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Abstract
Purpose of Review Prostate cancer is one of the most common cancers inmen and accounts for about 10% of all new cancer cases
in the USA. Despite significant improvements in survival, it is estimated that deaths from prostate cancer in 2019 will exceed
30,000 individuals. Here, we review plant-derived bioactive compounds with the ability to modulate the growth of prostate
cancer cells. These compounds represent potential therapeutic alternatives for the prevention and treatment of prostate cancer.
Recent Findings Numerous plants produce phytochemicals that are important for their development and protection. Many of
these compounds have inhibitory effects on the growth of cancer cells.
Summary Cancers are a leading cause of death worldwide and treatments tend to be costly with many negative side effects.
Identification of new potential chemo-therapeutic and chemo-protective compounds that have little or no negative effects on
normal cells is therefore of great importance.

Keywords Prostate cancer . Cytotoxicity . Phytochemicals . Anticancer . Bioactive compounds

Introduction

According to the Centers for Disease Control and Prevention,
prostate cancer remains one of the most common cancers
among men of all races second only to non-melanoma skin
cancer (https://www.cdc.gov/cancer/prostate/statistics/index.
htm). The Surveillance, Epidemiology, and End Results
Program at the National Cancer Institute indicates that the
estimated new cases of prostate cancer in the USA in 2019
will be nearly 200,000 individuals, and account for almost
10% of all new cancer cases. It is further estimated that
about 30,000 men will die from prostate cancer in 2019. The
observed rate of prostate cancer has declined in the USA by
more than half between 1992 and 2016. Additionally, the 5-
year relative survival rate has increased from 66.3% in 1975 to

99.2% in 2010 (https://seer.cancer.gov/statfacts/html/prost.
html). Perhaps, most alarming is the observation that
prostate cancers have the ability to metastasize to the bone.
When this occurs, the 5-year survival rate of patients drops to
less than 1% [1]. Despite the overall decreased rate of prostate
cancer in the USA, there exists a cancer health disparity where
African-American males are twice as likely to be diagnosed
with and die from prostate cancer compared to Caucasian
men. The precise cause of this disparity is not well understood,
but it is generally accepted that socioeconomic behavioral fac-
tors, such as access to affordable healthcare and diet, and mo-
lecular factors may all play a significant role [2, 3]. Interestingly,
it has been suggested that as much as a third of the annual deaths
in the USA due to chronic illnesses, including cancer, could
potentially be avoided by dietary modifications [4].

The specific combination of therapies currently available
for the treatment of prostate cancer tends to be based on the
advancement of cancer. For example, radical prostatectomy,
which is the complete removal of the prostate and associated
tissue, is typically combined with radiation therapy for the
treatment of low-grade prostate cancers. While androgen dep-
rivation therapy is used to treat cancers that have spread be-
yond the boundaries of the gland, have reoccurred, or in cases
where shrinking the tumor prior to surgery is believed to be
more beneficial to the patient. Hormone therapy alone does
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not cure prostate cancer. Instead, the goal of hormonal therapy
is usually to reduce or stop the growth of the prostate cells by
depriving them of the two main androgens produced by the
testicles—testosterone and dihydrotestosterone. Combinations
of hormone and chemotherapy are often used for cancers that
are more advanced or have metastasized. According to the
American Cancer Society, some of the commonly used che-
motherapeutic drugs include docetaxel that inhibits microtu-
bule assembly and subsequently cell division; cabazitaxel, a
derivative of docetaxel [5]; mitoxantrone, a topoisomerase in-
hibitor [6]; and estramustine, which is also an antimicrotubule
agent [7]. Not surprisingly, there are a number of generalized
side effects associated with the use of these drugs. These in-
clude reduced red and white blood cell count, which causes the
patient to develop fatigue, and increased chance of infection
respectively. More severe side effects of treatment with these
drugs are peripheral neuropathy, increased risk of developing
blood clots, and in rare cases, development of leukemia [7]
(https://www.cancer.org/cancer/prostate-cancer/treating/
chemotherapy.html).

