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Article Type:

Revi Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections remain major global health
eview

problems. This review summarizes current evidence on medicinal plants with reported antiviral
activity against HBV and HCV, focusing on experimental models and underlying molecular
mechanisms. A narrative review approach was used to identify and present relevant studies
from PubMed, Scopus, ScienceDirect, and Google Scholar using keywords related to hepatitis
viruses and medicinal plants. Relevant studies were selected based on their relevance to the
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topic, particularly those reporting antiviral activity in in vitro and in vivo models. The findings
were synthesized narratively by organizing the evidence according to plant species, extract types,
viral targets, and mechanisms of antiviral action. Medicinal plants contained diverse bioactive

compounds with antiviral potential, including flavonoids, alkaloids, chalcones, polysaccharides,
and polyphenols. Evidence from in vitro and in vivo studies indicates that these compounds
may inhibit viral attachment and entry, suppress polymerase activity, reduce hepatitis B surface
antigen (HBsAg) and hepatitis B e antigen (HBeAg) secretion, interfere with capsid assembly,
and inhibit HCV non-structural proteins. Notable compounds such as epigallocatechin gallate
(EGCGQG), silibinin, quercetin derivatives, and solanopubamine demonstrated reductions in
viral nucleic acid levels and improvements in liver-related outcomes in experimental models.
Medicinal plants are promising antiviral sources against HBV and HCV due to their multi-
target bioactive compounds. However, variability in extracts and limited clinical evidence
require further standardized and clinical studies to confirm their therapeutic use.
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Implication for health policy/practice/research/medical education:

Thisnarrative review highlights the potential of medicinal plantsas multi-targetantiviral agents against the hepatitis Band hepatitis
C viruses. These findings may support the development of complementary or alternative therapeutic strategies, particularly
in low-resource settings with limited access to conventional antiviral therapies. The study also provides a scientific basis for
future pharmacological research by compiling evidence on medicinal plant species, their bioactive compounds, antiviral activity
(including IC_  and CC, values), experimental models, and underlying mechanisms, which may guide further investigation of
plant-derived antiviral agents. Furthermore, this review contributes to medical education by enhancing understanding of plant-
derived antiviral mechanisms and their potential integration into evidence-based clinical practice.
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Introduction

Chronic infection with the hepatitis B virus (HBV)
and hepatitis C virus (HCV) accounts for most cases of
cirrhosis and hepatocellular carcinoma worldwide, with
substantial residual disease burden. Although current
antiviral therapies have substantially improved clinical
outcomes, important limitations remain. Nucleos(t)ide
analogues effectively suppress HBV replication but rarely
eliminate covalently closed circular DNA (cccDNA), the
stable episomal form responsible for viral persistence and
relapse after treatment discontinuation (1). Direct-acting
antivirals (DA As) achieve high cureratesin HCV infection;
however, viral resistance, reinfection, unequal access in
low-resource settings, and the absence of a preventive
vaccine continue to hinder global disease control. These
limitations highlight the need for complementary antiviral
strategies targeting multiple stages of the viral life cycle
(2).

Plants used in traditional hepatic medicine have been
re-examined as sources of antiviral leads over the past
decade, particularly as whole-extract or compound-
level studies have begun to dissect mechanisms. Recent
screening efforts have identified anti-HBV activity in the
extracts of Lindernia ruellioides (3), Euphorbia schimperi
(4), Solanum schimperianum (5), Isatis indigotica (6),
and polyphenols from Camellia sinensis (7, 8) and anti-
HCV activity in Salix nigra (2), Azadirachta indica (9),
Kleinhovia hospita (10), and Silybum marianum (11).
These antiviral activities are largely attributed to diverse
classes of bioactive compounds, including flavonoids
(e.g., quercetin, kaempferol, and epigallocatechin gallate
[EGCG]), alkaloids (from Isatis indigotica), terpenoids,
and lignans such as silibinin from Silybum marianum.
These compounds exert their effects through multiple
mechanisms, including inhibition of viral entry,
suppression of viral replication enzymes, and modulation
of host immune responses, highlighting their potential as
sources of antiviral agents (12,13).

Recent studies have increasingly focused on elucidating
the pharmacological mechanisms underlying these effects.
However, previous reviews have not consistently integrated
mechanistic data with the experimental models used for
validation. Plant-derived compounds have been reported
to interfere with viral attachment and entry (e.g., EGCG
and theaflavins), inhibit polymerase-mediated genome
replication (e.g., quercetin, kaempferol derivatives,
and solanopubamine), modulate antigen secretion and
hepatitis B virus X protein (HBx)-associated transcription,
and activate host antiviral pathways such as Janus kinase/
signal transducer and activator of transcription (JAK/
STAT) signaling. This multi-target profile supports their
potential role as adjuncts or lead compounds in antiviral
drug development (4,5,12). Evaluation of these activities
relies on complementary experimental platforms. In
vitro systems, including HepG2.2.15, PLC/PRF/5, Huh7,

and hepatocyte cultures, allow detailed mechanistic
assessment of viral inhibition (13). In vivo models, such
as HBV transgenic mice and human liver-chimeric mice,
provide physiological validation and improve translational
relevance. Integrating findings from these models is
essential for assessing pharmacological significance (7,14).

Despite promising preclinical findings, variability
in extract composition, limited pharmacokinetic
characterization, and insufficient clinical validation
remain important challenges. Addressing these limitations
is necessary to support the potential use of plant-derived
antivirals as adjunct or alternative therapeutic strategies
for HBV and HCV management. This study aims to
provide a narrative overview of medicinal plants with
reported antiviral activity against HBV and HCV, focusing
on experimental models and underlying molecular
mechanisms.

Methods

This study was conducted as a narrative review to
summarize and discuss current evidence on medicinal
plants with antiviral activity against HBV and HCV.
Relevant literature was identified through searches
of electronic databases including PubMed, Scopus,
ScienceDirect, and Google Scholar. The search strategy
employed combinations of keywords such as “hepatitis
B virus”, “hepatitis C virus’, “medicinal plants”, “antiviral
activity”, “in vitro”, and “in vivo”.

The literature was considered based on its relevance to
the topic, with particular attention to studies reporting
antiviral activity of medicinal plants in experimental
models and describing underlying molecular mechanisms.
The selected literature was reviewed narratively, and the
findings were presented according to plant species, type
of extract, viral targets (HBV or HCV), and mechanisms
of antiviral action. A descriptive approach was used to
highlight recurring patterns, mechanistic insights, and
consistencies across different experimental models.

