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Abstract 

The medical repercussions of cancer span globally because genetic disposition and environmental elements together with life choices play a role in its 

development. Oxidative stress functions as a primary development factor because it emerges when reactive oxygen species (ROS) amount exceeds antioxidant 

defenses thereby producing DNA and lipid and protein damage that drives tumor initiation and tumor growth. The variations in chemical structure between 

endogenous and dietary antioxidants (including vitamins C and E, polyphenols, carotenoids) make them eligible for cancer therapy supplementation because 

of their capability to alter redox-sensitive biochemical processes and activate apoptosis and angio-inhibition and minimize inflammatory responses. Multiple 

studies based on preclinical and clinical investigations conclude that antioxidant-rich dietary intake helps decrease cancer susceptibility alongside improving 

therapeutic responses. The use of antioxidants encounters difficulties related to dosage-dependent pro-oxidant effects and determination of best supplement 

timing and possible tumor cell protection mechanisms. This review discusses the actual mechanisms of antioxidant use in cancer therapy while reviewing 

appropriate therapeutic applications together with exploration of their limitations and directions for further research. 
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1. Introduction  

Despite strides in science and research, cancer still remains 

one of the most formidable health challenges this world has 

to face today, by the fact of abnormal cells proliferating with 

the capacity to invade or spread to other tissues and organs.1 

This disease is extremely complex as it involves a very broad 

range of malignancies involving virtually every organ system 

of the human body. Unlike most acute diseases having a 

sudden onset and early cure, cancer is usually of a chronic 

type, with attendant high morbidity and mortality in 

populations.2 The World Health Organization (WHO) says 

that cancer is one of the leading causes of death worldwide 

today, claiming over 10 million deaths so far in 2020. A 

significant percentage of this global mortality is caused by 

the most common forms of cancer such as lung, breast, 

colorectal, prostate, and stomach cancers. Addition to the 

increasing burden of modifiable risk factors such as tobacco 

use, unhealthy dietary habits, inactivity and exposure to 

environmental carcinogens, the burden of cancer is further 

complicated. Lifestyle changes, urbanization and ageing 

populations have all contributed to steady rise in cancer 

incidence in both the developed and developing countries.3 

Until recently, it has been observed that cancer rates are 

higher in developed countries because of higher diagnostic 

capabilities and longer life expectation, but recent trends 

indicate an alarming rise of cancer cases in low- and middle-

income countries. The high needs is due to the adoption of 

Westernized lifestyles, as well as lack of suitable cancer 

prevention and control strategies in these regions. Along with 

having a tremendous toll on human life, cancer also costs 

healthcare systems worldwide an enormous amount of 

money. Diagnosis, treatment and palliative care are 

expensive and therefore put huge pressure on both individual 

patients and national healthcare budgets. Much of the cost of 

cancer therapies like chemotherapy, radiation, 
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immunotherapy, and targeted treatments means that the cost 

of high quality care is substantial, and that many people are 

unable to access effective treatment when they are most in 

need, in resource limited settings.3 At the same time, the 

social and psychological consequences of cancer are also 

important because patients are commonly burdened by a 

lowered quality of life, emotional distress, and social 

stigmatization.4 

1.1. Link between oxidative stress and cancer progression 

There has been a lot of attention on oxidative stress being a 

critical element in the pathogenesis and progression of 

cancer. It is a consequence of dysfunctional antioxidant 

defenses of the body and the production of reactive oxygen 

species (ROS). ROS, hydrogen peroxide (H₂O₂), and •OH 

radicals generate under physiological condition as secondary 

metabolites induced by normal cellular metabolism and 

perform indispensable role in cell signaling, immune 

response and homeostasis. But when the levels are too high 

for their capacity to be resolved by the cells' endogenous 

antioxidant systems, cells undergo oxidative stress and 

experience damage at the molecular and cellular levels.5 All 

of cancer development stages including initiation, promotion 

and progression are greatly contributed by the oxidative 

stress. Finally, ROS may directly damage DNA, as it induces 

strand breaks, modifications of bases and crosslinking. Such 

genotoxic insults serve to mutate important oncogenes and 

tumor suppressor genes, thus promoting malignant 

transformation of normal cells.6 In addition, oxidative 

damage to proteins and lipids can interfere with the signaling 

pathways and cell membrane by disrupting the cellular 

membranes. Consequently, this process can impair cellular 

proliferation and promote resistance to the apoptosis. Cancer 

cells in turn generate high levels of ROS, in the tumor 

microenvironment due to dysfunction in mitochondria, 

oncogene activation as well as inflammatory responses.  

 
Figure 1: Diagram showing how ROS contribute to different 

stages of carcinogenesis.9 

These elevated ROS levels paradoxically promote tumor 

promotion and progression by activation of redox sensitive 

transcription factors NF-κB and AP-1.7 Transcription factors 

regulate expression of genes that are crucial for involvement 

of malignant cells in angiogenesis, invasion, metastasis and 

survival. Furthermore, ROS leads to activation of matrix 

metalloproteinases (MMPs) that degrade the extracellular 

matrix to facilitate tumor cell invasion of surrounding tissues 

and metastasis to distant organs.8 ROS contribution to 

different stages of carcinogenesis is shown in Figure 1. 

