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ABSTRACT 

 Prostate cancer stands as prominent reason for death along with men globally.The 

escalating challenges of resistance, toxicity, and side effects associated with 

traditional treatments have propelled a shift toward more intensive and aggressive 

approaches in prostate cancer treatment. The persistent rise in incidence coupled 

with the scantiness of standard treatment in managing intricate cancer of prostate 

necessitates exploration and advancement of contemporary agents involved in 

both treatment and prevention of this malignancy. Utilization of compounds that 

occur naturally in chemoprevention has become a viable and affordable strategy in 

recent decades. This approach aims to decrease the frequency and severity of 

prostate cancer by preventing precancerous processes before the onset of 

symptoms (Surh, 2003). Prostate cancer presents substantial chance for 

intervention to stop it from progressing or to obstruct it. With elevated occurrence 

as well as extended dormancy, PCa remains a perfect fit for chemotherapy 

prevention. The search for agents that provide substantial defense besides the 

onset of this illness is crucial. The discovery of effective chemotherapeutic drugs 

may significantly affect the costs, morbidity, and mortality associated with disease 

for a sizable segment of the population (Adhami & Mukthar, 2007; Bommareddy et 

al., 2009; Bommareddy et al., 2012; Klein, 2005; Powolny et al., 2011; Singh et al., 

2009). Phytochemicals, bioactive substances that are not nutrients inherent in a 

diet high in plants, hold promise for both illness prevention and treatment. 

Numerous phytochemicals isolated from plants exhibit cytotoxic effects on tumors. 

Laboratory in vitro investigations encompass demonstrations of these compounds 

which occur in nature and can impact via affecting important biological signaling 

pathways, cancer cell proliferates commonly prostatic carcinoma is dysregulated. A 

variety of compounds that occur naturally are identified as capable of inducing cell 

cycle termination, fostering apoptosis, impeding development of cancer cells, as 

well as angiogenesis suppression. 

Keywords: Prostate Cancer, Apoptosis, Angiogenesis, Phytochemicals, 

Metastasis, Cell Cycle. 

 

INTRODUCTION 

Prostate cancer stands as major prevalent non-skin cancer as well as holds 

position of the second most common reason of mortality for men in the US (Lynn et 

al., 1995). Cancer of prostate occurrence demonstrates a notable rise with 

advancing age, and A complex interaction of various genetic and epigenetic  
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start, development, and metastasis of this malignancy.Despite this, our scientific understanding there are still few 

known biological processes behind the illness. Prostate malignancy stands as the second most fatal and widespread 

cancer type in men globally. ROS (Reactive oxygen species) excessive production led to extensive as well as 

irreparable damage to cells by oxidizing RNA, DNA, carbohydrates, lipids, and proteins (Castañeda-Ovando et al., 

2009). Many oxidative stress factors in the extracellular and intracellular environment, that as androgen imbalance, 

aging, dietary fats, antioxidant system, as well as premalignant lesions, are the causes of increased ROS in cells, 

thus causing prostate cell dysfunction (Khandrika et al., 2009; Khandrika et al., 2021). Uncontrolled cell cycle, 

metastasis, aggression, and cladogenesis are phenotypic properties of cells caused due to prostate cells oxidative 

stress. Furthermore, ROS increased production may be caused due to promotion maintenance, as well as prostate 

cancer initiation (Khandrika et al., 2009). ROS is known to be a double-edged sword in cells, which explains why 

there is such a high concentration of it in cells. Apoptosis is caused by excessive ROS, Modest ROS can encourage 

the formation of cells. (Ray et al., 2012; Liu et al., 2023).  

The challenge frequently encountered clinically is often caused by more than just the absence of a single gene or 

protein that can function as a trustworthy marker (Zhau et al., 2009; Webber et al., 2012). Furthermore, the absence 

of an effective therapeutic regimen is compounded by the fact that there are still no available options without serious, 

and at times fatal, side effects. 

 

Table 1. Factors Influencing Prostate Cancer Risk 

 
 

Prostate cancer (PC) is not fully understood to have a cellular genesis, but evidence suggests a multistep histological 

transformation process involving molecular changes that PC develops from normal prostate epithelium. Receptors of 

androgen (AR), the PI3K trail and retinoblastomas (RB) signaling system are the main signaling pathways that are 

commonly changed in prostate cancer. (Figure 1). The AR, responsible for regulating the prostate gland's distinctive 

growth and development, becomes overexpressed to some extent in PC, leading to elevated serum PSA levels. 

