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Research progress on antioxidant mechanism and functional activity of
natural anthocyanin

LI Xu, BAI Xue-Qing, LIU Chang-Xia, LIU Bo-Jing, FAN Xiao-Zhen"

(College of Chemistry and Chemical Engineering, Cangzhou Normal University, Cangzhou 061001, China)

ABSTRACT: Anthocyanin is a kind of natural water-soluble pigment widely existing in angiosperms, due to its special
chemical structure, anthocyanin has strong antioxidant activity and is widely used in food, medicine, skin care and other
fields. The antioxidant activity of anthocyanin is the basis of its physiological activities. This paper reviewed the
possible antioxidant mechanisms of anthocyanin from 4 aspects: Reducing the accumulation of reactive oxygen species
and scavenging free radicals, activating enzyme antioxidant system, and reducing DNA damage, and interacting with
metal ions; the functional activities of anthocyanin were introduced from 5 aspects: Anti-tumor effect, antibacterial
effect, regulation of lipid and carbohydrate metabolism, anti-fatigue and anti-aging effect, and regulation of intestinal
flora, in order to provide theoretical references for further broadening the application field of anthocyanin.
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WOk, R T RALRIRWHD . sl @it o
SRR RS Al Al

PRI, FET R AR H W I BB AR S Ok
LA 995 56 22 BB 11 2% A RS AR A D11, Bt A7)
XHET ROTZHTRA, BRI . WEEH . XI5
2 BESAC IRV AT L DO ST BT AE TR 1 i
VARESF I RE TR M O A8 O W i 7 SO a4
I SR DX X 2 3t R (R ST AT R B, AR 3
Wb RAE T RRA RS AT IES R AL L5
i, WOTHGURAHLR], TR RE M T4k, LI
kAR GEAE T R AN SRR P E 2%

1 #HEZENNUFEN

FETF Z L) C6 (A I1)-C3 (C F)-C6 (B FR)E5H Jy SEA A
B, FAGERIE 2- R IR, K 1 PR, BT
EH RE P AR, bR A I B IR S g1, BY B
R E Ry A Ry AL B BUCEEAR R, TR R & FEMIERT = . 4k
1947 4£3:[# Bordeaux K2A7ELI#H 1 Jack Masquelier 7E4E4:
AP — R BAER Rk, ©A 2728, it 700
PR LS B R B S E, ARA P H WML E R
FEH K43 E (cyanidin, Cn), EHEH ZE (delphindin, Dp).
KA3E 2K (pelargonidin, Pg) ., A2 4- &K (petunidin, Pt), AjZHE
(peonidin, Pn)., 4733462 (malvidin, Mv) 6 2%,

R,
OH
OH
OH

OCH,

1 EH R 2L

Fig.l Basic chemical structure of anthocyanin

2 EBFROMENINT

AR IS WS PRI L JEIE AL LB B 6 A SR ATk
PG KL AT SR, FET RIBTMR . Hisgk . Ay
R, B S BT RE XY LR R (BT A AL BE T SRl
167 % 10 P & Ak HL I 32 2 2 B0 78 0k 2D 16 P 4 (reactive
oxygen species, ROS)FR RFIVERR B fH 2L . WOEBEHUAE LR
4. 1/ DNA B AR 5 408 B & AEAE S5 i .

2.1 B ZRIELAE
2.1.1 Y ROSHRR, Ak Aadk

ROS J&—Fh &4 Y, 465 8 B EEMEE
HH3E. S H B EAREEN —B IR Y A F A H
(O, —HTFREYRAMmIECOH), oA B i

(ROOHFT—SA LA (NOHAE, dE A R FEAHE &M i Fif
J5L i S A U (H202) 1 MRS RRER (ONOO) LA K B S 4R
('0x) %, i b % oAt B3 ) B AL DA LA 28 i iy B e
FEP22 . ROS AT LAVE i AP G SN, X BRAE T4
AR A P A B AFE T, (AR N ROS 3 2 sl
DER P AR, ALK EA R

HHRET 2L, G502 AW R H
SERAPLAAPERIERE, Bl 2 W TAEE ZANE A A ht
(ROEBRHLEIPY, FEFH R B B LAY 37, 4 (487 sk
R 2 MES R R PR UV S ROJE AR & 3t
Pe PR s AR I s, WA T =, IR TINEE: A
W5 MM REARES ) p A AL, B HY, X RO-HATEGRAY
a7, 3. 5. 7T A REHE— P 5 RO-G55TE URF R
GG, I3 s - P 7 S A A SOy B R E M, AT
i SRR A B B T BR 4 mol RO-PY; 5
HAbZ B2 Y AR R, BT R C 3 Egvb— 7,
e T — AT, B 2RI I+, 5
TG IEMEASE A AR Gt

