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ABSTRACT

QSAR (Quantitative Structure—Activity Relationshiglpte biological activity data along with the igchemical
and structural properties of a group of compoundis. general, most ofthe medicinal compoundsnvolve
heterocyclic compounds containing nitrogen and Isuipespecially thiazolidinones they possess a bigsttrum
antimicrobial activity. In the present study, wevhecarried out the QSAR studies of antimicrobigzblidinones
using Hansch analysis. The results of QSAR studdksatedthat the antimicrobial activity of thiazolidinonese
mainly governed by the topological parameters, «i&t order alpha shape index¢) and second order valence
connectivity index’(") along with the lipophilic parameter, log of octaiwater partition coefficient (log P).
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INTRODUCTION

QSAR (Quantitative Structure—Activity Relationshiglate biological activity data along with the glgchemical
and structural properties of a group of compoutidsas been regularly used to figure out biologiaetiivities of
novel compounds anth create compounds with preferred properties The fundamental assumption in QSAR
studies is that the molecular structures maintagoeiation with their activities [2]. The advancertsein computer
hardware and software now allow the molecular pridgs of molecules to be easily estimated withbiet need to
synthesize the molecules in question using QSARem&].

During past decades, the frequency of systemiesirhas raised significantly together with the neinds invasive,

opportunistic microbial species carrying infectipt). Antimicrobial resistance is one of the major pubialth

problems especially in developing countries whetfatively easy availability and higher consumptadmedicines
have lead to disproportionately higher incidencénappropriate use of antibiotics and greater wdlresistance
compared to developed countries [Bhe appearance of resistant microorganisms, otkeeofwo by mutations or
the acquisition of mobile genetic elements carryiegjstance genes, may take place irrespectiveeobtcurrence
of antibacterial agents [&}hich necessitates the search for novel antimicrobiahizge

The great amplification in the field of medicinasearch is that the assorted heterocyclic compobhiags
participated much to the progress of medicine. ldathe medicationgnvolves heterocyclic compounds containing
nitrogen and sulphur as they possess a broad speaif biological activity [7]. Compounds togetheiitiw
thiazolidinone moiety have been foundetxhibit a widerangeof biological activities like antibacterial, antifgal,
anti-inflammatory [8], antitubercular, antihistanginanti-HIV, antiviral and antimycobacterial [9Thiazolidinone
possess antibacterial activity due to the presearicg-lactam ring with sulphur atom in it which preventse
biosynthesis of the peptidoglycan polymer essefiiathe formation of cell wall of bacteria [10].

236



Balasubramanian Narasimhanet al Der Pharma Chemica, 2016,8 (12): 236-246

Prompted by the afore findings and in continuatiérour work, related to correlation of biologicaltiaities with
the structure of the molecule using Hansch ana[{dik in the present study we here in report tf8AQ studies of
antimicrobial thiazolidinones synthesized by vasioesearchers [12-18]

MATERIALS AND METHODS

Data Set
A dataset of 48 substituted thiazolidinone derixegihas been selected form reported wo&®9],[12-18]) and is
given in Table 1. The biological activity reportén minimum inhibitory concentration (MIC in pg/miyas
converted to pMIC values for eliminating much cirgsig, rendering it more suitable for QSAR studyegi in
Table 2.

Descriptor generation

The next step in developing a model is generatibthe numerical description of the molecular stoues. The
structures of substituted thiazolidinones were cled and energy minimized. The energy minimizedcstires
were used to calculate the molecular descriptées Hiydrophobic, geometric, electronic and topolagaharacters
using the software TSAR 3.3 for windows. The valogdescriptors selected for MLR model are preseimeTable
3.

Pearson correlation analysis

Since there was large number of descriptors foth emampound, we used Pearson’s correlation matrixa as
qualitative model (Table 4), in order to select sh@able descriptors for MLR analysis. This tecjusg was adopted
for choosing a suitable set of generated descepkmr developing a multiple linear regression modéie best
generated MLR model was used to prepare a caliloratiodel, which predicts the antimicrobial activiby
thiazolidinone derivatives.