In prostate cancer, alterations in the AR signaling pathway occur through various mechanisms, such as AR mutation 

or amplification, intratumoral testosterone synthesis and the existence of AR receptor splice variants. In brief, 

dihydrotestosterone binding results in start transcription, AR homodimerizes, moves toward the nucleus. The 

objective of present study is to compile preclinical as well as clinical research assessing the efficacy of 

phytochemicals in management and avoidance of this particular disease, marking initiative comprehensive 

examination of their potential in this context.  

Several cellular activities are regulated by the various intracellular cascade known as PI3K/Akt signaling system, 

including metastasis, metabolism, propagation as well as cytoskeletal remodeling of tumors. The pathway, which 

starts downstream of the activation of receptor tyrosine kinases (RTKs), involves production of phosphatidylinositol 

3,4,5-trisphosphate (PIP3) by PI3K. PIP3 works through PDK1 and Akt, leading to the phosphorylation of Akt by 

PDK1. Phosphorylated Akt activates numerous pathways, notably including the protein called mammalian target for 
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rapamycin (mTOR) is a serine/threonine kinase, that is essential for the development, growth, survival, and division 

of tumors. The interaction between Akt and the androgen receptor (AR) can activate the AR in a ligand-independent 

(androgen-independent) way, which in turn can up-regulate genes implicated in castration-resistant prostate cancer 

(CRPC) tumorigenesis. 

 

 
Figure 1. Diagram showing some of the molecular mechanisms involved in prostate cancer. 

 

Indeed, activated Akt exerts its influence on downstream effectors, including PRAS40, TSC2, BAD, and GSK3β. This 

regulation of downstream effectors by Akt is essential for regulating several biological functions, such as protein 

synthesis, cell division, growth, as well as survival (Toren et al., 2014; Basnet et al., 2020). 

 

PHYTOCHEMICALS 

Phytochemicals, which are nutrients-free bioactive substances found in plant-based diets, exhibit possibility of both 

the management and avoidance of illnesses. A noteworthy statistic from September 2019 indicates that natural 

products and their derivatives provide the basis for 32% of all approved small molecule medications (Newman et al., 

2020). Current Evidence suggests that phytochemicals effects on animal models and cells health may vary, 

contingent upon the dosage administered. 

 Numerous valuable phytochemicals, such as Texans (paclitaxel, docetaxel) and derivatives of camptothecin 

(topotecan as well as irinotecan), have demonstrated efficacy in cancer treatment (Newman et al., 2020; Asma et al., 

2022). The distinctive phytochemical structures and novel methods of action  

have garnered increasing attention. Remarkably, numerous reports highlight the function of phytochemistry in 

prostate cancer prevention and therapy as well (Singla et al., 2021; Fontana et al., 2020). 

Oxidative stress holds significance in the pathogenesis of cancer of the prostate (PCa), with reactive oxygen species 

(ROS) being implicated in PCa through initiation of various signaling systems. These systems are the hypoxia-

inducible factor (HIF-1) signaling pathway, and the cyclooxygenase-2 (COX-2) signaling system (Mirzoeva et al., 

2013; Mousavi et al.,1993). 

Phytochemicals as Curative Agent in Prostate Cancer 

Phytochemicals with antioxidant properties have demonstrated a noteworthy part in both chemoprevention then 

chemotherapy for PCa. Numerous beneficial properties of these phytochemicals have been documented, with their 

notable capacity to suppress tumor cells emerging as a promising therapeutic attribute that has recently garnered 

significant attention. With the growing body of data highlighting the interference of phytochemicals with various This 

review explores and highlights the molecular processes involving cell propagation, regulation of the cycle of cells and 

programmed cell death in prostate cancer. Unraveling anti-cancer mechanisms based on the chemical structures of 

natural compounds holds the potential to streamline drug development. Utilizing phytochemicals in curing prostate 

cancer has the potential to yield substantial health benefits for humans. The isoflavonoid family of phytochemicals, 
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including genistein, shares similarities with estrogen steroidal (Dixon et al., 2002). Various clinical investigations 

suggest genistein exhibits chemotherapeutic against several cancers. This is attributed to various ways of acting i.e. 

