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Recently, we have shown in vitro anti-hepatitis B virus (HBV) activity of G. senegalensis J.F. Gmel leaves,
and Identified quercetin and other flavonoids by HPTLC. Here we report bioassay-directed fractionation of
G. senegalensis leaves using column chromatography and isolation of two flavonoinds from the n-butanol
fraction, their structure determination (1H NMR, 13C NMR and 2D-NMR) and assessment of antiviral
activities (HBsAg and HBeAg assay) in HBV-reporter HepG2.2.2.15 cells. Further molecular docking was
performed against HBV polymerase (Pol/RT) and capsid (Core) proteins as well as host-receptor sodium
taurocholate co-transporting polypeptide (NTCP). The two isolated bioactive compounds were identified
as quercetin and myricetin-3-O-rhamnoside. Quercetin significantly inhibited synthesis of HBsAg and
HBeAg by about 60% and 62%, respectively as compared to myricetin-3-O-rhamnoside by 44% and 35%,
respectively. Molecular docking of the two anti-HBV flavonoids revealed their higher binding affinities
towards Pol/RT than Core and NTCP. In conclusion, this is the first report on anti-HBV active
myricetin-3-O-rhamnoside along with quercetin isolated from G. senegalensis leaves. Their possible mode
of anti-HBV activities are suggested through binding with viral Pol/RT and Core as well as host NTCP
proteins.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hepatitis B virus (HBV) causes acute and chronic hepatitis B
that may progress to severe liver diseases (Hou et al., 2005;
Shepard et al., 2006). Of over 240 million chronic cases, 15–40%
develops fulminant liver failure, cirrhosis or hepatocarcinoma
(Tang et al., 2018). Though a DNA virus, HBV very uniquely repli-
cates via an RNA intermediate using its polymerase/reverse-tran
scriptase (Pol/RT) similar to human immunodeficiency virus
(HIV) and herpes simplex virus (HSV). Therefore, most of the
anti-HIV/HSV nucleoside analogs (NA) targeting viral Pol/RT are
also accepted as effective anti-HBV drugs. However, NA like, lami-
vudine, adefovir and entecavir are potentially associated with
drug-resistance due to emergence of viral Pol/RT mutants, serious
clinical problems (Devi and Locarnini, 2013). In recent times, sev-
eral natural or phytoproducts with equal or even better anti-HBV
efficacies have gained global popularity and endorsement (Parvez
et al., 2016). A range of plant secondary metabolites including fla-
vonoids, terpenoids, alkaloids, polyphenolics, saponins and lignans
has been reported for their promising in vitro and in vivo anti-HBV
activities (Wang et al., 2012; Wu 2016; Parvez et al., 2016; Arbab
et al., 2017; Parvez et al., 2019). These anti-HBV compounds differ
in their origin, chemistry, potency and type of inhibitory mecha-
nisms, and therefore, their further biological and pharmacological
evaluations are warranted.

The African medicinal plant Guiera senegalensis J.F. Gmel (fam-
ily: Combrataceae), commonly known as ‘Cure all’ is widely used
to treat bacterial and fungal infections, gastrointestinal and respi-
ratory disorders as well as malaria (Bosisio et al., 1997; Sanogo
et al., 1998; Abubakar et al., 2000; Silva and Gomes, 2003;
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Somboro et al., 2011; Akuodor et al., 2013; Suleiman, 2015). Its
galls and leaves extracts are shown to have in vitro anti-oxidative
and anti-inflammatory activities (Bouchet and Barrier, 1998;
Sombié et al., 2011; Parvez et al., 2018). Notably, G. senegalensis
has been also reported to inhibit fowl pox virus (FPV) (Lamien
et al., 2005) and HSV (Silva et al., 1997) replications in vitro.
Recently, in our in vitro screening of several medicinal plants
extracts against HBV, G. senegalensis has demonstrated the best
antiviral activity (Arbab et al., 2017). Previously, flavonoids like
rutin, quercetin and myricitrin (myricetin-3-O-rhamnoside) are
isolated from G. senegalensis (Bucar et al., 1996; Ficarra et al.,
1997; Males et al., 1998). We have recently identified quercetin,
rutin, naringenin, gallic acid b-amyrin, b-sitosterol, lupeol and
ursolic acid by high-performance thin layer liquid chromatography
(HPTLC) method in anti-HBV active G. senegalensis leaves extract
(Alam et al., 2017; Parvez et al., 2018). Very recently, myricetin,
myricitrin and quercetin along with (-)-gallocatechin, 1,3,4,5-
tetra-O-galloylquinic acid, gallic acid, methyl gallate, and ethyl
gallate isolated from G. senegalensis have shown free-radical
scavanging, a-glucosidase inhibitory and pancreatic lipase
inhibitory activities (Dirar et al., 2019). These results therefore,
convincingly prompted us to isolate anti-HBV active principles
from G. senegalensis leaves. The present study therefore, reports
column-guided isolation and structural determination of two
anti-HBV compounds from G. senegalensis using HBV-reporter
cell culture model as well as elucidation of mode of action by
molecular docking.
2. Materials and methods

