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ABSTRACT 

 
Agarwood leaves (Aquilaria malaccensis), a non-timber forest products, 

shows significant potential as a source of antidiabetic compounds. This 

study aims to evaluate the antidiabetic activity of agarwood leaves and 
their cytotoxicity on pancreatic beta-cells, as well as predict their 

compound bioactivity through an in silico approach. The leaves were 

extracted using ethanol, water, and a mixture of ethanol–water with the 
assistance of ultrasound irradiation. The extracts were then tested in vitro 

for their antidiabetic potential by assessing their ability to inhibit the α-

glucosidase enzyme and their effect on insulin secretion, as well as their 

cytotoxicity on BRIN-BD11 pancreatic beta-cells. The phytocompounds 
in the extract were identified using liquid chromatography-mass 

spectrometry, and their binding behavior was studied by in silico molecular 

docking. Among the three, the ethanol–water extract showed the highest 
extraction yield. Cytotoxicity assays revealed that the ethanol–water 

extract was cytotoxic at high concentrations (1000 µg/mL), but safe at 

lower concentrations. The alpha-glucosidase inhibition was relatively 

weak. Nevertheless, the extracts significantly stimulated insulin secretion 
in BRIN-BD11 cells up to fivefold compared to untreated cells. In silico 

studies indicated that xanthone glycoside, flavonoid glycoside, and 

coumarin compounds exhibit strong binding affinities to multiple insulin-
secretion-related proteins. These findings suggest that agarwood leaf 

extract, particularly ethanol–water extract, possesses promising 

antidiabetic activity through an insulinotropic mechanism. 

 

1. Introduction 

Diabetes mellitus is a chronic degenerative disease that poses a major health problem in 

Indonesia and is a priority in the management of non-communicable diseases. Indonesia ranks fifth 

in the world in terms of the number of diabetes mellitus cases, with 20.4 million cases in 2024, and 

this figure is projected to increase to 28.6 million by 2050 for the population aged 20–79 years (IDF 

2025). Diabetes mellitus is characterized by hyperglycemia (blood glucose levels exceeding normal 

levels) due to insulin deficiency caused by β-pancreatic cell damage (type 1) or insulin resistance 

and impaired insulin secretion due to β-pancreatic cell dysfunction (type 2).  
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Diabetes mellitus (DM) can lead to tissue and organ damage, as well as complications 

affecting the eyes, kidneys, nervous system, and blood vessels due to metabolic dysfunction at the 

cellular level. Long-term diabetes mellitus complications include macrovascular complications 

(coronary heart disease, peripheral vascular disease, and stroke), microvascular complications 

(nephropathy, retinopathy, and neuropathy), and a combination of both (diabetic foot) (Hardianto 

et al. 2020). The complex and costly management of diabetes mellitus has resulted in an increasing 

economic burden on the Indonesian government, with healthcare costs rising by 4.9% (Adiarso et 

al. 2020). 

Currently, type 1 DM is treated with insulin injections. In contrast, type 2 DM is managed 

with oral medications containing synthetic active ingredients from several drug classes, including 

sulfonylureas (glibenclamide), meglitinides (repaglinide), biguanides (metformin), and 

thiazolidinediones (rosiglitazone), which work by increasing insulin secretion and sensitivity. 

Additionally, α-glucosidase inhibitors (acarbose and miglitol) are used to slow down starch 

digestion in the small intestine, delaying carbohydrate absorption into the bloodstream and reducing 

blood glucose spikes. However, these drugs have side effects such as hypoglycemia and the risk of 

kidney and liver damage (Hardianto et al. 2020). Furthermore, approximately 95% of active 

pharmaceutical ingredients in Indonesia, including DM drugs, are imported (Adiarso et al. 2020). 

Therefore, the utilization of natural antidiabetic compounds from Indonesia’s abundant plant 

resources has great potential to reduce dependency on imported drugs and minimize the side effects 

of synthetic medications (Prajapati et al. 2022). 

One of the natural resources with potential as a natural source of antidiabetics is the agarwood 

tree. The agarwood tree (Aquilaria malaccensis) is a highly valuable plant, with the highest-quality 

wood priced at IDR 5–10 million/kg and the lowest-quality wood at around IDR 500,000/kg 

(Hidayat et al. 2020). The increasing demand for agarwood has led to its cultivation, including the 

utilization of agarwood leaves for tea production. In vitro studies have shown that the ethanol 

extract from agarwood leaves has a half-maximal inhibitory concentration (IC50) value of 90.87 

µg/ml against the α-glucosidase enzyme, while the methanol–water fraction exhibits stronger 

antidiabetic activity with an IC50 of 35.89 µg/ml (Suhardiman et al. 2022). In vivo studies have 

demonstrated that administering 500 mg/kg body weight (BW) of methanol extract from agarwood 

leaves to rats reduced blood glucose levels by 57.1% without causing toxicity (Zulkifle 2018). 

