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ABSTRACT: In this study, network pharmacology was used to analyze the active compounds of Moringa oleifera as food
supplements for stunted growth prevention. Thirty-eight important proteins were discovered that may be strongly related to
stunting. Those proteins were uploaded to several online tool platforms in order to determine the shared genes’ pathways. Six
pathways were identified that may be correlated with human growth. Furthermore, ligands for molecular docking analysis were
retrieved from the top S active substances discovered through experimental investigation. In the meantime, the first-degree rank
based on the protein—protein interaction (PPI) topological analysis was utilized to choose albumin protein (ALB) as a receptor. Our
docking results showed that every ligand binds to the receptors, indicating that they can bind to the binding site of the ALB protein
to form a complex formation. Further, MD simulation was used to verify the stability of the ligand in complex with the protein in the
TIP3P water model. Based on the validation parameters, our results suggested that all models achieved a stable phase along the
simulation. Additionally, the MM-GBSA method was used to calculate the binding energies of all models. Ligands 2 and 4 have
strong binding to the binding pocket of ALB, followed by ligands 3, 5, and 2, suggesting that those ligands could be promising food
supplements that can be utilized for the prevention of stunted growth in children.

Bl INTRODUCTION regular child health checkups, and other services. However, the
Stunting is a chronic nutritional condition initiated by a lack of number of stunting cases is still high, around 21.6% in 2021,
nutrition over the long term, leading to impaired growth in since the WHO recommendation for stunting prevalence must
children. In 2017, more than half of the stunting in the world be less than 20%. Furthermore, the Indonesian government
came from Asia (55%), while more than a third (39%) lived in wants to reduce the number of cases of stunting to 14% by
Africa. Of the 83.6 million stunted children under five in Asia, 2024.> Therefore, various efforts are being made to minimize

the highest proportion comes from South Asia (58.7%) and
the lowest proportion comes from Central Asia (0.9%)." Data
on the prevalence of stunting under five collected by WHO
from 2005—2017 reported that Indonesia is included as the
third country with the highest prevalence in the Southeast

stunting cases because of the significant risks it poses to a
child’s growth. Consumption of food supplements by utilizing
traditional plants is one way to prevent stunting in children.

Asia/Southeast Asia Regional (SEAR) region, in which the Received: August 29, 2023
average prevalence of stunting under five in Indonesia is Revised:  October 24, 2023
36.4%."” The government has been attempting to accelerate Accepted:  October 26, 2023

the reduction of stunting cases by forming a team that can Published: November 9, 2023

work toward it. The program offers low-income families access
to clean water and sanitary facilities, proper dietary intake,
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Presently, traditional plants have been popularly exploited
for stunted growth prevention since it is thought that
traditional plants have medicinal activity to prevent or even
treat some diseases. Also, due to their accessibility, low cost,
and lesser side effects, medicinal plants are used by around
80% of the people worldwide, especially in developing
countries.” As a result, there is a significant increase in
demand for traditional plants in the healthcare sector in order
to avoid or alleviate a variety of illnesses. In Southeast Asia, at
least 80% of the medicinal plant species can be found in
Indonesia, and 5490 medicinal plants have been reported.®

Moringa oleifera is one of the popular plants utilized by
people to treat some diseases.”” Pregnant and breastfeeding
mothers consume M. oleifera leaves to prevent stunting in their
children.*” In Central Sulawesi, a province in Indonesia, local
people consume M. oleifera leaves as a vegetable soup to fulfill
their daily nutrition.'” To understand the pharmacological
action of the plant, molecular investigations on the active
compounds of M. oleifera in binding with the proper protein
target related to stunted growth need to be conducted. In
experimental analysis, a number of active compounds of M.
oleifera leaves have been identified, such as quercetin, quinic
acid, 2-dimethyl(trimethylsilylmethyl), silyloxymethyltetrahy-
drofuran, and so on.” However, it is difficult to decide which
of those active compounds are related to the growth hormone
in humans. Therefore, to address this concern, a variety of
methods are required to establish the link between these
compounds and human growth.

In this study, network pharmacology is implemented to
understand the potency of active compounds in M. oleifera for
preventing stunted growth in children. In this method, some
integrated network analyses, such as target gene prediction,
interaction between proteins, pathways, and gene ontology
(GO) analysis, are employed to recognize the pivotal target
protein connected to the growth hormone. Moreover, to gain
insights into the molecular mechanism of the active compound
of M. oleifera at the catalytic site of the protein target,
molecular docking is carried out. This method is extensively
used to construct a new drug because it can find the
orientation pose of a particular small molecule in binding
with a receptor.””™'* To assess the stability of a molecular
docked ligand—receptor complex, we perform all-atom
molecular dynamics (MD) and estimate validation metrics
such as root-mean-square deviation (RMSD), root-mean-
square fluctuation (RMSF), radius of gyration (Rg), solvent-
accessible surface area (SASA), and hydrogen bonds. More-
over, the thermodynamic quantities of the constructed
complex are estimated from the collected trajectories of the
MD simulation. A combination of network pharmacology and
in silico methods is used not only to provide a better
understanding of the molecular interaction between the
ligand—receptor complex but also to exhibit substantial
implications for the future development of M. oleifera
compounds to prevent stunted growth.

B MATERIALS AND METHODS

Extraction and Elucidation of M. oleifera Active
Compounds. The M. oleifera leaves were retrieved from
Palu City, South Sulawesi, Indonesia. To conduct the
extraction process, dry powder of the leaves was made and
mixed with methanol in the ratio of 1:1 20 (w/w). The
extraction process was performed at 45 °C for 20 min with
constant stirring using a magnetic stirrer. The resulting extract

was filtered and concentrated on a rotary evaporator to obtain
a thick methanolic extract.”” Fourier-transform infrared
(FTIR) spectra of methanol extracts from leaves of M. oleifera
were analyzed using an FTIR spectrophotometer (Shimadzu
Corporation) at wavenumbers of 4000—450 cm™'. A mass
spectrometer (Xevo G2-S QTof, Waters) and ultraperform-
ance liquid chromatography (UPLC) (LC: ACQUITY UPLC
H-Class System, Waters) were used to conduct high-resolution
mass spectrometry investigations. This required the use of a
C18 column (1.8 m, 2.1 mm X 100 mm, ACQUITY UPLC
HSS, Waters) at 25 °C in the room and 50 °C in the column.
The mobile phases for the LC analysis were water +5 mM
ammonium formic acid (A) and acetonitrile +0.05% formic
acid (B). The flow rate for the 23 min slide-moving phase was
0.2 mL/min (step gradient), and the injection volume was S L
(first filtered through a 0.2 m syringe filter). The mass range of
the electrospray ionization (ESI) used for mass spectrometry
(MS) analysis was S0—1200 m/z, and the source and
desolvation temperatures were 100 and 350 °C, respectively.
The collision energy ranged from 4 to 60 eV, and the matching
cone and desolvation gas flow rates of 0 and 793 L/h were also
utilized. Version 4.1 of the Masslynx software was utilized for
instrument control as well as data processing.16