Common Models of Prostate Cancer

Recent studies that assessed the effects of phytochemicals on
the development and growth of prostate cancer utilized pros-
tate cancer cell lines as models of human prostate cancer.

PC-3 epithelial cell line was established from a human
metastatic to bone prostate adenocarcinoma. These cells are
anchorage-dependent, morphologically similar to poorly dif-
ferentiated adenocarcinomas, and produce tumors in nude
mice. Additionally, these cells are characterized by features
frequently observed in neoplastic cells, including abnormal
nuclei and mitochondria [8].

DU145 cells were established from a prostate adenocarci-
noma that was metastatic to the brain. When introduced into
nude mice, these cells are capable of forming solid tumors.
Furthermore, the tumors grown in mice are remarkably com-
parable to the original human tumor and tissue cultures [9,
10].

LNCaP cell line was isolated in 1977 from a prostate ade-
nocarcinoma metastatic to the left supraclavicular lymph
node. These cells produce human prostatic acid phosphatase,
prostate specific antigen, and androgen receptors.
Furthermore, these cells are responsive to hormones such as
5α-dihydrotestosterone and the frequency of tumor develop-
ment correlates with hormonal levels [11, 12].

LNCaP-A1 is an androgen-independent cell line derived
from LNCaP cells. The androgen-independent cells were gen-
erated by continuously culturing LNCaP cells in an androgen-
freemedium. The surviving cells displayed phenotypic chang-
es that included a morphology that differed from the LNCaP
cells and androgen-independence [13].

ARCaP prostate cancer cell line was established in 1996
from cells derived from the ascites fluid of a patient with met-
astatic prostate cancer. These cells express low levels of andro-
gen receptor and prostate-specific antigen. Furthermore, their
growth is suppressed by both estrogen and androgen in a dose-
dependent manner. Additionally, the cells are highly metastatic
to sites including the lymph nodes, bones, lungs, and liver [14].
The increased growth and invasive nature of these cells directly
correlate to epithelial-mesenchymal transition [15].

Phytochemicals and Traditional Medicine

There exists a plethora of evidence that supports the consump-
tion of plant-derived foods for the prevention of chronic dis-
eases. Utilization of these foods provides a wide variety of
nutrients and phytochemicals that support normal growth and
provide protection against the development of numerous chron-
ic diseases. Identified phytochemicals are organized into the six
major categories of phenolics, alkaloids, nitrogen-containing
compounds, organosulfur compounds, phytosterols, and carot-
enoids [16]. Phenolics are produced by plants as secondary
metabolites and have major protective roles. Interestingly, these
roles include anticancer, anti-inflammatory, and antibacterial
activities. To date, several thousand phenolic compounds have
been isolated from a variety of plants including fruits, legumes,
and cereals [16, 17]. Plants produce alkaloids as secondary me-
tabolites in response to stress. Cytotoxicity and anti-
inflammatory activity are among the identified properties of
these compounds [18]. Isothiocyanates are among the most
well-studied plant-derived organosulfur compounds.
Importantly, this group of compounds has chemoprotective ac-
tivity [16, 19]. Both polyphenols and carotenoids are known to
have antioxidant and anti-inflammatory activity. Additionally,
these phytochemicals provide protection against oxidative stress
associated with a number of chronic diseases including diabetic
retinopathy and macular degeneration [16, 20]. Given their his-
tory of use in traditional medicines, and chemoprotective poten-
tial, phytochemicals present an exciting group of potential ad-
ditional therapeutic reagents for preventing and treating cancers.

