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ABSTRACT

Objective: This study aims to find antimalarial candidates from 32 terpenoids and three flavonoid compounds found in miana leaves in silico using
plasmepsin protein as a receptor through docking simulations, molecular dynamics simulations, and pharmacokinetic predictions.

Methods: The research was conducted in silico through molecular docking simulation, molecular dynamic simulations, analysis of potential

compounds using Lipinski’s rule, and prediction of ADMET based on ligands.

Results: The results showed isophytol had the best interaction with the plasmepsin Il based on the low free binding energy (FBE) and led to
hydrogen bonding with the plasmepsin II crucial amino acid, Asp34. Isophytol has the best result in molecular dynamic simulation. Based on
pharmacokinetics predictions, toxicity, and Lipinski’s rule of five, most tested compounds, including isophytol, meet the criteria as a promising drug.

Conclusion: Isophytol from miana leaves with plasmepsin II protein has the best and most stable interaction based on the results of molecular

dynamic simulation, so this compound was a candidate for antimalarial drugs.
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INTRODUCTION

Malaria remains a significant public health problem. Based on WHO
2019 data, there were 299 million cases with 409 thousand deaths
due to malaria Malaria is caused by a Plasmodium protozoan
parasite transmitted to humans by infected Anopheles mosquitos
[1]. There are four Plasmodium types: Plasmodium ovale,
Plasmodium  falciparum, Plasmodium vivax, and Plasmodium
malariae. The most virulent form of the parasite is Plasmodium
falciparum [2]. The emergence of Plasmodium falciparum strains
resistant to antimalarial drugs necessitates identifying and
developing new drug targets in malaria control. Antimalarial drug
resistance is caused by mutations or biochemical changes in the
target drug’s active site [3-6].

In the erythrocytic phase, Plasmodium reproduces in the human
body by consuming hemoglobin. Hemoglobin is digested in the food
vacuole of the parasite with the help of protease enzymes. Three
types of protease enzymes found in the food vacuole of the malaria
parasite are falcilysin (metalloprotease), falcipain (cysteine

protease), and plasmepsin (aspartic protease) [7, 8]. Plasmepsins
are recognized as crucial enzymes of the three enzymes involved in
Hb digestion as they break down Hb catalytically, so these enzymes
are sought as potential drug targets. Plasmepsin (plasmodium
pepsin) is essential in every stage of plasmodium development in
the host body. Four types of plasmepsin (plasmepsin I, plasmepsin
11, plasmepsin IV, and histo-aspartic protease (HAP)), referred to as
digestive plasmepsin, are present in the food vacuole of parasites
and are involved in the degradation of hemoglobin [9, 11].
Plasmepsin I and plasmepsin II II are elaborate in the degradation
stage of hemoglobin, while plasmepsin IV and HAP work to digest
hemoglobin and degrade the products of hemoglobin degradation of
phase I and its initial into shorter peptides. Plasmepsin II is an
effective drug target for the treatment of malaria. Plasmepsin II
consists of 329 amino acids and is folded into two topologically
similar domains, N-and C-terminal. The binding slot on plasmepsin II
contains Asp34 and Asp 214, catalytic dyads. The plasmepsin II
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inhibitors are characterized by a hydroxyl group that displaces the
catalytic water molecule at the active site, forming hydrogen bonds
with catalytic Asp34 and Asp214 [10-12].

Miana is a plant of the genus Plectranthus, family Lamiaceae.
Indonesian people have used miana leaves (Plectranthus
scutellarioides (L.) R. Br.) as antimalarial drugs. In North Sulawesi,
miana leaves are used as malaria therapy with a mixture of betel leaf
(Piper betle Linn.), honey, and eggs [13]. Plants from the Lamiaceae
family have been proven to be sources of plants that have
antimalarial activity [14].

Previous researchers have isolated compounds from miana leaves,
and most of these compounds belong to the terpenoid and flavonoid
groups [15-20]. However, the active antimalarial compounds from
miana leaves are not yet known. The in silico study was conducted
first to save time and cost. This study will identify secondary
metabolites of miana leaves that have antimalarial activity against
the plasmepsin Il enzyme through molecular docking, molecular
dynamic approach simulations, and pharmacokinetic predictions.

