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Cinnamamide has been known to have many prospect activities such as anti-inflammatory, 

antitubercular, anti-melanogenic, antitubulin, antidepressant, and anticancer. As an anticancer, 

there are 12 derivative compounds synthesized and tested in vitro against P388 cell. This study 

focuses the in silico analysis to know the interaction mechanism between cinnamamide 

derivatives and P-glycoprotein substrate through molecular docking, molecular dynamic  

simulation, and ADMET properties. Molecular docking revealed that compound 10 has a lower 

binding energy than the others about -5.57 kcal/mol and have a hydrogen bond interaction with 

Trp231 residue. Molecular dynamic simulation between compound 10 and the standard (ZQU) 

show a similar binding energy through MM-PBSA method. ADMET properties calculation show 

that some compounds satisfy the minimum standard parameters in ADMET properties. 
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Cancer is classified as a non-communicable disease 

and can occur due to the abnormal proliferation of 

various types of cells in the body [1]. Therefore, cancer 

being one of the leading causes of death in the  

worldwide [2]. According to estimates from the 

Global Cancer Burden, by 2040, there are 27.5 million 

new cancer cases and 16.3 million cancer deaths  

simply due to the growth and aging of the population. 

Chemotherapy is one of the most cancer treatments. 

However, a significant number of patients develop 

resistance to a broad spectrum of structurally anti-

cancer drugs [3]. 

 

P-glycoprotein (P-gp) or ATP-binding cassette 

sub-family B (ABCB) plays a crucial  role  in  

determining response against medications, including 

cancer therapeutics. P-gp acts as an ATP dependent 

pump that pumps out small molecules from cells. In 

the upcoming years, several other proteins of the 

ABC transporter family were identified that shared 

a common mechanism of conferring chemotherapy 

resistance by drug efflux [4]. However, p-gp remains 

the best studied and most potent ABC transporter to 

induce chemoresistance [5]. None of P-gp inhibitor 

has passed clinical trials due to their high side-effects 

and approved by the US Food and Drug Administration 

(FDA) [6]. Hence, the scientists are searching for 

alternatives options, such as plant-based P-gp inhibitors 

 

because these products could be the future potential 

drug candidates for further research as P-gp inhibitors 

and more effective and less toxic [7].  

 

Natural products are known for their low 

toxicity and higher specificity towards P-gp [8]. Several 

phytochemicals such as flavonoids and phenolic acids 

get much attention due to their antioxidant, anti-

tumor, and anticancer activity. Cinnamamide is one 

example of cinnamic acid derivative compounds that 

showed a high potential to be developed as anti-

inflammatory [9], antitubercular [10], anti-melanogenic 

[11], antitubulin [12], antidepressant [13], and anti-

cancer [14-15].  

 

As an anticancer Firdaus et  a l had been 

synthesized and tested cinnamamide twelve derivatives 

as anticancer for P388 cell lines since 2019 until 2022 

[16-18], however some of synthesized compounds had 

not been studied the in silico analysis. Recently, 

computational methods are rapidly growing and play 

an important role in drug discoveries [19]. Duo to these 

findings, we investigated new potential cinnamamide 

derivative compounds with computer-based analyses 

by molecular docking study, molecular dynamic, and 

evaluated by ADMET properties [20]. By in silico and 

ADMET predictions, we could evaluate the pharmaco- 

kinetic and toxicity properties of compounds.  
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MATERIALS AND METHODS 

 

Materials 

 

In this research, there are 12 cinnamamide derivatives 

used as ligands. All of ligands had been synthesized 

and tested as anticancer using P388 cell lines (Table 

1). Protein structure of P-glycoprotein was downloaded 

from protein data bank website and entering code 

6FN4. 

 

Ligand and Protein Preparation 

 

All of ligands were modelled and optimized by choosing 

GAFF method [21] in the Avogadro software [22]. 

