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LUV B AL, 5 R SICH 3R A BE SR (RT-PCR) A/ BRUEF IR 21 S RE R T 1 Al 25 (TL-1 8 AT 1L-18) (1)
mRNA ik 5 RJHE A R 2 B2 56 (Western blotting) K 70N BRUIEF ZH 2 NLRP3 caspase-1 Fll GSDMD M) 2
FI#E3A 5 SR 16S vDNA 3 &l P A/ Uz 8 s A8 Ak . 2588 &5 Sham 21 L4, CLP 4154122 R AE
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PRRIR A 1T - AR B DA RO AFDGS = 82, 0 S 1 i L e R T o T Ja A 8, i S AR B 2 80 1-1 8
FITL-18 A mRNA 263k (IL-1 8 mRNA(272°%) . 1.59+0.05 [ 4.614+0.88, [1.-18 mRNA(27**) . 1.69+0.17 It
2.8640.63,%] P<0.05 ) 2 NLRP3 caspase-1 I GSDMD (/)75 F4 %35 (NLRP3/GAPDH : 0.71 +0.04 1 0.89 +0.01,
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[Abstract] Objective To investigate the effect of Liangxue Huoxue decoction on intestinal flora, intestinal
barrier and NOD-like receptor protein 3 (NLRP3)/caspase-1/gasdermin D (GSDMD) pyroptosis signaling pathway in mice
model of sepsis-induced acute kidney injury (AKI). Methods The model of AKI was established by cecal ligation
and perforation (CLP). Thirty male C57BL/6 mice were randomly divided into sham operation group (Sham group),
sepsis group (CLP group) and sepsis+Liangxue Huoxue decoction (CLP+LXHX group), with 10 mice in each group.
Mice in Sham group only underwent laparotomy. Two hours before model establishment, mice in CLP+LXHX group
were treated with Liangxue Huoxue decoction (6 g/kg) by gavage; mice in Sham group and CLP group were given equal
volume of normal saline by gavages. After 24 hours of modeling, all mice were sacrificed under anesthesia, and the colon
and kidney tissues and fresh feces in the colon were taken. The pathological changes of kidney and colon were observed
by hematoxylin-eosin (HE) staining under light microscope. Real-time polymerase chain reaction (RT-PCR) was used
to detect inflammatory factors (interleukins, IL-1 3 and IL-18) in renal tissue. The expressions of NLRP3, caspase-1
and GSDMD were detected by Western blotting. The changes of intestinal flora in mice were detected by 16S rDNA
high-throughput sequencing. Results Compared with the Sham group, the inflammatory cell infiltration of the kidney
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tissue was increased and the kidney became vacuolated in CLP group, the mRNA expressions of IL-1 8, IL-18, and the
protein expressions of NLRP3, caspase-1 and GSDMD were significantly increased in CLP group, the species richness of
intestinal microflora decreased significantly, the relative abundance of Enterococcus and Escherichia-Shigella increased
significantly, and the relative abundance of lleibacterium, Alloprevotella, Lachnospiraceae, Klebsiella and Parasutierella
increased significantly in CLP group. Compared with CLP group, Liangxue Huoxue decoction can significantly reduce the
pathological changes of kidney and colon tissue, reduce the pathological score (1.75 =0.43 vs. 3.50 & 0.50 for kidney tissue,
1.25£0.43 vs. 4.50 £ 0.50 for colon tissue, both P < 0.05), improve the composition of intestinal flora, reduce the relative
abundance of Enterococcus and Escherichia-Shigella, and significantly increase the relative abundance of Lactobacillus and
Akkermansia. In addition, Liangxue Huoxue decoction can significantly reduce mRNA expressions of IL-1 and IL-18
in kidney tissue [IL-1 3 mRNA (27**®): 1.59 £0.05 vs. 4.61 +0.88, IL-18 mRNA (27°*): 1.69+0.17 vs. 2.86 +0.63,
both P < 0.05] and the protein expressions of NLRP3, caspase-1 and GSDMD (NLRP3/GAPDH: 0.71 +0.04 vs.
0.89+£0.01, caspase-1/GAPDH: 1.04 +0.04 vs. 1.48 +0.04, GSDMD/GAPDH: 0.90 =0.01 vs. 1.41 £0.02, all P < 0.05).
Conclusions Liangxue Huoxue decoction has obvious protective effect on AKI induced by sepsis. It can improve
intestinal barrier by regulating intestinal flora, thereby inhibiting the activation of NLRP3/caspase-1/GSDMD signaling
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pathway in kidney tissue and reducing the expression of proptosis-related inflammatory factors.
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transcription 3, STAT3 ) {5518 5 1) 1 AL AP I A
PSRRI AN 1 U a0 5
T3 A EEERE AKT /I B 30 1 A 2 A8 g 1 5 s L AR
JiE [H 7 % 35 FIl NLRP3/caspase-1/GSDMD 15 5 i 4%
Y52 M, 8 2 OO AKT 9 R4 VR FE R AL, Sy 2 i
I 1077 VAT MEFEAE 75 1 AKT 42 1L 5256 S 5 Fn st

