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Background: Abnormal proliferation of T cells plays an essential role in the pathogenesis of Systemic lupus

erythematosus (SLE). The pharmaceutical effect of Hedyotis Diffusa Willd (HDW) on SLE has been investigated

previously. Nevertheless, the biomedical mechanism is still left unclear.

Objective: This study has been arranged to evaluate the therapeutic effect of the ethyl acetate fraction of HDW

(EAHDW) on lupus mice and explore the potential therapeutic mechanism.

Methods: EAHDW was prepared with 80% ethanol reflex extraction followed by successive extraction, and ana- 

lyzed with HPLC and UPLC-Q/TOP-MS. The potential targets and STAT3 affinity regulators were predicted with

network pharmacology. The pharmaceutic effect of EAHDW was studied with MRL/lpr mice. Cytokines and au- 

toantibodies were quantified with ELISA assays. The pathological damage of glomerulus and STAT3 expression

in the kidney was detected with histochemical and immunohistochemical techniques. The cell cycle properties

in cell proliferation were identified with the flow cytometry. The western blot and dual-Luciferase reporter assay

were applied to evaluate translational and transcriptional activity of STAT3, respectively.

Results: In this study, the extraction ratio of EAHDW was 2.7 ± 1%, in which 19 ingredients were identified. 

Network pharmacological analysis showed that the target genes of EAHDW were highly focused on influencing

the abnormal T cell proliferation in SLE. EAHDW showed the beneficial effects on pathological changes and

STAT3 expression in the glomerulus of lupus mice, and the levels of cytokines and autoantibodies in serum. In

cytological study, EAHDW treatment attenuated the transcription and phosphorylation of STAT3, which inhibited

T cell proliferation by prolonged S-phase of the cell cycle. A total of 5 compounds in EAHDW exhibited high

docking affinity to the DNA-binding site of STAT3.

Conclusion: EAHDW could reduce the inflammatory response and inhibit the proliferation of T cells by interfering

with the STAT3 signaling pathway, thereby playing a therapeutic effect on SLE.
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. Introduction

SLE is an autoimmune disease, which is more prevalent in women

f fertile age ( La Paglia et al., 2017 ). It is a chronic, recurrent, and

elapsing-remitting disease, and many organs, including skin, kidneys

nd articulatio, are involved ( Durcan et al., 2019 ). However, the patho-

enesis of the disease is still remained unknown. A recent study showed

hat the dysfunction of the immune system is one of the important mech-

nisms of the pathogenesis in the development of SLE, of which the au-

oimmune response is mediated by activation of autoreactive T and B

ymphocytes ( Caielli et al., 2019 ). The abnormal proliferation and acti-
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ation of T cells provide enormous help to B cells synthesizing autoanti-

odies and release massive inflammatory cytokines that infiltrate target

rgans and promotes the pathogenesis of SLE ( Edwards et al., 2015 ;

ak and Kow, 2014 ; Katsuyama et al., 2019 ). Therefore, elucidation of

he T cells mediated SLE pathogenesis is benefit to improving the earlier

iagnosis and treatment of SLE. 

Immune cell signaling molecules is critical in SLE, such as signal

ransducer and activator of transcription-3 (STAT3), which can be acti-

ated by protein tyrosine phosphatases ( Zhang and Wei, 2020 ). Numer-

us studies have demonstrated that STAT3 participates in regulating T
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ell proliferation ( Yang et al., 2019 ). STAT3 silencing T cells can pre-

ent autoantibodies production of B cells, inflammatory cell infiltration,

nd the development of lupus nephritis ( Durant et al., 2010 ; Yoshida

t al., 2019 ; Yang et al., 2019 ). The phosphorylated STAT3 dimers can

ranslocate into the nucleus to regulate the transcription of the target

enes ( Lin and Leonard, 2018 ). It has been reported that the cytokines

nd/or chemokines, such as IL-6, IL-10, IL-12, TNF, MCP-1, bind to the

espective receptors of T cell, stimulate the phosphorylation of STAT3

 Durant et al., 2010 ). This phosphorylated STAT3 can promote the pro-

iferation, differentiation and migration of T cells, and also serve as a

eed back to promote the secretion of inflammatory cytokines, thereby

ggravating the production of SLE disease ( Durant et al., 2010 ; Du et al.,

019 ). Therefore, inhibiting the phosphorylation of STAT3 in T cells

ay be an effective way to melioration SLE. 

The HDW is applied as a traditional Chinese medicine for thou-

ands of years ( Wang et al., 2017 ). It has been investigated that differ-

nt preparation of (such as chloroform, ethanol extracts) HDW showed

ignificant anti-inflammation and anti-tumor effects ( Yan et al., 2017 ;

in et al., 2012 ; Chen et al., 2016 ). Moreover, the anti-inflammatory in-

redients maybe in the ethyl acetate fraction of HDW ( Xu et al., 2018 ).

in J et al. found that HDW extract can inhibit cell proliferation through

L-6 induced STAT3 pathway ( Lin et al., 2015 ). In our group, Prof. Fan

as used HDW as a major component of TCM formulas applying for SLE

reatment ( Chen et al., 2005 ), which present efficient benefits. However,

ess modern scientific mechanisms have been elucidated. We hypothe-

ized that the ingredients in EAHDW can inhibit the phosphorylation of

TAT3 to attenuating the proliferation and activation of T cells in SLE. 

