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Purpose: Diabetes is a common disease caused by a combination of genetic and environ
mental factors, which was the top three diseases threatening human health. Therefore, it is 
necessary to seek more efficient hypoglycemic drugs. The main objective of this study was to 
investigate the potential hypoglycemic effects of compounds from Polygonum capitatum.
Materials and Methods: Our experiments were divided into three steps: (1) α-amylase test 
and oral starch tolerance test (OSTT) for screening the biological extract part of P. capitatum; 
(2) chemical isolation and identification using various separation techniques, and spectrum 
methods; and (3) evaluation of α-amylase inhibitory activity of isolates and in silico analysis 
for mechanism investigation.
Results: The n-butanol fractioned part of P. capitatum was confirmed to be the biological 
part according to α-amylase test. Then, two new triterpenoid saponins were isolated from the 
n-butanol part, which were also the first isolated triterpenoid saponins from P. capitatum. The 
activities of compounds 1 and 2 against α-amylase were 51.9±2.8% and 38.1±2.2%, respec
tively, which was consistent with the molecular docking analysis. In which, 1 and 2 showed 
the binding affinity energy for α-amylase was −9.4 kcal/mol and −7.8 kcal/mol, respectively.
Conclusion: Two new triterpenoid saponins were firstly isolated from P. capitatum, and 
displays potency as a hypoglycemic agent through blocking α-amylase.
Keywords: α-amylase, Polygonum capitatum, triterpene saponins, hypoglycemic

Introduction
Clinical studies show that postprandial hyperglycemia is a key risk factor for 
cardiovascular disease in diabetics,1 thus, controlling postprandial blood glucose 
is of great significance in reducing the complications of diabetes. The complex 
carbohydrates break down to glucose, through α-amylase enzymes, and lead to the 
rapid absorption of glucose into the bloodstream leading to hyperglycemia.2 

Pancreatic α-amylase is a key enzyme in catalyzing the initial step of complex 
carbohydrates (starch and glycogen) into shorter oligosaccharides, which are 
degraded to glucose by α-amylase in the small intestine.3 α-Amylase inhibitors 
mainly inhibit the hydrolysis of polysaccharides into glucose by competing with the 
maltase and α-amylase on the surface of the small intestine mucosa, thereby 
delaying the absorption of sugars, and reducing postprandial hyperglycemia, the 
stimulation of pancreatic islet β cells, and the insulin secretion.4 So, those suitable 
inhibitors were considered to be used to control and regulate the activity of α- 
amylase for the treatment of diabetes. However, there are too few types of α- 
amylase inhibitors in clinical applications. Moreover, there are several adverse 
reactions of α-amylase inhibitors in clinical uses, such as gastrointestinal 

Correspondence: Lianna Sun;  
Wansheng Chen  
Tel/Fax +86-21-51322211  
Email sssnmr@163.com; 
chenwansheng@smmu.edu.cn

Drug Design, Development and Therapy 2021:15 5001–5010                                            5001
© 2021 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 30 September 2021
Accepted: 25 November 2021
Published: 14 December 2021

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:sssnmr@163.com
mailto:chenwansheng@smmu.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com


discomfort (bloating, abdominal pain) and so on.5,6 

Therefore, looking for high-efficiency α-amylase inhibi
tors from natural products is attracting more and more 
attention.7,8

Polygonum capitatum (Polygonum capitatum Buch.- 
Ham. ex D. Don) belongs to the Polygonaceae, genus 
Polygonum, mainly distributed in Hunan, Hubei, 
Sichuan, and Guizhou provinces in China. Previous stu
dies have showed that P. capitatum has a significant inhi
bitory activity against α-glucosidase, and insulin 
sensitization effect.9,10 Our previous study has revealed 
P. capitatum possessed α-amylase inhibition effect.11 As 
a continuous study, we used α-amylase test and OSTT 
experiment to bio-guided trace the effect fraction of P. 
capitatum, which identified two new triterpenoid saponins 
with anti-α-amylase activity. Moreover, the underlying 
plausible molecular targets were further explored by mole
cular docking analysis.

