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Recent research about the role of free radical deriva-
tives of oxygen and nitrogen in biological systems has
highlighted the possibility that antioxidants, such as
vitamin E, that prevent these processes in vitro may
be capable of carrying out a similar function in living
organisms in vivo. There is increasing evidence that
free radical reactions are involved in the early stages,
or sometimes later on, in the development of human
diseases, and it is therefore of particular interest to
inquire whether vitamin E and other antioxidants,
which are found in the human diets, may be capable
of lowering the incidence of these diseases. Put sim-
ply, the proposition is that by improving human diets
by increasing the quantity in them of antioxidants, it
might be possible to reduce the incidence of a number
of degenerative diseases. Of particular significance to
these considerations is the likely role of the primary
fat-soluble dietary antioxidant vitamin E in the pre-
vention of degenerative diseases such as arterioscle-
rosis, which is frequently the cause of consequent
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heart attacks or stroke, and prevention of certain
forms of cancer, as well as several other diseases.
Substantial evidence for this proposition now exists,
and this review is an attempt to give a brief account of
the present position. Two kinds of evidence exist; on
the one hand there is very substantial basic science
evidence which indicates an involvement of free rad-
ical events, and a preventive role for vitamin E, in the
development of human disease processes. On the
other hand, there is also a large body of human epi-
demiological evidence which suggests that incidence
of these diseases is lowered in populations having a
high level of antioxidants, such as vitamin E, in their
diet, or who have taken steps to enhance their level of
intake of the vitamin by taking dietary supplements.
There is also some evidence which suggests that
intervention with dietary supplements of vitamin E
can result in a lowered risk of disease, in particular of
cardiovascular disease, which is a major killer disease
among the developed nations of the world. The
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intense interest in this subject recently has as its
objective the possibility that, by making some simple
alterations to dietary lifestyle, or by enhancing the
intake of vitamin E by fortification of foods, or by
dietary supplements, it may be possible to reduce
substantially the risk of a large amount of common,
highly disabling human disease. By this simple
means, therefore it may be possible to improve sub-
stantially the quality of human life, in particular for
people of advancing years.

Keywords: Vitamin E, human degenerative disease

I. INTRODUCTION

The current year, 1997, is the 70th anniversary of
the publication by Herbert Evans and his associ-
ates of their seminal work? that brought together
the results of their researches at Berkeley,
California, which described the discovery of vita-
min E.B4 Speaking at a Symposium held in his
honour in Zurich in 1961, Evans described the
early days of their discovery and observed that
‘good fairies attended every phase of the advent
and early history of vitamin E".[Yl He failed to
mention, with his characteristic modesty, that the
discovery, using of course the relatively un-
sophisticated techniques of the time, involved a
huge amount of effort, and the conviction on his
part that the missing factor in his rat diets, which
could prevent in female animals the phenomenon

" of gestation resorption, was indeed a dietary fac-

tor. This was followed soon after by the discovery
that lettuce, and then a lipid-soluble extract of let-
tuce, could prevent the condition; this was only
one step away from the discovery of vitamin E
itself. The subsequent isolation of a pure speci-
men of vitamin E, the demonstration of its struc-
tural formula by, in Evans’ own words, ‘the
young genius chemist of outstanding ability,
Erhard Fernholtz, > and the first synthesis of the
vitamin by Paul Karrer,”! are all matters of history
to which Evans refers.l!! Evans’ choice of the
name tocopherol, with its Greek derivation toyo—
nnepos, owed more apparently to his lunching
with the Professor of Greek at Berkeley at that
time, than to his own classical scholarship. The

lesson for today from the work of Herbert Evans
is surely that his meticulous attention to the con-
stituents of the diet that was given to his rats, cou-
pled with his masterly histological examination of
the pathology of the condition he observed, led to
his classic observation, and that in these rushed
and hurried days such attention to scientific detail
is frequently sacrificed on the altar of the expedi-
ent need to publish quick results.

Following the bright period of close attention
by the ‘good fairies’, research on vitamin E pro-
ceeded at a very slow pace for about 40 years,
probably chiefly because it could not be shown
that the vitamin is an essential nutrient for man,
so that research funding was not easily attracted
by those wishing to pursue investigation of
the cellular and biochemical modes of action of
o-tocopherol. During this period there was great
controversy as to the molecular mode of action
of vitamin E and two leading theories emerged
which were, to some extent at least, mutually
incompatible. The first hypothesis was that vita-
min E had a specific role as an enzyme co-factor
in a similar manner to the mode of action of
some B-vitamins, and there was some evidence
suggesting that a-tocopherol functioned in the
mitochondrial electron transfer chain.®! The
second hypothesis, which was first proposed by
the Nobel Laureate Henrik Dam!®! was that
vitamin E simply functioned as an intracellular
lipid antioxidant which prevented ‘rancidity’ of
polyunsaturated fats in vivo as well as within the
gastrointestinal tract. The principal later protago-
nist of this hypothesis was Al Tappel and he
developed it into a sophisticated theory in which
o-tocopherol was capable of interacting with
vitamin C, which itself underwent oxidation-
reduction chemistry by interaction with gluta-
thione and thence with glucose via hexose
monophosphate shunt-derived NADPH.!"" This
far-sighted view, which Tappel pursued with
almost crusading zeal, is the foundation of what
we know today to be the cellular mode of action
of vitamin E. The basis of the establishment of
present day understanding of the biological role
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of vitamin E lies, as so often happens in science,
in another field altogether. During the early
1970’s the late Trevor Slater at University Col-
lege, London was studying the damage caused
to liver cells by halogenoalkanes like carbon
tetrachloride. Similar work was being under-
taken by others at the same time Recknagel!!"!
and Comporti, reviewed later.!' Slater began to
emphasise the then startling hypothesis that free
radical reactions were involved in liver smooth
endoplasmic reticulum of rats intoxidated with
carbon tetrachloride, which gave rise to a num-
ber of sequelae chief among which was the
induction of peroxidation of membrane phos-
pholipid polyunsaturated fatty acids.'>® The
significance of these observations to research on
vitamin E was that Slater showed!!*! that free
radical scavengers such as vitamin E and other
lipid-soluble antioxidants, were capable of
exerting a powerful modulating influence on the
peroxidative damage induced by carbon tetra-
chloride. At about the same time work in our
laboratory at Vitamins Limited had however
shown!'®'7! that carbon tetrachloride caused
very little destruction in vivo of added "C-
labelled vitamin E, which indicated that the vita-
min must be very efficiently regenerated from
whatever radical species it became following
quenching of the CCl;- radical. A marvellous
symposium of about six of us was held when
Richard Recknagel visited London at about this
time, which began in Richard’s hotel lobby and
ended in Trevor Slater’s tiny office at University
College with Trevor declaiming in his usual
modest but enthusiastic way his conviction of
the rightness of the new ideas. Poor Ken Rees
who shared the office with Trevor, was con-
signed to the corridor! This work laid the ground
for the current so-called free radical theory of
disease; it is common knowledge that work in
this area has expanded exponentially since these
initial observations so that at the present time
there is intensive interest in the field, chiefly
because free radical events have been shown to
be involved in the aetiogenesis of a number of

human disorders, among which are the degener-
ative diseases arteriosclerosis and some forms of
cancer. There is accumulating evidence that
antioxidants, particularly vitamin E, are capable
of lowering the risk of such diseases in human
populations, because the vitamin is capable
of preventing the free radical-driven events that
lie at the heart of of the pathogenesis of these
conditions.

This short review seeks to discuss the evi-
dence, both from the viewpoint of basic science,
and from medical epidemiology, which suggests
that vitamin E may have a highly significant role
in the prevention of human degenerative dis-
eases and possibly even in their therapy.

