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WE. B WEsAIBEM I IREE O (UCM) KECIIRER R ER RS . ik R 5/6 BYIBRAR
UCM #ERY B R i K BB ML 2 20 . Vb3 4 (8. 33 mg/ke) FIBAIREIR TG, H . AFIEY (7.19,
14.38, 28.76 g/kg) , mMBRTARA, 45258 i, H2isiR)s, CIEEBINE KRR A LEFKAKMANE (LVEDD) |
ZEOEWAH RPN (LVESD) | STi53-4% (EF) | 4550 (FS); K40 Biitde 40 (HMI) | 72 % Jit i 45 4K
(LVMI) ; #'Eohte (MULEF, REER) . MR EHKT; @& W E 0 DA LRI A ; TUNEL J% €46 0.0 1L4R
il DNA 451500 ; ELISA #5013 T1-18 ., TL-18 . BNP 7K°F; RT-qPCR 2 Western blot ¥ 46 K .0 L4141 NLRP3
Caspase-1, IL-18 mRNA | HEARX, R SEFARAE, BERHARFUMIE ., REZKFEFAE (P<0.01), ML
HEHAKTFFEML (P<0.01) ; DA IRAF 4 HES ZEAL, Zehiii™EMPAK, DNA $ifh/™&E; EF, FS &L (P<0.05),
LVEDD ., LVESD il (P<0.01); HMI, LVMI J}5& (P<0.01); Ifii IL-18. 1L-18, BNP /KT (P<0.01); Ll
BT AT FHE (P<0.01), NLRP3, Caspase-1, IL-1B mRNA, #HRIATE (P<0.01), SHAIH ILEL, BiFIRE
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Effects of Shuli Jiangzhuo Formula on cardiomyocyte pyroptosis in a rat model
of uremic cardiomyopathy
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ABSTRACT: AIM To observe the protective effects and mechanism of Shuli Jiangzhuo Formula on cardiac
function in a rat model of uremic cardiomyopathy (UCM). METHODS The successful UCM models established
by 5/6 nephrectomy were randomly allocated into the model group, the valsartan group (8.33 mg/kg), and the
low-dose, medium-dose and high-dose Shuli Jiangzhuo Formula groups (7.19, 14.38, 28.76 g/kg) , in contrast
to those of the sham operation group, followed by 8 weeks respective drug administration. Upon the completion of
the pharmacological intervention, the rats had the left ventricular end-diastolic diameter (LVEDD) , left ventricular

