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ABSTRACT: Breast cancer poses a global health challenge and requires innovative approaches 
for prevention and treatment. Phytochemicals have gained attention for their potential anti-
cancer properties by offering promising therapeutic interventions with their many advantageous 
effects and activity in promoting apoptotic pathways and other molecular pathways involved in 
breast cancer. Research indicates that phytochemicals have many beneficial e ffects, including 
anti-inflammatory, antioxidant, and antiproliferative e ffects. Phytochemicals have the potential 
to affect c rucial s ignaling p athways o f B reast c ancer. P romiscuous p hytochemicals s uch as 
curcumin, resveratrol, apigenin, and epigallocatechin gallate (EGCG), among others, have 
demonstrated notable anti-cancer effects in preclinical s tudies. This review delves deep into the 
therapeutic action and mechanism of various phytochemicals against breast cancer. It highlights 
the promiscuous role of multiple phytochemicals, their sources, and their target molecules in 
breast cancer along with shedding light on some of the limitations of these phytochemicals. It 
discusses the key role of phytochemicals like Apigenin and Silibinin in combating the progression 
of Breast cancer and also emerging as crucial avenues to counter chemotherapeutic resistance. 
Effective treatments and cures should be developed to reduce the burden of non-communicable 
diseases and ensure human well-being and a good quality of life in order to accomplish sustainable 
development goals.

1. INTRODUCTION

In 130 countries worldwide, it is found that cancer is
the second leading cause of premature death (Bray et al.,
2021). In India, the mortality rate of cancer is 68% of the
yearly occurrence, which means that 30% of the patients will
only survive 5 years or longer after the diagnosis. (Ramani
et al., 2023). Noncommunicable diseases (NCDs), which
include cancer, diabetes and cardiovascular disease were first
acknowledged as a serious health issue by the World Health
Organisation (WHO) in 1999. In 2012, NCDs contributed
to over 38 million annual deaths, or 68% of the total deaths
globally. (Morgan et al., 2018). The United Nations’
Sustainable Development Goal (SDG) 3 (Good health and
well-being) promotes the well-being and ensures healthy lives
of people of all ages, which is one of the top goals for the

entire). Furthermore, the World Health Assembly elevated
cancer care on the global health agenda in 2017 by passing
resolution 70.12, which allowed WHO to prioritize cancer
prevention and control programs. (Murthy et al., 2024). The
five most common dietary and behavioral hazards contribute
to almost one-third of deaths caused by cancer one of which
is low fruit and vegetable intake. Most of the prevalent
cancers, that include breast cancer, have been cured when
discovered early and have shown effective results (Pereira et
al., 2021). One of the targets of SDG related to cancer is
to achieve universal health improvement which will protect
people financially, provide the opportunity for better healthcare
services, and ensure that everyone has access to medications and
vaccinations at a cheap, safe, and effective practices. (Frieden
et al., 2020). Reports from the World Health Organization
in 2020 depicted that 2.3 million women were detected with
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breast cancer internationally which resulted in 6,85,000 deaths.
Data from Scientific investigation reflects that the average age
of women who have been diagnosed with Breast cancer is
61 years. Breast cancer is extremely fatal with no effective
therapeutics developed as of now. (Arnold et al., 2022). Breast
cancer stands as a prevalent human malignancy and comes in
second place after lung cancer (Sohel et al., 2023). Modern
techniques of breast cancer treatment encompass a diverse
range of methods, including radiotherapy, surgical procedures,
chemotherapy, antiestrogen therapy, aromatase inhibitors,
anti-angiogenesis, pharmaceuticals, and the utilization of
anthracyclines (Cazzaniga & Bonanni, 2012).Although, these
therapies have their negative effects and are very costly, and
also cause negative health implications. To avoid this, natural
products emerge as an effective alternative therapeutic, marked
with fewer associated side effects (Cazzaniga & Bonanni, 2012).
Plants naturally produce thousands of active natural compounds
of low molecular weight, and have a structural diversity known
as phytochemicals. They protect the plants from various kinds
of bacterial, fungal, and viral infections, environmental stress,
and UV exposure and produce an immune response against
them. These can also regulate various kinds of molecular
mechanisms that can prevent different kinds of diseases (Wink,
2015). Up to date, there are more than 4,500 phytochemicals
that are on the record. They are categorized according to the
protective roles they play. Common sources of phytochemicals
are carrots, turmeric, green tea, tomatoes, grapes, cherries, garlic
onion, whole wheat, cabbage, raspberries, beans and soy foods,
etc. (Mazurakova et al., 2022).

2. CLASSIFICATION OF PHYTOCHEMICALS

Broadly, Phytochemicals are divided into primary and
secondary metabolites based on their role in plant metabolism
(Younas et al., 2018). The phytochemicals are further classified
into sub-classes according to their structures (Hussein & El-
Anssary, 2019). Classification of various phytochemicals has
been given in Figure 1.

Figure 1. Classification of Phytochemicals.

3. DIFFERENT PHYTOCHEMICALS EFFECTIVE AGAINST
BREAST CANCER

3.1. Curcumin

Curcumin is an orange-yellow pigmented crystallized com-
pound that is found in the rhizome of turmeric (Curcuma longa
L.) and is mainly utilized as a food coloring agent in Indian sub-
continents (Michele Dei Cas). Curcumin is poorly soluble in
water. When taken by the oral route, it is absorbed by the wall
of gastrointestinal tract and its metabolization takes place in the
liver. Curcumin holds the capability of modulating the various
kinds of signaling pathways and molecular processes in breast
cancer (Mishra et al., 2023). Studies have shown that curcumin
can regulate various pathways including the PI3K/ATK, nuclear
factor [NF]-kB and many more (S. Hu et al., 2018). Through
inducing an arrest in the cell cycle at the G2/M phase, it can
also promote the proliferation of cancerous cells (Mosieniak et
al., 2012). Many studies have shown that curcumin efficiently
causes TNBC cell lines to go through autophagy and apoptosis,
which includes MDA-MB-231 (J. Zhu et al., 2024). When
curcumin was tested on MCF7 cells the expression of pro-
apoptotic protein and apoptosis regulator Bax was found to be
high. (Y. Song et al., 2020)

3.2. Genistein

Native to sub-Indigenous continents, genistein is a natural
isoflavone mainly found in soybeans. In 1899, Genistein
was first extracted from Genista tinctoria (L.). It shows
anti-oxidant and anti-cancerous properties (Tuli et al., 2019).
Genistein can show the cell cycle arrest in G0/G1 and
G2/M phase arrest through cyclin B (Jiang et al., 2018).
It shows antiproliferative effects by first obstructing NF-kB
pathways and then stimulating NF-kB. It can also modulate the
eEGFR/Akt/NFkB pathway which contributes significantly to
cell proliferation and ultimately causes cancer cells to die (Bhat
et al., 2021).

3.3. Quercetin

Quercetin, a polyphenolic compound predominantly found
in nuts, teas as well as herbs. It demonstrates various
positive impacts that include, antioxidant, anti-diabetic, anti-
inflammatory, and anti-proliferative effects. Quercetin is a
lipophilic compound that can cross the cellular membrane and
initiate several intracellular signaling pathways. Numerous
studies have concluded that Quercetin has the anti-cancer
properties (Shafabakhsh & Asemi, 2019). Research has
demonstrated that it can limit the expansion of breast cancer
cells in humans (Maugeri et al., 2023). Quercetin demonstrated
dose-dependent anticancer effects in LoVo and MCF-7 cells.
The addition of Qurecetin-5 to 8-disulphonate can significantly
increase the water solubility and anticancer properties of
Quercetin. In cancer cells, quercetin induces apoptosis and cell
cycle arrest at the S phase (H. Zhang et al., 2012).
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3.4. Resveratrol

Resveratrol, a polyphenol phytoalexin is found in various
foods including grapes, pistachios, and in small amounts in
bilberries and blueberries. It demonstrates a wide range of
activities that include anti-oxidative, anti-inflammatory, anti-
aging, and cardiovascular protective properties (Meng et al.,
2021). It is a compound that has the potential to improve
the effects of breast cancer and open up the way for the
development of new therapies (Ren et al., 2021). Resveratrol
can modulate and target the STAT3 pathway in breast cancer
cells. Additionally, it can also influence STAT3’s upstream
regulators, that can affect the growth, advancement, and
spread of breast cancer cells (Kohandel et al., 2021). The
genes that show differential methylation were involved in key
cellular pathways including Wnt, MAPK, and JAK/STAT.
(Lubecka et al., 2016). With the treatment of Resveratrol,
oncogenes including AKT1, STAT3, and NOTCH2 show
hypermethylation, which aligns with the pathways identified in
comprehensive genomic analysis (Kurzava Kendall et al., 2024).

