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ABSTRACT 

Type 2 diabetes mellitus is a global health issue associated with insulin resistance and impaired 

glucose metabolism. Murraya paniculata L. Jack (kemuning) has shown antidiabetic potential, 

yet its role as a DPP-4 inhibitor remains underexplored. This study aimed to investigate the 

potential of kemuning leaf bioactive compounds as natural DPP-4 inhibitors through an in-silico 

approach. Compound structures were obtained from the PubChem database and analyzed 

using AutoDock Vina for molecular docking against the DPP-4 protein. Pharmacokinetic prop-

erties, toxicity, and drug-likeness were evaluated using pkCSM and SwissADME, while com-

plex stability was assessed through molecular dynamics simulation (RMSF). The results 

showed that most compounds demonstrated favorable binding affinities (−6.8 to −7.9 kcal/mol), 

along with acceptable pharmacokinetic and toxicity profiles. Among the tested compounds, 1-

aminoindan-1,5-dicarboxylic acid emerged as the most promising candidate for natural DPP-4 

inhibition. 
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ABSTRAK 

Diabetes mellitus tipe 2 merupakan masalah kesehatan global yang terkait dengan resistensi 

insulin dan gangguan metabolisme glukosa. Daun Murraya paniculata L. Jack (kemuning) 

mengandung alkaloid dan flavonoid yang berpotensi berinteraksi dengan situs aktif DPP-4, 

sehingga menarik untuk dieksplorasi sebagai sumber inhibitor alami. Meskipun kemuning 

diketahui memiliki potensi antidiabetes, perannya sebagai inhibitor DPP-4 belum banyak 

diteliti. Studi ini bertujuan mengeksplorasi potensi senyawa aktif daun kemuning sebagai inhib-

itor DPP-4 melalui pendekatan in silico. Struktur senyawa diperoleh dari basis data PubChem 

dan dianalisis menggunakan AutoDock Vina untuk docking molekular terhadap protein DPP-4. 

Evaluasi farmakokinetik, toksisitas, dan sifat menyerupai obat dilakukan menggunakan pkCSM 

dan SwissADME, sedangkan stabilitas kompleks dianalisis melalui simulasi dinamika moleku-

lar (RMSF). Hasil menunjukkan sebagian besar senyawa memiliki afinitas ikatan yang baik 

(−6,8 hingga −7,9 kcal/mol) serta profil farmakokinetik dan toksisitas yang mendukung. Sen-

yawa 1-Aminoindan-1,5-dikarboksilat diidentifikasi sebagai kandidat paling potensial sebagai 

inhibitor DPP-4 alami. 

 

Kata Kunci: Anti-diabetic, ADMET, DPP-4, Molecular docking, Murraya paniculata. 
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INTRODUCTION 

 

Diabetes is a chronic condition char-

acterized by persistently high blood glucose 

levels due to problems in insulin function. 
These problems may occur because the 

body does not produce enough insulin, the 

insulin does not work effectively, or both fac-

tors happen together (Antar et al. 2023). Di-

abetes has become a serious global health 
issue as its prevalence continues to rise. 

This growing number of cases is also linked 

to an increased risk of severe complications 

such as limb amputation, loss of vision, kid-

ney failure, and cardiovascular diseases 
(Zhou et al. 2024). Recent research sug-

gests that more than 240 million people 

around the world may have diabetes without 

being diagnosed, with type 2 diabetes being 

the most widespread form (Hossain et al. 
2024). By the year 2030, the global preva-

lence of type 2 diabetes is expected to reach 

approximately 7.079 cases per 100.000 

people (Khan et al. 2020). Indonesia is pre-
dicted to be among the ten countries with the 

highest prevalence of type 2 diabetes, af-

fecting around 10.8 percent of its population 

(Soeatmadji et al. 2023). 

Type 2 diabetes (T2DM) is the most 
widespread form of diabetes, marked by the 

body's reduced sensitivity to insulin, dis-

rupted glucose metabolism, and beta-cell 

dysfunction (Galicia-Garcia et al. 2020). 

One of the key underlying mechanisms in 
type 2 diabetes is the increased activity of 

the enzyme dipeptidyl peptidase 4 (DPP-4), 

which degrades incretin hormones. This 

process leads to lower insulin secretion and 

higher blood sugar levels. DPP-4 specifi-
cally contributes to the breakdown of gluca-

gon-like peptide 1 (GLP-1) and glucose-de-

pendent insulinotropic polypeptide (GIP), 

two important incretin hormones that help 

regulate blood glucose levels (Samyor et al. 
2022). Inhibiting DPP-4 has become a rec-

ognized therapeutic approach for managing 

type 2 diabetes, with several synthetic drugs 

such as sitagliptin and vildagliptin already in 

use (Saini et al. 2023; Elbarbary et al. 2024). 
However, synthetic DPP-4 inhibitors still 

present certain challenges, including poten-

tial side effects and relatively high treatment 

costs. To address these concerns, alterna-

tive therapeutic strategies are being  

explored, including the use of natural com-

pounds as a potentially safer and more af-

fordable source of DPP-4 inhibitors. 

