Macha et al., IJPSR, 2018; Vol. 9(1): 67-79. E-ISSN: 0975-8232; P-ISSN: 2320-5148

(Research Article)

-

INTERNATIONAL JOURNAL —— 3
=

o
FHARMACEUTICAL Sciences
AND
ResearcH

IJPSR (2018), Volume 9, Issue 1

Received on 29 April, 2017; received in revised form, 08 July, 2017; accepted, 25 July, 2017; published 01 January, 2018

SPECTROPHOTOMETRIC ANTIOXIDANT BIOASSAY AND MOLECULAR MODELING
STUDIES OF ETHYL 4-SUBSTITUTED-1, 4, 5, 6, 7, 8-HEXAHYDRO-2, 7, 7-TRIMETHY L-5-
OXOQUINOLINE-3-CARBOXYLATE DERIVATIVES

Ramesh Macha™, K. Ravindrachary %, G. P. L. Jayasree * and Parthasarathy Tigulla *

Department of Chemistry *, Osmania University, Hyderabad - 500007, Telangana, India.

Department of Chemistry 2, Sri Venkateshwara College, Suryapet, Nalgonda - 508213, Telangana, India.
Department of Biotechnology 2, Sreenidhi Institute of Science and Technology (SNIST), Hyderabad -
501301, Telangana, India.

Keywords: ABSTRACT: 4-Aryl-hexahydroquinolines in vitro antioxidant properties
were evaluated by spectrophotometric method. This method is based on
the charge transfer complex which is formed between 4-aryl-
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methods were used to estimate different physicochemical parameters. The
antioxidant activity was correlated with these physicochemical
parameters and different QSAR models were generated. Docking studies
were also performed in the active site of prenyl transferase to identify the
structural features of the antioxidants. Docking scores with appreciable
binding energy values also exactly correlated with the experimental
activity. The chemscore estimated by Gold Software was found to have a
good correlation with the experimental activity. The Docking and QSAR
results reveal that the electron donating substituents on benzene ring were
responsible to improve the antioxidant activity of the molecules.
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INTRODUCTION: Free radicals play a vital role
in a number of biological process, some of which
are necessary for life, such as the intracellular
killing of microorganisms by phagocytic cells * but
unnecessary amounts of free radicals can lead to
damage of bio-molecules such as lipids, proteins,
enzymes, DNA in cells and tissues ? damage in
diseases such as atherosclerosis, heart failure,
neurodegenerative  disorders, cancer, diabetes
mellitus, hypertension, aging and several other
diseases are becoming increasingly recognized *.
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Generation of free radicals from metabolism and
other activities like environmental pollutants, deep
fried and spicy foods, radiation, chemicals, toxins
gives rise to oxidative stress *, physical stress,
cause depletion of immune system antioxidants,
change in gene expression and induce abnormal
proteins and arthritis, ischemia and reperfusion
damaged to many tissues, central nervous system
injury, gastritis, cancer and AIDS *'®,

The free radicals are atoms or molecules which
comprise a non-paired electron at the level of their
external orbit (NO', 'OH, ' 02, ROO', RO") called
reactive oxygen radicals (ROR) or reactive oxygen
species (ROS). These compounds are extremely
uneven and can react with their electron. They are
formed permanently in the organism and their
enormous reactivity; can cause serious injuries in
the cell.
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Reactive oxygen species (ROS), as well as reactive
nitrogen species (RNS), are yield of normal cellular
metabolism and they are well recognized for
playing a dual role as both toxic and beneficial
species, since they can be either harmful or
beneficial to living systems ‘. The oxidation
process is one of the most significant routs for
producing free radicals in food, drugs and even
living systems.

The evidence show that oxidative damage to
cellular components such as cell membrane by free
radicals is believed to be associated with the

increase of degenerative diseases including
cardiovascular disorders, cancer, inflammation,
immune  system  decline, arthritis, brain,

dysfunction, and cataract ® ° age related
degenerative diseases, and that dietary antioxidants
oppose this and lower risk of disease °. Due to
depletion of immune system, natural antioxidants
in different maladies consuming antioxidants as
free radical scavengers might be necessary ™.
Antioxidants are the substances which are present
in low concentrations compared to those of an
oxidisable substrate significantly delays or prevent

oxidation of that substance *°.

Quinolines are an important group of pharmaceutical
compounds, which occur predominately in nature
among the various heterocyclic compounds *® */
and exhibit a broad spectrum of biological
activities such as antioxidant *®, anti-proliferation
9 anti-inflammation ?°, and anticancer # in the
treatment of malaria > and more recently of
tumours 2. The poly-hydroquinolines possessing a
bioactive 1, 4-dihydropyridine moiety also have an
important biological activities such as vasodilator,
bronchodilator,  anti-atherosclerotic, antitumor,
gero-protective, hepatoprotective and anti-diabetic
activity 2. Although the antioxidant activities of
quinolines and 1, 4-dihydropyridines % ?® have
been extensively studied, the poly-hydroquinolines
are not well explored. 4-Aryl-1, 4-dihydropyridines
are analogues of NADH coenzymes, which have
been explored for their calcium channel activity 2’

Some compounds were screened for their in vitro
biological activities showing good DPPH and
ABST" radical scavenging activities. These
quinolines showed the best antioxidant activities
against DPPH and ABST" which suggest further
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studies to discover the potential chemotherapeutic
treatment again tumors or other free radical
induced diseases .

