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ABSTRACT 
Oxidants are the substances which are produced in the body normally during a healthy and normal cellular 
metabolism. These chemical reactions are catalyzed by enzymes. Antioxidants refer to a substance that inhibits 
the oxidation process. Oxygen is a molecule which is highly reactive, and creates damage to living species by 
producing oxygen-based compounds that are reactive. The damage that is caused to the macromolecules at a 
cellular level is a main reason given for origin of many, life threatening illness including cancer. To protect itself, 
the body produces multiple antioxidant enzymes. Antioxidant enzymes refer to the proteins which are 
involved in the reactive oxygen species transformation which is a catalytic reaction along with their by -
products into stable molecules which are non-toxic, and thereby representing a defense mechanism which is 
very important against the damage of cell because of the criteria oxidative stress-induced. The main 
Antioxidant enzymes are GPx (Glutathione Peroxidase), SOD (Superoxide Dismutase), CAT (Catalases), GST 
(Glutathione S- Transferase), and GR (Glutathione Reductase). An imbalance of any of these enzymes has 
serious repercussions. A study of cancer cells, showed an imbalance in the antioxidant enzyme level which is 
prevalent in almost all the types of Cancers. Low enzyme levels are commonly seen in human and animal 
cancer cells. It is significant to analyze and study the effects of these enzyme in case if unbalancing occur, as 
well as how and what type of reactions occur leading to the growth of cancer cells in the human body. 
Key Words Antioxidant, enzymes, free radical, imbalance, cancer, reactive oxygen, superoxide dismutase, 
glutathione peroxidise, glutathione reductase, Glutathione peroxidase (GPx), catalases. 
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INTRODUCTION 
Cancer is a generic term used to refer to a wide variety of the diseases which may have its impact on human 
body (Cancer, 2021). Commonly used terminologies are malignant tumors as well as neoplasms. The 
characteristic of cancer is rapid rate at which the creation of abnormal cells occurs, and how they grow 
abnormally beyond their usual limits. Another notable issue is one in which abnormal cells invade to the 
adjoining body parts, and easily spread to multiple organs – a process that is termed as metastasis. The main 
reason of death due to cancer is Metastases. Cancer is the leading cause of death in the world, with about 10 
million deaths expected by 2025. One of the leading causes of death worldwide is Cancer with an estimated 10 
million deaths by 2025. 
In 2020, among different kind of cancer cases (Mathur et al., 2020), the most notice able are - breast cancer 
(found in 2.26 million cases), skin cancer (found in 1.20 million cases), lung cancer (found in 2.21 million cases), 
prostate cancer (found in 1.41 million cases), non-melanoma cancer (found in 1.20 million cases), stomach 
cancer (found in 1.09 million cases), and lastly rectum and colon cancer (found in appoximately1.93 million 
cases). In 2020, the most common causes of cancer death were from colon and rectum cancer (1.80 million 
deaths and 935 000 deaths respectively); liver cancer (830 000 deaths); stomach cancer (769 000 deaths); and 
breast cancer (769 000 deaths).  In India (2020), the number of cancer patients were estimated as 679,421 
(94.1 per 100,000) for males and 712,758 (103.6 per 100,000) for females. Cancer affects one in every sixty 
eight men (lung cancer), one in every twenty nine women (breast cancer), and one in every nine Indians (0-74 
years of age; Table 1). Males cancer (lung, throat, prostate, tongue, and stomach) will account for 36 percent 
of all cancers in 2020, while female cancers (breast, cervix uteri, ovary, corpus uteri, and lung) will account for 
53 percent of all cancers. 
 

