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Abstract

The potential role of free radicals and associated oxidative stress has been well documented in the
development of many diseases. Free radicals are mainly derived from oxygen (reactive oxygen
species, ROS) and nitrogen (reactive nitrogen species, RNS), under various physicochemical or
pathological conditions. Excessive amount of free radicals eventually attack biomolecules
including proteins, lipids and DNA, thus result in increased oxidative damage, lead to alter the
physiological functions of the cell, play role in the activation of transcription factors, and trigger a
number of human diseases including carcinogenesis. Apart from many dietary components,
mammalian cells have endowed with protective antioxidant defense system, which includes
enzymatic (superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase) and
non-enzymatic (glutathione, vitamin E (tocotrienols and tocopherols), vitamin C) antioxidants.
The present review describes the role of the free radicals in the development of gynecological
cancers and their key factors of the non-specific immune defense mechanism (antioxidants). The
review also emphasizes the different potential applications of antioxidant/free radical
manipulations in prevention and/or control of cancer. The novel and future approaches for better
control of diseases are including gene therapy to produce more antioxidants, genetically
engineered plant products with higher level of antioxidants, artificial antioxidant enzymes, novel

Free radicals; Reactive species

biomolecules and the use of foods enriched with antioxidants.

© 2014 GESDAV

INTRODUCTION

In the last decade there has been a growing interest in
understanding the role of free radicals in biomedicine.
Free radicals are atoms with unpaired electrons such as
reactive oxygen species (ROS) and reactive nitrogen
species (RNS). In popular scientific/biomedical
literature the term ‘free radical’ is used in a broad sense
and also includes related reactive species such as
‘excited states’ that lead to free radical generation or
those species that results from free radical reactions. In
general, free radicals are very short lived, with half-
lives in milli-, micro- or nanoseconds. Some of the
biologically important reactive species are described in
Table 1. ROS are molecules that contain oxygen and
have higher reactivity than ground state molecular
oxygen [1]. The reactive oxygen species includes: the
hydroxyl radical (+OH), the most damaging of this
chemical species; which also include superoxide anions
(0,*); singlet oxygen (*0,); and hydrogen peroxide
(H»0,). ROS can be formed under the aerobic condition
not only during oxidative phosphorylation, through the
action of mixed function oxidases, and as by-products
of normal metabolism by enzymes such as superoxide
dismutase (SOD), NADPH oxidase, and xanthine
oxidase (XO) in neutrophils, but can also be generated
from redox cycling of certain drugs and by radiation
[2]. A well known example for RNS is nitric oxide

(NO), a short-lived endogenous gas that acts as a
signaling molecule in the body. NO was synthesized by
nitric oxide synthase (NOS) and produced by almost all
mammalian cells. Excessive or unregulated NO
synthesis has been implicated as causal or contributor
to some pathophysiological conditions including
cancer. Expression of NOS has been distinguished in
various cancers including cervical, breast, central
nervous system, laryngeal, and head and neck cancers
[3-7].

Providentially, the mammalian cells have endowed by
an antioxidant defense mechanism that allows
equilibrium between the generation of oxidants and
antioxidants. The interrupted condition in between
these two factors develops an oxidative stress, and
despite the antioxidant defense mechanism to
counteract the reactive species-related deleterious
effects, damage to macromolecules occurs as a result of
these reactions. Oxidative damage accumulates during
the life cycle and lead to different pathological
progressions like myocardial infection, atherosclerosis,
neurodegenerative disorders, rheumatoid arthritis, and
cancer [8].

Globally, among several diseases, cancer has become a
big threat to human beings. As per Indian census data,
the rate of mortality due to cancer was high and
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alarming with about 806,000 existing cases by the end
of the last century. Cancer is the second most public
disease in India responsible for high mortality with
about 0.3 million deaths per year. This is owing to the
poor availability of prevention, diagnosis and therapy
of the disease. All cancers have been reported in Indian
population including the cancers of skin, breast, lungs,
rectum, prostate, stomach, cervix, liver, esophagus,
bladder, mouth and blood, etc. [9].

Gynecological (ovarian, endometrial and cervical)
cancers are the most common malignancies among
females in many developing countries. It has been
noticed that 90,000 new cases of gynecological cancer
are reported every year in India [10]. Gynecological
cancers represent a great clinical challenge in oncology.
Since most cases are asymptomatic until the disease has
metastasized, two-thirds are diagnosed with advanced
stage. Hence, most of the gynecological cancers have

the highest fatality-to-case ratio of all women
malignancies [11].
Ovarian carcinoma often is lethal gynecologic

malignancy with epithelial neoplasms in adult women.
In India, approximately 15% of all gynecological
cancers are ovarian malignancy [12] and it represents
the greatest clinical challenge. Riley and Behrman [13]
stated that the role of ROS and antioxidant enzymes,
i.e. copper/zinc SOD (Cu/ZnSOD), manganese SOD
(MnSOD) and glutathione peroxidase (GSH-Px), in
oocyte maturation. It is documented that, oxidative
stress play a major role in ovarian function through the
intensified lipid peroxidation in the pre-ovulatory
Graafian follicle [14]. Paszkowski et al [15] also
demonstrated that GSH-Px may help in maintaining
low levels of hydroperoxides inside follicle, suggesting
a significant role of oxidative stress in ovarian function.
Oxidative stress and inflammatory process have roles
in the pathophysiology of polycystic ovarian disease
and drugs such as Rosiglitazone may be effective by
decreasing the levels of oxidative stress [16].

