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ABSTRACT

Liver diseases remain a major global health challenge, causing nearly two million deaths annually. India faces a growing burden due to alcohol abuse, viral hepatitis,
and drug-induced toxicity. Modern hepatoprotective drugs like silymarin and corticosteroids offer limited efficacy and safety, driving renewed interest in traditional
plant-based remedies.

This review integrates findings from twenty peer-reviewed studies (1999-2025) to explore the ethnomedicinal, phytochemical, and pharmacological aspects of key
Indian hepatoprotective plants—Phyllanthus amarus, Andrographis paniculata, Boerhaavia diffusa, Picrorhiza kurroa, Eclipta alba, and Tinospora cordifolia.
These species exhibit antioxidant, anti-inflammatory, and anti-fibrotic effects validated by modern research. By bridging traditional knowledge and scientific
evidence, this study highlights India’s ethnopharmacological heritage as a sustainable foundation for future liver therapeutics and integrative medicine. The findings
reaffirm the Indian Knowledge System (IKS) as a dynamic, evidence-based framework rooted in ecological harmony and holistic health.
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1. Introduction

Liver disease is one of the leading causes of morbidity and mortality worldwide. The liver’s vital roles in metabolism, detoxification, and nutrient
regulation make it particularly susceptible to injury from drugs, alcohol, toxins, and infections. In India, liver-related ailments have risen sharply due to
hepatitis infections, alcohol abuse, and lifestyle changes.

Conventional pharmacotherapy provides symptomatic relief but often fails to regenerate liver tissue or prevent relapse. Herbal medicine, on the other
hand, offers natural hepatoprotective solutions with lower toxicity and holistic effects. Ancient Indian medical systems, notably Ayurveda, Siddha, and
Unani, have long described the liver (yakrit) as a center of metabolism and vitality. According to Ayurvedic philosophy, yakrit vikara arises from an
imbalance in pitta dosha, leading to toxin accumulation (ama) and impaired bile function (Narendra & Manasi, 2021).

Modern hepatology increasingly validates these classical insights. Herbs like Phyllanthus amarus and Boerhaavia diffusa, traditionally used to treat

jaundice (kamala), have shown antiviral and antioxidant activities against liver injury. This review integrates traditional wisdom and modern science to
present a holistic understanding of India’s ethnomedicinal approach to hepatoprotection.

2. The Liver in Indian Medical Thought

Ayurveda perceives health as the harmony of vata, pitta, and kapha—the three biological energies governing the body. The liver, being a pitta-dominant
organ, governs digestion, metabolism, and energy transformation. When pitta becomes vitiated, liver diseases such as kamala (jaundice), jalodara
(ascites), and yakrit vriddhi (hepatomegaly) arise.

The Charaka Samhita and Sushruta Samhita describe herbal formulations like Triphala, Punarnavasava, and Arogyavardhini vati for liver disorders.
The therapeutic approach combines detoxification, diet modification, and rejuvenation using rasayana herbs such as Tinospora cordifolia and Eclipta
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alba.
Tribal and folk medicine systems across India mirror these classical ideas. The tribal healers of Northeast India, for instance, employ Phyllanthus amarus,
Tephrosia purpurea, and Picrorhiza kurroa for hepatic disorders, emphasizing the cultural continuity of India’s indigenous healing traditions (Das &

Sarkar, 2023).

3. Ethnomedicinal Diversity of India

India’s ethnomedicinal heritage spans an extraordinary range of flora. More than 700 plants are recognized for liver-related treatments (Roy et al., 2014).
In Himachal Pradesh, Boerhaavia diffusa and Eclipta alba are common in traditional remedies for jaundice and water retention (Bhardwaj et al., 2019).
The tribes of Manipur and Assam use Phyllanthus amarus, Tephrosia purpurea, and Cichorium intybus for hepatitis and bile secretion regulation
(Thokchom et al., 2018).

This diversity underscores the integrative and adaptive nature of Indian ethnopharmacology. Each biocultural zone contributes unique flora suited to its
ecology, forming a national network of knowledge that reinforces the Indian Knowledge System’s holistic framework.

4. Major Ethnomedicinal Plants and Phytochemical Insights

The hepatoprotective potential of Indian medicinal plants lies in their rich phytochemical diversity. These compounds—flavonoids, lignans, alkaloids,
and terpenoids—act synergistically to reduce oxidative stress, regulate inflammatory pathways, and repair hepatocyte membranes.

