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Cancer remains a major global health issue despite advancements in conventional
treatments like surgery, chemotherapy, immunotherapy and radiation. While increasing
knowledge of the molecular mechanisms underlying cancer progression has led to the
development of a vast number of anticancer drugs. Chemotherapy is offered as a
treatment for cancer however due to its low specificity, high rates of resistance, toxicity
and hypersensitivity reactions, therapy alternatives that improve treatment selectivity,
minimize side effects and boost antitumor potential must be sought. To improve
efficiency of current cancer therapies new strategies and novel chemoprevention agents
are needed to complement. Naturally occurring compounds from plants known as
phytochemicals, serve as vital resources for novel drugs and are also sources for cancer
therapy. These phytochemicals often act via regulating molecular pathways which are
implicated in growth and progression of cancer. Recent studies have increasingly
focused on the synergistic effects of combining phytochemicals in cancer therapy,
hypothesizing that these combinations may offer enhanced therapeutic benefits
compared to single-agent treatments. This review aims to summarize the synergetics
anticancer effect of phytochemical combinations from plant focusing on their
mechanisms of action, bioactive components, potential clinical applications, challenges
and future perspective.
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INTRODUCTION

Cancer ranks as one of the most prevalent diseases
with 19.3 million new cases worldwide each year
due to its rising death rate. It has emerged as the
second most common cause of death in recent
years, and by 2030, it is predicted that the number
doubled [1].
Chemotherapy, radiation, immunotherapy, and
surgery are common cancer treatment techniques,
but each has significant disadvantages. The major
limitations of chemotherapy include cancer
recurrence, the development of drug resistance,

of cancer cases will have

and unfavorable effects on non-targeted tissues,
which can make it challenging to use anticancer
medications and have a negative impact on
patients' quality of life. Research continues to be
done to identify novel and promising anticancer
drugs that show improved efficacy and less
adverse effects in order to resolve the problems
associated with treatments.
Phytochemicals, commonly known as plants and

current

their biologically active molecules, provide a
promising cancer treatment option with a couple
side effects while also enhancing human health
[2]. By offering antioxidant, anti-inflammatory
and

immunomodulatory effects, as well as
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potential anticancer benefits and symptom relief,
phytochemicals enhance the quality of life for
cancer patients and promote general well-being
during treatment and recovery [3]. The plant
contains phytochemicals, which are vital to its
growth and development. By removing free
radicals, these phytochemicals have biological
activity in humans, which is beneficial for the
treatment of cancer. Removing free radicals and
preventing the proliferation of cancer cells,
bioactive substances derived from plants have
shown potent anticancer effects in both in vitro and
in vivo experiments [1]. Through a variety of
interrelated processes, including autophagy and
apoptosis induction the activation of both intrinsic
and extrinsic pathways that result in the death of
cancer cells—phytochemicals contribute to the
fight against cancer. Suppression of Vascular
Endothelial Growth Factor (VEGF) and Hypoxia-
Inducible Factor-1 Alpha (HIF-1a) signaling,
which prevents tumor vascularization, inhibits
angiogenesis [4]. Reactive oxygen species (ROS)
reduction and nuclear factor kappa B (NF-kB)-
mediated chronic inflammation are the two main
targets of oxidative stress and inflammation [5].
Epithelial-to-Mesenchymal Transition (EMT)
regulation, matrix metalloproteinase (MMP)
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for

reduction, and metastasis inhibition
Phytochemicals are effective candidates
chemoprevention and therapeutic intervention due
to their varied activities. Potential Synergy and
Clinical Applicability Combining phytochemicals
may improve anticancer potential and therapeutic
efficacy.  The paper  highlights
anticancerous mechanisms of phytochemicals,

their synergistic effect, challenges and future

review

perspective.

1. MECHANISMS OF PHYTOCHEMICAL
ACTION ON CANCER CELLS

Phytochemicals are bioactive substances obtained
from plants that are beneficial to health, they are
primarily secondary metabolites. Table 1 lists the
structure, plant source, and anti-cancer efficacy of
phytochemicals. Through a variety of processes
such as altering signaling pathways and the
initiation of apoptosis, the phytochemicals
negatively impact cancer cells [7]. By suppressing

EGFR receptor
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the production of carcinogenic species and
inhibiting the interaction between carcinogens and
cells, the anti-cancer drugs show their actions by
delaying the growth of tumors [8]. The rat sarcoma
(RAS)/mitogen-activated protein kinase (MAPK)
pathway, NF-«B, phosphatidylinositol-3-kinase
(PI3K)/mammalian target of rapamycin (mTOR)
pathway, signal transducer and activator of
transcription (STAT) pathway, and Wnt/B-catenin
signaling pathway are the main signaling pathways
associated with cancer (Fig. 1). In the therapeutic
treatment of cancer, the signaling pathways,
coupled with the altered enzymes and factors,
constitute an important target for activation or
inhibition [9]. The RAS pathway is a target for
preventing the treatment of related cancers and is
associated with the development of tumors as
melanomas. By focusing on angiogenesis,
metastasis,  resistance, and  proliferation,
phytochemicals are exhibiting strong anticancer
effects.
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Figl: Phytochemicals targeted signalling pathway (Template adapted from Biorender and finalized in
Canva).
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Turmeric contains a polyphenolic chemical called
curcumin, which is extracted from the roots of the
Curcuma longa plant. Curcumin arrests cell cycles
in the G2/M phase and inhibits the activity of
topoisomerase enzymes [10]. By raising the levels
of p53, p21, and p27 and suppressing Sp-1
activation and the expression of its downstream
genes, such as ADEM10, EPHB2, HDAC4, and
calmodulin, in colorectal cancer cell lines, it
inhibits the development of cancer [11]. Curcumin
suppresses the NF-xB, STAT3, and Wnt/B-catenin
signaling pathways, all of which are critical for the
development of cancer [12]. By affecting specific
biomarkers associated to the development of
cancer, such as cyclooxygenase-2 (COX-2), NF-
kB, tumor necrosis factor alpha (TNF-a), cyclin
D1, cyclin E, and mouse double minute 2 homolog
(MDM?2), it inhibits the growth of tumor cells and
promotes programmed cell death [13].

The roots of Tinospora cordifolia (giloy), Berberis
vulgaris (barberry), Berberis aquifolium, and
Rhizoma coptidis are the primary sources of
berberine, an alkaloid. Berberine inhibits NF-xB
and Akt signaling, causing cancer cells to
experience cell cycle arrest and death [14]. By
binding to nuclear receptor retinoid X receptor
alpha (RXRa), repressing B-catenin, upregulating
miR-214-3p, and decreasing secretin, berberine
may prevent the growth of cancer cells [15].
Additionally, it can slow down the cell cycle by
raising p21, p27, and p38 levels while decreasing
Cyclin-Dependent-Kinase (CDK) and cyclin,
notably CDK1, CDK4, cyclin A, and cyclin D1
levels [16]. Berberine causes cell cycle arrest and
inhibits metastasis by blocking the Ras/Raf/ERK
pathway. To further prevent metastasis, it also
lowers u-PA transcriptional activity and MMP-2
[17], increases E-cadherin, and lowers N-cadherin
and snail-1 levels [18]. By inhibiting the
PI3BK/AKT/mTOR pathway and upregulating
miR-203, it causes apoptosis. It also stimulates
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autophagy through Beclinl and increases the
expression of microtubule-associated Protein 1
Light Chain 3B-II (LC3B-II) [19].

Onions, apples, buckwheat, tea, cherries,
tomatoes, citrus, and plums all contain the
flavonoid quercetin [20]. Because cancer cells
have large quantities of ROS, quercetin possesses
antioxidant properties that can be used in targeted
cancer therapy to trigger cell death. Through ROS-
mediated signaling pathways, specifically the
p38/COX2 axis, it causes apoptosis [21]. By
activating caspase-3, controlling Akt and mTOR
pathways, lowering p-catenin expression, and
stabilizing HIF-0, quercetin also promotes
autophagy and cancer cell death [22]. According
to research on Hela cells, quercetin induces cell
cycle arrest, especially in the G2 and M phases,
raising intracellular ROS levels and triggering
mitochondrial cytochrome C release, which leads
to apoptosis [23]. In melanoma cell line A375, it
controls Wnt/B-catenin signaling pathways,
influencing important proteins including cyclin D1
and B-catenin to prevent cell growth [24]. By
decreasing vascular growth and blocking Akt
protein production through the VEGFR-2
angiogenesis pathway, quercetin also affects
angiogenesis, which is essential for tumor survival
and spread. By interfering with many cells
signaling pathways and regulating angiogenesis, it
considerably inhibits the growth of tumors overall.

Dried white and green tea leaves contain
epigallocatechin gallate (EGCG). Human breast
cancer cells go through apoptosis when EGCG
suppresses telomerase and PI3K/AKT [25].
According to a study conducted on human
hepatoma HepG2 cells, EGCG can prevent
doxorubicin-induced P-glycoprotein
overexpression through the MEK/ERK and
PI3K/AKT signaling pathways [26]. According to
Gupta et al. (2000), EGCG inhibited cyclin-
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dependent kinases in human breast cancer cells,
which hindered the progression of the cell cycle
[27]. In contrast, it caused apoptosis in prostate
cancer cells in a dose-dependent manner. In a
variety of cell types, including PC12 cells exposed
to oxidative stress, EGCG has been shown to
activate crucial apoptotic pathways, such as
caspase-3 activation, cytochrome c release, and
Poly (ADP-ribose) polymerases (PARP) cleavage
[28]. In addition to apoptosis, EGCG's suppression
of NF-xB prevents invasion by lowering the
production of MMP-9 in lung cancer cells [29].

