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ABSTRACT

Objective: The aim of this study was to determine the stability interaction of asiatic acid derivatives (AA) complex with inducible nitric oxide
synthase (iNOS) enzyme as an anti-inflammatory using Molecular Dynamic (MD) simulation.

Methods: The methods were consisting of validation of molecular docking, molecular docking to calculate binding affinity within the complex
between the compounds and iNOS enzyme by using MMGBSA (Molecular Mechanics/Generalized Born Surface Area), and MD system preparation,
MD production as well as MD analysis using AMBER18.

Results: The result of validation and molecular docking were AAS5 has the most negative Gibbs energy that is -9.17 kcal/mol, which has better
binding affinity than other derivatives than other derivatives. The molecular dynamics simulation of the modified structure of asiatic acid showed
that binding energy value and RMSD of AA5, AA6 and AA9 have a lower value compared to arginine as a substrate of iNOS enzyme. Molecular
Dynamics that have been occurred to the best three compounds chosen shown good result in terms of stability after 100 ns length simulation. And
the lowest binding affinity has been achieved by a compound called AA5. Out of all ligands that have been simulated shown that their binding

affinity was lower than AAS that reached-44.6753 kcal/mol.

Conclusion: This studies conclude that AA5 considerably more potential as a selective inhibitor of iNOS enzyme as an anti-inflammatory.
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INTRODUCTION

iNOS was one out of three kinds of enzyme NOS that has four
pathways based on its structure that could be used as a target for an
inhibitor; L-arginine-based inhibitor, Tetrahidrobiopterin (H4B)
based inhibitor, Heme, and Calmodulin based inhibitors [1]. These
pathway has been used as leads for design a potent inhibitor. All
kinds of NOS enzymes produce Nitric Oxide, a radical agent with
specific roles, like iNOS; NO has been used to help the immune
system, macrophage, kill and detect bacteria and virus that invaded
the human body [2-4]. But, in consequence of Kkilling these
microorganisms, inflammation would occur in the specific site of our
body. Also, the radical properties of NO can damage healthy cells
that causing inflammation. Furthermore, a high concentration of NO
in the human body can increase the risk of inflammation and
oxidative stress for healthy cells [5].

Asiatic acid (AA) is one of a pentacyclic triterpenoid compounds
derived from Centella asiatica, known as pegagan in Indonesia. AA
has been known about its pharmacological activity for being an
anti-inflammation agent that has been proved within vitro [6-8].
Also, in vivo study reported that the extract of Centella asiatica
with a dose between 10-300 mg/kg towards one group of rats
with edema in their feet showed a significant inflammation
reduction [7, 9]. The triterpenoid group includes AA has a role to
reduce stress oxidation with its antioxidant activity because of its
structure [10, 11]. The structure of AA that has three groups of
hydroxyl at C(2), C(3), C(23), olefin group at C(12) and one
carboxylic acid group at C(28) play important roles for its ability
to bind well to receptor binding site. In a previously study, the
binding affinity of AA against iNOS was higher than COX-2 and as it
reported that hydroxyl and carboxylic acid groups have a role as
hydrogen bond acceptor and olefin group has a hydrophobic
interaction with the receptor [12]- The derivatives compounds of
AA5, AA6 and AA9 also have reported that their binding affinity
against iNOS was preferable to become an iNOS inhibitor [1, 13,
14]. But, Until now, the information about thus compounds

stability against iNOS was not available yet. Whereas, that could
become very essential information to consider the drug design and
development of AA.

In silico studies in drug design and discovery were quite popular these
days because of its advantages, cheaper research cost, and more
workable when it comes to working out of a laboratory. Molecular
Dynamic (MD) was one of in silico methods that enable the researcher
to how molecular moving around and interact with each other
dynamically [15] Also, have more features one of them was calculating
binding energy, which is MMPB/GBSA, That could predict ligand
affinity to its binding site [16]. This research was doing MD
simulations to three best compounds that have been chosen before
based on previous research conduct [1]. The purpose of the simulation
was to acknowledge information about stability interaction between
AA and the chosen derivatives as ligands against iNOS that being
simulated in a controlled system that looks alike within the human
body condition. The stability of AA compounds as ligands would be
observed within 100 ns length of the simulation. While binding affinity
of AA against iNOS would be calculate using MMGBSA method.

