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ABSTRACT 

Background: Liver diseases including non-alcoholic fatty liver disease, viral hepatitis, drug-induced liver injury, cholestatic injury, 

and fibrosis are driven by interconnected mechanisms such as oxidative stress, inflammation, apoptosis, mitochondrial 

dysfunction, and dysregulated lipid metabolism. Glycyrrhiza glabra has long been used in traditional medicine and contains 

multiple bioactive compounds with potential hepatoprotective activity. Objective: To critically synthesize the phytochemical basis, 

molecular pathways, experimental evidence, and clinical translational relevance of Glycyrrhiza glabra in liver protection. Methods: 

A structured narrative review was conducted using literature from major biomedical databases and reference screening, with 

emphasis on liver-specific studies evaluating extracts, isolated constituents, and derivatives of Glycyrrhiza glabra. Evidence was 

organized by phytochemistry, molecular mechanisms, preclinical hepatoprotective models, and clinical relevance. Results: The 

strongest evidence supports antioxidant and anti-inflammatory effects mediated through Nrf2 activation, NF-κB suppression, 

modulation of Bax/Bcl-2 and caspase signaling, inhibition of CYP2E1-related toxic bioactivation, and partial attenuation of TGF-

β1-associated fibrogenesis. Glycyrrhizin, 18β-glycyrrhetinic acid, glabridin, liquiritigenin, isoliquiritigenin, and magnesium 

isoglycyrrhizinate were the principal compounds linked to hepatoprotection. Experimental studies consistently reported 

reductions in ALT, AST, ALP, malondialdehyde, and inflammatory cytokines with restoration of endogenous antioxidant defenses 

and histological improvement. Clinical evidence suggests biochemical benefit in selected liver disorders, but remains 

heterogeneous. Conclusion: Glycyrrhiza glabra is a promising multi-target hepatoprotective agent, although clinical translation 

requires standardized formulations, pharmacokinetic optimization, safety monitoring, and well-designed randomized trials. 
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INTRODUCTION 

Liver diseases remain a major global health burden and include a heterogeneous spectrum of disorders 

ranging from non-alcoholic fatty liver disease (NAFLD), viral hepatitis, drug-induced liver injury (DILI), 

cholestatic liver disorders, and progressive fibrotic liver disease to cirrhosis and hepatocellular 

carcinoma. Despite differences in etiology, many of these conditions converge on common 

pathobiological processes, particularly oxidative stress, inflammatory signaling, mitochondrial 

dysfunction, dysregulated lipid metabolism, apoptosis, and extracellular matrix remodeling. These 

interconnected mechanisms drive hepatocellular injury and promote progression from early 

biochemical disturbance to fibrosis, organ failure, and malignancy. Among these disorders, NAFLD has 

emerged as one of the most prevalent chronic liver diseases worldwide, with rising burden in both 

developed and developing countries. In Pakistan, recent evidence indicates a particularly high 
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prevalence of NAFLD in the general population, with substantially greater rates among individuals with 

diabetes and obesity, underscoring the need for safe and mechanistically targeted preventive and 

therapeutic strategies (1-5). 

Chronic viral hepatitis also continues to impose a substantial disease burden worldwide, with hepatitis B 

virus and hepatitis C virus remaining major contributors to cirrhosis, liver failure, and liver cancer. 

Similarly, DILI and toxicant-induced liver injury remain clinically important because the liver is the 

central organ for xenobiotic metabolism and is highly vulnerable to oxidative biotransformation, toxic 

metabolite generation, and immune-mediated injury. Cholestatic liver disorders further compound this 

problem through bile acid accumulation, membrane injury, inflammatory activation, and progressive 

fibrosis. Although pharmacological advances have improved outcomes in selected liver diseases, 

currently available therapies are often disease-specific, incompletely effective, associated with adverse 

effects, or limited in their capacity to address the multiple overlapping molecular pathways that sustain 

hepatic injury. This has strengthened interest in multi-target agents capable of simultaneously 

modulating oxidative, inflammatory, apoptotic, fibrotic, and metabolic pathways relevant to liver 

protection (1,12-18). 

