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Abstract 

The imbalance production of free radicals and reactive metabolites known as reactive oxygen species (ROS) and their 
elimination, will developed oxidative stress. ROS are playing dual roles as deleterious or beneficial species. At low level, 
they act as messengers in cell signaling and play a role in maintaining homeostasis whereas at higher concentration will 
cause cellular redox imbalance. This event is commonly occurred in cancer cells compared to normal cells. The oxidative 
DNA damage occurs as a result of elevated level of ROS causing single or double strand DNA breaks, replication errors, 
base modification, base oxidation, DNA cross-linking which leads to cell dysfunction and cell death. Taking antioxidant 
such as polyphenolic compounds is believed to exert anticancer effect due to ROS manifestations. Studies with flavonoids 
compounds exerted anticancer activity through modulation of ROS-scavenging enzyme activities, cell cycle arrest, induction 
of apoptosis, autophagy, and suppression of cancer cell proliferation and invasiveness. However, the mechanisms responsible 
for this anticancer effect have not been fully understood. Most of the laboratory and animal studies exhibited increased 
levels of exogenous antioxidants which prevent the types of free radical damage associated with cancer development. Few 
clinical studies in human were conducted with aim to observe possibilities of lowering risk of developing or dying from 
cancer upon taking dietary supplements. The dietary antioxidant supplements which were tested on human subjects were 
beta carotene, tocopherol, alpha tocopherol, vitamin C, selenium and zinc. These studies have yielded mixed results. In 
some preclinical studies, antioxidants have been found to promote tumor growth and metastasize. In tumor-bearing mice 
the supplements given had increased the ability to circulate tumor cells to metastasize. In conclusion, the mechanism 
of antioxidant action in cancer treatment is poorly understood. Many factors need to be considered before taking or 
giving antioxidant supplement since there were reports pertaining to benefits and disadvantages of antioxidant in cancer 
treatment.  
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Introduction

Oxidative stress is developed when the production of 
free radicals and reactive metabolites and their elimination 

by protective mechanisms (antioxidants) are in imbalance 
state. The free radicals or reactive metabolites are so-called 
oxidants or reactive oxygen species (ROS). This imbalance 
leads to damage of important biomolecules and cells, with 
potential impact on the whole organism [1]. ROS play vital 
roles in stimulation of signaling pathways in plant and 
animal cells in response to alterations of intracellular and 
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extracellular environmental conditions [2].

The generation of ROS are contributed by endogenous 
sources such as products of respiratory chain function in 
mitochondria and NADPH oxidase (NOX) enzymes on the 
plasma membrane [3]. Mitochondria are the major source 
of cellular ROS in which the production of O2- mostly taking 
place. Hence this review will discuss about the role of ROS in 
modulating the anticancer effects upon the administration of 
antioxidant in few studies conducted previously.

During oxidative phosphorylation, small number 
of electrons from electron transport chain leak forming 
superoxide radical (O2-) [4]. NOX enzymes become another 
source of O2- by catalyzing the generation of intracellular 
and extracellular O2- from O2 and NADPH [5]. In general, 
the NOXs family consists of 7 members including Nox1-
Nox-5 and Duox1/2 which each member is specialized to 
produce certain kind of ROS. Nox-1, Nox-2, Nox-3 and Nox-5 
exclusively produce O2- while Nox-4 and Duoxes directly form 
hydrogen peroxide (H2O2) [6].

Source of ROS and its Role

ROS also can be generated exogenously by physical 
and chemical agents including cigarette smoke, ozone, 
ionizing radiation, drugs and heavy metals. Cigarette smoke 
may produce ROS because it contains many oxidants, free 
radicals and organic compounds such as superoxide and 
nitric oxide. Exposure to ozone can cause lipid peroxidation 
and induce influx of neutrophils into the airway epithelium 
[7]. Ionizing radiation is one of the carcinogens that involves 
in all stages of carcinogenesis process. The production of 
ROS from radiolysis of water resulting in DNA damage that 
leads to mutation of gene and cancer. Therapeutic agents 
such as antineoplastic drugs become another source of 
ROS. The mechanism of certain drugs like cisplatin and 
adriamycin produce high levels of ROS causing DNA damage 
and cell death [8]. Exogenous ROS also resulted from heavy 
metals (Cd, Hg, Pb, Fe, As). These compounds absorb into 
human body through different routes, then decomposed or 
metabolized into free radicals [9].

