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Abstract 
 

Robustaflavone derivatives have cytotoxic effect on cancer cell. Inhibition of PI3K on cancer 

cell has correlation with apoptotic induction. The aim of this research is to observe interaction 

from robustaflavone derivatives on PI3K receptor that may give contribution to the cytotoxic 

effect of the compounds on cancer cell line. Geometric optimization of robustaflavone derivatives 

structured was done used Hyperchem 7.5 software. Arguslab 4.01 software with GAdock 

method applied for the docking step. The docking result showed that robustaflavone 7,4',7''- 

trimethyl ether (RTE) has affinity on PI3K target receptor which gave the lowest Gibbs free 

energy (∆G -10,855 kcal/mol). 
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INTRODUCTION 

 
Phosphatidylinositol-3-kinase (PI3K) has 

been known as an important growth and survival 

pathway of the cell, and pathway activation is 

frequently found in human cancers (1). A key 

downstream effector of PI3K is the serine-

threonine kinase Akt which in response to PI3K-

activation, phosphorylates and regulates the 

activity of a number of targets including kinases, 

transcription factors and other regulatory 

molecules. Akt is one kinase responsible to 

inactivate Bad, one of proapoptotic protein, 

through phosphorylation. Akt activation has also 

been shown to activate NF-κB–mediated 

transcription. Activation of NF-κB can suppress 

apoptosis through induction of antiapoptotic 

proteins (2). The PI3K pathway plays a critical 

role in regulating apoptosis, which is induced by 

many chemotherapeutic agents (3). 

Many studies report that plant-compounds 

are potential for oncogene-negative regulator and 

tumor suppressor gene-positive regulator, which 

mean that those are potential as anticancer (4). 

Selaginella doederleinii Hieron (SD) is one of 

Indonesian plant (5) that has antiproliferative 

effect on cancer cell and antiviral activity (6,7,8,9). 

The SD-compounds that have been known are 

biflavonoid (2,2'',3,3''-tetrahydrorobustaflavone 

7,4',7''-trimethyl ether, robustaflavone 7,4',7''- 

trimethyl ether, robustaflavone 4'-methyl ether, 

amentoflavone derivatives), alkaloid, and lignan 

(8,10,11). The SD-robustaflavone derivatives are 

biapigenin which have cytotoxic effect on cancer 

cells (8). Apigenin is a flavonoid that decreased 

cell survival and apoptosis through 

dephosphorylation of Akt resulted in inhibition of 

its kinase activity, which was followed by reduced 

phosphorylation of proapoptotic proteins BAD 

(12).  

Fisetin is a tetrahydroxyflavone that induce 

apoptosis through inhibition of 

phosphatidylinositol 3-kinase and phosphorylation 

of Akt at Ser
473

 and Thr
308

 (13). The aim of this 

research is to observe affinity and interaction from 

robustaflavone derivatives on PI3K receptor that 

may give contribution to the cytotoxic effect on 

cancer cell line. 

 
MATERIALS AND METHODS 

 

Docking 

In the present work, all the ligands used 

were performed with HyperChem
 
7.0 for Windows 

Molecular Modeling System. Before the docking 

calculation of the ligands, the structures were fully 

optimized. Argus Lab 4.0 with GAdock method 

and rigid ligand was used to perform all the 

docking techniques.  
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The crystal structure of PI3K used for the present 

study was found as complex with inhibitor 

staurosprorine (crystal structure was downloaded 

from Protein Data Bank (1E8Z) as PDB files).  

The whole procedure of docking was 

repeated in three replications. Concluding docking 

results were parameterized in terms of docking 

score (Gibbs free energy/∆G) in kcal/mol. 

