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3T Keap1-Nrf2/ARE {551 S B0 o e 2 ol
B 275 R R R B0 B R A HIL
I F x4 ebsE kw2 7 & x

ME BB AT Keap!-Nrf2/ARE 155 # @ %38 3§ % K % M4 & T B 45 642 (Sjogren’s syn-
drome,SS) BEA K L s H e EiLeg b, FiE K48 R Wistar R X ALK F R ESs A4 .58
AR E L) MR RA (B ) FREBA(FHA) RAEA(BHHA), FM12 R, 550 @4
RRA(ZAURI) FJe LR EH G R Z2EAN AL IAEGRATREG®REGH#R 0.1 mL,i%5F SS
BA, BRRGH19 R TR, 2 OARBAMHLTEFFAERER( mMLA00 g) , L4u53 L TH K
%#(1 mgM00 g) . % 4%5(0.03125 g/kg) , & AH R FF1 K, %% FR30 R, AH%RENEXLLY
WIRE T MK ZEA AT IR SRR IR AR F T R A A ik sh A 5 lm SS A K R v
e e A KA ELISA k4 & 7 7% A (reactive oxygen species,ROS) . % —#& ( malondialde-
hyde,MDA) . # &t 4 ¥ /B ( superoxide dismutase,SOD) | ¥ 4 &1L 4k /1 (total antioxidant capaci-
ty,TAC) \TNF-a.IL-35;HE # &S LR G HRE F R E ; LR AN EEN K ROS. EFHR A dA(re-
active nitrogen species, RNS) . 4Bt H ik ( glutathione, GSH) \#L & % & (thioredoxin, TRX) & ik ; 5%
i3 &2 % PCR(real time fluorescence quantitative PCR,RTFQ-PCR) ## Keap1 .Nrf2 ARE mR-
NA % & 89 &L ;Western blot 5 ikl & K RS ILLE 42 y-4 FBL 3 Bk & BR A A& B8 (y-glutamic acid and a
half long glycine synthetase,y-GCS) .24t % &.4-# 1 (heme oxygenase-1,HO-1) & & kA KT, 4
R Hraguabi BAAKKAMKKE AT RISE IR HR, S EFRE(HI) 2 K% 5 E(LVSP) |
£ 477k # & (LVEDP) MDA .ROS . TNF-a.ROS % & % A \RNS % & & i2 [ Keap! mRNA MafmRNA .
Nfr2 mRNA \HO-1 & & &ik \v-GCS &Za £ A5 (P <0.01) , A . £ N ELEF FTHRRZE(
dp/dtmax) .SOD . TAC.IL-35 .GSH . TRX & & & A B4&(P <0.01), HEA 4 & AL AT G X
RAKKE AR T AR 40 % 35 4 . LVEDP MDA .ROS . TNF-a \ROS % & % 15 \RNS % & % A . Keap1 mR-
NA .Maf mRNA .Nfr2 mRNA .HO-1 %& & ik .y-GCS & & £ ik 3 A% (P <0.05) , f K 69k R & . +
dp/dtmax .SOD .TAC. IL-35 .GSH % & & ik . TRX & & k& #A % (P <0.05,P <0.01) ;%% 4 HR 75
(P<0.05); #2541 HR.LVSP %1% (P <0.05,P <0.01), 5 & 44, F % 24 HR.LVEDP,
+dp/dtmax .y-GCS %& & % ik 4{& (P <0.05,P <0.01) ,SOD.TAC.GSH.TRX.HO-1 & & & & # & (P <
0.01), HI 5 ROS £ E45% (P <0.05) ;LVSP .LVEDP 5 Keap1-Nrf2/ARE 1z 5 4% i@ % 2 £ 40 % (P <
0.01),5 TAC £#48% (P <0.05,P <0.01) ; +dp/dtmax 5 Keap1-Nrf2/ARE 1z 514 S % 2 fi 48 %
(P<0.05),5 TNF-o 2 EAX(P<0.05), &it TRESERAGESHARTHE, FREBRECH
Be 89 HLH] T 2 5 Keap1-Nrf2/ARE 135 4 Fi@ % &L E A X,
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Astragalus Polysaccharides Improved the Cardiac Function in Sjogren’s Syndrome Model Rats
Based on Keap 1-Nrf2/ARE Signaling Pathway: a Mechanism Exploration WANG Fang', LIU
Jian?, YE Ying-fa', ZHANG Xiao-jun'®, WAN Lei*, and ZHENG Li* 1 Department of Graduates, An-
hui University of Traditional Chinese Medicine, Hefei (230031), China; 2 Department of Rheumatism Im-
munity , First Affiliated Hospital of Anhui University of Traditional Chinese Medicine, Hefei (230031), Chi
na; 3 School of Graduates,Hubei University of Traditional Chinese Medicine, Wuhan (430065), China; 4
Department of Radiation Biology, City of Hope National Medical Center and Beckman Research Institute,
Duarte, CA(91010), USA