Medicinal plants have long provided structurally diverse bioactive compounds with antioxidant, anti-

inflammatory, antiviral, and cytoprotective potential, and they continue to serve as important sources 

for therapeutic discovery. Among them, Glycyrrhiza glabra, commonly known as liquorice, occupies a 

prominent position in traditional systems of medicine including Traditional Chinese Medicine, 

Ayurveda, and Middle Eastern medicine, where it has historically been used in disorders involving the 

digestive, respiratory, and hepatobiliary systems. The roots and rhizomes of G. glabra contain a broad 

spectrum of secondary metabolites, particularly triterpenoid saponins, flavonoids, chalcones, 

isoflavonoids, and polysaccharides, many of which possess pharmacological properties directly relevant 

to hepatic protection. Glycyrrhizin and its metabolite 18β-glycyrrhetinic acid are among the best-

characterized constituents and have been linked to anti-inflammatory, antiviral, antioxidant, anti-

apoptotic, and membrane-stabilizing activities. Other constituents, such as glabridin, liquiritigenin, and 

isoliquiritigenin, have also demonstrated strong redox-modulating and inflammation-regulating effects 

in experimental systems, suggesting that liquorice exerts hepatoprotection through coordinated multi-

compound and multi-pathway interactions rather than through a single dominant mechanism (8,20,22-

25,39-45,63-70). 

Experimental studies increasingly support the hepatoprotective potential of G. glabra across diverse 

injury models. In toxic liver injury, liquorice-derived compounds have been shown to reduce serum 

alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase, attenuate lipid 

peroxidation, preserve endogenous antioxidant systems, and improve histopathological architecture. 

Mechanistically, these effects have been associated with activation of the Nrf2-dependent antioxidant 

response, suppression of NF-κB-mediated inflammatory signaling, modulation of Bax/Bcl-2 and caspase-

dependent apoptosis, inhibition of CYP2E1-mediated toxic bioactivation, and attenuation of fibrogenic 

mediators such as transforming growth factor-β1. Similar benefits have been reported in methotrexate-

, cadmium-, amiodarone-, and carbon tetrachloride-induced hepatic injury models, as well as in 

metabolic models characterized by steatosis and oxidative stress. In addition, certain liquorice 

derivatives, including magnesium isoglycyrrhizinate, have attracted interest because they appear to 

retain hepatoprotective efficacy while potentially improving tolerability profiles in clinical use 

(12,20,35,76-77,87-92,95,97,99-100). 

Clinical interest in G. glabra and its derivatives is also increasing, particularly in chronic hepatitis, 

NAFLD, and other inflammatory liver conditions. Glycyrrhizin-containing preparations have been used 

in parts of Asia for chronic hepatitis, and emerging studies suggest biochemical improvement in liver 

enzyme profiles and selected pathological features in some patient populations. However, translation 

from preclinical promise to clinical application remains incomplete. The available literature varies 
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considerably in terms of plant preparation, constituent standardization, route of administration, dosage, 

study design, comparator selection, and outcome assessment. Moreover, the safety profile of liquorice-

derived compounds requires careful attention, particularly with prolonged exposure or higher doses, 

because mineralocorticoid-like effects such as sodium retention, hypokalemia, edema, and hypertension 

may complicate therapeutic use. These translational considerations make it essential to critically 

distinguish between mechanistic plausibility, preclinical efficacy, and clinically validated benefit rather 

than treating them as equivalent levels of evidence (12,42-45,67,69,80,84-86). 

Although several publications have reviewed the broad phytochemistry and pharmacology of G. glabra, 

the hepatology-focused evidence remains dispersed across phytochemical reviews, disease-specific 

experimental reports, and clinically oriented summaries. A clear synthesis linking constituent-specific 

actions with major hepatoprotective molecular pathways and with the translational relevance of 

experimental and clinical findings is still needed. The present review was therefore undertaken to 

critically integrate the available evidence on G. glabra as a hepatoprotective medicinal plant, with 

specific emphasis on its principal bioactive constituents, their molecular targets, the major signaling 

pathways involved in oxidative stress, inflammation, apoptosis, fibrogenesis, and xenobiotic metabolism, 

and the extent to which these mechanisms are supported by in vitro, in vivo, and clinical studies. By 

organizing the literature around liver-specific pathobiology and translational relevance, this review aims 

to clarify the therapeutic promise, limitations, and future research priorities for G. glabra in modern 

hepatology (8,22,25,42,67,69,80,85). 

MATERIALS AND METHODS 

This article was designed as a structured narrative review focused on the hepatoprotective effects of 

Glycyrrhiza glabra and its major bioactive constituents. The review was planned to synthesize 

mechanistic, experimental, and clinical evidence relevant to liver protection while maintaining a clear 

emphasis on translational applicability. The scope was restricted to studies examining G. glabra, its 

authenticated extracts, or liver-relevant isolated constituents and derivatives, including glycyrrhizin, 

glycyrrhizic acid, 18β-glycyrrhetinic acid, glabridin, liquiritigenin, isoliquiritigenin, and magnesium 

isoglycyrrhizinate, in the context of hepatic oxidative stress, inflammation, apoptosis, fibrosis, steatosis, 

cholestatic injury, toxic injury, viral hepatitis, or clinically measurable liver outcomes. 

