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[(HZE] HM  HTMNEE apelin-13 22 B R RS IKOB AR LIE U200 R T BepLail . )7k #% 60 H SD KR4
Jy 4l (n=15) EE XL GEE AR | BRBR (i iael, A4 BRER K BRI ST ) ARG apelin 21 (& i 55 [R] A
B K 45T apelin-13 2 mg/kg FRHFIKIEST) &5 apelin 2 (/&5 JR SR [R) B fR R 45 T apelin-13 8 mg/kg EFFIKITS) o T8
MR — eSS T 05 3 K BUZEZE R D, (60 x 10°U/kg) I s 5 o 12 A A i A5 285 o, A6 00 A L g 7 - 1
(malondialdehyde , MDA ) & #8 5 fk.#) 157 fL. [if  superoxide dismutase,SOD) 7K HE e i Wi5% sl ik 5 AbHR L B 2281k o
JE AL ULEE -0 UULEH 3 1 (o-SMA) S p22phox 75420 I 45 1Y 22 35 5 7 75 WL 88 4% 2 I 5 3l o 2815 100 5 Western blot 46 1]
%41 p22phox NF-«kB p65 JNK J¢ p-JNK [fj3ik, g5 OS5 1EH X IB4AH tb, FHoh 3 4 M fg ( Br#h HDL-C) ¥4 B S 7t &
(P<0.01), & K& apelin 4155 = R ATRIZ] MDA R[5, SOD T, i 4 apelin 2175 L 57 3% (P <0.01) . Q4 H
22 IR K AR i apelin 28 32 Sl ik 4 RS BH S8 L R 6T, £ R BEFROTE A TR 2 48 RE 201 JEL IR L JIE D P A MBS 4L
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HHT, BRI R W] LA NBER S T I . @R 4L b BR T s Bk o-SMA ik Hifh 3 2 BRI X IRAL (P <
0.01) ;& IKFHE apelin 241 82 2 % F R g B2 (P <0.01) 5 = it apelin 41 18 25 & FARRI 41 (P <0.01) o & ARF &
apelin ZH ) p22phox Fe3kH i/ T 5 I BIRIL (P <0.01) , B®Western blot 7% 5l ik p22phox \NF-kB p65 & p-JNK 7£ H:
iy 3 2H 3K W28 T IE R X B (P <0. 01) ;p22phox NF-«B p65 £ 5 L & apelin 2 1Y 3635 B Z R TR BIAH (P <
0.01) ; p-JNK FEAIGA it apelin 28 17 i Fi A5 128 (8] JC 22 5% ; p22phox NF-kB p65 & p-JNK 7E & 7] apelin £ [ 25 B AIGH] Bt
apelin 41 i 3/ (P <0.01) ;%41 INK FXTCH 2257 (P >0.05), &5 AR apelin-13 22 JIKAEIER SAA DL AR ML
TER B KRR AL TR 1 rh ) 4 T, B4 1 P T UL A L 40, 9 2% 3 Wk A R % Ji , JCHLI 7T R S 3 i BH UL INK/NF-«B
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Effect of exogenous apelin-13 on formation of atherosclerosis in rats

Liu Dan, Liu Zengzhang ( Department of Cardiology, the Second Affiliated Hospital of Chongqing Medical University, Chongging,
400010, China)

[ Abstract | Objective  To determine the effects of exogenous apelin-13 peptide on the formation of
atherosclerosis in rats, and investigate its possible underlying mechanisms. Methods A total of 60 SD rats
(7 to 8 months old, weighing 170 to 220 g) were randomly divided into 4 groups (n =15), that is, normal
control group (group N, fed with normal diet) , model group (group M, fed with high fat diet, every 2 d given
normal saline through caudal vein) , low-dose apelin-13 group (group LA, fed with high fat diet, every 2 d
receiving 2 mg/kg apelin-13 through caudal vein), and high-dose apelin-13 group (group HA, fed with high
fat diet, every 2 d given 8 mg/kg apelin-13 through caudal vein). In the beginning of high-fat feeding, the rats
of latter 3 groups were injected intra-peritoneally with 60 x 10* U/kg vitamin D3 for one time. At the end of 12
weeks’ feeding, the rats’ blood samples were harvested for their serum lipids levels, malondialdehyde ( MDA )
content and superoxide dismutase (SOD) activity in each group. Ultrasound examination was used to observe
abdominal aortic lesions. After all rats were killed, their aortic arches were collected. HE staining was
employed to observe the morphological changes of artery tissue, immunohistochemical assay to detect the