Results

Virology and molecular characteristics of HBV and HCV
HBYV is a small, enveloped virus of the Hepadnaviridae
family with a genome consisting of a partially double-
stranded DNA molecule of ~3.2 kb. Following entry,
the genome is delivered to the hepatocyte nucleus and
replicated into cccDNA, which serves as the transcriptional
template for all viral RNAs. The viral polymerase (Pol/RT)
then reverse-transcribes encapsidated pregenomic RNA
(pgRNA) into relaxed circular DNA (rcDNA). A fraction
of rcDNA is recycled back to the nucleus to replenish
the cccDNA pool, while the remainder is packaged into
progeny virions. Because cccDNA persists as a stable
episome in the hepatocyte nucleus and is not targeted
by current nucleos(t)ide analogues, sterilizing cure is
essentially unattainable (1,15).
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In contrast, HCV, belonging to the Flaviviridae family, is
an enveloped virus that possesses a positive-sense single-
stranded RNA genome (16). The replication cycle of HCV
in Figure 1 is complex with distinct entry, replication, and
assembly steps. The high mutation rate of HCV during
replication is well documented, facilitating the viruss
evasion of both humoral and cellular immune responses.
The resulting antigenic diversity complicates vaccine
development and helps HCV establish chronic infection
(17,18).

Replication cycle and therapeutic targets

The replication cycle of HBV encompasses critical stages
and potential therapeutic targets. Following infection,
HBYV infiltrates hepatocytes and subsequently releases its
DNA genome, which undergoes conversion into cccDNA.
The cccDNA functions as a template for the transcription of
viral RNAs. Current therapeutic strategies target the HBV
life cycle at several stages: nucleos(t)ide analogues inhibit
Pol/RT, interferon-a enhances host antiviral responses,
and emerging agents target host factors necessary for viral
entry, capsid assembly, or HBsAg secretion. The HCV life
cycle offers several druggable stages: entry, polyprotein
processing, RNA replication, and assembly. Pan-genotypic
DAA combinations targeting NS3/4A, NS5A, and NS5B
now achieve sustained virological response rates above
95%, although resistance-associated substitutions and
reinfection remain concerns in high-risk populations (17).
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Research models used in HBV and HCV studies

The study of HBV and HCV necessitates the use of
various in vitro and in vivo research models. Each model
has its unique advantages and limitations, which can
influence the outcomes of antiviral drug evaluation and
understanding viral pathogenesis (19).

In vitro models

In vitro models are essential for preliminary screening of
antiviral efficacy and for mechanistic studies that explore
viral replication and host-pathogen interactions. The most
commonly utilized in vitro systems include hepatocyte
cell lines, primary hepatocytes, and bioengineered liver
platforms (20).

a. Hepatoma cell lines

HBV and HCV infections have traditionally been studied
using cell lines like HepG2 and Huh7. HepG2 cells have
played a central role in HBV research, supporting viral
antigen production and DNA replication following
stable transfection of the HBV genome, which led to
the development of derivative lines such as HepG2.2.15.
However, these models exhibit deficiencies in specific in
vivo characteristics, potentially limiting their capacity
to accurately reflect the functions of actual hepatocytes.
Huh7 cells have demonstrated the capability to support
HCYV replication, making them a valuable model for the
screening of antiviral compounds. Despite their utility,
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Figure 1. Schematic of the hepatitis C virus (HCV) life cycle, highlighting stages targeted by plant-derived natural compounds. HCV enters hepatocytes through
sequential engagement of CD81, scavenger receptor class B type 1 (SR-B1), claudin-1 (CLDN1), and occludin (OCLN), followed by clathrin-mediated endocytosis

and uncoating. The viral RNA genome is translated into a polyprotein that is processed into structural (Core, ET, E2, p7) and non-structural (NS2, NS3/4A, NS4B,
NS5A, NS5B) proteins. Genome replication occurs within ER-derived membranous webs before new virions assemble on lipid droplets and egress via the
secretory pathway. Plant-derived compounds evaluated in this review interfere with entry (theaflavins), translation/replication (silibinin, flavonoids), and/or NS3/

NS5A function. Adapted from (16) with permission.
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these lines frequently demonstrate dedifferentiation over
time, resulting in diminished functionality (21,22).

b. Primary hepatocytes

Isolated primary human hepatocytes (PHHSs) represent a
more physiologically relevant model for the investigation
of drug metabolism and viral infection. PHHs exhibit a
range of in vivo characteristics, making them essential for
investigating the metabolic pathways pertinent to drug
testing. However, swift decline in hepatic function and
dedifferentiation observed in cell culture could impede
the feasibility of prolonged experimental studies (23).

c. Bioengineered liver models

Bioengineered  liver-on-chip devices and three-
dimensional spheroid cultures offer alternatives to
monolayer systems. They maintain hepatocyte polarity and
differentiated function for weeks, allowing longitudinal
study of viral replication and drug-induced hepatotoxicity.
Spheroid cultures demonstrate superior preservation
of cell polarization and functionality in comparison to
traditional two-dimensional cultures. This enhancement
increases their applicability in drug response assays and
investigations into the pathophysiology of liver disease
(24).

d. Limitations of in vitro models

While in vitro models provide a convenient platform
for rapid testing and mechanistic insights into HBV and
HCYV, they inherently lack complexity. They cannot fully
replicate the interactions found in a whole organism,

including immune responses and the presence of other
liver cell types, which may influence disease progression
and treatment responses (23).

In vivo models

In vivo models are critical for studying the complete
biological context of HBV and HCV infections. The most
commonly used in vivo systems include transgenic mice,
tree shrews, and non-human primates (Table 1) (15).

a. Transgenic mice

Numerous transgenic mouse models have been established
to investigate HBV. These mice show signs of chronic
HBV infection and express HBV proteins or replication
intermediates, allowing evaluation of possible vaccine
candidates and treatment options. The main constraint of
these models lies in their deviation from the complexities
of human immune responses and manifestation of
diseases (15).

b. Tree shrews and other animal models

The tree shrew (Tupaia belangeri) supports HCV
replication after inoculation with patient-derived virus
and has been proposed as a small-animal model because
of its closer phylogenetic relationship to humans than
rodents (27). However, the effectiveness of this approach
may fluctuate, given the variable infection rates observed
(28).

¢. Non-human primates
Chimpanzees have traditionally been the primary model

Table 1. Cell culture models used for hepatitis B virus (HBV) and hepatitis C virus (HCV)

Cell model Origin Virus studied Key characteristics Main applications Reference
. Lacks endogenous NTCP; supports HBV HBV genome transfection, antigen
HepG2 Human hepatoma cell line HBV . . . - .
replication after genome transfection production, antiviral screening
HepG2 cells stabl
HepG2.2.15 trarf)sfected with thye HBY HBY Constitutive production of HBsAg, HBeAg, HB'\/'rep[icationf antigen secretion,
and HBV DNA antiviral evaluation
genome 17)
HepG2-NTCP HepG2 cells engineered to iy §upp9rts authentic HBV entry and early HBV .entry studieé/ infection ‘
express NTCP infection inhibitors, early life-cycle analysis
HepAD38 HepG2—deArived inducible HBY Tgtracycling—regulated HBV replication CorAnAroIled HBV r‘eplication,
HBV cell line with high viral output antiviral drug testing
Highly permissive to HCV replication and  HCV replication, infection studies,
Huh7 Human hepatoma cell line HCV ) '8 y permissiv plicat ‘p‘| on 1 ) ! ue (25)
infection and antiviral screening
Permits ent d infection in Huh7 C tive HBV-HCV studies,
Huh7-NTCP  Huh7 cells expressing NTCP  HBV ermits entry and injection in Hu omparative HEY studies (17)
background viral entry analysis
Huh7it/ Huh7 cells with an inducible ey Conditional HCV replication independent  Mechanistic HCV replication 25)
Huh7it-1 HCV genome of viral entry studies, compound screening
HepaRG Humén hepatic progenitor HBV, HCV Differentiatefjl cells e>fpress NTCP and F’hysi(?[ogically relevant HBV/HCV 17)
cell line hepatocyte-like functions infection models
PHH Human liver tissue-derived HBV, HCV Natural NT'CP e?<pression; supports Most Physiologically 'relevant f(?r 26)
hepatocytes complete viral life cycle infection and translational studies
PBMCs Human immune cells HBVY, HCV Extrahepatic models for viral polymerase ~ Polymerase inhibition and immune- (15)

