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Smoking & Tocopherols

Review

Thelnteraction of
Cigarette Smoking and Antioxidants.
Part |1: Alpha-Tocopheral

Greg Kdlly, ND

Abstract

It is logical that the requirement for antioxidant
nutrients depends on a person’s exposure to
endogenous and exogenous reactive oxygen
species. Since cigarette smoking results in an
increased cumulative exposure to reactive
oxygen species, it would seem cigarette
smokers would have an increased requirement
for antioxidant nutrients. This review examines
available evidence of alpha-tocopherol
supplementation by smokers and its effect
clinically and on in vitro biomarkers of oxidative
stress.

(Altern Med Rev 2002;7(6):500-511)

Introduction

This review is the second part of an ar-
ticle on the interaction of cigarette smoking and
antioxidant nutrients. Part | (Altern Med Rev
2002;7(5):370-388) introduced the reader to the
hypothesis that a cigarette smoker might benefit
by increased antioxidant nutrition and to the core
biomarkers used to assess the physiological ben-
efits, or lack thereof, of antioxidant intervention.
Dietary substances with antioxidant activitiesin-
cluding fruits, vegetables, garlic, green tea, and
turmeric were reviewed. Intervention and
biomarker studies on supplemental beta-carotene
were also reviewed. The reader is referred to the
preceding article for these topics.

Part Il reviewsintervention and biomarker
studies of apha-tocopherol conducted in popul a
tions of smokers. Essential fatty acids (EFAS) will
also be discussed since some evidence suggests a
possihility of interaction between a pha-tocopherol
supplementation and EFAS. In some studiescited,

mg, rather than |U, dosages are noted. See Table
1 for mg/IU conversions.

Alpha-Tocopherol

Cigarette smoke contains a range of
xenobhiotics, including oxidants and free radicals
that can increaselipid peroxidation. One estimate
suggested cigarette smoke contains on the order
of 10*free radicals perinhalation.® Free radicals
are capable of directly and indirectly inducing
oxidative stressin the body. Since lipid structures
within the body are particularly susceptible to
oxidative stress, smokers have been reported to
have higher in vivo lipid peroxidation. In some
cases, specific biomarkers of lipid peroxidation
have been reported to correlate with the number
of cigarettes smoked daily, with more cigarettes
smoked resulting in higher lipid peroxidation.?

Alpha-tocopherol isacritical component
of the body’s antioxidant defense mechanisms,
serving asaprimary antioxidant in lipid compart-
ments. Among its accepted physiological effects
is an ability to protect against lipid peroxidation.
The increased free radical exposure and in vivo
lipid peroxidation associated with smoking would
seem to indicate a need for increased al pha-toco-
pherol intake as an antioxidant counter-measure.
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Unlike beta-carotene,
which is routinely low in the
serum of smokers, evidence
suggests alpha-tocopherol
concentrations are equivalent
to®* or higher®® in serum and
tissue of smokers than non-
smokers. Despite similar or
elevated level s of thisantioxi-
dant compound, smokershave

Table 1. Unit Conversions for alpha-Tocopherol

Form of alpha-Tocopherol | International Units (IU) | Milligrams (mg)

dl-alpha-Tocopherol 111U
d-alpha-Tocopherol 1.49 1U

anincreased tendency to lipid
peroxidation.?* It is possible
the amount of alpha-tocopherol in serum and tis-
sues that would be adequate to minimize lipid
peroxidation in a non-smoker is incapable of do-
ing a sufficient job to completely offset the in-
creased lipid peroxidation caused by cigarette
smoke exposure. This suggests additional alpha-
tocopherol, either in the diet or as a supplement,
might counter this increased oxidative damage to
lipids.

In the Alpha-Tocopherol, Beta-Carotene
Study (ATBC Study), baseline data on serum al-
pha-tocopherol levels was available for 29,102
men. When this cohort was stratified according to
serum alpha-tocopherol levels at entry, a 19-per-
cent reduction in lung cancer incidence was ob-
served during the 7.7-year follow-up in the group
with the highest versus lowest quintile of serum
alpha-tocopherol upon entry.” While this suggests
the possibility of a clinical benefit from higher
serum levelsof apha-tocopheral, itisnot possible
to determine the specific nature of thisinteraction
or whether increasing alpha-tocopherol intake
would be beneficial. The association could be a
result of: (1) a direct protective effect of alpha-
tocopherol; (2) increased dietary intake of other
phytonutrients found in vitamin E-rich foods; (3)
a response to other non-dietary factors and/or
physiological processes; (4) an indication of bet-
ter antioxidative processes or lower oxidative
stress in the quintile with the highest levels of se-
rum al pha-tocopherol; or (5) additional confound-
ing factors. Because of the inherent ambiguity
encountered in observational studies, intervention
trials are required to more appropriately identify
cause-effect relationships and benefits.
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Currently, only one large, long-term in-
terventiontrial of a pha-tocopherol in smokershas
been conducted that tracked clinical endpoints —
the ATBC Study conducted inapopulation of male
Finnish smokers. The results of this intervention
did not indicate an across-the-board role for al-
pha-tocopherol in positively modifying clinical
endpoints of cancer or heart disease in smokers;
however, it suggested the possibility that some
clinical endpoints can be positively, while others
are negatively, modified by alpha-tocopherol
supplementation. The specific findings will be
discussed below. Several shorter interventions
assessing changes in biomarkers have been con-
ducted and will be reviewed and discussed.

