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            Abstract

            
               
The goal of cancer chemotherapy is to prevent or slow the growth of tumors by using various Biological or natural agents.
                  Epidemiological and pre-clinical data indicate that phytochemicals can influence cell proliferation and cell cycle regulation,
                  are typically involved in multiple signaling pathways that are frequently disrupted during tumour initiation, proliferation,
                  and propagation, strengthen the host immune system, and make cancer cells more susceptible to cell-damaging agents. Only a
                  small subset of these medicines have undergone clinical testing, and the results of those trials have been inconsistent, despite
                  favorable outcomes from Experimental investigation. Recognizing the impact of these dietary changes may inspire easy and affordable
                  solutions to improve health globally as the global rate of cancer continues to rise. In this article, we provide a summary
                  of the information on a few phytochemicals with a particular focus on the clinical data demonstrating these compounds' effectiveness
                  in populations at significant risk.
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               Cancer as Enigma

            Despite the progress in treatment options and improvements in survival rate in certain types of tumors, cancer continues to
               be one of the significant causes of mortality worldwide. Globally, in 2021 there are an estimated 20 million new cases of
               cancer and 10 million cancer-related deaths. Over the next two decades, the cancer burden is expected to increase by approximately
               60%, further increasing the strain on healthcare providers, individuals, and communities. The global burden is expected to
               rise to approximately 30 million additional cases of cancer by 2040, with the highest increase occurring in lower- and middle-income
               nations (as per WHO 2020).1

            In India, the anticipated cancer burden for 2021 was 26.7 million, with an expected rise to 29.8 million by 2025. Over 40
               percent of the total cancer burden was contributed by the seven leading cancer sites: the lung (10.6%), breast (10.5%), esophagus
               (5.8%), mouth (5.7%), stomach (5.2%), liver (4.6%), and cervix uteri (4.3%).2

            Given these staggering demographics, as well as the associated suffering, pain, and economic stress, medical professionals
               and scientists are constantly striving for enhanced therapeutic options, optimized palliative care, as well as effective prevention
               measures. Therefore, the significance of diet in cancer has received considerable attention. This is particularly compelling
               in light of epidemiological analyses showing that consistent intake of phytochemicals from dietary sources such as vegetables,
               herbs, fruits, spices, and teas is linked to a lower risk of chronic illnesses such as cancer, heart diseases, and autoimmune
               conditions.2, 3

            Cancer is the general name for over 100 medical conditions that involve uncontrolled and dangerous cell growth. It is a neoplastic
               condition resulting from genetic changes that control cell proliferation, maturation, metastatic behavior, and senescence.
               These errors may arise from certain causes, including mutations, chemical carcinogens, ionizing radiation, infection, hormonal
               imbalances, immune system dysfunction, heredity, environmental exposures, diet, and exercise. Other cancer-promoting genetic
               abnormalities may randomly occur through errors in DNA replication or are inherited and are thus present in all cells from
               birth. The heritability of cancer is usually affected by complex interactions between carcinogens and the host genome4.Genetic abnormalities found in cancer typically affect two general classes of genes. Cancer-promoting proto-oncogenes and
               tumor suppressor genes. Most cancers can be treated and some cured, depending on the specific type, location, and stage,5

            Detonations of scientific evidence seen in the past two decades documented that lifestyle is one of the principal causes in
               the pathophysiology of chronic diseases, including cancer.6 The excess generation of ROS causes the implication in pathology and progression of carcinogenic transformation. The formation
               of byproducts from lipid peroxidation leads to loss of cellular integrity and, subsequently, cell pathology.7 Therefore, establishing anticancer strategies by using methodical and scientific investigations from an enormous pool of
               biological & natural products to meet the improvement of therapeutic activity and sensitivity of anticancer agents.8

            Exploring phytochemicals derived from natural sources may be feasible for cancer chemoprevention. They exhibit antioxidant
               and prooxidant properties that modulate cell proliferation and apoptotic pathways.9 Chemoprevention is one of the growing areas of anticancer research with the focus on various interventions such as nutritional
               factors, biological and pharmacological. There are three different approaches involved in cancer chemoprevention: primary,
               secondary, and tertiary chemoprevention.
            

