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0.003) ;55 PBS {ESFAARLL S 1.3.7 d RD A2 A 20 KK 17 22 1097 4LIR A MDA & i 2 3% 71 &, T-SOD
WGP R, Z R AR 2 (3 P<0.05) ;5 RD BRI LR G #8G 1.3.7 d (R Hi %2 iR 7 41 MDA

R F AR, T-S0D i ﬁﬁ%ﬂ%,%%ﬁﬁ?ﬁﬁ%ﬁ%l(i@ P<0.05), 5 PBS JESF41AH L, RD B850 41
MR 28 IRIF 2HE RS 1.3.7 d BRI B vh SOD2 il Nef2 25 P AH X 2 ikt BB Fh i, W A5 1.3 d H0 0 g vp
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[ Abstract] Objective To investigate the effect of edaravone,a free radical scavenger, on the regulation of
retinal autophagy and the protection of photoreceptor cells at the early stage of experimental retinal detachment (RD)
in rats. Methods Fifty-one adult male Sprague-Dawley rats were used for RD model establishment, and another 24
rats were served as PBS injection group. The RD model was established via subretinal injection of 0.5% sodium
hyaluronate into the right eye of the rats and the rats with successful modeling were randomly divided into RD model
group and edaravone treatment group. The rats in the edaravone treatment group were given edaravone of 3 mg/kg
intraperitoneally , twice a day after modeling,and the rats in the PBS injection group and RD model group were given
equal volume of normal saline. Rats were sacrificed on the lst day,3rd day and 7th day following modeling. The T-
superoxide dismutase (T-SOD) activity and malondialdehyde ( MDA) content in the intraocular fluid was detected.
The expression levels of superoxide dismutase 2 (SOD2) ,nuclear factor E2-related factor 2 ( Nrf2) ,autophagy related
gene 4 (Atg4) , microtubule-associated protein 1 light chain 3B (LC3B) and other proteins in retinal tissue were
identified by Western blot analysis. TUNEL staining was performed on paraffin sections of the whole eyeball to analyze
the apoptosis of photoreceptor cells. The study protocol was approved by an Ethics Committee of Xi‘an Fourth Hospital
(No. 2016016). The use and care of animals complied with the Regulations on the Administration of Experimental
Animals.  Results The RD area was more than 60% in rat eyes of RD model. There were significant differences in
MDA content and T-SOD activity among different groups at various time points (MDA:F, ~=385.513,P<0.01;
F. =13.021,P<0.01. T-SOD; F =48.865,P<0.01;F, =7.700,P=0.003). Compared with the PBS injection

group ,the MDA concentration was significantly increased and the T-SOD activity was significantly decreased in the RD

lime group

group and edaravone treatment group on the Ist, 3rd and 7th day after modeling (all at P <0.05). The MDA
concentration was significantly reduced and the T-SOD activity was significantly elevated in the edaravone treatment
group on the 1st,3rd and 7th day after modeling in comparison with those of the RD group (all at P<0.05). Compared
with the PBS injection group, the relative expression levels of SOD2 and Nrf2 proteins were significantly increased in the
RD group and edaravone treatment group on the 1st,3rd and 7th day after modeling (all at P<0.05) ,and Atg4 and
LC3B-[I/LC3B-] were significantly increased on the 1st,3rd and 7th day after modeling (all at P<0.05). The expression
level of SOD2 in the edaravone treatment group was significantly higher than that in the RD group on the 1st,3rd and
7th day after modeling (all at P<0.05) ,and the expression level of Nrf2 was significantly increased in the edaravone
treatment group on the Ist and 3rd day after modeling compared with that of the RD group (both at P<0.05) ,and the
expression levels of Atgd and LC3B-II/LC3B-I were significantly increased in the edaravone treatment group on the 3rd
day after modeling in comparison with those of the RD group ( both at P<0.05). No significant TUNEL positive cells
were observed in PBS injection group at all time points,and TUNEL positive cells were observed on the 1st,3rd and 7th
day after modeling in the RD group,and the expression level of caspase-3 in the RD group was significantly increased in
comparison with that of the PBS injection group ( P<0.05). The apoptosis of photoreceptor cells and the expression level
of caspase-3 in edaravone treatment group were significantly decreased in comparison with those of the RD group on the
1st,3rd and 7th day after modeling (all at P<0.05). Conclusions The intraperitoneal injection of edaravone,twice
a day,can significantly improve the antioxidant capacity of the retina after experimental RD in rats, regulate retinal
autophagy and reduce the apoptosis of photoreceptor cells in early-stage RD.
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HEH IR 1 4% 3B (microtubule-associated protein 1 light
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Figure 1 Fundus and histopathology findings of rats in the PBS
injection group and RD model group A :Normal retina was observed
and vessel ran normally in rat of the PBS injection group under the
operation microscope  B: The neurepithelium layer (red triangle) and
the pigment epithelium layer (red arrow) of the paraffin section attached
well in the PBS injection group ( HE x40, bar =200 pm)  C: Nasal
retina elevated highly with little hemorrhage besides the artificial hole was
observed in rats of the RD model group under the operation microscope
D:The retinal neurepithelium layer ( red triangle ) detached from the
retinal pigment epithelial layer (red arrow) and part of RNL reaching the
posterior surface of the lens were observed in the paraffin section of the
RD model group ( HE x40, bar=200 pm)