MATERIALS AND METHODS
Hardware and software

The hardware used in this research was a set of personal computers
with the following specifications: Intel® Core™ i5-8250U CPU
@1.60GHz (8 CPUs), NVIDIA GeForce MX130, 256 GB SSD, 1 TB HDD
and 8GB DDR4 RAM.

Software used for this research were ChemDraw Ultra 12.0, Chem3D
12.0, Molegro Molecular Viewer 2.5, Autodock 4.2.6, AutoDockTools
1.5.6, BIOVIA Discovery Studio 2021, and several web server
programs such as PdbSum, pkCSM, ADMETIlab 2.0, and RCSB PDB.

Preparation of ligands

Ligands used for this study were 32 terpenoids (neomenthol;
linalool; germacrene-D; neophytadiene; delta-cadinene; alpha-
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humulene; 6, 10, 14-trimethyl-2-pentadecanone; copaene;
caryophyllene oxide; alpha-selinene; alpha-cadinol; beta-
sesquiphellandrene; aromadendrene; nerolidol; alpha-calacorene;
torreyol; alpha-cubebene; beta-caryophyllene; isophytol [18];
spiroscutelone A; spiroscutelone B; spiroscutelone C [17];
scutellarioidone A; scutellarioidone B; scutellarioidone C; 6-
acetylfredericone B; scutellarioidone D; scutellarioidolide A; coleon
0; coleon G; lanugone K; fredericone B [15]) and 3 flavonoids
compounds (apigenin-5-0-(3"'-0-acetyl)-B-D-glucuronide; apigenin-
7-0-(3""-0-acetyl)-B-D-glucuronide [16]; quercetin [20]) from miana
leaves. Artemisinin was selected as a positive control. The ligands
were built in 2D using the ChemDraw Ultra 12.0 program, then
converted into 3D and minimized energy using Chem3D. The ligands
were protonated to produce a pH of 7.4 and the structural
conformation was determined by conducting conformational
explorations [21].

Preparation of receptors

The receptor of this research was plasmepsin II which can be
downloaded via the Protein Data Bank (http://www.rcsb.org/) with
the PDB code: 2IGY. The receptor was separated from its native
ligand (A2T) and water molecules using BIOVIA Discovery Studio.
Then polar hydrogen atoms were added using AutoDockTools and a
Kollman charge so that they could bind to the ligands.

Molecular docking and visualization

Molecular docking was performed using AutoDockTools to
determine the affinity of protein-ligand-binding interactions using
the Lamarckian genetic algorithm with a population size of 100
individuals. The docking parameters were validated by redocking
the native ligand to its previously separated receptor using the
validation parameter, RMSR 2.0 A[5], [22]. Visualization was
presented to determine the ligand-receptor interactions in 2D and
3D forms. The best dock results were used to create complex files for
visualization using BIOVIA Discovery Studio 2021.

Screening ligand-based drugs likeness (drug scan)

Lipinski’s rule of five of the docking compounds was calculated by
web  pkCSM  (http://biosig.unimelb.edu.au/pkcsm/prediction).
These parameters include log P <5, molecular weight <500 g/mol,
hydrogen bond donor <5, and hydrogen bond acceptor <10 [23].
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Pharmacokinetics and toxicity predictions

Analysis of pharmacokinetic properties of secondary metabolites of
miana leaves was used using a web pkCSM
(http://biosig.unimelb.edu.au/pkcsm/prediction) and ADMETlab 2.0
program (https://admetmesh.scbdd.com/service/evaluation/index).
The parameters analyzed were Human Intestinal Absorption (HIA)
and Caco2 cells for absorption, Plasma Protein Binding (PPB) and
Blood Brain Barrier (BBB) for distribution, CYP inhibitors for
metabolism, and Ames Toxicity for mutagenicity and carcinogenicity.

