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[Abstract] Objective: To observe the intervention effect of Dahuang Xiezhuo prescription (DHXZ) on
inflammation and suppressor of cytokine signaling 3 (SOCS3)/Toll-like receptor 4 (TLR4) pathway in rats with
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chronic renal failure (CRF), and to explore its molecular mechanism in alleviating renal inflammatory response.
Method: The 90 male SD rats, 15 were randomly selected as sham group, and the remaining 75 were used as
modeling group to replicate CRF rat model by 5/6 nephrectomy. After successful modeling, the rats were
randomly divided into model group, DHXZ low-, medium-, high-dose groups (6.825, 13.65, 27.3 g-kg"') and
Niaoduqing Granules group (2.6 g-kg'). The drug intervention groups received corresponding drugs by gavage
for 8 consecutive weeks. After administration, hematoxylin-eosin (HE) staining and Masson staining were used
to observe the morphological changes of rat renal tissue, and blood creatinine (SCr) , blood urea nitrogen
(BUN) and blood uric acid (UA) were tested. Enzyme-linked immunosorbent assay (ELISA) was performed to
detect the serum contents of interleukin-6 (IL-6) , tumor necrosis factor-a (TNF-«) and C-reactive protein
(CRP). The mRNA expressions of SOCS3 and TLR4 in renal tissue were detected by Real-time fluorescence
quantitative polymerase chain reaction (Real-time PCR), and the protein expressions of SOCS3, TLR4, nuclear
transcription factor (NF- kB) and myeloid differentiation factor (MyD88) were detected by Western blot.
Immunohistochemistry was used to determine the protein expressions of NF-«B, MyD88, NOD-like receptor
protein 3 (NLRP3) and melanoma deficiency factor 2 (AIM2). Result: Compared with the sham group, the
model group had a significant inflammatory response in renal tissue, and an increase in blood SCr, BUN, UTP,
IL-6, TNF-a and CRP (P<0.05). The protein and mRNA expressions of SOCS3 in renal tissue of rats in the
model group were lower while the protein expressions of TLR4, NF-«B, MyD88, NLRP3 and AIM2 and the
mRNA expression of TLR4 were higher than those in the sham group (P<0.05). Compared with the model
group, DHXZ and Niaoduqing granules groups presented markedly reduced inflammatory response in renal
tissue and decreased blood SCr, BUN, UTP, IL-6, TNF-a and CRP (P<0.05). Additionally, DHXZ and
Niaoduqing granules up-regulated the protein and mRNA expressions of SOCS3 in renal tissue while down-
regulated the protein expressions of TLR4, NF-«xB, MyD88, NLRP3 and AIM2 and the mRNA expression of
TLR4 (P<0.05). Conclusion;: DHXZ can reduce the release and expression of inflammatory factors, inhibit the
inflammatory response and improve renal function, and the mechanism may be related to the regulation of
SOCS3/TLR4 signaling pathway.
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fibrosis; suppressor of cytokine signaling 3 (SOCS3) ; Toll-like receptor 4
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Fig. 1 Effect of Dahuang Xiezhuo prescription on pathological
changes in kidney of CRF rats (HE, x400)
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Fig. 2 Effect of Dahuang Xiezhuo prescription on pathological
changes in kidney of CRF rats (Masson, x400)
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F1 KEMMA I CRF AR ME SCr.BUNUAKFERIHIM (x+5,n=10)
Table 1 Effect of Dahuang Xiezhuo prescription on serum SCr, BUN and UA levels in CRF rats (x+s,n=10)

20 5 Fl /g k! SCr/pmol- L™ BUN/nmol- L UA/pumol-L"
BFARA 37.55+1.03 6.26+0.67 101.35+6.24
AL 116.70+1.16" 23.12+0.57" 259.52+10.18"
N Lo Ly i R 6.825 110.54+0.81% 21.41+0.69 191.08+9.45%
PN w LR Lye o R 13.65 91.30+1.08%%7 17.13+0.87°%7 165.16£8.37>%7
IR ik 3ok R AR 2 273 89.18+1.17°57 16.64+0.81°%7 157.28+8.49%%7
PRI R 21 2.6 107.26+0.85%% 20.58+0.59*% 182.51+7.41%%

ST AR R Y P<0.05,2P<0.01; 5BIHIZH 45> P<0.05,% P<0.01 ;45 38 ik et 77 4% 5 4 2 HE 5% Y P<0.05,% P<0.01 5 15 JR 7 3t kL 4