ABSTRACT Objective To explore the mechanism of Astragalus polysaccharides (APS) for im-
proving the cardiac function of Sjogren’s syndrome (SS) model rats based on Keap1-Nrf2/ARE signaling
pathway. Methods Totally 48 male Wistar rats were randomly divided into four groups by random digit
table, i.e., the blank control group,the model control group,the APS group, and the hydroxychloroquine
group,12 in each group. Except those in the blank control group, 0.1 mL mixed antigen protein of suffi-
ciently emulsified Freund’'s complete adjuvant and submandibular gland protein was injected from two feet
plantar to induce SS model. The intervention was started from 19th day after inflammation induction. Equal
volume of normal saline was given to rats in the blank control group (1 mL/100 g), APS was administered
to those in the APS group (1 mg/M00 g), and hydroxychloroquine (0.03 125 g/kg) was administered to
those in the hydroxychloroquine group. All rats were intervened once per day for 30 consecutive days.
Changes of rats’ body mass and drinking water quantity, submandibular gland index, spleen index, histo-
logical changes of glands were observed. Changes of the heart function were monitored using invasive
hemodynamics. Serum reactive oxygen species ( ROS), malondialdehyde ( MDA ), superoxide dis-
mutase (SOD), total antioxidant capacity (TAC), tumor necrosis factor alpha (TNF-a) , and interleukin-
35 (IL-35)were detected using ELISA method. The pathological changes were observed using HE staining.
The protein expression of ROS, reactive nitrogen species (RNS), glutathione (GSH), and thioredoxin
(TRX) were observed by immunohistochemical staining. The mRNA expression of Keap1, Nrf2, and ARE
was detected using real time fluorescent quantitative PCR. The protein expression levels of y-glutamic
acid and a half long glycine synthetase (y-GCS) and heme oxygenase 1 (HO-1) in the myocardial tissue
were determined by Western blot method. Results Compared with the blank control group, the quantity
of drinking water, submandibular gland index, spleen index, heart rate (HR), cardiac index (HI), left
ventricular systolic pressure (LVSP), left ventricular diastolic pressure (LVEDP), MDA, ROS, TNF-a,
ROS protein expression, RNS protein expression, Keap1 mRNA expression, Maf mRNA expression,
Nfr2 mRNA expression, and HO-1 protein expression, and y-GCS protein expression significantly in-
creased (P <0.01); body mass, +dp/dtmax, SOD, TAC, IL-35, GSH, and TRX significantly decreased
(P <0.01) in the model group. Compared with the model group, the quantity of drinking water, subman-
dibular gland index, spleen index, LVEDP, MDA, ROS, TNF-a, ROS protein expression, RNS protein ex-
pression, Keap1 mRNA expression, Maf mRNA expression, Nfr2 mRNA expression, and HO-1 protein
expression, and y-GCS protein expression significantly decreased (P <0.05); body mass, *dp/dtmax,
SOD, TAC, IL-35, GSH protein expression, and TRX protein expression significantly increased (P <
0.05, P<0.01) in the AR group and the hydroxychloroquine group. In the hydroxychloroquine group HR
increased (P <0.05). In the AR group HR and LVSP decreased (P <0.05, P <0.01). Compared with the
hydroxychloroquine group, HR, LVEDP, =dp/dtmax, y-GCS protein expression significantly decreased
(P<0.05, P<0.01); SOD, TAC, GSH, TRX, HO-1 protein expression increased (P <0.01)in the AR
group. Hl-was positively correlated with ROS (P <0. 05). LVSP and LVEDP were positively correlated with
Keap1-Nrf2/ARE signaling pathways (P <0.01), and negatively correlated with TAC (P <0.05, P <0.01).
+dp/dtmax was negatively correlated with Keap1-Nrf2/ARE signaling pathways (P <0.05), and positively
correlated with TNFalpha (P <0.05). Conclusions Declined heart function exists in SS rats. The mecha-
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nism of APS for improving the heart function might be closely correlated with activating Keap1-Nrf2/ARE

signaling pathway.
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Keap1-Nrf2/ARE signaling pathway

TP 255 1F ( Sjogren’s syndrome, SS) J&—Ff
DAGI 3D B () 12 1 S 0 A8 Sy F2 B AU 1 B A e
YN, IR 2 RGNZ B, B URIB LS 4 400, 1R
HE LR O T RT R R E R AR AR K
LIPS R 73 AR IR -2 NN [ N 1N
LB IR T AR T, RN 2 RS B R
Z R TR RIS BIEKYE SS ik 28
(37.3%) LIEF B RA 5. SR SS T80 Ik
AL H AT AN R . ARl T UEE SS K R
DIIRE AR AR AR 0T 20 P R0 LS A 1 AR
16, 1L BR 0T T 8 2 B (Astragalus polysaccha-
ride , APS) X HAE LG, BRI 5 45 R M5 40T .

