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ABSTRACT
BACKGROUND: Hepatitis C virus affects over 170 million people globally. Chronic HCV infection results in 
major liver disorders for instance hepatocellular carcinoma and cirrhosis finally require liver transplantation. No vaccine 
is available yet. HCV is a tiny, encapsulated, single-stranded RNA-positive virus that is a member of  the Flaviviridae 
family and belongs to the genus Hepacivirus. Four structural (S) and six non-structural (NS) proteins are created from 
its RNA genes, which encode a polyprotein precursor with about 3000 amino acids. These proteins are then digested 
by cellular and viral proteases. Non-structural (NS) protein NS5B, which performs a critical role in RNA-dependent 
RNA polymerase (RdRp), is a desired target for the development of  specialised antiviral medications.
OBJECTIVE: In this research study, we studied the activities of  the anthraquinone compounds, were found out 
the active compounds having well anti HCV and NS5B RdRp inhibition activities.
MATERIALS AND METHODS: Cassia artemisioides flowers were obtained and purified from their compounds 
after being harvested in Peshawar in March 2013. After being rinsed to eliminate dust, the flowers were left to air-dry 
for a few days. big to powdered after that. then methanol was utilized for extract in a soxhlet apparatus. The root 
barks of  C. aretemisioides were crushed to powder the extract of  the root barks of  the selected plant that is soxhlet 
extracted andT then evaporated the solvent by using the rotary evaporator under the concentrated pressure. Column 
chromatography was used to separate the methanol fraction from 1, 6-dihydroxy-8-methoxy-3-methylanthraquinone(2) 
and 1, hydroxy-8-methoxy-methylanthraquinone (3) Prior to molecular docking, the ligand and protein were made. 
Then, 2D structures of  the compounds were developed, and all of  the compounds were then saved in 3D structures in 
a database. The 3D coordinates of  HCV NS5B was retrieved from protein data bank .All the ligands were docked 
into the pocket having active residues of  HCV NS5B using anti-HCV compounds were performed, The cells were 
produced in 96-well plates and handled with a substance at a concentration of  (50 M), whereas the group in control 
recievwd an equivalent quantity of  DMSO. Once the cells had been exposed to the compounds for 48 hours, the relative 
levels of  the luciferase signals in the compound-treated cells compared to the DMSO controls were measured. This 
was done to ascertain the inhibitory effect of  the compounds on HCV replication. On poly rA-U12 template primer 
in the presence of  DMSO or the previously described medicines, HCV NS5B was inhibited by [-32P] UTP and 
MnCl2 as the divalent cation. Anti-HCV medications were tested for 50% inhibition at dosages of  50 M, which 
indicated 100% inhibition of  NS5B activity in the presence of  DMSO (IC50).
RESULTS: Our findings indicate that we can also improve anthraquinones and that it may be able to create new 
anthraquinone analogues with enhanced cellular and enzyme-based activity that have anti-HCV and NS5B RdRp 
inhibitory capabilities.
CONCLUSION: Our research studies focused on the molecular HCV NS5B protein docked with the active 
residues of  the anthraquinone compounds and proved that these compounds were active compounds and then treated 
with the HCV NS5B RdRp in vitro, Among these compounds, compound 3 is not acting as anti-HCV agent, but 
has good activity in the NS5B RdRp inhibition and good cell viability. Furthermore, we can also predict new anthra-
quinone derivatives by in silico approach and as well as can also find out their activities by in vitro process in the lab.
KEY WORDS: hepatitis C virus, RNA dependent RNA polymerase, anthraquinones, Molecular docking, NS5B 
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INTRODUCTION
 Infecting roughly 170 million people global-
ly, the hepatitis C virus (HCV) is the primary cause of  
chronic hepatitis C1. Persistent HCV infection causes 
severe liver problems for instance hepatocellular car-
cinoma and cirrhosis finally require liver transplanta-
tion 1,2. There is no vaccine available yet 3.

