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ABSTRACT: The flowers of Etlingera elatior, an edible plant belonging to the Zingiberaceae family, have been
traditionally recognized in folk medicine for their potential to reduce the risk of diabetes. In this study, we investigated
in vitro and in silico α-glucosidase and α-amylase inhibitory activities of various extracts from E. elatior flowers
and their major markers. Additionally, we validated an HPLC analysis. Fresh and dried E. elatior flowers were
extracted by decoction and maceration. The extracts and the two markers, chlorogenic acid and rutin, were evaluated
through α-glucosidase and α-amylase inhibitory assays. Molecular docking study was used to predict binding affinity
and ligand-protein interactions. A quantitative HPLC method was validated following the ICH guidelines. The
70% ethanolic extract from fresh E. elatior flowers exhibited the highest α-glucosidase inhibitory activity (IC50 =
203.35±27.91 µg/ml), while none of the extracts showed significant effects on α-amylase. Both chlorogenic acid
and rutin showed potential against α-glucosidase, but not against amylase. Rutin inhibited α-glucosidase with a lower
IC50 value than acarbose (85.59±4.50 vs. 121.14±7.22 µg/ml). In silico, rutin demonstrated a higher binding affinity
to α-glucosidase than acarbose (−10.4 and −9.0 kcal/mol, respectively). Enzyme-ligand interactions revealed that all
compounds bound to catalytic residues at the enzyme’s active site. The HPLC method for determining chlorogenic and
rutin showed good validation results. This study revealed the presence of α-glucosidase inhibitory markers in E. elatior
flowers, and the validated HPLC method can be utilized for the quality control of E. elatior flower extracts.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease
contributing to uncontrollable blood sugar. It is clas-
sified into type I, type II, and gestational diabetes
mellitus. Type II diabetes is the most common form [1].
Managing diabetes involves controlling blood glucose
levels and preventing complications. One approach is
the inhibition of carbohydrate absorption in the gas-
trointestinal tract by targeting carbohydrate-digesting
enzymes, such as α-glucosidase and α-amylase, which
break down carbohydrates into absorbable sugars [2].
Synthetic inhibitors like acarbose, miglitol, and vogli-
bose are effective but often cause side effects such as
nausea and diarrhea [3, 4]. Therefore, natural sources
for these enzyme inhibitors with fewer side effects are
continuously explored.

Etlingera elatior (Jack) Smith, commonly known
as torch ginger, is a plant belonging to the Zingib-
eraceae family. It is widely cultivated in Southeast
Asia and other tropical regions [5]. In Thailand and
Malaysia, the flowers of torch gingers are consumed

both raw and cooked and are also processed into
juice [6]. Malaysian folk medicine takes the raw
flowers to reduce the risk of diabetes and hyperten-
sion [7]. Several pharmacological activities of E. elatior
have been reported including antioxidant, antibacte-
rial, cytotoxic [6], anti-inflammation [7], and anti-
aging properties [8]. Screening of phytochemicals of
E. elatior flowers revealed the presence of flavonoids,
terpenoids, saponins, tannins, and anthocyanins [9].
An aqueous extract of E. elatior flowers exhibited a
high percentage of α-glucosidase and α-amylase in-
hibition, suggesting that its phenolic and flavonoid
contents contributed to the enzyme inhibition [10].
Other in vitro studies reported that rutin showed an
anti-α-glucosidase effect [11]; moreover, phenolic and
flavonoid compounds such as chlorogenic acid and
rutin exhibited anti-diabetic activity in type II diabetic
rat models [12]. Nevertheless, the marker compounds
of E. elatior flowers responsible for α-glucosidase and
α-amylase inhibition have not yet been identified.

Phytochemical analysis of secondary metabolites
of E. elatior flowers, including gallic acid, tannic acid,
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chlorogenic acid, quercetin, apigenin, kaempferol, lu-
teolin, and myricetin, was performed using the UH-
PLC method [6]. Another study reported an HPLC
analysis of chlorogenic acid in the leaves of E. elatior
but did not include validation results [13]. A recent
study presented a method for extracting, separating,
isolating, and identifying components in the leaves
of E. elatior using pressurized matrix solid-phase dis-
persion in combination with liquid chromatography-
mass spectrometry (LC-MS) [14]. A partially validated
HPLC method by Firdhauzi et al determined only
chlorogenic acid with antioxidant activity [15]. Our
previous research on the anti-aging and wound-healing
properties of E. elatior extracts identified chlorogenic
acid and rutin as markers, although the HPLC method
lacked validation [16]. Recently, there are no reports
indicating the α-glucosidase and α-amylase inhibitory
markers of the E. elatior flowers, nor is there any
report on method validation for the quality control of
E. elatior flower extracts.