. Material and Methods

.1. Materials 

Herbal medicine, HDW, was purchased from Changshan Tiandao

Hangzhou, China), which was identified by Prof. Yongsheng Fan, Zhe-

iang Chinese Medical University. Jurkat cells, 293T cells were pur-

hased from Shanghai Cell Bank of Chinese Academy of Sciences. MTT

ssay kit (C0009S) and Cell cycle kit (C1052) were obtained from Biyun-

ian (Shanghai, China). Cell Trace TM Cell proliferation kit (C34554) was

urchased from Life Technologies (CA, USA). ELISA assay kits includ-

ng TNF, IL-10, IL-12p40, IL-6, IFN, MCP-1 were purchased from Neo-

ioscience (Shenzhen, China). A dual-luciferase reporter gene analy-

is kit (E1910) was purchased from Promega (Madison, USA). BCA as-

ay kit was purchased from Yuanye (Shanghai, China). STAT3 (C-20)

sc482) and p-STAT3 (Y705) (sc7993) were purchased from Santa Cruz

iotechnology (Texas, USA). The secondary antibodies, Goat anti-Rabbit

RDYE @ 800 CW (926-32211) and Goat anti-Mouse IRDYE @ 680 (926-

8070), were all from LICOR (Nebraska, USA). DMSO and other bio-

hemical materials were obtained from Sigma-Aldrich (Missouri, USA).

.2. Preparation of HDW ethyl acetate fraction 

HDW (300 g) was reflux extracted twice with 80% ethanol (3 L)

or 1.5 hours each time. The extracted resultants were pooled and con-

entrated with a rotary evaporator (RE3002, LICHEN, Shanghai). The

ompounds in this extract were successively partitioned with equal vol-

me petroleum (3 ×), and ethyl acetate (5 ×). The obtained ethyl acetate

xtract was evaporated dried, and stored in a desiccator. 

.3. High-performance liquid chromatography (HPLC) analysis of EAHDW

EAHDW methanolic solution (10 𝜇L 100 mg/mL) was loaded into

n Acclaim Carbonyl C18 column (4.6 × 250 mm, 5 𝜇m) (Thermo

isher, USA).by a HPLC system (Thermo Fisher, Waltham, USA). And

he column was eluted with increasing concentration acetonitrile (mo-

ile phase A) in 0.1 % aqueous phosphoric acid (mobile phase B) over

ime (0–5 min, 10% A; 5–20 min, 20% A; 20–45 min, 40% A; 45-50
in, 58% A; 50-60 min, 71% A) with a flow rate of 0.8 mL/min. The

luting process was monitored with a diode array ultraviolet/ visible

UV–VIS) detector at 254 nm. This study used 10 𝜇L 20 mg/mL genipo-

ide methanolic solution as the standard ingredient. 

.4. Characterization of the EAHDW chemical consist by UPLC-Q/TOF-MS

EAHDW methanolic solution (4 𝜇L 1 mg/mL) was loaded into an

CQUITY UPLC BEH C18 (150 × 2.1 mm, 1.7 μm) column with a UPLC

Waters, Milford, MA, America) system. The mobile phase was a solu-

ion A (acetonitrile containing 0.1% formic acid) mixed in solution B

0.1% formic acid in water) with a specific concentration gradient over

ime; 0-5 min 15%-20% A; 5-32 min 20-40% A; 32-37 min 40-95% A.

he flow rate is 0.3 mL/min. A TOF-MS (AB Sciex Pte. Ltd., MA, USA)

odel was performed on mass spectrometry with an electrospray ion-

zation source (positive modes). The detection condition was: ion source

as 1 (Gas1): 55 psi, ion source gas 2 (Gas2): 55 psi, curtain gas (Cur):

5 psi, ion source temperature (TEM): 600°C, the electrospray voltage

ISVF): 4500/5500 eV; the mass spectrum scan range m/z: 50 ∼1500

a, MS scan accumulation time 0.25 s/spectrum, ion accumulation time

.05 s/spectrum. The IDA-MS/MS with a high sensitivity mode condi-

ion was; positive and negative ion mode 60 v. The obtained molecular

ass, and the secondary spectrum data, were comparatively screened

ith SCIEXOS, an ingredients database including more than 1500 Chi-

ese herbal medicines. And the identity components were used for the

ollowing analysis. 

.5. Network pharmacology analysis 

The potential targets of EAHDW ingredients were obtained by

creening the followed four databases; traditional Chinese medicine sys-

em pharmacology technology platform (TCMSP), Pharm Mapper server

ased on reverse pharmacophore matching, SEA Online Search Tools

nd STITCH 4.0. Cytoscape 3.2.1 software was engaged to create a net-

ork of active ingredients-target genes. Simultaneously, the collected

argets of lupus nephritis were constructed to form a compound-target-

isease network for topological analysis and core target screening. Fi-

ally, KEGG enrichment analysis was engaged in the signaling-pathway

nnotation of the core target. 