         

         
               Hallmarks of Cancer

            The Hallmarks of Cancer have been proposed to be a set of functional characteristics developed by human cells as they progress
               from normal to neoplastic development stages, particularly the capabilities critical for the formation of malignant tumors.
            

            The hallmarks of cancer comprise of eight biological capabilities acquired during the multistep development of human cancers.
               They include sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality,
               inducing angiogenesis, and activating invasion and metastasis,reprogramming cellular metabolism, and avoiding immune destruction.
               In the most recent elaboration of this concept,10 deregulating cellular metabolism and avoiding immune destruction were segregated as “emerging hallmarks,” but now, eleven
               years later, it is evident that they, much like the original six, can be considered core hallmarks of cancer, and are included
               as such in the current depiction in figure 1.

            Cancer results from a multistage, multi-mechanism carcinogenesis process that involves mutagenic cell death and epigenetic
               mechanisms during three distinguishable but closely allied stages: initiation, promotion, and progression. Since reducing
               the initiation phase to a zero level is impossible, the most effective intervention would be at the promotion phase to eliminate
               premalignant cells before they become malignant.
            

            
                  
                  Figure 1

                  The hallmarks of cancer currently are eight functional capabilities and two enabling characteristics.
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               Approaches and Procedures for Cancer Treatmet

            Medical research on cancer has begun much like research on any disease. In organized studies of new treatments for cancer,
               the preclinical development of drugs, devices, and techniques begins in laboratories, either with isolated cells or in small
               animals, most commonly rats or mice. In other cases, the proposed treatment for cancer is already in use for other medical
               conditions, and more is known about its safety and potential efficacy. The presence of cancer can be suspected on the basis
               of the symptoms or radiological findings. However, definitive diagnosis of cancer requires microscopic examination of a biopsy
               specimen. Most cancers are treated accordingly. Prognosis is influenced by the type of cancer and extent of disease. Although
               cancer can affect people of all ages, the risk typically increases with age.
            

            Conventional therapeutic approaches such as surgery, chemotherapy, and radiotherapy have been used in the past, although significant
               advances in recent years have included stem cell therapy, targeted therapy, ablation therapy, nanoparticles, natural antioxidants,
               radionics, chemodynamic therapy, sonodynamic therapy, and ferroptosis-based therapy. Stem cell therapy has proven promising
               in regenerating and repairing diseased or damaged tissues by targeting both primary and metastatic cancer foci, and nanoparticles
               have opened up new diagnostic and therapeutic possibilities. 11 The twin goals of this research are to determine whether the treatment actually works (efficacy) and whether it is sufficiently
               safe. Regulatory processes attempt to balance the potential benefits with the potential harms so that people who are given
               the treatment are more likely to benefit from it than to be harmed by it.
            

            Chemotherapy and radiation, which primarily target DNA, are widely employed to eliminate tumour cells, however these therapies
               also increase DNA damage in (surrounding) healthy tissue, causing toxicities and accelerated ageing. 12 It is also clear that most chemotherapeutic targets damage DNA, which impairs DNA replication and synthesis. These parameters,
               along with the extent of drug exposure and the type of DNA or structural damage caused by chemotherapy, all have an impact
               on the degree of cancer therapy-induced toxicity. To improve the quality of life of patients with cancer and survivors, treatment-induced
               side effects must be further reduced.12

            The chemoprevention of cancer promotes the use of natural and artificial mediators to disrupt carcinogenesis by interrupting
               or defeating specific molecular signaling systems.13 There is growing evidence that naturally occurring phytochemicals help to prevent carcinogen exposure and carcinogenesis .Dietary
               phytochemicals are thought to have anti-cancer capabilities with little or no adverse effects,p 14 and they may also boost the effectiveness of chemotherapy or radiation, making them an important method for targeting Cancer
               Cells. 15

