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ABSTRACT.  

Nutraceuticals are naturally bioactive compounds that possess nutritional benefit with and potential therapeutic effects against various diseases. Existing cancer 

therapies, including chemotherapy, radiation therapy, and surgical procedures, often cause adverse effects that negatively impact patients' health and quality of life. 

Recent research indicates that certain plant-derived compounds may influence the cellular and molecular mechanisms involved in cancer development. However, 

certain of these compounds may also exhibit opposing effects against conventional treatment agents. This article aims to examine the existing understanding 

supporting the application of nutraceuticals in cancer prevention and treatment. 

1.Introduction     

A substantial body of research has shown that dietary patterns are among the most significant factors influencing the development of chronic illnesses 

such as cardiovascular conditions, diabetes, gallstones, neurodegenerative disorders, cataracts, and various types of cancer. This connection between 

eating habits and disease indicates that nutrition has a direct effect on overall health. Cancer is becoming an increasingly serious global health concern, 

especially due to the continuous increase in life expectancy, growing urbanization, and the resulting shifts in environmental factors and lifestyle. 

     The transformation of a healthy cell into a malignant one involves multiple stages—including initiation, promotion, and progression—through the 

modification of specific genes. While no single cause can be pinpointed for cancer susceptibility, a combination of various elements places certain 

individuals at greater risk. In many high-risk scenarios, genetic predisposition plays a role; however, dietary habits can significantly influence health 

outcomes. 

 According to population-based and epidemiological research, the most common types of cancer include those affecting the lungs and bronchial tubes, 

breasts, colon and rectum, and prostate gland. These cancers are more prevalent in Western countries, whereas their occurrence is notably lower in Asian 

regions. A balanced diet—typically rich in fruits and vegetables and lower in fats and meats—is characteristic of many Asian diets. 

  As a result, numerous theories suggest that diet and environmental factors strongly affect cellular functions and overall well-being. Beyond essential 

nutrients, plant-based diets also contain a wide range of bioactive compounds that are not classified as nutrients but play crucial roles in maintaining 

health. Traditional medicinal systems across various cultures have used these plant-derived substances for centuries in promoting health, although many  

2.Nutraceuticals  

Phytochemicals are naturally occurring compounds found in plants that promote health either directly by interacting with specific molecular targets or 

indirectly by forming stable complexes that influence metabolic processes. Through evolution, plants have developed a diverse array of phytochemicals 

to defend themselves against reactive oxygen species and other environmental stressors. In recent years, there has been a growing interest in both food 

items enriched with bioactive substances and non-food applications such as nutritional supplements and pharmaceutical products.  Products that contain 

phytochemical-rich extracts designed to harness positive physiological effects cannot be strictly categorized as “food.” As a result, a new term was 

introduced to bridge the gap between nutrition and pharmaceuticals. 

Nutraceuticals. The term "nutraceuticals" was first introduced by Dr. Stephen DeFelice in 1989, who defined them as “foods, food components, or 

dietary supplements that provide specific health or therapeutic benefits, including the prevention and management of diseases, beyond their basic 

nutritional value”. The idea of nutraceuticals was originally viewed as natural foods intended to supply energy according to the body’s recommended 

daily needs for maintaining health until the 1990s. For instance, in the early 19th century, various food manufacturers started fortifying salt with iodine 

to prevent goiter. This exemplifies early efforts to develop functional food components. 

http://www.ijrpr.com/
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Subsequently, the significance of nutraceuticals was recognized for their advantages in managing various nutritional disorders, accompanied by an 

increasing trend of self-prescription. In the 21st century, there has been a remarkable rise in awareness of nutraceuticals as powerful therapeutic agents, 

with the emerging acceptance of nutraceutical medicine as a new discipline within “complementary and alternative medicine” (CAM).  

Approximately 2000 years ago, Hippocrates, widely regarded as the father of medicine, famously stated, “Let food be thy medicine and medicine be thy 

food,” highlighting the connection between nutrition and human health, particularly the role of suitable foods in promoting wellness and providing 

therapeutic effects. Plant-based products have been categorized as food, dietary supplements, functional foods, or nutraceuticals, depending on the level 

of extraction or processing involved. Pure isolated plant-derived compounds are referred to as nutraceuticals, whereas partially  purified plant products 

that are not consumed as regular food are classified as functional foods. Dietary supplements are products intended for regular consumption to support 

overall health. Plant-based foods contain a wide range of constituents including micronutrients, polyunsaturated fatty acids, and secondary metabolites 

such as glucosinolates, flavonoids, polyphenols, phytoestrogens, phytosterols, lignans, terpenes, and phytates, among others. 

