
Sudhan Debnath et al., Int. J. Res. Pharm. Sci., 3(2), 2012, 206-214 

206 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 

 

 

 
 

 

 

     https://ijrps.com   

ISSN: 0975-7538 
Research Article 

Pharmacophore Modeling and 3D QSAR analysis of flavonoids and congeners 
active against A549 cell line 

Sudhan Debnath*1, Utpal Ch. De2, Debanjan Sen3, Biswanath Dinda2 

1Department of Chemistry, M.B.B. College, Agartala – 799 004, India 
2,3Department of Chemistry, Tripura University, Suryamaninagar – 799 022, India, 

3BIPS, Kalyani, W.B, India 
 

 

INTRODUCTION 

At present, cancer is one of the leading causes of death 
in the developed as well as in developing  countries 
[http://www.medicalnewstoday.com/info/lung- 
cancer]. Lung cancer is the most frequent cause of 
cancer-related death and accounts for more than a 
million deaths yearly worldwide with non-small cell 
lung cancer (NSCLC) accounting for 75-85% of lung 
cancer [Greenlee et al., 2001; Greenlee et al., 2000]. 
The pathogenesis of lung cancer involves the accumu- 
lation of multiple molecular abnormalities. These alte- 
rations include the genetic mutations, chromosomal 
changes with consequent inactivation of tumor sup- 
pressor genes and over activity of signal transduction 
cascades. Effective treatment of cancer is a result of 
the cytotoxicity of a drug against proliferating cells. 
Most of the clinically available anticancer drugs inter- 
fere with DNA function to exert their cytotoxicity. 
Apoptosis (programmed cell death), not only occurs 
naturally during development and differentiation, but 
also acts to eliminate damaged cells after injury [Evans, 
1993]. Molecular studies of lung cancer have provided 
new avenues for early diagnosis and therapeutic strat- 
egies; however, certain patients are still plagued by 
rapid disease recurrence and progression and there 
has been no significant improvement in their overall 
survival. Therefore, it remains a disease with poor 

prognosis and the primary cause of cancer-related 
death in both men and women despite recent ad- 
vances made in drug development. The development 
or presence of resistance to chemotherapeutic agents 
is a major obstacle to the effective treatment of lung 
cancer. Identification of the molecular determinants of 
sensitivity and resistance to chemotherapy is expected 
to improve the therapeutic efficacy. A literature survey 
[Harborne, 1994; Harbored, 2000] reveals that flavono- 
id derivatives are active against many tumor cell lines. 
Flavonoids are a group of polyphenolic compounds 
that occur naturally in foods of plant origin. These 
compounds possess a common phenylbenzopyrone 
structure (C6-C3-C6), and they are categorized accord- 
ing to the saturation level and opening of the central 
pyran ring, mainly into flavones, flavanols, isoflavones, 
flavonols, flavanones, and flavanonols [Harborne, 
1994; Harbored, 2000]. These polyphenolic compounds 
display remarkable spectrum of biological activities 
including those that might be able to influence 
processes that are deregulated during cancer devel- 
opment. These include, for example, antiallergic, anti- 
inflammatory, antioxidant, antimutagenic and specific 
cytotoxic activity towards different cancer cell lines 
which have generated large interest in developing fla- 
vonoid based cytostatics for anticancer therapy [Mid- 
dleton, 2000; Galati et al., 2000; Yang et al., 2001; 
Sharma et al., 2006; Galati et al., 2004]. In the light of 

   their biological significance, we have undertaken mole- 

* Corresponding Author 
Email: bcsdebnath@gmail.com 
Contact: +91-9436518210 
Received on: 15-11-2011 
Revised on: 17-02-2012 
Accepted on: 11-03-2012 

cular modeling studies on a collection of flavonoids and 
congeners which were acctive against A549 cell line 
and built a legand based 3D QSAR model. It is our aim 
to develop a model which depicts the crucial structural 
features responsible for anti-lung cancer activity. The 
models developed for the receptor have 

 

 

ABSTRACT 
 

In our present study we have developed a ligand based 3D QSAR of 27 flavonoids and congeners active against 
human lung cancer cell line (A549) using the Phase module of Schrödinger suit. A five feature pharmacophore 
(AAARR) hypothesis yielded a statistically significant 3D-QSAR model having r2 = 0.9058, q2 = 0.6545, Pearson R = 
0.8223, RMSD = 0.373 and r2 = 0.65512. The results of this pharmacophore based 3D-QSAR model gives a struc- pred 

tural insight of selected flavonoids and congeners as A549 inhibitors which will provide guidance for the potential 
anti lung cancer drug design. 
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Figure 1: Structure of the selected flavonoids and congeners 
 

been analyzed to identify potential areas of selectivity 
in the hyperspace of 3D pharmacophores that may 
lead to the discovery of anti-lung cancer drug or such 
compounds which could serve as templates for the 
design of new molecules as potential anti lung cancer 
agents. 

