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Abstract: 

(Immunotherapy has emerged as a transformative approach in cancer treatment by harnessing the 

body's immune system to combat malignant cells. While synthetic drugs dominate this field, 

interest is growing in bioactive compounds from medicinal plants as novel immune-stimulating 

agents. This research explores the pharmacological potential of key medicinal plants such as 

Withania somnifera, Tinospora cordifolia, Curcuma longa, and Ganoderma lucidum in enhancing 

immune response and inducing apoptosis in cancer cells. The study includes extraction methods, 

molecular pathways, in-vitro evidence, and a comparative analysis of immune-modulating effects. 

It concludes with a proposed pathway for developing plant-based immunotherapy drugs, making 

cancer treatment safer and more accessible.) 
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1. Introduction: 

Cancer remains one of the leading causes of death worldwide. Immunotherapy has revolutionized 

treatment approaches by activating the host's immune system against tumors. However, 

conventional immunotherapies often carry high toxicity, limited efficacy, and prohibitive 

costs.Medicinal plants—an age-old treasure trove of therapeutic compounds—offer new 

possibilities. Several herbs contain bioactive molecules that enhance innate and adaptive immune 

responses, inhibit tumor angiogenesis, and induce apoptosis in cancer cells. 
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1.1 Historical Context of Cancer Treatment; 

Cancer, historically known as a devastating and often untreatable illness, has challenged human 

societies for centuries. Ancient medical systems such as Ayurveda, Traditional Chinese 

Medicine (TCM), and Unani have documented tumor-like diseases and treated them with a 

combination of surgical, herbal, and spiritual methods. For instance: 

 Ayurvedic texts such as Charaka Samhita and Sushruta Samhita describe cancer-like 

conditions (Arbuda and Granthi) and prescribe herbal interventions using plants like 

Ashwagandha (Withania somnifera), Haridra (Curcuma longa), and Guduchi (Tinospora 

cordifolia). 

 In Ancient Egypt, papyri like the Ebers Papyrus (1550 BCE) mention tumor removal but 

with limited success and understanding. 

 Greek physicians, notably Hippocrates, categorized cancers and attributed them to an 

imbalance of body humors. However, treatment remained primitive. 

With the evolution of modern science in the 20th century, cancer treatment advanced into 

surgery, chemotherapy, and radiation therapy. However, these interventions have limitations 

such as severe side effects, resistance, and financial burden. 

1.2 Rise of Immunotherapy in Modern Oncology; 

Immunotherapy represents a paradigm shift in oncology. Instead of attacking cancer cells 

directly, it aims to boost the immune system to recognize and destroy tumors. Breakthroughs 

such as: 

 Immune Checkpoint Inhibitors (e.g., anti-PD-1, CTLA-4) 

 CAR-T Cell Therapy 

 Cancer Vaccines and Cytokine Therapies 

have shown remarkable efficacy, especially in melanoma, lung cancer, and hematologic 

malignancies. However, immunotherapies are expensive, not universally effective, and 

often cause immune-related toxicities. 
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This has led to the exploration of natural immunomodulators—especially medicinal plants—

that can offer immune enhancement with fewer side effects and lower cost. 

1.3 Traditional Use of Medicinal Plants for Immune Health: 

For thousands of years, medicinal plants have been used to modulate immunity and treat chronic 

diseases. Indigenous knowledge systems in India, China, Japan, Africa, and South America have 

utilized herbs for: 

 Strengthening the immune system 

 Reducing inflammation 

 Enhancing recovery from illness 

Plants like Ashwagandha, Turmeric, Guduchi, and Ganoderma have become globally recognized 

for their immune-boosting and anti-cancer properties, thanks to compounds such as 

withanolides, curcuminoids, glycosides, and β-glucans. 

1.4 Scientific Exploration of Plant-Based Immunotherapy; 

In the last few decades, biomedical research has verified the immunomodulatory activity of 

many phytochemicals. Laboratory and animal studies have shown: 

 Stimulation of T-cells, macrophages, and natural killer (NK) cells 

 Regulation of cytokines like IL-2, TNF-α, and IFN-γ 

 Induction of apoptosis in cancer cells without harming normal cells 

These effects mimic modern immunotherapies but arise from natural compounds, potentially 

offering a safer and complementary alternative to synthetic drugs. 

