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 Abstract: Continuous inflammation can cause new and more severe diseases, thus 
effective treatments are needed. One of the common inflammation treatments is given by 
reducing prostaglandins' production through the inhibition of COX-2 activity. This 
experiment aims to examine the potential application of plant extracts of Adenostemma 
lavenia and Muntingia calabura (Jamaica cherry) as anti-inflammatory agents in 
inhibiting COX-2 activity through in silico and in vitro assays. Molecular docking and 
molecular dynamics simulation were accomplished to evaluate the stability of the 
complex between COX-2 and ligands. The COX-2 inhibition was determined using the 
COX-2 Inhibitor Screening Assay KIT. Based on the docking results, the active compound 
from A. lavenia, ligand 1a,9b-dihydro-1H-cyclopropa[a]anthracene, has the lowest 
binding energy of -8.7 kcal/mol. In comparison, M. calabura contains 7-hydroxyflavone 
ligand with a Gibbs free energy of -9.1 kcal/mol. The molecular dynamics study 
demonstrates that COX-2 maintains its stability when forming interactions with selected 
compounds from all the tested extracts. The results of the COX-2 inhibition test showed 
that 96% EtOH extract of A. Lavenia at concentrations of 25 and 100 ppm had an 
inhibitory activity of 98%; meanwhile, 70% and 96% EtOH extracts of M. calabura at 
1000 ppm concentration could inhibit COX-2 activity up to 100%. The results 
demonstrate that both plants show potential anti-inflammatory activity. 

Keywords: anti-inflammatory; herbal medicine; in vitro; molecular docking; molecular 
dynamics 

 
■ INTRODUCTION 

Inflammation is a biological response of the 
immune system triggered by some factors, such as 
exogenous substances, pathogens, damaged cells, and 
toxic compounds that enter the body. These factors can 
cause acute or chronic inflammatory responses in the 
body that may end up in serious diseases such as 
rheumatoid arthritis, lung, cancer, and heart disease [1]. 
Inflammation is usually suffered by patients infected with 
Covid-19. Several studies concluded that the 
hyperinflammatory response of SARS-CoV-2 is a 
significant cause of illness severity and death in infected 

patients [2]. Furthermore, continuous inflammation can 
cause new problems in the area where inflammation 
occurs and can trigger the proliferation of cancer cells. 
Therefore, prevention and treatment efforts to reduce 
inflammation in the body are needed [3]. 

Inflammation is usually triggered by several 
inflammatory mediators, one of which is prostaglandins. 
Prostaglandins are produced from arachidonic acid 
metabolism catalyzed by the COX-2 enzyme. Therefore, 
one of the efforts to prevent inflammation is to inhibit 
COX-2 activity [4]. The drugs that can inhibit COX-2 
activity are classified as non-steroidal anti-inflammatory 
drugs. Non-steroidal anti-inflammatory drugs are one of 
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the generally prescribed ache medications. Unfortunately, 
long-term use can cause more harmful side effects such as 
gastrointestinal bleeding, cardiovascular side effects, and 
nephrotoxicity [5]. Therefore, it is preferable to use drugs 
derived from natural products to minimize the side 
effects. Searching for drug compounds that can inhibit 
COX-2 can be carried out using the molecular docking 
method and continued with molecular dynamics studies. 

Molecular docking is a process in which small 
molecules are anchored into macromolecular structures 
such as proteins, polysaccharides, carbohydrates, and 
double-helical DNA structures to assess their 
complementary value at the binding site [6]. The 
molecular docking technique aims to predict the most 
suitable binding mode of the ligand to the receptor. This 
method can estimate the binding affinity between the 
ligand and protein and the protein-ligand complex 
structure [7]. Receptors in molecular docking can be 
assumed to be rigid molecules (immobile) and might also 
be considered flexible molecules similar to their natural 
state [8]. The stability of receptor binding with ligands 
resulting from the docking process can be calculated 
using molecular dynamics simulations. Molecular 
dynamics (MD) is a computational physics method to 
study and analyze the interactions and movements of 
atoms and molecules based on Newton's laws. The force 
field is used to estimate the forces between the interacting 
particles and calculate the system's total energy consisting 
of bond energy, angular energy, dihedral energy, 
electrostatic energy, and van der Waals energy [9]. MD is 
commonly carried out using the AMBER20 program 
because this program is non-periodic simulations, the use 
of a generalized Born or numerical Poisson-Boltzmann 
implicit solvent model, free-energy calculations use 
thermodynamic integration, and there may be 
widespread assistance for trajectory evaluation and active 
post-processing [10]. The root means square deviation 
(RMSD), a radius of gyration residue (Rg), the root means 
square fluctuation (RMSF), and the total energy of the 
molecular dynamics simulation path are the basic 
parameters to measure the stability of a system. 

