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ABSTRACT 
 Hepatitis B Virus (HBV) remains a significant global health challenge, leading to severe liver 
complications, including fibrosis, cirrhosis, and hepatocellular carcinoma (HCC).” Current 
antiviral therapies face limitations such as incomplete viral suppression and adverse effects, 
prompting interest in alternative treatments. Phyllanthus niruri, a medicinal plant recognized 
for its antioxidant, hepatoprotective, and antiviral properties, offers a promising adjunct 
therapy for HBV management. This study evaluated the phytochemical composition, 
antioxidant potential, hepatoprotective effects, and antiviral efficacy of Phyllanthus niruri. Key 
bioactive compounds, including flavonoids, lignans, and tannins, were identified, contributing 
to its therapeutic effects. Biochemical and histopathological analyses demonstrated significant 
improvements in liver enzyme levels, antioxidant enzyme activity, and fibrosis reduction, with 
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a 60% decrease in HBV DNA levels observed. Comparative analysis with lamivudine revealed 
comparable antiviral efficacy, with additional benefits in oxidative stress reduction and liver 
regeneration. These findings highlight Phyllanthus niruri as a holistic, natural therapy for 
HBV, warranting further clinical validation. 
 
Keywords: Hepatitis B Virus, Phyllanthus niruri, antioxidant, hepatoprotective, antiviral 
therapy, liver fibrosis, oxidative stress, complementary medicine. 

 
1. “Introduction 
Hepatitis B Virus (HBV) is a significant global health issue, with nearly 296 million individuals 
living with chronic HBV infection worldwide (Zeng et al., 2021). Chronic HBV infection is a 
leading cause of liver-related mortality, contributing to severe complications such as fibrosis, 
cirrhosis, and hepatocellular carcinoma (HCC). The disease not only affects individual health 
but also places a considerable socioeconomic burden on healthcare systems, especially in 
regions with high prevalence, such as sub-Saharan Africa and Asia (Sarin et al., 2020). Despite 
advancements in antiviral therapies, these treatments often face limitations like incomplete 
viral suppression, the emergence of drug resistance, and adverse side effects over long-term 
use (Xu et al., 2024). Given these limitations, the exploration of alternative and complementary 
treatments has gained attention. One promising candidate is Phyllanthus niruri, a medicinal 
plant widely recognized in traditional systems of medicine like Ayurveda, Chinese, and folk 
medicine. Known for its hepatoprotective and antioxidant properties, Phyllanthus niruri has 
been used to treat a variety of liver-related disorders, including HBV infection. The plant’s 
bioactive compounds, such as flavonoids, lignans, tannins, and alkaloids, have been found to 
modulate key pathways involved in liver protection, oxidative stress reduction, and antiviral 
activity (Calixto et al., 1998; Mao et al., 2016).” Research into Phyllanthus niruri has 
demonstrated its efficacy in mitigating oxidative damage, inhibiting fibrosis, and enhancing 
liver regeneration in both preclinical and clinical settings. Studies also suggest that it can reduce 
HBV DNA levels and normalize liver enzyme markers, making it a potential adjunct therapy 
for managing HBV (Chan et al., 2003). Despite its widespread traditional use and emerging 
evidence of efficacy, the exact mechanisms and clinical applications require further analytical 
investigation. This paper provides a study of Phyllanthus niruri’s antioxidant and 
hepatoprotective mechanisms, focusing on its role in HBV management. Unlike a traditional 
literature review, this work adopts a results-driven approach, synthesizing findings from 
biochemical, preclinical, and clinical studies to evaluate its therapeutic potential. 
2. Literature Review 
2.1 “Phytochemical Composition of Phyllanthus Niruri 
The therapeutic properties of Phyllanthus niruri stem from its diverse array of bioactive 
compounds, which include flavonoids, lignans, tannins, alkaloids, and polyphenols. These 
compounds contribute to its hepatoprotective, antioxidant, and antiviral activities. Flavonoids, 
such as quercetin, have been shown to ameliorate hepatic oxidative stress by scavenging 
reactive oxygen species (ROS) and enhancing antioxidant enzyme activity (Aslam et al., 
2022).” Lignans, including phyllanthin and hypophyllanthin, stabilize hepatic cell membranes 
and reduce lipid peroxidation, protecting the liver from damage caused by toxins (Krithika et 
al., 2009). Tannins like corilagin exhibit potent antiviral properties, targeting viral replication 
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processes in hepatitis B (Reddy et al., 2018). These phytochemicals collectively support the 
liver's ability to combat oxidative stress, inflammation, and viral insults, making Phyllanthus 
niruri a multifaceted therapeutic agent. 
2.2 “Antioxidant Mechanisms 
Oxidative stress plays a central role in the pathogenesis of liver diseases, including HBV-
associated liver damage. The antioxidant properties of Phyllanthus niruri have been well-
documented in both in vitro and in vivo studies. The plant extract has been shown to restore 
antioxidant enzyme levels, such as superoxide dismutase and glutathione peroxidase, which 
are often depleted in liver injury (Krithika et al., 2015).” Furthermore, it inhibits lipid 
peroxidation by reducing malondialdehyde levels, a key marker of oxidative stress (Shen et al., 
2008). These findings suggest that Phyllanthus niruri can effectively mitigate the oxidative 
damage associated with chronic HBV infection, reducing the progression of fibrosis and liver 
cell apoptosis. 
2.3 “Hepatoprotective Benefits 
The hepatoprotective effects of Phyllanthus niruri have been extensively studied in models of 
liver injury induced by carbon tetrachloride (CCl₄), thioacetamide, and alcohol. These studies 
demonstrate that the plant extract protects hepatic cells through multiple mechanisms: 

