PHARMAWAVE 9/16

2D QSAR Study of 1, 3, 4 — Oxdiazole Possessing Benzimidazole Moiety as Potential
Anticancer Agents

Ujjwal Sahoo'*,A.K.Seth?, R. Balaraman?
1Dr. B C Roy college of Pharmacy and Allied Health Sciences, Durgapur-713206 West Bengal, India
2Department of Pharmacy, Sumandeep Vidyapeeth, Vadodara-391760 Gujarat, India

Correspondence: sahoo.devurb@gmail.com

ABSTRACT

Recently Oxadiazole derivatives, such as 1, 3, 4-Oxadiazoles have been discovered as novel anti-cancer
agents. Quantitative Structure Activity Relationship studies have been conducted on a series (33
compounds) of 1, 3, 4-Oxadiazoles with selective anti-cancer activity using ChemOffice v.8.0 software.

The best prediction has been obtained for anti-cancer activity (R2= 0.941, Q2= 0.986). The equation
emphasized the importance of (MATS5m) Moran Autocorrelation (By Atomic Masses), (GATS5m) Gaery
Autocorrelation (By Atomic Masses), (GATS8e) Gaery Autocorrelation (By Atomic Sanderson Electro-
negativities), (SP19) Shape Profile (Randic Molecular Profile), (MAXDN) Maximal Electrotopological
Negative Variation and (Km) K Global Shape Index (By Atomic Masses) parameters on biological activity.
The equation is validated by test set (8 compounds). The information obtained from this 2D- QSAR may be
utilized in the design of more potent 1, 3, 4-Oxadiazole analogs and anti-cancer agents.
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INTRODUCTION

Cancer chemotherapy has entered a new field of
molecularly targeted therapeutics, which is highly
selective and not associated with the serious
toxicities of conventional cytotoxic drugs [1].
Telomerase keeps its activity in the early stages of
life cycle maintaining telomere length and the
chromosomal integrity of frequently dividing cells,
but becomes dormant in most somatic cells during
adulthood [2]. In cancer cells, however, telomerase
gets reactivated and works tirelessly to maintain the
short length of telomeres of rapidly dividing cells,
leading to their immortality [3]. Therefore,
telomerase has been proposed as a potential and
highly selective target for the development of a
novel class of anticancer agents [4]. Oxadiazole
derivatives play a significant role in various
pharmaceutical applications [5, 6]. As an important
class of heterocyclic compound, 1, 3, 4-oxadiazoles
show broad spectrum of bioactivities [7-12].

Among these, a few differently substituted 1, 3, 4-
oxadiazoles have exhibited potent antitumor
activities particularly [13-15]. Of the various human
diseases, cancer has proven to be one of the most
intractable diseases to which humans are subjected,
and as yet no practical and generally effective drugs
or methods of control are available. Therefore,
identification of novel potent, selective and less
toxic anti-cancer agent’s remains one of the most
pressing health problems [16]. Targeting tubulin in
rapidly dividing tumor cells has been a well
validated strategy for cancer therapy [17-19].
Benzimidazole derivatives are well known for their
anti-inflammatory activity and more recently have
been discovered to have anticancer effect [20].
Therefore, in the present paper we planned to
incorporate the Benzimidazole moiety with 1, 3, 4-
oxadiazole to combine the benefits of their effects
to give a compact structure with expected
anticancer activity.
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MATERIALS AND METHODS

Data Set

It was reported that pharmacological evaluation of
1, 3, 4-oxadiazole derivatives in vitro against 2-cell
lines MCF-7 (breast) and HEPG2 (liver) revealed
them to possess high anti-tumor activities with 1Cso
values ranging from 2.67 to 20.25 (mg/mL). 1, 3, 4-
Oxadiazole derivatives of 33 compounds were
divided into a training set of 25 compounds (Table
1 & Figure 1) and test set of 8 compounds (Table 2

& Figure 2). The IC_ data were used for QSAR
analysis as dependent parameters after converting
them into reciprocal of the logarithm of IC_,
(PIC,,).- The ratio of training set to test set is

approximate 3:1.

