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i . B RKEAEHE (pedunculoside, PED X4 SRMEIEREM (dextran sulfate sodium salt, DSS) #5345l 4
Culcerative colitis, UC) FIRITIER, FEMARPN SMER AL THLHI . 735k KA DSS i S/ UC #E3Y, BRA e
oM, PR PE SHNRIAR R, SiKE. SRR, AR RN AR UL B E B A (Occludin, E-
cadherin. Claudin-1) RiERIFM . KA Caco-2 H 2R, FIFFIRFERZ L E-E RN (FITCEER) AllgnfmiE i,
s PE X2 IERIGRBE T RE IS, 3B 1T Western blotting. ELISA 284> T-AEM)22 SEi it — B U0 PE X BEASBENLET 3-1%Es
(phosphatidylinositol 3-kinase, PI3K) /2 [ B (proteinkinase B, Akt) {55i@#%. #IER T M EFEREARL GO
WEERH. &R AR R IER, PE BREZERIC/DNRARIEAITEE (disease activity index, DAD #F4r (P<<0.001), ¥
REERHH LRI, BRI R T7K T (P<0.05. 0.001), L4 At BaEiE aEIE (P<0.001); B4y K
PE X} UC /NREE ML IS 11 PISK/AKL (55l B A B 1iHIER (P<0.001). #4Mtibss R E R, PE feRER
fi Caco-2 ¥ Z4NMffiEiEME (P<<0.001), M DSS i S Caco-2 AR A Akt. PISK [\t (P<<0.01. 0.001), F#fik
RAEHT7KF (P<<0.01. 0.001), [FAF -8 Occludin. E-cadherin. Claudin-1 % (P<<0.001). £Eif PE 7EAR A AMEE b fg
JEILHNH] PIBKIAKE (5 5@ EKE U8 JRE [ BLFIE s b % BREEThEE, MK IEX DSS % 509 UC MIER41EH
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Abstract: Objective To investigate the therapeutic effect of pedunculoside (PE) on dextran sulfate sodium salt (DSS)-induced
ulcerative colitis (UC) and elucidate its molecular mechanism through in vitro and in vivo models. Methods DSS was used to establish

a mouse UC model, combined with transcriptome analysis, the effect of PE on changes in body weight, colon length, colon tissue
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pathology, pro-inflammatory cytokine levels in colon tissue, and expressions of tight junction proteins (Occludin, E-cadherin, Claudin-
1) were evaluated. Caco-2 monolayer cell model was established, the cell permeability was detected using fluorescein isothiocyanate-
glucan (FITC-glucan) to evaluate the effect of PE on intestinal mucosal barrier function. Further validation of the regulatory effect of
PE on phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway, inflammatory factors, and tight junction protein
expression and distribution was achieved through molecular biology experiments such as Western blotting and ELISA. Results The
results of in vivo experiments showed that PE could significantly reduce the disease activity index (DAI) score of mice (P < 0.001),
alleviate pathological damage to colon tissue, reduce pro-inflammatory cytokine levels (P < 0.05, 0.001), and upregulate the
expressions of tight junction proteins in colon tissue (P <0.001). Transcriptome sequencing revealed that PE had a significant inhibitory
effect on the overactivated PI3K/Akt signaling pathway in colon tissue of UC mice (P < 0.001). /n vitro experimental results showed
that PE could significantly reduce the permeability of Caco-2 monolayer cells (P < 0.001), inhibit the phosphorylation of Akt and PI3K
in DSS-induced Caco-2 cell model (P < 0.01, 0.001), reduce the levels of inflammatory factors (P < 0.01, 0.001), and upregulate the
expressions of Occludin, E-cadherin and Claudin-1 (P < 0.001). Conclusion PE could downregulate inflammatory response and
enhance intestinal epithelial barrier function by inhibiting PI3K/Akt signaling pathway in both in vivo and in vitro models, thereby
exerting a protective effect on DSS-induced UC.
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W KEMEA G ™ EA R NS i #, Qb
JRER AT RE DR EIREEAAE . B PUBAA S, Syl
77 52 B TR G RS, A= ) ) R e ki, K
A HAFE AR KES, HZAWsHER KE e, I7
BMARBREL, Ft, T UC MEEiE. mEKE
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S, B MR REFRPR . et PUEE A E &
JEORG A I, KA (pedunculoside,
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-0, (tumor necrosis factor-a, TNF-o) Z5{(& % 41y
B ¥ 1ok AR sk, [ D B R A R -2
(cyclooxygenase-2, COX-2) flifs 5 M —SH MR A
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B o AR FTIEIL A DSS 5 31 UC /R
HEEAAMIMSEES, #R3F PE X UC MiRI71EH
S AEAE L.
1 #
1.1 =4

