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CoMFA and CoMSIA methods were used to perform 3D
quantitative structure-activity relationship (3D-QSAR) evaluation
and molecular docking, of 5-HTe receptor inhibitors. The CoOMFA
model performed on training set in biases of alignment with
suitable statistical parameters (q2= 0.556, r2 = 0.836, F= 26.334,
SEE=0.171). The best prediction for 5-HTe receptor inhibitors was
obtained by CoMFA (after focusing region) model with highest
predictive ability (q2= 0.599, r2 = 0.857, F= 30.853, SEE=0.160) in
biases of the same alignment. Using the same alignment, a
consistent COMSIA model was obtained (q%= 0.580, r2 = 0.752, F=
34.361, SEE=0.201) from the three combinations. To evaluate the
prediction capability of the COMFA and CoMSIA models, a test set
of 9 compounds was used so that they could show the good
predictive r2 values for COMFA, CoMFA (after focusing region),
and CoMSIA models, 0.554, 0.473, and 0.670, respectively. The
obtained contour maps form models were used to identify the
structural features responsible for the biological activity to design
potent 5-HTe receptor inhibitors. Molecular docking analysis
along with the CoMSIA model could reveal the significant role of
hydrophobic characteristics in increasing the inhibitors potency.
Using the results, some new compounds were designed which
showed the higher inhibitory activities as 5-HTs receptor
inhibitors.
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Introduction

Monoamine neurotransmitter serotonin (5-
hydrox-ytryptamine) is located in central and
peripheral nervous systems, [1,2] and as a
local hormone in numerous other tissues [1,3-
5]. It plays a crucial role in different central
and physiological functions, including motor,
sensory, [5] cognitive, sleep, behavior, and
appetite [6,7]. The 5-HT families are also
[5.8]
neurodegenerative disorders like depression,

engaged in neuropsychiatric
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[7] Parkinson’s, and Alzheimer’s diseases [9],
anxiety and migraine [6,9,10]. 5-HT family
consists of seven main subtypes (5-HT1, 5-HT>,
5-HTs3, 5-HT4, 5-HTs, 5-HTe, and 5-HT7) [2, 11].
Among the 5-HT receptors, the 5-HT¢ receptor
shows a moderate affinity for serotonin, and a
variety of antipsychotic and antidepressant
drugs implemented the higher affinity for this
receptor [9]. An increasing interest is
attracted to the 5-HT¢ receptor due to the
and  eyidence that it plays a significant impact on

pain modulation, [5] seizures, [7] drug abuse,
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and the sleep-wake cycle [12]. Since inhibition
of this receptor might the
acetylcholine release in the frontal cortex, it
could be a good target to treat the episodic
memory deficits in schizophrenia [8,13].
Regarding this issue, several approaches [14-
16] were carried out to design new selective,
and 5-HT¢ inhibitors with fewer side effects
for schizophrenic patients.

Many studies have been developed to
design new potent 5-HTs receptor antagonists
[14-16]. Recently, Nirogi et al, [17] could
design and suggest some novel compounds as
5-HTs receptor inhibitors. These compounds
were tetrahydrocarbazole
moiety. Subsequently, they suggested two
active sites for assessing the impact of
different groups on affinity for in vitro binding.
The newly developed inhibitors could show
striking binding affinity and inhibitory
activity. However, understanding the mixed
effect groups present in
substituents requires more studies.

The novel compounds should be evaluated
in bio-materials obtained from human or calf
origin, to understand the bio-activity of each
molecule. The tests are, however, costly, time
intensive and put lab technicians at health
risk. The computer-aided design methods,
constitute a safe and low-cost pathway for
obtaining the activity of each compound based
on its chemical Quantitative
structure- activity relationships (QSAR) is a
widely used computational method in drug
design, [18-21] which
properties a basis for predicting the biological
activities of compounds [22-25]. The method
can also be used to construct a model to
predict and identify the main features
controlling the inhibitory properties, but it
does not consider the three-dimensional

increase

derived from

of wvarious

structure.

uses molecular

structure or chirality of drug molecules.
Therefore, this method led to develop a novel
method, namely;
quantitative structure activity relationship
(3D-QSAR) [26, 27]. Using 3D-QSAR allows the
correlation between the biological activities

three-dimensional
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and their 3D structures to derive indirect
binding information [28-30]. The predictive
3D-QSAR model can be built based on the so-
called comparative molecular field analysis
(CoMFA)[31] and the comparative molecular
similarity indices analysis (CoMSIA)[32]
methods. An outcome of COMFA and CoMSIA is
a graphical result called the contour map. The
former technique notes the
electrostatic properties of the molecule ina 3D
Cartesian space, [31] while the latter uses
similarity indices, which can be turned into
contour maps including hydrophobic and
hydrogen-bonding donor and acceptor [32].
The effect of chemical features on the
biological behavior of molecules can be
obtained using these additional fields.