Endometrial carcinoma is the next most common
subtype of gynecological malignancies representing
15% of cases [17]. Augmented generation of ROS by
peritoneal fluid macrophages, with improved lipid
peroxidation in patients with endometriosis, has been
demonstrated, whereas other researchers have reported
contrary findings [18]. It is well established that
markers of lipid peroxidation such as diminished
peritoneal fluid antioxidants, elevated oxidized
lipoproteins and lysophosphatidyl choline provide
further evidence of oxidative stress in the peritoneal
microenvironment of patients with endometriosis [19].
Increased production of autoantibodies to oxidatively
modified lipoproteins that are antigenic has been
reported in patients with endometriosis. The
investigations of various biomarkers have then revealed

presence of oxidative stress locally and systemically in
patients with endometriosis [20].

Cervical cancer refers to the epithelial malignancy that
arises from the cervix. Cervical cancer is the most
common cancer among women worldwide after breast
cancer. According to the World Health Organization
(WHO) report, globally, cervical cancer comprises 12%
of all cancers in women and it is the leading
gynecological malignancy in the world. Approximately
20,000 new cases were detected in India [21].
Particularly, in Southern India, carcinoma of the uterine
cervix is the most common form of cancer in females
[22]. Recently a report says that there are an estimated
132,000 new cases and 74,000 deaths annually in India
[23].

Carcinogenesis is a multi-step process leading a cell
from normal to pre-cancerous stage and finally to an
early stage of cancer [2]. Cancer development is
characterized by cumulative action of multiple events
occurring in a single cell and can be described as
initiation, promotion and progression. Free radicals can
acts in all the stages of carcinogenesis [24] (Fig.1). In
view of these facts, the present review describes the
role of various types of free radicals or reactive species
and their defense mechanisms in gynecological
cancers. In addition to this, efforts have also been made
to predict new-fangled approaches include gene therapy
to produce more antioxidants, genetically engineered
plant products with increased levels of antioxidants,
artificial antioxidant enzymes, biomolecules with
antioxidant and the use of functional foods enriched
with antioxidants.

FREE RADICAL
GENESIS

Development of cancer is a multistage process
requiring the cumulative action of multiple events that
occur in one cell clone. The role of free radicals in
carcinogenesis and their contribution to the initiation
and progression of the cancer process is well
established [25]. The overall process includes a three
stage model:

-first (initiation), a permanent change occurs in the
genetic material (one somatic cell);

-secondly (promotion), the mutated cell clone expants;

-and finally (progression), malignant conversion into
cancer develops (Fig.1).

MEDIATED CARCINO-

ROS can stimulate carcinogenesis by acting at all three
stages [26]. There is a complex interplay of cytokines,
hormones and other stressors that affects cellular
generation of free radicals; these molecules act further
through the modulation of many transcription factors
and gene expression [19].
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Figure 1. Three-stage model of carcinogenesis: (a) initiation (attack
by ROS/RNS as carcinogens), accumulation of carcinogenic
mutations; (b) progresses through pre-neoplastic (reversible) stages
by the acquisition of more mutations and up regulated cell signaling
(promotion); (c) progression by tumor promoters and development
of angiogenic potential leading to the expression of neoplastic stage
which is an irreversible condition.

Initiation step

In the initial step of the cancer development, a
permanent change in genetic material of one cell is
achieved by DNA mutation. Oxidative DNA damage
can occur through hydroxyl radical generated from
H,0,. Increased oxidative stress, which may in turn
deplete the endogenous antioxidant reserves, is an
important signal leading to Ca?* mobilization. ROS-
mediated Ca®* changes lead to the activation of
endonucleases which can cause DNA fragmentation
during apoptosis [2].

There is a steady formation of DNA lesions in living
cells. Hydroxyl radical and other free radicals attack
upon DNA and generate a series of DNA damage by a
variety of mechanisms. These include sugars and base
modifications, strand breaks and DNA protein cross-
links. Modified DNA base (pyrimidine and purine)
constitute one of the most lesions which has mutagenic
properties being potentially able to damage the genome
integrity [27]. One of the most studied lesions
generated by the modified DNA bases is the guanine-
cytosine — thymine-adenine (G-C — T-A) transver-
sion mutagenesis [28]. Several modified bases which
have also been shown to possess miscoding potentials
and thus perhaps premutagenic properties. Most of
these DNA damages are thought to be prepared mainly
by base excision repair [29]. A large body of evidences
indicated that a direct correlation between 8-OH-Gua
(8-hydroxyguanine) generation and carcinogenesis in
vivo [30]. Furthermore, the G-C — T-A transversion
have been frequently deleted in the tumor suppressor
p53 gene and proto-oncogene ras either through the
inactivation of tumor suppressor gene or the activation
of oncogene; thus, ROS-related mutations may lead to
the initial step in the development of cancer.

