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Diabetic retinopathy (DR) is one of the most common and serious com-
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. pay more attention to the role of oxidative stress and antioxidant therapy in DR. Under-
’ standing the relationship between oxidative stress and DR will help to update the treat-
‘ ment of DR. This article reviews the research advances in oxidative stress and DR.

HE IR IR 57 T 5 FAL B R AACTE 77
K8 FE A AL P T 7 (diabetic retinopathy , DR) A& 4% 5 5 JL EL ™ & § fik o % 5 &
, (EERAL646000 PUNEPN, | 2 — DR #Z AL SFHEEMX, RLRHELSHRTLMA. EF R, AMNAR
o REMFMR AR FACH T A DR 6946 M . T MRS B DR 69 % 24491 T DR 7%
o HFBREH ., ALHAXBA LS E DR 9B R M — 2234,

BRI ( diabetes mellitus, DM) )T WL AE I 2 AE A DR A0 100 JE s 72

¢ From the Department of Ophihalmolo- ¢ ( diabetic retinopathy ’ DR) %/ﬁ\:’ﬂ%’ﬂ EI(J—‘%}DZE:%EE ’ /ﬁ\:%fﬂii E‘JE%%EJI
“ gy the Afilated Hostl of Lshon * £ DM 85560 55 MUBEROFREE T i P4 1 25 Creactive oxygen species
ot o 630000 55T ROS ) B, ST A A B R , 3L AV Coxidative stress,

* chuan Province ,China

e T e 08) BN O HL OS2I S DM I 0 T BRI EoRHLE

PTAER , AATTHORBEE L OS X DR #9451 3 4 A4t
AR DR AEA . T OS 5 DR R ARA
BYF DR RS FBUHRT . A S0 0S 5 DR AYBFSE
R 2RIk

1 OS

M B LA 1) A Ak SN 2 S A i S, S AL
PRI 32 AN 04 A 35 0 T, dn e, | s S5, AR P
A 2w TE S F ROS FE PE A B B JE (reactive
nitrogen species, RNS) , St E A R AL MENL RS
Ay, T S ECH A 7, By 08, A8 1E 1 0L
T, 08 FE B 3 2k B A HS BhAILIATE B 9% R 450
i SR HE AR (HOE AN IR 1) 0S 5B R 9% it
%ﬁTﬁEDM\mﬂﬁﬁﬁ%ﬁﬁ\ﬁ]ﬂ*ﬁﬁ1t%ﬁﬁﬁﬂ$ﬁ
K

2 OS5DR

e MUBEERIE T, P It i oy 1 5% 1 5
S SRR AP AT B 1 G PR AR T
H51 R 2R AR B S SO0 MR A28
2.1 EORIFEBEELLTYS OS DR HHLE

BRI A R AR B R L 2 ) (ad-
vanced glycation end products, AGE) [ [a] i}, H, 78 A~
Wi A ROS, A HEIEHE H, AGE 3 i 3 9 b A 4
JEA S B0 S S TR R 1 SR A, 5 5 OS
JSCIE, JINEE AR O JE ) e i, ke 4L 458 4 - O ) JiE
20 A AR T o O A R D 4 L
WHFE A B, AGE BE 9 L 0F 4 1 Hhy 6450 47 fr) 0k
i, 380 OS (7™, Al fESE DR v Jl 41 g 53013 2%
RN Z—

2.2 ZBEREERZE 0S ZIoRERE &
QiR AR Z —, TH#E NADPH, J&i/b 1 410 fifd N 9t 4 Ak
FRGF=AE HE T ROS {47 Az, 400 190 6 28 21 7= 1 45}
93, TR A T 7 A Al 5 1t - DX L e g L
1 %F db/db /NGBS K B, DM /)N B (AR I
BRI IR /N B ki A 1 ket 1 453 45 A 7 R, 1
DM 8 B PR VE ST ), R A 4 2% g A
371 DM R 5 Rl S A I B 55

2.3 EAHECHES OS fEHLIARZ R & M
S5 RIS, ROS Y BE RGN, W R A S i £ 1 Vg
C(protein kinase C,PKC) i#15 . PKC &2 005 A1
AGE BT AT 7= A R 1) B e 2, S S R AL



- 698 - http .//www. ykxjz. com

BB UEE 2015457 H  H35% HTM
Rec Adv Ophthalmol ~ Vol. 35 No. 7 July 2015

BRI EH K ( glutathione, GSH) ByFEH . 7l L idE
R 22 5 ADP 205 5 G il 00 V0 R U2 v LB
755 PKC Fl AGE BTk, 76 DM fi 455 AU rf m] il B
DM LU B 5 o 29 75 0 P g

