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Abstract—QSAR studies on 104 flavonoid derivatives as p56lck protein tyrosinekinase inhibitors were performed using hydration
energy and logP as predictor parameters. The results obtained demonstrate in detail, which specify that hydration energy and
hydrophobic parameters of the compounds play a significant role in developing QSAR models. The significance of presence
and absence of substituents on particular position is successfully explored with the help of indicator parameters. The results are
critically discussed on the basis of multiple linear regression parameters.
# 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Protein tyrosine kinases (PTKs) are well known for
providing central switching mechanism in cellular signal
transduction pathways by catalysing the transfer of the
g-phosphate of either ATP or GTP to specific tyrosine
residues in protein substrates.1,2 They are important
mediators of normal cellular signal transduction,3�5 and
enough evidence are now available which suggests that
the inappropriate or elevated expression of these con-
tribute to the transformed state of cells in many human
malignancies.6�8

The importance of these class of enzymes in signal
transduction and the association of aberrant PTK
expression with proliferative disorders make substances
which modulate the activity of PTKs attractive ther-
apeutic agents.9,10 Central to the function of all PTKs is
the recognition and binding of a nucleoside tripho-
sphate (usually ATP) and an appropriate tyrosyl-con-
taining substrate, followed by the ensuing direct transfer
of phosphate between the two.11

It is well known that flavonoids are a group of low
molecular weight plant products, and are building block
of flavone (2-phenyl-chromone, or 2-phenylbenzopyr-
one). A large number of natural and synthetic flavo-
noids have been tested for their PTK inhibitory
activities. Kinetic analyses of the PTK Inhibition indi-
cated that flavonoids were competitive inhibitors with
respect to the nucleotide ATP.12�18 Flavones and iso-
flavones differ in their inhibitory profiles both in their
relative selectivity towards PTKs versus serine/threo-
nine kinases and in their potencies among different
PTKs.13 Various synthetic flavonoid analogues have
been prepared14�16 with the goal of the development of
PTK Inhibitors as chemotherapeutic agents.

Quantitative Structure–Activity Relationship (QSAR)
study is basically concerned with the correlation of struc-
ture with property/activity. Several physicochemical
descriptors, such as hydrophobicity, topology, electro-
nic parameters and steric effects, are usually used in
QSAR studies in many disciplines, with many pertain-
ing to drug design and environmental risk assess-
ments.19,20 A large number of QSAR studies, involving
flavonoids as PTKs inhibitors, have been published.12�18

Earlier, Nikolovska-Coleska and coworkers,21 based on
classical and quantum approach have shown that
hydrophobic properties, molar refractivity and charge
at phenyl ring region of the flavone molecule plays
dominating role in developing QSAR models. Also,
effect due to quantum parameters surface area of total
electron density, net charge on the 30 and 40 positions,
sum of charges on substituted carbon atom of the
chrome moiety (C3, C5, C6, C7, C8) are also tested in
developing QSAR of flavonoids. However, very poor
statistic is obtained.
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In view of the above, in the present work we describe
QSAR study on flavonoids using hydration energy and
hydrophobic parameters for entire set of 104 flavonoid
derivatives, that inhibitors of p56 lck protein tyrosine
kinase (Fig. 1).
2. Results and discussion

The flavones with amino- and nitro-substituents were
gathered (series comprises of 31 compounds) as a sepa-
rate class (family), that is, category-I. The second cate-
gory-II includes 39 derivatives bearing ortho-, meta-,
para-, and multiple-substituents of hydroxyl and meth-
oxy group in benzopyrone and phenyl ring (Table 1, set
b). The remaining 34 inactive compounds form the third
category-III.

Table 2 records the six indicator parameters used in
present study, that is, I3, indicates presence of sub-
stituents at R3 position by I3=1 otherwise zero, INH

indicates presence of amino group by INH=1, otherwise
0. I1 indicates presence of –OH group at any position by
I1=1, otherwise 0. IOH indicates presence of –OH group
on phenyl ring by IOH=1 otherwise 0. INO2

indicates
presence of nitro group by INO2

=1, otherwise 0. IOMe

indicates presence of methoxy group by IOMe=1,
otherwise 0.

In mono-, di-, tri- and tetra-parametric regressions a
good correlation is obtained consisting of hydrophobic
parameter (logP) and hydration energy (He), along with
containing indicator parameters. The correlation matrix
needed for the multiple regression analyses is shown in
Table 3.