Here, docking and 3D-QSAR analyses were
used on a series of 5-HTs receptor inhibitors
[33, 34]. CoMFA and CoMSIA methods were
used to obtain the contour maps to describe
the effects of physicochemical and structural
factors on 5-HTs receptor inhibition activity.
Molecular docking was further used to
investigate the interactions of protein and
ligand, and the suitable conformation of
compounds in the prepared protein.

steric and

Methodology
Data set

The molecular modeling study was performed
using a set of 48 compounds as 5-HT¢ receptor
inhibitors with reported binding affinity
potency was taken from literature.['”l The pK;
values were used as dependent variables to
form the CoMFA and CoMSIA analyses. The
binding affinity activities as Ki (nM) values for
all compounds were converted into the
logarithmic [pKi (M)]. To
distribution of the biological data over the
whole set, and concerning the diversity of
their chemical structures, the data set was

scale reach

randomly divided in to training and test sub-
sets. A 38-molecule training set (80%) was
used to obtain the 3D-QSAR models, while the
model validation test set comprised of 9
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compounds
structures

(20%). A summary of the
of all molecules and their
bioactivity levels is listed in Table 1.

Molecular modeling and alignment

The molecular modeling package SYBYL 7.3
was used to obtain the 3D molecular
structures.[35] Tripos force field with a
dependent dielectric and the Powell conjugate
gradient algorithm convergence criterion of
0.01 kcal/mol A were used for the energy
[36] and Gasteiger-Hiickel
method [37] was used to determine the partial
atomic charges. The choice of the template

minimization
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molecule is a key step in the 3D-QSAR analysis,
because the alignment of test molecules with
the reference molecule greatly influences the
prediction ability and strength of models. The
compound with the highest activity is usually
chosen as the reference, and the rest of the
molecules are aligned according to the
common structure. The most active and
reference molecule in this work, was molecule
19, and the rest of the compounds were
aligned with reference to it to obtain the 3D-
QSAR analysis. Figures 1 and 2 show the
structure of the template molecule with a
bolded common substructure and the aligned
molecules, respectively.

Region B

Region A

FIGURE 1 Structure of template compound (molecule 19). The three regions A, B, and C

depicted and common substructure is in bold

FIGURE 2 Alignment of training and test set compounds on compound 19
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Molecular docking

Being a well-known procedure for drug
assessment, molecular docking can yield the
appropriate conformations of a compound in
protein binding sites [38-40]. To simulate the
acceptable conformation of a compound with
the lowest energy level, and subsequently
understand the existing interactions between
tetrahydrocarbazole derivatives and 5-HTs
receptor, docking was performed with the
help of AutoDock 4.2. [41] The protein
complexes were chosen from
http://www.rcsb.org with a PDB ID of 1U19,
[42] based on a 2.2 A resolution X-ray crystal
structure of bovine rhodopsin and is highly
similar to the experiment set [42]. Prior to
docking, the protein was treated by removing
the water molecules, and flowing by adding
polar H atoms and Kollman charges to the
structure of the protein. The respective grid
box size and grid space of 60 x 60 x 60 A and
0.375 A were defined to include the binding
site, for the docking. Consequently, the most
highly active compound in the data set flexibly
docked into the active binding site. During the
docking procedure, the ten best ligand
conformations of each
selected based on the dock score value,
followed by evaluating the interactions for the
proper orientation with the minimum binding
energy. Ligand Scout 3.03 was used for
performing the pharmacophore studies [43].

compound were

CoMFA procedure

The 3D-QSAR predictive model
constructed using the CoMFA method on the

aligned molecules. The steric (Lennard-Jones)

was

and electrostatic (Coulombic) potential fields
were calculated in a 3D cubic lattice with a 2.0
A grid spacing and extended at least 4.0 A
beyond the Van der Waals forces around the
aligned molecules in all directions, by the
CoMFA method. The steric and electrostatic
fields (with a +1.0 charge and the Van der
Waals radius of 1.52 A) were generated using
an sp3 hybridized carbon as the probe. To
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enhance the model efficiencies and noise, for
the columns to have less energy variance, the
column filtering was set to 1.0 kcal/mol, and
incompatible
eliminated. A cut-off energy value of 30
kcal/mol was chosen as the steric and
electrostatic
electrostatic energies and minimize the large
steric effects. The CoMFA region focusing,
which includes assigning weights to lattice
pointsin a CoMFA region, was used to improve
or reduce the point contributions in the
analyses. The StDev coefficients were also
used as alternative weighing factors, further to
grid spacing, to obtain the better results.

energy  variance  were

contributions to lower the

CoMSIA procedure

CoMSIA was used in the same lattice box of
CoMFA, to help determine the similarity
indices of the compounds. The method can
provide information on the steric and
electrostatic fields, as well as on hydrophobic,
hydrogen bond donor, and acceptor
descriptors. The five COMSIA descriptors were
based on the standard settings (charge=+1,
hydrophobicity=+1, hydrogen bond
donor/acceptor at each lattice=1, and grid
spacing 2.04) of an sp3 carbon probe [32,44].
Among these descriptors, the steric indices
correspond to the 3 power of the atomic
radii, the electrostatic indices are determined
based on the partial charges of the atoms; the
hydrophobic fields are obtained from atom-
based parameters proposed by Viswanadhan
et al. [45], and rule-based techniques using
from experimental data were the source of
hydrogen bond donor and acceptor indices
[44]. The similarity indices of the molecules
and the probe atom were evaluated based on
the Gaussian function, and then the mutual
distance was evaluated between them. A
column filtering value of 1.0 kcal/mol was
applied to improve the predictive capability of
the model.


http://www.rcsb.org/
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Partial least square analysis and validations

