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ABSTRACT  

The 3D-QSAR studies on prenylated flavonoid derivatives as PKB/Akt1 inhibitors were endeavored using CoMFA and 

CoMSIA studies. Internal and external validation techniques were investigated using leave-one-out, no-validation and 

cross-validation and bootstrapping. The CoMFA model predicted satisfactory correlation coefficient q2 value of 0.880 

and conventional correlation coefficient r2 value of 0.973, while CoMSIA model predicted q2 value of 0.906 and r2 value 

of 0.991, inferring the important role of steric and electrostatic properties of candidate compounds. The models were 

graphically interpreted by using contour plots, which gave more accuracy into the structural requirements for increasing 

the biological activity of compounds and proved a strong basis for future rational drug design of more active inhibitors 

for cancer. The resulting CoMFA and CoMSIA contour map analysis were used to classify the structural features 

relevant to the biological activity in selected series of prenylated flavonoid derivatives. Molecular docking studies were 

also carried out for all 56 PKB/Akt1 inhibitors in the binding pocket of “Akt1 with AMP-PNP” (PDB id: 4EKK). The 

results revealed that these derivatives act as anti-cancer agents. 
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INTRODUCTION  

Protein kinase B also known as Akt. It is located 

downstream in the PI-3 (phosphatidylinositol-3-kinase) 

kinase pathway and also play pivotal role in the balance 

of cellular survival and apoptosis1. It is a serine/threonine 

kinase belongs to the AGC family of kinases2. It plays 

important role in signal transduction pathways. In 

mammals PKB is comprised of 3 highly homologous 

isoforms, viz., (1) PKBα, (2) PKBβ, and (3) PKBγ3. 

Inhibitors of protein kinase B are useful agents for the 

treatment of cancer. Phosphorylation at serine and 

threonine is accompanied by the activation of Akt 

kinases4. Recent studies show that PKB plays a major 

role in cancer progression by stimulating cell 

proliferation and inhibiting apoptosis5. In general, the 3D-

QSAR techniques are valuable methods of analogue-

based drug design by correlating physicochemical 

properties from a set of related compounds to their known 

molecular property or molecular activity values. The 

present investigation reports the first application of 3D-

QSAR to study of Prenylated flavonoid derivatives as 

potent anticancer PKB/AKT1 inhibitors. We studied 

fifty-six Prenylated flavonoid derivatives as PKB/AKT1 

inhibitors using CoMFA (comparative molecular field 

analysis)6 and CoMSIA (comparative molecular 

similarity indices analysis)7. Models obtained from 3D-

QSAR studies provide a strong basis for future rational 

design of more active and selective PKB/AKT1 receptor 

agonists. Molecular docking studies were also performed 

for all the 56 inhibitors by taking co-crystal structure 

from PDB (protein data bank).  

 

MATERIALS AND METHODS  

Data Set  

In this study, a dataset of 56 compounds obtained from 

the literature8 consisted of prenylated flavonoid 

derivatives showed inhibitory activity towards PKB/Akt1 

receptor. In a total set of 56 compounds reported, 47 

compounds were used as training set and 9 compounds 

were used as test set based on random selection. The 

pIC50 values of these compounds range from 4.49 to 8.82 

providing a wide range and homogenous data set for 3D- 

QSAR study. For QSAR analysis, the given IC50 values  

 
Figure 1: Atom based alignment of prenylated flavonoids 

as PKB/AKT1 inhibitors superimposed on template 

molecule (4) 

http://www.ijpcr.com/
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Table 1: Statistical Analysis of CoMFA and CoMSIA 

models 

 CoMFA CoMSIA 

q2 0.880 0.906 

r2 0.973 0.991 

SEE 0.225 0.134 

F value 293.248 700.295 

CV 0.883 0.910 

Bootstrap Mean Std.dev Mean Std.dev 

SEE 0.186 0.102 0.111 0.710 

r2 0.980 0.007 0.993 0.003 

Field Contribution (%) 

Steric 55.3 9.20 

Electrostatic 49.7 23.1 

Hydrophobic  15.7 

Donor  32.3 

Acceptor  19.7 

 

were changed to minus logarithmic scale value (pIC50)9 as 

a dependent variable and molecular descriptors as 

independent variable for CoMFA and CoMSIA analysis. 

