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WE Wi A &P K B (spontanously hypertensive rat, SHR)E K ML A% G 2K IR IBESZ 48 APT [ N VR FC A& apelin-13
B LA AR 5 AT 5 B R J L S — S E(NOY R ERK 12 Tl DGR . R B4 I IR R A E I 77 72 ] Power-Lab AR W15 ERAR
ASCRS 0 I 45 R R 5K . SEES 4r 41 40 R« BT 4 MK (Phenylephrine, PE)4L, £ Mk JIH B (acetylcholine, Ach)Zl, apelin-13 41,
apelin-13 +PE 41, apelin-13 + Ach 41, PD98059(ERK1/2 #li#l51)+PE 41, PD98059 + Ach 41, LNNA(L-nitro-arginine, fijJ& A
VER R, —E AR SEENEIR)+PE 20, LNNA+Ach 41, apelin-13(Fi#% &)+ PD98059 + PE 41, apelin-13 (% & )+PD98059+
Ach 4, apelin-13(Fi8 &)+ LNNA + PE Z0F1 apelin-13 (¥ 5 )+ LNNA + Ach 241, LA WKY K RUMLEFA T A, 5% K Rt
PN, Western blot #0l] ERK1/2 25 ARIE. 50 EoR: a. apelin-13 X T4 P4 Bz (90 85 28 B L e FEE A gt ok & sk A H
MAEF IR T 40 b6 SHR<WKY KR, 1% T2 AW K IE, apelin-13 W30 (e 45 &5 (046 J1 . HI 4 9K ) SHR>WKY K
B, apelin-13 T, BEJH/D SHR A WKY A BRI B A AR IR 45 0055 S N, 3806 S BRARAR A &7 5K ) BV s b, NOS )
71 LNNA BT NO JEiJa, MLETEFRXT apelin-13 FIEF 5K iV B 406, H SHR 413 WKY 41%] apelin [REF 5K 0 5 /0 58 1Y
5, 375 apelin-13 (¥4 LA 2500 28 /0 85 /0 M1 NO T8, 11 SHR 5 L K B NO T8 B4 59855 T apelin X 1045 R &F 5K A6 1 5
c. ERK1/2 $iifi51 PD98059 Tilii 5 )iz IS A4S apelin-13 FEHLH IR FEAKMUME (e i, 15 25 A 2 )5 apelin-13 FRISC4R 10 3508
BB, MRS TR S SHR> WKY Ki, PD98059 %% T apelin-13 52 (M &7 5K MV d. Apelin-13 /£ K VSMCs
ERK 1/2 Tl [ A 14 m - 52 500 S AR st R T 46, ERKC1/2 #7671 PD98059 1T LAYk /b apelin-13 55 ERK1/2 BRIk, 4
SRR, B R AR K BRI PN apelin-13 79K R BME PR,  NO @ H ERK1/2 % 5 T apelin-13 (&7 5K il
fEH.

KHEIR  apelin-13, APJ, —HAMEEGH, ARSI, 20M05M5 5 /5 HE 1/2(ERK1/2)
ZR49ES  Q4, R36, R9 DOL: 10.3724/SP.J.1206.2009.00360

Apelin J& U 7F K & B 11 APJ %2 1A (apelin-  apelin ] 43 4 apelin-13. apelin-36. apelin-37 55 %
angiotensin recepor-like, APJ, Il Kk R ZAAFE  Fh. 7EAKZ 1 apelin W apelin-13 [ 1L 2= 40 ¥ 14
ZARIECAA, BEfE 51k M &7 5Kk AT B AR I ek, BER MR, SR R AR AR,
AREZ SR, I8 T AT 2 0. APJ/apelin [F 25 H 7EAS AP0 Fh 2 TR ARABL,  2E4k sy
1993 4, O'Dowd 5N NREEh i i nl sz BEORSE, HAE AR RES 7 AL 40 A, Wit
A& AP, H T ANEIIL N EPERCAR, PO AL G i
{5 Bk 32 % (orphan G protein-coupled receptor, o0y yrymnse 65 1 30901577y R 40 20T RF A 6
oGPCRs), %% 465 M HKFZEWIERFIA 5038036
35%M0 [ UHE, HALMAE KKK TLE. HE = umm—1es.
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BEA—H,

Ak, A SCERIRIE T — L% apelin A1 APJ [
OV D REAE R . 76 AP 2 AR B B9 /N Bl A,
apelin & — % L& (nitric oxide, NO)WH ILE . B
il 25 8 3 2k 7, 3 1] B - BB K S R A A9
Tatemoto 5P IE LT T KB apelin J&, KRS
e )1 QA== 11 T S P 1 Y R S o
THIRERIKF b Tt A NGBS, apelin J&5, KRR AG IR
WORAT 3G, 0B, K AT )
HORRC P A AR, apelin BEV TR Bk
AR EAZ I IR 3R PR R0, X Be g
NS N apelin AT RE AP 5K IME . FEPrim R
gKE . PRI EAYER, apelin-APJ 1A —Fug &
ISR S S TR, B4R apelin
HIERKE 1 MZEAT) AL A, (H APJ.
apelin Ml AT,. ML 5 5KE M AEH L0 B HAH
L, [A] i apelin it 8 7E Il 5 %5 5K 2% % % B
(angiotensin | converting enzyme 2, ACE2) [ 1E H
B S TCIEYE R ), X SR E R apelin AL
BRIk 2% I AR W] RE 52w AH () s O I AR ) 2
FEB-19 - Apelin 1) I RRAE S 1) 2 - L5 Sk
% - [ [ ] 3 4t (renin-angiotensin-aldosterone system,
RAS)IF— RAb R 55835, B0 O ML A (1 7y
PR AR MR, T REE AT B0 M
B A LRI B A A Y S