2.4 FECHEEREZE OS R RG]
EE AR TR I B2 A Ak, TN 1 SR pE-6-0 R 3E i O
Wil & AT, 30 ROS (13 2 F1 NADPH A 1t
it (9 0 , N OS |46, AT IE A OS iy s |
DM &P I R AE R R AE R . ABEFEHR S, & Ip
VP2 I A5 S A 1 0 O e R R 2R A8 A o
(tumor necrosis factor-a, TNF-oc) \ TNF-B1 A9 %% 583k
SEILAY i B R AR I NS A, R TR
i 38 7] DL 8 ROS % K & 7 AR T 30, B 9K
DM A UMK 2 AE 5, (HRT A AE PR -8 R () 5t
SRt

2.5 @REFES 0S AWM bR AHHETE =
BEEREE T AT LA R OS 7P, e 1M 48 N J AR KR
(vascular endothelial growth factor, VEGF ) 43 i1 42 |
a2 b AT A4 B F ( pigment epithelium derived fac-
tor, PEDF) 73 WA /b, ;X AT RE 5 DR By k4= K Je
X o PR R AERR LS VEGF By ikt Z 5] 0S 1Y
PTT, I H AR B SRR 3 S A% - B I
WL AT S VEGE [ n™ o B Mol fie it mefk
P h PEDF (g &35 180", e & il 0S i &
o BZ L ARTE OS ZKFHE AT Ao 40 it I+ M AR
RSP R A i e oS e 1 2 S e P R e N i
0S K- it — 2 B, e 208 B — A% P i 16 26
UL L8

2.6 ZHRIAT5S OS 7E DR HLFIZ 4 LIRS
Pk A8 b, AT LR IR AR R 22 7 48 Y ( retinal
ganglion cells, RGC) [ T-, OS F & i /KFF1 PCK
(Y P 55 20 M T A O, B 9E 3R W], caspase-9 |
caspase-12 25 0S FHF 1AM RGC caspase {14
(PTG ADP AR RS R 1L, ROS
AT LAGE o A5 1 DNA (g 8 40 i & A= R 1, 30
ROS A DL 000G R Sb T S Ly . B T bk
PAT-RR AN, TER R OS w3 A e i P 1 03 45
R B B 22 I AR 09 RGC AT, Ola
LIRS B, AT RO I o 27 I S AN P
PUAAT] GSH 1) &5 5 W] FAIR DM B 518 I3 5 4 L 17
JATZ. FFH. Dong % i it % DM db/db /) BRI
FER I, PUAEARFIAE IR MRS IS, 7T RAREAIR RGCs 11
PTG OS AREWIINKF-

2.7 MEXRETHZEF NF-E2 HXEFES
WIS OS  TEddi st B, P A Ak s oo
(antioxidant responsive element, ARE) 5% [H T NF-
E2 A1 2¢ [ 7 ( nuclear factor erythroid 2-related factor
2 Nef2) AHEAE R AT LA AL 658, 23
B YR LS OS . M2 A AL 1
(heme oxygenase-1,HO-1) il 5 ARE AH 5 4E FH R

WIRBHTRALE o 2B RN U Nef2 7
Miiller 4t 22 Jiz Jo 240 Jfd A1 22 02 B2 Joc 4 i o o e ik, 0
il Nrf2 7 55 2 AT SR A R A 2 38 AL T 3
AL E RS AL R T LD, I H N2 (1
FEDH BRI ER B 1) DR i - 00 o9 s )57 [ ) i e
T2 s DM K U Y BT & B, a8 ik 245 4
a4/ Nef2 P85, T LABE OS F-4ii| DR 9 %
R EEAL RS A A R R R T b
IRBET, 640 I I A P R 40 v, HO-1 () 3k |
&, 9+ H HO-1 7] Ly 2> NOC-18 (NO 44 ) Filid 4%
ST TEVE AT, 31 B HO-1 o0 D90 B 11 45 P 5z 44
A R

