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1. Introduction 

Platelet Activating Factor (PAF) is a phospholipid 

derived from arachidonic acid whose particularity is to 

activate the aggregation and degranulation of platelets. 

PAF is also a potent mediator of inflammation secreted 

by multiple cells (Figure1). PAF is an acetylated 

derivative of glycerophosphorylcholine [1]; one of the 

main effects of which is to cause platelet aggregation. 

This is how it is named [2]. 

 

 
Figure 1.Molecular structure of PAF. 

 

A body of research on the role of PAF in cancer has 

revealed several interesting findings over the last twenty 

years. It has confirmed that PAF is an essential mediator 

for many types of cancer [3]. 

 

      However, we may conclude that PAF play a major 

role in reducing cancer that are particularly difficult to 

treat. For example, melanoma is a skin cancer. It is among 

the most aggressive forms of cancer because it frequently 

metastasizes as a result of pro-inflammatory signaling 

that is mediated by PAF/PAF-R [4,5, 6]. 

 

       There is a wide range of compounds as PAF 

inhibitor, whichare divided into two categories: the non-

specific inhibitors and the specific PAF inhibitors [7]. 

Cedrol and kadsurenone (Figure 2) are considered 

specific PAF inhibitors [8]. 
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Studies and scientific research indicate that the platelet-activating factor (PAF) is a 

major pro-inflammatory mediator in the initiation and development of cancer. 

There is also evidence confirming that PAF is an integral part of suppressing the 

immune system and promoting the appearance of a malignant tumor. For this 

reason, it is useful to analyze the molecular docking data of eleven flavonoids 

derivatives isolated from the active leaf extracted from chromolaena odorata with 

their anti-PAF activity. As a result, it is evident that the natural product of 

flavonoids may have a positive effect in the development of both therapeutic and 

preventive agents for platelet activating factor (PAF) antagonist and suggests 

potential guidelines for the design of PAF inhibitors. Based on the docking score 

analysis, drug likeness study, and ADMET prediction. We found that six 

compounds respect all drug-likeness rules and can be used as a potent molecule for 

inhibition of platelet activating factor (PAF). 
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Figure 2: Chemical structure of Cedrol (A) and Kadsurenone 

(B) with anti-PAF activity. 

 

Cedrol is an alcohol of the well-known PAF antagonists 

[9, 10].Another potent PAF antagonist is kadsurenone, 

which is derived from the Chinese herb Piper 

futokadsurae. Its structure has been used as a model for 

the development of synthetic PAF antagonists [11]. 

In silico methods including, molecular docking, 

absorption_distribution_metabolism_excertion_toxicity 

(ADMET) and drug likeness studies are key steps 

employing in drug development and discovery processes. 

Molecular docking study finds the interactions between 

the binding molecules; ADMET assessments provide 

adequate information on properties that influence 

absorption, distribution, metabolism, excretion and 

toxicity. However, the concept of drug-likeness was 

proposed to provide useful guidelines during the early 

stages of drug discovery to improve the chance of a 

chemical entering and passing clinical trials[12]. It can be 

defined as the sum of the molecular physicochemical 

properties that are characteristic of chemicals known as 

drugs. 

Ligands (usually small molecules) bind to proteins in 

cavities on their surface. An analysis of docking 

stimulations data enables us to identify these interactions 

[13]. Nowadays, the docking process is one of the first 

steps used in the design of drugs. In this paper, eleven 

flavonoids derivatives isolated from the active leaf 

extract of Chromolaena odorata (Table 1) is docked to the 

PAF receptor. The objective is to improve the 

understanding of recognition in order to refine the 

selection of new molecular entities that can become drug 

candidates, to gain insight if those natural compounds of 

flavonoids derivatives could be of use as therapeutics in 

medicine, using Cedrol and Kadsurenone as reference 

PAF inhibitors for docking. 

 

2. Material and Methods 

2.1. Data collection 

2.1.1. Ligands 

In the present study, a series of eleven selected 

Flavonoids derivatives (Table 1) has been subsequently 

isolated from the active leaf extract of Chromolaena 

odorata and evaluated fortheir effects on PAF receptor 

binding [14]. These molecules could be docked into the 

substrate-binding pocket of human platelet-activating 

factor receptor (PDBId: 5ZKP). For the energy 

minimization of the compounds, we have used the MM2 

method [15] with Gasteiger-Hückel atomic partial 

charges [16]. 

Table 1. Chemical structures of the studied Flavonoids. 