3.5. Kaempferol

Kaempferol is a flavonoid that hasmultiple beneficiary health
effects. It is present in plants including tea trees, saffron,
aloe vera, onion leaves, brown mustard, pumpkin, and many
others (Periferakis et al., 2022). Kaempferol and its derivatives
have shown many beneficiary effects including anticancer,
antioxidant, antidiabetic, neuroprotective, and antitumor
characteristics (Imran et al., 2019). Kaempferol inhibits the
development of MCF-7 breast cancer cells, potentially by
stimulating apoptosis and by downregulating the expression of
Bcl2 (Yi et al., 2016). Kaempferol inhibits the cell cycle in
cancerous breast cells at the G2/M stage by downregulating
CDK1 (X. Wang et al., 2019). It was observed that kaempferol
reduces IQGAP3 levels in breast cancer cells, causing increased
cell death and suppressed cell proliferation (G. Hu et al., 2019).

3.6. Apigenin

Apigenin, (4’,5,7,-trihydroxyflavone) is a common flavonoid
that is present in various kinds of plants, fruits, and herbs.
It shows many beneficiary effects including anti-apoptotic,
antioxidant, and anti-cancerous properties (Lee et al., 2023).
It has proved its effectiveness in breast cancerous cells.
Firstly, in estrogen-responsive breast cancer cells, include those
that have become resistant to anti estrogen medications like
fulvestrant or tamoxifen. Increased concentrations of apigenin
suppress the proliferation of cancerous tissue or cells and
demonstrate synergistic effects when administered together
with fulvestrant and tamoxifen, indicating that it can handle
breast cancer that is resistant to estrogen. Apigenin exhibits
significant inhibitory activity in the breast cancer cells which
have the overexpressing of HER2/neu by inducing apoptosis
on a time and depending on the dosage system. The
compound’s capacity to modulate PI3K activity, Akt function,
and HER2/neu autophosphorylation emphasizes its future
potential as a treatment for HER2/neu-positive breast cancer.

Additionally, apigenin inhibits proliferation and stimulates
apoptosis by inducing death in breast cancer cells through
the caspase cascade, activating caspase-9 subsequently followed
by caspase-3 (Rahmani et al., 2022). Apigenin offers the
potential of utilizing transcriptome reprogramming which deals
with the aggressive and resistant treatment of triple-negative
breast cancer (TNBC). Apigenin modulates the alternative
splicing (AS) patterns. Abnormal alternative splicing (AS)
events foster the development of tumors and resistance to
cell death constitutes the characteristic features of TNBC. By
broadly reprogramming TNBC-related AS to favor isoforms
associated with cell death while sparing normal breast cells,
apigenin counteracts this through molecular interactions with
core spliceosome subunits and RNA-binding proteins (RBPs)
(Sudhakaran et al., 2023). It suppresses the two essential
enzymes, aromatase and fatty acid synthase that contribute
to the development of breast cancer. Furthermore, through
the induction of progestin, apigenin can prevent angiogenesis
by the suppression of VEGF expression. Apigenin inhibits
chemokines and inflammatory cytokines, thereby preventing
metastasis, a major cause of death from breast cancer. Also,
by inhibiting the YAP/TAZ pathway, apigenin reduces the
proliferation, migration, and stemness characteristics of TNBC
cells (Adel et al., 2022). Figure 2 denotes effect of Apigenin on
pathways and progression of Breast Cancer.

Figure 2. Effect of Apigenin on Breast Cancer

3.7. Silibinin

Silibinin is a common flavonoid present in milk thistle.
It shows many positive impacts in regulating diabetes, and
liver damage and shows anti-tumor activities. Although
its advantages are widely recognized, its precise anti-tumor
mechanism is yet to be determined. By application of network
pharmacology, many researchers looked into the mechanisms
and targets of silibinin’s cancer-treating effects. This was
supported by the experimentation on mice and adenoid cystic
carcinoma cells. Li et al.’s 2024 study provides insights into
the potential application of silibinin in the treatment of cancer
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by examining the tumor-treating mechanism of the drug for
the first time through the use of network pharmacology and
experimental validation (P. Li et al., 2024). Silibinin causes
cell cycle arrest by targeting the significant signaling pathways
involving MAPK and AKT pathways while causing much less
damage to normal cells It has been shown to interact with
tumour-suppressive microRNAs such as miR-133a, currently
however, it is unknown how precisely these interactions are
contributing to the suppression of breast cancer. Given its
impact on miR-133a and associated downstream targets, like
EGFR, silibinin may still prove to be a useful therapeutic
component but to be able to fully understand it’s effect on miR-
133a in the therapy of breast cancer, more research will need to
be done (Hossein-Tehrani et al., 2024). Silibinin is a potential
therapeutic agent for the treatment of breast cancer as it helps
regulate miRNA, causes apoptosis, and decreases the chances
of cell invasion and proliferation (Ray et al., 2024). Figure 3
denotes effect of Silibinin on Breast Cancer.

Figure 3. Effect of Silibinin on Breast Cancer.

3.8. EGCG

Epigallocatechin-3-gallate (EGCG), is a polyphenolic com-
pound that is present in green tea. It has been said to
show great levels of anti-cancerous activities and also has the
ability to regulate various signaling pathways. It has also
been observed that when EGCG is combined with other
natural and synthetic drugs, it will boost the efficiency of
traditional medicine and also reduce their side effects (M. Zhang
et al., 2007). Additionally, EGCG has demonstrated a
wide range of impacts on various essential signaling pathways
which may include phosphatidylinositol-3 kinase (PI3K) as
well as MAP kinase. Furthermore, EGCG also decreases the
escalated levels of ERK1/2 and Jak/STAT3 pathways which
are strongly related to malignant processes (Ediriweera et al.,
2017). EGCG alters signaling pathways that affect cell growth
and differentiation and inhibits the cell cycle progression.
In addition, EGCG suppresses VEGF transcription, triggers
apoptosis, and adversely affects several stages of metastasis
(Romano & Martel, 2021).

3.9. Lycopene

Lycopene a natural red pigment compound of the carotenoid
family that is present in watermelon, papaya, pink grapefruit,
and guava (Carvalho et al., 2021). The behavior of MCF-7 cells
was studied in relation to lycopene at various concentrations
and treatment times. Researchers discovered that lycopene
dramatically reduced cell growth usingMTT assays and that this
effect was connected with both dosage and exposure duration.
Notably, throughout 72 hours, a 16 mM concentration
resulted in the most noticeable decrease in cell proliferation.
Subsequently, flow cytometry was used to detect the apoptosis
and the results revealed a significant variation in the rate of
cell death between the lycopene-treated group and the control
group. The rise in apoptotic response is induced by the increased
lycopene doses which indicate a clear interrelation between the
dosage and exposure duration. Semi-quantitative mRNA level
assessment, which was also examined in this study, revealed that
cells treated with lycopene had greater levels of p53 and Bax,
both of which were associated with duration and dose in breast
cancerous cells (Peng et al., 2017).

3.10. Thymoquinone

Thymoquinone is a compound isolated mainly from black
cumin seeds. Thymoquinone shows many beneficiary effects
including antioxidant, anti-cancerous, pain-relieving, as well as
fever-reducing properties (Ali et al., 2021). The 35 derivatives
of thymoquinone showed acceptable physicochemical and
absorption properties without hepatotoxicity, which qualified
them as oral medications. Based on molecular docking against
3PP0 proteins, the derivatives of thymoquinone demonstrated
greater activity as compared to thymoquinone. TQ 15 was
the one with the greatest anticancer activity among them, as
indicated by its highly substantial negative reactive species value.
Lipophilic and steric factors were found to be essential in
determining the activity of the 35 thymoquinone derivatives
by QSPR analysis (Wulandari et al., 2021). The upregulation
of PTPRR inhibits the p38-MAPK and MAPK pathways
while downregulating Bcl-2, and upregulating the TP53, thus
enhancing apoptosis. TQ also affects PI3K/AKT, Wnt, MAPK,
and p53 which are important pathways that are necessary for
survival and the growth of cancer-causing cells. It works
in combination with paclitaxel and tamoxifen to increase
their effectiveness by inducing apoptosis and modifying tumor
suppressor genes. As TQ inhibits TGF-β and mesenchymal
indicators while restoring epithelial markers, it has anti-
metastatic characteristics that prevent the spread of cancer
(Younas et al., 2018).

3.11. 3’3‐diindolylmethane

Brussels sprouts, broccoli, cauliflower, and cabbage contain
heterocyclic and biologically active compounds like indole-
3-carbinol (I3C) and 3,3’-diindolylmethane (DIM) (Reyes-
Hernández et al., 2023). Through a variety of methods, 3,3’-
Diindolylmethane (DIM), which is produced from indole-
3-carbinol, exhibits hope in the treatment of breast cancer.
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DIM significantly reduces the growth of cancerous cells which
was proved by investigations utilizing cell lines of breast
cancer (MCF-7, BT-474, T47D, BT-20), by promoting p27kip
protein expression before the commencement of apoptosis.
DIM also modifies signaling pathways. It also reduces Akt
activity and increases p27kip transcript levels in BT-20 cells that
had Her-2 overexpression and activated Akt. These results point
to the probability of DIM as a chemopreventive drug for breast
cancer, regardless of the estrogen receptor expression or Her-2
(Z. Wang et al., 2008).

