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BE BEY 357 Bk vg 4y 408 i BAK 5 B KT B Fp4) NLRP3 X i MKt K R 3 g fo e BB B 3Hih 9 s EAE A . ik % 28
2 SD kX REAMS A - 1B4E A B 4T (OA)AEA 20  OA+SMS 20 . OA+ #|"ZB540, o  SMS # 7# Z 4 T L s ¥ m & 2 Air k(5
AR ERAF T8 10 42 ) ; AL BRI ML OA+ A Z B 64k A K (R JE, 150 mg/L) ; 3+ BB 40 F= OA A% 25 F W R4 K(§
MAETEH L 2ml/d), ¥4 7 8, it SMS 3§ & %K 75 B 2(ROS)F= B4L 5 £ (0S) /= 4 .NLRP3-ASC-caspase-1 4h ¢ & & %
i, BR(1)3TBE OA BA Fi T MM RIE A LR FE £ F(P<0.05), £5 7 AR, UMY FEAERSIES Trra
(P<0.05),SZF #ife 3| "2 8220 & % & T OA 41(P<0.05), (2)5 s+t OA 2845 BUN #= Scr K -F B 2 F+ 3 (P<0.05), %
SMS Fo 3“2 8574 55 K R4 BUN o Scr K-F FE(P<0.05), (3)BALsH# b, 2T OA+SZF F» OA+ 3| "2 B340 | Fik 5% 5N 8
LR AR IR R AT e K am AR AR Y . (4)0A 500 & R BR gk KRR 2L 4R AL R AR AR 3 T 3 (P<0.05); B A2 A
A4y B ACEE (SOD ) | if FAb £ B (CAT) Fo 25 H KT BAL M B 2 18] A2 B2 649 R T4, 7 SMS A= 3122 BE T 7T B % & S B4
Ab 5 R 38 A7 3 A B4 (P<0.05), (5)0A 41k R E4847% 7 TXNIP mRNA #= % & £k 2% &5 T H 4 4(P<0.05), @ SMS F»
F w2 B2 A 2 A4 TXNIP mRNA F=& & £ ik (P<0.05) ; & S B fo J& X &, NLRP3-ASC-caspase-1 % ¥ 49 mRNA =& & R A2 & I3
(P<0.05), SMS -F /5 48 NLRP3-ASC-caspase-1 %k 4% i 7& B F4 4741 (P<0.05), 518 : SMS 3 i MAK 3 B b 3. 55 3 K R, B A o
A FBR K AR AR E, B B AT ) &Kk ROS Ak R 69 NLRP3 MR & ROB 42 BN 45 Ao SR I2 1
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ABSTRACT Objective: To explore the improvement effect of Jiangzhuo Simiao Powder on hyperuricemia and renal injury in rats
by reducing serum uric acid level and inhibiting NLRP3 inflammasome. Methods: Twenty-eight SD rats were randomly divided into con-
trol group, potassium oxyacid (OA) model group, OA+SMS group, and OA+allopurinol group, among them, the dose of SMS is based on
laboratory animal substance management standards (10 times the adult dose per kilogram of body weight); Allopurinol was dissolved in
the drinking water of the OA + allopurinol group (concentration, 150 mg/L); The control group and the OA group were given the same
amount of distilled water (the intragastric volume was controlled at 2 mL/d) for 7 weeks. To investigate the mediating effect of SMS
on renal mitochondrial reactive oxygen species (ROS) and oxidative stress (OS) products, protein expression of NLRP3-ASC-caspase-1
axis. Results: (1) The data of control group, OA model and treatment group were significantly different (P<0.05). At the end of the 7th
week, the total uric acid excretion in the model group was significantly higher than that in the control group (P<0.05), and the SZF group
and allopurinol group were significantly higher than those in the OA group (P<0.05). (2) Compared with the control group, the levels of
BUN and Scr in the OA group were significantly increased (P<0.05), while the levels of BUN and Scr in the rats treated with SMS and
allopurinol decreased (P<0.05). (3) In renal tissue structure, for the OA+SZF and OA+allopurinol groups, the epithelial cell swelling, vac-
uolar degeneration and inflammatory cell infiltration in the proximal renal tubules were reduced. (4) The oxidative stress indexes in renal
tissue of OA-induced hyperuricemia rats were all increased (P<0.05); namely, superoxide dismutase (SOD), catalase (CAT) and glu-
tathione There was a significant imbalance between peroxidases, while SMS and allopurinol intervention could significantly restore the