2.1. Plant material

Leaves of G. senegalensis, locally known as Gubeish were col-
lected in March 2015 from Kordofan state, Sudan. It was authenti-
cated by a plant taxonomist (Prof. Ismail Mirghani) at the Forestry
Research Center (FRC), Khartoum, Sudan, where a voucher speci-
men (No. 891) was deposited.
2.2. Isolation and characterization of compounds

The dried leaves (450 g) of G. senegalensis were ground and
extracted with 96% ethanol (Merk, Germany) at room temperature
(RT) for 72 h (3 � 24). After concentrating under vacuum at
reduced pressure, the ethanol-extract (38.0 g) was partitioned with
n-hexane, chloroform and n-butanol (all from Merk, Germany) to
furnish hexane (4.5 g), chloroform (6.1 g) and n-butanol (8.3 g)
extracts. Based on the anti-HBV bioassay results (Arbab et al.,
2017), the n-butanol fraction was subjected to normal phase
silica-gel (SiO2) column chromatography using chloroform:metha-
nol elution with increasing polarity. Of the obtained eight fractions
(BF1-BF8), BF2, BF7 and BF8 were associated with anti-HBV activ-
ity. Fraction BF2 was subjected to column (Sephadex LH-20) elu-
tion with methanol:water (9:1; v/v), giving compound 1
(12.0 mg). It purity was further analyzed by reverse-phase thin
layer chromatography (TLC; RP-18 F254 plates; 0.25 mm, Merck,
Germany) using mobile phase methanol:water (6:4, v/v) and the
spot was visualized by spraying with p-anisaldehyde with gentle
heating. Fractions BF7 and BF8 were pooled together on the basis
of TLC pattern, and chromatographed (Sephadex LH-20) and eluted
with methanol:water mixtures of increasing polarity to furnish
nine sub-fractions (BSF1-BSF9). Majority of bioactive sub-
fractions showing similar TLC profile were combined and re-
chromatographed that yielded compound 2 (165.0 mg). Structural
characterizations of the isolated compounds 1 and 2 were per-
formed by 1H NMR, 13C NMR and 2D-NMR spectral analyses on a
Bruker Avance spectrometer operating at 700 MHz for 1H and
175 for 13C in methanold4 (Merk, Germany), equipped with a
5 mm cryoprobe using standard pulse programs. The ESI-HRMS
were measured on Agilent Technologies 6200 series mass
spectrometer.

2.3. Cell culture, compounds and drug

The HBV-reporter human hepatoma cells (kind gift from Dr. S.
Jameel, International Center for Genetic engineering & Biotechnol-
ogy, New Delhi, India) were maintained in RPMI-1640 medium
(Gibco, USA), supplemented with heat-inactivated calf serum
(10%; Gibco, USA), penicillin-streptomycin (1x; Invitrogen, USA),
and sodium pyruvate (1x; Invitrogen, USA) at 37 0C with 5% CO2