Tumor promotion

The effect of oxidative stress is strongly involved in the
promotion of carcinogenesis. A number of tumor
promoters are thought to stimulate endogenous oxygen
radical production by altering cellular metabolic
processes [2]. ROS/RNS can stimulate the expression
of mutated cell clones by temporarily modulating the

gene related to proliferation or cell death. While an
overload from high levels of oxidative stress halts
proliferation by cytotoxic effects, low levels can
stimulate cell division and promote the growth of tumor
cells [31]. Hence, the stimulation of intracellular
production of reactive species is considered the main
way to promote the free radical mediated tumors [32].
In in vitro experiments of Toyokuni et al [33] reported
that, the DNA bindings of p53, activator protein (AP)-1
and nuclear factor (NF)-xB are activated in a reductive
condition and repressed in an oxidative condition.
However certain transcription factors are activated by
oxidation while others are repressed by oxidation [34].

Tumor progression

The progression of carcinogenesis comprises the
acquisition of malignant properties to the tumor cell.
Progression is characterized by accelerated cell
proliferation, escape from immune surveillance, tissue
invasion and metastasis [34]. The generation of large
amounts of free radicals, together with the increase in
the level of oxidatively modified DNA bases, may
attribute to the ability of some tumors to transform
(mutate), inhibit anti-proteases and damage local
tissues [35]. Conversely, the increased levels of
modified DNA bases may contribute to the genetic
instability and metastatic potential of the tumor cells in
fully developed cancers cells [36]. However, another
study reported that, an intense oxidative stress may Kkill
cells; on the other hand, cancer development does not
ensue in response to increased levels of oxidative DNA
damage [37]. Hence, it has been suggested that
oxidative DNA base damage alone may be insufficient
to cause cancer development, or damage over only a
certain range is active and excessive damage may have
an anti-cancer effect by promoting apoptosis [38].

It is a fact that, the healthy individuals, under the
normal conditions produce ROS through their aerobic
metabolism. Hence, cells have developed a wide range
of antioxidant mechanisms to prevent and inactivate the
activity of ROS and then repair cell damage [39].
Under normal health conditions, the unbalance between
ROS and antioxidants leads to the development of
oxidative stress. This oxidative stress plays a key role
in female reproductive tract. Agarwal and Said [39]
reported that, ROS have important roles in the normal
functioning of female reproductive system and in the
pathogenesis of female infertility. ROS can regulate
cellular functions and can impair the intracellular
environment resulting in diseased cells. The excessive
levels of ROS can result in the pathogenesis of female
reproduction leading to development carcinogenesis
through modifying gene expression. ROS such as
O,* are able to diffuse through cell membranes and
alter cellular molecules such as lipids, proteins and
nucleic acids. As a result, multiple consequences like
embryo cell block, mitochondrial modifications, ATP
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Table 1. Reactive oxygen and nitrogen species involved in Carcinogenesis and their interactions

Half-life

Reactive Species Production Interaction Associated cancer
(seconds)
ROS
Hydroxyl radical 9 Produced by increased iron Ciellllely omjsio Lt .“ke . Bronchogenic and
10 o carbohydrates, nucleic acids, -
(*OH) concentration in body lipi f colorectal carcinoma
ipids and proteins

- . 6 Generated in mitochondria Inactivates enzymes containing .
Superoxide (O,+) 10 and cardiovascular system iron-sulfur clusters Colorectal carcinoma
Hydrogen peroxide Produced during large number  Intercats with lipids, protiensand ~ *Hepatocellular

Stable " " N i
(H,0,) of metabolic reactions nucleic acids carcinoma
ﬁrg?:i roxide Stable Reacts with transient metal Intercats with lipid peroxidation Melanoma and other
(F)Q/ 0 OFIJ-I) ions to yield reactive species of poly-unsaturated fatty acids skin cancers
; Generated during
?llgg)l DT 10°® photosensitization and Cellular proteins and lipids *Qvarian cancer
A chemical reaction
RNS
Nitric oxide (NO*) 5 Neurotransmitter and blood Breakdown and deamination of Breast cancer,
pressure regulator nucleic acids *Brain cancer

Peroxynitrite 3 . Activation of cyclooxygenase Breast cancer,
(ONOO") 10 Formed from NO- and O, gene Cervical cancer
(Pgr’\cl)é)g\g;ous Al Fairly stable  Protonated form of ONOO Intercats with neurotransmitters *Gastric cancer

*Indicates the indirect role of reactive species in the development of cancer.

diminution and apoptosis take place [40]. ROS also
induces lipid peroxidation with related effects in cell
division, metabolic transport and mitochondrial
dysfunction. Table 1 shows the involvement of ROS
and RNS in carcinogenesis and their interactions with
different target cells.