The partial least square method (PLS), [46]
was employed to estimate the minimum set of
grid points, which linearly correlates the
CoMFA and CoMSIA fields to the pK; values, in
constructing the three-dimensional QSAR
model [47].
capability of the built PLS model, cross-
validation based on the leave-one-out (LOO)
approach was performed. [46,47] The analysis
of being cross-validated is a method, where
one molecule was eliminated from the set, for
its activity to be projected solely by the model
obtained from the rest. This trend was
rendered for each molecule to obtain the
cross-validation correlation coefficient (q2), as
a good indicator of the prediction capability of
the model. The efficiency of the 3D-QSAR
model was improved, and noise (i.e. the
section of the molecule not involved in
bioactive behavior, [48] were minimized by
setting the column filtering value (o) at 1.0
kcal/mol. The optimal number of components,
with the minimum

To evaluate the prediction

error of
predictions (SEP), was obtained by combining
the PLS model with cross-validation. The
variability of the parameters in a final model
can be estimated from cross-validated
correlation coefficients.

The model was finally established based on
the optimum component number through
non-cross-validation treatment. The
robustness and statistical validity was
assessed using squared correlation (r?) the
cross-validated correlation (q2) coefficients.
The model's stability and strength were
studied through leave-many-out (LMO) cross-
validation, and bootstrapping treatments was
confirmed based on the average value of 100
runs from every cross-validation. Each model
was subjected to the statistical calculation to
determine the one with the minimal standard
error of predictions (SEP), as well as the
maximum squared correlation coefficient (r?2)
and F values. The compounds in the 9-member
set were used to test the external prediction

standard
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capability of the models, and the predictive
correlation coefficient (r2 pred) was
determined using the models.

Results and discussion
CoMFA analysis

The CoMFA model was developed using a 38-
compound training set, and a 9-compound
external test set for further assessing the
applicability and reliability of the model.
Likewise, the structures of compounds, their
binding activity, and affinity were correlated
using the PLS method. The statistical factors
associated with the acceptance of a model for
predicting of the unknown compounds are
presented in Table 2. The cross-validated g2 of
the developed CoMFA-1 model by 6
components was 0.556. The number of
components leading to the highest g2 was
considered optimal. An r2 of 0.836, F = 26.334,
which is conventional, was obtained from non-
cross-validated PLS  analysis for 6
components, and the standard error for the
estimated value (SEE) was 0.171. As can be
seen from Table 2, the contributions of the
steric and electrostatic factors in the model
developed based on the COMFA-1 model were
74.1% and 25.9% of variance. The high
bootstrapping value was determined as 0.903.
The high F, bootstrapping, g2 and r? values,
and the low SEE were indicative of the
considerable prediction ability of the
developed model. The pK; values predicted by
the CoMFA-1 model are presented in Table 1
and the correlation between theoretical and
experimental pK; values can be seen in Figure
3(A).

The CoMFA-1 model
improved by the so-called region focusing on
CoMFA, which is based on assigning weights to
lattice points in a CoMFA region. This way, the
analytical contribution of the points, and

can be further

subsequently the g2 value are enhanced.
Through this procedure, another model (i.e.
CoMFA-2) was obtained with significantly
improved statistical parameters. As provided
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in Table 2, g2 changed from 0.556 to 0.599, as
did the r2 value (to 0.857), indicating a good
improvement for the same number of
components. Accordingly, the bootstrapping
of the new model significantly increased to
(0.910), F (30.853), and SEE dropped to 0.160.
The contributions of the
electrostatic fields according to CoMFA-2

steric and
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were % 70.0 and % 30.0 of variance. Figure 4
shows the electrostatic and steric fields
according to CoMFA-2 (i.e. after region
focusing). The pK; values obtained using
CoMFA-2 are listed in Table 1, and the
correlation of the CoMFA-2 theoretical and
experimental plCsovalues are depicted in
Figure 3B.
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FIGURE 3 Plot of experimental against predicted pICso by CoMFA (A), CoMFA after region
focusing (B), and CoMSIA (C)

(B)

FIGURE 4 Contour maps of COMFA: steric (A) and electrostatic (B) based on compound 19
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TABLE 1 Chemical structures of 5-HTs receptor inhibitors with their experimental and predicted
activities

