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Abstract – The fetal demand for docosahexaenoic acid (DHA) has to be satisfied by the mother.
We determined the fatty acids in maternal plasma non-esterified fatty acid (NEFA), triacylglycerol
(TAG) and phosphatidylcholine (PC), in a cross-sectional study of non-pregnant (n = 10), pregnant
(n = 19), and postpartum (n = 9) women. There were lipid class-dependent differences in plasma
polyunsaturated fatty acid (PUFA) concentrations between groups. During pregnancy, DHA was
most highly enriched in PC, about 230%, with more modest enrichment for linoleic acid (LA) and
arachidonic acid (AA), and no enrichment of alpha-linolenic acid (α-LNA). There was relative
enrichment of LA, AA and α-LNA in TAG, but not of DHA. There was no specific enrichment of
any PUFA in the NEFA pool. These data accord with the suggestion that the enrichment of α-LNA
in TAG and of DHA in phospholipids reflects hepatic regulation of n-3 PUFA metabolism which
potentially enhances the delivery of DHA to the placenta. 

pregnancy / human / plasma / polyunsaturated fatty acid

1. INTRODUCTION

The fetus has a high demand for the n-3
polyunsaturated fatty acid (PUFA) docosa-
hexaenoic acid (22:6n-3, DHA), which
accumulates in the phospholipids of neural
membranes of the developing central nerv-
ous system. Insufficient accumulation of
DHA is associated with impaired cognitive
and visual function [1, 2]. The fetus is
dependent upon a maternal supply of pre-
formed DHA since it has a limited capacity
for synthesising DHA from its precursor, α-
linolenic acid (α-LNA) [3].

It has been reported that in human preg-
nancy, the concentration of DHA in plasma
phospholipids increases, specifically sn-1
palmitoyl, sn-2 docosahexaenoyl phos-
phatidylcholine (PC) [4–7], although not all
studies have found this [8]. It has been
assumed that this increase is important for
the delivery of DHA to the fetus [4–7]. We
wished to know whether other plasma lipid
pools were similarly enriched in DHA: non-
esterified fatty acid (NEFA) derived from
adipose tissue, and triacylglycerol (TAG)
which derive from liver metabolism. We
report the results of a pilot cross-sectional

* Corresponding author: g.c.burdge@soton.ac.uk

Article published by EDP Sciences and available at http://www.edpsciences.org/rnd or http://dx.doi.org/10.1051/rnd:2005061

http://www.edpsciences.org/rnd
http://dx.doi.org/10.1051/rnd:2005061


64 G.C. Burdge et al.

study of the PUFA composition of individ-
ual plasma lipid pools in mid and late preg-
nancy, and within 24 hours of birth.

2. MATERIALS AND METHODS

The study was conducted at the Mount
Hope Maternity Hospital, Trinidad. Ethical
approval was granted and informed consent
was obtained.  Subject details are summa-
rised in Table I. Fasting blood samples were
collected from non-pregnant staff, women
attending an antenatal clinic with uncom-
plicated pregnancies in mid (20–24 weeks)
and late (30–34 weeks) gestation, and
women on the morning after delivery.
Plasma was isolated by centrifugation and
stored at –20 °C. Non-pregnant women had
no documented pregnancy and all pregnant
women were primigravid.

Total lipids were extracted from plasma
(1.0 mL) with chloroform/ methanol 2:1 (v/v)
[9]. Plasma PC, TAG and NEFA fractions
were isolated by solid phase extraction,
converted to fatty acid methyl esters and
analysed by gas chromatography [10].

Data are presented as μmol·L–1 plasma,
mean ± standard deviation. Statistical com-
parisons between groups of women were
done by one-way ANOVA with the Bon-
ferroni post hoc test.

3. RESULTS

The most marked differences were for
plasma PC. DHA was significantly greater
in the PC of pregnant and postpartum
women than for non-pregnant women
(about 230%) (Tab. I). Linoleic acid (LA)
in PC was significantly greater in mid and
late pregnancy than in the non-pregnant
(170% and 150%, respectively) or in the
postpartum group (130% and 110%, respec-
tively). Arachidonic acid (AA) in PC was
consistently greater in pregnant women and
the postpartum group (about 160%) than in
non-pregnant women.