supply. For all experiments, HepG2.2.2.15 cells (0.5 � 105/100 ll/
well) were seeded in 96-well flat-bottom culture plates (Corning,
USA), and grown overnight. Stocks of compounds 1 and 2 (1 mg,
each) were prepared by first dissolving in 50 ll of dimethyl sulfox-
ide (DMSO, Sigma, Germany), and then in complete medium
(1 mg/ml, final) followed by reconstitution of four different work-
ing concentrations (doses: 6.25, 12.5, 25.0 and 50.0 lg/ml). Lami-
vudine (3TC; Sigma, USA), the standard anti-HBV drug (0.2 lM)
and DMSO (0.1%) served as positive and negative/untreated con-
trol, respectively. All tests were performed with triplicated sam-
ples including controls, and were repeated twice for
reproducibility.

2.4. Cell viability assay

The isolated compounds 1 and 2 were first tested on
HepG2.2.2.15 for their effects on cells viability (TACS MTT Cell pro-
liferation Assay; Tervigen, USA) as described elsewhere (Arbab
et al., 2017). Briefly, cells were treated with the four doses of the
compounds and incubated for 24 h. The MTT (3-(4,5-Dimethylthia
zol-2-yl)-2,5-diphenyltetrazolium bromide) solution (10 ll/well)
was added and incubated at 37 �C for �5 h until purple color
appeared. The detergent solution (100 ll/well) was immediately
added and the plate was incubated for another 1.5 h in dark at
RT. The absorbance (A; k = 570 nm) was recorded using microplate
reader (Microplate Reader ELx800; BioTek, USA). The data were
analyzed to determine cell viability (%) in relation to untreated
control [(As � Ab)/(Ac � Ab)x 100; where As, Ab and Ac were the
absorbance of sample, blank and negative control, respectively,
and presented (Excel software, Microsoft, USA).

2.5. Dose-dependent HBsAg inhibition assay

The anti-HBV activities of compounds 1 and 2 on inhibition of
viral HBsAg production in cultured HepG2.2.2.15 cells were evalu-
ated as described elsewhere (Arbab et al., 2017; Parvez et al.,
2019). Briefly, cells were treated with the fresh media containing
150 ll of various doses of 1 and 2 including controls for 3 days,
and assayed for HBsAg expression (Monolisa HBsAg ULTRA, BioRad,
USA) as per the kit’s manual. The absorbance was recorded (Micro-
plate Reader ELx800; BioTek, USA) and data was analyzed to esti-
mate inhibition of HBsAg in relation to untreated control.

2.6. Time-course HBeAg inhibition assay

Compounds 1 and 2 at 50 lg/ml dose showing maximal inhibi-
tion of HBsAg were further subjected to time-course (day1, 3 and
5) analysis of HBeAg expression, the hallmark of HBV DNA replica-
tion (HBeAg/Anti-HBe Elisa Kit (DIASource, Belgium) as per the
kit’s manual. The absorbance was recorded as above and data
was analyzed to estimate inhibition of HBeAg in relation to
untreated control.
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2.7. In silico molecular docking analysis

To elucidate the anti-HBV modes of action and to determine the
molecular interaction patterns, the anti-HBV active compounds 1
(quercetin) and 2 (myricetin-3-O-rhamnoside) were docked with
two viral proteins HBV-Pol/RT and HBV-Capsid (Core) as well as
a host-encoded receptor sodium taurocholate co-transporting
polypeptide (NTCP), reported for its binding with HBV envelope
(surface) protein (Nakabori et al., 2016). The standard antiviral
drug lamivudine and co-crystallized ligand heteroarylpyrimidine
(HAP) were used as positive controls against Pol/RT and Core,
respectively. While the crystallographic structure for HBV-Core
(PDB code: 4 g93) was retrieved from Protein Data Bank (https://
www.rcsb.org/), the 3D structures of Pol/RT and NTCP were con-
structed by comparative homology modeling using SwissModel
(Parvez et al., 2019; Waterhouse et al., 2018). The primary
sequence of NTCP was retrieved from the protein database (NCBI)
and each ligand structure was imported from the PubChem data-
base (https://pubchem.ncbi.nlm.nih.gov/). Solvent molecules and
co-crystallized ligands were removed from the proteins and hydro-
gen atoms were added. The active-site was determined using the
SiteFinder program embedded in Molecular Operating Environ-
ment (MOE, 2009). Preparation and energy minimization of each
protein was performed with MOE (MMFF94 force field; gradient
0.01 kcal/mol Å2). The compound set was docked on the previous
target’s binding sites by using MOE (Triangle Matcher Method for
placement and London dG for scoring). The docking experiment
was carried out between the energy-minimized ligands and the
active-sites as determined by SiteFinder. The docking poses were
ranked according to their docking scores and the results were
exported for further analysis. The interactions of the ligands on
the targets were visualized and the figures were created by using
AutoDoc Vina software in PyRx (Trott and Olson, 2010; Mühlberg
et al., 2009).

