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simulation studies of novel cloperastine analogues
as anti-allergic agents: homology modeling and
active site prediction for the human histamine H1
receptor†

Jayasimha Rayalu Daddam,a Basha Sreenivasulu,bc Kotha Peddannade

and Katike Umamahesh *d

The present study predicts a three-dimensional model for the histamine H1 receptor and the design of

antihistamine inhibitors using cloperastine as the core molecule by docking studies. In this work, we

predicted a three-dimensional structure of the histamine H1 receptor using the MODELLER9V7 software.

The protein structure was developed based on the crystal structure of the histamine H1 receptor, the

lysozyme chimera of Escherichia virus T4 (PDB ID: 3RZE_A) target collected from the PDB data bank.

Using molecular dynamics simulation methods, the final predicted structure is obtained and further

analyzed by VERIFY3D and PROCHECK programs, confirming that the final model is reliable. The drug

derivatives of cloperastine were designed and docking was performed with the designed ligands along

with the drug. The predicted model of the histamine H1 receptor structure is stable and confirms that it

is a reliable structure for docking studies. The results indicate that MET 183, THR 184 and ILE 187 in the

histamine H1 receptor are important determinant residues for binding as they have strong hydrogen

bonding with cloperastine derivatives. The drug derivatives were docked to the histamine H1 receptor

protein by hydrogen bonding interactions and these interactions played an important role in the binding

studies. The molecule 1-{2-[(4-chlorophenyl) (phenyl) methoxy] ethyl}-4-methylenepiperidine showed

the best docking results with the histamine H1 receptor. The docking results predicted the best

compounds, which may act as better drugs than cloperastine and in the future, these may be developed

for anti-allergy therapy.
1. Introduction

Histamine is a nitrogenous organic compound involved in
immune responses such as allergy and it functions by
combining with specic cellular histamine receptors such as
H1, H2, H3 and H4, which are the members of the family of
rhodopsin-like G protein-coupled receptors.1 The histamine H1
receptor (HRH1) is one of the four histamine receptors, and it
plays an important role in different physiological functions
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such as inammation, gastric acid secretion, mast cell-
mediated chemotaxis and neurotransmitter release when
bound to histamine.2,3 HRH1 is a member of class I G protein-
coupled receptors (GPCRs) and it activates phospholipase C by
interacting with the G proteins.4 GPCRs constitute the largest
family of surface proteins with signal transduction functions.5,6

Among the available drugs blocking GPCRs, morphine (an
opioid receptor antagonist), anti-allergic drugs inhibiting the
histamine H1 and H2 receptors, antacids and antihypertensive
beta-blockers are important.7 In various inammatory effects
such as negative inotropism, smooth muscle contraction, and
depolarization, the HRH1 receptor is involved and is the
important drug target for anti-allergic therapy, which is acti-
vated by endogenous histamine in allergic reactions. Antihis-
tamine drugs block the functions of histamine by inhibiting it
from binding to its receptors. The rst histamine receptor
antagonist was developed in 1937 and from then till now, more
than 50 drugs have been introduced into the market.8 The rst-
generation drugs developed as antihistamines are clemastine,
chlorpheniramine, diphenhydramine and triprolidine, and they
RSC Adv., 2020, 10, 4745–4754 | 4745
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cause marked sedation, central nervous system (CNS) dysfunc-
tion and anticholinergic adverse effects, which result in cogni-
tive function impairment and therapy non-adherence.9 The
second-generation antihistamine drugs such as astemizole,
loratadine, terfenadine, cetirizine and fexofenadine are non-
sedating antihistamines and were introduced into the market
in the 1980s to reduce these side effects. Terfenadine and
astemizole were removed from the market due to serious
cardiovascular events related to torsade de pointes.10–12 Clo-
perastine is one of these drugs with different biological activi-
ties including GIRK channel inhibition,13–15 antihistamine
activity and anticholinergic activity.16 Due to these properties,
cloperastine shows some side effects such as sedation,
somnolence and tussive effect.17 The precise mechanism of
cloperastine is not fully known; in order to study the action of
cloperastine on the histamine 1 receptor and to develop new
anti-histamine drugs, we designed valid pharmacophore
analogues of cloperastine for HRH1 inhibition agonists and
used them in the screening for new lead analogues to nd their
interactions with the active residues of the HRH1 receptor by
molecular docking. We modeled the HRH1 receptor via
molecular dynamics-stabilized proteins and using a Ram-
achandran plot conrmed the reliability of the structure for
docking. Later, active sites are predicted, indicating that MET
183, THR 184 and ILE 187 in the histamine H1 receptor are
important amino acids involved in binding and the derivatives
of cloperastine are docked into these active site residues to
conrm the inhibitory action of the same. Here we studied the
pharmacophore features that are essential for a histamine H1
inverse agonist and also designed new molecules with a greater
affinity towards histamine H1 receptor.

