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i E HE AT g BE-0% % 4B (LPS)/M R % @ & 11(Caspase-11)/i & % D(GSDMD ) il #4487 & 5 7r 1A 4 i 3 %5 o5 7%
Hi F R R (DKD) 8948 MALE] . ik £ 00 305 S4B o A e MRAE 1 LR 2469 7 i3 2 DKD /) AR, 3 st )
REAS A AR 4 = F UL (PR RT B, 200 mg/kg) Av 5 A9k AL i 30 45 7 40.(32.4 g/kg, A £ 25 F3t) , &40 10 R SR 10 R
RAEA TR, R W i/ A R 1R S8, AORS G Al AR ISR 5 0T oh A s AR, LA R A4 B 2 2R
IR A S B AW WA 2 A A R kP LPS 4, il id 16S rRNA &l 5 ) A % 45 W A 22 AT M 16 3 BE AT , e 4
W 243 1) 4~ @ (Occludin) |, H 4 5 & & 1(Z0-1) BB MEZL LR P Caspase-11 . GSDMD & & Fuik , 458 Habmsadart HiAals
A St P B A H il 28 | BB BY e Y UAT e R K R P R @R QR A AT LPS A AR KRR A R
Caspase-11 .GSDMD % & F ik A F 3 2 541 &% (P<<0.05) ; £ W 2122 ¥ ZO-1 . Occludin %& & 4 ik AP F=2 17 i # B Chaol . Ace 35 ¢
¥ R FHMAR(P<0.05), F8 o 1/ W 1T0AR R A 3 Wk Ae 25 28 2039 8 A T 9 R 69 B 10 7 A& P R I Rk ad s 8 A & Fa
P@ARE S EHFAFH(P<0.05), LB AAN, &5 WAL RE 45 0 RAB ISR AR o) fAn £ 3547 (R B2 B AR oh) , &
H AP LPS 4, B k48 42 7 Caspase-11 ,.GSDMD %& & F ik K3 2 3 AR (P<0.05) ; AR P Z0-1 & FGA R F MHii th
BE Ace 45 43) 391 & (P<<0.05) ; 1 il 1 B P AUCHCAF B B, | 2641 14 B Ao T 5 S I % 0 A 14 e e s 3 9 & o Wl Ao 25 i 20 42
BRI A F RGP E . BT B AR PRI LA F C-E DKD 69U T ik 5 & 8 5 1 B A5 S A LR FE ik LPS A
Ao, 4k i ) - AE Caspase-11/GSDMD 4~ # fm e fi =47 % .
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Mechanism of Yiqi yangyin huazhuo tongluo formula in ameliorating diabetic kidney disease by regulating
the gut microbiota-LPS/Caspase-11/GSDMD pathway

HOU Zijun', LI Yingli*’, GUO Kelei”’, WANG Yiyuan’, HUANG Shiyu’, ZHANG Lujia’, BIAN Hua™’
(1. School of Nursing, Henan University of Chinese Medicine, Zhengzhou 450046, China;2. Zhang Zhongjing
School of Chinese Medicine, Nanyang Institute of Technology, Henan Nanyang 473004, China; 3. Henan
Provincial Key Laboratory of Zhang Zhongjing Formulae and Immunoregulation, Nanyang Institute of

Technology, Henan Nanyang 473004, China)

ABSTRACT OBJECTIVE To explore the mechanism of Yiqi yangyin huazhuo tongluo formula in ameliorating diabetic kidney
disease (DKD) based on the gut microbiota-lipopolysaccharide (LPS)/Caspase-11/gasdermin D (GSDMD) pathway. METHODS A
DKD mouse model was established by high-fat and high-sugar diet combined with intraperitoneal injection of low-dose
streptozotocin. The successfully modeled mice were randomly divided into model group, metformin group (positive control, 200
mg/kg) and Yigi yangyin huazhuo tongluo formula group (32.4 g/kg, calculated as crude drug dosage), with 10 mice in each
group; another 10 mice were set as the control group. Mice were intragastrically administered with corresponding drug solutions or
normal saline once a day for 8 consecutive weeks. After the last administration, serum glycolipid metabolism indicators and urinary

renal function indicators of mice were determined; the pathological and morphological changes of renal and colonic tissues were

- observed; LPS contents in renal tissues, colonic contents and
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E-mail :jiyun0728@163.com The protein expressions of Occludin and zonula occludens-1

serum were detected. 16S rRNA high-throughput sequencing

was performed for gut microbiota analysis of colonic contents.

