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ABSTRACT. Secondary metabolites isolated from Cryptocarya was known to have various activity especially their cytotoxicity 
in P388 cell. There were two species of Cryptocarya studied in this research that were Cryptocarya konishii and Cryptocarya 
lucida. In both species, 8 isolate compounds had bioactivity as anticancer in P388 cells. This study aimed to know the binding 
affinity and ADMET properties of each isolated compound through P-glycoprotein substrate since this protein was reported 
to be responsible for the inhibition of P388 cells. Molecular docking was performed using AutoDock4 and AutoDockTools 
software to know the binding energy and interaction of isolate compounds against the P-glycoprotein substrate. ADMET 
properties calculation was done using the pkCSM web server for all compounds. Molecular docking results showed that 
Kurzichalcolactone B (7) isolated from C. lucida had the lowest binding energy. It resulted in the highest total intermolecular 
energy from the contribution of van der Waals and hydrogen bond energy. Binding energy calculation using MM-PBSA 
method revealed a similar result that ligand 7 had a lower binding energy than 5. Calculation of ADMET properties resulted 
that some of the isolate compounds fulfilling the minimum standard parameters in ADMET properties.  
  
Keywords: ADMET properties, Anticancer, Cryptocarya, Molecular Docking,  
 
INTRODUCTION  

Cryptocarya is a genus who have more than 300 
species that are often found around the tropical Asia 
Pacific (Gangopadhyay & Chakrabarty, 2005) such as 
Thailand, Malaysia, Singapura, Indonesia dan 
Australia (de Kok, 2015). Cryptocarya is a plant that 
has many chemical constituents such as alkaloids 
(Giordano et al., 2019), pyrones (Liu et al., 2015), 
flavonoids (Nehme et al., 2008), terpenoids (Siallagan 
et al., 2008), dan chalcone (Fera Kurniadewi et al., 
2010). 

Cryptocarya has been known and used by the 
community as a traditional medicine to treat liver 
diseases and rheumatism (Giordano et al., 2019). 
Secondary metabolites in Cryptocarya have activities 
as an anti-inflammatory (Feng et al., 2012), anti-
plasmodial (Nasrullah et al., 2013), anti-tuberculosis 
(Chou et al., 2011), antimalarial (Liu et al., 2015) and 
also in several studies it was found that Cryptocarya 
has potential as an anticancer (Chang et al., 2016; 
Ray et al., 2021) 

In several studies have been conducted, species of 
Cryptocarya that are reported to contain secondary 
metabolites that have anti-cancer activity include 
Cryptocarya costata (Usman et al., 2006), 
Cryptocarya pulchinervia (Juliawaty et al., 2020), 

Cryptocarya konishii (F. Kurniadewi et al., 2017) and 
Cryptocarya lucida (Siallagan et al., 2008) 

The results of research conducted by Kurniadewi et 
al. (2010), found that 7 compounds were isolated 
from the methanol extract of the wood of the 
Cryptocarya konishii and showed a strong inhibition 
of the growth of murine leukemia P-388 cells. In 
Cryptocarya lucida there were two compounds found 
that were Kurzichalcolactone A and 
Kurzichalcolactone B (Siallagan et al., 2008). There 
were 8 total compounds isolated from two species of 
Cryptocarya and showed good bioactivity as an 
anticancer. However, in silico study of those 
compounds has never been conducted. This study 
aims to evaluate the binding affinity and ADMET 
properties of all isolated compounds through 
molecular docking (Palestro et al., 2014; Rachman et 
al., 2018) and ADMET calculation (Pratama et al., 
2020) 

Molecular docking is carried out to study the 
simulation of the interaction between a chemical 
compound and macromolecules to predict the active 
site of a macromolecule and as a guide to design new 
more active compounds (Kitchen et al., 2004). One 
important rule in docking study is the main amino acid 
residue(s) interacting with the native ligand have to 
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also interact with the proposed or the newly designed 
compound (Pinzi & Rastelli, 2019). 

