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ABSTRACT

Several lung diseases have undergone oxidative stress due to free radical insult. Consequently, antioxidant vitamin C
and vitamin E play important role in defense against cellular injury by scavenging free radicals. This article reviews the
potential mechanism of free radicals generation and vitamin antioxidant defense to link amongst various lung diseases.
One of the manifestations of free radical mediated process is lipid peroxidation subsequently producing
malondialdehyde (MDA) in these patients. Supplementation of vitamin C and vitamin E as an adjuvant therapy as well
as high intake of fresh fruits and vegetables appear to have a beneficial effect on lung health. Moreover, their
consumption should be recommended on a daily basis. Further studies are needed to assess the impact of antioxidants as
an adjuvant therapy in patients with lung diseases.
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INTRODUCTION

The biological chemistries of Reactive Oxygen Species
(ROS) determine the ability of different species to react with
specific cellular substrates within the microenvironment in
which they are produced. A free radical is defined as any
atomic or molecular species capable of independent existence
that contains one or more unpaired electrons in one of is
molecular orbitals.' The most important ROS are superoxide
anion (O,"), hydroxyl ion (OH), nitric oxide ion (NO’) and
hydrogen peroxide (H,O,) The primary ROS formed in vivo
are O,"And H,0,. Accumulating evidence suggests that ROS
aren't injurious by products of cellular metabolism but also
essential participants of cell signaling and regulation’. The
most reactive and harmful ROS is the OH', which can be
formed from H,0, and superoxide, but also via the reaction of
superoxide with NO to produce (OONO) (Fig.1) which
decomposes to form NO, and OH'.’
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Fig.1: The formation of ROS (Modified from Chabot et
al, 1998)

Unlike O,", H,0, is not a free radical and is much more stable
molecule. H,0, is able to diffuse across biological membranes,
whereas O, doesn't. H,0, is as weaker oxidizing agent than O,
. Addition of exogenous H,0, has been found to activate NK-
kb. However, in the presence of transition metals such as iron
or copper, H,0, can give rise to the indiscriminately reactive
and toxic hydroxyl radical (OH’) by Fenton chemistry. It can
react with practically any molecule present in cells. For this
reaction it is short lived. This insufficient stability does not
allow it to diffuse through the cells. OH' is the most potent
among ROS, reacting with a wide range of macromolecules at
a high rate constant’. OH' is known to induce conformational
changes in DNA including strand breaks, base modifications,
damage to tumor suppressor gene and enhanced expression of
protooncogenes’.

As there is a high concentration of mitochondrial SOD, the
intra mitochondrial concentrations of O, are maintained at
very low steady state levels’. Thus unlike H,0, which is
capable of diffusing across the mitochondrial membrane into
the cytoplasm’, mitochondria generated O, is unlikely to
escape into the cytoplasm. Research demonstrated an
increased production of O, during the proliferation of
endothelial cells and involvement of species in the
proliferation of B-lymphocytes’. There is an evidence to

suggest that tumor necrosis factor (TNF)-a and Interleukin
(IL)-1 induced apoptosis may involve mitochondria-derived
ROS’.

Smooth endoplasmic reticulum (ER) consisting cytochrome
p-450 and b5 families of enzymes that can oxidize unsaturated
fatty acids and xenobiotics and reduce molecular O, to
produce O," and/or H,0,". Although it doesn't appear to be
direct link between ER-derived oxidants and growth factor
signaling, there is evidence for redox regulation of ER-related
functions such as protein folding and secretion'. It has also
been suggested that an O, generating microsomal NADH
oxidoreductase may function as a potential pulmonary artery
0, sensor in pulmonary artery smooth muscle cells'".

Perioxisomes are an important source of total cellular H,O,
production. Perioxysomal catalase utilizes H,O, produced by
these oxidases to oxidize a variety of other substrates in
peroxidative reactions. Another major function of the
oxidative reactions carried out in peroxisomes is oxditation of
fatty acids, which is mammalian cell, occurs in mitochondria
and peroxisomes"’.

In addition to intracellular membrane associated oxidases
soluble enzymes such as xanthine oxidase, aldehyde oxidase,
dihydroorotate dehydrogenase, flavoprotein dehydrogenase
and tryptophan dioxygenase can generate ROS during
catalytic cycling'’. Autoxidation of small molecules such as a
dopamine, epinephrine, flavins and hydroquinones can be an
important source of intracellular ROS production.

