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Abstract: Prostate cancer (PCa) remains both a global health burden and a scientific challenge.
We present a review of the molecular targets driving current drug discovery to fight this disease.
Moreover, the preventable nature of most PCa cases represents an opportunity for phytochemicals
as chemopreventive when adequately integrated into nutritional interventions. With a renovated
interest in natural remedies as a commodity and their essential role in cancer drug discovery, Malaysia
is looking towards capitalizing on its mega biodiversity, which includes the oldest rainforest in the
world and an estimated 1200 medicinal plants. We here explore whether the list of top Malay plants
prioritized by the Malaysian government may fulfill the potential of becoming newer, sustainable
sources of prostate cancer chemotherapy. These include Andrographis paniculate, Centella asiatica,
Clinacanthus nutans, Eurycoma longifolia, Ficus deltoidea, Hibiscus sabdariffa, Marantodes pumilum (syn.
Labisia pumila), Morinda citrifolia, Orthosiphon aristatus, and Phyllanthus niruri. Our review highlights
the importance of resistance factors such as Smac/DIABLO in cancer progression, the role of the
CXCL12/CXCR4 axis in cancer metastasis, and the regulation of PCa cells by some promising terpenes
(andrographolide, Asiatic acid, rosmarinic acid), flavonoids (isovitexin, gossypin, sinensetin), and
alkylresorcinols (labisiaquinones) among others.

Keywords: prostate cancer; natural products; cytotoxicity; apoptosis; cell migration; cell invasion

1. Introduction

Cancer incidence and mortality rapidly grow despite significant drug discovery and
clinical practice advances. Lung cancer is the most frequent cancer and the leading cause
of cancer death among males, followed by prostate and colorectal cancer (for incidence)
and liver and stomach cancer (for mortality) [1]. In the last decade, incidence remained
high, with an estimated 1.1 and 1.4 million men worldwide diagnosed with prostate
cancer in 2012 and 2021, respectively. However, the magnitude of increasing incidence
and decreasing prostate cancer mortality has been attenuated [2]. The high number of
cases in more developed nations could be due to the already common practice of prostate-
specific antigen (PSA) screening and subsequent biopsy [3]. In the United Kingdom,
prostate cancer contributed to 46,690 (13%) of new cases and 11,287 deaths annually. In
addition, 54% of prostate cancer cases in the UK are diagnosed in males aged 70 and over
every year [4]. According to the statistics provided by the National Cancer Registry [5]
of Malaysia, prostate cancer ranked ninth overall and is the fourth most frequent cancer
(7.3% of all cancers) diagnosed in men. Although the incidence of prostate cancer is more
prevalent in Western countries, the number of prostate cancer cases has also grown in
different parts of the world. Genome-wide association studies have identified around 100
genetic loci associated with prostate cancer risk in Western populations but only a dozen in
Japanese and the Chinese populations [6], thus reflecting a specific baseline protection for
male Asians.
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It is therefore hypothesized that diet and lifestyle largely contribute to prostatic car-
cinogenesis [7], and younger generations’ rapid adoption of an urban Western lifestyle
may be the reason for the rapid rise of prostate cancer in Asian countries such as Japan
and Hong Kong [8,9]. Recently, chronic epithelial cell injury accompanied by innate and
adaptive inflammatory responses have been highlighted as the underlying initial molecular
pathophysiological steps in prostate cancer [10].

On the one hand, inherited susceptibility and sex steroid hormones causing epithelial
damage leads to cancer as men age. On the other hand, there are dietary components,
chiefly heterocyclic amines, able to exert cell and genome damage resulting in prostate
inflammation [11]. Historically, androgens were the central paradigm for pathogenesis
and therapeutics in prostate cancer. However, epidemiological studies show that breast
and prostate cancers generally coincide worldwide [12]. Experimental studies support
the hypothesis that estrogens might cause both diseases [13], and researchers brand 17f3-
Qestradiol as a “genotoxic hormone” able to both induce DNA damage and keep genome
integrity [14].

Whether Asian traditional dietary customs are either protecting or contributing to
prostate cancer may be a question of a delicate balance between the ubiquitous presence of
plant-derived estrogens (phytoestrogens) [15] and certain popular Asian culinary ingredi-
ents able to directly counteract the deleterious effects of heterocyclic amines [16]. To further
complicate matters, the same phytoestrogens may act as both cytotoxic/antitumoral/
chemopreventative agents [17-20], as well as favor cancer cell proliferation [21]. The intesti-
nal microbiota and its differential ability to convert some isoflavones into even more potent
estrogen-like compounds may be a new lead for solving the conundrum of contradictory
epidemiological studies on soy consumption, prostate, and breast cancers [22].

2. Aims and Methods

Our aim here is to review the potential of phytochemicals as either preventative
therapy or chemotherapy for prostate cancer. To this end, we will present an introduction
of the main known molecular and genetic factors of prostate cancer; a discussion of some
mechanisms underlying cancer progression that may afford new targets; an overview of
the possible commercial and clinical routes for natural products to become part of prostate
cancer prevention and/or therapy; and a literature review of the anti-prostate cancer
potential of the top ten Malaysian natural products. Finally, our conclusions will try and
inform future research and development.

The sources are mainly PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Google
Scholar (https:/ /scholar.google.com/) and were accessed between 2017 and 2022. There
were not strict inclusion/exclusion criteria. In Sections 1-7 (incl.), the authors preferred
more established theories and mechanisms of clinical relevance related to chemotherapy for
prostate cancer. We gave less attention to immunotherapies or new molecular developments
not yet translated into therapeutic approaches. Section 8 reviews Malaysian plants focusing
on their effects on prostate cancer cells. We report on data obtained with different cancer
cells only if relevant for their potential use in prostate cancer research. The molecular
mechanisms reported from these studies also informed the author’s choice of topics in
Sections 3 and 6.

3. Molecular and Genetic Factors of Prostate Cancer
3.1. Chromosomal Abnormalities and Oncogenes

Chromosomal abnormalities associated with prostate cancer include the deletion of
8p, 10q, 13q, and 16q, as well as the gains of 7p, 7q, 8q, and Xq chromosomes. These
allelic abnormalities have been reported by Nupponen and Visakorpi [23], Hughes and
co-workers [24], and Shi and co-workers [25]. Further allelic loss has been reported by
Rubin and Rubin [26], Shen and Abate-Shen [27], and Fraser and co-workers [28], which
include the loss of 6q, 7q, 17p, and 18q.


https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
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The MYC is a well-known oncogene that plays an essential role in regulating cellular
proliferation, differentiation, and apoptosis. This oncogene is located at 8q24 and another
amplified region of 8q [29-32]. The overexpression and amplification of this oncogene
have been detected in prostate cancer cells, especially in the metastatic stage [32-34].
Besides MYC, the RAS family of oncogenes are the most common oncogenes in human
cancer. However, in prostate tumors, mutations in the ras genes (HRAS, KRAS, and
NRAS) are relatively uncommon [35,36], except in the rare ductal form of the disease.
Morote and co-workers [37] have reported that overexpression of the ERBB2 gene is a
frequent event in prostate cancer. The ERBB2 gene, or Her-2/neu, is from a family of
genes that provide instructions for producing growth factor receptors. These growth
factors are essential in stimulating cell growth and division. ERBB2 gene amplification will
result in the overproduction of ErbB2 protein, which can cause cells to grow and divide
continuously, leading to uncontrolled cell division, one of the hallmarks of cancerous tumor
progression [38,39]. Another oncogene that plays a significant role in the progression
of prostate cancer is Bcl-2. Several authors have reported the overexpression of Bcl-2,
especially in recurrent tumors [40-44]. However, this event did not seem to happen due to
the amplification of the genes [23,43]. Bcl-2 inhibits apoptosis of the prostate cancer cells
subjected to androgen deprivation, allowing the cancerous cells to survive without the
required hormone.

3.2. Androgen Receptor

The androgen receptor (AR) is a type of nuclear receptor that is encoded by a single
copy gene located on the X-chromosome (Xq11.2-q12), which consists of 919 amino acids in
length, but this can vary depending on the poly-glutamine, poly-glycine, and poly-proline
repeats of variable lengths [45]. AR signaling is crucial as it plays a critical role in prostate
function and differentiation in the growth and progression of prostate cancer [45,46]. AR
activity is regulated by two major ligands, testosterone, and dihydrotestosterone (DHT).
DHT, which has a ten times higher binding affinity to the AR, is the primary androgen
bound to the AR. The binding of DHT to the AR promotes the recruitment of protein
kinases, which leads to the phosphorylation of several serine residues. This process is
essential as it serves many functions, such as protection from proteolytic degradation,
stabilization, and transcriptional activation [46]. The transactivation of the AR is vital as
it regulates specific gene targets involved in cell growth and survival [47]. The rate of
cell proliferation and the rate of cell apoptosis are balanced in normal prostate epithelium.
However, this balance is lost in prostate cancer, leading to the formation of tumor cells [48].
Since prostate cancer growth is highly dependent on androgen, androgen-ablation therapy
has always been the most effective treatment for prostate cancer at an early stage. However,
this therapy only manages to delay tumor progression by 18-24 months, followed by the
development of a lethal drug-resistant stage known as castration-resistant prostate cancer
(CRPCQ). Visakorpi and co-workers [31] have reported that in CRPC patients, the frequent
amplification of chromosome Xq in recurrent tumors has led to the overexpression of
the AR after androgen deprivation therapy. This type of chromosomal amplification is
rarely seen in primary tumors. The overexpression of the AR overcomes the decreased
levels of circulating androgens in hormone-independent prostate cancer, thus allowing
the cancer cells to continue growing even in a deficient level of androgen left in serum
after castration [31,49]. The overexpression of AR also produces a receptor that is more
sensitive to a low androgen level, or that can be activated by other types of steroids, such
as adrenal androgens, estrogens, progestins, and anti-androgens used in the management
of the disease [50].

