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(AMP-activated protein kinase, AMPK) /UHEE & B EEns — A% H TR B IR % 1L B% 4 (nicotinamide adenine dinucleotide phosphatase
oxidase 4, Noxd) {55 @EMMTHIEM . J53& FENLEI 7 X SD KEAE XA, HA KR mbEm R RIS ip
BElRi & (35 mglkg) #57 DN ARAY, DN KEREEHLA BT, fciEgg 2] (4.41 g/kg) HAEYP3H (13.5 mglkg)
H, BPieptiEgdzy 16 MG, BURBKIN KR 24 h JREBA Curine total protein, UTP) A1 8-¥% %L i & & 1F
(8-hydroxydeoxyguanosine, 8-OHAG) 7KF; F 884 K U H SURBEAT AL, 522 84K BB A1 44 S A B AL g (superoxide
dismutase, SOD) VEMHFNN ZEEK N R Se AR & 40K B 2H 21 8-OHdG A48 (fibronectin, FN) &
[ #i5; K qRT-PCR 4601 5 4H 4385 4b 4 KA 1--B1 (transforming growth factor-pl, TGF-87) mRNA #ik; S Western
blotting Il &40 K B 402 TGF-B1. AMPKa. W2tk AMPKa (p-AMPKo). Nox4 FEEEL. SR SHAA LK,
A g5 4 b 245 20 KRRV 24 h UTP Al 8-OHAG 7K B 2 PR (P<<0.01); B 75 FRAR A% 22 , B 4H 43 4 Jfa 0 22 3R Cexxtracellular
matrix, ECM) HERU/>, B 40 AUk FIEAR B B 4R (P<<0.01); B4 SOD &M BT (P<<0.05), 'BHA — /KT
BE T (P<0.01); B4 8-OHAG Fl FN FEik; BHHL TGF-p1 mRNA I AFRIL/KFEE 4K (P<0.05. 0.01);
B4 p-AMPK/AMPK £ [ 157K P E s (P<<0.05), Nox4 & [ARIEK IR (P<0.05). &5 i@ by
REREIE I VE T AMPK/Nox4 {5 5388, Ml DN KREALRIE. B> ECM KEHEAR, FEK UTP HEtE, (R IE.
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Effect of Huayu Tongluo Chinese medicines on kidney and AMPK/Nox4 signaling
pathway of rats with diabetic nephropathy

LI Ya-chun?, FANG Jing', YANG Fant, GUO Shuait, CHEN Zhi-giang* 2
1. Hebei University of Chinese Medicine, Shijiazhuang 050000, China
2. Hebei Provincial Hospital of TCM, Shijiazhuang 050000, China

Abstract: Objective To explore the protective effect of Huayu Tongluo Chinese medicines on kidneys of diabetic nephropathy
(DN) rats and intervention on AMP-activated protein kinase (AMPK)/nicotinamide adenine dinucleotide phosphatase oxidase 4
(Nox4) signaling pathway. Methods Seven SD rats were randomly selected as control group, rest rats were fed with high-sugar and
high-fat diet combined with ip streptozotocin (35 mg/kg) to establish DN model. DN rats were randomly divided into model group,
Huayu Tongluo Chinese medicines (4.41 g/kg) group and irbesartan (13.5 mg/kg) group. After ig Huayu Tongluo Chinese medicines
for 16 weeks, urine was collected to test levels of 24 h urine total protein (UTP) and 8-hydroxydeoxyguanosine (8-OHdG) in rats;
Pathological changes in kidney tissue of rats in each group was investigated. Superoxide dismutase (SOD) activity and
malondialdehyde level in kidney of rats in each group were investigated; Immunohistochemistry was used to detect the expression of
8-OHdG and fibronectin (FN) in kidney of rats in each group. TGF-fI mRNA level in kidney was detected by gqRT-PCR.
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Expressions of TGF-B1, AMPKo, p-AMPKa, and Nox4 in kidney of rats in each group were detected by Western blotting. Results
Compared with model group, 24 h UTP and 8-OHdG levels in urine of rats in Huayu Tongluo Chinese medicines group were
significantly reduced (P < 0.01); Kidney pathological damage was relieved, extracellular matrix (ECM) accumulation in kidney was
reduced, kidney collagen area was significantly reduced (P < 0.01); SOD activity in kidney was significantly increased (P < 0.05),
malondialdehyde level was significantly decreased (P < 0.01); 8-OHdG and FN expression were decreased in kidney; TGF-41
mRNA and protein expression in kidney were significantly reduced (P < 0.05, 0.01); p-AMPKo/AMPKoa expression was
significantly increased (P < 0.05), Nox4 expression was significantly reduced (P < 0.05). Conclusion Huayu Tongluo Chinese
medicines can inhibit oxidative stress of DN rats, reduce the accumulation of ECM, reduce UTP excretion, and protect kidneys by
acting on AMPK/Nox4 signaling pathway.