Aloe vera is the primary source of aloe emodin.
Aloe emodin's ability to inhibit Protein kinase C
(PKC) isozymes, extracellular signal-regulated
kinases (ERKs), and p38 suggests that it may be
crucial to the development of cancer metastasis
[30]. The HO-8910PM ovarian cancer cell line
was used to explore the effects of aloe emodin on
migration, invasion, adhesion, and FAK (focal
adhesion kinase) expression [31]. According to a
study, aloe emodin therapy inhibits the invasion of
nasopharyngeal cancer cells (NPC), which lowers
MMP-2 production through the p38 MAPK-NF-
kB signaling pathway [32]. According to Liu et al.,
aloe emodin inhibited the proliferation of PC3
cells by disrupting anchorage-independent colony
formation and knocking Rictor, a unique binding
partner of mTORC2 that is crucial for cell
proliferation and tumor metastasis [33]. Hep 3B
and Hep G2 liver cancer cell lines showed
antiproliferative effects from aloe emodin. Hep G2
cells showed increased production of p53 (tumor
protein p53) and p21 (inhibitor of cyclin-
dependent kinase), while Hep 3B cells showed
p21-dependent inhibition of cell proliferation [34].

Mulberries, blueberries, raspberries, and grapes all
contain resveratrol, a non-flavonoid polyphenol.
Resveratrol activated the Nrf2 signaling pathway
in cancer, which led to the separation of the Nrf2—
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Keapl complex [35] and increased transcription of
antioxidant enzymes like glutathione peroxidase-2
and heme-oxygenase (HO-1) [36]. According to
recent research, resveratrol activated the Nerve
Growth Factor Receptor (NGFR)-AMPK-mTOR
pathway and increased mRNA expression in non-
small-cell lung cancer A549 cells, causing
autophagy and death [37]. Resveratrol has been
shown to suppress the JAK/STAT3 pathway,
which reduces osteosarcoma cell proliferation
both in vitro and in vivo [38]. It has been
demonstrated that resveratrol inhibits the
expression of B-catenins and targets the genes c-
Myc, MMP-7, and survivin in multiple myeloma
cells, hence decreasing the invasion, migration,
and proliferation of cancer cells [39]. Because
resveratrol inhibits the activity of the PI3K/AKT
signaling pathway and increases the expression of
PTEN (the phosphatase and tensin homolog
deleted on chromosome ten), it can suppress
leukemia cell proliferation and induce apoptosis.
This can lead to decreased tumor cell proliferation,
division, activated apoptosis, reduced
angiogenesis, and formation of metastases [40].
Resveratrol's effects on angiogenesis are linked to
its suppression of the production of hypoxia-
inducible factor (HIF)-1 and vascular endothelial
growth factor (VEGF), which results in a reduction
in VEGF secretion [41].

Piperine, a bioactive alkaloid derived from Piper
species, has two functions: it inhibits the growth of
tumors and increases the bioavailability of
phytochemicals and chemotherapy medications.
According to a study, piperine inhibited melanoma
cell proliferation via inducing apoptosis. In
melanoma tumors, piperine decreased ERK and
enhanced apoptotic protein expression [42].
Piperine suppressed the growth of prostate cancer
cell lines by decreasing the levels of NF-kB and
phosphorylated STAT-3 transcription factors [43].
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Soybeans contain a bioactive substance called
genistein. In a variety of cancer cell lines, the
compound increases G2/M and GO/G1 arrest and
inhibits the NF-kB and Akt signaling pathways.
Pro-apoptotic Bax, Bak and Bad proteins are
upregulated by genistein, while BcL-XL and BcL-
2 proteins are downregulated. According to a
study, genistein increased the activities of caspase-
9 and caspase-3, which caused apoptosis in human
cervical cancer cells [44].  Genistein
downregulates Cdkl, cyclin B1, and Cdc25C in
human breast cancer (MDA-MB-231) cells via
arresting the cell G2/M  via
Ras/MAPK/activator protein-1  [45].  When
compared to chemotherapeutic treatments alone,
pre-treatment with genistein decreased cell
proliferation and increased apoptosis in both in-

cycle in

vitro and in-vivo experiments.

As previously mentioned, each phytochemical
interacts with cancer cells and signaling pathways
differently, but two or more phytochemicals may
also target the same pathways. A combination of
two or more phytochemicals approaches the
threshold level of activating the common route
whereas a single phytochemical cannot reach this
level. This is the key point of the shared targets by
distinct  phytochemicals. This  approach
demonstrates the potential of integrating natural
products to generate better therapeutic outcomes
and improve patient quality of life. The function
and mechanisms of phytochemical interactions in
the prevention of various cancers have been
covered in a number of thorough reviews. Section
3 highlights various phytochemical combinations
that exhibit synergy in preventing the development
of cancer and discusses some new findings.

Table 1: Potential anti-cancer effect of phytochemicals

Phytochemica Plant Sources Anticancerous effect References
1 and Class
Aloe emodin Aloe barbadensis Aloe emodin inhibits p38 MAPK- [46]
(Anthraquino (Aloe vera) NF-xB, Akt/mTOR signaling
nes) pathway.
Berberine Tinospora cordifolia | Arrest cell cycle by downregulating [47]
(Alkaloids) (Giloy), Berberis NF-kB, Ras/Raf/ERK and Akt
vulgaris (barberry), signaling,.
Berberis aquifolium
and Rhizoma coptidis
Curcumin Curcuma longa Inhibit JAK/STAT, MAPK, Wnt/B- [48]
(Polyphenol) (Turmeric) catenin, NF-kB pathway and
modulate apoptosis by increasing
the level of p53, p21 and p27.
Citral Cymbopogon Induce apoptosis by promoting the [49]
(Terpenoids) citratus phosphorylation of p53 protein and
upregulating expression of Bax,
downregulating Bcl-2 and Bcl-xL
expression which promoted the
cleavage of caspase-3.
Chrysin Passiflora caerulea Induced apoptosis in association [50]
(Flavonoid) with the activation of caspase 3 and
suppressed Akt signal pathway.
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Daidzein
(Flavanoid)

Trifolium pratense,
Glycine max,
Medicago sativa,
Pueraria radix,Lens
esculenta

Daidzein downregulated the
FGFR3, Akt and Erk signalling
pathways.

[51]

Emodin
(Anthraquino
nes)

Rheum palmatum L.

Downregulate PI3K/AKT and
MAPK signaling pathways.

Epigallocatec
hin gallate
(Flavonoids)

Camellia sinensis

EGCG promotes inhibition of
carcinogen activity by inhibiting
AKT, NF-kB and MAPK signalling
pathways.

[53]

Gingerol
(polyphenol)

Zingiber officinale

Gingerol inhibits NF-kB, STAT3,
MAPK signalling pathway and
arrest cell cycle.

[54]

Genistein
(isoflavonoids

)

Genista tinctoria L.

Inhibit cell metastasis by
consequently downregulating
Ras/MAPK/activator protein-1,
Cdkl1, cyclin B1 and Cdc25C.
Modulate apoptosis by upregulating
expression of proapoptotic proteins
Bax, Bad, Bak.

[55]

Ginsenosides
(Terpenoid)

Panax ginseng

Regulate the proliferation and
induce apoptosis via suppressing
the IL-6/JAK2/STATS3 pathway.

[56]

Luteolin
(Flavanoid)

Apium graveolens,
Capsicum annuum,
Petroselinum
crispum

Luteolin inhibits cell proliferation
by downregulating the MAPK,
AKT and PI3K signalling pathway.
Induced apoptosis through the
intrinsic pathway by increasing the
levels of caspase-3, caspase-9 and
cytochrome ¢, Bax and Bcl-2.

[57]

Piperine
(Alkaloid)

Piper longum, Piper
nigrum

Piperine reduces cell proliferation
by inhibiting expression of STAT-
3, NF-kB and ERK.

[58]

Puerarin
(isoflavone)

Pueraria lobata,
Pueraria thomsonii
Benth, and Pueraria
tuberosa

Modulating cancer cell death via
targeting NF-kB,
PI3K/AKT/mTOR, AMPK Raf-
MEK-ERK signalling pathway

[59]

Quercetin
(Flavanoid)

Vitis vinifera L.,
Citrullus colocynthis

Induces apoptosis via ROS
mediated signaling pathways via

(L.) Schrad.,

increasing levels of p38, ASK1,
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Cupressus AMPKal, COX2 axis and inhibits
sempervirens L. cell proliferation by downregulating
B-catenin, cyclin D1 and AKT
protein expression.
Resveratrol Polygonum Arrest cell by inhibiting [61]
(phenol) cuspidatum JAK/STAT, PI3K/AKT signalling
pathway.
Vinblastine | Catharanthus roseus | Arrest the cell cycle in the G2/M [62]
and (L.) phase via destabilizing microtubule
vincristine fibers.
(vinca
alkaloids)

2. SYNERGISTIC EFFECT OF
PHYTOCHEMICAL AGAINST CANCER

According to in vitro and in vivo research,
synergistic  phytochemicals  reduce
development, trigger apoptosis, and target several
signaling pathways in cancer (see Table 2 & 3).
Turmeric's main active ingredient curcumin has
strong anti-proliferative properties [63]. By
increasing the induction of apoptosis and
autophagic cell death and by altering several
pathways (JNK, Beclinl, and Bcl-2), curcumin
and berberine work in together to suppress the
growth of MCF-7 and MDA-MB-231 breast
cancer cell lines [64]. By modifying the signaling

tumor

pathways involved in cancer development and
survival, curcumin and berberine operate in
concert to prevent cancer cell proliferation and
trigger apoptosis, according to a study on
colorectal cancer [65]. Combinations of genistein
and curcumin have demonstrated synergistic
benefits by lowering the proliferation of cancer
cells, boosting the induction of apoptosis, and
suppressing the growth of breast cancer cells more
successfully than when taken independently [66].
According to a study, resveratrol and genistein
worked in concert to cause apoptosis in human
cervical cancer cells at lower dosages by activating
caspases and lowering HDM2 gene expression
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[44]. In colorectal cancer, a combination of
curcumin and resveratrol results in GO/G1 phase
arrest, membrane integrity loss, and mitochondrial
instability [67]. The combination of resveratrol,
curcumin, and quercetin has potent
inflammatory and antioxidant qualities; it inhibits
the growth of cancer cells and encourages their
death [68]. Epigallocatechin gallate (ECGC) and
curcumin have a chemopreventive synergy [69].

