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Natural vitamin E includes four tocopherols and four tocotrienols. RRR-a-toco
pherol is the most abundant form in nature and has the highest biological activity.
Although vitamin E is the main lipid-soluble antioxidant in the body, not all its prop
erties can be assigned to this action. As antioxidant, vitamin E acts in cell membranes
where prevents the propagation of free radical reactions, although it has been also
shown to have pro-oxidant activity. Non-radical oxidation products are formed by
the reaction between u-tocopheryl radical and other free radicals, which are conju
gated to glucuronic acid and excreted through the bile or urine. Vitamin E is trans
ported in plasma lipoproteins. After its intestinal absorption vitamin E is packaged
into chylomicrons, which along the lymphatic pathway are secreted into the systemic
circulation. By the action of lipoprotein lipase (LPL), part of the tocopherols trans
ported in chylomicrons are taken up by extrahepatic tissues, and the remnant chy
lomicrons transport the remaining tocopherols to the liver. Here, by the action of the
"a-tocopherol transfer protein", a major proportion of a-tocopherol is incorporated
into nascent very low density lipoproteins (VLDL), whereas the excess of a-toco
pherol plus the other forms of vitamin E are excreted in bile. Once secreted into the
circulation, VLDL are converted into IDL and LDL by the action of LPL, and the
excess of surface components, including a-tocopherol, are transferred to HDL.
Besides the LPL action, the delivery of a-tocopherol to tissues takes place by the
uptake of lipoproteins by different tissues throughout their corresponding receptors.
Although we have already a substantial information on the action, effects and metab
olism of vitamin E, there are still several questions open. The most intriguing is its
interaction with other antioxidants that may explain how foods containing small
amounts of vitamin E provide greater benefits than larger doses of vitamin E alone.
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In 1922, Evans and Bishop (34) discov
ered vitamin E when a dietary factor was
found to be absent in rancid fat that was
essential to avoid a deficiency syndrome
in pregnant rats, in which fetal resorption
was the most characteristic manifestation.
The substance lacking in such a diet which
was able to revert the symptoms was pre
sent in fresh salad and wheat germ oil, was
lipid-soluble and has been identified as a

group of potent antioxidants. Natural vit
amin E includes four tocopherols (o, 13, y,
0) and four tocotrienols (o, 13, y, 0) all
derived from 6-chromanol. As shown in
figure 1, the first group carries a saturat
ed isoprenoid C-16 and three chiral cen
tres with configuration R at positions 2, 4'
and 8', whereas the second group has a
triple unsaturated side chain at positions
3', 7' and 11'. The members of either

Chromanol head

r~--_A---~,

Phytyl tail
r---------~---------,

HO

Tocopherol

R,

HO
CH3

R2 CH3

CH3 Tocotrienol

R1 Rz Compound

CH3 CH3 a

CH3 H 13

H CH3 y

H H s

Fig. 1. Structure ofnatural components ofvitamin E.

J. Physiol. Biochem., 57 (1), 2001



VITAMIN E METABOLISM 45

group are designated a, ~, yand 8 in func
tion of the number and position of the
methyl groups attached to the aromatic
ring (Fig. 1). There is also vitamin E of
synthesis, made up of approximately an
equal mixture of 8 steroisomer forms of
a-tocopherol. The most abundant form of
vitamin E in nature is RRR-a-tocopherol
(72), that has the highest biological activi
ty on the basis of rat fetal-resorption assay
(17) and reverses vitamin E deficiency
symptoms in humans (68, 73). Biological
and antioxidant activities are not coinci
dent among the different vitamin E forms.
Thus, whereas y-tocopherol (a form that is
abundant in human diet) has about half of
the antioxidant capacity of a-tocopherol
activity (18), it only has one tenth of its
biological activity (17) and although the
various synthetic a-tocopherol forms
have different biological activities, they
have similar antioxidant activity.