2.8. Statistical analysis

Data of all triplicated samples were expressed as mean ± S.E.M.
Total variation present in a set of data was estimated by one-way
analysis of variance (ANOVA) followed by Dunnet’s-test (Excel
2010; Microsoft OK, USA). P < 0.01 was considered significant.
Fig. 1. 2D structures of compounds 1 (quercetin) and 2 (m
3. Results

3.1. Isolation of two flavonoids from G. Senegalensis

The two isolated compounds 1 and 2 from G. senegalensis n-bu-
tanol fraction were identified as known flavonoids quercetin and
myricetin-3-O-rhamnoside, respectively (Suppl. materials) as char-
acterized by their spectral properties.

Compound 1: 1H NMR: dH 6.198 (1H, s, Ar-H), 6.40 (1H, s, Ar-H),
6.89 (1H, d, J = 8.4 Hz, Ar-H), 7.65 (1H, d, J = 8.4 Hz, Ar-H), 7.75 (1H,
s, Ar-H). 13C NMR: dc (ppm): 92.98, 97.80, 103.10, 114.56, 114.80,
120.26, 122.73, 135.83, 144.80, 146.56, 147.35, 156.80, 161.10,
164.15, 175.91 (Ar-C).

The 1H NMR spectrum of compound 1 in CH3OD exhibited five
peaks resonating between d 6.00 and 8.00 ppm integrated to five
protons and confirming the presence of five aromatic protons.
These peaks are assignable to: (i) three isolated proton at dH
6.198 (1H, s, H-6), 6.403 (1H, s, H-8) and 7.753 (1H, s, H-60), (ii)
two protons at dH 6.895 (1H, d, J = 8.4 Hz, H-50) and 7.653 (1H, d,
J = 8.4 Hz, H-60). These two latter protons were coupled to each
other (J = 8.4 Hz, ortho coupling). In addition, the 13C NMR spec-
trum of compound 1 exhibited 15 sp2-hybridized carbons between
dc 90 and 175 ppm. Among these 15, five carbons were identified as
methine carbons while the remaining were quaternary ones
according to the DEPT spectrum. Furthermore, The HSQC and
HMBC spectra showed the connectivity between the protons and
the carbons, which were in complete agreement with the structure
of quercetin (Fig. 1) (Agrawal, 1989).

Compound 2: 1H NMR – CH3OD: dH ppm 0.985 (3H, d, J = 5.6 Hz,
ACH3), 3.394 (1H, ACHA), 3.554 (1H, ACHA), 3.831 (1H, ACHA),
4.270 (1H, ACHA), 5.332 (1H, ACHA), 6.200 (1H, s, Ar-H), 6.362
(1H, s, Ar-H), 6.972 (2H, s, Ar-H). 13C NMR – CH3OD dc (ppm):
16.30, 70.47, 70.64, 70.70, 71.94, 93.29, 98.38, 102.19, 104.42,
108.14, 120.45, 134.89, 136.45, 145.38, 157.03, 158.01, 161.72,
164.41, 178.20.