Materials and Methods
Materials
The aerial part of P. capitatum was collected from Bozhou, 
Anhui province in China in May 2008. The plant was 
identified and deposited in School of Pharmacy of 
Second Military Medical University (PC20080517). 
Distilled organic solvents used for extraction and purifica
tion included methanol, ethanol, petroleum ether, ethyl 
acetate, n-butanol, and acetonitrile, while the chemicals 
used for spectroscopic analysis were deuterated grades. 
Chromatographic separations were conducted on Silica 
gel (200–300 and 300–400 mesh) (Sino Pharm, 
Shanghai, China), ODS RP-18 (50 µm) (Merck, 
Darmstadt, Germany), and HL-20 (GE Sephadex, MA, 
USA) columns. Silica GF254 plates (0.25 mm, Aladdin, 
Shanghai, China) and ODS RP-18 F254S (0.25 mm, 
Merck) plates were used for thin-layer chromatography 
(TLC) and detection achieved by spraying with 5% 
H2SO4 in ethanol (v/v), followed by heating.

α-Amylase was purchased from Sigma-Aldrich 
(#A4268, Saint Louis, MO, USA). 6-week-old male ICR 
mice (body weight 22±3 g) were obtained from Shanghai 
SLAC Laboratory Animal Co. Ltd and kept under con
trolled environmental conditions at room temperature (22 
±2 °C) and humidity (50±10%). The 12/12 h light/dark (8 
am–8 pm) cycle was maintained throughout the study. 
Blood glucose test strips were purchased from Major 
Biosystem Corp (Taipei, China). Starch was obtained 

from Shandong Shengqi Biology Co., Ltd, and acarbose 
was purchased from Bayer (Leverkusen, Germany).

OSTT (Oral Starch Tolerance Test)
Forty mice were divided into 5 groups (n=8): the control 
group (Con, water); P. capitatum group (PC, 1200 mg/kg), 
n-butanol fraction group (PCB, 400 mg/kg), model group 
(Starch, 2000 mg/kg), and positive group (Acarbose, 25 
mg/kg). Briefly, forty ICR mice were reared adaptively for 
2–3 days, and randomly grouped according to body weight 
(n=8). Food and litter were removed 12 hours before the 
experiment. Acarbose (50 mg), PC (1200 mg), and PCB 
(200 mg) were dissolved in 5 mL 0.5% sodium carbox
ymethyl cellulose (CMCNa), respectively. Then, all above 
samples were mixed with 2.5 g/kg starch in equal volume 
and then administered by gavage together. The adminis
tration volume was 0.1 mL/10 g body weight, and the 
control group was given an equal volume of vehicle. 
Blood glucose was measured at 30 min, 60 min and 120 
min after starch administration. The blood glucose before 
administration was recorded as 0 min. The animal experi
ments were approved by the Ethics Committee of Second 
Military Medical University (Shanghai, China), according 
to the Guide for the Care and Use of Laboratory Animal 
published by the National Institutes of Health (Bethesda, 
MD, USA).

α-Amylase Activity
Six groups, including 5 sample groups, and positive group 
(acarbose), were put in 96-well plates, each with 6 repli
cate wells. The operation method is as follows: 25 μL 
sample solution, distilled water, and 12.5 μL α-amylase 
solution (27.8 μg/mL) were transferred into 96-well plates, 
and incubated at 37 °C for 10 min. Then, 12.5 μL starch 
solution was added to each well, and incubated at 37 °C 
for 10 min. After that, 500 μL color reagent was added to 
each well to stop the reaction. The absorbance (A) was 
measured at 630 nm wavelength, which reflects the activ
ity of amylase. The calculation formula of the inhibition 
rate (%) is as follows:

Inhibition rate (%)=[1–(A sample without enzyme–A 
sample with enzyme)/(A blank control without enzyme–A 
blank control with enzyme)]×100%.