 Anti-inflammatory Effects: Phyllanthus niruri downregulates pro-inflammatory 
cytokines such as TNF-α and IL-6, which play a critical role in liver inflammation and 
fibrosis (Guo et al., 2017).” 

 Fibrosis Prevention: It inhibits hepatic stellate cell activation, a process that 
contributes to excessive extracellular matrix deposition and fibrosis (Rockey et al., 
2015). 

 Regeneration of Liver Tissue: The extract promotes hepatic cell proliferation and 
repair, enhancing the liver's ability to recover from injury (Lee et al., 2006). These 
hepatoprotective effects make Phyllanthus niruri a promising adjunct therapy for 
chronic HBV patients who are at risk of progressive liver damage. 

2.4 Antiviral Activity Against Hepatitis B 
One of the most compelling aspects of Phyllanthus niruri is its antiviral activity against HBV. 
Several studies have demonstrated its ability to inhibit HBV DNA replication and enhance 
immune responses to the virus. For instance, Chan et al. (2003) conducted a randomized 
controlled trial in which Phyllanthus urinaria significantly reduced HBV DNA levels in 
chronic HBV patients. This antiviral effect is attributed to the ability of bioactive compounds 
like corilagin and ellagic acid to interfere with viral replication and modulate immune pathways 
(Reddy et al., 2018; Kang et al., 2006). Additionally, the plant has been shown to enhance host 
immune responses by reducing immune tolerance to HBV antigens, which is critical for 
clearing the virus and preventing chronic infection (Tan et al., 2024). These findings highlight 
the potential of Phyllanthus niruri as a natural antiviral agent for HBV management. 
The literature reveals that Phyllanthus niruri possesses a unique combination of antioxidant, 
hepatoprotective, and antiviral properties, underpinned by its rich phytochemical composition. 
Its ability to restore antioxidant balance, protect liver cells, and inhibit HBV replication 
positions it as a promising adjunct therapy for managing HBV-related liver diseases. Further 
studies are required to standardize its usage, isolate active compounds, and validate its efficacy 
in large-scale clinical trials. 
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3. “Methods 
3.1 Study Design 
This study was designed as an experimental investigation to evaluate the antioxidant and 
hepatoprotective effects of Phyllanthus niruri extract in a controlled setting. The research 
involved in vitro and in vivo experiments to determine the plant’s bioactive properties and its 
efficacy in mitigating oxidative stress and liver damage associated with Hepatitis B Virus 
(HBV). A randomized controlled model was used to ensure reliability and reproducibility of 
results. 
3.2 Plant Material and Extraction 
Fresh Phyllanthus niruri plants were collected from authenticated sources. The plant material 
was washed, air-dried, and ground into a fine powder. The extraction was performed using 
ethanol (70%) via maceration for 48 hours. The extract was filtered, concentrated under 
reduced pressure, and lyophilized to obtain a dry extract. The yield of the extract was 
calculated, and it was stored at -20°C until further use.” 
3.3 Experimental Groups 
The study included three main experimental groups: 

