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[ E] BE FiTEsst 8B ICE S E 9 (ox-LDL) 3 F 49 KR B v 0 I 56 5K 20 I 75 A% 89 % R %
THAUE R ORISR0 ROR M B FARAE A AR T 2T &, AN ox-LDL (50 mg/L) ¥ §3 K 40 it ) B
INT FLR AR AR AL B b4 O e AT A SR, S 20RA €38 5 T e W A2 B B (TC) % & iz B
B2 (FC) Ffl2 B B2 A% (CE) 49K -F P H ARiT e e B B2l 2 A2 B) Bk & R Al L84 2 % PCR o & @ ¥ i 3% & 5 o
M 2a P Z AR IR 45 SR AR AL(ABCAL) #9 KA, 5R ox-LDL 4348 h /5,5 B ExEafetart, s O
FETAM 0T FIG I, 2o JARAR BRI K B A S ZH B R AR A2 (10 7° .10 4= 10 “mol/L) ik 4L O
e @ ek n RO R AR 20 R R Y, AR R4 Bt K m e A An kAR AR (10 A= 1070
mol/L) 2 F M KAk 4m ie. 4 TC FC . CE /K-F & CE/TC, W38 oo B BE A & R4 ABCAL #hRA, &g 4%
AR AR ox-LDL % 569 KR b B o tm b 0 K am BT %, LB K am i F ABCAL 89 R ik |
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[ ABSTRACT] Aim To explore the effect of arecoline (Are) on the formation of foam cells induced by the oxidized
low density lipoprotein (ox-LDL) and analyze the possible mechanisms. Methods RAW 264. 7 macrophages were in-
cubated by ox-LDL (50 mg/L) for 48 h to induce foam cells.  Arecoline (10 °mol/L, 10 mol/L and 10 "*mol/L) was
added for 48 h at the same time. The cellular lipid accumulation was examined by oil red staining.  The cellular con-
tents of total cholesterol (TC) and free cholesterol (FC) were detected by high performance liquid chromatography assays.
Cholesterol efflux from macrophages was examined by *H labed cholesterol. — The expressions of ATP-binding cassette
transporter Al ( ABCA1) were detected by Real-time PCR and Western blot. Results Oil red-staining positive cells
were found and macrophages were filled with lipid droplet in foam cells model group. ~ Compared with the foam cells, arec-
oline (10~° and 10 ~* mol/L) significantly decreased the amount of oil red-staining positive cells and the contents of lipid
droplet of foam cells.  Compared with thecontrol macrophages group, the contents of TC, FC, cholesteryl ester (CE) and
CE/TC ratio in model group were significantly increased in foam cells model group.  Arecoline (10~ and 10 ~*mol/L) de-
creased the contents of TC, FC, cholesteryl ester (CE) and CE/TC ratio, and increased significantly cholesterol efflux and
expression of ABCA1 compared with foam cells model group. Conclusion  Arecoline inhibits the formation of foam

cell induced by ox-LDL and up-regulates of expression ABCA1 in RAW 264. 7 macrophage-derived foam cells.
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Bh Ik ik AL i 4L (atherosclerosis , As) 42 ™ & i F
N Bes Z —2 o TR A A TE I As
T B P A B AN R U Y W A
LRS- LA TR PN B A i S A B 35 B R A
(oxidized low density lipoprotein, ox-LDL) Tl JE i, ¥4
TR >4 39 i) E [ B %% 35 (reverse cholesterol
transport , RCT) RE JJ 1)k 55 /2 0 TR 21 it ¥ il 1) o 222
JEP WL 32 RCT K A1 J 2H 215 2 i) JH [ e 2
32 B P JHF RS AL 451 1 53 00 380 JE 3t e A AR T
IREIHE As HAY, T ABCAL 78 RCT & #E5 T (1Y
TR,

AERB O A R R 0 AT AR 1 1 A 80 o
BB R R & i d o B R R AR IR —,
HAIR M A AL/ i 3 a4 P i ke
J BB 2 BORE DR B IR A 2R AL AR
IEAERMIFTE K AR IR ] fE 0 As R BRI — %Ak
A (nitric oxide ,NO) IRERL , #1552 Bl — AL A&
fi ( endothelial nitric oxide synthase, NOS) fJ 1k, [
I 4 A AT 2 8 (interleukin-8, 1L-8 ) 7K F-, # il
MR R ZE 63T 1 (intercellular adhesion molecule-1
ICAM-1) , 1k 72 f& CXCR-2 FIHAZ 240 i 1k
#HH 1 (monocyte chemoattractant protein-1, MCP-1)
(3R AR Bl 3 gk 3k R T A 1 i 0 U T Y A7
& ~ ( peroxisome proliferator activated receptor 7y,
PPARvy) 41l ox-LDL 753 (1) FL W 40 Jifd 2 A A ¥~ 58
MR HEDT As BIFEFRT o SR IMAE AR XT RCT ) 5%
e S FCHL A 16 AN BT T, ASBIF 5T 15 1 WL 5 MR Al X
ox-LDL 75 5 19 BRLUE Pk B 0 200 o 8 0 UK 48 B B i
SN TR H AT BERILH