Natural DPP-4 inhibitors from medici-

nal plants are increasingly explored as safer 
and more affordable antidiabetic agents. 

One such plant is the kemuning leaf (Mur-

raya paniculata L. Jack), traditionally used to 

manage various health conditions, including 

metabolic disorders (Menezes et al. 2017). 
Kemuning leaves contain diverse bioactive 

compounds, including flavonoids, tannins, 

steroids or triterpenoids, essential oils, and 

coumarins, which exhibit anti-inflammatory 

and antidiabetic activities (Farida et al. 
2021).  

Although previous in silico studies 

have demonstrated the antidiabetic potential 

of kemuning compounds via targets such as 

α-glucosidase and GLUT4 (Arifianti 2016; 
Hamdi 2024), no studies have yet investi-

gated its potential as a DPP-4 inhibitor. Tar-

geting DPP-4 is particularly promising be-

cause DPP-4 degrades incretin hormones 
(GLP-1 and GIP), which regulate insulin se-

cretion and glucagon levels in a glucose-de-

pendent manner, reducing the risk of hypo-

glycemia and improving glycemic control 

(Epelde 2024). Molecular docking provides 
a reliable in silico approach to predict inter-

actions between bioactive compounds and 

target proteins, offering preliminary insights 

before in vitro and in vivo experiments 

(Chang et al., 2022). Building on this gap, 
the present study aims to examine the po-

tential of active compounds from kemuning 

leaves as DPP-4 inhibitors using molecular 

docking analysis, contributing to the devel-

opment of natural and safe antidiabetic 
agents.  

 

MATERIALS AND METHODS  

 

Research Settings and Period 
This research was conducted entirely 

in silico at the Molecular Biology Laboratory, 

Faculty of Mathematics and Natural Sci-

ences, Universitas Negeri Malang. All com-

putational analyses, including molecular 
docking, molecular dynamics simulations, 

and ADMET profiling, were performed using 

bioinformatics software and tools available 

in the laboratory. The study was conducted 

in July 2025. 
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Materials 

Bioactive phytochemical compounds 

derived from Murraya paniculata L. Jack 

(kemuning leaves) were used in this study, 

selected based on previous findings re-
ported by Odion et al. (2024). These com-

pounds were cross-referenced and retrieved 

from the PubChem database in three-di-

mensional (SDF) format. The structure of 

the target protein, dipeptidyl peptidase-4 
(DPP-4), was obtained from the Protein 

Data Bank (PDB ID: 5Y7H) and was deter-

mined using X-ray diffraction at a resolution 

of 3.0 Å. Prior to molecular docking, the pro-

tein was prepared by removing water mole-
cules, adding polar hydrogens, and assign-

ing Gasteiger charges using AutoDockTools 

to ensure correct geometry and protonation 

states. 

Several bioinformatics tools were 
used to perform the analyses. Molecular 

docking was carried out using AutoDock 

Vina, while visualization of protein–ligand in-

teractions was performed with PyMOL. 
Pharmacokinetic, drug-likeness, and toxicity 

predictions were assessed using Swis-

sADME and pkCSM web servers. To evalu-

ate the stability and flexibility of the protein–

ligand complexes, molecular dynamics sim-
ulations were conducted focusing on Root 

Mean Square Fluctuation (RMSF) analysis. 

Five compounds with the lowest docking 

scores were selected for this analysis. The 

selected ligands were retrieved from the 
PubChem database (PubChem IDs pro-

vided in Table 1) and screened based on 

their binding affinity to DPP-4. Additional 

tools, such as Discovery Studio Visualizer, 

were used for further interaction analysis 
when necessary. 

 

Methods  

Selection of Bioactive Compounds 

Bioactive compounds from kemuning 
leaves (Murraya paniculata L. Jack) were 

selected based on phytochemical profiling 

reported by Odion et al. (2024). The identi-

fied compounds were then validated through 

the PubChem database (https://pub-
chem.ncbi.nlm.nih.gov/) to ensure the accu-

racy of their chemical structures. The three-

dimensional (3D) structures of these com-

pounds were downloaded from PubChem in 

structure data file (SDF) format for use in the 

molecular docking process.  