TABLE 1: Molecular structures of thiazolidinones sdected for QSAR studies
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Multiple linear regression

We have applied multiple linear regression techmitu develop the QSAR models to predict the antiohial
activity of substituted thiazolidinone derivativeslected for the present study. MLR is the classapproach to
regression problems in QSARs. MLR assumes the gardiariables, normally called X, to be mathensdljc
independent (orthogonal). Mathematical independemeans that the rank of X is K (the number of Xiafles). A
limitation of MLR is the sensitivity to correlatetescriptors. One practical workaround is to use land lean data
matrices-matrices where the number of compoundstantially exceeds the number of chemical desaspihere
interrelatedness among variables usually dropsastbeen recommended that the ratio of compoundariables
should be at least 5. MLR is satisfactorily applie@SAR studies if the main problem of the setmtif variables
is faced and solved. MLR is usually used to fit tegression model (Eqg. 1), which models a respuasgable, y, as
a linear combination of the X-variables, with theefficients b. The deviations between the dataafg the model
(Xb) are called residuals, and are denoted by e:

y=Xb+e Eq.1

For many response variables (columns in the regporarix Y), regression normally forms one modeldach of
the M y-variables, that is, M separate models [19].

Cross validation

The models were cross-validated by the ‘leave anemethod where a model is produced with N -1 compls
and the N'compound is predicted. Each compound is excludeu the model derivation and predicted in turn. A
sign of the performance of the model is obtainamnfrthe cross-validated (or predictivé) qnethod, which is
express as (Eq. 2),

o’ = (SD — PRESS / SD) Eq. 2

Where, SD is the sum of squares deviation for eativity from the mean. PRESS (predictive sum-afesgs) is
the sum of the squared difference between the lazhagbthat of the expected values when the compauremoved
from the fitting process. The model with highwalue is said to have high predictability [20].

RESULTS AND DISCUSSION

In the present study, we have performed the quadivet structure activity relationship study of 48bstituted
thiazolidinone derivatives by conventional Hansamslysis using the linear free energy relationshiglel (LFER)
described by Hansch and Fujita [21]. In this appheatructural features of drug molecules were tfiedh in terms
of different parameters and these structural festuwere correlated to quantified biological acjivihrough
equation using regression analysis. Biologicalvigtidata determined as MIC values was first transied into
pMIC values (i.e. —log MIC) and used as dependaritble in QSAR study. Data is represented in Table

The different molecular descriptors (independentatdes) like log of octanol-water partition coeiéint (log P),
molar refractivity (MR), Kier's molecular connedtiy (°x, %", x, ", %, ") and shapek{, ki, K0y, Kas)
topological indices, Randic topological index (Bglaban topological index (J), Wiener topologicadléx (W),
Total energy (Te), energies of highest occupiedesudar orbital (HOMO) and lowest unoccupied molacuarbital
(LUMO), dipole moment|f) and electronic energy (Ele. E) [22], [23], [2[5], [26] and [27] were calculated for
thiazolidinone derivatives and the values of sel@atescriptors are presented in Table 3.

Preliminary analysis was carried out in terms ofreation analysis. A correlation matrix construttéor
antimicrobial activity of thiazolidinones agairst coli is presented in Table 4. The correlation diffegatameters
against antibacterial and antifungal activity da#tolidinone derivatives are presented in Table 5.

In general, high colinearity (r > 0.8) was obsendween different parameters. The high interefestip was

observed betweely and R (r = 1.000) and low interrelationship wasesbed between HOMO arfg” (r = 0.003).

The correlation matrix indicated the predominanédopological parametekas (r = 0.667, Table 4, Eqg. 1) in
describing the antimicrobial activity of thiazoliine derivatives.
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Table 2: Antimicrobial activity of thiazolidinone derivatives in pM/ml