No Substituents Exp. Predicted activity
’ Ri1 Rz Rs3 Ra Rs (pKi) CoMFA-1 CoMFA-2 CoMSIA
R1
\
R3 N\RZ
| \
N
RY 0,8
0,S X5
| RS
2N\ 4
3
1 CHs CHs H H H 8.05 8.20 8.25 8.05
2b CHs CHs Br H H 8.74 - - -
3 CHs CHs Cl H H 7.79 7.82 7.87 7.82
4 CHs CHs F H H 7.80 7.97 7.96 7.90
5 CHs CHs OCHs H H 8.26 8.22 8.25 8.16
6 CHs CHs SCHs H H 8.34 8.48 8.47 8.05
7 CHs CHs F F H 8.10 8.06 8.06 7.91
8 CHs CHs H H 4-Br 7.81 7.71 7.72 7.57
9a CHs CHs Cl H 4-Br 7.39 7.32 7.33 7.34
10 CHs CHs F H 4-Br 7.36 7.46 7.42 7.43
11 CHs CHs OCHs H 4-Br 7.82 7.7 7.70 7.68
12 CHs CHs H H 4-F 7.90 7.79 7.75 7.72
13 CHs CHs F H 4-F 7.48 7.55 7.45 7.57
14 CHs CHs OCHs H 4-F 7.61 7.80 7.75 7.83
152 CHs CHs SCHs H 4-F 7.60 8.07 7.96 7.71
16 CHs CHs H H 3-Cl 8.38 8.24 8.30 8.42
17 CHs CHs F H 3-Cl 8.30 8.00 8.00 8.27
18 CHs CHs SCHs H 3-Cl 8.57 8.52 8.50 8.41
19 CHs CHs H H 3-CFs3 8.72 8.50 8.50 8.53
20 CHs CHs Br H 3-CFs 8.26 8.09 8.12 8.22
21 CHs CHs Cl H 3-CF3 791 8.13 8.11 8.30
22 CHs CHs OCHs H 3-CF3 8.43 8.51 8.49 8.64
232 CHs CHs H H 2-Br 8.55 8.46 8.53 8.37
24 CHs CHs Cl H 2-Br 8.09 8.06 8.13 8.13
25 CHs CHs F H 2-Br 8.30 8.23 8.24 8.22
262 CHs CHs OCHs H 2-Br 8.37 8.48 8.53 8.48
272 CHs CHs H H 2-Cl 8.04 8.36 8.42 8.26
28 CHs CHs OCHs H 2-Cl 8.33 8.37 8.42 8.37
29 CHs CHs H H 2-F 7.98 8.20 8.19 8.07
30 CHs CHs OCHs H 2-F 8.44 8.24 8.21 8.18
31 CHs CHs H H 4-CHs3 8.08 7.844 7.83 7.99
322 CHs CHs Cl H 4-CHs3 7.74 7.45 7.43 7.75
33 CHs CHs F H 4-CHs3 7.49 7.61 7.53 7.85
34 CHs CHs SCHs3 H 4-CHs 7.86 8.13 8.05 7.99
35a CHs CHs OCHs H 4-CHs 8.23 7.84 7.81 8.10
36 CHs CHs Br H 4-CH(CH3): 8.12 7.87 7.95 7.67
37 CHs CHs F H 4-CH(CH3): 7.81 8.04 8.02 7.84
38 CHs CHs H H 4-0CH3 7.69 7.82 7.84 7.91
39 CHs CHs Br H 4-0CH3s 7.54 7.38 7.44 7.59
40 CHs CHs OCHs H 4-0CH3 7.70 7.81 7.82 8.01
41 CHs CHs SCHs3 H 4-0CH3 8.16 8.10 8.06 7.90
422 CHs CHs Br H 2-Cl, 5-CF3 7.15 7.65 7.85 7.83
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43 CH:  CHs Br H 2,3,4-
trifluoro
44 CHs CHs Br H 3,4- difluoro
45 H CHs H H 3-CF3
46a H CHs OCHs H 3-CF3
47 H H H H 3-CF3
48 H H OCH3 H 3-CF3
aTest set
bOutlier

TABLE 2 Statistical results of COMFA and best CoMSIA models

PLS statistics CoMFA-1
LOO cross g% /SEP= 0.556/0.281
Group cross g2 /SEP 0.567/0.278

Non-validated r2 /SEEP 0.836/0.171
F 26.334
rzbootstrap 0.903+0.029
S bootstrap 0.131+£0.054
Optimal components 6
Iest 0.554
Field distribution %
Steric 0.741
Electrostatic 0.259
Hydrophobic -

H-bond donor -
H-bond acceptor -

aStandard error of prediction (SEP)
bStandard error of estimate (SEE)

CoMSIA analysis

Besides, the steric and electrostatic fields,
CoMSIA was used to derive hydrogen bonding,
donor, acceptor, and hydrophobic fields. The
model is based on combining each filed with
the others to evaluate their effects. Using the
corresponding relevant g2 and optimal
component number, all 31 viable
combinations were calculated (Figure 5).
Figure 5 clearly shows that the highest g2 (i.e.
0.580) is obtained at a point where all the
electrostatic, hydrophobic, and hydrogen
bond donor fields are presented. The outcome
of the CoMSIA-derived model is presented in
Table 2 indicating the model is capable of
providing respective high q2 and r? values of
0.580 and 0.752 for the optimum component
number of 3. The derived statistical values
from the model had a good bootstrap of 0.885,
as well as group cross g2 value of 0.550 and F
= 34.361 with a low SEE of 0.201. The results
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7.21 7.29 7.31 7.56
7.54 7.36 7.41 7.53
7.77 7.76 7.76 7.65
7.88 7.76 7.74 7.76
7.13 7.33 7.34 7.26
7.41 7.35 7.33 7.36
CoMFA-2 CoMSIA (Best
(after region focusing) model)
0.599/0.267 0.580/0.327
0.586/0.274 0.550/0.270
0.857/0.160 0.752/0.201
30.853 34.361
0.910+0.033 0.885+0.038
0.122+0.069 0.141+0.080
6 3
0.473 0.670
0.700 -
0.300 0.230
- 0.487
- 0.283