.6. Animals grouping and treatment 

MRL/lpr lupus mice, a total of 18, SPF grade, 6-8 weeks old, female,

2 ± 2g, were purchased from the Laboratory Animal Center of Zhejiang

hinese Medical University. The mice were handled under SPF condi-

ion; 40% to 60% relative humidity, 20°C room temperature, light for 12

ours/ day, free for water and food. The animals’ growth and treatment

ollowed the laboratory’s principles of national standards GB14925-

001 (Laboratory Animal-Requirement of Environment and Housing

acilities). These MRL/lpr lupus mice were randomly divided into 3

roups: model group (M), EAHDW low-dose group (EAHDW-L group),

nd EAHDW high-dose group (EAHDW-H group). The mice in EAHDW-

 and EAHDW-H groups were intragastrically administrated 100 and

00 mg/kg body weight EAHDW (suspended in sodium carboxymethyl

ellulose water solution) every day. Moreover, the mice in the M group

ere administrated the same volume sodium carboxymethyl cellulose

ater solution. The mice were fed in 60 days. 

.7. Immunohistochemistry–image and H&E staining 

The formalin-fixed and paraffin-embedded mice kidney tissue were

ut into thin sections (4.5 𝜇m) and sealed with 3% H 2 O 2 at room tem-

erature for 30 min. Then, the sections were boiled in 10 mM sodium

itrate buffer (pH 6.0) for 10 min and cooled at room temperature. For

mmunohistochemistry analysis, the sections were blocked with nor-

al goat serum and then hybridized with primary antibodies against



Y. Lai, J. Ji, Y. Li et al. Clinical Complementary Medicine and Pharmacology 1 (2021) 100011

S  

H  

e

2

a

 

(  

m  

(  

s  

k  

a  

t  

t  

(  

t  

w

2

 

d  

C  

d  

2  

c  

T  

S  

2

 

t  

f  

1  

d  

a  

a  

a  

𝜇  

n  

t  

H

2

 

a  

s  

s  

w  

5  

U  

n

2

 

f  

t  

a  

B  

w  

P  

m  

i  

(  

w  

b  

O

2

 

w  

a  

t  

t  

d  

s  

A  

s

2

 

t  

d  

o  

n

3

3

 

s  

c  

d  

p  

T  

c  

a  

m  

w  

o  

d  

t  

m  

E  

l

3

 

o  

g  

e  

f  

a  

d  

f  

d  

g  

t  

t  

n  

a  

i  

i  
TAT3 overnight at 4°C. The primary antibodies were detected with

RP-labeled secondary antibodies. Simultaneously, hematoxylin and

osin (H&E) staining was performed to stain the sections. 

.8. ELISA Assay to evaluate the concentration of cytokines and 

utoantibodies in sera 

Concentrations of tumor necrosis factor (TNF), interleukin-10

IL-10), interleukin-6 (IL-6), Interferon (IFN), interleukin-12 (IL-12),

acrophage chemoattractant protein-1 (MCP-1), and the antinuclear

ANA), anti-double stranded (dsDNA), anti-SnRNP/Sm antibodies in

erum were determined with the specific ELISA assay kits, following the

it’s instruction. Briefly, 100 μL successively diluted standard cytokines

nd test samples were pipetted into 96-well plate, separately. After then,

he 96-well plates were sealed and incubated for 2 h at 37°C. After then,

he 96-well plate was emptied and washed 5 times with washing buffer

supplied with the kits). The biotin-labeled specific antibody was added

o capture the respective cytokine. Furthermore, the contained biotin

as quantified with a chromogenic reaction (supplied with the kits). 

.9. Cell tracking and proliferation studies 

The cell tracking and proliferation studies (CFSE) probe were used to

etermine cell proliferation. Briefly, Jurkat cells were stained with 5 μM

FSE (Cell Trace TM Violet Cell Proliferation Kit) for 30 min at 37°C in the

ark, then seeded in 6-well plates at a density of 1.5 × 10 6 cells/mL in

 mL medium according to the manufacturer’s protocol. Subsequently,

ells were exposed to a series of concentrations of EAHDW for 72 h.

he CFSE fluorescence was detected using a Fluorescence-Activated Cell

orting (FACS) Caliber instrument (BD Biosciences, San Jose, CA, USA).

.10. Cell cycle detection 

A total of 1 × 10 6 Jurkat cells were seeded into six-well plates con-

ained 2 mL medium and treated with 20, 40, 60, 80 𝜇g/mL EAHDW

or 24 h. The cells were harvested and adjusted to a concentration of

 × 10 6 cells/mL. Moreover, the cell was stained with a propidium io-

ide (PI) supplied with a cell cycle assay kit, and the Jurkat cells were

nalyzed with FACS. Detailly, the cells were fixed in 70% cold ethanol

t 4°C overnight, then the fixed cells were washed twice with cold PBS

nd incubated for 30 min in the dark with RNase (8 𝜇g/mL) and PI (10

g/mL). The fluorescence signal was detected through the FL1 chan-

el of the flow cytometer, and proportion of DNA in various phases of

he cell cycle was analyzed using ModFit LT software (Verity Software

ouse, Inc., Topsham, ME, USA). 