2.8 Sirtuin EE K%L OS SIRTI Al SIRT6 &
Sirtuin 2 FIZ R W B0, R AEMFL Py b iz &k
(AN MEAZ R 1, B R AR ThRe, o — A e
TR AR EA R, A E AN RS
P NI B A K R AE . A g R R,
SIRTI A Phi I 45 P6S Y £ kAL A i 4 Jm 3 1
fit-9 (435, #EHT DR [ 5L I 3, AT DR (1)
KR A R, SIRT6 ] /41 i i 4= 1K |
BB R I A A BB RE AT, AR B SR PN R AN B A
%ﬂ%ﬂtﬁﬂ%ﬁﬂ@a‘éﬁ%ﬂ%*ﬁ%éé%? DR 1 % i L
il

3 ;L OS5DR

DM 5B A4 P AR K-, AT ST LR
LB, B AL BOKF- B HE 45
SEL I R ) 2 JC A, DS b A B 2o s b OS AR
o S 2 ZH 1) 45 45 K BT IR R
3.1 Nrf2-ARE S EEHER Nf2-ARE {55
TR P T I A R A P A S O L T —
AP £ K. Munday 257 58 2 %K )
HAR IR TR 2E LA Y S PR Y
TOLHAT 1000, I 5,6 -SRI 1,2- 6
ZRIA -3 - B ( CPDT) Jo i MM 2l i o B A %K
i bR SE N R K FoRE, #JE Nief2-ARE
SRR 2R . RATRTIIBE T B & B, CPDT
AT DAGE 2oF b R 00 R JBE Nef2 Je HO-1 (1) 338, HIEHT A0
DR B 118 S8 AR O 8, S % DRI i AR R e . A Al
KAFFEHE Y Nef2 376 75 o] DL DM RS F {4 py )y
PR RN DM F e 1 LR MR R
3.2 PEDF PEDF 2 —FpHAEFRME IR G
FE B PR U 240 L PR, G R R TR e R
FZ40M, IF H PEDF HAHTEALEE ), AT DA4EHT AGE
75 S 1 19 S 40 i 1) R T A OS17, Sheikpranba-
bu 255" 5 1o X6 4 B WU 9 I S 40 I B 43 B B
PEDF #ii] AGE 551y ROS 7= A= , 3% ik S Ak Wy B
AL B ( Superoxide dismutase, SOD) #1 GSH 7K, 3 H.
BBHE caspase-3 LIS , PEDF 7] 457 LI DR £
JAZIMERY 2% . PEDF 41404k B9 4F A OB 740



WOBHETUEE 2015457 H  H35%E HTH
Rec Adv Ophthalmol ~ Vol. 35 No.7 July 2015

http .//www. ykxjz. com - 699 -

R0, T EL ke T B RN B A

3.3 EMRE Y MR SRMER", 1L
PHEY h EREFE R, RE WPUEAR], R sk
RIS M . A 2l
WFFE B BE T 15 55 14 28 100 0 JIES J] 4 e, e B
i A LA i RAGE 335 7 AE B A AL T RE
- E A P40 M 07 T2 RE g, AT DLE o BH BT AGE-
RAGE #3597 DR,

3.4 EWEEER NAHTEWER EWAER, Z
21 =R R BRI 2 —  HEA RO M
Ui aE BB SR . Jia 250 % RGC R R4S
TR BE R PEAR AL R L S AL A 24 h, & ST e b
T A S S 0 AT MO8 T RN SR S I B B Y K
L U HATRERCRIARYY DR BBt 25,

3.5 o-MRFEME o-HiFHR (alpha-lipoic acid, a-LA)
E—FpRIRAFE Y I, 2 5 8ohi iRk AR, B
AWFFEUESE a-LA ] DL 1 Pt AL W R YT DM
DM A2 18 FF B AE , QAR I B A2 B R 280
AR A B 1AM A A A LA B8 , A B
] 5 6 A4 UL A 0 200 B 1 7 55, I R T 98 8 M, «-LA
FlkrERkSE 2 78 DM AR 35 B I 2R U, FF R R IR
A R 2 fRLLANIEAE R A VEGE 43k,
3.6 FWHEER FHMNERZEFIBAI KA NEZE
G REAN I, 28 AN [R5 40 R 7 32 AR BEL BT 15 5
S REREMRIBOY . BEoEHs Y i &
FEAIG DM K BRI B A i VEGF | k450355 3 [ -1
Je PEDF [k, BEAIK DM K BRI Hh i K F,
FEPUOL RGOS, AT BE XA X AR PR 474 F

3.7 EmAT ATE RGN DA AR R —
FhCHE R T, RE% AL 2F B iy R 0F A 2 RL IR S5 AL 70
fift o T 23 A2 e R BT T RS = RGC,
R INZETHE R AT LA ] = b5 5 1 ROS RS Tt 44
= A A PR STEAL Sr 246 SOD (GSH 1+
SEACEEES , BA AR Y