Anti-inflammatory drugs circulating in public tend 
to have dangerous side effects, so an alternative that can 

be used is by utilizing herbal medicines derived from 
plants. The use of herbal medicines is expected to 
contain safe therapeutic compounds, the resulting side 
effects are not destructive, and the treatment of 
inflammation is more effective. The plants that would 
have been tested for anti-inflammatory activity as herbal 
medicine in this study are Adenostemma lavenia (sticky 
daisy, legetan warak) and Muntingia calabura (Jamaica 
cherry, kersen). Compounds in the ethanolic extract of 
A. lavenia have been reported to inhibit COX-2 activity 
[11]. The active compound in the root is 11-hydroxylated 
kauranic acids, which are beneficial as an anti-
inflammatory, improve lung and liver function, and 
relieve pain [12]. Increasing the concentration of M. 
calabura fruit extract has been known to reduce 
prostaglandins concentration in the body [13]. This 
study was designed to examine the potential of these two 
plants as anti-inflammatory agents in inhibiting COX-2 
activity through in silico and in vitro experiments. 

■ EXPERIMENTAL SECTION 

Materials 

The material used for the in silico test is a 3D 
structure of COX-2 protein with the PDB code 5IKR. 
The ligands used were 49 compounds in A. lavenia, and 
68 compounds in M. calabura. Materials for in vitro tests 
were 50%, 70%, and 96% ethanol extracts from leaves of 
the respective species, provided by the Tropical 
Biopharmaca Research Center Laboratory, Bogor City, 
Indonesia. 

Procedure 

Preparation of molecular docking 
The receptor used is the human co-crystal 

structure of the COX-2 protein with the PDB code 5KIR. 
The 3D structure is obtained from the Protein Data Bank 
(PDB) database in a *.pdb file on www.rcsb.org. The 3D 
structure of the COX-2 protein  was then examined for 
completeness of the residue using the UCSF-Chimera 
software [14]. The last preparation was removing the 
ligands and water present in the receptor and adding 
Gasteiger charge and polar hydrogen using 
AutodockTools 1.5.6.rc3 [15]. The ligands were 49 
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compounds in A. Lavenia leaves, and 68 compounds in 
M. calabura leaves based on literature studies (Suppl. 1 
and 2), encompassing polar and semipolar compounds. 
The 3D structures of the compounds were obtained from 
the https://pubchem.ncbi.nlm.nih.gov/. Each ligand 
structure was optimized using quantum mechanics (QM) 
calculations using the xTB program. Finally, each 
compound was charged, and the torque was adjusted 
using AutodockTools 1.5.6.rc3 software. The ligands that 
gave the most negative Gibbs free energy value were 
determined by their physicochemical properties using 
Lipinski's rule. 

Running and evaluation of molecular docking 
The grid box was determined based on the shape of 

a protein with the appropriate X, Y, and Z-axis values. The 
grid box parameters used for each process are shown in 
Table 1. Next, the target protein and ligand docking 
simulation were performed in *.pdbqt format. Molecular 
docking was processed using Autodock Vina software 
with an exhaustiveness value of 8. Each ligand was flexible 
and would interact with the receptor in strict conditions. 
Afterward, a docked output ligand structure file (out. 
pdbqt) and a text file (log.txt) appeared containing data 
on the energy value of the affinity of the ligand to the 
receptor for each ligand conformational mode. The final 
step was assessing the molecular docking results using the 
DS visualizer software. The hydrogen bonds and the 
contact residues between ligands and target protein were 
observed using DS visualizer software with *.pdb format 
[16]. Finally, with the lowest Gibbs free energy (ΔG), the 
docked ligand compounds were tested for toxicity using 
Data Warrior software. 

Molecular dynamics simulation and evaluation of the 
results 

Molecular dynamics simulations were carried out 
on COX-2 protein and the five best ligands based on 
molecular docking results. Each complex molecule was 
provided with a folder for running molecular dynamics 

simulations. Before running the simulation, the proteins 
and the ligands were prepared. The ligands and the 
target proteins were combined to form protein-ligand 
complexes using AutodockTools. The complexes were 
then processed using the Pdb4amber program to remove 
water and hydrogen molecules. Next, the hydrogens 
were added to the complex and neutralized the pH to 7 
using a webserver (http://biophysics.cs.vt.edu/H++) 
[17-19]. The results of the H++ webserver were in the 
form of topology files and coordinates. Next, the protein 
and the ligand files were combined to form a ligand-
protein complex PDB file parameterized by tLEaP using 
the Amber FF14SB and GAFF2 force field for proteins 
and ligands, respectively. At tLEaP, the system was also 
neutralized by adding sodium and chlorine ions. The 
preparation produced a topology file and the final 
coordinates of the protein. 

