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ABSTRACT: We studied plasma concentrations of free carnitine
and 30 carnitine esters by electron spray ionization (ESI) tandem
mass spectrometry in 37 pregnant women at the 20th and 30th weeks
of gestation and at delivery, and in their neonates at birth, and in 22
age-matched nonpregnant women. The plasma levels of acetylcarni-
tine and carnitine esters with more than five carbons were signifi-
cantly higher, whereas the concentration of free carnitine was sig-
nificantly lower at term than at the 20th week of pregnancy (16.75 �
0.89 versus 19.61 � 1.25). Almost all of C2- to C12-carnitine esters
were significantly lower, whereas C16- and C18-carnitines with
in-chain modifications were significantly higher in mothers at deliv-
ery compared with nonpregnant women. Plasma levels of free car-
nitine and C2-, C3-, C4-, C5-, C6-, and C16-carnitines were signif-
icantly lower, while concentrations of carnitine esters with 8, 10, 12
and 18 carbons in the acyl chain as well as C14:1-, C14:2-, and
C16:1-OH-carnitines were significantly higher in mothers at term
than in their neonates. The data of the present study clearly show
dynamic features of plasma carnitine profile during pregnancy and
indicate an extraordinarily active participation of the carnitine in the
intermediary metabolism both in the pregnant woman and in the
neonate. (Pediatr Res 62: 88–92, 2007)

During the first two trimesters of pregnancy, the maternal
metabolism continuously adapts, with accretion of fat

stores deriving from aliments and then shifting to an acceler-
ated catabolism of lipids in the late gestation (1). In human
newborns, fat represents 15–16% of total body composition,
and the accumulation of white adipose tissue occurs predom-
inantly during the last trimester (2).

Carnitine is a conditionally essential quaternary amino acid
that plays a crucial role in beta-oxidation of long-chain fatty
acids and in ketogenesis (3–5). The carnitine molecule can
form esters with FFA of different chain length; the endoge-

nous (4) or exogenous acyl groups (6–8) are transferred from
coenzyme-A to carnitine by different carnitine acyltrans-
ferases (9).

Availability of carnitine has been reported to be essential
for the developing fetus (10,11), and carnitine is stored in
increasing amounts in fetal tissues, mainly in the liver and
muscle, during the last period of gestation (12). Fetal carnitine
is derived from the mother via transplacental transfer of
carnitine (13). The Na�-dependent high-affinity carnitine
transporter OCTN2 (14,15) is expressed in human placenta
(16), and placental OCTN2 is necessary for the accumulation
of carnitine in placenta and fetus, and, consequently, for the
oxidation of long-chain fatty acids in fetal-placental unit
(17,18). Studies on OCTN2 –/– mice suggest that the placental
carnitine synthesis might depend on the carnitine status of the
fetus and/or the mother (13). On the basis of these observa-
tions, it is clear that further studies of maternal and neonatal
carnitine status are needed, including the investigation of
participation of carnitine in the ester metabolism, as a natural
extension. The primary goal of the current study was to
characterize the pregnancy-related alterations of plasma car-
nitine esters by the use of ESI triple quadrupole tandem MS as
an approach to the better understanding of the maternofetal
carnitine homeostasis of humans. The study design enabled us
to make a multilateral analysis of data, which included anal-
ysis of the pattern during the pregnancy and comparison of the
results of mothers with their infants and with controls.

MATERIALS AND METHODS

Study groups. The mothers included into the present study participated in
an international research project focusing on pregnancy-related alterations of
lipid metabolism and effects of nutritional supplementation during the second
half of pregnancy. Detailed description of the study has been published
elsewhere (19). Briefly, inclusion criteria for pregnant women were age
between 18 and 40 y at study entry and weight between 50 and 90 kg at the
20th week of pregnancy. Each mother gave her informed consent to the study
and filled in a detailed questionnaire; anthropometric and lifestyle informa-
tion, physical status, laboratory parameters, and nutritional characteristics of
the mothers were recorded throughout pregnancy (3). The circumstances of
delivery and the results of physical and laboratory examinations of the
newborns as well as feeding characteristics up to the 24th week were also
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recorded in detail. The study design has been approved by the Ethics
Committee of the University of Pécs.

