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Abstract

¢ AIM: To observe the inhibitory effects of formation of
choroidal neovascularization ( CNV) in rats induced by
laser by naringenin and complex of copper (Il) with free
ligand.

e METHODS: A total of 24 male Brown - Norway rats
were selected including 18 rats as CNV model and 6 as
normal comparison. A total of 18 model rats were
divided randomly into control, naringenin and its
complexes of copper group with 6 rats in each group.
Naringenin and its complexes [20mg/(kg - d)] were
given once-daily through intraperitoneal (i.p. ) injection

after laser treatment for 30d in two experimental groups,
respectively. Complex samples of retina, choroid
membrane and sclera in each group were taken after 30d
of the establishment of animal model. The sizes of CNV
lesions were observed under fluorescence microscope.
Samples of choroid in each group were taken. The
expression of protein and mRNA of COX-2, VEGF, PI3K,
MAPK, MMP-2 and MMP-9 were examined by Western
blotting and RT-PCR method at 30d.

¢ RESULTS: The animals treated with naringenin and its
complexes of copper showed significant decrease in their
average CNV sizes, compared with that of the vehicle-
treated animals ( P<0.01), especially with naringenin’s
and its complexes of copper group. Compared with the
vehicle - treated animals, the mRNA and protein
expressions of VEGF, COX - 2 and so on were
significantly higher than that in the model control group
(P<0.01). The expression of gene and protein in each
experimental group both decreased when compared with
model group. Except PI3K, MMP - 9, the reduction
degree in the naringenin and its complexes of copper
group were larger than that in the single naringenin
group ( P<0.05). The differences of reduction degree
were statistically significant.

e CONCLUSION: These results indicate that the
biological activity of naringenin can be enhanced by the
formation of its complexes, and that complexes of
naringenin have stronger inhibition effect on the
formation of CNV in rats induced by laser.
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2H R FUBKER 4 21 VEGF ,COX -2 PI3K .MAPK \MMP-2
MMP-9mRNA 5 H B £,

SER  HBIAUNT RE LA L, % 52 50 20 R BRI A= il A T AR 3
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50 AR TN B R Rl R B A A A B A T
X PO A R Uk s BB A 10 A T B A S 3 11 410 i
fEH,

SCERRR) Al R 2R 5 Al K AR 5 0 5 Wk 48 BRI A= 1L 5 COX -2
DOI:10.3980/j. issn. 1672-5123.2014.01. 06

S|P AR, B, T , 2. Ml SR A 4 A O E &k UK
YRR A A TR SR IR . EPRAR BN 2014514(1) 2327

03l&

Jik 2% BRET A 1ML % ( choroidal neovascularization, CNV)
JER B Tk R I (0% 38 FE R AR H DL TR AR A S A
Pk ¥ B AF PE (wet age — related macular degeneration,
AMD) , CNV A ™5 50 (8 5 AL D g, R R A4 T
BB, PTG S A L B, NV R A A o —
WA IR B R WS K T 2R AR R S A T
LA BAVIF I M A 1 9 E 2 VA 2%
M, 646 3 AL g, & A K T (vascular
endothelial growth factor, VEGF) %5 EV#{IE B B8 76 AR FN
S A AL RDKF 52 A 4 CNV . Horb ) 5 R
KRB EALBE -2 (cyclo oxygenase—2, COX -2) 7E
CNV WAL R E EXEENMERTY, AR
L], COX-2 BRI B B AT 1825 D OG5
F CNV IIE L, % T RE S VEGF 1R IKFRMRA L,
5 98 Wk WL BE - 3 32 KL ¥4 B8 ( phospho inositide 3 kinase,
PI3K)/AKT J 22 24 J5 1% 4k 85 H 3 B ( mitogen — activated
protein kinase , MAPK ) {5518 ¥ ] 9 5 i Z 4l U D g,
FL T4 J@ A5 1 8 ( matrix metall oproteinases, MMPs) ) 1%
TR UESE 5 R0 AMD AHSCE) S FRATT L ST B0 KR
BERYF AR, LUE 28 5 04 J5 vk LS8 1 5 o A 1 A8 i) A2
1, % F Rael Time—-PCR & Western blot & #H & 3 [ |
BHTE CNV P RIRIE O, DR R M EE R IA S
CNV ZIE B K FR  IF NIRRT CNV S BS a0
1 MR %

