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Abstract:

Purpose : The precent recearch communication 8eacribeo Sevelopment of kNN ond 3D QSAR modelo for
identification of ctructural featureowhich are reoponaible for antimycobacteriod activity of Thiazolidinone.

Methodology/ Approach : In the precent work, two predictiveof kNN and 3D QSAR modelo were
developed vinutilization of multiple linear regresuion anadycia MLR anadycicwao cartied out on reported Satacet
of thixzolidinone ac Antimycobacteriod. Vlife MDS 4.4 ic utilized for development of kNN and 3D QSAR
modelowhich were validated viainternad teot cet.

Findings : Two 8ifferent kNN and 3D QSAR modelo developed for datacet of thiazolidinone molecules oo
ontimycobacterial. The Model A and Model B Seccribeo the bect celected 3D QSAR model predicting
ontimycobacterial activity of the thiazolidinone detivativea 3D QSAR model A io beot celected model which
indicateo oteric interaction fieldo needo to be minimized while electrootatic interaction field needo to be
improved for potentiad increace in antimycobacterial activity. The Model C and D are two celected kNN modelo
for anti-mycobacterial activity of the thiszolidinone Serivativea Model D iobetter fitted kNN model deccribing
negative contribution of the electroctatic interaction fieldo and poditive contribution of the oteric interaction
field.

Original Value : The review of literature reveadded QSAR anodyocio playo vitod role in the Sevelopment of the
novel drug like candidatea Thiczolidinone Serivativeo were reported for their antimycobacterial potentiod but
their quontitative mexcureowere not reported. Thece facto prompted uato for Sevelopment of QSAR modelo
which will be utilized for development of potentand celective antimycobacteriod agenta

Conclusion : The otudy revedded that 3DQSAR model A and kNN model D better Seocribeo the
ontimycobacteriod potentiad of the thiazolidinone Serivativea Subetitution of the omadler grouposon the aromatic
ring bearing thiazolidinone nucleus will increace the antimycobocteriol potentiod of the thixzolidinone
Serivativea
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mooct lethad more than 30 % Seath of the HIV are
Sue to the tuberculodio infection'. The Emergence
of the MDR and XDR tuberculodic moking the
problem of the tuberculocic more and more critical.
MDR and XDR oare the redotont form of the
tuberculoadio in which Mycobacterium tuberculocic
become redictant towardc mojority of the
antitubercular rugoin the cliniced uce’. Number of
chemical otructurec were reported for antimyco-
bacterial potentiad but no aingle of them ic come in
to the clinicad uce due to their phormocokinetic and
phoarmacodynamico limitationa Bedaquiline io firot
ontimycobuacteriod ogent approved in lact decode,
which indicatec there io increacing need of the
rational development of the novel antimycoboctetiol
agents . Computational methodologieslike QSAR,
Phormoacophore modelling ond molecular Socking
have proved their efficiencies in development of
novel NCE with Sedrable biological octivity.
Quontitative otructure activity relationchip (QSAR)
analyaic io correlative analyaic between biologicol
activity and otructurol propertiec of the moleculeg
which are utilized to identify the fundomentod
otructural propertiec recponaible for biologicol
effect of the moleculea In 3D QSAR analyaic3D co-
ordinatec of the molecules in termo of the 3D
interoction field which are contributoro of the drug
receptoro interactiono are codculated and correlated
with biological activity” . Thece interaction fielScare
oteric, hySrophilic and electrootatic interaction fielda
K-neareot neighbor Molecular Fiel Analycic (kNN
MFA) andlydic io « pattern recognition method”.In
thic method, an unknown pattern io clocoified
according to the mojority of the claoo memberchipo
of itok nearect neighboroin the training cet. Here we
are reporting 3DQSAR oand kNN MFA analycic on
the cetieo of thiazolidinone ao antimycobacteriol.
The model Serived from thic inveotigation having
good predictive ability will be utilized for
development of novel antimycobacteriol agenta

EXPERIMENTAL

Dataset Creation :

Molecular Sataxcet of 24 molecules for
thiczolidinone Serivatives were token from the
publiched literature by Molipeddiet. ol". 2D
otructurec of the moleculec were drown in the 2D
moleculoar builder of Vlife MDS 4.4. 2D otructurec
were optimized via converting into 3D otructurecvia
3D converter. 3D converted otructurecwere further

optimized andminimized uding the ctandord Merck
molecular force field (MMFF) with Sictance
dependent dielectric function and energy gradient of
0.001 kcod/mol.

Molecular alignment :

Alignment of the molecules ic important
requirement of 3D QSAR oanalydia Optimized
moleculec were aligned udng templote booed
techniquea The alighment of all the molecules on
the template icchown in figure. No 1.

