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ABSTRACT

A simple sensitive spectrophotometric method was developed using Phenolic compounds. The method is based on
the reaction of the secondary amine as n-electron donor with the z-acceptor 2,3,5,6-tetra chloro 1,4-benzo quinone.
The coloured charge-transfer complex was measured at 412nm. The Free radical generation was confirmed with the
polymerization of acrylonitrile with charge transfer complex as initiator. The procedure was applied successfully to
the determination of the Free radical Scavenging activity of the title compounds. Among the Sxteen analogs, Vie
exhibited highest antioxidant activity and very low 1Cs, value, Vg exhibited least antioxidant activity with highest
ICso value. In the present study, Quantitative Structure-activity relationship modeling was performed on a series of
Phenolic derivatives. IP, EN, Soft and El are found to be the explainable variables for the semi empirical methods.
The statistical parameters from the models indicate that the data well fitted and have high predictive ability. The
external predictive capability of the established model was evaluated by test set of 16 compounds. It is
recommended that the bulky electron-donation groups at the R* and R® position can increase the biological
activities of the inhibitors. It is expected that the developed model could provide some useful information for the
future synthesis of highly potent Transferase inhibitor.
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INTRODUCTION

The Intermolecular charge-transfer complexes amdd when electron donors and electron acceptoms iwteract
[1]. The bond between the components of the complex postulated to arise from the partial transfean electron
from the base to the empty orbital of the accepibe Charge transfer complexes [2] have uniquerplisa bands
in the ultraviolet-visible region. Some of the d@rtransfer complexes containing chloranil as areptor have
been reported e.g. Tetra ThioFulvalene-Chloranil[3Tetra ThioFulvalene-imidazole-Chloranil[4], p-
phenylenediamine-Chloranil[5], Tetra Methyl-p-PhiemgDiamine-Chloranil[6], Aniline-Chloranil[7], ansatic
amines and nitrogen heterocycles-Chloranil[8], NAdithiocarbmates-Chloranil[9], phosphine oxide atndn-
butylphosphate-Choranil[10] etc.

n-Acceptors such as 7,7,8,8-tetracyano quinodimethd@iCNQ), tetracyanoethylene (TCNE), 2,3-dichloa6-
dicyano-1,4-benzo-quinone(DDQ), 2,3,5,6-tetrabrambbenzoquinone(bromanil) and 2,3,5,6-tetrachiibrb-
benzoquinone(choranil) are known to yield chargedfer complexes and radical anions with a vaoétglectron
donors[11-12]. Formation of charge transfer comgletwveen chloranil and dimethyl amine followed bynfiation
of radical ions [13] are shown in Scheme.1.
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Free radical species are known to play importat¢sran biological systems such as mitochondrianalig
transudations, and the immune system. In the hupoaly the free radicals are continuously producesl tduthe

oxygen utilization by the cells of the body. Thisngrates a series of Reactive Oxygen Species (RK&S3uper

oxide anion (@) and hydroxyl (HQ radicals and non- free radical species such &3 $inglet oxygen (& and

nitric oxide (NO).

The main characteristic of an antioxidant is it8igfto trap free radicals. Highly reactive freadicals and oxygen
species are present in biological systems fromdewariety of sources. These free radicals mayioxiducleic
acids, proteins, lipids and can initiate degeneeatisease. Antioxidant compounds like Phenolidaigdolyphenols
and flavonoids scavenge free radicals such as lerdmwydro peroxide or lipid peroxyl and thus inhithie oxidative
mechanisms that lead to degenerative diseasesspdatroscopic method is conceived because of fapidation
of the complexes. ROS are highly reactive and @milyereact with almost all the biological molecui@cluding
DNA, proteins, lipids and lipoproteins [14]. Anticlants are of great interest because of their iraroent in
important biological and industrial processes.gémeral, compounds with antioxidant activity haeer found to
possess anticancer, anti-cardiovascular, antiFmfiation and many other activities [15-17]. The exitdants are
molecules that are mainly decelerate or prevenbiiigation reaction in vitro by terminating the dation of chain
reaction [18]. The application of antioxidants ihapmacology is valuable to improve current treatimeior
diseases.