Furthermore, minimization was carried out to 
minimize energy in the system, avoid inappropriate van 
der Waals contacts (bad contact), and minimize high-
energy steric effects to obtain molecules with minimum 
energy. Energy minimization was carried out using the 
steepest descent and conjugate gradient algorithms. 
Minimization was carried out in five steps. The first step 
was a dynamic constraint of 10 kcal/mol on all atoms. A 
dynamic constraint of 10 kcal/mol was applied to all 
atoms except hydrogen in the second step. In the third 
step, 10 kcal/mol dynamic constraints were applied to 
the backbone atoms of carbon, alpha carbon (CA), 
oxygen, and nitrogen. In the fourth step, a dynamic 
constraint of 10 kcal/mol was applied to the CA atom. 
Finally, the last step was carried out without any 
constraints, and the molecules moved freely. 

The next stage in this simulation is heating, 
following the Langevin protocol. This stage uses the 
NVT dynamic ensemble. The heating was carried out 
with six temperature ranges, 0–50, 50–100, 100–150, 
150–200, 200–250, and 250–300 K. The next stage was an  

Table 1. Grid box parameters used for the molecular docking process 

Protein target 
Grid size A 

Spacing (A) 
Coordinate 

x y z x y z 
COX-2 20 20 20 1.00 -19.163 74.728 33.837 
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equilibration to stabilize the protein from 
thermodynamic disturbances in the simulation. The 
resulting equilibration output was then depicted in a 
density graph against time using the mdout_analyzer.py 
command in the Amber20 program. The last stage of the 
simulation was the production run using the NPT 
ensemble. The simulation stage of molecule production 
was made in a natural state without restraints. The 
production run was carried out for 250 ns. 

MD simulations were performed for 250 ns for each 
COX-2-ligand complex. The atomic coordinates in the 
complex system were stored at 0.2-ns time intervals 
during the simulation. Using the initial structure of the 
MD simulation as the reference structure, the CPPTRAJ 
module from AmberTools20 was used to determine the 
RMSD value to validate the convergence of the MD 
simulation process for calculating hydrogen bonds 
formed in the ligand-complex during the simulation. In 
addition, the structural flexibility of the protein was 
estimated by calculating the fluctuating root-mean-
square (RMSF) values. Also, the simulation results were 
analyzed using binding affinity using molecular 
mechanics energies with the Poisson-Boltzmann surface 
area method (MM/PBSA) [20]. 

Measurement of the inhibitory activity of A. lavenia 
and M. calabura extracts on COX-2 activity 

The inhibition activity measured toward COX-2 was 
50, 70, and 96% ethanol extracts of A. Lavenia and M. 
calabura. Various extracting compositions were carried 
out to obtain semipolar and polar compounds from the 
samples. In vitro studies could be followed by in silico 
studies related to the compounds to be tested 
computationally. All extracts were measured for their 
inhibitory activity toward COX-2 in vitro using COX-2 
(Human) Inhibitor Screening Assay KIT (Cayman 
Chemical Item No. 701080). The kit directly read PGF2α 
by measuring PGH2 reduction by SnCl2. PGH2 was 
produced from a reaction catalyzed by COX-2. 
Prostanoid products were confirmed by enzyme 
immunoassay (ELISA) using a broad specific antiserum 
that binds all major prostaglandin compounds. 

The test method following the kit protocol includes 
a COX-2 reaction procedure consisting of the preparation 

of a COX-2 reagent and a COX-2 reaction process. The 
reaction process began with inactivating the COX-2 
enzyme by heating it in boiling water for 3 min. Then 
950 μL of the reaction buffer was pipetted and put into 
the initial tube activity and all test tubes. During the 
process, 10 μL of heme and 10 μL inactive COX-2 were 
added to tube background, added 10 μL of active COX-
2 to tube initial activity and all test tubes, added 10 μL of 
arachidonic acid to all test tubes, then vortexed and 
incubated for 2 min before adding 50 μL of 1 M HCl. The 
test tube contains sample extracts with various 
concentrations. Into each test tube, 100 mL of SnCl2 

solution was added and incubated back for 5 min at 
room temperature before centrifuging at 4000 rpm to 
obtain a clear supernatant. The resulting supernatant 
was diluted before being measured by the ELISA 
procedure. The ELISA procedure includes preparation 
of buffer solution, special test reagents, dilution of COX-
2 reagent, application to 96 well-plates, and 
measurements using ELISA spectrophotometer at 405–
420 nm wavelengths. A more detailed procedure was in 
the guidebook COX-2 (Human) Inhibitor Screening 
Assay kit (Cayman Chemical Item No. 701080). 

