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ABSTRACT

Sesquiterpene lactones from Inula falconeri possess diverse biological activities i.e., anticancer, antibacterial,
hepaprotective, cytotoxic, and anti-inflammatory activity. In this work we calculated quantum chemical, thermo
dynamical and topological descriptors of 16 training compounds and three different QSAR models between the
experimental anti-inflammatory activity and calculated molecular descriptors have been constructed. The
significance of these models is verified on the basis of correlation (R), standard deviation of the regression (S,
Fischer F test and quality factor (Q). These QSAR models may be used to find out the activity of the designed
compounds.
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INTRODUCTION

Sesquiterpenes, a class of terpenoids with a skelst 15 carbons, occur as hydrocarbons or in axgtggal forms
such as alcohols, ketones, aldehydes, acids, atahls. Among them sesquiterpene lactones arecofadpnterest
because of their biological and pharmacologicaiviigts. Sesquiterpene lactones constitute a lange diverse
group of biologically active plant chemicals thaispess anti-inflammatory and antitumor activity. B jnumber of
plants from the Inula genus have rich source ofjgigsrpenoids and is famous for its diverse biatabactivities

i.e., anticancer, antibacterial, hepaprotective, cytiotcand anti-inflammatory activity [2]. Aim of theresent study
is to build QSAR models using multiple regressioetimod, to explore the correlations between the raxgatal

anti-inflammatory activity and calculated molecutigscriptors of 16 sesquiterpene lactones finauta fal coneri.

EXPERIMENTAL SECTION

A total of 20 sesquiterpene lactones fromila falconeri with anti-inflammatory activities via the inhikith of NO
production in RAW264.7 macrophages published frbenliterature [3] were used for the QSAR studid® Thitial
structures of 20 compounds used in this study wgererated by ChemSketch [4]. The biological prgpeftthis
data set is reported asshEuM) values and this value was changed to theribgic scale [log IG]. Structural
details of the 20 compounds and their biologicéivdg are listed in Table 1. It is found that HOM&hergy (EH),
LUMO energy (EL), dipole moment (u), SIC (Structulr@ormation Content), CIC (Complementary Informaat
Content), entropy (S) ang(electronegativity) can better represent the lgjigial activity of the selected compounds.
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Table 1: structural feature of sesquiter pene lactones from Inula falconeri with anti-inflammatory activity

Comp no Structure K5 (LM)
1 6.40
2 4.70
3 21.90

)
—0O
4* 18.90
HO
5 2.18
6 20.3
7 2.05
8 9.89
9* 9.64
10 3.94
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11 41.2
12* 19.53
13 7.30
14 15.82
15 5.94
16 12.86
17 o} 9.12
18* 7.14
19 5.48
20 64.9

*indicates test set compounds
The quantum chemical properties (EH, EL, p) of shedied molecules have been determined by DFT/B3LYP
calculation and the basis set 6-31G* was usedAB]gquantum chemical calculations were performedhwhe
Firefly [6].

The average information content is defined on tasidof the Shannon information theory and is dated as
follows [7, 8]:
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Where nis the number of atoms in th® ¢lass and n is a total number of atoms in the cubée The division of
atoms into different classes depends upon the swdidn sphere that one has taken into accouns [Baids to the
indices of different order k. The information camtélC) is equal to average information contenttiplied by the
total number of atoms. Other information contewtiéges (SIC-structural IC, CIC-complementary IC) dedined as
follows [9].

SIC® = IC* /log?
CIC* = logh —IC*

Entropy (S) at 298K of different compounds was @ldied using semi-empirical PM6 method by Mopac].[10
Electronegativity f) is derived from the DFT framework and is defirssd11]:

X koopmans:(EH+E L)/2

Multiple linear regression (MLR) analysis was uskd build up QSAR models. Different combinations of
parameters were tried to develop these modeldstitat qualities of MLR equations were judged loyare of the
correlation coefficient (B, standard deviation of the regression (S), Fischatistics (F) and quality factor (Q)
[12,13]. The graph theoretical descriptors sucli&y CIC, and MLR were computed using program emitby us

in Fortran-77.

RESULTSAND DISCUSSION

The data set of 20 compounds was divided into twougs. The training sets constitute 16 compounds
(1,2,3,5,6,7,8,10,11,13,14,15,16,17,19,20) andehwining 4 compounds (4,9,12,18) are part of ¢isé gets. The
list of the descriptors of training and test compasiare presented in Table 2.

