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Abstract

Objective: To explore the role and mechanism of Wedelolactone in intestinal barrier injury in rats
with severe acute pancreatitis (SAP). Methods: Forty SPF healthy male Wistar rats were randomly
divided into four groups: sham operation group (SO group), severe acute pancreatitis group (SAP
group), wedelolactone 25 mg/kg treatment group (Wed-L) and wedelolactone 50 mg/kg treat-
ment group (Wed-H). SAP model was induced by retrograde cholangiopancreatography by inject-
ing 5% sodium taurocholate solution (1 ml/kg) into cholangiopancreatography. The sham opera-
tion group was given the same amount of normal saline. Wed-L group and Wed-H group were giv-
en intraperitoneal injection of 25 and 50 mg/kg wedelolactone 1 hour and 6 hours after the estab-
lishment of SAP model. After 24 hours of modeling, the rats were anesthetized again. The levels of
serum amylase and lipase in blood and serum tumor necrosis factor-a, interleukin-6, interleu-
kin-18 and interleukin-1f were detected by automatic biochemical analyzer, and standard diag-
nostic kits were used. HE was used to evaluate the pathological changes of pancreas and intestine,
and made pathological score. The expressions of apoptosis-related proteins GSDMD, Caspase-11
and tight junction proteins Z0-1, Occludin and Claudins-1 in intestinal tissues were determined by
Western blot. RT-PCR was used to detect the expression of apoptosis-related genes GSDMD and
Caspase-11. The distribution of apoptosis-related proteins GSDMD, Caspase-11 and tight junction
proteins Z0-1, Occludin and Claudins-1 in intestinal epithelial cells was determined by immunof-
luorescence staining. Results: HE staining showed that compared with SO group, SAP group had
obvious intestinal pathological injury (P < 0.01), while Wed-H group had significantly lower intes-
tinal injury than SAP group (P < 0.01). Similarly, the pancreatic injury in SAP group was signifi-
cantly higher than that in SO group (P < 0.01), and the pancreatic injury in Wed-H group was less
than that in SAP group (P < 0.05). There was no significant difference between Wed-L and WED-H.
Serum amylase and lipase levels in SAP group were significantly higher than those in SO group (P
< 0.01), while those in Wed-L and Wed-H groups were significantly lower than those in SAP group
(P < 0.01). The levels of TNF-a, IL-6, IL-18 and IL-18 in SAP group were significantly higher than
those in SO group (P < 0.01), while those in Wed-L and Wed-H groups were significantly lower than
those in SAP group (P < 0.01). RT-PCR results showed that the expression levels of GSDMD and
Caspase-11 in intestinal tissues in SAP group were significantly higher than those in SO group (P <
0.01), and the expression levels in Wed-H group were significantly lower than those in SAP group
(P < 0.01). Western blot showed that the expression levels of GSDMD and Caspase-11 protein in
intestinal tissues of SAP group were higher than those of SO group (P < 0.05). Compared with SAP
group, the expression levels of GSDMD and Caspase-11 protein in intestinal tissue of Wed-H group
decreased significantly (P < 0.05). The expression levels of Z0-1, Claudin-1 and Occludin in intes-
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tinal tissues in SAP group were lower than those in SO group (P < 0.01). Compared with SAP group,
the expression levels of Z0-1, Claudin-1 and Occludin in intestinal tissue in Wed-H group were sig-
nificantly higher (P < 0.01). Inmunofluorescence results showed that GSDMD in SAP group was
significantly higher than that in SO group and Wed-H group, while tight junction proteins Z0-1,
Occludin and Claudin-1 were weaker than that in SO group, and Wed-H group was significantly
improved than that in SAP. Conclusion: Wedelolactone down-regulates the expression of GSDMD
by inhibiting Caspase-11, reduces the release of inflammatory factors in pyroptosis mediated by
Caspase-11, and reduces intestinal mucosal injury.
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1. 518