The properties of ADMET are phenomena that are 
closely related to how the performance of a chemical 
compound in the human body. Each of the properties 
in ADMET will reflect the outcome of a chemical 
compound when interacting with various organs in the 
body. Prediction of the ADMET properties of a 
compound is essential, especially for foreign chemical 
compounds that are consumed in the long term or at 
large concentrations (Daina et al., 2017; Pires et al., 
2015).  
 
EXPERIMENTAL SECTION 
Ligands Preparation 

There were 8 compounds isolated from C. konishii 

(Fera Kurniadewi et al., 2010) and C. lucida (Siallagan 
et al., 2008) that were selected as tested ligands (Table 
1). The 3D structure of each ligand was downloaded 
on the PubChem website (https://pubchem.ncbi. nlm. 
nih.gov/) except for desmethylinfectocaryone because 
of the absence of its structure. Due to the similarity of 
structure between desmethylinfectocaryone and 
infectocaryone, so we edited the structure of 
infectocaryone in Avogadro software (Hanwell et al., 
2012) and optimized the structure using the General 
Amber Force Filed (GAFF) method (Wang et al., 
2004). 

Molecular Docking 
The protein structure used in this research was P-

glycoprotein (PDB ID: 6FN1) since this protein is 
responsible for the inhibition of P388 cancer cells 
(Gatoillat et al., 2015). Native ligand is obtaining from 
the complex of P-glycoprotein and numbering as ZQU 
(Zosuquidar) ligand. Each ligand and protein 
substrate were prepared to dock using Chimera 
software by adding hydrogen and optimizing the 
structure (Pettersen et al., 2004). The grid box size 
used is 70 x 70 x70 Å, the grid center size is 152.163; 

150.946; 152.534 (xyz coordinate) and the spacing is 
0.375 Å. The docking protocol was set to give the 10 
best conformations using the Lamarckian Genetic 
Algorithm that was implemented in the AutoDock4 
package (Morris et al., 1998). The best conformation 
was chosen based on the lowest binding energy value 
and the visualization of 2D interaction was depicted 
using Discovery Studio Visualizer program (Dassault 
Systemes, 2019).  

Molecular Dynamic Simulation Protocol 
Molecular dynamic simulation was conducted for 

the complex of ligand 5 and 7 against P-glycoprotein. 
These both of ligands were chose due to the lower 
binding energy resulted in molecular docking analysis. 
Both complexes were compared to the structure of 
single protein without ligand. MD simulation was done 
by using YASARA Dynamics program (YASARA 
Biosciences GmBH, Vienna, Austria) (Land & Humble, 
2018). Force field used in this study is Amber14 in a 
periodic boundary condition (Wang et al., 2004). 
Temperature and pH of system were set about 310 K 
and 7.4, respectively (Dash et al., 2019). TIP3P solvent 
was selected and each complex was added counter 
ion Na+ and Cl- (Mark & Nilsson, 2001). Each complex 
was run until 10 ns by using time step 0.25 fs. Then, 
trajectory data used to analyse radius of gyration, 
RMSD complex, RMSD ligand, RMSF, and MM-PBSA 
energy.  

ADMET Properties Calculation 
All of the ligands were converted into smiles format 

using the Open Babel program (O’Boyle et al., 2011) 
and then submitted to the pkCSM web server one by 
one (Pires et al., 2015). Calculate the ADMET 
properties by choosing the ADMET menu. pkCSM 
program provided the data including the result of the 
Lipinski rule of five calculations and adsorption, 
distribution, metabolism, excretion and toxicity data 
for each ligand.

 
 Table 1. List of isolate compounds from C. konishii (Fera Kurniadewi et al., 2010) and C. lucida (Siallagan et 
al., 2008) 

Ligand PubChem ID Isolate Compounds Structure 

1 638276 2-hydroxy chalcone 

 

2 10379026 Cryptocaryone 
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3 5280537 Trans-N-Feruloyltramine 

 

4 10379922 Infectocaryone 

 
5 102331934 Kurzichalcolactone A 

 

6 68071 Pinocembrine 

 

7 102331935 Kurzichalcolactone B 

 

8 - Desmethylinfectocaryone 
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RESULTS AND DISCUSSION 
Molecular Docking Analysis 

In order to know the binding affinity of ligands, 
molecular docking analysis is conducted through the 
AutoDock program. Table 2 shows the result of 
docking analysis, and all ligands have low binding 
energy. Comparison of binding energy between all 
ligands and native ligand (ZQU) presents that some of 
ligands have a lower energy. Binding energy results in 
the AutoDock4 program come from the sum of several 
energies such as intermolecular, internal energy, and 
torsional and unbound system energy. Intermolecular 
energy of each ligand contributes from hydrogen 
bond, van der Waals, and electrostatic energy. 