Molecular dynamics simulation

The terpenoid and flavonoid compounds from miana with the lowest
FEB were subjected to Molecular Dynamics (MD) simulations. The
MD simulations were conducted using the AMBER ff14SB force field
for proteins. The substances were exposed to the General AMBER
force field (GAFF), and TIP3P water was attached to the 10x10x10
box. Topology files were created (RESP) after the ligands were
neutralized with electrostatic potential. Amber16’s Sander module
was utilized for minimization, heating, and equilibration. A dynamic
simulation uses a heating system to admit the ligands and receptors
interacting with previously specified force fields before entering the
molecular production stage. The heating process was done in three
steps, (1) heating from 0 to 310 K; (2) heating at regular intervals;
(3) heating to approximate the physiological temperature of the
body. The system is then equilibrated to return to a constant state
before performing molecular dynamics simulations. The MD results
can calculate the Root Mean Square Deviation (RMSD) and Root
Mean Square Fluctuation (RMSF) [24].

RESULTS

The macromolecular structure of the plasmepsin II receptor with PDB
ID: 2IGY is the crystal structure of the receptor on Plasmodium
falciparum organisms obtained by X-ray diffraction with a resolution
value of 2.60. Fig. 1 showed the redocking validation of the 21GY
receptor with a grid box size of 30 x 34 x 30 and %, y, and z coordinates
(42.688;-4.605; and-11.522) for the A2T ligand yielding an RMSD
value of 0.872 A. Based on the docking results for A2T-plasmepsin II
(2IGY), the amino acids responsible for A2T (native ligand) binding at
the plasmepsin II binding site are Tyr77, Asp34, Gly36, and Thr217,
form carbon-hydrogen bond interactions, and Trp41, Phe111, Tyr115,
11e300, 1le32, Tyr192, and Met15 form hydrophobic interaction.

Fig. 1: Overlay conformation of A2T-plasmepsin II (2IGY) validated results (blue) and A2T-plasmepsin II (2IGY) crystallographic results
(green) (a) and the 2D and 3D visualization of A2T-plasmepsin II (2IGY) docking results (b), table 1 shows the docking results of 35 miana
leaf compounds as ligands in plasmepsin II (2IGY) as an enzyme receptor
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Table 1: Docking results of miana leaf compounds in plasmepsin Il enzyme receptors