Although TNF-a stimulates oxidant production, the targets of
TNF-a and oxidizing treatments can vary in different tissues.
For example, analysis of TNF-a and H,0, effects on different
cell types revealed that TNF-a induced ICAM-1 and IL-8
mRNA expression in both lung epithelial cell line. Further
analysis revealed that H,O, activated AP-1 but not NF-kb
whe}ge as TNF- a activated both AP-1 and NF-Kb in the cell
line™.

Plasma membrane associated oxidases have been implicated
as the sources of most growth factor and/or cytokine
stimulated oxidant production'’, although the precise
enzymatic sources have yet to be fully characterized. The best
characterized of the plasma membrane oxidases in general is
the phagocytic NADPH oxidase, which serves a specialized
function in host defense against invading microorganisms.
This multicomponent enzyme catalyses the one electron
reduction of O, and O,", with NADPH as the electron donor
through the transmembrane protein cytochrome b588 (a
heterodimeric complex of gp91 phox and p22 phox protein
subunits). The transfer of electron occurs from NADPH on the
inner aspect of the plasma membrane to O, on the outside.
During phagocytosis the plasma membrane is internalized as
the well of the phagocytic vesicle, with what was once the
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outer membrane surface now facing the interior of the vesicle.
This targets the delivery of O," and its reactive metabolites
internally for localized microbicidal activity .

When oxygen is partially reduced it becomes activated and
reacts with a variety of biomolecules. ROS are also regarded
as essential participants in cell signalling” and gene
regulation”. They play an important role in host defense, since
active phagocytes generate ROS to fight foreign organisms
especially through membrane bound NADPH oxidase, a
situation that is often referred as the respiratory burst’.
Respiratory burst is induced when phagocytes recognize
microorganisms; but also by a wide variety of stimuli,
including endotoxins, cytokines and fibrous material™.

Neutrophils have also shown to use myeloperoxidase (MPO),
which uses H,0, produced by dismutation of O," to oxidize
chloride ions into hypochlorous acid (HOCI), which is a
powerful antibacterial agent. ROS are also formed during
reduction of molecular oxygen to water in cellular respiration
in the mitochondrial electron transport chain, by the
cycloxygenase pathway, and by cellular enzymes such
cytochrome P450 oxidase and Xanthine oxidase.

The main sources of ROS in the lung include neutrophils,
eosinophils and alveolar macrophages, but also alveolar
epithelial cells, bronchial epithelial cells and endothelial cells
are capable of generation superoxide and/or H,0,”. Oxidant
stress results, when ROS aren't adequately removed, and can
lead to peroxidation of membrane lipids, depletion of
nicotinamide nucleotides, rises in intracellular Ca’,
cytoskeleton disruption and DNA damage™*. ROS are highly
toxic to all types of biological molecules including DNA,
lipids, proteins and carbohydrates.

MALONDIALDEHYDE (MDA)

Malondialdehyde is the major reactive aldehyde resulting
from the peroxidation of biological membrane
polyunsaturated fatty acid (PUFA)”. MDA is also a secondary
product of LPO, used as an indicator of tissue damage by a
series of chain reaction”. MDA is also a by-product of
prostaglandin biosynthesis. It reacts with thiobarbituric acid
produce red colored products. OH radical is the most reactive
free radical species known and has the ability to react with a
wide range of cellular constituents. For example, it will
oxidize amino acid residues to produce schiff bases produce
both strand breakage and chemical changes in the purine and
pyrimidine bases of DNA and also attack membranes lipids to
initiate a free radicals chain reaction known as lipid
peroxidation. Increased amounts of ROS and RNI are
produced as a consequence of phagocyte respiratory burst and
serve as markers of the free radical mediated process. These
ROS and RNI induce lipid peroxidation (LP), a chain process
that effects unsaturated fatty acids mainly localized in cell

membranes, in which product like MDA are generated, lipid
peroxidation products (LPPs) diffuse from the site of
inflammation and can measured in blood. MDA is a mutagenic
and genotoxic agent that may contribute to the development of
human cancer”. Lipid hydroperoxides may directly induce
DNA chain breaking™, and lipid peroxyl and alkoxyl radicals
may cause base oxidation in DNA”.

NITRIC OXIDE (NO) AND NITRIC OXIDE
SYNTHASES

Robert F Furchgott, Louis J Ignarro and Ferid Murad have got
noble prize in medicine or physiology (1998) for discovering
NO as signaling molecule. Nitric oxide has been associated
with oxidant related to tissue injury by formation of highly
reactive nitrogen intermediate via interactions with ROS. NO
is a small, signal transducing molecule produced by various
cells; for instance inflammatory cells, bronchial epithelial
cells and vascular endothelial cells.