1 MRS A

1.1 EFEEAFRUSE

RPMI1640 3 7% % (Invitrogen /A 7)) , i & & B
FAE B % (Sigma A 7] ) CH #r 2ty JE [E B2 F0 8k g
(PEEFHEARKELEF R ; 3 &£ F mF
(FM 2 AE ), ABCAL — 4 M & AR 1t 4 1
#) B 4712 F 90 % — 9 (Santa Cruz /A 7 ) ,BCA & A
& ik A (Pierce /A 8 ), % RNA # BUiK 7| & .
MMLV % — % ¢DNA 4 & X 7| & #1 Hot Star Taq
Master Mix i 77| & ( Invitrogen A 3] ), A7 F 5| 4
AT AN TREARESHRAGE K, HhiX
F Ky B 7= A 4
1.2 REEREZANFE . SUNEE

RN B e T B R A PR e s, R

FMERABCE 2B AKEEREA(LDL),
BUSK A 470 % ) B9 A B 4t 200 mL, £ R T # &
2 h,F BB 4°C 5 ke/min B0 30 min, 7 4% i1 7
#7120 mL, fm X NaN, 22.4 mg.10% EDTA [ Ji§ #n
Baf, FEAFCIN EBRFINHEETS, K
4°C 42 kr/min B0 18 h, R H FEIL & &R EK K
EXRECRE, WETBRE, ARNHFHEZEN
1.063 g/L,4°C 42 kr/min 020 h, R F E# 5
WK, B LDL, LDL F 4 10% 7 — #% 9 7.8 By PBS
BT 4°CFEAN 72 hy F A 200 pmol/L CuSO, #y
PBS 3 ,37°C T B & 47 16 h AT & (LB ; & H
4200 wmol/L7, Z— i 18 7,8 ty PBS i % i ¥ 4 20
h, #F @10 PBS 7 4°C % 47 24 h, 7 4 % & ED-
TA, THRBRE,BCARANEEEALE, AEAK
EE1 gL ATER 4CHRE, LDL WA MEER
I E AR B P B R OB A A R, A
BT JE ¥ LDL, & 10% 2 A ¥ Bt i % g #. ik, 0. 25%
o m AL e, A B T L FH A LDL &
M, R 0. 5% 3 M6 AR B AR B Sk T K T
1.3 ZREREESE

REM S E 4 %M RAW264.7 40 8 2 4 H
PERFR EEAMENFTRRARE, A
10% FBS # RPMI1640 8 21 j 3 5= 3% x4 fe, T
37C 5%CO, BEFRFHRESR, BERRTWEEX
(100 ku/L) fnét B % (0.1 ¢/L) . 4 40 jf £ K 3
60% ~70% fk & B, B " 40 j 750 mg/L ox-LDL #
HH A48 h, Fal R R IR,
1.4 SK4reH

L NS A BA(EFES @A) ;K
MR AL R R R AR R4 (107010 7 A
107" mol/L) . Xt [ 41 F RPMI1640 3 7% i ; 8 3 4
M A% A4 AE RPMII640 35 3 7 & A A 50 mg/L ox-
LDL # Bl 35 5% 48 h; 42 M5 4 32 41 £ RPMI1640 3
F A NAE M AL (107° 107> F1 10 7* mol/L) F# 50
mg/L ox-LDL # [7 5 & 40 /i2, 48 h,
1.5 4 0 BUEMBHAAER

¥ampERrTHRAERAELHEH 6 FLEHK
W, E O B, A PBS ik E A
3K, 4K 5 min,50% 5 7 B E E 1 min, 4 O %
£ 3R 2 10 min, K1 K 28 3 K, K 1 min, K
ZF46 S min, hBR OB ERIEE, KEH R A H
B, B AT RAEHEE,
1.6 EWE4HAAE B E27R i E