Pharmacokinetics of alpha-

Tocopherol in Smokers

Pharmacokinetic data suggests alpha-to-
copherol metabolism might differ between smok-
ers and non-smokers. Compared with non-smok-
ers, an oral dose of apha-tocopherol resultedin a
lower quantity of vitamin E in the circulation at
6-, 12-, and 27-hours post-supplementation. The
authors commented that, “Whether this decrease
wasaresult of animpairment in absorption, modi-
fied handling of vitamin E by the liver, increased
clearancerate and deposition into tissues, or some
combination of these and other factors was not
able to be determined based upon the constraints
of this study.”® An independent study suggested
at least part of this altered metabolism is a result
of increased deposition of vitamin E into tissues.
After investigating the pharmacokinetics of alpha-
tocopherol in smokers and observing anincreased
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rate of disappearance from the systemic circula-
tion, Traber et a speculated that, “ The increased
disappearance might have been secondary to in-
creased functional need of vitamin E as an anti-
oxidant to ameliorate the oxidative stress associ-
ated with smoking.”® This finding and hypothesis
appear to correspond to the findings of Hilbert et
al who reported bronchoalveolar lavage levels of
alpha-tocopheral 20-fold higher among the smok-
ers when compared with the non-smokers they
examined.® Taken together the various observa-
tions suggest the pharmacokinetics of vitamin E
might be altered in an adaptive manner in smok-
ersin order to concentrate antioxidant defensesin
areas that come in direct or higher contact with
smoke-derived free radical stress.

Regardless of the reason for the altered
pharmacokinetics, supplementation of al pha-toco-
pherol to smokers appears to further increase se-
rum levels by two- to threefold (depending on the
dose), LDL concentrations by two- to threefold,
and lung tissue concentrations by 20 percent.5101

Evidence suggests supplementation with
pharmacological doses of alpha-tocopherol alters
metabolism of several other antioxidant com-
pounds in smokers. Fuller et al reported an eight-
week intervention with 400 |U alpha-tocopherol
daily resulted in decreased concentrations of beta-
carotene and lycopene in LDL, suggesting the
possihility of an unwanted impact on the metabo-
lism of these carotenoids by exclusive apha-to-
copherol supplementation in smokers. This de-
crease was not observed when smokersweregiven
1 g ascorbic acid daily in combination with al-
pha-tocopherol .*2

Brown et al reported a 20-week interven-
tion with doses of apha-tocopherol ranging from
70-1,050 mg d-al pha-tocophery! acetate daily ini-
tially increased plasma concentrations of ascor-
bic acid at week 10; however, by week 20 plasma
ascorbic acid levelswere below baseline levelsin
all supplemented groups. The largest decreases
were observed in persons taking the higher doses
of alpha-tocopherol (140, 560, and 1,050 mg
daily).®

Hoshino et al reported that two weeks of
daily supplementation with 800 IU dl-alpha-
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tocopherol reduced plasma gamma- and beta-
tocopherols significantly during the
supplementation period but rebounded to
presupplementation levels after four weeks of
discontinuing al pha-tocopherol supplementation.®
This decrease in gamma-tocopherol secondary to
supplementation with al pha-tocopherol in smokers
is consistent with results reported in non-smokers
receiving exclusively alpha-tocopherol asaform
of supplemental vitamin E.***

While the clinical relevance of these al-
terations in beta-carotene, ascorbic acid, and
gamma- and beta-tocopherol in smokers second-
ary to exclusive supplementation of alpha-toco-
pherol is currently unknown, these observations
point to aneed for improved pharmacokinetic data
on the interactions between al pha-tocopherol
supplementation and other antioxidant nutrients
in smokers.