Phenolic compounds are chemical agents that ex@irtgrinciple pharmacological and therapeutic @fdy acting
at peripheral sites to either enhance or reducathieity of components of the sympathetic divisimm autonomic
nervous system. These derivatives are acts asxaltatias[19]. The radical produced by decompositiércharge
transfer complex can easily be trapped by Phemrolicpounds. The optical density of charge transbengiex can
be followed by spectroscopic method. The literatuerey reveals that the any research group haatteshpted to
develop a spectroscopic method for in vitro biogssh antioxidant nature of Phenolic compounds bwrgk
transfer complex. Therefore this prompted us toettgva direct, sensitive and accurate for antiodidaoassay of
in vitro type and develop the high efficacy antaeaamts by molecular modeling studies.

MATERIALS AND METHODS

General Analytical Procedure

2,3,5,6-tetrachloro-1,4-benzoquinone(chloranil) wpsrchased from the AVRA SYNTHESIS. PVT.LTD.
A/28/1/19, Road No.15, IDA, NACHARAM, HYD-501507.-ASCORBIC ACID, 1,4-dioxane and Acetone
solvents were purchased from the SD FINE- CHEM RVYD.315-317, T.V.INDUSTRIAL ESTATE, 248, WORLI
ROAD, MUMBAI-30. Systronics Version1.1PC based DiguBeam Spectrophotometer 2202 with matched, 1cm
Quartz cuvettes, Digital weighing balance, calibdaflasks, beakers, were used. Into a 100m| Caditirflask,
25mg of 2,3,5,6-tetrachloro-1,4-benzoquinone(chibyawvas weighed accurately and dissolved in 2ml1¢f-
dioxane ,and the volume made up to the mark thithsame solvent then add 1ml of the dimethyl arsotetion
within 5 minutes complex was formed. It was thelotéd quantitatively to obtain the suitable concatdn. Into a
10ml Calibrated flask, 10mM concentration of Asdorhcid was prepared by weighing 17.6mg of ascoagid
accurately and dissolving in 2ml of distilled watérhe volume was made up to the mark with the ssoheent. It
was used as standard and by maintaining the sthrdencentration each time 10ml of phenolic analegsition
was prepared.
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In 10 ml Calibrated flasks, 4ml of the complex s@n was placed and then 1ml of the sample solutias added.
The absorbance of the solution was measured awvaielength of maximum charge transfer bands i.d1anhm
after the appropriate time interval at room tempeeaagainst blank. Absorbance was recorded anckpege of
Radical Scavenging Activity [20] was calculatedngsthe following formula.

2o Radical Scavenging Activityz'AlAb—t;'A‘a X100

Where Ab=is the absorption of complex solution Asathie absorption of the test sample
Sample concentration providing the 50% Radical 8oging activity is taken as §gvalue.

@)

Cl Cl 7 o
...CHs3 Cl Cl Cl Cl
+ HN/ /CH3 CH
[ —— + + 3
cl cl ‘CH N, HN,
O o
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Figure. 1 Absorption Spectrum of Charge Transfer conplex with Chloranil in 1,4-dioxane. Blank: 1,4-dicxane

On studying the charge transfer complex, the mawinpeak was exhibited at 412 nm. Scheme.2 indicies
formation of charge transfer complex followed byochnil radical. A simple method that has been &&ped to
determine the antioxidant activity of Phenolic cauapds utilizes the stable chloranil radical. Whea ¢dd electron

in the chloranil free radical becomes paired witkdrogen from a free radical scavenging antioxidantorm the
reduced chloranil. The resulting decolorizatiostizsichiometric with respect to number of electroaptured. In the
present study Systronics Versionl.1 PC based DoBbkm Spectrophotometer 2202 in which Absorbance of
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Phenolic compounds are noted with time and thedstahwas assessed on the basis of the radicalrsgiageeffect
of the stable 2,3,5,6-tetrachloro-1,4-benzoquincmietanil)free radical activity by novel methoddaexpressed as
ICspvalue.