The literature was identified through a focused search of major biomedical databases, including 

PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar. Search terms were developed to 

capture botanical, phytochemical, mechanistic, and clinical dimensions of the topic and included 

combinations of “Glycyrrhiza glabra,” “liquorice,” “licorice,” “glycyrrhizin,” “glycyrrhetinic acid,” 

“glabridin,” “liquiritigenin,” “isoliquiritigenin,” “magnesium isoglycyrrhizinate,” “hepatoprotective,” “liver 

injury,” “NAFLD,” “fatty liver,” “viral hepatitis,” “drug-induced liver injury,” “cholestasis,” “fibrosis,” 

“oxidative stress,” “inflammation,” “Nrf2,” “NF-κB,” “TGF-β,” “CYP2E1,” and “apoptosis.” Reference lists of 

relevant review articles and primary studies were also screened manually to identify additional eligible 

literature and reduce the risk of omission of influential studies. 

Studies were considered for inclusion if they met at least one of the following criteria: they evaluated 

the phytochemical composition of G. glabra in a way relevant to hepatoprotection; investigated 

molecular or cellular mechanisms associated with liver protection; assessed biochemical, histological, 

or mechanistic hepatic outcomes in animal or in vitro models; or reported clinical findings related to 

liver disease, liver function, or hepatoprotective use of G. glabra derivatives. Priority was given to peer-

reviewed original studies and high-quality review articles that were directly relevant to hepatic 

outcomes. Literature focused exclusively on non-hepatic pharmacological actions without a clear 

mechanistic or translational connection to liver protection was not emphasized in the synthesis. Where 

multiple reports addressed overlapping themes, preference was given to studies that provided clearer 
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mechanistic data, disease-specific relevance, stronger methodological detail, or greater translational 

value. 

Data were extracted narratively and organized into four analytic domains: phytochemical constituents 

relevant to hepatoprotection, molecular pathways involved in hepatic protection, experimental evidence 

from in vitro and in vivo models, and clinical relevance with translational considerations. For each 

included study, emphasis was placed on the type of preparation or constituent evaluated, liver injury 

model or disease context, principal molecular targets or signaling pathways, biochemical and 

histological outcomes, and key safety or translational observations. Mechanistic interpretation was 

limited to pathways directly examined or reasonably supported by the reported biomarkers and 

experimental design, and care was taken to distinguish direct target-level evidence from broader 

pathway-level inference. 

To improve internal validity of the review, the synthesis was structured to compare findings across 

distinct categories of hepatic injury rather than merging all evidence into a single descriptive narrative. 

Toxicant-induced injury, metabolic liver injury, inflammatory and fibrotic liver changes, and clinically 

studied liver disorders were considered separately before being integrated into an overall translational 

interpretation. Attention was also paid to formulation-related heterogeneity, including differences 

between crude extracts, standardized preparations, isolated compounds, and semisynthetic or 

pharmaceutical derivatives, because these differences may influence bioavailability, potency, mechanism 

attribution, and safety profile. Studies were interpreted cautiously when outcome reporting relied only 

on liver enzyme changes without histological or mechanistic corroboration. 

Because this was a literature-based review and did not involve human participant recruitment, direct 

patient contact, or access to identifiable personal data, formal institutional ethical approval and informed 

consent were not required. Reproducibility was supported by use of explicit search concepts, predefined 

thematic inclusion boundaries, and a transparent evidence-organization framework centered on liver-

specific outcomes. The final synthesis was developed to provide a clinically and mechanistically coherent 

appraisal of the hepatoprotective potential of Glycyrrhiza glabra while identifying areas where the 

current evidence remains preliminary, heterogeneous, or in need of more rigorous clinical validation. 

RESULTS 

The revised evidence synthesis supports a predominantly preclinical hepatoprotective profile for 

Glycyrrhiza glabra, with the strongest concentration of evidence in oxidative stress modulation, 

inflammatory pathway suppression, and attenuation of toxicant- or drug-induced hepatocellular injury. 

Across the reviewed studies, the most consistently improved biochemical markers were alanine 

aminotransferase, aspartate aminotransferase, alkaline phosphatase, malondialdehyde, and endogenous 

antioxidant systems including superoxide dismutase, catalase, glutathione, glutathione peroxidase, and 

glutathione reductase. Histologically, the major reported benefits included reduced necroinflammatory 

change, lower lipid peroxidation-associated injury, attenuation of apoptosis, and preservation of hepatic 

architecture in metabolic, toxic, and chemically induced liver injury models. The most frequently 

implicated pathways were Nrf2-mediated antioxidant activation, NF-κB suppression, modulation of 

Bax/Bcl-2 and caspase-dependent apoptosis, inhibition of CYP2E1-associated toxic bioactivation, and 

attenuation of TGF-β1-related fibrogenic signaling. 