Table 1. Major Indian Ethnomedicinal Plants with Hepatoprotective Activity

Botanical / Common Principal . . Traditional / Modern
. Mechanism of Action . Source
Ayurvedic Name ||Name Compounds Validation
Phyllanthus Bhumyamalaki |[Phyllanthin, Antioxidant, antiviral, anti-  [[Used for Kamala Kumar et al.,
amarus hypophyllanthin fibrotic (jaundice); reduces 2011
ALT/AST
Andrographis Kalmegh Andrographolide Anti-inflammatory, immune- ||Used for liver Sharma et al.,
paniculata regulatory inflammation; comparable |{2014.
to silymarin
Boerhaavia Punarnava Punarnavine, Enhances bile secretion, Detoxification and diuretic; ||Valvi et al.
diffusa boeravinones regenerates hepatocytes proven in CCls studies 2016
Picrorhiza kurroa ||Kutki Picroside I, 11 Immunomodulatory, anti- Ayurvedic liver tonic; Das & Sarkar,
inflammatory improves bile flow 2023
Eclipta alba Bhringraj \Wedelolactone, Antioxidant, hepatocyte Used for jaundice; protects ||Arman et al.
luteolin protection from necrosis 2022
Tinospora Guduchi Berberine, Anti-fibrotic, antioxidant Used as rasayana; Narendra &
cordifolia magnoflorine enhances detoxification Manasi, 2021
Curcuma longa Haldi Curcumin Anti-fibrotic, anti- Reduces TNF-q, IL-6; Gonfa et al.
inflammatory prevents fibrosis 2025

These plants form the cornerstone of Indian hepatoprotective pharmacology. Their actions reflect the Ayurvedic principle of samyoga—the synergistic

blending of multiple herbs to enhance therapeutic potency.

5. Pharmacological Validation

Scientific validation has established the hepatoprotective efficacy of many of these plants. Extracts of Phyllanthus amarus inhibit hepatitis B surface
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antigen and DNA polymerase, confirming its antiviral potential (Saleem et al., 2010). Boerhaavia diffusa and Eclipta alba normalize elevated liver
enzymes (ALT, AST) in toxin-induced liver injury (Minnady et al., 2022).

Pharmacological analyses show that these herbs improve antioxidant enzyme activity (SOD, CAT, GPx), enhance bile secretion, and protect against

oxidative damage. The convergence between traditional use and molecular evidence exemplifies how Ayurveda anticipated many biochemical principles
of hepatoprotection.

6. Integration of Traditional Knowledge and Modern Research

India’s Ministry of AYUSH, CSIR, and ICMR have advanced research in ethnomedicine through policy and institutional collaboration. The Traditional
Knowledge Digital Library (TKDL) safeguards India’s medicinal heritage while enabling bioprospecting partnerships. Commercially, Ayurvedic
formulations like Liv.52 and Arogyavardhini vati demonstrate the successful integration of traditional knowledge with modern manufacturing standards
(Thyagarajan & Jayaram, 2002).

Despite this progress, challenges remain regarding standardization, dosage optimization, and clinical validation. Integrating ethnomedicine into modern
healthcare requires robust interdisciplinary frameworks that combine pharmacognosy, biotechnology, and traditional epistemology.

7. Discussion

The interconnection between ethnomedicinal knowledge and modern hepatology reflects a profound continuum of scientific thought within Indian
civilization. The plants reviewed—Phyllanthus amarus, Tinospora cordifolia, Boerhaavia diffusa, Andrographis paniculata, Eclipta alba, and others—
are not isolated discoveries but rather elements of a coherent healing framework that predates contemporary biomedical classifications. Their traditional
use is embedded in a philosophy that sees disease as the result of systemic imbalance rather than mere organ dysfunction. This understanding mirrors
today’s systems biology approaches, which conceptualize disease as network disarray involving oxidative stress, inflammation, and metabolic
dysregulation.

7.1 Ethnomedical Reasoning and Scientific Convergence

Classical Ayurvedic concepts such as pitta shaman (pacification of metabolic heat), ama pachana (detoxification of undigested residues), and rasayana
(rejuvenation) parallel modern pharmacological processes like free-radical scavenging, modulation of inflammatory cytokines, and hepatic tissue
regeneration. For example, Phyllanthus amarus—used traditionally for kamala (jaundice)—exhibits antiviral activity by inhibiting hepatitis B virus
polymerase and suppressing viral antigen expression (Saleem et al., 2010). Likewise, Tinospora cordifolia, revered as “Amrita,” is shown to enhance
Kupffer cell activity and modulate cytokine production, facilitating hepatic regeneration after toxin exposure (Narendra & Manasi, 2021).

The biochemical logic underlying these ethnomedicinal claims reveals that Indian traditional medicine anticipated many modern pharmacological
mechanisms. The consistent therapeutic outcomes observed across centuries of practice suggest an empirical rationality equivalent to clinical trial
validation in principle, if not in method.

7.2 Multi-Target Mechanisms and Synergy

A key feature distinguishing ethnomedicinal hepatoprotectives from synthetic drugs is their multi-target action. Unlike mono-target pharmaceuticals,
herbal formulations operate through synergistic interactions among multiple bioactive constituents. The flavonoids in Eclipta alba, the diterpenoids in
Andrographis paniculata, and the curcuminoids in Curcuma longa act in concert to mitigate oxidative stress, enhance antioxidant enzymes, and inhibit
lipid peroxidation (Gonfa et al., 2025).