Comp. No. PMICe | PMICs: | PMIC ¢,
1 2.25 2.65 2.65
2 1.95 2.25 1.95
3 2.69 2.29 2.29
4 1.99 1.99 2.29
5 2.66 2.66 1.66
6 2.26 2.26 1.66
7 1.87 1.87 2.17
8 1.66 1.96 1.96
9 2.00 2.30 2.60
10 0.71 0.71 0.01
11 0.01 0.41 -0.29
12 1.35 1.00 1.37
13 1.26 1.03 1.26
14 1.34 1.00 1.34
15 2.83 3.13 3.13
16 3.13 2.82 3.44
17 2.88 2.88 3.18
18 2.44 2.44 3.04
19 2.54 2.84 3.14
20 2.83 2.83 3.45
21 3.18 3.18 3.18
22 0.23 -0.07 -0.37
23 0.89 0.59 0.29
24 0.89 0.42 -0.01
25 0.59 0.89 0.20
26 0.28 0.41 0.18
27 0.28 0.58 -0.02
28 0.41 0.41 -0.12
29 0.86 0.56 0.26
30 1.55 1.55 2.45
31 1.55 1.55 1.55
32 1.55 1.85 1.85
33 1.53 1.83 1.83
34 1.82 1.82 1.82
35 1.83 1.53 1.83
36 1.53 1.83 2.13
37 1.83 1.53 1.83
38 1.56 1.86 1.56
39 0.03 0.03 -0.27
40 0.34 0.34 0.25
41 0.36 -0.04 0.06
42 0.41 0.31 0.31
43 -0.51 -0.20 -0.51
44 0.23 -0.17 -0.47
45 0.19 0.19 -0.20
46 0.14 0.53 -0.47
47 -0.53 0.68 -0.53
48 -0.19 0.51 -0.49
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Table 3. Values for selected descriptors used ingeession analysis

