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$ WRWDO RI ELRDFWLYH FRPSRXQGV ZHUH LGHQWLILHG WDUJF
Key words: Encyclopedia of Genes and Genomes pathway enrichment analysis revealed 160 related pathwBy® X H ”

.05), jncluding the phosphatidylinositol-3-kinase/Akt signaling pathway, gastric cancer, and nuclear factor
E$GIZR gislt_rgn?e';t\i/r:/ali\( H FR g%%a&&éc_ain_—enhancer of activated B cell_s signaling pathway. A compounds—targets—pathways (C-T-
disordérs molecular P) network highlighted the central roles of epidermal growth factor receptor (EGFR) and Ras-related C3
dynamics’simulation ERWXOLQXP WR[LQ VXEVWUDWH DOSKD VHULQH WKUHRQLQH SURWHF
’ DQG SUROLIHUDWLRQ RI JDVWURLQWHVWLQDO HSLWKHOLDO FHOO
phytotherapy. gastrointestinal disorders, validated via molecular docking. Compounds such as 3,5-diacetoxy-1-(4-hydroxy-
3,5-dimethoxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)heptane (DDMHMH), alpha-tocopherol, gingerol, and
VKRJDRO VKRZHG JRRGIELQEEDDO RRO OROHFXODU G\QDPLFV VLPXC
WKH VWDELOLW\ RI ""0+0+%$.7 DQG '""0+0+%x(*)5 FRPSOH[HV %LQC
PHFKDQLFV 3RLVVRQ*%ROW]PDQQ VXUIDFH DUHD FDQFEXWles/LRQV
RI i NFDO PRO $.7 +''0+0+ DQG i NFDO PRO (*)5%''040+ 7K
R I ¢ F L @@edtialffor dyspepsia therapy.

1. INTRODUCTION and functional dyspepsia (FD). Organic dyspepsia arises
Dyspepsia, often described as indigestion, is a medicall VRP LGHQWL(;DEOH SDWKRORJLFDO FD

condition encompassing a spectrum of discomfort or pain in thed DV W_U RH V RS K DJHDO UHAX[ GL V HDVH JI

upper gastrointestinal tradt,2]. This prevalent gastrointestinal Pancreatic or biliary disorders, and drug or food intolerance

GLVRUGHU LQ PHGLFDO SUDFWLFH H ﬂ%ldw%;g@g@@wsq%w@eg %ﬁrveﬁlesquew |
affecting millions and resulting in substantial healthcare costs $2USe IS found despite persistent symptoms such as postprandia

work absenteeism, and decreased quality of life for patientsfu”ness’ early satiety, and epigastric piip The development

, - D_ involyes i factors, , includin ietary_ factors,
[8] "\WSHSVLD LV FODVVL(HG LQWR W%@ihgl gfc stFe@ngﬂp@%&i'ﬁ' ast h{/g)lo aErjy',:duodenal
LQADPPDWLRQ D QHzlitoQadteFlriERYV OLNH
The standard treatment for FD includels pylori

: eradication drugs, improving gastrointestinal motility, alleviating
*Corresponding Author . L . . ;
Raymond Rubianto Tjandrawinata, Department of Dexa Omic Sciences visceral hypersensitivity, and addressing anxiety and depression.
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E-mail: raymond @ dexa-medica.com recurrence rates highlight a therapeutic gap]. Consequently,
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there is an increasing interest in complementary and alternativeas shown effectiveness in preventing gastric ulcers induced
approaches, particularly herbal medicines, which are deeplypy these factorg14]. Several studies have demonstrated
rooted in traditional medical systems, especially in AsiaJun JLQJHUYV DQWL LQADPPDWRU\ DQWLRJ!
Zi Tang also known as Rikkunshito, has been recognized sincellcer effects. Its biological effects include the presence of
the 16th century for treating dyspepga Accordingly, experts  phenolics, such as gingerols, shogaol, paradol, and zingerone,
anticipate that herbal medicines will emerge as safe therapeutias well as monoterpenes like limonene and citral. Among these
options for FD[7]. Herbal medicines such as ginger, licorice, FRPSRQHQWYV JLQJHUROV DQG VKRJDRC
papaya, peppermint oil, caraway oil, and activated charcoal havactive ingredient§l5,16]
been widely studied for managing F®. @dditionally, related The traditional ‘one drug-one target-one disease’
studies on gastrointestinal disorders have shown promise iparadigm is challenged by complex conditions like dyspepsia,
demonstrating the therapeutic potential of herbal medicines. Fowhich are driven by a wide range of biological processes
example, the bioactive fraction DLBS2411 fr@mnamomum  (BPs) and molecular functions (MFs). To address this, network
burmanni(cinnamon) effectively reduced ulcer size and severitypharmacology can be employed to elucidate the therapeutic
LQ D UDW PRGHO RI SHSWLF XOFHUVmezZhaksks lof giadsrFt theRifo®DicADtEGets atRpathways
RPHSUD]ROH RU VXFUDOIDWBI1I0DQG D J&ES; aNgDihgl veanteddR anitHthe complexity of traditional
Ginger (=L QJL EHU )R pEremial@hizomatous Chinese medicine (TCM), characterized by multi-component,
plant of the Zingiberaceae family, recognized for its widespreadP XOWL WDUJHWHG DQG7]L QAN stdnteW LY H
application as a culinary spice, seasoning, and herbal remedyetwork pharmacology has been conducted to investigate
[11]. Ginger has been widely recognized as a traditional dietaryhe therapeutic effects of various herbal plants, including the
remedy for alleviating gastrointestinal symptoms such asimmunomodulatory properties dAstragali radix (Huangqi)
QDXVHD EORDWLQJ DQG LQGLJHVWLRQ @f BndiaQeticLpdterialEdagetstgoemi® SpeRicGakd R Q
for managing FD. In addition to these effects, ginger’s potentialC. burmanniin type 2 diabetegl9], and the hepatoprotective
to stimulate appetite, enhance metabolic activity, and modulatectivity of Phyllanthus niruri[20]. The present study aims to
gut microbiota further underscores its multifaceted role withininvestigate the therapeutic mechanisms=of R | ¢ Fag@msO H
contemporary nutritional and gastrointestinal resedicj. dyspepsia using an integrative approach that combines network
Gastric ulcers can be caused by various factors, includingpharmacology, molecular docking, and molecular dynamics
H. pylori infection, hydrochloric acid, pepsin, alcohol, and simulation (MDS). The results of this study may contribute
WKH XVH Rl QRQVWHURLG D[C8].0ODWeL L @ Az Pde\RMpR&nt ob gikgéivbased therapeutic agents for

Figure 1. The workflow diagram of network pharmacology, molecular docking, and M2ZSafficinaleconcerning dyspepsia.
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functional gastrointestinal disorderBigure 1 illustrates the  stringApp within the Cytoscape software version 3.10.2 (https://