Table 1
Compd % of Radical Scavenging IC(SS\,(;T)IUG Activity
\1 29.46 16.97 7.77
V, 20.40 24.51 7.61
V3 18.07 27.67 7.56
\2 32.7¢ 15.2¢ 7.82
Vs 52.34 9.55 8.02
Ve 6.81 73.42 7.13
V7 37.53 13.32 7.87
Vg 46.60 10.73 7.97
Vg 50.14 9.97 8.00
Ve 51.4: 9.72 8.01
Vi 35.91 13.92 7.86
Vi 43.06 11.61 7.93
Vi3 11.26 44.40 7.35
Vig 49.57 10.09 8.00
Vis 47.86 10.45 7.98
Vg 63.63 7.86 8.10
Ascorbic acid 93.34 5.3568 8.27
Ascorbic acid is used as standard
BASIC STRUCTURE
OH
Rs R
R4 R,
Rs
Table 2
COmpd Ry R, R3 R4 Rs
A H OH H H H
V2 H H OH H H
Vs H H H H H
V4 OH H H H H
Vs | COOH| H H H H
Ve NO, | H NO, H | NG
Vz CHs H H H H
Ve H H Chy H H
Vg NO, H H H H
Vig H H NG, H H
Vi NH, H H H H
Vi H | NH, H H H
Vi H H NH; H H
Vi H H cl H H
Vis H H | CH.CH(NH)COOF | H H
Vi H H H GHs | H
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COMPUTATIONAL CALCULATIONS

A series of compounds tested for Antioxidant atfiwas selected for the present study and the pnogf window
Hyperchem software in [21] (http://www.warezdestagm/free-hyp) was used in modeling studies. Théeoubes
were generated and the energy was minimized usiolgamlar modeling pro. The physicochemical paramsete
such as vertical ionization potentials (IPv's) élen affinity (EA), electro negativity xf, hardnessr), softness (S),
electrophilic index @), partition coefficient (LogP), charges, hydratienergy (HE) and polarisability (Pol) were
obtained for Phenolic derivatives. The appropridéscriptors or parameters for the compounds wees @as
independent variables for deciding in Antioxidactivty.

Table 3 Values obtained for the AM computational method

Compd | IPy 1P EA EN 1 S o Logp | HE Pol(A%)
Vi -1.08 | 9.3t | -10.02 | 0.32 | 9.6¢ | 0.0t | 0.01 | 2.5€¢ | -7.7C | 27.4C
Vy -1.06 | 9.32 -9.99 0.33] 966 005 0.01 318 -7.079.22
V3 -1.30| 9.65 | -10.09 0.22] 9.87 006 0.p0 3.7 -8.327.13
V,4 -0.66 | 9.61 -10.08 0.23] 9.8 0.0p 000 236 -9.864.53
Vs -2.18| 946 | -11.03 0.78 1025 005 0.p3 -004 083.13.63
Ve -1.78 | 1.41 | -10.8C | -0.31 | 11.11 | 0.0 | 0.0C | -3.47 | -18.87 | 16.5¢
V7 -2.30 | 9.0C | -11.9¢ | 1.47 | 1047 | 0.08 | 0.1C| 0.7¢ | -7.3¢ | 12.9]
Vg -2.17 | 8.88 -11.95 1.53 1041 0.05 0.1 073 67p1291
Vg -2.15| 9.91 -10.84 0.48 1040 0.05 O0.p1 -4/11 .642 12.91
V¢ -2.17| 10.07| -11.14 054 1062 0.05 O0.p1 -4/11 .8a3 12.91
Vi -2.31| 820 | -11.08§ 1.44] 9.64 0.05 0.11 -1p5 b583.1242
Viz -2.3¢ | 826 | -11.2¢ | 1.4¢ [ 9.77 | 0.0f | 021 | -1.1F | -14.07 | 12.47
Viz -2.17| 796 | -11.14 1.600 9.56 0.05 043 -145 0431242
Vig -2.14 | 9.12 -11.84 136 1048 005 0.09 035 -8.583.00
Vg -1.93 | 8.99 -11.32 117 10146 0.05 0.p7 -0/64 .328 18.65
Ve -1.88 | 8.49 -10.18  0.85 9.34 0.05 0.p4 0.p5 48417.25

