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[(HE] B KA EEALRESREKRR (SHR) S LT /EAME . Fik: 50 R SHR AL
54 SHR 41, FiedAlze, Mk FMK, 7. A F4, 410 2; 10 X Wky X A Wky 28, FieEHmi
B 4T F4eLF) 30 mgkg, #HEEIK, b, HA A HEF L THLE 20, 50, 100 mg/kg, Wky 28, SHR
W THFE 09%RMMER, BR 1R, £E 128, BiEd2 AT XKLL E (SBP); 424
R, RECERE, KALARL, FEEASERE (LVM), #HHEALACTRERHK (LVMD); & ZN 2iF8
A EACHE (SOD), BB A (T-AOC) FH., A=8 (MDA) &%; £ ELEZT-REMmEXR L
7 A= Western blot A £ & F 4020 P 48 R o R B B3B8 (GSK-3B) . I TIRBE RIS EE Fyn, B T4 E
F2 (Nrf2) 89 mRNA, & o &k, A& &, MAKRKR (Collagen— I . Collagen-11) H& kit B HR. 5
Wky 283648, SHR 24X & SBP. SJE/fiE. LVMI 2% 4% (P<0.01); i SOD. T-AOC & 2 & %I,
MDA &8 2% m (P<0.01); £ % Collagen— I . Collagen—Il &i& 2%+ (P<0.01), Nrf2, GSK-3B #
mRNA, & & &K ZFHIL (P<0.01), Fyn 49 mRNA, BaAX 2%F% (P<001), 5 SHR 4ibi, F4#
SR E, MEFIK, P HAZAKRKSBP, CIERE. LVM. LVMI ¥ 2 %1K (P<0.01); A& SOD.
T-AOC EWR XI5, MDA A F R EZHIK (P<0.05, P<0.01); #EE+F. A THALESEF Collagen— 1 |
Collagen— Il & & & & £ FHAK (P<0.01); #HEZE&, F. SHZHALCEF Nif2, GSK-33 mRNA, & & &
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Abstract: Objective: To explore the mechanism of quercetin in myocardial fibrosis in spontaneously
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hypertensive rats (SHR). Methods: Fifty SHRs were randomly divided into SHR group, Captopril group,
low—, medium-, and high—dose of quercetin groups, with 10 in each group. Ten Wky rats were included
in the Wky group. Captopril group was given Captopril 30 mg/kg by gavage, quercetin low—, medium-,
and high—dose groups were given quercetin 20, 50, and 100 mg/kg by gavage, respectively. Wky group
and SHR groups were given equal amounts of 0.9% sodium chloride solution once a day for 12 consecutive
weeks. The systolic blood pressure (SBP) of the rat tail artery was measured every 2 weeks using the tail
cuff method.After administration, weigh the heart mass, and the rats were killed. Measure their left
ventricular mass (LVM), and calculate the left ventricular mass index (LVMI), serum superoxide
dismutase (SOD), total antioxidant capacity (T-AOC) activity, and malondialdehyde (MDA) content were
measured by colorimetry. mRNA and protein expressions of glycogen synthase kinase 3B(GSK-38) in left
ventricular tissue and non-receptor tyrosine kinase Fyn, nuclear factor E2-related factor 2 (Nrf2), and
protein expressions of collagen type I and I (Collagen— I and Collagen—II) were detected by real-time
fluorescence quantification— polymerase chain neaction (RT-PCR) and Western blot. Results: Compared
with Wky group, SBP, heart mass, and LVMI in SHR group were significantly increased (P <0.01). The
activities of SOD and T- AOC in serum were significantly decreased, while the content of MDA was
significantly increased (P <0.01). The expressions of Collagen— 1 and Collagen— Il in left ventricle were
significantly increased (P <0.01). The mRNA and protein expressions of Nrf2 and GSK-3p were significantly
decreased (P<0.01), while the mRNA and protein expressions of Fyn were significantly increased (P <
0.01). Compared with SHR group, the SBP, heart mass, LVM, and LVMI of rats in Captopril group,
quercetin low—, medium-, and high—dose groups were significantly decreased (P <0.01). The activities of
SOD and T- AOC in serum were significantly increased, while the content of MDA was significantly
decreased (P <0.05, P<0.01). The protein expressions of Collagen— I and Collagen—1Il in the left ventricle
of the medium- and high—dose quercetin groups were significantlys decreased (P <0.01). The mRNA and
protein expressions of Nrf2, GSK-3p in left ventricle of quercetin low—, medium-, and high—dose groups
were significantly increased, while the mRNA and protein expressions of Fyn were significantly decreased
(P<0.05, P<0.01). Conclusion: Quercetin can inhibit myocardial fibrosis in SHR, and its mechanism may
be through down-regulating GSK-3B/Fyn signaling pathway, activates Nrf2—induced antioxidant pathway
and reduces oxidative stress response in SHR myocardial tissue.