Apelin 7y il R 1) A2 R e i B v i 45 L 1)
BURIF 2 2%, BRUTHAE 58 0 RN T fi# apelin
KAEA RAS R HERNPE L, RLEELD
HIBFFU IR, apelin-13 nJ 3@ i 40 Jf 455 5 0 15 3
M 1/2 (extracellular regulated kinasel/2, ERKI1/2)f5
Sl 2 NI S 1 R L N NI R
UL APY SZARBEAE B R IL SN, 1 ERK1/2 J
JRAY ERK1/2 B BG KRk 9d s>, #EI APY =2 4%
KL ERK12 g2 e SO AK KT w2t
T OGP, Zhong 5PV IL, LEHE FR I /) B apelin
A DA I B AL eNOS 75 2 Sl K . 5 R0 1 45 5%
K Z A SRRV K ) S . FHIHED apelin/APY
RG] gl ik NO. ERKI1/2 i@ #% 2 5 & i 1 &
B ASEEG SR A A R M I K R (spontanously
hypertensive rat, SHR), WKY KR (04, M%2
R B A 18 = ) Jok I A8 A %) apelin-13 1R & 5K e WV
PE, SR S8 U5 A ) 550 i 6 2 e R 2 R
(LNNA) F1 ERK1/2 J# # #)1 l 71 PD98059 £ i+

AT, H 3 F o A i i

apelin-13 [ L A2 4) 2% 30N 2 75 5 NO Hi ERK1/2
5SRO, SRR TR RSP L4 H
%% apelin-13 X} ERK1/2 F35 BRI 52, A0
(45 AR B apelin/APT RZ T E S IL S
ML BIBKBEFEREAG S5 R X, A apelin/
APJ ZA G 1R T2 8 24 R B SR R Ak 44

1 MR57E

1.1 ##

SCUGENY): SHR R WKY W [ _EIRET 3 7 5246
. FEERA: apelin-13 £ k(057-19) 19 H
5% [ Phoenix Biotech /A ] ; L-arginine & H 3%
Amresco 2~ 7], (R)-(-)-phenylephrine hydrochloride,
N-nitro-L-arginine ! acetylcholine chloride 4 5 3¢
Sigma /A #]; 2’-amino-3'-methoxyflavone i H |-
WA ) HABI A [ = o A gl 2
A BRI A (HX-1 B0 A R oK 2 A e 2
Bit: Power-Lab A= BRACSR ORI 2RO A% 5 7K 07 4
AE 4 H LK F IE. ADInstructments 23 &), i Sk UL
IR ) AEE 73 TR chart 5 8 AF.

1.2 FHYRYEFMENE

SHR A1 WKY #B2& M- 3573 v S5 54 ol
WK, O TR]—HEIR 8 Jl R /INHENE KB, AEIH 4 sh
V5. ARG 3 ORIk, WL s A 2 R
4 8:00~9:00 #BEAT. SE4 RRHE, e
STV REAT OB R, % HX- 1T AL/ N3 il s v A
BL-420 R AEY(E SHLAE RGN AR 2R 8 7] ) IE A
—ig, RHLAMEERENE K RIERCRE N R
ik 4 ..

1.3 KR ESNEKIRAIIREY

SIUHENE FV2 AL E R B, I Je I e T 4 M
B, WA pH 7.2 19 0.01 mol/L fif iR £k 2% ih
¥ (phosphate buffered saline, PBS) T Hi {1t 55 FE#:4K
MR, VPR, 201 = B KOs P s ki
BT S BY T, T I S B kBN A 2z 18
FENIR A SM(95% 0,+5% CO,) 1 4°C kerb’s Wik
FRILH (FHZE 18K B 10 £ (1) BE (mmol/L): NaCl
118, KCl1 4.7, MgSO,*7H,0 1.2, NaHCO; 20, KH,PO,
1.1 F % 4.5, CaCl, 1.25), NaHCO; Fl15 45 B £ I
AYETIIA, BRIV pH £ 8.1~8.4 Z ). fE
4°C [AIREE OB M 7 kerb”s WP AMSHERDE, R
FZBRIMAE IR AR M, AT S BE R 5L
HEREBY AN BY 22 A0 )8 22 AR 4 A 23 TR T ZH 2K
Y I 3 Bk BY & 3 mm KB KR e 4B
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TRESAAI 4°C kerb’s WP 4.
1.4 MEIRLLE

SEEG N, SEAEMERE L 0 g 5K B I
55 45 min ML B AR K )R AR IR A &2
0.0196 N (2 )5k Ji /o 47 Fi A& & 45 min. Ik )5 H
60 mol/L (1) KCI ¥ il B e 4, 38 ) dye K AE A &
JarPut, [ 2R INZHT 5 min PR TERARK
NI ERE [ AT, RIS (K Dl i
& A MRS I AR 5K T, R 5 SR i 24 9l
k. — FUK R 3 B bkorT DUSURS 4~ 6 4% 1ML 3R
S P AR R I R N 12 T UK A 4°C HIIR IR
FHRIEAAEE 95% 0, Fl 5% CO, iR &K
kerb’s VR ARAE, BERE 3 h EHUEN RS S
BFUKH. — FORRI A A IR 16 h Y
GEOC. AR UCHEAT BEL T ) S 56 5 AR 0] A BE AT
Yoo B 1EERAT BRI R — 2D (5286 7 A 5 .
FE AR P B 40 0 S 56 J 5 458 FH A1 2 28/ b 2 3ok
IR, L) R e A b 5 1 5 P R R A T e A
P, BRI PN R 41 M S T T R S 5
1.5 KRMEFENMAaIESR

