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Huidouba Ameliorates Kidney Oxidative Stress Injury by Down-regulating Nox4 Expression

in Rats with Diabetic Nephropathy
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[ Abstract] Objective: From a new perspective, to explore therapeutic effect of Huidouba (HDB) on
alleviating kidney oxidative damage in rats with diabetic nephropathy (DN) and provide a scientific basis for
developing HDB as a potential Tibetan medicine for treatment of DN. Method: Rats were fed with high-fat diet
(HFD) and injected with streptozocin (STZ, 65 mg-kg') intraperitoneally to induce DN model, while rats in

Blank group were injected with an equal volume of vehicle and fed with normal chow. The successfully modeling
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DN rats were randomly divided into three groups, 8 rats per group, DN model group (10 mL-kg'-d") ,
Metformin group (0.045 g-kg'-d"') and HDB group (0.18 g-kg'+d"). Monitor body weight (BW) and fasting
blood glucose (FBG) weekly, and collect 24 hours urine before and after medication to examine
microalbuminuria (mAlb). Calculate kidney index (KI) after sacrificing, analyze mAlb, serum creatinine
(SCr) and blood urea nitrogen (BUN) with a fully automatic biochemical analyzer. Histopathology of kidney
was observed by Masson staining. Lipid peroxidation malondialdehyde (MDA ) assay kit was used to examine
MDA content in kidney tissue. Nox4, as a subtype of triphosphopyridine nucleotide (NADPH) oxidase family
was determined by Western blot and immunofluorescence assay of kidney tissue. Result: Compared with blank
group, levels of FBG, 24 h mAlb, SCr, BUN and MDA in DN model group were increased (P<0.01), tissue
damage was obvious and Nox4 expression in glumeruli was increased significantly (P<0.01). Compared with
DN model group, levels of FBG, 24 h mAlb, SCr, BUN and MDA in drug administration groups were
decreased (P<0.01) , kidney injury was alleviated and Nox4 expression was down-regulated (P<0.01).
Conclusion: HDB as a Yiqiyangyin Tibetan medicine, could ease oxidative stress injury of kidney and reduce

proteinuria in DN rats, thus prevent the development of DN. Its mechanism is closely related to down-regulating

Nox4 expression of kidney tissue in DN rats.
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Huidouba; nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 4 (Nox4) ;
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KZSEH, A MDA 0.2 mL &I T/ W IR 51 5
100 °C B /K ¥ I #4 15 min, KB4 2 2 =i,
1 000 xg % i 50> 10 min, B35 i A %] 96 FLAR H
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Bonferroni ¥ % 1E 8. 35 PE K S B9 3 5 W EE 8
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P<0.05 K25 BA G5 XL,

3 &R

3.1 Xf DN KRB imAEMZm 259 T Hinr, 5
At DNBIARIZE | — H RUICA K Y 4 K
FLFBG W] . JH 5 (P<0.05) ; 5 DN AU H 48, 4% 45
MU EF G ¥E L. LRGN, 504t
L, UYL FBG 2 R LG 2¢ 8 X, Ky 4l
FBG 15 i35 T 25 141 (P<0.05) ; 5 K 8 20 [ 8%, 45 25
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Table 1 Effect of Huidouba on FBG of DN rats(x+s,n=8)
FBG/mmol-L"!
211 53) Fl /g kg!

5578 5 8 Jfl 597 %510 A W11 %12 %137
= - 6.2+0.4 5.940.5 6.1£0.4 6.2+40.3 6.0+0.3 6.2+0.4 6.3+0.6
DN #5874 - 15.7+1.4Y 16.4+2.5 17.6+1.9 18.1£3.0 19.8+3.3 21.3+3.6 22.5+4.2
ZHRUNK 0.045 15.1£1.59 14.0+£2.0 11.1+1.3 10.0+1.7 8.3+1.1 7.6+0.7 6.6+1.3%
sk 0.18 15.3+1.6" 15.4+2.0 13.242.4 11.7+1.9 10.5+1.1 5.0+£1.2 8.7+1.02%)

52 HALEE 1V P<0.05,2P<0.01; 5 DN LA Z A 9 P<0.01,

3.2 X DN K BUAR i K KTAY 2R 5 B8 1) sl R
IR K R T K STZ J , K RIF 1A
BB CAE AT NI N i S LI LR
W R EBAOGW . YT EAT, 5 A4l DN
RS ZH | OO R S B 2 R B o 2 3
FhE (P<0.01), 2545, 525 A4 4, DN