50 W SPF Zk Mt CSTBL/6T /INRR, 7 JBIHE, 44K
JRfE 20~22¢, HJ ARYEE PGV HAA R
N, SEIG S AR PV ATHIE S SCXK (H)2022-
0063. BhPTEFE T iR 22~25 C X 45%~
55%. 12 h BEHAIRIAMREE S, BHiER. 3)
VISEER 2] P R 2R HAR R ikl (it S
GXTCMU-ECKS20250000-298 ).
1.2 ZHAERE

N&h B ¥ Caco-2 4Hijifl (135 CBP60025)
B R B4 L
1.3 Zam5il5

PE (#it'5 PS0747-0100, Jfi&E#=>98%)
A RS A AR A R AR, diXE 15 5-
ASA (fIt'5 A129982-25 mg). HIFETH (Hit5
D821822). DSS (it'5 D808272) My [ kg sitk
AR B A BR A 7] s BCA B (AR B I k77 &
(fit5 A55864) WgH Thermo Fisher Scientific /A 7 ;
Omni-ECL # R b5 KRl A& (s
SQ201) M H kg HERg A=Wyl 25 BHE A PR A A 5
Western blot U2 R (it P0013) Y H i3
BREDEAR A AR A7 ; E-cadherin Fiifgk (3t
5 8480S). Akt fiik (5 4641S). p-Akt Hiifk (it
5 4046S). PI3K Fiifk (Hit'5 42498). p-PI3K Hifk
(#it'5 42283) MHZEE CST AH]; FMARE I
R-HIENE (FITC-HIRHE, #5 46944) WHEH
Sigma A ] ; A\ TNF-o 5 & ($k 5 S0C3024-HL2).
A IL-6 RF& (5 S0C3004). A IL-1p 7 &
(5 S0C3013) W | UM AR MR A R 2
A3 Occludin Hif& (L5 ET1701-76)+ Claudin-1 ${
f& (HIt'5 HA721999). GAPDH #ifk (JIt'5 SA30-

1 PE BILZELEHN
Fig.1 Chemical structure of PE

01). =t (L5 HA1012). /N TNF-o X571 & (It
5 EM0010). /MR IL-6 7 & (LS EM0004).
ANECIL-1 A& (k'S EM0029) T4 H Ml 4%
EVHEHARERAF
1.4 Y5

BX53 Bt IEE BB (HA Olympus 2
7] ); MLS-3751L-PC B R AR K (HA
Panasonic A7 ); SYNERGYHI &% D REMALARAG
WAL (£ E Bio-Tek A #]); BLL-10B AU IR 4 @13
(gt BRAES TE A R AR]D; PS-M3D B Uifig
YRR (JE[E Grant AF])D); 5430R Bl R E
OHL (FEE Eppendorf A F]); Milli-Q 1Q 7000 A4
ai/k 24t (3 Millipore /A 7] ); SB-800DTD A
FEPIEGENL (TR Z R A RATD; SPSIAYK
AR R ERME (E£E Leica A7 ); BC-
5000Vet 5 4= H sh MR gn i bt AGRYIE 5 4
MIBEITHR T AT,
2
2.1 {RHSELE
211 FERR Y] AERERIE 7 d ),
BENLAE A . A4 )2 PE K. &7&E (20, 40
mg/kg!'2D) 4 A1 5-ASA (150 mg/kg) 4, &4 10 H.
XTREZH H B 2tk HR /AN 3% DSS
WS UC B, f2d5EH 1 X DSS Bl &4
254 ig AHMZGY) (10 mL/kg), FHRLARRIL ig
SRR AT IR, 1 d, FRERIER A2 T d.
2.1.2  FIRIEE4EE (disease activity index, DAI)
PR E GBI, B H S 2 A /N AR
&2, WEEERES, §FDNRIRES B mE, K
F DAL Vo B4 RAEFEE . DAL PP FRdE LR 1.
2.1.3  IMFEHAI  RIRZGZ4 240 5, BRI/ I
SRAEHRE &N A L, SR FF i 0 - 550 SORS: I T i -
i, TPYERIAEER, FEg TR R A Sk
44 1) LU AR

£ 1 DAIENIRE

Table 1 DAI scoring scale
ERETHREE O % EHEEE R A3
0<x<1 1EH B 0
1<x<5 W CRIETFALD  BAER 1
5<x<10 E (REFALTD BRmE 2
10<x<15 J&iE BA 1 3
15<x<20 M H TS WHRAEN 4

