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Pe 1l IL-6/JAK2/STAT3 {5 5 il %
Mt/ I B 1t 1 TE 4G W R

RO RFHT BB A
(W HEFHER - Wl FARER 2457 25 5PE 0 25855, R 610000)

W™E BN e sumtaib R (UC) MEmMEH EISAERNE . FiE [T 5% mERE R (DSS) 7S UC
ANERBETY  HFREALSY R 6 2H (n =8) « IE 8 XT R AL AT 2 M0 R ik E 2 [ 100 mg/ (kg + d) | HEFH K5I 4 [ 10 mg/ (kg -
d) ] B ¥ H 5[ 20 mg/ (kg - d) | HEFH w5240 mg/ (kg - d) |, B 225 4545 10 do I 4517 1 B R/ B 5T
=, VA4 I R IR 46 5 ( CMDL) FBE i a5 4 ( DAL) 5 R FJR AR — BHEL(HE) e (W25 1 2H 25 312 AL 1250) G sl
LENALH AT i (MDA) i S YEGF (MPO) 5 Uk &UF (CAT) A4 H K ( GSH) 7K 2R P BFI6 06 28 U B aU 8 ( ELISA )
ST I L RIE IR TE N - ( TNF-o0) FH4HMIA 2R (TL) -6 1 TL-18 33K K5 5% FHEE 1 BT ER 32 (Western blot ) 46 I 25 fiz 2H 21
A H 1(MUC-1) Joccludin IL-6 \p-JAK2 \p-STAT3 #E [13Rik, SR HIEH X IRAIAH L, B /N BUA DT 4517 1 % T B
(P <0.01) ;MUC-1 ,occludin 7& [ 2235 FAIK (P <0. 01) ; CAT ,SOD JEH:AK (P <0. 01) ; DAL ¥4 .CMDI $43 F+ 55 (P <0.01) ;
TNF-o IL-6 il IL-18 335K F-FHE (P <0.01) ; MPO MDA &£ 7H5 (P <0.01) ; IL-6 . p-JAK2 . p-STAT3 A FE X & (P <
0.01) . SERIZHAH LL , MU ML e AL FIHE F-17 o R R R AL/ D RSB S5 KBRS (P < 0. 05 5 P <0.01) ,MUC-I ,occlu-
din 2B 13835 J2 CAT .SOD G PEFHE (P <0.05 5% P <0.01) , DAI 43 .CMDI TE43 B (P < 0. 05 8¢ P <0.01) , TNF- , IL-6 FlI
IL-1@ 2k /K2 (P <0.05 & P <0.01) ,MPO MDA % F&{k (P <0.05 5 P <0.01) ;IL-6 .p-JAK2 .p-STAT3 %5 [ 335 %
(P<0.058; P<0.01), £it Ao FHELAT7E RS W AR R ERRAS, I il 1L-6/JAK2/STAT3 3@ #& 0 , B
UC /NRES I R4
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with sucrose density gradient centrifugation. Morphological characteristics, size distribution, and surface charge
properties were analyzed by transmission electron microscopy (TEM) , nanoparticle tracking analysis (NTA) , and
Zeta potential measurements. Results The purified P. cuspidatum exosomes exhibited characteristic cup-shaped or
spherical bilayer morphology with a predominant size distribution of 100 ~200 nm, consistent with established plant
exosome characteristics. The surface of these exosomes exhibits a negative charge, with the Zeta potential absolute
value of root-derived exosomes being slightly higher than that of stem/leaf-derived counterparts. Conclusion The
study successfully isolates and characterizes P. cuspidatum exosomes, with comprehensive analysis confirming their
distinctive structural and biophysical properties. It lays a good material foundation for further exploration of its ac-
tive ingredients and biological functions.
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& BREE W 8 R A g i I B A 5 UC
A REAR T R AR 05 B, SR 3 SRR RE 114 XL
Ko PR, 3B VIR 2T KRy UC HTHE mm 259
FIA0HIA 2R (interleukin, TL) -6 5153 J& 55 4 A Al
BRE SN, 0TS T Ui 2R S 2 R B (janus kinase
2,JAK2) , fE HEAE T 1L 5 B s OIS R T 3 (signal
transducer and activator of transcription 3, STAT3) [
BERRAL AN E 0 o FHLIET JAK2/STAT3 3 i vf LA 45
FERMEFARAT M G 92 BNy, I 98048 i 3 9 48 1 R
i WA IL-6 5 UC I AR RFAE Y 7™ o 72 13 4 )
MI3E 16 T s s Fn oAk b 5 A
I, TL-6/JAK2/STAT3 Jd ] fE /& UC IR Y7 G5
HE -2 AT 1 O AE SR 52 Hh 4R B R AR 7
Wy, BABLRAEAT S5 2R E . BFgeiE
S, HE T A A R R T Al i ST SR A UC
Jo i RAE o AN BB AT AR e /N B o I
6 W35, ELA ] Ji 73 240 Jf h JAK2 (STAT3 (1) i 1R
1, H7E UC LR i, 48 7 1F 5 IL-6/JAK2/
STAT3 {553 % 14 ¢ & 1 AR WLAGE o % SCFI AT UC
/N BB B WL 56 R - B DR A4 L OF 4R 106/
JAK2/STAT3 {5 538 B AE BL I AR P A R AL