3.8 WEE MERE-MIAAET KR BEIA
Yy R IR A A . AT DR DMK
FRRE A GSH , SOD il s A8 4k & il 1 R 55, 11 4l
NF-«kB Fll caspase-3 )33k, Al A5 R B 1840 ) i 4 52
BT A AT O ) S A R

3.9 BEHE WMEMRFLEEHWILNWMA
PN AR = AR — R e R K. H B A U il
AR R Sf 22 PUREE R G PR A L i A B
Uife. R EEA T DM KRG, vl DLRE G N
JELAE L i =R AN TN 8 1 /K, R R RS 3 R T
1 \VEGF-A 1 PEDF, &3 i f S8 AL o AE J1
310 o-REZMABHME o RERAHE KR
MR RE P —FP R —F e 2N R, B
AHHCR AR TEH . A2 &7 DM K BB (K
WIES o-fE R R AMMILER 5 Ji 5 & A0 ) s 5=
HARE B P B 4 R — A AL R A B S T — AL

R MR RER 70 1-1 A INF-o B2 IE A
ol T Ay AL rE Y

3.11 PEMAEZSY A WA N BTFEARAMIT (Atorv-
astatin ) 7] LUl #3 PR &2 DM K BRI B 992 25 -2
[y SR i e L R N L G DE=R A VAT S
T8 2% 545 3305 DR (e . JF H. Atorvastatin
AP A AL ) JEE Mitiller o1 25 J52 J5 401 it 66 o 4 JR R
fifg-7 B35, Bl 1R 2T A SR T, 5 E AR
5 I - R R I P 58 B e AR S B

3.12 HfigEMAF  BR T _ERGUAEATI LS, i
HVF 2P EARIEAERL R BT OS HhEHE T HER
YER, an &2 07 Ae B 2 B ORI RS I B R
INE R HREPEE R TR 4R C giER
D 4R E S5,

4 RE

DR B 1) 1) A L v A 56 491 1,5 OS 7E DR
FIVE AR R B2, 8 TR 0S 55 DR Z A i AH A
VEFR , BRI /> OS % DR 445453 , 38 1 ) F 4% Fif
BAEH PRI sRPT A AL B TE 2, 182D OS
B WTIEZE DR &K R

S 3k

1 Van Reyk DM, Gillies MC, Davies MJ. The retina. oxidative stress
and diabetes| J |. Redox Reprot,2003,8(4) :187-192.

2 Brownlee M. The pathobiology of diabetic complications:a unif-
ying mechanism| J]. Diabetes ,2005,54(6) :1615-1625.

3 Hambali Z,Ahmad Z,Arab S,Khazaai H. Oxidative stress and its
association with cardiovascular disease in chronic renal failure
patients[ J |. Indian J Nephrol ,2011,21(1) ;21-25.

4 Rains JL,Jain SK. Oxidative stress, insulin signaling,and diabe-
tes[ J]. Free Radic Biol Med ,2011,50(5) :567-575.

5 Schapira AH,Gegg M. Mitochondrial contribution to Parkinson’s
disease pathogenesis| J |. Parkinsons Dis,2011,2011 :159-160.

6 Eshaq RS, Wright WS, Harris NR. Oxygen delivery, consump-
tion,and conversion to reactive oxygen species in experimental
models ofdiabetic retinopathy[ J ]. Redox Biol,2014,2(6) :661-
666.

7 Bansal S, Siddarth M, Chawla D, Banerjee BD, Madhu SV,
Tripathi AK. Advanced glycation end products enhance reactive
oxygen and nitrogen species generation in neutrophils in vitro
[J]. Mol Cell Biochem ,2012,361(1-2) :289-296.

8 Yang Y, Hayden MR, Sowers S, Bagree SV, Sowers JR. Retinal
redox stress and remodeling in cardiometabolic syndrome and
diabetes[ J ]. Oxid Med Cell Longev,2010,3(6) :392-403.

9 Yeung CM, Lo AC, Cheung AK, Chung SS, Wong D, Chung SK.
More severe type 2 diabetes-associated ischemic stroke injury is
alleviated in aldose reductase-deficient mice [ J |. J Neurosci
Res,2010,88(9) :2026-2034.

