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[ E] BHM KithEFBKRE17[Ang(17) ] K R fE 22 B Be i #3540 X B F ATP £ 4 & 42T Al
(ABCAL) T BACAR G 78 M8 & & 4K y(PPARY) AT X %4k o (LXRa) el % 8% X %48 o( RXRa) &k 89 %1,
Tk 40 AR SD K R AL A EF 3T R Z RS AL Ang(1-7) 28R Ang(1-7) + A779 40, BidHAN
XEESEER, BHHRIEEHELT Ang(1-7) 28 X5 , on &M K R B2 B B Hib =8 AKF ERE 5
G e B B2 B % % BN & G e B BE KR 2 F 5 B R A B4 RS & Western blot 4] &40 X R 3 Bk 4L 42 F ABCAL
PPARy.LXRa . RXRa A H £k eh T, SR 5 EFATRAER A AX R EIE B Hib =85 A% E E R
EOBE BRI &S (P<0.05), 5 B EREGNLE B A ATEAR(P <0.05) ;5 3 5420 0b 4, Ang(1-7) 22 K
RENeB B Hih =8 KEEREQREBEYANEIK(P<0.05), S FEREaQREBEAHIZH(P<0.05) ;5
Ang(1-7) 2R304 Ang(1-7) + A779 LA XK R G2 B B Hib =B KB ESE R B B A4S (P<0.05), 5%
JE RSB & e B B A PSR (P <0.05) . 5 E# TR ER, & I8 48 48 X R ABCA1.PPARy . LXRa .RXRa # mR-
NA Fo & @4 F A T EAR(P <0.05) ;5 Z Rg 4420 rb 4%, Ang (1-7) 22 K 5 ABCA1 ,PPARy,LXRa, RXRa # mR-
NA B a4 EHAAH(P<0.05) ;5 Ang(1-7) 20105 Ang(1-7) + A779 28 K & ABCAl ,PPARy LXRa RXRa
# mRNA Fo & @ 4B A PTEAL(P <0.05) , £  Ang(1-7) AR A AR K R b 38 o b g 7R P AR 38 K R 3 Bk 222
¥ ABCA1 .PPARy.LXRa RXRa &9 3& B £ ik | sb & B s s A — & 0906 ST 4B R
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Effects of Angiotensin ( 1-7) on the Expression of Lipids and Reverse Cholesterol

Transport Related Factors in Rats
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vated Receptor v; Liver X Receptor a;  Retinoid X Receptor o

[ ABSTRACT] Aim  To investigate the effects of angiotensin (1-7) [ Ang(1-7) ] on the expression of lipids and re-
verse cholesterol transport related factors; ATP binding cassette transporter A1 (ABCAL) , peroxisome proliferator-activated
receptor y (PPARy) , liver X receptor o (LXRa) and retinoid X receptor a (RXRa) in rats. Methods 40 healthy
SD male rats were randomly divided into normal control group, high-fat diet group, Ang(1-7) group and Ang(1-7) + A779
group. Ang(1-7) was continuably given by osmotic pump and jugular vein cannulation, after 28 d, total cholesterol
(TC) , triglyceride (TG) , low density lipoprotein cholesterol (LDLC) and high density lipoprotein cholesterol (HDLC) in
rat plasma were detected, gene expression of ABCA1, PPARy, LXRa and RXRa in the aortic tissues of rats were meas-
ured by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot. Results Compared with the
normal control group, TC, TG, LDLC of high-fat diet group were increased (P <0.05), HDLC of high-fat diet group were
lower (P <0.05) ; compared with high-fat diet group, TC, TG, LDLC of Ang(1-7) group were lower (P <0.05), HDLC
of Ang(1-7) group were increased (P <0.05) ; compared with Ang(1-7) group, TC, TG, LDLC of Ang(1-7) + A779 gr-
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oup were increased (P <0.05), HDLC of Ang(1-7) + A779 group were lower (P <0.05).