MATERIAL AND METHODS 

Data set 

In the present study for designing of potential anti-lung 
cancer drug we have collected 27 flavonoids and con- 
geners (Fig. 1) from different literature [Seelinger et al., 
2008; Xinya et al., 2011; Ding et al., 2004; Caltagirone 
et al., 1997; Bible et al., 1996; Li et al., 2008; Bonesi et 
al., 2008] having precise IC50 values against human lung 
cancer cell line A549. The IC50 values of the compounds 
were cited in the literature in μM/nM and the values 
were converted into their corresponding negative loga- 
rithm of IC50 (pIC50) ranged from 6.602 to 4.005. The 
activity above 5.495 was arbitrarily taken as active dur- 
ing model generation. From the entire dataset of 27 
compounds a subset of eight compounds was random- 
ly excluded as an independent validation set and the 
remaining 19 compounds were taken as training set 
(Table -1). 

Pharmacophore Modeling 

Pharmacophore is an important and unifying concept 
in rational drug design which embodies the notion that 

molecules are active at a particular enzyme or receptor 
when they possess a number of chemical features that 
favorably interact with the target possessing geometry 
complementary to it [Marriott et al., 1999]. A pharma- 
cophore hypothesis collects common features distri- 
buted in three-dimensional space representing groups 
in a molecule that participate in favourable interac- 
tions between drug and active site of the receptor. 
Pharmacophore modeling and 3D database searching 
are now recognized as integral components of lead 
discovery and lead optimization. In the present study 
pharmacophore modeling was carried out using PHASE 
[Schrödinger, LLC, NY 2010] running on windows 7 OS 
associated with Intel processor. 

Ligand Preparation 

The 2D structures of all the compounds were drawn in 
ChemDraw Ultra 8.0 and geometrically refined using 
‘Ligprep’ module which produces low-energy 3D struc- 
ture with correct chiralities for each successfully pro- 
posed input structure. While performing this step, chi- 
ralities were determined from 3D structure and original 
states of ionization were retained. Conformers were 
generated using Macro Model search method as im- 
plemented in phase module of maestro version 9.2 
using OPLS-2005 force field discarding current confor- 
mers [Schrödinger, LLC, NY 2010]. For each molecule, a 
set of conformers with a maximum energy difference 
of 10 kcal/mol relative to the global energy minimum 
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Table 1: Experimental and predicted activity of the molecules based on hypothesis AARRR.26 

Compound No. Training/Test Experimental Activity IC50(μm) 
Predicted Activity 

IC50(μm) 
Fitness Score 

1 training 4.241 4.2 1.72 

2 test 4.75 5.28 2.05 

3 training 6.276 6.12 2.47 

4 training 4.857 4.78 2.09 

5 test 5.495 5.21 2.75 

6 test 6 5.4 3 

7 training 6.108 5.71 2.73 

8 training 6.602 6.84 2.38 

9 training 4.398 4.88 2.47 

10 test 5.066 4.74 2.16 
11 training 4.42 4.65 2.15 

12 training 4.337 4.4 1.29 

13 training 5.004 4.91 1.44 

14 training 4.381 4.11 1.33 

15 training 4.005 4.03 1.33 

16 test 4.207 4.1 1.27 

17 test 4.403 4.68 1.57 

18 training 4.012 3.95 1.45 

19 test 4.371 4.73 1.89 
20 training 4.411 4.41 2.22 

21 training 5.252 5 2.41 

22 training 5.131 4.97 2.4 

23 training 4.879 4.73 2.4 

24 training 4.223 4.72 2.38 

25 training 4.348 4.28 2.52 

26 test 4.07 4.34 2.53 

27 training 4.273 4.45 2.41 

 

