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Abstract

Objective: Quantitative structure activity relationship (QS AR) model for anticonvulsant activity was developed from
aset of twenty seven, 2,3-disubstituted-4(3H)quinazolinone derivatives that exhibited remarkable inhibition by in-vivo
locomotor activity in Swiss albino mice using phenytoin as model drug. Material and methods: The 2D-QSAR
studies were carried out using the partial least squares (PLS) method coupled with stepwise variable selection, with r2 =
0.9949 and q2 =0.9761; the 3D-QSAR studies were performed using stepwise variable selection k-nearest-neighbour
molecular field analysis (kKNN-MF) approach; with cross-validated correlation coefficient (q2) of 0.7818 and a
predicted r2 for the external test (pred_r2) of 0.5904. Results and conclusion: Experimental results revealed that the
alignment-independent descriptors, electrostatic and steric field descriptors were significantly correlated to
anticonvulsant activity of 2,3-disubstituted-4(3H)quinazolinone derivatives. The results helped to understand the
nature of substituent around quinazolinone nucleus, thereby providing new guidelines for the design of novel

anticonvulsant drugs.
Keywords: 2D-QSAR, 3D QS AR, anticonvulsant activity, 2,3-disubstituted-(3H)quinazolinone, PLS method, KNN-
MFA method

Introduction development cost of each new molecular entity (NME) is

Convulsion or epilepsy is a common neurological disorder
characterize by recurrent spontaneous seizures, is a major health
problem that affects 0.5-1% the population and up to 50%.
Convulsion is a medical condition where body muscles contract
and relax rapidly and repeatedly, resulting in an uncontrolled
shaking of the body. Although a convulsion is often a symptom
ofan epileptic seizure, the term convulsion is sometimes used as
a synonym for seizure. Many effective antiepileptic drugs are
available on the market and include phenobarbital, phenytoin,
carbamazepine and valproic acid (Tripathi, 2013). Despite
advances in technology and understanding of biological
systems, drug discovery is still a lengthy, expensive, difficult
and inefficient process with low rate of new therapeutic
discovery (Anson et al., 2009). Currently, the research and
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approximately US$1.8 billion (Paul etal.,2010).

Quantitative structure—activity relationship models (QSAR
models) are regression or classification models used in the
chemical and biological sciences and engineering. Like other
regression models, QSAR regression models establish a
linear relationship between a set of molecular descriptors of
chemicals and the biological activity of the chemical while
classification QSAR models shows a non-linear relationship
between a set of molecular descriptors of chemicals and the
biological activity of the chemical (Pahwa and Papreja,
2014). QSAR studies can reduce the costly failures of drug
candidates in clinical trials by In recent year's quantitative
structure activity relationship studies (QSAR) have become
an integral part of drug discovery processes. 2D and 3D-
QSAR have focused on the development of procedure that
allows selection of optimal variables from the pool of
descriptors of chemical structures i.e. ones that are most
meaningful and statistically significant in terms of
correlation with biological activity, filtering the
combinatorial libraries (Sethi, 2012). In continuation of the
research of molecular modelling, here in this article we report
the 2D and 3D QSAR analysis of indole/benzoximidazole-5-
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carboximidine derivatives as anti-cancer agents by
VlifeSciences MDS molecular modelling package (Dixit et al.,
2011; Rathi et al., 2001; Kashaw et al., 2003; Kashaw et al.,
2003; Dixit et al., 2004; Pandey et al., 2004). Present work is an
effort to develop predictive QSAR models for 2,3-disubstituted-
4(3H)-quinazolinone derivatives as anticonvulsant agents.

Materials and Methods
Selection of molecules and Data set

QSAR studies were carried out on synthesized 2,3-
disubstituted-4(3H)quinazolinone derivative. The compounds
of the series were reported to be potent inhibitor of locomotor
activity. The series contain a total of 27 compounds shown in
table 1. The experiment was performed on albino mice and the
results were expressed in percent inhibition.

2D QSAR

All the compounds for 2D QSAR were subjected to energy
minimization to get 3D structure by MMFF (Molecular

mechanics force field method). The QSAR work sheet was
generated using biological activity as dependent variable
and various 2D descriptors as independent variables
(Sharma et al., 2010). Various 2D descriptors like
topological, physicochemical, alignment-independent
descriptors (Leszczynski, 2010) were calculated after
which by invariable column was removed and the training
and test set was selected by Manual Selection Method. The
model for the 2D- QSAR study was generated using PLS
with forward backward as the variable selection method.

