¢BF 2,
b o . . P . . .
@RE,M International Journal of Scientific Research in Engineering and Management (I[JSREM)
W Volume: 10 Issue: 01 | Jan - 2026 SJIF Rating: 8.586 ISSN: 2582-3930

Integrated Nutraceutical Strategies in Cancer Prevention and Therapy: A
Comprehensive Review of Radiosensitization, Chemosensitization, and
Molecular Mechanisms

Author’s Name
1. Mr.Avinash D.Hatkar[Assistant Professor M.Pharmacology (PhD)],
2. Mr.Sharif Mohammed Shoaib Abdullah [Student M. pharma (pharmacology)],
3. Mr.PhokeSandip V.[Assistant ProfessorM.pharma Pharmaceutics (PhD)],
4. Mr.Vyas Gitesh V.[Assitant Professor M.Pharma(Pharmacology)],
5. S.S.Jaybhaye[PrincipalM. Pharma QA PhD],

Abstract

Cancer remains a leading cause of mortality globally, characterized by multifactorial pathophysiological components
including genetic mutations, oxidative stress, and chronic inflammation. Conventional therapies such as chemotherapy
and radiotherapy (RT), while effective, often lack specificity, leading to significant toxicity in normal tissues and the
development of resistance. In recent decades, nutraceuticals—bioactive compounds derived from food sources—have
emerged as promising complementary agents. This review integrates data from multiple studies to explore the
multifaceted role of nutraceuticals in oncology. We examine their classification, market trends, and molecular
mechanisms, with a specific focus on their ability to sensitize cancer cells to radiation and chemotherapy through the
modulation of reactive oxygen species (ROS), inflammation, and epigenetic pathways. Furthermore, we analyze the
specific impact of nutraceuticals on colorectal cancer (CRC), highlighting the critical role of the gut microbiota,
prebiotics, and marine-derived compounds. Finally, we discuss the regulatory landscape and the challenges of
bioavailability that currently hinder the clinical translation of these natural agents.

1. Introduction
1.1. Definition and Historical Context

The term "Nutraceutical”" was coined in 1979 by Stephen De Felice, defined as "a food or parts of food that provide
medical or health benefits, including the prevention and treatment of disease". This concept represents a hybrid of
'Nutrition' and 'Pharmaceutical’, bridging the gap between food intake and drug therapy. Historically, plants have been a
primary resource for human medicine, and the exploration of novel dietary products has created a renaissance in health
research. The fundamental philosophy aligns with the Hippocratic concept: "Let food be thy medicine and medicine be
thy food".! Unlike pharmaceuticals, which are synthetic and targeted towards sickness, nutraceuticals focus on a
preventative medical approach, aiming to strengthen the body’s terrain and delay aging or disease onset.

1.2. The Global Burden of Cancer

Cancer is the second leading cause of death worldwide. Despite advances in diagnostic techniques and therapies, the
burden remains high due to environmental and lifestyle factors such as unhealthy diets, physical inactivity, and exposure
to toxins. Industrialization has introduced pollutants and dietary habits that increase the incidence of diabetes, obesity,
and vascular diseases, which are often comorbidities or precursors to cancer. Conventional treatments like chemotherapy
and radiotherapy are limited by their side effects on normal tissues and the development of resistance mechanisms in
tumor cells. Consequently, there is a growing demand for complementary therapies that can enhance treatment efficacy
while minimizing toxicity.

© 2026, IJSREM | https://ijsrem.com | Page 1


https://ijsrem.com/

<Journal

.'f-’ ‘z;k‘
b o . . P . . .
@REM International Journal of Scientific Research in Engineering and Management (I[JSREM)
w Volume: 10 Issue: 01 | Jan - 2026 SJIF Rating: 8.586 ISSN: 2582-3930

1.3. Market Trends

The global nutraceutical market has seen explosive growth, driven by an aging population and increasing health
consciousness. In the United States, the market for nutritional ingredients was projected to expand significantly, with
China expected to become the largest consumer and producer. In India, the market is fueled by a rich tradition of
Ayurvedic medicine, with high export potential for herbal formulations like ashwagandha and turmeric. The global
functional food and nutraceutical market is a multi-billion dollar industry, with significant sectors in the USA, Japan,
and Europe.

2. Classification of Nutraceuticals

Nutraceuticals are broadly classified based on their source and function. They can be categorized into traditional and
non-traditional groups.

2.1. Traditional Nutraceuticals

These are natural, whole foods with established health benefits. They require no manual changes to their composition.

> Chemical Constituents: Nutrients, herbals, and phytochemicals.

> Probiotic Microorganisms: Live bacteria that confer health benefits.