1.1 w4

1.1.1 Real Time-PCR £ EiXF 588 RT buffer,
dNTP Mix, RT Rondom Primers, Multscribe Reverse
Transcriptase, RNase inhibitor, Nuclease — free H, O ( life
technologies NGIDIGIE TGN E S/ W technologies NG
1.1.2 Western blot T ZiXF 5{L2& Protease Inhibitor
Cocktail ( Thermo, Prod#78410) , B—actin( Cell Signaling
B—actin, $7°5 8H10D10) , COX-2( Cell Signaling COX2, %%
‘5 D5SHS5) , VEGF(R&D, 755 AF564-100ug) , MAPK( Cell
Signaling , $7*5 p38 MAPK(D13E1) ) ,PI3K( Santa cruz, 5%
5 pi3—kinase p85a(b-9)scl637) ,MMP-2(SIGMA , 7% 5
AV33090 — 100ug ) , MMP — 9 ( SIGMA, %% 5 AV20016 —
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100ug) , Goat anti mouse HRP( Santa cruz, %25 sc-2005) ,
Goat anti rabbit HRP ( Santa cruz, #7*5 sc-2030) , Donkey
anti goat HRP( Santa cruz, %5 s¢—2020) , Bio—Rad Mini-
protein Tetra /)N 7 T HHk RS, pvdf X ( GE health
RPN303F) .
1T 1.3 BEEHARAEHMENERTELXANENE =
TR R 1 R (FITC-D I [ 92 [# Sigma A H]) ,40¢/L £
R, K OB, R (A B EFLH) , OLYMPUS
BX51 26 s (AR B IRl ) |
1.2 ik &R, (R HEYE Brown —Norway K BR (b 2t 4
WAL TR 150 ~ 180g, SR A H Ot , R AL £
2 ~4 £ G A LE AL I R I 4 TR G 8 o, B 3
Bruch B8 o J5 7= A /NS A v G BE A, A L IR B
ik 245 R 8 3 8 A 1 o 2 00 B S 5 KRR A AE = IR E
(21°C) MEEMRSE, A B K, s ord . AR
MRl 6 H(HOk) M ZXT A 6 K (BOL+hE ) Al
FHIRLA A 6 R (HOt+ih B AR BL &) (1E X IR 6
ORI o Al R B L& il & S 45 25 1 il 2 &R
(CAS:67604-48 -2, 41 i >98% ) , Jy b 5t 1 R BRHL A
B w7 i, a5 Ay o3 Br il Al B2 S BE 5 0 19 &
A E 272mg VAT 4mL B, — K A TR AR VA T
25mL B S5 o 1 i) FH VS VR R0 i Al Bz 2R 1) HH P
W, ST ZIH R SRR Y, =R 4h 5, B0 5
B EE R K 4> e B UTTE , B TR 48h, M &
T R A TE A 0 350 FH R M 1 B e 4 24, Y 500 S — R R
(DMSO) ,20mg/ (kg + d) ,1 ¥K/d, 4 1mo,
1.2 1 BRERB R R A BRBERE WM, LK)
Y (Rdl 2 2 #4756 50 SR M (FITC-D) 100mg ¥
1 ImL OBERRERZZ vhi (PBS ) PR Rk (0. 2mL/ H) .
FEVESE TR 30min JE B AR BURERE 2 T 40g/L £ 5 H
VST Th, 0B Y 2R AT R IR BR , S BR AT, $8 bR
PRI RSP 22 )22, ARAS 0 IO B £ 221 7 — Bk 4 Bt - U 52
TRERAS AR 2 oty  BCHR BT FFFR AR, Bk —
B E % RPE M FE THBE A L8R BAH,
PRAR B 90 BB 40 568 FER ke KB SHT
1.2.2 Real time-PCR £ 4 HURER 4 R, 2 BRI
Jok &% B A RNA (3% PURELINK RNA MINI KIT i B 5 g
FF) 020 2050 3% W HEAT A RNA (9 B st b 4% ) 5
RNase—Free # 4li 7K 150wl 1 f# RNA, il RNA ¥ |
20l U EE SRR PRI T g B RNA #4752, ) cDNA
HWeRE ,PCR §7 314 DL cDNA AT , LA B-actin NS HEH
S,