Kinetic Study of α-Amylase Inhibition
In this study, PCB was selected to perform the kinetic 
study based on previous study.12 In brief, 12.5 μL of α- 
amylase solution (27.8 μg/mL) together with 25 μL of the 
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PCB (600 μg/mL) was incubated for 10 min at 25 °C 
while the control group was incubated with 12.5 μL of 
0.5% CMCNa. 12.5 µL of various concentrations of starch 
solution (0.3125 mg/mL, 0.625 mg/mL, 1.25 mg/mL, 2.5 
mg/mL, 5.0 mg/mL) were added into the reaction system 
incubating for 10 min at 25 °C, which were followed by 
boiling for 5 min with 100 µL of 3,5-dinitrosalicylic acid 
(DNS) for terminating the reaction. The reducing sugars 
were determined based on maltose standard curve using 
spectrophotometry (630 nm). A Lineweaver–Burk double 
reciprocal curve was plotted using 1/[S] as the abscissa 
and 1/v as the ordinate to determine the type of inhibition 
of PCB to α-amylase, in which v is reaction velocity and 
[S] is substrate concentration.

Isolation of Components of P. capitatum
Air-dried P. capitatum (18 kg) was ground into powder 
and extracted with 80% ethanol, and concentrated with a 
rotary evaporator under pressure to yield crude (2730 g). 
The crude was suspended in distilled water (1.5 L), and 
fractioned with petroleum ether (PCP), ethyl acetate 
(PCE), n-butanol (PCB), and water (PCW). The n-butanol 
(800 g) fraction was subject to microporous resin (3000 g), 
and eluted with distilled water, 10% ethanol, 30% ethanol, 
70% ethanol, and 95% ethanol, to obtain five fractions 
(Fr.1–Fr.5) based on TLC analysis. Fr.3 (22.07 g) was 
further fractionated via MCI column chromatography, 
and eluted with distilled water, 10% methanol, 30% 
methanol, 50% methanol, 70% methanol, and 95% metha
nol, to obtain seven fractions (Fr.3-1–Fr.3-7). The Fr.3-4 
(287 mg) subfraction was purified via column chromato
graphy on an ODS RP-18 column and eluted using H2O– 
MeOH at a gradient of 10% (v/v) to yield compounds 1 
(5.7 mg) and 2 (5.5 mg).

Molecular Docking
The three-dimensional (3D) structure of α-amylase (PDB 
id: 1DHK) were obtained from protein data bank. PyMOL 
v2.5 was used to analyze the protein structure, with crys
tallographic waters removing. After that, autodocktool- 
1.5.6 was used to add hydrogen atoms in previous struc
ture with GA run 10. The 3D interactions of the docked 
ligands were visualized using autodocktool-1.5.6, to ana
lyze their relative positional relationships.

Statistical Analysis
Data are expressed as the mean±SD for this research. 
Statistical comparisons of the results were carried out 

using one-way analysis of variance (ANOVA), with sig
nificantly different at p<0.05 by using post hoc Tukey’s 
test.

Results
α-Amylase Inhibition Screening
In the search for phytocomponents with α-amylase and α- 
glucosidase inhibition activities, ethanol extracts of P. 
capitatum (PC) and its fractioned parts (PCP, PCE, PCB, 
and PCW) were first selected for biological evaluation. In 
our research, all samples were prepared in 139 μg/mL 
(Table 1), and the inhibitory rate of the positive control 
drug acarbose was recorded as 100%. From Table 1, PC 
and PCB showed strong α-amylase inhibition. Especially 
for PCB parts, the α-amylase inhibitory values were 
147.37±10.82%, which showed stronger activity than posi
tive drugs.

From the results of in vitro screening, it can be pre
liminarily determined that the n-butanol fractioned part of 
P. capitatum has strong enzyme inhibitory activity on α- 
amylase, which guided us to explore the active compo
nents. The mode of inhibition of α-amylase activity by the 
PCB was determined using the Lineweaver–Burk plot 
which showed that PCB displayed a noncompetitive inhi
bition of the enzyme activity (Figure 1).

