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LR 12 R85, SHR-EX 4145 SHR-SED 41,033 | Il i 5 3 FAIK (P<0.05) , Do P RE A2 % R 1 de K b T (+
dp/dtne) S L5350 (BF ) SR A E 71-28F56 R 28 (ESPVR) #8138 (Ees) B & T (P<0.05) , D& TR e K N R
TR (-dp/dit, ) (26 XHE 5 B 4 H B (SV) B2 THR (P<0.01) , Wi R WK /7 (ESP) &Pk R W IE 71 (EDP) 543L
Sk (Ba) B35 F 4 (P<0.01) , S8 5K H 4 (Tau) B EFEL(P<0.05) . Masson Y (A 25 5 i /8 SHR-EX 4.0 L2
ALY b , CVE % B A% (P<0.01), WKY-EX 4148 WKY-SED 4 caspase 3 i3 N (P<0.05), SHR-EX 4
% SHR-SED 41 caspase 3 i 3 A (P<0.05) , TUNEL BHM: ks 5 it 2 2 BRI (P<0.01) . Western Blot 25 5 i /%
WKY-EX 2% WKY-SED 44 NF-xB P65 5 Bax fY % ["1 %15 \Bax/Bel-2 FLE 2 % T B (P<0.05) , IxkBa 5 HSP70 2 [
Fik B FH TR (P<0.01) ,Bel-2 FEH #3582 FTH(P<0.05) ; SHR-EX 41 % SHR-SED #H ox-CaMK II § NF-xB P65 5
Bax 25 [ ik i % PR (P<0.05) , Bax/Bel-2 U i 3 B I (P<0.01) , IkBa 5 Bel-2 2 1% ik i % I+ (P<0.05) ,
HSP70 2 (35 2 TR (P<0.01).
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Abstract

Objective: To explore the role of calcium/calmodulin-dependent protein kinase I § (CaMKII§) in the regula-
tion of cardiomyocyte apoptosis in spontaneous hypertensive rat (SHR) by aerobic exercise.

Method: 12-week-old male SHR and WKY rats were randomly divided into normal control group (WKY-
SED), normal aerobic exercise group (WKY-EX), hypertensive control group (SHR-SED) and hypertensive
aerobic exercise group (SHR-EX). After 12 weeks of treadmill running (slope 0°, 20m/min, 60min/d, 5d/w),
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the blood pressure of the tail artery was measured. The Millar pressure-volume system was used to measure
the heart function of the rats in vivo. Analysis of myocardial collagen volume fraction was made by Masson
staining. Detection of caspase 3 activity and TUNEL staining were used to observe the apoptosis of cardiac
myocytes. Western Blot was used to measure the protein expression of CaMKII§, ox-CaMKII§, IkBa, NF-xB
P65, HSP70, Bax and Bcl-2 in rat myocardial tissue.

Result: After 12 weeks of aerobic exercise, the heart rate and blood pressure in the SHR-EX group were sig-
nificantly lower than those in the SHR-SED group (P<0.05). Compared with the SHR-SED group, the maxi-
mum rising rate of left ventricular pressure(+dp/dtmax), ejection fraction (EF) and slope Ees of end-systolic
pressure-volume relationship curve (ESPVR) in the SHR-EX group were significantly increased (P<0.05), and
the absolute value of the maximum decreasing rate of ventricular pressure(-dp/dtmax) and stroke volume (SV)
were significantly increased (P<0.01); ventricular end-systolic pressure (ESP), end-diastolic pressure (EDP)
and effective arterial elasticity (Ea) were significantly decreased (P<0.01); isovolumic diastolic constant (Tau)
was significantly reduced (P<0.05). Compared with the SHR-SED group, the myocardial tissue fibrosis in the
SHR-EX group was reduced, and the CVF% decreased significantly (P<0.01). Compared with WKY-SED
group, the number of myocardial caspase 3 in WKY-EX group decreased significantly (P<0.05). Compared
with the SHR-SED group, the number of myocardial caspase 3 in the SHR-EX group was significantly re-
duced (P<0.05), and the number of TUNEL-positive particles was significantly reduced (P<0.01). The results
of Western Blot showed that the expressions of NF-kB P65 and Bax protein and the ratio of Bax/Bcl-2 in the
WKY-EX group were significantly lower than those in the WKY-SED group (P<0.05), while the expressions
of IkBa and HSP70 protein were significantly increased (P<0.01). The expression of Bcl-2 protein increased
significantly (P<0.05). Compared with the SHR-SED group, the expressions of ox-CaMKII§, NF-kB P65 and
Bax protein in the SHR-EX group were significantly decreased (P<0.05). The ratio of Bax/Bcl-2 was signifi-
cantly decreased (P<0.01). The expressions of IxBa and Bcl-2 protein were significantly increased (P<0.05),
and the expression of HSP70 protein was significantly increased (P<0.01).