The 8 isomers of vitamin E are widely
distributed in nature. Vitamin E has been
detected in all plants in different composi
tions and there is a strong correlation
between its content and the amount of
unsaturated fatty acids in plant oils(9),
suggesting that vitamin E represents one
of the most abundant antioxidants in plant
tissues. Interestingly, olive oil, a major
component of the "Mediterranean diet",
contains small amounts of vitamin E com
pared to other vegetable oils (57, 72), but
it has been recently shown in rats that
endogenous levels of a-tocopherol are
preserved following olive oil intake (1)
probably due to its high content of
monounsaturated fatty acids which are
more resistant to peroxidation than
polyunsaturated fatty acids. In contrast to
plants, mammalian tissues contain almost
exclusively a-tocopherol, the highest con
tent found in those tissues with the higher
lipid content and very specially in adipose
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tissue and adrenals, whereas the content in
liver is much lower (55). Considering the
high mass of adipose tissue (in the range
of 13-19 % of body weight [8]), this tissue
constitutes the main store of vitamin E in
the body. However, a-tocopherol levels
are normally measured in plasma in order
to determine the vitamin E status of the
subject, despite being in low concentra
tions (0.5-1.6 mg/dL in normal popula
tion [19]).

Actions and functions

Although vitamin E is a potent lipid
soluble antioxidant, not all its properties
can be assigned to this action (4, 7). The
following properties are included among
the supposed non-antioxidant molecular
mechanism of a-tocopherol:

- Prevention of spermatogenesis loss in
males and fetal reabsorption in the rat (34,
91).

- Inhibition of a-tropomyosin expres
sion (2).

- Inhibition of scavenger receptors
class A (SR-A) (79).

- Inhibitory action on protein kinases
C (5, 61), which playa key role on the
effects of vitamin E inhibiting cell prolif
eration in vascular smooth muscle (70).

- Up-regulation of the cytosolic phos
pholipase Az and cyclooxygenase activi
ties (24).

Antioxidant and pro-oxidant action.
Vitamin E functions as a chain-breaking
antioxidant that prevents the propagation
of free radical reactions (18, 44, 78), which
are involved in several disease processes
(cancer, cardiovascular disease, diabetes
and aging among others). Despite its low
concentration in cell membranes (less than
one molecule of a-tocopherol per 1000 of
lipids), it is considered the main lipid sol-
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uble antioxidant in the body, although it
has been also shown to have pro-oxidant
activity (49). Figure 2 shows the scheme of
polyunsaturated lipid peroxyl radical
(PUFA-OOO) production in the lipid
phase of the cell (membranes) and of part
of the antioxidant, pro-oxidant and regen
eration reactions of a-tocopherol
(TocOH). One free radical chain reaction
is initiated when one polyunsaturated
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the repetition of this process constitutes
the "free radical chain reaction", which
may disturb the molecular structure of the
membrane. As shown in figure 2, the reac
tion of PUFA-OO· and tocopherol
(TocH) results in the production of
hydroperoxide polyunsaturated fatty acid
(PUFA-OOH), which is no longer a free
radical and the a-tocopherol radical
(Toe"). Toe' may also combine with
PUFA-OOH and again produce PUFA
00· and this reaction may be considered
part of the pro-oxidant action of a-toco
pherol (60). This pro-oxidant action is
suppressed when TocH is regenerated by
the reactions of Toe" with vitamin C (L
ascorbic acid, AsA) together with the
reduced form of glutathion (GSH) (58) at
the interface of the cell membrane and the
aqueous phase (cytosol), or with ubi
quinol (UQH2) within the cell membrane,
all these reactions being essentially pro
ton- or hydrogen-transfer reactions (Fig.
2). By the action of phospholipase A2 on
PUFA-OOH in membrane phospholipid,
free-PUFA-OOH are released into the
cytosol, whereby the action of the enzy
matic systems of superoxide dis mutase,
catalase and glutathion peroxidase are
converted into hydroxy polyunsaturated
fatty acid (PUFA-OH) (Fig. 2).

Oxidation products ofvitamin E.- Oxi
dation products of a-tocopherol are
formed by the reactions between a-toco
pheryl radical (Toc") and PUFA-OO· (or
other radicals), producing PUFA-OOH
plus a non-radical product of tocopherol,
in which the chromane ring is trans
formed into no-radical products (53).
These no-radical products of tocopherol
are very variable and may be visualized in
two groups (52) (Fig. 3). In the first group,
the primary products correspond to 8a
substituted tocopherones, which may
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subsequently hydrolyze to form rx-toco
pheryl quinone (a-TQ), that may be con
verted to a-tocopheryl hydroquinone
(a-THQ) by means of a two electron
reduction. The second group consists of
epoxytocopherones and epoxyquinones.
Although in smaller proportion, the pos
sibility also exists that two Toe" may react
to give dimeric forms (71). These products
are conjugated to glucuronic acid and
excreted through the bile or urine. In this
way, once carried out its function, a sub
stantial amount of a-tocopherol is not
reclycled either intact or transformed into
those products and therefore, it has to be
replaced in order to be present in the cell
membrane (47).