et il 52 7 A 2R 5 14 SR S f PCR, W AR
50°C 2min #{1% UNG B LBRER AR A= H755% ,95°C 10min
Y1l 95°C 155 28, 60°C 1min 1B Kk K ZE {4 842 40 4>
PEER B8 I 45 1 5 R AR 98 A5 5, 5 Ja 22 1l s A it
2 FTEFRAKII T 3 Uk, IARMERRZR A X E B
RHATE R,
1.2.3 Western blotting & Z1HUE Bk 4 H, & 100mg ik
KA LI TmL PBS, 2) K 250 B8 25 5] 4 U R 5
HU50pg B 11T SDS-PAGE 73§85 11, B I BT 2 H
BERCE 1 PVDF 5,100/ L B I8 W3 2= B 2h, —4t 4C
F A 7, TBST 9k 3 ¥k, Smin/¥K 5 JIm AKH I B9 — 1,
37°C F i 1h J& , H TBST % 3 I, Smin/ WK ; #1740
RGN B5Y SER . DISFRIY B-actin 4 H BT/EXS I,
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B 1 BREESHFESER(x40) A WX, B AR IR, C. Ml B R4, D Ml AR TS 4
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1.2 121 1.2 LPI3K
1 I 0COXx-2 : e OVEGF ] Ba
0.8 0.8 0.8
0 e b 06 0.6 b b
0.4 04 b 2 b,d 0.4 b
0.2 0.2 r_‘ H ﬂ 0.2 ’—L‘
0 L L | 0 I 1 | 0 I 1 |
1 2 3 4 1 2 3 4 1 2 3 4
E F
12 r 12 r 1.2
1 1 IMAPK ] 1 OMMP-2 ] L IMMP-9
0.8 X X 0.8 08
0.6 0.6 b 0.6
0al bd
. 04} b 0.4 b b
0.2 |_'_‘ 0.2 ﬂ 0.2 IJ')—‘ r_‘ ﬂ
0 i L L J 0 1 L 1 ] 0 Il Il J
1 2 3 4 1 2 3 4 1 2 3 4
E2 VEGF,COX-2,PI3K,MAPK,MMP-2,MMP-9 i) mRNA &i%x RT-PCR #&llZ& &R A.COX-2;B:VEGF;C.PI3K;
D.MAPK;E:MMP-2;F.MMP-9, . 1 NIEHXIRL 2 WA AL |3 Ml fz 2540, 4 M B # Bl & 940 ;" P<0. 01 vs
FERINT FRZH ;' P<0. 01 ws M2 R4,
*F1 SlHFE5 2 &R
B GiL =21 2.1 —MRER i LI sh I AENG , HLJCHR ik e
B-actin—f 5’-CCCATCTATGAGGGTTACGC-3’ e H A I K AE
B-actin-r 5-TTTAATGTCACGCACGATTTC -3 22 ERHRRABMEWNE  [EH B4 POE BN
cox2—f 5-TACGAAGACCCTGCCTACGA-3’ F A A & 0 R I [ DU ) 2 ORI S0 a3 A, L R AL
coxd—r 5 GTTGCTGCGCAAGTGAAGCTG —3° JRFE S, SRS Y) 3R B K 04 825 375Kk, JR R o
VEGF-f 5 —CTTGCAGATGTGACAAGCCAAG=3’ E,%ﬁﬁi[ﬂléﬁﬁéﬁio &1'][3/‘]@':91:1??“ E/‘J CNV E Rfﬁiﬂﬂ
B 24 > 7q >
VEGF—r 5'-GGTGTGGTGGTGACATGGTTA —3° SRE Ty (34, 5? £1.76) XL(B “:‘ ; fill B2 3% 41 049 (20. 902i
PI3K—f 5'-CAGCACCTCGTATGGCTCAAT -3’ 1. 47) X103 pwm UESHRRL & DAL (13:£1.43) x103
PI3K S CTCCTCACTCTTCATCCCCAG -3 SRIRILH AR L, Al iz 2 AT R B B A 0 2 CNV T AR 8
—r _ - o - VN
I S CCCTTATCAGACCCTCAGC —3 HA/NED) , SN, ZFALI AR (P<0.01),
- - - e RERYLE 5301 S A Rz AL A B BB A LR L, 25 5
MMP9-f 5’-CGGATCCCCCAACCTTTACC -3’ Al B0 CNV AR , SF CNV 45— 58 (3 41 VEFH . i1 Bz
MMP9—r 5'~AGCCAGCTGAGTTCAATCCC -3’ LS B S WAL L 22 Rl G X (P<
P38 MAPK~{ 5 =GTTGTCCTCCCTCCTCGTTC -3 0.01) , d B4 Bz A 2L 33l CNV VAL Tl 2 E 4,
P38 MAPK-r 5-GTTACCGCTCGACTTGTGCT -3’ 2.3 VEGF, COX -2, PI3K, MAPK, MMP -2, MMP -9

B R #EAT 48, B AR TR 3 I, M Quantity One %E
JBE AR AL B AR G AT 25 R
GiiT=43 1. R SPSS 15.0 Gt , Z 4 REA 4L

