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Machine Learning Model For Predicting AntiDengue Drugs: A Three-Dimensional Quantitative
Structure–Activity Relationship (3D QSAR) Study
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Abstract: Over the last five decades, dengue virus (DENV) emerged epidemically in many countries of the world which particularly locate d in tropical
and sub-tropical areas. The elevation of its incidence up to 30-fold causing 50-100 million of dengue fever (DF) cases across the global in more than 100
countries. Due to this vast prevalence almost half of the population in the tropical and sub-tropical regions in the world are at risk of causing infection.
There exist very few studies reported in developing machine learning three-dimensional quantitative structure-activity relationship (3D QSAR) modelling
on anti-dengue compounds. Hence, in this study, a series of substituted 1,3,4-oxadiazole derivatives with corresponding anti-dengue activities were
considered as ligand data set to develop and validate Schrodinger Phase™ 3D QSAR model based on the atoms present in the molecules forming the
dataset. Further, this model was exposed to elucidate the relationship between structural features and anti-dengue activities. The established 3D QSAR
2
2
2
model is statistically significant (R Training Set = 0.73 Q (R Test Set) = 0.78) with good predictive power. In addition, combined effects contour maps (blue:
positive potential & red: negative potential) of this model were critically analyzed and elucidated the pharmacophore features responsible for the
observed anti-dengue activities. The pharmacophore model mapped in this study is used as a directive tool for virtual screening and to identify new in
silico hits in anti-dengue drug discovery and development pipeline.
Index Terms: Drug Discovery, Machine Learning, Atom-Based 3D QSAR, Anti-Dengue Drugs, Combined Effects Contour Maps.
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1 INTRODUCTION
Dengue is the widespread viral infection transmitted between
humans and primates by female Aedes vectors, it is a
mosquito-borne disease principally through Aedes aegypti
mosquito, which finds the tropical and sub-tropical areas
suitable habitats for its development [1]. Dengue infection
commences as an acute febrile disease-causing Dengue
Fever (DF) that can be developed, with some patients, into a
life-threatening illness called Dengue Shock Syndrome (DSS)
as a consequence to Dengue Hemorrhagic Fever (DHF) [2].
DF is classified at the top of the seventeen “Neglected Tropical
Diseases” (NTDs) by the World Health Organization (WHO)
[3]. Epidemiologically, it is estimated that 390 million cases of
dengue infection occurring annually, and nearly 2.4 billion
people (about 40% of the world's population) are at the risk
line [4]. The infection caused by a Flaviviridae virus family
known to be termed as Dengue Virus (DENV) consisted of at
least four serotypes (DENV-1, DENV-2, DENV-3 and DENV-4)
[5]. The dengue virus has been established by both endemic
and epidemic transmission cycles maintaining its existence.
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The structure of DENV consists of two components, the
“structural” proteins (envelope protein, M protein and capsid)
which order the overall confirmation of the virus and “nonstructural” proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B
and NS5) that plays a critical enzyme activity as a key role
[6,7]. As a result, several protein targets of DENV have been
identified [8], such as dengue virus protease (NS2B-NS3pro),
RNA-dependent RNA polymerase (RdRp), methyltransferase
(MTase), envelope protein (Ep), and helicase (NS3 helicase).
These targets of high-resolution crystal structures enable
researchers using virtual simulation to identify anti-dengue
compounds throughout several machine learning techniques
like 3D-QSAR and 3D pharmacophore modelling [9].