apoptosis induction (Matsukawa et al.,1993). Genistein's potential in cancer treatment involves inhibiting DNA 

topoisomerase-II, acting as a competitive ATP-inhibiting agent as well as tyrosine protein kinase (Akiyama et al., 

1987). The latter effect might lower the amount of free and active hormones to lower the risk of malignancies linked 

to hormones in the bloodstream. (Messina et al., 1994). Exploration of substances and the molecules they target in 

prostate cancer chemotherapy relies on information from various origins (Adhami et al., 2007). PCa, like different 

cancers, is believed to evolve through alterations in diverse molecular events. Thus, targeting or it may not be 

possible to stop or postpone the start of a disease by suppressing just one event. Continuing investigation is crucial 

for enhancing our understanding of the development of disease. The potential of naturally occurring compounds as 

chemotherapeutic agents is now being investigated. 

Hence, this research aims to examine the biological processes that underlie oxidative stress in the development of 

prostate cancer as well as to assess antioxidant phytochemicals' potential for the management of PCa. 

Mechanism Of Phytochemicals  

Induction of Apoptosis 

Quercetin 

Quercetin, a phytochemical, has demonstrated its potential in enhancing TRAIL-mediated prostate cancer (PCa) cell 

apoptosis. It has been observed to interfere with various cancer-causing genes as well as genes that suppress 

tumors, exhibiting tumor-protective properties. It induces programmed cell death in cancer of prostate, and prostate 

cells by downregulating Hsp90 and inhibiting fatty acid synthase (FA synthase) (Aalinkeel et al., 2008). 

Baicalin 

Baicalin, a flavone extracted from various species in the genus Scutellaria, such as Scutellariabaicalensis and 

Scutellarialateriflora, has exhibited noteworthy properties in prostate cancer (PCa) intervention. Baicalein, derived 

from baicalin, induces apoptosis and hinders metastasis (Guo et al., 2015). Moreover, it efficiently restrains 

developing androgen receptors through impeding AR N/C dimerization. Additionally, this phytochemical inhibits 

proliferative activity in PC-3 cells by downregulating Ezrin (Ma et al., 2020). 

Delphinidin 

Delphinidin is demonstrated as having inhibitory effects on NF-κB gesturing as well as a subsequent initiation for 

caspases. This inhibition results in the dose-dependent suppression of cell growth and then induction of programmed 

cell death in LNCaP and PC-3 cells (Bin Hafeez et al., 2008).  

Formononetin 

Formononetin (FN), originated from Trifolium pretense, has been linked to the induction of apoptosis. In an additional 

study, formononetin was found to cause programmed cell death (Huang et al., 2013). This effect is associated with 

modifying the p38/Akt signaling pathways and the Bax /Bcl-2 ratio (Zhang et al., 2014). Furthermore, formononetin 

was observed to trigger the mitochondrial apoptotic pathway in DU 145 cells, following the upregulation of RASD1 

(Liu et al., 2023). 

Genistein 

Genistein has been documented to trigger cell death via a mechanism involving the loosening of restrictions of miR-

1260b, which in turn leads to the downregulation of Smad4 and sRRP1 (Hirata et al., 2014). 

Glycyrrhiza Compounds 

Two active ingredients in the hexane/ethanol extracted from Glycyrrhiza uralensis (HEGU) are licoricidin and 

isoangustone A. An active flavonoid isoangustone A, has been found to induce apoptosis. This induction of apoptosis 

is associated with an increase in cleaved caspases (Seon et al., 2010). 

Licochalcone 

Licochalcone, an estrogenic flavonoid derived from licorice root, has been found to induce G2/M phase arrest in PC-

3 cells. This effect is attributed to the suppression of cyclin B1 and cdc2 (Fu et al., 2004). Additionally, licochalcone 

also induces autophagic death of LNCaP cells (Yo et al., 2009). 