The quinolines are expected to act as free radical
scavengers because of their structural features (Fig.
1). In addition, recent studies have suggested that 1,
4-dihydropyridine derivatives also provide an
antioxidant protective effect that may contribute to
their pharmacological activities 2. These derivatives
were synthesized by our collaborative research

group.

The aim of the present work is to estimate
antioxidant property of quinolines quantitatively by
spectro-photometric  method. The molecular
modelling studies help us to understand the various
interactions between the ligand and enzyme active
site in detail and there by facilitating in design of
novel antioxidants. The suitable chemical environment
may serve as a starting point for synthesis of prenyl
transferase inhibitors with improved antioxidant
efficacy.

Basic skeleton of ethyl 4 substituted-1,4,5,6,7,8-
hexa hydro- 2, 7, 7-trimethyl-5-oxoquinoline-3-
carboxylate derivatives

@) R O
MO/\
N
H

Experimental Methodology:

General Analytical Procedure: Chloranil (2, 3, 5,
6- Tetrachloro- 1, 4-benzoquinone) was procure
from the AVRA synthesis laboratory. L-Ascorbic
acid, 1, 4-dioxane and acetone solvents were
purchased from the SD FINE-Systronics versionl.
1PC based Double Beam Spectrophotometer 2202
with matched, 1cm quartz cuvettes was used. Into a
100mL calibrated flask, 25mg of 2, 3, 5, 6-
tetrachloro- 1, 4- benzoquinone (chloranil) was
weighed exactly and dissolved in 2mL of 1, 4-
dioxane, and the volume made up to the mark
with the same solvent then add 1mL of the
dimethyl amine solution, within 5 minutes complex
was formed. It was then diluted quantitatively to
obtain the accurate concentration.
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Into a 10mL calibrated flask, 10mM concentration mark with the same solvent. It was used as a
of ascorbic acid was prepared by weighing 17.6mg  standard and by maintaining the concentration each
of ascorbic acid absolutely and dissolved in 2mL of  time 10mL of polyhydroquinoline derivatives
distilled water. The volume was made up to the  solution was prepared.

TABLE 1: ANTIOXIDANT ACTIVITY BY CHLORANIL FREE RADICAL SCAVENGING METHOD OF OXO-
QUINOLINE DERIVATIVES

Compounds Structure 1Cs Activity Compounds Structure ICsg  Activity
1 2.82 1.54 11 o-CHa 1.30
0 0 H, 4.9
‘ O/C\CHS
N CHy
2 3.21 1.49 12 2.82 1.54
(0] (0] H,
‘ o' "CHa
N" cHy
3 ¢! 3.58 1.44 13 0.90 2.04
Cl
o] o] H,
HoC | °© o
) cH, N cHs
4 1.22 2.02 14 0.67 2.11
5 1.06 1.97 15 0.77 2.17
6 1.73 1.76 16 0.77 2.11
7 1.92 1.71 17 0.90 2.04
8 1.92 1.71 18 0.86 2.06
9 O~cH, 14.53 0.83 19 0.78 2.1
o O H,
e ‘ O’C\CHg
10 @ 2.70 1.56
o O H,
| O/C\CHa
HyC
CH; N CHs
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In 10mL calibrated flasks, 4mL of the charge
transfer complex (CTC) solution was placed and
then 1mL of the sample solution was added. The
absorbance of the solution was considered at the
wavelength of maximum charge transfer bands i.e.
at 412nm after the suitable time interval at room
temperature against blank. Absorbance was
recorded and percentage of radical scavenging
activity was measured, the lower ICsy value
represents higher antioxidant activity > * (Table
1).

% RSA = (Ai — Af) / Ai x100

RSA (radical scavenging activity) of poly-
hydroquinoline derivatives, Ai initial absorbance of
the CTC, Af is the absorbance of the test / standard
compound.

Computational Methodology:

Construction of Molecular Structures: The
compounds tested for inhibitory activity was
selected for the present study and the program of
window Hyperchem software Inc * was used in
modelling studies. The molecules were generated
and the energy was optimized using molecular
modelling pro.

Calculation of Quantum Chemical Descriptors:
The molecular structure of the compounds were
initially optimized geometrically using the semi-
empirical method AM1 (Austin Model 1) and PM3
(parameterization method 3) 2. The quantum
chemical descriptors (variables) **%° obtained for
model building in this work consist of energy of
cation (Ecation), €nergy of anion (Eanion), the electron
affinity (EA) (calculated from Eqeytrai-Eanion),
ionization potential (IP) (calculated from Ecation-
Eneutrat), electro negativity(y), electrophilic index
(o), hardness(n), softness(S), partition coefficient
(LogP), hydration energy (HE), chemical potential
(1) and polarisability (Pol) were obtained for oxo-
quinoline derivatives.

