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HE . BHH WEALEI A #5%4 (STS) st B %K E T (Ang 1) 589 K RS UL 1089 3 v

HAT P IR STS Fs IULF AL ey 4 A 55 45 % B -F NF-E2 A8¢ B 2( Nrf2 ) B 42 69 40 8 AC BLSOR # % %
Fik 40 R SD KRAMAL A 528 (i, AR, f&. F. HA T STS ), RAL FHAMESERER

Ang [ 4 K TS ML AR, & STSULA T RREFE STS A, 3 AE, RAFAHFEFLMEE X
MLI S MULF e ALAZ B 3 R QRT—-PCR F2 Western blot #-ls pLza 22 1 AR, Nrf2 F=7¢ 69 507 4k
B8 Keapl, A% Nif2 Frifldz ey 50 8 AL EEFo 11 48 #1588 mRNA K -F &R G KF 5 KA b & kb pLi
LRP R B SRR B AR BAC A EE M SR STS A SARMIE IR B Ang Il #5695 ILEF 44k,
PeAE Nrf2 2 fmfAx Mg 3R 4R, R B BACE B I AR AR A B0 FK , 3 IRITAAC RLBBY , Mo LA L2 i it
BARF, G5 STS 4695 A 2UREE Ang 1569 K RS ILEF 4L, A4 e A SR Nef2 15 5 38 % A0 %
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Sodium Tanshinone A Sulfonate attenuates angiotensin -
induced cardiac fibrosis in rats

Ze Li, Zhe Meng, Yu-na Li, Hai-long Tao, Zhong-le Bai, Ling Li
(Department of Cardiology, the First Affiliated Hospital of Zhengzhou University,
Zhengzhou, Henan 450052, China)

Abstract: Objective To investigate the effect of Sodium Tanshinone IIA Sulfonate (STS) on angiotensin II
(Ang II) -induced cardiac fibrosis in rats and potential mechanisms. Methods Rat model of cardiac fibrosis was
established through constant introduction of Ang II delivered byosmotic pump.Totally 40 male Sprague-Dawley rats
were randomly divided into control group, Ang II group, low-dose STS group, medium-dose STS group and high-
dose STS group. STS were administered for three consecutive weeks. H&E and Masson’s trichrome staining were
performedfor morphological analysis. Expression levels of Keapl, Nrf2, Collagen I & III, antioxidant enzymes and
phase II enzymes were examined with qRT-PCR and Western blot. Malondialdehyde, glutathioneand superoxide
dismutase activity in cardiac tissues were identified. Results STS treatment attenuated Ang Il-induced cardiac
fibrosis. STS stimulatednuclear translocation of Nrf2 in a dose-dependent manner, promoting the transcription
of antioxidant and phase Il enzymes. Enhanced anti-oxidative activities contributed to cellular protection against
oxidative stress. Conclusion STS attenuates Ang II-induced cardiac fibrosis by manipulating Nrf2 mediated
antioxidation signaling pathway.

Keywords: STS; angiotensin II; cardiac fibrosis; Nrf2; oxidative stress
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O TE T Z0R I RZAE TS, A0l At o
(extracellular matrix, ECM ) i &I, mARECOME
Wi g7 sk D sZ 4 iy B ks Y A B R 1
( angiotensin I, Ang II ) BEWS 15 UG PEAL (reactive
oxygen species, ROS) FJREAR, T2 ROS YR,
FEBRAT, PEMTRECONEF AR & A FEfE =

FEZ0 A J2 3 A% G2 vh 245 1) 2 1 o B
W Ar. P& T A B R 8 (sodium tanshinone 1T A
sulfonate, STS) JEFFSHA [T A 20510 1 15 2] (1 7K %
PEZ Y, WRoR R, STS BAPUENI . Pisf
A Al B R AP0 WUAE A T e 5% R 7 NF-E2 A C A
+ 2 (nuclear factor erythroid 2-ralated factor 2, Nrf2 )
N 5 B2 3k 2R 1 Keleh FEIR A SN BEAH L H -1
( Kelch-like ECH-associated protein 1, Keapl ) 514
MR BT AN . AT B AL STS RERR
W% Ang 1R R BUO L 4L, LASGX M LT 4E
AR PR AOE T Nef2 (5558 8%, N TR
TR PR —TE B SRR