1 #R57F=%

L1
L1.1 E2HARA B8 T 17 IR 5 0 4
(dextran sulfate sodium, DSS) Iy H 3% Sigma-
Aldrich 23w ; M0 EURA I BE W [ 58 [ MCE 23 w5 g
IRAEIA F--o ( tumor necrosis factor-oe, TNF-o) | IL-6
F1IL-18 ELISA {57 &y H 3 [# eBioscience 2 Fl
N % ( malondialdehyde, MDA ) | & i 48 1k ¥y il
( myeloperoxidase, MPO ) . i3 & 1k = # ( catalase,
CAT) FIAs bt H K ( glutathione , GSH ) A 17 & 114
FI R 50 A= ) 22\l 3 Al 7 IR ((bicinchoninic
acid, BCA) &M B FifEE = KA 5 S i
ULTEN E ( radio-immunoprecipitation assay, RIPA) 2%
R 2 FEBE PR ( diaminobenzidine, DAB) i {4,
el R GRS IR |l e /A B R R e
(ECL) 5y B 2% [E Thermo Scientific 2 7] ; i L&
[ 1 (mucin 1, MUC-1) , $T occludin, #{ IL-6 , #ii p-
JAK2 .4t p-STAT3 HifAIl A3 [E Abcam 7],

1.1.2 i3y 48 HMENE CSTBL/6 /N (6 ~8
JAE 21 g +2 g) Wy {3 At 50 4k 58 F) 42 S50 s W HoR
A B E] L AT IES : SYXK (1) 2022-0052, /)
B B AE 12 h/12 h (OB IREE R 24 C £2 CHY

THIEEE T, B A K EY . W54 1Y
I N BB B 18 B 22 51 25 1Y vk (4t %2 2024-
0243) ,

1.2 7%

1.2.1 R R 5|2 48 H/NRBBENL
6 (n=8): IEH X RALL AR 2 A0 G Rt ik e 41
[100 mg/ (kg - d) ] HEF AR A 10 mg/ (kg -
d) I WEFH IR [20 mg/ (kg - d) | BETH =
L [40 mg/ (kg - d) ] ¥ DSS Lz K
LA 48 5% DSS W, IF i N B B RO
7 dSRERNZERK 14 o /DR BUA S 5 BRI
6 0 A TSRS ) o AR ML E £ /) B 2o R S 4
25100 mg/ (kg - d) MIRUREEE" ", #5452 10 d., 7E4E
THAR B AR N RS B NGBS TS
10 120 mg/ (kg - d) (M1, $52E 10 do TR XS
R ZH FOASE AU 20 /) BRUE A R AR A B K TE I
S1R], /N B AT 3 S AR R, O EAT P 1 S R AL
(disease activity index, DAT) $¥¥43, /)N B EE A 22 M
FeIG WSS I 2, I A FE ST A AR SR . R
~2 em (LI AL BUREAR | 10% 2 R P 2, T
JEBES

1.2.2 2 % %6 B 45 45 45 2L ( colon mucosal damage
index, CMDI) 34 CMDI PEA 401 F :0 43, IE %51
o3 SRR FE I, TCiH7 52 4, 1547 0 BE 5 1l E
JE33 0, 1A RALB 754 o, B0 FRAE FR AL 2
455 53, 0 FEEIFAL T A EAR =1 em;6 ~ 10
O3 OIS I I B SE A =2 cm s BREAN 1 om 55,
o1 g3,