WARHE -

1 #R5HE

1.1 285 .30 2 SPF el C57BL/6 /N, 6 ~
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FHH CLP il % e R /N B 5 Sham 4L HEAT
JFREAL TR, HIACHT 2 h, CLP+LXHX 2H 45 T 5L %
17 7K A5 (0.2 mL, 6 ghke) #E HIGIT, HAAPIA 4%
TR RERKREE . HIRUS 24 h, o BRI
FUR R, B i B A 20 5 245 B D9 i 36 5 K o
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1.3.3  SEHF R A EEE IV (real-time polymerase chain
reaction, RT-PCR) £ il 5 41 21 b (1 40 g /v &R
(interleukins, IL-1B . IL-18) A mRNA Zik : BV IE
HARIUE RNA, SR DNAG - L 3- B H-ih
TP U ( glyceraldehyde-3—phosphate dehydrogenase,
GAPDH) £y 9 2, A4 272 1 1 50 Mk 401 41
IL-18 . IL-18 ) mRNA ik, IL-18 1Y LF51 49 -
5'-GTGAACCCCAGACCAGACTG-3', T 514 :
5'-CCTGGAACACGTTTCTGAAAGA-3';1L-18 ) |
#5149 : 5'-GCCACCTTTTGACAGTGATGAG-3', i
51 ) : 5-ATGTGCTGCTGCGAGATTTG-3' ; GAPDH
(1 37514 : 5'-GCCTCGTCTCATAGACAAGATG-3',
TUWEG 4 : 5'-CAGTAGACTCCACGACATAC-3',
1.3.4 HEH R E IR (Western blotting) 45
B JJF 20 21§ NLRP3 ., caspase-1 Fl GSDMD HJ %5 14
F3k 2 FH RIPA 2467 2% vh il £ 0CH JIE 20 284
BSA YA, B 40 pg FEH U =+ Lhe R
B - RPN M I e 58 e HL 9K (sodium dodecyl sulfate-
polyacrylamide gel electropheresis, SDS-PAGE) # 17
o RS 2 B A 9 L (polyvinylidenefluoride,
PVDF) i, 1E % N 5% BEARFLE M 1.5 h J5,
PEREE S R Sk —PUAE 4 CRIF B (W RE LU ] 3
7 1:1000), T 5 BRI A AP (horseradish
peroxidase, HRP) £5 & 1) —HUlE & 2 h, £l HEE K %
BRG B OANE.

1.3.5 B AR 16S rDNA 5 - W8 45 241 /N L 4%
g v R B A A T A, T IR A R A
P FEA B TS DNA, 1% BEle e i vk, &
JR A Barcode BG4 2EAT PCR 9734, Kl PCR 7
Wi H R 20 KN, H Agencourt AMPure XP 1%
1% 4l Ak 3 57 &5 4l Ak, £ ] Tlumina Miseq PE300 5
I P B #0814
Z e E E A YR (F B 0 (National Center for
Biotechnology Information, NCBI) /) SRA BAEFE, T
PLEE ARG Barcode J72 9145 73 FEAS , X0 4 i 47 2:d
U8 PHE, IFHT o ZFEMERREON B ZHE MR B
W b K A a) 22 5 e b o

1.4 ZEit2# 53 B7 : SR SPSS 20.0 48327 3k 4 ik
TTEE 53 B AAL #E, >R H GraphPad Prism v7.0 {4
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HEZE (X +s) Fon, R E T 2004, #E— 2B
P LR ] LSD-t £ 30. P<<0.05 Ry 22 54 gL it

=\
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2.1 SN EVE R 2 B R AT (B 1) -
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i R /N BRI LA 475 I ek %, R BR3P 4
B B FEAR (43 2 1.75+£0.43 H 3.50+0.50, P<<0.05),

iy A ) el
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(CLP 41, B) /N F 40K , A0 ARG K, 28 i
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ARZ (P (HE) Jefs, PR