Clinical Outcome Studies. alpha-

Tocopherol Intervention Trials
Alpha-Tocopherol Beta-Carotene Study
(ATBC Study)

The only long-term intervention study to
datethat examined the clinical outcomesin apopu-
lation of cigarette smokers subsequent to supple-
mentation with alpha-tocopherol is the ATBC
Study.

This study was a randomized, double-
blind, placebo-controlled, primary-preventiontrial
designed to determine whether daily
supplementation with alpha-tocopherol, beta-
carotene, or both, would reduce the incidence of
cancer, especially lung cancer, among cigarette
smokers. The study included 29,133 male
smokers, age 50-69 years at entry (average age
57.2 years). All subjects smoked five or more
cigarettes daily with an average daily cigarette
intake of 20.4 cigarettes. Participants had an
average smoking history of 35.9 years. Subjects
were recruited from southwestern Finland.
Participantswere randomly assigned to one of four
intervention groups. (1) basic capsule (placebo
consisting of 7 mg ascorbic acid and 2 mg alpha-
tocopherol); (2) 50 mg alpha-tocopherol as a 50-
percent powder of synthetic dl-al pha-tocopherol
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added to the basic capsul g; (3) 20 mg beta-carotene
as 10-percent water-soluble beadlets of synthetic
beta-carotene added to the basic capsule; or (4)
50 mg alpha-tocopherol and 20 mg beta-carotene
added to the basic capsule. Follow-up occurred
over a5-8 year time interval .16

The results of the ATBC Study suggest
supplementation of a smoker’s diet with alpha-
tocopherol might be beneficial, have no effect, or
be potentially harmful depending on which clini-
cal endpoint isstudied. Supplementation appeared
to decrease the risk of prostate and colon cancer,
have no effect on lung cancer, and increase the
risk of stomach and bladder cancer. With respect
to cardiovascular disease, the alpha-tocopherol
intervention resulted in an increased incidence and
mortality from hemorrhagic strokes but fewer
deaths from ischemic heart disease and ischemic
stroke. When all-cost mortality was calculated,
participants receiving alpha-tocopherol as an ac-
tive intervention had two-percent (p=0.6) higher
mortality during the trial than did participants re-
ceiving placebo.®

Whiletotal strokeswere not significantly
impacted by the al pha-tocopherol intervention, the
type of stroke had a significant association with
supplementation. Leppala et al analyzed the data
on the 28,519 members of the ATBC Study who
had no previous history of stroke in an effort to
exploretherelationship between a pha-tocopherol
supplementation and the incidence and mortality
from stroke. During the follow-up time period
(median length of six years) the researchers ob-
served a statistically significant 50-percent in-
creased risk of incidence of subarachnoid hemor-
rhage (p=0.07) and a 181-percent increase in risk
for fatal subarachnoid hemorrhage (p=0.01)
among subjects receiving apha-tocopherol. Al-
pha-tocopherol supplementation also resulted in
anincreased risk of fatal intracerebral hemorrhage
of 64 percent (p=0.09). In contrast to the elevated
risk for hemorrhagic strokes, a 14-percent reduc-
tion in risk for ischemic stroke (p=0.03) was ob-
served. Despite these trends, the net effects of
supplementation on theincidence (fewer incidents
of strokesin those receiving alpha-tocopheral) and
mortality (higher mortality from strokes in those
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receiving alpha-tocopherol) from all types of
strokes combined did not reach statistical signifi-
cance.’®

Since apha-tocopheral is known to have
an effect on platelet function, assuming these
trends are consistent across all populations of
smokers, it suggeststhat smokersat risk for throm-
botic conditions might possibly benefit from an
intervention including alpha-tocopherol. Con-
versely, it suggests that a pha-tocopherol should
be avoided at these dose levelsin high-risk candi-
dates for hemorrhagic strokes.

Theinfluence of alpha-tocopherol supple-
mentation on the incidence of common cold epi-
sodes was observed in a subset of 21,796 male
smokersover afour-year follow-up period. While,
for the cohort asawhol e, supplementation had no
effect on the incidence of common colds, aslight
decreaseinincidence (RR =0.95, 95% CI = 0.90-
1.00) was observed for subjects 65 yearsand older.
The reduced incidence was most apparent in a
subset of older subjects who lived in cities and
smoked fewer than 15 cigarettesdaily (RR=0.72,
95% Cl = 0.62-0.83).%°