Additionally, kombucha derived from agarwood leaves at a dosage of 1 mL/20 g BW in mice 

showed antidiabetic effects comparable to those of the commercial drug glibenclamide 

(Khoerunnisa et al. 2023). The aqueous fraction of ethanol extract from agarwood leaves at a dose 

of 10 mg/kg BW in rats also enhanced glucose uptake by increasing glucose transporter type 4 

expression in muscle tissue by 24.5% (Said et al. 2016). 

Although studies have shown the potential of agarwood leaves in lowering blood glucose 

levels, the active compounds in methanol extracts of agarwood leaves and their underlying 

mechanisms remain largely unexplored. While the ethanol extract exhibits lower activity, it is 

considered more promising due to the use of a safer solvent. Therefore, this study aims to investigate 

the effects of extraction methods and solvent variations on the antidiabetic activity and cytotoxicity 

of BRIN-BD11 pancreatic β-cells. The BRIN-BD11 pancreatic β-cell line is a hybrid cell line 

generated through the electrofusion of a primary culture of NEDH rat pancreatic islets with 

RINm5F cells, which are derived from an NEDH rat insulinoma (McClenaghan et al. 1996). This 

cell line is suitable for investigating the antidiabetic activities related to the effects of various 

treatments on pancreatic insulin secretion, as pancreatic β-cells are responsible for secreting insulin. 



Prayogo et al. (2025)   Jurnal Sylva Lestari 13(3): 849-864 

 851 

Additionally, the mechanisms by which phytochemical compounds exert antidiabetic activity are 

also predicted through an in silico approach. 

 

2. Materials and Methods 

2.1. Extraction 

Agarwood leaves were dried and pulverized to a particle size of 40–60 mesh. The resulting 

powder was first immersed in n-hexane to remove lipophilic extractives. After immersion in n-

hexane, the powder was subjected to separate extractions with ethanol, 50% ethanol, and water. 

The extraction process employed the ultrasound-assisted extraction (UAE) method, with an 

extraction duration of 45 minutes (Familasari et al. 2023). The powder-to-solvent ratio was 

maintained at 1:10. Immersion was repeated three times for each solvent type. The resulting filtrates 

from the separate extractions with ethanol, 50% ethanol (ethanol:water), and water were 

concentrated, and the extracts were weighed to determine the extraction yield. 
 

2.2. α-glucosidase Inhibition Assay 

The evaluation of α-glucosidase inhibition activity was conducted through an in vitro 

enzymatic reaction, following established research protocols. Acarbose was used as the positive 

control. A concentration series of the extract was used, including 6.25, 12.5, 25, 50, and 100 μg/mL. 

For the assay, 50 μL of 0.1 M phosphate buffer (pH 6.8), 25 μL of 10 mM p-NPG substrate solution, 

and 10 μL of the sample solution were added to a 96-well microplate. The mixture was incubated 

at 37°C for 5 minutes. Next, 25 μL of α-glucosidase enzyme solution (0.4 U/mL in 0.1 M phosphate 

buffer, pH 7) was added to the wells, followed by a 30-minute incubation at 37°C. To terminate the 

reaction, 100 μL of 0.2 M Na₂CO₃ was added, and the absorbance was measured at 410 nm. The 

assay was performed on both fractionated and crude extracts, with each test conducted in triplicate.  

 

2.3. Cytotoxicity Assay 

The cytotoxicity of the leaf extracts was assessed spectrophotometrically using the MTT 

assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). The cell line used in this 

study was BRIN-BD11, a pancreatic β-cell line. Cell cultures were seeded into a 96-well microplate 

with a final volume of 100 µL and incubated for 24 hours. The extract samples, dissolved in the 

medium at concentrations of 10, 100, and 1000 µg/mL, were then added separately to the wells 

containing the cultured cells and incubated for 48 hours. After incubation, 10 µL of MTT solution 

(2000 mg/L) was added, followed by another 4-hour incubation at 37°C. Subsequently, 100 µL of 

70% ethanol was added to each well, and the absorbance was measured at 565 nm using a 

microplate reader. The use of three different test concentrations was intended to illustrate the effects 

of the extract treatment at low (10 µg/mL), medium (100 µg/mL), and high (1000 µg/mL) 

concentrations.  

