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Abstract Numerous studies on animal models and cell cultures confirm the role of free
radicals/reactive oxygen species and oxidative damages in the process of the initiation and
promotion of neoplastic diseases. Also epidemiological studies attribute an important role to
disturbances in the pro- and antioxidative potential in the development of malignancies and
highlight the essential function of antioxidants to protect the cells from the attack of free oxygen

radicals.
The current literature data on the parameters of the anti- and prooxidant status in patients with
malignant diseases and their role in pathogenesis of the disease is reviewed in this article.

REACTIVE OXYGEN SPECIES

Endogenous sources

Reactive oxygen species (ROS) are products of partial reduction of molecular
oxygen (mono-, di-, or trielectron reduction), and/or its excited form — singlet
oxygen - can be produced (Fig. 1). They are formed as a result of regular meta-
bolic transformations, such as electron transfer in the mitochondrial respiratory
chain, oxygen burst during phagocytosis, synthesis of eicosanoids or reactions
catalysed by some oxygenases and oxidases (44). An important source of ROS
are also transformations of xenobiotics associated with P450 cytochrome. This
cytochrome metabolises a number of various substances, including drugs and
aromatic hydrocarbon derivatives present, inter alia in smog and tobacco smoke.
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Fig. 1. Univalent stepwise reduction and excitation of molecular oxygen, e — electron.

Excessive production of abnormal transformations of reactive oxygen species
exerts harmful effects on cellular metabolism. The intensity of their formation is
often increased by the presence of transition metals, such as iron or copper (47).
Table 1 gives examples of free radicals and reactive oxygen species. Reactive
oxygen species do not usually exhibit high specificity in relation to substrates,
and can therefore react with many compounds present in the cell. Excessive
generation of ROS may cause dangerous damage in nucleic acids, proteins, lipids
or carbohydrates (7,43).

Table 1. Examples of oxygen free radicals and related active species

Name Chemical formula
Radicals Superoxide 02-
Hydroxyl radical HO
Hydroperoxy radical HOO
Alkoxyl radical LO
Lipid peroxyradical LOO
Nitric oxide NO
Thiyl radical RS
Nonradicals Hydrogen peroxide h 20 2
Singlet molecular oxygen '02
Hypochlorous acid HOC1
Peroxynitrite ONOO-
Lipid hydroperoxides LOOH

An important source of ROS, associated with the metabolism of every
organism, is the oxidative stress resulting from inflammatory processes. Activated
leukocytes produce superoxide radicals, H20 2 and hyperchlorous acid. Activated
phagocytes release a whole complex of cytokins, which may penetrate the cell
nucleus. In the presence of ROS and other mediators of inflammatory processes,
they activate oncogenes with concurrent inactivation of suppressor genes. This
mechanism of DNA modification is probably responsible for the replication of
c-fos protooncogene. The induction of the carcinogenic process by chronic
inflammation has been proved in the case of mesothelioma caused by asbestos
fibres (13).
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Exogenous sources of free radicals

A number of exogenous factors, impossible to eliminate from the surrounding
environment, are responsible for oxidative stress (Table 2). Tobacco smoke and some
dust containing metals, especially transition metals, have been proved to generate
reactive oxygen species. The presence of some chemical substances, such as
nitrosoamines or polycyclic aromatic hydrocarbons, increases the ability of ROS to
induce carcinogenic processes (13). Under certain conditions, if the body is exposed
to promotors, this initiation may lead to the development of neoplasm (45).

Table 2. Sources of reactive ROS and metabolic pathways involved in oxidative cell damage (modified
after 20)

Metabolic pathways involved

Sources of ROS in humans: . L
in oxidative cell damage:

« lonising radiation * Increase in radical-generating enzymes
(e.g. xanthine oxidase)

¢ Ultraviolet « Activation of phagocytes

e Ultrasound « Activation of phospholipase, cyclooxyge-
nase, lipoxygenase

¢ Chemicals (e.g. drugs, diesel exhaust, ~~7~ j- e Destruction (breakdown) of antioxidants

tobacco smoke)

« Infections » Release of free metal ions from sequestre-
ted proteins

* Hyperoxia * Release of heme proteins

e Toxins » Disruption of mitochondrial electron

transport chain

DAMAGE OF MACROMOLECULES BY REACTIVE OXYGEN SPECIES

Oxidative protein degradation can cause modification of amino acid chain
and prosthetic groups of enzymes, especially metals in active site: Fe+2, Cu+2, which
are susceptible to attack of 0 2 and H20 2. Degradation of proteins results in
aggregation or fragmentation of polypeptide chains. Some of amino acids (including
tyrosine, histidine, cysteine and methionine) are particularly sensitive to reactive
oxygen species modification. Oxidative damage of proteins lead to rapid loss of their
biological activity. Oxidatively modified proteins are shown to activate proteolytic
enzymes and become even more susceptible to proteolysis (17). 670-kDa proteolytic
complex macroxyproteinase degrades oxidatively modified proteins and prevents
their accumulation and aggregation in the cells (33).