F2 RAEBXDNXREREREEEB(KDERM (s, n=8)

RUZH | F U O 9 B 21 K BRI I i B 3 T R
(P<0.01) ;5 DN AR 20 o A5, 45 28 25 4 K A o i
W E TR (P<0.01), ARy, 525 A,
DN A A 21— B OBUNZH ATk 58 B 2K B KT 5 35 T
= (P<0.01) ;5 DNARIZ L85, 45 265 41 KT 4 35 A%
(P<0.01), W2,

Table 2 Effect of Huidouba on body weight and kidney index(KI) of DN rats(x+s,n=8)

7l i/

S5 /g

215 B kA5 £/ %
g-ke! %7 %8 %98 5510 A 511 12 5135
% — 3714£125  400.6:13.5  427.1413.4 45194135  4772+13.6  S01.8+13.1  525.8414.0  0.68+0.02
DN i — 420442620 4115$327 40654307  4023428.9  408.4327.6 41624267 424.5427.1V  0.91+0.02"
SHIRUIL 0.045 424741870 41524203  413.3£20.3  422.5£19.8  437.4+£19.8  452.6£18.9  467.8£18.7'0  0.760.01'2)
) 0.18 422341590  4132+17.8  411.7+18.0 419.1£18.1  433.5:17.7 447.4417.2  460.8+17.0'2  0.73+0.03'29)

T 52 A VP<0.01; 5 DN R4 H A 2 P<0.01 ;5 = F SUICA He 48 Y P<0.01 (K 4 TA] ) .

3.3 XIDN K 24 h mAlb } SCr,BUN 7K - ¢ 5%
M 24 h mAlb B8 )5 22 4K 5%, 5K [ Kruskal-Wallis
H K55 o 8259 1 PRI 5 45 41 24 h mAIb 28 fk , 45 1
SR, 25 W) T TR AN 25 ) T TS & 2H 24 h mALb 22
5 BA G122 2 L, >k F Bonferroni ¥ £ 1F g 25 7
KPFHFEREWW LR EI, 25 T Hiar, 525 A4
Fb A, DN B AU ZH | — H XU K S8 B2 4 24 h mAb
IO B 2 TS (P<0.01) . Z3W T 15, 55 A4l
B, DNREAIZE | F LR 24 h mAb /K F 8 2% TH
(P<0.01),SCr #l BUN /K F &8 3% Jt 5 (P<0.01) ; 5

DN 2RI 4] L4, K 58 I 4H 24 h mAb 7K - 1 3 A
(P<0.01) , 4% 45 25 40 SCr Al BUN /K - ¥ I 25 F% {I%
(P<0.01); JK ¥ L2 SCr il BUN 7K -S4 T — HI XL
BZH (P<0.01). WLER 3.

3.4 X} DN KE'H 414 MDA & & (1) 5 o
A A O U8 B B 4 M & 2R R T 4R A, MDA J2 43
=z —. B MDARK ISR B, 5514
(2.93+0.39) Fb ¢ , DN AR U 2] (7.07+0.36) , — H XA
20 (4.48+0.69) 1 K ¥ [ 21 (3.53+0.92) K R & AE
MDA 5 & . 2% T} = (P<0.01) ; 5 DN AR 4] L 45
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#3 ¥ EX DNAFR 24 h mAlb & SCr,BUN B &M (n=8)
Table3 Effect of Huidouba on 24 h mAlb and SCr,BUN of DN rats(n=8)

21 5 i /g kg #5251 24 h mAlb/pg 2525 )5 24 h mAlb/ug SCr(x + s)/pmol-L' BUN(X % s)/mmol-L"'
&gE| - 368.5(90.5) 607.5(249.7) 33.51+2.35 6.52+0.50
DN #5171 - 30 048.5(2 508.5)" 41233.8(1854.7)V 63.49+4.03" 17.03+1.64"
UK 0.045 30 101.5(1 853.5)" 12 523.6(1305.3)" 42.86+2.23'2 9.93+1.86"2
Ry 0.18 29 880.5(1351.0)" 5314.0(153.2)? 34.74+2.67% 7.13+1.1629

5 R A28 (4 R DP<0.01 ;5 [A] i [A] DNBE RS A b4 2P<0.01 545 — FOBUIR AT L4 > P<0.01 .

7 45 25 4B E MDA & 5 2 1 3 FE R (P<0.01) 5 K
YEEL 4] MDA & =2 IE T = W OSUIK4 (P<0.05) .