The pIC50 values of these compounds range from 4.49 to 

8.82 providing a wide range and homogenous data set for 

3D-QSAR study. 

pIC50 = -log(IC50). 

The structures of prenylated flavonoids and their 

biological activities of all compounds including both 

training set and test set molecules is shown in Table 1 and 

Table 2. Compound structures are shown in table 4. 

Structure building and minimization  

Structures of all the molecules were sketched in SYBYL 

6.7. Energy minimization was performed on each 

prenylated flavonoid derivative using Tripos force field 

with distance-dependent dielectric function and powell 

conjugate gradient algorithm with a convergence gradient 

of 0.005 kcal/mol, all the molecules were minimized by 

adding Gasteiger-Huckel charges10. The compound 4 with 

the least IC50 (highest pIC50) value was utilized as a 

template. The common scaffold of every inhibitor 

occupies the same area in 3D space. The most active 

compound was used as the reference compound to align 

all the compounds using atom-to-atom matching.   

Molecular alignment  

Molecular alignment plays an important role in CoMFA 

and CoMSIA methods and their results are extremely 

sensitive to a number of factors like alignment rule and 

orientation rule of the aligned 56 compounds, probe atom 

type and lattice shifting step size. The most active 

compound (compound 4) was used as the scaffolds for 

aligning rest of the molecules by default SYBYL align 

database option. The structures of aligned molecules are 

shown in Fig. 1 

3D-QSAR studies 

Comparative molecular field analysis has been used 

extensively to relate the chemical structure to their 

biological properties. Comparative molecular field 

analysis fields are interaction energies between molecule 

and a set of aligned molecules or a probe, which are used 

to establish the 3D-QSAR equations. The steric and 

electrostatic field potentials for CoMFA were calculated 

at each lattice intersection of a regularly spaced grid of 

2.0 Å which provides all information necessary for 

understanding the biological properties of a set of 

compounds.  The Van der Waals potential and columbic 

terms, which represent steric and electrostatic fields, 

respectively, were calculated using Tripos force field11. 

The steric and electrostatic interaction energies were 

calculated for each molecule at each grid point using a sp3 

carbon probe with a +1.0 charge. An energy cut off value 

of 30 kcal/mol was imposed on all CoMFA calculations 

to avoid excessively high and unrealistic energy values 

within the molecule. With standard option for the scaling 

of variables, the regression analysis was carried out using 

cross-validated partial least squares approach (PLS) of 

LOO (leave-one-out). After that a non-cross-validated 

analysis was carried out without column filtering. 

CoMFA studies  

Steric and electrostatic properties were calculated using 

Tripos force field engine and the aligned molecules were 

placed in a 3D grid box so that the entire set was 

included. CoMFA descriptors were generated using sp3 

probe atom carrying +1 charge to generate steric and 

electrostatic fields. 30 kcal/mol cut-off was used for the 

analysis and standard options were used for the 

calculation of regression analysis. Partial least square 

(PLS) was done by selecting leave-one-out (LOO) using 

5 as the number of components and the column filtering 

was set as 2.0 kcal/mol. 

CoMSIA studies 

CoMSIA study was performed with the QSAR option in  

  
2(a) 2(b) 

Figure 2: Experimental versus predicted activities of CoMFA and CoMSIA analysis 
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Table 2: Experimental, predicted and residual values 

training set compounds of CoMFA, CoMSIA study  

S. 