Key words: diabetic nephropathy; Huayu Tongluo Chinese medicines; renal fibrosis; oxidative stress; AMPK/Nox4 signaling pathway
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( nicotinamideadenine dinucleotide phosphate ,
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VeI RE f PCR A (3E[H ABI A F]); Infinite 200 %
Ihielgbri (Hit Tecan A#]); LI-COR £L4MEOG
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JE, KDL AT R A A B . BEHLIEER 7 K
SD KEAENXIRA, FLAIH @ mRESR; HAaK
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HLIMAE ) =16.7 mmol/L, DN HFiHIH| £ kT, 2 R
KR MBEAIERR T LAGIER, 3 HKR ip BEIRE B R
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L2y (4.41g/kg) RN IIYPIE (13,5 mglkg)
H, WGBTS, T, k. KiE, &
74> )4 1,35, 1.08. 0.9, 0.54. 0.54 g/kg (LA
2O B, M TR G &, LA RS Rt
R AL LIRS, VT2l K EL i i IR N
0.49 g/mL FIFAT; JO DD AE 43 B 18 T 434 /K e )
BT B A 1.5 mg/mL IR B . 44254 ig A
N2 (9 mL/kg), XFHRAEAIA ig Sk Alaliig:
K, 1k, #5216 F.
2.2 LB ZEX DN KR 24 h RER (urine
total protein, UTP) #18-OHdG 7k FRISZT

SAER R, KRETRWES, Wk 24n R
W, MEJRE, IBAIFEME 1 mL, 23480 UTP
A1 8-OHAG /KT
2.3 WHNBLEP A% DN KR BELRIET L RIR

K BRI STAE AR AE,  HCEF 2H 2314 R B AR G -
K (FAA) [EEMHEE 24 h, BREEZEENLK,
THZE, RS V) A, 3ET PAS A1 Masson
Peft, TEMETHREHIURIEA, HRH
Image-Pro Plus 6.0 73 AT 4K {45 Masson % 21 3
DI AT b, tH R R T AR
2.4 WFNBLPZEXT DN KR IS4 SOD JEMF1
A K R0

B K BB R 5I9% 3R i B Al
KRR B ZH 2 SOD JEPEAIT — i /KF
2.5 LFNELKPZEXT DN AR S4H48 8-OHAG 0
FN &R RIERFM

IS H KR E AP AREY) AR Tt
JFAE S, I 3% H202 K FH W P 5 14 5 S Ak g
W hnIiEE I, A 8-OHdG. FN Jiifk (1 :200)
E IR, W HRP Frid @)L Ehfabiis, {FH
DAB ., s, T RS FUEI .
26 HIBELDZEX DN AR IEHL TGF-pI
MRNA FIERIEZNT