In the recent decade, diverse range of synthetic ligands have
reported as potential anti-dengue compounds such as 2phenyl-5[(E)-2-(thiophen-2-yl)ethenyl]-1,3,4-oxadiazoles [10],
3-acyl-indole
[11];
7-azaindole
[12];
(4-amidino)-Lphenylalanine-containing
inhibitors
[13];
3-aryl-2cyanoacrylamide [14]; diamide containing heterocycles [15];
imidazole 4,5-dicarboxamide [16]; N-alkyl-deoxynojirimycins
[17]; 2-aroyl-3-arylquinoline derivatives [18]; 2,1-benzothiazine
2,2-dioxides [19]; phthalazinones [20]; β-carbolines [21]; 7deazapurine nucleosides [22]; 1,2-benzisothiazol-3(2H)-one
[23]; hybrid 1,3,4-oxadiazole [24]; curcuminoids [25]; azoles
(posaconazole and itraconazole) [26]. As of today, there is no
FDA approved drug to radically cure dengue infection. The
main challenge upon developing safe and effective vaccination
or antiviral agents against DENV is the different serotypes
manifestation, making the preventive and supportive care
measurements are the only current defending tools. However,
since the research field began witnessing a tremendous
advancement in Computer-Aided Drug Discovery (CADD),
proteomics scientists started to explore the structure of DENV
thoroughly until being well-characterized nowadays. Primarily,
machine learning is being a significant approach to develop
and validate the inhibitory properties of some potential lead
1107

IJSTR©2020
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 06, JUNE 2020

models and to explain their mode of action in order to improve
ligands’ potency. Three-dimensional Quantitative structure–
activity relationships (3D QSAR) is a machine learning
approach of computer-aided drug design (CADD) that creates
virtual predictive models to determine quantities includes
biological or the toxicological profile of experimental or virtual
compound libraries. This allows the medicinal chemists to
establish a correlation between structure of the molecules and
their biological activity. The potential of 3D QSAR has been
significantly enhanced in recent years by the development and
application of atom-based 3D QSAR modelling strategy. The
primary aim of this study was to develop and validate robust
atom-based 3D QSAR models capable of predicting reliable
biological activity for new molecules. This method integrates
the pairing of atom to atom between the molecular
conformations. This pairing between the molecules further
allows the preselected atom positions considered for the best
matching, this strategy may not be suitable for the molecules
with different types of basic skeletons or dissimilar molecules,
in which the atoms are different to select to pair with each
other for similarity analysis. Hence, the development and
validation of atom-based 3D QSAR models for the virtual
screening of compound libraries for the identification of antidengue agents seem promising. In atom-based 3D QSAR
modelling, ligands alignment and determination of their stable
conformation are important steps to develop a model. The
atom-based 3D QSAR models are comparatively more useful
than the pharmacophore-based 3D QSAR models, since
structural features other than the pharmacophores, such as
atom-based steric features, are significant to the observed
activity. The hypothesis of this study designed to develop an
atom-based 3D QSAR model using reported anti-dengue
ligands and validate the same model that possess power to
predict novel ligands by in silico screening of virtual compound
libraries as potential anti-dengue agents.

2 MATERIALS AND METHODS
2.1 Machine Learning Software Requirements
Schrödinger Drug Discovery Suite Phase™ (a machine
learning software) along with Maestro a graphical user
interface [28] was used for molecular modelling, threedimensional structure drawing, ligand energy minimization [29]
and atom-based 3D QSAR modelling steps [30].
2.2 Collection of Biological Activity Dataset for
Schrödinger Phase™ Atom-based 3D QSAR Modelling
Study
In the present study, the compound dataset from the reported
literature as potential anti-dengue agents was collected and
used for the development and validation of Phase™ atombased 3D QSAR model. The dataset created based on
homologous series of 21 novel 1,3,4-oxadiazole derivatives
reported by Benmansour et al., 2016 as dengue virus
inhibitors [10]. The chemical structures and anti-dengue
activities of the selected dataset was showed in Tables 2-3.
2.3 Curation (Chemical/Biological) of Dataset for
Schrödinger Phase™ Atom-based 3D QSAR Modelling
Study
Curation is a major integral step in atom-based 3D QSAR
modelling. Although, the carefully chosen dataset is a potential
resource for development of an atom-based 3D QSAR model,
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normally this data set could not be used directly for modelling
purposes due to the presence of data set sampling errors. In
order to construct a reliable and standardized atom-based 3D
QSAR model, the selected dataset has been subjected for
chemical and biological data curation using various types of
curation filters which includes removal of mixtures, removal of
inorganics, removal of salts, structure conversion cleaning,
normalization of specific chemotype of compounds, removal of
duplicate chemical structures, detection and verification of
biological activity cliffs, removal of chirality/stereogenic
isomers, molecular isotopes and pseudo-atoms and finally
manual inspection of the ligand dataset. All the chemical
structures of the curated dataset were further subjected to
ligand preparation.