DAI P73 = (M5 T B 0 B0+ SR 35 0 B+ B 7 8073
DAI score = (body weight loss rate score + fecal morphology score +

occult blood score)/3
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214 HARZEAFL (hematoxylin-eosin, HE) Heff
WG H AR RIS RE, BN %R
B, WM E, R KE R, HAER SRR
T, PR K, R 4% 2 KRR E, 24
M. VIR AT HE Jett, TS Rl T4
S B R

2.1.5 ELISA 2 i 20 43 rh 408 R /KF B
20 mg 5L, NN 9 REETA AEREEIK, &5
AT B i BR 22 S 2R BE ML 45 L ZA 50K, 4 °C L3000
r/min B0 15 min, 78 L&, %M ELISA {7 &
LA IL-61 IL-1B. TNF-a /K°Fs

2.1.6 RIETICKIMLE AL FITC-H FE0E K%
JEMREARE  BERo AR, &ilx. A,
Db HEJE, BE—bi. 2l EROLRMEBT
ML H & AmtEOL.

2.1.7 Western blotting il £ J17 2H 2R Hh Jiz B B AH o<
HH. PBK/AKt (E 5 # M CEAMRIE  BUHf
LML, IMNERZERMTEE, 4 C. 3 000 r/min
B0 15 min, BB, RA BCA Wl5f& e & H
W, M 5X SDS-PAGE & R MR~ )5
97 C&JE¥ 7 min fEEHAME . HEAFEME 10% 1
TR TR IR AN - TR N M IR e B F vk, ¥ % PVDF
JEL, IS RE 2R 5 P41 2 h J5, IR —4HTC1 2 1000D,
4 CWFHIER; TBST ¥k, IAZH (1 500D,
EiRWEE 2 hy TBST ik /a, A ECL A&kt
WAV, I B R R Gk, FF b Sk K
FE1H

2.1.8 B oM F B & U0 BRI
HZH 2 RNA, £ Nanodrop 2000 -5 5 Ig W e H
PRETI RNA VREE, AR R e, JRi e e e 22
R (AE=1pg, RQN>6.5, Axe/Aaso N 1.8~2.2).
FIF Oligo(dT)HEEk = 4E mRNA, FE¥H F BHL =2
300bp. LA Btk mRNA AR, 28508 56 oW
B cDNA, KImEH Gk, Ba Bty
PCR B4, SEMCCEMEE ., A& SRR YR 5256 75 R
EFETE NovaSeq X Plus “F 5 (£#r3 PCR 2 Hifi%)
8 DNBSEQ V-5 GaEid L& DNA gkEk) it
1T R BRI .

2.2 {RHRLE

2.2.1 il Caco-2 4L 2 10%H4 25 LI «
1%H %% (100 1U/mL) FEEFHZE (100 pg/mL) 1)
DMEM };3:3E, T 37 ‘C. 5% CO, 4t 34
B9t

2.2.2  MTT LA M40E3E 1

(1) PE M1 3% DSS V00 40 B 7152 . HY
XHEUEK AR Caco-2 4HfE, DL 8X 103 AN/FLIEMT
96 FLARH, 15FE 24h. AN 104 204 40, 80.
100 200 pmol/L PE 5§, 3% DSS &K', Ab#E 24 h,
FHWENAMAN G FRE . LR
£, AN MTT 58], #EEHEE 3~4h; 3000 r/min
B0 Smin, 7% BIEW, AL 100 mL — H 2
TEBRE A FR B A i, R AR ACNE 490 nm K
IR R (4D ME

(2) PE X 3% DSS #1153 A HE T 5
Wi . HUONEAE K Caco-2 4HL, LA 8 X103 AN/AL
BT 96 FLHH, B59% 24 ho WE IR, BRI
ATPE (10. 20+ 40 pmol/L) #H. XtIRAIMIAAF 24
YIRIREFREE, AU 3% DSS WL A2
A 3% DSS ¥ RAIASFERFE K] PE, Ab3 24h. RH
MTT 200 52 4 i 77
2.2.3  ELISA fill e 7K 4% “2.2.2 (2)7
TR AT i R 2, WAENAL RIS, H% IR
A BV B E TNF-a. IL-61 IL-1p /K°F
2.2.4 FITC-H R HERIM Caco-2 4 i iz i 1k
BB K I Caco-2 40, IS 10%[R24F i
[¥] DMEM 5 72 2] % 4R ML B, LA 1 X 104 AN/ Lz
FhT Transwell F% (FE£L 200 pL), F=EAA 500
ul & 10%f4 4 L% ) DMEM k5953, T 37 C.
5% CO BT RFE 14 do FR20 MIE 40 B 5t P
BJa, 1% €222 (20”7 BURN T/ A 2
=M 1 mg/mL FITC-#i 50, NEMAREFRE,
BEEE 2 ho WERRGFRIE, KA BRI~ = 85
TR CIRIE .
2.2.5 Western blotting A& I 177 2 J5E 40 5% 25 (A -
PI3K/Akt {55 BESFHCE AMRIE ¥ Caco-2 4H
JdEAh T 6 cm 4UfakE IR LA, AEOL 1X 1074, £
Fi24he i “22.2 (2)” TWUF 7T o AR 2,
FFEREFRIE, HTUAR PBS 2l 2 W%, A
ZURMELE 10 min J5, HIFRAMM, AT 1.5 mL
EP &, 4 ‘C. 15000 r/min &0 15min J5, B E
TH, SR BCA WG &l S ek E . #% “2.1.77
TR IR AR R R R IA .
23 GtESH

