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A series of chromone-thiazolidine-2,4-dione derivatives (e1 � 28) were synthesized and screened for
their a-glucosidase inhibitory. All synthetic derivatives presented excellent a-glucosidase inhibitory with
IC50 values ranging from 2.40 ± 0.11 to 5.66 ± 0.15 lM, comparing to positive control acarbose (IC50 value:
640.57 ± 5.13 lM). Among them, compound e28 displayed the strongest a-glucosidase inhibitory (IC50

value: 2.40 ± 0.11), �267 times stronger than positive control acarbose. Kinetic studies revealed that
compound e28 was a reversible non-competitive inhibitor. CD spectra and 3D fluorescence spectra
results explained that compound e28 changed the conformational changes of a-glucosidase. Molecular
docking simulated the binding between compound e28 and a-glucosidase. In vitro cytotoxicity assay
ascertained the good security of e28.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 diabetes (T2D) is a common chronic metabolic disease
characterized by hyperglycemia threatening human health world-
wide (Heydari et al., 2010; Cho et al., 2018). Hyperglycemia is
mainly caused by defective insulin secretion and long-term hyper-
glycemia leads to chronic damage and dysfunction of various tis-
sues, especially eyes, kidneys, hearts, blood vessels and nerves
(Pogaku et al., 2019; Bushra et al., 2021). a-Glucosidase has been
confirmed as one important therapeutic target for T2D (Saxena
et al., 2021; Hameed et al., 2019). As an important membrane
bound enzyme located in small intestine, a-glucosidase catalyzes
the hydrolysis of carbohydrates, resulting in release of absorbable
single glucose (Dhameja and Gupta, 2019; Zhu et al., 2020). Inhibit-
ing the a-glucosidase activity can delay the hydrolysis and absorp-
tion of carbohydrates, lowering the postprandial blood glucose
(Coleman et al., 2019; Zhang et al., 2019). Although several a-
glucosidase inhibitors have been used as clinical drugs to treat
T2D, such as acarbose, voglibose, and miglitol, but they still have
some gastrointestinal side effects. Therefore, discovery of potential
a-glucosidase inhibitors is essential for the development of hypo-
glycemic drugs.

Chromone, one important oxygen containing heterocyclic com-
pound, widely exists in natural products (Demetgül and Beyazit,
2018). Chromone has been confirmed as a privileged scaffold to
develop novel bioactive molecules due to its multiple pharmaco-
logical activities, including antioxidant, anti-inflammatory, anti-
cancer, and antibacterial activities (Lai et al., 2021; Prakash et al.,
2008; Liu et al., 2020; Shatokhin et al., 2022). Moreover, some
chromone derivatives have been reported to present a-
glucosidase inhibitory activity (Fig. 1) (Fan et al., 2023; Fan et al.,
2023; Wang et al., 2018). On the other hand, thiazolidine-2,4-
dione (TZD) is an important moiety exhibiting broad range of bio-
logical activities, such as antidiabetic activity, anti-inflammatory
and anticancer (Diamant and Heine, 2003; Chaudhry et al., 2007;
Shaikh et al., 2015). Its derivatives rosiglitazone and pioglitazone
have been used as clinical drugs for T2D. Recently, some TZD
derivatives have been developed as a-glucosidase inhibitors
(Thari et al., 2022; Fettach et al., 2023; Hussain et al., 2019) (Fig. 1).

Pharmacophore hybridization is a useful strategy in new drug
development, that hybridizes two or more pharmacophore to cre-
ate a new compound with more efficacy and affinity. In view of a-
glucosidase inhibitory activities of chromone and TZD and in con-
tinuation of our interest in the development of potential a-
glucosidase inhibitors, it was envisaged to hybridize chromone
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Fig. 1. Some a-glucosidase inhibitors containing chromone or TZD.
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and TZD pharmacophores in one molecular skeleton to yield poten-
tial lead compound toward a-glucosidase. Herein, we synthesize a
series chromone-TZD derivatives and evaluated their a-
glucosidase inhibitory activities and mechanism.
2. Results and discussion

2.1. Chemistry

Chromone-TZD derivatives (e1 � 28) were synthesized accord-
ing to listed Schemes 1. TZD (a) underwent substitution reaction
with ethyl bromoacetate to produce intermediate b, which reacted
with chromene-3-carbaldehyde to obtain intermediate c. Com-
pound c was hydrolyzed to yield intermediate d, which underwent
condensation reaction with anilines to get the target derivatives
(e1 � 28). All compounds had been characterized and confirmed
by 1H NMR, 13C NMR and HRMS.