FREE RADICALS IN
CANCERS

Free radicals in ovarian and endometrial cancers

Recent epidemiological studies described that oxidative
stress has a causal role in the carcinogenesis of two
histological subtypes of ovarian cancer, namely clear
cell carcinoma (CCC) and endometrioid adeno-
carcinoma (EAC). Because of recurrent hemorrhage in
endometrial cysts, excess of ROS are produced due to
increased iron ions, which results in direct genome
mutation of epithelial cells and exaggeration of
oxidative stress by stromal cells. In endometrial
associated ovarian cancer, genomic changes in specific
genes such as p53, ARID1A, K-ras, PTEN and PI3CA
have been reported [41].

Endometrial cysts are well known lesions in
endometriosis that contain fluid with excess of ferric
iron (Fe*®) because of recurrent hemorrhage in cyst. In
1925, Sampson [42] mentioned the first time on
endometriosis associated cancer. The deposition of
hemosiderin, heme or iron in endometriotic lesions has
been assumed to trigger oxidative damage and chronic
inflammation [43]. In particular, intracellular iron
activates the NF-kB pathway and exaggerates chronic

GYNECOLOGICAL

inflammation [44]. As a result, prominent oxidative
stress or an excess of ROS, is consistently produced.
This process leads to have a causative role in
endometriosis development and progression leading to
carcinogenesis [45]. The high concentration of free iron
in endometrial cysts may directly provide oxidative
stress that induces genomic mutation in epithelial cells
[41]. The excess of iron in experimental animals
enhances the epithelial cell proliferation [46] and
causes malignant tumors with genomic abnormalities
[47], which suggest a similar mechanism leading to
carcinogenesis in human endometriosis. Hence, there is
scientific evidence in the literature that minimal levels
of ROS may be necessary for the development of
gynecological cancers (Fig.2). However, further studies
are awaited to elucidate the precise role of iron-
deposition induced oxidative stress in carcinogenesis of
endometriosis-associated cancer.

Free radicals and oxidative stress have been
inconsistently associated with ovarian cancer risk. The
women’s health initiative (WHI) study performed on
post-menopausal ovarian cancer patients demonstrated
that the intake of dietary antioxidants, carotenoids, and
vitamin A are not associated with a reduction in
ovarian cancer risk [48]. Several risk factors including
usage of oral contraceptives, tobacco products may
influence disease risk [49]. However, these factors are
not modifiable. Experimental evidence suggested that
ovarian cancer patients exhibit significantly elevated
levels of oxidative stress [50]. Patients diagnosed with
ovarian cancers have been shown to have significantly
reduced plasma antioxidants [51] and vitamin A
concentrations. On the other hand these patients show
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Figure 2. Oxidative stress mediated gynecological disorders in
female reproduction. Oxidative stress causes most of the
gynecological disorders namely tubal fertility, polycystic ovarian,
endometrial cyst and embryopathies which finally lead to the
neoplastic condition through the increased risk factors.

increased levels of oxidative stress and induce the free
radical mediated carcinogenesis.

A great effort has been made to understand the effects
of ROS on DNA damage, induction of mutations and
the role of ROS on epigenetics [52]. Most of the signal
transduction factors are highly prone to free radical
damage resulting in altered function and have been
implicated in the activation of transcription factors.
Through their ability to stimulate cell proliferation and
either positive or negative control of apoptosis,
transcription factors can arbitrate many of the
physiological and pathological exposures.
Hypoxia-inducible factor (HIF)-1 is a heterodimeric
transcription factor that plays an important role in
signaling and cellular oxygen levels. HIF-1 has been
implicated in ROS-induced carcinogenesis of breast,
bladder, colon, ovarian, hepatocellular, pancreatic,
prostate and renal cancers [53]. Rankin and Giaccia
[54] reported that, elevated HIF-1 expression correlates
with poor outcome in patients with nasopharyngeal,
colorectal, pancreatic, breast, cervical, endometrial,
ovarian, bladder, gastric carcinoma and glioblastoma.
Some of the findings highlighted that HIF-1 activation
is a common event in cancer. Emerging evidence
indicates that ROS produced by mitochondrial
complex-I1l are required for hypoxic activation of
HIF-1 [55]. Hence, ROS are considered to be activators
of HIF-1 in hypoxic tumors.

Free radicals in cervical cancer

A large number of evidence indicates that infection
with the sexually acquired human papillomavirus
(HPV) is the primary risk factor for cervical cancer and
plays a key role in cervical carcinogenesis [56]. Few

prospective studies suggests that HPV infection alone
may not be sufficient to promote cervical
carcinogenesis and a number of co-factors such as
smoking, oral contraceptives, deficiency in antioxidants
and inflammation are involved in the development of
cancer [57].