II. BASIC SCIENCE

1. Origins of Free Radicals

It is customary to think of oxygen as a benign sub-
stance upon which animals depend to oxidize their
food and release the energy contained within it.
This ignores the potentially dangerous role of oxy-
gen in the generation of harmful free radicals, and
does not address the involvement of free radicals
in many processes that are beneficial to the body.
Free radicals are defined as atomic or molecular
species that have one or more unpaired electrons;
they are in many instances highly reactive because
the unpaired state is thermodynamically unstable.
It is however, important to emphasise that not all
reactions in living systems that involve free radi-
cals are damaging,"® and that several normal bio-
logical processes in vivo depend on free radicals.
Bacterial killing in phagocytic cells (neutrophils,
monocytes, macrocytes and eosinophils) involves
a respiratory burst in which oxygen is reduced to
the superoxide radical."**! Nitric oxide, which is
involved in the regulation of vascular tone,*!! is a
free radical. Formation of products of the arachi-
donic acid cascade, prostaglandins and prosta-
cyclins, involves the generation of free radicals.
Detrimental effects of oxygen radicals are thought
to depend in the first instance on the failure of con-
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trol of the generation and further metabolism of
simple derivatives of molecular oxygen; control of
these processes depends on the antioxidant nutri-
ents. Detailed consideration of these fundamental
questions has been undertaken.>?

The overall scheme for the reduction of molecu-
lar oxygen to water does not reveal that a series of
intermediates can be involved such that the addi-
tion of electrons is sequential, and electrons
derived randomly may be used to drive the forma-
tion of intermediates in an uncontrolled fashon. It
is this uncontrolled random formation of oxygen
radicals that lies at the heart of the concept of the
involvement of oxygen radicals in the genesis of
disease. Superoxide anion radicals may be formed
by the addition of a single electron to oxygen and
the electron deficiency of the superoxide radical
may be made up by the addition of a further elec-
tron to form the peroxide anion O, -, which inter-
acts with two hydrogen ions to form H,O,. Further
reduction of hydrogen peroxide to water involves
the addition of two more electrons which can occur
in vitro by so-called Fenton chemistry, in which the
electrons are provided by the oxidation of ferrous
ions, Fe?*, to ferric ions, Fe®'. It is attractive to
suppose that such reactions are responsible in vivo
for the formation of hydroxyl radicals, but this
is highly controversial at present because the
Fenton reaction is driven by low-molecular weight
chelated or free iron (or copper) and these cations
are known to only be present under normal non-
pathological conditions in biological systems
tightly bound to proteins. However, following ini-
tiation of oxidative stress an immediate conse-
quence may be the release of low-molecular
weight ions which can then drive Fenton chem-
istry. Since the metal acts only as a catalyst, the
amount of the cation required is very small and
this amount could be provideed by a very small
pool of free iron or copper.

2. Targets for Attack by Free Radicals In Vivo

Primary radical species differ in their reactivity,
and their potential for damage to living cells

depends on their chemical reactivity. Of greatest
potential significance as an initiator of damage is
the hydroxyl radical, OH’, since it reacts with
most biological macromolecules with rate con-
stants of 107 or more. The damage caused by
OH: is likely to be very local to the point at which
it is generated, so that, for example, highly vul-
nerable DNA may be damaged. Antioxidants are
therefore of the essence in affording protection at
the site of damage Secondary radicals or radical
products may however be produced which can
move within the intracellular, or even intercellu-
lar environment, and which may be severely
detrimental at sites far removed from the point of
the initial radical attack.

There are three principal targets for attack by
free radicals in living cells; these are DNA, pro-
teins and polyunsaturated fatty acids (PUFA).

DNA

From measurements of the production in vivo of
modified purine and pyrimidine bases, which are
thought to be derived from the processes of DNA
excision and repair, it has been estimated that
oxygen radicals cause about 10,000 DNA base
modifications per cell per day,”?" but this may be
an overestimate. It is clear therefore that the
potential for damage by radical species that may
lead to mutagenesis and carcinogenesis is of
major significance. An excellent recent account of
the effect of free radicals on DNA (1993)/%! sug-
gests that damage to DNA may be of significance
in the aetiology of cancer, by causing direct
mutagenic effects, by being involved in the pro-
motion of transformation of mutated cells, and
through expression of genes that may be impor-
tant in the same context. Both DNA damage and
mitogenesis, caused by agents that increase the
rate of mitosis, are thought to be of significance in
the cancer process. Four endogenous processes
that lead to significant DNA damage are oxida-
tion, methylation, deamination and depurina-
tion, and repair mechanisms exist in most
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cellular systems for these processes.’?®! The mea-
surement of DNA adducts shows that oxidation
is likely to be the most significant endogenous
damage; since vitamin E acts in the lipid phase it
is not readily apparent how it can prevent this
process in vivo but vitamin E may be fundamen-
tal to control of the cancer process by preventing
DNA modification by cytotoxic aldehydes.[?28!
Mitogenesis could cause oxidative damage to
DNA by higher oxygen consumption and by con-
sequent exposure of DNA to endogenous oxi-
dants. Rapidly dividing cells are much more
susceptible to mutation than non-dividing cells
and lowering the rate of mitogenesis causes a
greatly lowered incidence of cancer. The chem-
istry of attack by free radicals on DNA is very
complex; lesions in chromatin include damage to
bases, sugar lesions, single strand-breaks, abasic
lesions and DN A-nucleoprotein cross-links.’!

The question of what activated oxygen species is
capable of reacting directly with DNA in vivo, and
what is its origin, has not been clearly resolved. It is
clear that hydroxyl radicals and singlet oxyen pro-
duce several types of damage to DNA, and alkoxyl
radicals have also been shown to cause DNA
damage.™ The reactivity of oxygen species
demands that they must be generated close to the
DNA and it is unlikely that migration of such reac-
tive species can account for direct damage to DNA.
Free iron and copper may exist in the nucleus,®!!
and the relatively stable compound hydrogen per-
oxide, which can migrate freely within cellular
structures, may give rise to hydroxyl radicals
in situ in the nucleus by Fenton-type reactions. It
may be of particular significance in the mutagenic
and carcinogenic process that activated phago-
cytes are in close proximity to the site of initiation
of tumorigenesis, or in sites of inflammation,
because the oxygen burst associated with phagocy-
tosis is a source of both hydrogen peroxide and the
superoxide anion radical. It should also be borne in
mind that damage by oxygen radials to DNA
repair and replication enzymes may occurl®?
which will also have significant consequences for
maintenance of DNA housekeeping.

An important potential relationship also exists
between lipid peroxidation and the causation of
mutagenesis and carcinogenesis; this is the inter-
action of aldehyde metabolites of lipid hydroper-
oxides with DNA which may have consequences
for the cell cycle.

Unsaturated Fatty Acids

Attack by free radicals on unsaturated fatty acids
has been the subject of extensive study. Studies of
the basic chemistry involved were of interest in
the area of oxidative rancidity of fats which for
many years has been of key importance to the oil
industry. There are two aspects of this process
that are pertinent to the question of the signifi-
cance of free radical damage in the aetiogenesis
of disease. The first is the possibility of peroxida-
tion of polyunsaturated fatty acids in biological
membranes; the second is the peroxidation of
polyunsaturated fatty acids within circulating
lipoproteins. Although mechanistically these are
similar, their biological effect is quite different.

Lipid Peroxidation in Membrane
Polyunsaturated Fatty Acids (PUFAs)

The mechanism of attack by free radicals on
polyunsaturated fatty acids is well understood. In
arachidonic acid, for example, attack by a radical,
such as the hydroxyl radical, abstracts a hydrogen
atom from the fatty acid to produce a carbon-
centered radical. Following an intermolecular
rearrangement which yields a mixture of two
products, either the 9- or the 13-carbon-centered
radicals, there is attack by these radicals on
molecular oxygen which yields either a 9- or a
13-peroxyl radical. These new lipid peroxyl radi-
cals can react with another molecule of unsatu-
rated fatty acid to yield a lipid hydroperoxide and
a further lipid radical which will enter the reaction
sequence again so that a chain reaction is set up.
The chain may be broken by a lipid antioxidant
such as o-tocopherol, from which is formed
an a-tocopheroxyl radical. A more detailed des-
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cription of this reaction sequence is given by

Cheeseman.®®! It is presumed that a similar

sequence of reactions occurs within the structure

of biological membranes, although spatial con-
straint of the polyunsaturated fatty acid within the
phospholipid in the lipid bilayer lamella structure
will impose constraints on the progress of peroxi-
dation, as well as interception of radicals by mem-
brane proteins with consequent protein damage.
Lipid hydroperoxides are not stable end-
products under physiological conditions; they
may be exposed to transition metal ions which
catalyse the formation of further reactive lipid rad-
ical species. In addition there is the possibility that
complete degradation of the peroxidized lipid may
give rise to products that are biologically active and
cytotoxic. Cleavage of carbon-carbon bonds within
lipid hydroperoxides formed during peroxidation
leads to several different types of product which
may be placed in three main classes which are:
(i) Alkanals, typified by malondialdehyde,®*
which are highly reactive compounds that
can cause considerable intracellular damage
by a variety of reactions, which include reac-
tion with protein thiols and cross linking of
amino groups of proteins.