expression of smooth muscle actin («-SMA) and p22phox, and Western blotting to detect the expression of
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p22phox, NF-kB p65, JNK and p-JNK. Results
were significantly increased besides HDL-C (P <0.01). The MDA content was significantly lower, while SOD

Compared with group N, the lipids of the other 3 groups

activity was higher in group LA and group HA than in group M, with those in group HA more significant ( P <
0.01). HE staining indicated that the group M and group LA had significantly thickened and unsmooth intima
in the aortic arch, with many fibrosis plaques, inflammatory cells infiltration, cholesterol crystal and
calcification, suggesting obvious typical signs of atherosclerosis. In HA group, the slightly thickened intima was
a little less smooth, and smooth muscle cells arranged in a little disorder, with few fibrosis and inflammatory
cells infiltration. Ultrasonic detection showed that abdominal aorta intima was less clear, rough, discontinuous
and thickened, and even small proliferous plaques in the lumen in group M and group LA. Immunohistochemical
staining showed that the expression of a-SMA in the aorta were significantly lower in the other 3 groups than in
group N (P <0.01), and those of group M and group HA was significantly higher than that in group LA (P <
0.01). The expression of p22phox was significant lower in group LA and group HA with group M(P <0.01),
with the HA group lowest. Western blotting showed that the expression of p22phox, NF-kB p65 and p-JNK were
significantly higher in the other 3 groups than in group N (P <0.01). Compared with group LA and group HA,
expression of p22phox, NF-kB p65 of group M was significantly higher (P <0.01); p-JNK expression had no
significant difference among group LA, group HA and group M (P >0.05) ;The expression of p22phox, NF-kB
p65 and p-JNK was lower in group HA than in group LA (P <0.01); JNK expression showed no significant
difference between group LA and group M (P >0.05). Conclusion Exogenous apelin-13 peptide reduces the

oxidative stress effects in the formation of atherosclerosis in rats, and inhibits smooth muscle cell proliferation,
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which might be through preventing the activation of JNK/NF-kB signaling pathway.
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1.1 EZXAEAE

JRE o 5 PR 4 (v A T A ) TR A D) 5 VN 0 G e i
(BT T 3850 28 7)) 5 apelin-13 (1 9 35 /R A 4L ) 5 9 — 1
(malondialdehyde , MDA ) ] iz, & . #4481k ¥ 157 4k i ( superoxide
dismutase ,SOD ) 3 & K il 35 A 25 11 P03 A (R st AR ) I
FEA D) s BT/ EL p-JNK BT BESTIR A\ BT A INK £ 5 it
R AFT R NF-kB p65 2 e FEHUAR (3 & KAV ,

atherosclerosis ; oxidative stress;vascular smooth muscle cells;apelin; nuclear factor-kB;

AFif p22phox £ FiREHLR (Santa Cruz A 7)) , HTEL a-SMA Hi
SEREGUAR (DUF LA ) o Olympus fii iR 't 2 39457 ; Bio-Rad
N R 4G 53 BT A, SUNRISE EighRAY, V61 ]-F SEQUIAS12
AL,
1.2 S BEREIR S

Mk SD K E 60 H,7 ~8 JEIWS , A ite 170 ~220 g, R
BERFR 2= Bl S5 0 rp SR AL, 2 W 4 FVF WTHIE S - SYXK (1)
20070001, 434 4 41 (n =15) 1% 4 BE4L (38 k) =g
BERIZE (it A R K R bk i 5 ) A5 apelin 41 (5
JEMESR R f K 25 T apelin-13 2 mg/kg KT 4T ) | i 7 i
apelin 2] (75 g WEFE R B B 2K 45 T apelin-13 8 mg/kg & i bk v
SF) s ZHOCER 11 ] D73 A il e B R R, 2541 3 oK, 3
IR 12 JH, e IR AR, B — RS T 3 ALK R4
2 D, (60 x 10*Urkg) M Il 4 4F o 12 JRI K s A 45 i, 4541 SD
REAFEBCERIT 5 X IE4L 14 1, @ ig il 10 H %5
H apelin 4 11 H 555 apelin 240 13 H
1.3 o ALdg A