end-systolic diameter ( LVESD ), ejection fraction ( EF ) and fractional shortening ( FS) measured by
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echocardiography ; the whole heart mass index (HMI) and left ventricular mass index (LVMI) detected; the renal
function (serum creatinine, blood urea nitrogen) and the hemoglobin concentration detected; the mitochondrial
morphology analyzed by observation of cardiomyocyte ultrastructure using transmission electron microscopy; the
DNA damage in cardiomyocytes detected by TUNEL staining; the serum levels of IL-13, IL-18 and BNP detected
by ELISA; and the myocardial mRNA and protein expressions of NLRP3, Caspase-1 and IL-1B detected by RT-
qPCR and Western blot. RESULTS Compared with the sham operated controls, the model group demonstrated
significant elevation of serum creatinine and urea nitrogen (P<0.01) ; decreased hemoglobin concentration ( P<
0.01); disorganized myocardial collagen fiber architecture, and pronounced mitochondrial swelling with
ultrastructural damage ; decreased EF and FS (P<0.05) ; increased LVEDD and LVESD (P<0.01) ; increased
HMI and LVMI ( P<0.01) ; increased levels of serum IL-1B, IL-18 and BNP ( P<0.01) ; increased cardiomyocyte
pyroptosis (P<0.01) ; and enhanced mRNA and protein expressions of NLRP3, Caspase-1 and IL-18 (P<0.01).
Compared to model group controls, the high-dose Shuli Jiantuo Formula intervention exhibited decreased levels of
serum creatinine and urea nitrogen ( P<0.01) ; increased hemoglobin concentration ( P<0.01); reduced DNA
fragmentation, alleviated mitochondrial swelling and mitigated ultrastructural damage ; reduced LVEDD and LVESD
(P<0.05, P<0.01); decreased HMI and LVMI ( P<0.01); downregulated levels of serum IL-13, IL-18 and
BNP (P<0.01) ; decreased cardiomyocyte pyroptosis ( P<0.01) ; and inhibited mRNA and protein expressions of
NLRP3, Caspase-1 and IL-1B (P<0.05, P<0.01). CONCLUSION Shuli Jiangzhuo Formula demonstrates
dual cardiorenal protective effects in UCM rats through suppression of the left ventricular hypertrophy progression
and inhibition of the adverse ventricular remodeling processess. The therapeutic efficacy primarily stems from
targeted suppression of NLRP3/Caspase-1 signaling pathway activation and substantial attenuation of cardiomyocyte
pyroptosis cascade.
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PREFRE O WK (uremic cardiomyopathy, UCM)
ETEE Y E WER  ( chronic kidney disease, CKD)
BRI A 0 IR 45 4 3 A RO LR AR 2
$3 CKD BFHILT-M R BEHE, R K LOLE
HEJE  (left ventricular hypertrophy, LVH) . .(»ZJHE
B S0 HEEF 26, b LVH 2 JLRRAE M
A5 ERE 70% PR EEAE B E S Y RSBk
FEATT R ST FE I PR R, g 3 AT DO L4 A
e, e IIF VIR ) e ik, D= E
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OB AT B R B O R - [ R AR e O SR
RERON . PREER . AUERALAA G, P RAE RO
SEEERE ) I HE SRR, B
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RS e 22 B0 NOD REZ AL R4S 5 55 23R
1k 2% ¥ 4 BE 32 1K 3 ( NOD-like receptor thermal
protein domain associated protein3, NLRP3) #%E/)
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2214

NG R BB AR R AT IE S, B
e (BEN IR 24 B R ) BESCGE R MR E =8
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PO EZ R Y SE e B2 B S b (R3S
SUCMDL20210321001) ,
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X2972), fngisK i siREMR (0. 833 mg/mL)
1.3 KA 2.5% R (Jba AR
AXAH WA F, #t5 DFo1s6e), H it %
(interleukin, IL) -18. IL-18. Ji&i & Bk ( brain
natriuretic peptide, BNP) &7 & (7L 75 B e 3
FIRAT, 5 38108A . 30206, 30204); PB-actin
(AR A ARG BR AR, #t45 bs0061-R) ;
BCA 1 kB A i 50 & (DL 184 ) TR
HIRS A, 5 AROI46); NLRP3 Hiifk (2 [H
Affinity Biosciences A F], b5 DF7438); Caspase-
1, IL-1B $iifk (€ [H Santa Cruz 2~ w), b5 Sc-
398715, Sc-515598); Trizol & RNA # ik 57 .
TUNEL 5 & (R FE4E R AV R A R A
#5 63013, G1502),

1.4 ALE  JEM-1400 Flash %35 5} i 7 W 6 5
( HA JEOL A 7)) ; RM2255 RUA7 sG] - Hl (fE =
Leica A F]) ; Vevo 2100 /N WifE 24 (H
A FUJIFILM A W] ) 5 %% € 7 PCR X, HLUKAY
EEFRIL . BB PEENIE (Western blot) % i A%
MRS (£ Bio-Rad AT ) .

2 Fik

2.1 #E pabsd KEGENHEWRSE 1 HE
BEDLANIR 10 K, fERRTARA, HARTT5/6 B
FRAR S, UCM A8 ZHESCHk [17] i, KB
IR TR A T, s 5 3% G I 2240 (30
mg/kg) JREE, VIBRZEWE LR 273, 1 854
B SRR TR B E B, RS
16 J&, BEYLAME S BRI BT T ' T Re B0 ik
FiBkuAr, Kige UCM @B i, # b
(R BB ATL 20 S A R 2 4651 /0 3 2 0 g ) o ek
%, b, @rlEd, B4 11 2, BFEARLE R
HEFRMEE LT 10 ml/kg 280K, 4RVbIHAH K
HEH YT 8.33 meg/kg 25W), BAIREM AL, .
A AR B AT 7,19, 14.38, 28.76
o/kg 251, HLE8 A,