dynamic balance of the above oxidative stress response indicators (P<0.05). (5) The expression of TXNIP mRNA and protein in kidney
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tissue of rats in OA group was significantly higher than that in other groups (P<0.05), while SMS and allopurinol effectively inhibited the

expression of TXNIP mRNA and protein (P<0.05); mRNA and protein expression in the murine NLRP3-ASC-caspase-1 axis was elevat-
ed (P<0.05). The activation of NLRP3-ASC-caspase-1 axis in the SMS group was significantly inhibited (P<0.05). Conclusion: SMS at-

tenuated tubular damage and inflammatory infiltration by reducing blood uric acid levels in reducing renal damage, while inhibiting the

NLRP3 inflammasome activation triggered by mitochondrial ROS.
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Fifi 2 8 ) ) Bk B > 0 R AR S 2R A, v R R I % PR
PRI IAE 5 | 04 B 53473 14 R85 38 0 38 1A 0, VA 7 2 IR A AN S
IR AE R, = PRIR IMAE 5590 KU BB PRI A &R A 1T 18
PRI T 3 0 FITA 22 R AL B A OG , B UA Bt =l g
R I A0 PO HEE o 45 R B R ) i B SR R B, T
P UA F1 UA iAdd NLRP3 RPEUR, 2380 IL-1 557 58 20 i
FRUAI il  Se R G B AR , HUAH RIS R YL 55 5 o {51,
NLRP3 3248 11 0] AU SR AR A 56 23 F RS R 40 A0 5 43
FRE, HARTE T BRI B0 b, 4 4 32 4 20 2R R ZH 2R
SEJE BRI BT . ROS Y BEHI-R B0 08 A 1 AH AR A AR 1
(TXNIP) A& Ak 4 4808 2 1 -1 (Trx-1) 8 11 43 85 ok, OF:
5 NLRP3 Z IR AN E S e R E S S5IRss 6, i
i NLRP3 4t A ©7, [A 1, ROS-TXNIP il f# 1 A # i NL-
RP3-ASC-caspase-1 Al ek 500 . Bl iR, —
H NLRP3-ASC-caspase-1 fli#%i#%1%, 1 caspase-1 47 S iR GE
SN S5 | K —Fh AR P R A AT T« AU AR T tH [ B IR YT I
RPIAE LA, WIS BIIMERETr , 2 1 R 5 7
RFH Z—, IRz iz 8 F TR YT PRI AT i X,
TPUESEL(SMS ) RARYE B R BB FRAE , 76 DU Al 1
AT T, 55 PR 0 [ Bl T 5 SRR e 2 8, 5 R A R
AR ORGE Aaf R B SR, T & R B SMS
XTE DIRes i DL, TR SMS VAT i IR R I R
B, AR5 KA SMS X IIE NLRP3 {5538 B T4

1 AR5 07

1.1 SRHRF

ARRPEL (OA) g1 Sigma, 4 &4 2% OA AYFRIET
Bbo ST —2P Az 77 SMS TR iR T 288K, i iAe >
TLEZGRIE 2.68 glkg i B A2 BIRERS I H ALt 2l
A RRAF . SMS {4 Bl 12 g, {30 g, & A 10 g,
12 g, RTE 10 g, S4RH 12 g, A4 1L 15 g, 201 10 g, fari
12 g, R AN 12 g, 1 4R%5 12 ¢, 355 122, )11%5 10 g, K HH 9 g,
PRIEE CUA) K00 8 VT i 350 8 L PR 2R Ui
SRR IBURE BAGI R 6 . A e A LA A RS it )
MDA Fill i35 & . SOD e it & . CAT A6 AR & A &R
5. KR ROS IL-18 Fil IL-1 ELISA &7 &M A RHih A4 4
BHEABRAF . ARk IL-18 F1 ASC Hii#A&l4 [ Santa Cruz
Biotechnology, ##i Kl 3-NT.IgG IL-1.caspase-1 , TXNIP £
4-HNE Ity H Abcam, %4, IgG NLRP3 i) § NOVUS, Rjj F{%!

