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ABSTRACT

Antitubercular activity of 7-methyljuglone derivatives series were subjected to quantitative
structure activity relationship analysis with an attempt to derive and understand a correlation
between the biological activity as dependent variable and various descriptors as independent
variables. Several statistical regression expressions were obtained using multiple linear regression
analysis. The QSAR models were generated using 19 compounds. The predictive ability of the
resulting Q@SAR models was evaluated employing the leave one-out method of cross validation.
Several statistical regression expressions were obtained using multiple linear regression analysis.
The analysis of best resulted in the following 2-D) model which suggests that pICy, = [-0.025]
MRA+[0.278] StrE+[0.028] p+[3.04459] HOMO, n =19, r =0.87981, r?=0.81048, variance =
0.0805, SD = 0.4324, F = 85.78. The study suggested that substitution of group at R1 and E3
position on naphthoquinones ring with hydrophobie nature and low bulkiness are favorable for the
antitubercular activity in the concerned microbes. The quantitative structure activity relationship
study provides important structural insights in designing of potent antitubercular agents.
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INTRODUCTION

The emergence of drug resistant strains of Myeobacterium tuberculosis, particularly multiple
drug resistant strains has complicated treatment protocols and raises the concern that tuberculosis
may once again become an incurable disease. For this reason it is critical to discover new drugs
acting with a mechanism different from those of presently used antitubercular drugs. Tuberculosis
(TB), caused by M. tuberculosts, is a major public health and scciceconomically problem in most of
the developing countries {(Heym and Cole, 1997, Basso and Blanchard, 1998; Telenti and
Iseman, 2000), Tuberculosis (TB) is a contagious disease. Like the common celd, it spreads through
the air. Only people who are sick with TB in their lungs are infectious. When infectious people
cough, sneeze, talk or spit, they propel TB germs, known as bacilli, into the air. A person needs only
to inhale a small number of these to be infected. Left untreated, each person with active TB disease
will infect on average between 10 and 15 people every year. Despite the ready availability of
effective treatments, tuberculosis remains a major public health threat worldwide. With
approximately one-third of the world population currently infected, increased prevalence of the
disease in HIV-infected patients and the emergence of multi-drug-resistant bacteria, TB remains
a major world health problem. Hence there is a continuing need to find additional lead compounds
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and biological targets for novel antitubercular chemotherapies. The acid-fast bacillus
Mycobacterium tuberculosis is the causative agent of Tuberculoesis (TB). The tubercle bacillus is a
slow growing organism, which does not elicit a sharp and massive reaction from the host. The
tubercle bacillus does not produce any substance, which is toxic to the normal host. It acts as an
irritating foreign body and tubercle formation can be produced by virulent, avirulent and
nonpathogenic types. The tubercle bacillus is an intracellular parasite and lives and grows within
the host’s tissue cells, macrophages and epithelial cell. The efficacy of the currently available agents
used in standard Tuberculesis (TB) treatment regimens is severely limited by several factors;
including long treatment regimens, multiple drug treatment regimens, drug interactions and drug
resistance (WHO, 1995). Drug resistance and multidrug-resistant tuberculosis is perceived as a
growing hazard to human health worldwide. TB ranks among the most important burdens on
human health, not only due to the large number of cases (~9 million/year worldwide, with incidence
rates typically measured per 100,000 population), but also because about one quarter of sufferers
die, most of them young adults. Globally, the number of TB cases is currently rising at 2% year™'.
The fear 1s that the number of cases resistant to antitubercular drugs may be increasing much
faster (Dye ef al., 2002; Dye and Williams, 2000; Pablos-Mendez et al., 2002; Petrini and Hoffner,
1999). The major conecerns over drug resistance were a fear of the spread of drug-resistant
organisms and the ineffectiveness of chemotherapy in patients infected with them. If these spread
increasingly in a community, TB may become progressively uncontrollable using currently available
chemotherapy. One of the strategies suggested for overcoming this problem is the fully exploiting
the potential of standard short course chemotherapy based on cheap and safe first line drugs.
Furthermore, the development of potent new antitubercular drugs without cross-resistance with
known antimycobacterial agents is urgently needed (Tomioka, 2002). According to statistics,
one-third of the world’s population is currently infected with the TB bacillus, each year, 8 million
people world-wide develop active TB and about 1.7 million people die (http://www.who.ant/tb/en/.).
Currently, an important problem in TB treatment is the development of multi-drug resistant
tuberculosis (MDR-TB), which can be defined as strains that are resistance to at least 1soniazid and
rifampicin, important first line drugs used in TB treatment. Therefore, there is a need for new
drugs of new structural classes and with a novel mechanism of action other than isoniazid (INH),
Rifampicin (RIF) and Pyridazinamide (PZA). In this regard, since the last decade search for new
antitubercular substances has ranked among the priority areas of chemotherapeutic research. The
spread of MDR-TB could cost between 100 and 1400 times the available treatment costs and further
threatens to make TB incurable. Exact data are hard to estimate but at least 4% of all world-wide
TE patients are resistant to at least one of the current first line drugs. Another serious problem, in
the context of MDR-TE, 1s the XDR-TB, abbreviation for extensively drug-resistant tuberculosis
(TB) which are strains resistant to first and second line anti-TB drugs (De Souza 2006a, b). The
dramatic increase in TB cases cbserved in the recent years is a result of two major factors. First 1s
the increased susceptibility of people infected with Acquired Immunodeficiency Syndrome (AIDS)
to TB, which augments the risk of developing the disease 100-fold with some showing cross-
resistance to as many as nine drugs (El Sayed et al., 2000). A Quantitative Structure-activity
Relationship (SAR) enables the investigators to establish a reliable quantitative structure-activity
and structure-property relationships to derive an in silico QSAR model to predict the activity of
novel molecules prior to their synthesis. The overall process of QSAR model development can be
divided into three stages namely, the data preparation, data analysis, and model validation,
representing a standard practice of any Q@SAR modeling. The purpose of QSAR study is te find a
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relation between the composition or structure of a compound with its bio or chemical activity, in
order to design a new compound with expected properties or predict the properties of an unknown
compound (Gupta and Kumaran, 2006; Karthikeyan ef @l., 2006, 2007; Moorthy and Trivedi, 2006;
Chaudhary et al., 2008; Gokhale and Kulkarni, 2000). A wide range of descriptors has been used
in @5AR meodeling. These descriptors have been classified into different categories, including
constitutional, geometrical, topological, quantum chemical and sco on. There are several variable
selection methods including Multiple Linear Regression (MLR). To gain insight into the structural
and molecular requirement influencing the antitubercular activities, we herein describe the Q@SAR
analysis of 7-methyljuglone derivatives. The relevance of the model for the design of novel
derivatives should be assessed not only in terms of predictivity, but also in terms of their ability to
provide a chemical and structural explanation of their binding interaction. In this research, an
attempt has been made to describe the Quantitative Structure-activity Relationship (QSAR)
analysis of 7-methyljuglone derivatives to study and deduce a correlation between structure and
antitubercular activity of these derivatives.

