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Abstract: Diabetes mellitus (DM) is a metabolic disorder characterized by elevated blood glucose due to either insufficient
amounts of insulin or the body’s inability to use the produced insulin efficiently. The purpose of this article is to investigate
the antidiabetic activity of bioactive compounds from Jeringau (Acorus calamus L.) in inhibiting a-glucosidase enzymes
through a molecular docking simulation approach with the aim of predicting interactions that occur between enzyme targets
and test compounds in finding new drug designs from natural ingredients as antidiabetics. Pharmacokinetic screening, toxicity
prediction, and Lipinski's Rule of Five screening were conducted to assess the pharmacological suitability of the compounds,
followed by molecular docking using MOE 2022 software. The results of the study showed that several compounds from
Jeringau (4. calamus L.) as a galgravin have strong binding affinity to the a-glucosidase enzyme with a docking score of
—8.40 kcal/mol. The pharmacokinetic prediction results indicate that the test compound exhibits good absorption and meets
the criteria for drug-likeness. This study suggests that active compounds from Jeringau (4. calamus L.) have potential for
development as natural-based antidiabetic agents. However, this research is limited to computational analysis without
experimental data support, and compound selection is based on GC-MS results without further isolation or characterization.
Further studies through in vitro and in vivo testing, as well as molecular dynamics simulations are required to validate these

findings comprehensively.
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Introduction

Diabetes Mellitus (DM) is a metabolic disorder
characterized by elevated blood glucose due to either
insufficient amounts of insulin or the body’s inability to use
the produced insulin efficiently [1]. The International
Diabetes Federation (IDF) confirmed that Indonesia ranks
fifth in terms of the highest number of diabetes mellitus
sufferers, reaching 19.5 million people. In addition, the IDF
predicts that the number of diabetes mellitus sufferers in
Indonesia will increase to around 28.57 million people by
2045[2][3].

Current treatment options for diabetes are still limited
to lifestyle changes [4], insulin injection [5], and the use of
antidiabetic drugs such as metformin [6], but when this
medication is insufficient, other medications such as
sulfonylureas, analogues, Glucagon Like Peptide-1 (GLP-1),
Dipeptidyl Peptidase-IV (DPP-IV) inhibitors, SGLT2
inhibitors, thiazolidinediones, and a-glucosidase inhibitors
may be added [7][8]. However, these drugs have been
reported to cause side effects such as increased risk of
cardiovascular disease, damage to the digestive tract,
pancreatic cancer, thyroid cancer, infectious disorders, and
severe joint pain [9][10][11]. Therefore, there is a need for
safer, more effective, easy-to-use, and affordable treatments
[6]. Traditional medicine approaches using antidiabetic
compounds from various plants are gaining attention because
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natural medicines tend to have fewer side effects than
synthetic drugs [5][12].

Jeringau (Acorus calamus L.) is a wild plant
commonly found in several regions of Indonesia [13].
Generally, Jeringau is use as traditional medicine. These
plants contain more than 40 types of secondary metabolites
that have various benefits [14][15][16]. Its essential oil is
rich in B-asarone, a compound that acts as a neuroprotective
agent and insecticide [17]. In addition, there are
sesquiterpenoids, diterpenoids, and alkaloids that have
antioxidant and antimicrobial activities [18]. Ethyl acetate
extract has also been reported to have potential as an
antidiabetic agent, as this compound is able to significantly
increase insulin sensitivity [19].

The in silico method is a computational approach
used to predict and analyze molecular interactions [20],
included in the search for antidiabetic compounds. Previous
research [13], it has been reported that the active compounds
of the ant nest plant (Myrmecodia Sp.) have potential as a-
glucosidase enzyme inhibitors. The compound luteolin
showed the strongest affinity with a docking score of -15.88
kcal/mol. In another study, [21], reported that rutin and
quercetin 3-O-neohesperidoside compounds from soursop
leaves (Annona muricata Linn) have the highest affinity in
inhibiting a-glucosidase and o-amylase enzymes with
docking scores of -11.14 kcal/mol and -10.91 kcal/mol,
respectively. The primary target in this study is the a-
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glucosidase enzyme, as it plays a role in breaking down
carbohydrates into glucose, and its inhibition can help
control blood sugar levels in diabetic patients. In recent
research [13] has conducted in silico screening of active
compounds from Jeringau (Acorus calamus L.) as a-
glucosidase enzyme inhibitors, and demonstrated potential
antidiabetic activity.

