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Abstract: Hepatitis B is a serious health risk nowadays and needs advancement in its treatment against
increasing problems of fewer efficacies of drugs and the existence of resistant mutants of hepatitis B virus
(HBV). In the present study the problem of designing an anti-Hepatitis B drug with more efficacies was solved
by using computer aided drug designing (CADD). Docking of 30 selected ligands, comprised of active drugs for
hepatitis B and compounds having anti-Hepatitis B activity, was done with the active site of protein GIPC2 and
a lead compound was recognized on the basis of hydrogen bonding, hydrophobic and ionic interactions. A
Quantitative structure activity relationship of selected 30 compounds was also performed in which electronic
and steric descriptors were calculated and correlated with the bioactivity (IC50) of the drugs. Three analogs of
the lead compound were designed to enhance its activity against hepatitis B virus (HBV). Analogs were docked
with protein GIPC2 and their interactions showed that they could possess good inhibitory activity against HBV
with suitable drug-like properties as compared to other active drugs for hepatitis B and therefore could be
recommended for further studies.

Keywords: Analog, anti-hepatitis B drugs, antiviral agents, anti HBV drugs, computer aided drug design,
IC50, molecular docking, lead compound, QSAR

Abbreviations: °A: Angstrom; CADD: Computer Aided Drug Design; 3D: 3 dimensional; DNA:
Deoxyribonucleic acid; EHOMO: Higher occupied molecular orbital energy; ELUMO: Lowest unoccupied
molecular orbital energy; ETOTAL: Total binding energy; HBeAG: Hepatitis B “e” antigen; HBsAG: Hepatitis
B “s” antigen; HBV: Hepatitis B Virus; IC50: Half inhibitory concentration; LogP: Hydrophobicity; MR:
Molar refractivity; Mw: Molecular weight; QSAR: Quantitative structure-activity relationship; Vm: Molar
volume; VMD: Visual molecular dynamics.

I Introduction

Hepatitis B virus (HBV) infection is a worldwide health problem and may lead to lifelong infection,
cirrhosis of the liver, liver cancer, liver failure, and death. It is most prevalent in Asia, Africa, Southern Europe
and Latin America, where the prevalence of hepatitis B surface antigen (HBsAgQ) carriers in the general
population ranges from 2% to 20% [1]. Although vaccination programs are implemented in various countries,
but it is still affecting 350 million to 400 million people worldwide [2]. In Pakistan, there are estimated to be 7-9
million carriers of hepatitis B virus (HBV) with a carrier rate of 3-5% with infection rate rising steadily [3].

Hepatitis B virus (HBV) is the prototype member of the Hepadnaviridae (hepatotropic DNA virus)
family. It has eight genotypic classes, A to H each having a distinct geographic distribution [4]. The only known
host for HBV, so far, is human, although some non-human primates have been infected in laboratory conditions

[5].

The goal of hepatitis B treatment is to prevent the serious infections like cirrhosis, liver
decompensation and hepatocellular carcinoma. In clinical practice, treatment response is determined by
suppression of serum HBV DNA levels, hepatitis B e antigen (HBeAG) seroconversion to hepatitis B e
antibody, hepatitis B surface antigen (HBSAG) loss, normalization of alanine aminotransferase levels and
improvement in liver histology [6].

Currently available treatment agents include the immunomodulatory drugs IFN-o and peginterferon, as
well as several antiviral nucleotide/ nucleoside agents: lamivudine, telbivudine, adefovir, entecavir, and
tenofovir. Over the last years, the field of CHB treatment has seen an expansion of long-term data on several of
these agents, both when used as monotherapy and when used in combination [7]. Antiviral drug resistance is a
significant factor in determining the success of long-term therapy for chronic hepatitis B. In the future, novel
therapeutic targets or creative combination therapies are required in order to increase the rates of sustained
responses after treatment discontinuation. In addition, new research efforts are needed to identify therapeutic
approaches that would be able to achieve HBV eradication or at least HBsAg loss and seroconversion in a
sizeable proportion of patients [8].