The purpose of the present study was to evaluate in
vitro α-glucosidase and α-amylase inhibitory activities
of various E. elatior flower extracts, as well as in the
markers, chlorogenic acid and rutin. Additionally,
the interactions between these compounds and the
enzymes were studied in silico. Finally, the HPLC
method was validated for quality control purposes.

MATERIALS AND METHODS

Plant materials and preparations

E. elatior was collected from Yala Province, Thailand,
in December 2020 and authenticated by Mr. Sakwichai
Ontong, the Medical Plant Research Institute, Depart-
ment of Medical Science, Thailand. The plant spec-
imen (voucher number DMSC 5256) was deposited
at the Department of Medical Sciences Herbarium
(DMSC), the Department of Medical Sciences, Non-
thaburi, Thailand.

The collected inflorescences of E. elatior were
washed, and the edible parts—including the floral
bract, involucral bract, and true flower—were re-
moved from the receptacle and combined. This mix-
ture, referred to as the crude flower, was then dried
in a hot air oven at a temperature of 45 °C. Both
the fresh and dried crude flowers were separately
extracted using two methods: maceration and decoc-
tion. For maceration, the crude flowers were macer-
ated in 95% ethanol, 70% ethanol, and 50% ethanol
(3 days×3 times). Each extract was filtered and
evaporated under reduced pressure at a temperature
below 45 °C. For decoction, the crude flowers were
boiled in distilled water for 15 min and then filtered
with filter paper. The residue was re-extracted twice
using the same process. The aqueous solutions were
combined and dried using a freeze dryer to obtain
water extracts. All samples were stored at −20 °C until
use.

Chemicals and reagents

Chlorogenic acid (purity 97.2%) and rutin (pu-
rity 95.0%) were purchased from Sigma (Darm-
stadt, Germany). Trifluoroacetic acid, ethanol, and
methanol (HPLC grade) were purchased from Labscan
(Bangkok, Thailand). Purified water was prepared
by the Milli Q® system from Millipore (Bedford, MA,
USA). α-glucosidase, α-amylase, p-nitrophenyl α-D-
glucopyranoside (p-NPG), starch, potassium sodium
tartrate, tetrahydrate, and 3,5-Dinitrosalicylic acid
were purchased from Sigma.

In vitro inhibitory effect on α-glucosidase

The in vitro α-glucosidase inhibitory activity of E. ela-
tior extract was assessed following a modified method
by Gowri et al [17]. Hydro-alcoholic extracts were dis-
solved in DMSO, and aqueous extracts in water, both at
a stock concentration of 10 mg/ml. Working solutions
were prepared at concentrations of 100–10,000 µg/ml
using phosphate buffer. DMSO (10% in buffer) was uti-
lized as the control for the hydro-alcohol extract, and
water was used for the aqueous extract. The enzymatic
reaction was carried out by mixing 80 µl of phosphate
buffer (pH 6.8), 20 µl of sample solution, and 50 µl of
α-glucosidase (0.15 U/ml) in a 96-well plate, followed
by incubation at 37 °C for 15 min. Next, 50 µl of the
substrate (5 mM p-nitrophenyl α-D-glucopyranoside)
was added, mixed, and incubated for another 15 min.
The enzyme reaction was terminated by adding 100 µl
of 1 M Na2CO3. The product (p-nitrophenol) was
measured at 405 nm using a microplate reader. The
inhibitory activity was calculated, and IC50 values were
determined through curve fitting regression analysis
using GraphPad Prism 5.0 (CA, USA).

Inhibition(%) =
(ODcontrol−ODsample)

ODcontrol
×100

where ODcontrol represents the optical density of control
sample, and ODsample represents the optical density of
the tested sample.

