
THE IMPORTANCE OF CARNlTlNE IN THE 
PERINATAL PERIOD 

Low birth weight infants may be at risk for carnitine deficiency with 
resulting impairment of lipid and energy utilization. 
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Carnitine plays an important role in the oxidation 
of fatty acids by facilitating their transport across 
the mitochondria1 membrane via carnitine acyl- 
transferase and translocase systems.’ In the 
immediate postnatal period, increased carnitine 
acyltransferase activity and accumulation of 
carnitine have been reported in several species 
including man.* This period is characterized by 
an abrupt transition from reliance upon car- 
bohydrates as energy substrate to a state in 
which lipids are the major energy source. It is 
apparent therefore that carnitine availability may 
be crucial to the neonate in the transition from 
fetal to extrauterine life. 

Although carnitine has been measured in am- 
niotic fluid, maternal and cord blood and in the 
urine of newborn infants before the onset of 
feeding,334 it is not understood whether placental 
transfer or de novo synthesis of carnitine is of 
greater importance to the fetus. Neonatal 
adipocytic carnitine accretion coincides with the 
onset of feeding, suggesting that the oral intake 
of carnitine is important during this stage of d e  
velopment.2 Low birth weight infants and new- 
born infants with medical or surgical conditions 
that preclude oral feeding may be nourished 
parenterally on intravenous regimens of fat, glu- 
cose and amino acids. Borum and colleagues5 
have measured the carnitine content of selected 
infant formulas and special diets whose main 
protein source is soy protein isolate, casein or 
egg white solid. All such products have been 
found to contain only 4 nmoles carnitine per 
milliliter or less, most of them having undetecta- 
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ble amounts of carnitine. In contrast, infant liquid 
formulas and special diets based on cow’s milk 
or beef contain 50 to 656 nmoles carnitine per 
milliliter. It is evident that patients receiving cer- 
tain commercial formulas receive a subnormal 
carnitine dietary intake. 

The development of a modified radiometric 
method for the measurement of total, acyl- and 
free carnitine concentrations in very small vol- 
umes of plasma6 has allowed investigators in the 
rapidly expanding field of research on total 
parenteral nutrition in infancy and childhood to 
explore the complexities of fat metabolism with 
special reference to carnitine. Studies designed 
to determine the effect of intravenous lipid infu- 
sion on plasma triglyceride and free fatty acid 
concentrations in the newborn have established 
that both gestational age and weight for gesta- 
tional age influence the infant’s ability to tolerate 
the lipid Low birth weight infants 
achieve very high plasma levels of triglycerides 
and free fatty acids during the infusion which are 
cleared only slowly. Impaired hydrolysis of tri- 
glyceride and deficient uptake and/or utilization 
at a cellular level may be a reflection of immature 
enzyme systems but also could be explained by 
a deficiency in carnitine availability. Abnor- 
malities of lipid tolerance during total parenteral 
nutrition may have consequences other than 
those on the provision of energy substrate to 
various tissues in the body. For example, when 
the molar ratio of free fatty acids to albumin in 
plasma is greater than six, bilirubin is displaced 
from albumin with an increased risk of kernic- 
terusg There have been several cases of liver 
disease reported following parenteral nutrition 
using lipid infusions which have lead to the con- 
clusion that lipid toxicity may, in certain cir- 
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cumstances, be a major metabolic complication 
of total parenteral nutrition in the newborn.lO 

Two recent studies have attempted to estab- 
lish whether low birth weight infants receiving 
total parenteral nutrition are at risk of developing 
carnitine deficiency.ll3’2 In one study, the car- 
nitine blood levels and urinary excretion of 12 
premature infants receiving total parenteral nu- 
trition were compared with those of eight infants 
of similar gestational age and birth weight who 
received carnitine-containing milk formulas. In 
the parenterally nourished infants the levels of 
total and free carnitine in the serum fell after five 
days and urinary excretion also was reduced 
significantly. In contrast, the infants fed enterally 
with formula showed no significant changes in 
the circulating concentration of carnitine be- 
tween the first and fifth days of life and a rise 
subsequently. It is noteworthy that when the 
parenterally fed infants were subsequently 
transferred to oral feeding, their plasma carnitine 
levels were still significantly below those of the 
control group at 17 days suggesting that they 
may have had a deficiency of tissue carnitine 
levels as well as a lower plasma carnitine con- 
centration. 

