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ABSTRACT
QSAR study on 1, 4-dihydropyridine-based calcium channel antagonists
has been carried out using heterogeneous set of molecular descriptors
which includes some distance-based topological indices and adhoc physi-
cochemical descriptors. The results have shown that molecular refractiv-
ity plays a dominating role in this regard. This single parameter in combi-
nation with indicator parameters yielded excellent model. The results are
critically discussed with a variety of statistics including neural network.
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Organic CHEMISTRYOrganic CHEMISTRY

Corresponding Author Co-Authors

INTRODUCTION

Over the last several years bask group used neu-
ral network as well as multivariate methods to ana-
lyze the relation between structure and activity. Re-
cently[1] they have reported a comparison between
neural network based QSAR and multiple linear re-
gression based QSAR using 1,4-dihydropyridine
based calcium channel antagonist. This set of 1,4-
dihydropyridines is well known as calcium channel
blockers and also as inhibitor of P-glycoprotein and

associated with multidrug resistance to anticancer
agents[1]. This set of compounds is, therefore, useful
as multidrug resistance reversal agents. It was argued
that lipophilic, electronic and steric parameters
(discriptor) are needed to develop QSAR model[1].

They have indicated that the Hammette constant
for the substituent at meta position is of specifics
importance. In addition, they have also used three
sterimol parameters. Basak and co-workers

[1] 
used a

large set of 90 topological indices for developing the
QSAR model for this set of calcium channel antago-
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nist (Figure 1, TABLE 2)
In their study, Basak and coworkers[1] have then

employed neural network based as well as multiple
linear regression-based QSAR approaches and arrived
at the following statistical results.

While reinvestigating the aforementioned study,
we came across the excellent review of Hansch
group[2] in that it was stated that ‘over the years we
have been impressed by the great importance of hy-
drophobic effects in chemical biological interactions
as brought out by quantitative structure activity re-
lationships QSAR from mechanistic organic chem-
istry for comparison, if seems timely to examine those
instances where hydrophobic terms are not significant.’

Promoted by this we have reinvestigate the work
of Basak[1] to see if we can still further develop QSAR
model without hydrophobic term. For this we have
used a larger set of molecular descriptors including
topological indices and indicator parameters, distance
based topological indices viz Wiener(W)[3], first or-
der connectivity(1χ)[4] Balaban(J)[5] and Szeged(Sz)[6-8]

indices, Molar Refractivity(MR), Molar Volume
(MV), Parachor(Pc), Refractive index(η), surface
tension(ST), density(d), polarizability(Pol); indicator

parameters IX, IA, I2, I3, I4, for halogen substitution at
X, alkyl substitution at X, substitution X at 2-, 3-,
and 4- positions respectively. We obtained very in-
teresting results indicating that a single molecular
distributor(MR) along with some indicator param-
eters yielded QSAR model with excellent statistics
and that is no need of any hydrophobic parameter
for this purpose. Surprisingly our result were found
still better then those of the earlier worker[1].

At this stage it is worthy to communicate on the
molar refraction(MR) which played a dominating role
in over study. It is in essence is an adjustable mo-
lecular volume which contains an eligible contri-
bution and thus it equals the molar polarizability.
Since molar refraction(MR) to a large extent is a
measure of volume, it may measure the contribu-
tion due to size and shape of organic compounds
acting as drugs. To test the hypothesis that MR may
be related to steric, hinders, Dunn[9] carried out a
regression analysis of MR as a function of the
Hancock steric parameter, ES[10,11]. This study indi-
cated that a negative coefficient with MR might in-
dicate that steric effects are involved in the correla-
tion under study. In addition to the inter relationship
between MR and ES, the MR of  a substituent may
be related to the corresponding lipophilisity as ex-
pressed by π. In fact, although for a proper set of
subsituants MR and π are orthogonal, both param-
eters depend to a certain extent on molecular
volume(MV). Thus the co-linearity between those
vectors may be high, depending upon the choice of
substitution. Thus we can conclude that MR is a ther-
modynamic descriptor of a substituent and is a com-
bined measure of  substituent’s size and polarizabil-
ity. Also that both steric and lipophilic effects are
contained in it. This is, therefore, the main reason
for the dominating role played by MR in our present
study. In developing QSAR models using this domi-
nate molecular descriptor(MR) we have used maxi-
mum-R2 method and followed step-wise regression
analysis[11]. The predictive power of the models is
determined on the basis of  cross validation as well
as their statistical method[12,13].

