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[ ABSTRACT] Aim To investigate the role of melatonin in the improvement of blood pressure and mesenteric arteri-
al function induced by aerobic exercise in spontaneously hypertensive rat (SHR). Methods A total of 72 twelve-
week-old male rats were used in the experiments. A group of normotensive WKY rats (n =18) was used as normal blood
pressure control group ( WKY group). 54 SHRs were separated into five groups: SHR sedentary control group ( SHR-
SED, n=18), SHR sedentary with normal saline injection group (SHR-SED + NS, n =6), SHR sedentary with melatonin
receptor blocker luzindole (Luz) injection group (SHR-SED + Luz, n =6), SHR aerobic exercise group (SHR-EX, n =
18), and SHR aerobic exercise with Luz injection group (SHR-EX + Luz, n=6). Luz was injected 1 mg/ (kg + d) in-
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traperitoneally.  Rats in the aerobic exercise groups were subjected with 8 weeks-treadmill exercise: 0° slope, 18 ~20 m/

min, 60 min each day, 5 days each week.  Blood pressure and heart rate (HR) of awake animals were measured by using
tail-cuff method before the beginning of the exercise training protocol and at the end of the protocol.  Serum melatonin lev-
el was examined by ELISA with commercially available kits. The mechanical properties of small mesenteric arteries were
studied with vascular ring experiment in vitro. Results (1) After exercise training for 8 weeks, systolic blood pressure
(SBP), diastolic blood pressure, mean arterial pressure and HR were significantly lower in SHR-EX group than those in
SHR-SED group. SBP and HR in SHR-EX + Luz group were greater compared to SHR-EX group.
no significant differences of SBP and HR between SHR-SED group and SHR-SED + NS group, SHR-SED + Luz group.

(2) The serum melatonin levels in WKY group and SHR-SED group reached peak level at 21: 00 ~22: 00, and were signifi-

cantly higher than those at 12: 00 ~13:00 and 8:00 ~9:00. However, it reached the peak level at 8: 00 ~9: 00 in SHR-

However, there were

EX group. In these three time periods of day, serum melatonin concentration in WKY group was always significantly high-
er than that in SHR-SED group; But it was significantly higher at 8:00 ~9:00 in SHR-EX group than those in WKY group
and SHR-SED group.
teric arterial beds precontracted by norepinephrine (10> mol/L) , with pIC50 value: WKY group > SHR-EX group > SHR-
SED group.

tion-response curve for melatonin-induced relaxation was lower than that in the absence of L-NAME in both SHR and WKY

(3)Melatonin (10 ° ~10 * mol/L) caused a concentration-dependent relaxation in small mesen-
In the presence of L-nitro-arginine-methyl ester (L-NAME) (eNOS inhibitor) , the pIC50 of the concentra-

rats.  The relaxation of melatonin was partly blocked by Luz (2 x 10 ~° mol/L). Conclusion Aerobic exercise can

reduce SBP and HR of SHR, and enhance mesenteric artery vasodilation, in which melatonin plays an important role.
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% ,n=18) %7 4 # 3% /K (normal saline, NS) 7% &f
41 (SHR-SED + NS 4l ,n =6) % # i B & < (4 [ i
# 2-7K #-N-7. Bt # % (luzindole, Luz) [ 1 mg/
(kg - d) ] E 5 4 (SHR-SED + Luz 41 ,n =6) . H 4
15 3 (exercise ) 4 (SHR-EX 41 ,n =18) 4 £ 35 3
Luz & 4F 4 (SHR-EX + Luz 4 ,n =6) . Luz 7* 4t 7|
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U R 22 ~24°C M AT IR L 40% ~60% , B T
AN T4 | 6 B (8 B B R A 6:00 ~18:00) 17
1.2 BEHHE