■ RESULTS AND DISCUSSION 

Receptors and Ligands Used 

Determination of receptors is the first step in the 
docking process, which is the COX-2 enzyme in this 
study. This enzyme plays a pivotal role in synthesizing 
prostanoids involving prostaglandins and thromboxane 
from arachidonic acid substrates [21]. The 3D structure 
of COX-2 was obtained from the Protein Data bank 
website with the PDB code 5IKR. The structure has two 
chains, namely the A and B chains with 551 amino acid 
sequences, and still forms a complex with the mefenamic 
acid ligand so that it needs to be separated to obtain a 
pure structure of COX-2 protein [22]. Separating COX-
2 protein with ligands has been successfully carried out 
using VMD software. At this stage, water molecules, 
solvents, and small non-protein molecules were 
removed to produce a pure protein structure of COX-2 
in the *.pdb format. The COX-2 structural model is 
shown in Fig. 1. The amino acid residues produced from  
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Fig 1. The 3D structure of chain A COX-2 (the red color 
is the active site of the protein) 

the COX-2 structure showed no missing amino acid 
residues so the COX-2 protein could be used for the 
docking process. The compounds in A. Lavenia and M. 
calabura were referred to in literature [23-24]. 
Flavonoids, steroids, terpenoids, and saponins are 
observed in both plants [25]. 

Molecular Docking Result 

Molecular docking is one of the most widely used 
virtual screening methods by utilizing the 3D structure of 
a protein, carbohydrates, and nucleic acids. This method 
can predict the binding affinity between the ligand and 
protein and the protein-ligand complex structure [7]. The 
docking process begins with determining the grid box 
parameters to be used. A grid box is a space or area that 
will be a place for interaction between ligands and target 

receptors. Determination of the grid box aims to 
determine a receptor's active site [26]. Based on the 
results of docking A. lavenia compounds with COX-2, it 
seems that some compounds have a lower Gibbs free 
energy value than arachidonic acid, with a binding 
energy of -7.4 kcal/mol. Arachidonic acid is the main 
component of lipids in cell membranes. The COX-2 
enzyme can metabolize arachidonic acid into various 
metabolites that trigger an inflammatory response, such 
as prostaglandins [4]. 

The results of the COX-2 docking analysis on A. 
lavenia gave the five best compounds with the lowest 
binding energies (Table 2). The ligands 124 and 149 have 
the lowest Gibbs free energy among the other test 
ligands, with a value of -8.7 kcal/mol. It indicates that 
there has been a strong interaction between COX-2 and 
these two ligands. The lower the Gibbs free energy value, 
the more robust and the more stable the interaction 
between the ligand and the receptor [27]. The energy 
values of the two ligands were lower than diclofenac. 
Diclofenac is a positive control used in this study with 
an -8.1 kcal/mol energy value. Thus, it is shown that the 
compounds in A. lavenia are potential COX-2 
inhibitors. Diclofenac is a non-steroidal anti-
inflammatory drug from the phenylacetic acid class with 
anti-inflammatory, analgesic, and antipyretic properties. 
Diclofenac has high enough selectivity to inhibit COX-2 
with greater potency than COX-1 [28]. 

The results of COX-2 docking with ligands from 
M. calabura are shown in Table 3. The Gibbs free energy 
of the M. calabura ligand has a lower value than the 
positive control and ligands from A. lavenia, meaning 
higher potential as a COX-2 inhibitor. Ligand 18 has the 
lowest Gibbs free energy with -9.1 kcal/mol. These 
results agreed with previous reports that ligand 18 could  

Table 2. Gibbs free energy of compound A. lavenia with COX-2 
Number Code Compound Energy (kcal/mol) 

1 124 1a,9b-Dihydro-1H-cyclopropa[a]anthracene -8.7 
2 149 Biphenyl, 3,4-diethyl -8.7 
3 114 3,6-Dimethylphenanthrene -8.3 
4 150 Diclofenac -8.1 
5 110 Z-cyclodecene -7.2 
6 103 Linoleic acid -7.0 
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Table 3. Gibbs free energy of compound M. calabura with COX-2 
Number Code Compound Energy (kcal/mol) 

1 18 7-Hydroxyflavone -9.1 
2 30 7-Hydroxyisoflavone -9.0 
3 87 8-Hydroxy-6-methoxyflavone -9.0 
4 14 (2S)-7-Hydroxyflavanone -8.9 
5 19 5,7-Dihydroxyflavone -8.9 
6 150 Diclofenac -8.1 

 
reduce the production of prostaglandins and other pro-
inflammatory mediators in cells induced by 
lipopolysaccharide [29]. The binding energy values 
obtained are almost similar to previous studies, which 
reported that the result of docking COX-2 with eutypoid 
A compound using Autodock Vina has a binding energy 
of -9.0 kcal/mol [30]. It indicates that the ligand binds 
strongly and is very stable to the COX-2 receptor. 

Five ligands from Table 3 with the lowest binding 
energies are compounds that belong to flavonoids. These 
results agree with previous in silico studies related to the 
docking of flavonoid molecules to COX-2. Quercetin and 
its derivatives are predicted to have inhibitory activity 
against COX-2 so that it can be used as an anti-
inflammatory [31]. Most flavonoids are known to have 
anti-inflammatory activity. For example, flavonoids from 
Lotus plumule have been reported to inhibit the 
production of inflammatory mediators such as NO 
radicals, PGE2, and TNF-α, as well as pro-inflammatory 
cytokines IL-1β and IL-6 [1]. The S. alopecuroides extract 
enriched with flavonoids can inhibit the release of 
lipopolysaccharide-induced NO, PGE2, TNF-α, 
interleukin-6, and interleukin-1β, and can reduce the 
expression of iNOS and COX-2 proteins [32]. A mixture 
of flavonoids and isolated compounds from Boldoa 

purpurascens leaves has been shown to have an anti-
inflammatory impact because it can reduce the 
expression of COX-2 when induced with 
lipopolysaccharides [33]. 