(ii) Alkenals, typified in particular by 4-hydroxy-
nonenal.*® The biological activity of these
compounds has been explored in some detail
and there is no doubt that these compounds
are of major significance in cytotoxicity and
cytostasis, which are caused by specific effects
on the cell cycle. Several reviews of these
actions of hydroxyalkenals have appeared.®!
The chemical reactivity of hydroxyalkenals is
due to the fact that they are strongly elec-
trophilic and will therefore react with a range
of biological nucleophiles. Among these the
reaction with glutathione (GSH) is undoubt-
edly of key importance because it may also
explain the depletion of GSH assocated
with lipid peroxidation. The cytotoxicity of 4-
hydroxynonenal has been demonstrated in a
wide range of different cell types and the LDs,

of HNE varies from 5uM to 1 mM.[3328 The
mechanism of HNE cytotoxicity is however
not fully understood.

(iii) Alkanes, such as pentane, which is produced
as ‘the end product of the oxidation of
linoleic and arachidonic acid, and ethane
which is derived from linolenic acid.[*!

Oxidation of Plasma Lipoproteins

The key role played by low density lipoprotein
(LDL) oxidation in the early events that lead up
to atherogenesis, and the development of coro-
nary heart disease, has become accepted as the
principal most likely explanation of a key stage in
this complex multifactorial process. The subject
has been reviewed in detail.””! The physical
arrangement of the lipids and protein within the
LDL particle has been the subject of much study;
the particle consists of a central core of choles-
terol esters arranged in a lamellar fashion around
which cholesterol, phospholipids and apopro-
teins are distributed. High-affinity receptors for
LDL are found on the plasma membrane of most
cell types and this receptor is recognized by the
apoByg lipoprotein. The primary function of LDL
is transport of cholesterol within the body and
the function of the receptor is the removal of cho-
lesterol from the circulation, so that it is delivered
to extra-hepatic tissues. Since up to 70% of the
total cellular receptor activity is located in liver
cells, this also provides the mechanism for the
return of cholesterol to the liver. The apoprotein
of LDL contains e-lysine residues which are the
main target of reactive aldehydes formed as
degradation products of polyunsaturated fatty
acid hydroperoxides. Oxidatively modified LDL,
which has thus been changed by &-lysine modifi-
cation, is taken up specifically at high rates by
macrophage scavenger receptors which differ
from the receptors that are responsible for nor-
mal LDL metabolism. These scavenger receptors
are responsible for the enhanced uptake of cho-
lesterol into macrophages that is observed prior
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to the formation of foam cells in the atherogenic
process. The oxidation of PUFAs within the
phospholipids and cholesterol esters of LDL
appears to be the first significant process that
occurs, and degradation of the resultant lipid
hydroperoxides to aldehydic products leads to
the formation of Schiff Base complexes with
e-lysine residues within the apoB,y lipoprotein.
This modification of the LDL apoB;, lipoprotein,
which occurs within the arterial intima, leads to
avid uptake of the oxidized LDL by macrophage
scavenger receptors and thus to the beginning of
fatty streak formation.

Proteins

Understanding of the importance of protein mod-
ification as a manifestation of free radical damage
has only recently been emerging. Much pioneer-
ing work was done in this area by Tappel!®! and
Stadtman has reviewed the subject in detail
recently.®*? In addition to the posibility of
attack by primary radical species, proteins may
also be the target of attack by secondary radicals
in particular those derived from lipid peroxida-
tion, and also from the degradation products that
are derived from the process. These may react
with proteins located in the immediate vicinity
of the lipid-derived radicals and products of
lipid peroxidation such as malonaldehyde or 4-
hydroxynonenal may form stable cross-linked
products with specific amino acids such as lysine.
This mechanism is of particular importance in
considering the oxidative modification of LDL
that is thought to be of importance in the athero-
genic process. Proteins may thus be important
targets for free radical attack and amplification of
these effects may occur because the protein is an
enzyme, so that its catalytic effect may become
modified by one quite simple amino acid modifi-
cation at the active site of the enzyme. Alterations
in membrane function caused by structural pro-
tein modification may also have widespread
detrimental consequences such as disturbance of
ionic balance within cells. Oxidative modification

of proteins may also lead to their increased sus-
ceptibility to proteolytic attack, so that increased
hydrolysis of protein at the site of damage is
important in the pathological process.

3. Prevention of Free Radical Attack by
Antioxidants: The Role of Vitamin E

The prevention of free radical damage by antioxi-
dants is vital to present assessment of disease pre-
vention by vitamin E and the likely consequences
of intervention with the vitamin in human popu-
lations. For the purposes of this discussion, the
term vitamin E is used in the nutritional sense to
express the vitamin E activity of the constituent
tocopherols in the food that is being consumed.
The tocopherols differ widely in their biopotency
(for further explanation, see!*!), but in general the
most significant biologically active component of
food is a-tocopherol. Antioxidants can act at sev-
eral different points in the sequence of reactions
that lead to the formation of oxidized products
and multiple mechanisms of action are likely to
occur. With respect to lipid peroxidation, which is
the most important manner of intervention by vit-
amin E in the free radical-driven processes that
lead to disease, there are at least five different
mechanisms by which antioxidants may bring
about their effect.”? These are:

(i) decreasing localized oxygen concentrations
so that oxidation by molecular oxygen is less
likely to occur;

(ii) prevention of chain initiation by scavenging
initiating free radicals;

(iii) binding of transition metal ion catalysts to
prevent generation of initiating free radicals;

(iv) decomposition of peroxides so that they can-
not be converted to further active radical
species and thus act as initiators;

(v) chain breaking to prevent continued hydro-
gen abstraction by active free radicals.

Antioxidant protection consists of three main
levels of defence which can most clearly be

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 11 on 11/17/11

For personal use only.

518 A.T. DIPLOCK

seen in the case of lipid peroxidation. The first
largely enzymatic level of defence involves trace
amounts of the minerals Mn, Cu, Zn and Se
which function through their involvement at the
active site of mineral-dependent enzymes; they
control the formation and proliferation of pri-
mary radical species. The second level of defence
involves vitamin E, which may act in concert
with vitamin C, and it may also involve the
carotenoids as well as dietary polyphenolic sub-
stances; it is concerned with the prevention of
proliferation of secondary radicals in the chain
reactions which occur in lipid peroxidation, ini-
tiated by primary radicals. The third level of pro-
tection is provided by enzymatic removal of lipid
hydroperoxides preventing the formation of sec-
ondary radicals and aldehydic products from
chain-terminated metabolites, and it enables
removal of such molecules from the possibility of
metal-catalysed reactions which might initiate
further damage. This protective mechanism,
viewed as a whole, depends on the continuing
availability, from outside the organism, of a sup-
ply of certain specific nutrients which include
minerals (Se, Mn, Cu), vitamins C and E and also
possibly a range of carotenoids. It is thus also
capable of being compromised by the failure
to supply, through the diet, one or more of
these nutrient substances. These nutrients have
become known as the ‘antioxidant nutrients’, and
it is the question of the need for a continuous
supply of these nutrients in the diet which is at
the centre of the present debate as to the possibil-
ity that human disease risk, or incidence, might
be lowered by improvement in the quantity of
these nutrients in the diet, or supplied by supple-
mental means. Furthermore, the possible role of
non-nutrient polyphenols, if they are absorbed
and distributed to the tissues, is a topic of great
current interest.