TABLE 1: Statistical results of  basak and cowork-
ers[1] for the calculated (predicted) values for 45 com-
pounds predicted by various models
Method Correl. RMS Max.dev. Min.dev. R2Pred n 
MLR 0.55 1.30 5.15 0.00 0.19 45 
PCANN 
(2PE) 0.65 1.15 3.63 0.05 0.36 45 

(3PE) 0.61 1.22 3.79 0.01 0.28 45 
(4PE) 0.71 1.05 3.63 0.04 0.47 45 
(8PE) 0.73 1.02 2.67 0.08 0.50 45 
(10PE) 0.68 1.16 3.60 0.01 0.35 45 

N
HCH3

CH3

O

O
CH3

O

O
CH3

X

Figure 1: The skeleton of 1,4-dihydropyridine de-
rivative structure with substitutions/changes in-
dicated by X on the phenyl ring for details see
TABLE 1
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EXPERIMENTAL

Biological activity
The biological activity for the set of 45 com-

pounds used in the present study, as expressed by
log1/EC50, were taken from the literature[1].

Topological indices
All the topological indices were calculated from

the hydrogen suppressed molecular graphs using the
software of  lokovits.

Wiener index (W)3-Wiener index W=W(G) of G
is defined as the half sum of the elements of the
distance matrix.
W =W (G)= ½ ΣΣΣΣΣ   ΣΣΣΣΣ (D)ij
      i=1, j=1

Where, (D)ij is the ijth element of the distance
matrix which denotes the shortest graph-theoretical
distance between sites i and j of  G.

The connectivity index(1χ)4- the connectivity in-
dex 1χ= 1χ (G) of G is defined by Randic as
1χχχχχ = 1χχχχχ(G) = ΣΣΣΣΣ [d(i)×d(j)]-0.5

     i,j
Balaban index (J)5 - The Balaban index J=J(G)

of G is defined as
J =M/µµµµµ+1 ΣΣΣΣΣ (di×dj)-0.5

         bonds
Where M is the number of  bonds in G, µ is the

cyclomatic number of  G, and di (i =1,2,3,….N; N is
the number of vertices in G) is the distance sum.

The cyclomatic number µ =µ(G) of a cyclic graph
G is equal to the minimum number of edges neces-
sary to be erased from G in order to transform it into
the related acyclic graph. In case of monocyclic graph
µ=1 otherwise it is calculated by means of the fol-

Comp. 
No X 

log 1/ 
EC50 

(Exp.) 
IX IA I2 I3 I4 

1 3-Br 8.89 1 0 0 1 0 
2 2-CF3 8.82 1 0 1 0 0 
3 2-Cl 8.66 1 0 1 0 0 
4 3-NO2 8.40 0 0 0 1 0 

5 2-
CHdCH2 

8.35 0 1 1 0 0 

6 2-NO2 8.29 0 0 1 0 0 
7 2-CH3 8.22 0 1 1 0 0 
8 2-Et 8.19 0 1 1 0 0 
9 2-Br 8.12 1 0 1 0 0 
10 2-CN 7.80 0 0 1 0 0 
11 3-Cl 7.80 1 0 0 1 0 
12 3-F 7.68 1 0 0 1 0 
13 H* 7.55 0 0 0 0 0 
14 3-CN 7.46 0 0 0 1 0 
15 3-I 7.38 1 0 0 1 0 
16 2-F 7.37 1 0 1 0 0 
17 2-I 7.33 1 0 1 0 0 
18 2-OCH3 7.24 0 1 1 0 0 
19 3-CF3 7.13 1 0 0 1 0 
20 3-CH3 6.96 0 1 0 1 0 
21 2-OEt 6.96 0 1 1 0 0 
22 3-OCH3 6.72 0 1 0 1 0 
23 3-N Me2 6.05 0 1 0 1 0 
24 3-OH 6.00 0 0 0 1 0 
25 3-NH2 5.70 0 0 0 1 0 
26 3-OAc 5.22 0 1 0 1 0 