2. Antioxidants: Classification and Mechanisms 

2.1. Endogenous antioxidants 

Body’s inherent defense against the reactive oxygen species 

(ROS) and the oxidative stress is formed by endogenous 

antioxidants. And these naturally occurring enzymatic and 

non-enzymatic molecules coordinate to keep redox 

homeostasis, that is to neutralize any excess ROS in order to 

act as free radical scavengers and thus prevent the oxidative 

damage of the cell components. Super to out of the numerous 

endogenous antioxidants in existence, three of the more 

important players in this protective network are superoxide 

dismutase (SOD), catalase, and glutathione.10 Table 1 shows 

classification of antioxidants. One of the first defensives lines 

of enzymatic protection against oxidative stress is superoxide 

dismutase (SOD). It is a dismutase for superoxide anions 

(O₂•−), a primary ROS produced in relation to mitochondrial 

respiration and other O₂•− producing processes, into 

molecular oxygen (O₂) and hydrogen peroxide (H₂O₂). The 

assembly of SOD can occur in multiple isoforms, because Cu 

Zn-SOD (SOD1) is cytoplasmic, Mn-SOD (SOD2) is 

mitochondrial matrix, and extracellular SOD (SOD3) can 

work extracellular.11 SOD reduces the body count of 

superoxide radicals, which if left unchecked, can act with 

nitric oxide to form peroxynitrite, a very destructive chemical 

combining serving to induce protein nitration and lipid 

peroxidation.12 Names of some antioxidants are shown in 

Figure 2. 

 
Figure 2: Endogenous antioxidants 
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2.2. Exogenous antioxidants 

Exogenous antioxidants are obtained from outside the body 

and this is mainly from oral sources, and they contribute 

significantly to complementing the body’s endogenous 

systems of defense against oxidative stress. The natural 

compounds with the antioxidant activity tend to be found 

abundantly in many fruits, vegetables, herbs, nuts and other 

plant foods and are playing a significant role in human health 

as they are neutralizing reactive oxygen species (ROS) and 

effectively deflecting oxidative damage.13 Vitamins C and E, 

polyphenols, and carotenoids among the most well 

researched exogenous antioxidants have distinct biochemical 

properties and mechanisms of action that protect cells from 

oxidative injury.14 

Water soluble antioxidant vitamin C (ascorbic acid) 

plays a key role of strong free radical scavenging capacity. It 

can directly neutralize a variety of ROS, such as superoxide, 

reactive oxygen radicals (hydroxyl radicals, hydrogen 

peroxide), etc. Vitamin C is principally hydrophilic and 

largely exists in aqueous body solutions (plasma and the 

cytosol). Apart from its antioxidant properties, vitamin C is 

important in protecting the other antioxidants such as vitamin 

E, to maintain redox cycling, as well as preventing 

propagation of oxidative damage.15 It also plays an essential 

role as an essential cofactor in collagen synthesis, immune 

function, and wound healing. In the context of cancer, 

vitamin C has been investigated for its ability to inhibit tumor 

growth through modulation of redox sensitive signalling 

pathways and induction of oxidative stress in cancer cells at 

pharmacological concentrations.16 

Vitamin E (α-tocopherol) is the most abundant molecule 

of the lipid soluble antioxidant protected polyunsaturated 

fatty acids (PUFAs) from lipid proofing. Vitamin E 

scavenges lipid peroxyl radicals to terminate the lipid 

oxidation chain reaction and preserve membrane integrity to 

prevent cellular dysfunction. Vitamin C also combines 

synergistically with vitamin E, as an oxidized form of vitamin 

E can be regenerated back to its active form by vitamin C, 

thus meeting again the free radical defensive requirement of 

these two vitamins.17 The vitamin E also has been shown to 

modulate inflammatory response and immune functions and 

to be considered as a means of reducing cancer risk through 

preventing cell membrane and signaling molecule damage 

with oxidative attack.18 

Another important class of exogenous antioxidants are 

carotenoids, substances responsible for the red, orange and 

yellow pigmentation in many fruits and vegetables. Beta 

carotene, lycopene, lutein, and zeaxanthin are common 

dietary carotenoids. These are lipid soluble compounds that 

quench singlet oxygen and scavene peroxyl radicals and 

repress oxidative degradation of lipids within the cellular 

membranes. Carotenoids possess additional antioxidant 

activities, aging some as vitamin A precursor vital for vision, 

defense and integrity of the epithelium. Most of the 

epidemiological studies have shown that high dietary intake 

of carotenoids is associated with reduced risk of many 

different types of cancers such as lung, prostate and 

gastrointestinal cancers and this is attributed to their 

antioxidant and anti-inflammatory properties.19 

2.3. Mechanisms of action: ROS scavenging, metal 

chelation, and gene regulation 

Mechanisms that collectively mediate their protective effects 

across overlapping mechanisms to maintain redox balance 

and protect cells from oxidative damage include antioxidants. 

