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Abstract
The inhibitory mechanism of engeletin against α-glucosidase was investigated for the first time by fluorescence spectroscopy and 
molecular docking. The results showed that engeletin could inhibit α-glucosidase in a noncompetitive inhibition mode with a half-
maximal inhibitory concentration value of 48.5 ± 6.0 µg/mL (0.11 ± 0.014 mmol/L). It was found that engeletin could cause static 
fluorescence quenching of α-glucosidase by forming a complex with α-glucosidase. The thermodynamic parameters indicated that 
the combination of engeletin and α-glucosidase was driven by hydrophobic force. The molecular docking results confirmed that 
some amino acid residues of α-glucosidase (Trp391, Arg428, Glu429, Gly566, Trp710, Glu771) could interact with engeletin by 
hydrogen bonding.
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α-Glucosidase (EC 3.2.1.20), mainly present in the small intes-
tinal villi mucosal cells, is an important digestive enzyme in 
human metabolism,1 accounting for maintaining the normal 
physiological functions of  the human body. However, for dia-
betic patients, large amounts of  saccharides are catalyzed by 
α-glucosidase to form glucose after a meal, which leads to post-
prandial hyperglycemia and causes damage to the patient’s 
health.2 Therefore, in clinical practice, α-glucosidase inhibitors 
are usually used to reduce the activity of  the enzyme in order 
to effectively delay the rise of  postprandial blood glucose in 
diabetic patients, hinder the progression of  the disease, and 
control the incidence of  complications.3 At present, common 
α-glucosidase inhibitor drugs include voglibose and acarbose,4 
but these have toxic side effects. Plants could be a rich and safe 
source of  α-glucosidase inhibitors.5,6 Recent studies have 
shown that many natural compounds, such as flavonoids, phe-
nolic acids, and saponins, possess α-glucosidase inhibitory 
activity.7,8

Engeletin (Figure  1), a flavanone rhamnoside, mainly 
derived from Smilax glabra, has many functions, such as main-
taining blood circulation, relieving blood stasis, controlling 
blood lipids, and lowering blood pressure. It was found that 
engeletin could reduce mouse endometritis, inhibit the occur-
rence of  cervical cancer, and delay the development of  liver 
damage and lung cancer in mice.9-12 However, its α-glucosidase 
inhibitory activity is still unknown at present, which is the 
objective of  this study.

Results and Discussion
Figure 2 shows the inhibitory activities of  engeletin and acar-
bose on α-glucosidase at different concentrations. With an 
increase in concentration, their inhibitory effect also gradually 
increased. When the concentration of  engeletin was 100 µg/
mL, its α-glucosidase inhibition ratio was 65.6%. At a concen-
tration of  3 mg/mL, the inhibition ratio of  acarbose was only 
61.2%. The inhibitory performance of  engeletin (half-maximal 
inhibitory concentration [IC50] 0.11 ± 0.014 mmol/L) was sig-
nificantly higher than that of  acarbose (IC50 3.11 ± 0.22 
mmol/L). Thus, it could be concluded that engeletin might be 
a strong α-glucosidase inhibitor with potential application in 
functional foods and medicines.

The reaction rates of  enzymatic hydrolysis of  p-nitrophenyl-
α-d-glucopyranoside (pNP-G) were measured in reaction sys-
tems with different concentrations of  engeletin. The linear 
regression relationship between 1/[S] and 1/[V] was obtained 
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by Lineweaver-Burk double reciprocal plotting (Figure  3), 
which suggested that the inhibition type of  engeletin on α-glu-
cosidase was noncompetitive.

By comparing the fluorescence spectra before and after the 
binding of  biological macromolecules to other molecules, it is 
possible to infer the binding constant (Ka), number of  binding 
sites (n), and thermodynamic parameters between the mole-
cules.13 Figure 4 demonstrates the effect of  engeletin on the 
fluorescence spectrum of  α-glucosidase. With increasing con-
centration of  engeletin, the fluorescence intensity gradually 
decreased, confirming the existence of  an interaction between 
engeletin and α-glucosidase. The Stern-Volmer equation (1) 
was used to analyze the fluorescence data at 30 °C and 37 °C to 
obtain the corresponding fluorescence quenching constants 
(Table 1). The fluorescence quenching constants (Kq) at differ-
ent temperatures were far greater than the maximum constant 

(2 × 1010L/mol/s) of  dynamic fluorescence quenching of  bio-
logical macromolecules. It could be concluded that the forma-
tion of  the engeletin/α-glucosidase complex resulted in static 
fluorescence quenching.