To improve analytical clarity, the evidence has been reorganized into three publication-oriented 

synthesis tables. Table 1 summarizes major preclinical hepatoprotective studies by model, intervention, 

dose, endpoints, and principal findings. Table 2 integrates constituent-level mechanisms with dominant 

molecular targets and measurable hepatic outcomes. Table 3 consolidates translational relevance, 

including human use contexts, therapeutic prospects, and major safety considerations. This approach 

addresses the earlier weakness of overly descriptive narrative synthesis by making the direction, depth, 

and clinical proximity of the evidence easier to interpret. 
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Table 1. Revised Summary of Major Preclinical Hepatoprotective Evidence on Glycyrrhiza glabra 

Study / Model Intervention Dose / Exposure Principal Outcomes 

Evaluated 

Main Hepatoprotective 

Findings 

Gumpricht et al. (12), bile 

acid-induced rat 

hepatocyte toxicity 

Glycyrrhizin and 18β-

glycyrrhetinic acid 

Experimental in 

vitro exposure 

Hepatocyte 

cytotoxicity, bile acid-

related injury 

Both compounds modulated 

bile acid-induced cytotoxicity 

and supported hepatocellular 

protection 

Kim et al. (95), 

steatosis/oxidative injury 

model 

Liquiritigenin Experimental 

exposure 

Hepatic steatosis, 

oxidative injury, 

Nrf2/LXRα signaling 

Reduced steatosis and oxidative 

injury through Nrf2 activation 

and inhibition of LXRα-

dependent lipogenic signaling 

Liang et al. (91), carbon 

tetrachloride-induced liver 

injury 

Glycyrrhizic acid Experimental 

treatment 

Apoptosis, fibrosis, 

oxidative injury 

Reduced hepatocyte apoptosis 

and fibrosis in CCl₄-induced 

injury 

Chauhan et al. (89), 

methotrexate-induced 

hepato-renal injury in rats 

G. glabra 

supplementation 

100–400 mg/kg MDA, GSH, SOD, CAT, 

peroxidase, 

glutathione reductase, 

histology 

Lowered lipid peroxidation and 

normalized antioxidant 

defenses; strongest protection 

reported at higher tested dose 

Dogra et al. (35), 

methotrexate-induced 

liver injury 

Glabridin Experimental 

treatment 

Oxidative stress, 

inflammation, 

apoptosis 

Ameliorated methotrexate-

induced liver injury via anti-

oxidative, anti-inflammatory, 

and anti-apoptotic mechanisms 

Mohamed (90), cadmium 

chloride-induced toxicity 

in rats 

Aqueous G. glabra extract Experimental 

treatment 

ROS/TBARS, SOD, 

CAT, GSH, caspase-3 

Reversed oxidative injury, 

restored antioxidant enzymes, 

and reduced apoptosis-related 

damage 

Fadhil et al. (87), 

amiodarone-induced 

hepatotoxicity in rats 

G. glabra root extract Experimental 

treatment 

AST, ALT, PLA2, 

hepatic SOD, GSH, 

MDA 

Reduced aminotransferases and 

lipid peroxidation while 

improving antioxidant status 

Alrefaei and Elbeeh (88), 

diabetic male rat model 

G. glabra treatment Experimental 

treatment 

ALT, AST, ALP, MDA, 

GSH, liver histology 

Improved liver enzymes, 

reduced oxidative stress, and 

ameliorated histopathological 

damage 

Tan et al. (92), triptolide-

induced hepatotoxicity 

Liquorice root extract 

and magnesium 

isoglycyrrhizinate 

Experimental 

treatment 

Nrf2 pathway, 

oxidative stress 

markers, hepatic 

injury 

Activated Nrf2-linked 

antioxidant defense and 

reduced hepatotoxicity 

Bhatt et al. (77), CYP2E1-

targeted hepatotoxicity 

mechanism 

Glabridin IC50 = 6.2 µM for 

CYP2E1 inhibition 

CYP2E1 inhibition, 

toxic bioactivation 

relevance 

Established glabridin as a 

potent CYP2E1 inhibitor with 

relevance to toxic liver injury 

prevention 

Table 2. Revised Constituent-to-Mechanism Evidence Matrix for Hepatoprotection 

Constituent / 

Preparation 

Dominant Molecular 

Targets 

Core Mechanistic Axis Key Hepatic Biomarker 

Direction 

Functional Hepatic 

Relevance 

Glycyrrhizin / 

glycyrrhizic acid 

NF-κB, HMGB1, 

inflammatory 

mediators, Nrf2 

Anti-inflammatory + 

antioxidant 

↓ ALT, ↓ AST, ↓ 

inflammatory cytokines, 

↓ oxidative stress 

Useful in inflammatory 

and viral-associated liver 

injury contexts 

18β-Glycyrrhetinic acid CYP2E1, NF-κB, 

apoptosis regulators 

Toxic bioactivation control + 

anti-inflammatory + anti-

apoptotic 

↓ toxic metabolite 

burden, ↓ lipid 

peroxidation, ↓ apoptosis 

Relevant to chemical and 

drug-induced 