Table 4 values obtained for the PM3 computationahethod

Compd | IPy P EA EN 1 S [0) LogP | HE Pol(A%)
Vi -1.0€ | 9.37 | -9.92 | 0.27 | 9.6¢ | 0.0t | 0.0C | 2.5€ -7.52 | 27.4C
Vo -1.0¢ | 9.3t | -9.8¢ | 0.27 | 9.6z | 0.0t | 0.0C | 3.1¢ -7.02 | 29.2¢
Vs -1.32| 967 | -10.04 017, 984 0.05 0.00 3.6 -8.097.12
Va4 -0.85| 947 | -983| 0.18) 9.65 005 0.0 2.3¢ -9.94 5384
Vs -2.23| 940 | -10.92 o0.76) 10.16 0.05 0.03 -0.04 413.23.63
Ve -1.73| 11.46] -10.85 -0.31 11135 0.04 0.00 -131479.20| 16.59
V7 -2.3¢ | 9.0€ | -12.0f | 1.4¢ | 10.5¢ | 0.0t | 0.11 | 0.7¢ -7.38 | 12.9]
Vg -2.2€ | 8.9 | -12.0¢ | 1.58 | 10.5C | 0.0t | 0.11 | 0.7¢ -7.62 | 12.9]
Vo -2.18| 990 | -10.83 046 1037 005 0.01 -431 5492 1291
Vg -2.21| 10.17| -11.25 0.54 10.71 0.05 0.01 -411 813.12.91
Vi -242| 809 | -11.08 149 958 005 0.12 -115 -13.62.42
Vi -2.52| 8.12 -11.13  1.50] 9.63 005 0.2 -1.15 -14.0B2.42
Vis -2.2€ | 7.84 | -11.02 | 1.5¢ | 9.4% | 0.0t | 0.1 | -1.1F | -14.31 | 12.4Z
Vi -1.84 | 9.01 | -11.7¢ | 1.3€ | 10.37 | 0.0t | 0.0¢ | 0.3¢ -8.5¢ | 13.0(
Vis -1.97| 9.08 | -11.47 120 1028 0.05 0.07 -0.64 388.18.65
Vie -1.94| 859 | -10.26 0.83 943 005 0.p4 0.65 -8.4117.25

Quantum chemical calculations at the AM1 [22] amdi3H23] semi empirical theory levels, are employed full
optimization of the selected neutral compounds. eemetrical structures of the radicals studied cgrmized
independently from the neutral molecules priortte talculation of energies, treated as open shsiess. Using
the program of window hyper hem software Inc perforall calculations. The calculated vertical iotia
potential (Ipv's) and electron affinity (EA) arercected for zero-point energy, assuming a negkgétor and thus
saving computer-time. The Ipv are calculated asetiergy differences between a radical cation aaddbpective
neutral molecule; Ipv (&tion— Eneura) DFT and Koopmans'’s theorem (Ip sHOMO). The EA are computed as the
energy differences between a neutral form and tii@enamolecule; EA=Ftd — Eanion The AM1 and PM3-based
reactivity descriptors are obtained from Eqgs. (12H24-27].

The window version software SPSS10 [28] (SPSS SwéwConsult http://www.spss.com) was used in the
regression analysis. A relation between biologiadlivity, expressed as Logl4g and the physicochemical
parameters and QSAR was analyzed statisticallyitigdg the data to correlation equations consistifigzarious
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combinations of these parameters. The statistipimization was used to propose the best correlattmdel.
The matrix correlation uses the Pearson product @mbroorrelation to measure the degree of lineaticgiship
between two variables. The coefficient assumeslaeviaetween -1 and +1 .If one variable tends toeiase the
other decreases, the correlation coefficient isatieg. Conversely, if the two variables tend tor@ase together the
correlation coefficient is positive. We obtainee ttorrelation matrix between Antioxidant activitydarespective
calculated properties for Phenolic derivatives. fifgre relevant regression models were selecteowWolh criteria:
The correlation coefficient I, the Fisher ratiowed (F) and the standard deviations(s),standand estimate (SEE),
percentage of effective variable(%EV) ant&usted(Rad; ).

