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E[1 385 7 (Western blot) & I < B ' 21 21 TXNIP/NLRP3/Caspase-1/GSDMD i i# & F K /2 41 ff 2 fitk /& 25 A ( Synaptopodin ) 3¢ ik 7K
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Effect of Danggui Buxuetang on Podocyte Pyroptosis in Diabetic Kidney Disease Rats:
An Exploration Based on TXNIP/NLRP3/GSDMD Signaling Pathway
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[Abstract] Objective: To observe the effect of Danggui Buxuetang on podocyte pyroptosis in diabetic
kidney disease (DKD) rats and to explore the possible mechanism of its prevention and treatment of DKD and

podocyte pyroptosis. Method: Eight of the 50 male SD rats were randomly classified into a normal group, and
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the remaining 42 were fed a high-glucose and high-fat diet for six weeks and then intraperitoneally injected with
35 mg- kg streptozotocin (STZ) for inducing type 2 diabetes. After successful modeling, they were randomized
into the model group, low- (0.72 g-kg') and high-dose (1.44 g-kg') Danggui Buxuetang group, and irbesartan
(0.017 g-kg"') group and gavaged with the corresponding drugs, while those in the normal group and model
group with an equal volume of normal saline, once per day, for 20 weeks. During the medication, the fasting
blood glucose (FBG) and 24 h urine protein (24 h-UTP) were measured regularly. After administration, the
pathological changes in renal tissues were observed by periodic acid-silver metheramine (PASM) staining,
followed by the observation of ultrastructural changes in podocytes under the transmission electron microscope
(TEM). Serum levels of interleukin-18 (IL-18) and interleukin-18 (IL-18) were determined by enzyme-linked
immunosorbent assay (ELISA). The DNA damage in renal tissue cells of rats was detected by in situ nick end-
labeling (TUNEL) assay. The protein expression levels of thioredoxin interacting protein (TXNIP) , cysteine-
dependent aspartate-directed protease-1 (Caspase-1), and gasdermin D (GSDMD) in renal tissues of rats were
detected by immunohistochemistry (IHC) , the expression levels of nucleotide binding domain like receptor
protein 3 (NLRP3) and Wilms tumor protein-1 (WT-1) in podocytes by immunofluorescent (IF) staining, and
the expression levels of TXNIP/NLRP3/Caspase-1/GSDMD pathway proteins and Synaptopodin in renal
podocytes by Western blot. Result: Compared with the normal group, the model group exhibited increased FBG
and 24 h UTP, glomerular hypertrophy, mesangial hyperplasia, increased extracellular matrix, thickened
basement membrane, K-W nodules, vacuolar degeneration in renal tubular epithelial cells, foot process fusion
or loss, elevated serum IL-18 and IL-18 levels and TUNEL-positive cells in renal tissue, enhanced NLRP3 but
diminished WT-1 expression in podocytes, down-regulated Synaptopodin protein expression, and up-regulated
TXNIP/NLRP3/Caspase-1/GSDMD protein expression (P<0.01). Compared with the model group, Danggui
Buxuetang high-dose group remarkably lowered FBG, 24-h UTP, and TUNEL-positive cells in renal tissue,
improved renal histopathology and podocyte injury and loss, down-regulated NLRP3 expression in podocytes
and TXNIP/NLRP3/Caspase-1/GSDMD protein expression levels, and up-regulated WT-1 expression in
podocytes and Synaptopodin protein expression (P<0.05, P<0.01). Conclusion: Danggui Buxuetang inhibits
podocyte pyroptosis to reduce proteinuria and delays the development of DKD possibly by regulating the TXNIP/
NLRP3/GSDMD signaling pathway.