All deliveries were uncomplicated singleton births; 20 boys (54%) and 17
girls (46%) were born. The Apgar scores were all normal both at 1 min and
at 5 min. Six newborns were born premature; however, gestational ages were
�35 wk in all these babies. Anthropometric parameters of mothers and
newborns are shown in Table 1.

We aimed to follow changes of carnitine profiles of pregnant women
investigated at the 20th and 30th week of gestation and at term. Fasting
venous blood plasma samples of 37 mothers were available for all these three
time points; these data were used in the current study. We also obtained
fasting blood plasma of 22 nonpregnant, apparently healthy and omnivorous
women of similar age (28.45 � 1.43 y, mean � SEM). Furthermore, venous
cord blood samples from 20 newborns of the 37 mothers participating in this
study were also available for carnitine profiling.

Mass spectrometry. The method used in the present study was essentially
a modification of the procedure described elsewhere (20).

Sample preparation. Blood samples were drawn into tubes containing
EDTA as anticoagulant and stored at –80°C until analysis. Ten microliters of
each plasma sample was dropped onto a filter paper (Schleicher & Schüell
2992, Dassel, Germany) and dried for 2 h then the resulting spot was
accurately cut off and placed into an Eppendorf-tube. Two hundred microliters
methanol was added, containing 0.76 �M 2H3-carnitine, 0.04 �M 2H3-
propionylcarnitine, 0.04 �M 2H3-octanoylcarnitine, and 0.08 �M 2H3-
palmitoylcarnitine as internal standards. The vials were gently shaken for 20
min and the extracts were transferred into a new tube and dried at 40°C under
a mild nitrogen stream. One hundred microliters of i-butanol-HCl were
pipetted into each vial and the samples were incubated for 15 min while
shaken at 65°C in a hybridization oven. Excessive butanol-HCl was removed
by evaporating at 40°C under nitrogen stream and carnitine ester derivatives
were dissolved in 100 �L acetonitrile:water (80:20 v:v%) eluent mixture. This
procedure is known to result in conversion of a small quantity of C2-carnitine
into free carnitine, which can lead to an artificial increase of its level (21).

MS/MS. A Waters 2795 HPLC instrument (Waters Corp., Milford, MA)
was applied for the solvent delivery providing a 0.1 mL/min stream of
acetonitrile:water (80:20 v:v%). Ten microliters of sample was injected into
the flow at 4-min intervals. A Micromass Quattro Ultima triple quadrupole
tandem mass spectrometer instrument (Waters Corp.) equipped with an ESI
source used in positive mode was applied for analysis. For nebulization and
desolvation, nitrogen gas was used, and argon served as collision gas.

The analysis method consisted of 78 complete parent scans with MS1
scanning a range of molecular masses between 200 and 550 Da, and MS3
adjusted to the fragment ion mass of 85 Da. The optimized cone voltage and
collision energy were 55 V and 26 eV, respectively.

(Since 2003, our mass spectrometry facility is in the Newborn Screening
Quality Assurance Program organized by the Centers for Disease Control and
Prevention (http://www.cdc.gov/labstandards/msgap_program_background.
htm). This activity involves controlled measurements of selected acylcar-
nitines in two quality control regimens and four proficiency tests yearly.)

Statistics. For correlation analysis between maternal and newborn values,
we used the Pearson’s bivariate test; all other comparisons were made with

unpaired t test. Statistical analysis was performed by using the SPSS 11.5
software package (SPSS Inc., Chicago, IL).

RESULTS

Comparison of stages of pregnancy. Changes of the car-
nitine ester profile are shown in Table 2. The level of free
carnitine decreased at the 30th week and remained lower
during the further period of the pregnancy. Without significant
changes in some short-chain carnitine esters, the C2-, C5:1-,
C4DC-, and C5DC-carnitine and acylcarnitines containing
more than five carbon atoms in their acyl chain showed a
gradual increase during the last period of the gravidity, reach-
ing the highest levels at term. The degree of the increment for
these carnitine esters was greater during the last 10 wk of
pregnancy. The most pronounced increases were observed in
the concentrations of C14:1-carnitine (2.24 times from the
20th week to term), C18:1- (2.19), C18:2- (2.00), C16:1-
(1.88), and C12:1-, C16- and C18:2-OH-carnitines (1.80). As
a general consequence, the total calculated sum of the carni-
tine esters (called here as total acylcarnitines) also rose in the
last period of the pregnancy compared with the earlier
stage(s).
Comparison of mothers at term and nonpregnant women.