anti-

Gastric cancer cell growths are suppressed in vitro
by various combinations of ECGC with the other
tea polyphenols epicatechin (EC),
epigallocatechin (EGC), or epicatechin gallate
(ECQG), or by combining all four substances [70].
Soy phytochemicals and green or black tea extract
work in concert to prevent the growth of human
breast and prostate cancers in mice [71].
Additional dietary phytochemical combinations
that demonstrated synergy in in vitro anti-
proliferation of cancer cell lines included
quercetin-resveratrol and quercetin-resveratrol-
ellagic acid on human leukemia cells [72],
daidzein-genistein on LNCaP and C4-2B prostate
cells [73], and resveratrol-chrysin-curcumin on
Caco-2 colon carcinogenic cells [74]. Resveratrol-
Curcumin-Quercetin on BALBc mice injected
with 2x105 4T1 cells [68], Piperine-Curcumin on
lymphoma-bearing mice [75], and

1419 |Page



Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Epigallocatechin gallate-resveratrol on xenograft
tumors in nude mice [76] are some of dietary
phytochemical combinations that have anti-cancer
effects on mice. Research demonstrates stronger
anti-tumor and anti-proliferative  activities,
boosting bioavailability compared to individual
extracts. Phytochemical interactions in various
such as anti-oxidation,

biological activities

apoptosis induction, cell cycle arrest, enzyme

modification, or gene transcription regulation may
be the cause of these combinations' anti-
carcinogenic synergy [72]. Combinations of
phytochemicals offer the potential for developing
more effective and efficient cancer treatments.
This tactic emphasizes how combining natural
products can improve patient quality of life and
lead to improved therapeutic outcomes.

Table 2: In-vitro studies on synergetic effect of Phytochemicals against cancer

Synergistic effect Concentration/dos Cell line Reference
ages
Combination inhibited cell cycle | Indole-3 Carbinol: | SK-OV-3 ovarian [77]
at G1 and G2/M phase 40, 50 and 100 cancer cells
ug/ml
Resveratrol: 50 and
100 pg/ml
Combination of luteolin and Luteolin 10 ym and | Tu212, Tu686, [78]
EGCG induced mitochondria- 686LN,886LLN
dependent apoptosis in some cell Epigallocatechin
lines and mitochondria- gallate 30 um
independent apoptosis in others.
Combination of daidzein and Daidzein: 25-50 uM Early-stage [73]
genistein was more effective in androgen-
inducing apoptosis and inhibiting Genistein: 25-50 dependent PCa
proliferation in both prostate uM cells (LNCaP)
cancer cells. and bone
metastatic
LNCaP-
derivative PCa
cells (C4-2B)
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Combination inhibited cyclin D1,
cyclin B1 and arrested cell cycle
at G1 and S/G2 phases.

[79]

Phytochemical combination
significantly suppressed breast
cancer cell proliferation (>80%),
inhibited migration and invasion
caused cell cycle arrest and
induced apoptosis resulting in
100% cell death

The combination of Artemisinin
and Resveratrol reduced the
ability of cell migration. The

combination significantly
increased the apoptosis and
necrosis rather than use singly.

EGCG: 10 uM A549 and NCI-
H460 (lung
Curcumin: 10 uM cancer)
Indol-3-Carbinol 4 MDA-MB-231
ug/ml; Resveratrol: [ and MCF-7 BC
0.5 pg/ml; cell lines
Genistein: 3 pg/ml;
Curcumin: 2.25
pg/ml; C-
phycocyanin: 50
ug/ml and
Quercetin :1.5
ug/ml
Artemisinin: 40uM | HeLa and HepG2
cells

Resveratrol: 80uM

[81]

Combination of curcumin and
citral treatment induced apoptosis
cell cycle arrest at GO/G1 phase
in breast cancer cells. It
formulated ROS and activated
p53 and poly (ADP-ribose)
polymerase-1 mediated apoptotic
pathways.

Curcumin :40 uM
Citral: 80 uM

MCF 7 and MDA

MB 231 cells.

[82]

Quercetin and curcumin
combination modulated the
BRCAI1 level and inhibited the
cell survival and migration of
Triple negative breast cancer cell
lines.

Triple-negative
breast cancer

[83]
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The Combination of quercetin Quercetin: 10, 25, HeLa Cell [84]
and Sulforaphane significantly 35 uM
decreased cell viability of Hela
cell. Sulforaphane: 1, 2,
5 uM
Berberine and emodin Emodin 10 uM and | OVCAR3 cells [85]
abrogated breast cancer Berberine: 5 uM
growth and facilitated
Apoptosis. The Combination
attenuated Akt signaling, thereby
inducing GO/G1 phase cell cycle
arrest and apoptosis of breast
cancer cells in a SIK3-dependent
manner.
Inhibition of AKT-mTOR Epigallocatechin SqCCyl, [76]
signaling by the combination of | gallate 30-80 uM MDA686Tu,
EGCG and resveratrol and resveratrol 10— Tu212 cells
20 uM
The combination significantly MDA-MB-468 [86]
impaired the CD44+/CD24- Cell:
Triple-negative
population, clonogenic potential, Quercetin 5 uM, breast cancer
Curcumin 1.5 pM (MDA-MB-468
inherent cisplatin resistance and and Berberine 0.5 and MDA-MB-
owing anti-proliferative, EMT uM 231)
inhibitory, and antagonistic
cancer stemness functions in
Triple negative breast cancer
cells. MDA-MB-231cell:
Quercetin 4 pM,
Curcumin 1.5 pM
and Berberine 3 pM
INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 1422 |Page
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Combination of curcumin, ellagic | Curcumin, ellagic Hela Cervical [87]
acid, quercetin and resveratrol acid, quercetin and | Cancer Cell line
arrested the cells at the S phase. resveratrol: 5-80
uM
Jacalin lectin potentiates and Jacalin lectin 2uM Triple-negative [88]
facilitates the cytotoxic effect of | and Curcumin: 50 breast cancer
curcumin. uM MDA-MB-231
cells
Combination of resveratrol and | Resveratrol 2.8 uM DU145 cells [89]
equol induces apoptosis and
Equol 25 uM
Combination of Resveratrol, Resveratrol,Curcum 4T1 cells [68]
Curcumin and Quercetin in and Quercetin in
enhanced oxidative stress ratio 1:1:0.5
response to promote the loss of
mitochondrial membrane
potential and increase apoptotic
signals.
The combination of Daidzein and | Daidzein: 10, 20, Human gastric [90]
Puerarin effectively inhibits the and 30 uM cancer BGC-823
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proliferation of gastric cancer Puerarin: 10, 20, cell line and
cells by suppressing the and 30 uM human gastric
STAT3/FAK signaling pathway epithelial cell
and downregulating expression lines (GES-1).
cyclin-D1, Bcl-2, and MMP-2.

Table 3. In vivo studies on synergetic effect on Phytochemicals against cancer

Synergistic effect Concentration/dosages Model References
The combination of curcumin | Curcumin 480 mg and Five [91]
and quercetin appears to Quercetin 200 mg orally | Familialadenoma
reduce the number and size of 3 times a day tous polyposis
ileal and rectal adenomas in patients
patients with FAP without
appreciable toxicity.
Combination of luteolin and | Epigallocatechin gallate | Xenografted mice [78]
EGCG was more effective in | 125 mg/kg and luteolin bearing Tu212
inhibiting tumor growth than 10 mg/kg for 7 days and A549 cells
either single agent and may
have synergistic/additive
effects without inducing any
notable toxicity in general.
Curcumin combined with Curcumin: 200 mg/kg Liver cancer [92]
ginsenosides regulates total per day and model was
ginsenoside immune escape | Ginsenosides:520 mg/kg established in
through the PD-L1 pathway per day BALB/c mice by
and inhibits liver cancer a subcutaneous
growth through NF-kB- injection of
mediated inflammation and hepatoma cell
angiogenesis. line
Combination of the ECGC Epigallocatechin gallate | Xenograft tumors [76]
and resveratrol significantly 125 mg/kg and in nude mice
inhibited tumor growth. resveratrol 30 mg/kg 5
days a week.
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Curcumin and piperine Piperine 10 mg/kg and DAL (Dalton [75]
Ascites
combination significantly Curcumin 50 and Lymphoma)
improves repairing of the 100mg/kg lymphoma-
tissue damage due to bearing mice
inoculation of lymphoma.
Combination reversed the Resveratrol 24 mg/ kg, BALBc mice [68]
predominance of Curcumin 24 mg/kg and | injected 2 x 105
immunosuppressive Quercetin 12 mg/kg 4T1 cells
infiltrating cells in the tumor
microenvironment and tipped
the immune balance toward
an immune activation state.
3. CLINICAL STUDY omega-3  fatty acids, soy isoflavones,

The effectiveness and safety of phytochemical
supplementation in cancer patients receiving
treatment have been assessed in randomized
controlled trials with encouraging but varying
results. In an effort to improve therapeutic results
and lessen the negative effects of traditional cancer
treatments, these trials have looked into
phytochemical combinations including curcumin,
resveratrol, piperine, quercetin, genistein and
green tea catechins. In the clinical trials, the 79
prostate cancer patients were randomly assigned
by a control diet or tomato products plus selenium,

grape/pomegranate juice, and green/black tea
(tomato-plus) for three weeks. The ingestion
decreased prostate-specific antigen in patients
with prostate cancer [93]. The overall effect on
tumor growth and survival rates is still unclear,
despite the fact that some phytochemicals may
enhance patient quality of life and lessen
treatment-related  toxicity. Although safety
profiles have typically been positive, more study is
required to determine uniform dosages and long-
term effects so that these phytochemical
combinations can be consistently incorporated into
cancer treatment (Table 4).