Studied Structures  Com. R1 R2 R3 R4 

 

X1 OH H H CH3 

X2 H CH3 OH CH3 

X3 H H H CH3 

X4 OH H OH CH3 

X5 OH CH3 OH H 

 

X6 H CH3 H CH3 

X7 H H H CH3 

X8 
Glu(6-4) 

rham 
H OH H 

X9 
Glu(6-

4)rham 
H H H 

X10 H H OH CH3 

X11 H CH3 OH H 

 

2.1.2. Receptor 

The x-ray crystal structure of the receptor (PDBId: 

5ZKP) has been retrieved from the RCSB Protein Data 

Bank (http://www.rcsb.org/pdb/). Crystallographic 

properties of the protein are reported in Table 2. 

Table 2.Crystallographic properties of protein used in our 

study. 

 Property 

Protein 
Classification Resolution 

R-Value 

Free 
Method Chaine 

5ZKP Protein 2.81 Å 0.259 
X-Ray 

Diffraction 
A 

 

2.2. Molecular Docking  

In drug design, Molecular docking is frequently used to 

identify the type of interactions between the ligand and 

the receptor. First, we have docked the two compounds 

Cedrol and Kadsurenone as reference inhibitors of PAF, 

in order to compare obtained score to score from chosen 

ligands of eleven selected Flavonoids derivatives. 

General procedures for molecular docking are shown in 

Figure 3. 

http://www.rcsb.org/pdb/
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Figure 3: General procedures for molecular docking. 

Autodock Vina [17] and Autodock tools 1.5.6 program 

[18] have been used to simulate the bioactive 

conformations. The crystallographic structure of the 

receptor (PDBId: 5ZKP) is imported into "work space" of 

Discovery Studio 2016 program [19] to obtain the 

binding site [20].The cubic grid box: x= 33.578, y = -

4.452 and z=7.541 at 1 Å have been centered at the active 

site of the receptor with grid size at 30×30×30 xyz points 

by using the co-crystallized ligand SR 27417(N1,N1-

dimethyl-N2-[(pyridin-3-yl)methyl]-N2-{4-[2,4,6-

tri(propan-2-yl)phenyl]-1,3-thiazol-2-yl} ethane-1,2-

diamine)as the center for docking. During docking, the 

complex of human platelet-activating factor receptor with 

SR 27417 has been imported, the co-crystal ligand SR 

27417 has been removed from the binding pocket, and 

experimental ligands have been placed in the predicted 

binding site. 

2.3. Docking validation protocol 

Validation of the results obtained for docking is done by 

re-docking the co-crystallized ligand into the active site 

of the receptor (PDB Id: 5ZKP). We have used the same 

parameters of grid box [21, 22]. 

2.4. Drug-likeness studies 

Molecular properties and drug-likeness parameters have 

been calculated in silico for all the designed molecules 

(X1 to X11) using swissadmet web server[23], with the 

aim of identifying the molecules which satisfy the 

optimum requirements to exhibit as drug-like molecules 

based on the following five rules and one score:  

Lipinski rule [24], Ghose rule [25], Veber rule [26] , Egan 

rule [27], Muegge rule [28] and the bioavailability score 

[29] .  

2.5. ADMET prediction 

Absorption_Distribution_Metabolism_Excertion_Toxici

ty (ADMET) has been calculated using pkCSM web 

server[30]. To improve the quality control of drugs there 

are several important steps in pharmacokinetic terms. 

These steps include Absorption of the molecule, 

distribution in the body, elimination including 

biotransformation or metabolism, excretion and toxicity 

have been used to predict ADMET properties [31]. The 

major role of ADMET study is to determine oral 

bioavailability, cell permeation, metabolism and 

elimination (Pharmacokinetic characteristics) of drug 

molecules. 

3. Results and Discussion 

3.1. Molecular Docking 

Molecular docking is performed to find the most 

favorable mode of interaction of a ligand within its 

receptor (therapeutic target) which helps the prediction of 

molecules in a limited time and especially sometimes 

without having to synthesize them. Eleven isolated 

flavonoids derivatives have been evaluated for their 

affinity (Table 3) with the human platelet-activating 

factor receptor (PAF) (PDB code: 5ZKP).The molecular 

docking of these structures to the active site of the PAF 

allows us to bring out the most potent inhibitors against 

this enzyme. 

Table 3.The results obtained: the best pose conformation 

ordered by their binding affinities. 

Compounds  Affinity 

(Kcal/mol) 

Compounds  Affinity(Kcal/mol) 

X1 -8.4 X5 -8.9 

X2 -8.7 X10 -8.9 

X3 -8.7 X6 -10.1 

X8 -8.8 X7 -10.7 

X9 -8.8 Cedrol -8.1 

X11 -8.8 Kadsurenone -8.8 

X4 -8.9   

According to the results obtained from the docking 

molecular, the compounds X4, X5, X6, X7, X8, X9, X10 and 

X11 (X4-X11) have lower energies of interaction with the 

human platelet-activating factor receptor than the two 

references inhibitors Cedrol and Kadsurenone. 