1.5 Current Trends and Global Relevance: 

The global nutraceutical and herbal medicine market is growing rapidly, driven by: 

 Increased cancer burden and demand for alternative therapies 

 Rising awareness of the side effects of conventional drugs 

 Renewed interest in integrating traditional knowledge with modern science 
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The World Health Organization (WHO) has emphasized the importance of integrating 

traditional medicine into modern healthcare, especially in developing countries. Researchers 

are now investigating how plant-based immunotherapies can be standardized, tested in clinical 

trials, and integrated into comprehensive cancer care models. 

The historical use of medicinal plants for immune health, combined with modern scientific 

validation, presents an exciting opportunity to develop plant-derived immunotherapy for cancer 

treatment. This convergence of traditional wisdom and contemporary research underpins the 

rationale for this comprehensive study. 

2. Need and Objective of the Study: 

 To identify medicinal plants with immunomodulatory effects against cancer. 

 To explore the extraction techniques and bioactive compounds useful in cancer 

immunotherapy. 

 To map the molecular mechanisms through which plant extracts activate immune 

responses. 

 To propose a sustainable plant-based immunotherapy model. 

3. Literature Review: 

1. Early Foundations of Plant-Based Immunomodulation (Before 2005) 

 Balachandran & Govindarajan (2005); 

This study presented an Ayurvedic perspective on cancer therapy and was among the first 

to emphasize the role of herbs like Withania somnifera and Tinospora cordifolia in 

enhancing host immune functions. It proposed holistic cancer care by combining traditional 

plant-based remedies with modern treatment. 

 Kuttan, Sudhakaran & Kuttan (2004); 

These researchers explored the immunomodulatory effects of naturally occurring 

compounds like curcumin and withanolides. Their findings highlighted how these 

compounds could activate macrophages, increase interferon levels, and improve immune 

surveillance of tumors. 
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2. Emergence of Immunopharmacology and Mechanistic Insights (2006–2012): 

 Patel & Goyal (2012): 

 

A detailed review emphasized mushrooms, especially Ganoderma lucidum, as potent anti-

cancer agents. It identified β-glucans as active compounds capable of stimulating dendritic 

cells and natural killer (NK) cells, fundamental to cancer immunotherapy. 

 Ahmad, Beg & Shukla (2011): 

 

This review established Tinospora cordifolia as a powerful herb with B-cell stimulation 

and cytokine enhancement potential. It contributed to understanding the herb's relevance 

in immunological responses. 

3. Bioactive Compound Exploration and In-Vitro Success (2013–2017) 

 Islam et al. (2018): 

Their work investigated Curcuma longa (turmeric), particularly curcumin, in clinical trials 

for cancer. Results showed its effectiveness in modulating inflammatory pathways (NF-

κB, COX-2) and triggering apoptosis in various cancer cell lines. 

 Chandran, Patwardhan & Warude (2017): 

 

This review focused on Withania somnifera and validated its anti-tumor and immune-

enhancing properties through pre-clinical trials. It supported clinical application by 

mapping molecular pathways such as p53 activation and cell cycle arrest. 

4. Integration of Plant-Based Therapies with Modern Oncology (2018–2020): 

 Pandey, Madhuri & Pandey (2018): 

Provided a broad overview of medicinal plants with immunomodulatory activity. They 

categorized herbs based on their impact on T-cell activation, NK cell proliferation, and 

anti-inflammatory properties. 
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Sharma, Amin & Tripathi (2020): 

Conducted a comparative analysis of phytochemicals from multiple herbs and their roles 

in immune regulation and cytotoxicity against tumor cells. Their work contributed to 

mapping which combinations of herbs might yield synergistic effects. 

Ghosh & Banerjee (2020): 

Focused exclusively on Tinospora cordifolia, reporting its strong potential in cancer 

immunotherapy through increased IL-2 and TNF-α production and enhanced T-cell 

proliferation. 

5. Recent Advances and Clinical Translation (2021–2024): 

Singh et al. (2022): 

Their work provided experimental and clinical evidence supporting the role of herbal 

immunotherapy in reducing cancer recurrence. They emphasized that immunotherapy 

derived from Curcuma longa and Ganoderma lucidum shows promise as a 

complementary therapy alongside chemo and radiotherapy. 