Scavenging of reactive oxygen species (ROS) by direct 

mechanisms, chelation of transition metals that catalyze ROS 

production, and gene regulation of redox homeostasis, 

inflammation, and cell death are these mechanisms. The path 

the antioxidants take to reduce oxidative stress, prevent 

biomolecular damage and alter cell fate, particularly in the 

context of cancer biology, are through these interconnecting 

pathways.20  

2.3.1. A. ROS scavenging 

Direct neutralization of free radicals and reactive oxygen 

species is one of the main actions of the antioxidants. Due to 

the unpaired electrons on free radicals, they cannot simply 

exist and are thus highly unstable; free radicals can initiate 

damaging chain reactions within biological macromolecules. 

The reactive species are stabilized by donating electrons or 

hydrogen atoms to them, without becoming pro-oxidants 

themselves, by antioxidants including vitamins C and E, 

glutathione, and polyphenols. For example, vitamin C yields 

electrons to reduce the hydroxyl radicals and the superoxide 

anions, while vitamins such as vitamin E terminate lipid 

peroxidation chain reactions by preventing lipid peroxyl 

radicals from spreading out of its cellular membrane. This 

ROS scavenging capacity prevents oxidative modification of 

DNA, protein and lipid to maintain genomic integrity and 

cellular function.21,22 

2.3.2. B. Metal chelation 

The chelation of transition metals like iron (Fe²⁺) and copper 

(Cu²⁺), that participate in Fenton and Haber-Weiss reactions 

to promote conversion of relatively stable hydrogen peroxide 

into highly reactive hydroxyl radicals is the secondary, 

although crucial, antioxidant mechanism. Flavonoids, 

phenolic acids, and some thiol containing compounds (e.g. 

glutathione) can act as antioxidants binding to these metal 

ions and sequestering them as inactive complexes reducing 

the metal’s catalytic availability. Antioxidants effectively 

attenuate ROS generation at its source by limiting the free 

pool of redox active metals within cells, which consequently 

decreases oxidative stress and reduces further biomolecular 

(damage). As this mechanism is crucial in the context of 

breast cancer biology, where the iron biology is perturbed and 

ROS are produced at high levels, it is particularly 

important.23,24 
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2.3.3. C. Gene regulation 

In regulation of intracellular signaling pathways and gene 

expression profiles associated with oxidative stress, 

inflammation, cell proliferation and apoptotic responses, 

many antioxidants act beyond their role as chemical 

reactivity with ROS. Nuclear factor erythroid 2 related factor 

2 (Nrf2) is one of the most important transcriptional 

regulators affected by antioxidants. Under oxidative stress 

Nrf2 translocates to the nucleus, where Nrf2 binds to 

antioxidant response elements (ARE) in the promoter 

elements of various cytoprotective genes and their products 

include heme oxygenase-1 (HO-1), glutathione S-

transferases (GSTs), NAD(P) H:quinone oxidoreductase 1 

(NQO1), and glutamate cysteine ligase (GCL), all of which 

within the networks of cellular anti-oxidant defense.25 

Furthermore, they can also influence pro-inflammatory 

transcription factors such as nuclear factor kappa B (NF-κB). 

As a good example of how ROS induces NF-κB activation 

that contributes to chronic inflammation and tumor 

progression, ROS induces the expression of cytokines, 

adhesion molecules, MMPs, anti-apoptotic genes. 

Antioxidants can inhibit ROS and interfere with NF-κB 

signaling to reduce inflammation and sensitize cancer cells to 

apoptotic stimuli. In addition, some of the same antioxidants 

also affect other signals: mitogen activated protein kinases 

(MAPKs), phosphoinositide 3 kinase (PI3K)/Akt, and p53 

dependent pathways that are essential for controlling cellular 

growth, survival, and death. Antioxidants do not only limit 

cellular oxidative damage, but they also modulate these 

pathways and induce apoptosis, suppress angiogenesis and 

metastasis, and arrest cells in the cell cycle. Together, these 

mechanisms, when taken together, regulate and direct ROS 

scavenging, metal chelation, and redox sensitive genes to 

convey the multiplicity of antioxidant action. However, 

redox imbalance is a key driver of pathology in diseases such 

as cancer and their ability to act at multiple levels of cellular 

defense indicates their potent modulators of oxidative stress 

and their therapeutic potential in such diseases.26,27 

3. Antioxidants in Cancer Prevention 

3.1. Epidemiological evidence linking antioxidant intake 

and reduced cancer risk 

Studies over the last several decades have consistently 

pointed out the association between high consumption of 

antioxidants in diet and decreased chances of getting different 

kinds of cancers. Compared to diets low in bioactive food 

constituents such as exogenous antioxidants (vitamins C, E, 

carotenoids, polyphenols) from fruits, vegetables, whole 

grains, etc. populations with diets rich in plants foods (fruits, 

vegetables, whole grains, etc.) have lower cancer incidence 

rates.32 Across diverse geographical regions and ethnic 

groups, there has been this inverse relationship between the 

consumption of antioxidant and the cancer risk, indicating the 

universality significance of antioxidants in cancer 

prevention.33  

 

 

Table 1: Classification of antioxidants with representative examples, sources, and mechanisms of action 

Category Antioxidant Source Mechanism of Action References 

Endogenous 

(Enzymatic) 

Superoxide 

dismutase (SOD) 

Cytoplasm, 

mitochondria 

Converts superoxide anion (O₂•−) to 

hydrogen peroxide (H₂O₂) and oxygen 

(O₂). 