KEEHAT1 HENHI %, 2 )5, SHR-EX 4
A1 SHR-EX + Luz Al B ¥ 4T 8 A # &2 5| % ;32 3
7EH AW E 00,18 ~ 20 m/min, 55% ~ 65%
VO,max| VO, max: % K #% % & ( maximal oxygen up-
take) ], 4 X 60 min, 4 JA 5 X, SHR % % # 41 fn
WKY 44 #ATE 20 T H,
1.3 FEHYRBREH

HMEBFRANEWEEE IBL AR, KT LZH.,
MT Tuz =% % & ( norepinephrine , NE) No-#
R L-BA B’ F B ( L-nitro-arginine-methyl ester, L-
NAME) 4-% 7. 2 "k % 7, % B (hydroxyethyl pipera-
zine ethanesulfonic acid, HEPES) | 7. Bt fH % ( acetyl-
choline, ACh) ¥ ¥ ¥ % [E Sigma /A &, NaCl, KCI,
MgCl, % #8 NaHCO, % Iy & b o A6 3K 7 A ]
Na-HEPES % » & % 4 ( mmol/L) : 121. 1 NaCl, 10
HEPES 5. 16 KCl1,2. 4 MgSO, . 11. 08 # % ## 2
CaCl, , F & % 4.(95%0, 5% CO,) ,pH 7.4,
1.4 KRERMERMGEUE

WKY 41 SHR-SED 41 ,SHR-SED + NS 41 ,SHR-
SED + Luz 4 . SHR-EX 4]  SHR-EX + Luz 41 % £ B
6 R AR, EL#H FERAT, £ LF 10:00 ~
12:00 2 B 18] B W, £ A& fE 6 6 i & 3t (L DL BP-
2010A ) #1440 I K B 20 Bk i ot o, I kB B9 2
Al it . YK 46 A& (systolic blood pressure, SBP) | 4T 7k
J£ ( diastolic blood pressure, DBP) X “F 34 3 ik &
(mean atrial pressure, MAP) , % & % ( heart rate,
HR), B SR . ZENE BHRARANRKEE
ELEmEEREETRMRL, KEARES min &,
TrEM &, R KRME 3 ~5 K, B-FHME,
1.5 KRMFENFRERERKENE
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i, —20°CPRA, AR R RN & o vE R
MT AP, B 3R 566 A X &4 g ey 42 BUAE 4%
BURF & vl A0 AR R A N B AL B —
FLARKR AN S0 pL #RE F A A EK S50 pl 4R & F AL
ME 2 ~8C TFIRE 14 ~20 h, et 3 K, %R E A
150 L I B Be, B 4F 69 B BK 4, £ 08 (18 ~25°C) T4

# 3k % 4 (500 t/min) 3 F 120 min, A2, F| 8 8 #
R E AN 200 wL PNPP( 3t a Z B sk B 4h ) K 45, I8
H 20 ~40 min, F A\ 50 wl PNPP % \b ik | 8 % E M
PR RORA 4, £ 1 h W1E H Tecan Sunrise g
FRBUAE 405 nm 4L B OD 18 (% % 3 £ 600 ~ 650
nm) , i 7& MT AP 2 REH ng/L & w,
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4 4°C Krebs % i ol T I o, ] K41 3k [ € 2 ik =
Thfpe ERNBHATRE = =R 3 ik, 4 =t
ERENEAL, WIS KA 2 mm i E 3, g
IR FAREAZ 40 wm #9422 [H & 78 DMT ( Danish Myo
Technology /A%, FH ) 48 &, — 3% [ 7€ 78 HOR A7 R
EVRAT o EREKA, B G KA A
# A W A pH 7.4 37°C th Na-HEPES %% # i 5
ml, 3F 16 98 % W £ DL 95% 0, 5% CO,, F # 10
min, {# {1 % 285K 4 R | mN 24,