2. Materials and methods
2.1. Domain identication and template search

All molecular simulations were performed on AMD 64 bits dual
processing hi-end Linux desktop. Due to the lack of availability
of the histamine H1 receptor 3D structure in the database, the
amino acid sequence of the histamine H1 receptor from Homo
sapiens (HRH1) (Uniprot_KB Accession Id: P35367) was ob-
tained from the protein sequence databank. Histamine H1
receptor sequence was subjected to BLAST search against PDB
to identify a suitable protein that shares similar structure of the
query protein.18

The query sequence of Homo sapiens was submitted to the
SBASE (http://pongor.itk.ppke.hu) server for domain selection.
The predicted domains were searched by BLAST (http://
blast.ncbi.nlm.nih.gov) against PDB to nd out the related
protein structure.19 The Swiss model search result, which
showed the maximum sequence identity to the query protein
HRH1, was selected as a template for further studies. The
selected template protein was used as a reference structure for
modeling the P35367 domain. Coordinates from the template
protein to the structurally conserved regions, N-termini and C-
termini and structurally variable regions (SVRs) were assigned
to the template sequence based on satisfaction of spatial
restraints. The sequence of the reference structures was
4746 | RSC Adv., 2020, 10, 4745–4754
extracted from the respective structure les and aligned with
the target sequence using the default parameters in Clustal X2.
2.2. 3D model building of histamine H1 receptor

The crystal structure is not available for the histamine H1
receptor; thus, we have chosen the homology modeling meth-
odology for three-dimensional structure building. The initial
model of the histamine H1 receptor was built by using
homology modeling methods and the MODELLER9V7 so-
ware,20 in which the program is based on comparative structure
modeling. This soware generated y models for the hista-
mine H1 receptor and was based on the low objective function;
the least energy model was selected for studies. Later, hydro-
gens were added to the three-dimensional structure stabilizing
the protein by molecular dynamics simulation studies. The
predicted model MD simulations were carried out using the
NAMD 2.8 soware using the CHARMM27 force eld.21 The
algorithm used is multiple-time-stepping with long-range elec-
trostatics calculated every two steps and short-range forces
calculated every step. The MD method used in this study is
based on the Hamilton's equations of motion to get new
velocities at the new positions. Finally, the model obtained is
with new thermodynamic property information and stabilized
in terms of RMSD.
2.3. Structure validation of histamine H1 receptor

The histamine H1 receptor structure with low Root Mean
Square Deviation (RMSD) obtained from molecular dynamics
studies is further analyzed by a Ramachandran plot to check the
stereo chemical quality of the protein structures using the
PROCHECK server and environment prole using the structure
evaluation server ERRAT.22 Then, this protein can be used to
predict active sites and for docking to the analogues.
2.4. Active site identication of histamine H1 receptor

Aer the nal model was built, the possible binding sites of the
histamine H1 receptor from Homo sapiens were searched based
on the structural comparison of the template and the model
build and also with the CASTp server (http://sts.bioe.uic.edu/
castp). The nal rened model of the histamine H1 receptor
domain was developed using the SPDBV program based on the
structure–structure comparison of the template.23
2.5. Docking studies with cloperastine derivatives