The 1H NMR spectrum of compound 2 exhibited nine peaks
integrated to twelve protons. The spectrum showed a doublet res-
onating at dH 0.985 (3H, d, J = 5.6 Hz, ACH3, H-60 0) integrated to
three which was attributed to a methyl group. Three signals cen-
tered at dH 6.200 (1H, s, Ar-H, H-6), 6.362 (1H, s, Ar-H, H-8) and
6.972 (2H, s, Ar-H, H-20 and H-60) of which the first two was inte-
yricetin-3-O-rhamnoside) isolated from G. senegalensis.

https://www.rcsb.org/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/


Fig. 3. Inhibition of HBsAg expressions by G. senegalensis derived quercetin,
myricetin-3-O-rhamnoside and lamivudine relative to untreated control in
HepG2.2.2.15 culture supernatants at day 3 post-treatment. Values on Y-axis are
means of three determinations (*P < 0.05, **P < 0.01, ***P < 0.001).

Fig. 4. Inhibition of HBeAg expressions by quercetin, myricetin-3-O-rhamnoside,
and lamivudine relative to untreated control in HepG2.2.2.15 culture supernatants
at day 1, 3 and 5 post-treatment. Values on Y-axis are means of three determina-
tions (*P < 0.05, **P < 0.01, ***P < 0.001).
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grated into one proton for each, while the latter was integrated
into two protons. These three signals ascribed to four isolated aro-
matic hydrogens were in complete agreement with the known
structure of myricetin-3-O-rhamnoside (Fig. 1). The most
deshielded signal in the aliphatic region of the spectrum was res-
onating at dH 5.332 (1H, ACHA, H-10 0) and assigned for the protons
of anomeric carbon. The remaining peaks resonated between dH
3.00 and 4.50 and were ascribable to the protons of the rhamnose
carbons. The DEPT spectrum revealed eleven carbons were not
linked to hydrogen atoms directly. Finally, the HSQC and HMBC
spectra showed the correlation between the protons and the car-
bons which affirmed the chemical structure of compound 2 that
was in complete agreement with the known structure of
myricetin-3-0-rhamnoside (Fig. 1) (Agrawal, 1989).

3.2. Non-cytotoxicity of G. Senegalensis derived quercetin and
myricetin-3-O-rhamnoside

The isolated (quercetin and myricetin-3-rhamnoside) used up
to 50 mg/ml concentration, showed no signs of HepG2.2.2.15
cytotoxicity (Fig. 2). Notably, as compared to quercetin,
myricetin-3-O-rhamnoside enhanced cell proliferation by about
10%. Based on this observation, the four concentrations, including
the highest safe dose (50 mg/ml) were used in subsequent antiviral
assays.

3.3. HBsAg inhibitory activity by quercetin and myricetin-3-
rhamnoside

The flavonoids quercetin and myricetin-3-O-rhamnoside iso-
lated from G. senegalensis showed dose-dependent inhibition of
HBsAg expressions in relation to untreated control in HepG2.2.2.15
culture supernatants. The estimated HBsAg inhibitions by querce-
tin and myricetin-3-O-rhamnoside were �60% (P < 0.001) and
�44% (P < 0.01), respectively at the maximal dose 50 mg/ml at
day 3 (Fig. 3).

3.4. Down regulation of HBV replication by quercetin and myricetin-3-
O-rhamnoside

Further, the maximal inhibition of HBeAg expressions by 50 mg/
ml of quercetin and myricetin-3-O-rhamnoside were �62%
(P < 0.001) and �35% (P < 0.01), respectively at day 5 (Fig. 4). Nota-
bly, quercetin had higher anti-HBV activity, close to that of lamivu-
dine (69%). Because of the cell proliferative activity of the
compounds, incubation beyond day 5 resulted in cell over-
Fig. 2. Effect of G. senegalensis derived quercetin and myricetin-3-O-rhamnoside on
HepG2.2.2.15 cell viability relative to untreated control at day 3 post-treatment.
Values on Y-axis are means of three determinations.
growth and death, and therefore, higher time-points were not
included (Arbab et al., 2017; Parvez et al., 2019).
3.5. Homology modeling and validation