2.4 Preparation of Dataset for Schrödinger Phase™ Atombased 3D QSAR Modelling Study
Ligand modelling was performed by sketching the twodimensional (2D) molecular structures in a Schrödinger
Maestro graphics platform interface using an embedded 2D
Sketcher application. To identify 3D lower energy
conformations of the ligands, all the compounds in the dataset
were optimized using Schrödinger Maestro built-in graphical
tool Ligprep application integrated with Optimized Potential for
Liquid Simulations (OPLS_2015) force field. LigPrep is a
Maestro built-in graphical tool that produces a single 3D lowerenergy structure with fixed chiralities for every single
processed input structure. The chemical structures of the
prepared dataset both experimental and predicted activity data
of the prepared model was showed in Table 2-3.
2.5 Selection of Training Set and Test Set for Schrödinger
Phase™ Atom-based 3D QSAR Study
The prepared dataset initially divided into training and test sets
with relative percentages of 75% and 25% respectively. The
random selection tool integrated in Schrödinger Phase™
software was used to identify both training and test sets for the
dataset.
2.6 Building of Schrödinger Phase™ Atom-based 3D
QSAR Model Using Training Dataset
A definite analysis of ligand structural features of the selected
dataset has been performed using atom-based 3D QSAR
modelling. The pre-defined biological activities for both training
set and test set were selected in a proper way that the diverse
range of biological activities covering from low to high
potencies. The structural features of the dataset have also
been incorporated with the diverse range of substituents on
the selected basic nucleus. In a 3D workspace, the structural
alignment of the lower energy ligand conformations for the
dataset were used to develop an atom-based predictive 3D
QSAR model. The model was created for the selected
datasets using training sets containing 16 (model compounds
with a grid spacing of 1.0 Å. As a first step, the reported antidengue activities of the selected dataset were converted into
their corresponding negative logarithmic values (pIC50 / pEC50)
values using the formula pIC50 = -log10 [IC50] (or) pEC50 = log10 [EC50]. These values were used as dependent variables
in the atom-based 3D QSAR modelling using Phase™ module
of Schrodinger Discovery Suite software. Atom-based 3D
QSAR model was interpreted by combined effects of contour
maps. Areas covered with red and blue cubes indicate
unfavorable and favorable regions respectively, to point toward
1108
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the anti-dengue activity of the dataset. The combined effects
contour maps expose important features contributing towards
ligands biological activity profile. In these contour maps, the
blue cube regions represent favorable zones while red cube
regions represent unfavorable zones for the biological activity.
Visualizing atom-based 3D QSAR model developed in the
present study by using various ligands from the dataset to gain
insight about the relative contribution of each feature (D:
hydrogen-bond donors; H: hydrophobic or nonpolar; N:
negative ionic; P: positive ionic; W: electron-withdrawing and
X: miscellaneous other atom types) in analyzing the biological
activity. A graphical representation of the contour maps
(cubes) generated for the most active and least active ligands
in the developed 3D QSAR model. We have also considered
different statistical parameters reported by Phase™ to
evaluate and validate the atom-based 3D QSAR model
developed in this study. The partial least squares regression
(PLS regression) statistical method was used to construct a
predictive model with a maximum of N/5 PLS factors (N is the
total number of molecules present in the training set). The
predictive 3D QSAR model which was found to be significant
with a valid range of statistical parameters (showed in
separate Tables under Results and Discussion). The best
atom-based 3D QSAR model was validated by predicting the
biological activities of the test sets. The predictive power of
different QSAR model was identified using various statistical
parameters such as Coefficient of determination (R2);
Coefficient of determination (Q2) of the test set; Standard
deviation (SD) of the regression; Root-mean squatted error
(RMSE); Variance ration (F); Statistical significance (P); and
Pearson correlation coefficient (Pearson-R) in order to select
the best-fit model from the dataset, the combined information
has been shown in Table 1.
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in the following Figures 1.