Docking studies were performed to gain insights into the
binding conformation of pharmacophore analogues developed
from the structural modications of cloperastine using FRED
(Open Eye Scientic Soware, Santa Fe, NM). A set of 35 deriv-
atives were designed for cloperastine and screened for minimal
chemical criteria for docking studies using Molinspiration
(http://www.molinspiration.com/). Free energy calculations
were carried out using FRED 1.1 and the les generated were
analyzed for their binding conformations.
This journal is © The Royal Society of Chemistry 2020
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2.6. Ligand molecules used for docking studies

Cloperastine was used as a parental compound for the
construction of a library of lead molecules because cloperastine
has several reactive centres in the molecule, which can be
exploited in the synthesis of several derivatives and new ring
systems for the purpose of evaluating their pharmaceutical
potential by linking different amine groups; it was expected that
the resulting derivatives may have interesting physiological
properties. The docking results were validated by comparing the
docking values with the experimental values of other drugs. The
derivatives were designed in order to improve the molar
refractivity and polarizability.
3. Results and discussion
3.1. Homology modeling of histamine H1 receptor domain

The most reliable and acceptable technique for predicting
protein structures is homology modeling. It provides the
geometry of one or more template proteins when sufficient
sequence identities are given. If the sequence identity between
the template and target protein is high enough, the resulting
model may even be sufficiently accurate to perform structure-
based drug design.24 The histamine H1 receptor contains two
discontinuous rhodopsin-like GPCR superfamily-like domains
from 45 to 162 amino acids in the sequence and 178 to 461
amino acids (ESI Fig. 1†). The BLAST search against PDB indi-
cated that only 3RZE had a high level of sequence identity with
the histamine H1 receptor domain. Structurally conserved
regions for the predicted structure and template were deter-
mined by the multiple sequence alignment of the two
sequences and superimposition of the two structures.
3.2. Identication of template

A high level of sequence identity should guarantee a more
accurate alignment between the target sequence and template
structure. The template 3RZE_A is a histamine receptor
membrane protein, lysozyme chimera of Escherichia virus T4,
and the source of this protein is Homo sapiens and bacterio-
phage T4.25 The results of BLAST analysis showed that only one
reference protein 3RZE A (chain A, histamine H1 receptor,
lysozyme chimera of Escherichia virus T4) showed maximum
identity with the histamine H1 receptor domain. Here, 3RZE
was selected as a template and used for further studies. The
structure of the template 3RZE was obtained from PDB (ESI
Fig. 2†). The sequence identity between the target sequence
(HRH1) and template structure (3RZE_A) was found to be 67%.
The characterization of the 3RZE A protein was described by
predicting the secondary structure of the template sequence,
indicating that the protein 3RZE A is a histamine H1 receptor,
lysozyme chimera of Escherichia virus T4. It is a polypeptide
chain consisting of 493 amino acids and is classied as
a membrane protein and the source of this protein is Homo
sapiens and bacteriophage T4. The secondary structure showed
that it consists of 68% helical (25 helices; 308 residues) and 3%
beta sheets (4 strands; 15 residues). Similarly the best template
was obtained through the PSI-BLAST search of the PDB
This journal is © The Royal Society of Chemistry 2020
database for the selection of a template to model the histamine
H1 receptor.

3.3. Sequence alignment

Sequence identity is very important in comparative protein
modeling for assuring a more accurate alignment between the
target protein and the template structure.26 First, a template
search is conducted to develop a structure and for homology
modeling, a minimum of 30% identity is needed between the
sequence and the template.27 The results of the amino acid
sequence alignment of the template protein and the target
protein are shown in Fig. 1A and the alignment developed
between the histamine H1 receptor and the template protein
indicates that both the proteins are closely related in origin.
Likewise, the sequence alignment of the histamine H1 receptor
and 3RZE shares 67% sequence identity.