 
Figure 1: Number of Cancer Cases in India Case (Globcan, 2020) 

 

  
Table 1: Age-Standardized (World) Incidence and Mortality Rates 

According to WHO, Cancer develops as normal cells. They are then converted into tumor cells in a multi-stage 
period that generally develop from a precancerous lesion towards a malignant tumor. Such modifications are 
the outcome of genetic factors as well as their interacting with 3 kinds of external agents, comprising: 

 Physical carcinogens includes  ionizing and UV radiation 

 Chemical carcinogens comprises of elements of cigarette smoke, asbestos, afla toxin (also called food 
contaminant), as well as arsenic (contaminant in drinking water) 

 Infections from some types of bacteria or viruses or parasites known as Biological carcinogens. 
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The International Agency for Research on Cancer (IARC) and WHO cancer research agency, maintains a 
classification of cancer-causing agents. The accumulation of risk is compounded by the fact that cellular repair 
mechanisms become less successful as individual ages. Following are the basic terminologies to be used 
throughout this article. 
Oxidants: Oxidants are those that are formed in the body consequently of the metabolism of normal cellular 
as well as certain environmental factors. Oxidation can be defined as a chemical reaction in which electrons 
are lost, and ultimately results in the creation of large number of free radicals. Despite the fact that oxidation 
is the most normal biological as well as energy producing reaction, but oxidative stress which occur because of 
production of peroxides or free radicals is very harmful to cells as it can damage cellular components and 
resulting in a variety of diseases. 
Antioxidants (Antioxidants, 2020): Antioxidants as the name suggests, are compounds that serve as a 
defensive agents by inhibiting the oxidation process. They generally protect the body from free radicals that 
can harm and are the by-products of normal cellular metabolic procedures). Healthy cells are attacked by free 
radicals, which cause their DNA to shift, causing tumors to develop. Antioxidants are being studied to see 
whether they can help minimize the risk of development of cancer. Few antioxidants examples are beta-
carotene, lycopene, vitamins A, C, and etc. 
Antioxidant Enzymes (Antioxidants, 2020): Antioxidant enzymes refer to the proteins which transform 
reactive species of oxygen which is a catalytic reaction along with their by-products into stable molecules 
which are nontoxic, and thereby representing a defense mechanism which is very important against cell 
damage due to oxidative stress-induced criteria. 
Free Radicals (Krishnamurthy, 2012): Free radicals are molecules that are both unstable as well as highly 
reactive. They are produced due to two sources in the body naturally as by-product of metabolism (oxidation), 
or exposure to environmental toxins like tobacco smoke and ultraviolet light. The life span of free radicals is 
only a fraction of a second, but even during that short time, they can cause permanent damage to the DNA, 
sometimes even resulting in the mutations which can in turn lead to cancer. 

 
Figure 2: ROS Metabolism and oxidative tissue damage leading to pathological issues (Krishnamurthy, 2012) 
 
Reactive oxygen Species (ROS) (Yang et al., 2002): Commonly known as an oxygen radical, ROS refers to an 
oxygen-containing unstable molecule that easily interacts with other molecules present in cell. ROS build-up 
in cells which can destroy biomolecules (like nucleic acids, proteins etc.), as well as cause apoptosis. Free 
radicals are reactive oxygen molecules. They are created in normal aerobic oxygen metabolism reactions, 
and also play an important role in signaling cell as well as homeostasis in biology. ROS are important for 
cellular function, and are present in normal cells at low and stable levels. However, ROS oxidize and alter 
certain cellular components, and prevent them from performing their original functions.  They can also 
cause irreversible damage to DNA. This indicates that ROS have a dual function, with the balance between 
ROS development, and disposal at the right time and place determining whether they will serve as harmful, 
defensive, or signaling factors. To put it in another way, oxygen toxicity may result from both unregulated 
development and inefficient ROS removal by the antioxidant system. ROS levels is also a skyrocket in 
response to environmental stress (e.g. UV or heat exposure). Cell structures can be severely harmed as a 
result of this. This is referred to as oxidative stress when taken as a whole. 
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ANTIOXIDANT ENZYMES AND THEIR IMPORTANCE 
The basic terminologies of free radicles, antioxidants, and their enzymes are discussed here. Moving on to the 
role the antioxidant enzymes play. Before Free radicals attack the cellular components, the antioxidant 
enzymes have the ability to either deactivate them or stabilize them. The enzymes act in two ways, one either 
by giving their free electron, thereby stabilizing the free radical or by lowering the energy of free radicals. 
Furthermore, they can interfere with the oxidizing chain reaction in order to reduce free radical damage. Body 
has the ability to reduce the risk of free radical associated health issues by reducing free radical through 
products of various antioxidant genes, and increase the consumption of food rich in antioxidant supplements. 
The antioxidant protection mechanism protects the cell from free radicals and other reactive molecules that 
cause oxidative harm. As a result, antioxidant enzymes including CAT, POD, GSSG-Rx, and SOD play a critical 
role in this protection mechanism. Antioxidant enzymes are thus important for cellular as well as systemic 
health and well-being. The main antioxidant enzymes are GPx (Glutathione Peroxidase), SOD (Superoxide 
Dismutase), CAT (Catalases), GST (Glutathione S- Transferase), and GR (Glutathione Reductase).  (Khan, 2010). 
Superoxide Dismutase (SOD) (Robbins & Zhao, 2014) (Borrelli, 2014): 
Superoxide Dismutase refers to an enzyme which catalyzes dis-mutation of O2