 

Prediction of ADMET Properties 

The pharmacokinetic and toxicity pro-
files of bioactive compounds from kemuning 

leaves (Murraya paniculata L. Jack) were 

evaluated using ADMET analysis to predict 

their drug-likeness, safety, and potential ef-

fectiveness as DPP-4 inhibitors. The AD-
MET prediction was performed using the 

pkCSM web-based platform (https://bi-

osig.lab.uq.edu.au/pkcsm/), which analyzes 

chemical structures inputted in SMILES for-

mat to estimate various pharmacokinetic pa-
rameters (Pires et al., 2015). In addition to 

ADMET profiling, drug-likeness evaluation 

was conducted using the SwissADME web 

tool (http://www.swissadme.ch/). This analy-

sis focused on evaluating drug-likeness pa-
rameters based on established filters, in-

cluding Lipinski’s Rule of Five, Ghose filter, 

Veber criteria, Egan filter, and Muegge filter. 

The combined results from pkCSM and 
SwissADME were integrated to comprehen-

sively evaluate the suitability of the selected 

compounds as potential oral antidiabetic 

agents targeting DPP-4.  

 
Toxicity Prediction  

In addition to pharmacokinetic analy-

sis, toxicity prediction was carried out using 

the Protox 3.0 platform (https://tox.char-

ite.de/protox3/) to comprehensively assess 
the safety profile of each selected com-

pound. This evaluation included the predic-

tion of toxicity class and median lethal dose 

(LD50) values, which was used to estimate 

acute oral toxicity, along with potential toxic 
effects on specific organs and systems such 

as the liver (hepatotoxicity), nervous system 

(neurotoxicity), kidneys (nephrotoxicity), 

respiratory system (respiratory toxicity), and 

cardiovascular system (cardiotoxicity). Fur-
thermore, the analysis covered risks related 

to carcinogenicity, immunotoxicity, muta-

genicity, and cytotoxicity. The results of this 

toxicity assessment served as a basis for 

identifying compounds with favorable safety 
characteristics, supporting their potential as 

natural DPP-4 inhibitor candidates 

(Banerjee et al. 2024). 

 

 

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://biosig.lab.uq.edu.au/pkcsm/
https://biosig.lab.uq.edu.au/pkcsm/
http://www.swissadme.ch/
https://tox.charite.de/protox3/
https://tox.charite.de/protox3/
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Target Protein and Ligand Preparation 

The three-dimensional structure of the 

DPP-4 enzyme was obtained from the Pro-

tein Data Bank (https://www.rcsb.org/) with 

PDB ID: 5Y7H. This structure was selected 
because it represents a high-resolution hu-

man DPP-4 co-crystallized with a known in-

hibitor, providing a reliable template for mo-

lecular docking studies. The protein struc-

ture was prepared by removing water mole-
cules, ligands, and other non-essential 

chains using Discovery Studio Visualizer 

2021 Client (Dassault Systèmes, Massa-

chusetts, USA). Following the removal of 

water molecules and non-essential ligands, 
the protein structure was reprocessed and 

saved in .PDB format to be used in subse-

quent molecular docking simulations. For 

the ligands, the three-dimensional struc-

tures of the selected bioactive compounds 
were converted into PDBQT format using 

Open Babel in PyRx 8.0 (The Scripps Re-

search Institute, Florida, USA), followed by 

energy minimization. This procedure was 
performed to ensure that each ligand 

adopted its most stable, low-energy confor-

mation prior to molecular docking, as initial 

two-dimensional representations do not ac-

curately reflect energetically favorable 
three-dimensional structures. (Fadlan and 

Nusantoro 2021). 

 

Molecular Docking  

Molecular docking was performed us-
ing AutoDock Vina integrated within the 

PyRx 8.0 platform (The Scripps Research 

Institute, Florida, USA). The active site of 

the DPP-4 enzyme was determined based 

on previous studies by Guanga Ortizo et al. 
(2025). The DPP-IV structure is composed 

of two propeller domains, each containing a 

cavity of approximately 35–40 Å, forming 

two accessible openings identified as the 

enzyme’s active sites, which include hydro-
phobic S1 and charged S2 pockets. Specific 

residues, including His126, Glu205, Glu206, 

Val207, Ser209, Phe357, Arg358, Tyr547, 

Trp629, Ser630, Tyr631, Tyr666, and 

Asn710, have been reported to interact with 
commercial DPP-IV inhibitors, with the cata-

lytic triad (His740, Asp708, and Ser630) 

considered critical for effective inhibition. 

The docking grid was centered at X: 

59.5654, Y: 55.3636, Z: 71.5460, with  

dimensions of X: 41.2454, Y: 31.3926, and 

Z: 62.5794, and was selected to encompass 

all catalytic residues within the binding 

pocket. 