3.4. Homology modeling

In order to develop new inhibitors, a three-dimensional model
of the histamine H1 receptor domain usingMODELLER9V7 and
the nal rened model was obtained aer energy minimiza-
tion.28 With all the available data, the structure of the histamine
H1 receptor protein was generated with MODELLER9V7 by
using the 3RZE_A structure as the template (Fig. 1B). The 3D
homology model of the target protein sequence was predicted
using the crystal structural coordinates of the templates on the
basis of the sequence alignment, whereas homology modeling
and renement were carried out through MODELLER 9V7 using
base line commands specied by the soware supplier. The
secondary structural analysis of the developed histamine H1
receptor from Homo sapiens revealed that there was an expected
similarity in the relative abundances of a-helix, b-sheet and
other secondary structural conformations between the pre-
dicted model of the histamine H1 receptor and the template
3RZE was subjected to SBASE for domain identication and
analysis.

3.5. Structural validation

The generated structure of the histamine H1 receptor from
Homo sapiens was studied using different parameters for vali-
dation purpose. The 4 (psi) and j (pi) distributions of each
residue of the histamine H1 receptor obtained from the Ram-
achandran plot showed that 91.1% residues were in the
preferred region and 8.9% residues were in the additionally
allowed region (Table 1 and Fig. 2A). The reliability conrma-
tion of the generated structure was analyzed using PROCHECK
(Fig. 2B). Expect glycine, there were no residues in the dis-
allowed regions. The amino acids in the favored region indicate
that the predicted model of the histamine H1 receptor is well
built and more reliable. The RMSD analysis of the predicted
structure was calculated by means of deviation with its template
structure using molecular dynamics. The Ca RMSD and back-
bone RMS deviations for the structure and template were 0.25 Å
and 0.3 Å, respectively (Fig. 2C). The nal predicted structure
was checked by the PROCHECK and Verify 3D programs and
based on the results, the model reliability was conrmed. This
RSC Adv., 2020, 10, 4745–4754 | 4747
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Fig. 1 (A) Alignment of histamine H1 receptor with template 3RZE. (B) 3D structure of histamine H1 receptor generated by Modeller9v7.
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difference in RMS deviations between the previous structure
and aer MD simulations conrmed that our predicted struc-
ture can be securely used in the consequent structural actions.29
Table 1 Ramachandran plot analysis of residues in favoured and
allowed regions
3.6. Superimposition

The superimposition of the histamine H1 receptor and the
template 3RZE is shown in Fig. 3A. The calculated root mean
square deviation of the trace between these structures is 0.85 Å.
This predicted structure of the histamine H1 receptor was
further used for the identication of active sites and for docking
studies.
S. No Residues in plot Percentage

1 Number of residues in favoured region 216 (91.1%)
2 Number of residues in allowed region 17 (7.2%)
3 Number of residues in generously allowed region 4 (1.7%)
4 Number of residues in outlier region 0 (0.0%)
5 % of non-glycine and non-proline residues 237 (100.0%)
3.7. Active site identication

The predicted model binding sites need to be identied for
docking studies. Due to the unavailability of crystal structure in
the database, these active site residues need to be predicted and
based on the highest pocket size, the binding region is selected
to dock derivatives.30 Here, the active site of the histamine H1
4748 | RSC Adv., 2020, 10, 4745–4754
receptor is predicted and docked with 36 cloperastine deriva-
tives for the histamine H1 receptor antagonist activity. Since,
the histamine H1 receptor and 3RZE are well conserved in both
sequence and structure, their biological functions will be
identical. The abundance of amino acid residues in the active
sites of the histamine H1 receptor shows that the secondary
structures are highly conserved and the residues are TRP 148,
This journal is © The Royal Society of Chemistry 2020
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Fig. 2 (A) Ramachandran plot, (B) Verify_3D analysis and (C) RMSD studies of the histamine H1 receptor before molecular dynamics (blue) and
after studies (red) for predicted structure of histamine H1 receptor.

Fig. 3 (A) Superposition of the histamine H1 receptor (red) and template 3RZE (green). (B) Active site of histamine H1 receptor.

