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ABSTRACT

Calcium channel blockers are widely used for the treatment of various cardiac disorders. The
existing calcium channel blockers have several short comings; hence there is a need to develop
better drugs with better therapeutic profile. 2D-QSAR approach has been useful in such cases. A
number of 1, 4- dihydropyridines like amlodipine are extensively used in therapy of cardio
vascular disorders. Looking into importance of calcium channel blockers, a series of 1, 4-
dihydropyridines was selected and different models based on Multiple linear regression (MLR),
Principal component regression (PCR) and Partial Least Sguares regression (PLR) analysis
were generated to find out correlation between the physicochemical parameters and the
biological activity. Multiple linear regression (MLR) coupled with stepwise variable selection
led to a statistically significant model as compared to PLR and PCR with respect to r?
(coefficient of determination 0.8986) and ¢ (cross- validation, > 0.5). Four descriptors are
included in 2D- QSAR equation generated by using MLR.
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INTRODUCTION

Cardiac disorders have been the main reason fdah deaeveloping countries. Different drugs
like ACE-inhibitors, beta-adrenergic blockers, @iirs, potassium-channel openers and
calcium-channel blockers are used to treat cadisarders [1-2].

The agents that cause dose dependent reductisanstinembrane Cainflux into the cells of
contractile systems are called calcium-channelkamc These agents cause dilation of blood
vessels [3].

Nifedipine is a prototype drug of class 1, 4-diflglridines, which is an important class of
calcium-channel blockers. The major drawbacks aatamt with the calcium-channel blockers
are poor bioavailability due to first pass metadoli lesser selectivity and short half-life [4-5].
This problem was overcome by development of Amlmgipwhich is a highly activity calcium-
channel blocker with longer half-life (35-50 h) alagge volume of distribution, allowing its use
as once a day in the treatment of hypertension amgina. Computational chemistry has
developed into an important contributor to ratiodellg design. Quantitative structure activity
relationship (QSAR) modeling results in a quantratcorrelation between chemical structure
and biological activity. The 2D-QSAR equations generated by multiple linear regression
(MLR), partial list square analysis (PLS) and piphe component regression (PCR) and
evaluated on the basis of various statistical telikes coefficient of determination {x;, cross-
validation (d) and Fischer test (F-test) [6-12]. The presentkwars undertaken to find a
correlation between physicochemical parameters thadbiological activity of various 1, 4-
dihydropyridine analogues. These correlations Ww#él helpful in the development of 1, 4-
dihydropyridines with increased therapeutic efficac

Experimental Methods:

Biological data: A set of 30 molecules of Amlodipine analogues, stiied at 2-position with
alkoxymethyl side chain were used for present st@iyt of 30 molecules, 25 molecules were
selected as training set and 5 molecules (26 toV@D¢ selected as test set. The biological data
was expressed asdéhegative logarithm of molar concentration requitedlock C&" channel

at rat aortd(Table I).

Calculation of Descriptors. The 2D-QSAR studies were performed on the Vlife MBS
software, which is fully automatic software runniog Intel Core2duo processor on Windows
XP. The software developed the model with a tot&39 physicochemical descriptors and more
than 700 alignment independent descriptors. Intladlse, descriptors deselected the Dipole
Moment, Electrostatic, Distance Based Topologindides, Semi Empirical and Hydrophobicity
base log P descriptor@s these are 3D descriptors). The software degsldpe equation
according to 3 D structures of standard compoumdk laog IC-50 values with best suitable
descriptors. List of descriptors used are givehdhle Il
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Tablel: Compounds Used in 2D-QSAR Study

S No.| n R R> Log
ICso
1 2 2-CIGH, c-N(CH,CH,),NPh4F 7.9
2 2 2-CIGH, c-N(CH,CH,),NCH,Ph4Cl | 8.0
3 2 1-naphthyl c-N(Ch), 7.1
4 2 2-CIGH, c-N(CH,CH,),NH 6.8
5 2 2-CIGH, c-N(CH;)CH,Ph 7.4
6 2 2-CIGH, c-NHCH; 8.5
7 3 2-CIGH, c-N(CH,CH,),NCHjs 8.4
8 3 2-CIGH, c-N(CHs), 8.6
9 2 2-CIGH, c-N(CH)2 8.1
10 2 2-CIGH, c-NNCyHg 7.9
11 2 2-CIGH,4 c-N(CH,CH,),NCH(CHg), | 8.2
12 2 2-CECeH, N(CHa), 7.4
13 2 2-CHCgH4 NHCH; 7.2
14 2 2-OCHCgH4 NHCH; 7.2
15 2 Ph NH 6.8
16 2 2-FGH4 NH, 7.8
17 2 2,3-CiCeH3 NH, 7.9
18 2 2-Cl-3-CECgH3 NH, 8.5
19 2 4-pyridyl N(CH), 6.1
20 2 3-NQCgH4 N(CHa), 8.0
21 2 2-Cl-6-FGHs NHCH; 7.9
22 2 3-CIGH,4 NH, 7.9
23 2 4-CIGH, NH, 6.0
24 2 2-CIGH,4 NH, 8.7
25 2 2-thienyl N(CH), 6.9
26 2 2-FGH4 c-NHCHs 7.4
27 3 2-FGH4 C-N(CHzCHz)zNCHg 8.1
28 2 2-Cl-3-CECgH3 NHCH; 8.0
29 2 4-FGH4 NH, 6.9
30 3 2-CECeH4 N(CHa), 7.6
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Tablell: Descriptors Used In the 2D-QSAR Study (Descriptors used three different

