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[ Abstract] Objective: To observe the effect of Shaofu Zhuyutang on nuclear factor erythroid-2-related
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factor 2 (Nrf2) /antioxidant response element (ARE) signaling pathway in blood vessels by establishing the
model of rats with cold coagulation and blood stasis syndrome, and to explore the protective effect and
mechanism of Shaofu Zhuyutang on vascular endothelial injury. Method: The 50 SPF rats were randomly
divided into high dose group (4.8 g-kg"'), middle dose group (2.4 g-kg"'), low dose group (1.2 g-kg"'), model
group and normal group (ten of each group). The rat model of cold coagulation and blood stasis syndrome was
established by subcutaneous injection of epinephrine hydrochloride combined with ice bath. At the same time of
modeling, the drug was administered by gavage. After 28 days of continuous administration, the hemorheology
indexes were detected by automatic hemorheology instrument. Levels of nitric oxide (NO), endothelin (ET)-1,
superoxide dismutase (SOD) , glutathione (GSH-Px) , intercellular adhesion molecule-1 (ICAM-1) , vascular
cell adhesion molecule-1 (VCAM-1) , von Willebrand factor (vWF) in serum were determined by ELISA.
Hematoxylin and eosin (HE) staining was used to observe the endothelial injury of vascular tissue of thoracic
aorta. The protein expression of Nrf2 and HO-1 in vascular tissue of thoracic aorta was detected by Western blot.
Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) was used to observe the
expression of Nrf2 and heme oxygenase-1 (HO-1) mRNA in vascular tissue of thoracic aorta. Result:
Compared with the blank group, model group rats whole blood viscosity and plasma viscosity were significantly
increased (P<0.05,P<0.01), vWF, ICAM 1, VCAM 1 content increased significantly (P<0.01), NO, SOD,
gsh-px levels decreased significantly (P<0.01), significantly increased the content of ET-1(P<0.01), thoracic
aorta vascular tissue Nrf2, HO-1 mRNA expression was significantly increased (P<0.01) , Nrf2 protein
expression in the cell nucleus increased significantly (P<0.05) , The protein expression level of Nrf2 in
cytoplasm was significantly decreased (P<0.05), while the protein expression level of HO-1 was significantly
increased (P<0.01). Compared with model group, the whole blood viscosity (high and middle cut) , plasma
viscosity, were significantly reduced in high and meduim-dose Shaofu Zhuyutang groups(P<0.05,P<0.01). The
levels of yWF, ICAM-1, VCAM-1 and ET-1 in serum were significantly reduced ( P<0.05,P<0.01), NO, SOD
and GSH-Px increased significantly (P<0.05, P<0.01). The pathological changes such as hyperplasia, swelling
and shedding of endothelial cells of thoracic aorta, rupture of internal elastic membrane and disorder of smooth
muscle arrangement were improved. The expression levels of Nrf2, HO-1 protein and gene were significantly
increased in vascular tissue of thoracic aorta (P<0.01). Conclusion: Shaofu Zhuyutang has a protective effect
on vascular endothelial injury in rats with cold coagulation and blood stasis syndrome. The mechanism of action
is related to the activation of Nrf2/ARE signaling pathway, which leading to the increased expression of
antioxidant enzymes and decreased the expression of adhesion factors.
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YA BR A S 4 5 WLA004, WLAO13,
WLAO005, WLO02135, WL02400, WLAO023,
WL0984a, WL01372) ;eECL = 2 & & el 7 &,
TBST (bt 50 B b i 22 7 BR2A w4tk 5 40 5k
CWO0094T, CW0043S) ; trizol, Super M-MLV J #% 3%
fiff , 2xPower Tag PCR MasterMix, SYBR Green (
B R ER A RS 43 B RP100T,