No

. 

pIC5

0 

CoMFA CoMSIA 

Predicte

d 

Residua

l 

Predicte

d 

Residua

l 

1 8.74 8.52 0.22 9.19 -0.45 

2 8.54 8.44 0.10 8.39 0.15 

3 8.58 8.60 -0.02 8.45 0.13 

4 8.82 8.29 0.53 8.39 0.43 

5 8.41 8.69 -0.28 8.76 -0.35 

7 7.88 8.05 -0.17 8.03 -0.15 

8 7.74 8.14 -0.40 8.08 -0.34 

9 8.44 7.98 0.46 7.84 0.60 

12 7.89 8.33 -0.44 8.26 -0.37 

13 8.11 8.08 0.03 8.03 0.08 

15 7.92 7.96 -0.04 7.90 0.02 

16 8.48 7.95 0.53 9.67 0.52 

17 7.85 8.43 -0.58 19.3 -0.45 

18 8.17 8.64 -0.47 8.19 -0.02 

19 8.49 7.94 0.55 8.03 0.46 

21 6.92 7.07 -0.15 6.37 0.55 

22 5.57 6.14 -0.57 6.27 -0.70 

23 6.02 6.17 -0.15 5.90 0.12 

24 5.19 5.78 -0.59 5.96 -0.77 

25 5.20 5.67 -0.47 6.10 -0.90 

26 6.75 6.67 0.08 6.10 0.65 

27 6.83 6.64 0.19 6.35 0.48 

28 5.48 5.13 0.35 5.63 -0.15 

29 4.62 4.76 -0.14 5.27 -0.65 

30 4.49 5.27 -0.78 5.29 -0.80 

31 5.29 5.42 -0.13 5.92 -0.63 

32 4.85 5.01 -0.16 5.27 -0.42 

33 5.28 5.14 0.14 4.83 0.45 

34 5.39 5.31 0.08 5.19 0.20 

35 5.17 5.30 -0.13 5.26 -0.09 

36 5.10 4.99 0.11 5.14 -0.04 

37 5.40 5.19 0.21 5.17 0.23 

39 6.51 6.67 -0.16 6.64 -0.13 

40 6.32 6.19 0.13 6.00 0.32 

41 6.17 6.22 -0.05 6.11 0.06 

42 6.62 6.59 0.03 6.28 0.34 

43 5.91 6.61 -0.70 6.32 -0.41 

44 7.03 6.72 0.31 6.77 0.26 

45 5.95 6.65 -0.70 6.33 -0.38 

46 6.67 6.52 0.15 6.98 -0.31 

49 6.48 6.12 0.36 6.53 -0.05 

50 6.83 7.59 -0.76 6.78 0.05 

51 7.23 7.44 -0.21 6.95 0.28 

52 7.89 6.93 0.96 7.40 0.49 

54 7.55 6.69 0.86 6.77 0.78 

55 5.96 5.99 -0.03 6.68 -0.72 

56 6.70 6.91 -0.21 7.21 -0.51 

 

SYBYL. Five different properties were used in CoMSIA 

studies, which are steric, electrostatic, hydrophobic, 

donor and acceptor, based on which similarity indices 

between a probe atom and compound were calculated. 

The probe atom with 1Å radius, +1 charge and +1 for 

hydrophobicity was set at the intersections of the lattice. 

Molecular Docking Studies 

Table 3: Experimental, predicted and residual values test 

set compounds of CoMFA, CoMSIA study 

S. 

No 

pIC50 CoMFA CoMSIA 

  Predict

ed 

Residual Predicte

d 

Residua

l 

6 7.74 8.60 -0.86 8.48 -0.74 

10 7.31 8.05 -0.74 8.04 -0.73 

11 7.41 8.07 -0.66 8.25 -0.84 

14 7.24 7.95 -0.71 7.86 -0.62 

20 7.28 8.25 -0.97 8.03 -0.75 

38 6.30 6.78 -0.48 7.02 -0.72 

47 5.78 6.71 -0.93 6.58 -0.80 

48 5.82 6.64 -0.82 5.92 -0.10 

53 6.44 5.80 0.64 6.28 0.16 

 

Molecular docking studies were performed using 

Autodock 4.212 to calculate possible binding modes, 

screening and validation for all prenylated flavonoid 

derivatives. Default parameters were used in present 

study. All the molecules were docked into the binding site 

of a crystal structure of “Akt1 with AMP-PNP” (PDB id: 

4EKK)13 with 2.8Å resolution to provide the interaction 

between the receptor and the ligand. All the molecules 

were docked into the binding site of protein 4EKK using 

Autodock module, which uses genetic algorithm for 

generating protein-ligand interactions and molecules from 

the smaller fragments in the cavity of the receptor site. 