FREBEES 12 JAARKE 2521 SD R EUAS & 12 h, ST i [ R
i i 3 1 B AR i AT o) AR FE ik R I , 4 °C vk A6 B 3 s
L 16 000 x g @3 E5.0 15 min, /NGO WEEL B EE 3T EP &
BT 80 CUKFRFM . i BRI £ 18 15 7E SUNRISE R b1X
- 96 FLAR A I 4% 2 1 ¥ o't 2 B M (0 4 R AR B SR R
) TR S T A LA
1.4 #F#m

SD K RURFE 12 JAA, 45T 4% KA 58 (5 pl/g) I8 iR
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R AMEM . $RIHIAE Ny 10 ~ 15 MHz, ¥ 18 1E o 2 i 22 Wi
PR A P SOR AR IE RS KRG, 0 SR E 2 3 Ik P R A
TR Ak I AR &R A o

1.5 JRIEHALFHN

10% KA FE (T wL/g) JE I BRI 5 AL SE R R, AT 20 3 5 th
Tt E B PRARER 2 A A B S ESh kA B, BT B4 R R Bh ik
HA T —F TR AT Western blot il 2 F g ik &+
10% HESAWCT , T HE Yoo R R 4Lkl . 12 ] Image-
Pro Plus6. 0 EHR 5 BT R 45, 41 Y) v FEALREE 3 3¢, 7E 200 5%
400 f555 F , Bk DD A PR B 5 N OUET , AR S A0 85 20 BH
PERIE , THEE LT BH 4 240 1t 1 AR 5 i 00 BT 3 ik S TR L AE, 45
1.6 Western blot % & & & &

PRI 2 H L AR B 1, BCA SRR e i, IAS x
SDS-PAGE JIEHk B B0 % - 80 CALfE. 4 SDS-PAGE
HLIK G LA 5% RS Ry B 5% BSA £ 2 h, 48 FIHIA B p-JNK
FASEREGTLAR (1:400) At INK(1:1 000) fedi p22phox(1:200)
S NF-kB p65(1:500) £ FipEHiA 4 CORFM & 127, X —bt
PEEEHART EUL AR e — 90,37 CHE4EMFE1 h, W) ECL
% , K Quantity One 4. 62 BEREHLIK S ATE AT AT IG5 07
1.7 %its o

KA SPSS 17.0 Geit 3 A o it . TH BRI x £5 2
7N, YA L BT I 2243 M, 2EL 18] R LR LSD k.

2 #X

2.1 siF Bg R A A4
SIEF ST IRAL b, Rt R4 K50 2 apelin 41 )% 5 57 i
apelin 2(#) TC TG % LDL-C #JH B F} % (P <0.01) , HDL-C Hj
BIEK(P <0.01) ;R RIZ] K57 & apelin 4} 57 & apelin
HA H. %, TC, TG HDL-C }% LDL-C #Jg22 % (P > 0. 05,
F 1) $LR apelin-13 % 3 Bk sk A (bR BRI A e A= 500
F 1 apelin-13 FH/5 12 AR SHKXR MFERIEIRKTE
(mmol/L, x +5)

2153) n TC TG HDL-C LDL-C
ERXHEAL 14 1.35420.083  0.708 £0.068 0.612+0.076  0.451 +0.060
EIISRIIZ] 10 25.564 £2.1912 0.957 £0.0822 0.307 £0.028% 9.167 0. 5982

{RFIHE apelin 41 11 25.334 +1.726* 0.986 +0.127¢ 0.310 £0.035" 9.056 +0.701*
R apelin 2 13 25.465 £2.4518 0.967 £0.099® 0.309 £0.026% 9.061 £0.3512

a:P <0.01, %5 E4 2 840 4
2.2 i MDA 5 SOD #n|
IR B2 LA, HoAY 3 4 MDA X8 2 7} H. SOD ]