Structure of P-glycoprotein were cleaning in Chimera 

software [23] by removing the water and standard 

ligand. Protein structure was added hydrogen and 

charges using Dock prep tools and then saved as pdb 

format file. 

 

Molecular Docking 

 

Molecular docking analysis of twelve ligands was 

done using AutoDock4 and AutoDockTools [24]. All 

ligands were set to be in the active site of the protein. 

The grid size used was 40 x 40 x 40 Å and spacing 

was 0.375 Å. Each complex was set to produce 10 

conformations by choosing the Lamarckian Genetic 

Algorithm [25] and the best conformation was selected 

by the energy ranking which is the lowest energy 

belongs to the best conformation. Interaction between 

ligand and protein was visualized by using Discovery 

Studio Visualizer program [26]. 

 

 

Table 1. Structure of cinnamamide derivatives  

 

 
Compounds R1 R2 R3 IC50 References 

1 -NH2 -OH -H 44 [16] 

2 -NHC3H7 -OH -H 53.56 [27] 

3 -N(C2H5)2 -OH -H 23.50 [27] 

4 

 

-OH -H 5.34 [18] 

5 

 

-OH -OCH3 29.14 [14] 

6 

 

-OH -OH 0.91 [28] 

7 

 

-OH -H 16.57 [28] 

8 -NH(C4H9) -OH -H 0.609 [27] 

9 

 

-OH -OH 0.86 [18] 

10 

 

-OAc -OAc 0.5 [29] 

11 

 

-OH -OCH3 46.67 [17] 

12 

 

-OH -OCH3 57.10 [17] 
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ADMET Properties 

 

There were 5 ligands (4, 6, 7, 10, 11) calculated for 

ADMET properties, those ligands were choosing due 

to the lower binding energy than the other ligands and 

compared to the native ligand, ZQU. All of ligand 

structure were converted into smiles format using 

Open Babel program [30]. The smiles format of each 

ligand was inserted to SwissADME to calculate drug 

likeness and pharmacokinetic properties [31], and also 

inserted to pkCSM web server to calculate toxicity 

properties [32]. 

 

Molecular Dynamic Simulation Protocol 

 

Molecular dynamic simulation was performed for the 

complex between ligands 10 and standard ligand (ZQU) 

against P-glycoprotein and single protein structure 

without ligand. Complex of ligand 10 was chose due 

to the lower binding energy result in molecular docking 

analysis than the other cinnamamide derivatives. 

Totally there were 3 system in this simulation. All 

of simulation was conducting by using YASARA 

Dynamics program (YASARA Biosciences GmBH, 

Vienna, Austria) [33]. Simulation was performed by 

using Amber14 as the force field [34] and the system 

was set to have a physiological condition under pH 7.4 

and temperature about 310 K. All of system run until 

10 ns in a TIP3P solvent by adding counter ion NaCl 

to neutralize the charge in the system. [35] Trajectory 

data was used to analyze RMSD, RMSF, radius of 

gyration, and energy of each ligand. 

 

RESULT AND DISCUSSION 

 

Molecular Docking Analysis 

 

Study of molecular docking for all compounds was 

started by redocking analysis using the native ligand 

(ZQU). Result of redocking analysis was depicted in 

Figure 1 and it was confirmed a successful redocking 

analysis due to the lower RMSD value about 0.609 Å. 

This low value is due to the good superimpose position 

of ligand. Successful redocking analysis achieved when 

the RMSD value is lower than 2 Å and indicated the 

method used had been validated [36].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Superimpose of the native ligand (ZQU) in the P-glycoprotein structure (grey: conformation before 

docking, green: conformation after docking)  

 

 

 

Table 2. Molecular docking result of cinnamamide derivatives in P-glycoprotein substrate 
 

Compounds 
Binding Energy 

(kcal/mol) 

Inhibition 

Constant (µM) 
Hydrogen bond interaction residue (Å) 

1 -4.10 987.62  Ile399 (3.83); Gln346 (3.98); Tyr309 (5.44) 

2 -3.90 139.00  Tyr309 (1.9) 