Effects of Extracts from Specific Plant Families
on Human Prostate Cancer Cells

In recent years, important plant families have been ana-
lyzed for their potential to be used as anti-cancer treat-
ments. The anti-cancer properties of these plants are direct-
ly linked to the bioactive compounds found in their ex-
tracts. While there are similarities in the bioactive com-
pounds present in many of these plants, recent studies have
identified unique components that may prove valuable as
chemotherapeutic agents (Table 1).
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Juglandaceae The members of this family are distributed
mainly in temperate zones. They are composed of trees
and shrubs that include nut-producers such as walnut.
Juglone is one of the most prevalent phytochemicals pro-
duced by members of this family. Juglone was shown to
inhibit epithelial-mesenchymal transition (EMT), migra-
tion, and invasion of LNCaP and LNCap-A1 cells via the
glycogen synthase kinase-3β/snail–dependent pathway
[21]. EMT is of particular importance in the progression
of cancers since epithelial cancer cells that transform to a
mesenchymal phenotype tend to be more invasive and thus
more prone to metastasis. Furthermore, since metastases
that involve the bone drastically reduces the survival rate
of patients [1], inhibition of this process presents a potent
therapeutic target for impeding the progression of prostate
and other cancers.

Crassulaceae Crassulaceae are perennial dicotyledons that can
be either herbaceous, shrub-like, or tree-like. These plants are
native to warm, dry regions of the world. Methanolic extract
of Kalanchoe gastonis-bonnieri roots contains uronic acid.
The induction of caspase-8-mediated apoptosis was observed
in DU145, LNCaP, and PC-3 cells exposed to this extract
results in [22]. Evasion of apoptosis is one of the classic fea-
tures of cancer cells. Therefore, compounds that induce apo-
ptosis in cancer cells are essential in hindering a major aspect
of the cancer phenotype. Both caspase-3 and caspase-8 are
regulators of programmed cell death. Interestingly, expression
of caspase-3 has been previously shown to be associated with
increased survival of patients with breast cancer. These obser-
vations strongly suggest that induction of caspase-8 expres-
sion could potentially increase survival of patients with pros-
tate cancer [23].

Moraceae The Moraceae family are native to tropical and
subtropical regions and are either deciduous or evergreen va-
rieties of trees and shrubs. Many genera are valued for their
edible fruits while others produce waxy, latex materials. A
variety of phytochemicals, including flavonoids, triterpenoids,
ascorbic acid, and chlorogenic acid, have been isolated from
members of the Moraceae family [24, 25]. Extracts from the
angustifolia and deltoidea varieties of Ficus deltoidea induced
apoptosis and inhibited invasion and migration of LNCaP and
PC-3 cells. Furthermore, these plant extracts inhibited angio-
genesis, a process that supports tumor formation, by modulat-
ing the expression of vascular endothelial growth factor-A in
PC-3 cells [24]. Similarly, extracts from the fruit of Morus
nigra, which contains high levels of ascorbic and chlorogenic
acids, promoted cell cycle arrest in the Gap 1 phase and in-
duced apoptosis in PC-3 cells [25]. Angiogenesis and uncon-
trolled growth are key features of cancer cells. Inhibition of
either process therefore has the potential to limit the growth of
cancer cells and tumor formation.

Leguminosae and Fabaceae Leguminosae and Fabaceae are
used interchangeably to refer to a family of economically
valuable flowering shrubs, trees, and herbaceous plants.
Plants of this family are distributed worldwide with the
exception of the Arctic and Antarctic regions. Methanolic
extracts of the bark, twigs, and leaves of Acacia
hydaspica contains polyphenolic compounds-7-O-galloyl
catechin, catechin, methyl gallate, and catechin-3-O-gal-
late. These phytochemicals repressed the expression of
anti-apoptotic molecules, and inhibited the proliferation,
in PC-3 cells [26]. Similarly, extracts from the leaves and
stems of Dalea frutescens, which contain chalcones-
sanjuanolide and sanjoseolide, are anti-proliferative and
cytotoxic to PC-3 and DU145 cells [27]. Together, these
observations indicate that members of this family produce
compounds with therapeutic potential as growth inhibi-
tors. This is not entirely surprising since phenolic com-
pounds are generally believed to have anti-cancer proper-
ties [16, 17].