Table 4: List of phytochemical Combination in Clinical Trials

Phytochemical Combination

Cancer

Curcumin and Piperine

Cervical cancer

Green tea and quercetin

Prostate Cancer

Curcumin and Ursolic Acid

Prostate Cancer

Grape juice, pomegranate
juice, tomato, green tea,

Prostate Cancer

Status References
Recruiting NCT06080841
Recruiting NCT06615752
Withdrawn NCT04403568
Completed NCT00433797 [93]
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black tea, soy, selenium and

glycitein

PUFAs
Sulforaphane and Allin Prostate Cancer Completed NCT04046653
Genistein and Quercetin Prostate cancer Unknown NCTO01538316
Genistein, daidzein and Breast Cancer Withdrawn NCT04880369

4. METHOD FOR ASSESSING SYNERGY
OF PHYTOCHEMICALS

Phytochemical combinations leverage the
susceptibility of different molecular pathways
involved in the genesis of a cancer to the unique
mechanisms of action of each individual
phytochemical to improve treatment efficacy,
reduce cytotoxicity to healthy cells and prevent the
emergence of drug resistance [94]. The primary
goal of combining two or more phytochemicals is
to achieve positive interaction effects by proving
that the combination of two or more
phytochemicals is more helpful than either one
alone [95]. Developing an effective method to
demonstrate that the phytochemical combination
offers  greater  advantages than  either
phytochemical alone is crucial to maximizing the
benefits of the combination of bioactive
substances. Phytochemical interactions can have
potentiation, addition, synergy or antagonistic
effects. Potentiation is the process by which the
presence of an inactive ingredient increases the
strength of an active one in a phytochemical
combination that contains two chemicals, one of
which is active and the other is inactive [96].The
combination may have an antagonistic, synergistic
or additive effect if each of the constituents is
active. The total effect of additive phytochemical
interactions is equal to the sum of the potencies of
the mixture's constituent parts. An isobologram or

combination index that displays more or less than
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addition is used to examine the combined effect on
synergistic or antagonistic interactions [96].
Effect-based and dose-effect-based approaches are
the most often used reference models for assessing
synergy in phytochemical combinations.

5.1 Effect-based approach

To evaluate a favorable interaction impact, these
techniques rely on the effects of each individual
phytochemical in a [94].
Combination Subthresholding, Highest Single
Agent, Response Additivity, and Bliss
Independence model are the four primary
techniques used in effect-based approach [94].
Cell death, viability, growth rate, and other

combination

indicators of the measurable or phenotypic effect
are commonly used to assess the response.

The Combination Subthresholding is the simplest
approach based on the concept that the
combination of ineffective doses of drugs
generates significant effects. The significant effect
is defined based on P-values obtained from
statistical tests by comparison with control
referred to as untreated groups [94]. The observed
effect is usually considered statistically significant
when p < 0.05. Although this approach is
sometimes still used, the observed effects may not
be accurate and do not necessarily be
representative of significant differences if the
difference between what is significant or not, is not
necessarily significant [94].
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Since the Highest Single Agent reference model
assesses whether differences are significant rather
than the significance of the difference, it is more
beneficial. However, this approach does not
consider the expected additive effect of both
phytochemicals in the combination; instead, it
simply compares the phytochemical combination
effect to the effective  individual
phytochemical (highest single agent) [94] assumes
that two phytochemicals, X and Y, are
administered at dosages x and y, and that their
effects are Ex and Ey. According to Foucquier and
Guedj (2015), Exy is the result of combining
phytochemicals X and Y. When the phytochemical
combination (Exy) evokes a higher response than
the highest single agent (Exy > max (Ex, Ey)),
there is a positive combination interaction. Since it
enables the computation of a combination index
(CI) using the equation, CI = max (Ex, Ey)/ (Exy).
The p value of the statistical test is used to compare
the effects of phytochemical combinations with

most

the single phytochemical that is more effective in
order to determine statistical significance if the CI
value is positive [94].

Considering that phytochemicals effects are
additive, the Response additivity technique is an
improvement over Combination subthresholding
and Highest single agent techniques as it compares
the effects from the combination with the
anticipated effects from the single phytochemical.
Let's assume that a positive interaction happens
when the phytochemical combination (Exy)
produces a stronger effect than the total of the
effects of the separate medications (Exy > Ex, +
Ey). The CI can be computed as CI = (Ex+
Ev)/Exy In factorial analysis of variance of the
individual and combined effects, the P-value
indicates the importance of the interaction effect
[97]. According to the bliss independence
hypothesis, which assumes that phytochemicals
act on distinct sites of action, each phytochemical
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utilized in phytochemical combinations acts
independently and does not interact with the other
[98]. However, this model presupposes that the
observed impact is a result of both
phytochemicals. The expected combined effect is
defined as Exy = Ex+ Ey (1- Ex), where Ex and
Ey stand for the observed effects of phytochemical
X and Y, respectively, and Exy is the effect of
phytochemical X combined with phytochemical
Y. The phytochemical effects from single and
combination treatments are expressed as a
probability (0<E <1).

Bliss independence model assumes that both

phytochemicals  used in  phytochemical
combinations act independently and do not
interfere  with the other, assuming that

phytochemicals act on different sites of action
[98]. Nevertheless, this model assumes both
phytochemicals contribute to the observed effect.
The phytochemical effects from single and
combination treatments are expressed in the form
of a probability (0 < E < 1) and the expected
combined effect can be defined as Exy = Ex+ Ey
(1- Ex ), where Ex and Ey represent the observed
effects of phytochemical X and Y, respectively,
and Exy the effect of phytochemical X combined
with phytochemical Y. When using this method,
the calculation index is determined as CI =
(ExtEy-ExEy)/Exy . When Cl is less than, greater
than, or equal to 1, respectively, it indicates
synergy, antagonism, or additivity [94].

5.2. Dose-effect-based approach

Dose-effect-based techniques are superior to
effect-based approaches because they take into
account the dosage of each phytochemical that has
the same quantitative impact [99]. This reference
model offers important and clear definitions of
antagonism, additivity and synergy while taking
into account the dose-effect curves of each
phytochemical [94]. The two main methods
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employed in the dose effect-based approach are
zero interaction potency and Loewe additivity
model [94].

The most popular dose-effect-based method is the
Loewe additivity model, a null reference model
[99]. The isobole representation is the foundation
of this concept, which defines the additive effect.
This reference model is predicated on the dose
equivalency principle, which states that, for any
given effect, the dose an of phytochemical X is
equal to the dose yx of phytochemical Y and vice
versa. Additionally it is predicated on the sham
combination concept, which is different from other
null reference models in that dosage yx can be
added to any dose y of phytochemical Y to
provide an additive effect [100]. A hybrid method
between the Bliss Independence and Loewe
Additivity models, zero interaction potency is one
of the most current reference models put forth for
the assessment of anticipated reactions in
phytochemical combinations [101]. This method,
which is unaffected by the pharmacodynamics of
the compounds in combination, assesses the
interactions between the medications by
comparing changes in the potency of the dose-
response curves between individual and combined
phytochemicals. It is predicated on the idea that
medications are independent and do not interact
with one another when combined, leading to
negligible changes in their response curves [101].
This means that determining characteristics like
the slope and the relative half-maximal effect
concentration (EC50) depends on accurately
fitting the dose-response curves which can be
challenging if the data is of low quality [102].

5. CHALLENGES
PERSPECTIVE

AND FUTURE

Combining phytochemicals signify a new era of
innovation in healthcare, providing unique
therapeutic approaches that can fulfill unmet
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medical requirements. They possess the capability
to transform treatment results and enhance patient
care by integrating drugs, devices, and biologics in
synergistic manners [103]. The safety of patients
remains the highest priority in healthcare.
Synergating phytochemicals present distinct
challenges due to their varied components,
possible and the necessity for
thorough risk assessment and mitigation strategies.
Ensuring safety is vital for fostering trust between
patients and healthcare professionals [104].
Assessing the efficacy of combination products is
crucial for validating their clinical usefulness and

interactions

therapeutic advantages. Comprehensive efficacy
evaluations which include clinical trials and post-
market monitoring are essential to confirm that
these combinations achieve their intended results.

Synergetic effect of phytochemicals despite
promising in vitro and in vivo while human
clinical trials remain limited as it affects the
acceptance of phytochemicals as therapeutic
agents. Because many phytochemicals degrade
when they are exposed to heat, light and oxygen
which result in reducing their long-term stability.
Phytochemicals are required in sufficient
concentrations to reach target sites, the
effectiveness of anticancer agents hinges on
phytochemical bioavailability, pharmacokinetics
and stability. Many phytochemicals have low
bioavailability and stability which complicates
their formulation and delivery at target site [105].
Encapsulation, nanoemulsion and liposome
complexation are employed to improve solubility
and oral bioavailability. While understanding
absorption, distribution, metabolism and excretion
of drugs is essential in pharmacokinetic research
yet a lack of data complicates dosage optimization
and therapeutic efficacy prediction. To tackle
these researchers are developing
physiologically based pharmacokinetic models
aimed at predicting phytochemical behavior in the

i1ssues,
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body and improving formulation strategies [106].
Leveraging strategies for cancer
treatment by integrating natural products, drug

synergistic

repurposing, and precise molecular targeting
offers a promising approach to enhancing
therapeutic efficacy and minimizing adverse
effects. Synergizing phytochemicals can target
multiple pathways involved in cancer progression,
potentially overcome resistance mechanisms,
improve patient outcomes, pave the way for more
personalized and effective cancer treatments. To
unlock the full potential of phytochemicals
synergistic effect on cancer continued research in
this multidisciplinary field is essential, ultimately
leading to more holistic and successful cancer
therapies.

