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Abstract. 

 

Study Objective:

 

To determine the concentration
of plasma carnitine (total, free, and acylcarnitine) during the
delivery of uncomplicated pregnancies of adolescent women.
To investigate the relationship between maternal and neonatal
levels of carnitine and to compare these carnitine levels be-
tween pregnant and nonpregnant adolescents.

 

Design:

 

Samples of maternal and umbilical blood were
taken at the time of delivery and examined for the determi-
nation of the carnitine—total, free, and acylcarnitine—con-
centration by the use of an enzymatic-radioisotope method.
Twenty-two cases of uncomplicated adolescent pregnancies
with a normal labor and without perinatal complications
were examined. The plasma level of carnitine was also
examined in 17 healthy nonpregnant adolescent women,
which constituted the control group.

 

Results:

 

The concentrations of plasma carnitine in ado-
lescent pregnancies at the time of delivery were calculated

 

at 19.6 

 

�

 

 2.15 

 

�

 

Mol/L (total), 12.62 

 

�

 

 1.31 

 

�

 

Mol/L (free),
and 6.98 

 

�

 

 1.55 

 

�

 

Mol/L (acylcarnitine). The corresponding

 

mean values in umbilical plasma were 30.31 

 

�

 

 2.06 

 

�

 

Mol/L,
22.39 

 

�

 

 1.64 

 

�

 

Mol/L, and 7.92 

 

�

 

 .96 

 

�

 

Mol/L. There is a
statistically significant difference between the mean values
in maternal and umbilical plasma (

 

P

 

 

 

�

 

 .0001 for total and
free carnitine and 

 

P

 

 

 

�

 

 .012 for acylcarnitine). The correla-
tions between adolescent pregnant women and their infants
as regards total, free, and acylcarnitine were 0.137, 0.018,
and 0.33, respectively. Neither of these parameters was sta-
tistically significant. The corresponding mean values of car-
nitine in nonpregnant adolescent women were statistically
significantly higher than in adolescent pregnant women (total

 

carnitine: 41.61 

 

�

 

 3.09 

 

�

 

Mol/L, free: 31.39 

 

�

 

 2.81 

 

�

 

Mol/L,
acylcarnitine: 10.22 

 

�

 

 1.88 

 

�

 

Mol/L, 

 

P

 

 

 

�

 

 .0001).

 

Conclusions:

 

The concentration of plasma carnitine at the
end of adolescent pregnancy is low compared to the levels of
umbilical carnitine at birth and that found in nonpregnant ad-
olescent women. It may not have an obvious impact on the
utilization of fatty acids in an uncomplicated full-term preg-
nancy; however, it suggests the potential risk for neonatal
fatty-acid oxidation in a preterm or complicated pregnancy.
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Introduction

 

Carnitine (3-hydroxy-4-N-trimethylaminobutyric acid)
is essential for the intramitochondrial translocation of
fatty acids

 

1

 

 and branched chain keto acids

 

2

 

 as well as
the exit of excess acyl groups from inside the mito-
chondrial matrix.

 

3

 

 The body’s supply of carnitine is
derived in part from food and in part by endogenous
synthesis from lysine and methionine.

 

4

 

 The final reac-

 

tion of hydroxylation to 

 

�

 

-butyrobetaine occurs in the
liver and kidneys of humans.

 

5

 

 Several other tissues
can synthesize the immediate precursor of carnitine
(

 

�

 

-butyrobetaine) but lack the last biosynthetic en-
zyme that hydroxylates 

 

�

 

-butyrobetaine to form car-
nitine.

 

5

 

 Since cardiac muscle and skeletal muscle
cannot synthesize carnitine, it must be transported into
these tissues through the blood stream. Total carnitine
consists of free carnitine and its esters. In the plasma,
most of the esterified carnitine is present as acetylcar-
nitine. The total number of esters of carnitine in
plasma is referred to as acylcarnitine. When the rate of
oxidation of fatty acids is increased, as in starvation or
when a high-fat diet is consumed, the level of acylcar-
nitine in the blood rises

 

6

 

 and a significant positive cor-
relation is found between plasma levels of ketones and
acylcarnitine.

 

6,7

 

Sufficient concentrations of carnitine must be
present in tissues for the efficient utilization of fatty
acids.

 

8

 

 This is especially important in the neonate who
relies heavily on fatty-acid oxidation for energy.