Curcumin 

Curcumin, at a concentration of 30 μM, was shown to elevate sensitivity for PC-3 cells towards TRAIL. Moreover, it is 

demonstrated to increase TRAIL's capacity to induce apoptosis in PC-3 and LNCaP cells. Curcumin therapy in 

concentrations ranging from 20–40 μM resulted in the suppression of survivin, Bcl-2, and XIAP. Furthermore, 

curcumin activated caspases and induced a decrease in the potential of the mitochondrial membrane. When 
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combined through TRAIL, these effects were more intensified. In addition, a study reported that Combining the 

administration of 10μM of phenethyl isothiocyanate (PEITC) and 25μM of curcumin resulted in a considerable 

increase in PARP activity, indicating apoptotic cell death. This combination treatment also led to a notable reduction 

in IκBα and Akt phosphorylations. The combined administration of curcumin and TRAIL has been demonstrated to 

trigger programmed cell death, indicated through the aggregation of sub-G1 phase in cells of hypodiploid. 

Obovatol 

Obovatol, a source through Magnolia obovata, has been shown to induce death via apoptosis. This is accomplished 

by blocking NF-κBaction, which in turn strengthens the medicines' ability to suppress the proliferation in cells of 

prostate cancer (Lee et al., 2008). 

Silibinin 

Silibinin, has been reported to induce G1 phase arrest in DU 145 cells (Roy et al., 2007). Furthermore, silibinin 

causes apoptosis by limiting Wnt/LRp6 signaling as well as suppressing active Stat3 (Agarwal et al., 2006). It has 

been shown to inhibit cells of prostate cancer epithelial-to-mesenchymal transition (EMT). Thus, inhibition is 

attributed to its interference with NF-κB signaling, leading to a subsequent reduction in the transcription factors ZEB1 

and SLUG (Wu et al., 2010). 

Sparstolonin B 

Sparstolonin B (SsnB), has demonstrated inhibitory impacts on the development, and progression of the cell cycle as 

well as apoptosis induction for various cell lines of neuroblastoma. Thus, the planned mechanism for its impact on 

apoptosis is associated with the production of reactive oxygen species (ROS), particularly in neuroblastoma cells 

with different genetic backgrounds (Kumar et al., 2014). Sparstolonin B (SsnB) exhibits anti-cancer properties by 

disrupting the supply of blood to cells of cancer. Additionally, it can reduce the appearance of various cytokines. 

SsnB exerts anti-angiogenic effects by down-regulating the mRNA levels of cell cycle regulatory proteins, including 

Bateman (Bateman et al., 2013). Recently, Sparstolonin B (SsnB) has been identified as a potent antagonist of Toll-

like receptor 2 (TLR2) and Toll-like receptor 4 (TLR4). Consequently, it can mitigate hypoxia-reoxygenation-induced 

inflammation by inhibiting the ERK1/2 and JNK signaling pathways (Liu et al., 2014). 

Phytochemicals Playing Role in The Mechanism of Cell Cycle Arrest 

Daidzein 

Daidzein, is found in beans of soya, through arrest of cell cycles for PC-3, LNCaP, and DU 145 (Ma et al., 2016). The 

addition of Daidzein was observed to inducing modifications for epigenetic in genes which suppresses tumors (Vardi 

et al., 2010). 

Isoangustone A 

Isoangustone A was found to reduce CDK2 activity by inhibiting the synthesis of DNA. It induces arrest in G1 phase 

of DU 145 cells (Seon et al., 2012). 

Licochalcone 

Licochalcone, derived from roots of licorice, was observed to cause the arrest of PC-3 cells during G2/M stage. This 

effect was achieved by suppressing the B1 as well as cdc2 cyclins expressions (Fu et al., 2004). 

Honokiol 

Honokiol, has been shown to induce arrest of G0-G1 phase for LNCaP as well as cells of C4-2. This effect is 

attributed to its ability to trigger apoptotic DNA fragmentation (Hahm et al., 2007). 

Silibinin 

Silibinin, also known as silybin, causes induction of arrest for the G1 phase in cells of DU 145 (Roy et al., 2007). 

Ellagitannins 

Ellagitannins, a type of polyphenol, have been associated with apoptosis induction as well as the arrest of cell cycles 

during S phase. It is achieved by decreasing the expression of D1 as well as B1 cyclins through the caspase system 

(Naiki-Ito et al., 2015). 

Gallic acid 

Gallic acid (GA), has been reported to induce damage to DNA by elevating phosphorylation of cdc25A/C-cdc2. This 

mechanism leads to inhibition of growth for cells of DU 145 (Agarwal et al., 2006). 