K FH Campbell JC (1720 23 W ey 15 57 K Bt
PN, TCR4 AT T 2 e 8 JAkEE SD KR
W Bh ik, RT3 G R LW PBS WK 8 77
M EYE 2~3 IR, BEFIBRIME S ] IEFIZE
Yrahian 2 5, ¥ M8 b B UZ B 1 mm x
1 mm KNS, W58 THEIEMAN, A
/£ 20% FBS [t DMEM K559, & T 37°C,
5% CO, W E P RIIR. 3~5 REW—Ik, Frdif
K2 70% ~ 80%fh A I 0.25% 9 8 11 B v A A%
£, F% 10% FBS ) DMEM B985 9%, Wil
MeL: M BRKRER =M, B <0 -
B FEAK, R SM ac-actin %5 21 234k 24 7 1k
W55 K R ST 5 UL 41 Jfd (vascular smooth muscle
cells, VSMCs). SEEGHUES 5~ 10 AA40 .
1.6 HitEHE

Ll x £ s F7x, KM SPSS 13.0 for windows
BAFBEAT 08T, PIREARS B R « B %, LA
P<0.05 NG FE .

2 & R

21 HiiEM. ZEEAERER B &M S ME KR MmE
ISR AR
AR (1x10°, 1x107. 1x 10, 1x10°mol/L)

REA AT I PR I e, Wik 0 52 ok B Al v 3
B, B SHR K BRGS0 4 AR 19 Wi 4 S 3 i T WKY
SR, SHTAE AR (1 x 1075 mol/L) s SHR A il ifi & i
itk 77 B % HEZ1(0.89 £ 0.04) g HE I 42(1.51£0.06) g
(P<0.05, K 1). ££ 1x10° mol/L Btk i1 sl ik
T, SEREBH(1x10%. 1x107. 1x10, 1x10= mol/L)
XMLERAEIRAEN, &75K 5 20 258 SRRk 22
(R T o S BEMORUPE B3 . H SHR K RN &9
JIH B 1 & 5K S MNAR T WKY X B 41, £ Bk H A
(1x 107 mol/L) I SHR K B d5c KT 5K 11 43 LG H
X HEZ(76.58 +5.54)% 9% 4(53.59 +5.34)% (P < 0.05,
Kl 2). FEE N REARAE I BR, 25 bR R I8 3R AR
1x 10 mol/L HrAs AR [ SR T, XA R EE R &
FEAEAR 1 x 105, 1x107. 1x 10 1x10° mol/L R
PRI VR B A PE R &7 9K, SHR B Hoxf 4
WKY K BB P75 22 B N B i 0 & T A e P 6 5K
YER B TE RN, P 5Kk 77 284k TG S 35 1k 1 22 il
(B 2). Euenr W, PR BRI 3= 2 ik I 5 00 7 4
RSB LT e e N, Wi 7k 73 SHR K BLCK T
WKY KB AT BRI P AR S A 35 R
PR HHPE R 9K, SHR K BRI &F 7K 71 20 2/
T WKY KB, 7B LRI AN R G, PRP R R A
X CTBEHHBR IR &F 5K B B B AR /N, P 2 A TG s 2%
ZE 5.

Tension of vasoconstriction/g

0.2F

-8 -7 -6 -5
lg[c(Phenylephrine)/(mol+L™)]

Fig. 1 Effects of phenylephrine on the tension
of vasoconstriction in SHR and WKY
P < 0.05, SHR vs WKY; *P < 0.05, PD98059-SHR vs PD98059; ‘P <
0.05, apelin-SHR s apelin-WKY; “P < 0.05, LNNA-SHR ps LNNA-
WKY. x +5, n=28. e—e: WKY; 0—o0: SHR; A—A: PD98059-SHR;
A—A: PD98059-WKY; ¢—e: Apelin-WKY; ¢—< : Apelin-SHR; m—n:
LNNA- WKY; O—0O: LNNA-SHR.
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100 . . .
-8 -7 -6 -5
lg[e(Acetylcholine)/(mol+L™)]

Fig. 2 Effects of acetylcholine on the degree
of vasodilatation in SHR and WKY
*P<0.05, SHR ps WKY. x %5, n = 8. e#— e : SHR with endothelial;
o—o : WKY with endothelial; A— A : SHR without endothelial; A—A :
WKY without endothelial.