This journal is © The Royal Society of Chemistry 2020 RSC Adv., 2020, 10, 4745–4754 | 4749
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ILE 150, ILE 152, PHE 180, MET 183, THR 184, and ILE 187
(Fig. 3B).
3.8. Pharmacophore designing of cloperastine derivatives

Cloperastine and its derivatives were drawn based on the
selected substituted scaffolds of the drug using the Chemsketch
soware. The QSAR structures were constructed for 35
compounds from the predicted descriptors (molar refractivity,
polarizability, index of refraction, density, log P (o/w), polar
surface area, van der Waals volume, and molecular weight). The
pharmacophore properties of these derivatives are given in
Table 2. From the results, it is suggested that with small
structural changes in cloperastine, new potentially active
derivatives against the histamine H1 receptor can be developed.
As the molar refractivity and index of refraction are associated
with molecular volume and molecular weight, higher values
increase the activity. Molecular polarizability is the capability of
the molecular electronic system to be distorted by an external
eld, and this plays a major role in designing derivatives and
Table 2 Chemical properties of the cloperastine derivatives

S. no Compounds (molecular formula)
Formula
weight Molar refractiv

1 Cloperastine (C20H24ClNO) 329.86 96.11 � 0.3
2 Derivative 1 (C19H22ClNO2) 331.83 93.10 � 0.3
3 Derivative 2 (C37H35Cl2NO2) 596.58 173.74 � 0.3
4 Derivative 3 (C40H41Cl2NO4) 670.66 191.73 � 0.3
5 Derivative 4 (C21H20ClNO) 337.84 100.65 � 0.3
6 Derivative 5 (C22H22ClNO) 351.86 105.48 � 0.3
7 Derivative 6 (C23H30N2O2) 366.49 110.04 � 0.3
8 Derivative 7 (C21H26ClNO) 343.89 100.41 � 0.3
9 Derivative 8 (C21H25ClN2O3) 388.88 105.94 � 0.3
10 Derivative 9 (C21H28ClNO) 345.90 102.13 � 0.4
11 Derivative 10 (C16H20N2) 240.34 75.91 � 0.3
12 Derivative 11 (C17H21NO) 255.35 79.56 � 0.3
13 Derivative 12 (C32H39NO2) 469.65 144.65 � 0.4
14 Derivative 13 (C18H22BrNO) 348.27 91.46 � 0.3
15 Derivative 14 (C32H39NO4) 501.65 145.86 � 0.3
16 Derivative 15 (C16H19ClN2) 274.78 80.80 � 0.3
17 Derivative 16 (C17H22N2O) 270.36 81.86 � 0.3
18 Derivative 17 (C22H29N3O4S) 431.54 117.69 � 0.3
19 Derivative 18 (C25H27ClN2) 390.94 118.03 � 0.3
20 Derivative 19 (C13H22N4O3S) 314.40 85.64 � 0.3
21 Derivative 20 (C19H28N2O4) 348.43 95.66 � 0.3
22 Derivative 21 (C15H24N4S) 292.44 84.56 � 0.4
23 Derivative 22 (C13H15ClN4O) 278.73 75.19 � 0.3
24 Derivative 23 (C21H23NO3) 337.41 99.62 � 0.3
25 Derivative 24C21H25N3O2S 383.50 110.15 � 0.5
26 Derivative 25 (C22H23ClN2O2) 382.88 105.85 � 0.3
27 Derivative 26 (C19H19ClN2) 310.82 90.05 � 0.3
28 Derivative 27 (C20H24N2) 292.41 92.23 � 0.3
29 Derivative 28 (C26H34N2O3) 422.55 123.24 � 0.3
30 Derivative 29 (C22H22N2O) 330.42 100.29 � 0.4
31 Derivative 30 (C9H16N6S) 240.32 66.09 � 0.5
32 Derivative 31 (C16H18N2O2) 270.32 76.43 � 0.3
33 Derivative 32 (C14H17ClN4S) 308.82 85.45 � 0.5
34 Derivative 33 (C8H15N7O2S3) 337.44 79.06 � 0.5
35 Derivative 34 (C14H16ClN3O) 277.74 77.10 � 0.3
36 Derivative 35 (C17H20N2S) 284.41 87.81 � 0.3