         

         
               Chemoprevention of Cancer

            The field of cancer chemoprevention began in 1966 when Lee Wattenberg demonstrated that compounds associated with fruits and
               vegetables (indoles and isothiocyanates) could prevent cancer development in an animal model. Carcinogenesis progresses through
               multiple molecular mechanisms and signaling molecules. Chemoprevention of cancer promotes the administration of natural and
               synthetic mediators that inhibit carcinogenesis by  inhibiting specific molecular signaling processes.16

            In 1985, Wattenberg categorized chemopreventive agents into inhibiting agents for carcinogen formation, blocking agents, and
               suppressing agents. The first category prevents carcinogen synthesis from precursors, while the second category prevents carcinogen-induced
               mutations by limiting particular metabolic carcinogen activation pathways and aiding detoxification by trapping particular reactive
               oxygen species (ROS). The third type slows tumor growth by inhibiting cell proliferation and differentiation, leading to apoptosis,
               autophagy, and necrosis, among other processes. Most plant-based bioactive compounds inhibit cancer progression via a few
               of these routes. Chemoprevention is a pharmaceutical intervention used to prevent or reverse carcinogenesis. As illustrated
               in Fig. 2, chemoprevention affects and inhibits carcinogenesis at each stage. Chemopreventive substances have also been shown
               to boost the efficacy of standard chemotherapeutic medications. The primary objective of cancer chemoprevention is to minimize
               the prevalence of early stage cancer and prevent the secondary development of tumors.17

            Over the years, many natural substances have been extensively studied for their potential utility in cancer prevention. The
               increasing volume of in vitro and in vivo data on the cancer chemopreventive and chemotherapeutic results of plant-derived
               compounds prompted scientists to conduct clinical trials concentrating on the pharmacokinetics, efficiency, and safety of
               the phytocompounds.
            

            The concept of delaying or preventing this transformation remains a viable and attainable goal for the future.18 Natural products consist of a wide variety of biologically active phytochemicals including phenolics, flavonoids, carotenoids
               and alkaloids which have been shown to suppress early and late stages of carcinogenesis. The American National Cancer Institute
               has identified about 35 plant-based foods containing 1,000 different phytochemicals that possess cancer-preventive properties.
               The most exciting findings have been achieved with antioxidant and their precursors, which are found in dark, leafy green
               vegetables and coloured fruits.19

            Chemoprevention by edible phytochemicals is now considered to be an inexpensive, readily applicable, acceptable and accessible
               approach to cancer control and management. A wide range of different classes of bioactive molecules have been identified such
               as organosulphur compounds from garlic, polyphenols in green tea and curcumin in turmeric, resveratrol from grapes, quercetin
               from onions and apples, pruretin from plums and cherries described in table).20 Natural products support the treatment of all phases of cancer or interact with several targets simultaneously and often
               synergistically. These bioactive polyphenols can influence signal transduction factors, inhibit COX-2, promote cell cycle
               arrest, increase apoptosis and double multi-drug resistant pumps, curcumin from turmeric has been found to influence sixty
               such molecular targets in cancer treatment process.21 The National Cancer Institute (NCI-USA) has more than 400 potential agents under investigation and is sponsoring more than
               65 Phase I, Phase II and Phase III chemoprevention trials. These involve various substances or their mixtures, many of which
               are food borne phytochemicals. The much lower risk of colon, prostate and breast cancers in Asians, who generally consume
               more vegetables, fruits and tea than populations in the West raise the importance of flavonoid components mediated protective
               effects by acting as natural chemopreventive and chemotherapeutic agents.22 Moreover, when used with chemotherapy agents such as 5-fluorouracil and doxorubicin, antioxidants enhance the cytotoxicity
               of chemotherapy agents and cause complete remissions, where only partial remission is possible with chemotherapy agents only.23 Due to repeated epidemiological studies providing data about correlations between fruit consumption and reduced risk of chronic
               diseases, fruits have gained an important place in human nutrition.24

            
                  
                  Figure 2

                  Stages of carcinogenesis and chemoprevention.
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               Natural bioactive Agents Used in Cancer Chemoprevention

            
                  
                  Table 1

                  Chemopreventive agents and mechanisms.
                  

