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ABSTRACT 
The Buas-buas (Premna serratifolia) leaves’ extract from maceration, percolation, and decontamination have proven 
to be α-glucosidase inhibitors. Since the efforts to isolate phytochemical constituents from P. serratifolia leaves 
as α-glucosidase inhibitors have not been carried out, a study is needed to determine the responsible compound 
for this activity which has been proven in vitro and in silico. Isolation of active compounds from ethyl acetate 
fraction has the best inhibition utilizing column chromatography and semipreparative high-performance liquid 
chromatography (HPLC). Identifying compounds from the isolate was investigated by ultra-high-performance liquid 
chromatography-Q exactive hybrid quadrupole-orbitrap high-resolution mass spectrometry (UHPLC-Q-Orbitrap 
HRMS). Interaction of α-glucosidase and active compounds was studied by molecular docking utilizing N-terminal 
maltase-glucoamylase [protein data bank (PDB) code: 2QMJ], C-terminal maltase-glucoamylase (PDB code: 3TOP), 
and isomaltase (PDB code: 3A4A). Analyzed by UHPLC-Q-Orbitrap HRMS, nine flavonoids were detected, which 
are centaureidin, chrysin, pectolinaringenin, glycitein, kaempferide, syringetin, tricin, casticin, and 3,5,4ʹ-trimethoxy-
6,7-methylenedioxyflavone (estimated to be a new compound). Casticin–2QMJ, tricin–3TOP, and centaureidin–3A4A 
complexes have the lower binding energies of −5.29, −6.77, and −8.02 kcal/mol and inhibitory constant (Ki) of 
131.54, 10.89, and 0.34 µM, sequentially.

INTRODUCTION
Premna serratifolia (P. serratifolia) L., a herbal 

medicinal plant locally known as Buas-buas, belongs to a diverse 
family of Lamiaceae. Traditionally, P. serratifolia leaves have 
been used as a tonic, treating headache, stomachache, diabetes, 
hypertension, difficulty in breathing, increasing breast milk 
production, and malaria (Dianita and Jantan, 2017; Hasanah et al., 
2015). The scientific report showed that P. serratifolia leaves 
have been confirmed as hepatoprotection (Vadivu et al., 2009), 

antifungal (Wahyuni et al., 2014), antilarval (Lestari and Yanti, 
2014), antioxidant (Isnindar et al., 2016), and α-glucosidase 
inhibitor (Hadiarti, 2017; Hadiarti et al., 2021; Simamora et al., 
2020; Timotius et al., 2018).

Based on our previous study (Hadiarti et al., 2021), 
the phytochemical screening of ethyl acetate fraction of P. 
serratifolia leaves contained flavonoids, phenolics, and steroids. 
The metabolomic approach presented flavonoids which are the 
best contributor in inhibiting α-glucosidase. Although flavonoids 
have been known to greatly affect glucosidase inhibitory activity, 
the active compounds have not been identified.

Identified by liquid chromatography-mass spectrometry 
(LC-MS), caffeic acid in the decoction extract of P. serratifolia 
leaves is predicted to be an inhibitor of α-glucosidase (Timotius 
et al., 2018). The α-glucosidase inhibition activity from 
ethanol extract of P. serratifolia leaves was caused by scroside 
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E, forsythoside A and forsythoside B, lavandulifolioside, 
diosmin, nobilin D, campneoside I, and isoacteoside, based 
on liquid chromatographyquadrupole time of flight-tandem 
mass spectrometry (LC-QTOF-MS/MS) analysis (Simamora  
et al., 2020). Efforts to isolate the active compound using either 
column chromatography or semipreparative HPLC have not 
been carried out by related researchers, so it is possible that 
the inhibitory activity could be caused by other compounds. In 
addition, UHPLC-Q-Orbitrap HRMS analysis, the most powerful 
analytical technique for detection and characterization in plant 
extract, has not been operated for profiling constituents that are 
primarily responsible for inhibiting α-glucosidase. Therefore, 
it is necessary to correctly identify α-glucosidase inhibitor 
compounds based on the metabolomic approach that we have done 
previously. Identification of α-glucosidase inhibitor compounds 
using UHPLC-Q-Orbitrap HRMS and molecular docking with 
N-terminal maltase-glucoamylase (2QMJ), C-terminal maltase-
glucoamylase (3TOP), and isomaltase (3A4A) has been carried out 
in this research to prove the activity of these bioactive constituents 
in silico.

