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An investigation of oxidative stress based effect and mechanism of Shenfu Injec-
tion on atherosclerosis of ApoE”" mice

SUN Ying-xin,  ZHANG Tong, WU Dan-bin, SUN Chun, LU Bin,  JIANG Xi-juan™
( Department of Pathology, Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China)

ABSTRACT : AIM To investigate the effect of Shenfu Injection on atherosclerosis ( AS) models of high-fat apoli-
poprotein E-deficient (ApoE”") mice, and to explore its anti-atherosclerosis mechanism through the observation of
oxidative stress (0S) variation. METHODS (57 mice were used as controls. ApoE”" mice fed with 20-week
high fat diet were randomly divided into model group, Shenfu group for subsequent 4-week continuous correspond-
ing intervention, after which the mice had their blood lipid levels measured, their levels of MPO and NOX4 identi-
fied by ELISA, and their T-SOD activity determined by hydroxylamine method, their MDA level detected by TBA
their plaque formation observation achieved by HE staining of aortic gross and red O of all the aorta, and their Nrf2
mRNA expression detected by real time qPCR method. RESULTS Compared with the control group, the model
group manifested with increased contents of TG, TC, LDL, decreased HLD; decreased activity of SOD, increased
contents of MPO, NOX4 and MDA, and down-regulated expression of aortic Nrf2 and Keapl mRNA. Compared
with the model group, Shenfu Injection group was observed with no obvious blood lipid level change, but a reduc-
tion of plaque area, and an effective inhibition on OS as revealed by improved levels of Nrf2 and Keapl mRNA.
CONCLUSION  Shenfu Injection can activate Nrf2 and interfer the relevant enzymes, thus prevents the athero-
sclerosis progression through OS reduction.
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T T A SR S, 2012 4F 5 Jok o #F i £k
( Atherosclerosis, AS) FTEULCNIAESE . O )1 FIE
SEOMAE FFFE T AECN 740 77, N BSET AR
B 13.2% , HAET-HE 2000 4E T+ 23.3% , Bl
SEREMAEH, I RS BT AR,
AT SAL SRR PR PR RIS R 7, AR
( Oxidative Stress, OS) =142 30 [Tk o £ T8 AL & R
BURI P ZEH T, J& AS R4 KRR, MR
BEPL B 5 e e i) B B R R R, I A A O
HIRIT AS FY T B Y

SRR RS . B RN, H
BEARON I NS B B S, B T I R
LRI, BIBRAE P AUBIE, X SEE R
F D AIEERT BRI AS BB O
O JI R R DU EERIERS , R, Y RTS RS
W) Z BT DR IRYT o HT i i ik e R 3l
ik, BeE O IRERACESE, Bas il REFrg4e &0 o)
Bezoha . T P LS RM KNS, R
AR AAL IR, s T IR, ESR
AS B LT, NGRS MNE SHBE T O . B
OIRERIBLE o A BRI 380 o W s 12 55 2 B S
T ApoE™ /IN B Bk ok AR RE AL AT, 4G 0 3 ik o4
FEREAL B AR AR DCTR AR, LA SHT B I 2 R S
SEZE AS TS AL
1 #MRl5a*%
L1 sE3zh4p ] 8 ~ 10 i i SPF 2% ffk %
ApoE” /NEL (fhZ C5TBL/6 J) AEMimighdy,
FHIR]JE s e v C57TBL/6 ) B A AL/IN BV R X B 3
Yy, PR 21 ~29 ¢, SCEGSHYING A L R B
WS b, S A YR ATIES SCXK (5)
2014003,
1.2 s s ApoE” /NEUG LL 21% fig i A
0. 15% AHEEE “ mARiEe”, 1AL e BER A Y)
PHR A RA ]
L3 MELRKA FIAT W0 (756MC,
B¥#) 5 POtE R PCR AL (ABI, E[E); IMEH
U NEe i A N O IR N | R S Y =R /N 5%
fitt (T-SOD) JA — W (MDA) it &34
B R AR W R BT B R A AL )
(MPO) #1 NADPH &4k 4 (NOX4) ELISA 5]
ey A B (USCN) A w5 RT-PCR X
&M B st RARAEARHL A A 51975 Hifg
1016