P IO TR S U B AR LS R RE A A
RNA J#&H cDNA, #417 gRT-PCR 7i#fr. 519

Hl: TGF-B1 LiiF51% 5°-ATGGTGGACCGCAAC-
AAC-3’, FNi#5l% 5-TGAGCACTGAAGCGAA-
AGC-3’; GAPDH 35|47 5>-CTGGAGAAACCTG-
CCAAGTATG-3’, Niif5141 5-GGTGGAAGAATG-
GGAGTTGCT-3’,
2.7 WHREKZSZEXT DN AR IEHELE AMPKa.
p-AMPKo. Nox4 1 TGF-p1 B RIAEN
SR RUE LR, A RIPA 2RIESIHK,
REUEEA, KA BCA HA w5 &N e & A
JREWREE, AR b S BRER N - T8 P9 s Tt i
B H Yk, ¥4 PVDF i, IMABREA0 T = iRE
i1, 43l AMPKa $ifk (1:800). p-AMPKa
Prfk (1:1000). Nox4 Hifk (1:1000). TGF-B1
Pifk (1:600) Al B-actin Fiifk (1:1000), 4 CHF
B A HRP ARl 2Pt bk (1 © 3000),
SR E 30 min, I ECL {5 % 52, %/ Quantity
one BXAF 44T H s 2k IR AR FEAE
2.8 GtESh
KFH SPSS 21.0 BAFATGit 2 Ab B, Hds LA
X+ %%, LA SR One-way ANOVA.
3 #R
31 FEKEM—MRIER
YRR LR BROE TR R, AR5 25 24 2K R
FEPRZRE . SNBSS ZH K R R I B B
o hdjatfery, BRAHMT 3 KR, fLitimss
HZG AT DLV A BET 2 KR
32 LB ZAXT DN KR 24 h UTP RIS
Wk 1 pR, SITHRAE, B KR 24 h
UTP BB THE (P<0.01). SHEBIHLLE, #4A%
HRER 24 h UTP B ERF(K (P<0.05. 0.01).

x 1 WBLHZ DN KR 24 h UTP KERI
(X£s,n=7)

Table 1 Effect of Huayu Tongluo Chinese medicines on 24 h
UTPofDNrats(X+xs,n=7)

45 FE/(g kg™ 24 h UTP/mg
ot — 453+2.08
et — 35.54+4,05"
0% ST 4.41 29.06+4.29"
Jehiybia 0.0135 30.71+4.08"

HXHE4t i *P<0.05 #P<0.01; SHEAALLE: "P<0.05
“P<0.01, FEF

#P < 0.05 *P < 0.01 vs control group; P < 0.05 ™P < 0.01 vs
model group, same as below tables
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Sxligai g #P<0.01; SHEMALE: “P<0.05 “P<0.01, FEIHE

#P < 0.01 vs control group; "P < 0.05

**P < 0.01 vs model group, same as belows

1 e zh%t DN KR BELARET LRI
Fig.1 Effect of Huayu Tongluo Chinese medicines on pathological changes of rat kidney in DN rats

3.4 {ERiBE%KZENT DN KR B4E4E SOD &M
A ZEK TR0
W 2 fion, SxHIRALERE:, AR K R4
21 SOD y& I & R B (P<<0.01), A fi%/K-F-HH &
FhE (P<0.01); HHEEAIALE:, fhpti@ssth 2y
KR EHZ SOD i AN /KBTS (P<
0.05. 0.01), JEIIVHA KR EHL SOD v
SR (P<0.05),
35 MiBLLFZaxt DN KR 54H
FILFRK 8-OHAG 7KFEHIS2Mm
8-OHdG & DNA [ —F 4L IEma R 5L, 25

18-OHAGEH

PEZH 234501 0 An e 04 BE PR RS PR
8-OHdG 7K°1-5 DN et e 2 UIAH oGS, ik 2
7, 8-OHAG F=EEAE B /INERAI/INE I 4 iU A% Rk
Lt IR b, A2 K R 4H 4N 8-OHAG Rk 1
hn, PRV 8-OHAG /KRR £ (P<0.01); L
R LU, S 2h 254K RV B 4141 8-OHAG Kk kD,
JRIE 8-OHAG 7K1 FF{% (P<<0.05. 0.01).
3.6 {LHEKTZEXT DN KRIBHELA FN EBRIA
oA

WK 3 i, Sy, AR R B4
21 FN RIEWIN; SHRALE, SAHHARKRE

F2 HNELDZER DN AR IBHL SOD SEMMA K EHENM (X+s,n=7)
Table 2 Effect of Huayu Tongluo Chinese medicines on SOD activity and malondialdehyde level of rat kidney in DN rats

(X+s,n=7)

ZH 5] 7/ (g kg ) SOD & 1E/(U mg™) 3 B 7K F/(nmol g ™)
Xt B — 528.98+32.71 0.824+0.23
iR — 423.96 +39.93# 2.2540.36%
WHE B 2 4.41 468.51+34.87" 1.54+0.36™
JB JLybiA 0.0135 475.44447.11" 1.91+0.32
300
# ,
- 2200 ' T
%400 8
' S 5 100
et AT e N
fim e Sty JE Blb SR A fLpms JEI