SRR 2% (acute pancreatitis, AP) /& — P IR IR JRE, &I A RGP R EFEH 2 —[1]. 24
B HOURF SR OB B 0, R SR O EELE S PR R MR K (severe acute pancreatitis, SAP), [RARAR K IR GL e B
7 H A S RE, SRR TR E R K [2]. SAP I EE 7R RIIAE 2, AN N S S8R, 3t
MGG, KRG RIERN, H2 28T IEeRET[3]. B2 A E(wedelolactone, Wed) & —Ff
YRR SR, UL E AN IKK A7k caspase-11 ik, HADUMR . JraRsmim. prerd
b PTI98 975 23R PR AR NEL TR B A5 22 Ay 1k [4] o AR AR T /2l E 2 1 2 e R AT S HOSRBE AN 4 12
R AET . AMAET I caspase-1 Mt Bk caspase-1 ARKAFPEN LAY . Caspase-1 ARG 4H iy
FET A caspase-4. caspase-5 B/ i, caspase-11 04T, FKINWANMIEREEE, T 25040 rI4n i it N SR
AFEAR R AR T EIERCAR R ARG R AR DG/ AR [5] . AR TR, JRGL: RORE B i v iz A7
TEJRENE R A caspase-11 ¥#35[6]. CAUEH, AT 5L JOREMESRA <, WMUILYE, B,
O H LS [7], Liu 25 38 Ik SESGIE B H0 0 40 M £ T2 55 T WUIE 75 & 1.0 UL [8]: - Pan 5 A B it SR46 1iF B
O P T AT AR AR it I PO JRE S A [9]; Liu 25 NS AT 7 & B 1) £ e il 2 s 1)
HR PR R A8 ROE[10]. AR ARG USRI A T27E SAP A B Bt A% b AR F v A T e, (R, AT T4
T4 caspase-11 /i T I4HMAEE T 1] LUK SAP IR T R AL 17 7). AXSEAG I I W47 28 RIAEAE, o) AH PR
PIIEN 5% R BN AL 2 K SR SAP 1478, Kol izl GSDMD FS 3R 8 (AL, ittt 4 py i
1) caspase-11 [#fik GSDMD {136k, MHR N JE4 MRS B AR -0 SAP K BRUWiE ThRE 1520 o

2. M5 RHE
21 EWEMS5A

8 A% SPF Zitfit Wistar A 40 X, {KHE 250~300 g, HALEt UARAMIBARG R A A4t F 5
KOS TR B REFRTE 12 /DL BEIEA T, 22°C £ 1°C. Fl 45%~55% IR . 301
PEE R AL B A SE I s B A I FR RS, R ORI A HL B ek . IR EENL ST
FLWs KR N TFARLL(S0), SAP #AI4], SAP Wed-H 41, SAP Wed-L 41, #4110 H.
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2.2. EELIRF

B HHER NI H 35 E Sigma A ], s Ny I8 H 5 [ MedChemexpress A /], RNA $2HGAH1E H
% [E Thermo Fisher A F], MEESRAZ N EREIAF &I E HA TakaRa A7), GSDMD #ifk. Caspase-11
LRI [ 24 [ Proteintech Group A, ZO-1 $ifk. Occludin #ifAF1 Claudin-1 #7444 [ 3£ [E Abcam A #,
ML 3E A E R T--o (TNF-0)« 40/ % (interleukins, 1L-6+ 1L-14 A1 1L-18)/GEE % % K i 96 (enzyme
linked immunosorbent assay, ELISA): 77 &4 5 X Boster 2] o

2.3. BNERE &

SEEGEN Y T SLIR AR 12 h, H KK K BRUPRE BRI J5 e (E T T TRB RN, K& ae i 24
G EE AT F BRI AR v R 7742 ) ) R AE A YN 50 F R IHRR AN (1 mi/kg) 55 SAP AL {7
TR YLK B 32 308 T ARAAH R AR 1) £5 /K 79 . Wedelolactone (SAP + Wed) 77 411K AT AR5 1
JINEF R 6 /0N S S P 9 6 2 32 25 mg/kg B] 50 mg/kg wedelolactone.

2.4. WMIERR %

TS 24 /NI IR 5 R I sk i s SR ENETAE R PR AL PE R B, CERIRAR . EIRAZHZT 4%
ZRARRRPEE, HTFHEAZS, HAREHST-80CIHRAF&H .

1) I AR B AN G R Bl 16 3h 4 B A R IR A R 6 I3 e R il (amylase, AMY) AR i i
(lipase, LIPA) 1% 14 .

2) JRMD LS R BV s EUBERRAE 2N, BT A% BV [, B R T K i
YIk, K Z-4(hematoxylin-eosin, HE)#ett, HVEREE A, JE8E TS, SRAIXNUE T, #% Schmidt
SR H B R R L SO BT A AR R4 [11]

3) M E AN S RO BT . BRI ALY, [ _BVE HE Jefh, 200 68 PSR . #%IR
Chiu 73 22 PP bR AT N AL SR BETE I3 [12] -

4) IR G 95 IR BRI E (ELISA) 0 BT : Tk 4 HRRCTR) B 6 BA P D R, 36 g A S 7 A ) L 35 A
M _EiE T TNF-a, IL-6, IL-18, IL-18 HI/K .

