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Abstract

Vitamin E is an important lipophilic antioxidant. The term refers to
eight essential naturally occurring fat-soluble nutrients called
tocopherols or tocotrienols. Among these isomers, �-tocopherol
has the highest biologically active form and is found in all
lipoprotein fractions. Vitamin E deficiency during pregnancy may
cause miscarriage, preterm birth, preeclampsia, and intrauterine
growth restriction. This review highlights recent findings that have
led to a better understanding of vitamin E absorption, transport,
bioavailability, and its role in pregnancy, and that underline the
need for re-evaluation of the potential benefits of vitamin E
supplementation in pregnant women.

Résumé

La vitamine E est un important antioxydant lipophile. Ce terme fait
référence aux huit nutriments liposolubles essentiels d’origine
naturelle connus sous le nom de tocophérols ou de tocotriénols.
Parmi ces isomères, l’�-tocophérol constitue la forme active sur le
plan biologique la plus élevée et fait partie de toutes les fractions
lipoprotéiniques. La carence en vitamine E au cours de la
grossesse peut entraîner une fausse couche, un accouchement
préterme, une prééclampsie et un retard de croissance
intra-utérin. La présente analyse met en évidence les données
récentes qui ont mené à une meilleure compréhension de
l’absorption, du transport et de la biodisponibilité de la vitamine E
(et de son rôle pendant la grossesse), et qui soulignent la
nécessité de réévaluer les avantages potentiels de la
supplémentation en vitamine E chez les femmes enceintes.
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INTRODUCTION

“Vitamin E” refers to a family of tocopherol and
tocotrienol isomers discovered in 1922 as anti-infertility
factors.1 Because of its important role in fertility,2 vitamin E
has been named tocopherol from the Greek words tokos,

meaning childbirth, and phero, meaning to bring forth,
whereas the ol ending indicates the alcohol property of this

molecule.3 There are eight forms of this lipophilic antioxi-
dant: �-, �-, �-, and �-tocopherol and �-, �-, �-, and
�-tocotrienol (Figure 1).4 Tocopherols have a completely
saturated chain, whereas tocotrienols are characterized by
three trans double bonds (partially unsaturated chain).5

Tocotrienols are believe to have powerful neuroprotective,
anticancer, and cholesterol-lowering properties, although
there is little published evidence concerning their effective-
ness.6 With respect to tocopherols, although �-tocopherol is
the major form of dietary vitamin E, �-tocopherol is the
most important form of vitamin E present in human plasma
and tissues.7 The synthetic �-tocopherol (all racemic
�-tocopherol) consists of an equal racemic mixture of the
eight stereoisomers (RRR, RSR, RRS, RSS, SRR, SSR, SRS,

and SSS), whereas the natural form of �-tocopherol is
found only in the RRR configuration.8 Vitamin E, as well as
other lipophilic components such as fatty acids, cholesterol,
and other liposoluble vitamins, is absorbed in the small
intestine. While in enterocytes, vitamin E is incorporated
into chylomicrons, which pass into the lymphatic system
and the circulation. The capacity to increase �-tocopherol
concentrations in plasma is limited because �-tocopherol is
replaced by newly absorbed �-tocopherol,9 whereas the
surplus is excreted in bile.

ORIGIN AND METABOLISM OF VITAMIN E

Dietary Sources of Vitamin E

Depending on the major sources of vegetable oils, dietary
intake of �- and �-tocopherol can be minimal. Dietary
intake in �-tocopherol normally exceeds that of
�-tocopherol. Indeed, in the United States it has been esti-
mated that approximately 70% of the vitamin E intake from
food is in the �-tocopherol form, probably due to the high
intake of soybean, containing 8 mg/100 g of �-tocopherol
and 70 mg/100 g of the �-form, or corn oil, containing
20 mg/100 g of �-tocopherol and 70 mg/100 g of the
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�-form.10 Even though dietary intakes of �-tocopherol are
10-fold higher than �-tocopherol, the latter represents the
major form of vitamin E in plasma. In fact, the percentage
of plasma �-tocopherol represents only 10% to 20% of total
vitamin E.11