Grid was created, x, y, z (10.605 13.272 39.863 for 

4EKK) coordinates of Glu341 was selected. 

 

RESULTS AND DISCUSSION 

CoMFA and CoMSIA  

CoMFA and CoMSIA methods were applied to derive 

3D-QSAR models for prenylated flavonoid derivatives as 

PKB/AKT1 inhibitors. The statistical results of CoMFA 

and CoMSIA analysis are summarized in Table 1. Best 

predictions were obtained with CoMFA standard model 

involving q2 = 0.880, r2 = 0.973, SEE =0.225, r2cv = 

0.883 and F-value =293.248 with number of components 

as 5 and column filtering 2.0 kcal/mol. In CoMSIA, the 

standard model predictions obtained are q2 = 0.906, r2 = 

0.991, SEE =0.134, r2cv = 0.910 and F-value =700.295 

with number of components as 6 and column filtering 1.0 

kcal/mol selected for CoMSIA. CoMSIA results show a 

higher predictive ability for prenylated flavonoid 

derivatives against PKB/AKT1 on comparison with the 

CoMFA results. Biological activities, predicted and 

residual values of both training set and test set 

compounds used in CoMFA and CoMSIA are shown in 

table 1 and table 2 respectively. The table 1 shows the 

results of relative contributions for CoMFA and CoMSIA 

methods. 55.3% steric contribution was observed for 

steric, and 49.7% field contribution was observed for 

electrostatic in CoMFA, where in CoMSIA, the observed 

contributions for steric, electrostatic, hydrophobic, donor 

and acceptor properties are 9.2%, 23.1%, 15.7%, 32.3% 

and 19.7% respectively. Electrostatic property is the main 

contributor in CoMSIA analysis. The affinities between 

experimental and calculated values of the training set and  
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the test set of CoMFA and CoMSIA models derived from 

non-cross-validated analysis are plotted in Figure 2(a) 

and 2(b).  CoMSIA and the best CoMFA models were 

used to predict the inhibitory activities of the compounds 

in the test set. 

Contour analysis 

Table 4: Structure of compounds used in CoMFA and CoMSIA studies 

N

N

R

N

O

N
N

 
1. R=CF3                                                                   

2. R=NH2                                                                                      

3. R=Cyclopropyl                                                            

4. R=H                                                                        

5. R=Phenyl 

N

N

N

O

N
R

 
7. R=3F, 5CF3, 8. R=4CF3, 9. R=3F, 

4Cl, 12. R=3,4-OCF2CF2O, 13. 

R=5F-2-OMe,15. R=2F, 4CF3,16. 

R=3-OCF3, 17. R=2,3-OCF2O, 18. 

N

O

 

N

N

O

N

R

O N

 
19. R=H 

N

O

N
N

R2

N

R1

 
21. R1=NH2, R2=H                                                  

22. R1=OMe, R2=H                                                        

23. R1=H, R2=NO2                                                        

24. Phenyloxy, R2=H                                               

25. R1=Benzylthio, R2=H                                              

26. R1=NHCH3, R2=H                                                     

27. R1=NHCH2C6H6, R2=H                                              

28. R1=Indol-1yl, R2=H 

NR1

N

O R2

 

29. R1=H, R2=
N

                                                  

30.  R1=H, R2=

Br

N  

NR1

N

O
R2

N

n

 