Risk factors like cigarette smoking [58] co-infection
with bacteria (Chlamydia trachomatis) [57] and
cervical inflammation [59] are associated with elevated
load of oxidative stress and have been shown to be
independently associated with either HPV persistence
or grade 2/3 cervical intraepithelial neoplasia
(CIN 11/111) and cancer. Oxidative stress is implicated
in the pathogenesis of cancer; generally two
mechanisms contribute to an increase in oxidant load,
either excessive generation of ROS or inadequate
antioxidant defense [60]. ROS appear to have a key
role in cell signaling by activating AP-1 and NF-kB
(transcription factors), cell proliferation and apoptosis
[61] (Fig.3). These findings are particularly relevant to
cervical carcinogenesis when viral replication,
expression of HPV-16 E6 and E7 proteins, cell
proliferation and apoptosis are important events in
cervical carcinogenesis. Using invitro and in vivo
models, scientists have demonstrated that ROS
increases the viral titer [62] and infectivity of the
influenza virus. In invitro studies, increases in the
cellular oxidative load have been shown to increase the
human immunodeficiency virus (HIV) replication [63].
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Figure 3: Oxidative stress mediated cancer development in
gynecological tissues. Biological, chemical and physical factors
mediated free radicals, damages the biomolecules of gynecological
tissues/cells (epithelial and connective tissues). The damaged
biomolecules initiates the neoplastic cells through the up-regulation
of transcriptional factors and inactivation of tumor suppressor genes.
The damaged biomolecules also alters the functions of DNA repair
proteins, apoptic modulators, metabolic enzymes and signaling
pathways induces the neoplastic condition.
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AP-1 is a central transcription factor for the expression
of oncoproteins E6 and E7 of the oncogenic HPV
which can be activated by ROS. It is believed that this
effect is to be due to the ROS-activated NF-kB, as a
nuclear transcriptional factor that is required for the
replication of HIV [63]. It is well documented that the
NF-kB has a functional binding site in the HPV
upstream regulatory region (URR) and its effect on
HPV gene expression is currently being investigated.
Previous findings suggest that inhibition of NF-kB will
up-regulate HPV gene expression and, vice versa,
activation of NF-kB will down-regulate expression
[64]. One of the recent study also reported that the
levels of ROS and expression of NF-kB and p53 were
higher in nasopharyngeal carcinoma tissue than those
in normal nasopharyngeal tissue [65]. Wang et al [66]
reported that 25.4% of cervical cancers, 48.4% of
endometrial cancers, 21.9% of ovarian cancers and
29.4% of breast cancers shows that one or more
mitochondrial microsatellite instability (mtMSI), which
was frequently detected in the D-loop region but rarely
occurred in the coding region [67] reported that the
mutation in the D-loop takes part in carcinogenesis and
progression of cervical cancer through the effect of
increased ROS. Wei et al [68] reported that, NO acts as
a molecular co-factor with HPV infection in cervical
carcinogenesis. In another study, Wei et al [69] also
found that the presence of HR-HPV is associated with
an increased release of NO in the human uterine cervix
and that physiological dose of NO could endorse
malignant progression of HPV-infected cells in vivo.
They also stated that, various epidemiologically
defined co-factors for cervical cancer increase NO
levels in the cervical microenvironment of cervix [68].
This increase in NO induces earlier mMRNA expression,
declined retinoblastoma protein (pRb) and p53 levels,
low p53 activity, and apoptotic indices in HPV-infected
cells in the cervix, consequently resulting in increased
survival of mutant cells and leading to carcinogenesis.

Epidemiological studies have revealed a number of risk
factors like smoking, multiparity, long-time usage of
oral contraceptives pills, chronic inflammation and
other sexually transmitted infections (e.g., Chlamydia
trachomatis and herpes simplex virus (HSV) type 2)
[70]. Interestingly, all these co-factors increase the NO
levels in the microenvironment of uterine cervix [71].
Significantly increased levels of NO were observed in
serum of patients with cervical cancer as compared to
healthy controls [72]. Increased NO levels and markers
of NO-mediated mutagenesis have been observed in the
cervixes of women with CIN [73]. All these findings
suggested that NO has potential mutagenic and
carcinogenic activity in cervical cancer.

Antioxidants against to free radicals

Nature has endowed each biological cell with adequate
protective mechanism against any harmful free

radicals. In the 19™ and early 20" century the term
antioxidant has been referred specifically to a chemical
that prevents the consumption of molecular oxygen.
Literally the term antioxidant defines the ‘against to the
oxygen’ or so called antioxygen. A well-established
research has been developed on the antioxidants which
protect cells against the damaging effects of ROS, such
as singlet oxygen, peroxyl radicals, superoxide and
hydroxyl radicals, and RNS, such as peroxynitrite and
nitric oxide [74]. There are two types of antioxidants:
enzymatic and non-enzymatic: enzymatic antioxidants
are also known as natural antioxidants, act by
neutralizing excessive reactive oxygen species, and
prevent it from damaging the cellular structure. They
are composed of catalase (CAT), glutathione redutase
(GR), GSH-Px and SOD, which causes reduction of
hydrogen peroxide to water and alcohol [39].
Superoxide dismutase and glutathione peroxidase are
natural antioxidants present in organisms which
eliminate some ROS and glutathione peroxidase
catalyzes the reduction of peroxide by oxidizing
glutathione (GSH) to oxidized glutathione [74]. Non-
enzymatic antioxidants are synthetic antioxidants or
dietary supplements [39].

