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Introduction

Unlike most vitamins, which function as cofactors or
have specific metabolic functions, vitamin E is unique in
human nutrition because its major, if not sole, function
is as an antioxidant. Consequently, vitamin E deficiency
symptoms in target tissues are dependent not only upon
vitamin E concentrations, but also on the degree of oxida-
tive stress. This chapter will describe vitamin E structures
and antioxidant properties; its distribution in food,; its role
in lipoprotein transport, delivery to tissues, and metabo-
lism; and its safety and role in chronic disease prevention.

Definitions, Structures, and
Antioxidant Activity

Vitamin E is the collective name for molecules that
exhibit the antioxidant activity of a-tocopherol. Vitamin
E was discovered in 1922 when it was found to be re-
quired by pregnant rats to prevent the resorption of fe-
tuses.! At least eight different molecules (tocopherols and
tocotrienols) have a-tocopherol antioxidant activity.?
These forms vary in the number of methyl groups on the
chromanol ring: trimethyl (a-), dimethyl (8- or y-), and
monomethyl (8-). The tocopherols have a chromanol ring
with a phytyl tail, while the tocotrienols have an unsatu-
rated tail (Figure 1).

Vitamin E Form Required By
Humans: a-Tocopherol

The naturally occurring form of a-tocopherol is RRR-
a-tocopherol.? This nomenclature means that the chiral
carbons are in the R-conformation at positions 2, 4’, and
8’. Unlike most other vitamins, chemically synthesized
a-tocopherol is not identical to the naturally occurring
form. Synthetic a-tocopherol is called a//-rac-a tocoph-
erol (all racemic or dl) and contains an equal mixture of

eight different stereoisomers (RRR, RSR, RRS, RSS,
SRR, S8R, SRS, §88), all of which have equal antioxidant,
but differing biologic activities.

The 2 position of a-tocopherol (the junction of the
ring and tail) is critical for a-tocopherol biologic activity.
Only 2R-a-tocopherol forms meet human vitamin E re-
quirements.?> SRR-a-tocopherol is prototypic of the 2S-
forms and has been used to study synthetic vitamin E
kinetics.

Vitamin E supplements often contain esters of a-to-
copherol such as a-tocopheryl acetate, succinate, or nico-
tinate. The ester form prevents the oxidation of vitamin E
and prolongs its shelf life. Following oral administration,
these esters are readily hydrolyzed and a-tocopherol (un-
esterified form) is absorbed.’

Antioxidant Activity

Vitamin E, a potent peroxyl radical scavenger, is a
chain-breaking antioxidant that prevents the propagation
of free radicals in membranes and in plasma lipoproteins.
When peroxyl radicals (ROQe) are formed, they react
1000 times faster with vitamin E (Vit E-OH) than with
PUFA (RH).* The hydroxyl group of tocopherol reacts
with the peroxyl radical to form the corresponding hydro-
peroxide and the tocopheroxyl radical (Vit E-Oe):

In the presence of vitamin E:
ROQOe + Vit E-OH — ROOH + Vit E-Oe
In the absence of vitamin E:

ROOe + RH — ROOH + Re
Re + O, — ROOe

The tocopheroxyl radical (Vit E-Oe) reacts with vita-
min C (or other hydrogen donors, AH), thereby oxidizing
the latter and returning vitamin E to its reduced state:

Vit E-Oe + AH — Vit E-OH + Ae

This phenomenon has led to the idea of “vitamin E
recycling,” in which the antioxidant function of oxidized
vitamin E is continuously restored by other antioxidants.
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Tocopherol

CH,

Compound R, R. Rs
o-tocopherol CH,3 CHs CHj
B-tocopherol CH,3 H CHj
y-tocopherol H CH,; CHs;
§-tocopherol H H CHs
o-tocotrienol CHs CHs CHs
B-tocotrienol CH; H CHj;
y-tocotrienol H CHs CH;
S-tocotrienol H H CHj3

Figure 1. Tocopherols and tocotrienols. Compounds with vitamin
E antioxidant activity have a chromanol head with a hydroxyl
group and varying numbers of methyl groups, as indicated. To-
copherols have 3 chiral centers in the phytyl tail at positions 2,
4’, and 8.