10 Kiss L,Szabo C. The pathogenesis of diabetic complications :the
role of DNA injury and poly( ADP-ribose ) polymerase activation
in peroxynitrite-mediated cytotoxicity [ J |. Mem Inst Oswaldo
Cruz,2005,100( Suppl 1) :29-37.

11 Giacco F,Brownlee M. Oxidative stress and diabetic complica-
tions[ J]. Circ Res,2010,107(9) :1058-1070.

12 Cervellati F, Cervellati C, Romani A, Cremonini E, Sticozzi C,
Belmonte G, et al. Hypoxia induces cell damage via oxidative
stress in retinal epithelial cells[ J|. Free Radic Res,2014 ,48(3) .
303-312.

13 SRAF A& BE , Pl WM R R {15 5 VEGF 5 PEDF ik
L GEAAR I R R[], h AR S IR A 2R K, 2012,30 (4)
326-330.

14 Guo D,Bi H,Liu B,Wu Q,Wang D, Cui Y. Reactive oxygen spe-
cies-induced cytotoxic effects of zinc oxide nanoparticles in rat



- 700 - http .//www. ykxjz. com

BB UEE 2015457 H  H35% HTM
Rec Adv Ophthalmol ~ Vol. 35 No. 7 July 2015

15

17

18

20

21

22

23

24

25

26

27

28

29

retinal ganglion cells [ J]. Toxicol In Vitro,2013,27 (2):731-
738.

Guo D,Bi H,Wu Q,Wang D, Cui Y. Zinc oxide nanoparticles in-
duce rat retinal ganglion cell damage through bcl-2, caspase-9
and caspase-12 pathways[ J]. J Nanosci Nanotechnol,2013,13
(6):3769-3777.

Li SY,Fu ZJ,Ma H,Jang WC,So KF,Wong D, et al. Effect of lu-
tein on retinal neurons and oxidative stress in a model of acute
retinal Ischemia/Reperfusion [ J ]. Invest Ophthalmol Vis Sci,
2009,50(2) .836-843.

Qi Y,Chen L,Zhang L,Liu WB, Chen XY, Yang XG. Crocin pre-
vents retinal ischaemia/reperfusion injury-induced apoptosis in
retinal ganglion cells through the PI3K/AKT signaling pathway
[J]. Exp Eye Res,2013,107(1) :44-51.

Ola MS, Ahmed MM, Abuohashish HM, Al-Rejaie SS, Alhomida
AS. Telmisartan ameliorates neurotrophic support and oxidative
stress in the retina of streptozotocin-induceddiabetic rats[ J ].
Neurochem Res,2013,38(8) ;:1572-1579.

Dong LY,Jin J,Lu G,Kang XL. Astaxanthin attenuates the apop-
tosis of retinal ganglion cells in db/db mice by inhibition of oxi-
dative stress[J]. Mar Drugs,2013,11(3) :960-974.

Yu X, Kensler T. Nrf2 as a target for cancer chemoprevention
[J]. Mutat Res,2005,591(1-2) :93-102.

Xu Z,Wei Y, Gong J,Cho H,Park JK, Sung ER, et al. NRF2 plays
a protective role in diabetic retinopathy in mice[ J ]. Diabetolo-
gia,2014,57(1) :204-213.

Zhong Q,Mishra M, Kowluru RA. Transcription factor Nrf2-me-
diated antioxidant defense system in the development of diabet-
ic retinopathy[ J |. Invest Ophthalmol Vis Sci 2013 ,54(6) :3941-
3948.

Castilho A, Aveleira CA, Leal EC, Simdes NF, Fernandes CR,
Meirinhos RI, et al. Heme oxygenase-1 protects retinal endothe-
lial cells against high glucose-and oxidative/nitrosative stress-
induced toxicity[ J]. PLoS One,2012,7(8) :e42428.

Kowluru RA, Santos JM, Zhong Q. Sirtl, a negative regulator
ofmatrix metalloproteinase-9 in diabetic retinopathy [ J]. Invest
Ophthalmol Vis Sci,2014,55(9) :5653-5660.

Liu R,Liu H,Ha Y, Tilton RG,Zhang W. Oxidative stress induces
endothelial cell senescence via downregulation of Sirt6[ J . Bi-
omed Res Int,2014,2014.902842.

Munday R, Zhang Y, Munday CM, Li J. Structure-activity rela-
tionships in the induction of Phase II enzymes by derivatives of
3H-1,2-dithiole-3-thione in rats[ J]. Chem Biol Interact,2006,
160(2) :115-122.

