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WE Bm MEHR AR EF T (Ginkgo flavone aglycone, GA) *f A AL R K % B i5 & & (oxidized
low-density lipoprotein,ox-LDL) # ¥ A £ 3 ik 1 & 49 #&.(human aortic endothelial cells,HAECs) &
I BB AR A 4RI AE R R R AULE] . iR WR9M3EJR HAECs, 54 6 41, BF 2 & #F B 41 .ox-LDL 41 VitE 21
A% GA30.60.90 mg/L 41, R G xtmeash, A4 5 AN ox-LDL 150 mg/L & 4] B ALH 4 A2 AL
GA30.60.90 mg/L 8% 5|4 T 48 & 78 GA F7; VIitE 484 F VItE 200 pmol/L F7., K& A MTT &E4m|
40 04 7% & ;CM-H2DCFDA % ka8 4Hm) 52 4m i N 7% 1 8. (ROS) 48 ; BB %, J% & ik 46 NADPH #.1%
B A% s AU B LB ik ) /) — B2 (MDA ) 7K -F ; Griess reagent %l & — A R (NO) 4% ; F"25 A4L
Bl ik M AR BAC A (SOD) M4, R 55 gstiE21(100.00% ) Hik,0x-LDL 41(70.68% ) @
Jo % &9 2 A% (P <0.05); VIitE 28, GA30 mg/L 21, GAB0 mg/L 41 % it % & % 4% 4 88.95% .
83.25% .94.93% ,3 " 2% T ox-LDL 41(P <0.05), .60 mg/L GA ¥ A £ 3&, 5= & 3 BLIk4L, ox-
LDL #1488, 719 ROS MDA % NADPH & LB K -F 32 m NO 4% % SOD #H M KAk, £ %A %t 3 E L
(P<0.05) ;%5 ox-LDL 28}t ,GA30 mg/L 21.GAB0 mg/L 8% VItE Za4m /i . ROS MDA % NADPH 4.
BT 4% ,NO &2 & SOD F ¥ in, £ 5% 3 A %4it 5 &L (P <0.05), 60 mg/L GA 1FA & 5%,
it GA T 2474 ox-LDLi% 34 ROS 4 &, 4% MDA K-F,7F % NO., HAFAMLH T4 L5 SOD &4
¥ hm B NADPH 8ACER & M EIKA £
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Effects of Ginkgo Glavone Aglycone on Oxidized LDL Induced Oxidative Injury of Human Aortic En-
dothelial Cells WANG Wei-wei, HE Yan, and LIU Xing-de Department of Cardiovascular Disease,
Affiliated Hospital of Guiyang Medical College, Guiyang (550004 ), China

ABSTRACT Objective To observe the effects of ginkgo flavone aglycone (GA) on oxidized low-
density lipoprotein (ox-LDL) induced oxidative injury of human aortic endothelial cells (HAECs) and its
mechanisms. Methods HAECs were in vitro cultured. Then they were divided into 6 groups, i.e., the ve-
hicle control group, the ox-LDL group, the GA 30 mg/L group, the GA 60 mg/L group, the GA 90 mg/L
group, and the Vit E group. The oxidative injury model was duplicated in the rest 5 groups by adding
150 mg/L ox-LDL except the vehicle control group. GA was added as intervention at corresponding dose
to the GA 30 mg/L group, the GA 60 mg/L group, and the GA 90 mg/L group. Vit E at 200 wmol/L was ad-
ministered to those in the Vit E group. The survival rate of HAECs was detected by MTT. The contents of
reactive oxygen species (ROS) in HAECs were determined by CM-H2DCFDA fluorescent probe. The con-
tents of NADPH oxidase were detected by ELISA. The levels of malondialdehyde (MDA ) were measured
by thiobarbituric acid (TBA) test. The contents of nitric oxide (NO) were determined by Griess reagent
method. The contents of superoxide dismutase (SOD) were detected by xanthine oxidase method.
Results Compared with the vehicle control group (100.00% ), the cell survival rate in the ox-LDL group
(70.68% ) obviously decreased (P <0.05). The cell survival rate was 88. 95% in the VitE group, 83.25%
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in the GA 30 mg/L group, and 94. 93% in the GA 60 mg/L group, obviously higher than that of the ox-LDL
group (70.68% , P <0.05). The optimal effects were shown in the GA 60 mg/L group. Compared with the
vehicle control group, the contents of ROS, MDA, and NADPH oxidase increased, the contents of NO
and the SOD activity decreased in the ox-LDL group, showing statistical difference (P <0.05). Compared
with the ox-LDL group, the contents of ROS, MDA, and NADPH oxidase decreased, the NO content and
the SOD activity increased in the GA 30 mg/L group, the GA 60 mg/L group, and the Vit E group, showing
statistical difference (P <0.05). The optimal effects were shown in the GA 60 mg/L group. Conclusions