No Compounds Pubchem A°G Ki (nM) Amino acid interaction
ID (kcal/mol) Hydrogen Hydrophobic binding
binding
Artemisinin (C15H2205) 68827 -6.32 23.15 Ser37 Ile32, Met75, Ile123, Val82
1 Neomenthol (C10H200) 439263 -5.44 103.72 Try 77 Trp41, Phell1l, lle123, Met75, Val82
2 Linalool (C10H180) 6549 -4.51 494.51 - lle123, Try77, Met75, Trp41, Val82,
Try115, Phel11
3 Germacrene-d (CisHz4) 91723653 -6.48 17.67 - Phel11, Val82, Tyr77, Met75, Trp41,
lle123
4 Neophytadiene (C20H3s) 10446 -4.92 246.54 - Tyr77,11e123, Phel11, Met75, 1le32,
Phe120, Trp41
5 Delta-cadinene (CisHz4) 441005 -6.42 19.62 - lle123, Met75, Val82, Trp41, Phell1l
6 Alpha-humulene (C1sHz24) 5281520 -5.51 90.77 - Phelll, Tyr77,1le123, Met75, Trp41
7 6,10, 14-trimethyl-2- 10408 -4.96 233.26 Ser118 Try77,11e123, Phell1, Met75
pentadecanone (CisHz40)
8 Copaene (CisHz4) 12303902 -8.09 1.18 - lle123, Met75, Tyr77, Val82, Trp41,
Phel11
9 Cariophyllene oxide 1742210 -5.94 44.22 Tyr77 lle123,Val82, Trp41, Met75, Phe111
(C1sH240)
10 Alpha-selinene (CisHz4) 10856614  -7.81 1.88 - Trp41, lle123, Val82, Val105, Met75,
Phel11, Tyr77
11 Alpha-cadinol (C15sHz260) 10398656  -6.06 36.09 Trp41 lle123, Val82, Tyr77, Phelll
12 Beta-sesquiphellandrene 12315492 -7.18 5.44 - Trp41, Met75, lle123, Val82, Val105,
(CisHz4) Tyr115, Phe111
13 Aromadendrene (CisHz4) 91354 -6.39 20.59 - Phel1l, Tyr77,lle123, Met75, Trp41
14 Nerolidol (Ci5sHz40) 5284507 -6.32 23.47 Asp34 Trp41, Phelll, Tyr77, Val82, lle123,
Met75, Tyr115
15 Alpha-calacorene (CisHzo) 12302243 -7.21 5.22 - Tyr77,11e123, Trp41, Phe111
16 Torreyol (C15H260) 3084311 -6.11 33.01 Asp34 Trp41, lle123, Val82, Phe111
17 Alpha-cubebene (CisHz4) 442359 -6.24 26.65 - Val82, Met75, Trp41, lle123, Tyr77,
Phell1l
18 Beta-caryophyllene (CisHz4) 5281515 -6.01 39.26 - lle123, Val82, Met75, Phel11, Tyr 7, Trp41
19 Isophytol (C20H400) 10453 -6.45 18.85 Asp34 Trp41, lle32, Phe111, Met75, Val82, [le123
20 Spiroscutelone A (C24Hz3009) - -6.73 11.62 Gly216 -
21 Spiroscutelone B (C24Hz3009) - -5.76 59.69 Ser218, Tyr77, Phel11
Asp214, Thr217
22 Spiroscutelone C (C26H34010) - -5.76 38.09 Tyr77, Thr217, Phel11, lle32
Gly216, Asp214
23 Scutellarioidone A (C20H2607) - -4.62 407.59 Ile173, Asn151 Ile123, Val82
24 Scutellarioidone B (C24H3009) - -4.82 294.08 1le173, Ser319, Tyr184, Leul53
Asn317
25 Scutellarioidone C (C24H2809) - -4.48 518.31 Tyr184, Asp314, Val312, Tyr184, Leul53
Asn317
26 6-Acetylfredericone B - -5.38 114.76 Ser319, Asn317, 1le173
(C24H3206) Tyr184
27 Scutellarioidone D (C22H2806) - -4.68 369.78 lle173, Asp314 Asp314, Leul53
28 Scutellarioidolide A - -5.66 70.76 Tyr77, Thr114, Ile123, 1le32, Met15
(C26H3408) Thr217
29 Coleon O (Cz2Hz2806) 162790 -5.79 57.2 Ser218 Phe120, Phel11, lle123, lle32, Met15
30 Coleon G (C22H2806) 98125349 -6.37 214 Gly216, Ser218, Ile123,11e32, Phel11
Ser118
31 Lanugone K (C22H3006) - -5.95 43.67 Ser218 1le32, Phe120, Phel11, Met15, lle14
32 Fredericone B (C22H2806) - -6.87 9.24 Asp34, Gly216, lle123, 1le32, Phel11, Tyr77
Gly36
33 Apigenin 5-0-(3"-0-Acetyl)- - -5.76 215.25 Asp34, Tyr77, Met15
B-D-Glucuronide (C23Hz20012) Ser218, Gly216,
Tyr1l7
34 Apigenin 7-0-(3"-0-Acetyl)- - -5.77 59.26 Asp214, Ser218, lle123, Tyr77
B-D-Glucuronide (C23H20012) Gly216
35 Quercetin (Ci15H1007) 5280343 -6.41 19.99 Tyr77 Trp41, Phelll, Ile123, Met75, Val82

Fig. 2 showed that fredericone B, isophytol and quercetin have a
hydrogen interaction with ASP34 and the same hydrophobic
interactions with the plasmepsin II’s native ligand.

Lipinski’s rule of five (Ro5) in this study was calculated with the
pKCSM predictor shown in table 2.

The pharmacokinetic predictions of the compounds were carried
out using the pkCSM program and ADMETlab 2.0 with the
parameters of Caco-2, human intestinal absorption (HIA), plasma
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protein binding (PPB), and Ames toxicity. The results of
pharmacokinetic prediction are shown in table 3.

