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Anticancer Activity of Phytochemicals of the Papaya Plant

Assessed: A Narrative Review
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Cancer remains to be a pervasive disease as traditional treatments have plateaued in efficacy. Anticancer research continues to
grow in an effort to find novel preventive and treatment measures for cancers. The papaya plant produces several biologically ac-
tive phytochemicals, which exhibit anti-inflammatory, antibacterial, and anti-oxidative properties. This review explores studies exam-
ining these phytochemicals derived from the papaya plant as a potential chemopreventive agent and a cancer therapeutic. Further
studies must be done to establish the papaya plant and its phytochemicals as an alternative to traditional cancer treatments.
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INTRODUCTION

Despite significant innovations in the fight against cancer
over the past few decades, anticancer research remains
a rampant industry [1]. Cancer describes an increasing list
of diseases that are caused by an unsystematic disregard
for cell cycle checkpoints. Researchers continue examining
novel therapeutic methods and management due to the lack
of an effective treatment, combined with its increasing perva-
siveness [2].

Cancer cases continue to surge while the efficacy of con-
ventional treatments has plateaued. Moreover, conventional
treatments such as chemotherapy are riddled with side-ef-
fects including toxicity, neutropenia, lymphedema, deep vein
thrombosis, hair loss, etc. [3]. Alternative therapy has demon-
strated halting growth of cancer cells and a decreased risk of
developing cancer [4]. Research has delineated that higher
intake of fruits and vegetables in a diet is linked to a lower risk
of malignancies in the breast, colon, lung, pancreas, bladder,
larynx, stomach, mouth and esophagus [5].

Chemoprevention is an alternative to chemotherapy which
uses natural or synthetic agents to inhibit, suppress or re-
verse the initial stages of carcinogenesis or to prevent the
invading potential of premalignant cells [6]. Chemopreventive
agents have two modes of action: to prevent carcinogenesis
by guarding against DNA damage or to prevent malignancy

by blocking division of cells with DNA damage [7]. Using
chemopreventive agents as an alternative to traditional can-
cer treatments is a rational approach in the management of
cancer. Dietary components such as capsaicin, cucurbitacin
B (CuB), flavonoids, catechins, lycopenes, benzyl isothiocy-
anate (BITC), phenethyl isothiocyanate (PEITC), resveratrol,
and piperlongumine have demonstrated chemopreventive
potential [7].

Figure 1 illustrates the chemical structures of several
phytochemicals that are associated with cancer prevention.
The importance of providing the chemical structure revolves
around how these phytochemicals are able to react with re-
ceptors and tissues within the body to prevent cancer.

The Carica papaya plant, more commonly known as the
papaya plant of the Caricaceae family, is known to have
many medicinal benefits. It is a fast-growing plant commonly
found in tropical and subtropical regions of the world [8]. The
bark, leaf, and seeds of the plant have been used as home
remedies for gastrointestinal ailments, and preventative
measures for cancer in different cultures, most notably in In-
dian and Indigenous Australian tribe populations [1]. Table 1
demonstrates the different phytochemical components found
in the Caricaceae plant that provide cytotoxic effects when
used as a treatment in different cancers that are investigated
in this review. This review discusses the chemopreventive
mechanisms, and other anticancer effects of C. papaya and
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Figure 1. Representative chemopreventive and anticarcinogenic phytochemicals in edible plants. The structures and names of commonly re-
searched phytochemicals in cancer prevention and treatment. EGCG, epigallocatechin-3-gallate. Data from Ranjan et al. (Int J Mol Sci 2019;20:4981)
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its ingredients. The plant’s primary elements such as the
bark, leaf, and seeds contain active components, namely
CuB, catechins, lycopenes, BITC, PEITC, resveratrol, pip-
erlongumine, alkaloids, glycosides, tannins, and flavonoids,
which are responsible for its medicinal properties (Fig. 1)
[9,10].

Figure 2 shows healing properties of the papaya plant.
Its notable antiproliferative effects in cancer cells have been
examined through observational and experimental studies.
Other studies revealed antibacterial, anti-viral, and pro- and
anti-inflammatory as well as anti-tumor properties [9,11].
Some laboratory studies have examined capability of some
bioactive phytochemicals present in papaya leaves in treating

breast, prostate, and colon carcinomas.

This narrative review was operated through the use of lit-
erature collected from databases such as PubMed, Embase,
Scopus, Google Scholar, Web of Science. A bibliographic
search was conducted using keywords ‘Papaya plant’, ‘Can-
cer therapy’, ‘Cancer prevention’, ‘Cancer chemoprevention’,
‘Anticancer activity’, ‘Carica papaya’, ‘Papaya plant extracts’,
‘Phytochemicals’, etc. Further, the inclusion criteria for the ar-
ticle consist of, (i) a peer-reviewed journal article, (ii) relevant
to the article that was published within the last 15 years, and
(iii) in vitro cell-culture-based studies.
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Table 1. Caricaceae plant constituents with cytotoxic effects on cancer cell growth

Caricaceae plant constituent Phytochemical Treatment References
Papaya juice (0.28—28 mg/mL) Lycopene Pure lycopene extracted (3—-30 g/mL) [12,27]
Colon cancer: 10 uM
Breast cancer: 3.5 uM (48 h)

1 uM (48 h)

5 uM (48 h)
Extract of papaya seed or pulp (0.1-100 g/mL) BITC Pure BITC (10 M) [7,27]

Treatment: 6.5—-12 umol

Caricaceae plant Quercetin 25 uM [12]
Leaves a-Tocopherol 2.5+0.4 ng/mL [1,12]
Caricaceae plant Resveratrol 10-50 uM [2]
Caricaceae plant PEITC 10 umol [7]
Shoot Isoflavone 40,000 ng/day for 3—6 weeks [1,7]
Caricaceae plant Piperlongumine 100,000-300,000 pg/kg [7]

BITC, benzyl isothiocyanate; PEITC, phenethyl isothiocyanate.