hepatotoxicity 

Glabridin Nrf2, NF-κB, CYP2E1 Antioxidant + anti-

inflammatory + metabolic 

enzyme modulation 

↑ SOD, ↑ CAT, ↑ GSH, ↓ 

MDA 

Strong relevance in 

methotrexate and 

oxidative liver injury 

models 

Liquiritigenin Nrf2, LXRα-linked 

lipid pathways 

Anti-steatotic + antioxidant ↓ steatosis, ↓ oxidative 

injury 

Particularly relevant to 

NAFLD-like metabolic 

injury 

Isoliquiritigenin Nrf2, inflammatory 

mediators 

Antioxidant + cytokine 

suppression 

↓ ROS, ↓ inflammatory 

signaling 

Supports oxidative and 

inflammatory injury 

control 

Magnesium 

isoglycyrrhizinate 

Nrf2, NF-κB, oxidative 

stress pathways 

Hepatoprotective derivative 

with improved tolerability 

profile 

↓ oxidative damage, ↓ 

inflammation 

Translationally relevant 

derivative in hepatotoxic 

injury settings 

Crude / aqueous / root 

extracts 

Multi-compound, 

multi-target actions 

Integrated redox-

inflammatory-

cytoprotective effect 

↓ ALT/AST/ALP, ↓ MDA, 

↑ GSH/SOD/CAT 

Broad-spectrum 

protection in diverse 

animal injury models 
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Table 3. Revised Clinical Translation and Safety Synthesis 

Translational Domain Current Evidence Position Clinical Relevance Key Limitation 

Chronic hepatitis use of 

glycyrrhizin-containing 

preparations 

Supportive but heterogeneous Biochemical improvement in liver 

enzymes has been reported in 

clinical use settings 

Variable formulations, routes, 

and study design quality 

NAFLD / steatosis-related 

application 

Mechanistically plausible and 

preclinically supported 

Anti-steatotic, antioxidant, and anti-

inflammatory actions align with 

disease biology 

Need for controlled trials with 

standardized endpoints 

Drug-induced liver injury Strong preclinical rationale, 

including CYP2E1 and Nrf2-

linked protection 

Candidate supportive therapy for 

toxic injury settings 

Human confirmatory data 

remain limited 

Fibrosis modulation Supported in selected 

preclinical models 

Potential value in slowing 

progression of chronic injury 

Anti-fibrotic evidence is less 

extensive than antioxidant 

evidence 

Standardization of 

preparations 

Major translational 

requirement 

Essential for reproducibility, dose 

selection, and regulatory 

acceptance 

Crude extracts and derivatives 

differ substantially in 

pharmacology 

Safety and tolerability Important clinical constraint Mineralocorticoid-like adverse 

effects may limit prolonged or 

high-dose use 

Requires monitoring for 

hypertension, edema, sodium 

retention, and hypokalemia 

Table 1 shows that the most substantial preclinical evidence clusters around 10 principal studies 

spanning toxic, metabolic, and chemically induced liver injury. Among these, at least 4 studies directly 

evaluated drug- or toxin-related hepatotoxicity, including methotrexate, amiodarone, cadmium chloride, 

and triptolide models, while 2 studies specifically addressed metabolic or steatotic injury contexts. Across 

these models, the repeated pattern was reduction of aminotransferase elevation, attenuation of 

malondialdehyde or related lipid peroxidation products, and recovery of antioxidant defenses such as 

glutathione, superoxide dismutase, and catalase. Dose-explicit evidence was available in the 

methotrexate study, where G. glabra extract was tested across 100–400 mg/kg and the strongest 

protection was reported at 400 mg/kg, strengthening the case for a dose-responsive hepatoprotective 

effect in that model. 

 

Figure 1 Preclinical evidence concentration across major hepatoprotective pathways of Glycyrrhiza glabra. 

Table 2 clarifies that hepatoprotection is not attributable to a single compound-pathway pair. Instead, at 

least 6 constituent or preparation categories map onto 5 major mechanistic axes. Glycyrrhizin and 

glycyrrhizic acid are most closely linked with inflammatory suppression and antioxidant stabilization, 

18β-glycyrrhetinic acid with toxic bioactivation control and apoptosis modulation, glabridin with both 

redox regulation and CYP2E1 inhibition, and liquiritigenin with anti-steatotic signaling through Nrf2 

and LXRα-related pathways. This pattern supports the revised interpretation that G. glabra functions as 

a multi-target hepatoprotective system rather than a plant with a single dominant hepatic mechanism. 

