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Abstract: Ulcerative colitis (UC) is an intestinal disease characterized by chronic and recurrent inflammation
of the colonic mucosal layer, whose main pathological feature is continuous and diffuse mucosal damage which
begins in the rectum and extends towards the proximal colon. G-protein-coupled receptor 21 (GPR21) is an orphan
G protein-coupled receptor (GPCR), belonging to class A GPCRs. Previous studies have reported that GPR21 is
closely related to diabetes and inflammation. Levistilide A (LA), a natural terpene lactone active component mainly
exists in the traditional Chinese medicinal herbs Ligusticum chuanxiong and Angelica sinensis, exhibiting multiple
pharmacological activities including anti-inflammation, anti-fibrosis, and anti-tumor. In this study, GPR21-

HEK293 recombinant cells were constructed by lentivirus transfection. LA was screened out as a potential GPR21
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inhibitor by cell membrane chromatography. RAW264.7 cells were treated with lipopolysaccharide in vitro to

establish an inflammatory cell model, which confirmed the correlation between the therapeutic effect of LA on

inflammation and GPR21. Dextran sodium (DSS) was used to administrate C57BL/6 mice in vivo to induce a

mouse model of UC, at the meanwhile, the mice in LA group were intragastrical administration with LA to

investigate its therapeutic effect on UC. In conclusion, we demonstrated that LA as a GPR21 inhibitor improves

DSS-induced UC through reducing intestinal inflammation. This work was approved by the Institutional Animals

Care and Use Committee of Xi'an Jiaotong University (approval number: XJTUAE2024-1523) and strictly carried

out in accordance with their requirements.
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Table 1 The sequence of primers. Gpr21: G-protein-coupled receptor 21; //-6: Interleukin-6; /I-1f: Interleukin-1£; Tnf-a: Tumor necrosis

factor-alpha; Gapdh: Glyceraldehyde 3-phosphate dehydrogenase
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Table 2 The scoring criteria for disease activity index (DAI). m:

Rate of body weight change

Rate of body

weight (m, %)
m=0 Normal
0>m=>-3

Score Fecal property ~ Degree of hematochezia

Normal
Existing adhesion ~ Normal

AL = O

-3>m=-5 Soft and unshaped Occult hematochezia
-3>mz=-7 Diarrhea Occult hematochezia
-7>m>-10 Diarrhea Manifest hematochezia
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Figure 1 The construction and verification of GPR21-HEK293 cells. A: The fluorescence intensity of HEK293 cells after transfection with
lentivirus for 48 h. Scale bar: 100 um; B: The mRNA level of Gpr21 gene on NC-HEK293 and GPR21-HEK?293 cells; C: The representative
Western blots results of GPR21 protein in NC-HEK293 and GPR21-HEK293 cells; D: The quantitative results of GPR21 proteins. MOI:
Multiplicity of infection. n = 3, mean + SEM. ""P < 0.001 vs NC-HEK293
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Figure 2 The binding analysis of four compounds with GPR21 and their influence on cAMP accumulation in GPR21-HEK293 cells. A-D:
The chemical structural formula, chromatographic retention diagram, and molecular docking results of allocryptopine (A), lobeline
hydrochloride (B), LA (C), and Aln (D) on GPR21-HEK293/CMC column; E: Schematic diagram of GPR21 signal pathway; F: The
influence of these compounds on cAMP accumulation on GPR21-HEK293 cells; G: The influence of different concentrations of LA on
cAMP accumulation; H: The influence of different concentrations of Aln on cAMP accumulation. LA: Levistilde A; Aln: Alnustone. n = 3,
mean + SEM. "P < 0.05, “P<0.01, “"P < 0.001 vs control

Table 3 The detailed docking parameters between 4 compounds with GPR21

Compound Score Number of hydrogen bond Amino acid residue
Allocryptopine 42658 3 ARG280, ASN313, THR284
Lobeline hydrochloride 7.7112 4 ARG356, ASN239, THR284, TRP281
LA 6.378 2 1 GLN390
Aln 5.784 3 3 ARG127x2, THR64
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Figure 3 The binding force analysis of LA and Aln with GPR21 protein. A: The breaking curve (left) and linear relationship of 1/mLlep and
1/[A4](right) of LA on GPR21-HEK293/CMC column by frontier analysis. From low to high, LA contains 4%, 10%, 20%, 30%, 40%, 50%

and 60% respectively in mobile phases; B: The diagram of different concentration of LA on GPR21-HEK293/CMC column by nonlinear

chromatography method. From low to high, the concentrations of LA were 0.1, 0.3, 0.4, 0.6 and 0.8 mmol-L", respectively; C: The breaking

curve (left) and linear relationship of 1/m,

and 1/[A4](right) of Aln on GPR21-HEK293/CMC column by frontier analysis. From low to

high, Aln contains 10%, 30%, 50%, 60% 70% and 90% respectively in mobile phases; D: The diagram of different concentration of Aln on

GPR21-HEK293/CMC column by nonlinear chromatography method. From low to high, the concentrations of Aln were 0.2, 0.4, 0.6, 0.8

and 1.0 mmol-L", respectively. n = 3, mean = SEM
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Figure 4 The anti-inflammation effect analysis of LA and Aln on LPS-induced RAW264.7 cells. A: Influence of different concentration of

lipopolysaccharide (LPS) administration on NO release; B, C: Influence of LPS (I pg'mL") administration combined with different
concentration of LA (B) and Aln (C) on NO release; D—-I: The effects of LA and Aln treatment on mRNA level of //-6 (D, G), Il-15 (E, H)
and Tnf-o (F, T) on RAW264.7 cell. n = 3, mean + SEM. "P < 0.05, "P < 0.01, ""P < 0.001 vs control. n.s.: No significance
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Figure 5

Influence of LA administration on intestinal inflammation of dextran sodium sulfate (DSS)-induced mouse model. A: Illustration

of animal experiment; B: Representative immunoblots (upper) and quantification results (below) of GPR21 in colon of mice in control group

and DSS-administrated group; C-L: The results of body weight (C), survival rate (D), disease activity index (E), image of spleen (F), spleen

index (G), colon length (H), MDA level (I), MPO activity (J), intestinal endoscopy (K) and intestinal HE staining results (L) of mice given
with different administration. n = 5, mean + SEM. "P < 0.05, P < 0.01, P < 0.001 vs control
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