 
Root Mean Square Fluctuation (RMSF) 

Analysis 

To further analyze complex stability af-

ter docking, the protein and ligand structures 

obtained from the docking results were 
merged into a single complex using PyMOL 

software ver. 3.1 (DeLano Scientific LLC, 

Palo Alto, CA, USA) and saved in PDB for-

mat. The merged complex was then up-

loaded to the CABS-flex 3.0 web server 
(https://lcbio.pl/cabsflex3/) for simulation us-

ing default parameters. RMSF analysis was 

selected to evaluate the local flexibility of the 

protein-ligand complex and to identify stable 

binding regions. RMSF values for each res-
idue were obtained to assess the flexibility 

and stability of the complex, with particular 

focus on the active site region (Wróblewski 

et al. 2025).  
 

Data Analysis 

The docking results were analyzed by 

evaluating binding affinity values and by ob-

serving the types of interactions, including 
hydrogen bonds and hydrophobic interac-

tions, formed between the ligands and target 

protein residues. Visualization of these inter-

actions was performed using Discovery Stu-

dio Visualizer. The outcomes of ADMET, 
drug-likeness, and toxicity evaluations were 

presented in tables and heatmaps gener-

ated using GraphPad Prism version 10.1.2. 

RMSF analysis results were visualized us-

ing a scatter plot illustrating the fluctuation 
values of each amino acid residue within the 

protein-ligand complex. 

 

RESULTS AND DISCUSSION 

 
Bioactive Compound in Murraya panicu-

lata L Jack. 

Previous study by (Odion et al. 2024) 

performed a metabolite profiling of semi-po-

lar secondary metabolites from the metha-
nol extract of kemuning leaves (Murraya pa-

niculata L. Jack) using GC-MS and HPLC 

chromatography. The chromatographic 

analysis identified 16 secondary metabo-

lites, including compounds from the alkaloid, 

https://www.rcsb.org/
https://lcbio.pl/cabsflex3/


J Bioteknol Biosains Indones – Vol 12 No 2 Thn 2025 

    

276 

flavonoid, tannin, glycoside, triterpenoid, 

and steroid classes. However, no saponin 

compounds were detected in the methanol 

extract according to their analysis. To vali-

date the identified compounds, a cross-
check was performed using the PubChem 

database. Out of the 16 compounds, two 

could not be found using a name-based 

search: Pyrano[2,3-b]indole, 2,3,4,4a,9,9a-

hexahydro-4a-methyl- (C6) and trans-2,3-
Methylenedioxy-β-methyl-β-nitrostyrene 

(C13). The molecular formulas of these two 

compounds, C12H15NO for C6 and 

C11H11NO4 for C13, were then used to 

perform an alternative search, which identi-

fied N-Benzyl-4-piperidone (C6) and 1-Ami-
noindan-1,5-dicarboxylic acid (C13) as suit-

able substitutes. These two compounds 

were selected to replace the original unlisted 

compounds in subsequent analyses, as pre-

sented in Table 1.

 

Table 1. List of bioactive compounds identified from the methanol extract of kemuning leaves (Murraya 

paniculata L. Jack) based on the study by Odion et al. (2024) including substitute compounds 

obtained through PubChem cross-checking. 

 

Compound Code Compound Name Molecular Formula Molecular Weight 

C1 2-Methoxy-4-vinylphenol C9H10O2 150.17 

C2 Dimethyl 6-methoxyquinolinate C10H11NO5 225.20 

C3 Estran-17-one, 3-hydroxy C18C28O2 276.42 

C4 1-(3’,5’-Dibromo-4’-hydroxyphenyl) C11H7NO3Br4 341.18 

C5 Pyridazin-3(2H)-one, 5-chloro-2-(3- C12H8N2O2F3 269.19 

C6 N-Benzyl-4-piperidone C12H15NO 189.25 

C7 Pyrazine, 2,5-dimethyl-3-(3-methyl- C16H25N2 245.41 

C8 Isoquinoline, 6,7,8-trimethoxy- C12H13NO3 219.24 

C9 Isoquinoline, 3,4-dihydro-6,7 C12H15NO2 205.27 

C10 7-Methyl-1,2-dihydroquinoxalin-2- C9H8N2O 160.17 

C11 2-1-Phenyl ethylidene-hydrazono-3- C16H15N3S 281.40 

C12 6-Methyl-triazolo(4,3-b)(1,2,4)- C4H5N5 123.09 

C13 1-Aminoindan-1,5-dicarboxylic acid C11H11NO4 221.22 

C14 2-Nitro-4-(trifluoromethyl)phenol C7H4F3NO3 207.11 

C15 Ethanimidamide, 2-chloro-N2-(2- C8H8Cl2N2O3S 283.13 

C16 Perhydro-htx-2-one, 2-depentyl- C16H27NO3 281.39 

 

