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(Abstract] Objective To investigate the effects of Fangji Fuling Decoction (FJFLD) on renal function and glomerular
mesangial cell pyroptosis in diabetic nephropathy (DN) mice, and to explore its underlying mechanism of action. Methods Forty 8-
week—old male C57B1/6 mice were randomly divided into control group, model group, FJFLD group, inhibitor group, and FJFLD+
inhibitor group, with eight mice in each group. The control group was fed normally and administered an equivalent volume of
normal saline by gavage, while the other groups were induced with a high-fat diet and streptozotocin (STZ) injection to establish DN
models. After successful modeling, the model group was given an equivalent volume of normal saline by gavage, the FJFLD group
was treated with FJFLD via gavage, the inhibitor group received intraperitoneal injection of NLRP3 inhibitor MCC950, and the
FJFLD +inhibitor group received both FJFLD by gavage and intraperitoneal injection of MCC950. All groups were continuously
treated for eight weeks. MES-13 cells were randomly divided into control group, model group, FJFLD group, inhibitor group, and
FIFLD+inhibitor group. The control group (normal cells) was treated with blank serum, while the other groups were exposed to a
high—glucose (30 mmol/l) medium to establish DN—induced cell injury models. The model group received blank serum, the FJFLD
group received 10% FJFLD—containing serum, the inhibitor group received the NLRP3 inhibitor MCC950, and the FJFLD+inhibitor
group received combined 10% FJFLD-containing serum and MCC950. All cells were treated for 48 h. The fasting blood glucose
(FBG), serum creatinine (Scr), blood urea nitrogen (BUN), urinary albumin—to—creatinine ratio (UACR), total cholesterol (T'C), triglycerides
(TG), and low—density lipoprotein cholesterol (LDL-C) levels were measured in mice. Hematoxylin—eosin (HE) staining was performed
to observe renal histopathological changes. Western blot was performed to determine the expression levels of pyroptosis-related
proteins (NLRP3, Caspase-1, and GSDMD), and inflammatory factors (IL-1@ and I1L~18) in renal tissue and MES-13 cells. Transmission
electron microscopy was used to further observe the pyroptotic morphology of MES-13 cells in each group. Results Animal
experiements indicate that, compared with the control group, the model group showed significant DN pathological changes in renal
tissue, along with elevated FBS, Scr, BUN, UACR, TC, TG, LDL-C, NLRP3, GSDMD, Caspase—1, IL-1B, and IL-18 levels (P<0.05,
P<0001). Compared with the model group, both FJFLD and inhibitor groups exhibited ameliorated renal histopathology, along with
reduced FBS, Scr, BUN, UACR, TC, TG, LDL-C, NLRP3, GSDMD, Caspase—1, IL-1B, and IL-18 levels (P<0.05, P<0.01, P<0.001).
Compared with the FJFLD group, the FJFLD+inhibitor group demonstrated improvement in renal histopathology, with lower levels of
FBS, Scr, BUN, UACR, TC, TG, LDL-C, NLRP3, GSDMD, Caspase—1, IL-1B, and IL-18 (P<0.05). Cell experiments indicate that
compared with the control group, the model group showed obvious pyroptosis and elevated NLRP3, GSDMD, Caspase—1, IL-1p, and
IL-18 levels (P<0.01). Compared with the model group, both the FJFLD group and FJFLD+inhibitor group exhibited ameliorated
pyroptosis and reduced NLRP3, GSDMD, Caspase-1, IL-1B, and 11-18 levels (P<0.05, P<0.01). Compared with the FJFLD group, the
FJFLD+inhibitor group showed ameliorated pyroptosis and reduced NLRP3, GSDMD, Caspase-1, IL-1p, and IL-18 levels (P<0.05, P<
0.01). Conclusion FJFLD may improve the renal function of DN mice by inhibiting NLRP3/Caspase—1-mediated pyroptosis, thereby
reducing pathological damage and inflammatory response in renal tissue.
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R, BT C A% B A H R 5 IR
L, BAMRBARIK 45 SR IR, ZWtRER
W1, B AR AU BURRCR I TR0
B R A A (B H AR A, P A
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1 ##l
1.1 sh¥pFndmpe