% 7 P<0.05,% P<0.01(3 2-3 51A])
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*2 KEitHA Y CRFARIME IL-6.TNF-a,CRP K FEH M (x+s5,n=10)
Table 2 Effect of Dahuang Xiezhuo prescription on serum IL-6, TNF-a and CRP levels in CRF rats (x+s,7=10)
2H153) il /g ke IL-6/ng-L" TNF-a/ng-L" CRP/mg-L"

F R4 23.12+1.47 51.33+5.63 8.37+0.15

70 2] 69.14+1.77" 92.76+6.12" 75.62+1.40"

PR ey (i 6.825 47.46+1.38% 77.18+5.31% 66.79+1.16%

PR ety e R 13.65 34.59+1.88%57 68.61+4.87°%7 56.43+1.42%57

IR i i 0 ik 2 273 33.92+1.95%°7 64.59+4.42%>7 53.04+1.32%>7

PR B 18 UL 2 2.6 45.91+1.85>% 74.26+5.02°% 62.61+2.12°%

£3 XEMMT CRF AR EEH SOCS3 #1 TLR4 mRNA R i%
RIS (Xx£5,n=6)

Table 3 Effect of Dahuang Xiezhuo prescription on SOCS3 and
TLR4 mRNA expression in kidneys of CRF rats (x+s,n=6)

= &
il I SOCS3 TLR4
/g kg
A2 0.33+0.04" 3.2440.26"
KHE M KRR 6.825  0.48+0.03 2.57+0.319

FE M R AL 13.65  0.58+0.06>%7  2.17+0.15%57

Rk gy w273 0.712£0.04’>7  1.67£0.13**7

DR 1 TR 21 2.6 0.52+0.04>  2.32+0.19%%
BT AR 18 mRNA Rk 0 1
-

socss WSS S 25 kD2

TLRY o S e s s 100 kD2
NF-KB [ e w— e a5 kDa
MyD88 —”-. 33 kDa
[raClD — —————— 45 kDa

A B C D E F
3 CRFXRSHH SOCS3/TLR4 {5 SiE I E A RiL Bk
Fig. 3  Electrophoresis of protein expression of SOCS3/ TLR4
signaling pathway in kidney of CRF rats

F4 KHEMEAI CRFXBSHEH SOCSI/TLR4ESHEEEARIE

4 itig

LAk, CRF KWk 1%, H 2% 4E LTH#
POINE TS KR LT RN, IR, &
JiF 2 5% M CRF & AR & J KT 1 G B R 3, R A
T 1 3k 2 3k 0 B R B IR AL I T R R A R B
I R A | B = AR U A (TR G L = ) R S o
RIS, B b, B R ODE 58 E J2 B iR CRF Y & %
R,

H R JC CRF Z 5 44 , I AC A = AR 40 i IR 3%
LK FLIA @ T ORAE K M i 57 " 4B E . CRF
CHRI AL R AR bR S, AR R AN S T i O & R R
ZARA AR N AR IE S AR, BRI KR, IR
WL, Y AR BB A e 2 G . AR CRF A
JE A S B AL ARE A, R )1 B4 B A ek Ty ok
HE 5% W E A 44k, R B D Re . & S WAL U
A AL, v B RS T OB I S A 2, bt SR e, LA
AT Aa N 25 B, bk i 7 2 8K RARES VR O Ik
R, o B2 DA B 4 2R I I S
Hb e it WS Sy £ 25 AT I IO, T G 5
KA 22 O R #E L OF R 25, 51 25 A il 4, DL B
M5 Z W88, 18 256 0 BO LA 2, 3 25 4@ ) 4
(=T 2 IR b S LR L eI b (7 S
o, DL B b gy oy FE Y th 2542 Uy a) G 3 B IR CRF
B BUN . SCroKF, F I IfiL i IL-18.1L-6 . TNF-a

Y80 (x+s,n=6)

Table 4 Effect of Dahuang Xiezhuo prescription on protein expression of SOCS3/TLR4 signaling pathway in kidneys of CRF rats (x+s,

n=6)

21 5 Fl /g k! SOCS3/B-actin TLR4/B-actin NF-«B/B-actin MyD88/B-actin
BRFARH 1.561+0.019 0.347+0.006 0.238+0.003 0.348+0.022
R 20 1.042+0.017" 1.556+0.056" 1.241+0.008" 1.302+0.015"
PN %1 IR1 W (i B 6.825 1.123+0.016> 1.466+0.077> 1.112+0.004> 1.110+0.002*
KBk 3 Jy e ) 2 13.65 1.455+0.028>57 0.940+0.016°>" 0.911+0.016>°7 0.918+0.006°>"
B b 7 i A 27.3 1.483+0.041357 0.609+0.007>%7 0.701+0.009° 7 0.721+0.004> 57
PR B 18 TR 20 2.6 1.302+0.008>*> 1.184+0.007°*Y 1.163+0.003>> 1.267+0.026>">
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El4 XEMMF CRFXRE AL T NF-«BE A FKIEWHME
(L1l , x400)

