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[ ABSTRACT] Aim  To investigate the protective effect of moderate exercise training on isoproterenol-induced
cardiac hypertrophy and the potential mechanism. Methods Thirty-two SD rats were randomly assigned to following
groups ; control group, isoproterenol group, isoproterenol plus exercise training group and exercise training group. Isoprot-
erenol was injected intraperitoneally for two weeks to create the cardiac hypertrophy model. Rats were forced to swim for 1
hour with nothing attached to the tail ,6 days per week for 4 weeks. Heart mass index (HMI) and left ventricular mass in-
dex (LVMI) of rats were calculated using weighing method. ~Surface area of cardiomyocyte was detected by HE staining.
The mRNA expression levels of atrial natriuretic peptide ( ANP) , brain natriuretic peptide( BNP) , transforming growth fac-
tor-B1(TGF-B1), tumor necrosis factor-a ( TNF-a) and interleukine-1 beta (IL-1B) were measured by Real-time PCR
and the proteins expression of p65 and IkB were measured by Western blot. Results Compared with the control
group, isoproterenol group showed the significantly increases of HMI, LVMI, surface area of cardiomyocyte, mRNA levels
of ANP, BNP, TGF-B1, TNF-a, IL-1f and the protein expression of p65 in nuclei. Whereas the expression of IkB was
decreased. Compared with isoproterenol group, isoproterenol plus exercise training group decreased HMI, LVMI and sur-

face area of cardiomyocyte. In addition, isoproterenol plus exercise training group significantly down-regulated mRNA ex-
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pression of ANP, BNP, TGF-B1, TNF-a and IL-1B and p65 protein expression in nuclei while increased the protein ex-

pression of IkB.

NF-kB signaling in rats.
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{# FE # M Sprague-Dawley(SD) & i, K & 200+
20 g, mAR M ER K F st b QR S A
iE & SCXK 2009-0004
1.2 ZHm5iAH

ISO( Sigma /A 8 ) ;IkB — 41, p65 — #L . B-actin
— %t .Lamin B — % ( Santa Cruz /A 7] ) ; 20 % & &
5 4 d & A H 4R Xl & (Beyotime /A F] ) ; TRIzol
& 7 (Invitrogen /A 7 ) ; HiScript ® I One Step qRT-
PCR SYBR ® Green K 7| & (5 " 48 £ 4 2 7] ) 5 3
K50 3 A E AT A,
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PROZH % 4 2 B RE IR E AT A FE 2R K R FEAT Ui O
IS0 M. 42 AEKEEHAAE LKEER S
mg/ (kg « d) , AIFEAT I 5k Sk 1SO+T A ) 5 41 . 3%
GoRABEEASRFAE ERE Smy/(kg - d),JEE
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Conclusion Moderate exercise training attenuates cardiac hypertrophy induced by isoproterenol via

Fl e #AT LR ikl . & AT % 4 A RBAM AT
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1.4 WWEERESHENE

K B A E (body weight, BW) ,20% % 47 3 (0.5
mL/100 g) /i B 3t R 3 7 B B T, 57 % B 4 4
Ko 4 PBS % fiF | R 4R T, AR I A G S
& (heart weight, HW) 71 72 & E it & (left ventricle
weight, LVW) , if & 2 & i & 4§ # (heart mass
index, HMI=HW/BW) #1 & & Z T £ 45 %% (left ven-
tricle mass index, LVMI=LVW/BW) .