Biomarker Studies. alpha-

Tocopherol

Short-terminterventionswith al pha-toco-
pherol, assessing changes in biomarkers of oxi-
dative stress, DNA damage, and endothelial func-
tion, have been conducted among smokers. These
interventions utilized different populations of
smokers, varied the dose and duration of alpha-
tocopherol supplementation, and even utilized
varying biomarkers of oxidative stress and DNA
damage. Taken as a whole, the data suggests
supplementation of a smoker with alpha-toco-
pherol can positively modify somebiomarkersand
not others; however, even among the biomarkers
it seems to positively modify, vitamin E appears
unable to completely offset the increased oxida-
tive stress caused by chronic cigarette smoking.
For a detailed description of the biomarkers dis-
cussed, see Part | of this review in the previous
issue of Alternative Medicine Review.
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Several researchers have looked at the
effects of supplementing alpha-tocopherol on
biomarkersof oxidative stress. Duthieet a supple-
mented the diet of 20 male smokers (cigarette in-
take of 15-25 cigarettes daily) with 1,000 mg al-
pha-tocopherol acetate daily for 14 daysin an at-
tempt to determine whether thisintervention could
lower the elevated erythrocyte lipid peroxidation
found among these smokers. While supplementa-
tion was ableto reduce thiobarbituric reactive sub-
stances (TBARS), it wasonly ableto dightly lower
the quantity of conjugated dienes formed. Al-
though the observed reduction in TBARS sug-
gested some ability to counter lipid peroxidation,
the inability to substantially alter conjugated di-
ene formation indicates supplementation with al-
pha-tocopherol alone was not able to completely
offset the increased lipid peroxidation caused by
smoking.*

A somewhat similar observation on the
ability of vitamin E (600 IU dl-al pha-tocopheryl
acetate daily for four weeks) to positively modify
invitro lag time but have no significant impact on
in vitro lag rate of conjugated diene formation in
smokers was reported by Mol et a.**

Porkkala-Sarataho et al conducted a two-
month intervention with daily doses of 200 mg
RRR-alpha-tocopheryl acetate among a popula-
tion of male smokers (average age 47; mean of 21
cigarettes daily). They observed an increased in
vitro lag time suggesting increased ability of LDL
to resist oxidative stress. Despite this apparently
positive change found in vitro, supplementation
resulted in no improvement of in vivo plasma
malondialdehyde (MDA).%° Since in vivo plasma
MDA represents a breakdown product of lipid
hydroperoxides and largely reflects metabolic by-
products of oxidation of polyunsaturated fatty ac-
ids (PUFASs) containing three or more double
bonds, the positive in vitro results on lag time do
not appear to be an accurate reflection of what
was actually occurring in the body during the two
months of supplementation.

Fuller et a conducted an eight-week in-
tervention in 30 smokers (at least 10 cigarettes
daily for lessthan five years) by providing 400 1U
d-alpha-tocopheryl acetate daily. Supplementation
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resulted in asignificant increasein LDL lag time
but no change in oxidation rate, neutrophil super-
oxide anion production as assessed by respiratory
burst reaction, or conjugated diene formation in
LDL. Weighing these seemingly paradoxical find-
ings the authors concluded that since supplemen-
tation showed no significant effects on the more
physiologically relevant neutrophil respiratory
burst function and conjugated diene formation,
their findings appeared to cast doubt on the ability
of alpha-tocopherol supplementation to reduce
oxidative stress in smokersin vivo.2

In addition to this possible lack of func-
tional antioxidant activity, supplementation of 400
IU apha-tocopherol for eight weeksresulted in a
decreased concentration of LDL beta-caroteneand
lycopene,*? suggesting the possibility of an un-
wanted impact on the metabolism of these caro-
tenoids by exclusive a pha-tocopherol supplemen-
tation in smokers.

In a slightly longer intervention (10
weeks), Brown et al reported adecreasein plasma
concentration of TBARS subsequent to supple-
mentation with 280 mg dl-al pha-tocopheryl acetate
daily to male Scottish smokers. They also observed
elevated plasma concentrations of conjugated
dienes among the smokers pre-intervention and a
significant decrease subsequent to intervention
with alpha-tocopherol .

The quantity of TBARS isan indirect in-
dication of the quantity of MDA and therefore re-
flects the quantity of metabolic by-products of
oxidation of PUFAs containing three or more
double bonds, and conjugated dienes formed in
vivo are also reflective of ongoing lipid
peroxidation. Therefore, the decreasesreported by
this study suggest the alpha-tocopheral interven-
tion protected PUFAsin vivo from oxidative stress
induced by smoking.

In a subsequent study of longer
intervention (20 weeks) in 50 Scottish male
smokers, Brown et a varied the dose of alpha-
tocopherol. Smokers and non-smokers were
supplemented with one of the following doses of
d-alpha-tocopheryl acetate: 70, 140, 560, or 1,050
mg daily. In the smokers each dose was associ ated
with a significant decrease in susceptibility of
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erythrocytes to in vitro lipid
peroxidation as determined by
comparing baseline to post-
supplementation hydrogen
peroxide-induced MDA
concentrations. Contrary to what
might be expected, no statistically
significant dose response was
observed (Table 1).%2 This suggests,
at least for this in vitro biomarker
of resistance to oxidative stress, no
additional benefit is accrued by
virtue of giving doses above the
lowest dose administered (70 mg
daily).