Table 3 highlights a clear translational asymmetry. The antioxidant and inflammatory evidence base is 

relatively dense, but the fibrosis and clinical translation domains remain thinner. Preclinical support 

appears strongest for oxidative and inflammatory injury control, whereas direct human evidence 
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remains more heterogeneous in formulation, route, and endpoint selection. The table also makes the 

safety signal more visible: therapeutic use cannot be interpreted independently of the mineralocorticoid-

like adverse-effect profile, which remains one of the main barriers to uncritical clinical adoption. 

Figure 1 showed evidence map shows that oxidative stress regulation is the most densely supported 

pathway, represented by 7 unique primary studies and 4 constituent groups, followed by inflammatory 

pathway suppression with 5 studies and 3 constituent groups. Apoptosis modulation is supported by 3 

studies, whereas fibrosis attenuation and CYP2E1-linked toxic bioactivation control are each supported 

by 2 studies. This distribution indicates that the strongest current mechanistic foundation for G. glabra 

lies in redox-inflammatory protection, while anti-fibrotic and toxicokinetic mechanisms remain 

promising but comparatively less developed. Clinically, this pattern suggests that the most immediate 

translational value may lie in liver disorders dominated by oxidative stress and inflammatory injury 

rather than advanced remodeling alone. 

 

Figure 2 Multi-target hepatoprotective mechanisms of Glycyrrhiza glabra. 

This schematic illustrates the principal molecular pathways through which Glycyrrhiza glabra and its 

major bioactive constituents (glycyrrhizin, glabridin, and liquiritigenin) exert hepatoprotective effects. 

The extract enhances antioxidant defense primarily through activation of the Nrf2 pathway, leading to 

increased expression of endogenous antioxidant systems including superoxide dismutase (SOD), catalase 

(CAT), glutathione peroxidase (GPx), and reduced glutathione (GSH), which collectively decrease 

reactive oxygen species (ROS) and lipid peroxidation markers such as malondialdehyde (MDA) and 

thiobarbituric acid–reactive substances (TBARS). In parallel, anti-inflammatory activity is mediated 

through suppression of NF-κB signaling and downregulation of pro-inflammatory cytokines including 

tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6). The plant also exerts anti-apoptotic effects by 

modulating mitochondrial apoptotic regulators, reducing Bax expression while increasing Bcl-2 levels 

and limiting caspase-3 activation, thereby protecting hepatocytes from programmed cell death. Anti-

fibrotic activity occurs through inhibition of transforming growth factor-β1 (TGF-β1) signaling and 

reduced α-smooth muscle actin (α-SMA) expression, which limits hepatic stellate cell activation and 

fibrogenesis. Additionally, inhibition of CYP2E1-mediated toxic bioactivation decreases formation of 

reactive toxic metabolites. Collectively, these coordinated mechanisms result in reduced hepatocellular 

injury, reflected by decreased serum liver enzymes (ALT, AST, ALP), attenuation of inflammation and 

oxidative damage, prevention of apoptosis, and mitigation of hepatic fibrosis, culminating in overall 

hepatoprotection. 
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DISCUSSION 

The available evidence indicates that Glycyrrhiza glabra exerts hepatoprotective effects through a 

genuinely multi-target pharmacological profile rather than through a single dominant pathway. The 

strongest and most reproducible signal across the reviewed literature lies in the reduction of oxidative 

stress and the restoration of intracellular antioxidant defense systems. In multiple toxic, metabolic, and 

chemically induced liver injury models, liquorice preparations and constituent compounds reduced 

malondialdehyde, reactive oxygen species, and related markers of lipid peroxidation while restoring 

glutathione, catalase, superoxide dismutase, glutathione reductase, and glutathione peroxidase activity. 

This redox-stabilizing pattern is biologically coherent with current understanding of liver injury, in 

which oxidative imbalance is both an initiating insult and an amplifier of inflammatory, apoptotic, and 

fibrogenic signaling. The repeated linkage of glycyrrhizin, glabridin, liquiritigenin, and magnesium 

isoglycyrrhizinate with Nrf2-associated antioxidant activation further supports the view that 

reinforcement of endogenous cytoprotective machinery is one of the central mechanisms underlying 

the hepatic benefit of G. glabra (35,76,87-97). 