A molecular dynamics (MD) simulation was conducted for the selected
compounds, namely fredericone B, isophytol, quercetin, and
artemisinin, as a controlled drug using the AMBER16 program. Ligand
and receptor parametrization was performed using ff14SB, GAFF force
file, and AM1-BCC [25]. The results can be designated using RMSD and
RMSF values. The RMSD and RSMF value of the compounds-2IGY
complex during 20 ns MD is showed in fig. 3 and fig. 4.
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Table 2: Screening of ligand-based drug likeness (drug scan of miana leaf compounds)

No. Compounds Parameters

Molecular weight (<500 g/mol) LogP (<5) H-bond

Donor (<5) Acceptor (<10)

Artemisinin 282.33 -3.42 0 5
1 Neomenthol 156.27 2.43 1 1
2 Linalool 154.25 2.66 1 1
3 Germacrene-d 204.35 4.89 0 0
4 Neophytadiene 278.52 7.16 0 0
5 Delta-cadinene 204.35 4.72 0 0
6 Alpha-humulene 204.35 5.03 0 0
7 6,10, 14-trimethyl-2-pentadecanone 268.48 6.01 0 1
8 Copaene 204.35 4.27 0 0
9 Cariophyllene oxide 220.35 3.93 0 1
10 Alpha-selinene 204.35 4.72 0 0
11 Alpha-cadinol 222.37 3.77 1 1
12 Beta-Sesquiphellandrene 204.35 4.89 0 0
13 Aromadendrene 204.35 4.27 0 0
14 Nerolidol 222.37 4.39 1 1
15 Alpha-calacorene 200.32 4.54 0 0
16 Torreyol 222.37 3.77 1 1
17 Alpha-Cubebene 204.35 4.27 0 0
18 Beta-Caryophyllene 204.35 4.72 0 0
19 I[sophytol 296.54 6.36 1 1
20 Spiroscutelone A 462.49 0.22 3 9
21 Spiroscutelone B 504.53 1.25 1 10
22 Spiroscutelone C 506.54 1.04 2 10
23 Scutellarioidone A 378.42 0.76 4 7
24 Scutellarioidone B 448.51 2.58 2 8
25 Scutellarioidone C 460.47 3.15 3 9
26 6-Acetylfredericone B 428.52 4.66 1 6
27 Scutellarioidone D 388.46 2.96 2 6
28 Scutellarioidolide A 490.59 4.68 0 8
29 Coleon O 388.46 1.88 2 6
30 Coleon G 388.46 1.74 2 6
31 Lanugone K 406.51 2.59 2 6
32 Fredericone B 388.46 3.10 2 6
33 Apigenin 5-0-(3"-0-Acetyl)-B-D-Glucuronide 488.40 0.71 5 11
34 Apigenin 7-0-(3"-0-Acetyl)-B-D-Glucuronide 488.40 0.71 5 11
35 Quercetin 302.24 1.98 5 7

Table 3: Pharmacokinetics prediction of miana leaf compounds
No. Compounds Parameters
HIA (%) Caco-2 (106 cm/s) PPB (%) Ames toxicity

Artemisinin 97.543 1.295 71.637 Yes
1 Neomenthol 95.257 1.376 82.256 No
2 Linalool 93.163 1.493 85.370 No
3 Germacrene-d 95.590 1.436 97.456 No
4 Neophytadiene 92.850 1.425 98.552 No
5 Delta-cadinene 96.128 1.422 97.303 No
6 Alpha-humulene 94.682 1.421 93.024 No
7 6,10, 14-trimethyl-2-pentadecanone 93.658 1.524 98.255 No
8 Copaene 96.221 1.374 97.259 No
9 Cariophyllene oxide 95.421 1.509 86.241 No
10 Alpha-selinene 94.127 1.401 94.702 No
11 Alpha-cadinol 94.296 1.479 96.719 No
12 Beta-sesquiphellandrene 94.668 1.408 98.065 No
13 Aromadendrene 95.302 1.395 93.569 No
14 Nerolidol 91.887 1.498 92.522 No
15 Alpha-calacorene 95.296 1.55 95.662 No
16 Torreyol 94.296 1.479 96.371 No
17 Alpha-Cubebene 95.964 1.389 96.371 No
18 Beta-Caryophyllene 94.845 1.423 95.289 No
19 Isophytol 91.304 1.517 98.741 No
20 Spiroscutelone A 79.434 0.575 44.315 No
21 Spiroscutelone B 84.057 0.847 46.304 No
22 Spiroscutelone C 78.773 0.451 34.670 No
23 Scutellarioidone A 57.414 0.275 67.372 No
24 Scutellarioidone B 68.423 0.926 95.895 Yes
25 Scutellarioidone C 90.518 0.866 91.100 No
26 6-Acetylfredericone B 95.281 1.055 93.550 No
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No. Compounds Parameters
HIA (%) Caco-2 (106 cm/s) PPB (%) Ames toxicity

