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Abstract

e AIM. To study the regulation mechanism of diet
containing omega - 3 polyunsaturated fatty acids ( w-3
PUFAs) on retinal neovascularization in an oxygen -
induced retinopathy ( OIR) mouse model.

e METHODS. Sixty C57BL /6J mice, seven - day - old,
were classified into 3 groups: A the normal control group,
B the OIR model group, C the w-3 PUFAs diet group.
Each group has twenty mice and separated fed by their
lactating mice. The normal control group was fed in a
standard atmosphere environment, B, C groups were first
fed in a hyper-oxygen atmosphere of (75+2)% oxygen
percentage for 5d, then continue fed in a standard
atmosphere. The w-3 PUFAs diet group was fed with
dose base on their weight by 7.5mg/kg/d. All mice were
sacrificed when they were seventeen - day - old, the
relative neovascularization areas (NA) were calculated by

fluorescein angiography on flat - mounted retina. The
number of endothelial cell nuclei breaking through the
inner linmiting membrane ( ILM ) was counted on
hematoxylin and eosin - stained retinal section. The w-
3PUFAs/w - 6PUFAs relative amount and ratio was
measured by GC-MS in the retina. A real-time PCR and
Western Blot method were used to detect the mRNA,
peroxisome proliferator - avtivated receptor - y ( RPAR-
y), vascular endothelial growth factor-A (VEGF-A) and
vascular endothelial growth factor receptor 2 (VEGFR-2)
in the retina.

¢ RESULTS: There was a significant different in all groups
on the relative neovascularization areas and the number
of endothelial cell nuclei breaking through the ILM ( Fy, =
20.45, P<0.05; F,,,=48.66, P<0.05). NA between Group
A and B had a significant difference (t=8.64, P<0.05),
the same between Group C and B (t=8.91, P<0.05). The
cell nuclei breaking through ILM in Group A and B was
significantly different (t=38.51, P<0.05), the same in
Group C and B (t=19. 86, P<0.05). For the relative
contain in retina of w-3PUFAs and w-6PUFAs, there was
a significant different among all groups ( F=129. 86, F=
112.44; all P<0.05). That of Group C was significant
different than other two groups(t=23.15, 25.42; t=16.43,
11.95; P<0.05). There were significant different among all
groups on w- 3PUFAs/w- 6PUFAs ratio, retinal RPAR -
ymRNA expression, retinal VEGF - A mRNA expression
and VEGFR-2 mRNA expression (F, ;6 =10.30, Fgppp., =
138.24, Flera=69.12, Ficrm, =52.45; P<0.05). The w-
3PUFAs/w-6PUFAs ratio of Group C was higher than that
of Group B (P<0.05). Compared to Group B, on one
hand Group C had a higher expression ( P<0.05), on
other hand Group C had a lower expression on VEGF-A
mRNA and VEGFR-2 mRNA( P<0.05).

¢ CONCLUSION ; The diet rich with «w-3 PUFAs uplifts the
w-3PUFAs/w-6PUFAs ratio and activates RPAR-y to lower
expression of VEGF-A and VEGFR-2 to inhabit oxygen
induced retinal neovascularization.
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factor-A; vascular endothelial growth factor-2
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(‘polyunsaturated fatty acids, PUFAs ) 3 il /) B AW P A 7 A=
I 78 P AE FH B

Fik kH 60 H7 HiA CS7TBL /6] /NRBEHL > M 3 4H . A
HEIEFAE DA T EEREMIE; B.C AR/ INRE
Mt L AF UL R B T R BE N 75% +2% B A A8 MR 37 5d
Jr e RS ZOE H AR TR 3R 5d HEST 7 S0 R0 IR AR
BH A C 4R T 44 T 0-3PUFAs 7. Smg/ (kg - d) fl
F%,B f45 TEERE R SR, 400 T A 17d BHR SR/
SR, R T RO TR i A L R ) TR, HE % € A6 )
S PN SRS LA P R A A%, GC—MS Rz 400 1) i
2R w-3PUFAs/ w—-6PUFAs A%} 5 2 A HL ], SR ¢ 5
JE i 55 M SV (Real - Time PCR) Z3 A7 H g f158 £ 41
L L Y T B 5 15 AL 5Z AR — v ( preoxisome proliferator —
activated receptor y, PPAR —=vy) | MmENEEERF-A
(VEGF-A) 1l 4 P9 B A 732K 2 (VEGFR-2)
mRNA ik,

