .  M o r e o v e r ,  i n  th e  p r e s e n t  w o r k  t h e  

e x c r e t e d  amount  o f  f r e e  c a r n i t i n e  was fo und  t o  be h i g h e r  th a n
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t h e  amount o f  c a r n i t i n e  e s t e r s  ( F i g .  1 ,  day 0 ) ,  w h i l s t  i n  t h e  

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

t h a t  o f  f r e e  f r a c t i o n  i n  t h e  p r e s u p p l e m e n t a r y p e r i o d  / 2 3 / .  T h i s  

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

m o n i t o r i z e d  i n  t h e  p r e s e n t  w ork  w ere  l a r g e r  i n  t h e  c o n t r o l  

p e r i o d  t h a n  t h o s e  o f  m a i n t a i n e d  on p o o l e d  human m i l k  / 2 5 / .

The e l e v a t e d  d i e t a r y  i n t a k e  r e s u l t e d  i n  i n c r e a s e d  p l a s m a  

c a r n i t i n e  l e v e l s  and i n c r e a s e d  u r i n a r y  e x c r e t i o n  r a t e s  i n  t h e  

s u p p l e m e n t e d  g r o u p .  The e l e v a t i o n  o f  p lasma ' c a r n i t i n e s  was 

p r o p o r t i o n a l  (no  change  i n  t h e  r a t i o  o f  a c y l / f r e e ) ,  w h e r e a s  i n  

t h e  u r i n e  t h e  r e l a t i v e  p a r t i t i o n  o f  f r e e  f r a c t i o n  became h i g h e r  

( F i g .  1,  day 7 ) .  T h i s  was r e f l e c t e d  i n  c l e a r a n c e  r a t e s  o f  

c a r n i t i n e s .  The i n c r e a s e  o f  c l e a r a n c e  r a t e  o f  f r e e  c a r n i t i n e  

was more p r o n o u n c e d  ( a p p r o x i m a t e l y  3 t i m e s ,  vs a c y l c a r n i t i n e  

i n c r e a s e d  a p p r o x i m a t e l y  1 . 6  t i m e s ,  when day 7 was comp ar ed  w i t h  

day 0 ) .  I t  i s  o f  i n t e r e s t  t h a t  d e s p i t e  t h e  e l e v a t e d  u r i n a r y  

e l i m i n a t i o n  o f  c a r n i t i n e s  d u r i n g  enhanced  i n t a k e ,  a 

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

b o t h  f r a c t i o n s  exami ned  ( T a b l e  I V ) ,  s i m i l a r l y  t o  o u r  p r e v i o u s  

o b s e r v a t i o n  i n  i n f a n t s  f e d  p o o l e d  m i l k  / 1 8 / .  The m ar ked  

i n c r e a s e  o f  d a i l y  e x c r e t e d  c a r n i t i n e s  s u g g e s t s ,  on t h e  o t h e r  

ha nd ,  t h a t  t h e  dose o f  a d m i n i s t e r e d  c a r n i t i n e  was h i g h e r  t h a n  

t h e  d a i l y  demand,  b u t  was c e r t a i n l y  s u f f i c e n t  t o  r e a c h  h i g h e r  

c a r n i t i n e  l e v e l s  i n  t h e  c a r n i t i n e  p o o l s  o f  t h e  body / 2 2 / .

The ma in  f u n c t i o n  o f  c a r n i t i n e  i s  t h e  t r a n s p o r t  o f  l o n g  

c h a i n  f a t t y  a c i d s  i n t o  t h e  m i t o c h o n d r i a l  m a t r i x  s p a c e  / 5 / .  

C a r n i t i n e  i n s u f f i c i e n c y  may e x i s t  when t h e r e  i s  i n s u f f i c i e n t  

f r e e  c a r n i t i n e  t o  b u f f e r  t h e  i n t r a c e l l u l a r  a c y l - C o A  compounds  

/ 1 5 , 2 8 / ,  l e a d i n g  t o  i m p a i r e d  f a t t y  a c i d  o x i d a t i o n  and 

k e t o g e n e s i s .  I n  t h e  p r e s e n t  w o rk  no changes  i n  b e t a  

h y d r o x y b u t y r a t e  l e v e l s  were o b s e r v e d  i n  e i t h e r  g r o u p ,  s h o w i n g ,  

t h a t  t h e  i n i t i a l  c a r n i t i n e  s t a t u s  o f  i n f a n t s  was a d e q u a t e  i n  

r e s p e c t  o f  t h e  k e t o g e n i c  p r o c e s s .  On t h e  o t h e r  h a n d ,  t h e  

e l e v a t e d  d i e t a r y  i n t a k e  was a s s o c i a t e d  w i t h  i n c r e a s e d  f o r m a t i o n  

o f  a c y l c a r n i t i n e s  w i t h o u t  i n c r e a s e  o f  k e t o n e  body p r o d u c t i o n  

( 4 ) .
I t  seems t h a t  by an unkwown m e c han is m ,  t h e  c a r n i t i n e  may 

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

i t  may a l t e r  t h e  n i t r o g e n  b a l a n c e  o f  t h e  w h o le  o r g a n i s m  

/ 1 , 1 7 , 1 8 , 2 0 , 2 1 / .  I n  t h e  p r e s e n t  work  a m o d e r a t e  b u t  

s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  was f o u n d  i n  p l asma a l a n i n e  

and g l u t a m i n e  l e v e l s  ( T a b l e  V) w i t h  a c o n c o m i t a n t  m o d e r a t e  

d e c r e a s e  o f  u r i n a r y  e x c r e t e d  ammonia and  u r e a  a t  t h e  7 t h  day  o f  

c a r n i t i n e  a d m i n i s t r a t i o n  ( F i g .  2 ) .  These  changes s t r o n g l y  

s u g g e s t  a l t e r e d  p r o t e i n  a n d / o r  a m in o  a c i d  m e t a b o l i s m  d u r i n g  

e l e v a t e d  c a r n i t i n e  i n t a k e ,  h o w e v e r ,  a t  p r e s e n t  t h e r e  i s  no 

e v i d e n c e  f o r  a d i r e c t  f u n c t i o n  o f  c a r n i t i n e  i n  t h e  p r o t e i n  

a n d / o r  amino a c i d  m e t a b o l i s m . N e v e r t h e l e s s  , a s i m p l e  t h e o r e t i c a l  

e x p l a n a t i o n  f o r  d e c r e a s e d  amino a c i d  c a t a b o l i s m  comes f r o m  t h e  

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

a v a i l a b i l i t y  may l e a d  t o  p ro m o te d  f a t t y  a c i d  o x i d a t i o n ,  t h e r e b y  

s p a r i n g  o t h e r  m e t a b o l i c  f u e l s  / 1 8 , 1 9 / .  T h i s  h y p o t h e s i s ,  

h o w e v e r ,  r e q u i r e s  f u r t h e r  e x p e r i m e n t a l  s u p p o r t  c o n s i d e r i n g  t h e  

l i m i t e d  n a t u r e  o f  t h e  d a t a .
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