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Absence of responses in energy metabolism 
and respiratory quotient to carnitine infusion 

in premature infants
I R ubecz, A Sándor, A Hamar, M Vincellér, J  Mestyán

D e p a rtm e n t o f P a e d ia tr ic s , and  In s t i tu te  o f  B io ch em istry , U n iv e rs ity  M edical
School, Pécs, H u n g a ry

P la sm a  levels o f to ta l, free  a n d  acy lc a rm tin e , as well a s  o x y g en  con­
su m p tio n  an d  re sp ira to ry  q u o tie n t w ere  d e te rm in ed  in  p re m a tu re  in fan ts  
m a in ta in ed  a t  n e u tra l te m p e ra tu re . T h e  effec ts  on these  p a ra m e te r s  o f  in ­
tra v e n o u s  in fusion  o f  24 m g /k g /d ay  c a rn itin e  w ere s tu d ied . T o ta l , free 
an d  acy lc a rn itin e  increased an d  th e  acy l/free  carn itine  r a t io  decreased  
s ig n ifican tly  d u rin g  th e  fo u r-hou r s tu d y  pe rio d . R estin g  h e a t p ro d u c tio n  and  
re sp ira to ry  q u o tie n t rem ained  p ra c t ic a l ly  unchanged  th ro u g h o u t th e  s tu d y  
period , in d ica tin g  th a t  in  th e  face o f  c a rn itin e  sufficiency exogenous ca rn itin e  
did n o t in fluence  w hole body  h e a t  p ro d u c tio n  and  s u b s tra te  u tiliz a tio n  
p a tte rn  in  p re m a tu re  in fan ts . F u r th e r  exam in a tio n s in  c a rn itin e  dep le ted  
in fan ts  w ill be  req u ired  to  c larify  th e  re g u la to ry  role o f ca rn itin e  in  n eo n a ta l 
f a t ty  acid  m e tab o lism  and  n o n -sh iv e rin g  therm ogenesis.

Interesting findings and observa­
tions concerning the effects of carni­
tine on lipolysis and energy genera­
tion in white adipose tissue [6, 7] 
raised the question as to the possible 
capacity of exogenous carnitine to 
influence total body heat production 
in premature infants with and without 
carnitine deficiency. The exploration 
of this aspect may help in under­
standing the functional role of car­
nitine in postnatal fat and energy 
metabolism. This study examines the 
effect of intravenously infused car­
nitine on total oxygen consumption 
and RQ in premature infants exhibit­
ing a satisfactory plasma carnitine 
level.

Material and Methods

T en  p re m a tu re  in fan ts fed  o n  h u m an  
m ilk  a n d  w ith o u t serious p o s tn a ta l  com pli­
c a tio n s  w ere ad m itted  to  th e  s tu d y . T hey  
w ere  sing le  b ir th s  w ith  a  m e a n  g es ta tio n a l 
age  o f  34.4 weeks (range, 33 — 36 weeks) 
a n d  m e a n  b irthw eigh t o f  1961 g  (range, 
1660 — 2200 g). The s tu d y  w as perfo rm ed  
a t  3 .8  p o s tn a ta l days (range , 2 — 5 day). 
T h e  ca lo ric  an d  volum e in ta k e  p r io r  to  
th e  s tu d y  averaged  86 k ca l/k g /d ay  and  
136 m l/k g /d ay , respectively .

T h e  design o f th e  s tu d y  w as a s  follows. 
T w o h o u rs  a f te r  th e  la s t feed  ca rn itin e  
w ith  a  q u a r te r  physio logical N aC l so lu tion  
w as in fu sed  a t  a  ra te  o f  24 m g /k g /d ay  
d u rin g  a  4 hour-period . B lood  sam ples 
w ere  w ith d raw n  before a n d  b y  th e  end 
o f  th e  second and  fourt h  h o u r  o f  c a rn itin e  
in fu sio n . T he sam ples w e re  p laced  in  
h ep a rin ized  te s t tu b es  a n d  a f t e r  centri-
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fu g a t io n  s to re d  a t  —20°C u n ti l  la b o ra to ry  
a n a ly s is . F re e  and  este rif ied  ca rn itin e  
w ere  m e a s u re d  rad iochem ically  [4] w ith  
som e m o d ific a tio n  [14]. T o ta l c a rn itin e  
re fe rs  t o  th e  sum  of este rif ied  a n d  free 
c a rn i t in e .

