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ABSTRACT Objective: To investigate whether hyperoside (HYP) treatment could ameliorate cardiac hypertrophy induced by
transverse aortic constriction (TAC) and explore its protective mechanisms. Methods: Thirty-two C57BL/6 mice were randomly divided
into four groups (n=8 in each group): Sham, HYP group, TAC group, and TAC+ HYP group. TAC surgery was adopted to establish the
pressure overload-induced cardiac hypertrophy model. Four weeks after TAC surgery, the cardiac function was detected by ultrasonic
cardiograph. The hemodynamics indexes were monitored by left ventricular catheter. The ratios of heart weight/body weight (HW/BW),
lung weight/body weight (LW/BW) and heart weight/tibia length (HW/TL) were calculated. The mean cross-sectional area of
cardiomyocytes was calculated by HE staining. The degree of myocardial fibrosis was observed by Masson staining. The contents of
superoxide dismutase (SOD) and malondialdehyde (MDA) in myocardium were estimated by special kits. The production of reactive
oxygen species (ROS) was detected by DHE fluorescence probe. The protein expressions of SIRT3, NOX 4, Collagen-1 and Collagen-3
were detected by western blotting. The expressions of SIRT3, ANP, a-MHC and B-MHC mRNA was detected by real-time PCR
(RT-PCR). Results: Compared with the Sham group, the TAC group had increased LVPWD, LVSP and LVEDP, decreased LVEF
LVFS, E/A and + dp/dtmax. The ratio of HM/BW, LW/BW and HW/TL were also raised, accompanied by an increased cardiomyocyte
cross-sectional area. Besides, collagen deposition was exacerbated, hypertrophy-related gene expression was increased and the ratio of
o-MHC/B-MHC was inverted in the TAC group. In addition, the TAC group had reduced SOD activity and promoted MDA and ROS
production, along with an decreased the expression of SIRT3 signaling (P<0.05). After HYP treatment, the cardiac function,
hemodynamic changes, cardiomyocyte hypertrophy, myocardial fibrosis and oxidative stress levels in TAC+HYP group were all
significantly improved, and the expression of SIRT3 signaling was also markedly enhanced (P<0.05). Conclusion: THC treatment could
effectively attenuate pressure overload-induced pathological cardiac hypertrophy through alleviating oxidative stress in myocardium and

inhibiting the progression of myocardial fibrosis, which may be associated with the activation of SIRT3 signaling.
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BB SGHAT 2 N R A2, I8 30 MHz e fig 45 D i 220
FEIARDIREALO = BEEL R Wil HE b B FG &7 TR W 200 = Je BE
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A, Trizol PLAEIK EAREUE RNA 5, FIE a0 G404t cDNA.
{iliH CFX96-C1000 {8 #17 RT-PCR RAEFF , S i iy BERE N -
95 °C 5 min;95 'C 305355 C 30s;72 C 30 553k 40 MEFR, LU

GAPDH N NZHEH, 22« IRl FHARFEDI A R IKKF- 5]
Py LI RN AT BR A RIS A, P AR 1 R

®1 &59F5
Table 1 A list of the primers used in the RT-PCR

Gene Forward primer Reverse primer

ANP GTGCGGTGTCCAACACAGAT GCCATTTCCTCCGACTTTTCTC
a-MHC TGCACTACGGAAACATGAAGTT CGATGGAATAGTACACTTGCTGT
B-MHC ACTGTCAACACTAAGAGGGTCA TTGGATGATTTGATCTTCCAGGG

SIRT3 CCCCAAGCCCTTTTTCACTTT CGACACTCTCTCAAGCCCA
GAPDH AGAACATCATCCCTGCATCC AGTTGCTGTTGAAGTCGC

1.2.9 Western blotting ZE B 4/ L2 #%
BO N EAEZE MR R SR IRAE S L S B R PR il
VK R B SR BR IS T 4 CTF AL SIRT3(1:1 000) ,Colla-
gen-1 (1:1 000).Collagen-3 (1:1 000) NOX 4 (1:1 000) FiI
B-actin (1:1 000) MHARMEE T, dkiMi7EBAR T A ALY
(Horseradish peroxidase, HRP)Frict i) —Ft 7 (1:1 000) = i 5%
A 1 h.ffi ] Bio-Rad WAL R Guk I 11 55+ I Image Lab %k
PF#ATE BT
1.3 FitEHE