[Keywords] Danggui Buxuetang; diabetic kidney disease (DKD) ; podocyte pyroptosis; reactive
oxygen species; nucleotide binding domain like receptor protein 3 (NLRP3) ; thioredoxin interacting protein
(TXNIP)
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1.1 Zh¥y 78 SPF 4tk SD KB 50 H, iR it
H(200+20) g, W [ b 4E il Rl AR SL 0 sh W H R A
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A AR AL S 4 9 8 ET1705-72, ET1610-93,
ET1608-69) ; %t 3K i —Ht GSDMD , e 3k Wi — i Jif 783
-1 (WT-1) (23 ABclonal 23 & , 4t 5 2 % K
A18281,A16319) ; BRI — 4T /2 40 i 28 firk /& 25 1
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551 °h ab214025,ab215539) .
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Uk B K N ER B AL YT A O G T
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YETT 31T

2.5 TUNEL & il K §UE 4121 40 s DNA i 44 1% i
KA A B R U0 4 wm R E T AR |
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BH 1 40 i 5 2 A A 40 b 850, LA B 2 400 e 504 A% 4
Ji 3% TUNEL BH 1 41 g %

2.6 ¥ 2 Ak (THC) ¥ 6 I K B 4 21 TXNIP,
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WK ZH, FIRMEE ,DBA B, SRR EE U, ik
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Br L AR 0 516 32 14 /T8 FRAE g 46 00 45 51
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HERE1Z.

F1 HF3MMFHX DKD X B FBG & 24 h-UTP BIS I (f+s,n=8)

2.8 FHEHMBEEIE P (Western blot) &6 Il 4% 2H K B
B 2H 41 b TXNIP, NLRP3, Caspase-1, GSDMD &
Synaptopodin 4 1 & 35 fff Ji] RIPA % i i £2 U
HLE N, BCAEN E & AW . ¥EABEBRMA
5xLoading buffer 2 ¥ ¥ , ¥ /K i A8 P, 10%SDS-
RAGE Wi 7k , PVDF §% i B it A TBST B & A8,
T B A= 45 %8 ¥R A, TXNIP(1:1 000) ,NLRP3(1:
1 000) , Caspase-1(1:1 000) , GSDMD (1:1 000) ,
Synaptopodin(1:200),B-actin(1: 1 000)—4 4 °CHiF
H AR 8, B U TBST # 1:5 000 Fb 491 76 B,
FME  ECLIL W @ i H Image JAKF 50 #1457
JKEEAE , B0 8 A AR XS R 35 = H 1 & K EEE/N
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2.9 GeitEartr BuE SR S A SPSS 21.0 #4443
Mrab e, PR L X + s B P A IES A B7
2255 K B R T3 22 03 B s A& R AR S 8RR F
K, L P<0.05 R 22 5 A 4 it 2e i L

3 #7

3.1 XfDKD K KlFBG,24 h-UTP 0 5 1F %
R, BRI K L FBG, 24 h-UTP & TH 5, 2 5%
HA BFGI 7 L (P<0.01) ; SEIR A L, 4
AN I3 5 R AL FBG B SRR AR, 25 5 B B 4t it
22 X (P<0.05) , 5 b I 37 5 7 5 41 1 B Db 3R
4124 h-UTP W] B BEAIK, 22 7 B A it & L (P<
0.05), W1,

Table 1 Effect of Danggui Buxuetang on FBG and 24 h-UTP in DKD rats (x+s,n=8)

24 h-UTP/mg-24 h'

20 51 /g kg FBG/mmol-L"!
8 Jil 16 20 4
IEH 5.67+0.33 6.50+0.97 6.40+0.83 6.90+1.27
(Xl 29.10+2.55" 23.21+3.84" 41.02+4.34" 46.57+5.66"
EYER SN 1877] 0.78 27.70+£2.36 21.36+2.79 37.90+3.92 42.45+4 81
1.56 22.10+1.82% 17.18+2.20% 29.03+3.92% 34.17+4.40%
Je W Vb 0.017 28.90+2.03 16.15+2.68% 29.03+3.57% 32.95+4.51%

WS IERW LR VP<0.01; SR H#5 2 P<0.05,% P<0.01(F 2~51d]) .