It is involved at least in the regulation of blood pressure and
vasomotor tone, platelet aggregation and adhesion,
neurotransmission and killing of bacteria, viruses and tumor
cells. NO also reacts with superoxide and generates a highly
active metabolite, peroxynitrite (OONO’), which is presumed
to be largely responsible for the most of the adverse effects of
excessive generation of NO™. Since, reaction occurs at a
nearly diffusion limited rate, it is assumed that NO can come
out complete superoxide dismutases (SOD) for reaction with
0O, and that OONO" will be generated as a consequence of the
simultaneous production of O,”and NO™'. NO is endogenously
produced in lung epithelial cells, alveolar macrophages,
neutrophils and mast cells and the levels of NO may be
modulated by O,” produced by neutrophils™.

Three forms of nitric oxide synthases has been described,
neuronal (nNOS, NOS-1), inducible (iNOS, NOS-2) and
endothelial (eNOS, NOS-3). nNOS and eNOS are
constitutively expressed in neurons and endothelial cells,
where as iNOS is induced by inflammatory cytokines through
activation of NF-Kb in multiple cell types of human lung”. The
induction of iNOS by inflammatory cytokines NO levels in
exhaled air have been found elevated in wide variety of
pulmonary disorders, such as lung cancer”, asthma®,
sarcoidosis’, adult respiratory distress syndrome (ARDS),
bronchiectasis and alveolitis”.

NONENZYMATICANTIOXIDANTS

Anerobic life is characterized as continuous production of
oxidants balanced by equivalent synthesis of antioxidants™. A
shift of the valance on the oxidant side may trigger a cascade of
reaction leading to the formation of highly reactive cytotoxic
compounds such as ROS. The improper balance between
ROSs production and antioxidant defense results in
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“Oxidative Stress”, which deregulates the cellular functions
leading to various pathological conditions. The term
antioxidant has been defined by Gutteridge and Halliwell” as
any substance that delays or inhibits oxidative damage to a
target molecule. Low molecular weight antioxidant family
consists of many compounds, each of which acts as a direct
chemical scavengers neutralizing ROS components or
indirect through transition metal chelation. Most of the low
molecular weight antioxidants are reducing agents which
quench ROS through donation of electron(s) to the ROS,
neutralizing its activity"’. Water-soluble antioxidants include
vitamin C, free GSH unrelated to its role in the GSH redox
cycle, uric acid, glucose and taurine". Also bilirubin,
ubiquinol, flavonoids and dihydrolipoate have been suggested
to have antioxidative capacities”. Vitamin E, or a-tocopherol,
is alipid soluble antioxidant that can convert O,", OH and lipid
peroxyl radicals to less reactive form. Also B-carotene, a
carotenoid metabolic precursor to Vitamin A, is a lipid soluble
antioxidant.

VITAMIN C (ASCORBICACID)

Vitamin C (ascorbic acid) is an important water-soluble
antioxidant in biological fluids and an essential micronutrient
required for normal metabolic functioning of the body".
Plasma ascorbate levels of 0.4 tol.4 mg/dl reflect a daily
ascorbate intake of 40 mg or more in the adult. When tissues
are saturated with vitamin C, the plasma ascorbate
concentrations are between 0.8 and 1.5 mg/dl, the whole blood
levels are between 1 to 1.5mg/dl and the buffy coat ascorbic
acid levels are between 25 to 35 mg/dl. Higher plasma
ascorbic acid concentration can be attained temporarily
following the ingestion of a large dose of the vitamin C.

Human have no ability synthesize vitamin C due to mutation
in the gene coding for L-gluconolactone oxidase an enzyme
required for the biosynthesis of vitamin C via the glucuronic
acid pathway". Vitamin C is cofactor for several enzymes
involved in the biosynthesis of collagen, carnitine, and
neurotransmitters”. The temporal order of antioxidant
consumption in human with blood plasma exposed to a
constant flu of aqueous peroxyl radicals is vitamin
C>Bilirubin>Uric acid>Vitamin E. Plasma devoid of vitamin
C, but no other endogenous antioxidant is extremely
vulnerable to oxidant stress and susceptible to perooxidative
damage to lipids®. Vitamin C readily scavenges ROSs, Ozone,
ONOO', NO,, NO and hypochlorous acid"’.

