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1  | INTRODUC TION

Diabetes mellitus (DM), as a kind of metabolic disease, is character-
ized by the deficiency of insulin function and secretion, which leads 
to chronic hyperglycaemia, affecting the metabolism of protein, fat 
and carbohydrate.1,2 DM patients mainly manifested as polypha-
gia, polydipsia, polyuria and weight loss. Type 2 diabetes mellitus 
(T2DM) accounts for 90-95% of diabetic patients. Insulin resistance 
and β cell failure (decrease of β cell quality, glucose sensitivity and 
secretion ability) are the main characteristics.3,4 DM is regarded 
by the World Health Organization (WHO) as one of the four main 
non-communicable diseases (NCDs).5 Current treatment options 
for DM include the sole application of exogenous insulin or com-
bining it with allopathic drugs. Those hypoglycaemic drugs decrease 
fasting blood glucose through many pathways, such as biguanides 

(metformin), sulphonylureas (glibenclamide) and alpha-glucosidase 
inhibitors (acarbose and miglitol).6 Many efforts have been made to 
explore safe and effective anti-T2DM drugs.7

Glucagon-like peptide-1 (GLP-1) is a glucose-dependent hormone 
that stimulates islet beta cells to secrete insulin in a glucose-depen-
dent manner.8 GLP-1 receptor (GLP-1R) belongs to the glucagon 
receptor B family and distributes in pancreatic cells, gastrointesti-
nal tract, cardiovascular, lung and central nervous system.9 GLP-1 
continues to activate the GLP-1R, which increases insulin secretion, 
beta-cell proliferation and regeneration.10,11 GLP-1R is an important 
target for insulin secretion, the agonists of which are widely used in 
the treatment of DM.12 A series of GLP-1R agonists, such as exdin-4, 
liraglutide and lixisenatide, have been developed.13,14 In addition to 
significantly reducing blood glucose, GLP-1R agonists can also re-
duce weight, blood pressure, improving the function of β cell, which 
showed the potential to delay the progress of diabetes and reduce 
cardiovascular complications.13 GLP-1R agonists can delay intestinal 
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Abstract
Loureirin B (LB) is a natural product derived from Sanguis draconis, which has hypo-
glycaemic effects. In order to research the possible target of LB in the treatment of 
diabetes, molecular docking was used to simulate the interaction between LB and po-
tential targets, and among them, glucagon-like peptide-1 receptor (GLP-1R) had the 
optimal results. Further, spectroscopy and surface plasmon resonance (SPR) experi-
ments were applied to detect the interaction between LB and GLP-1R. Ultimately, 
after GLP-1R siRNA interfering the expression of GLP-1R in Ins-1 cell, the promot-
ing insulin secretion of LB was weaken, which directly proved that GLP-1R plays an 
important role. These results show that LB promotes insulin secretion of Ins-1 cells 
through GLP-1R. Hence, the strategy of LB as a prodrug will provide a potential ap-
proach for non-peptide GLP-1R agonist.
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emptying, thereby increasing satiety, and suppressing appetite.15 
Therefore, the weight-loss effect of GLP-1R agonists can improve 
both the quality of life of patients, and the metabolic abnormalities 
of obese T2DM.16 However, due to easily degrade by gastric juice 
and lose their activity in the body, these polypeptide drugs cannot 
be taken orally.17,18 Therefore, the study of non-peptide GLP-1R ag-
onists has become a hot topic.

Resina draconis is derived from the resin of Dracaena cochinchin-
ensis, which has a variety of pharmacological effects, such as an-
ti-blood stasis, anti-coagulation and hypoglycaemic.19,20 Increasing 
researches are focused on how Resina draconis plays a role in the 
treatment of diabetes. Zhang et al reported that Resina draconis 
has good hypoglycaemic effect on rat hyperglycaemia model and 
increasing insulin secretion.21 The current research focuses on the 
hypoglycaemic mechanism of Resina draconis. In Resina draconis, 
the content of dihydrochalcones has relatively potential with hy-
poglycaemic effect such as loureirin B (LB).19 With the continuous 
determination of biomacromolecules and development of computer 
science, computer-aided drug design has been widely used in the re-
search and development of compounds. Through molecular docking 
to mimic the interaction of LB with various insulin secretion-related 
targets, it was found that GLP-1R may be a potential target for LB. 
Therefore, whether GLP-1R is the target of LB was studied. The pur-
pose of this study is to lay a foundation for the structural optimiza-
tion of LB.

2  | MATERIAL AND METHODS

2.1 | Material

The recombinant protein GLP-1R was obtained from Creative 
BioMart. Loureirin B (LB) was purchased from National Institutes for 
Food and Drug Control. The stock 0.01 mol/L LB solution was pre-
pared with dimethyl sulphoxide (DMSO).