Inconsistency in the assessment of vitamin E contents of
prepared foods should be considered when interpreting
results from a number of dietary intervention studies. This
variability can be explained by many factors, such as
genetics, season, harvesting conditions, climate, ripeness,
freshness, food matrix, and food processing.12–15 In some
vegetables, such as broccoli, cauliflower, Brussels sprouts,
and cabbage, variations in content from 0 to 83% for
�-tocopherol and 0 to 100% for �-tocopherol have been
reported.16 Thus, concentrations of vitamin E ranging from
122 mg/kg to 612 mg/kg in ripe tomato fruit have been
reported.17 In addition, conditions of storage (oxygen, ultra-
violet light, and temperature) may affect the vitamin E con-
tent.18 In general, �-tocopherol decomposes faster than
�-tocopherol.19

Intestinal Absorption and Plasma Transport of
Vitamin E
The digestion of vitamin E in the small intestinal lumen is
similar to that of dietary fats (Figure 2). This lipid-soluble
vitamin requires biliary and pancreatic secretions in order to
form micelles for subsequent uptake by intestinal epithelial
cells.20 Vitamin E intestinal absorption is, in part, mediated
by scavenger receptor class B type 1 (SR-B1), in a mech-
anism similar to that of cholesterol uptake.21 Intestinal
absorption of vitamin E involves complex mechanisms
such as intracellular trafficking proteins, the modulation of
nuclear receptors, and the activity of adenosine
triphosphate binding cassette transporters.22 Dispersion of
vitamin E in the intestinal lumen, together with dietary
lipids, can markedly influence vitamin E digestion and
absorption.23 These findings support the concept of varying

degrees of vitamin E bioavailability. Upon entering the cir-
culation via the thoracic lymph, chylomicron triglycerides
are hydrolyzed by endothelium-bound LPL, resulting in the
production of chylomicron remnants. Released fatty acids
and some vitamin E molecules are then transferred to
peripheral tissues,24 whereas chylomicron remnants, also
carrying vitamin E, are then taken up by hepatic endocytosis
through a receptor-mediated mechanism.25

Hepatic Metabolism of Vitamin E

Hepatic receptors, e.g., the LDL-cholesterol receptor and
the LDL receptor-related protein, are largely implicated in
this uptake process.26,27 The hepatic �-tocopherol form of
vitamin E is specifically selected by the �-TTP, a small cyto-
plasmic hepatic protein with differential affinity for
�-tocopherol.27–29 This protein is expressed not only in the
liver but also in human brain and placenta,30 thus limiting
the use of other forms of vitamin E in humans.27 Other
hepatic forms of vitamin E, i.e., �-, �- and �-, and the excess
of �-tocopherol are then excreted into the bile31,32 or
metabolized by side chain degradation via initial P450
enzymatic degradation (�-oxidation) and subsequent �-oxi-
dation33,34 to form carboxyethyl-hydroxychroman.35 Finally,
this main metabolite of tocopherols is largely excreted in
urine. The �-CEHC, the metabolite of �-tocopherol, is
excreted only in the urine of healthy subjects when a certain
plasma �-tocopherol threshold is exceeded.36 On the basis
of these observations, it has been suggested that
�-tocopherol might be degraded only after an optimum
plasma level has been achieved.37 As a consequence,
�-CEHC excretion could be taken as a marker for optimal
�-tocopherol supply.

The function of �-TTP is to incorporate vitamin E taken up
by liver cells into VLDL-cholesterol,38 but the exact mech-
anism is still not well understood. Similarly to chylomicron
particles, VLDL triacylglycerols are catabolized by LPL at
the surface of the vascular endothelium of peripheral tissues
transferring �-tocopherol to adjacent tissues and
HDL-cholesterol particles.39 Approximately 50% to 60% of
VLDL remnant particles (or IDL-cholesterol) thus formed
are taken up by the liver, while the remaining 40% to 50% is
catabolized into LDL and delivered to others peripheral tis-
sues.39 Finally, �-tocopherol exchanges also take place
between LDL and HDL particles that are important for
vitamin E transport in the circulation and delivery to repro-
ductive tissues (e.g., adrenals, ovaries, and testes) and other
tissues, specifically liver, lung and brain. The acquisition of
�-tocopherol by these tissues appears to be mainly
mediated via the SR-BI receptor.40
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ABBREVIATIONS