In another study, serum carnitine levels were 
monitored in 33 infants during intravenous 
feeding and during periods when the infant was 
fed with expressed breast milk or proprietary 
formulas. On parenteral feeding, the blood car- 
nitine levels remained relatively constant, but in 
some cases extremely low; and on transfer to 
oral alimentation, striking rises in carnitine levels 
were observed. These findings suggest that 
there may be an endogenous supply of carnitine 
present in the preterm infant, but that the blood 
level is maintained at the expense of tissue 
stores. Both studies indicate that the preterm 
infant may not be able to synthesize sufficient 
carnitine to maintain blood levels in spite of an 
adequate supply of the necessary amino acids, 
lysine and methionine. It is clear that carnitine 
deficiency can occur during or following total 
parenteral nutrition. The clinical consequences 
for the infant merit further investigation, particu- 
larly in relation to the possibility that the lower 
acylcarnitine levels observed may contribute to 
the impairment of fatty acid oxidation which in 
turn renders the infant incapable of using fat 
efficiently as an energy substrate. 

A positive correlation has been shown to exist 
between serum p-hydroxybutyrate and acylcar- 
nitine 1e~eIs. l~ An absence of dietary carnitine 
therefore leads to a decrease in ketone body 
production. In this context, it is interesting that 
the acylcarnitine levels found in the parenterally 
nourished infants following seven days of oral 
feeding were lower than those of the control 
group, but that the free carnitine levels in the two 
groups were similar.” This points to a 
mechanism by which carnitine deficiency may 
influence ketone body and fatty acid metabolism 
in infancy. For example, human infants fed ex- 
clusively on carnitine-free, soy bean-base for- 
mulas have lower blood levels of carnitine and 
ketone bodies than babies fed carnitine- 
containing cow’s milk.4 Warshaw and Curry14 
have shown that higher serum carnitine levels 
and a higher rate of ketogenesis are observed in 
breast fed infants than in formula-fed infants. 
They suggest that the carnitine in breast milk 
may be better absorbed than that in the com- 
mercial formula. 

A fuller understanding of human carnitine 
metabolism, especially in the perinatal period, 
will help to resolve some of the problems at 
present encountered in the nutritional manage- 
ment of low birth weight infants. 13 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

J. Bremer: Carnitine and Its Role in Fatty Acid 
Metabolism. Trends in Biochemical Sciences 2: 

E. Schmidt-Sommerfeld, M. Novak, D. Penn, P.B. 
Wieser, M. Buch and P. Hahn: Carnitine and De- 
velopment of Newborn Adipose Tissue. Pediatr. 
Res. 12: 660-664, 1978 
P. Hahn, J.P. Skala, D.W. Seccombe, J. Frohlich, 
D. Penn-Walker, M. Novak, I. Hynie and M.E. 
Towell: Carnitine Content of Blood and Amniotic 
Fluid. Pediatr. Res. 11 : 878-880, 1977 
M. Novak, P.B. Wieser, M. Buch and P. Hahn: 
Acetylcarnitine and Free Carnitine in Body Fluids 
before and after Birth. Pediatr. Res. 13: 10-15, 
1979 
P.R. Borum, C.M. York and H.P. Broquist: Car- 
nitine Content of Liquid Formulas and Special 
Diets. Am. J. Clin. Nutr. 32: 2272-2276, 1979 
J.D. McGarry and D.W. Foster: An Improved and 
Simplified Radioisotopic Assay for the Determi- 
nation of Free and Esterified Carnitine. J. Lipid 
Res. 17: 277-281, 1976 
G. Andrew, G. Chan and D. Schiff: Lipid 

207-209, 1977 

NUTRITION REVIEWSIVOL. 38, NO. 9ISEPTEMSER 1980 31 1 



8. 

9. 

10. 