The “antioxidant network” depends upon the supply of
aqueous antioxidants and the metabolic activity of cells.
This interaction of vitamins E and C has been demon-
strated in humans under oxidative stress. Specifically, cig-
arette smokers with the lowest plasma ascorbic acid con-
centrations had the fastest vitamin E disappearance rates.’

Further information concerning the reactions of to-
copherols and tocotrienols in vivo and in vitro can be
found in the extensive review by Kamal-Eldin and Ap-
pelqvist.® Since the tocopheroxyl radical can be reduced
back to tocopherol by ascorbate or other reducing agents,
oxidized tocopherols are usually not found in vivo. Liebler
etal.” suggest that biologically relevant oxidation products
formed from a-tocopherol include 4a,5-epoxy- and 7,8-
epoxy-8a(hydroperoxy)tocopherones and their respective
hydrolysis products, 2,3-epoxy-tocopherol quinone and
5,6-epoxy-a-tocopherol quinone. However, these prod-
ucts are formed during in vitro oxidation; their impor-
tance in vivo is unknown.®

Content of Foods

v-Tocopherol is the most abundant tocopherol found
in the US diet.” However, a-tocopherol, not y-tocoph-
erol, and specifically only the 2R-forms of a-tocopherol,
were defined by the Food and Nutrition Board of the US
Institute of Medicine to meet human vitamin E require-
ments.” This change from the 1989 RDA makes vitamin
E one of the most difficult nutrients to obtain from the
diet. Only 8% of men and 2% of women in the United
States had dietary vitamin E intakes'® that met the 2000
Estimated Average Requirement (EAR, 12 mg a-to-
copherol/d).? Moreover, most individuals obtain dietary
vitamin E from high-energy, high-fat foods that are not

Table 1. 2R-a-Tocopherol Contents of Foods

Serving Size  mg/serving

Cereals ready-to-eat, 1 cup 13.50

fortified
Sunflower seeds, dry 1/4 cup 8.35

roasted
Almonds 1 0z (24 nuts) 7.33
Spinach, cooked 1 cup 6.73
Qil, sunflower 1 tbsp 5.59
Tomato sauce 1 cup 5.10
Qil, safflower 1 tbsp 4.64
Hazelnuts 10z 4.26
Carrot juice 1 cup 2.74
Beet greens, cooked 1 cup 2.61
Potato chips 1oz 2.58
Potato, french fried 1 large 2.57
Sweet potato, canned 1 cup 2.55
Broccoli, chopped, 1 cup 2.43

cooked
Qil, canola 1 tbsp 2.39
Peppers, sweet, red, raw 1 cup 2.35
Qil, olive 1 tbsp 1.94
Qil, soybean 1 tbsp 1.65

From: USDA National Nutrient Database for Standard
Reference, Release 17

particularly a-tocopherol rich.’® Some examples of vita-
min E food sources are shown in Table 1.

The richest dietary sources of vitamin E are edible
vegetable oils.” Most oils contain varying amounts of the
tocopherols; few oils contain tocotrienols. a-Tocopherol
is especially high in wheat germ oil, safflower oil, and
sunflower oil. Soybean and corn oils contain predomi-
nantly y-tocopherol, as well as some tocotrienols. Cot-
tonseed oil contains both a- and y-tocopherols in equal
proportion. Palm oil contains large amounts of a- and
y-tocotrienols and some a-tocopherol. Nuts, especially
almonds, are also good sources of vitamin E, while fruits
and vegetables—good sources of antioxidants such as vi-
tamin C, flavonoids and carotenoids—are not good
sources of vitamin E. Indeed, the major food source of
vitamin E is dessert.!!

Dietary Reference Intakes

Recommended Dietary Allowance for o-

Tocopherol

In 2000, the Food and Nutrition Board published “Di-
etary Reference Intakes for Vitamin C, Vitamin E, Selen-
ium, and Carotenoids.” The Recommended Dietary Al-
lowances (RDAs) represent the daily a-tocopherol
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Table 2. Criteria and Dietary Reference Intake Values for Vitamin E by Life Stage Group (adapted from
Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for Vitamin C, Vitamin E,
Selenium, and Carotenoids. Washington, DC: National Academies Press; 2000. Available online at: http://
www.hap.edu/openbook/0309069351/html/index.html. Accessed March 1, 2006.)