Phenolic compounds

Anti-allergic
Anti-viral
Anti-inflammatory
Anti-cancerous
Anti-dengus

Anti-viral
Analgesic
Anti-dengue
Antispasmodic
Anti-bacterial
Anti-inflammatory
Anti-hypertension

Alkaloids

Figure 2. Chemopreventive and
other health beneficial effects of
phytochemicals derived from Carica
papaya. Data from Sharma et al. (Oxid
Med Cell Longev 2022;2022:2451733)
[39].

MAJOR CHEMOPREVENTATIVE AND
ANTICARCINOGENIC COMPONENTS OF
PAPAYA PLANT

Alkaloids

Alkaloids are compounds that have a nitrogenous group in
their chemical structure; they can be found in several plants
and fungi [2]. Alkaloids are commonly used in pharmaceutical
drugs—including those involved in anti-cancer treatments [2].
Carpaine and capsaicin are two of the main alkaloids found
in the papaya plant that possess chemopreventive and tumor
suppressing properties [7,12].
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Glycosides

Glycosides are commonly described as sugar molecules
bonded to another compound [13]. The primary glycosides
found in the papaya plant are glucosinolates and cyanogenic
glucoside [12]. These molecules are important for increasing
the total availability of antioxidants within the blood while also
reducing lipid peroxidation levels [12].

Saponins are another class of plant-based glycosides that
confer health benefits by interfering with the replication of
DNA and thereby preventing the proliferation of cancer cells
[2,14]. Saponins are also known to be antimicrobial, anti-ma-
larial, anti-allergenic, anti-diabetic, and anti-inflammatory as



well as anti-carcinogenic in nature [14,15].

Tannins

Tannins (tannic acids) are water-soluble polyphenols; their
antioxidant properties protect against carcinogenesis as seen
in cultured HL-60 cells [14,16,17]. They act by binding to
proteins, basic compounds, pigments, larger-molecular com-
pounds, and some metallic ions to limit the damage caused
by reactive oxygen species (ROS) [14,18,19]. ROS can
cause cellular damage and spontaneous mutations [18,19].

Flavonoids

Flavonoids are phytochemicals, found naturally in plants
and fruits [20-22]. There are numerous flavonoids, which
can be classified into the following categories: flavones,
flavonols, flavanones, isoflavonoids, flavanols, and antho-
cyanins [23-25]. The papaya plant is known to produce the
following flavonoids: Quercetin 3-O-[a-L-rhamnopyrano-
syl-(1—6)-pB-D-glucopyranosyl-(1—2)-a-L-rhamnopyrano-
side], Kaempferol 3-O-[a-L-rhamnopyranosyl-(1—6)-B-D-glu-
copyranosyl-(1—2)-a-L-rhamnopyranoside] [26], quercetin
3-rutinoside, myricetin 3-rhamnoside, kaempferol 3-rutino-
side, quercetin, and kaempferol [24,26]. Numerous studies
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provide evidence that flavonoids have anti-inflammatory [21]
and antioxidant [20] properties [26].

BITC

The papaya pulp and seed contain considerable amounts of
BITC, a major group of isothiocyanates (ITCs) [27]. The BITC
extract has been evaluated for its effect on cancer cell growth
[27]. This phytochemical can suppress growth of proliferating
cancer cells and act as an antioxidant through electrophilic
reactions [17,27]. Studies have also examined its ability to
suppress the formation of chemically induced tumors or the
growth of cancer xenografts in vivo [27]. BITC makes tumors
more susceptible to chemotherapy and has demonstrated
anticancer properties in patients with leukemia, breast can-
cer, prostate cancer, lung cancer, pancreatic cancer, colon
cancer, and hepatocellular carcinoma [27].

Lycopene

Lycopene is an acyclic, non-provitamin subtype of carotene
that gives fruits and vegetables, such as tomatoes and papa-
yas, their red and/or orange color [28]. Lycopene is also an
antioxidant, and studies have shown that it may play a role
in preventing carcinogenesis, particularly that in the prostate.

Table 2. Chemopreventive and anticarcinogenic effects of lycopene and underlying mechanisms of action

Type of cancer explored with

: Mechanism of action Results References
phytochemical lycopene
Breast cancer Blocks NF-kB, API, STAT3 signaling.  Hinders the growth of breast cancer by blocking the [7,32]
Inhibits breast tumor formation by NF-kB signaling.
immunological regulation of intra Shows anti-proliferative effects in MCF-7, T47D, HL-
thymic T-cell differentiation. 60, and HEPG2 cell lines.
Inhibits B-signaling and cell cycle Prevents hydrogen peroxide (H,0,) and
arrest. N-nitrosodiethylamine induced DNA damage in
HepG2 cells.
Prostate cancer Prevents cell division in the GO-G1 Papaya seed extract effectively induces apoptosis [7,17,31]
cell cycle phase. and cell death in prostate cancer cells and leukemic
Reduces carcinogen induced HL-60 cells.
phosphorylation of regulatory Lycopene’s anti-prostate cancer effects as a result
proteins such as p53 and Rb that it predominantly accumulates in prostate tissue
antioncogenes. as compared to others.
Inhibits NF-kB signaling cascade. Decreases serum PSA levels, clinical diagnostic
indicators and BPH symptoms in elderly men with
BPH who were administered lycopene supplements
(at doses of 15 mg/day) for six months.
A higher intake of lycopene is linked to a decreased
risk of prostate cancer.
Colon cancer Suppresses phosphoinositide Effectively inhibits the growth of colon cancer cells [32,33]

3-kinase/Akt signaling pathway in
colon HT-29 cells.

Increases phosphorylation of
f-catenin genes, and the amount of
nuclear cyclin-dependent
kinase inhibitor p27.

Inhibits activation of retinoblastoma
tumor suppressor protein via
phosphorylation.

through suppression of the Akt signaling pathway
and modulation of downstream molecules and
genes.

