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Human life cannot survive without oxygen and at the same time it 
gives constant threat to the human being by producing toxic reaction. 
Oxidative stress is considered as a misbalance between free radicals 
and antioxidant levels and to be involved in the pathophysiology of 
all cancer. Many free radicals are unstable and highly reactive, such as 
hydroxyl radical (OH.), superoxide radical (O2

.-), nitric oxide radical 
(NO.), Lipid peroxyl radical (LOO.). It is noteworthy; free radicals 
are not always harmful. They also serve useful purposes in the human 
body as, it play role in the destruction of disease-causing microbes by 
specialized blood cells called phagocytes.

In normal cells, there is always an equal balance between reactive 
oxygen species (ROS) generation and anti-oxidant defense including 
glutathione peroxidase, superoxide dismutase, catalase which 
decreases the concentration of most harmful oxidants. Oxidative stress 
is generated by the disturbance of these pro-oxidants and anti-oxidants 
balance and it can damage all type of important cellular components, 
like proteins, carbohydrates, DNA and membrane lipids, and leads 
to cell death. Now the question is whether oxidative stress generated 
by external agent is beneficial for cancer cells. In recent years, several 
studies have revealed that oxidative stress generated by different 
agents is involved in a large number of pathological states, including 
carcinogenesis [1,2]. Studies have also shown that generation of reactive 
oxygen species by different natural and synthetic agents prevent cancer 
by inducing cancer cell death [3-5]. As a proof, 2-mothoxy estradiol is 
a new anticancer agent currently in clinical trials [6]. Several natural 
and synthetic drugs like capsaicin, chloroquin, quinine, mefloquine, 
primaquine, artemisinin, ciprofloxacin, are known to prevent the 
growth of cancer cells by generating reactive oxygen species [7-9]. 

Most of the cancer cells have higher levels of ROS that helps in 
proliferation and cell growth [10]. Excessive ROS generation by 
external agents increases threshold levels in cancer cells, and then they 
are highly dependent on their antioxidant system to maintain redox 
balance and hence are more susceptible to further oxidative stress. 
On the other hand, normal cells are more resistant to oxidative stress 
due to the fact that these cells have lower levels of ROS and increased 
levels of antioxidants.  Recent study has shown that natural agent 
which increases intracellular ROS in cancer cells may increase ROS 
to a toxic level resulting in mitochondrial damage and cell death [9]. 
It is important to mention that several agents such as Elesclomol or 
Trisenx selectively kill cancer cells by increasing ROS generation are 
currently being used for the treatment of metastatic melanoma and 
acute promyelocytic leukemia respectively [11]. 

The main mechanism behind of increased production of 
reactive oxygen species by several external agents is to inhibition of 
mitochondrial electron chain complexes. As we all know, mitochondria 
are the main production house of reactive oxygen species which are 
generated due to incomplete reduction of oxygen during mitochondrial 
respiration. In normal conditions, mitochondria contain sufficient 
levels of antioxidants that prevent excess ROS generation and oxidative 
damage. However, in situations when ROS production is crossed it’s 
threshold levels or when antioxidant levels are depleted, oxidative 
stress causes protein oxidation and lipid peroxidation, which damage 
mitochondrial membrane, proteins and DNA [12], leading to cancer 
cell death. Further, it induces apoptosis in human cancer cells, while 
inhibition of anti-oxidant enzyme, superoxide dismutase (SOD), 

causes accumulation of superoxide radicals in cancer cells that result 
in cell death [9]. Furthermore, it inhibits catalase and thereby increases 
oxidative stress and induces apoptosis in pancreatic cancer cells [9]. 

The Electron Transport Chain (ETC) complex in the mitochondria 
play major role in the generation of reactive oxygen species. In 
the process of breaking down carbon substrates into acetyl CoA, 
reducing equivalents (NADH and FADH) are produced, which are 
then enter into the electron transport chain consisting of Complex 
I (NADH dehydrogenase), Complex II (succinate dehydrogenase), 
Complex III (ubiquinol cytochrome c reductase), and Complex IV 
(cytochrome-c oxidase). After that, electrons move from the reducing 
equivalents to complex I and II, respectively, and then passed onto 
ubisemiquinone for shuttling to Complex III, followed by Complex IV 
through cytochrome-c. This electron shuttling process results in the 
development of a transmembrane proton electrochemical gradient. 
Complex-I and complex-III of the ETC are the major sites for ROS 
generation; some studies have targeted the ETC complex for induction 
of apoptosis and cancer treatment [13,14].  

From the above evidence, it was cleared that direct targeting 
of mitochondrial ETC by natural or synthetic agent increases ROS 
production from the mitochondria of cancer cells, which results in 
increased susceptibility to apoptotic induction. On the contrary, 
oxidative damage of any cellular constituent can contribute to disease 
development that may lead to cancer formation. Cancer cells develop 
an enhanced constitutive oxidative stress level, which sustains tumor 
growth, and shields these cells against pro-apoptotic signals, thus 
promoting tumor progression.

Therefore, it can been concluded that potential anti-cancer drugs act 
by either increasing reactive oxygen species or inhibiting endogenous 
anti-oxidant defense in order to selectively induce oxidative stress and 
apoptosis  in cancer cells and suggests new therapeutic strategies that 
take advantage of increased ROS in cancer cells to enhance therapeutic 
activity and selectivity.
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