MATERIALS AND METHODS

Data set: The activity data of 7-methyljuglone derivatives was taken from the reported study of
Mahapatra et al. (2007). The activity data have been given as 1C;, values, where [C,, refers to the
experimentally determined molar concentration of the 7-methyljuglone derivatives required to fifty
percentage inhibitory concentrations. The bioclogical activity values [IC,, (ug mL™")] reported in the
study were converted to nanomolar units and then further to-log scale and subsequently used as
the response variable for the QSAR analysis. The -log values of IC,, along with the structure of
compounds in the series is presented in Table 1. Initially the series was subjected to analysis
(Fujita and Ban, 1971) using a regression technique to estimate the de novo contribution of
substituents to the activity of the molecules. The method used in this study 1s a modification of the
Free-Wilson technique. Here, the log of activity is considered tobe a free energy related
parameter which 1s additive in nature. Fujita and Ban derived a linear equation for a set of
substituent’s, in the form of Eq. 1 as follows:

LogBA=Y GiXi+u (1)

where, BA is biological activity, Giis the log activity contribution or the log activity enhancement
factor of the ith substituent relative to that of H and Xi is a parameter which takes a value
of 1 or O according to the presence or absence of the ith substituent and p =log BA, calculated for
the unsubstituted compound, i.e., parent compound. The data was transferred to a statistical
program in order to establish a correlation between physicochemical parameters as an independent.
variable and the antitubercular activity as a dependent variable using a sequential multiple linear
regression analysis method (in sequential multiple regression the program searched for all
permutation and combination sequentially for the data set).

