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ABSTRACT

Berberine (BBR), a naturally occurring isoquinoline alkaloid found in several medicinal
plants, has diverse pharmacological properties. Growing scientific evidence suggests that in

Keywords addition to antioxidant and anti-inflammatory properties, BBR possesses broad antiviral
‘ potential. This review summarizes experimental and computational studies investigating the
f;ﬁgfg?:ggg) antiviral activity of BBR against a range of DNA and RNA viruses. Experimental studies
molecular docking; in- have reported activity against hepatitis B virus, hepatitis C virus, human adenovirus,
silico studies; in-vitro respiratory syncytial virus, influenza A virus, dengue virus, Zika virus, chikungunya virus,
studies; viral . .. . . .
e enterovirus 71, coxsackievirus B3 and human immunodeficiency virus. The reported
bioavailability; drug antiviral actions involve interference with viral entry and replication, modulation of host
eclonment signaling pathways, regulation of oxidative stress and suppression of excessive
Article Info inflammatory responses. Computational studies further suggest possible interactions of
BBR with several viral and host targets, including viral proteases, polymerases, envelope
Received: glycoproteins and host proteins involved in infection. However, in-silico predictions require
228auEnsi2026 appropriate in-vitro and in-vivo validation before their biological significance can be
Accepted: . . . . . .. . ..
30 September 2026 established. Translation of these findings 1pt0 t'herapeut.lc apph.catlon 1S furthe_r' 11m1‘Fed_ by
Available Online: the poor oral bioavailability of BBR, which is associated with poor solubility, limited
10 October 2026 intestinal permeability and extensive metabolism. Although newer formulations and

nanocarrier-based delivery approaches may help address some of these limitations, further
pharmacokinetic, toxicological, preclinical and clinical investigations are required. Overall,
BBR represents a promising natural compound for further antiviral drug development.

Introduction alkaloids, phenolics, flavonoids, terpenoids and tannins.

Many of these have medicinal value and have found a
Plants are valuable resources of a diverse array of Wwide usage as therapeutic agents in many systemic
bioactive compounds synthesized as secondary ailments and infectious diseases (Pammi et al, 2023).
metabolites. Primarily, plant derived compounds include ~ The spread of COVID-19 as pandemic witnessed a surge
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in the use of plant-based traditional medicines as it
presented a global crisis where no known vaccines or
antiviral agents were available to combat the infection.
Since then, an interest in plant-based medicines have
been on the rise. The rising global burden of emerging
and re-emerging viral pathogens necessitates the need for
exploring safe, alternative resources for potential
antiviral agents. BBR is one such sought after
phytochemical with a promising antiviral potential.

Berberine (BBR) is a (5,6-dihydro-9,10-
dimethoxybenzo[g]-1,3-benzodioxolo[5,6-a]
quinolizinium), quaternary benzyl quinoline alkaloid
(Fig.1) with well know antioxidant, anti-inflammatory,
and antiviral activities. The compound is found in
abundance in the plants of Berberidaceae family. The
genus Berberis encompasses approximately 500 species,
which are very important sources of BBR (Neag et al,,
2018). It has been extracted from different parts of
several medicinal plants, like Berberis aristata, Berberis
vulgaris, and Coptis chinensis.

Since ages, BBR has found an important place in
traditional Chinese medicine, and gained
pharmacological interest due to its diverse medical
properties (Xu et al., 2017). Besides its reported anti-
inflammatory, antioxidant, and metabolic regulation
activities, BBR has emerged as a promising broad-
spectrum antibacterial and antiviral agent. Several
experiments and studies, including in vitro assays and in-
silico analyses have been documented on the antiviral
capacity of BBR. This review presents an overview of
the reported anti-viral efficacy of BBR cataloging both
predictive computational models and experimental
validations across diverse virus families, while outlining
the primary translational boundaries.