VWXG\TV ZRUNARZ JUDSKLFDOO\ cytoscape.org/) for visualizatior> 39]. The species type
selected wa#l. sapiens ZLWK D FRQ¢({GHQFH OHY|
2. MATERIALS AND METHODS for reliability values, while the rest remained at default settings.
&RPPRQ WDUJHWYV ZHUH LGHQWL¢{HG E\
2.1. Data collection and screening of bioactive compounds associated with= R | ¢ F anQ By3pépsia. Additionally, we

We collected compounds f R | ¢, Filo@ [iedatlre employed CytoNCA tools within Cytoscape software to analyze
sources[16,2122] and databases, including Bioinformatic the PPI network results and assess network topology parameters,
Analysis Tool for Molecular Mechanism of Traditional Chinese including degree centrality (DC), eigenvector centrality,
Medicine (BATMAN-TCM, http://bionet.ncpsh.org.cn/  betweenness centrality (BC), and closenesatrality (CC) of
batman-tcm/)23] and Traditional Chinese Medicine Systems targetsj40] :H XVHG WKHVH ¢QGLQJV WR LGl
Pharmacology Database and Analysis Platform (TCMSP, https:fin the network by selecting target nodes with values surpassing
old.tcmsp-e.com/tcmsp.phf@4]. These compounds underwent the respective median values in the PPI network. Subsequently,
VFUHHQLQJ XVLQJ D WKUHVKROG RI we utiliZRdJth® se@edBdrgeDnodes @ DdEh @ héw\network

2% DQG - IRU GUXJ OLNHQHVYV 'dompriBiyXidoial teigety Mkeuvth QB | ¢ RAn@ dySpkpsia
ELRDFWLYH FRPSRXQGV ¢[¥8]. MeUuseX UVMKIHU DQDO\VLV
SwissADME (http://www.swissadme.ch/index.php) to predict
the OB properties of the compounds and the MolSoft databas@-4- Enrichment analysis
(https://www.molsoft.com/) to predict the DL properties of We employed Gene Ontology functional annotations
the compounds, with these steps involving the insertion of the * 2 KWWSV zZzZ2Z JHQHRQWRORJ\ RUJ
FRPSRXQGVY FDQRQLFDO VLPSOL{HG(®RRTFIORSHEBU DLQREXMQ BV DH GIAMQRPHY G
system (SMILES)26,27]. We retrieved information, such as www.genome.jp/kegg/pathway.html) for the crucial targets
the compound’s molecule name, PubChem CID, and canonicdinked to = R ¢, F ar@ Rypéepsia using Enrichr (https://
SMILES, from the PubChem database (https://pubchem.ncbimaayanlab.cloud/Enrichr/) as the enrichment analysis tool

nim.nih.gov/) > . @ [42]. The GO database can examine BPs, MFs, and cellular
. ) . components (CC4%#3] OHDQZKLOH .(** ZDV HPS
2.2. Data collection and screening of tal’get prOteInS acquire the Signa”ng pathways associated with R | é FL Q DO

Target proteinslinkedte R | ¢ Pe@bdlddtedand and dyspepsigd4]. We also visualized the top 10 GO terms
limited toHomo sapienghuman) only, using the PharmMapper DQG .(** SDWKZD\V XVLQJ 65SORW KWW
server (https://www.lilab-ecust.cn/pharmmapper/) and cn/) according to the smallegtvalue to draw bar graphs and
Similarity ensemble approach database (SEA, https://seal&Gankey diagramil5,46].
docking.org/)[29,30]. Targets from the PharmMapper server
were collected by inputting the compounds’ 2D structure data2-5- Construction of the C-T-P network
¢OH IRUPDW IURP WKH 3XE&KHP GDWD E DV Hhe G TR Qadnork, KnRivhHIluastiates] tHeAinteraction
with aZ score with a positive value. Meanwhile, targets from between bioactive compounds, crucial targets, and signaling
the SEA database were collected by inputting the canonicapathwaysinvolvedire R | ¢, Fiar@yBg@ps$ia, was constructed
SMILES of the bioactive compounds and choosing targetsusing Cytoscape version 3.10[29]. Within this network,
ZLWK D 7TDQLPRWR FRHI{(FLHQW RI «  biolbéyidalOnddResXrepheGentv gdtenbidd \biddativé Kompounds,
Collaboratory for Structural Bioinformatics (RCSB) Protein crucial targets, and signaling pathways, while edges illustrate
Data Bank (RCSB PDB, https://www.rcsb.org/) to complement WKHLU LQWHUDFWLRQV 7KH VLIJQL¢FDQ
the ligand mapping provided by PharmMapper. Furthermoreassessed by its DC, indicating the number of connections it has
we excluded the duplicate targets and used the UniProt databagéth other targets. Targets with higher DC exhibit more robust

KWWSV ZZZ XQLSURW RUJ WR VW DFEERIDQUHGAWH YW WHN D QB QMLAHHEQ FHD WIKINV R Y
proteins[31-33]. compounds and pathwal].

Targets linked to dyspepsia were collected using the
search keyword “dyspepsia” from the GeneCards databas@.6- Molecular docking
(https://www.genecards.org), the National Center for SRWHQWLDO ELRDFWLYH FRPSRXQ
Biotechnology Information Gene (NCBI Gene, https://www. C-T-P network with high DC were selected as the ligands
ncbi.nlm.nih.gov/gene/), and Disease Gene Network versiorfor molecular docking against crucial targets using the High
7.0 (DisGeNET, https://www.disgenet.org/). We excluded $PELJXLW\ 'ULYHQ 3URWHLQ 3URWHLQ
GXSOLFDWH LGHQWL{HG WDUJHWYV hitpe:Dr&sCabsdiéhte. tul/haddadk2 W)D WebHs8er Xéfdido J
UniProt, and employed the JVenn program (https://jvenn.2.4 > . @he three-dimensional structures of epidermal growth
toulouse.inra.fr/app/example.html) to illustrate the intersectionfactor receptor (EGFR) (PDB ID: 1M17) at a resolution of
of targets betweer R | ¢ Fdn@ dyspepsiB4-37]. 2.60 A (chain A)49] and RAC-alpha serine/threonine-protein

NLQDVH $.7 3'% ,' 2 DW D UHVROXMW
2.3. Construction of protein-protein interaction (PPI) network A) were retrieved from RCSB PDBZ2]. In contrast, the two-

We constructed PPI networks for targets linked to dimensional structures of ligands were obtained from PubChem

= RI¢ F dgpepsi, and their common targets using the > . ®eteroatoms were removed from protein structures using
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BIOVIA Discovery Studio (https://discover.3ds.com/discovery- and Parrinello-Rahman barostat for temperature and pressure
studio-visualizer-downloadpO0]. In cases where the structure control, respectively. Long-range electrostatics were handled
exhibited disruptions due to missing amino acid residuesusing the Particle Mesh Ewald method, and a 1.2 nm cutoff was
the corresponding corrected models were sourced from thesed for van der Waals interactions, enabling a detailed analysis
AlphaFold Protein Structure Database (https://alphafold.ebi.of the ligand—receptor complex dynamics.