2.2 | Molecular modelling and docking analyses

The extracellular domain of GLP-1R was got from the PDB database 
(4ZGM, http://www.rcsb.org/pdb). The structure of LB was obtained 
from the PubChem database (https://pubch​em.ncbi.nlm.nih.gov). 
The simulated interaction between LB and GLP-1R was measured 
by Discovery Studio 4.1 (DS) (a suite of software for simulating small 
molecule and macromolecule systems).

The interactions between LB and GLP-1R, DPP-IV, ffar1 and GK 
were simulated by discovery studio 4.1 molecular docking software. 
The specific operation is as follows:

1.	 Open the receptor protein file downloaded from PDB database 
in DS software to prepare protein
Tool∣Dock Ligands∣Prepare Protein.

2.	 Open the prepared protein file to obtain one or more potential 
docking sites
Tool∣Define and Edit Binding Site.

3.	 Open the small molecule file downloaded from PubChem data-
base in DS software to prepare ligand
Tool∣Dock Ligands∣Prepare Ligands.

4.	 Running cdocker
Tool∣Dock Ligands∣Docking Optimization∣Dock Ligands 
(CDOCKER).
The main docking parameters are as follows:
Top Hits:2000;Pose Cluster Radius:1;Random Conformations:10.
Dynamics Steps:2000;Dynamics Target Temperature:310.15.

5.	 Analysis of docking results
Tool∣View Interactions∣Display receptor-ligand interactions.

2.3 | 2D and 3D fluorescence spectrometry

3D fluorescence spectroscopy: LB was added to the GLP-1R solution 
with a concentration of 2.5 × 10-8 mol/L (the concentration of the LB 
was 5 × 10-8 mol/L). After mixed 5 minutes, the solution was meas-
ured by the three-dimensional fluorescence spectra. Experimental 
parameters: excitation wavelength, 280  nm, emission wavelength, 
290-500 nm, slit width, 5 nm, and voltage, 950 V. The experiment 
was repeated 3 times.

2D fluorescence spectroscopy: LB was added to the GLP-1R 
solution (2.5 × 10-8 mol/L) 10 times continuously (the concentration 
of the LB was 0-4.5 × 10-7 mol/L). The equilibrium time of each re-
action is 3min, and the emission spectrum of the mixture of GLP-1R 
and LB at 290-500  nm under the condition of excitation light of 
280 nm is recorded. The experiment was repeated 3 times.

Fluorescence quenching constant Ksv and quenching rate con-
stant Kq: The fluorescence spectra were obtained at different tem-
peratures (300, 305, 310 K). When the excitation wavelength was 
280 nm, the fluorescence intensity of the solution without LB was 
recorded as F0 when the reading emission light was 339 nm, and the 
fluorescence intensity of the solution with drugs was recorded as F. 
From Stern-Volmer Equation 22:

Using F0/F to plot the concentration of LB, the linear equation 
was obtained. The slope of the equation is the fluorescence quench-
ing constant Ksv;

(τ0 represents the average lifetime of fluorescent molecules in the ab-
sence of loureirin, taking 10-8s), Kq was obtained.23,24
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The linear equation was obtained by drawing lg [(F0-F)/F]. The 
slope of the equation was n and the intercept was lgKa.

(T was the absolute temperature, R was the gas constant 8.3145 J/mol 
K), the linear equation was obtained by drawing InKa for 1/T. The slope 
of the equation was -H/R, the intercept was S/R. The enthalpy, entropy 
and free energy were calculated.

LB (0-4.5 × 10-8 mol/L) was gradually added to GLP-1R (2.5 × 10-8  
mol/L). The synchronous fluorescence spectra of Δλ = 15 nm and 
Δλ = 60 nm were recorded.

Δλ = 15 nm: the emission wavelength was 250 nm, and the exci-
tation wavelength was 235-340 nm. Δλ = 60 nm: the emission wave-
length was 295 nm, and the excitation wavelength was 235-340 nm. 
Experimental parameters: slit width 5 nm, voltage 950 V.

2.4 | Cell culture

Rat insulinoma Ins-1 cells were purchased from American Type 
Culture Collection (ATCC). The cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) high-glucose medium with 10% 
foetal bovine serum (FBS) (10 099 141, Gibco), 1% penicillin/strep-
tomycin, 0.01 mol/L Hepes, 0.002 mol/L L-glutamine, 0.001 mol/L 
sodium pyruvate, and 5  ×  10-5  mol/L β-mercaptoethanol (M3148, 
Sigma) at 37°C in a humidified atmosphere with 5% CO2. The cells 
were seeded (5.0 × 105 cells per mL) 2 days in culture dishes, and 
then fed with fresh medium. The experiment was repeated 3 times.