6. CONCLUSION

Combining phytochemicals may have synergistic
anti-cancer effects by regulating several pathways
and tumor markers. Combinations of bioactive
substances may alter the compounds' biological
characteristics and bioavailability. Several
phytochemical combinations work in concert to
prevent oxidation, inflammation, and the growth
of cancer cells. In order to fully understand the
mechanism of bioavailability interferences and the
relationship  between  bioavailability  and
bioactivity as a result of interactions between
bioactive chemicals, more research should be
conducted. The ability of a combination of
phytochemicals to concurrently modify different
signaling pathways that promote cell death,
impede cell growth and invasion, increase the
sensitivity of cancer cells, and bolster the immune
response may be the reason for their efficacy in
cancer treatment.

ABBREVIATIONS

e VEGTF : Vascular Endothelial Growth Factor
e HIF-1la : Hypoxia-Inducible Factor-1 Alpha
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e ROS : Reactive oxygen species

e NF-kB : nuclear factor kappa B

e EMT : Epithelial-to-Mesenchymal Transition

e MMP : matrix metalloproteinase

e RAS: rat sarcoma

e MAPK : mitogen-activated protein kinase

e PI3K : phosphatidylinositol-3-kinase

e mTOR : mammalian target of rapamycin

e STAT : signal transducer and activator of
transcription

e COX-2: cyclooxygenase-2

e TNF-a : tumor necrosis factor alpha

e MDM?2 : mouse double minute 2 homolog

e RXRa : retinoid X receptor alpha

e CDK : Cyclin-Dependent-Kinase

e LC3B-II: Light Chain 3B-II

e EGCG : epigallocatechin gallate

e PARP : Poly (ADP-ribose) polymerases

e PKC: Protein kinase C

e ERK: extracellular signal-regulated kinases

e FAK:: focal adhesion kinase

e NPC: nasopharyngeal cancer

e HO : heme-oxygenase

e NGFR: Nerve Growth Factor Receptor

e EC : epicatechin

e EGC : epigallocatechin

e ECG : epicatechin gallate

ACKNOWLEDGMENTS
Not applicable
FUNDING

The authors did not receive support from any
organization.

AUTHOR CONTRIBUTION

CD reviewed the literature, analysed and drafted
the manuscript. PC, SM, and ZM assisted in the
analysis of the articles.

1429 |[Page



Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1.

. Reuter S, Gupta SC, Chaturvedi

Wang Z, Fan Z, Yang L, Liu L, Sheng C, Song
F, et al. Higher risk of cardiovascular mortality
than cancer mortality among long-term cancer
survivors.  Frontiers in  Cardiovascular
Medicine. 2023 Jan 25;10.
https://doi.org/10.3389/fcvm.2023.1014400
Choudhari AS, Mandave PC, Deshpande M,
Ranjekar P, Prakash O. Phytochemicals in
cancer treatment: From preclinical studies to
clinical practice. Frontiers in pharmacology.
2020 Jan 28;10:1614.
https://doi.org/10.3389/fphar.2019.01614

. Lee J, Han Y, Wang W, Jo H, Kim H, Kim S,

Yang KM, Kim SJ, Dhanasekaran DN, Song
YS. Phytochemicals in cancer
checkpoint inhibitor therapy. Biomolecules.
2021 Jul 27;11(8):1107.
https://doi.org/10.3390/biom11081107
Carmeliet P, Jain RK. Angiogenesis in cancer
and other diseases. Nature. 2000 Sep
14;407(6801):249-57.
https://doi.org/10.1038/35025220

immune

MM,
Aggarwal BB. Oxidative stress, inflammation,
and cancer: how are they linked?. Free radical
biology and medicine. 2010  Dec
1;49(11):1603-16.
https://doi.org/10.1016/j.freeradbiomed.2010.
09.006

Kalluri R, Weinberg RA. The basics of
epithelial-mesenchymal  transition.  The
Journal of clinical investigation. 2009 Jun
1;119(6):1420-8.
https://doi.org/10.1172/JCI39104.

Patra C, Ahmad I, Ayaz M, Khalil AT,
Mukherjee S, Ovais M, editors. Biogenic

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

10.

11.

12.

13.

nanoparticles for cancer theranostics. Elsevier;
2021 May 18.
Ayaz M, Nawaz A, Ahmad S, Mosa OF, Eisa
Hamdoon AA, Khalifa MA, Sadiq A, Ullah F,
Wadood A, Kabra A, Ananda Murthy HC.
Underlying anticancer mechanisms and
synergistic combinations of phytochemicals
with cancer chemotherapeutics: potential
benefits and risks. Journal of Food Quality.
2022;2022(1):1189034.
https://doi.org/10.1155/2022/1189034
Anwar S, Shamsi A, Mohammad T, Islam A,
Hassan MI. Targeting pyruvate dehydrogenase
kinase signaling in the development of
cancer therapy. Biochimica et
biophysica acta (BBA)-Reviews on Cancer.
2021 Aug 1;1876(1):188568.
https://doi.org/10.1016/j.bbcan.2021.188568
Hu A, Huang JJ, Zhang JF, Dai WJ, Li RL, Lu
ZY,Duan JL, Li JP, Chen XP, Fan JP, Xu WH.
Curcumin induces G2/M cell cycle arrest and

effective

apoptosis of head and neck squamous cell
carcinoma in vitro and in vivo through
ATM/Chk2/p53-dependent pathway.
Oncotarget. 2017 Apr 13;8(31):50747.
https://doi.org/10.18632/oncotarget.17096
Lou Z, O'Reilly S, Liang H, Maher VM,
Sleight SD, McCormick JJ. Down-regulation
of overexpressed spl protein in human
fibrosarcoma cell lines inhibits tumor
formation. Cancer research. 2005 Feb
1;65(3):1007-17.
https://doi.org/10.1158/0008-5472.1007.65.3
Kasdagly M, Radhakrishnan S, Reddivari L,
Veeramachaneni DR, Vanamala J. Colon
carcinogenesis: Influence of Western diet-
induced obesity and targeting stem cells using
dietary bioactive compounds. Nutrition. 2014
Nov 1;30(11-12):1242-56.
https://doi.org/10.1016/j.nut.2014.02.016
Bortel N, Armeanu-Ebinger S, Schmid E,
Kirchner B, Frank J, Kocher A, Schiborr C,

1430 |Page



14.

15.

16.

17.

18.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Warmann S, Fuchs J, Ellerkamp V. Effects of
curcumin in pediatric epithelial liver tumors:
inhibition of tumor growth and alpha-
fetoprotein in vitro and in vivo involving the
NFkappaB-and the beta-catenin pathways.
Oncotarget. 2015 Oct  19;6(38):40680.
https://doi.org/10.18632/oncotarget.5673

Sun Y, Xun K, Wang Y, Chen X. A systematic
review of the anticancer properties of
berberine, a natural product from Chinese
herbs.  Anti-cancer drugs. 2009  Oct
1;20(9):757-69.
https://doi.org/10.1097/CAD.0b013e328330d
95b

Ruan H, Zhan YY, Hou J, Xu B, Chen B, Tian
Y, Wu D, Zhao Y, Zhang Y, Chen X, Mi P.
Berberine binds RXRa to suppress B-catenin
signaling in colon cancer cells. Oncogene.
2017 Dec;36(50):6906-18.
https://doi.org/10.1038/onc.2017.296

Tak J, Sabarwal A, Shyanti RK, Singh RP.
Berberine enhances posttranslational protein
stability of p21/cipl in breast cancer cells via
down-regulation of Akt. Molecular and
Cellular Biochemistry. 2019 Aug
15;458(1):49-59.
https://doi.org/10.1007/s11010-019-03529-4
Huang B, Yip WK, Wei N, Luo KQ.
Acetyltanshinone IIA is more potent than
lapatinib in inhibiting cell growth and
degrading HER2 protein in drug-resistant
HER2-positive breast cancer cells. Cancer
Letters. 2020 Oct 10;490:1-1.
https://doi.org/10.1016/j.canlet.2020.06.010
Chu SC, Yu CC, Hsu LS, Chen KS, Su MY,
Chen PN. Berberine reverses epithelial-to-
mesenchymal  transition and  inhibits
metastasis and tumor-induced angiogenesis in
human cervical cancer cells. Molecular
pharmacology. 2014 Dec 1;86(6):609-23.
https://doi.org/10.1124/mol.114.094037

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

19.

20.

21.

22.

23.

24.

Zhang Q, Wang X, Cao S, Sun Y, He X, Jiang
B, Yu Y, Duan J, Qiu F, Kang N. Berberine
represses human gastric cancer cell growth in
vitro and in vivo by inducing cytostatic
autophagy via inhibition of
MAPK/mTOR/p70S6K and Akt signaling
pathways. Biomedicine & Pharmacotherapy.
2020 Aug 1;128:110245.
https://doi.org/10.1016/j.biopha.2020.110245
Panche AN, Diwan AD, Chandra SR.
Flavonoids: an overview. J Nutr Sci. 2016 Dec
29;5:e47. https://doi.org/10.1017/jns.2016.41
Lee YK, Hwang JT, Kwon DY, Surh YJ, Park
OJ. Induction of apoptosis by quercetin is
through ~ AMPKal/ASK1/p38
pathway.  Cancer 2010
28;292(2):228-36.
https://doi.org/10.1016/j.canlet.2009.12.005
Lotfi N, Yousefi Z, Golabi M, Khalilian P,
Ghezelbash B, Montazeri M, Shams MH,
Baghbadorani PZ, Eskandari N. The potential
anti-cancer effects of quercetin on blood,
prostate and lung cancers: An update. Frontiers
in immunology. 2023 Feb 28;14:1077531.
https://doi.org/10.3389/fimmu.2023.1077531
Bishayee K, Ghosh S, Mukherjee A,
Sadhukhan R, Mondal J, Khuda - Bukhsh AR.