 

2.4. BRIN-BD11 Cell Secreted Insulin Quantification 

The insulin-stimulating effect of agarwood leaf extracts was tested on BRIN-BD11 cells. 

About 150×10⁵ cells were cultured in bottles and incubated at 37°C with 5% CO₂ for 24 hours. 

Then, the cells were transferred to 96-well plates, with 5000 cells per well in RPMI 1640 medium. 

After 24 hours, the cells were expected to attach to the bottom of the wells. The wells were rinsed 
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three times with 1 mL of modified Krebs-Ringer Buffer (KRB-1), which contains various salts, 

glucose (1.11 mM), and was gassed with 5% CO₂ and 95% O₂ for 15 minutes. Before treatment, 

the cells were pre-incubated for 40 minutes with 1 mL of KRB-1 at 37°C and 5% CO₂. To test the 

extract’s effect, cells were incubated for 60 minutes under the same conditions using 1 mL of 

agarwood leaf extract at concentrations of 100 µg/mL, dissolved in KRB-3 (a version of the buffer 

with 16.7 mM glucose) and KRB-1. After treatment, the media was collected, centrifuged at 158 g 

for 5 minutes, and insulin levels were measured using a Finetest ELISA kit (INS Rat cat#ER113). 

Absorbance was read at 450 nm using a BioRad Microplate Reader (model 3550). The insulin 

standard curve was prepared using the same method. 

 

2.5. Phytochemical Analysis using Liquid Chromatography Mass Spectrometry (LC-MS) 

Metabolite profiling using LC-MS was conducted according to the protocol by Prayogo et al. 

(2023a), with certain modifications. The analysis was performed using a Vanquish LC system 

coupled with a Q Exactive Plus Orbitrap HRMS (Thermo Scientific, USA). Three A. malaccensis 

extracts were prepared by dissolving them in LC-MS grade methanol (Merck, Germany) and 

filtering through a 0.2 µm polytetrafluoroethylene membrane. The resulting filtrates were then 

analyzed via liquid chromatography. Separation was carried out using an Accucore C18 column 

(100 × 2.1 mm, 1.5 µm; ThermoScientific) maintained at 30°C. A gradient elution program was 

employed as follows: 0–1 min (5% B), 1–25 min (5–95% B), 25–28 min (95% B), and 28–30 min 

(5% B). The mobile phases consisted of water with 0.1% formic acid (eluent A) and acetonitrile 

with 0.1% formic acid (eluent B), delivered at a flow rate of 0.2 mL/min. Mass spectrometric 

detection was performed using electrospray ionization in positive (M+H), with a capillary voltage 

of 3.80 kV and temperature of 320°C. Data were acquired at a resolution of 70,000 across an m/z 

range of 150–1500, with a mass accuracy tolerance of 10 ppm. Compound identification and 

annotation were performed using Compound Discoverer 3.1 (Thermo Scientific, USA). 

 

2.6. In-silico Molecular Docking Study 

Four target proteins were chosen due to their relevance to insulin secretion activity in 

pancreatic β-cells (Table 1). Before conducting docking simulations with the metabolites, the 

receptor structures were obtained from the Protein Data Bank (PDB, https://www.rcsb.org/), with 

selection based on the quality of their resolution. To ensure reliability, validation was performed by 

redocking the original co-crystallized ligands into their respective receptors (Kontoyianni et al. 

2004). Protein preparation was performed using AutoDockTools 1.5.7. The docking process was 

deemed valid when the root mean square deviation (RMSD) between the docked and original ligand 

was below 2 Å (Prayogo et al. 2024; Wati et al. 2020). 

The validated receptor structures were subsequently employed to evaluate the binding 

interactions of phytochemicals present in the extract. Molecular structures of the compounds 

identified via LC-MS were retrieved from databases such as PubChem and ChemSpider. These 

structures were further refined through geometry optimization using the Newton-Raphson 

algorithm based on molecular mechanics, executed via the Open Babel/Obabel software (O’Boyle 

et al. 2011). Molecular docking was performed using the AutoDock Vina algorithm (Eberhardt et 

al. 2021), with each compound docked in 10 replicates. The resulting docking scores were ranked, 

and the top-performing compounds were further examined using PyMOL version 3.1 and LigPlot 

version 2.28. 