4BEVES B2 Lk S0 B BESEH IR TP E 2 A R (ZO-1) in colonic tissues as well as Caspase-11 and GSDMD
##% . E-mail ; biancrown@163.com in renal tissues were detected. RESULTS Compared with the
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control group, the model group exhibited significantly elevated levels of serum fasting blood glucose, triglyceride, total
cholesterol, serum creatinine, blood urea nitrogen and microalbumin, LPS contents in each sample, as well as protein expressions
of Caspase-11 and GSDMD in renal tissues (P<<0.05). The protein expressions of ZO-1 and Occludin in colonic tissues, together
with Chaol and Ace indices of gut microbiota, were markedly decreased (P<<0.05), and the ratio of Firmicutes to Bacteroidetes
was abnormally increased. Obvious histopathological changes were observed in renal and colonic tissues; the percentage of PAS-
positive area in kidney was markedly increased (P<<0.05). Compared with the model group, the Yiqi yangyin huazhuo tongluo
formula group showed remarkable reductions in glycolipid metabolism and renal function-related indicators (except total
cholesterol) , LPS contents in various samples, and renal protein expressions of Caspase-11 and GSDMD (P<<0.05). The protein
expression level of ZO-1 in colonic tissues and the Ace index of gut microbiota were significantly increased (P<<0.05), and the
relative abundance of beneficial genera including Bifidobacterium, Faecalibaculum and Akkermansia in the gut microbiota was
elevated. CONCLUSIONS The mechanism by which Yigi yangyin huazhuo tongluo formula ameliorates DKD may be related to
reshaping gut microbiota, repairing intestinal mucosal barrier, reducing LPS translocation into blood, and further inhibiting
Caspase-11/GSDMD-mediated pyroptosis in kidney.

KEYWORDS Yiqgi yangyin huazhuo tongluo formula; diabetic kidney disease; gut microbiota; LPS/Caspase-11/GSDMD

pathway; pyroptosis

% PR 995 'Ff % (diabetic kidney disease, DKD) Ji #% IR
gt i L HLIE™ B A RO )T AR Z — , B Bk
AN i ) RO P 2 T 2040 4F, DKDKE AN
SRR AARFET IR AN [ B bR o 1 B 2025 4F B
GETHBAE WoR , R EORR G B E N E K 5.912, Hrh
30%~40% 114 5.3 2 & J& y DKDY, 5 U8B # A= 1
B WU 5 i {35 T B IR 45 AR 38 T AR A R UL A
A9, 4R, DKD Y A& A HL AR 52 4 B, iR R R
FLIREEE S e

F 2011 4F“fizp- B il " B 1 AR Y AR, I il AT
55 JUE S A9 X [ 98115 L i) 28 77 1k R DKD B 58 19 87418
Ko HHHSINA Wil Gk 25 5 2330 i W SR W 1 o i
TIRE 5T S AT S K B B RFAR I G R =
VS WA 003 , 1717 P ) R vl aB 7R 23 DR R 3% 45 A B BB )
IREEE AL, JE ORI A, Z TS UESE , DKD &%
B AS RS Y17 A 002 00 i 3 RO ), R BN TR 2R
P BE A AR I WLSBURRRTZT T, SR R IR
W7 M it Bt B g , S B0 I R [ A 28 (lipo-
polysaccharide, LPS)] 5 fii A IliL A3 25 A 187 4 [ 10 i &5
JI Vi % (short-chain fatty acids, SCFAs) U/, i il 25
S [5) 9K 2l 4> B BB IE 9 18 P AR EE 2 AE | in 3 DKD i
JE® . LPSAE Ay 4 2% [C P v 400 M BE 9 3= 28 il 45, vT 3
o ZR R T ERAERON" T, RAFENIFRE R,
LPS n] A 25 3t Toll B 32 1A 4 4%, B4 o LN 32
A Bk K 45 P 11 (cysteinyl aspartate specific proteinase
11, Caspase-11) # i& T i i J % D (gasdermin D,
GSDMD) , 5| KA 22 A g #E 72", Cheng 55" (9 5¢
S BRI /N BRI Caspase-11 %3k i, HiZZE 1k
55 I RE T FRANEPE 90 AH G 5 BEBR Caspase-11 n] 7>
BE R /N BRUAY R A 25 % W E A i i . AR
LPS/Caspase-11/GSDMD ifli jif £ DKD Ho 1) 3 i1 R 245 &

hlEZh; 20264545 37 4555 1914

PEHLEA e — 2 W

TP EEFNE AR, DKD J& “ T 18 4k A 19 PRk 7K i
YO R HLLL B R DR ABBHES " ARG . ARATBA
BT IRV GIE a5 AR DAL GE 25 07 % th 3
M KT S R ER AREE R PS4
WA ST 22 B, 1% 7 e AT AR (K 7 9] DKD A8 % 1) PR 2
FIHEE R e B Th e, AL vT 68 55 0 9 K 4 a4
P A0 I 300 AR 2 R 3 s T R AR N S RE A7 6 OF HL
%07 ] P45 I RNA-21a-5p/ XS AE TR 11 O /B R 7K /1
A R R PR S BOE TR 18 B A S AV ZORAR A
WS, D A AR LA 45" BRI, 3% e A A e 1YY -
B A RO PE D, OARTE 2 . PRLG, A IF ST 40
o F G SRR I A/ INR B IR A4 7 2 (streptozotocin,
STZ) i Jr v 55 2t 37 DKD AR AY | 845 25 <% B Ak il 4%
75 4} it B B -LPS/Caspase-11/GSDMD iifi # (19 51, L
1R 5Tl - B ik B 1A DK D 3 HEE 958 U

1 ##
1.1 FEUEE

AHWFFE T 32 AL A - BK-280 KU 4> [ 3h 4= 1k 43
BEASCCLL 2R AR B AR AT PR 7)) K Z- T R e 41 41
WAL GRILPELE /R PR AT BRZA 7)) , Pico-21 B 53K
o 4 U B0 L L Q33238 MY Quibit”® 4.0 ¢ Y61t (£ [H
Thermo Fisher Scientific % ] ) , RM2016 %) £7 8 4] - #L
[P ES (i) A7 R W], Eclipse Ci Y5627 b (5%
DS-U3 %I i {4 % 4 ( H 4% Nikon 23 @] ) ,ETC 811 %I PCR
XA AR YR A BRA R .