1. Control Group: Healthy animals/cell lines without HBV or treatment. 
2. HBV Model Group: Animals or HepG2.2.15 cell lines infected with HBV, left 

untreated. 
3. Treatment Groups: HBV-infected models treated with Phyllanthus niruri extract at 

three different doses (low, medium, and high concentrations). 
Additionally, a reference group was treated with a standard antiviral drug (e.g., lamivudine) to 
compare efficacy. 
3.4 “Biochemical and Molecular Analyses 

 Antioxidant Activity: The levels of superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx) were measured in serum and liver homogenates. 
Malondialdehyde (MDA) levels were assessed to quantify lipid peroxidation. 

 Hepatoprotective Effects: Serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels were evaluated to determine liver function. 
Histopathological examination of liver tissue was conducted to assess structural 
damage and fibrosis. 

 Antiviral Effects: HBV DNA levels in serum and liver tissue were quantified using 
real-time PCR. Expression levels of viral proteins (HBsAg and HBcAg) were assessed 
via ELISA. 

3.5 Statistical Analysis 
Data were analyzed using one-way ANOVA followed by Tukey’s post-hoc test for multiple 
comparisons. Results were expressed as mean ± standard deviation (SD), and a p-value < 0.05 
was considered statistically significant. 
4. Results and Discussion” 
4.1 Phytochemical Analysis 

The extraction process of Phyllanthus niruri yielded a dry extract with an extraction efficiency 
of 18%. Comprehensive phytochemical screening revealed a wide array of bioactive 
compounds, each playing a pivotal role in its therapeutic potential. Among the key components 
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identified were flavonoids, including quercetin and kaempferol, which were present in notably 
high concentrations. These flavonoids are well-known for their robust antioxidant properties, 
primarily through their ability to neutralize reactive oxygen species (ROS), thereby preventing 
cellular damage caused by oxidative stress. Additionally, significant levels of lignans, such as 
phyllanthin and hypophyllanthin, were quantified at concentrations of 0.84% and 0.72%, 
respectively. These compounds are recognized for their hepatoprotective effects, particularly 
in stabilizing liver cell membranes and modulating inflammatory responses. Moreover, tannins 
and polyphenols, including corilagin and ellagic acid, were detected in considerable amounts. 
These bioactive substances exhibit antiviral properties, specifically against HBV, by interfering 
with viral replication and reducing antigen expression. The identification of these compounds 
not only underscores the pharmacological richness of Phyllanthus niruri but also provides a 
scientific foundation for its traditional use in liver disorders and HBV management. 
4.2 Antioxidant Activity 
Biochemical assays confirmed that Phyllanthus niruri extract significantly enhanced the 
antioxidant defense system and reduced oxidative stress markers in HBV-infected models: 

 Superoxide Dismutase (SOD): Increased by 45% in the high-dose treatment group 
compared to the HBV model group. 

 Catalase Activity: Improved by 38%, indicating better neutralization of reactive 
oxygen species (ROS). 

 Malondialdehyde (MDA): Reduced by 52%, suggesting decreased lipid peroxidation 
and enhanced protection of cellular membranes. 

Table 1: Antioxidant Activity in HBV-Infected Models 
Parameter HBV 

Model 
Group 

Low Dose 
(50 mg/kg) 

Medium 
Dose (100 

mg/kg) 

High Dose 
(200 

mg/kg) 

Improvement 
(%) 

SOD (U/mg 
protein) 

25.2 ± 1.5 32.5 ± 1.8 34.6 ± 1.9 36.5 ± 2.0 +45% 

Catalase 
(U/mg protein) 

15.4 ± 1.2 18.2 ± 1.3 19.5 ± 1.4 21.3 ± 1.5 +38% 

MDA 
(nmol/mg 
protein) 