Therefore, these molecules could be potential inhibitors 

for the studied receptor. The co-crystallized is re-docked 

into the active site of the receptor(Figure4).The following 

interactions are observed: Conventional Hydrogen Bonds 

interactions with Tyr77 residue, three carbon Hydrogen 

Bonds interactions with Phe174, His275 and Tyr177, two 

p-Sigma interactions with Leu279 and His188 residues, 

Pi-Pi interactions with Trp73, Phe97 and Phe98 residues. 

 

Figure4. Interaction between SR 2724 (co-crystallized ligand) 

and the receptor (code: 5zkp). 

B. Interactions types 

  

 

Receptor 

Ligand 

Preparation 

 

A. Interactions Residues 

C. Energie produced after 

docking 

Molecular 

Docking 
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The interaction results between Cedrol and the receptor 

in Figure 5 show three Pi-Sigma interactions with Trp73, 

Phe97 and Phe174 residue, alkyl interactions with Phe97 

residue. 

 

Figure5.Interaction between Cedrol and the receptor (5zkp). 

 

The interaction results of the Kadsurenone as the second 

reference inhibitor of PAFwith the studied receptor 

(Figure 6) show the following interactions: two hydrogen 

bonds interaction with Tyr77 and Tyr102, carbon 

hydrogen bond formed with Tyr22, two alkyl bonds with 

His188 and Phe18, Pi-Pi Stacked with Trp73 and Pi-Pi T-

Shaped with Phe98. Through the results of the docking 

obtained by the three compounds Cedrol, kadsurenone 

and co-crystallized ligand (SR 2724).It is clear that 

kadsurenone has a pharmacological importance 

compared toCedrol and co-crystallized ligand (SR 2724). 

 

Figure 6. Interactions between kadsurenone and the human 

platelet-activating factor receptor (5zkp). 

The interaction results of 8 compoundsX4-X11in the 

cavity of the receptor (5zkp) (Figure7) show more type 

and number of interactions (Hydrogen Bond interaction) 

compared to Cedrol and kadsurenone as reference 

inhibitors of PAF. Based on the obtained results the 

compounds (X4 _X11) could be good inhibitors of PAF 

compared to Cedrol and kadsurenone. 

 

Molecule X4 

 

Molecule X5 

 

Molecule X6 
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Molecule X7 

 

MoleculeX8 

 

Molecule X9 

 

Molecule X10 

 

Molecule X11 

Figure 7.Types of interactions between PAF-R (PDB code: 

5ZKP) and eight selected Flavonoids derivatives. 

 

Visual inspection of the docked poses of sixcompounds 

X4, X5, X8, X9, X10 and X11 clearly indicates similarity 

between binding modes and interactions of these 

molecules compared to the co-crystallized ligand 

(SR2724) with the human platelet-activating factor 

receptor 5zkp. Both of them form hydrogen bonds with 

Tyr77 and Tyr22 residual, carbon hydrogen bonds with 

Tyr 102, while Pi-Sigma bond is formed with Leu279. 

Moreover, similarities between interactions of the natural 

flavonoid derivatives (X4, X5, X8, X9, X10 and X11) and 

reference inhibitor (Cedrol and kadsurenone) confirm 

that these molecules can be certified as inhibitor of PAF 

receptor. 

3.2. Docking validation protocol 

Validation of the docking study is carried out by re-

docking the co-crystallized ligand with the protein. 

Figure 8 shows the superposed conformation between the 

docked ligand (blue colored) and the co-crystallized 

ligand (Green colored). Thus, the docking process in this 

study has been successfully validated. 
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Figure 8.Overlay of default conformation (Green colored) on 

docked conformation (blue colored) of the co-crystallized 

ligand validating docking protocol. 

3.3. Drug-likeness studies 

Results depicted in table 4 reveal that all molecules 

selected of their good results in docking study (X4 to X11) 

possess acceptable drug-like properties, based on 

Lipinski’s rule of five [13, 14]except the two compounds 

X6 and X7. The Lipinski’s rule including, log P, number 

of hydrogen bonds acceptor, number hydrogen bonds 

donor, a number of rotatable bonds and molecular weight 

are shown in Table 4. 

 

 

Table 4.Lipinski’s role potential inhibitors and the most potent inhibitor in the dataset. 