A number of compounds derived from
the oxidation of the phytyl side of toco
pherol, leaving the chromanol structure
intact, have been detected in urine either
in their free form or as glucuronide conju
gates. These compounds seem to be indi
cators of an excess in the tocopherol sup
ply and include 2,5,7,8-tetramethyl
2-(~-carboxyethyl)-6- hydroxychroman
(a-CEHC), metabolite of a-tocopherol
(67, 69), 2,7,8-trimethyl-2-(~-carboxy

ethyl)-6-hydroxychroman (y-CEHC),
metabolite of y-tocopherol (89) and 2,8
dimethyl-2-(~-carboxyethyl)-6-hydroxy

chroman (b-CEHC), metabolite of b
tocopherol (25) (Fig. 4). Since both a- and
y-tocopherols are the two most important
members of the vitamin E family in
human nutrition (13), the urinary excre
tion of both a- and y-CEHC has been
studied with special attention and it has
been recently shown that the rate of uri
nary excretion of a-CEHC is much less
than that of y-CEHC, the latter represent
ing in its glucuronide conjugate form the
major route of y-tocopherol elimination
in humans (76), whereas a mechanism
exists to actively promote the retention of
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a-tocopherol (see below). It has been pro
posed that y-CEHC in urine has a physi
ological role in the urinary excretion of
sodium (natriuresis) (89).

Vitamin E and atherosclerosis.- Vita
min E has been involved in the prevention
or treatment of several diseases, including
hot flashes, hypercholesterolemia, fibro-

cystic disease, hemolitic anemia, cancer,
diabetes, diabetes pregnancy teratogene
sis, resistance to infection, increase sexual
potency and decrease aging (38, 87, 90).
Researches have placed specific emphasis
on the effects of vitamin E in atheroscle
rosis and its complications, which is the
major cause of premature death in the
developed world. As recently reviewed
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(22), the protective effects of vitamin E on
lipoproteins and different cell types
involved in atherosclerosis include:

- Inhibition of LDL oxidation (30, 63,
86).

- Inhibition of thrombin generation
assembly (64).

- Enhancement of prostacyclin synthe
sis (21, 77).

- Up-regulation of the expression of
cytosolic phospholipase A2and cyclooxy
genase in endothelial cells (24).

- Inhibition of agonist-induced mono
cyte adhesion in endothelial cells (35).

- Decreased endothelial expression of
adhesion molecules induced by oxidized
LDL (27).

- Inhibition of smooth muscle cells
proliferation (6).

- Inhibition of platelet adhesion, aggre
gation and platelet release reaction (37).

- Reduction of leukotriene synthesis
(23).

- Reduction of monocyte adhesion
(29).

The formation of oxidized LDL in the
subendothelial space of the artery wall is
now accepted to be a causative action in
the development of atherogenesis and
therefore the potential anti-atherogenic
role of the antioxidant actions of vitamin
E have received much attention. Howev
er, although the benefits of vitamin E in
the treatment of coronary heart disease
have been reported for more than 50 years
ago (88) and from there on many studies
have supported such claim, recent studies
have questioned the protective effect of
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vitamin E on atherosclerosis and have
shown diverse roles for a-tocopherol in
LDL oxidation, displaying neutral, anti-,
or pro-oxidant activity under various con
ditions (12, 62, 75). Although the regular
intake of foods rich in vitamin E is associ
ated with decreased events due to cardio
vascular disease (40), the benefit of large
dose vitamin E supplementation is less
clear. Results from large-scale random
ized trials in humans are inconclusive (39):
beneficial (74) and adverse (80) effects
have been reported. As recently reviewed,
animal studies are also inconclusive (85):
from 32 studies in animals fed standard
chow, 5 clearly suggested that dietary sup
plementation with vitamin E decreased,
while 4 studies promoted atherosclerosis,
whereas in 4 out of 5 studies in vitamin E
deficient animals, vitamin E decreased
atherosclerosis. Although these findings
are consistent with the role of a-toco
pherol providing retarded lipid peroxida
tion when compared with vitamin E
depleted LDL, they also show that foods
rich in vitamin E contain additional com
pounds that are beneficial by themselves
or in conjunction with vitamin E, and
studies are warranted to determine their
specific implications as antiatherogenic
supplements.