SR A 17d =41/ BB HT AR i A TR A 28 0 A0 0
FRE P SRR I 5 N IR R = R A S R X
(F o i = 20. 45, P<0. 053 F o =48. 66, P<0.05)
BrAEMETR A4S BAZM LK, ZRFESRITFEX
(t=8.64,P<0. 05) ,C 45 B 4z i, ZRE LI+
B (1=8.91,P<0.05) , HE Y& {35 W0 2 N Rz 40 A% %8,
A BHWEZERASIT#E L (1=38.51,P<0.05) ;
CHEBAKBRERAGITFE N (1=19.86, P<0.05),
/N M 0-3PUFAs Fl 0-6PUFAs FHXT &5 & HLAS
ERAEGIFE L (F=129.86.112.44 1] P<0.05) ,C 4
TN A B AWK, EZRAGIFEE L (1=23.15,
25.42;0=16.43 11.95, ¥ P<0.05) ; = 41 /)5 B AL %) i
w-3PUFAs/w-6PUFAs L4 AL AKPPAR—y mRNA ik |
LM VEGF-A mRNA ik MM AE VEGFR-2 mRNA &
B, 2R A G L (Fyy =10.30, Fppyp, =
138.24 F ., =69. 12 F\ 0, =52.45 1 P<0.05) ,C 4
0-3PUFAs/w-6PUFAs Ll B 4l b4t , 2 R H 5
P28 L (P<0.05) ; C 20 PPAR-y mRNA k7K ¥ 2
=T B4,C 4 VEGF-A mRNA %3k /KF ) VEGFR -2
mRNA £k KL F B A, ZR B E ST E L (P<
0.05),