3.12. αMangostin

The fruit regarded as the ”queen of fruits,” Garcinia
mangostana Linn, contains α-mangostin, a xanthone derivative
that is isolated from its skin. In various cancers, including
those of the breast, colon, lung, pancreatic, skin, and blood,
it has demonstrated multiple anticancer capabilities (Meylina
et al., 2021). Mangosteen peel is rich in natural polyphenols
such as xanthones as well as vitamins, minerals, phosphorus,
and iron. The class of oxygenated heterocycles is made
up of the secondary metabolites of xanthones. [1,3,6,7-
tetrahydroxy-2,8-di (3-methyl-2-butenyl)] one α mangostin
metabolite found in xanthones. C24H22O6 is the chemical
formula for α mangostin (Herdiana et al., 2021). The research
by Simon examined how α-mangostin breast cancer cells, and
it revealed the dose-related reduction in cells viability, especially
in spheroid models. According to flow cytometry analysis, α-
mangostin causes MCF-7 cells to exhibit apoptosis indicated
by positive annexin-V staining, caspase activation, as well as
nuclei condensation. Myc-BCL-XL clones showed resistance
to α-mangostin-induced apoptosis, while stable MCF-7 clones
overexpressing HA-MOAP-1 showed increased susceptibility.
In MCF-7 cells, BCL-XL opposes the activation of MOAP-
1-mediated apoptosis caused by α-mangostin (Simon et al.,
2022). To improve efficacy and lessen the endometrial side
effects, a study looked at ER+ breast cancer patients being
treated with α-mangostin (AM) in addition to tamoxifen.
It prevented 4-OH-TMX-induced CCND1 overexpression
in endometrial cells and downregulated oncogenic genes
(KCNH1, CCND1, BIRC5) in breast cancer cells. These
results demonstrate AM’s potential to supplement ER+ breast
cancer therapy in a way that would improve treatment outcomes
while minimizing side effects (Vargas-Castro et al., 2023). The
molecular mechanisms of alpha mangostin are shown in the
given Figure 4.

3.13. Daidzein

As a multifunctional herbal therapy, Daidzein is a phy-
toestrogen categorized as a nonsteroidal oestrogen and a
component of the isoflavone class, cures an array of ailments
which include cancer, inflammation, and osteoporosis. Its
various therapeutic properties comprise anti-inflammatory,
antioxidant, and antihaemolytic properties. By its modulation
of oestrogen control, Daidzein exhibits preventive effects against
breast cancer. Despite its effects on oestrogen receptors, it also

safeguards nerves and the skin, reduces inflammation, combat
cancer, and reduces oxidative damage. It is naturally found in
foods based on soy, including tempeh, wheat, and maize-based
fortified supplemental flours, textured soy protein, miso, and
tofu (Magee et al., 2016). Research conducted by Kumar, V
et al., shows how Daidzein increases the level of pro-apoptotic
protein Bax by increasing the apoptosis through the intrinsic
pathway, which results in changes in mitochondrial membrane
permeability and the release of cytochrome c. This activates
caspase 3/7 and caspase 9 which leads to apoptosis (Kumar &
Chauhan, 2021).

3.14. Secoisolariciresinol

Secoisolariciresinol diglucoside, derived from flaxseed,
exhibits promising pharmaceutical effects like antioxidative
and anti-inflammatory effects. Research highlights its ability
to treat various cancers, that include lung and breast cancers,
by inducing apoptosis in cancer cells. This process involves
the reactive oxygen species (ROS) production, that causes
the potential of the mitochondrial membrane to break and
DNA damage in cells with acute lymphoblastic leukemia.
Moreover, it inhibits the cell cycle proteins to promote the
growth of breast cancer cells by upregulating p21WAF1/CIP1
and downregulating G1-phase cyclins and CDKs (Chen et al.,
2022).

3.15. Hesperetin

Citrus fruits, including grapefruits, lemons, and oranges,
are excellent sources of two flavonoid compounds hesperetin
and its aglycone, hesperidin. Pharmacological actions ranging
from cardioprotective to hepatoprotective, neuroprotective,
anti-tumor, anti-diabetic, antimicrobial, antioxidant have been
documented (Yap et al., 2021). Hesperetin works similarly
against all of these subtypes and is more effective against HER2-
positive cells because it inhibits the activity of HER2 tyrosine
kinase. In models where tumor growth is dependent on
estrogen, hesperetin also inhibits aromatase, lowering estrogen
levels. In breast cancer, both flavonoids show promise in
reducing metastasis and preserving tissue architecture (Yap et
al., 2021).

4. SOURCE AND MODE OF ACTION OF DIFFERENT
PHYTOCHEMICALS

Different phytochemicals have different sources and modes
of action, which are listed in the table below. The 2D structures
in the table have all been retrieved from PubChem. (National
Center for Biotechnology Information (NCBI), n.d.)
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Table 1
Source of Different Phytochemicals and Various cancer pathways targeted by these Phytochemicals

S.No. Phytochemical Type 2D-Structure Sources Breast Cancer Pathways affected by Phy-
tochemicals

Ref.

1. Curcumin Polyphenolic

A structure of a chemical
formulaDescription auto-
matically generated

Curcuma longa
(Turmeric)

P53, Ras, AKT, Wnt-β catenin, mTOR,
JAK/STAT, NF-kB, apoptosis-related sig-
naling pathway, ERK pathway, Bcl-2,
caspase, EMT pathway

Banerjee
and Mandal
(2022); S. Hu
et al. (2018);
Lambring et
al. (2023);
Morgan et
al. (2018);
X. Song et al.
(2019)

2. EGCG Catechin

A structure of a chemical
formulaDescription auto-
matically generated

Camellia sinensis
(Green Tea)

Wnt, MAP kinase, TGF-β, MTOR,
P53, PI3K, EGF receptor signaling path-
way, actin cytoskeleton pathway regula-
tion, JAK/STAT, insulin signaling path-
way, axon guidance pathway, cadherin
pathway, PDGF signaling pathway, notch,
NF-kB, EGFR, Ras

Morgan et
al. (2018);
Z. Wang et al.
(2008)

3. Apigenin Flavone

A structure of a chemical
formulaDescription auto-
matically generated

Petroselinum crispum
(Parsley), Apium
graveolens (celery),
Lactuca sativa (lettuce)

Estrogen signaling pathway, HER2/neu
signaling pathway, Caspase cascade
(caspase-9, caspase-3), PI3K/Akt signaling
pathway, Transcriptome reprogramming,
Alternative splicing regulation, Apoptosis
induction (intrinsic, extrinsic pathways),
p53 activation, Receptor tyrosine kinase
inhibition, Aromatase inhibition, Fatty
acid synthase suppression, Angiogenesis
inhibition (VEGF suppression),
Inflammation modulation (cytokines,
chemokines), Metastasis suppression,
YAP/TAZ pathway blockade.

Adel et al.
(2022);
Morgan et
al. (2018);
Sudhakaran
et al. (2023);
Ubaid et al.
(2023)
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4. 3,3’-
diindolylmethane

Indoles

A molecule of a chemical
structure Description
automatically generated
with medium confidence

Cruciferous vegetables In MCF10A breast cancer cells inhibit
AKT activation, induce p27kip protein
and apoptosis.

Morgan et
al. (2018);
Vargas-Castro
et al. (2023)

5. Alpha-
mangostin

Xanthonoid

A structure of a chemical
formulaDescription auto-
matically generated

Garcinia mangostana
(Mangosteen fruit)

Enhance the anti-proliferative effect of
tamoxifen, mitochondrial apoptotic path-
way.

Chen et
al. (2022);
Morgan et al.
(2018); Roy et
al. (2019)

6. Kaempferol Flavonoid

A structure of a chemical
formulaDescription auto-
matically generated

(Camellia sinensis)
Tea, (Phaseolus nanus
L.) beans, Malus spp.
(apples), and Aloe
barbadensis (aloe vera)

ERK1/2 pathway, supresses proliferation,
increases the level of gH2AX, cleave cas-
pase 3, caspase 9 and p-ATM, activates
p53, downregulates PI3K-AKT.

Lee et al.
(2023);
Morgan et
al. (2018);
Sengupta et
al. (2022);
Vasconcelos et
al. (2020)
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7. Lycopene Tetraterpene

A structure of a chemical
formulaDescription auto-
matically generated

Solanum lycopersicum
(Tomatoes), Cucumis
melo (melons).

NF-KB pathway was inhibited in HMC3
cells treated with nanoLEG.