In vitro inhibitory effects on α-amylase

The α-amylase inhibitory activity of E. elatior ex-
tract was evaluated using a modified method by Ade-
miluyi et al [18]. Hydro-alcoholic extracts were dis-
solved in DMSO, and aqueous extracts were dissolved
in water, both at a stock concentration of 10 mg/ml.
Working solution was prepared at 5,000 µg/ml by
diluting the stock solution with phosphate buffer. In
a reaction microtube, 50 µl of the sample solution
was mixed with 50 µl of α-amylase (0.5 mg/ml in
phosphate buffer, pH 6.9) and 100 µl of 0.02 M
sodium phosphate buffer (pH 6.9) containing 0.006 M
sodium chloride. The mixture was incubated at 37 °C
for 10 min. Then, 50 µl of 1% starch solution (in
phosphate buffer, pH 6.9) was added and incubated for
20 min. The reaction was stopped by adding 100 µl of
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DNS reagent (96 mM 3,5-dinitrosalicylic acid, 3.5 M
sodium potassium tartrate in 2 M NaOH). The mixture
was heated at 90–100 °C for 5 min, cooled on ice for
5 min, and diluted with 650 µl of water. A 200-µl
aliquot of the reaction mixture was transferred to a
96-well plate, and the absorbance was measured at
540 nm using a microplate reader. The percentage
inhibition was calculated, and IC50 values were de-
termined using curve-fitting regression analysis with
GraphPad Prism.

Inhibition(%) =
(ODcontrol−ODsample)

ODcontrol
×100

where ODcontrol represents the optical density of control
sample, and ODsample represents the optical density of
the tested sample.

Molecular docking study

The crystallographic structures of the enzymes used
in the molecular docking study were obtained from
the Brookhaven Protein Data Bank (RCSB PDB, http:
//www.rcsb.org) [19]. Porcine pancreatic α-amylase
(PDB ID: 1OSE) [20] and human pancreatic α-amylase
(PDB ID: 3BAJ) [21]were selected for molecular dock-
ing for α-amylase enzyme. Saccharomyces cerevisiae
α-glucosidase (PDB ID: 3A4A) [22] and human α-
glucosidase (PDB ID: 3L4Y) [23] were used for α-
glucosidase.

The 3D structures of acarbose, chlorogenic acid,
and rutin were retrieved from the PubChem (Com-
pound ID: 41774, 1794427, and 5280805) [24]. Lig-
and was prepared by PyRx-Python 0.8 [25], with
energy minimization and conversion to AutoDock file
format (pdbqt) via Open Babel. Protein preparation
was performed using Discovery Studio 2021 by re-
moving water molecules and bound ligands, adding
polar hydrogens, and converting to pdbqt in PyRx-
Python 0.8. The docking grid center was based on the
coordinates of the co-crystallized ligand (Table S1).
Docking was performed in PyRx with AutoDock Vina
(exhaustiveness set to 50), and results were visualized
in Discovery Studio 2021.

To verify the docking protocol, native ligands were
re-docked with their corresponding proteins, and the
root mean square deviation (RMSD) between the re-
docked and the native ligand poses was calculated by
comparing the atomic distances using Discovery Studio
2021. All the RMSD values of the re-docked ligands
were less than 2.0 Å (Fig. S1).

Determination of chlorogenic acid and rutin by
HPLC

The HPLC method for simultaneously determining
chlorogenic acid and rutin in E. elatior extract was
based on our previously unvalidated protocol [16].
This study validated the method following ICH guide-
lines [26], including specificity, linearity, range, limit of

detection (LOD), limit of quantitation (LOQ), accuracy,
and precision.

The determination of chlorogenic acid and rutin
in E. elatior extract was carried out using a Dionex®

Ultimate 3000 RS HPLC system (Dionex®, USA) The
phytochemicals in extracts were separated on a BDS
Hypersil® C18 column (4.6 mm×150 mm, 5 µm) with
a gradient elution of the mobile phase consisting of
0.1% v/v trifluoroacetic acid (solvent A) and methanol
(solvent B). The gradient program was as follows: 0–
5 min, 95%A: 5%B; 5–20 min, 95–75%A: 5–25%B;
20–30 min, 75–30%A: 25–70%B; 30–35 min, 30%A:
70%B; 35–40 min, 95%A: 5%B [16]. Five microliters
of the prepared solutions were injected into the chro-
matographic system, and the detector was set at a
wavelength of 257 nm. Stock solutions of chlorogenic
acid and rutin (1 mg/ml) were prepared in methanol.
Working solutions and sample solutions were prepared
in methanol and filtered through a 0.45 µm membrane
before HPLC injection.