MATERIAL AND METHODS

Chemical
The organic solvents of analytical or HPLC grade, silica 

gel 60 (0.063–0.200 mm), and thin-layer chromatography (TLC) 
plate silica gel 60 F254 were obtained from Merck (Frankfurter 
Strasse, Darmstadt, Germany). All additional materials covering 
the α-glucosidase inhibition assay were produced from Sigma-
Aldrich (St. Louis, USA).

Column chromatography of ethyl acetate extract of  
P. serratifolia

The extraction and fractionation procedures were 
carried out as reported by our research group (Hadiarti et al., 
2021). The ethyl acetate fraction (16.24 g) is isolated by column 
chromatography (44 × 3.5 cm) utilizing eluent gradation 
from hexane, chloroform, and ethanol (100%:0%–0%:100%). 
According to TLC analysis, the same pattern of isolate was 
combined and obtained 24 fractions (F1–F24: 0.06, 0.05, 0.16, 0.14, 
0.10, 0.12, 0.08, 0.12, 0.08, 0.06, 0.04, 0.04, 0.03, 0.03, 0.03, 0.03, 
0.04, 0.034, 0.06, 0.02, 0.05, 0.05, 0.07, and 0.08 g, respectively).

α-glucosidase inhibition potential
The analysis of α-glucosidase inhibition was utilized by 

the chromogenic para-nitrophenyl-α-D-glucopyranoside (PNPG) 
method. Acarbose, an inhibitor of α-glucosidase, was reflected in 
the positive control, and para-nitrophenyl-α-D-glucopyranoside 
was used as substrate. The assay procedure was carried out in vitro 
of α-glucosidase inhibition reported by our research group.

Isolation by semipreparative HPLC 
Three isolates (F12–F14: 0.04, 0.03, and 0.03 g, resp.) with 

better activity were separated by semipreparative HPLC (Waters 
1525 Binary HPLC Pump). The isolation was operated using 
Waters Column Puresiel/Agilent Pursuit C18 (250 mm × 212 mm, 
4 µl) and UV detector on λ 254 and 365 nm. The isolate (20 μl) 
was injected and flowed by 100 µl mobile phase [acetonitrile:water 
(0%:100%–100%:0%)] for 0–35 minutes on a flow rate of 1 ml/

minute. Based on the chromatogram profile, the isolate was placed 
in a vial, evaporated, and resulted in 18 subfractions (F12.1–F12.6: 
3.90, 4.36, 9.26, 2.34, 0.64, and 4.17 mg, F13.1–F13.6: 0.66, 4.38, 
4.32, 1.67, 11.08, and 6.55 mg, and F14.1–F14.6: 1.16, 1.81, 2.75, 
7.18, 4.43, and 7.79 mg, resp.). 

UHPLC-UHPLC-Q-Orbitrap HRMS analysis
Identification of flavonoids from ethyl acetate 

subfraction of P. serratifolia was detected by UHPLC-Q-Orbitrap 
HRMS. The isolates were ultrasonically dissolved in 4 mL 
solvent (methanol:water) for 30 minutes at room temperature 
and filtrated by a polytetrafluoroethylene membrane filter with a 
pore size of 0.2 µm. The flavonoids were analyzed by Vanquish 
Flex UHPLC-Q Exactive Plus Orbitrap High-Resolution Mass 
Spectrometer applying AccucoreTM Phenyl Hexyl (100 × 2.1 
mm, 2.6 µm) as the separation column and characterized by the 
arrangement of its scanning range from 50 to 1,500 m/z for tandem 
mass spectrometry (MS/MS) in the positive and negative mode of 
ionization. The mobile phase binary system was formulated by 
formic acid in water (A) and formic acid in acetonitrile (B) with 
gradient elution from 0–1 minute (5% B), 1–25 minutes (5%–95% 
B), 25–28 minutes (95% B), and 28–30 minutes (5% B). The flow 
rate was carried out at 0.25 ml/minute and an injection volume 
of 5 µl. Interpretation of data, including chosen spectra, aligned 
retention time (tR), and comparison with scientific database, was 
processed by Compound Discoverer version 2.2 (Farooq et al., 
2020; Rafi et al., 2021; Umar et al., 2021).