Jang et al.
(2022);
Morgan et
al. (2018)

8. Quercetin Flavonoid

A structure of a chemical
formulaDescription auto-
matically generated

Citrus fruits, Allium
cepa L. (onions), Bras-
sica oleracea (broccoli)

Inhibit PI3K-ATK pathway which that
regulate NF-kB activity, PI3K, inhibit
AKT pathway, mTOR, STAT3

Bhat et
al. (2021);
Morgan et al.
(2018)

9. Daidzein Isoflavone

A structure of a chemical
formulaDescription auto-
matically generated

Glycine max
(Soybeans) and
soy products

Estrogen receptor modulation, inflamma-
tion modulation, antioxidant pathways.

Magee et
al. (2016);
Morgan et al.
(2018)
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10. Genistein Isoflavonoid

A structure of a chemical
formulaDescription auto-
matically generated

Soy-based edibles Wnt, supresses tyrosine kinase, modulate
hedgehog-Gle1 signaling, seizes AKT and
MEK signaling.

Morgan et al.
(2018); Shoaib
et al. (2023);
H. Zhang et al.
(2012)

11. Hesperetin Flavanone
glycoside

A structure of a chemical
formulaDescription auto-
matically generated

Citrus fruits Apoptosis induction via ROS-mediated
mitochondrial dysfunction and DNA
damage, cell cycle regulation through G1-
phase cyclin and CDK downregulation,
and p21WAF1/CIP1 upregulation

Behroozaghdam
et al. (2021);
Morgan et al.
(2018)

12. Resveratrol Stilbenes

A structure of a chemical
formulaDescription auto-
matically generated

Malus spp. (Apples),
Prunus subg (plums).

JAK/STAT pathway, STAT3 pathway,
Wnt pathway, MAPK pathway.

Kurzava
Kendall et
al. (2024);
Lubecka et
al. (2016);
Morgan et
al. (2018);
Periferakis et
al. (2022)
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13. Silibinin Flavonoid

A structure of a chemical
formulaDescription auto-
matically generated

Silybum marianum
(Milk thistle)

MAPK signaling pathway, apoptosis
induction, miRNA regulation, AKT
signaling pathway, EGFR signaling
pathway, chemo-resistance reversal,
metastasis suppression, cell cycle
regulation.

Hossein-
Tehrani et
al. (2024);
Morgan et al.
(2018); Ray
et al. (2024);
M. Zhang et
al. (2007)

14. Secoisolari-
ciresinol

Ligan

A structure of a chemical
formulaDescription auto-
matically generated

Brassica oleracea (broc-
coli)

Apoptosis induction, potential breakdown
of mitochondrial membrane, DNA dam-
age.

Morgan et al.
(2018); Yap et
al. (2021)

15. Thymoquinone Antioxidant

A black and red molecule
Description automatically
generated

Nigella sativa (Black
seeds)

TQ stimulate breast cancer cells to pacli-
taxel and reverses resistance of tamoxifen.

Morgan et al.
(2018); Younas
et al. (2018)
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Table 2
A comparative analysis of enlisted Phytochemical’s Limitations

S.NO PHYTOCHEMICAL LIMITATIONS REFERENCE

1. EGCG poor bioavailability and absorption, and unpredictable distribu-
tion in human tissues.

X. Song et al. (2019)

2. Resveratrol Rapid absorption and metabolism, poor bioavailability, and low
aqueous solubility, low potency.

Behroozaghdam et al.
(2021)

3. Curcumin poor bioavailability and absorption, may be toxic at higher doses Agarwal et al. (2023);
Silva et al. (2022)

4. Kaempferol Poor bioavailability, low water solubility, rapid metabolism Da et al. (2019)
5. Genistein Rapid metabolism, poor bioavailability, and low aqueous solubil-

ity
Emerich and Thanos
(2006); Ferrado et al.
(2023)

6. Quercetin Poor solubility and bioavailability, rapid metabolism H. Zhang et al. (2012)
7. Lycopene Poor absorption, Lack of vitamin A activity, van Breemen (2019)
8. α mangostin high frequency of adverse effects, restricted efficacy, multidrug

resistance, and extreme toxicity to developing healthy cells
Herdiana et al. (2021)

9. Thymoquinone Poor bioavailability, low water solubility, rapid metabolism Chehl et al. (2009);
Kundu et al. (2014)

10. Apigenin Poor bioavailability, dose-dependent effect Patel and Patel (2015);
Shukla and Gupta
(2010)

11. Hesperetin poor bioavailability and rapid metabolism, lack sufficient selectiv-
ity for cancer cells over normal cells

Russo et al. (2020);
Y. Song et al. (2020)

12. Silibinin Poor bioavailability and pharmacokinetic properties limit its
efficacy, poor solubility, rapid metabolism

Kaur et al. (2020); Ting
and Jiang (2020)

13. Secoisolariciresinol variable bioavailability, metabolism differences among individuals Bergamo and Goglia
(2021)

14. Daidzein poor bioavailability and undergoes extensive metabolism in the
body

Magee et al. (2016)

15. 3,3’-diindolylmethane Complex metabolism and variability Fan et al. (2021)

5. CONCLUSION

Concerning data on the mortality rate from cancer especially
breast cancer highlights the urgency of searching for novel
and efficient therapeutic approaches. This review reveals
the pathways by which phytochemicals affect breast cancer
biology and includes them in therapeutic approaches that may
enhance patient outcomes and contribute to the goals outlined
in the Sustainable Development Goal 3 of the United
Nation’s goals. The natural compounds reviewed here, which
include curcumin, apigenin, genistein, quercetin, resveratrol,
kaempferol, hesperitin, and others offer promising potential
therapeutics for breast cancer. The anti-cancer capabilities
of every compound have been attributed to their distinctive
mechanisms of action. Curcumin and EGCG, for instance,
modulate several signaling pathways, that include NF-�B and
MAPK, which have significance for the survival and growth
of cancerous cells. Through the production of oxidative stress
and disruption of the cell cycle, resveratrol and quercetin
inhibit the growth of cancerous cells, correspondingly. Through
the production of oxidative stress and disruption of the cell

cycle, resveratrol and quercetin inhibit the growth of cancerous
cells, correspondingly. By the stimulation of apoptosis and
controlling the cell cycle progression, apigenin and DIM shows
a particular potential in targeting hormone receptor-positive
and triple-negative breast cancer cells. In compounds like α-
mangostin and silibinin, apoptosis can be induced through
mitochondrial pathways which helps to overcome the drug
resistance. These organic substances help in promoting universal
health care and well-being for cancer treatment by showing
therapeutic and preventive effects.

CONFLICTS OF INTEREST

The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTIONS

DP conducted initial research, data collection, manuscript
drafting, and drawing the figures.

MEP contributed to data analysis and data interpretation.
VJU contributed to manuscript editing.

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 339–353 | 349



D. Pal et al View Article Online

PS conceptualised the study, supervised the manuscript
writing process, figures, and contributed to the critical review
of the manuscript.

All authors read and approved the final manuscript.

ORCID

Dipika Pal 0009-0000-1203-0897

Pallavi Singh 0000-0003-4537-4607

Madhulika Esther Prasad 0000-0002-8862-3557

Vijay Jagdish Upadhye 0000-0002-8821-1720

REFERENCES

Adel, M., Zahmatkeshan, M., Akbarzadeh, A., Rabiee, N., Ahmadi, S.,
Keyhanvar, P., Rezayat, S.M., Seifalian, A.M., 2022. Chemothera-
peutic effects of apigenin in breast cancer: Preclinical evidence and
molecular mechanisms; enhanced bioavailability by nanoparticles.
Biotechnology reports (Amsterdam, Netherlands). 34, e00730.
https://doi.org/10.1016/j.btre.2022.e00730

Agarwal, V., Gaur, P., Mohanty, S., 2023. Clinical effects of curcumin
in enhancing cancer therapy: A systematic review. BMC Cancer.
https://doi.org/10.1186/s12885-023-11032-6

Ali, M.Y., Akter, Z., Mei, Z., Zheng, M., Tania, M., Khan, M.A.,
2021.Thymoquinone in autoimmune diseases: Therapeutic potential
and molecular mechanisms. Biomedicine & pharmacotherapy =
Biomedecine & pharmacotherapie. 134, 111157. https://doi.org/10
.1016/j.biopha.2020.111157

Arnold, M., Morgan, E., Rumgay, H., Mafra, A., Singh, D., Laver-
sanne, M., Vignat, J., Gralow, J.R., Cardoso, F., Siesling, S.,
Soerjomataram, I., 2022. Current and future burden of breast cancer:
Global statistics for 2020 and 2040. Breast (Edinburgh, Scotland). 66,
15-23. https://doi.org/10.1016/j.breast.2022.08.010

Banerjee, S., Mandal, A.K.A., 2022. Role of epigallocatechin-3-gallate
in the regulation of known and novel micrornas in breast carcinoma
cells. Frontiers in genetics. 13, 995046. https://doi.org/10.3389/fgene
.2022.995046

Behroozaghdam, M., Dehghani, M., Hashemi, M., Zabolian, A.,
Kamali, D., Javanshir, S., Hasani Sadi, F., 2021. Resveratrol in breast
cancer treatment: From cellular effects to molecular mechanisms of
action. Cellular and Molecular Life Sciences. 78, 761-778. https://
doi.org/10.1007/s00018-020-03520-1