ac.uk/) [51]. Furthermore, the Computed Atlas of Surface

Topography of the universe of protein Folds (CASTpFold, 2.8. Molecular mechanics/Poisson-Boltzmann surface area
https://cfold.bme.uic.edu/castpfold{p2] was employed to (MM/PBSA) calculations

predict the ligand-binding domains based on these structures. To estimate the binding free energy of the top-

Ligand structures were prepared and geometricaly SHUIRUPLQJ OLJDQG ZLWK WKH $.7 DQC
optimized using Chem3D with MM2-based energy pgsA calculations were performed using the gmx_MMPBSA
PLQLPL]DWLRQ WR UHGXFH VWHULF VMokRie R, TRiQpprdddr doolid&dR Rlantia/é /BYatiBhRC
lengths[53]. To serve as reference compounds, two standardy Kk H ELQGLQJ DI¢QLW\ E\ FRPELQLQJ PR
ligands were incorporated: Erlotinib, a recognized EGFR\yiih solvation energies obtained from continuum electrostatics.
inhibitor [54]  DQG 0. DQ $.7 [SBRBAELWRBHMHFWRU\ ¢OHV IURP WKH  QV PR
ligands were also subjected to MM2 energy minimization 10 r4qyction run were utilized, and representative snapshots were
ensure uniform preparation across all docl_<|ng analyses. Proteiyiacted at regular intervals for post-processing. The MM/
Data Bank summary (https://www.ebi.ac.uk/thomton-srv/ pgga calculations included van der Waals, electrostatic, polar

databases/pdbsum/) was used to determine the 'iga”d'bi”di”&)lvation and non-polar solvation eneray components. with
domains by entering the relevant PDB [[B5]. Furthermore, ' P 9y P '

’ o solvent-acc iziﬁles rface area %t roximate non-polar
ELQGLoy icqLwiry o: Lo NFDo PREEIHRY GHERE SR SRR doccne
werer{(re 'CG? t.usmgrlm -/ - ( Y e|r(1jl INVING constants and grid spacing parameters optimized for protein—
ener prediction, https:/irascar.science.uu.nlfprodigyr], ligand complexes, enabling robust and accurate estimation

with more negative values indicating stronger protein-ligand - : o S :
interactions > . @he 2D structures of the complexes were pf binding energetics critical for validating ligand—receptor

visualized using BIOVIA Discovery Studio, while the 3D interactions observed during MDS.
structures were visualized using UCSF ChimeraX (https://3 RESULTS AND DISCUSSION
www.rbvi.ucsf.edu/chimerax[p9].

3.1. Data collection and screening of bioactive compounds

To investigate the dynamic behavior, conformational Based on previous phytochemical studies and
stability, and binding interactions of the top-performing ligand databases, such as BATMAN-TCM and TCMSP, 477

ZLWK WDUJHW UHFHSWRUV $.7 DQG g‘;ﬁgﬁﬁ?ﬁo#ﬂ%ﬁgﬁmﬁﬁg&gﬁiﬁpkﬁf’ﬁ"@g@b'e S1 for

using GROMACS 2024.3[60]. Ligand topologies were , Compounds must possess

generated with GAFF2 parameters, and atomic partial charge§pprOpriate pharmacokinetic - characteristics to  effectively

were assigned using the AM1-BCC method via ACPYPEreac:h target organs and exert their biological eff@ds OB

LQWHJUDWHG ZLWK $PEHU7RROV 7 EH MResy of fie Apserplign odistribution, metabolism,
was applied to the protein receptors, while the TIP3P wate@nd excretion parameters, which serves as an indicator of a <
model was used for solvation within a triclinic simulation box, FRPSRXQGYV SRWHQWLDO HI¢(¢FDF\ &RP:

maintaining a 1.0 nm buffer distance. The ligand and receptorR! * ~ DUH JHQHUDOO\ FRQVLGH[BH G WR
FRRUGLQDWHVY ZHUH PHUJHG DQG YHU&U&W@H%\VB H 8&%;3%41@'}'1 W3HSRUWV DQ
ZLWK VXEVHTXHQW WRSRORJ\ ¢OH P G HFRE RS @ GWVRZHWY XU H ¥ROSHFRW
inclusion of ligand parameters. The system was solvated usin§onsidered to exhibit high druggabilifg2]. Upon screening

the SPC216 water model, neutralized with counterions, andXVLQJ D WKUHVKROG RI - IRU 2% DQC

adjusted to 0.1 M NaCl concentration to mimic physiological 36 bioactive compounds were selected as potential bioactive
ionic strength. compounds for further analysis (as detailed in Supplementary

Energy minimization was performed using the SteepestTableSZ). Retained for consideration among potential bioactive

descent algorithm to remove steric clashes. Equilibration wagompounds were shogaol, paradol, zingerone, gingerol, citral,
carried out in two phases: an number of particles (N), systen@nd limonene, all known for their therapeutic potential in
volume (V) and temperature (T) are constant / conservedgastrointestinal diseases, supported by previous studies.
HQVHPEOH SKDVH XVLQJ D %HUHQGVHQ WKHUPRVWDW DW .

followed by an number of particles (N), system pressure (P)3'2' Data collection and screening of target proteins

and temperature (T) are constant / conserved) phase using the Targets corresponding to the 36 bioactive compounds
Berendsen barostat at 1 bar. Position restraints were applied of = R | ¢ Fwe@eDalrieved from the SEA and PharmMapper
both protein and ligand during equilibration to maintain initial databases, yielding 576 targets following the removal of
FRQIRUPDWLRQV ,QGH[ ¢OHV ZHUH JHpjcHtesRSypplemanafalietHS3@nd S fencovinprbie gsive
groups accurately. Finally, a 50 ns production run was performediata). Concurrently, targets linked to dyspepsia were
under unrestrained conditions using the V-rescale thermostatetrieved from the GeneCards, NCBI Gene, and DisGeNET

2.7. Molecular dynamics simulation
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Figure 2. Venn diagram illustrating common targets betwgenfficinaleand
dyspepsia. The green circle denafesfficinaletargets, while the blue circle
signifies dyspepsia targets.

databases, resulting in 2,119 targets after removing duplicates
(SupplementaryTable S5). The intersection of uniqug.
RI¢FLOGHG\VSHSVLD WDUJHWYVY OHG WR
common targets, as delineated in Supplementatyle S6.

Figure 2 represents these shared targets as a Venn diagram
generated using the JVenn program.