57T %

1 g HIEREE Wistar KR 48 H, B
3 ~4 N EFER (150 £20) ¢, LA L5 sh )
OARAE, AHIIE S SCXK (%) 2011 - 002, 7E % i
22 ~28 C Fiag%, AR 50% ~60% , A SR
A, SR R A R 3R TARMESI Y 5 , 3 PR A 5
2 JH,

2 Zj¥y APS:100 mghifi (4L >90% ), i
AR BRA W)L 5 . 20120802, % APS B
JSCAIA, AR BER /K, Bl R A (HBE 1 mg/mL) ;
R EME Fr:0.1 g/l , L v sl 254 R AL it
51 120705 BB M Fr BIE AR, 2k BEER UK,
Ko RS (M : 5 mg/mL) .,

3 AL BRI, L E Sigma A
A (45 : 098k8730) ; i %A Ak 1 B {1k i ( superox-
ide dismutase,SOD) #it5-: 130485R, N % (ma-
londialdehyde ,MDA) #t5: 130887R, i #i A fLfiE
71 (total antioxidant capacity, TAC ) it 5.
130452R, 5P 4 (reactive oxygen species,ROS)
it 130895R, ifJ IR FL A 1~ (tumor necrosis
factor-a, TNF-a) b5 : 130915R, IL-35 X5 &, 4t
5 130751R, DL FifGn g [ E g IR A P HoR A
B2 ] TRIzol 5 (#E5: 15596 =026 ) , £ [H In-
vitrogen 2 5 100 %% 5% 7] & ( RevertAid™ First
Strand cDNA Synthesis Kit, {lt*5: 00064525) , Jil
%K Fermentas 4 wl; PCR 4" 8 {7 & (5.

00152387) , /it % Kk Fermentas /A #l; %05 (#t 5
20130419) , Fifg {510 TAHBRA "R ok &
B (it : 20130526 ) , i 7 A b2 0 A PR 2 /5
SENEE(HES: 20130512) , m i k27 DEPC,
i[5 Ruibio 22w, SP AHICIRAH] : 1% M4 B H 2 (re-
active oxygen species, ROS,#it5: HZ63782) ;1
PEA E H1 3L (reactive nitrogen species, RNS, 4t
5. HZ48943) ; 5 bt H Ik ( glutathione, GSH, it 5.
HZ86572) ; il A it & [ ( thioredoxin, TRX, it 7
HZ67258) s 1gG iy FEHi {4, 55 & Santa Cruz 24
F) 3 SP il & S DAB 5 f e 21 Ak e o355 &, At
A YA R A E . RECOIIALAMLL R A S
fii 1 (heme oxygenase-1,HO-1) . y-4+ & B2 ) Bt &
fR& h (y-glutamic acid and a half long glycine
synthetase,y-GCS) & H i #, & Abcam A H],
RIPA 4 i 54k S BCA 1 e st il ) &, YL 3
ZRAEWEARBIEI; + b FE i R 44 (sodium do-
decyl sulfate,SDS) : f&[¥ Serva Al ; H &R : 52 H
AMRESCO A #);N,N,N’,N" - JU I % = Z i (N,
N, N’, N’'-tetramethylethylenediamine, TEMED ) .
Tris #i#: 3¢ [ Sigma 7~ w]; PVDF Ji: 3¢ [E Millipore
Ao PENE RN M L FEA , TaKaRa 24 A i br
1L (FEH:, %S RT-6000 ) ; Biopac 2l Ak B0 4%
(3£ BIOPAC A w]) 5 B AL (LB U AR R B A
R H], ALS : JWB021HR) s Teis TR 5 a4 (VLI5 HAR DL
IRALER i 15 s 7], A4S GL-88B ) ; HiAE (1 [E Eppen-
dorf A7) ,50 —300 pL) ;ML PERAS ( i =& Ry
IXFRA BR 2> F], 15 . DNP-9052BS-11 ) . i PCR
I (F5:ABI2720) , 3E[E ABI 24 ) 5 Fa He A it Ha Uk X
(A5 :DYY-6B) , Jbmi /s — AR5 R VR 50 AL (Y
5 :TGL-18R) , BRif M Ly B 2 AU g8 A7 IR W) 5 96
i PCR X (5. ABI7500 ) , £ & ABI A F] ; & i
%53 1% , % [ Bio-Rad 2y 7] 7™ i (% 5. Gel Doc
XR) ;X gk, HAS Kodak 723wl 5 K F2 IR (5 . ZD-
9556 ) , K iRt 4

