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Abstract
Hepatitis B virus (HBV) infects more than 400 million humans Worldwide. Currently, development of new anti-HBV agents 
is focused on inhibiting of HBV DNA polymerase activity. The natural components of medicinal plant have a broad spectrum 
of biological activities with therapeutic properties which can be exploited in various steps of drug discovery. Currently, in 
silico analyses have been introduced as alternative or supplements methods for drug discovery. This study was planned to in 
silico screening novel HBV DNA polymerase inhibitor(s) from R. palmatum, R. coreanus and S. officinalis. For this purpose, 
a set of dominant phytochemicals from mentioned plants were retrieved from PubChem database and primary screening 
was performed with molecular docking method using iGemdock 2.1 software. SwissADME and MedChem Designer 3.0 
were used to calculate the drug-likeness parameters of the ligands. Furthermore, the genotoxicity of the studied ligands 
was predicted using Toxtree 2.6.6 software. Final analysis of screened compounds was done using Autodock 4 software. 
Result confirmed that Frangulosid and Lindleyin acid have most and least efficacy in HBV DNA polymerase inhibition with 
the inhibition constant of 2.97 and 53.83 µM, respectively. Results also showed that, the amino acids, involved in interac-
tion, were different for each compound. In this regards, results revealed that the main amino acids residues of the receptor, 
involved in interaction with Quercetin-3-glucuronide, Frangulosid and Lindleyin separately, located in 420–424, 606–615 
and 512–542 spectra, respectively. In conclusion, Frangulosid can be considered as a good candidate for more investigation 
of its anti-HBV activity.
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Background

Hepatitis B virus (HBV) infects more than 400 million 
humans Worldwide. HBV is a common cause of liver can-
cer and about one million die each year from HBV-infected 
liver diseases (Lok and McMahon 2009; Michel et al. 2011; 
Noordeen 2015). More than 80% of HBV carriers have dif-
ferent levels of hepatocellular disease including cirrhosis 

and liver cancer (Ganem and Prince 2004). HBV is a small-
enveloped DNA virus and the prototype member of Hepad-
naviridae family. The genome of HBV is a relaxed circular 
DNA (rcDNA), partially duplexed DNA genome is con-
verted into a covalently closed circular molecule (cccDNA)
in HBV life cycle (Nassal and Schaller 1993; Neuveut et al. 
2010). The HBV genome is composed of four overlapping 
open reading frames (ORFs). The P ORF encodes a HBV 
multifunctional polymerase (HP), which replicates DNA 
genome via a RNA intermediate termed pregenomic RNA 
(pgRNA). The main domains of HBV DNA polymerase are 
including the reverse transcriptase (RT), the terminal protein 
(TP) and the RNaseH domains. The two main motif of DNA 
polymerase including YMDD active site and D-E-D-D motif 
are located in the RT and RNaseH domains, respectively 
(Jones et al. 2014). The HBV DNA polymerase has been 
shown to play an essential role in the virus infection.

Due to key role of HBV DNA polymerase in the virus 
life cycle and progression of HBV infection, currently many 
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efforts have been done to introduce novel HBV DNA poly-
merase inhibitors (Kim et al. 2010; Langley et al. 2007; Mak 
et al. 2016; Shaw et al. 1996). Because of development of 
drug resistance of HBV to common drugs such as nucleo-
tide analogues as well as side effects of available anti-HBV 
drugs recently new drugs with natural resource especially 
plant origin compounds are highly regarded. The phytocom-
pounds have broad spectrum of biological activities with 
therapeutic properties that can be exploited in various steps 
of drug discovery and design (Meng et al. 2015). Some stud-
ies have reported the inhibitory effects of both crud extracts 
and pure compounds from herbal medicines on some virus 
such as herpes simplex viruses (HSV), human immunode-
ficiency virus (HIV) and HBV (Khan et al. 2005; Mukhtar 
et al. 2008).