General pharmacology of Berberine

BBR is a versatile, multi-target compound that basically
modulates the metabolic pathways and chronic
inflammatory mechanisms throughout the body. It helps
to manage body weight, curbs appetite, and optimizes gut
microbiota to regulate fat storage (Ma et al., 2010; Sun et
al., 2016). It decreases the blood glucose levels by
promoting cellular glucose consumption, boosting insulin
release, and reducing peripheral insulin resistance
through the activation of crucial AMPK and PPAR-y
cascades (Cicero & Tartagni, 2012; Mi et al, 2019).
Besides metabolic control, BBR provides aids in
protecting heart and blood vessels by lowering lipids via
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LDLR pathways, inducing direct vasodilation, to prevent
structural heart failure (Kong et al, 2004; Li et al.,
2014a). The anti-inflammatory mechanism of BBR can
be attributed to its modulatory action on intracellular NF-
kB and MAPK signaling pathways, effectively
interrupting the overproduction of damaging markers like
TNF-o and IL-6 (Chen et al, 2008). It also helps to
regulate the immune system by pausing JAK/STAT3
pathways, and inhibits inflammatory signaling (Li et al.,
2014b).

BBR has been well documented for its extensive anti-
oxidant properties. Its proven mechanism of inhibiting
intracellular reactive oxygen species (ROS). It promotes
production of radical-scavenging superoxide dismutase
enzyme (Xu et al., 2021; Ivanovska et al., 2006).

The compound has been reported to regulate the nitric
acid dynamics and curbs cellular hyperactivity, thus
inhibiting oxidised lipids from activating monocyte
accumulation by supressing intercellular adhesion and
vascular adhesion molecules (Pei et al., 2019; Alorabi et
al., 2022). At the subcellular level, the compound
increases the production of the radical-scavenging
superoxide dismutase enzyme and engages the central
AMP-activated protein kinase pathway, while shifting
mitochondrial uncoupling protein 2 actions to detach
energy production from oxidative phosphorylation
Within vascular environments, BBR regulates host nitric
oxide dynamics and curbs cellular hyper-reactivity,
directly stopping oxidized lipids from activating
monocyte gathering through the suppression of
intercellular adhesion molecule 1 and wvascular cell
adhesion molecule It further mitigates tissue degradation
by preventing angiotensin Il-induced endothelial-
monocyte attachment and blocking free-radical
generation via the inhibition of xanthine oxidase activity
Crucially, by blunting these destructive pathways and
halting nuclear factor-kappa B (NF-kB) or mitogen-
activated protein kinase cascades, BBR acts as a direct
bottleneck for severe viral disease progression. During
viral invasion, the compound suppresses the hyper-
inflammatory cytokine cascades and Toll-like receptor 7
up regulations that drive severe pneumonia and acute
lung injury, while preventing viral replication and entry
by actively down regulating host-dependent signaling
axes required for the proliferation of pathogens like
influenza and coronaviruses (Varghese et al, 2020;
Babalghith et al., 2022). The overall pharmacological
and antiviral properties of BBR is schematically
represented in Figure 2.
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Antiviral activity of Berberine as reported by
experimental studies

BBR functions as a broad-spectrum plant alkaloid that
stops viruses from surviving by disrupting how they
interact with host cells. It binds directly to viral DNA. It
has been reported by Warowicka et al., (2020) that this
physical binding halts raw nucleic acid copying and
blocks the enzymatic work of reverse transcriptase
complexes. Because it alters these basic genetic
processes, it has been documented that BBR works
against many viruses like human immunodeficiency virus
(HIV), human cytomegalovirus (HCMV), herpes simplex
virus (HSV) and human papillomavirus (HPV) These
authors opine that this wide protection works by
changing host signaling pathways, noting specifically
that it turns off the MEK-ERK, AMPK/mTOR, and NF-
kB pathways that invading viruses normally use to
multiply.

