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Effect of Danggui Buxuetang on Podocyte Injury in Diabetic Kidney Disease Rats:
An Exploration Based on RIPK1/RIPK3/MLKL Signaling Pathway
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[Abstract] Objective: To observe the effect of Danggui Buxuetang on the podocyte injury and receptor-
interacting protein kinase 1/receptor-interacting protein kinase3/mixed lineage kinase domain-like protein
(RIPK1/RIPK3/MLKL) signaling pathway in diabetic kidney disease (DKD) ratsand to explore its possible
mechanism against DKD. Method: Eight of the 50 SD rats were randomly classified intoa normal group, and

the remaining were fed a high-glucose and high-fat diet for six weeks and then intraperitoneally injected with
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0.035 g-kg'streptozotocin (STZ) for inducing type 2 diabetes. After successful modeling, they were randomized
into the model group, high- and low-dose (1.44,0.72 g-kg"') Danggui Buxuetang groups, and irbesartan (0.017
g-kg") group. After 20 weeks of drug intervention, the fasting blood glucose (FBG) , kidney index (KI), and
urinary microalbumin-to-urine creatinine ratio (UACR ) were detected in each group. The pathological changes in
renal tissue were observed by hematoxylin-eosin (HE) staining, followed by the observation of ultrastructural
changes in podocytes under the transmission electron microscope. The levels of tumor necrosis factor-a (TNF-«)
and interleukin-6 (IL-6) in renal tissue of rats were determined by enzyme-linked immunosorbent assay
(ELISA) , and the protein expression levels of RIPKI1, RIPK3, and MLKL in rat kidney tissue by
immunohistochemistry. The apoptosis rate of podocytes was detected by in situ nick end-labeling (TUNEL)
assay. The mRNA expression levels of RIPK1, RIPK3, and MLKL in kidney tissue of rats were measured by
real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the protein expression
levels of RIPK, RIPK3, and MLKL and podocyte marker Wilms tumor protein-1 (WT-1) in rat kidney tissue
were assayed by Western blot. Result: Compared with the normal group, the model group exhibited elevated
FBG, UACR, and KI (P<0.01) , glomerular hypertrophy, thickened basement membrane, increased
extracellular matrix, mesangial hyperplasia, foot process fusion or loss, enhanced apoptosis in renal tissue, up-
regulated TNF-a and IL-6 levels (P<0.01) and RIPK1/RIPK3/MLKL mRNA and protein expression (P<0.01),
and down-regulated WT-1 protein expression. Compared with the model group, Danggui Buxuetang high-dose
group significantly reduced the levels of FBG, UACR, and KI, improved renal histopathology, podocyte loss,
and apoptosis in renal tissue, down-regulated TNF-« and IL-6 levels and RIPK1/RIPK3/MLKL mRNA and
protein expression (P<0.05, P<0.01) , and up-regulated WT-1 protein expression. Conclusion: Danggui
Buxuetang alleviates podocyte injury and delays the development of DKD possibly by regulating the RIPK1/
RIPK3/MLKL signaling pathway.

[Keywords] Danggui Buxuetang; diabetic kidney disease (DKD) ; podocytes; receptor-interacting
protein kinase(RIPK ) ; mixed lineage kinase domain-like protein (MLKL)
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1 (200+20) g, H b ot 4 A 42 5250 2h ) B R A B
O E R S ARIE S SCXK (5E)2016-0006, 17 3% T
)b B 2 BE SC 50 Sl W b U b oA B W B (FE VR
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T W RE TR R L A RAROK . AR Sh i SE 8 £
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DWLL2019018).