Brown et al also reported a
substantial negative dose response
among the non-smokers. Among
non-smokers, supplementation of
the highest dose of a pha-tocopherol
(1,200 mg daily) for 20 weeks re-
sulted in a statistically significant

Table 2. Percent change in susceptibility of RBC
to H,0,-induced lipid peroxidation in vitro as
determined by MDA after 20 weeks of
supplementation with varying doses of vitamin E*

*560 mg/day 63-percent decrease
*1,050 mg/day 64-percent decrease
1,050 mg/day to non-smokers 42-percent increase

* indicates smoker group only

increase in lipid peroxidation, sug-
gesting pro-oxidant activity. In both
the smokersand non-smokers, 20 weeks of supple-
mentation resulted in adeceasein plasmaconcen-
trations of ascorbic acid. Whether this decrease
was because of an unwanted effect of exclusive
alpha-tocopherol supplementation on ascorbic acid
metabolism; an increased ability to concentrate
ascorbic acid in tissues; an increased utilization
of ascorbic acid to reduce oxidized alpha-toco-
pheral; or some other factor, cannot be determined
by this study.®®

Researchers conducted a two-year
randomized, double-blind, placebo-controlled
study involving 128 male normolipidemic chronic
smokers. The intervention consisted of 268 mg
dl-alpha-tocopherol daily, containing 400 U of
vitamin E activity. Plasma TBARS decreased in
smokers given either active or placebo
intervention, while LDL lag time increased
significantly in the active treatment group,
suggesting reduced in vitro susceptibility to
oxidation. However, supplementation was unable
to decrease antibodies against oxidized LDL.%
Since antibodies against oxidized LDL have been
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reported to be associated with cardiovascular
disease,?? and since an increase in antibodies
against oxidized LDL suggests increased
physiological oxidative stress, it would seem this
dose of apha-tocopherol, even over two years, is
unable to completely offset free radical-induced
oxidative stress in smokers.

Several other biomarkers of in vivo func-
tional oxidative stress have also been observed in
smokers subsequent to al pha-tocopherol interven-
tion. Breath pentane output (BPO) is assessed by
collecting exhaled air and measuring the quantity
of pentanes, which are formed in the body as a
result of peroxidation of PUFAs. A portion of pen-
tanes is volatile and eliminated in respiration;
therefore, BPO provides a functional surrogate
measure of oxidative stressto lipids. BPO would
be expected to increase as oxidative stress in-
creases. F(2)-isoprostanes are prostaglandin-F iso-
mers produced by cyclooxygenase-independent
freeradical peroxidation of arachidonic acid. Their
quantity in plasmaand urine is afunctional indi-
cator of lipid peroxidation. Under circumstances
of increased oxidative stress, F(2)-isoprostanes
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would be expected to increase. A dose-response
relationship between number of cigarettes smoked
daily and levels of 8-iso-prostanglandin F2alpha
(8-is0-PGF(2alpha)) in the urine has been re-
ported.?* Some researchers have suggested thisis
a better indicator of functional in vivo free-radi-
cal stress than are in vitro assessments using lag
time or oxidation rate.®®

Hoshino et al investigated the effect of two
weeks of supplementation with 800 U dI-alpha-
tocopherol daily at bedtime on lipid peroxidation
in 13 smokers (5 males and 8 females) with a
median age of 29 years. In order to assess lipid
peroxidation, BPO was used as a surrogate func-
tional marker of lipid peroxidation. Baseline lev-
els of BPO were substantially higher in smokers
as opposed to 19 non-smokers used as controls
(BPO of 16.3 versus 5.8 pMol/kg body weight/
minin smokersversusnon-smokers). The elevated
BPO occurred despite comparabl e baseline plasma
concentrations of vitamin E in both groups. Addi-
tion of supplemental vitamin E for two weeksre-
sulted in adecreasein BPO; however, the reduced
values remained higher among smokersthan those
found at baseline among non-smokers. Four weeks
after cessation of vitamin E supplementation, BPO
had rebounded to a higher level (>22) than that
originally found among smokers prior to supple-
mentation. In addition to this unwanted rebound
effect, although supplementation increased a pha-
tocopherol levels, it reduced plasma gamma- and
beta-tocopherols significantly.