2.5 | Assessment of insulin release and total 
insulin content

To measure insulin secretion, Ins-1 cells were first seeded onto 24-
well plates and cultured for 48 h to approximately 80%-90% con-
fluence. Different concentrations of LB were mixed into cell culture 
medium. Cells treated with different concentrations of LB. The super-
natants were collected from each well, and secreted insulin in which 
was determined using the Iodine [125I]− Insulin Radioimmunoassay 
Kit (North Biological Technology Research Institute of Beijing) ac-
cording to the manufacturer's instructions.25 The experiment was 
repeated 3 times.

	 1.	 Put the reagents and samples required for the experiment 
at room temperature, dissolve the freeze-dried products ac-
cording to the operation requirements, and balance for at 
least 30  minutes before operation.

	 2.	 60  ×  12  mm polystyrene tube was numbered, and all experi-
ments were repeated with double tubes.

	 3.	 200 μL of temperature solution was added to each NSB tube, 
and 100 μL of temperature education solution was added to 
each standard ‘0’ tube.

	 4.	 Take 100 μL of standard products (a ~ f), quality control serum 
and sample of each concentration into the corresponding num-
bered test tube.

	 5.	 Each tube is added with 100 μL of marker working fluid.
	 6.	 Each tube was added with 100 μL antibody working liquid, and it 

was mixed well.
	 7.	 The temperature was raised at 37 ℃ for 2 hours.
	 8.	 Add 500 μL of separator to each tube and mix well.
	 9.	 After 15  minutes at room temperature, centrifuge 3500  rpm, 

and suck or pour off the supernatant after 20 minutes.
	10.	 The recommended detection time: 1 minute.
	11.	 The concentration of samples and quality control serum was 

read from the standard curve.

2.6 | Cell viability

Cell viability was assessed with Cell Counting Kit-8 (CCK-8) (Sangon 
Biotech (Shanghai) Co., Ltd.). To determine cell viability, Ins-1 cells 
were seeded at a density of 5000/well in 96-well plates (100  μl/
well). Then, the cells were cultured overnight and treated with cul-
ture medium containing 10−5-10-9 mol/L LB for different times. The 
absorbance values were measured at 450 nm using multifunctional 
microplate reader (PerkinElmer, Waltham). The experiment was re-
peated 3 times.

2.7 | Real-time PCR expression

The total RNA of Ins-1 cells was extracted by TRIzol method 
(TRIzol-based method for sample preparation) and measured by 
spectrophotometer. Complementary DNA was generated using the 
PrimeScript™ reverse transcript reagent Kit (Takara, Tokyo, Japan). 
The relative expression of genes associated with insulin secretion 
was determined by quantitative RT-PCR (Bio-Rad, Hercules, USA) 
according to the manufacturer's instruction. The experiment was re-
peated 3 times. The primer sequences used for PCR were as follows:

Pdx1,5′- AAATCCACCAAAGCTCACGC −3′ (forward) and 
5′-AAGTTGAGCATCACTGCCAGC-3′(reverse). Irs2,5′-CCCCAGT 
GTCCCCATCCT-3′(forward) and 5′-TTTCCTGAGAGAGACGTTT 
TCCA-3′(reverse).

GAPDH,5′-GGCAAGTTCAACGGCACAGT-3’(forward) and 5′-TG 
GTGAAGACGCCAGTAGACTC −3′(reverse).

1.	 After adding trizon to the sample, blow several times repeat-
edly to make the sample fully split. The protein nucleic acid 
complex was completely separated after being placed at room 
temperature for 5  minutes.

(4)InKa = −
H

RT
+

S

R

(5)ΔG = ΔH − TΔS

Cellviability (%) =
ODSample −ODBlank

ODSample −ODBlank
× 100%
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2.	 Add chloroform, add 0.2 ml chloroform every 1 ml trizon, cover 
the tube, shake violently for 15 seconds, and place at room tem-
perature for 3 minutes.

3.	 After centrifugation at 4°C at 12  000  rpm for 15  minutes, the 
upper colourless aqueous phase (400 μL in 1 ml trizon) was re-
moved and transferred into a new RNase free centrifuge tube.

4.	 Add equal volume of isopropanol into the extracted aqueous so-
lution, mix it upside down and keep it at room temperature for 
10 minutes.

5.	 The supernatant was centrifuged at 4°C 12 000 rpm for 10 min-
utes, and the supernatant was discarded.

6.	 75% ethanol (prepared with water without RNase) was added to 
wash the precipitate. Wash the precipitate with 1 ml 75% ethanol 
every 1 ml trizon.

7.	 The supernatant was centrifuged at 4°C 12 000 rpm for 5 min-
utes, and the supernatant was discarded.

8.	 Centrifuging at 4°C 12 000 rpm for 30 seconds, carefully suck the 
remaining 75% ethanol and discard it.

9.	 Place at room temperature for 3 minutes and dry. 30-100 μL of 
RNase free water was added to dissolve RNA, and the concentra-
tion of extracted RNA was determined. The obtained RNA can be 
stored in – 80°C refrigerator for subsequent experiments.

