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Abstract

Objective: To investigate effects of 8 weeks treadmill exercise on blood pressure, blood pressure regulation,
gene expression and activity of angiotensin converting enzyme (ACE) and ACE2 in the cardiovascular centers
of spontaneously hypertensive rats.

Method: Male 6-wk SHR were randomly assigned into sedentary group (SHR-S, n=10) and exercise-trained
group (SHR-E, n=10). Ten gender- and age-matched Wistar Kyoto rats (WKY) were used as a control group
(WKY-C, n=10). The trained rats ran on a treadmill in a moderate intensity for 8 weeks. Systolic blood pres-
sure (SBP) and heart rate (HR) were measured by a tail-cuff method. The baroreflex sensitivity (BRS) was as-
sessed by intravenous injection of phenylephrine. The mRNA of angiotensin converting enzyme (ACE) and an-
giotensin converting enzyme 2 (ACE2) in the cardiovascular centers were detected by real-time PCR. Enzyme-
linked immunosorbent assay (ELISA) was used to measured enzyme activity of ACE and ACE2.

Result: (DAfter 8 weeks exercise, SHR-S rats had higher SBP than that in WKY-C group. However, exercise

training significantly reduced SBP and HR, improved blood pressure regulation function, and prevented a de-
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crease in BRS in SHR. Furthermore, there was a negative correlation between SBP and BRS in SHR. @ACE

activity and gene expression were greatly enhanced whereas ACE2 activity and gene expression were inhibited

in SHR-C group compared with WKY-C group.However,8 weeks of exercise training reversed those alterations.

(®BRS in SHR was negatively correlated with ACE activity in cardiovascular centers, but positively correlated

with ACE2 activity.

Conclusion: FEight weeks treadmill exercise significantly decreases hypertension and improves blood pressure

regulation function in SHR, which maybe associated with restoration of central ACE and ACE2 balance evoked

by exercise training.
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A & P& I K B (spontaneously  hypertensive
rat, SHR)WHFFEXT S, L2 sl 5% SHR KRR
J& Bl ik e 07 5 5t B e LA B G0 148 X ACE Al
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55 1 J 32 ShisE) A 10min/d 351 % 60min/d, iz 538
B M 10m/min 328 #7358 I %) 15m/min, 35 5 0°. 2 2
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ACE Fi#51415'-CAC CCT CTC GCT ACA ACT ACG-3' 119

T 5'-GCT TGG GAT GTG AAA CTT GG-3'

ACE2 FHiif5|4915'-CGA CCA TCA AGC GTC AAC T-3' 187

TS 4 5-GCC ATT ATT TCG TCC AAT CC-3'
B-Actin _L¥i#5|#5'-CCC ATC TAT GAG GGT TAC GC-3' 150
NG9 5-TTT AAT GTC ACG CAC GAT TTC-3'
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cl,2mM PMSF,PH 7.5), fe4r W B )5 , vk L #6 &
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Qb S AR T B, R B R AR 2 ACE 16
ACE2 [l 175 P 0 72 2 #2 4f ACE2 il 76 14 A6z 0 3 551
&, F F ACE2 JK fif ik #) Mca/Dnp %7 1 , Mca 7
330nm 8 & Ot BRI T B A S H K Sy 390nm (15
O, W R FE I R /N R 4G 3R ACE2 il 1 1 K
N ARHE LR AT IR S .
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2 H#R
2.1 B BIZRNT I KU R A IR