Life Stage Group Criterion EAR* RDAY Al ULS§
Premature infants 21
0-6 months Average vitamin E intake from human milk 4
7—-12 months Extrapolation from 0—6 months Al 5
1-3 years Extrapolation from adult EAR 5 6 200
4-8 years Extrapolation from adult EAR 6 7 300
9-13 years Extrapolation from adult EAR 9 11 600
14-18 years Extrapolation from adult EAR 12 15 800
>18 years Intakes sufficient to prevent hydrogen 12 15 1000
peroxide-induced erythrocyte hemolysis in
vitro
Pregnancy
= 18 years Adolescent EAR 12 15 800
19-50 years Adult EAR 12 15 1000
Lactation
= 18 years Adolescent EAR plus average amount of 16 19 800
vitamin E secreted in human milk
19-50 years Adolescent EAR plus average amount of 16 19 1000

vitamin E secreted in human milk

* EAR = Estimated Average Requirement: The intake that meets the estimated nutrient needs of half the individuals in a group.
1 RDA = Recommended Dietary Allowance: The intake that meets the nutrient needs of almost all (97-98%) of individuals in a

group.

1 Al = Adequate Intake: The observed average or experimentally determined intake by a defined population or subgroup that
appears to sustain a defined nutritional status. For healthy infants receiving human milk, the Al is the mean intake.
§ UL =Tolerable Upper Intake Level: The highest level of daily nutrient intake that is likely to pose no risk of adverse health effects in

almost all individuals.

intakes required to ensure adequate nutrition in 95% to
97.5% of the population, and are an overestimation of
the level needed for most people in any given age or gen-
der group (Table 2).2

The vitamin E requirement is based on the observation
that only supplements containing a-tocopherol have been
shown to reverse vitamin E deficiency symptoms in hu-
mans. The a-tocopherol amounts were based primarily
on the amounts necessary to correct abnormal erythrocyte
hemolysis in subjects who had consumed experimental
vitamin E-deficient diets for 5 to 7 years.? Serum concen-
trations (in response to known supplemental vitamin E
intakes) that prevented in vitro peroxide-induced erythro-
cyte hemolysis were used to determine EARs. Supple-
ments containing either RRR- or a//-rac-a-tocopherol
were used to reverse vitamin E abnormal erythrocyte he-
molysis, and therefore correction factors were developed
to convert international units to milligrams of 2R-o-to-
copherol.

The factors to convert international units to milligrams
are 0.45 times the IU for a//~rac- and 0.67 times the IU
for RRR-a-tocopherol.? For example, if a vitamin E sup-
plement is labeled 400 IU d/-a-tocopheryl acetate, then

400 times 0.45 equals 180 mg 2R-a-tocopherol, but if it
is labeled 400 IU d-a-tocopheryl acetate, then 400 times
0.67 equals 268 mg 2R-a-tocopherol. These conversions
are used only to estimate intakes relative to the RDA;
different conversion factors are used to assess intakes rela-
tive to the upper limit (UL).

Safety and Upper Limits

The recommendation by the Food and Nutrition
Board is that the UL for any supplements containing -
tocopherol is 1000 mg for adults.? Reports of adverse
effects of vitamin E supplements in humans are suffi-
ciently rare that data from multiyear studies in rats fed
high dietary vitamin E levels were used to set the ULs.?
No UL was set for infants, as food was recommended as
the only vitamin E source for them. However, a UL of
21 mg/d was suggested for premature infants with birth
weights of 1.5 kg, based on the adult UL. The ULs are
also shown in Table 2.

The UL was set only for vitamin E supplements and
not for food, because it is almost impossible to consume
enough a-tocopherol-containing foods to achieve a daily
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1000 mg intake for prolonged periods of time. The UL
was defined for both 2R- and 2§-a-tocopherols, because
all of the stereoisomeric forms in a//-rac-a-tocopherol
are absorbed and delivered to the liver. The appropriate
conversion factors are different from those above for a//-
rac-a-tocopherol. The factors to convert international
units to milligrams are 0.9 times the IU for a//-rac- and
0.67 times the IU for RRR-a-tocopherol. The UL
amounts given in IU are 1100 IU for a//-rac- and 1500
IU for RRR-a-tocopherol. The UL for RRR-a-tocoph-
erol is apparently higher, because each capsule of RRR-
a-tocopherol contains fewer milligrams of a-tocopherol
than does one containing a//-rac-a-tocopherol.