Validation of the HPLC method

The specificity of the method was assessed by com-
paring chromatograms of blank (methanol), standard,
and sample solutions, with the UV spectra of peaks
in sample chromatograms matching those of the stan-
dard. The UV spectrum of each analyzed peak in the
sample solution at peak-start, peak-apex, and peak-
end presented a similar pattern. The linearity of each
compound’s calibration curve was determined by the
coefficient of determination (r2) across six concentra-
tion levels of chlorogenic acid and rutin. The LOD and
LOQ of each compound were evaluated based on the
visualization method by diluting the standard mixture
solution. LOD and LOQ were calculated based on three
and ten times the signal-to-noise ratio, respectively.
Accuracy (% recovery) and precision (% CV) were eval-
uated using QC samples spiked at low, medium, and
high concentrations, with triplicate analyses over three
consecutive runs. The intermediate precision was
investigated by analyzing the QC samples by different
days (three days), two columns, and two HPLC instru-
ments.

Statistical analysis

All experiments were conducted in triplicate, and the
results were reported as mean± standard deviation
(SD). The IC50 values were calculated by using a
regression analysis. The differences between groups
were statistically analyzed using one-way ANOVA with
Tukey’s test for post hoc analysis. GraphPad Prism
software (CA, USA) was utilized for statistical analysis.

RESULTS

The extraction yields (%) of fresh and dried E. elatior
flowers are shown in Table 1. The 95% ethanol extract
showed the highest yield in both fresh and dried crude
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Table 1 Extraction methods and yields of E. elatior extracts.

Crude flower Code Extraction Extraction Extraction
solvent method Yield (%)

Fresh

EF-W Water Decoction 1.5
EF-50 50% Ethanol Maceration 1.5
EF-70 70% Ethanol Maceration 2.0
EF-95 95% Ethanol Maceration 2.5

Dry

ED-W Water Decoction 15.8
ED-50 50% Ethanol Maceration 16.7
ED-70 70% Ethanol Maceration 18.9
ED-95 95% Ethanol Maceration 20.0

Fig. 1 Inhibitory activity of E. elatior extracts (1,000 µg/ml)
and pure compounds (100 µg/ml) against α-glucosidase (a)
and α-amylase (b).

flowers, whereas the decoction extracts showed the
lowest extraction yields.

Effects of E. elatior extracts on α-glucosidase and
α-amylase

The inhibitory effects of E. elatior extracts on α-
glucosidase andα-amylase were evaluated at a concen-
tration of 1,000 µg/ml prior to determining the IC50
values, and the extracts exhibiting greater than 50%
inhibition were selected for IC50 investigation (Fig. 1).
For α-glucosidase, the EF-70 exhibited the highest
inhibitory activity (203.35±27.91 µg/ml), followed
by ED-50 and ED-70. Rutin showed stronger inhibitory
activity compared to the positive control, acarbose
(Table 2). Regarding α-amylase, all extracts exhibited
less than 50% inhibitory activity at a concentration of
1,000 µg/ml (Fig. 1). Acarbose exhibited the highest
inhibitory with 91.20±3.02% inhibition at a concen-

tration of 100 µg/ml. The IC50 values of acarbose,
chlorogenic acid, and rutin were 7.43±0.71 µg/ml
(10.84 µM), 655.23±17.85 µg/ml (1,849.36 µM),
and 262.57±8.96 µg/ml (430.08 µM), respectively
(Table 2).

Molecular docking

The 3D models of α-glucosidase with the docked lig-
ands at their active sites are displayed in Fig. 2 and
Fig. S2 for α-amylase. The binding energies and in-
teraction types from the molecular docking study are
summarized in Table S2. The enzymes used in our in
vitro experiments were compared with their human
counterparts. Rutin exhibited the highest binding
affinity to all enzymes, while chlorogenic acid and
acarbose showed comparable binding affinities.

The binding interactions of the ligand-protein
complexes revealed the types of chemical bonds be-
tween the ligands’ functional groups and protein
residues (Fig. 3 and Fig. S3). Acarbose and chloro-
genic acid predominantly formed hydrogen bonds with
amino acid residues, whereas rutin interacted through
both hydrogen bonds and hydrophobic interactions.
Unfavorable interactions were observed in the docking
of all enzymes, except for 3L4Y. Compared to acarbose,
rutin exhibited a higher number of molecular interac-
tions and lower binding energy in all docked enzymes,
while chlorogenic acid displayed fewer interactions
and higher binding energy.