�-TTP �-tocopherol transfer protein

CEHC carboxyethyl-hydroxychroman

HDL high density lipoprotein

IDL intermediate density lipoprotein

LDL low density lipoprotein

LPL lipoprotein lipase

LRP LDL receptor-related protein

P450 enzymatic degradation

TOH tocopherol

Vit E vitamin E

VLDL very low density lipoprotein



Bioavailability

Bioavailability can be defined as the fraction of a food sub-
stance placed at the disposal of tissues after ingestion. The
bioavailability of vitamin E in the human is regulated by
many factors and is generally assessed using the level of
plasma tocopherol. This availability is essential for biological
activity since only this fraction has a physiological activity.
Vitamin E bioavailability depends also on its dispersion in
the intestinal lumen and the co-ingestion of other fat com-
ponents, namely fatty acids and plant sterols.41 Indeed, vita-
min E bioavailability is greatest when administered with
food,42 indicating that the amount of fat and food matrix are
important for vitamin E absorption24 and that plasma lipid
status influences uptake of �-tocopherol. A recent study
revealed that vitamin C, carotenoids, and polyphenols
significantly impaired the intestinal absorption of
�-tocopherol.43 The plasma concentrations of this
micronutrient may be influenced by gene regulating
intestinal uptake, intracellular trafficking, and lipoprotein
secretion of vitamin E.44 Reboul et al. suggest that SR-B1

expression and/or activity may explain the highly signifi-
cant inter-individual variability found in tocopherol absorp-
tion.21 Some other studies have observed that maternal
vitamin E levels increased significantly during preg-
nancy45,46 despite the marked increase in plasma volume
during pregnancy, suggesting an increase in bioavailability
during pregnancy.

Role of �-Tocopherol

For many years, �-tocopherol has primarily been
well-known for its capacity to protect lipids and
lipoproteins against peroxidative damage,39,47 but recently, it
has been proposed that, under physiological conditions
�-tocopherol may not act only as an antioxidant.48 Thus,
�-tocopherol would have other important biological func-
tions, such as altering gene expression, modulating cell sig-
nalling and proliferation.39 It also has significant effects on
platelet adhesion,3 redox-regulated transcription, cytokine
signalling, and perinatal immunoglobulin E production in
atopic diseases.49 In addition, �-tocopherol inhibits protein
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Figure 1. Variations in the chemical structure of �-, �-, �- and �-vitamin E
resulting from the number and arrangement of methyl groups surrounding the
chromanol ring. Attached to this ring is a phytyl side chain (16 carbons)
which is saturated in positions 3, 7, and 11 for tocopherols and unsaturated
for tocotrienols.39



kinase C, 5-lipoxygenase and phospholipase A2, and acti-
vates protein phosphatase 2A and diacylglycerol kinase.3

Furthermore, decreases in �-tocopherol concentrations
induce vulnerability in cell membrane from increased
permeability.

The �-tocopherol isoform of vitamin E inhibits radical
chain propagation within lipid domains by conversion into
its oxidized product, �-tocopherylquinone. The balance
between vitamin E and other antioxidants, such as
ascorbate (vitamin C), may be crucial for antioxidant pro-
tection in vivo. �-Tocopherol can act either as an antioxi-
dant or a pro-oxidant to inhibit or facilitate lipid
peroxidation in LDL particles. However, this pro-oxidant
activity of �-tocopherol is prevented by ascorbate acting as
a co-antioxidant.50 Indeed, the reduced form of vitamin E
can be regenerated by a reduction in the activity of
ascorbate,3,31,51 preventing oxidation of other lipoproteins
by �-tocopherylquinone.52 Moreover, recent research has
suggested that vitamin C has a dose-dependent effect on
�-tocopherol in elderly patients with type 2 diabetes,53 add-
ing one more argument to support the hypothesis that vita-
min C has the capacity to modulate �-tocopherol levels
positively.

Role of �-Tocopherol

�-Tocopherol has a number of beneficial effects, including
reducing in platelet aggregation, occlusive thrombus, arte-
rial superoxide anion generation, lipid peroxidation and
LDL oxidation, and increasing endogenous SOD activity.54

�-Tocopherol and its metabolite can also reduce synthesis
of PGE2, which plays a key role in inflammation.55 In addi-
tion, �-tocopherol is superior to �-tocopherol in controlling
damage caused by reactive nitrogen oxide species56,57 and in
reducing oxidative DNA damage.58 Recent studies have
indicated that �-tocopherol could be inversely associated
with the incidence of cardiovascular disease and
prostate cancer.59,60 In addition, the 2,7,8-trimethyl-2-
(2’-carboxyethyl)-6-hydroxychroman (�-CEHC), the
metabolite of �-tocopherol, can inhibit cyclo-oxygenase
activity, resulting in an anti-inflammatory effect.61