The control of secondary radicals involves vita-
min E in conjunction with vitamin C. Lipid
antioxidants such as a-tocopherol can act as a
chain-breaking antioxidant by donating a hydro-
gen atom to a lipid peroxyl radical. This is the pre-

sumed function in vivo of vitamin E which is the
principal, or only, biological lipid antioxidant.
The molecular structure shows that it is amphi-
pathic and it has been suggested that it functions
by becoming orientated within biological mem-
branes so that the polar head group is localized at
the lipid water interface and the non-polar side
chain is located among the fatty acyl chains of
membrane phospholipids.*?! Following donation
of the hydrogen atom from o-tocopherol it is
thought that the resultant o-tocopheroxyl radical
may interact, before it can be further oxidised irre-
versibly to a-tocopherylquinone, with ascorbic
acid (vitamin C), or possibly directly with GSH.
Dehydroascorbate thus formed is regenerated by
reduction by NADPH which is in turn derived
from pentose phosphate glucose metabolism. The
biological functions of vitamin E and vitamin
C are thus interdependent, although vitamin C
also has other functions.!*¥! This postulated inter-
action between the two vitamins has been ques-
tioned because it was shown!*¥! that guinea pigs
deprived of vitamin C appear to be able readily to
repair the o-tocopheroxy radical. Present research
also suggests that other non-nutrient antioxidant
substances may be absorbed by humans and
may also be capable of exerting this tocopherol-
regenerating process; likely candidates for this
are dietary polyphenolic substances.

Lipid hydroperoxides are formed in biological
membranes and in LDL as a consequence of the
chain-breaking activity of a-tocopherol, as well
as from uncontrolled peroxidative chain reac-
tions. Lipid hydroperoxides present a further
possible source of oxidative damage; this is
because catalysis by divalent transition metal
cation complexes may cause the re-formation of
lipid peroxyl radicals, or of other radical species
such as the alkoxyl radical. It follows therefore
that the removal of lipid hydroperoxides is
essential to prevent re-formation of radicals
and this is achieved by enzymatic degradation
involving three enzymes; selenium-containing
glutathione peroxidase (GSHPx), selenium-
containing phospholipid hydroperoxide glu-
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tathione peroxidase (PLHPGSHPx) and some
forms of glutathione-S-transferase (GST), which
act in this instance as a peroxidase.

4. Free Radicals, Antioxidants and the
Development of Human Disease

Oxidative damage is of great importance in the
aetiology of many human diseases. There are
many unsubstantiated claims in the literature, but
there are nevertheless several disease states in
which the involvment of oxidants, and free radi-
cals, is becoming well established. These include
atherosclerosis,”#*41 some forms of cancer, 23347
cataract®®5% and other eye disorders,”'* connec-
tive tissue disorders™ which may involve the
inflammatory response,® and some aspects of
central nervous system injury.®! Only atheroscle-
rosis and cancer will be considered here.

Cancer

Carcinogenesis is a multi-factorial process that
takes place over a considerable period of time.
The stages of initiation and promotion leading to
establishment of transformed cells involve a
number of stages at which free radical-involving
processes might be involved; the possibility also
exists that the involvement of free radicals in
other cellular processes may also have an indirect
effect on the cancer process. The investigation of
free radical-involving or -derived processes is of
critical importance to the possibility of cancer
prevention by antioxidants. There is a great
potential for supposing that relatively straight-
forward molecular alterations in DNA structure
could lead to mutagenesis and eventual carcino-
genesis. However, this is an overly simplistic
view and a number of potential mechanisms of
carcinogenesis must be considered.

The question of the involvement of free radicals
in cell proliferation has been reviewed by
Burdon,!¥! and the involvement of lipid perox-
ides in the carcinogenic process has been consid-
ered by Cheeseman® and by Morrero and
Marnett.””) Mechanisms for regulation of mam-

malian cell proliferation are now becoming
understood more clearly. The fundamental con-
trolling agents, which are specific growth factors
present in serum that provide external signals for
cellular proliferation interact with cell surface
receptors to trigger intracellular second messen-
ger systems which activate genes, including
protooncogenes, which express key biochemical
timing devices required for the proliferation
process. Study of these complex events indicates
that free radical-related events are of considerable
importance as modulators of growth regulation.
There have been many observations that show an
inverse relationship between levels of lipid perox-
idation and rates of cellular proliferation®) and
the bursts of DNA synthesis in the S-phase of
regenerating rat liver are accompanied by a rise in
o-tocopherol level and a lowered susceptibility to
lipid peroxidation.® Another mechanism by
which peroxidation may affect the rate of cell pro-
liferation is through the aldehyde products of
LOOH breakdown. It has been shown above that
a variety of carbonyls, particularly hydroxyalke-
nals like 4-hydroxynonenal, may have profound
effects on cell proliferation, mediated through
effects on adenyl cyclase and phospholipase C
activities, as well as effects on protooncogene
expression.l*”] These effects may have consider-
able significance in the cancer process but the role
of these processes in the overall causation of can-
cer remain to be established. The multifactorial
nature of carcinogenesis necessitates considera-
tion also of the role of free radicals, and of lipid
peroxides in particular, in chemical carcino-
genesis. There is a large literature, reviewed by
Morrero and Marnett,™! on the metabolic activa-
tion of carcinogens by peroxyl radicals and there
is now a complete picture emerging of the the role
of peroxyl radicals in the metabolic activation of
polycyclic hydrocarbons and of their DNA conju-
gates. The role of vitamin E in modulating these
processes remains to be established but it seems
highly likely that this may also be a point at which
vitamin E is capable of influencing the cancer
process.
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It is clear from the foregoing that there are
many possible ways in which free radical-related
events in cellular metabolism may impinge on
the cancer process; this must provide an excellent
rationale for a part of the disease process, from
which the potential role of vitamin E and other
antioxidants as cancer preventing agents may
eventually emerge.

Atherosclerosis

Coronary artery disease is the chief cause of
death in Europe and in the USA. The basic sci-
ence rationale which explains the probable role of
free radical-mediated events in arteriosclerosis,
and the inhibitory function of the antioxidants,
has been discussed earlier in this article. The pri-
mary cause of coronary heart disease, and also
of stroke and other vascular diseases, is the con-
dition known as atherosclerosis which is charac-
terized by thickening and other pathological
degeneration of the arterial intima. As indicated
earlier, it is now thought to be highly likely
that the formation of foam cells, which is a very
early event in arteriosclerosis, involves oxdative
changes in LDL which is capable of being inhib-
ited by the antioxidant nutrients. It is however
clear that the events that lead to atherosclerosis
are extremely complex and require a detailed
knowledge of the biological and biochemical
processes involved. Early studies on the oxida-
tion of LDL in isolated cultured cells demon-
strated that the recognition of native LDL by high
affinity macrophage receptors was lost and that
oxidised LDL (LDL,,) was taken up instead by
the scavenger receptors on the macrophage sur-
face. Oxidation of LDL caused oxidation of the
PUFAs as indicated above, formation of lyso-
lecithin and a modification of the apolipoprotein
By which involved the loss of available lysine
residues that is responsible for the change in
receptor specificity, so that the LDL,, was taken
up by the scavenger receptors.®! The sugges-
tion that aldehydes released from the oxidised
PUFAs might bind to the e-amino groups of lysyl

residues within the apoprotein has subsequently
been confirmed. Detailed consideration of the
significance and mechanism of LDL oxidation is
given in a review.* The proposal!®!l concerning
LDL oxidation is of crucial significance to the
atherogenic process and this detailed hypothesis
was summarized as follows.