% 1gG-SABC i 414k il SABC-AP (/)N 1gG) A I 71 £ A1
DAB (a5 &0 [ #3745 . GAPDH $140 [1 Cell Signaling
Technology . HRP —$i i Jackson ImmunoResearch Laboratories
P4 mRNA SREER I G A RARAE YR A R A, 3
i 5150 &A1 SYBR Premix Ex Taq TM Al x50 & 1 524: 4
BHEA R A TR AL,

1.2 SEWEh#

A RIS sh Y0l sE 28 HAKE (200+ 20)g Y fa)HE
JAEIEYE Sprague-Dawley KL SPF 2% ) . AWF 5T H IR 224 Bh W)
IS HLIE AT, AR 25 C (XTI EE 45 %), A TOGIRT
BRAEFS 12/12 0, A RKOK, 20l 1 RSN S , FF iR R
REFN NIBIT o B hige 14 ™48 15 IR E PR s M 1 B e
BLRITRE
1.3 BREBARERHE

28 FUit: K BRI E R AL 53 S X B2 L OA 2 \OA+ Ji| it
fiz2H (OA+SMS 20 4 H(n=7). W55 1 KIFIG W B KR4 T
FrufErapRl, AR RA T 2 % OA 1RBE, Hil/E = PR BR MLAEA Y
I R ERBEEOK, IRE4ERE 7 M. 2 MBITANE | KR
A BT, SMS 195556 T S0 sl ) s SRR (45
OSTRE ROGRIE Y 10 %) BIEEEEAEAE OA+ HIEREZH 1Y
AR (e, 150 mg/L) . X IRZH AT OA 4145755 1 7% 1
KB WA RS 2 mL/d) , 1522 7 JH.

1.4 & {LIEiRaEI

TE OA 75 T LA K75 5 J5 BB 2 Ji 1 35 R B ity 4 R if
T IRIR (Sua) K. RBFFICR M, B THiEess .4 CRHT
3000 5 E5.0> 5 min ARG . FEL5WETT AN, B0 2 JE ARG
IHOEWCER PRIBAEAS, 3000 3% 9.0 5 min KERZR T, AR AE
20°CokFEA o 18R bt S M3 AR UA I L
B AR R AR 24 h JRIGRER (Uua) B93H5A =40 F : Una=
PR UA e iz (mol/L)x 24 /NI SR (L),

TEZ5H) T TES oS, A sh A5 IR IR 58 R B4R Ik
YooK I HE 240 (30 mg/kg) BRI B, i1 7 3= Sl ke 4 i
FEo FRRRBCEIE . Sk A 228 B33 K Bl 4T BN A rh v
o IWEFZHLUH RIS AR AR A RNA K545 55 04 L35 A0 At
o> 2 B A AV AR AE -80°C pkAE , HI Tl i MDA (GSH-PX,
SOD . CAT FiI ROS 7K {fi FHZAL A 73 3127 60 DB I 1 S22 2
SV PRI LR o 8 v B ) o o B R o 2 U L R Y
SOD .CAT ,GSH-PX i1 MDA 7KF-,

L5 ALRIEF

HEHAFEZRT A 90%LMEREE | K. BFiGkH—ZR75

SR K T A A S . ZEREREU) AL KR S P
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3 wm AP R I RREAERAT APES I8 A [, B A E
IR PR R K T AR R B WORS P K S 9F ) HE
e,
1.6 RT-PCR £#f

o P ) A AR U B PP 20 BB RNA, T
fili NLRP3 48 14 {4 4 # 3¢ % X (rTXNIP !NLRP3 ,rASC .rCas-
pase-1) Ml H i 3- BRI (M (rGAPDH)AY mRNA ik, {ff

JH Super-Script £ — 5 iR & AT 5 5 ) cDNA, {fiH]
HIGIESTER 1 h . B 51 F 51 #E GenBank AT T
K , Akt 6 TC R P 4 [RIVR M o B Sangon Biotechnology 157
& . i SYBR Green PCR master mix & BioRadiCycleriQ
Kl 22 Ge T AT SN AR AR XS BR  rGAPDH /K- 5 #E 5L K]
FATER . ] 2-DeltaDelta C(T)J5 355 BRI 985 HEAL
FEECEL . RS RN 1 R,