3.3. Metastasis

Prostate cancer is one of the most malignant types of cancer in men. It can spread
to distant sites, including bones, lymph nodes, lungs, liver, and brain. However, prostate
cancer frequently metastasizes to the bone marrow [51]. Almost 90% of advanced prostate
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cancer patients suffer from pathologic fractures, spinal cord compression, and pain due in
part to deregulated cycles of osteoblastic and osteolytic resorption/formation driven by
the growing tumor mass [52,53]. Although the mechanisms that account for the tendency
of prostate cancer cells to metastasize to the bone have not yet been elucidated, they may
include direct vascular pathway, highly permeable sinusoids, chemotactic factors produced
by bone marrow stromal cells, and the synthesis of growth factors necessary to support cell
survival and the proliferation of ‘seeded’ cancer cells [54,55]. Taichman and co-workers
hypothesize that metastatic prostate carcinomas may use the hematopoietic model to
localize to the bone barrow. In this model, chemokines, a group of molecules known to
play significant roles as activators and chemoattractants, including CXC chemokines such
as CXCL12 and its receptor CXCR4, appear to be critical molecular determinants for the
events in this model [56,57]. They also showed that the CXCL12/CXCR4 chemokine axis
was activated in prostate cancer metastasis to the bone [58]. They also confirmed that
CXCR4 expression is related to increasing tumor grade and showed that CXCL12 signaling
through CXCR4 triggers the adhesion of prostate cancer cells to bone marrow endothelial
cells [59]. Similar studies by other researchers also suggest that the CXCL12/CXCR4 axis
plays a similar role in other tumors metastasizing to the marrow. For example, Mueller and
co-workers [60] reported that the CXCL12/CXCR4 axis plays a central role in regulating
metastasis by showing that normal breast tissues express little CXCR4 receptors compared
to breast neoplasms, which express high levels of CXCR4. Furthermore, this study also
shows that using an antibody that could block the CXCR4 receptor could prevent the
spread of tumor cells to the lungs and lymph nodes.

Apart from that, the metastatic progression of prostate cancer is also closely associated
with two genes, namely E-cadherin (CDHI) and KAII1 genes. The expressions of both
genes are significantly reduced in metastatic prostate cancer cells [61,62]. However, this
was not caused by allelic loss but rather by post-transcriptional events regulated by p53.
Therefore, a loss of p53 function in the late stages of tumor progression could cause the
downregulation of these two genes with subsequent metastasis [63].

3.4. Arachidonic Acid Metabolism

Besides the abnormalities in chromosomes, the presence of oncogenes, and the over-
expression of specific receptors, cancer cells commonly overexpress key enzymes of the
arachidonic acid metabolism (mainly COX-2 and 5-LOX). COX-2 is overexpressed in prac-
tically every premalignant and malignant condition involving the colon, liver, pancreas,
breast, lung, bladder, skin, stomach, head, neck, and esophagus [64-71]. Interestingly,
human prostate cancer cells are known to generate 5-lipoxygenase (5-LOX) instead. 5-LOX
is a type of enzyme in humans encoded by the ALOX-5 gene. Ghosh and Myers [72] re-
ported that chemical constituents such as arachidonic acid, omega-6, and polyunsaturated
fatty acid stimulate prostate cancer cell growth via the 5-LOX pathway. This has been
corroborated by Yang and co-workers [73], who also point towards 12-LOX. The expression
of 5-LOX is usually restricted to specified immune cells such as neutrophils, eosinophils,
basophils, and macrophages.

In contrast, most non-immune body cells do not express 5-LOX unless at the onset
of certain diseases such as asthma, arthritis, psoriasis, and cancer [74-77]. The 5-LOX
plays a significant role in chemotaxis in these cells [74]. Ghosh and Myers [72] reported
that the inhibition of 5-LOX would block the production of 5-LOX metabolites and trigger
apoptosis in prostate cancer cells. The expression of 5-LOX in normal prostate glands is
almost undetectable but is augmented in prostate tumor tissues. Therefore, this finding
is significant for developing future therapeutic approaches for prostate cancer, as 5-LOX
plays a critical role in the survival of prostate cancer cells. All this leads to the concept
that 5-LOX may play a major role in the development and progression of prostate cancer
and could be used as a promising target in prostate cancer therapy. Other abnormalities,
including the amplification and overexpression of certain genes mentioned earlier, could
also be used as a potential target in future prostate cancer therapy.
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3.5. Angiogenesis

The tumor typically consists of cancer cells and stromal cells. These stromal cells
face a hostile metabolic environment characterized by acidosis and hypoxia. Therefore,
tumor development requires the supply of oxygen and nutrition, usually provided by
the nearby blood vessels [78]. With this, the tumor growth is only limited to 1-2 mm in
diameter (avascular phase) [79]. Therefore, the tumor needs an increased blood supply
mainly provided by forming new blood vessels from pre-existing capillaries and venules
to exceed the size limit. This process is called angiogenesis [79]. Like other tumor cells,
prostate tumors overexpress the vascular endothelial growth factor (VEGF) [80]. The
VEGEF is a homodimeric glycoprotein that belongs to the first group of pro-angiogenic
factors [81]. Other important pro-angiogenic factors include the fibroblast growth factor
(FGF) [82], platelet-derived growth factor B (PDGEF-B) [83], angiopoietins [82,83], growth-
related oncogenes [84], tumor growth factor 3 (TGEf3) [85], and matrix metalloproteases
(MMPs) [86].

The overexpression of the VEGF in prostate tumors will promote the development of
tumor neovascularization, and this overexpression also correlates with increasing grade,
vascularity, and tumorigenicity. Besides that, the receptor for the VEGF, VEGFRs, and 53
integrin were expressed by prostate cancer cells in vitro and prostate tumors in vivo, and
their expression was elevated at sites of bone metastasis compared to the original prostate
tumor. He and co-workers [87] reported that the angiogenic effect of the VEGF in the
prostate tumor could be blocked by the inactivation of its receptor, the VEGFR. Without the
VEGF or VEGFR, the prostate tumor cells would not be able to form sprouting capillaries.
Therefore, this could be a potential target to stop the development and progression of
prostate cancer.

Prostate-specific membrane antigen (PSMA) serum levels have been proposed to
be a better prognostic value than PSA to evaluate the effectiveness of prostate cancer
treatments, either via surgery, hormones, radiation, or chemotherapy [88]. Interestingly,
PSMA overexpression is observed in the neovasculature of solid tumors but not in the
vasculature of normal tissues [89]. The correlation between PSMA and VEGF expression in
LNCaP-induced tumors reinforced its value as a marker for angiogenesis. Mechanistically,
PSMA may modulate integrin [90] and the nuclear factor kappa B [91] signaling pathways.
Some authors later attributed this correlation to the Mouse double minute 2 (MDM?2), a
negative regulator of the p53 tumor suppressor, which regulates VEGF expression and
angiogenesis, after gene profiling studies suggested a signalling interplay between MDM?2
and PSMA [92]. This view has been recently expanded after Watanabe and co-workers
experimentally showed how PSMA-positive vesicles secreted from prostate cancer cells
have the potency to transform vascular endothelial cells into an angiogenic state [93]. This
has been followed by preliminary results on how they can induce PSMA-negative cells to
secrete VEGF [94]. These new data open new views on how PSMA may induce pro-tumoral
changes in the tumor microenvironment, thus supporting tumor progression.

4. Chemoprevention of Prostate Cancer

The idea of chemoprevention was initially introduced in the mid-1970s [95,96]. It
consists of the administration of agents or substances—such as drugs or vitamins—to try
and reduce the risk or delay the development or recurrence of cancer. Carcinogenesis in
cancer development is a complex process that generally requires an extended period; there-
fore, chemoprevention could significantly inhibit or slow this process before cancer growth
becomes clinically significant [97]. Chemoprevention is a type of preventive medicine
divided into primary, secondary, and tertiary prevention. Primary prevention deals with
the incidence of disease in an otherwise healthy individual. Secondary prevention aims to
stop the progression of a disease to a clinically significant stage by focusing on the treatment
given to an individual already with a premalignant condition. Finally, tertiary prevention
focuses on preventing the recurrence or progression of disease in an individual previously
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treated with malignancy [98]. In the case of prostate cancer, chemoprevention is essentially
aimed at primary and secondary prevention [98].