1.2.3 %2 %5 K45 — 40 (hematoxylin- eosin,
HE) & & W21 00 [ @ e AR E T
70% .80% 90% .95% FN 100% A [F] e & 2 fE
THZREY] R ARTER b BRI 4 em,
JBEE , TR ARG Ye 8, 5 min, 25 PBS Uik, FH 1% #hR &
AR, P LI MU €0, 30 s, BRI SR IBK , B W] Ak
B, IR PRI &, IR A0 AL T WS AR
ko

1.2.4 ELISA ¥l & ma R £z R-FRF B
12, 1P R (R 46 i A 21, AR A ELISA 484 1 ]
A5, 4] ELISA 32570 & A I TNF-o [IL-6 1 TL-18 1
TR,

1.2.5 4R ademgabm . 2. 1 25
JHHZTE 0. 9% FALFIE W P 2I %K, 4 2 500 r/min
B0 15 ming A R A 0] 0 E A5 T 2H 2R
CAT .SOD .MPO I MDA /K,
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1.2.6 & &G Ji ¥ & ( Western blot) # ] 45 1% 28 272
MUC-1 ,occludin  IL-6 . p-JAK2 . p-STAT3 %& & & &
FH RIPA 22 prif b /N BR 25 W 41 21, BCA R [ i A
DR A A Mk B2 . {1 ] SDS-PAGE 43 B3 26 1
i, AR EFE RS 3] PVDF I 1 78 5% WIS 05k
A1 h, 724 C ¥ MUC-1(1 =2 000) .
occludin(1 : 1 000) . IL-6(1 : 2 000) .p-JAK2(1 : 2
000) .p-STAT3(1 : 2 000) il B-actin( 1 : 500) &5 —
PR E IR EER T EHARERCH Pl -
10 000) S F 1 ho AR il 1 A9 B BA , 8 A ECL £
WM (1155, Sk Bio-Rad 4% 2 Go il 47 5 11 JK &
53T
1.2.7 i A HASA  WUEEIE R X IR BiR
ZH FIHE 1 e 700 o AL/ BREE A, I8 T oS e 2 =
H I IR AL 4% ( CTAB) o 71 412 BURE A FEAS 11 5 DNA
T FH 2% B MR J HL kI 5 DINA 1 405 J35 e 2
AAE D ng/pl WREE N34, FE AL G Y
515F(5'-GTGCCAGCMGCGCGGTAA-3") 1 806R (5'-
GGACTACHVGGTWTCATAT-3") ¥4 V3 - V4 X 1y
Yi7E 16S xDNA, fifi i Mothur J5 % Al SILVA138. 1
(1) SSUrRNA 4 FE AT A B oA, JF 3 e ]
@K B R R REA RIS 4
1.3 %it% A3 R GraphPad Prism v.6.0. 1
TG, A RBIR L « £5 £, RAAARNE T
2253 HT (CANOVA) X504 #4773 4. LA P <0.05 2y
ZRAEGIEE

2 R
2.1 W®FEXN UC/IhRERE.EHKE TR,
DAI#4r  CMDI {53 B2 00 5 1E 5 X B 414

Control Model

Low-dose geniposide

Medium-dose geniposide

Bl A TR 2 /)N RO o £ L 45 W K B T [, DAL 345
CMDI P43 Tt (P <0.01) . SR L, B+ 17
AR BT A5 KB DAL $¥-43 .CMDI $¥-43Jg
AH 5225 57 5 M LR I W 2 FDE 7 o L v AR i AR
B K E EJE, DAL $E43  CMDI $E43 FE A% (P <
0.058; P<0.01), WK1 %1,
2.2 |FEMUC/IREHRERGHEZR 5
TE X BEZH AR HE, B R 2 CMDI 343 7 75, MUC-1 |
occludin 5 I FRIBFEAR(P <0.01) , SHEERIAAHLL,
WeTHEF H 4 CMDI %43, MUC-1 . occludin 25
FIRTCH] I 22 5, M0 RUA ML I A RIE - v LR
ZH CMDI $F43 B A%, MUC-1 , occludin 2 |4 23k F+ 55
(P<0.05 5% P<0.01), 1E# XA/ RS HES
I PRGN SE R JO AR AT IR o AR ZH M IR
AN PE IRBE R S A MR . SRR AL A
Lt AE AP0 o 2 280 it 0 G W) S el s, st i
WE L RIHE 7 H o 7)o 2 0 26 TR A 0 4% 1 4 i
R, W1 FE 2 .3,
2.3 |RFEXNUC/IMREBRERENZmM 5
1EH X HE AL A B, A 75 2 25 i 4 4 TNF -« IL-6 I
IL-1B8 KB PTHE (P <0.01) . 5HEAIAAALL, 4E
THARH B2 45 7 20 21 TNF-o TL-6 1 IL-18 £k
TCH R 2 5, WU it me 2H RNAE 7 H L s R
TNF-o \IL-6 1 [L-1B 23k K FE-FEAE (P <0.05 = P
<0.01), WK 4,
2.4 H|TEX UC /MNREBFIE S MR 20
5IE R X AL L, B2 45 i 41 20 CAT ,SOD
TEPEREAL (P <0.01), MPO MDA & &t (P <
0.01), SHEIAIAIA L, A5 F 1 I 5 2 41 25 i 41 21
CAT .SOD jf 4, MPO MDA & # 2 F LR IT# &