3.3. PPI network

We constructed the PPl network using stringApp
within Cytoscape software version 3.10.2. The PPI network
of = RI¢ Fla@dsQbhtained 571 nodes and 2,423 edges,
representing 576 listed genes. Concurrently, the PPl network
Rl G\ WSHSVLD WDUJHWYVY FRQWDLQHG
representing 2,119 listed genes. The merging intersection of
both PPI networks resulted in a common target PPl network,
comprising 262 nodes and 1,290 edges, representing 263 listed
genes.Figure 3 shows these PPI networks. Additionally, the
common targets network underwent analysis using CytoNCA
within Cytoscape software version 3.10.2, resulting in 74
SRWHQWLDO DQG FUXFLDO WDUJHW
screening based on topological parameters such as DC, EC,
%& DQG && ¢ WKHLU PHGLDQ :H VHOH
potential targets from the common targets to gather the crucial
compounds from the study. Supplementdigbles S7-S10
provide detailed information. Among 36 bioactive compounds,
3,5-diacetoxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-7-(4-
hydroxy-3-methoxyphenyl)heptane (DDMHMH) (PubChem
CID: 5316611) was the most potent compound with the

Figure 3. Construction of PPI networks.



122 Simatupanget al./ Journal of Applied Pharmaceutical Science 2026;16(01):117-136

highest DC of 50.00, followed by (2R)-2-[[2-[2-chloro- RQH RI WKH PRUH VLJQL{;FDQW SKHQR(
N-methylsulfonyl-5-(trifluoromethyl)anilino]lacetyl]-[(3- present in gingef65]. Diarylheptanoids exhibit a complex
methoxyphenyl)methylJamino]-N-propylpropanamide with DC phenolic structure, comprising two aromatic rings linked by
R DQG DOSKD WRFRSKHURO 3XE &keélEn-arbon chainZThéaskK ¢8mpounds contribute to the
RI +RZHYHU 5 >> > FKORU Rorparoleptid chavast@iste® oD ginger. Renowned for their
(trifluoromethyl)anilino]acetyl]-[(3-methoxyphenyl)methyl] diverse pharmacological activities, diarylheptanoids possess
amino]-N-propylpropanamide has not been previously reportedD QWL LQADPPDWRU\ DQWL XOFHU D (
or studied in the context of dyspepsia or any gastrointestinatliuretic, choleretic, hepatoprotective, cholesterol-lowering,
disease. Additionally, aromatic compounds like gingerolsantibacterial, antifungal, analeptic, and antidiabetic properties
(PubCHem CID: 442793) and shogaols (PubChem CID:[66]. The potent anti-ulcer properties of diarylheptanoids
DUH WKH PRVWR IQ 4 BidiHitiQg a might be attributed to their table DQWL LQADPPDWR
high DC of 44.00. Therefore, we selected these compounds foantioxidant effect§66,67]. Research by Taet al. > r@vealed
molecular docking. that diarylheptanoids isolated from R | ¢ Fda@ iDHibldthe
DDMHMH, the most potent bioactive compound formation of lipid peroxides in liver microsomes and effectively
found in ginger, belongs to the class of diarylheptanoids, isscavenge superoxide anion radicals. Through their antioxidant

Figure 4. Enrichment analysis of the crucial targets. (A) Bar graph of top 10 enriched BPs, MFs, and CCs. (B) Sankey diagram with
D EXEEOH SORW LOOXVWUDWLQJ .(** SDWKzZD\V %3V ELRORJLFDO SURFHVVHV 0)V
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actions, diarylheptanoids may offer protection against gasticSDWKZD\ .(** p YDOXH )

ulceration by counteracting reactive free radicals implicated inT ' JDVWULF FDQFHpP YOO*XH (N}

gastric mucosal damage, thereby mitigating the risk of ulcer)'5 i ), epithelial cell signaling irH. pylori

developmeni67]. LQIHFWLRQ .(p*YDOXH P )'5
Alpha-tocopherol, a form of vitamin E, has 1T WLIKW MXQFWLRQYDQO*H [}

demonstrated gastroprotective  properties against the)'5 T ), adenosine monophosphate-activated

development of gastric lesions. Observations show that alphaSURWHLQ NLQDVH $03. VLJQDOLQJ SD

tocopherol can mitigate the harmful effects of ulcerogenicp Y DO XH D ) "), and nuclear factor

agents by preserving the function of antioxidant enzymesNDSSD OLJKW FKDLQ HQKDQFHU RI DFWI

within the stomach. This action shields the gastric tissue % VLJQDOLQJ SDWKZPp\YDOXH o

from oxidative stress, consequently reducing its susceptibility) ' 5 T ZHUH LGHQWL¢HG DV SRWHF

to ulcer formation. Furthermore, Huamg al. [69] research ~ With dyspepsia in this study.

UHYHDOHG WKDW DOSKD WRFRSKHURO DOVRHL®AxtP MH v D\ AP BVol el Wy B K

junctions, bottin vitro andin vivo. Although alpha-tocopherol ~ details on the targets studied in this pathway) mainly involves

is not a primary constituent of ginger, it appeared as a high-5.7 DQG (*)5 W LV D ZHOO FRQVHUYH

DC node in our network because of its broad antioxidant rolein eukaryotic cells that supports cell survival, growth, and

A study by Ajithet al.[70]found that ginger extract (250-500 Progression through the cell cyc[g4]. Aktl is a serine/

mg/kg) in combination with alpha-tocopherol provided better threonine kinase involved in the regulation of cell growth,

protection against cisplatin-induced kidney damage than eithefurvival, and proliferatior{75]. EGFR is a transmembrane

one alone. This suggests a synergistic effect between ginger and ©\FRSURWHLQ FODVVL¢HG DV D PHPEH
alpha-tocopherdf70]. kinase family. Although EGFR activation promotes wound

Gingerol, recognized as the principal pungent healing, cell growth, proliferation, and differentiation, it has
constituent of ginger, exhibits a wide range of pharmacologica!SO been "”kfd to the emergence of cancers, including gastric
properties. Belonging to a group of compounds that share £2ncef76] (*)5 LV D FUXFLDO DVVHVVPHQW F
3-methoxy-4-hydroxyphenyl core, gingerols are categorizedOf ulcer healing in gastrointestinal damage due to its protective
into several forms, including shogaols, paradols, zingerone,I X Q FWLRQ IRU W,K H GLJHVWLYH WUD F,W F
gingerdiones, and gingerdiols. These bioactive moleculegastric mucosa cells,land binding to EGFR enhances the quality
have been associated with multiple therapeutic effects, sucﬂf ulcer :/?a“ng ancétlshsue relp[%i{r7]. v referred h |
as anticancer, antibacterial, blood glucose-regulating, IiverL 3 ngo}\éel_r" P-S %ga'o (commonyregrreE IEORaSDSF 38?_0\( H
and kidney-protective, gastrointestinal, neurological, and. Q. o ha . o .
cardiovascular protective effedigl]. Gingerols are sensitive in ginger, exhibits barrier-protective effects during intestinal
to heat and quickly dehydrate to form shogébds, providing LQADPPDWLRQ E\ LQKLELWLQJ WKH 3, .