Many reasons support the use of chemoprevention as part of prostate therapy. As
mentioned earlier in this section, carcinogenesis in cancer development occurs over time,
which is also the case for prostate cancer. Carcinogenesis in prostate cancer is thought to
consist of protracted multistep molecular processes affecting numerous pathways [99]. This
molecular pathogenesis could lead to the development of pre-cancerous characteristics
such as atypical small acinar proliferation (ASAP) and high-grade intraepithelial neoplasia
(HGPIN) [100]. Both ASAP and HGPIN can be detected many years before the formation
of the actual cancer mass in the prostate gland itself. These characteristics make prostate
cancer an ideal target for primary chemoprevention. In addition, prostate cancer also has
a prolonged latent disease state, therefore increasing the incidence of prostate cancer in
elderly men aged between 60-79 years old [101]. This specific characteristic of prostate
cancer makes it suitable as a target for secondary chemoprevention.

In chemoprevention, using low toxicity agents or substances is vital as it involves
treating healthy individuals [102]. In prostate cancer, chemoprevention can prevent the
transformation of normal cells or precursor lesions to cancerous cells (secondary preven-
tion) and stop the growth of the existing tumor cells [103]. 5 Alpha-reductase inhibitors are
one of the chemopreventives used in prostate cancer therapy. Inhibition of 5-c-reductase
will decrease dihydrotestosterone (DHT) levels in prostate cancer tissues, thus lowering
the androgenic stimulation to the prostate [95]. Several studies showed that the inhibi-
tion of 5-a-reductase in prostate cancer tumors grafted into an animal has significantly
impeded tumor implantation and growth [104,105]. Finasteride is a type of 5-x-reductase
inhibitor which lowers intraprostatic DHT levels while causing testosterone levels to in-
crease slightly [106]. It was the first 5-x-reductase inhibitor to enter a human trial. Another
5-a-reductase inhibitor used for prostate cancer chemoprevention is dutasteride. Unlike fi-
nasteride, dutasteride is thought to have better efficacy in chemoprevention as it can inhibit
both isoforms of 5-a-reductase [107]. A recent study by Andriole and co-workers [108]
showed that dutasteride reduced the risk of prostate cancers and precursor lesions among
men at increased risk of prostate cancer and benign prostatic hyperplasia (BPH) while
improving many outcomes related to BPH. Other agents such as vitamin C, vitamin B1,
vitamin B2, vitamin B3, calcium, zinc, protein, and selenium have been used to prevent
prostate cancer growth. However, no clear association exists between these common dietary
factors and prostate cancer [95]. In this study, characterization of the active extracts could
lead to their use in prostate cancer chemoprevention in the future.

5. Clinical Management of Prostate Cancer

Treatments and prostate cancer management depend on several factors, such as the
stage of the disease, age, general health, and a person’s view of potential treatments and
their possible side effects. Due to the aggressiveness and the annoying side effects (erectile
and urinary dysfunction) of most treatment options, discussions often focus on balancing
therapy goals with the risk of lifestyle alterations. A combination of treatment options is
highly recommended for managing the disease [109-111]. The management of prostate
cancer can be divided into three categories: (1) management of localized prostate cancer,
(2) management of locally advanced prostate cancer, and (3) management of metastatic
prostate cancer.

Most patients diagnosed with localized prostate cancer will have an excellent prog-
nosis after radical prostatectomy and/or radiation therapy. One-fifth of the patients opt
out of surgery and will undergo ‘watchful waiting.” However, 20-40% of the patients
who went through primary therapy will experience biochemical relapse, with 30-70%
of those developing metastatic disease within ten years after the introduction of local
therapy [112-115]. The metastatic stage of prostate cancer is usually managed by the use
of androgen-deprivation therapy, also known as hormone ablation therapy. A luteinizing
hormone-releasing hormone (LHRH) agonist will improve the symptoms, but tumors in-
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variably become hormone-independent (castration-resistant) and evolve to the progressive
stage. Before the 1990s, patients with castration-resistant prostate cancer (CRPC) were gen-
erally treated with palliative approaches, as no other life-prolonging options were available.
As prostate cancer is often associated with older men with limited bone marrow reserve
and concurrent medical conditions, chemotherapy at this time was not recommended as it
can further deteriorate the quality of life [116].

Tannock and co-workers [117] have reported that mitoxantrone (with prednisone) can
improve quality of life and reduce bone pain besides lowering serum PSA levels in men
with CRPC. This important discovery has led to using intercalating agent mitoxantrone
as the initial standard of care for such patients. The cytotoxic Docetaxel replaced mitox-
antrone as the first line of care in 2004 after the Southwest Oncology Group reported that
its administration with estramustine significantly extended progression-free and overall
survival for CRPC patients, when compared to mitoxantrone with prednisone [118]. How-
ever, until 2010, physicians have no other life-prolonging second-line options after the
failure of docetaxel. On June 17 of the same year, the US Food and Drug Administra-
tion (FDA) approved the use of cabazitaxel for CRPC patients previously treated with a
docetaxel-containing regime (US Food and Drug Administration), thus changing from the
stabilization of microtubule to the inhibition of the assembly as the underlying mechanism
of therapeutic action. Until recently, other therapies, including Enzalutamide (Xtandi®),
Abiraterone (Zytiga®), and Radium-233 (Xofigo®) have been used for the management
of CRPC patients. Enzalutamide and Abiraterone are a new type of hormone therapy for
men with prostate cancer that no longer responds to hormone therapy or chemotherapy.
Enzalutamide works by blocking the hormone testosterone from reaching the prostate
cancer cells whereas Abiraterone works by stopping the production of testosterone in the
body. Without the availability of this hormone, prostate cancer cells will cease to grow
wherever they are in the body.

The introduction of a new concept of systemic disease: high-risk or high-volume
vs. low-risk and low-volume disease [119] opened a new clinical scenario for sequence
therapies using the above-discussed drugs [120,121]. All major clinical associations have
reflected these breakthroughs in treatment in updated professional guidelines. However,
real-world adoption of such combination therapy protocols is still poor [122], compounded
by mean nonadherence rates of 25% to 51% in patients prescribed oral prostate cancer
therapies, with higher rates in older patients [123]. Mind-body therapies are also gaining
momentum within the scientific community, such as yoga and Tai Ji Chuan/Qigong, all
known to alleviate fatigue and improve the quality of life in PCa patients. Hypnosis and
relaxation training showed to reduce nausea/vomiting and improve sleep and anxiety,
thus increasing resilience to support oncological treatments [124]. Moreover, clinicians are
revisiting the paradox of androgen-castration in the light of bipolar androgen therapy that
involves rapid cycling from supraphysiological back to near-castration testosterone levels
over a 4-week cycle [125].

6. Possible Therapeutic Targets for Prostate Cancer Based on the Major Hallmarks
of Cancer

The six main hallmarks of cancer proposed initially by Hanahan and Weinberg [126]
include sustaining proliferative signaling, evading growth suppressors, resisting cell deaths,
activating invasion and metastasis, inducing angiogenesis, and enabling replicative im-
mortality. The same authors later extended this list after considering the progress made
in the past decade by adding two new hallmarks comprising the reprogramming of en-
ergy metabolism and the evasion of immune destruction [127]. These are the biological
capabilities acquired by the tumor cells during their multistep development that enable
them to become tumorigenic and ultimately malignant. Understanding these hallmarks is
crucial to finding suitable therapeutic targets that can be used more effectively in cancer
treatment. Blandin and co-workers [128] have reported that £1 integrins, which are a
type of matricellular receptor (extracellular matrix component), play an essential role in
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the modulation of these cancer hallmarks. Therefore, they may be one of the suitable
therapeutic targets for cancer therapy. This study aims to find bioactive compound/s from
plants that could modulate some cancer hallmarks, namely resisting cell death or evading
apoptosis, activating invasion and metastasis, and inducing angiogenesis. These are the
three main hallmarks of cancer that would be the focus of this study. The discovery of
bioactive compound/s with the ability to modulate these three important hallmarks would
be vital for the future of prostate cancer therapy.

6.1. Resisting Cell Death: Role of Smac/DIABLO in Cancer Progression

The ability of tumor cells to expand in numbers depends not only on the rate of cell
proliferation but also on the rate of cell death, which generally occurs through apoptosis.
This process is tightly regulated in normal cells to maintain cell population and immune
system development [129]. However, disruptions and deregulations of the process lead to
uncontrolled cell growth, a characteristic of tumor cells. Therefore, inducing cancer cells,
apoptosis is essential in cancer therapy, such as prostate cancer therapy.

Two distinct pathways can activate apoptosis: the extrinsic pathway, mediated by
death receptors (CD95 and TRAIL), or the intrinsic pathway, mediated by the mitochon-
dria [130]. Stimulating death receptors such as CD95 or TNF-related apoptosis-inducing
ligand (TRAIL) located on the plasma membrane activates the initiator caspase-8, which can
cause a direct cleavage of downstream effector caspases such as caspase-3 [131]. Effector
caspases such as caspase-3 will cause irreversible damage to the nuclear lamina, cleave the
proteins that typically hold a DNA degrading enzyme (DNAse) in an inactive form, freeing
the DNAse to cut the DNA in the cell nucleus and ultimately causing the dismantling of
the cells quickly and neatly [132].