GA could obviously inhibit ox-LDL induced synthesis of ROS, lower the contents of MDA, and elevate the

levels of NO. Its mechanisms might be associated with increasing the activity of SOD and lowering the ac-

tivity of NADPH oxidase.
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Sk ok i1k (atherosclerosis , AS) & fF 4 I
7 TN B 0 AR A IO S i 1 18 PR A E S R T v R
A A %% B I % 1 (oxidized low density lipopro-
tein,ox-LDL) 7EJi S AUINH AS 728 Hh & 45 5 2 14
FH 3 N B2 40 s NADPH % {L i ( nicotinamide adenine
dinucleotide phosphate oxidase, NADPH oxi-
dase) #IE 7 A 193 P 4 (reactive oxygen spe-
cies ,ROS) 7t AS Ji L P4l 1 OCHEM 0, FRAY I
B (Ginkgo biloba extract, GBE ) & M 4R 75 4 -
SRR —Fh S AR 51, 20 RN B 45 B
AR, HOohO M8 ARl 28 R e i R4 VR T 32 258
AP B R BB B PL R S B T AR A BT R T
(Ginkgo flavone aglycone, GA ) J&Xf K4k GBE
{18 v T TR A 7 T 2 A8 M 2 B W 66 i A 1% 9 B ) o
LML SR A IR, AR 2 LW & 5
RAEZ) . HATE NI GA 2531275 i BF 58 B
D ARG B AR T GA X ox-LDL BB £ 3 ik N
240 it ( human aortic endothelial cells, HAECs )
AR P 5 T

MHETE

1 4. X5 514 HAECs 6100, k5 3% 3t
(ECM) JEREg (T/E) . h A1k (TNS) #1ok A £ B Sci-
ence Cells A7), ox-LDL JE Tt st bk B4 AR 2
Al VItE prdfE i 35 [ Sigma A H) ™ i . DMEM $4
FrH N L E GIBCO A )™ ih. BCA & H ¥k FE &
& Western K IP 4 Jifd 24 f % . ROS £ ] i 71
& GHE Y LB (superoxide dismutase,SOD)
R ) G NO A IR & L P9 % (MDA £ il
& NADPH S fb i o il i 75 & A VL9838 = KA
P ARA T, HFO0MHF240 —SAbtkIEF40 7 A i

endothelial

cell; oxidized low-density lipoprotein;

TR A R A, FIE BB RS ™ 3 HA
Nikon A, HWOLHMILREFOSL RS A HA
Olympus A+, FC FtR{™ A 3 E Thermo 23wl
FaBE 752N RUSAMH LT B L R E s
AR FE],

2 GA BWMEH GA UL GBE HJ5E, %M
PR K i — A AL SRR RL S A% B, H BN A AR
A TR Ol BT S Y . FREGE (| GA TR (£
BNy M K 44.76% (IS 43.54%  FRER
5.44% , S HC AT o 5 BB & R 93.74%)
17 mg, i 170 uL ) DMSO Bh ¥, ffi Fo &k & Ny
100 mg/mL, f£3, 2 J& PAE o 5 i G i 3 1
DMEM #5377 FE 75 B , o il A [R) o v B2, GA (0,30,
60 .90 mg/L) DMSO 4k <0.2% .

3 MRS AT £ 37 °C 5%CO, &
8 5% M4 LT 1% N A AR K Y
(100 U/L) FIEE% 3R (100 pg/mL) #Y N B 240 i 35 57
Wik F7 HAECs o S5 50 Hip 4 I B 4= K R 47 HAECs
6100 FHIBEHN AL IS , TR AT A M B, R %% 4 e v oy
5 x10°/mL,F43 A 6 2H: (1) 2 FAXHIRZE, A 200 pL
JoIiiE DMEM #5377 ; (2) ox-LDL 4, JinA 100 pL J&
177 DMEM 35 3% + 100 pL ox-LDL % % ik fif Wy
150 mg/L;(3)GA30 mg/L 41, A 100 pL GA &
W BE & 30 mg/ll + 100 pL ox-LDL % 4 ¥k fiF Wy
150 mg/L;(4)GAB0 mg/L 2,/ A 100 uL GA =L
60 mg/L +100 uL ox-LDL ZE ¥k )JF 150 mg/L;
(5) GA90 mg/L 41, im A 100 pL GA ZEA WK E N
90 mg/L + 100 pL ox-LDL Z& ¥ H 150 mgiL;
(6) VItE 4, fm A 100 uL VIitE = & ¥k & N
200 pmol/L +100 pL ox-LDL &Mk 150 mgll.