.11. Signal pathway detection by dual-luciferase reporter assay 

The regulative capability of EADHW on STAT3 and sis-inducible re-

ction element (SIE) were determined with a dual-luciferase reporter as-

ay. The 293T cells were grown in 48-well plates and transfected with re-

pective plasmids for 24 h, separately. Afterward, these transfected cells

ere treated with different concentrations of EAHDW (1, 6.25, 12.5, 25,

0, 75, 100 𝜇g/mL) and Leukemia Inhibitory Factor (LIF, Millipore, MA,

SA) for 24 h. The cells in each well were lysed, and the fluorescence sig-

al was detected by Dual-Luciferase®Reporter Assay (Promega, USA). 

.12. Western blot 

Jurkat cells were pre-treated with 10, 20, 40, 60, 80 𝜇g/mL EAHDW

or 24 h. Subsequently, LIF stimulation was performed for 30 min. These

reated cells were lysed with lysis buffer containing protein inhibitors,

nd the total protein concentrations were determined by performing a

CA protein assay kit. The proteins of each cell lysate were separated

ith sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-

AGE) and transferred onto polyvinylidene difluoride membrane. The
embrane was blocked for 2 h with 5% non-fat milk/TBST buffer, then

ncubated with the primary antibody, specific against STAT3, p-STAT3

dilution, 1:1,000), overnight at 4°C. The next day, membranes were

ashed and incubated with the respect secondary antibody (LICOR, Ne-

raska, USA) for 2 hours. The blots were exposed and scanned using an

dyssey Infrared Imaging system (LI-COR Biosciences). 

.13. Molecular docking 

Compounds from EAHDW were included in analyzing their affinity

ith STAT3. The STAT3 protein molecular model (PBD ID: 3CWG) is

n X-ray crystal structure of an unphosphorylated STAT3 fragment ob-

ained from Research Collaboratory for Structural Bioinformatics Pro-

ein Data Bank ( http://www.rcsb.org/ ). The 3D structure of the ingre-

ient was obtained in the PubChem. Firstly, the crystal water in the 3D

tructure of STAT3 protein was replaced by polar hydrogen atoms with

utodockTools ( Trott and Olson, 2010 ). The lower the binding force

core obtained, the better the binding effect. 

.14. Statistical analysis 

All the data in this study were expressed as mean ± standard devia-

ion (SD). The data was analyzed using SPSS software package for Win-

ows (version 17.0; SPSS, Inc., Chicago, IL, USA)., and one-way analysis

f variance was used to compare multiple groups. The statistically sig-

ificance difference was considered at level P < 0.05. 

. Results

.1. Preparation and constituents of EAHDW 

EAHDW was prepared with ethanolic reflux extraction, followed by

equential extraction based on the different solubilities of the extracted

omponents. A total of 8.12 ± 3.8 g EAHDH was obtained from 300 g

ried HDW. The extraction ratio was 2.7 ± 1%. The EAHDW was com-

aratively analyzed with geniposide, which was shown in Figure 1 A.

he concentration of geniposide in EAHDW was 8.21%, which was cal-

ulated with peak area. The chemical constituents in EAHDW were an-

lyzed with UPLC-Q/TOF-MS. Here we show the total ion current chro-

atogram in positive ion mode ( Figure 1 B). By comparing and screening

ith the accurate primary mass, isotope distribution ratio, and MS/MS

f the compound TCM MS/MS Library in the secondary database of tra-

itional Chinese medicine that comes with the SCIEX OS software. A to-

al of 19 compounds were identified with the positive ion mode, which

arked from 1-19 in the Figure 1 B. And the area, Retention Time, Mass

rror, Library Score and Isotope Ratio Difference of the compound were

isted in Table 1 . 

.2. Network pharmacological study predicted target gene of EAHDW 

Network analysis was attempted to facilitate scientific interpretation

f the complicated relationships among herb ingredients, diseases, and

enes. Firstly, the potential gene targets of EAHDW ingredients were

xplored and finally obtained 3116 targets, by screening and searching

our databases, TCMSP, PharmMapper server, SEA online search tool,

nd STITCH database. And the compound-target network diagram was

rafted with Cytoscape 3.4.1 software and showed in Figure 2 A. In a

urther study, the disease-related genes were collected by screening five

atabases, DrugBank,OMIM,GAD,TTD,GooLGeN, and 1121 SLE related

enes were obtained. In the following, the PPI network of compound,

arget, and SLE diseases were constructed with a merge of compound-

arget and disease-target network diagrams by Cytoscape 3.4.1. This

etwork has 8537 nodes and 200197 edges, which means 8537 genes

nd 200197 regulatory connections ( Figure 2 B). Then use the plug-

n CytoNCA to analyze the topological properties of each node in the

nteraction network by calculating six metrics ‘betweenness centrality

http://www.rcsb.org/
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Figure 1. Composition analysis of EAHDW (A.) The index components in EAHDW. The HPLC chromatograms were presented the standard molecule, Geniposide

(red), and EAHDB (blue) at 254 nm wavelength. (B.) UPLC-MS/MS analysis of EAHDW in positive ionization mode. The identified main appearing peaks with

retention time between 1 and 12 min in total ion current (TIC) chromatogram. And the specific ingredients of EAHDW were marked from 1 to 19.