40 H 8 JARRHENE C57BL/6 /NN 20 HAA G
180~220 ¢ MMM SD K ERII [ b 5t 4 A1) 42 5
B ARAT R R AE P2V AT UE . SYXK (51)2021-
0006], i FHF AT IIE : SYXK (5%)2022-0052) , 12 h St/
BB A L (2242) C, AHXTREE 509%~60% , /1N B
HHEEMYOK, A shy) S zim hE 2K
25— B B HLRG o A 25 L St AR B g 5
ZYFY20221210-10,

B /INER ZR IE A0 I MES—13 4 It [ 55 [ gl 1
FEYRI L, 585 CRL-1927,

1.2 FEAFA

DMEM }iFekk it 2R 103 (36 Gibeo AH] S
11995065 ,16000-044 ) ; 75 %5 3 -5 & 3= X HT . BCA
TR GR & M 062100 (36 [E Thermo
Fisher Scientific A H], fIt*5:15140122 23225 32106) ;
HE Je 30 & (AU R AR IR A A it 5
G1120);NLRP3 #ifk Z4# 2% D(gasdermin D, GSDMD)
PR Caspase-1Hiik . HAMISZE (interleukin)- 1B
Pifk IL-18 Hifk (3E Abcam 23], #t 5 :ab263899,
abh219800.ah207802 ,ah283818 . ah243091 ) ; # AR i

AP FRIE A —3T (horseradish peroxidase—conju-
gated secondary antibody, HRP) (3£ Cell Signaling
Technology /A ], fit5:21230)
1.3 FENH

CO, A3 FRAH (I R BRI A A PR A
A5 LCI-85T) ; ZH 2R i X AL (TC 8 Tl o B 721
YR FRA A 505 . BD-GDB1 ) ; fE IR IR ( i
—fE B2 E AR A BRA ], A5 . THZ-300C) ; {5 &
TS (155 Leica A, %15 : DMI3000B) ; 4 [ i Yk
A CEIAAUR AR A B 90 R AT BR A W), AL
Mini—-PROTEAN Tetra 1658033);pH i ( I~ i B fk
IUEA R RS . PHG-30) ; B, R (R e
RHE AR BRA ], 5 . ML623) 5 385 i i e (36
Thermo Fisher Scientific 2AH], %15 Tecnai G2 20-
s—twin) .
2 Hik
2.1 MmiEH&E

20 2 SD K EBENL S 5 24 1M 3% 20 A0S 11 i
B, B 10 B, BN HERSE 1RGP T I
o BiCRE GG IR 70 kg AR H R
125 g B 24 FAR R AR L 45 o R B4 350 1o 1
H 11.25 g/kg™, & 24 M3 il R SR80 1t 1 5 A%
WATHEE A 56.25 gkg RG24 2.5 of
mL, 73 FHEE 22.5 ml/kg™, 3 PIREEST, 4L 7 d,
HJE—R&GZ)E 1 h #E T REBIE Ehlickin, &
LRI FE 30 min J5,LA 4 °C.3 000 r/min B.0>
10 min(BL42 15 em) 43S INTE™, 25 FILIE Y
il A& 2 AR ) 0 (0 AR BRER K A TE 1 B Je — IR G
24J5 1 h,>RHH5 & 20003 AH [R5 R i 250
ST INGE . 56 CRIE LW 30 min,0.22 wm 13§
PR IR TR, -80 CHALE, FH T IR 22505, ARAE T SL
A5 A B E 1090 5 25 1035 Ry S A TR B2, ]
T IR S M S g A 3
22 HEEAE