ROS are playing dual roles as deleterious or beneficial 
species. They are essential component as they involved in 
various biological processes of living organisms. At low level, 
they act as messengers in cell signaling and play a role in 
maintaining homeostasis. However, when excessive ROS are 
generated and accumulated in cells, they will cause harmful 
effect which termed as oxidative stress [10]. Oxidative stress 
occurs when there is an overproduction of ROS on one side 
and the other side has deficiency of antioxidants that results 
in disturbance in the equilibrium status of prooxidant/
antioxidant reactions in living organisms. As consequences, 

the excess of ROS can cause oxidative damage to the cell 
membrane, lipid, protein, and DNA that inhibit their normal 
function [11]. Excessive hydroxyl radical and peroxynitrite 
can cause damage to the cell membranes and lipoproteins 
by lipid peroxidation process. This reaction consequently 
results in the formation of malondialdehyde (MDA) and 
conjugated diene compounds that are cytotoxic and 
mutagenic. Moreover, damage to the proteins leads to their 
structural changes and loss of enzyme activity.

Oxidative damage to DNA may also lead to the formation 
of different oxidative DNA lesions thus can cause mutations 
[12]. Because of this, oxidative stress has been implicated 
in various pathological conditions such as inflammatory 
diseases (arthritis, vasculitis, glomerulonephritis, lupus 
erythematous, adult respiratory diseases syndrome), 
ischemic diseases (heart diseases, stroke, intestinal 
ischemia), hemochromatosis, acquired immunodeficiency 
syndrome, emphysema, organ transplantation, gastric ulcers, 
hypertension and preeclampsia and neurological disorder 
[13].

ROS and Cancer

Cancer is a multistage process, mediated by endogenous 
and exogenous stimuli resulting cellular and molecular 
changes that transform a normal cell into malignant 
neoplastic cell. ROS are considered as oncogenic because 
they have been implicated in initiation, progression, and 
metastasis of cancers. ROS can cause cellular redox imbalance 
(Figure 1) which is commonly occur in cancer cells compared 
to normal cells. It is well known that oxidative DNA damage 
is responsible for cancer development [12]. In this context, 
ROS can induce tumor development by direct DNA damage 
during carcinogenic transformation such as catalyzing the 
modified DNA base 8-OHdG, resulting in mutation [14].
 

Figure 1: Imbalance between antioxidant and reactive 
oxygen species.

Oxidative DNA damage occurs due to elevated level of 
ROS causing single or double strand DNA breaks, replication 
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errors, base modification, base oxidation, DNA cross-linking 
which leads to cell dysfunction and cell death. Consequently, 
the mutated DNA which if not repaired will lead to genomic 
instability and thus, cancer. High level of ROS also can affect 
various signaling pathways and activates transcription 
factors such as Nuclear factor erythroid 2-related factor 
2 (Nrf2) and Nuclear factor-kappaB (NF-kB), resulting 
altered gene expression patterns that mediate the cancer 
progression [15].

Antioxidants Beat The Cancer Cells?

Antioxidants are chemicals that interact with and 
neutralize free radicals, thus preventing them from causing 
damage. Antioxidants are also known as “free radical 
scavengers.” Human body is naturally complemented with 
antioxidant defense to combat and prevent oxidative stress. 
The adverse damage caused by oxidants can be reduced 
by antioxidants by crumbling them before they react with 
biological targets, thus preventing chain reactions or 
preventing the activation of oxygen to the highly reactive 
products [16]. A substance is considered as an ideal 
antioxidant if it is readily absorbed by body, prevent, or 
quench free radical formation or chelate metals. It also 
works in aqueous and membrane domains and affect gene 
expression [17].