28 

 Catalase Peroxisomes Breaks down hydrogen peroxide into 

water and oxygen. 

28 

 Glutathione 

peroxidase (GPx) 

Cytoplasm, 

mitochondria 

Reduces H₂O₂ and lipid hydroperoxides 

using glutathione (GSH). 

28 

Endogenous (Non-

enzymatic) 

Glutathione (GSH) Cytosol Direct scavenging of ROS; cofactor for 

GPx; regenerates antioxidants. 

29 

Exogenous 

(Vitamins) 

Vitamin C 

(Ascorbic acid) 

Citrus fruits, 

vegetables 

Scavenges ROS; regenerates vitamin E; 

reduces oxidized biomolecules. 

30 

 Vitamin E (α-

tocopherol) 

Nuts, seeds, 

vegetable oils 

Inhibits lipid peroxidation by scavenging 

lipid peroxyl radicals. 

30 

Exogenous 

(Polyphenols) 

Quercetin, 

Resveratrol, EGCG 

Fruits, tea, grapes Scavenges ROS, chelates metals, 

modulates Nrf2 and NF-κB pathways. 

31 

Exogenous 

(Carotenoids) 

β-carotene, 

Lycopene 

Carrots, tomatoes Quenches singlet oxygen, prevents lipid 

peroxidation in cell membranes. 

30 

Synthetic BHA, BHT Food 

preservatives 

Free radical scavenging; prevents 

oxidative spoilage in processed foods. 

31 
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3.2. Role of dietary antioxidants in cancer prevention 

