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F) EREZA (40 R), B R A By R ﬁm%*&% J CKD AR | 248 R 2 68 KR AL A AR 20, 300 A BR 20 (FRbE 3 B8 ) Ao
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B VENEREY R B EFREGIARN £ 5B AE ;SUr . SCr MDA .IL-1B . IL-6 ., TNF-o 7K F , AIM2 .GSDMD . caspase-1 .
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Mechanism of Huayu jiedu formula in alleviating inflammatory injury in chronic kidney disease based on
AIM2 pyroptosis pathway

XUE Jinhuan', WU Ziwen', YANG Fan', LOU Yunyun', DING Yingjun', XIAO Yupeng®, LIU Xianhui', LIANG
Wenjie' (1. Hebei Key Laboratory of Integrated Traditional Chinese and Western Medicine for Hepatorenal
Diseases, Hebei University of Chinese Medicine, Shijiazhuang 050200, China; 2. Dept. of Traditional Chinese
Medicine Pediatrics, Hebei Children’s Hospital, Shijiazhuang 050031, China)

ABSTRACT OBJECTIVE To explore the mechanism of Huayu jiedu formula in regulating inflammatory injury in chronic
kidney disease (CKD). METHODS Fifty male SD rats were randomly divided into a sham surgery group (10 rats) and a modeling
group (40 rats). The CKD model was replicated in the modeling group by unilateral ureteral obstruction surgery. After successful
modeling, the rats were randomly divided into model group, esaxerenone group (positive control), and TCM low- and high-dose
groups, with 10 rats in each group. The Esaxerenone group was given 1 mg/kg of esaxerenone, while the TCM low- and high-dose
groups were given 13.7 and 27.4 g/kg of Huayu jiedu formula respectively, the sham surgery group and model group were given an
equal volume of physiological saline, all groups were intervened continuously for 14 days. Hematoxylin eosin and Masson staining
were used to observe the pathological changes in rat kidney tissue. Conventional biochemical methods were used to detect serum
urea (SUr) , serum creatinine (SCr) , malondialdehyde (MDA) , and superoxide dismutase (SOD) levels; enzyme-linked
immunosorbent assay was used to detect the levels of serum interleukin-18 (IL-18), IL-6, and tumor necrosis factor-a(TNF-at) ;
immunohistochemistry and Western blot were used to detect the protein expression of peroxisome proliferator-activated receptor -y
coactivator-1a (PGC-1a) , mitochondrial transcription factor A (TFAM), absent in melanoma 2(AIM2) , caspase-1, gasdermin D
(GSDMD) , IL-18 and IL-18 in renal tissue; real-time

ABETE WbE H AR E RS H (No.H2022423356) ; [F X fluorescence quantitative PCR was used to detect the mRNA

FASRHARERIUH (No.82305121) expression of AIM2. RESULTS Compared with the sham
* E—1EE WLHIEE . W50 P R 2 BIG tEE P ER rAL
il . E-mail: YJS20232070@hebcm.edu.cn
4 BIEVEE BT A ST . BRSTIT I OB SRR pathological changes such as glomerular deformation and

N EZ5HYE . E-mail : liangwenjie@hebem.edu.cn destruction, severe tubular dilation, and increased deposition

surgery group, the renal tissue of the model group showed
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of blue fibrin; the levels of SUr, SCr, MDA, IL-1B, IL-6, TNF-a,the protein expression of AIM2, GSDMD, caspase-1, IL-13,
IL-18 , and the mRNA expression of AIM2 were significantly increased or up-regulated (P<<0.01); the levels of SOD, the protein

expression of PGC-la, TFAM were significantly reduced or down-regulated (P<<0.01). Compared with the model group, all

treatment groups showed improvement in the above symptoms and most indicators in rats. CONCLUSIONS Huayu jiedu formula

may improve renal function, alleviate renal inflammatory damage and pyroptosis, and exert renal protective effects by regulating

the AIM2 pyroptosis pathway.

