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Abstract

Cancer remains one of the leading causes of global morbidity and mortality, necessitating the search for novel, effective, and safer
therapeutic strategies. Phytochemicals—bioactive compounds derived from medicinal plants—have demonstrated promising anticancer
properties by targeting multiple oncogenic pathways, including apoptosis induction, angiogenesis inhibition, metastasis suppression, and
immune modulation. Among the most studied phytochemicals, alkaloids (vincristine, camptothecin), flavonoids (quercetin, genistein),
terpenoids (paclitaxel, artemisinin), and polyphenols (curcumin, resveratrol) exhibit potent anticancer effects through mechanisms
such as DNA damage induction, inhibition of survival signaling pathways (NF-kB, MAPK, PI3K/Akt), and modulation of oxidative stress.
Despite these promising therapeutic attributes, the clinical translation of phytochemicals remains limited due to poor bioavailability,
rapid metabolism, and drug resistance. Recent advances in nanotechnology-based formulations, Al-driven phytochemical screening,
and synergistic combinations with conventional cancer therapies have emerged as potential solutions to enhance their clinical efficacy.
This review comprehensively explores the molecular mechanisms of key phytochemicals in cancer therapy, their synergistic effects
with chemotherapy, radiotherapy, and immunotherapy, and the latest clinical trial updates. Additionally, we discuss bioavailability
enhancement strategies, regulatory challenges, and the future of precision phytotherapy in personalized oncology. The integration of
artificial intelligence in phytochemical research and the application of CRISPR-based gene editing for pathway-specific interventions
represent emerging frontiers that could revolutionize the use of plant-derived compounds in cancer treatment. By addressing existing
challenges and leveraging cutting-edge innovations, phytochemicals hold the potential to become integral components of next-
generation anticancer therapeutics.
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multiple, interconnected mechanisms, including Apoptosis
Induction — Activation of intrinsic and extrinsic pathways
leading to cancer cell death (6). Inhibition of Angiogenesis -
Suppression of VEGF and HIF-1a signaling, preventing tumor
vascularization (7). Blocking Metastasis — Modulation of EMT
(Epithelial-to-Mesenchymal Transition) and suppression of
matrix metalloproteinases (MMPs) (8).Targeting Oxidative
Stress and Inflammation — Reduction of ROS (Reactive
Oxygen Species) and NF-kB-mediated chronic inflammation
(9).These multimodal actions position phytochemicals as
powerful candidates for chemoprevention and therapeutic
intervention. Synergistic Potential and Clinical Relevance
Emerging evidence suggests that combining phytochemicals

Introduction

Cancer remains one of the leading causes of morbidity and
mortality worldwide, with millions of new cases diagnosed
annually . Despite advancements in conventional therapies
such as chemotherapy, radiation, and surgery, challenges
persist, including adverse side effects and the development
of resistance. This has spurred interest in alternative and
complementary therapeutic approaches.(1,2) .
Phytochemicals, naturally occurring bioactive compounds
found in plants, have garnered attention for their potential
anticancer properties(3). These compounds, encompassing
categories like alkaloids, flavonoids, terpenoids, and

polyphenols, exhibit potent anticancer properties by
targeting multiple hallmarks of cancer . Unlike single-
target synthetic drugs, phytochemicals often modulate
multiple cellular pathways, enhancing their therapeutic
efficacy while reducing adverse effects (4). Many plant-
derived compounds, such as paclitaxel (Taxol), vincristine,
camptothecin, and curcumin, have already been integrated
into oncology (5). Phytochemicals combat cancer through

with standard therapies enhances efficacy and reduces
resistance ((10). For instance: Curcumin sensitizes cancer
cells to chemotherapy and radiotherapy (11). Resveratrol
enhances the efficacy of immune checkpoint inhibitors (12).
Berberine and Quercetin suppress multidrug resistance (VIDR)
mechanisms, improving chemotherapy outcomes (13). Such
combinations could redefine cancer treatment paradigms,
making therapy more effective and less toxic.
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While numerous studies have explored individual
phytochemicals’ effects on cancer cells, a comprehensive
synthesis of their mechanisms, efficacy, and translational
potential is essential. This review aims to collate current
research findings, elucidate the molecular pathways
influenced by these compounds, and assess their via bility
as adjuncts or alternatives to traditional cancer therapies
(14,15). This article delves into the anticancer mechanisms
of key phytochemical classes, evaluates preclinical and
clinical studies highlighting their therapeutic potential,
and discusses challenges such as bioavailability and
standardization. Additionally, it explores future directions
for integrating phytochemicals into mainstream cancer
treatment protocols.

Major Classes of Anticancer Phytochemicals

Molecular Targets and Therapeutic Potential Natural
compounds derived from plants, known as phytochemicals,
have demonstrated potent anticancer properties by targeting
multiple hallmarks of cancer, including uncontrolled
proliferation, angiogenesis, metastasis, and resistance
to apoptosis (16). Among the vast array of bioactive
plant-derived compounds, four major classes—alkaloids,
flavonoids, terpenoids, and polyphenols have gained
significant attention due to their ability to interfere with key
oncogenic signalling pathways (17).

Alkaloids: Microtubule Disruptors and DNA
Topoisomerase Inhibitors

Alkaloids are nitrogen-containing heterocyclic compounds
known for their ability to interact with cellular microtubules
and DNA, leading to cell cycle arrest, apoptosis, and inhibition
of metastasis (18). Several alkaloid-derived drugs are currently
used in chemotherapy.

Key Alkaloids and Their Mechanisms

Vincristine & Vinblastine (from Catharanthus roseus) Bind
to B-tubulin, inhibiting microtubule polymerization and
arresting mitosis at the M-phase, leading to apoptotic cell
death (19).

Clinically used in Hodgkin’s lymphoma, leukemia,
and neuroblastoma. Camptothecin & Derivatives (from
Camptotheca acuminata) Inhibit topoisomerase |, causing
DNA breaks and triggering apoptosis (20). Semi-synthetic
derivatives, Irinotecan and Topotecan, are FDA-approved
for colorectal, ovarian, and small-cell lung cancer. Berberine
(from Berberis species) Downregulates NF-kB, AMPK, and Akt
signalling, reducing tumour cell proliferation and enhancing
chemosensitivity (21). Investigated for breast, prostate,
and gastric cancer therapy (21). These alkaloids and their
mechanisms are details in Table 1.

Vincristine & Vinblastine (from Catharanthus roseus)

Vincristine and vinblastine, members of the vinca alkaloid
class, exert their anticancer effects by targeting microtubules,
essential cytoskeletal components that regulate mitotic
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spindle formation and chromosome segregation during cell
division (22,23).

Mechanism of Action

B-Tubulin Binding and Microtubule Destabilization

These alkaloids selectively bind to the B-tubulin subunit
of microtubules, disrupting the tubulin polymerization
dynamics necessary for mitotic spindle assembly (24).
This leads to the inhibition of microtubule extension and
stabilization, preventing proper spindle fiber formation
required for chromosomal alignment and segregation
during mitosis Bind to B-tubulin, inhibiting microtubule
polymerization, causing mitotic arrest at M-phase. Leads to
disruption of chromosome segregation and apoptotic cell
death (25).