4 WEMRE (MTT) SR 40 M A 16 R 1 40 i =
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Wit 5 x 10 L BRI T 96 FLAR P, 43 B _ER AR
AR o 2l 7 =X T A i A4k 2255 5% 24 h Bl 5 BEFL A
20 uL MTT,37 C 5%CO, & F 3% 4 h, 3 L3,
FHIMA 150 pL —H LA (DMSO) Z% 10 min, fifi
FRX 490 nm Kl OD fl. AMEAETE R (%) =
(SEBGA OD oo =P8 Z 4 OD g0 ) /( X FRAL OD g0 — 1A%
2H ODggo) x100% , F3411% 6 AL, PO A

5 CM-H2DCFDA % 644t il 22 41 il 1) ROS
i CHERNIMEBE 5 x 10° AL E AT 6
FLAR P, 2350 R A TR] 18 43 4 7 =T T 40 M 4k 8 B
F% 24 h 5, He BRGNS I B ERE 7R R 6488 nm
RS 525 nm T B0 LR A BT AR
MM 2,7 - —H A YOLE (DCFH) =41
2,7 - —F PO (DCF) 7Ot Ry 281k, #IMH Bio-
mias2001 EG 3t R G0 (DU K2 UG ETE A58 0T )
Mg S R BDG % B

6 SOD.NO.NADPH % fLHf 1 MDA {llE 43
I FH #E A A fL i s L Griess Reagent 12 | il ¢ 40 0%
PEAFACE H Z BRI & SOD \NO NADPH & fL il
MDA, 5 T W40 3% 5% 24 h J5, WS 4 i, H
PBS YUk 2 i, ™45 i B R 170 & U B AR, 4%
MR E iR dEbR, LI E R 3 K,

7 SiitefFordk N SPSS 19.0 St cE
PTG T . THEVERILL X £5 FR , 4] He it
1705 26 T MR 50 T 5 R 28 2240 #7 ,P < 0. 05 Ry 25 5%
BEIFRE .

# X

1 SUMMAFERLE (L) SEAXTHA
LL#, ox-LDL 24 fl A7 15 W i N % (P <0.05),
VitE 41 .GA30 mg/L 20 5% GA60 mg/L ZH 4 f7 G %
¥I7E 80% L) b, B 2 7 T ox-LDL 41 (P <0.05) ,
1k GAB0 mg/L 41 575 [ B4 s gz, 1B R AE
(P <0.05),

R SHAMAAEF S ROS R A AL

15 0D fif MR ROS FHLHIL
(x£s) (%) (x£s)

M 6 0.6516:0.0220 100.00 48.336 +7.985
ox-LDL 6 0.4605+0.0244 " 70.68 105.658 £10.132 *
VItE 6 0.5797:0.0126% 88.95 79.324 £10.403 2
GA30mgl 6 0.5425:0.0208°4 83.25 89.090 +3.928 24
GABO mglL 6 0.5930:0.016 5°4° 94.93 61.239£9.508 44 ©
GAO mgl. 6 0.4206:0.023124°®  64.55 147.912£1.17204°@

V52 EOM B4 A, P <0.05;5 ox-LDL 414, 2P <0.05; 5 VItE 41 Hki, AP <
0.05;5 GA30 mg/L 41 %z, ©P <0.05; 5 GAB0 mglL 4115, ®P <0.05; P&

2 FAAEHN ROS S (K 1,%1)  ox-
LDL 20 20 /il P 2 56 i B S 16 i, 52 A B 2o 5
1%, 9 R E R S O BRI SR T 119% , 2R A 51t
X (P<0.05), 5 ox-LDL 41 %%, GA30 mg/L
20 \VitE 20 &% GAG0 mg/L ZH 4 N 7¢ i B a5,
FEFRRE AN 90 15. 7% 24. 9% F142. 0% , 2 R 58
H24 2 (P <0.05) , L GABO mg/L 41 ROS i %1k
JRER =T