Z:25 SCHR[15 1R 2 DN BEAY | SEIG FREE R/ INER AR
TR A TSR, Bl 5 I M= = BR iAok, 74t 6
JA RIG 5L 5 d WK 35 me/kg HEMRIA R .
T JR3E 2 FE R VKR MU0 22 /N B MBS KPS 2
SRR, /MBS P R 1R85 T 1.1 mmol/L,
() Aoy 368 2o PRV R PR 1 88 /LI EUAEL (Urine albu-
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min—to—creatinine ratio, UACR) 75 DA PEAL 15 D1 fg
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Horp 32 HUNRE T DN #5455 T 8 Hik A il
2, 32 RSB/ B B B LB ek 40 st
RIZH i CARZE A A 30 2 LA S B CAR %S 1+ 40
TFIZH B 8 H, XoF RAZH ASTRIZH PE i A PR
K, B CARZE A T L) 200 mg/(kg-d) B CARZ
B IR 20 7 DUKE B 1 5 NLRP3 1 il 551 MCC950
(10 mg/kg)"', B VAR ZE 17+ 1570 4T LABH AR
7 200 mg/(kg-d) ¥E B+ S NLRP3 11 i 51
MCC950(10 mg/kg) , RRLAYIELSTHl 8 Jil, /NEUR
WAEATE S U0 2 8 JA R AR M/ BB B T8
o ISR 24 h FRIEFEAS TR INRES B RAEK ik
EMRIEAE 4 °C .2 000 t/minB5Cr 10 min( B0
15 em) )5 W ETHWOH TR, SCo 45 s, i
INERFEEEE 12 b, R DA HIR 5 iR B2 40 JE 1, 4%
J5 FHERLFIALSE,, AMNEIMAEATE 4 °C.3 000 r/min #
L3 15 min(BOHAE 15 em) KRG , T-80 CIHR
P25 FH L LA AR /N BV IELHSUREAR T80 CLRAT
#H.
2.4 {HRIERT A

B /NBR 2 I A0 D MES—13 401X DMEM 15 5%
FAE 37 C.5% CO, BEFRAa h i riE g% . ABp
PRI R MR B 5 I 4R M 40 , 4 1x10° 1~ MES-13
YR T 6 fLAR T, B3R 2 80% Al & S, &
30 mmol/L FZj1E DMEM Bl iab 7 48 h, £
ST/ INBR 22 BRI B ) e R AR
2.5 Hpas AR T

AWFFTANME 320 R X BRLH (IE & 553709 MES-13
I A LS M AL 48 h) FEAIZH (MES-13 4
Made Bk “2.4" ki RS +25 A MLIE AL EE 48 h) (B
CRZ AL (AR AL (1 3 At T +10% Bl C AR &
25T AL PR 48 h) I S LH [ AE A AL ZH A S A T+
NLRP3 #1151 MCC950(5 wmol/L)ZbBE 48 W™ B )
TRZE 1+ 30341 770 AL [ AE AR TR 2 (1) Bty 1 +109% B AR
X 24 L3 +NLRP3 #l14i 71) MCC950(5 pumol/L)
QLR 48 h],
2.6 MAEFNEIHEEHE KIEFRAET

FESES R R 3 R AR /N BRUR R DK LR A 7 1
BEACFAI , 58 1 9k, I 525 17 1MW (fasting blood
glucose, FBS) LATTAh 58 114 i A 14 Ji A1 T Tl 2R

B U REAH R REAE MIE U (serum creatinine, Ser) |
MR ZE % (blood urea nitrogen, BUN)FI UACR F£s
W, A4 A S A A T AR Ser  BUN KPR K
UACR, LAVFAS & DRt i 18 0 .
2.7 BEBRRIEHIEIRG

Jig BT AR A DG Fr A 45 S [T BE (total choles-
terol, TC) . H i =Bk (triglycerides, TG ) AL A5
FE FR[EEE (low—density lipoprotein cholesterol, LDL—
C) ¥yt 4 H S A TG TR I, T A 5
VERIH BEAE AL A WAL bR HE TR R A T84, FH 3T
i /INERBE A R A A8 1 B 25 T TR
2.8 HE $BNREHDREES

W H LU 10% P AR /R AR R E 24 b BfJS
MBI SR T HOREN] A Ry
LI 4 pm YT H, 64T HE Qe e Yef
J& DG BAERIER B /N R aS H Ak 4 /)N
BRORE TA] 5K i | i A IR S BRARAE
29 EHHEEWRMARETES