Mitotic Arrest and Apoptosis Induction in Vinca
Alkaloid-Treated Cells

Vinca alkaloids induce mitotic arrest by disrupting microtubule
dynamics, preventing chromosome alignment and activating
the spindle assembly checkpoint (SAC) (26,27). Prolonged
SAC activation leads to mitotic catastrophe, triggering
p53-dependent apoptosis(28). Microtubule destabilization
alters Bcl-2/Bax balance, promoting mitochondrial outer
membrane permeabilization (MOMP), cytochrome c
release, and caspase-9 activation, culminating in caspase-
3/7-mediated apoptosis(29). This mechanism underlies
their anticancer efficacy, enforcing both cell cycle arrest
and apoptotic signaling (30). The transition from normal
metaphase to mitotic blockade induced by vinca alkaloids
is illustrated in Figure 1.

Clinical Significance

Vincristine: Used in Hodgkin's lymphoma, leukemia, and
neuroblastoma. Vinblastine: Approved for testicular cancer,
non-small cell lung cancer, and lymphomas. Neurotoxicity
and dose-limiting side effects. Development of resistance
due to P-glycoprotein (P-gp) efflux pumps(31).

Camptothecin & Derivatives (from Camptotheca
acuminata)

Camptothecin, derived from Camptotheca acuminata, exerts
anticancer activity by inhibiting topoisomerase |, an enzyme
essential for DNA replication. It stabilizes the topoisomerase
I-DNA complex, preventing DNA strand re-ligation, leading
to single-strand breaks. During replication, these breaks
convertinto double-strand breaks, triggering cell cycle arrest
(S-phase) and apoptosis (32,33).

Clinical Significance

Semisynthetic derivatives irinotecan and topotecan are
FDA-approved: Irinotecan: Used in colorectal cancer
(FOLFIRI regimen). Topotecan: Approved for Berberine: A
Multifunctional Alkaloid in Cancer Therapy ovarian, small-cell
lung, and cervical cancer (34).
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Berberine (from Berberis species)

Berberine, a naturally occurring isoquinoline alkaloid derived
from Berberis species, exhibits potent anticancer properties
by targeting multiple cellular pathways. Its therapeutic effects
include tumor growth inhibition, metastasis suppression, and
enhancement of chemosensitivity (35).

Mechanism of Action

Regulation of Cell Signalling

Berberine downregulates NF-kB, AMPK, and Akt signaling,
inducing cell cycle arrest and apoptosis in cancer cells

Chromosome

V!
_\\\

spindle

Vinca alkaloids lead tubulin
malecules to fail to
polymerize.

(36,37). Inhibition of Metastasis: It suppresses matrix
metalloproteinases (MMPs), reducing tumor invasion and
metastatic spread (38).

Clinical Applications

Investigated in multiple cancers, including breast, prostate,
gastric, and colorectal malignancies (39). Enhances
chemosensitivity to cisplatin, doxorubicin, and paclitaxel,
improving treatment outcomes in drug-resistant cancers
(40). Nanoparticle-based delivery, liposomes, and micelles
are being developed to enhance stability and therapeutic
efficacy (41).

Tubulin molecules

stacked to form
miotic spindle

A NORMAL MFTAPHASE

A miotic spindle is
formed by stacking
tubulin molecules.

Fig. 1: Mechanism of Action of Vinca Alkaloids: Inhibition of Microtubule Polymerization and Mitotic Arrest

Table 1: Alkaloids and Their Anticancer Activities

Alkaloid Source Anticancer Activity Reference
Vincristine Catharanthus roseus Binds to B-tubulin, inhibits microtubule polymerization, induces mitotic arrest  (19)
Vinblastine Catharanthus roseus Prevents mitotic spindle formation, triggers apoptosis in rapidly dividing cells  (22)
Camptothecin Camptotheca acuminata  Inhibits topoisomerase |, leading to DNA breaks and apoptosis (24)
Irinotecan Camptothecin derivative ~ FDA-approved for colorectal cancer; inhibits topoisomerase | (32)
Topotecan Camptothecin derivative  Used for ovarian, small-cell lung, and cervical cancers; induces S-phase arrest ~ (34)
Berberine Berberis species Downregulates NF-kB, suppresses metastasis, enhances chemosensitivity (35)
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Key Flavonoids and Their Mechanisms

Flavonoids are multifunctional polyphenols that exert
anticancer effects through various mechanisms, including
apoptosis induction, angiogenesis inhibition, immune
modulation, and suppression of metastasis(42). Their
ability to interact with multiple molecular targets makes
them promising candidates for cancer therapy(43). The key
flavonoids, along with their botanical sources and specific
anticancer mechanisms, are comprehensively summarized
in Table 2, titled "Biological Activities of Flavonoids in Cancer
Treatment"

Quercetin (from onions, apples, and tea)

Suppresses PI3K/Akt/mTOR signalling, leading to cell cycle
arrest and apoptosis (44).Enhances chemosensitivity in
breast and lung cancer cells. Genistein (from soybeans and
legumes). Inhibits tyrosine kinases and estrogen receptors
(ER-a), reducing hormone-driven cancers (45). Being tested
in prostate cancer prevention trials. Apigenin (from parsley,
celery, and chamomile) Downregulates VEGF and MMPs,
suppressing angiogenesis and metastasis (46). Potential for
colorectal and cervical cancer chemoprevention.

Genistein (from soybeans, legumes, and chickpeas)

«  Mechanisms of Action

Inhibits tyrosine kinases and estrogen receptors (ER-a),
blocking hormone-dependent cancer growth (47).
Suppresses VEGF and HIF-1q, inhibiting tumor angiogenesis
(48). Reduces STAT3 phosphorylation, impairing cancer stem
cell survival (49).

« Clinical Significance

Studied in prostate, breast, and ovarian cancer prevention
trials (50). Combination therapy with docetaxel shows
increased efficacy in hormone-refractory prostate cancer (51).

Apigenin (from parsley, celery, chamomile, and citrus fruits)

- Mechanisms of Action

Downregulates VEGF and MMPs, suppressing angiogenesis
and metastasis (52) .Inhibits Wnt/B-catenin signalling,

impairing tumour cell proliferation (53). Induces cell cycle
arrest at GO/G1 phase, reducing tumour progression (54).

« Clinical Significance

Shows potential for colorectal, cervical, and lung cancer
chemoprevention (55).Being tested as an adjuvant agent in
chemoresistant tumors (56).

Epigallocatechin Gallate (EGCG) (from green tea)

Mechanisms of Action

Inhibits EGFR and HER2 signalling(57), reducing tumour cell
survival in breast cancer (58). Suppresses NF-kB and COX-2,
decreasing inflammation-mediated tumour progression (59).
Induces autophagy in hepatocellular carcinoma by activating
AMPK/mTOR pathway (60).

Clinical Significance

Studied for prostate, lung, and pancreatic cancer prevention
(61). Shows potential inimmune checkpoint blockade therapy
(62).

Luteolin (from green pepper, broccoli, thyme, and
carrots)

Mechanisms of Action

Suppresses MAPK and JAK/STAT3 pathways, reducing
tumor proliferation (63). Induces ROS-mediated apoptosis,
selectively targeting cancer cells while sparing normal cells
(64). Inhibits glucose metabolism (Warburg effect), impairing
tumor energy supply (65).

Clinical Significance

Investigated in hepatocellular carcinoma, colorectal, and lung
cancers (66). Enhances chemotherapy efficacy by reducing
multidrug resistance proteins (VDR1, MRP1) (64).