3D QSAR

3D-QSAR refers to the application of force field
calculations requiring three-dimensional structures, e.g.
based on protein  crystallography or molecule

superimposition (Ibezim et al., 2009).

In 3D QSAR conformers were generated by Monte Carlo
conformational search method and the conformers of least

Table 1. Structures of the compounds in the series along with their biological activity

S. No. Code R Ry log P Percent decrease/ inhibition in locomotor action
1. RKJ46 2,4,6-trimethylaniline 4-bromophenyl 6.54 58
2. RKJ47 2,4,6-trimethylaniline 4-chlorophenyl 6.27 56
3. RKJ48 2,4,6-trimethylaniline 4-methylphenyl 6.2 54
4. RKJ30 2,4-dichloroaniline 4-bromophenyl 6.19 55
5. RKJ38 2,4-dimethylaniline 4-bromophenyl 6.05 53
6. RKJ31 2,4-dichloroaniline 4-chlorophenyl 5.92 52
7. RKJ32 2,4-dichloroaniline 4-methylphenyl 5.85 53
8. RKJ39 2,4-dimethylaniline 4-chlorophenyl 5.78 52
9. RKJ40 2,4-dimethylaniline 4-methylphenyl 5.71 52
10. RKJ45 2,4,6-trimethylaniline Phenyl 5.71 50
11. RKJ18 4-chloroaniline 4-bromophenyl 5.64 50
12. RKJ26 4-methylaniline 4-bromophenyl 5.56 49
13. RKJ42 2,3,4-trifluoroaniline 4-bromophenyl 5.55 55
14. RKJ34 2,4-difluoroaniline 4-bromophenyl 5.39 51
15. RKJ19 4-chloroaniline 4-chlorophenyl 5.37 51
16. RKJ29 2,4-dichloroaniline Phenyl 5.37 49
17. RKJ20 4-chloroaniline 4-methylphenyl 5.29 55
18. RKJ27 4-methylaniline 4-chlorophenyl 5.29 52
19. RKJ43 2,3,4-trifluoroaniline 4-chlorophenyl 5.28 53
20. RKJ22 4-fluoroaniline 4-bromophenyl 5.24 48
21. RKJ28 4-methylaniline 4-methylphenyl 522 54
22. RKJ37 2,4-dimethylaniline Phenyl 522 51
23. RKJ44 2,3,4-trifluoroaniline 4-methylphenyl 5.21 50
24. RKJ35 2,4-difluoroaniline 4-chlorophenyl 5.12 48
25. RKJ36 2,4-difluoroaniline 4-methylphenyl 5.05 54
26. RKJS8 2,4,6-trimethylphenyl 5.37 54
27. RKJ4 2,4-dichlorophenyl 5.02 52
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energy were selected for the alignment. All the compounds were
aligned by template based method, where, a template was built
by considering common substructures in the series. Usually, the
lowest energy conformer of the most active compound is selected
as a reference (Xu et al., 2002). For 3D the molecules were
converted from 2D to 3D structures, optimized by MMFF
(Molecular mechanics force field method) and then were aligned
using Template based Alignment method by taking most active
molecule (Figurel) as the reference molecule and basic moiety
(Figure 2) as the template. The alignment is shown in figure 3.
The QSAR model was build by KNN method using forward-
backward as variable selection method .It examines the steric
fields and the electrostatic fields.

Results and discussion
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Figure 1. Reference molecule used for alignment by template
based alignment
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Figure 2. 2,3-disubstituted-4(3H)-quinazolinone used as template

Figure 3. 3D view of aligned molecules

2D QSAR

In the present study, training and test sets were generated by
using manual method followed by partial least squares
regression coupled with stepwise forward-backward
variable selection method. Compounds were divided in
training and test set in a way that biological activities of all
compounds in test set lie within the maximum and
minimum value range of biological activities of training set
of compounds. 2D QSAR equations were selected by
optimizing the statistical results generated along with
variation of the descriptors in these models. The frequency
of use of a particular descriptor in the population of
equations indicated the relevant contributions of the
descriptors. Several 2D QSAR model were constructed and
the best one regression equation obtained is represented in
Eq. 1:

Percent Inhibition= 2.5529chiV3Cluster +
0.3533Bromines Count -0.1499 T N Cl 4 + 0.411 1chi4
+1.7509.