RIAFAERIAETE R H TS XS T 1,1- R i R
H B %4(1,1-diphenyl-2-picrylhydrazyl, DPPH"), -OH. 2-B¥%(-
T(3-Z IR I E M 6T R ) — Btk B 1 5E[2,2'- azinobis
(3-ethylbenzothiazoline-6-sulfonic acid ammonium salt),
ABTS 1S B HATEEREE ), XF DPPH Fl1-OH V& BRAE S 55
FAHRIR EE 44 2 C (vitamin C, VC), X ABTS W5 FRAE
JIWEHR MR A (1) VO i v R R AR TS AL T %
R Kk DPPH-IHERAE S 73540 T 3.694 Fil 4.208 mmol
dirZ ERT, I R IOBUE IS S A RS T A A G,
S LRI | Sl AR P A T R P B R
TP A T, BB PR S T 2 b
PO e AT R A A R TR RO AE G AE )

ALIZEPUIE T 8 FifE#F % Pg. Cn. Dp. Pn. Pt, Mv,
JT3% % (apigenin, Ap) Mt 7 Z (quercetin, Qu)ll 7 FifE Gt K
IR 3T (pelargonidin -3-glucoside, Pg3G). K45
34T (cyanidin-3-glucoside, C3G), KIHEBIZE-3- %)
B 7 (delphindin-3-glucoside, D3G) . Aj 24 % -3- 7 45 B 17
(peonidin-3-glucoside, Pn3G) . %424 &K -3-H#j &1 (petunia-3
-glucoside, P3G) ., 25 LK -3-Hj 4 (malvidin-3-glucoside,
M3G). ##E0R-3-2FFUET (malvidin-3-galactoside chloride,
Mv-3-gal)i¥) DPPH-, ABTS" ., -OH H9ii bR K b4 kg
SRR, WH R P AT TR IS S i 1hE
T —B AREZEBIHEEES GG R B N, 16
R FET ROS K, Bl 55 E BRSO A SR 1
HL, & ST 2R RARPHEIBORAE 0~320 pg GAE/mL (5]
SR AR FLR R AR A AR G, (EX R E MCF-10A 31
Ji b e M TCEEE, UEHIAET R AT LA A d R p e A
FARLHIT,
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K2 B RXEEAE A hEE RO )TFERHLH]
Fig.2 Clearance mechanism of anthocyanin on active oxygen free
radical (RO-)

212 #EBLEAMNLAL

AR Y Y Tl BT AR AR R G A R AR AL A AL
(superoxide dismutase, SOD), %A kA ffi(catalase, CAT). it
H ALY (peroxidase, POD) . M H ki S /b i (glutathione
peroxidase, GPx)3F. P4 LA RGENYHLE 7T LA &1 B
PRI, MR IR AE IR IR TR AR B R e 4
XF 23 TREHLYS BRI TOC M R R, AT LLGE S ARG
FIR AL Rl AL BT IC Y N ¥ (malondialdehyde,
MDA). FALRE 8 H(oxidized low density lipoprotein,
oxLDL)FISFRIFIIRER, JFH4 SOD . GPx MIEHE, SRRz
IREMILL, EAMEREZIAE 5 LI Mas T B 5, 16
FAE R SAL R BIEAOCN T 2 (NF-E2-related factor 2,
Nri2)$i 5 Ak )3 Je1F(antioxidant reaction element, ARE){F%5
W, W3, S UE Ay BE HOBK &% %5 B (glutathione
S-transferase, GST) 14 % 2 - 2 bt 24 B8 i 2 1§ (glutamate
cysteine ligase, GCL)%Y, $ i A AL BH i R G B b
BT S K TERETEPE, 7E ROS MR SCHEAN o1 2 Bk
R, AR AR s B A B . 25 A A
B EE RS, EF RELZS MM Nef2 8553 B ina
H OBK i % 1k ¥ B (gastrointestinal-glutathione peroxidase,
GI-GPx)JF 8 F ARE X35, ##5 T Nrf2 M1 GI-GPx 161, Fhi