Naringenin (from citrus fruits, tomatoes, and cherries)

Mechanisms of Action

Suppresses Akt and NF-kB, reducing inflammation-
induced tumor progression(67) .Downregulates Bcl-2 while
upregulating Bax, promoting apoptosis (68). Enhances DNA

Table 2: Biological Activities of Flavonoids in Cancer Treatment

Flavonoid Source Anticancer Activity Reference
Quercetin Onions, Apples, Tea Suppresses PI3K/Akt/mTOR signaling, induces apoptosis, enhances (44)
chemosensitivity

Genistein Soybeans, Legumes Inhibits tyrosine kinases and estrogen receptors, reduces hormone-driven cancers  (45)
Apigenin Parsley, Celery, Chamomile  Downregulates VEGF and MMPs, inhibits angiogenesis and metastasis (46)
Epigallocatechin Green Tea Inhibits VEGF, COX-2, and MMPs, suppresses angiogenesis and metastasis (57)
Gallate (EGCG)

Luteolin Green Pepper, Broccoli, Suppresses MAPK and JAK/STAT3 pathways, induces ROS-mediated apoptosis  (63)

Thyme
Naringenin Citrus Fruits, Tomatoes, Suppresses Akt and NF-kB, promotes apoptosis, enhances radiotherapy (67)

Cherries sensitivity

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

| 8



The Evolving Role of Phytochemicals in Cancer Therapy: Mechanistic Insights and Emerging Technologies

Table 3: Terpenoids and Their Anticancer Activities

Terpenoid Source Anticancer Activity Reference
Paclitaxel Taxus brevifolia (Pacific yew tree)  Promotes microtubule polymerization, induces mitotic arrest, (75)
triggers apoptosis
Artemisinin Artemisia annua (Sweet Generates reactive oxygen species (ROS), selectively induces (76)
wormwood) apoptosis in cancer cells
Limonene Citrus fruits Acts as an antioxidant, reduces DNA damage, inhibits Wnt/(3- (77)
catenin signaling
Carotenoids Carrots, Tomatoes Inhibits oxidative stress, suppresses inflammation, reduces cancer  (78)
(B-Carotene, Lycopene) risk
Farnesol Essential oils (lemongrass, Inhibits Ras-dependent tumor growth, induces apoptosis via (79)
chamomile) mitochondrial pathway
Geraniol Rose, Citronella, Lemongrass Suppresses tumor proliferation, inhibits HMG-CoA reductase, (80)
induces cell cycle arrest
Table 4: Polyphenols and Their Anticancer Activities
Polyphenol Source Anticancer Activity Reference
Epigallocatechin-3- Green Tea Inhibits DNMTs, reactivates tumor suppressor genes, modulates histone (85)
gallate (EGCG) acetylation
Genistein Soy Products Inhibits HDACs and DNMTs, enhances immune responses by modulating (86)
cytokines
Curcumin Turmeric Inhibits DNMTs and HDACs, modulates immune response by affecting cytokines  (87)
Resveratrol Grapes, Berries Modulates sirtuin activity, influences histone acetylation and gene expression (88)
Fisetin Strawberries, Apples  Induces apoptosis, inhibits NF-kB signaling, reduces cancer cell proliferation (89)
Kaempferol Broccoli, Spinach Suppresses angiogenesis, inhibits PI3K/Akt signaling, promotes apoptosis (90)

damage response, leading to increased cancer cell sensitivity
to radiotherapy (69).

Clinical Significance

Studied for breast, cervical, and liver cancers.Potential use in
targeted therapy for chemoresistant tumours(70).

Terpenoids: Modulators of Apoptosis, Cell Cycle, and
Angiogenesis

Terpenoids, also known as isoprenoids, are a diverse group
of plant-derived compounds that exert cytotoxic effects by
regulating apoptosis, modulating immune responses, and
mitigating oxidative stress (71). Several terpenoids have
demonstrated synergistic effects when combined with
standard chemotherapeutic agents. The key terpenoids
such as paclitaxel (from Taxus brevifolia, the Pacific yew tree),
artemisinin (from Artemisia annua, sweet wormwood), and
carotenoids (including 3-carotene and lycopene)-along with
their natural sources and specific anticancer mechanisms, are
systematically presented in Table 3, titled "Terpenoids and
Their Anticancer Activities" (72, 73, 74).

Polyphenols: Epigenetic Regulators and
Immunomodulators in Cancer Therapy

Polyphenols, a diverse group of natural antioxidants,
are renowned for their potent anti-inflammatory, anti-
proliferative, and DNA-repair enhancing properties. In
addition to these effects, polyphenols have been shown
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to modulate various epigenetic mechanisms and immune
responses, which makes them highly promising candidates
for both cancer prevention and therapeuticintervention (81).
The biological activities of key polyphenols, their mechanisms
of action, and their natural sources are comprehensively
summarized in Table 4, titled "Polyphenols and Their
Anticancer Activities".

Major Polyphenols and Their Mechanisms

+ Resveratrol (from grapes, berries, and peanuts)

Activates sirtuins (SIRT1), AMPK, and inhibits NF-kB, leading
to tumor suppression (82). Potentially beneficial in colorectal
and breast cancer therapy.Curcumin (from turmeric, Curcuma
longa)

Modulates multiple signaling pathways (p53, STAT3,
Wnt/B-catenin) and enhances the efficacy of chemotherapy
(83). Studied in clinical trials for pancreatic and colorectal
cancers. Epigallocatechin Gallate (EGCG) (from green tea)
Inhibits VEGF, COX-2, and MMPs, suppressing angiogenesis
and metastasis (84). Shows potential in lung, prostate, and
breast cancer prevention.

Bioavailability Challenges and Formulation Strategies
Phytochemicals exhibit promising anticancer activity,
but their poor aqueous solubility, instability, and rapid
metabolism pose significant barriers to clinical translation
(91). Their low water solubility limits absorption in the
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gastrointestinal tract, while first-pass metabolism in the liver
rapidly degrades many phytochemicals before reaching
systemic circulation(92). Strategies to Enhance Bioavailability:
Nanoparticles (PLGA, chitosan, lipid-based): Improve solubility
and targeted delivery (93). Liposomes & Phytosomes:
Enhance cellular uptake and prevent enzymatic degradation.
Solid Lipid Nanoparticles (SLNs): Provide controlled drug
release and improve absorption(94)

Self-Emulsifying Drug Delivery Systems (SEDDS)
Create nanoemulsions to enhance solubility (95).

Recent studies report that nano-formulated curcumin
has up to 200-fold higher bioavailability than free curcumin,
demonstrating the potential of advanced drug delivery
techniques(94) .

Al-Driven Phytochemical Screening and Drug
Discovery

Aland computational tools are revolutionizing phytochemical-
based cancer drug discovery, significantly reducing the time
and cost of identifying bioactive compounds (96). Al-driven
models allow virtual screening molecular docking, and deep
learning-based predictions to assess the anticancer potential
of plant-derived molecules.(97)

Al Tools Used in Phytochemical Drug Discovery

AutoDock & Molecular Docking

Predicts binding affinity of phytochemicals to cancer targets
(98).

DeepChem & Virtual Screening

Identifies potential anticancer compounds from large
chemical libraries (99).

AlphaFold & Protein Structure Prediction

Helps in structural-based drug design (100). Recent research
using machine learning models has identified novel flavonoid
derivatives with high anticancer potential, highlighting Al’s
growing role in oncology research (101).

Synergistic Effects with Conventional Cancer
Therapies

Phytochemicals have emerged as effective adjuvants in
cancer therapy due to their ability to enhance the efficacy of

conventional treatments such as chemotherapy, radiotherapy,
and immunotherapy. These natural compounds exhibit
synergistic effects by promoting apoptosis, sensitizing tumor
cellsto cytotoxic agents, reversing multidrug resistance (MDR),
and modulating immune responses. Notably, combinations
of phytochemicals with standard anticancer drugs have
demonstrated reduced toxicity and improved therapeutic
outcomes in preclinical and clinical studies. Representative
examples of such synergistic interactions are summarized
in Table 5, titled "Synergistic Effects of Phytochemicals with
Conventional Cancer Therapies" (102-106).