22 Apelin-13 X BAMSMEXRARETTEFME
M Rz M E ER5K 11 5200

7E 1 x 10 mol/L 48 AR () TR R, P2 K
B I FA %) apelin-13 (1x107°, 5x 10, 1x 1075,
5x 107 1x 1077 mol/L)Z I H & F&E At 1k (1) £ 5K
H SHR KA apelin-13 [%F 5K Je B 22K T WKY
X}, A{E apelin-13 (1 x 107 mol/L)i, SHR #iz Kk
Pk A 2 b WKY X2 (16.49 +0.63)% 8 /> &2
(12.14+0.67)% (P < 0.05, Kl 3). LW IKE, W

=

Degree of vasodilatation/%

18—
1x107

5%x10” 1x107* 5%107* 1x107

c(Apelin-13)/(mol <L)

Fig. 3 Effects of apelin-13 on the degree
of vasodilatation in SHR and WKY
*P < 0.05,SHR vs WKY; *P<0.05, LNNA-SHR vs LNNA-WKY. x + s,
n = 8. 0—o: SHR; e—e: WKY; A—A: SHR-LNNA; A—A: WKY-
LNNA.

0K BRI AR apelin-13 (1x107°, 5x107°, 1x 107,
5x 107, 1x 107 mol/L) &I H A< F5 A0 i 1 (1) Wi 4
H. SHR K[ X} apelin-13 (#0045 5 B i =5 T WKY
X2, apelin-13(1 x 107 mol/L)i SHR K Fl ifiL %
B 7K ) s BEZH.(0.32 +£0.06) g 38 11 45(0.38 +
0.09) g» HGE 7 B &M= 7P > 0.05, Kl 4).
FHUIEAT UL, apelin-13 XF-TA7 A Bz (AL SR I £F 7K
MAERER, HE KA 7% SHR KR ZL T WKY
XPHRATRER. X T LB R i A, apelin-13 1)
R AR M E R, 4Rk J) SHR KRR
T WKY XA, 25 R 4278 Apelin-13 J2& —#ff
BN B A R I A VS P A R

045}
20401
S
3035}
2030}
o
2025}
2 0201
So.15|
g
2 0.0}
L
& 0.05f

*

/

5x107° 1x107* 5%10%* 1x107
c(Apelin-13)/(mol <L)

0
1x107

Fig. 4 Effects of apelin-13 on the tension
of vasoconstriction in SHR and WKY
*P<0.05, PD98059-SHR vs PD98059. x + s, n = 4.e— o: WKY without
endothelial; o—o : SHR without endothelial; A—A : PD98059-SHR;
A—A : PD98059-WKY.

2.3 ERKI1/2 #I # % PD98059 #1 NOS #] il 5
LNNA ¥ &, apelin-13 3 B & %5 [J£ X & M
EIRK RIS

FH 5% 10° mol/L ERK1/2 FHLIKi 7] PD98059 Tl
B I I 30 min 5, B4R R PR %) apelin-13
(1x10°, 5x10°, 1x10%, 5x10%, 1x107 mol/L)
FEIN HE AR EMCR R Rl 4, SHR 4K Rl i 7 Bl
45 B OK T WKY F W21 il 45 3R U 45, apelin-13
(1 x 107 mol/L) It} SHR #5z K Wit 4 5K 1 i o} e 41
(0.095 +0.006) g 1 45(0.126 + 0.007) g (P < 0.05,
Kl 4). LNNA 1x 10~ mol/L 7 & SHR [ WKY
114 30 min J&7, PILLA R EAX) apelin-13(1x10-
5%10°, 1x10%, 5x10%, 1x107 mol/L) £ H kK
FERGPER T 5K, SHR KA apelin-13 1187 7K )
N EAR T WKY X2, apelin-13(1 x 10”7 mol/L )i
SHR 5 K& 5K 11 40 Lb i1 6 B 21 (2.64 + 0.35) %0 &2
(1.98 £0.52)%(P < 0.05, &l 3). PI4L K AL apelin-13
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IVER R, %FEC T LNNA F0 & 10 08 2R 47k i
o Z B A LNNA T & 16 1055 B8 67 5K 1 29
FRER(E 3). Hknl WL, PD98059 TiiF & Jim I
BT apelin-13 FI0H IR EAK I E e 4, 5 LR
W 5 apelin-13 [R50 #4953, SHR 41K
BRI e 4 7k O B KT WKY S IR 41 iM% . LNNA
TR & o B I 4156 apelin-13 R BLH 475K, SHR
KR IR 5K /0 2L WKY SR AL, Bt
Eb 4% ok e 52 0 S A e AT LNINA. 00087 75 1) [i) 284 i A5
T,
24 Apelin-13 T3 E R, #HEK. CTELEEREX B
S MLE X R M E IR ) B 220

Apelin-13 1 x 10- mol/L T ¥ & L4 30 min
i, MR x10°, 1x107, 1x107°,
110 mol/L)VEF T 2B i B g e 4, H SHR
KRR 4 e B v T WKY RFRZH, 1% 107 mol/L
B AR BRI SHR K R I /8 e K W 4 7 el X AL
(0.77 £0.07) g ¥4 % (1.18 £ 0.05) g (P < 0.05, K 1).
XFHETG apelin-13 Tl & 1 L5 35, apelin-13 7157
B LB ARAR e e B A8/, HIG e
apelin-13 TiliF & 575, SHR X 87 48 AR W 4 7k )
Eb WKY #% K( 1). 1x 10 mol/L apelin-13 i
J ML 30 min J57E 1 x 1075 mol/L 37 45 AR (1 41 3k
T, KU IR ZBEARE(1x105, 1x107. 1x10-,
1 x 10~ mol/L) & B tH ¥ FEE Al M &7 5K, SHR KB
oK B AL T WKY X 4H, 1x 10 mol/L
& T IH Bk 1) SHR d5e K &7 5K & 43 b oxs B4

ok
o= *

= V= <

= 20t

.S

k=]

=

S 40t

2 +&

g &

L‘S 60 L

§ B #&

&

2 8ot

100 — L . .