KEYWORDS chronic kidney disease; Huayu jiedu formula; absent in melanoma 2; pyroptosis pathway

54 B R (chronic kidney disease, CKD) &4 Bk
Pl A ) o S 0 A (), A AR A i B R R L R
PER I AZ DAY, B RS & A AL B Lok iR D)
RERE G, T AR BT A4y L A" TEAERE RN
A I 835 v, CKD A S 18 A R = PR T R
SR VIAH O, BRI, ORI T g B i
AR /A TG 2 BIK 31 B R 4% 400 1 7 7 KA 0 L
7 SR MAYE A M AR T A IR S o
G A B O B DA O . A T BAET AT 9T 2 B,
R TR 4G 5 S AL ZE A SR 32 1R 1 3 (NOD-like re-
ceptor protein 3, NLRP3) AR AE/IMAA T 14 4H i £ T 7 AT
FHAME B e M i i E BB A A, BERER=
[A-¥- 2 (absent in melanoma 2, AIM2 ) E£4k NLRP3 2 Ji5 A&
LI > RAE /M5, A AT 55 C R B
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obstruction, UUO) 7 20 & il CKD A9 e F AIM2
BT IR 22 779805 CKD 2 M4 1 A HIBL
il , DASSI A L PRI 4 AR AR s
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L1 FEMEH

AHFSE A P 324 #84 ECLIPSE Ci-L plus 4 1F &
2 7U8% ( H 4% Nikon 22 H] ) , PowerPac™ Universal Power
Supply %I #, K A% 1 Trans-Blot SD HY = 4% [l AY ( 55 [
Bio-Rad /A ) \ WIX-miniPRO4 %I 5 £{ i yicAli [ 45 7o ikl

T2 2025 4F5 36 45 21 1]

e (b0 B2 7], Touch Imager 32 fi Ak 2% &k
AL L 2 PR EARA R A F])
1.2 FEHmEIRF

A 25 v 24 A UKL ) 0 AR 2 5 mh 250500 Y
WL, A R 8 g T4 2520 g) A% 1.67 g
(AHMFAEZ 10 g) fatd 1 g TAEZY 10 g) A
1.6 g(MIM 2510 g) Hbie 2.5 (M FA:2510 g) |
AT 3.03 g(HIY TAE2510 ) FHS 10 g(MY T2y
20 g) H A 4.55 g(FHYFEZH 10 g) (&4 4E 3.33 g(#H
MFAEZ10 g) THAN 2.7 (MY TLEZH 10 g) LK
1.5 g T A2 25 6 g) 1M FI A3 5 LA 241 JBe 3 A1 FR
N VP FIERR ] (5 GC19143) 1 [ 35 [F Glpbio 2
) 5 R A AT B DO A2 AR y S I 1o
(peroxisome proliferator-activated receptor -y coactivator-
la, PGC-1a) Fi A | BRI B- L3N 2 1 (B-actin) HLik (Hit5
S04 66369-1-1g ., 66009-1-1g) #4111 28I = 85 A= 1y 47
RA R T ; Fali 4ok (5% 5 T A (mitochondrial tran-
scription factor A, TFAM) JTA | G I bt K 25 11 1 (cas-
pase-1) HTHR Gl IL-1B8 LA (L5351 k 1065876-16
ab179515, ab254360) ¥ I [ & [E] Abcam 23 7 ; #t i
AIM2 B AR (1 2E T = o (5 48 51k YTO151
RS0002) ¥4l [ & [ Immunoway 2 &) 5 G IR 14 % 2 D
(gasdermin D, GSDMD)#iA (41t 5 AF4012) 1 [ VL5 %
BEA Y i 5E o0 A BR 2 | 5 BUUR IL-18 B 4 (it 5
MO27287F) Il [ 3 He 3R A= Wy B 24 ( B ) A FRA w5 1l
FPL R P (5 H6162S) W) [ 3 L% 2% 3tk A= M B2
A FR 2 7] 5 Fagse 41 A/ B4 iR & (41t % 246NA1013)
W 1 AL 5t HAZ A A R A BR 2w 5 10035 WL (serum
creatinine, SCr) . Ifl. ¥ /R & (serum urea, SUr) . N [
(malondialdehyde, MDA ) | it %8 fk. %) 5 {1k i} (superoxide
dismutase, SOD) 198 SR SE K+~ o (tumor necrosis factor-
o, TNF-o) \IL-1 . IL-6 B f i 1 55 (ELISA ) 2t
& (52092 C011-2-1,C013-2-1,D731168 . D731007
D731010,A003-1,A001-3) ¥t [ 4= TAE4) TRE (L)
A A6 BRSNS 7] 5 I AKE -H 21 (HE ) Y43 . Masson = {4, ¢
3% (3573 51 2 CR2403091 . CR2403005) 414 [ 5875
FEAE IR AWM A FRA B 5 DR ARG Y (45 20220622)
W A S E R PR ]
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1.3 LIz

