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     Abstract— Consumption of vegetables and fruits can reduce the 

risk of several cancers significantly and chemopreventive property of 

this diet is related to presence of phytochemicals such as 

flavonoids.Application of some bioinformatics softwares can 

highlight some mechanisms of action of molecules and can evaluate 

their properties based on their chemical structures. In this study,three 

groups of flavonoids,including: Isoflavones (Biochanin A,  

Glycitein), Flavonols(Kaempferol, Morin,  Quercetin ) and Flavone 

(Luteolin) have been studied by PASS software to evaluate their 

anticancer properties. According to our results, all agents exhibited 

high Protein Tyrosin Kinase Inhibitory effects(≥0.6), but Isoflavones 

which are derived from 3-phenylchromen-4-one (3-phenyl-1,4-

benzopyrone) structure exhibited higher PTK Inhibitory effects than 

Flavonols and Flavone.Consequently, Biochanin A with  Pass 

activity   0.758 is the most potent agent in our research.It is 

noticeworthy, in spite of high PTK inhibitory effects of  Isoflavones, 

the  Drug likeness score of these agents are lower than other groups 

of Flavonloids in our study. 

 

Keywords— Flavonoids, Protein Tyrosin Kinase Inhibitory, PASS 

software 

I. INTRODUCTION 

ANCER is a term used for diseases in which abnormal 

cells divide without control and are able to invade 

other tissues. Cancer cells can spread to other parts of 

the body through the blood and lymph systems. It can affect 

all parts of the body, which means some types are exclusive to 

women and others affect only men. Cancer is a crucial public 

health problem in both developed and developing countries 

which accounts for the second most common cause of death in 

the world. It is caused by internal factors (mutation,hormones, 

immune condition, etc), external factors  (tobacco, pollution, 

chemicals, radiation, etc) or combination of them. Smoking, 

poor nutrition, and physical inactivity are the three major risk 

factors for cancer.[1] 

    Consuming a healthful diet such as fruits, vegetables can 

reduce the risk of cancer significantly due to the fact that they 

are included beneficent agents with chemopreventive      

properties.  [2] Phytochemicals   are chemical compounds that 

are responsible for anticancer properties of these food and 

they are divided into three major groups,including:1)Phenolic 

Compounds (Flavonoids, Phenolic acids, Hydroxycinnamic 

acids, Lignans, Tyrosol esters), 2) Terpens (subclasses of 

Cartenoids), 3)Thiols (including subclasses of indoles, 

dithiolthions, and isothiocyanates). 
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Flavonoids are polyphenol plant secondary metabolite which 

posse beneficial effects on human and animal health and they 

are as, antioxidants, estrogenic regulators, and antimicrobial 

agents. They also can prevent from cancer and exert their 

anticancer effects by inhibiting kinases, regulating cell 

cycleand inducing apoptic cell death.  

    Bioinformatics defined as application of mathematical, 

statistical, and computational methods for the processing and 

analysis of biological data.[3] The PASS software (prediction 

of activity spectra for substances) is as a bioinformatics tools 

which can anticipate more than 300 pharmacological activity 

and biochemical mechanism on basis of structural formula of 

a substance and can be applied for identifying new target for 

some ligands to find out their mechanisms. In this study, 

structure formula of some favolonoids, including : Biochanin 

A, Glycitein, Kaempferol, Luteolin, Morin,  Quercetin  have 

been studied by PASS software in order to evaluate their 

anticancer activity. 

II. MATERIAL AND METHODS 

A. Data. 

A practical database is the main step in bioinformatics 

projects. Collection of data from Pubmed database was  

accomplished with general keyword “anticancer”. Most data 

were gathered from 2010  papers; therefore, known anticancer 

molecules and some information relevant to their targets in 

apoptotic pathway  were extracted from these  papers. In this 

case, molecules  were classified based on their origins. As a 

result, there were 7 groups of  anticancer molecule such as 

Drug Bank, plants, fruits, microorganisms, semisythetic, 

synthetic and finally ungrouped anticancer agents. 