of each derived model in Table 2 are
satisfactory. However, the r2 value predicted
by CoMSIA model (i.e. 0.670) exceeds those of
CoMFA-1 (r2 = 0.554) and CoMFA-2 (r2 =
0.473) based models. The respective
contributions of the electrostatic,
hydrophobic, and hydrogen bond donor fields
were shown to be 23.0%, 48.7%, and 28.3% by
the model. The hydrophobic field in the
CoMSIA model has a greater effect on the
biological activity. The results of the CoMSIA
model regarding electrostatic, hydrophobic,
and hydrogen bond donor fields are presented
in Figure 6. The pK; values predicted by the
model are summarized in Table 1, and their
correlation can be seen in Figure 3C.
Compound 2 was treated as the outlier in
the best CoMFA and CoMSIA models, to
decrease their predictive ability and all
statistical parameters. The data in Table 1

indicate that compound 2 having the
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maximum bio-activity (pKi= 8.74) among the
other compounds with the same series (i.e.
compounds; 1, 3, 4, 5, and 6) has a halogen in
R; substituent. Comparing the experimental
results obtained for molecules 3 and 4 with
molecule 2 demonstrates that compound 3
(having Cl in Rz substituent with pKi= 7.79)
and 4 (having F in Rz substituent with pKi=
7.80) did not show the significant biological
activities, and using the halogen in this
position would not cause any significant
increase or decrease in biological activities.
However, compound 2 due to its higher value

E. Pourbasheer et al.

in contrast to molecules 3 and 4, detected to
be Concerning the bulky
characteristics in the R3 substituent did not
suggest the remarkable increase in biological
activities (comparing molecules 5 with 6).
Therefore, the bulky characteristics of the Br
group in this position would not be the reason
for the dramatic increase of biological
activities in molecule 2. Hence, molecule 2 is
treated as the outlier and omission of that

an outlier.

from the data set compounds resulted in
better r2 values.

0.7 ~
0.6 3
34 a
3] 6
0.5 - - 5 a - 51‘ 5
3 M 4 4 5 — 4 5 M
04 & 6 m 1M n M
] 6 65 6
2 03 4 5 6 5
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2 2 1
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ESAHD

FIGURE 5 Graph of the 31 possible CoMSIA descriptors combinations (S=steric, E =electrostatic,
H =hydrophobic, D/A=H-bond donor/acceptor) with their respective q2 values, above bars

reported their optimal number of components

FIGURE 6 Contour maps of CoMSIA: electrostatic, hydrophobic, and H-bond donor fields based

on compound 19
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CoMFA contour maps

Figure 4 illustrates the steric and electrostatic
contour maps given by the CoMFA model
(after focusing regions) based molecule 19 as
a reference. The regions with green contours
represent that the bulkier groups (80%
contribution) in these regions, could enhance
of the biological activity. The yellow contours
(20% contribution) show the regions in which
the bulkier groups decrease bioactivity. Figure
4(A), illustrates the steric field effects, and
indicates some regions the presence of bulky
groups in which would enhance the bioactivity
as well as regions where such bulky groups
adversely influence bioactivity. The red and
blue regions (Figure 4B) illustrate the COMFA
electrostatic contour maps. The regions in
which electron-rich (electronegative) groups
enhance bioactivity are exhibited by the red
contours (20% contribution), while the blue
(80% contribution) illustrate those where the
bioactivity is boosted due to the increased
positive (or decreased negative) charge. As
provided in Figure 1, the reference molecule
has been divided into 3 regions for a better
presentation.

The steric contours of COMFA (after region
focusing) display three green areas near
regions B and C at substituents of Rs, Ry, and
Ry, respectively. The small contours in B at R3
substituent illustrate the positive influence of
bulky groups on the molecular bioactivity.
Based the data presented in Table 1 and
through the comparison of the activities in the
series of molecules 6, 5, 1, and 4 in which
bulky groups (-SCHz> -OCHs> H > F) at R3
substituent would enhance pKi (8.34 > 8.26 >
8.05 > 7.80), this can be explained. A similar
effect can be noted in the case of molecules 36
and 37, with 36, including a Br atom and
higher bioactivity (pKi=8.12). In comparison,
the less bulky molecule (37) had an F atom in
region B at R3 substituent and a pK; of 7.81.
Furthermore, Table 1 indicates that the
presence of bulky substituents (-OCHz> Cl > F)
in the same locations in molecules 9-11
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enhances pK; i.e. 9 (with a -Cl group has
pKi=7.39), 10 (with an -F group has pKi=7.36),
and 11 (with an -OCHj3 group with pKi=7.82).
According to Table 1, the respective higher
activities of (8.16 > 7.70 > 7.54) for 41, 40, and
39 could be attributed to the effects of ~-SCH3,
-0OCHs, -Br groups. This can be seen in
molecules 21 (with a -Cl ) and 20 (with a -Br
group) where the presence of the bulky group
(-Br > -Cl) would increase the pKivalues (8.26
>7.91).

To explain the green contours near C in Ry
and R; substituents, molecules 46 (with a -
CHs group at Rz in region C) and 48 (with an -
H group at R; in region C) can be compared.
Here the presence of the bulky group affected
the pKi values (7.88> 7.41), and molecules 46
and 22, in which case changing the group at Ry
substituent in region C from H to Me (H<Me),
enhances the pK; from 7.88 to 8.43.