 One of  the members of  the Flaviviridae 
family and a member of  the genus Hepacivirus, HCV 
is a single-stranded RNA-(+), tiny, enveloped virus4. 
The RNA genome of  this organism encodes a poly-
protein precursor with over 3000 amino acids, which 
cellular and viral proteases convert into 4 structural 
(S) and 6 non-structural (NS) proteins 4. An attrac-
tive target for the creation of  selective antiviral drugs 
is the NS5B protein since it is a crucial enzyme for 
HCV replication and performs an RdRp function5. 
It belongs to the NS proteins, which are not struc-
tural. There are two different kinds of  NS5B inhib-
itors: nucleoside inhibitors (NIs), which work with 
the active site, and non-nucleoside inhibitors (NNIs), 
which connect to one of  the five recognized allosteric 
sites6. The present system of  the allosteric sites is as 
follows: I thumb site I (TSI); II thumb site II (TSII); 
III; IV; V; and VI palm site I (PSI); 6a. It’s important 
to note that academic institutions and pharmaceutical 
firms are working hard to find efficient and selective 
inhibitors6b that might be used in a therapy that uses 
various DAAs and is devoid of  pegIFN and RBV. 
The NS5B pathway is the focus of  some more recent 
anti-HCV therapies. A variety of  NNIs and NIs have 
nonetheless been identified in the scholarly literature, 
FDA has not yet approved any medications that are 

active against NS5B polymerase. The most advanced 
medication candidates in clinical trials for the NS5B 
NIs are mericitabine (RG7128) and sofosbuvir (PSI-
7977), whereas the most advanced NNIs are filibuvir 
(PF-00868554) and setrobuvir (ANA598)7.

 A research group has been focusing on the 
production of  HCV drugs lately, with a focus on 
identifying new chemotypes that are potent against 
the NS5B and HCV8. Some of  the cassia species have 
therapeutic properties and are a significant source of  
anthraquinones and flavonoids9,10, and11 for instance 
hypo-glycemic12, hepatoprotective13, hypocholester-
olemic14, antibacterial15, and anti-diabetic16 character-
istics. Leprosy, syphilis, tuberculous glands, and skin 
illnesses are all treated with Cassia roots in Ayurveda 
medicine. Chest discomfort, inflammation, asthma, 
throat discomfort, liver discomfort, and rheumatism 
are all treated with Cassia fruits 17. Here, we report on 
the anthraquinones derivatives’ isolation, anti-NS5B 
activity, and anti-HCV activity. To determine the loca-
tion on NS5B polymerase where anthraquinone mol-
ecules will bind, we used molecular docking. An sig-
nificant step in the development of  these compounds 
as NS5B inhibitors is represented by this work.

MATERIALS AND METHODS
Obtaining compound 1 from the Flowers of  Cassia 
artemisioides: In March 2013, Cassia artemisioides 
flowers were gathered in Peshawar. After becoming 
scrubbed to eliminate dust, the flowers were given 
the freedom to air dry for a few days. After that, the 
flowers were crushed. The chosen plant’s powdered 
flowers were then extracted in a soxhlet device with 
methanol. The crude residue was produced by fo-
cusing the extracts of  the chosen plant in a rotary 
evaporator while under vacuum. Column chromatog-
raphy was performed on the methanol fraction over 
silica gel. Various fractions were obtained18. One of  
the fraction was subjected to the column chromatog-

inhibitors.
ABSTRACT: A recognised target for therapeutic study is the NS5B RNA-dependent RNA polymerase (RdRP), 
which is a vital and distinctive component of  the RNA polymerases produced by the hepatitis C virus (HCV), eval-
uation of  50% inhibition level. In this research study, we report the isolation of  compounds, having anti-HCV and 
NS5B RdRp inhibition activities. Here we studied the activities of  the anthraquinone compounds, both by in silico 
approach and in vitro. These compounds were found out the active compounds having well anti HCV and NS5B 
RdRp inhibition activities. Our findings also suggest that we can improve anthraquinones and that it would be able 
to create novel anthraquinone derivatives with enhanced cellular and enzyme activity.