 

9,10

 

Development of the capacity to utilize substrates other
than glucose for fuel is an important postnatal adapta-
tion. Hepatic glycogen is rapidly depleted within the
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first 24 hours after birth, with levels falling to 10% of
peak term values. Lipolysis is very important to the
maintenance of energy homeostasis when the oral in-
take of energy is low, such as in the newborn straight
after birth. L-carnitine enhances glycerol release from
newborn subcutaneous adipose tissue fragments. The
neonate may have a limited supply of carnitine for a
variety of reasons.

 

5,11–15

 

 Some evidence suggests that
the ability of neonates to synthesize carnitine is lim-
ited by immature hepatic-

 

�

 

-butyrobetaine hydroxyl-
ase activity.

 

16

 

 Rebouche reported that at 3 months of
age 

 

�

 

-butyrobetaine hydroxylase activity represents
about 12% of that found in adults and in 2- to 5-year-
old children reached only 30%.

 

16

 

Very little is known about the transport of car-
nitine across the placenta and the ability of the human
fetus to synthesize carnitine. Discrepant results have
been obtained concerning the total-carnitine levels in
maternal and neonatal plasma. No difference in total
carnitine was found in one study

 

17

 

 and the total-car-
nitine concentration in others was higher in umbilical
venous blood than in maternal blood.

 

18,19

 

 However,
carnitine concentration in the blood, serum, or plasma
of pregnant women is reported to decrease as gesta-
tion proceeds.

 

19,20

 

 In contrast, other researchers have
found that only the serum-free carnitine is decreased
and that the concentration of esterified carnitine,
which ordinarily makes up about 20% of the total, is
increased in pregnant women.

 

18

 

 The total-carnitine
concentrations of plasma, heart, and skeletal muscle
of the rat show significant increases after birth.

 

21

 

Similar results have been found in humans using au-
topsy and biopsy tissue.

 

22

 

 It is reported that the level
of carnitine in plasma and tissues is elevated from
newborns to adults.

 

16,21–23

 

 However, there are no re-
ports about carnitine concentrations during adoles-
cence. It is possible that changes such as the
beginning of menstrual cycles and the rapid growth
of the body (especially the skeletal muscles and
bones) lead to some differentiation in the distribution
of carnitine between serum and tissues, and increased
metabolic demands. Moreover, adolescent pregnancy
has been accepted as high-risk, with an increased risk
of some complications such as preeclampsia and low-
birthweight infants. Bone mineral content, iron
stores, and caloric intake are often reduced among ad-
olescent girls, and iron-deficiency anemia is fre-
quently found.

The aim of this study is to determine the plasma
concentrations of carnitine and its derivatives at deliv-
ery in uncomplicated adolescent pregnancies and to
compare this with the plasma concentration of car-
nitine in nonpregnant adolescents. Moreover, the
study aims to investigate the relationship between the
carnitine plasma concentration in mothers and their
neonates when the perinatal period is uncomplicated.

 

Materials and Methods

Subjects

 

Two groups of adolescents were studied. The first
group was composed of 22 pregnant adolescents.
They had a mean age of 17.1 yr, range 15–18. The du-
ration of pregnancies ranged from 258 to 282 days.
All the mothers were healthy and had no complica-
tions during the period of observation. They did not
use any medication during pregnancy except iron and
vitamin supplements and had an uneventful delivery.
The control group comprised 17 healthy, nonpregnant
women of adolescent age. Their mean age was 16.5
yr, range 15–18. They did not use illicit drugs and
there were not statistically significant differences with
regard to nicotine and alcohol use, lifestyle, and diet
between them and the group of pregnant adolescents.
The body mass of nonpregnant and pregnant (prior to
pregnancy) adolescents was within normal limits for
their age. The neonates seemed to be healthy after de-
livery except for two with mild respiratory distress.
They were apparently free of anatomical abnormali-
ties. Otherwise, all maternal-fetal pairs had a normal
perinatal clinical course. Infant crown-heel length,
head circumference, and subcutaneous fat was mea-
sured in regular conditions with standard equipment.

 

24

 

Design

 

During labor, which lasted 6–18 hrs, the women had
an intravenous infusion of normal saline (no more
than 60 mL/h) and epidural analgesia was not used.
Some of these took pethidine 50 mg intramuscularly,
many hours before delivery. Samples of maternal
blood were taken from the antecubital vein, which
was not used for infusion, within 30 minutes before or
during delivery. Umbilical blood was taken in a hep-
arinized tube kept on ice. The plasma was separated
within 30 minutes following sampling and kept at

 

�

 

20

 

�

 

C until analyzed. All determinations were done
in duplicate.