Bergamo, P., Goglia, P.R., 2021. Secoisolariciresinol diglucoside (sdg)
from flaxseed as a potential preventive and therapeutic agent in breast
cancer: Insights from recent studies. Cancer Treatment and Research
Communications. 28, 100443. https://doi.org/10.1016/j.ctarc.2021
.100443

Bhat, S.S., Prasad, S.K., Shivamallu, C., Prasad, K.S., Syed, A., Reddy, P.,
Cull, C.A., Amachawadi, R.G., 2021. Genistein: A potent anti-breast
cancer agent. Current issues in molecular biology. 43(3), 1502-1517.
https://doi.org/10.3390/cimb43030106

Bimonte, S., Cascella, M., Barbieri, A., Arra, C., Cuomo, A., 2020.
Current shreds of evidence on the anticancer role of egcg in triple
negative breast cancer: an update of the current state of knowledge.
Infectious agents and cancer. 15, 2. https://doi.org/10.1186/s13027
-020-0270-5

Bray, F., Laversanne, M., Cao, B., Varghese, C., Mikkelsen, B.,
Weiderpass, E., Soerjomataram, I., 2021. Comparing cancer and
cardiovascular disease trends in 20 middle- or high-income countries
2000-19: A pointer to national trajectories towards achieving

sustainable development goal target 3.4. Cancer treatment reviews.
100, 102290. https://doi.org/10.1016/j.ctrv.2021.102290

Carvalho, G.C., Sábio, R.M., Chorilli, M., 2021. An overview of prop-
erties and analytical methods for lycopene in organic nanocarriers.
Critical reviews in analytical chemistry. 51(7), 674-686. https://doi
.org/10.1080/10408347.2020.1763774

Cazzaniga, M., Bonanni, B., 2012. Breast cancer chemoprevention: old
and new approaches. Journal of biomedicine & biotechnology. 2012,
985620. https://doi.org/10.1155/2012/985620

Chehl, N., Chipitsyna, G., Gong, Q., Yeo, C.J., 2009. Molecular
targets of dietary agents for prevention and therapy of cancer.
Biochemical Pharmacology. 78(10), 1179-1184. https://doi.org/10
.1016/j.bcp.2009.06.039

Chen, T., Wang, Z., Zhong, J., Zhang, L., Zhang, H., Zhang, D.,
Xu, X., Zhong, X., Wang, J., Li, H., 2022. Secoisolariciresinol
diglucoside induces pyroptosis by activating caspase-1 to cleave gsdmd
in colorectal cancer cells. Drug development research. 83(5), 1152-
1166. https://doi.org/10.1002/ddr.21939

Da, J., Xu, M., Wang, Y., Li, W., Lu, M., Wang, Z., 2019.
Kaempferol promotes apoptosis while inhibiting cell proliferation via
androgen-dependent pathway and suppressing vasculogenic mimicry
and invasion in prostate cancer. Analytical Cellular Pathology. 2019,
1-10. https://doi.org/10.1155/2019/1

Dei Cas, M., Ghidoni, R., 2019. Dietary curcumin: Correlation between
bioavailability and health potential. Nutrients. 11(9), 2147. https://
doi.org/10.3390/nu11092147

Ediriweera, M.K., Tennekoon, K.H., Samarakoon, S.R., Thabrew, I., de
Silva, E.D., 2017. Protective effects of six selected dietary compounds
against leptin-induced proliferation of oestrogen receptor positive
(mcf-7) breast cancer cells. Medicines (Basel, Switzerland). 4(3), 56.
https://doi.org/10.3390/medicines4030056

Emerich, D.F., Thanos, C.G., 2006. The pinpoint promise of
nanoparticle-based drug delivery and molecular diagnosis. Biomolec-
ular Engineering. 23(4), 171-184. https://doi.org/10.1016/j.bioeng
.2006.05.026

Fan, J., Meng, Q., Guo, D., Wang, W., Yu, M., Zhang, X., Fang, J.,
2021. 3,3�-diindolylmethane and cancer therapy: Preclinical and
clinical progress, molecular mechanisms and future perspectives.
Expert Opinion on Investigational Drugs. 30(6), 573-586. https://
doi.org/10.1080/13543784.2021.1918102

Ferrado, J.B., Perez, A.A., Menegon, M., 2023. Pegylation of genistein-
loaded bovine serum albumin nanoparticles and its effect on in vitro
cell viability and genotoxicity properties. Colloids and Surfaces B:
Biointerfaces. 222, 113082. https://doi.org/10.1016/j.colsurfb.2022
.113082

Frieden, T.R., Cobb, L.K., Leidig, R.C., Mehta, S., Kass, D.,
2020. Reducing premature mortality from cardiovascular and other
non-communicable diseases by one third: Achieving sustainable
development goal indicator 3.4.1. Global heart. 15(1), 50. https://
doi.org/10.5334/gh.531

Herdiana, Y., Wathoni, N., Shamsuddin, S., Muchtaridi, M., 2021.
α-mangostin nanoparticles cytotoxicity and cell death modalities in
breast cancer cell lines. Molecules (Basel, Switzerland). 26(17), 5119.
https://doi.org/10.3390/molecules26175119

Hossein-Tehrani, M., Abbasalipourkabir, R., Ziamajidi, N., 2024. The
role of mir-133a in silibinin-mediated inhibition of the pi3k/akt/mtor
pathway in mcf-7 breast carcinoma cells. Molecular biology research
communications. 13(2), 79-83. https://doi.org/10.22099/MBRC
.2024.48818.1903

Hu, G., Liu, H., Wang, M., Peng, W., 2019. Iq motif containing gtpase-
activating protein 3 (iqgap3) inhibits kaempferol-induced apoptosis
in breast cancer cells by extracellular signal-regulated kinases 1/2

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 339–353 | 350

https://doi.org/10.1016/j.btre.2022.e00730
https://doi.org/10.1186/s12885-023-11032-6
https://doi.org/10.1016/j.biopha.2020.111157
https://doi.org/10.1016/j.biopha.2020.111157
https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.3389/fgene.2022.995046
https://doi.org/10.3389/fgene.2022.995046
https://doi.org/10.1007/s00018-020-03520-1
https://doi.org/10.1007/s00018-020-03520-1
https://doi.org/10.1016/j.ctarc.2021.100443
https://doi.org/10.1016/j.ctarc.2021.100443
https://doi.org/10.3390/cimb43030106
https://doi.org/10.1186/s13027-020-0270-5
https://doi.org/10.1186/s13027-020-0270-5
https://doi.org/10.1016/j.ctrv.2021.102290
https://doi.org/10.1080/10408347.2020.1763774
https://doi.org/10.1080/10408347.2020.1763774
https://doi.org/10.1155/2012/985620
https://doi.org/10.1016/j.bcp.2009.06.039
https://doi.org/10.1016/j.bcp.2009.06.039
https://doi.org/10.1002/ddr.21939
https://doi.org/10.1155/2019/1
https://doi.org/10.3390/nu11092147
https://doi.org/10.3390/nu11092147
https://doi.org/10.3390/medicines4030056
https://doi.org/10.1016/j.bioeng.2006.05.026
https://doi.org/10.1016/j.bioeng.2006.05.026
https://doi.org/10.1080/13543784.2021.1918102
https://doi.org/10.1080/13543784.2021.1918102
https://doi.org/10.1016/j.colsurfb.2022.113082
https://doi.org/10.1016/j.colsurfb.2022.113082
https://doi.org/10.5334/gh.531
https://doi.org/10.5334/gh.531
https://doi.org/10.3390/molecules26175119
https://doi.org/10.22099/MBRC.2024.48818.1903
https://doi.org/10.22099/MBRC.2024.48818.1903


D. Pal et al View Article Online

(erk1/2) signaling activation.Medical ScienceMonitor : International
Medical Journal of Experimental and Clinical Research. 25, 7666-
7674. https://doi.org/10.12659/MSM.915642

Hu, S., Xu, Y., Meng, L., Huang, L., Sun, H., 2018. Curcumin
inhibits proliferation and promotes apoptosis of breast cancer cells.
Experimental and therapeutic medicine. 16(2), 1266-1272. https://
doi.org/10.3892/etm.2018.6345

Hussein, R.A., El-Anssary, A.A., 2019. Plants Secondary Metabolites:
The Key Drivers of the Pharmacological Actions of Medicinal Plants,.
IntechOpen, p. 11-30. https://doi.org/10.5772/intechopen.76139

Imran, M., Salehi, B., Sharifi-Rad, J., Aslam Gondal, T., Saeed, F.,
Imran, A., Shahbaz, M., Tsouh Fokou, P.V., Umair Arshad, M.,
Khan, H., Guerreiro, S.G., Martins, N., Estevinho, L.M.,
2019. Kaempferol: A key emphasis to its anticancer potential.
Molecules (Basel, Switzerland). 24(12), 2277. https://doi.org/10
.3390/molecules24122277

