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[ ABSTRACT] Aim  To explore the effect of aerobic exercise on endothelial function in elderly spontaneously hyper-
tensive rats ( SHR ), and the oxidative stress mechanism. Methods  Sixteen-month-old male spontaneously
hypertensive rats (n=24) and male Wistar Kyoto rats (WKY, n=24) with the same age were selected. ~Wistar Kyoto rats
and spontaneously hypertensive rats were randomly assigned to sedentary control groups ( WKY-C and SHR-C) and exer-
cise-trained groups ( WKY-EX and SHR-EX ), seperately. The animals in exercise-trained groups ran on a motor
treadmill (0° slope, 5 d/w, 60 min/d) at 16 ~18 m/min for 8 weeks. Blood pressure was examined by non-invasive
methods, isolated vessel rings were applied to evaluate vasomotor response, plasma samples were used for measurement of

NO level and relative oxidative stress markers. Results The systolic blood pressure was significantly lower in SHR-EX
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group than that in SHR-C group (P<0.05). Serum malondialdehyde (MDA) in SHR-EX group (7.9+£0.3 pmol/L) was
lower than that in SHR-C group (11.8+1.0 pmol/L, P<0.05), serum MDA in SHR-C group was significantly higher than
that in WKY-C group (7.2+0.3 wmol/L, P<0.05). Antioxidant enzymes including glutathione peroxidase ( GSH-PX)
and superoxide dismutase (SOD) , however, there was no significant difference between four groups. Exercise had signifi-
cant changes of NE-induced vascular contraction in SHR (SHR-EX; 136.0+1.8 %K,y ; SHR-C: 153.2£1.9 %K, P<
0.05). Compared with SHR-C group, NE-induced vascular constriction in WKY-C group (120.2+5.6 %Ky, P<0.05)
were significantly lower, and that in WKY-EX group (143.9+4.3 %K, ) were significantly higher than that in WKY-C
group (P<0.05). Endothelium-dependent vasodilaton in SHR-C group (50.2+2.8 %NE) was significantly lower than that
in WKY-C group (100.1+0.6 %NE, P<0.05), endothelium-dependent vasodilaton in SHR-EX group (97.0+1.5 %NE)
was significantly higher than that in SHR-C group (P<0.05). After 15 min incubation with NADPH oxidase inhibitor
Apocynin in vitro, endothelium-dependent vasodilaton in SHR-C group (98.6x+1.3 %NE) significantly increased. NO-de-
pendent vasodilation in SHR-C group (25.5%+2.3% ) was significantly lower than that in WKY-C group (85.2%+0.7%,
P<0.01) , NO-dependent vasodilation in SHR-EX (86.8+3.4% ) and WKY-EX(98.8+1.5% ) was significantly higher than
the corresponding control group (P<0.05). Conclusion Long-term aerobic exercise inhibits the increase of oxidative

stress and the decrease of NO bioavailability induced by aging and/or hypertension and improves vascular endothelial dys-

function.
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Figure 1. Body weight and systolic blood pressure of rats
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Figure 2. Indicators of oxidative stress in serum

23 BEREFHXNEFEETMEKRREREZKDE
5 77 B9 22

2.3.1 HEEHEIKEL S SHR B & L3 oK 2% R
Jtk 107 mol/L NE RJ Aifs & s 2 5 8 ik Wi 4 s
N, 60 mmol/L KCl ¥ 17 T4 J5 , 7 v 1 vf fin A

500

400 + = —_— =

300

200+

Body weight(g)

100 |-

0
WKY-C WKY-EX SHR-C SHR-EX

a N P<0.05,5 WKY-C 4148 ;b & P<0.05,5 SHR-C 41 b4,

Cu/Zn-SOD & £ 7 SHR-C #1 (38.2+0.7 kU/L) 5
WKY-C 4 (44.3+1.6 kU/L) L HA G225 (P<
0.05), AEiz3)5, Cu/Zn-SOD & H:7E SHR-EX 4
(42.0£1.0 kU/L) % 7% T SHR-C 41 (P<0.05) ,7F
WKY-EX £ (46.7+1.1 kU/L) 5 WKY-C A . C
FEZER(P>0.05) ., WKY-C 4 \WKY-EX 4 .SHR-C
4 SHR-EX 411 % GSH-PX 1 14351 911.2+59.4
U.923.1+66.7 U.870.0+74.2 U 939.7+99.5 U, P44
GSH-PX i /13t i E 22 5 (P>0.05; 81 2)

[e2]
o
1

T-SOD(kU/L)
N
o
T

n
[=]
T

0
WKY-C WKY-EX SHR-C SHR-EX
15001

S 1000

|
1

5001

GSH-PX

WKY-C WKY-EX SHR-C SHR-EX

a k) P<0.05,5 WKY-C 411b%;b 24 P<0.05,5 SHR-C 4 Hh#%

NE 5 Hsk bR L Ky B (%K, ) , Pi%
Ky VERPFN ISR SN A , B O 2 1 A8 A
iR i, POZHRT KC1(60 mmol/ L) W 2 v 4t
P (WKY-C 20 \WKY-EX 41 . SHR-C 4 .SHR-EX
Hr 5 M 6.39£0.19 mN,6.15+0.33 mN,6.74 +



CN 43-1262/R  h Eah kb4 2017 4F565 25 555 7 1) 683

0.46 mN ,6.51+0.54 mN) . NE % & ) 55 S 46 52 o7
7 SHR-C 41 (153.2+1.9 %K, ) B& & T WKY-C 4
(120.2+5.6 %Ky, ) , 7 SHR-EX (136.0+1.8 %Ky, )