Experimental studies by Yamashita et al., (2024) have
shown that that BBR inhibits hepatitis B virus (HBV).
HBYV tends to be integrated with the host cellular DNA in
the form of closed circular DNA, thereby making it
difficult to be eliminated completely by antiviral drugs,
However it has been shown that BBR stops viral core
promoter functions and blocks cccDNA assembly inside
human liver cells with an ECso of 3.6 uM, while
remaining highly safe for cells (CCso > 240.0 uM). It has
been documented by these researchers that this shutdown
does not happen by blocking transcription at the RNA
level. Instead, they observed that the compound causes
K48-linked polyubiquitination of hepatocyte nuclear
factor 40 (HNF4a) while completely leaving K63 paths
alone, forcing the cell's proteasome to destroy HNF4a.
The authors opine that by stripping the cell of this
transcription factor, BBR turns off host enhancer II
operations and stops the entire HBV replication cycle,
even if integrated viral pieces are still present.

The antiviral efficacy of BBR against Adeno virus has
been well analysed by (Cao et al., 2025). The authors
reported that BBR and its modified forms, like 13-
methylBBR chloride, showed significant inhibitory
action against human adenovirus (HAdV) strains.
Experimental studies proved that this anti-adenoviral
action depends on shutting down MAPK signaling,
which directly stops the activation needed to synthesize
new viral particles. A similar lung-protecting ability has
been documented during severe COVID-19 infections. It
has been reported that aggressive SARS-CoV-2 strains

cause massive oxidative stress, blood vessel damage, and
cytokine storms, which often lead to multi-organ failure
(Babalghith et al., 2022). These authors opine that BBR
breaks this damage loop, acting as an immune shield that
helps prevent acute respiratory distress syndrome by
turning off hyper-inflammatory signaling networks.

This pulmonary defence strategy shows high efficacy
against pediatric bronchiolitis caused by the respiratory
syncytial virus (RSV). Experimental studies by Jiao and
Yang (2025) show that BBR systematically turns off the
host HMGBI1/TLR4/NF-kB pathway. It has been
documented that this block stops tissue remodelling and
epithelial-mesenchymal transition by lowering active
inflammatory and fibrotic markers like NLRP3, cleaved
caspase-1, gasdermin D, a-SMA, and type I collagen
(Jiao and Yang, 2025). Furthermore, it has been reported
by these investigators that BBR stops cell damage
quickly, preventing both mitochondrial swelling and
chromatin condensation.

BBR’s activity against influenza A virus (IAV) strains,
has been documented by Zhao ef al., (2025) that the
compound protects host macrophages from autophagy
through overactivated inflammation. Their data showed
that it stops gasdermin-mediated macrophage death and
lowers the release of tumor necrosis factor-alpha and
interleukin-1B by turning down mitochondrial ROS
production and lowering MAVS expression to block
NLRP3 inflammasome assembly (Zhao ef al., 2025).

Systemic tropical and neurotropic viruses are shown to
be inhibited by BBR. Phenotypic profiles compiled by
Ratanakomol et al, (2021) revealed direct virucidal
activity against the dengue virus (DENV) with an ICso of
42.87 uM, alongside clear suppression of the Zika virus
(ICso0: 11.42 uM) and the chikungunya virus (ICso: 14.21
uM). Against DENV, the authors reported that the
compound’s antiviral action could be attributed to a two-
way mode of action,which results in an abnormal buildup
of structural envelope (E) protein inside cells without
changing non-structural proteins, indicating that it blocks
the virus at the time of assembly of cell exit. They opine
that while BBR targets host ERK phosphorylation, its
main viral suppression could be due to turning on host
AMPK and disrupt the lipid pathways which flaviviruses
require for assembly of the outer membranes
(Ratanakomol ef al., 2021).