The present work aimed at the in silico development and design of an anti-hepatitis B virus (HBV)
drug against a protein target, as the leading drug for the hepatitis B treatment. In silico methods can help in
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identifying drug targets via bioinformatics tools.Modern drug discovery has given rise to the field known as
computer-aided drug design (CADD). It represents computational methods and resources that are used for
facilitating the design and discovery of new therapeutic compounds [9]. The main objective of CADD is to
speed-up the screening process, focused and target directed screening and failing drugs fast by removing the
hopeless ones, as soon as possible, and hence screening efficiently.

Computer-aided drug design, involves the use of biochemical information of ligand-receptor interaction
in order to postulate ligand refinements. The best possible starting point is an X-ray crystal structure of the
target site. If the molecular model of the building site is precise enough, one can apply docking algorithms that
simulate the building of drugs to the respective receptor site [10]. The whole drug designing scheme, is
illustrated in Fig.1.

Selection of disease

¢

Selection of target protein

¢

Determination of active site

¢

Selection of ligands

¢

Molecular Docking

¢

Visualization of docked complex

¢

Identification of lead compound

¢

Analog designing

¢

Quantitative structure activity
relationship

Figure 1. Drug designing scheme.

The main purpose was to suggest some compounds as anti-hepatitis B inhibitors by using molecular
docking studies on the basis of high binding interactions and low binding energies. Molecular docking plays an
important role in drug designing by placing a ligand molecule into the binding site of the target molecule in a
non-covalent fashion [11]. Flexible docking programs like DOCK [12], Molecular Operating Environment
(MOE), and AutoDock [13] enable user to predict favorable biological target—ligand complex structures with
reasonable accuracy and speed. The docked complex is then visualized and studied using software like VMD
(Visual Molecular Dynamics) [14].

Compounds suggested through molecular docking were tested for bioactivity, on the basis of
quantitative structure activity relationship (QSAR). These studies were carried out to identify an effective,
selective and efficient anti hepatitis B agent [15]. The quantitative structure- activity relationship (QSAR)
studies are of immense importance. Along with providing guidelines for the drug design, QSAR also sheds light
on the mechanisms of drug-receptor interactions, which further assist to the rationalization of drug development.
We, therefore, present here a QSAR study selected anti HBV compounds [16]. Different software such as
ChemDraw[17], HyperChem [18], AutoDock [13] and VMD [14] were selected and used to get the results.
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1. Methodology

1.1. Target selection

Identifying and selecting the most appropriate drug target or receptor is the initial step in the drug
designing procedure. Excellent drug targets can be identified with the help of bioinformatics. For a drug target
to be ideal, it must be linked closely to the selected human disease. Mostly proteins act as good targets for the
drugs. In some cases, enzymes can also serve as excellent drug targets [19].Recently identified PDZ domain
containing protein GIPC2 (Protein Data Bank ID: 3GGE), having human source, was chosen as target protein
for the present study, as shown in Fig.2.

Figure 2 Crystal structure of PDZ domain containing protein GIPC2.

Once target is identified, the candidate ligands can be selected from already known drugs having appropriate
anti HBV effects.

1.2. Ligand selection

Several anti-hepatitis B compounds or HBV inhibitors were identified and selected. These included 30
compounds with drug like properties against hepatitis B. Along with selected compounds including market
drugs as well as drugs under clinical trials, 2 approved and standard anti-hepatitis B drugs adefovir and
lamivudine were also chosen. The structures and 1C50 values of these 30 compounds including 3 standard drugs
are shown in Table 1 [1, 20-34]. These drugs were selected through the study and evaluation of past and present
research on anti-hepatitis B virus (HBV) agents according to their efficacy against the infection and less 1C50
(half inhibitory concentration) value.

1.3.  Molecular Docking

It gives the active conformation of ligand with target protein. The structures of 30 selected compounds
were drawn using ChemDraw tool. AutoDock was used to predict the binding modes of 30 selected compounds
with the active site of the target protein GIPC2. AutoDock will try a set of different conformers of the ligand in
order to obtain the best disposition of the atoms of the molecule for maximizing the scoring function that
quantifies ligand-receptor interaction [10].

