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EE, A, RER, IRE, BT, hBH
(FMPEHRE HF—WBER, J~H 510405)
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(Collagenll ) , o-F-#5 MLLBN 2 1 (a-SMA) O LA i fb i MR AR IB GO &R 5IRF AR R, SR AL /N BLUZAE O 55 1l 43
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a-FHEILEIEH (a-SMA)
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Effect of Yangxinkang Tablets in Regulating Autophagy on

Myocardial Fibrosis in Mice After Chronic Heart Failure

YAN Cui, ZHOU Zheng, LIANG Bi-rong, WANG Ling-jun, YANG Zhong-qi, XIAN Shao-xiang "
( The First Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

[ Abstract | Objective: To study the effect of Yangxinkang tablets on myocardial fibrosis in mice after
heart failure, and to explore its mechanism. Method: The model of chronic heart failure in mice was established
by thoracic aorta constriction (TAC). After successful modeling, mice were randomly divided into sham operation
group, model group, 3-methyladenine (3-MA, 15 mg-kg ') autophagy inhibitor group, Yangxinkang tablets
high, medium, and low dose groups (1 170, 585, 390 mg-kg '). The sham operation group received equal
volume of distilled water. After 30 days, cardiac ultrasound was performed to collect hemodynamic parameters.
Cardiac paraffin slices were stained with Masson to observe the morphological changes and fibrosis of

cardiomyocytes. Western blot was used to detect lysosome-associated membrane protein ( LAMP) , microtubule-
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associated protein light chain 3 (LC3), Beclin-1 autophagyportein, a-smooth muscle activin (a-SMA ), Collagen
I, Collagen Il protein expression. Result: As compared with normal group, the left ventricular ejection fraction
(LVEF) and fractional shortening ( FS) were significantly decreased (P < 0.05), the left ventricular end-
diastolic dimension (LVDd) and left ventricular end-systolic dimension (LVDs) were significantly increased ( P <
0.05), the degree of myocardial fibrosis was significantly aggravated in model group (P <0.01), and the protein
expression levels of a-SMA, Collagen [ , Collagen I, LAMP, LC3, and Beclin-1 were significantly increased in
model group (P <0.05). As compared with model group, the cardiac ultrasound indexes of the 3-MA group,
Yangxinkang high and medium dose groups were significantly improved ( P <0.05), the degree of myocardial
fibrosis was significantly reduced (P <0.01), the protein expression levels of a-SMA, Collagen | , Collagen]l ,
LAMP, LC3 and Beclin-1 were decreased in 3-MA group, Yangxinkang high and medium dose groups (P <

0.05), while the protein expression levels between the model group and Yangxinkang low-dose group showed no

significant difference. Conclusion: Yangxinkang tablets can reduce myocardial fibrosis and improve cardiac

function in mice with heart failure probably by down-regulating autophagy.

[ Key words |

Collagenll ; a-smooth muscle activin ( ¢-SMA)

L 1R (R0 58 ) S 06 R B AR B, 5 37 1Y
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S BT A O WUZT 4 AL T D AE 2 0 5
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A RE RO RO LA Ak i | E LR = 7 B
RAE R B O JUE R AR T L 9 S R E
Be AL, Ik 0 MEM . WENG % B 58 &
LA 1 W B i 1 M T g 7 /0 LR o s
JEAE AL S RE R RS . F5.00 BEF 2 ) N BE 25 k2%
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T AEIRT 20 8 08 0 7 5 3 A /N L L
2 Y A0 10 S 3 3 W5 3R 0 B 0 E /N B L
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LC3, Beclin-1, LAMP, H i FE3-B% W W 4 W
(GAPDH) , f H 5 B — 40 (¥ [ Abcam 23w, it 5
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TS-1 AU €45 R (3 177 H AR DR 2 6] ) 5 Vevo 2100
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Visual Sonics 2¥ ] ) o