The statistical result of 2D QSAR model along with the
contribution of the descriptors is given in table 2. In 2D
QSAR model r2 > 0.9 suggests significant percentage of the
total variance in biological activity is accounted by the
model. Low value of standard error of estimate (r2_se<
0.0326) indicates the accuracy of the statistical fit. The

Table 2. Statistical results of 2D QSAR model generated
by PLS method and 3D QSAR model generated by SW
kNN MFA method

Statistical Result
Parameter 2D QSAR 3D QSAR
N 18 18
Degree of Freedom 14 14
r 0.9949 -
r’se 0.0326 -
q 0.9761 0.7818
q’se 0.0704 0.1802
pred r? 0.9933 0.5904
pred_r2se 0.0356 0.3095
F-test 908.07 -
k-nearest - 2
Neighbour
Contributing chiv4 S 664 (-0.6866 -
descriptor chiV3Cluster 0.0931)
Bromines Count S 1158 (-0.2742 -
T N Cl 4 0.2311)
S 1434 (-0.0084 -
0.0069)
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stability of model judged by leave-one-out procedure is fairly
good (q2> 0.9) suggesting that the model can be utilized for
predictions.

Furthermore, the predictive potential of model is good as
observed by the pred 12=0.9933. Low values of q2_se (standard
error of q2) =0.0704 and pred 12 se (standard error of predicted
squared regression) = 0.0356 also suggest significance of the
model. The correlation matrix given in table 3 indicated the
absence multi co-linearity in the model. Figure 4 gives a pictorial
representation of different 2D parameters and their contribution
towards percent inhibition.

chiV4: The first contributing descriptor is chiV4 (approx 19%).
This signifies atomic valence connectivity index (order 4). Its
positive contribution indicating that atom substituted by 4" order
i.e.is tetra substituted well for activity.

chiV3 Cluster: This descriptor signifies valence molecular

Table 3. Correlation matrix for the descriptors contributing to 2D
QSAR model

Contributing chiV4  chiV3Clust Bromines T_N_CI 4
descriptor er Count

chiv4 1

chiV3Cluster 0.825 1

Bromines Count  0.129  0.173 1

TNCIL 4 -0.091 -0.162 -0.171 1

Table 4. Uni-Column statistics for training set and test set

Set Column Average Max Min Std. Sum

Name Dev.

6.5400 5.0200 0.4132  99.6700
6.2700  5.0000 5.1200 50.7400

% inhibition 5.6372
% inhibition 5.5378

Training

Test
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Figure 4. Contribution chart of selected 2D descriptors for CNS
activity

connectivity index of 3" order cluster. The positive value
signifies that increase in 3" order cluster i.e. is tri substituted
groups will favors the activity. chiV3 Cluster was found to
be most influencing descriptor (approx 45%) in
determining the activity.

Bromines Count: Bromines Count (approx 30%) which is
again positively contributing to the activity. Bromines
Count signifies number of bromine atoms ina compound i.e
substitution of bromine like atoms enhance the activity.

T _N_Cl _4: The fourth contributing descriptor is
T N _CI 4 whichis negatively contributing (approx -10%).
This is Alignment Independent descriptor signifies the
count of number of Nitrogen atoms (single double or triple
bonded) separated from any other chlorine atom by 4 bond
distance in a molecule. It is indicating that the substitution
of chlorine like atom should not be above said bond
distance.

Uni-column statistics (Table 4) for training and test set were
generated to check correctness of selection criteria for
training and test set molecules. It is clear that the test set was
interpolative i.e. derived within the min-max range of the
training set. The mean of the test set were higher than the
training set indicated the presence of relatively more active
molecules as compared to the inactive ones. Figure 5 shows
the plot between the observed and predicted activity. From
the plot itis clear that the model is able to predict the activity
of the training set quite well (all points are close to
regression line) as well as external test set (all points of test
set are close to regression line and well covered by training
points), providing confidence in predictive ability of the
model also the residual values were obtained near to zero.
Therefore it was concluded that the resulting QSAR model
has good predictive ability.

The predicted activity values for the compounds in the

(o)}

Predicted

S.00 S25 550 S.75

Actual
B Training @ Test

Figure 5. Fitness plot between observed and predicted

6.00 6.25 6.50

activities of the training (blue spot) and test (red spot)
molecules of 2D QS AR model
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training set and test set, along with their corresponding observed
activity values are given in table 4.