S

FEAR(P <0.01) ; 5R PEAERIZAH L A% L =773 apelin 21 MDA
FEAEL SOD Thi (P <0.01) 5 54150 &t apelin 28 LE &, & ) 4
apelin 24 MDA B & F&{IK H. SOD Bl B & (P <0.01,%2) ., KA L
SN SEAC AR AR TR I E AL EE 7R apelin-13 RESER B Ik ok A B
MR AR AR, HL it apelin-13 BATSHAFAIRCR o

%2 apelin13 FHIF 12 HREAME MDA 5 SOD kT H
(mmol/L, x £5)

25 n MDA SOD
IEH X R 14 2.675 +0.235 1.684 £0.113
NIRRT 4 10 41.972 £3.527* 0.791 +0. 0392
I i apelin 28 11 38.472 +2.580% 0.891 +0.0922
iR apelin 20 13 7.922 £0.8192b¢ 1.445 £0. 1182be

a:P<0.01,5 E% st B b.P<0.01,5 A4 A 20 0k 4%
c:P<0.01, 54&5%] & apelin 28 1b 48

2.3 EFHRFAREHEFUR

TEHA BREA R R Bl bk =5 PG, P9 B A i 2R 58 %
PRI ILAR T ZS IR, HES 25 58 55, G5 R T T, R L
NRBTIUAR . DR RY A S AR it apelin 2H 3 50 ik 45 F4 AN 175 W4
P R JE 4 25, A R 1Y £ A B B ] LA O A 40 e 3
JIELTT et o B B A ko Rt apelin 2H N IO, A 42 6
HEJEE , o 21 LA S HE 91 B L , /0 d 2T 4R 16 A K SAE 2
M (1) .
2.4 fpafin &G Ak
2.4.1 o-SMATEFZIPKS ERE o SMA Qeafish G fE
SEERBEM T METPHIAME (K 2) ., SEWX A
(0.233 £0.026 ) FHEE, F IR AL AIZH (0. 047 £ 0. 009) K5 &
apelin 24 (0. 063 0. 010) % =5 & apelin 24 (0. 187 £ 0. 019)
a-SMA FIE B ERER(P <0.01) . 5 ARE AL Lo AL, AR L
F & apelin 2 o-SMA £ 3K B THE (P <0.01) . S5 &
apelin ZHAR L, 771 apelin 21 o-SMA &AW @718 (P <0.01)
2.4.2 p22phox TEFZPk YKL IR, BER L4
BEHAMA 5 B A0 0 K 98 AE 40 M, 2 4 Ak B J80S BRAR A,
p22phox YL (AFR B (55 - 2E AL T IAL , AR Rk D
SIEF X2 (0. 022 £0. 004) g, @& g€ 8 41 (0. 055 +
0.012) K575 apelin 4 (0. 042 +0. 009 ) } & 57 & apelin 2H
(0.028 £0.006) p22phox FikHH B LZ (P <0.01) ; 5E 5
RIZHAHLE , 1% . &5 7 & apelin 2 p22phox 35 B WD (P <
0.01) ; S5 it apelin 20 FLAEL, #5577 it apelin 20 (5 5 Rk B %
W/ (P <0.01), WL 3,

(B C)
A EF AT B: AR C AR & apelin 8;D . PR apelin 41
1 apelin-13 FHE 12 AASAXREDRSAFERENE  (HE x200)
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AL B AT ;B FAEAE A 405 C K5 & apelin 21;D; % ) ¥ apelin 48
E 3 apelin-13 FHi/5 12 FRZAKXR E BB S & p22phox EHFRIE(S-P x400)

2.5 Western blot 4 &-20 Fh k2022 F B 69 & & K1k

F 3k p22phox \NF-kB p65 K p-JNK 7E =I5 8 20 1K)
dt apelin 2 J 0] 5t apelin 2H 33k 3 5 T IE# X IRAL (P <
0.01) ; p22phox \NF-kB p65 7E & K5 & apelin 21 /& ik . %
T R PR 5 p-INK TEAIRFA) i apelin 20 % /& Jig A5 1 4 1] 6
225 (P>0.05) ;p22phox NF-kB p65 K p-JNK 7E 5 7 & apelin
HINFRIB BT = apelin 2H B B8/ (P <0.01) ; 4 JNK 3
KM RS (P>0.05), WK 4.3,