The more intermolecular interaction is resulting a 
lower value of binding energy but represents a 
stronger interaction. Table 3 presented the interactions 
between each ligand and P-glycoprotein substrate. 
Some of interacting residue found in complex ZQU 

against the substrate also presents in the interaction of 
newly ligands such as Trp231, Met875, Gln945, etc. 
Ligand 5 is an isomer of ligand 7, it makes the binding 
energy of these compound similar. These two ligands 
have a more functional group, furthermore, give a 
more interactions with the P-glycoprotein substrate 
and resulting in a lower binding energy compared with 
the other complex protein-ligand. Two-dimension 
interaction between ligands 3 and 7 as the complex 
protein-ligand with a higher and lower binding energy 
(Figure 1). It is implied from Figure 1 that complex 3 
has a higher binding energy value because the less of 
interaction with the substrate and there was 
unfavourable interaction with Ala69 residue, despite, 
ligand 7 having a more interactions such as hydrogen 
bond (Tyr949, Gln945, and Ile339), van der Waals, 
pi-alkyl stacking, and pi-pi stacking (Tyr952) making 
the lower binding energy value.

 
Table 2. Molecular docking result of ligands through P-glycoprotein substrate 

Ligand Inhibition 
Constant 

Final 
Intermolecular 

Energy (kcal/mol)  
 

[1] 

Final Total 
Internal 
Energy 

(kcal/mol) 
[2] 

Torsional 
Free Energy 
(kcal/mol)  

 
[3] 

Unbound 
System's 
Energy 

(kcal/mol)  
[4] 

Binding 
Energy 

(kcal/mol)  
 

[1+2+3-4] 

1 13.35 µM -7.84 -0.57 1.19 -0.57 -6.65 

2 1.06 µM -9.05 -1.09 0.89 -1.09 -9.05 

3 18.32 µM -8.85 -1.30 2.39 -1.30 -6.46 

4 3.21 µM -9.28 -1.56 1.79 -1.56 -7.49 

5 26.47 nM -12.72 -2.86 2.39 -2.86 -10.34 

6 8.03 µM -7.85 -0.98 0.89 -0.98 -6.95 

7 8.25 nM -13.41 -0.77 2.39 -0.77 -11.03 

8 5.56 µM -8.96 -0.55 1.79 -0.55 -7.17 

ZQU 1.03 µM -10.26 0.00 2.09 0.00 -8.17 

 
Table 3. Residue interactions of all ligands in P-glycoprotein substrate 

Ligand Interactions 

1 Gln772, Gln837, Ser830, Trp231, Met875, Gln989, Phe302, Phe993, Val834, Ala833, 
Val990, Ala994, Met298 

2 Gln772, Gln837, Asn720, Phe769, Phe302, Ser765, Tyr306, Leu723, Gln724, Trp231, 
Met298, Val990, Phe993, Gln989 

3 Leu64, Glu874, Trp231, Met875, Phe941, Gln945, Tyr949, Pro65, Val62, Gly61, 
Thr198, Gln194, Gln364, Leu878, Leu235, Ala232 

4 Tyr306, Gln989, Ile305, Phe982, Gln837, Gly721, Asn841, Gln724, Leu723, Asn720, 
Val990, Ala986, Met985, Phe302 

5 Ala986, Gln989, Tyr306, Met985, Phe982, Ile305, Gln724, Tyr309, Ser765, Trp231, 
Phe302, Asn720, Met875, Phe993, Gln837, Gln772, Phe769, Leu723, Met298 