3D QSAR

3D QSAR models were generated using KNN MFA coupled with
stepwise forward-backward variable selection method (SW
kNN MFA). This is followed by generation of a common
rectangular grid around the molecules. The steric and
electrostatic interaction energies are computed at the lattice
points of the grid using a methyl probe of charge +1. After the
selection of the test and training sets, KNN MFA methodology
was applied to the descriptors generated over the grid as shown
in the 'Show Point' (Figure 6) and the best SW kKNN-MFA 3D
QSAR model have aq2 of 0.7818 and pred_ 12 0f 0.5904 (Table
2)was considered.

The predicted activity values for the compounds in the training
set and test set, along with their corresponding observed activity
values, are given in table 4 and the fitness plot shown in figure 7.
The range of property values in the generated data points helped
for the design of NMEs. These ranges were based on the
variation of the field values at the chosen points using the most

Figure 6. Relative positions of the local fields (steric and
electrostatic) around aligned molecules
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Figure 7. Fitness plot between observed and predicted activities
of the training (blue spot) and test (red spot) molecules of 3D
QSAR model

active molecule and its nearest neighbor set.

The points generated in SW kNN MFA 3D QSAR model are
S 664 (-0.6866 -0.0931), S 1158 (-0.2742 -0.2311) and
S 1434 (-0.0084 -0.0069). These points suggested the
significance and requirement of electrostatic and steric
properties as mentioned in the ranges in parenthesis for
structure—activity relationship and maximum biological
activity of 2,3-disubstituted-4(3H)quinazolinone analogues.
Negative and positive values in steric field descriptors
indicated the requirement of negative and positive steric
potential, respectively for enhancing the biological activity of
2,3-disubstituted-4(3H)quinazoli-none analogues.

Therefore less steric and more steric substituent were
preferred at the position of generated data points S 457 (-
0.6725, -0.6305) and S 649 (9.0580, 9.2042), respectively
around 2,3-disubstituted-4(3H)quinazolinone
pharmacophore. Similarly the positive values of electrostatic
descriptors suggested the requirement of electropositive or
less electronegative groups at the position of generated data
point E 756 (3.9104, 4.5117), around 2,3-disubstituted-
4(3H)quinazolinone pharmacophore for maximum activity.
Results obtained and points generated around 2,3-
disubstituted-4(3H)quinazolinone pharmacophore using the
3D QSAR studies was used for correlation chemical nature of
substituents around 2,3-disubstituted-4(3H)quinazolinone
rings with their observed activity.

Substitution at R2: Three data points generated at the
position of R2 around 2,3-disubstituted-4(3H)-
quinazolinone were steric points S_664 ( -0.6866 -0.0931);
S 1158 (-0.2742 -0.2311) and S 1434 (-0.0084 -0.0069).
These points showed that less steric substituent required
around 2,3-disubstituted-4(3H)quinazolinone ring, when

2,4,6-trimethylaniline; 2,4-dichloroaniline; 2,4-
dimethylaniline; 2,4,6-trimethylaniline, 4-methylaniline;
2,3,4-trifluoroaniline; 2,4-difluoroaniline, 2.,4-

dichloroaniline; 4-chloroaniline; 4-methylaniline, 2,3,4-
trifluoroaniline; 4-fluoroaniline; 2,4-difluoroaniline was
added. Simultaneously the steric point S 1158 (-0.2742 -
0.2311)and S_1434 (-0.0084 -0.0069) indicated that no steric
changes required at lattice 664.

Substitution at R1: 3D QSAR studies showed requirement of
more steric group at R1 position. The steric data point
generated was S_664 (-0.6866 -0.0931) indicates sterically
bulky group like 4-bromophenyl, 4-chlorophenyl, 4-methyl
phenyl were required at R1 position.