 
31. R1=H, R2=H(n=1) 

32. R1=H, R2=H (n=2)                                            

33. R1=Cl, R2=H (n=1)                                           

34. R1=Cl, R2= benzyl, (n=1)                                         

35 R1=H, R2=diphenylmethyl (n=1)                                  

36. R1=H, R2=phenylethyl (n=1)                       

37. R1=H, R2=phenylmethoxymethyl 

N
O

N

R N

 

39. R= N 40. 

R=

N
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The contour maps of 1-((5-(1H-indazol-5-yl) pyridin-3-

yl) oxy)-3-(3a,7a-dihydro-1H-indol-3-yl) propan-2-amine  

 (4) for CoMFA (steric and electrostatic) and CoMSIA 

(steric, electrostatic, donor, acceptor and hydrophobic) 

fields are represented in 3D contour plots and shown in 

Figures 3-5. The default parameters used in contour 

analysis by contribution are 80% favored region and 20% 

contribution for disfavored region. Structure of most 

active compound 

Steric contour analysis  

The steric field contour plots of CoMFA and CoMSIA for 

the most active compound 1-((5-(1H-indazol-5-yl) 

pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-indol-3-yl) 

propan-2-amine (4) are depicted in Figure 3(a) and (b) 

respectively. CoMFA and CoMSIA steric maps are 

shown in green and yellow regions respectively. CoMFA 

steric maps for the most active compound 1-((5-(1H-

indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-

indol-3-yl) propan-2-amine (4) displayed a large green 

contour around to the 1-((5-(1H-indazol-5-yl regions on 

the other hand CoMSIA showed two large green contour 

around the 1-((5-(1H-indazol-5-yl position indicates more 

favorable regions where bulky substituents are expected 

to increase the activity. CoMFA steric maps also showed 

three large yellow contour above the 1-((5-(1H-indazol-5-

yl region, whereas CoMSIA consists a two small yellow 

contours above and below the 1-((5-(1H-indazol-5-yl) 

position, suggests the disfavorable regions for bulky 

substituents.   

Electrostatic contour analysis 

The electrostatic contour plots of CoMFA and CoMSIA 

for the most active compound 1-((5-(1H-indazol-5-yl) 

pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-indol-3-yl) 

propan-2-amine (4) are depicted in Figure 4(a) and (b) 

respectively. In CoMFA, the 1-((5-(1H-indazol-5-

yl)pyridin-3-yl)oxy)-3-(3a,7a-dihydro-1H-indol-3- 

 
1-((5-(1H-indazol-5-yl)pyridin-3-yl)oxy)-3-(3a,7a-dihydro-1H-indol-3-yl)propan-2-amine (4) 

 

  
3(a) CoMFA 3(b) CoMSIA 

Figure 3: The CoMFA and CoMSIA steric contour maps of 1-((5-(1H-indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-dihydro-

1H-indol-3-yl) propan-2-amine (4) 

 

  
4(a) CoMFA 4(b) CoMSIA 

Figure 4: CoMFA and CoMSIA electrostatic contour maps of 1-((5-(1H-indazol-5-yl)pyridin-3-yl)oxy)-3-(3a,7a-dihydro-

1H-indol-3-yl)propan-2-amine (4) 
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yl)propan-2-amine (4) showed a number of medium sized 