Salicaceae This is a family of shrubs and trees that are either
deciduous or evergreen. Their habitat is distributed world-
wide, but they are most commonly found in tropical regions.
Extracts from the leaves of Trimeria grandifolia inhibited the
growth of LNCaP and PC-3 cancer cells [28]. Since LNCap
cells rely on androgenic cues to promote growth, their inhibi-
tion by phytochemicals derived from this family suggests that
these compounds have anti-androgenic properties. This ability
confers the potential for these compounds to be used in hor-
monal therapy for prostate cancer.

Malpighiaceae This is a family of flowering plants that are
native to tropical and subtropical regions of the world. The
leaves ofHeteropterys chrysophylla contain palmitic acid and
dihydroactinolide. Extracts of these leaves also exhibited hor-
monal effects on LNCaP cells [28]. These observations, sim-
ilar to those of Trimeria grandifolia—a member of the
Salicaceae family, supports the potential for compounds from
this plant to be used in hormonal therapy for prostate cancer.

Euphorbiaceae This a large family of flowering spurges,
many of which are used as food sources. Well-known
members include cassava and poinsettia. Methanolic ex-
tracts of Euphorbia triaculeata is cytotoxic to PC-3 cells
via a mechanism that results in DNA damage and subse-
quent cell death [29]. Interestingly, the observed effects of
the extracts were similar to those seen following exposure
to doxorubicin, a well-known anti-cancer drug. However,
unlike doxorubicin, the extract did not negatively impact
normal cells. This selective toxicity, therefore, makes ex-
tracts of E. Triaculeata, a potential anti-cancer therapy that
does not have the negative side effects observed with cur-
rent treatments.
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Meliaceae This family is composed of flowering trees and
shrubs that are native to tropical and subtropical regions.
Several members are prized for their economically valuable
timber, while others produce medicinal oils. Terpenoids are a
phytochemical that is commonly found in these plants. Extract
from the leaves of Azadirachta indica, commonly known as
neem, contains the terpenoids, 28-deoxonimbolide, and
nimbolide. Additionally, this extract inhibits integral (β1),
calreticulin, and focal adhesion in LNCaP and PC-3 cells.
Furthermore, the extract suppressed dihydrotestosterone-
induced androgen receptor and prostate-specific antigen levels
in LNCaP cells and reduced the growth of LNCaP xenograph
tumors [30]. Similarly, extracts from the leaves of Trichilia
emetic also exhibit hormonal influences on LNCaP and PC-
3 cells. Extracts from the fruit of Aglaia spectabilis also show
cytotoxic activity in PC-3 and LNCaP cells [28]. These data
provide compelling evidence that extracts from the Meliaceae
family of plants have the potential to be used in hormonal
therapy and in the prevention and treatment of tumor growth.

Rutaceae This is a family of flowering, woody shrubs and
trees that are widely distributed, but grow predominantly in
the tropical and subtropical regions of the world. Berberine
alkaloids are the most prevalent phytochemicals present in
these plants [31]. The bark of Phellodendron amurense con-
tains predominantly photoberberine. This phytochemical
inhibited the invasion of LNCaP, C4-2B, DU145, and PC-3
cells via decreased activation of NF-kB [31]. Interestingly,
vitamin E micelles of berberine exhibited anti-proliferative
activity and promoted apoptosis in PC-3 and LNCap cells
[32]. Metastasis of prostate cancers is associated with reduced
survival rate [1]. Therefore, there is an urgency to identify
compounds that inhibit this process.

Bixaceae A family of dicotyledonous trees, shrubs, and herbs.
Several members produce annatto, a red pigment that is used
in dyes and paints. Exposure of PC-3 cells to tocotrienol, a
phytochemical isolated from the oil ofBixa orellana, results in
growth suppression. Furthermore, the cells arrest in the G1
phase of the cell cycle and subsequently undergo apoptosis
via the inhibition of Src and STAT3 [33]. Deregulation of the
expression of Src and STAT has been implicated in other
cancers. Moreover, in the murine model, inhibition of Src2
is directly linked to the suppression of prostate cancer growth
and metastasis [34]. Together, these data provide strong sup-
port for the potential use of these compounds in the treatment
of human cancers.