Secondary metabolites with good drug activity are
contained in Jeringau (4. calamus L.) extract, including
alkaloids, terpenoids, phenolics, and flavonoids are
considered good in inhibiting hyperglycemia [15][16][14].
This study aims to evaluate the antidiabetic potential of
bioactive compounds derived from Jeringau (4. calamus L.)
by assessing their inhibitory activity against a-glucosidase
enzymes through molecular docking simulations. The
investigation is intended to predict the molecular interactions
between the target enzyme and test compounds as a
preliminary step in the discovery of novel antidiabetic agents
from natural sources.

Research Methods
Tools

The hardware used is a Desktop-9IDKVEL with
Windows 10 Pro 64-bit specifications, an Intel (R) Celeron
(R) N4020 CPU (2 CPUs) ~1.1 GHz, and 4096MB RAM.
The software used includes the moe 2022 application, Biovia
Discovery Studio, PreADMET, PDB, and PubChem.

Ligand and Protein Preparation

A total of 20 compounds in the Jeringau plant
obtained from literature studies were used as ligands,
obtained in SMILE code form from the PubChem database
via https:/pubchem.ncbi.nlm.nih.gov/, as well as a
comparative compound, acarbose, which has been clinically
tested in a-glucosidase inhibition. The structure of the ligand
was minimized before use and stored in *.mdb format [22]

The protein structure used as a receptor was
downloaded in 3D format from the Protein Data Bank,
namely  o-glucosidase (PDB ID:  7P07)  [23].
https://www.rcsb.org/structure/7P07 stored in *.pdb format.
This structure was prepared by removing water molecules,
correcting the structure, removing the original ligand, and
searching for the active site of the protein.

Pharmacokinetic Studies

Predictions of pharmacokinetics and toxicity were
performed using the PreADMET program accessed via
http://preadmet.bmdrc.org/ [24].

Lipinski's Rule of Five Screening

The active compounds of Jeringau were analyzed
based on Lipinski's Rule of Five to evaluate whether the
compounds meet the chemical characteristics to be used as
drugs. The parameters used include molecular weight <500
g/mol, lipophilicity (Log P) <5, number of hydrogen bond
donors <5, number of hydrogen bond acceptors <10, and
molar refractivity within the range of 40—130. This analysis

June 2025, Volume 20 No. 4: 598-604

was performed by uploading the compound structure in .sdf
format to the website http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp to  determine
whether the compound complies with Lipinski's rules before
the docking process is carried out [25].

Molecular Docking Studies

Docking of the a-glucosidase enzyme with pdb code
7P07 using MOE software. Docking simulations were
performed through the Dock menu, with Site on Ligand
Atoms if the protein had a natural ligand, otherwise Site was
performed with Site Finder. The docking process was
performed using Triangle Matcher placement with the
London dG score function and 10 poses, followed by
Refinement using the Rigid Receptor method with the
GBVI/WSA dG score function and 1 pose. The docking
results were saved in the output column in .mdb format. The
completed docking process generates a data table containing
the Docking Score (S) and Root Mean Square Deviation
(RMSD), which are displayed in the Database Viewer
window. The ligand position for each pose is displayed by
opening the browse window in the database menu in the
Database Viewer window. The docking results include a
visualization of the ligand—a-glucosidase enzyme interaction
and a Docking Score (S) that reflects the binding energy
required for receptor—ligand interaction. This score serves as
an indicator for predicting the antidiabetic potential of
bioactive compounds from Jeringau (4. calamus L.)[24].