Table 2: Parameters of pharmacophore hypothesis 

Hypothesis 
ID 

Survival score (Survival –inactive) score 
Hypothesis 

ID 
Survival 

score 
(Survival –inactive) 

score 

AARRR.26 4.047 2.071 AAARR.114 3.984 1.995 

AAARR.72 4.046 1.96 AAAAR.262 3.983 2.042 

AAARR.120 4.046 1.96 AAAAR.228 3.983 2.042 

AAARR.26 4.019 2.034 AAAAR.251 3.983 2.042 

AAARR.25 4.019 2.034 AAAAR.240 3.983 2.042 

AARRR.4 4.018 2.073 AAAAR.227 3.983 2.042 

AARRR.3 4.018 2.073 AADRR.8 3.766 2.432 

AAAAR.188 4.000 1.930 AAADR.12 3.464 1.772 
AAAAR.45 4.000 1.930 AADRR.7 3.075 1.878 

AAARR.38 3.998 2.014 AAAAR.49 2.956 1.450 

AARRR.25 3.987 2.043 AAAAR.195 2.956 1.450 

AAARR.117 3.987 1.990 AAAAR.191 2.956 1.450 

AAARR.71 3.987 1.990 AAARR.41 2.867 1.549 

AAARR.116 3.986 2.151  

 

conformer was retained. The conformational searches 
were done for aqueous solution using the distance- 
dependent dielectric model [Chung et al., 2010]. 

Hypothesis Generation 

In the present study, an initial analysis of the com- 
pounds revealed that three chemical features i.e., hy- 
drogen-bond acceptor (A), hydrogen-bond donor (D) 

and aromatic ring (R) could effectively map all critical 
chemical features of all molecules in the data set. The 
minimum and maximum sites for all the features were 
kept 3 and 5, respectively. These features were se- 
lected and used to build up a series of hypothesis with 
the ‘find common pharmacophore’ option in PHASE 
which provides a standard set of six pharmacophore 
features viz. hydrogen bond acceptor (A), hydrogen 
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Table 3: Parameters of five best pharmacophore hypotheses 

Hypothesis 
ID 

Survival score (Survival –inactive) score 
Hypothesis 

ID 
Survival 
score 

(Survival – 
inactive) score 

AARRR.26 4.047 2.071 AADRR.8 3.766 2.432 

AAARR.72 4.046 1.96 AAADR.12 3.464 1.772 

AAAAR.188 4 1.93  

 

Table 4: Angles between different pharmacophoric sites of model AARRR.26 

Site1 Site2 Site3 Angle Site1 Site2 Site3 Angle 

A3 A1 R13 9.7 A3 R13 R14 45.9 
A3 A1 R14 23.3 A3 R13 R15 69.5 

A3 A1 R15 47.0 R14 R13 R15 23.5 

13 A1 R14 13.6 A1 R14 A3 108.5 

13 A1 R15 37.3 A1 R14 R13 15.4 
R14 A1 R15 23.7 A1 R14 R15 127.7 

A1 A3 R13 7.2 A3 R14 R13 93.1 

A1 A3 R14 48.2 A3 R14 R15 123.7 

A1 A3 R15 83.2 R13 R14 R15 143.2 

R13 A3 R14 41.0 A1 R15 A3 49.8 

R13 A3 R15 76.0 A1 R15 R13 15.3 
R14 A3 R15 35.0 A1 R15 R14 28.6 

A1 R13 A3 163.1 A3 R15 R13 34.5 

A1 R13 R14 151.0 A3 R15 R14 21.2 

A1 R13 R15 127.5 R13 R15 R14 13.3 

 

Table 5: Distances between different pharmacophoric sites of AARRR.26 

Site1 Site2 Distance Site1 Site2 Distance 

A1 A3 6.408 A3 R14 2.671 

A1 R13 2.764 A3 R15 6.133 

A1 R14 5.037 R13 R14 2.438 

A1 R15 8.330 R13 R15 6.355 

A3 R13 3.712 R14 R15 4.233 

 
Figure 2: Pharmacophore AARRR.26 

 

bond donor (D), hydrophobic group (H), negatively 
ionizable (N), positively ionizable (P), and aromatic ring 
(R). ‘Find Common Pharmacophore’ option in PHASE 
generated 27 different variants (Table 2). Hypothesis 
scores were calculated for both active and inactive 
compounds by ‘Score actives’ and ‘Score inactive’ op- 
tion using an overall maximum root mean square devi- 
ation (RMSD) value of 1.2 Å. The quality of hypotheses 

was measured based on the survival score and five 
different variants were selected (Table 3). Angles be- 
tween different pharmacophoric sites of the hypothe- 
sis AARRR are shown in Table 4 where as the distances 
between different pharmacophoric sites of the same 
hypothesis 
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Table 6: Validation results of best five pharmacophore hypothesis 