RETI U

2 (LB 753 DN AR B4R 8-OHIG B HFRIAMER K 8-OHAG 7K FHIZNE
Fig. 2 Effect of Huayu Tongluo Chinese medicines on 8-OHdG expression in kidney and 8-OHdG level in urine of DN rats
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Xof HE it sz 2 JEULEbH

3 {LRBLE 73T DN KRB FN ZBFRIKMFN (X 400)
Fig. 3 Effect of Huayu Tongluo Chinese medicines on FN expression in kidney of DN rats (x<400)
HAFN Rk .

37 WwRIEBELKDZAX DN KR IBHL TGF-pI
MRNA F&E B RIERIF 0

WK 4 figk 3 fos, SxHEA L, ALK
BB ZHZY TGF-B1 mRNA FIE (R IE/K -3 835 7
m (P<0.01); HHEIAIALLE:, HA241E AL
TGF-p1 mRNA HIE HEKIE K EEFEIL (P<
0.05. 0.01).

TGF.B] — — 4.4X 104

B-actin e I T T 310

X i MR gy JE b
4 LR TR DN KR BER TGF-p1 ZEEFRIAM
A
Fig. 4 Effect of Huayu Tongluo Chinese medicines on
TGF-B1 expression in kidney of DN rats

*3 WRBLZEX DN AR BLEL TGF-fI mRNA FIEEARIAMENE (X+s,n=7)
Table 3 Effect of Huayu Tongluo Chinese medicines on TGF-gI mRNA and protein expression in kidney of DN rats

(X£s,n=7)

45 /(g kgt TGF-B1 mRNA Hixt ik & TGF-p1 AN RILE
Xof R — 1.014+0.13 0.53040.025
LAY — 1.66+0.08" 0.829+0.039%#
ST 4.41 1.31+0.20 0.687+0.052™
JBJLb3H 0.0135 1.38+0.08" 0.605+0.054™
38 BT DN KR BHE AMPKa. p-AMPKa 6.2X104
p-AMPKa #1 Nox4 & B FRIERIF N AMPKa 6.2X10*
WK 5 fK 4 fis, SXTHRA LR, ARRZE K Noxd 6.7%10°
B HZ p-AMPKa/AMPKa 2K [ 334 7K T 2 2[4 -actin 43X 10°
fi (P<0.05), Nox4 &HFZILAKYEHT i (P< WM ROBATZS T

0.01); HHEEMM LI, %45 252H p-AMPKo/AMPKa
EARLKTBETE (P<0.05), Noxd EHEHAEZX
KPR L (P<<0.05).
4 it

AHIEFUR FH v b e PR TR R RS ip BENRMAE

5 LR ZRT DN KR B4HE AMPKa. p-AMPKa
N Nox4 ZBHEFRIEHFZMN

Fig. 5 Effect of Huayu Tongluo Chinese medicines on
AMPKa, p-AMPKa and Nox4 expression in kidney of DN
rats

F 4 WRELHZEX DN KR IE4HLE AMPKa. p-AMPKo 1 Nox4 ERFIEMIEN (X+s,n=7)
Table 4 Effect of Huayu Tongluo Chinese medicines on AMPKa, p-AMPKa, and Nox4 expression in kidney of DN rats

(X£s,n=7)

