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Abstract: Objective: To investigate the effects of Astragaloside IV (AS-IV) on intestinal barrier function in mice with

ulcerative colitis (UC) and to explore its underlying mechanisms. Methods: The UC mouse model was established using 3%
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dextran sulfate sodium (DSS). Upon successful model establishment, the animals were divided into control, DSS model,
and AS-IV treatment groups (10, 20 and 40 mg/kg). All treatments were administered via oral gavage once daily for 10
days. The protein expression levels of the AhR/IL-22 pathway were analyzed by Western blotting. Fluorescence in situ
hybridization (FISH) was performed to examine DAPI staining patterns in colon tissue sections. Apoptosis rates were
measured by flow cytometry, and transcriptional levels of AHR, CYP1Al, and IL-22 were evaluated using qRT-PCR.
Results: AS-IV ameliorated intestinal inflammation, reduced intestinal permeability, and promoted the restoration of
colonic tight junction structures in colitis mice, potentially through activation of the AhR/IL-22 pathway. The therapeutic
effects of AS-IV were partially attenuated by the AhR antagonist CH223191, whereas the AhR agonist FICZ exhibited
comparable protective effects on colitis symptoms and intestinal barrier function. /n vitro mechanistic investigations
demonstrated that AS-IV treatment significantly upregulated the expression of CYP1A1 (P<0.01), a downstream target
protein of AhR, in MNK-3 cells. Furthermore, AS-IV markedly enhanced IL-22 secretion (P<0.01) by facilitating AhR
nuclear translocation. Notably, these regulatory effects were substantially diminished in AhR-silenced MNK-3 cells
(shAhR-MNK3) (P>0.05), conclusively establishing that AS-IV modulates IL-22 production through an AhR-dependent
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mechanism. Conclusion: AS-IV ameliorated UC by activating the AhR/IL-22 pathway in ILC3 cells, thereby restoring

intestinal barrier function. These findings highlight AS-IV as a potential therapeutic candidate for UC treatment.
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i g, e BT 1] 77 A2 30~300 NP7 B 7% 19 s B
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50 mg/kg FD4(4 kDa FITC-dextran), 4 h J5i#id/Nsh
YR RGNS ILAR N 43 AT o SRAEHM A 145 85 .00
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Percoll ZZ i aifb)s, IEAIEDLNE . SimEAZE
WRELZHAE (1x10° cells/mL) T 10% FBS ) DMEM
FHEEFE 6 h )5, AR EE AS-TIV A 24 h
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1.2.8 SZHTHEY6E R PCR - {fi JH TRIzol i3 £2 H
R B RNA, J#i AG RNAex Pro RNA 71 4 B
MNK-3 4ififif4) 5 RNA. 2R)5, HBR5 8 RNA RS
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Table 1 Primers used for gqRT-PCR

519 ]l

AHR
Forward sequence

ATGGAGAGGTGCTTCAGGTGCCG

Reverse sequence ATGGAGGGGTGGCTGAAGTGGAGT

CYPI1Al

Forward sequence TCTGTGCCATTTGCTTTGGC

Reverse sequence AGGCATTCAGGGAAGGGTTG
1L-22

Forward sequence CATGCAGGAGGTGGTACCTT

Reverse sequence CAGACGCAAGCATTTCTCAG

GAPDH
Forward sequence 5'- GGTTGTCTCCTGCGACTTCA-3'

Reverse sequence 5'-TGGTCCAGGGTTTCTTACTCC-3'
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18.0 ST B850 E ; PILH A LLA R ¢ /5%, Z24H 1]
PEAR B R 2R 7 2543075 24 P<0.05 Ui geit
B P<0.01 B EA BEG 255
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AT AR DSS 3 ALY I FITC-% SBEK - T
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B
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TSk AU P 70/ BRIk L 4 it 3=, FHFARSMT
1t AS-1V %} ILC3 4iijifd AhR {5 S-30 1% 0 P E -
i3l qQRT-PCR F3HT & L, AS-IV AbFR B R i 250 Ar
AhR mRNA [ 3 ik 7K (P>0.05), {H 7] i 25 1~
AhR F UL L CYP1AI Bz IL-22 ) mRNA ik
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F 7E 2 R H A 3R 380, TR 20 5 v 1 23R
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(& 4d) ., B4h, F=angi AR &% Western blot Azl 2%
SRAESE, AS-TV 4b B &g 2 37 T MINK-3 41 it
CYP1A1 Kz 1IL-22 2R HFRE K- (E 4e~E 4g) -
ZEA LIREER, AS-TV AT REH A B hG AhR {5530,
e BE HAZ B A7, PETG 3% CYP1AL F IL-22 33k,
FH AS-IV L5 ABR ¥ sh FIFEAE H, 3+ vl )8
MNK-3 4iifiH AhR/IL-22 38 A9 AL
2.5 AS-IV EL AhR &k $itE 75 R iFS MNK-3 4006 =
HIL-22