ID AARRR.26 AAARR.72 AADRR.8 AAAAR.188 AAADR.12 

PLS Factors 3 3 3 3 3 

SD 0.2595 0.257 0.1715 0.1972 0.252 
R2 0.9058 0.9062 0.9516 0.9456 0.9133 

F 48.1 51.5 98.2 92.6 56.2 

P 6.25e-008 1.92e-08 4.37e-10 2.52e-10 1.02e-08 

Stability -0.153 -0.0805 -0.0342 0.0484 -0.0934 
RMSE 0.373 0.3891 0.4951 0.4231 0.3393 

q2 0.6545 0.5967 0.5856 0.5037 0.6386 

Pearson-R 0.8223 0.8193 0.7976 0.7134 0.8103 
2 

Rpred 0.655158 0.606699 0.600546 0.504567 0.637307 
 

Figure 3: Experimental vs Predicted Activity 
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Figure 4: Contour maps of Hydrogen bond donor substitution, (a) flavones skeleton (b) compound 8 (c) 

compound 26 
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Figure 5: Effect of hydrophobic/non-polar substitution (a) compound 8 (b) compound 26 
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Figure 6: Effect of electron withdrawing (a) compound 8 (b) compound 26 

AARRR are shown in Table 5. The best pharmacophoric 
hypothesis (AARRR.26) is displayed in fig. 2. 

3D QSAR 

Among the 27 generated hypotheses only 5 different 
hypotheses were selected based on survival score and 
on the basis of the pharmacophore based alignment 
(fig. 3), 3D QSAR model was generated. In ‘Build QSAR’ 
[19] option, random training set was kept as 70% (Ta- 
ble-1) where remaining 30% as test set and a model 
was generated by keeping 1Å grid spacing, PLS factor 3 
and eliminate variables with (t-value) < 2.00. The vali- 
dation results of this 3D QSAR model was quite good 
and its external validation further proved its statistical 
significance (Table 6). The result at PLS factor 3 was r2 = 

AADRR.8, AAAAR.188 and AAADR.12 were selected on 
the basis of highest survival score for the development 
of pharmacophore based 3D QSAR model. These 
pharmacophoric features were used to align all the 
molecules for 3D QSAR analysis and different models 
were developed. All the generated models showed 
good correlation between experimental and predicted 
activity (q2 = 0.5037-0.6545) and Pearson R (0.7134 – 
0.8223). To evaluate the external predictive power of 
the models, the predicted activities (pIC50 values) of 
the eight compounds set aside as external validation 
set were compared with their observed activities. The 
model with the highest predictive power was obtained 
for the training set of nineteen compounds 
represented in Table –1 and correlation between expe- 

0.9058, q2 = 0.6545, Pearson R = 0.8223, RSME = 0.373 rimental vs phase predicted pIC50 values of all the 
2 

pred = 0.655158 for statistically best model and compounds for best model are shown in fig. 3. All the 
this model can add an edge to the development of po- 
tent anti-lung cancer agents. 

RESULTS AND DISCUSSION 

models were subjected to pass the same validation 
criteria to calculate the predicted activity. The results 
clearly demonstrated the high prediction accuracy, 

 

To establish the reliability and the true predictive pow- 

Rpred 

6). 

2 values ranges from 0.504567 to 0.655158 (Table 

er of QSAR models, it is necessary to demonstrate that 
the model should be able to predict accurately the ac- 
tivities of test set compounds. Generally, the model 
would be accepted provided R2>0.6, Pearson-R value 

Interpretations of QSAR results 

The 3D colour maps around the ligands obtained by 
PHASE QSAR indicated the important features and ef- 

~1 for training set and q2>0.5 and R 2>0.6 for test set. fects of various substitution patterns upon flavonoid 
In this study we have developed a model which pro- 
vides useful pharmacophoric features necessary for the 
selected compounds to function as cytotoxic agent 
against lung cancer A549 cell line. The whole dataset 
was divided into training set consisting of 19 com- 
pounds, and test set of 8 compounds (Table – 1). The 
pharmacophoric features selected for creating sites 
were hydrogen bond acceptor (A), hydrogen bond do- 
nor (D) and aromatic ring (R). The three and four fea- 
tured pharmacophore hypotheses were rejected due 
to low value of survival score and as they were unable 
to define the complete binding space of the selected 
molecules. Two featured five point pharmacophore 
hypotheses were selected and subjected to stringent 
scoring function analysis. Among 27 hypotheses (sur- 

scaffold for their cytotoxicity against human lung can- 
cer cell line A549. The effectiveness of flavones scaf- 
fold (RRR) is indicated by the moderate experimental 
pIC50 values of compounds 14, 15, 16, 18, 19 in which 
the RRR features are partially satisfied. 