The steric contours map in Figure 4A is
demonstrated by a small yellow contour at Rs
between 4 and 5 positions in A. The yellow
contours in the vicinity of region A indicates
the unfavorable influence of large groups on
some compounds. In the light of the pK; values,
the presence of large groups like -Br
(molecule 8 with pKi= 7.81) as opposed to -
CH3 (molecule 31 with pKi= 8.08) at the 4-
position of region A in the same series lowers
the bioactivity. This fact can be described
further by concerning molecules 3 (having H
group) and 32 (having -CHs; group) with
molecule 9 (having Br group) where by
increasing the size of groups at Rs substituent
(4-position) in region A (Br > CH3 > H), the pK;
values are decreasing (7.39 < 7.79 < 7.74),
namely.

Figure 4B indicates the increasing positive
(or decreasing negative) charge enhanced
blue (80%
contribution), whereas the opposite enhanced

bioactivity in the regions
bioactivity in red regions (20% contribution).
Figure 4 (B), clearly indicates two small blue
contours around regions A and B. From the
two, the one at the bottom of 4-position of Rs
substituent in region A was explained by
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comparing molecules 31 and 12, in which case
replacing an -F group with -CHz enhanced the
positive charge characteristic of the
substituent and the pK; to 8.08 from 7.90. The
same phenomenon
molecules 34 and 15 and the pKjincrease from
7.80 > 7.60, upon replacing (-F) with a methyl
group. There is another small blue contour at
the bottom of the Rz substituent in region B.
This can be understood by comparing
molecules 1 (having -H group with pK;= 8.05)
and 4 (having -F group with pKi= 7.80), 12
(having -H group with pKi= 7.90) and 13
(having -F group with pKi= 7.48) where using
the negative charge group at this position
would lead to decrease the pK;values. This fact
is also observed in molecules 31, 32, and 33,
where increasing the negative charge feature
(F > Cl > H) would result in a decrease of pK;
values (7.49 < 7.74 < 8.08). Likewise, Figure 4
(B) demonstrated several large red contours
near 2, 3, 5-positions of Rs in region A. The
large one close to position 2 of the substituent
is clarified through a comparison of molecules
30, 28, and 5. In this
electronegative groups, namely; F > Cl > H give
rise to the respective bioactivities of 8.44 >
8.33 > 8.26. The set red contours in the
proximity of position 3 of Rs in region A is
explained through studying molecules 19, 16
and 1, in which case the more electronegative
where the CF3 group with a higher electron
withdrawing ability than chlorine and
hydrogen group at 3- position of Rssubstituent
in region A led to the maximal inhibition
activity of 8.72 as opposed to 8.38 and 8.05
observed for chlorine and hydrogen.

was observed for

case, three

CoMSIA contour maps

Figure 6 illustrates the results of the CoMSIA
the electrostatic,
hydrophobic, and hydrogen bond donor fields,

model in terms of
with the electrostatic field having a medium
red contour at the bottom of A (5-position of
Rs substitutes) and region B (R4 substitutes).
To understand this the difference in the
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behaviors of molecules 7 (with -F group and
pKi= 8.10) and 4 (with -H group and pKi=
7.80) can be compared. In this case, an
electronegative group in the bottom of Ra
substitutes resulted in an increase of pKi
values. According to Figure 6, the CoMSIA
model shows a large red contour close to
position 3 of Rsin A, which can be described by
concerning molecules 16 and 1. Replacing the
Hydrogen with an electronegative group (-Cl)
increased the negative charge behavior.
Hence, the pKi value increased from 8.05 to
8.38. Figure 6 also shows a large blue contour
close to position 4 of Rsin region A, indicating
the favorable effects of the presence of a
positively charged on bioactivity. In the case of
molecules 12 (with an -F group at position 4
of Rs substituentin A) and 1 (with an -H group
at 4 of Rs substituent in region A) reveals that
the presence of a highly electronegative group
(F>H) decreases the pK; values from 8.05 to
7.90. This is further the case for molecules 14
and 35, in which changing the methyl with a
fluorine group, decreased the pKi from 8.23 to
7.61.

The hydrophobic contour maps can be seen
in Figure 6. The yellow and white contours in
the field, are areas in which the yellow
indicates the presence of hydrophobic
substituents, the sue of which enhances
bioactivity (favored level 80 %). The white
contours, on the other hand, show regions, the
presence of hydrophobic groups in which
lower bioactivity (unfavored level 20 %). The
medium yellow contours close to positions 2
and 3 of Rssubstituent in region A can be seen
in Figure 6. This can be realized through
comparing molecules 28 and 5, in which case
boosting the hydrophobic character through
replacing chlorine with hydrogen would result
in increasing bioactivities (8.33 > 8.26). This
fact is also seen in molecules 16 and 5. In the
case of these two molecules where enhancing
the hydrophobic characteristic by replacing H
with Cl increases bioactivity from 8.26 to 8.38.
Reviewing the electrostatic and hydrophobic
contours, indicates that position 3 of Rs in
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region A can show a higher biological activity
when two characteristics are presented.
Therefore, this is why the compound 16 (with
a -Cl group at position 3 of Rs substituent in A
(pKi= 8.38) has a stronger activity than
molecule 28 (with a -Cl group at position 2 of
Rs in region A (pK; =8.33)). The small white
contours above the R3 substituent in region B
reflect the negative effect of hydrophobic
groups on the biological activities, which can
be better understood through studying
molecules 16 and 17. Replacing an -H group
with -F, in this case, would increase the
hydrophobic characteristic. Therefore, it leads
to decrease the biological activity (8.38<8.30).
This is further the case with molecules 25 and
23. In this case, enhancing the hydrophobic
characteristic by replacing -H with -F would
lead to decrease the pK;values (8.30 < 8.55). A
similar effect can be observed in the case of
molecules 19 and 21, where using the group
with a high hydrophobic activity (Cl > H)
decreases pKi from 8.75 to 7.91. Concerning
Figure 6 and 4 (B), it can be observed that
Figure 6 indicated the unfavorable effect of
hydrophobic characteristic in R3 substituent,
and Figure 4 (B) demonstrated the favorable
impact of hydrogen donor group in the same
position. Comparing these effects reveal that
the interaction of positively charged group
and hydrophilic characteristic would lead to a
higher binding affinity toward 5-HT¢ receptor.
This effect can be seen in the case of molecules
5 and 1, where changing hydrogen with an -
OCH3 group would increase the hydrophilic
and positively charged group characteristics.
Therefore, it results in a higher bioactivity
(8.26> 8.05).