Prediction of the Active Compound Target. Several
integrative software such as TargetNet,17 SEA,'® and
SwissTargetPrediction'” were used by employing different
prediction techniques to collect the putative target predictions
(genes) of the active compounds of M. oleifera relating to
stunted growth. The merged genes were inserted into the
String database to discover the gene symbol of each prediction
target.”””' To prevent disorder across the database and
platform in the following analysis, all genes were presented
in terms of the HUGO Gene Nomenclature Committee
(HGNC) gene symbol. The entry with a “Homo sapiens” origin
was computed in the following analysis. All genes were then
combined, and a Venn diagram was made to show where the
overlaps occurred. The compound target from the databases
was further analyzed using the ClueGo plugin of Cytoscape.””
The complete protein—protein interactions (PPIs) of within
22 secondary metabolites of M. oleifera are shown in Figure S1
of the Supporting Information.

Relation of the Known Protein Target Acting on
Stunted Growth. In the GeneCard database (https://www.
genecards.org/), the protein targets related to stunted growth
were searched by setting the keyword “stunted growth in
human”.”’ Afterward, all targets were input into the String
database to obtain the gene symbol of each target. The
repeated targets were removed. Then, a Venn diagram was
applied to visualize the overlapped and particular targets.

Network Formation and Validation. The interconnec-
tion between active compounds of M. oleifera and their
potential targets in stunted growth prevention was examined
by designing a protein—protein interaction (PPI) network
using the STRING database merged with Cytoscape.”* The
protein targets were taken from the predicted genes of three
databases and stunted growth targets (predicted genes of the
GeneCard database). The construction of the PPI network was
visualized by a Venn diagram to identify the similar genes
between those targets. The topological identities of each node
in the interaction network were then computed, including
network centrality (NC), degree, degree centrality (DC),
eigenvector centrality (EC), betweenness centrality (BC),
closeness centrality (CC), and local average connectivity
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Figure 1. 2D structures of the top five compounds in M. oleifera leaves: (a) 2-phenylethanimine, (b) 12-phenyldodecanoic acid, (c) indoleacrylic
acid, (d) 3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3'-[1,4] oxazino[3,2-f]quinoline], and (e) 4-aminobenzoic acid.

(LAC). The nodes equivalent to the targets with higher ranks
were reflected to have a crucial role within the PPI network.
Besides, several databases, i.e., MetaScape,25 WebGestalt,*®
and ConsensusPathDB,”” were employed to comprehend the
biological function inside the created network, GO/KEGG
analysis for the target network, the compound-target network,
and the target-pathway network. To display the GO/KEGG
function, the GO Enrichment plot constructed using ImageGP
(http://www.ehbio.com/ImageGP/) was used. The database,
software, and online tool used in the current investigation are
provided in Table S2.

Docking Study. To obtain the binding site of the active
compounds of M. oleifera (ligands) into the pivotal site of the
protein target (receptor), molecular docking was carried out
using AutoDock Vina program packages created by Trott and
co-workers.”® At present, the top five compounds based on %
value were retrieved for further analysis. The chemical
structures of those compounds retrieved using the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/)*” are presented
in Figure 1. Those ligands are saved for the SDF extension.
Then, Open Babel 2.4.1 program packages were employed to
convert SDF files to the PDBQT format.’® The charges of the
ligands were automatically inserted by the program default. In
receptor preparation, the tertiary structures of the protein
target are downloaded from the RSCB database with PDB ID:
6QIO. The tertiary structure of the receptor is presented in
Figure 2. The polar hydrogen and Kollman’s united atom
charges are inserted into the receptor. Afterward, the protein
target is saved in the PDBQT format.

In molecular docking simulations, the grid box parameters
need to be assigned with enough space for positional and
rotational position of the selected ligands into the catalytic site
of the protein targets. The parameters grid box size (--size_X
30, -size_y 30, -size_z 30), grid box center (-center X 17.447,
-center_y, —23.897, -center_z —33.975), and spacing point (1
A) were set for all protein—ligand systems. The box size was
identified at the crucial site of the receptor.”’ The
exhaustiveness is computed at 100. Other parameters are set
as the default values of AutoDock Vina. The Broyden—
Fletcher—Goldfarb—Shanno (BFGS) algorithm is employed as

44123

Figure 2. 3D structures of the selected protein target (human serum
albumin) obtained from network pharmacology analysis. The red and
green colors correspond to the a helix and coil structures.
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Figure 3. FTIR spectrum of M. oleifera leaf extract using a methanol
solvent.

a searching parameter to find the catalytic site of the selected
compound in the site of the target proteins. All docking
parameters are computed by using AutoDock Tools 1.5.6
developed by Morris and co-workers.”” The docking procedure
was carried out according to similar protocols presented in our
previous studies.’> ™

Molecular Dynamics Simulation. To assess the stability
of the complex produced via molecular docking, all-atom

https://doi.org/10.1021/acsomega.3c06379
ACS Omega 2023, 8, 44121-44138


http://www.ehbio.com/ImageGP/
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c06379/suppl_file/ao3c06379_si_001.pdf
https://pubchem.ncbi.nlm.nih.gov/
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06379?fig=fig3&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c06379?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

Table 1. List of FTIR Spectra Analysis of M. oleifera Leaf Extract

wavenumber
functional groups results literature vibration
O—-H alcohol 3291 3570—3200 stretch
C-H alkane 2940, 2832 2935-2915/2865—2845 stretch
C=C alkene 1673 1680—1620 stretch
N-H secondary amine 1614 1650—1550 bend
C-H alkane 1448, 1404 1470—1430/1380—1370 bend
aril —O—H aromatic ether 1235 1270—-1230 stretch
C-N primary amine 1022 1090—-1020 stretch
C-S sulfide 542 570—-70S stretch
1-TOF Ms ES+
1007 o 7 o::
1560
#
308
172
108 130

