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Liver diseases represent a major global health challenge, with increasing incidence of 

drug-induced hepatotoxicity, non-alcoholic fatty liver disease, and viral hepatitis. 

Medicinal plants have gained considerable attention as potential hepatoprotective agents 

due to their diverse bioactive compounds and multitarget mechanisms of action. This 

review summarizes the hepatoprotective potential of four widely used medicinal plants: 

Andrographis paniculata, Boerhavia diffusa, Eclipta prostrata, and Phyllanthus emblica. 

Their phytochemical constituents, mechanisms of action, and pharmacological evidence 

from experimental and clinical studies are discussed. These plants demonstrate 

hepatoprotective activity primarily through antioxidant, anti-inflammatory, and 

hepatocyte-regenerating mechanisms. Key bioactive compounds such as 

andrographolide, wedelolactone, and emblicanin contribute significantly to their 

therapeutic effects. The review also highlights the potential advantages of polyherbal 

formulations and discusses current research gaps including lack of clinical validation 

and standardization of extracts. These findings support the potential role of herbal 

medicines in liver disease management while emphasizing the need for further clinical 

investigations 
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[Figure 1 - Hepatitis] 

The global burden of liver diseases continues to 

escalate, representing a critical public health 

challenge requiring innovative therapeutic 

approaches. Modern healthcare systems face 

increasing pressure to develop effective treatments 

for various forms of hepatic disorders while 

minimizing adverse effects associated with 

conventional pharmacological interventions.[1] 

Current therapeutic limitations have intensified 

research interest in alternative medicine 

approaches, particularly those involving natural 

hepatoprotective agents with established safety 

profiles. [2]Traditional medicine has long 

acknowledged the value of medicinal plants in 

treating liver disorders, supported by centuries of 

clinical use and observation [3]. Blending this 

traditional wisdom with modern scientific 

methods creates strong potential for safe and 

effective hepatoprotective therapies in today's 

liver disease management. According to the World 

Health Organization, nearly 80% of people 

worldwide depend on traditional medicine for 

primary healthcare, with plant-based remedies 

forming its core [4]. The interest in herbal 

hepatoprotective therapies arises from key 

advantages that set plant-based medicines apart 

from synthetic drugs. While conventional 

pharmaceuticals usually act on a single pathway, 

medicinal plants often work on multiple targets at 

once, tackling different disease processes through 

the combined action of diverse bioactive 

compounds [5]. Advances in phytochemistry, 

molecular pharmacology, and systems biology are 

now uncovering the scientific basis behind many 

traditional claims about their hepatoprotective 

effects. Modern tools like high-resolution mass 

spectrometry, nuclear magnetic resonance, and 

advanced chromatography have made it possible 

to identify and characterize the bioactive 

compounds driving therapeutic effects in both 

preclinical and clinical studies [6]. The pharma 

industry now acknowledges the strong therapeutic 

and commercial value of herbal hepatoprotectives, 

with plant-based products already achieving 

global market success [7]. Growing scientific 

evidence on their safety and efficacy has also 

driven wider acceptance within mainstream 

medicine and regulatory systems [8]. The 

pathological changes associated with hepatitis and 

liver injury are illustrated in Figure 1. 

MEDICINAL PLANTS IN 

HEPATOPROTECTION 

The therapeutic efficacy of medicinal plants in 

liver protection stems from their considerably 

complex phytochemical compositions and 

remarkably diverse mechanisms of action that 

target multiple aspects of hepatic pathophysiology. 

These plants contain intricate mixtures of 

bioactive compounds including flavonoids, 

phenolic acids, terpenoids, alkaloids, saponins, 

and other specialized metabolites, each 

contributing to overall hepatoprotective effects 

through complex molecular interactions and 

cellular pathway modulations that modern 

pharmaceutical science is only beginning to fully 

understand and appreciate [9]. Oxidative stress 

represents one of the most fundamental and 

pervasive pathological mechanisms underlying 

virtually all forms of liver disease, from acute 

hepatotoxic injury to chronic progressive fibrosis 

and cirrhosis [10]. When hepatotoxic agents such 

as carbon tetrachloride, acetaminophen, alcohol, 
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or various pharmaceutical compounds enter the 