The regression analysis performed over set of 31 com-
pounds yielded the following tri- and tetra-parametric
models-

log1=IC50 ¼ 0:1586 �0:0784ð ÞlogP

� 0:0799 �0:0268ð ÞHeþ 0:6499

� �0:2148ð ÞINH þ 2:3047 ð1Þ

n ¼ 31; r ¼ 0:8257; Se ¼ 0:4067; F ¼ 19:283;

Q ¼ 2:030
log1=IC50 ¼ 0:2071 �0:0895ð ÞlogP

� 0:1231 �0:0473ð ÞHe

� 0:3169 �0:2866ð ÞI1

þ 0:5420 �0:2351ð ÞINH þ 2:0029 ð2Þ

n ¼ 31; r ¼ 0:8343; Se ¼ 0:4050; F ¼ 14:887;

Q ¼ 2:06

Here and here after, n is the number of compounds, Se is
the standard error of estimation, r is the correlation coef-
ficient, F is the F-static and Q is the quality factor=R/Se.

In eqs 1 and 2, the positive coefficient of logP suggests
that higher value of logP favors inhibitory action. In
both the equations, negative coefficient of hydration
energy (He) suggests that higher hydration energy reduces
biological activity of compounds. INH with positive
coefficient suggests that presence of amino group
enhance the biological activity.

In eq 2, negative coefficient of I1 indicates that the pre-
sence of –OH group decreases biological activity.

It is concluded, therefore, that compounds with higher
logP, lower hydration energy, presence of amino group
and absence of –OH group is favorable for the tyrosin
kinase Inhibitory action of set a containing 31 flavonoid
derivatives.

It is interesting to record that the tri- and tetra-para-
meters regressions obtained by Zaneta and coworkers21

gave the following results:

Tri-parametric equation:

r ¼ 0:818; Se ¼ 0:42; F ¼ 17:47; Q ¼ 1:947

Tetra-parametric equation:

r ¼ 0:820; Se ¼ 0:42; F ¼ 12:78; Q ¼ 1:950

This shows that the models obtained by us are better
model than those proposed by Nikolovska-Coleska and
co-workers,21which is further confirmed by the value of
Q factor.22,23

The regression analysis carried out on the another set of
39 compounds yielded the following models:

log1=IC50 ¼ 0:1537 �0:0940ð ÞlogP� 0:0803 �0:0165ð ÞHe

� 0:4602 �0:1711ð ÞI3 þ 2:8095

ð3Þ

n ¼ 39; r ¼ 0:7948; Se ¼ 0:4815; F ¼ 17:125;

Q ¼ 1:650

log1=IC50 ¼ 0:1436 �0:0942ð ÞlogP� 0:0739

� �0:0174ð ÞHe� 0:4184 �0:1748ð ÞI3

þ 0:2110 �0:1930ð ÞIOH þ 2:7485 ð4Þ

n ¼ 39; r ¼ 0:8036; Se ¼ 0:48; F ¼ 13:677;

Q ¼ 1:674

Figure 1. Parent structure of flavonoid derivatives used in present
study.
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In models expressed by eqs 3 and 4, the role of logP and
hydration energy He is the same for the models expres-
sed by eqs 1 and 2. The negative coefficient of indicator
I3 in the above eqs 3 and 4 suggests that the substitution
at R3 inhibits the tirosinkinase inhibitory action for this
set of flavonoid derivatives. The positive coefficient of
indicator parameter IOH in eq 4 expressed that the pre-
sence of –OH group on phenyl moiety is favorable for
the tirosinkinase Inhibitory action of these flavonoid
derivatives.

The results obtained by Nikolovska-Coleska and
coworkers21 on the same set of compound gave the fol-
lowing statistics:
Tri-parametric model

r ¼ 0:729; Se ¼ 0:53; F ¼ 13:60; Q ¼ 1:375

Tetra-parametric model

r ¼ 0:789; Se ¼ 0:48; F ¼ 14:47; Q ¼ 1:643

Therefore, here also our results are better than those
reported by Nikolovska-Coleska and coworkers.21

We now report our results on the combined set of
(30+40) 70 compounds. The best model obtained
being:
Table 1. Structural details of flavonoid derivatives and their biologica
No.
 Substituents
 log1/IC50

(obsd)

log1/IC50

(calc)