2.2. a-Glucosidase inhibition evaluation and SAR analysis

The a-glucosidase inhibitory of chromone-TZD derivatives
(e1 � 28) was detected using a-glucosidase from Saccharomyces
Scheme 1. Reaction conditions and reagents: (i) Ethyl Bromoacetate, K2CO3, Acetone,
Reflux; (iv) Anilines, EDCI, Pyridine, rt.
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cerevisiae and the inhibition results were summarized in Table 1.
All synthetic derivatives presented excellent a-glucosidase inhibi-
tory with IC50 values ranging from 2.40 ± 0.11 to 5.66 ± 0.15 lM,
which were obviously lower than that of positive control acarbose
(IC50 value: 640.57 ± 5.13 lM). Among them, compound e28 dis-
played the strongest a-glucosidase inhibitory (IC50 value: 2.40 ± 0.
11), � 267 times stronger than positive control acarbose.
2.3. Inhibitory kinetic studies

Compound e28 with the strongest a-glucosidase inhibitory was
selected as representative compound to analyze the inhibition
mechanism on a-glucosidase. For enzyme kinetics, the absorbance
change of test system with different concentration of a-
glucosidase and compound e28 was detected. The resulting plots
of compound e28with different concentration all passed the origin
(Fig. 2A) with different slope, suggesting a reversible inhibitor. For
substrate kinetics, the absorbance change of test system with dif-
ferent concentration of substrate and compound e28 was detected.
The obtaining Lineweaver-Burk plots of compound e28with differ-
ent concentration intersected at one point of x-axis (Fig. 2B), indi-
cating a non-competitive inhibition mode.
Reflux; (ii) Chromene-3-carbaldehyde, AcONa, AcOH, Reflux; (iii) 12 N HCl, AcOH,



Table 1
a-Glucosidase inhibition of chromone-TZD derivatives (e1 � 28).

Inhibitor R IC50 (lM) Inhibitor R IC50 (lM)

e1 5.66 ± 0.15 e15 5.37 ± 0.18

e2 4.34 ± 0.26 e16 4.26 ± 0.16

e3 3.83 ± 0.15 e17 4.68 ± 0.14

e4 5.32 ± 0.24 e18 5.62 ± 0.22

e5 3.93 ± 0.15 e19 3.74 ± 0.12

e6 3.45 ± 0.13 e20 5.24 ± 0.21

e7 4.57 ± 0.16 e21 5.42 ± 0.15

e8 3.84 ± 0.12 e22 4.89 ± 0.18

e9 2.79 ± 0.11 e23 4.19 ± 0.14

e10 4.98 ± 0.16 e24 5.20 ± 0.15

e11 4.71 ± 0.12 e25 4.98 ± 0.14

e12 3.65 ± 0.10 e26 3.12 ± 0.13

e13 5.18 ± 0.12 e27 2.95 ± 0.23

e14 4.33 ± 0.27 e28 2.40 ± 0.11

Acarbose 640.57 ± 5.13

Fig. 2. Inhibitory kinetic studies of compound e28.
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2.4. CD spectra

Circular dichroism (CD) spectra was conducted to analyze the
effect of compound e28 on the conformational changes of a-
glucosidase. As shown in Fig. 3, CD spectra of a-glucosidase
appeared two characteristic peaks at 210 and 222 nm, which could
reflect the change of a-helix peptide bond. It was also seen that
compound e28 treatment changed the peak size and shape of a-
glucosidase, revealing that compound e28 caused the conforma-
tional changes of a-glucosidase. The conformational changes of
a-glucosidase by compound e28 were calculated and listed in
Table 2. Compound e28 treatment (molar ratios: 3:1) caused the
increase of a-helix (from 10.4 to 11.3%), b-sheet (from 31.2 to
Fig. 3. CD spectra of a-glucosidase with compound e28. Molar ratios of a-
glucosidase to compound e28: 1:0 (Black line), 1:1 (Red line), 1:2 (Blue line), 1:3
(Green line).

Table 2
The secondary structural changes of a-glucosidase.