SPF it et 6 J& 7 SD ke L 50 L[ B (200 +
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A FEYERTIES - SCXK (11)2020-0001, K fAwI 3 /b
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BN PERR SR RS T 528 . shsesm i de B
RO ZE L IHE , S DWLL202203126,
2 ik
2.1 B HE5%Y

50 H SD K F% B BEA LR L 0 A IR (n=
10) FE R (n=40) . WAL S5 SCHR[ 12100 5 A
CKD K FRAR, BARATT R A S U R IR U
TER R b R IEFR DI B2 K, o3 2 28 68 A0 L e s /A
N30T v i DRSS, 0 e S RS 1 1/3 b 1/3 4k 1T 4-0
FAREZEFL, VIBif R, B2 A k. FARAK
BRASL T T 2 00 i K, 2 i L 5 A i DR A, A Al
SEFLR VWA B, AT AR R RIS AR R T , >R FH il
BB F F D i A 4 K B0 A A A 2 S VbR i 26 (B
PEXT R ) R A 2505 BRI AL, B 10 Ko P2k &l
20 1)K B B AR RE 7 13.7.27.4 g/kg (F A= 241
T, VD FIER 2 R B B SOV RIER 1 mg/kg™ ™ BT
ZH RIS ARV ZH K B 1 SR RUAE B K . I KRR
HEE LIRES 14 do B0 E MU SRR, th 2% 57
A HIBA 2.1 KR, BB A 8.9 HUK Rt
(eS8
2.2 KEBRAN'EERENTRE SHEARN

T 14 dJ5 RRERALFE A B, BCHE 26000 B -k e L
k. BEHE 12 B AZVE T 4% 2 R R I E
FHF 5 S LY 0 5 ok B A 2 F — 80 °CUk AR
URAE, TR ZUE H L RNA
2.3  KRIMFESIhEE R SR IERE N

SR H LA AR TR AN . AR A 13 KR X R R
HEATWT AWK AR B, KBS I 12 h 5, S aUe A
JRIRE , I S R AL, BT 10 mL 25045, 2 R e
2 hJ& , fE 4 °CLJ 12 000 r/min &.0> 10 min, BER4> b
W, AR PR & 156 B A SCr . SUr MDA .SOD /K-,
24 KRBALAKREMRSTHIE

HR“2.27 T FH 4% 22 58 W 9 b 1 2 1) I A
A EREENUK GEY] AR U R (8 4 pm)
26 W OR B B R VR B S ) L 64T HE Y
Masson 4 {7, PR EEPEI K B J5 178 R, T B0
TSR U A SURBIE AR b, DL HE e vk sk
S A BUE S 45 DL/ INE I 310IR A 5 L Masson
Yoy 3k B K R 2 2T A AR B AR S 2F 4 1Y) 43
AtEOL, B YRR RN IR 3 A1
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H“2.37 100 F A LT , BT 4 °CUKAS (i H: 2% 18 it
P, e BE 00 6 8 B 43 46 DU Ifi % TNF-«, IL-1B . IL-6
Ko
2.6 ARBALAIM2ETERERXEARTIERN
2.6.1 HEd ik