(i) Traces of lipid hydroperoxides, which may
be preformed or formed enzymatically by
the action of lipoxygenase, are decomposed
to reactive alkoxyl or peroxyl radicals by
trace amounts of Fe** or Cu?*. These radicals
act as initiators within the LDL particle so
that the PUFA of the LDL is oxidised to lipid
hydroperoxides (LOOH).

(i) LOOH provide a continuous source of new
alkoxyl and peroxyl radicals in the presence
of transition metal ions and the initial event
is thus amplified.

(iii) Chain scission decomposition of alkoxyl rad-
icals leads to the formation of a range of reac-
tive aldehydes, such as malonyldialdehyde,
hydroxyalkenals and alkanals; the apopro-
tein B may also be partially degraded.

(iv) The lipophilic nature of the aldehydes causes
them to remain associated with the LDL par-
ticle, to diffuse to the apoprotein B and to
react there with amino acid side chains
which causes an increase in the negative sur-
face charge of the apoprotein B resulting in
its recognition by the macrophage scavenger
receptors.

The control of the process of LDL oxidation by
vitamin E is thus central to the role played by LDL
oxidation in the aetiology of atherosclerosis and
the possible preventive function of the vitamin.
Around 30-50% of the plasma vitamin E is located
in the LDL fraction, and other antioxidants such
as carotenoids are present in much lower
amounts. It is therefore reasonable to suggest that
the enhancement by dietary means, or by the use
of dietary supplements, of LDL vitamin E content
could be expected to result in a slowing of the
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process of LDL oxidation and therefore of the
arteriosclerotic disease process. The question of
regression of existing arteriosclerotic plaque is
also an important one in the present context.
Although there is now ample evidence that
regression occurs both in experimental animals!®?!
and in man!® there is as yet only a little evidence,
which is discussed in a subsequent section, that
indicates that antioxidant nutrients may play a
part in the regressive process. This is an intensely
practical question because the possibility of ther-
apy of patients with established arteriosclerosis
with vitamin E has been addressed from time to
time in clinical circles.

III. HUMAN STUDIES

5. The Role of Vitamin E and Other
Antioxidants in Prevention of Human
Cancer and Cardiovascular Disease

The principal human diseases in which it has
been demonstrated, in epidemiological studies,
that a high incidence of disease is associated with
a low intake of antioxidant nutrients, are some
forms of cancer in specified sites, and cardio-
vascular disease (heart attacks), and to a lesser
extent cerebrovascular disease (stroke). In such
human studies it is often difficult or impossible
to separate the role of vitamin E from that of
other antioxidant nutrients, so that in consider-
ing the evidence relating to these diseases some
mention of other antioxidants is inevitable.

Cancer

There has been very considerable interest in the
possibility that the antioxidant nutrients vitamin
E, vitamin C and carotenoids, may together or
separately, have a protective effect against a wide
range of human cancers. The search for a single
protective agent has led to confusion of the evi-
dence that links a high intake of a specified nutri-
ent with lowered risk of a particular cancer, with
the very extensive evidence that links a high
intake of fresh fruit and vegetables with a lower

disease risk. There are several reviews of the epi-
demiological literature that suggest a protective
role for vitamin C[**% and beta carotene!®®*”]
against the incidence of cancer; in both the
weight of evidence for a protective function is
very considerable. It is however clear that in all
those studies, where participants were asked
about fruit and vegetable consumption, it was
not possible to be certain that the effect that was
reported was indeed due entirely to the nutrient
in question, and it must be recognized that no
allowance could be made for the effect of other
factors in the foods. In acknowledging this fact it
is nevertheless of the greatest importance to rec-
ognize the overwhelming evidence that exists
linking low incidence of cancer in many body
sites with a high intake of fresh fruits and vegeta-
bles. It has often been presumed, perhaps with
only limited justification, that the beneficial effect
demonstrated has been due to the high content of
antioxidant nutrients in these foods. This inter-
relationship was examined in depth in a large
review of all available epidemiological studies in
the literature.®! References to associations with
retino] were omitted because the level in the
body of retinol is under homeostatic control and
is uninfluenced by increased intake of pro-
vitamins A (i.e. carotenoid compounds) beyond a
certain theshold level; it is therefore generally
agreed that the putative anticancer activity of
carotenoids probably derives from the action of
the carotenoid itself rather than from its first
being converted into vitamin A. The review is
restricted to case control and prospective epi-
demiological studies in which both the dietary
intake, or blood nutrient level, and cancer status
are identified as being in the same individuals.
This is a very important point in considering the
validity of such epidemiological studies.
Although the methodology of studies in the
literature differs somewhat, and the meaning of
relative risk, in particular when it is given a
numerical value, may also differ, the review!®®!
uses methodology such that results can be
compared between different studies. Infor-

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 11 on 11/17/11

For personal use only.

522 A.T. DIPLOCK

mation about intake of a nutrient through diet
was obtained by means of a questionnaire on
frequency of consumption of named foods.
Respondents were then grouped into those with
low, moderate or high intake of individual foods,
groups of foods or of nutrients calculated from
them. Risk of cancer was expressed as Relative
Risk (RR) and the risk of cancer in the group
exposed to an identified risk factor (such as low
fruit and vegetable intake) was expressed as a
ratio to the risk in the group not so exposed
(those with the highest intake). For practical pur-
poses this means that an RR of > 1.0 indicates an
increased risk of disease, so that an RR of 2.0in a
low-consuming group indicates twice the risk of
cancer compared with the high-consuming
group. Similarly an RR of < 1.0 indicates a low-
ered risk of disease where the same comparison
is being made. Table I, which is derived from the
review of Block et al. (1992),'8] shows a summary
of the results that were obtained in this important
study. The data are concerned with studies of
established invasive cancer, and precancerous
conditions are omitted; all available literature
citations to the end of 1991 were included in this
study. The statistical significance of the results

was based on the results reported by the individ-
ual authors: p < 0.05 or more, the lower level of
the 95% confidence interval at an RR 2 1.0. In
almost all the studies reviewed adjustment for
smoking was made or the effects in smokers were
reported separately.

It will be clear from the results presented in
Table 1. that there is remarkable consistency in
the data that link a low level of intake of fresh
fruits and vegetables with a higher risk of cancer:
indeed it could be said that the evidence is over-
whelming. Consideration of the relationship in
individual cancer sites, which evidently differ
somewhat, were made in the review;!® reference
to the review should be made for more detail.
This review demonstrated unequivocally that
consumption of diets rich in fruits and vegetables
is associated with a lowered risk of subsequent
cancer. The study did not however provide any
evidence that an identified individual nutrient
derived from the fruit- and vegetable-rich diet
was the factor that might provide a reason for the
remarkable association that was demonstrated.
Measurement of blood plasma nutrient levels in
subjects who consumed high levels of fruit and
vegetables was made in many of the studies, and

TABLEI Summary of epidemiological studies of fruit and vegetable intake and cancer prevention

Site No. of studies Protective Harmful Relative Risk
(p <0.05) (p <0.05) (Range)

ALL 170 132 6

ALL except prostate 156 128 4

LUNG 25 24 0 2.2 (1.2-7.0)
ORAL CAVITY/PHARYNX 9 9 0 2.3 (1.7-2.5)
LARYNX 4 4 0 2.0(2.1-2.8)
OESOPHAGUS 16 15 0 2.0 (0.7-4.8)
STOMACH 19 17 1 2.5 (0.5-5.8)
COLORECTAL 27 20 3 1.9 (0.3-3.3)
BLADDER 5 3 0 2.1 (1.6-2.1)
PANCREAS 11 9 0 2.8 (1.4-64)
CERVIX 8 7 0 2.0(1.24.7)
OVARY 4 3 0 1.8 (1.1-2.3)
BREAST 14 8 2 1.3 (1.1-2.8)
PROSTATE 14 4 2 1.3 (0.6-3.5)
MISCELLANEOUS 8 6 0

Note: in many studies significance levels of p < 0.01 or stronger were reported. Significance was defined here as
P < 0.05 for comparison purposes only. From Block, 1992 [68].
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it was possible in many cases to demonstrate cor-
relations between high blood plasma levels of the
antioxidant nutrients and lower risk of disease.
This does not however establish a cause and
effect relationship between, for example high
intake, and high plasma level, of vitamin E and
low incidence of cancer because the high plasma
vitamin E level could have been a marker for
other substances in fruits and vegetables which
were the actual beneficial agents. It is unfortu-
nate that the association of high vitamin E intake
with low cancer incidence has in some instances
been taken to imply a cause and effect relation-
ship, without justification of this conclusion.
Resolution of this point must await the results of
further human intervention studies.