Method validation

In this study, we validated our previously developed
HPLC method for the determination of chlorogenic
acid and rutin in E. elatior extract [16]. Chlorogenic
acid and rutin were identified as the two major com-
pounds in the chromatogram, with retention times of
19.2 and 27.4 min, respectively (Fig. 4). The retention
times and UV spectra of chlorogenic acid and rutin
peaks in the sample solution corresponded to those in
the standard solution (Fig. 4, Fig. S4a and Fig. S4b).
No interference was observed in the chromatogram of
the blank at the retention times of the analytes. The
UV spectrum at peak-start, peak-apex, and peak-end
of each peak showed a similar pattern (Fig. S4c and
Fig. S4d), which supports the specificity and selectivity
of the method. The linear concentration range was
20–250 µg/ml for chlorogenic acid and 5–100 µg/ml
for rutin, with the coefficient of determination (r2)
exceeding 0.999. The LOD and LOQ for chlorogenic
acid and rutin are presented in Table S3 and Fig. S5.
Accuracy, expressed as % recovery, ranged from 97.0%
to 105.2%, and the relative standard deviation (RSD,
%) for precision was less than 2.0% (Table 3). The in-
termediate precision was investigated by analyzing the
samples on different days, using different columns, and
with different instruments. The %RSD for between-
day precision of both compounds was below 2.0%. The
relative percent differences (RPD, %) for chlorogenic
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Table 2 Inhibitory activity of E. elatior extracts against α-glucosidase.

Extract/Compound IC50 (µg/ml; mean±SD)

α-glucosidase α-amylase

Fresh crude EF-W >1000a >1000e

flower extract EF-50 740.57±101.60b >1000e

EF-70 203.35±27.91c >1000e

EF-95 >1000a >1000e

Dried crude ED-W >1000a >1000e

flower extract ED-50 416.98±51.92d >1000e

ED-70 419.94±54.41d >1000e

ED-95 >1000a >1000e

Pure compound Chlorogenic acid 199.13±4.50c [0.56 mM] 655.23±17.85f [1.85 mM]
Rutin 85.59±7.31c [0.14 mM] 262.57±8.96g [0.43 mM]

Acarbose 121.14±7.22c [0.19 mM] 7.43±0.71h [0.011 mM]

Different alphabets above the IC50 values showed statistically significant difference (p-value<0.05), calculated by Tukey’s
multiple comparison test. (α-glucosidase: a–d; α-amylase: e–h)

Fig. 2 3D models of α-glucosidase with docked ligands at the active sites. Proteins: (a–c) porcine S. cerevisiae α-glucosidase
(3A4A) and (d–f) human pancreatic α-glucosidase (3L4Y). Ligands: acarbose (a, d); chlorogenic acid (b, e); rutin (c, f).

acid between columns and instruments were less than
3.51% and 3.36%, respectively. For rutin, the % RPD
values were less than 5.62% and 3.76%, respectively
(Table S4).

Determination of chlorogenic acid and rutin in
E. elatior extracts

The chlorogenic acid and rutin contents in E. ela-
tior extracts are showed in Table 4. The ED-50
contained the highest content of chlorogenic acid
(9.46±0.55 mg/g) while the EF-95 showed the lowest
content (0.99±0.07 mg/g). For rutin, the highest con-
tents were found in ED-70 and ED-50 (3.10±0.16 and
3.09±0.11 mg/g, respectively), whereas the lowest
concentration was in EF-W (0.96±0.07 mg/g). Over-
all, the dried crude flower extracts exhibited higher

levels of both chlorogenic acid and rutin compared to
the fresh crude flower extracts when similar extraction
methods were used.

DISCUSSION

The flower of E. elatior has been used as an edible
vegetable and herbal medicine [11]. In this study,
E. elatior extracts were investigated for α-glucosidase
and α-amylase inhibition, with chlorogenic acid and
rutin selected as markers due to their major peaks in
the HPLC chromatogram.

EF-70 showed the highest α-glucosidase inhibitory
activity, comparable to the positive control, acarbose.
However, all the extracts exhibited low inhibitory ac-
tivity against α-amylase. Differences with a previous
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Fig. 3 3D models of α-glucosidase with docked ligands (acarbose, chlorogenic acid, and rutin) at the active sites: (a)
S. cerevisiae α-glucosidase (3A4A) and (e) human pancreatic α- glucosidase (3L4Y). 2D predicted binding interactions of
chlorogenic acid, rutin, and acarbose at the active sites of 3A4A (b, c, and d, respectively) and 3L4Y (f, g, and h, respectively).
Types of ligand-protein interaction are indicated by color: green = hydrogen bonding; pink = Pi-Pi stacked; pale pink = Pi-
alkyl; purple = Pi-Sigma; brown = Pi-Anion; red = unfavorable acceptor-acceptor or donor-donor.
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Fig. 4 HPLC chromatograms of blank (a), standard solution (b), and sample solution (c).