27 3-O-
COPh 5.20 0 1 0 1 0 

28 2-NH2 4.40 0 0 1 0 0 
29 4-F 6.89 1 0 0 0 1 
30 4-Br 5.40 1 0 0 0 1 
31 4-I 4.64 1 0 0 0 1 
32 4-NO2 5.50 0 0 0 0 1 
33 4-N Me2 4.00 0 1 0 0 1 
34 4-CN 5.46 0 0 0 0 1 
35 4-Cl 5.09 1 0 0 0 1 
36 2,6-Cl2 8.72 1 0 1 0 0 
37 F5 8.36 1 0 1 1 1 
38 2-F,6-Cl 8.12 1 0 1 0 0 
39 2,3-Cl2 7.72 1 0 1 1 0 

TABLE 2: Structural details of  the activity and indi-
cator parameters 40 2-Cl,5-NO2 7.52 1 0 1 0 0 

41 3,5-Cl2 7.03 1 0 0 1 0 
42 2-OH,5-NO2 7.00 0 0 1 0 0 
43 2,5-Me2 7.00 0 1 1 0 0 
44 2,4-Cl2 6.40 1 0 1 0 1 
45 2,4,5-(OCH3)3 3.00 0 1 1 0 1 

TABLE 2 Continued

IX =1 if Substitution on X position is halogen atoms.
IA =1 if Substitution on X position is alkyle group.
I2 =1 if Substitution on X position is on 2nd atom.
I3 =1 if Substitution on X position is on 3rd atom.
I4 =1 if Substitution on X position is on 4th atom.
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lowing expression
M=M-N+1

Szeged index (Sz)[6-8]- the Szeged index, Sz= Sz(G),
is calculated according to the following expression:
Sz =Sz (G) =ΣΣΣΣΣ nu . nv
          edges

Where nu is the number of vertices lying closer
to one end of the edge e=uv; the meaning of nv is
analogous. Edges equidistance from both the ends
of an edges, e=uv are not taken into account.

Physicochemical parameter
In present study molar refractivity (MR), molar

volume(MV), parachor(Pc), index of refraction(η),
surface tension(ST), density(D), and polarizability
(Pol) shown in TABLE 3 are tested and calculated
from computer software acdlabs(Chem Skech5.0).
Regression analysis

Only regression analyses were made using maxi-
mum R[2] method[12] adopting step-wise regression.
Here also the regress-1 program prepared Lukovits.
Neural network

From neuralware predict demo version

RESULTS AND DISCUSSION

A set 45 1,4-dihydropyridines, there activity ex-
pressed as log1/EC50 and indicator parameters(IX, IA,
I2, I3, I4) are present in TABLE 2. This TABLE 2
shows that a low level degeneracy in present in the
activity value(log1/EC50) are that activity follow the
following sequence:
1>2>36>2\3>4>37>5>6>7>8>9=38>10=11>39>12>
13>40>14>16>17>18>19>41> 42=43>20=29>22>44>23>24>
25>32>34>30>26>27>35>31> 28>33>45 (1)

Thus, 1,4-dihydropyridine with substitution of
Br at 3 position exhibits highest activity, while the
one with 2,4,5-(OCH3)3 has the lowest activity. How-
ever, this sequence of activity failed to demonstrate
any structure-activity relationships. We have there-

TABLE 3: Topological descriptors for 1, 4-dihydro-
pyridine derivatives used in present study