3.2 X DKD K B 41 20 %% B 2% o A8 1Y 5% T
PASM 40 i /i, 5 1 % 41 L&, BRI 41 K BB /D
BRI, BE 5 5 1 TR, B K-W 459 5 3 O L B
AN, 5 IE R AL R, AR 2 R R IS A R R S8 il
HGER GHEMA LT, 2840 T B, 44K
B PASM e 0 KL Ji JI5E 1 J5E 22 M L K-W 25 5 80 L,
o O e R S N R Y IR O
3.3 X} DKD K Bl if ¥ IL-18, IL-18 /K ¥ 4 5 i
5 IE R 4 8, B KB IL-18, IL-18 K1 18 3%
. 52 .

TEE (P<0.01) 5 5L AL H A, 24 9 41 il 377 1 77 i 41
K JE U vb 3 20 K RLUIL-18, IL-18 7K 7 B 5 [ AL (P<
0.05). WLz&2,
3.4 X DKD K B 41 2140 il DNA 41 3 19 52 i)
5IE# 4 g, BEAY 2 B 21 40 TUNEL BH 7 40 g
I E 2 (P<0.01) ; SR AL, X H A0 I 5
IR 7] 4 20 X JE U1 70 41 TUNEL FH A 40 i 25 35 B
FEAG, 22 5% B ge il 2% & X (P<0.05,P<0.01). UL
#3,K 2,
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AL EF AL B, BERIAL CL Y A I AR R B 21 5 D. Y IR 0 = 0 G2 EL JE DUV 3R AL (1B 2~51R) )
B 1 UM% %S DKD X R & HEARBRSNHIE (PASM, x400; 3% H L5, x7 000)
Fig. 1 Effect of Danggui Buxuetang on renal morphology in DKD rats (PASM, x400; TEM, x7 000)

Fz2 LHFHMFH I DKD X R M iF IL-18, IL-18 K FHIE M (x5,
n=8)
Table 2 Effect of Danggui Buxuetang on IL-18,1L-18 in serum of

F3 HFMFHI DKD ARG HLRMEDNARGHIFI (3,
n=8)
Table 3 Effect of Danggui Buxuetang on DNA damage of kidney

DKD rats (x+s,n=8) ng-L" tissue cells in DKD rats (x+s,n=8)

4151 /g ke IL-18 IL-18 4151 /g ke FH P 440 1D /%
EH 17.94+4.30  20.98+4.81 FH 15.11£2.19
e 33.64£5.99"  40.47+6.25" A 34.83+4.13"
ELEEINIR] 0.78 25.28+4.12 32.1345.02 ELEEIN IR 0.78 23.68+3.64%

1.56 21.19£4.80”  26.90+4.64” 1.56 19.33+3.19%
JEARUR:EN 0.017 27.13£4.95”  31.91£5.61% JEAIRUR:EN 0.017 24.57+3.28%

3.5 Xf DKD K fl ' 4 21 TXNIP, Caspase-1,
GSDMD & fii ik 520 515 4 i, AL 4
KU ZH 41 7 TXNIP, Caspase-1, GSDMD & [1 % 15
& T (P<0.01) ; 5 BT8R 20 L3¢, 25 05 &b 1l i 5

I 57 & 4] & e 00 b 3H 4 K BLUE 41 4 b TXNIP,
GSDMD % ik B 5 B A% ( P<0.05, P<0.01) , >4 I % 1fil
e ) 2 R JE UL Vb 4H 2 R RUE 40 4P Caspase-1
FE35 B 5 B AK (P<0.05,P<0.01)., W% 4,K 3,

B2 L3453 DKD X RS HL MM DNABRG R F N (TUNEL, x400)
Fig. 2 Effect of Danggui Buxuetang on DNA damage of kidney tissue cells in DKD rats (TUNEL, x400)

F4 LA MF DKD X RS AL TXNIP, Caspase-1, GSDMD E L RIZH M (¥+s5,n=8)
Table 4 Effect of Danggui Buxuetang on expression of TXNIP, Caspase-1, GSDMD in DKD rats (x+s,n=8)