The coupled double bonds in polyunsaturated fatty acids make lipids sensitive
to oxidation. The reaction of these compounds with reactive oxygen species and
fragmentation of their derivatives, results in the formation of alkanes, alkenes,
4-hydroxyalkanes, aldehydes, ketones, dienes, hydroxyl-, and epoxide derivatives of
fatty acids, as well as of modified phospholipids. Intermediate products are alkoxyl
radicals and peroxyl radicals. Aldehydes formed as a result of breakdown of lipid
peroxides, including malondialdehyde, are particularly dangerous. Their half-life
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period is relatively long and they can react with cell lipids and proteins far from the
site where they were formed (12). As a consequence of peroxidation of membrane
phospholipids, the membrane becomes rigid, loses its channel function, and finally
fails to preserve membrane integrity.

Reactive oxygen species react with all components of DNA molecule: purine
and pyrimidine base, and deoxyribose backbone. Chemical damage of DNA is
always concomitant with structural damage of DNA-double helix. While many
active oxygen species-related DNA base modifications result in a replicative
block, some may induce point mutations by misreading base during the replica-
tion (13). Reactive oxygen species may also cause chromosomal aberrations
and disturb the exchange of sister chromatids (9). Comparative studies of DNA
damage, induced by hydroxyl radicals in human breast cancer cells obtained
during biopses, demonstrated that in the patients with metastases its level was
doubled. The direct relationship between DNA modification induced by ROS
and the process of carcinogenesis has not been proved, but it is suggested that
ROS reacting with DNA, can activate oncogenes and/or inactivate antioncogenes.
The initiation, the first stage of carcinogenesis, requires continuous modifica-
tion of the genetic material in the cell. It is estimated that the number of oxidative
attacks on one human cell accounts for about 10,000 a day. DNA damage is
removed by specific and non-specific repair processes (13). However, some of these
damages, remain not repaired and their number increases with age.

OXIDATIVE STRESS AND ANTIOXIDANT DEFENCE

The cells of aerobic organisms possess defence mechanisms for protecting
them from ROS. These mechanisms may be classified as follows (38):

1 isolation of generation sites of reactive oxygen species;

2. inhibition of propagation phase of reactive oxygen species;

3. scavenging of reactive oxygen species;

4. repair of the damage caused by reactive oxygen species.

The compounds which can inhibit oxidation processes are referred to as
antioxidants. Superoxide dismutase (SOD), catalase, glutathione peroxidase
(GSH-Px), glutathione transferase, and ceruloplasmin (Cp) belong to enzymatic
antioxidants, while a-tocopherol, /J-carotene (provitamin A), ascorbic acid (vitamin
C), glutathione, uric acid and bilirubin to low-molecular weight non-enzymatic ones.
The microelements (selenium, zinc and copper) bound to the active site or occurring
as structural elements of antioxidative enzymes also play an important role. Another
group is formed by proteins combined with transition metals: albumin (Fe, Cu),
transferrin (Fe), ferritin (Fe), and ceruloplasmin (Cu) (2,28,36). Table 3 overviews
some antioxidants and their biological activity.