Quercetin induces cytochrome - c release and

mediated

letters. Jun

ROS accumulation to promote apoptosis and
arrest the cell cycle in G2/M, in cervical
carcinoma: signal cascade and drug - DNA
interaction.  Cell 2013
Apr;46(2):153-63.
https://doi.org/10.1111/cpr.12017

Srivastava NS, Srivastava RA. Curcumin and

proliferation.

quercetin synergistically inhibit cancer cell
proliferation in multiple cancer cells and

modulate  Wnt/B-catenin  signaling and
apoptotic ~ pathways in  A375  cells.
Phytomedicine. 2019 Jan 1;52:117-28.

https://doi.org/10.1016/j.phymed.2018.09.224

1431 |Page



25.

26.

27.

28.

29.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Moradzadeh M, Hosseini A, Erfanian S,
Rezaei H. Epigallocatechin-3-gallate promotes
apoptosis in human breast cancer T47D cells
through down-regulation of PI3K/AKT and
Telomerase. Pharmacological Reports. 2017
Sep;69(5):924-8.
https://doi.org/10.1016/j.pharep.2017.04.008
Satonaka H, Ishida K, Takai M, Koide R,
Shigemasa R, Ueyama J, Ishikawa T, Hayashi
K, Goto H, Wakusawa S. (-)-
Epigallocatechin-3-gallate ~ Down-regulates
doxorubicin-induced overexpression of P-
glycoprotein through the coordinate inhibition
of PI3K/Akt and MEK/ERK signaling
pathways. Anticancer research. 2017 Nov
1;37(11):6071-7.

Gupta S, Ahmad N, Nieminen AL, Mukhtar H.
Growth inhibition, cell-cycle dysregulation,
and induction of apoptosis by green tea
constituent (-)-epigallocatechin-3-gallate in
androgen-sensitive and androgen-insensitive
human prostate carcinoma cells. Toxicology
and applied pharmacology. 2000 Apr
1;164(1):82-90.
https://doi.org/10.1006/taap.1999.8885

Koh SH, Kim SH, Kwon H, Park Y, Kim KS,
Song CW, Kim J, Kim MH, Yu HJ, Henkel JS,
Jung HK. Epigallocatechin gallate protects
nerve growth factor differentiated PC12 cells
from oxidative-radical-stress-induced
apoptosis through its effect
phosphoinositide 3-kinase/Akt and glycogen
synthase kinase-3. Molecular brain research.
2003 Oct 21;118(1-2):72-81.
https://doi.org/10.1016/j.molbrainres.2003.07.
003

Yang J, Wei D, Liu J. Repressions of MMP-9
and NF-xB localization are
involved in inhibition of lung carcinoma 95-D
cell invasion by (-)-epigallocatechin-3-gallate.
Biomedicine & Pharmacotherapy. 2005 Apr

on

expression

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

30.

31.

32.

33.

34.

35.

1;59(3):98-103.
https://doi.org/10.1016/j.biopha.2005.01.004
Huang Q, Lu G, Shen HM, Chung MC, Ong
CN. properties of
anthraquinones from rhubarb. Medicinal
research reviews. 2007 Sep;27(5):609-30.
https://doi.org/10.1002/med.20094

He TP, Yan WH, Mo LE, Liang NC. Inhibitory
effect of aloe-emodin on metastasis potential
in HO-8910PM cell line. Journal of Asian
natural  products 2008 May
1;10(5):383-90.
https://doi.org/10.1080/10286020801966609
Lin ML, Lu YC, Chung JG, Wang SG, Lin HT,
Kang SE, Tang CH, Ko JL, Chen SS. Down -
regulation of MMP - 2 through the p38

MAPK - NF - k B - dependent pathway by

Anti - cancer

research.

aloe - emodin leads to inhibition of
nasopharyngeal carcinoma cell invasion.
Molecular carcinogenesis. 2010

Sep;49(9):783-97.
https://doi.org/10.1002/mc.20652

Liu K, Park C, Li S, Lee KW, Liu H, He L,
Soung NK, Ahn JS, Bode AM, Dong Z, Kim
BY. Aloe-emodin suppresses prostate cancer
by targeting the mTOR complex 2.
Carcinogenesis. 2012 Jul 1;33(7):1406-11.
https://doi.org/10.1093/carcin/bgs156

Kuo PL, Lin TC, Lin CC. The antiproliferative
activity of aloe-emodin is through p53-
dependent and p2l-dependent apoptotic
pathway in human hepatoma cell lines. Life
sciences. 2002 Sep  6;71(16):1879-92.
https://doi.org/10.1016/S0024-
3205(02)01900-8

Alavi M, Farkhondeh T, Aschner M,
Samarghandian S. Resveratrol mediates its
anti-cancer effects by Nrf2 signaling pathway
activation. Cancer Cell International. 2021 Oct
30;21(1):579. https://doi.org/10.1186/s12935-
021-02280-5

1432 |Page



36.

37.

38.

39.

40.

41.

42.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Zhang Y, Zhu XB, Zhao JC, Gao XF, Zhang
XN, Hou K. Neuroprotective effect of
resveratrol against radiation after surgically
induced brain injury by reducing oxidative
stress, inflammation, and apoptosis through
NRf2/HO - I/NF - ¥ B
Journal

signaling pathway.
of Biochemical and Molecular
Toxicology. 2020 Dec;34(12):€22600.
https://doi.org/10.1002/jbt.22600

LiJ, Fan Y, Zhang Y, Liu Y, Yu Y, Ma M.
Resveratrol induces autophagy and apoptosis
in non-small-cell lung cancer cells by
activating the NGFR-AMPK-mTOR pathway.
Nutrients. 2022 Jun  10;14(12):2413.
https://doi.org/10.3390/nu14122413

Peng L, Jiang D. Resveratrol eliminates cancer
stem cells of osteosarcoma by STAT3 pathway
inhibition. PloS one. 2018 Oct
24;13(10):e0205918.
https://doi.org/10.1371/journal.pone.0205918
Geng W, Guo X, Zhang L, Ma'Y, Wang L, Liu
Z, Ji H, Xiong Y. Resveratrol inhibits
proliferation, migration and invasion of
multiple myeloma cells via NEAT1-mediated
Wnt/B-catenin signaling pathway.
Biomedicine & Pharmacotherapy. 2018 Nov
1;107:484-94.
https://doi.org/10.1016/j.biopha.2018.08.003
Meng J, Liu GJ, Song JY, Chen L, Wang AH,
Gao XX, Wang ZJ. Preliminary results
indicate resveratrol affects proliferation and
apoptosis of leukemia cells by regulating
PTEN/PI3K/AKT pathway. European Review
for Medical & Pharmacological Sciences.
2019 May 15;23(10).

Talib WH, Alsayed AR, Farhan F, Al Kury LT.
Resveratrol and tumor microenvironment:
Mechanistic basis and therapeutic targets.
Molecules. 2020 Sep  18;25(18):4282.
https://doi.org/10.3390/molecules25184282
Yoo ES, Choo GS, Kim SH, Woo JS, Kim HJ,
Park YS, Kim BS, Kim SK, Park BK, Cho SD,

' \‘J'y INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

43.

44,

45.

46.

47.

48.

Nam JS. Antitumor and apoptosis-inducing
effects of piperine on human melanoma cells.
Anticancer Research. 2019 Apr 1;39(4):1883-
92. https://doi.org/10.21873/anticanres.13296
Samykutty A, Shetty AV, Dakshinamoorthy
G, Bartik MM, Johnson GL, Webb B, Zheng
G, Chen A, Kalyanasundaram R,
Munirathinam G. Piperine, a bioactive
component of pepper spice exerts therapeutic
effects on androgen dependent and androgen
independent prostate cancer cells. PloS one.
2013 Jun 18;8(6):¢65889.
https://doi.org/10.1371/journal.pone.0065889
Dhandayuthapani S, Marimuthu P, Hérmann
V, Kumi-Diaka J, Rathinavelu A. Induction of
apoptosis in HeLa cells via caspase activation
by resveratrol and genistein. Journal of
medicinal food. 2013 Feb;16(2):139-46.
https://doi.org/10.1089/jmf.2012.0141
LiZ,LiJ, Mo B, Hu C, Liu H, Qi H, Wang X,
Xu J. Genistein induces G2/M cell cycle arrest
via stable activation of ERK1/2 pathway in
MDA-MB-231 breast cancer cells. Cell
biology and toxicology. 2008 Oct;24(5):401-9.
https://doi.org/10.1007/s10565-008-9054-1
Sanders B, Ray AM, Goldberg S, Clark T,
McDaniel HR, Atlas SE, Farooqi A, Konefal J,
Lages LC, Lopez J, Rasul A. Anti-cancer
effects of aloe-emodin: a systematic review.
Journal of clinical and translational research.
2017 Sep 7;3(3):283.

Rauf A, Abu-Izneid T, Khalil AA, Imran M,
Shah ZA, Emran TB, Mitra S, Khan Z,
Alhumaydhi FA, Aljohani AS, Khan L
Berberine as a potential anticancer agent: A
comprehensive review. Molecules. 2021 Dec
4;26(23):7368.
https://doi.org/10.3390/molecules26237368
Wang H, Zhang K, LiuJ, Yang J, Tian Y, Yang
C, Li Y, Shao M, Su W, Song N. Curcumin
regulates cancer Focus on
ncRNAs and molecular signaling pathways.

progression:

1433 |Page



49.

50.

51.

52.

53.