)Y

models)
Descriptor Type Description
T 2 CIL5 Alignment This is the count of number of double
Independent bounded atoms (i.e. any double bonded
(Al) Descriptor | atom, T_2) separated from chlorine atom |
5 bonds in a molecule.
QM Dipole Y Semi empirical | Induced dipole moment along Y-axis

XK Hydrophilic Area

Hydrophobicity
Xlog pK

Vander walls surface descriptor showing
hydrophilic surface area.(By Kellogg
Method using X log p)

QM Dipole X

Semi empirical

Induced dipole moment along X-axis

SaaNE Index

Eate
contributions

Electrotopological state indices for number

of nitrogen atom connected with two
aromatic bonds.

XZ Polarizability

Semi empirical

Induced polarizability along XZ axis

Generation of 2D-QSAR models:
Multiple linear regression (MLR), Principal componeegression (PCR) and Partial Least
Squares regression (PLR) were carried out to firtdite factors responsible for the biological
activity (Table IIl). Contribution chart, (% conations of different descriptors in Model 1 /
Equation 1) representing the contribution of dggors in the 2D-QSAR model developed by

MLR is shown in Fig 1.

Figure 1: Contribution chart of descriptorsfor MLR.
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Tablelll: Developed 2D-QSAR Models. (For best three model developed by software).

S. No.

Equation

Statistical
M ethod

N

r2

q° F

1

ICs0 = + 0.2025(£ 0.0448)

T 2 ClI_5-0.1307(+ 0.0361)
QMDipoleX - 0.3619(x 0.1152)
SaaNE-index + 0.0188(+
0.0014) XZPolarizability +
6.8519

MLR

20

0.8986

0.5301 | 44.2872

ICso= +0.1562T_2_CI_5-
0.3378 QMDipoleY - 0.0590
XKHydrophilicArea + 6.9547

PCR

21

0.8588

0.4669 | 42.5724

ICso= +0.2122T 2 CI5-
0.1602 QMDipoleX + 6.7053

PLR

23

0.7898

0.6117| 86.3944

Prediction of activity:
The generated equation was used to predict theitstadif test set as compare to actual activity
(Table 1V) with respect to various physicochemipatameters. The MLR model shows better
results as compare to two other models (PCR and.Pltierefore the activity predicted by MLR

is only considered in this study (Table IV).

TablelV: Predicted Activity of Compounds (Test set) by MLR.
H

HsC N CH,0(CH,),R,
0 \ 0 CH
ch/ ~_— 3
0 R, e
S.No. R; R, Actual Calculated | Residual
Log | Csp Log | Csp
1 2-FGH4 c-NHCH; 7.4 6.92 0.48
2 2-FGH4 c- 8.1 7.08 1.02
N(CH,CH,),NCHjs
3 2-CI-3- NHCH; 8.0 8.14 -0.14
CRCeH3
4 4-FGH, NH, 6.9 6.81 0.09
5 2-CRCgHa4 N(CHs) 7.6 7.94 -0.34
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RESULT AND DISCUSSION

From the above studies it can be seen that Multipkear regression (MLR) coupled with
stepwise variable selection led to a statisticaignificant model as compared to PLR and PCR
with respect to 7 (coefficient of determination 0.8986) and (gross- validation, > 0.5). Four
descriptors are included in 2D- QSAR equation gateer by using MLR.

The developed MLR model reveals that the descrifto2_ClI_5 which is an Alignment
Independent (Al) Descriptor that signifies the doofihrnumber of double bounded atoms (i.e. any
double bonded atom, T_2) separated from chlorioendty 5 bonds in a molecule, positively
contributes to the biological activity (~35%). Thext descriptor is QMDipoleX, which is a semi
empirical descriptor that signifies the induced olgp moment along X-axis is inversely
proportional to the activity (~25%). The descrip®aaNE-index i.e. Electrotopological state
indices for number of nitrogen atom connected witlo aromatic bonds. This is an Estate
contributions type descriptor, also negatively aboting in the biological activity (~20%). The
last descriptor XZPolarizability i.e. induced patability along XZ axis. This is also Semi
empirical type descriptor, is positively contrimgito the activity (~20%).

Five compounds were selected as test compoundgataoage the validity of generated QSAR
equation. As shown in table 5, the predicted asgtivsing developed QSAR equation is in close
agreement with the reported activity. Thus the gme®quation could be used to design 1, 4
dihydropyridines as potent calcium channel blockers

CONCLUSION

In the present study a 2-D QSAR model has beenloj@s@ for correlating activity of 1, 4-
dihydropyridines as calcium channel blockers wittygscochemical properties. The developed
model is found to be good with regard to predictbrctivity in test set and thus can be used for
the development of 1, 4- dihydropyridines as caiczhannel blockers.
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