Comp. l%g MR % 1% | % | % | % | X | ke | kax | kas | R J w Te LUMO | HOMO |
T | 352 | 11152] 21.14 1595 1448 895 13P6 670 20.26.34 | 4.14| 1448 1.1q 2847.00 509549 _ -3.47 __ -8.6922.36
2. | 352| 11152] 21.14 1595 1447 895 13536 670 20.28.34 | 4.28] 1447 1.09 2870.00 -5099.97 _ -2.47 __ -9.4112.04
3. | 380 114.34] 21.14 16.7% 1447 935 13836 7|10 29.38.46 | 4.35| 14.47 1.09 287000 _-5079.d9 _ -2.d8 __ -9.4211.93
4. | 380 114.34] 2114 16.7% 1447 935 1385 7]10 20.38.46 | 4.35] 14.47] 10§ 2893.00 -5074.06 __ -4.04 __ -8.132.93
5. | 2.96| 114.04] 2277 1602 1539 894 1419 6|58 214874 | 4.33| 1539 1.13 3339.00 -5566.J6 _ -3.92  -8.9711.82
6. | 2.96 | 114.04] 22.77 1607 1538 8.94 14p4 658 21.48.74 | 4.47| 1538 1.0 3477.00 _-5567.41 _ -3.62 __ -9.864.65
7. | 2.95| 12952| 23.33 1750 16.69 10.07 14/l 721 420.48.96 | 4.32| 16.69 1.08 3707.00 _ -4902.90 _ -4.47 __ -8.803.54
8. | 4.63| 142.87] 2507 2070 1747 1167 15]36 881 423.20.00| 513| 1747 1.09 4321.d0 563641 299 687 7.39
9. | 490 | 145.69] 2507 21.50 1747 12.07 1587 921 2234012 520] 1744 110 4292.q0 _ 5613.32 445 _ 97.9 22.19
10. | 5.43 | 133.56] 23.66 18.74 1653 10.96  14/91 831 023.09.85 | 4.76] 1653 1.1] 3654.00 -5669.16 343 -8.909.29
11. | 543 | 133.56] 23.68 18.74 1651 1006 15/00 831 023.09.85 | 4.89] 1651 1.10 3708.0 _ 5666.39 248 _ 9.016.42
12. | 1.75| 103.25] 1824 1388 1348 8.6 1201 604 16.80.99 | 3.22| 13.28) 1.08 102200 -4152.92  -3.96 __ -9.464.55
13. | 171 | 9347 | 17.23 129% 1210 754 11p6 554 19.66.54 | 3.32| 1219 1.14 1623.00 -3856.4/4 _ -3.48 698 .745
14. | 481 | 103.42] 1810 13.4% 1258 779 11j70 579 16.48.70 | 3.51| 1258 1.14 1806.00 -3983.6 349 _ 5594.41
15. | 3.68 | 126.72| 21.79 1590 1502 8.94 1345 648 20.00.61 | 4.34| 1502 129 274400 -4688.40 _ -3.97 _ -9.494.85
16. | 2.29 | 119.24] 2104 1530 1452 860 1310 627 19.48.23 | 4.12| 1452 1.3 2499.00 -4756.49 344 _ 0.145.86
17. | 3.96 | 141.90] 2424 17.3% 1633 9.61 1407 704 245944 | 4.90| 1633 1.24 36290.00 514693 345 __ 6./06.32
18. | 207 | 8095| 1553 1214 10.65 6.85 9.1 4|95 14.76.30  3.21| 10.65| 1.45 1083.0p 372420 340 __ -8.95 165
19. | 2.36 | 109.06] 2024 1564 1441 886 1265 652 18.88.24 | 4.17| 1411 129 2260.00 _ -4607.0 346 __ -8.983.08
20. | 1.35] 101.50] 19.51] 15.0% 13.61 852 12P0 6|30 14.28.86 | 3.95| 13.61 1.3 2041.00 467201 342 _ -8.986.82
21. | 3.06 | 114.32] 2109 16.84 1451 946 1318  7]12 20.18.70 | 456] 1451 1.4 250500 -4981.41 _ -3.40 _ -6.138.85
22. | 5.08 | 12548] 21.14 155 1450 8.86 1315 648 18.49.27 | 3.50] 1450 141 2360.00 -443590 295 _ -8.996.37
23. | 1.99 | 101.52] 19.25 14.20 1365 828 1252 6[10 1].16.55 | 2.67] 13.65 1.24 1821.00 -4666.48 321 __ -9.133.40
24 | 1.99 | 101.52] 19.28 1420 13.63 828 1259 610 1].16.55 | 2.75] 13.63 114 1878.00 -4671.90 _ -3.J5  -8.8712.53
25 | 1.99 | 101.52] 19259 1420 1363 828 1258 610 1].16.55 | 2.75] 13.63 1.4 193500 _ -4672.08 -390 __ -8.9412.59
26. | 256 | 99.00 | 17.67] 14.13 1274 828 1159 622 19.98.16 | 2.48| 12.74] 120 1489.00 -4197.84 2.7 -9.40 .713
27. | 256 | 99.00 | 17.67] 1413 1272 8.2 1159 6|22 19.98.16 | 257| 1272 114 1508.00 -4200.41 _ -3.97 __ -9.43 .805
28. | 256 | 99.00 | 17.67] 1413 1272 828 118 622 19.98.16 | 257| 1272 119 1527.00 -419642 2.5 943 .035
29. | 218 | 9441 1767 13.3] 1272 7.88 118 581 19.68.96 | 2.47| 1272 1.4 1527.00 -4307.41 2.6 -9.50 .845
30. | 422 | 102.73] 17.97 151] 1199 833 1086 6290 1{.64.37 | 3.75] 11.99 144 1509.00 _-444642 _ 2H4 __ 0.204.62
31. | 422 | 102.73] 17.97 1511 1199 833 10084 6|29 11.64.37 | 3.75] 11.99 144 1527.00 444647 244 -8.474.90
32. | 422 | 102.73] 17.97 151] 12.01 833 10j/5 629 1{.6437 | 3.60] 12.01] 149 1491.00 -4447.38 241 __ 0.344.70
33 | 414 | 104.02] 17.97 144] 1199 798 10B4 595 1{.14.05 | 3.55] 11.99 144 1527.00 _-4193.92 266 -5256.66
34. | 232 | 96.60 | 17.10] 13.86 1160 7.68  10p2 5|66 14.71.18 | 3.54| 11.60] 144 135000 -4152.d6 2.0 -9.14 .274
35. | 3.82| 9853 1707 1429 1199 792 10B4 539 14.29.14 | 3.61] 1109 144 1527.00 _-4558.94 _ 2./5 __ -8.95 .304
36. | 3.27 | 99.94| 17.97 1432 1200 793 105 590 17.18.06 | 3.41| 12.01 149 1491.00 -4392.47 _ 2.q7 _ -5.47 552
37. | 327 | 99.94| 17.97 1432 11.99 793 10B4 590 17.18.06 | 3.56] 11.99 144 1527.00 -4392.95 2.6 -543 .943
38, | 3.4 | 107.19] 1059 1523 1294 834 1164 621 18.9281 | 3.81] 12.94 149 1877.00 484043 240 586556
39. | 492 | 12355 2137 1591 1510 9.3 13j77 6|83 14.50.38 | 3.38] 1510 1.04 2846.00 -4736.49 _ 2.85 _ -8.965.48
20. | 521 | 129.44] 22.24 16.4] 1549 948 1439 7|08 19.31.55 | 3.55| 1549 1.04 3126.00 486047 _ -3.40 __ -8.639.49
41| 467 ] 130.70] 22.95 1687 1605 9.68 1449 719 20.08.00 | 3.59| 16.05 1.01 3338.00  -5186.62 _ -2.43 __ -8.433.29
42. | 5.90 | 143.66] 24.81] 10.05 1747 11.02 16]29 835 620.08.66 | 3.95| 17.47 0.9¢ 4238.00 -5698.J9 _ -3.39 __ -8.4511.57
23_ | 060 | 79.77 | 1510 1140 1075 671 947 4lo1 1450245 2.16] 10.75 139 966.0 _ -3556.37 _ -3.05 9.0 36
44. | 1.35| 86.23| 16.68 12.2% 1165 7.0 1058 5[19 19.15.91 | 2.58| 11.65 1.34 1267.00 -4090.08 293 _ -6.46 .90 1
45. | 0.60 | 79.77| 15.10 11.40 1074 671 947 491 1450245 2.25| 10.74] 139 99600  -3561.61 _ -340  -897 65
26. | 225 92.41| 16.68 1230 1160 7dp 1046  5[22 19.25.95 | 2.51| 11.69 1.3 126500 401046 __ -3.40 __ -8.45 .086
47. | 1.21| v8.45| 1423 1099 1034 651 914 471 1467055 2.07| 10.34] 134 86100  -3238.60 _ -3.09 _ -8.63 55
28. | 264 90.59 | 1581 1190 1108 692 993 501 14.38.77 9 2.42| 1128 133 1153.0D -3679.86 _ -2.90 _ -9.9 .75
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Table 4: Correlation matrix for antibacterial activ ity of thiazolidinones derivatives agains€t. coli