A B 22 BR 2 W ) Ji (thiobarbituric acid reactive substances,
TBAR)/K-F- R (K, CAT, SOD. GPx /KFEFHEtl, e
H,0, filt& N\ FERE2s 1 B A M (Caco-2) A R, 3 =y
H,0, % CAT HAMSIER, 5 REE CAT s sMEsk M
U5 Hy0,, (BTG HIELRANEICE K, @ Bt
AR D HyO,, [l A REA S 15 4 A A s L

|
= -

3 EHE RIS Nr2-ARE {5538 BB
Fig.3 Patterns of anthocyanin activation in Nrf2-ARE signaling
pathway

2.1.3 A DNA $ith

DNA $5i45 il i FECA MR | SR B ERSoR 0 7
KA EE A (ochratoxin A, OTA)REWEFI TH AR S,
LFEANAE A4 ROS A5 DNA 145, #SHll C3G Ji7 DNA $ifi
BEWD, HAMERE/NT 0.250 mmol/L i) C3G Az
XIEH DNA R 51 iR AL 61T (A AN (HepG2)
PR R BT RIA KO N RS 24 b, BHIESES SRS
SR K BHHE AT DNA $405155 4 2L 1K 45 (growth arrest and DNA
damage inducible protein, Gadd45)Fl XA K (murine
double minute2, MDM2)FLIE FNFE %, 1w W2 it S5 497 1
G, R MifEAs, MEE DNA B ptmt B, 4% E
B RKBEEMABINT 1| gke mEALAZRRIET RiH
L I8 AR I A2 A A DNA B0 b1 HoOo 1 8-48 4 U 4R
19,4 (8-ox0-deoxyguanosine, 8-Oxo-dG)¥k i HH g F&A%, 5iMH
BHE SAEE R IRBIXTFRE DNA HA (7R, A
A=ZMIREBRRET RS FENLIESEE P2 AHE
FERFAE MU | WAIE KT EE R DNA 5, e
WHERXRBS T EAN B AR EY . BRI
(adenosine triphosphate, ATP) % i . DNA H 3£k Fl mRNA &
IRV PR, b 2R 5 T B R R A DG T (R R AR IR
52, Wi/> DNA 554, ARRIHLIEZE H AR =ik R i T
ISR RS TP AR R . LAZZE S i R
BRI F K B AT 5T R BRAE T X AE T 3 A AL A
SRR B4R DNA B 2 BAT (R VER, ZA1ERYS
T ZMWAF LA K . SARMA 25 51% B I5 i f2 v o,
1E-OH ZEEHITE A Cn-DNA & &Ym] LR TEE ZF1/)N
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4= Jf it DNA (calf thymus DNA, ctDNA)% A b0, e
Il Cn-DNA & ifil| o] BEJ& DNA A Ab$5i 4% i —Fivnl 58 A9 B 1E)
MU, HALERAN A 4 FF /R, Cn 1) B TS5 R/E HIE A4,
S Z RN = IERE S .
214 S5%8E5THAEEAR

MANFE 4R BT, W Fe’', Mg®, Cu® %]
AL IR A IR, RS ARE ML E T
FREEH, RERSAR LI i 7170 Al 5 F ik 4 )8 B 7B s
HATE RS K- R 4% A, LS B R TE
AL, NODA ZEUSIP i Bz iP5 51 RaHe 5 3 -3-(p- B L 5
B )-5- # %5 5 1 (nasunin), 7E K B 32 80 ik 35 52 5 v
nasunin 5 Fe 4456 OH, a4l i Bz 40 i35 1
RAFPURIMAE L R E . fER GRS FIFET, Bt
YR IR (ascorbic acid, AsA)RENE M AEBE(E SN H A5 75 R
FRHEAL, BFIERIMORR Z A . 165 X AsA EALHI L
HIATREAELE 2 FhigAR, Wl 5 FR, —7E AsA Hl Cu®'ff
BT, ERY Cu™ AR, BRAETRYS cu®#
YR AsA; TIRTTREE N AsA-Cu* -5 R4S,

q/
H,C
+ 0P=0
EHZ)_I\ :B
i’ Cn-DNA
Cn DNA%E 2o

K4 £ K-DNA ZE5YHIE K
Fig.4 Formation of cyaniding-DNA complex

i BRIk, JEH RPUAA T RERIHLI AL AR IE /> ROS
TR R A d2k . oGt AL RS, B> DNA $if) |
HemETEAEEM EFRRE, SRR 7 ik
FevE BT AL, W IEE A RPLA TSR . BT RpEfb
AE S SILAEEE RS A G, oo, Wik, M ILRR Y
AN OREAL . AR AL A o B AR L X HA A T RE
TPV, FEE RO R