Residual
1
 5,7-OH,4-NH2
 5.13
 4.18
 0.95
 a

2
 3,5,7,3,4-OH
 4.88
 4.38
 0.50
 b

3
 3,7,3,4-OH
 4.86
 4.20
 0.66
 b

4
 5,7,4-OH
 4.83
 4.19
 0.63
 b

5
 5,4-OH
 4.80
 3.98
 0.82
 b

6
 6,3-OH
 4.80
 4.01
 0.79
 b

7
 6-OH,5,7,4-NH2
 4.74
 3.97
 0.77
 a

8
 5,7-OH
 4.71
 3.40
 1.31
 b

9
 4-OH,3,5-OCH3
 4.57
 3.47
 1.10
 b

10
 5,7,3,4-OH
 4.46
 4.42
 0.04
 b

11
 7,3-OH
 4.41
 4.01
 0.40
 b

12
 6-OH,5,7,3-NH2
 4.34
 3.88
 0.46
 a

13
 6-OMe,8,3-NH2
 4.25
 3.66
 0.59
 a

14
 6-OH,3,4,5-OCH3
 4.22
 3.32
 0.90
 b

15
 3,5,7,4-OH,3,5-OCH3
 4.16
 3.84
 0.32
 b

16
 3,5,7,3,5-OH
 4.00
 4.35
 �0.35
 b

17
 6,4-NH2
 3.99
 3.80
 0.19
 a

18
 6,8,4-NH2
 3.97
 3.75
 0.22
 a

19
 6-OH,8,4-NH2
 3.93
 3.95
 �0.02
 a

20
 6,4-OH
 3.93
 4.03
 �0.10
 b

21
 7,4-OH,3,5-OCH3
 3.92
 3.72
 0.20
 b

22
 6-OH,4-OR
 3.92
 3.09
 0.83
 b

23
 8,4-NH2
 3.91
 3.72
 0.19
 a

24
 6,4-OH,3,5-OCH3
 3.89
 3.72
 0.17
 b

25
 7-OH,4-NH2
 3.86
 3.99
 �0.13
 a

26
 7-OH,6,4-NH2
 3.85
 3.97
 �0.12
 a

27
 7,4-OH
 3.78
 4.03
 �0.25
 b

28
 7,8,3-OH
 3.75
 4.14
 �0.39
 b

29
 6,3-NH2
 3.70
 3.78
 �0.08
 a

30
 4-NH2
 3.68
 3.74
 �0.06
 a

31
 5-OH,6,4-NH2
 3.65
 3.80
 �0.15
 a

32
 3,5,7-OH
 3.53
 3.36
 0.17
 b

33
 5,4-OH,7-OCH3
 3.55
 3.93
 �0.38
 b

34
 5,3-OH
 3.50
 3.96
 �0.46
 b

35
 7,8-OH
 3.50
 3.35
 0.15
 b

36
 5-OH,8,4-NH2
 3.49
 3.91
 �0.42
 a

37
 7-OH,8,4-NH2
 3.48
 3.93
 �0.45
 a

38
 7-OH
 3.47
 3.22
 0.25
 b

39
 6-OH,3,5-OCH3,4-OR
 3.43
 3.12
 0.31
 b

40
 6-OMe,8,4-NH2
 3.42
 3.68
 �0.26
 a

41
 7,8-OH,3,4,5-OCH3
 3.40
 3.45
 �0.05
 b

42
 3-COOMe,4-OH
 3.36
 3.44
 �0.08
 b

43
 4-OH
 3.30
 3.78
 �0.48
 b

44
 7-OH,6,3-NH2
 3.30
 2.95
 0.35
 a

45
 7-OH,6,8,4-NH2
 3.12
 3.89
 �0.77
 a

46
 3-COOMe,4-NH2
 3.09
 3.41
 �0.32
 a

47
 7-OH,4-OR
 3.01
 3.09
 �0.08
 b

48
 3-COOH,7-OMe,4-OH
 2.99
 3.44
 �0.45
 b

49
 7,4-OH,3,5-OCH3
 2.90
 3.47
 �0.57
 b

50
 7-OH,3,5-OCH3,4-OR
 2.82
 3.12
 �0.30
 b

51
 7-OH,6,8,4-NO2
 2.81
 2.65
 0.16
 a

52
 3-COOH,4-OH
 2.80
 3.48
 �0.68
 b
ity log1/IC50
No.
 Substituents
 log1/IC50

(obsd)

log1/IC50

(calc)