The structure of target protein GIPC2 was obtained from Protein Data Bank (Protein Data Bank ID:
3GGE).For using the receptor or target protein in the AutoDock, all the missing side chain atoms were checked
and then repaired and also hydrogen atoms were added using the graphical user interface of AutoDocktools
(ADT) [35]. Before the docking experiment water molecules were removed. Then ligand was taken as input and
gasteiger charges [36] were calculated. The nonpolar hydrogens were merged to carbon atoms and AutoDock
type was assigned to each atom, preparing the docking input files of ligands. The torsions were chosen to make
certain bond types active (rotatable) or inactive (non-rotatable) and numbers of torsions were then set to most
atoms.
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Table 1. Chemical structure and IC50 of selected compounds.
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Autogrid calculations were done which define the search grid and produce grid maps used later by
AutoDock. Grid properties were then set by setting the grid dimensions, spacing, and center in the grid box at
60x60x60 A grid points using autogrid.

The docking parameter file was then prepared by specifying rigid molecule, for rigid docking. Then the
ligand was specified. The search parameters were set using Lamarckian genetic algorithm and also the docking
parameters were set to default, for molecular docking. For all ligands, ten different docking conformations were
obtained. The lowest energy conformation of each ligand was selected as the active conformation, among all the
observed conformations, and was then analyzed.

The active conformation of each ligand and the target protein were given as an input to the Visual
Molecular Dynamics (VMD), to predict and study the ligand-protein interactions. The amino acids present
within 5°A of active site of target protein were selected and then binding interactions were identified between
the ligand and active site of the target protein. The binding interactions of selected 30 ligands, including
standard ones, were identified.

The compound exhibiting the best binding interactions of all was identified as Lead compound. It is a
chemical compound having biological activity and its chemical structure is used as a starting point for
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chemically modifying the drugs in order to improve the potency or selectivity. Lead identification is the most
critical stage in drug discovery and designing [19].

1.4, Analog designing

After the identification of Lead compound, its three structural analogs were prepared by introduction or
elimination of functional groups in the lead compound and were studied with the help of AutoDock. Binding
interactions of each analog and target molecule were also identified. The analog of an existing drug molecule
shares structural and pharmacological similarities with the lead compound. They are designed to extract new
drugs from the existing ones to make them legally available in the market.

1.5. Quantitative structure activity relationship (QSAR)

QSAR correlates structural or property descriptors of compounds with their activities. To get an insight
into the structure-activity relationship molecular descriptors are needed that can effectively characterize
molecular size, molecular branching or the variations in molecular shapes, and can influence the structure and
its activities [37]. It is very essential in drug discovery and design.

A quantitative structure activity relationship was interpreted by calculating a number of electronic and steric
parameters. Different steric descriptors like molar Refractivity (MR) and partition coefficient (log P) and
electronic descriptors ELUMO (lower unoccupied molecular orbital energy), EHOMO (higher occupied
molecular orbital energy) and Total binding energy of the ligand (ETOTAL), were found to prove that these
selected anti-hepatitis B compounds exhibit drug like properties. ChemDraw was used to find molar volume,
molecular weight, log P and molar refractivity while HyperChem was used to find ETOTAL, ELUMO and
EHOMO.

1. Results and Discussion
1.6. Molecular Docking of anti-hepatitis B compounds

A usually smaller molecule which binds to a larger molecule such as enzyme or protein initiates the
metabolic process. On the basis of docking of test set compounds and standard anti-hepatitis B drugs with the
protein, the GIPC2 was searched for its active site. The active site within protein GIPC2, depicted in Fig.3A.
The most common amino acids of active site were shown in Fig.3B.

On the basis of docking, the amino acids within 5°A i.e. the active site, were identified. The amino
acids within 5°A around the ligands are listed in Table 2. The residues found within 5°A of active site of GIPC2
were ASN169, ILE196, SER-1, GLY113, PRO198, VAL171, TRP173, LYS112, TYR138, GLU168, ASP133,
HIS161, ARG174, ALA179, THR132, and PHE140. The study revealed that LYS112, VAL171, GLY113 and
GLU168 were major determinants of binding. Then docking calculations were carried out using GIPC2 target
protein and the test set compounds listed in Table 1.

Figure 3 (A) GIPC2 Protein represented in new cartoon style and the active site within represented as
surf style. (B) Active site of GIPC2 showing the residues within 5°A.
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Figure 4 (A) Predicted interactions of lamivudine with the active site of GIPC2. (B) Predicted interactions
of adefovir with the active site of GIPC2.