HU“2.27 T BT —80 °CUKAH T A7 1) B 412, it
AR Y] R IR 7E 40 °CRYIR K R, I H
Bl B 455 1 4 H B T 60 °CRYJERS T bkE 2~4 hks
hETZWHRT W JoK L K 95% Fl
75% £ BEFEAT 0 | >R AR A6 R M 2% v i 47 0 A8
s ZWETRER 52 vV (PBS ) 1 14 RN PN U sk 4R Ak 47 it L
Wiz J L 23 A PGC-1ae, TFAM , AIM2 ,GSDMD , cas-
pase-1.IL-1B IL-18 —4¢ (AR 435124 1:1 000,1: 100,
1:125.1:200.1:150,1:100,1:100) ,4 °CHFE 315 5 45 2
KIMA R HE 58, 37 °COK IR 30 min J5 H PBS i
Yk s 25 N = (R B EE S 1:200) ,37 °CHF T 1 h, PBS
TR, SR P BT SEC L 9 DAB e (0 iR BEA T 2414035 (05 L ()
J&i  INAKE AR K GBI I B, TR T AR
JEHARR, AT Image 450 Mr B 1B N BH A (AR
CULYE ) Y BE BRI AT 0T, TR 1 B ek AR
T 43 e CBA: G o DX i A A L T AR ) o
2.6.2  Western blot }=

H“2.2" 3R B F —80 °CUKAH T A A7 1 B 4122 30
mg B T UK I, A RIPA 28 5 HE AT WIS , £F 4 °C LA
12 000 r/min > 10 min, $2HCEIE W, #5218 BCA U5 &
DU 2 R B i, o A i A M L BBORH I L 3] 1Y) 2
FIRE A, 28 10% . 12% RN IETEREEE RS LUK 2 h, R T
RN EEIE L0 B BB AT RS 2 R AR R S
1, 5%~8% Wi R Wik %= £ P41 2 h, TBST Wil 3 3 5 43
W13i% fin PGC-1a. TFAM . AIM2 . GSDMD , caspase-1 . IL-
1B IL-18 ,B-actin —Ht (#i FEEE 73524 1:5 000, 1:1 000,
1:1000,1:1000.1:1000,1:1000,1:1000.1:4 000),
4 °CWFHE R . K H BUH R 5 £ 5%, TBST PEAs
3, IR F AR P (R BEEE A 105 000) 5 W)
A EPE ECL 2Ot i B /e, RH
Image J 8500, UL BAREE F 5 NS85 H (B-actin) 2547
AR LR BAR SR A A X ik g . LaRilEs
HA 3,
2.7 KRIELHHADH AIM2 mRNA HR AT

K S E B PCR(QRT-PCR) K&, B —80 °C
VKA P URAE I B L8, TR A S i s f e =
RNA 24 B0 A TG K S BER AT, 7E 4 °CLU
10 000 r/min #5.0> 10 min, 7% 8 L35 2855 ; A 50
WL BT £ BC i (1Y) DNase | 9% 5 W, 25 IR 7 2 15 min, iITA
600 wL RNA ¥, 2= 7 LA 10 000 t/min #.0> 1 min, 37 I
TH W o 3 A 350 & E 1T ¢cDNA & %, 95 °C 10
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min, 44 MEF Y 95 °C 155,60 °C 60 s, L B-actin
WZ:, R 2 4“9 AIM2 mRNA BAHX 5, qRT-
PCR Y i A TAEY) TAR (1) IR A BRA /6 A, 5
YIF N B B AR 1

=1 qRT-PCREI¥IFFNR=WKE

HA S ') RIS

A2 #:CCACCCTCATGGACCTGTATCAT 146
Tl TCACTTACTTGATGCCACACAG

Bractin 1:GCAGGAGTACGATGAGTCCG 7

Flif: ACGCAGCTCAGTAACAGTCC

2.8 GritF4bE

% 1] GraphPad Prism 9.5 X/ AT 504 73 A o 14k
TR x 5 Fon , Z AR HECR AR 2 7 2007, 4l
) 3 — A P P L AR ) Tukey ¥ o R0 K E 2 =0.05,
3 H#R
3.1 BHXRAMNSHERELER

TR AL | rh 255 R A 2 R e
U ) ) 20 R B A B 5T A ) S (1,12 £0.09) |
(2.1140.29) . (1.874+0.12) . (1.77+0.17) . (1.70 +0.20)
g0 SIRFARYL L, B AL K B AC B I ot 5 4
J(P<<0.01) ; AR L5, v 24 i 30 dak 20 SE VD
R B U5 5 R (P<<0.01)
32 HAKXRIMEEINEER ENHMIEIREE