* 1 514F71
Table 1 Primer sequences
Primer name Forward Reverse Length(bp)

TXNIP 5'- GGCTTTTCTCGATCGTCCCA-3' 5'- AGAGGCAGAAAGCGTTGAGT-3' 20/20
NLRP3 5'- ACGGCAAGTTCGAAAAAGGC-3'  5'- AGACCTCGGCAGAAGCTAGA-3' 20/20
ASC 5'- AGACATGGGCATACAGGAGC-3'  5'- GCAATGAGTGCTTGCCTGTG-3' 20/20
Caspase-1 5'- AAGAAGGTGGCGCATTTCCT-3' 5'- GACGTGTACGAGTGGGTGTT-3' 20/20
GAPDH 5-TGTGAACGGATTTGGCCGTA-3' 5-GATGGTGATGGGTTTCCCGT-3' 21/22

1.7 BAREESH

HEAR LY 100 mg BRI R BUEF S 1 mL RIPA 28 pjgi o
A1, 10,000 58505 20 min, HR4E Bradford J5 35 E 35 1)
BT EE o SR K TR 5 min RS0 SR 5 S
#| 6%-12% SDS-PAGE |, Jf ik B A B R
(PVDF)) [l ARG 22 Wi b FH R & £k . FH 5% 0B E2F
WHEAIE 2 /N, SR AR F M —diE 4TI R I, HH
HRP Z845 (1 1L 2404 1gG VR —Hi(1: 5000 ) 50 62 [ 1 5%
7 o (o FHOGC IR b AU Ak B 1T B A 2R S W4 28 S E
&y, JFfHTFH Molecular Analyst 3 i3 285 8 I ik A7 &4k
— BT 40,95 £+ X rTXNIP rNLRP3 .rASC rCaspase-1.rpro-IL-1,
rIL-1 pro-IL-18 il rIL-18 f{4a £ S Hiik (344 1:1000)
1.8 Git=oHh

R SPSS20.0 X AHFFEEIE AT 40T, THE TRl SRR
TN FE 3 AL LIS A SEM, Bd i i B ) O 220
BEAT t B4 T 40T LA . P<0.05 22 T Biit s XL

2 R

2.1 AR [ERTIE A M EKERKF

TR (OA BIRIANAYT 2 B A7 AE 1o 3 25 57 (P<0.05) .
FESS T SRR, BRI KR Sua K25 X HRZH Y 1.8
5%, A6 MG PRIZ S BE T i 0 PRAFAE . AN IR 4 Z )9 L
BEARTEENG %225 (P>0.05) , FRIZ SR B HE & 5
FR T RG] (P<0.05),SZF 41 AN R4 25 T OA 4
(P<0.05), W32k 3,

% 2 BATFIR 18] s 59 M55 PR ER 7K T ( mol/L )

Table 2 Serum uric acid levels (mol/L) at different time points

Groups n Week 0 Week 3 Week 5 Week 7
Control group 7 89.56+ 4.18* 104.35+ 12.49* 128.56+ 23.96* 121.38+ 12.66*
OA group 7 91.69+ 9.31% 226.45+ 46.26" 224.80+ 30.59° 222.30% 102.41*
OA + allopurinol group 7 81.47+ 6.17* 119.93+ 32.24* 179.01+ 58.23* 137.57+ 22.71%*
OA-+SMS group 7 72.95+ 5.57* 183.96+ 52.93* 210.65% 34.39 167.26+ 22.94%*

F 12.005 21.562 32.927 55.571

P <0.001 <0.001 <0.001 <0.001

Note: *P<0.05 vs. OA group; “P<0.05 vs. OA+allopurinol group. Same below.