In silico study
The studies of molecular docking were used to predict 

the binding modes of α-glucosidase protein and flavonoids using 
AutoDock Tools (version 1.5.6). The 3D flavonoid structures 
were downloaded from PubChem. The 2D 3,5,4ʹ-trimethoxy-6,7-
methylenedioxyflavone was drawn by ChemDraw Professional 
(version 17.1). All of the 3D flavonoid structures were converted 
to pdb. format using Open Bable GUI software (version 
2.3). N-Terminal maltase-glucoamylase (2QMJ), C-terminal 
maltaseglucoamylase (3TOP), and isomaltase (3A4A) were 
obtained from Research Collaboratory for Structural Bioinformatics 
(RCSB) protein data bank (PDB). All flavonoids and protein were 
prepared for docking using Chimera (version 1.14). The grid box 

Figure 1. The α-glucosidase inhibition of ethyl acetate subfraction of leaves of 
P. serratifolia. Letters A−G indicate that the values are significant statistically 
at p < 0.05. 
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parameters were set at 40 × 40 × 40 Å to 2QMJ and 3A4A and 
50 × 50 × 50 Å to 3TOP with a spacing of 0.375 Å centered on 
macromolecules. The molecular docking was operated by the 
Lamarckian genetic algorithm with 100 runs, 150 populations, and 
2,500,000 energy evaluations. The interaction of flavonoids and 
protein was visualized using Biovia Discovery Studio Visualizer 
(version 2021) (Cai et al., 2020; Zhang et al., 2017).

Statistical analysis
The data evolution of difference from the subfraction 

ethyl acetate of the α-glucosidase inhibitory activity was 
investigated by analysis of variance (ANOVA) with Tukey’s test 
(p < 0.05) applying XLSAT 5.03 software Addinsoft (New York, 
America).

RESULT AND DISCUSSION

α-Glucosidase inhibitor activity
Based on our previous research (Hadiarti et al., 2021), 

the ethyl acetate fraction of P. serratifolia is the best α-glucosidase 
inhibitor (77.63 ± 0.18 mg Acarbose equivalent (ACAE)/100 g 
extract) From Figure 1, among 24 subfractions of ethyl acetate, 
F12–F14 are found to be highly potent inhibitors of α-glucosidase 
(50.915, 61.041, and 61.746 mmol ACAE/ 100 g extract, 
respectively). Compared to α-glucosidase inhibition activity of 
control, F12–F14 subfractions of ethyl acetate are 0.53, 0,63, and 

0.64 times than acarbose. Compared to infusion and decoction 
extracts (4.27 and 0.046 µg Gallic acid equivalent (GAE)/mL) 
(Timotius et al., 2018), the α-glucosidase inhibition of F12–F14 
subfractions is weak because of the use of different positive 
control, namely gallic acid.

Profile of flavonoids
The identification of α-glucosidase inhibitor from a 

fractioned subfraction of ethyl acetate by UHPLC-Q-Orbitrap 
HRMS is presented in Table 1 and Figure 2. The interpretation 
of spectra MS1 and MS2 is focused on flavonoids which have 
the highest correlation with acarbose equivalent (Hadiarti 
et al., 2021). There are nine flavonoids divided into three groups 
which are flavone (centaureidin, chrysin, 3,5,4ʹ-trimethoxy-6,7-
methylenedioxyflavone, syringetin, pectolinaringenin, tricin, 
and casticin), isoflavone (glycitein), and flavanol (kaempferide). 
There is no reference containing spectra and ion pattern of 
3,5,4ʹ-trimethoxy-6,7-methylenedioxyflavone, so it is predicted as 
a new compound. In previous studies on the genus Premna, only 
kaempferide has been identified from P. schimperi (Dianita and 
Jantan, 2017). The results of this study are different from previous 
studies that have identified the presence of phenolic compounds, 
flavonoid derivate, and bibenzyl derivative that are predicted to 
be α-glucosidase inhibitors from P. serratifolia (Simamora et al., 
2020; Timotius et al., 2018).

Table 1. UHPLC-Q-Orbitrap HRMS flavonoids profile of F12–F14 subfractions of ethyl acetate fraction of P. serratifolia.