The overall findings of 2D & 3D QSAR suggested presence
ofpositive steric potential at R2 position in 2,3-disubstituted-
4(3H)quinazolinone nucleus i.e. R2 position in 2,3-
disubstituted-4(3H)quinazolinone nucleus should acquire
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more bulk as well as according to 3D QSAR results substitution
on R1 position should be changed sterically with 4-
bromophenyl, 4-chlorophenyl, 4-methylphenyl, results
indicated to decrease the steric bulk. Results of 2D and 3D QSAR
were validated by substituting the groups and atoms on 2,3-
disubstituted-4(3H)quinazolinone nucleus. Designed
compounds showed potent anticonvulsant activity by the

generated QSAR models.
Conclusion

QSAR study was performed on 2,3-disubstituted-4(3H)-
quinazolinone derivatives for their CNS activity. In addition,
phenyl ring attached should be substituted with less
electronegative group and bulkier groups should be placed on R2
position. There proposed changes may produce such physico-
chemical changes in the compounds which will help them to bind
efficiently with the target receptor.

Acknowledgement

Firstly I am thankful to Dr. Sushil Kumar Kashaw for precious
guidance during this work.

Conflicts of interest: None
References

Anson BD, Ma J, He JQ. 2009 Identifying cardiotoxic
compounds. Genetic Engineering & Biotechnology News,
29:34-35.

Dixit A, Kashaw S, Gaur S, Saxena A. 2004. Development of
CoMFA, advance CoMFA and CoMSIA models in
pyrroloquinazolines as thrombin receptor antagonist.
Bioorganic & Medicinal Chemistry, 12:3591.

Dixit A, Shukla G, Kashaw V, Kumar A, Tiwari SB, Kashaw S.
2011. QSAR Studies in 2-(5-bromo-2,3-dimethoxyphenol)-
5-(Aminomethyl)-14-Pyrrole analogues for their bending
affinity at D2 and D3 receptors. International Journal of
Pharmacy & Biology, 1:425-436.

Ibezim CE, Duchowicz RP, Ibezim EN, Mullen MAL, Onyishi
VI, Brown AS, Castro AE. 2009. Computer-Aided Linear
Modeling Employing QSAR for Drug Discovery. African
Journal of Basic & Applied Sciences, 1(3-4):76-82.

Kashaw S, Mishra P, Saxena A. 2003. Quantitative structure-
activity studies of imidazolidinone benzenesulfonamides:
human beta3—adrenergic receptor agonists acting as
antiobesity drugs. Indian Chemical Society, 80:858.

Kashaw S, Rathi LG, Mishra P, Saxena A. 2003. Development of
3D-QSAR models in cyclic ureidobenzenesulfonamides:
human P3-Adrenergic receptor agonist. Bioorganic &
Medicinal Chemistry Letters, 13:2481.

Leszczynski J. 2010. Challenges and advances in computational
chemistry and research Puzyn Tomasz, T.D. Mark Cronin

(ed) Recent Advances in QSAR Studies Method and
Applications, Springer, New York, 3-11.

Pahwa P, Papreja M. 2014. Validation of SOMFA using
Data Mining Technique. International Journal of Soft
Computing and Engineering,4:2231-2307.

Pandey G, Kashaw S, Saxena A. 2004. CoMFA, advance
CoMFA and COMSIA studies on the oxadiazole
substituted -isopropoxy phenylpropionic acids for
PPAR agonistic activity. Medicinal Chemistry
Research, 13:677-686.

Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC,
Munos BH, Lindborg SR, Schacht Al. 2010. How to
improve R&D productivity: the pharmaceutical
industry's grand challenge. Nature Reviews Drug
Discovery, 9:203-214.

Rathi LG. Kashaw S, Agarwal RK, Mishra P. 2001.
Comparative molecular field analysis: a modern
approach towards drug design. Indian Journal of
Pharmaceutical Sciences, 63: 367.

Sethi NS. 2012. A review on computational methods in
developing quantitative structureactivity relationship
(QSAR). International Journal of Drug Research and
Technology, 2(4S):313-341.

Sharma BK, Pilania P, Prithvi Singh P. 2010. QSAR
rationales for the 1,2-diaryl cyclopentenes as
prostaglandin EP1 receptor antagonists: potentially
useful in the treatment of inflammatory pain. European
Journal of Chemistry, 1(4):325-334.

Tripathi KD. Essential of Medicinal Pharmacology, 7"
edition, Jaypee Brothers Medical Publisher. 2013, 739.

Xu M, Zhang A, Han S, Wang L. 2002 Studies of 3d-
quantitative structure activity relationships on a set of
nitroaromatic compounds: CoMFA, advanced CoMFA
and CoMSIA. Chemosphere, 48:707-715.

wWwWw.ajpp.in