Comp.No. W 1χ J Sz 
1 1044 10.90028 2.33682 1586 
2 1409 12.12844 2.47876 2073 
3 1028 10.91712 2.37450 1554 
4 1328 11.81097 2.34299 1994 
5 1153 11.45512 2.39903 1725 
6 1280 11.82780 2.43426 1898 
7 1028 10.91712 2.37450 1554 
8 1153 11.45512 2.39903 1725 
9 1028 10.91712 2.37450 1554 
10 1153 11.45512 2.39903 1725 
11 1044 10.90028 2.33682 1586 
12 1044 10.90028 2.33682 1586 
13 926 10.50644 2.31407 1406 
14 1185 11.43829 2.33281 1789 
15 1044 10.90028 2.33682 1586 
16 1028 10.91712 2.37450 1554 
17 1028 10.91712 2.37450 1554 
18 1153 11.45512 2.39903 1725 
19 1473 12.11161 2.36505 2201 
20 1044 10.90028 2.33682 1586 
21 1302 11.95512 2.39644 1920 
22 1185 11.43829 2.33281 1789 
23 1328 11.81097 2.34299 1994 
24 1044 10.90028 2.33682 1586 
25 1044 10.90028 2.33682 1586 
26 1496 12.34897 2.33241 2224 
27 2604 14.86661 1.75500 3894 
28 1028 10.91712 2.37450 1554 
29 1060 10.90028 2.30394 1618 
30 1060 10.90028 2.30394 1618 
31 1060 10.90028 2.30394 1618 
32 1376 11.81097 2.26482 2090 
33 1376 11.81097 2.26482 2090 
34 1217 11.43829 2.27539 1853 
35 1060 10.90028 2.30394 1618 
36 1134 11.32780 2.43926 1708 
37 1538 12.57669 2.53864 2330 
38 1134 11.32780 2.43926 1708 
39 1149 11.32780 2.40541 1738 
40 1447 12.22165 2.41474 2168 
41 1166 11.29413 2.36861 1772 
42 1447 12.22165 2.41474 2168 

TABLE 3 Continued
43 1151 11.31097 2.40199 1742 
44 1166 11.31097 2.37258 1772 
45 1763 13.33566 2.46464 2639 

*W=Wiener index, 1χχχχχ=First -order conectivity index, J=Balaban index,
Sz=Szeged index
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43. 91.00 292.9 728.9 1.533 38.3 1.124 36.07 
44. 91.14 284.3 726.6 1.554 42.6 1.302 36.13 
45. 101.39 332.4 828.2 1.522 38.5 1.177 40.19 

TABLE 4 Continued

*MR = Molar Refractivity, MV=Molar Volume, Pc=Parachor, ηηηηη=Index
of  refraction ST=Surface Tension, D=Density, Pol=Polarizability

TABLE 4: Physicochemical descriptors for 1, 4-
dihydropyridine derivatives used in present study

Comp No. MR MV Pc η ST d Pol 
1. 89.04 276.6 703.4 1.557 41.8 1.374 35.30 
2. 86.33 293.9 714.3 1.499 34.8 1.256 34.22 
3. 86.25 272.3 689.5 1.546 41.0 1.232 34.19 
4. 87.90 272.2 709.4 1.558 46.0 1.271 34.84 
5. 92.28 286.3 719.9 1.557 39.9 1.143 36.58 
6. 87.90 272.2 709.4 1.558 46.0 1.271 34.84 
7. 86.18 276.7 690.6 1.535 38.8 1.139 34.16 
8. 90.90 293.2 730.7 1.532 38.5 1.123 36.03 
9. 89.04 276.6 703.4 1.557 41.8 1.374 35.30 
10. 86.46 261.6 700.0 1.574 51.2 1.24 34.27 
11. 86.25 272.3 689.5 1.546 41.0 1.232 34.19 
12. 81.35 264.6 659.7 1.526 38.6 1.206 32.25 
13. 81.35 260.4 652.4 1.537 39.3 1.157 32.25 
14. 86.46 261.6 700.0 1.574 51.2 1.24 34.27 
15. 94.26 282.5 726.3 1.581 43.6 1.512 37.37 
16. 81.35 260.4 652.4 1.537 39.3 1.157 32.25 
17. 94.26 282.5 726.3 1.581 43.6 1.512 37.37 
18. 88.03 284.4 711.0 1.531 39.0 1.164 34.90 
19. 86.33 293.9 714.3 1.499 34.8 1.256 34.22 
20. 86.18 276.7 690.6 1.535 38.8 1.139 34.16 
21. 92.67 300.9 751.0 1.528 38.8 1.147 36.73 
22. 88.03 284.4 711.0 1.531 39.0 1.164 34.90 
23. 95.67 298.4 757.0 1.554 41.4 1.154 37.92 
24. 83.24 258.8 667.6 1.556 44.2 1.225 32.99 
25. 85.59 262.7 680.3 1.565 44.9 1.204 33.93 
26. 92.70 298.0 756.2 1.534 41.4 1.205 36.74 
27. 113.00 343.8 890.0 1.571 44.8 1.225 44.79 
28. 85.59 262.7 680.3 1.565 44.9 1.204 33.93 
29. 81.35 264.6 659.7 1.526 38.6 1.206 32.25 
30. 89.04 276.6 703.4 1.557 41.8 1.374 35.30 
31. 94.26 282.5 726.3 1.581 43.6 1.512 37.37 
32. 87.90 272.2 709.4 1.558 46.0 1.271 34.84 
33. 90.96 279.8 718.9 1.563 43.5 1.180 36.06 
34. 86.46 261.6 700.0 1.574 51.2 1.24 34.27 
35. 86.25 272.3 689.5 1.546 41.0 1.232 34.19 
36. 91.14 284.3 726.6 1.554 42.6 1.302 36.13 
37. 81.32 281.4 689.1 1.489 35.9 1.390 32.24 
38. 86.24 276.5 696.8 1.536 40.2 1.279 34.19 
39. 91.14 284.3 726.6 1.554 42.6 1.302 36.13 
40. 92.80 284.2 746.6 1.566 47.6 1.339 36.78 
41. 91.14 284.3 726.6 1.554 42.6 1.302 36.13 
42. 89.78 270.7 724.6 1.577 51.3 1.338 35.59 