Results and Discussion

Pharmacokinetic Screening and Lipinski Rule of Five

The parameters used in the ADMET study are Caco-
2 values, HIA (Human Intestinal Absorption), and Plasma
Protein Binding. The Caco-2 parameter plays a role in
determining the permeability of compounds. HIA (Human
Intestinal Absorption) is used to predict the percentage of
drug absorption in the human intestine, and Plasma Protein
Binding measures the percentage of compounds that bind to
plasma proteins [26]. Previous literature has reported
various pharmacological activities of the Jeringau plant (4.
calamus L.), which shows potential biological activity as an
antioxidant and antidiabetic agent [27][13]. In this study,
pharmacokinetic and toxicity screening were conducted on
several active compounds from Jeringau, with the results
shown in Table 1.

Based on the results of pharmacokinetic and toxicity
predictions in Table 1, the active compounds in Jeringau
show that all test compounds have medium permeability to
Caco-2 cells (4-70 nm/sec). This range indicates that the test
compounds can pass through the intestinal epithelial cell
barrier. The Human Intestinal Absorption (HIA) parameter
is good in the range of 70—100%, and the majority of the test
compounds have good HIA values. These findings indicate
that the compounds possess high absorption potential In
addition, the Plasma Protein Binding (PBB) percentage
parameter shows that some test compounds have strong
bonds with plasma proteins because they are in the range of
>90% [26]. Compounds included in this category include a-
asarone, apigenin, galgravin, ganschisandrin, methyl
eugenol, and veraguensin. Furthermore, based on the toxicity
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predictions shown in Table 1, almost all compounds in
Jeringau show toxic potential. However, the toxic potential
of a compound does not always indicate a health hazard, as
some natural compounds have been shown to have selective
toxicity to cancer cells without damaging normal cells. In
addition, toxicity also depends on the concentration and
duration of exposure [28]

The drug-likeness analysis of Jeringau (4. Calamus
L). compounds were conducted to assess their suitability for
oral administration, focusing on pharmacokinetic parameters
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such as absorption and distribution. Compounds that fulfil
Lipinski’s Rule of Five are considered to have favorable
characteristics as oral drug candidates. The criteria
established by Lipinski's Rule of Five include the
physicochemical properties of the compound based on
molecular weight, log P, the number of hydrogen bond
donors and acceptors, and molar refractivity [29][30]. The

data on the application of Lipinski's rule can be seen in Table
2.

Table 1. Results of Pharmacokinetic Predictions and Toxicity

Compounds Pharmacokinetic prediction Toxicity
Caco-2 (nm/sec) HIA (%) PPB (%) Ames test Carcinoma mouse  Carcino rots
a-acarone 58.09 100 93.39 Mutagen + +
Acarone 26.06 99.52 84.88 Mutagen + +
Apigenin 10.54 88.12 97.25 Mutagen + +
Ferulic acid 21.11 90.60 50.41 Mutagen - +
Galgravin 54.57 97.49 93.78 Mutagen - +
Ganschisandrin 57.14 98.37 99.44 Mutagen - +
Methyl eugenol 58.09 100 100 Mutagen + +
Tataroside 10.68 24.51 37.32 Mutagen + -
Veraguensin 54.57 97.50 93.79 Mutagen - +
Quinones 17.45 97.80 85.19 Mutagen + +
Acarbose (control) 9.444 - - Non-mutagenic - -
Table 2. Results of the Linpinski Rule of Five screening

Compounds Lipinski's parameter
Molecular weight Proton Proton LogP (<5) Molar Refractivity
(<500 g/mol) donor (<5) acceptor (<10) 40-130
a-acarone 208 0 3 2.65 56.39
Acarone 236 0 2 3.71 76.54
Apigenin 270 3 5 0.95 61.89
Ferulic acid 194 2 4 0.55 45.35
Galgravin 372 0 5 4.54 103.93
Ganschinsandrin 372 0 5 4.54 103.93
Methyl eugenol 178 0 2 2.49 49.45
Tataroside 444 0 0 0 0.00
Veraguensin 372 0 5 4.54 103.93
Quinones 108 0 2 0.38 23.72
Acarbose (control) 645 14 18 2.13 145.01