Metabolism

As a consequence of its hydrophobici
ty, vitamin E needs a special transport sys
tem in an aqueous media, such as plasma.
Different from other lipid-soluble vita
mins, vitamin E is transported in plasma
lipoproteins (51), in which it is distributed
in parallel to other lipids (10, 11).

Intestinal absorption and metabolism of
chylomicrons.- Vitamin E absorption is
largely dependent upon the process gov-
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erning the digestion and absorption of
dietary fats. Pancreatic esterases and bile
acids allow the formation of micelles into
which tocopherols and other hydropho
bic molecules become solubilized. Vita
min E is absorbed in the proximal small
intestine, where it is transported across
the brush border by passive diffusion (41).
In human, the fractional absorption of a
tocopherol has been estimated to be 70%
(48, 56) and in rat 65% (83), these per
centages being decreased when the
amount of vitamin E given is enhanced.
There are no major differences in the frac
tional absorption of a- and y-tocopherol
whereas other tocopherols are poorly
absorbed.

Within the enterocyte, vitamin E is
packaged into chylomicrons together with
triglycerides, free and esterified choles
terol, phospholipids and apoproteins, par
ticularly apo B-48. Chylomicrons are
transported from the intestine along the
lymphatic pathway and secreted into the
systemic circulation. In their catabolism,
by the action of lipoprotein lipase (LPL)
attached to the surface of the capillary
endothelium in extrahepatic tissues, chy
lomicrons are transformed into chylomi
cron remnants (28). Besides hydrolyzing
triglycerides in chylomicrons, LPL allow
the uptake by the subjacent tissue of the
hydrolytic products, free fatty acids
(FFA) and glycerol, as well as part of the
a- and y-tocopherol carried in these
lipoproteins (Fig. 5). The contribution of
this process in the amount of vitamin E
taken up by the corresponding tissue
remains to be established. In the action of
LPL on chylomicrons, excess surface
components are transferred to high densi
ty lipoproteins (HDL), which can
exchange their acquired tocopherol with
other plasma lipoproteins (81, 84) (Fig. 5).
Despite these interactions, the major pro-
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portion of absorbed tocopherols remains
in the chylomicron remnants, which
acquire apoprotein E from HDL and are
then recognized by hepatic receptors for
their later catabolism. In this way, vitamin
E molecules from the diet are taken up by
parenchymal cells in the liver.

a-tocopherol transfer protein (TTP).
The dietary a- and y-tocopherols that
arrive to the liver are processed in such a
way that, whereas a-tocopherol is prefer
entially released into the circulation and

therefore driven to the peripheral tissues,
y-tocopherol is excreted in the bile. This
function is believed to depend on a 31.8
kDa cytosolic protein identified in 1975
by Catignani in the rat (20), that is only
expressed in the liver and specifically
binds a-tocopherol (100%), with much
smaller affinity to ~- (38%), y-tocopherol
(9%) or other related derivatives (42).
Lately it was shown that this protein is
also capable of transferring a-tocopherol
between liposomes and mitochondria and
between liposomes and microsomes (59,
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59) and it was named "a-tocopherol
transfer protein" (a-TTP). Its cDNA
clone has been isolated in the rat (65) and
in human (3).

Upon their liver uptake, chylomicron
remnants are hydrolyzed within the liso
somes, from which a-TTP binds and
transfers a-tocopherol to the endoplasmic
reticulum for its incorporation into
nascent VLDL (47). Thus, a-TIP in liver
discriminates among the different forms
of vitamin E, which is necessary for the
incorporation of a-tocopherol into
VLDL and their subsequent release into
the circulation, whereas due to its low
specificity for other forms of tocopherol,
including a potential excess of a-toco
pherol, it facilitates their excretion in the
bile (Fig. 5). It is even believed that the
system functions as if a-TTP would pre
serve a certain amount of a-tocopherol to
be excreted in bile. If it was so, a-TTP
would control plasma levels of a-toco
pherol keeping them within a narrow
range and this explains why treatments
with high oral doses of a-tocopherol to
healthy subjects are not followed by pro
portional increments of its level in plasma
(32,43).