Geometry optimization: The series was further subjected to molecular modeling studies using
C8 Chem- Office Software version 7.01 (Cambridge soft) (CS Chem Office, 2002). The structure
of the compounds was drawn in Chem Draw Ultra version 7.01 and then copied to Chem 3D Ultra
to create the three-dimensional (3D) model, which was saved as the template model. For every
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Tahle 1: Structure and observed hiological activity of series

X (o)

X OAc
R O ‘ R, OAc
PeeRyee
R, 0 OAc OAc
Comp. X R1 Rz R3 s, tlog IC &
1 H H H OH 1.2 0.079
2 F Me H OH 7.6 0.880
3 1 Me H OH 2.5 0.3979
4 Br Me H OH 3.6 0.556
5 Cl H Me OH 4.6 0.662
6° H Me H OH 15.1 1.178
7 H H Me OH 3.1 0.4913
8 H Me H Qhe 6.0 0.7781
9° Cl Me H OAc 6.3 0.799
10 Cl H Me OAc 211 1.324
11 H Me H OMe 5.8 0.763
1z 1 Me H OMe 7.7 0.886
13 1 H Me OMe 8.0 0.903
14 H Me H Ot 6.3 0.799
15 Cl Me H OEt 36.1 1.557
16 Cl H Me OEt 12.5 1.096
17 H Me H - 17.2 1.235
18 1 Me H - 27.8 1.444
19 1 H Me - 149.4 2174

21C;, (in nM) was the in vifro observed biological activity of compounds, ®: Negative logarithmic value of ICs,, e: Test compounds

compound, the template model was suitably modified considering its structural features so that
every compound maintained the same sequence of atoms. The molecular structures of all 19
compounds were sketched using the Chemdraw Ultra (Version, 7.01) software and energy
minimized via MOPAC with energy tolerance value of root mean square gradient 0.001 keal mol™
and maximum number of iteration set to 1000, These structures were then subjected to energy
minimization using force field molecular mechaniecs-2 (MM,) until the Root Mean Square (RMS)
gradient value became smaller than 0.1 keal mol™. A. Minimized molecules were subjected to
re-optimization via Austin model-1 (Kier, 1971) method until the RMS gradient attained a value
smaller than 0.0001 keal mol™ A using MOPAC. The geometry optimization of the lowest energy
structure was carried out using Kigenvector following routine. The descriptor values for all the
molecules were calculated using compute properties module of programme. The energy minimized
geometry was used for the calculation of physicochemical descriptor and extended Huckel charges
of different atoms. These compound properties are the physicochemical descriptors that may be used
to estimate the SAR of molecules. All conformers generated for each structure were analyzed in
conformational geometrics panels with great care, and the lowest energy conformation of each
structure was selected and added to a molecular database to compute various physicochemical
properties. The descriptor values used in the model generation are shown in the Table 2.
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Tahle 2: Calculated values of independent variables

HOMO Ovality LOMO LogP Str-BE BE

-1.85551 1.67835 3.10910 6.0105 19.5724 19.5724
-4.19947 1.65213 3.34046 6.7041 20.3868 20.3868
-6.47829 1.61962 2.805863 6.0105 12.9678 12.9678
-6.5749 1.60283 2.90872 6.5836 14.4222 14.4222
-7.20195 1.64912 3.01469 7.0009 16.2606 16.2606
7.93414 1.63703 2.76709 7.4182 15.9645 15.9645
-5.7163 1.60619 3.22985 6.1029 15.0596 15.0596
-5.72644 1.62118 3.24730 6.4410 16.0819 16.0819
-5.12296 1.65351 3.00331 6.9271 15.9504 15.9504
-11.8465 1.60478 2.90443 6.8247 13.9400 13.9400
-11.0931 1.63398 2.58035 7.1628 13.6515 13.6515
-11.7957 1.64978 2.08888 7.6489 17.0836 17.0836
-7.95267 1.60966 2.92140 5.8809 13.3463 13.3463
-6.88884 1.61533 2.89075 6.2180 14.0039 14.0039
-4.29148 1.68729 -2.06401 8.1010 20.2879 20.2879
1.73642 1.56929 -1.80162 7.1238 20.9915 20.9915
-0.36341 1.57501 -2.23902 6.4302 13.5946 13.5946
-0.39683 1.61521 -2.16175 7.0033 15.1311 15.1311
-0.39857 1.64010 -2.23835 7.4206 16.0936 16.0936