1.00 200 100 400 500 6.00 7.00 8.00 9.00 10.00 11.00

Figure 4. Chromatogram of LC-MS of M. oleifera methanolic extracts.
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molecular dynamics simulation was performed on the
receptor—ligand complex using Amber20 software packages.*®
TIP3P solvent models®” were incorporated into the system’s
cubic box size. For the purpose of neutralizing the system, the
counterions Na+ have been added. The ligand and receptor
force field characteristics were generated using the generic
AMBER force field (GAFF)*® and the AMBER force field
(f148B),* respectively. Particle mesh Ewald (PME)*°
algorithms were used to set the electrostatic interactions,
while SHAKE"" methods were used to confine the distance of
the hydrogen atom. The switching cutoff distance was set to 10
A. For all simulations, a time step of 2 fs was used. The MD
simulation began with an energy minimization of the system.
The temperature was then steadily increased from 0 to 300 K
by performing an NVT-constant for 500 ps. Using the
Langevin thermostat’> and the isotropic position scaling
technique, the system temperature as well as pressure were
regulated at 300 K and 1 atm, respectively. The system was
equilibrated with the NPT ensemble for 50 ns before recording
the trajectory every S000 steps (10 ps). The CPPTRAJ tool
was used to examine the MD simulation trajectories.*’ The
complex’s root-mean-square deviation (RMSD) was calculated
to assess the ligands’ stability in interacting with the receptor
using the following equation:

44124

N 1/2

1
RMSD (1) = | = + Y, m;lli(t) = rec
M3 (1)

where N is the total number of atoms in the model complex, m;
is the mass of atom i, M is the total mass of all atoms, r; is the
position of atom i at time ¢, and r,; is the positions of the i-th
atom in the X-ray structure. The contribution of energy to the
ligand in binding with the receptor was calculated using the
molecular mechanics-generalized Born surface area (MM-
GBSA) method developed by Miller and colleagues.** The
following equation was used to compute the binding energy
from the MD simulation trajectory

AGbincling =—-RTIhKi=G - (Greceptor + Gligand)

‘complex
(2)
The contribution energies were estimated as follows
G=—-RTlhKi= Evdw + Eele + EGB + ESA (3)

where Egg, Egy, E4,, and E,, are the general Born solvation,
surface area, van der Waals, and electrostatic energies,
respectively.

B RESULTS

Experimental Analysis of M. oleifera Active Com-
pounds. The FTIR spectrum of M. oleifera leaf extract using
methanol solvent is shown in Figure 3. Meanwhile, the
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Table 2. Phytocomponents of M. oleifera Leaves Obtained from the Methanol Extract Using LC-MS

mass
no  spectrum formula compound name Yarea
1 120.0801 CgHgN 2-phenylethanimine 18.73
2 277.2154 C3H,00, 12-phenyldodecanoic acid 12.04
3 188.0701 C;HoNO, indoleacrylic acid 11.92
4 568.4278 C3H N30 3.3-dimethyl-1-octadecyl-1.3-dihydrospiro[indole-2.3'-[ 1.4]oxazino[3.2-f ]quinoline] 4.19
S 138. 0549  C,H,NO, 4-aminobenzoic acid/1-(2-nitrovinyl)-1.3-cyclopentadiene 3.46
6 303.0498 CsH,,0, quercetin 2.78
7 465.1033 C,H,,0y, hyperoside/2-(3.4-dihydroxyphenyl)-S.7-dihydroxy-4-oxo-4H-chromen-3-yl f-p-galactopyranoside 2.78
8 433.1133 CyH,,0, S-hydroxy-3-(4-hydroxyphenyl)-4-oxo-4H-chromen-7-yl hexopyranoside 2.78
9 279.2307 CgH;,0, a-linolenic acid 2.69
10 2751997 CsH,,0, nandrolone/(17f)-17-Hydroxyestr-4-en-3-on 2.5
11 293.2105 C1sH,00; 12-oxo0 phytodienoic acid 2.5
12 3151919 C,¢Hy3NgO N-(4-methoxyphenyl)-6-(1-piperidinylmethyl)-1.3.5-triazine-2.4-diamine 2.5
13 695.4037 C3sHsN,Og  L4-phenylene (25.3R.2S.3'R)bis[3-{[(2.2-dimethylpropanoyl)oxy]methyl}-2-ethyl-4-(1-methyl-1H-imidazol-S- 2.48
yl)butanoate]
14 351.2131 CyH;3,04 (—)-andrographolide 2.45
1S 333.2034 C3HpoN4O,S  2-methyl-2-propanyl [S-({[2-(N-methylcarbamimidoyl)hydrazino]carbonothioyl}amino)pentyl]carbamate 241
16 2752003 C,sH;,0,S 3-(dodecylthio)propanoic acid 2.41
17 277.2158 C3H,00, 12-phenyldodecanoic acid 2.15
18 317.2081 CyoH90; etienic acid 2.15
19 445.3682 CyoH,60; cholesteryl methyl carbonate 2.13
20 181.1221 CH,,0, 3-BHA/4-methoxy-2-(2-methyl-2-propanyl)phenol 2.08
21 778.5365 C4yH;,N;Oy  kohamamide C/(35.65.95.135.165.195.24aS)-19-[(2S)-2-butanyl]-3-isobutyl-13.16-diisopropyl-6.10.10.15- 2.08
tetramethyl-9-pentyldodecahydro-1H.9H-pyrrolo[2.1-i][ 1.13.4.7.10.16.19 ] dioxapentaazacyclodocosine-
1.4.7.11.14.17. 20(10H.19H)-heptone
22 4132652 C, Hy;;N,Og  ethyl (3R4R.5S)-4-acetamido-S-({[ (2-methyl-2-propanyl)oxy]carbonyl}amino)-3-(3-pentanyloxy)-1-cyclohexene-  2.04
1-carboxylate
23 803.5421  C,H,N,O,p  (1R9S.12S.13R.17R.18E.218.235.24R 255.27R)-12-{ (1E)-1-[ (1R. 3R 4S)-4-(dimethylamino)-3- 2.04
methoxycyclohexyl]-1-propen-2-yl}-17-ethyl-1-hydroxy-23.25-dimethoxy-13.19.21.27-tetramethyl-11.28-dioxa-4-
azatri cyclo[22.3.1 .04‘9foctacos-18—ene—2‘3. 10.16-tetrone
24 287.0547 CisH; 104 luteolin/3" 4’ S 7-tetrahydroxyflavone 2
25 449.1081 C,H,,04; quercitrin/3.3".4’.5.7-pentahydroxyflavone 3-rhamnoside 2
26 179.1063 C,H;50, 2-isopropyl-S-methylbenzoic acid 2
27 565.4026 C4oH;s30, canthaxanthin 1.88
28  583.4131 C4oH;s505 (3R.3'8.5'R.6'S)-7.8-didehydro-5'.6"-dihydro-5'.6'-epoxy-f3.-carotene-3.3'-diol 1.88
29 107.0486 C,HsO 3-ethynyl-4-methylfuran/2.4-cyclohexadien-1-ylidenemethanone 1.65
30 197.1161 C;H,,0; 1-carboxy-3-hydroxyadamantane 1.59
31 264.0856 C,H(N;O 2-(2-furyl)-7-(2-pyridinyl) [ 1.2.4]triazolo[ 1.5-a]pyrimidine 1.59
32 797.5171 CpH;N,0p,  (3R48.5S5.6R.7S.9R.108.11R.12R.13S)-10-(dimethylamino)-6-{[ (2S.3R.4S.6R)-4-(dimethylamino )-3-hydroxy-6- 1.38
methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7.12.13-trihydroxy-3.5.7.9.11.13-hexamethyl-2-oxooxa
cyclotetradecan-4-yl 2-(methoxymethoxy)-3-phenylpropanoate
33 163.111 Cy;H;s0 1-phenyl-1-pentanon/valerophenone 1.22
34 240.2317 C,sH3NO N-dodecylacrylamide 0.76
35 4502271 C,,H;,NO; 2-methyl-2-propanyl [2.2-dimethyl-S-(6-phenoxy-2-naphthyl)-1.3-dioxan-S-yl]carbamate 0.48