1.2 24 5H M%7 i 8 R 30 g, 48
6 g ZH W (2 M 8 R R ORL ] AR — il 2 A
BR 28 w4 AL 35 43 1 2 0071093, 0061513 ), Horf
1 g 8 AR AT BURI AR Y T 5 g A 25,1 g 24 I S ji ok
AT 3.3 g A2, 9 5 AT LA 25 B 1K T8 00 TR i R T
IR 0.36,0.72 g-mL" (19 25 TR B JE DLV A
(W VAR 2500 By A1 BR A A, 75 me/fy b5
H20030016, ) ; # IR A% 8 3= (STZ ) , F7 45 R B4 22 b WK
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i H A (mALb) R & (B AR Y TR MR
B, 4it 45 E038-1-1) ; 75 R F - 21 (HE) 44 i (I 2§
He R AR A BRA AL H#ES G1003) 5 A A i b
074 (TUNEL ) £ 3 77 & ( 2€ E Millipore 28 A , it
2 87100) ; &5 4l RNA 42 B it 7] & , Supersmart
cDNA & Wik 7 & , Supersmart SYBR Green if 7 &
(R S A AL i 4 5 i ZS-M 11005, ZS-
M14003,ZS-M13001) ; RIPK 1, RIPK3, MLKL, it J
FEH-1(WT-1) %2 s ESUE , B-NL 8l & H (B-actin)
Bk (287 ABclonal A @& , fit 5 43 %) & A7414,
A5431,A13451,A16319, AC026) ; AR 3o 4 1k ¥y 1
(HRP) #7519 Ll = Bt e S 72 3R 8 1 (1g) G (L 3
IR FE YR AT BR A | L HiE45 GB23303) .
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KRR Cr 7 2 5 2 EG W5 308 i JAS: T
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- FHEH LN T 4% 2 B PR A 48 h J5 A 8 A
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7K, PBS I UE 5 N 3%H,0,, & 37 °CH 4 40 min -~ %1 S92

E PBS {%{5’{: , jm% El ﬁﬁ K Egﬂ%%? 10 min, PBS {,{.E%(flﬁ 5 Table 1 Primer sequence

Wi # TUNEL W iR & i T 91 7 b i 37 °Cili 51 FF91(5-3") K /op

%’E‘ 1 h,PBS {%{ﬁt , {?éj][] i? /ﬂ: }‘ﬂj , E{E %’E‘ 30 min )ﬁ “3%3 RIPK1 L if TTCATGGTGCACAAACCCCT 240

UE.DAB B, IR KRB E YL . BKER bR
NEE R o 6 BB IR (x400) , B 5K U1 R FE AL %
SASHLEF , fdi FH Image-Pro Plus 3% 4 45 45 4> ¥ B rf
PH P 248 B 250 K A7 A% 40 B 5550, LA B 1 20 L 5/ A 4
Jf 2k B N ERVE TR R

2.6 g Ak ik (THC) £l K BRE 40 24 RIPKL,
RIPK3,MLKL & FH#&A K B LAY I, B
FE LKA PUREAE &, 5% 1 2 15 £ 4] 30 min, %
hn PBS Hi B¢ U B9 — B (RIPK1, 1: 200; RIPK3, I:
200; MLKL, 1:200)4 °C#% & i # , PBS b & 3 K )5
I A BRI 91,37 °CE F 30 min, DAB & 4, fiii
KB R S . R FH Image-Pro Plus 6.0 X
% B AL AR B R (x400) R 472 52 143 M, AR

W 1A /1 FRAE kg 25 3

2.7 ELISA Kl K BB 4040 TNF-o,IL-6 5 & HU
H—80 °CUKFE o 1Y B E L 20,4 B 8 0P 1 5,
TNF-a, IL-6 7 5 4K 4 156 B 45 fff A ELISA 3 51 & i
A7 €

2.8 Real-time PCR & Il X [ B 4 2! RIPKI,
RIPK3,MLKL mRNA k7K F B 20 400 A WFEE
SR 1T 4l RNA $2 B0 ) & 42 BCE 40 21 6 RNA L £
I RNA 4l i , Supersmart cDNA 7 WG 51 & 5 5% 5%,
H Supersmart SYBR Green il fl| & # 17 Real-time
PCR A . LA B-actin fE NS HE o R 45 F K
95 °C il ZE ¥ 10 min, 95 °CAE 14 15 5,60 °CiE k 20 s,
AR 40K o 255K H 29k AT e bt L 51 4 vt vp 52
(R R ok DA RS /5 0, P9 L3R 1.