               

               
                     
                        
                           	
                              
                           
                           
                              S.
                               
                              No.
                              
                           

                           
                        
                        	
                              
                           
                           
                              Name of 
                              Phytocompound
                              
                           

                           
                        
                        	
                              
                           
                            Major targets

                           
                        
                        	
                              
                           
                           
                              References 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Curcumin

                           
                        
                        	
                              
                           
                           Cyclooxygenase-2 (COX-2), nuclear factor kappa B (NF-kB), tumor necrosis factor-alpha (TNF-a), and cyclin D1

                           
                        
                        	
                              
                           
                            25

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                           Resveratrol

                           
                        
                        	
                              
                           
                           12-O-tetradecanoylphorbol-13-acetate (TPA) in human leukemia HL-60 cells, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)–induced
                              expression of cytochrome P450 1A1 (CYP1A1) and 1B1 (CYP1B1) andNAD(P)H: quinone oxidoreductase-1 (NQO1) in human leukemia
                              K562 cells
                           

                           
                        
                        	
                              
                           
                            26

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                           Apigenin

                           
                        
                        	
                              
                           
                           NAG-1, p21, p53, ICAM-1, cyclin D1, c-myc, TNF and IL-1

                           
                        
                        	
                              
                           
                            27

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                           Epigallocatechin gallate

                           
                        
                        	
                              
                           
                           MMP-2, MMP-9, IGF-1R, DNMT1, DNMT2B, HSP90, Vimentin, Bcl-2, and TRAF-6

                           
                        
                        	
                              
                           
                            28

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                           Genistein

                           
                        
                        	
                              
                           
                           Tumor necrosis factor-α (TNF-α), Polo-like kinase 1 (PLK1), estrogen receptors (ER), protein tyrosine kinases (PTK) and mammalian
                              DNA topoisomerase II
                           

                           
                        
                        	
                              
                           
                            29, 30

                           
                        
                     

                  
               

            

            
                  Chemopreventive mechanisms & major signaling pathways

               Natural chemopreventive drugs, particularly those derived from plants, have encouraged researchers to conduct numerous experiments
                  to examine their underlying causes of action in cancer prevention.31 Plant-based compounds or phytochemicals disrupt cellular mechanisms, such as inhibiting the expression of genes that suppress
                  cancer progression, antioxidant enzyme action, cell cycle arrest, and reducing oxidative stress, autophagy, necrosis, and
                  apoptosis, leading to oncogene activation, modulation of signaling pathways, and inhibition of angiogenesis and metastasis.
                  Targeted compounds trigger cancer chemoprevention in all of these and many other pathways.32

               Kinases, receptors, caspases, tumor suppressor proteins, transcriptional factors, miRNAs, and cyclins are some of these target
                  molecules. Oncogenes are activated as a result of internal or external stimuli, resulting in carcinogenesis. In contrast,
                  cells activate self-defense mechanisms such as autophagy, cell cycle arrest, and apoptosis by modifying cell signalling pathways.
                  Phytochemicals can expedite these defensive mechanisms in the cellular matrix, cytoplasm, and nucleus by regulating numerous
                  molecules that determine cell fate.33

            