2.2 EAKR MR ERFMANEFAFE LB

XA AH L, OA 21y BUN Al Scr /K- & 3 Fh155 (P<0.
05), TiHzsz SMS Fl | IEELETT K R AY BUN HI Ser /K F- F [
(P<0.05), WL3% 4,
23 £AKXREHALR HAE fEERILE

Ko B ) ' A 2 R R R L AR TR T /NS L
AR JRIER I A , 25 W AR A R AN IR B R 3 & . eAh, —/N
BT B /N B AN P s v AR PR SR I R A A 7
TR T OA+SZF F1 OA+ HIWERSEELH , B oo B /ME T K 4
Jib K 2SO AR PR A S PR A AR A D . LI 1
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Table 3 Total uric acid excretion in each group

Groups n UPD(L/24 h) Uua( wmol/L) Uua( wmol/24 L)
Control group 7 0.036 0.01* 1969.34+ 80.21*" 64.00+ 20.78*"
OA group 7 0.034+ 0.01 4271.16x 149.50 124.39+ 29.39*
OA-+allopurinol group 7 0.051% 0.00* 4102.00+ 156.09* 21191+ 28.69*
OA+SMS group 7 0.045% 0.02** 3254.30% 196.99* 186.51+ 24.72%

F 25.667 95.127 56.285

P <0.001 <0.001 <0.001

® 4 BEAKXRIMERERFMANEKTE LB

Table 4 Comparison of blood urea nitrogen and blood creatinine levels in each group of rats

Groups n BUN (mmol/L) Scr (mol/L)
Control group 7 440t 0.56* 12.45+ 1.43*
OA group 7 5.58+ 1.30 19.54+ 2.94
OA-+allopurinol group 7 3.99+ 0.82% 12.93+ 3.15%
OA+SMS group 7 4.57+ 0.40% 15.79+ 2.17*

F 28.105 16.922

P <0.001 <0.001

control group OAgroup OA + allopurinol group OA+SMS group
1 BHLM HEE £ ELER(400 &)
Fig.1 H & E staining results of renal tissue (400 times)
2.4 BEK RS RHR SRR b I B R A 2 0 7 5 P46, 1T SMIS e

OA 5 T 10185 PRIR AR K U LU AL R AR Ty 1 BT 5835 [l 52 DL b S A O 98 B 7 438 A 9 3 25l (P<
(P<<0.05); HIE ALY E AL (SOD) i FAL AR CAT)MIZT  0.05), &R S s,

5 BEKXRBAES W RHE RAEHR KT LR

Table 5 Comparison of renal oxidative stress response index levels in each group of rats

Groups n ROS(U/mL) SOD( U/mgprot ) GSH-PX(U/mgprot)  MDA(nmol/mgprot )
Control group 7 8.36% 3.25% 118.34% 16.96** 63.18+ 13.56** 1.48+ 0.35*
OA group 7 12.98+ 5.39* 52.52+ 18.17 29.29+ 23.83 2.76x 0.39
OA-+allopurinol group 7 9.08% 3.57 83.46% 22.34% 52.44+ 14.37* 1.59+ 0.42*

OA+SMS group 7 8.99+ 3.84* 68.15+ 19.62* 51.29+ 16.61* 1.57+ 0.45%
F 14.569 36.482 22.175 11.605

P <0.001 <0.001 <0.001 <0.001
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2.5 SMS &334 TXNIP %) NLRP3-ASC-Caspase-1 SHEIEGE
OA K FFHZh TXNIP mRNA FIFE AR E R EH T
HiAthzH (P<0.05) , 11 SMS F1 51 = A %40 4] TXNIP mRNA Fl
HHFRIR(P<0.05) 1w BREZ IMAE K B NLRP3-ASC-caspase-1 %
7 mRNA FIEE (A iR A T8 (P<0.05). SMS T1iJ5 41 NL-
RP3-ASC-caspase-1 %l (1)1 i 2 Ml (P<0.05)
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Fig.2 The S M S inhibits the activation of the NLRP3-ASC-Caspase-1 axis
by inhibiting the TXNIP

Caspase-1

(KD)
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B2 B TE 32 1, UA 75 S 59 48 00 S5 R J2k 12 PR R I
W U 3490 N B SR SEHL AR, 5 41 NLRP3 9340 &
T 48 5 I I ) 9 S FE A8 45 T B AR i v AR AR A I,
Wen 25 09 %31 OA 5|7 9K 3015 JR IR R AT 3F 1 B R 1
OS, B0 TZehith, JEREAR T ATP KF. T EES AN T4
BRI B 112 , ST T A BRBG I ZRR: AA24I5 H538 T NLRP3
JRIE/IMA IO IR T 5% B4R, IESE T NLRP3 1y
WO A1 NLRP3 A S (1) 480 210 S 35 5 W )R I Je e . O
BFSEIESE , 4Rk ROS 5 5 TXNIP % NLRP3 425 /MA , 5