activity

related antiviral studies

NTCP: sodium taurocholate co-transporting polypeptide; HbsAg: hepatitis B surface antigen; HbeAg: hepatitis B e antigen; PHH: primary human hepatocytes;
PBMCs: peripheral blood mononuclear cells.
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organism in the study of HCV. Their role in supporting
viral replication and demonstrating a progression similar
to human infections underscores their significance in
the investigation of HCV pathogenesis and therapeutic
approaches. Ethical and cost barriers constrain their
application in research (29).

d. Duck models for HBV

Ducks serve as a surrogate model for HBV research,
owing to their natural susceptibility to duck hepatitis B
virus (DHBV), an avian hepadnavirus whose replication
cycle closely resembles that of HBV. Translating findings
directly to human patients presents challenges, primarily
due to the species-specific differences observed in disease
expression and immune responses (30).

e. Advantages and limitations of in vivo models

In vivo models provide an environment for studying the
complete pathology of the disease, immune responses,
and drug metabolism. However, logistical challenges,
ethical considerations, and high costs associated with
animal modeling can hinder their application in extensive
drug screening and mechanistic studies (15).

The studies reviewed here describe plant-derived
compounds that interfere with HBV or HCV replication
at one or more discrete stages of the viral life cycle. Due to
the differing replication strategies of HBV (a DNA virus
utilizing reverse transcription) and HCV (an RNA virus
that replicates predominantly in the cytoplasm), natural
substances demonstrate antiviral activity via separate
mechanisms. The analyzed research reveals a consistent
theme: numerous plant-derived compounds impede viral
propagation by targeting conserved viral vulnerabilities,
specifically entry mechanisms, polymerase-mediated
genome replication, antigen synthesis, capsid assembly,
and host immunological signaling. In vitro mechanisms
are supported by in vivo evidence, enhancing the
translational significance of these compounds (31).

Viral entry inhibition

Blocking entry prevents infection at its earliest step and
is a well-validated antiviral strategy. The most definitive
mechanistic data are derived from HCV investigations,
namely theaflavins (TF1-TF3) sourced from C. sinensis.
These polyphenols interact with the virion surface,
modifying the envelope glycoprotein structures essential
for binding to CD81, SR-B1, claudin-1, and occludin. The
entry of HCV relies on consecutive receptor interactions
and fusion; thus, minor structural alterations in the E1/E2
glycoproteins can substantially hinder infection (27). In
vitro experiments in Table 2 demonstrate that theaflavins
effectively suppress both free-virus infection and cell-
to-cell transmission, with TF3 exhibiting pan-genotypic
efficacy. This finding supports the recognized hypothesis
that the rigidity of the virion membrane and the

Anti-HBV and anti-HCV medicinal plants

conformation of glycoproteins determine receptor tropism
and infectivity. Despite these promising observations,
current evidence remains largely confined to in vitro
systems, and in vivo validation of entry inhibition is still
limited. Furthermore, the molecular specificity of plant-
derived compounds toward viral versus host membrane
components remains to be established (8).

While HBV entry was not directly evaluated at the
sodium taurocholate co-transporting polypeptide
(NTCP) receptor level, marked decreases in hepatitis B
surface antigen (HBsAg) secretion observed in multiple
investigations indirectly indicate compromised virion
maturation and entry capability. HBsAg is important
for viral attachment and assembly; hence, extracts that
diminish HBsAg expression ultimately limit the reservoir
of infectious particles that can interact with hepatocyte
receptors. This is consistent with HBV biology, in which
reduced antigen availability correlates with decreased
viral fitness and compromised early-stage proliferation.
However, the absence of direct NTCP-binding or entry
and fusion assays represents a notable methodological
gap. Future studies incorporating receptor-level validation
and mechanistic mapping would be essential to confirm
whether the observed reductions in viral markers truly
reflect entry inhibition or secondary downstream effects
(3,12).

HBYV reverse transcription mechanism

HBV polymerase (Pol/RT) facilitates the reverse
transcription of pregenomic RNA into rcDNA. This
enzymepossesseshydrophobicnucleotide-bindinggrooves
that render it vulnerable to aromatic phytochemicals
capable of establishing m-m stacking interactions.
Flavonoids including quercetin-3-O-glucuronide (Q3G),
quercetin-3-O-rhamnoside (Q3R), and kaempferol-3-O-
glucuronide (K3G) derived from E. schimperi in Table
2 block Pol/RT by binding to the catalytic cleft, thereby
obstructing nucleotide incorporation and diminishing
HBV DNA levels in vitro (4). The structural-functional
alignment supports these findings: the polymerase active
site preferentially accommodates planar aromatic rings
characteristic of flavonoids, demonstrating consistent
binding affinity for the polymerase. Flavonoids from
H. rhamnoides (quercetin, kaempferol, isorhamnetin)
exhibit comparable polymerase inhibition, underscoring
the evolutionary congruence between viral polymerase
pocketsand polyphenolicstructures (12). Solanopubamine
isolated from S. schimperianum inhibits both wild-type
and lamivudine-resistant polymerase variants (39).
Resistance mutations often alter steric configurations
that reduce drug accessibility; however, solanopubamine
appears to maintain binding through deeper hydrophobic
interactions, providing a plausible explanation for its
retained activity against resistant HBV strains. Despite
these promising mechanistic insights, most evidence
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Table 2. In vitro studies of medicinal plants with anti-HBV and anti-HCV activity