4750 | RSC Adv., 2020, 10, 4745–4754
their properties in biological activities.31 The aqueous solubility
of the compound depends on its polarizability. The high
polarizability of the molecule is expected to result in strong
bondings with other molecules, which are measured by van der
Waals interactions. Molar refractivity is related to molecular
polarizability and inverse of molar volume.32 Molar refractivity
(MR) is used to study the steric factor and is designated as the
measure of the volume occupied by an individual atom or
a group of atoms. Polarizability and molar refractivity increased
with the size and the molecular weight of the studied cloper-
astine derivatives (Table 2). This is in agreement with the
Lorentz-Lorenz formula, which states the relationship between
the molar refractivity, polarizability and volume.33 Volume
depends on density indirectly and low-density molecules are
preferred for transport properties such as the blood–brain
barrier penetration of the compounds. Bulkiness is related to
the molecular weight of the derivatives. The absorption, diffu-
sion and transportation of the derivatives are good for low-
molecular-weight compounds when compared to those for
ity cm3 Index of refraction Density g cm�3 Polarisability cm3

1.566 � 0.02 1.120 � 0.06 38.10 � 0.510�24

1.565 � 0.02 1.162 � 0.06 36.91 � 0.510�24

1.615 � 0.02 1.198 � 0.06 68.87 � 0.510�24

1.597 � 0.02 1.192 � 0.06 76.00 � 0.510�24

1.624 � 0.02 1.186 � 0.06 39.90 � 0.510�24

1.618 � 0.02 1.168 � 0.06 41.81 � 0.510�24

1.575 � 0.02 1.101 � 0.06 43.62 � 0.510�24

1.553 � 0.02 1.097 � 0.06 39.80 � 0.510�24

1.589 � 0.02 1.237 � 0.06 41.99 � 0.510�24

1.572 � 0.02 1.11 � 0.1 40.49 � 0.510�24

1.556 � 0.02 1.018 � 0.06 30.09 � 0.510�24

1.551 � 0.02 1.024 � 0.06 31.54 � 0.510�24

1.590 � 0.03 1.09 � 0.1 57.34 � 0.510�24

1.561 � 0.02 1.234 � 0.06 36.25 � 0.510�24

1.596 � 0.02 1.171 � 0.06 57.82 � 0.510�24

1.565 � 0.02 1.107 � 0.06 32.03 � 0.510�24

1.554 � 0.02 1.043 � 0.06 32.45 � 0.510�24

1.598 � 0.02 1.252 � 0.06 46.65 � 0.510�24

1.617 � 0.02 1.159 � 0.06 46.79 � 0.510�24

1.558 � 0.02 1.184 � 0.06 33.95 � 0.510�24

1.532 � 0.02 1.130 � 0.06 37.92 � 0.510�24

1.614 � 0.03 1.20 � 0.1 33.52 � 0.510�24

1.662 � 0.02 1.371 � 0.06 29.80 � 0.510-24

1.640 � 0.02 1.221 � 0.06 39.49 � 0.510�24

1.652 � 0.05 1.27 � 0.1 43.66 � 0.510�24

1.614 � 0.02 1.261 � 0.06 41.96 � 0.510�24

1.625 � 0.02 1.221 � 0.06 35.69 � 0.510�24

1.587 � 0.02 1.065 � 0.06 36.56 � 0.510�24

1.555 � 0.02 1.101 � 0.06 48.85 � 0.510�24

1.641 � 0.03 1.18 � 0.1 39.75 � 0.510�24

1.645 � 0.05 1.31 � 0.1 26.20 � 0.510�24

1.613 � 0.02 1.231 � 0.06 30.30 � 0.510�24

1.645 � 0.05 1.31 � 0.1 33.87 � 0.510�24

1.808 � 0.05 1.83 � 0.1 31.34 � 0.510�24

1.655 � 0.05 1.332 � 0.06 30.56 � 0.510�24

1.615 � 0.02 1.131 � 0.06 34.81 � 0.510�24

This journal is © The Royal Society of Chemistry 2020
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high-molecular-weight compounds. The Lipinski's rule of ve
states that the permeation of a molecule is high when the molar
refractivity is below 130, the molecular weight is under 500 g
mol�1, log P is lower than 5, and the total number of atoms are