Figure 1: Figure showing alignment of
molecules

Selection of Data set :

The otructurecand activity of the celected moleculeo
are reported in toable No 1. Selected moleculeowere
rondomly 8ivided in to the training cet of 16
moleculec and teot cet 08 moleculea Training cet of
16 moleculeowasutilized for conetruction of QSAR
modelo while teot cet io utilized to volidate the
conetructed model.

Descriptor Calculation :

Molecular propertiec in term of Seccriptorc were
cadculoted by uaing QSAR module of Vlife MDS 4.4.
Molecular Seacriptor io nothing but the hySrophilic,
oteric and electrootatic interaction energiecwhich are
computed at the lottice pointo of the grid uaing o
CH,probe of charge +1.

QSAR studies using Partial Least Square
Regression :

Eotablichment of relationchip between independent
oand Sependent variableo were done by multiple
linear regrecoion anolycia Linear regreccion ic
achieved by fitting otraight line to the Sato. The
QSAR modelohaving correlation coefficientoabove
0.7 were celected for otatioticod anolyaia The oelected
modelo were further ocrutinized for their other
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atatioticad parameterslike g, and F teat, r* pred. The celected modelowere chown in table No 2.

Table 1: Table showing Molecules under Study

R2 R2
= h
R1 o) R1
1-12

13-24

S.no R1 R2 Observed activity Predicted activity Predicted activity
( Model A) ( Model D)
1. H H 0.911 1.01 1.10
2. H 2-Cl 1.25 1.21 1.07
3. H 4-Cl 1.25 1.27 1.10
4. # 4-CH3 H 0.91 0.94 1.02
5 # 4-CH3 2-CH3 1.25 1.02 0.97
6. 4-CH3 4-CH3 2.02 2.21 1.09
7. 4-OH H 0.911 0.921 1.10
8. 4-OH 2-OH 2.02 2.02 1.96
9. # 4-OH 4-OH 2.02 2.02 1.98
10. # 4-N(CH3)2 H 1.25 1.27 1.25
1. 4-N(CH3)2 2-OH3 1.25 1.29 1.25
12. 4-N(CH3)2 4-OH3 1.25 1.27 1.10
13. H H 1.25 1.22 1.02
14. H 2-Cl 2.02 2.01 2.01
15. H 4-Cl 2.02 2.012 2.02
16. 4-CH3 H 1.25 1.23 1.27
17. 4-CH3 2-CH3 2.02 2.01 2.02
18. 4-CH3 4-CH3 4.89 4.89 4.91
19. # 4-OH H 1.25 1.23 1.23
20. # 4-OH 2-OH 2.02 2.12 2.00
21. 4-OH 4-OH 4.89 4.80 4.81
22. 4-N(CH3)2 H 1.25 1.25 1.27
23. # 4-N(CH3)2 2-OH3 2.02 2.21 2.21
24. # 4-N(CH3)2 4-OH3 2.02 2.203 2.21

#: Test set Molecules

Table 2 : Table showing the selected PLS 3D QSAR equations

along with statistical Tarameters emwloyed for model selection.

Model No. QSAR model N r2 q2 F value Pred r2
A pMIC= 1.8819+2.0359 S_1000

+0.4699 S_602-0.0243 E_1122 24 0.90 0.80 110 0.78
B pMIC= 0.0154+57.3881 S_979

+31.5191 S_1102+ E_486 24 0.87 0.72 52 0.69
C pMIC= 0.3872+6.2517S_980

+0.1344E_1105-0.0997 E_427 24 0.81 0.65 58 0.44
D pMIC= 4.4295-0.0629E_805

+0.1782S_1086-0.0943E_523 24 0.85 0.73 37 0.42
E pMIC= 5.4024+0.0470S_989

+0.4348S_141+ 0.0760E_444 24 0.83 0.62 24 0.45
F pMIC= 7.1982-0.0652

S 517-0.1793 S_141+ 0.1915E_902 24 0.81 0.71 78 0.51

Journal of Pharmaceutical Research Vol.15. No.3, July - Sept. 2016 : 69



RESULTS AND DISCUSSION

In precent recearch communication congeneric
ceriecof 24 thiazolidinone Serivativeo with regularly
dictributed ontitubercular octivity ore utilized to
derive 3DQSAR ond kNN MFA modela The
trodning cet of 16 molecules and teot cet of 8
moleculec wao utilized, for development QSAR
modelowhich are given in toble No 2.