Interactions Between �- and �-Tocopherol

After high-dose administration of �-tocopherol, several
studies have observed a decrease in �-tocopherol,61 which
may be due to accelerated �-tocopherol metabolism with
the induction of a catabolic enzyme. Kiyose28 reported uri-
nary excretion of �-CEHC in vitamin E-deficient rats after
�- and �-tocopherol supplementation, suggesting that
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Figure 2. Absorption, transport, secretion, and metabolism of vitamin E.



�-tocopherol could influence the transformation of
�-tocopherol to �-CEHC. Additionally, Eichhorn et al.62

showed that a decrease in �-tocopherol did not increase the
excretion of �-CEHC, which may imply that other degrada-
tion and excretion routes are present for �-tocopherol.
During �-tocopherol administration, levels of plasma
�-CEHC significantly decreased and urinary excretion of
�-CEHC tended to increase, probably due to acceleration
in the metabolism of �-tocopherol.61

VITAMIN E SUPPLEMENTATION

Vitamin E oral supplementation results in variable increases
in plasma �-tocopherol concentrations. Such variations
may result from changes in regulatory factors such as
�-TTP activity, metabolic rate, lipid content and composi-
tion, the status of other micronutrients recycling
�-tocopherol, and environmental conditions.63 As intestinal
absorption is also highly variable, parenteral administration
of vitamin E may represent an efficient alternative.39 Vita-
min E supplementation in amounts � 1600 IU64 has been
reported to be safe for most adults in the prevention of oxi-
dative stress.65 However, two studies have suggested that
administration of more than 400 IU/day of vitamin E may
increase the risk of all-cause mortality66 and heart failure.67

Bjelakovic et al.68 have reported that antioxidant supple-
ments for primary and secondary prevention of several dis-
eases, including atherosclerosis, may increase mortality.
However, Chappell et al.69 reported that antioxidant
supplementation in women who were at risk of
preeclampsia was associated with improvement in bio-
chemical indices of the disease, an opinion that was later
re-evaluated by the same authors.70

VITAMIN E AND PREGNANCY

As an antioxidant molecule, vitamin E can decrease oxida-
tive stress,69,71 but it is also an essential nutrient in the

normal physiology of reproduction. Indeed, female rats fed
on a vitamin E-free diet are sterile, and impaired fertility has
been observed in animals lacking �-TTP,30 suggesting that
vitamin E may play an important role in human reproduc-
tion. Furthermore, it has been suggested that �-TTP plays a
major role in supplying the placenta and consequently the
fetus with �-tocopherol in the pregnant mouse.72 The pla-
centa has a higher discriminating capacity for vitamin E
than the liver, as it preferentially selects natural rather than
synthetic vitamin E. Several investigators73–75 have sug-
gested that the �-TTP mediated transfer of vitamin E
would be responsible for the preferential uptake of natural
vitamin E in animals. Acuff et al.76 also concluded that the
human placental-fetal unit and the fetal liver are able of
discriminating between natural and synthetic vitamin E.

The role of vitamin E during different stages of pregnancy,
especially during implantation and placental development,
is not well understood. �-Tocopherol is probably impor-
tant in the variability of syncytiotrophoblast cells in the lab-
yrinthine region of the mouse placenta.77,78 Kaempf-Rotzoll
et al. reported that �-tocopherol plays a role in the process
of implantation and that �-TTP may be necessary for ade-
quate �-tocopherol status of the fetus.72 Moreover, it has
been demonstrated that oxidative stress in the labyrinthine
region of the placenta is inhibited by vitamin E during pla-
cental development, with uterine �-TTP, in addition to
hepatic �-TTP, playing an important role in this process.78

During normal pregnancy, levels of plasma �-tocopherol
increase, but in abnormal pregnancies with fetal complica-
tions or maternal risks these levels are lower at correspond-
ing gestational ages.63 Newborns have significantly lower
plasma vitamin E concentrations than their mothers,79 but
after standardization of plasma vitamin E concentrations
for plasma phospholipids or total lipids these differences
were not found to be significant.63 Leger et al.80 suggested
that vitamin E did not pass efficiently to the newborn
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Published studies assessing the effects of vitamin E and vitamin C supplementation in the prevention of
preeclampsia