22 BAH/NRIFIFHZIL-18 FIL-18 [ mRNA

iK(E 2): 5 Sham 2 Hbdss, CLP 41 B HELHZ H TL-18

1 TL-18 1Y mRNA 23k %01 5 7+ &5 (39 P<0.05) ;

o LG M7 VRIT e, MEREAE /MR IL-18 ATIL-18 (1Y

mRNA FER4E CLP 2H B B F#A% () P<0.05),

6
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(8] w ES (9%
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CLP+LXHX ZH A MEREAE + BG4l 1L-18 A
FAIA 2 -1 B, IL-18 S 42 -18 ;

55 Sham 411448, *P<0.05 ; 15 CLP 41148, PP<0.05

2 RHA/NFBEIEHALS IL-1B F1IL-18 £ mRNA 3535

2.3 KA/NRBNE4I4T NLRP3 , caspase-1 Fll GSDMD
AR P13k (1 3) « 5 Sham 4 b4, CLP 415 E4H
21 NLRP3 , caspase-1 F1 GSDMD (135 [ #1571
BT (3 P<0.05) ; ZUE L7 1GY7 S FEAE
/B NLRP3, caspase-1 Fll GSDMD 2K 14 # 1k 45
CLP ZHH 2 F3AIR (1) P<0.05),
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0.2
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ZARE 3, caspase-1 HRE LB M1 e R & I8 1,
GSDMD H#:fL.Z D, GAPDH Wy 3- Wi HIMmE i &
55 Sham 41H4R, 2P<0.05 ; 5 CLP 41 142, PP<0.05
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TEFEAR (43 : 4.50£0.50 H 0, P<<0.05) 5 2 LIS I
THIGIT I  MEEERE /N R R R e e M I s, i BT
3 CLP 4 BB AR (430 1.25+0.43 £ 4.50 £ 0.50,
P<0.05),
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(Sham 21, A) ZEHAHLIESIER s BELa LR Bk EEL]
(CLP 41, B) 45 S BB SE VR IR, b 1 A0 M i B 15T 5 e
FEIE + BUMLTE 7 41 (CLP+LXHX 41, C) 45 i 40 21 B i 52 3%
PR CLP QI B EGE  HRARE - 40 (HE) Jefa hfFaCR

2.5 HAH/NRIBE RS < i AR

it (principal co-ordinates analysis, PCoA ) I 452H
/N R 1B TR SS A AR 3 25 57 (P<<0.055 /1 5),
FRE S Z A (o Z20E0E) 2 H7 R , 5 Sham 21

H %, CLP 4 Chaol 48 % . Observed species ¥§ %4 .
PD_whole_tree FEEUH1 Shannon $5 5345 10 b FEAK (35
P<0.05) ; ZUIMLYE L5097 e b ik 45 bR 2 B i
FhE (3 P<0.05 ; 3 1), $27R R BERE /) U 18 B A
) = 5 S 2 AT, Dt 9 Iy A — e R T LA
PRI MEFEAE /)N BRUR B i R 8 B, A 1 1 T
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0.4 -
Sham#
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0.2 -

FHs2(11.5%)
n
uy

-0.4 - 1 1 )
=0.50 =0.25 0 0.25 0.50

F R4 1(53.56%)
7 : Sham 41 A IF AL, CLP 4N B 45 o f LR B ARIEL
CLP+LXHX 41 W IRFEAE + Bl i i 74

B 5 440N S FEE A AARAMT (PCoA) B

®1 FHNMRBEER o SHEEEBER(cxs)

205 SIEL(H) Observed species 84X Chaol 4644
Sham 41 5 493.98 +209.99 774.354320.93
CLP 4 5 280.40+ 146.02 ° 477.81+£137.01°
CLP+LXHX 41 5 764.52+274.47" 1033.04+366.46 "

215 s (R) Shannon 8% PD_whole_tree T5%41
Sham 41 5 4.60+£1.78 34.96+11.99
CLP 4 5 2454092 2381+ 8.01°
CLP+LXHX 4 5 5.66+1.85" 46.61+14.00"

7 : Sham 2 MR T AL, CLP 40 B G454l 5 F LR BUERHIES
CLP+LXHX 4 M e + LAY I /7 2H ; 45 Sham 2H b3, *P<0.05;
5 CLP A0 Hb#s, PP<0.05

2.6 HAVNEIHIERBEZE AT 2t A
/N 38 B R 0 D R B, AE T TR KO 4y Sl
il % 2H /)N B o 1 TR A A R SRS (1 6) 7
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P ST E S = T SR N S S IR i s
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-, T AR AT AT JRCRAT R 25 AT A PR R
YIRE | JEERE AT R T 1K 2R K L AR
3 WU AR XS 25 5, i — 2D 2 il I B TR
YAhF B REE (K 7). 5 Sham A LA, CLP 4
Jo 33K T R A TR - AR TR B0 TR R R G 3
o, B FF R PR IREE B E .
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B7 S4A/PRHERHIERAKT EYF-EERKE