Antioxidants can be classified into enzymatic antioxidant 
and non-enzymatic antioxidants system. Enzymatic 
antioxidant consists of superoxide dismutase (SOD), catalase 
(CAT), gluthatione peroxidase (GSHPx) and gluthatione (GSH) 
dependent enzymes. Non enzymatic antioxidants further 
can be divided into metabolic and nutrient antioxidants. 
Metabolic antioxidants are endogenously produced by 
metabolism in the body such as GSH, lipoic acid, L-arginine, 
coenzyme Q10, melatonin, uric acid, and bilirubin. Nutrient 
antioxidants are obtained exogenously as a part of diet or 
through dietary supplements including vitamin E, vitamin 
C, carotenoids and polyphenols [18]. Consumption of these 
compounds also does not neutralize free radicals but may 
enhance endogenous activity. Endogenous antioxidants 
are important for maintaining optimal cellular functions. 
However, in certain conditions that promote oxidative stress, 
the endogenous antioxidants are not sufficient. Thus, the 
exogenous antioxidants need to be supplied to maintain the 
optimal cellular functions [19].

The antioxidants can also be categorized based on 
their size. The small-molecule antioxidants such as vitamin 
C, vitamin E, carotenoids, and GSH neutralize the ROS in a 
radical scavenging process and carry them away. While 
the large-molecule antioxidants are enzymes (SOD, CAT, 
and GSHPx) and sacrificial proteins (albumin) most likely 
absorb ROS and prevent them from attacking other essential 

proteins. The other way to categorize the antioxidants is 
according to their solubility in the water or lipids. They can be 
categorized as water-soluble and lipid-soluble antioxidants. 
The water-soluble antioxidants (e.g. vitamin C) are present 
in the cellular fluids such as cytosol, or cytoplasmic matrix 
whereas the lipid-soluble antioxidants (e.g. vitamin E, 
carotenoids, and lipoic acid) are predominantly located in 
cell membranes [20].

There is increasing evidence from many studies that 
numerous flavonoids such as daidzein, flavanone hesperetin, 
and many others, exerted anticancer activity through 
modulation of ROS-scavenging enzyme activities, cell cycle 
arrest, induction of apoptosis, autophagy, and suppression 
of cancer cell proliferation and invasiveness [21,22]. As an 
example, daidzein induced apoptosis in the hepatocellular 
carcinoma cell line, HCCSK-HEP-1 via Bcl-2 homologous 
antagonist killer (Bak) upregulation and downregulation of 
anti-apoptotic proteins, resulting in cytochrome c release 
from mitochondria and activating subsequent apoptotic 
pathway involving caspases 3 and 9 [23]. However, the 
mechanisms responsible for this anticancer effect have yet 
not been fully understood and further studies are required 
to be done.

Apart from that, phenolic compounds such as gallic acid 
are also able to introduce potent anticancer effect in cancer 
cells. These are primarily due to the ability to induce cell 
cycle arrest, inhibit oncogenic signaling cascades controlling 
cell proliferation, angiogenesis andapoptosis, modulate ROS 
levels, promote tumor suppressor proteins such as p53, 
and enhance the ability to differentiate and transform into 
normal cells [24]. In this, phenolic compounds, gallic acid 
was chosen as candidate to be combined with cisplatin.

Generally, polyhydroxy phenolic or polyphenols 
compound present in nature in the form of conjugated 
structure with one or over sugar residues linked with a 
hydroxyl group of phenol. Gallic acid or also known as 3,4,5- 
trihydroxybenzoic acid is a naturally occurring polyhydroxy 
phenolic compound that can be found in various natural 
products, such as green tea, grapes, strawberries, bananas 
and many other fruits [25]. It was first identified and isolated 
from plants in 1786 by a famous Swedish chemist named 
Carl Wilhelm Scheele. His discovery leads to more studies 
and reports pertaining to the compound together with its 
derivatives done by other researchers which provided the 
understanding towards properties, mechanism of actions 
and benefits of gallic acid [26,27].