3.2 Schrödinger Phase™ Atom-based 3D QSAR Model
The results obtained for observed and predictive activities
were presented in Tables 2 & 3. The predictive power of this
model was analysed based on the predictability of the
biological activities of the test molecules. The Q2 (R2 Test) was
0.7882 considered acceptable. The correlation plots between
the experimental and the predicted (pIC50) values of
compounds in training set and test set of the atom-based 3D
QSAR model developed from the dataset were depicted in
Figure 2a-b. These results demonstrated that the anti-dengue
activity predicted by the atom-based 3D QSAR model is in a
good agreement with the experimental values with R2 =
0.7353. Thus, the developed atom-based 3D QSAR model is
reliable and can be applied to predict the activities of new
derivatives belongs to this congeneric series in the future.
Therefore, it was established that the resulting QSAR model
has significance to predict the anti-dengue property with
respect to the domain applicable to the observed bioassay.
The reported anti-dengue activity was determined by using
Pico Green® fluorescent DENV RdRp assay. This activity data
forming part of the development and validation of our
Schrödinger Phase™ atom-based 3D QSAR model 1. The
activity data was considered as a dependent variable in the
present study. The observed anti-dengue activity data was

2.7 Validation of the Predictive Ability of Schrödinger
Phase™ Atom-based 3D QSAR Model Using Test Dataset
The ligands which have not been used to construct the atombased 3D QSAR model were included in the external test set
to validate -the developed model. Thus, statistics derived from
both training set and test set were analyzed. The developed
atom-based 3D QSAR model was also validated in parallel by
the Y-randomization test (Scrambled activities) to confirm the
robustness of the model. In the test, the dependent variable
(biological activity data) has shuffled randomly and the new 3D
QSAR model has been developed by using an independent
variable framework. After multiple repetitions of this Test, the
model was examined for their statistical significance. The low
value of R2 scramble test indicates that the QSAR model
cannot fit random data, higher the value indicates that the
variable dataset is complete, further can be considered as best
fit model. To end with, the resulting R2 and Q2 values were
used to confirm the stability of the model (Table 1).

Fig. 1. Structural alignment of the 3D ligand conformations for
Schrödinger Phase™ atom-based 3D QSAR modelling: 3D
alignment of the dataset (training/test).

3 RESULTS AND DISCUSSION
3.1 Alignment of Molecular 3D Conformations
The alignment of molecular 3D conformations is very vital for
the development of a Schrödinger Phase™ atom-based 3D
QSAR model. Thus, we used a template-ligand based
alignment method. The most potent compound 10 of dataset
was identified and used as template ligand and aligned to their
respective database of training/test set molecules. The result
of the alignment of conformations in a 3D-workspace is shown
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between the chemical structure and biological activity of active
and inactive compounds among the series. Further, it is
significant for identifying the areas where modifications will
potentially affect the bioactivity. Excellent correlation in
experimental and predicted activity was observed which
indicates the correct selection of Schrödinger Phase™ atombased 3D QSAR modelling as a computational approach in the
present study. Compound 10 with 5-bromothiophe-2-ethenyl
and 3,4-dichloro-phenyl substitutions at 2 and 5 positions of
1,3,4-oxadiazole ring is considered as a template compound
with significant anti-dengue activity (IC50: 3.5 ± 0.5 µM) as
shown in Table 2. The compound 10 with relatively higher
activity in the above series was further considered by the
author for the synthesis of the next series of compounds to
investigate the effect of substitutions on 1,3,4-oxadiazole ring
system.As shown in Table 2, compounds 8,10, 12, 14, 16, 18,
20, 22, 24, and 25-28 were designed based on the general
structure 1a of 1,3,4-oxadiazole using various substituent
functional groups at positions 3, 4 and 5 of phenyl ring
adjacent to it. Replacement of the bromo atom in compound
10 with phenyl group at 5 position of the thiophene exhibited a
lower level of activity as seen in case of the compound 11.
This observation has been supported by the contour maps
generated from developed atom-based 3D QSAR model 1
Figure 3a-e.
As seen in case of compounds synthesized based on the
general structure 2a, 17, 9, 13, 23, 15, 11, 21 and 19 with
phenyl group at 5 position of the thiophene exhibited relatively
lesser potencies than compound 10. This observation
indicates that the presence of electron-releasing atom such as
bromo substituent at 5 position of thiophene ring system
enhances the bioactivity when compared to the electrondonating group such as phenyl ring system. From the data
observed under each chemical scaffold modified with different
R substituents showed a diverse range of activity profiles
ranging from compounds with general structure 1a (IC50: 3.5 to
20 µM) and general structure 2a (IC50: 11.8 to 53.9 µM).