Experimental findings by Cui et al, (2022) have
demonstrated the potential of BBR against enterovirus 71
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(EV71) infections which can pose severe brain damage in
young children. It has been reported that BBR acts as a
direct neuroprotective shield, inhibiting EV71 replication
inside nerve cell lines at low ICso values between 2.79
and 4.03 uM. The studies showed that low doses (2-5
mg/kg) lower overall illness scores and death rates in
newborn mouse models. Because EV71 replication
concentrates within astrocytes in the outer edges of the
brainstem, the authors opine that BBR’s ability to stop
viral cycles inside primary astrocytes is clinically vital.

It has been documented that it neutralizes the virus-
induced production of reactive oxygen species (ROS)
which followed by inhibition of EV71 replication via
activating nuclear factor erythroid 2-related factor 2
(Nrf2) through the Kelch-like ECH-associated protein 1
(Keapl)-Nrf2 pathway. BBR treated mouse cells
exhibited was enhanced nuclear accumulation of Nrf2
and turning on downstream antioxidant enzymes like
NQOI and HO-1 (Cui et al., 2022).

In an in vitro investigation using HeLa cells, it was
reported by Dai et al, (2021) that BBR showed
protective efficacy against coxsackievirus B3 (CVB3) by
inhibiting its replication. Subsequent, mice model
experimental studies by the authors, highlighted that
BBR alleviates the pro-inflammatory responses of the
host, thereby providing a protection against the virus-
induced myocarditis.

Various scientific investigations have documented the
potent activity of BBR against Human immunodeficiency
virus (HIV) by targeting the replication cascades of the
virus and by blocking the virus as well as providing host-
directed protections. Shao et al., (2020) reported that
BBR functions as an effective early-stage fusion inhibitor
by binding directly within the hydrophobic pocket
formed between the N-terminal (N36) and C-terminal
(C34) heptad repeat peptides of the viral envelope
glycoprotein gp41. This specific molecular binding
disrupts the native six-helix bundle (6-HB) core
configuration and halts the cell-to-cell fusion thus
protecting host cell lines from virus entry at a half-
maximal inhibitory concentration (IC50range of 5.5 to
10.25 pg/mL). in infected cell lines, it was demonstrated
that the compound could supress the expression of cell-
associated HIV RNA thereby blocking both early
regulatory  transcripts and late structural viral
components.

Enzymatic assays in cell lines, by Bhargava et al,

(2011), presented that 9-substituted derivatives of BBR
are capable of actively blocking core replication
enzymes. Their findings show that BBR functions as a
direct reverse transcriptase inhibitor, exhibiting a highly
potent half-maximal effective concentration (EC50 of
0.13 pM) against HIV-1 NL4.3 virus strain.

Zha et al, (2010) showed that standard HIV protease
inhibitors like lopinavir frequently trigger severe
endoplasmic reticulum (ER) stress cascades and activate
host cell ERK paths, prompting an overproduction of
toxic systemic cytokines. BBR blocks this unfolded
protein response completely, preventing the cytosolic
gathering of the RNA-binding protein HuR to steadily
lower the production of inflammatory TNF-a and IL-6
markers. The antiviral activities of berberine along with
the mechanism is given in Table 1.

Computational studies of BBR against viruses

Computer-Aided Drug Discovery and Development
(CADDD) has gained considerable importance as a
research tool, wherein a compound can be analyzed from
different perspectives and tested for its anti-viral
efficacy, against several important viral targets. These
studies involve molecular docking, molecular dynamics
(MD) simulation, pharmacology and machine learning.
BBR also has been evaluated for its anti-viral efficacy by
computational studies, against several important viral
targets such as viral proteins, proteases, polymerases and
also host proteins involved in the infection.

An early investigation by Sahoo et al., (2016) on Zika
virus used a three-dimensional model of the viral NS3
protein, docking four compounds in close proximity to its
protease active site. BBR demonstrated the most
favorable score among all, at —5.8 kcal/mol, and showed
a hydrogen bond with Ser135.