-8 -7 -6 -5

lg[c(Acetylcholine)/(mol+L™)]

Fig. 5 Effects of acetylcholine on the degree
of vasodilatation in SHR and WKY
*P < 0.05, apelin-LNNA-SHR »s apelin-LNNA-WKY; P < 0.05, apelin-
PD98059-SHR w»s apelin-PD98059-WKY; ‘P < 0.05, apelin-SHR wvs
apelin-WKY; %P < 0.01, s apelin-SHR. x + s, n = 8. e— & Apelin-
LNNA-WKY; o—o: Apelin-LNNA-SHR; A—A: Apelin-PD98059-WKY;
A—A: Apelin-PD98059-SHR;&—¢ : Apelin-WKY; #— : Apelin- SHR.

(81.06+5.38)% P& %5(55.14 £4.92)% (P< 0.05, 4] 5).
X L TE apelin-13 T & 1 1L FR,  apelin-13 TiUiF
B LA LE B AR AR 0 CIERR A 4 v 53
FARKE S5). ke W, apelin-13 THHF & 5, W
K I PR FARARIE PR BEAR BRI i
4 [N, AH 4 5K ) X6 BTG apelin-13 TH6E & 1 1
Bk SN, Apelin-13 TG & Jim P 2H K B i) o 5
WA MR AR R, H& Km0 R MR
apelin-13 T & IIIALAEE A7 Db /. 76 N B2 AAAE I 1
B apelin-13 0 5B Ak 5 | & 1) of 87 i 4 S AT —
SEMIFEHUVER, 0 L BEAERE 5 | ) 15 &7 5K AE A7
I [N
2.5 [ERKI1/2 #I # % PD98059 1 NOS #] #ll 5
LNNA ¥ B E#fask. CEtREREXY B &S ME
KRR I EIRGK J1 B9S2 M

PD98059 5x 10~ mol/L T & L& 30 min 5,
P2 K B B IR EFT AR AR 1 x 105, 1x 107,
1x 10, 1x10-° mol/L HFJ T (1 4 sk 1 22 I H 4
FE MR BE T, SHR K U6 37 4 AR R4 J B ey
T WKY SE4, 1x10° mol/L s #ki; SHR # K
Wik 1 Hon E20(0.67 £ 0.06) g 1 45(0.97 £0.04) g
(P<0.05, & 1). PD98059 Tii# & J5 SHR 2 WKY
K EUILE XS PE 4 sk 773 % 35K T PD98059
I B 1) R 2R 2 0 (B8] 1), 5%10° mol/L PD98059
T & ML 0.5 h J5, 7E 1x 10 mol/L 3 4 Ak 11
A SHR K BT ZBEREA 1 x 105, 1x 107,
1x 107 1x 10~ mol/LIF)#&F 7K s NAK - WKY X it
41, 1x10° mol/L ZBEEAHAHK SHR 5 K&F 5K 7 4
Et 1 %) B 4 (91.85 + 4.67)% % &= (73.68 + 5.35)%
(P<0.05, K 6). *ILkJG PD98059 i & It il i,
PD98059 il i & J5 SHR & WKY K i il 5 3£ %
Ach 1 #7 5K ) NV 341K T J6 PD98059 i & 1 [] 248 23
I3 (K 6). 1x10 mol/L LNNATHE & Ifi
Ja, PALR R B IKIAAEF AR 1x 105, 1x107,
1x107° 1x 10~ mol/LAIFL T 14 7k I R B0 H 4
FE MOMPEBE T, SHR K UGS 37 4 AR R4 J B ey
T WKY X4, 1x10-° mol/L #H#E Ak Ik SHR #%
KWL 5K F7 1 (1.43 £ 0.34) g 1 %(1.67 £0.36) g
(P<0.05, K 1). LNNA Filli¥ & f5 SHR [ WKY kK
FRMLE 0 PE [RIC4 [ V35 KT J5 LNNA B 8 (1 14)
KM, 1x10%mol/L LNNA il & M4 5, 1F
1 x 10 mol/LFT A& AR I AL, SHR K BN & 19
FHBE 1x 105, 1x107. 1x 10 1x10~° mol/L&F 5K
R NAK T WKY WAL, ZWEARAS(1 x 1075 mol/L)

30 min
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I SHR 5 K &F 5K A 20 b i (14.39 £ 0.65)% 9% K4
(13.52+0.53)% (P<0.05, K 6). fHuknlll, 5H
22 P A Y5 P A TR S8 1) 1607 A S B 3R A 7% b AT LA
K IL: BRK1/2 38 #0415 PD98059 wif LA i i 55
INXE PE WA N, 386 0L %) Ach R 67 5K
V. NOS 771 LNNA 7] LLAE I 5 %+ PE [0 4
SRS, JEIE] Ach I £F IR .

Degree of vasodilatation/%

100~ - - .
-8 -7 -6 -5
lg[c(Acetylcholine)/(mol+L™)]

Fig. 6 Effects of acetylcholine on the degree
of vasodilatation in SHR and WKY
*P < 0.05, SHR »s WKY; “P < 0.05, PD98059-SHR »s PD98059-WKY.
% £s, n =8 A—A: PD98059-SHR; A—A: PD98059-WKY; o—o: SHR;
o—e: WKY;0—¢: LNNA-SHR; ¢—e¢: LNNA-WKY.