A second major finding of this review is the consistent anti-inflammatory activity of G. glabra in liver-

relevant systems. Across the experimental literature, hepatoprotection was frequently accompanied by 

suppression of NF-κB signaling, reduced tumor necrosis factor-α and interleukin-6 expression, decreased 

prostaglandin-related inflammatory activity, and attenuation of inflammatory cell infiltration in hepatic 

tissue. This is particularly important because oxidative stress and inflammation in chronic liver disease 

are not parallel but mutually reinforcing processes. Oxidative injury activates inflammatory 

transcription pathways, while cytokine signaling further drives mitochondrial dysfunction, hepatocyte 

damage, and stellate cell activation. The reviewed data therefore suggest that G. glabra may interrupt 

this injury cycle at more than one level. Glycyrrhizin and 18β-glycyrrhetinic acid appear especially 

relevant in this regard, while glabridin and liquorice flavonoids broaden the anti-inflammatory spectrum 

through additional effects on prostaglandin production, redox-sensitive transcription factors, and related 

mediator systems (12,35,43-45,76,97,99-101). 

The evidence for anti-apoptotic and anti-fibrotic activity is promising but less extensive than the 

antioxidant and inflammatory evidence. In selected models, glycyrrhizic acid and related constituents 

improved the Bax/Bcl-2 balance, reduced caspase-3 activation, and preserved hepatocellular architecture, 

indicating that cytoprotection extends beyond biochemical normalization to include structural 

preservation of liver tissue. Similarly, attenuation of transforming growth factor-β1-driven fibrogenesis 

and reduction of fibrosis-associated markers have been reported in carbon tetrachloride and related 

models. These findings are mechanistically important because apoptosis and fibrosis are more proximal 

to long-term disease progression than isolated changes in aminotransferases. However, the anti-fibrotic 

literature is still narrower in volume and model diversity, and the current evidence does not yet justify 

strong claims that G. glabra is an established anti-fibrotic therapy. At present, the anti-fibrotic potential 

should be regarded as plausible and supported by early preclinical data rather than clinically confirmed 

(12,91,97). 

One of the more translationally relevant aspects of the reviewed evidence is the role of G. glabra in toxic 

and drug-induced liver injury. The inhibition of CYP2E1 by glabridin and the reduction of oxidative 

injury in methotrexate-, amiodarone-, cadmium-, and triptolide-associated hepatotoxicity suggest that 

liquorice-derived compounds may have particular value in settings where hepatic injury is driven by 

reactive metabolite formation, mitochondrial stress, and inflammatory amplification. This is clinically 

attractive because drug-induced liver injury remains difficult to prevent and often lacks targeted 

adjunctive options. At the same time, this apparent advantage must be interpreted cautiously. Most of 

the evidence is derived from controlled experimental models with defined toxin exposure, uniform 

dosing, and relatively short intervention windows. Human DILI is substantially more heterogeneous, 

involving variable comorbidities, polypharmacy, timing of exposure, genetic susceptibility, and immune-
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mediated components that are not fully reproduced in animal models. The current literature therefore 

supports mechanistic rationale and preclinical feasibility rather than immediate clinical generalization 

(35,77,87,89,90,92). 

The relevance of G. glabra to metabolic liver disease, particularly NAFLD, is also biologically compelling. 

NAFLD is characterized by a convergence of hepatic steatosis, oxidative stress, inflammatory signaling, 

lipotoxicity, and progressive fibrogenesis, all of which overlap with pathways modulated by liquorice-

derived compounds. Liquiritigenin, in particular, appears notable because it links antioxidant activation 

with suppression of lipogenic signaling, thereby positioning G. glabra not only as a cytoprotective agent 

but also as a potential metabolic modulator. This dual activity is important because a hepatoprotective 

intervention in NAFLD should ideally do more than reduce enzyme leakage; it should also address 

steatosis-driving mechanisms and limit progression toward steatohepatitis and fibrosis. However, despite 

the strength of this mechanistic fit, the translational evidence remains incomplete. Clinical claims in 

NAFLD currently rest more on plausibility, limited biochemical improvement, and derivative-specific 

observations than on large, well-controlled randomized trials with standardized histological or imaging 

endpoints (1-5,95). 

A key strength of G. glabra as a candidate hepatoprotective agent is the breadth of its constituent 

pharmacology. Unlike a single-target synthetic compound, liquorice contains triterpenoid saponins, 

flavonoids, chalcones, isoflavans, and polysaccharides that may act additively or synergistically across 

oxidative, inflammatory, apoptotic, and metabolic pathways. This multi-constituent architecture may 

partly explain why crude or standardized extracts sometimes perform well in complex disease models. 