Inhibition of PC and PCB in Starch 
Digestion
From the above results, PCB has showed a potential 
hypoglycemic effect. In order to confirm this hypothesis, 
we did the experimental test for lowering blood glucose 
with extract of P. capitatum (PC) and its fractioned parts 
(PCB) in starch-induced hyperglycemia mice. OSTT 
showed that PC and PCB exerted glucose inhibition as 
compared with the model group (Table 2), especially for 
the PCB treatment, the glucose levels were very close to 
acarbose from 30 min to 120 min. And the altered trend of 

Table 1 PC and Different Fractions Against α-Amylase and α- 
Glucosidase Inhibitory Effect (n=3)

Name α- Amylase Inhibition (139 μg/mL, %)

PC 122.24±16.86
PCP 60.86±13.24

PCE 92.48±10.41

PCB 147.37±10.82
PCW 3.71±1.23

Acarbose 100
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blood glucose levels shown as AUC also confirmed PCB 
was very potent when compared with the reference drug 
acarbose (Table 2), suggesting the beneficial effect of PCB 
on suppressing starch digestion.

Structure Characterization of 
Compounds 1 and 2
Compound 1 (Figure 2), isolated as a white powder, was 
determined to have a molecular formula of C48H78O20 by 
its HRESIMS (m/z 997.4984, [M+Na]+ calc. 974.5091) 
and NMR data analysis (Supplementary Figure S1). The 
IR absorptions suggested the presence of hydroxyl 
(3422 cm−1), and carbonyl (1738 cm−1). The 1H-NMR 
spectrum (Table 3, Supplementary Figure S2) of 1 dis
played several characteristic proton signals for seven 
methyl proton signals at δH 1.82 (3H, s), 1.74 (3H, s), 
1.72 (3H, s), 1.09 (3H, s), 0.86 (3H, d, J = 6.4 Hz), 0.93 
(3H, s), and 1.69 (3H, d, J = 6.4 Hz). In addition, an 
olefinic proton signal at δH 5.51 (1H, d, J = 6.8 Hz), and 
three anomeric methines at δH 6.13 (1H, d, J = 7.8 Hz), 
5.84 (1H, brs), 4.96 (1H, d, J = 1.8 Hz) were observed in 

the 1H-NMR spectrum. In the 13C-NMR and DEPT NMR 
spectra of 1 (Supplementary Figures S3 and S4), seven 
primary carbon signals at δC 16.6, 18.8, 17.8, 24.2, 21.7, 
18.8, and 19.8 were readily assigned to seven methyl 
groups, one quaternary carbon at δC 176.2 was assigned 
to carbonyl groups, and two olefinic carbon signals at δC 

126.8 and 138.2 were detected. Moreover, in the 13C-NMR 
spectra of 1, three signals at δC 96.9, 105.4, and 102.7 
were assigned to the anomeric carbons for two glucoses 
and one L-rhamnose with the aid of HMQC and 1H–1H 
COSY spectrum (Figure 3, Supplementary Figures S5 and 
S6). The configurations of anomeric protons were defined 
as α-glucose, β-glucose, and α-rhamnose based on the 
coupling constant at δH 4.96 (1H, d, J = 1.8 Hz), 6.13 
(1H, d, J = 7.8 Hz), 5.84 (1H, brs), respectively. The sugar 
residues were further identified as D-glucose and L-rham
nose according to acid hydrolysis and TLC comparison 
based on the methods previously reported. The 1H-NMR 
and 13C-NMR spectroscopic data suggested that the ske
leton of 1 was very similar to Terminolic acid,13 except for 
the presence of sugar moieties in 1. The double bond was 
located between C-12 and C-13 in view of the HMBC 
correlations of H-18 (δH 2.49) with C-12 (δC 126.8) and 
C-13 (δC 138.2) (Supplementary Figure S7). The chemical 
shifts of C-6, C-2 and C-3 at δC 67.9, 69.5 and 78.7 
suggested the equatorial position of the hydroxyl groups 
at C-6, C-2 and C-3. In the NOESY spectrum of 1, the 
obvious cross signals of H-2 (δH 4.65)/H-25 (δH 1.74), H-2 
(δH 4.65)/H-23 (δH 1.82), H-5 (δH 1.98)/H-24 (δH 4.06) 
and H-3 (δH 4.08)/H-5 (δH 1.98) further confirmed the 
stereochemistries of H-2, H-3 and the presence of an 
oxygen atom connected to C-24, while the correlation 
between H-6 (δH 5.07) and H-24 (δH 4.06) in the 
NOESY spectrum verified the stereochemistry of H-6. A 
glucose residue was confirmed to be connected to C-28 of 
the aglycone due to the HMBC correlation between the 
anomeric proton at δH 6.13 (1H, d, J = 7.8 Hz) and the 
methylene signal at δC 176.2 (C-28). The other two sugar 

