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D 61  BRIEWHI WA RBIEREEGEE A B C BB/ )5 57 B4 B BRES B F 1341 0. 02 mg/0. 04 ml

EPA 0.03 mg/0.04 ml EPA 0.04 ml 7 Bl ;K H 24107 Wi ™ WL K i 7 26 A 00 Blbetfa 1 4 7
14 d e 20 SU0F T A I £ S0 Az 178 P9 B 200 CD34 338 i il s G G HE SN, RT-PCR K 1 BRI i 43 %)
Tl £ B VEGF 1) mRNA 323K K Flk-1 (B E3RE 45 Blbetn 7 d A 14 d ABEERT A AT A A 41 15.80 =
6.43 % 11.06+2.14 % B4 16.10+7.41 % 11.06+2.51 % ¥HPE/LF C4H 84.74+7.77 % 89.63 +
7.50 % P<0.05 §gEf/5 7 d C4H CD34 7E CNV Nz 4R P33k A B 2R UL CNV N Bz 4fiffl CD34 B3Rk
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Inhibitory effect of eicosapentaenoic acid on expression of vascular endothelial

growth factor and its receptor Flk-1 in corneal neovascularization of rats

Bao Yonggin Ma Jingxue Du Yinghua Wang Shufen Department of Ophthalmology Second Hospital of Hebei Medical Universi-
ty Shijiazhuang Hebei Province 050000 China

Abstract Objective  To study the effect of eicosapentaenoic acid EPA on expression of vascular
endothelial growth factor VEGF and its receptor Flk-1 in corneal neovascularization CNV  of rats and its
mechanism of action. Methods  Seventy-eight Sprayue-Dawley rats were randomly divided into group A
treated with 0.02 mg EPA n =24  group B treated with 0.03 mg EPA n =24  group C control group
n=24  and group D normal group n =6 . A model of right eye injury was induced by alkali cauterization.
A solution containing 0. 02 mg/0. 04 ml and 0. 03 mg/0. 04 ml of EPA and 0. 04 ml of saline was injected
subconjunctivally in groups A B and C immediately after alkali cauterization. CNV and corneal edema were
observed daily under a slitlamp biomicroscope. On days 1 4 7 and 14 after operation vascular endothelial
cells were stained with CD34 using immunohistochemical method. VEGF mRNA and Flk-1protein expressions
were detected by reverse transcription polymerase chain reaction RT-PCR and Western blot analysis. Results

The relative area of CNV in groups A and C was 15.80% £6.43% and 11.06% +2. 14% 16. 10% =
7.41% and 11.06% +£2.51% 84.74% +7.77% and 89.63% =7.50% respectively in 7 and 14 d after
injury induced by alkali cauterization. The relative area of CNV was significantly lower in groups A and B than
in control group in 7 and 14 d after injury induced by alkali cauterization P <0.05 . The vascular endothelial
cells in corneal stroma of group C were strongly stained with CD34 and the endothelial marker was negatively
stained in EPA-treated avascular stroma. The VEGF mRNA and Flk-1 protein expression levels were the highest
in groups C in 1 and 4 d after injury induced by alkali cauterization and then decreased and were significantly

lower in groups A and B than in control group in 4 d after injury induced by alkali cauterization P <0.05 .
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Conclusion

the VEGF pathway thus significantly suppressing CNV.

corneal neovascularization

Flk-1
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Topical application of EPA can inhibit the expression of VEGF and its receptor Flk-1 through

vascular endothelial growth factor
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4% corneal neovascularization CNV  '? ff B 5T
AR LA ) R AR AL A 200 RSP i 2 150 R 98 0 2 U
G OIEWEOT A B BUIE i P A R A T
PHERRAS AR EE I A e A N AR R
[+ vascular endothelial growth factor VEGF J&fx 3
BREIMAE AR T ° VEGE Ay AE 255500 i i
HFRFRPEZ K VEGFR Ay Horb i 48 i B2 2B K
F3Z1K2 kinase insert domain receptor/fetal liver kinase
1 KDR/Flk-1 £ VEGF {55 % 5 X L5 N 52 240 fif
MEARTEESEH Y IR eicosapen-
taenoic acid EPA 2 —FpZ RN AE IR £ 2ok
FAuih RV T I R e 2 A PR AR A
FATH AR EZ ) EPA Jay iR y7 lbe 03175 5 19 K B
FAERTAE AR 5557 EPA X CNV [ VEGF J% Flk-1
HsZI R EPA 520 CNV I B AL
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1.1 XA 5AE