A review of the literature on vitamin E safety has been
published recently,'? and confirms the findings from the
Food and Nutrition Board. However, reports from three
clinical trials have suggested adverse vitamin E effects in
humans under special circumstances. One study was a
3-year, double-blind trial of antioxidants (vitamins E and
C, B-carotene, and selenium) in 160 subjects on simvas-
tatin-niacin therapy.’® In subjects taking antioxidants,
there was less benefit of the drugs in raising high-density
lipoprotein (HDL) cholesterol than was expected, and
there was an increase in clinical end points (arteriographic
evidence of coronary stenosis, or the occurrence of a first
cardiovascular event, including death, myocardial infarc-
tion, stroke, or revascularization).'> The Women’s An-
giographic Vitamin and Estrogen (WAVE) Trial, was a
randomized, double-blind trial of 423 postmenopausal
women with at least one coronary stenosis at baseline
coronary angiography. In the postmenopausal women on
hormone replacement therapy, all-cause mortality was in-
creased in women assigned to antioxidant vitamins com-
pared with placebo (HR, 2.8; 95% CI, 1.1-7.2; P =
.047).1* The “HopeToo” trial suggested that patients at
high risk for coronary heart disease taking vitamin E were
at increased risk of left-ventricular dysfunction.” Inter-
estingly, none of these trials had the same adverse effect
of vitamin E. Moreover, a meta-analysis evaluating the
relationship of vitamin E supplements with all-cause
mortality could not define a mechanism for adverse vita-
min E effects.'® Traber!” proposed that the adverse effects
seen in clinical trials in patients consuming a variety of
pharmaceutical agents were a result of vitamin E-me-
diated alterations in xenobiotic metabolism. This hypoth-
esis is based on the increase in vitamin E metabolism in
response to supplements and the potential for alterations
in xenobiotic metabolism and disposition, as discussed
below.

High vitamin E intakes are associated with an in-
creased tendency to bleed.” It is not known if increased
bleeding is a result of decreased platelet aggregation
caused by an inhibition of protein kinase C by a-tocoph-
erol, some other platelet-related mechanism, or decreased
clotting due to a vitamin K and E interactions causing
abnormal blood clotting.? Patients on anticoagulant ther-

apy should be monitored when taking vitamin E supple-
ments to insure adequate vitamin K intakes.'®

Biological Activities of the
Tocopherols

Intestinal Absorption

All vitamin E forms are absorbed, along with fats,
into intestinal cells and incorporated in chylomicrons for
secretion into lymph.'” The major steps from micellar
uptake to enterocyte trafficking and incorporation into
chylomicrons are largely unknown. Fat malabsorption
syndromes (e.g., cholestatic liver disease) and genetic ab-
normalities in either lipoprotein synthesis (e.g., abetalipo-
proteinemia) or the a-tocopherol transfer protein
(a-TTP) (e.g., ataxia with vitamin E deficiency, or
AVED) result in vitamin E malabsorption or abnormally
low plasma a-tocopherol transport, respectively.”

Vitamin E absorption from supplements is poor when
the supplement is consumed without fat, as was observed
when vitamin E pills were consumed without food.*
Moreover, vitamin E bioavailability is highly influenced
by prandial status.?! However, the amount of dietary fat
needed for optimal vitamin E absorption is unknown.

Lipoprotein Transport

Unlike other fat-soluble vitamins that have specific
plasma transport proteins, vitamin E is transported non-
specifically in all of the plasma lipoproteins. Once chy-
lomicron remnants containing dietary vitamin E reach
the liver, only one form of vitamin E, a-tocopherol, is
preferentially secreted by the liver into the plasma in very-
low-density lipoproteins (VLDL).? Once in the circula-
tion, VLDL are delipidated to form low-density lipopro-
teins (LDL). During this process, vitamin E is transferred
to HDLs, which can transfer vitamin E to all of the circu-
lating lipoproteins.’” Thus, the liver, not the intestine,
discriminates between tocopherols. All lipoproteins
transport vitamin E, and all mechanisms for delivery of
lipids from lipoproteins to tissues (e.g., receptors) deliver
vitamin E along with the lipoprotein contents. This phe-
nomenon was demonstrated in a porcine blood-brain bar-
rier model in which both the SR-B1 receptor and lipopro-
tein lipase were demonstrated to deliver a-tocopherol to
cells.??