Regression Analysis of Antioxidant Derivatives:
The windows version software SPSS10 (SPSS
Software; Consult http://www.spss.com) " was
used in the regression analysis study. A relation
between biological activity (expressed as Log
(1/1Csp) and the physicochemical parameters was
analyzed statistically by fitting the data to
correlation equations consisting of various
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combinations of these parameters. The statistical
optimization was used to put forward the best
correlation model.

The regression coefficient assumes a value between
-1 and +1. If one variable tends to increase the
other decreases, the correlation coefficient is
negative. On the other hand, if the two variables
tend to increase together the correlation coefficient
Is positive. We achieved the correlation matrix
between inhibitory activities and respective
calculated properties for nineteen ethyl 4
substituted-1, 4, 5, 6, 7, 8-hexa hydro-2, 7, 7-tri-
methyl-5- oxoquinoline- 3- carboxylate derivatives.
The more relevant regression models were selected
from following criteria: The correlation coefficient
(R), the Fisher ratio values (F) and the standard
deviations (SD), percentage of effective variable
(% EV), standard error estimate (SEE) and R?
adjusted (R?adj).

The best equation was also tested for their
analytical command wusing a cross-validation
procedure. The cross-validation is a practical and
dependable method for testing this significance. In
principle, the so-called “leave-one-out” approach
consists in developing a number of models with
one sample omitted at the time.

After developing each model, the omitted data is
predicted and the differences between actual and
predicted potential values are calculated. The sum
of squares of these differences is computed and to
conclude the performance of the model (its
predictive ability) is given by PRESS (Predictive
Sum of Squares) and Spress (Standard deviation of
cross validation). The predictive ability of the
model was also computed in terms of the Q% *.

Molecular Docking Studies: Molecular docking
methodologies eventually look to predict the best
mode by which a compound which fit into a
binding site of a macro molecular target. In
addition to the synthetic work which was made by
our collaborative research group, an attempt to
explore docking studies on quinoline derivatives
was made to explain observed variance in
biological activity. This expects the best candidate
providing an insight on substitution and
configuration for optimum receptor pit which leads
to the perfection of best pharmacophore activity.
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The 3D structure of selected protein Prenyl
transferase with PDB ID-1ZDW was selected from
PDB (Protein Data Bank) RCSB with an X-ray
resolution in the range of 2.0 A *. This protein
contains an antioxidant naphterpin, a natural
product that isoprene chains, which possesses anti-
microbial, anti-oxidant, anti-inflammatory, anti-
viral and anticancer activities. The X-ray
crystallographic studies of this protein contain FLV
(Flaviolin) and geranyl S-thiolodiphosphate (GST)
which is external ligands present in the enzyme.
The docking studies are carried out by creating a
binding site at the FLV ligand site. The FLV and
the Quinoline compounds have common structure,
the naphthalene ring, in both of these compounds
and the amino acids like tyrosine (288) serine (213,
214) is linked to the FLV (Fig. 1) ligand. Hence,
FLV site in this enzyme can be used as a targeted
site for our compounds.

FIG. 1:
LINKAGE TO SERINE 214, TYROSINE 288 AND
GLUTAMINE 295 IN PRENYL TRANSFERASE WITH
PDB ID-1ZDW

FLAVIOLIN AND HYDROGEN BOND

GOLD 2.0: The GOLD2.0*° (Genetic Optimization
for Ligand Docking) program uses a genetic
algorithm (GA) to explore the full range of
rotational flexibility and the ligand flexibility of
selected receptor hydrogen’s. The mechanism for
ligand position is based on fitting points. The
program adds fitting points to hydrogen-bonding
groups on the protein, ligand and maps acceptor
points in the ligand, on donor points in the protein
and vice versa. The docking poses are ranked based
on a molecular procedure-like scoring function.
There are two different built in scoring functions in
the GOLD program -Gold Score and Chemscore. In
GOLD software the ligands in .mol format and the
protein in .Pdb format are given as input.
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The interaction of the ligands with the receptor in
the modelled complexes was investigated and
observed for the fitness function potential on
protein of cyclo-oxygenase-2 by using synthesized
moieties.

SPDBV3.7 software ** was used for preparation of
protein-ligand complexes by adding hydrogen
atoms, removing water molecules, co-crystallization
of inhibitors. The minimized protein was used for
docking and all compounds were docked one after
the other in GOLD. The atom numbers with respect
to the amino acids as a receptor site are given in a
box in gold parameter. The GOLD is run several
times at all the atom numbers and in different
scoring functions. All the parameters and settings
used are in standard settings configured in GOLD
2.0. The compounds are evaluated in both scoring
functions i.e. Fitness function and the Chemscore.
All the gold fitness scores and the Chemscore are
evaluated and tabulated.