Table 1: Training set used for anti-cancer activity

Table 2: Test set used for anti-cancer activity

Compound Observed Bio- Calculated Bio-

No. Activity Activity
6.1 0.818226 0.822843
6.1 0.788168 0.792342
6. 11 0.762679 0.773194
6.1V 0.843855 0.844076
7.V 0.873321 0.869012
7. VI 0.895423 0.890299
7.VII 0.873321 0.867308
7. VI 0.879669 0.875373
7.1X 0.863917 0.891129
7. X 0.859138 0.856187
7. Xl 0.829304 0.849621
7. X1 0.91698 0.912308
7. X1l 0.89487 0.892472
7. XIV 0.915927 0.914315
7. XV 0.873321 0.867106
7. XVI 0.870404 0.864823
7. XVII 0.815578 0.816943
7. XV 0.862728 0.854653
7. XIX 0.860937 0.854127
7. XX 0.867467 0.864853
7. XXI 0.842609 0.837631
7. XXII 0.865696 0.877091
7. XX 0.873321 0.873067
7. XXIV 0.836324 0.83481
7. XXV 0.869818 0.863259

Compound Observed Bio- Calculated Bio-

No. Activity Activity
7. XXVI 0.863917 0.854591
7. XXVII 0.9154 0.921831
7. XXVIII 0.884795 0.889828
7. XXIX 0.884795 0.889876
7. XXX 0.856729 0.852536
7. XXXI 0.85248 0.84328
7. XXXII 0.859138 0.853893
7. XXX 0.913814 0.9173
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Figure 1: Plot of observed vs calculated plCso values for
Training set compounds

8 0'92 ] y = 1.2249x - 0.1987

g 69 R2=0.9867

s 7]

,3 0.88 -

S 086 1

S 0.84 -

© 082 : : . .
0.84 0.86 0.88 0.9 0.92

Observed plc 5,

Figure 2: Plot of observed Vs calculated plCsp values for Test
set compounds

Energy Minimization And Geometry Optimization

The molecular structure of all 33 compound were
sketched using Chem3D Ultra (version 8.0)
software of Chemoffice and subjected to energy
minimization technique using Allinger’s Molecular
Mechanics (MM,) force fields followed by

geometry optimization using semi empirical
Quantum mechanics based on AM-1 (Austin
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Model-1). Hamiltonian approximations method and
closed shell (restricted) wave function available in
MOPAC module by fixing Root Mean Square

(RMS) gradient as 0.1 and 0.001 kcal/moIAO
respectively was used for calculating partial atomic
charges and electronic density on various atoms.
Charges were kept as mulliken and maximum
numbers of iterations was set to 1000.

Various  physicochemical  parameters  were
calculated with the help of DRAGON (version 1.11
2001). Total 842 parameters were calculated. Out of
these 842 parameters only 6 parameters were used
in development of best equation. These 6
parameters were shown in Table 3.

Molecular Descriptors And Statistical Methods
The physicochemical parameters were taken as
independent variables and biological activity (in
terms of negative logarithms of biological inhibition
constants) values as dependent variable. The best
equation was developed with the help of best
correlation matrix and regression analysis.

The predictive power of equation was validated by
LOO cross validation equation Predicted residual
sum of square [PRESS], cross validated correlation

. 2,2 ]
co-efficient r (Q ) and SDEP were considered for
validation of this equation. The result from cross
validated analysis were expressed as the cross

. . . 2
validated squared correlation co-efficient Q .

2
mean)

2 2
Q =1-X(Y, ,~VY,) /E(Y,,-Y

pred

Where Ypred, Yact, Ymean are predicted, actual,
and mean values of the target property (pIC

respectively. £ (Y ored ~ Y aCt)z is the Predictive
Residual Error Sum of Squares (PRESS).

50)

PRESS is an important cross validation parameter
as it is a good approximation of the real predictive
error of the equations. To further assess the

robustness and statistical confidence of the derived
equations, bootstrapping analysis was performed