12 FEHRSKF

W = HOA T T3, 5 240901 ) A 8 (7= 3
il g AEAE 5 240308) LK F5 Rk St B 40
45 240701-1) . B W (= s Oy T AE AR e, it S
211101) A HE (=4 k) V5 pg 7°, b5 210816) (il 7
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BEF = il 0] B, 4145 240510) L FAA (P His Sl 2 s
LA 240801 ) AKEZS (7= 4 Ry i I 85 X, 45 240301-
2) W Bz (= R VTP 75 %2, 5 240602-2) P4 (7=
M ST R AR 1L 240701-1) K G2 3b Rl Ho B RS
5 230401) | 1 FF F (7= 3l 2 B 3, 4t 5 240601-
1) KB (= 4 A 1L AR 5F 77, 41t 23110201-1) 8¢ R 252K
v ¥y Yl s A K2 B A AT BR 2 w1, 22 PR T
2 BE kA 5% [ 1 ] 24527 Bie o 24 B0 2 2 | e 2 44 )
P2 S Y R L

ER R BN (4165 Y09054 , KK 0.85 g) g [
J Wit 5% 5 i 2545 PR 7 5 7N LIPS i S 12 W B ARG
W (ELISA) i 7 & (41t5 MMO0634M1/2) ¥ [ 7T 9% fiff fie
S A7 BR 2 ) 3 T Caspase-11 £ o e HU K (4t 5
ab180673) 14 [ ¥ [ Abcam 2\ ] ; fe$it GSDMD | [ ii/s
#7211 1 (zonula occludens-1, Z0-1) 2 va fEH A (543
518 AF4012  AF5145) ¥l [ 36 18] Affinity 23 &) ; fediif
£  (Occludin) 2 5 FEBUIR (it 5 AF7644) 1 [ 58 =
KAPFARA PR A 5 B AL | (HRP) bRic i 1L
R i BRE 11 G (IgG) —Hi (A5 5220-0336) 11y [
% [® SeraCare 7= ¥ FHE 24 \) 3 STZ (4t 5 60256 ES80) Ity
F] 2383 A R () AT BRI
1.3 SRz R AR

AWF 5% T 3h 49 9 SPF 4% i 1 C5TBL/6 /) il , 40
H,6~8 ik AT 18~22 g, W9 T g 407 v 01 357 4 4y
e e 47 BR2S /) [ = alIE S : SCXK (1) 2020-0005]
T4 /N Y 5 9% T SPE R sh W b, 1) FRIRBE 2 M il E
23~25 °C FI X8 B 409%~60% .12 h /12 h K5 28 %5 .
S S0 7 42 B 38 i F PR T2 B 5256 sh A PS5 4di
72 by oA AE CHEESR 5 R PR T3 # (2024)011 %),

Al Ak 76 5 i e MR EDREIY FL BRI B ) () TR
RN, A P F AT IE S SCXK () 2020-0004
2 Hik
2.1 HiEH&E

U RS WA BB 4 12 g, K75 Bk
AR NAS RETPIS9 g, Bk 6 g, KT AT
T IKIES 3 g, i 10 £ 4k 218 /K 230 30 min; LK k&
Wl J5 B SC K R 30 min, WO 24 5 24 i 40 RERR ) Oy i
P — U WSO 2535 5 IF PR 249, TR 45 PO ok 8
9 1.62 g/mL KD (LA 25603, FIA]) L B4,

PAZEAR K R 700, il 4 J53 4 v 2 R 10 mg/mL (1) R
% HOBUNGA W . L 0.1 mol/L . pH4.5 iy K MR 4l 22 o
W), )45 T e B2 R 10 mg/mL 18 STZ 353 (1l FH
Al
22 &R HAS5%Y

SR JH e Wi v W ARDRHEG B /N R ik STZ I 12 559 4 2
DKD /USRS HARERAE QR /N RUGE N PEESE 1R

DA RO SR 4 8] , SR 2% 3 d LI TESY STZ i
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(35 mg/kg) , 37 4 DR o A5 RS (LB AL 1f B > 16.7
mmol/L Ay SRR M ) 5 i s i PR 455 Y 2 7 W Il )i | 4k
ZEDARING SO R SR 4 8, SRS W/ BUR T it 1 2R
[1 (microalbumin, MALB) 7K, L MALB >30 mg/dL H.
BEMLIIE = 16.7 mmol/L 2y DKD AR 7 s AbRafE"