a-Tocopherol-Transfer Protein

The liver preferentially secretes o-tocopherol into
plasma under the control of the hepatic a-TTP, as shown
in patients with genetic a-TTP defects**** and in «-
TTP-knockout mice (Ttpa’/ )»

Liver a-TTP has been isolated and its cDNA se-
quences reported.?® a-TTP has been crystallized and the
a-tocopherol-binding pocket identified.?”*® Interest-
ingly, the pocket causes a-tocopherol to fold such that
the 2 position is critical for the fit into the pocket.



Plasma Vitamin E kinetics

A kinetic model of vitamin E transport in plasma has
been described.?’ In normal subjects, the fractional disap-
pearance rates of RRR-a-tocopherol (0.4 £ 0.1 pools/
d) were significantly (P < 0.01) slower than for SRR-a-
tocopherol (1.2 = 0.6 pools/d). The apparent half-life
of RRR-a-tocopherol was about 48 h, while SRR-o-
tocopherol had a half-life of approximately 13 h.?’

Vitamin E kinetics of a- and y-tocopherols have also
been studied.*® Plasma y-tocopherol exponential disap-
pearance rates (1.39 = 0.44 pools/d) were triple those of
a-tocopherol (0.33 + 0.11; P < 0.001). The y-tocoph-
erol half-lives were 13 * 4 h, compared with 57 = 19
h for a-tocopherol. Thus, RRR-a-tocopherol remains
in the plasma about 4 times longer than does SRR-a-
tocopherol or y-tocopherol (Figure 2). The similarity in
the disappearance rates for y-tocopherol and SRR-a-to-
copherol strongly support the idea that forms of vitamin
E that are not actively re-secreted by a-TTP into the
plasma are excreted or metabolized.

Biliary Excretion

Vitamin E does not accumulate in the liver to “toxic”
levels, suggesting that excretion and metabolism are im-
portant in preventing adverse vitamin E effects. However,
the regulation of hepatic vitamin E concentrations has
not been extensively studied. a-Tocopherol is excreted

into bile via multi-drug resistance gene 2 (MDR2, ABC
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B4, or p-glycoprotein),®* an ATP-binding cassette trans-
porter that also facilitates biliary phospholipid excretion.

The ATP-binding cassette transporter (ABCAI) me-
diates the a-tocopherol efflux from cells to HDL, simi-
larly to “cholesterol reverse transport.”*? HDL has been
shown to deliver a-tocopherol to the liver via scavenger
receptor-BI (SR-BI).** In SR-BI-null compared with
wild-type mice, plasma a-tocopherol concentrations in-
creased, biliary a-tocopherol decreased, but liver o-to-
copherol was unchanged; therefore, it appears that SR-
Bl-mediated hepatic o-tocopherol uptake is coupled to
its biliary excretion.** Importantly, SR-BI protein is in-
creased in vitamin E-deficient rats, suggesting that the
liver can increase SR-BI to increase hepatic a-tocopherol
delivery.** Under normal conditions, a-tocopherol trans-
port via HDL to the liver would allow uptake of a-to-
copherol into a liver pool destined for excretion in bile
or perhaps metabolism.