Transfer of one electron form ascorbic acid yields the unstable
free radical intermediate semidehydroascorbic acid (half-life
tie of 10” seconds); transfer of second electron results in
dehdroascorbic acid. The ascorbate:dehydroascorbic acid
couple is reversible; for example, dehydroascorbic acid can be
reduced to ascorbic acid by sulthydryl reagents. However,
hydrolysis of dehydroascorbic acid to diketogulonic acid is

irreversible.

INTRACELLULAR FUNCTION OF VITAMIN C IN
NEUTROPHILS,MONOCYTESAND LYMPHOCYTES

Using oxygen as a starting material, neutrophils and
monocytes generate oxidizing compound to kill bacteria.
Ascorbate was proposed to be involved in oxidant generation.
Although neutrophils form oxidants to kill bacteria,
neutrophils must be part of the protective mechanisms, by
reducing otherwise toxic oxidants”. Ascorbate was also
proposed to be involved in chemotaxis or neutrophil
movement. Paradoxically, ascorbate inhibits one of the
reactions associated with chemotaxis, the addition of tyrosine
to the microtubule protein tubulin®.

Ascorbic acid was accumulated against concentration
gradients in neutrophils, extracellular ascorbate in
micromolar concentration was accumulated in millimolar
concentration by a high affinity transport activity. Each was
saturable and temperature dependent”. Extracellular
ascorbate could protect host tissues from oxidant damage by
quenching destructive oxidants. Extracellular ascorbate is
oxidized to dehydroascorbic acid. The increase in intracellular
ascorbate occurs precisely the time when ascorbate is needed
to protect against oxidants, many of which diffuse freely.
Thus, extracellular ascorbate may protect host tissues;
oxidized ascorbate is then recycled to protect neutrophils from
their own oxidants.

Although oxidant quenching by antioxidant recycling could
have an attractive hypothesis, antioxidant recycling could
have other functions. As for example increased intracellular
ascorbate could be used for regulating chemotaxis and/or
phagocytosis, or increased oxidant generation. The last
possibility may seem especially attractive since the isolated
enzyme myeloperoxidase, necessary for hypochlorous acid
formation utilizes ascorbate’. Myeloperoxidase is found in
neutrophils granules, these granules fuse with the phagosome.
Ascorbic acid in the phagosome would either be transported
directly into the cytosol or oxidized to dehydroascorbic acid
and the preferentially transported into the cytosol. It remains
possible that electrons form ascorbate in cytosol are
transferred to myeloperoxidase in phagolysomes via electron
transfer protein.

ANTIOXIDANT PROPERTIES OF VITAMIN C

Vitamin C neutralizes ROSs and reduces oxidative DNA
damage and genetic mutations. It has also been reported that
vitamin C enhance host immunological functions. Vitamin C
can protect lipid and lipoprotein against oxidative damage™.
Vitamin C can act as a co-antioxidant by regenerating o-
tocopherol from the a-tocopheryl radical produced during
scavenging of ROSs™. Vitamin C has also been shown to
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regenerate urate, glutathione and beta-carotene in vitro or their
respective one electron oxidation product i.e. urate radicals,
glutathionyl radicals and beta carotene radicals cations™.
Vitamin C may modulate the activity of hydroxymethyl
glutaryl-CoA reductase, the rate-limiting enzyme in the
biosynthesis of cholesterol. Although vitamin C also reacts
rapidly with OH (Rate constant >10° L mol’S"), it is
nevertheless unable to preferentially scavenge this radical
over other substrates™.

VITAMINE

The term vitamin E describes a family of eight antioxidants,
four tocopherols a, B, v, & and their tocopherols is the only
form of vitamin E that is actively maintained in human body
and is therefore, found in the largest quantities in the blood and
tissue *’. Although the antioxidant property of these molecules
is similar, distinct biological effects can be distinguished at a
molecular level. The specificity is the result of a selective
retention of tocopherol in the body and the preferential
interactions of some of the compounds with molecular
components of the cells.