4 PrEflgm SROGHR3,4 ], 85 LIES
I FAE RO SD BRI AR, A7 20 5 B B A
Y e R AN R A L E R IR ULV RE N & Wz b/ i
W T, FR 5 BTRE, LA 0. 1 mol/L pH 7. 2 FBERRZE v
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W (1 mol/L XFRRIA) , 7657 3% 2 P i B A1 3% (L L
PRAETEVKIG th b AT) SR 25 B O i - A T i S i 4
b B AT AR O R B TR T R IR O
HELG 2 h BRI, R S e &
H. F 0.1 mollL pH 7.2 () PBS ¥ HAw k¢, L BIR
AR A 123 B ELBIRR A, FEIAR A, B i R
SER IR IAERI(CFA) o HFR G &R B PR 5 A
() CFA 1R G, vkifi b st /3 #L A CFA-p.

5 BT R TR SRSk
(5], 48 HOKRBEHL A 4 4175 AL BRI 2y
2P 12 K Al (3 FRRAE) B X RS
SERRER R TR SHTE 0.1 mL 1 #%,0.2 mL/EL,36 X
il SS BiAY 33 HH I RAE R, ARG n, & T i
IR, B AR, BN h 91. 67 % , R ISR T~ L)
Brtbho BRI 19 RIFMG T W, h 254 B APS
(1 mLA00 g, A2 Film K A 255015 10 %) , &K
1 U PU 2520 3 8 iR v (0. 03125 g/kg, AH >4 Tl
PRFINFZ5500 5 10 £i%5) , BRIk, 45 L AL AR R
B AR K, S BES T30 K,

6 AaFEhE ik

6.1 —HCRAEWEE IEREFHARRE/RE14 K
(TIHT) KT HUG AR oK R B O TG,

6.2 MR N IR RO eSS R
JE AU R R L, AR RS BRI R R R Ak
(%) =W (g)/ KEWATTRE(g) x100% ;a0 N i+

(%) =0 MIRER(g) RRIARE(g) x100% .
6.3 AMEsN S ERA.oaE S MOk

(6], FSAIFEALE S H KRBT ,3.5% KA
%1 mLA00 g [ R, A0 EMYE [, M6 20 % fi
TLEAIE B2 B A SR S A A AT AL D L %
P2 G B SR, i 550 R (HR) L0 46 K
(LVSP) L E&F KK WIE (LVPDP) (A= N Kk
R K (dp/dtmax ) . Ir A S48 1LL0.13 % fiF
FAETER K e . WS 5¢ e I T B R O U SRR
ot RO IE BT R SR (HI) | HI = O JI i A B

6.4 SOD.MDA . TAC MDA TNF-a.IL-35 #;
W TSR SR (0. 17 g/kg) [ I 1 5 IR e,
W8 £k R, 3 000 r/min .0 5 min, BUMTE, &
-80 C VKA - A7 5 M, 174 SOD.MDA . TAC,
ROS . TNF-aIL-35 il & >R F ELISA AUHTIR Je.0n %,
FLRERE A TR R0 & UL T A7 S5 SR AR D
450 nm ByEFFR L T2 HSfLY OD fE; LA OD ik
DNABFR , ABRE 00 v A R A A, 2 T I 2 1] 5 AR 4
FEAh Y OD B2 48 X6 17 (43 i S il o

6.5 HZURIMEE R KRB IALIE,
FTFF R B OO, 25 SR R 45 4 2 21, 22 A B AR /K
e FHUEARIE T, UG ARERE T 10 % HhVEf 2K Sk [
E TS P R (4 wm) (HE B4 0 Sz di ik
Jeta, LS,

