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HRE PR (ROS) FaR 1 o AR 28 BNl i (Western blot) WLER B 41 20 Nrf2 45 [ 76 40 it 5 0 400 Jit A% i) 32 28 1% o, DA R R i
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[ Abstract] Objective: To investigate the renoprotective effects that Sanjiao Qushi prescription

ameliorates cationic bovine serum albumin (C-BSA) induced membranous nephropathy (MN) in mice model
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and its influence on nuclear factor erythroid-2-related factor-2 (Nrf2)/heme oxygenase-1 (HO-1) signaling
pathway. Method: Sixty female BALB/c mice were randomly divided into the normal group (#=10) and the
model group (n=50). The mice in the model group received C-BSA injection via tail vein (6.5 mg-kg'). The
mice that were successfully modeled were randomized into the model group, the low dose Sanjiao Qushi
prescription group (3.71 g-kg'), the high dose Sanjiao Qushi prescription group (7.42 g-kg') and benazepril
hydrochloride group(1.3 mg-kg"'). And they were administered with the corresponding medicine by gavage once
a day for four consecutive weeks. 24 hour-urine protein quantitation were performed before C-BSA injection and
after C-BSA injection as well as the medicine gavage. When the treatment was finished, all of the mice were
sacrificed and the biochemical indicators such as serum creatinine (SCr) , blood urea nitrogen (BUN) ,
triglyceride (TG) , total cholesterol (TC) , total protein (TP) and albumin( Alb) were measured. And the renal
pathological morphology changes were observed by light microscope with hematoxylineosin( HE) , Masson and
periodic acid-silver metheramine( PASM) staining. The deposition of immunoglobulin G(IgG) in the glomerulus
was detected by fluorescence microscope. The expression of reactive oxygen species (ROS) of kidney was
detected by fluorescence immunoassay. The protein expression levels of Nrf2 in cell nucleus and cytoplasm and
the downstream protein factors HO-1 and NADH quinone acceptor oxidoreductase 1 (NQO1) were detected by
Western blot. Result: Compare to normal group, the levels of 24 hour-urine protein quantitation, TG and TC
significantly increased in model group(P<0.01), while TP and Alb levels significantly decreased(P<0.01). The
model group exhibited enlarged volume of glomerular, significantly thickened glomerular basement membrane
(GBM) , fuchsinophilic protein deposition and spike formation through light microscope. Immunofluorescence
staining for the model group exhibited granular deposition of IgG along the capillary wall. The expression of
ROS in kidney significantly increased (P<0.01). The protein expression levels of Nrf2 in cell nucleus
significantly increased (P<0.01) , while Nrf2 in cytoplasm significantly decreased (P<0.01). The protein
expression levels of HO-1 and NQOI significantly increased (P<0.01). Compared to model group, the levels of
24 hour-urine protein quantitation, TG and TC significantly decreased in each treated group (P<0.01), TP and
Alb levels significantly increased (P<0.05, P<0.01). The pathological damages alleviated obviously. The
expression of ROS in kidney significantly decreased (P<0.01). The protein expression levels of Nrf2 in cell
nucleus significantly decreased(P<0.01), while Nrf2 in cytoplasm significantly increased( P<0.05,P<0.01). The
protein expression levels of HO-1 and NQO!1 significantly increased (P<0.01). Conclusion: Sanjiao Qushi
prescription worked on MN mice possibly by regulating related proteins in the Nrf2/HO-1 signaling pathway and
relieving oxidative stress, thus decreasing 24 hour-urine protein and blood lipid, increasing serum protein, and
alleviating the pathological damages to protect renal function and delay progress of the disease.
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1 ##
1.1 Zh%¥) SPFZ¢fd M BALB/c /ML 60 H , 6~
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200 AR R IR, A R ROK o ARWESE TS B
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HUE (45 DWLL2019020) .
1.2 25 50 = ARy Ok R A . 7R
30 g, L5 g, S 15, )13 12 g, 404610 g, K
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AL HES 4 9k F5881,D7008) ;5 s 4K 11 (TP) ,
(AL W 370 & (P A b A W B e A
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(BUN),, IfiL. 3% WILEF (SCr) , H il =g (TG) , & 1 & B
(TC) W5 3870 & (D1 58 2 FEIR R S0 00 R A IRA
" L5 2 B AUZ3625, AUZ3592, AUZ3562,
AUZ3611) ; Nrf2 11K ,NQO1 HT {£ ( 5% [# Proteintech
oA S 4 9 16396-1-AP, 67240-1-1g) ; HO-1
U, T -3 2 I U (GAPDH) Bt A, B
A ALY (HRP) FRic 19 1L E bt s s 2 3R 8 F1 (Ig) G
(s FE4E R A= W) BEHE A BR A | S 4 B ok
GB12104,GB12002, GB23303) ; 41 % 1 H3 (Histone
H3) ( RS AR A R A E LS CY6587),
S R 98 06 &R (FITC) A i i/ B 1gG (3¢ B KPL
. 60 .
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R Hf A o A1 7 i = AR R Uy R i R 3071 g-kg,
5 0 e 2 O R AR A 2 4% R R L IR ) i
TR W LA S R b AR IR R 4 T 1.3 mg-kg,
Pro ok b A RN EE B RS 0.2 mL, 3t
AT, TS 12 A AR UM .
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Jei 5 TRUE A RR BN B, 2R R VR I L I S Bl ik
I J TR S 0 B Y 5 R A B R AR 2% o
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WA, JG 7% 2 -80 °CUKA 5 HIHUA 1, PBS
LV i R O o) N4 I NP N AV NP N = 5 i R
KRS A B L T, 4 °C
REHLURN 4% Z KPR BE 24 h 8 H .