The mitochondrial-driven (intrinsic) pathway is initiated with the permeabilization of
the outer mitochondrial membrane by pro-apoptotic members of the Bcl-2 family, such as
Bax and Bak [133]. Proteins from the Bcl-2 family regulate this process (e.g., Bcl-2, Bel-xL,
Bcl-w, Bax, Bak, and Bok) together with mitochondrial lipids, and other proteins involved in
metabolic flux as well as components of the permeability transition pore [133]. After the dis-
ruption of the outer mitochondrial membrane, the apoptogenic factors such as cytochrome c,
apoptosis-inducing factor (AIF), TG (Smac/DIABLO), Omi/HtrA2, or endonuclease G are
released into the cytosol from the mitochondrial intermembrane space [134,135]. For exam-
ple, the release of cytochrome c activates caspase-3 and eventually leads to the dismantling
of the cells neatly and quickly without causing any harm to the neighboring cells.

Smac/DIABLO is a novel mitochondria-derived, pro-apoptotic protein important in
sensitizing tumor cells to die by apoptosis [136,137]. It has a pro-apoptotic effect mediated
by its interaction with the inhibitor of apoptosis proteins (IAPs) and the release of effector
caspases from them. The IAP protein family that includes the XIAP, c-IAP1, and c-IAP2
blocks both intrinsic and extrinsic apoptotic pathways by binding to and inhibiting active
caspases, thus stopping the caspase cascade [138]. The XIAP is the most potent among the
IAPs due to the presence of three domains known as the baculoviral IAP repeat (BIR) do-
mains. The BIR domains are fundamental in inhibiting the activity of active caspases [139].
Smac/DIABLO functions by neutralizing the caspase-inhibitory properties of the XIAP
in the displacement of the XIAP from caspase nine by Smac/DIABLO, thus overcoming
the ability of the XIAP to repress the activity of effector caspase, caspase-9, within the
apoptosome complex [140]. Several studies have shown that Smac/DIABLO is crucial for
mitochondrial-driven apoptosis in human multiple myeloma and prostate cancer cells [141].
The Smac peptide also enhances apoptosis-induced chemo or immunotherapeutic agents in
the leukemic Jurkat cell line [142] and malignant glioma cells in vivo [143]. These findings
prompted scientists to develop peptides derived from the NH2-terminal of Smac/DIABLO
and small molecules that mimic the function of Smac/DIABLO as therapeutic agents
to induce cancer cells death or increase the apoptotic effects of the chemotherapeutic
agents [130]. Currently, small molecules such as AT-406, LCL-161, and Birinapant are all
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in the preclinical phase for their anticancer properties in combination with more specific
chemotherapy drugs such as TRAIL and BRAF inhibitors [144].

6.2. Activation of Invasion and Metastasis: Role of CXCL12/CXCR4 Axis in Cancer Metastasis

Prostate cancer can spread to distant sites, including lymph nodes, lung, liver, and
brain. However, the spread to the bone marrow is the most frequent and as a consequence,
almost 90% of advanced prostate cancer patient suffer from pathologic fractures, spinal cord
compression, and pain due in part to the deregulated cycles of osteoblastic and osteolytic
resorption/formation driven by the growing tumor mass [52]. In addition, several reports
have shown that the CXCL12/CXCR4 axis is involved in breast [60] and prostate [58,145]
cancer cells’” metastasis to bone, where high expression of CXCR4, the receptor for the
CXCL12 chemokine, is detected [146,147].

Chemokines are a superfamily of cytokine-like proteins that activate chemokine re-
ceptors by binding to them [148]. Over 50 chemokines have been identified and divided
into four distinct families, namely CXC, CX3C, CC, and C. These divisions are made based
on the positions of four conserved cysteine residues [149]. Previously, chemokines were
associated with their inflammatory responses achieved through the stimulation of leuko-
cyte chemotaxis during inflammation [150]; however, new pieces of evidence suggest that
they are major regulators of cell trafficking and adhesion [151,152]. For example, CXCL12,
or the stromal-derived factor 1 (SDF-1), is a CXC chemokine, and its receptor CXCR4 is
reported to play a critical role in the spread of prostate cancer cells to the bone.

The binding of CXCL12 to CXCR4 is said to initiate divergent signaling pathways that
lead to multiple responses, including the phosphorylation of MEK/ERK signaling cascade
and the activation of NF-«B, which is essential for tumor cell survival [148]. Moreover, Sun
and co-workers [153] have reported that the levels of CXCL12 in human and mouse tissues
were higher at the preferable sites of metastasis for prostate cancer cells, such as bone, liver,
and kidney, when compared with tissues rarely affected by the tumor cells, including lung,
tongue, and eye. In addition, higher expression of CXCL12 leads to the increased adhesion
of prostate cancer cells in the endothelial cell monolayer and immobilized fibronectin,
laminin, collagen [154], and osteosarcoma cells [58] due to the upregulation of «5 and
(33 integrins.

Apart from that, overexpression of the CXCR4 gene was documented in aggressive
phenotypes of prostate tumor tissues, and prostate cancer patients with this phenotypic
characteristic often have poor survival rates [155]. Sun and co-workers [153] have reported
that in an in vivo study, the extent of bone metastasis in prostate cancer was limited by using
a neutralizing antibody against CXCR4. These data clearly show that the CXCL12/CXCR4
axis plays a major role in prostate cancer cell progression. In our study, we investigate the
potential of bioactive compound /s from plants to modulate this axis to reduce or prevent
prostate cancer cell migration and invasion.

6.3. Induction of Angiogenesis: Role of VEGF in Angiogenesis

One of a malignant tumors’ most important phenotypic traits is their ability to have
sustained angiogenesis. Angiogenesis is crucial as it ensures a continuous supply of oxygen,
nutrients, growth factors, hormones, and proteolytic enzymes [156]. Without angiogenesis,
the progression of malignant tumors to the distant site will not be possible. Although a
report was made a century ago regarding the observation that increased vascularity can
accompany tumor growth [157], it was not until 1939 that the first postulate about the
existence of a tumor-derived blood vessel growth-stimulating factor that served to aid
the formation of new blood supplies to the tumor was made by Ide and colleagues [158].
Six years later, Algire and co-workers [159] proposed that the rapid growth of tumor
transplants depends on developing a rich vascular supply. This proposal was based on
the observation that tumor growth started after an increase in the blood-vessel density
using a transparent chamber technique on the mouse [159,160]. In 1971, Folkman proposed
that finding an anti-angiogenesis factor could be an effective anticancer strategy [161], and
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this pioneering hypothesis has led to the understanding of several important angiogenic
factors such as the epidermal growth factor (EGF), transforming growth factor (TGF)-«,
TGF-£3, tumor-necrosis factor-a (TNF-«), and angiogenin [162]. However, their effects in
experimental models could not always bet translated into physiological effects [163].

The vascular endothelial growth factor (VEGF), which is now known to be the main
regulator of angiogenesis, was first described by Senger and co-workers [164] and then was
successfully isolated and identified by Ferrara and colleagues in 1989 [165]. The VEGF is a
homodimeric glycoprotein with an approximate molecular weight of 45 kDa. It belongs
to a family of structurally related mitogens known as the platelet-derived growth factor
(PDGEF) [166]. The VEGF family consists of six secreted glycoproteins known as VEGF-A,
VEGE-B, VEGF-C, VEGF-D, VEGF-E, and placenta growth factor (PIGF-1 and PIGF-2) all of
which are derived from distinct genes [167].

VEGE-A plays a critical role in the regulation of angiogenesis [168], whereas the vascu-
lar effect of the other VEGFs in the family members remains fully characterized [169-171].
Initially, two VEGF receptors were identified on endothelial cells and characterized as the
specific tyrosine kinase receptors VEGFR-1 and VEGFR-2 [172,173]. Several years later,
another tyrosine kinase receptor known as VEGFR-3 was identified and has been found
to play a significant role in lymphangiogenesis [174,175]. All VEGF family members have
a different binding affinity towards these receptors, and this characteristic has helped to
elucidate their specific functions. All VEGF-A isoforms bind to both VEGFR-1 and VEGFR-
2, while the naturally occurring heterodimers of VEGF-A have a higher binding affinity
towards VEGFR-2 [176,177].

Since VEGF-A can bind to both VEGFR-1 and VEGFR-2 receptors, questions have
been asked about which receptor activation could lead to the direct effect on tumor cell
angiogenesis. A consensus has been reached on this matter, as studies show that VEGFR-2
is the major mediator of the angiogenesis process [178]. Even though VEGFR-1 is said
not to affect mitogenesis and angiogenesis directly, it might act as a decoy receptor that
sequesters VEGF and prevents its interaction with VEGFR-2 [179].

Angiogenesis, also known as neovascularization, is very important in human cancers
and is specifically linked to increased tumor growth and metastatic potential [180]. Over-
expression of VEGF mRNA can be observed in various human tumors, including lung,
breast, prostate, gastrointestinal tract, renal, and ovarian carcinomas, through in situ hy-
bridization studies [181-186]. The expression of VEGF ligands in tumor cells supported the
hypothesis that claimed that VEGF supports the growth of tumor cells not only by inducing
angiogenesis, but also through their direct action on VEGFRs that creates a VEGF/VEGFR
autocrine loop, which induces tumor growth arrest and apoptosis when disrupted [167].
Furthermore, studies conducted by Warren and co-workers [187] have demonstrated that
in an in vivo mouse colon cancer model of liver metastasis, a significant decrease in the
size of the tumor was achieved after the treatment with anti-VEGF monoclonal antibodies.
Other studies also show that a significant decrease in tumor size and prolonged survival
were achieved in mice bearing human leukemias xenograft after treatment with antibodies
that function by blocking the VEGFR-2 receptor [188]. Therefore, the results from all these
studies clearly demonstrate that angiogenesis is VEGF-dependent and finding bioactive
compound/s that could block VEGFs and its receptors or both could reduce or prevent
tumor cell angiogenesis.