 

Chemical Procedures

 

Carnitine was assayed according to the method of Mc-
Garry and Foster

 

25

 

 with modifications by Evageliou.

 

26

 

This is an enzymatic radioisotope method. Acylcar-
nitine was calculated as the difference between total
carnitine, obtained after alkaline hydrolysis, and free
carnitine.

 

Statistical Analysis

 

The nonparametric Wilcoxon’s rank sum test for
paired samples was used for the comparison of the
means of total, free, and acylcarnitine between preg-
nant adolescents and their neonates. The nonparamet-
ric Mann-Whitney’s rank test for unpaired samples
was used for the comparison of the means of total,
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free, and acylcarnitine between pregnant and nonpreg-
nant adolescent women.

 

Results

 

Plasma-carnitine values are shown in Table 1. Carnitine
levels at the end of gestation in adolescent women are
decreased compared to nonpregnant controls. A signifi-
cant difference (

 

P

 

 

 

�

 

 .0001) was found in the mean
values of total, free, and acylcarnitine levels between
the pregnant and nonpregnant adolescents (Table 2).

The mothers (Table 3) had lower values of total
and free carnitine than their infants at birth (

 

P

 

 

 

�

 

.0001) as well as of acylcarnitine (

 

P

 

 

 

�

 

 .012). A posi-
tive correlation was not found between the maternal
and infant plasma carnitine values at delivery. The
values of total, free, and acylcarnitine between moth-
ers and their offspring presented correlations of .137,
.018, and .33 respectively, but none of these parame-
ters had a statistical significance.

There were no correlations between maternal car-
nitine concentrations and the maternal age of some
pregnancies’ parameters (e.g., height, weight, weight
gain, hemoglobulin). No relationships were found be-
tween plasma carnitine and the infant’s measurements
at birth, such as head circumference, weight, and
height. Correlations were not found between carnitine
value and infant’s hematological parameters, such as
hematocrit, hemoglobulin, white blood count, and
platelets at birth.

 

Discussion

 

Several authors

 

19,20,27

 

 have reported that plasma-free
and total-carnitine levels at delivery are decreased to
about half the concentration seen in nonpregnant
women. It is remarkable that the major decrease in
plasma carnitine occurred during the first half of the
pregnancy.

 

28

 

 In contrast, other workers have found that
only the serum-free carnitine is decreased and the con-
centration of esterified carnitine is elevated in pregnant

 

women.

 

18

 

 The elevation of fatty-acid oxidation, which
takes place toward the end of gestation and during de-
livery,

 

29

 

 may be associated with the conversion of free
carnitine to carnitine esters.

 

18

 

 However, we found that
there is a significant decrease of total-carnitine levels
in the blood plasma as a result of a decrease of both
free carnitine and acylcarnitine levels. The concentra-
tion of total carnitine in nonpregnant women has been
evaluated to be 38 

 

�

 

 1 

 

�

 

Mol/L

 

20

 

 to 57.5 

 

�

 

 8.3 

 

�

 

Mol/
L.

 

19

 

 In the same reports, the corresponding values of
total carnitine in the pregnant women at delivery were
18 

 

�

 

 2 

 

�

 

Mol/L and 17.95 

 

�

 

 1 

 

�

 

Mol/L. Differences in
methodology or specificity of procedures to determine
the total, free, and esterified forms of carnitine proba-
bly resulted in differences found in concentrations in
blood plasma. The concentrations of total carnitine
found in the present study for adolescent women at
birth and nonpregnant adolescents are 19.6 

 

�

 

 2.15

 

�

 

Mol/L and 41.61 

 

�

 

 3.09 

 

�

 

Mol/L, respectively. Their
difference is statistically significant (

 

P

 

 

 

�

 

 .0001). How-
ever, our study shows that there are no significant dif-
ferences between the concentrations of total carnitine
in pregnant adolescents and pregnant women in adult-
hood, as they are referred to in some reports in the lit-
erature.

 

19,20

 

 In comparison to some of these reports, we
did not find any statistically significant difference be-
tween total-carnitine concentrations in nonpregnant
adolescents and nonpregnant adult women.

 

20,27

 

 There
are no other published reports on plasma-carnitine lev-
els in pregnant and nonpregnant adolescent women for
a comparison of our results.