Experimental screening of anti-viral compounds and 
determinate mechanism of action is time and cost consum-
ing. Therefore, currently in silico analysis such as molecular 
docking, molecular dynamics, target prediction and toxicity 
prediction have been introduced as alternative or supple-
ments methods (Dibyajyoti et al. 2013; Kandagalla et al. 
2016; Muzaffer et al. 2016). In this study, we introduced 
some HBV DNA polymerase inhibitor(s) form Rheum pal-
matum, Rubus coreanus and Sanguisorba officinalis which 
reported in previous studies as the source of anti-HBV 
agents(Kim et al. 2001). For this purpose, firstly a database 
of active compounds from mentioned plants was prepared. 
In the next step, ligand optimization and physicochemical 
properties prediction were done. Finally, active compounds 
in HBV DNA polymerase inhibition was determined using 
primary and final molecular docking studies.

Materials and methods

Retrieval of receptor and ligands from database

The set of phytocompounds selected for this study are pre-
sent in Table 1. Three-dimensional structures of all the 
phytochemicals and lamivudine as positive control were 
retrieved from Pubchem database (http://pubch em.ncbi.
nlm.nih.gov). In addition, an amino acid sequence of HBV 
DNA polymerase  as receptor was obtained from NCBI 
(https ://www.ncbi.nlm.nih.gov/) with an accession number 
of CAA48354.1.

Homology modeling and model assessment

Due to high degree of conservancy between HBV DNA 
polymerase and HIV-1 polymerases (Das et al. 2001), there-
fore HIV-1 reverse transcriptase with PDB entry 1RTD was 
selected as template for modeling of HBV DNA polymer-
ase. Homology modeling was performed using Swiss model 

server (https ://swiss model .expas y.org/). Quality of the pre-
dicted model was evaluated using QMEAN tool in Swiss 
model server and Ramachandran plot in PROCHECK server 
(http://servi ces.mbi.ucla.edu/PROCH ECK/).

Receptor and ligands preparation and optimization

The raw structure of HBV DNA polymerase and the ligands 
were further prepared for in silico analysis. For this, the 
receptor was initially prepared by removing all water mol-
ecules and none polar hydrogens, followed by subsequent 
energy minimization to remove the bad steric clashes using 
the UCSF Chimera-1.11.2 software. Also all ligand mol-
ecules were minimized in Steepest Descent followed by 
Conjugate Gradient method using Accelrys Discovery Stu-
dio (Version 1.7).

Drug likeness and toxicity prediction

SwissADME (http://www.swiss adme.ch/index .php) and 
MedChem Designer 3.0 were used to calculate drug-likeness 
parameters of the selected compounds including absorption, 
distribution, metabolism and elimination. Furthermore, the 
genotoxicity of the studied ligands in Salmonella typhimu-
rium TA 100 was predicted using Toxtree 2.6.6 software.

Primary screening

All dominant phytochemicals from R. palmatum, R. core-
anus and S. officinalis (Table 1) which reported in previous 
studies were subjected to molecular docking as ligands and 
HBV DNA polymerase was selected as a receptor. Molecular 
docking was performed using iGemdock 2.1 software with 
following parameters: population size 200, generation 70, 
number of solutions 2 and standard docking mode.

Final molecular docking

In this step, the compounds, which showed high affinity to 
the receptor in primary screening as well as have appropriate 
physicochemical properties without toxicity potential, were 
selected for more study. For this, final molecular docking 
was performed using Autodock4 (version 1.5.6) with the 
Lamarckian genetic algorithm. Docking parameters which 
selected for AutoDock4 runs were as follows: 200 docking 
runs, population size of 200, random starting position and 
conformation, translation step ranges of 2A, mutation rate 
of 0.02, cross-over rate of 0.8, local search rate of 0.06 and 
2.5 million energy evaluations. Docked conformations were 
clustered by a tolerance of 2 Å root mean square deviations 
(RMSD).

http://pubchem.ncbi.nlm.nih.gov
http://pubchem.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/
https://swissmodel.expasy.org/
http://services.mbi.ucla.edu/PROCHECK/
http://www.swissadme.ch/index.php
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Table 1  The set of phytochemicals selected for the study

