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ABSTRACT
The antibacterial activities (ICso ) of Quinolone derivatives against Staphylococcus aureus were quantitatively
analyzed in terms of physicochemical parameters by regression analysis and a model quantitative structure
activity relationship (QSAR) is obtained. The predictive potential of the model is discussed on the basis of
lipophilicity parameter, QlogP and electronic parameter, 6. An increase in QlogP and o has a negative
influence on the activity. The best pharmacophore would be a compound with least QlogP and o values.
Keywords: QSAR, quinolones, antibacterial activity, regression analysis.

INTRODUCTION
Biopharmacological features of Fluoroquinolones have attracted considerable attention of many major
pharmaceutical industries’. The introduction of fluorine in quinolone moiety gives rise to more potent
pharmacophore. Earlier —quinolones were considered to be active against gram
—ve acrobes and less active against gram +ve acrobes and anaerobes’. Survey of literature indicates that
the antibacterial activity of quinolones was due to their ability to interfere with the replication of bacterial
DNA and recently it has been observed that quinolone congeners also possess antineoplastic activity
where they act against mammalian topoisomerase — II, the homologue of the bacterial target enzyme,
DNA gyrase’.
In the present study a series of quinolone derivatives are synthesized, their antibacterial activity tested and
quantitative structure activity relationship (QSAR) techniques applied to arrive at a best possible
pharmacophore. A model equation to correlate antibacterial activity with the physicochemical properties
was generated and the structural features of a projected lead compound are discussed.
EXPERIMENTAL
Computational Methods
Molecular 3D Structure
A series of quinolone derivatives tested for antibacterial activity, were selected for the present study and
the program of Windows Chem SW* was adopted for molecular modeling studies. The molecules were
generated and energy minimization was carried out by using Molecular Modeling Pro..
Building of QSAR Model
Numerous physicochemical properties and structural parameters have been devised earlier for QSAR
studies*”. Appropriate descriptors or parameters for the compounds, QlogP and ¢ were correlated to the
observed antibacterial activity. The regression models are the QSAR molecular models that were used to
predict and design a compound with best possible antibacterial property.
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Chemical descriptors:
Lipophilicity parameters:
The lipophilicity factor P is the most used property where P is defined by 1-Ocranol / water partition
coefficient. All the QlogP values used were calculated as per Bodor and Buchwald method in
ChemSW'.
Electronic parameter (o):
The electronic substituent constants ¢ were calculated using Hansch and Leo’s analysis''. The electronic
effect provides a clue to substituent effect as correlated to the maximal antibacterial property on the basis
of electron releasing or electron withdrawing property of the substituent.
Correlation analysis:
Relationship between antibacterial activity, expressed as log 1/ICsy (from ICs, values) and the
physicochemical parameters X; (QlogP and o) were analyzed statistically by fitting the data to correlation
equations consisting of various combinations of these parameters.

Log 1/I1Csy = X a; X; + constant.
The statistical optimization is used to propose the best correlation model. The constant and the
correlation coefficient, a; for each term were determined by the least squares method.

RESULTS AND DISCUSSION
The basic quinolone pharmacophore used in the present study is shown in Fig — 1. Their structural
details, activity (log 1/ICs), and physicochemical parameters (QlogP, ¢) are shown in table — 1.
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Fig. - 1

Table-1:Physicochemical parameters and antibacterial activity of Quinolone derivatives

Compound | Substituents | ICsy | log(1/ICsp) | QlogP c
QUI-2 Y =H 6.25 1.2041 2.445 | 0.00
QUI-3 Y = Cl 50 0.3010 2.8869 | 0.23
QUI-4 Y=F 25 0.6020 2.604 | 0.06
QUI-5 Y = OCH; | 12.5 0.9030 2.468 | -0.26
QUI-6 Y = CHjy 50 0.3010 2.939 | -0.12
QUI-7 Y = OH 25 0.6020 1.963 | -0.24
QUI-8 Y = NO, 25 0.6020 2428 | 0.79
QUI-9 Y = N(CHj), | 50 0.3010 2.339 | -0.60
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The following discussion shows an attempt to develop statistically significant QSAR models that may be
used to better the results for antibacterial activity.
Table — 2 presents a correlation matrix between the parameters QlogP and 6. The matrix shows a good
correlation between ¢ and QlogP with a correlation constant of 0.248. Hence a linear regression analysis
consisting of the terms QlogP and ¢ were considered as explanatory variables to generate a correlation
equation.
The results of regression analysis are presented in Table — 3 which shows three possible correlation
equations relating the antibacterial activity log (1/ICsg) to the variants QlogP and ¢ individually and in
combination. Equation — 1 shows that the correlation between log (1/ICsy) and QlogP is poor with a low
regression coefficient r = 0.347. This shows that QlogP, the lipophilicity factor independently cannot be a
causative variable to explain the observed activity.
Equation — 2 is an improvement over equation — 1 in the r value to 0.817 by considering QUI-7 and QUI-
9 as outliers. In order to improve the generated model correlation equation, a second variant ¢ was also
included equation — 3 shows a good correlation of 92% (r = 0.920) between antibacterial activity and the
parameters QlogP and c. The correlation coefficient for QlogP is -1.402 and that for ¢ is -0.411. This
shows that an increase in QlogP contributes to a diminished activity. So is the case with o, Table — 1
confirms this contention. The compound QUI-2 with least value of QlogP 2.445 shows the highest
activity. An exception to this model is QUI-8 which has a value of QlogP = 2.428 with a corresponding
unexpectedly low activity of 0.602. This may be explained by a predominant effect of ¢ on activity as
compared to QlogP due to the possible resonance influence operative in the substituent — NO2.
The model equation -3 may further be used to infer that the magnitude of lipophilic interactions as
indicated by QlogP is minimal in the process of receptor- pharmacophore binding. Hence the least
pharmacophore to be used would a quinolone derivative with least lipophilic natured substituent.
Similarly a quinolone derivative with a least ¢ value for the substituent can sho a maximal antibacterial
activity.

Table — 2: Correlation matrix for Quinolone derivatives

log (1/1Csg) QlogP o
log (1/1Csp) 1.000
QlogP -0.347 1.000
c 0.074 0.248 1.000

Table 2: Equations derived by regression analysis for quinolone derivatives

Eq.No. Equations
1 log(1/1Cs0) = 1.503(1.002) — 0.359(0.397) QlogP
‘n=8; "r=0.347 ‘e =0.3260
2 log(1/1Csp) = 3.948(1.166) — 1.254(0.442) QlogP
n=6;r=0.817 Se =0.2268
3 log(1/1Cs0) = 4.386(0.947) — 1.402(0.357) QlogP
n=06;1r=0.920 Se=0.1784

* number of compounds
P regression coefficient
“standard error
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