Safety Considerations

Hepatotoxicity
Berberine shows liver toxicity at high doses(113).

Drug Interactions

Curcumin alters CYP enzyme activity, affecting chemotherapy
drugs (114)

Quality Control
Standardization remains a significant challenge (115).

Challenges and Future Directions

Bioavailability and Pharmacokinetic Limitations

One of the biggest challenges in phytochemical-based
cancer therapy is poor bioavailability due to low solubility,
rapid metabolism, and inefficient absorption (116). Many
phytochemicals, such as curcumin and resveratrol, undergo
extensive first-pass metabolism, reducing their therapeutic
efficacy (117). Strategies such as liposomal formulations,
polymeric nanoparticles, and phytosomes have shown
promise in enhancing systemic bioavailability (118). Recent
advances in self-emulsifying drug delivery systems (SEDDS)
and solid lipid nanoparticles (SLNs) have improved solubility
and absorption, making these phytochemicals more clinically
viable (119,120).

Tumor Heterogeneity and Drug Resistance

Cancer is a highly heterogeneous disease, and tumor
heterogeneity poses a significant barrier to the efficacy of
phytochemicals (121). Tumors adapt and develop resistance
via mechanisms such as epigenetic modifications, efflux

Table 5: Synergistic Effects of Phytochemicals with Conventional Cancer Therapies

Phytochemical Conventional Therapy Mechanism of Synergy Reference
Curcumin Cisplatin Enhances DNA damage & apoptosis (102)
Resveratrol PD-1 Inhibitors Boosts immune response (103)
Genistein Radiotherapy Sensitizes tumors to radiation-induced DNA damage (104)
Quercetin Doxorubicin Reverses multidrug resistance (MDR) (105)
Berberine Paclitaxel Suppresses cancer cell proliferation (106)
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Table 6: Clinical Translation and Ongoing Human Trials

Phytochemical Cancer Type Trial Phase Outcome
Curcumin Colorectal Cancer Phase Il Tumor reduction & enhanced chemotherapy response (107)
Berberine Breast Cancer Phase Il Suppresses metastasis & MDR reversal (108)
Quercetin Lung Cancer Phase | Safe profile, induces apoptosis(109)

Table 7: Regulatory and Safety Aspects of Phytochemical-Based Cancer Therapy
Regulatory Body Region Guidelines Reference
FDA USA Requires clinical validation for therapeutic claims (110)
EMA Europe Approves under Traditional Herbal Medicinal Products Directive (111)
AYUSH India Regulates phytochemicals under Ayurvedic Pharmacopoeia (112)

transporters (P-glycoprotein), and enhanced DNA repair
pathways (122). For example, quercetin and berberine have
shown the ability to reverse multidrug resistance (MDR),
but their full clinical potential remains underexplored (123).
Combining phytochemicals with standard therapies, such
as immune checkpoint inhibitors (ICls), can enhance cancer
immunotherapy responses (124).

Regulatory and Safety Considerations

The regulatory framework for phytochemical-based
therapies varies globally, with different standards for quality,
efficacy, and safety. In the United States, the FDA mandates
rigorous clinical validation before approval of phytochemicals
as therapeutic agents. The European Medicines Agency
(EMA) evaluates these compounds under the Traditional
Herbal Medicinal Products Directive. In India, the Ministry
of AYUSH governs the regulation and standardization of
phytochemicals within traditional medicine systems. These
regulatory guidelines are summarized in Table 7, titled
“Regulatory and Safety Aspects of Phytochemical-Based
Cancer Therapy” (110-112).

Al-Driven Phytochemical Drug Discovery

Artificial Intelligence (Al) has revolutionized phytochemical
screening and drug discovery by predicting molecular
interactions, binding affinity, and toxicity profiles (125).
Al-based platforms such as AutoDock, DeepChem, and
Alpha Fold are accelerating molecular docking and virtual
screening (126). Additionally, machine learning models
are identifying novel bioactive phytochemicals with high
anticancer potential (127). Future research should integrate Al
with high-throughput screening (HTS) and multi-omics data
to optimize phytochemical-based precision therapy (128).

Precision Oncology and Personalized Phytotherapy

Unlike conventional cancer therapies, phytochemicals offera
multi-targeted approach that can be integrated into precision
oncology (129). Biomarker-based screening could identify
patients most likely to benefit from specific phytochemicals

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

(130). For example, resveratrol and genistein modulate
epigenetic markers, suggesting their role in personalized
cancer therapy (131). Advances in phytochemical-gene
interaction studies may allow for individualized treatment
strategies, reducing toxicity and side effects (132).

Regulatory and Clinical Translation Barriers

Regulatory hurdles remain a major bottleneck for
phytochemical-based therapeutics. Unlike synthetic drugs,
herbal compounds lack standardization and clinical validation
(133). The FDA, EMA, and AYUSH regulatory frameworks
for herbal medicines differ, complicating global approvals
. Future strategies should focus on randomized controlled
trials (RCTs), Good Manufacturing Practices (GMP), and global
standardization guidelines to facilitate clinical translation(134).

Conclusion

Phytochemicals are emerging as promising anticancer agents
due to their ability to target multiple oncogenic pathways,
including apoptosis induction, angiogenesis inhibition,
and metastasis suppression. Key phytoconstituents such
as alkaloids, flavonoids, terpenoids, and polyphenols have
demonstrated significant potential in preclinical and clinical
studies, often enhancing the efficacy of conventional
therapies while reducing toxicity. However, challenges
such as poor bioavailability, rapid metabolism, and tumor
resistance hinder their clinical application. Advanced drug
delivery strategies, including nanoparticles, phytosomes,
and self-emulsifying systems, offer solutions to improve
their pharmacokinetic profiles. Additionally, Al-driven
drug discovery and precision oncology approaches are
revolutionizing phytochemical research, enabling the
identification of novel bioactive compounds with enhanced
therapeutic efficacy. Despite regulatory and translational
challenges, integrating phytochemicals into personalized
cancer therapies holds great potential. Future research should
focus on optimizing their formulation, conducting large-scale
clinical trials, and standardizing regulatory frameworks. With
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continued advancements, phytochemicals could serve as
effective, targeted, and safer alternatives or adjuncts to
existing cancer treatments, contributing to the development
of more sustainable and innovative oncological therapies.

Reference

1.

10.

11.

12.

13.

14.

15.

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

Dunn GP, Old LJ, Schreiber RD. The Immunobiology
of Cancer Immunosurveillance and Immunoediting.
Immunity. 2004 Aug;21(2):137-48.

Nygren P. What is cancer chemotherapy? Acta Oncol
(Madbr). 2001 Jan 8;40(2-3):166-74.

Rudzinska A, Juchaniuk P, Oberda J, Wisniewska
J, Wojdan W, Szklener K, et al. Phytochemicals in
Cancer Treatment and Cancer Prevention—Review on
Epidemiological Data and Clinical Trials. Nutrients. 2023
Apr 14;15(8):1896.

Ntoufa S, Vilia MG, Stamatopoulos K, Ghia P, Muzio M.
Toll-like receptors signaling: A complex network for
NF-kB activation in B-cell lymphoid malignancies. Semin
Cancer Biol. 2016 Aug;39:15-25.

Choudhari AS, Mandave PC, Deshpande M, Ranjekar P,
Prakash O. Phytochemicals in Cancer Treatment: From
Preclinical Studies to Clinical Practice. Front Pharmacol.
2020 Jan 28;10.