2.2 MAREAIHEN 4258 )5, HHME
BUER 3 RO R T O kA, 58 U MBI
51 3% I 24N (30 mgrkeg) RERE, M EBhIKR
I, /@i, T-80 CHAF, FHICOME, FREm
o, EAEONAS, HTH%. TUNEL, RT-
qPCR ., Western blot #illl |

2.2.1 DEREKA SRATEA 250 #3k (21
MHz) W & K B O Z &k K I AN (left
ventricular end diastolic dimension, LVEDD) | Z.(»

W R W N 42 (left ventricular end  systolic
dimension, LVESD) . 4§ Il 4340 ( ejection fraction,
EF) . 4i% 57 %% (fractional shortening, FS), HU(i%
2L 3 R AE
2.2.2 AR R4 H B A Ak 4 AT SR I i
gL, REA ., MK,
2.2.3 DEFEIEHOTE RAMBFRVEFRE S
D (heart mass, HM) M ZEDEFR & (left
ventricular mass, LVM) , 1840 FEE (heart
mass index, HMI) FIZAEZE R EFEEL (left ventricular
mass index, LVMI), PFHIZEOEEMREE, A
4% %k HMI = ( HM/BM ) x 100% . LVMI =
(LVM/BM) x100% .
2.2.4 BT MEO AL MEE KRB
WL ZUH 2. 5% 1% B, 0.1 mol/L BiR+h 2%
PR (PBS) TEVE, 1% DUSAALER R, EvE, B
K, GWMERE, Uk, o, TEFHRE T ME,
EiElie
2.2.5 TUNEL 3 €56 0.0 LZH 240 i DNA $5 43
T KEOCHHAZ CEBK . —HREH . A
I RS, R KBRS, 50 L
TUNEL JZ M IEB& W, 37 CHEEEHFH 60 min, PBS
THYE, WA 100 wL DAPI Y4, M F 20 min,
PBS {B UL, PLoOGEE KT E R, RERE, M
Image J ST 84481 TUNEL BHYE 40 4505
HNRREL, THEEBHPESR,
2.2.6 ELISA JEA& I IE 1L-18, IL-18, BNP /K
o HA R G U R, AT R BRI IL-18
IL-18 . BNP /K-,
2.2.7 RT-qPCR IEKLO L NLRP3 . Caspase-1.,
IL-18 mRNA £ ik Trizol 75 # UK B0 L4 2L
RNA, Wi%E% 0 cDNA, FifiJ5 #E47 PCR 9754 [,
P18 95 °C 10 min; 95 °C 155, 60 C 30 s,
40 MEH, LA GAPDH HNZ:, R 27 k3
B ML AR 25, 5140 th B R R A W R
ABRAFGH, FHIE L,
2.2.8  Western blot ¥ £ W .0» JJL 41 21 NLRP3
Caspase-1, IL-1B FEF#RIE  FREUKF.OIIHA
H, BCA EMERAWE, & b, mik, FHE,
HHJ5, —3%L NLRP3, Caspase-1, IL-18 (1 :
1 000) ., B-actin (1:5000), 4 CHFI®H, WH
IN=He (1:5000), FEiEFHEKLEFE 90 min,
ECL A, B2, it Image J B AF0 M7 55707 JK
JEME, HHEHS5NZ B-actin JKEE(ER HE,
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x1 319F3%
Tab.1 Primer sequences
S Gl el B /bp
NLRP3  1EJ] 5'-GATTTCTCCACAACTCACCCAA-3’ 112
JZ 1] 5'-AGTCTGGAAGAACAGGCAACAT-3’
Caspase-1 1E[7] 5'-TGCCTGGTCTTGTGACTTGGAG-3' 132
JZ 7] 5'-TGTCCTGGGAAGAGGTAGAAACG-3’
IL-18  1E[] 5'-GAACAACAAAAATGCCTCGTGC-3’ 264
S 5'-GACAAACCGCTTTTCCATCTTCT-3
GAPDH 1E[H] 5'-CTGGAGAAACCTGCCAAGTATG-3’ 138
JZ 17 5'-GGTGGAAGAATGGGAGTTGCT-3’