3.The Use of Nutraceuticals in the Cancer Patient 

It is estimated that approximately one-third of all cancer-related deaths can be avoided through lifestyle modifications, including proper nutrition. 

Although encouraging outcomes have been observed in vitro using various cell models, no mechanism-driven preclinical investigations have been 

conducted so far. This absence of preclinical evidence contributed to the unsuccessful results of the initial large-scale clinical trials involving 

phytochemicals carried out in the 1990s. 

 Botanical remedies have a long-standing history in cancer treatment. Numerous anticancer drugs are derived from plants, including alkaloids from the 

Vinca genus (vincristine and vinblastine) and the Pacific yew tree, Taxus brevifolia (Taxol). 

Ancient civilizations worldwide employed a wide variety of methods to treat and prevent illnesses and to promote health. Among these approaches, plant 

extracts played a significant role. It is frequently observed that the same or similar plants are used across different cultures to address identical symptoms 

or diseases, suggesting their likely medicinal effectiveness for those conditions 

Despite advancements in medicine, cancer continues to be a global health challenge, and various plant extracts are utilized for both the treatment and 

prevention of cancer. Nutritional intervention may offer benefits in the management of cancer patients. 

Research indicates that diets low in simple sugars but containing moderate levels of high-quality protein, fiber, and fats—particularly omega-3 fatty 

acids—are advantageous for individuals with cancer. 

Moreover, nutraceuticals may aid in mitigating the side effects associated with chemotherapy and radiation therapy, potentially improving quality of life 

by alleviating cancer-related wasting syndrome, known as cachexia. 

Phytochemicals exhibit various mechanisms of action at multiple cellular levels. Many of these compounds have proven to be a diverse source of 

antioxidants that influence signaling pathways associated with redox-regulated transcription factors. Additionally, they directly regulate the endocrine 

system, immune responses, and enzymes involved in inflammation. Some phytochemicals have also demonstrated direct effects on DNA repair and 

cleavage processes. 

4.Molecular Targets of Nutraceuticals in Cancer Care   

Initial in vitro studies indicated that phytochemicals may inhibit the tumor-promoting effects of carcinogens by blocking their mutagenic potential and 

reducing cell proliferation. 

Chemoprevention is defined as the use of natural or synthetic substances to reverse, inhibit, or prevent the development of cancer. Early-stage solid 

tumors are typically identified as intraepithelial neoplasia or carcinoma in situ, corresponding to the promotion and progression phases of carcinogenesis. 

Therefore, agents with “anti-promotion” and “anti-progression” properties could hold significant clinical value. 

Dietary bioactive compounds, even at very low concentrations, can significantly influence the regulation of gene expression. Ongoing research into the 

impact of nutraceuticals on gene expression is expected to enhance our understanding of disease prevention mechanisms—such as those for obesity, 

diabetes, atherosclerosis, hypertension, and cancer—through dietary interventions. 

Furthermore, phytochemicals have been shown to protect against lipid peroxidation and to regulate innate immunity and inflammatory processes. These 

effects of plant extracts, combined with their low toxicity, make them promising candidates as effective agents in cancer prevention and treatment. 

However, the specific mechanism of action of each compound and its efficacy against particular cancer types must be thoroughly investigated to ensure 

the correct application in clinical settings. The term “nutritional genomics” was introduced to describe research at the intersection of plant biochemistry, 

genomics, and human nutrition. 

Several studies investigating the effects of selected nutraceuticals on biological activity have paved the way for more detailed exploration of these 

compounds using various genetic disease animal models. In addition to the active role of nutraceuticals and functional foods in managing cancer 

progression, there is a significant need to develop dietary supplements as complementary therapies to improve the quality of life for cancer patients. 
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Indeed, some cancer patients experience cachexia, which is characterized by substantial disruptions in carbohydrate, protein, and fat metabolism, leading 

to poor quality of life, decreased treatment responsiveness, and reduced survival time. Nutritional modulation may be beneficial in treating cancer patients 

by reversing these metabolic disturbances. Nutritional strategies can serve as effective tools for managing malignancies and minimizing the adverse 

effects associated with chemotherapy and radiation treatments. 

Furthermore, nutraceuticals have been shown to significantly enhance the activity of natural killer (NK) cells and increase tumor necrosis factor (TNFα) 

levels in patients with advanced-stage cancer. 

5.Main Phytochemicals Studied for Cancer Care  

Dietary phytochemicals can be categorized based on their chemical composition, botanical source, biological activities, biosynthetic pathways, and other 

criteria. 

Polyphenols  

Polyphenols are plant secondary metabolites characterized by one or more hydroxyl groups attached to a benzene ring in their molecular structure. Over 

8,000 distinct polyphenols, commonly found in foods such as wine, tea, coffee, cocoa, vegetables, and cereals, are part of the human diet. 

