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Abstract

Prostate cancer is a common tumor and is mainly found in the prostate tissue. Prostate cancer was the second most
frequent cancer after lung cancer, and in 2020 it was the fifth cause of cancer in men around the world. Phytochemicals
are natural compounds found in many types of medicinal plants, vegetables, and fruits. The aim of this review is to
collect and analyze scientific information on phytochemicals with potential on prostate cancer and to highlight their
therapeutic role in the treatment of prostate cancer with their underlying molecular mechanisms of action. In this
study, we searched the PubMed, Google Scholar, Google, and Scopus databases to gather scientific information about
phytochemicals with medicinal properties for prostate cancer using the terms prostate cancer, phytochemical, herbal
medicine, medicine, and biological activity. The scientific analysis of the data in this review has shown that the me-
dicinal importance of auriculasin, calycopterin, crebanine, denbinobin, irigenin, isolinderalactone, neobavaisoflavone,
nodakenin, obacunone, pachypodol and tectochrysin are medically important due to their antiproliferative activity
against cancer of the prostate. However, analysis of scientific data has also revealed other molecular mechanisms in
medicine related to its effectiveness on prostate cancer. The scientific data in this review revealed the anticancer effects
of a large number of phytochemicals in medicine against prostate cancer.
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lants and plant-based products derived from them

have always been excellent sources of natural antioxi-
dants. Numerous dietary supplements, nutraceuticals and
cosmetic products are prepared from plants and their pure
phytochemicals. In addition, many modern drugs, such as
morphine, papaverine, vinblastine, vincristine, and ephed-
rine, are also derived from natural products.'-3 We use dif-
ferent types of plant products in our daily life as food and
medicine.™ The development of a new class of natural
products including food products in the field of food sci-

ence and technologies for the treatment of human disor-
ders is constantly increasing.®®! Clinicians and researchers
have discovered the biological applications of traditional
medicine in global health. Populations in Africa and Asia
used traditional medicine for their primary health care.’#
Plants contain many active phytochemicals, commonly
known as secondary metabolites, which occupy a special
place in modern medicine.”'% Phytochemicals are present
in various parts of vegetables, herbs, fruits and seeds and
are considered to be the most advanced source of mol-
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ecules against human diseases."'? Phytochemicals have
been used for the treatment and prevention of human
health complications and are equally important for plants.
Plant compounds can be used as medicine for medicine
due to higher biological activity and low toxicity.*'® The
chemical diversity of phytochemicals has attracted the at-
tention of scientists in the development of newer and more
effective medicines against human diseases.'® Alkaloids,
phenols, flavonoids, terpenes, steroids, and volatile oils are
good examples of secondary metabolites and their derived
by-products that have been discovered to exist in plants.
0719 The health benefits of consuming polyphenols have
been suggested to be due to their antioxidant properties.=?!

Prostate Cancer

Prostate cancer is the second leading cause of cancer deaths
among men in the US, and incidence and mortality rates are
highest in men of African ancestry. An estimated 268,000
new cases of prostate cancer were diagnosed in 2022 in the
United States alone.?'-?! Prostate cancer has caused a huge
health burden on the Chinese population.?” The incidence
of prostate cancer varies widely across different regions,
with the most heightened rates reported in North America,
Australia, and Northern Europe.”? Worldwide, an estimated
1,414,259 new cases and 375,304 deaths were linked to pros-
tate cancer in 2020. The prevalence of prostate cancer varies
across different countries, with higher rates found in East-
ern countries.”® Prostate cancer is the most common type
of cancer in men and is the second leading cause of death
among males after lung cancer?-*% According to the latest
World Health Organization (WHO) classification of tumors,
prostate cancer can be subclassified according to histologi-
cal types, subtypes, and growth patterns. While approxi-
mately 95% of patients are diagnosed with conventional
acinar adenocarcinoma, commonly called conventional
prostate cancer.®" Radical prostatectomy (RP) is one of the
main treatment options for men with localized prostate can-
cer.®? Prostate cancer is the most common cancer and the
second leading cause of cancer-related deaths among Aus-
tralian males. Prostate cancer is more prevalent in older men,
who also have more multimorbid conditions than younger
men.B Prostate cancer is a common male malignant tumor
that mainly occurs in the prostate tissue. Prostate cancer usu-
ally grows slowly, with early symptoms being unclear and
may lead to symptoms such as frequent urination, urgency,
and pain. Currently, small molecule drugs for the treatment
of prostate cancer mainly include three categories: andro-
gen receptor (AR) antagonists, targeted therapy drugs, and
chemotherapy drugs.*¥ Prostate cancer is one of the most
serious diseases threatening the health of elderly men, and
it is also the second deadliest cancer in men. The diagnos-
tic process of prostate cancer relies on clinical evaluation,

laboratory tests, and medical imaging techniques.®™ There
is also evidence that environmental or occupational expo-
sure to pesticides may increase risk of prostate cancer.®®
Prostate cancer is a malignant epithelioid tumor with a high
risk of bone metastasis. The molecular mechanisms underly-
ing prostate cancer development are complex, whose basic
reason is a genetic imbalance.®”! Currently, Prostate-Specific
Antigen (PSA) is commonly used as a diagnostic marker for
prostate cancer assessment, together with digital rectal ex-
aminations (DRE) and Magnetic Resonance Imaging (MRI).
138 During advanced stages of the disease skeletal metastasis
is common.?% Current treatment options for prostate cancer
include surgical removal, radiation therapy, hormonal thera-
py, or chemotherapy.“?