WA EEENE , RRRITRARER K E
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MR R R 3.0 x 107 AN/L, B R T 6 L4
B M, FE A H 5% FBS th RPMI1640 35 7 it ¥ Jm
0.2 wCi/L *H #730 #9 B2 [ B 1 ox-LDL(50 mg/L) 2
B a8 h B H 5, xTEAmAM A A 0.2 wCi/L
TH AR T By B[ B R 48 M 48 h, AR AL HE 41 R R
B By AE A AR A 0.2 wCi/L *H AR4E B9 B 8 DL
K ox-LDL(50 mg/L) 3£ 0% & 40 5, 48 h, JH PBS 7 ik
3k, B g4 50 mg/L £ JiE & & AL( ApoAl)
BRI P RET @M 12 h, F R BRI 2008 3
FRA B P R H R E B An sk fe A B, JEE B A
B R E AR H S HERR + )
x100% % 7% ,

1.7 SREEEENEEERNEEERESE

WUk E AT 0y 40 80 B 1 mL PBS #6586 A A

WM, I BCA ENEEAEE, BaMER
P o WAy, — e N SR AR R A 15%
KOH B A, E BT+ = 20 M V5 #L 7= # 0% %=, DA
RECKE BB B 5 — 0 e N E R AR R AR LY
8.9 mmol/L KOH B /A& , & F 80°C K& # 1 h,
UKEHREEERE, 25 N6 % 4 lBE%hE
B, BEWMNERRNEDK: RHEEN 41 (V/V)H
A VR, R A R A B A S ming 4 JE & 1500
g/min 15C T H 5 min, K& F EAHIA, £E X
TEALF 65C T M ;4 H &, m N\ 100 pL 7+ A B:
FERE: LW R 35:13:52 (V/V) WIB AR, ¥ H
SV A 1500 t/min B8 S min, WE EE W B 10
pL F#ATEH R AR B E 2, KA CI8 &, URR
B EBRbE: ZWE N B0 A HEAT AE AR B VRN, R K 1
mL/min, # B & 4°C, % 216 nm % K T4 10
min, DAVETH AR E B ME B B E B B 4 fE [ B AR
K, MNEEEEE, SEEEERERSEEEE
Jy JEL [ B B N B

1.8 SEBTEZE PCR #i ABCA1 mRNA FRix

W B 40 B, 3% Trizol K 7 & % W1 45 48 40 B K

RNA, VIREUHY & RNA B4R, 4% B 2 2 X | &
PO 45 HEAT 4% KRR, A R cDNA % — %%, —20°C
A, HI cDNA F & FAT 10 4% L 7, 2 7l #
AT 528 PCR R, R BLR % 25 pL, 4 Hot Star Taq
Master Mix (2 x )12.5 pL, PCR £ T3] 4 %45 4t
(10 pmol/L) % 0.3 pL, cDNA4 pL, K# £ H F A
# 225 wL, PCR F 32 F %:95°C 10 min 3 7&
Hot Star Taq DNA & & B ¥ 3 15 21 94°C 40 s, 60°C
70 s, 3£ 50 MEF, RBK R AN 96 AR, AN

BT E 3 AE I, PCR K K7 ABI7T500 5 it &
B PCR % % b # 4T, ABCAL 3| 4. kW% 5'-AG-
GAAACCCAATCCCAGATACCC-3', Fi# 5'- GCTCG-
GAGGAAGTGCTTGAGAAT-3', B-actin 3| 4. F W%
5'- CCATCATCTTGCAGGAGCG -3', T # 5'- CTG-
GCAGTGAGCTATACTCG - 3', DLt BE 41 % 100%
ABCA1 mRNA % 3k 347 947 .
1.9  Western blot 74T ABCA1 EAKKIE

WAL IR AT EY B v e R R M, R R
W, 4°CTRAH PBS ik 3 %k, R F PBS, & Tk
Fo N 200 WL B & B AR P AL, RAT BOR, 0k
R0 min, AARE KR LIHETHESSE
HEEM LS mLEP &4, BAWANHOHF, T
4°C 20000 g/min &0 30 min, MUK EEFEL
HH 1.SmLEP & BT 2000 5 & &, %E 10 uL
SLEPHEAT 40 0 B R E N 2 . 50 pg B A AR
RAN2 xSDS B & A A, B HEE AR
T, 6% SDS-F T i B B B g HEAT Bk 2 B,
60~100 mA 1 h ¥ EaRAF THENEHZE
PVDF b, AL LB REEB YR, HH TR
BRATREFREMLE, 5% BMAEFHE R 2
h, BN 1:150 &30 R —91,4°C %, TBST & ik
3K, 4K 5 ~10 min, A\ FRAR T4 1L 4 BE 4R 92 B
Z40,4°C 4 ~8 h,TBST MR JE 3 Wk, & & B K ok
BMAAEErT XA, B8 SR EERER
AT R G XTI A3 A E ' AT
1.10  ZEit=Eabhid