Autodock 4.0: Autodock4.0 ** was used to
calculate in the region of binding free energy and
inhibition constant (Ki).

Argus Lab 4.0.1: Argus Lab 4.0.1 ** was used for
molecular modelling studies, which is very flexible
and can reproduce crystallographic binding
orientation. Argus lab gives a user friendly
graphical interface and uses shape dock algorithm,
to perform docking studies. This helps for the
representation of the binding conformations of
these derivatives, within the active site region of
prenyl transferase protein.

RESULTS AND DISCUSSIONS:

Free Radical Scavenging Activity: The
photometric methods based on molecular
interactions are simple and suitable, since they
result in the rapid formation of the complexes. The
CTC is formed between dimethyl amine as n-donor
(D) and chloranil as electron acceptor ** (Scheme
1). In the present case, the resulted CTC is
evidenced by hypsochromic shift. Formation of
CTC is due to excitation of electrons from orbital
of donor to orbital of acceptor. Therefore, the
method is based on the reaction of n- donors with
the electron acceptor. The Beer’s law is obeyed
over the concentration ranges.
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The described method was successfully applied to
the determination of antioxidant activity. To
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accommodate the observed results, the following
reaction mechanism is proposed in Scheme 1.

O O O.
cl cl ..CH; ¢l cl cl al
+ HN N oHe v o CHa
Cl cl CH; cClI Cl  CHz |cl Cl  CHs
o) o o
Chloranil Amine CTC OH
Rs R
Ry R, <RH>
Rs
OH oy
- CHs ¢ cl Rs Ry
HN\ + + R’
CHz ¢ cl Ry R,
o Rs3
SCHEME: 1

On studying the CTC maximum peak (Fig. 2) was
exhibited at 412nm and the formation of CTC
followed by chloranil radical. A simple method that
has been developed to determine the antioxidant
activity of oxo-quinoline compounds which utilize
the stable chloranil radical. These compounds act
as a radical scavenger by reducing chloranil free
radical.

1.452

1.184

0.887

Abs

0.589

0.291

-0.006 : : : i
340.00 391,96 443.92 495.88 547.84 599.80
Wavelengtiem.1)

FIG. 2: ABSORPTION SPECTRUM OF CTC WITH
CHLORANIL IN 1, 4-DIOXANE

The resulting decolourization with respect to
number of electrons captured. The CTC
decomposes to give chloranil free radical which in
turn forms R’ radical on abstraction of hydrogen
from oxo-quinoline (RH). R radical will then
undergo further reactions which control the overall
stoichiometry i.e. the number of molecules
chloranil reduced by Rh. Mixing of chloranil
solution to donor resulted in decrease in intensity of
color i.e. shifted to shorter wavelength .

Linear Regression Model: The biological activity
data and the physicochemical properties IP, EA,
EN, o, n, S, LogP, HE and Pol of the quinolines
derivatives are given in Table 2 and Table 3. The
data from these tables were subjected to regression
analysis. The correlation matrices were generated
with quinoline derivatives. The term close to 1
indicates high co-linearity, while the value below
0.5 indicates that no co-linearity exist between
more than the two parameters.

TABLE 2: ANTIOXIDANT ACTIVITIES AND MOLECULAR DESCRIPTORS VALUES OF ETHYL 4-
SUBSTITUTED-1, 4, 5, 6, 7, 8-HEXA HYDRO-2, 7, 7-TRIMETHYL-5-OXOQUINOLINE-3-CARBOXYLATE