3 EBEEWINAEEMN

3.1 HBhE{ER
FE R BB MR RE M RIR T4, 67 5 M HAE
YIxt LI . e R . DEIE S 2R R B
YERERMLEILER 1), BT | BT Ffb2eyrik
GO BB R E, SHPTE If PR 259 T kAR
TR
TR PR AR AT e B, S b i &
BB UIAaSE, ELAT AR HA B S s R % i %

JERIIAET 5 FHZERBIAE PRI E R, FUIRREH
LT 2 (dihydroxymethyl butyric acid, DMBA)-DNA Jil&#1
HIFE R B T 34%H01 56%, WIRTEDLEILEE GPx .
POD i i 3G, LA RA L Kb L IR &4+
90 TR ARG 2 LS5 % ) A SO L N B B A AR
FNF N 98 (KB ) 241 b 4 8 LA 5] S AR gy il 42 L, I
BN 200 g/mL BRI T 60%, 24 h 75T KB i
T3k 32.56%, FHHEASHS KB 4 WIRHLH7E Gy/M 1512
PP TS TE S R AR 200 png/mL B X A BRI
AN (SPCA-DTAT=RIE 39.5%, FT-4NMEFRH =24
Go/Gy I3, 4 FP G0 e - 1-3- M M - 1 - T AR 4K 4( 2 1k
AT L) I A e - 1(3- M B 3 )- 1= T A R o v = M
BT, BERREEF XD EREE AT AM E K
(BEAS-2B)4H/ig DNA #i53. WiZd#n ROS /K, L if=E4H i
B I T S RIE 28 48 I (ataxia-telangiectasiamutation,
ATMIKHIF) DNA AR FIR S, H AR 2 5
XF 1IE# BEAS-2B 4 g JCAH a5,

5 HEZX AsA EALR R L]
Fig.5 Protective mechanism of anthocyanin on AsA oxidation
WH RS S Z ARG S &R, Wiy,
Pri . ARUERR AR T . G OR s A L R A e
KRS RN AE LR R HEUINIRE RN, - Dp X5 IR 968 4t B B AT et
AV BEAR B R A sk, WIS B WA T B AN 1 A
K H (light chain 3, LC3-INFEALKF- 942, @4l [
WE IR A AR HL f2iF ROS ARE, (i PR 4n i v
205, C3G il G 1/ 4 (interleukin-4, TL-4)338 /)
R E B B W 41 B (bone marrow-derived macrophages,
BMDM) Il & 41l g [ mRNA 235 54 (1 4 5, 104
BMDM Rk, 5% BMDM # YL, P3G 35 R AR
JEIRSEIR F o (tumor necrosis factor-o, TNF-a)Fl IL-6 7K,
] NF-xB (nuclear factor-kappa B)FiE 1% & -1 (activator
protein-1, AP-1)i& 1k, ¥ /> 30l 1 ~ E & 1 (NF-«B
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inhibitor-a, IkB-o) A% P& c-Tun ZHEA S/ 22 25
IGALEE S INK MAPK (c-jun-n-terminal kinase, JNK;
mitogen activated protein kinase, MAPK)JBERR L, W/ h
F Toll K£3Z 4K 4 (toll-like receptor 4, TLR4) ¥ H4 T fik & 148
fiE BT, C3G . R FE B F -3-0-25 F B AT (cyanidin-3-
O-rutoside, C3R)YREME (R il R & 2 MR FF 51 1Y) P e 24 iR 25
1 7K f# i (cysteine-caspase, C-cas3., C-cas9)FI{e I 1= 2
Bax 23K, MFIPAT- RN Bel-2 12k, 1hd &0
HUEYS DNA -4 R HAT BRIV, sl il i 4n
JfLA Bk T IKFL S 7 (GST-m)f) mRNA /KF, Wb GST-n
Mgk, FLG IR A9 GST-r 235 H A A R 40 i 5%
RN FEH Z 0 AR AN Bl6-F1 MK iR Al
i e o A A LA TR, 2 R e B B I LR 3
B W/ J &= B2 B H 3 1§ (phosphatidylinositol 3-kinase/
serine-threonine kinase, PI3K/Akt)Fll RassMAPK PR
5, RN 148 9 B2 A= K K- (vascular endothelial
growth factor, VEGF) Fl # il % i 4 J8 & A % (matrix
metalloproteinase-2/-9, MMP-2/-9)BH i i /1621 | p 2 B 5
H AN w280 v, Wbk
FE A% R 4 i) 85 F (inhibitor kappa B alpha, 1xBo)BiR
AR B0 TNF-o fih % 9 NF-«B A0S, SEmi 6l NF-«<B
LR S TN ESr N} i B 7w i | A € BT s Wi
MG 5 P8 5 4 68 (extracellular regulated kinase, ERK)/
MAPK Fll NF-«B {5555 FA BGRMMEE, P3G I
p38/MAPK A Rt iyl FICY,