83 Graph Pad Prism 9.0 2 A/FHE4T it 0 #7
SERA X £ s FoR, RS LS A5 BUESNT
AT & BR G, KRR ETT 258 (One-way
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ANOVA) J7iEx & B8 134T 2 S VAl o

3 &R
3.1 PE Xt DSS iEEH) UC /INRIKFREFR DAI iF
VN 0EAL

Wk 2 foR, SRR, RERA /N R AR
I ERK (P<0.001); 257 PE il 5-ASA Tl
&, NRIE T EA T EES, K 5-ASA AA St
FEF(P<0.001). 55X A LLEE, B2 /N B DAL

AR

A 2

N =

Ja /N DAL PE43 2 B#K (P<<0.001),
3.2 PE X} DSSiFSH UC /MNRILE N KR L5520
R RFEREF KRR

WK 3-A fion, xR, B4R A
S B A0 A PR 20 B B & S 2E R (P<<0.01. 0.001),
Hh PR AT /9K B 2 R S5 25 v (P<<0.001); S5
RS, PERFIZH AgEEE BEFRIK (P<
0.05), PE {i&. 7l E2H A PR 4 i £ i Vo 25 PR AIG

W BETHRE (P<0.001); 25T PE fil 5-ASA T-1i  (P<<0.05. 0.01), #4524 41w ki 41 it /7K B2 4 B
o XTHR
26 - o b 5_ "
24 4 PE20 mg-kg™! 4] ‘|'
o - PE40 mg-kg™! &
W 221 - 5-ASA 3
= =
& 204 e a8 24
18 - Hih 14
16 T T T 1 O -
0 4 6 8 YRR B 20 40 5-ASA
td PE/(mg-kg™")
SRR #P<0.01 #P<<0.001; SFHAALK: "P<0.05 P<0.01 *P<0.001, FEH.
#P<0.01 " P<0.001 vs control group; "P<0.05 **P<0.01 P <0.001 vs model group, same as below figures.
E 2 PE X DSSiESH UC /MRIEFREM DALESBISFM (X+s,n=16)
Fig. 2 Effect of PE on body weight and DAI score of DSS-induced UC mice (X £ s, n=06)
A
20— 159
T #H o
215 z B
HiH :
5; T % 107 :§
;< 104 é T =
g T s- £
o = £l
= 7+
AR A 20 40 5-ASA XHER BE 20 40 5-ASA SPHE M 20 40 5-ASA
B PE/(mg-kg™") PE/(mg-kg™) PE/(mg-kg™)
500 600 500
i o
~ 400 _ -
2 1 400 5
£ 300 E £
£ a2 g
2 2004 e $ =
2 = 200 o
100
0_
XPHE B 20 40 5-ASA X B 20 40 5-ASA R B 20 40 5-ASA
PE/(mg-kg™") PE/(mgkg ) PE/(mgkg )

E 3 PEXfDSSESH UC/NRIEM (A) REMEARPRIERFKTE B) BIFM (X+s,n=6)
Fig. 3 Effect of PE on blood routine (A) and levels of inflammatory cytokine in colon tissue (B) of DSS-induced UC mice
(Xts,n=6)
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BERE (P<0.001). W1l 3-B AR, HXTRL
B, BHNRAE AL T TNF-o. IL-6 A1 IL-1B
KPFRZETRE (P<0.01. 0.001); SR,
BRI/ R AL TNF-o. IL-6 A IL-1B 7K
PR L (P<<0.05. 0.01. 0.001). LL_E45
W, PE RERSA XM DSS 5310 UC MRS
Je BB ATE 98 24 it AL - Pt B = A
3.3 PE X DSSiESH UC /MNRLEFALRIELT L
FnRAIE RIS 1 A2