SR F AR b, B 2 K B P SUr, SCr,
MDA 7K V-3 8 3 F+ 5 , SOD 7K - I 3 A1 (P<<0.01) ;
SRR b, 2l Rl a2 SCVD R 2H R R i b
SUr. SCr.MDA 7K~ i 2 FE£AIX , SOD 7K °F- i 3 Ft 5
(P<<0.01 3¢ P<<0.05) , Hr 245 I 5] 5 4H K BRI 3 H SUr 7k
-1 FFER(P<0.05), SEHRILE2,
3.3 BHAXRSALRBESTHLE

HE Qe (a5 R R, SR AL, B ZH K RS
JE T DL /N T B NSRRI A SR AL L
A, v 2y R e 2 RN SEU AR 28 R BRI S A A 1
A2 . Masson et 25 R, S{RFARA K, 15
RV R B AT e DRI 2, FRERIRTEE /IR I

HEJ(®

Masson 4 {f,

K2 HHAKXRIMFZH SUr.SCr. MDA .SOD 7K F Lt 8

(x+s)
4151 P SU(mmolL)  SCr(pmolL) MDA/(nmolmL)  SOD/(UfmL)
BFEAA 10 491106 T84 666%060 211842489
f 10 6981048 81831498 8182041 IST8£167T
PR R 8 64610400 84961559 7544055 176.7£26.92
R R4 9 6281039 TO3E5I 743057 2016%18.6%
SO 10 S98L058  T820TT6 7380600 200612543

a: GIFARL L, P<0.01;b: SHIL R, P<0.05;c: SR
A LH,P<0.01,

B T 5 5 AU LA, A 20 e ) 2 AN SV B 2
K CLF R B . S5 LE 1,
34 TBAHAKXKRBRMFRIEREFKFELRE

BT AR b, AR 2 KRR 7 H TNF-« IL-
18 IL-6 7K V-3 4 35 i (P<<0.01) 5 SR oA,
24 e R a4 SEVD IR 28 R Bl 37 o TNF-o IL-18 . IL-6
TKF-3 8 AR (P<<0.01 8%, P<<0.05) , 24K 71 - 41 K
BRI ¥ ' TNF- o 7K 7 5 35 B I (P<<0.05) o &5 5
W3,
x3 HAKXRIMPE TNF-o IL-18 IL-6 K E LB (x +

s,pg/mL)
4 A TNF-a IL-1B L6
fFAH 10 1137171 1497+446 1554324
g 10 15794207 24448 1986182
I 4 8 1335 114 1690224 16.72+3.86
TR 9 1240094 1680£261° 15954 1.80°
SOOI 10 1188+ 167 16631223 15674257

a: GERFARALLE, P<0.01;b: SHEIAIA LLE, P<0.05;c: HHA
4, P<0.01,

35 BRAXRRBAAAIMETRRZBEAEARIE
Ebig%
3.5.1 Al bk gh

B R Ge A 25 51 (B 2) o , T AR AR BB /I
LB A BT KB /N ER T, PGC-1a  TFAM 45 1 BH
IR DR W R A 05 W], /N B R i
AIM2 caspase-1 .GSDMD . IL-1B . IL-18 & [ BHPE 2 35 H
TR TRARAKT- . SIRT AR A, B4 K B PGC-
loo . TFAM # [ FH 4 3255 T LA 43 o 35 & & 0l (P<

Y o -\v— :

-

C. PRI AL D. 255l 4L

AABRTFARLL B. BRI E. 3LV R
1 RO R TRE A R SR B /N 5 B (SR TR AL R AR T 1 B /NEK
Bl FAXREHALFERESNZRBHE
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0.01), AIM2  caspase-1 .GSDMD . IL-1B . IL-18 #& [1 FH %
FIREFUE 4 b3 R I (P<<0.01) . SR L
B, i Rl AL S AR 41K B PGC-1a, TFAM R
P BH M 2 38 18 B 43 L 3 0 3 G i (P<<0.01) , [R] B
AIM2 . caspase-1 .GSDMD . IL-1B . IL-18 & [ FH 234 1
FUE 3 T3 B2 /0 (P<<0.05 5 P<<0.01) ; H 25 {57 &
R PGC-1o & I BHPER A AR & 43 bb 3 1 in (<
0.05) , AIM2 .GSDMD . IL-18 7K [1 P #3 K T A A 43 Lt
i b (P<0.01), ZERLEA4,
3.5.2  Western blot {45 R