6.6 O NLAZHE 4k H (Kelch-likeECH-
associatedprotein1, Keap1) . E W 40 it 7% 1k K
(macrophage activating factor, Maf) . # A + E2
M5 A ¥ 2 (nuclear factor erythroid 2-related fac-
tor 2, Nrf2) mRNA ] & J] RTFQ-PCR %,
P2 [ AR 2 N Invitrogen 23 R HERY F 515,
{8 H Primer Premier 5 {4 it3: 0815149, 5190)%
I 1. mRNA KI5 « 76 7R R RE B K RO
HZ(100 £20) mg, ¥ AL A AR, 1 TR-
lzol A 7] & F2 B 41218 RNA, & RNA # | M-
Mulv S i a5 & Ul 1 5 32 At 19 5 36 i 17 S B okt
PCR B FR N 20 pL AU LT 2 ul, iE %
514 1 ul X% SYBR Green 3¢k} 10 pl, Kb 2
220 pbo RN &R 95 C FiAZYE 3 min, A8
(95 C) 30 min,iBk 15 s, #E(H1(60 °C) 60 5,40 4~
TEFR,4 C 2k, AU Fiefdt HT Y 23 A7 07 v A X
#1L4HT (relative quantification study ) , 5347 Br &
FHBEAR R 2725,

£ 1 RTFQ-PCR 31¥)/75 Ko f 1o K i

PHKE

He
H 519551 (bp)

_actin L% 5'- CGCGAGTACAACCTTCTTGC-3’ 20
B Tt 5'- CGTCATCCATGGCGAACTGG-3'

Kean1 3% 5'- TGGGTCAAATACGACTGCCC-3’ 582
P T 5'- TGGCTCATATCTCTCCACGC-3’

Maf ¥ 5'- GCTACACACACGCATTC-3’ 687
T¥#5'- GCTCTTACCCCACTCAA-3’

N2 [i# 5'- CCCAGCAGGACATGGATTTG-3’ 293
T 5'- TTTGGGAATGTGGGCAACCT-3’

6.7 U414 ROS . RNS.GSH . TrX & (4 kil
KR SP 3, = B A & Ui /. ROS. RNS,
GSH . TrX BAsEpdiik 1: 200 Fike, F418) A ik 1
58 FH 0.01 mol/L PBS JRACE —Huii A7 40, Ry Bk
YRR BESK YT R AR RE 5 LR, DL AR K | A i
Wbt B (0 B A (2 RN BE PR o a8 2R Ak e
e B R A IR Y OIS B (SR E AL G
0 IR FEH AR B 0.1.2.3 A e )
B : B A%k & A B 43 e A LB I I 75 4H
e T EUE A e AL YL (L8 5, Yo (A8 B0t =5,
FEAMER, FUPEEEEE (10D) R B4 Hr 44 (Im-
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age-proplus %\l K5 43 BT B & 4t , 25 [F Media
Cybernetics 24 ) #17E4 5347, ] 10D /8 ROS |
RNS .GSH . TrX & H 133k ; 15 A 2 10D = i
B PR . PPN 10D R, FonEH &K
IR

6.8 HO-1 J y-GCS HH £k KK  RI-
PA ARG IEH AU A, % s i 8 e ik

F) & H O, FHl Western blot 32461l HO-1 |-
GCS 13k, J1l BandScan {4 & 5 e 4 441
RIFL 4> W % (integrated absorbance, I1A) fH, L)
B-actin NS, ) HO-1 /B - actin .y-GCS /B - ac-
tin H{E#/R HO-1 .y-GCS HH#£ikK -,

7 GiitiiE R SPSS 17.0 B, il R
H x £ FoR , IR A B4, 20 18] H R FH kST A
At R 5 A 2SS A0 B R AR A 50 5 A S 43 B
K Spearman & Hr, P <0.05 W& 5FH 4
ET-3'E

# =X

1 SRR —BOIRES B8 B a0 R s B e A
(£2) @HJS 14 K, BB R BUPOK B,
A IR, PR IR R TR, B R TR B, A
SEN s MU NS S I TRIAS 2 I o 241 vl sb iy
Ko THUG BRI R BRI 2Z 1 I, 50T ] 2
B, R RERVLR TR, BR TR LR, BT
WA WSl , L R R 2 BE , A PR S e B G T 2
YR B R b, R BRI W IR IR IR,
BEADEE, WA BHER, 16 3h R G 2 HYOK R

R2  AHARBATE YoKE

B

N

(P <0.05) , KE AT (P <0.05) .
2 FHRMONBEHK(ES)

g, 2541 HR . LVEDP, = dp/dtmax [&1{% (P <
0.05,P<0.01).