Pharmacokinetic, Toxicity, and Drug-
Likeness Evaluation 

Pharmacokinetic, drug-likeness, and 

toxicity analyses were conducted to assess 

the drugability of bioactive compounds de-

rived from Murraya paniculata L. Jack as po-
tential DPP-4 inhibitors. The evaluation of 

physicochemical properties using pkCSM 

revealed that most of the selected com-

pounds met the acceptable criteria for oral 

drug candidates, with molecular weights un-
der 500 g/mol, hydrogen bond donors (HBD) 

less than 5, acceptors (HBA) below 10, and 

TPSA values under 140 Å². These parame-

ters suggest good membrane permeability 

and favorable oral bioavailability (Figure 1). 
Compounds such as Dimethyl 6-methox-

yquinolinate and Pyridazin-3(2H)-one, 5-

chloro-2-(3-...) even showed TPSA below 80 

Å², which may support better blood–brain 

barrier (BBB) permeability. LogP values 
ranging between 1–5 further support bal-

anced lipophilicity, aiding both solubility and 

permeability. 

In the drug-likeness screening using 

Lipinski, Ghose, Veber, Egan, and Muegge 
rules, most compounds showed no viola-

tions (Figure 2). Only one compound, 6-Me-

thyl-triazolo(4,3-b)(1,2,4)-, exhibited three 

violations in the Ghose filter, suggesting re-

duced oral potential. Toxicity profiling via 
pkCSM revealed that the majority of com-

pounds were non-mutagenic, non-hepato-

toxic, and exhibited low cardiotoxic and im-

munotoxic potential (Figure 3). However, 2-

Methoxy-4-vinylphenol and 1-(3′,5′-Di-
bromo-4′-hydroxyphenyl) showed higher 

predicted risks for skin sensitization and 

hepatotoxicity. Despite these findings, all 

compounds fell into toxicity classes 3 to 5, 
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indicating general safety when administered 

orally according to the OECD classification 

system (Figure 4) (Banerjee et al. 2024). 

The heatmap visualization of toxicity risk fur-

ther affirmed that most compounds carried 
low to moderate toxicity probability scores. 

These in silico pharmacokinetic and 

toxicity predictions strongly support the ther-

apeutic potential of Murraya paniculata com-

pounds as safe and effective DPP-4 inhibitor 
candidates. This is in line with previous in 

vivo studies which demonstrated the antidi-

abetic properties of kemuning leaves. Prior 

research showed that the infusion of M. pa-

niculata leaves could significantly lower 
blood glucose levels in hyperglycemic mice, 

primarily due to the action of flavonoids that 

modulate carbohydrate metabolism, im-

prove glucose uptake, and enhance insulin 

secretion (Handayani and Maharani 2019). 

Moreover, administration of the extract at 
doses of 100–400 mg/kg over 14 to 21 days 

led to notable reductions in glucose, choles-

terol, triglycerides, and lipid profiles in dia-

betic rats, while simultaneously enhancing 

antioxidant enzyme activities such as SOD, 
CAT, and GPx (Gautam et al. 2012). These 

findings collectively reinforce the pharmaco-

logical relevance of kemuning-derived com-

pounds and justify further investigation of 

their bioactivity through both computational 
and experimental approaches.

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure 1. ADMET evaluation results of selected bioactive compounds from Murraya paniculata L. Jack 

based on pkCSM predictions. 
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Figure 2. Drug-likeness profiling results of bioactive compounds from kemuning leaves (Murraya 

paniculata L. Jack) based on Lipinski, Ghose, Veber, Egan, and Muegge criteria 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

Figure 3. Prediction results of bioactive compounds from Murraya paniculata L Jack ADMET using 

pKCSM webserver 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. toxicity profiles of bioactive compounds from Murraya paniculata L Jack.
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Molecular Docking Results 

Molecular docking analysis was con-

ducted to predict the binding affinity and in-

teraction profiles of selected bioactive com-

pounds from kemuning leaves (Murraya pa-
niculata L. Jack) against the DPP-4 enzyme 

(Table 2). The docking results showed bind-

ing affinities ranging from −6.8 kcal/mol to 

−7.9 kcal/mol, while the reference com-

pound Sitagliptin exhibited a binding affinity 
of −8.2 kcal/mol (Figure 3). Among the 

tested ligands, Estran-17-one, 3-hydroxy 

displayed the highest binding affinity at −7.9 

kcal/mol, followed by Ethanimidamide, 2-

chloro-N2-(2-... at −7.7 kcal/mol and 2,4-1-
Phenyl ethylidene-hydrazono at −7.1 

kcal/mol. Other compounds, such as 1-Ami-

noindan-1,5-dicarboxylic acid and Pyri-

dazin-3(2H)-one, 5-chloro-2-(3-...), showed 

slightly lower binding affinities of −6.9 

kcal/mol and −6.8 kcal/mol, respectively. 