Plant Part of plant Type of extract Concentration Bioactive compound Study model ICs,/ effective concentration  Main mechanism Reference
. . . Inhibits HBsAg/HBeAg secretion by interacting via
Lindernia ruellioides ) HBsAg: 4.02 mg/L; HBeAg: ) ) o
(Colsm.) Pennell Whole plant Ethanolic 0.8-12.8 mg/L Hydroxytyrosol HepG2.2.15 cells 5.19 mgl Pr;yg[;ogen bond interactions (binding energy —7.0 kcal/ (3)
Quercetin-3-O-glucuronide Inhibits HBsAg/HBeAg secretion; HBV polymerase and
core protein
Euphorbia schimperi Flower Methanolic 6.25, 1120'3' 281/3, EI;.O, and Quercetin-3-O-rhamnoside HepG2.2.15 cells 22.3-23.5 M Interferes with HBV core particle assembly (4)
pg/m
Kaempferol-3-O-glucuronide Stro'ng [ph]bﬁlon of HBV antigen secretion and
replication
3.125, 6.25,12.5, 25 2,4"-Dihydroxy-4- Suppresses HBsAg/HBeAg production and HBV
. 20.56 pg/mL A
pg/mL methoxydihydrochalcone replication
Dracaena cinnabari Resin Methanolic HepG2.2.15 cells (32)
6.25,12.5, 25, 50, and 2,4'-Dihydroxy-4- 6.36 pg/mL Strong inhibition of HBV replication, comparable to
100 pg/mL methoxyhydrochalcone SO H lamivudine
. Reduces HBsAg/HBeAg secretion via polymerase
10 pg/ml Quercetin - inhibition
Hippophae . . HepG2.2.15 cells
rhamnoides Aerial Parts Ethanolic 10 pg/ml Kaempferol - Suppresses HBV antigen secretion 12
5,10, and 20 pg/mL Isorhamnetin 10 pg/mL Weak inhibition of HBV antigens
Isatis indigotica Polysaccharide
(Radix isa%idis) Roots (Ethanolic and 50, 100, and 200 pg/ml Polysaccharide (RIP) HepG2.2.15 cells 50-200 pg/mL Inhibits HBV replication via JAK/STAT activation (6)
Aqueous Extracts)
Sophora ' Seeds Ethanolic 0.0125-0.25 mM Sophormodines A-C HepG2.2.15 cells 0.046 mM (Sophormodine A) Inh['blts'HBsAg and HBeAg secretion; reduces HBV DNA 33)
moorcroftiana replication
Theaflavin 17.89 yM Blocks early HCV entry
Camellia sinensis Leaves Ethyl acetate 2.5-25 pg/mL Theaflavin-3'-monogallate Huh-7 cells 4.08 pM Inhibits HCV entry (8)
Theaflavin-3,3"-digallate 2.02 pM Most potent HCV entry inhibitor
Ruta angustifolia L. Leaves Ethanolic 100,30, 10,1, and 0.1 Ethanol extract Huh7it-1 cells 2.9 pg/mL Inhibits H,CV replication (post-entry stage); decreases (34)
pg/mL NS3 protein level
Qrtocarpus Leaves Dichloromethane 100, 50, 25, 12.5, 6.3 and Sub-fraction FR3T3 Huh7it1 cells 4.7 pg/ml Inh[blts.post»entry stage; suppresses NS3 protein 35)
eterophyllus 3.1 mg/mL expression
o ) ) 0.01,0.1, 1,10, 50, 100 ) ~ o )
Kleinhovia hospita L. Leaves Methanolic Methanol extract Huh7it-1 cells 2.24 pyg/mL Inhibits HCV replication via host target modulation (10)

pg/mL
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Table 2. Continued

Anti-HBV and anti-HCV medicinal plants

Plant Part of plant Type of extract Concentration Bioactive compound Study model ICs,/ effective concentration  Main mechanism Reference
O-methyloktadrenolon 109 pg/mL |nh[bItS.HCV replication (suppresses NS3 protein
expression)
Alloevodionol 41.1 pg/mL Inhibits HCV replication
Melicope latifolia Fruit Methanolic . 11(;(r)1,d38,0110},1;/}“I Isopimpinellin Huh7it-1 cells > 50 pug/mL Inhibits HCV replication 36)
Alloxanthoxyletin 21.72 pyg/mL Inhibits HCV replication
Methylevodionol > 50 pg/mL Inhibits HCV replication
N-methylflindersine 3.8 pg/mL Strong inhibition of HCV replication
Methanolic Methanol extract 37 pg/mL Suppresses HCV NS3 expression
Aqueous Water extract : 42 pg/mL Moderate inhibition of HCV replication
Salix nigra Leaves 10-50 pg/mL HepG2-NS3 cells (2)
Ethyl acetate Ethyl acetate extract >100 pg/mL Strong NS3 suppression at high dose
N-hexane N-hexane extract >100 pg/mL Weak antiviral activity
. HbsAg: 114.48 pug/mL
Herpetin HbeAg: 57.75 pg/mL
Herpetospermum . HbsAg: 240.31 pg/mL Inhibits HBsAg and HBeAg secretion; reduces HBV DNA
caudigerum Seeds Ethanolic 12.5 200 pg/mL Herpetone HepG2.2.15 cells HbeAg: 185.64 pg/mL replication (37)
HbsAg: 176.99 pg/mL
Herpetfluorenone HbeAg: 134.53 pg/mL
Onosma . .
dichroanthum Root Hydroalcoholic 1-128 pg/mL Hydroalcohol root extract PLC/PRF/5 cells 63.78 pg/mL Suppresses HBsAg transcription (13)
SOIgnum i Whole plant - 7.5, 15, 30, and 60 yM Solanopubamine HepG2.2.15 cells 30 uM Inhibits HBV antigens; active against resistant strains (5)
schimperianum
Azadirachta indica Seeds Methanolic 100 — 1000 pg/mL Methanol seed extract HepG2-HCV cells 1Csy: 500 P}jgg/n:rh_ Gy 650 Suppresses HCV NS3/ NS5A expression 9)
Ammi visnaga Ethanol root extract 9.5 pg/mL Inhibits HCV replication
Vero E6 cells
Apium graveolens Ethanol root extract - No significant anti-HCV activity
Roots Ethanolic 1-200 pg/mL (38)
Carapa procera Tannins (procyanidins) HCV-infected 0.71 pg/mL Inhibits HCV replication and entry
Pericopsis laxiflora Tannins (procyanidins) Huh-7 cells 0.23 pg/mL Blocks HCV replication and viral assembly

* 1Cso values measured at multiple time points (days 3-9).
HBV: hepatitis B virus; HCV: hepatitis C virus; NS3: non-structural protein 3; NS5A: non-structural protein 5A; IC, : half maximal inhibitory concentration; CC,: half maximal cytotoxic concentration; HbsAg: hepatitis B surface antigen; HbeAg: hepatitis B e

antigen
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remains limited to in vitro enzymatic or cell-based assays.
Comparative potency against established nucleos(t)ide
analogs and pharmacokinetic validation is still lacking.
Moreover, the bioavailability and metabolic stability of
flavonoids may restrict their clinical translation unless
optimized through structural modification or formulation
strategies (5).

Inhibition of viral antigen production (post-entry)

HBYV antigen suppression

Chronic HBV infection is sustained by persistent secretion
of HBsAg and hepatitis B e antigen (HBeAg), which
contribute to T-cell exhaustion and immune tolerance.
Therefore, the downregulation of these viral antigens
represents a key antiviral objective. Several studies in
Table 2 report that plant-derived compounds, including
hydroxytyrosol from L. ruellioides, quercetin and
kaempferol derivatives from E. schimperi, and chalcones
from D. cinnabari, show dose-dependent inhibition of
HBsAgand HBeAgsecretion (40). Thereductionin HBsAg
transcripts induced by O. dichroanthum suggests possible
interference with cccDNA transcription or its associated
regulatory factors. As cccDNA is the transcriptional
template that sustains HBV persistence, any compound
that can destabilize it or silence its transcription would
be therapeutically valuable. However, none of the studies
reviewed here measured cccDNA copy number, half-life,
or epigenetic state directly. Distinguishing whether these
compounds suppress transcriptional activity, destabilize
cccDNA, or exert downstream post-transcriptional
effects has not been directly tested. Further investigations
integrating molecular assays and long-term models of
viral persistence are required to validate cccDNA-targeted
activity (13).