identification of functional groups in the sample is listed in
Table 1. The broad spectrum at 3450 cm™' shows the
absorption of the hydroxyl group.”> C—H stretching
absorption was found at 2940 and 2832 cm™.** The peaks
around 1673 and 1614 cm™ correspond to the stretching
absorption of C=C and bending of N—H groups.””** The
peaks at 1448 and 1404 cm™' indicated C—H bending of
alkanes.*” The aromatic ether group of aryl O—H is shown at
1235 cm™*° In addition, the presence of C—N (primary
amine) and C—S (sulfide) groups was detected at 1090—1020
and 705—570 cm™",

Figure 4 shows the liquid chromatography—mass spectrom-
etry (LC—MS) data with 35 chromatogram peaks indicating
the number of compounds present in M. oleifera extract. Five
main compounds were identified with concentrations above
3% based on the percentage area data from LC-MS analysis.
These compounds include 2-phenylethanimine (18.73%), 2-
phenyldodecanoic acid (12.04%), indoleacrylic acid (11.92%),

3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3'-[1,4]-
oxazino[3,2-f ]quinoline] (4.19%), and 4-aminobenzoic acid
(3.46%). The distribution of major compounds with high
concentrations in plant extracts is estimated to play a
significant role in biological activity."

Particular Target Prediction of Active Compounds in
M. oleifera. The secondary metabolites of M. oleifera leaves
were obtained from the experimental analysis as shown in
Table 2. Additionally, for the purpose of predicting the relation
between the M. oleifera active compounds and stunted growth
prevention, the SMILE identities of each active molecule
deposited in the PubChem database (https://pubchem.ncbi.
nlm.nih.gov/)** were retrieved for further analysis. 22 of 3§
active compounds were identified in the PubChem database.
Hence, at present, only those 22 compounds were retrieved
and used for further analysis. The PubChem ID and SMILE
identities of those compounds are provided in Table S1 of the
Supporting Information. To determine the targets of the M.
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Figure 5. Examination of the predicted genes for M. oleifera’s 22 active compounds from three databases. (a) Predicted gene numbers from
TargetNet (blue), SEA (orange), and SwissTarget (green); (b) Venn diagram illustrating the overlapping and particular genes predicted from those

three databases.
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Figure 6. Examination of the predicted compound-target genes for M. oleifera (MO) compounds as well as stunted growth. (a) Predicted gene
numbers from each data set; (b) Venn diagram showing the number of overlapped and particular genes from both MO substances and stunting.

oleifera compound, several databases including SwissTarget,
SEA, and TargetNet online platforms were employed. As
demonstrated in Figure 5(a), we discovered numerous targets
from TargetNet (245 targets), SEA (328 targets), and
SwissTarget (308 targets). Upon eliminating the redundant
targets, the overlapped genes are found, as shown in Figure
5(b). 138 genes were found in two databases, and 70 were
distributed by three online platforms. 208 specific genes were
identified in all databases after the overlapped genes were
removed. In total, 603 genes were obtained and chosen as the
favorable target for the active compounds to prevent stunted
growth. Then, the 603 genes were input to the ClueGO tool to
provide their network connections (Figure S1).
Identification of Approved Therapeutic Targets in
Stunted Growth. The GeneCard database was used to locate
the approved target that affects stunting, as well as to
determine the gene similarity between those existing
therapeutic targets and the target prediction. Figure 6(a)
shows the obtained 565 gene targets from the previous three
platforms (M. oleifera in the blue chart), while 490 genes of the
approved therapeutic target are identified from GeneCard
(stunted growth in the orange chart). As a result, 38 genes

44126

were found relating M. oleifera to stunted growth, as visualized
by the Venn diagram (Figure 6(b)).

Network Construction and Topological Analysis. The
STRING online tool and Cytoscape software package were
implemented to build a protein—protein interaction (PPI)
network on the 38 genes and assess their networks using the
“default parameter in confidence: 0.40” (Figure 7). To
eliminate confusion between databases and platforms, the
HUGO Gene Nomenclature Committee (HGNC) gene
symbol was used for all genes. The PPI topological evaluation
was then computed by utilizing the CytoNCA program. Table
3 shows the topological analysis results and parameters. We
found that human serum albumin (ALB), (Interleukin 6) IL6,
and (estimated glomerular filtration rate) EGFR proteins were
the top three-degree rank based on the topological network
analysis, indicating they may have a strong connection with
stunted growth. Additional parameters, listed in Table 3, are
given in columns 3—9. The results implied that no discernible
distinction was seen when the gene target was ranked using
other criteria.