 

RESULTS AND DISCUSSION 

 

Docking of robustaflavone derivatives-

PI3K reseptor 

This study presented ligand-receptor 

interaction assay by ArgusLab docking. On the 

first study, PI3K-Quercetin (pdb code: 1E8W) 

would be choosen as a model because quercetin 

and robustaflavone are flavonoid. Nevertheles, 

this model is invalid to be used because the 

method validation showed that the RMSD value 

> 2 with both of ArgusDock and GADock 

methods. Then, the chosen one is PI3K-

Staurosporin (pdb code: 1E8Z) which the RMSD 

value on the method validation < 2. The 

staurosporin binding site on PI3K receptor (Fig. 

4B) is similar with quercetin binding site on 

PI3K receptor. Staurosporin is an alkaloid that 

induces apoptosis through inhibition of protein 

kinase. The result of method validation on 

protein with pdb code 1E8Z showed that the 

lowest Gibbs energy (∆G) is AGDock-rigid, 

followed by GADock-flexible, GADock-rigid, 

and AGDock-flexible with ∆G values are -

12,020; -11,909; -11,644; and -11,426 kcal/mol 

respectively. All of the methods are valid 

because RMSD value from the four methods are 

less than 2 (RMSD <2).  

Figure 1. Structure of S. doederleinii biflavonoid compounds (8). (1) 2,2',3,3'-tetrahydrorobustaflavone 

7,4',7'-trimethyl ether (ThRTE); (2) Robustaflavone 7,4',7'-trimethyl ether (RTE); (3) 

robustaflavone 4'-methyl ether (RME). 
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Three compounds from robustaflavone 

derivatives (Fig. 3) that to be used as ligands, ie 

2,2',3,3'-tetrahydrorobustaflavone 7,4',7'-

trimethyl ether (ThRTE), robustaflavone 7,4',7'-

trimethyl ether (RTE), and robustaflavone 4'-

methyl ether (RME) have been optimized  

The previously with Hyperchem geometry 

optimization. The robustaflavone derivatives 

were interacted on the PI3K receptor at 

staurosporin-binding site (Fig. 4). The first 

chosen method that to be used is AGDock-rigid, 

followed by GADock-flexible, GADock-rigid, 

and AGDock-flexible. Because of failure on the 

docking result when docking of PI3K-ligands 

was done with AGDock-rigid and GADock 

flexible, the next docking of PI3K-ligands was 

done with GADock-rigid. 

The results showed that RTE has the 

lowest energy and followed by ThRTE and RME 

with docking score (∆G) are -10.855 kcal/mol, -

10.628 kcal/mol and -9.686 kcal/mol 

respectively (Table I). The RTE and ThRTE 

docking scores are almost similar and have 

lower energy than RME. It was the same results 

with IC50 values (Table I), which RTE has the 

lowest IC50, followed by ThRTE, and RME. 

amount of hydrogen bond (H-bond) from the 

ligand-PI3K interaction (Table 1) was not 

affected to ∆G score. Its mean that ∆G score 

from ligand-PI3K interaction was not only 

depend on H-bond. Nevertheles, the bonding of 

ligand on the specific amino acid on PI3K 

receptor through hydrogen bond was affected to 

∆G score. The lowest energy of RTE is affected 

by its bonding on Lys
833

 on ATP-binding site of 

PI3K receptor. Mechanism of PI3K inhibition by 

LY294002, a PI3K inhibitor, was also shown to 

involve covalent attack of Lys
833

 and Val 
822 

within the ATP-binding site of PI3K at an 

electrophilic site on the compound (14). Similar 

Figure 2.  Experimental ligand and its bounded to PI3K reseptor (19) was downloaded from 

www.rcsb.org/pdb/ (pdb: 1E8Z). A. PI3K (3D) protein reseptor; B. interaction of 

staurosporin (experimental ligand) on PI3K receptor. 

Figure 3. Interaction of robustaflavone derivatives on PI3K receptor. A. PI3K-RME; B. PI3K-RTE; C. 

PI3K-ThRTE. 
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with Knight and Shokat description (14), the 

mechanism of RTE-PI3K interaction was that 

the oxygen atom of RTE binds to Lys
833 

through 

hydrogen bond and makes extensive 

hydrophobic interactions with residues that form 

the top and bottom of the ATP-binding pocket. 