Prayogo et al. (2025)   Jurnal Sylva Lestari 13(3): 849-864 

 853 

Table 1. The protein target (receptor) for molecular docking analysis 

Proteins: PDB code 
Binding 

coordinate (x, y, z) 
RMSD(Å) Physiological role 

Glucagon-like peptide-
1 receptor (GLP-1R): 

6X19 

130.657, 111.088, 
86.069 

0.2804 It modulates insulin secretion in response to glucose 
levels, suppresses pancreatic exocrine activity, and 

helps protect pancreatic β-cells from apoptosis 

(Kusunoki et al. 2024; Zhang et al. 2020) 

Phosphatidylinositol-

4,5-bisphosphate 3-

kinase (PI3Kα): 7TZ7 

27.475, 9.505, 

4.166 

0.4273 It is involved in transmitting insulin signals, 

promoting glucose absorption, and supporting cell 

survival and growth (Fairhurst et al. 2022). 

Protein kinase RNA-

like endoplasmic 

reticulum kinase 

(PERK):4X7L 

3.925, -9.793, 

6.889 

0.2028 It manages the endoplasmic reticulum stress 

response by phosphorylating eIF2α, thereby 

regulating protein synthesis and promoting cell 

viability (Le et al. 2025; Smith et al. 2015). 

Insulin receptor kinase 
(IRK): 4IBM 

-2.453, 9.724, -
19.914 

0.3582 It enhances the insulin signaling cascade, improving 
glucose uptake, energy metabolism, and 

maintaining glucose balance in the body 

(Anastassiadis et al. 2013). 

 

3. Results and Discussion  

3.1. Extraction Yield and Cytotoxicity on BRIN-BD11 β-pancreatic Cell 

Extraction of agarwood leaves produced varying yields. The D-E50 extract resulted in the 

highest yield and was significantly different from ethanol and water extract (Fig. 1a). Meanwhile, 

the water extract had the lowest yield, indicating that the extraction yield trend for agarwood leaves 

was leaf ethanol–water extract (LEW) > leaf ethanol extract (LE) > leaf water extract (LW). This 

difference in yield is attributed to the use of different extraction solvents, which influence the ability 

to extract various types or classes of compounds present in agarwood leaves. The 1:1 ethanol and 

water mixture acts as a solvent with the capability to extract compounds with a broader range of 

polarities. Water is highly polar, while ethanol has lower polarity compared to water. Based on the 

yield trend, the higher extraction yield of LE compared to LW suggests that relatively low-polarity 

compounds likely dominate the compounds in agarwood leaves. Methanol extracts of Aquilaria 

malaccensis leaves contain flavonoids, phenolics, triterpenoids, and steroids, while the methanol–

water fraction contains flavonoids, triterpenoids, and phenolics (Hidayah et al. 2023). Consistent 

with the findings of this study, extracts obtained using polar solvents tend to contain compounds of 

similar polarity. For example, the methanol extract of A. auriculiformis wood was dominated by 

flavonoid compounds (Prayogo et al. 2023b). However, the types of compounds present in the 

extract are also influenced by the specific plant part or plant species itself (Andianto et al. 2024).  

Concentration-dependent inhibition was observed in the cytotoxicity of the extracts against 

BRIN-BD11 cells. The inhibitory effect became more pronounced as the concentration increased 

from 10 to 1000 µg/mL (Fig. 1b). In general, the extracts exhibited less than 50% inhibition of cell 

proliferation, except for the LEW extract at a concentration of 1000 µg/mL. Based on linear 

regression analysis, the IC₅₀ value of LEW was determined to be 663.98 µg/mL, whereas the IC₅₀ 

values of LE and LW were greater than 1000 µg/mL. These findings indicate that LEW possesses 

higher cytotoxic potential compared to LE and LW. At 10 µg/mL, the LW extract even showed a 

negative inhibition value (-7.85%), which may suggest stimulation of cell proliferation or 

experimental variability. Its effect became significant only at 1000 µg/mL (28.78%). The trend at 

1000 µg/mL was: LEW > LW > LE, suggesting that ethanol–water extracts contain more cytotoxic 

or antiproliferative compounds compared to ethanol-only or water-only extracts. This quantitative 



Prayogo et al. (2025)   Jurnal Sylva Lestari 13(3): 849-864 

 854 

data was also supported by cell morphology, as observed in the micrographs. Visual reduction in 

cell density was seen, indicated by the decreased presence of purple-stained cells (Fig. 1c).  