JH Graphpad prism 5.0 Ge3+2# 81T G404, SEdm e
RSB AR (ws ) FTR o 2257 BB PER IR FH LR 30 22
4347 (one-way ANOVA ), LA M4 [H] 2% 5 A LSD-t f3, P<
0.05 £rR 2 HA G X

2.1 HYP /MR REThAE R I 30 1 F e ARRI 200

AR RGN 25 SR B R (% 2), 5 Sham 4IAH H, TAC 41/
i LVEF \LVFS HI E/A i8] BB %, LVPWD {i B EHn (P<
0.01), & T Z5WAb PG , 5 TAC 4HAH I, TAC+HYP 4H /) B,
LVEF LVFS 1 E/A {60 & I 7+, LVPWD i i 2 %K (P<
0.01);5 Sham 4IAAHL, H2li25 T HYP 3697 %5 /NS B0 BE L g
AL B M (P > 0.05)

DRE MR R (3 3), 5 Sham 4 AH L, TAC 4 /)
K4 LVSP fil LVEDP {f i 3 34, + dp/dtmax & B i F#AK (P
<0.01), % T2, 5 TAC 44t , TACHHYP 41 /)
L LVSP l LVEDP {A {2 T~ %, + dp/dtmax {HHi .7+ (P<
0.01);5 Sham 4IAA tL, 1445 T HYP JGI7 % /NS L 3 )
2EFEARA LB R (P> 0.05)

2 R
% 2 SENROBEBERMLER (ves,0-8)
Table 2 The ultrasonic parameter of mice in each group (x:s, n=8)
Groups LVPWD(mm) E/A LVEF(%) LVFS(%)
Sham 0.50+0.13 1.68 +0.16 73.46 = 1.94 37.87+4.11
HYP 0.48 +0.08 1.75 £ 0.09 74.81 +£2.42 38.12+3.73
TAC 1.13 £ 0.15% 0.71 £ 0.05% 38.85 +3.73% 19.39 +2.35%
TAC+HYP 0.75 £ 0.1 17** 1.12 + 0.12%%* 56.21 + 3.16"** 28.66 + 3.57%**

¥ : 5 Sham £B#ELL ,#4 4 P<0.01; 5 TAC B4k, ** h P<0.01,
Note: “P<0.01 vs. Sham group; **P <0.01 vs. TAC group.

R 3 FENRIUTRH /1 2R 25 R (v ,n=8)

Table 3 The hemodynamic indexes of mice in each group (x+s, n=8)

dp/dtmax -dp/dtmax LVSp LVEDP
Groups
(mmHg/s) (mmHg/s) (mmHg) (mmHg)
Sham 6468.7+313.6 5646.3 +225.8 68.61 +3.55 723 £0.51
HYP 6535.5+3223 54293 +317.7 67.42 +2.42 7.11 £0.47
TAC 4 647.8 £ 249.5" 3578.9 £227.4% 112.58 + 4.61* 15.46 + 1.43%
TAC+HYP 5583.7 +328.1%** 4 533.1 £297.3%** 89.74 £ 1.74%** 11.23 + 0.79"%*

7.5 Sham AHELL ,## h P<0.01;5 TAC AHELL,** A P<0.01,
Note: #P<0.01 vs. Sham group; **P < 0.01 vs. TAC group.
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2.2 HYP X/ RA R FIEHRMI N

NRAZUEER SR B (B 1), &5 Sham 44 Lk, TAC
7 /N B HW/BW LW/BW f1 HW/TL {f ¥ & 2 h 2
(P<0.01), 3 HL/IN UG B2 651 2578 5 v L P 8 48, i 2%
TS 5 TAC dAH L, TAC+HYP 2H/NF HW/BW

>
=

-2
LW/BW(mglg)

HW/BW(mg/g)