MATERIALS AND METHODS
Materials

Material was including of receptors that being used for molecular
dynamics that were taken from RCSB.org protein database for the
receptor. The ligands were consist of Asiatic acid derivatives that
have different functional groups at C-2, C-3 and C23 positions [14].
The Functional group of AA5, AA6 and AA9 were CH3COOH,
CH3COOH and CH:0AC; C=0, C=0, and COOH; C=0, C=0, CH20AC,
respectively. The structures were created using ChemDraw 16
PerkinElmer Inc and showed at fig. 1. Arginine that was the
substrate for iNOS itself also being used for negative control. While
iNOS with PDB ID: 3E7G was chosen for simulation receptor. The
methods contain of molecular docking and molecular dynamic that
consist of system preparation; MD production and MD analysis using
AMBER18.
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Fig. 1: Structure of three chosen asiatic acid derivatives (a) AA5, (b) AA6, (c) AA9

Validation of molecular docking

Validation of molecular docking was performed between iNOS and
Inhibitor AT2 as the natural ligand of iNOS (PDB: 3E7G) to ensure its
exact coordinate and gridbox binding site that being used in
Molecular Docking using AutoDockTools 4.2.

Molecular docking

Docked ligands-receptor into one unit was needed unless the MD
simulation cannot showed the right information that we need for its
complex properties. AA derivative compounds and iNOS were docked
using AutoDockTools 4.2. Grid coordinate that used for iNOS (PDB ID:
3E7G) was 55.232, 21.838, 78.677 (x,y, z) with box size was 40:40:40.

Molecular dynamic

Desktop personal computer was being used with high specification
(Processor: Intel i7-8550U, VGA: NVDIA GTX 970, Memory: Crosair
DDR3 8GB) to overcome the needed of the hard task and long-time that
computer would been done during the simulation. AMBER18 was a
program that was used for the MD simulation. There was 3 steps for
molecular dynamic; system preparation; MD production and MD
analysis. A proper system with stability and controlled parameters were
needed to be set before the simulation or MD production being done.

System preparation which has two-step; minimization and
equilibration were also done using AMBER18 with specific “pmemd”

command. Heating up the MD system also being done with AMBER
18, which in this research were heat up until approximately 310 K
and equilibration step were ran for at least 1.5 ns. Equilibration was
monitored by determining the stability of temperature, energy and
density of the system as well as the RMSD.

The production time of MD was 100 ns length of time, to make sure
the complex stability within the system which was set to look alike
in the human body (Temperature approximately 310 K, Pressure 1
atm, and Volume 1 g/ml). Data were collected every 10ns during the
MD run. Visualization of protein-ligand complexes and MD
tracectory analysis were carried out by VMD software package.
Binding affinity of the complex would be calculated with MMGBSA
method, calculated total of polar surface area energy, and solvated
energy within the complex.

RESULTS AND DISCUSSION

Validation that has been done before between iNOS (PDB 3E7G) and
inhibitor AT2 as its ligand showed that there are 3 spesific amino
acid residues Glu377, Ala351, Tyr373, Tyr347. There was other
research that reported specific amino acid residues, which are
Glu377, Arg266 and GIn263 [17]. Also, resulting a RMSD which value
is 0.974 A, a preferable value because it was less than 2 A that being
recommended for a good value of RMSD [18, 19]. Detail result of the
validation can be seen at table 1. and the docking visualization
showed at fig. 2.

Table 1: Result of molecular docking validation iNOS against AT2

Enzyme Grid/(A)3 Coordinate (x, AG (kcal/mol) Ki/(pM) RMSD (A) Amino acid residue
Yy, Z) H-bond
iNOS 40:40: 60 55.232 21.838 -5.03 210.83 0.974 Tyr373;Tyr347;Glu377;Ala351.
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Fig. 2: Visualisation of complex AT2 and iNOS (PDB: 3E7G). (a) 3D Visualisation that showed hydrogen bond and Hydrophobic interaction.
(b) 2D Visualisation that showed hydrogen bond, Van der waals and Hydrophobic interaction.
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After the validation of the binding site has been done with the
preferable RMSD, the research was continued with another
molecular docking trial. This time, the AA derivatives would be
prepared to be docked with the parameter that was previously
established. The docked were ran 100 times for one docking, and
each compound would be undergo three times of docking. The result
of the docking was showed in the table 2. Based on the result, the
derivative compound named AAS5 has seem to be the best result than
other derivatives. The parameters that refer to AA5 stated before
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was considered the result of gibbs energy, constant inhibition, the
number of docked and also the specific amino acid residues that
binded with the ligand formed a hydrogen bond. AA5 has the most
negative Gibbs energy that is -9.17 kcal/mol, which is the better
binding affinity than other derivatives [20]. Also, AAS5 has primacy of
its constant inhibition value, which is 188.86 nM, where that is the
most lower value than the other compounds. Furthermore, the
highest value number of docked was achieved by AAS5, which was
done 84 out 100 times of dock.