Characteristic of ligands according to Lipinski’s rule 
Lipinski's rule concerns the absorption or 

permeation of a drug molecule. A drug molecule that has 
a deviation from the Lipinski rule can have poor 
absorption in the body. Lipinski's rules include that the 
molecular weight should not exceed 500 g/mol, have a 
log P value not greater than five, have a hydrogen bond 
donor of less than five, and a hydrogen acceptor of less 
than 10 [34]. Based on Table 4, three compounds of A. 
lavenia, namely ligands 114, 124, and 149, have Lipinski 
rule deviations related to the log P value of more than 
five. The log P value indicates the lipophilicity of a 
molecule [35]. Lipophilicity affects solubility and affects 
permeability, potency, selectivity, distribution, 
metabolism, excretion, and toxicity. Its high lipophilicity 
(log P > 5) often contributes to its low solubility and poor 
drug absorption. In addition, highly lipophilic 
compounds tend to bind to hydrophobic molecules in 
the body other than their intended targets, increasing the 
risk of toxicity to cells or tissues [36]. According to 
Lipinski's rule, ligands 18, 30, and 87 have good properties  

Table 4. Ligand characteristic of A. lavenia and M. calabura based on Lipinski's rule 

Compound 
Molecular weight 

(g/mol) Log P 
Number of hydrogen 

bond donors 
Number of hydrogen 

bond acceptors 
18 238.24 1.66 1 3 
30 238.24 1.66 1 3 
87 268.26 1.33 1 4 

114 206.28 5.67 0 0 
124 192.26 5.15 0 0 
149 210.31 5.83 0 0 
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as drug molecules. The three ligands do not have Lipinski 
rule deviations to have good absorption or permeation in 
the body as drug molecules. 

Prediction of ligand toxicity 
A new drug molecule is expected to have better 

activity and lower toxicity than the existing drugs. 
Therefore, the ligands with the three lowest binding 
energies of A. lavenia and M. calabura were determined 
first for their toxicity. Then, a ligand toxicity test was 
carried out using Data Warrior software. Several studies 
have used this software to find new medicinal 
compounds, such as cancer and antidepressant drugs [37-
38]. The results of the predictive analysis of ligand toxicity 
using Data Warrior are shown in Table 5 [39]. The ligands 
18, 30, and 87 of M. calabura, and ligand 124 of A. lavenia, 
have no mutagenic, tumorigenic, irritant, and 

reproductive effects. Therefore, it indicates that the two 
plants have potential as COX-2 inhibitor agents. 
However, ligands 114 and 149 have a low tumorigenic 
effect, so they can cause cancer if taken for a long time as 
a drug. 

Ligand-receptor interaction analysis 
The ligand-receptor interaction was carried out on 

the ligands with the lowest binding energies of the two 
plants. Ligand interaction analysis was performed using 
DS Visualizer. This analysis was carried out to see the 
active site and the type of bond between the ligand and 
the amino acid residues contained in COX-2. 
Interactions are hydrogen bonds, electrostatic 
interactions, and van der Waals interactions. The 
interaction between ligand 18 and COX-2 amino acid 
residues is  shown in Fig. 2.  The interaction of  ligand 18  

Table 5. Ligand properties of A. lavenia and M. calabura based on toxicity 

Compound 
Effect 

Mutagenic Irritant Tumorigenic Reproductive 
18 None None None None 
30 None None None None 
87 None None None None 

114 Low None Low None 
124 None None None None 
149 None None Low None 

 
Fig 2. Ligand 18 interaction with COX-2 in 2D (left) and 3D (right) 
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produces hydrogen bonds at the Ser530 residue, in 
addition to hydrogen bonding, hydrophobic interactions 
at residues Arg120, Val349, Leu352, and Ala527. The 
results so far are still in line with previous studies related 
to the active site of COX-2. The results of previous studies 
reported that COX-2 protein has an active site on the 
amino acid residues Ser530, Ala527, Gly526, Met522, and 
Leu352 [40]. The binding between the ligand and the active 
site of COX-2 can change the secondary or tertiary structure 
of the COX-2 protein. Changes in the protein structure 
make COX-2 unable to recognize its substrate to produce 
prostaglandin inflammatory mediators [41]. An article 
reported that arachidonic acid interacts with COX-2 at 
the amino acid residues Tyr385, Ser530, Arg120, Leu531, 
Val349, Ser353, Ile523, Ala527, Leu352, Gly526, Phe205, 
Phe209, Val-228, Val-344, Ile-377, Phe-381, Gly533, and 
Leu-534 [42]. Tyr-385 is a critical catalytic residue that 
donates a hydrogen atom to heme during enzyme 
activation. In addition, the amino acid residue Ser530 has 
a vital role in the inhibition of COX-2 activity [43]. 