As shown in Table 2, all active compounds satisfy the
criteria of Lipinski’s Rule of Five, suggesting their potential
as antidiabetic agents based on molecular weight, the number
of hydrogen bond donors and acceptors, and lipophilicity
(log P) values. Compounds with a molecular weight greater
than 500 g/mol tend to have difficulty penetrating biological
membranes, which slows down the absorption process.
Meanwhile, the log P value reflects the hydrophobicity and
lipophilicity of a compound, which affects its ability to
penetrate cell membranes and interact with target receptors
[31]. The results of this analysis show that all tested
compounds comply with Lipinski's Rule of Five, indicating
good potential for further development. By meeting these
criteria, the compounds can be further evaluated through in
silico simulations of their interactions with the a-glucosidase
enzyme.

Analysis of Molecular Docking Results

Molecular docking is a computational method used to
predict the interaction between compounds and a target

protein in this case, the a-glucosidase enzyme, which plays
a key role in the hydrolysis of disaccharides into glucose in
the small intestine. By inhibiting the activity of this enzyme,
postprandial blood glucose spikes can be reduced, making it
an effective strategy in diabetes therapy. This technique aims
to evaluate the potential of active compounds from Jeringau
(A. calamus L) as enzyme inhibitors, with the expectation
that they may serve as antidiabetic agents. Docking analysis
is conducted by focusing on two main parameters: Binding
Affinity (S score) and Root Mean Square Deviation
(RMSD). A more negative S score indicates a stronger
binding affinity between the ligand and the receptor [32].
Meanwhile, the RMSD value is used to assess the conformity
of the ligand’s conformation relative to its reference position,
with the optimal value being < 2 A [33]. An RMSD value
between 2-3 A is still considered acceptable; however,
values greater than 3 A are generally regarded as less valid
[34].

Based on the results of the molecular docking
simulation shown in Table 3, the binding affinity between
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the ligands and the a-glucosidase protein receptor can be
observed. Several compounds, such as
galgravin, ganschisandrin, and tataroside, exhibit strong
interaction with the a-glucosidase enzyme. These four tested

compounds meet the criteria in terms of pharmacokinetics

veraguensin,
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and toxicity, as well as comply with Lipinski's Rule of Five.
The results of the best ligand screening against the o-
glucosidase enzyme are presented in Table 3.

Table 3. Results of Molecular Docking of Active Compounds from Jeringau (4. Calamus L) Against a-Glucosidase Enzyme

Compounds S score RMSD Amino acid  Distance (A) Type of bond
(kcal/mol) (A) residue

(-acarone -5.77 1.29 Asp348 1.64 Hydrogen bond
Acarone -6.22 2.15 Asp71 2.70 Hydrogen bond
Apigenin -5.80 0.93 Arg214 2.51 Hydrogen bond
Ferulic acid -5.51 1.87 Trp463 3.98 Hydrogen bond
Galgravin -8.40 1.54 Asp71 1.85 Hydrogen bond
Hisl14 2.40 Hydrogen bond

Tyr74 2.85 Hydrogen bond

Asp348 2.90 Hydrogen bond

Arg214 2.27 Hydrogen bond

Ganschinsandrin -8.35 1.62 Trp463 4.29 Hydrogen bond
Methyl eugenol -5.41 1.17 Met72 5.03 Hydrogen bond
Tataroside -7.40 1.77 His347 2.54 Hydrogen bond
Quinones -4.64 2.19 Ile38 4.72 Hydrogen bond
Veraguensin -8.37 1.89 His83 2.33 Hydrogen bond
Acarbose (control) -6.16 1.53 Arg440 2.17 Hydrogen bond
Asp71 3.23 Hydrogen bond

Glu247 3.04 Hydrogen bond

Based on the results of molecular docking against
the a-glucosidase enzyme presented in Table 3, the test
compound galgravin showed the best binding affinity value
(S), with an S value of -8.40 kcal/mol. This value is
significantly lower than acarbose as a reference compound (-
6.16 kcal/mol) and better than other test compounds. This
difference shows that galgravin compounds are able to bind
more strongly and stably to the active site of the enzyme,
which can strengthen their effectiveness in inhibiting the a-
glucosidase enzyme. These results are supported by previous
studies [26][35], which reported that the binding energy
range of acarbose (control) was between -6.16 and -7.5
kcal/mol. The binding energy of galgravin is lower than that
of acarbose, both in this study and in previous studies. Thus,
it reinforces its potential as a more effective a-glucosidase
inhibitor in lowering blood glucose levels [26].