between 20 and 70 with at least 5 H-donor and 10 H-acceptor
atoms.34 The designed derivatives showed acceptable values of
molar refraction, polarizability, density and index of refraction.
Then, the designed derivatives were checked for molecular
properties and bioavailability using the Molinspiration server
(ESI Tables 1 and 2†). The Mlog P calculation shows the lipo-
philic nature of the derivatives and is important in absorption.
Transport properties were studied by using the topological
polar surface area (TPSA) score by considering all polar atoms
such as hydrogen, nitrogen, and oxygen. Good binding affinity
and exibility depend on the rotatable and non-rotatable bonds
of the derivatives and here, all the derivatives have good score.
Biological activity is measured by the bioactivity score predict-
ing the physiological effect of the derivatives, i.e., whether they
are biologically active.35 From these results, the derivatives with
Table 3 Docking scores of cloperastine derivatives with histamine H1 re

Compounds
No. of hydrogen
bonds Chem score Chem

Cloperastine 1 �17.38 �51.3
Derivative 1 1 �14.00 �50.1
Derivative 2 — — —
Derivative 3 — — —
Derivative 4 2 �20.72 �52.8
Derivative 5 1 �18.99 �51.7
Derivative 6 1 �7.71 �53.0
Derivative 7 1 �16.29 �48.2
Derivative 8 1 �4.78 �51.1
Derivative 9 1 �12.88 �42.0
Derivative 10 1 �14.35 �39.9
Derivative 11 1 �15.38 �41.7
Derivative 12 — — —
Derivative 13 1 �12.25 �46.0
Derivative 14 — — —
Derivative 15 1 �13.22 �40.4
Derivative 16 1 �12.11 �42.4
Derivative 17 1 +8.67 �45.4
Derivative 18 1 �19.04 �58.8
Derivative 19 1 �5.14 �46.0
Derivative 20 1 �9.14 �59.1
Derivative 21 — — —
Derivative22 — — —
Derivative 23 1 �11.31 �50.8
Derivative 24 1 �7.73 �41.8
Derivative 25 1 �9.17 �54.8
Derivative 26 1 �15.30 �48.1
Derivative 27 1 �9.16 �48.5
Derivative 28 1 �7.55 �48.9
Derivative 29 1 �14.19 �42.1
Derivative 30 — — —
Derivative 31 — — —
Derivative 32 — — —
Derivative 33 1 +1.18 �39.3
Derivative 34 — — —
Derivative 35 1 �15.91 �43.3

This journal is © The Royal Society of Chemistry 2020
high binding activity and fewer side effects are predicted and
can be used to develop new functional drugs.
3.9. Docking studies of cloperastine and its derivatives with
histamine H1 receptor

Previous studies show that docking is the best method to
conduct protein-ligand binding, protein–protein binding and
protein-compound binding studies.36–41 From the docking
results, it was concluded that the conserved amino acid resi-
dues of the histamine H1 receptor played an important role in
conserving a functional conformation and were involved in
donor-substrate binding. The docking studies between the
histamine H1 receptor and cloperastine derivatives are suitable
for understanding the possible mechanisms of domain and
inhibitor binding. The results of docking analysis are based on
the free energy of binding and calculated RMSD values (Table
3). Among the designed cloperastine derivatives, all the 35
analogues satised the Lipinski's rule of ve with zero viola-
tions for docking with the histamine H1 receptor structure.
ceptor

guass PLP Screen score Total (kcal mol�1)