2.9 M S0 BB s (Western blot) K6 ) K BB E
RIPK1,RIPK3,MLKL, WT-1 % (1 ik &% B

*£2 LHIFFMMH I DKD X FBG,UACR K KIBI &M (¥+s,n=8)

T TGACACAAGCGCAACAAAGG
RIPK3 ¥ CATCGATCTCTCTCGTGGGC 234
N CGTACACGTAGTCCCACTCG

MLKL Fiif GGGAACACTCCACGGAAACA 179
Fiif GATCTTGCAGTCTCTCGGGG
B-actin | CCCGCGAGTACAACCTTCTT 262

T AGGGTCAGGATGCCTCTCTT

B UL AR BOR BUE IR 218 1, R A BCA 3l 7 &
Foe B2, B4 B IE W 4 S A 5xLoading buffer
50 pL, 100 °CZ& ¥ 15 min, i & 148 PE . #% 8 SDS-
RAGE % & 1 vk Ut B 45 #F 17 1 Uk , PVDF %% [l
90 min. 5% Mt B8 5 # % WK £ A 2 h, TBST 15 ¥
3, % — P M2 NS B-actin ] TBST % 1: 1 000 Fs
BE,37 °CIE T 24 h; —Hifd i TBST 4% 1:5 000 #i B
ISR, 37 CIEE 1 h b ROCRE . i
Image J BT 45 B HE M E A KEHES
WS KA H 2R 7R B R A Rk i
210  GoitsEsr A BCUE GRS T SPSS 21.0 R
IAMTALBE . TR ERI R £ s FKoR S IE S K
7 % 55 K JH One-way ANOVA ; RFF 4 % HAE S %
RIS 56, DA P<0.05 R 2 A G248 L.

3 #7

3.1 X} DKD K# FBG,UACR,KIf & 5IE#
ZH A, B4 K B FBG, UACR,KI i & T, 2
SR BEGIEE L (P<0.01); SHEEIH LA, Y
VA I 377 55 9] £ 41 FBG B & f% 41K ( P<0.05) ,UACR,
KI &} 2 K (P<0.01) , JE DI VM 41 UACR, K1 B i
ML, 22 5% B A B W 43T 2% & X (P<0.05) .
W2,

Table 2 Effect of Danggui Buxuetang on FBG,UACR,KI in DKD rats (x+s,n=8)

FBG/mmol-L"'
251 F /g ke UACR/mg-g" Kl/g-kg'
25 25T 20 &

IEH 32.57+2.93 5.81+0.86 6.40+0.73 6.50+0.75
LY 146.37+7.31" 17.01+1.27" 30.40+2.09" 28.70+2.60"
E VRN (1877 0.72 137.41+6.97 15.94+1.12 29.60+2.20" 25.70+1.81

1.44 81.28+4.77 13.67+0.95 30.50+2.07" 22.30+1.73%
JERIRS:E 0.017 115.43+6.29% 15.10+1.07% 30.00+1.93" 26.10+1.82

0 HIEH A A VP<0.01; SR8 2H H A Y P<0.05,7P<0.01( 3K 3~7 A7) .
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3.2 X DKD KRBFHLURHIEEEm E5E T
WL, 5 I 2 g, B 4 K R /NER I K, R
B A ZR WA T RE n, B R G TR 5 R A 4 L
B4 T WA R B A 200 BE A AN ) AR B Y ek

o B IR BT T LS A M R R A L
TEH AL P B R A R BRAR AR M R S B K
B B JRE 5 S A A PR, Y H AR i 2% R R
P LSV B A AN R R 2k . WL 1

A IEF A B, BRI C IR LA KA 4 DL ISR B R G dL G E. JE DY I A (18] 2~4 ] )
E1 L3 mi% % DKD X R & HARBERSNZ I (HE, x400; TEM, x7 000)
Fig. 1 Effect of Danggui Buxuetang on renal morphology in DKD rats (HE, x400; TEM, x7 000)