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Extraction yield (a), cytotoxicity against BRIN-BD11 cells (b), and micrographs showing 

BRIN-BD11 cell morphology (c) treated with agarwood leaf extract at concentrations of 10, 100, 

and 1000 µg/mL. Values followed by different letters indicate significant differences based on 

Duncan’s multiple range test (p < 0.05). 
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3.2. Agarwood Leaf Extract Treatment Effect on α-glucosidase Enzyme and BRIN-BD11 Cell 

Insulin Secretion 

The antidiabetic activity, attributed to α-glucosidase enzyme inhibition, demonstrated a dose-

dependent inhibitory effect, with a positive correlation between increasing concentration and 

increased inhibitory activity (Fig. 2). The LE extract exhibited the highest inhibitory activity 

compared to the LEW and LW extracts. At most concentrations (particularly from 25 to 100 

µg/mL), the LE extract consistently showed the strongest inhibition, reaching up to 15.579% at 100 

µg/mL. Meanwhile, LEW and LW showed similar inhibition levels, with LEW demonstrating 

higher inhibition than LW at concentrations of 12.5, 25, and 50 µg/mL, but showing lower 

inhibition than LW at 100 µg/mL. The trend of LE > LEW > LW suggests that ethanol-based 

solvents (especially pure ethanol) are more effective in extracting bioactive compounds responsible 

for α-glucosidase inhibition compared to water or ethanol–water mixtures.  

 

Fig. 2. α-Glucosidase enzyme inhibition (a) and insulin secretion levels (b) in BRIN-BD11 cells 

treated with extracts at a concentration of 100 µg/mL and negative control (-). Values followed by 

different letters indicate significant differences based on Duncan’s multiple range test (p < 0.05). 

 

The antidiabetic activity of the extracts, based on α-glucosidase enzyme inhibition, showed 

relatively low potential. All extracts exhibited inhibition values of less than 50% at the highest test 

concentration used. This indicates that the IC₅₀ values for all extracts are greater than 100 µg/mL. 

Ethanol and ethanol–water extracts are often known to contain bioactive compounds, such as 

phenolic acids, flavonoids, tannins, and polyphenols, which are associated with their antidiabetic 

and antioxidant properties (Akyüz 2022; Karagecili et al. 2023). However, in this study, even 

though polar solvents like ethanol and water were used for extraction, the IC₅₀ values exceeding 

100 µg/mL suggest that the active compound content may not be sufficiently potent or may require 

higher concentrations to achieve significant inhibition. Optimizing the extraction method in 

ultrasound-assisted extraction by varying the solvent composition, amplitude, and extraction time 

is effective in enhancing antidiabetic activity (Maser et al. 2024). Additionally, synthesized 

thiazolidinediones with various substitutions at C3 and C5 show promising activity in inhibiting α-

glucosidase and α-amylase, as well as reducing glucose uptake by yeast cells (Gharge et al. 2024). 

This confirms that structural modification of bioactive compounds may help improve their α-

glucosidase inhibitory activity. Furthermore, agarwood leaf extract is likely to contain antidiabetic 

bioactive constituents that warrant isolation and evaluation in their purified form. A similar 
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phenomenon has been reported for mangiferin, which, when isolated from both unripe and ripe 

mango pulp, exhibited markedly stronger inhibitory activity against α-glucosidase and α-amylase 

than the crude extract (Sekar et al. 2019). In line with this, Mistry et al. (2023) demonstrated that 

administration of mangiferin as a single compound elicited more pronounced antidiabetic effects 

compared to the corresponding extract in alloxan-induced diabetic rats.  

The α-glucosidase enzyme inhibition values indicate that the antidiabetic activity of A. 

malaccensis extract does not occur through the mechanism of α-glucosidase enzyme inhibition, but 

rather through another mechanism, namely the stimulation of insulin secretion. BRIN-BD11 cells 

treated with agarwood leaf extract showed an increase in insulin secretion compared to the negative 

control (Fig. 2b). The extract treatment concentration used was 100 µg/mL, with low cytotoxicity 

levels based on Fig. 1. An increase in insulin secretion was observed following treatment with all 

types of extracts (Fig. 2b). The order of insulin secretion concentration from highest to lowest was: 

LEW > LW ≈ LE > Control. Treatment with the LW and LE extracts resulted in insulin 

concentration increases of 304% and 270%, respectively, compared to the control. Meanwhile, 

LEW showed remarkable potential, with an increase in insulin concentration of up to 481% 

compared to the control. To date, there have been no previous studies reporting the potential of 

agarwood leaf extract to increase secreted insulin concentration in BRIN-BD11 pancreatic β-cells. 