Plant Compound Pubchem CID Molecular formula

R. palmatium 2-Methylbutanol 8723 C5H12O
4beta-Phorbol 24832117 C20H28O6

4-Methylhexanol 98346 C7H16O
4alpha-Phorbol 114708 C20H28O6

Aloe-emodin 10207 C15H10O5

Anthocyanin 145858 C15H11O6Cl
Anthraquinone 6780 C14H8O2

Calcium oxalate 33005 C2CaO4

Catechin 9064 C15H14O6

Chrysophanic acid 10208 C15H10O4

Chrysophanol-anthron 68111 C15H12O3

Cinnamic acid 444539 C9H8O2

Emodin 3220 C15H10O5

Frangulosid 196979 C21H20O9

Gallic acid 370 C7H6O5

Lindleyin 42994 C23H26O11

Oxalic acid 971 C2H2O4

Procyanidin 107876 C30H26O13

Rhaponticin 637213 C21H24O9

Rhapontigenin 5320954 C15H14O4

Rhein 10168 C15H8O6

Rheochrysidin 10639 C16H12O5

R. coreanus 2,3-(S)-Hexahydroxydiphenoyl-d-glucose 14035453 C20H18O14

23-Hydroxytormentic acid 490367 C30H48O6

Anthraquinones 6780 C14H8O2

Caffeic acid 689043 C9H8O4

Catechin 9064 C15H14O6

Chlorogenic acid 1794427 C16H18O9

Chrysanthemin 44256715 C21H21O11
+

Cinnamic acid 444539 C9H8O2

Ellagic acid 5281855 C14H6O8

Ethyl 3,4-dihydroxybenzoate 77547 C9H10O4

Ferulic acid 445858 C10H10O4

Furan-2-ol 179383 C4H4O2

Gallic acid 370 C7H6O5

Kaempferol 5280863 C15H10O6

Luteolin 5280445 C15H10O6

p-Coumaric 637542 C9H8O3

Pelargonidin-3-rutinoside 44256626 C27H31O14
+

Quercetin 5280343 C15H10O7

Salicylic acid 338 C7H6O3

Syringic acid 10742 C9H10O5

Vanillic acid 8468 C8H8O4

β-Carotene 5280489 C40H56
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Results

Homology modeling and model assessment

Three-dimension structure of modeled HBV DNA poly-
merase is depicted in Fig. 1a. Assessment of predicted 
model showed QMEAN4 value of − 5.92. Furthermore, 
high conservation level in functional residues of HBV 
DNA polymerase with the selected template confirmed by 
local quality validation (Fig. 1b). The Ramachandran plot 
of predicted model is showed in Fig. 2. Assessment of the 
Ramachandran plot showed 85.9% of residues in favored 
region, 10.6% in allowed region and 3.5% in outlier region.

Drug likeness and toxicity prediction

The results of drug likeness and toxicity prediction of stud-
ied ligands are shown in (Supplementary data, Tables 1–3). 
Results confirmed that any tested ligand has genotoxicity 
but some of them showed moderate cytotoxicity because of 
inhibition essential cytochromes. Results also revealed that 
most tested ligands have high gastrointestinal (GI) absorp-
tion. In term of water solubility, phytochemicals from S. 
officinalis showed higher solubility in compared to other 
compounds. In addition, comparison of logP and logD value 
of the phytochemicals indicated that phytochemicals from 
S. officinalis have higher permeation (logP) and distribution 
(logD) than other compounds.

Table 1  (continued)

Plant Compound Pubchem CID Molecular formula

S. officinalis (+)-Catechin 9064 C15H14O6

3,3′,4′-Tri-O-methylellagic acid 11674590 C17H12O8

Beta-glucogallin 124021 C13H16O10

Ellagic acid 5281855 C14H6O8

Fisetinidol-(4alpha-8)-catechin 11731408 C30H26O11

Gallic acid 370 C7H6O5 or  C6H2(OH)3COOH
Pomolic acid 28-O-beta-d-glucopyranosyl ester 76322845 C36H58O9

Pomolic acid 382831 C30H48O4

Quercetin 5280343 C15H10O7

Quercetin-3-glucuronide 11655911 C21H18O13

Sanguic acid 101365640 C30H46O7

Ziyuglycoside II 71773126 C35H56O8

Fig. 1  Three dimension structure of modeled HBV DNA polymerase (a) and model assessment results (b)
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Primary screening

The results of primary screening are shown in Table 2. 
Results showed that three compounds including Quercetin-
3-glucuronide, Frangulosid and Lindleyin acid have appro-
priate and strong interactions to the receptor in compared 
to other ligands and lamivudine, so these compounds were 
selected for more evaluation. Results also revealed that 
H-bond and Van der Waals interactions were main inter 
molecular forces between studied ligands and the receptor. 
Comparison analysis showed that phytochemicals from R. 
palmatium had stronger interaction against the receptor in 
compared to other studied plants.