A 1 B2 (1 DKD /) BB AL 23 4 458 0 4 (Mod
Y1) R RUNCE (BRI R Met 21 5 &5 H 3 1 1 SUIR
200 mg/kg"”) | 25 B 1@ 45 J5 4L (YYHT 45 4 H
T T AH N 259 32.4 g/kg : 1250 ek e R0 iy U 51 566 i 11
AR RO, IF AR R BRI AL IE S/ BRUR) 6
PSCIG 25 Bz E A %0 , B4 10 2, 510
HUNEUWE R X B (Con 21 ) , LA 38 R M 3% 4 J8] )5 1%
25 3 d ST 0.1 mol/L AR EM 2% il (pH4.5 ) ; 4k %
W30 R R R 4 R A L AR K 4/ R TE
AR 20 mL/kg, B H 13K, #52:8 4 .
2.3 HEARESKE

RREG )G, /NRAS A K 12 he AR
A/ 24 W IR, e sk PR Ak, B3O J5 B E T, ¥ T —80 °C
VKA TP RAFE o R 52 BU6E RSN B, 380 2 47 AR 1R i B
1101 A W [ 2 s a0 1 R 1| R =3
FFRATE T —80 cCrkAf . WU , R F SRR F1 ik Ak SE
AR W BT SE S5 A N, W RO R IS i A —80 °C
VKA P RAT 5 RIS, DROGEF87 RORUM B JUE B8 o2 B 2 28
A — 0005 W 2H 2L T — 80 °CUuKAR HIAAE K2k m 4l
LU 55 —00'B MEZH 2 4% 22 56 WP 115 o
2.4  MiFERIERERISHEIRS R & B ThaEFEFR T

H“2.37 T URAF 0 L 375 RN PRV (REZH IR 5 H/N R
FEAS) , R 4 A 3h A Ak 23 ASOR: 0 i 335 b 2 12 i
(fasting blood glucose, FBG) . T il =i (triacylglycerol ,
TG) . B [# % (total cholesterol, TC) . Ifil i HILEF (serum
creatinine, Ser) ., Ifil K % %( (blood urea nitrogen, BUN) A
PR MALB 7K
25 BRESHEMARFERSFENE

4% 2 T W R [ %€ 24 h (945 i Fn B E 20 20 (B2
W3 HUNERFEAS) , 3 B 48 A 05 U0 v (JBEE 4 um) i 3
7 9% 0 92 55 . (1) B E A28 i 28 21 95 KOS - I 40
(hematoxylin-eosin, HE ) 4 (&, . HUEf HE AN &5 i 20 210 Fr-
WOHATHE YL 05, SR G2 b T B 4 HL B A5 2%
MOE L (2) 1 E 20 20 BURR Ay K (periodic acid-Schiff,
PAS) g0 5 B NELH ZLY) i 85 S K S, 28 1% 3 il
SEAK 10 min, Schiff 15 86 (2 20 min, JFiK sk 5L
5 min, Harris 5 A 2 & 9% 4 min, £ 5 K L% W J5 vk
B R, R AC: BB T %, B /NER N 2R 4 8
[X 35 A4 PAS BHPE X 858 . % ] Image-Pro Plus 6.0 #1431
FLE/NER DY PAS BAYE X BB, JE3155 PAS BHHE MR
43 e (PAS B TR E 3 b = PAS BH A I i B/ /N ek
BT X 100%) . PAS PHAE IR E 43 Hol & , 27 /1

thEEE 20264555 37 45 191



EREEAL | R Y SR B OBk T L (3) 45 A ZH 4 BT A1) 5 -PAS
(Alcian blue-PAS, AB-PAS) 4 (5, - 16 2% iz U] 1 Jist 5 52 7K
J&i  FH 1% Ba) 1) 3 i ¥ (pH2.5) %8 i Y €11 30 miin, 761
IKFCAFERVE ST L 28 1% i BRR 404K 10 min , Schiff 77 ik
6 4 20 min, /K 0% 43 1E 5 min, Harris 95 A 2 5 44
3 min, BEEEBLK GBS PR E o AR A0 B
AR R U (0 (RRPE R ) R 8 Crh MR AR ) Bl
BOGRAFEN) ., JCFRAEET i bR ZE M4
BT €0 D 00 A0 I R S R E AR Al . R
Image-Pro Plus 6.0 F{FHEZE L5 I | Kz DXl , XA 48 it
VAT AN T8
2.6 B ZEBFANFMREMERLPS SN

HEBFRIBCH L0 22 K 45 N 25 ek, 45 2H 212
W o FRBELISA a7 £ v W A5 45 , 0 5 /0 BUH IE L 45
I N2 B i v LPS & ik . BRZHIS /N UREA AT
i
2.7 PFAIEEEF 16S rRNA ERNF R AEWIEBFENHT