Jang, W.Y., Kim, M.Y., Cho, J.Y., 2022. Antioxidant, anti-inflammatory,
anti-menopausal, and anti-cancer effects of lignans and their metabo-
lites. International journal of molecular sciences. 23(24), 15482.
https://doi.org/10.3390/ijms232415482

Jiang, H., Fan, J., Cheng, L., Hu, P., Liu, R., 2018. The anticancer
activity of genistein is increased in estrogen receptor beta 1-positive
breast cancer cells. OncoTargets and therapy. 11, 8153-8163. https://
doi.org/10.2147/OTT.S182239

Kaur, R., Kaur, M., Singh, J., 2020. Limitations of silibinin in breast
cancer: Insights from recent studies. Frontiers in Pharmacology. 11,
586448. https://doi.org/10.3389/fphar.2020.586448

Kohandel, Z., Farkhondeh, T., Aschner, M., Pourbagher-Shahri, A.M.,
Samarghandian, S., 2021. Stat3 pathway as a molecular target for
resveratrol in breast cancer treatment. Cancer cell international. 21(1),
468. https://doi.org/10.1186/s12935-021-02179-1

Kumar, V., Chauhan, S.S., 2021. Daidzein induces intrinsic pathway
of apoptosis along with er �/� ratio alteration and ros production.
Asian Pacific journal of cancer prevention : APJCP. 22(2), 603-610.
https://doi.org/10.31557/APJCP.2021.22.2.603

Kundu, J., Chun, K.S., Aruoma, O.I., 2014. Potential for therapeutic
use of hydrogen sulfide in oxidative stress-induced neurodegenerative
diseases. International Journal of Medical Sciences. 11(5), 553-559.
https://doi.org/10.7150/ijms.8431

Kurzava Kendall, L., Ma, Y., Yang, T., Lubecka, K., Stefanska, B.,
2024. Epigenetic effects of resveratrol on oncogenic signaling in breast
cancer. Nutrients. 16(5), 699. https://doi.org/10.3390/nu16050699

Lambring, C.B., Chen, L., Nelson, C., Stevens, A., Bratcher, W.,
Basha, R., 2023. Oxidative stress and cancer: Harnessing the
therapeutic potential of curcumin and analogues against cancer.
European journal of biology. 82(2), 317-325. https://doi.org/10
.26650/eurjbiol.2023.1348427

Lee, I.G., Lee, J., Hong, S.H., Seo, Y.J., 2023. Apigenin’s therapeutic
potential against viral infection. Frontiers in bioscience (Landmark
edition). 28(10), 237. https://doi.org/10.31083/j.fbl2810237

Li, C., Xu, Y., Zhang, J., Zhang, Y., He, W., Ju, J., Wu, Y., Wang, Y.,
2023. The effect of resveratrol, curcumin and quercetin combination
on immuno-suppression of tumor microenvironment for breast
tumor-bearing mice. Scientific reports. 13(1), 13278. https://doi.org/
10.1038/s41598-023-39279-z

Li, P., Wang, D., Yang, X., Liu, C., Li, X., Zhang, X., Liu, K.,
Zhang, Y., Zhang, M., Wang, C., Wang, R., 2024. Anti-tumor
activity and mechanism of silibinin based on network pharmacology
and experimental verification. Molecules (Basel, Switzerland). 29(8),
1901. https://doi.org/10.3390/molecules29081901

Lubecka, K., Kurzava, L., Flower, K., Buvala, H., Zhang, H., Teegar-
den, D., Camarillo, I., Suderman, M., Kuang, S., Andrisani, O.,

Flanagan, J.M., Stefanska, B., 2016. Stilbenoids remodel the dna
methylation patterns in breast cancer cells and inhibit oncogenic
notch signaling through epigenetic regulation of maml2 transcrip-
tional activity. Carcinogenesis. 37(7), 656-668. https://doi.org/10
.1093/carcin/bgw048

Magee, P.J., Allsopp, P., Samaletdin, A., Rowland, I.R., 2016. Daidzein,
r-(+)equol and s-(−)equol inhibit the invasion of mda-mb-231
breast cancer cells potentially via the down-regulation of matrix
metalloproteinase-2. European Journal of Nutrition. 55(2), 713-722.
https://doi.org/10.1007/s00394-015-0903-y

Maugeri, A., Calderaro, A., Patanè, G.T., Navarra, M., Barreca, D.,
Cirmi, S., Felice, M.R., 2023. Targets involved in the anti-
cancer activity of quercetin in breast, colorectal and liver neoplasms.
International journal of molecular sciences. 24(3), 2952. https://doi
.org/10.3390/ijms24032952

Mazurakova, A., Koklesova, L., Samec, M., Kudela, E., Kajo, K.,
Skuciova, V., Csizmár, S.H., Mestanova, V., Pec, M., Adamkov, M.,
Al-Ishaq, R.K., Smejkal, K., Giordano, F.A., Büsselberg, D.,
Biringer, K., Golubnitschaja, O., Kubatka, P., 2022. Anti-breast
cancer effects of phytochemicals: primary, secondary, and tertiary
care. The EPMA journal. 13(2), 315-334. https://doi.org/10.1007/
s13167-022-00277-2

Meng, T., Xiao, D., Muhammed, A., Deng, J., Chen, L., He, J.,
2021. Anti-inflammatory action and mechanisms of resveratrol.
Molecules (Basel, Switzerland). 26(1), 229. https://doi.org/10.3390/
molecules26010229

Meylina, L., Muchtaridi, M., Joni, I.M., Mohammed, A.F.A.,
Wathoni, N., 2021. Nanoformulations of �-mangostin for
cancer drug delivery system. Pharmaceutics. 13(12), 1993.
https://doi.org/10.3390/pharmaceutics13121993

Mishra, A.P., Swetanshu, Singh, P., Yadav, S., Nigam, M., Seidel, V.,
Rodrigues, C.F., 2023. Role of the dietary phytochemical curcumin in
targeting cancer cell signalling pathways. Plants (Basel, Switzerland).
12(9), 1782. https://doi.org/10.3390/plants12091782

Morgan, G.W., Foster, K., Healy, B., Opie, C., Huynh, V., 2018. Improv-
ing health and cancer services in low-resource countries to attain
the sustainable development goals target 3.4 for noncommunicable
diseases. Journal of global oncology. 4, 1-11. https://doi.org/10.1200/
JGO.18.00185

Mosieniak, G., Adamowicz, M., Alster, O., Jaskowiak, H.,
Szczepankiewicz, A.A., Wilczynski, G.M., Ciechomska, I.A.,
Sikora, E., 2012. Curcumin induces permanent growth arrest
of human colon cancer cells: link between senescence and
autophagy. Mechanisms of ageing and development. 133(6),
444-455. https://doi.org/10.1016/j.mad.2012.05.004

Murthy, S.S., Trapani, D., Cao, B., Bray, F., Murthy, S., Kingham, T.P.,
Are, C., Ilbawi, A.M., 2024. Premature mortality trends in 183
countries by cancer type, sex, who region, and world bank income
level in 2000-19: a retrospective, cross-sectional, population-based
study. The Lancet. Oncology. 25(8), 969-978. https://doi.org/10
.1016/S1470-2045(24)00274-2

National Center for Biotechnology Information (NCBI)., n.d.. PubChem.
https://pubchem.ncbi.nlm.nih.gov/ Accessed: [insert date if avail-
able].

Patel, D., Patel, K., 2015. Apigenin and cancer chemoprevention:
Progress, potential and promise (review). International Journal of
Oncology. 46(2), 743-755. https://doi.org/10.3892/ijo.2014.2757

Peng, S.J., Li, J., Zhou, Y., Tuo, M., Qin, X.X., Yu, Q., Cheng, H.,
Li, Y.M., 2017. In vitro effects and mechanisms of lycopene in mcf-7
human breast cancer cells. Genetics and molecular research : GMR.
16(2). https://doi.org/10.4238/gmr16029434