Integrated Target Pathways and GO Analysis. The
MetaScape server was employed on 38 shared targets to verify
several pathways in the “M. oleifera and Stunted growth”
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Figure 7. Protein—protein interaction (PPI) network of the 38 target genes is visualized in the 3D form. The network was built using the STRING

Web server with the network threshold of 0.4.

network. The compound-target network was shown by the
integrated pathways displayed and the heatmap of GO analysis
displayed in Figure 8. The pathway of “regulation of growth”
was identified and connected to stunted growth. This finding
implied that those 38 shared proteins have a strong correlation
with human growth. Further, 38 genes connecting M. oleifera
and stunted growth were inserted into the webGestalt database
for GO enrichment analysis. Figure 9 shows three components
such as cellular component (CC), biological process (BP), and
molecular function (MF) in all genes. In the biological process
(Figure 9(a)), “developmental process”, “growth”, and cell
proliferation correlated with human growth. Meanwhile, the

findings in cellular components and molecular functions could
also be connected to cell growth, as shown in Figure 9(b),9(c),
respectively.

Integrative Network Analysis and Target Selection.
To decide the pathways of the obtained protein targets, 38
genes were submitted to the ConsensusPathDB-human
platform. Ten pathways were found as provided in Figure
10. “Signaling of hepatocyte growth factor receptor”, “Disease
of signal transduction by growth factor receptors and second
messengers”, “Growth hormone receptor signaling”, “Growth
hormone signaling”, “Growth hormone synthesis, secretion,
and action”, and “Mammary gland development pathway” were
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Table 3. Topological Network Evaluation of the PPI Network Based on the 38 Target Genes Shared by M. oleifera Active
Substances and Stunted Growth”
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“The degree value was used to sort the given data.

gene symbol

ALB
IL6
EGFR
STAT3
SIRT1
IL2
CREB1
NR3C1
JAK2
PTPNI11
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JAK1
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SLC10A2
PTPRS
EPHX1
LDHB
GLS
SMN1
PLEC
AKRIC3
AKRIC2
AKRIBI10
NPC1
PMM2
KIF11
KCNC3

degree

21
19
16
13
11
10

—
© O O = RN = WWNFRRENOGOAONKT KV A KN T O 0 J W O W

o

subgragh eigenvector
0.36 3.01
0.35 2.97
0.33 2.90
0.30 2.80
0.26 2.71
0.25 2.66
0.24 2.76
0.22 2.60
0.21 2.53
0.20 2.53
0.20 2.53
0.19 2.45
0.18 2.53
0.18 2.45
0.16 2.35
0.15 2.45
0.10 2.23
0.09 2.09
0.07 2.23
0.06 2.45
0.06 2.23
0.06 2.23
0.0 2.35
0.04 1.65
0.04 1.65
0.03 1.31
0.03 1.65
0.02 1.90
0.02 1.90
0.01 1.31
0.01 1.31
0.00 1.65
0.00 1.31
0.00 1.31
0.00 0.81
0.00 0.81
0.00 0.81
0.00 0.81

LAC

6.57
7.05
7.50
7.85
745
7.00
5.50
6.00
6.50
6.00
5.25
6.00
4.75
429
4.67
3.43
2.40
3.00
0.80
1.71
2.40
0.80
2.00
1.00
1.00
0.00
0.00
2.00
1.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

betweenness

255.70
176.60
82.92
14.35
6.91
S5.65
67.84
23.42
0.67
2.35
36.39
0.00
7.57
16.05
0.33
19.62
9.68
0.00
77.61
33.22
20.27
78.55
47.94
0.00
0.00
0.00
1.33
0.00
2.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00

closeness

0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.10
0.10
0.03
0.03
0.03
0.03
0.03
0.03
0.03

network

18.04
16.34
13.63
11.52
9.91
8.58
8.72
7.73
7.57
7.07
6.00
7.00
6.55
5.08
5.60
4.17
3.25
4.00
175
3.35
3.50
1.25
3.80
2.00
2.00
0.00
0.00
3.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

W hemopoiesis

M Adipogenesis

Figure 8. Integrated pathways of 38 protein targets utilizing the Metascape tool.
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Figure 9. GO analysis of MO chemical target—gene interactions to identify the correlation of (a) biological processes (BPs), (b) cellular
components (CCs), and (c) molecular function (MF). The variety of genes is highlighted by the vertical bar graph.
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Figure 10. ConsensusPathDB-human library was used to visualize 10 pathways involving 38 genes. The bubble graph displays significant pathways.

found and could be correlated with human growth. Thus,
investigation of this pathway is crucial to understanding the
human growth mechanism. At present, “Growth hormone
synthesis, secretion, and action” pathways are computed in the
KEGG database to show their mechanism, as shown in Figure
11.

Cytoscape software was implemented to exhaustively obtain
the intersection of 22 active compounds of M. oleifera, 38
shared genes, and 10 pathways as displayed in Figure 12. The
correlation provided by a convoluted network involved those
compounds and their targets in stunted growth.

Molecular Docking Analysis. In the previous analysis
using network pharmacology, 38 shared protein targets
correlating to stunted growth were identified. To reduce the
length of simulation time and computational cost, we chose
only the first-degree rank (human serum albumin (ALB))

based on topological analysis as a receptor for molecular
docking. The top S active compounds (2-phenylethanimine,
12-phenyldodecanoic acid, indoleacrylic acid, 3,3-dimethyl-1-
octadecyl-1,3-dihydrospiro[indole-2,3’-[1,4] oxazino[3,2-f ]-
quinoline], and 4-aminobenzoic acid) based on %Area from
the experimental analysis were employed as ligands. Table 4
shows the docked energy score of the top five compounds. The
ability of the ligand to attach to the receptor site was evident
when the protein—ligand complex showed a negative value.
From our docking results, we see that all ligands might bind to
the receptors, suggesting that they could make stable
complexes. Furthermore, high scores of the binding energy
were observed on dihydrospiro[indole-2,3'-[1,4]oxazino[3,2-
flquinoline]. Our implication is that when pregnant women/
nursing mothers consume M. oleifera leaves, the compound
3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3'-[1,4]-
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Figure 11. Comprehensive analysis of growth hormone synthesis, secretion, and action pathway in human cells (https://www.kegg.jp/pathway/

map04935).

oxazino[3,2-f ]quinoline] will exhibit a stronger binding affinity
with the human serum albumin (ALB) compared to
indoleacrylic acid, 12-phenyldodecanoic acid, 4-aminobenzoic
acid, and 2-phenylethanimine.