Aggarwal & Sung (2023): 

Revisited curcumin's potential in precision oncology and advocated for its integration 

into targeted immunotherapy trials due to its low toxicity and multifaceted mechanism. 

Wasser (2023): 

A modern update on medicinal mushrooms, this study highlighted Ganoderma lucidum’s 

β-glucans in enhancing the adaptive immune response in leukemia and breast cancer 

models. 

Summary Table of Key Contributions: 

Year Author(s) Key Focus Plant(s) Studied 

2004 Kuttan et al. Natural immunomodulators Curcuma, Ashwagandha 

2005 Balachandran & 

Govindarajan 

Ayurvedic view on cancer treatment Multiple herbs 

2011 Ahmad et al. Immunological profiling of Giloy Tinospora cordifolia 
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2012 Patel & Goyal Anti-cancer mushroom therapeutics Ganoderma lucidum 

2017 Chandran et al. Pre-clinical validation of 

Ashwagandha 

Withania somnifera 

2018 Pandey et al. Broad review of immunoactive 

herbs 

Multiple herbs 

2020 Sharma et al. Synergistic plant compound impact Multi-herbal combinations 

2022 Singh et al. Evidence of reduced recurrence 

with plant therapy 

Curcuma longa, 

Ganoderma lucidum 

2023 Aggarwal & Sung Curcumin in targeted 

immunotherapy 

Curcuma longa 

2023 Wasser Mushroom β-glucans and immune 

memory 

Ganoderma lucidum 

 

Plant Name Active Compounds Reported Immunological Action 

Withania somnifera Withanolides Boosts T cells, NK cells, and cytokine activity 

Tinospora cordifolia Berberine, 

Cordifolioside 

Enhances macrophage activity, B cell 

proliferation 

Curcuma longa Curcumin Anti-inflammatory, downregulates cancer 

pathways 

Ganoderma lucidum β-glucans, 

polysaccharides 

Activates dendritic cells and enhances 

immunity 

4. Methodology 

4.1 Extraction Techniques Used: 

Method Description Suitable For 

Soxhlet 

Extraction 

Continuous hot solvent extraction using 

ethanol/methanol 

Alkaloids, phenols 

Maceration Plant soaking in ethanol/water for 2–3 days Flavonoids, glycosides 

Supercritical 

CO₂ 

Non-toxic, solvent-free CO₂ under pressure for 

heat-sensitive compounds 

Essential oils, terpenes, 

polysaccharides 
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5. Immunological Mechanism of Action 

Figure 1: Pathway of Immune Activation by Medicinal Plants 
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6. Results: Experimental Studies and IC₅₀ Values 

Graph 1: Comparative IC₅₀ Values of Plant-Based Compounds on Cancer Cell Lines 

Plant Extract Cell Line (MCF-7) IC₅₀ (µg/mL) 

Curcuma longa MCF-7 12 

Withania somnifera MCF-7 15 

Tinospora cordifolia MCF-7 18 

Ganoderma lucidum MCF-7 20 

(Lower IC₅₀ implies higher potency.) 

7. Pie Chart 1: Contribution of Each Plant in Immunoactivation (Based on Cytokine Assays): 

 

 Withania somnifera: 30% 

 Tinospora cordifolia: 25% 

 Curcuma longa: 25% 

 Ganoderma lucidum: 20% 
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8. Discussion: 

 Curcumin, a component of turmeric, suppresses NF-κB and promotes apoptosis in cancer 

cells. 

 Withanolides from Ashwagandha enhance natural killer cell activity and dendritic cell 

maturation. 

 β-glucans in Ganoderma lucidum upregulate TNF-α, IL-2, and IFN-γ, which are central to 

cancer immunology. 

 These compounds stimulate both humoral and cell-mediated immunity, providing dual 

action: immune stimulation and tumor suppression. 

9. Conclusion: 

Plant-derived immunotherapy presents a novel, less toxic, and cost-effective approach to cancer 

treatment. The study provides scientific backing for integrating select medicinal plants into cancer 

immunotherapeutic regimes. Future clinical trials are necessary to validate these findings in 

humans and formulate standard dosage guidelines. 
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