3.3 X} DKD K [ ¥ 41 41 TNF-a, IL-6 7K % i 5 I
5IE# 4 g A K B TNF-a, IL-6 7K 1 3%
FHiE5 (P<0.01) ; SR AL He A, 24 I3 40 il 37 = 57 12 41
KB TNF-a, IL-6 7K F- W i BEAIR (P<0.05) . WL 3.
3.4 X DKD K 5 41 4! RIPK1, RIPK3, MLKL %
HEMRIBMEN 5% 4 e, BRI KR L
A g RIPK 1, RIPK3, MLKL 3 ik i 3 J} & (P<
0.01) ; SRV 2 Lb e, > U5 #h il v & ) 4 41 K e
b H 41 K B 40 i P RIPK 1, RIPK3, MLKL 3% i B
B AR (P<0.05,P<0.01)., WLIE 2,34,
3.5 X DKD KERBEFHLFHT- MM SIiEwE4
A A ZH JH T 40 i 3 T v (P<0.01) ; SRR LY

RIPK1

RIPK3

#3 LHA% Mm% DKD KRS AL TNF-«, IL-6 K F B M\
(x+s,n=8)

Table 3 Effect of Danggui Buxuetang on TNF-a,IL-6 in serum of

DKD rats (X+s,n=8) ng-L!
251 it/ g kg TNF-a IL-6
EH# 22.18+3.27  20.14+2.13
LAY 36.85+4.56"  41.10+3.72"
EVEEIN1R77] 0.72 30.36£3.15  32.50+2.87
1.44 27.39£3.61%  29.83+2.35”
JE b 0.017 29.01£3.10  33.43+2.927

B, 25 )T b i 2 e R e 2H T e DL b 3H ZH U T 4R i 24
B S BEA (P<0.05), WA 3,35,

B2 U340 M0i% 34 DKD kR & 48 4 RIPK1,RIPK3, MLKL & i & % B 800 (e 411k, x400)
Fig. 2 Effect of Danggui Buxuetang on expression of RIPK1,RIPK3,MLKL in DKD rats (IHC, x400)
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F4 LHFHMFEX DKD K RS AL RIPK1,RIPK3, MLKL E i R AR M (F+s,n=8)
Table 4 Effect of Danggui Buxuetang on expression of RIPK1,RIPK3,MLKL in DKD rats (x+s,n=8)
21 5 Fl 4t /g kg RIPK1 RIPK3 MLKL

IEH 0.208+0.019 0.261+0.031 0.380+0.086

LY 0.337+0.032" 0.448+0.057" 0.579+0.103"

B YRR IN(IR7] 0.72 0.331+0.029 0.423+0.063 0.541+0.095

1.44 0.257+0.018% 0.319+0.037% 0.437+0.053%
JE Wb 3H 0.017 0.316%0.028% 0.395+0.049% 0.479£0.061%

=i

25 £
S

3 HAMAHI DKD X R E AL MMA TR (TUNEL, x400)

Fig. 3 Effect of Danggui Buxuetang on apoptosis of renal tissue in DKD rats (TUNEL, x400)

F5 P MHX DKD XREHBRMMATHI R (x+5,n=8)
Table 5 Effect of Danggui Buxuetang on apoptosis of renal tissue

in DKD rats (x+s,n=8)

21 51 Fl 4 /g kg R i
IEH 11.26+2.14
iR 58.47+4.52"
BB R N 177 0.72 49.54+4.10

1.44 33.76+3.877
IEANRYS:E 0.017 40.69+4.34%

3.6 XF DKD K R '& 41 41 RIPK1, RIPK3, MLKL
mRNA F ik 50 41 g, B4 K R
RIPK1, RIPK3, MLKL mRNA % ik 8 & J+ & (P<
0.01); SHBIRYZ L, Y I #b il 37 s 7] i 4 ) e I
7h 3 41 K B RIPK 1, RIPK3,MLKL mRNA ik B i
A (P<0.05). W% 6.