Statistical methods and molecular descriptors: The values of substituent constants lhike
hydrophobie (p), steric (Molar refractivity or MR), Hydrogen Acceptor (HA), Hydrogen Donor (HD)
and electronic (field effect or £, resonance effect or R and Hammett's constant or s) were taken from
the literature (Hansch and Leo, 1979). The series was divided in to a training set of 15 compounds
and a test set of 4 compounds carried out automatically by the VALSTAT software. The sequential
multiple linear regression analysis method was employed. In sequential multiple linear regression,
the program searches for all permutations and combinations sequentially for the data set. The +
data with in the parentheses are the standard deviations associated with the coefficient of
descriptors in regression equations. Calculated thermodynamic descriptors included Critical
Temperature (Tc), Ideal Gas Thermal Capacity (Cp), Critical Pressure (Fc), Boiling Point (BP),
Henry's Law Constant (H), Bend Energy (Eb), Heat of Formation (Hf), Total Energy (TE) and
Partition Coefficient (PC). Steric descriptors derived were Connolly Accessible Area (CAA), Connolly
Molecular Area (CMA), Connolly Solvent Kxeluded Volume (CSEYV), Exact Mass (M), Molecular
Weight (MW), Principal Moment of Inertia-X component (PMI-X), Principal Moment of Inertia-Y
Component. (PMI-Y), Principal Moment of Inertia-Z Component (PMI-Z), Molar Refractivity (MR)
and Ovality (OVAL). Electronic Descriptors Such as Dipole (DPL), Electronic Energy (ElcE),
Highest Occupied Molecular Orbital Energy (HOMO), Lowest Unceccupied Molecular Orbital
Energy (LUMO), Repulsion Energy (NRE), VDW-1 4-energy (E14), Non-1, 4-VDW energy (Ev)
and total energy (K) were calculated. Stepwise multiple linear regression analysis method was used
to perform QSAR analysis employing in-house VALSTAT (Gupta et al., 2004) programme establish
a correlation between physicochemical descriptor used in this study as independent variable and
Antitubercular activity as dependent variable using sequential multiple linear regression analysis
method {(in sequential multiple regression the program searched for all permutation and
combination sequentially for the data set). The +data within the parentheses are the error of
regression coefficients associated with corresponding regression coefficients in regression equation.
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The best model was selected on the basis of various statistical parameters such as Correlation
Coefficient (r), Standard Error of Estimation (SE), Sequential Fischer test (F) the Bootstrapping
r?, chance, @? value, 8___ value, Standard Deviation of Errcr Prediction (SDEFP) and the predictive
squared correlation coefficient of the test set (+? pred) cross-validated squared correlation coefficient

press

using leave one out procedure r? chance statistics (evaluated as the ratio of the equivalent
regression equations to the total number of randomized sets; a chance value of 0.001 corresponds
to 0.1% chance of fortuitous correlation), outhers (on the basis of Z-score value) and predictive
squared correlation coefficient of test set v’ pred r?. The squared correlation coefficient {or coefficient
of multiple determination) r? is a relative measure of fit by the regression equation.
Correspondingly, it represents the part of the variation in the observed data that is explained by
the regression. The correlation coefficient values closer to 1.0 represent the better fit of the
regression. The F-test reflects the ratio of the variance explained by the model and the variance due
to the error in the regression. High values of the I test indicate that the model is statistically
significant. Standard deviation is measured by the error mean square, which expresses the
variation of the residuals or the variation about the regression line. Thus standard deviation is an
absolute measure of quality of fit and should have a low value for the regression to be significant.
iFuality of the each model was estimated from the cross-validated squared correlation coefficient,
(Kubinyi, 1993) calculated reot mean square error (SDEP), chance statistics evaluated as the ratio
of the equivalent regression equations to the total number of randomized sets; a chance value of
0.01 corresponds to 1% chance of fortuitous correlation and boot-strapping square correlation
coefficient (r?subbs), which confirm the robustness and applicability of QSAR equation.