Cardiovascular disease

A confounding factor in studying the relationship
between vitamin E and cardiovascular disease is
the variation in the blood triglyceride and choles-
terol levels of patients with heart disease. Changes
in vitamin E levels need to be judged against the
background of changes in the level of triglyceride
and cholesterol. Thus it was found(®® that, when
fasting blood samples from 116 healthy volunteers
were analysed for vitamin E and blood lipids,
there was a strong association between vitamin E
and the serum lipid concentrations in those who
did not smoke but that the rise in the serum lipid
level in a cohort of smokers was not associated
with a corresponding rise in vitamin E level.
Similarly” when vitamin E, cholesterol and
triglycerides were measured in sera from 167
patients with angina pectoris. an increase in the
concentration of vitamin E was observed only in
patients with lipidaemia, wheras the vitamin E
content was similar to that of a control population
in patients with hypertension, in smokers and in
patients free of hyperlipidaemia. A correlation
was found between vitamin E and triglyceride
level of the samples (r* = 0.52). These data also cor-
respond to data from another part of the study in
which 224 men and 435 women without ischaemic

heart disease were examined. In the men, vitamin
E content was found to be correlated with triglyc-
erides (r* = 0.50) and in the women with choles-
terol. The ratio of vitamin E to triglyeride level is
thus a more reliable index of vitamin E status in
human subjects. It was concluded™ that ‘the
plasma status of tocopherol can conclusively be
interpreted only in comparison to the level of
plasma lipids’ and Gey introduced the term
“lipid-standardized vitamin E’ to indicate the
degree of saturation of plasma lipids by vitamin E
which may be taken as the only reliable index of
the vitamin E status of an individual. This mea-
sure which is in line with advice offered by
Horwitt some years earlier,”” has been adopted
and used consistently by workers in the field since
that time.

Many aspects of the antioxidant hypothesis for
disease prevention were brought together for the
first time”") when the available evidence was dis-
cussed that showed an association between high
intake of aantioxidant nutrients and low inci-
dence of ischaemic heart disease; the following
points were made. (i) The accumulation of lipid
hydroperoxides within arteriosclerotic plaque is
positively correlated with the extent of arterio-
sclerosis, which highlights the possibility that
oxidation of lipid might be a primary event in
plaque formation. (ii) Peroxidised diets in many
cases lead to toxicity expressed through degener-
ative heart disease in animals. (iii) Peroxidised
low density lipoprotein is cytotoxic to endothe-
lial cells in culture. (iv) Endothelial or smooth
muscle cells in culture could generate lipid per-
oxidation products that could modify apoprotein
B of LDL. (v) Experimental myocardial necrosis
induced by catecholamines, hyperbaric oxygen
or by ischaemia and subsequent reperfusion,
is accompanied by lipid peroxidation, inhibi-
ted by antioxidants. (vi) Plasma of patients
with ischaemic heart disease contains elevated
levels of thiobarbituric acid reacting substances.
(vii) Marginal deficiency of vitamin E in animals
caused functional and morphological alterations
in heart muscle and arterial walls.
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Early epidemiological studies did not defined
the status of antioxidants in the subjects investi-
gated by measurement of their blood nutrient
levels. Many studies show a good correlation
between low incidence of ischaemic heart disease
mortality, and high consumption of fresh fruits
and vegetables, and also the ascorbic acid intake
calculated from food tables, and the correlation for
vitamin C was found to be highest atr = 0.7-0.9. It
was assumed that the components of fresh fruits
and vegetables that were likely to be of signifi-
cance were vitamins E and C and the carotenoids.

Data from the pilot WHO/MONICA study!”!l
showed some inverse correlation, in particular
with respect to vitamin C and vitamin E, between
the medians of the plasma parameters measured
and incidence of coronary heart disease mortality.
The main WHO/MONICA study was designed to
monitor (hence MONI-) determinants of cardio-
vascular (hence -CA) disease in 39 collaborating
centres in 26 European countries.” In the Vitamin
Substudy statistical medians of the plasma anti-
oxidant levels in approximately 100 randomly
assigned apparently healthy males (4049 yrs of
age) selected at each of 16 study sites were mea-
sured and correlated with the established age-
specific ischaemic heart disease mortality for
men who were 40-59 years of age; the mortality
figure used was the established mean value for at
least the preceding three years. The ischaemic
heart disease mortality differed six- to seven-fold
between the lowest as compared to the highest
mortality figures” and the methodology is
described in detail, including particularly the tech-
nique of lipid standardization of the levels of vita-
min E to common concentrations of cholesterol
(5.7 mmol/litre) and triglycerides (1.25 mmol/
litre). The measurements of the plasma antioxidant
levels were carried out as soon as possible after the
blood was drawn so that the samples were only
stored for a short period of time during which it
had been established by careful control measure-
ments that no deterioration of the samples had
taken place.

The classical risk factors, total plasma choles-
terol, blood pressure and smoking habits, did not

reveal correlations in univariate analysis with
ischaemic heart disease mortality risk which
itself differed within the twelve groups by six-to
seven-fold although there were some variations
in the classical risk factors within a small band of
normal values and for cholesterol the variation
was 5.1-6.2 mmol/litre. This is an important
observation because it enabled study of the rela-
tionship between blood antioxidant levels in
these 12 study populations, and the risk of
ischaemic heart disease without the need to
allow for confounding effects caused by variation
in plasma cholesterol level which is regarded as a
classical risk factor. Where it was found that clas-
sical risk factors were comparable for all the
groups examined, there was a statistically signif-
icant inverse correlation (P = 0.002) between the
age-specific ischaemic heart disease mortality
and the absolute, unadjusted, plasma level of
vitamin E which in univariate analysis gave the
strong correlation of r* = 0.63. Lipid standardiza-
tion of the plasma vitamin E levels improved the
significance of the inverse relationship with mor-
tality so that the correlation coefficient was now
12 = 0.73. Four study populations were found to
have plasma cholesterol levels that lay outside
the band of values (5.1-6.2 mmol/litre) that was
chosen for the 12 population subgroup; two of
these, from Finland, lay above the chosen band
and two, from Italy lay below it. When these
study populations with high or low blood choles-
terol levels were included using lipid standard-
ized vitamin E levels, there was also a statistically
significant inverse correlation and the correlation
coeficient was r* = 0.62. The correlation coeffi-
cients and statistical significance for vitamin E
and the other parameters measured in the com-
plete, 16 population group, study as well as in the
12 population subgroup are given in Table II,
from which it is clear that the only parameter
beside vitamin E which shows a significant nega-
tive correlation with ischaemic heart disease
mortality was vitamin C.

