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ABSTRACT

Calcium channel blockers are widely used for theatment of various cardiac disorders. The existiadcium
channel blockers have several short comings; hémees is a need to develop better drugs with betterapeutic
profile. A number of 1, 4- dihydropyridines likdadipine or amlodipine are extensively used in dpgrof cardio
vascular disorders. Looking into importance of éate channel blockers, a series of 1, 4-dihydropped was
selected and different models based on multiplealiregression (MLR), was generated to find outreation
between the physicochemical parameters and thediea! activity. Multiple linear regression (MLRpgpled with
stepwise variable selection led to a statisticailgnificant model as with respect to(coefficient of determination
0.9101) and g(cross- validation 0.640).
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INTRODUCTION

Cardiovascular disease accofmt 12 million deaths, annually worldwide and knotnbe major group of ‘killer
disease'. Hypertension is one of the leading caafséisability, mortality and morbidity along thejpulation [1, 2].
Nifedipine is a prototype drug of class 1, 4-dilymyridines, which is an important class of calciahannel
blockers. The major drawbacks associated with #ieiuun-channel blockers are poor bioavailabilityedo first
pass metabolism, lesser selectivity and shortlHalf3, 4].

This problem was overcome by development of Amlwdipvhich is a highly activity calcium channel btec with
longer half-life (35-50 h) and large volume of distition, allowing its use as once a day in thetirent of
hypertension and angina.

The 2D-QSAR equations are generated by multipksliregressions (MLR), and evaluated on the bdsiar®mus
statistical terms like coefficient of determinatigf), cross validation () and Fischer test (F-test) [5-9]. The present
work was undertaken to find a correlation betweéysgochemical parameters and the biological agtioif
various 1, 4-dihydropyridine analogues. These d¢atimms will be helpful in the development of 1, 4-
dihydropyridines with increased therapeutic efficac

MATERIALSAND METHODS

Experimental Methods:

Biological data: A set of 29 molecules of 1, 4 dihypyridine analogues, 29 compounds reported bydbien
chang et al[10] were used for carrying out the @néstudy on antagonism of 4-substituted 1,4-dibgdridine-3,5-
dicarboxylates toward voltage-dependent L- typé*€hannels Ggl.3 and Cal.2. Molecules were optimized
using MMFF force field keeping the Distance depemdéelectric function. Minimization was performéitl the

85
Available online at www.scholar sresear chlibrary.com



Prasanna A. Datar et al J. Comput. Methods Mal. Des., 2012, 2 (3):85-91

convergence (rms gradient) of 0.01 is obtained. schptors were calculated using the categories sagh
physicochemical, element count, alignment indepenparameters as provided by MDS?3.5

2D- QSAR was performed by Stepwise regression.rAfsdculating descriptors, training and test sedsenselected
by manual data selection method, activity distiiiutwas plotted. Various variable selection methedsh as
Stepwise Multiple linear regression were perforrasihg forward, backward and forward options. Crasselation
limit of 0.5 and auto scaling was applied.

Training set of 19 molecules and Test set madeOomblecules was selected manually by consideritiyigc
variation. Structure 1 shows' Raried as aromatic/non-aromatic rings whife R}, R*, R® varied as methyl, ethyl
groups. The negative logarithm of percentage amiago was used as the biological activity for the QSAR
studies required to reduce hypertension (Table 1).

Calculation of Descriptors: The 2D-QSAR studies were performed on the Vlife MBS Software, the software
developed the model with a total of 239 physicodieaindescriptors and more than 700 alignment inddpet
descriptors. In all these, descriptors deseleched Ripole Moment, Electrostatic, Distance Based dlagical
Indices, Semi Empirical and Hydrophobicity base Fodescriptors (as these are 3D descriptors).

Table 1: Compounds Used in 2D-QSAR Study

0 R; o)
R Rs
\
0 ‘ ‘ o
Structure No.1 R/ T Rs
H
No. R R, Rs R4 Rs | Log Activity
1. CHs | CHs | CHs | CHs 1.6812
NANN
F
2. CHs | CHs | CHs | CHs 1.8061
VWV
Cl
3. CHs | CHs | CHs | CHs 1.7634
VWA
Br
4. CHs | CHs | CHs | CHs 1.9138
D atava V")
5. CHs | CHs | CHs | CHs 1.9822
|
VAN
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6. CHs | CHs | CHs | CHs 1.9294
Vvwwn
OCHj,
7. CHs | CHs | CHs | CHs 1.8388
SV
0 :
8. CHs | CHs | CHs | CHs 15797
Br
Br Br
9. CHs | CHs | CHs | CHs 1.8692
Yvaan
F3C CF;
10. CHs | CHs | CHs | CHs 1.5797
W
11. @ECHZ CHs | CHs | CHs | CHs 1.4771
VWV
12. CHs | CHs | CHs | CHs 1.8633
VN
N
13. | CHs | CHs | CHs | CHs 1.3979
\ ;‘;
N
| AN
14. _ CHs | CHs | CHs | CHs 1.4313
wvwwnwy
15. Q\; C;Hs CHs CHs CH; 1.8573
/ O
16. Y CHs | CHs | CHs | CHs 1.7481
VN
17. S \ CHs | CHs | CHs | CHs 1.8129
NS
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18. Q\:f CHs | CHs | CH; | CHs 1.7323
19. ©\®/‘1ﬁ1 CHs | CHs | CHs | CHs 1.6127
20. 2% CHs | CHs | CH; | CHs 1.544
S
0
21. CHs | CHs | CHs | CHs 1.544
O \ |
/
22. “ CHs | CHs | CH; | CHs 1.2041
S
23. \ CHs | CHs | CH; | CHs 1.2041
g
H
N
24. / CHs | CHs | CH; | CHs 1.6232
Br
CHg
NT
25. | CHs | CHs | CH; | CHs 1.903
7
Cl
WA
26. -"‘JJV\/\CHS CHs | CHs | CH; | CHs 1.6232
27. CHs | CHs | CHs | CHs 1.0791
28. >_© CHs | CHs | CH; | CHs 1.6232
M
CF4
29. CHs | CHs | CH; | CHs 1.4149
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Table2. 2D QSAR Equation