HUEPA 10 mg Sigma /AF] JFR HJCILIE ) DMEM #5557
WARREE 2 ml BRI EPA YRR 5 o/L I8 KA 43 %5 VR
I FHATECH Al fe AR BEER K B B e M BB L Flk-1
HTEREPLA BB B-actin BATTREHIA JEE Santa Cruz 2%
Al PR CD34 ZTEbiik B Sl HRP 4Richy
FHRE Pl bR RBREMEARARAF PV6001 i
FEA DAB-AF & bt P e EYHARARA R Wik
seilfl & PCR iU & DNA 5|4 TaKaRa AW & RNA fili4g
iR F) & Trizol ZE[H Invitrogen 237 54 VEGF Hidb 5 ZEH
IR AR AR A E A 8 PE9600 #I PCR ¢ #4432 [# PE
/~w] BIO-PROFIF Bt MG T R 58 1A VL A H]

1.2 ik
L2.1 sy SD AR R IR 78 H i Jb EERE R
Sy EhY st MERERFR AT 200 ~250 g ZBRAT I

R A TR AT RG4S H R ALECT 15 4 Bl be 5 0. 02 mg
EPAJRYTFZH24 B A2 #8ke45 0. 03 mg EPA J/aY74H 24 H
B4 fbefixtiE4l24 1 C4l EwWdle X D4
1.2.2 SRR HE  10%KEEE 3.5 m/kg BB
HESREE T 0.5% ZIRRIH 2 AT ML 25 R T RREE %
B2 3 mm FIJEIELNE A 1 mol/L S & ALENIAWE 5 s Pl T
FHR A A e ST 30 s HUTF UEAC 37 B0 AR E R K ek £
KAENEHE 1 min BTG A B C 2HS7 B2 B ER 45 I

41 0.02 mg/0.04 ml EPA 0.03 mg/0. 04 ml EPA 7 &k 7k
0.04 ml  FEWECESH FRATTHE K BUA IR AR BEObe 10 ) ~r B 4351
FREEBET 5T 0. 005 mg/0. 04 ml EPA 0.01 mg/0. 04 ml EPA
0.02 mg/0.04 ml EPA 0.03 mg/0.04 ml EPA 0.04 mg/0.04 ml
EPA FIAEFIER7K 0.04 ml faibath %t RRZH S0diee 0 xf RE 2 A4
Fo4 0.02 mg/0.04 ml EPA 0.03 mg/0.04 ml EPA 41 7ERRLE45
J5 7 d R 14 d WG A B A S VRS T 0.03 my/
0.04 ml EPA 55T 0.02 mg/0.04 ml EPA £ 7¢ B &5 #1151 f
AR MASHIVER] BEIHET] 0. 02 mg/0. 04 ml 0. 03 mg/0. 04 ml
SHIRYTAL EPA YR BE FRATT S8 DB BE 473 X i 2 4 928 B 98 92 A
RT-PCR £5 %55 fbel)5 1 d Flk-1 2 |91 VEGF mRNA
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TAVETTLIG PSR T 3 8 — REREEIEN E SHR 7 W S
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fRVRIG Y EPA 1 3R gRABERAS AT AR YT R0R

1.2.3 CNVWZE A B CHABMTmMEMGE 1 dITs HH
TTZBRT WA i B AR H i CNV KR 5 IR A
P CNV A KmA A A=CI12x3.14x * - r-
L7* °7 KCNV@MMTEMR B B=A/ 3.14xr ° HrhC
Jg CNV 2 K A B [ J8 Bl a5 80 Lol CNVDA A B 25 il A
MR r ARERMABEEE 3.75 mm