2.6 Apelin-13 %515 ERK1/2 #]#| 3/ PD98059 #1
NOS #1# 5 LNNA £EMBEEMER, FEK.
Z B RB RS 3T M 2 A 520

1x10-*mol/L apelin-13 F1 5x10~mol/L PD98059
FEIR) P B 15 30 min J&, AT IAAERARAR 1x10,
1x107. 1x10° 1x10-5 mol/LIJ¥ T (W 4i ik 1y
FI TR AR AL 1 T, SHR K Uk 3 A A B4 i
G N T WKY XS HEAL, 1% 1075 mol/L B A Ak i
SHR 5 K Wie 4 5K 77 BT BEA1(0.70 £ 0.59) g 386 0 2
(1.00£0.45) g (P<0.05, [ 7). %f Lt Bl A PD98059
TR0 & I, apelin-13 5 PD98059 3L 7] T &
J& SHR J& WKY KEULEFR 0T PE (145 5 3 2K
T PD98059 FAMF A (1 A SR M. 1x 10 mol/L
apelin-13 1 5x10-° mol/L PD98059 F& [ 14 i & IfiL.
& 30min 5, £ 1x 10" mol/L s (i) i il 8 if.
ExF GBEIHBE 1x103, 1x107. 1x10. 1x10~° mol/L
R MO ERT 5K, 75K H 73 % SHR K RUIK

T WKY R4, 1x10° mol/L Z LA SHR 1%
KAEF5K 1T 9 HE HR) R 2H.(86.03 £ 4.67)% L Z5(76.19 +
5.35)% (P < 0.05, & 5). Apelin-13 5 PD98059 3t
[ P & J5 1) SHR M2 WKY K RUIMLAS % Ach #F
gk [ NV 55 PD98059 HLBH I A& 11 7] S 1Y ifi A bR %
AN, 1x10° mol/L apelin-13 I 1 x 10~ mol/L
LNNA St 5 70 & M55 30 min J&, 055 A48 T 4
M Ix10%, 1x107. 1x10° 1x10-° mol/LAI#
(ISC 4 7K 77 2 IR H R B AR e 19 hn, - SHIR K Rxy
BOAEARIKI WS S T WKY S B2, 1x10° mol/L
FARARINT SHR 5 AW 4 7k 77 H1(1.37 £0.69) g 34
2(1.70 £ 0.87) g (P < 0.05, K 7). 1x10~* mol/L
apelin-13 F1 LNNA 10~ mol/L &[] Jil i & ifil 5
30 min Jii, 7E 1x10° mol/L HARAK I PRI R I %}
CLEMETE 1x 103, 1x 107, 1x 10, 1x 10~ mol/L
IR FEHOBE T 7k (] 5), SHR K BT £
TRl PR % 7K S NI T WKY A4, 1x10° mol/L &
e AEL AR N SHR d5e KT 5K H 73 B HH(14.90 +0.44)% ik
H(13.64 +0.61)% (P < 0.05, K&l 5). Apelin-13 5
LNNA [0 & 5 SHR & WKY K FLUM % Ach
(R &% 5K B N KT LNNA B0 7 1 [) 28 R I 4%
BE S Ach ¥R FE I 34 &y 5k B2 AR K. dgtnl L,
PD98059 Fl LNNA 14 ERK1/2 F1 NO i # 41117
FE T & I8 L FE o % apelin-13 /1155 28 W 27 %%
NP7 A5, % PD98059 FAL A B B A If 4
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Fig. 7 Effects of phenylephrine on the tension
of vasoconstriction in SHR and WKY
*P < 0.05, apelin-PD98059-SHR vs apelin-PD98059-WKY; “P < 0.05,
apelin-LNNA-SHR s apelin-LNNA-WKY. x %+ 5, n = 8. e—e:
Apelin-PD98059-WKY; o—o: Apelin-PD98059-SHR; A—A : Apelin-
LNNA-WKY; A—A: Apelin-LNNA-SHR.
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PD98059 Fil apelin-13 L0 & J5 fll PE ¥ ifiL 3 e 4
PRI BG5S G LNNA SO0 & 1 1L, LNNA
Al apelin-13 SL0F & J5 48 PE S 1f 8 (10 W2 4 48 T s
55, 1 Ach [IEF K ML RN A2 0 b,
2.7 Apelin-13 3 X i VSMCs ERK1/2 %8 1k B9
EFFIRT I