54.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Frontiers  in 2021
12;11:660712.
https://doi.org/10.3389/fonc.2021.660712
Sheikh BY, Sarker MM, Kamarudin MN,
Mohan G. Antiproliferative and apoptosis
inducing effects of citral via p5S3 and ROS-
induced mitochondrial-mediated apoptosis in
human colorectal HCT116 and HT29 cell
lines. Biomedicine & Pharmacotherapy. 2017
Dec 1;96:834-46.
https://doi.org/10.1016/j.biopha.2017.10.038
Woo KJ, Jeong YJ, Park JW, Kwon TK.
Chrysin-induced apoptosis is mediated
activation and Akt
U937  leukemia
Biochemical and biophysical research
communications. 2004 Dec 24;325(4):1215-
22. https://doi.org/10.1016/j.bbrc.2004.09.225
He Y, Wu X, Cao Y, Hou Y, Chen H, Wu L,
Lu L, Zhu W, Gu Y. Daidzein exerts anti-
tumor activity against bladder cancer cells via

oncology. Apr

through  caspase

Inactivation in cells.

inhibition of FGFR3 pathway. Neoplasma.
2016;63(4):523-31.
https://doi.org/10.4149/neo_2016_405

Lande PS, Adhao VS, Ambhore JP, Gaikwad
KP, Chandak CS, Joge LP. Anticancer action
of naturally occurring emodin for the
controlling of cervical cancer. Exploration of
Targeted Anti-tumor Therapy. 2023 Aug
31;4(4):690.
https://doi.org/10.37349/etat.2023.00161

Min KJ, Kwon TK. Anticancer effects and
molecular mechanisms of epigallocatechin-3-
gallate. Integrative medicine research. 2014
Mar 1;3(1):16-24.
https://doi.org/10.1016/;.imr.2013.12.001
Nafees S, Zafaryab M, Mehdi SH, Zia B, Rizvi
MA, Khan MA. Anti-cancer effect of gingerol
in cancer prevention and treatment. Anti-
Cancer Agents in Medicinal Chemistry-Anti-
Cancer Agents). 2021 Mar 1;21(4):428-32.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

55.

56.

57.

58.

59.

60.

61.

https://doi.org/10.2174/187152062066620091
8100833

Banerjee S, Li Y, Wang Z, Sarkar FH. Multi-
targeted therapy of cancer by genistein. Cancer
letters. 2008 Oct 8;269(2):226-42.
https://doi.org/10.1016/j.canlet.2008.03.052
Ding R, Kan Q, Wang T, Xiao R, Song Y, Li
D. Ginsenoside Rh2 regulates triple-negative
breast cancer proliferation and apoptosis via
the IL-6/JAK2/STAT3 pathway. Frontiers in
Pharmacology. 2025 Jan 8;15:1483896.
https://doi.org/10.3389/fphar.2024.1483896
Lu X, Li Y, Li X, Aisa HA. Luteolin induces
apoptosis in vitro through suppressing the
MAPK and PI3K signaling pathways in gastric
cancer. Oncology 2017  Aug
1;14(2):1993-2000.
https://doi.org/10.3892/01.2017.6380

Tripathi AK, Ray AK, Mishra SK. Molecular
and pharmacological aspects of piperine as a
potential molecule for disease prevention and

letters.

management: evidence from clinical trials.
Beni-Suef university journal of basic and
applied sciences. 2022 Jan 28;11(1):16.
https://doi.org/10.1186/s43088-022-00196-1
Ahmad B, Khan S, Liu Y, Xue M, Nabi G,
Kumar S, Alshwmi M, Qarlug AW. Molecular
mechanisms of anticancer activities of
puerarin. Cancer management and research.
2020 Jan 8:79-90.
https://doi.org/10.2147/CMAR.S233567.
Reyes-Farias M, Carrasco-Pozo C. The anti-
effect of quercetin: molecular
implications  in  cancer  metabolism.
International journal of molecular sciences.
2019 Jun 28;20(13):3177.
https://doi.org/10.3390/1jms20133177
Kursvietiene L, Kopustinskiene

cancer

DM,
Staneviciene I, Mongirdiene A, Kubova K,
Masteikova R, Bernatoniene J. Anti-cancer
properties of resveratrol: a focus on its impact
on mitochondrial functions. Antioxidants.

1434 |[Page



62.

63.

64.

65.

66.

67.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

2023 Nov 29;12(12):2056.
https://doi.org/10.3390/antiox 12122056
Dhyani P, Quispe C, Sharma E, Bahukhandi A,
Sati P, Attri DC, Szopa A, Sharifi-Rad J,
Docea AO, Mardare I, Calina D. Anticancer
potential of alkaloids: a key emphasis to
colchicine, vinblastine, vincristine, vindesine,
vinorelbine and vincamine. Cancer cell
international. 2022  Jun = 2;22(1):206.
https://doi.org/10.1186/s12935-022-02624-9
Metzler M, Pfeiffer E, Schulz SI, Dempe JS.
Curcumin uptake and metabolism. Biofactors.
2013 Jan;39(1):14-20.
https://doi.org/10.1002/biof.1042

He K, Song S, Zou Z, Feng M, Wang D, Wang
Y, Li X, Ye X. The hypoglycemic and
synergistic effect of loganin, morroniside, and
ursolic acid isolated from the fruits of Cornus
officinalis. Phytotherapy Research. 2016
Feb;30(2):283-91.
https://doi.org/10.1002/ptr.5529

Younes M, Mardirossian R, Rizk L, Fazlian T,
Khairallah JP, Sleiman C, Naim HY, Rizk S.
The synergistic effects of curcumin and
chemotherapeutic ~ drugs in  inhibiting
metastatic, invasive and  proliferative
pathways. Plants. 2022 Aug 17;11(16):2137.
https://doi.org/10.3390/plants11162137
Verma SP, Salamone E, Goldin B. Curcumin
and genistein, plant natural products, show
synergistic inhibitory effects on the growth of
human breast cancer MCF-7 cells induced by
estrogenic  pesticides. Biochemical and
biophysical research communications. 1997
Apr 28;233(3):692-6.
https://doi.org/10.1006/bbrc.1997.6527
Moreno-Q G, Herrera-R A, Yepes AF,
Naranjo TW, Cardona-G W. Proapoptotic
effect and molecular docking analysis of
curcumin—resveratrol hybrids in colorectal
cancer chemoprevention. Molecules. 2022

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

68.

69.

70.

71.

72.

73.

May 28;27(11):3486.
https://doi.org/10.3390/molecules27113486
LiC,XuY, Zhang J, Zhang Y, He W, JuJ, Wu
Y, Wang Y. The effect of resveratrol,
curcumin and quercetin combination on
Immuno-suppression of
microenvironment for breast tumor-bearing
mice. Scientific  reports. 2023  Aug
16;13(1):13278.
https://doi.org/10.1038/s41598-023-39279-z
Eckert RL, Crish JF, Efimova T,
Balasubramanian S. Opposing action of
curcumin and green tea polyphenol in human

tumor

keratinocytes. Molecular nutrition & food
research. 2006 Feb;50(2):123-9.
https://doi.org/10.1002/mnfr.200500125

Horie N, Hirabayashi N, Takahashi Y,
Miyauchi Y, Taguchi H, Takeishi K.
Synergistic effect of green tea catechins on cell
growth and apoptosis induction in gastric
carcinoma cells. Biological and
Pharmaceutical Bulletin. 2005;28(4):574-9.
https://doi.org/10.1248/bpb.28.574

Zhou JR, Yu L, Zhong Y, Blackburn GL. Soy
phytochemicals and tea bioactive components
synergistically  inhibit androgen-sensitive
human prostate tumors in mice. The Journal of
nutrition. 2003 Feb  1;133(2):516-21.
https://doi.org/10.1093/jn/133.2.516
Mertens-Talcott SU, Talcott ST, Percival SS.
Low concentrations of Quercetin and ellagic
acid synergistically influence proliferation,
cytotoxicity and apoptosis in molt-4 human
leukemia cells—. The Journal of nutrition. 2003
Aug 1;133(8):2669-74.
https://doi.org/10.1093/jn/133.8.2669

Dong X, Xu W, Sikes RA, Wu C. Combination
of low dose of genistein and daidzein has
synergistic preventive effects on isogenic
human prostate cancer cells when compared
with individual soy isoflavone. Food
chemistry. 2013 Dec 1;141(3):1923-33.

1435 | Page



74.

75.

76.

77.

78.

79.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

https://doi.org/10.1016/j.foodchem.2013.04.1
09

Iwuchukwu OF, Tallarida RJ, Nagar S.
Resveratrol in combination with other dietary
polyphenols concomitantly enhances
antiproliferation and UGTI1A1 induction in
Caco-2 cells. Life sciences. 2011 Jun 6;88(23-
24):1047-54.
https://doi.org/10.1016/;.1fs.2011.03.016
Danduga RC, Kola PK, Matli B. Anticancer
activity of curcumin alone and in combination
with piperine in Dalton lymphoma ascites
bearing mice. Indian J. Exp. Biol
2022;58(3):181-9.
https://doi.org/10.1016/;.1£s.2011.03.016
Amin AR, Wang D, Nannapaneni S,
R, Chen ZG, Shin DM.
Combination of resveratrol and green tea
epigallocatechin gallate induces synergistic
apoptosis and inhibits tumor growth in vivo in
head and neck cancer models. Oncology
Reports. 2021 May;45(5):87.
https://doi.org/10.3892/0r.2021.8038

Raj MH, Abd Elmageed ZY, Zhou J, Gaur RL,
Nguyen L, Azam GA, Braley P, Rao PN, Fathi
IM, Ouhtit A. Synergistic action of dietary

Lamichhane

phyto-antioxidants on  survival and
proliferation of ovarian cancer cells.
Gynecologic oncology. 2008 Sep

1;110(3):432-8.
https://doi.org/10.1016/j.ygyno.2008.05.001
Amin AR, Wang D, Zhang H, Peng S, Shin HJ,
Brandes JC, Tighiouart M, Khuri FR, Chen
ZG, Shin DM. Enhanced anti-tumor activity by
the combination of the natural compounds (—)-
epigallocatechin-3-gallate and  luteolin:
potential role of p53. Journal of Biological
Chemistry. 2010 Nov 5;285(45):34557-65.
https://doi.org/10.1074/jbc.M110.141135
Zhou, D.H., Wang, X., Yang, M., Shi, X,
Huang, W. and Feng, Q., 2013. Combination
of low concentration of (—)-epigallocatechin

' \‘J'y INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

80.