Dietary antioxidants fortified in plant foodstuffs including 

fruits, vegetables, herbs, legumes, nuts, and whole grains 

have beneficial effect on reducing oxidative stress and cancer 

development. Such bioactive compounds are external 

supplements to body’s endogenous antioxidant defense 

systems and enhance protective effects by acting in several 

different ways such as free radical scavenging, metal 

chelation, and modulation of cells’ signaling pathways 

involved in inflammation, cell proliferation and death or 

apoptosis.34 The most abundant dietary antioxidants and the 

sources of supply of vitamins (e.g. vitamin C and E), 

carotenoids (e.g. β-carotene, lycopene, lutein), flavonoids 

(e.g. quercetin, kaempferol), and other polyphenolic 

compounds are fruits and vegetables. These natural 

compounds neutralize directly reactive oxygen species 

(ROS) formed during metabolic processes or as a result of 

environmental carcinogens and thereby decrease oxidative 

damage to DNA, proteins and lipids inherited events 

associated with the initiation of carcinogenesis. In addition, 

these antioxidants have anti-inflammatory effects, by 

suppressing proinflammatory cytokines or inhibiting redox 

sensitive transcription factors such as nuclear factor kappa B 

(NF-κB), which is usually activated in chronic inflammation, 

and is associated with promoting various cancers.35-37 

3.3. Preclinical and clinical studies on antioxidant-rich 

diets 

The effects of antioxidant rich diet on cancer prevention and 

therapy have already been considered by a large body of 

preclinical and clinical research. Evidence accumulated from 

animal models and human trials and shows modulating key 

hallmarks of cancer: reducing oxidative stress, inhibiting 

tumor growth, and modulating molecular pathways in cancer 

related to inflammation, proliferation, and apoptosis via 

antioxidant dense foods and phytochemicals. Dietary 

antioxidants have consistently been shown to protect against 

chemically induced carcinogenesis by preclinical studies, 

mostly performed in ‘rodent model’. Examples include 

experimental studies in which flavonoid rich diets have been 

used, like diets containing quercetin, kaempferol or 

catechins, have demonstrated reduced tumor incidence in 

colorectal, lung and breast cancer models. ROS accumulation 

was inhibited by these bioactive compounds, DNA damage 

prevented, and pro-carcinogenic signaling pathways (NF-κB, 

MAPK and PI3K/Akt) down regulated. Likewise, murine 

models of prostate, breast and skin cancers have shown that 

polyphenols such as resveratrol and curcumin arrest cancer 

cell proliferation, induce apoptosis, inhibit angiogenesis and 

metastasis. These models also showed that dietary 

antioxidants associated with antioxidant rich diets also up 

regulated the detoxifying enzymes such as glutathione S 

transferase (GST) and SOD, in demonstrating that the dietary 

antioxidants have the ability to further enhance the cellular 

antioxidant defenses.38,39 

4. Antioxidants in Cancer Therapy 

4.1. Synergistic role of antioxidants with chemotherapy and 

radiotherapy 

Interest in using antioxidants in cancer therapy has 

appreciably increased because of their capacity to improve 

the efficacy and tolerability of such approved treatments as 

chemotherapy and radiotherapy. The main anticancer effects 

of chemotherapeutic agents and ionizing radiation are the 

induction of oxidative stress, high levels of reactive oxygen 

species (ROS) to damage DNA, proteins and lipids causing 

cancer cell death. Nevertheless, this oxidative burst is 

indiscriminate and often leads to collateral damage of healthy 

tissues including mucositis, cardiotoxicity, nephrotoxicity, 

neurotoxicity, and myelosuppression.40 In this context, 

antioxidants have become promising adjunctive agents that 

could mitigate these side effects and also increase the 

anticancer activity of standard therapy through redox 

modulation. Antioxidants are well documented to play a 

synergistic role with chemotherapy in preclinical and clinical 

studies. For instance, N-acetylcysteine (NAC), other 

antioxidants like glutathione and vitamin E, have been shown 

to reduce normal cells from chemotherapy induced oxidative 

damage but without compromising their cytotoxicity to 

killing cancer cells. In patients given alkylating agents such 

as cyclophosphamide or cisplatin, NAC primarily replenishes 

intracellular antioxidant stores and reduces chemotherapeutic 

toxicity. In addition, vitamin E has been employed to manage 

anthracycline-induced cardiotoxicity of breast cancer 

patients without diminishing the anti-cancer effect of the 

chemotherapy regimen.41 

4.2. Reduction of therapy-induced oxidative damage and 

side effects 

Chemotherapy and radiotherapy are among the most 

important clinical challenges in cancer management because 

of their adverse side effects. These conventional treatments 

are highly successful at causing oxidative stress in rapidly 

dividing cancer cells, but also kill healthy tissues non-

selectively. The major cause of this off target toxicity is 

excessive generation of reactive oxygen species (ROS) 

during therapy thus causing oxidative damage to the DNA, 

proteins and lipids of nonmalignant cells.42 However, the 

treatment of cancer induces multiple other side effects 

including cardiotoxicity, nephrotoxicity, mucositis, 

neurotoxicity, myelosuppression and gastrointestinal 

disturbances that often reduce the tolerability of treatment, 

require dose reductions, and reduce the quality of patient life. 

As promising agents to mitigate therapy-induced oxidative 

damage and minimize treatment-related toxicities, 

antioxidants have emerged as agents that can preserve 

anticancer efficacy of standard therapies. As a potent 

precursor of glutathione, N acetylcysteine (NAC) is widely 

considered to be cytoprotective against chemotherapy 

induced toxicity. NAC replenishes intracellular glutathione 

stores and increase cellular antioxidant capacity, thereby 
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reassuring the oxidative injury to normal tissues, and has 

been successfully used for prevention of cisplatin induced 

nephrotoxicity in both preclinical and clinical settings.43 

4.3. Enhancement of therapeutic efficacy via redox 

modulation 

Redox modulation has provided both a means to mitigate 

therapy-induced toxicity with the use of antioxidants but also 

to manipulate the efficacy of anticancer treatments with a 

strategic strategy. Because cancer cells have elevated 

intrinsic levels of ROS due to mitochondrial dysfunction, 

oncogene activation and increased metabolic activity, they 

are characterized. To promote the survival with this pro-

oxidant environment, tumor cells increase antioxidant 

defense systems, for example the glutathione (GSH) system 

and the Nrf2 pathway, to avoid ROS-triggered apoptosis. The 

redox adaptation of cancer cells allows them to adapt to stress 

but at the same time grants a vulnerability that can be 

therapeutically exploited.44 Redox modulation occurs by 

targeting appropriate modification of intracellular ROS levels 

to drive cancer cells past their oxidative capability, or in the 

case of unique tumor types, to weaken their antioxidant 

defense systems to increase their sensitivity to conventional 

forms of therapy such as chemotherapy and radiotherapy. 

Most antioxidants and phytochemical that usually are 

considered as ROS scavengers respond in a dual manner, that 

is, as pro oxidants under certain conditions, such as in tumor 

microenvironment.45  

5. Challenges and Controversies 

Antioxidants have traditionally been known to neutralize the 

reactive oxygen species (ROS) and reducing the oxidative 

damage, but in the realm of oncology, another concern is that 

antioxidants may actually prevent the ROS from damaging 

the cancer cells. This paradoxical effect poses an important 

dogma in regard to the use of antioxidants as adjuncts in 

cancer therapy, as the non-selectivity of the antioxidants 

could oppose the very mechanisms that most 

chemotherapeutic agents and radiotherapy use to elicit their 

antitumor effect. Aberrant metabolism of cancer cells, 

mitochondrial dysfunction and heightened proliferative 

signaling increase basal ROS levels in cancer cells.46 Thus, 

this renders them at risk of oxidative damage, but cancer cells 

adapt to this by upregulating antioxidant systems, including 

glutathione (GSH) system, superoxide dismutase (SOD) and 

the Nrf2 mediated antioxidant response, which allows them 

to maintain redox homeostasis and escape apoptosis induced 

by ROS.37 Exogenous antioxidants are easily given 

indiscriminately; however, when provided, they can further 

enhance these adaptive mechanisms, and thus tumor cells are 

better equipped to withstand oxidative stress generated from 

anticancer therapies. For instance, as has been shown, NAC 

or vitamin E may under appropriate conditions diminish the 

ability of ROS producing chemotherapies (e.g., alkylating 

agents, anthracyclines) and radiotherapy to ciliate lethal 

damage to cancer cells through their conversion to ROS. 