            
                  Chemopreventive mechanisms & major signaling pathways

               
                     MAPK Pathways

                  Phytochemicals influence cellular development and survival by targeting extracellular signal-regulated kinase (ERK) and mitogen-activated
                     protein kinase (MAPK) pathways. These plant-derived natural chemicals can suppress cancer growth via various pathways. 34 Ursolic acid, kaempferol, resveratrol, gingerol, sulforaphane, genistein, and isothiocyanates are among the key plant chemicals
                     that have been demonstrated to initiate apoptosis via the MAPK and ERK pathways.35

               

            

            
                  Akt signaling pathways

               The Akt/PI3 signaling pathway is critical for cancer control and progression. Epidermal growth factor (EGF) regulates a number
                  of molecular mechanisms, including NF-κB activation and Akt phosphorylation, which leads to resistance to uncontrolled cell
                  proliferation and apoptosis, downstream regulation of caspases, Bcl-2, glycogen synthase kinase 3-beta (GSK3), and mammalian
                  target of rapamycin(mTOR). Alkaloids and phenolics significantly modulate the expression of these factors. Resveratrol, luteolin,
                  apigenin, flavone, sulforaphane, and curcumin have been found to exhibit anticancer activity via cell cycle arrest and apoptosis,
                  suppression of Akt/PI3K signaling, proapoptosis, FOXO3a (forkhead box O3) activation, antiproliferation, and anti-invasion.
                  36

            

            
                  JAK/STAT signaling pathways

               When Janus kinases (JAKs) are activated, they phosphorylate signal transducers and activators of transcription (STATs) and
                  translocate to the nucleus where they control the transcription of p53, Bcl-2, cyclin D, and interlukin-6 (IL-6) involved
                  in cell death, proliferation, and apoptosis. 37 Plant-derived compounds dramatically promote cell death in several cancer types by blocking JAK/STAT signalling and activating
                  apoptotic cascades. 38

            

            
                  Wnt/β-Catenin signaling pathways

               Common malignancies, such as breast, lung, colon, blood, ovarian, skin, and brain tumours, are usually related with aberrant
                  Wnt/β-catenin signaling.39

               This pathway is activated by the binding of Wnt protein to frizzled family transmembrane receptors and the accumulation of
                  β-catenin in the nucleus, which leads to the activation of transcriptional factors that regulate cell proliferation, survival,
                  and migration.40 Phytochemicals like Curcumin, resveratrol, and epigallocatechin-3-gallate (EGCG) inhibit the β-catenin translocation and
                  accumulation in the nucleus through activating glycogen synthase kinase 3 (GSK3).41

            

            
                  P53 tumor suppressor

               p53, in other signaling pathways, is responsible for the anticancer activity in cells. This tumor suppressor protein promotes
                  the activation of the apoptotic cascade.42 Various phytochemicals, such as resveratrol, Quercetin, EGCG, and piceatannol, have been shown to elevate p53, decrease Akt,
                  and promote cellular apoptosis and cell cycle rest.42 Another substantial contribution is the cross-linking of the p53, MAPK, and JNK pathways.43 Curcumin and ursolic acid have been shown to stimulate autophagy, in which cells shut down aberrant proliferation and progression.
                  Autophagy is promoted in cancer cells by inhibiting the Akt/mTOR pathway, which regulates inflammation, angiogenesis, invasion,
                  and metastasis in tissues.44, 45

               
                     
                     Figure 3

                     Gene regulatory mechanisms of phytochemicals.
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               Conclusion

            Dietary elements addressed in present review may be efficient cancer chemopreventive agents, and consumption of food containing
               specific bioactive chemicals has been demonstrated to have both protective and therapeutic effects on numerous types of cancer.
               Plant-based polyphenolic compounds have immunomodulatory properties that identify and destroy cancer cells through anti-angiogenic
               measures. Chemopreventive medications improve chemo and radiation efficacy through a variety of signal transduction mechanisms.
               Chemopreventive medications improve chemo-and radiation efficacy through various signal transduction mechanisms. As oxidative
               stress is involved in the etiology of many malignancies, the antioxidant action of dietary phenolic compounds might offer
               a promising cancer prevention approach.
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