Keywords : Spontaneously hypertensive rats; Quercetin; Myocardial fibrosis; GSK-3B/Fyn/Nrf2
signaling path; Mechanism
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1 . MRS A*
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200 ~230 g, g HHHEREGE LEESLE iYL, 5
YA PR VR AT IE S SCXK (U71) 2017-0005, i 57 36
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A% AR (15 . EUR-04, 32 Biospec A Fl) . 906
- RS R N (PCR) (5. 105, EHE
ABL ~w]) . & ASE AR SRS (A5
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% e S E W A AR AR ALY 1L
fit} (SOD) . EPL4AALHEE S (T-A0C) . TN [ (MDA)
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B2 12 JH
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MDA &M 225, R REAEE 2 5 E
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KA 24 h, EIETEST 109%K & &M, HE
BhicR M S mL, B0 15 min(3 000 r/min, 2f4% 8 cm),
BUMYE , RA H AR i SOD, T-AOC 16
K MDA &5,
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1.7 EERWHEEE PCR &AL EHLA R GSK-3B.
Fyn. Nrf2 B mRNA F&ix A ZEOHIZHZ 100 me,
Trizol JHEHUE RNA, %18 RT-PCR R & fE 4
B cDNA. #RJ5 LA cDNA B I RT-PCR 255 &
VLRSI T PCR 3 O AR R (VAR 50 L)
4y : 2XPhanta Max Buffer 25 pL; dNTP Mix 1 pL; |
W5 % 1 pl; TUF5I% 1 wl; Phanta Max Super—



HHE 202346 HE5558% 118
4 - NEW CHINESE MEDICINE June 2023 Vol.55 No.11

Fidelity DNA Polymerase 1wl; #i4 5 pl. %% PCR
JNEEITTF : 95 °C, 3 ming 95 °C, 15s; 64 C
T, 15s; 72°C, 1min; 15s H—PBARRE, TEH
35 K 72 CHFFEE 5 min HFATIEMPIFRZE 16 CTIR
)% PE AT AR AT . LA B-actin HINZ, RIGE
P B FFMFEAR A mRNA 235, PCR 519 F
G Ky R B LR 1,

&1 PCR3IMFINSFHYBKE

B
SR 3197551 K (o)
5'-CCCACACATCTGCTAAGGTC-3'
GSK-3B 143

5'-TACACACACGGTCGGAGAAG-3'

) 5/~ ACCTCCATCCCGAACTACAAC—3' 5
o 5'-CGCCACAAACAGTGTCACTC=3'

N2 5'~ACCAGGAGAGGAAGAAUAAAGUU-3' 208
5'-AAUUUAUUCUUCCUCUCCUGCGU-3'

5'-GAGACCTTCAACACCCCAGC-3’
B-actin 128
5'-CCACAGGATTCCATACCCAA-3'