2 FHmiE

2.1 AV g5 Koy SR 0.5% SR L % R
S S ORR /N B ) Ry 50 mg kg T /N BRURE E
AREE,75% CBEH T ARKE 3 W, UERE. A
o=l A T TIPS = A ) B =Y = ol o S
21, R Ry B T RS B bk S i M A RN AR D 21
2 Bk B A AT e B SR T N AS R Z T
B ESkS X, 1 em £ 6.0 2248 58 A F 26 4%, &
FRER KR f5 28 A i B 00 E 3 ik 5 AL, AT 45 5 A
A marker 45 FL 7% 45, BUH marker, F 5.0 O£k & 5
B M Em R B E R kAL, RE
4 ~6JH 470 HE B B R 12 b BUA = B 4 2
(LVEF) ik F 50% Hy. 0> xS a2 sy kA7
BEAL N4, 20 AT 4, 3-MA H A5 0 e
R R FARA (& 12 H) R F AR AP H
FRALEH .

2.2 42y OEARFORAEBSY,NRAE
PRI e MO B k=) b N 53 24
A 2 SRS IR B (390 mg-kg ™), i 2
TR Y 1.5 5 (585 mg-kg ') , i Al R AGH & W
345 (1170 mg-kg ™) I E F 0 HE K HOHE
30 d, 3-MA 4145 05/ 3-MA 15 mg-kg ™' i
wa

2.3 EFEL BRI /)N B IRE A JRR B A0
A [ 5 I B 78 4 K, P e Bk 380N Bl g R R S I
18 F GE A7 0 WE AR 75 R I, Rk 4 38 2 13 MHz, 3%
J¥ 3.5 em, U 200 mm-s o 7E B M B 25
Aol w i A RS T IR UK R MBS R
LRI T R B AN A 0 = S RE AR A MR RO )
I 20O 28 & F sk R N AR (LVDd) |, 7.0 % 04
ARIHNFE (LVDs) | %5 5l 45 55 5> % (FS) , LVEF , % 2
W3 AN 3l R O 3891

2.4 MR 4245 30 d R BURRER, T i A2
OHBFF2) 0.2 mm, 0. 9% NaCl # 7.0 JE, B O
JUE, 0I5 A1 J 205 0 ot Y B JUE ) TR o v B 2H 4R
BT 4% ZRWEEP [ E, F72 48 h LU B, A4
HOHFAL .