Among the standard drugs, lamivudine and adefovir were selected for docking with the protein GIPC2.
The ability of the ligand to bind the active site of target within 5°A was measured. The hydrogen, hydrophobic
and ionic interactions of the standard drug lamivudine shown in Fig.4A and the interactions of standard drug
adefovir illustrated in Fig.4B. Keeping in view the interactions, lamivudine had better efficacy than adefovir.
Once all the test set compounds were docked, VMD was used to get the interactions i.e., hydrogen bonding,
ionic bonding and hydrophobic interactions, shown in Table 3.

1.7.  Lead compound identification

On the basis of binding interactions of the test set compounds, one lead compound was figured out. The
information in Table 3 showed that compounds 2, 4, 13, 18, had good hydrogen and ionic bondings with the
amino acids within the 5°A of active site of GIPC2.

According to the binding interactions of these four compounds and IC50 values, compound 2
(Helioxanthin analog 1-8) was considered as the lead compound. Fig.5A shows the hydrogen bonds of the lead
compound with the amino acids within the active site of GIPC2, while Fig.5B shows the hydrophobic
interactions.
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Table 2: Contacts in the sphere of 5°A radius around the ligands. The presence or absence of contacts is
represented with (+) or (-) and are included for comparison with lamivudine and adefovir standard drugs

No | Arg | Asn | Asp | Gly | Glu | His lle | Lys | Phe | Pro| Thr | Trp | Tyr | Val
174 | 169 | 133 | 113 | 168 | 161 | 196 | 112 | 140 | 198 | 132 | 173 | 138 | 171
1 - + - + + + - + -
2 + + - + - + - + + - + - + +
3 + + + + + + - + - - - + +
4 + + - + - - + + - + + + +
5 + + + + - + - + + - + - - +
6 + - - + + + + + - + + + +
7 + + + - + - + + - - - +
8 + - + + + + + - + + - +
9 + - + + + + + + + + - + -
10 + + + + + + + + - - + + - +
11 + - + + - - - + + - + + + +
12 - - - + + + + - + - + + +
13 - - + + + + - + - - + +
14 + - + + - + + - + - + - +
15 - - + + + + + + + - + + +
16 - + + - - - + - - - + - +
17 - - - + - - - - - - + +
18 - + - - - - + - - - - + +
19 + - + + + + - + + + +
20 + + + + - + + - - + + +
21 + - + + - + - + - + - + + +
22 + - + + + - - + + + + +
23 + - + + + - + - + + +
24 + + + - - - + + - - + + +
25 + - - + - + + + - + + +
26 + - + + + + + + + +
27 + + + - - - + + - - + + +
28 - + - + - + + + - + - + + +
29 + + + - + - - - - + - +
30 + + - + + + + - + + + +
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Table 3. Binding interactions of Test set with amino acids present within 5°A radius of target protein.