The body’s antioxidant system is influenced by dietary
intake of antioxidant, vitamins and minerals such as
vitamin C, vitamin E, selenium, zinc, taurin,
hypotaurin, glutathione (GSH), beta carotene and
carotene [75] Vitamins C and E are not produced in the
body but must be obtained through diet. GSH is
produced by the body, but levels of this antioxidant
decline with age [76]. Vitamin E has been considered
as a natural antioxidant that reacts with soluble free
radicals in lipids membranes which prevents the
process of lipid peroxidation, as antioxidants reduce
agents that disrupt the oxidative chain reactions, often
by scavenging ROS before they can cause damage to
the cells [77]. This vitamin protects lipids from
peroxidation, while being oxidized to tocopheryl
quinone or into tocopheroxyl free radical. In both cases,
it is reduced by ascorbate (vitamin C), which is
afterwards oxidized into dehydroascorbate or a-
ascorbate free radical.

Either enzymatic or non-enzymatic antioxidant
mechanisms are rapidly attacking the radical and
thereby terminate its damaging pathways. This
mechanism presumes that the resulting antioxidant
derived radical is a ‘harmless’ one, i.e. the reactivity of
the antioxidant radical toward typical biomolecules
must be low [78].

ANTIOXIDANT ENZYME LEVELS IN CANCER

There is large epidemiological evidence that have
shown inverse correlation between the levels of
established antioxidants/phytonutrients present in
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tissue/blood samples and occurrence of cancer.
However, some recent meta-analysis shows that
supplementation with single antioxidants may not be
that effective [79]. Based on the majority of
epidemiological ~and  case  control  studies
recommendations were made for the daily dietary
intake of some established antioxidants like vitamin E
and C. Antioxidants may act invivo to decrease
oxidative damage to DNA, protein and lipids; thus,
drop the cancer risk [80]. These include SOD that
catalyses the dismutation of superoxide to H,O,, and
CAT that breaks H,0, down to water [81].

How antioxidant mediated treatment could protect
normal cells against damage from treatment, while
often increasing their cytotoxic effect against cancer
cells?

There are two concepts which explain this question;
one is the recent evidence that radiation and
chemotherapy often harm DNA to a relatively small
extent, which causes the cells to undergo the process of
apoptosis, rather than necrosis [82]. Hence, many
antioxidant treatments induce apoptotic pathways [83];
the potential exists for a synergistic effect with
radiation or chemotherapy with antioxidants.

A second concept is that the defensive mechanisms of
many cancer cells are known to be decreased. This
apparently makes tumor cells unable to use the extra
antioxidants in a repair capacity; this has been
illustrated invitro [83]. The cellular changes would
ideally, enhance tumor cell Kkilling, largely by
apoptosis, and reduce the probability of normal cell
death. Antioxidant enzymes and detoxifiers have the
ability to inhibit tumor initiation and promotion in vivo
and invitro [1]. Other studies in association with
antioxidant status in human cervical carcinoma showed
a significant reduction in the content of GSH, vitamin E
and C, GSH-Px and SOD when compared to normal
controls. The reduction was more marked in late stages
(11, 1V) than in early stages (I, 1I) [26]. However, at
early stages, the activities of antioxidant defense
enzymes SOD and CAT in Jamaican women with
cervical cancer, showed no substantial changes in the
GSH and SOD levels in patients compared to that of
controls (normal healthy women). On the contrary,
CAT activity was significantly higher in patients than
that of the controls [2]. Dasari et al [84] also reported
similar results indicating elevated lipid peroxidation
and impaired antioxidant status in cervical cancer
patients.

The increased activity of SOD in some tumor cells is
not a characteristic of all tumors [85]. Thus, MnSOD is
reduced in a variety of tumor cells and the lowest
activity of total SOD (Cu/ZnSOD and MnSOD) has
been associated with fastest growing tumor [86].
MnSOD constitutes an enzyme with variable activity in

tumors. A significant overexpression of MnSOD has
been found in colorectal and gastric adenocarcinoma.
Similarly, other studies have revealed a significant
increase of MnSOD mRNA in both esophageal and
gastric cancers, compared to normal tissue [87]. It is
well established that the individual variability of SODs
due to polymorphisms may predispose to carcino-
genesis. MnSOD  polymorphisms have been
investigated in several types of malignancies namely
lung cancer, mesothelioma, breast cancer and colon
carcinoma. The primary MnSOD polymorphism
studied is the presence of valine or alanine (Val/Ala) at
position 16 in the MnSOD-targeting sequence for the
mitochondria [88]. Therefore MnSOD polymorphism
seems to be the main role in the abnormal expression of
SOD in different cancers.