Because of its hydrophobicity, dietary vitamin E requires
special transport mechanisms in the aqueous environment of
the plasma, body fluids and cells. The tocopherols are
assembled together with triglycerides, cholesterol,
phospholipids and apolipoproteins into chylomicrons. During
chylomicron lipolysis, a part of vitamin E is distributed to
tissue. Over expression of lipoprotein lipase increases the
transfer of tocopherol from chylomicrons into skeletal muscle
cells”. The other part is captured by the liver with the
chylomicron remnants. In the liver, tocopherol is specifically
recognized by the 32KDa tocopherol transfer protein (TTP),
incorporated into very low density lipoproteins (VLDL), then
transported and delivered to peripheral cells. The Low Density
Lipoproteim and high-density lipoprotein (HDL) fraction
combined contain 90% of total serum vitamin E in humans™.
The plasma phospholipids transfer protein facilitates the
exchange to tocopherol between LDL and HDL”.

In the lung, HDL is the primary source of vitamin E for type II
pneumocytes, and its uptake is regulated by the expression of
scavenger receptor SR-B”. In peripheral cells, the highest
content (150 pg/g tissue) is found in adipose tissue whereas
erythrocytes have a relatively low content (2pug/g tissue) of
tocopherol”.

ANTIOXIDANT PROPERTIES OF TOCOPHEROL

Although it is commonly believed that phenolic compounds
like vitamin E exert a protective role against free radical
damage antioxidant molecules can exert additional biological
functions. Vitamin E is the major hydrophobic chain breaking
antioxidant that prevents the propagation of free radical
reactions in the lipid components of membranes, vacuoles and

plasma lipoprotein. Vitamin E can directly act with a variety of
oxy radicals, including the peroxy radical (ROO"), CCl,, OH,
0, and singlet oxygen”. Vitamin E donates hydrogen from the
six position of its chromonal ring to the PUFA in the cell
membrane. The phenolic hydroxyl group of tocopherol reacts
with an organic hydroperoxides and tocopheryl radical.

The antioxidant properties of vitamin E are well known and
documented”. The enzyme PKC enzyme is responsible for the
release of reactive oxygen species and lipid oxidation®.
Vitamin E can protect the conjugated double bond of B
carotene form oxidation. The sparing action of tocopherol on 3
carotene was described in vivo in humans by Urbach et al”.
The sparing as well as synergistic actions are thought to result
from the ability of both tocopherol and selenium-dependent
GPx to decrease the productionLP.

(VitE-0): ROO +VitE-OH  ROOH + Vit E-O

The chain of peroxidation reaction is effectively interrupted;
the generated organic hydroperoxides can subsequently be
detoxified via non-radical reaction. Tocopheroxyl radical can
be reduced to tocopherol by interaction with reductants
serving as hydrogen donors.

>

AH: VitE-O' +AH VitE-OH+A

EFFECTS OFTOCOPHEROLAT CELLULARLEVEL

In 1991 inhibition of PKC activity was found to be at the basis
of vascular smooth muscle cell growth arrest induced by
tocopherol”. Many reports have subsequently confirmed by
the involvement of PKC in the effect of tocopherol on different
cell types. Including monocytes, macrophages, neutrophils,
fibroblasts and mesangial cell”. Tocopherol, but not a-
tocopherol, was found to inhibit thrombin-induced PKC
activation and endothelin secretion in endothelial cells™.
Tocopherol inhibits the activity of PKC from monocytes,
followed by inhibition of phosphorylation and translocation of
the cytosolic factor phox47 and by an impaired assembly of
the NADPH-oxidase and of superoxide production”.
Tocopherol has the important biological effect of inhibiting
the release of the proinflammatory cytokine, IL-1B, via
inhibition of 5-lipoxygenase pathway.

Inhibition of PKC by tocopherol in vascular smooth muscle
cells is observed to occur at concentration tocopherol close to
those measured in healthy adults”. Inhibition of PKC activity
by tocopherol occurs at a cellular level by producing
dephosphorylation of the enzyme whereby a-tocopherol is
much less potent’. Dephosphorylation of PKC occurs via
protein phosphatase PP2A, which is activated by treatment
with tocopherol”.
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INVOLVEMENT OF ROS AND ANTIOXIDANTS
STATUS IN PATHOGENESIS OF LUNG DISEASES

In mycobacterial infection the interaction between
macrophages and lymphocytes mediated by the cytokines
seem to be the most important in host defense. Increased
amounts of ROS and RNI are produced as a consequence of
phagocyte respiratory burst and serve as markers of the free
radical mediated processes. Free radical reactions have been
suggested to play a contributory role in the fibrogenesis either
directly or through inflammatory simuli”. Tissue injury
irrelevant the cause almost certainly leads to oxidative stress
which then possibly impairs the tissue injury. There is much
evidence that LP during oxidative stress is common in
inflammatory processes”. In the previous study, it has been
demonstrated that LPPs were enhanced in serum of patients
with pneumonia and gradually declined during recovery. Hull
et al” found that increased serum LPPs in children with cystic
fibrosis were associated with the presence of pulmonary
inflammation.