3 -3.99 118.00  Tyr309 (1.9) 

4 -5.13 173.81 Tyr309 (1.98) 

5 -4.83 286.97 Trp231 (1.76) 

6 -5.05 199.79 Tyr309 (1.8) 

7 -5.40 110.62 Tyr309 (1.99) 

8 -4.36 637.63 Ile339 (2.24) 

9 -4.75 330.00 Glu874 (1.98; 1.85) 

10 -5.57 83.04 Trp231 (2.07) 

11 -5.07 191.58 Trp231 (1.85) 

12 -4.46 539.27 Gln46 (1.82) 

ZQU -8.17 103.00 Trp231(2.96); Gln945(2.70) 
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Figure 2. Interaction of coumaramide derivatives ligand (a-f) continued is 4, 6, 7, 10, 11, and ZQU compound 

on binding side of P-glycoprotein 
 
 

After reaching a validated molecular docking 

method, twelve ligands of cinnamamide derivatives 

were docked into the active site of P-glycoprotein. 

Result of molecular docking was shown in Table 2 and 

all cinnamamide derivatives were compared to the 

native ligand (ZQU). Binding energy resulted in  

molecular docking showed that all cinnamamide 

derivatives had a higher energy value than ZQU, 

however there were 5 compounds (4, 6, 7, 10, 11) had a 

binding energy about -5 kcal/mol and indicating a 

potential property as an inhibitor [37]. The interaction 

found between ligands and protein are found as 

hydrogen bond and dominated by electron stacking 

interaction. Two-dimension interaction was shown in 

Figure 2 for some of ligands which is had a lower 

binding energy. All ligands had a hydrogen bond 

interaction with some of amino acid residue such as 

Tyr309, Trp231, Gln346, etc. However, most of ligands 

showed an interaction in the amino acid residue Trp231, 

the same interaction residue indicating the similar 

conformation of ligand in the active site of P -

glycoprotein. 

 

ADMET Properties 

 

Calculation of ADMET properties had been conducted 

to the five compounds which had a lower binding 

energy in the molecular docking analysis. Result of 

ADMET calculation was shown in Table 3. There 

are four properties calculated to confirm the drug 

likeness property of each ligand based on the Lipinski 

rule [38]. 

(a) 

 

(b) 

 

(d) 

 

(e) 

 

(f) 

 

(c) 
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Table 3. Result of ADMET calculation properties 
 

Parameters 4 9 10 13 14 ZQU 

 Drug likeness 

Molecular Weight (g/mol) 231.29 269.3 253.30 367.40 261.32 529.62 

Log P 1.90 2.24 2.82 2.97 1.57 -3.71 

Num. H-bond acceptors 2 3 2 5 3 5 

Num. H-bond donors 1 3 2 1 1 3 

Violation 0 0 0 0 0 1 

 Pharmacokinetics 

GI absorption High High High High High High 

BBB permeant Yes Yes Yes No Yes Yes 

P-gp substrate No No No No No No 

CYP1A2 inhibitor No Yes Yes Yes No No 

CYP2C19 inhibitor Yes No No Yes Yes No 

CYP2C9 inhibitor No Yes No No No No 

CYP2D6 inhibitor No No No No No No 

CYP3A4 inhibitor No Yes Yes No No No 

Log Kp (skin permeation, cm/s) -6.02 -5.93 -6.01 -6.46 -6.27 -6.04 

  Toxicity     

AMES Toxicity No No Yes No No No 

Max. Tolerated dose 0.551 0.269 0.637 0.332 0.454 -0.152 

hERG I inhibitor No No No No No No 

hERG II inhibitor No Yes No Yes No Yes 

Oral Rat Acute 2.163 1.942 1.923 2.301 2.225 2.777 

Oral Rat Chronic Toxicity 1.614 1.034 1.569 1.948 1.270 1.164 

Hepatoxicity No No No Yes No Yes 

Skin sensititation No No No No No No 

T. Pyriformis toxicity 1.202 1.244 1.473 1.187 1.188 0.285 

Minnow toxicity 1.649 1.314 0.774 1.075 1.798 1.128 

 