7. Opportunities for Phytochemicals: Food or Drug?

The downside to recent advances in the therapy of PCa is that the treatment costs
increase more rapidly than for any other cancer. Thus, the case for the preventative use of
phytochemicals with experimental antitumoral activity may be considered a valid option
for personalized protection in primary care as well as for advanced disease management at
the level of secondary and tertiary care in the framework of predictive, preventive, and per-
sonalized medicine [189]. A successful example of this strategy is the saw palmetto berry,
widely used for treating benign prostatic hyperplasia (BPH), often as an alternative to phar-
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maceutical agents. Although pathologically BPH is not considered a precursor for prostate
cancer, approximately 83% of prostate cancer incidence occurs in men with BPH [190,191],
and both conditions share common risk factors and respond to anti-androgen therapy. Saw
palmetto is a palm plant commonly found along the Atlantic and Gulf coasts of the USA.
The large berries produced by the plant are highly enriched in fatty acids, phytosterols, and
flavonoids [192]. Numerous clinical trials had been conducted to evaluate the effectiveness
of the extract of the fruits in treating BPH [193-195], and based on the positive results
of these clinical trials, saw palmetto was developed as a whole extract with no single
active ingredient, unlike any other conventional drug. It has been marketed as a dietary
supplement to treat enlarged prostate. In continental Europe, saw palmetto is available as
a full licensed medicine (Permixon®) but also available as a traditional medicine (THMP)
(Prostasan®) as well as a food supplement without explicit indications but translating to
the health-conscious consumer the hidden message of prostate health. Outside Europe,
the market drastically splits into food or drugs, leaving saw palmetto manufacturers and
consumers with the food supplement pathway as the only way to bring this efficacious
natural product to the public. Approximately 2.5 million adults in the United States were
reported to use saw palmetto in a National Survey conducted in 2002 [196]. It is also
prevalent in Europe, as half of German urologists prefer prescribing plant-based extracts
to synthetic drugs [197,198]. Saw palmetto is available in the market as an encapsulated
capsule, powdered berries, and gel capsules containing the liquid extract. This extract
is thought to treat BPH by inhibiting the 5-x-reductase enzyme [199,200], similar to fi-
nasteride, a popular chemopreventive used in prostate cancer therapy, as explained in
Section 4. Several studies were conducted to investigate whether saw palmetto is active
against prostate cancer. These studies showed that the lipidosterolic extract of saw palmetto
appears to inhibit LNCaP, PC3, 267B-1, and BRFF-41T prostate cancer cell lines in vitro
when treated with physiologically plausible doses [199-201]. The inhibition of the prostate
cancer cell lines occurs through several different mechanisms, including apoptosis, necrosis,
and growth inhibition [199,200]. However, no studies have been conducted to examine
saw palmetto activity in animal models. The development of saw palmetto as an agent to
promote prostate health could be an excellent example of how the active extracts of other
plants can be introduced into the market shortly.

7.1. Research and Development of Anticancer Drugs from Natural Products

Chemical substances derived from natural products, including plants, animals, and
microbes, have played a vital role in cancer chemotherapy for the past 30 years [202]. How-
ever, developing a new drug is complex, time-consuming, and expensive. It usually takes
around 12 years from discovering a new drug in laboratory settings to its application in
human diseases. It also involves more than one billion USD of investment in today’s context
to develop a new drug from laboratories to clinics [203]. The drug development process
in current pharmaceutical settings can be divided into 7 phases, namely: (1) Preclinical
research, (2) Investigational New Drug (IND) application, (3) Phase 1 trials, (4) Phase 2
trials, (5) Phase 3 trials, (6) New Drug Application (NDA), and (7) Approval.

In the case of natural products, the drug discovery process started with rigorous
screening procedures using different species of plants on a panel of different cancer cell
lines [204]. Different approaches can be used for screening plants to be tested against
cancer cell lines. These approaches include the random approach, ethnopharmacology
approach [205], traditional system of medicine approach, and zoo-pharmacognosy ap-
proach [203]. Once the task of screening potential candidates is over, the following steps
include: (1) the screening of biological activity using selective assays, (2) the bioguided
fractionation of the identified plant, (3) the isolation and structure elucidation of the active
compounds,(4) the evaluation of chemical do-ability, druggability, and patentability, and
(5) the decisions based on the safety and biological activity screening [203]. This process is
considered the preclinical research phase mentioned earlier. Once this phase is completed,
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the potential drug needs to go through six remaining phases for drug development before
it can reach clinics for human application.

However, due to the low success rate of finding new chemical entities (NCE) by
following this conventional approach, maybe now is the right time for large-scale pharma-
ceutical organizations to open up the developmental strategies and adopt the nutraceuticals
approach. This approach that allows the development of herbal extracts to hit multiple
targets as new drugs should be seriously considered. This strategy will not only reduce
developmental costs but will also enhance the chances of success in providing effective and
safe drugs and minimizing the risk of post-marketing withdrawal. In this study, the active
extracts of the plants will be characterized, and the bioactive compounds responsible for the
inhibition of prostate cancer cell growth will be used as markers for future standardization
of the extract. However, before the standardized active extracts could reach the market
for human consumption, additional studies are required to be carried out to investigate
the efficacy of the standardized extract on relevant animal models as well as following the
regulations set for nutraceutical development in the targeted market.

One key aspect of the progression from a pharmacological screening of newly dis-
covered anticancer natural products to their clinical use/therapeutic applications is their
solubility in water, which seriously affects their bioavailability. When these compounds are
administered as herbal extracts, the many phytochemicals present act as co-excipients, thus
promoting their solubility [206]. However, when isolated, they are seldom hydrophilic. A
classic example is taxol, of which its solubility (less than 0.1 pg/mL in water, 46 mM in
ethanol) was compared by its discoverers as being “the same of brick dust” [207]. Therefore,
developing strategies to increase the solubility and bioavailability of phytochemicals is crit-
ical to their success as medicines. Traditionally, they may include changes in their chemical
structures (semi-synthesis) or physical complexation/encapsulation with carriers (cyclodex-
trin, phospholipids, or other polymers) [208-211]. State-of-the-art approaches encourage
the administration of bioactive molecules/drugs using the oral route to increase patient
compliance by conveniently enabling self-administration and flexibility in dosage regimen,
thus avoiding sterile conditions for their manufacturing, which reduces production costs.
The way forward encompasses nanosuspension and nanoencapsulation technologies [212].
These have been embraced by the scientific community implementing these concepts to
deliver phytochemicals in both therapeutical and nutraceutical interventions [213,214].

7.2. Research and Development of Nutraceuticals for Prostate Health

The term ‘nutraceuticals’ was first introduced in 1989 by the founder and chairman of
the Foundation for Innovation in Medicine (FIM), Dr. Stephen DeFlice. It is a term derived
from ‘nutrition” and ‘pharmaceuticals” and is defined as any substance that is food or part
of a food that provides medical or health benefits, including prevention and treatment
of a disease. Recently, the use of nutraceuticals in prostate disease is becoming more
popular. Approximately 30% of men diagnosed with prostate disease in North America
were reported to use some complementary and alternative medical (CAM) therapy or
nutraceutical products [215,216]. Prostate cancer develops over a long period, thus making
it suitable for primary, secondary, and tertiary prevention strategies [217]. This is one
of the reasons why CAM and nutraceuticals are becoming very popular in promoting
prostate health. Besides that, nutraceuticals are not regulated the same way as drugs are,
as they are classified according to different food categories. Nutraceuticals’ regulations
also vary from country to country and are not as stringent as medicines. This lowers
their cost of production and development, so the population can use them appreciably to
prevent diseases. Consequently, the global use and trade of nutraceuticals have boomed in
recent years, and investment in this sector is attractive to pharmaceuticals companies; for
example, GlaxoSmithKline (GSK) has Benecol® for lowering cholesterol, and Bayer markets
Iberogast® for functional dyspepsia.