Residual
53
 5-OMe,8,4-NH2
 2.79
 3.66
 �0.87
 a

54
 7-OH,8,4-NO2
 2.73
 2.89
 �0.16
 a

55
 3-COOMe,3,4,5-OMe
 2.70
 2.68
 0.02
 b

56
 3-COOMe,3,5-OMe
 2.70
 2.51
 0.19
 b

57
 3-COOMe,3,4-OMe
 2.70
 2.91
 �0.21
 b

58
 3-COOMe,4-OBn
 2.70
 2.67
 0.03
 b

59
 3-COOMe,7-OMe,4-OBn
 2.70
 2.62
 0.08
 b

60
 3-COOMe,6-OMe,4-OBn
 2.70
 2.62
 0.08
 b

61
 3-COOH,4-Br
 2.70
 2.64
 0.06
 b

62
 3-COOH,4-NO2
 2.70
 2.57
 0.13
 a

63
 3-COOH,7-OMe,4-NO2
 2.70
 2.53
 0.17
 a

64
 3-COOH,6-OMe,4-NO2
 2.70
 2.54
 0.16
 a

65
 3-COOH,5,7-OH,4-NO2
 2.70
 2.99
 �0.29
 a

66
 4-NO2
 2.70
 2.89
 �0.19
 a

67
 6,4-NO2
 2.70
 2.82
 �0.12
 a

68
 8,4-NO2
 2.70
 2.71
 �0.01
 a

69
 6-OMe,8,4-NO2
 2.70
 2.67
 0.03
 a

70
 5-OMe,8,4-NO2
 2.70
 2.66
 0.04
 a

71
 7-OH,4-OBn
 2.70
 2.97
 �0.27
 c

72
 7,8,3,4,5-OCH3
 2.70
 3.07
 �0.37
 c

73
 7,8-OH,3,5-OCH3,4-OR
 2.70
 3.25
 �0.55
 c

74
 7,8-OAc,3,5-OMe,4e
 2.70
 1.72
 0.97
 c

75
 6,3,4,5-OCH3
 2.70
 3.04
 �0.34
 c

76
 7-OH,3,4,5-OCH3
 2.70
 3.32
 �0.62
 c

77
 7-OAc,3,5-OCH3,4-OH
 2.70
 2.71
 �0.01
 c

78
 7-OAc,3,5-OCH3,4-OR
 2.70
 2.10
 0.60
 c

79
 7,3,4,5-OCH3
 2.70
 3.03
 �0.33
 c

80
 3,5-OCH3
 2.70
 2.88
 �0.18
 c

81
 5-OH,4-OBn
 2.70
 3.17
 �0.47
 c

82
 3,COOMe,4-OMe
 2.70
 2.61
 0.09
 c

83
 3-COOMe,4-Br
 2.70
 2.64
 0.06
 c

84
 3-COOMe,4-NO2
 2.70
 2.57
 0.13
 c

85
 3-COOMe,7-OMe,4-NO2
 2.70
 2.68
 0.02
 c

86
 3-COOMe,6-OMe,4-NO2
 2.70
 2.54
 0.16
 c

87
 3-COOMe,5,7-OBn,4-NO2
 2.70
 2.57
 0.13
 c

88
 3-COOH,3,4,5-OMe
 2.70
 2.76
 �0.06
 c

89
 3-COOH,3,5-OMe
 2.70
 2.57
 0.13
 c

90
 3-COOH,3,4-OMe
 2.70
 2.94
 �0.24
 c

91
 3-COOH,4-OMe
 2.70
 2.61
 0.09
 c

92
 3-COOMe,7-OMe,4-OH
 2.70
 3.41
 �0.71
 c

93
 3-COOMe,6-OMe,4-OH
 2.70
 3.41
 �0.71
 c

94
 3-COOMe,7-OMe,4-NHAc
 2.70
 2.56
 0.14
 c

95
 3-COOMe,6-OMe,4-NHAc
 2.70
 2.56
 0.14
 c

96
 7-OH,4-NO2
 2.70
 3.14
 �0.44
 c

97
 6-OH,4-NO2
 2.70
 3.14
 �0.44
 c

98
 5,7-OH,4-NO2
 2.70
 3.33
 �0.63
 c

99
 7-OH,6,4-NO2
 2.70
 2.90
 �0.20
 c

100
 5-OH,8,4-NO2
 2.70
 2.90
 �0.20
 c

101
 6,8,4-NO2
 2.70
 2.61
 0.09
 c

102
 6-OH,8,4-NO2
 2.70
 2.94
 �0.24
 c

103
 5-OH,6,4-NO2
 2.70
 2.85
 �0.15
 c

104
 6-OH,5,7,4-NO2
 2.70
 2.70
 �0.00
 c
l activ
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Table 2. Hydrophobic parameters and Indicator parameters of flavon
Compd
 logP
 He
 I1
 I3
 IOH
 INH
 INO2

