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Breast cancer and reduced patient quality of life. The present study systematically reviews the

Complementary and alternative therapeutic and preventive potential of medicinal plants and their bioactive metabolites

32‘;;2:; lants in breast cancer treatment.

Phytotherapy Methods: A structured narrative review was conducted by searching databases, including

PubMed, Web of Science, Scopus, and Google Scholar. Sixty-seven high-quality studies
were selected to analyze the mechanisms of action, efficacy, and translational potential
©2026 Arak University of Medical of various plant-derived compounds, categorized into therapeutic, chemo-preventive, and
Sciences chemotherapy-enhancing agents.

Results: The findings demonstrate that plant-derived metabolites, such as taxanes and
vinca alkaloids, effectively disrupt microtubule dynamics and induce apoptosis.
Compounds such as curcumin, artemisinin, and plumbagin further exhibit anti-
tumorigenic properties by modulating signaling pathways involved in cell cycle regulation,
inflammation, and angiogenesis. Additionally, phytoestrogens and various plant extracts
show promise in reducing cancer risk and mitigating treatment-related side effects.
Recent breakthroughs in nanotechnology, such as lipid-based carriers, have significantly
addressed the challenge of low bioavailability, particularly enhancing the potency of
bioactive compounds in aggressive subtypes (e.g., Triple-Negative Breast Cancer).
Conclusion: Medicinal plants represent a promising complementary strategy for breast
cancer treatment. However, since most current evidence is preclinical, future research
must prioritize well-designed clinical trials, standardized dosage protocols, and
comprehensive toxicity evaluations. The integration of phytotherapy with nanomedicine
and bioinformatics is essential for developing safer, more targeted, and effective plant-
based anticancer therapeutics for clinical integration.
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INTRODUCTION

Breast cancer remains the most common malignancy
among women worldwide, accounting for a significant
proportion of global cancer related mortality. The
heterogeneous nature of this disease, encompassing
multiple molecular subtypes with distinct genetic,
biochemical, and physiological features, renders the
pathways underlying tumor initiation, progression,
metastasis, and therapeutic resistance highly complex
and often unpredictable. Conventional therapeutic
approaches such as surgery, radiotherapy,
chemotherapy, and hormone therapy, although
clinically effective, are constrained by challenges,
including drug resistance, systemic toxicities, limited
specificity, and a decline in patients’ quality of life.
These limitations have prompted growing scientific
and clinical interest in complementary, low-toxicity,
and cost-effective therapeutic strategies, especially
those based on medicinal plants and their bioactive
metabolites. Plant-derived secondary metabolites,
including flavonoids, alkaloids, terpenoids, coumarins,
phenolic acids, lignans, and phytoestrogens regulate
numerous  biological pathways involved in
proliferation, apoptosis, oxidative stress,
inflammation, angiogenesis, migration, and multidrug
resistance. Historically, plants have been a
fundamental source for anticancer drugs, as evidenced
by taxanes, vinca alkaloids, podophyllotoxins, and
camptothecins. These examples illustrate the
therapeutic value of natural compounds and reinforce
the importance of investigating medicinal plants as
reservoirs of novel anticancer candidates. The present
study provides a comprehensive review of the
therapeutic and preventive roles of medicinal plants in
breast cancer, emphasizing their molecular
mechanisms of action. By synthesizing findings from
the past twenty years, it offers an integrated
perspective on their potential benefits, limitations,
translational challenges, and future research
directions, clarifying the realistic contributions of
herbal-based interventions to breast cancer
treatment.

METHODS

The present research was conducted as a structured
narrative review. A comprehensive literature search
was performed across PubMed, Web of Science,
Scopus, and Google Scholar using keywords, including

“Breast cancer,” “Herbal medicine,” “Medicinal
plants,” “Phytochemicals,” and “Secondary
metabolites.” Articles were selected based on

inclusion criteria, including relevance to breast cancer,
investigation of plant-derived compounds, availability
of full text, and publication in reputable journals.
Finally, 67 studies with acceptable scientific quality
were included. Data extraction focused on mechanism
of action, compound type, study model (in vitro, in
vivo, or clinical), targeted signaling pathways, and
functional outcomes. The final analysis used
qualitative and comparative approaches to identify
similarities and differences among various compounds
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and medicinal plants. The studies were categorized
into three groups: direct therapeutic agents, chemo-
preventive compounds, and chemotherapy enhancing
agents to provide a precise evaluation of the role of
medicinal plants in different areas of oncology.
Methodological quality was assessed to enhance
reliability, and the generalizability of the findings to
clinical settings was evaluated.