PR6502,PR1702,SY1020) ; /1 A & -1 41 (HE) 4 {4
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A5 TG AR 5E
2.4 IMAFAEFIE BRI M AT 5% KA A
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4 mL, 4 H 3l M08 i 22 A0 22 10 s7,30 57,200 s 4]
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2.5 IME AR AR KT I R BB R A B A R ®1 5lMF5
%W%é . 4 mL ) {EE{J]%I]._‘I%— E%‘E‘HL 3 000 t+min’' %4 Table 1 Primer sequence
£ 10 min, B0 2L 4% 8.3 om, 42 85 113, 4225 J5 vk AH Ed FFAI(s"-37) B /bp
7/%:\7?0 %Eééﬁaﬁ[ﬁW{Jﬂ“ﬁ—f(ELISA)Iﬁ%ﬂﬁ{Mﬁ—flﬂl{% Nrf2 i TCTGACTCCGGCATTTCACT 161
H1 NO, ET-1, vWF, VCAM-1, ICAM-1, SOD, GSH- ¥ TGTTGGCTGTGCTTTAGGTC

HO-1 i CGAAACAAGCAGAACCCA 192

Px 7K P, AR i 15 B 5 SR AT A

2.6 HE 4 (0 ULG¢ M 3 2l Jok il 487 2H 40 31~ A2 Ak
KRG,y s FE 3k, & T 4% 2 R RS oh
Wb . B B bk g E A AL U A,
MU — W R BB JEOK BB K R R R Y
CLYL R | L BERR B B K L W ORGE BT ok A
R a8 TOLE R WEE M 3 o) ik 9 o B AR 1k
1% 0L

2.7 Real-time PCR £ il ff 3= 2y ik ifn % 20 21 Nrf2,
HO-1 mRNA ik FRIBCK R 33 k414 5 mg,
J A TJC RNA i 1Y 3% 55 &) J a% b, il A trizol 1 mL,
ARG, EIRERE 5 min, %8 trizol 4 RNA
0] & 0 W] A5 B AR B URE A L RNA L 584000
6 B I 5E s RNA 7E 260 nm 1 280 nm J% K T 4 1%
Y A, DI 8w 5 . R A Super M-MLV J ¥4 5% i
i & 1T cDNA & . L H] 2xPower Tag PCR
MasterMix i 7 & #£ 47 PCR 2 )i . PCR L WK & Ky
U514 0.5 wL,2xMasterMix 10 wL,cDNA
M1 L, ddH,0 8 wL. Jz Wi 2% 4 R Tt A8 #% 95 °C
5 min, 1 MG, 28 95 °C 30 5338 k 60 °C 20 s;
HEAf 72 °C 30 5,40 NEI . LA B-actinfE R NS,k
F 2223k 20 Bt H B9 mRNA A X 21k K. & 5149
L BT 28 A A BRA w5 1L, 51 P 3 Ik 1
2.8 & S B s (Western blot) ¥ I g 3 2 ik
M HA N2, HO-1 1 RIL UK 32 30 ik i 48 41
2150 mg, WA VR 5, B R e, BT I8 v 0 B0

®2 VEZRRAMNEAXRBRMRFENZNE (X£5,0=10)

T iif CACCAGCAGCTCAGGATG
B-actin | GGAGATTACTGCCCTGGCTCCTAGC 155

Tt GGCCGGACTCATCGTACTCCTGCTT

B, A sE A RIPA 24 f# 0.5 mL, vk 24 fit
30 min, 12 000 rrmin” & 0> 10 min, & O £ 2
8.5 cm, /3B 3k . R BCA I 5E ik AW E .
EEEW ARG, LR AL 40 ng & 1 L FE, SEAT
SDS-PAGE BEREHL UK , 70 B HIWHE H o WAL LR
5% B MWk & B 1 h S, — BT (N2, HO-1,
1:500)4 CIEF LK. P (1:1 H)FE|BFEEF2h
J& M eECL &Gk 300 pL B s m . BT
TEBE I AR R Ge T, OGN 3 min, BEOG AR . LA
B-actin > N 28 (1, W H Image J 4K F 43 B 45 4541 JK
JEAR , LA B W8 A4 K (5 B-actin 2571 K JEH
1 HLAELAE S B R 2R A Rk i