DERIVATIVES IN AM1 METHOD

Eg-1 Eqg-2 Molecular descriptors
Comp. Obs. Predicted residual Predicted residual IP EA EN H S Q HE (K.cal/ LogP Pol
Activity (eV) V) (V) (eV) (ev?h mol) (A)
1 1.55 1.17 0.38 1.2 0.35 898 -035 432 467 0.11 2 0.33 244  38.76
2 1.49 1.64 -0.15 1.6 -0.11 747 119 433 314 0.16 299 -0.31 168 35.09
3 1.45 1.73 -0.28 1.84 -0.39 745 -1.03 321 424 012 122 -1.11 171 4224
4 2.03 1.73 0.3 1.73 0.3 797 114 456 342 0.15 3.04 -3.39 0.49 40.66
5 1.97 1.67 0.3 1.65 0.32 773 113 4.43 3.3 0.15 297 -8.68 113 39.02
6 1.76 1.97 -0.21 1.97 -0.21 757 137 4.47 3.1 0.16 3.22 -2.19 0.12 34.43
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7 1.72 1.82 -0.1 1.79 -0.07 781 168 474 3.06 0.16  3.67 -8.21 0.46 38.82
8 1.72 1.72 0 1.74 -0.02 788 086 437 351 0.14 272 -7.44 0.67 40.03
9 0.84 1.66 -0.82 - - 745 119 432 313 0.16 298 -1.28 163 394
10 1.57 1.56 0.01 1.54 0.03 748 095 421 327 015 272 -1.43 193 4031
11 1.31 1.95 -0.64 - - 734 104 419 315 0.16 2.79 -3.12 0.5 4313
12 1.55 1.67 -0.12 1.64 -0.09 742 127 434 3.07 0.16  3.07 -0.8 164 40.02
13 2.05 2.22 -0.17 2.23 -0.18 6.77 127 402 275 0.18 294 -0.7 053 4321
14 211 2.17 -0.06 2.21 -0.1 748 114 431 317 0.16 293 -9.91 -0.64 413
15 2.17 1.61 0.56 - - 785 178 481 3.03 0.16 3.82 -3.54 134 40.32
16 211 1.7 0.41 - - 745 128 436 3.09 0.16  3.08 -1.68 148 38.19
17 2.05 1.7 0.35 - - 7.48 13 439 3.09 0.16 3.12 -0.28 141 41.95
18 2.07 1.66 0.41 2.32 0.25 13.27 -0.7 6.28 6.98 0.07 2.83 -4.3 -1.5 45.6
19 2.11 1.94 0.17 1.84 0.17 741 128 434 3.07 0.16  3.07 -3.13 0.49 40.66
TABLE 3: ANTIOXIDANT ACTIVITIES AND MOLECULAR DESCRIPTOR VALUES OF ETHYL 4-
SUBSTITUTED - 1, 4, 5, 6, 7, 8-HEXA HYDRO-2, 7, 7-TRIMETHYL-5-OXOQUINOLINE-3-CARBOXYLATE
DERIVATIVES IN PM3 METHOD
Eg-3 Eg-4 Molecular descriptors
Comp. Obs. Predicted residual Predicted residual IP EA EN H S [0) HE(K.c LogP Pol
Activity &) (V) (eV) (ev) (eVh al/mol) (A%
1 1.55 1.89 -0.34 1.84 -0.29 6.29 128 3.79 251 0.2 2.86 -0.77 244  38.76
2 1.49 1.51 -0.02 1.47 0.02 7.58 121 439 3.19 0.16  3.03 -0.53 1.68 35.09
3 1.45 1.55 -0.1 15 -0.05 7.84 209 497 2.88 0.17 4.29 -2.24 1.71 4224
4 2.03 1.91 0.12 1.89 0.14 7.44 1.17 4.3 3.14 0.16  2.95 -3.66 049 40.66
5 1.97 1.68 0.29 1.65 0.32 7.48 0.97 4.23 3.26 0.15 275 -8.81 1.13  39.02
6 1.76 1.97 -0.21 1.96 -0.2 7.59 1.26  4.43 3.16 0.16 3.1 -2.29 0.12  34.43
7 1.72 1.84 -0.12 1.82 -0.1 7.81 1.6 4.71 3.1 0.16  3.57 -7.81 046  38.82
8 1.72 1.93 -0.21 1.9 -0.18 7.45 161 453 2.92 0.17 351 -7.8 0.67  40.03
9 0.84 1.58 -0.74 - - 7.43 1.2 431 3.11 0.16  2.99 -1.29 1.63 39.4
10 1.57 1.43 0.14 1.39 0.18 7.54 1.04 4.29 3.25 0.15 2.83 -1.7 193 4031
11 131 1.73 -0.42 - - 7.74 0.15 394 3.79 0.13 2.05 -3.12 0.5 43.13
12 1.55 157 -0.02 1.53 0.02 7.43 113 4.28 3.15 0.16 291 -0.79 1.64  40.02
13 2.05 2.03 0.02 2.01 0.04 7.09 115 412 2.97 0.17 2.86 -0.97 0.53 4321
14 211 2.06 0.05 2.06 0.05 7.98 113 455 3.42 0.15 3.03 -8.48 -0.64 413
15 2.17 1.66 0.51 - - 7.41 112 4.26 3.15 0.16 2.89 -3.42 1.34  40.32
16 211 1.61 0.5 - - 7.46 116 431 3.15 0.16 2.95 -1.9 148  38.19
17 2.05 1.62 0.43 - - 7.48 117 433 3.16 0.16 297 -0.54 141  41.95
18 2.07 2.04 0.03 2.13 -0.06 12.04 -2.74 4.65 7.39 0.07 1.46 -4.9 -1.5 45.6
19 211 1.91 0.2 1.89 0.22 7.43 116 4.29 3.14 0.16 294 -3.28 049 40.66

The perusal of correlation matrix indicates that
LogP, EA and S are the predicted parameters from
AM1 method. The enter, forward, backward,
removed and stepwise regression analysis methods
are used. The LogP, EA and S were found to be
explainable variables. The regression analysis
technique was applied through the origin using
these explainable parameters.

Activity = -0.231*LogP (0.100) - 0.325 *EA
(0.149) + 15.158*S (1.394)

R=0.980; R*= 0.961; R%gj = 0.954; SEE = 0.3871;
F= 132.096; PRESS = 0.1156; S.D = 1015.06; Q°=
0.9998; Q = 2.531.