 
   B. Structure 

    Structural formula of these molecules were investigated 

from Chemspider, Pubcheme and Wikipedia, respectively  in 

order to discover  orginal molecular structure of all 

compounds. Then, their skeletal structures were drawn  by 

Chemschetch, Chemaxon, version 5.4 software. ChemAxon is 

a leader in providing Java based chemical software 

development platform for biotechnology and pharmaceutical 

industries and  is applied  to reach  3D structure of  molecules 

within MDL SD file, Protein Data Bank (PDB), Tripos MOL2 

formats. 

   C. Software 
  

    PASS (Predicition of Activity Spectra for Substance) is a 

simple computational tool that can predict more than 1500 

pharmacological effects, molecular mechanisms of action, and 
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toxicities  based on  structural descriptors of compounds with 

over %80 accuracy. It also  has capability to predict many 

types of activity for a new substance. PASS normally utilizes 

input data with molecular structure Protein Data Bank (PDB), 

Tripos MOL2, MDL MOL and SD file formats then represent  

the structural information about molecules under study. PASS 

prediction can be interpreted by Pa and Pi values. Pa and Pi 

values are as measures that determine activity and inactivity 

of compounds. Pa –the probabilities of being active and close 

to 1.000,Pi –the probabilities of being inactive close to 

0.000;therefore,the Pa and Pi values are vary from 0.000 to 

1.000 and in general Pa +Pi<1. 

     MNA(Multilevel Neighborhoods of Atom) descriptors 

(Figure.1) are one the sections in PASS software that are  

utilized for assessing of chemical similarity based on 2D 

description of molecules and appropriate for use in 

QSAR.(Ref.13) 

 

 
 

Fig 1 Platform of analyzing Quercetin on basis of MNA descriptors 

by PASS software. 

 

     MNA descriptor doesn’t specify the bond type and 

comprises hydrogen according to a valence and partial charge 

of atoms ;thus, it is based on structure representation.     

    PASS software works successfully on a PC running Vista, 

windows 7,and XP. In this study  PASS version 

1.917(Figure.2) was applied and  molecules with Pa more 

than 0.6 have been selected and categorized based on their 

targets in cancer pathway. 

 

 
 

Fig. 2 Platform and analysis of Quercetin by  Pass software 

 

 

 

III. RESULTS 

    The chemical structure of falvonoids isolated and 

charactrized from plant and fruit resources  are shown in 

figure 3,4.The primary objectives of this study were to 

investigate anticancer activity of flavonoids on basis of 

Protein tyrosin kinase inhibitory effect. According to 

molecular structure of Flavonoids, molecules  are derived 

from 2-phenylchromen-4-one (2-phenyl-1,4-benzopyrone) 

structure, they are called Flavones (Fig.3).However, 

isoflavonoids, are class of flavonoids which are derived from 

3-phenylchromen-4-one (3-phenyl-1,4-benzopyrone) structure 

(Fig.4)It is noticeworthy that Flavones with OH group at 

position 3 are called Flavonol or 3-hydroxy flavon. In our 

study, there are some similarities between skeletal structure of 

molecules. For instance, all of them have OH at position  7.In 

addition, indicated molecules have OH group at position 

4',except for Biochanin A that has OCH3 at this position.  The 

P activity of Protein Tyrosin Kinase Inhibtory of molecules 

are more than 0.6 and it means that are as promising 

anticancer agents with PTK inhibitor property. (Table.1) It is 

nticeworthy that Isoflavones (Biochanin A,  Glycitein)with 

pass activity 0.758 and 0.716 respectively are more potent 

PTK inhibitors in compared with  Flavonols and Flavone. 

Luteolin with 0.635 pass score is placed in second place 

regarding to its PTK inhibitory effects. 

     PASS software also has capability to estimate Drug 

likeness of under study agents.[4] Drug-likeness referred to 

specific score estimated from the molecular structure  and 

indicated  that specific molecule have some proportional 

properties which can be active biologically  or might show 

therapeutic potential. Consequently, all 6 agents exhibited 

drug-likeness more than 0.8 and it means that they can be 

applied as drug, and Morin with the highest drug likeness 

score(0.965) can be calculated as efficient drug. 

 

 
Fig. 3 Chemical structure of Flavonols and Flavone   

 

 
Fig 4.Chemical structure of Isoflavones 
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TABLE I  

PASS PREDICTION OF FLAVONOIDS 

 

IV. DISCUSSION 

      Protein Tyrosin Kinase play vital role in signal 

transduction pathways that regulate cell growth, 

differentiation, and are deeply involved in oncogenesis. 