The most popular dietary approaches to promote healthy prostate include popular
nutraceuticals such as saw palmettos, Pygeum africanum, phytosterols, rye pollen extract
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(e.g., Cernilton®, Graminex LLC, Saginaw), and vitamins and minerals, such as vitamin E
and selenium [218]. Despite the lack of stringent regulations associated with the production
and development of nutraceuticals, sound research practices are required to provide high-
quality products backed by scientific evidence. Therefore, it is common to see scientists
involved in pre-clinical research as part of developing nutraceuticals. Following this step,
some might continue testing the nutraceuticals’ efficacy on relevant animal models. In
contrast, others could directly release the product into the market, providing that the
regulations for nutraceutical development in that specific country or region are strictly
followed. For example, in the US, nutraceuticals are monitored as ‘dietary supplements’
according to the Dietary Supplement, Health and Education Act (DSHEA) of 1994 [219].
The DSHEA establishes that manufacturers are responsible for the safety evaluation of the
product, and if a new ingredient was to be introduced into the product, they must inform the
FDA that the new ingredient ‘can reasonably be expected to be safe’ at least 75 days before
going to the market. In the European Union (EU), a specific law regulating nutraceuticals
does not exist. However, if a claim implies a medicinal benefit for a nutraceutical product,
the product needs to comply with the regulatory requirements for medicinal products in
respect of safety, efficacy, quality testing, and marketing authorization procedures [219]. EU
regulations also state that the beneficial effects of nutraceuticals can only be a ‘health claim’
and not a ‘medicinal claim.” In Malaysia, no specific law on nutraceuticals exists. However,
they are monitored under Malaysia’s Food Act of 1983 and the Food Regulations of 1985,
which govern food safety and quality control, including food standards, hygiene, import
and export activities, and advertisement and accreditation of laboratories [220]. This law is
enforced by the Food Safety and Quality Division (FSQD) of the Ministry of Health (MOH).

Despite the lack of stringent regulations for nutraceutical development, this should
not be an excuse for scientists and manufacturers to ignore good research practices to
ensure the production of high-quality nutraceuticals backed by scientific evidence. The
food supplements industry may want to play the cards of natural products as modulators of
oxidative stress or “killing cancer cells by ROS,” an emerging field in the herbal approach to
managing cancer, including prostate cancer [221]. An enormous amount of preclinical and
epidemiological data is available to support the potential of phytochemicals to diminish
chemotherapeutic-induced toxicity and increase their therapeutic efficiency and survival
times in patients [189,222]. Despite the evidence, the clinical implementation is practically
inexistent, which is dismal.

8. Research and Development of Natural Anticancer Products from Malay Biodiversity

With the global resurgence of interest in natural remedies as a commodity, Malaysia is
looking towards capitalizing on its mega biodiversity, which includes the oldest rainforest
in the world and an estimated 1200 medicinal plants. A “Herbal Development Office” has
been formed to harness this potential under the Ministry of Agriculture (MoA). It outlines
the strategic direction, policies, and regulation of research and development clusters that
focus on discovery, crop production and agronomy, standardization, product development,
toxicology /pre-clinical and clinical studies, and processing technology.

Since Malaysia is predominantly an agricultural country, it ensures a sufficient supply
of raw materials for research and development. With this in mind, and to promote and
protect the growth of the local herbal industry, endemic species and varieties of these
medicinal plants are under active study to derive high-value herbal supplements and
remedies [223]. Accordingly, preference has been given to a subset of 10 traditional plant
species with high economic potential (Table 1) [224].
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Table 1. Traditional plant species with high economic potential according the Malay National

Agrofood Policy 2011-2020.

Latin Name Family Malay Name Part Used Targeted Indications
Andrographis paniculata Acanthaceae Hempedu Bumi Leaves Antidiabetic tonic and supplement
(Burm.f.) Nees
Centella asiatica (L.) Urb. Apiaceae Pegaga Leaves, stem Skincare ingredients, herbal drink
Clznacanthus.nutans Acanthaceae Belalai Gajah Leaves . Herbal drink,
(Burm.f.) Lindau anticancer supplement
Eurycoma longifolia Jack Simaroubaceae Tongkat Ali Roots Male tonic, coffee, energy drink
Ficus deltoidea Jack Moraceae Mas Cotek Fruit, roots, and leaves Afterbirth tonic, whitening serum
Hibiscus sabdariffa L. Malvaceae Roselle Fruit, leaves Functional drinks, skincare
Marantodes pumilum
(Blume) Kuntze. Primulaceae Kacip Fatimah Leaves and roots Gynecorlogica.l, antiaging serum,
(syn. Labisia pumila women’s tonic, and supplement
(Blume) Mez)
Morinda citrifolia L. Rubiaceae Mengkudu Fruits, leaves, and roots Herbal drinks, coffee
Orthosiphon aristatus Lamiaceae Misai Kucin Stem and leaves Diuretics, tea, and herbal
(Blume) Migq. & supplement for kidney disease
Phyllanthus niruri L. Phyllanthaceae. Dukung Anak Whole plant Liver tonic

8.1. Andrographis paniculata (Burm.f.) Nees

The extraction of A. paniculata with absolute methanol yields a high andrographolide—a
labdane diterpene (Figure 1)—and total phenolic extract with high antiproliferative ac-
tivity (IC50 = 58 ug/mL) as well as on anti-migration activity on the DU145 cancer cell
line. Moreover, it significantly reduces the progression of the cancer cell pre-treated with
leptin and adipocyte-conditioned media through cell cycle arrest at the S phase and in-
duction of cell death [225]. Andrographolide has been reported to be the main in vitro
bioactive compound of A. paniculata against prostate cancer cells [226] without affecting
primary prostate epithelial cells [227]. Andrographolide induces apoptosis by modulat-
ing the ROS/JNK pathway or ERK-p53 with caspase activation [226,228]. The resulting
endoplasmic reticulum stress seems associated with IRE-1 signaling or mitochondrial
damage and is accompanied by a marked increase in ROS levels. Similar effects were
reported for andrographolide and androgen-independent PC3 cells [226]. It also reduces
cell viability and the ability of LNCaP, C4-2b PC3 cells, and DU-145 cells to migrate via
modulating CXCL11, CXCR3 and CXCR7 expression as well as Rb, H3, Weel, and CDC2
phosphorylation [227] and disrupts the IL-6 autocrine loop [229]. This compound affects
cell cycle phases in a cell-specific manner: G2/M transition was blocked in LNCaP, C4-2b,
and PC3 after treatment, whereas DU-145 cells failed to transit the G1/S phase due to a
complex, cell-specific modulation of cyclins A2, Bl and E2 [227]. In vivo studies showed
that andrographolide (10 mg/kg i.v., 3 X week) decreased the tumor volume, MMP11
expression, and angiogenesis in an orthotopic xenograft model with androgen-dependent
22RV1 cancer cells. These outcomes were accompanied by increased gene expression in
a DNA double-strand break repair, suggesting that andrographolide kills prostate tumor
cells by promoting DNA damage [230].

o)
HO™" o)

Figure 1. Chemical structure of andrographolide.
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8.2. Centella asiatica (L.) Urb

A recent study showing the in vivo effect of C. asiatica aqueous extract (100 mg/kg,
per os, four weeks daily) on a benign prostatic hyperplasia (BPH) rat model induced
using testosterone propionate (3 mg/kg s.c. daily for four weeks post-castration). The
treatment significantly reduced prostate size and its epithelium thickness and androgen
receptor signaling-related factors overexpressed by dihydrotestosterone (DHT) treatment in
a prostate cell line, such as the expression of the PI3K/Akt pathway and cell proliferation-
related factors compared to the untreated group [231].

The cytotoxicity of C. asiatica extracts and its characteristic compound Asiatic acid—also
known as dammarolic acid (Figure 2)—have been reported to induce apoptosis in PC3 cells
(20-80 uM, 24 h), with an increase in intracellular ROS and activity of caspase-3 as well
as nuclear fragmentation [232]. In addition, this compound has been previously reported
to deploy cytotoxicity to other tumor cells. Its mechanisms of action were linked to the
inhibition of nuclear factor-«B, p38 mitogen-activated protein kinase, and extracellular
signal-regulated kinase, as well as the change in Bcl-2 and caspase family proteins [233,234],
modulating the PI3K/protein kinase B (Akt) signaling pathway [235].

Figure 2. Chemical structure of Asiatic acid, also known as dammarolic acid.

8.3. Clinacanthus nutans (Burm.f.) Lindau

Despite being popularly claimed to be effective in various cancer treatments by
Malaysians [236], there is only a handful of papers providing scientific evidence of its
cytotoxic effects in a panel of cancer cell lines that do not include prostate cancer cells. Teoh
(2017) reports apoptotic effects of ethanol and ethyl acetate root extracts in MCE-7 cells (IC50
2 30 ug/mL) by suppressing BCL2 with concomitant. A fractionation of a DCM extract of
Malaysian origin with similar activity only afforded a fraction with similar ICsy containing
a heterogenous mix of well-known cytotoxic agents such as epicatechin and 8-gingerol [236].
However, very modest (IC5p < 100pg/mL) or not significant effects were observed in HeLa
cells [237], A549, CNE1, HepG2 [238] MCF-7, MCF-10A [239], and A549 [240] cancer cells.
If there is any base to its widespread use, it may be due to indirect effects on the cancer,
such as immunomodulation or other substances arising from the transformation of the
plant phytochemicals by the microbiota and/or the human metabolism.

8.4. Eurycoma longifolia Jack

Eurycoma longifolia (Tongkat Ali) is a popular male tonic in Malaysia and the wider
South Asian region. It has been shown to restore serum testosterone levels, thus significantly
improving testosterone deficiency syndrome. It appears to be an absolute contraindication
in prostate cancer (PCa) patients. However, it has significant positive effects on bone health
and patients” physical condition. In addition, a significant antihyperglycemic effect and
cytotoxicity against PCas cells have been the object of a heated debate [241].