1 #MREIE

5t
Ang II ( E[H Sigma—Aldrich A F] ), Alzet f{H 3
#EH (SE Durect AH] ), STS (_Lifg#i— L2 liA
BRAWD ), ABEA% /20 AR AR & 418
FfR R & (e st RRZgE it A M RHC A BR 23 W) ),
Trizol IR 7] ( 3£ [H Invitrogen NED), BITKER Keapl
Z bR, /N BT R Nef2 B2 5 BE BT AR (3
Abcam A F] ), PR T AR (Collagen 1), TM7HY
JEE L (Collagen M ), IMiL£L R INARE 1 (HO-1) S
EALIC R 1 (NQO1) ZrekEdifk (R A
WITRARAR ), RITKE GCLC ZwpkEdik ( E
BT AV TRERARAR ), SLNTOEE R A M
W ( quantitative real-time polymerase chain reaction,
qRT-PCR ) Master Mix, SYBR ® Green real time PCR
Master Mix ( H 4% Toyobo 23 ®l ), B4 B H K (total
glutathione, GSH ) KR AL RO A AL ) B AL il
( superoxide dismutase, SOD ) 1% M AR B A ATy g
(' malonaldehyde, MDA) W& ( FiFHE = KA
PIEARAIRA T ),
1.2 SER#Y

40 H SPF 9% fi B M M SD K B, & & 200 ~
250 g, Wy TR SRS o0

1.1

1.3 A&

131 SR gBER B R R 40 HAEFE SD
R BBEHLIR 85 20, 200 % B2 BRI ZH | AR
it STS 41, w4 STS 4. i ) & STS 4. R M
SNIDER 45 " Fir 5%, B2 FAEAURS B R R Ang
S HIR B AR AEAARL TS PERRSE 3 d, ARHiEE
£ 12h, AHYOK. FREHI 10% KEEEE (3 mlkg)
RIS, FARE X BRTE , THEER VTR, X RRZHAE
AT 0.9% A HERK IR IESR , BRI 54 STS
HAEATIZE Ang 11 [435 ng/(kgemin ) | FOGCEB B,
HEGYUIN . PORJE 24 h ITUR, X HRZH SRR 730 25
T 0.9% AFIEK [10ml/ (kg - d) | JEIETES, K. .
R STS 13 145 T STS[5. 10 K2 20 ml/ (kg + d) ]
MRS, s 3 5,

132 BAEA  EBJE—REETSE 24 h, FR
FRALBE S5 7 BRFF B HL O E, 0.9% AEFE/KERE, T
FERIFRAL Iy B A2 BRI A D BT 10% FTRE [
T (hRASH 109% HRE [ S K . A a3t u) R );
ol A 43 3 BV B T A PG BT -80 CUKAE A 5
TRAF . DU T At AR bR A A

133 SAZRELSFEE AT ZHIRBR
I, BREEIREAOK, HITRARER - 4L (HE) Je @ik S
iy (Masson ) P e, HEEWDREBIK, —H
BN, AR R, TR R T SR S,
FFEXF O WLEF AEAL R B 04T Masson G 1741 PF53k
A Image—Pro Plus 6.0 AR B A O LB R 25 R
3 ( collagen volume fraction, CVF ), CVF= e SR TR /
DAL x 100%.

1.3.4  Western blot #]  HBUZE.LF OIS, *AH
AN AA% / R R R S o B A A . AR
FEHT Nef2 AR, SR FHZH SR 3R S fe i
BEOHT Keapl. Collagen I, Collagen Il . HO-1,
NQO1 F1 GCLC Ry . SR H] BCA £ & 7 Hr il
BRI S, B 30 pg EH LR, 6% ~ 12%
SDS— 5 N M ok Jig 58 Ji L vk, 1HL IR G ik LR RS
PVDF i, 5% JBtig F U= ifEs ] 2 h, —Ht 4 CIFF S
&, TBS-Tween VERE 3 1K, B A LY BFHRIC A AR
BB 2 h, TBS-Tween YEME 3 ¥, i/ ECL
K& IEIRF, F Tanon 5200 4= [ sh k2 & E R 0 Hr
4 (L REERHLABRAR ) A, REEZ
JE AT SR B BE AR . MR AR PR ] Lamin B 4
Z, MIEREERA B -tubulin IS, BEHEH
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DAPDH HNZ:.