Multiple linear regression analysis: Multiple linear regression analysis and other statistical
analysis were carried out on all the 19 molecules. The outlier molecules were then removed to
improve the equation’s predictive power. The final set of equations was obtained using 19 molecules
and the best equation was cbtained by using the optimal combination of descriptors. Descriptors
were selected for the final equation based on their correlation coefficients and those descriptors
having inter-correlation coefficient below 0.7 were considered, to select the best equation. Cross
validation by leave one out method was carried out on these final set of 19 molecules to further
enhance and validate the predictive power of the equation. Acceptahbility of the regression equation
was Jjudged by examining the statistical parameters. Correlation matrix was obtained to justify the
use of more than one variable in the study. The variables used were with maximum correlation to
activity and minimum inter-correlation with each other. From the statistical viewpoint, the ratio
of the number of samples (N} to the number of variables used (M) should not be very low;
usually it 1s recommended that N/M = 5. The QSAR equations were constructed for efficacy data
of both species of malaria parasite with the physcio-chemical descriptors and indicator variables.
The statistical quality of the equations was judged by the parameters like correlation coefficient (r),
explained variance (r?), standard error of estimate (s) and the variance ratio or overall significance
value (F). The accepted equations are validated for stability and predictive ability using leave-one-
out and cross validation technique. The statistical parameters used to access the quality of the
models are the Predictive Sum of Squares (PRESS) of validation. Finally, the standard cross-
validation correlation coefficient r” and q” are also calculated:

PRESS =X (Ypred - Y obs)?
S =+ PRESS/n-k-1)

press
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Where:
N = No. of compounds used for cross-validation

Y, = Kxperimental value of the physic-chemical property for the i* sample
Y = Value predicted by the model built without the sample i

RESULTS AND DISCUSSION

When data set was subjected to stepwise multiple linear regression analysis, in order to develop
2D-Q5AR between antitubercular activity in various microbes as dependent variables and
substituent constants as independent variables, several models were obtained. Acceptability of the
regression model was judged by examining the correlation coefficient (r), squared correlation
coefficient (r®), F-test () and standard deviation. QSAR (Desai ef al., 2001; Ghosh and
Bagchi, 2010; Manvar ef al., 2010; Narute et ai., 2008; Sivakumar et al., 2007, 2010a, b;
Sharma et al., 2010; Sharma and Sharma, 2010) 1n Biclogical activity data and wvarious
physicochemical parameters were taken as dependent and independent variables respectively and
correlations were established using sequential multiple regression analysis in the help of design
new molecules of antitubercular activity.

e plC,, =[-0.025] MR +[0.278] StrE + [0.028] p + [3.04459] HOMO
« n=19,r=0.87981, r} = 0.81048, variance = 0.0805, SD = 0.4324, I = 85.78

Model-1 has a good correlation coefficient (r = 0. 87951), the model 1s tested for outlier by
Z-score method and no compound was found to be an outlier, which suggested that the model is
able to explain the structurally diverse analogs. The r? _ is 0.5964 as par with the conventional
squared correlation coefficient (r?). Randomized biological activity test (p<0.014) revealed that the
results were not based on chance correlation. The inter correlation among the parameters is
0.108. The cross validated squared correlation coefficient (@* = 0.7985), the predictive residual sum
of square Soppees = 0.2665) and the standard error of prediction (5= 0.7259) suggested good
internal consistency as well as predictive activity of the biological activity with high HOMO. The
above model is validated by predicting the hiological activities of the test molecules, as indicated in
Table 3. The plot of chserved versus predicted activities for the test compounds is represented in
{Table 3). From Table 3 it is evident that the predicted activities of all the compounds in the test set,

are in good agreement with their corresponding experimental activities and optimal fit 1s obtained.

«  pIC,, =[+1.158] + PMIY [-9.4057] +S-BE [0.156] +HOMO [0.024] +Ovality [0.365]
« n=15r=081627, 1= 0.76205, SD. = 0.104, F = 7.636

Model-2 has a better correlation coefficient (r = 0.81627), the model is tested for outlier by %-
score method and no compound was found to be an outlier, which suggested that the model 1s able
to explain the structurally diverse analogs. The inter correlation among the parameter of the
descriptors is 0.108. The r? is 0.7513 as par with the conventional squared correlation coefficient
(r"). Randomized biclogical activity test (p<0.001) revealed that the results were not based on
chance correlation. The inter correlation among the parameters is 0.108. In general the model
fulfills the statistical validation criteria to the significant extent however; it is a useful theoretical

base for proposing more active compounds. In model PMIY,S-BE, HOMO contributed positively to
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Table 3: Predicted hiological activity and LOO predicted activity of QSAR models