They can be divided into various classes depending on the number of phenolic rings and the types of linkages between these rings. In this regard, phenolic 

acids, flavonoids, stilbenes, and curcuminoids are particularly significant due to their ability to inhibit the initiation of carcinogenesis and to hinder cancer 

progression. 

EGCG (epigallocatechin-3-gallate) is the primary catechin present in green tea (Camellia sinensis). Regular consumption of green tea in Asian countries 

has been associated with various health benefits and is considered one of the most potent cancer-preventive beverages. 

The anticancer properties of EGCG have been demonstrated across multiple cancer cell lines, including rarer tumors such as anaplastic thyroid carcinoma 

and malignant mesothelioma.Most research assessing the anticancer potential of EGCG has been conducted in preclinical settings; therefore, well-

designed clinical trials are necessary to thoroughly evaluate the specific effects and efficacy of EGCG in humans. 

The clinical use of green tea is limited by its low bioavailability and its conversion into inactive methylated metabolites. Additionally, the metabolism of 

green tea polyphenols differs between humans and rodents, which may account for species-specific variations in their anticancer effects.  

Moreover, genetic variations in enzymes responsible for the metabolism of EGCG, such as catechol-O-methyltransferase (COMT), must be taken into 

account when designing studies to assess the effectiveness of green tea. Nevertheless, the broad spectrum of antitumor activities exhibited by EGCG 

indicates that this compound holds promise as a potential agent for cancer prevention and treatment, both as a standalone therapy and in combination 

with anticancer drugs or other phytochemicals.  

Resveratrol  

Resveratrol is the most significant stilbene associated with cancer. It exhibits natural anti-proliferative properties due to its function as a phytoalexin (a 

plant-derived antibiotic). It is also believed to possess multiple bioactivities, including anticancer, anticarcinogenic, and anti-inflammatory effects. 

The exact mechanisms through which resveratrol exerts these effects are not fully elucidated, but the primary molecular pathway appears to involve the 

activation of sirtuin protein. 

There is substantial interest in advancing resveratrol for cancer prevention and therapy. The plasma pharmacokinetics of resveratrol in humans are now 

fairly well characterized, with studies indicating that repeated daily administration is safe and well tolerated. 

Quercetin   

Quercetin, a prominent member of the flavonoid family, is a plant-derived compound found in various fruits and vegetables, with dietary intake levels 

reaching as high as 16–25 mg per day. 

The biological effects of quercetin are thought to be linked to the induction of apoptosis through multiple pathways. In vivo studies investigating the 

anticancer properties of quercetin have shown that oral administration can prevent chemically induced carcinogenesis, particularly in the colon. 

Additionally, quercetin has been found to suppress melanoma growth, invasion, and metastatic capabilities. 

Similar to resveratrol, poor bioavailability remains a major limitation for quercetin. 

6. Vitamins and Minerals in Cancer Management   

The roles of vitamins A, C, E, and trace elements such as selenium have been proposed to contribute to cancer prevention in several independent studies. 

Supplementation with micronutrients as an adjunct therapy in cancer patients may prove beneficial. 
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Ascorbate (vitamin C) is an essential nutrient in the human diet, but it is also widely used as a therapeutic agent and has long been regarded as a treatment 

for various illnesses. 

Research focusing on the mechanisms of ascorbate’s cytotoxicity has revealed its ability to induce apoptosis through cell cycle arrest, activation of 

apoptotic factors, and disruption of iron uptake in cells. Additionally, ascorbate functions as an electron donor in redox reactions, and accumulating 

evidence supports the notion that oxidative stress plays a central role in ascorbate-induced toxicity in tumor cells. 

Further in vitro and in vivo studies are investigating the true potential of ascorbate, including its use in combination with chemotherapeutic agents. 

Combined Therapy:A New Promise? Although chemotherapy has evolved into the era of precision drugs, the anticancer effectiveness of current regimens 

remains constrained, probably due to extensive tumor clonal diversity, genetic heterogeneity within tumors, and the intricacy of cellular signaling 

networks. 

Clinical findings have generally demonstrated that some cancers are notably resistant to chemotherapy, and in line with this evidence, the best therapeutic 

outcomes have been achieved through the administration of combined drug regimens. 

 Nevertheless, combination therapies are linked to a certain extent of dose-dependent adverse effects. Consequently, the advancement of personalized, 

mechanism-oriented, and targeted treatment strategies to enhance therapeutic success and reduce side effects is deemed essential for effective cancer 

management. To attain high effectiveness and reduced toxicity in cancer treatment, choosing therapeutic agents is a vital step in formulating a strategy. 