Final molecular docking

The results of final molecular docking study are presented 
in Table 3. Result confirmed that Frangulosid and Lind-
leyin acid have most and least efficacy in HBV DNA poly-
merase inhibition with the inhibition constant of 2.97 and 
53.83 µM, respectively. Results also showed that, the amino 
acids, involved in the interactions, were different for each 
compound. In this regards, results revealed that the main 
amino acids residues of receptor, involved in interaction 
with Quercetin-3-glucuronide, Frangulosid and Lindleyin 

separately, located in 420–424, 606–615 and 512–542 spec-
tra. respectively (Fig. 3a–c). In addition, active amino acids 
for interaction with lamivudine were located in two different 
spectra consist of 362–364 and 439–448 (Fig. 3d).

Discussion

In the study, in silico screening of novel phytochemical com-
pounds to inhibit of HBV DNA polymerase were performed. 
These compounds were from three medicinal plants includ-
ing R. palmatum, R. coreanus and S. officinalis. According 
to obtained results, two compounds including Quercetin-
3-glucuronide and Frangulosid have high potential to inhi-
bition of HBV DNA polymerase in comparison with other 
mentioned compounds and lamivudine as a positive con-
trol. Therefore, these two compounds, which are founds in S. 
officinalis and R. palmatum, respectively, are the appropriate 
candidates for in vitro and in vivo studies.

Worldwide, HBV is the most common among other hepa-
titis viruses and more than 400 million peoples are chroni-
cally infected by this virus, caused to 80% of hepatocel-
lular carcinoma. Vaccination is a effective way to reduce 
the affection of hepatitis, but these preventative approaches 

Fig. 2  Ramachandran plot of 
modeled HBV DNA polymerase
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Table 2  Results of primary 
screening of the phytochemicals 
for introducing effective HBV 
DNA polymerase inhibitors