Sulfasalazine

High-dose geniposide

1 BANREHEWE

Fig.1 Macrograph of mice colon in each group
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#1 FHEMNRERE.EFKE DALESF CMDIFES (x +5,n=8)

Tab.1 Body mass, colon length, DAI score and CMDI score of mice in each group (x +s, n=8)

Groups Body mass (g) Colon length (cm) DAI score CMDI score
Control 21.61 +0.42 7.56 £0.56 0.17 £0.55 0.26 +1.07
Model 14.89 £0.27 "~ 4.28 +0.42" " 3.71+£0.32"" 5.87+£2.23%"
Sulfasalazine 18.65 = 0.25% 6.91 £0.53% 0.77 £0.08% 1.89 £1.08%
Low-dose geniposide 15.73 £0.16 4.25+0.32 2.43 £0.45 5.23£2.11
Medium-dose geniposide 17.05 +0.26" 5.51 +0.25" 1.46 +0.18* 3.61 £2.10%
High-dose geniposide 19.73 £0.25% 5.98 £0.46% 0.92 £0.37% 2.06 £1.06%
F value 334.70 76.50 102.40 12.82
P value <0.001 <0.001 <0.001 <0.001

** P <0.01 vs Control group; *P <0.05, *P <0.01 vs Model group.

Control Model Sulfasalazine

Low-dose geniposide

&2

Medium-dose geniposide

High-dose geniposide

BENREHEAL HE S BER x100

Fig.2 HE staining of mice colon tissues in each group x 100

1.5

ku g
MUC-1 17 3glLo
=
occludin 59 ®)
=)
2()‘5
B-actin 42

0.8
##
##
## _ 06} T
## =
# 3
=y
E 04F .
'g EES
sk 5]
’l‘ 8 0.2F
0
a b c d e f a b ¢ d e f

E3 HANMNREHAL MUC-1, occludin B H KX

Fig.3 The expression of MUC-1 and occludin protein in mice colon tissues in each group

a; Control group; b: Model group; c: Sulfasalazine group; d: Low-dose geniposide group; e: Medium-dose geniposide group; f: High-dose genipo-

side group;

S MR N BE 2 FIAHE 1 L s R & 4 CAT SOD
TEMEFFE (P <0.05 8 P <0.01) ,MPO MDA % &
A% (P <0.05 5% P <0.01), WIS,

2.5 #E FHEXIL-6/JAK2/STAT3 {5 2@ %M S
M 5 0E % X R AR H, B AL 4 106, p-JAK2 | p-

** P <0.01 vs Control group; *P <0.05,"P <0.01 vs Model group.

STAT3 LT (P <0.01), S5HIAIHALL,
BEF AR & B R IB 22 F RS 2 3 W
FBEE I IE 2 FIAE 1 L ) = 4 TL-6 , p-JAK2 | p-
STAT3 [ (P <0.05 8 P <0.01) . W6,

2.6 RFEMNUC/)ORBEREDENZE 5



- 2086 - ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)
30r 180 100
80 sksk
~ » E _ T
E 20r 3 120f 3
S =) 0 60 #
& B # & #
= = 4
g = i A # oo = a0t “
& 10b = 60} =
20F
0 a b c d e f 0 a b c d e f 0 a b c d e f

4 BENREHHLE TNF-o.IL-6 1 IL-18 Kk F
Fig.4 The levels of TNF-a, IL-6 and IL-1@ in mice colon tissues in each group

a: Control group; b: Model group; c: Sulfasalazine group; d: Low-dose geniposide group; e: Medium-dose geniposide group; f: High-dose genipo-

side group; ** P <0.01 s Control group; *P <0.05, *P <0.01 »s Model group.
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Fig.5 The levels of CAT, SOD, MPO and MDA in mice colon tissues in each group

a: Control group; b: Model group; c: Sulfasalazine group; d: Low-dose geniposide; e: Medium-dose geniposide; f: High-dose geniposide;