3.7 X DKD K R ¥ 21 4! RIPK1, RIPK3, MLKL,
WT-18 F R IABY M 50 2 e BRRL 4 R B
RIPK 1, RIPK3, MLKL % [1 %5 i & F+ i , A A 4
KR WT-1 4 1 K38 3% BT (P<0.01) ; 5 #E R4

&6 U3 iz Xt DKD X R & A 4 RIPKI, RIPK3, KLKL
mRNA RIEHFM (+s,n=8)

Table 6 Effect of Danggui Buxuetang on mRNA expression of
RIPK1/RIPK3/MLKL in DKD rats (x+s,n=8)

215 Fl /g kg RIPK 1 RIPK3 MLKL
R 1.83+0.14"  1.67+0.11"  1.79+0.13"
MEME 072 1.68+0.12  1.59+0.05 1.65+0.08

1.44 1.18+0.03”  1.13+0.02”  1.37x0.04%
JE Db 0.017 1.47£0.09”  1.42+0.03>  1.66+0.05”

B IE W 41435 bR mRNA X2 E RN 1,

R = RN 7 = s S UL 8 BN )
RIPK1,RIPK3, MLKL # H % i5 B & FE AL, >4 9 #b
1ML 7 v 57 i A A e DLV A K R WT-1 2 H &k
IR (P<0.05). WLk 7,E 4,
4 itig

DKD & 18 1 B IE 5 1) £ 2 I, 2 5 B
A M F % (ESRD) fix EZE (W 5 — K % . H §f DKD
14 By i 8 e A 5 — A T S OB 4 ) i 2
EREFRAAHMELS  AERFR-MEERERSR
(RAS) 3k B 4 24 1y ] 48 2% 26 1 JR e, {H TG ik 45

£7 LA MF DKD X RS A4 RIPK1,RIPK3,MLKL,WT-1 E B RIEMF M (¥+s5,n=3)
Table 7 Effect of Danggui Buxuetang on protein expression of RIPK1/RIPK3/MLKL/WT-1 in DKD rats (x+s,n=3)

21 51 A/ g kg RIPK 1/B-actin RIPK3/B-actin MLKL/B-actin WT-1/B-actin
i % 0.53+0.04 0.39+0.03 0.23+0.02 0.95+0.11
iR 0.82+0.09" 0.67+0.11" 0.43+0.08" 0.46+0.03"
YRR 1877] 0.72 0.79+0.05 0.57+0.07 0.41+0.06 0.5240.05
1.44 0.66+0.07 0.46+0.04% 0.35+0.05% 0.74+0.09%
JE N 0.017 0.62+0.08% 0.43+0.06 0.30+0.07% 0.65+0.08%
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Fig. 4 Electrophoresis of RIPK1, RIPK3, MLKL protein

43 kDa

expression in renal tissue

TN ZE i eGFR T [ Ik 4E 2% ESRD #E ™ I 4ok
JUF T 75 B W I S 25 490 G Bl - 25 0 Bl TR) % 12 R
2(SGLT2) #P il 77) | Jf &5 1 b5 2 AE K 1(GLP1) 3 sl 5
FN B2 22 R 45 0 700 7 I R 056 b R — 1
B R E AL B 32 99 2 R R O 22 0 1 XU A7 2R
R, Rl 2 b BE 25 B i6 DKD LG A R AF 52 1Y)
AN Wi R of B 2 7E L DKD By IA A B R
TE:/ R

DKD 1 P& iE 6 8 A5 2 DB 9 R 1 B BH P9 R
e 2k R BB PR ARL R 0% 3k B I IE B2 0
GRZI PRI R AR I 2 R YT DKD R Y ¢
. 22U AR IR FE AL L R £ T i vk
TN R I s A8 U R Y A R I
D M I IR 26 B0 A A AR i L 25 TS I 4%y, i S A
B S IR K . % DKD FH 24 B 19 B85 42
WA HREER TN TEE, B51F 2
YRR F e AR Y SCHRBE R A A MR
PR A 0 3 2 2 DKD R P IR0 i 25 . B
2 PR3 & B, B A U TE PR PR
T8 1 W A0 O T A AR B BT A M A
B G M o B A O S IR PR Bt
RAGITR . ALY BRI K B FBG, UACR,
KI5 3% T, B4 50 0 B /NER B K L & 0 A
AL K-W 25T B /NG L R A0 M s i AR Pk R A
S 00 R JE R R TR R O Rl s O 4 2 U AR Il
W HUE IR R R A 4 B O 2
7R S TN L% % DKD K BUEA BR3P VR .