liver through portal circulation, they trigger 

massive production of reactive oxygen species, 

leading to extensive lipid peroxidation, protein 

oxidation, DNA damage, and ultimately 

hepatocellular death through necrosis or apoptosis 

[11]. Medicinal plants combat this oxidative 

damage through multiple complex and 

complementary pathways, including direct free 

radical scavenging through electron donation, 

enhancement of endogenous antioxidant enzyme 

systems, modulation of cellular redox balance, and 

activation of cytoprotective signaling cascades 

[12]. These multifaceted antioxidant mechanisms 

work synergistically to provide comprehensive 

protection against oxidative injury while 

simultaneously promoting cellular repair and 

regeneration processes essential for hepatic 

recovery. 

SELECTED PLANTS: RATIONALE AND 

SIGNIFICANCE 

The selection of Kalmegh (Andrographis 

paniculata), Punarnava (Boerhavia diffusa), 

Bhringraj (Eclipta prostrata), and Amla 

(Phyllanthus emblica) for comprehensive detailed 

analysis reflects their extensive traditional use 

histories, robust scientific evidence bases, and 

distinct complementary therapeutic profiles that 

together represent the significant diversity and 

sophistication of traditional hepatoprotective 

medicine [13]. These four significant plants 

represent different botanical families and diverse 

geographic distributions, providing 

comprehensive coverage of hepatoprotective plant 

diversity while ensuring broad accessibility across 

various regions, cultures, and healthcare systems 

worldwide. The therapeutic significance of these 

carefully selected plants extends well beyond 

hepatoprotection alone, as they demonstrate 

complex multi-target pharmacological activities 

including immunomodulation, anti-inflammatory 

effects, antimicrobial properties, metabolic 

regulatory functions, and various other beneficial 

physiological effects that contribute to overall 

health and wellness [14]. This significant 

polypharmacological nature aligns perfectly with 

traditional medicine's fundamentally holistic 

approach to health and disease management, 

offering distinct therapeutic advantages over 

single-target synthetic drugs that may produce 

limited therapeutic outcomes, unwanted side 

effects, or incomplete therapeutic responses. 

Geographic diversity among these four selected 

plants ensures broader global accessibility and 

significantly reduces problematic dependency on 

single sources, thereby contributing meaningfully 

to supply chain security, sustainable harvesting 

practices, and therapeutic availability across 

different regions with varying climatic conditions 

and agricultural capabilities [15]. The differing 

cultivation needs, ecological preferences, and 

environmental adaptations of these species enable 

the development of region-specific therapeutic 

programs while maintaining consistent therapeutic 

standards, quality control, and regulatory 

compliance across various production systems and 

locations. 

KALMEGH (Andrographis paniculata) 

 
[Figure 2 - Kalmegh] 

Andrographis paniculata, commonly known as 

Kalmegh or "King of Bitters," represents one of 

the most extensively researched and scientifically 
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validated hepatoprotective plants in contemporary 

phytotherapy and evidence-based herbal medicine 

[16]. This significant annual herbaceous plant has 

gained significant international scientific attention 

due to its potent therapeutic properties, well-

characterized bioactive compounds, and important 

safety profile established through both traditional 

use and modern toxicological studies. The 

medicinal plant Andrographis paniculata used for 

hepatoprotection is shown in Figure 2. 

Taxonomical Classification 

Kingdom Plantae 

Phylum Spermatophyta 

Class Angiospermae 

Order Lamiales 

Family Acanthaceae 

Genus Andrographis 

Species A. paniculata 

Botanical 

Name 

Andrographis paniculata 

(Burm.f.) Nees 

Vernacular Names  

 

 

 

Botanical Description 

Andrographis paniculata (family Acanthaceae), 

commonly known as Kalmegh, is an annual 

medicinal herb widely distributed in tropical 

regions of Asia. It has long been used in traditional 

Ayurvedic medicine for the treatment of liver 

disorders, inflammation, and infections. [17] 

 

Hepatoprotective Mechanism 

 

[ Figure 3 - Mechanism of Kalmegh] 

The hepatoprotective mechanisms of A. paniculata 

involve complex modulation of key cellular 

signaling pathways, particularly the Nrf2 and NF-

κB response pathways that regulate oxidative 

stress responses and inflammatory processes [18]. 