2.5 HEEERMWE 4% ZRWEEREE, % A b
AL, 4 wm PI -, #E 4T Masson e €5, {8 ¥ W B T

WL B 78 2H 2L A 8 A
2.6 HEHARAENILE D (Western blot) 6l .0 IE 41 41
EERDE BGE & AOEONHAZH T EIRF 5 5
JRCHE B, I 200 22 A, AR TR AL 25 21 R 2, B A
B AF H10 000 remin ™' KR B0 3 min, B AR
FUE R B A RESh . 3 g-mL ™' BERE, B 4T
SDS-PAGE BB HLIK , A7 1055 vk £ P 3G B, 365 PAT WA PR
WM 0.5 h, Collagen- | , Collagen-Ill , a-SMA,
LC3,Beclin-1 ,LAMP —#ii 4 C & 7%, # & 70 Wl
A 1:5000,1:3000,1:200,1:1000,1:1 000,
1:5000, 4= @EME 1 h, Wk H 1:3 000, &
Ve R R EHE , H Tmage J 53 B 04 %) H
Uk kAl AT G, r B DL E SR 5 NS R
GAPDH ) H. {H ¥ /m Collagen- I , Collagen-1I,
a-SMA, LC3, Beclin-1, LAMP & H B % A&
K-
2.7 GEibUrik RJH SPSS 22.0 Gt B4k b, A
WFFE T A B 2 i RSOk LA v +5 Ron . g B
K2R J7 2200 07, FIWT 4% 4 ) 22 S A R ge i 20 ),k
Jil SNK-q 15 %5 £ 47 Z2 LA, AP <0.05 5% A
Gt rE L
3 R
3.1 ST O M S k4 25 R (TAC)
HRRJE/NRIESET: 7 H o se gl B vp B S T
4 HO R RIEAsET 1 H,3-MA 43T 2 H,
BT A2 e 5 0 B e AR B 21 4 A
3.2 FOMAX O RN ROEDRER R SR
FERHEE 30 d J5, 5T AR M B, SR H /N LG
¥ LVEF,FS B B FfE (P <0.05) ,LVDd,LVDs H i
T (P <0.05) ; 5820 A, 3-MA 41, % .0 R
B R LL LVEF, FS B & F+ &, LVDd, LVD B &
FEAR (P <0.05), W& 1,
3.3 FROBRE A A /N RO LA 20 BB 25 1 5
MO LZHZY Masson e 45 R o, 5 T RH L
BB O LT AL TR B2 B N (P <0.01)
RYZH T VG M SO LA R AT R AT 5
T AZH L JUL AR i AR 51) B 5%, 4 i ) o s A /b R
O A 4 ARV AR L, 3RO B TR A
3-MAZ I i 21 4 5 53 SOIRHES A2 O LR B 18] .0 0L
YRS B E MR (P <0.01) . WK 1,£2,
3.4 FF.O R R X0 MRG0 L LAMP, LC3,
Beclin-1,a-SMA , Collagen [ , Collagen Il 25 B 3 ik Y
B 5 R OR L B, B AL N Bl a-SMA,
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1 FOERMORENROBESHPIE (2 =5)
Table 1 Effect of Yangxinkang tablets on echocardiography in heart failure mice(x +s)
2H 5 %ﬂi/mg-kg’l n LVEF/% FS/ % LVDd/mm LVDs/mm
EEPN - 12 71.25 £10.68 44.00 £9.01 3.13 £0.26 1.49 £0.19
5 70 - 8 21.00 +9.66" 10.00 +4.47" 4.43 +0.46" 3.96 +0.56"
3-MA 15 10 42.75 £19.61% 22.00 +12.02% 3.77 +£0.25% 3.06 £1.00%
FORER 1170 12 48.40 +9.71% 23.80 £5.93% 3.86 +0.28% 2.97 +0.49%
585 11 50.20 +5.35% 25.40 +3.64% 3.65 £0.48% 2.65 +0.55%
390 12 24.75 +12.44 11.25 +6.55 4.56 £0.37 4.01£0.58
T ST ARG P <0.05; SHUMA ED P <0.05(F3 ),
2 FOBERWMORNMRECEFENEROEM(x£s)

E
A BT ARY ;B BERIZ ;C.3-MA 21 ;D. 5.0 B m Al B 41 E. 370 5
R A F SR R G A (2 )

B1 FoRRFSOERNMNRONALFERS
Fig.1 Effect of Yangxinkang tablets on myocardial histopath-ology

52 M ( Masson, x 200)

in heart failure mice ( Masson, x 200 )

RIBHWETHE (P <0.05); SHIAA L 3-MA
H,FOEHF&E. T # &4 «-SMA, Collagen T,

£33 FORANORDRONAABTARENBM (2 £s)

Table 2 Effect of Yangxinkang tablets on left ventricular fibrosis

area in heart failure mice(x +s)

2151 HlHE/mg kg ™! n OINE YRR/ %
BFA - 12 0.90 £0. 11
LR - 8 8.28 +0.59"
3-MA 15 10 3.06 +0. 85>
EN:- 95 1170 12 2.44 £0.97%

585 11 3.0 +1.12%
390 12 7.73 £1.1

ST ALK P<0.01; SHRA LD P <0.01,

Collagen Il , LAMP,LC3 , Beclin-1 7§ [ 315 ¥ HH & (&
k(P <0.05), W#£3,E2,

Table 3 Effect of Yangxinkang tablets on protein expression in myocardial tissues of heart failure mice(x +s)