for, used topological indices(TABLE 3), adhoc mo-
lecular descriptors(TABLE 4) and the indicator
parameters(TABLE 2) for obtaining statistically sig-
nificant QSAR model. As stated above, we have used
maximum-R2 method and followed stepwise regres-
sion to obtained statistically significant model.

A perusal of  TABLE 2 shows that high to low
degeneracy is observed in the topological indices
used. This is obvious because W and Sz indices are
the first generation indices with both 1χ and J are the
second-generation indices. Balaban[14-15] has shown
that the indices in spite of their degeneracy can be
used successfully it developing statistically signifi-
cant QSAR models.

Before a multivariate analysis is undertaken it is
convenient to normalize the data in certain ways in
order to make the detection of significant correla-
tion career. Normally, it is sufficient to preprocess
the data or means of autoscaling and mean center-
ing the variable auto scaling gives each variable unit
and variance and hence the same chance to contrib-
ute to a calculated model, while mean scaling facili-
tates interpretation. This can be achieved by obtain-
ing correlation matrix. Such a correlation matrix ob-
tained in the present case is shown in TABLE 5, which
shows that except Balaban index(J)[5] other distance-
based topological indices are highly linearly corre-
lated. Also, that none of  the molecular descriptors
(topological indices, adhoc molecular descriptors,
indicator parameters) correlate well with the activ-
ity (log 1/EC50). That is not possible to obtained one
variable model for modeling log1/EC50 and hence
we need to go for multi-variable analysis.
For symbols see TABLES 1-3

The preliminary regression analysis has indicated
that MR plays a dominating role and that use of indi-
cator parameter I4 (substitution of X at 4-position) is
important for developing multivariate model. Thus,
combination of  MR and I4 yielded with fair statistics.
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log1/EC50=-0.0910(±0.0290)MR-1.8756(±0.3860) I4+
15.4455 (2)
n=45, Se=1.0764, R=0.6648, R2

A=0.4154, F=16.630
As stated earlier, the negative coefficient of MR

in the above equation 2 indicates that steric effect is
dominating in the exhibition of the activity(log1/
EC50). Also, that the negative coefficient of  I4 term
indicates that substituted X at 4-position is not fa-
vorable in the exhibition of  the activity.

When the indicator parameter Ix(effect due to
halogen substitution at X) is added to the model ex-
pressed for eq. (2) there is quite good improvement
in the statistics:
log1/EC50=-0.0770(±0.0266)MR-2.0393(±0.3525)I4+
0.9612(±0.2916)Ix +13.7892 (3)
n=45, Se=0.9727 R=0.7451, R2

A =0.5225, F=17.052
Contribution due to MR and I4 in the exhibition

of the activity is the same as discussed above. The
positive coefficient of  the Ix term in eq (3) indicates
that presence of halogen at X is favorable for the
exhibition of the activity(log1/EC50).