Aqueous extract of the leaves (1.25-27 mg/mL)
displays a concentration-dependent anticancer
effect on DLD-1, and MCF-7.

MCF-7, breast cancer cell line; T47D, breast cancer cell line; HL-60, acute promyelocytic leukemia; HepG2, hepatocellular carcinoma;
PSA, prostate-specific antigen; BPH, benign prostatic hyperplasia; p53, tumor protein 53; Rb, retinoblastoma protein; HT-29, colon
adenocarcinoma; p27, cyclin-dependent kinase inhibitor 1B; Akt, protein kinase B; DLD-1, colon cancer cell line.
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The anticarcinogenic efficacy of lycopene was evaluated
at 3 to 30 pg/mL [27]. Lycopene has been shown to protect
against DNA damage and reduce inflammation. The antican-
cer activity of lycopene has been studied in a variety of can-
cer types, including breast, ovarian, and prostate cancer.

CHEMOPREVENTIVE AND ANTICARCINOGENIC
EFFECTS OF REPRESENTATIVE
INGREDIENTS OF PAPAYA PLANTS AND
THEIR UNDERLYING MECHANISMS

The anticarcinogenic and chemopreventive effects of the pa-
paya plants’ phytochemicals are outlined in Tables 2-8. Ex-
tensive research revealed great promise of these compounds
in mitigating prostate, breast and colon cancers. Not all of the
phytochemicals mentioned in the introduction were included
in the results due to the lack of research in the three cancers
specified. Seven of them are discussed below.

Lycopene

Lycopene’s anti-carcinogenic properties are explained by two
main processes: nonoxidative and oxidative mechanisms.
Lycopene also plays a major role in preventing DNA damage.
It has been proposed that lycopene prevents carcinogenesis
by safeguarding vital cellular molecules such lipids, lipopro-
teins, proteins, and DNA [29]. Cells interact with one another
through crucial processes, which supports the healthy cell
and organ function [29]. By preventing aberrant cell prolifer-
ation, the use of lycopene looks to be a promising anticancer
strategy for controlling the cell cycle. Additionally, it controls
cell-cycle progression and prevents cancer cells from grow-
ing out of control [30]. By expanding gap-junctions between

cells, lycopene improves communication between cells.

Lycopene blocks several signaling pathways such as NF-
kB, API, STAT3, 3-kinase/Akt as stated above in Table 2,
thereby inhibiting the growth of cancer cells [7,31-33]. The
underlying mechanism of defense against preneoplastic
lesions caused by carcinogens in the rat liver is mediated
through lycopene-induced regulation of cytochrome P450E1
[28]. Additionally, preliminary in vitro studies suggest that
lycopene inhibits the ability of insulin-like growth factor to
stimulate cellular proliferation in a variety of cancer cell lines
[31]. Lycopene treatment to SHN retired mice, which is a high
mammary tumor strain, suppressed breast tumor formation
through immunological regulation of intra-thymic T-cell differ-
entiation [30].

Based on the evidence presented in Table 2, there is
strong evidence that lycopene has significant anticancer
activity. This activity is thought to be partly due to the ability
of lycopene to scavenge free radicals and protect cells from
oxidative damage. Additionally, lycopene has been shown to
inhibit the growth of cancer cells and induce apoptosis [6,34].

BITC
Through DNA damage and the induction of apoptosis by the
mechanisms summarized in Table 3, BITC was shown to
curb migration and proliferation in prostate, breast and colon
cancers [24]. It arrested the cell cycle during the G2/M phase
in both prostate and breast cancer cells, thereby decreasing
their proliferation [7,35]. It also inhibited MMP-2 and MMP-9
pathways in both breast and colon cancers, although in differ-
ent ways [7].

Breast cancers showed marked reduction in the PKC and
mitogen-activated protein kinase (MAPK) pathways but colon

Table 3. Chemopreventive and anticarcinogenic effects of BITC and underlying mechanisms of action

Type of cancer explored with

phytochemical BITC Mechanism of action Results References
Breast cancer Activates the p53-LKB1 and p73-LKB1 axis  Sensitizes tumors to chemotherapy. [7,37]
to intensify p53 signaling and PI3K/AKT/ Demonstrates anticancer effects by
FOXO pathways. activating p53 signaling in breast cancer
Downregulates MMP-2/9 through the cells.
signaling pathways PKC and MAPK. A study reports that BITC oppresses the
Induces apoptosis and G2/M cell cycle mammosphere-constituting efficacy of
arrest. breast cancer cells.
Prostate cancer Induces apoptosis and G2/M cell cycle Promotes apoptosis through the inhibition [7,17]
arrest. of several key signaling pathways.
Induces apoptosis in HL-60 cells.
Colon cancer Decreases cholesterol levels which Inhibits human colon cancer cell migration [7,38]

inadvertently inhibits the Akt signaling

pathway.

and invasion.

Inhibits NF-kB DNA binding activity through

suppression of MMP-2, MMP-9 and

urokinase-plasminogen activator (u-PA).

Reduced phosphorylation of JNK1/2,
ERK1/2.

BITC, benzyl isothiocyanate; p53, tumor protein 53; LKB-1, liver kinase B1; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B;
FOXO, forkhead box O; MMP, matrix metalloproteinase; PKC, protein kinase C; MAPK, mitogen-activated protein kinase; HL-60, acute
promyelocytic leukemia; JNK, c-Jun N-terminal kinase; ERK, extracellular signal-regulated kinase.
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Table 4. Chemopreventive and anticarcinogenic effects of PEITC and underlying mechanisms of action

Type of cancer explored with

phytochemical PEITC Mechanism of action

Results References

Breast cancer
pathways.

Prostate cancer
and G2/M cell cycle arrest.

Colon cancer Induces apoptosis and G2/M cell cycle

arrest.

