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Cancer continues to pose a major global health challenge, contributing significantly to 

illness and death across populations. While conventional therapies have led to important 

advancements, limited efficacy, adverse side effects, and high treatment costs remain 

substantial barriers. In recent years, natural compounds—particularly those derived 

from plants—have attracted growing interest for their potential therapeutic value. 

Known for their chemical diversity and wide-ranging biological activities, these 

compounds are being increasingly explored for their role in cancer prevention and 

treatment. This review broadly examines the anticancer potential of phytochemicals, 

outlines their underlying biological mechanisms, and discusses recent developments in 

their application within modern medicine. 
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INTRODUCTION 

Cancer is a complex, multifactorial disease 

marked by uncontrolled cell proliferation, 

resistance to apoptosis, sustained angiogenesis, 

and the ability to metastasize. It remains a major 

global health concern, affecting millions of 

individuals worldwide. Although conventional 

treatment modalities such as surgery, 

chemotherapy, and radiation therapy—have 

improved patient outcomes, they are often 

associated with significant side effects and the 

emergence of resistance. Consequently, there is an 

urgent need for novel therapeutic agents that are 

both effective and less toxic. Historically, plants 

have served as a rich reservoir of bioactive 

compounds, and more than 60% of currently 

approved anticancer drugs are derived from 

natural sources. Notable examples include 

paclitaxel, vincristine, and camptothecin, which 

have become integral components of cancer 

therapy. These phytochemicals exert their 

anticancer effects by modulating key cellular 

pathways suppressing proliferation, inducing 

programmed cell death, and inhibiting 

angiogenesis and metastasis. 

https://www.ijpsjournal.com/


Sanika Kamble, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 6, 627-633 | Review   

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 628 | P a g e  

2. Classification of Plant-Derived Anticancer 

Compounds 

Plant-derived anticancer compounds can be 

broadly categorized based on their chemical 

structures and mechanisms of action: 

1. Alkaloids 

Structure: Contain nitrogen atoms, typically in a 

heterocyclic ring. 

Mechanism of Action: Disrupt microtubule 

dynamics, inhibit DNA topoisomerases, and 

interfere with DNA/RNA synthesis. 

Key Compounds: 

Vincristine & Vinblastine (Catharanthus 

roseus) 

o Mechanism: Bind to tubulin, inhibit 

microtubule polymerization → arrest in 

metaphase. 

o Use: Leukemias, lymphomas, breast cancer. 

Camptothecin (Camptotheca acuminata) 

o Mechanism: Inhibits topoisomerase I, causing 

DNA strand breaks during replication. 

o Derivatives: Irinotecan, topotecan (clinically 

approved). 

Berberine (Berberis species) 

o Mechanism: Induces apoptosis via 

mitochondrial pathways; modulates p53 and 

caspases. 

o Use: Preclinical studies in colon, lung, and 

breast cancer. 

2. Terpenoids (Isoprenoids) 

Structure: Derived from five-carbon isoprene 

units; classified into mono-, sesqui, di-, tri, and 

tetraterpenoids. 

Mechanism of Action: Modulates signal 

transduction, inhibits angiogenesis, and induces 

apoptosis. 

Key Compounds: 

• Paclitaxel (Taxol) (Taxus brevifolia) 

o Mechanism: Stabilizes microtubules, 

preventing depolymerization → mitotic arrest. 

o Use: Ovarian, breast, lung, and prostate 

cancers. 

• Artemisinin (Artemisia annua) 

o Mechanism: Generates reactive oxygen 

species (ROS); affects cell cycle progression. 

o Research: Experimental use in breast, 

leukemia, and colon cancers. 

• Thymoquinone (Nigella sativa) 

o Mechanism: Suppresses NF-κB, STAT3, and 

angiogenesis; induces apoptosis. 

o Use: In vitro efficacy across multiple cancers. 

3. Phenolics and Polyphenols 

Structure: Aromatic rings with hydroxyl groups; 

includes flavonoids, stilbenes, tannins. 

Mechanism of Action: Antioxidant activity, 

inhibition of cell proliferation, promotion of 

apoptosis, and modulation of key signaling 

pathways (PI3K/Akt, MAPK, NF-κB). 

Key Compounds: 

• Curcumin (Curcuma longa) 
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o Mechanism: Downregulates NF-κB, COX-2, 

and Bcl-2; induces caspase-3 activation. 

o Use: Promising in colorectal, pancreatic, and 

breast cancers. 

• Resveratrol (Vitis vinifera) 

o Mechanism: Inhibits angiogenesis, induces 

cell cycle arrest (G1/S phase), suppresses 

metastasis. 

o Use: Colon, prostate, breast, and liver cancers. 

4. Flavonoids (Subclass of polyphenols) 

Structure: C6-C3-C6 backbone with 

hydroxylation and methoxylation patterns. 

Mechanism of Action: ROS modulation, 

inhibition of tyrosine kinases, anti-estrogenic 

effects. 