AWK E AL DMT ¥k REXE, 5F
ffl LabChart 7.3.7 £ #1f5 & R E QMK LT, &
A% 3h fik 8 3R A B AOR A T X & 7 M4 i
FORE M 2 B RSB FF ok 2 AT, L K A A E R, DA
60 mmol/L KCI 7 3 i & W 4 , 7 % W 46 18 A 1t 1
mN, A AL E IR E M R A, T4 E R LT I &
JE B R BT At 7 R A T BT R R
I 4B NE (10 > mol/L) Tk 4 , ik 2| F & #4
FJE, B MmN MT(10°° ~10 " mol/L) # ACh(10°°
mol/L) ; W2 MT1/MT2 #t 3% I % (& M i 7| Luz Xt
MT i %8 KBV B9 5% o8 . 78 NE 0% 46 7, 8 70w N
Luz(2 x10~° mol/L) ¥ & 20 min, & Az A\ MT(10°
~10 7% mol/L) ; f# in % ¥ 38 3t 42 7] n N — E AL R A
2 41 %] #| L-NAME (10 ~* mol/L) % & 20 min # 3F X
B, MEAHME KRR YT,
1.7 SEit=ZE4aH

B B AE ¥ Py 5 £, A SPSS 19. 0,
GraphPad Prism 5 #4783 it 04, R A £ W £ 77
Z A (ANOVA) DL R ST A ¢ 4 3,P <0.05
HREKEZR P<0.0l WHEFEEHER,

2 % R

2.1 BEFIEZHF Luz X SHR ME ORMEEH
= A1)
B I8 s TR T, SHR 1924 E SBP . DBP MAP
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HR 70 & 5 F WKY 41 (P <0.05) , R I i 22
5. 8 A Eizsh45 5, SHR Y SBP .DBP MAP #i
HR 5535 T WKY 44 (P <0.05), H SHR-SED 4
A & = T SHR-EX 4H . SHR-EX + Luz #H (P <0.05) ,
SHR-SED 4 5 SHR-SED + NS £ SHR-SED + Luz 41
JoZ 5, SHR-EX + Luz 4117 SBP \HR B B fi.F SHR-
SED + Luz 41, %175 F SHR-EX 41 (P <0.05) ; {1 415

F 1. BRIEZNM Luz W RBME ORMEFEERFIN(n=6)

Bl)5 SHR-EX #4148 B 2 ik T SHR-SED 4 (P <
0.05), SlHZ 12 Ji#E A, WKY 41 SHR-EX + Luz
2H 21 JA#4 1 SBP \DBP HR A ) J52% 5 ; SHR-SED
2 SHR-SED + NS 4H . SHR-SED + Luz 2H 21 JA# &Y
SBP .DBP HR ¥/ T 12 il (P <0.05) ,fRkE L%
5 ;1M SHR-EX 21 21 J&#4 1Y SBP . DBP \HR &5 B i
f&F 12 E# (P <0.05;% 1),

Table 1. Effect of aerobic exercise and luzindole on the rats blood pressure, heart rate and body weight(n =6)

4y KEJHRE 485 (mmHg)  &F5K)E (mmHg)  FXH 3k (mmHg) R (IK/5) R (g)
WKY 41 12 JA 142.7 4.3 109.0 +2.1 120.3 +2.7 314 £3 329.3 +10.9
21 142.7 +3.1 103.2 6.7 116.3 £5.2 314 =7 330.3 +6.5
SHR-SED 4 12 JA 215.7 +4.9" 152.0 +3.5" 173.7 +3.8" 340 +8° 331.7+7.7
21 J& 220.8 +1.7" 174.3 +4.8" 189.8 +3.3" 394 +8" 334.7+1.8
SHR-SED + NS 4 12 J4 211.3 +1.8" 153.8 £3.2° 168.9 +4.1* 393 £6° 331.6 1.6
21 J& 221.3 +1.5" 173.8 +4.2" 188.9 3. 1" 391 +7° 333.6+1.5
SHR-SED + Luz 41 12 J& 211.3 +3.1° 147.8 +£8.6" 168.8 +5.4* 327 +8 321.3+3.3
21 J# 224.0 £2.2" 172.3 £5.9" 189.5 +4.4" 393 +4" 336.2 £3.3'
SHR-EX %1 12 A 222.7 £9.2° 158.7 +9.8" 180.3 +3.9° 347 +4° 330.0+3.2
21 J 192.7 £1.5™" 144.8 +2. 9" 160.8 +1. 8" 316 +6°"  312.1+3.3
SHR-EX + Luz 2 12 J8 216.8 +11.2° 168.0 +2.8" 184.3 +5.3" 339 +8° 323.0+3.2
21 J& 205.5 +1.0"* 156.0 +6.2" 172.5 +4.2" 346 + 8" 318.3 +4.7

