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Abstract

In almost all types of cancers mild to moderately elevated levels of reactive oxygen species (ROS)
activate oncogenic signaling pathway which facilitates cancer initiation progression, invasion and
metastasis. Extremely high level of ROS generated by conventional cancer therapy damages cancer
cells and leads to cell death. Unfortunately, the ROS-elevating therapeutic approach not only
enhance oxidative stress in cancer cells but also leads to oxidative stress induced toxicity in normal
cells. In cancer ROS play a doubled-edged sword role. Therefore, to limit the undesired side effects
in the normal cells and enhance oxidative stress in cancer cells dietary antioxidants have been
proposed as an adjuvant in cancer therapy. Several clinical and experimental studies have shown
that dietary antioxidants not only reduce the adverse effects of anticancer agents but also increase
the efficacy of conventional cancer therapy. However, some evidences support that antioxidant
supplements during the cancer treatments reduce the effectiveness of anticancer therapy. But till
now there is no strong scientific evidence in support for or against taking antioxidant supplements
during cancer treatment. Therefore, further clinical studies are needed to determine the efficacy of
antioxidants in cancer therapy, their optimal doses and effectiveness in a specific cancer types.
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Introduction

Chronic irritation, infection, or inflammation disturb the redox balance and may lead to pathogenesis in
human. The supraphysiological levels of reactive oxygen species (ROS) in cells, particularly for prolonged
periods, play a major role in many diseases, especially cancers [1]. In cancer cells continuous high levels of
ROS have been detected as a result of oncogenic transformation including alteration in genetic, metabolic,
and tumor microenvironment [2,3]. The ROS induced activation of cellular signaling pathways due to
DNA and protein damage is considered responsible for initiation, development, progression, invasion,
and metastasis of cancers [4,5]. This can be largely attributed to the enhanced activation of growth factor
receptors and disruption of intracellular signaling pathways which may promote cellular proliferation by
inactivation of proto-oncogenes and tumor suppressor genes, angiogenesis, and mitochondrial dysfunction
contributing to cancer development [6,7]. Furthermore, the high level of ROS in cancer cells facilitates the
overexpression of Nuclear factor E2-related factor 2 (Nrf2) which is involved in the regulation of antioxidant
and antiapoptotic proteins [8]. Nrf2 by increasing the expression of antioxidants such as glutathione, catalase,
and superoxide dismutase and antiapoptotic protein Bcl2 inhibit apoptosis and may further promote rapid
growth of the cancer cells [9].

Conventional Anticancer Therapy

Ironically, the therapeutic approaches like chemotherapeutic agents, radiotherapy and photodynamic therapy
used for cancer treatment increases oxidative stress to eradicate tumor cells via targeting multiple oncogenic
signaling pathways. These therapeutic approaches produce high levels of ROS which induce cancer cell cycle
arrest, senescence and apoptosis [10]. Antineoplastic agents also act as an inhibitor of antioxidant systems
along with pro-oxidant properties to increase ROS levels in cancer cells over the threshold to toxicity level.
With this regard, modestly increased ROS are oncogenic, whereas its highly enhanced levels serve as tumor
suppressor [11]. Because of the double-edged sword properties of ROS in determining cell fate, cancer cells
are more vulnerable to further disturbance of their redox status than normal cells. For the cancer cells with
enhanced antioxidant capacity, just the ROS-elevating therapy is not sufficient. The treatment should also
include the inhibition of antioxidant defense system for a successful eradication of cancer. Therefore, both
pro- and antioxidant therapies have been proposed for cancer treatment.

Antioxidants in Cancer Therapy

It is well known that the redox status of the cancer cell which is under stress is different from the normal cell
[12]. Normal cells maintain cellular homeostasis by the endogenous antioxidant machinery which perfectly
makes redox balance between the generation and elimination of excess ROS. Unfortunately, the ROS-
elevating therapeutic approaches used in cancer treatment increase the endogenous ROS threshold level
in cancer cells and might also put normal cells of some organs such as kidney liver and heart vulnerable to
oxidative toxicity, at risk of oxidative damage [13-15]. Therefore, current research demand is to identify the
pharmacological agents which may enhance oxidative stress in cancer cells and prevent normal cells from
oxidative damage.
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Intensive research conducted over the last few years has shown that plant-based foods have high content
of phytochemicals such as flavonoids and polyphenols with chemopreventive properties that target several
key events involved in the development of cancer [16]. Several phytochemicals have shown to improve
the selective killing of cancer cells in animals and cell lines. The antioxidant defense mechanism works by
recognizing the cytosolic redox difference between the normal and stressed cell [17].

Phytochemicals impede tumour progression by acting directly on cancer cells or by modifying the tumour’s
microenvironment, creating physiologic conditions that resist tumour growth [18]. The bioactive food
components such as phenethylisothiocyanate from cruciferous vegetables, curcumin from turmeric, and
resveratrol from grapes have shown to possess strong pro-apoptotic activity against cells isolated from a
variety of tumours. They contribute to the chemopreventive effects by directly inducing cancer cell death
by apoptosis [19]. Studies have shown that epigallocatechin-3-gallate (EGCG), an abundant polyphenol
found in green tea, has chemopreventive properties. It suppresses the proliferation and induces apoptosis
in cancer cells [20]. EGCG has also been reported as an antiangiogenic agent that prevents the formation
of new blood vessel networks required in sustaining the development of cancer by providing oxygen and
nutrients to tumour cells [21,22]. In a similar manner other dietary phytochemicals such as ellagic acid, a
phenolic acid found in high quantities in some fruits, such as raspberries and strawberries, and delphinidin,
an anthocyanidin abundant in blueberries, also possess strong antiangiogenic property [23,24]. These
phytochemicals lead to inhibition of angiogenesis by strongly inhibiting vascular endothelial growth factor
receptor-2 activity and also platelet-derived growth factor receptor, found in perivascular cells [25,26].
Several plants derived bioactive compounds make tumor cells more sensitive to oxidative stress induced by
radiotherapy and chemotherapy by blocking the antioxidant defense in cancer cells. Phytochemicals such as
biochanin A, curcumin, and ellagic acid have been reported to play a vital role in selective killing of cancer
cells in radiotherapy [27]. Curcumin, EGCG and resveratrol, the dietary polyphenols, has been shown to
sensitize cancer cells to chemotherapeutic drugs [28]. It is reported that high doses of dietary antioxidant
may increase the efficacy of anticancer therapy and protect the normal cells from therapy induced side
effects [29]. Moreover, many in vitro and in vive studies have shown that anti-cancer efficacy and scope
of polyphenol action can be further enhanced by combining two or three polyphenols synergistically with
chemically similar or different compounds [30,31].

Although, several in vivo studies and randomized control trials have reported that the combination of certain
chemotherapeutic drugs and phytochemicals could synergistically enhance treatment efficacy and reduce
the adverse side effects of anticancer drugs and may enhance the health status in cancer patients. There is
still considerable controversy as to whether ROS modulation by antioxidant supplementation is clinically
beneficial or detrimental for cancer treatment. Hence, targeting ROS by antioxidants not surprisingly has
yielded mixed results in cancer treatment. It is likely that intake of antioxidants during cancer treatment is
beneficial for some people, yet harmful for others or not all the antioxidant shows beneficial effect [1,27].
Thus, more clinical cancer research studies should be done on the use of antioxidants during conventional
cancer therapy and the determination of optimal doses of antioxidant for a specific cancer type.
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