The step-wise regression has indicated that when
an indicator parameter I2 (effect due to substitution
at 2-position) is added further improvement in the
statistics is observed:
log1/EC50 =-0.0797(±0.0253)MR-1.8704(±0.3436)I4+
0.8937(±0.2549)IX +0.6489(±0.2836)I2 +13.7059 (4)

TABLE 5: Inter correlation between descriptors and their correlation with biological activity in form of
correlation matrix

 log 1/EC50 W 1χ J Sz MR MV Pc  
log 1/EC50 1.00000         
W -.30237 1.00000        
1χ -.25836 .98395 1.00000       
J .38071 -.52041 -.37660 1.00000      
Sz -.31664 .99934 .97943 -.53441 1.00000     
MR -.35801 . 69485 . 67387 -.51121 . 69433 1.00000    
MV -.25997 .76404 .77660 -.31232 .75778 .84923 1.00000   
Pc -.34458 .82628 .82893 -.43963 .82288 .95930 .92119 1.00000  
η -.21236 -.08535 -.14055 -.35639 -.07577 .33325 -.21376 .13335  
ST -.17167 .06448 .04826 -.22944 .07101 .14540 -.31582 .07643  
D .08725 -.06280 -.08817 .06042 -.05393 .14738 -.06915 .04602  
Pol -.35798 .69446 .67343 -.51115 .69396 1.00000 .84916 .95911  
IX .30692 -.24156 -.27209 .19314 -.23465 -.16179 -.09653 -.20766  
IA -.24473 .33667 .36992 -.18358 .32908 .45380 .59486 .48966  
I2 .35717 -.02345 .08986 .53157 -.04107 .03034 .12494 .07915  
I3 .06780 -.04923 -.06942 -.04572 -.04755 -.19247 -.14948 -.19952  
I4 -.55815 .09290 .07298 -.07002 .11369 -.00556 .01357 .01916  
 η ST D Pol IX IA I2 I3 I4 
η 1.00000         
ST .84381 1.00000        
D .40257 .27560 1.00000       
Pol .33336 .14506 .14812 1.00000      
IX -.13562 -.28116 .59852 -.16101 1.00000     
IA -.22779 -.32862 -.59716 .45351 -.59621 1.00000    
I2 -.15424 -.10855 -.02527 .03040 .06535 .06321 1.00000   
I3 -.10096 -.11809 -.12971 -.19240 .16071 -.09172 -.03564 1.00000  
I4 -.02916 .01717 .18944 -.00526 .14286 -.10483 -.20198 -.17857 1.00000 

TABLE 6: Statistics due to deletion of  outleir
n Outlier Se R R2A F 
45 1 0.9610 0.7788 0.5672 15.410 
44 2 0.7776 0.8412 0.6777 23.604 
41 1 0.6506 0.8696 0.7292 27.923 
40 0 0.5939 0.8893 0.7669 33.069 
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TABLE 7: Observed and calculated log1/EC50 values
along their residuals

Comp No. log1/ 
EC50(Obs) 

log1/ 
EC50a Resid. log1/ 

EC50b Resid. 