This plant contains quassinoid-type diterpenoids, as with many others from the
Simaroubaceae family. An extract containing 40% of the total quassinoids found in E.
longifolia on LNCaP human prostate cancer cell lines showed antiproliferative effects
on LNCaP (IC50 = 6 pug/mL) via a GO/G1 phase arrest, which was accompanied by
the downregulation of CDK4, CDK2, Cyclin D1, and Cyclin D3, and the upregulation
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of p21Wafl/Cipl protein levels. Higher concentrations or a more prolonged treatment
duration caused G2M growth arrest, leading to apoptotic cell death. Surprisingly, it shows
relatively low toxicity against RWPE-1 human prostate normal cells (IC50 = 60 ng/mL).
After the treatment, the quassinoid-rich extract also inhibited 5x-dihydrotestosterone-
stimulated growth in LNCaP cells and PSA secretion. Antitumoral effects were also
observed in a mouse xenograft model (5 and 10 mg/kg, i.p) [242].

8.5. Ficus deltoidea L.

Ficus deltoidea is a native shrub that belongs to the family of Moraceae. The evergreen
small tree or shrub characterizes the plant, and the plant can reach around 5-7 m tall in
the wild. This plant species can typically be found in Southeast Asian countries, including
Malaysia, Indonesia, and the southern Philippines. It is commonly known as “Mas Cotek”
in peninsular Malaysia, and people in east Malaysia commonly refer to this plant as “sempit-
sempit” and “agolaran” [243]. This plant plays a vital role in traditional medicine, where
different parts of the plant are used for the treatment of several ailments, such as the relief
of headaches (fruit part), toothache (fruit part), and sores and wounds (roots and leaves). In
addition, women consume the decoction of boiled leaves of Ficus deltoidea as an after-birth
treatment to contract the uterus and vaginal muscles, besides its treating of the disorders of
the menstrual cycle and leucorrhoea [244]. Even though the plant traditionally has many
important applications, only a few studies have been conducted to explore its potential
pharmacological properties. Abdullah and co-workers [245] reported that the fruit extract
of Ficus deltoidea showed inhibitory effects against Angiotensin-I converting enzyme (ACE).
This finding suggested that the fruit extract has antihypertensive properties. Moreover,
tea prepared from Ficus deltoidea showed high potential in reducing total cholesterol levels,
LDL-cholesterol, and the risk of cardiovascular disease by lowering the antherogenic index
(LDL/HDL ratio) and increasing the percentage of the HDL /total cholesterol ratio [246].
This study also finds no sign of cytotoxicity in rats based on a sub-acute toxicity study.

Flavonoids are abundant in Ficus deltoidea, which includes gallocatechin, epigallo-
catechin, catechin, luteolin-8-C-glucoside, 4-p-coumaroylquinic acid, orientin, vitexin,
isovitexin, rutin, quercetin, and naringenin [247]. The presence of these phytochemicals
gives its yellow pigmentation, and many studies confirmed that any herbs containing
flavonoids could have the ability to act as an anti-inflammatory, anti-allergy, anti-cancer,
and anti-microbial agents, so this explains how the plant can protect itself from insects
and microorganisms [248-251]. As mentioned, flavonoids such as epigallocatechin can
inhibit the PC3 prostate cancer cell line. Zhou and co-workers [252] have reported that
vitexin (Figure 3) showed a cytotoxic effect on breast, ovarian, and prostate cancer cells
by inducing apoptosis with the cleavage of the PARP protein, the upregulation of Bax
and downregulation of Bcl-2. Rutin, quercetin, and orientin have been reported to have
anticancer properties by inducing apoptosis in murine leukemia WEHI-3 cells (rutin) [253],
human lung cancer cell line A-549 (quercetin) [254], and human cervical carcinoma cells,
HeLa (orientin) [255]. Ficus species containing phenanthroindolizidine alkaloids and a
series of triterpenoids with C-28 carboxylic acid functional groups are reported to be pow-
erful cytotoxic compounds. Triterpenoids, isolated from the aerial roots of Ficus microcarpa,
demonstrated cytotoxicity in three human cancer cell lines with IC50 values from 4.0 to 9.4
uM, including HONE-1 nasopharyngeal carcinoma cells, KB oral epidermoid carcinoma
cells, and HT?29 colorectal carcinoma cells [256,257]. Akhir and co-workers [251] found that
both aqueous and ethanolic Ficus deltoidea extracts gave IC50 values of 224 and 143 ug/mL,
respectively. The aqueous extract caused the detachment of the cancer cell, as observed
using the cell viability assay. While DNA fragmentation was not detectable after treatment
with the aqueous extract, at 1000 ng/mL of the ethanolic extract, DNA fragmentation
occurred around 200 Kbps [251]. Our investigation of the anticancer properties of Ficus
deltoidea plant extracts and three other varieties of the plants on human prostate cancer cell
lines afforded two fractions able to overcome the three main hallmarks of cancer in PC3
cells: apoptosis by activating the intrinsic pathway, inhibition of both migration and inva-
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sion by modulating the CXCL12-CXCR4 axis, and inhibiting angiogenesis by modulating
VEGF-A expression. Moreover, we reported isovitexin (Figure 3) for the first time as an
antiproliferative principle (IC50 = 43 pug/mL) against PC3 cells [258].

OH

Figure 3. Chemical structure of vitexin (left) and isovitexin (right).

8.6. Hibiscus sabdariffa L.

The leaves are used as an ingredient in a popular vegetable sour soup to protect
against chronic diseases in traditional Thai medicine [259]. These protective properties
have been related to its previously shown hypoglycemic, hypolipidemic, and antioxidant
effects [260]. The 95% ethanolic extract of these dried leaves is cytotoxic to PC3 cells (IC50
=9 pug/mL) [259] and induces cell apoptosis. The molecular mechanisms involved in the
anticancer activity of H. sabdariffa leaf extracts, rich in polyphenols, involve an inhibitory
effect on the activity and expressions of matrix metalloproteinase-9 (MMP-9) via the nuclear
factor-kappaB (NF-«B)’s inability to bind to DNA. LNCaP cell transfection studies with an
Aktl overexpression vector indicate that this effect may be mediated through the inhibition
of the protein kinase B (Akt)/NF-kB/MMP-9 cascade pathway, which results in diminished
invasiveness of the prostate cancer cells [260].

There are no bioguided studies on the active compounds present in H. sabdarifa against
prostate cancer cells. However, much research on this plant points towards the flavonoid
gossypin (Figure 4), which has significant antioxidant, anti-inflammatory, neuroprotective,
anti-cancer, anti-tumor, and anti-diabetic properties [261]. However, recent work expands
on understanding other cytotoxic phytochemicals present in Hibiscus species such as
cadinane-type sesquiterpenoids with apoptotic effects on epithelial breast cancer MDA-MB-
231 cells via the inhibition of the PI3K« pathway [262]. Furthermore, in silico studies are
being run on less-explored compounds of Hibiscus species. On the one hand, mTOR binding
affinities were found for stigmastadienol, lupeol, and taraxasterol acetate—all present in
Hibiscus rosa-sinensis [263]. On the other hand, the estrogenic activity of polyphenols such as
pelargonidin, delphinidin, cyanidin, and hibiscetin has proven to bind to the ER-o subunit
more efficiently than cancer drugs such as Tamoxifen and Raloxifene and with a more
favorable toxicological profile [264].

OH

HOUOH
Ho ..\ /.

OH O

Figure 4. Chemical structure of gossypin.
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8.7. Marantodes pumilum (Blume) Kuntze (syn. Labisia pumila (Blume) Mez)

Marantodes pumilum (Blume) Kuntze (synonym Labisia pumila var pumila) belongs
to the Myrsinaceae family, locally known as Kacip Fatimah, and is a herb that has been
widely used in South East Asian communities for a variety of illnesses and also as health
supplements [265]. It is an indigenous medicinal herb of Malaysia and is sometimes referred
to locally as Akar Fatimah, Selusoh Fatimah, Tadah Matahari, Rumput Siti Fatimah, Bunga
Belangkas Hutan, and Pokok Pinggang. There are three varieties of Marantodes pumilum, i.e.,
Marantodes pumilum var. alata, Marantodes pumilum var. pumila, and Marantodes pumilum var.
lanceolata. Each variety has its respective use, and local healers traditionally use var alata
and var pumila [266]. They prepare the herb’s extract by boiling the roots, leaves, or whole
plant with water, and the extract is taken orally [265,266]. The decoction of the roots is given
to pregnant women between one and two months before delivery. This is believed to induce
and expedite labor. It has also been widely used, with a long history of use by women in
Malaysia to treat post-partum illnesses, assist the contraction of the birth channel, shrink the
uterus, improve the menstrual cycle, and expedite weight loss [265]. It was also reported
that Marantodes pumilum could be used to delay fertility and regain body strength, while
other folkloric uses include treatment of flatulence, dysentery, dysmenorrhoea, gonorrhoea,
and “sickness in the bones.” Due to its various applications, Marantodes pumilum is known
as the “queen of plants” of all Malaysian herbs.