1.8  Western blot 3% # il Z2 10 = 26 22 Hh GSK-3pB.
Fyn. Nrf2, Collagen— | . Collagen-ll W& B &
1B WACEONASL, A RIPA vKIG2#H, &0
15 min(4 °C, 12 000 /min, (4% 8 em), B EFVHK,
BCA iIkH & T E A CE ., ARG L,
SDS-PAGE Hijk, M, 5%BSA & 2 h, IMA—
Pr(1:1000), 4 CHFHEIR; TBST WM 3 K. BIK
5min, IATHI(1:4000), i FPEFE 2h; TBST
PEVE 3K, BHR 5 min, A ECL B EMAE . Image ]
A E BbR A KB, HARE AR KF
PLHFRE A S NS E A (B-actin) 2571 K JE 1Y FAE
FImo

1.9 Sit=EAE FAENSITH PR H SPSS22.0 &
f, THE TR DR AR E 2 (2 2 5) T, Z4LIH L
R B 2 7 2250, PRZE ] 3R F LSD
5o KK ifEa=0.05,

2 #R

21 HLAHAKRSBP ELE® L&k 2. 5 Wky 411t
A, SHR A REMNZ 25 2 Ji 5k SBP W] W & (P <
0.01); 5 SHR ALbAL, BRifits R RA4525 2 JH
1) SBP REARAS 2550, AR 45 25 240 K BRAEA R 45

25N SBP ¥ WL E AR (P<0.01), HEH—EN
FlE Bl

#x2 HHEKRRSBP LEE (x+s) mm Hg
i e 2H 414 8 A 12
Wky 41 10 11225£5.15  113.24£856  111.29+9.65 11543+8.97
SHR 4 10 17235+4.32" 17549£7.38" 176.28+6.85" 182.28+4.35"

FAEA 0 13526+5.64% 129.58+4.68% 121.67+3.95% 115.84+4.96*

WEEMAEL 10 16318661 157.3644.32° 15239+6.86° 13642+8.03°

WEETHEE 10 15696628 151.5846.62° 136.59+5.14% 125.18+4.44°
|

—_—

W EEAEA 10 14831£632% 145264539 131.85£527% 119.36+4.23°
Pl 8.364 18325 24,685 26254
P <001 <001 <0.01 <001

E: D5 Wky 220645, P<0.01; @%5 SHR 4ki, P<
0.01 1 mm Hg=0.133 kPa

22 FKHAKRMFH SOD, T-AOC &4 K MDA
SE® WHE3. 5 Wky A HE, SHR 4K HM
W SOD . T-AOC J&PEY B E R (P <0.01), MDA
SR EWM(P<001); 5 SHR 4L, MR
ik, . BRI RIME S SOD, T-A0C 151
BEFE (P<0.05, P<0.01), MDA & ¥ 2
(P <0.05, P<0.01),

*3 JBHEKXRMFH SOD, T-AOC iFME

& MDA EE2B (v +s)
i BE  SOD(U/L)  T-AOC(U/L) MDA(mmol/L)
Wky 4 10 13922+824 825:0.68  4.08+0.24
SHR 41 10 6345+4.81" 3.01£021Y 11.35+1.13"
RHEE I 10 11536+7.49% 6.97£0.56%  6.05+0.33"
MR ZEAEA 10 756124487 397+0327  9.57£0.527
M Z A4 10 92.66£5.167 5.14£044%  8.142041°
W EERRA 10 109.81£653% 645£0.53%  6.27+0.39
FAE 15.015 9.987 11.256
PE <0.01 <0.01 <0.01

: O Wky 4%, P<001; @% SHR 4ik, P<
0.01; @5 SHR #4113k, P<0.05

23 FJBAKXKBOER=E. LVM & LVMI tEE& L
# 4, 5 Wky HEb%, SHR HRFOHEFE . LVMI
B #ETE (P<0.01), RY SHR £ O0FLE; 5
SHR 41z, RICERMA . RS . mrlEd kR
UL BE R . LVM. LVMI 3535 (P < 0.01),
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R4 BAKRBOERE. LVM K LVMI b (v +5)