. \ V K K
DU RS DRI Y st L po SR, WY KRRAR AR, Wi B

models, an experimental study showed that shogaol preservef-grming tight junction protein, and attenuating claudin-1

intestinal tight junctions and shields enteric dopaminergic
- D VHDOLQJ WLJKW MXQFWLRQ SURWHL
neurons from 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine- VLIODOLQJ VKRZHG WKDW VKRJDRO LC

induced damagér2]. A study also discovered that shogaol
helps protect the gut barrier in Caco-2 and HT-29/B6 cells SKRVSKRUV\ODWL RQ BB8ISRWVDRRUW QKLELWYV

\ .7 P725 SDWK \ EWO\ LQKLELV
LQADPHG E\ WXPRU QHFURVLYV 'DFWRk@bindijgﬁéanauo eriél&gigné(ﬁi#%ﬁ:grfaceamidthe

regulating tight junction-related proteins like claudin-2 and \;’ _ :

FODXGLQ WKURXJK WKH LOKBELWLRY & %;f?ﬁﬁ%g%b@iﬁﬁoé" 8],'\, SKDUPDERORJ\ L

: : VHYHUDO SDWKzZD\V ZKLFK DUH FODVV

3.4. Enrichment analysis , , , FDQFHU " WKDW DUH LQAXHQEHRIEF IDFMQ
~ We conducted the enrichment analysis on the list of 29 . @though FD is non-malignant, the molecular mechanisms

crucial targets. The GO function enrichment analysis yieldedinferred from these canceelated pathways are relevant. Such

1,064 BPs, 152 MFs, and 76 CCs, as detailed in Supplementagy,ihways control cell adhesion, migration, and barrier integrity,

TableS11. The top 10 entries of the GO function (vaitri . features critical for gastric mucosal homeostasis and integrity.

for each annotation were visualized in a bar graph, as depictegihe development of gastric cancéiig( 6 for further details

in Figure 4A° $GGLWLRQDOO\ WKH .(** gPiMé ts si@dd P \Mi& Mathway) is intricately linked to

LGHQWL¢HG SDWKZD\V ZLWK WKH g 7VHSd T W H 6HIDM KZDR VY +4 LeWdbarenery H %

p " LOOXVWUDWHG LQ D 6DRNE\ G FsURdPthab ! Ypst@d HhidlekdRes of the PH domain

4B, and listed in Supplementafable S12 for comprehensive  |eycine-rich repeat protein phosphatase 2 and the phosphatase

GHWDLOV 7KLV VWXG\ LGHQWL¢(HG anbltEnsiiVhéMoblioNAkt1 gdidih orfrol its Ph&sfhorylation.

(*)5 VKRZLQJ WKH KLJKHVW '& YDOXMYUFHIXODWREQ RI WKH 3, . $NW P725 S|

UHVSHFWLYHO\ (** SDWKZD\V ZHgébsendiHuméntt&nceR l@eldting dastric cancer, which

160 exhibited gp YDOXH "~ 1RWDEO\ S DafkELZRNMVnurh&rbus gPnétic and epigenetic alterations@

WKH SKRVSKDWLG\OLQRVLWRO  NLQBYbsufeNof\canéer celi$ i8 WarmiMilsdiia@rfedsQkk cadmium
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Figure 5. .(** SDWKZD\ Rl 3, .+$NW VLJQDOLQJ SDWKZD\ .(** Z. officinalelafgets\aveaniaiteti \@itH Misl @aivvdyQ G LF D W H V

can accelerate tumor progression . @ this study, cellular  complicates the treatment &f. pylori infections > , @ere

response to cadmium is one of the top BPs (Supplementaris an increasing interest in exploring herbal medicines as

TableS11). promising alternative therapies 90]. Additionally, several
Epithelial cell signaling in theHd. pylori infection studies have demonstrated that vitamins C and E can relduce

SDWKZzZD\ .(** SOD\V D NH\ URO Hpylo) WIRHE VGKI DIH)CGRGRMQYWR SK2IO GULYHQ |

of gastric cancer. EGFR signaling in epithelial cells is essential The integrity of the tight junction is essential for

IRU LQADPPDW LR QylomR iGf€xivE [76].JThe H. maintaining the barrier function of epithelial cells. Disruption

pylori secretory protein HP0175 has been shown to bind toll-of these junctions, particularly in the intestine, can lead to a

like receptor 4 (TLR4) and trigger EGFR transactivation in leaky gut associated with various gastrointestinal disof#él2]s

human gastric epithelial cells. This process is further associatedhis pathway involves bioactive compounds such as shogaols

with DNA damage through EGFR phosphorylatipis, @  and alpha-tocopherd69,73]. Studies have demonstrated that

The H. pyloi SDWKZD\ LV DOVR FRQQHFWhogaolswegulletight Juncticheldted proteins like claudin-2

signaling cascade, where th& pylori cytotoxin-associated DQG FODXGLQ WKURXJK WKH 1) % VL

gene A (CagA) protein suppresses autophagy and promotdselps keep the tight junctions intact and the barrier function

LQADPPDWLRQ WKURXJK DFWLYDW L PRintatinal\egitHelid dgli$T8]+ Blpha-oopherol may also

MTOR pathway> . @ is known thatH. pylori transactivates  enhance the expression of tight junction proteins throughout the

the EGFR and predisposes to gastric cancer development imtestinal mucosa, thereby strengthening them and increasing

humans and animal models . @otably, gingerol has been transepithelial electrical resistance in intestinal ¢él§.

reported to exhibit antd. pylori activity [71]. Given the $03. LV UHFRJQL]JHG IRU LWV UR!

growing challenge of antibiotic overuse worldwide, which LQWHVWLQDO EDUULHU LQWHJULW\ DQ
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Figure 7. &RQVWUXFWLRQ RI & 73 QHWZRUN 9 VKDSHG QRGHV UHSUHVHQW WKH .(** VLIJQDOLQJ
compounds, and rectangular nodes represent the crucial targets.

activation in intestinal epithelial cells is crucial for preserving LQAXHQFH WKH PRWLOLW\ LVVXHV LQ )’
barrier function and mitigating cytokine-induced damage. function may be related to altered autophagy, suggesting that
Research has demonstrated that treatment with 6-gingeroW KH $03. P725 SDWKZD\ SOD\V D UROH L
VWLPXODWHY $03. DFWLYDWLRQ OHDRBMRJ WR D UHGXFWLRQ LQ FRORQLF
LQADPPDWRU\ F\WRNLQHV LQFOXGLQJ ,/ 1) ,Po LMDRQGVRLILQYROYHG LQ ERWK
7KLV SURFHVV KDV EHHQ VKRZQ WR MiXSthal Hdosal )injuigfox,25) QS & nflal ttatsGiptional
GRZQUHJIJXODWH WKH H[SUHVVLRQ RIUSUROQMMRE P D)W RUKFRFRHGEULRO®N\RUNQHYV LQ"
VXFK DV 71) . LQGXFLEOH QLWULF ¢&[lgtwth \an® yeroiie stabiyR QIR essantil for the host
chemoattractant protein-1, cyclooxygenase-2, and matrixo defend against microbial infections and maintain intestinal
metalloproteinase-993]. Additionally, phosphorylation of barrier integrity. MoreoverH. pylori, which is a known risk