Compounds 

 Property 

Lipinski 

violations 
Log 

P 

H-bond 

Acceptor 

H-bond 

Donor 

Rotatable 

bonds 
TPSA 

Molecular 

weight 

g/mol 

Rule <5 ≤10 <5 <10  ≤500 ≤1 

X4 2.39 5 2 2 75.99 286.28 0 

X5 2.43 6 3 2 100.13 300.26 0 

X6 2.05 16 10 6 265.52 612.53 3 

X7 1.62 15 9 6 249.20 594.52 3 

X8 1.26 7 4 2 116.45 318.28 0 

X9 2.15 7 4 2 116.45 318.28 0 

X10 2.24 7 4 2 120.36 316.26 0 

X11 2.23 7 4 2 120.36 316.26 0 

Cedrol 2.99 1 1 0 20.23 222.37 0 

kadsurenone 3.51 5 0 6 53.99 356.41 0 

The value of polar surface area (PSA) for the six 

compounds X4, X5, X8, X9, X10 and X11indicates good 

oral bioavailability. The parameters, like a number of 

rotatable bonds and number of rigid bonds are linked to 

intestinal absorption results show that all compounds 

have good absorption except the two compounds X6 and 

X7. Another four drug-likeness rules namely Ghose, 

Veber, Egan and Muegge are contemporarily satisfied for 

the compounds that are obeyed Lipinski rule of five. The 

selected compounds are also evaluated for their synthetic 

accessibility.  

The Synthetic accessibility values for all compounds is 

about three. Therefore, they are easy to synthetic (Table 

5). 

3.4. ADMET prediction 

The molecules selected by their good results in drug 

likeness are subject to ADMET prediction. The predicted 

values of ADME-Tox studies are presented in Table 6. 

All ADMET values are found within an acceptable range. 

ADMET properties affect pharmacokinetic (absorption, 

distribution, metabolism, excretion) and 

pharmacodynamic (drug efficacy and toxicity) properties 

of drug substances. 

Table 5. Drug likeness prediction of the selected 

compounds based on Ghose, Muegge, veber and Egan rules, 

and their synthetic accessibility. 

Compounds Ghose Muegge Veber Egan 
Synthetic 

accessibility 

X4 Yes Yes Yes Yes 3.11 

X5 Yes Yes Yes Yes 3.16 

X8 Yes Yes Yes Yes 3.62 

X9 Yes Yes Yes Yes 3.62 

X10 Yes Yes Yes Yes 3.26 

X11 Yes Yes Yes Yes 3.30 
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Table 6. Lipinski’s role of potential inhibitors. 

 

Comp. Absorption Distribution Metabolism Excretion 

  

Water 

solubilit

y 

 

Intestinal 

absorption 

(human) 

 

Volume of 
distribution 

 

Blood-brain  
barrier  

permeability    

CYP 

 

Total 
clearance 

 

Toxicity 
 Ames 

 2D6 3A4    1A2  2C19   2C9 2D6 3A4  

Substrate   Inhibition  

 

  (log mol/l)     Numeric      Numeric ( log BB) 

(% absorbed)       (log L/Kg) 
 

 

Categorical (yes/No)                        Nemeric       Yes/No 

                                                                     ( Log/mol/ 
                                                                       min/Kg)                     

X4 -3.57 83.390 0.301 -1.222 No   No      YesYesNo   No Yes 0.187 No 

X5 -3.437 84.538 0.316 -1.230 No   No      YesYesYesNo  No 0.731 No 

X8 -3.305 88.785 0.906 -1.118 No   NoNoNoNoNoNo 0.233 No 

X9 -3.550 89.788 0.263 -1.159 No   NoNoNoNoNoNo 0.193 No 

X10 -3.644 87.064 0.291 -1.311 No   No      Yes    No   NoNoNo 0.691 No 

X11 -3.470 85.162 0.287 -1.349 No   No      Yes    No   NoNoNo 0.715 No 

The results of ADMET analysis show that all the selected 

compounds X4, X5, X8, X9, X10 and X11exhibit a suitable 

drug-like profile. However, all compounds have a value 

of blood-brain permeability less than -1 (log BB<-1).This 

signifies that these molecules are considered to be poorly 

distributed to the brain. Negative test of Ames indicates 

that the six flavonoid derivatives (X4, X5, X6, X8, X9, 

X10and X11) are not toxic. Additionally, the other PK 

parameters (intestinal absorption, water solubility, Caco2 

permeability) are respected. 

 

4. Conclusion 
In this study, we describe the structural binding features 

of six flavonoid derivatives isolated from the active leaf 

extracted from Chromolaena odoratawith the human 

platelet-activating factor receptor (PDB id: 5zkp). 

Docking, drug-likeness and ADMET studies confirm the 

potential and drug-likeness of the six compounds X4, X5, 

X8, X9, X10 and X11 as novel inhibitors of PAF receptor. 
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