Table 3 Accuracy and precision of the method.

Compound Spiked Concentration found RSD (%) % Recovery
concentration (µg/ml; Mean±SD)

(µg/ml)

Within-run (n = 3)
Chlorogenic acid 40 39.61±0.70 1.77 97.4% – 104.5%

80 81.06±1.32 1.64
150 156.59±0.22 0.14

Rutin 10 9.91±0.06 0.62 97.2% – 102.6%
20 19.62±0.21 1.09
50 51.04±0.52 1.03

Between-run (n = 3)
Chlorogenic acid 40 39.66±0.62 1.77 97.0% – 105.2%

80 81.38±1.27 1.64
150 156.20±1.21 0.14

Rutin 10 9.88±0.08 0.62 97.2% – 103.9%
20 19.84±0.26 1.09
50 51.14±0.15 1.03

report of E. elatior inhibiting both enzymes [27] may
be due to differences in extraction methods and assay
conditions. Nor et al (2020) used a water extract
prepared by an ultrasonic-assisted technique and a sub-
strate concentration half that used in our study. These
methodological differences are likely responsible for
the variation observed in α-amylase activity.

Interestingly, EF-70 exhibited stronger α-
glucosidase inhibition than ED-50 and ED-70, despite
having lower chlorogenic acid and rutin contents.
As a Zingiberaceae plant, E. elatior contains volatile
compounds, including α-glucosidase-inhibiting

monoterpenes such as pinene and limonene, which
may degrade during heat drying, thereby reducing
activity [28]. These findings suggest that other
phytochemicals, such as volatile monoterpenes
[29, 30] and phenolic compounds [31, 32], might
contribute to EF-70’s activity. Chlorogenic acid
showed weaker α-glucosidase inhibition than
acarbose, whereas rutin exhibited stronger inhibition,
consistent with previous studies in Morus alba
leaves [12] and Syzygium samarangense fruit [33], in
which they were also identified as glucose-lowering
agents.
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Table 4 Content of chlorogenic acid and rutin in E. elatior
extracts.

Extract Content (mg/g; mean±SD)

Chlorogenic acid Rutin

EF-W 1.82±0.24a 0.96±0.07j

EF-50 3.09±0.13b,c 2.16±0.18g,h,i

EF-70 3.10±0.39b 2.57±0.31h

EF-95 0.99±0.07a 1.71±0.04g

ED-W 5.63±0.21b,c 1.82±0.05g,i

ED-50 9.46±0.55f 3.09±0.11h

ED-70 7.56±0.21c 3.10±0.16h

ED-95 2.40±0.05d 1.09±0.00j

Different alphabets above the values showed statistically
significant differences (p-value < 0.05), calculated by
Tukey’s multiple comparison test. (chlorogenic acid: a–f;
rutin: g–j)

In the in silico study, rutin showed the highest
binding affinity with the greatest number of interac-
tions, while chlorogenic acid exhibited binding energy
comparable to that of acarbose. The number of interac-
tions is directly related to the binding energy between
protein and ligand [34]. Intermolecular interactions
between the protein and ligand are crucial for stabi-
lizing the energy of the docked ligand at the protein’s
active site, thereby contributing to the binding affinity
of the complex [35]. Hydrogen and hydrophobic bonds
help stabilize the protein-ligand complex at the target
site [36]. On the other hand, unfavorable protein-
ligand interactions (such as donor-donor or acceptor-
acceptor interactions) reduce the complex’s stability
due to the repulsion between interacting molecules or
atoms [37].

Regarding α-glucosidase (3A4A), previous studies
have shown that acarbose interacted to the Asp215,
Glu277, and Asp352 residues, which were character-
ized as catalytic residues in the α-glucosidase active
site [38]. In this study, all compounds interacted
with the catalytic residues, indicating their role in the
inhibitory effects of α-glucosidase (3A4A): acarbose
with Asp215, Glu277 and Asp352; chlorogenic acid
with Asp242 and Glu277; and rutin with Asp242.
The molecular docking study of Saccharomyces α-
glucosidase (3A4A) correlated with the in vitro ex-
periment, showing the binding affinity in the order
of rutin > acarbose > chlorogenic acid. In human
α-glucosidase (3L4Y), previous research identified
Asp203, Asp327, Asp443, Arg526, Asp542, and His600
as the active site residues [39]. In this study, acarbose
interacted with Asp203 and Asp542; chlorogenic acid
with Asp203, Asp327 and Asp542, and Asp443; and
rutin with Asp203. All the compounds demonstrated
their inhibitory effects through molecular interactions
with the catalytic residues at the enzyme’s active site.