2.4 fEbrk

2.4.1  AR2E DA A AL HE AR, U IR A 24 ho R
HHER 2 A4S IR TP, Alb, TC,
TG, SCr, BUN JK -, JR 2 11 5 J A il 2 551 & 46 )
24 h R H K

2.42 JRAZE LI (HE), Masson, PASM 4 ] ' i
HEIRIL 2R B b E T 4% 2 R PR B R
Rk, A B Y0 R, 439 7 HE ,Masson , PASM 4%
o, 2 WU T S B E A OB A ek s

2.4.3  PEPOGR AN BUE BE 1gG MTTE BB
fif B 2 U\ 4 °CUKAE B, OCT A #8141 3, Jf:
WA =20 CCHREEVT R AL, U & 4 wm, N
[t %€ 5 min, #F H PBS % W 2 Uk 3 W, O B 1] 1gG
ok, Z W T E | h,PBS FIRIZ UL, T906 B s
TR . B B R SRIE T R (-) L
AR R (£), M ERAA BoR: (+),
BB 2y Al UL, S A B Al I (H) AR T AT
W, AR N IE M (HE) RA B R W, s AR T
WA 5 () A A5 BE FHEAR , = A5 BE T ORI,
2.4.4  RIETOCEK I E AL ROS B KL HEB
O3 B A LU KR D) L R R K AR T
LU R L I A B R ZOLE K, K ROS il
AP, % 8 F 30 min, DAPI & Y 40 i # , &f
R, T B T WA EIR .

2.4.5 1E [ 0 Bl 5 (Western blot) &6 Il 1 20 21
20 B R Nef2, 40 i 5 Nef2, HO-1,NQO1 75 1 1 3
K OBUE AL 100 mg A B LE T B TUK L,

R1 ZEZEAXMMNNMR24WVEREAEENEIE (F+s,1=10)

T A7 # ] 5R) 09 RIPA 24 /i W (RIPA Lysis
Buffer) , FHZL 415 3K 25 24 f AL 0. 4G I 40 if A% 2
IR B A R A% BT oy 2 R S AR U A R
4°C,1 77 remin" &.0> 10 min, 55024 10 cm, $2HL
W, R BCA LA I 2 20 1 3 W A e, b
JKIE S min ff 85 (AR L B RE T GBE IS LUK, B
% PVDF [, H 5% J G Wk B4 2 b, 23 50 A Nref2
PL M (1:1 000) , HO-1 47T 44 (1: 700) , NQO1 #T {&
(1:5000),4 °CHF & & 4, A HRP AR2 /Y 11 5T
B IgG (1:2000), FRMIFEIRIEEF 1 h, in A2 &
6k F) 5, 3¢ FH ImageQuant LAS4000 R 1% & 4t
e,

2.5 Sibe#sr b R SPSS 25.0 AT e it 4 Bt
THaE BB x5 R, #7508 5B B2 401 By 5 5%,
I 2 1] X5 50 L 3 T B DR 3R 07 22 00 A, 4 Bl A AR
IEA A, W3 FH AR 2 80k RLK 36, P<0.05 38R 2%
A G L.