Study
Recruitment

(weeks of gestation) Dosage/day Vitamin E form
Plasmatic

dosage (HPLC) Observations

Chappell et al.84

(n = 283)
16–22 400 IU vit E +

1000 mg vit C
Natural-source

vitamin E
Yes Reduction in risk of

preeclampsia

Beazley et al.85

(n = 100)
14–20 400 IU vit E +

1000 mg vit C
Not described No No effect

Rumbold et al.86

(n = 1877)
14–22 400 IU vit E +

1000 mg vit C
d-�-tocopherol

succinate
No No effect

Poston et al.70

(n = 2410)
14–21 400 IU vit E +

1000 mg vit C
RRR-�-tocopherol Yes but not all No reduction in PE

risk, increase in low
birthweight



circulation through the placenta. The presence of �-TPP in
the placenta suggests a role for �-TTP in the regulation of
transfer of tocopherols through the placental barrier.81

However, unlike vitamin E, vitamin C concentrations are
higher in the fetal circulation than in the maternal circula-
tion, and vitamin C is transferred into the human placenta
possibly using the glucose carrier.82

VITAMIN E SUPPLEMENTATION AND PREECLAMPSIA

Theoretically, supplementation with antioxidative vitamins
C and E should play a significative role in preventing
preeclampsia.83 However, this effect has not been con-
firmed in clinical practice. A summary of various studies
evaluating the effects of vitamins C and E supplementation
in the prevention for preeclampsia is shown in the Table.
Chappell et al.84 showed that supplementation with vita-
mins C and E might be beneficial in the prevention of
preeclampsia in women at risk of the disease. However, in a
larger study, Poston et al.70 failed to confirm such a protec-
tive role of vitamin supplementation, and found an increase
in the incidence of low birth weight babies exposed to vita-
min supplementation. Similarly, Beazley et al.85 and
Rumbold et al.86 conducted clinical trials and could not con-
firm that supplementation with vitamins C and E during
pregnancy reduces the risk of preeclampsia. Rodrigo et al.87

suggested that the failure to observe a protective effect may
be due to the late initiation of treatment, i.e., after the critical
phase of placentation (between 14 and 22 weeks of gesta-
tion). Polyzos et al.88 concluded that current evidence does
support the use of combined vitamin C and E
supplementation during pregnancy for the prevention of
preeclampsia, although the safety of such supplementation
with respect to infant outcome is questionable. Discrepan-
cies in these reports could possibly be related to vitamin E
bioavailability among participating women, variability in the
regulatory pathways of vitamin E, or to other factors such
as the form of vitamin E used in dietary supplementation.
Knowing that �-tocopherol activity decreases after
�-tocopherol administration,89 and that �-tocopherol could
have a greater effect than �-tocopherol in reducing oxida-
tive processes, vitamin E bioavailability and its isoforms
should be assessed in future studies. Furthermore, it is
important to note that, in the majority of published studies
using vitamin supplementation, plasma levels of vitamin E
have not been determined.

Coenzyme Q10 is one of the first respondents in oxidative
stress.90 It would therefore be relevant to examine the
combined effects of coenzyme Q10 with that of vitamins C
and E on maternal and infant health.

CONCLUSION

Several recent studies evaluating the effects of
�-tocopherol supplementation have failed to show a pro-
tective effect, whereas some other studies found adverse
effects. Given that supplementation with �-tocopherol
decreases the levels of �-tocopherol, a form of vitamin E
with potent protective effects, supplementation with
�-tocopherol might not be the best antioxidative proce-
dure. While vitamin E is essential for normal reproductive
physiology, an optimal dose-effect relationship has not
been determined. In order to correctly assess the effects of
exposure to vitamin E, studies correlating plasma and tissue
levels to physiological indicators of stress are required. It is
likely that vitamin E supplementation is required and effec-
tive only when bioavailability is reduced. Further research is
thus needed to ascertain if vitamin E supplementation alone
or in combination with other supplements during preg-
nancy could be beneficial to maternal and infant health. It
would also be of interest to determine if low birth weight
previously found among mothers supplemented with vita-
min E could be related to low vitamin E bioavailability, and
to examine the combined effects of coenzyme Q10 with
that of vitamins C and E on maternal and infant health.
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