Correspondence:
Prof  Dr. Mohtasim Billah
Professor & Chairman 
Department of  pathology, Bacha Khan Medical college, Mardan 
Kp Pakistan.
Email: dr.mohtasimbillah@gmail.com
Cell: +92-300-5772024



JBKMC July-December 2022, Vol. 3, No. 2

71

Discovery Of  Anti-Hcv And NS5B RDRP Inhibiti....

raphy and obtained 3 fractions and by their further 
purification by the help of  utilising hexane:ethyl ace-
tate as the eluting solvent in preparative TLC system 
which produced compound 1(2,6,8-Trihydroxy-1-me-
thoxy-3-methylanthraquinone).The weight of  the 
compound obtained was 0.85 mg. Molecular weight 
is 300.26 and it was obtained as yellow needles (Ace-
tone).Its mp is 291-293 °CThe molecular formula is 
C16H12O6, which was found from the 13C NMR 
and the EI mass spectrum at m/z 300 (calculated as 
300 for C16H12O6).

 The 13C NMR spectrum of  the compound 
2,6,8-Trihydroxy-1-methoxy-3-methylanthraquinone 
confirmed the presence of  sixteen carbon atoms, 
having one methyl group, one methoxy group, three 
methane and ten quaternary carbons according to 
DEPT experiments. Total assignments were achieved 
according to HMQC and HMBC experiments (Table 
1). Extraction and isolation of  compound 2 and 3 
from root barks of  C. aretemisioides: The root barks 
of  C. aretemisioides were crushed to powder and 
poured methanol in it and shaken well and filtered to 
remove the extract of  the root barks of  the selected 
plant that is soxhlet extracted and then evaporated 
the solvent by using the rotary evaporator under the 
concentrated pressure. The methanol fraction was 
subjected to column chromatography on the silica gel 
and eluted the methanol and obtained various frac-
tions. Fraction 1 was then subjected to CC followed 
by the preparative TLC and yielded compound 1, 
6-dihydroxy-8-methoxy-3-methylanthraquinone (2) 
and 1-hydroxy-8-methoxy-3-methylanthraquinone 
(3) 18.

 1- 1,6-dihydroxy-8-methoxy-3-meth-
ylanthraquinone: It is Yellow needles (Acetone) and 
melting point is 300-302 °C. Molecular formula of  
this compound is C16H12O5andmolecular weight is 
284.26. UV (MeOH) λ max (log ε); 225 (4.53) 247 
(4.09), 286 (4.43) nm IR (KBr) max; 3427 (OH), 
2921, 1680, 1589, 1484, 1441, 1261 cm-1 EI-MS; m/
z284 [M+] (calcd. 284 for C16H12O5)  EI-MS m/z(rel. 
int.) (%); 284 (100), 266 (49.09), 238 (75.63), 226 
(8.89), 197 (17.89), 149 (12.64).

 2- 1-Hydroxy-8-methoxy-3-meth-
ylanthraquinone: Its molecular weight is 268.26 and 
shown as yellow needles (Acetone), and 0.85mg in 
weight. Melting point: 195-196 °C. Molecular formu-

la: C16H12O4. UV (MeOH): λmax (log ε) 221 (4.50), 
255 (4.30), 280 (4.10), 413 (3.90) nm  IR (KBr) max; 
3419 (OH), 2945, 1675, 1630, 1586, 1495, 1440, 1373 
cm-1

 Ligand and protein were prepared prior to 
molecular docking by using MOE2010.11. 2D struc-
tures of  the compounds were created by using Chem-
bio draw ultra 12 software and then saved each com-
pound in mol file. Mol files having the compounds 
are opened in MOE and the energy minimized upto 
0.05 gradients by usingMMFF94x force field. The 
compounds were then recorded in 3D structures in 
a database that had been built. The 3D coordinates 
of  HCV NS5B was retrieved from protein databank 
(Pdb id: 5twn). Due to the low resolution of  most 
macromolecular crystal structures, protonation was 
done, after employing the Protonate 3D Tool to 
dock in MOE. Upon protonation, energy was low-
ered up to 0.05 Gradient via the MMFF94x force 
field. Using the Triangle Matcher docking strategy, all 
of  the ligands were docked into the pocket includ-
ing the active residues of  the HCV NS5B. Each com-
plex’s linkages were assessed, and 3D shots of  each 
complex were taken.