N

LW/BW 1 HW/TL {3 @ R IL(P<0.05/0.01 ), [R1H /N B L
JULER B 5 A AR ] 2 e/l s 5 Sham ZAH L, SR4E4 T
HYP 36 57 /I BRUAG O LA J2 41 27 2 48 4 o UL B 5 5% T
(P>0.05),

@

-
o

HW/TL(mg/mm)

&

g

Mean cross-sectional
area (um?)
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B 1 FENROAIBEARFIEFRAI LR
Fig. 1 Comparison of the histological indexes of cardiac hypertrophy among different groups
FE: Al /BB fl /B Coils / BEEE ;D B28Y HE R F (%400 );EL O AR FHEEE R, n=8, 5 Sham HALL,
## 73 P<0.01; 5 TAC &L, */** 3 P<0.05/0.01,
Note: A: HW/BW; B: LW/BW; C: HW/TL; D: typical HE staining photos (x400); E: mean cross-sectional area of cardiomyocyte.
n=8, #P<0.01 vs. Sham group; */**P<0.05/0.01 vs. TAC group.

2.3 HYP 3t/ RO AL 4L IR BRI

/NERLO ILZH 21 Masson 42 (5 5 7 (5] 2A-2B), 55 Sham 21
AH L, TAC 417N B JULZH 20 PN e R T REVRE B S 2 8 im0 L
LY RERE 2 T (P<0.01), T4 T2 AbHL S , 5 TAC 41
AHLE , TACHHYP 21 /N BR 1900 U2 20 P9 B TR 0 FR R B I 25
%, D WLEF FEAL R B B 25 25 47 (P<0.01) ; &5 Sham 4IAH 1L, B4l
Y5F HYP JAI7 /N BUAG O JILZE 20 PR e SR R B 4 D ) 8 %
M (P>0.05)

AN WL SRR AR AR WoR (K 2C-2E), 5
Sham ZHAH [, TAC 28 /N 9.0 ILZH 21 Collagen-1 Fil Colla-
gen-3 FEIATRA RN (P<0.01), A T2 WAt B5 , 5 TAC
ZHAH L, TACHHYP 2/ B A0 L 22 Collagen-1 Al Colla-
gen-3 FHIAFREE I B K (P<0.01); 5 Sham ZHAH L, BAaliss T
HYP 3697 % /N B O JULZE 2308 Jie Do 2 5 1 1 A I W b 5% i
(P>0.05),

2.4 HYP 3t/NROALBEEE X E ERIZH 20

/IR ULAC JEE A 56 S5 IR 3R A1 10 7 (81 3), 55 Sham 4
A EH, TAC /N O WL SN o-MHC Rk T BE B AL,
B-MHC Fl ANP FikFe i B i 7 (P<0.01), i 45 T 25 ) b 3
J5., 5 TAC 4HAHLL, TACHHYP /MR LA P o-MHC

FEIRF B E N, B-MHC Fl ANP AT BE B FRE (P<
0.01); 5 Sham ZIAH tb, BA4645 T HYP Ja 77 %0/ B HILARE
ARSI PR R 0 A L S 52 MR (P> 0.05) .
2.5 HYP Xf/NROALA LR SR EK R 220

/N L2 SR A B KA B (18] 4), 5 Sham 4HAREL,
TAC ZH/NEA.O ILZE 2Py SOD & & i 2% T % ,MDA #il ROS
AR B N, NADPH & fLif (NOX4) Rk R L (P<
0.01), M4 T2t 35, 5 TAC 2, TACHHYP 41/ E],
FC 2L SOD & i i 3 T % , MDA F11 ROS Az it {2 2 1)
il ,NOX4 ik BH & T4 (P<0.01); 55 Sham ZHAH L, BA4li 2y
T HYP 5755/ L S0 N B A L BH S 5 i (P>
0.05),
2.6 HYP XP/NR/OALZALR SIRT3 (5 S RIEMZ M