Ko JH, Sethi G, Um JY, Shanmugam MK, Arfuso F, Kumar
AP, et al. The Role of Resveratrol in Cancer Therapy. Int
J Mol Sci. 2017 Dec 1;18(12):2589.

Carmeliet P, Jain RK. Angiogenesis in cancer and other
diseases. Nature. 2000 Sep;407(6801):249-57.

Kalluri R, Weinberg RA. The basics of epithelial-
mesenchymal transition. Journal of Clinical Investigation.
2009 Jun 1;119(6):1420-8.

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB.
Oxidative stress, inflammation, and cancer: How are they
linked? Free Radic Biol Med. 2010 Dec;49(11):1603-16.
LuM, Zhou F, Hao K, Liu J,Chen Q, Ni P, et al. Alternation
of adriamycin penetration kinetics in MCF-7 cells from
2D to 3D culture based on P-gp expression through the
Chk2/p53/NF-kB pathway. Biochem Pharmacol. 2015
Jan;93(2):210-20.

Drake AJ, Tang JI, Nyirenda MJ. Mechanisms underlying
therole of glucocorticoids in the early life programming
of adult disease. Clin Sci. 2007 Sep 1;113(5):219-32.

Ko JH, Sethi G, Um JY, Shanmugam MK, Arfuso F, Kumar
AP, et al. The Role of Resveratrol in Cancer Therapy. Int
J Mol Sci. 2017 Dec 1;18(12):2589.

Bukowski K, Kciuk M, Kontek R. Mechanisms of Multidrug
Resistance in Cancer Chemotherapy. Int J Mol Sci. 2020
May 2;21(9):3233.

Rudzinska A, Juchaniuk P, Oberda J, Wisniewska
J, Wojdan W, Szklener K, et al. Phytochemicals in
Cancer Treatment and Cancer Prevention—Review on
Epidemiological Data and Clinical Trials. Nutrients. 2023
Apr 14;15(8):1896.

Choudhari AS, Mandave PC, Deshpande M, Ranjekar P,

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

3.

32.

Prakash O. Phytochemicals in Cancer Treatment: From
Preclinical Studies to Clinical Practice. Front Pharmacol.
2020 Jan 28;10.

Jordan MA, Wilson L. Microtubules as a target for
anticancer drugs. Nat Rev Cancer. 2004 Apr;4(4):253-65.
Imenshahidi M, Hosseinzadeh H. Berberis Vulgaris and
Berberine: An Update Review. Phytotherapy Research.
2016 Nov 16;30(11):1745-64.

Balunas MJ, Kinghorn AD. Drug discovery from
medicinal plants. Life Sci. 2005 Dec;78(5):431-41.
Jordan MA, Wilson L. Microtubules as a target for
anticancer drugs. Nat Rev Cancer. 2004 Apr;4(4):253-65.
Pommier Y. Topoisomerase | inhibitors: camptothecins
and beyond. Nat Rev Cancer. 2006 Oct 1;6(10):789-802.
Haque S, Mathkor DM, Bhat SA, Musayev A, Khituova
L, Ramniwas S, et al. A Comprehensive Review
Highlighting the Prospects of Phytonutrient Berberine
as an Anticancer Agent. J Biochem Mol Toxicol. 2025
Jan 24;39(1).

Mueller BM, Romerdahl CA, Trent JM, Reisfeld RA.
Suppression of spontaneous melanoma metastasis in
scid mice with an antibody to the epidermal growth
factor receptor. Cancer Res. 1991 Apr 15;51(8):2193-8.
Jordan MA, Wilson L. Microtubules as a target for
anticancer drugs. Nat Rev Cancer. 2004 Apr;4(4):253-65.
Kavallaris M. Microtubules and resistance to tubulin-
binding agents. Nat Rev Cancer. 2010 Mar 11;10(3):194—
204.

Ann Jordan M, Thrower D, Wilson L. Effects of vinblastine,
podophyllotoxin and nocodazole on mitotic spindles :
Implications for the role of microtubule dynamics in
mitosis. J Cell Sci. 1992 Jul 1;102(3):401-16.

Jordan MA, Thrower D, Wilson L. Mechanism of
inhibition of cell proliferation by Vinca alkaloids. Cancer
Res. 1991 Apr 15;51(8):2212-22.

Fraser EM, Christie JF, Kennedy MW. Heterogeneity
amongst infected children in IgE antibody repertoire
to the antigens of the parasitic nematode Ascaris. Int
Arch Allergy Immunol. 1993;100(3):283-6.

Sacchi CM, Schiaffonati L. The effect of etoposide
(VP-16) on mouse L fibroblasts: modulation of stress
response, growth and apoptosis genes. Anticancer Res.
1996;16(6B):3659-64.

Chawla-Sarkar M, Lindner DJ, Liu YF, Williams BR, Sen GC,
Silverman RH, et al. Apoptosis and interferons: role of
interferon-stimulated genes as mediators of apoptosis.
Apoptosis. 2003 Jun;8(3):237-49.

Dumontet C, Jordan MA. Microtubule-binding agents:
a dynamic field of cancer therapeutics. Nat Rev Drug
Discov. 2010 Oct 1;9(10):790-803.

K. Tiwari A, Sodani K, Dai CL, R. Ashby C, Chen ZS.
Revisiting the ABCs of Multidrug Resistance in Cancer
Chemotherapy. Curr Pharm Biotechnol. 2011 Apr
1;12(4):570-94.

Pommier Y. Topoisomerase | inhibitors: camptothecins

| 12



The Evolving Role of Phytochemicals in Cancer Therapy: Mechanistic Insights and Emerging Technologies

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

and beyond. Nat Rev Cancer. 2006 Oct 1;6(10):789-802.
Gerrits C, de Jonge M, Schellens J, Stoter G, Verweij J.
Topoisomerase | inhibitors: the relevance of prolonged
exposure for present clinical development. Br J Cancer.
1997 Oct;76(7):952-62.

Takimoto CH, Wright J, Arbuck SG. Clinical applications
of the camptothecins. Biochimica et Biophysica Acta
(BBA) - Gene Structure and Expression. 1998 Oct;1400(1-
3):107-19.

Issue Information. Phytotherapy Research. 2020 Dec
10;34(12):3081-2.

Ahlberg E, Jenmalm MC, Tingd L. Evaluation of five
column-based isolation kits and their ability to extract
miRNA from human milk. J Cell Mol Med. 2021 Aug
27;25(16):7973-9.

Sun Y, Xun K, Wang Y, Chen X. A systematic review
of the anticancer properties of berberine, a natural
product from Chinese herbs. Anticancer Drugs. 2009
Oct;20(9):757-69.

Huang B, Yip WK, Wei N, Luo KQ. AcetyltanshinonellAis
more potent than lapatinib in inhibiting cell growth and
degrading HER2 protein in drug-resistant HER2-positive
breast cancer cells. Cancer Lett. 2020 Oct;490:1-11.
Mehrnia M, Akaberi M, Amiri MS, Nadaf M, Emami
SA. Ethnopharmacological studies of medicinal
plants in central Zagros, Lorestan Province, Iran. J
Ethnopharmacol. 2021 Nov;280:114080.

Huang Y, Yin J, Gao JP, Wang Y, Dong L, Zhao JH.
Portulacaoleraceal extract alleviates trinitrobenzene
sulfonic acid-induced colitis in rats. Biomedicine &
Pharmacotherapy. 2018 Sep;105:434-9.