Patrignani et al performed arandomized,
double-blind, placebo-controlled study of the ef-
fects of increasing doses of vitamin E every three
weeks on urinary F2-isoprostanes. Urinary 8-iso-
PGF(2alpha) was used to assess urinary F2-
isoprostanes. Forty-six cigarette smokers (mini-
mum of 15-30 cigarettesdaily for the previoustwo
years) were started on adaily dose of 300 mg dI-
alpha-tocopheryl acetate. After three weeks this
dose was increased to 600 mg daily. Following
week six, thedosewasincreased to 1,200 mg daily.
Plasmalevels of vitamin E increased dose-depen-
dently up to a maximum twofold increase; how-
ever, after discontinuing supplementation they
returned to pre-supplementation levels. Despite
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doubling of plasmalevels of vitamin E, no statis-
tically significant changes in urinary F2-
isoprostane excretion were observed.?

Reilly et al reported a similar negative
resultinashorter durationtrial of a pha-tocopherol
supplementation. Participants had a mean daily
intake of 25 cigarettes. Supplementation of alpha
tocopherol at doses of either 100 or 800 U daily
for five days had no effect on, or ability to sup-
press, urinary levels of F2-isoprostane in smok-
ers.

Several biomarker studies have examined
the impact of vitamin E supplementation on
biomarkers of DNA damage. Urinary excretion
rateismeasured for 8-hydroxydeoxyguanosine (8-
OHdG), arepair product of DNA that increases
subsequent to oxidative damageto DNA. Itisused
as a biomarker to evaluate risk of carcinogenesis
and hasphysiological correspondenceto freeradi-
cal damage. Despite achieving a substantial in-
crease in plasma concentrations of alpha-toco-
pherol, supplementation of 20 male smokerswith
100 mg d-al pha-tocophery! acetatetwice daily for
two months was unable to create a significant
changein the urinary excretion rate of 8-OHdG.#

Sister chromatid exchange (SCE) inlym-
phocytes is used as a biomarker for in vivo
cytogenic damage to DNA. Supplementation of
900 IU vitamin E daily for six weeks was unable
to decrease the frequency of SCE in smokers.?

Long-term cigarette smoking results in
chronic endothelial dysfunction characterized by
impairment in vasodilation. A transient impairment
of endothelial function also occurs acutely subse-
guent to smoking. This smoking-induced disrup-
tion in endothelial function is due at least in part
to oxidative stress.?

Neunteufl et al supplemented 600 U dI-
apha-tocopherol to 11 male smokers (mean age
28 years; average of 23 cigarettes per day) for four
weeks in order to determine whether short-term
supplementation could attenuate the transient im-
pairment of endothelial function resulting froman
episode of acute smoking and reverse the chronic
endothelial dysfunction. Eleven smokers were
given placebo and 11 non-smokerswere used asa
control group. While four weeks of supplementa-
tion was able to modestly attenuate endothelial
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dysfunction subsequent to an acute episode of
smoking asingle cigarette, it had no ability to re-
verse the chronic endothelial dysfunction found
in these smokers.®

Green et al compared the impact of
supplemental vitamin E on endothelial function
as assessed by aspects of the nitric oxide dilator
system in long-term smokers and non-smokers.
Nine male non-smoking subjects and eight male
smokers (average of 36 cigarettesper day for more
than seven years) were given 1,000 |U d-alpha-
tocopherol daily for afour-week period. Five ad-
ditional non-smokers received placebo as a fur-
ther control group. Vitamin E supplementation had
no apparent effect on basal endothelial function
in any of the studied groups.*

Heitzer et a investigated the relationship
between vitamin E supplementation and endothe-
lium-dependent relaxation as it interfaced with
hypercholesterolemia and chronic smoking. In
order to assess rel ationships they utilized 13 non-
smoking subjects with hypercholesterolemia, 15
smoking subjects with hypercholesterolemia, and
14 smokers with lipid levels falling within nor-
mal limits. Subjects within each group were ran-
domly assignedinal:2ratioto receiveeither pla-
cebo or 544 1U d-alpha-tocopheryl acetate daily
for four months. While supplementation with vi-
tamin E augmented endothelium-dependent relax-
ation among the subset of hypercholesterolemic
smokers, no significant benefit was found among
either hypercholesterolemic non-smokers or
normocholesterolemic chronic smokers. The
hypercholesterolemic smokers also had signifi-
cantly higher levels of antibodies against oxidized
LDL. Supplementation of vitamin E resulted in
no significant change in antibody titers in the
hypercholesterolemic and smoking normocho-
lesterolemic subjects, but was ableto reduce anti-
body titers in the hypercholesterolemic smokers
to levels comparable to those found in the other
groups.®!