27 Scutellarioidone D 75.346 1.009 97.935 No
28 Scutellarioidolide A 96.314 0.902 81.446 No
29 Coleon O 87.450 1.092 77.225 Yes
30 Coleon G 66.524 0.513 92.024 No
31 Lanugone K 73.458 1.149 77.791 No
32 Fredericone B 83.743 0.948 97.935 No
33 Apigenin 5-0-(3""-0-Acetyl)-B-D-Glucuronide 27.879 -0.59 86.964 No
34 Apigenin 7-0-(3""-0-Acetyl)-B-D-Glucuronide 29.709 -0.46 89.587 No
35 Quercetin 77.207 -0.22 95.496 No
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Fig. 4: The RMSF curve during 20 ns MD simulation for the compounds-2IGY complex

MM-GBSA (Molecular Mechanics-Generalized Born Surface Area) can
calculate complex energy, producing a free energy value AG) from

the ligand-receptor system bond in molecular dynamics simulation,
as shown in table 4.

Table 4: Binding free energy (AG) from the ligand-receptor system bond in the simulation of molecular dynamics

No Energy components (kcal/mol) Plasmepsin I1
Quercetin Isophytol Artemisinin Fredericone B
1 Van der Waals Interaction (VdW) -17.6514 -36.1602 -1.2001 -24.8298
2 Electrostatic Energy(EEL) 335.9923 515.6917 294.3021 517.5085
3 Electrostatic Contribution to Solvation-Free Energy (EGB) -325.95 -505.57 -292.1252 -493.0509
4 Non-polar Contribution to Solving Free Energy (ESURF) -2.3125 -5.2864 -0.1365 -3.7071
5 AGgass (VAW+EEL) 318.3408 479.5315 293.1021 492.6788
6 AGsolv (EGB+ESURF) -328.262 -510.856 -292.2617 -496.758
7 AGTOTAL (VdW+EEL+EGB+ESURF) -9.9214 -31.3249 0.8403 -4.0793
DISCUSSION enzyme. The smaller the value of Ki, the greater the compound has

In molecular docking, validation is needed by redocking the receptor
with its native ligand. The validation parameter used is the RMSD
value. RMSD less than 2.0 A indicates the good reproducing quality
of the binding pose [26,27]. The redocking validation of the 21GY
receptor with the A2T ligand yielding an RMSD value of 0.872 A (less
than 2 A) means the redocking was valid and shows similarities in
the distance and the best ligand conformation in the redocking
simulation with the distance and initial ligand conformation.

Molecular docking of 35 miana leaf compounds had free binding
energy (AG) ranging from-4.48 to-8.09 at the plasmepsin II receptor.
The more negative the free binding energy (FBE), the more stable it
is. As a result, the ligand-protein affinity improves, leading to better
activity [28]. The binding affinity is directly proportional to the Ki
value, and the Ki value gives an idea of the compound’s ability in an
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pharmacological abilities in smaller doses [29].

It was shown in table 1 that germacrene D, delta-cadinene, copaene,
alpha selinene, beta-sesquiphellandrene, aromadendrene, alpha-
calacorene, isophytol, spiroscutelone A, coleon G, and fredericone B
have a lower FBE value than artemisinin. Copaene has the lowest
FBE for plasmepsin II receptors among the terpenoid-tested ligands.
Still, it has no hydrogen interaction with the plasmepsin II receptor’s
crucial amino acid residue, ASP34, so the bond between copaene and
plasmepsin II is thought to be less stable [10]. The more the ligand
binds to the receptor amino acid, the closer the distance between
them and the more stable it is. The distance in hydrogen bonds is
much closer than in hydrophobic interactions. The presence of
hydrogen can affect the chemical-physical properties of a drug so
that it plays an essential role in the biological activity of the drug. In
comparison, this hydrophobicity indicates the degree of solubility of
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the drug in the cell membrane, which is predicted to affect the
receptor's active site [10, 29].