Consequently, they have been selected as prime target [5, 6] 

for developing new anticancer agents because it is established 

that the activity of PTKs will be unregulated by gain of 

function mutation or overexpression in several cancers.  There 

are two classes of protein tyrosine kinases, including: the 

receptor tyrosin kinases (RPTKs)and the receptor- associated 

tyrosin kinases. It is notice worthy that RPTKs  can  often 

become as potent on coprotein in cancers which results in 

malignancies[6]. There are two classes of protein tyrosine 

kinase inhibitors. One is bound to the ATP binding site and 

the other is bound to the substrate binding site of the enzyme. 

     In our study, we focused on Protein tyrosin kinase inhibitor 

potency of some flavonoids extracted from natural resources. 

Biochanin A is an O-methylated isoflavone which can be 

found in red clover, in soy, in alfalfa sprouts, in peanuts, in 

chickpea and in other legumes [1,7]. Biochanin A  has 

inhibitory effect on prostat cancer by up-regulating  p21 

expression, and p21 inhibits transcription of Polo-like Kinase-

1 (PLK-1), which promotes apoptosis of cancer cells;  it also 

can inhibit both serum and EGF-stimulated growth of LNCaP 

and DU-145 cells in prostat cancer. Glycitein is an O-

methylated isoflavone which can be extracted from  soy food 

products. Which have anticancer effects by inhibiting protein 

tyrosin kinases and it [8]can reduce the risk of prostat cancer 

significantly by modulating ERK1/2 signaling cascade via 

VEGFR signaling. On the basis of skeletal structure of 

indicated Isofavones,3-phenyl-1,4-benzopyrone and OH at 

position 7  is common among Biochanin A and Glycitein; 

while Biochanin A has OCH3 at postion 4',there is OH at 4' in 

Glycitein.Therefore, Biochanin A and Glycitein with PASS 

thereshold 0.758 and 0.716 respectively are the most potent 

anticancer agents in our study and they can act as efficient 

drug because they have high druglikeness score. 

Kaempferol is a natural flavonol can be isolated from 

teabroccoli, Delphinium, Witch-hazel, grapefruit, cabbage, 

kale, beans, endive, leek, tomato, strawberries, grapes, 

brussels sprouts, apples and other plant sources [9],and has 

inhibitory effects on Met activity, it also diminishe HGF-

mediated AKT activation in hepatocytes. In addition,[10].The 

PKT inhibitory of Kaempferol have been reported  in 

mediating STAT6. 

     Morin is a flavonol that can be isolated from Maclura 

pomifera (Osage orange), Maclura tinctoria (old fustic) and 

from leaves of Psidium guajava (common guava).This 

agent[11] can induce G2/M cell cycle arrest by decreasing the 

levels of Cdc25c and cyclins A and B1 complex.In addition, it 

activates  caspase-3 and the release of intracellular Ca2+ 

results in apoptosis in HL-60 cells. 

     Quercetin is a flavonol  is rich in different resources such 

as black and green tea, capers, lovage apples onion, especially 

red onion, red grapes, citrus fruit, tomato, broccoli and other 

leafy green vegetables, and a number of berries. Luteolin is as 

a flavone that can be find in various dietary sources include 

celery, green pepper, thyme, perilla, chamomile tea, carrots, 

olive oil, peppermint, rosemary, navel oranges, and oregano. 

[12-15] both Luteolin and Quercetin have PTK inhibitory 

effect and exert their effect by mediating  epidermal growth 

factor receptor (EGFR) tyrosine kinase activity they also 

inhibit autophosphorylation of EGFR. 

    This study has focused on molecular structure of agents and 

it is assumed that OH at postion 3 in Flavonols might reduce 

slightly the PTK inhibitory of these agents. Consequently, the 

Flavone which doesn't have OH at position 3,have partially 

higher PTK inhibitory PASS score. For instance, both 

Quercetin and Luteolin  have partially similar molecular 

structure, but Quercetin has additional OH at position 3 and 

this OH caused a slight reduction in P activity of this agent. It 

is notice worthy that the drug likeness of Isoflavones is less 

that other agents and it is deduced that although the molecular 

structure of Isoflavones can improve PTK inhibitory of these 

agents, their druglikenss may reduce gently. 
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