Table 1

The identified compounds in EAHDW

No. Component Name Area RT (min) Formula OB (%) MW (g/mol) DLindex

1 Adenine 314900 1.06 C 5 H 5 N 5 62.80 135.15 0.0348

2 Betaine 166600 1.09 C 5 H 11 NO 2 40.92 117.17 0.0126

3 Stachydrine 91460 1.11 C 7 H 13 NO 2 0.29 144.22 0.0280

4 Vitamin B6 8995 1.12 C 8 H 11 NO 3 61.54 169.2 0.0410

5 10-Deacetylasperulosidic acid 33670 1.15 C 16 H 22 O 11 3.42 390.38 0.44681

6 Nicotinic acid 68920 1.43 C 6 H 5 NO 2 47.64 123.12 0.0202

7 Deacetyl asperulosidic acid methyl ester 3821 1.92 C 17 H 24 O 11 4.29 404.41 0.4823

8 4-Hydroxybenzoc acid 84920 3.26 C 7 H 6 O 3 30.15 138.13 0.02668

9 Asperuloside 93900 3.45 C 18 H 22 O 11 12.72 414.4 0.7094

10 Daphnetin 53220 3.64 C 9 H 6 O 4 24.23 178.15 0.0665

11 Geniposide 7481 3.95 C 17 H 24 O 10 14.64 388.41 0.4415

12 Fraxetin 63570 4.53 C 10 H 8 O 5 23.04 208.18 0.0915

13 Syringaldehyde 62260 5.69 C 9 H 10 O 4 67.06 182.19 0.0480

14 Isoscopoletin 1E + 06 5.94 C 10 H 8 O 4 23.46 192.18 0.0760

15 Isoferulic acid 66240 6.09 C 10 H 10 O 4 50.83 194.2 0.0582

16 Coumarin 3E + 06 8.18 C 9 H 6 O 2 29.17 146.15 0.0430

17 Berberine 7181 10.16 C 20 H 17 NO 4 36.86 336.39 0.7767

18 Hymecromone 371800 10.4 C 10 H 8 O 3 35.09 176.18 0.0639

19 Patchouli alcohol 265700 16.12 C 15 H 26 O 101.96 222.41 0.1362

Note: RT = Retention Time, OB = Oral Bioavailability, MW = Molecular Weight, DL = Drug-Likeness 
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BC)’, ‘degree centrality (DC)’, ‘eigenvector centrality (EC)’, ‘closeness

entrality (CC)’, ‘network centrality (NC)’ and ‘local average connec-

ivity (LAC)’, 736 core targets were obtained ( Figure 2 B). Finally, we

ound that these core targets of EAHDW were highly focused on SLE

68.18%) and cell cycle (14.77%), T cell receptor, TNF and other sig-

aling pathways, with KEGG enrichment analysis ( Figure 2 C and D). In

he following, we explored the therapeutic effect of EAHDW on SLE and

ts potential mechanism. 

.3. EAHDW attenuated the pathological damage of kidney in MRL/lpr 

The result of the network pharmacological study indicated the SLE-

nfluenced activity of EAHDW. Therefore, we identified this activity in

ivo with MRL/lpr mice. The mice kidney in the model group showed in-

ammatory cell infiltration, mesangial hyperplasia, increased glomeru-

ar volume ( Figure 3 A). In comparison, these pathological changes in

he mice kidneys in EAHDW-L and EAHDW-H groups were alleviated

 Figure 3 A). And this effect of EAHDW was dose dependent ( Figure 3 B).

.4. EAHDW ameliorated the content of inflammatory cytokines and 

utoantibodies in the serum 

The changes of inflammatory cytokines and autoantibodies content

n the serum was a significant diagnostic analysis in SLE. Compared

ith the Model group, the concentration of IFN and MCP-1 ( P < 0.05),
nd IL-6, IL-12 ( P < 0.005) were significantly reduced by EAHDW treat-

ent ( Table 2 ). The concentration of ANA, Anti-dsDNA and Anti-

nRNP/Sm in the serum of EAHDW treated mice was significantly de-

reased ( P < 0.05) ( Table 3 ). However, this effect of EAHDW was not

ose-dependent. 

.5. EAHDW blocked the T cell proliferation through STAT3 

The results of network pharmacology have shown that T cell cy-

le signaling pathways were the regulatory target of EAHDW. Jurkat

ell is an immortalized T lymphocyte cell, which has been used as a

rototypical T cell line in studying T cells biological evens. CFSE flu-

rescent reagent was used to staining the Jurkat cells, which were

reated with different concentration of EADHW. The dividing Jurkat

ells was decreased gradually; 78.9%, 76.1%, 69.9%,70.7% and 62.31%,

s the concentration of EAHDW increased successively; 0, 10, 20, 40

nd 60 𝜇g/mL. ( Figure 4 A). Simultaneously, the percentages of cells

n G2/M phases were dose-dependently gradually decreased; 25.3%,

1.6%, 8.63%, 5.63%, 0.41%, when the EAHDW concentration in-

reased; 0, 20, 40, 60 and 80 𝜇g/mL, respectively. When the concen-

ration of EAHDW increased to 40 𝜇g/mL, more than half of the Jurkat

ells stayed at the S phase. Interestingly, 20 𝜇g/mL EAHDW treatment

ently increased the cells’ G0/G1 phase percentage ( Figure 4 B). 