The selected ligands in complex with the main target protein
are presented in Figures 13 and 14. These figures show that
hydrogen bonds and hydrophobic interactions play a role in
the binding of the ligands with the ALB site. The details of
hydrogen bonds for all models are listed in Table S. 2-
Phenylethanimine participated in hydrogen bonding with the
residue LEU481 of ALB. The residues ARG484 and ARG485
contributed to the hydrogen bonding with 12-phenyldodeca-
noic acid. For indoleacrylic acid, the hydrogen bond was
formed between the side chain of the ligand and one residue
ASP451 of ALB. Meanwhile, a hydrogen-bond interaction was
noted between 3,3-dimethyl-1-octadecyl-1,3-dihydrospiro-
[indole-2,3’-[1,4]oxazino[3,2-f ]quinoline] and the residue
HIS146. For 4-aminobenzoic acid, a hydrogen bond was
found with the residue SER202.

44130

On the other hand, hydrophobic interactions of the ligands
in complex with ALB have been identified and are summarized
in Table 6. 2-Phenylethanimine contributed to hydrophobic
interactions with residues LEU198, TRP214, VAL344,
LEU347, LEU481, and VAL482. For 12-phenyldodecanoic
acid, eight residues are involved in hydrophobic interactions,
such as those of LYSI195, LEU198, TRP214, VAL343,
VAL344, SER454, VALA4SS, and LEU481. The hydrophobic
interactions of indole(acrylic acid) are identified at the residues
of LYS195, LEU198, and ASP451. In 3,3-dimethyl-1-
octadecyl-1,3-dihydrospiro[indole-2,3’-[1,4]oxazino[3,2-f ]-
quinoline], hydrophobic interactions are observed with
residues PRO110, LYS194, LYS432, LYS436, VAL4SS, and
VAL456. The residues LEU198, TRP214, LEU347, and
LEU481 of ALB make hydrogen bonds with 4-aminobenzoic
acid.

In experimental analysis, the crucial site of ALB was
investigated at residues ASN391, TYR411, LEU430,
VALA433, APS451, LEU453, SER454, LEU45S, LEUA481,
LEU482, and SER489, suggesting that a ligand that can bind
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Figure 12. Comprehensive representation of the generated network of M. oleifera and stunted growth. The stunting is denoted as yellow, and target
genes are presented in pink. The pathways and the active compounds are denoted in green and orange colors, respectively. All edges are presented

as black lines.

Table 4. Docking Results of the Top Five Ligands and the
Selected Targets (kcal/mol)

binding energy

no. compound (kcal/mol)
1  2-phenylethanimine —6.1
2 12-phenyldodecanoic acid —6.6
3 indoleacrylic acid —7.4
4 3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole- =79
2,3'-[1,4]oxazino[3,2-f ]quinoline]
S 4-aminobenzoic acid —6.3

with these residues or occupied these residues’ regions is
predicted to have the ability to increase the ALB activity,
facilitating its molecular function. Our docking result shows
that all ligands were bound to those sites of ALB via hydrogen
bonds and hydrophobic interactions, indicating that the ligands
might serve as potential components to increase ALB activity.
Thus, they may be used as food supplements to prevent
stunted growth.

Molecular Dynamics Analysis. To verify the stability of
the ligand—protein complex in a water solvent, MD simulation
was carried out. The number of counterions, box size, and
water molecules of those five complexes are summarized in
Table 7. The complete protocols for MD simulation for the
five models have been provided in the subsection Molecular
Dynamics Simulation.

A number of validation metrics, such as radius of gyration
(Ry), root-mean-square deviation (RMSD), solvent-accessible
surface area (SASA), root-mean-square fluctuation (RMSF),

and hydrogen bond, were examined to confirm the stability of
the complexes obtained from molecular docking. Figure 15(a)
shows the RMSD value as a function of the evolution time. In
this figure, all models involved small fluctuations at the initial
simulation, around 0—5 ns. Then, all complexes reached
equilibrium states after 6 ns, although complex 2 is in a small
fluctuation at 40—4S ns. Despite the fact that certain
fluctuation points were seen for all of the models, this result
showed that our models remained stable throughout the
simulation. A slight fluctuation during MD simulation is
possible since the amino acid residues or ligand molecules
require structural redisposition at the ligand—protein contact
via electrostatic and van der Waals interactions and even water
molecule connections. Figure 15(b) presents the RMSF profile
corresponding to the flexibility of the amino acid. The graph
trends showed that all models have a tendency to be more
flexible in nature, indicating that the interaction between the
ligand and the protein may be easier to form a complex due to
the flexibility of the structure. The radius of gyration (Rg) was
linked to the fluctuations in protein and ligand size. A larger R,
value indicated a loose packaging structure, whereas a lower R,
value indicated a more compact arrangement of the protein
and ligand. Figure 15(c) depicts the R, profile of the five
models. In this figure, no significant fluctuation in the radius of
gyration was observed. These findings suggested that no
significant departure was seen, indicating that the models were
in a stable condition. Figure 15(d) provides solvent-accessible
surface areas (SASAs) of all models. This metric was
determined in order to comprehend the variations in protein
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Figure 13. Conformational posture of the ligands to the protein target: (a) 2-phenylethanimine, (b) 12-phenyldodecanoic acid, and (c)
indoleacrylic acid. The three dimensions (3D) of the model pocket are displayed using the PLIP online tool (https://plip-tool.biotec.tu-dresden.
de/plip-web/plip/index) gathered with PyMOL v 2.3 software (https://pymol.org/2/).

volume for each model. As shown in this figure, all graphs
showed similar trends until the end of the simulation. Overall,
none of the models seemed to acquire volume during the
simulation, and they all seemed to be stable structures.
Moreover, the hydrogen-bond formation of each complex was
also analyzed. This bond formation plays a crucial role in
maintaining a biomolecular complex’s stiffness. Figure 15(e)
examines hydrogen bonding in an identical number ranging
from 250 to 330. Our outcomes demonstrated that all models
displayed comparable hydrogen profiles, indicating that their
participation in the creation of hydrogen bonds helped
maintain a stable complex throughout the simulation.