The modeled HBV-Pol/RT (GeneBank no. ADA95798.1) (Fig. 5A)
and human NTCP (PDB no. Q14973) (Fig. 5B) validated by
Ramachandran plot showed 87.5% and 96.73% of the residues occu-
pying the favored region for Pol/RT and NTCP, respectively where
4.17% and 1.09% of the residues were located in the disallowed out-
lier region. The remaining percentage of residues occupied the
allowed region. The Ramachandran plot therefore, predicted that
both constructed models of Pol/RT and NTCP were of good quality
to be used for further in silico studies.
3.6. Molecular docking

Both myricetin-3-O-rhamnoside and quercetin showed good
docking scores toward all target proteins. Moreover, they both
had better affinities toward viral Pol/RT and Core than standards
lamivudine and the ligand HAP, respectively. However, as com-
pared to quercetin, myricetin-3-O-rhamnoside had higher affinity



Fig. 5. 3D structure of modeled (A) HBV Pol/RT and Ramachandran plot, and (B) NTCP and Rmachandran plot.
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toward all targets except HBV-Core which could be attributed to
the hydrogen-bonding potential of the rhamnose moiety (Suppl.
materials). As shown in the 2D representation of protein-ligand
interactions (Figs. 6–8), both compounds were involved in at least
one hydrogen-bonding interaction with the active-site of the tar-
gets. They exhibited similar modes of interactions with different
residues of active-sites through hydrogen-bonding and hydropho-
bic contacts owing to their common flavanol skeleton.

The HBV-Pol/RT has been the most targeted viral protein for
anti-HBV drugs, notably the NAs (e.g., lamivudine). When docked,
both myricetin-3-O-rhamnoside and quercetin shared same
hydrogen-bond interactions with the modeled Pol/RT Gln104 and
Met204 residues (Fig. 6). Interestingly, as compared to the docking
score i.e. the minimum binding affinity of lamivudine (E = �5.4
Kcal/mol) towards Pol/RT, both flavonoids showed higher affinities
with docking scores of �6.3 and �7.7 Kcal/mol, respectively. Other
surrounding residues that also interacted were Pro59 and Ser202
for myricetin-3-O-rhamnoside (Fig. 6A), and Lys60 and Ser185 for
quercetin (Fig. 6B). In addition, similar to lamivudine, both com-
pounds also shared same hydrogen bonding with Asp552 and
Asp429 in coordination with Mg2+. In light of these results, HBV-
Pol/RT could be envisioned as potential viral target of myricetin-
3-O-rhamnoside and quercetin.

In contrast to the other targets in this study, docking of the two
G. senegalensis derived flavonoids with HBV-Core showed that
quercetin had a higher binding affinity than myricetin-3-O-
rhamnoside (Suppl. materials). Myricetin-3-O-rhamnoside showed
only hydrogen bonds with Phe23, Thr33, Ser106 and Tyr118,
attributed to its weaker binding affinity compared to quercetin
(Fig. 7A). On the other hand, quercetin exhibited three sites of con-
tact with Ser106, Thr109 and Leu140 through hydrogen bonding
(Fig. 7B). It addition, it also formed a p-p interaction with
Phe110 and a hydrophobic contact with Leu140. When docked,
HAP showed hydrophobic interactions with HBV-Core Phe23,



Fig. 6. In silico predicted 2D and 3D structures of interactions of HBV-Pol/RT with (A) myricetin-3-O-rhamnoside and (B) quercetin.
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Pro25, Val124 and Thr128 residues (Fig. 7C) with a binding affinity
lower than quercetin and myricetin-3-O-rhamnoside, respectively
(Suppl. materials).

Docking of NTCP with quercetin and myricetin-3-O-rhamnoside
showed comparable docking energies �7.4 and �7.6 Kcal/mol,
respectively (Suppl. materials). Having common structural fea-
tures, both compounds interacted similarly with NTCP Gln297
and Gln298 residues through hydrogen bonds (Fig. 8). However,
although Thr110 was involved in both cases, it showed hydropho-
bic interaction with myricetin-3-O-rhamnoside (Fig. 8A) whereas
formed hydrogen bond with quercetin (Fig. 8B). Both compounds
had extra hydrogen bonding with the surrounding amino acid
residues.
4. Discussion