This observed decrease in plasma-carnitine con-
centration during gestation may be due to a plethora of
agents. The increase in total body water is one of
these. However, by the 20

 

th

 

 week of pregnancy, levels
have already fallen to 50% of prepregnancy values.

 

28

 

An increase in the renal clearance of carnitine is possi-
ble. Carnitine facilitates the removal of excess and po-
tentially toxic acyl groups from the cell, which are
excreted as acylcarnitine into urine.30 It is possible
that there is an increased need of carnitine during
pregnancy to perform this metabolic function. If so, it
would decrease the free-carnitine levels and increase

Table 1. Plasma Concentrations of Total Carnitine, Free Carnitine, and Acylcarnitine in Maternal and Umbilical Blood During Delivery of 
Adolescent Women and the Corresponding Values in the Plasma of Nonpregnant Adolescent Women

Adolescents: during labor
n � 22

Neonates: umbilical cord
n � 22

Nonpregnant adolescents
n � 17

Total carnitine 19.6 � 2.15
(16.3–23.9)

30.31 � 2.06
(27.2–34.8)

41.61 � 3.09 
(37.3–47.1)

Free carnitine 12.62 � 1.31
(9.9–14.6)

22.39 � 1.64
(19–25.9)

31.39 � 2.81
(25.1–35)

Acylcarnitine 6.98 � 1.55
(4.3–10.4)

7.92 � 0.96
(6.3–9.9)

10.22 � 1.88
(7.2–13.3)

All values are means in �Mol/L � SD. The range of the values is given in parentheses. n � number of cases.
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the clearance of acylcarnitine.28 It has been shown that
plasma-carnitine levels in rats were influenced by an-
drogens and estrogens.31 It may be that hormonal
changes during pregnancy are influential factors on
plasma carnitine in the human. Although the plasma
concentration of carnitine is most often used as the pa-
rameter for the determination of carnitine availability,
muscle-carnitine levels have not been determined in
pregnant women, and it is not known whether a de-
crease in muscle-carnitine concentration (representing
over 90% of total body carnitine) also occurs. It is rec-
ognized that plasma-carnitine levels may not truly re-
flect the tissue-carnitine status.32 It is not known if
uterine contractions during labor may contribute to
further decrease of carnitine levels at the end of labor.
However, the carnitine concentration in maternal
blood just prior to the initiation of contractions has not
been determined, although it is expected to be low.19,20

The most important question in all relevant reports
is whether the developing fetus contributes to this de-
crease of maternal carnitine levels and what is the re-
lation between maternal and fetal carnitine levels. The
mechanism by which carnitine is supplied to the hu-
man fetus is not understood. Some authors believe
that carnitine passes freely across the placenta via pas-
sive infusion.33 Conflicting results have been reported
regarding total-carnitine levels in maternal and neona-
tal plasma at the time of delivery. Similar values17 and
even higher values18,19 have been found in the umbili-
cal vein. The perinatal conditions, the manner of de-
livery, and the gestational age are factors influencing
plasma-carnitine levels.27 Women with abnormal
pregnancies may also have significantly different lev-
els.19 There are no reports about the levels of carnitine
in the mother and fetus in an adolescent’s pregnancy.

Most authors agree that despite decreasing carnitine
levels in maternal plasma at the end of gestation, the
fetal carnitine level is low in comparison with that in
adults or in children of 8–10 years of age (38.3 � 1.2
�Mol/L).23 In the present study the total-carnitine
level of infants at birth was found to be 30.31 � 2.06
�Mol/L. It is significantly higher than the mean value
in maternal plasma (P � .0001) but lower than the
value of carnitine levels in nonpregnant adults or chil-
dren as shown above. A significantly positive correla-
tion has been found between maternal and fetal plasma
carnitine at delivery,18 and maternal carnitine levels
may be the most important factor influencing the con-
centration of plasma carnitine in the infant.27 How-
ever, the positive correlation has not been found in the
present study, which indicates that the initial total-car-
nitine levels after birth may not depend on the mater-
nal levels of carnitine.