W 2.3" 30 N IRAF R/ N FRES I N 29 (RS /N
BUREAS) , BHCA: T A TR (L) e A PR W) 58 W%
{4 2 DNA $2£ 5L . DNA 7 it 41 4 16S rRNA 3£ 4
V3~V4 X PCRY" 1 (5|4 341F: 5’ -CCTACGGGNGG-
CWGCAG-3" , 805R: 5'-GACTACHVGGGTATCTAA-
TCC-3") il i Wy R (R B S TAE . B
5 B A I A48 - (1) 26T 45 4E 40 25 %€ (opera-
tional taxonomic unit, OTU ) 7K - JF Ji& o ZREME I #7 , He
f1 Chaol . Ace $5 BUH T PFA 0 ¥ 7% 5 & J£ , Shannon
F&BUN T VP48 1 B 2 FE4% 5 (2) 25T Bray-Curtis i 2 ¢
J& B ZREME ST, R 32 445 73T (principal coordinate
analysis, PCoA ) X TR ERE TS 4540 25 S EA T T AL ; (3) FF
JEIRNZE B3 5 (4) R A H0 50 43 B 808 K/ (linear
discriminant analysis effect size, LEfSe) 4> H7 5151 %% 2H i
FR RN 25 5 F  LLZAE H1 51 430 Bt (linear discriminant
analysis, LDA) 1573 KT 445 Rk B4 ; 1) ] PICRUST2
T HIET 16S rRNA I - BCHE I B G D fg i | 31
HUARIE R 5 3L P 41 B0 P (Kyoto Encyclopedia of Genes
and Genomes, KEGG) 3k 15 KEGG # #& [f] I (KEGG
orthology , KO) 3L A {5 H..
2.8 'BBE B s Caspase-11, GSDMD X 45 7 40 42 b
Z0-1 Occludin B9 B RIEKT

K 2 2 AL G . HL“2.57 301 B k20 204
Y1 R (a3 FUNRUREAS) , 2 ity bulsiie s B,
43 5\7i# fin Caspase-11.,GSDMD — 47t (i & b 451 43531 Ay 1 -
50 F11:100) ,4 °CH# #7185 WX H i il HRP FRiC i 1gG
ZHUORRELLA R 1:500) , 8EE % R E 50 min; 28 T4
JER A b €0, P AR R Ye PRI E B SR DG
i GBS W 5% O R AR R (BH PR et AR 8 6a ) o i

hlEZh; 20264545 37 4555 1914

Image-Pro Plus 6.0 K4 43 B H #5 & 71 08 - 206 % i
(mean density, MD) , MD i K & 75 8 [ ik A1
HERA A 7 R 2 i 1 2 ZO-1  Occludin 25 11 Y %34
K3 ZO-1 . Oceludin —47 I H5 B L A1) 43531 24 12 200 Fl
1:500, LA LB 1:500,
29 HFitFEHE

FHIR(4.2. D) B TR T . 456 IEZS50 40 H
T 2EFF AT TR x + s FoR , 241 ] AR B %
J5 22534, 2L 18] 5 5 HL 4R Tukey HSD K49 ; £ 5 1E
B AE I AT VER L x + s R, Z24110] i
K FH Welch B.[H 2 5 2543 H , 4L 1] 95 9 48R ] Games-
Howell K %¢ . AFFAIES M VORI M(Pas, Prs)
PR, Z 4 ) H R Kruskal-Wallis H K 56, 21 4] 7
P e 32 % B Dunn K356, 3ET Bray-Curtis #5519 i i
VAT TR 94 2R U2 1) 5 1 2 S L 80 R R 45 2 50 O 2%
/% Bt (permutational multivariate analysis of variance,
PERMANOVA)., #5427k #Ea=0.05.
3 &R
3.1 MERERISIR B IR R

Y5 Con 41 Hi It , Mod 41 /)N BLIfIL 35 H FBG . TG, TC .
Scr .BUN IR ' MALB 7K 34 5.3 785 (P<<0.05) .
Ej Mod 4L H Lt , Met ZH /)N BUIML 35 7 FBG . Ser 7K -4 5 3
WK (P<<0.05) ; YYHT 4 /) B IfiL 35 *f* FBG . TG Ser,
BUN KR MALB /K2 i 5 FEAI(P<<0.05) . 455
W1,
F1 FHNRMFERERERSEIRSR&E+ MALB

KELEB (x+5,n=5)

) FBG/ TG/ T/ Ser/ BUN/ MALB/
: (mmolL)  (mmolL)  (mmolL) (pmollL) (mmolL) (mg/dL)
Confl 1092066 0712026 2912040 420211123 TR0 TN9:LE5
Mod4l 08412200 44101 5642092 TA6I 46T 1183E19T 2820£588

Met#] 1931£583° 3862260 539208 ST97£802 9341186 21092302
YYHTH  2260:461° 1772072 5032099  4961£1L11° 8571036 17952446
F 16631 19.53 11.61 11.60 19 1312
P <0.05 <0.05 <0.05 <0.05 <003 <003

a: 5ConflHIHE, P<0.05;b: SMod41HI L, P<0.05.

3.2 BRALREBESFNERER

HE %% (045 4L 7, Con 41/NRU B/ NER G My 52 4%
AN b B 20 L HE S KR ) 5 A D 96 AE 4 i 2 3 A i
I, Mod ZH/IN AT UL /NER B AT LAY 5K FE AL, ' /N
TR 20 158 % , 348048 I vl DL AR F A R, R4 ] LKt
RAEAMEIE . 5 Mod 1A LE , Met L F YYHT 417N
B HE 20 20 9 RE 40 05 W 0 AR . PAS g A R, 5
Con 41 AH Lt , Mod 2 /]> i PAS BH A4 1 B E 40 b i 3% T i
(P<0.05) ; 5 Mod £ A Lt , Met 41 1l YYHT 41/ fil PAS
PR T B ET 0 U BRI, HL Met 41 25 5 HAT G112 7 X
(P<0.05), Z5HRWE 1. %2,
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HEHe