-

WA NS AXTI4AL; B i ox-LDL 41;C & VitE 41;D A
GA30 mg/L 41;E % GA60 mg/L 41;F % GA90 mg/L 41
B BOLHAR IO R BT N & A
ROS Gtk tbE:  ( x400)

3 K440y SOD,NO,NADPH % 1k fiiff X
MDA [ (£ 2) S X A%, ox-LDL 4
SOD i Jj #Aii J¢ NO % # B {Ik, NADPH %A 1k il %
MDA & &ETHR, ZRWAESRIT¥E X (P<0.05)., 5
ox-LDL 4 I %, GA30 mg/L 41.GA60 mg/L 4H &
VItE 4 SOD % J1 5457 F11 NO 7K F-Ft 5 ,NADPH %1k
fitt & MDA & & BEAR, 22 R WA S it 5 L (P <
0.05), Lk GA60 mg/L 4I/EH R (P <0.05)

i@

IS P R A A R AR A AN D RE SR 2 AS AR

R 2, ox-LDL i3 ROS & B i 1 fin 4% g5+
IRV A0 L A1 53 B R A A L N 2 T Y SR ARl
JEUIRAS , (AR SAAL , BR300k 2 I 2 R
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K2 KHMIP SOD .NO . NADPH %4k J2 MDA F#% (X +s)

2H 5] n  SOD i& J1 547 (U/mg prot) NO ¥ (wmol/L) NADPH & (pmol/L) MDA & (mmol/mg)

25 AT IR 6 90.3617 +0.8218 563.68 +14.02 1.56 +0.20 3.9137+0.276 7
ox-LDL 6 52.3843+1.388 7" 347.50 +12.19 " 4.28 £0.15* 6.8324+0.334 7"
VitE 6 70.4754 +0.648 1% 403.66 +12.80° 2.64 +0.14% 5.048 5+0.180 0%
GA30 mg/L 6 64.456 4 +1.026 524 374.04 +13.5724 3.44 +0.1244 5.962 3 +0.223 444
GAB0 mgl/L 6 77.183 6 +0.842 7440 476.25 £10.2624° 2.08 +0.13%44° 4.433 1 +0.127 424°
GA90 mg/L 6 44.763 9 £0.872 2°40® 215.95 +11.48240¢ 4.78 £0.1724°¢ 7.584 9 +0.209 52440

WL N AR T, A T 5 AS YRR BB,
ROS 15 AE W15 5% Sl A T ROS A= i 1 il
P BE A 10 ) 38 Fn ROS 4 A 45 1 i a8 3% A0 41 . A
1, i NADPH b2 —Fh 2 WA i 5 A1k, AT
HL 7 NADPH f£3% 25 O, i A4 iU 40 5 B 1 A 3t
(O, ), HHTBLIA N J2& 1M N Bz 40 i A= it ROS 1 3=
FEA S, T SOD J&i§ Kk ROS i 3 E A > —,
AR O, ~ , AT KJE ox-LDL, M ImAs & A N 1) Bt
AL AT, DD N A B G s 2 R T O, 1A
FI4MHE T- . Cominacini L 25 5 HLBF 57 % PH, ox-
LDL 5 i E R A A AR AR 8 152 4K 1 (LOX-1) 45
AJE T S N R 41 ROS T, BEBIE O, ™ il
AR BT, TR B ROS BRAE WSS (5 41,
EEEAEN T N A0, fF NO 2835 , M B A oT iod 4
k. Bai YP %" ftii5E & B, ox-LDL AJ DL A
Jik P Bz 4 i NADPH 48 AL 2 (gp91phox ) ik
R, I HLREIE KA S A R, A R 1) 7 R AR G
%, Park DW %"/ & 3 ox-LDL 1] LL# A 54k 3h ik
PRz A AP ) NADPH 4LHEE 4 3806 , et ROS
AR A, NADPH AL = A 1 145 1 S84k 9
R Z2 303 PN B2 20 NO A i %) 355 1 5 e NO 11
WAt , (8 3% R B O JRl /0 T 5 B P Bz S i e 9
AL R 150 mg/L ox-LDL 5 HAECs & 24 h
A AR LIS 7, 835 i ROS & & S MDA 7K
S A NO 433, FEAMIESE T ox-LDL X P Jz 41 i iy
AL, 5 R A g 45— 8, HAE AL T RE R
ox-LDL %53 NADPH % fbfiff (1) 23538 fin, = 4 K i
1O, ,0, MG Z ] FEA% SOD M1 M I K= I #€
SOD, 4Lk V- 2 ), Toik bR ) O, - X it —#
&% BE AR 2 1 (LDL ) JE B ox-LDL, 55 NADPH
SE A5 A 7= A A AR R 2 1 ROSH9
GBE J& 244~ [ b5 117 5 b 5 B HE 55 116 97 #0351 Bl
O 105 I A5 995 1) AR P84, 1 GBE Hh 1) 3 i 2
HPTAA M EZ 5. HT 25058k Y GBE 4
AT BRI 2 AW, B B 95 % LA 2 #
WL AP 7R o A 256 i 6 FH 1) GA J& 3 3 g 7k