The primary bioactive andrographolide 

demonstrates potent antioxidant mechanisms that 

contribute significantly to the plant's 

hepatoprotective activity [19]. The proposed 

hepatoprotective mechanism of the plant is 

illustrated in Figure 3.  

Phytochemical Constituents 

Major phytoconstituents of Kalmegh that show 

hepatoprotective activity are Andrographolide, 

Neoandrographolide, oroxylin and luteolin. 

Andrographis paniculata is widely recognized for 

its liver-protective potential, with research 

confirming its ability to counter ethanol-induced 

toxicity through several complementary 

mechanisms [20]. Both preclinical and clinical 

studies support its role in easing methotrexate-

related liver injury by protecting cells and 

Language/Region Local Name 

English Indian Echinacea 

Hindi Kalmegh 

Sanskrit Bhunimba 

Tamil Nilavembu 

Telugu Nelavemu 

Bengali Kalomegh 
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adjusting biochemical pathways [21]. 

Investigations further show that andrographis 

preparations improve liver function by restoring 

enzyme balance and regulating metabolic activity 

[22]. Leaf extracts, in particular, have displayed 

strong protective effects against severe conditions 

such as thioacetamide-induced cirrhosis, 

consistently proving their therapeutic value in 

different experimental settings [23]. Its broad 

hepatoprotective action is attributed to a range of 

bioactive compounds that act together in synergy 

[24]. Animal studies have helped determine safe 

dosage levels and established therapeutic 

benchmarks for different preparations [25]. 

Advances in analytical methods have provided a 

clearer picture of its phytochemical composition 

and linked these findings with observed protective 

effects [26]. Careful pharmacological research, 

supported by strict experimental methods and 

statistical validation, now offers strong scientific 

backing for the traditional use of A. paniculata in 

liver care [27] 

Pharmacological Properties 

Preclinical Evidence: 

• Hepatoprotective against ethanol, methotrexate, 

and thioacetamide; improved liver enzymes [20-

23] 

• Validated in animal models with optimized 

protocols [24,25] 

Mechanistic Insights: 

• Diterpenoids and andrographolide act via 

antioxidant pathways [19,28] 

PUNARNAVA (Boerhavia diffusa) 

 

[Figure 4 - Punarnava] 

Boerhavia diffusa, traditionally revered as 

Punarnava meaning "the one that makes the body 

new again," represents a true cornerstone of 

classical Ayurvedic hepatotherapy with 

extensively documented therapeutic use spanning 

over three thousand years of continuous clinical 

application [29][30]. This significant perennial 

herbaceous plant is universally renowned for its 

considerable adaptability to harsh environmental 

conditions, important therapeutic versatility, and 

potent rejuvenative properties that have made it 

invaluable in traditional medicine systems 

worldwide. The medicinal plant Boerhavia 

diffusa, traditionally used for liver disorders, is 

shown in Figure 4. 

Taxonomical Classification 

Kingdom Plantae 

Phylum Spermatophyta 

Class Angiospermae 

Order Caryophyllales 

Family Nyctaginaceae 

Genus Boerhavia 

Species B. diffusa 

Botanical 

Name 

Boerhavia diffusa L. 

Vernacular names 

Language/Region Local Name 

English Red Spiderling 

Hindi Gadahpurna 

Sanskrit Raktapunarnava 
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Tamil Mukkurattai 

Telugu Atikamamidi 

Bengali Rakta punarnava 

Gujarati Satodi 

Botanical Description 

Boerhavia diffusa (family Nyctaginaceae), 

commonly known as Punarnava, is a perennial 

herb widely distributed in tropical and subtropical 

regions. It has been traditionally used in Ayurvedic 

medicine for the treatment of liver disorders, 

edema, and inflammatory conditions. [31] 

Hepatoprotective Mechanism 

 

[Figure 5 - Mechanism of Punarnava] 

The hepatoprotective mechanisms of B. diffusa 

involve direct free radical scavenging activities 

and enhancement of endogenous antioxidant 

systems, contributing to membrane stabilization 

and cellular protection [32]. The plant's bioactive 

compounds demonstrate significant potential in 

managing complex hepatotoxicity scenarios, 

including drug-induced liver injury. The proposed 

hepatoprotective mechanism of the plant is 

illustrated in Figure 5. 