Comparing the carnitine profiles of mothers at delivery with
nonpregnant controls, almost all of C2- to C12-carnitine ester
levels were significantly lower in the pregnant women. The
largest difference was seen for the C10- (0.42 times as much
in mothers at term as in the controls), for C10:1- (0.45), C3-
(0.47), C8- (0.47), C5- (0.53), C5-DC- (0.55), C12-(0.61), and
C3- (0.61) carnitine esters. By contrast, for longer chain length
esters, like many in-chain modified C16- and C18-carnitine
esters (C16:1, C16:1OH, C16-OH, C18:2, C18:1, C18:2OH,
and C181OH), the levels were significantly higher in pregnant
women at birth than in the controls. The levels of some of
these esters were already elevated from the earlier stage of the
pregnancy (C16:1-OH, C16-OH). The level of C14-, C16-,
and C18-carnitine did not differ between the women at term
and the controls. The total calculated sum of carnitine esters
(shown as acylcarnitine in Table 2) in pregnant women at
terms was approximately 2/3 of the controls; the level of the
free carnitine was in the similar range (Table 2).
Comparison of mothers at delivery and newborns. The

carnitine profile of mothers at term significantly differed from
their own newborns for many esters. As for the free, C2-, C3-,
C4-, C5-, C6-, and C16-carnitines, the levels in mothers were
lower by about one third to one half than in the neonates. In
contrast, carnitine esters of 8, 10, 12, and 18 carbon atoms, as
well as C14:1-, C14:2-, and C16:1-OH-carnitines were
significantly higher in mothers at term than in their off-
spring (Table 2).
Carnitine esters in the neonates and healthy adults. In the

newborns, significantly lower concentrations were found for
free carnitine (0.72 times of the level of the controls), C8-
(0.39 times), C10:1- (0.34), C10- (0.24), C4-DC- (0.69),
C5-DC- (0.53), C12:1- (0.40), C12- (0.42), C6-DC- (0.72),
C14:2- (0.63), C14:1 (0.54), and C18:1- (0.79) carnitines, and
for total carnitine (0.76) compared with the nonpregnant
female controls. In contrast, the C16- (1.27), C16:1-OH

Table 1. Pertinent clinical and anthropometric data of mothers
and their newborn babies

Mothers (n � 37)

Age at study entry (Y) 29.03 � 0.86
Height (cm) 164.9 � 0.99
Weight (kg)

20th week 68.77 � 1.99
30th week 74.98 � 2.47
Delivery 78.16 � 2.24

BMI (kg/m2)
20th week 25.29 � 0.77
30th week 27.58 � 0.89
Delivery 28.75 � 0.80

Newborns (n � 37)

Gestational age (wk) 36.73 � 0.28
Length (cm) 49.5 � 0.44
Weight (kg) 3.24 � 0.08

Data are mean � SEM.
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(1.62), and C16-OH (2.00) levels were significantly higher in
the infants (Table 2).
Correlation between maternal and newborn profiles. We

calculated the correlation between the corresponding values of
the carnitine profile of the mothers at term and their own
newborns. Significant positive correlations were seen for the
free carnitine, C6-DC-, C8-DC-, C8:1-, C10:2-, C18:1-, and
C18:2-carnitine esters (Table 3).

DISCUSSION

The design of the present study enabled us to analyze the
blood plasma carnitine esters 1) during the second half of the
pregnancy; 2) to compare the individual esters in pregnant and
nonpregnant women; 3) measure the carnitine esters in neo-
natal cord blood and compare them with the mothers and with
the nonpregnant women; and 4) to search for possible corre-
lations between carnitine ester levels of mothers and their
newborns. We used the ESI triple quadrupole tandem MS,
which allowed a precise and accurate determination of 30
carnitine esters besides the circulating free carnitine. Similar

trial has not been presented in the literature so far, and the
ESI/MS/MS based profiling presented here revealed very
complex and dynamic changes in circulating acylcarnitines.