In normal cells, there is a balance between the pathways of ROS formation and
protective systems, due to which they are metabolised. The condition caused by the
disturbed balance between the process of generating reactive oxygen species and
oxidation processes lead to oxidative stress. The disturbance of the balance with
prevailing pro-oxidative processes is associated with many diseases and pathologies
(22).
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Table 3. Protection against ROS damage

Antioxidant Biological function
Direct protection against ROS  Superoxide dismutase Catalyses dismutation of 0 2~
(Mn, Cu, Zn)
Glutathione peroxidase (Se) Reduces organic peroxides and
H202 in low concentration
Catalase (Fe) Metabolises H202
Non-specific reductions system  Glutathione Cosubstrate in numerous

enzymatic reactions, e.g. GSH-Px,
GST, scavenger of 02", ‘02, HO

Vitamin C Scavenger of oxygen radicals
Protection against lipid GSH-Px Reduces phospholipid peroxides
peroxidation and free fatty acid peroxides

Vitamin E Radical chain breaking, lipid-

-soluble

A-carotene Scavenger of singlet oxygen
Sequestration of metals Transferrin Binds iron

Lactoferrin Binds iron

Ferritin Binds iron

Ceruloplasmin Binds copper, oxidizes Fe+2 to Fe+3

Metalothionein Binds metals
Repair enzymes DNA repair enzymes

Macroxyproteinases Oxidises protein turnover

Glutathione transferase Conjugation of aldehydes

REACTIVE OXYGEN SPECIES AND CANCER INDUCTION

Malignancies fall within the category of diseases whose pathogenesis is
postulated to be related to the ROS effects. Their intensified production, deficiency of
antioxidants or impairment of the repair mechanism result in the increased processes
responsible for the development of malignancies (7,49). The potential role of ROS in
the pathogenesis of the upper respiratory tract malignancies is confirmed by the fact
that normal epithelial lining fluid contains mainly proteins which perform anti-
oxidative functions and low-molecular weight antioxidants identical with those
present in blood, but at a higher concentration (11).

If the development of a neoplasm is considered to be a long-term process,
a temporary oxidative stress cannot be treated as a cause of the disease. It may,
however, be responsible for primary changes in the genetic material, the structure of
the cell membrane, and expression of cytokins — oncogenes, possible agents of
initiating or promoting carcinogenesis (13).

The model of the neoplastic disease development presented in 1980, indicates
permanent changes in DNA molecule induced by ROS as a result of cellular
metabolism on the one hand, and by continuous exposure to ionising radiation
on the other. Most of these changes are recognised and removed by the cell.
However, if the body is in contact with promotors, this initiation change may lead
to the development of the disease (46). Many promotors act by generating ROS.
There is evidence that organic peroxides may also function as promotors of
neoplasm (23).
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Investigations of the mechanisms responsible for the development of neoplastic
diseases showed that antioxidants may modify the action of the majority of
tumour promotors. It has been shown that in the skin cells exposed to 12-o-tetra-
decanoilphorbol acetate, the activity of superoxide dismutase, glutathione reductase
and catalase is strongly inhibited (48). The only antioxidative enzyme with increased
activity is glutathione peroxidase (36). It has been demonstrated that the products
of lipid peroxidation, mainly malondialdehyde, may act at the initiation and
promotion stages of the neoplastic tumour growth. The compounds which are
considered to be promotors of the tumour growth: phenols, phorbol esters
and halogens also induce damage of the cellular membrane through lipid peroxida-
tion (38).

In a number of experiments, enzymatic and non-enzymatic antioxidants have
been introduced to the system along with simultaneous initiation of carcinogenesis.
It has been indicated that only the presence of antioxidants at a proper concen-
tration and at the moment of the promotor action, may inhibit the development of
the carcinogenic process (50). Administration of these compounds at a later stage
is either of no importance or may even intensify the neoplastic process, probably
along the pathway independent of the effects of reactive oxygen species. TTierefore,
it is likely that proper concentration/activity of antioxidants during the whole
lifetime of the cell is a key point in the process of preventing carcinogenesis.
Table 4 presents exogenous sources of ROS involved in carcinogenic processes.

Table 4. Exogenous sources of ROS involved in carcinogenesis (modified after 13)

Sources ROS Exposure-related cancer
Tobacco smoke NO', HO Bronchogenic carcinoma
Ultraviolet light HO, LO, LOO Melanoma and other skin cancers
Dietary fatty acids LOO,LOOH Colorectal cancer, breast cancer
Transitional metal ions (Fe, Cu) HO Colorectal cancer
Ethanol LOOH Hepatocellular carcinoma, breast
cancer
Inflammation: ‘respiratory burst’ 0 2~\ HO', 0,