FECR A R 220001, P<0. 05 h 22 S A GEITF R L,

mRNA f9& %X COX -2, VEGF, PI3K, MAPK, MMP -2,
MMP-9mRNA 35 (5 0 45 5 UL IE] 2, BRI 28 7 225 #r
FE5 R4 R Rk B ] 5 IR W AL A e 22 R B
Gt E X (P<0.01) , Bt — P LhAs . fF COX-2,
VEGF,PI3K,MAPK ,MMP-2 ,MMP-9mRNA ' #l iz = Al
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2 1CoX-2 2r 2 OPISK
. OVEGF
—T
1.5 15 r 1.5
b
1 1t 1 b b
b,c b
B b,c
05 ﬂ ﬂ 05 r b H ’—'—‘ 0.5 b
0 L L L J 0 |—-r_| L L J 0 ’__—‘ L L
1 2 3 4 1 3 4 1 2 3 4
D, E F
2r OMMP-2 2r
|:|p38MAPK OMMP-9
15 15 ¢ 15

1

1

L0 <lalns <A

B3 COX-2,VEGF,PI3K,MAPK,MMP-2,MMP-9 &R i%H) Western blot #ilIZEHE  A.COX-2;B.VEGF;C.PI3K;
D:MAPK;E:MMP-2;F.MMP-9, 7. | HIEHXTHEL 2 BRI IR 3 ot A 4 Al R A 940 5 P<0. 01 vs #5125

Nt HEZH ;< P<0. 05 vs flI 2 254 .

KB A A SR 2 0] 2 A B E ST E X
(P<0.01) , HAhEz 2 Al iz ] e & W 20 Bk PR 3 iR I 30T 1F
T, R LA AL A SR SRk R T R R AL, R
PI3K,MAPK , MMP-9mRNA 4, H:4x JE DK 7 Al 2 2% 4 54
B A AL R 22 5 A Gt L (P<0.01) .
2.4 VEGF,COX-2,PI3K,MAPK,MMP-2,MMP-9 & &
%Kik COX-2,VEGF,PI3K,MAPK,MMP-2 ,MMP-9 %
1735 1Y Western blot #6025 5 WA 3,4, A= 8} IR 2H
VEGF .COX-2 .PI3K,MAPK,MMP-2,MMP-9 1Y% 11 %35
Pim PR s X A, A m S EARIFFE L (P<
0.01) ;Hlfz 2 Al iz 4 B & 4 21 26 1 32 38 1 W A% T
R HRAL, A SR A AR L, 22 S Y B B & G2
X(P<0.01), HhEHIECA D445 8 AR T Al 2 R
21, B PI3K, MMP-9 4b Al Bz i e A W0 2 S i e R4 A
TR R H G247 L (P<0.05) ,
31tit

ARSI SR T A O AR | 3 i X
D) R ik 4% B = A ARGV 15 A Bruch B IR | DA HE7E
RAEGE SR PP A A A FITC-D /A —Fh K4y
T A TE S ], BE 70 A Dk 46 B K I 480 1T /DA 8 U , 38 2 ik
LM R, ATTIER R T I H Dk 4% B K i & CNV
B FFE 01 s T RIE S B 2E 5

i 2 R R 2 AR S AR ST I A RO AT, JE R AR
W25, A DU o s A R g 4 2 i 1 AE
FATAHT HA B 5 5 7, Ak e 2% A8 e 5 ik 24 JBE I i, 410 1)
COX-2 iNOS fyZ& ik, T T VEGF ik, #1l CNV B
BT HAAEAE IR N TERR R ATE R 2 SR A R -
A AL (CuZn-SOD ) |, 214 £ 4 )& W 0 % B
T eSO BT A A RO h AR S HELER . AFSE
R ARG R BT AEALTE RS X AMD BB iR A B S
R FEUESE , W 2578 Ak 2 o BEAS S 4l 2 ML oy,
ANl R T R B A AU S e &Y,
L2 RGP Lol ft ) SE AR e 2R S ML A B, I
B B BRI A B DU S B A R A G

26

VEGF

COX-2

PI3K

p38MAPK

MMP-2

MMP-9

B-actin

E 4 VEGF,COX-2,PI3K,MAPK,MMP-2,MMP-9 & H %
j% Western blot #& 45§ .