Fig. 4 Effect of Dahuang Xiezhuo prescription on NF-«B protein
expression in kidney tissue of CRF rats (IHC, *x400)

E F
Bs5 XEMMBANCRFAREAL T MyDSSEBRZHFM
(Heye 284k , x400)
Fig. 5 Effect of Dahuang Xiezhuo prescription on MyD88 protein
expression in kidney tissue of CRF rats (IHC, x400)

S5 OAE T K A B R AT dEqL . PR 2D SRR AT
FE A B, FCAE AL -5 A o P oI R 9, A 2%
(] T £F 4k Al A 7

Ee6 XEMMBAMCRFARBALAT NLRPIZERRIZKZM
(B 411k, *400)
Fig. 6 Effect of Dahuang Xiezhuo prescription on NLRP3 protein

expression in kidney tissue of CRF rats (IHC, *x400)

BE7 KEMBAMCRFARBAAHT AIM2EBREH M (KL
Bk, x400)

Fig. 7 Effect of Dahuang Xiezhuo prescription on AIM2 protein
expression in kidney tissue of CRF rats (IHC, x400)

CRF 8 & ¥ i A7 76 R AE RS I HLJ O 1 A
FAF RIS SR N R Z — i R R B 3 4 B i

AR ARG R B T IL-6 . TNF-a .C %
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®5 AEiMtMAI CRFAREUHF SOCSI/TLR4ESEHREARIEMNFIN (x+s5,7=6)
Table 5 Effect of Dahuang Xiezhuo prescription on expression of SOCS3/TLR4 signaling proteins in kidney of CRF rats (x+s,n=6)

MyD88

NLRP3 AIM2

. 7
i . NF-«B
/g-kg
BFARH 0.052 0+0.000 5
LRI 0.153 2+0.002 9"

TRk A7) 2 4 6.825 0.132 440.000 4%
Rk 3k T bR A 13.65
Kt ph oy mladl 273

PR3 i AR 2 2.6

0.127 0£0.000 2357
0.114 3+0.001 9*>7
0.144 7+0.001 9*¥

0.044 70.000 9
0.156 1+0.001 9V
0.137 7+0.017 0>
0.102 9+0.004 1°->7
0.084 7+0.000 8>3
0.133 4+0.037 0>

0.008 6+0.000 4 0.018 8+0.000 5

0.056 7+0.000 1" 0.041 2+0.000 2"
0.047 4£0.000 8” 0.032 70.000 17
0.024 5+0.000 1>>7 0.028 9£0.000 1357
0.018 7+0.000 1%%7 0.025 240.000 2357

0.039 3+0.000 1> 0.037 2+0.000 2>*¥

N 4 (CRP) 45 R AE 7 B B 7 m ' [RREH, 5/6
B U I A S 48 1 D RE s e S W LAY I AR AE L
RIEMR AN, IL-6 . TNF-a Fl CRP 25 4 4 1 & HL
TN B R AE A BT, 2 5 MU R RE R, 518
MBI R R U AR G TL-6 2 A R RE
A B /NG ] 5T 0 i 3 A R A i b 55 I T R
B /INER R AN M 3G A RE AR 51k E IR 2R 44
TNF-o fHLAZ-E WG A0 i 7~ 42 , 2 5 CRF 34> RAE I
D73k R AT v R AL PR o O I R, IR
I P 52 T g i E 41 4L AR A AR 05 B T g .
CRP /& CRF & I HUR MW RIEIR S Y Z — , Bk
CRF & #EFEJE , Hol 78 &35 K % 5 CRF 199 1
SOEA O™ B, 8 A W i 7 IL-6, TNF-a.,
CRP 5§ % AE [ 17K - R 08 H1 52 9 1 F JR Al 0l o A<
T4 R R A 20 KRR SCr.BUN \UA K-
B T, Ok E M Uy T B, i SCr.BUN
UA ZKF- B S B AIC . A5E 20 4 C BLEF UE5 2E o 0K da
F4) 4 i 240 G ¥ ) AR Je D 4 T AR, LA B K R i 3
IL-6 \ TNF-a, CRP % 48 iF [Fl 7 3R 3k W] i T , 3R W
CRF K FUAF 75 18 P 98 E SV o 37 R B ik 5 1 il
Ji , CRF K B 280K 000 I b e 52 I 37 4% X+ A
Y/ 3R W O B ok g R A R 48 RE B, R
5 T RE AR A