6 Gln837, Gln772, Val990, Ala833, Ser991, Val834, Gln989, Phe302, Met298, Phe769, 
Ala994, Phe993, Trp231, Met875 

7 Gln945, Tyr949, Ile339, Glu874, His60, Gln194, Gly61, Ala195, Thr198, Ser343, 
Gln346, Leu235, Trp231, Ala228, Phe342, Met68, Tyr952, Met948, Met67, Leu64, 
Ala232, Leu878 

8 Gln837, Asn295, Gln772, Ser830, Ala833, Val834, Trp231, Phe302, Phe993, Gln989, 
Gly773, Met298, Val990, Ala994, Pro995 

ZQU Trp231, Gln945, Met875, Glu874, Met985, Met948, Leu64, Tyr949, Leu878, Ala232 
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Figure 1. 2D-Interaction of ligands 3 and 7 against P-glycoprotein substrate 
 
Molecular Dynamic Simulation 

Molecular dynamic simulation had been conducted 
to the complex of ligand 5 and 7 against P-
glycoprotein comparing with the single protein 
structure. These both ligands were choosing due to the 
lower binding energy than the other tested ligand in 
molecular docking analysis. Radius of gyration is a 
parameter that describe equilibrium conformation in a 
whole system. The lower value showed the folded 
condition of protein structure, and the highest value 
described the unfolded structure. Figure 2 showed that 
addition of ligand to the protein structure could 
increase the RG pattern specially in the end of 
simulation time. Addition of ligand 7 to the protein 
structure give a better condition than ligand 5 based 
on the folding condition of the P-glycoprotein.  It was 
also confirmed in RMSF graph, fluctuation of some 
amino acid residues was higher than residue in single 
protein structure. The RMSD analysis showed that 
deviation of the single protein structure was around 4-
5 Å but addition of ligands could decrease this rmsd 
value, indicating that this ligand gave a more stability 
effect to the P-glycoprotein. Comparison of ligand 

stability was depicted in Figure 2d and showed that 
ligand 5 was more stable than 7 due to the lower rmsd 
value. Even though these both of ligands are 
enantiomer.  

Binding Energy = Epot Receptor + Esolv Receptor +Epot 

Ligand + Esolv Ligand -Epot Complex – 
Esolv Complex                    (Eq. 1) 

Binding energy of ligand 5 and 7 was evaluated using 
MM-PBSA (Molecular mechanics Poisson–Boltzmann 
surface area) method based on the Equation 1. MM-
PBSA method calculate binding energy from the 
difference of solvation condition from receptor, ligand, 
and complex when bound and unbound condition 
(Miller et al., 2012). Table 4 showed the similar 
binding energy both ligands. The structure of both 
ligands that was enantiomer gave a different potential 
energy and impact to the solvation energy. The ligand 
7 had a solvation energy lower and gave the better 
binding energy. This result also made a more stable 
of complex protein ligand between ligand 7 and P-
glycoprotein and it was in line with the molecular 
docking analysis.  

(a) 

(b) 
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Figure 2. Molecular dynamic simulation result of complex 5 and 7 against P-glycoprotein compared to 
the single P-glycoprotein (a) radius of gyration, (b) RMSD of ligand, (c) RMSF, and (d) RMSD total graph  

 
Table 4. MM-PBSA energy result of complex 5 and 7 against P-glycoprotein 

Energy 
5 

(kJ/mol) 
7 

(kJ/mol) 

Potential Energy of Receptor -42055.0 -40236.7 

Solvation Energy of Receptor -116474.0 -118516.0 

Potential Energy of Ligand -41587.1 -39873.8 

Solvation Energy of Ligand -116601.0 -118582.0 

Potential Energy of Complex -42055.0 -40236.7 

Solvation Energy of Complex -116474.0 -118516.0 

Binding Energy  -158188.0 -158456.0 

 
ADMET Properties  

The result of ADMET properties calculate in the 
pkCSM web server is present in Table 5. In adsorption 
parameters, ligands 5 and 7 fulfil all the parameters 
except CaCO2 permeability. This parameter describes 
the cell line of human epithelial colorectal 
adenocarcinoma cells and is considered to have a 
high CaCO2 permeability higher than 0.9. The 
interesting part is only compounds 5 and 7 are 
considered as P-glycoprotein substrate and P-
glycoprotein inhibitor I and II, which supports the result 
of docking analysis which are those compounds have 
lower binding energy against P-glycoprtein.  