3 &8

3.1 X MN/NER— g S s 5 IE R 4/ B
Bl 5, 55 A0 A /N L% 3 3% B0 R R b 25 L5 B iR 2%,
BRTH, KRB BITE, SEAH/NR L,
BT LN BRI R 0 S 2 R IR S e
B VEBRBEA T, BRI & g/ R
H e W .

3.2 XFMN/NR 24 hJREFE R m EERHT,
HWH24 W IRE KT, ZR TG I E L i
B, 5 1E 5 41 He e, M 20 /N B 24 h R B (K F
B E TS (P<0.01) ;45 25 5, SRR A ik, = fi 4k
T A | 7 2 R R R DR R 21 24 h R 3R K
- FEAIR (P<0.01) , = A48 U7 = F i 4R B
JE PR D E . WL

Table 1 Effect of Sanjiao Qushi prescription on 24 h urinary protein quantification in MN mice (x+s,n=10) wg
41 Fl /g kg T LRI R R
W 11.1442.67 13.06+3.34 13.7143.11
HLAY 10.75+1.73 105.60+15.43" 114.69+16.14"
=Ry 3.71 10.95+1.59 104.45+12.16" 74.80+10.417
7.42 11.66+1.77 111.09+16.46" 67.78+7.53%
EN IS | 0.001 3 11.21+1.93 108.79+20.88" 68.26+11.517

TS IE A L VP<0.01; 5EIHIZH 42 P<0.01(3£ 3 ).
3.3 % MN/pEUE BUN,SCr, TG, TC, Alb, TP /K

SEREL I 5 IE R A R, BB A N BRULYE TG, TC
SR E R (P<0.01), TP, Alb & & It FH K (P<

0.01);i6¥7 )5, B A 44 SR L&, g TG,

TC & & B EF AR (P<0.01), TP, Alb & &t B i 34 &,

2 R H 43t 2 & X (P<0.05, P<0.01) . £ 4H /R
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I 7% SCr, BUN JK °F 8%, 22 & L 48 it % 2 L k2,
£R2 ZEZEEAX MN/IMRIE TP,Alb, TC,TG,SCr,BUNKEREME (X+s,n=10)
Table 2 Effect of Sanjiao Qushi prescription on serum TP,Alb,TC,TG,SCr,BUN levels in MN mice (x+s,n=10)
2151 Fl /g ke TP/g-L" Alb/g-L"! TC/mmol-L"! TG/mmol-L"  SCr/wmol-L" BUN/mmol-L"
EH 54.75+3.18 31.3142.71 2.42+0.28 1.30+0.26 14.37+1.45 6.57+1.03
el 41.58+3.45" 20.73+2.99" 4.93+0.40" 2.92+0.31" 15.95+2.29 7.17£1.70
AR 3.71 46.91+3.43Y 25.66+3.54% 3.61+0.60" 2.39+0.35V 15.14+1.20 6.86:£0.90
7.42 48.18+2.65% 27.07+2.64% 3.54+0.43Y 2.32+0.35V 15.08+1.14 6.71+0.51
EN AT IS ] 0.001 3 46.66+3.59 26.17+3.44% 3.62+0.40" 2.34+0.36" 15.24+2.61 6.92:+0.88

TS IE R 4 P<0.01; ST ZH Ho ke 2 P<0.05,V P<0.01(F 4 [H) .

3.4 X MNV/NEUE A 200 B OB s I
ZH /N BRHE 3% 68, 0] UL /N BR 45 4 58 %, 3% i K/ IE
W, Masson Je oK UL [ 2 TR 40 HPLEL, PASM
o FE IR U R R AL /N BROHE 3 5 0] UL
INERIAR G K, Masson 4 (8 1 UL IE 5 21 85 LA,

AL IEF AL B BRI C = AR KGR i 2 D, =R 5 R B E.