 

3.3. Phytochemical Profile of Agarwood Leaf Extracts 

The choice of extraction solvents results in distinct phytochemical profiles, as evidenced by 

the chromatograms of the three agarwood leaf extracts (LE, LEW, and LW), which share overall 

pattern similarities but exhibit differences in peak heights at specific retention times (Fig. 3). In the 

early retention time (0–2.5 minutes), peak heights followed the trend LE > LEW > LW, suggesting 

LE’s superior efficiency for extracting polar or low-molecular-weight compounds. Mid-retention 

times (5–10 and 15–20 minutes) showed variations in intermediate-polarity compounds, reflecting 

solvent selectivity, while the late retention times (27.5–30 minutes) revealed differences in less 

polar compounds, likely influenced by solvent properties such as polarity and viscosity. 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. 3. Total ion chromatogram of agarwood leaf extracts. 
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compound in the LEW extract (Table 2). Meanwhile, D-(–)-quinic acid was the predominant 

compound in both LE and LW extracts. Other identified glycosides include khelloside, with a 

relative abundance range of 7.5–8.7%, and glycitein, which ranges from 1.8% to 9.6%. Several 

other compounds detected belong to the short- and long-chain carboxylic acid (fatty acid) groups. 

Rudiana et al. (2021) reported different compounds compared to this study, identifying several 

phytocompounds in fractions of A. malaccensis bark extract using LC-MS, namely acetaminophen, 

aminosamptothesin, isophorone, diethyl phthalate, 3-hydroxy-6H-benzochromen-6-one, 

isolongifolenic acid, 2-(2-phenethyl)chromone, 4′,7-dihydroxy-2′,5-dimethoxyisoflavone, 4-

hydroxy-3-(1-phenylpropyl)-2H-chromone-2-one, 6-methylchromone-2-carboxylic acid, 3,4-

dimethyl-2-phenylmorpholine, and β-calacoren. Moreover, to date, there have been no other reports 

on the phytocompounds of leaf extracts. 

 

Table 2. Phytocompounds of agarwood leaf extracts 

RT 

(min) 
Identified compound Class 

Mass error 

(ppm) 

Relative abundance (%) 

LE LEW LW 

7.05 1,5-anhydro-1-(1,3,6,7-

tetrahydroxy-9-oxo-9H-xanthen-

2-yl)hexitol (ATX) 

Xanthone 

glycoside 

-2.46 8.4 14.1 9.9 

1.16 D-(–)-Quinic acid Carboxylic acid -6.00 11.8 10.2 17.3 

15.83 Glycitein Flavonoid 

glycoside 

-3.07 6.4 9.6 1.8 

6.08 Khelloside Coumarin -2.73 8.7 7.7 7.5 

1.25 Citric acid Carboxylic acid -5.61 1.7 4.7 9.8 

1.22 Glucoheptonic Acid Carboxylic acid -3.99 1.4 1.2 2.3 

1.22 DL-Malic acid Carboxylic acid -9.08 3.4 4.3 1.1 

1.13 1-O-acetyl-α-maltose Carbohydrate -2.59 2.3 1.8 2.5 

12.45 (10E,15Z)-9,12,13-Trihydroxy-

10,15-octadecadienoic acid 

Fatty acid -2.38 1.5 1.1 1.2 

Note: RT= retention time. 

 

3.4. Bioactivity Mechanism Prediction through In Silico-Molecular Docking 

Molecular docking analysis revealed that ATX, glycitein, and khelloside exhibited good 

binding affinities. Among them, ATX and khelloside demonstrated the strongest binding affinities 

toward insulin receptor kinase (IRK) and glucagon-like peptide-1 receptor (GLP-1R), suggesting 

their potential as promising candidates for targeting insulin signaling pathways (Table 3). Glycitein 

exhibited the highest binding affinity toward phosphoinositide 3-kinase alpha (PI3Kα) and protein 

kinase R-like endoplasmic reticulum kinase (PERK), suggesting its potential as a significant 

inhibitor in these pathways. Additionally, both ATX and glycitein displayed strong interactions 

with PI3Kα and PERK. When compared with the binding affinity of commercial drugs, the 

phytocompounds exhibited stronger interactions with the PI3Kα and PERK proteins. Glycitein 

showed a higher binding affinity than glimepiride and glibenclamide against PI3Kα and PERK. 