2.8 | Western blot

Protein extracted from Ins-1 cells after treatment was quantitated 
using Bradford's micro estimation assay. 20 μg samples were sepa-
rated by sodium dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE). Polyvinylidene fluoride (PVDF) membrane was 
utilized to electro-transfer proteins, and then blocked with 5% non-
fat dry milk. And the membranes were incubated in different primary 
antibodies at 4°C overnight, including IRS-2, pAKT(Ser473), FOXO1, 
H2A and GAPDH (CST). Then, the membrane was incubated with 
appropriate secondary antibody tagged with the horseradish per-
oxidase-conjugated anti-rabbit IgG secondary antibodies for 1 h at 
room temperature. Blots were detected and imaged by chemilumi-
nescence using luminol as a substrate and ChemiDoc Imaging System 
(Bio-Rad), respectively. The experiment was repeated 3 times.

2.9 | SPR analysis

GE Biacore T200 instrument and GE S SA chips are used to com-
plete the system. In the experiment, 0.05 mol/L NaOH and 1 mol/L 
NaCl pretreatment chips were injected three times and one minute 
at first, and the flow rate of coupling LB was 5 μg/L/min, which re-
duced the sample consumption. LB (1 × 10-5 mol/L) was diluted with 
running buffer and then sampled and captured on the chip channel 
surface. In combination with the experiment, the reaction tempera-
ture was controlled at 25 (+0.1 degrees Celsius) and the flow rate 
was set at 30 μL/min. The detection channel (LB) subtracts the ref-
erence channel in real time to eliminate the volume effect caused 

by non-specific binding and buffer. Phosphate buffer saline (PBS) 
(0.05 mol/L, pH 7.4) acts as running buffer. Different concentrations 
of LB were prepared and their binding with GLP-1R was detected by 
SPR experiments.26 The experiment was repeated 3 times.

2.10 | siRNA transfection

Ins-1 cells were transferred to 6-well plates and cultured at 37°C in 
a humidified atmosphere with 5% CO2. SiRNA was transfected with 
Lipofectamine™ 2000 Transfection Reagent according to the manu-
facturer's instructions.

2.11 | Statistical analysis

Statistical significance was determined using the one-way analy-
sis of variance (ANOVA). All analyses were performed using SPSS 
Statistics ver. 19.0 (SPSS Inc). P values of less than .05 indicated sta-
tistical significance. Results are presented as mean ± SD.

3  | RESULTS

3.1 | Effects of LB on insulin secretion in Ins-1 cells

Ins-1 cells were treated with LB at different concentrations and time, 
and insulin secretion and cell viability were measured (Figure 1). The 
results showed that insulin secretion of Ins-1 increased with the in-
crement of LB (Figure  1A, C). When the concentration of LB was 
higher than 1 × 10-8 mol/L, insulin secretion of Ins-1 was significantly 
higher than control group. However, there is no significant increase 
of insulin secretion by continuing reduce LB. It is worth noting that 
LB significantly promotes insulin secretion in the range of 10-5-10-

9 mol/L, while no cytotoxicity in Ins-1 cells.
Ins-1 cells were treated with LB for different time. The results 

(Figure 1B, D) showed measurements of the insulin secretion and cell 
viability. The tendency of insulin secretion was first rising and then 
gradual; and reached the optimal value after 4 hours of treatment, 
about 2.78 ± 0.24 ng/ mL.

3.2 | Interactions between LB and GLP-1R

3.2.1 | Simulation of the interaction between LB and 
GLP-1R by molecular docking

After confirming the insulin secretion-promoting function of LB, 
relative targets associated with the effect were evaluated. GLP-1R, 
FFAR1, GK and DPP-IV are general targets for anti-diabetic drugs. 
Discovery studio 4.1 was used to simulate the binding ability be-
tween LB and targets. CDOCKER as the docking method showed the 
highest accuracy, which indicated the best ability to reproduce the 
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natural binding mode. The attribute of ‘-CDOCKER_ENERGY’ was 
used as a metric to measure the binding affinity. From Table 1 and 
Fig. S1, the -cDocker Energy values of the interaction are 40.4163, 
34.5128, 31.0388 and 25.4087, respectively. The results explained 
that the combination of LB and GLP-1R are stability than others. It 
was speculated that LB may interact with GLP-1R. Further analysis 
of the interaction type showed that hydrogen bonding is the mainly 
type between LB and GLP-1R (Figure 2).

3.2.2 | Determination of the interaction between 
LB and GLP-1R by SPR

Meanwhile, a series of SPR experiments were performed to evalu-
ate the combination of different concentrations of LB with GLP-1R. 
The interaction between 10 concentrations of LB and GLP-1R 
(Figure  3A) was examined; five of them were selected for further 
analysis. GLP-1R was coupled to the chip and flowed with different 
concentrations of LB. As shown in Figure 3B, the RU value increased 
in a gradient with the increase of LB. When the LB concentration 
was 20um, the RU value reached 44, while the control was 0, which 
excluded the influence of the buffer on the experimental results. 
The binding constant calculated by SPR is 5.56 × 103 L/mol, which 
further proved that LB can interact with GLP-1R.