S D A0 B AR L A AR E AL IR R A SRS S B A
P, Trx/ TXNIP T 5 hy % 2 S0 Ak I8 T 98 15 -5 50 1Y DG B
ST T Ok ), TXNIP A Trx-1 456 FE AR R R o
Trx-1 FE i 40 B9 ROS ZK-FIf4i] OS, 44bT OS MR
4 g b AE 78 5 K OF 59 ROS i, TXNIP 5 Trx-1 43 8 9 5
NLRP3 454 LA s Va1 RIE(S 5220, ARF5TH, 1
UA AR BRI, BAL LR A ROS Fil TXNIP ()R £k
1% T NLRP3 i ik FE IE 5 HE, 11 ROS 4 1| I EE A SMS
T, A E OS 4R TXNIP-Trx 4 , 31— 25 3 il
T TXNIP 35 M FFBHIE 5 NLRP3 454, iR 1k 48 5 (Al i
T I B B A A A 41

UA fi¢ ik NLRP3 4 PEAA T 7 caspase-1 (s, RfiE &
PR A S AR B T — Ao 52, AR REAN I R 4R
IR 5 A4 B LA B B4 2 B LA B 2 A AT 4 DR - B 8% J2
B AL BN R, X AE LT, CKD i & %y ESRD1,
XN PR 2 % OA WY R BUARHERL 6 J&, 4387 & 3 UA
PR T KRR /INE L B ARG -z e S Ak, v g bR R IRE 175
09 EMT S A= 75 W 8] 51 21 48 Ak Z i, E-cadherin 3% 3k B3 /b
1 a-SMA 2R3N H] UA 7S 098 /ING 1 Bz 40 it 2 07
{k ; Snail F1 Slug %% 5 K F 1) 30% 18/ T E-cadherin /)& A%, 34
JNT 2 %} E-cadherin AR, N IMAEIE T8 /N 1 B2 A A
R, WARAE NPV T B OA 755 B 5 DR R I AY 52
IR B, IS w8 PRI INAE 2375 | % 3 G v A Rl i 4 46
P, ELAE B /NS ] S5 X3 U025 381 e TR A 5 g 400 it 923
EA R A RIA N, R UA S5 0ERAEI5 | & B /N Fil)
JREFLEAL, AR ABESE P IESE T UA 7K T i nl i ad 3305
NLRP3 A [ B I 4 e F i) 5 £F- 4k Ak, 1 SMS $3X Fh
U L DA AU T B )5 A DT ool W P AL, 5 LR o e
W— GRS AL B2 R PRI LRE JH A
Mk " PLRE " SEVERE R — AR AR R ST A BB, B
HHHTRREA R, G RIKEARY, S EEH ki Eiz
PR, A8 A | V0L 2 2 e T , P A IO R, BELAR
HL, ST SIE , EpHEAS R | BA V22 50 R,
SR B JCA SRR, A0 WU HH B XU DG 4 S B s . TS
SCHF SMS H DL DU SO T R, DU B 0 T ek
SR RO ) T AR BERITE TAAETR , 2 IR I e
AR SR AT, B R, g R Al KR 38 2%
TESR 0 ARG AT KB I R, AR TS T AR
T, LA 20 AT ARG 25 B R, )1 S T
AT RS & H RS2 762 & T Z T BRI
MR

NLRP3 51 caspase-1 (06, i #0804 R MRk 1%
SR AET, MR R NE#E % caspase-1-GSDMD 7E 4 fitd £
TP E R A, BT ARGl L A TR A T
SETUART AR A A1, B AT BELANN f9 B /0N 0 8] S 28 R 322 9 B,
Nrf-2 B LASEIRIT RN FHA SR T bR TIRE, sk
TE MR, I WA RER UUO BAERY OS (J4E (A4 fb A =Fh i
JPHEANEAET B, A5 R, SMS A %l T NLRP3-ASC-
caspase-1 HlI S, (K T caspase-1 8 F1AYRIAIFRLIE EAT]
Y1#) GSDMD, 25 & L i 5722025 43 M R R 7E T - SMS i)
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SiE ANMAET R E ] £F 4L . SMFF 763870 Sua (97 & DIRE
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