Meanwhile, ATX, glycitein, and khelloside demonstrated higher binding affinities than glimepiride 

and glibenclamide against PERK. Overall, khelloside, ATX, and glycitein demonstrated 

consistently strong binding across GLP-1R, PI3Kα, PERK, and IRK, suggesting their potential for 

broad-spectrum antidiabetic activity. 

 

 



Prayogo et al. (2025)   Jurnal Sylva Lestari 13(3): 849-864 

 858 

Table 3. Binding affinity of agarwood leaf extract phytocompounds  

Compound name 
Binding affinity (kcal/mol) 

GLP-1R PI3Kα PERK IRK 

ATX -7.696 -7.655 -8.364 -8.580 

D-(–)-Quinic acid -5.271 -5.215 -5.571 -5.292 

Glycitein -7.628 -8.755 -8.820 -7.785 

Khelloside -7.915 -7.612 -8.711 -8.101 

Citric acid -4.967 -5.145 -5.334 -5.521 

Glucoheptonic Acid -4.768 -5.135 -5.311 -4.851 

DL-Malic acid -4.160 -4.716 -4.482 -5.135 

1-O-acetyl-α-maltose -6.284 -5.940 -6.968 -6.640 

(10E,15Z)-9,12,13-Trihydroxy-10,15-octadecadienoic acid -7.055 -6.017 -7.114 -5.914 

Glimepiride* -9.860 -8.195 -6.716 -8.861 

Glibenclamide* -9.708 -7.775 -7.367 -8.644 

Notes: Bolded numbers represent the top two highest binding affinities; commercial antidiabetic drug (*). 

 

Compounds such as citric acid, DL-malic acid, and D-(−)-quinic acid, which have relatively 

high abundance in several extracts, also show fairly good binding affinity values of −4.967, −4.16, 

and −5.271 kcal/mol, respectively. The combination of high abundance and the ability to interact 

with molecular targets supports their potential as antidiabetic candidates. Additionally, the 

measured ligand efficiency reveals how effectively these compounds interact at the molecular level, 

despite the torsion values indicating varying degrees of molecular flexibility. This factor is 

important in the design of structure-based drug candidates. Among the three best-docked 

compounds, glycitein exhibited the highest ligand efficiency (Table 4). The same phenomenon was 

also observed when compared with glibenclamide and glimepiride. This indicates that the atoms 

within the glycitein ligand contribute more effectively to the binding energy. 

 

Table 4. Ligand efficiency of agarwood leaf extract phytocompounds 

Compound name 
Ligand efficiency (kcal/mol) 

GLP-1R PI3Kα PERK IRK 

ATX -0.2566 -0.2539 -0.2566 -0.2860 

D-(–)-Quinic acid -0.4048 -0.4008 -0.4048 -0.4072 

Glycitein -0.3637 -0.4170 -0.3637 -0.3710 

Khelloside -0.2734 -0.2594 -0.2734 -0.2794 

Citric acid -0.3824 -0.3961 -0.3824 -0.4302 

Glucoheptonic Acid -0.3967 -0.4282 -0.3967 -0.4046 

DL-Malic acid -0.4609 -0.5248 -0.4609 -0.5708 

1-O-acetyl-α-maltose -0.2432 -0.2394 -0.2432 -0.2444 

(10E,15Z)-9,12,13-Trihydroxy-10,15-octadecadienoic acid -0.3054 -0.2594 -0.3054 -0.2486 

Glimepiride -0.2900 -0.2410 -0.1975 -0.2606 

Glibenclamide -0.2942 -0.2356 -0.2232 -0.2620 

 

Previous studies support these findings; D-(–)-Quinic acid has been reported to inhibit the α-

glucosidase enzyme and impede nonenzymatic glycosylation and glucose absorption in Caco-2 

cells, which plays a role in blood sugar regulation (Han et al. 2024). Moreover, citric acid has been 

shown to treat glucose metabolism disorders induced by hyperlipidemia by improving insulin 

sensitivity (Yadikar et al. 2022). The combination of relative abundance and molecular affinity data 

suggests that agarwood leaf extract has potential as a source of active compounds for developing 

natural compound-based therapies for diabetes. 
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Strong binding affinity is related to the types of interactions formed between the ligand 

(phytocompound) and the receptor. Khelloside interacts with the GLP-1R receptor (Fig. 4a1) 

without forming hydrogen bonds, whereas the ATX–GLP-1R interaction involves hydrogen 

bonding (Fig. 4a2). However, the khelloside–GLP-1R complex exhibits stronger binding affinity, 

which is likely due to the greater number of van der Waals interactions formed. A similar 

phenomenon is observed in the ligand–IRK receptor interaction (Fig. 4d1 and 4d2). Meanwhile, 

the influence of π-interaction quantity on binding affinity is seen in ligand interactions with the 