1 2 3 4

2phox (2210

Boaiclin( 42X 1)) > S—
p-INK(54x10°)—> s
46)(103 — > —

B-actin(42x 107 )—> de—————
K16
46x10°)—
B-actin(42x 107 )— dm——————
NF-KB p65(65x107)—> s M-

B-actin(42x10°)— |

1 B35 BB 2E;2 : 35 A AL 2053 A% 5] 8 apelin 2834 % 7 % apelin 22

El 4 Western blot {0l & HKXRIPXALRPENEBRIE

%3 apelin-13 TH/5 12 RS AKRIIBKEAL p22phox .p-JNK |
JNK & NF-kB p65 fJFRik(x +s)

4151 n p22phox p-INK INK NF-kB p65
ERAIERAL 14 0.171£0.012  0.105+0.032  0.851£0.039  0.132+0.013
R RIZE 10 0.504+0.0568  0.412+0.0362  0.870 +0.032 0.786 +0. 0952

AL apelin 41 11 0.434£0.0472b  0.408 £0.0282  0.861 +0.031 0.567 0. 054ab
Wt apelin 41 13 0.308 £0.0253bc 0,197 £0.0168b¢  0.863 £0.028 0. 174 +0.0203be

a:P<0.01,%5 E% s B4l b4i;b: P <0.01, 5 Z g 8L A 40 b 4%
c:P <0.01, 54&7] = apelin 28 }b4%

2.6 MEINKEER KM EFIRBE

TE B X IR K 2 77 2 apelin 2H K BRUIE 32 30 ik P9 B ¥ b O
W ESE, PV R AR R X, B 5B 2 A AT 58 Bl A BE TG
B A 3R BT AL, R BB R 2 B IR 4 apelin 41 K
SRUISE =2 Sl ik P9 ISR 3 WA AN S 3 3 M P R, A R G RS T O
BUNFE G A (B S) o

P T o

A B TR B F IS LA 205 C 4K & apelin 28; D 3 7] ¥ apelin 280
5 apelin-13 FHi/5 12 FR & AKX REE3hEE S B &K

3 g

apelin Je&— 7l by IR U 200 M 7= A ) i 107 3%, Jeml 5
G 2R AP RBIK R E IR0 o apelin B 1A ik
B ZA RS IRV i, AR A N IR R RC AR
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PIE K apelin-36 #0145 Jik apelin-13 % % UL, apelin |~
ZAFECIEFI A 12, SR HAR O I R A A H
BEYE R o SIS AEE AL T L B s o ) A Ak
B AT R B A A RONE B P S ) o AR A A
AR AR B AR AR, AR S AR S S KR AR
WAL Rl ST SR R C R AR Z o AR S T3k
HE 38 7R, o R A 41 S AR i apelin 41T 12 J&]
ATE BT B S Bl ok ok A A Ak g 3 el AR i s R i
apelin ZH /XA 42 I PN R 52, /0 B 21 44 0 A= K S8 4
i rea(Ee K /N e 5 7 € Vs Rl o S s I e oA
— 2, R T E R apelin-13 BB FLIE AS T2 UAH
AR BEEA T T IR AS YRR R, BRI
£ Chun 26 BFSE 45—k, (HIIRAYE AR5
KI apelin FABESCESIIKAAERE LR BUMARZE L.