1.3.5  qRT-PCR #&al  fi] Trizol #EHLC LR
mRNA, FREUHASA PSR, A qRT-PCR Master Mix
Wi SRR & B WL cDNA Ji7, 7E ABI 7500 fast real—
time PCR system qRT-PCR 1 ( 3¢[& Applied Biosystems
AF) BATPOCE R . SR 270 kRIS EANH
AU mRNA IAHXT & . AR #E SYBR ® Green real-
time PCR Master Mix ({5 JHUERT , PCR (% SO 2454 H
95 CHIAZEME 1 min ; 95CAEME 155, 60°CiR K 155,
T2°CIER 45 s, 3 40 DMEFR. SIPIFIIILE 1.

%1 9RT-PCR3|#5 5l

g 51951

Keapl 1EM: 5'-AACCCCATGACCAACCAGTG-3'

) : 5'-CACTCGTCTCGATCTGGCTC-3'
Nrf2 1EM]: 5'-CAGCACATCCAGACAGACACC-3'
JZIA): 5'-CTCCTGCCAAACTTGCTCCAT-3'
Collagen 1 1EM: 5'-ATCAGCCCAAACCCCAAGGAGA-3'
Jml: 5'-CGCAGGAAGGTCAGCTGGATAG-3'
Collagen Il 1EM]: 5'-ATGGTGGCTTTCAGTTCAGC-3'
s 5'-TGGGGTTTCAGAGAGTTTGG-3'
HO-1 1EM: 5'-AGGTGCACATCCGTGCAGAG-3'
Sl : 5'-TCCAGGGCCGTATAGATATGGTACA-3'
NQO1 1E[M]: 5'-CCTGTTGAGTCATCTCTGGCGTAT-3'
I : 5'-GGTGGTGATGGAAAGCAAGGTC-3'
GCLC 1EM: 5'-AGACACGGCATCCTCCAGTT-3'
Sl 5'-CTGACACGTAGCCTCGGTAA-3'!
GAPDH 1EM]: 5'-GCATTGATGGTGAGGTGAGCAAA-3'

i : 5'-TCGCTCCTGGAAGATGGTGA-3'

1.3.6 S MLMDA. GSH 4 & % SOD & & 6§ | 2
BAELEOIAL, SR EHRCEER, &RV
PR, SR @A MDA & GSH &%
UK SOD IS
1.4 SitEFHE

BB R 0 SPSS 21.0 Geit#kdt:, %R
B + bRifE2E (xxs) Fon, ST IES AR 7
ZEFEVERGSS, FFEAIE, RIPRR I 2000, Wl
PR T LSD—t K38 5 AFFG 451, RIBRIR 50
P <0.05 HEFAGIFE L.

2 #R

2.1 STSEE Ang I{ESHIXBROALTHL
211  STS KR SRR AFeE  HE Jufs
SRR, X REZH K B O LA 2R UL S 98 20 A i
I, OIEFYERS 5 80% . B R L L ZLn]
ULIRFE . ODWLET e . KRERIEAMRE . #5 STS
b PR O LAN B A6 405 S TR R B bl %, T )t STS
Mk R (WA 1A ). Masson YL 45 R IR,
PRI K E O WA AR B, O L] BT o] WK i
IR 2T 4 (WLIE 1B ). 4% Ang 1L AL BRZH CVF {8 2 5+
AG X (F=8.157, P =0.000), JfHP#EE STS 7|
G, 4% STS 41 CVF {EZ AL (3 P <0.05)( I
#2).
2.1.2 STS BRI KA SMALRF Collagen | . Collagen
My fik qRT-PCR 5K E/R, SXTHRA R, ARl
2] Collagen 1 | Collagen Il mRNA & &340, ZHAS
A (¥ P <0.05) (JLK 2A ). Western blot 2%
R, 45 Ang TAMFRAIIRIREE ik 2 24T,
ZRAGIHFE L (Fo,.=8.233, P =0.002 ; F 0=
8.345, P=0.001), 5% 2 b4, ALK & STS 4
Collagen I AT H /L, ZRAFII¥EX (1=
2412, P<0.05), Collagen I #E [ 7 & 22 5% L4 i1 2%
B (P>0.05), ™. @& 5l & STS 4 Collagen 1 .
Collagen Il A & &K, ZRAGIHFEX (¥ P<
0.05) ( W& 2B ),
2.2 STS Xt Nrf2 & i 2200

qRT-PCR EREIR, % Ang I Ab 3 g Keapl .
Nrf2 mRNA Kk L T7 2200, ZRA5iHE S
(Fyy=4.001, P =0.027 ; F\,=6.918, P =0.003 ), 5
I b4, IG5 STS 41 Keapl . Nrf2 mRNA 2%
SEGI#E XL (¥ P>005), J. &#FlE STS 4
Keapl mRNA &8/, Nif2 mRNA &3, 25