Figure 6 displays the hydrogen bond donor
field, by cyan contours illustrating the areas
where the presence of the donor group of
hydrogen bond enhances bioactivity, whereas
and the purple one illustrating the position in
which the H-bond donor group lower this
activity. Figure 6 includes two large cyan
contours in region C enclosing to Ry and R;
substituents, which is understood through
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comparing molecules 19, 45, and 47, where
increasing the activity of H-bond donor group
in these positions (-N(CH3)2> -NH(CH3) > -
NH;) would lead to increase of biological
activity (8.72 > 7.77 > 7.13), namely. As it can
be seen in Table 1, in the case of molecules 22,
46, and 48, boosting the H-bond donor group
characteristic in these positions (-N(CHz3)2> -
NH(CH3) > -NH;) with the same substituents
would result in increasing the biological
activity (8.43 > 7.88 > 7.41).

Molecular docking studies

To obtain further information about the
interaction of the inhibitors with 5-HTs
receptor with the structural properties of the
active site of a receptor, and also appropriate
conformation of ligand (inhibitors) with
protein, docking technique was employed. The
most active compound (m19) was docked in
the active site of 5-HT¢ receptor, and the best
conformation representing the lowest energy
score was selected for the subsequent
analyses. Therefore, the AutoDock 4.2 docking
methods were used to look for the binding
conformations of 5-HTs for the other
inhibitors.

The results obtained from docking the most
active compound (m19) with protein revealed
that the inhibitor has the higher hydrophobic
interactions with Tyr 191, Phe 208, Thr 118,
Ala 117, Trp 265, Tyr268, Ile 189, Phe 212, Ala
269, Leu 125, Leu 216, Phe 261, Ala 272, and
Met 207. These interactions were depicted in
Figure 7 representing the significant impacts
of hydrophobic features on enhancing the
binding affinity. Figure 8 demonstrates the
appropriate conformation of the compound
with the maximum activity (m19) in the active
site of 5-HTe. In the light of this information, it
can be concluded that increasing the total level
of hydrophobic characteristics in molecular
structures will provide a better binding
affinity toward the 5-HT¢ receptor. As it can be
visible from Figure 7 and Table 1, increasing
the hydrophobic characteristics in Rs



Page |167

substituent (metha position) in region A
where alot of oxygen moieties are provided by
protein residues would result in better
binding affinity. This is showing that the better
binding affinity with appropriate
conformation would happen when this
position contains no atoms, which can provide
hydrogen bond with Lys 296 and Glu 122. This
fact can be seen in molecules 1 and 19, 3, 21,
5,and 22 where in each series by changing the
Rs substituent from hydrogen to CF3 group
(increasing the hydrophobic level), the
binding affinity values increased,
respectively. This effect may be due to the
lower number of interactions between ligand
and inhibitor caused by hydrogen bond donor
groups in contrast to hydrophobic groups in
Rs substituent. Comparing Figure 6 and 7
indicates that the CoMSIA contours map
represents a blue contour in Rs substituent
(para position) where by considering the
above assumption, this can be concluded that
these contours are mostly referred to those
atoms which are incapable of creating
hydrogen bond. This influence can be perfectly
understand concerning molecules 1 (with an -
H group in the para site of Rs substituent (pKi;

were
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=8.05), 31 (having CHs group in para position
of Rs substituent with pK; value of 8.08), and
38 (having OCH3 group in para position of Rs
substituent with pK; value of 7.69) where
using the -OCHz would result in creating
hydrogen bond with Cys 167, while using -CH3
and H groups would lead to eliminate the
crucial H-bond interactions, and subsequently
increase hydrophobic levels and create the
higher interactions with Thr 118, Iel 189, and
Ala 117.

To better realize various interactions of the
molecule with the maximum activity (m19)
with a receptor, the two-dimensional
representation of the interactions were
generated using Ligandscout 3.03. Figure 9
illustrates the results obtained by Ligandscout
3.03. A total number of 15 hydrophobic
interactions was formed between compound
19 and 5-HTs receptor (Tyr 191, Phe 208, Thr
118,Ala117, Trp 265, Tyr268, Ala 292, Ile 189,
Phe 212, Ala 269, Leu 125, Leu 216, Phe 261,
Ala 272, and Met 207). Therefore, it can be
concluded that the residues have a key role in
the inhibition properties of 5-HTs, based on
the structural analyses and study of the
hydrophobic interactions.