S5 0. 0.5. 1. 2. 4 wmol/L apelin-13,
10% FBS fl 1 pmol/L Ang Il #IJ3#CK il VSMCs, 24 h
JEWCAE R ), Western blot 55 o, ERK1/2 #
AL o 2R ARl , 1 ERK1/2 JE I 2 A8k
(K1 8). H 2 wmol/L apelin-13 H3# K il VSMCs 0.
0.5. 1. 2. 4. 6. 8. 12 f124hJ5, WHEEAR,
Western blot 45 5 B ~, ERKI1/2 #MEILAE 4 h £k
Wi, B ERAR, I H 24 h B S BERR AL
T 0 h %P HR4H, 1 ERK1/2 ] BARL (K 9).
i ERK1/2 #1171 PD98059 10 umol/LTiEF 5 VSMCs
30 min &, T 2 wmol/L apelin-13 H|¥# 4 h J5,
W BE 4R 1%, Western blot 45 R 7%, PD98059 1
DA apelin-13 5311 ERK1/2 ##&1k, %I ERK1/2
MU (A 10).
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Fig. 8 Dose effects of apelin-13 on expression
of pERK1/2 and ERK1/2 in VSMCs
*P < 0.01, **P < 0.05, ps 0 wmol/L apelin-13. x + s, n = 3. H:
pERK1/2; O: ERK1/2.
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Fig. 9 Time effects of apelin-13 on expression
of pERK1/2 and ERK1/2 in VSMCs
*P<0.01,vs 2 pmol/L apelin-13 O h. x s, n = 3. W: pERK1/2; [1:
ERK1/2.
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Fig. 10 Effects of PD98059 on pERK1/2 and ERK1/2
activities induced by apelin-13 in VSMCs
*P<0.01, s apelin-13; *P < 0.05 vs control. x + s, n = 3. l: pERK1/2;
O: ERK1/2. ]: Control; 2: Apelin-13; 3: PD98059 + apelin-13; 4:
DMSO + apelin-13; 5: PD98059.
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DA S 56 R I, 3 4K SRR kv 21 apelin
Ja RefE 5 R i &7 5k NI BRI, apelin W] g2
@M EER, Mg T A2 k7. APY
A apelin £EAARIRER /LR, dnfiiy Oy B
i1 = SN 1Y 7 7 o P & e 2 € 97 o AW
FEAR—F®. RN, 23 A0 == Rl B B
N ZEWIbRA AP FE KB 2 Fif2,  apelin 75 j& 4R
BTk BRI R ik, T HOARB, R
T 1995 AL 3E H apelin % apelin mRNA 7KF-H i
B4, VLW apeliny APJ SZARTE AN PEL L T o
B AR A X AT IS RS, AR R
JikA5 apelin W] FEARGIE & KX B, AR SR A
BRAR I (1) RTINS s e, Hah ik s 7 sz 1
S BURR FEBRAIG. AR DR rb K Bl M = 20 ok I 6 1 o 4
FEFRMEHUT, apelin ¥JEEB AT 7K SHR & WKY K
U E Bk, M IE—2PAESE apelin A& —Ff % 1L
WETED T, e R R I A T DU kR gk I R
SEK.

H A0S apelin (115 5 5 Sl OB AT IMHE 2.
A AN mRNA Fl (15K FUESE T APJ A apelin
LRI P WIAT K1k . Apelin 7] 5 ML 4 {22 1)
APJ ZARES G WS — A E A TE(NOS), I NO
Sl M &K, UK RS g ki ke, H4
NI apelin 5 VSMCs W APJ &5 )5, 7ANH
BN A M e A, P A 1 I W
. Mk, apelin XTSI BR P RE R B AR B Tk R AL
AR g EH, HAEHMES Ang I AH
23 Tatsuo ZEdk— DI K I, apelin- APJ 155
5 Gi A4 A A, TGS E A B C(PKO).
Na'-Ca? B 1A I S5 M AL LK H 1 42 B B 1R A AN
M5 U AR, ARSEE R I, apelin-13 %) T
A PRI A B R B PE T SRR, e T
RN R IAT, apelin-13 W) & B H 05 4 i 5 (1) 4
., #2758 apelin I9 IV F @& 9 B HRORBAPE IR, 75
L BRI A apelin I HA 4885 (11046 1 4E
H, o BRI T M~ R B, apelin SEFR & —
CUE N2/ RITE S/ IR=87/) /O (PSS SR g iR
B, BT A N R A AP S2AR G H 43U B
i, FENO MBI, IS SR 5
T apelin [F4A ML BN

22 4 B0 () 2 U8 (mitogen-actived protein
kinase, MAPK) & —2H 22 %R / 73 % R 51 1 U .

MAPK 15 5l 5 &) 2 AR T 2R 40 ) 11— 4%
HEESHREE, S5RTARMS. B64.
Oy ZLFIPE T2 . MAPK JE A5 = 4% 1 S %,
L 0 A M 5 R O ERK /2 38 4 2 e 1
—4&. WIEKRIG R ESKE RS, A A
ERK1/2 [F38 E i A T LA 3 Ca® s, 51 i
B OF W UL W 4 . Apelin W]l 3 S OO
Ras-ERK1/2 15 ‘5 1@ 4% 4 5O JULC 4 250 8. e v I
e R, BEA OB R ERK1/2 ik
K, ERK1/2 R 558 1 F 2 2o IR JE ) kA,
e SR IR TS RO . DR SR s o o e v i
L 3G &, apelin (K35 28 4L 320 ERK1/2 &
k) B, A AT REE R Ry K AE eNOS-NO %2
B, FPEUMERFIKINAESZH. HZ Wu SEFBEHFST
i L H T ¥ (spinal cord stimulation, SCS )M
i Jed SR 10 SR TR AR BB R ML B, K SRl
BRECE T K BUBEMER 2~ 3 B BEM 2894, i
I % Bl ML 15X (laser doppler perfusion imager,
LDPI) i Wl Zc A W ) 2 5z () o s o, 4 SRR BN
ERK #ll ] 57 U0126 HI 8% it Mt WL B -3- ¥ A
(phosphatidylinositol 3-kinases, PI3K) 14 5 1447 1l
1 LY294002 K KEE)k SCS -3 M & 5K bV, #
] ERK Fl AKT #Z 5 SCS i 3 5% &7 7k D) g .
ML A2 SR LA S 42 A L 38 P P A O Bt
R, EMEEZSBIVEKKE . BILKELR
DLEHT A L AR . 2T 4 gl i 2B K R 2
(fibroblast growth factor-2, FGF2 )AL Py Jz 4= K
- (vascular endothelial growth factor, VEGF )7t
PR IE R4S AR BRG], Zheng S5R9HLE
A SR AT L AE FH I NO &3 ik NO/cGMP/ ERK1/2
A% T FGF2 % S0 45 A . AsLs kI,
ERK1/2 1 # 7 PD98059 i 0% & J& Il 45 ¥ X}
apelin-13 LR EEHCSME W4, 5 28RN 5
apelin-13 FRISC4 LA A4 NEA 33, LWL ok )
SHR > WKY K, PD98059 i¥i#% T apelin-13 5]if
N IRERA TSNS