45 B DR (gkg) LVM(ghkg)  LVMI
Wky 41 10 1.06£0.14 072056 2.16+0.22
SHR 41 10 146+035"  095+0.62" 2.73+0.25"
FAEERIL 10 126+021%  0.78+0.59% 2.41+0.23%
W EMEAIRA 10 139:032  0.86£027 2.64£0.25
W ERRRA 10 131£033%  0.822£0.22% 251+0.24%
W £EREE 10 127£031%7  0.79+047% 244:022°
Fa 9.685 13.156 14.965
PAH <0.01 <0.01 <0.01

Z: D5 Wky 283t4, P<0.01; 2% SHR 4Lk, P<0.01

24 HFHXRBRELCEREZRQMAREE WH 1.
5 Wky 41He48, SHR IR RO E RO EF 51 8
s, BIEEATORER, KA RO LA 4E
fb; 5 SHR A IbE, b xmd . mflEAH KRS
LA R

Why#2

SHRE

BRSNS
1 SERRACEREEBLRELGN
RRE (CERER-RIRIBLRE, 40x)

RERENEE RERTHEE

25 BAKXKREOVEHLAF GSK-3B. Fyn, Nrf2
MRNA RiEKFEEEE® WK 2. 5 Wky 4 lLE,
SHR 2 KRS OZEHZUP GSK-3B . Nrf2 mRNA £k
K- B FEAR (P <0.01), Fyn mRNA k7K
FTRE(P<0.01); 5 SHR b, SAHARRE
Ll 4d GSK-3B . Nif2 mRNA FEik /K1 i & T+
& (P<0.05, P<0.01), Fyn mRNA FihK V-2 %
FE{(P<0.05, P<0.01),

26 BAHAKXKREOVEHLF GSK-3B. Fyn, Nrf2
EARiLLE® WK 3, 5 Wky 41 Hd, SHR 4K
FZE DL GSK-3B . Nif2 £ [ A /K34 g 3%

R (P<0.01), Fyn 8 HRBAKFBEFImP<
0.01); 5 SHR AILE:, 452541 R0 2= 48]
GSK-3B. Nif2 R BK B ETH = (P<0.01),
Fyn 8 FHRIRKCEE R (P < 0.01),

2.0m
28 GSK-3B
3 Fyn
= Nif2

1.5+ @ ®

mRNA %k
s

oI

1e
0.0 rd |- - é | ) E

: b |- il I
Wky 41 SHRAL  RIEEHIA G0 a4l

o
in

e .I. e r
PR Rkl

A: W5 Wky b4, P<0.01; @5 SHR A ibi, P<
0.01; @5 SHR 4k, P<0.05
B2 fBAXRAOEHALF GSK-3B. Fyn, Nrf2
MRNA RiZKFLLE (x5, n=10)

0.5 - BE GSK-3p
EZ3 Fyn
0.4 4 H = ni2
I e e @
1 e 1 @
%03
® g ?
o o ]
02 olle ML
oo B - -
0.1 E - é 2 o -
00 Ll T T T

L
SHRAL  FHEIAAL  IGREAL  Aorliidl wnlhtdl

s %
E: Ob Wky 442, P<0.01; @5 SHR 4b4x, P<
0.01; @k SHR b3k, P<0.05
B3 JHEARADGEHLRH GSK-3B. Fyn,
Nrf2 EERIELRE (v £5, n=10)

Wky 41

2.7 BEAKRALERLAF Collagen— 1. Collagen—III
EAREEE WK 4, 5 Wky 4%, SHR 4
KA ODEHLUT Collagen—1 . Collagen—1IIl 25 [ 3
BB B ETE (P<0.01); 5 SHR A Hb#, #i}
KR S A KR A0 E AL Collagen—1,
Collagen— Il £ /K- i EF#EIR (P < 0.01)
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GSK=30 my e S . — m— 8 | ],

Bruiclin  W———— — — —— 1 | |)y
Fyn s SR S S Sw— a— 02 kDa

Braclin NN A — o a— i 0
N2 WD S S w—— — 100 kD2

Bractin NS W W — — 3 kD

Wky 2l SHRAL RACEAAL AGIEAL  poflial el
titpe%

E: D5 Wky 4k#, P<0.01; @%5 SHR 4kki, P<0.01
4 BHAKXREOEHAZLF Collagen—1 . Collagen—1I
EARIKEE (v £5, n=10)