fiff — FEA5 A 2 BRI IRAT 1 BT AR A B $E LY
B A 25 BRAG I T B2 A R 5 TR A B 3R
P By 3 - BRAEL S A B R A 7S (] 5 B T T
HIWEE R F] 93.74% , KSR GBE i) 5 il (24 % )
B 7 AN AE He GBE 1% v i 22 B0 W s Al A=
YRR, GA 1T LB Bl i /N BEE A . B
LTS GA Bk b HA w4 #E P GBE, (HE
X P B2 20 AR AL B 405 B R 4V TR AR P e e
ARWFFR L5 R 30 ~60 mg/L GA Tl b 3 I 22 41 11
ox-LDL %51 HAECs 4HMii& J1 T R4 A th 3t g
Fit E AR MDA & 53, 4 NO ZK-F-, B OCHERY
JE[RIH ] NADPH AL & 48 & SOD itk (HA
WF9E K% BH, GA Xt ox-LDL T2 N 5z 40 a6 475 i AR/
FH, I3k v FBF M BT, 90 mg/L GA W] Hpl] ox-LDL
TIER X N R 2 R e B0, FL R R AT RE S GA SR AR VA M
TEAN AN 4 S i A M A HA 6. o T E— e
GA WP RAYE, ARSI e 5 T 2 A Bt S AL 7
VItE 14 2 BE X B, 3IE 52 200 wmol/L VItE %} ox-LDL
P51 HAECs bt 1 BA 1 — & R 1E L B
AJ 60 mg/L GA fEFWI R, s T GA 1EA—Fhi
A BEE M B KARPUE AL 7

GA J&A & LA oy il 2 28 5 B 3% A o i
TG 2y, HAT I RR A 25 RS M AT LA GE 3 AN [ 1Y
VE RIS AL 47 P9 B 20 i i S8 Ak #1445, Ou HC
a0 S R B, GBE A L 2> ROS, i it SOD |
P —FAL A A U (eNOS) 3k , 355 1 ox-LDL
FESIMAE N K INREZFIEM . Huang F 2" BE5Y
WESZ, GBE 1 LA/ MDA, % Fe, " & Cu, * /> S04k
4 LDL 4E Ak &1 5A W S A i 7, L0 A ik e ]
fig 548L N A ¢ . Rodriguez M 25120 25100 Ik 45
PiRJG % GBE AT 2 A Ja, il WLE2 2 B 3 3 ik
SRR BEEIE B A SR /D 1 SOD 3% 1 B 2
ox-LDL 55 H (a) WEWI R T, 45684 1E
R FEIESE , GA AT HH S 410 1 155 B K A PR JBE Bk 3 453 445
S RISk AS JRAE, [F B I 4 4 NADPH 41k
fii 2(NOX2 ) .NADPH % {L il 4 (NOX4 ) & 1 . 3t [
FORYI BT BN GA XTI A BE 40 i 4 4
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PV IASAUAE T B3 R A0 A dy 2, 30 a4 0 il
NADPHALRE & NOX K%, Tk ROS A=, i
LA AS AL

(1]

2 % x #

Erlund I, Kosonen T, Alfthan G, et al. Pharama-
cokinetics of quercetin from quercetin and rutin in
healthy volunteers [ J ]. Eur J Clin Phamacaol,
2000, 56(8): 545 -553.

Guzik TJ, Chen W, Gongora MC, et al. Calcium-de-
pendent NOX5 nicotinamide adenine dinucleotide
phosphate oxidase contributes to vascular oxidative
stress in human coronary artery disease[J].J Am
Coll Cardiol, 2008, 52(22) : 1803 —1809.