H-Bond Donor 

The location of Hydrogen bond donor feature has been 
obtained from the QSAR model when applied to the 
most active ligand 8; low active ligand 26 and is shown 
in Fig. 4. The blue colour indicates the favourable and 
orange colour indicates an unfavourable region for 
hydrogen bond donor group to show A549 cytotoxicity. 
As glimpse in fig. 4, the blue region stretched out from 
7, 8 position of flavonoid scaffold suggested that these 

 vival score range 4.047 to 2.867), AARRR.26, AAARR.72, positions are very much prone to hydrogen bond donor 

and r 

pred 
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substituent for enhancing anti lung cancer activity 
whereas presence of such groups at 5-position may 
have detrimental effect on activity. In the compounds 
3, 6, 7 and 8 (highest active compounds, pIC50 >6), 
these regions are occupied by hydrogen bond donor 
substituents and showed higher activity which clearly 
demonstrated the robustness of the model. On the 
other hand in compounds 1, 24 and 26 no such hydro- 
gen bond donor groups are present either at 7, 8 and 
position 4' being occupied by hydrophobic group (like- 
OR) played a negative role on activity. Therefore during 
the design of new molecule of this class hydrogen bond 
donor group incorporation at position 7, 8 & 4' and 
avoidance of such groups at position 5 may be consi- 
dered for enhancing the activity. A small blue and 
orange region stretched out simultaneously from 4'- 
position indicates that free –OH group at this position 
is unlikely to have better activity of the compounds 
against A549 cell line. In compound 3, 6 and 7 this posi- 
tion is occupied by free -OH group and hence showed 
comparatively less activity than compound 6 in which 
this position is free. 

Effect of Hydrophobic/Non-polar substitution 

The green colour regions indicate the favourable and 
purple colour region indicates the unfavourable hydro- 
phobic/non-polar interaction sites (Fig. 5). It is clear 
from the hydrophobic contour diagram (fig. 5) that 
presence of hydrophobic or non-polar group in the 
vicinity of 4' position and absence of non-polar group 
in the region near to 6, 7 and 8 is likely to enhance the 
anti-lung cancer activity of these classes of com- 
pounds. These observations further suggested that a 
free –OH group at 4' will disfavour the activity whereas 
a hydrophilic environment (like sugar molecules) near 
to 6, 7 and 8-positions is expected to be favourable for 
desired activity. The experimental pIC50 values of com- 
pounds 3, 8 and 21 (7-position more hydrophilic), as 
well as 22, 23, 24, 25 and 26 (7-position is compara- 
tively less hydrophilic) corroborated these observa- 
tions. Hydrophilic feature at 3-position also favours the 
activity which clearly explain the pIC50 values of com- 
pounds 3, 7 and 20. It may be noted that green cubes 
above and below the two benzenoid ring (R13 and R15 
features in fig. 2) suggested that these rings undergoes 
a strong hydrophobic interaction with receptor. This 
clearly demonstrated the larger activity of the com- 
pounds 3, 5, 6, 7, 8, 10, 21 and 22 than the compounds 
14, 15, 16, 17, 18 and 19 (fig. 1) 

Effect of Electron Withdrawing Group 

The cyan colour (Fig. 6) around the ligand indicates the 
addition of electron withdrawing group will favour the 
anti-lung cancer activity and presence of electron 
withdrawing groups at red colour region disfavours the 
anti-lung cancer activity. The cyan colour around the 
region stretched out from position 3, 8 and 2' indicates 
that electron withdrawing effect at this position is like- 
ly to favour the in-vitro cell growth inhibition of A549 

cell line for these classes of compounds. The experi- 
mental pIC50 values of 4, 5, 6 and 8 clearly explained 
this feature. 3, 8 and 2' positions of compound 8, being 
occupied by good electron withdrawing group showed 
highest pIC50 value. On the other hand at position 6 
and 4', electron withdrawing group showed detrimen- 
tal effect on the activity. So these positions should be 
handled with care during design of new inhibitors of 
these classes for A549. 

CONCLUSION 

It emphasizes that before attempting to predict target 
properties of untested compounds one should exhaus- 
tively validate QSAR models developed for the training 
sets both internally and externally such that only mod- 
els that pass rigorous validation criteria should be used 
for the prediction. In this study, we have developed 
and thoroughly validated QSAR models for a series of 
flavonoids and congeners that have been studied as 
potential anticancer agents against A549 cell line. We 
have demonstrated that the validated 3D QSAR model- 
ing workflow was successful in generating models with 
high internal and external accuracy. These models may 
further be exploited for the design and discovery of 
new potent anticancer agents by means of virtual 
screening of available chemical databases. 
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