In the following, the dual-luciferase reporter gene experiment was

ngaged to elucidate the regulative capability of EAHDW on STAT3

n the 293T cell line. 293T cell is a renal epithelial cell line, which
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Figure 2. Network pharmacology analysis of

EAHDW in the treatment of SLE. (A.) EAHDW

compound-target network. The triangles repre- 

sent the drug compound, and the dot represents

the target point. (B.) Protein-protein biomolec- 

ular network diagram. From the left to right

were the target of the core protein interaction

(CPPI) network, the CPPI network of EAHDW

(with the screening criterion Degree centrality

(DC) ≥ 25), and the PPI network of the main

EAHDW components (with six screening pa- 

rameters DC, BC, CC, EC, NC and LAC). (C. and

D.) KEGG enrichment analysis yielded the tar- 

gets, which were closely related to the disease

including SLE (68.18%) and cell cycle regula- 

tion (14.77%).
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Figure 3. Improvement of EAHDW on kidney tissue of lupus Mice. (A) The representative images of H&E-stained kidney sections were shown (magnification 400 ×). 

The red arrows indicate the inflammatory cell infiltration, the yellow one indicates mesangial hyperplasia, and the orange arrows indicates the thickened basement

membrane. (B) The quantitative analysis of the glomerulus area. ∗ ∗ ∗ P < 0.0001 vs Model. 

Table 2

Effect of EAHDW on Inflammatory Cytokines in lupus mice (Unit: pg/mL)

Group IL-6 IFN IL-12P70 TNF MCP-1 IL-10

Model 10.24 ± 1.17 10.29 ± 0.65 92.62 ± 7.30 33.60 ± 2.84 76.18 ± 4.38 99.07 ± 5.51 

EAHDW-L 7.32 ± 0.90 ∗ ∗ 9.17 ± 9.82 81.55 ± 1.37 ∗ 28.35 ± 1.39 ∗ 76.37 ± 2.03 91.12 ± 9.86 

EAHDW-H 7.20 ± 0.67 ∗ ∗ 8.23 ± 0.52 ∗ 74.67 ± 4.37 ∗ ∗ 29.85 ± 0.52 ∗ 70.67 ± 4.37 ∗ 90.01 ± 2.26 

Note: The data represent as the mean ± standard deviation of 6 mice in each group. ∗ P < 0.05, ∗ ∗ P < 0.005 

vs Model.

Figure 4. The effect of EAHDW on the proliferation and cell-cycle of T cell. (A) The effect of gradually increased EAHDW on Jurkat cells proliferation were detected

by CFSE staining and flow cytometric analysis. (B) The effect of EAHDW on the cell-cycle of Jurkat cells was analyzed by flow cytometry. (C) The relative frequency

of cells was shown with the bar chart. (D) The effect of EAHDW on the transcription of STAT3 were evaluated with dual-luciferase reporter assay. The data showed

as the mean ± standard deviation of 3 replications. ### P < 0.001, vs 0 𝜇g/mL; ∗ P < 0.05, ∗ ∗ P < 0.01, vs LIF. (E) The effect of EAHDW on p-STAT3 protein expression in 

Jurkat cells. (F) The immunohistochemical study of STAT3 expression (red arrows) in kidneys of different group mice. (G) The percentage of immunohistochemical

stained area was shown with bar chart. ∗ ∗ ∗ P < 0.0001 vs Model. 
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Table 3

Effect of EAHDW on autoantibodies in lupus mice. (Unit: ng/L)

Group ANA Anti-dsDNA Anti-SnRNP/Sm

Model 39.76 ± 3.98 654.17 ± 73.15 21.78 ± 2.82 

EAHDW-L 35.53 ± 2.65 510.70 ± 63.30 ∗ 20.20 ± 0.64 

EAHDW-H 33.91 ± 2.57 ∗ 598.88 ± 53.40 18.15 ± 0.75 ∗ 

Note: The data represent the mean ± standard deviation of 6 

mice in each group. ∗ P < 0.05 vs Model. 
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s easily transfected. The expression of STAT3 in 293T cells was rela-

ively low, which could be slightly influenced by different concentra-

ions of EAHDW. In comparison, LIF, a most pleiotropic member of

he IL-6 cytokine family, could significantly stimulate the expression of

TAT3 (### P < 0.001 Figure 4 C). In assays with 1, 6.25, 12.5 𝜇g/mL

AHDW, the expression of STAT3 were statistically increased ( ∗ P < 0.05,
 ∗ P < 0.01 and ∗ ∗ ∗ P < 0.001), but as the concentration of EAHDW further

ncreased (from 25 to 100 𝜇g/mL), the expression of STAT3 showed a

ecreasing trend. In addition, the regulation of EAHDW on STAT3 trans-

ation and phosphorylation in Jurkat cells were studied with western

lot ( Figure 4 D). 

Finally, we performed an immunohistochemical study of STAT3 in

ice kidneys. The result in Figure 4 E shows. The STAT3 was hybridized

ith a specific antibody, which was in brown color. Moreover, the den-

ity of STAT3 was quantitatively analyzed and present in Figure 4 F.

he result showed that EAHDW could significantly inhibit the expres-

ion of STAT3 in the kidney of MRL/lpr mice. Interestingly, the low

ose EAHDW application showed better activity than that of high dose

AHDW. However, no statistical difference between the two groups

as observed. These results indicated that EAHDW could reduce the

athological changes of kidney tissue in MRL/lpr mice by regulating

he STAT3. 