1.5 HE FaBNECNMmER

BAEQERA,4% % R FBEEE, &N A
B YR (5 pm) HE 3¢, LH THK A MLE
B8 AN E K A Image-PRO Plus 2% 1 347 0 AL 4
MEwERNE,

1.6 real time-PCR %% Ml 0s ALZH £2 ANP, BNP,
TGF-B1,TNF-a #1 IL-18 mRNA Fi%

B4 100 mg & LA R, Am N4 800 L Trizol B
BEA L vk E#E S min &N 200 wL A, E
15, %% 15,24 3 K,k E#% 3 min & 12000
/min 4°C B0 15 min, W EFEHFWANEERFRERH
B, F R4,k E# E 10 min /& 12000 r/min 4°C
B 10 min, F BV, A1 mL 75% A 8,
T 8] %8 % J& 7500 r/min 4°C &% 5 min, F EF,
Mo T JE Am N 20 wL DEPC # 4h KA, 3t 5
-80°C £ %, B # 500 ng % RNA, &l — % i #47
WA Y B R R, R B4+ :Reps:1 50°C 3 min;
Reps:1 95°C 5 min; Reps:40 95°C 5 s, 60°C 30 s;
Reps:1 Default; & J Ja EALA Il I 3 4T 45 R 247,
2 IR (ANP) . E i 5-ATG GGC TCC TTC
TCC ATC AC-3', Fi# 5'-TTT CTC CTC CAA GGT
GGT C-3"; 44 & Ik (BNP) : k% 5'-GGG CTG TAC
CGG GCT GAG GTT-3', T i :5'-AGT TTG TGG CTG
GAA GAA TAA GA-3';#54t & K ¥ B1(TGF-B1) :
F % 5'-TGG CGT TAC CTT GGT AAC C-3', Fi# 5'-
GGT GTT GAG CCC TTT CCA G-3'; 5 L F o
(TNF-a) : k¥ 5’-AAA TGG GCT CCC TCT ATC
AGT TC-3', T # 5'-TCT GCT TGG TGG TTT GCT
ACG AC-3"; A4 fE A% 1B (IL-1B) : L i 5'-GGA
TGA TGA CGA CCT GCT AG-3', T i#% 5'-CAC TTG
TTG GCT TAT GTT CTG T-3'; A% GAPDH: }JjF 5'-
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TGC ACC ACC AAC TGC TTA GC-3', T 5'-GCC
CCA CGG CCA TCA-3',
1.7 KEOALAREZEBRE

B4 100 mg 8 0 ALA L, ok b8 EE | m A
AW 4 PMSF @ m EaWmB K, 4%, 4C,
1500 g # % 5 min, BUILE , 3 JL0E & fw N4 PMSF
AR E A RA A, WS s, kK EBHE LS
min J& AN\ 402 R B AR XA B, BI AR AR S s B
4°C 12000 g %% 5 min, BULIE m N4 PMSF #y 48
MAZ B B AR R A, KA 3% 7€ 30 min & 4°C 12000
g 0 10 min, I B Oy AL & A
1.8 Western blot #&ill

A 100 mg & L4 B, vk F A N A 1%
PMSF # RIPA & Z #2371 mL, # & #0830 s, 7k k
#E 30 min, 4°C 12000 r & & 20 min, B F &
BCA %Ml 2 & &Rk &, il TBS #47 & & BT 5 tn
NE & 5xSDS % 3% ,100°C & 5 min, K _E
FEHAT 10% 2 A Mo Bt 2 5E IK 3K, AR 4 Marker % 3
BFARKEHNEAELTFTEANERA LR K, % E
PVDF f%, 1% BSA # [ 1.5 h, TBST ¥ ¥ 3 %&,5
min/ K , 8\ p65 . IkB ,B-actin 1 Lamin B —,4°C
Ze xR 3, TBST 2k FE 3 9k, 10 min/ K, — 30 % i %
2 2 h, TBST ¥t 3 X, 4 X 10 min , ECL & %, bAl
A, K F| Image Lab 23547 247
1.9 SitEHE

Gt H4E DL SPSS 18.0 # 3 AT 40 4, B Ml
+s R, Z A B EMERR K EEE T =000
SNK 3% 247 ,P<0.05 = R A RIHFE L,
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1. i A1 2R3 KRR LR A A E AR A 2 0

2 g4 R

2.1 AR K RO RS SR R0

55 IE # % BRZH A Eb, 1SO 26 K BL HMI i LVMI
P B3O, 2R A g L, 5 180 4iM L, &
B B 2 58 S AT I I 2k ik 8 3 08/ HMT
FLVMI, 2 BT I3 ) 2R A8 00 50 B IR RS0
SEE PO HUIRIE (1),

* 1. MANGEHAXREOCRERRMEOERERHHH
Ml (x+s,n=8)