3.5 XIDN KRB /NI R 25 4
INERFRBE R RE AT L e A X, S gl
B, DN A ZH |- A DXl it €8 e €5 W) 3 22 T
D BT INER AR A L A R BT 5K . K g
TR FROBUICRT Wk i 6 5 /D sk 38 el 7, AR
CRCRE IR, WA 1,

3.6 X DN KFBFAHL Noxd s e EK k5
25 F A #R, DN A 4 K B /N BK Nox4 (DyLight
488 Bl , Lk (0 ) RIS W] WY £, HRIAY A A, K50
B R FOBUBI 2 AT B S [ IR DNOK B /D Bk Nox4
Fik, WK 2,

37 X DN KRBEHH NoxdEHARKWER 5 A7 (141 B.DN BRI AL, C.— I AUILAL ; D. Bk 98 EL 41 (11 2, 3 )
23 UYL L, DN AR 21 Nox4 5 [ 2 ik K i 2% |- B1 &RFEEX DN AR B /NKFELEMAF I (Masson, x 400)
W (P<0.01) ; 5 HIAY 2 b, 8 B FD — FF ORUI 4 iF:g];Nlratl;i(ff\th:i H::c:)t:;x)ba on pathological changes of glomeruli
Nox4 % [ % ik K F i 3 T (P<0.01) ; K50 41

Nox4 4 A X 26 3k &8 I T = 1 XUIKZ (P<0.01) . 4 itig

LR 3, % 4, BROSIUS 45" % #LIK £ 7 4f DN 7=/ 52 i), A%

Nox4

DAPI

Merge

B2 ZRFEEXDNKAREHR Noxd & %K FRIXMM(FLEEDOE, x 400)
Fig. 2 Effect of Huidouba on expression of Nox4 in kidney tissue examined by immunofluorescence assay(IF, x 400)
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Noxé WS WD S S 67 kDa

B-actil ca— c— e es— 2 kDa
A B C D
E3 EREEL Noxd EHRIXHEK

Fig. 3 Electrophoresis of Nox4 protein expression in kidney

F4 REEBIDNKXRBALR Noxd BB REMHM (xs,n=5)
Table 4 Effect of Huidouba on protein expression of Nox4 in

kidney tissue(x+s,n=5)

21 5] /g kg! Nox4/B-actin
= - 0.62+0.12
DN f% #I - 0.96+0.07"
UK 0.045 0.67+0.062
3! 0.18 0.58+0.03%9

S5 SR FH e I R R SR 0 RS OR B, R T i 6 )]
Je o R BT B S T O R A R R R Y A
Mo XAWFIE LB, 3E 5L BB IR 9 B 9 K BB A
2w ML R PR Y STZ % S 19 B 410 My 523l ), 5
] [l 7 T A R 5% i 41 4 08 W5 DR 9 T & 2l ) A B
T A 20 4 457 4 K 7] B STZ 5 5 DN A AU (5 i 5
2 T TSE 5 kB, AR R STZ (35 mg-kg!) 5
DN B A S8 801G o PA U A DR 8 4 R o A i STZ
(65 mg-kg")5 3 DN KRB A . HS2 50 b R 3, i
I e 7 STZ & 3 J , R B T i i R e, HL A
Bl AN HEBRAEAE W] B g A B 2 ME B R T REME . 7E
DN 3 Ji& g 24 A 3 5 9% (ESRD ) (14 23k 2, J2& 40 B 464 495
JIT 5 S 9 2 1 PR A /3R U i 28 (GFR) R 24>
T R B i PR A T A I 45 R B K g
E4 i) B % Ik DN K B 24 h mAlb Al SCr, BUN /K
V. DN e W 48 A I 38 B 5% in o R) BT £ 4k Ak, L
LAY B g FRRE AR B /N Bk BRI (GBM) 14 = 4t i
AL (ECM) R 1 i 380 2 B IX ke i ik 2
JE A R A5 0 R AR AR 1 DR A i ECM BRER 1Y A Rk iR
121200 B I 2 21 Masson e {6 45 3 R, K 5 B ] By
8 B /NER ECM B R R /v Bk R B 1S A= B AR
DN K B FIIR , & #2 B EOR B VR 1