HCYV antigen suppression

In HCV infection, non-structural protein 3 (NS3) and
non-structural protein 5A (NS5A) are essential for
viral polyprotein processing and replication complex
formation. Salix nigra has been reported to suppress
NS3 transcription, while A. indica inhibits both NS3 and
NS5A, resulting in impaired viral protein maturation
and reduced replication efficiency (2,9). NS3 protease
inhibition parallels the established clinical efficacy of
DAAs, suggesting mechanistic convergence between
certain plant-derived compounds and recognized antiviral
drug classes (41).

Consistent with this framework, other phytochemicals
evaluated in this review target post-entry replication
events. The ethanol extract of R. angustifolia reduced
NS3 protein expression and intracellular HCV RNA
levels, indicating suppression during the replication
phase (34). Similarly, the active sub-fraction FR3T3
from A. heterophyllus demonstrated marked anti-HCV
activity (ICso 4.7 + 1.0 ug/mL) by inhibiting NS3 protein

production and viral RNA replication, while exerting
minimal effects on viral entry (35).

Although M. latifolia did not directly quantify NS3
protein levels, its isolated alkaloid and benzopyran
derivatives reduced intracellular viral RNA in Huh7it-1
cells, suggesting interference with NS3-dependent
replication complex functionality. Among these
compounds, N-methylflindersine exhibited the strongest
antiviral activity. Collectively, these findings indicate a
recurrent mechanistic focus on post-entry replication
inhibition, particularly targeting NS3-mediated processes
and viral RNA amplification. Nevertheless, most data
remain confined to cell-based systems, and comparative
analyses with approved DAAs in terms of potency,
resistance barriers, and pharmacokinetic properties are
still lacking. Furthermore, given the high efficacy of
current NS3-targeted therapies, the potential role of plant-
derived compounds may be more realistic as adjunctive
or resistance-modulating agents rather than standalone
treatments. Rigorous in vivo validation and combination
studies would therefore be essential to clarify their
translational potential (36).

Disruption of HBV-related processes

The construction of the HBV capsid depends on precise
dimerization and multimerization of hepatitis B core (HBc)
proteins, while HBx regulates viral transcription through
interactions with host factors such as damage-specitfic
DNA binding protein 1 (DDB1). Evidence summarized
in this review suggests that certain natural compounds
may interfere with these processes. Alkaloids isolated
from S. moorcroftiana (e.g., sophormodines A-C) have
been shown to suppress HBsAg and HBeAg secretion and
reduce HBV DNA levels in HepG2.2.15 cells, indicating
an inhibitory effect on viral replication and protein
expression (33). Similarly, lignan compounds isolated
from H. caudigerum (e.g., herpetin and herpetfluorenone)
also inhibit HBsAg and HBeAg secretion and reduce
HBV DNA levels in the same cell model, further
supporting their role in suppressing HBV replication (37).
Collectively, these findings suggest that diverse classes of
natural compounds, including alkaloids and lignans, may
converge on common HBV-related processes, particularly
viral antigen expression and genome replication. These
mechanisms resemble those of antiviral agents currently
under  pharmaceutical ~ development, highlighting
conceptual therapeutic relevance (37). However, available
data remain primarily based on in vitro studies, with
limited validation in comprehensive replication or
persistence models. Whether these compounds can
achieve sufficient intracellular concentrations to modulate
HBV-related processes in vivo remains uncertain. Further
structural and pharmacodynamic investigations are
necessary to determine their viability as clinically relevant
antiviral agents (37).
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Integration of in vitro and in vivo evidence

A notable strength of the included studies is the
alignment between in vitro antiviral activity and in vivo
validation. EGCG demonstrates inhibition of HBV
antigen expression and replication markers in vitro
and reduces HBV DNA levels by more than 100-fold in
humanized mouse models (7). In the context of HCV,
silibinin exhibits in vitro replication inhibition that is
consistent with dose-dependent reductions in viral RNA
in humanized mouse models in Table 3 (11). Conversely,
the inability of EGCG to suppress HCV replication in
vivo Table 3, despite strong in vitro activity, underscores
a critical translational barrier: bioavailability. Compounds
with favorable molecular affinity may fail to achieve
therapeutic hepatic concentrations due to limited
stability, rapid metabolism, or poor absorption. This
highlights a fundamental challenge in natural antiviral
development, where pharmacokinetic constraints often
determine clinical feasibility. Nevertheless, even positive
in vivo findings derived from transgenic or humanized
mouse models should be interpreted cautiously, as these
systems may not fully replicate the complexity of chronic
human infection. Differences in immune responses, viral
persistence mechanisms, and long-term safety profiles
remain important considerations. Therefore, bridging
studies and eventual clinical validation are essential to
confirm therapeutic applicability (42).

Mechanistic synthesis and implications for antiviral
development

Across the included studies, several mechanistic patterns
recur that reflect the interplay between viral structure and
the chemistry of plant-derived compounds (44,45). When
synthesized across different stages of the viral life cycle,
several recurring themes emerge. Aromatic polyphenols
frequently interact with virion surface proteins and viral
polymerases, reflecting structural complementarity

Table 3. In vivo studies of medicinal plants with anti-HBV and anti-HCV activity

Anti-HBV and anti-HCV medicinal plants

between planar ring systems and the hydrophobic pockets
of viral enzymes and glycoproteins. This may explain the
consistent entry inhibition observed with theaflavins in
HCV and the recurrent suppression of HBV polymerase
activity by flavonoids. Many of these interactions appear
to involve conserved viral regions, suggesting that certain
polyphenolic scaffolds may preferentially target shared
structural vulnerabilities in HBV and HCV (46).

In HBV, inhibition of viral antigen expression represents
a particularly meaningful therapeutic target. Sustained
secretion of HBsAg and HBeAg contributes to immune
tolerance and T-cell exhaustion (47). The capacity of
several plant extracts to reduce antigen transcription and
secretion indicates potential interference with upstream
regulatory pathways, including cccDNA transcription.
The reduction in HBsAg observed with O. dichroanthum
supports the hypothesis that modulation of cccDNA-
associated transcriptional activity may represent a
relevant strategy toward functional cure approaches.
However, direct confirmation of cccDNA destabilization
or epigenetic modulation remains limited and has not yet
been measured (48).