SEEG ORI, apelin-13 AMEBEET 5K & P B2 LA,
i e WKY K, apelin-13 %} SHR K L0 &7
SRIMAEAE 250855, Apelin A& T L8 P Kk
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I W] RE-F B0 A N B 4 i D RERRAG, R T apelin
S A6 7k g PR R Y R JE e P R A R T NO 1T 5 |
i, eNOS ¥ PE AR AS A2 5L NO B i3 7 g &
TR ML A BRI A X apelin s 9 55 ) 2588 J PR 2
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—, {E L (1) B R ek i R AT Ak — e A
F. TR apelin-13 BE8% 7 5K & P9 Rz 16 1 3= 20 ik ifi.
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FPOR M VE FH B kN . [R)R 5 RN 1) LNINA 5%
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120 NOS/NO R G NO ZE i, e & 5] ifn 4
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WIS A5 4 I 5% . ] PD98059 T /& I 45 FR
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YEH.

ity LR R, ARSI SHR M1 WKY K
B9 R 2 B KA SEBGHR T apelin-13 7 i il IR
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ERK1/2 Mediated The Vasodilatation of Apelin-13 on Vascular Rings
of Spontanously Hypertensive Rat in vitro®

LIU Chang-Hui"”, LI Xin?*", CHEN Feng””, PAN Wei-Nan?, FENG Fen?,
QIN Xu-Ping?, LI Lan-Fang?, SU Tao?, CHEN Lin-Xi¥"™
(" Department of Cardiology of 1 Affiliated Hospital, University of South China, Hengyang 421001, China;
Y Istitute of Pharmacy and Pharmacology, University of South China, Hengyang 421001, China)

Abstract In order to study the effect of G protein-coupled receptor APJ endogenous ligand apelin-13 to the
vasoconstriction and relaxation of spontaneously hypertensive rat’s vascular rings in vitro and its NO and ERK1/2
pathway, perfusion method in wvitro vascular ring and Power-Lab system was used to detect tension on rat’s
vascular rings. Experimental groups below: Phenylephrine group, Acetylcholine group, apelin-13 group, apelin-13+
PE group, apelin-13+Ach group, PD98059+PE group, PD98059+Ach group, LNNA+PE group, LNNA-+Ach group,
apelin-13 (preincubation) +PD98059 +PE group, apelin (preincubation)-13 +PD98059 +Ach group, apelin-13
(preincubation) +LNNA +PE group and apelin-13 (preincubation) +LNNA +Ach group, compared with WKY rats.
Rats’ vascular smooth muscle cells were cultured and the expression of ERK1/2 protein was detected by Western
blot. Apelin-13 for the blood vessel with endothelium has demonstrated concentration-dependent vasodilation and
SHR < WKY in percentage vasodilation, but for the blood vessel without endothelium, apelin-13 shows the role of
vascular contraction and SHR > WKY in contraction tension. Apelin-13 pre-incubation can reduce the SHR and
WKY rats’ the reactivity of vascular contraction tension on phenylephrine and increases the relaxation response to
acetylcholine. After NOS inhibitors LNNA blocking the formation of NO, the relaxation response of the vascular
rings to apelin-13 is significantly inhibited and apelin more pronounced reduces the diastolic response in the SHR
group than in the WKY group. This suggests that the vasodilator effect of apelin-13 partly depends on
NO-dependent pathway at least and SHR hypertensive rats with NO pathway obstacles reduces the vasodilation of
blood vessels to apelin-13. After pre-incubation of ERK1/2 inhibitor PD98059, the response of vascular rings to
apelin-13 shows concentration-dependent contraction, which is the same as the blood vessel without endothelium
to apelin-13, SHR > WKY in contraction tension. PD98059 reversals the apelin-13’s vasodilation effect. Western
blot analysis showed that apelin-13 promoted the concentration-dependent and time-dependentexpression of
pERK1/2. The potent ERK inhibitor PD98059 decreased the expression of pERK1/2. The diastolic reactivity of
apelin in ex-vivo vascular rings of SHR is reduced and the effect is mediated by NO pathway and the ERK1/2
pathway.

Key words apelin-13, APJ, NOS, SHR, ERK1/2
DOI: 10.3724/SP.J.1206.2009.00360

*This work was supported by grants from The National Natural Science Foundation of China(30901577) and Outstanding Young People Education
Fund Project of Hunan Province(03B036).

** LIU Chang-Hui, LI Xin and CHEN Feng contributed equally to this paper.

***Corresponding author.

Tel: 86-734-8281587, E-mail: chenlinxi@tom.com

Received: June 9,2009  Accepted: July 22, 2009