Nouri M, Amani R, Nasr-Esfahani M, Tarrahi MJ. The
effects of lycopene supplement on the spermatogram
and seminal oxidative stress in infertile men: A
randomized, double-blind, placebo-controlled clinical
trial. Phytotherapy Research. 2019 Dec 30;33(12):3203-
11.

Li X, Zhou N, Wang J, Liu Z, Wang X, Zhang Q, et al.
Quercetin suppresses breast cancer stem cells (CD44
+ /CD24 —) by inhibiting the PI3K/Akt/mTOR-signaling
pathway. Life Sci. 2018 Mar;196:56-62.

Rivera Rivera A, Castillo-Pichardo L, Gerena Y,
Dharmawardhane S. Anti-Breast Cancer Potential of
Quercetin via the Akt/AMPK/Mammalian Target of
Rapamycin (mTOR) Signaling Cascade. PLoS One. 2016
Jun 10;11(6):e0157251.

Spagnuolo C, Moccia S, Russo GL. Anti-inflammatory
effects of flavonoids in neurodegenerative disorders.
Eur J Med Chem. 2018 Jun;153:105-15.

Banerjee S, Li Y, Wang Z, Sarkar FH. Multi-targeted
therapy of cancer by genistein. Cancer Lett. 2008
Oct;269(2):226-42.

Shukla S, Gupta S. Apigenin: A Promising Molecule for
Cancer Prevention. Pharm Res. 2010 Jun 20;27(6):962-78.
Ravishankar D, Rajora AK, Greco F, Osborn HelenMI.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Flavonoids as prospective compounds for anti-cancer
therapy. IntJ Biochem Cell Biol. 2013 Dec;45(12):2821-31.
Fianchi F, Liguori A, Gasbarrini A, Grieco A, Miele L.
Nonalcoholic Fatty Liver Disease (NAFLD) as Model of
Gut-Liver Axis Interaction: From Pathophysiology to
Potential Target of Treatment for Personalized Therapy.
Int J Mol Sci. 2021 Jun 17;22(12):6485.

Shukla S, Gupta S. Apigenin: A Promising Molecule for
Cancer Prevention. Pharm Res. 2010 Jun 20;27(6):962-78.
Yan X, Qi M, Li P, Zhan Y, Shao H. Apigenin in cancer
therapy: anti-cancer effects and mechanisms of action.
Cell Biosci. 2017 Dec 5;7(1):50.

Yang CS,SangS, Lambert JD, Lee MJ. Bioavailability issues
in studying the health effects of plant polyphenolic
compounds. Mol Nutr Food Res. 2008 Jun 12;

Zhang Z,Wu Z, Xu Y, Lu D, Zhang S. Vascular endothelial
growth factor increased the permeability of respiratory
barrier in acute respiratory distress syndrome model
in mice. Biomedicine & Pharmacotherapy. 2019
Jan;109:2434-40.

Torres-Duran M, Barros-Dios JM, Fernandez-Villar A,
Ruano-Ravina A. Residential radon and lung cancer in
never smokers. A systematic review. Cancer Lett. 2014
Apr;345(1):21-6.

Boisdron-Celle M, Remaud G, Traore S, Poirier AL, Gamelin
L, Morel A, et al. 5-Fluorouracil-related severe toxicity: A
comparison of different methods for the pretherapeutic
detection of dihydropyrimidine dehydrogenase
deficiency. Cancer Lett. 2007 May;249(2):271-82.
Keckler SJ, Tsao K, Sharp SW, Holcomb GW, Ostle DJ,
St. Peter SD. Blood Utilization in Children Managed
Non-Operatively for Blunt Solid Organ Injury. Journal
of Surgical Research. 2008 Jun;147(2):237-9.
Hellinger JW, Hiichel S, Goetz L, Bauerschmitz G, Emons
G, Grindker C. Inhibition of CYR61-S100A4 Axis Limits
Breast Cancer Invasion. Front Oncol. 2019 Oct 23;9.
Hellinger JW, Hiichel S, Goetz L, Bauerschmitz G, Emons
G, Grindker C. Inhibition of CYR61-S100A4 Axis Limits
Breast Cancer Invasion. Front Oncol. 2019 Oct 23;9.
Farhan M, Rizvi A, Aatif M, Ahmad A. Current
Understanding of Flavonoids in Cancer Therapy and
Prevention. Metabolites. 2023 Mar 27;13(4):481.

Yao X, JiangW, Yu D, Yan Z. Luteolin inhibits proliferation
and induces apoptosis of human melanoma cells in vivo
and in vitro by suppressing MMP-2 and MMP-9 through
the PI3K/AKT pathway. Food Funct. 2019;10(2):703-12.
Kim TW, Lee SY, Kim M, Cheon C, Ko SG. Kaempferol
induces autophagic cell death via IRET-JNK-CHOP
pathway and inhibition of G9a in gastric cancer cells.
Cell Death Dis. 2018 Aug 29;9(9):875.

Zeng W, JinL, ZhangF, Zhang C, Liang W.Naringenin as a
potentialimmunomodulator in therapeutics. Pharmacol
Res. 2018 Sep;135:122-6.

Weng CJ, Yen GC. Flavonoids, a ubiquitous dietary
phenolic subclass, exert extensive in vitro anti-invasive

| 13



The Evolving Role of Phytochemicals in Cancer Therapy: Mechanistic Insights and Emerging Technologies

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

and in vivo anti-metastatic activities. Cancer and
Metastasis Reviews. 2012 Jun 8;31(1-2):323-51.
Sonawane SK, Balmik AA, Boral D, Ramasamy S,
Chinnathambi S. Baicalein suppresses Repeat Tau
fibrillization by sequestering oligomers. Arch Biochem
Biophys. 2019 Oct;675:108119.

Rahmani AH, Almatroudi A, Allemailem KS, Khan AA,
Almatroodi SA. The Potential Role of Fisetin, a Flavonoid
in Cancer Prevention and Treatment. Molecules. 2022
Dec 17;27(24):9000.

YAO H, XU W, SHI X, ZHANG Z. Dietary Flavonoids as
Cancer Prevention Agents. Journal of Environmental
Science and Health, Part C. 2011 Feb 28;29(1):1-31.
Busch C, Burkard M, Leischner C, Lauer UM, Frank J,
Venturelli S. Epigenetic activities of flavonoids in the
prevention and treatment of cancer. Clin Epigenetics.
2015 Dec 10;7(1):64.

Kim H, Yoon YJ, Kim H, Kang S, Cheon HG, Yoo SE, et
al. Characterization of the cytochrome P450 enzymes
involved in the metabolism of a new cardioprotective
agent KR-33028. Toxicol Lett. 2006 Oct;166(2):105-14.
Kanic V, Kompara G, Suran D, Ekart R, Bevc S, Hojs
R. Impact of KDIGO-Defined Acute Kidney Injury on
Mortality after Percutaneous Coronary Intervention
for Acute Myocardial Infarction. Cardiorenal Med.
2018;8(4):332-9.

Kim H, Yoon YJ, Kim H, Kang S, Cheon HG, Yoo SE, et
al. Characterization of the cytochrome P450 enzymes
involved in the metabolism of a new cardioprotective
agent KR-33028. Toxicol Lett. 2006 Oct;166(2):105-14.
Garg A, Garg S, Zaneveld LJD, Singla AK. Chemistry and
pharmacology of the citrus bioflavonoid hesperidin.
Phytotherapy Research. 2001 Dec 23;15(8):655-69.
Siddiqui T, Khan MU, Sharma V, Gupta K. Terpenoids in
essential oils: Chemistry, classification, and potential
impact on human health and industry. Phytomedicine
Plus. 2024 May;4(2):100549.