The analysis of ligand 124 with COX-2 (Fig. 3) 
shows hydrophobic interactions at the amino acid 
residues Val349, Leu352, Trp387, Phe518, Met522, 
Val523, Gly526, and Ala527. Hydrophobic interactions 
are between the ligand molecule's non-polar group and 
the receptor's non-polar region. Hydrophobic 
interactions can stabilize the ligand-receptor interaction  
 

by lowering the value of the Gibbs free energy because 
the interaction is a combination of weakly interacting 
bonds such as van der Waals, dipole-dipole, and 
electrostatic bonds [44]. Therefore, the Gibbs free 
energy value of ligand 18 is lower due to the hydrogen 
interaction at the amino acid residue Ser530 than ligand 
124, which does not have hydrogen interactions. 

Molecular Dynamics Result 

A total of 10 ligands consisting of five ligands each 
from A. lavenia and M. calabura (Table 6) were selected 
based on the lowest binding energy resulting from the 
molecular docking process for stability through MD 
 
Table 6. List of ligands selected for MD simulation of 
stability 
Number Code Compound 

1 14 (2S)-7-Hydroxyflavanone 
2 18 7-Hydroxyflavone 
3 19 5,7-Dihydroxyflavone 
4 30 7-Hydroxyisoflavone 
5 87 8-Hydroxy-6-methoxyflavone 
6 103 Linoleic acid 
7 110 Z-cyclodecene 
8 114 3,6-Dimethylphenanthrene 
9 124 1a,9b-Dihydro-1H-

cyclopropa[a]anthracene 
10 149 Biphenyl, 3,4-diethyl 

 

 
Fig 3. Ligand 124 interaction with COX-2 in 2D (left) and 3D (right) 
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simulation for 250 ns. The RMSD values for compounds 
from A. lavenia increased during the first 50 ns. After that 
phase, the five ligands experienced simple fluctuations in 
the range of 1.5–2.5 Å and had an average RMSD below  
2 Å (Fig. 4). Overall, in the 250 ns period, the COX-2 
complex structure with five selected A. lavenia ligands 
converged because the fluctuations in the RMSD value 
produced were not too large (not exceeding 1.5 Å). It 
indicates that the complex formed is stable during the 
simulation [45]. Based on Fig. 5, the COX-2 complex with 
the M. calabura ligand looks stable at the beginning of the 
simulation until it reaches a simulation time of 125 ns, the 
RMSD value increases until the end of the simulation, 
especially in the 8-hydroxy-6-methoxyflavone ligand. The 
COX-2 complex with 8-hydroxy-6-methoxyflavone ligand 

has the most considerable fluctuation in the RMSD value 
among the other four ligand complexes with a range of 
0.96–3.14 Å. Fig. 5 exhibits a decrease in the stability of 
the COX-2 complex with 8-hydroxy-6-methoxyflavone 
at the end of the simulation. However, overall, the five 
ligand complexes of M. calabura have good stability 
during the simulation because the fluctuations produced 
are not too large (still close to 1.5 Å). 

The RMSF value indicates the flexibility of the 
receptor amino acid residues. Changes in the RMSF 
value can explain fluctuations in each residue in the 
protein structure and protein flexibility during the MD 
simulation. RMSF of the two species ligands has almost 
the same value seen from the peaks and valleys formed 
(Fig. 6).  RMSF  value  fluctuates  at  amino acid  residues  

 

 
Fig 4. RMSD of the protein-ligand complex from A. 
lavenia at 250 ns 

 
Fig 5. RMSD of the protein-ligand complex from M. 
calabura at 250 ns 

 
Fig 6. RMSF of the protein-ligand complex from A. lavenia (left) and M. calabura (right) at 250 ns 
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15–30, 40–54, 100–110, and 335–342. Higher RMSF 
values indicate greater flexibility during MD simulations 
[46]. Amino acid residues 100–110 give the highest RMSF 
fluctuations peaks because they do not bond with the 
ligands, causing the amino acid residues to become more 
flexible. 

In comparison, the valleys indicate that the ligand 
interacts with the residue causing the COX-2 protein to 
become more rigid [47]. Residues above 350 are also 
related to the active site of COX-2, which is in the amino 
acid residues Ser530, Ala527, Gly526, Met522, and 
Leu352 [39]. In all complexes, the RMSF value for each 
residue surrounding the ligand has a lower value of less 
than 1 Å, as shown in residues above 350. The interaction 
between the ligand and protein is relatively stable during 
the MD simulation. 