Compared with the normal

control group, ABCA1, PPARy, LXRa, RXRa mRNA and protein levels of high-fat diet group were lower (P <0.05) ;
compared with high-fat diet group, ABCA1, PPARy, LXRa, RXRa mRNA and protein levels of Ang(1-7) group were in-
creased (P <0.05) ; compared with Ang(1-7) group, ABCAl, PPARy, LXRa, RXRa mRNA and protein levels of Ang

(1-7) + A779 group were lower (P <0.05).

Conclusion Ang(1-7) reduced the lipid levels in rat plasma, raised

the gene expression of ABCA1, PPARy, LXRa and RXRa in the aortic tissues of rats, cured the hyperlipidemia.

B ik ok B8 4L ( atherosclerosis, As) &&—Fl Z [
RS HMEIKEER . As 19 KA & R il A8 BE 1 IE
[ P 25 ARG S 8 D ARG, [ W 400 i A i o e
FI8 JEL 0 P AR S TR 200 2 00 As T i D
K, mIEIMAEZS IR As B HESER I E
ATP 45 & & %12 T Al ( ATP binding cassette trans-
porter A1, ABCA1 ) 7F 243540 i P JIEL 761 5 1) 5 25 - fiy
A HDL A g fe rp e & B 2/E . ABCAL 5 1M
W RN 1 A-I(apolipoprotein A-1, ApoA-1) 254,
WS 22 B i SR B DL 00K , A2 148 200 it P L [ e
AR o o A A B Y00 2 524K y ( peroxisome
proliferator-activated receptor y,PPARy) T X 521K «
(liver X receptor o, LXRav) FIAREEHR X 24K o ( retin-
oid X receptor o, RXRav) 5 4% K12 41 il P9 1) 7 i
K, HECRSS G 5 B0, A sh R 350 AB-
CA1 FE375 1M, M E9KEK 1-7[ angiotensin (1-7) ,
Ang(1-7) |2 4ERAEH R - M4 B 7K 3 RS (renin-
angiotensin system , RAS) H & B A0 87 % b3, & #5500
BRI E I (angiotensin 11 , Ang I ) FHFETHIVER ,
TERF L PR B A0 B e 67 JULAH B 484 3 45
AR AVER , B R A4 As FEH . AR50
5T H ) B FE 5T Ang (1-7) XF K Bl A5 & AB-
CAl PPARy . LXRa ,RXRa ik AY52 0, 3iE B Ang
(1-7) i i 5 mi 1f J§ K ABCAL , PPARy, LXRa .
RXRa BZIE 0 w3 i ILAE A — 2 BB AE

I RS

1.1 SEIe#r#l

SLISh A VETE R SD KR 40 R M K
F 180 ~200 g, | Vi E R A 5L 5 3 4 Q3R B
FEW & R Ang (1-7) (AT79 ( % E Sigma 2
7 ), Trizol £ BUR 7| & 3 4 F Rk 7] & ( £ E Invitro-
gen A F) , AHLE ABCAl — #4701k . % 47T . PPARy
—HL A . A F B LXRa, RXRa — 47t 41 K (
Santa Cruz 28] ) , FHJA F IR ZFALE(_LHEH
FEPHFEAERAE ) BARNRESEZERER (EE
Alzet A 8] )

1.2 XIWwHdE

40 REE RN SD KR, RBHILE F X 4
HIEW A B e B4 Ang(1-7) 4 % Ang(1-
7) +A779 4, F4 10 A,
1.3 Eh¥iER

EFEMBAKXRAEAKXRANE KRR,
B e iR R4 Ang (1-7) 40 % Ang(1-7) + A779 41 K
R & e 1A B (3% FE R B2 0. 5% FEBR \10% % i |
0.2% W 25 &% v 5% B 4E 81, 3% a7 k) B
I~ BB B AR B R B T 4 B — R MR R L 4T
(FH#EE )% %L % D60 IU/kg, Ang(1-7) 41 % Ang
(1-7) +A7T79 A, B RARBAMANARESEE
AT HAKEEFES T Ang(1-7), 7 & H 25
pe/ (kg « h) ;BB Ang(1-7) + A779 41k § & # Jik
A Ang(1-7) 45 5 P AR TEL T A A779, 5| & 4 100
ng/ (kg - d), EHEFFL28 K,
1.4 KRIM%#¥ TC.TG.LDLC & HDLC 7k F4&