Subfraction Compound Retention 
time (minute)

Molecular 
formula

Theory 
mass (m/z)

Experiment 
mass (m/z)

Accuracy 
(ppm)

Ion MS2 

(m/z) Reference

F12.4 Centaureidin 14.54 C18 H16 O8 360.08452 360.08306 −4.05 346.06784; 
209.63461 PubChem

F12.5 Chrysin
11.15

C15 H10 O4 254.05791 254.05653 −5.43 209.05879; 
153.01813

(Wang et al., 2020; 
Zhao et al., 2018) F14.6 15.12

F12.5

Glycitein

15.27

C16H12O5 284.06847 284.06674 −6.11 270.05167; 
242.05692 (Andres et al., 2015) 

F12.6 8.35

F13.6 15.31

F14.6 15.27

F12.6
3,5,4ʹ-Trimethoxy-6,7-
methylenedioxyflavone 13.90 C19H16O7 356.08960 356.08853 −3.02

339.08603; 
311.09122; 
297.07544

-

F12.6 Kaempferide 15.63 C16H12O6 300.06339 300.06240 −3.30 151.03915; 
107.04931 PubChem

F12.6 Pectolinarigenin 16.10 C17H14O6 314.07904 314.07966 1.97
298.04794; 
298.04794; 
283.02451

(Gong et al., 2016; 
Velamuri et al., 2020) 

F13.4 Syringetin
12.34

C17H14O8 346,06887 346.06707 −5.20 301.06970; 
151.03864

(Baron et al., 2020; 
Wang et al., 2020)F13.5 12.29

F14.5 Tricin 12.71 C17H14O7 330.07395 330.07257 −4.20 316.05722; 
98.98434 (Zengin et al., 2019) 

F13.6

Casticin

15.01

C19H18O8 374.10017 374.09890 −3.39 360.08289; 
342.07266

(Han et al., 2007; 
Lewin et al., 2010; 
Mahomoodally et al., 
2019; Nadeem et al., 
2020)

F14.6 14.99

Accuracy for Q-Orbitrap analyzer < 5 ppm (Arrebola-Liébanas et al., 2017).



Hadiarti et al. / Journal of Applied Pharmaceutical Science 13 (02); 2023: 089-098092

According to Table 2, seven of nine flavonoids have been 
approved as α-glucosidase inhibitors, while 3,5,4ʹ-trimethoxy-6,7-
methylenedioxyflavone and casticin have not been investigated. 
Syringetin exhibited the highest α-glucosidase inhibitor. 
Compared to other flavones, syringetin has more hydroxyl groups 
than centaureidin, chrysin, tricin, and pectolinaringenin, so that is 
predicted as the reason for the lowest IC50.

Molecular docking
The interaction study of flavonoids within the active site 

of 2QMJ, 3TOP, and 3A4A was clarified by molecular docking 
analysis. The binding energy, inhibition constant (Ki), hydrogen 
bond, and hydrophobic interaction are parameters for selecting the 
best performance of flavonoids to inhibit α-glucosidase. The low 
binding energy indicates high bond stability so that the potential 

for flavonoid interaction with protein will increase. The inhibition 
constant is an indicator of flavonoid concentration for inhibiting 
α-glucosidase enzyme performance. The more the hydrogen bond 
occurs, the more stable the structure of flavonoids and proteins 
is formed. The hydrophobic interactions, which are aliphatic–
aromatic, aromatic–aliphatic, aliphatic–aliphatic, carbon–halogen, 
and sulfur–aromatic, increase the high efficiency of flavonoids as a 
ligand (Freitas and Schapira, 2017; Holdgate et al., 2018; Ramsay 
and Tipton, 2017). 

The results of molecular docking in Table 3. displayed 
those complexes of 2QMJ with glycitein, 3,5,4ʹ-trimethoxy-
6,7-methylenedioxyflavone, kaempferide, pectolinaringenin, 
tricin, and casticin has lower binding energy than acarbose-
2QMJ. Centaureidin, chrysin, glycitein, 3,5,4ʹ-trimethoxy-6,7-
methylenedioxyflavone, pectolinaringenin, syringetin, and casticin 

Figure 2. Proposed structures of identified flavonoids from ethyl acetate subfraction leaves’ extract of P. serratifolia.
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Table 2. IC50 of α-glucosidase inhibition from nine flavonoids.