L HIER A xs kom, A H =2 RIT T EL
MIEER 5, A SPSS 14.0 4t 8 4 ¥ 47 4 it
Fo, U P<0.05 b= RHESITFEL,

2 # R

2.1 1EMPEEXT ox-LDL i S B4 B8 K 4k B9 820
ML O Yt J5the AR BN, X HE 4L 40
LS Z B R TE , JCIMET O Y (o BH 40 i, v 7K 40
JIAE IR 2 T K AR 4R ox-LDL S 20 P9 i T e AR,
LT O Y€ BH 1 41 i ok A, H 20 (A B BH J 314 K
JEARZ B ALY ;i v w5 59 A5 AR B8 (10 7> AN
10 ™ mol/L) AL BRLL LT O Yo £ BHE 20 i BL 30 7k 20
PR TR 2 BH S sk /D 5 A 2 (10 ~° mol/L) AZE Ak
ZH A0 HE5 Y TR 0 A A A A HEJE A S A AR (L 1)
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Figure 1. Effect of arecaline on the formation of foam cells

2.2 TR AE N F S R E R R R E R S 2
Al

SN R AH LE Y iR 4 B S B 4 A S P9 TC  FC
HICE /K 2 M4 &= (P <0.05), CE/TC {6 K
62.57% , SXTAfFTER EMER (P <0.05), 5

1. KRR X 48 A PR i 7 BB B B % BB B B B S B RSN («

ox—LDL+Are 10-*mol/L£H

induced by ox-LDL in RAW 264. 7 macrophages

YLK A USRI A L, A AR e 5 790 kL v ) 2 (10 7
F110 mol/L) L4 L 4 TC . FC FI CE /K K CE/
TC ¥4 B WD (P <0.05), #5AF 5L ) 2
(10 % mol/L) 4 TC .FC Fl CE 50 7k 20 M A 1 4 A4
SR EME(ERL),

+s,mg/g)

Table 1. Effect of arecaline on the level of total cholesterol (TC) , free cholesterol (FC) and cholesterol ester (CE) in RAW

264. 7 macrophage-derived foam cells

sy #H TC FC CE CE/TC
Xf R ZH 147.07 +12. 54 95.71 +7.49 51.36 +5.71 34.92%
MR AN AR TR 2] 513.67 £37.76" 192. 28 +20. 16* 321.39 +28.41° 62.57%*
FERRHR 10 =6 mol/L 41 509. 24 +51. 34 189.98 +22.75 319.26 +£34.05 62.69%
FEABHR 10~ mol/L 4H 396.99 +35. 44" 171.42 +13. 15" 225.57 £23. 83" 56.82%"
HERRH 10 ~* mol/L 41 295.03 +24.71" 152.71 +17. 36" 142.32 +12. 47" 48.24%"

a A P<0.05, 5% RLA LLH ;b 4 P <0. 05, 5 PR 40 MOk 80 2 o 5,

2.3 FEHFEEXTZHAE A AB B2 A 2200

55X BB M EE , ox-LDL 75 5 (1) 960 74 240 Jifa 455 70 2
£ 6 JFL T g s R S R N (P < 0. 05) . Sk 4n
JRIASTRIZE AR LE , A5 H (10~ 1 10 ™ mol/L) ZH 411 Y
JIEL T P 5 1 23 0 2 1S I (2 P < 0..05) T A% AP Bk
(10 % mol/L) 4155 7L 1A 4 i A5 76 £ A b I [ e 3 1y
RESTREMNE(ER?2),
2.4 FERPEEXTE MM ABCAl mRNA FIE B RIE
Eap=Al

5 HRZH A LU, 90 TR 4t A A 20 20 i i ABCAL
mRNA FIEE FHFRIB R EHIN(P <0.05) ; SR AR
RIZHAA LG, B HBE (107 F1 10~ mol/L) ZH 40 i AB-
CA1 mRNA FIEE 3R B EHN (3 P <0.05) | Tkt