Asbestos Lung mesothelioma

Schistosoma haematobium Bladder cancer

infections

Liver viral infections Hepatocellular carcinoma

ANTIOXIDANT TRACE ELEMENTS AND TRACE ELEMENTS BOUND
PROTEINS IN NEOPLASTIC DISEASE

Selenium

Current studies of the carcinogenic mechanisms seem to confirm anticar-
cinogenic effects of selenium (Se). In tissue cultures, the inhibited growth of
neoplastic cells, under the influence of various Se compounds, has been observed
(15). Studies on chemically induced malignancies in animals have shown that in rats
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with mammary gland cancer, induced by dimethylbenzanthracene, the number
of developing malignancies decreased with the increase of Se concentration in the
diet (32). It is believed that Se inhibits the development of neoplasm in animals,
such as colon cancer induced by dimethylhydrazine, skin cancers induced by
crotonic oil and benz(a)piren, and liver neoplasm due to the effect of dimethyl-
aminobenzene and aflatoxin (41). Anticarcinogenic effect of Se compounds adminis-
tered in drinking water was observed in UV-induced skin cancer in mice (5).
A similar influence of selenium compounds, provided in food and drinking water,
has also been found in many studies of neoplasm induced by oncoviruses. In mice,
the incidence of mammary gland cancer induced by MuMTV-S oncovirus has been
found significantly lower in the group supplemented with Se than in the group
with a diet poor in selenium (31). Some epidemiological surveys indicate a possible
anticarcinogenic effect of Se in humans. In the 1960s, a negative correlation was
found between mortality caused by many types of malignancies and Se occurrence in
different geographical regions (42), The results of the USA investigations suggest
that there is a relationship between the amount of Se consumed and the incidence of
cancer of some sites (10). In patients with neoplastic diseases, the concentration
of Se in blood is often lower than in healthy people. Epidemiological studies in
a group of 190 people, carried out in Finland, pointed out to a higher risk of lung
cancer in subjects with a very low concentration of Se in blood plasma (<45.5 fig/l,
p for trend 0.046) (26). In patients with colorectal adenoma (n = 48), plasma
selenium concentration below the median was associated with higher risk of cancer
(OR —3.79, 95% C1,1.02—15.17), but in another study (n = 139) an increased risk
of colorectal cancer related to the highest quartile of plasma Se concentration (OR
— 1.8, 95% CI, 0.9—4.0) was found (53). It has also been observed that in a group of
cancer patients, a higher blood plasma Se concentration sometimes correlates with
a milder course of the disease (24).

It is presumed that chemical protection provided by Se may consist in its ability
to inhibit the activity of microsomal enzymes responsible for the generation of some
types of carcinogens or in the prevention of enzymatic conversion (at the cellular
level) of pro-carcinogens into carcinogens. A possible anticarcinogenic effect of Se
by regulating the rate of cell division and protein synthesis is also considered.
A high Se concentration decreases the level of reduced glutathione (GSH) and
glutathione reduced/glutathione oxidised ratio (GSH/GSSG). The proper
GSH/GSSG ratio is one of the important factors which regulate the division of
the cells. A decrease in this ratio delays GI, S and G2 phases of cellular growth
cycle, and thus, lowers the rate of cell proliferation. Selenium also affects the
pace of protein synthesis. Some Se derivatives of glutathione, such as selenodiglutat-
hione (GSSeSG), inhibit protein synthesis by blocking initiation factor 2 and
elongation factor (10). Since most carcinogenic substances become activated in free
radical reactions with DNA, anticarcinogenic effect of Se may be limited to
disturbing free radical modification of nucleic acids. This hypothesis seems
to be confirmed by intracellular distribution of Se: the highest concentration occurs
in the nucleus, and the lower in cytosol, mitochondrial and microsomal fractions
(58).

Investigating the role of Se in the pathogenesis of neoplasm, it is important not
only to establish its supply and concentration in the body, but also to determine its
biological activity, expressed as the activity of selenoenzymes, primarily GSH-Px.
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In humans, a positive correlation is found between the concentration of Se and
GSH-Px activity within the concentration range up to 100 [igfl of blood. GSH-Px
activity does not increase above this level of Se. It is agreed that Se concentration, at
which a plateau of GSH-Px activity is observed, is sufficient for this microelement to
perform its biochemical function (39). GSH-Px decomposes the organic peroxides
and H20 2 formed as a result of free radical reactions, and thus, protects cellular
membrane lipids from structural modifications. It is presumed that maintaining the
integrity of cellular membrane is one of the mechanisms protecting from induction
and development of malignant neoplasm.

The relationship between GSH-Px activity and its anticarcinogenic effect has
not been explicitly proved. The mortality of patients with gastric cancer has been
found to be related to the content of fat in the diet and inversely related to Se
concentration and GSH-Px activity in blood (3,59).