Functional cure, defined as sustained HBsAg loss after
treatment withdrawal, is now the principal endpoint in
HBV drug development, since integrated HBV DNA and
long-lived cccDNA make a sterilizing cure essentially
unattainable. Plant-derived compounds that suppress
HBsAg production, therefore align conceptually with
this therapeutic paradigm and merit evaluation within
that framework rather than against the more demanding
goal of viral elimination. Compounds that disrupt capsid
assembly or HBx/HBc interactions also provide an
additional mechanistic parallel with emerging antiviral
strategies. As capsid assembly modulators constitute an
important class of investigational HBV therapeutics,
the interaction of certain phytochemicals with protein
dimerization interfaces suggests conceptual alignment

Bioacti
Plant foactive Study model Dose Main outcome/mechanism Reference
compound
Reduced liver d , dysplasia, and t
Curcuma longa Curcumin HBx-transgenic mice (HBV- 50 mg/kg/da foermuact(ieon'l\;zr ?:;jftjeHl;/ipeiSIizsjir;n ::;lor (43)
(turmeric) related HCC model) gaay . pp . P
enhanced liver regeneration
| - line of
' ‘ o Chimeric mice with 469, 246, and 61.5 .nduced dose-dependent de'c' ine of serum and
Silybum marianum  Silibinin ) . intracellular HCV RNA; anti-inflammatory gene (11)
humanized livers mg/kg .
modulation
Camellia sinensis EGCG Hu-FRG human liver chimeric 50 mg/kg, twice Reduced serum HBV DNA (>100-fold) and hepatic 7
(green tea) mice daily (5 days) HBsAg expression (~70%)
Showed additive inhibition of HCV infection with
Camellia sil 1 SCID/uPA h ized i 100 kg, twi
ameria sinensis EGCG ! umantzed fver mg/kg, twice anti-HCV antibody (clone AR4A); limited efficacy ~ (42)

(green tea) mouse model daily

as monotherapy due to low bioavailability

HBV: hepatitis B virus; HCV: hepatitis C virus; HBx: hepatitis B virus X protein; HCC: hepatocellular carcinoma; EGCG: epigallocatechin gallate; Hu-FRG:

human-Fah~"/Rag2--/l12rg”~ (humanized liver chimeric mice); HbsAg: hepatitis B surface antigen; SCID/uPA: severe combined immunodeficiency/urokinase-type

plasminogen activator
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with this therapeutic direction. Nevertheless, validation in
advanced replication and persistence models is necessary
before clinical relevance can be inferred (49).

Integration of in vitro and in vivo findings highlights
a central principle in antiviral drug development:
mechanistic potency alone does not guarantee
translational success. While EGCG and other polyphenols
demonstrate notable in vitro antiviral activity,
inconsistent in vivo outcomes underscore the impact of
pharmacokinetic limitations, particularly bioavailability.
In contrast, compounds such as silibinin exhibit more
consistent translational performance, likely attributable
to more favorable pharmacokinetic properties (50). These
observations emphasize that effective natural antiviral
development requires simultaneous consideration of
molecular activity and hepatic tissue exposure. Overall,
the collective evidence indicates that medicinal plants
exert antiviral effects through multisite molecular
modulation and, in some cases, immunoregulatory
activity. Rather than serving as direct replacements
for established antiviral agents, phytochemicals may
hold greater potential as adjunctive or complementary
therapies that target conserved viral dependencies while
addressing mechanisms of immune evasion. Continued
mechanistic refinement, pharmacokinetic optimization,
and controlled in vivo validation will be essential to clarify
their role in future therapeutic strategies against hepatitis
B and C (51).

Conclusion

This review highlights evidence regarding medicinal
plants with anti-HBV and anti-HCV activity, with
particular emphasis on their validated mechanisms
of action and phytochemical characteristics in both
in vitro and in vivo models. A variety of plant-derived
compounds, including flavonoids, alkaloids, chalcones,
tannins, and polysaccharides, have demonstrated the
ability to inhibit key stages of the viral life cycle, including
viral entry, genome replication, antigen expression, and
protein-mediated regulatory processes. In addition,
several compounds exhibit immunomodulatory and
hepatoprotective effects in experimental settings.
These findings support the pharmacological potential
of medicinal plants as multi-target antiviral agents.
However, this review has several limitations. The included
studies show considerable variability in experimental
models, extract composition, and reported antiviral
activity (including IC, and CC, values), which limits
direct comparison across studies. In addition, most of
the available evidence is derived from in vitro and in
vivo models, with limited clinical validation. Therefore,
future studies should focus on improving the consistency
of experimental models, providing more standardized
reporting of antiviral activity, and expanding clinical
validation to strengthen the translational relevance of

plant-derived antiviral agents for hepatitis B and hepatitis
C management.

Authors’ contribution

Conceptualization: Shabila Lintang Ramadhani, Tutik Sri
Wahyuni.

Methodology: Tutik Sri Wahyuni, Achmad Fuad Hafid,
Youdiil Ophinni.

Formal analysis: Shabila Lintang Ramadhani, Tutik Sri
Wahyuni, Achmad Fuad Hafid.

Resources: Tutik Sri Wahyuni, Achmad Fuad Hafid.
Supervision: Tutik Sri Wahyuni, Achmad Fuad Hafid.
Writing-original draft: Shabila Lintang Ramadhani,
Tutik Sri Wahyuni.

Writing-review & editing: Tutik Sri Wahyuni, Youdiil
Ophinni, Chie Aoki-Utsubo, Achmad Fuad Hafid.

Conflict of interests
The authors declare no conflict of interest.

Declaration of AI-assisted Tools in the Writing Procedure
Artificial intelligence (Al)-assisted tools (Grammarly,
Claude by Anthropic) were used for language editing,
grammar correction, and structural suggestions to
improve the clarity and readability of the manuscript. No
AT tools were used for literature search, data collection,
data analysis, or interpretation of findings. All content was
reviewed and approved by the authors.

Ethical considerations

This article is a review and does not involve human or
animal subjects. The manuscript complies with ethical
publishing standards and is free from plagiarism, as
verified through comprehensive checks. All information is
derived from a fair synthesis of published literature, with
strict adherence to academic integrity.

Funding/Support

This research was funded by the Indonesian Ministry
of Research and Education through the scheme of the
International Research Network Universitas Airlangga,
with grant number 3115/B/UN3.LPPM/Pt.01.09/2024.

References

1. Yao ZQ, Schank MB, Zhao J, El Gazzar M, Wang L, Zhang
Y, et al. The potential of HBV cure: an overview of CRISPR-
mediated HBV gene disruption. Front Genome Ed.
2024;6:1467449. doi: 10.3389/fgeed.2024.1467449.

2. Bibi S, Nisar M, Rafique S, Waqas M, Zahoor M, Idrees M,
et al. Harnessing nature’s gifts: Salix nigra and its potential
for combating hepatitis C virus (HCV). ACS Omega.
2023;8(45):42987-99. doi: 10.1021/acsomega.3c06193.

3. ZhaoT-S-Y,LiK-Z, SuH-L, Liang B, Liang C-Q, Gao J-T, et
al. In vitro anti-hepatitis B virus activity of Hydroxytyrosol
from Lindernia ruellioides. Molecules. 2025;30(9):2063. doi:
10.3390/molecules30092063.

442 Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

10.

11.

12.

13.

14.

15.

16.

17.

Parvez MK, Ahmed S, Al-Dosari MS, Abdelwahid MAS,
Arbab AH, Al-Rehaily A]J, et al. Novel anti-hepatitis B
virus activity of Euphorbia schimperi and its quercetin and
kaempferol derivatives. ACS Omega. 2021;6(43):29100-10.
doi: 10.1021/acsomega.1c04320.