1.2.4 B 55440 435 F AR5 24 h 4 d
7d 14 d BASEKELE 6 X SD KR aefiE #H
MR 2 4y Hoh—2p345 k2 iy BT IHTRE EPEH -80 C
A7 174 MIEEE AN 174 £ RT-PCR A& 75—
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1.2.5 HE Qe fifppe 43 {2t ge o G gE 21 Sk 2 A T
CD34 3k CD34 bric i 40 Hope vk ° HAkdR
Ve Bt BB IEAT BHMEX A R EUE AE B9 I L PBS
REB—HT  PAPEZE SR CD34 Sy 240 J5 A0 4 i A2 P9 HS BA:
gk b

1.2.6 ikl Flk-1 B pRE H500 ~600 mg
AN 1 ml BRI EERE 4 °C 12 000 r/min .0 5 min B
L3 INASEARFL2 x SDS L AEZZ v 100 CHH &k 5 min  #fF
TRAEBBIER R B RS RAEN  FHAKERH
N E AR L ZIRIESH M2 h 5 InA1:250
1 Hifk Flk-1 B-actin  FIRZIEHSH 2 h H PBS-Tween ¥t
B3 R A 1:5000 HRP 4Ri2 %6 2 ifk = RIEEE 1 h
PBS-Tween F43VEIE G K5 IEIR A DAB B+ ER 705
5 FZEMKBERE Bt A PBS thllgg BeAM A4 ik &l
150 B G0  H B & A Flk-1 FIP S B-actin B 3K 55445 B K
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HEH M A A Rk
1.2.7 2% & RT-PCR ¥: 4 VEGF mRNA {3 ik B
-80 C MK A —2D k200G RNA A & RNA
W B2 pg i RNA #2233 5% sl ) 65 156 B & i cDNA LA
cDNA JEA AT PCR §°4%  VEGF L FUWgs| 44 5'-
AAGCCCATGAAGTGGTGAAGTT-3"  5'-CAAACAAATGCTTTCT-
CCGCTCT-3" P # H Bt 432 bp N2 GAPDH L FiF514914y
B 5'-CGCTAACATCAAATGGGGTG-3" 5'-ACAACCTGGTCCT-
CAGTGTA-3" §3 K- Br>h 600 bp  PCR [ &40 94 °C WiAs ¢
2 min 94 CA5P 40 s 56 CiB k50 s 72 CIEMI 90 s 330 4~
PE¥F dRJ5 72 °C ZEAH 10 min  BURESRE T A7) 6l
1% W B NEEEERS F vk IS8 HME S SOME L IK S5y BURSAH L
WEAR O TR 1% o A R G ) LR AT 4 A LUK B B B
GAPDH HLK 2545 1E S I MR WG LUME relative inte-
gral absorbance RIA = H )5k K F143 0% 5% B/ GAPDH FH 431
R FEREES T VEGF mRNA (¥ AH %] 35k &
1.3 %itsa®

SR SPSS 13.0 SEit/ A4 44 AR 8 B 28 80 43 ) 2% F Aty
SFEA kS 2 AR LER IR E T 24 SNK

ZHRBIPW LA R PR & (2 5 R AT ELEM 5o T

2 HR

2.1 CNV £k

C LG 24 h MG M A Z s Jeok il TR
o2 dJEMARG CNV MBI MARAEK 2 ~4 d CNV 84
K MK B 7 ~10 d CNV B 225K 189"
SR TR fREK AR 14 d CNV mELE BRI
BA A B AT AR AR ikt 24 h 2
2d A BHYS CHBILIEA S 4~14d A BAHAMBEAKMEY
iRl —HF ) A C 4142 CNV i BUS Rl — i el s C 41/ ]
1 [Fl—SHMAEEEGE 7 d 5 14 d CNV XIS R 5%
FEENY P>0.05  MAEBEEGIE 7 d A1 14 d A BCE AR