Biological Potential of Phytochemicals on
Prostate Cancer

Calycopterin

Calycopterin is an important phytochemical purified from
Dracocephalum kotschyi. The cytotoxic property of calyco-
pterin in HepG2 cells has been investigated and revealed
its cytotoxicity via mitochondrial dysfunction and PI3K/Akt
and Mitogen-activated protein kinase (MAPK) signaling.*"
Calycopterin can induce preferential antiproliferative ef-
fects on cancer cells, including leukemia, colon carcinoma,
gastric adenocarcinoma, osteosarcoma, and fibrosarcoma.
42 The biological potential of calycopterin was investigated
based on its apoptotic effects on two prostate cancer cell
lines in-vitro. Calycopterin treatment reduced to 50% cell
viability compared to the control group. However, calycop-
terin treatment of healthy human umbilical cord endothe-
lial cells (HUVECs) did not cause any significant reduction
in cell viability. Moreover, after 14 days, colony size and
numbers reduced significantly in calycopterin treated cells.
A significant decrease in the migration ability was also ob-
served in both lines subjected to calycopterin after 48 h
suggesting the apoptotic and anti-metastatic effects of ca-
lycopterin in both hormone-dependent and independent
prostate cancer cell lines.*!

Irigenin

Irigenin is an active phytochemical of Belamcanda chinensis
and Rhizoma Belamcandae.**1 RWPE-1, LNCaP and PC-3
cells were treated with or without an extract of Belamcan-
da chinensis, irigenin and tectorigenin. Irigenin alone de-
creased the cell number in all 3 cell lines. Irigenin inhibited
the proliferation of RWPE-1, LNCaP and PC-3 cells, causing
G1 arrest and the induction of p21TWAF1 or p27 protein
expression. Studies signified the role of irigenin in regulat-
ing prostate cancer cell number by inhibiting proliferation
through cell cycle regulation.”®



Isolinderalactone

Isolinderalactone showed anticancer potential on A549
lung cancer cells.*?! Isolinderalactone could induce apop-
tosis in the human breast cancer MDA-MB-231 cell line.®
Biological potential of isolinderalactone isolated from the
dried root of Lindera aggregate for their antitumor activities
in human ovarian cancer cells has been investigated. Isolin-
deralactone caused cell death in SKOV-3 and OVCAR-3 cells
and increased the cell proportion in the subG1 phase. Ad-
ditionally, isolinderalactone significantly induced mtSO
production and reduced reactive oxygen species (ROS)
production. Moreover, isolinderalactone downregulated
mitochondrial membrane potential and the expression lev-
els of anti-apoptotic Bcl-2 family proteins and superoxide
dismutase (SOD). Isolinderalactone induces cell death by
upregulation of mtSO, downregulation of mitochondrial
SOD2, and inactivation of the STAT3-mediated pathway."

Tectochrysin

Biological potential of tectochrysin at the concentrations of
0-20 pg/ml on prostate cancer cell line 22Rv.1 and normal
prostate cell RWPE-1 have been investigated. Tectochrysin
significantly inhibited the proliferation activity of 22Rv.1 cells
and induced their apoptosis, and promoted the expressions
of genes dr4, dr5, trail, p53, caspase-3, caspase-8, caspase-9,
bid, bax and foxo3. Further, it also inhibited the expressions of
akt, pi3k and bcl-2. Tectochrysin can induce prostate cancer
cells apoptosis through affecting tumor necrosis factor-relat-
ed apoptosis-inducing ligand (TRAIL) and PI3K/AKT signaling
pathways, which signified their anti-prostate cancer activity.>2

Crebanine

Chemo-sensitizing effects of crebanine in ovarian cancer
cells have been investigated. Crebanine increased the sen-
sitivity of cisplatin in intrinsic cisplatin resistant SKOV3 cells,
but notin cisplatin sensitive A2780 cells. Chemo-sensitizing
effects of crebanine in SKOV3 cells were mediated via acti-
vating apoptosis-induced cell death through caspase-3, -8
and cleaved poly ADP-ribose polymerase (PARP). Akt/NF-kB
signaling was blocked by crebanine leading to increased
sensitization to cisplatin.>3