In previous studies on porcine α-amylase (1OSE),
the key catalytic residues have been identified as
Asp197, Glu233, and Asp300 [40]. In this study, acar-

bose interacted with Asp197 and Glu233; chlorogenic
acid with Glu233; and rutin with Glu233 and Asp300.
These findings suggest that all compounds influenced
the enzyme-substrate interaction of α-amylase. How-
ever, in vitro results differed from in silico molecular
docking study. Although rutin and chlorogenic acid
showed in silico binding affinity to α-amylase com-
parable to that of acarbose, they exhibited ineffective
activity against α-amylase in vitro. These differences
highlighted the limitations of in silico study. Molecular
docking is conducted based on computational simula-
tions of protein and ligand structures, which exclude
actual environmental factors such as the presence of
water molecules and the dynamic nature of proteins
and ligands. Therefore, the results from molecular
docking have been reported to have a high false pos-
itive rate [41]. To achieve more accurate results,
methodologies such as molecular dynamic simulations
are recommended, as they can provide deeper insights
into the interactions and stability of ligand-receptor
complexes [42].

Comparative molecular docking demonstrated
chlorogenic acid and rutin as potential human α-
glucosidase inhibitors. Since these compounds showed
low in vitro inhibitory activity against α-amylase, our
focus shifted to the α-glucosidase. Both compounds
showed lower binding affinity to human α-glucosidase
(3L4Y) than to the experimental enzyme (3A4A), indi-
cating a possibly reduced potency in humans. Thus,
other human α-glucosidase inhibitory assays, such
as cell-based Caco-2 model, should be further inves-
tigated [43]. Notably, chlorogenic acid and rutin
displayed slightly stronger binding affinity to human
α-glucosidase than acarbose, demanding further in-
vestigation to confirm their potential as human α-
glucosidase inhibitors.

For HPLC analysis, we validated our previous
HPLC method for determining chlorogenic acid and
rutin [16]. Previous studies on E. elatior have used var-
ious markers and instruments, including UHPLC [6],
LC-MS [14], HPLC [15, 16], and GC-MS [44]. This
study is the first to validate an HPLC method for the
α-glucosidase inhibitory markers of E. elatior flowers,
chlorogenic acid and rutin, showing reliable results for
quality control. The method supports as quality control
of E. elatior as a traditional medicine, functional food,
or dietary supplement, aiding future studies, clinical
trials, and product development.

CONCLUSION

This study demonstrated that various extraction meth-
ods influenced inhibitory activity of E. elatior extracts
on the tested enzymes, with the 70% ethanolic ex-
tract of fresh crude flowers showing the strongest α-
glucosidase inhibition, whereas none exhibited activity
against α-amylase. Chlorogenic acid and rutin demon-
strated inhibitory activity against α-glucosidase, with
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rutin exhibiting greater inhibitory potency compared
to acarbose. Both in silico and in vitro studies con-
firmed that chlorogenic acid and rutin play a key role
as α-glucosidase inhibition. Validation of the HPLC
method for determining chlorogenic acid and rutin in
the extract showed satisfactory validation results. This
method can be applied as a reliable quality control
approach for E. elatior flower extracts for further devel-
opment of products, including traditional medicines,
dietary supplements, and functional foods.

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2025.
094.
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Appendix A. Supplementary data

Table S1 Grid parameters in molecular docking between enzymes and ligands.

Protein Grid center Grid space (Å)

1OSE X = 35.66, Y = 37.37, Z = −1.20 25
3BAJ X = 10.15, Y = 15.83, Z = 41.12 25
3A4A X = 21.52, Y = −7.70, Z = 23.56 25
3L4Y X = −2.01, Y = −19.26, Z = −20.85 25

Table S2 Docking scores and molecular interactions of acarbose and the markers of E. elatior extract, chlorogenic acid and
rutin.