2.9 GiilEa 8T R SPSS 22.0 Bk AT it 4y
B, 3 TR xs o, 2 41 ] R One-way
ANOVA, P<0.05 £RERA G 2HE X,

3 £5

3.0 WRRIMERA EN R 525 gl e, Bl
T 20 45175 2R 4 0l o R R i 2% 76k B 35 I g T (P<
0.05,P<0.01) ; 5B 55, 0 I 32905 7 v L v
2 A i A (R LR AR ) R e A R 34 A R
ik (P<0.05) , /b Jig B8 A% 7] i 41 Ak 35, (1
HRAIA R 2T TG E L. W2,

Table 2 Effect of Shaofu Zhuyutang on blood viscosity of rats in each group (x+s,n=10) mPa-s
ik
215 F /g kg 112 7k
10 s 30! 200 s
2 7.89+2.15 4.55+0.96 3.82+0.37 1.09+£0.04
LAY 10.06+2.27Y 5.45+0.63% 4.38+0.39? 1.16+0.04?
IR E 4.8 8.92+1.96 4.91+0.48% 4.03+0.26% 1.100.02%
2.4 8.51+1.02 4.85+0.21% 4.04+0.17% 1.12+0.03%
1.2 9.94+2.87 5.26+0.63 4.16+0.31 1.14£0.02

W52 AL Y P<0.05,2P<0.01; 5 R 4D P<0.05,4 P<0.01( £ 3~6[7] ) o

3.2 XA RRIME S vWF,ICAM-1,VCAM-1 5
mEm S5 HHA K, B Y vWF,ICAM-1,
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(P<0.05,P<0.01), & .H 7| & 2 ICAM-1, VCAM-1
g 4 AR (P<0.05, P<0.01) , Ik 7] 1= 2H 45 45

FRA AR R B S5 A, 22 3 81T
B, ks,

£3 VPEBRRZIMEAKRRLER vWF,ICAM-1,VCAM-1 & KM (¥+s,n=10)
Table 3 Effect of Shaofu Zhuyutang on levels of vVWF,ICAM-1,VCAM-1 in serum of rats in each group (x+s,n=10)

215 Fl /g k! VWE/U-L"! ICAM-1/pg-L"! VCAM-1/pg-L"!
25 293.68+20.09 92.71+25.95 22.76+2.79
AR 356.93+38.20% 133.79£20.34? 28.95+2.64%
DB 4.8 311.89+32.27% 111.35+18.729 24.09+2.359
2.4 322.91+38.359 114.52+18.99% 26.4642.16
1.2 324.06+35.46% 119.38+23.61 27.11+0.18

3.3 X441k Bl NO,SOD, GSH-Px, ET-1 7K
Frsgm 523 A BRI NO, SOD, GSH-
Px 7K - 5 % B A% (P<0.01) ,ET-1 (9 & & W 3 I &
(P<0.01) ; 5B [ 5, D I8 & 58 45 4 NO,

SOD, GSH-Px /K °F- B & J} & (P<0.05, P<0.01) , />
[ B R 4 ET-1 9 1 W] B AR (P<0.05,
P<0.01) fEFI 4L ET-1 & A MR A3 05 45
R 2ZF LG FE L. WE4b.

*4 PEERFNEAHAKXRMLERNO,SOD,GSH-Px,ET-1 R 2K F M (X+s,2=10)
Table 4 Effect of Shaofu Zhuyutang on levels of NO,SOD,GSH-Px, ET-1 in serum of rats in each group (x+s,n=10)

21 51 Fil /g k! NO/umol- L ET-1/png L SOD/pg- L™ GSH-Px/pg-L"!
ZH 1.76+0.46 199.86+27.23 3.63+0.84 36.93+7.57
R A 0.99:+0.25% 252.30+36.632 2.25+0.492 26.13+4.362
83377 4.8 1.59+0.60% 208.09+25.939 3.35+0.87 34.63+6.329
2.4 1.47+£0.59% 220.18+31.12% 2.92+0.83% 32.82+5.25%
1.2 1.30+£0.46% 224.12433.72 2.81+0.63 31.11£6.20%