4151 Biilhis a-SMA Collagen | Collagen Il LAMP LC3 Beclin-1
/mg-kg ! /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
BFEA - 12 100 100 100 100 100 100
iR - 8 234.76 £21.76" 174.05 +40.12" 136.14 +5.81")  150.75 £25.88") 133.51 £21.67" 182.20 +29.68"
3-MA 15 10 112.10 £6.38% 122,71 £12.52%  96.84 +7.05% 119.97 £10.15%  90.58 £11.91%  127.46 =18.05%
FOREHR 1170 12 136.10 +64.01% 111.73 +6.13%  103.70 £9.78% 118.32 +12.66%  94.21 +6.59%  123.15 +11.25%
585 11 187.39 £86.52  128.61 +10.38% 109.30 +33.3% 118.12 =14.16%  86.06 £7.38%)  159.55 +24.97
390 12 230.40 £58.30  192.54 £23.26  136.58 +8.20  161.40 £23.92  122.95 +16.78  206.42 +15.76
4 itig O 1 F B o AEO =0 LA dE AR 1

B 11 A0 0 M55 H o T e S L 5
T2 S LA 1 9510 — Pl LA 5 0 RIBE TR
BRI R 252 2 , 50— 7 T A 2 S B ), %4 4 3K
2 3004 T AR UL M2 TR L LT
11,3 B0 . JILZEL 250 o 5 4 3o i UL D5 it
RN, 0 HE T A R B R B, bR
- 56 -

B FR AR 20 JULAZ A5, 0 M 2T 4 40 D ik 4
I W 80 434k SR WU R 2T 20 20 L, UL 2F 44 40 L 5
(9 ] 55 2 400 i 40 3 A AR S B0 JULRE £k
O A AT K T RE R S, R A S B T BB
iy 2O PR I S G A O LT A AL R B A O
58 4 T AT SR
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et N 25
-
ST TTT LR
GAPDH
Beclin-1 m 52 kDa
w IR R
GarDH DY S . D,

A B C D E F

37 kDa

45 kDa

B2 /MROMALZER Collagen I , Collagenll , a-SMA , LAMP,
Beclin-1,LC3,GAPDH & g %% B ik

Fig. 2 Electrophoresis of Collagen I , Collagen I, «-SMA,
LAMP, Beclin-1, LC3, and GAPDH protein inmyocardial tissues of

mice

t IR B ML 2R YT 0 1l i R E R TA
— WFFEIE S 28 R SR BHIE 75 B A IR D o=
EARER T ARG R OB AS
A& HKRF EBAHEFHAM. HPh ASKATA,
AP R I, B RS AN TR AR ARVAE SR L, A FE T TRl
Bl 15 S DR ; 22 A % B i, 3 0 B B, iR - 8%
Jili g o, A B S, — A AR i A R B AR T
405 B AT I ILIE DK , 7 5 o 303 I RS K e AR
Ho 2D ASHm LR EZLFORNE, K
HIRF B S B AEINE LU AT
T LA K 25 B0 AR AL 22 25 AOFR B, 1 I aE 2%, B il
i, FIOK Z 8. AR EERE R, FOERFEA
st = 0 /N BUD DI ReAE 5 i 38 AF 98 45 R —
B SR HEE L b AL, 3-MA [ g )
20,00 LVEF,FS,LVDd,LVDs ¥ B & s 3%, %57
210 DY RE B S B, DDA AT RE R AR R e 2 W vk
BEAI, T FH 300 o o 3k AN B 3RO B R A AR R L
FURH BB T RORAE

I 2 PV AR S 00 40 B PN 2R 5 R 41 A
FEAEFR A P A R (S B 4 B ALk S, o Wi B A
WO I R A G B 2 — IR AT & B 3 B ik
5 45 75 ] S E0O0 WU SV B B B, A AR 0 R
D EEF 4 AL, e 7 B far S 3000 0 5 KRGO LA i A
s B S s, I AR S e W R R 3-MA S e
Bk R RO T RE, B O ILER ZE AR B
Beclin-1 [ IR 56 28 11, [0 A 0 WLAI ML s 9 sl 21>
ST BT U T Beclin-1 4 3235 1R T 1 S 1