When used in experimental models, antioxidants have been 

found to prevent the damage oxidative DNA damage inflicts 

on cancer cells, disrupting the pro-apoptotic signaling 

cascade that’s essential for adequate tumor removal. For 

example, in animal models, high doses of antioxidant 

supplement were shown to accelerate tumor progression of 

existing tumors, pointing out the possibility for oxidative and 

antioxidant supplement to favor tumor survival if oxidants 

and antioxidants are misused.47 

6. Future Perspectives 

Redox balance is a critical determinant of cellular 

homeostasis which is balanced well between the generation 

of reactive oxygen species (ROS) by the electron transport 

chain and the antioxidant defense system. This balance is 

frequently disrupted in cancer biology, as tumor cells often 

work within a persistent state of oxidative stress induced by 

aberrant metabolic activity and mitochondrial dysfunctions. 

Nevertheless, the same tumor cells use adaptive responses to 

antioxidants to neutralize ROS and supply survival. The 

duality of redox regulation means it is a key precision 

medicine therapeutic target where therapeutic interventions 

are formulated on the basis of an individual’s tumor 

molecular and biochemical characteristics.48 The objective of 

precision medicine is to improve the therapeutic outcome by 

tailoring treatment strategies to a patient’s genetic, 

molecular, and environmental profile. Several pathways that 

affect carcinogenesis, tumor progression, metastasis and 

response to therapy are intricately linked to redox 

homeostasis. Clinically, this means that modulating redox 

status at the individual level helps clinicians determine cancer 

cell vulnerabilities without compromising normal tissue 

function.49 

7. Conclusion  

Antioxidants formulate an essential defense system against 

cancer because they stop oxidative damage while dealing 

with inflammation along with tumor progression through 

ROS scavenging, metal chelation and redox-sensitive gene 

regulation. Endogenous as well as exogenous antioxidants 

function to guard normal tissues against chemotherapy and 

radiotherapy damage and selected phytochemicals 

demonstrate additional anticancer action through redox 

modulation. Research on antioxidants needs careful 

evaluation because these compounds protect sensitive cells 

alongside oncological cells. Research demands precise 

strategies to evaluate cancer type alongside treatment plans 

and a patient's redox status and specific characteristics 

because current clinical findings differ. The upcoming 

research into personalized redox profiling together with 

targeted delivery methods integrated with immunotherapy 

should become the focus while establishing therapeutic 

windows to improve antioxidant benefits in cancer treatment. 



Shinde et al / IP Archives of Cytology and Histopathology Research 2025;10(2):47-54  53 

8. Source of Funding 

None. 

9. Conflict of Interest 

None. 

References  

1. Li Y, Yan B, He S. Advances and challenges in the treatment of lung 

cancer. Biomed Pharmacother. 2023;169:115891. 

2. Solomon DD, Sonia G, Kumar K, Kanwar K, Iyer S, Kumar M. 

Extensive Review on the Role of Machine Learning for 

Multifactorial Genetic Disorders Prediction. Arch Computat 

Methods Eng. 2024;31:623–40.  

3. Chhikara BS, Parang K. Global Cancer Statistics 2022: the trends 

projection analysis. Chem Biol Lett. 2023;10(1):451. 

4. Więckiewicz G, Weber S, Florczyk I, Gorczyca P. Socioeconomic 

burden of psychiatric cancer patients: A narrative review. Cancers. 

2024;16(6):1108. 

5. Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU. Oxidative 

stress and its role in cancer. J Cancer Res Ther. 2021;17(1):22–8. 

6. Caliri AW, Tommasi S, Besaratinia A. Relationships among 

smoking, oxidative stress, inflammation, macromolecular damage, 

and cancer. Mutat Res Rev Mutat Res. 2021;787:108365. 

7. Arfin S, Jha NK, Jha SK, Kesari KK, Ruokolainen J, Roychoudhury 

S, et al. Oxidative stress in cancer cell metabolism. Antioxidants. 

2021;10:642. 

8. Iqbal MJ, Kabeer A, Abbas Z, Siddiqui HA, Calina D, Sharifi-Rad 

J, et al. Interplay of oxidative stress, cellular communication and 

signaling pathways in cancer. Cell Commun Signal. 2024;22:7. 

9. Arfin S, Jha NK, Jha SK, Kesari KK, Ruokolainen J, Roychoudhury 

S, et al. Oxidative Stress in Cancer Cell Metabolism. Antioxidants. 

2021;10:642. 