RESULTS

The findings of this review indicate that medicinal
plants and their active metabolites play a significant
role in inhibiting the progression of breast cancer
through multiple and complementary mechanisms.
Analysis of the selected studies showed that a group of
plant-derived compounds, such as the alkaloids
vinblastine and vincristine, disrupt microtubule
formation, leading to mitotic cell-cycle arrest and the
induction of cell death. Similarly, taxanes such as
paclitaxel by excessively stabilizing microtubules and
impairing mitotic dynamics remain among the most
effective agents used in the treatment of breast
cancer. Other compounds, including podophyllotoxin
and its derivatives, enhance DNA double-strand breaks
and apoptotic death by inhibiting topoisomerase II,
while camptothecins play a critical role in suppressing
DNA synthesis, particularly in aggressive breast cancer
subtypes, through inhibition of topoisomerase I.
Beyond these well-established anticancer agents,
several naturally occurring metabolites, such as
curcumin, artemisinin, and plumbagin also exhibit
prominent antitumor mechanisms. Curcumin exerts
notable anti-inflammatory and antitumor effects by
inhibiting key signaling pathways associated with
inflammation and cell proliferation, and it can enhance
the sensitivity of breast cancer cells to
chemotherapeutic agents. Artemisinin selectively
targets tumor cells in the presence of iron and
suppresses cancer growth through the activation of
apoptotic pathways. Plumbagin, by inhibiting signaling
pathways involved in cell proliferation and cell-cycle
regulation, causes a marked reduction in the growth
and survival of cancer cells. The review further
demonstrated that a wide range of medicinal plants,
including Urtica dioica, Olea europaea, Juniperus
communis, Averrhoa carambola, and Salvia officinalis
are capable of inhibiting the growth of various breast
cancer cell lines. Some of these plants act primarily
through antioxidant activity and reduction of oxidative
stress, inhibition of lipid peroxidation, scavenging of
free radicals, and regulation of survival-related gene
expression. Another group of plants suppresses tumor
migration and invasion by inhibiting angiogenesis and
preventing the formation of new blood vessels. Among
these, phytoestrogens found in plants such as soy and
red clover reduce hormonal stimulation in
hormone-sensitive tumors by competitively binding to
estrogen receptors. Experimental evidence suggests
that long-term consumption of phytoestrogen-rich
foods may effectively reduce breast cancer risk and
alleviate certain chemotherapy related side effects.
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Moreover, recent advances in nanotechnology have
played a crucial role in improving the efficacy of
plant-derived compounds. Lipid-based nanoparticles,
polymeric carriers, and extracellular vesicles have
significantly increased the bioavailability of poorly
soluble compounds, such as curcumin and taxanes.
These nanocarriers have markedly enhanced their
anticancer potency in various breast cancer models,
especially in the aggressive Triple-Negative Breast
Cancer subtype. These achievements demonstrate
that combining modern technologies with the natural
potential of plant-based compounds can greatly
enhance the effectiveness of complementary
therapies and support the development of innovative
anticancer strategies.

CONCLUSION

Overall, the evidence presented in this review
indicates that medicinal plants and their bioactive
constituents hold remarkable promise for the
treatment, prevention, and long-term management of
breast cancer. Through their multi-targeted
mechanisms of action, plant-derived compounds can
directly inhibit tumor growth, modulate key signaling
pathways, reduce chemotherapy resistance, enhance
the effectiveness of conventional treatments, and
mitigate their associated adverse effects. These
attributes position medicinal plants as valuable
complementary options alongside standard therapies.
Nonetheless, a substantial proportion of the available
evidence is derived from preclinical research.
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Therefore, future progress requires well-designed
clinical trials, standardized extraction and dosing
protocols, long-term toxicity assessments, and
development of advanced delivery systems. Continued
advancements in nanotechnology, bioinformatics, and
molecular modeling are likely to accelerate the
discovery of next-generation, plant-based targeted
therapeutics.  Finally, integrating phytotherapy,
phytochemistry, nanotechnology, and translational
sciences may profoundly reshape the future landscape
of breast cancer treatment and offer safer, effective,
and widely accessible therapeutic solutions.
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Thymus vulgaris L.

Arachis hypogaea L. Mangifera indica L.
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