2.3 it F 4 @I SPSS 25. 0 AR T AR
BAELL (xxs) Fon, AR RABNZ T %

O3HT, 2 dIE) BRI S AR AS ¢ K255, P<0. 05 3R
NESHEAGIT R,

3 #£§

3.1 BAIMER 2 UCM K RS E 28 # B oh i i %
o SERFARALE, BRAKEK EF, FS X
(P<0.05), LVEDD, LVESD #Jj1 (P<0.01), &
7~ 5/6 BUIBR G 220 Y IOFA O YIREOR , Bl
BNy, SEMANE, SFH4HKRK EF, FS T
B AR L (P>0.05), Sy H 2 Flsi A 5 b Ty s 57
=4 KBl LVEDD, LVESD W /N (P<0.05, P<
0.01), ZZO=EY KIGakE, WE 1, £2,

B1 SAXKROHEBERE

Fig.1 Ultrasonic examination of rat heart in each group

%2 £MAKXREF, FS, LVEDD, LVESD f&Lt% (x5, n=3)
Tab.2 Comparison of EF, FS, LVEDD and LVESD values in rats in each group (xxs, n=3)

451 EF/% FS/% LVEDD/mm LVESD/mm
BFARA 87.26+8.37 58.97+10. 74 5.59+0. 39 2.31x0. 81
AL 66. 81+8. 28" 38. 62+6. 64* 7. 80+0. 63* 4.81+0. 61"
Hyb I 80. 89+9. 60 51.78+11.23 6.67+0.74 " 3.1420. 60 ™
35 R e {17 e 74.96£6. 61 45.44+6. 16 7.35+0.20 3.99:0. 49
B e Ty e 2 76.43+10. 94 47.53+11.55 7.34x0. 63 3. 80+0. 56
B A R ek e 79 4 79.74+8. 47 49.94+8. 38 6.30+0.27 3.310.77"

0 ST RAIE,*P<0.05,"P<0.01; SHEHEILHILE, * P<0.05, ™ P<0.01,

3.2 HAIK &G UCM XK e pusF, RER., &
akak-FePn HSERFARARE, HRAHKR
MILET . JREEKF-THE (P<0.01), IMLZLE K
SRR (P<0.01), REERBD), JFH ek
B ; SR LA, D HE 2 R R T 455
s REBUMALEF . R B ZKFREAE (P<0.01),
MLLE AT (P<0.05, P<0.01), WL$3,

3.3 BAI B H A UCM K R fiF IL-18, IL-18,
BNP K-F84%rm  SEFARL LA, BRI KRS
IL-18., IL-18, BNP /K F-Jhi&E (P<0.01); SALAIZY
2216

LA, A b3E 28 F AR T 2% 7 e 2 K BRI 1L
18, IL-18, BNP /K%K (P<0.01), W3R 4,

3.4 BAIBE &3 UCM K R0 IR R 235 4060 %
o SRFARA R, ARG KR BM B (P<
0.01), HM, LVM /1 (P<0.01), HMI, LVMI
TJHE (P<0.01), $#/RHEZALELE, SR
PbAss, A0 3H A R A 8 ok 77 4550 S 4K B BM 3
i (P<0.05, P<0.01), HM, LVM W /> (P<
0.05, P<0.01), HMI, LVMI [&ft (P<0.01),
s,
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®3 BAXRMANE, RER., MAEBKFELLE (xs)

Tab.3 Comparison of serum creatinine, urea nitrogen and hemoglobin levels in rats in each group (x+s)