The best equation was also tested for their priedigtower using a cross- validation procedure .dHoss-validation
is a practical and reliable method for testing #ignificance. In principle, the so-called “leaveeo-out” approach
consist in developing a number of models with oample omitted at the time. After developing eacldetpthe
omitted data is predicted and the differences betwactual and predicted reduction potential (y)ueal are
calculated .The sum of squares of these differeifecesmputed and finally the performance of the etasl given

by PRESS (Predictive Sum of Squares) and SPRE3&d&d deviation of cross validation)[29]. Thedictive

ability of the model was also quantified in ternfishe G, [30].

The biological activity data and the physicochermipeoperties, IP, EA, El, EN, Hard, Soft, LogP, Hiad
Polarisability of the Phenolic derivatives are givia Tables 3 and 4. The data from these tables wgbjected to
regression analysis. The Correlation matrices \yererated with 16 analogs. The term close to Tates high co-
linearity, while the value below 0.5 indicates thmat co-linearity exist between more than the twoapeeters.
The perusal of correlation matrix indicates thatER, Soft and El are the predicted parameters #dii method.
From regression methods backward, forward, remcosed stepwise. IP, EN, Soft and ElI were found to be
explainable variable. The regression techniqueapgdied through the origin using these explaingialemeters.

ACTIVITY=0.414(0.034)IP+1.771(0.184)EN+65.871(7.2080ft-14.863(2.079) Bk ---r-m- 1)
N=16; R=1.00; R=1.00; Radjusted=1.00; SEE=0.1218; F=16483; Sum of Squams=df=4; Mean Square=245;
Q=8.21; %EV=100

Eq.1 explains the biological activity of 16 analolysthis way, the predictive molecular descripti*tsEN, Soft and
El were considered as variables. From the coroelatiatrix table, it reveals IP, EN, Soft and El evéound to be
explainable variables. A parametric QSAR equatidth W, EN, Soft and El was generated in PM3 metéisd.

ACTIVITY=0.395(0.032)IP+1.704(0.178)EN+70.607(6.5850ft-14.438(2.073) BF--------- 2)
N=16; R=1.00; B=1.0; Radjusted=1.0; SEE=0.1254; F=15540; Sum of SquaiZ=8f=4; Mean Square=244;
Q=7.97; %EV=100

In an attempt to investigate the predictive poanif proposed models, the cross-validation pararsei@,, and
PRESS) were calculated and used. The predictiveepoivthe equations was confirmed by leave-onetbGO)
cross-validation method [31] where, compounds a&letdd one after another and prediction of theviagtof the
deleted compound is made based on QSAR model. Mss-galidation evaluates the validity of a modglhow
well it predicts the data rather than how welitis the data. The cross-validation parametég,, @ mentioned in the
respective equations.

Q%.~(SD-PRESS)/SD

Where the PRESS (predictive residual sum of squares SD (standard deviation) valves are obtaised a
PRESS = (property observed — property predicted)

SD =Y (property observed property mear)

Eq.land 2 of AM1 and PM3 methods respectively gjoed @, values, which should be always smaller than
%EV. A model is considered to be significant whe €D.48

313
www.scholar sresear chlibrary.com



Venkatesham Dongaleet al Der Pharma Chemica, 2013, 5 (4):308-320

Plot of observed activity Vs Predicted activityin AM1 Method
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Plot of Observed activity Vs Predicted activity in PM3 Method
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Figure.3

Another cross-validation parameter, PRESS is tha sl the squared differences between the actualthad
predicted. The quality factor Q, is defined as th#o of regression constants | to the standaror estimation
(SEE), that is, Q = R/SEE. This indicates thatttigher the value of R, and the lower the value BE the higher is
the magnitude of Q and the better will be the datien. The plots confirmed the predictive abiliymodel as well
as good correlation between the predictive acti@itgt observed activity.