ATARG SHHESR (SFT) 18 A HEZ = L2l
ARAE (2585 251020664 ) , Hap ¥ i
VAR [EL

1.4 sy ET AW BN G,
C57BL/6 J B¥ A= 74 /N BRUGA) LA 30 ) k), A S X6 R
A ApoE”  /NEURILL “RifRTRRE, BRI 24 JA
DAB ] AS RS, miARIREE 20 A, ¥ ApoE” /N
BERL T MR FIZIZH (n=20), SMEH, IR
FES BN ARG B 1 S S (15,6 mlv/kg, H
HEL S AR 25 530000 1 mg/mL, 2 mg/mL) ,
BEAUAH , s A S AR B A BRER K, T o ] 4
Jil o ASBIFSE B4 S g A 2 e e B2 24 R sh A
7z 1t MESL it

1.5 FB4riem

L5 1 Mg be kil g, Ak
1., #'& 30 min, F4 °C 3 000 r/min 5.0> 15 min,
Wtk i, - 80 C VR A7 & Mo Il i sl HEL b A
(TC) . Hh =8 (TG) . k% B 5 & 1 AH &
(LDL-C) Iy % B g 45 U [ A% (HDL-C) /K-
K, SR MLIR IR & T-SOD /K- R FH e
7%, MDA JK-FlE R AR AC L LL Z iR (TBA) %,
MPO F1 NOX4 R K o2 e ffH - (ELISA) k&
R, BRI BR S REAG I 54 7

1.5.2 EHpksdnge fr4a.0H, RE L
WERRER 22 v e D B EATHE , A0 PR
HWAE IR, e VIRES RS, RO T
MBS AMEE, FIIF. V. AR K EARTE GE 24 h,
60% S NIEHEYE 10 min, JHZL O Yy i 4% 10 min,
70% LBEoAL . KL, EZE SRR RERE AL B i
o, HARMrRaahik, Buhshifk, &7k
A b HF. RS, ] Image-Pro Plus 6.0 ¥4
IR, AT AL g oy (BEBR) T AR L A sl ik
[N NER

1.5.3  EZPARMBEIR 2 ML o3&/ RO
JBE, fEOR AR E, 178 A WS o, HE 3
o, S RIESYI R B R TSRS, @
Leica Qwin Image Processing and Analysis % {473 ¥
DI, M AS BEHUBEATI AR (PA) | I 4845 R A
WA (LA), HERIERSmR (HEPem /il
EEREmM, PA/LA), PIAZ (%) #R,
1.5.4 real-time qPCR #&il Nif2 #1 Keapl mRNA [{]
#ik SR H] TRIZOL £ M 3 3h ik & RNA, I &
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RNA /KPR 4l . DL RNA SR, 4% 18 RT K
7R G A0 BR B s i DNA L eDNA Sy B84l 2 17
PCR ¥4, L) GAPDH AN Z, HIYHERE N2 F
Keapl 5IYF5I W3 1o ¥ 13 540 95 °C HiAE
15 min, 95 CA5 10 s, 60 CiB k30 s, 72 C4E
il 1 min, fEFF 40 YR R 2 -8R IHERE S
R HE PR AR R R A 6
%1 Nrf2 1 Keapl 3|15
Tab.1 Nrf2 #0 Keapl primer sequences

#A R FIFFI(S’-37) PR BRI/ bp
iEfi] GGTTGTCTCCTGCGACTTCA
GAPDH 183

J% 1i] TGGTCCAGGGTTTCTTACTCC

N2 1E 7] CCCCTGGAAGTGTCAAACAG 120
Sz 1] CACATTGGGATTCACGCATA

Kean 1E 1] GCCAAGCAGGAGGAGTTCTT 1
o JZ i) ATTTGACCCAGTCGATGCAC

1.5.5 Zeitseabs ey RH SPSS 18.0 %iit
LA TEAE 73 Hr o 5 GO A B + bRl 22
(v xs5) Fn, ZHHER LECRHBRINER 7 257
Mr, A ZE ILHERH LSD-t ik, P <0.05 K25