IOMe
1
 �2.78
 �22.21
 1
 0
 0
 1
 0
 0

2
 �4.01
 �34.51
 1
 1
 1
 0
 0
 0

3
 �2.99
 �29.01
 1
 1
 1
 0
 0
 0

4
 �0.03
 �18.88
 1
 0
 1
 0
 0
 0

5
 �1.06
 �17.48
 1
 0
 1
 0
 0
 0

6
 �1.06
 �18.06
 1
 0
 1
 0
 0
 0

7
 �3.47
 �20.14
 1
 0
 0
 1
 0
 0

8
 �1.06
 �17.16
 1
 0
 0
 0
 0
 0

9
 �2.02
 �10.78
 1
 0
 1
 0
 0
 1

10
 �3.11
 �29.93
 1
 0
 1
 0
 0
 0

11
 �1.06
 �18.07
 1
 0
 1
 0
 0
 0

12
 �5.19
 �22.49
 1
 0
 0
 1
 0
 0

13
 �3.44
 �14.55
 0
 0
 0
 1
 0
 0

14
 �3.02
 �20.12
 1
 0
 0
 0
 0
 1

15
 �4.97
 �27.31
 1
 1
 1
 0
 0
 1

16
 �4.01
 �34.04
 1
 1
 1
 0
 0
 0

17
 �2.45
 �14.71
 0
 0
 0
 1
 0
 0

18
 �4.17
 �17.86
 0
 0
 0
 1
 0
 0

19
 �3.47
 �19.75
 1
 0
 0
 1
 0
 0

20
 �1.06
 �18.36
 1
 0
 1
 0
 0
 0

21
 �3.05
 �17.52
 1
 0
 1
 0
 0
 1

22
 �0.36
 �9.97
 1
 0
 0
 0
 0
 0

23
 �2.45
 �13.28
 0
 0
 0
 1
 0
 0

24
 �3.05
 �17.51
 1
 0
 1
 0
 0
 1

25
 �1.76
 �16.59
 1
 0
 0
 1
 0
 0

26
 �3.47
 �20.11
 1
 0
 0
 1
 0
 0

27
 �1.06
 �18.37
 1
 0
 1
 0
 0
 0

28
 �2.09
 �22.70
 1
 0
 1
 0
 0
 0

29
 �2.45
 �14.41
 0
 0
 0
 1
 0
 0

30
 �0.73
 �9.84
 0
 0
 0
 1
 0
 0

31
 �2.45
 �14.71
 1
 0
 0
 1
 0
 0

32
 �1.96
 �21.71
 1
 1
 0
 0
 0
 0

33
 �2.06
 �18.91
 1
 0
 1
 0
 0
 0

34
 �1.06
 �17.18
 1
 0
 1
 0
 0
 0

35
 �1.06
 �16.17
 1
 0
 0
 0
 0
 0

36
 �3.47
 �19.09
 1
 0
 0
 1
 0
 0

37
 �3.47
 �19.32
 1
 0
 0
 1
 0
 0

38
 �0.04
 �11.54
 1
 0
 0
 0
 0
 0

39
 �2.34
 �15.07
 1
 0
 0
 0
 0
 1

40
 �3.44
 �14.85
 0
 0
 0
 1
 0
 0

41
 �4.04
 �24.76
 1
 0
 0
 0
 0
 1

42
 �0.50
 �10.03
 1
 1
 1
 0
 0
 0

43
 �0.04
 �11.62
 1
 0
 1
 0
 0
 0

44
 �3.35
 �17.66
 1
 1
 0
 0
 0
 0

45
 �5.19
 �22.62
 1
 0
 0
 1
 0
 0

46
 �1.19
 �8.28
 0
 1
 0
 1
 0
 0

47
 �0.36
 �9.98
 1
 0
 0
 0
 0
 0

48
 �1.52
 �12.35
 1
 1
 1
 0
 0
 0

49
 �2.02
 �10.78
 1
 0
 1
 0
 0
 1

50
 �2.34
 �15.08
 1
 0
 0
 0
 0
 1

51
 �8.28
 �20.40
 1
 0
 0
 0
 1
 0

52
 �0.53
 �10.72
 1
 1
 1
 0
 0
 0
erivatives used
Compd
 logP
 He
 I1
 I3
 IOH
 INH
 INO2