Pra kKRB £ R 4 ~5 mL, KA 4
B 3 A b AT AR I P K R [ BE (total
cholesterol , TC) | H 4 = Bg ( triglyceride, TG ) 1K % &
fig & & f2 [ B (low density lipoprotein cholesterol,
LDLC) X & % J& fle % & f2 [ B (high density lipopro-
tein cholesterol, HDLC) & & .,
1.5 E=EK PCR #&ill X R E 30k ABCAL,
PPARy.LXRa,RXRa mRNA Fi%

18 i Trizol Fib 32 3R 7| % AR B A B & 3 Bk 40 L
& RNA, 4% Invitrogen /A 5] 3 # F iR 7 & 6 W 5
# 4 cDNA, 45 2| cDNA %3, 1% % T -80%C 4%
Ao B 1 pL # % 5 7= 4 ¥ 47 PCR 8 3F, AB-
CAl .PPARy LXRa . RXRa K J 4 1 % 94°C 1 4%
5 min,94°C & £ 1 min,60°C & K 1 min,72°C ZE f# 1
min, #& & 72°C 41k 5 min, #£ 35 NMEZR, % & B-ac-
tin, PCR 43 X j. 4 K J& , & il SYBR Green X X
%o 3= 3+ ABCAI, PPARy, LXRa . RXRa # mRNA
HEAT E & LB R A B4 RN ((quantitative real-time
polymerase chain reaction, qRT-PCR) £ ,

Bl 4 ¥ 7] : ABCA1:5'-CAG CAA CTA CAG TGG
CGG TAA CA-3",5'-AAT GCT TAG GGC ACA ATT
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CCA CA-3';PPARY:5'-CTG ACA TTT GTG ACT GGT
CAA GCT C-3",5'-TTT CCA GGT CAT CTG CTT
CAA GTG-3"; RXRa: 5'-CAA CAT CTG TCA AGC
AGC AGA CAA-3",5'-GCA ATC AGC AGC TCG TTC
CA-3";LXRa:5'-AGA GAT GTC CTT GTG GCT GGA
G-3',5'-CTC CTG CAT CTT GAG GTT CTG TC-3';B-
actin:5'-GGA GAT TAC TGC CCT GGC TCC TA-3',
5'-GAC TCA TCG TAC TCC TGC TTG CTG-3',
1.6 Western blot il X FR E BIAk ABCA1 PPARYy,
LXRa ,RXRa EBXKIE

AR EFH KA L A0 140 wWL 2R, FFEHE
M EARM 12 000 r/min 4°C E 0 5 min , B 20
wL _E & ¥ AT SDS-PAGE ® ik , k3K 7= 4y e, %% %%
B A 4 R JE b, 54T Western blot K57, K f
BAFREE A ECLEGFELT X RA,X A
HHEBER AW, 2BDEREGREELINRA
BAR G EE A ULE 4 B-actin ¥ WA Bl E
& # K ABCAI .PPARy .LXRa . RXRa & ¥ A8 3t &

*1. XEMm3 TC.TG.LDLC % HDLC 7KFE (x +s,mmol/L)

HhE, BALHEEL 3 K,
1.7 Sit=ZEHiE

Fir 8 B4 K A SPSS 16.0 4 S AT 22 B &
77 #7341 (One-way-ANOVA) |, % & [V, 8 X | LSD-
Boi, LR Uy +s £, UL P<0.05 7 EAH S