3.2.3 | Types of Interaction between LB and GLP-1R

Based on the mentioned results, the interaction between LB and 
GLP-1R was further explored by three-dimensional(3D) fluorescence 
spectroscopy. The 3D fluorescence spectrum of GLP-1R and LB re-
actions is shown in Figure 4A-B. There were two fluorescence peaks 

of GLP-1R at 347  nm when the excitation wavelength is 230  nm 
and 280 nm. The fluorescence peak position remained unchanged 
after adding LB, while the fluorescence intensity decreased. As is 
well known, the fluorescence of 230 nm excitation light and 345 nm 
emission light is related to the structure of protein polypeptide 
chain and the aromatic amino acid residues (tyrosine, tryptophan, 
phenylalanine). Thus, the interaction between LB and GLP-1R was 
confirmed. We speculated that LB might interact with tyrosine, tryp-
tophan and phenylalanine residues in GLP-1R and subsequently af-
fect the peptide chain structure of GLP-1R.

Two-dimensional (2D) fluorescence spectra of LB reacted with 
GLP-1R were recorded and are shown in Figure 4C. With the addi-
tion of LB, the fluorescence intensity of the solution gradually de-
creased, indicating that LB interacted with GLP-1R.

In order to investigate the type of fluorescence quenching of 
GLP-1R by LB, the Stern-Volmer diagram of fluorescence quenching 
was plotted according to Equation 1 (Figure 4D). Then according to 
Equation 2, the fluorescence quenching constant Ksv and quench-
ing rate constant Kq are calculated (Table 2). As can be seen from 
Table 2, Kq was more than 2 × 1010 mol/L. The result demonstrated 
that the fluorescence quenching of LB to GLP-1R was due to the 
static quenching caused by the complex reaction with the GLP-1R 
protein in the ground state. The interaction type between LB and 
GLP-1R was further analysed based on the results of fluorescence 
spectroscopy. ΔH and ΔS of the interaction of LB and GLP-1R at 
different temperatures were calculated according to Equation 4, 
and then ΔG is obtained from Equation 5 (Table 2). According to the 
thermodynamic laws of Ross et al, LB and GLP-1R mainly have hy-
drogen bonds in the process of binding, which was consistent with 
the molecular docking results. ΔG of the interaction between LB and 
GLP-1R was negative, demonstrating that the reaction proceeded 
spontaneously. Based on Equation 3, the double reciprocal curve of 

F I G U R E  1   (A) Effects of different 
concentration of LB on insulin secretion. 
Ins-1 cells were treated with LB at 
different concentrations (10-5, 10-6, 10-7, 
10-8, 10-9 mol/L) for 4 h. (B) Effects of 
different treatment time of LB on insulin 
secretion. Ins-1 cells were treated with 
LB (10-6 mol/L) for different time (0-24 h). 
The levels of insulin were measured with 
immunoradiometric assay method. (C) 
Effects of different concentration of 
LB on the viability of Ins-1 cells. Ins-1 
cells were treated with LB at different 
concentrations (10-5, 10-6, 10-7, 10-8, 10-

9 mol/L) for 24 h. (D) Effects of different 
treatment time of LB on the viability of 
Ins-1 cells. Ins-1 cells were treated with 
LB (10-6 mol/L) for different time (24-
72 h). The cell activity was measured by 
the method of CCK-8. (n = 3, *P < .05, 
**P < .01, ***P < .005)
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the fluorescence quenching of GLP-1R caused by LB (Figure 4E) was 
plotted. The binding constant Ka between LB and GLP-1R was cal-
culated (Table 2).

3.2.4 | Effect of LB on the conformation of GLP-1R

The above experimental results showed that LB may affect tyros-
ine, tryptophan and phenylalanine in GLP-1R. Here, the effect of LB 
on protein conformation was determined based on synchronized 
fluorescence. When the spacing between excitation wavelength and 
emission wavelength (Δλ) is 15 and 60 nm, respectively, the synchro-
nous fluorescence spectra represent the spectral characteristics of 
Tyr and Trp. When Δλ = 15 nm, fluorescence quench and blue shift 
was observed while adding LB, which indicated that LB has an ef-
fect on tyrosine residues in GLP-1R (Figure 5A). When Δλ = 60 nm, 
the addition of LB also quenches the fluorescence of GLP-1R, but 
the maximum excitation wavelength does not shift (Figure  5B). 
Comparing the two sets of synchronous fluorescence spectra, it is 

suggested that the fluorescence quenching of GLP-1R under the ac-
tion of LB is mainly caused by the interaction between LB and Trp 
residues in GLP-1R. When Δλ = 15 nm, the blue-shifted of the maxi-
mum excitation wavelength of the solution is due to the change of 
the microenvironment of the Tyr residue in the GLP-1R peptide chain 
under the action of LB. This change affects the hydrophobicity of 
GLP-1R protein surface. Hence, it is considered that LB changes the 
conformation of GLP-1R by binding to it.