The calculation of the binding energy of the protein-
ligand complex was carried out using the MMPBSA 
technique. This calculation technique can provide 
information about the stability of the bond between the 
ligand and COX-2 as a complex structure. Based on Fig. 
7, the linoleic acid compound had the lowest MMPBSA 
value with an average energy of -48.605 kcal/mol. The Z-
cycloundecene ligand had the highest binding energy with 
an average energy of -28.733 kcal/mol. It shows a very 
different order of results from the Gibbs free energy in the 
molecular docking step, as clearly seen in Table 7 and 8. 
The  difference  in the  data can  represent  that  molecular  

docking data needs to be validated using molecular 
dynamics simulations because logarithms and 
conditions applied in molecular docking simulations with 
Autodock Vina are more straightforward and more rigid. 

In contrast, the receptors are flexible in molecular 
dynamics simulations. Hence, more parameters are 
required, and the logarithm of applied calculations is 
more complex than in molecular docking. The 
parameters used in the computation of MMPBSA that 
do not exist in the molecular docking include the 
dielectric constant, parameters for non-polar energy, 
polar solvation energy, radius, electrostatic energy, and 
entropy of the system used. As a result, the calculation of 
the MMPBSA value has better accuracy than the 
calculation by molecular docking [48]. Meanwhile, the 
results of MMPBSA with M. calabura ligand (Fig. 8) 
have energy that is almost similar to energy fluctuations 
ranging from -30 to -40 kcal/mol. Ligand 8-hydroxy-6-
methoxyflavone has the most negative average binding 
energy of -38.346 kcal/mol. The negative Gibbs free 
energy value indicates that the receptor has an attractive 
interaction with the ligand. Furthermore, the value of 
the Gibbs free energy of the ligand pair in each 
conformation is negative, signifying that the receptor 
with the ligand has a stable bond [49]. 

Hydrogen bond analysis was also performed on the 
MD Trajectory to calculate the number of hydrogen 
bonds  formed in  each  complex  during   the  simulation.  

 

 
Fig 7. MM-PBSA of the protein-ligand complex from A. 
lavenia at 250 ns 

 
Fig 8. MM-PBSA of the protein-ligand complex from M. 
calabura at 250 ns 
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Table 7. Comparison of energy from Autodock Vina and MMPBSA from A. lavenia 

Code Compound 
Energy (kcal/mol) 

Autodock Vina MMPBSA 
124 1a,9b-Dihydro-1H-cyclopropa[a]anthracene -8.7 -33.0 
149 Biphenyl, 3,4-diethyl -8.7 -37.6 
114 3,6-Dimethylphenanthrene -8.3 -36.3 
110 Z-cyclodecene -7.2 -28.7 
103 Linoleic acid -7.0 -48.6 

Table 8. Comparison of energy from Autodock Vina and MMPBSA from M. calabura 

Code Compound 
Energy (kcal/mol) 

Autodock Vina MMPBSA 
18 7-Hydroxyflavone -9.1 -34.5 
30 7-Hydroxyisoflavone -9.0 -34.7 
87 8-Hydroxy-6-methoxyflavone -9.0 -38.3 
14 (2S)-7-Hydroxyflavanone -8.9 -33.6 
19 5,7-Dihydroxyflavone -8.9 -35.7 

 
From A. lavenia, only linoleic acid ligands form hydrogen 
bonds with two hydrogen bonds on average (Fig. 9). The 
other four ligands do not show hydrogen bonding. The 
hydrogen bond is not formed presumably because the 
position of the donor atom and the hydrogen acceptor are 
far apart at the time of docking, avoiding hydrogen bonds 
between COX-2 and the ligand. It makes linoleic acid 
ligands have the lowest binding energy than the other four 
due to hydrogen bonds with COX-2. Hydrogen bonds can 
strengthen the interactions between ligands and proteins. 

H-bonds are critical for protein folding and protein-
ligand interactions [50]. These results are consistent 
with the docking analysis that the ligand 1a,9b-dihydro-
1H-cyclopropa[a]anthracene does not form hydrogen 
interactions with COX-2 but forms hydrophobic 
interactions to stabilize the complex structure formed. 

In contrast to the ligands from A. lavenia, varying 
hydrogen bonds are formed between the ligands on M. 
calabura and COX-2 (Fig. 10). Ligands (2S)-7-
hydroxyflavanone    and    8-hydroxy-6-methoxyflavone  

 

 
Fig 9. Number of hydrogen bonds formed for the MD 
simulation trajectory for the COX-2 enzyme with selected 
ligand from A. lavenia 

 
Fig 10. Number of hydrogen bonds formed for the MD 
simulation trajectory for the COX-2 enzyme with 
selected ligand from M. calabura 
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formed one hydrogen bond with COX-2 from the 
beginning of the simulation to the end of the MD 
simulation. The 7-hydroxyisoflavone ligand most often 
forms two hydrogen bonds during the simulation, and 
sometimes three hydrogen bonds can be formed even if 
only temporarily. Meanwhile, according to the molecular 
docking analysis, 7-hydroxy flavone only formed one 
hydrogen bond. The 5,7-dihydroxyflavone ligand formed 
two hydrogen bonds at the beginning of the simulation 
and three hydrogen bonds formed during the MD 
simulation. 