Whilemoreresearch is needed, this study
suggests, at least with respect to biomarkers of
endothelial function and oxidized LDL, alpha-
tocopherol supplementation might prove benefi-
cia in smokers.
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| nteractions between alpha-
Tocopherol and Essential Fatty Acids
(EFAS)

Since the quantity and need for vitamin E
variesbased on the types and quantity of fats con-
sumed in the diet, several researchers have moni-
tored biomarkers of lipid peroxidation in an at-
tempt to investigate the interactions between al-
pha-tocopherol supplementation of smokers and
either varying dietary fats or supplementing with
fish ail.

Weinberg et a investigated the impact of
varying thetypeof dietary fat in combination with
supplementing thediet with 800 |U vitamin E daily
among cigarette smokers. Ten subjects who each
smoked more than 20 cigarettes daily were re-
cruited. A baseline diet wasfed to all subjectsfor
three weeks during which the major source of di-
etary fat was olive oil. The phase one diet con-
sisted of 45-percent carbohydrates, 20-percent
protein, and 35-percent fat. During this part of the
study olive oil served asthe primary dietary source
of fat. The fat breakdown was saturated fat as 7.5
percent of calories; monounsaturated fatty acids
(MUFAS) as 20 percent of calories, and PUFAsas
7.5 percent of calories.

Values were obtained for LDL oxidation
lag time and rate as well asfor plasmatotal F(2)-
isoprostanes and PGF(2alpha) following three
weeks on thisdiet. The diet was then modified by
replacing olive oil with by high-linoleic safflower
oil. Theresultant fat distribution during this phase
of the study was saturated fat as 7.5 percent of
calories, MUFAs as 7.5 percent of calories; and
PUFAs as 20 percent of calories.

After threeweekson the high-linoleic saf-
flower oil diet, F(2)-isoprostanes increased from
53.0t0 116.2 nMol/L and PGF(2alpha) increased
from 3.5t0 5.5 nMol/L. No changesin LDL oxi-
dation parameters (lag time or rate) were observed.
The observed changes suggest the higher PUFA
diet resulted in an increase of in vivo lipid
peroxidation. The high-PUFA diet was continued
for an additional three weeks, during which time
subjects received 400 IU dl-alpha-tocopheryl ac-
etate twice daily.*
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While supplementation increased plasma
and LDL concentrations of vitamin E and resulted
in an increase in LDL oxidation lag time (theo-
retically indicating a decreased susceptibility of
LDL to oxidative stress and, hence, an increased
functional supply of antioxidantswithinthe LDL),
therewas no changein oxidation rate, and supple-
mentation paradoxically further increased F(2)-
isoprostanesto 188.2 nMol/L and PGF(2al pha) to
7.8 nMol/L.*

The increase in F(2)-isoprostanes and
PGF(2alpha) subsequent to supplementation of a
diet high in PUFAs with this dose of vitamin E
suggests, at least under these circumstances, vita-
min E given in the dl-alpha-tocopheryl form might
exert pro-oxidant effects in cigarette smokers.

The disparity between an increased in
vitrolag timeand increased in vivo F2-isoprostane
levels suggests a problem and possible limitation
in the varying measures used to assess suscepti-
bility or resistance to oxidative stress. Weinberg
et a suggest the disparity likely indicates the ex
vivo kinetic measurements of LDL oxidation are
likely to be less physiologically relevant when
seeking to determine in vivo global oxidative
stress.®

Data from the Honolulu Heart Program
suggestsfish intake might protect smokersagainst
lung cancer and cardiovascular disease.®* While
this association is encouraging, the impact of fish
oil supplementation on these clinical endpointsin
smokersiscurrently not established. Currently no
data exists to indicate whether supplementation
of fish oil to smokers would definitively modify
clinical endpoints. However, two studies have
looked at the short-term effect on biomarkers of
lipid peroxidation subsequent to providing smok-
erswith supplemental fish ail. In one case, changes
inbiomarkersof oxidative stress subsequent to fish
oil administration suggest the possibility of in-
creased lipid peroxidation,® whilein the other, the
overall effect of supplementation resulted in no
significant changesin lipid peroxidation.?

Inthe study that indicated no net change®
the observed population was hyperlipidemic
smokers, the fish oil contained 30 mg coenzyme
Q10 (CoQ10), and results were compared to a
control group receiving a fatty acid supplement
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containing approximately 20-percent omega-6 and
-3 fatty acids.?2 One or more of these differences
in study design might explain the differences in
observed lipid peroxidation. Regardless of these
differences, providing al pha-tocopherol, either
exclusively or in conjunction with other antioxi-
dants, appeared to have a beneficial interaction
with fish oil supplementation.