Sr. No. Sl\tﬂaetltit:)%al Equation t Ve Ftest| fse | dse
Activity =
-0.1945 (+ 0.0136) T_T_N_2
-0.2124(+ 0.0836) SsssCHcount A d
1 MLR -0.3586 (+ 0.0817) SdCH2count 0.910 | 0.642| 26.33 0.078 0.157
+0.0255 (+ 0.0011) T_T_0_6
-0.0740 (+ 0.0135) Rotatable Bond Count+3.1016

Generation of 2D-QSAR models:

Multiple linear regression (MLR) was carried ouffited out the factors responsible for the biologiaetivity (Table
2). Contribution chart, (% contributions of diffetedescriptors inEquation representing the contribution of
descriptors in the 2D-QSAR model developed by MERhown in Fig 1.'

Table 3. Unicolumn Statistics

Antihypertensive Activity Training Set | Antihypertensive Activity Test Set
Average 1.6544 1.6610
Max 1.9822 1.9294
Min 1.0791 1.2041
StdDev 0.2237 0.2331
Sum 31.4345 16.6098

Figure 1: Contribution chart of descriptorsfor MLR

Contribution Plot
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Table4. Predicted Activity of Compounds (Test set) by MLR

Test Compound No. | Antihypertensive Activity | Predicted | Difference
02 1.8061 1.8075 -0.0014
06 1.9294 1.7335 0.1959
08 1.5797 1.6621 -0.0824
15 1.8573 1.8586 -0.0013
16 1.7481 1.9863 -0.2382
20 1.5440 1.7335 -0.1895
23 1.9030 1.9057 -0.0027
27 1.4149 1.5951 -0.1802
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Figure 2: Fitnessplot for Training set for Figure 3: Fitness plot for Test set for
Actual value V/sPredicted Value Actual value V/s Predicted Value

RESULTSAND DISCUSSION

From the above studies it can be seen that multipkar regression (MLR) coupled with Stepwise ahhe
selection led to a statistically significant eqaatiwith respect to?r(coefficient of determination 0.910) and q
(cross- validation 0.640).

The developed MLR model reveals that the descriptdr N_2 which is an Alignment Independent (Al) Destor

that signifies count of number of any atoms (sirdpeble or triple bonded) separated from Nitrogenma(single
double or triple bonded) by distance of 2 bonda molecule double negatively contributes to thédgjcal activity

(~42.86 %). The next descriptor is, SsssCHcounis @ascriptor defines the total number of -CH groapnected
with three single bond is inversely proportionatte activity (~9.38 %). The descriptor SACH2coltri$ the total
number of —CH2 group with double bond, also neg#ivcontributing in the biological activity (~15.8%).

T_T_O_6 It is the count of number of any atomsdk&rdouble or triple bonded) separated from angro@®xygen
atom (single double or triple bonded) by distanté bonds in a molecule, is positively contributitogthe activity
(~19.05%). The last descriptor RotableBondcounegatively contributing to the activity (~13.65%).

Ten compounds were selected as test compoundsgaty the validity of generated QSAR equationsAswn in
table 4, the predicted activity using developed ®S#juation is in close agreement with the repaatsivity. A Z
score value is calculated by the following formula.

z = (X - X_mean)/s

The mean of standard scores is zero. When valegestandardized, the units in which they are expbsse equal
to the standard deviation, s. For the standardizedes, the standard deviation becomes 1. (Variaralso 1). The
interpretation of the standard-score of a giverueas in terms of the number of standard deviatihiesvalue is
above or below the mean (of the distribution ohd&dized scores).

So, the standardization of a set of values invotwes steps. First, the mean is subtracted fromyevalue, which
shifts the central location of the distributionQo Then the thus mean-shifted values are dividedhbystandard
deviation, s. This now makes the standard devia®i. From test set, two outlier obtain in thisdgtcompound
number 36 and 38 with Z score value 4.0529

Thus the present equation could be used to desigmihydropyridines as potent antihypertensivévagt
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CONCLUSION

T T _O_6 are directly proportional to antihyperteesactivity while T_T_N_2, SsssCHcount, SACH2coantl
Rotatable Bond Count are inversely proportional the antihypertensive activity. SsssCHcount resesnble
dihydropyridine (DHP) ring. The molecule should deast number of CHgroups connected with double bond
.The DHP molecule should have least number of abtatbonds. Descriptor values obtained helps usderstand
the structural features require reducing the blpoessure. These descriptors are helpful in desfgpotential
antihypertensive agent in the path of Drug Discg\ard Development. QSAR studies may provide udagights
into the roles of various substitution patternstloa dinydropyridines skeleton. The developed equat found to
be good with regard to prediction of activity insteset and thus can be used for the developmert, @
dihydropyridines as antihypertensive activity.
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