Malvaceae These plants include shrubs, herbs, and trees that
grow predominantly in tropical regions. Some members of this
family, including Theobroma cacao from which chocolate is
made, are prized cash crops. The phytochemicals identified in
members of this family include flavonoids and polyphenols,

both of which have been shown to have anticancer and anti-
inflammatory properties [16, 35, 36]. Five novel sulfate flavo-
noids, yannin, beltraonin, wissadulin, caicoine, and pedroin,
were isolated from extracts derived from the aerial parts of
Wissadula periplocifolia. This extract was both cytotoxic and
anti-proliferative to PC-3 cells [36]. On the other hand, extracts
derived from the leaves ofHibiscus sabdariffa, which contains
mainly polyphenols, exhibited anti-invasive and anti-
metastatic activity in LNCaP cells via the Akt/NF-kB/MMP-
9 cascade pathway [35]. Uncontrolled growth is a hallmark of
cancer cells, while metastases frequently occur with very ag-
gressive cancers and severely reduces the survival rate of pa-
tients [1]. Members of this family produce phytochemicals
capable of targeting both growth and invasion, thus making
them a unique candidate for bioprospecting.

Brassicaceae This is a family of economically important
flowering plants that was formerly classified as Cruciferae
and includes edible plants such as cabbage and broccoli.
Phytoalexins and isothiocyanate are among some of the phy-
tochemicals produced bymembers of this family. Specifically,
extracts of Arabidopsis thaliana contain camalexin, a type of
phytoalexin. This extract reduces the viability of LNCaP, C4-
2, and ARCaP prostate cancer cells via increasing oxidative
stress. Specifically, exposure causes increased expression of
p53, BAX, and PARP, proteins that are all involved in apo-
ptosis [37]. Apoptosis is also induced in PC-3 cells by extract
derived from the seed of Brassica juncea var. Pusa Jaikisan,
which contains 3-butenyl isothiocyanate. However, in the lat-
ter study, an increase in caspase-3 activity was also observed
in PC-3 cells [38].

Lythraceae This family of flowering herbs, shrubs, and trees
are distributed worldwide. However, the majority of species
are native to tropical and subtropical regions. The seeds of
Punica granatum, commonly known as pomegranate, con-
tains large quantities of polyphenols, which are anti-inflam-
matory, flavonoids, and tannins [16]. As would be expected
based on the presence of polyphenols, this extract inhibits the
growth of PC-3 cells [39]. The specific mechanism by which
this growth inhibition occurs has not yet been elucidated.
However, it likely involves apoptosis as is induced by other
plant families, such a Moraceae and Geraniaceae, which con-
tain similar phytochemicals [25, 40].

Geraniaceae These are dicotyledonous flowering shrubs that
are native to temperate regions of the world. Ethanolic extract
of the roots of Biebersteinia multifida contains polysaccha-
rides, peptide, alkaloids, and flavonoids including 7-
glucosides of apigenin, luteolin, and tricetin, 7-rutinoside of
apigenin, and luteolin. Exposure of PC-3 and DU145 cells to
this extract results in DNA fragmentation and the induction of
apoptosis [40]. While DNA fragmentation may occur
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spontaneously, it is also a key feature of apoptosis, and there-
fore an important chemotherapeutic target.

Lamiaceae Plants in this family are flowering aromatics that
are native to temperate regions throughout the world. Most
members are perennial and annual herbs, prized for their
flowers and scented leaves. Prominent constituents of this
family include flavonoids, phenolic acids, lipophilic
tanshinones , sesquiterpenoids, diterpenoids, and
triterpenoids. Nepeta cataria, Scutellaria altissima, Salvia
miltiorrhiza, Salvia chorassanica, and Salvia miltiorrhiza,
all members of the Lamiaceae family exhibited cytotoxic ef-
fects on DU145, PC-3, or LNCaP prostate cancer cells and
induced cell cycle arrest and subsequent apoptosis via a vari-
ety of mechanisms [28, 41–44]. PC-3 cells treated with extract
from Scutellaria altissima, which contains predominantly
scutellarin, a flavone glycoside, arrest in the GAP2/mitotic
phase as a result of the increased expression of cyclin B1
and Cdc2 [43]. Similarly, PC-3 cells treated with acetonitrile
extract of Salvia miltiorrhiza show cell cycle arrest due to
increased expression of p21, and decreased expression of
cyclin-dependent kinases 2 and 4, and cyclin D1 [44]. Salvia
miltiorrhiza contains hydrophilic phenolic acids and lipophilic
tanshinones among other phytochemicals [41]. Interestingly,
this plant also exhibits hormonal influences on LNCap and
PC-3 cancer cells, which suggests it has potential to be used
in hormonal therapy of prostate cancer [28].