Several investigations have reported the preventive role
of selenium against cancer in a variety of organs and
species. In fact, regarding the association between low
selenium level and advanced tumor disease, it needs yet
to be decided whether this phenomenon is more likely
to be a consequence or a causative factor for
development and course of the disease [89].
Subramanyam et al [90] also reported that, the
antioxidant activity was directly proportional to the
levels of serum selenium, which indicates that selenium
is one of the key components of the antioxidative
mechanism. Selenium exerts its chemopreventive
defense mechanism against oxidative damage by
scavenging the ROS and improves the synthesis of
enzymatic antioxidant GSH-Px [91]. Decreased levels
of reduced/oxidized glutathione (GSH/GSSG) ratio in
blood were observed in patients with breast and colon
cancers. These decreased levels of GSSG were
especially recorded in advanced stages of cancer
progression. This is may be due to the increased
peroxide generation, which leads to an affectation in
the GSH-related enzymes, and an increased GSSG
release from different tissues within the red blood cells
[92]. In fact, these high GSH and peroxide levels in the
cells have been reported when a substantial
proliferative activity exists. On the other hand, this
antioxidant content decreases when cell proliferation
and the rate of protein synthesis in the tumor decreases
[93].

Antioxidants in cancer therapy

Antioxidants enzymes prevent cellular damage by
reacting with and eliminating oxidizing free radicals.
Usage of antioxidant in cancer treatment is a rapidly
developing area, because they have been extensively
studied for their ability to prevent cancer in humans
[94]. However, in cancer treatment, a mode of action of
certain  chemotherapeutic  agents involves the
generation of free radicals to cause cellular damage and
necrosis of tumor cells. Hence, a concern has logically
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developed as to whether exogenous antioxidant
compounds taken concurrently during chemotherapy
could reduce the beneficial effect of chemotherapy on
tumor cells. The importance of this concern is
underlined by a recent study which estimates 23% of
cancer patients take antioxidants [95]. The primary
focus of either chemo- or radiotherapy is to produce
irreversible DNA damage in tumor cells that will
prevent their replication and lead to their demise [96].
Cancer patients with antioxidant supplementation can
alleviate the toxicity and improve long-term outcome.
The modulating effects of antioxidants in treatment
depend on a wide range of factors, including the
metabolic state of the patient, the stage and site of the
disease, and the modality being used. Another course of
action is to alter cellular homeostasis and modify signal
transduction pathways and disposition to apoptosis.

Antioxidants in chemotherapy

Anticancer or chemotherapeutic drugs work by
affecting DNA synthesis; they do not Kill resting cells
unless those cells divide soon after exposure to the
drug. Therefore, the efficacy of anticancer drugs used
in chemotherapy is limited by the fraction of actively
dividing cells. Most anticancer drugs do not rely on
ROS, although a few produce free radicals that play a
role in treatment; these include bleomycin, doxorubicin
(adriamycin) and cisplatin. Although bleomycin is
more toxic to oxygenated cells, similar to x- and y-rays,
doxorubicin is preferentially toxic to hypoxic cells [96].
Antioxidant protection of normal cells in all treatments,
even when the mechanism of the chemotherapeutic
drug is independent of free radical action, help to
maintain the health of normal tissues and protect them
from the toxic effects of free radical-producing
cytokines that circulate in cancer patients and increase
with the severity of the disease [97]. Gautam et al [98]
reported that, decreased antioxidants were increased in
ovarian cancer patients after 6 weeks of chemotherapy
treatment.

Antioxidants in radiotherapy

Radiotherapy uses ionizing radiation (x- and y-rays) to
induce cancer cell death through free radical formation.
There are two mechanisms; the first mechanism is
apoptosis which results in cell death within a few hours
of radiation, and the second one is radiation-induced
failure of mitosis and the inhibition of cellular
proliferation which kills cancer cells. The principal
target of radiation is considered to be cellular DNA.
However, experimental studies indicate the signals for
apoptosis can be generated by the effect of radiation on
cell membranes through lipid peroxidation. This
indicates an alternate mechanism to the hypothesis that
DNA damage is required for cell death [99]. About two
thirds of x- and y-ray damage is caused by free radicals
that kill tumor cells but threaten the integrity and

survival of surrounding normal cells. Radiation induces
mitotic cell death in dividing cells and activates
pathways that lead to death by apoptosis in interphase
cells and differentiated cells. Response to radiation
depends on the type, dosage and time intervals of
radiation, inherent tissue sensitivity, and intracellular
factors that include position in the cell cycle,
concentration of oxygen, thiols and other antioxidants
[100].