	﻿‍ F0/F = Kq0[Q] + 1‍� (1)

For the static fluorescence quenching process, Ka and n can 
be calculated by Equation (2). As shown in Table 2, with the 
increase in temperature, the Ka value increased slightly, but n 
was stable around 1. At the normal physiological temperature 
of  the human body (37 °C), engeletin and α-glucosidase easily 
combined to form the complex.

	﻿‍ lg[(F0 − F)/F] = lgKa + nlg[Q]‍� (2)

Figure 1.  Chemical structure of engeletin.

Figure 2.  Inhibitory performance of engeletin and acarbose on α-glucosidase.

Figure 3.  Lineweaver-Burk plot for the inhibition of engeletin on 
α-glucosidase.
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In order to reveal further the binding mechanism of  engeletin 
and α-glucosidase, the thermodynamic constants (Table 3) of  their 
interaction were obtained by using the Van’t Hoff  equation (3) and 
Gibbs free energy equation (4).

	﻿‍ lnK = −∆H0/RT +∆S0/R‍� (3)

	﻿‍ ∆G0 = ∆H0 − T∆S0‍� (4)

The free energy change (ΔG) of  the interaction between 
engeletin and α-glucosidase was negative, which indicated that 
their combination was a spontaneous process. According to 
the values of  enthalpy change (∆H0) and entropy change (∆S0), 
the main interaction force could be inferred. In this experi-
ment, both ∆H0 and ∆S0 were positive, indicating that the 
hydrophobic force was the main driving force for the combina-
tion of  engeletin and α-glucosidase.14

The interaction between polyphenols and enzymes involves 
complicated structural changes, in which the enzyme may undergo 
orderly high-level structural reorganization, accompanied by new 
changes such as energy transfer and signal molecule transmis-
sion.15 In recent years, molecular docking, quantum chemical cal-
culation, and molecular dynamics have been applied to investigate 
the binding mechanism of  polyphenols and enzymes.16 The 

molecular docking simulation result could clarify the binding mode 
of  engeletin and α-glucosidase (Figure 5).

As shown in Figure 5(A) and (B), engeletin formed hydro-
gen bonds with some amino acid residues of  α-glucosidase 
(Trp391, Arg428, Glu429, Gly566, Trp710, and Glu771), 
among which Gly566 formed 2 hydrogen bonds with α-gluco-
sidase, and the hydrogen bond lengths were 2.1 and 2.0 Å, 
respectively. However, GLu429, Arg428, Trp391, Trp710, and 
GLu771 formed 1 hydrogen bond with engeletin; their hydro-
gen bond lengths were 2.1, 2.3, 2.3, 1.9, 2.1 Å, respectively. The 
hydrophobic interaction is also summarized in Figure  5(C). 
Engeletin had hydrophobic interaction with many surrounding 
hydrophobic residues (Tyr709, Trp391, Gly566, Trp710, 
Glu771, Arg428, Glu429, Phe385, Phe786, Phe444, Arg387, 
Phe389, Val440, Trp789, Asp392, Trp715), which was consis-
tent with the results of  fluorescence spectroscopy.

Conclusions
Engeletin inhibits α-glucosidase in a noncompetitive inhibition 
mode, and its inhibitory capacity is significantly higher than 
that of  acarbose. Fluorescence quenching analysis suggested 

Figure 4.  Effects of engeletin on the fluorescence spectra of α-glucosidase at 30 ℃ (A) and 37 ℃ (B).

Table 1.  Stern-Volmer Quenching Constants Between Engeletin and α-Glucosidase.

Temperature (℃) Stern-Volmer equation R2 Kq (L/mol/s)

30 F0/F = 9.3488 × 103[Q] + 1 0.9902 9.3488 × 1011

37 F0/F = 8.5335 × 103[Q] + 1 0.9680 8.5335 × 1011

Table 2.  Binding Parameters Between Engeletin and α-Glucosidase.

Temperature (℃) Lineweaver-Burk equation R2 Ka (L/mol) n

30 lg(F0− F)/F = 1.0302lg[Q] + 4.0882 0.9879 4.0882 × 104 1.0302
37 lg(F0− F)/F = 1.1721lg[Q] + 4.6239 0.9907 4.6239 × 104 1.1721
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that under the drive of  hydrophobic force, engeletin could 
combine with α-glucosidase at a molar ratio of  1:1. Molecular 
docking confirmed that engeletin formed hydrogen bonds and 
hydrophobic interaction with some amino acid residues of  
α-glucosidase. The obtained results could promote the applica-
tion of  engeletin in foods and medicines.