3 LK B AL N A b L LT A R L AR
s 4l e, BRAI4] MDA \ROS , TNF-a
SE YT, T SOD. TAC, IL-35 & &R AL (P <
0.01). SBIAUA LA, 24 752541 SOD . TAC,
IL-35 7t (P <0.05,P <0. 01), ifii MDA . ROS .
TNF-a #JFEAL(P <0.05,P <0.01) ; 5PH 54 L 4R,

(%4)

H1Z2H SOD . TAC JHi(P <0.01).
4 FAONMALHRHA R LB (1)

A LA LK AN S, A AR B T Y 25 4

5 KHAKEONALZ ROS.RNS.GSH . TrX &
FERHE(FRS5,F2) SHARBOI4Z ROS,

JERS BT ISR (x£s)

215 Hisf ] n i (g) oK (mL) WRFEEL(% ) T PRAEEL (%)
Z=H T 1A 12 221 3744 2074 2.21£0.11% 4.5+0.7%
TG 12 347 £47 43 £5 1.43 +0.35 2.6+0.5
LAY T i 12 186 £32 38 4 2.65+0.25 5.3x1.2
T 12 208 £37 ** 58 +4 ** 2.45+0.26 " 4.7 £1.1"°
ez FHiRi 12 166 +22 36 +5 3.06 +0.28 6.0+1.2
TG 12 228 +26** 4 45 +3 %% 0 2.17 +0.54 2 4.3+£1.1**%
2y TRl 12 176 =21 35+4 2.88 +0.36 5.6+1.3
THE 12 235 +39** 4 49 +3* 4 2.16 +0.39 " 4.2+0.7%2
0 S TR EER, “P <0.05, ** P <0. 01 ; 58 RI4 [a] 8 b4, *P <0.05,24P <0.01
F3 HFHAKRBOLIBEEIEIRILE (X xs)
1l 5 HR HI LVSP LVEDP dp/dtmax #*
- (&/min) (mg/g) (mm Hg) (mm Hg) (mm Hg/ms)
ZH 8 401 +16* 2.45+0.21" 117 4~ -1.33+0.52"* 556 +24 %
s 8 439 £16 3.46 +0.55 168 +5 6.32 +0.29 297 +21
] 8 527 +22%4 3.27 +0.62 128 +3 1.83+0.75"*% 1134264 *%
L] 8 343 +58* 3.26 £+0.73 132 +3* 1.67 £0.82** 470 +34*

U SR, “P <0.05, 7" P <0.01; 5042541 [L4Z, “P <0.01

AR IRIE R IR E RS, BRI A CE, G R
o FATHIIE B I 525 4L, R4l
K R R AR R R B (P <0.05) &
JEFFR(P <0.01) . SR LR, R 254l ph 254
T JE K B K LM 4 B AR IR 48 8RR AR

S Hal g,
B2 A B HR (HIL.LVSP .LVEDP F#& (P <0.05),
+ dp/dtmax FEfIK(P <0.05) . SHEAIL AL, PH 2541
HR. =dp/dtmax J}7& (P <0.05) ,LVEDP & (P <
0.01) ;712540 HR.LVSP.LVEDP [#{ik (P <0.05,
P <0.01), +dp/dtmax J+& (P <0.05) ., 572541

SHA
O LA HES HE 55, 0O LR K i 5 A B 2000 JUL 4
HEBVZE AL , A W1 A8 LA K i 5 98 25 400 LA i HE
FURHZEAL , O WU LR BE K i s vp 25 2000 LR M HE S 74
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R4 SHRBANIREE R S M N 1 H

SOD MDA ROS
(U/L) (nmol/L) (U/mL)

% 12 77 5% 1.46 +0.23 89 +4**
B 12 53 +6 2.57 £0.43 177 +5
(i) 12 554" 1.17 £0.21** 118 +3**
gy 12 63 £5** %~ 1.25+0.37 " 132 +3"
o SRR L, P <0.05, ** P <0.01; 5752541 L4k, 2P <0.01

215 n

VE:A %1415 B WAL C K24 ;D b2l
B SRR

TAC
(U/mL)

3.4+0.8"
1.8+0.3
2.3+0.7"
2.5+0.8"*%2

(HE, x400)

(xzs)

TNF-
(ng/L)
49 £2**
68 +6

54 +6*
59 +6 *

IL-35
(pg/mL)
3.74 £1.75""
3.17 £0.40
3.46£0.29"
3.48£0.30"

@? FYiBN: Tk ROS\\RNS GSH .TrX #ik (S\P\\x400)

\\\ \\

N
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RNS A5 55 FHE, GSH . TRX 33k & 5 FH 1 5 2645
RGEHAREIME. 525 A4, #R4] ROS,
RNS % 4 # ik TH i, GSH . TRX & 1 £ ik FEK (P <
0.01,P <0.05); 5H A4 b &, sp2dl, 72541
ROS .RNS HH &AL, GSH . TRX & H £ ik T+
(P<0.01,P<0.05), S5puzhdltbis, hzh4l GSH,
TRX JH# (P <0.01)