During the second part of the pregnancy, we observed a
decreased level of the free carnitine and carnitine esters, which
was already documented also by others, who used the classic
radioenzymatic free carnitine assays (22–25). By contrast, the
coupled alkaline hydrolysis based determination methods,
which was used in the previous decades of the carnitine
research, could not provide information on the individual
carnitine esters. In the present study, we observed an increase
for the majority of carnitine ester levels, which led to an
elevation in the total calculated amount of carnitine esters.
Specifically, we observed significant rise in acetylcarnitine
and carnitine esters with more than five carbons. The highest
increases were seen for most of the C12–C18 carnitines,
which may reflect the enhanced fatty acid oxidation in mater-
nal tissues and correlates well with the elevated FFA levels in
the mother’s circulation during late gestation (26,27). Only
moderate or no changes were seen for the short-chain

Table 2. Plasma carnitine concentrations (�mol/L) in pregnant mothers at different stages of gestation, in nonpregnant control women
and in newborns

Pregnant mothers (n � 37)

20th week 30th week Term Controls (n � 22) Newborns (n �20)

Free carnitine 19.605 � 1.247†§ 16.717 � 0.926 16.748 � 0.895 27.897 � 1.417§ 19.996 � 1.299§�

Acylcarnitines 7.662 � 0.357§ 7.666 � 0.592§ 10.417 � 0.537 16.037 � 0.883§ 13.187 � 1.541§
Total carnitine 27.267 � 1.464† 24.383 � 1.349§ 27.165 � 1.197 43.934 � 2.116§ 33.184 � 2.587§�

C2-carnitine 6.237 � 0.318§ 6.299 � 0.562§ 8.482 � 0.494 13.755 � 0.805§ 11.241 � 1.555§
C3-carnitine 0.112 � 0.008† 0.098 � 0.005 0.100 � 0.005 0.204 � 0.013§ 0.224 � 0.015§
C4-carnitine 0.260 � 0.014 0.244 � 0.014 0.241 � 0.012 0.335 � 0.015§ 0.324 � 0.020§
C5:1-carnitine 0.035 � 0.002§ 0.036 � 0.003 0.041 � 0.004 0.040 � 0.003 0.034 � 0.003
C5-carnitine 0.068 � 0.004 0.067 � 0.004 0.074 � 0.005 0.139 � 0.009§ 0.140 � 0.017§
C6-carnitine 0.059 � 0.003†§ 0.067 � 0.004 0.072 � 0.003 0.099 � 0.006§ 0.108 � 0.007§
C5-OH-carnitine 0.023 � 0.001 0.024 � 0.001 0.024 � 0.001 0.035 � 0.002§ 0.033 � 0.003§
C8:1-carnitine 0.062 � 0.006§ 0.069 � 0.004§ 0.077 � 0.005 0.083 � 0.007 0.078 � 0.012
C8-carnitine 0.048 � 0.003§ 0.054 � 0.004§ 0.065 � 0.004 0.130 � 0.009§ 0.050 � 0.004§�

C10:2-carnitine 0.016 � 0.001†§ 0.019 � 0.001 0.021 � 0.001 0.017 � 0.001§ 0.019 � 0.001
C10:1-carnitine 0.043 � 0.003§ 0.049 � 0.003§ 0.058 � 0.003 0.126 � 0.008§ 0.043 � 0.004§�

C10-carnitine 0.050 � 0.004§ 0.058 � 0.006§ 0.068 � 0.004 0.152 � 0.012§ 0.036 � 0.003§�

C4-DC-carnitine 0.024 � 0.002§ 0.026 � 0.001§ 0.030 � 0.002 0.047 � 0.003§ 0.033 � 0.007�

C5-DC-carnitine 0.020 � 0.001§ 0.020 � 0.001§ 0.025 � 0.001 0.046 � 0.002§ 0.024 � 0.002�

C12:1-carnitine 0.018 � 0.001§ 0.019 � 0.002§ 0.032 � 0.003 0.050 � 0.004§ 0.020 � 0.002§�

C12-carnitine 0.019 � 0.001§ 0.018 � 0.001§ 0.032 � 0.002 0.050 � 0.004§ 0.021 � 0.002§�

C6-DC-carnitine 0.014 � 0.001§ 0.015 � 0.001§ 0.021 � 0.002 0.025 � 0.002 0.018 � 0.002�

C14:2-carnitine 0.014 � 0.001§ 0.014 � 0.001§ 0.024 � 0.002 0.028 � 0.003 0.018 � 0.002§�

C14:1-carnitine 0.017 � 0.001§ 0.019 � 0.001§ 0.037 � 0.004 0.040 � 0.004 0.022 � 0.002§�

C14-carnitine 0.016 � 0.001§ 0.016 � 0.001§ 0.026 � 0.002 0.024 � 0.002 0.024 � 0.002
C8-DC-carnitine 0.011 � 0.001§ 0.010 � 0.001§ 0.016 � 0.001 0.012 � 0.001§ 0.017 � 0.003
C16:1-carnitine 0.027 � 0.002§ 0.028 � 0.002§ 0.052 � 0.004 0.039 � 0.003§ 0.047 � 0.010
C16-carnitine 0.071 � 0.004§ 0.065 � 0.004§ 0.127 � 0.007 0.120 � 0.008 0.152 � 0.013§�

C16:1-OH-carnitine 0.046 � 0.003§ 0.048 � 0.003§ 0.056 � 0.002 0.028 � 0.002§ 0.046 � 0.003§�

C16-OH-carnitine 0.045 � 0.002 0.044 � 0.003§ 0.051 � 0.003 0.023 � 0.002§ 0.047 � 0.004�

C18:2-carnitine 0.082 � 0.005§ 0.080 � 0.004§ 0.164 � 0.010 0.107 � 0.009§ 0.124 � 0.012§
C18:1-carnitine 0.110 � 0.007§ 0.106 � 0.007§ 0.242 � 0.014 0.154 � 0.013§ 0.121 � 0.010§�

C18-carnitine 0.065 � 0.005†§ 0.050 � 0.003§ 0.088 � 0.005 0.078 � 0.006 0.071 � 0.007§
C18:2-OH-carnitine 0.018 � 0.002§ 0.019 � 0.001§ 0.033 � 0.003 0.019 � 0.002§ 0.024 � 0.003§
C18:1-OH-carnitine 0.019 � 0.001§ 0.019 � 0.002§ 0.027 � 0.003 0.014 � 0.001§ 0.018 � 0.002§

Data are mean � SEM. Values marked with different symbols are statistically significant.
* p � 0.05 vs controls.
† p � 0.05 vs 30th week.
§ p � 0.05 vs at term.
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carnitine esters, which are derived mainly from amino acid
catabolism (28).

Comparing the pregnant with the nonpregnant women re-
vealed unique features that had not been detected in relation to
any metabolic condition, therefore suggesting a gravidity-
specific, dynamic modification of the carnitine ester metabo-
lism. Almost all of C2- to C12-carnitine ester levels (Table 2)
were significantly lower in pregnant women at each time period
of their gravidity compared with the nonpregnant controls, with
the largest difference for C3-, C5-, C8-, C10- C10:1, and C12-
esters. By contrast, for longer chains, like the in-chain modified
C16- and C18-carnitine esters, the plasma levels were signifi-
cantly higher in pregnant women at birth than in the controls; the
levels of some esters were already elevated from the earlier stages
of the pregnancy (e.g. C16:1-OH, C16-OH). This distribution
also may represent a shift in the balance of the carnitine ester
homeostasis and may reflect the enhanced participation of the

carnitine in the fatty acid oxidation process. Another explanation
is that the decrease in free carnitine level may reflect a decrease
of the total body carnitine pool in the pregnant women. For
example, a greater fetal need for carnitine via the placental supply
can also contribute to the decrease of the reserves.