IOMe
53
 �3.44
 �14.62
 0
 0
 0
 1
 0
 0

54
 �5.53
 �18.37
 1
 0
 0
 0
 1
 0

55
 �2.54
 �11.20
 0
 1
 0
 0
 0
 1

56
 �1.46
 �5.59
 0
 1
 0
 0
 0
 1

57
 �1.46
 �12.69
 0
 1
 0
 0
 0
 1

58
 0.74
 �3.40
 0
 1
 0
 0
 0
 1

59
 �0.25
 �4.77
 0
 1
 0
 0
 0
 1

60
 �0.25
 �4.89
 0
 1
 0
 0
 0
 1

61
 0.58
 �3.22
 0
 1
 0
 0
 0
 0

62
 �2.22
 �8.41
 0
 1
 0
 0
 1
 0

63
 �3.21
 �10.05
 0
 1
 0
 0
 1
 0

64
 �3.21
 �10.16
 0
 1
 0
 0
 1
 0

65
 �4.27
 �20.62
 1
 1
 0
 0
 1
 0

66
 �1.76
 �9.79
 0
 0
 0
 0
 1
 0

67
 �4.51
 �14.72
 0
 0
 0
 0
 1
 0

68
 �4.51
 �12.78
 0
 0
 0
 0
 1
 0

69
 �5.50
 �14.38
 0
 0
 0
 0
 1
 0

70
 �5.50
 �14.18
 0
 0
 0
 0
 1
 0

71
 1.20
 �4.45
 1
 0
 0
 0
 0
 1

72
 �1.99
 �13.38
 0
 0
 0
 0
 0
 1

73
 �3.37
 �19.73
 1
 0
 0
 0
 0
 1

74
 �3.89
 5.91
 0
 0
 0
 0
 0
 1

75
 �2.99
 �15.16
 0
 0
 0
 0
 0
 1

76
 �3.02
 �20.13
 1
 0
 0
 0
 0
 1

77
 �3.47
 �0.59
 1
 0
 1
 0
 0
 1

78
 �2.76
 1.84
 0
 0
 0
 0
 0
 1

79
 �2.99
 �15.01
 0
 0
 0
 0
 0
 1

80
 �1.00
 �7.86
 0
 0
 0
 0
 0
 1

81
 0.18
 �10.31
 1
 0
 0
 0
 0
 1

82
 �0.46
 �5.13
 0
 1
 0
 0
 0
 1

83
 0.58
 �3.22
 0
 1
 0
 0
 0
 0

84
 �2.22
 �8.41
 0
 1
 0
 0
 1
 0

85
 �4.63
 �15.87
 0
 1
 0
 0
 1
 0

86
 �3.21
 �10.16
 0
 1
 0
 0
 1
 0

87
 �2.00
 �8.01
 0
 1
 0
 0
 1
 0

88
 �2.48
 �12.37
 0
 1
 0
 0
 0
 1

89
 �1.49
 �6.79
 0
 1
 0
 0
 0
 1

90
 �1.49
 �13.24
 0
 1
 0
 0
 0
 1

91
 �0.46
 �5.13
 0
 1
 0
 0
 0
 1

92
 �1.49
 �11.67
 1
 1
 1
 0
 0
 0

93
 �1.49
 �11.78
 1
 1
 1
 0
 0
 0

94
 �2.56
 3.59
 0
 1
 0
 1
 0
 0

95
 �2.56
 3.47
 0
 1
 0
 1
 0
 0

96
 �2.83
 �16.54
 1
 0
 0
 0
 1
 0

97
 �2.78
 �16.53
 1
 0
 0
 0
 1
 0

98
 �3.81
 �22.16
 1
 0
 0
 0
 1
 0

99
 �5.53
 �18.52
 1
 0
 0
 0
 1
 0

100
 �5.53
 �18.62
 1
 0
 0
 0
 1
 0

101
 �7.25
 �17.41
 0
 0
 0
 0
 1
 0

102
 �5.53
 �19.18
 1
 0
 0
 0
 1
 0

103
 �5.53
 �17.71
 1
 0
 0
 0
 1
 0

104
 �8.02
 �20.77
 1
 0
 0
 0
 1
 0
oid d
logP, octenol/water partition coefficient; He, hydration energy; I1, presence of –OH group at any position by 1, otherwise 0; I3, presence of sub-
stituents at R3 position by 1 otherwise 0; IOH, presence of –OH group on phenyl ring by 1 otherwise 0; INH, presence of amino group by 1 otherwise
0; INO2

, presence of nitro group by 1 otherwise 0; IOMe, presence of Methoxy group by 1 otherwise 0.
Table 3. Correlation matrix for the parameters and log1/IC50 of flavonoid derivatives
log1/IC50
 logP
 He
 I1
 I3
 IOH
 INH
 INO2

IOMe
log1/IC50
 1.0000

logP
 0.0796
 1.000

He
 �0.5427
 0.4492
 1.000

I1
 0.4372
 �0.0774
 �0.5727
 1.000

I3
 �0.2831
 0.2503
 0.2731
 �0.3524
 1.000

IOH
 0.4416
 0.1995
 �0.2769
 0.4723
 0.0279
 1.000

INH
 0.3115
 �0.1164
 �0.0357
 �0.1127
 �0.2061
 �0.2829
 1.000

INO2
�0.4337
 �0.5578
 �0.0602
 �0.1425
 �0.0037
 �0.3081
 �0.2755
 1.000

IOME
 �0.2537
 0.2079
 0.2964
 �0.1785
 0.0697
 �0.0714
 �0.3277
 �0.3569
 1.000
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log1=IC50 ¼ 0:2214 �0:0385ð ÞlogP

� 0:0901 �0:0102ð ÞHe

� 0:4746 �0:1252ð ÞI3 þ 2:8080 ð5Þ

n ¼ 70; r ¼ 0:7896; Se ¼ 0:4603; F ¼ 34:225;

Q ¼ 1:710

log1=IC50 ¼ 0:2360 �0:0375ð ÞlogP

� 0:0924 �0:0098ð ÞHe

� 0:3664 �0:1283ð ÞI3

þ 0:3205 �0:1309ð ÞINH þ 2:6814 ð6Þ

n ¼ 70; r ¼ 0:8107; Se ¼ 0:4428; F ¼ 29:238;

Q ¼ 1:83

Eq 5 suggests that substituents at R3 position decreases
log1/IC50.