A8, R, B2, 250, AT BR, BRBA L. 5, 6- &3 I JF 1,
2- R AR NAR-3- B B X 2 O PR e R BRI A K F NF-E2
FHOCH T M ML LLER S A -1 R [ J]. P AR IR ISR e i,
2014,30(2) :187-192.

Tan SM, de Haan JB. Combating oxidative stress in diabetic
complications with Nrf2 activators: how much is too much?
[J]. Redox Rep,2014,19(3) :107-117.

Sheikpranbabu S, Haribalaganesh R, Gurunathan S. Pigment epi-
thelium-derived factor inhibits advanced glycation end-products-

30

3

—_

33

34

35

36

37

38

39

40

4

—_

42

43

induced cytotoxicity in retinal pericytes [ J ]. Diabetes Metab
2011,37(6) :505-511.

Yamagishi S, Matsui T. Advanced glycation end products
(AGE) , oxidative stress and diabetic retinopathy [ J ]. Curr
Pharm Biotechnol ,2011,12(3) :362-368.

Sheikpranbabu S, Haribalaganesh R, Gurunathan S. Pigment epi-
thelium-derived factor inhibits advanced glycation end-products-
induced cytotoxicity in retinal pericytes [ J ]. Diabetes Metab
2011,37(6) :505-511.

Banumathi E, Sheikpranbabu S, Haribalaganesh R, Gurunathan
S. PEDF prevents reactive oxygen species generation and retinal
endothelial cell damage at high glucose levels[ J|. Exp Eye Res,
2010,90(1) :89-96.

Maeda S,Matsui T, Ojima A, Takeuchi M, Yamagishi S. Sulfora-
phane inhibits advanced glycation end product-induced pericyte
damage by reducing expression of receptor for advanced glyca-
tion end products[ J]. Nutr Res,2014,34(9) :807-813.

Jia WC, Liu G, Zhang CD, Zhang SP. Formononetin attenuates
hydrogen peroxide ( H202 ) -induced apoptosis and NF-kB acti-
vation in RGC-5 cells[ J|. Eur Rev Med Pharmacol Sci,2014,18
(15):2191-2197.

Gomes MB, Negrato CA. Alpha-lipoic acid as a pleiotropic com-
pound with potential therapeutic use in diabetes and other chro-
nic diseases| J |. Diabetol Metab Syndr,2014 ,6(1) :80.
Nebbioso M, Pranno F, Pescosolido N. Lipoic acid in animal
models and clinical use in diabetic retinopathy[ J|. Expert Opin
Pharmacother,2013,14(13) .1829-1838.

Ozdemir G,Kiling M, Ergiin Y, Sahin E. Rapamycin inhibits oxi-
dative and angiogenic mediators in diabetic retinopathy[ J]. Can
J Ophthalmol 2014 ,49 (5) :443-449.

Cao Y,Li X, Shi P, Wang LX, Sui ZG. Effects of L-carnitine on
high glucose-induced oxidative stress in retinal ganglion cells
[J]. Pharmacology ,2014 ,94(3-4) :123-130.

Kumar B, Gupta SK,Nag TC, Srivastava S, Saxena R,Jha KA, et
al. Retinal neuroprotective effects of quercetin in streptozotocin-
induced diabetic rats[ J|. Exp Eye Res,2014,125(2) :193-202.
Ozdemir G,Ergiin Y,Bakari S,Kilin¢g M, Durdu H, Ganiyusufoglu
E. Melatonin prevents retinal oxidative stress and vascular chan-
ges in diabetic rats[ J]. Eye( Lond) ,2014,28(8) :1020-1027.
Zhang L,Dong L, Liu X,Jiang Y,Zhang L, Zhang X, et al. a-Mela-
nocyte-stimulating hormone protects retinal vascular endothelial
cells from oxidative stress and apoptosis in a rat model of dia-
betes[ J]. PLoS One,2014 ,9(4) .e93433.

Fernandes R,Bento CF,Matafome P,Sena CM, Seica RM, Perei-
ra P. Atorvastatin-mediated protection of the retina in a model
of diabetes with hyperlipidemia[ J |. Can J Physiol Pharmacol,
2014,92(12) :1037-1043.

Ali TK, Al-Gayyar MM, Matragoon S, Pillai BA, Abdelsaid MA,
Nussbaum JJ, et al. Diabetes-induced peroxynitrite impairs the
balance of pro-nerve growth factor and nerve growth factor,and
causes neurovascular injury[ J|. Diabetologia ,2011,54(3) :657-
668.