pMICe | logp | MR 5 5 X X X X" KOs Ka> Kdz R J w te LUMO | HOMO n
PMIC o | 1.000
logp | 0.059 | 1.000
MR | 0262 | 0.776] 1.000
o 0350 | 0.680] 0965 1.00
o 0349 | 0738] 0938 0941 1.000
iy 0259 | 0.627] 0953 0986 0919 1.000
T 0244 | 0.721] 094 0940 0988 0942 1.000
o 0244 | 0632] 0942 0981 0908 0995 0932 1.000
g% 0230 | 0736] 0921 0918 0986 0917 0996 0.H12 0010
ka, | 0465 | 0694] 0924 096] 0954 0954 0929 0.917 18019 1.000
ka, | 0556 | 0.649] 0882 0920 0935 0.8f0 0.899 0.849 870/8 0.979| 1.000
kas | 0667 | 0.623] 0798 0834 0866 0761 0806 0.f40 970]7 0.924| 0.973| 1.004
R 0259 | 0.627] 0953 0986 0919 1000 0942 0.995 170[90.924] 0.870] 0.761 1.00D
J 0067 | 4288 | 0.551 | 0.626 | 0.524 | 0.717 | 0.608 | 0.747 | 0.598 | 0.514 | 0.426 | 0.302 | 0.717 | 10
w 0203 | 0649| 0940 098] 0925 0980 0935 0976 1DI90.943| 0901 0813 0.98) o | 1.000
Te 0382 1 0641 | 0.858 | 0.941| 0.914 | 0.906 | 0.900 | 0.911 | 0.895 | 0.964 | 0.908 | 0.823 | 0.906 | 9°70 | 0.914 | 1000
LUMO | -0.211 | 0.108| (555 | n343 | 0.255 | 0.396 | 0.284 | 0.377 | 0.242 | 0.271 | 0.206 | 0.258 | 0.396 | ©#%? | g.410 | 0217 | 1000
HOMO | 0.162 | 0.155| 0.020 o oo | 0.008| o ioe | 0,047 | 0.006 | 0ga0 | 0012 | 0.042| 0134 oo | 0202| (0| 0059 | 0.052 | 1000
M 0101 | 0207| 0300 034] 03§6 0355 0370 0.373 810[30.351| 0310 026§ 0355, 2 | 0.385 [ (5, | -0.253 | 0115 | 1.000
LR-model for antibacterial activity of thiazolidinones against E. coli
PMICe. = 0.816K0t5— 1.607 Eq. 1

n=48 r=20.667 %F 0.388 S=0.771 F = 36.887

Here and thereafter, n: number of data pointspmetation coefficient, § cross validated’r obtained by leave one
out method, s: standard error of the estimate amisEher statistics.