20 51 ShiE 2 I WL/ (ol - L) JRZ A/ (mmol - L") MEEM/ (g L")
FAR4 10 31.50+3. 34 6. 4420. 52 161. 508. 67
ALY 8 162. 75+28. 14 32.03+7. 99" 116. 00+12. 13%
Hvb g 9 82.78+7.45 ™ 16.45+0.93 ** 139. 56£6. 21 **
35 R bt I 7 e 9 110. 89£15. 46 24 20. 11£2. 68 44 127.56+14. 15 * 24
B R Ry e ) e 9 89.78+12.10* 17.28+1.18* 138.78+6. 76 **
B ) T ) e 2 9 80. 44x11.52* 15. 63+2. 85" 141.33+7.23 ™

T SETARMEE,™P<0.01; SHEBALE, * P<0.05, ™ P<0.01; SHITMHA LE, 42 P<0.01,
F4 KEAARMTE IL-1B, IL-18, BNP KFELLE (ng/L, x=s)
Tab.4 Comparison of serum IL-1, IL-18 and BNP levels in rats in each group (ng/L, Xx%s)

25 Bt Va5 IL-1B IL-18 BNP
BFARA 10 39. 83+2. 40 137.48+5. 17 76.09+4. 13
LRI 8 52.82+1. 47% 189. 30+4. 53 101. 80+4. 05
#vbiag 9 45.64+1.20* 158.52+3.13 ™ 88.76+2.29 ™
BT 3 Qe 7 A5 2 9 49.18+0. 87 * 44 180. 16£6. 16 ** 44 95.92+3. 66 44
G A Rl e ) 2 9 47.33+1. 874 166.23+4. 65 44 92. 16+3.95 ™
G I B i s 7 A 9 45.00+1.33™ 155.31+6.92* 84.76x4.50 »

W SR TFRYIEE, *P<0.01; SHEMAHE, * P<0.01; SHUPHEAHE, 2 P<0.05,42P<0.01,
x5 BARRBOERERHILE (xxs5)

Tab.5 Comparison of rat cardiac mass index in each group (x=s)

41 51 Yy R HM/g LVM/g BM/g HML/% LVML/%
BFARA 10 1.010. 02 0.510. 02 464. 40+30. 78 0.22+0. 01 0.110. 01
RERIZ 8 1.35+0. 10%# 0. 83+0. 07* 342. 00+36. 92 0. 40+0. 02** 0.24=+0. 02%
AYpInA 9 1. 19+0. 06 ™ 0.63+0.03* 384.89+26.92 ™ 0.31£0.02™ 0.16+0.01™
35 R by {1 7 e 9 1.25+0.09 0.76+0.03 ™ 2% 371.89+23.68* 0.34+0.03 2 0.20+0.01 42
G R R Ty v A 9 1.20+0. 11 0. 64+0. 05 ** 376.44+23.58* 0.32+0.03 0. 17+0.01
1R A e 7 v 7 e 2 9 1.17£0. 11" 0.61+0. 06" 409. 22+23.29 " 0.28+0.03 ™~ 0.15+0.02 ™

. SEFPARAELE, ¥ P<0.01; SHRIHLE, * P<0.05, ™ P<0.01; SHHALLE, 2 P<0.05,4% P<0.01,
3.5 BAIM R A UCM X Ros gl sk & aaike  JfiiZ> (P<0.05, P<0.01), 0L DNA 45 43 98
B BFEARARROIAMRIESIES, MiEks &, WE3, £e6,
OGS WIRA4EHED e B, LR & 2 F6 BAXROINMALMA TUNEL £& AR R
2. M UEM, KRS EFE  HEWIER,; (x5, n=5)

TRULH A B O LA B e SR &7 e RS 2580, WL i
{CRRIRE A AN 7 26 n] WL ELE5 P ROR, I o 2 4 i
Ji, USHTEL ) ARMORRON TELE AR IE L RN A A
J5 4% 00 i AR RO LA L 45 0, A MO T A 5 4
W, BIRAAEHS) R %, SRRk, D
R 7 i 79 o 2 o 3 dne B S, R 40 R o i
gk, WUTESHsEE, AL iR R ik i 2ok 1
LI 2,