Phytochemical Constituents 

Key phytoconstituents of Punarnava are 

Punarnavine, Boeravinone A-F, Lignans and 

Rotenoids. Boerhavia diffusa has been extensively 

reviewed for its diverse phytochemical profile and 

wide therapeutic applications across traditional 

medicine systems worldwide [33]. Its 

ethnomedicinal relevance offers important context 

for both its historical uses and its growing 

significance in modern healthcare [30]. Detailed 

studies on its phytochemistry and pharmacology 

have revealed a complex array of bioactive 

compounds and mechanisms of action [34], with 

research identifying key constituents directly 

linked to hepatoprotective and other beneficial 

effects [35]. B. diffusa has shown real promise in 

protecting the liver, with studies reporting benefits 

against different types of liver damage [36].  

Pharmacological Properties 

Preclinical Evidence: 

• Strong pharmacological and therapeutic 

documentation [33] 

• Traditional hepatoprotective and rejuvenative 

uses supported by ethnomedicinal data [30] 

• Phytochemical analyses reveal diverse bioactive 

compounds [34] 

• Key active constituents identified for 

pharmacological effects [35] 

• Experimental studies confirm notable 

hepatoprotective activity [36] 

Clinical Context and Global Relevance: 

• Supported by global liver disease trends and 

epidemiological studies [37] 

• Promising role in complex liver disease 

management [38] 

• Potential applications in drug-induced liver 

injury [39] 

BHRINGRAJ (Eclipta prostrata) 
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[Figure 6 - Bhringraj] 

Eclipta prostrata, universally revered as Bhringraj 

or "King of Hair," occupies a truly distinguished 

and respected position in traditional medicine 

systems worldwide, being particularly valued for 

its considerable hepatoprotective properties and 

significant regenerative capabilities that have 

made it indispensable in classical therapeutic 

practices [40]. This versatile annual herbaceous 

plant demonstrates truly significant adaptability to 

diverse ecological conditions while consistently 

maintaining therapeutic potency and bioactive 

compound concentrations. The medicinal plant 

Eclipta prostrata used in traditional 

hepatoprotective therapy is shown in Figure 6. 

Taxonomical Classification 

Kingdom Plantae 

Phylum Spermatophyta 

Class Angiospermae 

Order Asterales 

Family Asteraceae 

Genus Eclipta 

Species E. prostrata 

Botanical Name Eclipta prostrata L. 

Vernacular names 

Language/Region Local Name 

English False Daisy 

Hindi Bhringraj 

Sanskrit Bhringraj 

Tamil Karisalankanni 

Telugu Gunta galagara 

Bengali Kesuti 

Gujarati Bhangaro 

Botanical Description 

Eclipta prostrata (family Asteraceae), commonly 

known as Bhringraj, is a small annual herb 

commonly found in tropical and subtropical 

regions. It is widely used in traditional medicine 

for liver protection, hair growth, and treatment of 

inflammatory disorders. [41] 

Hepatoprotective Mechanism 

 

[Figure 7 - Mechanism of Bhringraj] 

The hepatoprotective mechanisms of E. prostrata 

involve complex modulation of NF-κB pathways 

and direct antioxidant activities, with key 

bioactive compounds like wedelolactone 

demonstrating specific protective effects against 

acute liver injury [42]. The plant's comprehensive 

therapeutic approach addresses multiple 

pathological pathways simultaneously. The 

proposed hepatoprotective mechanism of the plant 

is illustrated in Figure 7. 

Phytochemical Constituents 
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Major phytoconstituents of Bhringraj are 

Wedelolactone, Demethylwedelolactone, 

Luteolin, Apigenin and Quercetin. Eclipta 

prostrata has been studied for its traditional uses, 

complex chemistry, and wide-ranging health 

benefits [40]. Research shows that Eclipta alba can 

protect the liver from damage caused by high-fat 

diets, helping with metabolic liver issues [43]. 

Studies on carbon tetrachloride exposure have 

revealed how it supports cell defense and liver 

repair [44], while investigations on wedelolactone, 

one of its main compounds, explain its action at 

the molecular level [42]. Overall, multiple studies 

confirm that Eclipta alba can both protect and heal 

the liver across different experimental models 

[45]. 