SHR K M 6 J& —14 J& |, Il & 2 87 T+ &5,
(123.7+7.8) mmHg I % (178.4+8.8) mmHg, I i &
TRl WKY Z# 41 K (P <0.01). SHRiz 34
K EU 6 8 (120.2+5.6 ) mmHg FF UG B &)1 45, 11458
JE 5 (RI 14 ) 1M 4 (165.6+9.4) mmHg, B 2K F
SHR ‘% # 4 (178.4+8.8) mmHg (P <0.01) ( L &
1A) o TE7 I EJERE o, SHR 284 K BL 8 J5 K HY
PR I, S 347 1y (147.8+7.2) mmHg, T SHR
iz g2 8 AR AL 3 R B R 4 140mmHg, 4% F
[ 10 JE A A #E A & L%, P34 10 R (149.5+5.5)
mmHg. iz 32k i 2 A SHR KRG 2, 8 JH]
i35 , SHRIZ s 2402 B AR T SHR 4 (P <
0.01) (WLE1B) . HHILAT WAz shll 2R AL RENS MK
o IR K S35 i 4IE 2 g 1AL (4 & A
2.2 BEhNZE% DT RS RE R 52

SHR-S 24 BRS #] {2 Ik T WKY-C ‘&4 (P <
0.01). 8J&izzh#E SHR 41 BRS, SHR-E 41 BRS &
FET SHR-SZH(P<0.01) ,{EA{EF WKY-C4L(P<
0.05)(L5£2). ¥ SHR 241 MAP 5 BRS #Ff rAH 1
O3 I LEAARSE (7=-0.741,P < 0.01) (JLIE 2)
2.3 sl X ACE ACE2 mRNA ZAI5IH
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- AHR AMAP BRS
4L e (bpm) (mmHg) (bpm/mmHg)
WKY-C 10 63.53+11.41 48.62+9.10 1.29+0.25
SHR-S 10 37.82+9.53 59.33+5.82 0.63+0.11"
SHR-E 10 58.41+13.72 57.33+11.12 1.02+0.12"%

5 WKY-CZHAH 4 :(DP < 0.05; 5 SHR-S 4 AH H 4% : QP < 0.01
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# 3 /8, SHR K f{ RVLM, NTS, PVN # {17
ACE JE[H 3k F WKY-C B B 55 (P < 0.05) s #H,
ACE2 JEHTE PVN AL R IE T % (P<0.05) . 8z
il %k, SHR K L RVLM ,PVN &R/ ACE & [H it &
A F 8 (RVLM: 0.8240.37 vs 2.24+0.72,P<
0.01;PVN:0.97+0.18 vs 1.98+0.83,P<0.05), 1T
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PVN {37 ACE2 % [K R 3K I 3 F+ 55 (3.57+1.18 vs
0.61+0.20,P < 0.01), iz shYIIZEXI NTS#7 ACE
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LM .PVN &R0 FFE(P < 0.05) , iz shilll 2 et 5%
BB 47 ACE2 i (19 3% 1 (RVLM: 1.5140.08 vs 1.11+
0.12, P<0.01; PVN: 1.57+0.29 vs 0.93+0.03uM/
min-mg pro,P <0.05). SHR K NTS# ACE 2
figiEtE A TR H5IER WKY KR, #
RIREN W EEE L, R4,
2.5 BRS 5 ACE.ACE2 i1 A 1

Pearson AH 54 43 B 45 2 2.7 : SHR K i BRS
5 RVLM PVN #$3; ACE i M i 7 4 56 (RVLME
r=-0.854,P <0.01;PVN:/=-0.911,P<0.01), 5 RV-
LM .NTS.PVN ¥ {7 ACE2 i 1 M i 1F #H 56 (RV-
LM:7=0.899,P < 0.01; PVN:=0.882,P<0.01), Il
K 3—4,

3 iTig
3. iz BYIZRXT LT AT 7 S5 S e B 52 )

B SAE Bl IR 7 3 A EE B A R, 8 S
BRI , 2 Hh s Shilll 250 PG SHIR (4 S8 1R 45
Sk B S T 85% f KA AR i Y32 B g T e v B I
Y5, % SHR [ 1M R I3 BB WO . AR SE R R A
A IR B 52 B 25, B 15 3R 18—20m/min,
0°, 4K 60min, :545L 8 il . ANHFFT LR H], M 6 JEHF

f, SHR 22 i 21 K B 1M e Bt Jo) il 1 186 4 1 30 38 7
5, F 8 JEI R B = I F 5 T SHR iz sl 41 K B, 8 J&
AALA B K B T v R 3 140mmHg, F 10 JE A
HE G MR, $27532 S| 2R BEA% ME L% = 1M Rtk &