Com. Observed activity Predict activity Predict activity Predict activity
1 0.079 0.061 0.045 0.031
2 0.880 0.864 0.873 0.893
3 0.397 0.389 0.407 0.374
4 0.556 0.541 0.534 0.527
5 0.662 0.675 0.650 0.639
6 1.178 1.231 1.097 1.032
7 0.491 0.482 0.477 0.468
8 0.778 0.767 0.7569 0.785
9 0.799 0.815 0.785 0.776
10 1.324 1.214 1.187 1.265
11 0.763 0.774 0.746 0.380
12 0.886 0.897 0.871 0.865
13 0.903 0.891 0.884 0.882
14 0.799 0.789 0.808 0.813
15 1.557 1.432 1.376 1.402
16 1.096 1.187 1.021 1.065
17 1.235 1.162 1.287 1.2032
18 1.444 1.598 1.2987 1.312
19 2.174 2.0216 2114 2.256

the activity. The above model 1s validated by predicting the biclogical activities of the test molecules,
as indicated in Table 3. The plot of observed versus predicted activities for the test compounds is
represented in Table 3.

«  plC,,=0.322 (20.199) Log P+0.0237 (20.019) DPL-10.189 ( £0.341) LUMO
« n=15r=0.8038, = 0.75321, variance = 0.00431, SD = 0.56396, F = 51,769

Model-3 fulfills many of the statistical validations such as the correlation coefficient; the cross
validated squared correlation coefficient, standard deviation, bootstrapping squared correlation
coefficient and chance. But the predictive residual sum of square standard error of prediction is less
than 0.5 (0.35). The correlation accounted for more than 72.9% of the variance in the activity. The
data showed an overall internal statistical significance level better than 99.9% as
F' @ 160000y = D1.769 which exceeds the tabulated F 5, 00, = 9.01, the cross validated squared
correlation coefficient (@ = 0.7032), the predictive residual sum of square S;ppe: = 0.1769) and the
standard error of prediction (S5, = 0.2784) suggested good internal consistency as well as predictive
activity of the bioclogical activity with high legP. In general the model fulfills the statistical
validation criteria to the significant extent however; it is a useful theoretical base for proposing
more active compounds. In model LUMO contributed negatively and LogF, DPL contributed
positively to the activity. The above model 1s validated by predicting the biological activities of the
test molecules, as indicated in Table 3 The plot of observed versus predicted activities for the test
compounds is represented in Table 3.

«  plC,=[-2.392] +BE [-0.000108] +S-BE [0.212] +VDW [0.074]
e n=159, r=0.74610, r’= 0.72183, SD. = 0.125688, F = 15.3295
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Model 4 (pIC,y) has a better correlation coefficient (r =0.74610), the model is tested for outlier
by Z-score method and no compound was found to be an outlier, which suggested that the model
is able to explain the structurally diverse analogs. The inter correlation among the parameter of
the descriptors is 0.3967. The r%_is 0.759 as par with the conventional squared correlation
coefficient (r®). Randomized biolegical activity test (p<0.003) revealed that the results were not
based on chance correlation. The inter correlation among the parameters is 0.108, In general the
model fulfills the statistical validation criteria to the significant extent however; it is a useful
theoretical base for proposing more active compounds. In model BE contributed negatively and S-
BE, VDW contributed positively to the activity.

e plC,=[-2.392] +BE [-0.000108] +MR [0.212] +VDW [0.074] + HOMO [0.243]
«  n=19,r=0.7309, r’= 0.5338, SD. = 0.123688, F = 35.3295

Model-5 has a better correlation coefficient (r = 0.730), the model is tested for outlier by Z-score
method and no compound was found to be an cutlier, which suggested that the model 1s able to
explain the structurally diverse analogs. The inter correlation among the parameter of the
descriptors is 0.397. The r? _ is 0.759 as par with the conventional squared correlation coefficient
(r"). Randomized biological activity test (p<0.003) revealed that the results were not based on
chance correlation. The inter correlation among the parameters 1s 0.108. In general the model
fulfils the statistical validation criteria to the significant extent however, it is a useful theoretical
base for proposing more active compounds. In model BE contributed negatively and S-BE, VDW
contributed positively to the activity.