It is not clear if low carnitine levels in adolescents’
labor have a correlation or an impact on the increased
fatty-acid oxidation toward the end of the gestation.
The higher levels of carnitine in the umbilical plasma
than in maternal plasma may be the result of a placen-
tal transfer of carnitine to the fetus during pregnancy.
These higher levels may also indicate that carnitine is
synthesized to some degree by the fetus, at least dur-
ing the advanced stages of pregnancy, which probably
explains the absence of a positive correlation between
maternal and umbilical carnitine levels in our study.
However, the umbilical plasma-carnitine level is also
low, probably with no obvious effect on the metabo-
lism of the full-term, healthy neonates of this study.
Nevertheless, under different conditions, and given
that fat is the main source of energy in the postnatal
period, the lower carnitine depots in addition to the in-

Table 2. Comparison of the Mean Values of the Plasma Concentrations of Total Carnitine, Free Carnitine, and Acylcarnitine between 
Pregnant Adolescents during Labor and Nonpregnant Adolescents

Adolescents: during labor
n � 22

Nonpregnant adolescents
n � 17 Statistical significance

Total carnitine 19.6 � 2.15 41.61 � 3.09 P � .0001
Free carnitine 12.62 � 1.31 31.39 � 2.81 P � .0001
Acylcarnitine 6.98 � 1.55 10.22 � 1.88 P � .0001

All values are means in �Mol/L � SD. n � number of cases.

Table 3. Comparison of the Mean Values of the Plasma Concentrations of Total Carnitine, Free Carnitine, and Acylcarnitine between 
Maternal and Umbilical Blood during Delivery of Adolescent Women

Adolescents: during labor
n � 22

Neonates: umbilical cord
n � 22 Statistical significance

Total carnitine 19.6 � 2.15 30.31 � 2.06 P � .0001
Free carnitine 12.62 � 1.31 22.39 � 1.64 P � .0001
Acylcarnitine 6.98 � 1.55 7.92 � 0.96 P � .012

All values are means in �Mol/L � SD. n � number of cases.
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fant’s limited capacity for carnitine biosynthesis may
be critical in the maintenance of the neonate’s energy
homeostasis or even to the survival of premature in-
fants—without exogenous carnitine intake. It is possi-
ble that pathological conditions of pregnancy, such as
toxinemia, placental dysfunction, or diabetes mellitus,
not uncommon in adolescent pregnancy, may lead to
limited supply of carnitine to the fetus and/or to the
birth of a preterm/low-birth weight neonate with evi-
dent impaired ability to utilize lipid emulsions, due to
the lower rate of carnitine biosynthesis.

Our study demonstrates the low plasma-carnitine
levels in uncomplicated, full-term adolescent preg-
nancy and indicates the potential risk for the neonates
born prematurely or after a complicated pregnancy,
which, however, needs further investigation.

References

1. Fritz IB: Action of carnitine on long-chain fatty acid oxida-
tion by liver. Am J Physiol 1959; 197:297

2. May ME, Aftring RP, Buse MG: Mechanism of stimula-
tion of branched chain oxoacid oxidation in liver by car-
nitine. J Biol Chem 1980; 255:8394

3. Hochachka PW, Neely JR, Driedzic WR: Integration of
lipid utilization with Krebs cycle activity in muscle. Fed
Proc 1977; 36:2009

4. Tanphaicitr V, Broquist PH: Role of lysine and e-N-trime-
thyllysine in carrnitine biosynthesis. J Biol Chem 1973;
248:2176

5. Rebouche CJ, Engel GA: Tissue distribution of carnitine
biosynthetic enzymes in man. Biochim Biophys Acta 1980;
630:22

6. Seccombe DW, Hahn P, Novak M: The effect of diet and
development on blood levels of free and esterified car-
nitine in the rat. Biochim Biophys Acta 1978; 528:483

7. Frohlich J, Seccombe DW, Hahn P, et al: Effect of fasting
on free and esterified carnitine levels in human serum and
urine. Metabolism 1978; 27:555

8. McGarry JD, Robles-Valdes C, Foster DW: Role of car-
nitine in hepatic ketogenesis. Proc Natl Acad Sci USA 1975;
72:4385

9. Blazquez E, Sugase T, Blazquez M, et al: Neonatal changes
in the concentration of rat liver cyclic AMP and of serum
glucose, free fatty acids, insulin, pancreatic and total gluca-
gon in man and in the rat. J Lab Clin Med 1974; 83:957

10. Wolf H, Stave U, Novak M, et al: Recent investigations on
neonatal fat metabolism. J Perin Med 1974; 2:75

11. Wilson RG, Davis RE: Vitamin B-6 intake and plasma py-
ridoxal phosphate concentrations in the first two weeks of
life. Acta Paed Scand 1984; 73:218

