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Abstract

Objective:To observe the effects of exercise training at the prehypertensive stage on blood pressure, cardiac
function and mass as well as renin-angtiotensin system in the left ventricle and to investigate its mechanisms
by which exercise training improves cardiac function and hypertrophy in the spontaneously hypertensive rats
(SHR).

Method:Male 5-wk old SHR and normotensive WKY rats were randomly divided into sedentary (S) and exer-
cise training(E) groups, consisting of 4 groups as : SHR-S,SHR-E, WKY-S and WKY-E,n=10 for each group.
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The trained rats ran on a treadmill with low-to-moderate intensity for 8 weeks (60min/d, 18—20m/s, 5d/wk).
Systolic blood pressure (SBP) was measured by a tail-cuff method. The left ventricular end-diastolic pressure
(LVEDP), the maximal increase and decrease velocity of left ventricular pressure (+dp/dt max)were recorded
through the left ventricular cannula. The left ventricular mass index(LVMI) was assessed to represent cardiac
hypertrophy. The mRNA expression of angiotensin converting enzyme(ACE) and angiotensin [l 1 type receptors
(AT1) in the left ventricular myocardium were detected by real-time PCR and the protein level of ACE was de-
termined by Western blot. The Cardiac Ang Il was assayed by ELISA,

Result:Before exercise, there were no significant difference in systolic blood pressure between 5-wk SHR and
age-matched WKY. At the end of exercise training, SBP,LVEDP and LVMI were significantly increased, but-dp/
dt max was decreased in the SHR-S group compared with WKY-S rats(P<0.01). The mRNA expression of
ACE and ATI, protein expression of ACE and Angll level in the left ventricle myocardium were significantly
increased in the SHR-S group compared with the WKY-S group (P<0.01). However, SBP, LVEDP and LVMI
were significantly lower in the SHR-E group than those in the SHR-S group (P<0.01), but -dp/dt max was
higher in the SHR-E group than that in the SHR-S group(P<0.05). The mRNA expression of ACE and ATI,
ACE protein expression and Ang II level were reduced in the SHR-E group compared with those in the SHR-
S group(P<0.01).There were slight changes in SBP, LVEDP, LVMI and +dp/dt max in the WKY-E group com-
pared with those in the WKY-S group, but those alteration did not reach statistical significance. No remarkable
difference in the mRNA expression of ACE and ATI, the protein expression of ACE and Angll level in the
left ventricular myocardium were found between the WKY-E group and the WKY-S group.

Conclusion:Exercise training in prehypertension postpones the progress of hypertension, prevents the reduction
of diastolic function in the left ventricle and cardiac hypertrophy in SHR, which may be associated with the in-
hibition of ACE-Angll-AT1 axis overactivity in the heart.
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1.2.5 DWUIBEME: CUIRersEEs , K BRI
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1.2.6 ELISA @ £ 0 WL Ang 1K A=
DR 100mg, BYHE, I A TR (1) 513 10ml, 7K
T W 3 49 % (7000r/min, 15sx3—4 K ) , 4°C &5 0>
(3000r/min) 10min, B 35 . i ] ELISA K3
T, 45 R 5 20 BRERAE A 0 ILZH 2 Ang 1T 7K
o B8 H.

1.2.7 SZHF PCR Kg il 42 % 0 ) ACE . AT1 mRNA
fyFeih: BURR A S B 100mg, Bl 6 H ., R
FH Trizol — 4 B HE BUEL RNA , F2 55 5% i, cDNA., Re-
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B-actin_[-li#5145'-CCC ATC TAT GAG GGT TAC GC-3' 150
TS 5-TTT AAT GTC ACG CAC GAT TTC-3'

ACE _Fif51%15'-CAC CCT CTC GCT ACA ACT ACG-3' 119
TS 1#)5'-GCT TGG GAT GTG AAA CTT GG-3'

AT1 H#B1#5-TTC GTG GCT TGA GTC CTG TT-3' 104
TS 915 -GTT AAC TCA GGG AAT GTG GCA-3'

1.2.8 Western blot £l 2= =0 )l ACE %5 [ & ik:
P URAE 1 RO LZH 242 BE 12 100 & AR B A
RIPA Zfipi , BR4 6 . F ok 81272 (10000r/
min, 5sx5 YK ) ,4°CE > 12000gx20min, B K
BCAVEEHE . & 40pg & A F#E,7E 8%SDS-
PAGE % i B Uk, HU G B8 28 MR 4T 4 IS 1 I AR 21
e, JOE XS 3 T e KNI ERUZRAT, 5% AE A
F T B the SR)5 537000 A TBST # B —$i
(ACE —#7T 1:3000 i B , GADPH —#i{ 1:1000 #
BE), 4CHE T R o R H BRI S 43 5 A BRAR 2 41
PR IC A P (1:3000 k), = I R 2h.
BERSE S A ECL J 52, FH Bk B BG4, D-A7 1A
1% . HImage Lab#{Fil175¥r,LL GAPDH H.%
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8.0mmHg, Ifi SHR-E ZH Y4 ol 156+7.2mmHg,, H]
K T SHR-S 40 (P<0.01) . 8 J& iz 5 §% B [ %
WKY Wi , {5 WKY-E 21 Fll WK Y-S 21 2% 5 14 A&k
R