Recently, certain dietary compounds, recognized for their anticancer properties, have gained greater prominence in combination therapies. 

These substances can exert their anticancer effects by modulating different cellular signaling cascades. Importantly, these nutraceuticals are non-toxic, 

so conventional cancer treatments combined with these nutraceuticals may demonstrate enhanced anticancer efficacy through synergistic interactions. 

Thus, combination therapies may also lessen systemic toxicity caused by chemotherapy or radiation therapy because lower doses of chemotherapeutic 

agents can be used in conjunction with nutraceuticals, thereby reducing adverse side effects. 

Given that ascorbate is well tolerated by the human body even at concentrations toxic to mesothelioma cells, Martinotti and collaborators sought partner 

compounds that could act synergistically with ascorbate against mesothelioma cell proliferation. They evaluated commonly used chemotherapeutic drugs 

in mesothelioma treatment, including cisplatin, etoposide, gemcitabine, imatinib, paclitaxel, and raltitrexed, as well as other promising antitumor agents 

not yet introduced in clinical practice. 

Isobologram analyses, based on in vitro cytotoxicity assays, revealed synergistic interactions between ascorbate, EGCG, and gemcitabine, a classical 

chemotherapeutic drug. 

These researchers also proposed a novel therapeutic regimen for mesothelioma, termed active nutrients/drug (AND) therapy, involving a synergistic 

combination of EGCG, ascorbate, and gemcitabine, all applied at pharmacological doses . 

This AND formulation—comprising ascorbate, EGCG, and gemcitabine—induces disruption of the cell cycle and programmed cell death in 

mesothelioma cells. Crucially, the mechanism is synergistic and involves disturbance of free cytosolic Ca²⁺, increased expression of DAPK2, inhibition 

of NF-κB, and cell cycle arrest that prevents progression into the G2/M phase. 

These results corroborate previous findings and suggest that this combination could be effectively employed as a clinical intervention for malignant 

mesothelioma, potentially yielding higher patient response rates without escalating drug dosages. 

7. Present Limitations of Nutraceuticals in Cancer   

Nature is a promising source of active principles against It is widely recognized that various herbal remedies can interfere with pharmaceutical treatments. 

For example, garlic has been shown to exhibit blood-thinning effects, and adverse interactions with warfarin have been observed for both ginger and 

ginkgo. One of the most extensively studied herb-drug interactions involves St. John’s Wort (Hypericum perforatum), which has been found to stimulate 

cytochrome P450 3A4—an essential enzyme involved in the metabolism of certain anticancer medications. Additionally, the isoflavones present in soy 

products have been shown to counteract the effects of selective estrogen receptor modulators (SERMs), such as tamoxifen. 

Moreover, botanical products containing anthraquinones—such as senna (Cassia senna) and cascara (Rhamnus purshiana)—as well as dietary fibers like 

guar gum and psyllium, may hinder the absorption of specific medications. Furthermore, recent research indicates that some antioxidants derived from 

botanical extracts might contribute to increased chemotherapy resistance in patients with late-stage cancer. 

8. Future Directions   

Cancer cells can be influenced by a variety of biologically active plant-derived compounds known as phytochemicals, which exhibit a wide range of 

intriguing and significant effects on human cellular functions. The incorporation of phytochemicals into cancer management has significantly driven the 

growth of the nutraceutical industry, leading to the development of numerous products containing these bioactive compounds, each with distinct 

formulations and health benefit claims. 
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The current challenge lies in formulating dietary supplements that can aid in the prevention or delay of nutrition-related illnesses within specific 

demographic groups. Achieving this goal requires a deeper understanding of the molecular mechanisms through which these substances influence human 

physiology. 

In this regard, the following research areas are receiving increasing attention: 

• utilization of omics technologies to enhance comprehension of the involvement of phytochemicals in biological pathways; 

• investigation of how dietary elements impact epigenetic mechanisms and overall human health; 

• evaluation of biomarkers to track the influence of nutritional components on disease progression and prevention. 

9. Conclusions.    

Cancer rates are continuously increasing worldwide. At the same time, the importance of plant-based medicines is also on the rise, as they are being 

adopted more frequently in health practices. Although several investigations have shown favorable outcomes, the exact biological pathways through 

which these natural agents operate are still not fully understood. 

• Functional foods and nutraceuticals offer a valuable source of compounds with cancer-preventive potential, as they are cost-effective and 

generally lack harmful side effects. 

• Nonetheless, additional research is essential to determine the most relevant biological targets of these phytoconstituents. This will allow the 

development of customized clinical trials, aimed at producing reliable and reproducible results for the prevention and treatment of cancer. 
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