Table 5: Correlation of various molecular descriptas with antibacterial and antifungal activity of thiazolidinone derivatives

Parameters | pMIC | PMIC & | PMIC ca
log p 0.059 0.038 0.082
MR 0.262 0.230 0.243

X 0.350 0.309 0.288
o 0.349 0.334 0.339
X 0.259 0.218 0.198
X' 0.244 0.227 0.231
X 0.244 0.193 0.173
X% 0.230 0.214 0.220
KO, 0.465 0.441 0.407
KOz 0.556 0.549 0.523
KO3 0.667 0.659 0.649
R 0.259 0.218 0.198

J 0.067 0.119 0.148
w 0.293 0.271 0.242
te -0.382 -0.339 -0.289
LUMO -0.211 -0.237 -0.221
HOMO 0.162 0.146 0.202
u 0.101 0.175 0.071

The addition of topological parameter, second onggence connectivity inde%y’ to kiers alpha shape index
improved the correlation from 0.667 to 0.833 arsbamproved the insignificantoyalue (4 = 0.388, Eq. 1) to
significant one (§= 0.644, Eq. 2).

MLR-model for antibacterial activity of thiazolidinones against E. coli
PMIC,. = -0.851%" + 1.6236x0; — 0.949 Eq. 2
n=48 r=0.833 F 0.644 S=0.578 F=51.251

Further the addition of lipophilic parameter logt® the parameters in Eq. 2 improved the corratatialue to the
maximum (r = 0.866, Eq. 3).
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MLR-model for antibacterial activity of thiazolidinones against E. coli
PMIC,. = -0.268 log P - 0.61%" + 1.666K0; + 0.143 q.8
n=48 r=0.866 TF 0.697 S =0.529 F = 44.096

The cross-validation of Eq. 3 was subsequently kie:y employing “leave one out” (LOO) method.&tf > 0.5
qualifies a QSAR model to be a valid one [28]equation 3, fjis more than 0.5, which shows that the developed
model is a valid one. As the observed and predictdukes are close to each other, the QSAR moderftibacterial
activity against. coli is a valid one (Table 6, Fig. 1) [29]. To deterenthe existence of the systemic error in the
model development we have plotted pMICec obsergaihat pMICec residual values (Fig. 2). The propiageof
residuals on both sides of zero indicated thaktigeno systemic error in the development of QSAdRIeh [30].

As in case of. coli, the kiers 3 order alpha shape index contributed significatilghe antibacterial activity of
thiazolidinones again§. aureugTable 5, Eq. 4).

LR-model for antibacterial activity of thiazolidinones against S. aureus
PMICs,= 0.792ka3 — 1.474 .Hq
n=48 r = 0.658 TF 0.384 S =0.766 F =35.249

The addition of topological parameter, second oxdéence connectivity indegy’, to the kiers alpha shape index
improved the correlation from 0.658 to 0.836 (EpaBd further addition of the lipophilic parameteg P to%"
andkas improved the correlation significantly (Eq. 6).éMaalidity of Eq. 6 is evidenced by its highalue (4=
0.714) and well the low residual values depicted alle 6.

MLR-models for antibacterial activity of thiazolidinones against S. aureus

PMIC,, = -0.864%" + 1.612k0; + 1.1216 Eq.5
n=48 r=0.836 ZF 0.653 S =0.564 F =52.503

PMICg,= -0.279 log P - 0.61%" + 1.656Kk0; + 0.281 Eq.6
n=48 r=0.873 ZF 0.714 S =0.508 F=47.015

The antifungal activity of thiazolidinones agaitalbicansis also governed by kiers®®rder alpha shape index
(Table 5, Eq. 7).