Table 2: SIC,, CIC,, quantum chemical descriptors, entropy at 298 K and electronegativity of 20 inhibitors

Comp no. Sig CIC, | EH (eV) (E\I;) p (debye) (cal/?/l—K) ¥ (eV)
1 0.4763| 2.7679 -6.9983 -1.2300  5.005] 128.2796 11441
2 0.4984| 2.8454 -6.8734 -1.3660  3.0454 155.3138 1197.
3 0.4878| 2.7440 -6.5416 -0.6731  4.0324 136.5074 6062
4 0.4947| 27072 -6.860Q0 -1.2436  4.7691 133.2406 0518
5

6

7

8

0.533: | 2.467: | -6.€32€ | -1.200( 5.548¢ 124.829. | -4.016¢
0.482: | 2.774« | -6.816% | -1.077¢ 5.492( 127.597: | -3.947:

0.4905| 2.8057 -7.137% -1.38%8 3.436¢ 158.2125 262

0.4880 | 2.7248 -6.9171 -1.1429 5.5290 137.8948 0360
9 0.5113| 2.5649 -6.8872 -1.2762 4.5640 120.9682 084
10 0.5113| 2.5649 -6.7702 -1.2218 4.7782 120.7365.996®
11 0.482 | 2.756( | -6.783¢ | 0.163¢ 4.794¢ 123.142( | -3.310:
12 0.482: | 2.756( | -6.783¢ | 0.163¢ 4.794¢ 123.121. | -3.310¢
13 0.5113| 2.5649 -6.7484 -1.2789 4.2564 120.7273.014
14 0.4990| 2.6100 -6.149 -1.1592 5.0376 133.1$85.6545%
15 0.5275| 2.479§ -6.6423 -1.1320 6.3539 121.6708.8872
16 0.4986| 2.5923 -6.411 -1.4123 3.7251 121.2161.9113
17 0.467¢ | 3.048( | -6.971¢ | -1.344: 3.961( 151.991! | -4.157¢
18 0.4863| 2.6958§ -6.4768 -1.2599 3.2386 144.7034.8681
19 0.5165| 2.5729 -6.4409 -1.1973 3.9615 130.7238.8191
20 0.4604| 2.871§ -6.4437 -0.6095 3.1041 130.2$55.5268

Among the generated QSAR models; three models fireaky selected. Model summary of three best meddth
predicted log 1G, are given below:

Modell
Log 1C5,=13.208046 + 0.8186EH +0.4259LH +0.0630u +(-13.)385, + (-0.0223)CI¢
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N=16, R=0.96, R=0.92, F=23, S$=0.40, Q=2.40

Model 2

Log ICso = 4.2297+ (-0.3389)EL + (1.8210% (1.2849)CIG
N=16, R=0.91, B=0.83, F=19.53, $=0.39, Q=2.33

Model 3

Log ICse= 4.2297 + -0.9710S + 0.9808 (-12.3293)SI¢
N=16, R=0.95, R=0.90, F=36, S=0.40, Q=2.38

By using model number 1, 2 and 3 the predictedi@@g values of 16 training inhibitors are presented able 3
together with experimental log 4£The model 3 with the R=0.95280.90, F=36, S=0.40, Q=2.38 turns out to be

the best fit model.

Table 3: List of experimental and predicted logl Cs of 16 training compounds

Predicted loglGo

Predicted loglG

Predicted loglGy

Comp no. | Experimentalloghe'| = oei1) | (byModel2) | (by Model 3)
1 0.8062 0.9550 0.7107 1.0209
2 0.6721 0.5844 0.8467 0.5576
3 1.3404 1.3551 1.4151 1.3161
5 0.3385 0.3975 0.4926 0.4419
6 1.307¢ 1.122: 0.972: 1.117:

7 0.3118 0.4881 05427 0.4969
8 0.9952 0.9393 0.7795 0.8892
10 0.5955 0.6763 0.6627 0.7643
11 1.6149 1.6356 1.6875 1.7771
13 0.8633 0.6370 0.6498 0.7470
14 1.199: 1.387: 1.321: 1.155¢

15 0.773¢ 0.707; 0.720; 0.663;

16 1.1002 0.9890 0.9160 0.9996
7 0.9600 0.9668 1.0301 0.9172
19 0.7388 0.8364 0.9868 0.7963
20 1.8122 1.7603 1.7041 1.7780

Using the model number 3, we calculated the themdbg 1G;, of the test set (R=0.53) which appeared in Table 4.
The correlation graph of training compounds betweguerimental log 165 and predicted log 1§ (by model 3) are

presented in Fig. 1.

Experimental| Predicted loglG,
Compno.| 7, 0ic,, (by Model 3)
4 1.2765 0.9156
9 0.984: 0.678¢
12 1.2907 1.7772
18 0.8537 1.0220
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Figure1: A plot between the predicted and the experimental activitiesfor the 16 training compounds using model 3.
This QSAR study hasbeen carried out different descriptor likefirst order SIC, first order CIC, HOMO energy, LUMO energy, dipole
moment, entropy and electro negativity. These QSAR models may be used to find out the activity of the designed compounds
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