AHFFER ] pLV shRNA #4AK R S5, il 1855
YLK ] AhR (19 shRNA B 808 3% & MNK-3 48
MEH . Western blot 73 #7 .~ , #4H7 AhR 5L+
FI 1 b 2 T 5 Pl ARR 2R Rk (] 5a), I

> &
V&Yv&cz»

B 1 AS-IV ¥ DSS i SH/NREE M 4 (n=6)
Fig.1 AS-IV ameliorates DSS-induced colitis in mice (n=6)
7 Control: 25 [ %} B8 21 ; Model: DSS #5814 ; AL: AS-IV(10 mg/kg) #4H; AM: AS-IV(20 mg/kg) 20 ; AH: AS-IV(40 mg/kg) 41 ;
CH+A: CH223191( AhR #1HI5 40, 10 mg/kg)+AS-IV (40 mg/kg) 41 ; #3785 25 FIX B AH 1L, P<0.001; *36 78 SRV A6 1L,
P<0.05, ¥¥357R8 P<0.01, ***3E75% P<0.001; AAA F/R85 AH HAH L, P<0.001; & 2~ 6 7],



4T 4 JA A S HET ARR/IL-22 SR OO S 2 N BUE TR R RER M AL - 429 -

Model AL AM AH FICZ CH+A
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Fig.2 AS-IV improves intestinal barrier structure and function in colitis mice

a Control Model AL AM AH FICZ CH+A
CYPIAL | A— —
-actin
d — — W e QN GNP wE——
b c
2.0- 250~ **
e
-}5! 1.5 kokok \E 2004
B I LT 2
u I ;J 150
93 1.0 &
< I 100
= i AA el
0.5
. d
0 1 1 0 $
A o
&0 bb Y Q &0 b@ Y Q
ST Q\cﬁ‘ T T P

B3 AS-TV idid i AhR/IL-22 i R/ BREE 1 4% (n=6)
Fig.3 AS-IV alleviates colitis in mice by upregulating the AhR/IL-22 pathway (n=6)
TE: AA TR 5 AH 414, P<0.01,

I EE T shAhR-MNK-3 faEfEYe i & . Ak PR, T AS-TV 3B EE T MNK-3 B A= BRI g
—3LBIE AS-TV 359 AhR 275 283 1IL-22 1Y shAhR-MNK-3 4Jifl, Western blot M fyZr e G4k
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Bl 4  AS-IV {EAMNETE MNK-3 4i/farh i AhR/IL-22 58 1%

Fig4 AS-IV activates AhR/IL-

RN, S MNK-3 407, AS-IV 5 AhR 3
3 FICZ ¥4 '8 e AhR BOAZH (18] 50, E 5¢),
FARSE TL-22 43 (B 5d) o #R1MT, 7F shAhR-MNK-
340, AS-TV XF AhR 56437 M TL-22 28 )% i
VEVE B I  FaREESRIRR, AS-IV B S 1Y
IL-22 | J8K## T AhR BY 3%, #F—2FUFESZ AhR
T1E AS-IV /- F019 1L-22 P45 e e E
2.6 AS-IVIEIE IL-22 & # XF Caco-2 4 ffl B9 £R 7
1ER

MARTGE ILC3 1E AS-1V S-S 101715 57 g4 v
HOVE FHMLEL, AW IS8 ST T — A 1 MNK-3 (F 1)
ILC3 Pjfig) 5 Caco-2 4 g 385 7 (A 4 iz 18 1 R

22 pathway in MNK-3 cells in vitro

WEARE R 45 R R, 40 ng/mL LPS Ak ¥ 30
Caco-2 2401 FITC-7 SMHm AT (& 6a), T
25 ng/mL IL-22 b3 5 W 25 F K LPS 512 19 i i%
PEHG N (& 6b) o (HAFF IR, £8 AS-TV A FR 1Y
MNK-3 4 ifd 554 B FR L BRI A &G 5% LPS 551
Caco-2 4 B HEXE N (& 6¢) o #E—24F Ll
WFFEZR B, AS-IV LbFH ) MNK-3 41 g 5% 14 5% 7 ik
T2 EH Caco-2 4t b B & &R 1 ZO-1 F
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