Gossypol 

Gossypol, derived from seeds of cotton, has been shown to modulate expressions for cyclin Cdk4, D1, signaling 

pathways. This modulation results in G0/G1 stage arrest (Jiang et al., 2009). 



 

43 

Mumtaz et al., 2024 

https://doi.org/10.55627/jhd.002.01.0740 

 

Artemisinin 

Artemisinin has been observed to transcriptionally downregulate CDK4 expression. This downregulation is achieved 

by interfering with Sp1's connections through CDK4 promoter, which causes LNCaP cells to enter the arrest of G1 

cell cycle (Willoughby et al., 2009). 

Oridonin 

Oridonin demonstrates multifaceted effects on cell regulation. In LNCaP cells, oridonin elicits programmed cell death 

as well as arrest of the cell cycle (G0/G1) through upregulation of p53 then Bax (Li et al., 2012). 

Berberine 

Berberine has been observed to induce G1 arrest in RM-1 cells. This effect is achieved when p53-p21 cascade is 

activated, particularly at low amounts of berberine (Wang et al., 2012). 

Piperine 

Piperine exhibits diverse effects in cells of prostate cancer. They are reported for apoptosis induction, trigger arrest of 

cell cycle at G0/G1 (Ouyang et al., 2013). 

Sulforaphane 

Sulforaphane (SFN), has demonstrated potential to lessen the occurrence and advancement of prostate cancer 

through PCa cells metabolic regulation (Tan et al., 2015). It has been found to induce arrest of cell cycle during G2/M 

stage by disrupting signaling pathways (Atwell et al., 2015). 

Phenethyl-isothiocyanate 

Phenethyl-isothiocyanate (PEITC), induces arrest of cell cycle during G2/M phase. This effect is achieved through 

preventing the production of α- and β-tubulin as well as promoting the production of reactive oxygen species (Yin et 

al., 2014). 

 

 
Figure 2. Role of phytochemicals in several pathways of prostate cancer 

 

Unfortunately, during medical analysis, human cancers of the prostate commonly manifest as a diverse entity. Re-

growth of tumors following remission of post-treatment is often attributed to the transformation of cells of cancer from 

androgen-dependent towards androgen-independent as well as transitions to proliferating cells of tumor. 

Consequently, effective chemotherapy should aim to eliminate all tumors, regardless of their growth. It necessitates 

the exploration of drug combination 

treatments that act through diverse mechanisms of action. Given that cells of prostate cancer inherently possess 

machinery for apoptosis, they may be susceptible to appropriate and effective chemotherapeutic interventions.  

The molecular pathways responsible for PCa's beginning then progression remain incompletely understood 

(Whittemore et al., 1995; Ross & Henderson, 1994). While there are various options for managing localized illness, 

such as hormonal therapy, radiation therapy, as well as surgery, managing advanced PCa remains challenging 

(Walsh et al., 2007). Androgen ablation is frequently recommended for PCa treatment, yet it is only partially effective 

as well as palliative for cancer that is hormone-refractory (Laufer et al., 2000). 
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In our review of the latest advancements in prostate cancer studies, we focused on phytochemicals and their 

mechanisms of action. Our particular interest lies in demonstrating the efficacy of these phytochemicals in primary 

signaling trials in cancer of prostate. 

 

CONCLUSION  

This study encompasses the up-to-dated discoveries regarding phytochemicals sourced from edible green plants, tea 

and fruits which are demonstrated to have impacts as anti-cancer in cells of prostate cancer through using multi-

modals. These effects include arrest of cell cycle, induction of apoptosis then metastasis suppression, all elucidating 

its fundamental molecular processes (Figure 2). Thus, the ability of phytochemicals to target multiple pathways is 

advantageous against cancer cells, which often exhibit numerous dysregulated signals that have mutual interactions. 

Additionally, several phytochemicals exhibit selectivity in concentrating on cells of cancer while sparing healthy cells, 

rendering phytochemicals as therapeutic mediators. Moreover, a growing body of research from lab experiments 

suggests that phytochemicals have the potential to enhance the chemotherapeutic efficacy of medicines in less-toxic 

way when curing various tumors, including cancer of the prostate. 
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