.6. Molecular docking mode predicted STAT3 regulator 

Some publications reported the blocking capability of herbal ingre-

ients on STAT3. We used the STAT3 docking model to screen the in-

redients in EAHDW. The compounds, berberine (-6.9), asperuloside

-6.8), deacetyl asperulosidic acid methyl ester (-6.4), 10-deacetyl as-

erulosidic acid (-6.3), and geniposide (-6.1), had relative high dock-

ng affinity scores < -6. In detail, TRP-501 of STAT3 can form hydrogen

onds with berberine; LEU-1525, THR-1526, TYR-1539, and SER-1540

ith Asperuloside; ARG-246, LEU-263, GLU-239, and LEU-260 deacetyl

sperulosidic acid methyl ester; THR-1138, ASP-1242, VAL-1136, GYS-

259 with 10-deacetylasperulosidic acid; THR-1526, ASN-1538, SER-

540, and TYR-1539 with geniposide ( Figure 5 ). Hence, these compo-

ents may be key STAT3 regulators in EAHDW. 

. Discussion

SLE is characterized by secretion and production of multiple in-

ammatory cytokines, immune complexes, and autoantibodies, which

an precipitate in different organs to induce dysfunction ( Ohl and

enbrock, 2011 ). Hedyotis diffusa Willd is one herbal consist of

ieduquyuziyin prescription, which showed beneficial effects in clini-

al therapy for SLE treatment ( Ji et al., 2019 ). The clinical evidence

ndicated that HDW has a therapeutic effect in inflammatory and tu-

or diseases ( Yan et al., 2017 ; Chen et al., 2016 ). However, less of the

iological and pharmacological mechanism was known. The result of

ur previous studies (still under review) showed that the ethyl acetate

xtract of HDW (EAHDW) might be one of the active fractions. In this

tudy, EAHDW was obtained by reflux and successive extraction. The

xtraction ratio was 2.7 ± 1%. Geniposide, a major iridoid glycoside in

ature, is one of the chemical constituents in HDW ( Shan et al., 2017 ;

a et al., 2016 ). Our result indicated that it was EAHDW with a concen-

ration of 8.21% (g/g). Many types of research identified the presence of
eniposide in HDW or HDW extract. However, few quantitative studies

ere published. The molecular and debris mass of some ingredients in

AHDW were evaluated with UPLC-Q/TOF-MS. Nineteen of them were

dentified by comparing with the mass database of TCMs. The function

f these nineteen ingredients was predicted with a network pharma-

ological study. The results indicated that regulation of T cell prolifer-

tion through STAT3 signaling pathway in SLE patients might be the

ajor capability of EAHDW. Finally, we demonstrated this prediction

ith MRL/lpr mice in vivo , as well as a dual-fluorescence reporter assay

nd Jurkat cell assays in vitro. In vivo study, EAHDW showed attenuative

ctivity on expression of inflammatory cytokines, synthesis of autoanti-

odies, pathological changes and STAT3 expression in the glomerulus.

nd in vitro studies, EAHDW showed regulative capability on STAT3

xpression and phosphorylation. Simultaneously, EAHDW had regula-

ive activity on T cell proliferation by affecting the cell cycle. In the

olecular docking analysis, we predicted the blocking activity of five

ngredients in EAHDW on the DNA binding site of STAT3. 

The pharmacological and phytochemical researches of HDW have

een carried for a period of time. The previous studies proved that

AHDW has the regulative activity of the cell cycle and proliferation.

he ethyl acetate fraction in a mixture of HDW and Scutellaria barbata

howed anti-inflammatory and anti-tumor effects by regulating miR155,

D-L1, and JNK signaling pathways ( Xu et al., 2018 ; Yang et al., 2020 ).

ur previous work (on publishing) also demonstrated that EAHDW is the

ain active fraction in HDW. However, fewer of the chemical composi-

ion studies were published. Therefore, we initially used UPLC-Q/TOF-

S to present the phytochemical character of EAHDW. UPLC-Q/TOF-MS

s widely used to identify the known chemicals by comparing them with

he mass of the standards and debris ions. The results identified a total

f 19 components in the positive ion mode. Wang Y et al. identified 80

ommon components of Hedyotis diffusa with UPLC-Q/TOF-MS analysis

 Wang et al., 2018 ). However, only four of them, asperuloside, genipo-

ide, syringaldehyde and quinic acid, were identified in our study. It may

e depended on the different extraction protocols and TCM database.

irstly, EAHDW is one of medal polar fractions in the total extract of

DW. Otherwise, some molecular may hydrolyze during the extraction

rocess. Based on this result, a network pharmacological analysis was

ngaged to predict the potential targets of EAHDW on SLE treatment. 

Network pharmacology is an analytical method to study the rela-

ionship between drugs, compounds, diseases, and targets. It is cur-

ently widely used to clarify the pharmacological mechanism of Chinese

edicine ( Xiong et al., 2021 ). Liu X et al. found that cell cycle and apop-

osis were highly involved in the regulation of HDW on gastric cancer,

f which the targets regulated by HDW are significantly related to signal

athways of cell cycle and apoptosis ( Liu et al., 2018 ). In addition, Song

 et al. analyzed the regulative targets of HDW on prostate cancer. The

esults showed that multiple cancer-related pathways, such as angiogen-

sis, cell differentiation, apoptosis, and invasion, etc. were involved, and

L-6 and STAT3 signaling pathways were highlighted ( Song et al., 2019 ).

imilar to these previous studies, the network pharmacology analysis of

AHDW on SLE was closely related to the cell cycle, as well as T cell

eceptors, and TNF. 