Circular Dichroism (CD) was an important method for studying 
the secondary structure of proteins and calculating the content of 
different secondary structures in proteins. Three-dimensional flu-
orescence and ultraviolet results showed the changed secondary 
structure of GLP-1R causing by LB. Then, circular dichroism spectra 
were used to analyse the secondary structure of GLP-1R. The CD 
spectra of GLP-1R changed obviously after adding LB, which indi-
cated that LB had an effect on the secondary structure of GLP-1R 
(Figure  5C). As Table  3 shown, LB could increase the contents of 
alpha-helix and beta-fold in GLP-1R; and decrease the contents of 
beta-angle and irregular curl.

TA B L E  1   Molecular docking results of LB and DPP-IV, FFAR1, GK, GLP-1R

Targets
-cDocker 
energy Bond length Acting force From To

DPP-IV 25.4087 2.85493 Hydrogen Bond B:LYS523:HE1 LB:O16

2.37264 Hydrogen Bond LB:H34 B:GLN586:O

2.49159 Hydrogen Bond LB:H39 B:GLY424:O

5.30472 Hydrophobic LB B:PRO426

GK 31.0388 4.78337 Electrostatic A:ARG205:NH1 LB:O17

2.69057 Hydrogen Bond A:ARG205:HE LB:O17

2.58088 Hydrogen Bond A:ARG205:HH12 LB:O22

1.74203 Hydrogen Bond A:ARG205:HH21 LB:O17

2.19633 Hydrogen Bond A:ARG205:HH22 LB:O22

2.9287 Hydrogen Bond A:ASN305:HD22 LB:O18

2.31156 Hydrogen Bond A:HIS352:HE2 LB:O16

2.10915 Hydrogen Bond A:GLY448:HN LB:O17

2.45706 Hydrogen Bond A:VAL447:HA LB:O17

2.66581 Hydrogen Bond LB:H42 A:ALA94:O

5.39622 Hydrophobic LB A:ALA94

GLP-1R 40.4163 1.7705 Hydrogen Bond A:THR29:HT3 LB:O16

3.09601 Hydrogen Bond LB:H43 A:TRP87:O

2.33015 Hydrogen Bond LB:H43 A:LEU89:O

2.80355 Hydrogen Bond A:THR29:HB LB:O16

2.6848 Hydrogen Bond LB:H39 B:GLU16:OE2

2.63173 Hydrogen Bond LB:H41 A:GLU128:OE2

2.86651 Electrostatic A:LYS38:HZ2 LB

FFAR1 34.5128 1.75076 Hydrogen Bond A:LYS1035:HZ1 LB:O16

2.66067 Hydrogen Bond A:GLY1110:HN LB:O22

2.16996 Hydrogen Bond A:ARG1137:HH12 LB:O17

1.90192 Hydrogen Bond A:ARG1137:HH22 LB:O17

4.89805 Electrostatic A:GLU1022:OE2 LB
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3.3 | The role of GLP-1R in LB promoting 
insulin secretion

Since the Ins-1 cell insulin secretion promoted by the complexation 
of LB and GLP-1R obtained from molecular docking and fluores-
cence results, we used siRNA-GLP-1R to interfere Ins-1 cells for 
48  hours. The insulin secretion of Ins-1 cells was determined, as 
shown in Figure  6A. After treating the cells with LB, the insulin 
secretion of Ins-1 cells was significantly increased. However, in-
terfered GLP-1R, the insulin secretion of Ins-1 cells turned to de-
crease. It was further proved that LB promoted insulin secretion by 
activating GLP-1R. The content of cAMP was also determined and 

shown in Figure 6B-C. The half-maximum effective concentration 
(EC50) of the LB was 1.619 × 10-9 mol/L. The results illuminated that 
LB increased the cAMP level in Ins-1 cells. Interestingly, after in-
terfered GLP-1R, the addition of LB still increased the cAMP level, 
which indicated that LB could also increase the cAMP level in Ins-1 
cells through other pathways. Despite, it still could confirm that LB 
activated GLP-1R to up-regulated cAMP. After LB treatment, the 
expression of RS2 and PDX1 increased significantly (Figure 6D-F), 
while the interference of GLP-1R leads to the significant decrease 
of IRS2 and PDX1 protein expression. Therefore, it could be con-
cluded that LB up-regulated PDX1 protein expression by activating 
GLP-1R.

