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Abstract—Cancer remains one of the leading causes of mortality worldwide. The development of
effective and safe anticancer drugs continues to be a major challenge in medical science.
Phytochemicals, naturally occurring bioactive compounds derived from plants, have gained
significant attention due to their diverse pharmacological properties including antioxidant,
anti-inflammatory, and anticancer activities. Many modern anticancer drugs such as paclitaxel,
vincristine, and camptothecin have originated from plant sources. This review highlights the
classification, mechanisms of action, molecular targets, and recent advances in phytochemical-based
anticancer drug development. The paper also discusses limitations and future prospects in translating
phytochemicals into clinically
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V.

Introduction

Cancer is characterized by uncontrolled cell growth, invasion, and metastasis. Conventional
therapies such as chemotherapy, radiotherapy, and surgery have limitations including toxicity and
drug resistance. Natural products have historically contributed to drug discovery, and
phytochemicals represent a valuable reservoir of bioactive molecules with therapeutic potential.

Classification of Phytochemicals

Phytochemicals are broadly classified into alkaloids, flavonoids, terpenoids, phenolic compounds,
saponins, and tannins. Alkaloids such as vincristine exhibit antimitotic activity. Flavonoids like
quercetin possess antioxidant and antiproliferative effects. Terpenoids including paclitaxel interfere
with microtubule function. Each class exhibits unique mechanisms contributing to anticancer
properties.

Mechanisms of Anticancer Action

Phytochemicals exert anticancer effects through multiple mechanisms including induction of
apoptosis, inhibition of angiogenesis, suppression of metastasis, modulation of cell signaling
pathways, and antioxidant activity. They regulate key molecular targets such as p53, NF-xB, MAPK,
and PI3K/Akt pathways. Their multi-targeted nature reduces the likelihood of drug resistance.

Notable Plant-Derived Anticancer Drugs

Several clinically approved drugs are derived from plants. Paclitaxel from Taxus species stabilizes
microtubules. Vincristine and vinblastine from Catharanthus roseus inhibit spindle formation.
Camptothecin derivatives inhibit topoisomerase 1. These examples highlight the significant
contribution of phytochemicals to oncology.
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V.

VL.

VII.

VIIL.

Recent Advances in Research

Recent studies focus on nanoformulations, structural modification, and combination therapies to
enhance bioavailability and reduce toxicity of phytochemicals. Nanotechnology-based delivery
systems improve solubility and targeted drug delivery. Molecular docking and computational studies
accelerate identification of promising candidates.

Challenges and Limitations

Despite promising results, challenges include poor bioavailability, variability in plant composition,
difficulty in large-scale extraction, and limited clinical trials. Standardization and rigorous clinical
evaluation are essential for successful drug development.

Future Perspectives

Future research should emphasize advanced biotechnological approaches, sustainable sourcing of
medicinal plants, clinical validation, and integration of traditional knowledge with modern drug
discovery techniques. Collaborative research between chemists, pharmacologists, and clinicians is
crucial.

Conclusion

Phytochemicals play a vital role in anticancer drug development. Their diverse chemical structures
and multi-targeted mechanisms make them valuable leads for novel therapeutics. Continued research
and technological advancements will further enhance their contribution to modern oncology.
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