Patients with neoplastic diseases often exhibit lower activity of GSH-Px
in blood plasma and morphotic components of blood than healthy people. It has
been found in the case of cancer of stomach, colon, breast (40) and lungs (59).
However, many authors do not find this relationship, for instance in breast cancer
patients (55).

Zinc

The presence of zinc (Zn) is found in over 300 metaloenzymes, as well as
in many non-enzymatic metaloproteins and biopolymers, which perform catalytic,
structural and regulatory functions. Zinc takes part in metabolism of nucleic
acid and biosynthesis of protein, also as a necessary component of DNA and
RNA polymerase (54). Deficiency of zinc may cause disturbances in immune
processes of the body. Zinc ions are necessary for blastic transformation of
lymphocytes (34). The association between Zn and the carcinogenic process is
complex and not explicit. Some reports indicate that Zn deficiency may lead to
weakening of cell resistance and thus contribute to the initiation of a neoplastic
disease (52). On the other hand, the deficiency of this element inhibits the tissue
growth, including neoplastic tissues, because it takes part in activation of enzymes
necessary for DNA replication and biosynthesis of proteins (18).

Copper

The role of copper (Cu) in the body is associated with activation of a number
of enzymes involved in the oxidation-rediiction processes, e.g. cytochrome oxidase,
o-diphenol oxidase (tyrosinase), lisyl oxidase, superoxide dismutase and cerulo-
plasmin. Bound to the structure of eeruloplasmin, it regulates transportation
of iron, facilitates oxidation of iron and its transfer from ferritin to transfer-
rin (51).

The role of Cu in the process of carcinogenesis is not clear. Some epidemio-
logical studies indicate an increased risk of a neoplastic disease in people with
low Cu concentration in blood (27). Other results suggest an association between
high concentration of Cu in blood serum and the incidence of cancer of breast,
cervix, lungs, digestive tract, as well as of malignant melanoma, lymphoma and
leukemia (1,8). It has sometimes been observed that the concentration of Cu is higher
in the neoplastic tissue than in the surrounding healthy tissue.
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Both of the above discussed microelements are integral components of
superoxide dismutase. Copper ion, which is reduced and oxidised in the enzyme
active site, plays an important role in the reaction of dismutation of superoxide
radicals, catalysed by SOD. The probable role of Zn is limited to providing
structural stability of the protein in the region of the active site (4). SOD activity
depends on the body concentration of metals present in the active site of the enzyme.
The investigations on animal models have revealed an evident decrease in the
activity of the enzyme in cases of Cu deficiency. Similar relationship has been
observed in humans who consumed food with a very low content of this element.
This enzyme activity increases if an additional amount of the microelement is
supplied (35). Higher SOD activity is observed in conditions that are probably
initiated and developed due to free radical mechanisms. The system regulating
SOD biosynthesis is sensitive to agents responsible for the increased concentration
of superoxide anion, including paraquat, ozone and others (21). During inflam-
mation, including gastritis, the reaction of the body to the increased generation of
active oxygen species may synthesise additional amounts of antioxidant enzymes.
The activity of SOD in the mucous membrane of the stomach is significantly higher
in the patients with different conditions of atrophic gastritis than in healthy subjects
(3). No explicitly consistent tendencies have been found in the studies of SOD
activity in blood of patients with malignant diseases. It has been observed that
SOD activity in red blood cells of children differs, depending on the localisation
of the neoplasm (56). In women with breast cancer, SOD activity in erythrocytes
is significantly lower than in the reference group (19). Similarly, in lung cancer
patients, the activity of erythrocytic SOD is significantly lower than in the control
group. Moreover, a decrease in the enzyme activity, conditioned by the stage of the
disease development, has been observed (30).

In blood, 60—72% of copper is bound to ceruloplasmin — a protein which
constitutes a reservoir of this microelement and a source for synthesis of other
copper-dependent proteins. Antioxidative Cp activity, present only in extracellular
fluids, results from its ferroxidase activity: Cp catalyses oxidation of Fe+2 to Fe+3.
Moreover, by catalysing oxidation reactions, it enables incorporation of iron into
transferrin and decreases the concentration of a powerful pro-oxidative agent (6).
Antioxidative properties of Cp also result from its ability to combine with Cu ions,
which are strong catalysts of pro-oxidative processes. Cp is one of the proteins of an
acute phase reaction. A considerable increase in its activity is observed in
inflammatory conditions and in neoplastic diseases (e.g cervical and ovarian
carcinomas as well as breast cancer) (29,57).