Table 2: Molecular docking result of asiatic acid derivatives against iNOS (PDB 3E7G)

Compound Grid (A)? AG (kcal/mol) Ki Number of docked Amino acid residues
(100 run) H-bond

AA5 40:40: 60 -9.17 188.86 nM 84/100 Arg381; Trp372

AA6 40: 40: 60 -8.31 807.11 nM 65/100 Val352

AA9 40:40: 60 -7.43 3.56 yM 56/100 Gly371; Trp372

Before complexes were undergo molecular dynamic simulation, they
were docked using AutoDockTools. So the ligands and iNOS as its
target could be united as a complex. Docking simulations that have
been done also gave prediction about binding affinity, stability, and
interaction between ligand and receptor. In case, AA5 which has the
lowest binding energy that is -10.16 kcal/mol than other two chosen
derivatives AA6 (-9.90 kcal/mol) and AA9 (-9.17 kcal/mol) that have
lower binding energy after being docked before, and this result in
line with previous research [14]. With the docking result of the AA
derivatives binding energy, we can predict their binding affinity
against iNOS when they went to MD simulation. The lower binding
energy of ligand toward a receptor that would means the ligand
would easier binded to its receptor and vice versa [20].

Stability prediction could be done by observing the number of
docked a ligand against receptors. Number of docked means total of
a specific conformation that formed and being docked towards its
receptor. The higher number of docked at a specific conformation
would be better because of that conformation has high acceptable
probability and stability since it’s continuously formed and docked
against its target receptors [21]. Using molecular dynamic, drug
design and discovery would become easier and getting more
information about the body interferes to the drug candidate. There
more advantages of MD that enabled for observed the interaction of
ligand-receptor target freely and dynamically so that the prediction
of drug properties in the human body could be more precise [22].

Molecular dynamic simulation that divided into three-step which is
preparation, production, and analysis. The preparation step was a
step for complex ligands-receptors to equilibrating its system that
has been set to the human body at least more than 1.5 ns or 1500 ps.
To ensure the system has been perfectly equilibrated. Fig. 3. Below
showed the graph of the parameter that being equilibrated which
is volume, density, temperature and pressure. Each parameter
need to be constant as long as the equilibration steps were ran,
while for the beginning steps the parameter would be adjusting
itself to achieve the preferable value that is set before.
Temperature for the system has been set for 310 K, to the
controlled system to be look-alike in the human body. So as the
other parameter, density was set around 1 g/ml, and volume was
being set to reach and keeping that constant value while the other
system was being adjusted.

The time length of two first step was optimized before, especially
for preparation step that occur in 1.5 ns were optimized for
getting the preferable system. Production step itself was ran
within 100 ns that being separated into 10 parts, so it would
minimized error and other non-desired things. Some MD researchs
were gave recommend time length for production step which was
based on how much the residues of amino acid in a receptor, more
residues were recommended to have a more longer time of
simulation which could be done up to 100 ps [23]. There, it was
also reported that simulation duration within 100ns comes out a

proper result [19, 24, 25]. All of the ligands that ran with iNOS
showed good stability for binding to iNOS binding site within 100 ns
except for the L-arginine that was substrate for iNOS were chosen
as control negative that also simulated to compare its activity
against other inhibitors, L-arginine could not stay put in iNOS
binding site for 100 ns. Its bond was cut off after simulation ran
for 40 ns, and then leaves the binding site. These results showed
that the asiatic acid derivatives can compete with the substrate to
occupy the active site of the iNOS enzyme, which can synthesize
NO as inflammatory cytokines.