In vitro Extract Inhibition Test against COX-2 

The samples measured for their inhibitory activity 
on COX-2 were single extracts of A. lavenia and M. 
calabura with 25, 100, and 1000 ppm concentrations. The 
extract was produced by macerating the samples for 3 × 
24 h in 50, 70, and 96% ethanol as the solvent. Referring 
to Fig. 11, the 50% EtOH extract does not show inhibition 
of COX-2 activity. The inhibitory activity of 70% EtOH 
extract is only seen at a concentration of 100 ppm with an 
inhibition value of 6%, and 1000 ppm is equal to 81%. The 
96% EtOH extract gives a high inhibitory power to COX-
2 activity. The 96% EtOH extract of A. lavenia with 25 and 
100 ppm concentrations produced an inhibitory power of 
about 98%. These results are consistent with the previous 
in vivo studies that A. lavenia extract can treat the 
pathogenesis of pneumonia in LPS-induced rats. In 
addition, the extract can reduce MAPK and NF-kB 
activity to suppress the production of pro-inflammatory 
cytokines [11]. The compound ent-11α-hydroxy-15-oxo-
kaur-16-en-19-oic-acid in A. lavenia is also reported to 
inhibit NF-kB expression in the treatment of colorectal 
cancer [51]. Several groups of compounds that have been 
known to have potential as COX-2 inhibitors include 
acetogenins [52], alkaloids [53], and sterol derivatives [54]. 

The inhibitory power of EtOH single extract of M. 
calabura is shown in Fig. 12. In contrast to A. lavenia, 50% 
EtOH extract with a concentration of 25 ppm could 
inhibit COX-2. It showed the highest inhibitory power of 
50% EtOH extract of 51% at a concentration of 1000 ppm. 
The inhibitory activity above 50% is given by 70% and 
96% EtOH extracts. At 25 ppm concentration, both 70 

and 96% EtOH extracts can provide inhibition power 
approaching 80 and 84%, respectively. EtOH 70 and 96% 
extracts may inhibit COX-2 activity up to 100% at 1000 
ppm concentration. Compared with the other two EtOH 
extracts, the inhibitory power of 96% EtOH extract 
shows a higher potential for COX-2 inhibition. 

The positive control employed in this study is 
diclofenac, a synthetic drug commonly used as an anti-
inflammatory. Based on the research results, diclofenac 
has a COX-2 inhibition percentage of 88% at a 
concentration of 0.75 ppm (Fig. 13). The inhibitory 
activity produced by all tested extracts was able to compete 

 
Fig 11. Inhibition of EtOH extract of A. lavenia on 
COX-2 activity 

 
Fig 12. The inhibitory activity of the EtOH extract of M. 
calabura on COX-2 

 
Fig 13. The inhibitory activity of diclofenac on COX-2 
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with diclofenac as a positive control even though the 
concentration of the extract used was relatively different. 
The anti-inflammatory activity becomes better if the 
required concentration is getting smaller. Based on the 
measurement of the inhibition of COX-2, both plants 
have the potential to be anti-inflammatory. 

The active compounds found in extracts of A. 
lavenia and M. calabura, which act as anti-inflammatory 
through inhibition of COX-2 activity, are flavonoids and 
steroids. Following in silico results, the five compounds 
from M. calabura, with the lowest Gibbs free energy, 
belong to flavonoids. Flavonoids can suppress COX gene 
expression through cell signaling pathways such as the 
NF-B pathway and tyrosine kinase, but the mechanism 
has not been determined with certainty [55]. However, 
based on the in silico results, it can be predicted that the 
compounds contained in the extracts of A. lavenia and M. 
calabura will interact with COX-2 in the body. It happens 
because, in the inflammatory process, COX-2 production 
will increase so that the potential for binding between the 
active compounds in the extracts of these two species with 
COX will be even more significant. This interaction can 
inhibit COX-2 in binding arachidonic acid so that the 
catalysis process does not occur and can result in changes 
in the structure and active site of the enzyme so that COX-
2 cannot catalyze the formation of prostaglandins. 

■ CONCLUSION 

We conclude that A. lavenia and M. calabura 
extracts have the potency to inhibit the performance of 
COX-2, which affects the regulation of inflammation in 
vitro. The computational simulations agree with the in 
vitro experiment results that show an interaction between 
the compounds in both plants and the active site of the 
COX-2 enzyme. Furthermore, the MD simulations show 
that the interactions between COX-2 and ten selected 
compounds formed a stable protein-ligand complex. 
These results provide an urgently needed opportunity to 
develop new therapeutic drug design and discovery 
strategies to treat inflammation. 
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