F I G U R E  2   Molecular docking diagram 
of LB interaction with GLP-1R.(A) 3D 
structure of interaction between LB and 
GLP-1R.(B) Hydrogen bonding between 
LB and GLP-1R.(C) 2D structure of 
interaction between LB and GLP-1R.(D) 
Hydrophobic interaction between LB and 
GLP-1R

F I G U R E  3   SPR sensorgrams corresponding to different concentrations LB and GLP-1R. (A) LB was diluted with running buffer to 
different concentrations and then sampled and captured on the chip channel surface (4 × 10-5 mol/L-7.8 × 10-8 mol/L). (B) The detection 
channel LB (a-e:2 × 10-5 mol/L-1.25 × 10-6 mol/L) was sampled and captured on the chip channel surface
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F I G U R E  4   Three-dimensional fluorescence spectra, two-dimensional fluorescence spectra, fluorescence quenching Stern-Volmer 
diagram and quenching double reciprocal curve of the interaction between LB and GLP-1R. (A-B) 3D Fluorescence Spectra of LB and GLP-
1R. (C) 2D fluorescence spectroscopy, GLP-1R' concentration constant (2.5 × 10-8 mol/L) while varying the LB concentration from 0 mol/L to 
4.5 × 10-7 mol/L (line 1-10, increasing 5 × 10-8 mol/ L in turn). (D) Stern–Volmer curves of GLP-1R fluorescence quenched LB. (E) Double-log 
plots of LB quenching effect on GLP-1R's fluorescence
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4  | DISCUSSION

The Resina draconis is a famous herb medicine used for a variety of 
applications including blood stasis, oxidative stress, inflammation, 
tumours and immune suppression. It also reported that the molecu-
lar and cellular basis of the immunomodulatory activities are medi-
ated by Resina draconis and its active component LB. Direct inhibition 
of Kv1.3 in T cells by LB might be the cellular and molecular basis of 
dragon's blood-mediated immunosuppression. In the last decade, re-
searchers have reported the idea that similar to type 1 diabetes, type 
2 diabetes is also an autoimmune disease and have found evidence 
that insulin resistance may be the result of immune system cells at-
tacking the body's tissues.27 Studies have shown that Resina draconis 
has good hypoglycaemic effect and can enhance insulin secretion.21 

The main component, LB was investigated whether it promotes insu-
lin secretion. The results showed that LB significantly promotes the 
secretion of insulin in Ins-1 cells. The results exhibited that the insu-
lin secretion increased continuously at 2-4 h and turn to decrease 
gradually after 4-12 h. This phenomenon means that LB has a long 
half-life. When reached the peak, insulin secretion will not increase 
indefinitely but decrease slowly, which improves the safety of use 
and reduces the side effects like hypoglycaemia.

GLP-1R, as a kind of G protein-coupled receptor, is an important 
target for the treatment of DM, which mediates the action of GLP-
1. At present, GLP-1R agonists have not identified any adverse side 
effects. Molecular docking was used to simulate the interaction 
between LB and GLP-1R extracted from Resina draconis. The main 
purpose of this paper is to find the potential target of LB. Molecular 

T(K)
ΔH(KJ/
mol)

ΔG(KJ/
mol)

ΔS(J 
mol-1 K-1)

Ksv(106 L/
mol)

Kq(1014L/
mol)

Ka (103 
L/mol)

300 −41.33 1.87 1.87 6.95

305 −76.69 −40.74 −117.82 1.62 1.62 6.77

310 −40.15 1.46 1.46 7.05

TA B L E  2   Thermodynamic parameters, 
fluorescence quenching constant Ksv 
and quenching rate constant Kq of LB on 
GLP-1R

F I G U R E  5   Synchronous fluorescence 
of the interaction between LB and GLP-
1R. (A) Δλ = 15 nm; (B) Δλ = 60 nm; (C) 
Circular dichroism of the interaction 
between LB and GLP-1. (Concentration 
of GLP-1R is 2.5 × 10-8 mol/L; Lines 1-5 
denotes the concentration of LB in the 
range of 0-4 × 10-8mol/ L, respectively 
(increasing 1 × 10-8 mol/ L in turn))

TA B L E  3   The secondary structure of GLP-1R by SELCON (%)

Structure
Regular  
α-helix

Irregular  
α-helix

Regular  
β-folding

Irregular 
β-folding β-turn Random coil

GLP-1R 20.2 (1) 12.8 (1) 14.2 (1) 10.5 (1) 16.6 (1) 25.7 (1)