12.6 ± 1.4 9.3 ± 1.0 8.1 ± 0.9 6.1 ± 0.7 -52% 

The antioxidant potential of Phyllanthus niruri extract was substantiated through biochemical 
assays that demonstrated significant enhancement in the antioxidant defense system of HBV-
infected models. The extract markedly increased superoxide dismutase (SOD) activity by 45% 
in the high-dose treatment group compared to the HBV model group, suggesting a robust 
capacity to catalyze the dismutation of superoxide radicals into oxygen and hydrogen peroxide. 
This was accompanied by a 38% improvement in catalase activity, indicative of the extract’s 
effectiveness in detoxifying hydrogen peroxide into water and oxygen, thereby reducing 
oxidative stress. Additionally, malondialdehyde (MDA) levels, a key marker of lipid 
peroxidation, were reduced by 52%, signifying decreased oxidative damage to cellular 
membranes. These findings highlight the extract’s ability to restore the balance of antioxidant 
enzymes while protecting cells from ROS-induced apoptosis. Collectively, these antioxidant 
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effects play a critical role in mitigating liver damage associated with HBV, suggesting that 
Phyllanthus niruri can effectively neutralize oxidative stress, a major contributing factor to 
HBV-related pathologies. 
4.3 Hepatoprotective Effects 
The hepatoprotective activity of Phyllanthus niruri was evident from liver enzyme levels and 
histopathological findings: 

 Liver Enzyme Reduction: Serum ALT and AST levels decreased by 40% and 35%, 
respectively, in the high-dose group. 

 Histopathological Analysis: Liver tissues from treated groups exhibited reduced 
inflammation, minimal fibrosis, and near-normal architecture. In contrast, the HBV 
model group showed severe necrosis, steatosis, and fibrosis. 

 Collagen Deposition: Masson’s trichrome staining revealed significantly reduced 
collagen deposition in the treated groups, confirming antifibrotic effects. 

“Table 2: Hepatoprotective Markers in HBV-Infected Models 
Parameter HBV 

Model 
Group 

Low Dose 
(50 mg/kg) 

Medium 
Dose (100 

mg/kg) 

High Dose 
(200 

mg/kg) 

Improvement 
(%)” 

ALT (U/L) 85.3 ± 4.8 62.4 ± 3.9 54.8 ± 3.6 51.2 ± 3.2 -40% 
AST (U/L) 92.6 ± 5.2 68.7 ± 4.1 62.5 ± 3.8 59.9 ± 3.5 -35% 

Fibrosis 
Score (0–4) 

3.8 ± 0.2 2.5 ± 0.2 1.8 ± 0.1 1.2 ± 0.1 -68% 

The hepatoprotective properties of Phyllanthus niruri were evident from both biochemical and 
histopathological analyses. Treatment with the extract significantly reduced serum levels of 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), with reductions of 40% 
and 35%, respectively, in the high-dose group. These enzymes are critical markers of liver 
health, and their elevated levels in the HBV model group reflect hepatic inflammation and 
injury. The normalization of these enzymes in treated groups indicates improved liver function 
and reduced hepatocellular damage. Histopathological evaluation further corroborated these 
findings, as liver tissues from the treatment groups displayed reduced inflammation, minimal 
fibrosis, and near-normal architecture, whereas the HBV model group exhibited extensive 
necrosis, steatosis, and fibrotic changes. Collagen deposition, assessed via Masson’s trichrome 
staining, was significantly reduced in the treated groups, highlighting the extract’s antifibrotic 
potential. These results suggest that Phyllanthus niruri not only mitigates liver damage but also 
promotes hepatic regeneration and reduces the risk of progression to fibrosis and cirrhosis, 
underscoring its value as a hepatoprotective agent. 
4.4 Antiviral Effects 
The antiviral efficacy of Phyllanthus niruri was evident in its ability to reduce HBV markers: 

 HBV DNA Levels: A dose-dependent reduction was observed, with a 60% decrease in 
the high-dose group compared to the HBV model. 

 HBsAg and HBcAg Expression: ELISA showed a 55% reduction in viral antigens, 
indicating suppressed viral replication. 
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“Table 3: Antiviral Effects of Phyllanthus niruri in HBV Models 
Parameter HBV 

Model 
Group 

Low Dose 
(50 mg/kg) 

Medium Dose 
(100 mg/kg) 

High Dose 
(200 mg/kg) 

Reduction 
(%)” 

HBV DNA 
(copies/mL) 

1.2 × 10⁶ 9.1 × 10⁵ 6.8 × 10⁵ 4.8 × 10⁵ -60% 

HBsAg 
(ng/mL) 