Gonzalez C, Agapito MT, Rocher A, et al. Che-
moreception in the context of the general biology
of ROS[J]. Respir Physiol Neurobiol, 2007, 157
(1):30-44.

Chrissobolis S, Faraci FM. The role of oxidative
stress and NADPH oxidase in cerebrovascular
disease[ J |. Trends Mol Med, 2008, 14 (11):
495 -502.

Cominacini L, Pasini AF, Garbin U, et al. Oxidized
low-density lipoprotein ( ox-LDL) binding to ox-
LDL recptor-1 in endothelial cells induces the acti-
vation of NF-kappaB through an increased pro-
duction of intracellular reactive oxygen species
[J]. Biol Chem, 2000, 275(17) : 12633 -12638.

Bai YP, Hu CP, Chen MF, et al. Inhibitory effect
of reinioside C on monocyte-endothelial cell adhe-
sion induced by oxidized low-density lipoprotein via

(7]

(8]

[9]

[13]

inhibiting NADPH oxidase/ROS/NF-kappaB path-
way [ J ]. Naunyn Schmiedebergs Arch Pharma-
col, 2009, 380(5): 399 -406.
Park DW, Baek K, Kim JR, et al. Resveratrol in-
hibits foam cell formation via NADPH oxidase me-
diated reactive oxygen species and monocyte
chemotactic protein-1[J]. Exp Mol Med, 2009, 41
(3):17 -19.
e, BERR, X2 7. R DR T ORGSR 4
ox-LDL MDA .GSH-Px .SOD FJ#i[ J]. v =
JiE, 2009, 18(12) : 2022 -2023.
BRI SN — JAETE S IR sk AR AL e A R
HVERIWRRE AR e [ J ], E Sk Ak 44k, 2008,
16(10): 757 -762.
Ou HC, Lee WJ, Lee IT, et al. Ginkgo biloba ex-
tract attenuates oxLDL-induced oxidative func-
tional damage in endothelial cells [J]. J Appl
Physiol, 2009, 106(5): 1674 —1685.
Huang F, Feng G, Zhang S, et al. Effect of Ginkgo
biloba leaves on oxidation of human low-density
lipoproteins in vitro [J].J Hygiene Res, 2004, 33
(4):453 -454.
Rodriguez M, Ringstad L, Schifer P, et al. Re-
duction of atherosclerotic nano-plaque formation
and size by Ginkgo biloba (EGb 761) in cardio-
vascular high-risk patients [ J ]. Atherosclerosis,
2007, 192(2): 438 -444.
e AT, SRS R, SRR B T S sl ik ok A
Ak K NOX2 NOX4 k2 [ J 1. 253 25 5
RZ5H, 2012, 23(3): 274 -278.

(YiHi:2012 -06 =13 f&[11:2012 -12 -13)

FALLLLL G 0 0 0 0000000000000 000

J
3'\

DI 1P O 10 T 02 I 0 2 © I ©

I e L DI

(PEHEEZARXE)BREMPERHFZARET

HHEE A E A 64 Z B LN ERFRARLEAR TG EZNG4A, ¥ EAHFEARE LRI A
1987 £k BHHFGAAAT P AHBEA LA LR, FEGENETEREHARRET A
FHRFHARRHH (P BAHGE T FL), Gt SRR TR RERRZRA,

2012 512 A7 B, PEARAFEAE LA LA LTEFLX T S Z I F AR LLITLER
EA A, ik 2011 FE AP E AR F RS, KB 2011 FEFEHELAELL 5] KB E
(CSTPCD 2011) 44 R (PEAFPHEL S L&

YRIK 2011 F B A FTERBFZ R AHT,

(FEFHEZSLE) A 2003 FRK“2002 F a4 FEAABF R HFT Uk, E4810 F
(2002—2011) M RRER, A AN T RO T 0, R, K PERAPHEL S I/EL%
T RV 09 AR F B, A LRI F) k6 2013 F P BRARL KT W45 RALAS , BRAR S A R 6 F A4S
Ik, ERER L EH AT —F R,

J O M O i O M ) M © M O N O A () M ) M O NN O A O NN ) M O M O N O M () M O M O

2 O O O & © M © M © M ) M ) e ) e e e i i © M © M © M i e ) e ) e e i i © M © R © M © M i ) M e i e i O O O O i © e O N