it EEE IR A—E &1 0-3PUFAs, A gl if
18 w-3PUFAs/w—-6PUFAs H., #4015 PPAR -y, 3 Mij i
/D VEGF - A Fl VEGFR -2 &3k, $ il 90 ) 58 A= 1 45
SCEER] 0 R EET A 14 ; 0—3PUFAs ; PPAR—v; VEGF-A ;
VEGFR-2
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P T B0 P B R 1 2 RIS B S LA
w-3 ZAR1MM F1 05 Wi B2 ( polyunsaturated fatty acids, PUFAs)
EOM B EE AR RR . PPAR —y BRI & 2 B K i
— 0 SRS T R S R, VEGF-A J& T
VEGF FKJ%,VEGFR-2 2R Z VEGF Z ik iy — 5, A st
5538 1 M EE w-3PUFAs 78 1E 5 S 75 B AL/ A R i
FIFIRE O, LGl S B B 0-3PUFAs J5 MLESHIL I [
PPAR-v.VEGF-A F1 VEGFR -2 #J mRNA # ik, & i
0-3PUFAs K HAZ /K PPAR —y 76 41 W0 53 A 145 T8 A ) A
FH AU, AR 6T 9L 0BT A 45 P s S 68T 1Y
R
1 #RF T %
1.1 #F 8
111 SR E  FrAiEg 7 Hig C57BL /6] /MR
60 H IR HE 4. 62+0. 34g, MELESEA (10 SCHE 24 B 15 27
Bestgm s i) . RHBEVIECT-RIE N 3 4.5
420 H Al S AL R R SR, A 4 IE R R
AP BRI SE, B.CYLE A HIH B ARN, —
st AL, 5 — i AL, $ Sl AR Y R
HWTEO0.5 ~ 1. OL/min, ¥ HIRETE 25 C LA, B K4 ~6
YR I 426 DY 1) SR B DR AIE SV R 75% 2% , H
R R R OB & MoK, FE 75% £2% 1
AP IR Sd Je i B IEH = AP RS 5d 8 EJik
S L AE (OIR ) B A, Horp ¢ A4 IR il & 45 7
0-3PUFAs 7. Smg/ (kg « d) 1l #% |, B 425 T % i &5 & %
BARFR I EE I ™ A% A ) 4 2 56 vh o6 S8R B ) AR 4
FEHL 2 (Y FEARBLR
112 EERFFME W 2K & (LI ToYoBo
NH]) 5 CY-12C B0 4843 (A A T A Ak P Ak 43 BT A AR
J7) ,Rotor—Gene3000 S % & PCR 4% (IR K F] W Corbett
Research 7 Al ) , ik ik =5 3 25 .0 ML (78 5 HERAENA 24
H]) , g B AL AMDS (3 IR RS A F]) .
1.2 Fik
1.2 1 MEFHRITEFEMETR  —4 /R0
FHAER 17d B REHLECS B (10 IR) B e RET
ImL B H R rp ) 22 700 & 8 1 (30mL/kg ) 4% B HR Bk, Ui
B TR R A Thy DAL oI oE s
B R, T2 A REORH D0 a2 A A T
1.2.2 FMENBERNEAMZITE =4/ Ra5T4&
JG 17d BFS2H 3 U S 2 (10 HR) | HR 3R HH R v [
oK, A A R L) R HE e fa R IR IR
10 561 7 34, A — VR 3 BE AL . B L AE B s T X )
FREATHEL, HERR 55 P9 B TC IR 2 04 10048 PN R A A
1.2.3 GC-MS £ ## il w-3PUFAs/w-6PUFAs & &
=4/ T AT 17d B A ER&H/NR S5 R (10
AR ) 0 90 2H 2R 53R4T GC—MS 438, (a3 &5 - 2 < v 4l
B 99.99% 17 2 #1495 B 445 A DB-5MS 60m x
0. 25mm; FEFE TR 250°C ; HE#) iR 110°C , IR 10min,
LA 10°C /min FHE 3 R T 2 250°C , £ 13min, AR E
90kPa, 43 kb 50: 1, FEAE & T pl, BT 4500 8 1R
280°C , B FUR¥EH EI U5, L g & 70eV, & ¥ 5 & B
230°C, )6 A% 1 4 B R 2200V, #1353 F 29.0 ~
450. Oamu, f M 25 B R A 0 E B0 — fb it &
0-3PUFAs/0—-6PUFAs %2 /3 % & i
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1.2. 4 Real-Time PCR # il PPAR-y,VEGF-A #n
VEGFR-2 By mRNA Rix  —41/MNla 5l F A s 17d
TS S H/NEL, $EEUCU 2 21 5 RNA 306 55 5
i cDNA, Bt ® 25wl PCR 52 W & & ¥E 4T PCR 2 i,
PPAR-vy L iF 51 % /551 .:5 - CTG AGA GGG AAA TCG
TGC GT-3", FiiF 5| ¥ F 4.5 -CCA CAG GAT TCC ATA
CCC AAG A-3"; VEGF-A [ i5I¥F%].5-GCT ACT
GCC GTC CGA TTG AG-3", F#iF51 ¥ 4.5 -GGC TTT
GTT CTG TCTTTC TTT GG-3"; VEGFR-2 35| ¥)% %1 .
5°-TCG AGC CCT CAT GTC TGA AC-3", T ¥ F5 .
5-TGA TGC TGT CCA AGC GTC TT-3"; % B-actin I
Wen ¥ % %1 . 5° - TCCTGTGGCATCCACGAAACT -3, T iif
519 % 5. 5 - GAAGCATTTGCGGTGGACGAT - 3°, PCR
W 25 . 95° Wi AR M 1min, 95° 45 P 155,588 K 155,
7204 455, IEHEAT 40 DMEIR, AR ER 3K,
R 278 X A A T A TR

Geit2E b R ST SPSS 20. 0 434, T %
A B bR o 22 2R 4L B] LR FH B TR 280 254007
PIPH LR I LSD -1 K 56, P<0.05 N # 54 4 it 2
2R
2.1 MEBEH AL R S 17d, A g/ BRI )R I
ERE R  ARIHE M, B 2R 4 = B
Pk AT, R TG HE T X R R R AR i A AR, A AR BT
AR TR AN 1. 68+0. 02mm” . C 20 0 9 I TG HE v X K
A A B v D, B A A T R R AR IR 0,24 +
0.02mm’, A JE 17d B4 i A4S A Ie) L i 25 =
Giit i L (F=20.45,P<0.05) , i A5 BHZ
B Lhds, Z A S iHEE L (1=8.64 ,P<0.05) , K&
AiES/ DR ME L C A5 B AZMLE, 2%
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*1 GC-MS &t & A /R ME 0-3PUFAs/ w-6

PUFAs Bxt & & xS
4151 IR (JJ‘—3 PUFAs w-6PUFAs -3 PUF:AS/
(EPA+DHA) (LA+AA)  ©-6PUFAs
A4l 10 18.68+1. 02 20.52+0. 22 0.91
B4 10 17.74+0. 23 16. 82+0. 28 1. 05
C4 10 28.76+0. 04 13.64+0. 02 2.10