> Nutraceutical Enzymes: Enzymes derived from microbial or plant sources.
> 2.2. Non-Traditional Nutraceuticals

These are foods enriched or fortified with bioactive components.
> Fortified Nutraceuticals: Foods with added micronutrients, such as milk fortified with Vitamin D.

> Recombinant Nutraceuticals: Foods produced via biotechnology, such as gold kiwifruit genetically
modified for high ascorbic acid and lutein content.

2.3. Functional Categories
Nutraceuticals are also categorized by their bioactive components:
1.Dietary Fiber: Promotes digestive health.
ii.Prebiotics and Probiotics: Modulate gut flora.
iii.Polyunsaturated Fatty Acids (PUFAs): Includes Omega-3 and Omega-6 fatty acids.
iv.Antioxidant Vitamins: Vitamins C, E, and A.
v.Polyphenols: A vast group including flavonoids, phenolic acids, and stilbenes found in plants.

vi.Spices: Substances like turmeric and ginger that possess potent therapeutic properties.

3. Key Nutraceuticals and Their Sources

The table below highlights some of the most researched compounds in integrative oncology:

Compound Common source Primary Anticancer Property

Curcumin Turmeric Strong  anti-inflammatory;  inhibits NF-xB
signaling

Resveratrol Grapes / Red Wine Activates sirtuins; inhibits tumor initiation and
progression.
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Genistein Soybeans Phytoestrogen that can inhibit hormone-linked
cancers
Quercetin Onions / Apples Antioxidant; induces cell cycle arrest at G2/M
phase.
Sulforaphane Cruciferous Veggies Boosts Phase II detoxification enzymes.
Omega-3 Fatty Acids | Fatty Fish / Flax Reduces chronic inflammation; improves patient
weight (cachexia).

4. Molecular Mechanisms in Cancer Prevention and Therapy

Nutraceuticals exert their anticancer effects through pleiotropic mechanisms, targeting multiple signaling pathways
involved in carcinogenesis.

4.1. Oxidative Stress and the ROS Labyrinth

Oxidative stress (OS) results from an imbalance between the production of reactive oxygen species (ROS) and the body's
antioxidant defense mechanisms. While low levels of ROS are essential for cell signaling, excessive ROS causes damage
to DNA, lipids, and proteins, driving cancer initiation and progression.

> The Dual Role of ROS: In cancer treatment, ROS plays a paradoxical role. Chemotherapy and
radiotherapy rely on generating high levels of ROS to induce DNA damage and kill cancer cells. However,
chronic low-level ROS can promote tumor survival and metastasis.

> Antioxidant Activity: Nutraceuticals like vitamins C and E, and polyphenols act as direct antioxidants
by scavenging free radicals. They also act as indirect antioxidants by activating the Nrf2 pathway, which
upregulates endogenous antioxidant enzymes like Superoxide Dismutase (SOD) and Catalase (CAT).

> Pro-oxidant Activity: Interestingly, some nutraceuticals (e.g., high-dose Vitamin C, Quercetin) can act
as pro-oxidants in the presence of transition metals, generating ROS specifically in cancer cells to induce
apoptosis. This pro-oxidant strategy is particularly relevant when combined with chemotherapy to enhance
cytotoxicity.

4.2. Inflammation and NF-xB Signaling

Chronic inflammation is a hallmark of cancer. The transcription factor NF-kB is a master regulator of inflammation, cell
survival, and proliferation.

> Mechanism: Nutraceuticals such as Curcumin, Resveratrol, and Epigallocatechin gallate (EGCG) are
potent inhibitors of NF-kB. By blocking NF-kB activation, these compounds downregulate the expression of
anti-apoptotic proteins (Bcl-2, Bcl-xL) and inflammatory cytokines (IL-6, TNF-a), thereby sensitizing cancer
cells to apoptosis.

> Clinical Relevance: Suppressing chronic inflammation is crucial for preventing the transition from
dysplasia to malignancy, particularly in colorectal and prostate cancers.

4.3. Epigenetic Modulation

Nutraceuticals can function as an "epigenetic diet," modifying the epigenome to reverse aberrant alterations associated
with cancer.

1.DNA Methylation: Compounds like Curcumin and EGCG inhibit DNA methyltransferases (DNMTs), reversing
the hypermethylation of tumor suppressor genes (e.g., pl6INK4a, RASSF1A) and restoring their expression.

ii.Histone Modification: Nutraceuticals can modulate histone deacetylases (HDACs). For instance, Butyrate (a
fermentation product of dietary fiber) acts as an HDAC inhibitor, promoting the expression of pro-apoptotic
genes like p57.
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ii.MicroRNAs (miRNAs): Bioactive compounds modulate the expression of miRNAs. Resveratrol, for example,
upregulates tumor-suppressive miRNAs (miR-16, miR-141) while downregulating oncomiRNAs in breast and
prostate cancers."