Table 3: List of parameters used for developing QSAR equation

Compd MATS GATS GATS SP19 MAXDN Km

No. 5m 5m 8e
6.1 -0.04 1.93 2.22 1155 248 0.66
6.1l 0.01 1.85 2.01 10.06 2.48 0.61
6.111 0.06 1.84 2.13 1041 251 0.58
6.1V -0.03 1.79 217 11.75 248 0.70
v -0.05 1.86 2.42 10.31 247 0.75
7.VI -0.02 1.80 2.46 11.38  2.46 0.79
7Vl -0.03 2.06 2.49 10.26 246 0.75
7V -0.01 151 2.36 11.17 246 0.76
7.1X 0.01 1.49 2.24 10.20 1.22 0.82
7.X 0.00 1.49 2.33 11.12 2.47 0.72
7.XI1 0.05 1.85 2.26 10.24  2.49 0.72
7.X11 -0.01 1.54 251 1157  2.46 0.83
7.X111 0.01 0.80 2.49 11.27  2.46 0.79
7.XIV -0.03 1.56 2.49 1244 245 0.82
7. XV -0.03 2.08 2.52 10.27 245 0.75
7. XVI -0.04 2.00 2.34 1049 246 0.74
7.XVII 0.01 2.14 2.33 10.97 254 0.65
7.XVHI 0.06 1.40 2.40 1035 248 0.73
7.X1X 0.02 1.91 1.92 10.88 2.89 0.73
7.XX -0.02 1.72 2.41 11.44  2.47 0.74
7.XXI 0.01 2.22 2.09 11.70 251 0.70
7.XXII 0.07 2.43 1.70 1232 5.75 0.73
7.XXI -0.07 1.90 2.07 1250 261 0.75
7.XXIV 0.05 1.79 2.53 11.33 248 0.69
7.XXV 0.01 1.86 2.26 1146 246 0.74
7.XXVI 0.05 1.84 2.01 11.72 246 0.73
7XXVII  0.01 0.82 2.64 1477  2.46 0.82
7XXVII  -0.07 2.02 2.55 14.00 2.47 0.77
7.XXIX -0.17 2.30 2.46 12.36  2.49 0.77
7. XXX 0.06 1.84 1.87 12.45  2.98 0.72
7.XXXI 0.07 1.84 1.68 12.75 246 0.71
7XXXI 0.01 1.86 2.26 1145 246 0.72
7XXXI  -0.06 2.03 2.74 13.74 246 0.82

2 .
The r  is an average squared correlation co-

efficient calculated during validation, which is
computed from a subset ofvariables used one at a
time for validation. The statistical parameters
considered to compare and select the generated
QSAR equations were correlation co-efficient(r),
standard deviation (s), sequential Fischer (F) test,
cross validated correlation co-efficient (Q?). To
validate the derived equation, the overall predictive
ability of that analysis was evaluated by the terms
r?ored and calculated using this formula [22, 23]
I’pred= SD - PRESS/SD
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Where SD is the sum of the squared deviation
between the biological activities of the test set
molecules and the mean activity value of the
training set molecules. PRESS is the predictive
error sum of squares derived from Leave-One-Out
methods.

RESULTS AND DISCUSSIONS
Among the several generated QSAR equation; the
best equation was selected on Standard deviation

(S), sequential Fischer test (F), bootstrapping (rz),

. . .. 2
chance, cross validated correlation co-efficient (Q )

value, S, standard deviation of error prediction

(SDEP) and predictive squared correlation co-
.. 2
efficient of the test set (r ).
pred

QSAR equation for Anti-Cancer activity of the 1,
3, 4-Oxadiazole derivative is

B.A. = - 0.42173 + (0.060597*MATS5m) +
(0.004561*GATS5m) - (0.00852*GATS8e)
- (0.00241*SP19) - (0.00801*MAXDN) -
(0.51844* Km)

[n=25, r2: 0.941, variance=0.0550818, s.d. =
0.0380, F = 71.422, Bootstrapping r2 = 0.9428,

chance < 0.001, Q = 0.986, Seress. = 0.3424114,
Soep = 0.2012605, 17 = 0.6750]

On the basis of various significant statistical
parameters; best equation was selected as a
representation to explore the factors responsible for
anticancer activity. Equation for anticancer activity
shows better correlation co-efficient which accounts
for more than 80% of the variance in the activity
(Table 4). The intercorrelation among parameters is
less than (0.3), indicating orthogonality among the
descriptors used for deriving the equations. In
multivariable equation, the dependent variables can
be predicted from a linear combination of the
independent variables. The data showed an overall

internal statistical significance better than 99.9% as
it exceeded the tabulated F value (71.422). The
equation was further tested for outlier by the Z-
score method and no compound was found to be an
outlier; suggesting that the equation is able to
explain the structurally diverse analogs and is
helpful in designing more potent compound using
physicochemical parameters. The predictive power
of the equation was validated by Leave-One-Out
cross validation method. The cross validated square

correlation co-efficient (QZ: 0.986); predictive
residual sum of square (Spress=0.3424114);
standard  deviation  error  of  prediction
(SDEP=0.2012605) suggested a good internal
consistency as well as predictive ability of the