*2 BHECVFELE (n=8, x+s)

2151 CVF {i
X HR 2 5.593 +3.540
ikl 28.796 + 8.956"

I STS 41

22.350 +5.679”
19.425 + 43517

13.975 + 4.253"

e 1) SRR, P<0.05; 2) SR

, P<0.05
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X HEZH A2
B @5
1
8]
v EE Collagen |
pa EZ3 Collagen Il
« 2)
®
=
oo
=
<
z
o
£
A
CollagenI = — ’A- .“‘
Collagen m S — U ——
CAPDH D D G S
5] & Collagen [
4 1) g3 Collagen III
=3
#
=
I
B

A: mRNA %ik; B: EHKEE, 1) SXHRAES, P<0.05; 2)
SRR LR, P <0.05

B2 STSxfAng IESHOALFENLKRROAESR
[8, |l BRR RIEHIE N
HGitrmE X (¥ P <0.05) (WK 3A ), Western blot
ER IR, 45 Ang 1T ACHEZ Keapl . 4IHfJH Nef2, 41
MR N2 R R BELE T Z 0, ZRARITFE

I+ STS £H
A Jrfaghdt (HE x 200 )

{74 STS 24

rhFi i STS 41

R STS 21 FFE STS 44

( Masson x 200 )

STS %t Ang Il FSFE DAL HL X R OALERREBERSF RN

X (F0y=9.514, P =0.001 ; F gy 10=7.856, P =0.002 ;
Foapne=7.252, P=0.003 ), SR HE, . il
STS 2H Keapl . ZAETT Nef2 25 (5 B, 4004 Nif2
EETREEN, Z2RAEGIEEL (P <0.05) (W
& 3B ).
2.3 STSXWKRROAMALR
ERIERIF

qRT-PCR ZE RPN, & Ang 1 kb2 HO-1.
NQO1., GCLC mRNA FikHA 25001, ZRA5%IT#
B (Fy.=4.741, P =0.015 ; Fy,,=4.994, P =0.012 ;
F.,=12.289, P =0.000 ), SR HE, &l STS
20 HO-1. NQO1. GCLC mRNA &30, Z 94511
2R X (P <0.05) (WK 4A ), Western blot 254 i
7N, 4% Ang TTARFEZH HO-1, NQO1, GCLC FE A
WA 2T, ERAGITEE XL (Fy,,=11.790, P =
0.000 ; Fy0,=7.316, P =0.003 ; F,,=41.993, P=0.000 ).
SR e, b, sl STS 41 HO-1, NQO1, GCLC
EOSRENE, ZRA90FEX (¥ P<0.05) (I
& 4B ).

MENLEER || HES

24 STS WKREOAAREEREELKFEMRR
L R F B BE TR 2R

% Ang [ 4bFEZH MDA GSH & & f SOD JfPEZ:
FET, ZRAGIH R (F,,=7.216, P=0.012;
Foi=5.838, P =0.021 ; F.,=8.306, P =0.008 ), 5kl
ZHEbER, . ERIEE STS 41 MDA SHFEC, 25 6%
JHeEE L ($ P<0.05), GSH &5, SOD iH:TheE,
SAGIFERE X (P <0.05) (WES),
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Z Z
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A A
Keap] ---- L —— HO-1 - ----

GAPDH s <l S S a—

T N - - Mool [
i ] CC e -

A% Nef2 — — — —
Lamin B e < o a— — CAPDH WS S S S
4
) = = L ,
hod BB AT Nif2 ) 2) 3] = cdc
: = éﬁﬂﬂ%& Nrf2 "
J 1) 1 ;
ﬁ = : K29 1)
T 1.0 =
z E 14
I 05 e
e 0
0 i
R A S S I SR S VI
R F F§F & & &
& N
N 74—\& > N A A
&R & > g
B B
A: mRNA Eik: B: EFEL, 1) 508G AL, P<0.05; 2) A: mRNA ik; B: HEAFKE. 1) S ALK, P<0.05; 2)
ERRIA L, P<0.05 SRR i, P <0.05
B3 STSxtAng Il ifSHOBEF4M KB OAAR B 4 STS3 Ang 1 ESHO 4L KROAZEAR
Keap1 #0 Nrf2 FRiAHI 00 HO-1. NQO1 #1 GCLC FKiAHI= M
— 400
E B 2 300
¥ £ 2
g a0 NS
- E 3 200
2 g 2
g = =
e ] = 100
= E =
é = g o0
&)
"o‘i%’ DR
&g’ﬁ @/’@&% dﬂ% é&"%y N
&
g

1) SXHBBL A, P<0.05; 2) S A, P<0.05
B 5 STS3f Ang Il iESHOALA 4N KEROELSRFH MDA, GSH & X SOD &M

.21.