When 400 mg vitamin E was given with
10 g fish ail it partially countered the increase in
plasmaTBARS associated with thefish oil supple-
mentation.®* When an antioxidant combination
consisting of 75 mg vitamin E, 150 mg ascorbic
acid, and 15 mg beta-carotene was provided with
the fish oil supplement containing 5 g each of
eicosapentanoic acid (EPA) and docosahexaenoic
acid (DHA) along with 30 mg CoQ10, resistance
to measured parameters of L DL oxidation approxi-
mated values found in non-smoking controls.?

Discussion

Supplementation of apha-tocopheral to
smokers consistently increases serum and tissue
levels of apha-tocopherol; however, it might have
unwanted in vivo effects on levels of other nutri-
tional compounds, such as ascorbic acid, beta-
carotene, lycopene, and gamma-and beta-toco-
pherol. More research is required to clarify the
pharmacokinetic interactions between a pha-toco-
pherol administration and these compounds and
to identify whether additional nutrient-nutrient
interactions exist when a pha-tocopherol isadmin-
istered in pharmacological dosesto smokers.

The results of the ATBC Study suggest
supplementation of a smoker’s diet with alpha-
tocopherol might be beneficial, have no effect, or
be potentially harmful depending on which clini-
cal endpoint is studied. The statistically signifi-
cant difference found between hemorrhagic and
thrombotic strokeincidence and/or mortality sub-
sequent to alpha-tocopherol supplementation in-
dicatesapotential need to pre-identify candidates
at risk for these various types of strokes and
modify alpha-tocopherol recommendations ac-
cordingly.
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The differential benefits obtained with
respect to the common cold (observed inthe ATBC
Study depending upon whether a person lived in
acity or not, and smoked fewer then 15 cigarettes
or not), and endothelial function and antibodies
against oxidized LDL in hypercholesterolemic but
not normocholesterolemic smokers, suggests a
strong need for increased stratification when de-
signing trials to measure the benefits of alpha-to-
copherol in smokers.

The impact of apha-tocopherol on vari-
ous biomarkers assessed to date seems to suggest
vitamin E, at least as alpha-tocopherol, is inca-
pable of mitigating the unwanted physiological
effects caused by cigarette smoking. Supplemen-
tation, while capabl e of positively modifying some
markers of in vitro lipid peroxidation, is far less
capable of impacting in vivo biomarkers. While,
over the course of two weeks, supplementation
slightly decreased BPO, it was unable to lower
this biomarker to levels even remotely similar to
non-smokers. Of potential concernistherebound
increase above pre-supplementation levelsoncea
smoker discontinues al pha-tocopherol supplemen-
tation, since adherence to long-term vitamin
supplementation can be challenging to maintain
in some individuals. Alpha-tocopherol appearsto
exert no positiveimpact on F2-isopentanes nor did
it alter DNA damage as assessed by 80OHAG or
SCE. Alpha-tocopherol appears to be unable to
positively modify endothelial function with the
possible exception of smokers with hypercholes-
terolemia.

The interactions with alpha-tocopherol
and dietary fatsrequirefurther elaboration. Current
available evidence, which is presently limited,
suggests dietary guidance should favor
monounsaturated fats such asolive ail rather than
polyunsaturated omega-6 vegetable oils in
smokers. More extensive research is required to
verify this recommendation and to determine
whether other factors such as genetic
polymorphisms might require modifying the type
of dietary fats recommended to active smokers.
The tocopheryl form of vitamin E in this study of
dietary fats and vitamin E supplementation might
also possibly be less effective than other forms of
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vitamin E and requires further clarification. Until
moreinformationisavailable, it might be prudent
to preferentially utilize the tocopherol, rather than
the tocopheryl, form of vitamin E in smokers.

Until more information is available, it
might be prudent to recommend alow dose of sev-
eral antioxidants including alpha-tocopherol,
ascorbic acid, and CoQ10 to smokers taking high
doses of supplementary fish ail.

There is currently no clear consensus on
the most appropriate dose of vitamin E for smok-
ers. In al likelihood, the best dose would vary
among individuals and would depend on number
of cigarettes smoked, diet, lifestyle, genetics, and
other factors. Although vitamin E is an antioxi-
dant and generally considered to be non-toxic,* it
appearsto be capabl e of functioning as a pro-oxi-
dant under certain conditions and at high or pro-
longed doses.*"* Because of this and the interac-
tionswith other antioxidant substances asthe dose
increased, until more information is available it
might be better to err on the side of lower dosesin
combination with an array of other antioxidant
nutrients and foods, rather than relying on doses
that fall within the pharmacological range.
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