PI3Kα and PERK receptors (Fig. 4b1, 4b2, 4c1, and 4c2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Ligand-receptor complex of agarwood leaf phytocompounds interacts with GLP-1R (a), 

PI3Kα (b), PERK (c), and IRK (d). The top 1 (1) and top 2 (2) docked phytocompound-receptor 

interaction; the best docked positive control ligand-receptor interaction (3); van der Waals (light 

green), conventional hydrogen bond (bright green), carbon hydrogen bond (pale pink), Pi-Sigma 

(violet), Pi-Sulfur/Pi-Cation (orange), Pi–Pi T-shaped (pink), carbon hydrogen bond (light grayish 

green), and Pi-Alkyl (light purple). 

 

Compounds with the highest binding affinity to PI3Kα and PERK also exhibit a greater 

number of π-interactions. In general, hydrophobic interactions such as van der Waals and π-

(a) 

(1) (2) (3) 

(b) 

(1) (2) (3) 

(c) 

(1) (2) (3) 

(d) 

(1) (2) (3) 
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interactions are more commonly formed in ligand–receptor interactions than hydrogen bonds. A 

systematic review has also reported this phenomenon through bond-type analysis in the Protein 

Data Bank (Ferreira et al. 2017). Additionally, ATX and khelloside are glycoside compounds that 

demonstrate better binding capability compared to other types of compounds. Previous studies have 

demonstrated that glycosylated flavonoids exhibit stronger binding activity than their aglycone 

forms, as indicated by in silico studies (Prayogo et al. 2024). 

The molecular docking results show that ligand-receptor interaction with the GLP-1R protein 

does not exhibit a significant effect. Although compounds such as ATX, glycitein, and khelloside 

exhibit relatively high binding affinities, these values are not sufficient to produce strong 

insulinotropic activity through the interaction with GLP-1R. This suggests that the antidiabetic 

activity of compounds in agarwood leaf extract is not primarily mediated through GLP-1R 

inhibition. The correlation between insulinotropic activity, phytochemical profile, and molecular 

docking analysis predicts the mechanism of action of agarwood leaf extract. The LEW extract, with 

the best bioactivity in enhancing insulin secretion in BRIN-BD11 cells, contains the highest levels 

of ATX and glycitein compared to other extracts. ATX exhibits a strong binding affinity to the IRK 

protein and a relatively strong affinity to other proteins. Meanwhile, glycitein exhibits strong 

binding affinity to PI3Kα and PERK proteins. This suggests that the insulinotropic activity of the 

LEW extract is highly influenced by the high abundance of ATX and glycitein, working through 

multiple mechanisms, with the dominant mechanism being ATX binding to IRK. 

The increase in insulin secretion upon treatment with LE and LW extracts is also linked to 

the phytochemical components and their binding activity with target proteins. LE and LW both 

show comparable insulinotropic activity, with no significant difference. The LE extract contains 

higher levels of glycitein and khelloside compared to LW, while LW contains more ATX than LE. 

This is thought to be a factor contributing to the similar insulinotropic activity between the two 

extracts. Both extracts also contain quinic acid in high abundance, but this compound does not show 

strong potential based on molecular docking studies. The LE extract is believed to operate through 

a mechanism dominated by khelloside–receptor interactions (main mechanism), supported by 

ATX–receptor interactions. Conversely, the LW extract appears to work mainly via ATX–receptor 

interactions (the primary mechanism), supported by khelloside–receptor and glycitein–receptor 

interactions. 

 

4. Conclusions 

Agarwood leaf extracts, prepared using ethanol, water, and their mixtures, have shown 

potential as antidiabetic agents through a mechanism that enhances insulin secretion. Treatment 

with agarwood leaf extract increased insulin secretion from BRIN-BD11 pancreatic β-cells by 

approximately fivefold compared to untreated cells. The strong insulinotropic activity of the 

agarwood leaf extract is attributed to the presence of polar compounds, including glycosylated 

xanthones, coumarins, and flavonoids. The dominant compounds in the agarwood leaf extract 

exhibited multitarget mechanisms, with high binding affinity values to four key proteins: the 

glucagon-like peptide-1 receptor, phosphatidylinositol 4,5-bisphosphate 3-kinase, protein kinase 

RNA-like endoplasmic reticulum kinase, and the insulin receptor kinase. 
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