Compound Hydrogen Bonding Hydrophobic interactions lonic bonding
No.
1 C — PHE140 [3.41] O — ASN134:ND2[2.64]
none C—-GLY172 [3.44] O — LYS199:NZ[3.01]
C - VAL136 [3.60]
2 NH — LYS142:NZ[3.79] C — VAL136 [3.09] O — ASN134:ND2[2.65]
C — PHE140 [3.28] O — HIS161:ND1[3.420]
C-GLY172 [3.30] O — HIS161:NE2[3.89]
C - ARG174 [3.29]
C - TYR138 [3.45]
3 NH — LYS199:NZ[3.34] C — VAL136 [3.59] O — ARG174:NH[3.42]
O - TYR138:0H[2.77] C —ILE196 [3.61]
4 OH - GLY135:0[1.91] C - ARG174 [2.88] O — ASN134:ND2[3.26]
O — ARG143:NH[3.64] C — PHE140 [3.00] O — VAL136:N[3.428]
C - VAL158 [3.67]
5 none C - THR132 [3.39] O - LYS199:NZ[2.563]
C - VAL158 [3.76] N - GLY172:0[3.687]
C-LYS142 [3.79]
6 OH - GLY172:N[2.89] C —HIS161 [3.40] O - GLY172:N[3.58]
OH - VAL171:0[1.93] C - THR132 [3.60] O - LYS199:NZ[3.82]
7 C — PHE140 [3.29] O — LYS199:NZ[2.612]
none C-TYR138[3.39]
C-GLY135[3.74]
8 OH— TRP173:N [3.60] C-TYR138 [3.39] O — HIS161:NE1[3.94]
NH — VAL136:N [3.92] N — GLU197:0[2.69]
NH — ARG174:NE [3.36]
9 O — ARG174:NH1[2.64] C—TYR138 [3.09] O - GLY113:N[3.42]
C - LYS142 [3.10] O — ARG174:NE[3.93]
10 OH — VAL136:N[3.90] C — VAL171[3.58] O — LYS199:NZ[3.49]
OH - VAL136:0[1.96] C - GLY172[3.20]
C - LYS199[3.27]
11 N — ARG174:NH2[3.79] C — GLU168[3.92] N — ASP133:0D1[2.75]
NH - LYS200:0[3.90] C - GLY113[3.77]
12 NH — THR132:0G1[2.37] C— ARG174[2.82] None
C - ARG174[3.30]
C — PHE140[3.34]
13 NH — ILE114:0[3.89] C —LYS199[3.29] None
NH — GLY113:N[2.79] C - VAL136[3.80]
C - ILE196 [3.20]
14 note C-GLU115[3.19] Mone
C-ILE12£[3.37]
C-VAL171[3.14]
OH - GLU197:0[2.85] C- TYR138[3.12] _
1s OH — FRO198:N[3.87] C— TYR138[3.14] none
16 NH - VAL171:0[2.13] C- ASP177[3.50]
C- ASMN132[3.28] None

C- TRP173[3.01]
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]
1

i

b o]

i
\

(L3}

4]

o

17 S.447 C-LYS1B0[Z.78] 0 - LYS180:MNZ[2.79]
3.82] C- TO[3.94]
1= 2.74] C - 3[3.52] ] - GLU163:0EZ[2.71]
1.96] C- 4[3.42] 1 - GLU163:0EZ[2.69]
C-GLUO163[3
19 2.14] C-TYrEL138[3 More
3.55] C-ABRGLIT4[3
Z0 2907 C-FHEL140[3.4 Mone
C - FHE140[3.17
C - ARGLT4[3.28]
1l 3.407 C-TYrER138[3.15] 0 -HIS16L1:N[3.42]
3027 C - Ei140[3.19]
Z2 1.96] C-TYR138[3.19] JO1E
2927 C-LYS199[3.44]
C-ARGIT4[3.21]
rz Mone C-IL 6[3.40] Mone
C-GLY172[3.15]
C - GLULST[3.57]
24 MNMone C -FHE140[2.89]
C-ASMN1IZ4[3.01]
C-TYRL138[3.17]
5 Mone C-I DBe[3.35] Jome
C-L D9 [3.35]
C-F 20[3.69]
Z5 Mone C-T SB[2.90] 0 -LYS199:N[3.46]

C - PHEI40FE.NE
Z7 OH-GLTL72.0[2.00] C - ABGL 4[5.46] Ca Z.75]
OH - GLY135:0[2.05] C-PHE140[2.90] 0 I[2.19]
= 0" B1:M[Z.7 C-ILE1GG[5 53] ] 547]
0l TZ.0[2 C T1[3.92] a 3.7 2]
C 3813.237
el = C Ti[5-49] Mone
IE c OE[3.63]
C 115[3.68]
20 = C I40[=548) Mome
ME C 138[3.69]
C 132[3.67]

Helioxanthin analog 1-8 consisted of 1 hydrogen bond i.e. H of ligand bonds with the N of LYS142

with a distance of 3.79°A.

It showed 5 hydrophobic interactions i.e. C of ligand interacts with VAL136,

TYR138, GLY172, ARG174 and PHE140 with the distances of 3.09°A, 3.45°A, 3.30°A 3.29°A and 3.28°A,

respectively.
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Figure 5 (A) Predicted hydrogen bond interactions of lead compound with the active site of GIPC2. (B)
Predicted hydrophobic interactions of lead compound with the active site of GIPC2.