Pharmacological Properties 

Preclinical Evidence: 

• Strong documentation of ethnomedicinal uses, 

phytochemistry, and pharmacology [40] 

• Protective role against diet-induced liver damage 

[43] 

• Significant activity against chemical toxicity, 

e.g., carbon tetrachloride [44] 

• Wedelolactone shown to guard against acute 

liver injury [42] 

• Broad hepatoprotective effects across multiple 

experimental models [45] 

Advanced Research Applications: 

• Featured in reviews of herbal hepatoprotective 

mechanisms [46] 

• Explored for synergistic potential via extract 

combinations [47] 

• Analytical studies on optimized extraction and 

phytochemistry 

• Evidence for oxidative stress reduction through 

multiple pathways 

AMLA (Phyllanthus emblica) 

  

 

[Figure 8 - Amla] 

Phyllanthus emblica, universally revered as Amla 

or Indian Gooseberry, stands prominently as one 

of the most treasured and scientifically validated 

medicinal plants in traditional Indian medicine, 

earning the prestigious designation "Divya 

Aushada" or divine medicine in ancient Ayurvedic 

texts and continuing to maintain this esteemed 

status in contemporary herbal medicine practice 

[48]. This truly significant deciduous tree has 

sustained human health and wellness for over five 

thousand years of continuous therapeutic use, 

representing the absolute pinnacle of nutritional 

excellence and therapeutic sophistication in 

natural medicine systems worldwide. The 

medicinal plant Phyllanthus emblica, known for its 

antioxidant and hepatoprotective properties, is 

shown in Figure 8. 

Taxonomical Classification 

Kingdom Plantae 

Phylum Spermatophyta 

Class Angiospermae 

Order Malpighiales 

Family Phyllanthaceae 

Genus Phyllanthus 

Species P. emblica 

Botanical Name Phyllanthus emblica 

L. 
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Vernacular names 

Language/Region Local Name 

English Indian Gooseberry 

Hindi Amla, Amalaki 

Sanskrit Amalaki, Dhatri 

Tamil Nellikkai 

Telugu Usirikaya 

Bengali Amloki 

Gujarati Amala 

Botanical Description 

Phyllanthus emblica (family Phyllanthaceae), 

commonly known as Amla or Indian gooseberry, 

is a deciduous tree widely distributed in the Indian 

subcontinent. The fruit is extensively used in 

traditional medicine due to its rich antioxidant 

content and hepatoprotective properties. [49] 

Hepatoprotective Mechanism 

 

[Figure 9 - Mechanism of Amla] 

The hepatoprotective mechanisms of P. emblica 

involve powerful antioxidant activities primarily 

mediated by high concentrations of vitamin C and 

polyphenolic compounds, contributing to 

comprehensive cellular protection and metabolic 

regulation [50]. The plant's therapeutic effects 

extend to lipid metabolism regulation and anti-

inflammatory activities. The proposed 

hepatoprotective mechanism of the plant is 

illustrated in Figure 9. 

Phytochemical Constituents 

Key phytoconstituents Emblicanin A and B, 

Punigluconin, Ascorbic acid and Gallic acid. 

Extensive research has provided comprehensive 

reviews of Phyllanthus emblica phytochemical 

composition, systematically revealing the notable 

complexity, significant therapeutic potential, and 

complex bioactive compound profiles that make 

this plant considerable among medicinal species 

[48]. Detailed studies examining hepatoprotective 

properties of Indian gooseberry have provided 

thorough scientific analysis of therapeutic 

mechanisms, clinical applications, and potential 

for integration into modern healthcare systems 

[51]. Advanced research investigating 

hepatoprotective activities of polyherbal 

formulations has systematically demonstrated the 

important synergistic potential achieved when 

amla is strategically combined with other 

complementary therapeutic plant species [52]. 

Contemporary evidence-based approaches to 

herbal treatments in liver diseases have 

definitively established P. emblica as a 

cornerstone therapeutic agent with proven efficacy 

and safety [53]. Comprehensive studies examining 

selected hepatoprotective herbal medicines have 

provided substantial scientific evidence for 

significant antioxidant and anti-inflammatory 

effects that contribute to therapeutic outcomes 

[54]. 