Hung et al, (2019) conducted a detailed experimental
and investigated the effects of BBR using a combination
of in-vitro studies and molecular docking, on the early
stages of hepatitis C virus (HCV) infection. While in-
silico studies demonstrated interaction of BBR with the
viral E2 glycoprotein, separate in-vitro assays evaluated
the action of the compound on the virus infected cells at
the time of virus entry and later replication. The authors
reported that BBR was found to inhibit infection in
primary human hepatocytes, reduce viral attachment and
entry but not directly inactivate free virus or inhibit post-
entry replication in these assays. These combined results
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show that BBR can affect HCV entry, and that viral E2
glycoprotein could be one of the probable target sites

Asadi et al, (2023) usedmolecular docking with
AutoDock, followed by simulation and molecular
dynamics investigation using GROMACS to evaluate the
action of BBR against influenza virus neuraminidase,
along with the drug oseltamivir as positive control. BBR
exhibited significant binding capacity with the
neuraminidase molecule with three hydrogen bonds and
eleven hydrophobic bonds at the active site. BBR showed
a binding energy of -7.93 kcal/mol, compared to -6.27
kcal/mol of oseltamivir, with the estimated inhibition
constant (EIC) being 1.5 and 25.2 pM, respectively. The
authors opine that BBR bring about structural changes in
the secondary and tertiary structures of neuraminidase
and thus have potent binding capacities.

Studies on influenza virus have mainly examined
chemically modified forms of BBR or BBR derivatives.
Enkhtaivan et al., (2017) synthesised different BBR
derivatives and tested their antiviral activity using
cytopathic-effect reduction assays, neuraminidase
inhibition studies and molecular docking. Several
derivatives showed better activity than unmodified BBR,
and some also performed better than oseltamivir under
the conditions used in the study. The authors reported
competitive inhibition of viral neuraminidase. Molecular
docking also suggested that an active derivative could
interact with the catalytic region of neuraminidase. These
findings are interesting because the docking results were
supported by enzyme-based experiments.

Kumar et al, (2021) also investigated BBR-—
benzothiazole derivatives against influenza A and B
viruses. The study combined molecular docking with
biological experiments. Several synthesised derivatives
showed antiviral activity against the tested influenza
strains. The researchers also examined neuraminidase as
a possible target. These findings further suggest that
modification of the BBR structure may improve or
change its antiviral properties.

In the case of HIV-1, Shao et al, (2020) investigated
BBR itself rather than its derivatives. The study focused
on the gp41 six-helix bundle, which plays an important
role in the fusion of the viral envelope with the host-cell
membrane. Molecular docking predicted that BBR could
interact with the six-helix bundle region of gp41 and
changed its helical structure as evident from further
investigations. BBR also reduced HIV-1 envelope-

mediated cell fusion. Dose-dependent inhibition was
observed with six HIV-1 envelope-pseudo typed isolates.
Thus, this study is important because the computational
prediction was followed by experimental studies
supporting an effect on the viral fusion process.
Narkhede et al, (2020) screened several natural
compounds against the SARS-CoV-2 main protease
(Mpro). Molecular docking and druggability analysis
were used to identify compounds that might interact with
this important viral enzyme. BBR was among the
compounds identified for further investigation. The study
therefore provided preliminary evidence for a possible
interaction between BBR and Mpro.

A more detailed investigation was carried out by Wang et
al., (2021). The authors used target identification,
protein—protein interactions, and molecular docking to
study the possible activity of BBR against SARS-CoV
and SARS-CoV-2. Importantly, the computational work
was supported by experiments using SARS-CoV-2-
infected Calu-3 lung epithelial cells. BBR treatment was
associated with inhibition of wviral replication. The
researchers also investigated a BBR-containing
nanomedicine formulation called NIT-X. Treatment with
NIT-X reduced the expression of several measured
factors, including ACE2, TMPRSS2 and inflammatory
mediators. Therefore, this study provided both
computational and cell-based evidence.