Meanwhile, all of the chosen AA derivatives have been observed
for each of 100 ns and showed that they were not move out with
iNOS binding site. During molecular dynamics simulations,
especially in system containing AA5 as ligand. Several specific
amino acid residues have been found that affect the quality of the
bonds possessed by complex ligand-receptors in this system that
illustrated in fig. 4. The residues are hydrogen-bonded with AA5,
which is a bond that is desirable to exist in a complex of drug-
target site. Because hydrogen bond allow to increase bond stability
and decrease the bond energy of a complex. Specific amino acid
residues that have these bonds are Gly289 and Met292. It is
assumed that these two residues become important amino acid
residues that influence the binding activity of AA5 to iNOS (PDB:
3E7G).

After the preparation step was the MD simulation phase or
production step. Simulation of Molecular Dynamic has been done for
100 ns. The analysis of stability each complex of three chosen Asiatic
acid derivatives and iNOS were done by observed its ligand ability to
stay binded as long as possible. After 100 ns simulation, output file
of MD opened by an application named Visual Molecular Dynamic
(VMD) that made its file became likely visible and easier to observe.
Result showed at, that all of the chosen compounds derivative have
good stability. Because of their bond with receptor were kept in
place. In other hand, L-arginine that used to be substrat for iNOS
showed that its bond was cut off with iNOS before the simulation
reach 40 ns. So that, L-arginine have less stability than the three best
Asiatic acid derivatives chosen.

Root Mean Square Deviation (RMSD) also being observed, which
showed the information of reproducibility each system of molecular
dynamics conducted. Detail information about differences of system
were showed in table 3 and illustrated in fig. 5 for all trajectory of
MD simulation. The detail differences about RMSD for 100 ns long
simulation can be seen at this figure, that AA5 showing the
respectively lower RMSD than other derivatives. It would means that
AAS have suitable structure towards iNOS binding site that be able
to create good reproducibility when other simulation conduct. Also,
for the information of amino acid residues that being fluctuated
because of AA derivatives binded onto its receptor, it could be seen
at fig. 6. That showed the fluctuation of certain residues of iNOS
(PDB: 3E7G).
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Fig. 3: Result of preparation and equilibration step: a. Pressure, b. Density, c. Temperature, d. Volume
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Fig. 4: Interaction of AA5 and iNOS (PDB: 3E7G) after being simulated for 100ns

Table 3: RMSD result of the chosen Asiatic acid derivatives MD system

Trajectory RMSD value (A)
AAS5 AA6 AA9 Arginine
1000 0.5861 0.7046 1.0949 1.781
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Fig. 5: RMSD of each system after 100ns MD simulation

The data in fig. 5 represents the RMSD of each arginine system as
control ligands, AA5, AA6, and AA9 as experiment ligands. In that
data, it is known that there was an increase in RMSD for AA6 and
AA9 after the trajectory reached 115 and after reaching the 305
trajectories. The increase of RMSD also occurred at Arginine. As for
AAS, it looks more stable despite an increase in RMSD after the
trajectory reached 647, which returned to stable afterward. Possible
suspicion of an increase in RMSD that occurs in simulations is
because of some bonds that been released between the ligand and
the receptor at certain times, the ligand that is released will try to
find other the binding site of the receptor that is suitable for itself so
that both achieve stability. if stability cannot be achieved, then the
ligand will detach itself. This was concluded after seeing the
movement of Arginine, which was surprisingly detached from the
boundary of the iNOS (PDB: 3E7G) slowly after the simulation
trajectory reached 305 and was completely released after the 495-
500 trajectory. By observing the result, AA5 is the compound that is
predicted to have the best bond stability because the results of
visualization using VMD (Visual Molecular Dynamic) show the
strong bond between the ligand (AA5) and receptor (iNOS). Beside
considering the RMSD the stability of the bond between the ligands
and receptors could be determined by calculating the non-bonded
energy [26], and the LIE (Linear Interaction Energy) [27, 28] of each
system. LIE allows researchers to analyze changes in the energy of

interactions between ligands and proteins on average during the
simulation process [29].

Binding affinity for each ligands has been calculated using
MMGBSA method that was included in AMBER18 features. For the
detail result of MMGBSA calculation can be seen in table 4. Based
on the result, the lowest energy of binding energy was achieved by
AAS with -44,6753 kcal/mol. With that, AAS5 could be predicted have
the most preferable binding affinity, which is have directly
proportional related to energy binding.