PAS H (8

contfl © Modtil

1 |ANRSHEALHE PASHELER

33 ZRHELARBREFNRER

HE YL o255 7, Con ZH/ NS I 20 S Bh 2 | iz
SEASERE BB HES R ST R, Yk K B 58 AE A
B, HARS 41/ B S5 I 21 IR [R) 8 1) 4%
SE AR B . AB-PAS Y (i 45 k7R, 55 Con 41 A LE ,
Mod 41/NR &5 B MRAR AN W/ s 5 Mod AR L , Met
LAY YHT 41/ RS B AR A0 M Bk 45 e, {0 22
SEGFRE X (P>0.05) . 455 WA 2({URRH4H
MREER) F2,

2

z
E=i)
2=,
W.
g
[- -}
-

Mod £l Met#]

B2 &A/NREFHABALHE AB-PASLEBER
£2 HANRBHEALPASHETERE DL REHH

34 ZRFALHZ0-1, Occludin EARIZRNE R

55 Con ZH A Hb , Mod 41 /N &% 3 4 21 ZO-1 ., Oc-
cludin # (4 5K P2 i F R K (P<0.05) . 5 Mod 41
HALE , Met 41 /)N BLZ5 7 40 21 1) ZO-1 , Occludin # 11 DA K
YYHT 4/ RES I 4048 b ZO-1 26 (A 33k K -1 18 T
5 (P<<0.05) . 455 02 3 (G 41k Bl A 30 it
TR, JEC KSR R DU A A R 1) .

*3 BHHANREFHAEL P Occludin .ZO-1 FEEHHI MD
btk (x+s.n=3)

A 701 Occludin
Conffl 0860.16 082£0.17
Mod] 010003 0192004
Met4l 0334012 0404009
YYHT# 0.28+0.08° 0324006
F piAll 2

P <005 <005

a: SConZIHIL, P<0.05;b: SMod41H] It , P<<0.05.

35 Bl ZEHAEMEMNEFLPSSBRNER

55 Con A L , Mod 4 /)N BV E 45 1 P 25490 K i
5 v LPS & ik ¥4 8 2% 75 (P<<0.05) 5 5 Mod 41 M1 L,
Met /)N EUBF I A B YYHT 41/ BUBFIDE 250 N 25490 o,
5T LPS & B B FRIR(P<0.05) . 45 W% 4,
x4 SHNREE ZHAFTMEMLEPLPS SR

BB IR LB M (Ps, Ps) ,n=3] B(xts,n=5)
i PASHHET BT+ L% PR #3 F#/(nglg prot) S (ng/g prot fiiff(nglL)
Condll 043(024,127) 600(583,626) Conffl 6081483 737321664 45698 £15.33
Moddl 3208(2627.3342)° 358(225.436) Mod ] 9011285 16029£2117 6522642994
Mt 0.89(0.69,099)* 405(399,467) Metéf] 82491426 14240£25.20 6250942253
YYHTH 426(399,5.44) 4§7(313,530) YYHTH 6362177 14321436 519.06+21.94°
H 946 731 F 754 s 858
P <005 0.06 P <005 <005 <005

a: 5 Con#1 1, P<<0.05;b: 5Mod41 41, P<0.05,,
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a: 5ConZI#IIt . P<<0.05;b: S5Mod4 ML, P<0.05.

spEZ R 2026455 37 45 191



3.6 PEFEMBNEYMESESNER
3.6.1 HEHFZHAES SR

Ej Con 41H Lt , Mod 41 /) B % 38 P& #¥ 119 Chaol | Ace
T8 B B FRR (P<<0.05) 5 5 Mod 414 H , Met 41 A1l
YYHT 41/ FUi i B BE (1 Ace 45 80 .35 7+ & (P<
0.05), B ZHEMEIMITES I MR, 4 A REATE AL AR 1A 11
253 % , PERMANOVA K5 5631 5% 4 8] 22 570 i 35 (R*=
0.57,P=0.001), #53W%E5. 143,
®5 FENRHERHEN o ZHEESTER (x£5,

n=>5)

15 Chaol $551 Ace Shannon {5 &
Conl 88203 +67.79 93086+ 66.02 3121062
Mod#i 680,59 +65.23* T19.21 £67.04* 1712061
Metéfl 79381 £71.69 844.04 £ 78,08 330£029
YYHTH 8351543288 880.67+3241° 32008
F 9.84 1020 1.53

P <003 <003 025

a: 5ConZH AL, P<<0.05;b: 5 Mod4L il 11, P<0.05,

..\ ;\\:

0.2 h Y
_ -
e
] O YYHTH
o " O Meréfl
= E 0 Modl
E O Confl
a

—0.2
=0.50 =0.25 0 0.25
PCoA1(27.07%)