#:0-3PUFAs & & — T L4 R (EPA) Al =1 Z ik 7S I e
(DHA) ;w-6PUFAs & & LR (LA) FIAEA: TR FR (AA) . A
M AEIEFE AR PG T EREEMS;B 4. A B SR+ 58
IR i35 C 21 . s S + w-3PUFAs 7. 5mg/ (kg - d) fil 35,

SHGHE X (1=8.91, P<0.05) , W] w-3PUFAs
FIE 8410 1) /) BRURRL D) BT A i A8 T B, UL 1
2.2 HEBER  HAJ5 17d,A B.C 4L N Bz 40
503514 0.30+0. 06 .26. 20 £1.20 3. 12+0. 16 >/HP,
5 2L 1) 2 1 400 D) I A AL M8 P T 2 PN B A A% B, 22 R ¢
o5 L (F=48.66,P<0.05), A5 BHWKERE
Giit e X (1=38.51, P<0.05);C 45 B A L% 5H
Giitep i L (1=19.86,P<0.05) , WK 2,
223GC-MS oMt &5 R & 41/ B MW B
0-3PUFAs . w-6PUFAs X & & L, 2R A H i E X
(F=129.86 112.44 ¥ P<0.05);C /M5 A 4H BAH
FeEs, 2 R A S22 8 L (1=23.15,25.42, 1= 16.43
11.95, ) P<0.05), 4 41 /) B M I o — 3PUFAs/
w-6PUFAsIL B LA, 25 S A 4 it 2# 7 L (F=10.30 ,P<
0.05),C 41 0-3PUFAs/w—6PUFAs LG AEXT T B 40 0]
i, ZRAS T L (1=6.34,P<0.05) , LK 1,
2.4 Real-Time PCR 1M ZE R  — 2 W]t [ B PPAR -
mRNA ik K, 2Z R A5 %E L (F=138.24,P<
29
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*2 &H/IR PPAR-y VEGF-A #1 VEGFR-2 mRNA 18X

RiEE x+s
2057 AR %k PPAR—y VEGF-A VEGFR-2
A 10 1.5220.02  0.95+0.01 0. 83+0. 01
B 10 0.64+0.01  3.62+0.02  2.39+0.02
CH 10 2.24x0.02  0.81%0.01 1.02=0. 03

TE:A A 7R IE B BT 45 T 5 R 2 A 55 B AL AU AR AL +
Wl RE SR C 4. H05 P + 0-3PUFAs 7. 5mg/ (kg - d)
(GBS

0.05),C 41 PPAR-y mRNA £iA/K P B E T B4 (1=
19.11,P<0.05) . —Z AL M B VEGF-A mRNA Kk
B ESAEGHFE X (F=69.12,P<0.05) ,C 41 VEGF-A
mRNA Rk AKALTF B, ZRAHGI#E L (1=30.62 ,
P<0.05), =#HE AR VEGFR-2 mRNA ik i, 2
SAEG ¥ E X (F=52.45,P<0.05),C 4 VEGFR-2
mRNA RKXAKLT B, ZR A= E L (1=23.15,
P<0.05), %2,
31T

OIR /> FRURSE AU 2 BF 5% A0 P) B3 6 it 45 & s AL ol 1) 32
TSI SR 2 — RO R M AR
HOBLC A AR AE IS S5 A A AR T 2
S UER OIR BRI T #S7 , HAEJE 17d B 4100 K 4h
P S8 IR A IS R IS I B sk it AR 2E T C
ZH A D B A I A A D B sk A SE R R AR AR SE
g, AR S 17d B AL 2 P A T AR LA TN 40
BEHS A A 2E A G245 L (P<0.05) 11 C 4
R DO R8T A 1 A7 T R SR A P S B 0 A I A A B A
BEHEHMBA BT B4, EZRERITFE L (P<0.05),
Vi RE IR A —E N 0-3 ZAMMPEHiRR T LA
A TR 0 S A il A T R, Fu 2650 5 Gong 25 9T
KB IE KB OB B X Ok 4% IR A= Il & (choroidal
neovascularization, CNV) R 45 F —F &1 -3 £/
T ARG TR J5 BT A 1A H BRI AR, 5 FRATT A S G 258 A1
], SR FRATTHe A A N 2 B A= 1t 7 08 3R T T B Ak T
B,