 Cytotoxicity and Anti-HCV Activity in Cell-
Based Assays: Huh7/Rep-Feo1b cells are replicating 
and having the firefly luciferase reporter were used in 
cell-based assays to assess the anti-HCV activity of  
drugs towards sub-genomic HCV genotype 1b (RNA 
Replicon)19. Similar to what was described 19, 20, the 
analysis of  anti-HCV compounds was conducted. On 
96-well plates, the cells were cultured and treated with 
(50 M) concentrations of  the chemical and DMSO 
as a control (DMSO final concentration was kept at 
0.5%). In order to determine the inhibitory effect of  
compounds, the relative quantities of  the luciferase 
activity in contaminant cells relative to DMSO con-
trols were quantified on HCV replication after 48 
hours of  treatment (Promega). In Huh7/Rep-Feo1b 
cells, the drugs’ impact on cell viability was examined 
under conditions analogous to antiviral tests. Basi-
cally, drugs or DMSO (control) were applied to cells 
placed in 96-well plates for 48 hours. According to 
the manufacturer’s instructions, CellTiter 96 AQue-
ous One solution was used to measure cell viability 
(Promega, U.S.).

 HCV NS5B RdRp Inhibition Assay: Recom-
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binant HCV NS5B with an N-terminal hexa-histidine 
tag and a deletion of  the C-terminus (21 hydrophobic 
amino acids) was extracted using Ni-NTA column 
chromatography21, 22. Primer for the Poly rA-U12 
template, [-32P] To test HCV NS5B suppression in 
the influence of  DMSO or the predetermined med-
icine, UTP and MnCl2 as the divalent cation were 
used21. After an hour of  incubation at 30 °C, the re-
actions were interrupted by introducing an ice-cold 
solution of  5% TCA. The radiolabeled RNA was 
extracted on GF-B filters and weighed with a liquid 
scintillation analyzer after being precipitated with 5% 
TCA. Comparing the degree of  NS5B activity, in 
the influence of  the chemicals to the fixed-at-100% 
amount of  NS5B action in the presence of  DMSO. 
Tests for 50% inhibition (IC50) of  anti-HCV agents 
were conducted at concentrations of  50 mM, which 
indicated 50% inhibition. To estimate the IC50 values 
of  various compounds, dose-response graphs at 8–10 
comparable strengths of  serially diluted compounds 
are used (Graphpad prism 3.03).

RESULTS AND DISCUSSION
 Molecular docking: In MOE software by 
using the docking protocol, molecular docking was 
carried out of  the compounds with the pocket of  
the NS5B protein which were isolated from the cas-
sia plants. MOE software is used for the purpose to 
check the binding of  the compounds (inhibitors) 
with the target protein that is NS5B protein. Dock-
ing was done by following the protocol mention in 
the MOE software. 15 conformations are allowed to 
be preserved for each ligand using the default MOE 
parameters. Because the conformations from each 
docked molecule vary, this was allowed to maintain 
the top-ranked conformations in a separate database.
We observed the interaction of  each compound with 
the target protein by using the LigX in MOE. The 
compounds which were interacted with the target 
protein, showed interactions of  the residues Tyr195, 
Arg200, Met414, Ile447, Tyr448, Tyr452 and Phe551 
with the pocket for binding of  the NS5B protein. 
Each compound’s interactions with the protein were 
as mentioned as below in Figure 2(A-C).