Compound Total energy Van der Waals H-bond Electrostatic

2-Methylbutanol − 41.25 − 34.25 − 7 0
4-Beta-Phorbol − 80.12 − 65.9 − 14.22 0
4-Methylhexanol − 47.91 − 43.45 − 4.46 0
4-Alpha-Phorbol − 74.94 − 61.38 − 13.56 0
Aloe-Emodin − 82.03 − 68.25 − 13.79 0
Anthocyanin − 73.6 − 65.1 − 8.5 0
Anthraquinone − 51.01 − 23.9 − 27.91 0
Catechin − 82.68 − 71.43 − 11.25 0
Chrysophanic acid − 77.68 − 72.84 − 4.84 0
Chrysophanol-anthron − 76.03 − 67.58 − 9.49 0
Cinnamic acid − 63.1 − 52.6 − 10.5 0
Emodin − 82.99 − 68.99 − 13.99 0
Frangulosid − 106.54 − 88.59 − 17.95 0
Gallic acid − 67.53 − 49.41 − 18.12 0
Lindleyin − 99.88 − 74.72 − 25.16 0
Oxalic acid − 51.11 − 23.61 − 27.5 0
Procyanidin − 93.77 − 79.67 − 14.1 0
Rhaponticin − 94.95 − 79.91 − 15.04 0
Rhapontigenin − 77.07 − 67.58 − 9.49 0
Rhein − 98.61 − 73.76 − 24.85 0
Rheochrysidin − 87.59 − 67.42 − 20.17 0
2,3-(S)-Hexahydroxydiphenoyl-d-glucose − 99.15 − 82.12 − 17.03 0
23-Hydroxytormentic acid − 89.25 − 64.25 − 25 0
Caffeic acid − 76.06 − 61.75 − 14.13 0
Chlorogenic acid − 87.82 − 58.67 − 29.15 0
Chrysanthemin − 88.9 − 72.2 − 16.7 0
Cinnamic acid − 69.15 − 53.19 − 15.95 0
Ellagic acid − 85.86 − 70.32 − 15.54 0
Ethyl 3,4-dihydroxybenzoate − 65.98 − 42.66 − 23.3 0
Ferulic acid − 64.82 − 56.32 − 8.5 0
Furan-2-Ol − 46.2 − 35.75 − 10.45 0
Kaempferol − 79.94 − 51.41 − 28.52 0
Luteolin − 76.36 − 68.08 − 8.28 0
p-Coumaric − 61.36 − 52.1 − 9.26 0
Pelargonidin-3-Rutinoside − 94.31 − 83.81 − 10.5 0
Quercetin − 81.48 − 73.05 − 8.43 0
Salicylic acid − 60.87 − 36.02 − 24.85 0
Syringic acid − 79.33 − 65.88 − 13.45 0
Vanillic acid − 68.5 − 56.58 − 11.91 0
Beta-carotene − 80.89 − 80.89 0 0
3,3′,4′-Tri-O-methylellagic acid − 79.13 − 68.24 − 10.89 0
B-Glucogallin − 79.76 − 60.82 − 18.94 0
Fisetinidol-(4alpha-8)-catechin − 97.98 − 76.91 − 21.07 0
Pomolic acid 28-O-beta-d-glucopyranosyl ester − 72.4 − 10.2 − 62.2 0
Pomolic acid − 78.35 − 59.36 − 18.99 0
Quercetin-3-glucuronide − 108.06 − 78.01 − 30.05 0
Sanguic acid − 93.75 − 78.14 − 15.61 0
Ziyuglycoside II − 85.66 − 67.82 − 17.84 0
Lamivudine − 89.73 − 75.16 − 14.57 0
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Table 3  The results of final molecular docking study. Frangulosid and Quercetin-3-glucuronide have more effective interaction with HBV DNA 
polymerase rather than lamivudine

Compound Binding 
energy (kcal/
mol)

Inhibition 
constant or Ki 
(µM)

Amino acid involved in interaction

Quercetin-3-glucuronide − 7.13 5.96 Arg376, Ser420, Ala421, Ala422, Phe423, Tyr424, Met506, Met539, Lys603, Lys605, 
Arg624

Frangulosid − 7.54 2.97 Asn368, Pro369, His606, Cys607, Phe608, Arg609, Leu611, Pro612, Val613, Asn614, 
Arg615

Lindleyin acid − 5.82 53.83 Trp393, Lys395, Phe396, Ala397, Val419, Ala422, Pro512, Leu515, Ala516, Thr519, 
Ser537, Tyr538, Met539, Val542, Lys603

Lamivudine − 6.79 6.80 Val362, Phe363, Leu364, Gly439, Ser440, Ser441, Tyr446, Val447, Ala448, Tyr493

Fig. 3  Schematic configuration of docking results of Quercetin-3-glu-
curonide (a), Frangulosid (b), Lindleyin acid (c) and Lamivudine (d) 
with binding pocket of HBV DNA polymerase. Polar residues are 
shown in pink. Acidic residues have been circled in red color while 

basic ones are encircled by blue color. Acceptance or donation of 
electron is shown by the respective arrow pointing towards or away 
from the residue. Dashed line shows the proximity contour
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are most thoroughly performed only in developed countries 
(Chemin and Zoulim 2009; Lavanchy 2004).

The widespread of HBV infection with rapid rise in the 
incidence and mortality rate of liver cancer have led to iden-
tification of effective and specific anti-hepatitis treatment 
strategies over recent years. Due to key role of HBV DNA 
polymerase in the virus infection cycle, currently treatment 
of chronic HBV infection using DNA polymerase inhibitors 
are high considered. Although recently, the new anti-HBV 
drugs have become available for clinical use, but due to rapid 
development of drug resistance and financial constraints the 
use of these drugs are encountered with restrictions (Lu and 
Zhuang 2009).