However, it has been revealed that phenyl group attached to
the position 2 of 1,3,4-oxadiazole basic nucleus is essential to
maintain the activity. Correspondingly the contour maps of the
Schrödinger Phase™ atom-based 3D QSAR model 1 also
revealed the consistent information with respect to the areas
covered with red and blue cubes in compound 10.

used to carry out Schrödinger Phase™ atom-based 3D QSAR
modelling study to develop a predictive model in order to
identify the importance of different functional group present in
the series of compounds tested. 1,3,4-oxadiazole scaffold
substitution produced a series of molecules with potential antidengue properties. Analysis of the combined effects contour
maps derived from the Schrödinger Phase™ atom-based 3D
QSAR model is useful for understanding the direct correlation
1110
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Thus, combined effects (hydrophobic/nonpolar, electronwithdrawing and others) contour maps around compound 10
that have reported the greater potency value are showed in
Figures 3a. The blue colored contour maps observed in
compound 10 has indicated the greater correlation with their
experimental and predicted activities.

The results obtained for observed and predictive activities
were presented in Tables 2 & 3. The predictive power of this
model was analysed based on the predictability of the
biological activities of the test molecules. The Q2 (R2 Test) was
0.7882 considered acceptable. The correlation plots between
the experimental and the predicted (pIC50) values of
compounds in training set and test set of the atom-based 3D
1111
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QSAR model developed from the dataset were depicted in
Figure 2a-b. These results demonstrated that the anti-dengue
activity predicted by the atom-based 3D QSAR model is in a
good agreement with the experimental values with R2 =
0.7353. Thus, the developed atom-based 3D QSAR model is
reliable and can be applied to predict the activities of new
derivatives belongs to this congeneric series in the future.
Therefore, it was established that the resulting QSAR model
has significance to predict the anti-dengue property with
respect to the domain applicable to the observed bioassay.
The reported anti-dengue activity was determined by using
Pico Green® fluorescent DENV RdRp assay. This activity data
forming part of the development and validation of our
Schrödinger Phase™ atom-based 3D QSAR model 1. The
activity data was considered as a dependent variable in the
present study. The observed anti-dengue activity data was
used to carry out Schrödinger Phase™ atom-based 3D QSAR
modelling study to develop a predictive model in order to
identify the importance of different functional group present in
the series of compounds tested. 1,3,4-oxadiazole scaffold
substitution produced a series of molecules with potential antidengue properties. Analysis of the combined effects contour
maps derived from the Schrödinger Phase™ atom-based 3D
QSAR model is useful for understanding the direct correlation
between the chemical structure and biological activity of active
and inactive compounds among the series. Further, it is
significant for identifying the areas where modifications will
potentially affect the bioactivity. Excellent correlation in
experimental and predicted activity was observed which
indicates the correct selection of Schrödinger Phase™ atombased 3D QSAR modelling as a computational approach in the
present study. Compound 10 with 5-bromothiophe-2-ethenyl
and 3,4-dichloro-phenyl substitutions at 2 and 5 positions of
1,3,4-oxadiazole ring is considered as a template compound
with significant anti-dengue activity (IC50: 3.5 ± 0.5 µM) as
shown in Table 2. The compound 10 with relatively higher
activity in the above series was further considered by the
author for the synthesis of the next series of compounds to
investigate the effect of substitutions on 1,3,4-oxadiazole ring
system. As shown in Table 2, compounds 8,10, 12, 14, 16, 18,
20, 22, 24, and 25-28 were designed based on the general
structure 1a of 1,3,4-oxadiazole using various substituent
functional groups at positions 3, 4 and 5 of phenyl ring
adjacent to it. Replacement of the bromo atom in compound
10 with phenyl group at 5 position of the thiophene exhibited a
lower level of activity as seen in case of the compound 11.