Table 5
- Predicted Activit, . Observed | Predicted Activit .
Compd | Observed Activity from AM1 metho)(; Residual Activity from PM3 Metho)::i Residual
\21 7.77 7.78 -.01 7.77 7.77 .00
Vs 7.67 7.78 -11 7.67 7.77 -.10
V3 7.56 7.69 -.13 7.56 7.68 -12
V, 7.82 7.7 12 7.82 7.68 14
Vs 8.02 8.07 -.05 8.02 8.07 -.05
Vs 7.13 7.09 .04 7.13 7.11 .02
V7 7.87 7.94 -.07 7.87 7.94 -.07
Vs 7.97 7.88 .09 7.97 7.89 .08
Vg 8 7.9¢ .04 8 7.9¢ .04
Ve 8.01 8.03 -.02 8.01 8.04 -.03
Vi1 7.86 7.77 .09 7.86 7.75 11
Vi, 7.93 7.75 .18 7.93 7.74 .19
Vi 7.35 7.58 -.23 7.35 7.61 -.26
Vg 8 8.02 -.02 8 7.99 .01
Vs 7.9¢ 8.04 -.0€ 7.9¢ 8.0¢ -.08
Ve 8.1 7.97 13 8.1 8.03 .07

DOCKING STUDIES:

Gold 2.0 version (Genetic optimization for Ligan@dking) docking program was evaluated in the priestardy.
The Gold program uses Genetic Algorithm (GA) tolerp the full range of ligand conformational fleity and
the rotational flexibility of selected receptor mgden’s [32-34]. The mechanism for ligand placenisriiased on
the fitting points. The program adds the fittingtgito hydrogen-bonding groups on the protein agaht and maps
acceptor points in the ligand on donor points ia pinotein and vice versa. The docking poses afethbased on
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molecular mechanics like scoring functions. Thexetavo different built-in scoring functions in tlysld program
that are gold fitness and chemscore.

Table 6 Gold Fitness by default settings

File name Fitness S(hb_ext) S(vdw_eSthb_int) S(vdw _int)
V1l ml 3.mol 27.36 457 19.47 0.00 -3.9¢
V2 ml 1.mol 28.59 4.62 20.750.00 -4.57
V3_ml 2.mol 27.07 3.86 18.410.00 -2.10
V4_ml _3.mol 27.62 5.01 19.890.00 -4.73
V5_ml 2.mol 31.20 5.50 23.310.00 -6.34
V6_ml 2.mol 39.77 5.98 28.160.00 -4.93
V7_ml 7.mol 30.14 2.65 22.090.00 -2.89
Vv8_ml 1.mol 30.78 3.07 22.110.00 -2.68
V9 _ml 2.mol 32.26 5.04 21.750.00 -2.69
V10_mil_3.mol 33.12 4.29 22.870.00 -2.61
V11 _ml_6.mol 29.94 3.79 20.580.00 -2.15
V12_mil_1.mol 31.03 4.15 20.960.00 -1.95
V13 _ml_4.mol 30.65 4.19 20.820.00 -2.16
V14 ml_3.mol 30.61 3.50 21.190.00 -2.03
V15_mil_3.mol 43.26 11.12 27.32 .000 -5.44
V16_ml_1.mol 38.36 3.48 27.880.00 -3.47

Table 7 Chemscore by Default Settings

Compd Score DG  S(hbond) S(metal) S(lipdi(ddash) DE(int)

V1l 22.65 -22.66 2.52 0.000950 0.00 0.00
V2 21.97-21.97 1.96 0.00 119.49 -0.00 0.0C
V3 21.13 -21.16 1.28 0.0019p7 0.03 0.00
V4 21.66 -22.11 2.33 0.0010B8 0.45 0.00
V5 25.26 -25.27 2.95 0.0020B2 0.00 0.00
V6 19.30 -25.56 2.93 0.000919 2.03 4.23
V7 2273 -22.74 1.15 0.0036563 0.01 0.00
V8 23.60-23.78 1.36 0.00 139.50 0.18 0.0C
V9 23.96 -25.96 2.94 0.0012B3 0.34 1.66
V10 26.66 -27.51 3.46 0.00 11D 0.73 0.12
V11 23.87 -24.04 2.40 0.00 137 0.17 0.00
V12 22.83 -22.89 1.65 0.00 352 0.07 0.00
V13 22.81 -22.83 1.88 0.00 652 0.02 0.00
V14 22.83 -22.85 0.99 0.00 142 0.03 0.00
V15 24.21 -25.00 3.74 0.00 5320 0.44 0.34
V16 30.31 -30.40 1.53 0.00 .p91 0.09 0.00