TLR4 J& 7F 48 F J 07 o 488 hy o 2 1% 20 15 1,
B8 0 0 o AR b, K TLR4 EE H B s . 5
MyD88 & 1 45 & )i , i ik MyD88 K #i 11 i 455 , I i
TR EE SR T NF-«B , 1 17 42 28 B JIE R RE ) N, 5 5
B AR YEAL . NF-xB J& 28 MY 9 0 {7 53 I, BT
NF-«B Ji7 , A fi¢ ¥ IL-6 . IL-18.IL-8 , TNF-a, MCP-1
2590 Jf TR 7 14 263 [) IF TL-6 14 B il AT 412 WE CRP 1Y
W, 0 — AR UE TNF-a  IL-6 25 B, S 38508 JIE 4
iE SN TR B i P E 5 O RUORE A
TLR4/NF-xB/MyD88 i i Jii , ' JE & 2& 9 E Sy Al
AR5 . A AR AR R B 576 B D) BR AR 7Y
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R ERUSE Y v 2 Y IR I A 3 5, O 508 M 2R k4L
HHEELR . Y NF-«B it B LI, B ELF 21k ]
S W TR S O B DR M2 R DA TR TR TR ( PKMI2) 1) 3
K2 TR, PKM2 J2 3 16 NLRP3 A1 {6 2% 08 ik = (A
T 2(AIM2) RAE /MY S8 7, HHLH 5 PKM2
I F LR A ) R R 1R T 2- B 2 (ETF2AK2)
EIF2AK2 /) 85 R 1k % UIAH G2 Z A 58 R W,
NLRP3 #l AIM2 R AE/MET 122 5 T Z 805 JIE5
B9 & R AIL L, A B I %) 2 AE B 1y A I 2T 4k A 1Y) i
FE b 25 B A (', NLRP3 il AIM2 #4755
Jot K 2 -1 ( Caspase-1) , 57 T i 48 i X IL-1 .
IL-18 A B fit . KOMADA 45558 K& B, UUO 7 [
16 R AIM27F AIM2"NLRP3™ W it it [H] J , 24 i
ff) Caspase-1 Fll IL-18.IL-18 [ fik /K F 3¢ 35 , 42 /%
NLRP3 Hl AIM2 4 5iE /A5 B I [8] J5T 58 A s i % 1)
FHE

AH B Hl 406 TLR4 By 2R 3K, % 42 il VI 4 A i
N, 4EZE CRF HA HZ & L. SOCS3 & F11E Ky —Fl
Y ) B R AR Y R AR B NV B R A R
Bk R M52 v 25K T AT 0 N A AR ) e
Gk B A LA ask B S B A B DE AR RE RN, HE 27
CKD Wy & . 7605 IR B K Rrh @ b
SOCS3 K ik , Al i 5% 'V JUE 48 AE S IO, Ik 4% JUFE & 4
1k AR 4P B e . HILBERATH 25 % BL7E 2 1k
Jiti 53 403 v, SOCS3 B 16 /= WI Ul % TLR4 A 3 — &
G . B4 SOCS3 R L3 1 1 o) Bk if 9] TLR4/
MyD88 {5 5 3 %, 0 % 48 RE S I, & #5 %F il f5k 1l 14
TRy ERDY . ZTHE5E % B, SOCS3 Xf TLR4 B
W A B pm 9 A, A SOCS3 ik, nl #1p il
TLR4 K HAH AR 5 38 1 5| & 1Y 98 0E S, [a) i
AR 4 45 ] TL-6 , TNF-a 25 9 5E [N 71, ARHF o8 &%
SRR B2 R BUE 2H 21 SOCS3 & H X mRNA
W 08 /0, TLR4 4K 14 Se mRNA B 8 FF i, DL K/ &
) MyD88 .NF-xB .NLRP3 AIM2 & 1 ] . T+ &, 7
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K E Mk 7 T 15, SOCS3 %AW i FJt, TLR4 &
FI A S B R G 2R P I R R e L) sk R
R, $i 7R K B ok Ty 3 5 R % SOCS3/TLR4 {5 45
%, AT R RRE R, A0 F A Ak PR T RE .

zi b r ks, K E ik 5 fE BH i B I SCr BUN

UA 7K, b 8 B 20 21 SOCS3 11 3¢ ik K F , B A%
TLR4 ) 2235 , M6 58 5 S N, 4iE 28 18 M B 52 58 1) it
JE& , H ML AT AE 5 H M 4% SOCS3/TLR4 {5 5 i #
7K.
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