GLY188

\

| ILE18g

NTYR191

FIGURE 7 Binding pocket of 5-HTs bound to compound 19 (green). Hydrogen bonds are marked

as green dashed lines
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FIGURE 8 Hit molecule position in the active site of protein and its appropriate orientation

MET207A
ALA2T2A

TYR191A
PHE208A PHE201A
THR118A
LEU216A
: LEU125A
ALAL17A ALA269A
TRP265A PHE212A

ILE189A

TYR268A
ALAZ292A

FIGURE 9 The 2D structure of interactions between lignad and receptor sketched by LigandScout
3.03 program

Design of new 5-HTs receptor inhibitors results, some important information was
presented on the effect of each group as a
substituent for region A, B, and C. In the light
of the data, the novel highly active molecules

According to the contours maps derived by
models (CoMFA and CoMSIA), and docking
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were designed as 5-HTsinhibitors and listed in
Table 3. Through the analysis of contours map
produced by each of the models, enhanced
bioactivity levels can be obtained by adjusting
the roles of bulky and H-bond donor groups in
region C. The results indicate that the negative
charge group with the higher hydrophobic
features improve the
bioactivity. Yet, the hydrophobic properties in
R3 substituent of region B should be lowered.
The bulky group in para-position of Rs
substituent in region A can lead to the higher
biological activities. The better biological
activities can also be achieved where the
negative charge atom wused as the Ru

in region A can

substituent in region B. Molecular docking
analysis could reveal that the main interaction
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between the most potent inhibitor and 5-HTs
receptor is a hydrophobic characteristic.
Concerning the CoMSIA model and its
contours contributions, it can be observed that
CoMSIA  model higher
contribution for the hydrophobic levels. This
is in line with those founds simulated by
molecular docking methodology. Since the
statistical results (higher r2es and less optimal
number of components) obtained for CoMSIA
model were more appropriate than those
obtained by CoMFA-1 and CoMFA-2 models,
the pK; values were predicted by CoMSIA
model, and according to the data in Table 3, all
new designed compounds could provide
higher pK; values as 5-HTs inhibitors.

represented a

TABLE 3 Chemical structures of 5-HT¢ receptor inhibitors and predicted pK; values of newly

designed compounds

Substituents Prec!lc_ted
No. activity
R1 Rz R3 R4 Rs CoMSIA
R1
R3 \N\Rz
/ \
R 0,8 _~us
_R5
=4
3

19 CH; CH; H H 3-CF3 8.53
N1 CH; CH; CH3 CHs 3-CFs 8.58
N2 CH; CH; H CHs 3-CF3 8.57
N3 CH3 CH; CHs H 3-CF3 8.92
N4 CH; CHs CHs CHs 3-Phenyl 8.61
N5 CH; CH; H CHs 3-Phenyl 8.61
N6 CH3 CH3 CH3 H 3—Phenyl 8.76
N7 CH; CH; H H 3-Phenyl 8.76
N8 CH; CH; CHs CH,CH3 3-Phenyl 8.59
N9 CH; CH; CHs iPr 3-CF3 8.60
N10 CH3 CH; H H 3-CHs 8.54
N11 CH; CH; H H 3- 3,5-CHsPh 8.78
N12 CH; CH; H CHs 3- 3,5-CHsPh 8.66
N13 CH; CH; H CH,CH3 3- 3,5-CHsPh 8.56
N14 CH; CH; H Pr 3- 3,5-CHsPh 8.64
N15 CH; CH; H H 3- 3,5-CFsPh 8.74
N16 CH; CH; H CHs 3- 3,5-CFsPh 8.66
N17 CH; CH; H Phenyl 3- 3,5-CF3Ph 8.67
N18 CH; CH; H CH.CF; 3- 3,5-CF3Ph 8.74
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Conclusion

The study involved developing CoMFA,
CoMSIA, and 3D-QSAR models along with
docking methodology to discover the role of
various substituents in different regions for
the range of molecules as 5-HTs receptor
inhibitors and the appropriate conformation
of ligand with 5-HTs receptor, respectively.
Using PLS analysis, the correlations of COMFA
and CoMSIA descriptors with bioactivity levels
were determined. The determined statistical
factors namely g2, r2, F, and bootstrap were
high except for low SEEs, which reflected the
acceptable prediction capability of the 3D-
QSAR models. The prediction
capability of each model was also validated by
evaluating a test set of 9 molecules. The
CoMFA and CoMSIA based data reflected the
effects of steric, electrostatic, hydrophobic,
and hydrogen bond donor fields on the aligned
molecules. Cumulatively, the large group with
higher H-bond donor characteristic available
in region C can lead to the higher bioactivity
levels. Furthermore, highly electronegative
charge which higher
hydrophobic characteristics in region A can
lead to a better bioactivity. However, it was
observed that the most effective substitute in
terms of enhancing the bioactivity of 5-HTs
receptor inhibitors in region A is meta and
para positions, and in region C is Ry and R;
positions. Molecular docking analysis along
with CoMSIA model could reveal the
significant role of hydrophobic characteristic
on increasing the potency.
Concerning the derived information would
provide a better insight to design the new

external

groups, have

inhibitors

inhibitors with improvement in their pK;
values.
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