Flavonoids IC50 (µM) Reference

Centaureidin >250 (Thien et al., 2017) 

Chrysin 422.67 (Li et al., 2018)

Glycitein 150 (Zhang et al., 2016)

Kaempferide 646.70 (Quan et al., 2020)

Pectolinarigenin 230 (Amin et al., 2017)

Syringetin 36.80 (Wu et al., 2016)

Tricin 91.50 (Nguyen et al., 2017)

Acarbose 996.02 (Li et al., 2018)

Table 3. Binding energy of Ki, H-bond, and hydrophobic interaction.

Compound Protein ΔGbinding (kcal/mol) Ki (µM) H-bond Hydrophobic interaction

Acarbose (native ligan)

2QMJ −3.59 2,350
TYR605, ASP327, HIS600, 
ARG526, ASP542, and 
ASP203

-

3TOP −4.67 375.02 
ASP1526, ASP1157, 
ASP1279, HIS1584, and 
ARG1510

TRP1355, YR1251, and 
PHE1559

3A4A −1.50 79,700 LYS406, ASN401, and 
GLU405 -

Quersetin (control ligan)

2QMJ −4.74 334.32 ASP542, ARG202, THR205, 
and ASN207 LEU473 and THR204

3TOP −5.81 55.67 ASP1157, ASP1279, and 
HIS1584 TRP1355

3A4A −6.41 19.68 ASP233, ASN317, GLU422, 
and GLY161 PHE314 and ALA418

Centaureidin

2QMJ −3.48 2,790 ASP542, THR205, and 
GLN603

GLN603, PHE575, and 
TYR605

3TOP −6.48 17.71
LYS1460, ASP1157, 
TRP1369, HIS1584, and 
ASP1526

TRP1369,T YR1251, 
PHE1560, ILE1315, and 
TRP1418

3A4A −8.02 0.34 LYS373, ASN564, GLU562, 
and LYS568

PRO567, LYS568, and 
PHE494

Chyrsin

2QMJ −3.55 2,510 ARG526 and ASP542 TRP406, TYR299, TRP406

3TOP −5.87 49.99 ASP1279, HIS1584, 
ASP1420, and ARG1510

PHE1560, TYR1251, 
TRP1355, PHE1560, and 

TYR1251

3A4A −7.65 2.47 LYS373, ASN489, and 
ASN493

PHE494 and LYS568

Glycitein

2QMJ −3.8 1,630 ASP203 and GLN603
MET444, PHE450, TYR299, 
ALA576, TYR605, and 
PHE575

3TOP −6.32 23.47 ASP1279, ARG1510, and 
ASP1157

PHE1559, HIS1584, 
TRP1418, TRP1253, 
TYR1251, PHE1559, and 
TRP1335

3A4A −7.80 1.90 PRO488 PHE494, LYS568

3,5,4ʹ-Trimethoxy-6,7-
methylenedioxyflavone

2QMJ −4.63 402.11 ASN209, ARG202, and 
THR205

THR204, LYS480, and 
LEU473

3TOP −6.47 18.11 HIS1584 and LYS1460

TYR1521, PHE1559

PHE1427, TRP1369, 
LYS1460, PHE1559, 
TRP1523, TRP1418

3A4A −3.81 1,620 - VAL319, PRO320, LYS432, 
and LEU318

Continued
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complex with 3TOP have comparably presented better binding 
energy than acarbose-3TOP. This result is in accordance with the 
preceding study, which informed that the identified compounds 
have better binding energy than acarbose (Murugesu et al., 2018, 
2019; Nokhala et al., 2020). There is no native ligand for 3A4A 
in PDB, but molecular docking with acarbose was performed and 
resulted in inferior binding energy than identified flavonoids.

According to Table 3., quercetin, as a control ligand, 
formed a complex of 2QMJ and resulted in the weakest binding 
energy compared to nine flavonoids, except casticin. Meanwhile, 
the quercetin–3TOP complex showed the lowest binding energy 
except for kaempferide and pectolinaringenin. Quercetin–3A4A 
complex had higher binding energy than cantharidin, chrysin, 
glycitein, pectolinaringenin, syringetin, tricin, and casticin. The 

results are similar to a previous report; flavonoids and protein 
complexes, such as baicalein–2QMJ, cathecin–2QMJ, and 
cathecin–3TOP, have better binding energy than quercetin (Zhang 
et al., 2017).