1.8. Analog designing

Three analogs were made of the lead compound, in order to get the possible active compounds to be
used as anti-hepatitis B agent. These were designed for the lead compound by altering its chemical structure
using the strategy so that its effectivity is not disturbed. The first analog was designed using the N-methylation,
the second by ketone reduction and the third by using alcohol formation in the structure of lead compound.

All the analogs were docked within the active site of GIPC2 and VMD was used to get the interactions
of these analogs. The analogs of lead compound with their structures were made by using ChemDraw, and their
binding interactions are shown in Table 4.

Table 4. Binding interactions of analogs with amino acids of target protein present within 5°A

radius.
No. Structure Hydrogen Bonding I—Ilydroph_oblc lonic Interactions
nteractions
C - LYS142[3.25]
C - VAL136[3.94]
1 C - PHE140[3.06]
None C-LYS142[3.90] | O-HIS161:N[3.59]
C - TYR138[3.09]
C - HIS161[3.47]
N Methylation
OH -
o GLY1720[186] C 'TRP173[363]
OH - C - TRP173[3.49]
CO " | GLY172:0[1.89] C - TRP173[3.75]
" v 03H - g - ﬁfg%gg‘z‘% O - LYS199:N[2.67]
d 6 TRP173:N[3.1 - : - .
2 I _[ ] . TRPL73324] | © LYSng_.N[S.Sl]
C ARG174:N[3.52 C - TRP173[3.52] .
(o o _[ 1 C - TRP173[3.78] ARG174:0[3.35]
Alcohol Deprotection TRP173:N[3.09] C - TRP173[3.29]
OH— C—PHE140[3.68]
le | HIS161:N[3.03] C—GLY172[3.65]
o C—PHE140[3.40] _
OH— O—HIS161:N[3.55]
3 ) C—LYS199[3.97]
ASNIBAN[325] | " rypiagizsy) | O
. NH— C—GLY172[3-22] LYS199:N[2.98]
Vo GLY135:0[2.92] '
Ketone Reduction

On the basis of binding interactions the analogs were categorized for being the active ligands.
Analogue 2 amongst all was the most active one so it was regarded as the best one, then analog 3 and analog 1
were placed respectively. In case of 1st analog which is made by N-methylation of the lead compound 0
hydrogen, 6 hydrophobic and 1 ionic interactions were found. 2nd analog made by alcohol formation of lead
compound comprised of 9 hydrogen, 9 hydrophobic and 3 ionic interactions and the 3rd analog formed by
ketone reduction of lead compound comprised of 3 hydrogen, 6 hydrophobic, and 2 ionic interactions.

1.9. Establishing QSAR (Quantitative Structure Activity Relationship)
QSAR studies were performed on the data of 30 compounds. For deciding why some compounds show
sign of activity and others do not, QSAR model was built and a set of descriptors were chosen. These were
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assumed to influence whether a given compound will succeed or fail in binding to a given target. The
descriptors of the data of the ligands chosen for QSAR studies included steric descriptors molar refractivity
(MR) and hydrophobicity (LogP), and electronic descriptors Total binding energy of the ligand (ETOTAL),
highest occupied molecular orbital energy (EHOMO) and lowest unoccupied molecular orbital energy
(ELUMO).

These descriptors were calculated using software HyperChem and ChemDraw. The values of the
calculated electronic descriptors including ETOTAL, EHOMO and ELUMO and the values of calculated steric
descriptors including MR and LogP were illustrated in Table 5. In order to check the correlation of the ligand’s
activity with the chosen descriptor, each calculated descriptor was plotted against the 1C50 value of the ligands
shown in Fig.6.

Coefficient of determination (R2) was obtained for each regression plot. The regression value of
electronic descriptors, ETOTAL, EHOMO and ELUMO were 0.043, 0.018 and 0.006 respectively.Results
suggested that there was no significant correlation between these descriptors with the activity i.e. R<0.6. This in
turn suggested that the activity of the drug was not dependent on a single descriptor, but on more than one
descriptors and then we would have to maximize that particular descriptors in the drug for enhancing the drug’s
activity. In future this may act as a significant factor in drug discovery.