 Binding interactions between the chemical 
and the NS5B protein. Compounds which were iso-
lated from cassia plants belong to the class anthra-
quinone. These compounds have shown good inter-

actions with the target protein. From the molecular 
docking study, the most active compound 1 formed six 
hydrogen connections with the residues of  the active 
site Tyr 195, Arg200, Tyr452, Phe551, one arene-cat-
ion interaction with Tyr448 and one hydrophobic 
linkage with the Met414.Compound 1 have docking 
score -14.5721, binding energy -43.17 Kcal/Mol and 
binding affinity -7.60 Kcal/Mol. Tyr 195, Arg200, 
Tyr452, Phe551 residues of  target protein formed six 
interactions with oxygen atoms that are polar, of  the 
5,7-dihydroxynaphthalene-1,4-dione moiety of  the 
compound 1. Met 414 and Tyr 448 showed hydro-
phobic and arene-cation interactions with the 1-me-
thoxy-3-methylbenzene moiety of  the compound 
(Figure 2A). Compound 2 having the docking score 
value -13.6515, binding energy -38.14Kcal/Mol and 
binding affinity -6.96Kcal/Mol. The benzene ring of  
3-methoxy phenol of  the compound 2 showed po-
lar interaction with Tyr452. Arg200 residue formed 
hydrogen bonds with the OH group and carbonyl 
oxygen atoms of  the 5-hydroxynaphthalene-1,4-di-
one moiety of  the compound 2. Tyr 448 and Met 
414 were observed making hydrophobic contacts 
with the compound 2 (Figure 2B). Compound 3, an 
inhibitor of  the NS5B protein this compound inter-
acted with binding pocket of  protein. Their docking 
score was -12.4722, binding affinity -6.51Kcal/Mol 
and binding energy -35.23Kcal/Mol. This compound 
formed three hydrogen bonds, one hydrophobic and 
one arene-cation interaction with the Arg200, Tyr 452 
and Met 414 residues of  the protein respectively. The 
Arg200 and Tyr 452 residues formed polar bonds 
with the carbonyl oxygen atoms of  the compound 
3 (Figure 2C). All these compounds are active and 
have good inhibition and follow all the criterion of  
the Lipinski’s rule of  five and act as good inhibitors 
of  NS5B potein as shown in table 4.

CELLULAR CYTOTOXICITY AND 
ANTI-HCV ACTION
 The compounds obtained from organic 
sources, and then their activity was tested using an in 
silico way and the MOE programme. We observed 
that the compounds can be able to interact with the 
HCV NS5B target protein and stop both its HCV 
and RdRp action. The chemicals were initially tested 
at dosages of  50 M in conventional in vitro RdRp 
studies to test this notion. Computing the percent re-
striction of  NS5B RdRp expression and is displayed 
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Table 1: 1H (600 MHz) and 13C (150 MHz) NMRin (CD3)2CO and HMBC Correlations of  2,6,8-trihydroxy-1-me-
thoxy-3-methylanthraquinone (1)

C. No. 13C NMR(δ) 1H NMR (δ) (JHH 
Hz)

Multiplicity HMBC Correlation

1 147.20 - C

2 155.47 2.86 (b s, OH) C

3 131.72 - C

4 126.19 7.84, s CH C-2, C-9a, C-10

4a 125.86 - C

5 107.19 7.16 (d, J = 2.34) CH C-7, C-8a, C-10

6 164.53 2.86 (b s, OH) C

7 107.67 6.56 (d, J = 2.28) CH C-5, C-8a

8 165.49 13.16 (s, OH) C

8a 110.99 - C

9 187.14 - C

9a 123.86 - C

10 181.02 - C

10a 135.25 - C

8-OCH3 61.2 3.90 (3H, s, OCH3) OCH3 C-8

3-CH3 15.74 2.34 (3H, s, CH3) CH3 C-2, C-3, C-4

Table 2: 1H (600 MHz) and 13C (150 MHz) NMR in CDCl3 and HMBC Correlations of  1,6-dihydroxy-8-methoxy-3-meth-
ylanthraquinone (2)