The fredericone B and isophytol have a lower FBE than artemisinin as
drug control, so it can be predicted that among the terpenoids tested
ligands, fredericone B and isophytol have the best interaction with
plasmepsin II (2IGY). Among the flavonoids tested ligands, quercetin
has the lowest FBE (-6.41 kcal/mol), lower than artemisinin. The
quercetin has a hydrogen interaction with plasmepsin II but in the
amino acid residue Tyr77 and the same hydrophobic interactions with
the receptor’s native ligand (Trp41, Phe111).

The docking results showed a good interaction between flavonoid
(quercetin) and terpenoid (fredericone B and isophytol) derived
from miana leaves. Several flavonoid and terpenoid compounds
from other plants also produce good interactions with Plasmepsin II.
Previous research in some journals shows that the bond between
Plasmepsin II and gingerol derived from ginger rhizome interacts
well with the lowest free binding energy compared to the interaction
of Plasmepsin II with several compounds derived from Indonesian
spice plants. Several flavonoid compounds such as cyanidin 3,5-di-
(6-malonylglucoside); isoscutellarein 4'methyl ether 8-(6"-n-
butylglucuronide); cyanidin 3-(6"-malonylglucoside)-5-glucoside;
delphinidin 3-(2-rhamnosyl-6-malonylglucoside); cyanidin 3-[6-(6-
sinapylglucosyl)-2-xylosylgalactoside; delphinidin 3-(6-
malonylglucoside)-3',5'-di-(6-p-coumaroylglucoside) and terpenoid
compounds such as lycopene also provides low free energy binding
and is thought to bind spontaneously to the plasmepsin II receptor
[30,31].

Lipinski’s rule is considered for active compounds that are
administered orally. The parameters of the Lipinski rule are the
initial stage in determining the oral bioavailability of the active
substance because it is related to the acceptance of the solubility and
permeability of compounds in the gastrointestinal tract [32]. The
test compound must comply with Lipinski’s rules with no more than
one violation. The rules must be met: hydrogen bond donoi< 5,
hydrogen bond acceptor < 10, molecular weight < 500 Da, and logP <
5 [33]. Most of the test compounds met the requirements, accepting
apigenin 5-0-(3"'-0-acetyl)-B-D-glucuronide and apigenin 7-0-(3"'-
0-acetyl)-B-D-glucuronide. Thus, most of these compounds can be
investigated further to determine their absorption, distribution,
metabolism, and toxicity profiles.

HIA values indicate the degree of absorption of the active substance
in the human intestine. A compound is categorized as well absorbed
if the % HIA value is in the 70-100% range, sufficient in the 20-70%
range, and poor in the 0-20% range [34]. Table 3 showed that
scutellarioidone A, scutellarioidone B, coleon G, apigenin 5-0-(3"'-0-
acetyl)-B-D-glucuronide, and apigenin 7-0-(3"'-O-acetyl)-B-D-
glucuronide have poor ability to be absorbed in the body because
they have HIA parameter values in the range of 20-70%. In contrast,
other compounds can be well absorbed in the body.

Caco-2 cell modeling was used to predict the absorption of the active
substance via the oral route in vitro. In the pkCSM predictive model,
the high permeability of Caco-2 cells has a value>0.9 x 106 cm/s.
Based on table 3, it can be seen the most of the tested secondary
metabolites of miana leaves have a high ability to penetrate the
membrane. Isophytol and fredericone B, which have good
interaction with the plasmepsin II receptor, have a good ability to
penetrate cells. The ability of the compound to penetrate cells was
essential to reach the target tissue so that it could provide activity
[28].

Plasma Protein Binding (PPB) values influence the drug's
pharmacokinetic and pharmacodynamic properties. The PPB value
greater than 90% indicates that the drug is firmly bound to plasma
proteins. In contrast, the PPB value of less than 90% suggests that
the drug is weakly bound to plasma proteins, allowing it to be
efficiently distributed to its target of action. [35]. Most of the miana’s
compounds tested in this research are firmly bound to plasma
proteins, and only thirteen compounds: neomenthol, linalool,
caryophyllene oxide, spiroscutelone A, spiroscutelone B,
spiroscutelone C, scutellarioidone A, scutellarioidolide A, coleon O,
lanugone K, apigenin 5-0-(3"-0-Acetyl)-B-D-glucuronide, apigenin
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7-0-(3"-0-Acetyl)-B-D-glucuronide have PPB values<90%, this
indicates that they focus on plasma proteins and have an excellent
ability to support the body.