Flavonoids (isoflavonoids, flavones, flavanols and anthocyani-
dins) constitute the largest source of antiviral molecules in the
entire plant kingdom (Ono et al., 1990; Vlientinck et al., 1998). In
general, flavonoids exist as their glycosides namely, glucosides,
galactosides, arabinosides, rutinosides and rhamnosides. Of the
several known anti-HBV flavonoids and their phenolic derivatives,
wogonin (Scutellaria radix) (Cui et al., 2010; Guo et al., 2007),
hyperoside (Abelmoschus manihot) (Wu et al., 2007),
epigallocatechin-3-gallate (Camellia sinensis) (He et al., 2011) and
ellagic acid (Phyllanthus urinaria) (Kang et al., 2006) etc. have been
reported as strong inhibitors of HBV markers (HBsAg and HBeAg)
in both in vitro and in vivo models. Notably, while geraniin (Gera-
nium carolinianum) is shown more effective than the NA drug lami-
vudine at same concentration (Li et al., 2008), protocatechuic
aldehyde (Salvia miltiorrhiza) is a widely accepted traditional Chi-
nes medicines for chronic hepatitis B (Zhou et al., 2007). G. sene-
galensis is reported for its antiviral activities against FPV and
HSV, from which four flavonoids (quercetin, rutin, myricitrin and
catechin) are previously isolated (Bucar et al., 1996; Ficarra et al.,
1997; Males et al., 1998). We have recently reported anti-HBV
potential of G. senegalensis leaves extract and identified quercetin,
including seven biomarkers by HPTLC method (Arbab et al., 2017;
Alam et al., 2017; Parvez et al., 2018). Very recently, isolation of
quercetin and myricetin-3-O-rhamnoside along with five polyphe-
nols from G. senegalensis is also reported (Dirar et al., 2019). In the
present study, we further report bioassay-guided isolation of
myricetin-3-O-rhamnoside and quercetin as novel anti-HBV active



Fig. 7. In silico predicted 2D and 3D structures of interactions of HBV-Core with (A) myricetin-3-O-rhamnoside and (B) quercetin. (C) 2D representation of HBV-Core and HAP
interaction.
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principles from G. senegalensis leaves n-butanol fraction, and pre-
dicted their mechanisms of action by molecular docking.

Myricetin is a common flavonoid which occurs as free as well as
glycosides viz. myricetin-3-O-rhamnoside, -arabinopyranoside,
-rhamnopyranoside, -galactopyranoside, -xylopyranoside, and
-arabinofuranoside (Semwal et al., 2016). Myricetin is structurally
related to several well-known flavanols, namely quercetin, morin,
kaempferol and fisetin. Notably, at position 30 of their common
structures, while quercetin has an extra substitution with a
hydroxy group, myricetin-3-O-rhamnoside has this hydroxy group
glycosylated with rhamnose moiety. Myricetin is shown to inhibit
HIV replication in vitro (Pasetto et al., 2014), probably through
inactivation of Pol/RT (Ono et al., 1990). Interestingly, the
improved anti-HIV activities by the glycosyl moieties of quercetin
and myricetin derivatives are also demonstrated (Ortega et al.,
2017). In addition, significantly improved anti-HIV and anti-HSV
efficacies by 3-O-glycosylation of quercetin and myricetin have
been reported (Olivero-Verbel and Pacheco-Londoño, 2002;
Yarmolinsky et al., 2012). Also, quercetin and myricetin-3-O-
rhamnoside from Diospyros lotus are shown with anti-HIV activi-



Fig. 8. In silico predicted 2D and 3D structures of interactions of NPTC with (A) myricetin-3-O-rhamnoside and (B) quercetin.
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ties (Rashed et al., 2012). However, myricetin-3-rhamnoside iso-
lated from Pistacia chinensis (Rashed et al., 2014) and Limonium
sinense (Hsu et al., 2015) did not show significant effect on hepati-
tis C virus (HCV) in vitro. While inhibitory effect of quercetin-3-O-
rhamnoside on influenza A virus replication is shown previously
(Choi et al., 2009), very recently, antiviral activity of myricetin-3-
O-rhamnoside against influenza H1N1 has been reported
(Motlhatlego et al., 2018). In line with this, isolation of myricitrin
(myricetin-3-O-rhamnoside) from G. senegalensis (Ficarra et al.,
1997) can be attributed to its activities against fowl pox virus
and HSV. In this report, our G. senegalensis derived myricetin-3-
O-rhamnoside inhibits HBsAg and HBeAg by 44% and 35%, respec-
tively that is however, lower than that of quercetin. Nonetheless,
this is the first report on in vitro anti-HBV activity of myricetin-
3-O-rhamnoside isolated from G. senegalensis.