3 it

WL HE AL 2 VF 220 78 5 s 1) e [ B 2
fiE, W%t 350 WUEF 4L & A B UTAHOES, O
WUIEIEFT ECM A BETTRR 25 7.0 {ILZH 2R 40 T AR X 5k
ARPIRAS, LR R S eE , S1E ROS NG
I )| B T R N S T =R o AR R Y S L
ML KA E AR A", SOD S LA i T 4R
1R, BEREHIE] ROS BY-A A", XF T4 M4t S L)
HAR R B, T-AOC 7 LA Ry 4T b ¢ 3 24H 2L 40 41
oWy o iy S A S PR AR WE S AE R R, T
KETHUS, SHROGILHZ SOD, T-AOC 1
B TR, MDA & & W RRAK, X B e 2= T 3y
5% SHR OIS b ht AL BE R TEPE . D0 LA ]
oA YR A L DT RO UL AT 4 AL
Collagen— I | Collagen— Il J2&.C> I ECM 1) 3= %220 AU A%
P R AE R IR . 5 Wky AL, SHR 4
RECCIER . LVMI #5837 & (P<0.01), £
SHR 2.0 F LIS ; 5 SHR 4 HEL, RATE%F 20
Wit E & b R R BLG IEBTEE . LVM, LVMI
) 5 FFAR(P<0.05, P<0.01), SBP L4141
Collagen— I . Collagen— Il £ H 3% 15 /K i & T+
L AT P mRE R TR, HEEEE
AR R RO ILZH 2 Collagen— I . Collagen— I %5
RIZKFo DL ESERIEIR, i B 2R mT 45 e U
M, BGE SHR O JIUR R F L2k PR B4R
MTIEAE SHR (9.0 WLEF 44k

WEIERIT, I 5 oK R AL 1 5 (ACED 28

YA AT LR T, 8 0] 3 ek £ Sl AR O LA
SURIE G, JEOEHE LR, TR El % SHR K
SO LR R, ABFSE L ACET 28254 K 4T3 7
S BHF RE 2R, TS e F A B2 R AT ] SHR G L
4efk, HAERS MR S-S A Y

Nrf2 J AP Py — o 5 22 11 4 A0 7 00 4 R 7
FLA e A M S AL P A T 0 AR i i 4 . ATE
FEMGE , WOE Nef2 PUALE 5 BB S B 5 i i
SECAY AL A SR 4 L 9 R R e
WL AR SR s, SHR OIS Nif2
BTGB AL, 48 T 2 T TS BEAS %
ThiE SHR O AL Z R Nef2 25 kKT, B
FATITE Nef2 S, e O NS BTEILEE ST, W
Ml SHR (.0 HLEF4EfL . GSK-3B Tl i Fyn X
R Nef2 935 M, Fyn 38000 5 0] gE A 404,
il Nef2 2 N ™, i #m il Nef2 iyt A e o
AW R s, SHR .0 F H LU SBP /K45
m, ADERERE S, BIEEATUBRKEE,
GSK-3B. Nif2 FIkFEAK, i Fyn FikTHE; 45 T
FRETHG, SHR ZO0EHSH Nif2 %1k, GSK-3p
WM ALK V- B TH &, Fyn 9336 B (L, SHR
HAb e bR 2 kst , M7 Bz 20T figid i fe i
GSK-3B #R 1k . #Iifl Fyn ik, M L3 SHR I
LU Nef2 S, R EVRNSTEILIER, b
SHR 0 WLZH VAR B 3O N, AT O ILET 44k
oa i

ZE LT, e AT SHR KRR O LA 2
1k, AT AESE I8 i 4% GSK-3B/Fyn i I, ¥4I Nirf2
RIEHUEAER, i SHR K BUO WL LU A AL
i U AR YN (T 4 TS ST S e

(&% 3Hk]
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