In the previous docking results listed in Table 4, the binding
scores for all models show no significant difference in the
binding energy values. Hence, the binding energies of all
complexes were calculated using the MM-GBSA method based
on the MD trajectories at the equilibrium phase. Table 8 lists
the energy contributions for all complexes, including the
control. The binding energies of models 1, 2, 3, 4, and S were

—28.87, —67.90, —30.98, —58.99, and —21.39 kcal/mol,
respectively. Each complex’s ligands may be able to bind to
ALB’s catalytic site and potentially boost the protein activity, as
shown by the fact that all models had a negative binding
energy. Further, we observed that models 2 (12-phenyl-
dodecanoic acid) and 4 (3,3-dimethyl-1-octadecyl-1,3-
dihydrospiro[indole-2,3'-[1,4]oxazino[3,2-f ]quinoline]) could
be more stable structures because of the binding energy score,
indicating that the strong binding of the ligand in complex with
ALB might be found in ligands 2 and 4, followed by models 3
(indoleacrylic acid), S (4-aminobenzoic acid), and 1 (2-
phenylethanimine). This result revealed that these active
compounds might become supplementation ligands to activate
the ALB to prevent stunted growth. Additionally, we noted
that all of the contributions have considerably varied values,
resulting in an impact on the complex’s binding energy. These
different contributions might be connected to the ligand’s
chemical structure, which affects the binding energy differently.
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Figure 14. Conformational posture of the ligands to the receptor. (d) 3,3-Dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3"-[ 1,4]oxazino[3,2-
f]quinoline] and (e) 4-aminobenzoic acid. The three dimensions (3D) of the model pocket are displayed using the PLIP online tool (https://plip-
tool.biotec.tu-dresden.de/plip-web/plip/index) gathered with PyMOL v 2.3 software (https://pymol.org/2/).

Table 5. Hydrogen Bonds of the Selected Compounds in Complex with the Receptor (ALB)

compound residues

2-phenylethanimine 481A
12-phenyldodecanoic acid 484A

485A
indoleacrylic acid 4S1A
3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3'-[1,4] 146A

oxazino|3,2-f |quinoline]

4-aminobenzoic acid 202A

distance distance donor acceptor
AA H-A D-A angle donor atom atom
LEU 243 293 10891 5766 [N3] 4755 [02]
ARG 3.31 3.66 107.6 4780 5768
[Nam] [0.c02]
ARG 2.33 3.19 174.33 4797 5768
[Nam] [0.co2]
ASP 2.36 3.08 12675 5759 [Npl] 4453
[0.c02]
HIS 3.39 3.78 104.87 1437 [Npl] 5759 [03]
SER 3.74 4.07 102.19 5765 [Npl] 1991 [03]

B DISCUSSIONS

Stunting has been identified as one of the main indicators of
malnutrition in children. This indicates that a child has not
grown to its full potential as a result of illnesses, poor health,
and a lack of food. Millions of children worldwide also suffer
from severe irreversible physical and intellectual impairment
that comes along with stunted growth.”' In societies where
short height is prevalent, it is thought to be normal. Families
and health professionals frequently fail to notice juvenile
stunting. This is largely due to a lack of understanding of the
severe health effects of stunting, as well as the fact that linear
growth is not frequently assessed as part of community health
programs. A child’s linear growth must be assessed in order to
determine whether they are developing normally or whether
they have a growth problem or a propensity toward one that
needs to be treated.”>”

44133

Indonesia ranks third among countries with the highest
prevalence of stunting in the Southeast Asia/Southeast Asia
Regional (SEAR) region. The average prevalence of stunting
from 2005 to 2017 for children under five years old was around
36.4%."> Thus, the government, stakeholders, and even the
community must work together to address this issue by
focusing on children’s growth, their health, and even their
adequate daily nutritional needs. At present, traditional plants
are widely used in the prevention of stunted growth since it is
believed that they contain medicinal components that can
prevent or even treat many diseases. One common plant that
Indonesians use to treat several ailments is M. oleifera.
Pregnant and breastfeeding moms consume M. oleifera as a
supplement to prevent stunted growth in their children.’**
However, the active compounds and molecular action of the
plant in preventing stunting are not well-understood. Hence,
molecular investigation utilizing a network pharmacology
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Table 6. Hydrophobic Interaction of the Selected
Compounds in Binding with the Receptor (ALB)

ligand  protein

compound residue A—A  distance atom atom

2-phenylethanimine 198A  LEU 3.78 5761 1944

198A LEU 3.76 5765 1946

214A TRP 3.57 5764 2132

344A VAL 3.9 5765 3402

347A LEU 3.2 5762 3429

481A LEU 3.49 5762 4759

481A LEU 3.64 5760 4757

482A VAL 3.75 5762 4766

12-phenyldodecanoic acid 195SA  LYS 3.65 5779 1902

198A LEU 343 S777 1946

198A LEU 3.61 5759 1946

198A LEU 3.32 5763 1945

214A TRP 391 5775 2139

343A VAL 3.26 5772 3392

344A VAL 3.52 5770 3400

454A SER 3.85 5764 4481

45SA VAL 3.23 5779 4500

481A LEU 3.58 5763 4757

indoleacrylic acid 195A LYS 3.79 5767 1902

198A LEU 3.51 5764 1946

4S1A ASP 3.74 5765 4451

3,3-dimethyl-1-octadecyl- 110A  PRO 3.97 5770 1060
1,3-dihydrospiro[indole-
2,3'-[1,4]oxazino| 3,2-f]

quinoline]

190A LYS 3.73 5795 1860

194A ALA 3.66 5791 1895

432A  LYS 3.73 5796 4265

432A  LYS 3.56 5799 4263

436A LYS 3.61 5799 4305

45SA VAL 3.9 5791 4501

456A VAL 4 5781 4510

459A  GLN 3.65 S777 4537

4-aminobenzoic acid 198A°  LEU 3.67 5762 1946

214A TRP 3.89 5764 2133

347A LEU 342 5763 3429

481A LEU 3.81 5761 4757

method shared with several computational approaches is
employed to gain insight into the molecular action of the active
compound in human growth.

The implementation of network pharmacology to explore
the potency of the natural compound has been performed by a
few research teams.” " Network pharmacology was used by
Sakle and co-workers to look into the possible targets of
Caesalpinia pulcherima.”> The authors suggested that four
active compounds from the plant are potential drugs in breast

cancer treatment. In the paper presented by Wu et al, the
authors used a network pharmacology model to investigate the
molecular action of Uncaria alkaloids against Alzheimer’s
disease and hypertension.”® The main mechanisms of the
antihypertensive effects of Uncaria alkaloids have been shown
by the authors, and they also recognized a potential application
for the potent chemicals in the treatment of Alzheimer’s
disease. YuPingFeng (YPF) granules are a classic herbal
formula widely utilized in clinical practice in China against
chronic obstructive pulmonary disease (COPD), which has
been investigated by Yin and co-workers using network
pharmacology analysis.”” This finding suggested that the
therapeutic effects of YPF in treating COPD might be
contingent on the response to steroid hormones, glucocorti-
coids, and pathways connected to HIF-1 and apoptotic
signaling. In this present investigation, network pharmacology
was applied on the active compounds of M. oleifera leaves,
exploring their potential as a food supplement for preventing
stunting in children. 22 of 35 active compounds were identified
in the PubChem database. Thus, we used those identified
compounds for collecting the proteins using some databases
such as TargetNet, SEA, and SwissTarget databases. 38 genes
were found connecting M. oleifera and stunted growth. A
protein—protein interaction (PPI) network was constructed,
and the top three degrees of the topological network analysis
were obtained corresponding to the proteins ALB, IL6, and
EGEFR. These proteins may be strongly associated with stunted
growth.