From the above results, we concluded that presence of
amino- group and absence of substituents at R3 is pre-
ferable over presence of –OH at phenyl moiety or
absence of –OH in a molecule for a set of 70 flavonoids.

The results obtained by Nikolovska-Coleska and
co-workers21 for the same set of 70 compounds are
given below:

Tri-parametric model

n ¼ 70; r ¼ 0:715; Se ¼ 0:52; F ¼ 23:05; Q ¼ 1:375

Tetra-parametric model

n ¼ 70; r ¼ 0:789; Se ¼ 0:46; F ¼ 26:80; Q ¼ 1:710

Thus, our results are slightly better than those reported
by Nikolovska-Coleska and co-workers.21

Finally, for the entire set of 104 flavonoid derivatives,
eqs 7 and 8 were the best suited:

log1=IC50 ¼ 0:0497 �0:0068ð ÞHe

� 0:9622 �0:1159ð ÞINO2

� 0:4557 �0:1172ð ÞIOMe þ 2:9154 ð7Þ

n ¼ 104; r ¼ 0:7783; Se ¼ 0:4611; F ¼ 48:148;

Q ¼ 1:688

log1=IC50 ¼ 0:1221 �0:0292ð ÞlogP

� 0:0595 �0:0077ð ÞHe

þ 0:5677 �0:1215ð ÞIOH

þ 0:7633 �0:1145ð ÞINH þ 2:4257 ð8Þ

n ¼ 104; r ¼ 0:8032; Se ¼ 0:4398; F ¼ 42:267;

Q ¼ 1:826
The positive coefficient of IOH and INH favors the pre-
sence of the amino-group and presence of –OH group
on phenyl moiety for the tyrosinkinase inhibition activ-
ity. Due to other substituents the positional significance
of indicator I3 or third position were decreases and
the role of –OH group on phenyl moiety enhance for the
tyrosinkinase inhibition activity.

The statistics obtained from the tri- and tetra-para-
metric models for the set of 104 compounds by Niko-
lovska-Coleska and co-workers21 are found as below:

n ¼ 104; r ¼ 0:750; Se ¼ 0:48; F ¼ 42:79; Q ¼ 1:56

n ¼ 104; r ¼ 0:747; Se ¼ 0:48; F ¼ 31:20; Q ¼ 1:556

Hence, the results obtained by us for this set of 104
compounds are again of better quality.

Finally, the penta-parameteric model gave slightly better
statistics:

log1=IC50 ¼ 0:1300 �0:0291ð ÞlogP

� 0:0568 �0:0077ð ÞHe

� 0:188 �0:0999ð ÞI3

þ 0:5591 �0:1199ð ÞIOH

þ 0:7137 �0:1159ð ÞINH þ 2:5666 ð9Þ

n ¼ 104; r ¼ 0:8115; Se ¼ 0:4337; F ¼ 35:485;

Q ¼ 1:870

3. Conclusion

The statistical analyses based on logP and hydration
energy He with indicator parameters led us to propose
the explanation of the structure–activity relationships,
which covers a wide range of substituents as well as a
verity of physicochemical interaction involve in the
enzyme–inhibitors complex. The models proposed in
present work are more useful in describing QSAR of
flavonoid derivatives as p56lck Protein Tyrosinkinase
Inhibitors than that of Nikolovska-Coleska et al.21
4. Experimental

4.1. Molecular descriptors

In the present study, the parameters used in the present
work are He, an energy released when water molecules
surrounds any flavonoids and logP is the logarithm of
octanol/water partition coefficient accounts for hydro-
phobic nature of drug molecules. These are calculated
from software hyperchem 7 (demo version)24 and shown
in Table 2.

4.2. Indicator parameters

Six indicator parameters, I3, INH, I1, IOH, INO2 and IOMe

are used and also recorded in the Table 2. I1 is used for
presence of –OH group at any position by 1, I3 is the
A. Thakur et al. / Bioorg. Med. Chem. 12 (2004) 1209–1214 1213



account for the presence of substituents at the R3 posi-
tion, IOH indicate the presence of –OH group on phenyl
ring by 1, INH is account of amino group by 1, INO2

is
used for the presence of nitro group by 1, IOMe is the
account of presence of methoxy group by 1 otherwise 0.

4.3. Biological activity

The biological assay data used in our study are results
of in vitro tests for Inhibitory activity against protein-
tyrosine kinase p56lck, a lymphoid cell lineage-specific
PTK of the src family which taken from litera-
ture.21,25,26 Molecular structure and numbering of the
substituents in the flavonoid derivatives are represented
in Figure 1 and structures of the used flavone deriv-
atives (natural and synthetic) along their Inhibitory
data, are summarized in Table 1.

4.4. Regression analysis

In the present study linear mathematical models are
developed to study Quantitative structure/property–
activity relationship (QSARs). Multiple linear regres-
sions are used to develop these models.