T 26 B B T 9 IR s LA O X 4%
ol B 43 43 15T o0 JIL RS 2T 4 240 e R0 AL o8 41 4 4 i
A RO T RURD A e 5T Hoad e AR R L
Bk HE B R BOOL I REZ A, 51 RO EE . A HESEIIE
S, BRI T U O LEF 2 Ak 4 w8 R RO A S O
FROTIAE ™ . a-SMA S [ bR IA AT 9 LI 2 4E 40
Mabr & Y . ARSI B s, B 3-MA B
W 5, TAC A AL/ BRUAY O B RE 3%, 15 W 5 4k
B2, ARERER, OCELAEN, AKEN
LAMP, LC3, Beclin-1 3 3k E i, # A 41 «-SMA,
Collagen I , Collagen Il & 1 A B 2 I8, 44 H
FI WA ) B 550 B R T SR YT S L 3-MA 4, FR 0
HEF 85 5 B AL 135 R AL Collagen
I ,Collagenll ,a-SMA ikt 2 & T 9, /N RO WLEF
AEACFEFE W] W BEAG, 35 3 ek 3 0 s /D BUL T g
H,

g5 LTk TS MO R AR I, R0 R AT SE
N A W GE R0 3 A O LT ZE Ak, DT ik
I GE O IRERYE R

[&%F k]
[ 1] Mozaffarian D, Benjamin E J, Go A S, et al. Heart

disease and stroke statistics 2016 update: a report

from the American Heart Association [ J ]. Circulation,
2016,133(4) :38-360.

[ 2] Fonseca C,Maggioni A P,Marques F,et,al. A systematic
review of in-hospital worsening heart failureas an
endpoint in clinical investigations of therapy for acute
heart failure[ J]. Int J Cardiol, 2018,250.215-222.

[ 3] Schelbert E B, Piehler K M, Zareba K M. et, al.
Myocardial fibrosis quantified by extracellular volume is
associated with subsequent hospitalization for heart
failure, death, or both across the spectrum of ejection
fraction and heart failure stage[ J].J Am Heart Assoc,
2015,4(12).

[ 4] QIAO B,HE B X, CAT J H, et al. MicroRNA-27a-3p
modulates the Wnt/B-catenin signaling pathway to
promote epithelial-mesenchymal transition in oral
squamous carcinoma stem cells by targeting SFRP1[]].
Sci Rep, 2017, 7.44688.

[5] ZHOU L C,MA B H,HAN X Z. The role of autophagy in
angiotensin [[ -induced pathological cardiac hypertrophy
[J]. Mol Endocrinol,2016,57(4) :143-152.

[6] LIUL, WANG C,SUN D, et al. Calhex231 ameliorates
cardiac hypertrophy by inhibiting cellular autophagy in
vivo and in vitro [ J]. Cell Physiol Biochem, 2015, 36
(4):1597-1612.

- 57 -



sh L+

5525 B4 3 W PESZEAFNERE Vol.25,No. 3
2019 4£ 2 A Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2019
[ 7] Garcia A G, Wilson R M, Heo J, et al. Interferon-y mechanisms of pathological re-modelling of the heart

[8]

[9]

[13]

[16]

[17]

[19]

[20]

ablation exacerbates myocardial hypertrophy in diastolic
heart failure [ J]. Am J Physiol Heart Circ Physiol,
2012, 303(5) : 587-596.

Nakai K, Tsuboi J,Okabayashi H,et al. Development of
a signal-averaged vector-projected 187-channel high-
resolution electrocardiogram for the evaluation of the
and  abnormal

location of high-frequency

Int Heart J, 2007, 48

spatial
ventricular repolarization [ J ].
(6):701-713.

WENG L Q, ZHANG W B, YE Y, et al. Aliskiren
ameliorates pressure overload-induced heart hypertrophy
and fibrosis in mice[ J]. Acta Pharmacol Sin,2014, 35
(8): 1005-1014.

FERGAE, TS, BUZR VL, 46 370 B 00 8 R O )
v R A il K TR 2RI T AR RO L BE S
)], o E B 2E,2018,27(2) :205-207,218.
WV, . F70 BETR T JCAE R O J7 52 58 1l IR B 50
[J]. #rhBE,2014,46(9) :26-27.

Tavakoli R, Nemska S, Jamshidi P, et al. Technique of
minimally invasive transverse aortic constriction in mice
for induction of left ventricular hypertrophy [ J]. J Vis
Exp,2017,dio:10.3791/56231.