Parvez MK, Al-Dosari MS, Rehman MT, Al-Rehaily A],
Algahtani AS, Alajmi ME The anti-hepatitis B virus and
anti-hepatotoxic efficacies of solanopubamine, a rare
alkaloid from Solanum schimperianum. Saudi Pharm J.
2022;30(4):359-68. doi: 10.1016/j.jsps.2022.02.001.
Wang T, Wang X, Zhuo Y, Si C, Yang L, Meng L, et al.
Antiviral activity of a polysaccharide from Radix Isatidis
(Isatis indigotica Fortune) against hepatitis B virus (HBV)
in vitro via activation of JAK/STAT signal pathway.
J Ethnopharmacol. 2020;257:112782. doi: 10.1016/j.
jep.2020.112782.

Lai YH, Sun CP, Huang HC, Chen JC, Liu HK, Huang C.
Epigallocatechin gallate inhibits hepatitis B virus infection
in human liver chimeric mice. BMC Complement Altern
Med. 2018;18(1):248. doi: 10.1186/s12906-018-2316-4.
Chowdhury P, Sahuc ME, Rouillé Y, Riviere C, Bonneau
N, Vandeputte A, et al. Theaflavins, polyphenols of black
tea, inhibit entry of hepatitis C virus in cell culture. PLoS
One. 2018;13(11):e0198226-e. doi:  10.1371/journal.
pone.0198226.

Hussain U, Sami AJ, Rafique S, Khan MI, Shahid AA.
Methanolic extract of neem plant inhibits NS3 and NS5A
nonstructural proteins of HCV 3A genotype. Pakistan
] Zool. 2023;55(3):1183-91. doi: 10.17582/journal.
pjz/20220322140354.

Arba M, Thsan S, Mazida MN, Jamili J, Wahyuni TS.
Network pharmacology-based prediction of the mechanism
of anti-hepatitis C virus of Kleinhovia hospita L. Trop ] Nat
Prod Res. 2025;9(9):4460-7. doi: 10.26538/tjnpr/v9i9.46.
DebRoy S, Hiraga N, Imamura M, Hayes CN, Akamatsu S,
Canini L, et al. Hepatitis C virus dynamics and cellular gene
expression in uPA-SCID chimeric mice with humanized
livers during intravenous silibinin monotherapy. ] Viral
Hepat. 2016;23(9):708-17. doi: 10.1111/jvh.12551.
Parvez MK, Al-Dosari MS, Basudan OA, Herqash RN. The
anti-hepatitis B virus activity of sea buckthorn is attributed
to quercetin, kaempferol and isorhamnetin. Biomed Rep.
2022;17(5):89. doi: 10.3892/br.2022.1573.

Mohebbi A, Azadi F, Hashemi MM, Askari FS, Razzaghi
N. Havachoobe (Onosma dichroanthum Boiss) root extract
decreases the hepatitis B virus surface antigen secretion in
the PLC/PRF/5 cell line. Intervirology. 2021;64(1):22-6.
doi: 10.1159/000512140.

Ortega-Prieto AM, Cherry C, Gunn H, Dorner M. In vivo
model systems for hepatitis B virus research. ACS Infect
Dis. 2019;5(5):688-702. doi: 10.1021/acsinfecdis.8b00223.
Dandri M, Petersen J. Mechanism of hepatitis B virus
persistence in hepatocytes and its carcinogenic potential.
Clin Infect Dis. 2016;62(Suppl 4):5281-S8. doi: 10.1093/
cid/ciw023.

Wahyuni TS, Utsubo CA, Hotta H. Promising anti-
hepatitis C virus compounds from natural resources.
Nat Prod Commun. 2016;11(8):1193-200. doi:
10.1177/1934578X1601100840.

Verrier ER, Colpitts CC, Schuster C, Zeisel MB, Baumert
TE. Cell culture models for the investigation of hepatitis B

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Anti-HBV and anti-HCV medicinal plants

and D virus infection. Viruses. 2016;8(9):261. doi: 10.3390/
v8090261.

Dustin LB, Bartolini B, Capobianchi MR, Pistello M.
Hepatitis C virus: life cycle in cells, infection and host
response, and analysis of molecular markers influencing
the outcome of infection and response to therapy. Clin
Microbiol Infect. 2016;22(10):826-32. doi: 10.1016/j.
cmi.2016.08.025.

Omura H, Liu F Shimakami T, Murai K, Shirasaki T,
Kitabayashi J, et al. Establishment and characterization of a
new cell line permissive for hepatitis C virus infection. Sci
Rep. 2019;9:7943. doi: 10.1038/s41598-019-44257-5.
Feng Y, Feng YM, Lu C, Han Y, Liu L, Sun X, et al. Tree
shrew, a potential animal model for hepatitis C, supports
the infection and replication of HCV in vitro and in vivo. |
Gen Virol. 2017;98(8):2069-78. doi: 10.1099/jgv.0.000869.
So CW, Randall G. Three-dimensional cell culture systems
for studying hepatitis C virus. Viruses. 2021;13(2):211. doi:
10.3390/v13020211.

Zhao R, Wang T-Z, Kong D, Zhang L, Meng H-X, Jiang Y,
et al. Hepatoma cell line HepG2.2.15 demonstrates distinct
biological features compared with parental HepG2. World
] Gastroenterol. 2011;17(9):1152-8. doi: 10.3748/wjg.v17.
i9.1152.

Murai K, Hikita H, Kai Y, Kondo Y, Fukuoka M, Fukutomi
K, et al. Hepatitis C virus infection suppresses hepatitis B
virus replication via the RIG-I-like helicase pathway. Sci
Rep. 2020;10:941. doi: 10.1038/541598-020-57603-9.
Arez F, Rodrigues AFE, Brito C, Alves PM. Bioengineered
liver cell models of hepatotropic infections. Viruses.
2021;13(5):773. doi: 10.3390/v13050773.

Bartosch B, Dubuisson J. Recent advances in hepatitis C
virus cell entry. Viruses. 2010;2(3):692-702. doi: 10.3390/
v2030692.

Sun XC, Kong DE Zhao J, Faber KN, Xia Q, He K. Liver
organoids: established tools for disease modeling and drug
development. Hepatol Commun. 2023;7(4):e0105-e. doi:
10.1097/HC9.0000000000000105.

Xie Z, Xiao Z, Wang F. Hepatitis C virus nonstructural
5A protein (HCV-NS5A) inhibits hepatocyte apoptosis
through the NF-kB/miR-503/bcl-2 pathway. Mol Cells.
2017;40(3):202-10. doi: 10.14348/molcells.2017.2299.
Kayesh MEH, Sanada T, Kohara M, Tsukiyama-Kohara
K. Natural hepacivirus infection in tree shrews: A call
for routine screening in hepatitis virus research. Viruses.
2025;18(1):27. doi: 10.3390/v18010027.

Wooddell CI, Sanders D, Xu Z, Mak LY, Schluep T, Seto
WK, et al. Characterization of hepatitis B virus transcripts
in chronically HBV-infected chimpanzees and patients
treated with ARC-520 siRNA demonstrates transcriptional
silencing of cccDNA. Viruses. 2024;16(12):1943. doi:
10.3390/v16121943.