12 JA& A K B s shill 1 4600 ,21 A A s sh 455, a 8 P <0.05,5 WKY 41 12 E& ;b A P <0.05, 5 WKY 41 21 Bt
#;¢ N P <0.05,5 SHR-SED £ 21 &3 t#;d 9 P <0.05, 55 SHR-SED + Luz 41 21 JE#E [L# ;e I P <0.05, 5 SHR-EX £H 21 A HLE 1 h P

<0.05, 5[4 12 it i,

2.2 ARIEzHIXF SHR MiF
=AU

WKY 4117 MT ¥ 7€ 21: 00 ~22: 00 B 5
A 12:00 ~ 13:00 B = T 57 1 8: 00 ~9: 00
(P <0.05); SHR-SED #1400 8 & T 5 &
(P <0.05) ;SHR-EX Z11E 8:00 ~9: 00 Hf i , B fik

B4R R E KT

2501 [ 8:00~9:00
Bl 12:00~13:00
J 200 ab E3 21:00~22:00
= a
£
£ a a
£ 150+ a a
3
g 100
£
3
& 504 H
0
WKY4H SHR-SEDZA  SHR-EX#4

1. RKERMFERNBEHEEREKTE(n=6)
WKY ZH L8 ;d i P <0.05, 5 SHR-SED 2H HL#%¢

Figure 1. Serum endogenous melatonin levels in rats(n =6)

2.3 BRIEZN SHR b7 R EZ Rk I & & MR

A
2.3.1 HEIEFH I MT % 569 W % I 3 Bk AF 7K B
YR LR A TE 10 ~° mol/L NE 5|2 If 8 W 45 15 3]

T 12:00 ~ 13: 00 F121: 00 ~22:00( P <0. 05 ; &l
1), 7€ 3 B BE N, SHR-SED 41 I 3% MT ¥ B i
KR EMMT WKY 2H(P <0.05); 765 I 8: 00 ~
9: 00HF [B] N, SHR-EX #H B i /= F WKY #H . SHR-
SED 41, MifEh4F M F 5 SHR-SED 4 B # %5,
{H B KT WKY 44(P <0.05;K 1),

I WKY4A

Il SHR-SED#4A
E= SHR-EX4A

2501

n

o

o
1

150

100

Serum melatonin (ng/L)

o
o
1

12:00~13:00  21:00~22:00 Fi&]

8:00~9:00

ai P<0.05,58:00 ~9:00 LL# ;b 2 P <0.05,512:00 ~13: 00 th# ;¢ B P <0.05,5

BRJG  MT(10 % ~ 10 72 mol/L) AJ LAi75 5t I 45 52 e
FEMCHPERFIK . 5 WKY 20 (pIC50 A 4.80 +0.11)
A, SHR-SED 41 (pIC50 A 4. 10 +0. 17) IfiL 5 7 5K
2 S ARG, B X 245 ) SRR PR B RS (P <
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0.05) HFEIZ B 5 A X MT A9 B3 fin ( SHR-
EX £ pIC50 4 4.54 +0.11) (K 2A) . MT 5531
K4 RSN IR ETF 7K [N« 5 TC L-NAME [ 4 K2 58
FK M ( Control ) A EE, A L-NAME (10 ~* mol/L) 4

>

plC50: -e~ WKY#H=4.80+0.11
-8 SHR-SED#=4.10+0.17
~®° SHR-EX#=4.54 £ 0.11°

Relaxation (% NE contraction)

T
-6 -5 -4 -3
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-
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Relaxation (% NE contraction)
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-
ny
o