- 
(superoxide) radical into 

normal molecular oxygen (O2) as well as hydrogen peroxide (H2O2). All living cells contain the enzyme 
superoxide dismutase. An enzyme is a product that helps the body accelerates chemical reactions. Superoxide 
dismutase is a cellular enzyme that aids in the breakdown of potentially harmful oxygen molecules. This can 
help to prevent tissue damage. It's being studied whether it can help with diseases in which toxic oxygen 
molecules which are thought to play a part of it. Cows are also used to extract superoxide dismutase, which is 
used in medicine. Some forms of superoxide dismutase are derived from melon, while others are 
manufactured in a laboratory.

 

Superoxide is a pathway in by-product which is associated with metabolism of oxygen that, if not regulated, 
can cause a variety of cell damage. SOD is an important antioxidant defense in all the living cells that have an 
exposure to oxygen. Lactobacilli and Lactobacillus plantarum are an exception, since they use a particular 
mechanism to protect themselves from reactive (O2).  
SOD is the first line of defense against ROS (especially H2O2) which catalyzes the dis-mutation of O2

-
 

(superoxide anion). There are 3kinds of SOD in mammals: mitochondrial MnSOD (SOD2), cytoplasmic 
Cu/ZnSOD (SOD1), and extracellular SOD (SOD3, ECSOD), all of which need a catalytic metal (Mn or Cu) to 
activate. They all have been found in human lung tissues. The H2O2 generated by SOD's dismutation of 
molecular oxygen (O2) is reduced further to H2O by GPx or CAT. 
Glutathione Peroxidase (GPx) 
Glutathione peroxidase (GPx) is the generic name for a peroxidase-active enzyme family whose primary 
biological function is to protect cells from oxidative damage. Glutathione peroxidase biochemical purpose is to 
convert lipid hydro-peroxides to alcohols, and to convert free H2O2 to vapor. The antioxidant enzyme that 
GPxcontains is selenium that transforms lipid peroxides and H2O2 to lipid alcohols and water before oxidizing 
glutathione to glutathione disulfide.Condensed glutathione helps in reducing equivalents for a number of 
biochemical pathways, which helps vascular cells control their intracellular redox state. When levels of 
glutathione or GPx activity are absent then both hydrogen as well as lipid peroxides are not detoxified. Also, 
transition metals (Fe

2+
) can convert them to lipid peroxyl radicals as well as OH-radicals radicals. The GPx 