At the same time, it creates one of the major barriers to clinical translation: mechanistic attribution 

becomes difficult when extracts differ in phytochemical composition, extraction method, solvent system, 

geographic origin, and degree of standardization. In several studies, the intervention is described broadly 

as root extract, aqueous extract, or liquorice extract without precise phytochemical quantification, which 

limits reproducibility and complicates dose comparison across studies. For this reason, future research 

should more consistently distinguish whole extracts from purified constituents and from 

pharmaceutical derivatives such as magnesium isoglycyrrhizinate, because these are not 

interchangeable therapeutic entities (22,42,63-70,78,80,85). 

Safety remains one of the most important considerations in the therapeutic positioning of G. glabra. 

Although the hepatoprotective literature is generally favorable, liquorice-derived compounds are not 

pharmacologically neutral. Glycyrrhizin and glycyrrhetinic acid may produce mineralocorticoid-like 

effects through inhibition of 11β-hydroxysteroid dehydrogenase type 2, leading to sodium retention, 

potassium loss, hypertension, edema, and pseudoaldosteronism, particularly with chronic exposure or 

higher doses. This adverse-effect profile is not a minor footnote; it is one of the central translational 

constraints on long-term clinical use. The growing interest in derivative formulations, especially 

magnesium isoglycyrrhizinate, reflects an effort to preserve hepatoprotective benefit while improving 

tolerability and therapeutic control. Even so, safety monitoring, treatment duration, cumulative dose, 

formulation standardization, and interaction with concurrent medications remain insufficiently 

addressed in much of the reviewed clinical literature. Any future clinical development pathway should 

therefore integrate efficacy and safety from the outset rather than treating toxicity as a secondary issue 

(42,43,69,80,84-86,92). 

The current evidence base also has important methodological limitations. A large proportion of the 

available data comes from animal models or mechanistic cell studies, and positive findings are often 

based on surrogate outcomes such as aminotransferase levels, oxidative stress markers, and histological 

scoring. These are informative but do not always translate directly into meaningful human outcomes. 

The clinical literature is comparatively sparse, heterogeneous in design, and variable in formulation 

quality, comparator choice, and endpoint definition. Moreover, some published reports emphasize 

biochemical improvement without sufficiently integrating histological, imaging, virological, or long-
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term clinical outcomes. This imbalance between mechanistic richness and clinical validation explains 

why G. glabra can currently be described as a promising hepatoprotective candidate but not yet as an 

evidence-established broad-spectrum liver therapy. A more mature evidence base will require 

constituent-specific pharmacokinetic studies, rigorous dose-finding work, standardized extract 

characterization, and randomized controlled trials tailored to distinct disease phenotypes such as 

NAFLD, chronic viral hepatitis, cholestatic liver disease, and defined forms of DILI 

(12,20,42,67,69,80,85,86). 

Taken together, the revised synthesis supports a more measured but stronger conclusion than the earlier 

draft. The value of G. glabra does not lie merely in traditional use or generalized antioxidant reputation, 

but in the convergence of phytochemistry and liver pathobiology across several experimentally 

supported mechanisms. The most convincing current evidence supports redox stabilization, 

inflammatory suppression, and mitigation of toxic hepatocellular injury, while the anti-fibrotic and 

clinically translatable domains remain promising but less mature. This distinction is important for 

preventing overstatement. The next phase of research should move beyond repeating general 

hepatoprotective observations and instead prioritize target validation, formulation standardization, 

pharmacokinetic optimization, and disease-specific clinical trials using robust endpoints. With such 

refinement, G. glabra may advance from a broadly promising phytotherapeutic agent to a more precisely 

defined adjunct or lead compound platform in hepatology (20,35,76,77,87-92,95,99-101). 

CONCLUSION 

Glycyrrhiza glabra is a pharmacologically rich medicinal plant with substantial hepatoprotective 

promise supported by convergent preclinical evidence showing antioxidant, anti-inflammatory, anti-

apoptotic, anti-steatotic, and partially anti-fibrotic effects mediated through pathways including Nrf2, 

NF-κB, Bax/Bcl-2, TGF-β1, and CYP2E1. Its principal constituents, particularly glycyrrhizin, 18β-

glycyrrhetinic acid, glabridin, liquiritigenin, isoliquiritigenin, and magnesium isoglycyrrhizinate, 

collectively support the concept of multi-target liver protection across toxic, metabolic, and 

inflammatory injury settings. Nevertheless, the current evidence remains weighted toward mechanistic 

and animal studies, while clinical translation is limited by heterogeneity of formulations, incomplete 

standardization, insufficient pharmacokinetic characterization, and the need to carefully manage 

mineralocorticoid-like adverse effects. Future progress will depend on rigorously standardized 

preparations, constituent-specific translational studies, and well-designed randomized clinical trials with 

clinically meaningful hepatic endpoints. 
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