Conclusion: Aerobic exercise inhibits cardiomyocyte apoptosis by down-regulating SHR myocardium ox-CaMKII
d, while activating anti-apoptosis-related signal pathways, thus improves cardiac function, which may be one
of the mechanisms of exercise-induced heart remodeling in hypertension.
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25% (e B 3R KAHE ST , TR BB A 7T s i ik B
W, T s ML A HA TR 7 - 25 FROG 2R ik (end-systolic
pressure-volume relationship, ESPVR) . HUIfiLi47
TERVE ERR
1.4 Masson 44 (@,

R BRURR R S o B B0 I, AR BBCCo I B 1 (heart
weight, HW) 5 85 25 A2 7.0 b5 55 4 2 0 B BE PR IUAS
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5 HW Z H B R A2 0 % Jit 5 5 45 (left ventricular
mass index, LVMI) . U T 4% 2 1 H i ] o
Hh [ 5 24, AR IS AL, BEUT.O LH U0 R
S5um. P47 Masson et 2l KAE Gt B
K GE BRSPS TESE THAM . Image-ProPlus
BRAE 3 B0 7 0 UBE S 25 FR 43 85 (collagen: volume
fraction, CVF%) .
1.5 caspase 3JG 1N E

K 7K caspase 3 16 AT & (C1116)
M5 K B O WLEH 2L ) caspase 3 TGP, A2 &
ZUMA A 2R AR, # 10mg : 100pl A ZLfi#
B, TR ST VK B LR Smin, 4°C, 16000g, 5 .0
15min. H(EE 1 34 Bradford 300 2 25 I, &%
BN AR FR R G R S RN A VR R
A 10ul Ac- DEVD- pNA (2mM) , 37°C ¥ &
60min, FEHRACINE A405, TR LI
A ARl 1 BRI caspase 3.
1.6 TUNEL#:f%

K2 7 K— 5 1 TUNEL 4 i 3 74803 551
B (C1088) K Lo ILLH R AR B 1= A Wi 1] e st s
K, N 20pg/ml A% DNase FE IR K 36°CHEH
25min, PBS i 5K, ii% il TUNEL Rl , 37°C
JBE 5 60min, PBS YL 3 U, BTG E Rl i e
FHBOCHERE R G TIES . BORPBATE R 450—
500nm, & SHE KL R 515—565nm (LR 456 .
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A 5%BSA Fi B f—Pi (GAPDH 1:1000, CaMK 11§
1:1000, 0x-CaMK II § 1:1000,NF-xB P65 1:2000,
IkBa 1:500, HSP70 1:2000,Bcl-2 1:500,Bax 1:
2000) ,4°CHFE 1% . TBST BRI 3 U, EE 4t 1h,
TBST VLM 3R, S gV k2= Aot i
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iz s KA E . 5 WKY-SED 414 Lt , WKY-
EXARROMERESACEERDEE LIH(P<
0.05) ; SHR-SED 41 5 WKY-SED 4 A L , .0 ifF 5 &
WA E WK (P<0.05) , e H O F /R E
FUARL 5 22 0 % 0T i 48 B0t 8 35 14 0 (P<0.01) o 11
Y SHR-SED 41 k. , SHR-EX £H.0» JJF & & 5 460
EEE R EM FTH(P<0.01), O F/ARE W —
T (P<0.05) (2 K32 1) , Ut B b &5 B 1 A 4
izgges HE ALK