Molar ratio
[enzyme]: [e28]

a-Helix
(%)

b-Sheet
(%)

b-turn
(%)

Random coil
(%)

1:0 10.4 31.2 20.1 33.2
1:1 10.4 31.2 20.1 33.2
1:2 11.2 32.3 20.0 32.3
1:3 11.3 31.7 20.2 32.5

Fig. 4. The 3D fluorescence spectra of a
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31.7%), and b-turn (from 20.1 to 20.2%), respectively, while the
decrease of random coil (from 33.2 to 32.5%).
2.5. 3D fluorescence spectra

Three-dimensional (3D) fluorescence spectra was monitored to
conformational changes of a-glucosidase. Fig. 4A was the 3D fluo-
rescence spectra of a-glucosidase, presenting two characteristic
peaks corresponding to tyrosine and tryptophan residues (Peak 1,
kex/kem: 276/330 nm) and peptide backbone structure (Peak 2,
kex/kem: 232/332 nm). While compound e28 treatment (2 lM) lead
to the fluorescence intensity reduction of Peak 1 by 30.0% and Peak
2 by 61.5% (Fig. 4B). The results suggested that the binding
between compound e28 and a-glucosidase could cause the confor-
mational change of enzyme.
2.6. Docking analysis

Molecular docking was used to simulate the binding between
compound e28 and a-glucosidase. The docking results (Fig. 5A-C)
confirmed that compound e28 bounded in the active pocket of
a-glucosidase with a ‘‘V-shaped” configuration. Detailed binding
analysis results (Fig. 5D) showed that one carbonyl of TZD
formed one hydrogen bond with Asn241 (2.1 Å), the carbonyl
of amide formed one hydrogen bond with Arg312 (2.5 Å), the
oxygen of chromone formed one hydrogen bond with Arg312
(2.5 Å), one bromine formed one halogen bond with Gly159
(3.1 Å), and another bromine formed one halogen bond with
Asn412 (3.4 Å). Moreover, compound e28 formed hydrophobic
interactions with Lys155, Ala278, Phe300, and Tyr313. Above
hydrogen bond, halogen bond, and hydrophobic interaction
helped compound e28 to adopt in the active pocket of a-
glucosidase.
2.7. In vitro cytotoxicity

The safety profile of compound e28 was assayed by its in vitro
cytotoxicity against human normal hepatocytes L-02 cells and
human normal intestinal epithelial NCM460 cells using ATP assay.
Due to the solubility of e28, we assayed its cells cytotoxicity up to
maximum concentration of 100 lM. As shown in Fig. 6, compound
e28 treatment (0 � 100 lM) had no obvious effect on the viability
of L-02 cells. Although e28 (100 lM) treatment could reduce the
cell viability of NCM460, but its IC50 value was higher than100
lM. These results suggested the good security of compound e28
on L-02 cells and NCM460 cells at a low concentration.
-glucosidase with compound e28.



Fig. 5. The molecular docking a-glucosidase with compound e28.

Fig. 6. In vitro cytotoxicity of compound e28 against L-02 and NCM460 cells. Compared to control group, ***P < 0.001.
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3. Conclusion

In summary, a series of Chromone-TZD derivatives (e1 � 28)
were synthesized as potential a-glucosidase inhibitors. Among
5

them, compound e28 with bis-bromine substituents on the ben-
zene ring had the strongest a-glucosidase inhibitory activity with
IC50 value of 2.40 ± 0.11 lM. SAR analysis showed that introduction
of substituents on the benzene ring would contribute to a-
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glucosidase inhibitory activity. Kinetic studies revealed that com-
pound e28 was a reversible non-competitive inhibitor. CD spectra
and 3D fluorescence spectra results explained that compound e28
changed the conformational changes of a-glucosidase. Molecular
docking simulated the binding between compound e28 and a-
glucosidase. Moreover, in vitro cytotoxicity assay ascertained the
good security of e28. Our study highlighted chromone-TZD deriva-
tives as promising a-glucosidase inhibitors.
4. Experimental