7 �44.18 �87.11 �200.04
5 �40.71 �91.25 �196.11

— — —
— — —

9 �52.83 �130.45 �256.89
6 �46.18 �95.91 �212.84
8 �30.97 �64.69 �156.45
3 �39.81 �77.39 �181.72
5 �37.59 �86.63 �180.15
2 �34.32 �71.14 �160.36
2 �38.16 �78.47 �170.90
3 �42.20 �82.47 �181.72

— — —
7 �30.87 �72.19 �161.38

— — —
7 �36.42 �72.83 �162.94
1 �38.91 �80.45 �173.88
1 +2.38 �13.81 �52.93
5 �46.87 �102.77 �227.53
5 �41.05 �88.16 �180.4
4 �43.15 �81.32 �192.77

— — —
— — —

3 �30.32 �76.17 �168.63
9 �32.37 �72.89 �154.88
9 �29.85 �69.27 �163.18
5 �36.67 �90.39 �190.51
2 �30.68 �63.50 �151.86
2 �29.89 �71.02 �157.38
4 �42.97 �79.34 �178.64

— — —
— — —
— — —

3 �30.92 86.43 �155.5
— — —

8 �37.71 �84.83 �181.83
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Fig. 4 (A) Structure of cloperastine. (B) Docking studies of histamine H1 receptor with cloperastine. (C) Structure of cloperastine derivative 4. (D)
Docking studies of histamine H1 receptor with cloperastine derivative 4.
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Among the derivatives docked, 2, 3, 12, 14, 21, 22, 30, 31, 32
and 33 showed no bonding with the histamine H1 receptor,
whereas 4, 5 and 18 showed better docking energy values than
cloperastine (Table 3). The docking conrmations of cloperas-
tine (Fig. 4A and B) and all 35 molecules conrmed the inhib-
itory activity on the histamine H1 receptor (ESI Fig. 3a–3z†).
Cloperastine formed one hydrogen bond with the histamine H1
receptor in docking, and N12 formed a hydrogen bond with the
3rd hydrogen of THR184 of the histamine H1 receptor, whereas
the derivative 4 showed the best docking by forming two
hydrogen bonds: one hydrogen bond was formed between N12
of the derivative 4 and the 6th hydrogen atom of ILE187, and the
second hydrogen bond was formed between the 2nd hydrogen
atom of the substituted methyl group and N28 of ILE187 in the
histamine H1 receptor. Among all docking conformations, the
derivative 4 (1-{2-[(4-chlorophenyl) (phenyl)methoxy]ethyl}-4-
methylenepiperidine) showed better predicted binding free
energy of�256.89 kcal mol�1 to the histamine H1 receptor than
cloperastine (Fig. 4C and D).
4. Conclusion

The histamine H1 receptor is one of the G protein-coupled
receptors and plays an important role in allergy. It is involved
4752 | RSC Adv., 2020, 10, 4745–4754
in a variety of physiological actions such as inammation,
gastric acid secretion, neurotransmitter release and mast cell-
mediated chemotaxis upon binding to histamine. In conclu-
sion, here, a new model was generated to study the drug inhi-
bition by using the homology modeling method and validation
studies conrmed that the predicted structure was reliable. Till
now, no model is available in the database for the selected
histamine H1 receptor. Multiple sequence alignment has been
done to study the secondary conserved regions of the sequences
using Clustalx and the identity is 67%. As is well-known,
hydrogen bonds play important roles for the structure and
functions of biological molecules. In this study, it was found
that TRP 148, ILE 150, ILE 152, PHE 180, MET 183, THR 184,
and ILE 187 are important residues involved in docking studies
with derivatives through strong hydrogen bonding. Also, new
analogues of cloperastine are designed and checked for inhib-
itory activity. Among the designed derivatives, the derivative 4
shows good binding energy calculations; it has a methyl group
at C4 of the cyclohexane ring of clopestarine and can be used as
a drug in the histamine H1 receptor-involved diseases in the
future. The molecule 1-{2-[(4-chlorophenyl) (phenyl)methoxy]
ethyl}-4-methylenepiperidine showed the best docking results
with the histamine H1 receptor.
This journal is © The Royal Society of Chemistry 2020
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