In addition, the plot of observed activity vs
predicted activity was not found to be acceptable.
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Hence, the predictive potential value of the model
is not good. Eg. 1 shows that the values of % EV
are less and to improve its value, outlier (9, 11, 15,
16 and 17) were sought and eliminated. After the
elimination of the outlier (9, 11, 15, 16 and 17), a
second model was build. Overall, there is an
increase in R (0.980-0.993) and % EV values, and a
decrease in SEE (0.325- 0.247).

Activity= -0.264*LogP (0.068)-0.406*EA (0.101)
+ 15.898*S (0.915) ()

R= 0.993; R*= 0.985; R%jj = 0.981; SEE= 0.2470;
F=247.69; PRESS=0.0625; S.D=545.3893; Q%=
0.9999; Q = 4.020.

Eg. 2 is an improved model since it gives
explanation of the biological activity to the extent
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of (98.5%). From the correlation matrix table, it
reveals LogP, EA and S are found to be explainable
variables. In both AM1 and PM3 a tri-parametric
LogP, EA and S QSAR equations are generated.

Activity =
(0.111) + 14.531*S (0.897)

-0.295*LogP (0.108) - 0.226 *EA
----------------- (3)

R=0.985; R*= 0.971; R?y; = 0.965; SEE = 0.3371;
F= 175.96; PRESS = 0.0121; S. D. = 1015.06;
Q%=0.9999; Q = 2.921.

Eq. 3 showed that the values of % EV are less and
to improve its value, outlier (9, 11, 15, 16 and 17)
were sought and reduced. In addition, the plot of
observed activity versus predicted activity was not
found to be satisfactory. Hence, the projected
ability of the model is not good. After the
elimination of the outlier (9, 11, 15, 16 and 17), a
second model was developed.

Activity =
(0.063) + 14.619*S (0.521)

-0.311*LogP (0.063) - 0.245 *EA
------------------- (4)

R = 0.996; R? = 0.992; R%y; = 0.990; SEE= 0.1848;
F= 445.26; PRESS = 0.0121; S.D = 545.3893; Q%=
0.9999; Q = 5.389.

In an effort to investigate the predictive potential of
proposed models, the cross-validation parameters
(9% and PRESS) were calculated and used. The
predictive power of the equations was confirmed
by leave-one-out (LOO) cross-validation method
(Table 2 and 3).

Eg. 3 and 4 of AM1 and PM3 method respectively
give a very good g’ value, which should be
always smaller than % EV. A model is considered
to be significant when g°., = (> 0.78). Another
cross-validation parameter, PRESS which is the
sum of the squared differences between the actual
and that of predicted when the compound is
omitted from the fitting process, also maintains the
predictive ability of Egs. 2 and 4. Its value
decreases from Eq. 1 to Eqg. 3. The quality factor Q,
is defined as the ratio of regression constants (R) to
the standard error estimation (SEE), that is, Q =
R/SEE. This values point out that the higher the
value of R, the lower the value of SEE, the higher
is the magnitude of Q and the better will be the
correlation. In present case, Q increases from 2.531
t0 4.020 and 2.921 to 5.389 (Eq. 1 to 4).
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In the final AM1 and PM3 modelled Eq- 2 and Eg-
4 respectively, the contribution of the physico-
chemical parameters shown graphically in
contribution charts (Graph 1 and Graph 2). The
activity decrease with increase LogP and EA.
Lipophilicity means the attraction of the compound
to partition between organic phase (immiscible
with water) and polar aqueous phase. The value of
lipophilicity most commonly refers to logarithm of
partition coefficient P (LogP) between these two
phases. Up to specific limit, the compounds with
higher lipophilicity have higher permeation across

biological membranes (but lower aqueous
solubility). Relationship between LogP and
permeation is however non-linear, permeation

decreasing in both low and high end of LogP
values. The electron affinity is characterized by the
susceptibility of the compound in relation to attacks
by nucleophiles.
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GRAPH 2: PLOT OF OBSERVED vs PREDICTED
ACTIVITY

The electron affinity of anatom or molecule is
defined as the amount of energy released when an
electron is added to a neutral atom or molecule to
form a negative ion. As softness of ligand increases
the activity also increases. Soft acids and bases can
be explained on the HSAB principal. Softness of
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chemical species linked with large atomic/ionic
radius, high polarisability, low or zero oxidation
state, low electro negativity. Soft bases have
HOMO of higher energy than hard bases, and soft
acids have LUMO of lower power than hard acids.
The soft molecules are more reactive than hard
molecules if rearrangement or electron transfer is
necessary for the reaction. The softness is
important in understanding the chemistry of large,
delocalized molecules or ions.