Combinations of antioxidants

Combinations of antioxidants have been shown
synergistic anti-tumor effects in vivo. Combinations of
antioxidants with chemotherapy and radiation have
been shown to increase survival time and reduce
toxicity in humans. Whelan et al [101] reported that co-
administration of beta carotene and alpha-tocopherol
led to much greater tumor regression than either agent
alone. During the treatment of radiation, the cancer
infected epithelial cells were shrinkage and tumor size
was reduced. Hence, the radiotherapy along with
chemotherapy kills and decreases the size of cancer
cells which facilitate the significant alterations
(increased) in the development of antioxidant system,
which is not possible in case of chemotherapy alone.
Dasari et al [84] reported that significant upsurge was
observed in antioxidant levels between the patients
treated with radiotherapy and chemotherapy than the
patients treated with chemotherapy alone. Hence, the
combinational ~ treatment  of  radiation  with
chemotherapy in cervical cancer causes sensitization to
antioxidants. An open trial of combination antioxidant
treatment along with chemotherapy and radiation in
patients with small-cell lung cancer had encouraging
results with greater two-year survival rate than that of
patients received normal treatment [99].

NOVEL APPROACHES TO REDUCE FREE
RADICAL DAMAGE AND FUTURE PROSPECTS

Several new approaches were developed for the study
of free radicals/antioxidants for the improvement of
human health. A number of physiological and genetical
changes occur in cancer patients, even in the absence of
degenerative conditions. Recent studies have found
associations between the decline of free radicals and
lower status of antioxidants.

The experimental, clinical, and epidemiological studies
support the notion that consumption of foods obtaining
high levels of dietary antioxidants (Table 2), in addition
to exerting several health benefits, may reduce the risk
of free radical mediated cancer or other diseases.
Different naturally derived SOD mimetics are well
suited for a drug because of having much lower
molecular weight, being more stable, and seeming not
to elicit an immune response in the body. SOD
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Table 2. Dietary antioxidants and their interactions

Antioxidants

Mode of action on cancers

Chemical drugs as antioxidant supplements
1 Vitamin C

2 Vitamin E

3  B-carotene

4 Selenium

Dietary antioxidant supplements (vegetables and fruits)
Carrots, green vegetables

Cruciferous, vegetables, yellow
vegetables and tomatoes

5
6
7 Allium vegetables (garlic, onions)
8 Greentea

9 Apples

10 Apricots

11 Banana

12 Mustard apple

Regenerates active a-tocopherol (vitamin E) by reducing its radical form

Transport and storage depend on selenium; absorption is reduced when vitamin A
and B-carotene levels are high — gynecological cancers

Conversion to vitamin A requires vitamin E
Synergistic with vitamin E — gynecological cancers

Carotenoids - breast cancer
Rich in lycopene — prostate cancer

High levels of antioxidant organosulfur compounds — gastrointestinal cancer
Rich in polyphenols — breast, ovarian and cervical cancers

Quercetin, an antioxidant abundant in apples (equals to vitamin C)

The high B-carotene content

Vitamins B and C

Antioxidants — reduce the side effects of chemotherapy

Extracted from Borek [96].

mimetics also have ability to increase antitumor effects
of interleukins, besides being efficient radioprotectors
[8]. Development of genetically engineered plants, to
yield vegetables with higher level of compounds is
another approach to increase antioxidant availability.
Tomatoes with up to three times lycopene
concentration as well as with longer shelf life were
developed. ‘Orange cauliflower’ is found to be rich in
carotene. Intake of fruits and vegetables with ORAC
(oxygen radical absorbance capacity) values between
3000 and 5000 per day is recommended to have
significant impact of the beneficial effect of
antioxidants [102].

One of the major applications of nanotechnology in
biomedicine was the production of bioactive
nanoparticles. Nanoparticles can be engineered as
nanoplatforms for effective and targeted delivery of
drugs and imaging labels by overcoming the many
biological, biophysical, and biomedical barriers [103].
To avoid problems of cancer chemotherapy and
increase the absorption of drugs in the exact target
sites, nanotechnological targeted cancer chemotherapy
has been proposed. Nanotechnological based system
includes nanoparticles, nanofibers, nanocapsules,
nanorods, nanocrystals, nanotubes, stealth
nanoparticles, liposomes, stealth liposomes, pH and
temperature sensitive liposomes, etc. All such delivery
materials implies selective and effective localization of
pharmacological active moiety at pre-identified (e.g.
over expressed receptors in cancer) targets in
therapeutic concentration while restricting its access to
non-target sites, thus, reduces toxicity, maximizes
therapeutic index as well as improves the
biodistribution of the drug, which is a major factor in
success of cancer chemotherapy [104].

CONCLUSION

Free radicals have been implicated in the etiology of
large number of cancers, especially gynecological
cancers. They can adversely alter many crucial
biological molecules leading to loss of structure and
function. Such undesirable changes in the women
reproductive system can lead to conditions through
ROS or RNS, known as gynecological cancers.
Antioxidants can protect against the damage induced
by free radicals at various levels. Either enzymatic or
non-enzymatic antioxidants act as scavengers against
free radical induced damage. Excessive intake of foods
with functional attributes including high level of
antioxidants is one strategy that is gaining importance
in advanced countries and is making its appearance in
our country (India). It is important to note that the
traditional Indian diet and medicinal plants are rich
bases of natural antioxidants. Harmonized research
involving scientists, nutritionists and physicians can
make significant variance to human health in the
coming decades. Investigation on free radicals and
antioxidants is one such effort in the right direction.
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