$03. OHDGV WR WKH LQKLELWLRQ RIDFRMRASKRU\ODWWGLW FOIHWURIFDQ DF\
rapamycin proteins activity, which in turn promotes autophagy.epithelial cells through pattern recognition receptors such as

In FD, motility problems are linked to changes in interstitial cells TLRs and NOD1, which detect bacterial components like

of Cajal (ICC) and ghrelin. Ghrelin affects stomach movementCagA and peptidoglycan. This activation, mediated by the
WKURXJK WKH P725 SDWKZzZD\ DQG E\,DFARFPOMVH[QOHDOIGBV LWRFD)Q % WUDQVORI
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ZKHUH LW WULJJHUV SUR LQADPARDWRDYRVMEOH[SYHYYLRERUHYV i “ I
SUHYLRXVO\ PHQWLRQHG VKRJDRO ZDV*“VKRZI®W R )50 KLEGW XENVWDQWLDO E
LQGXFHG DFWLYDWLRQ RI WKH 1) % Sriiatag BebléapdLpositialy\stioqQyDnieratBondVAlthiodghD O

cells> .@ DOSKD WRFRSKHURO VKRZHG D VOLJKW
than DDMHMH towards EGFR, DDMHMH was prioritized
3.5. C-T-P network for further discussion due to its consistently strong interactions

We constructed the C-T-P network using Cytoscape DFURVYV ERWK WDUJHWYV $.7 DQ#blg*)5 P

software version 3.10.2, consisting of 29 crucial targets,candidate for subsequent MDS. In contrast, gingerol and

ELRDFWLYH FRPSRXQGV DQ@@ure . (YKRRIDRIOZB{WLELWHG UHODWLYHO\ ORZHE
7 illustrates the C-T-P network’s intricate interplay among their overall binding strengths remained within a favorable
crucial targets, bioactive compounds, and selected pathwaysange.
Rectangular nodes signify crucial targets, diamond-shaped Molecular docking is used to predict the ability of
nodes represent bioactive compounds in CID (Supplementarynolecules to bind to the target protein’s binding site under
Table S2 for detailed information), and V-shaped nodes denotestatic conditions[97]. The molecular docking results show
signaling pathways. Nodes with deeper shades (ranging fromP IDYRUDEOH FKDQJH LQ *LEEV IUHH F
light pink to dark purple) and larger sizes signify higher DC energy measures the thermodynamic favorability of molecular

values. LQWHUDFWLRQV ZLWK D ORZHU RU PRI
stable and favorable binding interactor @3 URWHLQIiOL.
3.6. Molecular docking ELQGLQJ RFFXUV ZKHQ G* LV QHJDWLY

Bioactive compounds with a higher DC, known for constant pressure and temperature, like spontaneous processes
their relevance to gastrointestinal diseases, particularly in> @%»LQGLQJ DI¢QLW\ WKUHVKROGV SUR
= RI¢ F @& Hingerol and shogaol, were selected forOLIJDQG LOQOWHUDFWLRQ VWUHQJWKYV D |
molecular docking analysis. The chosen crucial compoundsP RO LQGLFDWHV SRWHQWLDO ELQGLQJ
for docking included DDMHMH, alpha-tocopherol, gingerol, ELQGLQJ VWUHQJWK DQG i NFDO P
and shogaol. Thus, our investigation presents a new insight int§inding strength[99]. Molecular docking resultshow that

the potential of this compound for future analysis, leading to WKH (*)5xVKRJDRO $.7 £JLQJHURO D
its exclusion from further discussion and molecular docking FRPSOH[HV GHPRQVWUDWHG JRRG ELQC

analysis in this study. Additionally, crucial targets such asMol), while the remaining complexes, DDMHMH and alpha-
$.7 DQG (*)5 H[KLELWLQJ WKH KLJKHVRFRSKAYRD FeRWKFRYK ()5 DQG $.7
the proteins for molecular docking analysis. ELQGLQJ DI¢QLW\ i NFDO PRO

The results of the molecular docking analysis are
presented imable 1 (Supplementaryfables S13 and S14 for i ) o
comprehensive details on binding energies and interaction The MDS analysis provided inFigure 9
SUR ¢ Bi¢dWU Hprovides 2D and 3D visualizations of the FRPSUHKHQVLYHO\ FRPSDUHV WKH G\Q
proteins and ligands involved in the study’s molecular docking.Protein complexes with DDMHMH (top-performing ligand)

3.7. Molecular dynamics simulation

Theresultsrevealedthatamongthetestedbioactivecompound@,QG 0-'_ _D NQ_RZQ_VWDQGDUG LQKLEL'
""0+0+ H[KLELWHG VDWLVIDFWRU\ ELQ®® J5‘BY%”&?'3'9W\ REIRYE HIUEG IHRNG Koot mean

$.7 DQG (*)5 WDUJHWVYDZ@WHKVaRI i VI®YH GHYLDWLRQ 506° SORW LQGL
|’ NFDO PRO UHVSHFWLYHO\ '0+0RP RCOBIRI RENRPY HRIF gStructural  stability
throughout the trajectory, maintaining a lower average RMSD

YDOXH RI DSSUR[LPDWHO\ QP ,Q |

Table 1. Molecular docking results. 0.1 FRPSOH[ GHPRQVWUDWHYV VLJQL¢

Complex name %LQGLQJ DIILQHADDACK score AXFWX_D_WLRQ,V UHDFKLQ‘] DQ DYHUDJH
NEFDO PRO 352' *< sharp deviations particularly in the early phase (10-20 ns),

VXJIJHVWLQJ WKDW WKH ELQGLQJ RI 0.
structural rearrangements and less conformational stability.
Figure 9B LOOXVWUDWHYV WKH URRW PHDQ V

$.7 tVWDQGDUG OLJDQG i
$.7 £''0+0+ i i

$.7 +tDOSKD i o ZKLFK UHAHFWV WKH AH[LELOLW)\ RI LQ
tocopherol ' WKURXJKRXW WKH VLPXODWLRQ %RWK
$.7 £JLQJHURO i i ’ ""0+0+ DQG 0.1 H[KLELWHG D FRPSDUL
$.7 tVKRJDRO i i “ SUR¢{¢OH ZLWK D SURPLQHQW VSLNH R
EGFR-standard ligand i “ 7US DQG 3KH 7KLY UHJLRQ OLNHO
EGFR-DDMHMH { “ active or regulatory loop critical for receptor function. The

observed spike suggests increased local mobility, which may
disrupt hydrogen bonding networks within this domain and
interfere with receptor signaling. DDMHMH induces a similar
GLVUXSWLRQ SDWWHUQ WR O0.i DQ HV
EGFR-shogaol I : inhibitor), implying that DDMHMH may exert an antagonistic