Docking Analysis: The successful docking has
been performed for all newly synthesized target
compounds using genetic optimization for ligand
docking (GOLD) algorithm version 2.0. The
GOLD program uses a genetic algorithm (GA) to
explore the full range of the rotational flexibility of
selected receptor hydrogens and ligand flexibility.
The 3D crystallographic structure of 1ZDW protein
was used template selected from RCSB protein
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data bank (PDB). Swiss PDB-viewer, GOLD 2.0,
Autodock and Argus lab are molecular modelling
and docking softwares, which help in virtual
screening for finding a lead compound. All the
compounds were designed in Hyper Chem and the
protein from the protein data bank. Docking
procedure is carried out with all the standard
parameters. As a conclusive part of docking, we
expect that the generated results should yield
RMSD values below1.5A. The successful docking
has been performed for the selected oxo-quinoline
derivatives of protein prenyl transferase inhibitors
and their corresponding fitness, Chemscore,
Autodock and Argus energy values with the
respective RMSD (Table 4 - 6). Discovery studio
visualizer has been utilized to visualize the
binding conformations of these analogues in the
active site of 1ZDW protein and good binding
orientation poses were shown in Fig. 3.

TABLE 4: DOCKING VALUES OBTAINED FROM GOLD FITNESS SCORE WITH PRENYL TRANSFERASE

(PDBID = 1ZDW)

Compound Fitness S(hb_ext) S(vdw_ext) S(hb_int) S(vdw_int)
1 51.61 6.26 36.20 0.00 -4.42
2 42.63 0.31 34.24 0.00 -4.77
3 50.68 3.54 37.86 0.00 -4.91
4 57.77 7.17 39.41 0.00 -3.58
5 40.18 6.11 37.52 0.00 -17.52
6 47.30 1.77 35.06 0.00 -2.67
7 52.20 9.62 36.00 0.00 -6.92
8 44.23 9.97 32.76 0.00 -10.78
9 45.45 6.02 35.99 0.00 -10.06
10 37.30 6.00 34.18 0.00 -15.70
11 40.37 0.91 39.66 0.00 -15.06
12 51.59 8.38 34.34 0.00 -4.00
13 55.72 6.04 40.52 0.00 -6.03
14 59.49 12.88 38.46 0.00 -6.26
15 47.63 8.58 33.07 0.00 -6.43
16 42.75 9.99 31.49 0.00 -10.54
17 53.33 2.54 40.16 0.00 -4.42
18 59.70 6.25 46.09 0.00 -9.93
19 50.79 1.31 38.56 0.00 -3.54
TABLE 5: DOCKING VALUES OBTAINED FROM GOLD IN CHEMSCORE FUNCTION WITH
PRENYLTRANSFERASE (PDBID = 1ZDW)
Compound Score DG S(hbond) S(metal) S(lipo) DE(clash) DE(int)
1 36.53 -39.56 2.97 0.00 232.59 0.23 2.80
2 31.69 -35.23 2.47 0.00 210.27 0.29 3.24
3 32.85 -37.85 0.98 0.00 274.98 1.58 3.42
4 39.12 -43.31 3.08 0.00 265.92 2.40 1.79
5 31.89 -36.58 1.68 0.00 256.00 3.14 1.55
6 32.75 -34.26 2.19 0.00 211.49 0.51 0.99
7 32.89 -36.77 1.85 0.00 253.00 2.99 0.89
8 35.02 -38.94 2.15 0.00 251.80 2.36 1.56
9 33.38 -39.16 2.68 0.00 241.36 1.52 4.26
10 33.08 -40.22 1.96 0.00 267.27 5.22 1.92
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11 35.65 -44.31 2.73
12 35.79 -39.26 1.73
13 35.42 -40.82 1.67
14 34.64 -40.21 2.80
15 31.33 -34.94 0.84
16 35.64 -38.45 2.22
17 35.44 -42.79 2.15
18 32.63 -40.48 1.69
19 36.30 -39.48 2.43

0.00 288.50 5.87 2.79
0.00 265.47 1.77 1.70
0.00 283.59 3.67 1.73
0.00 261.41 3.09 2.47
0.00 254.89 2.23 1.38
0.00 244.90 1.15 1.66
0.00 283.83 4.71 2.64
0.00 289.81 4.09 3.75
0.00 251.62 1.77 141

TABLE 6: ARGUS BINDING ENERGY AND AUTODOCK ENERGY (IN k.cal/mol) OBTAINED FROM DOCKING
RESULTS OF PROTEIN PRENYL TRANSFERASE (PDBID =1ZDW)

Compound Argus B.E K.cal/mol Autodock B.E K.cal/mol
1 -11.46 -8.94
2 -10.44 -8.93
3 -13.96 -8.54
4 -9.50 -8.96
5 -10.08 -8.51
6 -12.35 -8.37
7 -12.25 -9.53
8 -9.23 -8.34
9 -8.66 -8.74
10 -11.87 -8.85
11 -9.68 -8.25
12 -12.61 -8.97
13 -11.11 -8.93
14 -9.76 -8.28
15 -10.57 -8.47
16 -11.75 -8.54
17 -12.75 -9.31
18 -8.56 -7.84
19 -11.34 -7.85