The toxicity prediction was made using the AMES test. AMES test is
widely used to assess the mutagenic potential of a compound in bacteria.
In the pkCSM predictive model, a positive test indicates that the
compound is mutagenic and can act as a carcinogen. Most secondary
metabolites of miana leaves were negative for the Ames test.

The molecular interactions between isophytol, fredericone B, and
quercetin and the receptors are shown by hydrogen bonding and
hydrophobic interactions. The isophytol, fredericone B, and
quercetin complied with Lipinski rules, had good pharmacokinetic
profiles and were not mutagenic and carcinogenic in the AMES
Toxicity test.

The results of the molecular dynamic simulation can be designated
using RMSD and RMSF values. RMSD analysis revealed that the
receptor remains stable and is not denatured. The increasing
fluctuation indicates that the protein structure is starting to open,
and the fluctuation’s stability suggests that the ligand has found a
stable conformation to bind to the protein. Ligand-receptor
interactions in Molecular Dynamics Simulation within 20 ns can be
seen through the RMSD (Root Mean Square Deviation) graph. RMSD
compares molecules’ shifts or conformational changes during the
simulation process. The RMSD value from the molecular dynamic of
fredericone B, isophytol, quercetin, and artemisinin showed the
interaction of the plasmepsin II receptor (2IGY) with quercetin has a
better stability than Isophytol and Artemisinin compounds as
comparison drugs. Quercetin and isophytol have the same RMSD
value (+1.85 A), but quercetin tends to be stable from 4 ns, but
isophytol quercetin tends to be stable from 9 ns. Fredericone B tends
to be stable from 15 ns with an RMSD value (+2 A). These RSMD
values showed that quercetin is predicted to have the most stable
interaction ability with plasmepsin receptors among the three
compounds.

The Root Mean Square Fluctuation (RMSF) describes the flexibility
of amino acid residues. The RMSF is calculated for each residue that
makes up the protein to see how much fluctuation in each residue’s
movement occurs during the simulation. The RMSF is calculated for
each residue that makes up the protein to see how much fluctuation
in each residue’s movement occurs during the simulation. A low
RMSF value indicates low flexibility, produces a stable interaction,
and plays an active role in the ligand-receptor binding site.
Meanwhile, if the RMSF value is high, which means increased
flexibility, the interaction is unstable because it might have many
changes in position during molecular dynamics simulations.

Theoretically, the plasmepsin II receptor binds to its native ligand
through the amino acid residue Asp34. Fig. 4 shows that all residues
fluctuate in the same region. This is related to the fact that the amino
acid residue Asp34 gives a reasonably low fluctuation in both
isophytol and quercetin compounds and is also common in
artemisinin. The most considerable fluctuation occurs in the Serl
amino acid residues in all tested compounds to 2IGY complexes.

The mm-GBSA calculation results indicate that isophytol has the
most negligible value of total binding free energy, which means that
the compound’s ability to bind to the plasmapepsin II receptor is
immense, quercetin and fredericone B also has a lower total binding
free energy than artemisinin, so it has an excellent ability to bond to
the receptor. While artemisinin has the most significant total binding
free energy value, so among tested ligands, it has the worst ability to
bind to plasmepsin II protein.

CONCLUSION

The results of a computational approach to the interaction of 35
miana leaf compounds against plasmepsin II protein (2IGY) showed
that isophytol, fredericone B and quercetin have the best interaction
with plasmepsin II receptors. Isophytol (-6.45 kcal/mol), fredericone
B (-6,87 kcal/mol) and quercetin (-6.41 kcal/mol) have a lower
binding affinity than artemisinin (control drug). The results of the
molecular dynamics of the compound at 20 ns predicted that
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isophytol and quercetin have more stable interactions with
plasmepsin II (2IGY), but Isophytol has the lowest total binding free
energy from the ligand-receptor system bound in the molecular
dynamics simulations, so isophytol can be expected to be useful as
an antimalarial candidate from miana leaves.
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