Inhibits SOS-1, PKC, ERK1/2, and Rho A.

Stimulates apoptosis by activating
mitochondrial caspases.

Downregulates STAT3 and HER2 signaling

Regulates cell invasion by microRNA-194.
Reactivates RASSF1QA by aiding apoptosis

When combined with paclitaxel, it shows anti-
proliferative effects by instigating apoptosis
and cell cycle arrest.

A study indicates that oral management of
10 umol of PEITC for 10 days suppresses
breast cancer cell metastasis to other
organs.

In a laboratory experiment, PEITC-modified
mice carrying breast tumor xenografts
demonstrate immune modulation. MDSCs
and T regulatory lymphocytes were greatly
decreased by PEITC therapy, which inhibited
the growth of breast tumors.

Treatment results in a remarkable suppression
of the breast tumor growth by depleting T
regulatory lymphocytes and myeloid derived
tumor suppressor cells.

A study by the National Cancer Institute
demonstrates that HDAC activity is inhibited
by ITC in prostate and colorectal cancer
cells.

Possess antimetastatic properties that reduce
the invasion and migration of cancerous cells
through alteration of cell signaling pathways.

[71

(7]

(38]

PEITC, phenethyl isothiocyanate; MDSC, myeloid-derived tumor suppressor cells; RASSF1A, Ras association domain family member 1A;
HDAC, histone deacetylase; ITC, isothiocyanate; SOS-1, son of sevenless homolog 1; PKC, protein kinase C; ERK, extracellular signal-
regulated kinase; Ras, rat sarcoma gene; Rho A, Ras homolog family member A.

Table 5. Chemopreventive and anticarcinogenic effects of CuB and underlying mechanisms of action

Type of cancer explored with

phytochemical CuB Mechanism of action Results References
Breast cancer Inhibits JAK-STAT3, VEGF/FAK/ Exceptionally displays anti-angiogenic effects in [7]
MMP-9 MAPK, HER?2 integrin metastatic cancer cells.
signaling pathways. Limits the growth of breast tumors. Integrins a6 and
Suppresses HER2-integrin signaling B4 that are overexpressed in breast cancer cells
which downregulates a6 and 34 are downregulated as HER2-integrin signaling is
integrins. suppressed.
Suppresses the growth of breast cancer cells when
combined with gemcitabine or docetaxel.
Inhibits VEGF/FAK/MMP-9 signaling in highly
metastatic breast cancer cells and has anti-
angiogenic properties.
Colon cancer Decreases phosphorylation of JAK2  Reduces the metastasis of colorectal cancer. [7,20]

and STAT3.
Reduces M2 macrophage
polarization.

CuB, cucurbitacin B; JAK, Janus kinase; VEGF, vascular endothelial growth factor; FAK, focal adhesion kinase; MMP, matrix

metalloproteinase; MAPK, mitogen-activated protein kinase.

cancers showed inhibition of NF-kB DNA binding activity,
decreased urokinase-plasminogen activator and reduced
phosphorylation of JNK1/2 and ERK1/2 [7,36,37]. In breast
cancer, it activated p53-LKB1 and p73-LKB1 and stimulated
p53 signaling, thereby inadvertently increasing susceptibility
to chemotherapy [7]. p53 is an important cell cycle regulator

positioned to induce apoptosis in aberrant cells. Thus, the
increased p53 levels would intensify the reaction to chemo-
therapy-induced damage and decrease cancerous growth.

PEITC
Both PEITC and BITC have similar effects on cancer cell
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Table 6. Chemopreventive and anticarcinogenic effects of flavonoids and underlying mechanisms of action

Type of cancer explored with

: . Mechanism of action Results References
phytochemical flavonoid
Breast cancer Isoflavone inhibits c-erB-2, MMP-2, By controlling the NF-B signaling system and its [6,7]
and MMP-9 signaling pathways. target genes Bcl-2 and Bax, it causes tumor cell
Also affects IGF-1R/p-Akt signaling apoptosis.
transduction. After 4 weeks of tumor inoculation, a study reveals
Quercetin controls the NF- that quercetin and green tea coupled with a diet
KB signaling system through exert a stronger inhibition of tumor growth in mice
modulation of target genes with malignancies than green tea alone, and this
Bcl-2 and Bax. combination therapy reduces the tumor growth by
47% compared to control. This cotreatment boosts
non-methylated EGCG by 1.8 times while also
enhancing tissue concentrations of total green tea
polyphenols by 1.5 times.
Prostate cancer Deactivates tumor suppressor Isoflavones improve the effectiveness of current [7,36]
gene and oncogene products via treatments by sensitizing cells to chemotherapy.
cytochrome p450 isozyme inhibition. In 2018, a clinical trial on isoflavones where 40 mg
DNA methylation of CpG islands of daily purified isoflavones and placebo were
via DNMT, histone acetylation via monitored for 2-6 weeks. The results showed a
HAT and histone deacetylation via change in levels of Ki-67 in prostate tumor cells.
HDAC.
Colon cancer Suppresses K-Ras and B-catenin Flavonoids lutein and zeaxanthin reduce the risk of [6,41]

expression.

colon cancer.
Beta-Caroteine inhibits the growth of tumors in the
skin, lung, liver, and colon.

c-erB-2, humanized epidermal growth factor receptor 2; MMP, matrix metalloproteinase; IGF-1R, insulin-like growth factor 1 receptor;
p-Akt, phosphorylated protein kinase B; Bcl-2, B-cell ymphoma 2; Bax, Bcl-2-associated X protein; EGCG, epigallocatechin-3-gallate;
p450, cytochrome p450 enzyme; CpG, cytosine-phosphate-guanine; DNMT, DNA methyltransferase; HAT, histone acetyltransferase;
HDAC, histone deacetylase inhibitors; Ki-67, tumor cell proliferation and growth marker; K-Ras, kirsten rat sarcoma virus.