R BREE 2 Ak

5 28 &

3 itig
Ang T2HEER - MU R IKER - FEEIER RS renin-
angiotensin—aldosterone system, RAAS VROV Ao
Ang 13 52 800 0 T 281 0 g fe e 2 e — A1 R Wl 12
( nicotinamide adenine dinucleotide phosphate, NADPH )
AL, R4 ROS B4 ™ 1 21 ROS 51k ik
NEEEI, wEALOIUER . ECM U, SECOILE4E
tbo ECM b 1 TTAYR i & CH A b i 2 ), 4
IO UERERE , RO Z BRI, 5 RO 2 Ui T
SRIIRERRERT , FA B T

PR ERG R, T2 DA BRREE
ST FESER T A B P20 E A RS, B
e, PESE T A BERSANH] Ang T ZAbFRANAEAY ATIR
ZARSIR, BRIV BE T, 18D ECM AT
N, AR O AEL T ARSLIERE, 4T Ang 1
AP, AL R RO WA EHES N ZEEL, oML AT I
K AYETIAL, Collagen 1 . Collagen W&, JEss
Ang IT AT 5L AEAL Y KL 5 45T STS Ab B,
R B LA B AR PR R FERE BE IR | O ILEF 4EAL T
BUFD, Collagen T . Collagen & &y /0, I HXFhek
FBEA STS )i A S M &, UEW STS REAgIH
% Ang AL 4L

Nif2 J&F Cap” -n’ —Collar (CNC ) FKiEhiEbi%
FRFT. WIERY], TEABRAMET, Nif2 ZEMI3E 5
Bk AR 1 Keap ] MBS Bz R ALITREAR , HImE
AETFAEXHMRPRS o SRR A, Nif2 &5 Keapl
AR AR, SPUREA RO ITHF (antioxidant
response element, ARE) 454, Jo sl H & BT E AL
fitt (HO-1. GCL K% SOD 4§ ) A1 1 #f# 2 i (NQOI .
GST %) [#RIE "™ HO-1 M =12 5 4l i 19 4T
AR R 5 NQOT, SOD RERS MR 4il it 4 372 48, A
HI 56 S oK BT W) B 5 A8 2R D = R I Tl
( glutamate cysteine ligase, GCL) AfEfLIFE ( GCLC)
A GCL WA IR 45 & AL S AL IIRE , Nef2 W] L
g I GCLC MBI GSH BA L, #5ER ROS,
TR 20 A S A B 5. MDA 240 A i 3k 5 41 i i %2
AR & ARG B A2 ), MDA W] i &
SAAL RO AR AR IR . SEERAS R R, 5
BEASZA AL, . il STS ZH 4 M 5T Nef2 35 11 %
>, AN Nef2 SR, Nif2 mRNA &
4, HO-1. NQO1. GCLC 23 m, 517 STS &b

AT DA E Nef2 AZ R AR, s L R b A AR 2 T
FAMERRREA AR 5 SERI LA, 45 STS LK ROl
1 SOD JEPER I, MDA &8 FEA%, F W STS fE
BN B LA T AL L BRE T, 98042 O LA it
Bio ARBFFEEI, H. EFIER STS AT K O
A Keapl 5 SI8AIK, SOHEN Nef2 B EEAI1E 2 T AR X
Keapl it 255 R8T RUREAR, HENTHF3 Nef2 [
fifk A O, HEARDLHIA Rratt— 2 1 5E .

ZE LR, AWFIEEE SRR STS A] LS A
PEHBAN ] Ang 1A OHEF4ELL, RO E
FHRT e STS REME (0 Nef2 A% %00, 350 Nef2 J8 45
(BT BERD T AR S MG 2Tk, DT S 40 b 4
UAnR G VIE PSS

S

4
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