5. Nutraceuticals as Radiosensitizers

Radiotherapy (RT) is a cornerstone of cancer treatment, but radioresistance remains a significant failure factor.
Nutraceuticals are emerging as potent radiosensitizers, enhancing the efficacy of RT while protecting normal tissues."

5.1. Mechanisms of Radiosensitization
Nutraceuticals sensitize cancer cells to ionizing radiation (IR) through several mechanisms:

1.Cell Cycle Arrest: Agents like Curcumin and Resveratrol arrest cells in the G2/M phase, the most radiosensitive
phase of the cell cycle.

ii.Inhibition of DNA Repair: Compounds such as Berberine downregulate RADS51, a protein critical for repairing
DNA double-strand breaks induced by radiation.

iit. Apoptosis Induction: Nutraceuticals downregulate anti-apoptotic proteins (Bcl-2, Survivin) and upregulate pro-
apoptotic markers (Bax, Caspase-3).

iv.Targeting Hypoxia: Hypoxia-inducible factor 1-alpha (HIF-1a) confers radioresistance. Compounds like
Resveratrol and Ursolic Acid inhibit HIF-1a, sensitizing hypoxic tumor cells to radiation.

5.2. Key Radiosensitizing Compounds

1.Curcumin: In prostate (PC-3) and colorectal (HCT116) cancer cells, Curcumin suppresses NF-«B and Bcl-2,
enhancing radiation-induced apoptosis. In glioblastoma, it inhibits the ERK and JNK pathways.

ii.Resveratrol: It enhances radiosensitivity in melanoma, non-small cell lung cancer (NSCLC), and glioblastoma.
In nasopharyngeal carcinoma, it downregulates E2F1 and inhibits AKT phosphorylation.

iii. Withaferin A: Derived from Withania somnifera, it enhances radiation induced apoptosis in lymphoma and
cervical cancer cells by generating ROS and downregulating Bcl-2.

iv.Celastrol: Inhibits HSP90 and impairs DNA damage processing in prostate cancer cells, prolonging the presence
of YH2AX foci (a marker of DNA damage).

v.Ursolic Acid: Found in apple peels, it sensitizes gastric and lung cancer cells by reducing endogenous
glutathione (GSH) and inhibiting HIF-1a.

vi.Zerumbone: A sesquiterpene from ginger, it inhibits the repair of DNA double-strand breaks (DSBs) by reducing
ATM phosphorylation and depleting intracellular GSH."

6. Nutraceutical strategies are highly specific to the biological "signatures' of different cancers:

6.1. Breast Cancer

The strategy here often focuses on hormone regulation and the PI3K/AKT/mTOR signaling pathway, which is frequently
overactive in breast tumors.

. Omega-3 Fatty Acids (EPA/DHA): Act as potent anti-inflammatory agents. Research suggests they can
reprogram the tumor microenvironment and enhance the delivery of chemotherapy drugs when used in
nanoformulations.

. Folate (Vitamin B9): High intake has been associated with an 18% decrease in the risk of developing
hormone receptor-negative breast cancer.
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. Vitamin D3: Studies indicate a protective effect, particularly in premenopausal women, with some data
showing up to a 35% reduction in risk in case-control studies.
o Genistein (Soy): A phytoestrogen that can help inhibit hormone-linked cancer progression, though its

timing (earlier in life) may be crucial for effectiveness.
6.2. Prostate Cancer

Prostate cancer strategies often target the Androgen Receptor (AR) and aim to reduce levels of Prostate-Specific Antigen
(PSA).

. Lycopene (Tomatoes): One of the most studied nutraceuticals for the prostate. It helps protect DNA
from oxidative damage and may delay progression in patients with "PSA relapse."

. Green Tea Catechins (EGCG): Known to downregulate signal transduction in the AR and NF-«xB
pathways, which are vital for prostate cancer development.

. Silibinin (Milk Thistle): Shows strong anti-carcinogenic effects in advanced or localized prostate cancer
by inducing cell cycle arrest.

. Selenium: While controversial in some trials, it remains a key mineral studied for its role in regulating
the immune response against prostate malignancies.

6.3. Colorectal (Colon) Cancer

The focus for colon cancer is often on detoxification, gut microbiota, and inhibiting the Wnt/B-catenin pathway.

o Sulforaphane (Broccoli): Acts as a "Phase II enzyme inducer," helping the liver and colon flush out
carcinogens before they can damage DNA.
. Curcumin: Particularly effective here because it can reach high concentrations in the gastrointestinal

tract. It inhibits NF-«xB regulated transcription and angiogenesis (blood vessel growth) in colon tumors.