Vitamin E Metabolism

The first vitamin E metabolites described were urinary
“Simon metabolites,” which are oxidized, tail-shortened
vitamin E metabolites.® Unoxidized vitamin E metabo-
lites, alpha-carboxyethyl hydroxychroman (a-CEHC)
and y-CEHC, are derived from a- and y-tocopherol (as
well as a- and y-tocotrienols), respectively, and have been
detected in urine, bile, and plasma,® as well as liver ho-
mogenates.*® Modern techniques to prevent in vitro oxi-
dation have shown that Simon metabolites largely occur
during in vitro sample handling.®
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Figure 2. Plasma RRR- and SRR-a-tocopherol, and y-tocopherol disappearance rates and half-lives. Vitamin E kinetics of RRR- and
SRR-a-tocopherols (Traber MG, Ramakrishnan R, Kayden HJ. Human plasma vitamin E kinetics demonstrate rapid recycling of plasma
RRR-a-tocopherol. Proc Natl Acad Sci U S A. 1994;91:10005—10008) and vy-tocopherol (Leonard SW, Paterson E, Atkinson JK, et al.
Studies in humans using deuterium-labeled a- and g-tocopherol demonstrate faster plasma g-tocopherol disappearance and greater
g-metabolite production. Free Radic Biol Med. 2005;38:857—866) have been studied. The fractional disappearance rates of RRR-a-
tocopherol (0.4 + 0.1 pools/d) were significantly (P < 0.01) slower than for SRR-a-tocopherol (1.2 = 0.6) (Traber et al., 1994). Plasma
vy-tocopherol exponential disappearance rates (1.39 = 0.44 pools/d) were triple those of a-tocopherol (0.33 = 0.11, P < 0.001) (Leonard
et al., 2005). The apparent half-life of RRR-a-tocopherol was about 48 h, while SRR-a-tocopherol had a half-life of approximately 13 h
(Traber et al., 1994). The y-tocopherol half-lives were 13 + 4 h compared with 57 + 19 h for a-tocopherol (Leonard et al., 2005).
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Vitamin E metabolism is mediated by cytochrome
P450s (CYPs), in that the tocopherols or tocotrienols are
initially w-oxidized by CYPs and then, following
B-oxidation, are conjugated with sulfate or glucuronide
and excreted in urine or bile.®

Hepatocytes produce y-CEHC when incubated with
y-tocopherol. Initially, CYP3A appeared to be involved
in y-CEHC production because CYP3A stimulators and
inhibitors appropriately altered vitamin E metabo-
lism.%”38 Subsequently, CYP4F2 was demonstrated to be
involved in the w-oxidation of a- and vy-tocopherols.*
In mice with widely ranging liver a- (from 0.7 to 16
nmol/g) and y-tocopherol (0 to 13 nmol/g) concentra-
tions, hepatic a-CEHC was undetectable, but y-CEHC
concentrations (0.1 to 0.8 nmol/g) were correlated with
both a- and y-tocopherol concentrations (P < 0.004).%°
However, when Cyp4f and Cyp3a protein concentrations
were measured, there were no variations in Cyp4f protein
expression, but Cyp3a protein was correlated (P <
0.0001) with liver a- but not y-tocopherol concentra-
tions. Apparently, a-tocopherol increases Cyp3a protein
expression, y-CEHC formation, and the excretion of
both y-tocopherol and y-CEHC.*® This important rela-
tionship between a-tocopherol and Cyp3a mRNA
expression has also been observed elsewhere.*!

The regulatory mechanisms of CEHC production
have not been extensively studied. CEHC production
from vy-tocopherol is much greater than that from
a-tocopherol,’” and studies in isolated hepatocytes or
liver cell lines have not provided answers to the mystery
of why a- and y-tocopherols, despite their very similar
structures and antioxidant activities, are metabolized dif-
ferently by the liver. When equimolar amounts of labeled
tocopherols (about 50 mg each d¢-a- and d,-y-tocoph-
eryl acetates) were administered to normal subjects,*
plasma dg-a-CEHC concentrations were below levels of
detection for all subjects at all time points. Rates of plasma
v-CEHC and y-tocopherol disappearance were not dif-
ferent from each other and were much faster than
a-tocopherol disappearance.®® These studies confirm that
vitamin E metabolism is important in discriminating be-
tween various tocopherols and tocotrienols, and thus is a
key regulator of vitamin E bioavailability.

Deficiency

Although rare, overt vitamin E deficiency occurs in
humans as a result of genetic abnormalities in a-TTP or
lipoprotein synthesis and as a result of various fat malab-
sorption syndromes.19 Vitamin E deficiency occurs sec-
ondary to fat malabsorption because vitamin E absorption
requires biliary and pancreatic secretions.'’