Validation of the model: Model-1 shows a better correlation coefficient (r = 0.8796) which
accounts for more than 87.96% of the variance in the activity, also the intercorrelation among the
parameters is less (0.2315). The model shows that in the multi-variant model, the dependent
variable can be predicted from a linear combination of the independent variables. The p-value 1s
less than 0.001 for each physiochemical parameter involved in model generation. The data showed
an overall internal statistical significance level better than 99.9% as it exceeded the tabulated
Fo 172000y = 85.78. The model was further tested for the outlier by the Z-score method and no
compound was found to be an cutlier, which suggested that the model 1s able to explain the
structurally diverse analog and is helpful in designing more potent compounds using
physiochemical parameters. The leave-one-out cross validation method was employed for the
prediction of activity (Table 3). The cross-validated squared correlation coefficient (in the biclogical
activity data of leave-one-out) (Q* = 0.7985), predictive residual sum of square (S5 = 0.2660),
and standard error of prediction (Spz = 0.7259) suggested a good internal consistency as well as
predictive ability of the biological activity with low S_... The r? _ is at par with the conventional
squared correlation coefficient (r¥). Randomized bioclogical activity results were not based on the
correlation. The robustness and wide applicability of the model were further explained by
significant r°__, value (0.81048) .In general, the moedel fulfils the statistical validation criteria to
a significant extent to be a useful theoretical base for proposing more active compound. In model
(1) p contributed positively where as Str-BE contributed positively towards biclegical activity is
representative of atoms of hydrophobie nature in the molecules and suggests that substitution of
groups, which are high hydrophobic in nature, might increase the biclogical activity. Thus,
reimproving the p characteristics of the molecule increases the selective activity., Whereas
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minimizing the property like Str. BE which is helpful for rationalizing the interaction between
molecule and receptor surface. The study revealed that distal end substitutions might interact with
a hydrophaobic pocket at receptor site, hence increasing hydrophaobicity of the substituent increase
the binding capacity between molecule and receptor surface which potentiate the selectivity as well
as activity.

CONCLUSION

Although, generation of @SAR models with good statistical significance is of paramount
importance, the models should also exhibit good predictive ability. 2D-QSAR analysis suggested
that for all the, substitution at R, position very much dominates the activity as compared to the
indicator variable at R, and R ; position (Compound 1-18). At R, position, logp contributed positively,
which 1s responsible for hydrophobicity of the molecules; but ME contributed negative, which
suggests that less bulky substitutions form the activity.

The series was also subjected to molecular modelling using 2D-QSAR; all the descriptor values
for the molecules, calculated from the programme, were considered as independent. variables. The
2D analysis suggested that the substitution at R, position with various alkyl groups affect the
antitubercular activity of naphthoquinones ring analogues as compared to substitutions at R, and
R ; position. The QSAR studies revealed that spatial parameter PMIY plays a significant role in
explaining antitubercular activity of 7-methyljuglone. It contributed negatively to the expression,
which suggested that less bulky groups arcund Y-axis in the molecules are favorable for the
activity. DPL contributed positively to the activity up to a small extent as compared to the PMIY,
suggesting that the moiety, which increases the charge distribution over the molecules, is
favourable for the activity and optimising the hydrophobicity and bulkiness at R, position. The
developed QSAR model can be utilized for the further development of new molecules belonging to
the class of 7-methyljuglone to exhibit good antitubercular activity, as it reveals the various
physico-chemical parameters that play important roles in exhibiting potential antitubercular
activity. The predictive ability of the models was gauged by a cross validation procedure following
a leave-one-out scheme. All the models exhibit high q2 and low r*se and q2-se values confirm their
excellent predictive potential. The linear QSAR models have been successfully established using
the different chemo metric teols like enhanced replacement method, multiple regressions. Predictive
quality of the models was tested using predictive r? (pred-r?), followed by a modified r? (r?m) value
based on training set, test set. (LOO) values for whole data set and training/test set are in
agreement. reflecting external validation characteristic of the developed QSAR models. The values
of these parameters ensure the predictability, reliability and aceeptability of the model. Based on
all the statistical and validation parameters enhanced replacement method was found to give better
results. @SAR models were proposed for antibacterial activity of the 7-methyljuglone derivatives
using chem. SAR descriptors employing sequential multiple regression analysis method. The models
also provide valuable insight into the mechanism of action of these compounds. The developed
models showed good statistical significance in internal (r,, q, group cross validation and
bootstrapping) validation and performed very well in predicting the Biclogical Activity (BA) of the
compounds in the test set.
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