LR-model for antifungal activity of thiazolidinones against C. albicans
pPMIC., = 0.9990;— 2.329 Eq. 7
n=48 r=0.648 TF 0.368 S =0.993 F =33.420

The addition of topological parameter, Wiener ind@X) to the kiers alpha shape index improved theetation
(Eq. 8) and further addition of the lipophilic parater log P to W andas; improved the correlation significantly
(Eq. 9). The validity of Eq. 9 is evidenced bydfsvalue (G = 0.681) and well the low residual values depidted
Table 6 in case dE. albicans
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Figure 1. Comparison of observed and predicted aatity of antibacterial activity of thiazolidinones using Eq. 3
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Residual Value

Actual Value

Figure 2. Comparison of observed and residual actity of antibacterial activity of thiazolidinones usng Eq. 3

MLR-model for antifungal activity of thiazolidinones against C. albicans

PMICe = 2.0696k0; - 0.001 W — 3.645 Eq. 8
n=48 r=0.815 F 0.618 S$=0.763 F = 44.647

PMIC., = -0.351 log P + 2.22605 - 0.0009 W — 3.536 Eq.9
n=48 r=0.859 ZF 0.681 S=0.682 F =41.355

Summarizingly, from the developed equations 1-%yat evident that the antimicrobial activity ofaholidinones
are mainly governed by the topological parametdess 3% order alpha shape indexo(s) and second order valence
connectivity index%") along with the lipophilic parameter, log of octhmater partition coefficient (log P).

According to Kier, the shape of a molecule may asitioned into attributes, each describable bydent of bonds
of various path lengths. The basis for devisinglative index of shape is given by the relationsifithe number of
path of lengtH in the moleculé, 'P;, to some reference values based on moleculesavgtten number of atoms,

in which the values oP are maximum and minimun®,,., and'Puin [31]. The modified kappa shape indices are
given by:

kop = (N +o)(n +a - /(P +a)?

kop = (N+o - 1) +o - 24P, + a)?

kog = (N + o - 1) + o -3)7CP + 0)? n is odd

kog = (N +a - 3)( + 0o -2)2/CP; + a)® n is even.

The molecular connectivity index, an adjacency daseological index proposed by Randic is denotgg bnd is
defined as sum over all the edges (ij) as per\ioilg equation

X=Z (Vi V)"
i=1

Where \fand \f are the degrees of adjacent vertices i and j asdire number of vertices in a hydrogen suppressed

molecular structure [32]. The topological indexsignifies the degree of branching, connectivityabbms and
unsaturation in the molecule which accounts foratem in activity [33].
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Table 6. Observed, predicted and residual antimicrbial activities of thiazolidinones