Figure 1 Inhibition kinetics of P. capitatum n-butanol fraction (PCB) against α- 
amylase.

Table 2 The Lowering Blood Glucose of PC and PCB in Starch-Induced Mice (x±s, n=8)

Group 0 min 30 min 60 min 120 min AUC

Con 3.3±0.2 3.2±0.2 3.6±0.4 3.3±0.2 6.3±0.3
Model (2 g/kg) 3.4±0.5 6.9±0.7## 11.4±0.5## 6.4±0.4## 16.1±0.2

PC (1.2 g/kg) 3.4±0.2 3.4±0.4** 4.2±0.6** 3.4±0.5** 7.4±0.3

PCB (400 mg/kg) 3.2±0.4 3.3±0.6** 3.5±0.7** 3.4±0.3** 6.7±0.4
Acarbose(25 mg/kg) 3.4±0.5 3.7±0.7** 3.1±0.7** 3.1±0.5** 6.6±0.5

Notes: ##p<0.01 compared with Con; **p<0.01 compared with Model.
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moieties were verified by the following important HMBC 
correlations from H-1″ (δH 4.96) of Glc-1″ to C-4ʹ (δC 

71.5), and H-1″ʹ (δH 5.84) of Rha to C-4″ (δC 78.8) of Glc- 
1″ (Figure 3). Finally, compound 1 was established as 
2α,3β,6β,24-tetrahydroxy-olean-13-en-28-oic acid 28-O- 
α-L-rhamnopyranosyl-(1→3)-O-α-D-glucopyranosyl- 
(1→4)-O-β-D-glucopyranosyl ester.

Compound 2 (Figure 2), isolated as a white powder, 
was determined to have a molecular formula of C48H78O19 

by its HRESIMS (m/z 959.5227 [M+H]+, calc. 958.5137) 
and NMR data analysis (Supplementary Figure S8). The 
IR absorptions suggested the presence of hydroxyl 
(3421 cm−1), and carbonyl (1738 cm−1). Comparison of 
the 1H-NMR and 13C-NMR data (Table 3; Supplementary 
Figures S9 and S10) of 1 and 2, suggested the chemical 
structures of these two compounds were very similar, 
except the obvious chemical shift of C-6. The upfield 
chemical shift of C-6 at δC 34.1 in 2 suggested the hydro
xyl group was replaced with a hydrogen compared with 1, 
which was confirmed by the appearance of secondary 
carbon at δC 34.1 in the DEPT and HMQC spectrum 
(Supplementary Figures S11 and S12). The double methyl 
proton signal assigned to H-29 at δH 0.93 (3H, d, J = 3.12 