Al-Mekhlafi and co-workers [267] described Marantodes pumilum extracts” anti-
proliferative properties against different cancer cells. In this study, four compounds
isolated from the leaves of Marantodes pumilum, namely 1-O-methyl-6-acetoxy-5-(pentadic-
10Z-enyl)resorcinol, labisiaquinone A, labisiaquinone B, and 1-O-methyl-6-acetoxy-5-
pentadecylresorcinol (Figure 5) showed strong cytotoxicity activity against three different
cancer cell lines, PC3 (prostate), HCT116 (colon), and MCF-7 (breast), with low IC50 values
(<10 uM). These four compounds also exhibited strong selectivity for PC3 and HCT116
relative to MCEF-7. Moreover, the presence of certain phytochemicals such as flavanols (cate-
chin and epigallocatechin), phenolic acids (gallic acid, coumaric acid), flavanols (quercetin,
myricetin), and phytoestrogens indicate that the use of this plant could be expanded for
other pharmacological applications [268]. Other studies using plants containing similar
phytochemical compounds have demonstrated their anticancer properties by addressing
some of the hallmarks of cancer. Gallic acid is identified as the major anticancer compound
in Toona sinensis leaf extract. Studies conducted using this extract have shown that gallic
acid is cytotoxic against DU145 prostate cancer cells by generating reactive oxygen species
(ROS). It can also block the growth of DU145 cells at G2/M phases by activating Chk1 and
Chk2 and inhibiting Cdc25C and Cdc2 [269].

Another phytochemical compound available in Marantodes pumilum, epigallocatechin,
has been shown to have anticancer properties on another prostate cancer cell line, PC-
3. This study has indicated that epigallocatechin could inhibit PC-3 prostate cancer cell
proliferation via MEK-independent ERK1/2 activation [270].

The regulation of the estrogen receptor alpha (ERalpha) and the estrogen receptor beta
(ERbeta) is crucial in prostate cancer prevention [271]. Research has shown that some of
the phytochemical compounds in Marantodes pumilum extract act as phytoestrogens [272].
Early biological studies on the activity of the phytoestrogen in soy (isoflavones) have
demonstrated that phytoestrogen can upregulate the estrogen receptor beta (ERbeta) and
downregulate the estrogen receptor alpha (ERalpha), which then lead to the inhibition
of prostate cancer cell proliferation [273]. Therefore, it is believed that the phytoestrogen
content in Marantodes pumilum plant extract could also cause a similar action, which might
lead to the death of the cancer cells. Our investigation of the potential of Marantodes
pumilum (Blume) Kuntze extract in prostate cancer afforded the isolation of 5-henicosene-
1-yl-resorcinol and characterized for the first time the detailed mechanism of action of an
alkylresorcinol in prostate cancer cells [274].
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Figure 5. Chemical structure of cytotoxic alkylresorcinols from M. pumilum. 1-O-methyl-6-acetoxy-
5-(pentadec-10Z-enyl)resorcinol (a), labisiaquinone A (b), labisiaquinone B (c), and 1-O-methyl-6-
acetoxy-5-pentadecylresorcinol (d).

8.8. Morinda citrifolia L.

Noni (the common name of the Hawaiian tree Morinda citrifolia) is an extremely
popular and fashionable source of food and traditional medicines. In a recent report, tra-
ditionally fermented noni juice supplementation in men with very low-risk or low-risk
prostate cancer showed stabilizing effects on serum prostate-specific antigen (PSA) levels
when administered for one year. In addition, prostate biopsies of the participants showed
favorable changes in the expression levels of several genes associated with the androgen
pathway, such as FAM13C and KLK2 [275]. However, the active compounds of prostate
chemo-preventative effects are not yet known. The presence of saccharide fatty acid es-
ters [276,277], asperulosidic acid [277], and the anthraquinone damnacanthal [278] in the
fruits, as well as the rich content of epicatechin and escopoletin in the leaves (Figure 6), may
contribute to the cytotoxic effects of its extracts in several types of cancer cells including
PC3 [279-283]. A recent review of 51 clinical and preclinical studies showed promising anti-
tumor, antiproliferative, pro-apoptotic, antiangiogenesis, antimigratory, anti-inflammatory,
and immunomodulatory activities [275]. However, more studies must be performed to
establish if this natural product can be translated into any anticancer intervention.



Curr. Issues Mol. Biol. 2023, 45

1555

Gle-(1+2)-Glc-0 R

R = CsH11
0 R=C7His
(a)
o o~
e
OH
O
(c) (d)

Figure 6. Chemical structure of cytotoxic saccharide fatty acid esters (a), asperulosidic acid (b),
adamnacanthal (c), and escopoletin (d) present in M. citrifolia L.

8.9. Orthosiphon aristatus (Blume) Migq.

Cat’s whiskers are consumed as a medicinal tea in Asia for medicinal purposes. Many
studies use its synonym, Orthospihon stamineus. There has been a recent drive to obtain
technologically advanced extracts with cytotoxic effects on prostate cancer cells [281]. One
research group optimized ultrasonic-assisted extraction conditions to achieve a maximum
yield and rosmarinic acid (Figure 7). Further fractionation of such extract yielded an en-
riched subextract in rosmarinic acid with an antiproliferative effect against DU145 prostate
cancer [282]. Another group used supercritical CO; to obtain an extract containing essential
oils, hydrocarbon, fatty acids, esters, and aromatic sesquiterpenes with selective cytotoxi-
city against prostate cancer PC3 cells (IC50 = 28 pg/mL) via nuclear and mitochondrial
apoptotic pathways, as well as inhibitory effects on cell migration even at sub-cytotoxic
concentrations [283]. Notably, the extracts cited above show no toxic effect on normal cells.
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Figure 7. Chemical structure of rosmarinic acid (a) and sinensetin (b) present in O. aristatus.
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Sinensetin (Figure 7), also called 3’,4",5,6,7-pentametoksiflavon, is a plant-derived
polymethoxylated flavonoid found in Orthosiphon aristatus var. aristatus and other cit-
rus fruits. It has been found to possess strong anticancer activities in a panel of cancer
cells [281]. However, it is only moderately or weakly active against prostate cancer cells
such as SK-MELS5 and DU-145, respectively. These activities increase when the compound
is demethylated [284]. There is a need to continue the bioguided isolation of active com-
pounds toward prostate cancer cells.

8.10. Phyllanthus niruri L.

Phyllanthus niruri is a widespread tropical plant used as a popular remedy for kid-
ney stones, hence one of its common names is “stonebreaker.” It is not to be confounded
with P. emblica, which yields a popular fruit (Indian gooseberry). Water extracts from
Phyllanthus (P. amarus, P. niruri, P. urinaria, and P. watsonii) revealed that they lower the
expression of Wnt, NFkB, Myc/Max, hypoxia, MAPK/ERK, and MAPK/JNK in PC-3
cells via the pan-Ras, c-Raf, RSK, Elk1, c-Jun, JNK1/2, p38 MAPK, c-myc, DSH, (3-catenin,
Akt, HIF-1x, GSK3(3, NFkB p50 and p52, Bcl-2, Bax, and VEGE. Proteomic-based stud-
ies revealed that 72 differentially expressed proteins were involved in tumor cell adhe-
sion, apoptosis, glycogenesis and glycolysis, metastasis, angiogenesis, protein synthe-
sis, and energy metabolism [285]. The same extracts possess mild cytotoxic properties
(IC50 = 50-300 ng/mL) on MeWo prostate cancer cells without any significant cytotoxic-
ity on normal human skin (CCD-11275k) and prostate (RWPE-1) cells. They cause DNA
fragmentation and induce caspase-3 and -7 activities with minimal necrotic effects. Further-
more, they induced a Go/G1-phase arrest on PC-3 cells and an S-phase arrest on MeWo
cells with an accumulation of cells in the Sub-G1 phase. They significantly inhibited cell
adhesion, migration, invasion, and transendothelial migration activities via the inhibition
of matrix metalloproteinases -2, -7, -9, and -26 [286]. The authors suggested the presence
of polyphenol compounds such as ellagitannins, gallotannins, flavonoids, and phenolic
acids as potentially active principles, but no bioguided isolation to substantiate this has
been attempted so far.

9. Concluding Remarks

The treatment of prostate cancer remains a major clinical and societal challenge. The
current chemotherapy drugs armamentarium needs new entries. Natural products may
play a significant role in both chemotherapy and combination therapies. The exploitation
of natural products as a national marketing objective in Malaysia may provide the scientific
drive to add lead compounds to fight prostate cancer. On the one hand, the main active
cytotoxic principles against prostate cancer cells have been identified and mechanistically
studied in Andrographis paniculata (andrographolide), Centella asiatica (Asiatic acid), Eu-
rycoma longifolia (quassinoids), Ficus deltoidea (vitexin, isovitexin), Marantodes pumilum (syn.
Labisia pumila) (alkylresorcinols), Morinda citrifolia (saccharide fatty acid esters, asperu-
losidic acid, adamnacanthal, and scopoletin), and Orthosiphon aristatus (rosmarinic acid
and sinensetin). Commercial products derived from these plants may be developed and
implemented in preventative therapy following the model set by saw palmetto. With more
intense investment, new anticancer drugs may be derived. On the other hand, Clinacanthus
nutans, Hibiscus sabdariffa, and Phyllanthus niruri need further research to unveil their active
principles. These offer potential discoveries for those prepared to take on the challenge.
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