Among the identified flavonoids of P. serratifolia with 
the α-glucosidase inhibition activity, flavone complex with 2QMJ, 
3TOP, or 3A4A has the best binding energy, followed by isoflavone 
and flavanol. The binding energy of the flavone–2QMJ complex 
increases in the following order: casticin <3,5,4ʹ-trimethoxy-
6,7-methylenedioxyflavone < pectolinaringenin < tricin < 
chrysin < syringetin < centaureidin. The interactions between 
3TOP and flavones in the following order from the lowest to the 
highest binding energy were tricin < syringetin < centaureidin < 
3,5,4ʹ-trimethoxy-6,7-methylenedioxyflavone < casticin < chrysin 

Compound Protein ΔGbinding (kcal/mol) Ki (µM) H-bond Hydrophobic interaction

Keampfride

2QMJ −3.77 1,730 ASP474 PRO198

3TOP −5.19 156.29 ASP1279, HIS1584, 
ASP1470, and ARG1510

TRP1355

PHE1559, TYR1251, and 
TRP1369

3A4A −3.19 4,580 LYS324, GLU322, and 
ASP521 ILE328 and LYS324

Pectolinarigenin

2QMJ −4.07 1,050 ASN209, ARG202, THR205, 
ASP203, and ASP542

THR204, LEU473, and 
THR406

3TOP −5.73 62.75
ASP1420, HIS1584, 
ASP1279, ARG1510, and 
LYS1460

MET1421, PHE1559, and 
TRP1335 

ILE1315, TRP1418, 
HIS1584, LYS1460, and 
TRP1369

3A4A −7.84 1.80 ASN415 and GLU422
HIS423, PHE314, TRP238, 
ALA418, ILE419, and 
LYS432

Syringetin

2QMJ −3.54 2,540 GLN603, ARG334, and 
ASP203

TRP406, PHE450, and 
TYR299

3TOP −6.71 12.04 ASP1157, ASP1279, and 
HIS1584

TRP1355, TYR1251, 
MET1421, RP1355, 
ILE1315, ILE1280, HIS1584, 
PHE1559, TRP1523, and 
TRP1418

3A4A −7.84 1.80 
GLU497, GLU562, LYS568, 
GLY564, LYS373, and 
ASN489

PHE568, PHE493, and 
PRO567

Tricin

2QMJ −4.01 1,140 ASP203 and GLN603 TRP406, TYR299, TYR605, 
PHE575, and ALA576

3TOP −6.77 10.89 ASP1157, THR1586, 
HIS1584, and ASP1279

TRP1355, TYR1251, 
PHE1559, TRP1418, 
TRP1523, HIS1584, 
ILE1315, and ILE1280

3A4A −7.12 6.06 LYS568, LYS373, ASN489, 
and ASN493

PHE494, LEU561, and 
VAL571 

Casticin

2QMJ −5.29 131.54 ARG202, ASN207, THR205, 
ASP542, and TYR214 LEU473 and THR204 

3TOP −6.37 21.45
HIS1584, ASP1279, 
ARG1520, ASP1157, and 
LYS1480

PHE1559, HIS1584, 
TRP1418, ILE1315, 
TRP1523, PHE1559, and 
PRO1159

3A4A −8.00 1.36 ASN259, HIS295, LYS16, 
THR290, and ASP341

ALA292, TRP15, LYS13, and 
ILE262
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Figure 3. 3D and 2D diagrams presenting the interaction of casticin, tricin, and centaureidin as potential inhibitors with 2QMJ, 3TOP, and 
3A4A. 
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< pectolinaringenin. The binding energy of centaureidin is smaller 
than casticin < pectolinaringenin < syringetin < chrysin < tricin 
< 3,5,4ʹ-trimethoxy-6,7-methylenedioxyflavone when formed 
complex of 3A4A.