Edinburgh, in Scotland, has been identified as a
city with a high incidence of ischaemic heart dis-
ease (298/100 000; n = 108).74 To test the hypoth-
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TABLEII Pearson’s correlation coefficients in univariate analysis between
age-specific mortality from ischaemic heart disease and various measured

parameters (MONICA Study)

Parameter Populations with

usual cholesterol All populations

(n=12) (n=16)
2 P r P

Cholesterol 0.04 0.53 0.29 0.03
Blood pressure, systolic 0.01 0.80 0.19 0.09
Blood pressure, diastolic 0.08 0.36 0.25 0.05
% Smokers 0.002 0.09 0.01 0.65
Vitamin A, Absolute 0.22 0.13
Vitamin A, lipid std. 0.16 0.19 0.24 0.05
Vitamin E, absolute 0.63 0.002
Vitamin E, lipid std. 0.73 0.004 0.62 0.0003
Vitamin C 041 0.03 0.11 022
B-Carotene, absolute 021 0.14 0.04 0.48

From Gey et al. (1991)"!

esis that plasma concentrations of antioxidant
nutrients might be related to the risk of angina,
and to measure the extent to which such risk is
independent of classic risk factors for coronary
heart disease, a study was conducted™; in this
case-control study a sample of 6000 men aged
35-54 was surveyed by a postal questionnaire. To
avoid the confounding effect of dietary changes in
subjects who had been diagnosed as having heart
disease and had been advised by their doctor to
make dietary changes, only subjects who had had
chest pain and had never seen a doctor were
included in the study. The 125 angina cases who
were identified were compared with 430 healthy
subjects without any symptoms of heart disease
and complete data were obtained for 110 angina
cases and 394 control subjects. Measurement of
plasma vitamins and non-fasting lipids, and
platelet fatty acid composition, was made at once
without storage of the samples; adipose tissue
was sampled under local anaesthetic. There was
found to be a statistically significant (P < 0.01) dif-
ference between the controls and the cases with
respect to smoking habit (respectively 29% and
46%); no other classical risk factors were found to
be of significance including plasma total and
HDL cholesterol. Table III shows the plasma
antoxidant concentrations in the two groups;
there was no significant difference between the

vitamin A and unadjusted vitamin E levels, and
there was a significantly lower level of carotene
(P <0.001), vitamin C (P <0.01) and lipid adjusted
vitamin E (P < 0.01) in the plasma of the angina
cases. The odds ratio for angina pectoris by
quintiles of plasma vitamin E concentration
with and without adjustment for classical risk
factors for coronary heart disease are given in
Table IV.”! In this population case-control
study, low plasma concentrations of vitamin E,
vitamin C and B-carotene were found to be
related to an increased risk of angina pectoris in
men. For plasma vitamin E the relationship
remained significant after adjustment for age,
blood pressure, total and HDL cholesterol, non-
fasting triglycerides, relative weight and smok-
ing status and it was concluded that some
populations with a high incidence of coronary
heart disease might benefit by increasing their
intake of antioxidant nutrients, particularly
vitamin E.

The results of the Health Professionals Study
(The Physician’s Study and the Nurses” Health
Study) were published in 1993.17677! The Physi-
cian’s Study is a prospective investigation of
51 529 male health professionals who were aged
40-75 years in 1986 when the study began. A
number of the subjects were excluded for dietary
or health reasons, and the remaining 39 910 men
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TABLEIII Plasma nutrient concentrations

Mean (SEM)
Controls Angina cases
(n =394) (n=101) P
Vitamin A 2.32+0.03 229+ 0.05 NS
(mmol/1)
B-Carotene 0.49+0.02 0.30+0.03 <0.001
(mmol/1)
Vitamin C 353+1.1 281121 <0.01
{mmol/1)
Vitamin E 240103 227106 NS
(mmol/1)
Vitamin E 3.86 £0.04 3.66+£0.08 <0.01
(mmol/mmol
cholesterol)

From Riemersa ef al (1991)17!

were eligible for inclusion in the follow-up study.
The 1986 questionnaire enquired about fre-
quency of intake of 131 foods and ten additional
questions specifically addressed the current use
of vitamin supplements. Case assessment was
from records of fatal coronary disease, non-fatal,
myocardial infarction, coronary artery bypass
grafting and percutaneous transluminal coro-
nary angioplasty. Each participant’s follow-up

TABLE IV Odds ratios for angina pectoris by quintiles of
plasma Vitamin E concentration (with and without adjustment
for CHD risk factors)

umol/1 QOdds ratio (95% CL)

Quantile 1 <18.9

Unadjusted 2.51 (1.24-5.10)

Adjusted 2.68 (1.07-6.70)
Quintile 2

Unadjusted 19.0-21.8 1.04 (0.44-2.44)

Adjusted 1.69 (0.72—4.00)
Quintile 3 21.9-24.2

Unadjusted 1.00 (0.43-2.35)

Adjusted 1.18 (0.49-2.81)
Quintile 4 24.3-28.1

Unadjusted 1.63 (0.77-3.43)

Adjusted 1.64 (0.76-3.51)
Quintile 5 >28.2

Unadjusted 1.0

Adjusted 1.0

Linear trend after adjustment in logistic regression was statisti-
cally significant (P = 0.02) )
From Riemersma et al. (1991)%%

time began with the date of the 1986 question-
naire and continued until the diagnosis of an
end-point, death or January 1990 whichever
came first. Relative risks were calculated by
dividing the incidence rate of coronary disease
among the men in each category of antioxidant
intake by the rate for the men in the lowest cate-
gory of disease. The age-adjusted and multi-
variate relative risks of coronary heart disease
according to quintile group for the intake of vita-
min E is given in Table V. As compared to the
men in the lowest quintile group for vitamin E,
the men in the highest quintile group had an age-
adjusted relative risk of coronary disease of 0.59
(95% confidence interval, 0.47-0.75; P for trend -
0.001). The total intake was further subgrouped
according to dietary or supplemental sources.
Quintiles of dietary vitamin E were calculated on
the basis of dietary intake without supplements,
wheras the dose categories for supplemental vit-
amin E were those specified in the base-line
questionnaire; Table VI gives the result of this
calculation. The maximal reduction in risk is
shown in men who consumed 100-400 iu/day
with no further increased reduction at higher
doses. There was also found to be a suggestion
of an inverse trend between duration of use of
vitamin E and the risk of disease. Men who
reported use of vitamin E supplements for 10
or more years had a relative risk of 0.65 (95%
CI 0.46-0.92) compared to non-users. The multi-

TABLEV  Relative risk of coronary heart disease according to
quintile group of vitamin E intake among 39 910 male health
professionals

VARIABLE QUINTILE GROUP P FOR
1 2 3 4 5 TREND

Vitamin E

Median intake

iu/day 64 85 112 252 419

Coronary

Disease cases 155 140 130 127 115
Age-adjusted

Relative risk 1.0 088 077 0.74 0.59 0.001

(From Rimm et al, 1993)!7
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TABLE VI  Relative risk of coronary heart disease according to quintile group for dietary
vitamin E intake and category of supplemental vitamin E

VARIABLE QUINTILE GROUP FOR DIETARY INTAKE
1 2 3 4 5
Dietary vitamin E 1.6-6.9 7.0-8.1. 8.2-9.3 9.4-11.0 111
(IU/day)
CHD (No. cases) 79 89 90 79 56
Relative risk 1.0 1.10 1.17 0.97 0.79
Vitamin E supplement 0 <25 25-99 100-249 >250
(IU/day)
CHD (No cases) 406 120 40 17 84
Relative risk 1.0 0.85 0.78 0.54 0.70

(From Rimm et al, 1993)/!

variate relative risk of coronary heart disease
among men taking specific vitamin E supple-
ments (i.e. not multivitamin supplements) was
0.75 (95% CI 0.61-0.93) as compared with non-
users. Among men who took vitamin E supple-
ments in doses of at least 100 iu/day for two or
more years the relative risk was 0.63 (95% CI
0.47-0.84). The reduction in relative risk of coro-
nary artery disease associated with the highest
quintile group for total vitamin E intake was
slightly less among current smokers (RR 0.67,
95% CI 0.34-1.31) compared to those who had

never smoked (RR 0.52, 95% CI 0.34-0.78).

The Nurse’s Health Study””! began in 1976
with 121 700 female registered nurses. A total of
87 245 women remained in the study following
the usual exclusions. Similar criteria and ques-
tionnaires as those used in the men’s study (see
above) were employed to obtain information as
to possible relationships between vitamin E
intake and the relative risk of coronary heart dis-
ease. During 679 485 person-years of follow-up
from 1980 to 1988, 552 cases of major coronary
heart disease were identified and documented.