red contour aroud to the 1-((5-(1H-indazol-5-yl position 

and one medium-sized red contour  nearer to  propan-2-

amine position where in CoMSIA three small red 

contours near to the 1-((5-(1H-indazol-5-yl position and a 

very large sized red contour below the  3-(3a,7a-dihydro-

1H-indol-3-yl)propan-2-amine position envisage more 

favorable regions for -electron withdrawing groups. -I 

groups at these sites enhance biological activity. In 

CoMFA, and CoMSIA electrostatic contour plots also 

exhibits a large blue contour near to the 1-((5-(1H-

indazol-5-yl position indicates more favorable regions 

where + I (electron donating) groups are expected to 

increase the activity 

Hydrophobic contour analysis  

The contour plots of CoMSIA hydrophobic fields for the 

most active compound 1-((5-(1H-indazol-5-yl) pyridin-3-

yl) oxy)-3-(3a,7a-dihydro-1H-indol-3-yl) propan-2-amine 

(4) are depicted in Figure 5(a). Two large white contour 

present at 1-((5-(1H-indazol-5-yl) position, a medium-

sized white contour at propan-2-amine position suggests 

favorable regions where hydrophilic substituents are 

increase the activity. The interaction of hydrophilic group 

may be more dominant for ligand binding. three large 

yellow contour present above, below the 1-((5-(1H-

indazol-5-yl) pyridin and two medium sized yellow 

contour present at3-(3a,7a-dihydro-1H-indol-3-yl) above 

region indicates hydrophobic substituents increase the 

biological activity. 

Hydrogen bond donor contour analysis 

The hydrogen bond donor contour map of 1-((5-(1H-

indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-

indol-3-yl) propan-2-amine (4) shown in figure 5(b). A 

medium sized cyan contours present at 1-((5-(1H-indazol 

position indicates the favorable regions where the 

hydrogen bond donor groups increase the biological 

activity. There are two purple color contours present 

above the1-((5-(1H-indazol-5-yl) pyridin-3-yl, position 

and a very large purple color contours below the total 

molecule indicates unfavorable regions. 

Hydrogen bond acceptor contour analysis 

The hydrogen bond acceptor contour map of 1-((5-(1H-

indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-

indol-3-yl) propan-2-amine (4) shown in figure 5(c). Two 

medium sized magenta contour near to the 1-((5-(1H-

indazol-5-yl) position indicates hydrogen-bond acceptor 

groups favorable at this positions. A small red contours 

below the 1-((5-(1H-indazol position suggests the 

disfavorable regions for hydrogen-bond acceptors. 

Docking results  

Molecular docking studies were performed using 

Autodock4.2. The results obtained by using molecular 

docking method disclosed the possible molecular 

interactions or orientation of flavonoid derivatives in the 

binding pocket of PDB id 4EKK. All the molecules were 

docked against the protein 4EKK. The most active 

compound showed a docking energy of -7.50 (3.18µm) 

kcal/mol for 4EKK and shows interactions with Val57 

and Trp56. Least active compound shows energy of -6.87 

(9.27 µm) Kcal/mol with 5 interactions. Figure 6(a) and 

(b) shows receptor ligand interactions for most and least 

active compounds for 4EKK. 

 

CONCLUSION 

The present work has carried out 3D-QSAR and 

molecular docking studies of some potent prenylated 

flavonoid derivatives of PKB/Akt1 inhibitors. Atom-

based alignment was performed for all the 56 derivatives. 

The present 3D-QSAR model shows good statistical 

significance and good predictive ability. The 3D-QSAR 

model was generated using a training set of 47 molecules  

 
Figure 5(a): Hydrophobic contour maps of 1-((5-(1H-

indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-dihydro-1H-

indol-3-yl) propan-2-amine (4) 

 

 
Figure 5(b): Hydrogen bond donor contour maps of 1-

((5-(1H-indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-

dihydro-1H-indol-3-yl) propan-2-amine (4) 

 

 
Figure 5(c): Hydrogen bond acceptor contour map of 1-

((5-(1H-indazol-5-yl) pyridin-3-yl) oxy)-3-(3a,7a-

dihydro-1H-indol-3-yl) propan-2-amine (4) 
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and test set of nine molecules with q2= 0.880 and 973 for 

CoMFA and q2 = 906 and r2 = 991. 3D-QSAR models for 

designing new PKB/AKT1 inhibitors for the treatment of 

cancer. Therefore, these models are useful in predicting 

the activity of new PKB/AKT1 inhibitors and can offer 

guidelines for the further modification of ligand design. 
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Figure 6(a): Docking interaction of most active compound and 6(b) Docking interaction of least active compound for 

4EKK 

 