After birth, the availability of carnitine is crucial for the
infant when lipid breakdown becomes the major source of
energy with switching from the oxidation of glucose to that of
fatty acids (29). It is well established that the fetus has limited
ability to synthesize carnitine: during total parenteral nutrition,
plasma carnitine decreases in premature infants and tissue
accretion of carnitine declines (30). In the cord blood, the
entire carnitine ester spectrum could be detected. Our data do
not differ from observations of others in respect to the levels
of the individual carnitine esters (31). The long-chain acyl-
carnitine levels were generally lower in the cord blood as
compared with the mothers (C16- and C18-carnitines), which
may correlate with a more active fatty acid catabolism of the
long-chain fatty acids in the mothers than in the neonates. The
free carnitine in the cord blood was lower than in the non-
pregnant women; this observation is in accordance with the
previous data of others (23–25). Meanwhile, the free, C2-,
total acyl-, and total carnitine (sum of free carnitine and all
carnitine esters) concentrations in the newborns were between
the maternal and the nonpregnant control levels. Medium-
chain carnitine levels (C8–C14) were generally lower, in turn,
C16-carnitine and its derivatives were higher in newborns
than in nonpregnant women. Therefore, the carnitine ester
profile in the neonates represents a unique spectrum, which
differs either from the mothers or from the nonpregnant fertile
women. The difference clearly reflects differential carnitine
ester metabolism, however, the exact explanation is not know.

A common thought suggests that the carnitine and its
derivatives do not remain compartmentalized in the placenta,
or in the maternal or fetal tissues. Besides the maternofetal
transport, they may regurgitate into the maternal blood stream.
These aspects have not been investigated. The test for corre-
lation between the maternal and neonatal carnitine ester con-
centrations also revealed specific features. Significant positive
correlation was found between the maternal and neonatal
levels of free carnitine, C6-DC-, C8-DC-, C10:2-, C18:1-, and
C18:2-carnitine esters (Table 3). The positive correlation for
these esters suggests that their transport might be influenced
by their concentrations on both sides of the placenta. The
absence of the correlation for majority of the esters likely
reflect the existence of concentration-independent, carrier-
mediated transport mechanisms for those esters, or their active
participation in the placental metabolism. In general, the
placental transport of carnitine and carnitine esters is carrier
mediated. The involvement of the OCTN2 Na�-dependent,
high-affinity carnitine transporter and expression of the ATB
(0,�) amino acid transporter with broad substrate specificity
are documented (16,32).

There are several possible extensions of the present study.
The contribution of maternal and fetal tissues, and of placenta
to the ester flux under normal and pathologic conditions
remains to be investigated. Such issue can have even thera-
peutic consequences of possible use of carnitine administra-

Table 3. Correlation analysis between carnitine profiles of
mother-infant pairs at term (n � 20)

Correlation
coefficient p

Free carnitine 0.645 0.007§
Acylcarnitines –0.014 0.958
Total carnitine 0.344 0.192

C2-carnitine –0.003 0.992
C3-carnitine 0.429 0.097
C4-carnitine 0.283 0.289
C5:1-carnitine 0.418 0.107

C5-carnitine 0.003 0.991
C6-carnitine 0.166 0.539
C5-OH-carnitine 0.273 0.306
C8:1-carnitine 0.529 0.035§

C8-carnitine 0.319 0.228
C10:2-carnitine 0.689 0.003§
C10:1-carnitine –0.190 0.482
C10-carnitine –0.109 0.687

C4-DC-carnitine 0.139 0.608
C5-DC-carnitine –0.018 0.947
C12:1-carnitine 0.429 0.097
C12-carnitine 0.232 0.388

C6-DC-carnitine 0.687 0.003§
C14:2-carnitine 0.058 0.830
C14:1-carnitine 0.355 0.178
C14-carnitine 0.276 0.300

C8-DC-carnitine 0.771 0.001§
C16:1-carnitine 0.068 0.802
C16-carnitine 0.404 0.120
C16:1-OH-carnitine 0.025 0.928

C16-OH-carnitine 0.173 0.522
C18:2-carnitine 0.596 0.015§
C18:1-carnitine 0.598 0.014§
C18-carnitine 0.067 0.805

C18:2-OH-carnitine 0.271 0.310
C18:1-OH-carnitine 0.393 0.132

§ p � 0.05.
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tion for example in acute fatty liver associated pregnancies or
in woman who carry a fetus with a mitochondrial defect or
more specifically with fatty acid oxidation disorders.
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