system is an essential defence against lower level oxidative stress. Following is a list of GPx is forms which are 
recognized and classified as: 
GPx-1 (cellular GPx) is a protein which is ubiquitous in nature that lowers fatty acid peroxides as well as H2O. It 
has been related to minimized risk of heart or cardiovascular disease. Membrane-bound GPx-4 reduces 
esterified lipids (phospholipids hydroperoxide GPx). 
GPx2 (gastrointestinal GPx) is embedded in epithelial cells which is found in the gastrointestinal tract.  
GPx-3 (extracellular GPx) is the only extracellular member of the GPx family. In mammals, it is believed to be 
the most strong extracellular antioxidant enzyme. 
Glutathione S-Transferase (GST) 
Glutathione S-Transferase(GSTs)is a phase II family of metabolic isozymes, which is also called ligandins, found 
in prokaryotes as well as eukaryotes which catalyzes the detoxification of xenobiotic substrates by conjugating 
the condensed form of GSH (glutathione).GSTs family members are membrane-bound cytosolic and 
microsomal which are divided into 2 sub-families.  Proteins like cytosolic, mitochondrial, as well as microsomal 
are all family members of GST who are also called MAPEG. The amino acid sequences of members of 
superfamily GST are highly complex, and some part of the sequences is kept in public databases. GSTs are 
being used as a model superfamily by the Enzyme Function Initiative (EFI) to find new GST functions. 
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Microsomal GSTs differ from cytosolic GSTs in that they form a single active site by homo- and hetero-
trimerizing rather than dimerizing.   
GSTs have been given the name “ligandin” because of their ability to bind toxins as well as function as 
transport proteins. GSTs are classified into two sub-families based on their membrane-bound cytosolic and 
microsomal family members. The development of chemotherapeutic drug resistance has been related to GSTs. 
GSTs may play two roles in drug resistance development: direct detoxification as well as inhibition of the MAP 
pathway (mitogen-activated protein kinase). Because of the connection between MAP and GSTs kinase 
pathway, various drugs used to select for resistance are neither GSH conjugable nor GST substrates. 
GSTs have been related to drug resistance and carcinogenesis in experiments, suggesting that they may be 
used as a marker protein in cancer. 
Glutathione Reductase(GR) 
Glutathione reductase (GR) is a GSR enzyme which is encoded in humans by GSR gene. It is also called GSR 
(Glutathione-Disulphide Reductase).Glutathione reductase catalyzes the exchange of GSSG (Glutathione 
Disulphide) to GSH (Glutathione) which is a major molecule in oxidative stress tolerance along with 
maintaining the reducing environment inside the cell. Glutathione reductase is a dimeric disulphide oxido-
reductase that uses NADPH and FAD prosthetic group which minimizes one molar GSSG equivalent to two 
molar equivalents of GSH. 
Glutathione is essential for maintaining regular function along with preventing oxidative stress in cells. It has 
an ability to scavenge hydroxyl radicals, single oxygen, as well as a variety of electrophiles. Reduced 
glutathione lowers the oxidized form of glutathione peroxidase that lowers H2O2 (Hydrogen Peroxide), which is 
a dangerously reactive species inside the cell. It also aids in the metabolism as well as clearance of xenobiotics 
that acts as a cofactor in certain detoxifying enzymes along with participates in transport, and antioxidants are 
also regenerated like Vitamins C and E to their reactive types. The ratio of GSH or GSSG in cell is essential for 
maintaining the oxidative balance in cell. This means that the cell must maintain lower levels of oxidized 
glutathione disulphide along with higher levels of reduced glutathione. This kind of tight balance is maintained 
by Glutathione reductase which catalyzes the GSSG to GSH conversion. 
 