An increased oxygen burden in the lungs arises from the
accumulation if inflammatory cells in the lower respiratory
tract, including macrophages and neutrophils, which show an
exaggerated release of oxygen radicals” and these alveolar
inflammatory cells have been shown to produce increased
number of O,  in patients with pulmonary fibrosis and
pneumonocosis. The activities of SOD, CAT and GPx are
decreased in beomycin-incuced fibrosis” and ROS have been
implicated in mediating fibroblast proliferation. It has been
shown that LP increased synthesis of TGF-B (transforming
growth factor ), which plays a key role in tissue repair and
fibrogenesis”. On one hand it stimulates synthesis of
procollagen type I and fibronetin®, while on the other it down
regulates the gene expression of collagenase”™.

Reddy et al” had shown significant correlation between high
MDA concentrations and low concentrations of some
antioxidants in the patients with pulmonary tuberculosis.
Three of the antioxidants that were significantly reduced in
tuberculosis patients i.e., glutathione ascorbic acid and a-
tocopherol, are integral component of a regenerating redox
cycle®”. In untreated Ethiopians concentrations of antioxidant
vitamin C, vitamin E and vitamin A were significantly lower in
tuberculosis patients and high malondialdehyde
concentrations were associated with clinical severity™.
Awotedu et al” found decreased ascorbic acid concentration in
pulmonary tuberculosis. Furthermore, increased production
of ROS by activated neutrophils and decreased antioxidant
capacity has been suggested to play a central role in the
pathogenesis of ARDS™. Hyperoxia is known to cause oxidant
injury and fibrosis in animals and in humans; it has been
implicated as one of the major reason for bronchopulmonary
dysplasia”.

Uzun et al® have shown diagnostic value of malondialdehyde
by measuring its level in the serum of patients with lung
diseases with various etiologies also found significantly
higher malondialdehyde level than control. ROS have also
been suggested to play a role in smoking induced diseases,
such as COPDY, and in addition to that, human lung
fibroblasts recruit in respond to smoke extract which may
suggests that ROS have a role in other cigarette smoke
associated fibrotic lung disease. Important consequences of
oxidative stress in the pathogenesis of COPD include
oxidative inactivation of antiproteinases, air-space epithelial
injury, increased sequestration of neutrophils in the
pulmonary microvasculature and gene expression of
proinflammatory mediators. Therefore, oxidative stress is
assumed to pay an important role in the pathogenesis of a
number of lung diseases like COPD, bronchial asthma, ARDS
etc; not only through direct injurious effect but also by
involvement in the molecular mechanisms that control lung
inflammation.

Mycobacterium tuberculosis is capable of inducing ROS by
activating both mononuclear and polymorphonuclear
phagocytes that may possess antimicrobial activity”. The
enhanced level of cytokines and free radicals production,
although designed to combate the invader, has potential to
damage host tissue. However, the host tissue damage is
limited by concurrent enhancement of the antioxidants
defense of the hosts. Number of studies have shown the poor
antioxidant defense that may exposes oxidative stress to host
tissue damage in PTB patients’™ ********,

CONCLUSION

Fresh fruits and vegetables contain large amount of vitamin C
and carotenoids. The richest sources of vitamin E in the human
diet are oil products such as vegetable and seed oil,
mayonnaise, butter and eggs. Vitamin C appears to be the most
abundant antioxidant substance in the extracellular fluid
lining of the lung” and contributes to the regeneration of
membrane bound oxidized vitamin E. Vitamin C scavenges
superoxide radicals O, and vitamin E breaks the lipid
peroxidation chain reaction. The current recommended daily
intake (RDI) for vitamin C is 75 mg/day for women (100
mg/day for smokers) and 90 mg/day for men (125 mg/day for
smokers). Smokers required more doses due to additional
oxidant exposure from smoking. The RDI for vitamin E is 15-
20 mg/day. Antioxidant vitamins, particularly vitamin C with
other antioxidant vitamins have a protective effect against
lung diseases. Further randomized interventional studies with
vitamin supplementations are needed to establish the impact
of these antioxidant vitamins on the incidence and pattern of
lung diseases. The observed reduction in plasma antioxidant
vitamin C and E are primarily in response to enhanced
oxidative stress with production of free radicals in various
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