JE 4 $51 45 7E DKD 19 & A= & b ke B B AE
FH2Y . DKD 3B K4 a5 A R AF 2 1 20 408 5 74
b R L BR B B i e 0 B T R R o R A
PRS2 B A5 493 40 16 PR A i, o 2 B 1 R 1) il 5T S

Bor L2 o 2R PR 22 B /N R UE B R A
Y, 1% 5 B A I PN AR N RO IR
JE 20 AL B, AR S E B 40 A 6 40 15 % 5 3 DKD
R PR o T A R — i K Ak A L 5 e
AN iy B4 HEORIR A T A B B S I A2 A R R R
B 22 1] S, A 20 B A T/ T AR BE A R T g AT
S ORI R R o A% R RS 0O A i R
1 0 (podocytopenia ) B B /NEK U ik it i A7 40 5
EERM KA . WT-1 £k T R4k, il fE R 2
20 R S P bR R DA R IR A A R 0 R B
AR STy rf B 4 K B UACR S 35 TH 0, 2 400 i
TS F R 5 Rl A BT %, R A LR B e, R
90 M bR A B T WT-1 8 R GBRRAIC, 1  U5 £ 1
A X — AR PR 2 U b i 7 AT A ek R A
JfL 53 473 LA ek AL 2 10 PR 3 17T 48 2% DKOD 3 J€ .

DKD [ % A Ak J& 5 2 41 468 45 % B0 AH 56 | i
IFEPE 3 T 02 R A0 0 R e i IR 2
— 2 B IE & BLIR AU UR T A B DR S 8 A i —
A EE AN AT T AR 2, AR B Caspase iiG HL B A
HWARVIRIE AR 25, Ho i RIPK 1/RIPK3/MLKL i 48
PEAT VAT WESE R, TNF-o 38505 b I8 YR 58 I 1
K (TNFR1) 5 5 RIPK1 [ 22357 Caspase-8 [1J
Wonh 5 A5 T IR O PR T Y SE L 24 Caspase-8
(A T A2 A s, RIPK 1 2532 25 4k M1 #7 25 RIPK 3,
RIPK1/RIPK3 & & 1K 48 55 I W 2 fb MLKL, fic 4
MLKL fL 38 i fo 70 2 F A 40 i 8 K i i i 5
O FE VE 4B BE T T % & R RE L I Uk RIPKL 5
RIPK3 J& W & & 14 DL J2 MLKL & 5 B2 1k J2& 35 58 1k
TR R AR Hoh MLKL M 3R 58 M 8 11
“PATHR Y MLKL () N-ii 3 IR S AR
g B ZH K BRLUE A1 2 TNF-a, IL-6 7K F- B & T
W, PR 2 AR 45 R 5 s RIPK 1/RIPK 3/M LKL 75 #5% %l
2K B 4 B s Rk B 41 21 P RIPK 1/RIPK 3/
MLKL mRNA K & [ B ¥ 5 5 S H#M g 1 1
J& TNF-a, IL-6 /K V&% , RIPK 1/RIPK3/MLKL 7 /&
i i b 2 35 BE AL, B 41 21 RIPK1/RIPK3/MLKL
mRNA K 3R IE B AR, 387 24 5 4h 1fi 17 7] RE 38
iof 8 % RIPK 1/RIPK3/MLKL {5 5 18 % iF i ok 3% 2
2 M A3 475

g LTk, 7 IEAM L T S, DKD K BRUE
PR /D, B i LA 403 D8 A%, R A A 4 % i S
ML AT B8 5 94 #5 RIPK 1/RIPK3/MLKL {5 5 3 8% #H
R R, e 2 A 5 A G
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