 
Figure 3: Process of reducing hydrogen peroxide to water 

Catalase (CAT) (Nandi, 2019) 
Catalase refers to natural enzyme which catalyzes the decomposition of hydrogen peroxide to oxygen and 
water in living beings that are exposed to the oxygen like animals, plants, bacteria, etc.  It is an important 
defense cell enzyme against oxidative damage which is basically caused by ROS (reactive oxygen species). In 
the same way, only catalase has the ability of having high rate of turnover by converting each second millions 
of molecules of hydrogen peroxide to oxygen and water. 
Catalase is also a tetramer which is made up of 4 chains of polypeptide that consist of total 500 amino acids in 
length, each of which is classified into the domains of four. It has four iron-containing heme groups that allow 
enzyme to act in response with hydrogen peroxide. The sub-units extensive center is formed by an 8-stranded 
antiparallel b-barrel (b1-8) close to the connectivity of neighbor which is capped by the loops of b-barrel along 
with a9 loops. A helical domain on the b-barrel face is made up of four C-terminal helices i.e. a16, a17, a18, 
a19, as well as 4 helices derived from the residues which is between b4 and b5 i.e. a4, a5, a6, a7.Alternate 
splicing can result in a variety of protein variants. 
Many age-related degenerative disorders, such as diabetes mellitus, anemia, cancer, and schizophrenia are 
thought to be linked to catalase deficiency or malfunction. As a result, several laboratories are working to 
investigate its potential as a medicine for the treatment of such diseases. 
ANTIOXIDANT ENZYME IMBALANCE AND ITS LINK TO CANCER (Sáez, 2014) 
Normal cells are protected from the dangerous effects of reactive oxygen species which is at higher levels 
released during cellular metabolism by antioxidant enzymes. Although cancer cells emit reactive oxygen 
species, so level of enzyme in antioxidant is found to biochemically low in human and animal cancers. Enzymes 
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in antioxidant, particularly manganese superoxide dismutase, are identified in a few types of cancer. The study 
of morphologic in human and animal cancer have shown that adenocarcinomas have higher catalase and 
manganese superoxide dismutase and levels when main tumor cell types from different organ systems have 
low levels of an antioxidant enzymes. Researches on cancers have some degree of antioxidant enzyme 
imbalance when compared to origin of the cell. It’s been difficult to evaluate the function of antioxidant 
enzymes in cancer genesis by using the techniques of biochemical as early lesions in cancerous are small and 
thus undetectable. Using a variety of methods, researchers discovered that early lesions of animal and human 
cancers had low levels of antioxidant enzyme, suggesting that these enzymes are involved in both malignant 
phenotype and cancer genesis. Apart from granular cell kind of human renal adenocarcinoma, all human 
cancer cell types tested had low catalase and glutathione peroxidase levels, suggesting that mostly cancer cell 
are not able to detoxify hydrogen peroxide. This study has led to the development of new therapies of cancer 
focused on the cellular redox state. 
This paper discusses the antioxidant enzymes role in carcinogenesis, and summarizes a lot of facts on 
antioxidant enzymes. When compared to the counterparts of normal tissue, more tissues of tumor had low Zn-
SOD, Cu, and catalase activity, as well as Mn-SOD activity in few cases. Glucose-6-phosphate dehydrogenases, 
glutathione reductase, glutathione peroxidase all are variable. It is not clear that why cancerous cells have 
unbalanced behaviors and levels of antioxidant enzyme. It was hypothesized that cells with an unbalanced 
profile of antioxidant enzyme were carefully chosen over normal cells during the formation of tumor through 
unknown appliance. It is not clear that the developments in antioxidant defense observed in the tissues of 
cancerous is a result of either a disease, or play an important in carcinogenesis. 
CONCLUSION 
Substances which can protect the cells from the damage caused by free radicals and which are unbalanced 
molecules are called Antioxidants. The harm caused by free radicals has the ability to cause cancer. 
Antioxidants bind to free radicals and stabilize them, potentially preventing any harm caused by them. 
Antioxidants basically function by finding free radicals, and neutralizing their harmful effects. As a result, more 
of the body's cells are stable and less likely to become cancerous. The majority of cancer cell types have low 
intrinsic levels of antioxidant enzymes as compared to non-transformed cells. According to research, both GPx 
and catalase levels are lower in both cell types of human cancer, with an exception of human renal 
adenocarcinoma. This suggests that the biochemical machinery is lacking in most of the cancer cells which are 
effectively required to detoxify higher H2O2 fluxes. Catalase activity tends to differ significantly across the lines 
of cancer cell, despite the fact that levels of catalase in cancer cells are usually low. Thus, this is due to 
dissimilarity in   sensitivity or removal capacity of H2O2 to H2O2-producing agents. Although it is an 
argumentative issue in the field of oncology whether antioxidants consumption either improve or prevent 
cancer, the reality remains that an imbalance of antioxidant enzymes has been consistently connected to 
cancer cells and their existence in the body. 
Besides dietary antioxidants, the body depends on many mechanisms of endogenous defense to maintain 
proper levels and, in the event of an imbalance, to help protect against free radical-induced cell harm. 
Antioxidant enzymes which metabolize oxidative toxic intermediates such as heme peroxidase, GPx, SOD, and 
CAT, require cofactors of micronutrient such as selenium, copper, iron, manganese, and zinc for optimal 
catalytic activity.   
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