Table 7. Chemopreventive and anticarcinogenic effects of resveratrol and underlying mechanisms of action

Type of cancer explored with

: References
phytochemical resveratrol

Mechanism of action Results

Breast cancer Inhibits NF-xB and MMP-9 activity in
breast cancer cells, blocking their
ability to migrate.

Decreases DNA methyltransferases.

Numerous intracellular targets of resveratrol
were discovered by extensive in vitro research,
and these targets include cell proliferation,
inflammation, apoptosis, angiogenesis, invasion,
and metastasis. The PI-3K/AKT and the MAPK
pathways, two important survival cascades that
are commonly abnormally activated in human
malignancies, have both been found to be inhibited
by resveratrol.

Suppresses prostate cancer by decreasing
cell migration and proliferation and promoting
apoptosis.

Mediates the ratio of T regulatory (Treg) Suppresses tumor/cancer cell growth and is also a
and T helper lymphocytes (Th17), and  probable chemoprophylaxis agent for colorectal
the cytokines IL-10, TGF-B1, IL-6, and  tract.

IL-17 plasma levels.

Dampens the secretion of IFN-y and

TNF-a.

[7,25]

Prostate cancer Induces apoptosis by targeting the Akt/

microRNA-21 pathway.

[6]

Colon cancer

[6]

MMP, matrix metalloproteinase; PI-3K, phosphoinositide 3-kinase; AKT (Akt), protein kinase B; MAPK, mitogen-activated protein kinase;
Treg, regulatory T cell; Th17, T helper 17 cell; IL, interleukin; TGF-B1, transforming growth factor beta 1; IFN-y, interferon-gamma; TNF-q,
tumor necrosis factor-alpha.

migration and invasions as shown in Table 4. They achieved
cell cycle cessation through the alteration of cell signaling
pathways [7]. In colon cancer, PEITC inhibited son of seven-
less homolog-1, PKC, ERK1/2 and Ras homolog gene family
member A [37,38]. These alterations induced apoptosis and

cell cycle arrest in the G2/M phase in both prostatic and co-
lonic cancer cells [38]. A study conducted on anti-metastatic
benefits of PEITC in a breast cancer model indicated that oral
administration of 10 ymol of PEITC for 10 days resulted in
suppression of breast cancer cell metastasis to other organs
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Table 8. Chemopreventive and anticarcinogenic effects of piperlongumine and underlying mechanisms of action

Type of cancer explored with

. . . Mechanism of action
phytochemical piperlongumine

Results References

PIK3/Akt/mTOR inhibits
autophagy-mediated apoptosis.

Breast cancer

Colon cancer Increases ROS generation by
targeting the GSH antioxidant

systems.

Inhibits various signaling pathways

mediated by: Akt and ERK1/2,
MAPK/ERK kinase (MEK), and
JINK.

Piperiongumine given to rats and mice at doses [7]
ranging from 100 to 3,000 mg/kg did not exhibit
any harmful effects. The t,, was determined
to be 1.42 hours and 0.84 hours after oral
administration of 5 mg/kg and 10 mg/kg
piperlongumine, respectively. The Cmax values
were 884.31 g/L and 201.42 g/L.

Piperlongumine exacerbates apoptosis through
extensive ROS generation and inhibition of
signaling pathways.

[7,43]

PIK3, phosphoinositide 3-kinase inhibitors; Akt, protein kinase B; mTOR, mammalian target of rapamycin inhibitor; ROS, reactive oxygen
species; GSH, glutathione; ERK1/2, extracellular signal-regulated kinase 1/2; MAPK, mitogen-activated protein kinase; ERK, extracellular
signal-regulated kinases; MEK, methyl ethyl ketone; JNK, c-Jun N-terminal kinase.

[7]. When PEITC was combined with paclitaxel, it showed
anti-proliferative effects by instigating apoptosis and cell cycle
arrest [39]. PEITC treatment resulted in a remarkable sup-
pression of the breast tumor growth by depleting T regulatory
lymphocytes and myeloid derived tumor suppressor cells [7].

CuB

Cucurbitacin B is a tetracyclic triterpenoid with chemopreven-
tive and anticarcinogenic activity in breast and colon cancers
as shown in Table 5. In both cancers it showed anti-angio-
genic effects by inhibiting STAT3 signaling, but, in breast can-
cer it also inhibited VEGF/FAK/MMP-9 [7,20]. By preventing
HER2-integrin signaling and downregulating integrins o6
and B4, it limited the growth of breast tumors [7]. It is likely
that the cancer cells are deprived of their proliferative abilities
because of the reduction of intracellular signaling pathways.
This compound also inhibited colon cancer growth and mi-
gration; however, this reduced M2 macrophage polarization
[20].

Flavonoid

Table 6 shows the mechanisms by which flavonoids re-
pressed signal transduction pathways and activated apop-
tosis. Cyclins and cyclin-dependent kinases are responsible
for cell cycle adherence [40]. It has been shown that the
flavonoids work through the alteration of these molecules to
halt cell cycle progression [40]. In prostate cancer, it inhibited
cytochrome P450 isozymes to deactivate oncogene products
[7]. Their epigenetic modifications induced cell cycle disrup-
tion in prostate and breast cancer [25,40]. DNA methylation
of CpG islands via DNA methyltransferases, histone acetyla-
tion via histone acetyltransferases and histone deacetylation
via histone deacetylases halted the propagation of aberrant
prostatic cells [40]. Breast cancer cell reduction was achieved
by targeting the c-ERB-2, MMP-2, MMP-9, and IGF-1R/p-Akt

signaling pathways [7,41].

Other flavonoids lutein and zeaxanthin have suppressed
K-Ras and p-catenin expression [41]. The flavonoid quercetin
has been shown to inhibit azoxymethane/dextran sodium sul-
fate induced colon in mice [42]. The mice had initially shown
a decline in leukocytes and red blood cells after the induction
which was restored upon quercetin administration [42]. It de-
creased the formation of aberrant crypt foci within the colon
cells and inhibited the tumor growth [42].