Key Compounds: 

• Quercetin (Onions, apples, tea) 

o Mechanism: Induces apoptosis via p53 

activation and mitochondrial pathways. 

o Use: Effective in breast, prostate, and colon 

cancers. 

• Genistein (Soy products) 

o Mechanism: Inhibits tyrosine kinases, blocks 

angiogenesis, and modulates estrogen 

receptors. 

o Use: Hormone-sensitive cancers like breast 

and prostate. 

5. Lignans 

Structure: Phenylpropanoid dimers with a 

dibenzylbutane skeleton. 

Mechanism of Action: Topoisomerase II 

inhibition, induction of apoptosis. 

Key Compounds: 

• Podophyllotoxin (Podophyllum peltatum) 

o Mechanism: Precursor of etoposide and 

teniposide, which inhibit topoisomerase II → 

DNA damage. 

o Use: Testicular cancer, small-cell lung cancer. 

6. Saponins 

Structure: Glycosides with steroid or triterpenoid 

aglycones. 

Mechanism of Action: Disrupt cell membranes, 

enhance immune response, induce apoptosis. 

Key Compounds: 

• Diosgenin (Dioscorea species) 

o Mechanism: Inhibits proliferation, modulates 

NF-κB and Akt pathways. 

o Use: Experimental; shows potential in 

leukemia and colon cancer. 

7. Quinones 

Structure: Aromatic ketones; redox-active 

molecules that generate ROS. 

Mechanism of Action: Induces oxidative stress, 

damages mitochondrial membrane potential. 

Key Compounds: 

• Lapachol (Tabebuia avellanedae) 

o Mechanism: ROS generation → 

mitochondrial dysfunction and apoptosis. 
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• Emodin (Rheum palmatum, Polygonum 

cuspidatum) 

o Mechanism: Targets PI3K/Akt and ERK 

pathways; enhances chemosensitivity. 

8. Coumarins 

Structure: Benzopyrone derivatives with 

aromatic lactone structure. 

Mechanism of Action: Antioxidant effects, cell 

cycle arrest, anti-angiogenic activity. 

Key Compounds: 

• Esculetin 

o Mechanism: Induces apoptosis, inhibits 

STAT3 and β-catenin pathways. 

• Psoralen (Psoralea corylifolia) 

o Mechanism: Used in PUVA therapy 

(photochemotherapy); forms DNA adducts 

under UV exposure. 

9. Other Notable Classes 

• Sulfur-containing compounds: e.g., Allicin 

from garlic – induces apoptosis, inhibits 

angiogenesis. 

• Tannins: e.g., Ellagic acid from pomegranate 

– antioxidant, anti-proliferative. 

3. Mechanisms of Anticancer Activity 

3.1 Induction of Apoptosis 

Many phytochemicals activate intrinsic 

(mitochondrial) or extrinsic (death receptor) 

apoptotic pathways, leading to cancer cell death. 

3.2 Inhibition of Cell Proliferation 

Compounds like paclitaxel disrupt the cell cycle, 

especially at the G2/M phase, halting mitosis. 

3.3 Anti-Angiogenesis 

Inhibition of vascular endothelial growth factor 

(VEGF) expression by compounds like curcumin 

prevents the formation of new blood vessels 

essential for tumor growth. 

3.4 Suppression of Metastasis 

Plant compounds inhibit enzymes like matrix 

metalloproteinases (MMPs), involved in the 

degradation of extracellular matrix, thereby 

reducing invasion and metastasis. 

3.5 Modulation of Signaling Pathways 

Phytochemicals modulate multiple signaling 

cascades, including: 

PI3K/Akt/mTOR 

Wnt/β-catenin 

MAPK/ERK 

NF-κB 

p53 

4. Synergistic Effects and Combination 

Therapies 

Combining plant-derived compounds with 

conventional chemotherapeutics has shown 

promise in enhancing efficacy and reducing 

toxicity. For example: 

Curcumin + Doxorubicin: Enhances apoptosis 

and reduces cardiotoxicity. 

Resveratrol + Cisplatin: Improves 

chemosensitivity and reduces nephrotoxicity. 
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5. Challenges and Future Directions 

5.1 Bioavailability and Pharmacokinetics 

Many plant compounds suffer from poor 

solubility, low absorption, and rapid metabolism. 

Nanotechnology-based delivery systems (e.g., 

liposomes, nanoparticles) are being explored to 

overcome these barriers. 

5.2 Standardization and Quality Control 

Variability in plant sources and extraction methods 

poses challenges in consistent efficacy and safety. 

5.3 Clinical Validation 

While many compounds show promise in 

preclinical studies, large-scale clinical trials are 

necessary to validate their therapeutic potential. 

6. CONCLUSION 

Plant-derived compounds represent a promising 

avenue for the development of novel anticancer 

agents. Their ability to target multiple pathways 

involved in cancer progression with minimal 

toxicity to normal cells makes them ideal 

candidates for adjunctive or alternative therapies. 

Future research focusing on formulation 

improvements, mechanistic insights, and clinical 

validations will be crucial in harnessing their full 

therapeutic potential. 
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