5T AR &, A K BUE 4 4 PGC-1a,
TFAM 25 [ A X 36 ik 34 Wl 3% B R (P<<0.01) , AIM2,
caspase-1,GSDMD ., IL-1B . IL-18 %5 [ A X 6 ik & 1 i
%ﬂ‘m(P<001) 'ﬂ%ﬁﬂéﬂtlzii EP”’J‘E %ﬂ 3'a

AIM2 TFAM PGC-1la

caspase-1

—

GSDMD

1L-1B

¥ ——

IL-18

A TR

B. B

C. 2K

R4 BAXRBHLAAIM2ETIE
FEBESEEBE (x+5,%)

ikl RHCOPGCle  TRAM AM2 el GSDMD LB IL-18
FERE 10 G37E373 4871055 9113 3424296 15344336 17194700 2646+086
i 10 [4152014 30774441 60122215 43304414 3R SHEL56 4190053
THIRREE 8 U186 36611128 BALAIF 36393 26TIEl 441486 37491147
HAERIRAL 9 30904270 4222£407 2591338 30008433 1972281 3404154 3401123
TOUREAL 10 73810 M82231 1403£240 312409 19194260 28304400 2935241

a: GRTARA L, P<0.015b: SHIIIL LA, P<0.05;c: BT
HH#E, P<0.01,

YO FI R 20 B 4H 20 PGC-1o . TFAM 25 1A X 23k &
¥ 8 3 JF 5 (P<<0.05 5 P<0.01) , AIM2, caspase-1.,
GSDMD , IL-18 . TL-18 % {4 A % & ik & ¥ I 3 B K
(P<<0.05 8 P<<0.01) ; H 24 fI% 51 ot 20 K L ZH 41 cas-

FHEXEGMRER

pase-1 £ [ AH X} 32 ik & 2% W Z AR (P<<0.05) . L3R
5.3,

D. P2 i)

E. AU AL

B2 J[AXREHA AIMZ%t%&#H?&EE% %Féﬂﬂﬁz’%@
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®5 BHRRBARAIMZETERFEXEAREKFLR(x+s)

4151 H PGC-la/B-actin TFAM/B-actin AIM2/B-actin caspase-1/B-actin GSDMD/B-actin IL-1B/B-actin IL-18/B-actin
fFAA 10 100£0.14 1.00£0.04 1.00£0.16 1.00£0.07 1.00£0.18 100£0.17 1.00£051
fRI 10 0352003 0441006 207£022 2004016 1.50£0.05° 240£040° 349£0.06°
A 8 0.73+0.04 0.5740.03 1914026 155£0.12° 130£007 2124024 2704024
LT e 9 0.79+0.08 0.69+0.11° 156£0.13 1.40£0.24¢ LI7£0.11 1.66£025° 230045
LRI 10 090£0.07 078£0.16° 1374009 120£0.17 1.08£0.04 134020 1.94£041¢

a: S F ARG, P<0.01;b: SHRIL H#, P<0.05;c: SR H AL, P<<0.01,

PGC_I“ _ 110 kDa

TFAM 25 kDa
AIM2 39 kDa
45 kDa

caspase-1

GSDMD 53 kDa

IL-1B 17 kDa

IL-18 22 kDa

B-actin 42 kDa

A B c D E
AT AL ;B AR ; C P 2GR 20 ; D th 25 i b4 S B
BaUZ I
B3 FAAXRBAAAIM2ETEEHEXEARIEN
Rk E

3.6 HHEAKARSHELSAIM2 mRNA FKiALLE

B F AR AL b 2G50 B2 2 R R A
b R 2H K B 4 40 AIM2 mRNA A % 23k 243 51
H}1.0440.30.3.17+1.29.1.77 £ 1.09.1.50 + 0.61,1.38 +
0.29, ST AR LK, B A4 K BE 24 24 AIM2
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