Liver secretion and extrahepatic metab
olism.- In the liver, lipids derived from
chylomicron remnants (including a-toco
pherol) combine with glycerides formed
in the esterification of adipose tissue
lipolytic products (FFA and glycerol) and
those lipids of intrahepatic synthesis
(triglycerides, phospholipids and choles
terol). These components are assembled
to apoproteins, particularly apo B-100,
and form nascent VLDL that are incorpo
rated into secretion vesicles that finaly
release their content to the circulation. In
this process, as commented above, a-TTP
facilitates the preferential and specific
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incorporation of a-tocopherol into
nascent VLDL, thus compensating for the
limited capacity of the liver to store vita
minE.

In the circulation, once nascent VLDL
are matured by the interchange of compo
nents with HDL (50) they are catabolized
by the action of LPL in a similar manner
as chylomicrons, allowing the uptake of
part of the triglyceride hydrolytic prod
ucts (FF A and glycerol) and a-tocopherol
by the subjacent tissue. A considerable
proportion of the VLDL remnants (called
intermediate density lipoproteins, IDL)
are returned to the liver, with the remain
der being converted to LDL. In the LPL
action on VLDL, excess surface compo
nents, including a-tochopheroI, are trans
ferred to HDL and the vitamin E may
then be spontaneously transferred from
HDL to other lipoproteins (81, 84). These
interactions are schematically summarized
in figure 5.

Delivery and release of a-tocopherol to
and from tissues> The delivery of a-toco
pherol to tissues takes place by means of a
number of mechanisms. Although one of
them is the above commented action of
LPL on triglyceride-rich lipoproteins,
chylomicrons and VLDL, a relationship
between the activity of this enzyme and
a-tocopherol content in certain tissues is
not always established. This is the case in
adipose tissue, where the majority of vita
min E is accumulated (33, 55) and which
also has the highest LPL activity in the
body (14, 54), but no correlation is found
between changes in LPL activity and the
tissue capacity to take up a-tocopherol in
vivo, when studied in the rat under a wide
range of different conditions in either
variable (unpublished observations).

Tocopherol present in other lipopro
teins may be taken up by different tissues



VITAMIN E METABOLISM 53

by means of their respective uptake
throughout their corresponding recep
tors, via apo B-100 dependent on LDL
and apo E for IDL or HDL (16, 82). The
LDL receptor uptake of vitamin E
appears to be important for certain tissues,
including adipose tissue, adrenal glands
and ovary and it must be also pointed out
that liver and intestine are the tissues with
the highest proportion of these receptors
(31). However, although this system
seems to be an important mechanism for
the uptake of a-tocopherol to these tis
sues, it is known that Watenabe hyperc
holesterolemic rabbits deficient on LDL
receptors, have tissue a-tocopherol levels
within normal range (26) which indicates
the existence of alternative mechanisms
for the delivery of a-tocopherol to the tis
sues.

The transport of a-tocopherol from
peripheral tissues to the liver seems to be
carried out by HDL in a similar manner as
these lipoproteins are responsible for the
reverse cholesterol transport (36).
Although not completely clarified, the
release of a-tocopherol from adipose tis
sue seems to play an important role in
keeping plasma levels under deficiency
conditions. In fact, in contrast to what
occurs with the products of lipolysis,
tocopherol does not decrease in adipose
tissue when food intake is reduced in
obese subjects (66) or under fasting condi
tions in subjects with normal weight (15).
These findings indicate the existence of a
mechanism for the release of a-tocopherol
from adipose tissue different from the one
normally used for the release of triglyc
erides. However, the content of a-toco
pherol in peripheral nerves has been cor
related to its concentration in adipose tis
sue (46) and the concentration of a-toco
pherol in adipose tissue of vitamin E-defi
cient patients has been shown to be lower
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than normal (45), all of which indicates
the capacity of adipose tissue to release a
tocopherol.