Boraginaceae This family is made up of flowering trees,
herbs, and shrubs that are either annuals or perennials. While
a large number of species are ornamentals, some members are
poisonous to humans and animals. Methanolic extracts of
Arnebia benthamii contains polyphenols and inhibits the
growth of PC-3 cells [45]. Polyphenols are known to have
antioxidant and anti-inflammatory activity [16, 17]. These da-
ta indicate that polyphenols are also cytotoxic to cancer cells
and are therefore a potential therapeutic compound.

Apocynaceae This is a family of flowering trees, shrubs,
herbs, and vines that are native to tropical and subtropical
regions of the world.While manymembers contain poisonous
alkaloids, others are valued ornamentals. Methanolic extract
of the aerial parts of Thevetia peruviana contains polyketide
Thevetia flavoneperuvosidic acid, peruvoside, thevefoline,
solanoside, neriifoside, and neriifolin. This extract induced
apoptosis in HTB-81 (DU145) prostate cancer adenocarcino-
ma via inhibition of cell-proliferation and motility, and induc-
tion of membrane permeability and DNA fragmentation [46].
DNA fragmentation is also induced by Biebersteinia
multifida, a member of the Geraniaceae family that also pro-
duces flavonoids [40]. These observations suggest that flavo-
noids are responsible for DNA fragmentation and the subse-
quent induction of apoptosis in prostate cancer cells.

AsteraceaeMembers of this family tend to be flowering herbs,
shrubs, or trees, and are distributed throughout the world.
Many members are traditionally used as ornamental plants
or food sources. Flavonoids, sesquiterpenes, and phenols are
frequently isolated phytochemicals from plants in this family.
Extracts derived from Achillea wilhelmsii, Gochnatia
hypoleuca, Verbesina virginica, Achillea teretifolia Willd,
andMelampodium leucanthum have anti-proliferative and cy-
totoxic activity against PC-3 and DU145 prostate cancer cell
lines [27, 47–49]. In the case of Achillea wilhelmsii, whose
main bioactive compounds are flavonoids and sesquiterpenes
lactones, cytotoxicity is based on the induction of apoptosis
via the inhibition of the enzyme telomerase reverse transcrip-
tase [49].Melampodium leucanthum, on the other hand, con-
tains tricyclic sesquiterpenes and germacranolide sesquiter-
pene lactones that induces death of PC-3 and DU145 cells
by causing them to arrest in the GAP2/mitotic phase of cells
division and by the formation of abnormal mitotic spindle
[48]. This family appears to have several potential chemother-
apeutic mechanisms, making it a leading candidate for further
investigation.

Apiaceae Carrot and celery are well-known edible members of
this large family of annual, perennial, and biennial flowering
herbs, shrubs, or small trees. Extracts from the roots of
Prangos pabularia contains a variety of phytochemicals, in-
cluding 6-hydroxycoumarin, 7-hydroxycoumarin, heraclenol-
glycoside, xanthotoxol, heraclenol, oxypeucedanin hydrate,
and osthol, which are cytotoxic to PC-3 cells [49]. Although
the exact mechanism of cytotoxicity has not yet been elucidat-
ed, it can be assumed that it results in the induction of apopto-
sis, a desired property of chemotherapeutic compounds.