. Quercetin (Onions/Apples): Effective for inducing apoptosis (cell death) specifically in colon cancer
cells while sparing normal cells.

. Probiotics: Strains like Lactobacillus are being explored for their ability to modulate the gut
environment and reduce systemic inflammation.

6.4. Lung Cancer
Strategies for lung cancer focus heavily on antioxidant defense and mitigating treatment toxicity.

. Ginger: Specifically used to reduce the side effects of lung cancer chemotherapy, such as nausea and
"chemo-brain."

. Omega-3 Fatty Acids: Used during chemotherapy to regulate inflammation and maintain muscle mass
(preventing cachexia), which is a common struggle for lung cancer patients.

. Cautionary Note: Clinical reviews (like the McMaster Optimal Aging report) warn that high-dose
Vitamin A (Beta-carotene) supplements can actually increase lung cancer risk in smokers. This highlights the
"double-edged sword" nature of nutraceuticals.

7. Nutraceuticals in Colorectal Cancer (CRC): Microbiota and Mechanisms

Colorectal cancer is heavily influenced by diet and the gut microbiota. Dysbiosis (microbial imbalance) is a key driver
of CRC, promoting pro-carcinogenic inflammation and genotoxin production.
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7.1. The Role of Dysbiosis

Specific bacterial strains like Enterotoxigenic Bacteroides fragilis (ETBF) and Fusobacterium nucleatum promote
carcinogenesis by damaging the epithelial barrier and inducing inflammation (IL-6, IL-17). Dysbiosis also leads to the
production of harmful metabolites like secondary bile acids (e.g., deoxycholic acid) and hydrogen sulfide, which damage
DNA.

7.2. Prebiotics and Probiotics as Therapeutic Tools

1.Prebiotics: Non-digestible oligosaccharides (GOS, FOS, XOS) stimulate the growth of beneficial bacteria
(Bifidobacterium, Lactobacillus). They are fermented into Short-Chain Fatty Acids (SCFAs) like butyrate.

ii.Mechanism: Butyrate activates G-protein coupled receptors (GPR43, GPR109A) on immune cells, suppressing
pro-carcinogenic inflammation and promoting regulatory T cell expansion. It also acts as an HDAC inhibitor,
epigenetically regulating tumor suppressor genes.

iii.Probiotics: Live microorganisms that can bind and inactivate dietary carcinogens (e.g., heterocyclic amines from
cooked meat). Strains like Lactobacillus thamnosus GG (LGG) have been shown to reduce polyp formation in
animal models by decreasing B-catenin and COX-2 levels.

7.3. Marine Nutraceuticals in CRC
Marine organisms offer unique bioactive compounds for CRC:

i.Astaxanthin: A carotenoid from Haematococcus pluvialis, it suppresses NF-kB and MMP9, reducing colitis-
associated cancer and lipid peroxidation.

ii.Siphonaxanthin: Derived from green algae, it induces apoptosis in colon cancer cells via caspase-3
activation and upregulation of the death receptor DRS.

iii.Fucoxanthin: A marine carotenoid that induces apoptosis and cell cycle arrest in Caco-2 and HT-29 cells."!
8. Nutraceuticals and Chemotherapy: Synergy and Protection

The concurrent use of nutraceuticals with chemotherapy is a subject of debate, particularly regarding antioxidant
interference. However, evidence suggests a potential for synergy and reduction of side effects.

8.1. The Antioxidant Controversy

Chemotherapy often works by generating ROS to kill cancer cells. There is concern that high-dose antioxidants might
protect tumor cells from this oxidative damage. However, recent reviews suggest that antioxidants, when properly dosed,
can reduce chemotherapy-induced toxicity (e.g., nephrotoxicity from Cisplatin, cardiotoxicity from Doxorubicin)
without compromising tumor control*i

8.2. Synergistic Combinations

> Curcumin + Docetaxel/Cisplatin: Curcumin enhances the efficacy of Docetaxel in prostate cancer and
Cisplatin in bladder cancer by downregulating NF-kB and multidrug resistance proteins.

> Vitamin C + Decitabine: Low-dose Vitamin C synergizes with Decitabine to activate TET2 and improve
remission rates in leukemia.

> Resveratrol + Doxorubicin: Resveratrol sensitizes drug-resistant breast cancer cells to Doxorubicin by
modulating AMPK signaling.