 

All ligands fulfill all the minimum standard 

parameter, whereas ZQU presented one violation 

in the parameter of drug likeness due to the higher 

molecular weight. All ligands also tested their  

pharmacokinetics property and showed the high 

absorption in gastrointestinal. In the parameter of 

blood brain barrier, only compound 13 was not 

fulfil  this parameter and all ligands were not  

acted as P-gp substrate. Prediction of toxicity  

property were confirmed by some parameters, 

compound 10  showed a toxici ty  proper ty  in  

AMES parameters but did not toxic for liver and 

skin. 

Molecular Dynamic Simulation 

 

Molecular dynamic simulation was performed to 

the complex between P-glycoprotein and ligand 10 

as this ligand had a lower binding energy in the 

result of molecular docking. Complex of native  

ligand (ZQU) also evaluated and compared with  

single protein structure, P-glycoprotein. Binding 

energy of each ligand was calculated using MM-

PBSA method and showed that binding energy of 

ligand 10 is quite similar with ZQU in the P-glyco-

protein indicating that compound 10 is potential to 

be used as P-glycoprotein inhibitor (Table 4).  

 

 

Table 4. Binding energy result using MM-PBSA method. 

 

Energy ZQU 10 

Epot Receptor -40055.8 -40666.7 

Esolv Receptor -118406 -118139 

Epot Ligand -40086.1 -40402.6 

Esolv Ligand -118602 -118139 

Epot Complex -40055.8 -40666.7 

Esolv Complex  -118406 -118139 

Binding Energy [kJ/mol] -158689 -158542 
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Figure 3. Molecular dynamic simulation result of single and complex P-glycoprotein (a) RMSD total, (b) RMSF 

(c) RMSD of ligand, and (d) radius of gyration graph. 

 

 

Complex stability was evaluated using some of 

parameters such as RMSD, RMSF, RMSD of ligand, 

and radius of gyration (Figure 3). RMSD result of each 

complex showed a high deviation, it can be caused the 

structure of original protein. It was seen that in the 

beginning of simulation time, RMSD of P-glyco-

protein was high about 5 until 6 Å (Fig.3a). Root mean 

square fluctuation (RMSF) is a score that provides a 

more detailed information about conformation change 

based on the fluctuation at the amino acid residue. 

Figure 3b showed that fluctuation of P-gp structure in 

both of single and complex structure showed a high 

value about 3 Å and it was predicted that there was a 

relaxation of bonds that can initiated an unfolding 

conformation of the protein target. It was in line with 

the result of radius of gyration (RG) (Fig. 3d), it was 

seen that addition of ZQU in the P-gp structure could 

make a significance change in the RG of P-gp structure, 

however addition of compound 10 did not change 

radius of gyration pattern of P-gp structure. Comparing 

the deviation of ligand conformation was seen in the 

Fig.3c which shown that RMSD value of ZAU is 

lower than compound 10, it can be caused due to the 

structure of ZQU is more planar and compact than 

compound 10, but both of compounds still give a low 

RMSD value about 2.5 Å.  

 

CONCLUSIONS 

 

In silico study of cinnamamide derivatives as anti-

cancer agent had been done using molecular docking, 

ADMET properties, and molecular dynamic simulation. 

Binding energy resulted in molecular docking showed 

that all cinnamamide derivative had a higher energy 

than native ligand or ZQU, however there were 5 

compounds presented an energy around -5 kcal/mol. 

These five compounds continued to test the ADMET 

properties and showed that all compounds fulfill  

minimum standard parameter in drug likeness property. 

Molecular dynamic simulation was attempted to single 

and complex P-glycoprotein with 10 and ZQU and 

showed that binding energy of compound 10 is quite 

similar with ZQU as standard ligand indicating that 

compound 10 is potential as anticancer agent. 
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