EGFR-alpha- i
tocopherol

EGFR-gingerol i
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Figure 8.2D and 3D molecular docking diagrams of the bioactive compounds ithifficinale DQG WDUJHWY OLQNHG WR G\VSHSVLD
$.7 £''0+0+ & (*)5x6WDQGDUG ' (*)5+x''0+0+
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effect. By altering the dynamic behavior of key regulatory interactions. Hydrogen bonding interactions, which are critical
residues, DDMHMH could impair the conformational integrity LQGLFDWRUV RI ELQGLQJ DI¢;¢QLW\N DQG
UHTXLUHG IRU $.7 DFWLYDWLRQ WK Hlgu#eEADP Z R URNKLIB R YW HVIKIKY ER WRDW L R Q

PHFKDQLVP RI 0.f 7KLV IXQFWL R Qd@pléxLdensiEtentlyUdxhititédR & Blightly higher number of
""0+0+MV SRWHQWLDO DV D YLDEOH $. 1 QDQAHWPROHRAAMDU K\GURJHQ ERQGV F
In terms of compactness, the radius of gyration (RoG) O . i FRPSOH[ :KLOH ERWK OLJDQGV IR

results shown irFigure 9Cdemonstrate that both complexes 5 hydrogen bonds at various points, DDMHMH demonstrated
retained consistent structural compactness throughout thenore frequent and persistent hydrogen bond interactions,
VLPXODWLRQ +RZHYHU WKH $.7 iwhichOikely doRtiib8t©tH ts moretable RMSD and compact
maintained slightly lower RoG values, particularly in the latter structure. This observation further supports the notion that
part of the simulation (after 35 ns), which may suggest a mordDMHMH forms more tableand favorable interactions within
WLIJKWO\ SDFNHG SURWHLQIOLJDQG MRPEEHQ GLIQLUVVIWW HKRVIHIU7SDFNLQJ

could be attributed to better accommodation of DDMHMH Moving to the EGFR complexes, the RMSD plot
ZLWKLQ WKH $.7 ELQGLQJ SRFNHW (S5 WA QWUDPNMY WRKEOWW.EXFMWRQUDWRGHY LI
enhanced structural integrity and favorable intramolecularcomplex over time, serving as a proxy for overall stability.

Figure 9. 0'6 ZHUH FRQGXFWHG WR HYDOXDWH WKH VWDELOLW\ DQG LQWHUDFWLRQV RI $.7 OLJDQ
0.i WKH VWDQGDUG LQKLELWRU $ 506" WR DVVHVV RYHUDOO VWUXFWXUDO VWDELOLW\ %
FRPSDFWQHVYVY ' 7KH K\GURJHQ ERQG +iERQG FRXQW LV XVHG WR FKDUDFWHUL]H LQWHUPROH|



130 Simatupanget al./ Journal of Applied Pharmaceutical Science 2026;16(01):117-136

EGFR complexed with DDMHMH demonstrated a mdeble setup, including initial model candration. Furthermore, the
WUDMHFWRU\ ZLWK DQ DYHUDJH 506' RMVH RI \WQPRH RRESDWHGRWRH ¢HOG ZKLOF}
QP IRU WKH (*)5i(UORWLQLE VWD grauibcs, lnaK exibitv\warldbility RibéhCabdlied to large or
While both values are relatively highwhen compared to previouslyK LJKO\ AH[LEOH SURWHLQV VXFK DV (*)5
UHSRUWHG $.7 iOLIJDQG FRPSOH[HV UDQJL@igulcdURB H[DPWRHVY WKH 506) YDOXH
nm), the lower RMSD value of DDMHMH indicates improved WKH AH[LELOLW\ Rl LQGLYLGXDO DPLQR
conformational consistency during the simulation. However,simulation. Both ligands produced generally similar RMSF
the abnormally high RMSD values observed here for EGFRareSUR¢ OHV DFURVV WKH (*)5 EDFNERQH
likely attributed to structural characteristics such as extendedFRPSRXQG LQGXFHG DEQRUPDO ORFDO
loops or disordered terminal regions, which may have causedt RZHYHU D SURQRXQFHG AXFWXDWLRQ
large coordinate shifts without compromising the local stability Leu90—-Asn110 residue region, denoted with a red dashed box.
of the ligand-binding region. This elevation in RMSD does not 7KLV UHJLRQ PD\ UHSUHVHQW D AH[LEO
QHFHVVDULO\ UHAHFW WUXH LQVW D E Lr&loW affected\dy Higsd RildiHd. Qnt@esiriyip, ®OAVRIMB O H |
EXW PD\ EH LQAXHQFHG E\ WHFKQLFD®LDYSBFMG/ \RO LWKW OALPXGXWHRBQUHVLG)

Figure 10.Dynamic simulation analysis was employed to explore the behavior of EGFR in complex ligands, comparing the top-performing ligand (DDMHMH) with
the benchmark Erlotinib (standard inhibitor). The evaluation included: (A) Tracking RMSD values to monitor conformational consistency over time, (B) Analyzing
506) WR UHYHDO IOH[LELOLW\ SDWWHUQV DFURVYVY DPLQR DFLG UHVLGXHV & OHDVXULQJ WKH 5R
events to understand the strength and stability of ligand—receptor interactions.
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compared to Erlotinib, which could suggest tighter anchoring or  Table2. % LQGLQJ U H f, hi@dditd from M/PBSA

more restrained interactions at this segment. The preservatiof DOFXODWLRQV IRU WKH $.7 DQG (*)5 FRPSC
RI EDFNERQH AH[LELOLW\ HVSHFL D O OwluegrccpranigtRysENdgrp dgviadors-exprerspddn keaimol.
EHQH{FLDO IRU PDLQWDLQLQJ QHFHVV'-(:bfn‘plePU“Wdﬂ%%ﬂﬁéb‘?‘k’d—d’&&ﬁq@d%hmb&ﬁ'wv a*
allowing selective inhibition. - - —