> Quercetin + Vincristine: Liposomal co-encapsulation of Quercetin and Vincristine enhances antitumor
activity in breast cancer xenografts.
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8.3. Immune Checkpoint Inhibitors

Emerging evidence suggests nutraceuticals can modulate the gut microbiome to enhance the efficacy of immune
checkpoint inhibitors (e.g., anti-PD-L1, anti-CTLA-4). Specific commensal bacteria promoted by prebiotics can
reinforce the cytotoxic immune response against tumors.

9. Deep Dive: Key Polyphenols
9.1. Bergamot (Citrus bergamia)
Bergamot juice (BJ) and its polyphenolic fraction (BPF) are rich in flavonoids like naringin and neoeriocitrin.

> Activity: Exerts antiproliferative effects by arresting the cell cycle in GO/G1 phase. It possesses strong
antioxidant and anti-inflammatory properties, reducing cytokines like IL-6 and TNF-a.

> Cancer Targets: Neuroblastoma, prostate, and breast cancer cells.
9.2. Oleuropein
The primary phenolic compound in olive oil and leaves.

> Activity: Induces apoptosis via the p53 pathway and inhibits histone deacetylases (HDACs). It
selectively targets cancer cells while sparing normal cells.

> Protection: Oleuropein has been shown to attenuate cisplatin-induced acute renal injury in mice.
9.3. Quercetin
A ubiquitous flavonoid in fruits and vegetables.

> Activity: Arrests cell cycle at G2/M phase and downregulates anti-apoptotic proteins (Bcl-xL, Mcl-1).
It also inhibits angiogenesis by suppressing VEGFR-2.

> Synergy: Enhances the effect of TRAIL-mediated apoptosis in prostate cancer.
9.4. Curcumin
The yellow pigment of turmeric.

> Activity: A potent NF-kB inhibitor. It induces apoptosis through mitochondrial pathways (Caspase-8, -
9 activation) and acts as a hypomethylating agent, restoring the expression of silenced tumor suppressor genes
like RASSF1A.K

10. Bioavailability and Delivery Systems

> A major limitation of nutraceuticals is their poor bioavailability due to low solubility, rapid metabolism,
and poor absorption.

> Nano-formulations: To overcome this, novel delivery systems are being developed.

> Nano-emulsions: Encapsulation of Resveratrol in nano-emulsions improves its retention and antioxidant
properties.

> Liposomes: Liposomal formulations of Silymarin and Curcumin show enhanced bioavailability and

hepatoprotective effects.

> Phytosomes: Complexing polyphenols with phospholipids (e.g., Ginseng phytosomes) significantly
increases absorption.

> Nanoparticles: Selenium nanoparticles (Nano-Se) have shown higher cytotoxicity against breast cancer
cells compared to selenium alone.
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11. Regulatory Status and Future Perspectives

11.1. Regulatory Landscape

> USA: The FDA regulates nutraceuticals under the Dietary Supplement Health and Education Act
(DSHEA) of 1994. They are not subject to the rigorous pre-market approval process of pharmaceuticals.

> India: The Food Safety and Standards Authority of India (FSSAI) regulates these products under the
Food Safety and Standard Act, 2011, covering licensing and labeling.

> Market Growth: The global nutraceutical market is rapidly expanding, with significant growth in the
Asia-Pacific region. Japan and China are major consumers, and India is emerging as a key exporter of herbal
extracts.

11.2. Future Directions

> Clinical Trials: There is a critical need for large-scale, randomized clinical trials to validate the efficacy
of nutraceuticals in cancer patients and determine optimal dosages.

> Personalized Nutrition: Future strategies should account for individual variability in gut microbiota and
genetics, which influence nutraceutical metabolism.

> Standardization: Establishing scientific assessment standards and biomarkers for disease prevention is
essential for the industry's credibility.

Conclusion

Nutraceuticals represent a promising frontier in oncology, offering a strategy to complement conventional therapies.
Their ability to modulate critical pathways involved in carcinogenesis—such as oxidative stress, inflammation, and
epigenetics—makes them powerful tools for prevention and treatment. Specifically, their role as radiosensitizers and

chemosensitizers addresses the critical challenge of resistance in cancer therapy. Furthermore, the modulation of the gut

microbiota by prebiotics and probiotics offers a novel avenue for managing colorectal cancer and enhancing
immunotherapy outcomes. While challenges regarding bioavailability and regulatory standardization remain, the

integration of nutraceuticals into "Onco-wellness" programs holds the potential to improve patient survival and quality

of life. Patients and clinicians must carefully weigh the benefits and risks, particularly concerning antioxidant use during
chemotherapy, transitioning towards an evidence-based personalized approach.
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