A5 (g kg SHELIGESS
p-AMPKao/AMPKa Nox4
pagict — 0.6724-0.068 0.473+0.054
it — 0.5074-0.072* 0.740£0.044%
A 2% rh 24 4.41 0.641+0.055" 0.614+0.076"
JEDLYbIH 0.0135 0.654+0.066" 0.569+0.085"
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BR 2 AT L DN AR, R BLEARE R BRI v
HHILT UTP FH s AV I B 45 . H AT4t%t DN
MV EARER 36 T7 T B 32 B P i 2 i) B 5 1
JG. DL 3R AE Ay i A R 5K R 2 A FE PRI SR 1 B 2
Y, K PREEHL RREE 3R 0 DL 3 B B
TRIER, RERS IR AR 6 DN &3 UTP,
FEZE B AR ST, R, ARHF U JE Vb IR AR
NBHPEXT 25, B FALSE LS H 2% DN KRR (1)
TRIER . DN AR BRI (007 B AU I R0
HEFEWARRIMANKREEAIR, FERBERIA
ECM 54, ECM FAZR SEUE /INERFNE /NE FL B
WA, IR BN /N ERTEAL AN/ INGE (8] 27 44k
TGF-B1 /2% K 5305 IE ECM AR 8 1 S 4 i
PR 7081, i RIA ) TGF-B1 4 ECM Wi 1. 1. 1V
BRJE & FN MZR#EEE (laminin, LN F8K
S, (R RO O B AV R A
B G, Al ECM FEffib, 4S80S NEA 4
fple-201, w5 kB, BT ROS 7745t £ 51 BT
AP T TGF-B1 R IA R ECM # A4 ) F 2
JRPE 2 —20; i Nox4 fi7A: ) ROS 5| AT R 5
WM BUAA N B EZE R R, R 5 S0HE PR B I
JEKAT ECM RIAHGINGA, 7E @i T 2 M R
JEAR AT/ NE A, Nox4 () L5 TGF-p1. FN
(T A R

AMPK A RE B AR KA, 5T iR T 4Ry
PR B R AU AN e 2 AU 24 . AMPK /85
REJRE S B PRI FIAR B 25 B A AH BT IR R I I A
RN RS BRI, R PRI /N R BE A
AMPK FIAFEK, DN H3E ' HH p-AMPK & %R
BRI D s AMPK BUE AT LEkaE DN A SR I
PRSI GAE, FEIK UTP, N TGF-pl &ik, Uk
/b ECM FRZE, MiMies DN B AF£r4ikl2, AMPK
AMZGH M B AR RS, 240 ) 3 ROS
5 REAR281  AMPK 0 /5 7T LABH T Nox4, &/ ROS
AR, BRI UTP HEMERIE i & (A 3RA 127281, AMPK
& 1 PR =R, TR o AN 0
By AR, Horh o WAEER LAY E kb iz 3Rk,
H AMPK 05 752 o Wk E TR (Thr
172) 529, Rk, AHF7EE K R 5 H
AMPKo il Nox4 5 HRIEML, K AMPK/
Nox4 15 5Bt DN B 27 4E Ak (1 520 o

B PRI &8 T P B VR e, AR LN R
B RE . JH%E H A ST 2 HESN AT 0w B

R AL BT BT IRA L FIRE
HOE, FEIMASGRRREL =), RNt E0E R &,
HPHF B4, &N DNo Kb, 5 i FE
755 DN HFEEARYL. AL E 2 LY ECM
H Ay DN (1) 35 205 3 5O 5 i e A i S (R AH
A0, 8 3t s 4 v T T DA 35 PR B 4 P
B ME TGF-Bl. LN A1 IV B JE /KB, {55
HATIAREFC R, A iE L% 25T LB i 2% DN
KBS IEREERI, T ECM EHRE, L%
B NELF 403238, fpgeimas 25 m) DLk s DN 3
I ACREIR, L7 2 nT 5EB438), 3% Ak s R p 252 )5
iR —F 23 )15 0 3 mT DA BR R 50 i v AR
5 i Bl YRR R A —H e HoKIE A H BA
B €1 B N T = I O 1 i 4 e 5 RS
) /AR SRR AR T, Al m] DA EAT I R 4t
FIBE, TP AR, Rk, AHT7TiE FE
MAFE 2 FEARK LGS SRR 2 B
BT, KiE. &8, 5 A, HLHEL
FRIELE 2 ). ARG RER, s 2ine
B S5 B DN KB UTP, T TGF-p1 M1 FN 1)
Fik, WO ECM MR, WELZE AT 4fbifife; 1
i SOD &4, Wb K, FEKIKA 8-OHIG
Hiith J2 FE RIS, AL B p-AMPKa
FARILKT, T Noxd EHRIEKT

2t FRTiR, AMPK/Nox4 15538 1% i) fg AL %
L T 2500 B AT > ECM AR, S
B4k, 53 DN B IEBIE RS2 —.
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