Table 1. The effect of moderate exercise training on heart
mass index and left ventricular mass index in rats(x+s,n=
8)

| HMI(mg/g) LVMI(mg/g)
1E R IR 2.42+0.13 1.48+0.19
1S0O # 3.51£0.22° 2.37+0.31°
I1SO-+ 3 YN ZRe 2.85+0.17° 1.81£0.23"
i 73R40 2.53+0.09* 1.66+0.14°

ah P<0.05, 5IEH X IBAIA L ;b P<0.05,5 1SO AL,

2.2 WAL K RO ES TR m

S IEH X B AR 1L, 1SO 20 LG JUL4H 28 K
AN M 2 AR AN 5 IS0 4 AH H, IS0+t 331l
SRZH o JIL 200 P AR T AR DN, i — 25 B
et d S E LR RGO B E (B 1k
2),

A HIEFEXTIEZH B 4 1SO 41, C i IS0+t S1illZRdH , D M S5

Figure 1. The effect of moderate exercise training on surface area of myocardial cells in rats

& 2. WA 23K RO A ABRE B E R AR (xxs,n=8)
Table 2. The effect of moderate exercise training on surface

area of myocardial cells in rats(x+s,n=8)

| O LA A AR T AR ()
1E 3 X IR 2 213.34+17.93
1SO 41 452.47+31.54*

1SO+ifit 3 Y1 2Rl 361.77+23.15"
[panllE e 255.85+19.02°

a i P<0.05, 5IE# % BALAHLEL ;b S P<0.05,5 1SO 4HAfLL

2.3 WA OAIALR ANP F1 BNP mRNA FRik
Eap=Al

SIE O BRZH AR L, 1SO ZH2 30 ANP 1 BNP
mRNA EKIEACFRE M, 5 1SO HAR L, IS0+t /)
VIR fER W8> ANP A1 BNP mRNA 3k, #F—
ISR T I R R LR R IE RO
WU (£ 3) .
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% 3. M Aillgxd O ALEA 4 ANP 71 BNP mRNA ik 89800
(x+s,n=8)

Table 3. The effect of moderate exercise training on the
mRNA expression of ANP and BNP in rats(x+s,n=8)

a4l ANP/GAPDH BNP/GAPDH
1E R R4 0.35+0.02 0.28+0.01
1SO 41 0.78+0.16" 0.64+0.04"
1SO-+ifit Sl ZRed 0.52+0.09" 0.48+0.05"
it F3 Y1240 0.41+0.11 0.33£0.02°

a i P<0.05, SIEH X IBHAM L ;b P<0.05,5 1S0 ZHHM L,

2.4 AN OAAL TCF-B1, TNF-o #1 1L-18
mRNA XIS

EJIE R IRALAH L, 1SO 4 520 5 5 PCR 45 %
R AIE F TGF-B1 TNF-a 1 IL-18 mRNA ik
AP B S ERRER AL S R T I 2R
b 2 R R R, RICA 5 1SO 41AH L,
TGF-B1 .TNF-a Fil TL-1B mRNA ik /K T (%
4),

= 4. WA OANELR TGF-B1, TNF-o 1 IL-1p mRNA
RIZHIFME (x+5,n=8)

Table 4. The effect of moderate exercise training on the
mRNA expression of TGF-B1, TNF-a and IL-1§ in rats(x+
s,n=8)

w o TGF-B1/ TNF-o/ IL-18/

GAPDH GAPDH GAPDH
IEH XTI 0.08+0.03  0.37+0.06  0.20+0.05
IS0 44 0.53+0.15*  0.81x0.11"  0.58+0.12"
SO+ 4R 0.31+0.12"  0.58+0.07"  0.34+0.08"
it I 2R 0.14+0.06"  0.29+0.09°  0.14x0.06°
a i P<0.05, 51E % X IAUAH L ;b 2 P<0.05,5 1SO itk

2.5 MWAINMEITOALALR kB FNHEZ p65 EH
RIEHRMm

SE R A ARG, 1SO ZHE K IkB E I E
IR/ REAX pos BRGNS 1SO AHAHLE, 1SO
+i IV ZREH E I 4% 5 TkB 25 A 263K 1 PR AR i %

p65 HIFIK (A 2 MK S)
3w it

NF-kB & H % 1 pSO(NF-kB 1) p52( NF-kB
2) .p65(Rel A) Rel B il c-Rel 5 Ff [5] I 1 1R = i)
HEAAR B WA p65 5 ps0 A IR —
BRIk, fE M EHEZEWFEEH T NFB 225