The visualization of docking poses revealed 
that the ligands occupied the DPP-4 binding 

pocket, which consists of the hydrophobic 

S1 pocket (Chain A, colored cyan) and the 

charged S2 pocket (Chain B, colored ma-

genta) (Table 2). The ligands were observed 
to form key interactions with active site resi-

dues, including His126, Glu205, Glu206, 

Val207, Ser209, Phe357, Arg358, Tyr547, 

Trp629, Ser630, Tyr631, Tyr666, and 

Asn710, as well as the catalytic triad resi-
dues His740, Asp708, and Ser630 that are 

essential for DPP-4 inhibition.

 

Table 2. Binding affinity values and key residue interactions of selected bioactive compounds from Mur-

raya paniculata L Jack. Against DPP-4 based on molecular docking analysis. Bolded residues 

indicate key similarities with the active site of DPP-4. 

 

 

Ligand 

Binding Affinity 

(kcal/mol) 

Position of Chemical Interaction 

Hydrogen Bond Hydrophobic Interaction 

Sitagliptin -8.2 Arg125, Ser209, Tyr547, 

Tyr585, Ser630, Tyr662, 

Asn710 

Glu206, Phe357, Tyr666 

Estran-17-one, 3-hydroxy -7.9 - Phe357 

Ethanimidamide, 2-

chloro-N2-(2-…) 

-7.7 Ser237, Ser239 Tyr238, Tyr241, Phe713 

2-1-Phenyl ethylidene-hy-

drazono 

-7.1 Gln123 Lys122, Trp124, Phe240, 

Val252, Ala707, Asp739 

1-Aminoindan-1,5-dicar-

boxylic acid 

-6.9 Ser209, Tyr547, Ser630, 

Tyr662 

Arg125, Glu205, Phe357, 

Tyr666 

Pyridazin-3(2H)-one, 5-

chloro-2-(3-…) 

-6.8 Gln123 Phe240, Val252 

 
The interaction profiles of each ligand 

against the DPP-4 enzyme revealed distinct 

patterns involving key active site residues. 

The control ligand, Sitagliptin (−8.2 

kcal/mol), demonstrated strong interactions 
with essential residues including Ser209, 

Phe357, Arg358, Tyr547, Ser630, Tyr631, 

Tyr666, and Asn710 which are known to 

play important roles in DPP-4 inhibition. The 

interactions shown in sitagliptin are domi-
nated by hydrogen bonds, which indicate 

the very strong inhibitory potential of this 

drug. Among the tested bioactive com-

pounds, Estran-17-one, 3-hydroxy (−7.9 

kcal/mol) showed strong binding through in-
teractions with Glu205, Glu206, Ser209, 

Phe357, Tyr547, and Tyr666. The interac-

tions shown in this compound are domi-

nated by Van der Waals interactions. 

Ethanimidamide, 2-chloro-N2-(2-…) (−7.7 

kcal/mol) it does not form significant interac-
tions with key active site residues, and its 

binding pose indicates that the compound is 

positioned between the S1 and S2 pockets. 

It only exhibits interaction with one key resi-

due, Asp708, through Van der Waals inter-
action.  

2-1-Phenyl ethylidene-hydrazono 

(−7.1 kcal/mol) also showed no interactions 

with key residues, but this compound man-

aged to form several strong interactions 
through Pi- interactions such as Pi-Cation, 
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Pi-Anion, and Pi-Pi-Stacked as well as sev-

eral Alkyl and Pi-Alkyl interactions. 1-Ami-

noindan-1,5-dicarboxylic acid (−6.9 

kcal/mol) showed some interaction with 

Glu206, Val207, Ser209, Phe357, Tyr547, 
Ser630, and Tyr666 with this compound is 

also predominantly stabilized by hydrogen 

bonds. Lastly, Pyridazin-3(2H)-one, 5-

chloro-2-(3-…) (−6.8 kcal/mol) exhibited in-

teractions with Glu206, Ser209, Tyr547, 
Ser630, and Tyr666, aligning with several 

key residues involved in DPP-4 inhibition. 

These findings suggest that multiple bioac-

tive compounds from Murraya paniculata L. 

Jack share similar binding behavior with 
Sitagliptin, reinforcing their potential as 

DPP-4 inhibitory candidates. 