Z W 5% R W], DM RF 2L = W5 5 55 0] 175 & 4
S R I T A AR PN AR e 22 3 R AL (ROSS) Jin s 2
ML T MDA RN g it b E 82—,
E A MR 2 A 80 B 2 AV i Fm 2 — L 52
5 W 9 445 S 3% W K 98 B ] B 0 4% DN R LA P 4]
PR BOIR S B IG B 44U MDA 5 . NADPH % fk
il (Nox ) A2 A [7] 200 it v 404k 7 98 1) 3 25375 5 %, Nox
FRIGH 71 WHR , Nox1-Nox5 Al Duox1,Duox2, H:

Nox1,Nox2 fll Nox4 & B ik T8 iz Jit 22, 1 B 41
2 ik fie FE E AR 2 Noxd'™ . A WP 5 i, 1
B % 00 40 R FTOBE R BB 2R e 28R ) 34 AT
WG Nox4 i S A B T2 S DT 3k 42 4 2 40
i 54 45 BOEE DR 1 4R Bh R R4 38 i Western
blot 1 42 ¢ Y6k I 7 DN K BUE IE Nox4 ik, &
B DN #5720 Nox4 & (/K F & % FFh. Ko ]
W1 8 T 8 Nox4 & 1 357K F , 184 DN K B Ik 42
Ak R A8 3 , AT S 1) DN IE AR B0 1 o

R IPNG e I/ I R TE  F (S D\
KBRS I A, LR AR S UK e, 22 5
TGt 5 o BT K YR EL Y 25 200 T F 92 i
ARSI o 32 52 ORI 5 % BR 0 B R AR VA
T Tk A< HCHR 43 1T B g B IK DMK B2 I I W 15 {1
AU VR SY & K S B R A AT A oo 2 0
Tk FH A DM /DN BUIURE o AR SR04 A 0 31K 5
EEL = il O )1 A 0k i 1L UA BE E AT R I, T 3 R S
LI 7 R PR s B TR) 245 77 3Kk K 58 T AR 25 ok ok
Fio DR 22 R R) 2 07 5K, 91 45 A Sk
BT 25 SR SR I 9 5 7K B2 9 20 A 7 2 30RF 5

S 5 A R R SR {H AT i 3 R DN
R ERL2 HE awE , EL T A Ak 0 0 A U A6 405 7
S A S P T BE P B2 UG, 356K O I R
FH 25 S 3% BRI 24 ¢ 5 B3R 97 0 R B H Ot &
P W A SR A | ¥ i RO 2457697 DN W58 i

[B % 3Hk]

[1] ZHANG L, LONG J, JIANG W, et al. Trends in
chronic kidney disease in China [J]. N Engl J Med,
2016,375(9):905-906.

[2] ki, @MW . 4 S IRDIE M L8 26 W RO B 1 I
FRAFFELT]. A 1E25,2015,10(10):1509-1511.

[ 3] fpdhas  Eassh . S 24 Ik 90 E 36 o7 M DR s 1) F 50 3
JELJ]. 25 ,2017,48(8):1682-1685.

(4] UM, 28, 0050, % IR Y0 03 O s 48 BB =X
o= T A BT WG R BRI (0] B A Tl B, 2015, 36
(14):254-259.

[ 5] UK, Er 3 R, A5 . S T 2 0 IR s e
WEVE I A oF 5 (D], 0 2 B E 25, 2012, 23(6) :
557-558.

[6] M RIVE A5 KU TR I NS D 41
75 & AE PRIR A AL/ (1 BB R AR F [T ] BB E
25,2013,24(4):852-854.

[ 7] INER 2R, A &8O AR Gk 5 0 e K e
X oo 2 W I R IO D], SRR Wbk 9% 5 91
% ,2014,26(10):1673-1676,1689.

. 89 .



526 B4 18 ] HEXBAFZRS Vol. 26,No. 18
202049 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2020
[ 8] kil . PPARS fifi 3 455 780 (1) A4 gt K 470 b R s K 9K 24 %#5,2019,41(12):3033-3038.

[9]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

s e o i B e (D). J PR« 3R K2, 2013.

JE ) L, BT, , X 4%, A BV 25 K JE X STZ
S I AR B9 B e /s B B R AR R LD ). POk
24j,2018,40(3):505-511.

TR b OB AR, 4 ACE2 W 8 ) DIZE
ol DR A VO R BB DR P AR T L. vl g A P
5,2017,33(3) :469-474.