Pachypodol

Pachypodol is found to be present in Pogostemon cablin.>¥
Biological potential of pachypodol (10 mg/kg) against per-
fluorooctane sulfonate (PFOS)-induced testicular toxicity in
adult male rats has been investigated on Sprague-Dawley
rats. Pachypodol treatment potently alleviated all the im-
pairments in testes against PFOS-induced testicular toxic-
ity. Further, free-radical scavenging potential of pachy-
podol against the PFOS-instigated testicular dysfunctions
signifying its biological potential in the medicine.>
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Denbinobin

Biological potential of denbinobin from Dendrobium nobile
for their inhibitory potential on prostate cancer cell migra-
tion has been investigated. Denbinobin inhibited Rac1
activity which prevented lamellipodial formation. Cortac-
tin phosphorylation and translocation to the lamellipodia
were also impaired, and PC3 cells were unable to migrate
which indicate that denbinobin prevents CXCL12-induced
PC3 cell migration by inhibiting Rac1 activity.>®

Neobavaisoflavone

Biological potential of neobavaisoflavone and psoralidin
for their cytotoxic and apoptotic effects have been investi-
gated in combination with TRAIL on LNCaP prostate cancer
cells. Neobavaisoflavone and psoralidin sensitized TRAIL-
resistant cells and markedly augmented TRAIL-mediated
apoptosis and cytotoxicity in prostate cancer cells. Cotreat-
ment of LNCaP cells with 100 ng/mlI TRAIL and 50 uM neo-
bavaisoflavone or 50 uM psoralidin increased the percent-
age of the apoptotic cells which revealed its potential role
in prostate cancer.”

Auriculasin

Auriculasin is a major components of the Maclura pomifera
and Flemingia philippinensis.58% Auriculasin is isolated
from Flemingia philippinensis Merr. and Rolfe. Auriculasin
induced DNA fragmentation and chromatin condensation
in lymph node carcinoma of the prostate (LNCaP) prostate
cancer cells." Auriculasin induces ROS-mediated apoptot-
ic cell death, suppresses angiogenesis and sensitizes TRAIL-
resistant primary prostate cancer cells to TRAIL-mediated
apoptosis.®? Auriculasin, has been associated with anti-
cancer effects in humans and mice.®® Auriculasin demon-
strated a potential biological effect on dopamine activity.
64 Combined treatment with auriculasin and TRAIL at op-
timal concentrations resulted in tumor-specific apoptotic
cell death in RC-58T/h/SA#4 cells.® Auriculasin derived
from Flemingia philippinensis, induces significant cell death
and apoptosis via ROS generation in prostate cancer cells.
Auriculasin treatment resulted in selective apoptotic cell
death in LNCaP prostate cancer cells, in addition to inhibit-
ing tumor growth in a xenograft mouse model.1*%!

Nodakenin

Nodakenin is found to be present in Angelica gigas Nakai.
Multidrug-resistant phenotype-reversal activities of An-
gelica gigas and its compounds decursin and nodakenin
in doxorubicin-resistant NCI/ADR-RES ovarian cancer cells
have been investigated. Combination of doxorubicin with
either Angelica gigas or decursin inhibited a proliferation of
NCI/ADR-RES cells.®”
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Obacunone

A non-targeted cell metabolomics strategy has been ad-
opted to reveal the proliferation inhibition mechanism
of obacunone on 22RV1 prostate cancer cells. Metabolic
description network of obacunone to defense prostate
cancer was built. In addition, morphological observa-
tion, cell proliferation and apoptosis analysis of 22RV1
human prostate cancer cells were performed to better
understand physiopathologic changes after obacunone
treatment.'s®

Conclusion

This review was collected and analyzed scientific informa-
tion on the many classes of phytochemical substances
with a drug potential in prostate cancer, and highlighted
their therapeutic significance in the treatment of pros-
tate cancer in medicine. All the scientific information of
auriculasin, calycopterin, crebanine, denbinobin, irigenin,
isolinderalactone, neobavaisoflavone, nodakenin, obacu-
none, pachypodol and tectochrysin have been collected
and analyzed in the present review in order to investigate
their therapeutic potential in medicine against prostate
cancer. However, the molecular mechanisms of their
underlying actions on prostate cancer are also summa-
rized in this review. Scientific data of the present review
revealed the biological role of auriculasin, calycopterin,
crebanine, denbinobin, irigenin, isolinderalactone, neo-

Figure 1. Chemical structure of phytochemicals.

bavaisoflavone, nodakenin, obacunone, pachypodol and
tectochrysin in the medicine for their anti-proliferative
activities on prostate cancer (Figure 1-3). However, the
scientific evidence in this review also revealed different
molecular mechanisms in medicine for efficacy against
prostate cancer. However, scientific data on safety profiles
must be investigated by scientific research to apply clini-
cal use in medicine. Based on the presented scientific in-
formation, it is possible to conclude that these botanical
chemicals have potential medicinal applications for pros-
tate cancer. This can be concluded that it can be used for
treatment of prostate cancer in the future for its medicinal
advantages.

Figure 2. Chemical structure of phytochemicals.

Figure 3. Phytochemicals having effectiveness on prostate cancer.
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