W MES-13 40 2.5% 1% "R [E5E 4 h, B2
SRS P 18RRI E 2 h, BfS4E L
P A B2 K A AR AR A3 D) (70 nm) , fff
FHTE R DU B P AR R A DU e e, AR AR 25 78 A
J , 30 o 7 5 R B LS MES—13 441 i 1) 8 1 vy 2
b, F S PPAL A AL S R | RS R Tl SR 4 A T RRAE
FEXTAN RV 530 1] 64 26 S a6 A T LR
2.10 Western blot X ZTEHRIZIFR

A (1 55 U 2 2R 200 B 2 A v P AR ERUR R
H, B BCA B ARG S e 2805,
SDS-PAGE ¥f #EHU 20 wg & 1143 B I % 51
PVDF i I, BS54 PVDF 43515 L F—HifE 4 C
TFRFE I NLRP3(1:1 000) .GSDMD(1:1 000) Cas-
pase—1(1:1 000) .IL-1B(1:1 000)FI IL-18(1:1 000),
YRS, I HRP(1:1 000)7E 37 C ¥ H 45 min,
GAPDH 1 NHRXT IR . AL 2 RO R R Gext
PEEAT 5 FRLAR , LA Tmagel B4 H US55
JEAE, I BAR R F Rk &
211 Fit=ZaHh

K] SPSS 25.0 #AF #4758 43 #7 , Graph-
Pad 9.0 FAATEE T ILAL T AT 40 SE 30 304 T T
/0 3 WM AV ER (n=3) , T EEIRIC N “ves”,
Giit LR AR 3R 22500, SR AT Tukey 55
JERERE . DA P<0.05 RRZERAGIEE X,
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3.1 FHENRMAEFEINBELLER

L% HRAH A L AR /INER FBS (Ser BUN .UACR
HKF-H TR (P<0.05) . SEAIZHARLE , B C AR 17
4 A 7R R O AR T 4+ A S 4/ B FBS
Ser . BUN Hl UACR $8F5¥ T FE(P<0.05) , SBiC AR
XA IR L, B AR 7 2+ 30 i 2/
fl FBS .Ser . BUN Fl UACR F84524 F [ (P<0.05) , 1
W3R 1,
3.2 HANREERKRBIHELIEIRILE

55X HRZH A L, AT 41 /N R TC TG I LDL-C
KT (P<0.05) , SHERUZAR L, B CARZ A
R LA CAZE 2+ 20N B TC TG A

LDL-C 7K FEIFEAR (P<0.05), HFiCARE 4l AW
FIFIA L, B CARZE 4+ 20/ B TC TG
LDL-C /K[ (P<0.05) . PEILE 2,
33 BHNMREHRAREFR

Xof A/ U /NER B 0 iU R HES BRI, 4544
SERE 8] T TC K RN SRV AR AU /N B A 2L
T A B O | ELAR R R B /N R ARG
B AR A ] K i A DKt AR 2 LI, /)
B AN JT A S AR B AR A R
I 2/ BB /N ER PR BURA TR BT K sl | 92 9 240
JL R > 5 B L AR 2 7+ 410 ) 55 2 /0N B /N BR AN
B /N I SE AT IR, K iR S8 E A0 AR A
Wb TR T,

® 1 BENRMAERE DEEFEARELER (x5, n=8)

Table 1 Comparison of blood glucose and renal function indicators among different groups of mice (x+s, n=8)

415 FBS/(mmol/L) Ser/(wmol/L) BUN/(mmol/L) UACR/(mg/mmol )
Xof B 4.37+0.66 24.05+1.36 5.24+1.03 0.030.02
FEAIZH 20.40+0.89% 66.83+1.49%* 12.37£0.71% 0.36+0.07*
B QAR A 9.610.65" 36.53+0.95" 8.28+0.94° 0.13+0.03"
Bl BAIEE] 9.70+0.52* 35.26+0.94* 8.18+0.94* 0.10£0.01%
Bii CLARES 7+ ) 6.39+0.81%4 27.57+0.69%4 5.400.78%4 0.05+0.03%4

. EX IR A, #P<0.05 ; S AR, *P<0.05 ; 5B CARZS A AL L, $P<0.05 ; Sl R4t , 2P<0.05,

®2 BHMRIERRGHEIRILE (v2s,n=8)

Table 2 Comparison of lipid metabolism indicators among different groups of mice (x+s, n=8)