Hz) showed an HMBC correlation with C-18 (δC 54.1), 
while another double methyl proton signal assigned to 
H-30 at δH 0.89 (3H, d, J = 2.40 Hz) exhibited HMBC 
correlations with C-19 (δC 40.2) and C-21 (δC 31.7), 
suggesting the ursane-type aglycone of 2 (Supplementary 
Figure S13). In the NOESY spectrum of 2 (Supplementary 
Figure S14), the obvious cross signals of H-2 (δH 4.70)/H- 
25 (δH 1.16), H-2 (δH 4.70)/H-23 (δH 1.11), H-5 (δH 2.35)/ 
H-24 (δH 4.24) and H-3 (δH 4.13)/H-5 (δH 2.35) further 
confirmed the stereochemistries of H-2, H-3 and the pre
sence of an oxygen atom connected to C-24. All the 
spectroscopic data in 2 were very similar to 2α,3β,24- 
trihydroxy-olean-13-en-28-oic acid.14 The sugar chain at 
C-28 of the aglycone was verified by the following impor
tant HMBC and 1H–1H COSY correlations 
(Supplementary Figures S13 and S15) from H-1ʹ (δH 

6.123) of Glc-1ʹ to C-28 (δC 177.2), H-1″ (δH 5.02) of 
Glc-1″ to C-4ʹ (δC 71.9) of Glc-1″, and H-1″ʹ (δH 5.84) of 
Rha to C-4″ (δC 78.9) of Glc-1″ (Figure 2). Finally, com
pound 2 was established as 2α, 3β, 24-trihydroxy-olean- 
13-en-28-oic acid 28-O-α-L-rhamnopyranosyl-(1→4)-O- 
β-D-glucopyranosyl-(1→4)-O-β-D-glucopyranosyl ester.

Figure 2 Structures of compounds 1 and 2.
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Table 3 NMR Data for Compounds 1 and 2 (in C5D5N, δ in ppm, J in Hz)

No. 1 2

13C-NMR 1H-NMR 13C-NMR 1H-NMR

1 50.9 1.47, 2.38, m 49.0 1.85, 1.81, m

2 69.5 4.65, m 69.9 4.70, m
3 78.7 4.08, m, J = 3.89, 11.53 Hz 79.1 4.13, m, J = 3.89, 11.53 Hz

4 44.9 – 44.6 –

5 49.1 1.98, m 49.1 2.35, m
6 67.9 5.07, m 34.1 1.70, m

7 41.8 1.85, m, 2.01, m 31.7 1.38, m

8 40.4 – 43.5 –
9 49.1 1.96, m 48.8 1.40, m

10 38.6 – 39.3 –

11 24.4 1.28, m 24.8 2.07, m
12 126.8 5.51, d, J = 6.8 Hz 126.9 5.44, t, J = 6.2 Hz

13 138.2 – 139.4 –

14 43.6 – 41.2 –
15 29.3 1.13, m, 2.49, m 29.6 1.37, m, 2.44, m

16 25.2 1.16, m, 2.03, m 25.5 1.41, m, 1.98, m

17 48.9 – 49.3 –
18 53.8 2.49, s 54.1 2.51, s

19 39.5 0.86, s 40.2 1.42, s

20 39.9 1.38, m 40.0 1.37, m
21 31.3 1.39, m 31.7 1.24, 1.44, m

22 37.2 1.75, m, 1.92, m 4.04 overlap 37.8 1.79, m, 1.95, m 4.04 overlap

23 16.6 1.82, s 15.3 1.11, s
24 66.6 4.06, m, 4.41, m 67.4 3.74, m, 4.24, m

25 18.8 1.74, s 18.7 1.16, s
26 17.8 0.93, s 18.6 1.21, s

27 24.2 1.09, s 24.6 1.11, s

28 176.2 – 177.2 –
29 21.7 0.86, d 18.3 0.93, d, J = 3.12 Hz

30 18.8 1.72, s 22.2 0.89, d, J = 2.40 Hz

Glc-1′ 96.9 6.13, d, J = 7.8 Hz 96.6 6.23, d, J = 8.2 Hz
2′ 74.2 4.13, m 74.9 4.17, m