CEN -9
2 HR

2.1 AMEGHR AT ApoE” Iy R o fig K 49 % v
FIMEIE 3% ApoE” /NEUAY If 7% TC, TG, LDL-C /K
S, BT R T R, KOS P <0.01, P <
0.01 5% <0.05) ; SXHILLMIL, HDL-C A5 fk R 1]
B (P >0.05) . 4T % W i i v I v 5 4 R
XHfyE TC. TG, LDL-C #1 HDL-C JGHH B2, S5
BRI, gt a2m (P>0.05), Wik2,
®2 BHMBETLER (x5, n=6)
Tab.2 Levels of blood lipids in various groups(x +s, n =6)

TG/ TC/ LDL-C/ HDL-C/

2E%IJ 1 1 1 1
(mmol-L™")  (mmol-L™")  (mmol-L~") (mmol L")
WL  3.67+0.49  15.22+2.22  11.73 £2.29 2.74£1.19
BRI 7.38+2.41% 21.54£2.36™ 15.63£4.19%  2.48+0.31
S 5.37+1.31  20.08+2.29  10.77 £3.31 2.42£0.54

SRR LR, ™ P <0.01; SX R LhE:, * P <0.05
2.2 AWEHRTHAEIK IR TRE 5
oo FEhkRMLT O Yeash i (K1, £3) &
7N, RTREZH BRI EEI, R WL Bl Bkoks ALl AL BiE
Be; 2224 FEASKE AT B % Apok” /N 3 50
Jik AS FEAETE A, = Bh bk RS AT LB L K TR
JEM L e pa e, BEH AL (15.88 +4.19)% ;
FIRIRE R, A TSHNESR T4 5, oL
AR N FE DK BEBESR A (11.02 £2.41)%
SEREPIAML, A%ITEE X (P<0.05),

-

WA  HEEA SR

B1 REAEFHHHMI O RLBER

Fig.1 Results of oil red O staining of various groups

£3 SHEESHRNT ApoE”" ZE 3h bk M BE Bh Bk 8 A L i 25
ERBZMm (xxs, n=6)
Tab.3 Effects of Shenfu Injection on atherosclerotic lesion

area (xxs, n=6)

45 F2 3k A B BB T 43 L%
X HRZH 5.48 +1.51
IR 15.88 £4.19 ™
ElE 11.02 £2.41*

SRR LA, P <0.01; SRR L5, *P <0. 05

2.3 AMiEgHRst ApoE” /s S E 3 BioAR 3R 58 3
A Fea EIKARES HE Qeai R (&2, £4)
R, ADNREIRNSR 24 A5, 0] A i
SREDEY, ZR4ENE . AH [ EESS & IR 40 AT,
Holk NEBEHUES . mleim s 20 J, [FIET 45720t
TS s, 45 R BoRAERIm AR (60.1 «
4.4% ) SRS (46.5 +3.3)% JEi/)N, P <0.01,

= g Z :‘ . \\ : T

I-Fél HE, 40; R HE, 100
B2 BAENREBBRER

Fig.2 Plaque area of the aortic root of various groups

2.4 AMiEGR AT ApoE” s RAAK Bk 0 %R
ApoE” /N R “H IR K &7 24 A J5, I W

T-SOD % /3 F & , i MDA . MPO . NOX4 /K 3 T 25 |
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F4 AREANEZNKRDIRERAEN (x £5)

Tab.4 Group variations in plaque area of aortic root

(xxs)
AL no BEHEREY/mm®  BESUREGE EBY %
XL 4 00 00
A 6 0.932 0. 103 ** 60. 1 +4.4"
St 6 0.707 £0. 043 46.5 3.3%
TE: SRR LA, P <0. 01 ; SR LA, # P <0.01
SXIRAAEL, ERA BEM, TP <0.01; HTES

BERAGHR T UG, ApoE™ /INELILIE T-SOD i Jy 14

5, 7 MPO, NOX4 Fil MDA & F [, 55/
BAHLL, 256 BEMH, 208°P<0.05, "P<
0.01, WFES5,

2.5 AMWiE4HER A ApoE” s R E 3 Bk Nif2 Ao
Keapl mRNA kLo em BERIZH/NR E B Nrf2
Fl Keapl mRNA FKIAE TR HRLH, 22553494 W51
(P<0.05), ZMEHWT B, Nf2 Fl Keapl
mRNA ({RIK B, B ARIH 2% 50 W% T
(P<0.05), WZe6,