21 51 TC/(mmol/L) TG/ (mol/L) LDL-C/(mmol/L)
POEEE | 1.13+0.02 0.35+0.06 0.22+0.04

Rk 3.01+0.15% 1.68+0.09% 0.95+0.08*

B AR A 1.360.49" 0.65+0.08" 0.44£0.07*

T 2 1.38+0.04* 0.63+0.09* 0.42+0.09*
B C AR 17 +4 1 75 40 1.12+0.11%4 0.34+0.10%4 0.22+0.04%4

L SXFIRAL A, #P<0.05 s SO LR, *P<0.05 ; 5B CARZ A AL LR, $P<0.05 ; Sl R4 thdg , 2P<0.05,

AL B SR 2H HhIFIA B CARZS i+ SR 4

%

B1 SEANNREHER

Fig.1 HE staining images of renal tissue in each group of mice
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34 BHNRBHELRY
BRIEER

5 Xt R AH b AR A /NS 2R rp A AR T
AT NLRP3 .GSDMD ,Caspase—1 . IL-1B F1 IL-
18 FHF/KF-TH5 (P<0.001) , SEBIZHAHLL , B AR
KT A T2 AN BT O AR 1 4+ 40 i 550 4N R
B 4140 NLRP3 ,GSDMD , Caspase—1 . 1L—13 F1 11—
18 /K R (P<0.01,P<0.001), 5Bic k%%
A AW ZH AR L, B AR 25 + 3 R A RO
20 41rh NLRP3 ,GSDMD , Caspase—1 . IL-1f £ 1L-18
EHKE FRFE(P<0.05), FEILIE 2—3,

HAETHXEFRENE

f»z* 3

R @«es\

NLRP3 118 kDa

GSDMD 53 kDa
Caspase-1 45 kDa
IL-1B 30 kDa

IL-18 22 kDa

GAPDH 37 kDa

B2 SFHENREHAGRECHXEFEASETE
Fig.2 Protein band patterns of pyroptosis—related

proteins in renal tissue in each group of mice

35 BABNKREABEETERL

XA MES-13 AR IS5 H 5858 | 2 0 L2 AR JE 5l

St ER 2

EERiCh)

A E AL e RS
3+ = }fﬂ%J?‘UQE = E}iafiﬁ ZAE LILE A2

A A R
i
i

NLRP3 GSDMD
B3 HFHANMNREALMMETHXEFEAFRIEKE
Lb 8 (ks ,n=8)

Fig.3 Comparison of expression levels of pyroptosis—

Caspase-1 IL-18 IL-18

related proteins in renal tissue among different groups of
mice (x+s, n=8)

T 50 JREH HL A, +++P<0.001 5 5 BRI LA, #P<0.01 , *P<

0.001; SBFCARE AL AL, “P<0.05 ; SINHI 4L LA, 2P<0.05,,

HZNIY A% K HEEDE ; A4 MES-13 4
I PR S5 X G, 4 o S B IR, 3 434 R A A
W25 B CARZS T A AN 71 20 MES-13 4228
FEXTSERE | P T BB IR A B A1 5 B AR 1 + 3 )
FIZH MES—13 4 Jf0 45 ¥4 4 56 B, PR JoT 19 70 24 e g 1)
PR SR, TEULIEI4,

3.6 SHEBNKREAMETCHXEFHNEAR

5XT A B ZINLRP3 .GSDMD  Caspase—
1.IL-1B Al IL-18 & K FH T (P<0.01) ; 515
RIAAH LG, B CARZS A 2 A R LR By AR
4+ 15 20 NLRP3 .GSDMD , Caspase—1 . IL-1p #il
1L-18 & F /K I AR (P<0.05) ; 5B AR Z 4 |

_ WE%A%ﬁ

B4 BHMBBESRFER (x4 000, /51 pm)
Fig.4 Transmission electron microscopy images of cells in each group (x4 000, scale: 1 pm)
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Fig.5 Protein band patterns of pyroptosis—related proteins

in glomerular mesangial cells in each group
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Fig.6 Comparison of expression levels of pyroptosis—related
proteins in glomerular mesangial cells of renal tissue among

different groups of mice (¥s)
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