The RoG plot Eig. 100 provides insight into the $.7 20 '
FRPSDFWQHVV DQG RYHUDOO IROGLQY "BEHRTPYLRU RI WHKH SURWHLQI
OLJDQG FRPSOH[ 7KH DYHUDJH 5R* IR WEGER)Elthd+0+ ZDV i :
FDOFXODWHG DW QP ZKHUHDV WKIHGKR-DMHMO® RWLQLE ZDV ®GRZHU
at 1.594 nm. This suggests that the EGFR structure is slightly
PRUH H[SDQGHG ZKHQ ERXQG WR '"'0+0+ ZKLFK PD\ UHAHFW
either a looser packing or conformational adaptation of theWKDQ 0.1 LQ WDUJHWLQJ $.7 LW VKRZ
binding pocket to accommodate the ligand. Despite the reduceds an EGFR inhibitor, possibly throughldehydrogen bonding
compactness, the RoG values stabilized after ~25 ns in botAnd favorable conformational compatibility within the EGFR
cases, indicating that the systems reached a dynamic equilibriunbinding pocket. Although molecular docking results indicated
A less compact structure is not necessarily disadvantageous KDW '"'0+0+ H[KLELWHG D VOLJKWO\ VW
in some cases, it might enhance accessibility of residues tdVR (*)5 i NFDO PRO FRPSDUHG WR (I
VROYHQW RU LPSURYH AH][L ERigDre WD L Qmol} the ODIRESA bindidg fréeQergy analysis revealed a
illustrates the temporal distribution of hydrogen bonds betweenPRUH IDYRUDEOH ELQGLQJV$RIU ""ONBB O
EGFR and the ligands. Hydrogen bonding plays a pivotal role irmol). This apparent discrepancy arises from the fundamental
OLJDQG ELQGLQJ DI¢QLW\ DQG VSHFL differances bétween tReRIQO/ appraach@snv datking provides a
maintained a higher average number of hydrogen bondstatic, rigid-body approximation of binding based on a single
FRPSDUHG WR (UORWLQLE RIWHQ |RUdhf@riatian, whemad GMMIRBSA RiIKcbH& &Y dynamic
WKH VLPXODWLRQ ZKHUHDV (UORW L QGuuEtutaQantHuebgetity Infoi@hatioA dvieindeDfkbrhl BDP e H
DQG JHQHUDOO\ IRUPHG IHZHU +iER Q GniprovédIMM/8BSA vdrelidd DD RIBMH-sDd sty tht K Esfdite
DDMHMH forms stronger and more persistent polar interactionsan initially modest docking score, the ligand forms mdable
with the EGFR binding pocket, which can contribute to improvedand favorable interactions with EGFR under physiologically
ELQGLQJ DI¢{¢QLW\ DQG VWDELOLW)\ OR UWHRHYWD QMK HA IS [LLHE\DHHQFRIQRA LIW HR @M Q ML J K
hydrogen bond peaks suggests that DDMHMH may form dynamiceffective binder during dynamic protein—ligand association.
interactions with multiple residues, enhancing binding versatility.

Despite the elevated RMSD, supporting parameters such as Ro@; CONCLUSION
K\GURJHQ ERQGLQJ DQDO\VLV DQG 506) SUIRig GtHdy provides ¥ WormprkeDensiwg taalysis of
EGFR-DDMHMH complex maintained favorable anidide the potential therapeutic mechanisms by which R1¢FLQDO

interactions throughout the simulation. may alleviate dyspepsia symptoms, integrating network
_ pharmacology, molecular docking, MDS, and binding free
3.8. MM/PBSA calculations HQHUJ\ FDOFXODWLRQV 7KURXJK WKH &

7KH ELQGLQJ IUfHHvel@sidbtainedifrom FRPSRXQGV VXFK DV '""0+0+ DOSKDIiWRI

MM/PBSA calculations Table 2) providge guantitative insights DQG VKRJDRO ZHUH LGHQWL¢HG ZLWK |
LOQWR WKH OLIJDQG+*+SURWHLQ LQWHUDPWLRQOWWUIDHQ IMKKH URDLS HERW/IKF$ W D D QHEW V
(*)5 FRPSOH[HV )RU $.7 WKH UHIHUHQghlghte kheiE invoRenedt fin dyspepsia-related signaling
GHPRQVWUDWHG D VLIJQL,{FDQWO\ PRUMNWHKIZYRYD EQH OXLGLELIQ 3, HGHNW\ JDVWU

i “ NFDO PRO FRPSDUHG WR '0Osighaling inH.“pylori LQIHFWLRQ WKH WLJKW |
NFDO PRO VXJIJHVWLQJ WKDW ZKLOH 'DD@G+1)Q WMWHYDFOWDWIIQWNK GROHFXODU GRF
LW GRHV VR ZLWK FRQVLGHUDEO\ OREZRWHURBWQR @M ¢, GIIWS\H FLADVWDKOR XBKW ZHH Q
""0+0+ VKRZHG D ZHDNHU ELQGLQJ WRO®G (FBRPIPVABUWR i NFDO PRO 1R
0.1 i vs. | NFDO PRO WKH FRP$awetGat DQGHHH@Intainedablebinding with EGFR,
VLPLODU UHVLGXH AXFWXDWLRQV LQ Fdemyitamdbyddrisisg RMSD) bigker hydeded GdndinyS
Phel50, indicating potential interaction through hydrogen bondDQG VWURQJHU 00 3%6% ELQGLQJ HQHU
disruption. However, the relatively modest binding free energymol) than the standard ligand, Erlotinib.
WRZDUG $.7 VXJJHVWV WKDW '""0+0+ PD\ QRH&w@&erWhiD study kag/ seReall limitations. As this
$.7 LOKLELWRU ,Q FRQWUDVW WKH réseasdh '@he8 sol&lyR énSsiidd [methods, including network
H[KLELWHG D PRUH IDYRUDEOH ELQ G LpQarmidddibily, kh@edulad tocking, antl dynamics simulation, the
NFDO PRO WKDQ WKH (*)5i(UORWLQ L E résHtP 8r® pt¢liminary &nd shoid-l& Gupported by subsequent
mol), indicating that DDMHMH may exhibit a mor&able and SKDUPDFRORJLFDO DQG PROHFXODU ELR
stronger binding to EGFR than the clinically approved Erlotinib. WKHLU ELRORJLFDO VLJQL¢{FDQFH 7KH
The lower standard deviation in DDMHMH'’s binding to EGFR selected based on computational network metrics such as
further supports the consistency and reliability of this interaction.DC, without consideration of their actual concentrationg.in
7KHVH ¢QGLQJV VXJIJHVW WKDW DOWKRXJ K L'EoBe®dfinhlé/ DD MMNWH $IndtHr&l AbLndahce remains
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XQTXDQWL¢{¢HG RU YHU\ ORZ DQG WKHREEERENCEERQ Rl DOSKD WRFRSKHURO

which is not the primary constituent of ginger, may limit the 1.
1HYHUW K N @&V CAF Hiicd! guid@!BetrgadagentdriDdbadyspepd. MK H

VSHFL¢{FLW\N RI WKH UHVXOWV

Moayyedi PM, Lacy BE, Andrews CN, Enns RA, Howden CW, Vakil

LGHQWL:{FDWLRQ RI OHVV VWXGLHG PROHEXOWDIRHRWHIRE® YV D QEWMWSW H 6 BIRR/UR Q

highlighting potential new directions for future research. Further
in vitro andin vivo validation is recommended to support the
therapeutic potential of R | ¢, Fih QyBp@pdia treatment.
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