B1 =Z£#FEAIMN/MRBSALRFEZRTAIZME (x400)

PASM Zt o, JE Ji¢ Bt 300 A [) 2 3 A9 185 5, ] DL 5T
RO BRI LR, & S T SRR I
AR FIEIT IS, 45 41/ BRHE 8 (8 5 /N BRA B 3G R
A FT U %, Masson 4% (0 {) UL I &2 21 25 11, PASM &
0 I R SRR B R ET R IR A L. WKL 1

Hh W2 DUIRFE F 4L (P 2~4 1] )

Fig. 1 Effect of Sanjiao Qushi prescription on renal histopathological changes in MN mice (x400)

3.5 XTMN/NRUBEHL 1gG U R 1E 5 41/
FUE /INER R WL g 2 A W DUR, S B ol -7 A
TU2H /N BB /N BR AT U TG s 6 40 1L 8 R R 18 PR T
B, 58 G5 B N “HE~HH 7, 8 = S0 7 B R DR
AT USRI AN BUE /N BR AT I 1gG VB 4 I
TRV, DR R+~ 7 WA 2.

3.6 XF MN/NEREF 44 ROS KR S2 I 5 1E %
.62 -

2 H A AR ZH /N BV 41 4T ROS R IAVKOF 18 3 T &
(P<0.01); SRR H HWHE, KB IFH/DBUEFHA
ROS F kK- 1 FREAR (P<0.01). WLEE 3,33,

3.7 XF MN /N EUE 2H 40 Nrf2/HO- 13 % 7 H ik K
SRS 5O R A R B R 2 2 AU A Y
Nrf2 75 1335 B # 7H i (P<0.01) , 40 9 it Nef2 & [
IR W AL (P<0.01) ,HO-1 MINQO1 FEHFE L B
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Fig.2 Effect of Sanjiao Qushi prescription on IgG deposition in kidney tissue of MN mice ( fluorescence microscope, x400)

A B C D E

3 ZEFHEBAXMN/ARBHLAROS KXW (V9L WM, x200)

Fig.3 Effect of Sanjiao Qushi prescription on ROS expression in kidney tissue of MN mice ( fluorescence micrographs, x200)

£3 ZHEHEAXNMNARBALROSKFEHHI (rts,n=3)
Table 3  Effect of Sanjiao Qushi prescription on ROS level in

renal tissue of MN mice (x+s,n=3)

20 51 Fl /g kg ROS
IE 0.02+0.01
e 1.60+0.34"
Y Yl 3.71 0.84+0.10%
7.42 0.55+0.09%
AR R DI ) 0.001 3 0.86+0.08>

ETHE (P<0.01) ;452 )5, SERVA LA, IRy A
B 2H 240 I A% ) Nrf2 2 R0k 183 R IR (P<0.01) ,
AR T ARG A A R DU R 4H 40 A T Nrf2
T HF AW B TR (P<0.05), = 88 )y & 2 4l
4 M T Nrf2 £5 3R 3k 3 & (P<0.01) , HO-1 F1
NQOlHE H KL B EH &, ERA LI FE L (P<
0.01), WKl 4,54,
4 itig

I 10 4F 0k, R B MIN AR #5508 2 4R 1, 8 A

x4 ZHEFHFEHFXMNARN2/HO-1 BBEERENZM (X+s5,1=3)

a2 | [ S B : >:
Histone H3 ----- 15 kDa

I
o | R = -~
crvon | />

A B C D E
El4 Nrf2/HO-1i8 % & B Rk Bk
Fig. 4 Electrophoresis of Nrf2/HO-1 pathway protein expression

7R, 7 HA B /N o5 HE AR XS R I T, MN
Lt DN 2004 4F 11 12.2% 34 2 2014 4519 24.9% , H 0w
R EAERIN13% ' MN LUB R 25 & 4F h £ 5
I PR 2R B, MN & A= B, B /N ok 8 o B i 32 60, K
B BBE R HE L5 Alb, TP K S REAR , oF 1M £ 1T
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Table 4 Effect of Sanjiao Qushi prescription on Nrf2/HO-1 pathway protein expression in MN mice (Xx+s,n=3)

20 51 Fl/g kg ZNMIA% Nrf2/Histone H3  4fi i it Nrf2/GAPDH HO-1/GAPDH NQO1/GAPDH
IE % 0.34+0.01 1.20+0.10 0.25+0.01 0.47+0.02
%l 0.76%0.02" 0.49+0.07" 0.37+0.01" 0.67+0.07"
=Ty 3.71 0.62+0.01% 0.78+0.06% 0.44%0.01> 0.91+0.05"
7.42 0.55+0.01% 0.83+0.13% 0.47+0.01% 1.16+0.03V
R 2 DUIR ) 0.001 3 0.50+0.01% 0.74+0.07% 0.49+0.019 1.07+0.04
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