10. Eddaikra A, Eddaikra N. Endogenous enzymatic antioxidant 

defense and pathologies. Antioxidants-benefits, sources, 

mechanisms of action, IntechOpen; 2021. 

11. Engwa GA, Nweke FN, Nkeh-Chungag BN. Free radicals, oxidative 

stress-related diseases and antioxidant supplementation. Altern Ther 

Health Med. 2022;28(1):114-28. 

12. Ayoka TO, Ezema BO, Eze CN, Nnadi CO. Antioxidants for the 

Prevention and Treatment of Non-communicable Diseases. J Explor 

Res Pharm. 2022;7(3):179–89. 

13. Chaudhary P, Janmeda P, Docea AO, Yeskaliyeva B, Abdull Razis 

AF, Modu B, et al. Oxidative stress, free radicals and antioxidants: 

Potential crosstalk in the pathophysiology of human diseases. Front 

Chem. 2023;11:1158198. 

14. Muscolo A, Mariateresa O, Giulio T, Mariateresa R. Oxidative 

stress: the role of antioxidant phytochemicals in the prevention and 

treatment of diseases. Int J Mol Sci. 2024;25(6):3264. 

15. Agwu E, Ezihe C, Kaigama G. Antioxidant roles/functions of 

ascorbic acid (vitamin C). Ascorbic Acid-Biochemistry and 

Functions, IntechOpen; 2023. 

16. Kükürt A, Gelen V. Understanding vitamin C: Comprehensive 

examination of its biological significance and antioxidant 

properties. Ascorbic Acid-Biochemistry and Functions, IntechOpen; 

2024. 

17. Parameswari R, Arokia Vijaya Anand M, Wang C-Z, 

Babaujanarthanam R, Nagarajan P. Vitamin E (Tocopherol): 

Implications in Cardiovascular Health and Neuroprotection. In: 

Tappia PS, Shah AK, Dhalla NS, editors. Lipophilic Vitamins in 

Health and Disease, vol. 28, Cham: Springer International 

Publishing; 2024, p. 233–57.  

18. Napolitano G, Fasciolo G, Muscari Tomajoli MT, Venditti P. 

Changes in the Mitochondria in the Aging Process—Can α-

Tocopherol Affect Them? Int J Mol Sci. 2023;24(15):12453. 

19. Akbari B, Baghaei‐Yazdi N, Bahmaie M, Mahdavi Abhari F. The 

role of plant‐derived natural antioxidants in reduction of oxidative 

stress. Bio Factors. 2022;48(3):611–33.  

20. Li X, Wang Y, Li M, Wang H, Dong X. Metal complexes or chelators 

with ROS regulation capacity: Promising candidates for cancer 

treatment. Molecules. 2021;27(1):148. 

21. Kumar S, Saxena J, Srivastava VK, Kaushik S, Singh H, Abo-EL-

Sooud K, et al. The interplay of oxidative stress and ROS 

scavenging: antioxidants as a therapeutic potential in sepsis. 

Vaccines. 2022;10:1575. 

22. Roychoudhury S, Sinha B, Choudhury BP, Jha NK, Palit P, Kundu 

S, et al. Scavenging properties of plant-derived natural biomolecule 

para-coumaric acid in the prevention of oxidative stress-induced 

diseases. Antioxidants. 2021;10(8):1205. 

23. Gulcin İ, Alwasel SH. Metal ions, metal chelators and metal 

chelating assay as antioxidant method. Processes. 2022;10(1):132. 

24. Timoshnikov VA, Selyutina OY, Polyakov NE, Didichenko V, 

Kontoghiorghes GJ. Mechanistic insights of chelator complexes 

with essential transition metals: antioxidant/pro-oxidant activity and 

applications in medicine. Int J Mol Sci. 2022;23(3):1247. 

25. Halliwell B. Understanding mechanisms of antioxidant action in 

health and disease. Nat Rev Mol Cell Biol. 2024;25(1):13–33. 

26. Garcia C, Blesso CN. Antioxidant properties of anthocyanins and 

their mechanism of action in atherosclerosis. Free Rad Biol Med. 

2021;172:152–66. 

27. Lv Q, Long J, Gong Z, Nong K, Liang X, Qin T, et al. Current State 

of Knowledge on the Antioxidant Effects and Mechanisms of Action 

of Polyphenolic Compounds. Nat Product Communications. 

2021;16:1934578X211027745.  

28. Radovanovic J, Banjac K, Obradovic M, Isenovic ER. Antioxidant 

enzymes and vascular diseases. Explor Med. 2021;2:544–55. 

29. Andrés CMC, Pérez de la Lastra JM, Juan CA, Plou FJ, Pérez-

Lebeña E. Antioxidant Metabolism Pathways in Vitamins, 

Polyphenols, and Selenium: Parallels and Divergences. Int J Mol 

Sci. 2024;25(5):2600.  

30. Poljsak B, Šuput D, Milisav I. Achieving the Balance between ROS 

and Antioxidants: When to Use the Synthetic Antioxidants. Oxid 

Med Cell Longev. 2013;2013:956792. 