Table 8. Argus lab binding energy values

Compound Argus Dock GA Dock
BE(Kcal/mol) | Elapsed time (sec)| BE(Kcal/mol)| Elaps&time (sec)
Vi -8.01 2 -7.98 1
V, -7.85 1 -7.71 1
V3 -8.02 2 -8.00 1
2 -8.61 2 -8.60 1
Vs -8.49 2 -8.49 2
Vs -8.55 2 -7.28 2
V5 -8.31 2 -8.76 1
Vg -8.84 2 -8.84 4
Vy -8.64 2 -8.96 1
Vg -8.30 1 -8.43 1
\2% -7.53 2 -7.62 1
Vi, -7.44 2 -7.45 1
Vi3 -7.59 2 -7.59 1
Vg -8.23 2 -8.71 2
Vs -9.84 2 -8.98 7
Vg -10.45 2 -10.38 2

315
www.scholar sresear chlibrary.com



Venkatesham Dongaleet al Der Pharma Chemica, 2013, 5 (4):308-320

Argus lab 4.0.1 is molecular modeling and dockiruftvgare [35-36]. It is very flexible and can repume
crystallographic binding orientation. Argus lab yides a user-friendly graphical interface and usiespe dock
algorithm, to carry out docking studies. Theretare different functions in Argus lab that are ArgDeck and GA
dock to evaluate the binding energies of the ligand

Auto dock used a simulated annealing (SA) technitpreconfigurationally exploration with a rapid egg
evaluation using grid-based molecular affinity poigs [37-40]. It is the combined the advantagksxploring a
large search space and a robust energy evaludiios.has proven to be a powerful approach to tledlpm of
docking a flexible substrate into the binding sitex static protein. Input to the procedure is miai. The researcher
specifies a rectangular volume around the prothim rotatable bonds for the substrate, and anrarnpibr random
starting configuration, and the procedure prodacesatively unbiased docking.

The molecular docking program Auto dock 4.2 waglusedetermine the potential binding mode betwéenniost
active compounds and selected enzyme candidatttaitge Lamarckian Genetic Algorithm (LGA) implenbesh in
the Auto dock program was applied following a pomioof 10 independent runs with a population sifzel 50
individuals, a mutation rate of 0.02, and a crossaate of 0.80 and an elitism value of 1. Thesmupaters were
sufficient for the objective of a first approach farget search.

Table 9 Auto dock results

Compd Binding Energy | RMSD | Estimated inhibition
(Kcal/Mol) (A constant ki (uM)

Vi -3.74 22.0C 182(

A -3.36 19.44 3420

V3 -3.32 19.84 3710

V4 -3.56 20.38 2450

Vs -5.56 22.99 84.68

Vs -7.81 19.0¢ 1.8¢

V7 -3.51 19.5¢ 269(

Vs -3.40 19.49 3200

Vy -6.24 18.63 26.70
Vic -6.23 18.59 27.00
Vi -3.54 18.82 2540

Vi -3.1¢ 17.2% 461(C

Vis -3.3¢ 23.02 353(

Vi -3.48 18.515 2820

Vis -5.46 19.02 99.28
Vie -4.45 17.35 550.99

RESULTS AND DISCUSSION

Active site analysis:
Two different sites were identified by Spdbv softevg41]. The most probable binding site was analyaed the
residues in the active site are GLY1602 and ser16Aé hydrogen bond interactions of heteroatom MR 3SE2
are shown in figure.4.