Metabolism in the Neonate. I. The Effects of In- 
tralipid Infusion on Plasma Triglyceride and Free 
Fatty Acid Concentrations in the Neonate. J. 
Pediatr. 88: 273-278, 1976 
A.T. Shennan, M.H. Bryan and A. Angel: The 
Effect of Gestational Age on lntralipid Tolerance 
in Newborn 1nfants.J. Pediatr. 91: 134-137,1977 
G. Andrew, G. Chan and D. Schiff: Lipid 
Metabolism in the Neonate. II: The Effect of In- 
tralipid on Bilirubin Binding In Vitro and In Vivo. J. 
Pediatr. 88: 279-284, 1976 

R. Postuma and C.L. Trevenen: Liver Disease in 
Infants Receiving Total Parenteral Nutrition. 
Pediatrics 63: 1 10-1 15, 1979 

11. D. Penn, E. Schmidt-Sommerfeld and H. Wolf: 
Carnitine Deficiency in Premature Infants Re- 
ceiving Total Parenteral Nutrition. Early Human 
Development 4: 23-34, 1980 

12. D. Schiff, G. Chan, D. Seccombe and P. Hahn: 
Plasma Carnitine Levels during Intravenous 
Feeding of the Neonate. J. Pediatr. 95: 1043- 
1046, 1979 

13. P.B. Wieser, M. Buch and M. Novak: Effect of 
Carnitine on Ketone Body Production in Human 
Newborns. Pediatr. Res. 12: 401, 1978 

14. J.B. Warshaw and E. Curry: Comparison of 
Serum Carnitine and Ketone Body Concentration 
in Breast- and Formula-Fed Newborn Infants. J .  
Pedicctr. 97: 122-1 25, 1980 

NUTRITIONAL COMPOSITION OF BREAST MILK 
PRODUCED BY MOTHERS OF PRETERM INFANTS 

Milk obtained from mothers delivering preterm infants contains significantly higher amounts 
of non-protein nitrogen. This and other less consistent differences between milk 

produced by mothers of preterm and term infants may be related to the 
nutritional needs of the two groups of neonates. 
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The development of intensive care neonatal 
units has resulted in the survival of an increas- 
ingly larger proportion of low birth weight infants. 
Many questions regarding the optimal method of 
feeding this group of babies remain un- 
answered. It has been suggested that human 
milk may offer some protection against infection 
and necrotizing enterocolitis. One possibility is 
that the unique nutritional needs of the preterm 
infant are matched by the composition of breast 
milk produced by mothers delivering prema- 
turely. On the other hand, it has been observed 
that rapidly growing low birth weight infants fed 
human milk in usual amounts may fail to put on 
weight and height at the rates achieved by 
formula-fed infants and are at risk of developing 
deficiencies of certain specific nutrients. These 
data have led to studies designed to evaluate the 
nutritional composition and adequacy of breast 
milk produced by mothers delivering before 37 
weeks of gestation. 

312 NUTRITION REVIEWSIVOL. 38, NO. g/sEPrmmR 1980 

Gross and coworkers' determined the con- 
centrations of protein, minerals and electrolytes 
in milk obtained from 33 mothers giving birth 
between 28 and 36 weeks of pregnancy (pre- 
term) and from 18 mothers delivering between 
38 and 42 weeks of gestation (term). Morning 
milk samples were collected by manual or 
mechanical emptying of both breasts. Protein 
concentrations estimated by the Kjeldahl 
method were significantly higher in preterm milk 
compared to term milk throughout the three- to 
28-day period postpartum. The highest levels 
were observed on the third day after birth. Non- 
protein nitrogen (NPN) calculated as the differ- 
ence between total nitrogen and nitrogen pre- 
cipitated by 10 percent trichloroacetic acid re- 
main fairly constant at 15 to 19 percent in both 
groups of mothers. Fat concentrations deter- 
mined by the mixed ethers extraction method 
were similar in preterm and term milk samples. 
Lactose was estimated by an automated col- 
orimetric assay and its levels were lower in milk 
from mothers delivering preterm than in term 
milk. In both groups, the lactose concentration 