Calculation of binding energy to predict the binding affinity of three
chosen AA derivatives against iNOS was used MMGBSA as method.
Actually, there is another method to calculate energy binding within
the complex which is MMPBSA (Molecular Mechanics Poisson-
Boltzmann Surface Area). Some reports told that MMGBSA method
was recommended to be used for calculating binding energy in drug
design and discovery because of its higher accuracy nevertheless its
precision was lower to MMGBSA method [30-32]. Calculation
result showed that AA5 has the lowest binding energy, which
value is -44.6753 kcal/mol. Van der waals was the interaction that
gave the most role for AA5 binding energy. The amount of Van der
waals interactions were take biggest role for its MMGBSA
calculation. Visualisation of each system with Biovia Discovery was
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showed that system of AA5 have more Van der waals interaction
than other system. So as, the result that could be seen at table 4, its

Int ] App Pharm, Vol 13, Special Issue 3, 2021, 32-38

make even stronger prove for AA5 being recommended to be the
best inhibitor against iINOS out of other chosen AA derivatives.
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Fig. 6: Fluctuation of each system after 100ns MD simulation, there are some peaks that are referring specific residues that being
impacted of AA derivatives

Table 4: MMGBSA calculation result of three chosen asiatic acid derivatives

Energy component (kcal/mol) Compound
AA5 AA6 AA9

BOND 0.0000 -0.0000 0.0000
ANGLE -0.0000 0.0000 -0.0000
DIHED -0.0000 0.0000 0.0000
VDWAALS -61.0854 -50.5794 -47.6234
EEL -15.6947 -1.8898 -14.1987
EGB 39.4884 20.5868 31.7559
ESURF -7.3836 -5.9329 -5.9227
DELTA G Gas -76.7801 -52.4692 -61.8221
DELTA G Solv 32.1048 14.6539 25.8333
DELTA TOTAL -44.6753 -37.8152 -35.9888

*EEL: Electrostatic energy, EGB: Energy of Generalized Born; ESURF: Energy of Surface; VDWAALS: Van der Waals

The time length of two first step were optimized before, especially
for preparation step that occur in 1.5 ns were optimized for getting
the preferable system. Production step itself was run within 100ns
that being separated into 10 parts, so it would minimized error and
other non-desired thing. Some MD researchs were gave recommend
time length for production step which were based on how much the
residues of amino acid in a receptor, more residues were
recommended to have a more longer time of simulation which could
be done up to 100 us [23]. There, was also reported that simulation
duration within 100 ns comes out a proper result [19, 24, 25]. All of
the ligands that ran with iNOS showed good stability for binding to
iNOS binding site within 100 ns except for the L-arginine that was
substrate for iNOS were chosen as control negative that also
simulated to compare its activity against other inhibitors, L-arginine
could not stay put in iNOS binding site for 100 ns. Its bond was cut
off after simulation ran for 40 ns, and then leaves the binding site.
These results showed that the asiatic acid derivatives can compete
with the substrate to occupy the active site of the iNOS enzyme,
which can synthesize NO as inflammatory cytokines.

Furthermore, the molecular docking result that showed at table 2
gave an inline information with the MD simulation for the
interaction of AA derivatives compounds against iNOS enzyme. After
100 times of dock AAS5, AA6 and AA9 have got more lower binding
energy than arginine. While AA5 could being docked perfectly with
target site of iNOS for 84 times out 100 run, as well as has the most
stable structure after 100 ns and can stay more longer on iNOS
binding site during molecular dynamics simulations. Based on this
study showed that AA5, AA6 and AA9 were predicted as anti-

inflammatory and AAS5 that more selectively to inhibit the activity of
iNOS enzyme.

CONCLUSION

The molecular dynamics simulation of the modified structure of asiatic
acid showed that binding energy value and RMSD of AA5, AA6 and AA9
have a lower value compared to arginine as a substrate of iNOS enzyme.
However, AA5 has RMSF graph comes up with high fluctuations in
spesific iINOS amino residues. AA5 considerably more potential as a
selective inhibitor of iINOS enzyme as an anti-inflammatory. In vitro and
in vivo studies need to be done to ensure its activity.
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