5) & 1A 5 Hu s FZE SE 56 (Western blott) k6l 7404 GSDMD. caspase-11 5 TJ & (4 jlid RIPA %
RN A R o B R, ARSI BCA 8 sl e k70 & e B IR B . K R B SRR I
il 2% LF I B R AL P AT FK A B, SRS R B R I I I b o FH %R Z- W PHA AR 1 h, JRAE 4°C
H—yimaidn, BaAEEE NSNS 1 h, ST&HEE. B Image-J B 4% Western blot
ST IR BEEAT 8

6) [tk - BAMISE R B (RT-PCR)FINIZE GSDMD Al caspase-11 HI#ik: @it TRIzol 7]
FEHUE RNA, CRHREUK RNA RIS 306 B THEAT AN, & L AE 260 nm/280 nm KAk OD 18, #I
Wrali 5 . 4% 08 TaKaRa W57 S ER AT SO A L cDNA, Ll B-WLBHEE [ (B-actin) A N S, , $4 ] 2-AACt
it 5L GSDMD #1 caspase-11 [ ik & .

7) RIEHOEENE T) EE M GSDMD £ik: HEIGHL, Ay, Y, BT, Kib, Pl
BE, FILEMEEE, MA—P4ACHERER, —HiE, DAPI Y, Wb e KaE , ®
TR N ST

25. GiitF A%
BT om AN FIME +SD. {f/H GraphPad Prism #F iz 4 8.0 (GraphPad, San Diego, CA, USA), {H
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BRI T ZE TN Tukey £ 5 L 36 BY Kruskal-Wallis 2 80656 0 M4l 0] 22 5% . P < 0.05 & N ZE R

HA G35
3. %R

3.1 RERMMIEREFRE

HBE N RR(LE 1), SO 4K ERIRA) MG R (E) IR WA 4145 . SAP 41(B)F1 Wed-H 4 (D) A
SRR IR IS A AN TR BE K s B I 2 26 VRN AR, H Wed-H ZE0 25 U4 SAP B 7Y 20 B (R ek %
SAP 41 (F)Al Wed-H 2H(H) K BB I 20 23t m] WA [RIFE B 454, Wed-H ZH 4575 F2 B 8¢ SAP 205 Bl
SAP A K R EEIEE N T WAL B, &5 WS i, 28 VEANM0IZE, [ FK M : Wed-H 20K B Rk
9B BB RIRBEIE R, R, PRGN, RmREK

RN R(LE 2): SAP 41 Wed-H 41K BUBARZL 215 i 25 B0 B VP4 35 B . s 1 SO 4H(P <
0.01), 1 Wed-H 2057 ¥ 17> B BAK T SAP £ (P < 0.01) . Wed-L F1 SAP 4 2 [Al35 15 £ 4t 11 2 X (P > 0.05),
Wed-H H1 Wed-L 2 [8]454% 76 B & % 7 (P > 0.05).

Figure 1. Pathological changes of pancreas and small intestine of rats in each group (%400 times). Normal pancreatic cells
and normal intestinal epithelial cells can be seen in SO group. In SAP group, diffuse edema, interlobular space widening, in-
flammatory cell infiltration and partial parenchymal hemorrhage were observed. It is obvious that intestinal villi rupture and
inflammatory cell infiltration in the intestine. The number of pancreatitis cells in Wed-H group was lower than that in SAP
group. The epithelial-subcutaneous space of intestinal villi was enlarged, with partial edema and inflammatory cell infiltra-
tion, but the degree was less than that of SAP model group

1. BAARBAR. B HE EHIPIER(x400 £5). SO AR NIEHEEIRMMIESHE LK. SAP AR
SRIEMEKER, NHEIBRIEEE, RMMARIE, BOXREM; MESHERZ, KMEMERIE. Wed-H ARARK A
MR SAP AR ; MBRESE ERTEIBRIEKR, MoK, KMEMAERIE, (BI2ER SAP EEERRZ