Step-wise regression has been performed for obtaining
the best model. The predictive potential of these models
are discussed on the basis of quality factor (Q).22
References and notes

1. Cantley, L. C.; Auger, K. R.; Carpenter, C.; Duckworth,
B.; Graziani, A.; Kapeller, R.; Soltoff, S. Cell 1991, 64, 281.

2. Groundwater, P. W.; Solomons, K. R. H.; Drewe, J. A.;
Munawar, M. A. In Ellis, G. P., Luscombe, D. K., Eds.
Progress in Medicinal Chemistry; Elsevier Science:
Amsterdam, 1996; p 233.

3. Hunter, T. Curr. Opin. Cell Biol. 1989, 1, 1168.
4. Ullrich, A.; Schlessinger, J. Cell 1990, 61, 203.
5. Bishop, J. M. Annu. Rev. Biochem. 1983, 52, 301.
6. Bolen, J. B.; Veillette, A.; Schwartz, A. M.; DeSeau, V.;
Rosen, N. Proc. Natl. Acad. Sci. U.S.A. 1987, 84, 2251.

7. Slamon, D. J.; Clark, G. M.; Wong, S. G.; Levin, W. J.;
Ullrich, A.; McGuire, W. L. Science 1987, 235, 177.

8. Yamamoto, T.; Kamata, N.; Kawano, H.; Shimizu, S.;
Kuroki, T.; Toyoshima, K.; Rikimaru, K.; Nomura, N.;
Ishizaki, R.; Pastan, I.; Gamou, S.; Shimizu, N. Cancer
Res. 1986, 46, 414.

9. Tritton, T. R. Cancer Cells 1990, 2, 95.
10. Powis, G. TIPS 1991, 12, 188.
11. Burke, T. R. Drugs of the Future 1992, 17, 119.
12. Geahlen, L. R.; Koonchanok, M. N.; McLaughlin, J. L.;

Pratt, D. E. J. Nat. Prod. 1989, 52, 982.
13. Ogawara, H. J. Antibiot. 1989, 42, 340.
14. Cushman, M.; Nagarathnam, D.; Geahlen, L. R. J. Nat.

Prod. 1991, 54, 1345.
15. Cushman, M.; Nagarathnam, D.; Berg, L. D.; Geahlen,

L. R. J. Med. Chem. 1991, 34, 798.
16. Cushman, M.; Zhu, H.; Geahlen, L. R.; Kraker, J. A. J.

Med. Chem. 1994, 37, 3353.
17. Hagiwara, M.; Inoue, S.; Tanaka, T.; Nunoki, K.; Ito,

M.; Hidaka, H. Biochem. Pharmacol. 1988, 37, 2987.
18. Akiyama, T.; Ishida, J.; Nakagawa, S.; Ogawara, H.;

Watanabe, S.; Itoh, N.; Shibuya, M.; Fukami, Y. J. Biol.
Chem. 1987, 262, 5592.

19. (a) Abhilash, T.; Mamta, T. Bioinformatics India 2003, 1,
65. (b) Clark, B. W.; Supran, C. T. Eur. J. Med. Chem.
1997, 32, 311. (c) Supran, C. T.; Clare, B. W. Eur. J. Med.
Chem. 1998, 33, 489.

20. (a) Abhilash, T.; Mamta, T. Res. J. Chem. Envioron. 2003,
7, 51. (b) Supran, C. T.; Scozzafava, A.; Briganti, F.;
Clare, B. W. J. Med. Chem. 2000, 43, 1793.

21. Nikolovska-Coleska, Z.; Ljubica, S.; Kiril, D.; Ales, K.;
Tom, S. Quant. Struct. -Act. Relat. 1998, 17, 7.

22. Pogliani, L. Amino Acids 1994, 6, 141.
23. Khadikar, P. V.; Deshpande, N. N.; Kale, P. P.; Dobri-

nin, A.; Gutman, I.; Domotor, G. J. Chem. Inf. Compt.
Sci. 1995, 35, 547.

24. Computer Software Hyperchem7 [www.hyperchem.com
(Demo)].

25. Koga, Y.; Kimura, N.; Minowada, J.; Mark, T. W. Can-
cer Res. 1988, 48, 856.

26. Abraham, K. M.; Levin, S. D.; Marth, J. D.; Forbush,
K. A.; Perlmutter, R. M. Proc. Natl. Acad. Sci. U.S.A.
1991, 88, 3977.
1214 A. Thakur et al. / Bioorg. Med. Chem. 12 (2004) 1209–1214


	QSAR study of flavonoid derivatives as p56lck tyrosinkinase inhibitors
	Introduction
	Results and discussion
	Conclusion
	Experimental
	Molecular descriptors
	Indicator parameters
	Biological activity
	Regression analysis

	References