Oner et al., (2023) used several computational methods
to investigate BBR against the SARS-CoV-2 main
protease. Their approach included machine-learning-
based activity prediction, molecular docking, toxicity
prediction and ADMET analysis. BBR and structurally
related compounds showed favorable predicted
interactions with the target.

Mukhtar et al., (2024) investigated BBR against proteins
from several viruses. The selected targets included
dengue virus NS2B/NS3 protease and NS5 polymerase,
SARS-CoV-2 RNA-dependent RNA polymerase and
influenza virus RNA-dependent RNA polymerase. BBR
showed reported docking scores of —8.0, —8.3, —7.7 and
—8.3 kcal/mol, respectively. Selected BBR-—protein
complexes were further studied wusing molecular
dynamics simulations. Molecular dynamics helped the
researchers examine whether the predicted complexes
remained stable during the simulation period. The study
therefore provides useful computational evidence for
possible interactions of BBR with different viral proteins.
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Table.1 Viruses targeted by Berberine and their reported mechanisms of antiviral action

Virus
HIV, HSV, HPV, HCMV
(general)

Hepatitis B virus (HBV)

Human adenovirus
(HAdAV)

SARS-CoV-2

Respiratory syncytial
virus (RSV)

Influenza A virus (IAV)
Dengue virus (DENYV)
Zika virus (ZIKYV)
Chikungunya virus
(CHIKYV)

Enterovirus 71 (EV71)

Coxsackievirus B3 (CVB3)

Human immunodeficiency
virus (HIV)

Human immunodeficiency
virus (HIV)

Human immunodeficiency
virus (HIV)

Reference

Warowicka et al.,
(2020)

Yamashita et al.,
(2024)

Cao et al., (2025)

Babalghith et al.,
(2022)

Jiao and Yang
(2025)

Zhao et al,
(2025)

Ratanakomol et
al., (2021)

Ratanakomol et
al., (2021)
Ratanakomol et
al., (2021)
Cui et al., (2022)

Dai et al., (2021)

Shao et al,
(2020)

Bhargava et al,
(2011)

Zhaet al., (2010)

Mechanism of Antiviral Action

Binds viral DNA; inhibits nucleic acid replication and
reverse transcriptase activity; suppresses MEK—ERK,
AMPK/mTOR, and NF-«xB signaling pathways
Blocks core promoter activity and cccDNA assembly;
induces K48-linked ubiquitination and proteasomal
degradation of HNF40, reducing enhancer II activity
(ECso0 3.6 uM, CCso >240.0 pM)

BBR and 13-methylBBR chloride suppress MAPK
signaling required for viral particle synthesis

Reduces oxidative stress, vascular damage, and
hyper-inflammatory  signaling associated with
cytokine storm, potentially helping to prevent acute
respiratory distress syndrome (ARDS)

Inhibits the HMGB1/TLR4/NF-kB pathway; lowers
NLRP3, caspase-1, gasdermin D, a-SMA, and type I

collagen; reduces mitochondrial swelling and
chromatin condensation
Blocks gasdermin-mediated macrophage death;

reduces TNF-a and IL-1fB by lowering mitochondrial
ROS and MAVS expression, thereby inhibiting
NLRP3 inflammasome assembly

Direct virucidal activity (ICso 42.87 uM); disrupts
envelope protein assembly; activates host AMPK and
disrupts lipid pathways required for membrane
assembly

Direct virucidal activity (ICso 11.42 pM)

Direct virucidal activity (ICso 14.21 uM)

Inhibits replication in neural cells (ICso 2.79-4.03
uM); reduces virus-induced ROS through activation
of the Keapl-Nrf2 pathway, increasing NQO1 and
HO-1

Inhibits viral replication in HeLa cells; reduces the
host pro-inflammatory response, protecting against
virus-induced myocarditis

Fusion inhibitor: binds the gp4l N36/C34
hydrophobic pocket, blocking six-helix bundle
formation and cell-to-cell fusion (ICso 5.5-10.25
pg/mL); suppresses HIV RNA expression