1. 8.88 7.50 1.39 7.09* 1.80 
2. 8.82 8.37 0.45 8.53 0.29 
3. 8.66 8.37 0.29 8.53 0.13 
4. 8.40 6.70 1.70 6.55* 1.86 
5. 8.35 7.00 1.35 7.40 0.95 
6. 8.29 7.35 0.94 7.76 0.53 
7. 8.22 7.49 0.73 7.90 0.32 
8. 8.19 7.11 1.08 7.51 0.68 
9. 8.12 8.15 0.03 8.31 -0.19 
10. 7.80 7.46 0.34 7.88 -0.08 
11. 7.80 7.73 0.08 7.32 0.48 
12. 7.68 8.12 -0.44 7.72 -0.04 
13. 7.55 7.22 0.33 7.08 0.47 
14. 7.46 6.82 0.65 6.66 0.80 
15. 7.38 7.09 0.29 6.67 0.72 
16. 7.37 8.77 -1.40 8.94* -1.56 
17. 7.33 7.74 -0.41 7.88 -0.55 
18. 7.24 7.34 -0.10 7.75 -0.51 
19. 7.13 7.72 -0.59 7.31 -0.18 
20. 6.96 6.84 0.12 6.69 0.27 
21. 6.96 6.97 -0.01 7.37 -0.40 
22. 6.72 6.69 0.03 6.53 0.19 
23. 6.05 6.08 -0.03 5.91 0.14 
24. 6.00 7.07 -1.07 6.93 -0.93 
25. 5.70 6.88 -1.18 6.73 -1.03 
26. 5.22 6.31 -1.10 6.15 -0.93 
27. 5.20 4.70 0.50 4.49 0.71 
28. 4.40 7.53 -3.13 7.95* -3.55 
29. 6.89 6.25 0.64 6.20 0.69 
30. 5.40 5.63 -0.23 5.57 -0.17 
31. 4.64 5.22 -0.58 5.15 -0.51 
32. 5.50 4.83 0.67 5.03 0.47 
33. 4.00 4.59 -0.59 4.78 -0.78 
34. 5.46 4.95 0.52 5.15 0.32 
35. 5.09 5.86 0.77 5.80 -0.71 
36. 8.72 7.99 0.74 8.13 0.59 
37. 8.36 6.90 1.46 7.42 0.94 
38. 8.12 8.40 -0.26 8.54 -0.41 
39. 7.72 7.99 -0.27 8.13 -0.41 
40. 7.52 7.85 -0.33 8.00 -0.48 
41. 7.03 7.34 -0.31 6.92 0.11 
42. 7.00 7.20 -0.20 7.61 -0.60 

TABLE 7 Continued
43. 7.00 7.10 -0.10 7.51 -0.51 
44. 6.40 6.11 0.27 6.62 -0.26 
45. 3.00 4.40 -1.40 5.14* -2.14 

aCalculated log1/EC50 from eq. (4); bCalculated log1/EC50 from eq. (5)
*Data point not included in calculation
n=45, Se=0.9261, R=0.7788, R2

A =0.5672, F=15.418
The physical significance of  MR, I4, and Ix terms

are the same as discussed for the model expressed by
eq (3). The positive coefficient of I2 in eq (4) indi-
cated that presence of substitution at the 2- position
is favorable for the exhibition of  activity. We observed
that this model containing 45 compounds has one
outlier. Deletion of  this outlier from the regression
procedure resulted into a model with considerable
improved statistics. However, unfortunately this new
model contained two outliers, the removal of which
generated another model with better statistics, but
with one outlier. Finally, removing this outlier also
we obtained a model with no outlier. This final model
is discussed below. The results due to successive de-
letion of the outlier are given in TABLE 6.

As stated above successive regression yielded a
model expressed by eq (4) which has five compounds
(1,4,16,28,45) with high residue(difference between
observed and calculated activity) indicating thereby
that are to be treated as outliers and deleted from re-
gression procedure. When we did so we observed a
large increase in the statistics giving the following
model:
log1/EC50= -0.0818(±0.0178)MR + 0.6402(±0.1956)Ix + 1.2139
(±0.1981)I2 - 1.5158(±0.2427)I4 + 13.7351 (5)
n = 40, se = 0.5939, R = 0.8893, R2

A = 0.7669, F = 33.069
The model, eq (5), does not have any outlier.

Also, that in eq (5) the physical significance of  MR,
Ix, I2 and I4 terms are the same as discussed for the
earlier model.

In order to confirm our findings we have calcu-
lated log1/EC50 values using equations (4) and (5)
and compared them with the observed value of  log1/
EC50. Such a comparison is shown in TABLE 7 which
shows that the calculated value of log1/EC50 using
eq (5) are very close to the observed value of  log1/
EC50. This indicate that the model expressed by eq
(5) is the best model for modeling the activity. Fur-
ther evidences in our favour are obtained by calcu-
lating predictive correlation coefficient from the plot
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of  observed against calculated log1/EC50 (Figure 2 and
3) which shows the model with eq (5) is the best model.