B 10~ mol/ L) AbHHLH S0k 40 AR RIZH AH HE ABCAL
mRNA FIEE AR TR EE(K 2 f15k3),

R 2. FEWPEEXT 0 AE A BB E B2 A 220
Table 2. Effect of arecaline on the rate of cholesterol efflux

in RAW 264. 7 macrophage-derived foam cells

| IR 3 o

X HEZH 5.87% =0. 64%

TR A AR T 20 16.75% +2.15%"
FEMBHEZE 10 ~° mol/L 41 17.93% +1.93%
BERRBBZE 10 > mol/L 2H 27.07% +1.96%"
FEARBHRLL 10~ mol/L 41 38.66% +3.27%"

a AP <0.05, 5% HEZE A ;b R P <0. 05, 51 R 4RI 40 e,
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B 2. iRHmxtgA R ABCAL RIZMIRME 1 hxtiELl 2 K
HLPRANIAALAL |3 ~ 5 J3I A AEAba 10 76 .10 > A1 10 ~*mol/L 4,
Figure 2. Effect of arecaline on the expression of ABCA1 in
RAW 264. 7 macrophage-derived foam cells

R 3. EMBEITAEAH ABCAL RiZHI I
Table 3. Effect of arecaline on the expression of ABCAL1 in
RAW 264. 7 macrophage-derived foam cells

| ABCAl mRNA  ABCAI ZEH
X} 2 100. 00 0. 00 0.14 +£0.03
TR A 20 153.74 £20.41°  0.35 +0.05°
FEMBH 10 ° mol/L 4 161.02£16.34  0.37 +0.06
HERRAE 10 "mol/L 4 198.64 £23.75"  0.56 =0. 08"
HEHRHE 10 “mol/L 40 237.76 £25.43"  0.83 0. 11"

a J P <0.05, 5% BELH LB ;b i P <0. 05, 5 7K 40 oA I 4] 55

3 %W i

As SE— M ZE R B, B &R IR
Y DL KA BE S FORRALE Ty B 4%, BEA AT
SRR RS S R R A T T T 4 A
PR () 2235 , A AR B BE 410 ) e i 75 1 DK R ot 7 4
U DL R TR A i b B B o - R Ak i R
fEHE NO WA B 5 B, AT R LA — & M PL As 1
FAEM AR T 4 S A A B A R b R R 3
TAAH 6L P JE [ P 1 5 e DRl A PR Y TR A R 4
il ox-LDL 753 B3 R 4 FO I B

05 240 T 0 LA M PN B T FRER i 2 1 iR
[ B AR N T WL TR 40 A2 As R A Y g R
Bt FEZORRRMMER T, ok A il BE - L4m
MEAIR B M 0 B B R AN, T 40 e i v A
RAZ AR FEIRIG I, (40 A v K B AR B
JeH IR ox-LDL, 40 i P A [F WA 158 2 A6t , IR [ 9 g
B RN, Ay fk b | LR I 2R i SR A A A
PO AR 20 TR R 9 A 40 BT T T R Y
IR s S s K A BRI 1) F2 B2 140

HDL 38 2o I [5 B f9 336 )  is HA 0 As AEH,
1M ABCA1 7E HDL AYJE BURM 28 DA R IR ] st 336 i) 2
i Mt FE R SCHEE R, P Bk A L ] s )
BRCFTIANT ) ABCAL &2 —FhB S IEE 1, fig

44 ATP IR E/E AR, B Eir 20T,
WEg T WS BENE M2 5T, ABCAL K 4tiffd iy FC
s A, 545 & 2R m AR E A
A T2 HDLM | Tangier 8% FI % %M HDL =
FEAFAEAS Tl ABCAT 5875 fif IH [&] it 305 1] % i 32 45 1M1
RO As (BEH) | ABISE A& BUASARR AR T LA
F ) ox-LDL 75 S 10 BRI 40 i 1 96 Kk 4
i ABCAT Y3k | S 35 14 6 VA 200 i v O ] e
B . BF9E s ox-LDL 7] DL S ABCAL Ay
5 7E As BEHerft ABCAT (AR m ™) ARF57 4%
FE W ox-LDL 75 S5 il SR 5 105 400 it 9 7 4 e
Hh ABCAT 1YZRIREO0 R g 20 e P 38 b3, 40 e
JUFL T A 3 B, 3 — AR A L TR A
ARBRAN 6 T ox-LDL 755 A9 BRR P 1 v 20 i M i v
Y ARIE BRI BE S A ABIAE RS I ABCAT M3k i iF
JOEL [ 2 %) 3 i) B a0 9L R 40 B A R B 6
ABCA1 JE N KRB Z BB Z KN E MY, W cAM,
PPPA #ahiil I X 5214/ AL BEHE X Z ARG dix
ABHE -8 ABCAT 19 2 35 HL A 3 MR 4% i A2 sl 1R
53l ML B IR A T UE— 2 AT

S RERBBEIN ] ox-LDL 75 5 14 BRSP4 B v 20
FOPE AR A B, IR IR A ABCAL FY3IA

[ &% 0Hk]
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