24.6 ± 1.3 18.5 ± 1.1 14.7 ± 1.0 11.1 ± 0.9 -55% 

HBcAg 
(ng/mL) 

18.4 ± 1.1 14.2 ± 1.0 11.8 ± 0.9 8.3 ± 0.8 -55% 

The antiviral activity of Phyllanthus niruri against HBV was demonstrated through its ability 
to significantly reduce viral markers in a dose-dependent manner. Treatment with the extract 
led to a 60% reduction in HBV DNA levels in the high-dose group, as quantified by real-time 
PCR. This indicates effective suppression of viral replication. Furthermore, the extract reduced 
the expression of viral antigens, including HBsAg and HBcAg, by 55% as measured via 
ELISA. The suppression of these antigens is critical for reducing the viral load and preventing 
the progression of chronic HBV infection. The antiviral efficacy of Phyllanthus niruri can be 
attributed to its bioactive compounds such as corilagin and ellagic acid, which have been shown 
to interfere with HBV DNA polymerase activity and enhance host immune responses. These 
results highlight the plant’s potential to act as a natural antiviral agent, complementing or even 
serving as an alternative to existing antiviral therapies for HBV. 
4.5 Comparative Analysis with Standard Antiviral Therapy 
When compared to lamivudine: 

 HBV DNA and Liver Enzymes: Phyllanthus niruri showed comparable efficacy in 
reducing HBV DNA levels and improving liver enzyme markers. 

 Additional Benefits: Unlike lamivudine, Phyllanthus niruri provided significant 
antioxidant and antifibrotic benefits. 

 Safety Profile: The extract demonstrated no adverse effects and was well-tolerated at 
all doses. 

“Table 4: Comparative Analysis of Phyllanthus niruri and Lamivudine 
Parameter HBV Model 

Group 
Lamivudine (10 

mg/kg) 
High Dose 

(200 mg/kg) 
Comparable 

(%)” 
HBV DNA 
(copies/mL) 

1.2 × 10⁶ 4.2 × 10⁵ 4.8 × 10⁵ Comparable 

ALT (U/L) 85.3 ± 4.8 50.2 ± 3.5 51.2 ± 3.2 Comparable 
AST (U/L) 92.6 ± 5.2 58.7 ± 3.6 59.9 ± 3.5 Comparable 
SOD (U/mg 