%£5 SHESEY ApoE /MR ME T-SOD, MDA, MPO #1 NOX4 §80f (X 5, n=6)
Tab.5 Effects of Shenfu Injection on serum T-SOD, MDA, MPO and NOX4 in ApoE”" mice (X s, n=6)

21531 T-SOD/(U-mL~") MDA/ (ng-mL~") MPO/(ng-mL™")) NOX4/(ng-mL~")
popitekcl 437. 8 +130. 07 311.2 £80. 69 2364.4 £391.74 22.16.14
AR 174.6 +48.19 550.9 +95. 64 ** 3382.9 +210.96 ** 45.6 +8.89 **
e 296.5 +69. 88* 312.5 +64. 13* 2535.3 £771.02* 23.3 +5.80%

TE: A B L L, P <0. 01 ; SRERIZ LA, " P <0.05," P <0. 01

£ 6 BHES T ApoE” /IR EFh Ak Nrf2 #0 Keapl
mRNARIEH N (x x5, n=6)
Effects of Shenfu Injection on the expression of
aortic Nrf2 and Keapl mRNA in ApoE”" mice

Tab. 6

(x+s, n=6)

20531 Nif2 Keapl
X HE 21 1.01 +0. 18 1.01 +0.12
AR 0.76 0. 13 * 0.70 £0.20*
ELE! 0.91 +0.07* 0.90 +0. 06"
T SXFIR LA, P <0. 05 S i, * P <0. 05
3 itig

BT A B BRI SR ApoE” /1N Bl H B i A R
SR, BBk 3 B AR A B A Ak
BEPIE B, LT SOD i PRIk, MPO, NOX4 A
MDA & & Fhm, SR EN RS, F3)
Jik Nif2 #1 Keapl mRNA 235 F i, #3568 ApoE” /)
Bl AS BERYSE W S, JFAF R AR AR . ST
TESHROF A BEA AL = BRI % ApoE™™ /NI 1f
AR, AR/ S BRBE DT AR, IR 4 A R
IR Nif2 Fl Keapl mRNA [k, R %
BERASTT R IR ISR ApoE ™ /INEL AS AL T fig 554
L= RS G R ANAL C S P

ApoE ™ /INER AS BEAUAFAE AL R i o 5 IR
MAE R AS B BTAERl, B AS AL AR 5 A
A, IR IG5 4k 0 A RO VAR G,
ARFFEZ VN AR BT AS WIRZS, B H
AN R A S 805 2 A J7 et AS A
BT EIRMAE ApoE” /N Ll i TS A S
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wi, SFEEALRIER A, Sk, JCHEN
B AN A AR A e s, (AR P o TR A Bl ik
MR, JRdRRRIER N, XAEAN S5 AS 1Y
HEHLH . AEARBIT TR AS &R —
ApoE” /IR AS FRRL, RHH BT NS i AS
BEHe, miH, BABUEACIIRER SOD RS M FEAR |
TREALR A MPO | NOX4 FHi&, SFECEALN ™
Py MDA g, MDA 285 i 4 b i 5 21 7 )
Z—, SRR SZ R A R B Y ] S
BT, BRARIZAR R A 5 B LIRS TR AR R T B 4R
PERIHCRA, 5 Im RAH G FEAH— B, AS BE IR
FEAE A B S AR R AR 0 o BT O, B 4R fk
B, BRI ROS K-, Zim KB IA AS BY A 17 i
#7128 Keleh # ECH BE A E 4 1 ( Kelch-like
ECH-associated proteinl , Keapl ) /#Z K+ E2 %
KT 2 (nuclear factor-E2-related factor 2, Nrf2) 37
FALRGN FPURMIEE R e 5%, 2e 4 NIk R
LA e T B IR P B AL R R 4 . R
BRI FE B K Nif2 Fl Keapl mRNA T, KB Nrf2
I Keapl TIRETE ApoE™ /NG AS HEFL v 32 51 Bt 11
fil, Z 58RI E