WRCA YRR . HIEREA R T RS Cu, Zn Ni i
SR BT A, AR 2] ARG FRATHT ]
(IS O G B Tl B B TC 5, T R W HEAT T Al R
TE A HE T AU By s A T, TE T
SER AT R B A B AR C A A AT AR A
AT 25 RO Al 2 HA LA A0 ] CNV TR B 2
PRI B R 5 SR SR L 3R3A K, COX -2 1y —Fh
V5 R, 70 A FRRAS T 2 A SRS A R
AR MR RN A PR A T I R R Gk T
PEMRESE A5 A AE A DO R 7= A 2 ot IR, 5 A A i 71
# (PGD,, PGE,, PGF, ), Hi % ¥ & ( PGL,) Fl il # %
(TXA,) &5, COX =2 M54y 1 3 5k 33 JUAN & 1 43 7 52
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B, AW R, SR EB A FH A R n i a4 ] e A
PGE, Il VEGF [ 33k 11 i & 1 CNV iz WF 58K 8 T 7€
CNV IR LB AT S IR R AR . cox-2 5
F A I A AR B VARG, HonT IR VEGF By 3kis, A i
FERH COX-2 5 H = iR L Miiller 4l IfBHiE5C COX -2
MEL—AFFIPRE LY 25 VEGF WA, &ET
VEGF IR, A ] T S5 CNV B3 (H AL ae
ARG 0 9 0E AT 44k B PIBK {5 5l i nl 4 45
V2 AT RE, A FE s ss 1k Bk Gz s mniE T,
Hrp  PIBK/AKT 38 f& 2 PI3K A S0 N5 5158
Wi, MAPK BAYKRNEENGSHRRGEZ—. 25
I A o = M I e A D & A R I A R
GRS AR, Horp P38 S MAPK R0 428 il 9 i S i
o L) B TEANMIG A e R TR AR AR A
COX-2 [l 14 PIBK/AKT {5 5 i [# 5 P3SMAPK & 18 %
ST, COX=2 5 1o 76 4 A P J5T 9 Fn A% B, 38 ook fie
AL ™= A= PGE, , f# 4% N 15 5 % 538 % MAPK 1% fL 285 1
KRN 4 ~5 F% IR TS, COX-2 fEugiE k2
R - E TR, TS AKT 555 58 3, celecoxib
REAZ 22570 w2 0 B M b 300 ) 4 P9 52 AH 20 MY ( endothelial
progenitor cell, EPC) *1 AKT ¥ %5 g 1k, 12 ffi EPC 1y 7
=", WFSE R, 7E ROP 8 5 41 i % 75 3 4 B A op
Brimonidine X 4% [’ JE RN flik 265 68T A 10045 A8 %4 AT BE i o
PO B MO &R, ARV K PIBK/ Akt {55 55 538 %
ORISR IAE S T (HIF) -1 & VEGF %k £
FFE4s R B R, COX -2 n] ¥ MMPs A 519 N 7 40 g 7%
7o MMPs J&—2H @ T Zn™ A1) % 25 1, R S0
WFFE W, MMPs 75 3 6 e 25 240 Jif 01 28 7 40 ity vp K 550K
P SR G, DT 5 | LG S5 PR A R | 9 e A PR R T
REWI R AL TC A SR 5, Hoh S5 5L R &
TR N K d MRS AT 1Y OCHER A MMP-2 F1 MMP-9, H 2
PERAME A CNV B BN & J B A ol /b g 2 2100
WFFE I, TR R 1 2 1T 30 e A 72 440 o 4/ o o8 e ke B 11
I8 A A A J8 A 5 R R 1 /K F- T 98 MMP-9 3 3 [
KA VEGF Fl MMP—-9 35| NV EiRBFST
SERIPUESE COX -2 7F— & 2 E L% VEGF, PI3K,
MAPK , MMP-2 , MMP-9 %&[X & & AUk,

AWFFEH VEGF,COX-2, PI3K,MAPK , MMP-2 ,MMP-9
LR 8 AR IR L A T Rk (AR A SRk B B
FIEH 41, 2 B R & #O% vl #9m VEGF, COX -2, PI3K,
MAPK,MMP-2 , MMP-9 mRNA % 5t FIE H & W, % &
BEMLH] M B 5 T 2L Bruch EBE IR, 2H 27 B i SR 42 40 i
P07, S COX-2 K VEGF FEik , WA {1 45 P Kz 40 it
47, PI3K/AKT il 1% M MAPK i #8006 , 25 R 5o,
FE PR S5 BB TR KT Al R 2 S R R G 5 Al
FEIA FUAR AR ZH 34 B 25 T R (EUA R A T A 2 T B 1 R
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— S B INRIE (A B A EC & 0% NV RS A FH 2%
IRBCAT HLI AT e R A B 3G 0 T A R R A i
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