0. 01 s Control group; *P <0.05, *P <0. 01 vs Model group.
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Fig.6 The expression of IL-6 \ JAK2 p-JAK2 ,STAT3,p-STAT3 protein in mice colon tissues in each group

a: Control group; b: Model group; c: Sulfasalazine group; d: Low-dose geniposide group; e: Medium-dose geniposide group; f: High-dose genipo-

side group; ** P <0.01 s Control group; *P <0.05, *P <0.01 vs Model group.
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PEANM P T B9 56 R 5% SR R0k, R ki — 2 i R
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Fig.7 The effects of gardenoside on intestinal microbiota in mice

A; The relative abundance of microbiota components at class level in each group; B: The relative abundance of microbiota components at genus level

in each group; C: LDA score of each group.
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Geniposide alleviates ulcerative colitis in mice through
IL-6/JAK2/STAT3 signaling pathway

Li Kexun', Zhao Yuxiang®, Zeng Qiang’, Huang Guixiang', Yu Hongtao'
('Dept of Emergency Call Surgical , >Dept of Critical Care Medicine, *Dept of Emergency Room,
Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital, Chengdu 610000 )

Abstract Objective To explore the alleviating effect of geniposide on ulcerative colitis (UC) and to investigate
its potential mechanism. Methods A UC mouse model was induced using 5% dextran sulfate sodium (DSS).
These mice were randomly divided into 6 groups (n =8): control group, model group, sulfasalazine group[ 100
mg/ (kg + d) ], low-dose geniposide group[ 10 mg/ (kg + d) ], medium-dose geniposide group[ 20 mg/ (kg - d) |,
and high-dose geniposide group[ 40 mg/ (kg + d) ]. The mice were orally administered for consecutive 10 days.
The colon length and mouse body mass were measured, and the colon mucosal damage index (CMDI) and disease
activity index ( DAI) were scored. The pathological changes in colon tissue were observed using hematoxylin-eosin
(HE) staining. The reagent kits were used to measure the levels of malondialdehyde ( MDA) , myeloperoxidase
(MPO) , catalase (CAT), and glutathione ( GSH) in colon tissue. The enzyme linked immunosorbent assay
(ELISA) was used to analyze the expression levels of tumor necrosis factor-o ( TNF-o ), interleukin-6 (IL-6),
and IL-1B in colon tissue. Western blot was used to detect the protein expression of mucin 1 (MUC-1) , occludin,
IL-6, p-JAK2, and p-STAT3 in colon tissue. Results Compared with the normal control group, the body mass
and colon length of the model group mice significantly decreased. The expression of MUC-1 and occludin proteins
significantly reduced (P <0.01). The activities of CAT and SOD significantly reduced. DAI score and CMDI score
significantly increased (P <0.01). The expression levels of TNF-a, IL-6, and IL-1 significantly increased (P <
0.01). The content of MPO and MDA significantly increased (P <0.01). The expression of IL-6, p-JAK2 and p-
STAT3 proteins significantly increased (P <0.01). Compared with the model group, the body mass and colon
length of mice in sulfasalazine group and geniposide medium and high-dose groups significantly increased (P <0. 05
or P <0.01), the expression of MUC-1 and occludin proteins increased (P <0.05 or P <0.01), as well as the
activity of CAT and SOD (P <0.05 or P <0.01). DAI score and CMDI score in Sulfasalazine group and genipo-
side medium and high-dose groups significantly reduced (P <0.05 or P <0.01), as well as the expression levels
of TNF-a, TL-6, and IL-18 (P <0.05 or P <0.01). MPO and MDA content in Sulfasalazine group and genipo-
side medium and high-dose groups significantly reduced (P <0.05 or P <0.01), as well as the expression of IL-
6, p-JAK2, and p-STAT3 proteins (P <0.05 or P <0.01). Conclusion Geniposide maintaines intestinal home-
ostasis by regulating the structure of the intestinal flora and improves colitis injury in UC mice by inhibiting the acti-
vation of the IL-6/JAK2/STAT3 pathway.

Key words geniposide; ulcerative colitis; colonic mucosal injury; IL/6/JAK2/STAT3 signaling pathway ; gut mi-
crobiota
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