-6 —‘IS —|4 -3
log [MT] (mol/L)

2. MT LB REESBKET KB FIE- R AL B 2% (n =6)

N HZ ANSE# I 45 ( L-NAME ) (94T 5K 52 v B 5 T %
H. SHR-SED 4H % T % i B2 B 2 IR T WKY 21 fn
SHR-EX 4 (K[ 2B.C.D),

WKY4A

o

Q

20
40
60
80

plC50:
100 -~ Control=4.80+0.11
120 - L-NAME=3.51+0.15

Relaxation (% NE contraction)

T T T
-6 -5 -4 -3

log [MT] (mol/L)

D
SHR-EX4
0

20
40
804 plcs0:

100 -e- Control=4.54 +0.11
120 -0 L-NAME=3.17 £ 0.09

Relaxation (% NE contraction)
D
o

-6 5 4 3
log [MT] (mol/L)

A SR P B 58 B AU BRXE MT (1076 ~ 10 = mol/L) AT 5K ;B .C D

3319 WKY #H SHR-SED 4l SHR-EX 71 % 2 IS k3R 2 JE L-NAME F4 9 B2 5284 11145 ( Control ) FIAG L-NAME (10 ~* mol/L) # P Bz AN 5284 1ML 45 ( L-
NAME) % MT RY&F TN . pICS0 S 2443k 3 50% H 8R4 ~F-34 7 200 Jig 1) 67 o 4, 2 88 B e i 6 T 245 490 ) SURR A L % NE WL 45 (% NE con-
traction) F/R A 10 =% mol/L NE 511 L4 U AE1E R 100% ME KW, a4 P <0.05,5 WKY 41L0# ;b 24 P <0.05, 5 SHR-SED 41 b4,

Figure 2. The dose-response curve of MT-induced mesenteric arterial relaxation(n =6)

2.3.2 HEEH A Luz ¥4 MT % 569 o F 475K
AR AL MT1/MT2 FEZEFEPERE P Luz (2
x 10 ~° mol/L) AT &EB-40H1 MT BT i 51 i 72 I ) ik
(&R I B . 7 10 ~° mol/L NE FUSLZE T, J6 A
Luz(2 x 10 ~° mol/L) HWliF & ML 20 min, FFMIA MT
(107° ~ 107 mol/L) i S 1ML 45 &7 5K, 5 Control X}

o BRI Luz 19 MT 55 1045 4% & B 3h ik &7
ik 3 B REAIG, B 25 P UM R IR, H SHR-
SED ZH /% T Bl B2 B AR T WKY 20 il SHR-EX 20
(E3), Mg en, A8 g5 , MT &F 5k i 45 E
FHETTERZE 1 I,

3. Luz X MT 5 SR MEET KK MBI (n=6)

g . WKy g . SHR-SEDA 5 ., SHREXE

ksl . k3] ko .

g —- 8 oy —

£o0{L £ 20 £ 20 *

8 40 8 40 g 40

Y 60 —3 Y 60 w 60 3
® 80{ pIC50: * 2 80{ pIC5O: < 80{ picso: 3
S1001 = Control=4.80£0.11 £100{ - Control=4.10+0.17 £1001 = Control=4.54.+ 0.11
'§120 © Luz=4.66+0.18 E 1204 - Luz=3.83+0.13 -5120 ® Luz=4.08+0.16

3 € -5 -4 - s -6 -5 4 3 s -6 -5 4 3
= log [MT] (mol/L) o log [MT] (mol/L) o log [MT] (mol/L)

Figure 3. Effect of luzindole on the MT-induced mesenteric arterial relaxation (n =6)

2.3.3  Luz #o MT %+ ACh # $#) fo & 47 7K B R 89 %
W A 107 mol/L MT 5% % 20 min, F5/0A
NE Fils , Sk 2l Rl i tese i, inA 10 7° mol/L
ACh 5 & IE M EF 5K R, 5 WKY 414 Lk, SHR-
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