Pharmacological Properties 

Preclinical Evidence: 

• Complex phytochemistry with strong therapeutic 

potential [48] 

• Established hepatoprotective properties of Indian 

gooseberry [51] 
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• Synergistic effects in polyherbal formulations 

[52] 

• Validation of herbal treatments for liver disease 

[53] 

• Strong antioxidant and anti-inflammatory actions 

[54] 

• Clinical studies confirm measurable 

hepatoprotective outcomes [55] 

SYNERGISTIC POTENTIAL: 

The strategic development of complex polyherbal 

formulations represents a highly advanced and 

scientifically validated approach to 

hepatoprotective therapy, effectively capitalizing 

on the complementary mechanisms of action 

exhibited by different medicinal plants while 

minimizing potential adverse effects and 

maximizing therapeutic outcomes [52]. This 

approach acknowledges the complex, 

multifactorial nature of liver diseases and 

addresses multiple pathological pathways 

simultaneously through carefully designed 

therapeutic interventions [46] 

RATIONALE FOR POLYHERBAL 

COMBINATIONS 

The scientific rationale for developing complex 

polyherbal combinations stems from the 

recognition that liver diseases involve multiple 

interconnected pathological processes that can be 

more effectively addressed through multitarget 

therapeutic approaches rather than single-

compound interventions [14]. The four selected 

plants demonstrate complementary mechanisms of 

action, distinct phytochemical profiles, and non-

overlapping toxicity profiles that make them ideal 

candidates for synergistic therapeutic 

combinations [47]. Although these medicinal 

plants differ in their phytochemical composition, 

they share common hepatoprotective mechanisms 

including antioxidant activity, modulation of 

inflammatory pathways, and enhancement of 

hepatocyte regeneration. The hepatoprotective 

mechanisms and key phytochemical constituents 

of the selected medicinal plants are summarized in 

Table 1. 

Table 1. Major hepatoprotective plants, key 

Plant Major compounds Mechanism Evidence 

Andrographis 

paniculata 

Andrographolide Nrf2 activation, 

antioxidant 

Animal + clinical 

Boerhavia diffusa Boeravinones Antioxidant, membrane 

stabilization 

Animal 

Eclipta prostrata Wedelolactone NF-κB inhibition In vitro + in vivo 

Phyllanthus emblica Emblicanins, Vitamin C ROS scavenging, anti-

inflammatory 

Clinical 

Pharmacodynamic Synergy Mechanisms 

The concept of pharmacodynamic synergy in 

herbal medicine is firmly rooted in the well-

established scientific principle that carefully 

designed combinations of bioactive compounds 

can produce therapeutic effects significantly 

greater than the sum of their individual 

contributions [47]. This complex approach 

effectively addresses the inherently multifactorial 

nature of liver diseases more comprehensively and 

effectively than single-plant preparations or 

isolated compound therapies [18][19]. 

Experimental Design Challenges 

Figuring out how different herbs work together to 

protect the liver is challenging. It takes smartly 

designed experiments, high-level analysis, and a 

real grasp of how plant compounds interact. 
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Regular lab models often miss the messy 

complexity of liver diseases in real life, so 

researchers need more realistic setups to get 

meaningful results. 

CONCLUSION 

Medicinal plants such as Andrographis paniculata, 

Boerhavia diffusa, Eclipta prostrata, and 

Phyllanthus emblica exhibit significant 

hepatoprotective activity supported by 

experimental and emerging clinical evidence. 

[20][30][40][48] Their protective effects are 

primarily mediated through antioxidant activity, 

modulation of inflammatory pathways, and 

enhancement of hepatocyte regeneration. The 

presence of bioactive phytochemicals including 

andrographolide, wedelolactone, and emblicanins 

plays a critical role in these mechanisms 

[19][32][42][50].  Although current findings 

support their therapeutic potential, further research 

is required to establish standardized formulations, 

optimal dosing, and clinical efficacy through well-

designed clinical trials. Future studies should 

focus on the development of safe and effective 

polyherbal formulations for liver disease 

management.[37][38][39][55]  
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