Gallic acid was reported to have anticancer activities in 
many types of cancer cells including HeLa [26,28]. Moreover, 
there are abundant source of gallic acid from plant-based 
natural product. Thus, it was chosen as candidate to be 
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treated on HeLa cells combined with cisplatin to potentiate 
chemotherapeutic activity of platinum agent used in cancer 
treatment [29]. Gallic acid is one of the polyphenolic 
compounds which can exert anticancer effects through a 
broad range of mechanisms including inhibition of cancer 
cells proliferation by modification of signaling pathways, 
inhibition of cell cycle events, and apoptosis induction [30]. 
Several studies have demonstrated anticancer activity in 
various cancer cells, such as gastric, breast, prostate, lung, 
colon, oesophageal and most importantly in cervical cancer 
[10,31]. Previous studies reported that gallic acid single 
treatment on cancer cells can trigger robust apoptosis, 
characterized by hallmarks of apoptosis, such as cytochrome 
c release from mitochondria to cytosol, caspase-3 activation, 
nuclear condensation, cell shrinkage, and plasma membrane 
blebbing [32]. Treatment with gallic acid for 24 hours 
showed significant cell viability reduction in the HeLa cells 
[28]. The cultured cells treated with varying concentrations 
(0, 10, 15, 20, 25, 30 and 40 μg/ml) of gallic acid for 24 hours 
significantly reduced the cell viability in a dose-dependent 
manner. Gallic acid was capable to reduce the cell viability to 
66% at the concentration of 15 μg/ml.

Most of the laboratory and animal studies conducted 
previously exhibited increased levels of exogenous 
antioxidants which prevent the types of free radicals 
damage associated with cancer development. Then further 
investigations were conducted in human to observe the 
potentials in lowering risk of developing or dying from 
cancer upon taking the dietary supplements. There are many 
observational studies including case–control studies and 
cohort studies, have been conducted to investigate whether 
the use of dietary antioxidant supplements is associated with 
reduced risks of cancer in humans. Overall, these studies 
have yielded mixed results [33] due to insufficient control for 
biases that possibly influence study outcomes.

The biases in observational study could be resolved 
in randomized controlled clinical trials and considered 
to provide the strongest and most reliable evidence of 
the benefit and/or harm of a health-related intervention. 
The dietary antioxidant supplements which were tested 
on human subjects were beta carotene, tocopherol, alpha 
tocopherol, vitamin C, selenium and zinc [34-37]. Overall, 
the randomized controlled clinical trials did not provide 
evidence that dietary antioxidant supplements are beneficial 
in primary cancer prevention [38].

Several randomized controlled trials, some including 
only small numbers of patients, have investigated whether 
taking antioxidant supplements during cancer treatment 
alters the effectiveness or reduces the toxicity of specific 
therapies [39]. Although these trials had mixed results, some 
found that people who took antioxidant supplements during 

cancer therapy had worse outcomes, especially if they were 
smokers. In some preclinical studies, antioxidants have been 
found to promote tumor growth and metastasis in tumor-
bearing mice and to increase the ability of circulating tumor 
cells to metastasize [40-42]. Thus, in cancer patients, taking 
antioxidant supplements should be with caution until more 
data can prove the effectiveness of them.

Conclusion

The excessive concentration of ROS can cause oxidative 
damage to the cell membrane, lipid, protein and DNA that 
inhibit their normal function. Overproduction of ROS generate 
oxidative stress when there was deficiency of antioxidants 
which resulted in the disturbance of equilibrium status of 
prooxidant/ antioxidant reactions in living organisms. Few 
in vitro studies utilizing polyphenolic compounds showed 
good results pertaining response of antioxidant towards 
reducing the growth of cancer cells. However, in other 
laboratory and animal studies, mix results were reported. 
The same observations were recorded in preclinical trials. 
There were studies recorded the growth of cancer cells upon 
administration of antioxidant and it depends on few factors 
such as cancer types and agents used.
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