81.

82.

83.

&4.

gallate (EGCG) and curcumin strongly
suppresses the growth of non-small cell lung
cancer in vitro and in vivo through causing cell
cycle arrest. International journal of molecular
sciences, 14(6), pp-12023-12036.
https://doi.org/10.3390/ijms 140612023

Ouhtit A, Gaur RL, Abdraboh M, Ireland SK,
Rao PN, Ra} SG, Al-Riyami H,
Shanmuganathan S, Gupta I, Murthy SN,
Hollenbach A. Simultaneous inhibition of cell-
cycle, proliferation, metastatic
pathways and induction of apoptosis in breast
cancer cells by a phytochemical super-

survival,

cocktail: genes that underpin its mode of
action. Journal of Cancer. 2013 Nov
14;4(9):703. https://doi.org/10.7150/jca.7235
Li P, Yang S, Dou M, Chen Y, Zhang J, Zhao
X. Synergic effects of artemisinin and
resveratrol in cancer cells. Journal of cancer
research and clinical 2014
Dec;140(12):2065-75.
https://doi.org/10.1007/s00432-014-1771-7
Patel PB, Thakkar VR, Patel JS. Cellular effect
of curcumin and citral combination on breast
cancer cells: induction of apoptosis and cell
cycle arrest. Journal of Breast Cancer. 2015
Sep 1;18(3):225-34.
https://doi.org/10.4048/jbc.2015.18.3.225
Kundur S, Prayag A, Selvakumar P, Nguyen
H, McKee L, Cruz C, Srinivasan A, Shoyele S,
Lakshmikuttyamma A. Synergistic anticancer
action of quercetin and curcumin against

oncology.

triple - negative breast cancer cell lines.
Journal of cellular physiology. 2019
Jul;234(7):11103-18.
https://doi.org/10.1002/jcp.27761

Sundaram MK, Raina R, Afroze N, Dhupkar
A, Kaur NP, Arte A, Khan FA, Hussain A.
Combinational use of phytochemicals and
chemotherapeutic  drugs enhance their
therapeutic potential on human cervical cancer
cells. https://doi.org/10.5812/ijcm.91783.

1436 |Page



85.

86.

87.

88.

&9.

90.

Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

Ponnusamy L, Kothandan G, Manoharan R.
Berberine and Emodin abrogates breast cancer
growth and facilitates apoptosis through
inactivation of SIK3-induced mTOR and Akt
signaling pathway. Biochimica et Biophysica
Acta (BBA)-Molecular Basis of Disease. 2020
Nov 1;1866(11):165897.
https://doi.org/10.1016/j.bbadis.2020.165897

Kashyap A, Umar SM, Mendiratta M, Prasad
CP. In vitro anticancer efficacy of a
polyphenolic combination of Quercetin,
Curcumin, and Berberine in triple negative
breast cancer (TNBC) cells. Phytomedicine
plus. 2022 May 1;2(2):100265.
https://doi.org/10.1016/j.phyplu.2022.100265

Pani S, Mohapatra S, Sahoo A, Baral B,
Debata PR. Shifting of cell cycle arrest from
the G2/M
downregulation of EGFR expression by
phytochemical combinations in HeLa cervical
cancer cells. Journal of biochemical and
molecular toxicology. 2022 Jan;36(1):e22947.
https://doi.org/10.1002/jbt.22947

Petrova L, Gergov N, Stoup M, Zapryanova S,
Van Damme EJ, Lebegue N, Liberelle M,
Zasheva D, Bogoeva V. Jacalin-curcumin

S - phase to phase and

complex sensitizes the breast cancer MDA-
MB-231 cell line. International Journal of
Molecular Sciences. 2023 Dec
12;24(24):17399.
https://doi.org/10.3390/1jms242417399

Gano CA, Fatima S, Failes TW, Arndt GM,
Sajinovic M, Mahns D, Saedisomeolia A,
Coorssen JR, Bucci J, de Souza P, Vafaee F.
Anti-cancer  potential ~ of  synergistic
phytochemical combinations is influenced by
the genetic profile of prostate cancer cell lines.
Frontiers in nutrition. 2023 Mar 7;10:1119274.
https://doi.org/10.3389/fnhut.2023.1119274
GeJ,LiuB,MalL, SuJ, Ding Y. Daidzein and
synergistically suppress gastric
cancer proliferation via STAT3/FAK pathway

puerarin

' \‘J'y INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

91.

92.

93.

94.

95.

96.

97.

Inhibition. Hereditas. 2025 Apr 11;162(1):58.
https://doi.org/10.1186/541065-025-00419-2
Cruz—Correa M, Shoskes DA, Sanchez P,
Zhao R, Hylind LM, Wexner SD, Giardiello
FM. Combination treatment with curcumin
in familial
Clinical

and quercetin of adenomas
adenomatous polyposis.
Gastroenterology and Hepatology. 2006 Aug
1;4(8):1035-8.
https://doi.org/10.1016/j.cgh.2006.03.020
Deng Z, Xu XY, Yunita F, Zhou Q, Wu YR,
Hu YX, Wang ZQ, Tian XF. Synergistic anti-
liver cancer effects of curcumin and total
World of
Oncology. Oct

Journal
2020

ginsenosides.
Gastrointestinal
15;12(10):1091.
https://doi.org/10.4251/wjgo.v12.110.1091
Paur I, Lilleby W, Behn SK, Hulander E, Klein
W, Vlatkovic L, Axcrona K, Bolstad N, Bjero
T, Laake P, Taskén KA. Tomato-based
randomized controlled trial in prostate cancer
patients: Effect on PSA. Clinical Nutrition.
2017 Jun 1;36(3):672-9.
https://doi.org/10.1016/j.clnu.2016.06.014
Foucquier J, Guedj M. Analysis of drug

combinations: current methodological
landscape.  Pharmacology  research &
perspectives. 2015 Jun;3(3):e00149.

https://doi.org/10.1002/prp2.149

Tang J, Wennerberg K, Aittokallio T. What is
synergy? The Saariselkd agreement revisited.
Frontiers in pharmacology. 2015 Sep 1;6:181.
https://doi.org/10.3389/fphar.2015.00181
Chou TC. Drug combination studies and their
synergy quantification using the Chou-Talalay
method. Cancer research. 2010 Jan
15;70(2):440-6. https://doi.org/10.1158/0008-
5472.CAN-09-1947

Slinker BK. The statistics of synergism.
Journal of molecular and cellular cardiology.
1998 Apr 1;30(4):723-31.
https://doi.org/10.1006/jmcc.1998.0655

1437 |Page



Chaitali Dhande, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 1412-1438 | Review

98. Greco, W. R. (1995). The search for synergy:
a critical review from a response surface
perspective. Pharmacol Rev, 47, 331-385.
https://doi.org/10.1016/s0031-
6997(25)06847-4

99. Berenbaum MC. Synergy, additivism and
antagonism in immunosuppression. A critical
review. Clinical and
immunology. 1977 Apr;28(1):1.

100. Lederer S, Dijkstra TM, Heskes T.
Additive dose response models: defining
synergy. Frontiers in pharmacology. 2019 Nov
26;10:1384.
|https://doi.org/10.3389/fphar.2019.01384

101. Yadav B, Wennerberg K, Aittokallio
T, Tang J. Searching for drug synergy in

experimental

complex dose-response landscapes using an
interaction potency model. Computational and
structural biotechnology journal. 2015 Jan
1;13:504-13.
https://doi.org/10.1016/j.csbj.2015.09.001
102. Vlot AH, Aniceto N, Menden MP,
Ulrich-Merzenich G, Bender A. Applying
synergy metrics to combination screening
data: agreements, disagreements and pitfalls.
Drug  discovery today. 2019  Dec
1;24(12):2286-98.
https://doi.org/10.1016/j.drudis.2019.09.002
103. Tian J, Song X, Wang Y, Cheng M,
Lu S, Xu W, Gao G, Sun L, Tang Z, Wang M,

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

104.

Zhang X. Regulatory perspectives of
combination products. Bioactive materials.
2022 Apr 1;10:492-503.
https://doi.org/10.1016/j.bioactmat.2021.09.0
02
DeGrazio F, Paskiet D. Injectable
combination product development: facilitating
risk-based assessments for efficiency and
patient centric outcomes. Journal of
Pharmaceutical Sciences. 2020 Jul
1;109(7):2101-15.
https://doi.org/10.1016/j.xphs.2020.03.020

Rosenblum D, Joshi N, Tao W, Karp
IM, Peer D. Progress and challenges towards
targeted delivery of cancer therapeutics.
Nature communications. 2018 Apr
12;9(1):1410.https://doi.org/10.1038/s41467-
018-03705-y

Chaira T, Subramani C, Barman TK.
ADME, pharmacokinetic scaling,
pharmacodynamic and prediction of human
dose and regimen of novel antiviral drugs.
Pharmaceutics. 2023 Apr 11;15(4):1212.
https://doi.org/10.3390/pharmaceutics 150412
12

HOW TO CITE: Chaitali Dhande*, Pratik Chahande,
Shreyash Mishra, Zeenat Meharoz, Synergistic
Combination of Phytochemical a Multi-Target Strategy
Against Cancer, Int. J. of Pharm. Sci., 2026, Vol 4, Issue
9, 1412-1438. https://doi.org/10.5281/zenod0.22722390

1438 |Page