Comp. PMICec pMIC ¢ pMIC ¢
Obs. | Pre.(Eg.3)| Res.| Obs| Pre.(Eq.6 Reg.  Obg.Pre. (Eq.9) | Res.
1. 2.25 1.97 0.28| 2.65 2.01 0.64 2.65 1.82 0.83
2. 1.95 2.21 -0.26 2.25] 2.25 0.00 1.95 2.11 -0J16
3. 2.69 2.01 0.68| 2.29 2.04 0.2 2.29 2.17 0.2
4. 1.99 2.01 -0.02|  1.99 2.04 -0.06  2.29 2.15 0.14
5. 2.66 2.51 0.15 2.66] 2.56 0.10 1.66 1.99 -0J33
6. 2.26 2.75 -0.49|  2.26) 2.79 -0.58  1.66 2.17 -0/51
7. 1.87 2.11 -0.24 1.87 2.15 -0.28 2.17 1.63 0.p4
8. 1.66 2.03 -0.37 1.96 2.04 -0.08 1.96 2.29 -0J33
9. 2.00 1.83 0.17| 2.30 1.84 0.46 2.60 2.38 0.p2
10. 0.71 1.50 -0.79 0.71] 1.51 -0.80 0.01 1.78 -1y77
11. 0.01 1.73 -1.72]  0.41] 1.74 -1.33  -0.29 2.04 -2|33
12. 1.35 1.33 0.02 1.00 1.40 -0.4p 1.37 1.26 0.1
13. 1.26 1.82 -0.56 1.03 1.89 -0.86 1.26 1.77 -0J51
14. 1.34 1.15 0.19 1.00 1.18 -0.18 1.34 0.93 0.41
15. 2.83 2.40 0.43 3.13] 2.44 0.69 3.13 2.31 0.82
16. 3.13 2.54 0.59 2.82] 2.59 0.28 3.44 2.53 0.p1
17. 2.88 2.91 -0.03| 2.88 2.94 -0.06  3.18 2.64 0.54
18. 2.44 1.90 0.54 2.44 1.97 0.4yY 3.04 1.89 1.15
19. 2.54 2.44 0.10| 2.84 2.50 03¢ 314 2.83 0.1
20. 2.83 2.48 0.35| 2.83 2.54 0.29 3.45 2.90 0.565
21. 3.18 2.54 0.64 3.18] 2.58 0.60 3.18 3.24 -0J06
22. 0.23 0.63 -0.40[ -0.07 0.66 -0.78  -0.37 0.31 -0/68
23. 0.89 0.30 0.59 0.59] 0.37 0.2p 0.29 0.03 0.p6
24. 0.89 0.44 0.45 0.42] 0.51 -0.00 -0.01 0.16 -0J17
25. 0.59 0.44 0.15| 0.89 0.51 0.38 0.20 0.11 0.p9
26. 0.28 -0.23 0.51 0.41] -0.16 0.5¢ 0.18 -0.27 0.45
27. 0.28 -0.09 0.37| 0.58 -0.03 0.61  -0.02 -0.11 0.p9
28. 0.41 -0.09 0.50| 0.41 -0.03 044 -0.12 -0.13 0.p1
29. 0.86 0.10 0.76 0.56] 0.17 0.39 0.26 -0.21 0.47
30. 1.55 1.39 0.16 1.55 1.42 0.18 2.45 1.94 0.51
31. 1.55 1.39 0.16 1.55 1.42 0.18 1.55 1.92 -0J)37
32. 1.55 1.13 0.42 1.85 1.17 0.68 1.85 1.61 0.p4
33. 1.53 1.29 0.24 1.83 1.33 0.50 1.83 1.51 0.2
34 1.82 1.93 -0.11 1.82 2.00 -0.18 1.82 2.28 -0J46
35. 1.83 1.51 0.32 1.53 1.55 -0.02  1.83 1.75 0.p8
36. 1.53 1.32 0.21 1.83 1.37 0.46 2.13 1.54 0.59
37. 1.83 1.56 0.27 1.53 1.61 -0.08 1.83 1.83 0.p0
38. 1.56 1.83 -0.27|  1.86] 1.88 -0.02 156 2.12 -0/56
39. 0.03 0.25 -0.22 0.03] 0.28 -0.26  -0.37 -0.37 0.10
40. 0.34 0.31 0.03 0.34] 0.33 0.0L 0.25 -0.34 0.p9
41. 0.36 0.45 -0.09| -0.04 0.48 -0.52  0.06 -0.26 0.2
42. 0.41 0.00 0.41 0.31] 0.01 0.30 0.31 -0.73 1.p4
43. -0.51 0.56 -1.07|  -0.2Q 0.65 -0.85  -0.51 0.17 -0/68
44, 0.23 0.90 -0.67| -0.17 0.98 -1.16 -047 0.57 -1j04
45. 0.19 0.71 -0.52 0.19] 0.80 -0.61 -0.20 0.34 -0J54
46. 0.14 0.51 -0.37|  0.53 0.58 -0.06 -0.47 0.09 -0/56
47. -0.53 0.38 -0.91 0.68] 0.47 0.21 -0.93 -0.14 -0J39
48. -0.19 0.39 -0.58|  0.51] 0.46 0.06 -049 -0.13 -0J36

Log P is the logarithm of the ratio of the concatitms of the un-ionized solute in two solventsjolihis calculated
according to following equation, where o is octaaodl w is un-ionized water.

log P o/w = log ([solute 0] / [solute w])

The hydrophobic effect is the major driving forcer fthe binding of drugs to their receptor targets i
pharmacodynamics, and is based on the log P catitibof each atom. Each atom in a molecule couteib to the
log P by the amount of its atomic parameter muégpby the degree of exposure to the surroundihgsb[34].

CONCLUSION

In conclusion, in the present study, we have peréat the quantitative structure activity relatiopsitudy of
antimicrobial substituted thiazolidinone derivagvey Hansch’s analysis. The QSAR models developditated
that the antimicrobial activity of thiazolidinonage mainly governed by the topological parametdess 3° order
alpha shape index@s) and second order valence connectivity indg¥ @long with the lipophilic parameter, log
of octanol water partition coefficient (log P).
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