According to the results, RTE can be candidate 

for PI3K inhibitor.  

Recent studies indicate that numerous 

components of the PI3K/AKT pathway are 

targeted by amplification, mutation and 

translocation more frequently than any other 

pathway in cancer patients, with resultant 

activation of the pathway. This warrants 

exploiting the PI3K/AKT pathway for cancer 

drug discovery (15). Quercetin, luteolin, and 

ursolic acid are potent inhibitors of proliferation 

and inducers of apoptosis on many cancer cells 

through PI3K pathway (16, 17). Isoginkgetin, a 

biflavonoid from Metasequoia glyptostroboides, 

inhibited HT1080 tumor cell invasion. 

Isoginkgetin regulated MMP-9 production via 

PI3K/Akt/NF-KB pathway, as evidenced by the 

findings that isoginkgetin inhibited activities of 

both Akt and NF-KB (18). The cytotoxic 

activities of robustaflavone derivatives, 

biflavonoid compound in Selaginella 

doederleinii Hieron, possibly mediated by PI3K 

inhibition. The cytotoxic effect of robustaflavone 

derivatives on cancer cells promise the future 

research about cell cycle inhibition or apoptosis 

mechanism mediated the cytotoxic effect. 
 

Table I. Docking result and IC50 value of robustaflavone derivatives 

No Ligand 

Docking 

score 

(∆G) 

kcal/mol 

H-

bonds  

Hydrogen bond lengths and 

residues 

IC50 (µM) *) 

HCT 

116 

NCI-

H358 
K562 

1. 

Staurosporin 

(experimental ligand) 

 

 
 

-10.711 1 

Atom N in residue 882 Val 

with atom O ketone  on the 

ligand : 2.707 Ǻ 

-   

2. 

,2',3,3'-

tetrahydrorobustafla

vone 7,4',7'-

trimethyl ether 

(ThRTE)  

 

 
 

-10.628 3 

Atom N in residue 890 Lys 

with O number 13874 on the 

ligand: 2.9 Ǻ 

Atom N in residue 802 Lys 

with O number 13877 on the 

ligand: 2.66 Ǻ 

Atom S in residue 869 Cys with 

O number 13903 on the ligand: 

2.25 Ǻ 

19.1 23.5 28.8 

3. 

Robustaflavone 

7,4',7'-trimethyl 

ether (RTE) 

 

 

-10.855 7 

Atom N in residue 964 Asp 

with O number 13877 on the 

ligand: 2.95 Ǻ 

Atom O in residue 867 Tyr 

with O number 13877 on the 

ligand: 1.92 Ǻ 

Atom N in residue 833 Lys 

with O number 13876 on the 

ligand: 2.5 Ǻ 

Atom N in residue 805 Ala 

with O number 13894 on the 

ligand: 2.7 Ǻ 

Atom O in residue 758 Asp 

with O number 13905 on the 

ligand: 2.56 Ǻ 

Atom O in residue 806 Ser 

with O number 13902 on the 

15.6 20.1 22.5 
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ligand: 2.77 Ǻ 

Atom N in residue 890 Lys 

with O number 13903 on the 

ligand: 2.89 Ǻ 

4. 

Robustaflavone 4'-

methyl ether (RME) 

 
 

-9.686 3 

Atom O in residue 887 Thr 

with O number 13905 on the 

ligand: 2.8 Ǻ 

Atom O in residue 868 Gly 

with O number 13904 on the 

ligand: 2.75 Ǻ 

Atom O in residue 894 Ser 

with O number 13902 on the 

ligand: 2.34 Ǻ 

>100 >100 >100 

 

 

 

 

 

CONCLUSION 

 

The cytotoxic activity of robustaflavone 

derivatives on cancer cell line can be related to 

the affinity and interaction of the compounds on 

PI3K receptor. 
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