WK 4-A Fror, SBEBALE, PE ReEA K
VIS 5 I A 2R R B A A, B SRR D AT A iR
I, JEhgRFE s b E . wmiE 4-B. C fr
N, SRR, MR KR4 (P<
0.001); SHERIAILLEL, KA AH LK R

gl K /em

X R 2

40 5-ASA
PE/(mg-kg™")

i (P<<0.01. 0.001). JEIT FITC-H SRMHFM f7iE
HIENE, 41K 4-D s, S50 A FERL, B4 FITC-
B UG B B 2 TR (P<<0.001); SR H
5, SR 24 FITCH P e ot B R FEAK (P<
0.01.0.001), & PE &% i 2 bl iE R e Th &g,
PRIz .
3.4 PE %I DSS iBESH UC /NREEFA L IFFRE
HXERAFRIEEN

K FH G 8 e G kil /N BR 45 i 21 23 b S 0%
M Occludin. %P5+ BE-cadherin 2 Bf i
Claudin-1 [J5R1%, SR WA 5-A fiox, HXTHEALE
5, BB/ NREE A ZAT Occludin, E-cadherin 1
Claudin-1 fI7%¢5RE B BF4MK, &M DSS HSH
UC BRI A i73E b R o Bt PR 25 48] e B B e O . S5

B
5-ASA c
PE 40 meke ! ‘———'
PE 20 mg kg F——.‘

R ;—
paict 2

D

1.5

m

b

P Hith

g 1.0 1

B

i

@]

=

= 0.5+

N

=

N

IR

0 -
XHEE AR 20 40 S-ASA
PE/(mg-kg™)

A-FHENREE AL HE Gt (X20); B-BAUNREMALIES: C-HANREHKE: D-%A/NMRE5HAL FITC-H R VOLME .
A-HE staining of colon tissue in each group of mice (x 20); B-colon tissue morphology of mice in each group; C-colon length of mice in each group; D-

FITC glucan fluorescence intensity in colon tissue of mice in each group.

El 4 PE X} DSS ESH UC /NREMHALNBRELTUIBHEBEMRIFME (X+s,n=06)
Fig. 4 Effect of PE on pathological changes of colon tissue and intestinal permeability in DSS-induced UC mice
(Xts,n=06)
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A DAPI E-cadherin Occludin Claudin-1 Merge JRFBTAR 70 £
N . .
PE 20 mg-kg™!
PE 40 mg-kg™!
5-ASA
B
5 T R
=
i 4 - I PE 20 mg kg™
E-cadherin l“ - s - 08 - - *;* [IPE 40 mg-kg™
l — m_]zﬂ 3 ok ok B 5-ASA
Occludin - - - - ’ 55%10¢ - -1 .
ﬁ ok iz
™
GAPDH 37x10t E 27
— e ae - o -
X R 20 40  5-ASA 0
PE/(mg-kg™")

A-T PR O B 2/ R 457 4127 Occludin. E-cadherin Al Claudin-1 %35 (X20);

E-cadherin Al Claudin-1 & AFi%.

Occludin Claudin-1

E-cadherin

B-Western blotting £l %20/ fR 45 i 2H 27 Occludin.

A-expressions of Occludin, E-cadherin and Claudin-1 in colon tissues of mice in each group detected by immunofluorescence staining (x 20); B-

expressions of Occludin, E-cadherin and Claudin-1 proteins in colon tissues of mice in each group detected by Western blotting.

5 PE X} DSSiESA) UC /MR

HIpARPAFEEXERRIENE

SR (X +s,n=06)

Fig. 5 Effect of PE on expressions of intestinal mucosa related proteins in colon tissue of DSS-induced UC mcie (X £ s, n=6)

TIHELEE, 25F PE A 5-ASA TG /N 25 i 21 21
/1 Occludin. E-cadherin A1 Claudin-1 %% )58
EIAFIFEEE5E . Western blotting 25 % (] 5-B)
xR, BRAH N R A A 2
Occludin. E-cadherin A1 Claudin-1 & [ 3RIA K 2
FHIFIK (P<<0.001); SHEMALLEL, BG4 E-
cadherin 1 Claudin-1 & HRZ/KFEZETHE (P<
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Fig. 6 Effect of PE on transcriptome sequencing results in colon tissues of DSS-induced UC mice (X + s, n = 6)
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Fig.7 Effect of PE on cell viability and inflammatory cytokine secretion in DSS-induced Caco-2 cells (X +s,n=3)
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Fig. 9 Effect of PE on intestinal mucosal associated protein expression in DSS-induced Caco-2 cells (X £ s, n =3)
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