TABLE VII Age-adjusted relative risk of major coronary heart disease according to quintile group for total

vitamin E intake and intake from dietary sources

VARIABLE QUINTILE GROUP FOR VITAMIN E INTAKE P FOR
1 2 3 4 5 TREND

Total intake (Total)

Median (iu/day) 2.8 42 5.9 17 208

Range (iu/day) 1.2-35 3.6-4.9 5.0-8.0 8.1-21.5 21.6-1000

Age-adjusted RR 1.0 0.90 1.0 0.68 0.59

95% CI 0.70-1.16 0.78-1.27 0.52-0.89 0.45-0.78 <0.001

RR adjusted* 1.0 10 1.15 0.74 0.66

95% CI 0.78-1.28 0.90-1.48 0.57-0.98 0.50-0.87 <0.001

Dietary intake (Without Supplements)

Median (iu/day) 26 3.6 44 54 7.7

Range (iu/day) 0.3-3.1 3.2-39 40438 4.9-6.2 6.3-100

Age-adjusted RR 1.0 0.97 0.77 0.98 0.79

95% CI 0.75-1.26 0.59-1.01 0.77-1.26 0.61-1.03 0.12

RR adjusted* 1.0 1.04 0.97 1.14 0.95

95% CI 0.80-1.35 0.66-1.14 0.89-1.47 0.72-1.23 0.99

*Adjusted for age and smokin
(From Stampfer et al, 1993)7")
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TABLE VIII Relative risk of coronary heart disease according to the use of multivitamin and vitamin E
supplements with adjustments for major coronary risk factors

VARIABLE VITAMIN E SUPPLEMENTS MULTIVITAMINS
USERS NONUSERS USERS NONUSERS

No cases CHD 49 503 152 400

No. person-years 93921 585 564 231310 448175

Relative risk associated with vitamin use (95% confidence interval)

Crude risk, unadjusted
Adjusted for age and smoking

0.61(0.45-0.81)
0.57(0.41-0.78)

Excluding vit E use for <2 yrs 0.54(0.36-0.82)
Excluding vit E use for < 2 yrs
and doses < 100iu/day 0.52(0.34-0.89)

0.74 (0.61-0.89)
0.78 (0.64-0.96)
0.88 (0.70-1.09)

0.88 (0.71-1.01)

(From Stampfer et al, 1993)/")

There was a statistically significant reduction in
risk of coronary disease among women with a
high intake of vitamin E compared to those with
a low intake; these results are given in Table VIL
Adjustment for age and smoking history showed
clearly that the lower risk of heart disease was
primarily associated with taking a vitamin E sup-
plement. In a multivariate model that controlled
for a number of risk factors, the relative risk asso-
ciated with the use of specific vitamin E supple-
ments was 0.61 (CI 0.45-0.81) (Table VIII) and
this was improved further by excluding users of
less than 100 iu of vitamin E per day for less than
two years (RR = 0.52, 95% CI, 0.34-0.89).

A study in Finnish men!”®! found that the titre of
autoantibodies to oxidatively modified LDL was a
predictor of the progression of carotid atheroscle-
rosis. Antibodies against epitopes of oxidised LDL
had previously been shown to recognize material
in atherosclerotic lesions in rabbit and in man./”*8!
In this study!”®! the titre was measured of autoanti-
bodies to malondialdehyde (MDA)-modified LDL
(MDA-LDL), in baseline serum samples from 30
Eastern Finnish men with accelerated two year
progression of carotid atherosclerosis and 30 age-
matched controls. The men with high atheroscle-
rotic score had a significantly higher titre of
MDA-LDL (P = 0.003). Cases also had a higher
proportion of smokers (37% vs 3%), higher LDL
cholesterol (4.2 mmol/litre vs 3.6 mmol/litre) and
a higher serum copper concentration.

The role of vitamin E therapy in retarding, or
even reversing, the progression of cardiovascular
disease is an exciting possibility. A part of the
Physician’s Health Study, which has not been
published in full, suggested that beta carotene
may have a role in retarding the progression of
cardiovascular disease;® those subjects who
received 50mg beta carotene on alternate days
had a 44% reduction in all major coronary events
defined as myocardial infarction, revasculariza-
tion or cardiac death (Relative Risk = 0.56, 95%
(C10.44.0.89, P = 0.016), and a 49% reduction in all
major vascular events defined as stroke, myocar-
dial infarction, revascularization and cardiac
death (Relative Risk = 0.51, 95% CI 0.29-0.88,
P = 0.018), after adjusting for age and asprin tak-
ing. With respect to vitamin E, a recently pub-
lished intervention study study shows a clear
effect of vitamin E on the reduction of angio-
graphically proven coronary atherosclerosis.!®!
Patients (2002) were enrolled following rigorous
screening as to their suitability and followed up
for a median of 510 days; 1035 were given 800 iu
R,R,R-0-tocopherol for the first 546 patients and
400 iu for the remainder; 976 patients received
placebos. The primary endpoints were a combi-
nation of cardiovascular death and non-fatal
myocardial infarction (MI), as well as non-fatal
MI alone. The plasma a-tocopherol levels were
found to show a considerable rise in the treated
groups, but did not change in the placebo groups.
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o-Tocopherol treatment significantly reduced the
risk of the primary trial endpoint of cardiovascu-
lar death and non-fatal Ml (41 vs 64 events; RR
0.53, 95% CL 0.34-0.83, p = 0.005), which was due
to the reduction in risk of non-fatal MI (14 vs 41
events; RR 0.23.95% CL 0.11-0.47, p = 0.005).
There was however a non-significant excess of
cardiovascular deaths in the o-tocopherol-treated
group (27 vs 23 events). The conclusion was that
in patients with angiographically proven sympto-
matic coronary atherosclerosis, o-tocopherol
treatment substantially reduced the rate of non-
fatal MI, with beneficial effects apparent after
1 year of treatment. This study raises a number of
questions as to the mechanism of the beneficial
effect of vitamin E; some authors have com-
mented that it may have been due to a reduction
of coronary atherosclerotic lesions; others have
suggested that the mechanism may be mediated
through thrombotic effects and alteration in blood
platelet function. It should also be noted that
there has been considerable criticism of this study
because some vital information was not given.
For example, no details were given of the therapy
that was being given to the subjects in the study;
it can be presumed that, since they all had clini-
cally established heart disease, they would have
all been given a range of different drugs to control
their clinical condition, and the question of inter-
actions of these drugs with the vitamin E dosage
needs to be clarified.

The evidence reviewed here makes a com-
pelling case for the liklihood that the risk of car-
diovascular disease may be lowered by increasing
the intake in human populations of vitamin E.
Taken together with the biochemical rationale
which has been advanced for the mechanism of
atherosclerosis there is a very compelling case for
the possibility that vitamin E may have a direct
preventive function in the development of athero-
sclerosis and subsequent coronary disease, as well
as in having some therapeutic effect in patients
with established heart disease. With respect to the
epidemiological evidence it is particularly striking
that low incidence of cardiovascular disease is

negatively correlated with vitamin E levels in
three kinds of study. Thus, in the MONICA/
WHO cross-cultural comparison of 16 European
study populations,®! in the case-control study of
angina pectoris,'”! and in the very large Heath
Professionals’ Studies which were in the nature of
intervention trials although the intervention with
vitamin E was self-determined,”®””! vitamin E was
consistently associated with lowered risk of dis-
ease. It must however be stressed that epidemio-
logical data cannot establish causal relationships
and can only point to relationships which must be
tested by other means. It remains therefore a mat-
ter of judgment to decide whether the relationship
is likely to be a causal one, as Steinberg points out
in his excellent Editorial,®! and “that judgment
will be affected by the strength of the relationship,
its consistency, its biological plausibility and other
criteria”. There are two further interrelated burn-
ing questions that need to be addressed urgently;
the first is “how much vitamin E is needed in the
human diet for the optimal promotion of health”?
And, secondly, “is the high level of vitamin E that
seems to be needed for health promotion a phar-
macological activity of the vitamin which is super-
imposed upon its conventially accepted function
as a general lipid free radical scavenger?”. At the
present time there are no easy answers to either
question. More research, of a strictly human’
kind, is needed that is directed to addressing these
areas of uncertainty.
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