3.4 X% 2 R SR T B0 K it A 2 2 B A AR Y
M OB 2 A R UK = B bk DG
PRI 40 i HE 51 3 5, N T = A R 2 P LZ
oy P AR R B T Bl kL A e R 2, N B A

B M B L PN R T TR DR SR ST JLHE S 3L
DB A5 2 25 A W T Bl Bk L AET N B2 200 i A ik
T P WAVt v Dok 2D 120 JUL 4R I HE 50 A T el
B A T . WA 1.

AL ZE I BRI  CL A 5V o R k4L DL A IR B8 Th R 4 EL D IR 0 IR £ 2 (P 2 0T )

B1 DEZRRANZTHARRMEENRMDEHRKNIM (HE, x200)

Fig. 1 Effect of Shaofu Zhuyutang on vascular tissue of thoracic aortic of rats in each group (HE, x200)

3.5 4% 20 K RN 3 3 kO A 20 40 Nrf2, HO-1
mRNA LKA 525 (41 i, BRI ALK R
= B ik il 45 20 20 Nrf2, HO-1 mRNA % 3k & % 7+ i
(P<0.01); 5HIRI A A, A I B8 o R 4l
9 Nrf2 mRNA ik i 3 T+ 85 (P<0.01) , & i A
i 21 HO-1 mRNA 1Y % 5 B % F+ & (P<0.01) .
JUECR

3.6 XA A1 K B 32 30 Ik i 8 20 21 Nrf2, HO-1 48
FIRIRR R 528 (4 H #1840 9 40 A% Y
) Nrf2 1) 8 11 3235 B 2% TH & (P<0.01) , 40 g 3¢ v
Nrf2 (% 25 1 2 3k K7 W] i B K (P<0.05) , HO-1 (1)
R IAKE 3 TR (P<0.01) ; SRIARIA L4,
I B e A R A A A% Nref2 B AR AR
KB TR (P<0.01), 41 3% Nrf2 () 3 (1 3k B 3%
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x5 LEZRRGNEEKXREEKDE SR Nrf2, HO-1
mRNA RIAM M (T+s5,1=6)

Table 5 Effect of Shaofu Zhuyutang on expression of Nrf2 and
HO-1 mRNA in vascular tissue of thoracic aortic of rats in each

group (X+s,n=6)

215 /g k! Nrf2 HO-1
EgE| 1.00+0.05 1.00+0.06
LAY 1.08+0.06> 1.79+0.27%
32337 4.8 1.23+0.10% 4.44+0.34%

2.4 1.18£0.059  2.69+0.30%
1.2 1.12+0.08 2.20+0.31%

A, 255 HA G242 L (P<0.01),HO-1 H £
KRENE,.ESF ARG ¥E X (P<0.01), WA
2’%60

65 kDa

Hfi%  Nrf2

Histone 15 kDa

MR Nrf2 65 kDa

B-actin 42 kDa

HO-1 32 kDa

p-actin 42 kDa

A B & D E
B2 HHEKXRMENKMDELLN2,HO-1 EBQRIERE K
Fig. 2 Electrophoresis of Nrf2 and HO-1 proteins expression in

vascular tissue of thoracic aortic of rats in each group
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Table 6 Effect of Shaofu Zhuyutang on expression of Nrf2 and
HO-1 proteins in vascular tissue of thoracic aortic cells of rats in

each group (x+s,n=6)

4 4 ‘ -
am ke AL Nef2 AUHSE Nef2 HO-1

/B-actin /B-actin /B-actin

%5 1.01+0.05 1.00+0.04 1.00+0.03
LAY 1.92£0.072  0.82+0.08"  2.07+0.172
823377 4.8 5.30£0.199  0.23+0.059  5.28+0.18%
2.4 3.90+0.149  0.45+0.099  3.32+0.23%
1.2 2.82+0.109  0.59+0.06%  2.74+0.18%
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