Method docking validation was performed by re-
docking the original ligand into the active site of the enzyme
receptor to evaluate the accuracy of the ligand position
prediction algorithm. The RMSD (Root Mean Square
Deviation) parameter was used to describe the extent of
protein conformation deviation before and after the docking
process. Based on the literature, an acceptable RMSD value
to show valid molecular interactions is <2 A [32]. The
docking simulation results show that all tested compounds
have RMSD values below the threshold. In particular,
galgravin exhibit low RMSD values, which further support
the validity of the predicted ligand conformations within the
enzyme’s active site. The S-score, RMSD, and the amino
acid residues involved in hydrogen bonding interactions
between the test compounds and the a-glucosidase enzyme,
including a comparison with the compound acarbose, are
presented in Figure 1.

The two-dimensional (2D) and three-dimensional
(3D) visualizations of the binding site illustrate the

interactions between the compounds galgravin, and the
control acarbose with the a-glucosidase enzyme receptor.
The 3D visualization shows the ligand’s position within the
enzyme’s active site, while the 2D visualization clearly
depicts the amino acid residues involved in hydrogen
bonding, marked by dashed lines. In Figure 1(a), galgravin
demonstrates good affinity toward the receptor by forming
five hydrogen bonds. These interactions involve the residues
Asp 71 (1.85 A), His 114 (2.40 A), Tyr 74 (2.85 A), Asp 348
(2.90 A), and Arg 214 (2.27 A). The number of hydrogen
bonds indicates that galgravin effectively occupies the
enzyme’s active site, which may competitively inhibit the
activity of the a-glucosidase enzyme [24]. Meanwhile, in
Figure 1(b) the control acarbose compound, which is well-
known as an a-glucosidase inhibitor, forms three hydrogen
bonds involving the residues Arg 440 (2.17 A), Asp 71 (3.23
A), and Glu 247 (3.04 A). This confirms that acarbose
interacts effectively with the enzyme’s active site, making it
a relevant comparator.

From these interaction results, it can be concluded
that galgravin compounds have promising potential as o-
glucosidase inhibitors because they form stronger hydrogen
interactions compared to other compounds, including
acarbose. The combination of high binding energy, stable
interaction conformation, and good pharmacokinetic profile
based on ADMET and Lipinski's Rule of Five screening
results, strengthens the compound's potential to be developed
as an oral antidiabetic agent. The advantage of galgravin lies
not only in its interaction affinity but also in its drug-likeness
characteristics that support its oral bioavailability. This
provides promising therapeutic prospects, especially as a
natural alternative to acarbose. However, these results are
still predictive based on computational docking methods, so
further validation through in vitro and in vivo tests, or
advanced molecular dynamics simulations is needed to
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confirm the biological activity of these compounds in the
context of diabetes treatment.
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Figure 1. Visualization of molecular interactions of (A) galgravin, and (B) acarbose (reference) with the a-
glucosidase enzyme (PDB ID: 7P07)

Conclusion

Based on the results of pharmacokinetic screening,
Lipinski's Rule of Five analysis, and molecular docking
simulation, active compounds from Jeringau (4. calamus L.)
showed potential as a-glucosidase enzyme inhibitors. The
main compound, galgravin, has a strong binding affinity with
a docking score of -8.40 kcal/mol and an RMSD value < 2
A, which indicates the stability of the interaction. All test
compounds meet the criteria for pharmacokinetics and drug-
likeness, so they have the potential to be developed as
natural-based antidiabetic agents. These findings indicate
that galgravin is a strong candidate as an o-glucosidase
inhibitor. To strengthen the validity and potential for clinical
development, further experimental tests are necessary,
including in vitro, in vivo, molecular dynamics simulations,
and experimental ADMET evaluations.
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