The crystal structure of the N-terminal subunit of 
the human maltase-glucoamylase (2QMJ) is mainly arranged 
of monomeric subunit, chain-A with a sequence length of 870 
amino acids. Casticin has performed the best binding energy 
and inhibition constant with 2QMJ toward the other flavonoids. 
From in silico study, casticin is stabilized by five hydrogen bonds 
between ASN207 and methoxy group in the A-ring, ARG202 
and THR205 and carbonyl and ether groups, and ASP542 and 
TYR214 and the hydroxyl group in the C-ring. The total number 
of hydrophobics was observed in three interactions which are 
π-sigma between LEU473 and THR204 in the A- and C-rings and 
π-alkyl between LEU473 and methyl group in the A-ring. Based on 
binding energy, Ki, and the similarity of hydrogen interactions that 
occur in quercetin and 2QMJ (ASP542, ARG202, THR205, and 
ASN207 residues), casticin has more potential as an α-glucosidase 
inhibitor compared to other flavonoids, native, and control ligand. 

The C-terminal subunit of the human maltase-
glucoamylase enzyme is composed of two chains, A and B, with 
a sequence length of 908 amino acids. Compared to the other 
flavonoids, tricin is the lowest binding energy and inhibition 
constant docked with 3TOP. Four residues, including ASP1157, 
THR1586, HIS1584, and ASP1279, were investigated to interact 
hydrogen interactions between hydroxyl groups in A-, C-, and 
B-rings. Formed hydrophobic interactions, tricin interacted with 
TRP1355 and A-ring by π-π stacked, TYR1251 and π-π T-shaped, 
and PHE1559, TRP1418, TRP1523, HIS1584, ILE1315, ILE1280, 
MET1421, and TRP1355 with B-ring by alkyl/π-alkyl. Tricin 
which has three residues (ASP1157, HIS1584, and ASP1279) 
the same as hydrogen-bonded quercetin–3TOP has the finest 
α-glucosidase inhibitory action compared to the other flavonoids, 
native ligand, and control ligand since it has the least binding 
energy and Ki.

Isomaltase crystal structure with PDB: 3A4A is arranged 
by a chain-A sequence length of 589 amino acids. Centaureidin–
3A4A complex showed the lowest binding energy and inhibition 
constant among nine flavonoids. A total of six hydrogen bonds were 
formed between LYS568 and GLU562 to the hydroxyl group in the 
A-ring, LYS568 to the carbonyl group in the C-ring, and LYS373 
and ASN564 to the hydroxyl group and LYS373 to methoxy 
group in the B-ring. Residue PRO567 interacted with the A-ring 
by hydrophobic π-π T-shaped, and methyl group in the A- and 
B-ring formed π-alkyl interaction with LYS568 and PHE494. The 
interaction between centauredin and 3A4A has the lowest binding 
energy and Ki compared to acarbose, quercetin, and the other 
flavonoids, so it is more potential as an α-glucosidase inhibitor.

The results of the molecular docking study were in 
accordance with the in vitro α-glucosidase inhibition test, which 
showed that the F14 fraction had the best activity. The identification 
by UHPLC-Q-Orbitrap HRMS showed chrysin, glycitein, tricin, 
and casticin contained in the F14 fraction. The casticin–2QMJ 
and tricin–3TOP complexes obtain the lowest binding energy 
differentiated from other flavonoids, native ligand, and control 
ligand. Meanwhile, the smallest binding energy of the flavonoid 
complex with 3A4A occurred in centaureidin, which was −8.02 

kcal/mol. However, this binding energy value is 0.2 less than the 
casticin–3A4A complex, which reaches −8.00 kcal/mol.

CONCLUSION
F14, which contains chrysin, glycitein, tricin, and casticin, 

is the fraction with the best α-glucosidase inhibition. According to 
references and molecular docking studies, flavones (centaureidin, 
chrysin, tricin, 3,5,4ʹ-trimethoxy-6,7-methylenedioxyflavone, 
pectolinaringenin, syringetin, and casticin) that are semipolar have 
better α-glucosidase inhibitory activity than isoflavones (glycitein) 
and flavanols (kaempferide). Nine flavonoids except kaempferide 
were first reported from the genus Premna, and 3,5,4’-trimethoxy-
6,7-methylenedioxyflavone was predicted as a new compound. 
Casticin, tricin, and centaureidin in a single compound were 
flavones which will be antidiabetic potential as α-glucosidase 
inhibitor examined in vitro, in silico, and in vivo.
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