#x5 HFHAKRBOLIAL ROS.RNS.GSH,
TrX FEEFEIAEE (10D, x £s)
4% n  ROS RNS GSH TRX

2HE 12 37 37 711" 5+7"

B 12 48 4 +11 2+3 4+3

zy 12 3=x8*° 4+5* 35 4+10"
4+4" 5+11**% 5+6*%

iz 12 3 +8*F

W SHBAH LK, P <0.05,"" P <0.01; 505254 1t
%,%P <0.01

6 HAHLNHY Keapl . Maf  Nfr2 mRNA %
BB (£6) SAAHLK, 4] Keap1 Maf |
Nfr2 mRNA #j71 & (P <0.01) . SHIR4 K,
24 V5244 Keap1 . Maf . Nfr2 mRNA &% (P <
0.01).

+x6 FHLNHL Keap! Maf Nfr2 mRNA
Rk (xzxs)

4B n Keap1 mRNA Maf mRNA Nfr2 mRNA
ZH 12 0.848+0.106° 1.09+0.21*  0.90+0.08"
Ki# 12 5.861 +0.561 3.32+0.24 3.32+0.35
Piz§ 12 1.124+0.024* 1.34=0.10" 1.22+0.16"
2§ 12 1.204+0.136° 1.37+0.11° 1.29+0.08 "

TE SRR, P <0.01

7 HBHOWNAHAL HO1 ., y-GCS #H H & 1A Hh ik
(£R7,K3) HSxpdei, B KOS
HO-1.y-GCS #EH3RET (P <0.01) s S [
B2l T2 AR RO L4148 HO-1 . y-GCS &
FREMEM (P <0.01) . H5PZ54 i, h2h4l v-
GCS #H HF AL, HO-1 A FATHE (P <0.01),

K7 HBHOWHL HO1 y-GCS FEHEBILE (IAxxs )

2H 5 n HO-1 v-GCS

=] 12 0.203 +0.016 * 0.396 +0.025 *
A 12 0.623 £0.026 0.883 +0.043
e 12 0.279 +0.021* 0.279+0.135"
] 12 0.223 +0.019 "% 0:419 +0.011*%

W SRR A, *P <0.01; 5702541 s, P <0. 01

8 SS KELUIIHES FA N A A R A G 1k
JrHr(#8)  HI 5 ROS SIEAIK(P <0.05) ;LVSP,

1 2 3) 4

B-actin E_—G—G—G—: D

y-GCS . - P S5 1 kD

HO-1 S | — s 32 kD

T N2 42 JoBERIA ;3 g rhg 4l 4 AT
24l
B3 KAONHALE HO-1 .y-GCS B[ FE I K

LVEDP 5 Keap1-Nrf2/ARE {5 514 518 % 5L 1F 4 ¢
(P <0.01),% TAC £t (P <0.05,P <0.01);
+dp/dtmax 5 Keap1-Nrf2/ARE {5 5% 518 I 5 11
HH(P <0.05),5 TNF-a £ IEAE(P <0.05)

&8 SS KELLIIRESE S AALNIH
A T AR ()

LIRES R

EiL AN

HR HI LVSP LVEDP dp/dtmax
ROS 0.114 0.695" 0.546 0.626 -0.261
RNS 0.152 0.561 0.142 0.213 0.049
GSH -0.238 -0.027 -0.529 -0.557 0.276
TRX 0.707 0.486 0.016 -0.642 0.808
SOD -0.362 -0.267 -0.581 0.861 0.161
MDA -0.046 0.125 0.163 0.166 -0.194
TAC -0.338 -0.512 -0.735" -0.820"" 0.259
Keap1 0.179 0.477 0.987*" 0.959"" -0.747"
Maf 0.187 0.488 0.991"" 0.969"" -0.743"
Nfr2 mRNA 0.187 0.536 0.990"" 0.974"" -0.725"
TNF-a 0.254 -0.063 -0.065 -0.613 0.667 *
IL-35 0.059 0.335 0.348 0.344 -0.287