Resveratrol

Resveratrol is shown to induce apoptosis and suppress
cancer cell migration by a variety of mechanisms detailed in
Table 7. In both prostate and colon cancers, resveratrol in-
hibited the Akt signaling pathway [7,32,41]. In breast cancer,
it inhibited NF-xB and MMP-9, blocked cancerous migration,
and decreased cell proliferation, inflammation, angiogenesis,
invasion, and metastasis [32,41]. The phosphatidylinositol-3
kinase/AKT and the MAPK pathways, two important survival
cascades that are commonly abnormally activated in human
malignancies, have been found to be inhibited by resveratrol
[41]. Chromatin modifications in breast cancer arose as a
consequence of decreased DNA methyltransferase [25]. By
targeting the reduced glutathione (GSH) antioxidant system,
it increased ROS production in colon cancer [19,41].

Piperlongumine
Piperlongumine is an alkaloid compound noted for its benefi-
cial roles in colorectal and breast cancer. The mechanisms of
action listed in Table 8 showed how this compound works to
exacerbate apoptosis [43]. Induced ROS generation is highly
damaging to cancerous cells that are often subjected to more
oxidative stress than normal cells [43,44].

The ability of piperiongumine to impair various cell cycle
pathways allowed this compound to incite cellular damage
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[43]. In breast cancer, piperlongumine inhibited the PIK3/Akt/
mTOR signaling. The inhibition of these pathways disabled
autophagy-mediated apoptosis. Piperlongumine inhibited
Akt, ERK1/2, MAPK/ERK, and JNK pathways in colon can-
cer. These pathways all played a role in cell differentiation,
growth, and stress [43,45,46]. This compound was selectively
cytotoxic against cancer cells, stimulated genotoxicity as an
alternative method for killing cancerous cells, had excellent
oral bioavailability in mice, restricted cancer progression in
mice, and had only minor overall systemic toxicity [16].

COMMON CHEMOPREVENTIVE AND
ANTICARCINOGENIC TARGETS OF
PHYTOCHEMICALS DERIVED FROM
PAPAYA PLANTS

The phytochemicals comprising the papaya plant affect the
three targets (inhibition of cell proliferation, inhibition of angio-
genesis, and prevention of metastasis) of tumor progression
as depicted in Figure 3. Phytochemicals show chemopre-
ventive effects by inhibiting key events in tumor initiation and
progression which reverses the premalignant stage. These
agents also inhibited or slowed tumor progression in addition
to promoting cell differentiation and preventing tumorigenesis
[47]. Of the chemicals listed, the most notable actions inviove
ROS generation, and the inhibition of cell signal pathways to
induce apoptosis. Inhibiting these signals defied cancerous
ambition of cell growth, development, differentiation, migra-
tion, and overall survival [48]. These two factors in conjunc-
tion were adequate in abetting cancer diminution.
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CONCLUSION

The C. papaya plant produces several bioactive phytochem-
icals that have shown cancer chemopreventive and anticar-
cinogenic potential. These include lycopene, CuB, BITC,
PEITC, flavonoids, piperlongumine and resveratrol that act
mainly by inhibiting tumor growth signaling pathways and
inducing apoptosis or cell cycle arrest. Various observation-
al and experimental studies accompanied with repeatable
results bolster the use of bioactive extracts from the papaya
plant for anticancer formulations in place of conventional
treatments. More studies should be conducted to evaluate
the efficacy of these phytochemicals in vivo as well as in vi-
tro. Further studies will provide actionable evidence to assess
whether chemopreventive and anti-carcinogenuc compo-
nents of extracts from the papaya plant can be used as alter-
natives for conventional cancer treatments.

ACKNOWLEDGMENTS

Dr. Victoria Minakova, acknowledged for her guidance and
mentorship.

FUNDING

None.

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

— Malignant tumor

Propagation

Genetic/non-genetic
Reversible/irreversible

T

Promote cell differentiation
Inhibit cell proliferation
Induce apoptosis
Inhibit angiogenesis

Figure 3. Sites of action of chemo-
preventive phytochemicals in multi-
stage carcinogenesis. Data from Ko-
techa et al. (Oncotarget 2016;7:52517-
29) [42].



ORCID

Shachi Patel, https://orcid.org/0009-0003-8358-9649
Karankumar Rana, https://orcid.org/0009-0001-4678-5283
Param Arya, https://orcid.org/0009-0003-4612-4308
Janelle Nelson, https://orcid.org/0009-0003-8836-1475
Vanesa Hernandez, https://orcid.org/0009-0005-9615-7583
Victoria Minakova, https://orcid.org/0000-0002-7717-512X

REFERENCES

10.

1.

12.

13.

. Anitha B, Raghu N, Gopenath TS, Karthikeyan M, Gnanasekaran

A, Chandrashekrappa GK, et al. Medicinal uses of Carica
papaya. J Nat Ayurvedic Med 2018;2:000144.

Bommareddy A, Eggleston W, Prelewicz S, Antal A, Witczak Z,
McCune DF, et al. Chemoprevention of prostate cancer by major
dietary phytochemicals. Anticancer Res 2013;33:4163-74.
National Cancer Institute. Cancer Statistics. https://www.
cancer.gov/about-cancer/understanding/statistics#:~:text=
Approximately%2039.5%25%200f%20men%20and,will%20
die%200f%20the%20disease (Accessed October 30, 2022).

. Nguyen TT, Shaw PN, Parat MO, Hewavitharana AK. Anticancer

activity of Carica papaya: a review. Mol Nutr Food Res 2013;57:
153-64.

Pratheeshkumar P, Sreekala C, Zhang Z, Budhraja A, Ding
S, Son YO, et al. Cancer prevention with promising natural
products: mechanisms of action and molecular targets.
Anticancer Agents Med Chem 2012;12:1159-84.