Perspectives and open questions

After more than 75 years since its dis
covery, we have now substantial informa
tion on the action, effects and metabolism
of vitamin E, but still there are several
questions open. Although a number of
basic research and epidemiological studies
have improved the understanding of many
aspects of vitamin E physiology and indi
cate that an increased intake may be bene
ficial to maintain optimal health, there is
no conclusive answer to certain questions.
In relation to its metabolism, additional
studies are required to elucidate the path
ways for the conversion of a-tocopherol
into its oxidation products and their
potential physiological (and clinical) rele
vance, to understand the mechanism of a
tocopherol uptake and release by certain
tissues, as well as the specific differences
in the biopotency of the individual toco
pherols with defined isomeres and stereo
chemistry. A special issue that needs to be
definitely clarified is the question of the
potential positive or negative effects of
vitamin E on atherosclerosis. Benefits
seen in observational epidemiology are
not always followed by benefits in vita
min E supplement studies. The antioxi
dant effects of vitamin E may be counter
acted by pro-oxidant activity under cer
tain conditions and there is even evidence
of adverse effects following the intake of
high doses. Thus, benefit to risk relation
ship has to be considered before advising
its supplementation. Foods containing
small or moderate amounts of vitamin E,
including olive oil, seem to provide
greater benefits than larger doses of vita
min E alone. Besides their specific effects
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on endogenous a-tocopherol kinetics, it
may be possible that other antioxidant
compounds in conjunction with vitamin E
may be required to warrant a beneficial
response, but further studies are needed to

support this possibility.

Acknowledgements

We thank Milagros Morante for her excellent
technical assistance and Dr. Beatriz Ramos for edito
rial help. This study has been supported by grants
from Fondo de Investigaci6n Sanitaria, Institute de
Salud Carlos III (#99/0205) and Universidad San
Pablo-CEU (#6/99 and 19/99) of Spain and from the
European Community (FATLINK, FAIR-CT-98
4141).

E. HERRERA YC. BARBAS. Vitamina E:
accion, metabolismo y perspectivas (minirrevi
si6n). J. Physiol. Biochem., 57 (1), 43-56, 2001.

La vitamina E natural incluye cuatro toco
feroles y cuatro tocotrienoles, de los cuales el
RRR-a-tocoferol es el mas abundante en la
naturaleza y presenta la maxima actividad bio
16gica. Aunque es el principal antioxidante
liposoluble del organismo, no todas las propie
dades de la vitamina E pueden achacarse a esta
acci6n. Como antioxidante, la vitamina E acnia
en las membranas celulares donde evita la pro
pagaci6n de las reacciones de los radicales
libres, aunque tambien puede ejercer acciones
pro-oxidantes. En la reacci6n del radical a
tocoferilo con otros radicales lib res se forman
compuestos no-radicales, que se conjugan al
acido glucur6nico y son excretados por la bilis
o la orina. La vitamina E se transporta en las
lipoproteinas plasmaticas, Tras su absorci6n
intestinal, la vitamina E se asocia a los quilomi
crones, que a traves de la via linfatica son secre
tados a la circulaci6n sisternica. Por accion de
la lipoprotcina lipasa (LPL), parte de los toco
feroles presentes en los quilomicrones son
transferidos a los tejidos extrahepaticos, y los
remanentes de los quilomicrones transportan
los tocoferoles restantes al higado. En el hfga
do, por acci6n de la "proteina transferidora de
n-rocoferol", una parte sustancial del u-roco
ferol es incorporado a las VLDL nacientes,
mientras que el resto, junto a las otras formas
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de vitamina E, es eliminado por la bilis. Una
vez secretadas a la circulaci6n, las VLDL son
convertidas en IDL y LDL por acci6n de la
LPL, y compuestos de superficie (incluyendo
el rr-tocoferol) son transferidos a las HDL.
Ademas de la acci6n de la LPL, la lIegada del
a-tocoferol a los tejidos tiene lugar a traves de
la captaci6n de las lipoproteinas, mediada por
sus respectivos receptores. Aunque se cuenta
con una amplia informaci6n sobre la acci6n,
los efectos y el metabolismo de la vitamina E,
aiin hay pendientes numerosas cuestiones por
dilucidar, y de entre elias cabe destacar la inte
racci6n de la vitarnina E con otros antioxidan
tes, 10 que puede explicar c6mo alimentos que
contienen pequefias proporciones de aquella
producen mayores beneficios que grandes
dosis de la vitamina sola.

Palabras clave: Vitamina E, n-Tocoferol, Antioxi
dantes, Lipoproteinas..
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