IC50 and ET otal correlation ICS0 and LogP correlation
60
60 *
50 1
L
Y1 e : 40
© 30 a
= > R?=0.001
w =0 0/ J '
> 30 A R*=0.043 2 30
A = 20 oo
¢ 20 + = L 4
= % ¢
€0 1 L ] 10
¢+ LA L 2
T ovh ¢ » oot _waapee?,
-100000  -50000 0 50000 100000 150000 4 2 0 2 4 6 8
A Total Energy B LogP

Figure 6 (A) Plot of half inhibitory concentration (IC50) and Total Energy. (B) Plot of half inhibitory
concentration (IC50) and hydrophobicity.
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Table 5. Data set of selected Electronic and Steric descriptors.

Electronic Descriptors Steric Descriptors
o (KEc|;|(.)n'1\g€1) (KEclélL.J r:\1/c|>(|3-1) (I(E(;(I?;Q-Ll) LogP MR
1 -0.158313 4.575708 -17308.3490648 3.78 95.86
2 -4.954335 11.608835 -35758.0021727 2.5 101.21
3 -2.876109 4.850623 -9667.9846838 2.64 95.87
4 -30.012424 15.477427 135801.6925880 5.95 138.87
5 -2.681842 4.636010 -35530.5224781 3.2 93.34
6 -17.891441 17.458249 43608.8070325 0.78 79.44
7 -13.499267 0.908870 27130.0347020 3.87 119.71
8 -4.080595 4.488969 -20940.8071110 -0.3 55.3
9 -12.172444 2.941264 1722.6928611 3.46 62.9
10 -24.292296 10.022671 -16184.5905289 -1.59 57.6
11 -4.900796 1.750995 23394.5115929 3.7 119.84
12 -27.628985 20.098344 -9095.3413140 -2.68 65.25
13 -3.803404 3.018488 -20021.1489392 0.06 55.55
14 -8.591313 4.738473 -11946.7946717 3.78 94.41
15 -11.069081 2.120245 -21877.6881579 -1.11 56.06
16 -5.181457 0.729165 -8775.5552703 -0.21 63.05
17 -5.258603 13.925785 -9642.1710933 3.16 43.2
18 -3.935778 1.182323 -11454.5973193 0.25 35.32
19 -33.255549 26.179097 25745.1392950 4.62 114.77
20 -6.280791 0.893349 49579.2857690 4.94 120.26
21 -10.718403 17.576385 61718.3243121 5.49 128.48
22 -1.857767 1.257194 21277.6136138 4.25 112.49
23 -28.025655 11.098467 3177.9672956 6 124.8
24 -0.367562 2.933049 -35041.6885674 5.46 118.69
25 -12.690814 15.437406 -20245.1955527 3.68 80.56
26 -1.775271 5.266412 -46146.3880020 0.22 81.39
27 -33.338975 17.928623 -17681.7168374 -2.44 38.88
28 -21.529241 10.390643 -22686.4412304 1.17 44.63
29 -3.189464 2.398629 2421.7461061 4.23 121.55
30 -1.739376 6.884469 -5466.8359632 4.05 122.53

v. Conclusion
The present study was aimed at finding novel drug molecules as anti-hepatitis B compounds. The
studies included identification of anti HBV compounds including standard compounds and their molecular
docking studies with the active site of GIPC2 target protein. Ligands were found having better energy scores
and interactions and a lead compound was identified. The novel analogs of the lead compound, having anti
hepatitis B activity, were also suggested.
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Quantitative structure activity relationship was established in order to find the dependency trend in

anti-hepatitis B activity with number of molecular descriptors and some suggestive correlation of activity with
theses descriptors. It suggested that for enhancing activity of drug, particular descriptors have to be maximized.
Although many QSAR studies have been carried out previously on several anti HBV compounds but the current
study, on the antiviral activity of these compounds against Hepatitis B, is unique in nature [16]. This kind of
computational approach will help in adding up a new antiviral agent in the list, extracted from the existing
drugs. It will help in improving efficacies of the drugs and in combating the problem of resistance acquired by
the virus. The compounds suggested can provide valuable information for continued search, discovery and
design of novel potent antiviral agents against hepatitis B.
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