TEREXL,

2 # B

2.1 KRM¥#¥ TC,TG.LDLC & HDLC 7k

5 IEH 6 B4 LA, i BR AR R B TC L TG
LDLC #4 FiTHiE (P <0.05) ,HDLC A FFf#EA (P <
0.05) ; 5 E gt kA L8, Ang (1-7) KB TC
TG .LDLC ¥ FirB& A% (P <0.05) ,HDLC A Fi 7t &
(P<0.05) ;5 Ang(1-7) L%, Ang (1-7) + A779
ZH R TC . TG \LDLC #14 FrF+ & (P <0.05) ,HDLC
H TR (P <0.05) (£ 1.8 1),

Table 1. TC, TG, LDLC and HDLC in rats plasma (x +s,mmol/L)

| TC TG LDLC HDLC
1EH X HEZH 1.62 +0.34 0.56 +0.22 0.23 +0.06 0.64 £0.09
= R Rk 10.95 £3.11° 1.53 +0. 39" 5.42 +1.02" 0.47 0. 10
Ang(1-7) 4 5.11 0. 84* 0.72 +0.19* 1.25 +0.37" 0.84 £0.25%
Ang(1-7) + A779 44 6.73 +1.08" 0.60 +0. 18" 2.30 0. 61" 0.67 0. 17"

ah P<0.05, 5EH X RA ;b o P<0.05, 5 R AR LI ;¢ 8 P <0.05,5 Ang(1-7) A HEL,
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1. KRMm% TC.TG,LDLC X HDLC 7k *F
Figure 1. TC, TG, LDLC and HDLC in rats plasma

2.2 Ang(1-7) 3 KX R ABCAIl, PPARYy, LXRa,
RXRa mRNA Fi& B &0

SIEWXT A L, SRR  Ang (1-7) 4H |
Ang (1-7) + A779 21 K il ABCAl . PPARy . LXRa
RXRa mRNA FiK ¥ H P FEAL (P <0.05) ; 55 g
Tkl 4 b2, Ang (1-7) 40K Bl ABCAL, PPARy,

LXRa .RXRa mRNA A4 fi 7t (P <0.05) ;5
Ang(1-7) 4L FLEE, Ang(1-7) + A779 #H K KL ABCAT |
PPARy .LXRa . RXRa mRNA ik A ff &K (P <
0.05) (K 2.%2),

3

“PPARy LXRa RXRa

ABCA1

& 2. Ang(1-7) Xt AR ABCA1l,PPARy ,LXRa,RXRa mR-
NA RikH)F00

Figure 2. Effects of Ang(1-7) on the expression of ABCA1,
PPARYy, LXRa and RXRa mRNA in rats
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% 2. Ang(1-7) 3 KR ABCA1,PPARy.LXRa,RXRa mRNA FiERIBMN (x +5)

Table 2. Effects of Ang(1-7) on the expression of ABCA1,

PPARYy, LXRa and RXRa mRNA in rats (x £s)

| ABCAL1 PPARy LXRa RXRa

1EH X IR 4 1.984 +0. 562 0.513 +0. 141 2.347 +0.316 2.105 +0. 257
=Y G %) 1. 051 +0. 346" 0. 142 +0. 325° 1.017 +0. 218* 1.139 £0. 195°
Ang(1-7) 41 1.598 £0. 318" 0.372 £0. 192" 1. 874 £0. 423" 1.764 £0.214"

Ang(1-7) + A779 41 1.285 0. 251"

0.224 0. 258"