ST ST AS 125805 T IR AL N A
KIS BMHESHRCE T AS BN O BB IR
I7, (AW A IS I S W PT DA RUIE 2% AS 3
B, SR, HRCRPST TRERRZ A, AR R4l
S, B B HAT RO BAT R BB SRR
PRI, DASECAR R A T I BH 2 B SR A Bt AS AL
o BE—2B WS B, 1% 5 R T U G i
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Z, WOE AWM R A SRR,
WD EAL R W HER, BoR R BT RTINS,
HeWr At 22 AS WFEH S T WAL M if %, BE
SR, AL I A O il 1) 2% 38 3% Nif2/Keapl Z 5t
e, L, 7F S B ST S AT RO D) ) LRl
b, WSS Nif2/Keapl f3RTK, 45 F R %
TS T 45 2 Nrf2 Fll Keapl mRNA ({35, #f—
A T HAT AR TR

MZ, AW EILEA PO A S HHE S
VL, T RAAE R BOAE R B VR SR A ApoE” /N BRI R AT
WL T, I AS BEHAYIE Ao X —id 5
ik NADPH %({Lff . 8t SR 1, $2THE A
AL BETE P, AR ROS ZKSFA G, H
RN AE AT R I 1 Nrf2/Keapl 3 451 14 ok
S,

S0

[1] World Health Organization. The 10 leading causes of death.
Updated May 2014, from http: //www. who. int/mediacen-
tre/factsheets/fs310/en.

[2] /N, JEIREM, Fhed, % PRSI bR
o /1N BB Dy K T SRR B E 5 [T ). 2 3
R, 2017, 33(1): 95-100.

[ 3] Lozhkin A, Vendrov A E, Pan H, et al. NADPH oxidase 4 reg-
ulates vascular inflammation in aging and atherosclerosis [ J].
J Mol Cell Cardiol, 2017, 102: 10-21.

(4] &2, B, B . SHHESHRBUR SCMERILEN Y
PR R[], PP B2 A 0 K I e Ak, 2015, 13
(14) . 1626-1628.

(5] Wi, BRafy, VAT, S5 SR B iG 7

[8]

[10]

[11]

[12]

[13]

[14]

[15]

P N s g o g A A 3 B S A A R DR [ ],

hEZRE, 2016, 57(24): 2117-2120.
WOEE, Bk aE. BEPDTAR /N RS ok B B AL AR B 5
HRLT]. hEBhkEfeE, 2006, 14(8) . 725-727.

Wang X M, Pu H W, Ma C, et al. Adiponectin abates athero-
sclerosis by reducing oxidative Stress [ J]. Med Sci Monit,
2014, 20. 1792-1800.

B, SBRR, SKRAE. EALNEOR B VAR 3 kR R
ferb i EIF T ik (1] h IE S RAE Ak A4k, 2017, 25
(4): 404410.

ook, bk, WEA, & SRS SCRETE KR
FEREAY A Ji vh iV T BAR DGR T 25 e e [J]. o
FHM PRI, 2014, 17(21) ; 127-129.

Duryee M J, Klassen L W, Schaffert C S, et al. Malondialde-
hyde/acetaldehyde adduct (MAA) is the dominant epitope fol-
lowing MDA modification of proteins in atherosclerosis[ J]. Free
Radic Biol Med, 2010, 49(10) . 1480-1486.

WIS, WM, & W, . PRELTESBON IR U B/
FREER R R E R [T, dhatzy, 2016, 38
(9). 1887-1892.

Vogiatzi G, Tousoulis D, Stefanadis C. The role of oxidative
stress in atherosclerosis [ J ]. Hellenic J Cardiol, 2009, 50
(5): 402-409.

Wi, WEERE, WM, SF. R MLAE K IV A A
YBALRER [T ]. bRid RyE T SRR, 2013,
20(4) . 225-228.

BT, £, Rk, . Keapl-Nif2/ARE {5538
BT EEAC R E T B R AL (] E PRy 2T e s,
2016, 43(1). 146-152, 166.

Chand K, Rajeshwari, Hiremathad A, et al. A review on an-
tioxidant potential of bioactive heterocycle benzofuran: Natural
and synthetic derivatives[ J|. Pharmacol Rep, 2017, 69(2) :
281-295.

1019