Polyherbal formulations embody Ayurveda’s principle of samyoga guna—the belief that properly combined substances amplify efficacy and minimize
toxicity. For instance, the commercial formulation Liv.52, composed of Capparis spinosa, Cichorium intybus, and Terminalia arjuna, shows superior
hepatoprotective results compared to individual plant extracts (Thyagarajan & Jayaram, 2002). Such synergy reflects not mere coincidence but deep
pharmacodynamic insight within the Indian Knowledge System, where the balance between substances mirrors the balance within the human body.

7.3 Molecular Pathways and Immunological Dimensions

At the molecular level, hepatoprotective plants exert effects through multiple signaling cascades. Curcumin and andrographolide inhibit NF-kB and COX-
2, downregulating pro-inflammatory cytokines like TNF-a and IL-6. Lignans from Phyllanthus amarus upregulate antioxidant response elements (ARE)
via the Nrf2 pathway, stimulating glutathione synthesis and catalase activity (Kumar et al., 2011).

Emerging immunological studies reveal that Tinospora cordifolia enhances macrophage phagocytic capacity and reduces hepatic fibrosis by modulating
TGF-B expression. Similarly, Boerhaavia diffusa has been shown to normalize serum bilirubin and lipid profiles while improving hepatocyte regeneration
after exposure to hepatotoxins (Valvi et al., 2016). These findings provide molecular corroboration for traditional doctrines describing the restoration of
ojas (vital energy) and rakta dhatu (blood tissue) through herbal therapy.
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7.4 Regional Ethnobotany and Cultural Sustainability

India’s ethnomedicinal traditions vary geographically but maintain philosophical unity. The herbal systems of the Western Ghats, Central India, and the
Northeast are regionally distinct yet conceptually interconnected. Picrorhiza kurroa dominates Himalayan pharmacopeia; Boerhaavia diffusa and Eclipta
alba are favored in tropical regions; Phyllanthus amarus appears ubiquitously across ecosystems. This ecological adaptability underscores the
evolutionary sophistication of indigenous pharmacology (Das & Sarkar, 2023).

Cultural sustainability is integral to medical sustainability. In many tribal regions, healers practice conservation ethics by harvesting only mature plants,
ensuring regeneration cycles. Such stewardship contrasts with modern extractive approaches and aligns with the IKS emphasis on reciprocity between
humans and nature.

7.5 Limitations and Research Gaps

Despite substantial pharmacological validation, challenges remain. Phytochemical variability due to soil, altitude, and climate complicates standardization
(Gonfa et al., 2025). Controlled human trials are limited, and many studies rely on animal models with inconsistent dosing protocols. Modern analytical
techniques—such as metabolomics, mass spectrometry, and molecular docking—can clarify these inconsistencies by identifying stable bioactive markers
and precise molecular targets.

Additionally, the lack of unified regulatory frameworks hinders large-scale clinical translation. India’s AYUSH and CSIR initiatives have made
significant progress, yet more collaboration between traditional practitioners and biomedical researchers is necessary to maintain authenticity while
achieving scientific rigor.

7.6 Ethical and Socioeconomic Dimensions

Beyond pharmacology, the ethical dimension of ethnomedicine demands recognition. Indigenous knowledge holders are rarely credited in formal
publications or compensated for their intellectual contributions. The Traditional Knowledge Digital Library (TKDL) addresses biopiracy, yet community-
level benefit-sharing remains inconsistent. A rights-based approach—acknowledging healers as custodians rather than subjects—would ensure equitable
participation in drug development processes.

Economically, the herbal medicine industry provides rural employment and ecological incentives for conservation. Cultivation of species like Tinospora
cordifolia and Phyllanthus amarus has shown potential to strengthen local economies while preserving biodiversity. Thus, the integration of
ethnomedicine is both a biomedical and socioeconomic imperative.

7.7 Relevance to the Indian Knowledge System

The Indian Knowledge System (IKS) embodies a philosophy of wholeness—where health, environment, and consciousness are intertwined. The liver,
regarded as the “seat of vitality,” represents not merely an organ but a metaphor for transformation and purification. Modern science, through its
rediscovery of holistic medicine, reaffirms this worldview. The interdisciplinary convergence between Ayurveda and hepatology illustrates how
traditional epistemologies can inspire sustainable, integrative healthcare models globally.

IKS does not reject modernity; it enriches it. It’s enduring principle—that harmony with nature sustains life—offers an ethical compass for contemporary

medicine, where balance is often sacrificed for mechanistic precision. Through its synthesis of ecology, ethics, and empirical wisdom, IKS presents a
model for future-oriented biomedical innovation.

8. Conclusion

The Indian Knowledge System provides a timeless model for integrative health grounded in ecological awareness and empirical validation. This review
demonstrates that India’s ethnomedicinal plants possess strong scientific evidence for hepatoprotection, offering low-cost, sustainable alternatives to
synthetic drugs.

As global interest in plant-based medicine grows, India stands uniquely positioned to lead in evidence-based ethnopharmacology. By merging traditional
wisdom with contemporary research, India can not only preserve its cultural heritage but also pioneer global innovation in liver therapeutics.
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