32 HE1ER

167 R X B 46 5 8 (A B AN LT BT 10 4 2% IR 4
WORIGA . SRR . mRYTTIRE . &R
FCH . TR AT o)A 22 B o O I T L Al
FZEMUAT R . & OEE R . R R IR RS
— R P A OO o YR 0 T (4 o € R A R
P BEAEZEROAT I . PRAZ AN MO AR AR TR R . KRBT
FURFEVPTTIRE . BVA AT ) FI IRk B (R th 25 L iy
. s, RRES. SHAEE. AR)EAER
AR AR RS SANEAN L, EETFRTTRME . A6S
TR A 45 BT LA B A R AR T8 BT R AT AR A
AL LG ()8 R 40 B BE (%) 45 44 Fn 5 B8 1, 4N i g 2=
WAk, 5 m 40 A B Y A 5 1, 3 BN AL 2R AL . AR R T AT
T2 ()M 40 T DNA . RNA FI&E G 2E W&,
AR R, FECME LTV (3) I e S A A
WA . ATP A1 SOD 15", (d))si 55 41 1 X = SR BRI B
B RZ I, 10 o) 40 TR B A B WS, ek B A B Y BUR AR
FH, AT 208 21 B A AN 2 1 6 4 410 )V R 2 W
J 4 A AR PG 7 A U H AT T R I, 6T R I
YEFI N b ZAHL 3L R 1 A 45 R 3

3.3 XfBEZE. BEARWHEATIER
AT 2% 38 Ao 00 1) JF A S A A PR A0 v R 0 )
THACEE, 1 A 02 09 5 2 43 WK g T A A5 2R 08, T
Jo 5 KO, PRI AR A, D AT . R AR
AR, DB PRI AH DG o A AL TL P I A 1 G
Z R —y- 3 15 I T 1-a (proliferator-activated receptor
gamma coactivator 1o, PGC-1a) AR K I PN i B4 5 I A
% W-6- R mRNA F3K T I AT B C3G Al AT 5
AR FZEETY . 16E R FEE ] a-TER LA
KITH A, T o-H 2 B B R R 1948 )5 Vo UK, T At
3 25 ok O 804 M - D A O A WA BRI 2 T,
RS IR T 2 AR I SRS S 5 F IR ot A M T
o E AR, HEAIRA A, oA RS
ATRELG oYy X LB A7) 67 23 aod SO A5 A
JitHE i 35 (glycogen synthase kinase-38, GSK-38)HEIR fk Al
Wi A U 2 (glycogen synthase, GYS2)HZEk e #bbi &
BN C3G AR BEAR B AN, TR IR IELS 5 B 1T 4 (retinol
binding protein 4, RBP4k, $mi S R HUkik, Bk
g 5 LB, FOGE MK B P SR T et R RS, €3G
2k eI AL A = Y RE A5 Ol = B AR R R S = 1Y
HepG2 il AOATATHIMAE S AIBEISU S i, BER] C3G 4k
AR H = BT TR | ke DR AT — 2 R
675 330 3 0 o f R B T 2 I R ) e £ C
75 IR R U6 1K 2B M IR (AMP-activated protein kinase,
AMPK){5 518 B8 55 40 MU A BB R B & AE 75 2 n] LA AR
JiE A, FERIE SRS R, #0E Akt fl ERK/MAPK 5
S, ek ORI 44H (brown adipose tissue, BAT)i%
P, RIS Y FRE A - = BB IR 3 2 ROS #34,
Fif B p6s FH . ERK1/2 BERRILAKSE . Rk
FREERE IR KT, 767 KBS AMPK JkH5 HepG2
A R B BT AR R, A T i R I S A T R W R
(nicotinamide adenine dinucleotide phosphate, NADPH)% fk
fit 1/4 (NADPH oxidases, NOX1/4)F1i5 3 8 — 4 AL A 45 B
(inducible nitric oxide synthase, NOS2)ZF& ik /i, it B ik
C57BL/6J /NRANTE 40 mg/kg IR (LT X oA UK &
BEAR BT DR AL . MRS S5 A RACHT, WA
JRUTRAN A AES 2, I RERHLWTAR 7 B () 5C 5 il 2 okl
At A FRALEEEVES). C3G Wt/ N D 40 ML (3T3-L1) B A
=L, KE RS ZEZREYI-1 (insulin receptor substrate-1,
IRS-1)/PI3K/Akt &A%, e i T Rl S BUR AL
LR AR MRC e (T B Z s B . R sk R
it NF-«B FIHERE BTAC A S B39 7o /445 6 28 1M (sterol
regulatory element-binding protein, SREBP-2)AY {5 5 18 1%,
36 S KRR A A1) C3G A C3R 340 Akt Il ERK-MAPK
GO, P BAT I, JFHEmZOR A DR A G
H M PGC-la . £ WK% 5t A F A (mitochondrial
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transcription factor A, TFAM)AI Nrf2, FiEAgNiFRE LA
Fe RN AR BB 1 (uncoupling protein, UCP1),
PGCla il PRDM16 (PR domain containing 16)fZik /K-,
FEE I AR KA A A A IO
3.4 IEH. mmREER