B3 HFHENRIZERFNBSHEESINER

3.6.2  PFhAIR o Hras R

FE 117K L, Con 41 /)y Bl J 38 51 v J52 BE 157 1)
(Bacillota) i) #f %t = J& & 61.9%, 1L FF 1 '] (Bacte-
roidota ) (14 A1 % = & K 10.6%; 5 Con 44 H , Mod 41 />
Uy T8 7T R PR T 1) A AR X = by 80.9% , T 4DLKT- 14
I TR 2 B 22 0.6% , JEERE R 11 AUFF i 1] HE (B85 5
55 Mod £ M1 Lt , Met ZH FIl YYHT 20 /) Bl 3 i 1 v JoE e
PR VAT T T HEAL 19, Met 20N R0 8 T R v JEE R
1] AFF T AR = BE 53 3R 76.2% . 1.6% , YYHT 41
G390 60.29% .2.7% . 1EJB /K- 1, 55 Con ZHAH Lt , Mod
21/ U I B RE P e FLFF S (Ligilactobacillus ) (3
il [ )& (Faecalimonas ) %5 WA XS F BEREAG , % WAl %
1) (Romboutsia) (AT BETHET ; 5 Mod 41 A 1L , Met
2 /N B 38 T B P FLFT T S (Lactobacillus ) el 5@ 5 G

hlEZh; 20264545 37 4555 1914

1) (Akkermansia) WA == 18 T 5, 2 WA ¢ 1 )i 1) A
Xif F B RIS 5 55 Mod 41 LE , YYHT 41/ Ul it B o
KUEE KT 141 )@ ( Bifidobacterium ) W AH X =5 B2 T &, bl v &
[C o s 3 AT 24 E (Faecalibaculum ) B4 X} = B L AR 35
FERE R K-, 10 25 A A i (AR E BE BRI . LRSS
AU A SCE T AR AR5 R DT A
B 2.
3.6.3 2PN IMTEER

LEfSe /345 R i , 7E )8 /K F L A FLAF I i
norank_Muribaculaceae 3% " Jifl [ J% 25 /£ Con 2H 1 35 7
% sunclassified_Lachnospiraceae % WA g 18 | Pl 4450
W% (Adlercreutzia) .norank_Atopobiaceae .unclassified
Eggerthellaceae %51E Mod 2 1 3 &5 4 ; FUFF 1A B 5 &2
FC o Jm R A1) 15 52 1 s ( Colidextribacter) 1t Met 21 i 3%
A DU T R ST T8 KT S (Dubosiella) E
W2 (Lachnoclostridium) \unclassified_Oscillospiraceae
EYYHT 0 35 5 4L . FARGS Rl A SOy o — 4
%, A S5 R A R B P 3
3.6.4  GHENAETUI AR

PICRUSI2 JJj i Tt i 43 H7 45 5 8. 7% , Mod 41/ L/
HE P2 5 DNA 85 1) KO 2E K (41 K03657 uvrD
K03655 recG) i) i il £ 8. % I} (P<<0.05) . 5 Mod
A LE , YYHT 211 38 5 1 K03657 wvrD i PR i T
FBEFRAK , B K AL A P AR A 5C KO ZE A (41 K01190
lacZ) W T 4= B TG 5 LR Ak 55 % 4 SUBCRT 14 i 265 1Y)
WAAEAAN B FARGRSFA SR T A
RS R DL B P 4.
3.7 'BREHL Caspase-11 GSDMD EHRIZKMEER

55 Con 2Ltk , Mod #H /) U IIEZH 2 b Caspase-11 |
GSDMD i [ 357K -4 8.3 715 (P<0.05) . 5 Mod
HAHLE , Met ZH AT Y YHT 41/ U HEZ1 2 Caspase-11
GSDMD i 1435 7K - 1) i % BEAR (P<<0.05) . 455
#6.[44,
F6 FHHNRERALRP Caspase-11, GSDMD EH

KIMDELEE (x+5,n=3)

ik Caspase-11 GSDMD

Confl 0.11+003 0.03£0.01
Mod#l 06320.15 0.50£0.09°
Metél 030007 0.05£0.02°
YYHT 4 0322006 0.17£003*
F 1743 59.65

P <0.05 <005

a: 5 ConfHAHIE, P<0.05;b: S5Mod4lH L, P<<0.05.
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GSDMD

. Lt L LT AL et bt et -
Confl Mod 71

------

Met £ Y

B4 HANMNRBEALSP Caspase-11,.GSDMD FE AR LN & AL E

4 g

DKD &8 4E H A BT 3Cz 0 , JomaL R i i 2 B
R I PAGZR AL e JRe R S D i ol 8 457 L 0% RSB, ¢ &
JIFEF HEAE B OCREM ., 200 RIFFE B R Meta 43 #i7 ¢
Y, 258 R BI 28 25 16 5 L3R T Al Sk 3 AR A 2B 2 1
B MRS S PR A ACE" . ARWESE BT FH 25 SR B ALk i
TR A RS MR SE 13 R 25 4 Horp
W A R TF2EAFM, AR RS2, R
A TR P HORS , B KR R AR R LR N
HE KRB AP R, % 07 BAT 28 9R B Ak
MUl 25 2Z R, 3245 DKD 1995l .