 

Molecular Docking Results 

Molecular docking analysis was con-
ducted to predict the binding affinity and in-

teraction profiles of selected bioactive  

compounds from kemuning leaves (Murraya 

paniculata L. Jack) against the DPP-4 en-
zyme (Table 2). The docking results showed 

binding affinities ranging from −6.8 kcal/mol 

to −7.9 kcal/mol, while the reference com-

pound Sitagliptin exhibited a binding affinity 

of −8.2 kcal/mol (Figure 3). Among the 
tested ligands, Estran-17-one, 3-hydroxy 

displayed the highest binding affinity at −7.9 

kcal/mol, followed by Ethanimidamide, 2-

chloro-N2-(2-... at −7.7 kcal/mol and 2,4-1-

Phenyl ethylidene-hydrazono at −7.1 
kcal/mol. Other compounds, such as 1-Ami-

noindan-1,5-dicarboxylic acid and Pyri-

dazin-3(2H)-one, 5-chloro-2-(3-...), showed 

slightly lower binding affinities of −6.9 

kcal/mol and −6.8 kcal/mol, respectively. 
The visualization of docking poses revealed 

that the ligands occupied the DPP-4 binding 

pocket, which consists of the hydrophobic 

S1 pocket (Chain A, colored cyan) and the 

charged S2 pocket (Chain B, colored ma-
genta) (Table 2). The ligands were observed 

to form key interactions with active site resi-

dues, including His126, Glu205, Glu206, 

Val207, Ser209, Phe357, Arg358, Tyr547, 

Trp629, Ser630, Tyr631, Tyr666, and 
Asn710, as well as the catalytic triad resi-

dues His740, Asp708, and Ser630 that are 

essential for DPP-4 inhibition (Figure 5). 

The interaction profiles of each ligand 

against the DPP-4 enzyme revealed distinct 

patterns involving key active site residues. 

The control ligand, Sitagliptin (−8.2 

kcal/mol), demonstrated strong interactions 
with essential residues including Ser209, 

Phe357, Arg358, Tyr547, Ser630, Tyr631, 

Tyr666, and Asn710 which are known to 

play important roles in DPP-4 inhibition. The 

interactions shown in sitagliptin are domi-
nated by hydrogen bonds, which indicate 

the very strong inhibitory potential of this 

drug. Among the tested bioactive com-

pounds, Estran-17-one, 3-hydroxy (−7.9 

kcal/mol) showed strong binding through in-
teractions with Glu205, Glu206, Ser209, 

Phe357, Tyr547, and Tyr666. The interac-

tions shown in this compound are domi-

nated by Van der Waals interactions. 

Ethanimidamide, 2-chloro-N2-(2-…) (−7.7 
kcal/mol) it does not form significant interac-

tions with key active site residues, and its 

binding pose indicates that the compound is 

positioned between the S1 and S2 pockets. 
It only exhibits interaction with one key resi-

due, Asp708, through Van der Waals inter-

action.  

2-1-Phenyl ethylidene-hydrazono 

(−7.1 kcal/mol) also showed no interactions 
with key residues, but this compound man-

aged to form several strong interactions 

through Pi- interactions such as Pi-Cation, 

Pi-Anion, and Pi-Pi-Stacked as well as sev-

eral Alkyl and Pi-Alkyl interactions. 1-Ami-
noindan-1,5-dicarboxylic acid (−6.9 

kcal/mol) showed some interaction with 

Glu206, Val207, Ser209, Phe357, Tyr547, 

Ser630, and Tyr666 with this compound is 

also predominantly stabilized by hydrogen 
bonds. Lastly, Pyridazin-3(2H)-one, 5-

chloro-2-(3-…) (−6.8 kcal/mol) exhibited in-

teractions with Glu206, Ser209, Tyr547, 

Ser630, and Tyr666, aligning with several 

key residues involved in DPP-4 inhibition. 
These findings suggest that multiple bioac-

tive compounds from Murraya paniculata L. 

Jack share similar binding behavior with 

Sitagliptin, reinforcing their potential as 

DPP-4 inhibitory candidates. 
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Figure 5. Molecular docking visualization of selected bioactive compounds from Murraya paniculata L. 

Jack. against DPP-4. (A) Interaction site location within S1 and S2 pockets, (B) Ligand binding 

pose, (C) 2D interaction diagram showing bonds with DPP-4 residues. 

 

These findings support the therapeutic 
potential of kemuning-derived phytochemi-

cals as natural DPP-4 inhibitors. The rela-

tively strong binding affinities and shared in-

teraction patterns with sitagliptin reinforce 

their candidacy. This aligns with growing  
interest in DPP-4 inhibition as a treatment 

approach for type 2 diabetes mellitus 

(T2DM), a condition that continues to rise 

globally (Epelde 2024). DPP-4 inhibitors act 

by preserving incretin hormones (GLP-1, 
GIP), thereby enhancing insulin secretion 

and glycemic control (Naim 2024). Their 

ability to manage blood glucose without trig-

gering hypoglycemia or weight gain has 

made them a cornerstone in diabetes care 
(Komamine et al. 2019; Liu et al. 2020). 