Sapotaceae, Dicksoniaceae, Nephrolepidaceae, Dryopteridaceae
Sapotaceae are a family of evergreen, flowering trees, and
shrubs that grow mainly in the tropics. Extracts from the bark
of Sideroxylon obtusifolium contains a variety of phytochem-
icals including epicatechin, heptahydroxyflavan, and tetra-
meric proanthocyanidins. These extracts elicited hormonal ef-
fects on PC-3 and LNCaP cells [28].

The Dicksoniaceae family of ferns that are native to warm
tropics, subtropics, and temperate regions of the world.
Extracts of the rhizome of Cibotium barometz contains the
phenols protocatechuic acid and caffeic acid. These extracts
induce hormonal effects on LNCaP and PC-3 cells [28].

Nephrolepidaceae, also called Dryopteridaceae, includes
plants commonly known as ferns. Althoughwidely distributed,
they predominantly grow in tropical and temperate regions of
the world. Extract from the leaves of Nephrolepis exaltata is
cytotoxic to PC-3 and LNCaP cells. Furthermore, this extract
elicits hormonal effects on these cells. Similar effects were
observed when these cells were treated with the leaf extract
of Cyrtomium falcatum, another member of this family [28].
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Extracts from the Cyrtomium falcatum species of these ferns
exhibit hormonal effects on PC-3 and LNCap prostate cancer
cells [28]. Extracts derived from members of Sapotaceae,
Dicksoniaceae, Nephrolepidaceae, and Dryopteridaceae all
elicited hormonal effects on a variety of prostate cancer models
[28]. The specific pathways and mechanisms through which
these families elicit their effects are unknown, these observa-
tions provide strong evidence their phytochemicals may be
useful in the development of new prostate cancer therapies.

Summary

The twenty-four distinct plant families discussed in this re-
view are categorized into three monophyletic groups, rosids,
astrids, and pteridophytes, all of which fall under the angio-
sperm clade (Fig. 1). Angiosperms are a highly diverse clade
of flowering plants that include more than 200,000 species.
Interestingly, the species are not evenly distributed. In fact,
several families contain a strikingly large number of members
compared with other plant families [50].

The phytochemicals isolated from the species within the
angiosperm clade appear to be as diverse as the clade itself
(Table 1). As such, there appears to be no substantial distinc-
tion between the major categories of phytochemicals isolated
from each family. This observation supports previous reports
which indicated that phytochemicals such as phenols are pro-
duced by a wide variety of plants [17]. This is most likely due
to the important protective role of these compounds in their
organisms of origin. Although not well understood, the mech-
anisms of cytotoxicity of the reported plant compounds seem
to be based on cell cycle arrest, the induction of apoptosis, and
in a few cases, hormonal control that leads to reduced cell
proliferation or death [28, 30]. Furthermore, these different
mechanisms are dispersed among the families (Table 1, Fig. 1).

Diets deficient in plant-based components have been identi-
fied as a possible major contributor to the development of can-
cer in the USA [2, 3]. Many angiosperms which produce com-
pounds that are cytotoxic to prostate cancer cells are valued
food sources in other parts of the world. This suggests that these
plant products may be a viable option for chemo-protection and
chemotherapy. Moreover, it is worth investigating if simply

Fig. 1 Phylogenetic tree of the evolutionary relationship between
medicinal plants and their plant-derived anti-carcinogenic bioactive com-
pounds. Phylogenetic tree summarizes the plant-derived anti-carcinogen-
ic bioactive compounds and their therapeutic effect. Asterisk illustrates

anti-carcinogenic properties for each plant species. * Anti-inflammatory
properties, ** free radical scavenger/anti-oxidant, and *** anti-
proliferative properties
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modifying the diets of individuals most likely to develop cancer
to include more of these beneficial foods is sufficient to provide
significant protection or even chemotherapy. A positive out-
come of this approach could change the landscape of health
and medicine as we know it.

Given their varied mechanisms of action, phytochemicals
have the potential to be potent chemotherapeutics that are less
costly and have fewer harmful side effects when compared to
the drugs currently used to treat prostate cancer.
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