ANTIOXIDANT VITAMINS

The most common substance showing antioxidant properties is vitamin
E (a-tocopherol). Due to its lipophilic nature it is associated with cellular membranes
and other hydrophobic structures. The biological role of vitamin E consists in the
prevention of the damage of cellular structures by breaking the chains of reactions,
leading to peroxidation of polyunsaturated fatty acids. Vitamin E may inhibit
oxidation processes at the stage of initiation or propagation by reacting with organic
peroxyl radicals and it is transformed into vitamin E radical. This radical exhibits
relatively low activity and is soon regenerated at the cost of the antioxidative
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potential of other antioxidants (glutathione, ascorbic acid, quinone compounds) (2).
Vitamin C and ~-carotene prevent autooxidation of a-tocopherol. Vitamin C is an
effective antioxidant in the hydrophilic environment, other vitamins act in the lipid
environment. Thus the mixture of antioxidant vitamins may be more effective than
individual ones in protection of cell structures against oxidative damage (37). Actions
of antioxidant vitamins are summarised in Table 5.

Table 5. Actions of antioxidant vitamins (modified after 37)

« Scavenge oxygen free radiclas

e Stimulate humoral and cellular immunity

* Reduce promotion of mutagens

« Prevent oxidation and formation of some active carcinogens (e.g. nitrosoamine. benzo(a)pyrene)
* Vitamin C and carotenoids reduce in vitro growth of cancer cells

¢ Reduce chemical- and radiation-induced mutations

¢« Modulate cell signalling pathways and affect some oncogene synthesis

In vitro studies have shown that the addition of tocopherol derivatives
or //-carotene to fibroblast cultures reduces the extent of chemically- and radia-
tion-induced transformation. The authors suggest that vitamins may prevent certain
mutations and thus inhibit the process of carcinogenesis. At the same time, there is
evidence that the addition of individual antioxidative vitamins at low concentrations
to tissue cultures may have a procarcinogenic effect. On the other hand, it has been
found that the addition of a mixture of four vitamins: vitamin C, a-tocopherol,
retinoic acid and ~-carotene, inhibits significantly the growth of human melanoma
cell culture and human parotid carcinoma cells (37).

DIETARY ANTIOXIDANT VITAMINS AND CANCER RISK

The comparison of dietary habits of different sub-populations in the USA
(Adventists of the Seventh Day, vegetarians, Mormons) with the incidence and
localisation of malignant neoplasms showed that different amounts of consumed
animal fat, carbohydrates and vitamins, mainly vitamins A and C are correlated
with the incidence of certain types of malignancies. It has been suggested that
consumption of high amounts of antioxidative vitamins may have an anticar-
cinogenic effect. A long-term epidemiological study on large groups of patients
have not explicitly proved that the diet supplementation with antioxidative
vitamins decreases the incidence of neoplastic diseases (25). However, some reports
have confirmed that combined supplementation with vitamins A, C and E may
decrease the risk of chemically induced cancer. In populations at a particularly
high risk of malignant diseases, supplemented with a mixture of vitamins A, C
and E in amounts 2—3times higher than RDA (Recommended Dietary Allowances),
the incidence of cancer was by 13% and mortality by 10% lower. The results
were particularly promising when the diet was rich in fresh vegetables and fruit
containing these vitamins. The risk of lung cancer was 2.6 times higher in the
population of non-smokers who consumed low amounts of yellow and red veget-
ables and fruits than in those with diet rich in these products (95% CI| 0.8—8.3) (4).
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The risk of oral and oesophagus cancers in relation to dietary intake of glutathione,
estimated in a similar way, decreases in individuals who prefer a diet rich in
glutathione consumed in fruits and vegetables (16). It has been demonstrated that
the concentration of vitamin E in blood plasma of lung cancer patients is statistically
lower than in healthy people (14).

The results described here indicate the relationship between active oxygen
species and neoplastic diseases. It would be an oversimplification to associate the
changes in activity/concentration of any antioxidant with pathogenesis of neoplasm.
However, at the present stage, none of the hypotheses should be rejected, as the
mechanisms responsible for neoplastic growth have not as yet been clarified despite
many pronged studies.
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