Materials and Methods
Chemicals
Engeletin, acarbose, and p-nitrophenol were from Aladdin 
(Shanghai, China), and α-glucosidase from Saccharomyces cerevisiae 
and pNP-G were from Sigma-Aldrich (St. Louis, MO). Ultrapure 
water from a ThermoFisher water system (Waltham, MA, USA) 
was used. All other chemicals were of  analytical grade.

α-Glucosidase Inhibitory Assay
ppNP-G can be decomposed by α-glucosidase into yellow p-
nitrophenol, which has a maximum absorption at a wavelength 
of  405 nm. According to the previous method,17 1 mL of  
α-glucosidase solution (0.2 U/mL) and 0.5 mL of  engeletin 
solution at different concentrations (10, 50, 100, 150, 200 µg/
mL) were mixed and kept at 37 ℃ for 10 minutes. Then, 1 mL 
of  pNP-G (1 mM) solution was added. The mixture was kept 

at 37 ℃. After 20 minutes, 1.5 mL of  ethanol was quickly 
added to stop the reaction, and then the absorbance of  the 
solution at 405 nm (ASample) was measured. Both the absor-
bances of  the control (AControl) containing phosphate-buffered 
saline (PBS) instead of  engeletin and the blank (ABlank) con-
taining PBS instead of  pNP-G (1 mM) solution were also mea-
sured under the same conditions. The inhibition ratio could be 
calculated based on the following equation:

	﻿‍ Inhibition ratio(%) = AControl−(ASample−ABlank)
AControl × 100‍� (5)

The inhibitory type of  engeletin was analyzed from the 
Lineweaver-Burk plot. At different pNP-G concentrations (0.2, 
0.4, 0.6, 0.8, 1.0 mmol/L), engeletin concentrations (0, 50, 200 
µg/mL), and α-glucosidase concentration (0.2 U/mL), the 
reaction rate ([V]) was measured, and the plot of  1/[V] versus 
1/[S] was drawn.

Fluorescence Spectra
According to the previous method,3 1 mL of  sample solution 
of  different concentrations was uniformly mixed with 4 mL of  
α-glucosidase solution. The mixture was incubated at either  
30 °C or 37 °C for 10 minutes, and then the fluorescence spec-
trum was collected. The excitation wavelength was fixed at 295 
nm, and the emission wavelength range was 320‐380 nm. Both 
the slit width values were set at 10 nm.

Molecular Docking
The binding mode of  engeletin and α-glucosidase docking was 
obtained using the AUTODOCK 4.2 software. The 
3-dimensional structure of  engeletin was optimized by the 
density functional method (B3LYP/6‐31g+) with Gaussian 09 
software. The crystal structure of  α-glucosidase was from the 
RCSB PDB database (http://www.​rcsb.​org/, PDB number 
4J5T). Docking was based on the genetic algorithm method.

Statistical analysis
Each measurement was repeated 3 times and expressed as 
mean ± SD.
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hydrophobic interaction between engeletin and α-glucosidase.

http://www.rcsb.org/


Li et al. 5

work was funded by Key Scientific and Technology Project in Henan 
Province of  China (No. 202102110135).

ORCID ID
Yunbo Li ‍ ‍ https://​orcid.​org/​0000-​0002-​6590-​6044

References
	 1.	 Liu L, Deseo MA, Morris C, Winter KM, Leach DN. Investiga-

tion of  α-glucosidase inhibitory activity of  wheat bran and germ. 
Food Chem. 2011;126(2):553-561. ​doi:​10.​1016/​j.​foodchem.​2010.​
11.​041

	 2.	 Lee B-H, Eskandari R, Jones K, et al. Modulation of  starch diges-
tion for slow glucose release through “toggling” of  activities of  
mucosal α-glucosidases. J Biol Chem. 2012;287(38):31929-31938. ​
doi:​10.​1074/​jbc.​M112.​351858

	 3.	 Xiao H, Liu B, Mo H, Liang G. Comparative evaluation of  tannic 
acid inhibiting α-glucosidase and trypsin. Food Res Int. 2015;76(Pt 
3):605-610. ​doi:​10.​1016/​j.​foodres.​2015.​07.​029

	 4.	 Coman C, Ruginǎ OD, Socaciu C. Plants and natural compounds 
with antidiabetic action. Not Bot Horti Agrobot Cluj Napoca. 
2012;40(1):314-325. ​doi:​10.​15835/​nbha​4017205