3.2. BAiEZHEZR GSDMD & Caspase-11 ik (E 3)

i3t PCR Kl 4H i £ T 4E 22 #3842 GSDMD 1 Caspase-11 I35, 45 B /01 o 5 SO AL, SAP
[5] B 4 2 P 200 £ T AR S JE (K] GSDMID A1 Caspase-11 ) mRNA 7K 7B 2 F+ 5 (P < 0.05); MHELT SAP 41,
Wed-H 4 _EiRFa 45 B 4 PG (P < 0.05). Wed-L 4F1 SAP 42 (8] 2 L4 i 25 Lo
3.3. FEAR TI ERMAMETERRAMWE 4)

FH .92 B[R0 I 4% 2H K B [ i GSDMID., Caspase-11 Fl TJ ZE (I IRIE . 5 SO 4Lk, SAP 41
Z0-1. occludin 1 claudin-1 )55 & 2 4K (P < 0.01), GSDMD. Caspase-11 [f13i% & 2 T (P < 0.01);
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5 SAP Z4HAHEL, Wed-H #1f#) ZO-1. occludin A1 claudin-1 ft) %% .2 7+ (P < 0.01), GSDMD. Caspase-11
(12232 ¥ 2 FEAIK(P < 0.01).
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Figure 2. Quantitative analysis of pathological scores of pancreatic and intestinal tissues. Note: **, P < 0.01 compared with
SO group; ##, compared with SAP group, P < 0.01; #, compared with SAP group, P < 0.05
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Figure 3. Relative quantitative analysis of GSDMD and Caspase-11. Note: **, P < 0.01 compared with SO group; ##, P <
0.01 compared with SAP group
3.GSDMD. Caspase-11 fEXIEE N #T. iE: **, 5 SO AL P<0.01; ##, 5 SAP 4A#HtL P<0.01

3.4. AfEFKE(WE 5)

4 BN EAR AR I i 15 B A2k B SAP ZH. Wed-H AT Wed-L 21 111375 i 17 A0 3 Bl /K~ B 8
T SO 4. B S B SRR I ML o TNF-as IL-6. IL-18 AT IL-18 ¥R, FERMHBHTE 800, 455
EIRNAE SAP ALK A TNF-ay IL-6+ IL-14. IL-18 ¥&J¥#: SO 41 LFH(P < 0.05), Wed-H 1 Wed-L 41
TNF-a. 1L-6. IL-18. 1L-18 k%% SAP 41 T F#(P < 0.05).

3.5. BIERE TI EEMAMETEHN S (ILE 6)

T % wO LA GSDMD i T B HAEI7E FH ERIE, 45 R B R & 4 i 2 [ 4 2] GSDMD
(4f1). Claudin-1 (4% fh). ZO-1 (£%th)F1 Occludin (k7). SAP 4 A K& GSDMD (4. 0) R4, K4
FET-HGS . Wed-H 41 GSDMD K% ] KT SAP 4H. SAP 4 Claudin-1. ZO-1 1 Occludin W] 21T
SO #H. Wed-H #H Claudin-1. ZO-1 F1 Occludin % SAP #H 8] & 3%,
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Figure 4. Results and relative quantitative analysis of intestinal TJ and cytokeratin. Note: **, P < 0.01 compared with SO
group; ##, compared with SAP group, P < 0.01; #, compared with SAP group, P < 0.05

4. B T) RAMETEALERREXNE

#, 5 SAP4AELL P <0.05
8000+
<
>
< 6000
[/}

[72])
]
> 4000
€
<
€ 2000-]
2
)
0_
SAP Wed-L Wed-H
200
E
S 150
e
©
4 100
€
2 50
[}]
N
0_

SAP Wed-L Wed-H
“sap

Serum Lipase (U/L)

- - N
o (2 o
o o o
o o o o
L 1 1 1
#
#

Serum IL-18 (pg/mg)

B, E: **

2500

*%

500

SO SAP Wed-L Wed-H
SAP
600 -
400+ # "
200
o_

SO SAP Wed-L Wed-H

SAP

Serum TNF-a(pg/ml)

o
1
#
#

Serum IL-1B (pg/mg)

o
1
#
E3

5 S0 4H#8EE P <0.01; ##, 5 SAP 2848tk P <0.01;

100
X%
80
60
40

20

SO SAP Wed-L Wed-H

SAP
600

*k

400

200

SO SAP Wed-L Wed-H

SAP

Figure 5. Relative quantitative analysis of cytokine levels. Note: **, P < 0.01 compared with SO group; ##, P < 0.01 com-
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Figure 6. Distribution of GSDMD and TJ in intestinal epithelial cells of rats in each group (%200 times)
[El 6. REKXFRE LA GSDMD 1 TJ 8943 %5 (%200 £5)
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4. 71ig