0-3PUFAs N4 Z1GR, )BT IR TR, 41 WF 58k
S w-3PUFAs S 1L I JIEE 118 2 B2 i 15 7R, o 400 il s Fe
FER S, NERNASBES WL, W70 B W3k As  FERI 4 |
MRS R G LB G 0, S A — 2
w-3PUFAs " LM LT, o-3 IBHIIRATEY EPA &
HIF R R A TTAR Y 5T, 76 B AL B A A SE AL B 0 /R R T
A PGE5S \PGI3 LTB5 | TXA3 25 7& VEW) it, = HLIK %
Z ARV T DHA JUL2 MR P28 00 o 5 45 2 2 1Y)
FELEHYT, San 5 IA N 0-3PUFAs A ] VEGF %
Ik, EPA BT LA B4 6l VEGF 32 1K 1 34 3% e 323K,
w-3PUFAsi i 52 G40 I /E D A6 A4 UG R (AA) 2K 4
PEA B 5 2O 3 sh M R B TG PE DL R R S 2 R 45
AUE S HfG 1 s - F A 5% S I F NF—«B 155 B9 R 16 K45
PLRAEFY  NF-xB 25 % M 40 g X 7 A0 JH Al AR 56 3 1A
B N ML 4Lk A B B RE I, NF—wB 6 PRSI,
LT AR R 4> A R -8 SEEHE VEGE IRk,

30

NF-kB 1] LI3E5E VEGF # [ A K" 5 i VEGF X
REHTIR NF-B RUSSSRE TS, PR FRATHEDN , 76 1fi A5 18 5
P I 5 72 v 2 0 o JIEE Ak AR G e SR ZS I, T R
JoJE NF—kB PRSI, 4K VEGF B9 1 5k, 47 G B
BLRIA R e — 2D 5T . AT A, 4075 A R 2L/ Bl Bl
A I 18] SE R, A IR AR i A AN W4, VEGEF
VEGFR-2.3 k)i, 7£ 17d B VEGF F1 VEGFR-2 [J3%
IRERGR T CZH R T A I A A AT AR T A D
VEGF 1 VEGFR-2 HYRA T 4, ik — 2 50 B 3l ot 1% £
TN @ —3PUFAs 1] A R4 il 400 90 58T AF 1L 45 98 B,
w-6PUFAsE T WIAR LA FIAEA: DU AA 7T LL5IE &
RENE , 0—-3PUFAs fil 0—6PUFAs B BE B AH 1k, {H
REELARAM 0 7 19 5 1, P 0 -3PUFAs/0-6PUFAs L {3
VAT BT AR R N

PPAR—y J& i VR 801 (19 B S 1, PPAR -y 1
PRAPC MRS A 9 A s I | ke 3 e B 2R It P A
FAP L WFSER  PPAR—y AT L3 o 3 4 1k 410 o1 A% S
PR 755 SRAE {5 538 S R V8119 S8 E A JBE A A4 i DA T A2 31410
il 9 SN R S . eI 2L 3 P IR, PPAR -y 32 %2
I3 TR R T B SRR A 1 LAk 2% 16 4 1
BN PPAR—y LB AR LA 9 /E I T RE S T 9 VEGE
o VEGF ZAK iy ik 61, A5 & 8, 1 C 4l
H PPAR—y 3K W 8 i T H A M 20, 35 A 1l A8 T AR B R AR
THREBI  UESE T PPAR —y 540 38 AR 1M 58 2 il b 1)
YEHL

VEGF 1] LI HF if 45 3 A= F 3 5l , HL 3Rk de e T 47
Az I A PSR RS . VEGE 3 53 1 #2200 9 ifn /8 40 Jfa I
(' VEGF Z A& T T A TE i, fEA S g, A5
17d B 41 VEGF FiA% A 411 C 417, #2750 3 i
BEAAINE VEGE 89323k, A B A L AL 1, C
HABEA—E B 0-3PUFAs Al /0 VEGF 119335 M1
DM it , BATHED ©-3PUFAs 38 i 3417
PPAR -y 7K F #E 1 % 5 VEGF # ik, A#F5 ¢ 4+
o-3PUFAs Fll PPAR-vy [ & & ¥ 3% 58, W] 6E & B
w-3PUFAsT 4L I PPAR -y 19 3R i5 B AR HEEH . C
4h VEGFR -2 1 2 3k F R, U W] 3l i i & 5 A
o-3PUFAsf #f PPAR-y ik T VEGFR-2 ik,
24 T 00 BT 2R AP B Z8 BT , 0 -3PUFAs HI fiE>
FRATTHE A7 W IO JIE I A 1L A7 P 5 0 80 8 S A
S Hk
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