However, despite their efficacy, syn-

thetic DPP-4 inhibitors such as sitagliptin 

and vildagliptin are not without drawbacks, 

including reports of fever, gastrointestinal 

disturbances, and eye irritation (Zhou et al. 
2019). This underlines the importance of ex-

ploring safer alternatives, particularly from 

natural products with lower toxicity profiles. 

In this context, the tested compounds, espe-

cially Estran-17-one, 3-hydroxy and 1-Ami-
noindan-1,5-dicarboxylic acid show exhib-

ited interaction profiles comparable to 

sitagliptin, making them promising leads for 

further experimental validation. Their natural 

origin, favorable binding behavior, and po-
tential to avoid adverse effects present a 

compelling case for developing Murraya pa-

niculata-based antidiabetic therapies. 

 

Molecular Dynamics Simulation: RMSF 
Analysis 

The Root Mean Square Fluctuation 

(RMSF) analysis was conducted to assess 

the flexibility and stability of DPP-4 residues 

when interacting with selected bioactive 
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compounds from Murraya paniculata L. 

Jack, compared with Sitagliptin as the refer-

ence inhibitor. The RMSF profiles showed 

that all ligand–DPP-4 complexes presented 

fluctuating patterns along the residue se-
quence, reflecting the dynamic behavior of 

the protein structure during the simulation. 

Sitagliptin as the control demonstrated rela-

tively moderate residue fluctuations, with 

RMSF values generally maintained below 
4.5 Å, indicating stable interactions and lim-

ited flexibility (Figure 6). Estran-17-one, 3-

hydroxy displayed the highest fluctuations 

among all tested ligands, with peaks reach-

ing approximately 7 Å, suggesting increased 
structural flexibility that may influence its 

binding stability. Ethanimidamide, 2-chloro-

N2-(2-...) exhibited local peaks particularly 

around residue number 300, while the over-

all RMSF values remained below 6 Å, indi-

cating moderate structural flexibility. In con-

trast, 2-1-Phenyl ethylidene-hydrazono and 

1-Aminoindan-1,5-dicarboxylic acid showed 

relatively stable fluctuation patterns, compa-

rable to Sitagliptin, with RMSF values pre-
dominantly below 4.5 Å, suggesting good 

complex stability. Pyridazin-3(2H)-one, 5-

chloro-2-(3-...) demonstrated balanced fluc-

tuations, with RMSF values peaking around 

5–6 Å. These findings indicate that although 
all ligand–DPP-4 complexes maintained 

structural integrity during the simulation, the 

degree of flexibility varied depending on the 

ligand, where ligands such as 2-1-Phenyl 

ethylidene-hydrazono and 1-Aminoindan-
1,5-dicarboxylic acid displayed fluctuation 

profiles closest to the control, supporting 

their potential as stable DPP-4 inhibitor can-

didates. 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure 6. RMSF (Root Mean Square Fluctuation) plot of DPP-4 protein in complex with selected ligand. 

The fluctuations of amino acid residues indicate the flexibility and stability of the protein-ligand 

complex over the simulation time. Lower RMSF values represent more stable binding regions, 

particularly at the active site. 
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This study, through comprehensive in-

silico analysis, identified several bioactive 

compounds from kemuning leaves with 

promising potential as natural DPP-4 inhibi-
tors. Among these, 1-Aminoindan-1,5-dicar-

boxylic acid emerged as the most favorable 

candidate compared to the standard drug 

Sitagliptin. Although its binding affinity is 

moderate, this compound interacts precisely 
at critical residues essential for DPP-4 inhi-

bition, underscoring its potential effective-

ness. This finding is further supported by 

molecular dynamics analysis, which showed 

stable residue fluctuations through RMSF 
evaluation, indicating that the compound 

does not induce increased flexibility or insta-

bility at the DPP-4 active site. These findings 

suggest that Murraya paniculata L. Jack 

holds strong potential as a source of plant-
based antidiabetic agents. With further vali-

dation through laboratory and clinical stud-

ies, its bioactive constituents could contrib-

ute to the development of safer, affordable, 
and effective therapies for managing type 2 

diabetes. 

 
CONCLUSION 

 
Based on the comprehensive in silico 

evaluation, 1-Aminoindan-1,5-dicarboxylic 

acid was identified as the most promising bi-

oactive compound from Murraya paniculata 

L. Jack, showing strong binding affinity, crit-
ical interactions with key DPP-4 residues, 

favorable pharmacokinetic and drug-like-

ness profiles, and stable complex formation 

comparable to Sitagliptin. These results 

highlight its potential to effectively inhibit 
DPP-4 activity, suggesting a direct biological 

impact on incretin-mediated glucose regula-

tion. Therefore, this compound represents a 

strong candidate for development as a nat-

ural antidiabetic agent and should be priori-
tized for experimental validation in both in 

vitro and in vivo models to confirm efficacy 

and safety.  
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