. . 2 . .
equation. The bootstrapping r is at par with

. : . 2
conventional squared correlation co-efficient (r).
The robustness and applicability for further
optimization of the molecule was explained by

- 2 . :
significant r predvalue. The selected equation fulfills

the statistical validation criteria to a significant
extent to be useful as theoretical basis for proposing
more potent compounds.

Equation for anti-cancer activity shows that
parameters like Moran Autocorrelation (influence
by atomic mass), Gaery Autocorrelation (By
Atomic Masses), Gaery Autocorrelation (influence
by electro negativity), Shape Profile, and Maximal
Electrotopological Negative Variation contributed
in biological activity negatively while Km
contributed positively towards biological activity.

In the present study, we have screened 6
preselected descriptors for 33 of 1, 3, 4-
Oxadiazole derivatives multiple linear regression
analysis (Table 3). The inter-correlation of the
descriptors used in the selected models was very
low. The correlation matrix for the descriptors used
is shown in Table 5
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Table 4: Data set used for 2D-QSAR Study of 1, 3, 4-Oxdiazole

R N

| N AN e
N/N \ 2
\ >7R2 g
o CH,
CH,
| |
N N
}—Q—CN >—®7CN
Ry N N/
Ry
iCompound No. R! R? R} ICw Compound No. R! R? R} ICs
1 -NO; < _COCH; 6.58
@ 18 NO» = - 729
2 NOo»  “ -COCH; 6.14 QCH
@ 19 NO, = - 726
3 NO, ™ -COCH; 5.79 Q
%;—? 20 NO, %ﬂ - 737
(o]
4 NO, B _COCH; 6.98 .
{5 21 NO, °© . 696
5 -NO» @ - 747 Q*
@ 22 NO, ¥ - 7134
6 NO: ° - 7.86 @CF*
—@ 23 -NO, o M 747
7 -NO, ™ - 7.47 @
@ 24 NO, - 686
8 NO> —D—C - 758 Q
0 _cl - - 731 25 NO, e - 741
5 -
10 -NO» —Q— - 723 26 NO:  [Peo . 731
11 NO, ¥, - 675
AQ 2? —ND: DCHGHCH,Br _ 82 3
12 NO: g - 8.26
—{§ 28 -NOy POl - 767
13 -NO» ‘QE" - 7.85 i
29 NO» T - 767
14 —ND] FHz-gr - 824 \ NE:H:.
% 5 30 -NO; ﬁ - 719
15 —ND: R - ?4_."‘ 7=
@ 31 -NO; @ - 712
16 NO; z - 742 - NO, e < 723
17 -NO> U’N}Q - 654 33 NO» }g: - 82
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Table 5: Correlation Study of anti-cancer agents by using different QSAR parameters

MATS5m GATS5m GATS8e SP19 MAXDN Km Observed B.A.
MATS5m 1
GATS5m -0.21277 1
GATS8e -0.49684  -0.32859 1
SP19 -0.20173  -0.09857  0.111386 1
MAXDN 0.269386  0.377375 -0.44415 0.19143 1
Km -0.35045  -0.35654  0.485366 0.41323 -0.12358 1
Observed B.A. 0.390345  0.308327 -0.48602 0.49486 0.014817 0.956474 1

CONCLUSION

The fundamental properties of the molecule that are
overwhelmingly involved in selective activity of 1,
3, 4-Oxadiazole derivatives are geometrical,
electronic, topological and thermodynamic
parameters. It is apparent from selected QSAR
equation that the geometric (MATS5m, SP19)
electronic, (GATS5m) electronic, (GATSS8e),
topological (MAXDN), and thermodynamic (Km)
play an important role in the selective inhibition of
anti-cancer activity. Based on understanding from
selected equation, it may be concluded that 1, 3, 4-
Oxadiazole derivatives having larger geometry or
bulky group decrease the anti-cancer activity.
Derivatives which are having smaller shape &
bearing electronegative substituent improve the
anti-cancer activity.
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