Pereira, M., Camanho, A., Marques, R., Figueira, J., 2021. The

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 339–353 | 351

https://doi.org/10.12659/MSM.915642
https://doi.org/10.3892/etm.2018.6345
https://doi.org/10.3892/etm.2018.6345
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.3390/molecules24122277
https://doi.org/10.3390/molecules24122277
https://doi.org/10.3390/ijms232415482
https://doi.org/10.2147/OTT.S182239
https://doi.org/10.2147/OTT.S182239
https://doi.org/10.3389/fphar.2020.586448
https://doi.org/10.1186/s12935-021-02179-1
https://doi.org/10.31557/APJCP.2021.22.2.603
https://doi.org/10.7150/ijms.8431
https://doi.org/10.3390/nu16050699
https://doi.org/10.26650/eurjbiol.2023.1348427
https://doi.org/10.26650/eurjbiol.2023.1348427
https://doi.org/10.31083/j.fbl2810237
https://doi.org/10.1038/s41598-023-39279-z
https://doi.org/10.1038/s41598-023-39279-z
https://doi.org/10.3390/molecules29081901
https://doi.org/10.1093/carcin/bgw048
https://doi.org/10.1093/carcin/bgw048
https://doi.org/10.1007/s00394-015-0903-y
https://doi.org/10.3390/ijms24032952
https://doi.org/10.3390/ijms24032952
https://doi.org/10.1007/s13167-022-00277-2
https://doi.org/10.1007/s13167-022-00277-2
https://doi.org/10.3390/molecules26010229
https://doi.org/10.3390/molecules26010229
https://doi.org/10.3390/pharmaceutics13121993
https://doi.org/10.3390/plants12091782
https://doi.org/10.1200/JGO.18.00185
https://doi.org/10.1200/JGO.18.00185
https://doi.org/10.1016/j.mad.2012.05.004
https://doi.org/10.1016/S1470-2045(24)00274-2
https://doi.org/10.1016/S1470-2045(24)00274-2
https://pubchem.ncbi.nlm.nih.gov/
https://doi.org/10.3892/ijo.2014.2757
https://doi.org/10.4238/gmr16029434


D. Pal et al View Article Online

convergence of the world health organization member states regarding
the united nations’ sustainable development goal ‘good health and
well-being’. Omega-international Journal of Management Science.
104, 102495. http://dx.doi.org/10.1016/j.omega.2021.102495

Periferakis, A., Periferakis, K., Badarau, I.A., Petran, E.M.,
Popa, D.C., Caruntu, A., Costache, R.S., Scheau, C.,
Caruntu, C., Costache, D.O., 2022. Kaempferol: Antimicrobial
properties, sources, clinical, and traditional applications.
International journal of molecular sciences. 23(23), 15054.
https://doi.org/10.3390/ijms232315054

Rahmani, A.H., Alsahli, M.A., Almatroudi, A., Almogbel, M.A.,
Khan, A.A., Anwar, S., Almatroodi, S.A., 2022. The potential
role of apigenin in cancer prevention and treatment. Molecules
(Basel, Switzerland). 27(18), 6051. https://doi.org/10.3390/
molecules27186051

Ramani, V.K., Jayanna, K., Naik, R., 2023. A commentary on cancer
prevention and control in india: Priorities for realizing sdgs. Health
science reports. 6(2), e1126. https://doi.org/10.1002/hsr2.1126

Ray, P.P., Islam, M.A., Islam, M.S., Han, A., Geng, P., Aziz, M.A.,
Mamun, A.A., 2024. A comprehensive evaluation of the therapeutic
potential of silibinin: a ray of hope in cancer treatment. Frontiers
in pharmacology. 15, 1349745. https://doi.org/10.3389/fphar.2024
.1349745

Ren, B., Kwah, M.X., Liu, C., Ma, Z., Shanmugam, M.K., Ding, L.,
Xiang, X., Ho, P.C., Wang, L., Ong, P.S., Goh, B.C., 2021.
Resveratrol for cancer therapy: Challenges and future perspectives.
Cancer letters. 515, 63-72. https://doi.org/10.1016/j.canlet.2021.05
.001

Reyes-Hernández, O.D., Figueroa-González, G., Quintas-Granados, L.I.,
Gutiérrez-Ruíz, S.C., Hernández-Parra, H., Romero-Montero, A.,
Del Prado-Audelo, M.L., Bernal-Chavez, S.A., Cortés, H., Peña-
Corona, S.I., Kiyekbayeva, L., Ateşşahin, D.A., Goloshvili, T.,
Leyva-Gómez, G., Sharifi-Rad, J., 2023. 3,3’-diindolylmethane
and indole-3-carbinol: potential therapeutic molecules for cancer
chemoprevention and treatment via regulating cellular signaling
pathways. Cancer cell international. 23(1), 180. https://doi.org/10
.1186/s12935-023-03031-4

Romano, A., Martel, F., 2021.The role of egcg in breast cancer prevention
and therapy. Mini reviews in medicinal chemistry. 21(7), 883-898.
https://doi.org/10.2174/1389557520999201211194445

Roy, R., Hahm, E.R., White, A.G., Anderson, C.J., Singh, S.V., 2019.
Akt-dependent sugar addiction by benzyl isothiocyanate in breast
cancer cells. Molecular carcinogenesis. 58(6), 996-1007. https://doi
.org/10.1002/mc.22988

Russo, M., Milito, A., Spagnuolo, C., 2020. Dietary flavonoids
in cancer therapy and prevention: Substrates and inhibitors of
cytochrome p450 enzymes involved in drug metabolism. Cur-
rent Drug Metabolism. 21(10), 749-762. https://doi.org/10.2174/
138920022166621082611513

Sengupta, B., Biswas, P., Roy, D., Lovett, J., Simington, L.,
Fry, D.R., Travis, K., 2022. Anticancer properties of kaempferol
on cellular signaling pathways. Current topics in medicinal
chemistry. 22(30), 2474-2482. https://doi.org/10.2174/
1568026622666220907112822

Shafabakhsh, R., Asemi, Z., 2019. Quercetin: a natural compound
for ovarian cancer treatment. Journal of ovarian research. 12(1), 55.
https://doi.org/10.1186/s13048-019-0530-4

Shoaib, S., Khan, F.B., Alsharif, M.A., Malik, M.S., Ahmed, S.A.,
Jamous, Y.F., Uddin, S., Tan, C.S., Ardianto, C., Tufail, S.,
Ming, L.C., Yusuf, N., Islam, N., 2023. Reviewing the prospective
pharmacological potential of isothiocyanates in fight against female-
specific cancers. Cancers. 15(8), 2390. https://doi.org/10.3390/

cancers15082390
Shukla, S., Gupta, S., 2010. Apigenin: A promising molecule for cancer

prevention. Pharmaceutical Research. 27(6), 962-978. https://doi
.org/10.1007/s11095-010-0089-7

Silva, M.A.M., Oliveira, M.C., Santos, R., 2022. Antitumor properties
of curcumin in breast cancer based on preclinical studies: A
systematic review. Cancers. 14(9), 2165. https://doi.org/10.3390/
cancers14092165

Simon, S.E., Lim, H.S., Jayakumar, F.A., Tan, E.W., Tan, K.O.,
2022. Alpha-mangostin activates moap-1 tumor suppressor and
mitochondrial signaling inmcf-7 human breast cancer cells. Evidence-
based complementary and alternative medicine : eCAM. 2022,
7548191. https://doi.org/10.1155/2022/7548191

Sohel, M., Aktar, S., Biswas, P., Amin, M.A., Hossain, M.A., Ahmed, N.,
Mim, M.I.H., Islam, F., Mamun, A.A., 2023. Exploring the anti-
cancer potential of dietary phytochemicals for the patients with breast
cancer: A comprehensive review. Cancer medicine. 12(13), 14556-
14583. https://doi.org/10.1002/cam4.5984

Song, X., Zhang, M., Dai, E., Luo, Y., 2019. Molecular targets of
curcumin in breast cancer (review). Molecular medicine reports.
19(1), 23-29. https://doi.org/10.3892/mmr.2018.9665

Song, Y., Feng, T., Zhang, Q., 2020. Hesperetin derivatives: synthesis
and anticancer activities. European Journal of Medicinal Chemistry.
188, 112020. https://doi.org/10.1016/j.ejmech.2019.112020

Sudhakaran, M., Navarrete, T.G., Mejía-Guerra, K., Mukundi, E.,
Eubank, T.D., Grotewold, E., Arango, D., Doseff, A.I., 2023.
Transcriptome reprogramming through alternative splicing triggered
by apigenin drives cell death in triple-negative breast cancer. Cell
death & disease. 14(12), 824. https://doi.org/10.1038/s41419-023
-06342-6

Ting, Y., Jiang, Y., 2020. Challenges and limitations of silibinin in
breast cancer therapy: Insights from molecular mechanisms and
clinical trials. Pharmaceuticals. 13(10), 297. https://doi.org/10.3390/
ph13100297

Tuli, H.S., Tuorkey, M.J., Thakral, F., Sak, K., Kumar, M., Sharma, A.K.,
Sharma, U., Jain, A., Aggarwal, V., Bishayee, A., 2019. Molecular
mechanisms of action of genistein in cancer: Recent advances.
Frontiers in pharmacology. 10, 1336. https://doi.org/10.3389/fphar
.2019.01336

Ubaid, M., Salauddin, Shadani, M.A., Kawish, S.M., Albratty, M.,
Makeen,H.A., Alhazmi,H.A., Najmi, A., Zoghebi, K., Halawi,M.A.,
Ali, A., Alam, M.S., Iqbal, Z., Mirza, M.A., 2023. Daidzein from
dietary supplement to a drug candidate: An evaluation of potential.
ACS omega. 8(36), 32271-32293. https://doi.org/10.1021/acsomega
.3c03741

van Breemen, R.B., 2019. Development of effective cancer chemo-
preventive agents: A perspective from the nci’s cancer prevention
research program. Pharmaceuticals. 12(1), 36. https://doi.org/10
.3390/ph12010036