FRE SRR 2 — PP O T2 L R R R, AL e — R A 3R, ok 584 1 BA[13]
SAP [ B BEDIRESZ A, MR NS IEH, FHNFEk R, REESGRIERN, HEZHE
DIReRsfg, M- SE— RYIIFRIE[14]. BT, 7 b i A5 2 JOs A f E T2 [15],
DAL, AT SAP K BB AR BT R 48 S A2 4 M £ T2 R caspase-11 7E )1 b DhRe R /EH o A 500
8T KRG FOREFRAR K K B A GO A8, 3R caspase-11 (K #i M IAN AR T- 2 5 SAP IR &
R, HG BT RE IR . A, ANHIEFU I 5% 208 i 4 N R caspases-11 M PE 4 g A5 T
Al DM DL 515 B 2

¥ ¢ B e — P MURR (R R B B B, BEREVHALFIIRCE 7%, JRERT G 0, WpiEa s, iR
PRFIBTRE[16]. W bR el DUER o 2H . MUBRBR R See el b2 DR AT AL B b . 56 B8 (1 i B B 0 4 ¢
NARGEFRANGTT B pom S 2 A i AR RI[17]. B, —MAuEs:, IR R E
B RGRr. TI 2 T EAE S RII S E A, AT N B4R A m B Al . TI AL4E 2 Fi
WA, claudin 1 occludin Z2FEEEH, ZO MM HIAEE R, AN EERLS &S5 kg bk
SERENE R [18] . AT 5T il i 4 5 S ZO-1. Claudin-1 A1 Occludin 7E /%1 b Bz i1 43 A A i 4
955 B I8 Rl Bz i 2H 23 T B 1 B R VAl R B B D g, K I SAP KB ZO-1. Claudin-1 1 Occludin
RIE T, RAMBEEIIREZ 0.

Y M A T PR P L MAE T, AR RS AN R T oAb 2R B (AR P A e T, i T2[19]. 4
MPE T Pk ANEVERI NIRRT . B PR T R E Al RS 5 ok E B REE AR T A T
PRIk, WEIX B B LG caspases (8, 9, 10), #FMEIS AT caspase-3. ML I T 41 fE A 2= AL T 4H
Mg Gtk as . AR AIE T /MA[20]. SET AN, AT 40 ORFRE e B 4 M e, 20 A%
AR ORI SE B [21] . A EE AR AR A — P B AR g% e B, SEBR B EEAR R — 4R T) 8. —J7 1, ¥
T TR A S SR i A4 AT E AR NI B, R B B A R 7% B rp MR A PR A L A S e A A . HR T A
PRI 7 LR ORE S, T LA 109 KU 4 e 200 B AR T PR SRR TR L o 59— D7 T, 0 S I 1) Y 35 488 o
ANFI S Gk 2 RO A AT, G A RAE T A EE A R S . IR 2 MR RS, caspase-11
AT LU SRR MUB R M IBAET: . 5 1LY caspase-11 {4k, GSDMD 2 GSDMD-N FE 75 & 4, T3
AHPAETS, RHE 1L-18 AT IL-18 BIRE[19]. ASELG W52 3] SAP KR piE a4 caspase-11 1 GSDMD
EEHEEWM, DU IL-18 M IL-18 KPR ET & . Sz, PLEWERE AR, £ SAP i bkt h
KT caspase-11 M FHIGNAAET.

AWFFER, Wed #i GPX4 S0 40 i £ Ty S b AR 2 A Sl 4545 [22] o DR e AR S 6 v 3
45T Wed, DA E I 20 B AR ToRE 5 20 SAP IR lEaifs, 453K SAP 4 GSDMD #ik 7+, T
14 Fif Wed T AF#{ GSDMD K IE I R IL-18 AT IL-18 & &, e T T EAMRL, 458 WL R4
PR LR, ROAIHIAMAE TS, SAP KB J8RE SBL SR B B B AR, A R est i B B 4514

5. &g

M2, f£ SAP 7 i1 B iR BH caspase-11 #K A 4o A5 T, T Wed H1% caspase-11 4P
YA TR LA SAP 7 Bt B dn (5 HE R i BE B Th e . Rk, ¥ A caspase-11 ##i M4l B A T2 nl GE i
J7 SAP s fhEE t— M iia 7 e .
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