Vo L 2 A i e Ay B BRAIL AR o, BRSS [
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JZ AR B AR5 L HAL A b sh Bk 4E
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) RVLM NTS PVN
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SHR-E 34.45+5.17% 1.51+0.08” 91.22+12.98 1.47+0.28 24.09+4.42% 1.57+0.29%
5 WKY-CZHAH F 45 :(DP < 0.05; QP < 0.01; 5 SHR-S 414 H 4% : P < 0.01
E3 BRS 5E RS HIRAEEAACE BFE X R
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BEFNT Fe MO IS HRAK , 28 FP R & P Y IR A8
JECRP 25 R0 2 S A 2 1 B, DT T I . H e
NTS.RVLM K PVN J2& 0> Ifil 5 H A 36 5 19 21 22 X
. BRS FEAR R ML i A2 Ak i 52y e
1%, DA 068 1 I A R A RT3 , I ) G 3 e
FIEH VO, S8 R R TE . A SR UL F

SHR K FLAY BRS # WKY 20 W i %, H.5 1f K
TR, 347K T BRS AR 5 1 R
HEFHZ —,

W 5% & Bz sl 2k RE 05 24035 sl bk R 1 S 5 2h
AE, Alves" "R FH 4 e vk I 25, 45 8 Rz 54 SHR
1R F 3 52 SR A 2 0 AT W A2 5 5 1T Maasson
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GS"IAI T 2 J&] (4 JEL T8 JE] A AR B L 15 I R R
5L BRS [ 52, 25 5L & BE 2 JR 3B sl il 25 B AT ek st
SHR K Bl WA 1Y BRS BHRE , 3 HL s AL B bl 2
32 SIS ] PR3 T 1 A0 5 A S5 WA 3 SHR K BRI
BRS T 40855 , MiZead 8 J& idiz shilll k)5 , SHR KR
() BRS DI REAT B i3 , 7R T2 shill ZRAg g i b
3% SHR K FU BRS M 1T 2% i IR A E I
3.2 EJIRETRE S X ACE . ACE2 R

RAS ZGEAE MR P A EEAEH. BRI
HIF RAS RG0S FILH B : AngllE RAS R4 F 2
PE T, J& B AngI#E ACE EFH R A= B, 738 £ 44
T ATIR AT E MUEVEA , R, ACE-Angll-AT1
W EAA THEVER , b ACE 242 i AngIIAY JC 5 il
2000 4, Tipnis B 73/ N & B ACE B[R V52 JIK i , 5
HAw 4 ACE2, Bl J5 i R b 5¢ & 30 ACE2 figfi /K
fift Angl % Angll, 53 51| 4 i Ang1—9 F1 Ang1—7,{H
ACE2 /K fift AngITAAE FHJE K i Angl ) 400 75, iy
PL, ACE2 1) 3= 22 /E & K& fft Ang 1L, JIr 2E B 1)
Angl—7:l1d 5 Mas Z RS54 5 R M 77K RS
2 TG R IKFINO 255, M I e 21 B A MR A A%
e, ¥ Rl ACE2- Ang1—7-Mas il i) (% A, Herp
ACE2 2 AnglURIAE % Ang 1 —7 B G5 . itk
Al L, ACE- AngII- AT1 il (¥ 7+ /& 1£ H Al ACE2-
Ang1—7-Mas 5l R A AL R 4R T 2h A i & /9
FE