Ma L, Zhang M, Zhao R, Wang D, Ma Y, Li A. Plant natural
products: promising resources for cancer chemoprevention.
Molecules 2021;26:933.

Ranjan A, Ramachandran S, Gupta N, Kaushik I, Wright S,
Srivastava S, et al. Role of phytochemicals in cancer prevention.
Int J Mol Sci 2019;20:4981.

Aggie Horticulture. Fruit & nut resources. https://aggie-
horticulture.tamu.edu/fruit-nut/fact-sheets/papaya/ (Accessed
Jun 26, 2022).

Prado SBRD, Ferreira GF, Harazono Y, Shiga TM, Raz A, Carpita
NC, et al. Ripening-induced chemical modifications of papaya
pectin inhibit cancer cell proliferation. Sci Rep 2017;7:16564.
Singh SP, Mishra A, Shyanti RK, Singh RP, Acharya A. Silver
nanoparticles synthesized using Carica papaya leaf extract
(AgNPs-PLE) causes cell cycle arrest and apoptosis in human
prostate (DU145) cancer cells. Biol Trace Elem Res 2021;199:
1316-31.

Singh SP, Kumar S, Mathan SV, Tomar MS, Singh RK, Verma
PK, et al. Therapeutic application of Carica papaya leaf extract in
the management of human diseases. Daru 2020;28:735-44.

V L M, Ramakrishnan E, Sankaran M. Carica papaya in cancer
prevention: an overview. Mini Rev Med Chem. 2021;21:3097-
112.

Fabre B, Grosman H, Gonzalez D, Machulsky NF, Repetto EM,
Mesch V, et al. Prostate cancer, high cortisol levels and complex
hormonal interaction. Asian Pac J Cancer Prev 2016;17:3167-

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Anticancer Activity of the Papaya Plant

71.

Yildirim I, Kutlu T. Anticancer agents: saponin and tannin.
International J Biological Chem 2015;9:332-40.

Dwivedi MK, Sonter S, Mishra, S. Patel DK, Singh PK. Anti-
oxidant, antibacterial activity, and phytochemical characterization
of Carica papaya flowers. Beni-Suef Univ J Basic Appl Sci
2020;9;23.

Bezerra DP, Pessoa C, de Moraes MO, Saker-Neto N, Silveira
ER, Costa-Lotufo LV. Overview of the therapeutic potential of
piplartine (piperlongumine). Eur J Pharm Sci 2013;48:453-63.
Nakamura Y, Yoshimoto M, Murata Y, Shimoishi Y, Asai Y, Park
EY, et al. Papaya seed represents a rich source of biologically
active isothiocyanate. J Agric Food Chem 2007;55:4407-13.
Centers for Disease Control and Prevention. Side effects of
cancer treatment. https://www.cdc.gov/cancer-survivors/patients/
side-effects-of-treatment.htmI?CDC_AAref_Val=https://www.
cdc.gov/cancer/survivors/patients/side-effects-of-treatment.htm
(Accessed October 30, 2022).

Wang Y, Qi H, Liu Y, Duan C, Liu X, Xia T, et al. The double-
edged roles of ROS in cancer prevention and therapy.
Theranostics 2021;11:4839-57.

Zhang H, Zhao B, Wei H, Zeng H, Sheng D, Zhang Y.
Cucurbitacin B controls M2 macrophage polarization to
suppresses metastasis via targeting JAK-2/STAT3 signalling
pathway in colorectal cancer. J Ethnopharmacol 2022;287:
114915.

. Panche AN, Diwan AD, Chandra SR. Flavonoids: an overview. J

Nutr Sci 2016;5:e47.

Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their
antioxidant and anticancer properties. Molecules 2010;15:7313-
52.

Kong YR, Jong YX, Balakrishnan M, Bok ZK, Weng JKK,
Tay KC, et al. Beneficial role of Carica papaya extracts and
phytochemicals on oxidative stress and related diseases: a mini
review. Biology (Basel) 2021;10:287.

Nugroho A, Heryani H, Choi JS, Park HJ. Identification
and quantification of flavonoids in Carica papaya leaf and
peroxynitrite-scavenging activity. Asian Pac J Tropical
Biomedicine 2017;7:208-13.

Selvakumar P, Badgeley A, Murphy P, Anwar H, Sharma U,
Lawrence K, et al. Flavonoids and other polyphenols act as
epigenetic modifiers in breast cancer. Nutrients 2020;12:761.
Zunjar V, Mammen D, Trivedi BM. Antioxidant activities and
phenolics profiling of different parts of Carica papaya by LCMS-
MS. Nat Prod Res 2015;29:2097-9.

Fauziya S, Krishnamurthy R. Papaya (Carica papaya): source
material for anticancer. CIBTech J Pharmaceutical Sci 2013;2:25-
34.

Trejo-Solis C, Pedraza-Chaverri J, Torres-Ramos M, Jiménez-
Farfan D, Cruz Salgado A, Serrano-Garcia N, et al. Multiple
molecular and cellular mechanisms of action of lycopene
in cancer inhibition. Evid Based Complement Alternat Med
2013;2013:705121.