Nassal M, Leifer I, Wingert I, Dallmeier K, Prinz S,
Vorreiter J. A structural model for duck hepatitis B virus
core protein derived by extensive mutagenesis. ] Virol.
2007;81(23):13218-29. doi:  10.1128/jvi.00846-07.
Zajac M, Muszalska I, Sobczak A, Dadej A, Tomczak
S, Jelinska A. Hepatitis C — New drugs and treatment
prospects. Eur ] Med Chem. 2019;165:225-49. doi:
10.1016/j.ejmech.2019.01.025.

Mothana RA, Arbab AH, Elgamal AA, Parvez MK, Al-

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026 443


http://www.herbmedpharmacol.com

Ramadhani et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

Dosari MS. Isolation and characterization of two chalcone
derivatives with anti-hepatitis B virus activity from
the endemic Socotraen Dracaena cinnabari (dragon’s
blood tree). Molecules. 2022;27(3):952. doi: 10.3390/
molecules27030952.

Liu TT, Xie MFE, Yang QQ, Li RT, Zhang ZJ. Sophormodines
A-C, three alkaloids with antiviral activities against the
HBYV from the seeds of the Tibetan medicine plant Sophora
moorcroftiana. Phytochemistry. 2025;236:114514. doi:
10.1016/j.phytochem.2025.114514.

Wahyuni TS, Permanasari AA, Tumewu L, Widyawaruyant
A, Hafid AE Qualitative and quantitative analysis of 70%
ethanol extract from Ruta angustifolia for developing anti-
hepatitis C agents. Pharmacogn J. 2021;13(3):682-7. doi:
10.5530/pj.2021.13.87.

Permanasari AA, Aoki-Utsubo C, Wahyuni TS, Tumewu L,
Adianti M, Widyawaruyanti A, et al. An in vitro study of an
Artocarpus heterophyllus substance as a hepatitis C antiviral
and its combination with current anti-HCV drugs. BMC
Complement Med Ther. 2021;21(1):260. doi: 10.1186/
§12906-021-03408-w.

Widyawaruyanti A, Tanjung M, Permanasari AA, Saputri
R, Tumewu L, Adianti M, et al. Alkaloid and benzopyran
compounds of Melicope latifolia fruit exhibit anti-
hepatitis C virus activities. BMC Complement Med Ther.
2021;21(1):27. doi: 10.1186/s12906-021-03202-8.

Gong PY, Yuan ZX, Gu ], Tan R, Li JC, Ren Y, et al. Anti-
HBYV activities of three compounds extracted and purified
from Herpetospermum seeds. Molecules. 2017;22(1):14.
doi: 10.3390/molecules22010014.

Ahmed SST, Fahim JR, Abdelmohsen UR, Hamed ANE.
Anti-HCV potential of the medicinal roots of Khella and
Celery plants. ] Adv Biomed Pharm Sci. 2023;6:145-9. doi:
10.21608/JABPS.2023.201852.1186.

Al-Rehaily AJ, Ahmad MS, Mustafa J, Al-Oqail MM,
Hassan WH, Khan SI, et al. Solanopubamine, a rare
steroidal alkaloid from Solanum schimperianum: Synthesis
of some new alkyl and acyl derivatives, their anticancer and
antimicrobial evaluation. ] Saudi Chem Soc. 2013;17(1):67-
76. doi: 10.1016/j.jscs.2011.10.003.

Mou JE Lin XZ, Su Hl, Lu HL, Liu QB, Liang B, et al.
Anti-hepatitis B virus activity and hepatoprotective effect
of des(rhamnosyl) verbascoside from Lindernia ruellioides
in vitro. Phytother Res. 2021;35(8):4555-66. doi: 10.1002/
ptr.7159.

Lamontagne RJ, Bagga S, Bouchard MJ. Hepatitis B virus
molecular biology and pathogenesis. Hepatoma Res.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

2016;2:163-86. doi:  10.20517/2394-5079.2016.05.
O’Shea D, Law J, Egli A, Douglas D, Lund G, Forester S, et
al. Prevention of hepatitis C virus infection using a broad
cross-neutralizing monoclonal antibody (AR4A) and
epigallocatechin gallate. Liver Transpl. 2016;22(3):324-32.
doi: 10.1002/1t.24344.

Teng CF, Yu CH, Chang HY, Hsieh WC, Wu TH, Lin JH,
et al. Chemopreventive effect of phytosomal curcumin
on hepatitis B virus-related hepatocellular carcinoma in
a transgenic mouse model. Sci Rep. 2019;9:10338. doi:
10.1038/541598-019-46891-5.

Meewan I, Zhang X, Roy S, Ballatore C, O'Donoghue A],
Schooley RT, et al. Discovery of new inhibitors of hepatitis C
virus NS3/4A protease and its D168A mutant. ACS Omega.
2019;4(16):16999-7008. doi: 10.1021/acsomega.9b02491.
Lim AG, Walker JG, Mafirakureva N, Khalid GG, Qureshi
H, Mahmood H, et al. Modelling the cost of eliminating
hepatitis C virus transmission in Pakistan. Lancet
Glob Health. 2020;8(3):e440-e50. doi: 10.1016/S2214-
109X(20)30003-6.

Sung W-K, Zheng H, Li S, Chen R, Liu X, Li Y, et al.
Genome-wide survey of recurrent HBV integration in
hepatocellular carcinoma. Nat Genet. 2012;44(7):765-9.
doi:  10.1038/ng.2295.

Mohebbi A, Mohammadi S, Memarian A. Prediction of
HBF-0259 interactions with hepatitis B virus receptors
and surface antigen secretory factors. Virusdisease.
2016;27(3):234-41.  doi:  10.1007/s13337-016-0333-9.
Chang H-Y, Tsai H-W, Teng C-E Hui-Ching Wang L,
Huang W, Su I-J. Ground glass hepatocytes provide
targets for therapy or prevention of hepatitis B virus-
related hepatocellular carcinoma. AIMS Medical Science.
2018;5(2):90-101.  doi:  10.3934/medsci.2018.2.90.
Huang CH, Wu VCC, Wang CL, Wu CL, Huang YT, Chang
SH. Silymarin synergizes with antiviral therapy in hepatitis
B virus-related liver cirrhosis: A propensity score matching
multi-institutional study. International journal of molecular
sciences. 2024;25(6):3088. doi: 10.3390/ijms25063088.
Ferenci P, Scherzer TM, Kerschner H, Rutter K, Beinhardt
S, Hofer H, et al. Silibinin is a potent antiviral agent
in patients with chronic hepatitis C not responding to
pegylated interferon/ribavirin therapy. Gastroenterology.
2008;135(5):1561-7. doi: 10.1053/j.gastro.2008.07.072.
Winer BY, Ding Q, Gaska JM, Ploss A. In vivo models
of hepatitis B and C virus infection. FEBS Lett.
2016;590(13):1987-99.  doi:  10.1002/1873-3468.12157.

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

444

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com
http://creativecommons.org/licenses/by/4.0