MM AL A 20 15.80+£6.43 % 11.06 £2.14 % B4
16.10£7.41 % 11.06+2.51 % WERE/LTF CH 84.74 =

7.77 % 89.63 £7.50 % Z“RAELHFE L P=0.000

B A 1A B Lz (822 5 ogeit2# X P >0.05

BT AR
HE4 7 14 d
1 Wk AR E A EPA S A RA B E M ER
ERIER

2.2 HE % &40 0% R4 F 4]

HE Jea 2 L WoR IR M f2 J0 A PEAN M Jokr A= i
B OE2A BEBEGIE T d Bbe A X R L AR AR L R R A B
FEFRZKMI S WL RYEA KRS K2B 66
Befif5 7 d BiBE45 0.03 mg EPA J5Y7F 41584545 0. 02 mg EPA
RIS RARDL WA R B SRR K I iR gl /b
R RWH AR K 2C

A EFARAE B BEGETdFBA C BEEET d0.02 mg
EPA %77 48
2 HEABYBRZEARBRERFEMEER  x400

G A R DR CD34 YE1EH 5 R Atz 4 s
FHPEFIA AEEERZTHRIE  BEMG)E 7 d XTHRA CD34 754
IBS e 22 0 A I PN R AN iR B e 3k E I B 4 S 400 e PH
PeFs  BBAiE 7 d 0.03 mg EPA J4Y74H 5 0. 02 mg EPA &
STLHZE AR, A MRS 0T )2 TO R AR L P B2 41 0 CD34 o3k
ik CD34 7¢I R AN 4 i B PH e ik (&1 3

A B

A stRE4L CD34 3tk Aik B 0.02 mg EPA 45741 CD34 £ Ak
3 REANLENEEEGET d2 AXRAEFENE
KR 4R CD34 fiRix PV x400

2.3 SrepiEikAem Flk-1 694k

DR 5 A B ) e R BRAA R FLK-1 33K IE R 0.067 =
0.004 HHEHER P <0.05 HTFEEAFEARE P AF 7 [E)
MMESAGIMFEY P<0.05  fkefi)s 1 d FLK-1 &k
B 0.761 £0.009 FHpgpmkikE 4 d 0.747 £0.008  Fij5
FWIRME 7 d 0.426 £0.004 14 d 0.231 £0.002  FHt &
ke 4 d BEATA A AR 258 kEl)E 4 d KEA
B8 FIK-1 35 0.476 £0.060 #IF% 0.062 £0.009 B #
M P<0.05  EPAJRITHRFEAMME FIK-1 Fikiext B4
BREE P<0.05 HFBEEWEMKBM RD0.03 mg EPA JGYT
2 0.151 £0.037 % 0.02 mg EPA JA¥74H 0.369 +0.041 T
Ml P<0.05 &4
2.4 * 7% RT-PCR # ] VEGF mRNA &) & &

Bl 005 J % B 45 B LGS BR 14 d A KRR A B VEGE
mRNA FHEHRIEH 0.117 £0.001 3255 k)5 VEGF mRNA
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ik 1~4d5E 1d0.356+£0.003 4d 0.311£0.003 L
JEBWI R 7d 0.170 £0.002 ZF 14 d 0.113 £0.001 [1]F]
EHAE 5FLK-1 EEHRBREEMLE P<0.05  Hik K
IERRIEE ) 4 d #4744 VEGF mRNA ik B L
il 4 d KBS VEGF mRNA ik 0.280 +0.003 #IF
#00.117 £0.001 BB P<0.05 EPA JRYF4LRE
fEirt VEGF mRNA FIRBF RY4IIHE TR P<0.05 0.02 mg
EPA J49741 0.117 £0.001 %5 0.03 mg EPA 355741 0.152 +
0.001 TR P<0.05 &5
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5 0.03 mg EPA ;4574
BS5 |BAKBRHELEGE4dRHE VEGF mRNA §FRiL