The distribution parameters of ligands are 
demonstrated by some of parameters. The volume of 
distribution (VDss) describes the total dose of a drug 
and considers having a low value (log VDss < -0.15) 

(Pires et al., 2015). Ligands 5-8 show a lower volume 
of distribution compared to the others ligand 
indicating that these ligands have a good volume of 
distribution.  

Metabolism parameters of ligands show that all 
ligands are not suitable as CYP2D6 substrates and are 
more likely to be CYP3A4 substrates. These two 
substrates are the main ones responsible for the 
metabolism process in Cytochrome P450. Ligands 8 
presents a poor metabolism process due to a 
mismatch of all parameters. Renal Organic Cation 
Transporter 2 (OCT2) is a parameter that describes 
the disposition and clearance of the drug. In this study, 
only ligand 4 fulfil this parameter. In the toxicity test, 
all ligands present non-mutagenic potential based on 
the AMES toxicity result. Some ligands also present an 
effect on the skin and liver.  

 

(a) 

(c) (d) 

(b) 
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Table 5. ADMET properties of ligands isolated from C. konishii and C. lucida 

Properties Ligand 

1 2 3 4 5 6 7 8 

A
d
so

rp
tio

n
 

CaCO2 Permeability  1.422 1.086 0.994 1.057 0.404 1.152 0.404 0.96 

Intestinal absorption 93.429 96.22 88.193 95.196 96.886 92.417 96.886 91.83 

Skin Permeability -2.241 -2.99 -3.006 -2.926 -2.735 -2.808 -2.735 -2.914 

P-gp substrate  No No Yes No Yes Yes Yes No 

P-gp I inhibitor  No Yes No Yes Yes No Yes No 

P-gp II inhibitor No No No No Yes No Yes No 

D
is

tr
ib

u
ti
o
n
 

VDss 0.128 0.296 0.058 0.198 -0.39 -0.386 -0.39 -0.565 

BBB permeability 0.163 -0.423 -0.629 -0.348 -1.066 0.42 -1.066 -0.05 

CNS permeability -1.592 -2.178 -2.556 -2.135 -2.637 -2.047 -2.637 -2.215 

M
e
ta

b
o
lis

m
 

CYP2D6 substrate  No No No No No No No No 

CYP3A4 substrate  Yes Yes Yes Yes Yes No Yes No 

CYP1A2 inhibitor  Yes Yes Yes Yes No Yes No No 

CYP2C19 inhibitor  Yes Yes Yes Yes Yes Yes Yes No 

CYP2C9 inhibitor  No No Yes No Yes Yes Yes No 

CYP2D6 inhibitor  No No No No No No No No 

CYP3A4 inhibitor  Yes No No No Yes No Yes No 

E
xc

re
tio

n
 

Total Clearance  0.269 0.164 0.282 0.283 0.043 0.122 0.043 0.265 

Renal OCT2 
substrate 

No No No Yes No No No No 

T
o
xi

ci
ty

 

AMES Toxicity  No No No No No No No No 

Max. Tolerated 
dose 

0.77 -0.341 -0.24 -0.111 -0.038 0.269 -0.038 -0.342 

hERG I inhibitor  No No No No No No No No 

hERG II inhibitor  No No Yes No Yes No Yes No 

Hepatoxicity  No Yes No No Yes No Yes No 

Skin Sensitisation  Yes No No No No No No No 

 
CONCLUSIONS 

This study has successfully predicted the binding 
affinity, molecular dynamic simulation, and ADMET 
properties of secondary metabolites in C. konishii and 
C. lucida. Overall, ligands 5 and 7 show a better 
binding affinity due to the lower binding energy in 
molecular docking and molecular dynamic simulation. 
In ADMET properties calculation, both of ligands also 
fulfil parameters in adsorption and some of the 
parameters in distribution, metabolism, excretion, and 
toxicity test.  
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