protein) 
25.2 ± 1.5 34.2 ± 1.7 36.5 ± 2.0 Phyllanthus 

Superior 
Fibrosis Score 

(0–4) 
3.8 ± 0.2 2.3 ± 0.1 1.2 ± 0.1 Phyllanthus 

Superior 
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When compared to lamivudine, a standard antiviral drug, Phyllanthus niruri demonstrated 
comparable efficacy in reducing HBV DNA levels and improving liver enzyme markers. 
However, the extract offered additional benefits, including significant enhancement of 
antioxidant enzyme activity and reduction of fibrosis, which were not observed with 
lamivudine. Furthermore, Phyllanthus niruri exhibited a superior safety profile, with no 
reported adverse effects even at high doses. This contrasts with lamivudine, which is associated 
with potential side effects and the risk of drug resistance during long-term use. These findings 
position Phyllanthus niruri as a promising adjunct or alternative therapy, particularly in 
resource-limited settings where cost and accessibility of standard antivirals may be a challenge. 
5. Discussion 
The findings of this study strongly affirm the therapeutic potential of Phyllanthus niruri as a 
multifaceted agent for managing Hepatitis B Virus (HBV)-induced liver damage. The 
comprehensive phytochemical analysis revealed a diverse array of bioactive compounds, 
including flavonoids, lignans, and polyphenols, which collectively drive the plant's antioxidant, 
hepatoprotective, and antiviral properties. Flavonoids like quercetin and kaempferol were 
found to play a critical role in mitigating oxidative stress by neutralizing reactive oxygen 
species (ROS) and enhancing antioxidant enzyme activity, corroborating findings by Aslam et 
al. (2022). The presence of lignans, including phyllanthin and hypophyllanthin, with 
documented hepatoprotective and anti-inflammatory effects (Krithika et al., 2009), provides a 
solid biochemical foundation for its traditional use in liver disorders. Furthermore, the 
identification of antiviral compounds like corilagin and ellagic acid, which effectively suppress 
HBV replication (Reddy et al., 2018), underscores the broad-spectrum therapeutic potential of 
Phyllanthus niruri. 
The antioxidant activity demonstrated by Phyllanthus niruri further supports its role in 
alleviating oxidative stress—a key driver of HBV-induced liver injury. Biochemical assays 
revealed substantial improvements in superoxide dismutase (SOD) and catalase activity, 
accompanied by significant reductions in malondialdehyde (MDA) levels, a marker of lipid 
peroxidation. These findings align with the antioxidant mechanisms reported in prior studies 
(Krithika et al., 2015), where Phyllanthus niruri was shown to restore the balance of 
antioxidant enzymes and reduce oxidative damage in hepatic tissues. By mitigating oxidative 
stress, the extract not only prevents liver cell apoptosis but also reduces the risk of fibrosis, 
which is a major complication of chronic HBV infection (Sarin et al., 2020). The ability to 
significantly improve oxidative markers highlights its potential as an adjunct therapy to 
standard antiviral drugs, addressing oxidative damage that these drugs may not adequately 
target. 
The hepatoprotective and antiviral effects of Phyllanthus niruri position it as a promising 
therapeutic agent for HBV management. The study demonstrated a significant reduction in 
liver enzymes, ALT and AST, in treated groups, reflecting enhanced liver function and reduced 
hepatocellular injury. Histopathological analysis further confirmed reduced inflammation, 
minimal fibrosis, and near-normal liver architecture in treated groups, findings consistent with 
previous studies on its antifibrotic effects (Lee et al., 2006; Rockey et al., 2015). Additionally, 
the antiviral efficacy of the extract was evident in its ability to reduce HBV DNA levels and 
suppress viral antigen expression, which parallels the results of clinical trials demonstrating its 
efficacy in lowering HBV markers (Chan et al., 2003). These outcomes underscore the plant’s 
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dual ability to address both viral replication and its deleterious effects on the liver. When 
compared to standard antiviral therapy like lamivudine, Phyllanthus niruri demonstrated 
comparable efficacy in viral suppression, with additional benefits in oxidative stress reduction 
and fibrosis prevention, thus providing a holistic approach to HBV management (Xu et al., 
2024). 
The study's findings pave the way for integrating Phyllanthus niruri into HBV treatment 
regimens. Its ability to target multiple aspects of HBV pathogenesis—ranging from oxidative 
stress to fibrosis and viral replication—makes it an ideal candidate for adjunct therapy, 
especially in regions with limited access to standard antiviral drugs. However, large-scale 
clinical trials are needed to validate these findings and establish standardized formulations and 
dosages. Future research should also explore the synergistic potential of Phyllanthus niruri 
with existing antiviral agents to enhance therapeutic efficacy while minimizing side effects. By 
addressing the multifactorial nature of HBV-induced liver damage, Phyllanthus niruri 
represents a significant step forward in developing holistic and accessible solutions for HBV 
management. 
6. Conclusion 
This study demonstrates the significant therapeutic potential of Phyllanthus niruri in managing 
HBV-associated liver damage. The plant's diverse bioactive compounds, including flavonoids, 
lignans, and tannins, contribute to its robust antioxidant, hepatoprotective, and antiviral 
properties. By enhancing antioxidant defense, reducing fibrosis, and suppressing HBV 
replication, Phyllanthus niruri effectively mitigates the multifaceted challenges of HBV-
induced liver pathology. The 60% reduction in HBV DNA levels and significant improvement 
in liver enzyme markers observed in this study underscore its comparable efficacy to 
lamivudine, a standard antiviral therapy. However, Phyllanthus niruri offers additional 
advantages, including enhanced oxidative stress mitigation and antifibrotic effects, with no 
reported adverse effects, making it a safer alternative or adjunct therapy. While the findings 
position Phyllanthus niruri as a promising treatment option for HBV management, large-scale 
clinical trials are essential to validate its safety and efficacy. Future research should also focus 
on isolating and standardizing active compounds, exploring synergistic effects with existing 
therapies, and addressing dosage optimization. As an accessible and cost-effective therapy, 
Phyllanthus niruri has the potential to transform HBV management, especially in resource-
limited settings, providing holistic support for liver health. 
Future research should focus on: 

 Isolating active compounds for targeted therapies. 
 Exploring synergies between Phyllanthus niruri and conventional treatments. 
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