Enzyme Ligand Binding Interaction residue of target

(PDB ID) energy No. Hydrogen bond No. Hydrophobic interaction No. Unfavorable
(kcal/mol) interaction interaction

Porcine Acarbose −8.0 6 Gln63, Gly104, 1 Trp59 1 Glu233
amylase Val163, Asp197,
(1OSE) Asp300, His305

Chlorogenic acid −8.1 1 Glu233 2 Trp59, Val163 1 Gln63

Rutin −9.4 2 Glu233, His299, 7 Trp59(2), Val163, 1 Gln63
Asp300 Asp300, His305(2),

Asp356

Human Acarbose −7.7 7 Gln63(2), Tyr151, 1 His201 0 −
amylase Thr163(2), Glu233,
(3BAJ) Asp300

Chlorogenic acid −8.0 7 Gln63(2), Thr163, 3 Trp59, Tyr62 1 Arg195
Asp197, Glu233, Asp197
His299, Asp300

Rutin −9.4 5 Thr163, Lys200, 8 Tyr62(2), Trp59, 0 −
Glu233, His299, Tyr151, Leu162,

His305 Lys200, ILE235,
Asp300

S. cerevisiae Acarbose −9.0 9 Asp69, Tyr158, 8 Tyr158, Phe178, 2 Gln279, Arg442
glucosidase Arg213, Asp215, Glu277, His280,

(3A4A) Ser240, Asp242, ASP215, Asp352(2),
Glu277, His280, Glu411

Glu411

Chlorogenic acid −8.8 7 Lys156, Ser240, 2 Tyr158, Arg315 0 −
Asp242, Glu277,
Asp352, Gln353,

Arg442

Rutin −10.4 6 Ser240 (2), Asp242, 5 Asp242, Arg315(2), 1 Pro312
His280, Leu313(2) Glu411, Arg442

Human Acarbose −6.3 6 Asp203(2), Phe450(2), 1 Asp203 0 −
glucosidase Asp542, Tyr605

(3L4Y) Chlorogenic acid −7.3 4 Asp203, Thr205, 1 Asp443 0 −
Asp327, Asp542

Rutin −8.9 6 Arg202, Asp203(2), 4 Trp406, Phe450(2), 0 −
Thr205(2), Met444 Ala576

Table S3 Limit of detection (LOD) and limit of quantitation (LOQ) of chlorogenic acid and rutin.

Compound Linear range (µg/ml) Limit of detection (µg/ml) Limit of quantitation (µg/ml)

Chlorogenic acid 20 – 250 0.2 1.0
Rutin 10 – 100 0.125 0.5
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Table S4 Intermediate precision evaluated between days, columns, and instruments.

Compound Spiked concentration Intermediate precision (RPD, %)

(µg/ml) Day* Column Instrument

Chlorogenic acid 40 0.77 3.24 0.72
80 1.59 0.28 3.36

150 0.14 3.51 0.76

Rutin 10 1.18 1.64 2.46
20 1.50 5.62 3.76
50 0.72 0.48 2.43

* The results showed % RSD for three different days.

Fig. S1 Superimposition of the 3D structures of the re-docked ligand (purple) with the native ligand (blue) for (a) porcine α-
amylase (1OSE), (b) human pancreaticα-amylase (3BAJ), (c) S. cerevisiaeα-glucosidase (3A4A), and (d) humanα-glucosidase
(3L4Y).

Fig. S2 3D models of α-amylase with docked ligands at the active sites. Proteins: (a–c) porcine pancreatic α-amylase (1OSE)
and (d–f) human pancreatic α-amylase (3BAJ). Ligands: acarbose (a, d); chlorogenic acid (b, e); rutin (c, f).
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Fig. S3 3D models of α-amylase with docked ligands (acarbose, chlorogenic acid, and rutin) at the active sites: (a) porcine
pancreatic α-amylase (1OSE) and (e) human pancreatic α-amylase (3BAJ). 2D predicted binding interactions of chlorogenic
acid, rutin, and acarbose at the active sites of 1OSE (b, c, and d, respectively) and 3BAJ (f, g, and h, respectively). Types
of ligand-protein interaction are classified by color: green = hydrogen bonding; pink = Pi-Pi stacked; pale pink = Pi-alkyl;
purple = Pi-Sigma; brown = Pi-Anion; red = unfavorable acceptor-acceptor or donor-donor.
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Fig. S4 Comparative UV spectra of the responsive peaks in the standard solution and sample solution (a, b) and of the peak
in sample solution at peak-start, peak-apex, and peak-end (c, d).

Fig. S5 HPLC chromatograms of the standard solution at the limit of detection (a) and the limit of quantitation (b).
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