GHASEMI A, KHALIFI S, JEDI S. Streptozotocin-
nicotinamide-induced rat model of type 2 diabetes
(review) [J]. Acta Physiol Hung, 2014, 101 (4) :
408-420.

MATSUI T, HIGASHIMOTO Y, NISHINO Y, et al.
RAGE-aptamer  blocks the development and
progression of experimental diabetic nephropathy [J].
Diabetes,2017,66:1683-1695.

TESCH G H, ALLEN T J. Rodent models of
streptozotocin induced diabetic nephropathy [J].
Nephrology,2007,12(3):261-266.

WfE, RS, 2o . ML ikt M]. deat:
AR TA: H ik, 2010:1968.

BROSIUS F C, ALPERS C E, BOTTINGER E P.
Mouse models of diabetic nephropathy[J]. J Am Soc
Nephrol,2009,20(12):2503-2512.

SRINIVASAN K and RAMARAO P. Animal models
in type 2 diabetes research: an overview [J]. Indian J
Med Res,2007,125(3):451-472.

LV Z, HU M, FAN M, et al. Podocyte-specific Racl
deficiency ameliorates podocyte damage and
proteinuria in STZ-induced diabetic nephropathy in
mice [J]. Cell Death Dis,2018,9(3):342.

MAGEE C, GRIEVE D J, WATSON C J, et al.
Diabetic nephropathy: a tangled web to unweave [J].
Cardiovasc Drugs Ther,2017,31(5-6):579-592.
HALLOW K M, GEBREMICHAEL Y,
HELMLINGER G, et al. Primary proximal tubule
hyperreabsorption and impaired tubular transport
counterregulation determine glomerular hyperfiltration
in diabetes: a modeling analysis [J]. Am J Physiol
Renal Physiol,2017,312(5) : F819-F835.
MO, B2 . T RE I B PR R B K B Wnt/
B-catenin f1 TGF-B,-Smad2/3 {5 5 il Ay 52 ma [T].

.90.

[21]

[22]

[25]

[26]

[27]

[28]

[29]

ROVIRA-LLOPIS S, BANULS C, DIAZ-MORALES
N, et al. Mitochondrial dynamics in type 2 diabetes:
pathophysiological [J]. Redox Biol,
2017,11:637-645.

DIAZ-MORALES N, ROVIRA-LLOPIS S, BANULS

implications

C, et al. Are mitochondrial fusion and fission impaired
in leukocytes of type 2 diabetic patients? [ J]. Antioxid
Redox Signal,2015,25(2):108-115.
ERER PR B , A IR A R R o R B
L RE B R AP AR T B AR C ML L], Sy 2 2435, 2020,
36(1):74-79.
DRUMMOND G R,SELEMIDIS S, GRIENDLING K
K, et al. Combating oxidative stress in vascular
disease: NADPH oxidases as therapeutic targets [J].
Nat Rev Drug Discov,2011,10:453-471.
BEDARD K, KRAUSE K H. The NOX family of
ROS-generating NADPH oxidases: physiology and
pathophysiology[ J]. Physiol Rev,2007,87:245-313.
SEDEEK M, CALLERA G, MONTEZANO A, et al.
Critical role of Nox4-based NADPH oxidase in
glucose-induced oxidative stress in the kidney:
implications in type 2 diabetic nephropathy [J]. Am J
Physiol Renal Physiol,2010,299:1348 -1358.
EID A A, FORD B M, BLOCK K, et al. AMP-
activated protein kinase (AMPK) negatively regulates
Nox4-dependent activation of p53 and epithelial cell
apoptosis in diabetes [J]. J Biol Chem, 2010, 285:
37503-37512.
EID A A, GORIN Y, FAGG B M, et al. Mechanisms of
podocyte injury in diabetes: role of cytochrome P450 and
NADPH oxidases|J]. Diabetes,2009,58:1201-1211.
JHA J C, THALLAS-BONKE V, BANAL C, et al.
Podocyte-specific Nox4 deletion affords renoprotection
in a mouse model of diabetic nephropathy [J].
Diabetologia,2016,59:379-389.
P58 AR R SR B BT RO AR T B S2 3R IS LT ).
M2 [ B [E 25 ,2010,21(12) : 3060-3061.
TR, /NG, B 45 . e S0 L3 v AR T T
WEPRAG AR ST (1], h254F,2013,36(8):1313-1316.
[RERE FAMN]