It is worthy to mention that a model with excel-
lent statistics may or may not have excellent predic-
tive power. In view of  this we have calculated cross-
validated parameters (TABLE 8). The parameters cal-
culated being PRESS(predictive residual error sum of
squares), SSY(sum of the squares of response value),
R2

CV(the overall predictive ability), SPRESS(which is
used in deciding uncertainty of prediction) and PSE
(used for the prediction of correlation predictability
of the models)

Comparison of these parameters indicates that the
model expressed by eq(5) is not only statistically ex-
cellent but it has excellent predictive power too.

Now, it will be interesting to comment upon the
adjustable R2(R2

A). The values of this parameter i.e.,
R2

A takes into account of adjustment of R2. There-
fore, if a variable is added that does not contribute
its fair share, the R2

A will actually decline. Where as,
R2 will always increase when an independent vari-
able is added. R2

A will decrease if the added variable
does not reduce the unexplained variation enough
to offset the loss of degree of freedom. The exami-
nation of eq (2) to (5) indicates that as we start from
the two variable models to four variable models there
is consistent increase in the magnitude of R2

A. That
is, successive increase in the independent variable
resulted into increase in the value of R2

A. Therefore,
in each case the added variable has its fair contribu-
tion to the resulting models.

The examination of figure 2 and 3 indicates that
predictive correlation coefficients(R2

pred) of the
model expressed by eq (4) and (5) are found as 0.7562
and 0.7909 respectively. The comparison of  this and
other parameters for these models with those of
Basak and Coworkers1 indicates that better results
are obtained in the present case. This is probably
due to the fact that the parameter MR contains three

TABLE 8: Cross-validation parameters
Models (eq.) n a PRESS SSY PRESS/SSY r2cv SPRESS PSE 

1(4) 45(1) 34.3052 52.8915 0.6486 0.3514 0.9261 0.8730 
2(5) 40(3) 12.3450 46.6562 0.2646 0.7354 0.7736 0.5335 
3(6) 44(2) 23.5790 57.0839 0.4130 0.5869 0.6506 0.7320 
4(7) 41(1) 15.2384 47.2774 0.3223 0.6777 0.5939 0.6096 

a in column second; the no in the parenthesis is for the outleir
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Figure 2: Graph from eq (4) with r value of 0.7788
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Figure 3: Graph from eq (5) with r value of 0.8893

TABLE 9: Comparison of  neural network data
Method No. of compds Correlation R2pred 

MLR 45 0.79(0.55) 0.62(0.19) 
ANNW 45 0.84(0.73)* 0.71(0.50) 

Values in the parenthesis are those of  earlier work1.
* earlier reported best model

effects size, steric and lipophilic effects.
The comparison of our results with those of ear-

lier workers[1] will be complete only when we also
carry out artificial neural network analysis another
reason of doing such an analysis is that it(neural net-
works) has become privilege statistical tool for model
complex biological activities and/or properties of
organic chemicals particularly used as drugs. Our
results exploring neural network are presented in
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TABLE 9 in that we have also included earlier re-
ported data for comparison. As we see from the
TABLE 9, we observed that in this case also we ob-
tained better results than the earlier reported results.

CONCLUSION

From the results and discussion made above we
conclude that the use of single molecular parameter
MR in combination with indicator parameters is more
that enough to model the activity(log1/EC50). The
dominating role of MR is argued on the basis that all
other molecular descriptors used in place of MR re-
sulted into inferior models discussed above. It is
worthy to mention that MR still is the chameleon
among the physiochemical parameters, despite its
wide application in QSAR studies. It is related to
volume and size of a substituent. The refractive in-
dex related correlation term is MR accounts for the
polarizablity and consequently for the size and the
polarity of  certain group. The larger the polar part
of a molecule is the larger its MR value will be. The
hydrophobic substituents at close interrelation be-
tween volume, surface lipophilic and MR is to be
expected. This interrelation breaks if polar substitu-
ents are added. Since the refractive index η varies
only slightly for most organic compounds, molar
volume(MV) as usual is highly interrelated with MR
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