5 WKY-S 4 #f lt , SHR-S 4] /= % &F ik K J&
(LVEDP) J} & (P<0.01), {H - dp/dt max [% fit (P<
0.05). 8J&iz sl ZxBH 1 SHR 41 LVEDP F} &= fil-dp/
dt max [%f% , SHR-E 41 5 WKY-S 1 Af Lt , 22 5% 0 ik
FVE. 8RB ZRER FE R WKY K EL LVEDP -
dp/dt max .t & +dp/dt max,{H WKY-E 2 5 WLY-S
HERRIRP B EME S, RS,

2.2 izshIIZE%F SHR AT WKY (O JTUIEJE () 52 i)

F4 W8 4ARRAEBW) LOIFERE(HW) |
e % i (LVM) DL K e % i e 48 20 (LVMID . 8 ]
iz 8l 45 4, SHR-S 4 {& F /N F [A] #E WKY-S 4 (P<
0.05) ,fH HW .LVM Fl LVMI %48 Fr 14 B i, i - R
WKY-SZ(P<0.05). T1fi 8 J&iz shilll ZRBH 11 SHR A%
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2 (P<0.01), HI1E#H WKY-S 4L, TR EZ1EE R
8 JEliz shilllghita T4 in WKY 41 HW .LVM . LVMI,, {H
WKY-E 4 5 WKY-S 21 2% 5 IC i34 .

2.3 iz 37l 4 %} SHR A1 WKY >l ACE. AT
mRNA ik Fll ACE 25 [ 15 ]

5 WKY-S #H A1 H , SHR-S 41 K Bl 22 % .0 L
ACE Fl ATImRNA ik | (P<0.05) , 8 Jil iz 3l fH
1I- SHR 41 ACE H1 ATImRNA % ik I & , SHR-E 4
ACE il ATImRNA ¥J{IF SHR-S 41 (P<0.05) , H 5
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1EH WKY-S AT, WK 1. ek, 8 &1z shid i 1k
SHR K [ 2 % 0 UL ACE 25 /K ~F-Ft & , SHR-E 41
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SHICE 2R, WE 2,
2.4 z3)II4R% SHR A WKY KR4 2 DL Ang 1T
S io Al

5 WKY-S 4 A [, SHR-S 2H 2= 25 .0 L Ang 1T 7K
ST R (P<0.05) , 32 I 25 38 35 B AR SHR O AL
Ang Il /K (P<0.05) , H 5 WKY-S 4 TCHH B 22 5%,
WE 3, s skt WKY 252 0 UL Ang IT K6
AH 2R

%2 iEFhi)l%xt SHRF1 WKY ok 5 E A9 SME (s, mmHg )

207 % B b)) =
WKY-S 10 118.5+6.3 130.8+7.4
WKY-E 10 116.6+7.6 119.0+7.9
SHR-S 10 123.847.4 172.6+8.0"
SHR-E 10 122.2+8.1 156.0+£7.2%%

D5 WKY-S 41 H4 P<0.001; @5 WKY-S 41 b4 P<0.01
35 SHR-S 41 4% P<0.01

#3 iEFhil%3 SHRFIWKY KR ASINEERI N (v+s)

w LVEDP +dp/dt max -dp/dt max

ALH - I (mmHg) (nmeg/s) (nl‘)lmHg/s)
WKY-S 8 2.8+0.3 3745.9+306.0 -3512.14271.3
WKY-E 8 224037 3885.44+326.9 -3728.1+367.0
SHR-S 8 6.4+0.7% 4036.2+220.9 -2789.0+272.7"
SHR-E 8 3.240.6°  4134.3+257.2° -3497.44+308.7%

D5 WKY-S 4 H 4 P<0.05; 25 WKY-S 2] 45 P<0.01;3) 5 SHR-
S H# P<0.05; @5 SHR-S 41 Fb &% P<0.01, LVEDP: /&% &5k K
WP, £dp/dt max: 2% FE Sk ETHCR ) R,

*£4 B3H%X SHR F1 WKY KR

EEFOEEERN T (xs)
5 BF BW(g)  HW(mg) LVM(mg) LVMI(mg/g)
WKY-S 10 317.8+13.9 698.1+49.1 594.6+46.8 1.9+0.2
WKY-E 10 324.0+14.4 739.4+38.6 628.1+24.4 1.9+0.1
SHR-S 10 288.9+11.1% 971.8+45.3% 820.2£59.2"  2.9+0.3%
SHR-E 10 298.9+16.4 767.6£54.0° 640.3+48.4%  2.1+0.27

D5 WKY-S 41 48 P<0.05; 25 WKY-S 20 He & P<0.01;3) 5 SHR-
S A P<0.05, {1 :BW:{kHE , HW: L FE &, LVM: £ % Jfitt,
LVMI: A= %= i85,
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