39 it

WRFERE 251 AKT 1 H W R 22— Ak e
Bt i BB AR SGIC 48, (R AR AR FL I PR e PR 32
VAT TR R VTR EE . EAAYURER A
T PG B S5 B IR YT MGREIE R MREIE VR A =
UE =387, BIEERRGIE | MUFSIE AT 2 B IE , IR F T 1
PRI T 5 1 AN AR R T 45 T3 20
LTS I 7 52 P £1 0 L AT L PR ECFISE R 2 4 fif
TG A, B TE R RE A IR A k. BT
FEARB, WU M5 7] LA AT A BV 6 J5% B
AR, I/ i 3 TR AR RS oL, PR AR AD ) 1T G 22
(lipopolysaccharide, LPS ) 7KV~ , 235 7 18 1 i F1ZH 2L

AR T B A AR IR BT IIE 9T S L I
T 17 ] NPk B/STAT3 {55538 i35 Ak, el
M5 9 B 005 RS S ' ASIFSE SR CLP 2
SEREEAE AKI RRY, RIS T 1007 % e EAE 75 5
AKL AR B AE R, 2528 0, il % 1 5
A AR e s /) LAY o T A, 3R B 2 2L S
BT IL-1B FITTL-18 [k, B3 1 20 10 BB
1, JRIRYT MEEEIE AKL A 80771

20 0 45 T T R B — R R R AN i AE T U7
3, EE I RE R -0 U JERE SO, PR i F 4
IR o SRTH, A B A0 AR T S U R
E AR BERE SR B0 GSDMD /-S4l iz 1= 3=
B 2 WA AR LR SR AR 2 AN )5 T, 43 il aok
caspase-1 g8l caspase-4 . caspase-5 . caspase-11 (N H
caspase-4 caspase-5, /NN caspase-11) K GSDMD
DI H A N- A s M C- AR ¥ VIR, GSDMD 1
N 37 (GSDMD-N) JE 5 5 £L. , B 20 i [N 5~ Can
1L-1B FITL-18), e 25205 Z1 1% 4 0 2 I Fl 4 i
FET-7 L NLRP3 45 /A A S 19 caspase-1 1 1k
TERREERE V5309 AKT rh A 45 8 22 0 454 ], R
P SRR 3 H0 ] NLRP3 S5 /MAELE , %) e 5
R R AKL A B S B AT R,
il 455 24 h, 15 Sham 21 FLAE, CLP 21/ U 41
41 NLRP3, caspase-1 p20 F1 GSDMD )2 51 1
It RN R T A ARAE N TL-18 A1 TL-18 1
mRNA FRIK R TH 5 45 T UL 107657 T L
FMH A OCAR R ST P 7 23K, 735 T I
J7 0] DL o #1003 NLRP3/caspase-1/GSDMD A=
PRI, IS A AR T

KA BIFSE R B, 1 0 TR 2L A T8 R B
PRX M REAE O 2 2 % J LA TSR VE L 1



rhAfE EE A B BE S 2023 4F 3 H 45 35 4555 3 ] Chin Crit Care Med, March 2023, Vol.35, No.3

* 255 -

TE T 1 e PR Bl A O S 38 e 386 o i 3 R 3 A
AT R SRE S IVE , AT SR/ T B 7% 51 4 B G 34
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JABOR A CAnAEkEE | A ER AR B ) B B AR
K124 ARBESE SR 16S tDNA H A K I v i 75 it
J7 X6 g T TR R RS2, 25 R R T T i R
SERREE T DU e EERE /N B T8 B R, o
LR RESYE, 5 Sham 20 FLHR, CLP 41 80% #
PR A A A TR — 7B A 50 B P R X 2 i 2
s 5 CLP 41 b, it iy nl DA S 2 R R S0
BRI BR BRI A BT - A B TR S0 T B A R B O
2 0L BRAT v i AR v 2 S A AR SR, 4
SEAEBH Bt T 0t 5 nT AR ok 2 MR RE /N B 1
P RERY LA, RIS HE Je (g5 53 W, St il 15 1fi 5 ml
DL3E A8 U058 45 B 2 A I ) e e e, o e o e
NLRP3 4 i /IMA 32 i o i PR AH DG 43152 X 1 4
PikH A3 AR BTG , A8k A BOR A R Y LPS,
P A YRS B AL 2 i AR (s - B ) B
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