Songstad N T, Johansen D, How O J, et al. Effect of
transverse aortic constriction on cardiac structure,
function and gene expression in pregnant rats[ J]. PLoS
One,2014,9(2) :e89559.

FEIREL. o o B 0 A /D BRC JUE 25 4 A0 D) RE Y
BrEID]. ¥ 5t # 5t E R ,2006.

AT, A, RIS A O 3 B AR [ O LA S
BORN RO DI EER L [T]. BB EE R,
2015,24(11) :1242.

A, A 56, A GRS ik BB R [ M.
Jbmt: NRCIUE AL, 2010: 1698.

YIJ, HE G, YANG ], et al. Heat acclimation regulates
the autophagy-lysosome function to protect against heat
stroke-induced brain injury in mice [ J]. Cell Physiol
Biochem ,2017 ,41(1) :101-114.

Go A S, Mozaffarian D, Roger V L, et al. Executive
summary: heart disease and stroke statistics-2014
update: a report from the American Heart Association
[J]. Circulation, 2014,129(3) :399-410.

Porter K E, Turner N A. Cardiac fibroblasts; at the
heart of myocardial remodeling [ J]. Pharmacol Ther,
2009, 123(2) .255-278.

Weber K T, SUN Y, et al. Myofibroblast-mediated

- 58 -

[21]

[22]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[J]. Nat Rev Cardiol, 2013, 10(1) :15-26.

Sw V D B, Diez J, Blankesteijn W M, et al. Myocardial
remodeling after infarction: the role of myofibroblasts
[J]. Nat Rev Cardiol, 2010, 7(1) :30-37.
WrREAE PR 2, . 45 5% B I vk 0 & 7Y s 45
B EIRYT R S MO ) R T RO SR LT ] LT
1 EE Ze i ,2012,39(7) 1 1307-1308.

ST g S W R U I R P a4 W]
I AN E 36 4G R RO [T]. Rt EZ,
2014,31(7) :412-415.

BT SRR, R, FR0 BEIR T ST M O )
i PRAFF 5% [ T]. o B o 75 25 45 & 20 2% &, 2000, 7
(2):71-74.

FEREAE  BEARAE  FNAURN, S5 J% 0 X 18 M0 T BE R
LHLEEMAZILT]. P25 IE IR,
2012,23(1) :58-60.

XIAN S X, YANG Z Q, REN P H, et al. Effect of
yangxinkang tablets on chronic heart failure: a multi-
center randomized double-blind placebo-controlled trial
[1]. Chin J Integr Med,2015,21(10) ; 733-742.

RE R, A HBR, 20k, % P2 B 5 i WO & I it
BRI T R ()] A BE 2 ,2014,9(1) 1113,
FENG Y, HE D, YAO Z, et al. The machinery of
macroautophagy[ J]. Cell Res,2014,24(1) :24-41.

LI B, SUN Y, WANG ] P. Antioxidant N-acetylcysteine
inhibits maladaptive myocyte autophagy in pressure
overload induced cardiac remodeling in rats[ J]. Eur J
Pharmacol ,2018 ,839 :47-56.

Marifio G, Pietrocola F, KONG Y, et al. Dimethyl «-
ketoglutarate inhibits maladaptive autophagy in pressure
cardiomyopathy [ J ]. Autophagy,
2014, 10(5) : 930-932.

ZHU H X, Tannous P, Johnstone J L, et al. Cardiac

overload-induced

autophagy is a maladaptive response to hemodynamic
stress[ J|. Clin Invest, 2007, 117(7) : 1782-1793.
WANG H B, YANG X, YANG Q Q, et al. Parp-1

inhibition attenuates cardiac fibrosis induced by
myocardial infarction through regulating autophagy[ J].

Biochem Biophys Res Commun, 2018, 503 (3 ).
1625-1632.

Sw V. D B, Isobe S, Verjans J] W, et al. Molecular
imaging of interstitial alterations in remodeling
myocardium after myocardial infarction [ J]. J] Am Coll
Cardiol ,2008 ,52(24) :2017-2028.

[=EHE FhAM]