	 5.	 Papoutsis K, Zhang J, Bowyer MC, Brunton N, Gibney ER, 
Lyng J. Fruit, vegetables, and mushrooms for the preparation of  
extracts with α-amylase and α-glucosidase inhibition properties: 
a review. Food Chem. 2021;338:128119. ​doi:​10.​1016/​j.​foodchem.​
2020.​128119

	 6.	 Yin Z, Zhang W, Feng F, Zhang Y, Kang W. α-Glucosidase inhib-
itors isolated from medicinal plants. Food Sci Hum Well. 2014;3(3-
4):136-174. ​doi:​10.​1016/​j.​fshw.​2014.​11.​003

	 7.	 Eduardo B, Adriane D, Ivone C. α- and β-glucosidase inhib-
itors: chemical structure and biological activity. Tetrahedron. 
2007;62(44):10277-10302. ​doi:​10.​1016/​j.​tet.​2006.​08.​055

	 8.	 Zhang J, Zhou L, Cui L, Liu Z, Wei J, Kang W. Antioxidant and 
α-glucosidase inhibitiory activity of  Cercis chinensis flowers. Food 
Sci Hum Well. 2020;9(4):313-319. ​doi:​10.​1016/​j.​fshw.​2020.​04.​003

	 9.	 Wu H, Zhao G, Jiang K, Li C, Qiu C, Deng G. Engeletin alle-
viates lipopolysaccharide-induced endometritis in mice by 
inhibiting TLR4-mediated NF-κB activation. J Agric Food Chem. 
2016;64(31):6171-6178. ​doi:​10.​1021/​​acs.​​jafc.​​6b02304

	10.	 Bai H, Yin H. Engeletin suppresses cervical carcinogenesis in 
vitro and in vivo by reducing NF-κB-dependent signaling. Bio-
chem Biophys Res Commun. 2020;526(2):497-504. ​doi:​10.​1016/​j.​
bbrc.​2020.​03.​091

	11.	 Tian Q, Wang G, Zhang Y, et  al. Engeletin inhibits 
lipopolysaccharide/D-galactosamine-induced liver injury in mice 
through activating ppar-γ. J  Pharmacol Sci. 2019;140(3):218-222. ​
doi:​10.​1016/​j.​jphs.​2019.​06.​011

	12.	 Liu T, Li Y, Sun J, Tian G, Shi Z. Engeletin suppresses lung cancer 
progression by inducing apoptotic cell death through modulating 
the xiap signaling pathway: a molecular mechanism involving er 
stress. Biomed Pharmacother. 2020;128:110221. ​doi:​10.​1016/​j.​bio-
pha.​2020.​110221

	13.	 Toprak M. Fluorescence study on the interaction of  human 
serum albumin with butein in liposomes. Spectrochim Acta A Mol 
Biomol Spectrosc. 2016;154:108-113. ​doi:​10.​1016/​j.​saa.​2015.​10.​023

	14.	 Ross PD, Subramanian S. Thermodynamics of  protein asso-
ciation reactions: forces contributing to stability. Biochemistry. 
1981;20(11):3096-3102. ​doi:​10.​1021/​bi00​514a017

	15.	 Momeni L, Shareghi B, Saboury AA, Farhadian S, Reisi F. A spec-
troscopic and thermal stability study on the interaction between 
putrescine and bovine trypsin. Int J Biol Macromol. 2017;94(Pt 
A):145-153. ​doi:​10.​1016/​j.​ijbiomac.​2016.​10.​009

	16.	 Al Shukor N, Van Camp J, Gonzales GB, et  al. Angiotensin-
converting enzyme inhibitory effects by plant phenolic com-
pounds: a study of  structure activity relationships. J Agric Food 
Chem. 2013;61(48):11832-11839. ​doi:​10.​1021/​jf40​4641v

	17.	 Li YQ, Zhou FC, Gao F, Bian JS, Shan F. Comparative evalua-
tion of  quercetin, isoquercetin and rutin as inhibitors of  alpha-
glucosidase. J Agric Food Chem. 2009;57(24):11463-11468. ​doi:​10.​
1021/​jf90​3083h

https://orcid.org/0000-0002-6590-6044
https://orcid.org/0000-0002-6590-6044

	Inhibitory Mechanism of Engeletin Against α-Glucosidase
	Abstract
	Results and Discussion
	Conclusions
	Materials and Methods
	Chemicals
	α-Glucosidase Inhibitory Assay
	Fluorescence Spectra
	Molecular Docking
	Statistical analysis
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID ID

	References