C. No. 13C NMR (δ) Multiplicity 1H NMR (δ) (JHH 
Hz)

HMBC Correlation

1 162.32 C -

2 123.94 CH 7.04, s C-9a, C-4

3 146.83 C - CH3 (20.97)

4 119.20 CH 7.48, s C-2, C-9a

4a 132.59 C -

5 107.53 CH 7.23(d, J = 2.3) C-7, C-8a

6 163.92 C -

7 104.45 CH 6.76 (d, J = 2.3) C-5, C-8a

8 165.79 C -

8a 112.75 C -

9 187.17 C -

9a 114.68 C -

10 182.82 C - C-4, C-5

10a 137.39 C -

3-CH3 20.52 CH3 2.39 (3H, s, CH3) C-2, C-3, C-4

8-O CH3 55.89 CH3 3.93 (3H, s, OCH3) C-8
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Table 3: 1H (600 MHz) and 13C (150 MHz) NMR* data and HMBC Correlations of  1-hydroxy-8-methoxy-3-methylanthra-
quinone (3)

C. No. 13C NMR(δ) Multiplicity 1H NMR (δ) (JHHHz) HMBC Correlation

1 162.77 C 12.92 s (OH) OH-C, C-1, C-2, C-9a

2 124.72 CH 7.08 (d, J = 0.96) C-4, C-9a, 3-CH3

3 147.69 C -

4 120.26 CH 7.58, s C-2, C-9a, 3-CH3

4a 132.47 C -

5 120.15 CH 7.36 (d, J = 7.8) C-7, C-8a, C-10

6 135.89 CH 7.72 (t, J = 7.8) C-8, C-10a

7 118.21 CH 7.95 (d, J = 7.8) C-5, C-8a, C-10

8 160.87 C -

8a 115.24 C -

9 188.64 C -

9a 115.06 C -

10 183.10 C -

10a 135.73 C -

3-CH3 22.16 CH3 2.42 (3H, s, CH3) C-2, C-3, C-4

8-OCH3 56.75 CH3 4.01 (3H, s, OCH3) C-8

Figure 1: 2D structures of  anthraquinone compounds
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Figure 2: 2 (A-C)shows the binding interaction of  the compounds (1-3) with the target receptor.

in table 5. In this research study, we have identified 
anthraquinones, the novel inhibitors of  the HCV 
NS5BRdRp activity in vitro. From previous studies, 
it was proved that the natural anthraquinone com-
posites have also the anti-tumor activity [23].Among 
these compounds, compound 3 showed maximum 
NS5B RdRp inhibition that is 27.1% but it is inactive 
in anti HCV activityat fifty μM compound concentra-
tion and has no inhibition which is against according 
to the docking results.

 We further examined the cell viability and 
anti-HCV potential of  the isolated compounds em-
ploying Huh7/Rep-Feo1b cells which were driven 
with HCV subgenomic replicons [19,20].In this assay 
the cell viability of  compound 1 and 3 are same and is 
more than compound 2 .Compound 1 has more anti 
HCV activity i-e 11% which is more than compound 
2 activity and compound 3 has no activity but it was 
more active in NS5B RdRp inhibition at 50μM con-
centration.

CONCLUSION
 Our research studies focused on the molec-

ular docking and in vitro HCV NS5BRdRp activity. 
Molecular docking was done by using MOE software 
and HCV NS5B protein docked with the active res-
idues of  the anthraquinone compounds and proved 
that these compounds were active compounds and 
followed the criterion of  the Lipinski, s rule of  five. 
These composites were then treated with the HCV 
NS5B RdRp in vitro, but their activity was not ex-
actly like that we obtained by in silico approach. 
Among these compounds, compound 3 is not acting 
as anti-HCV agent, but has good activity in the NS5B 
RdRp inhibition and good cell viability. Furthermore, 
we can also predict new anthraquinone derivatives by 
in silico approach and as well as can also find out 
their activities by in vitro process in the lab.
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