For the NEFA fraction, there were no
significant differences in the concentra-
tions of the n-6 PUFA, LA, or the n-3
PUFA, alpha-linolenic acid (α-LNA) and
DHA amongst groups. Although the n-6
PUFA AA was measured in plasma NEFA
in non-pregnant women, it was undetecta-
ble in plasma NEFA of the pregnant and
postpartum groups. 

For plasma TAG, in pregnancy there
were higher concentrations of LA (about
150%), AA (about 180%) and α-LNA (190%)
compared with non-pregnant or postpartum
women. There were no significant differ-
ences between groups in DHA concentra-
tion in TAG.  

The total lipid concentrations in plasma
from these women have been reported pre-
viously. The differences were modest with
TAG concentrations being about 60%
higher during pregnancy and no demonstra-
ble difference in NEFA or PC [11]. 

4. DISCUSSION

We found that during pregnancy the pat-
tern of fatty acids varies widely among dif-
ferent lipid pools in plasma. For n-3 PUFA,
the most marked change was relative
enrichment of DHA, but not α-LNA, in PC.
This compares with relative enrichment of
α-LNA, but not DHA, in TAG. For n-6
PUFA the changes were less marked, with
relative increases in LA and AA in both
TAG and PC. There were no demonstrable
differences for any of these fatty acids in
plasma NEFA. Together these data repre-
sent a significant extension in the under-
standing of the regulation of fatty acid
metabolism during pregnancy beyond pre-
vious studies which have focussed on single
lipid classes or total plasma lipids [4–8].

Fatty acids in maternal circulation are
potentially available for uptake by the pla-
centa to meet the needs of the fetus. The pat-
tern of enrichment of individual fatty acids
within different plasma lipid pools is likely
to reflect the intracellular compartment
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from which they are derived and may ena-
ble differential delivery to the fetus. Fasting
plasma NEFA reflect adipose tissue, while
the TAG and PC fractions, primarily asso-
ciated with VLDL, reflect intra-hepatic
lipid biosynthesis and secretion. Plasma
NEFA are precursors for synthesis of VLDL
by the liver in pregnancy [12]. The fatty
acid composition of plasma NEFA was not
different during pregnancy and provided no
indication of selective mobilisation of indi-
vidual fatty acids from the hydrolysis of
TAG in adipose tissue, although this mobi-
lisation may be important for the bulk sup-
ply of fatty acids to the liver [12]. By
contrast, there were important differences
in the fatty acid profiles of plasma TAG and
PC, suggesting selective utilisation of indi-
vidual fatty acids in their formation. These
data indicate that although dietary intake
may be an important determinant of the
amount of individual fatty acids in plasma,
the plasma pool in which they are incorpo-
rated and the changes in concentration during
gestation are determined by the specificity
of maternal hepatic lipid metabolism. This
may have important implications for the
bioavailability of individual fatty acid species.

The mechanisms which underlie these
selective changes and their regulation during
pregnancy are not clear. However, evidence
for selective adaptations as an integral
response to pregnancy suggests a mecha-
nism through which individual PUFA
might be supplied preferentially to the
fetus. Fatty acids of the n-6 series were
enriched in plasma TAG and PC during
pregnancy, but for the n-3 series, enrich-
ment of α-LNA was only found in TAG,
and enrichment of DHA only found in PC.
Previous evidence of specific enrichment of
plasma sn-1 palmitoyl, sn-2 docosahex-
aenoyl PC in pregnancy [4], suggests that
sn-1 palmitoyl PC species are preferentially
hydrolysed by placental lipoprotein lipase
[13]. Therefore specific enrichment of
DHA in PC is likely to increase the bioa-
vailability of this fatty acid to the placenta
and fetus [14]. 

Despite the limitations of the cross sec-
tional design, the results of this pilot study
indicate the need to determine how mater-
nal hepatic metabolism of individual fatty
acids is regulated during pregnancy and
how this relates to fetal development. It
may be that the enrichment of α-LNA in
plasma TAG marks an intra-hepatic pool
which is the precursor for DHA formation
in PC.
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