3′ 79.0 4.24, m 79.1 4.16, m

4′ 71.5 4.28, m 71.9 4.34, m
5′ 76.9 4.13, m 79.7 4.26, m

6′ 61.8 4.08, m, 4.21, m 70.4 4.29, m, 4.30, m

Glc-1″ 105.4 4.96, d, J = 1.8 Hz 105.9 5.02, d, J = 7.8 Hz
2″ 75.8 3.94, m 76.3 4.00, m

3″ 78.3 4.39, m 77.5 4.20, m

4″ 78.8 4.19, m 78.9 4.48, m
5″ 77.6 3.66, m 78.1 3.71, m

6″ 69.9 4.43, m 62.6 4.12, m, 4.28, m

Rha-1″′ 102.7 5.84, brs 103.6 5.92, brs
2″′ 73.0 4.67, m 73.7 4.72, m

3″′ 73.2 4.54, m 73.5 4.60, m

4″′ 74.5 4.33, m 74.7 4.37, m
5″′ 70.8 4.93, m 71.2 5.03, m

6″′ 19.8 1.69, d, J = 6.4 Hz 19.5 1.75, d, J = 6.4Hz
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α-Amylase Inhibition and Molecular 
Docking of 1 and 2
In the present study, compounds 1 and 2 were evaluated for 
their inhibitory effects against α-amylase (Table 4). Even 
though, the structures of 1 and 2 were very similar, the α- 
amylase inhibitory effects were a little bit different. Thus, 
figuring out the structure–activity relationship (SAR) of these 
triterpene saponins will benefit structure modification of 
natural product. In order to demonstrate the potential of 
mechanism of these compounds, molecular docking of the 
compounds was performed against α-amylase (1DHK). 
Interestingly, the binding energy of 1 was higher than that 
of 2 (Table 4), which was consistent with the α-amylase 
inhibition effect. To further visualize the binding site, the 
interaction models of triterpene saponins with 1DHK are 

shown in Figure 4. The analysis suggests that there were 
four amino acid residues (Ser289, Pro332, Asp402, Arg398) in 
the active site of 1DHK interacting with 1 by hydrogen 
bonding (Figure 4A), while compound 2 bounded with 
three amino acid resides (Ser289, Pro332, Arg421) of 1DHK 
(Figure 4B), suggesting that the predicted number of side 
chains of 1DHK active site involved in the binding interac
tion with a triterpene saponins is necessarily correlated with 
the binding affinity of the triterpene saponins to the enzyme.

Discussion
Diabetes mellitus (DM) is a type of metabolic disease caused 
by impaired insulin action or insufficient secretion. It is mainly 
caused by metabolic disorders of sugar, fat, and protein.15 It is 
characterized by persistent elevated blood sugar and accom
panied by the occurrence of multi-system and multi-organ 
complications. Starch, derived from various food, is the main 
source of blood sugar, which can be absorbed after α-amylase 
hydrolysis to generate monosaccharides.16 α-Amylase is 
mainly originated from the pancreas, stomach, and small intes
tine and has an important influence on the structure of glyco
syls, which can hydrolyze the glycosidic bonds in various 

Figure 3 Key HMBC ( ) and 1H-1H COSY ( ) correlations of compounds 1 and 2.

Table 4 α-Amylase Inhibition and Binding Energy of 1 and 2

Name 1 2

α-Amylase inhibition (139 µg/mL) (%) 51.9±2.8 38.1±2.2
Binding energy (kal/mol) −9.4 −7.8
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sugar-containing compounds by endo or exocytosis.17 

Therefore, α-amylase is a key enzyme that regulates postpran
dial blood sugar for the treatment of diabetes. In this study, bio- 
guided isolation of P. capitatum, based on α-glucosidase and α- 
amylase inhibition screening, yielded two new triterpenoid 
saponins. Moreover, the potential binding sites of these triter
penoid saponins for α-amylase was evaluated according to 
molecular docking analysis, which might be useful for struc
ture modification of triterpenoid saponins for attenuating blood 
sugar level.