3.6 FHAIFE &3 UCM K & S U2 4% 4w Bl DNA
P eh#%m  TUNEL )5, AT 4R a
Yo, MPATEARNL; DAPI Yt s, B2 A% 5
@i, SHBFRAE, BRI KRNI ZUHE
P 2 (P<0.01), #2770 JL40HE DNA #5i4%5
JUE DA AR TR SRR E, AvbIH
g Sl s 111 Ly = 1511 £ = WY e E 2N

Tab. 6 Comparison of positive rate of TUNEL staining in rat

myocardial tissue cells in each group (xzs, n=5)

20 51 PHBHM: %/ %
BT ARH 1. 000. 33
BRI 91.95+6. 81*
fvbingg 62.43+11.90™
Bt A B8 Jek TR e 4 75.58+12. 09
3B AR ey e ) 69.96+12.90*
B R e v 7 e 51.04=14.77"

E: S\FRALE,¥P<0.01; HSEAL LT, * P<0.05,
* P<0.01,
3.7 HA Bk aF UCM K R WUZE 28 NLRP3 .,
Caspase-1, IL-18 mRNA & A 89 %0 SHEFARY
Hedse, AL R B0 LA 28 NLRP3 . Caspase-1,
IL-18 mRNA FikTHE (P<0.01); SHERIAH L,
B R k7 i 9 i 2K B NLRP3 . Caspase-1., IL-
18 mRNA FIKFEAL (P<0.05), WiKT,
2217
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TE: NS, MiMZoRiiR, LLOFI R IR ARR, I ORLEREY, WEROH kIR 24, %6
LR M2, MEMAERREEIEAER, BOFLIERIRE, OSSR, RS OH LB R M

ElE

B2 fAKXROGHN

Fig.2 Ultrastructure of rat myocardlal tissue in each group ( x20 000)

E3

FZHKXROM

LM EBMEM (%20 000)

. A NETFARLG, B NEBIMYL, COMAVMRLL, D~F SR HAFEmITIE, B Bl
ZH 40 4M A TUNEL $£&

Fig.3 TUNEL staining of rat myocardial cells in each group

x7 BAXBRLANAZR
mRNA Rixbb#: (x+s,
Tab.7  Comparison of mRNA expressions of NLRP3,

NLRP3. Caspase-1, IL-13
n=3)

Caspase-1 and IL-13 in rat myocardial tissue in

each group (x+s, n=3)

21 5] NLRP3 mRNA  Caspase-1 mRNA [L-18 mRNA
BFARA 0. 96+0. 05 0.74+0.16  0.35+0.43
AL 4.57£0.24™  1.72+0.30™  3.41x0. 63"
SV HH 3.47+1.42 1.12£0.47  1.50+1.02
BRI AT A 4. 55+0. 85 1.31£0.42  2.04£2.25
BiAIF o h g 3. 731,11 1.12+0.46  1.76x1.33
BRI a4l 2.99£1.04%  0.93+0.09"  1.19+0.75*

H. 5EFRALE,*P<0.01;

2218

SRR, * P<0.05,

3.8 BA Bk 3t UCM K & s UZE 2% NLRP3,
Caspase-1, IL-1B & kX e %n SERFARAEL
B, FRRIZH KB NLRP3 ., Caspase-1, IL-1B
KBTS (P<0.01), $27R SOREM BH0E , AHOC I
N ST A, AV SH 2R R A
FI2H A Bl NLRP3 | Caspase-1, IL-1B &[4 % AKE
fi& (P<0.05, P<0.01), ik 75 o7l i 41K
B NLRP3, IL-1B & RIAFEAL (P<0.05), UL
4, K8,
4 itig

BT LR | 455 . RENTFI
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He A HERFARG, B AKAIL], CAMUMA, D~F 3l AI ik, b, miliatdl,
B4 FHAKXFEOAMAL NLRP3, Caspase-1, IL-1p EH KT
Fig. 4 Protein bands of NLRP3, Caspase-1 and IL-1f3 in rat myocardial tissue in each group

®8 HHKROULEL NLRP3, Caspase-1, IL-18 EH
RiLLEE (xzs, n=4)

Tab.8 Comparison of protein expressions of NLRP3,

Caspase-1 and IL-1B in rat myocardial tissue in

each group (xxs, n=4)
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