The biological pathways of the obtained proteins related to
human growth have been analyzed. Six pathways are identified
and could be correlated to human growth, such as “Signaling of
hepatocyte growth factor receptors”, “Disease of signal
transduction by growth factor receptors and second
messengers”, “Growth hormone receptor signaling”, “Growth
hormone signaling”, “Growth hormone synthesis, secretion,
and action”, and “Mammary gland development pathway”.
Investigating these pathways is therefore essential to under-
standing the mechanisms underlying human growth. Further,
in the previous network pharmacology investigation, 38
protein targets correlated with stunted growth were found.
We selected only the first-degree rank (human serum albumin
(ALB)) based on topological analysis as a receptor (human
serum albumin) for molecular docking in order to shorten
simulation times and lower computational costs. ALB is one of
the components that is correlated with children’s growth. In
the paper presented by Sanaa and co-workers, the stunted
growth of children was caused by a lack of nutrients such as
vitamins A and K, carbohydrates, lipids, and hemoglobin,
including human serum albumin.®® Thus, it is interesting to
investigate the molecular action of ALB in relation to human
growth. Our docking results show that the selected ligands may

Table 7. Identity of MD Simulation for All Complexes

complex identities

2-phenylethanimine
12-phenyldodecanoic acid
indoleacrylic acid

3,3-dimethyl-1-octadecyl-1,3-dihydrospiro[indole-2,3'-[1,4]oxazino[ 3,2-f ]
quinoline]

4-aminobenzoic acid

44134

identities
) total
box size (A) no. of ions (Na*) no. of water atom
102.968 x 88.616 X 115.233 13 26,261 88,028
102.968 X 88.616 X 115.233 13 26,261 88,039
102.968 X 88.616 X 115.233 13 26,261 88,034
102.968 X 88.616 X 115.233 13 26,261 88,030
102.968 X 88.616 X 115.233 13 26,261 88,031
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Figure 15. MD validation metrics consisting of the (a) RMSD value of the complexes, (b) RMSF descriptor, (c) R, profile, (d) protein surface area
measured from SASA, and (e) hydrogen bond calculated from MD trajectories. The ligand—receptor complexes corresponding to 2-
phenylethanimine (Model 1), 12-phenyldodecanoic acid (Model 2), indoleacrylic acid (Model 3), 3,3-dimethyl-1-octadecyl-1,3-dihydrospiro-
[indole-2,3'-[1,4]oxazino[3,2-f Jquinoline] (Model 4), and 4-aminobenzoic acid (Model S) are denoted by red, green, blue, magenta, and cyan
colors, respectively.

Table 8. Contribution of Each Energy Term to the Binding Energy for All Models. All Energy Contributions Are Shown in
kcal/mol Units“

model E g Eqe Egp Esa AGyy AGggsa AGying

model 1 —28.96 (1.41) —1.31 (0.87) 4.58 (0.48) —3.17 (0.07) —30.28 (1.60) 1.41 (0.47) —28.87 (1.48)
model 2 —66.68 (2.27) —5.81 (1.52) 11.38 (1.09) —6.78 (0.10) —72.50 (2.66) 4.59 (1.10) —67.90 (2.22)
model 3 —34.59 (2.10) —1.86 (1.58) 9.43 (1.37) —3.95 (0.14) —36.46 (2.54) 5.47 (1.37) —30.98 (2.19)
model 4 —68.52 (3.94) —2.06 (0.88) 18.59 (1.04) —7.00 (0.33) —70.58 (3.95) 11.59 (0.98) —58.99 (4.00)
model § —24.39 (1.93) —3.26 (1.93) 9.13 (1.40) —3.07 (0.15) —27.65 (2.85) 6.06 (1.34) —21.59 (2:22)

“The standard deviation Is displayed in the parentheses.

attach to the receptors, indicating that they may form stable stable along the simulation, suggesting that all ligands could
complexes. Additionally, each ligand formed hydrogen bonds bind to the site of ALB to make a complex formation.

.. . . L. .. 31
and hydrophobic interactions with the critical ALB site, Additionally, the MM-GBSA method was employed to
showing that they might enhance ALB activity to prevent

stunted growth. The stability of the complexes produced by
molecular docking was assessed by using a range of MD

calculate the binding energy for all models. Models 2 and 4
have a high energy score, suggesting that strong binding of the

validation metrics. Our findings showed that despite certain ligand in complex with ALB might be found in ligands 2 and 4,
fluctuation points seen in some graphs, all models remained followed by models 3, S, and 1. According to our findings,
44135 https://doi.org/10.1021/acsomega.3c06379
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ligands 2 and 4 could be useful as food supplements for the
prevention of stunting.

B CONCLUSIONS

In this research, we examined the active substances of M.
oleifera as a potential food supplement for stunted growth
prevention using network pharmacology and numerous in
silico techniques. In network pharmacology, 38 crucial proteins
are found that may have strong interconnections with stunted
growth. To determine the pathways of those shared genes, 38
genes were submitted to several online platforms. Six pathways
could be correlated to human growth, such as “Signaling of
hepatocyte growth factor receptors”, “Disease of signal
transduction by growth factor receptors and second
messengers”, “Growth hormone receptor signaling”, “Growth
hormone signaling”, “Growth hormone synthesis, secretion,
and action”, and “Mammary gland development pathway”.
Further, the top 5 active compounds identified by experimental
research were used as ligands for molecular docking.
Meanwhile, albumin protein (ALB) was used as a receptor
based on the PPI topological analysis. From our docking
results, all ligands bind to the receptors, suggesting that they
could form stable complexes with the ALB protein. To confirm
the stability of the ligand—receptor complex in the water
solvent, MD simulations were performed. Our results implied
that all models achieved a stable condition along the
simulation based on the validation metrics such as RMSD,
RMSF, R,, SASA, and hydrogen bonds. Besides, the MM-
GBSA method was employed to estimate the binding energy of
five models. Models 2 and 4 have a high binding energy score,
indicating that the strong binding of the ligand in complex with
ALB might be found in ligands 2 and 4, followed by models 3,
S, and 1. Our results show that ligands 2 and 4 might become
promising food supplements to prevent stunting in children.
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