TERRBLARE T , T PR (ROS) 7 AR i 227 4
AL & ge i A RE ) i), o 22 0 T R AEURE 2 A
DNA | i B, & [ 0R 25, T8 B Ak 0 ot
Lassegue 45" KB A BT T 0, (ROS FZ R
) FZRUE TP B 40 A ARl 45 F- 1 AL R NAD(P)
H %A {LR, NAD (P) H 480 A4 Bl 2 I 5 - 18 L 40 i 28 A
S A ROS (1 F 20007, H= A= (1) ROS 78 AS &
AR EPEREEAEM. W NAD(P) H S LG 5
SAAAE T M IR B B i p22phox 5 A7 G, A 25
p22 phox V&S0 Ak e (5, 17 fo 9% BN A H Y 45 1R A
[, BV apelin-13 AEA 25842 p22phox 1E Bk L&
5, HRLE 7 & apelin-13 #F FIH 2.3 . MDA 11 Jlig
it S A B Z AR , B R4 S WeATLIA ROS (AR5
AR ;SOD & —Fi A 7E T M 5 T SOk 14 1 i A L T
SOD Y3785 72 {1k L B8 S AL IR ST AL DI . AW
B R apelin SREA SR ML TE FEAS (1) MDA
H IR SOD, M F 3R JUA B0z A8 Ak L 8 19 48 s 22 4k
HORMER Y, apelin-13 AE B3I 1 4078 5l Bk ok A i Ak
KB A 8RS, HL R apelin £ ISR &,
$&71 apelin-13 7] eI 1o PR A AL IV OON R B 1E AS
M &L KB, FRBFFESE RS Chun %7 & Kojima
R et S

A5 18 LR L ( VSMCs ) BA W 4 Y K 1 5 B
(i BY) MR AL, AS g s h 2y VSMCs b T
I3RS (B4FH AL VSMCs) , BA 73 ZUFINGFERE 1 o H
REA AR ANGE A7 S JIE [ B AN BT, T AS 19 kA &k
J& , a-SMA 245 B VSMCs Hrali ¥y, HAE W 4e 21 40 i
oI PR R AN h R A 0 AR &
PRAE TE R BRZH K ) & apelin 2H 1M 487 BE 1 o-SMA

(2 TR N S R 4 5 (IR 0] it apelin 1B B34 £ | o
SMA 7 #5 41 22 35 & 19 A8 BB T VSMCGs 36 B 7
apelin-13 ZRKI1EH T &4 T #4578, W BD & apelin-13
FEAT 1 -0 AL AN A Fr 3 5

INK 5530 4 AR Bl 38 (UMb R T IR T4 ) |
LA F (TNF-o IL-1 45) J G MR Z (R E L Hh
HZ WG, %05 5 S AN i 3 78 b R TS5
7, Ricei % R B HALSCI A/ UL R AS B
5 I S 55 TR B JNK2 5 [RGB, 25 9 JNK Gl %
5 AS A5 56, it 4 FR AR Y INK 38 5% L REE S
VSMCs £ 389 58 sl i -1 20, AR 5238 & BRAE 5 )
apelin 21 Sk L2 H p-JNK 3¢ 18 55 w5 g B 78 2 S IG5+
it apelin Z{FEAIS, 0 4 21K BURL INK KPR il 2
25 R INK RIS 5 T AS JE AR, 1 i 77 &
apelin BEFP X —BERRIL M B . AZ%HE SR T NF-kB &
B LA, p50 5 p65 41 SR — R IR HA AR
Y Lo WFSE R BAE AS J 48 i) VSMCs | 14 Fz 4
i K AR WA 44 NF-kB %15, Monaco 252 %
UM NF-kB {553 [ REFF AR 4 E B 719 2235 , kT
BHL1E AS % 2E &, Wilson 2525 T NF-«B i
FEAO WG A T VSMCs (135, iR 5T 44 R W
NF-kB p65 MG 25 7 AS W . ZEHKATHY
Western blot 37 7 & B, /5 773 apelin 2§ NF-kB p65
1822 TR 3 1o i A 80 2 R AR R it apelin 21 45 B i ik 21>
8 I 3E 2V 5 v ) 2 apelin-13 BEA R0 i 1% 5% %
THIIE , IR AS (& AL

ZE L RTIR, FAT A B HEI apelin BB S AL AL
PRI M KO, BRSNS #E AS R AE (R
JITEAEF, P VSMCs &Y i) 34 58 70 (43 W80 ) #5735
M 2% AS (W% B, AT RE AL il S 38 43 BH 1E INK/
NF-kB {553 4 A 300 o

SE Lk
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