B2 REAFGREIHERROHEEEREE
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Masson Y (25 5L R G5 T, O LA S A
Fa a2 A O LR AR BT S A 21 (8 AR 21 (0, B
SRUESL RS LI I ELL 8. 5 WKY-SED 4 I
#¢, SHR-SED I 2T 4l FERG AL, MU A B>
%4 (collagen volume fraction, CVF% ) ¥ & 44 il (P<
0.01) ;5 SHR-SED 41 He4% , SHR-EX 4 UL 24T 4
A Bk b, CVE% 2 AR (P<0.01) (1 3) , i AT
sl T LAMGE S U5 R D ILEF4ELL
23 ARIshEEKREOIRE

K ERAE AU -5 B B 2 A5 .
WKY-SED 414 H. , WKY-EX 210 Ty fil 42 % s ) 3
K Tt % (maximal left ventricular pressure ris-
ing rate, +dp/dtu.) /0% KT R (-dp/
At ) (28 X5 {1 470 1 5 (stroke volume, SV) .
B 153 %% (ejection fraction, EF)- 546 KW T J7-
HRK R ML (ESPVR) &% (Ees) B 2 M3 & (P<
0.05) , Wi KA J7 (end systolic pressure, ESP)

3 REFREFHXNKROMTLELE M

A WKY-SED

WKY-EX

o WKY-SED WKY-EX SHR-SED SHR-EX
1 D5 WKY-SED ZHAH H P<0.01 ;@5 SHR-SED ZHAH . P<0.01,

2 T (P<0.05) . 5 WKY-SED 414 H. , SHR-
SED 21 K FL 1 fiE+dp/ b «-dp/dtue 48X {E .SV \EF
Y5 Ees 2 % T B (P<0.01) , ESP & 7K K £ JJ (end
diastolic pressure, EDP)-5 55 247 5K H 4 (Tau) 13
BEME BT (P<0.01) , A 38N Ik iV (arterial elas-

#1 DREABRIEFHXAROIERXIERAM (xs)
Wil WKY-SED WKY-EX SHR-SED SHR-EX
) (n=12) (n=12) (n=12) (n=12)
BW(g) 362.3+2.8 338.446.0% 352.043.4 3334.5+5.3%
HW (mg) 1276.52+20.37 1379.43+26.55" 1369.90+£31.97" 1484.65+26.49”
LVW(mg) 896.05+18.47 972.41+£26.39" 1032.87429.53% 1180.87+22.27%
HW(mg)/BW(g) 3.59+0.08 3.76+0.07 4.10+0.09% 4.39+0.10%
LVW/HW 0.707+0.009 0.706+0.009 0.757+0.010% 0.758+0.009

1 :DP<0.05 5 WKY-SED 1A Lt ; @P<0.01 5 WKY-SED 2 Lt ; @P<0.05 5 SHR-SED 44 e ; @P<0.01 5 SHR-SED 0 A EE .
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(SV.EF) & 45 5 RE (+dp/dtu. . Ees) FI&F K fE (-dp/
dt. .EDP . Tau) .
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EX4 KBl caspase 3 225 PE#AR(P<0.05) ,SHR-
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DA g i 5 RS AR OO AR AR T (1 5 )
2.5 AFE KO CaMK T8 A G T2
FEIR R