¥:"P<0.05,""P<0.01

i

SS J&: LI b EL 41 3 i VH R el R S A S ik
WRARFIERY B Sesse VPR , Al R 4 20 AL L i
W EHAGE R AZ RG22 R A
HikIRiE SS BE DB A AR N 33% . AWFITL
RER, 525 4 A, SS KELOIhEE PR, XIAE
HR HI.LVSP LVEDP i % & (P <0.05), + dp/dt-
max I #E T K&, [A] B 2R 40 g I+ TNF-a, MDA |
ROS .RNS Keap1-Nrf2/ARE {5 55 538 % \HO-1 .-
GCS B#TIE (P <0.05,P <0.01) , 44 4R A 1 IL-
35, TAC. SOD. GSH, TRX ) % ik W & [% ik
(P <0.01) , BtHA SS K FRAE K AE R M BN B S8 A I 3
R, Ho O D REth & A4 T ek, 5 SS B KRt
459/ 97 R R B L IL-35,.SOD . TAC . GSH ,
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TRX 1Y %% ik % 3% 7} &, HR. LVEDP. + dp/dtmax .
MDA . ROS. TNF-a. ROS. RNS. Keap1 . Maf. Nfr2
mMRNA HO-1.y-GCS # ¥k it B FFEIL (P <0. 05,
P <0.01), UtBI 259 T 1l J5 , SS KL T RE . 48 JiE L
N AR IR S B R ek, TP 2 A R T O B
Keap1-Nrf2-ARE 2487 & BRI HLIAHRHT N b A4
AT 1) B AR e T 2o ST A B NIrf2 & — il ]
FERAFEYUAACYE T P AN R 5 M de N PR AR
TE RO [ o W G B IR AR R T Nrf2
RETA 5L SR N (1) B PR 25 0 e OR3P S E 4 493 1 4
P AIZE 21, 7 55 BEE 48 0E S 0 HP Ak B A 4 4 10
Nrf2 5500 TR HO-1 2B B8, Hai R
BILTIBN Ry 48— 2 A B /K P FR 400 ) B 0 40 i 1 3%
PEY NP2 AS B RERS MR Y S AE T Y R T R
AR 1 RAE G 1 AR o R R
IR SR AT 2(COX-2) 4. Kim J 2612 B k40
ZEAR T Nrf2 555 R PER A B P 50 1 58 &R
Nrf2-ARE H #0767 A 3 1 — R 5 WiE 28 19 77 28,
SOD it L A i ( catalase ) 43 bt H Ik i & 1k ¥y il
(glutathione peroxidases ,GPxs ) .33 %1k A AL 1A Ji
fitf ( peroxiredoxins ,Prxs ) \HO-1 %, X &b [ fy 3Ly
BREEEELAL T — N R P B AL A R . BFSEIE
52 ORGPV E IR FAPLE 5l it Nrf2-ARE {5538
155 HO-1 EiAME , HO-1 RGN N A BRIk,
YERFAEER VR A0 R SR e T AT
REERPRAYAITIE ,SS KD IR, rl e
Nrf2-ARE {5 5§25 7 ORI DIREA %

APS & WA ROE R 2 — , A A
LR N B2 408 (human cardiac microvascu-
lar endothelial cells,HCMEC) i) NF-«B 1551 j#%,
T AR S 3 P 2 37 B B s AR s
Tiifie, 1 o 40 A AR FACE, 48 v B A A s v, 2 AR
A RE s ), B REIEHE T 40 . B 41 g . NK 41 fits 55
GRS AE " . APS T I A $2 25 40 D % 1h B
53 IR T2 2 Ik 228 400 i B ) B A B e Rt B, e e
I O 240 P P B, S8 Mtk C 20 e S e B i L 2 , R4
G ge R R PR T R A0 A TS A nY 4 A S , R
AR IRENC R . B ATE S (HCQ) J2 A A
BIT SS Wi P, HCQ F A M & Pueq =
64.52% AW 4R R B SRR SS KRR
TRIBE 7 A TR

WS, 240 L B ] R AR O JLMAC 40 g B o 4
i, ek H R ED R A, B AN, R S
W EER S22 TNF-a0 YR BE 5 5 R0 T 6 fH 50

WIRESA 2 IE IS, 5 LVEF 27 A% TNF-a 3
R TR Ca® -ATP B 197235, IR
EF 5k JULZ LA 25— 10 PRI SR S 08, B 24 T 300 IE
FFsk e R 4

Zi Pk, SS K BAFAEO DI RE B FRARALL ILZS 4
WK, APS FEMEE SS K BUGsE 44 S 1) [l ], 24
HHLDIRE,, HALH il B85 Keap1-Nrf2/ARE 15 5%
S 6 0 A A e T R Ak OB J6 {4 MDA ROS
ROS \HO-1.y-GCS % [ # ik &, bbb [ ot
- SOD . TAC ; [ i T~ 4 IfiL 7 2 & B 7 TNF-a 7K,
PR T IL-35 [k, BEAR e B A Wi,
/D I B X O LA 2 B 463 497 , DT el s 0 T i
[Fi) of phy AR S50 R AN 8 K, ELTE O T RE A I J T Al
RBAATE/ VIR 22, A 5 S0 75 B E R I [l
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