Abnormal activation of T cells plays an important role in the process

f SLE. In 2014, Anselm Mak reviewed the pathological character of T

ells in SLE, in which summarized some clinical cases of manipulating

 cells in SLE ( Mak and Kow, 2014 ). In 2019, a study demonstrated that

ryptotanshinone treatment improved the pathological damage of SLE

y inhibiting T cell proliferation ( Du et al., 2019 ). The previous studies

nnounced the T cells promoting activities of EAHDW on normal Balb/c

nd Balb/c leukemia mice, as well as HDW on C57BL/6 mice ( Lin et al.,

011 ; Kuo et al., 2015 ). This seams utterly inconsistent with ours. It may

e dependent on the mice model. In vivo , we did not quantify the T cells

ontent directly, but the concentration of autoantibodies and inflamma-

ory cytokines such as TNF, IL-6, IFN, IL-12, MCP-1, and IL-10 in serum

ere significantly attenuated by EAHDW treatment ( Table 2 , Table 3 ).

NF, IL-6, and IFN are secreted by T cells ( Mehta et al., 2018 ; Li et al.,
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Figure 5. Molecular docking model of five ingredients binding to STAT3. (A.) Berberine, (B.) Asperuloside, (C.) Deacetyl asperulosidic acid methyl ester, (D.)

10-Deacetyl asperulosidic acid, (E.) Geniposide shown as 3D diagrams. The yellow dashed line indicates the hydrogen bond.
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018 ; Crouse et al., 2015 ). And IL-12 could induce T cell proliferation

 Kieper et al., 2001 ). In vitro , the Jurkat cell cycle was influenced by

AHDW ( Figure 4 B), which showed inhibitory activity on cell prolifer-

tion ( Figure 4 A). 

The abnormal activation of T cells is often accompanied by the en-

ancement of the JAK/STAT3 signaling pathway ( Tsokos et al., 2003 ;

rispín et al., 2010 ). In our preliminary experiments, we found that Ju-

kat cells are more sensitive to EAHDW treatment than 293T cells. We

ypothesized that it may be due to different cell lines that have differ-

nt trends. In this research, we observed that the high concentration

ADHW ( > 25 𝜇g/mL) treatment could stimulate the LIF-induced over-

xpression of STAT3 in 293T cells ( Figure 4 C) and phosphorylation of

TAT3 in Jurkat cells ( Figure 4 D). LIF, a most pleiotropic member of

he IL-6 cytokine family, is regarded as a potential marker of SLE activ-

ty, could significantly stimulate the expression of STAT3 ( Nicola and

abon, 2015 ; Heinrich et al., 2003 ). LIF first binds to its signaling re-

eptor LIF-R, and recruits another signaling receptor, glycoprotein 130

GP130), to form a heterodimer that mediates downstream signal trans-

uction. Upon dimerization, the signaling receptors recruit and phos-

horylate JAKs, which, in turn, phosphorylate STAT3 ( Viallard et al.,

999 ; Onishi and Zandstra, 2015 ). The enhancement of STAT3 in T

ells not only promotes the secretion of inflammatory cytokines but

lso stimulates the abnormal proliferation of T cells. Previous studies

ave demonstrated that T cells in SLE patients showed a high content of

hosphorylated STAT3, which improved differentiation and migration

f T cells and promoted the B cell responses ( Linterman et al., 2009 ;

arada et al., 2007 ). In the immunohistochemical study, we also found

bnormal expression of STAT3 in MRL/lrp mice kidneys ( Figure 4 E, 4 F).

s we proposed that EAHDW treatment could attenuate this overdose

xpression in model mice. Otherwise, the results of cytological stud-

es testified the STAT3 transcriptional and phosphorylated activities of

AHDW. In addition, 5 constituents in EAHDW showed potential dock-

ng activity on the reactive center of STAT3. Although, this is not the pi-

neer study to investigate the regulatory activity of EAHDW on STAT3.

owever, this study indicated that EAHDW can influence the prolifer-

S

tion of T cells via the STAT3 pathway, thereby improving SLE. This

ork clarified a little mechanism of HDW in clinical treatment of SLE.

uture studies should exploit more SLE attenuation activities, as well as

he pharmacological and phytochemical mechanism of EAHDW, more

n detail. 

. Conclusion

Hedyotis diffusa Willd, one of the herbs consist of Jieduquyuziyin

rescription, had glomerulus protection against autoantibody and in-

ammatory cytokines production activities on SLE model mice. And the

thyl acetate fraction of HDW could affect T cell proliferation by regulat-

ng STAT3 expression and phosphorylation. Otherwise, five ingredients

ontained berberine, asperuloside, deacetyl asperulosidic acid methyl

ster, 10-deacetyl asperulosidic acid, and geniposide in EAHDW might

nhibit the STAT3 activity by blocking the DNA binding site. 
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