1.293 £0. 207" 1.379 +0. 194

a P <0.05, 5IEH XTI ;b o8 P <0. 05, 58 IR R i ;¢ o P <0.05,5 Ang(1-7) HHA,

2.3 Ang(1-7) 3K F ABCAl,PPARy,LXRa,RXRa
EH=ESe:bA|

5 IE X B LA, i R AR B2 Ang (1-7) 4
Ang (1-7) + A779 21 K il ABCA1 , PPARy, LXRa
RXRa R IK A FREAR (P <0.05) 5 5 = ARl

BHH AL, Ang(1-7) ZH K 5 ABCA1 ,PPARy  LXRa |
RXRa 5 & B A i FH & (P <0.05) ;5 Ang(1-
7) 4B, Ang (1-7) + A779 #H K il ABCAL
PPARy,LXRa, RXRa H I KB A MR (P <
0.05) (&3 K3 Kl4),

% 3. Ang(1-7) % KR ABCA1 PPARy.LXRo.RXRa B EFRIZHIZM (% £5)

Table 3. Effects of Ang(1-7) on the expression of ABCA1,

PPARYy, LXRa and RXRa« protein in rats(x +s)

il ABCA1 PPARYy LXRa RXRa

TE % B2 0.623 +0.413 0.237 £0. 132 0.576 +0. 194 0.324 +0. 135
b=l toaib 2 R2E 0. 124 0. 343" 0. 124 £0. 094" 0.317 £0. 157* 0. 136 +0. 102*
Ang(1-7) 4 0.387 +0.316™ 0.205 0. 112* 0.483 +0. 163" 0.291 0. 126*

Ang(1-7) +A779 41 0.253 +0.279"

0.172 +0. 169"

0.378 +0. 154" 0.194 £0. 125"

ah P<0.05, 5E#X A ;b P<0.05, 5 ARREB LI ;¢ 8 P <0.05,5 Ang(1-7) HHE,

@ EEWRA
m SEHERA
O Ang(1-7)48
0O Ang(1-7)+A77940

ABCA1 PPARY LXR« RXRa

3. Ang(1-7) 3K ABCA1,PPARy,LXRa,RXRa EH
RiZEIF 00

Figure 3. Effects of Ang(1-7) on the expression of ABCA1,
PPARy, LXR«a and RXRa protein in rats

3 if
SEE OV S L 2 0 7™ A T N RAEE R T As
e B SLA  BEE AT AR R, SR
MR A 20 3 S B AF B TR RA A, As A & A%
W T IR R AR KRR TR A A
PRBFFE 2, 3% TC TG LDLC 7K1 FH i 5 5 O
PR A A SR SR AT R 5 IE AR SE 1 1% HDLC 7K
T 5 56 Lo ) R A R BORAE R S A OG, LDLC 77
SHBKHAERE AL BEHOIY 2 i b A AR S B VE T, 4R
J& LDLC W4 A AB M 1 DA RS2 sl ks A B A6 JE 1 1)

it

1 2

ABCA1

PPARY

| — —— | X R o

— RXR o

=
| —m— — P B —actin

El 4. Ang(1-7) 3tk ABCA1.PPARy.LXRa,RXRa EH
FRIA R M0 B Rk 1O IEH B2, 2 S B Rk 4,3 ok
Ang(1-7) 4,4 H Ang(1-7) +A779 41,

Figure 4. Electrophoresis for effects of Ang(1-7) on the ex-
pression of ABCA1, PPARy, LXRa and RXRa« protein in rats

KA SR AR B IR 2R 1 (oxidized
low density lipoprotein ,ox-LDL) EA5 15 BE AN B4, fff
IS PN B A A IRFE AN 7 , T A P B 4 L 14 56
R, HDL LM PRIV AR OR AR R T
A5 1) ¥ iH [ B 5% 32 (reverse cholesterol transport
RCT) , DL AR FE T 15 DA ] B2 20 (A e B )
¥z BT EHE AT ACHE, 2R )5 LURH AL s HE, 38 4
RCT AW/ DR A ML BE AR