SCHIFF PB, FANT J, HORWITZ SB. Promotion of
microtubule assembly in vitro by taxol. Nature. 1979
Feb 1;277(5698):665-7.

Collins AT, Berry PA, Hyde C, Stower MJ, Maitland NJ.
Prospective Identification of Tumorigenic Prostate Cancer
Stem Cells. Cancer Res. 2005 Dec 1;65(23):10946-51.
Kikuchi K, Noguchi A, Takahashi H, Zheng H, Kameda
Y, Sekiguchi H, et al. High SIRT1 expression and low
DBC1 expression are associated with poor prognosis in
colorectal cancer. J Cancer Ther Res. 2013;2(1):1.
Jordan MA, Wilson L. Microtubules as a target for
anticancer drugs. Nat Rev Cancer. 2004 Apr;4(4):253-65.
ABDOLLAHI A, HLATKY L, HUBER P.Endostatin: The logic
of antiangiogenic therapy. Drug Resistance Updates.
2005 Feb;8(1-2):59-74.

Crowell PL. Prevention and Therapy of Cancer by Dietary
Monoterpenes. J Nutr. 1999 Mar;129(3):7755-778S.
Tanaka T, Shnimizu M, Moriwaki H. Cancer

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Chemoprevention by Carotenoids. Molecules. 2012
Mar 14;17(3):3202-42.

Cohen SB, Ma W, Valova VA, Algie M, Harfoot R, Woolley
AG, et al. Genotoxic stress-induced nuclear localization
of oncoprotein YB-1 in the absence of proteolytic
processing. Oncogene. 2010 Jan 21;29(3):403-10.
Tanaka H, Nakamura S, Onda K, Tazaki T, Hirano T.
Sofalcone, an anti-ulcer chalcone derivative, suppresses
inflammatory crosstalk between macrophages and
adipocytes and adipocyte differentiation: Implication
of heme-oxygenase-1 induction. Biochem Biophys Res
Commun. 2009 Apr;381(4):566-71.

Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L.
Dietary Polyphenols and the Prevention of Diseases. Crit
Rev Food Sci Nutr. 2005 Jun;45(4):287-306.

Baur JA, Sinclair DA. Therapeutic potential of resveratrol:
the in vivo evidence. Nat Rev Drug Discov. 2006 Jun
26;5(6):493-506.

Goel A, Aggarwal BB. Curcumin, the Golden Spice From
Indian Saffron, Is a Chemosensitizer and Radiosensitizer
for Tumors and Chemoprotector and Radioprotector for
Normal Organs. Nutr Cancer. 2010 Sep 23;62(7):919-30.
Yang CS, Wang H, Sheridan ZP. Studies on prevention of
obesity, metabolic syndrome, diabetes, cardiovascular
diseases and cancer by tea. J Food Drug Anal. 2018
Jan;26(1):1-13.

Fang M, Chen D, Yang CS. Dietary Polyphenols May
Affect DNA Methylation. J Nutr. 2007 Jan;137(1):223S-
228S.

Gewirtz AM. Myb targeted therapeutics for the
treatment of human malignancies. Oncogene. 1999
May 13;18(19):3056-62.

Kuo ML, Huang TS, Lin JK. Curcumin, an antioxidant
and anti-tumor promoter, induces apoptosis in human
leukemia cells. Biochim Biophys Acta. 1996 Nov
15;1317(2):95-100.

Aggarwal BB, Bhardwaj A, Aggarwal RS, Seeram NP,
Shishodia S, Takada Y. Role of resveratrol in prevention
and therapy of cancer: preclinical and clinical studies.
Anticancer Res. 2004;24(5A):2783-840.

Rojas JC, Gonzalez-Lima F. Neurological and
psychological applications of transcranial lasers and
LEDs. Biochem Pharmacol. 2013 Aug;86(4):447-57.
Tanigawa S, Fujii M, Hou DX. Action of Nrf2 and Keap1
in ARE-mediated NQOT1 expression by quercetin. Free
Radic Biol Med. 2007 Jun 1;42(11):1690-703.

Chang CF, Lin WH, Ke YY, Lin YS, Wang WC, Chen CH,
et al. Discovery of novel inhibitors of Aurora kinases
with indazole scaffold: In silico fragment-based and
knowledge-based drug design. Eur J Med Chem. 2016
Nov;124:186-99.

Majchrzak W, Motyl I, Smigielski K. Biological and
Cosmetical Importance of Fermented Raw Materials: An
Overview. Molecules. 2022 Jul 28;27(15):4845.

Xu JM, Zhang E, Shi XJ, Wang YC, Yu B, Jiao WW, et

| 14



The Evolving Role of Phytochemicals in Cancer Therapy: Mechanistic Insights and Emerging Technologies

94,

95.

96.

97.

98.

99.

100.

101.

102.
103.

104.

105.

106.

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

al. Synthesis and preliminary biological evaluation of
1,2,3-triazole-Jaspine B hybrids as potential cytotoxic
agents. Eur J Med Chem. 2014 Jun 10;80:593-604.
Lam K, Geiger WE. Corrigendum to “Synthesis and
anodic electrochemistry of cymanquine and related
complexes” [J. Organomet. Chem. 817 (15 August 2016)
15-20]. J Organomet Chem. 2017 May;836-837:100.
Kohoutova K, Docekal V, Ausserlechner MJ, Kaiser N,
Tekel A, Mandal R, et al. Lengthening the Guanidine-
Aryl Linker of Phenylpyrimidinylguanidines Increases
Their Potency as Inhibitors of FOXO3-Induced Gene
Transcription. ACS Omega. 2022 Sep 27;7(38):34632-46.
Szymanski P, Markowicz M, Mikiciuk-Olasik E. Adaptation
of High-Throughput Screening in Drug Discovery—
Toxicological Screening Tests. Int J Mol Sci. 2011 Dec
29;13(1):427-52.

Huang P, Qian X, Chen Y, Yu L, Lin H, Wang L, et al.
Metalloporphyrin-Encapsulated Biodegradable
Nanosystems for Highly Efficient Magnetic Resonance
Imaging-Guided Sonodynamic Cancer Therapy. J Am
Chem Soc. 2017 Jan 25;139(3):1275-84.

Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK,
Goodsell DS, et al. AutoDock4 and AutoDockTools4:
Automated docking with selective receptor flexibility.
J Comput Chem. 2009 Dec 27;30(16):2785-91.

Askr H, Elgeldawi E, Aboul Ella H, Elshaier YAMM, Gomaa
MM, Hassanien AE. Deep learning in drug discovery: an
integrative review and future challenges. Artif Intell Rev.
2023 Jul 17;56(7):5975-6037.

Jumper J, Evans R, Pritzel A, Green T, Figurnov
M, Ronneberger O, et al. Highly accurate protein
structure prediction with AlphaFold. Nature. 2021 Aug
26;596(7873):583-9.

Li H, Gao Z, Kang L, Zhang H, Yang K, Yu K, et al.
TarFisDock: a web server for identifying drug targets
with docking approach. Nucleic Acids Res. 2006 Jul
1;34(Web Server):W219-24,

Corrigendum. Int J Oncol. 2016 Sep;49(3):1259-1259.
Brockmueller A, Sajeev A, Koklesova L, Samuel SM,
Kubatka P, Busselberg D, et al. Resveratrol as sensitizer
in colorectal cancer plasticity. Cancer Metastasis Rev.
2024 Mar;43(1):55-85.