This observation has been supported by the contour maps
generated from developed atom-based 3D QSAR model 1
Figure 3a-e. As seen in case of compounds synthesized
based on the general structure 2a, 17, 9, 13, 23, 15, 11, 21
and 19 with phenyl group at 5 position of the thiophene
exhibited relatively lesser potencies than compound 10. This
observation indicates that the presence of electron-releasing
atom such as bromo substituent at 5 position of thiophene ring
system enhances the bioactivity when compared to the
electron-donating group such as phenyl ring system. From the
data observed under each chemical scaffold modified with
different R substituents showed a diverse range of activity
profiles ranging from compounds with general structure 1a
(IC50: 3.5 to 20 µM) and general structure 2a (IC50: 11.8 to 53.9
µM). However, it has been revealed that phenyl group
attached to the position 2 of 1,3,4-oxadiazole basic nucleus is
essential to maintain the activity. Correspondingly the contour
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maps of the Schrödinger Phase™ atom-based 3D QSAR
model 1 also revealed the consistent information with respect
to the areas covered with red and blue cubes in compound 10.
Thus, combined effects (hydrophobic/nonpolar, electronwithdrawing and others) contour maps around compound 10
that have reported the greater potency value are showed in
Figures 3a. The blue colored contour maps observed in
compound 10 has indicated the greater correlation with their
experimental and predicted activities.
3.3 Effects of functional groups (EWG/ERG) substituent’s
on the General structure (1a)
The reported bioactivity revealed that the compounds
synthesized based on the general structure 1a were relatively
more potent than the compounds synthesized based on the
general structure 2a. Among the compounds tested,
compounds with electron-withdrawing substituents at various
substitution positions on the phenyl ring system exhibited
comparatively additional potency than the compounds
structures with electron-releasing substituents. In addition, a
close look into the relationship between the type and specific
position of the substituent functional group(s) explained the
importance of electro-withdrawing and electron-releasing
substituents towards the observed bioactivity, the results
stated that the mono-substitution of electron-withdrawing
group (halogen atoms such as Cl, Br, F) either at position 3 or
position 4 remained favorable for the activity as seen in case
of compounds 8 (3-Cl), 18 (3-Br), 26 (3-F), 24 (4-Cl), 25 (4-Br),
12 (4-F) and also 16 (4-CF3) respectively. The electronwithdrawing halogens are relatively more effective than the
alkyl substitutions. Similarly, the compounds mono-substituted
with electron-releasing groups such as 4-OCH3 in compound
14, 4-N(CH3)2 in compound 20 and 3-OCH3 in compound 28
respectively were showed less potency at greater than >10 µM
concentration. In comparison the compound 22 with
unsubstituted phenyl ring exhibited more potency than the
compound 20 with strong electron-releasing group. Its
noteworthy to mention that the compound having electronwithdrawing groups di-substituted at position 3 and 4 of phenyl
ring reported to be the most potent among the series of
compounds screened by the author. The above observations
were also being consistent with the combined effects contour
maps generated based on the Schrödinger Phase™ atombased 3D QSAR model as discussed under contour maps
analysis and displayed in the Figures 3a-e.
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3.4 Effects of functional group (EWG/ERG) substituent’s
on the General structure (2a)
The most potent compound reported based on the general
structure 2a was compound 17 consisting of electronwithdrawing group (CF3) substituted at position 4 on the
phenyl ring (> 10 µM). Pertaining to the potency of
compounds, as seen in case of 23, an unsubstituted
compound with no substitution either at position 3 or 4 on the
phenyl ring exhibited better activity than the compound with
3,4-di-substituted with chlorine atom. In the similar manner,
chlorine or fluorine atom substituted at positive 3 or 4 exhibited
better activity than the bromo substitution on phenyl ring at
position 3 has produced a compound with more negative
potential. The two electron-donating groups 4-OCH3 and 4N(CH3)2 were exhibited least potency (> 20 µM) in comparison
with the compound with no substitution either at position 3 or 4
on the phenyl ring. The above-mentioned correlation
statements were also being predictive in the combined effects
contour maps extracted based on the Schrödinger Phase™
atom-based 3D QSAR model as displayed in the Figure 3a-e.