£ HDL PRIC i B AL, ABCAT KA AR
BN ABCAL J2—FhEHE & 81, LA ATP 2
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REVRR I [ 55 2 AR S ) i e is R AL A1, ApoA-1
JEA A HDL 1Y 8 2234 5 46 11, ABCAL H R4 G T
ApoA-1 KA ABCAT 415 4 A P AR [T Bic 1

T SR A A 38 B ) G R A A — S AR AT i
S SR F, PPAR W] 438 3 Fl 2R RS, PPARa
PPARB/S .PPARy, PPAR 75 & 5 M # i X ZKIE
B RAIR BN E G4 G TRERE S+ ©
(R DNA J341 B ik A A8 58 ) B g oA | i
TEALHR L D] 6 5% PPARy 1% J5 ] A3 58 ABCAL
R 2 ST B A R TR A AT 1

I X 28 TR R AR, 58 X 32K
R Bk, HRTE &80 E ) LXR A4 M4
LXRa F1 LXRB, LXRa 7EJF M8 H BE MG /N
ik, LXRa 5 RXR JE i 5 = SR A4 I8 77 4t A o3 19 I
[ st 7K S K 18 ABCAT 4 35 128 S 412 i JIE 31 P 37+
A R [ g 6 ) s

FR-MERKRERGESH T As MEHLL R, 6F
Y R IR AE B 5K R AR B ) 7] (angiotensin conver-
ting enzyme inhibitor, ACET) M EPEMEIMAE E K2 1 Y
ZRFEHRINT As BIGIFEM . B EIR R
FEFFEIN . P R 45058 JRAE & o R 1 - T L2
WaTE AT A B IER I Ang(1-7) AU
Pt Angll, Ang(1-7) 2 IEAFERAE RAS H1 & 38T %
B EERNEZ R Angloll Angll4= /%, Ang(1-7) 7]
AT AR M 22 1 Mas BH 524001 P9 Rz 4 O ILZR
JHL S AL | R RS A L O PO oS 4 200 P ) 3 5
AT IR, AngllRT LAAI I B WE 4 i1 P ABCAL &
K B B T Ang (1-7) WR0E 4N 9 AB-
CAT ik KA E B 1 H. Ang (1-7) 59T AngllZ
I 41 L 9 ABCAT 2% 35 08 /0 199 VB 2 751 2 1K 6t
PENT L AnglT5E e B AR5 I 41 ) 5 40 2 P9 PPARYy
(IR, T Ang (1-7 ) SR BE ARG (12 2 5 5 200 i Py
PPARy HYZEIL B

5T Ang(1-7) 76 i IR IUAE & A & J i # b &
FERTERXHAYT As B AR EEME L, AL
W AE AR W %K Ang (1-7) XF K BRI JE M2 ABCAIL |
PPARy LXRa ,RXRa 3K M52 M0, & B 1] =5 i 1)
G K FUILIE K 791 8. 718, 1% TC TG % LDLC
KT, HDLC /K[, ABCA1 . PPARy . LXRa
RXRa 5 BRFEAC; INA Ang(1-7) T8, KR
LR 7K SF- B B B AL, %% TC . TG K LDLC % &= f#
X, HDLC & & 7}, ABCAl ,PPARy . LXRa . RXRa
FEIRB R TFE MM Ang (1-7 ) 45 S 52 4 BHLWr 551
A779 J& , KB AG A | T, 3% TC . TG K LDLC
KT, HDLC /K[ , ABCA1 . PPARy .LXRa .

RXRa ARG, IS 458 Ang(1-7) BERERE
R BRI i A A, AR 3E As K ER 3l ik 41 21
ABCA1 .PPARy . LXRa . RXRa Ff 3[R 26 ik | XF 7 g
IFEA — 2 BIRITVE- .

{HR: , Ang (1-7 ) 3 3 ] R L R SN 1A K F- K
ABCA1 PPARy .LXRa . RXRa By iA7 Wt A7 I
—EIBFTERR W R As $RAEEE 201 VAT IR
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