GLP-1R + LB 35.3 (1.75) 17.1 (1.34) 7.3 (0.51) 4.6 (0.44) 14.3 (0.86) 21.3 (0.83)
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simulation results showed that GLP-1R is the potential target of LB. 
SPR detection confirmed the interaction between LB and GLP-1R. 
Fluorescence spectra and circular dichroism prove that LB has an 
effect on the conformation of GLP-1R. In cell experiments,, GLP-1R 
was demonstrated as the target of LB. The docking results showed 
through hydrogen bond may be the main interaction between LB and 
GLP-1R; and the results of LB-GLP-1R docking were better than other 
target simulations. The docking conclusions provided clues for the po-
tential interaction of determination of LB targets. Fluorescence spec-
troscopy is a general method for explaining the interaction between 
drugs and biomolecules. Three-dimensional fluorescence spectros-
copy and synchronous fluorescence spectroscopy indicated that 
LB may change the conformation of Tyr and Trp through hydrogen 

bonding and van der Waals force, thus changing the structure of the 
peptide chain, resulting in a change in the conformation of GLP-1R. 
This is consistent with the molecular docking simulation. Moreover, 
the overlap of the fluorescence emission spectrum of GLP-1R and the 
ultraviolet absorption spectrum of LB shows that a possibility of en-
ergy transfer between LB and GLP-1R, which also provides evidence 
for the interaction between LB and GLP-1R.

Although confirmed the interaction between LB and GLP-1R, it 
was not enough to prove GLP-1R is target of LB. Interestingly, when 
GLP-1R was interfered, the secretion of insulin in the LB treatment 
group was decreased, but still significantly up-regulated compared 
with the control. Subsequently, the intracellular cAMP level was 
measured, and the results showed that LB significantly increased the 

F I G U R E  6   (A) The role of GLP-1R in promoting insulin secretion of LB. Ins-1 cells were interfered with siRNA-GLP-1R for 48 hours and 
treated with LB (10-6 mol/L) for 2 h. The levels of insulin were measured with immunoradiometric assay method. (B) Effect of different 
concentration of LB and exendin-4 on cAMP level. Ins-1 cells were treated with concentration of LB (10-11-10-5 mol/L) for 30 min. 
Intracellular cAMP levels were determined using a cAMP assessment kit according to the manufacturer's instructions. (C) The effect of 
GLP-1R on cAMP level. At 48 hours post-transfection, ins-1 cells were treated with LB(10-6 mol/L) for 30 min. Intracellular cAMP levels were 
determined using a cAMP assessment kit according to the manufacturer's instructions. (D-G) At 48 hours post-transfection, Ins-1 cells were 
treated with LB(10-6 mol/L) for 2 h. IRS2 and PDX1 protein were analysed by Western blotting. (n = 4, *P < .05, **P < .01, ***P < .005)
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intracellular cAMP level of Ins-1. After the interference of GLP-1R, the 
cAMP of the LB treatment group also decreased, but still higher than 
the control group. These results showed that in addition to GLP-1R, 
LB may promote insulin secretion and increase cAMP levels through 
other receptors or pathways. In other words, GLP-1R is not the only 
target of LB to promote insulin secretion. Looking for other targets 
of LB will be our goal in future research. At present, there are many 
insulin-stimulating genes related to G protein-coupled receptors, such 
as FOXO1, PDX1, IRS2 and GCK. Based on the pathway proposed by 
Kitamura T, et al PDX1 and IRS2 are considered as the important genes 
in insulin secretion. The outcomes showed that LB up-regulates the 
expression of IRS2 and PDX1 genes and proteins. The expression of 
IRS2 and PDX1 protein was down-regulated significantly after inter-
fered GLP-1R. It can be speculated that LB promotes insulin secretion 
by activating GLP-1R and up-regulating PDX1 by signal transduction. 
Since good insulin secretion-promoting effect of LB, new compounds 
derived from LB might be potential drug against T2DM. PDX1 is not 
only related to insulin secretion, but also to the proliferation of islet 
cells. Cell activity experiments have confirmed that LB can promote 
the activity of Ins1 cells. Therefore, we believe that LB may also have 
an effect on the proliferation of islet cells. This is the main direction of 
our follow-up work. Optimizing molecular structure, improving water 
solubility, and investigating the mechanism of action of drugs will be 
the focus of further research in the future.

Although the interaction between LB and GLP-1R has been sup-
ported using fluorescence spectrometry and CD, these experiments 
could not provide the information of interactional specificity be-
tween LB and the potential prodrugs. Therefore, the docking mod-
els presented in this study belong to predictive modelling, which 
can be applied to any type of unknown event, regardless of when 
it occurred.28-30 However, in order to obtain a more accurate dock-
ing model, interactional specificity between molecules needs to be 
obtained. NMR spectroscopy is a powerful tool to study specificity 
of biomolecule-biomolecule 31-34 or biomolecule-ligand interactions 
and dynamics.35-37 In future studies, the most accurate docking 
modelling based on the measured NMR data will be incorporated 
into our study.

5  | CONCLUSION

The main purpose of this paper is to find the target of LB. Molecular 
simulation results show that GLP-1R is the potential target of LB. 
SPR detection confirms the interaction between LB and GLP-1R. 
Fluorescence spectra and circular dichroism prove that LB has an 
effect on the conformation of GLP-1R. In cell experiments, by inter-
fering GPL-1R, GLP-1R was proved as the target of LB. Our findings 
may play a role in the study of anti-diabetic drugs.
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