2051 /g ke TXNIP Caspase-1 GSDMD
EH 0.136+0.011 0.205+0.028 0.129+0.017
AL 0.412+0.046" 0.442+0.050" 0.305+0.034"
EYERI N (18%7] 0.78 0.283+0.022% 0.422+0.047 0.237+0.029%

1.56 0.165+0.018> 0.251+0.023% 0.140+0.019%
JERARGS k| 0.017 0.201=0.023% 0.298+0.028> 0.228+0.025%
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TXNIP

Caspase-1

GSDMD

A B (¢ D E
3 LHJFEM W% 3 DKD X R S 42 48 TXNIP, Caspase-1, GSDMD & B RIiZHI M (L 411k , x400)
Fig. 3 Effect of Danggui Buxuetang on expression of TXNIP, Caspase-1, GSDMD in DKD rats (IHC, x400)

3.6 X DKD & 2 4 il b NLRP3 35 35 7K F 1) 2 B E T S A HE A, “’B%Mm/ﬁn ) & 41
W 5 IEH 4L bR B AL A K B NLRP3 7E 2 4 il 3% NLRP3 7E /& 4l g % 15 i REAR . WA

NLRP3

WT-1

DAPI

Merge

A B C D E
B4 LJFFM07H I DKD X RUE 4888 NLRP3 RIEKFRIEM (550, x400)
Fig. 4 Effect of Danggui Buxuetang on expression of NLRP3 in DKD rat podocytes (IF, x400)

3.7 X DKD K5 414! TXNIP,NLRP3, Caspase-1, Synaptopodin & H 7 ik B &2 7 & (P<0.05, P<0.01) .,
GSDMD, Synaptopodin £ [ FRIE MM 5 1E# 24 s, K5,

Fo %, B R 44 K Bl TXNIP, NLRP3, Caspase-1, 4 itig

GSDMD # H £ ik B #F Jt @, & & 4 K K T A R DRI 1Y) R 2R B T 1 L B 2040 44

Synaptopodin £ [ % ik . 3 [ L (P<0.01) ; 5 LAY TH S0 PR S BT 1S 3] 6.42 42 N, Horp
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#£5 LHUFFIMFH Y DKD K RS H 4 TXNIP,NLRP3, Caspase-1, GSDMD, Synaptopodin & B R X BN (3+s,n=3)

Table 5 Effect of Danggui Buxuetang on protein expression of TXNIP,NLRP3, Caspase-1, GSDMD, Synaptopodin in DKD rats (x+s,n=3)

21 5 /g ke TXNIP/B-actin NLRP3/B-actin Caspase-1/B-actin GSDMD/B-actin Synoptopodin/B-actin
EH 0.57+0.06 0.82+0.07 0.31+0.04 0.36+0.04 1.34+0.11

7 1.14£0.15" 1.20+0.18" 1.18+0.11" 0.96+0.09" 0.83+0.05"
YRR 1877 0.78 1.04£0.10 1.00+0.11% 0.93+0.08” 0.78+0.10? 1.21£0.13%
1.56 0.78+0.07” 0.89+0.13" 0.73+0.06> 0.69+0.08" 1.32+0.15%
JE Db IH 0.017 0.70+0.05” 0.77+0.10% 0.61+0.04> 0.57+0.07" 1.27£0.12%

T—NNL T s (LR AN L EE A SN

AR 45 T T R0 255 2 05 B O M o B A

NLRP3 110 kDa JIELR AT e e P PRk BT R ST A A

Caspase-1 ‘. @ @ 45kDa
GSDMD s @EEND @IS WS S 531D,
Synaptopodin i NN 100 kDa
f-actin  MEENES GENED SIS G a— 2 kD2

A B C D E
5 B 44 4 dh TXNIP, NLRP3, Caspase-1, GSDMD,

Synoptopodin & H % B ik
Fig. 5 Electrophoresis of TXNIP, NLRP3, Caspase-1, GSDMD,

Synoptopodin protein expression in renal tissue
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