WH R 1B 2 ST [ RO, EREA0 i S
J1. RS AAETEAS . W M R B B4 i e T AR
B BEH (amyloid beta, AB)HHICILE )28 AR FIP L 41 Yl g 4
AR, AR R A8 5 P 2 A L0 3, PSR AH
KICILE MRS . /DERANEALTE 2 7 R IE ik Ffe e
Bp R A, FLRR ARG . mFLAR . IR 2 AUKT- AL,
JHPHE I LB I 25238 7, MDA . SOD 7K F-3 il TNF-at
IL-18. IL-6 #3) T, Bl PGC-la Flid AL BFAYS

FEMI 5 Z 1K o (peroxisome proliferator-activated receptor a,

PPARa)HJ mRNA Fik | iE!e,

WA—ERNAET R, BEAEIREECIZ R
R BE AN B A P A DA HIBE A5 S, (RMAIR 211,
C3G £ 100 pmol/L B, ATi%%% 10 pmol/L ABas 35 X A
ALY IR AN (SH-S Y SY) AN s s RO 403, 0omsi % Ap
AH G B DR 5% A8 R b 28 2F dE g 45, A M AE S R AR S T
72.26%™), WG T R LI e NG9 SR 5 T RN L e
MR BN RE T, 521K U Hh il 204l il NO .MDA #il
Ca KRR, A bR m ), S F
R a - RIZRRAE YA AE S, /N BN T Rz
WA FROANMIET, WKE MO E I REPY 167 ik
SN [ B PC12 41432 CoCly S B
35 ETBEEE

H R AEIE IR T WA R TR RERI S . RN 25 T AL

o AR 200 mg/kg MACAE B R TELLANE 12 S, /MR
JHF WE Bt S840 G 2R G B 0GB B B T A -1 (zonula
occludens 1, Zo-1), MAEH ., BEEHEAMEEA-1 1
mRNA ik BFEH, MBI B8 (Barnesiella) |
AR R (Alistipes S ¥AS R, Al R AL (1T (2l
K 96.8%) 0] LAFE i A4 T8 RRE o M i 2 R, IARAMR
SAUREE 12h A, REASAREIDUBAT I . 9 B EREE . IVELRRIR
ZERUFFBE . BB R T SR R AR R, 3 L
AP 2525 AR BOU LI 2, 24 h 5 bR S Bk E . VLR
AR ZFEALFT 581 I 45 PR AR X = B AV TR SR A7, X RUE;
FF B _E R R TR G, % 5 2 A B F i A AE
O] AR 0 M i 25 AR TR R R SR X R B
TR 25 4R B BOR T B RO B G, 7RI
PR BRI I T SURF BRI ] 2R I A RN
S5 DRIRE AR AEDOT 2 R Ak, el TRRE R[] L MR A
FFBE AR AT B8 A AR EERY . CHEN 2 PV% 3 €3G Xt
KB IE R S M0 & B G A M S i B

X, WHEREEWM M TGP BARE. TRER
NK4A136 41 . Wi R AN FBE; 380 T 45 1 2k Ar
TR P AE X e, el T AT GRRITE AT GR1 F AE X Bt (ELXT
T 55 W R I P B A W AS S 2, R R AT RE R
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