WKY-C WKY-EX SHR-C SHR-EX

B 3. KR RIEN BRI LR TK S LB

4105 % T SHR-C 41, 76 WKY-EX (143.9+4.3 %
Kyax ) T2 5 F WKY-C 41(P<0.05;% 3) ,

2001

150 —_ b

100

Tension(%Kyax)

)]
(=]

WKY-C WKY-EX SHR-C SHR-EX

a M P<0.05,5 WKY-C 4 [t ;b A P<0.05,5 SHR-C 4 b4,

Figure 3. Comparison of contraction tension in mesenteric arteries of rats

232 AREHKREELF SHR W £ 3 A KR
B B RS KAE 107 mol/L NE FULZE 500 T,
Ach 7T LI S 045 &7 5k, B H A ¥R B AR P (&
4A) . Ach i RN E RGP K W AE SHR-C 2H (50.2+
2.8 %NE) . Z KT WKY-C 44(100.1+0.6 %NE) ,
7F SHR-EX 41(97.0+1.5 %NE) % & T SHR-C 4
(P<0.05), 1M 7E WKY-EX 20 (99.7+1.4%NE) 5
WKY-C A ST 25 5 (P>0.05; 15 4B) . FIH
GraphPad Prism 5.0 W g R AR Lk B0 iR 2k 1
4G ECy,, plCsy i ECs, 1 X HL, plCy, fH 2 7R X
25 U UM 78 K 3R R R 24 ) Y R e
o XA AL Ach 15 & &K 11 pICy fH, 25 R & B,
pIC,, T 7E SHR-C 41(6.24+0.14) .3 /N T WKY-C
4H(7.90+0.06) , 7F WKY-EX 41 (8.50+0.25) il SHR-
EX £H(7.05£0.10) 52 /5 T-4% H XTI A 42 ( P<
0.05; 8 4C), W] SHR 3 H N Bz &7 5K T AE
1, 6 4802 ol AT B0 0L Il A £ 5k T 8 TEie
TEH I RSS2 5 00, A5 462 B 38 T A R0 I &
HEE B IO 1t A5 5 ) %) SR

S HERR P9 B A 1A A ke ) 25 SR R A I
B U ETSRAE 24 NE Y 4i ik 7 &, A S2 50 n
NI I SNP 455 % B, SNP 1E i i 1L 4% fie K
EP Ok AR B TN R is gl i & A 3 AR AR, U2
AL Tk, AEA G IR (P>0.05; K
4D), NADPH % fk W #7 #l %] Apocynin (3 x
107" mol/L) 7EVRHE I E 15 min J5 , 7 NE A5
T, MU FAXT Ach 2230k BE 4RO 4 &7 9K . DU ZH il
FILEMA Apocynin HIJ5 X Ach 75 % 1Y 5 KL &
Pk SN Y B RN A, B AL SHR-C 4178
25T JE X Ach 5 & 1 B K OGS & 5k RN A AE B 3

PE2 5 (P<0.05; 181 5) , RUIEEAL ™) /& 5 SHR-
C &Pk D RERE AR ) T2 R A

2.3.3 B A BEFNAKk NO 1R B & B 4T 7K eNOS
FI#17) L-NAME (107 mol/L) 7E {3 #8 H1i% 5 20 min,
FH NE 75 S Wi , ORI AR GV FE Ach, &F 7K
SN A e BE AR PR BG Jm, PHZHAE A L-NAME J5
XF Ach 5 A& 5K SR 32 W], NO AR 1t 45 47
5K (%)= Ach 55 0 5 KM EF 5K (%) - (Ach+L-
NAME ) 1755 0 35 K I 67 3K (%) ', NO i v
M5 &F 5K 7E SHR-C 41 (25.5% +2.3%) W F KT
WKY-C 2H(85.2%+0.7%) , 7E SHR-EX #H (86.8% +
3.4%) WKY-EX 21 (98.8% +1.5%) ‘i35 /& T XF i
RILEr 4 (P<0.05 B P<0.01), Ifil7E NO & &= 1E
SHR-C #H(7.4+0.9 pumol/L) i E K T WKY-C 4H
(14.5£0.6 wmol/L,P<0.05) , /£ WKY-EX 41 (21.4+
0.8 wmol/L) fil SHR-EX £H (12.0+0.4 pmol/L) i %
1 T B B4 (P<0.05; 8 6)

3o #

ARZWTTEFRI, 3828 o AL 550 I8 0 2
IR IS P P REZE AL 8 ShxE AL A R
FEEE 8 2 4% 52, A BT R, 3 HAE Bl
JIE X A R BT ARL 1y P e Ty e B e 1R S
T3 B 58 32 3 2l 0k e 1 R BRI B D RE L 7™ A R
UFRORCR . O B9 B A2 B AT L R eNOS 3%
T B MG T T L B R AL T L
e P AL RERE ST | R A AL DL FHOK P (34 NO
2 v B ARS  fL R Sk RE D, AR T A
T, is 3 GE IR HED T EROSHIMN, HHLIA BT A



684

ISSN 1007-3949 Chin J Arterioscler, Vol 25,No 7,2017

Oor ——WKY-C
-+ WKY-EX
- SHR-C
— SHR-EX

Relaxation(%NE)
[6)]
S
T

100}

1 1
10 -9 8 -7 -6 -5 -4

Log[Ach](mol/L)

plC;, of ACh

WKY-C WKY-EX SHR-C SHR-EX

B 4. MEEFIKAIFIE- I R i 2k

Figure 4. Dose-response curve of vasodilation
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