BRI ZE AL AL DKD & 4 & R T2 R % |, Frek
o A5 1 5 S 6 DR T i & 5 I B O A et S Ak
WS RAE S, Fe 2 BOFF /AINERTE AL B /N 405 B
FEW A5 R 1 B e B RDRHEG A /N R i STZ
i 1 A 7 DKD /) BUBE Y | 45 5 1 75 Mod 287N BUHE B
U S B AR AR 3L | B D RE IR A 41 400 BIE 75240t
% , 5 SRR — 3", 35 DKD BRI S BN, 4825
ST 2% 07 T P, DKD /N BUBERS A6 b5 (B3
TC #h) FIMALB, Scr.BUN %6 1 D) fi 45 b 1 58 35 80 %
B ELL AU B /NER FE AL B /N AR 2 5 % | 9 ¥ 11)
S50 R 45 ) S % At , PAS PR IR 43 LU RRAIG, 2
1Z75 ] AR R 5 B T 5 A DR 2655 0 T 455000

MTARERE , gy -5 il 8 % T A B DKD 2w AL
R ZHTRY IR TT SR (1 B, 1M B BB 3 T g
T A B S, NEER (W LPS %) iT
B S il 3 b, T A R P 25 26 IURE | 3X 55 i | R B
W HEFE 11 (ZO-1, Occludin %5 ) F kW DA X, il
J&i LPS %5 N 1 2 2800 38 503K B I , 35 A& R R 0 5 40
AR T, N A ARWFIE, Mod 41/ LSS I 41
Z1HE 5 AB-PAS Y 6 58 7% , 45 1 20 810 WL 48 i 40 i 358
T8, BRR A0 R L ; S 4 Ak SR 4E SR, Mod 41
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/NG ZO-1  Occludin 5 1 %35 T 1 , $&78 DKD IR Z
T N AU R B e RV A 0 . £ IR B Ak ik i 4%
A] LA DKD /)N R4S I 2 41 9 0 A0 i 12 10, 1k S Aotk
YR, LIRSS M ZO-1 B A 2k, MG I I B B )
filE. WA, %5 nT () 2L AR B I 45 B 9 28 Bt s v
LPS fik, abas A0 | 25 7R B Ak i 45 7 ] LA
B LPS A (10 i7- P i 4 hE AL

Touji R GEGR T - i R A - 4%
SiE -1 HEAL” HESL , b gy 385 o BEA Ry i - Bl A1) L 305
43, 4E DKD Z AR ML b & 5 CHEVE T . 230016 RIF5T
J B, DKD (B 776 MR A T4 9 O 1 , G955 M 308 o
ZHREREW A T RRER A 45 B A AR = BE PRI ™ LPS
2 B T R X R T e A AR A R
Praf B R, Mod 41 /)~ BU 38 B B %) = 8 2 W I B
FOUFF BT )R AF X = B 5 S5 BARAEC , JRERE TR ] A AR = S
W TG 5 0 25 A FE Bk 1E 4% 5 T 49 5 DKD /) il i i
RS, 3 A DU o s | ) o &2 Q1 s 45 25 4
T, BEARAT FE AN 2 . LEfSe M4 SRAESL, 26X
FEBA Ak i 45 05 TR Sk AR SUEFT R 5 A 25 0 S
Mod 2H & 25 AL 23 300 R BLEE XS L . Dy e F i 45
J 7R, Mod 21/ BUl il B h 2 5 DNA 842 19 KO 2k
PR A L0 = B L 9, £ 7% Mod 41/ Rz i i 1 DNA $5
0 07 25 448 5, A DA T s i 201 /) BB A ROA S T REAT
FEN AR 5, 31X 55 o il Bt B8t 45 (ZO-1 , Occludin 2
I ZER T IR ) A LPS 12 ik 4 BT SERHAT 5 1 45 R B
ki 4% 7 v] F I8 DKD /N U il g B 2 5 DNA &
A2 (1) KO K 19 T 5, _E sk L A it oG KO
e PR A 000 = B, 3k 5 2 A4 TR R A Ml B RS A Y R
BRI A . DA S5 RR, 25 SR B 2% 7 g 4]
PN A S IhRE I T i F L

LPS J& i Caspase-11-GSDMD HE £ S 41 fifg 45 138
P 1 O B B IR 7, AT B 4% 0TS Caspase-11, Y1 #]

PPEZG G 2026 4555 37 45 19 1)



GSDMD JE B N ity 2 FLA5F |  ZA Ma fib ik 1 24 Fn 2 9
A R, I 2 2 05", AWF ST A2 B0, Mod 4
/INELBF IIEH 2 v Caspase-11,GSDMD 4 116 ik 14 &k %
L, 7% DKD /s U IE A 28 B4R 13 B S 0 0 5 1l
&SRB 45 ] i 35 T I8 DKD /) BUE EL 21
Caspase-11,GSDMD 4 [ &3k , 30 il £ 773 % 2 3
% IR A A4
25 b, g5 AUFR F AR il 2 5 2 DKD B HL R T fig
5 Y3538 i B 5 A 8 B B > LPS AL, 4k
i 390 ) B E Caspase-11/GSDMD 4 S Y 4i AR T4 5K .
SRINT, JETF 16S rRNA I Fy Z0HE 2547 0% 17 1F 2 BE T
T LA S R S PR A RIS P, FUR G ELHEUE A B AR

S EBOZ AR IC R o AR Bk — 2K A
A GG R IE LI Y FE  AC 2R 2 R S A RS

Ko, il 25 F A i 44 Iy KA BT 26 DKD 1 it
5By P AL

FIZRZE A STAEA B RA AR BF R
B3k
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