Jha N, Mangukia N, Gadhavi H, Patel M, Bhavsar M, Rawal R,

http://www.jcpjournal.org 67


https://orcid.org/0009-0003-8358-9649
https://orcid.org/0009-0001-4678-5283
https://orcid.org/0009-0003-4612-4308
https://orcid.org/0009-0003-8836-1475
https://orcid.org/0009-0005-9615-7583
https://orcid.org/0000-0002-7717-512X
https://medwinpublishers.com/JONAM/JONAM16000144.pdf
https://medwinpublishers.com/JONAM/JONAM16000144.pdf
https://medwinpublishers.com/JONAM/JONAM16000144.pdf
https://www.cancer.gov/about-cancer/understanding/statistics#:~:text=Approximately%2039.5%25%20of%20men%20and,
https://www.cancer.gov/about-cancer/understanding/statistics#:~:text=Approximately%2039.5%25%20of%20men%20and,
https://www.cancer.gov/about-cancer/understanding/statistics#:~:text=Approximately%2039.5%25%20of%20men%20and,
https://aggie-horticulture.tamu.edu/fruit-nut/fact-sheets/papaya/
https://aggie-horticulture.tamu.edu/fruit-nut/fact-sheets/papaya/
https://www.cdc.gov/cancer-survivors/patients/side-effects-of-treatment.html?CDC_AAref_Val=https://www.cdc.gov/cancer/survivors/patients/side-effects-of-treatment.htm
https://www.cdc.gov/cancer-survivors/patients/side-effects-of-treatment.html?CDC_AAref_Val=https://www.cdc.gov/cancer/survivors/patients/side-effects-of-treatment.htm
https://www.cdc.gov/cancer-survivors/patients/side-effects-of-treatment.html?CDC_AAref_Val=https://www.cdc.gov/cancer/survivors/patients/side-effects-of-treatment.htm

Patel et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

68

et al. Small RNA sequencing and identification of papaya (Carica
papaya L.) miRNAs with potential cross-kingdom human gene
targets. Mol Genet Genomics 2022;297:981-97.

Kobayashi T, lijima K, Mitamura T, Toriizuka K, Cyong JC,
Nagasawa H. Effects of lycopene, a carotenoid, on intrathymic
T cell differentiation and peripheral CD4/CD8 ratio in a high
mammary tumor strain of SHN retired mice. Anticancer Drugs
1996;7:195-8.

Kenfield SA, Batista JL, Jahn JL, Downer MK, Van Blarigan
EL, Sesso HD, et al. Development and application of a lifestyle
score for prevention of lethal prostate cancer. J Natl Cancer Inst
2015;108:djv329.

Omara T, Kiprop AK, Ramkat RC, Cherutoi J, Kagoya S,
Moraa Nyangena D, et al. Medicinal plants used in traditional
management of cancer in uganda: a review of ethnobotanical
surveys, phytochemistry, and anticancer studies. Evid Based
Complement Alternat Med 2020;2020:3529081.

Tang FY, Shih CJ, Cheng LH, Ho HJ, Chen HJ. Lycopene inhibits
growth of human colon cancer cells via suppression of the Akt
signaling pathway. Mol Nutr Food Res 2008;52:646-54.
Williams G. Aromatase up-regulation, insulin and raised
intracellular oestrogens in men, induce adiposity, metabolic
syndrome and prostate disease, via aberrant ER-o and GPER
signalling. Mol Cell Endocrinol 2012;351:269-78.

Vadodkar AS, Suman S, Lakshmanaswamy R, Damodaran
C. Chemoprevention of breast cancer by dietary compounds.
Anticancer Agents Med Chem 2012;12:1185-202.

Izzo S, Naponelli V, Bettuzzi S. Flavonoids as epigenetic
modulators for prostate cancer prevention. Nutrients 2020;12:
1010.

Guo YJ, Pan WW, Liu SB, Shen ZF, Xu Y, Hu LL. ERK/MAPK
signalling pathway and tumorigenesis. Exp Ther Med 2020;19:
1997-2007.

Soundararajan P, Kim JS. Anti-carcinogenic glucosinolates
in cruciferous vegetables and their antagonistic effects on

J Cancer Prev 2024;29(3):58-68

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

prevention of cancers. Molecules 2018;23:2983.

Sharma A, Sharma R, Sharma M, Kumar M, Barbhai MD,
Lorenzo JM, et al. Carica papaya L. leaves: deciphering its
antioxidant bioactives, biological activities, innovative products,
and safety aspects. Oxid Med Cell Longev 2022;2022:2451733.
Hurst R, Hooper L, Norat T, Lau R, Aune D, Greenwood DC, et
al. Selenium and prostate cancer: systematic review and meta-
analysis. Am J Clin Nutr 2012;96:111-22.

Lin R, Piao M, Song Y, Liu C. Quercetin suppresses AOM/DSS-
induced colon carcinogenesis through its anti-inflammation
effects in mice. J Immunol Res 2020;2020:9242601.

Kotecha R, Takami A, Espinoza JL. Dietary phytochemicals
and cancer chemoprevention: a review of the clinical evidence.
Oncotarget 2016;7:52517-29.

Parama D, Rana V, Girisa S, Verma E, Daimary UD, Thakur
KK, et al. The promising potential of piperlongumine as an
emerging therapeutics for cancer. Explor Target Antitumor Ther
2021;2:323-54.

Shaban NZ, El-Kot SM, Awad OM, Hafez AM, Fouad GM. The
antioxidant and anti-inflammatory effects of Carica Papaya Linn.
seeds extract on CCl,-induced liver injury in male rats. BMC
Complement Med Ther 2021;21:302.

Glycosides. https://chem.libretexts.org/Bookshelves/Organic_
Chemistry/Supplemental_Modules_(Organic_Chemistry)/
Carbohydrates/Glycosides (Accessed August 26, 2022).
Zuhrotun Nisa F, Astuti M, Mubarika Haryana S, Murdiati A.
Effect of papaya leaves (Carica papaya L.) extract on immune
response (TLR-7, TLR-9) and inflammation (COX-2) in rats
induces DMBA (7,12-Dimethylbenz[a]antrasen). Pak J Biol Sci
2020;23:1450-5.

Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J.
Flavonoids as anticancer agents. Nutrients 2020;12:457.
Radhakrishnan K, Halasz A, Vlachos D, Edwards JS.
Quantitative understanding of cell signaling: the importance of
membrane organization. Curr Opin Biotechnol 2010;21:677-82.


https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Carbohydrates/Glycosides
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Carbohydrates/Glycosides
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Carbohydrates/Glycosides