Quercetin is the aglycon form of a number of other flavonoid
glycosides, such as rutin. In addition to its several therapeutic val-
ues, quercetin is also shown to have in vitro activities against men-
govirus, HSV virus, parainfluenza virus, pseudorabies virus,
respiratory syncytial virus, sindbis virus, HIV and HBV (Wleklik
et al., 1998; Kaul et al., 1985; Vrijsen et al., 1988; Choi et al.,
2009; Mucsi, 1984; Lamien et al., 2005; Chiow et al., 2016;
Cheng et al., 2015). Also, quercetin and structurally related ros-
marinic acid are recently shown to inhibit HBV replication through
targeting HBV epsilon signal-polymerase interaction in cultured
cells (Tsukamoto et al., 2018). Very recently, we have demon-
strated the high anti-HBV potential of quercetin that inhibited
HBsAg and HBeAg synthesis by 68% and 73%, respectively in cul-
tured HepG2.2.2.15 cells (Parvez et al., 2019). In addition, querce-
tin when evaluated for additive effects with other tested anti-HBV
natural compounds (baccatin III, psoralen, embelin, menisdaurin
and azadirachtin) individually, showed enhanced activity by
8–10%. In line with this, our G. senegalensis derived quercetin
significantly inhibits HBsAg and HBeAg by about 60% and 62%,
respectively. Notably, this is the first experimental report on the
anti-HBV activity of quercetin isolated from G. senegalensis leaves.

Further, to elucidate the anti-HBV modes of action and to deter-
mine the molecular interaction patterns, the two compounds were
docked with viral Pol/RT and Core proteins as well as a host-
encoded receptor NTCP. In our previous study, docking of quercetin
with Pol/RT revealed formation of stable bonds, notably with
Asp205 of the catalytic motif that stabilized the quercetin-Pol/RT
complex with an estimated free energy of �7.4 kcal/mol (Parvez
et al., 2019). In the present analysis, both quercetin and
myricetin-3-O-rhamnoside shows better affinities toward Pol/RT
as compared to lamivudine. The HBV-Core protein is considered
as a promising viral target for drug development because of its
multiple roles in the viral life cycle (Corcuera et al., 2018). Upon
docking, Core showed a higher binding affinity with quercetin
than myricetin-3-O-rhamnoside. HAP represents a novel class of
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anti-HBV molecule targeting Core through its HAP pocket (Zhou
et al., 2017; Wu et al., 2017). When docked, HAP had however,
lower binding affinity than quercetin and myricetin-3-O-
rhamnoside. Overall, myricetin-3-O-rhamnoside was found to have
higher affinity toward all targets except HBV-Core. NTCP is a mul-
tiple transmembrane transporter predominantly expressed in liver,
shown to specifically interact with the receptor-binding region of
HBV surface protein (pre-S1). Because silencing of NTCP inhibits
HBV infection, it has been further explored as a potential anti-
HBV target (Nakabori et al., 2016; Zhang et al., 2015; Yan et al.,
2012; Fu et al., 2014). Docking of NTPC protein with quercetin
and myricetin-3-O-rhamnoside showed their comparable
binding-affinities because of common structural features.

5. Conclusion

This is the first report on anti-HBV active myricetin-3-O-
rhamnoside along with quercetin, isolated from G. senegalensis
leaves n-butanol fraction. Molecular docking of the two anti-HBV
flavonoids revealed their higher binding affinities with viral Pol/
RT than Core and host NTCP, suggesting possible modes of virus
inactivation.
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