Direct reverse transcriptase inhibitor (ECso 0.13 uM
against HIV-1 strain NL4.3)

Reduces HIV protease inhibitor-induced ER stress
and HuR cytosolic accumulation, lowering TNF-a
and IL-6 production
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Figure.1 BBR

Figure.2 Schematic representation of the metabolic, cardiovascular, anti- inflammatory, antioxidant,

vascular and antiviral activities of Berberine
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More recently, Ansari et al., (2026) investigated BBR
against dengue virus NS1. The researchers initially
performed in-silico screening and selected BBR,
betulinic acid and ursolic acid for further investigation.
This was followed by biophysical studies using purified
NS1 protein and virus-infection assays. All three
compounds reduced viral genome levels under the
experimental conditions. Among the three compounds,
BBR produced the greatest reported reduction,
approximately 60%. It also showed the strongest reported
inhibition of intracellular and extracellular NS1.

This study provides stronger evidence because the initial
computational screening was followed by protein-
binding studies and virus-infection experiments.
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BBR has also been investigated against the emerging
Oropouche virus. Vargas-Echeverria et al, (2025)
performed virtual screening of 537 plant-derived
compounds against the viral Gc glycoprotein. BBR was
shown to form a stable complex during the molecular
dynamics studies. The authors opine that the compound
could interfere with viral fusion process, the validity of
which has to be experimentally confirmed. A
bioinformatics mediated study on antiviral efficacy of
BBR against respiratory syncytial virus (RSV) by Shen
and Xia (2026) analysed 72 common targets. These were
further evaluated with network and pathway analysis,
and subsequent molecular docking with chosen host
proteins. The study suggested several possible pathways
of RSV that BBR could affect and inhibit the infection.
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Translational Gaps and Future perspectives in
Developing BBR as an Antiviral Drug

Although BBR has shown promising antiviral activity,
there is still a considerable gap between experimental
findings and its development as an antiviral drug. In-
silico studies such as molecular docking help to predict
the possible binding of BBR with viral or host proteins
and molecular dynamics studies can further indicate
whether such interactions remain stable during
simulation. However, these predictions should be
supported by in-vitro experiments and, subsequently, by
appropriate in-vivo studies.

It should be also noted that promising in-vivo results also
do not imply that a compound can be directly developed
into a drug. Several other parameters including
absorption, metabolism toxicity, distribution, excretion
and its bioavailabilty.

One of the major limitations of BBR is its poor oral
bioavailability which can be attributed to its poor
solubility and limited intestinal permeability, and
extensive metabolism in the intestine and liver (Cui et
al., 2024).

BBR is also extensively metabolised post-administration
and undergoes reactions such as demethylation,
demethylenation, reduction, and conjugation, therefore
reducing its bioavailability drastically (Khoshandam et
al., 2022). This becomes particularly important in
antiviral drug development, where the concentration that
inhibits a virus in vitro may not necessarily be achieved
in the body after oral administration.

Many methods have been explored to mitigate the issue
of low bioavailability of BBR. These include absorption
enhancers, structural modification, salts, cocrystals and
newer pharmaceutical formulations (Cui et al., 2024).
Nanocarrier-based delivery systems have also received
attention. BBR has been incorporated into liposomes,
nanoemulsions and other carrier systems in attempts to
improve its solubility, absorption and delivery (Jawed
Khan et al., 2023).

Thus, the available findings suggest that BBR has
promising antiviral potential against several viruses.
However, its development as an antiviral drug requires a
systematic progression from in-silico prediction to in-
vitro validation and subsequent in-vivo evaluation.
Further efforts are also required to overcome its poor
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bioavailability and other pharmacokinetic limitations. Its
toxicity, effective dose, metabolism and safety need to be
carefully evaluated. Finally, appropriate preclinical
studies followed by well-designed clinical investigations
will be required to translate the antiviral potential of
BBR into an effective therapeutic drug.
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