1 2 3 4

A S —— |« B(35 kDa)

S S T SR 0 _octin(42 kDa)

P T 7os(cs k02

————————— 2T B(66 kDa)

& 2. il g3 ANE LR IkB FAdfE#% p6s BEARIEMZ
M LRIE# TR, 2 S 1S0 41,3 o IS0+t I I ZReH , 4 it
TN ; Lamin B R AR ICH)

Figure 2. The effect of moderate exercise training on the

protein expression of IkB and p65

& 5. WAL ALALR IxB LA p6s BEARIEHIR
M (x+s,n=8)
Table 5. The effect of moderate exercise training on the pro-

tein expression of IkB and p65(x+s,n=8)

A | IkB/B-actin p65/Lamin B
1EH X IR ZH 1.13£0.12 0.64+0.04
1SO 241 0.63+0.09" 1.53+0.14°
1SO-+Tif F7 YN 2R 0.82+0.07" 1.08+0.15"
ffit 73 Y1 R4 1.25+0.15" 0.50+0.07"

a k) P<0.05, 51E# X IZ4UAI L ;b o P<0.05,5 1SO AL,

FURZ AN S A | U0 N R 200 i O T A L R
R, EERAS R, NF-kB 1) p65 A5 1kB JE
BCTE TR AAEE THE ™ | 24 2 5 g 2 0 &
TP A R SRS A BT NF-«B 28 845553 %k
PTG TkB 2R R AE BERR AL B AR, — SRARBEL, p6s
f S276 VI A& A= Wi A A 1T 4 DTG ) O 0 = 4 e
i S5 E ) DNA (7S MZ5 A, IFa sh i an
IL-1B IL-8 .IL-10 , TNF-a \ TGF-B1 % 45 4 4t ity B +
R s7 5 e a0 DT T R 3R A AR R Y R E UK
51— R AV E AR, BLAb, it 1 U0 2R AR AL
PR I 30 5 SR SR O WU Ry 7 38 7 AL 1 3k o o
TR, 23 I 1 b (5 50 A s AL A0 A AR R
H G I LA 50 LIS AR g, 386 KA 8805 1M 43
B, I AR ECO A B AR
ARIBEER WR, SN E R IR R RS R G K
SR HMI LVMI 10 AL 40 A8 A28 32 38 T & %of A 24 4
INTE AN =W & k= @vsia k)
DA Xk A in, 2= BRI 7 U0 25 nT DL ] S T
B EAR RS S B O LR JE i — A A
2RI, 180 4H NF-wB #ll i 22  1xB A9 2% 35 B i ik
AR p6es kB, 5N _F IR R S
T LA FI VN GRAERE NN 1B 2% 35 [A] i A MO AZ p6s
H RIS PR 7 U 2R 4% 5 9 B IR 3R T U



CN 43-1262/R " E Bk 425 2016 4F5 24 55 12 1Y) 1233

O WUIE JE AT B 5140 1kB 2635, M4 NF-xB {51k,
/D p65 LA G, 7E IS0 4 NF-xB 18 P&
5, A2l 2 5 ¥ TGF-B1  TNF-o FI IL-1B By 3
IR AR IG I, 7T A i UK U 25 3 ARRE R 1 3R
R D SR WU IR TR, FRATT &
LA F ISR R RO WL 2L b 1kB SR B
Xof BRZH Z2 T A% T p65 28 1K 8 1F % IR 4H /0, HL
TGF-B1 . TNF-a Fl IL-18 mRNA FEik3 /0 | $27R it /g
IR EA B 10 R A

25 RT3 XY B A 7 YI2h RT el S DN
RGBSR NUEE  BAARYLE AT f8 5 AR 6 40
il NF-wB 5530 B 30E M sk 2D 48 5 PR 7 4 TGF-
B1, TNF-a 1 IL-1B B REHL, i g2 ILIE B A
Ko AL WILACJE (4 A1 245 9 B i 7 R4t 1R
] AHEAR A HLHNA 7 i — 2P IRAWF S
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