RAS R4 0] LA A AR R AR PR 43, Je v
X RAS % 58 7 {5 i s BRS A% oh B T 2R ],
BRS V5 (i 3 Z P HX X d8 45 NTS .RVLM & PVN,,
W52 &I PVN 4 Angl/KF-T 45 o] A5 | i T 5
FUE S ST RE 24, T PVN S 1 56 S0 30 ] 58
4> BH B Ang IT1% 20 ™. #H B, 76 NTS 1 5
Ang1—7" W RE4EE =7 i o B2 SR sk | X R X
AnglIJH = AT BEfH BRS FEAI, M Ang1—7 34 22 | ] 2
¥ BRS. {HICIE & Angllif J& Angl—7 2SR 5
AR A AR B 1 ACE ACE2 H AR . A HFSE
3B L 2 /N EUNTS .RVLM X 5, ACE2 1 % ik 312
1o LR e ) RO U . 5 — R ™, &
IR K BLPVN 2 #635 ACE2 B0 AnglUF 8} &
FUE S S5 FRERAET . PR AR SE 56 {1 3% BRS 1)
KA 5 A X ACE  ACE2 23k 19 25 iy 43 5%, i AG: il
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SHR K B FPAX X 32, (NTS .\RVLM .PVN) ACE . ACE2
Pk S ILWEVE , iz A OC R 4050 H BRS 5 ACE
ACE2 [l P Z A i & 3 o WF9E & B SHR % 4l
RVLM F PVN () ACE & [X] 2 i5 G 1 i 2% v T
WKY-C 4, {H ACE2 3L [ &3k Fl B S ML T WKY-
C4l. SHR K[ BRS 5.0 1ML4 HHX ACE i 15 P 7
5 5 ACE2 B 6 PE 2 IE A ¢ . iR g R
SHR K FUHAX ACE ik (3 2 | ACE2 ik i1k /b
#B2> i SHR K FLBRS 5240 .
3.3 sl gkt X ACE . ACE2 152

iz I ZRRENS 035 X RAS R SE 43, Mou-
sa SEBIFIY e Bz S Il R RE A8 BRI O 3 S8 S AE B =k
Ui MU Ang 1K AT 1 2 44 (1) 2 15 DT 42 5 He 7 )%
SIIhEE . Filho ZF"HGE , 38 Sl 2Tt i e I A B
fe % Angl—7 J HZ K Mas (#3634, DT 40 1L
FEo BATE 2 #HHE Shll ZRRERFEAR T i 5%
¥ AT1 Z AR FIE" . Angll AT SZ AR K 1 R AIK
1l Angl—7 Mas SZ K- 1 FH 5 2 K o ACE ik
(A ak 555 N (B ) J& ACE2 IR IS 58 , i 2128 3l 2k iy
B, AT 0158 . il Kar ™ Foe & 2
iz 8l Y1 25 e 8 R AIK 0 3 e F TP AKX AT1. GRKS &
p65 NF-kB [k, X ol G512 shilll grek s Horp
X ACE.ACE2 M £ ik 1 & . Agarwal™ iy i 5% &
B, 38 s Y 2R T 0 = R R0 4 P X ACE
mRNA ({335, B ACE2 mRNA 33k, Ffi1ss
5 [\ 4 WL 2% 3132 20 U1 25 8 08 ¢ Ik SHR K B A AKX
PVN .RVLM X3k ACE By 5ER 3Rk , TR ACE2 L [H
(261K , HEREAR ACE M6 P, T ims ACE2 i T 4 , iX
5y Agarwal 5 SCI 45 FAHTT .

AR S G 2 DUARAF 5 UE 52 5 L% K B BRS 5
FE LA, G2 2h PR 5 0 = I K B BRS
BN, ARSI LR B A ARG s RERRAIC P X
ACE Rk 5 sk, [R5 i ACE2 ik SR 1,
Pearson 23 HTilE 5%, BRS 5 ACE i 5L A6 . 5
ACE2 Jif 1% PR 52 IEAHOC | 1% S 45 4R iz sl Il 2k 4k
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