N ILZHZY SIRT3 {55 FRIAFEE W (K 5), 5 Sham
ZHAHLY , TAC Z/NR Y0 LA 2L SIRT3 & [ & SIRT3 5L
B IATE BE 1 2 R R (P<0.01), i 4 T2 Ab #1555 TAC
HAH L, TACHHYP A /N EU O L2 SIRT3 2 14} SIRT3
FEIR P FEIRFREE Y B3 FTH(P<0.01);5 Sham AHAH L, Hafizy
T HYP 3657 % /NRAG O LA P SIRT3 {55 A9 515 1l A L
B 52 (P>0.05)
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A EE Masson B F(x200);B: RFLEN B S ; C: ARIEHRIE S ;D: Collagen-1 BHFKIE;E: Collagen-3 BH KX,
n=8,5 Sham H#gLL ,## A P<0.01; 5 TAC A#ELL,** A P<0.01,
Fig. 2 Comparison of the degree of myocardial fibrosis among different groups
Note: A: typical Masson staining photos (x200); B: percentage of interstitial fibrosis;
C: typical protein bands; D: Collagen-1 protein expression level; E: Collagen-3 protein expression level.

n=8, “P<0.01 vs. Sham group; **P < 0.01 vs. TAC group.
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Fig. 3 Comparison of the gene expressions of cardiac hypertrophy related markers among different groups
iE:A:a-MHC mRNA Fix 7k F;B: 3-MHC mRNA Fix7kF;C: ANP mRNA RikKkTF,
n=8,5 Sham ALk ,## A P<0.01;5 TAC ALk, ** A P<0.01,
Note: A: a-MHC mRNA expression level; B: 3-MHC mRNA expression level; C: ANP mRNA expression level. n=8,%P < 0.01 vs.
Sham group; **P < 0.01 vs. TAC group.

3 it AN RO IEE S AL ERERRAS, IR & R R0 T i, i
Sk S5 T () R S PRI S e AR SRR FH R Bk AR AR R

S B O UIRJE B R R 2 RO A BRI AR B0 ) S UIRE RIS, TAC ARG 4 J4, /N HW/BW
TR IE A LI . O NUAEE R DL AN AE K 0 24 LW/BW 1 HW/TL (B34 0 240 5 O JILAN IS S5 kS 4 T AR (.
R RS ARSI (1 B — R A . SRR W, ZBH 2N LM AR 745 0% B 398 A B0 MO 5k f B S
P ARy B2 T 8L, R Bt i 1 60T S 2 o B SR ARREE ) i, I Bl S AT S R B0 I AR N . kA, TAC
BRIV R R BT 23 B A — RN E 2R MR R N BOE . 2H/NELB LVEF \LVFS H E/A {59 8 F %, LVPWD {H & 2%+
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n=8,5 Sham #AFHLL,## 4 P<0.01;.5 TAC AHELL,** 4 P<0.01,
Fig. 4 Comparison of the myocardial oxidative stress level among different groups
Note: A: Superoxide dismutase (SOD) activity; B: Malondialdehyde (MDA) content; C: NOX 4 protein expression level
D: Reactive oxygen species (ROS) production. n=8, #P < 0.01 vs. Sham group; **P< 0.01 vs. TAC group.
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5 ZENROAAELR SIRT3 {5 SRIZHIELER
Fig. 5 Comparison of the protein and gene expressions of SIRT3 among different groups
7F:A:SIRT3 EEHRiAKTE;B:SIRT3 mRNA FiAkE,
n=8,5 Sham A8tk ,## 4 P<0.01;5 TAC 4AHELL,** 4 P<0.01,
Note: A: SIRT3 protein expression level; B: SIRT3 mRNA expression level.
n=8, "P<0.01 vs. Sham group; **P < 0.01 vs. TAC group.

5 [EIEF TAC ZH/NGL LVSP #1 LVEDP {8 582 | F}, + dp/dtmax
A S AL, ZR /N RO T R B 5k 32 468 EL I ) 24 57 0+
LAk, PRI, R AT R AT RIS 7 R O LR 2 il 2
PR U JEE R I | SRR AR O T B0 ) S A R AR TR S

IAERTRR W, A 2Bk A R bl B2 03 30 L3

Lo ML LR A0 0 A0 3 S 08 25 25 T ML A O TR P
HAT R AR RIS, I g 25 T 4 22 k1 X/ SO i A R 48
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