g BN Western Blot 52 35 A6 i 285 51 2.7, DY
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6). 5 WKY-SED 41t , WKY-EX 21 K B0 LA
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3 N FE(P<0.05) , BT T-8H F [kBo 5 HSP70 %3k
TR (P<0.01) , HA T8 1 Bel-2 ikl i 1
J+(P<0.05). SHR-SED 415 WKY-SED A kb, K
B0 L ox-CaMK I & £ 35 1 3 3 £ (P<0.01) 5
fE P8 T- 25 1 NF-xB P65 15 Bax £ ik I & 34 i (P<
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1 IkBa 5 Bel-2 35 8 PR (P<0.01) , L T
HE [ HSP70 2Rk i R# (K (P<0.05) . SHR-EX 4Lt
SHR-SED #£H K fl.0 Il ox-CaMK 11 & 2 (1 ik i
P [ (P<0.05) s #8725 1 NF-xB P65 55 Bax £5
[ 5 B PR AR (P<0.05) , Bax/Bel-2 FUAR 5351 A
(P<0.01) ; BT T-2E A IxBa 5 Bel-2 A KA B %
£ EF+(P<0.05) , HLH -8 1 HSP70 Rk i & T+
(P<0.01). I Siz 3T DAl i Hs K RO L
LN CaMK T8 25 1 1 4804k , 30 R Blc JULAH HEL I
NF-xB P65 5 Bax fit 8 T- 85 1 19 234 , #90l IxBa
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x2 REAFEEFHNKROINEENZN (x+SEM)
5iA WKY-SED WKY-EX SHR-SED SHR-EX
) (n=6) (n=6) (n=6) (n=6)
L4 (bpm) 322.7343.61 296.17+10.61" 402.25+4.36” 381.25+5.88"
+dp/dt,.(mmHg/s) 5290.67+119.41 5980.33+141.54" 4246.004283.15> 4902.00%160.79"
- dp/dt,. (mmHg/s) - 4976.00£151.05 - 5439.83+176.57" - 4100.33+120.23% - 4700.50+101.48"
ESP(mmHg) 86.75+4.74 76.17+4.84" 121.97+1.78% 99.36+1.40"
EDP(mmHg) 5.79+0.70 3.7240.62 13.58+0.93% 9.52+1.06"
SV (ul) 110.7242.25 118.93+2.29" 100.73+2.31% 179.7542.68"
EF (%) 72.69+1.31 78.65+1.64" 57.46+1.99% 64.0142.19%
Ees(mmHg/pl) 0.72+0.07 0.940.06" 0.41:0.04> 0.66+0.10”
Ea(mmHg/ul) 0.77+0.03 0.66£0.06 0.97+0.08" 0.660.05"
Tau(ms) 11.7120.59 10.34+0.55 15.97+0.38” 13.98:0.447

: D5 WKY - SED 1A E P<0.05;@5 WKY - SED 414kt P<0.01;3)5 SHR - SED 414l P<0.05 ;@5 SHR - SED 414tk P<0.01

HSP70 5 Bel-2 it T-HE H IRk

3 itig
3.1 HEEZHEE SRR ROIES S 06
e IS P9 PRI A2 20 K AL 265 3 Rl P
T A AR EE AL A A A AR Y
PERAR | B DL PR IR A o DR v
AR BE D 1 Je R R BN R IR EE R &R 5 %, H
HIAERME L2 W B A R IR, RLE, R T RSB 1a13R
G =10 (| WA S 1 = O 7 T i i S R S 8 54
Z IR A 1 O ek, TR s Bk, 1T
AT R A BOIRY T SR o 32 sl AR B G R 5 I
FBH I I R RAARG R v 1 e IXURS: A B 25 Ak i 4
BB A TR AU e, W T B 2 i R B B b R 5
B AR ARSZIG Y R A B, 12 R R A
S A SRS SRR T B e A BR A A A
JE, AR 250 0 T 10T Bod) i I AR 7 R
RAFEIER . BRILZAh, A 50 S AL AT LREAIG
WKY iz 2l 20 KB 03, 77 A AT E Bl 0 3
TRGE i FL AT DARSAR s i K SR 9% B
A7 4803E B 0] DL 0 3 4.94 Y43, B0 345 4%
R R I SR A IR R PR T TR, AT R
12 Sh A g I R O RS A T S R
Wit 2 v L9 17 AR, O IR Ay v i 3 0
o E B SRR 22—, B S 4 5 A RN ) R A
A% o U R AZ e I A S e e ) 23 H BRAR B PR IE KR
DX v I 32 S ) B0 198 v s g 7 £, o JUL 4
B R O R O R R A A
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