3 itig
3.1 VEGF & Flk-1 f& f BE47 & f 8 WP 849 K ik
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K7 AR I s R R BB A ) 4% s ]
RORBAMBEE Flk-1 RABOEF S N
i BB 1 d Flk-1 Rk HEmREE
4 d BHfEZE T RT-PCR 453 BoR Blbeth 5 £ if
[ BR 14 d 4 KEAAE VEGF mRNA FIKEEH
P BBE i J5 VEGF mRNA ik fibefife 1 d
VEGF mRNA ik & FretmRkil 2 4 d DR EH
TR Z 14 d [WF)E# K VEGF 5 Flk-1 £k
JEAHDE HFEmbetnfn | ~4 d FpLk &Rk i CNV
TEWEGE 7 ~10 d A K BFH MEYkHE =
14 d CNV mBLGAEI R MR 38 VEGF 5H
Z AR Flk-1 & 2 A4 70 T CNV 48 B W i 1 B

VEGF 5 Flk-1 234 TR e k& bt s
SR THIFEAR VEGF 5 Flk-1 1235 7] g4 & 4 i
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3.2 EPA s} VEGF & Flk-1 %% 04 %h

ok MR EPA J& VEGF 3Z ik Flk-1 & /4]
O EPA il VEGF 2 B2 18 i 2 14 0 3 76
FFETR DT 00 ) 0L A PN 2 200 L ) 8 R i A4 M 1Y
e Koto % " BFIE A B EPA REFFAIR KA MEHT A il
B VEGE B2 18 F1 B b el /b D28 B AR A AR5
WE IR VEGE 5 Flk-1 WHERBEh G 1 ~4 d #¢4k
FERis L FRATEBEEO G 4 d HEATS A
FA 25K B EPA 3697 4 KB R VEGF 5 Flk-1
TR IRAL T B) EPA A3 30761 K B A R A e
i VEGF 5 Flk-1 Rk fEH
3.3  EPA st 3 A fo 8 6h 4940 4 A B AL

FRAT38 5 T K R AR AR 5 S A A i 2 il
7t CNV BERD B ARk BE Y EPA 78 Sl A 78 il %
JE L RPEREE T VR TR A KBl 45 R & B EPA
RE W ZHH CNV B92E K EPA JRY7 41 CNV AR XS T
AT dA16% F&Z 14 d B9 11% TARIGIFAHMN 7 d
(1) 85% [ 1fii F+ % 14 d % 90% {H 0. 02 mg/0. 04 ml
EPA 5 0.03 mg/0.04 ml EPA X} CNV {41 5 22 51
XHE ATESE BRI TT 10 1 ) ks 174w
UFRRITRCR e 21k = CD34 [HYE4IM EPA iR
SPA A AR T AERIT AR Tk — 8 e Ep vk
F1 RT-PCR 35 &3 EPA figfiifi] Flk-1 ZE A AYFRE =P
HIVEF S e AR i EPA REHI ] VEGF mRNA )3
ik 0.02 mg/0.04 ml EPA Xf HAWHI/E AT 0.03 mg/
0.04 ml EPA  HJ) EPA 383401 VEGF K HAZ{k Flk-1
FIR FEMNE CNV B9 AL

Zi LTk EPA gl i ¥ VEGF 5 Flk-1 13
TR SR VEGF 37 VEGF 5 Hm &
Bz AR T 0 2 AR Flk-1 (9455080 B8 40 i iy 15
DAL G AR R A PR 20 A G 5 R
J1% NIMHHl CNV (4K EPA HE K CNV B
B —ME RN G IRIGYT CNV 285k e it &
FLR)BIS M AL FERE {H EPA JRYF CNV 5
AU TR 03 ) B A 24 W ik 3 K 285 i A0 B 45 o
i — 2B EPA F TR IRIAYT CNV 2850518 A 1T
Z TAEZEAS

S 3k

LXPET WCE B S VTR IR S 057 5 A T A
MAE B AR T SR S B R A ARl 2006 28 6
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