The binding energies obtained in Argus lab ranged
from 8.56-13.96 kcal/mol and the Chemscore
values are ranged from 31.33 to 39.12, to the
antioxidant activity of quinolone aryl compounds,
and fitness values range from 37.30 to 59.70
respectively. The docking simulation of the most
active quinoline derivatives showed that enzyme
inhibits or complex was mostly stabilized by
hydrophobic interactions occurring between the
aromatic moieties of the ligand and lipophilic
residues of the binding site. The protein prenyl-
transferase has interaction through serine 214,
tyrosine 288, glutamine 295 amino acids with the
quinoline derivatives show hydrogen bonding
interactions and correlation with docking binding
energy values. The protein ligand best interactions
were found with amino acid serine 214 at atom
number 2025. The GOLD fitness and chemscore
values showing very good scores are the best fitting
values. The compounds 1, 3, 4, 7,12, 13, 14 and 18
showed a good fitness and chemscore values
(Table 4 - 6).

Among the compound- 4, 13, 14 and 18 are having
the highest fitness values due to the interactions of
protein ligand complex at the binding site obtained
from parameters like external protein ligand
hydrogen bond energy, external Vander Waals
energy etc. Especially, compound 14 is having the
highest fitness value 59.49 with a good, S(hb_ext)
=12.88, S(vdw_ext) = 38.46. It was supported with
the experimental biological data also. From the
Chemscore compounds 1, 4, 8, 12, 13 and 14 are
having good docking scores. However the
compound-1, 3, 4, 7, 12, 13, 14 and 18 are having
good scores when chemscore and fitness scores
were compared.

As these compounds are having good docking
scores, they are expected to show good inhibiting
activity. The substituents like cyclohexane, 4-
methoxyphenyl, tolylquinoline, dimethyl amino
phenyl, 4-methyl-3-chlorophenyl and 3-methoxy-
phenyl are responsible at 4™ position on aryl group
for high binding scores (Table 4 - 6).
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From all the docking scores obtained from GOLD
2.0, Autodock 4.0 and Argus lab 4.0.1, the
compounds 1, 3, 4, 7,12,13,14 and 18 showed good
protein ligand interactions. In this investigation,
we discovered that the oxoquinolines which
showed good Chem score and Gold score
functions also exhibited good binding energy
values. Finally, molecular docking studies
showed good correlation between the in vitro
anti-oxidant activity of final compounds and
their binding interactions with 1ZDW as well as
their Gold fitness scores.

CONCLUSION: The antioxidant activity of oxo-
quinoline derivatives was determined by using
CTC of chloranil. In our present study, it is
established that the predictive QSAR models are
quite reliable to efficiently guide further
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modification in the molecules for obtaining better
antioxidants. AM1 and PM3 are the semi empirical
methods employed in QSAR studies. Both of them
provided good statistical results in terms of R?
Rzad,- and standard error of estimate (SEE),
suggesting the significant correlations of molecular
structures with its biological activities. Both
methods reveal LogP, EA and S are indicative
variables for antioxidant nature of oxo-quinolines.
For high efficacy of these compounds low LogP
and EA and high S are desirable. The molecular
docking studies were performed on nineteen oxo-
quinoline compounds for the interpretation of their
biological activity (Tables 2 and 3). Introducing
groups like cyclohexane, 4-methoxyphenyl,

tolylquinoline, dimethyl amino phenyl, 4-methyl-3-
chlorophenyl and 3-methoxyphenyl (Table 1 and
Fig. 3) increase the antioxidant activity.

BEST POSE COMPOUND-12

"BEST POSE COMPOUND-13

BEST POSE COMPOUND-14

FIG. 3: BINDING ORIENTATIONS OF DATABASE BALL CYLINDER LOW MODEL COMPOUNDS (3, 4,7, 12, 13,
AND 14) WITH CRYSTALLOGRAPHIC CONFORMATION OF ACTIVE SITE (PDB ID: 1ZDW). HYDROGEN

BONDS ARE SHOWN IN DOTTED LINES

These Oxo-quinoline molecules interact mainly via
electrostatic forces, including hydrogen bonds or
hydrogen bonding networks, often formed through
water molecules. The best protein ligand interactive
poses of molecule 1, 3, 4, 7, 12, 13, 14 and 18

(Fig. 3) show good hydrogen bonding energies.
The protein prenyl-transferase has interaction
through serine 214, tyrosine 288 and glutamine 295
amino acids with the quinoline derivatives show
hydrogen bonding interactions and correlation with
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docking binding energy values. The inhibitory
activity of the most potent compounds is explained
by hydrophobic interactions in docking studies. So,
the compound - 1, 3, 4, 7, 12, 13, 14 and 18 were
found to possess a promising antioxidant activity
and significant inhibitory activity on prenyl
transferase. Therefore one can conclude that
electronic effects have a very important role for
antioxidant activity and this chemical environment
may serve as a starting point for synthesis of cyclo-
oxygenase-2 inhibitors with improved efficacy. It
also gives insight into the pharmacophore and
residues of prenyl transferase active site.
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