3.5 Schrödinger Phase™ Atom-based 3D QSAR Model
Combined Effects Contour Maps Analysis
The overall analysis of the combined effects contour maps
generated based on the Schrödinger Phase™ atom-based 3D
QSAR model comprising six different classes of atoms which
includes D: hydrogen-bond donors; H: hydrophobic or
nonpolar; N: negative ionic; P: positive ionic; W: electronwithdrawing and X: miscellaneous other atom types displayed
in Figures 3a-e. The contour maps of these derivatives were
carefully analyzed based on the red cubes and blue cubes
which indicates positive and negative potentials of observed
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activities respectively. Through the interpretation of these
contour maps. A blue contour map was seen around the
phenyl ring at both 3 & 4 positions of the nucleus, indicating
that phenyl group was well tolerable around this region. This
was in good agreement with observed results, the observed
results which also showed that dichloro substitution at 3 & 4
positions displayed potential effects against dengue virus as
seen in case of compound 10. A blue colored contour map
identified around the substituent at the 5 position of thiophene
ring system indicated that the incorporation of functional group
substituents at this position was more helpful to get good
activity. This observation has also been in good agreement
with the experimental. Likewise, a red colored contour map
identified around the substituent at 5 position of thiophene ring
system indicated that the presence of functional group
substituents at this position was more useful to acquire
negative contribution towards experimental anti-dengue
activity as seen in case of compound 11 (Figure
3b).Sequentially, we have also examined the predictive ability
of our model with respect to the estimation of the actual
potency order of the compounds with experimental antidengue activities reported by the author. The order of
predicted activities has also been in close agreement with the
actual potency order of experimental activities. For example,
the most active compound 10 related to the general structure
1a obtained in the experimental study has also been predicted
as the most active compound by the atom-based 3D QSAR
model 1 developed by us in this study, the combined effects
contour map has depicted in Figure 3a. As shown in Figure 3a,
a blue color contour was observed at the 5 position of
thiophene ring in compound 10. Likewise, the most active
compound 17 related to the general structure 2a obtained in
the experimental study has also been predicted as the most
active compound by our atom-based 3D QSAR model 1, the
combined effects contour map has been showed in Figure 3c.
As shown in Figure 3b, a red color contour was observed at
the 5 position of thiophene ring, the presence of phenyl group
at this position was not positively contributed towards antidengue activity. On the other hand, the least active compound
among the series of compounds tested related to the general
structure 1a and 2a was compound 19 obtained in the
experimental study which was also been identified as the least
active compound by our predictive atom-based 3D QSAR
model, the combined effects contour map has been showed in
Figure 3d. As shown in Figure 3e, a red color contour was
observed at 5 position of thiophene ring, the presence of
phenyl group at this position drastically reduced the antidengue activity. Additionally, the moderately active compound
among the series of compounds tested related to the general
structure 1a was compound 20 obtained in the experimental
study which was maintained close order of potency as
predicted by our atom-based 3D QSAR model, the combined
effects contour map has been showed in Figure 3e. As shown
in Figure 3a, a blue color contour was observed at 5 position
of thiophene ring as in compound 10. In summary, based on
the analysis of the combined effects (hydrophobic/non-polar,
electron-withdrawing and others) contour maps of substituents
at different positions of the general structure 1a & 2a
developed using the datasets (training set and test set) of
Schrödinger Phase™ atom-based 3D QSAR model, an
optimized fingerprint pharmacophore was elucidated for
identifying the 1,3,4-oxadiazole derivatives with anti-dengue
properties is shown below in the Figure 4.
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CONCLUSION

If In summary of the present study, we have successfully
developed and validated Schrödinger atom-based 3D QSAR
model using 1,3,4-oxadiazoles, derivatives as internal training
and external test sets. This model has provided to be
predictive with deeper insights into the chemical structural
features responsible for their experimentally provided antidengue activities. Visualization of the combined effects
contour maps of these atom-based 3D QSAR model with
reference to the chemical structure of the molecules used in
the study revealed the structural relationship with the
bioactivity in all the cases. Based on these relationships we
have carefully analyzed the structural features of the active
compounds and inactive compounds among the series
through an interpretation of combined effects contour maps
with positive (blue contour) and negative (red contour)
potentials and elucidated 2D pharmacophore model to design
new ligands with anti-dengue properties. The 2D
pharmacophore model derived from the above atom-based 3D
QSAR model could be used as a general computational
reference standard to develop a new virtual 1,3,4-oxadiazole
containing ligands hypothesised to be as potential anti-dengue
agents.
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