Starch digestibility has been reported to relate to elevated 
postprandial blood glucose. One of the strategies to reduce 
postprandial hyperglycemia is to limit the activity of carbohy
drate digestive enzymes in the intestinal tract. α-Amylase is the 
key enzyme that degrades the polymeric substrate into shorter 
oligomers by catalyzing the hydrolysis of α-1,4-glucan lin
kages present in starch, maltodextrins, and other related 
carbohydrates.18 Thus, pursuing efficient α-amylase inhibitor 
can reduce the high frequency of postprandial hyperglycaemia 
in diabetes. Due to the highly abundant compounds in nature 
and for their promising biological activities, plants offer excel
lent alternatives to manage postprandial hyperglycaemia via 
inhibiting α-amylase. Polygonum capitatum belongs to the 
Polygonaceae, genus Polygonum, and has been reported to 
be involved in clearing heat and draining dampness in TCM 
theory, which might be associated with hypoglycemia. In our 
research, we used α-amylase inhibitory experiment to guided 
separate active ingredients in P. capitatum. Compared with the 
whole plant extract, the n-butanol fractioned part showed more 
α-amylase inhibitory activities. Thus, n-butanol fractioned part 

was selected to investigate the active ingredients of P. 
capitatum.

After careful isolation of the n-butanol part, two new 
triterpenoid saponins were identified. Previous studies have 
revealed various triterpenoids exhibited α-glucosidase inhibi
tory activity. In addition, structure–activity relationship (SAR) 
analysis indicated that the side chain structure plays a major 
role in the inhibition of α-glucosidase activity.19 Based on this 
hypothesis, Nie et al constructed a linkage between oleanolic 
acid and cinnamic amides, and showed strong α-glucosidase 
inhibitory activity.20 In our research, the side chains (three 
sugar groups) in 1 and 2 were binding to amino acid residues 
of α-amylase, which was consistent to the previous study after 
molecular docking analysis.19

Molecular docking analysis suggested that the interaction 
of hydrogen between amino acid residue and triterpenoid 
saponins may play an important role in inhibiting amylase 
(Figure 4). Previous X-crystal studies of α-amylase have 
revealed various amino acid residues (Asp197, Glu233 and 
Asp300) were thought to be important residue for α-amylase 
catalysis, in which Asp197 was considered a catalytic nucleo
philic reagent in the process of starch hydrolysis, while Asp300 

is mainly used for substrate orientation optimization.21–23 In 
the study of the binding properties of the compound 1 
(Figure 4), the hydrogen at H-6″ forms connections both with 
Arg398 and Asp402, while two hydrogen bond contacts with 
Ser289 and Pro332 in Glc-1ʹ. Meanwhile, Figure 3B shows the 
binding properties of the compound 2, where two hydrogen 
bond contacts with Ser289, Pro332, and Arg421 in Glc-1ʹ. 
Comparison the structures between 1 and 2, both hydrogen at 

Figure 4 Molecular docking for binding interactions between compound 1 (A), compound 2 (B) and α-amylase.
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H-6ʹ in Glc-1ʹ formed connection with Ser289 and Pro33. 
However, 1,4-glycosidic bond in 2 forms a more rigid structure 
than 1,3-glycosidic bond of 1, which made a greater distance 
from the active site (Asp402). Overall, the in silico analysis of 
the ligand–protein interaction of new triterpenoid saponins 
with amino acid residues gave credence to the inhibitory effect 
of triterpenoid saponins reported in this study.

Conclusion
We used α-amylase and α–amylase screening method to guide 
isolation of two novel triterpenoid saponins (1 and 2) from the 
n-butanol fractioned part of P. capitatum. Both compounds 
showed α-amylase inhibitory effect, even though there was a 
little activity difference for them. Docking simulation and 
binding affinity experiments revealed that compound 1 was 
more effective in inhibiting α-amylase, and revealed a possible 
mechanism of 1 and 2 in α-amylase inhibition. Moreover, the 
active group of 1 and 2 in α-amylase inhibition might provide a 
new sight of structural modification of triterpenoid saponins in 
screening active compounds of α-amylase inhibition.
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