In this regards, natural resources are widely considered 
due to availability, minimizing adverse side effects and 
cost. Therefore, in the recent years development of new 
HBV polymerase inhibitor agents is focused on discovering 
diverse compounds from medicinal plants (Lin et al. 2013; 
Shin et al. 2005; Siddiqui et al. 2017). Herbal medicine 
can exhibit strong activity against HBV and other viruses. 
Moronic and betulonic acids from the herbal ethylacetate 
extract of Rhus javanica showed anti-HSV (herpes sim-
plex-1 virus) activity (Kurokawa et al. 1999). Glycyrrhizin 
from Glycyrrhiza glabra has been found to improve the 
resistance of mice to HSV-1 infection (Utsunomiya et al. 
1995). In another study, the antiviral activity of forty-two 
Egyptian medicinal plants was surveyed on HSV infection, 
poliomyelitis-1 virus (POLIO) and vesicular stomatitis virus 
(VSV) (Soltan and Zaki 2009). Antiviral activities for cur-
cumin extracted from Curcuma longa L. were confirmed 
against HIV (human immunodeficiency virus), Influenza 
viruses, HSV-1, HSV-2, HPV (human papillomaviruses), 
HCV (hepatitis C virus) and HBV. Curcumin has a role in 
suppression of HBV replication by increasing the p53 level 
(Zorofchian Moghadamtousi et al. 2014). In this regards 
the antiviral effects of aqueous extracts from four medicinal 
plants including Terminalis chebula, S. officinalis, R. core-
anus and R. palmatum were confirmed against HBV (Kim 
et al. 2001).

Experimental analyses of wide series of antiviral com-
pounds from different medicinal plants are tedious, costly 
and time consuming. Therefore, recently computational 
approaches have been regarded to screening of new com-
pounds with antiviral effects (Ahmad et al. 2015; Byler et al. 
2016; Jain et al. 2017). Homology modeling and molecular 
docking analysis of phytochemical compounds including 
Ethyl brevifolincarboxylate, Tenofovir, and Quercitrin from 
Phyllanthus niruri against HBV DNA polymerase were per-
formed and the results clearly demonstrated strong affinity 
of the ligands with HBV DNA polymerase (Mekha Mohan 
et al. 2015).

Meng et al. (2015) reported that bentysrepinine (Y101) 
isolated from Dichondra repens, can inhibits HIV reverse 

transcriptase, also has the potential to interacts with HBV 
and HCV DNA polymerase. The validation of antiviral 
activity of repensine and its over 200 derivatives showed 
that Y101, as one of repensine derivative, was able to inhibit 
HBV cccDNA production. Furthermore, they reported that 
reverse transcription activity of HBV was associated with 
residues 354–694 and Y101 can interact with this area 
through van der Waals interactions with lower energy than 
repensine (Meng et al. 2015). In the present study, similar 
results were observed about amino acids involved in interac-
tion between HBV DNA polymerase and Quercetin-3-glu-
curonide as well as Frangulosid.

Prediction of physicochemical properties of Quercetin-
3-glucuronide and Frangulosid revealed that the both com-
pounds have low gastrointestinal absorption and solubility 
but these problems can be resolved using novel drug delivery 
system such as nano-carrier systems (Bonifácio et al. 2014; 
Suri et al. 2007). Quercetin-3-glucuronide and Frangulosid 
do not show Genotoxicity or mutagenicity and therefore can 
be used as safe anti-HBV candidates.

Because of highest affinity and stronger interactions 
between Frangulosid with reverse transcriptase region of 
HBV DNA polymerase as well as appropriate physicochemi-
cal properties of the compounds, it can be concluded that 
this compounds are good candidates for in vitro and in vivo 
validation of their anti-HBV activity.

Conclusion

This study was conducted to in silico screening novel HBV 
DNA polymerase inhibitor(s) from R. palmatum, R. core-
anus and S. officinalis. The result confirmed that Frangu-
losid and Lindleyin acid have most and least efficacy in HBV 
DNA polymerase inhibition with inhibition constant of 2.97 
and 53.83 µM, respectively. In conclusion, Frangulosid can 
be considered as a good candidate for more investigation of 
its anti-HBV activity.
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