Hillman GG, Wang Y, Kucuk O, Che M, Doerge DR, Yudelev
M, et al. Genistein potentiates inhibition of tumor
growth by radiation in a prostate cancer orthotopic
model. Mol Cancer Ther. 2004 Oct;3(10):1271-9.

Rice GE, Edgell TA, Autelitano DJ. Evaluation of midkine
and anterior gradient 2 in a multimarker panel for the
detection of ovarian cancer. Journal of Experimental &
Clinical Cancer Research. 2010 Dec 3;29(1):62.

Kumar R, Awasthi M, Sharma A, Padwad Y, Sharma R.
Berberine induces dose-dependent quiescence and
apoptosis in A549 cancer cells by modulating cell cyclins
and inflammation independent of mTOR pathway. Life
Sci. 2020 Mar 1;244:117346.

107.

108.

100.

110.

111.

2.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

He ZY, Shi CB, Wen H, Li FL, Wang BL, Wang J.
Upregulation of p53 Expression in Patients with
Colorectal Cancer by Administration of Curcumin.
Cancer Invest. 2011 Feb 15;29(3):208-13.

Qian K, Tang CY, Chen LY, Zheng S, Zhao Y, Ma LS, et al.
Berberine Reverses Breast Cancer Multidrug Resistance
Based on Fluorescence Pharmacokinetics In Vitroand In
Vivo. ACS Omega. 2021 Apr 27;6(16):10645-54.
Gaikwad S, Srivastava SK. Role of Phytochemicals
in Perturbation of Redox Homeostasis in Cancer.
Antioxidants (Basel). 2021 Jan 9;10(1).

U.S. Food and Drug Administration. Botanical Drug
Development Guidance for Industry. 2016.

European Medicines Agency. Guideline on quality of
herbal medicinal products/traditional herbal medicinal
products. 2011..

Ministry of AYUSH, Government of India. Ayurvedic
Pharmacopoeia of India.

Singh N, Sharma B. Toxicological Effects of Berberine
and Sanguinarine. Front Mol Biosci. 2018 Mar 19;5.

Fu PP, Xia Q, Lin G, Chou MW. Pyrrolizidine Alkaloids—
Genotoxicity, Metabolism Enzymes, Metabolic
Activation, and Mechanisms. Drug Metab Rev. 2004
Jan 26;36(1):1-55.

Gafner S, Bergeron C. The Challenges of Chemical
Stability Testing of Herbal Extracts in Finished Products
Using State-of-the-Art Analytical Methodologies. Curr
Pharm Anal. 2005 Jun 1;1(2):203-15.

Gupta SC, Patchva S, Aggarwal BB. Therapeutic Roles of
Curcumin: Lessons Learned from Clinical Trials. AAPS J.
2013 Jan 10;15(1):195-218.

Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB.
Bioavailability of Curcumin: Problems and Promises. Mol
Pharm. 2007 Dec 1;4(6):807-18.

Ma L, Cao Y, Wang F, Li Z, Wang Z, Yang Y, et al.
RETRACTED: Yizhi Qingxin Formula Extract Ameliorates
Cognitive Decline in Aged Rats via the Brain-Derived
Neurotrophic Factor/Tropomyosin Receptor Kinase B
Pathway. Front Pharmacol. 2020 Apr 30;11.

GrifoniL, Vanti G, Donato R, Sacco C, Bilia AR. Promising
Nanocarriers to Enhance Solubility and Bioavailability of
Cannabidiol for a Plethora of Therapeutic Opportunities.
Molecules. 2022 Sep 17;27(18):6070.

Li Q, Yi D, Lei X, Zhao J, Zhang Y, Cui X, et al. Corilagin
inhibits SARS-CoV-2 replication by targeting viral RNA-
dependent RNA polymerase. Acta Pharm Sin B. 2021
Jun;11(6):1555-67.

Marusyk A, Polyak K. Tumor heterogeneity: Causes and
consequences. Biochimica et Biophysica Acta (BBA) -
Reviews on Cancer. 2010 Jan;1805(1):105-17.

Szakacs G, Paterson JK, Ludwig JA, Booth-Genthe C,
Gottesman MM. Targeting multidrug resistance in
cancer. Nat Rev Drug Discov. 2006 Mar;5(3):219-34.
Matsuki E, Younes A. Lymphomagenesis in Hodgkin
lymphoma. Semin Cancer Biol. 2015 Oct;34:14-21.

| 15



The Evolving Role of Phytochemicals in Cancer Therapy: Mechanistic Insights and Emerging Technologies

124.

125.

126.

127.

128.

Nazha B, Mishra M, Pentz R, Owonikoko TK. Enrollment
of Racial Minorities in Clinical Trials: Old Problem
Assumes New Urgency in the Age of Immunotherapy.
American Society of Clinical Oncology Educational
Book. 2019 May;(39):3-10.

Jiménez-Luna J, Grisoni F, Schneider G. Drug discovery
with explainable artificial intelligence. Nat Mach Intell.
2020 Oct 13;2(10):573-84.

Trott O, Olson AJ. AutoDock Vina: Improving the speed
and accuracy of docking with a new scoring function,
efficient optimization, and multithreading. J Comput
Chem. 2010 Jan 30;31(2):455-61.

Zhang, Ye T, Xi H, Juhas M, Li J. Deep Learning Driven
Drug Discovery: Tackling Severe Acute Respiratory
Syndrome Coronavirus 2. Front Microbiol. 2021 Oct
28;12.

Prentzell MT, Rehbein U, Cadena Sandoval M, De
Meulemeester AS, Baumeister R, Brohée L, et al. G3BPs

129.

130.

131.

132.

133.

134.

tether the TSC complex to lysosomes and suppress
mTORCT signaling. Cell. 2021 Feb;184(3):655-674.e27.
Holohan C, Van Schaeybroeck S, Longley DB, Johnston
PG. Cancer drug resistance: an evolving paradigm. Nat
Rev Cancer. 2013 Oct 24;13(10):714-26.

Sharma RA, Gescher AJ, Steward WP. Curcumin: The
story so far. Eur J Cancer. 2005 Sep;41(13):1955-68.
Burrell RA, Swanton C. The evolution of the unstable
cancer genome. Curr Opin Genet Dev. 2014 Feb;24:61-7.
Rulten SL, Grose RP, Gatz SA, Jones JL, Cameron AJM.
The Future of Precision Oncology. Int J Mol Sci. 2023
Aug 9;24(16):12613.

Gertsch J. Botanical Drugs, Synergy, and Network
Pharmacology: Forth and Back to Intelligent Mixtures.
Planta Med. 2011 Jul 16;77(11):1086-98.

Ekor M. The growing use of herbal medicines: issues
relating to adverse reactions and challenges in
monitoring safety. Front Pharmacol. 2014;4.

How to cite this article: Singh A, Sharma MC, Rana R, Kumar A, Chauhan M. The Evolving Role of Phytochemicals in Cancer Therapy:
Mechanistic Insights and Emerging Technologies. Journal of Applied Pharmaceutical Sciences and Research. 2025; 8(1):5-16 Doi :
10.31069/japsr.v8i1.02

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025

| 16



	OLE_LINK1
	OLE_LINK2
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	OLE_LINK6
	OLE_LINK29
	OLE_LINK30
	OLE_LINK36
	OLE_LINK37
	OLE_LINK38
	OLE_LINK39
	OLE_LINK40
	OLE_LINK41
	OLE_LINK42
	OLE_LINK43
	OLE_LINK31
	OLE_LINK32
	OLE_LINK46
	OLE_LINK47
	OLE_LINK50
	OLE_LINK51
	_GoBack