R

Glyl602A =

N ~~
i B,

Serl64LlA T

o-H"""

Tyrl6464

AsnlE24aA

Tyrl646ATYyr16404
Tyrl633A

Figure. 4 Interactions of 3SE2:LDR:A:1
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Experimental Results

The Free radical generation of Phenolic analogsasasirmed with the photo polymerization of acryikoibe using
charge transfer complex as initiator. Phenolic egslere tested for antioxidant activity in thegam experimental
studies. As compared with the standard Ascorbid,ahke title compounds exhibited good antioxidastivity. The
proposed procedure has the advantage in that ridbe assays were performed in the visible regidme rapid
development of colors at room temperature with coresive reagents, the intensity, sensitivity #relstability of
colors suggest obvious use of this method for #tealion of the Antioxidant studies of the titlengmounds, so the
titte compounds exhibit good antioxidant activity.

Among the Twelve analogs studiedy®xhibited high antioxidant activity, very low 4§§value and high percentage
of radical scavenging, because bulky electron-dogajroups increase the activity of the compoundiséctv was
followed by the analogs sy V1o, Vgand Vi, The activity was least in doecause electron-withdrawing groups are
decreasing the activity of the compounds, follovilgdV,s, both of which had high I§g values of 73.42uM and
44.40uM respectively.

Computational Results

In the present study, Quantitative Structure-astivélationship modeling was conducted on a sesfeRhenolic
derivatives. In both semi empirical methods cotfetacoefficient B is 1and standard error estimation values AM1
and PM3 are 0.1218 and 0.1254 respectively. Tatesstal parameters from the models indicate thatdata well
fitted and have high predictive ability. The extrpredictive capability of the established modekvevaluated by
test set of 16 compounds. In both the semi-empinethods AM1 and PM3, IP, EN, Soft and EIl arethagables
to explain the antioxidant activity are observezhirthe regression analysis. IP and Softness ofdhgpounds are
more activity is more observed. EN and El are lig& the activity is more observed. The Crossdaiion
correlation coefficients for AM1 and PM3 are 0.481d.54 respectively. It is recommended that tHiybelectron-
donation groups at the'Rnd R position can increase the biological activitieshw# inhibitors. It is expected that
the developed model could provide some useful métion for the future synthesis of highly potenafisferase
inhibitor. In present study, a test set of existitfy compounds was tested for antioxidant activitlf. ligands
exhibited well gold score, Chemscore and good bpdinergy values. These results are analyzed bd#rms of
energy values (Auto dock binding energy ranged fr8rh9 Kcal/mol to -7.81 Kcal/mol, Argus dock bindienergy
ranged from -7.44 to -10.45Kcal/mol and GA dockdiiryg energy ranged from -7.28 to -10.38 Kcal/motyl a
fitness scores (Gold score ranging from 27.07 t@@8l3Chem score ranging from 19.30 to 30.31).

Figure.5 Argusdock best pose of ¥ molecule
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Figure.6 Argus dock best pose of M molecule

Figure.7 Auto dock best pose of ¥ molecule

Figure.8 Auto dock best pose of V10 molecule

Docking results revealed that the substituted Pieeoompounds were found to be remarkable inhilgitetivity on
Transferase inhibitor. Among thems\Wio, VoV14 and Vi exhibited best Gold scores and Chem Scores and
maximum binding energy values. The docking scokesding default settings were evaluated and giaehable[6-

7]. The predicted scoring functions of these conmuisuhave shown good correlation with binding erexgiThe
Auto dock Binding energy, Root Mean Square DistafREISD) between protein-ligand, and enzyme inhipiti
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constant (Ki) are shown in Table-9. The Argus Laidimg energies and elapsed time were shown ire{&blt was
found that all the ligands involve in hydrogen bimgdwith the binding site residue of Transferadghitor.

CONCLUSION

A novel spectrophotometric method for the determimaof antioxidant activity of the Phenolic compumis using
chloranil radical ion was studied in the presemestigations. The present study, therefore confilmassuitability of
chloranil for spectrophotometric analysis of titlempound in the micro range. This method could b&sapplied to
the quality control analysis of the investigatedhpounds.
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