O x y g e n  consum ption  a n d  C 0 2 p ro d u c ­
tio n  w e re  m easu red  using th e  K ip p  dia- 
fe ro m e te r ,  w hich allowed a  co n tin u o u s 
m e a s u re m e n t o f re sp ira to ry  g as exchange 
an d  o f  t h e  re sp ira to ry  q u o tie n t [12]. R e a d ­
ings w e re  m a d e  every  m in u te , e x cep t w hen 
re fe re n c e  w a s  m ade  to  room  a ir . T h e  s tu ­
d ies w e re  p e rfo rm ed  w ith in  th e  zone o f 
th e r m o n e u tra l i ty .  E n erg y  m e tab o lism  w as 
ex p re ssed  a s  kcal and  k J /k g /d a y . E ach  
v a lu e  o f  h e a t  p ro duc tion  an d  R Q  rep re ­
se n te d  th e  average  30 m in u te  in te rv a ls  
th ro u g h o u t  th e  s tu d y  period.

R esu lts

Fig. 1 shows the plasma carnitine 
values prior to and during carnitine 
infusion. It is seen that the significant 
increase in total, free and acylcarni- 
tine concentration was associated 
with a significant fall of the acyl/free 
carnitine ratio by the end of the four- 
hour infusion period indicating a 
much larger increase in the plasma 
level of free than of esterified car­
nitine.

In Fig. 2 are seen the average 
values of resting heat production and 
respiratory quotient at neutral tem-
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F ig . 1. M ean plasma total free acylcarnitine and acylcarnitine/free carnitine ratio  prior
to and during carnitine infusion
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Q- during carnitine infusion

F i g . 2. M ean  h e a t p ro d u c tio n  an d  re s p ira to ry  q u o tie n t ca lcu la ted  fo r 30 m in u te  p e rio d s 
before a n d  d u rin g  ca rn itin e  infusion

perature calculated for periods of 
30 minutes, and also that no signifi­
cant changes occurred in these meta­
bolic parameters during carnitine 
infusion.

D iscussion

It is well known that after birth 
a marked increase in fatty acid 
oxidation occurs, reflected by a large 
fall in the respiratory quotient [2, 18]. 
As a result, the energy metabolism 
of the unfed newborn is dominated 
by fat utilization, about 80 — 85% of 
energy is produced by this pathway 
[5]. It is, in fact, this metabolic 
transition which has brought into 
focus the functional role of carnitine 
for optimum oxidation of fatty acids 
in the neonatal period. So far no 
examinations aimed at the effect of 
exogenous carnitine on heat produc­

tion in the newborn infant have been 
reported. The findings of an increase 
in core and skin temperature in 
response to carnitine administration 
in newborn rabbits [16] fit in with 
the in vitro observations, that carni­
tine stimulated lipolysis and oxygen 
consumption in the human white 
adipose tissue [7]. However, a direct 
proof of the capability of exogenous 
carnitine to enhance non-shivering 
thermogenesis as suggested by Hahn 
and Skala [3] is still lacking. There­
fore, further work will be required to 
clarify the regulatory role of carnitine 
in neonatal fatty acid metabolism 
and non-shivering thermogenesis. This 
has led us to examine heat production 
and RQ during carnitine infusion in 
premature infants. The results were 
negative, no significant change could 
be observed in oxygen consumption
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and respiratory quotient in response 
to carnitine.

Further understanding of the sug­
gested role of carnitine in a better 
energy generation by fat metabolism 
will come from the exploration of 
its influence on heat production and 
substrate utilization in carnitine de­
pleted infants maintained at and 
below the neutral temperature. The 
relationship between carnitine defi­
ciency and cold induced thermogene­
sis appears to be of particular interest. 
Plasma carnitine and substrate mea­
surements in themselves cannot an­
swer some important questions arising 
from a number of investigations [8, 9, 
10, 11, 15, 17]. What does, for
example, represent the low serum

level of carnitine during intravenous 
fat alimentation ? Does it indicate 
deficiency and hence an impaired 
fatty acid oxidation or is it simply 
due to the increased fatty acid utiliza­
tion ? It is conceivable that in dif­
ferent conditions associated with an 
increased fat metabolism, a low plas­
ma carnitine level may develop with­
out depletion in tissues (heart, skeletal 
muscle, brown fat) oxidizing fatty 
acids as a major source of energy. 
It would also be necessary to know 
what degree of deficiency matters in 
energy generation and does exogenous 
carnitine exert the same regulatory 
function in fatty acid oxidation as 
suggested for the endogenously pro­
duced carnitine.
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