31. Bouayed J, Bohn T. Exogenous antioxidants—Double-edged 

swords in cellular redox state. Oxid Med Cell Longev. 

2010;3(4):228–37.  

32. Zhao H, Jin X. Causal associations between dietary antioxidant 

vitamin intake and lung cancer: A Mendelian randomization study. 

Front Nutr.. 2022;9:965911. 

33. Yang J, Qian S, Na X, Zhao A. Association between dietary and 

supplemental antioxidants intake and Lung Cancer Risk: Evidence 

from a cancer screening trial. Antioxidants. 2023;12(2):338. 

34. Merlin JPJ, Rupasinghe HPV, Dellaire G, Murphy K. Role of 

Dietary Antioxidants in p53‐Mediated Cancer Chemoprevention 

and Tumor Suppression. Oxid Med Cell Longev. 

2021;2021:9924328. 

35. Fatima MT, Bhat AA, Nisar S, Fakhro KA, Akil ASA-S. The role of 

dietary antioxidants in type 2 diabetes and neurodegenerative 

disorders: An assessment of the benefit profile. Heliyon. 

2023;9(1):e12698. 

36. Terao J. Revisiting carotenoids as dietary antioxidants for human 

health and disease prevention. Food Function. 2023;14(17):7799–

824. 

37. Didier AJ, Stiene J, Fang L, Watkins D, Dworkin LD, Creeden JF. 

Antioxidant and anti-tumor effects of dietary vitamins A, C, and E. 

Antioxidants. 2023;12(3):632. 

38. Zainal Z, Khaza’ai H, Radhakrishnan AK, Chang SK. Therapeutic 

potential of palm oil vitamin E-derived tocotrienols in inflammation 

and chronic diseases: Evidence from preclinical and clinical studies. 

Food Res Int. 2022;156:111175. 

39. Tkaczenko H, Kurhaluk N. Antioxidant-Rich Functional Foods and 

Exercise: Unlocking Metabolic Health Through Nrf2 and Related 

Pathways. Int J Mol Sci. 2025;26(3):1098. 

40. Xue P, Zhang G, Zhang J, Ren L. Synergism of ellagic acid in 

combination with radiotherapy and chemotherapy for cancer 

treatment. Phytomedicine. 2022;99:153998. 

41. Zehiroğlu C, Sarıkaya SBÖ. Determination of synergic antioxidant 

interactions of Ellagic acid and chemotherapy drug (Docetaxel and 



54 Shinde et al / IP Archives of Cytology and Histopathology Research 2025;10(2):47-54 

Mitoxantron) combinations. Gümüşhane Üniversitesi Fen Bilimleri 

Dergisi. 2024;14:735–50. 

42. Boopathi E, Thangavel C. Dark Side of Cancer Therapy: Cancer 

Treatment-Induced Cardiopulmonary Inflammation, Fibrosis, and 

Immune Modulation. Int J Mol Sci. 2021;22(18):10126. 

43. Huot JR, Baumfalk D, Resendiz A, Bonetto A, Smuder AJ, Penna F. 

Targeting Mitochondria and Oxidative Stress in Cancer- and 

Chemotherapy-Induced Muscle Wasting. Antioxid Redox Signal. 

2023;38(4-6):352–70.  

44. Yang Y, Sun W. Recent advances in redox-responsive nanoparticles 

for combined cancer therapy. Nanoscale Adv. 2022;4:3504–16. 

45. Tian H, Zhang T, Qin S, Huang Z, Zhou L, Shi J, et al. Enhancing 

the therapeutic efficacy of nanoparticles for cancer treatment using 

versatile targeted strategies. J Hematol Oncol. 2022;15:132. 

46. Zahra KF, Lefter R, Ali A, Abdellah E-C, Trus C, Ciobica A, et al. 

The Involvement of the Oxidative Stress Status in Cancer 

Pathology: A Double View on the Role of the Antioxidants. Oxid 

Med Cell Longev. 2021;2021:9965916.  

47. Yuan M, Zhang G, Bai W, Han X, Li C, Bian S. The Role of 

Bioactive Compounds in Natural Products Extracted from Plants in 

Cancer Treatment and Their Mechanisms Related to Anticancer 

Effects. Oxid Med Cell Longev. 2022;2022:1429869.  

48. Tretter V, Hochreiter B, Zach ML, Krenn K, Klein KU. 

Understanding Cellular Redox Homeostasis: A Challenge for 

Precision Medicine. Int J Mol Sci. 2022;23:106.  

49. Meng J, Lv Z, Zhang Y, Wang Y, Qiao X, Sun C, et al. Precision 

Redox: The Key for Antioxidant Pharmacology. Antioxidants & 
Redox Signaling. 2021;34:1069–82.  

 

 
 

 

 

 

 

 

 

Cite this article: Shinde G, Kadam S, Kale S, Upaganlawar A, 

Mahajan M, Upasani C. Balancing oxidative stress: Antioxidants as 

Allies and adversaries in cancer treatment. IP Arch Cytol Histopathol 

Res. 2025;10(2):47-54. 

 