The large-caliber, myelinated axons in peripheral sen-
sory nerves are the predominant target tissue in vitamin
E deficiency in humans. A progressive peripheral neurop-
athy is observed, with a dying back of the large-caliber

axons in the sensory neurons.*? In deficient humans, axo-

nal degeneration rather than demyelination is the primary
sensory nerve abnormality. Thus, the axons degenerate
first, then demyelination occurs.

Genetic defects in a-TTP are associated with a char-
acteristic syndrome, AVED.' The ataxia observed in
these patients has also been mimicked in a-TTP-null
mice.* Gene analysis using high-density nucleotide ar-
rays have shown repressed expression of retinoic acid-
related orphan receptor alpha (ROR-a) in the cortex of
a-TTP-null mice.** ROR-a absence causes ataxia in
mice*’; thus, some a-tocopherol actions may be mediated
by ROR-a.

AVED patients have extraordinarily low plasma vita-
min E concentrations (as low as 1/100 of normal), but if
they are given vitamin E supplements, plasma concentra-
tions reach normal levels within hours.*® A dose of 800
to 1200 mg/d is usually sufficient to prevent further dete-
rioration of neurologic function and, in some cases, im-
provements have been noted.***” Postmortem analysis of
an AVED patient demonstrated that vitamin E supple-
mentation did allow brain vitamin E accumulation and
prevention of Purkinje cell loss.*® If supplementation is
halted, plasma vitamin E concentrations decrease within
days to deficient levels. The biochemical defect in AVED
patients, shown using deuterated tocopherols, demon-
strated that hepatic a-TTP is required to maintain
plasma RRR-a-tocopherol concentrations?>?*
tion in VLDL. The molecular mechanism by which a-
TTP facilitates o-tocopherol export from the liver re-
mains under investigation.

via secre-

Chronic Disease Prevention and

Public Health Implications

Given that vitamin E deficiency is very rare and that
vitamin E intakes by most Americans are much less than
their estimated requirements, questions arise whether the
dietary a-tocopherol recommendations are too high and,
conversely, given the potential for adverse effects, is there
any benefit to vitamin E supplementation? The questions
would be easier to answer if there were specific metabolic
pathways that required vitamin E such that a marginal
deficiency could be defined. Certainly, signaling pathways
and specific genes have been identified that are altered
by low or high a-tocopherol concentrations,*’ but there
is no consensus concerning such effects, and they are diffi-
cult to separate from changes in oxidative stress-depen-
dent mechanisms. One area of particular importance is
that of impaired immune function in the elderly that can
be improved with vitamin E supplementation, which is
discussed further in the chapter in this volume on vitamin
E.*% Again, it is not clear if this result in the elderly a
situation in which long-term suboptimal intakes of vita-
min E allow increased oxidative stress to alter T-cell func-
tion. Similarly, aged patients with eye disease (macular
degeneration) benefited from the daily use of a dietary



supplement that included vitamin E.°! Eyes are an exten-
sion of the nervous system, and vitamin E is particularly
necessary for the maintenance of normal nerve function.
It is therefore quite provocative that vitamin E supple-
ments were associated with a decreased risk of amyotro-
phic lateral sclerosis,”® and that supplements have been
reported to delay the progression of Alzheimer’s disease.”

Oxidative stress increases plasma vitamin E disappear-
ance caused by endurance exercise’* and in cigarette
smokers.> Vitamin E supplementation decreases F2-iso-
prostanes, a measure of lipid peroxidation in exercisers®
and in hypercholesterolemics.”® Moreover, supplementa-
tion with both vitamin E and C slows atherosclerosis pro-
gression,”” which is not surprising given that this is an
oxidative stress disorder’® and that low vitamin C status
allows faster vitamin E disappearance.s

Summary

Taken together, these findings suggest that long-term
suboptimal vitamin E intakes will indeed allow the accu-
mulation of oxidative damage. It is generally agreed that
chronic diseases are associated with increased oxidative
damage.2 What remains an open question is whether vita-
min E supplements in excess of daily requirements will
decrease the risk of chronic disease. Although many vita-
min E supplementation studies carried out in patients
with various kinds of chronic diseases have failed to show
benefit, these studies have largely attempted to reverse
existing disease. The question of whether increased oxi-
dative stress as a result of suboptimal vitamin E intake
increases the risk of chronic disease has not yet been an-
swered.
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