4.1. Synthesis of chromone-TZD derivatives (e1 � 28)

TZD (a) (3 mmol), ethyl bromoacetate (3 mmol), and K2CO3

(6 mmol) were added into acetone solution (3 mL) and refluxed
reaction for 4 h. After reaction solution was filtered, the obtained
solvent was removed to yield intermediate b. To the solution of
b (2 mmol) in 2 mL glacial acetic acid, sodium acetate (2 mmol)
and chromone-3-carboxaldehyde (2 mmol) were added and
reacted for 5 h at 100 �C. After reaction solution was filtered, the
obtained solid was washed with ethyl acetate to produce interme-
diate c. Compound c was added into 12 N HCl (2 mL) and glacial
acetic acid (8 mL) to hydrolysis overnight at 100 �C. The solid
was filtrated and washed to yield intermediate d. To the solution
of d (2 mmol) in pyridine solution (2.5 mL), substituted anilines
(2.2 mmol) and EDCI (2 mmol) were added and reacted overnight
at room temperature. The solid was recrystallized using DMF to
produce chromone-TZD derivatives (e1 � 28). All NMR and HRMS
data were shown in supplementary material.
4.2. a-Glucosidase inhibition and kinetics study

The a-glucosidase inhibitory activity of all compounds was
screened according to our previous methods (Wang et al., 2017;
Özil et al., 2017; Mermer et al., 2018). To 140 lL of a-glucosidase
solution, test samples (10 lL) was added and incubated for
10 min at 37 �C, followed by the addition of p-NPG (50 lL). Then
the absorbance change at 405 nm was measured. In the test sys-
tem, the final concentrations of a-glucosidase and p-NPG were
0.1 U/mL and 0.25 mM, respectively. The inhibition rate of each
sample was calculated based on the blank sample.

For enzyme kinetics, the a-glucosidase concentrations (0.075,
0.1, 0.125 and 0.15 U/mL) were used in test system and the absor-
bance change of compound e28 with different concentration was
measured (Huang et al., 2021; Khan et al., 2022; Ye et al., 2019).
For substrate kinetics, the substrate concentrations (1.0, 2.0, 3.0,
4.0 mM) were used in test system and the absorbance change of
compound e28 with different concentration was measured.
Lineweaver-Burk plots were used to analyze substrate kinetics
(Zhang et al., 2022; Xu et al., 2020; Deng et al., 2022).
4.3. CD spectra

To 190 lL of a-glucosidase solution (31 lM), 10 lL of com-
pound e28 (31, 62, 124 lM) was added and incubated for 5 min.
Then CD spectra were scanned from 190 to 260 nm. Also, the sec-
ondary structural parameters were calculated using CDNN soft-
ware (Hu et al., 2021; Lin et al., 2023; Fan et al., 2023).
4.4. 3D fluorescence spectra

To 3.0 mL of a-glucosidase solution (5 lM), 10 lL of compound
e28 (2 lM) was added and incubated for 5 min. Then 3D fluores-
cence spectra were scanned with slit width of 2.5 nm at excitation
6

and emission wavelengths from 200 to 600 nm (Wu et al., 2023; Lu
et al., 2023; Li et al., 2023).

4.5. Molecular docking.
Molecular docking was conducted using SYBYL software

according to previous methods (Wang et al., 2023; Peng et al.,
2021; Xiao et al., 2023; Li et al., 2023). The homology model of
a-glucosidase had been early build in our previous works. The a-
glucosidase was optimized using the internal program and gener-
ated the active pocket. After the compound e28 was prepared with
charged and energy minimization, its docking with a-glucosidase
was conducted in the default format.

4.5. ATP assay

We tested the cell viability by using CellTiter-Glo� Luminescent
Cell Viability Assay (ATP assay). Human normal live cells L-02 cells
(ATCC, EK-Bioscience) were cultured in RPMI-1640 with 10% fetal
bovine serum and 1% penicillin and streptomycin. Human normal
colon mucosal epithelial cell line NCM460 (FuHeng biology) were
cultured in the DMEM with 10% fetal bovine serum and 1% peni-
cillin and streptomycin.

L-02 cells and NCM460 cells were seeded on 96-well microplate
for 24 h at a density of 1 � 104 cells / well and 0.5 � 104 cells / well,
respectively. L-02 cells were treaed with different doses of e28 (0,
1.56, 3.13, 6.25, 12.5, 25, 50, 100 lM) for 24 h. CellTiter-Glo
Reagent was added to each well and shake the mix for 2 mins. Then
the luminescent signal were read by an microplate reader (Perkin
Elmer, EnVision� multilabel reader). Values are expressed as per-
centage of control. Statistical analysis was performed using Graph-
Pad Prism 7.0. Data were expressed as Mean ± SD (n = 3); and P
values were determined by one-way ANOVA; *P < 0.05,
**P < 0.01, ***P < 0.001.
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