Vargas-Castro, R., García-Becerra, R., Díaz, L., Avila, E., Ordaz-
Rosado, D., Bernadez-Vallejo, S.V., Cano-Colín, S., Camacho, J.,
Larrea, F., García-Quiroz, J., 2023. Enhancing tamoxifen therapy
with �-mangostin: Synergistic antiproliferative effects on breast can-
cer cells and potential reduced endometrial impact. Pharmaceuticals.
16(11), 1576. https://doi.org/10.3390/ph16111576

Vasconcelos, A.G., Valim, M.O., Amorim, A.G.N., do Amaral, C.P.,
de Almeida, M.P., Borges, T.K.S., Socodato, R., Portugal, C.C.,
Brand, G.D., Mattos, J.S.C., Relvas, J., Plácido, A., Eaton, P.,
Ramos, D.A.R., Kückelhaus, S.A.S., Leite, J.R.S.A., 2020. Cytotoxic
activity of poly-�-caprolactone lipid-core nanocapsules loaded with
lycopene-rich extract from red guava (psidium guajava l.) on breast
cancer cells. Food research international. 136, 109548. https://doi

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 339–353 | 352

http://dx.doi.org/10.1016/j.omega.2021.102495
https://doi.org/10.3390/ijms232315054
https://doi.org/10.3390/molecules27186051
https://doi.org/10.3390/molecules27186051
https://doi.org/10.1002/hsr2.1126
https://doi.org/10.3389/fphar.2024.1349745
https://doi.org/10.3389/fphar.2024.1349745
https://doi.org/10.1016/j.canlet.2021.05.001
https://doi.org/10.1016/j.canlet.2021.05.001
https://doi.org/10.1186/s12935-023-03031-4
https://doi.org/10.1186/s12935-023-03031-4
https://doi.org/10.2174/1389557520999201211194445
https://doi.org/10.1002/mc.22988
https://doi.org/10.1002/mc.22988
https://doi.org/10.2174/138920022166621082611513
https://doi.org/10.2174/138920022166621082611513
https://doi.org/10.2174/1568026622666220907112822
https://doi.org/10.2174/1568026622666220907112822
https://doi.org/10.1186/s13048-019-0530-4
https://doi.org/10.3390/cancers15082390
https://doi.org/10.3390/cancers15082390
https://doi.org/10.1007/s11095-010-0089-7
https://doi.org/10.1007/s11095-010-0089-7
https://doi.org/10.3390/cancers14092165
https://doi.org/10.3390/cancers14092165
https://doi.org/10.1155/2022/7548191
https://doi.org/10.1002/cam4.5984
https://doi.org/10.3892/mmr.2018.9665
https://doi.org/10.1016/j.ejmech.2019.112020
https://doi.org/10.1038/s41419-023-06342-6
https://doi.org/10.1038/s41419-023-06342-6
https://doi.org/10.3390/ph13100297
https://doi.org/10.3390/ph13100297
https://doi.org/10.3389/fphar.2019.01336
https://doi.org/10.3389/fphar.2019.01336
https://doi.org/10.1021/acsomega.3c03741
https://doi.org/10.1021/acsomega.3c03741
https://doi.org/10.3390/ph12010036
https://doi.org/10.3390/ph12010036
https://doi.org/10.3390/ph16111576
https://doi.org/10.1016/j.foodres.2020.109548
https://doi.org/10.1016/j.foodres.2020.109548


D. Pal et al View Article Online

.org/10.1016/j.foodres.2020.109548
Wang, X., Yang, Y., An, Y., Fang, G., 2019. The mechanism of anticancer

action and potential clinical use of kaempferol in the treatment
of breast cancer. Biomedicine & pharmacotherapy. 117, 109086.
https://doi.org/10.1016/j.biopha.2019.109086

Wang, Z., Yu, B.W., Rahman, K.M., Ahmad, F., Sarkar, F.H., 2008.
Induction of growth arrest and apoptosis in human breast cancer
cells by 3,3-diindolylmethane is associated with induction and nuclear
localization of p27kip. Molecular cancer therapeutics. 7(2), 341-349.
https://doi.org/10.1158/1535-7163.MCT-07-0476

Wink, M., 2015. Modes of action of herbal medicines and plant secondary
metabolites. Medicines (Basel, Switzerland). 2(3), 251-286. https://
doi.org/10.3390/medicines2030251

Wulandari, A.A., Choiri, A.A., Fitria, Widiandani, T., 2021. Thymo-
quinone and its derivatives against breast cancer with her2 positive:
in silico studies of admet, docking and qspr. Journal of basic and
clinical physiology and pharmacology. 32(4), 393-401. https://doi
.org/10.1515/jbcpp-2020-0431

Yap, K.M., Sekar, M., Wu, Y.S., Gan, S.H., Rani, N.N.I.M., Seow, L.J.,
Subramaniyan, V., Fuloria, N.K., Fuloria, S., Lum, P.T., 2021.
Hesperidin and its aglycone hesperetin in breast cancer therapy: A
review of recent developments and future prospects. Saudi journal
of biological sciences. 28(12), 6730-6747. https://doi.org/10.1016/
j.sjbs.2021.07.046

Yi, X., Zuo, J., Tan, C., Xian, S., Luo, C., Chen, S., Yu, L., Luo, Y., 2016.
Kaempferol, a flavonoid compound from gynura medica induced

apoptosis and growth inhibition in mcf-7 breast cancer cell. African
journal of traditional, complementary, and alternative medicines :
AJTCAM. 13(4), 210-215. https://doi.org/10.21010/ajtcam.v13i4
.27

Younas, M., Hano, C., Giglioli-Guivarc’h, N., Abbasi, B.H., 2018.
Mechanistic evaluation of phytochemicals in breast cancer remedy:
current understanding and future perspectives. RSC advances. 8(52),
29714-29744. https://doi.org/10.1039/c8ra04879g

Zhang, H., Zhang, M., Yu, L., Zhao, Y., He, N., Yang, X., 2012.
Antitumor activities of quercetin and quercetin-5’,8-disulfonate in
human colon and breast cancer cell lines. Food and chemical
toxicology. 50(5), 1589-1599. https://doi.org/10.1016/j.fct.2012.01
.025

Zhang, M., Holman, C.D., Huang, J.P., Xie, X., 2007. Green tea and
the prevention of breast cancer: a case-control study in southeast
china. Carcinogenesis. 28(5), 1074-1078. https://doi.org/10.1093/
carcin/bgl252

Zhu, J., Li, Q., Wu, Z., Xu, Y., Jiang, R., 2024. Curcumin for treating
breast cancer: A review of molecular mechanisms, combinations with
anticancer drugs, and nanosystems. Pharmaceutics. 16(1), 79. https://
doi.org/10.3390/pharmaceutics16010079

Zhu, L., Xue, L., 2019. Kaempferol suppresses proliferation and
induces cell cycle arrest, apoptosis, and dna damage in breast cancer
cells. Oncology research. 27(6), 629-634. https://doi.org/10.3727/
096504018X15228018559434

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2025, 5, 339–353 | 353

https://doi.org/10.1016/j.foodres.2020.109548
https://doi.org/10.1016/j.foodres.2020.109548
https://doi.org/10.1016/j.biopha.2019.109086
https://doi.org/10.1158/1535-7163.MCT-07-0476
https://doi.org/10.3390/medicines2030251
https://doi.org/10.3390/medicines2030251
https://doi.org/10.1515/jbcpp-2020-0431
https://doi.org/10.1515/jbcpp-2020-0431
https://doi.org/10.1016/j.sjbs.2021.07.046
https://doi.org/10.1016/j.sjbs.2021.07.046
https://doi.org/10.21010/ajtcam.v13i4.27
https://doi.org/10.21010/ajtcam.v13i4.27
https://doi.org/10.1039/c8ra04879g
https://doi.org/10.1016/j.fct.2012.01.025
https://doi.org/10.1016/j.fct.2012.01.025
https://doi.org/10.1093/carcin/bgl252
https://doi.org/10.1093/carcin/bgl252
https://doi.org/10.3390/pharmaceutics16010079
https://doi.org/10.3390/pharmaceutics16010079
https://doi.org/10.3727/096504018X15228018559434
https://doi.org/10.3727/096504018X15228018559434

	Introduction
	Classification of phytochemicals
	Different phytochemicals effective against breast cancer
	Curcumin
	Genistein
	Quercetin
	Resveratrol
	Kaempferol
	Apigenin
	Silibinin
	EGCG
	Lycopene
	Thymoquinone
	3’3-diindolylmethane
	 Mangostin
	Daidzein
	Secoisolariciresinol
	Hesperetin

	Source and mode of action of different phytochemicals
	Conclusion