Interpretation of 3DQSAR Models :

The 3D otructurad requirement of thiezolidinone
derivatives to act ac antitubercular ogentoc were
obtained in the form of 3D QSAR model A and B.
Model A io more dignificant than model B in termo
of voriouo otaticticol porametera Regrecoion
coefficient (') of QSAR model A wao 0.90 and for
model B i 0.87 Contributing deacriptore for model
A are oteric interaction energiec at lattice point
S_1000,S_602 and electroctatic interaction energy ot
lattice point E_1122 ao chown in figure 2 and figure
6. The oteric interaction energies at lattice point
S_1000 and S_602 are poditively contributing

Figure 2: Figure showing grind woint of
selected 3D QSAR model A

Correlation Plot for ADOSAR model A

Fredizied Astivity

Il 1 ¥ ] | L] i

Observed Activity

Figure 6: Figure showing Correlation 7lot for
3D QSAR model A.

towardo antitubercular octivity of thiezolidinone
Setivatives which indicateo increace in cize of the
ring around R, ocubctitution will potentiate the
ontitubercular activity. Subatitutioncof bicyclic ringo
like naphthalene, quinoline and icoquinoline will lexd
to development of potent moleculea Electrootatic
interaction at E_1122 io negatively contributing for
biological activity, which indicates cubctitution of
electron withSrawing groupc at R, will lead to
increace biological activity. Subctitutione like NO,,
OCH; in R, ring will lead to more potent
antituberculoar Serivativea 3D QSAR model B io
another oelected model for identification of
atructural requirement of thiazolidinone Serivatives
for antituberculor activity. Contributing Seacriptor
for QSAR model B are S_979,S_1102 and E_486 oo
chown in figure No 3. Steric interactiono at S_979,
S_1102 are negatively contributing while
electroototic interactions at E_486 are poditively
contributing towardoantituberculor activity.

Figure 3: Figure showing grind woint of
selected 3D QSAR model B

Interpretation of k-Nearest neighbor
Molecular Field Analysis (kNN-MFA)
models:

We report two 3D QSAR kNN-MFA modelo
generoted via Stepwice (SW) Forward Bockword
celectionmethod. From dll the Seveloped modelg,
two of them modelo C and D are having good q’ &
pred 1’ volueg, one of which woo celected having
good internal ond external predictivity. The
oummory of the celected model D can be given oo k
= 2 qZ: 0.97; preS_r2 = 0.71; Seccriptor range:
E_619-8.9062 3.0863; E_280 -0.8034 0.4151; S_727
2.159916.7323 ao chown in figure No. 4, 7 ond table
No. 3. Deccriptor ronge for the celected model D
elaborateo that thiazolidinone ring ic ecoentiod for
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Correlation Plot for KNN-MFA Model D

Predicied Activiry
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Figure 7: Figure showing Correlation wlot for
Figure 4: Figure showing grind woint of kNN-MFA model D.

selected 3D QSAR model C

Table 3 : Table showing the selectedkNN-MFA QSAR model along with
statistical rarameters emmwloyed for model selection.

Model No. Descriptor Range N k Nearest Neighbors q2 Pred r2

A S_750-0.05700.4527
S_9890.1915 0.4527 24 02 0.78 0.69

B E_9010.5872 14.233
E_805 0.8912 18.234 24 02 0.69 0.57

C S_1003 3.8735 8.1725
E_1170-2.0173 0.0834 24 02 0.81 0.59

D S_727 2.1599 16.7323
E_619 -8.9062 3.0863
E_280 -0.8034 0.4151 24 02 0.97 0.71

E S_989 0.4044 0.5632
S_1410.5623 18.230
S_980-8.234 2.351 24 02 0.80 0.65

F E_9020.26550.8132
E_910-0.1849 0.5630
S_141-0.02250.0433 24 02 0.81 0.69

ontitubercular activity; negative range of electronic
field indicateo thot electronegativecubatituent would
be fovorable for the activity. Poditiverange of oteric
field indicateo that cubetitution of the leso bulky
groupo will lexd to the increace in antituberculor
activity of the thiazolidinone Setivativea Model C ic
oloo another celected 3D kNN-MFA model
oummory of the celected model C can be given ac: k
= 2; q'= 0.9636; pred_r’ = 0.6948; Seacriptor
rangeS_1003 3.8735 8.1725; E_1170 -2.0173 0.0834
aochown in figure no 5.

Figure 5: Figure showing grind woint of
selected 3D QSAR model D
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CONCLUSION :

The reculto of 3DQSAR and 3D kNN-MFA ctudy
hao chown that leos electronegative cubetituent ond
bulkier oubctituents on the thixzolidinone nucleuc
would be favorable for ontitubercular potentiod.
Hence the future moleculeschould be Sedignes with
increace in the aize of cubetituentoon the R, podition
ond cubetitution of electron withdrawing groupo in
R, podition will lead to potent antitubercular ogenta
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