12. Dallman PR, Siimes MA, Stekel A: Iron deficiency in in-
fancy and childhood. Am J Clin Nutr 1980; 33:86

13. Bartholmey SJ, Sherman AR: Carnitine levels in iron defi-
cient rat pups. J Nutr 1985; 115:138

14. Slonim AE, Borum PR, Tanaka K, et al: Dietary-depen-
dent carnitine deficiency as a cause of nonketotic hypogly-
cemia in an infant. J Pediatr 1981; 99:551

15. Unverferth DV: Etiologic factors, pathogenesis, and progno-
sis of dilated cardiomyopathy. J Lab Clin Med 1985; 106:349

16. Rebouche CJ: Comparative aspects of carnitine biosynthe-
sis in microorganisms and mammals with attention to car-
nitine biosynthesis in man. In: Carnitine Biosynthesis,
Metabolism and Functions. Edited by RA Frenkel, JD Mc-
Garry. New York, Academic Press, 1980, pp 57–67

17. Schmidt-Sommerfeld E, Penn D, Wolf H: The influence of
maternal fat metabolism on fetal carnitine levels. Early
Human Dev 1981; 5:233

18. Novak M, Monkus EF, Chung D, et al: Carnitine in the
perinatal metabolism of lipids I. Relationship between ma-
ternal and fetal plasma levels of carnitine and acylcar-
nitines. Pediatrics 1981; 67:95

19. Bargen-Lockner C, Hahn P, Wittman B: Plasma carnitine
in pregnancy. Am J Obstetr Gyn 1981; 140:412

20. Scholte HR, Stinis JT, Jennekens FGI: Low carnitine levels
in serum of pregnant women. N Engl J Med 1979; 299:1079

21. Borum PR: Variation in tissue carnitine concentrations
with age and sex in the rat. Biochem J 1978; 176:677

22. Battistella PA, Vergani L, Angelini C: Carnitine and its me-
tabolism. In: Fatty Acids and Triglycerides: Biosynthesis and
Transport in Normal and Pathologic Conditions. Edited by B
Berra and S DiDonato. Milan, Edi Ermes, 1980, pp 151–162

23. Cederblad G, Hermansson G, Ludvigsson J: Plasma and
urine carnitine in children with diabetes mellitus. Clin
Chim Acta 1982; 125:207

24. Falkner F: The somatic investigation. In: Modern Prob-
lems of Pediatrics. Edited by S Frank. Basel, New York,
Karger, 1960, pp 151–162

25. McGarry JD, Foster DW: An improved and simplified ra-
dioisotopic assay for the determination of free and esteri-
fied carnitine. J Lipid Res 1976; 12:277

26. Olbrich H, Evageliou A, Tabatabaei S, et al: Correlation be-
tween long-chain acylcarnitine in serum and myocardium
after heart transplantation in humans. Am J Clin Nutr 1994;
60:414

27. Cederblad G, Niklasson A, Rydgren B, et al: Carnitine in
maternal and neonatal plasma. Acta Ped Scand 1985; 74:500

28. Cederblad G, Fahraeus L, Lindgren K: Plasma carnitine
and renal-carnitine clearance during pregnancy. Am J Clin
Nutr 1986; 44:379

29. Kashyap ML, Sivasamboo R, Sothy SP, et al: Carbohy-
drate and lipid metabolism during human labor: Free fatty
acids, glucose, insulin and lactic acid metabolism during
normal and oxytocin-induced labor for post-maturity. Me-
tabolism 1976; 25:865

30. Chalmers RA, Roe CR, Tracey BM, et al: Secondary car-
nitine insufficiency in disorders of organic-acid metabo-
lism; modulation of acyl-CoA/CoA ratios by L-carnitine in
vivo. Bioch Soc Trans 1983; 11:724

31. Borum PR: Regulation of the carnitine concentration in
plasma. In: Carnitine Biosynthesis. Metabolism and func-
tions of carnitine. Edited by RA Frenkel, JD McGarry.
New York, Academic Press, 1980, pp 115–126

32. Sachan D, Smith R, Plattsmier J, et al: Maternal, cord and
neonatal carnitine correlations and lipid profiles of various
birthweight infants. Am J Perinat 1989; 6(1):14

33. Schmidt-Sommerfeld E, Penn D, Sohda RJ, et al: Transfer
and metabolism of carnitine and carnitine esters in the
vitro perfused human placenta. Pediatr Res 1985; 19:700