elevated retina;black arrow showed the edge of retinal detachment;black

# showed the highest site of

triangle indicated the artificial hole
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385.513, P <0.01; F,,, = 13.021, P <0.01. T-SOD;

F,, =48.865,P<0.01;F,  =7.700,P=0.003), 3
Wi )5 45 0 8] &5 RD 5 RY 21 BR N % -h MDA 5 i % PBS
TG 2 B B TR, T-SOD 3 J7 (B 48 PBS v 5 41 BH &

YU W T R B PBS ST AW Bt L 2 R YA G
(3 P<0.05) 5 75 A 45 I 6] s (O B 28 3R T
41 T-SOD i Jy {H % RD £ R4 W 2. I} i , % PBS
SR W AR, 22 SR A G it 8 S0 (3 P<0.05) 5 4%

%, 2RI Gt 28 3L (¥ P<0.05) 5 1 55 45 i [i]
SMIE T2 R AR Y MDA 5 8 8¢ RD BRI 24

2H i 3 A5 B ] ZE 4 IR Y 3 R T-SOD 3 J7 {H A1 MDA
SEEIIEH SRR ER(ELD),

x1 JBAFEBESRAKRS T-SOD i H1{EF MDA & £t % (mean=SD)
Table 1 Comparison of T-SOD activity and MDA content in intraocular fluid
at various time points among the three groups ( mean+SD)

8 AL 5 AS ] IS 8] 25 T-SOD % /748 [ mmol/ (min » L) ]

TEALJE AR I [E] 55 MDA % 4 (mmol/ml)

4153 B A

1d 3d 74d 1d 3d 74d
PBS i 441 4 309. 810. 55 323.03+2. 94 294.60+4. 86 5.31x1.08 6.000. 42 5.47£0.99
RD HLRI 4] 4 101.59+3. 83° 215.65+6. 37" 205.03+5. 15° 16.34+1. 86" 19. 82+1. 80" 17.88+0. 74"
WKIE R A VR YT 4l 4 261.54+8.48"  294.67+7.23"  227.87+7.03" 7.1221. 47" 9.32+1. 12 8.69+0. 56

i :T-SOD: F 4 =48. 865,P<0.01; Fyyy =7.700, P =0.003. MDA F , =385.513,P<0.01; F 0 = 13. 021, P<0. 01. 554 [ 1] i 15
5, P<0. 05; 5 4% 14 I 1] 5, RD BB LLAR HE, " P<0. 05 ( 5 [ J7 2407 , Tukey H:3%)
TR RD < A 190 s e

Note:T-SOD . F, =48.865,P<0.01;F. =7.700,P=0.003. MDA F, =385.513,P<0.01;F

group 5 time = /- , . S group - s 5 ime

{ PBS {4141 18
T-SOD . 5 A ALY AL s MDA - Y 8% ; PBS : B iR £h. 2% v

=13.021,P<0.01. Compared with the PBS injection

group at corresponding time points, *P<0. 05 ; compared with the RD model group at corresponding time puinls,hP<0. 05 ( Two-way ANOVA , Tukey test) T-
SOD : total superoxide dismutase; MDA : malondialdehyde ; PBS: phosphate buffer saline; RD :retinal detachment

2.3 25 AL A 2 rh T SRR EE AR R K i LR 7 ERE1d R 3 d KRG 7 d
SRR S IS0 SOD2 N2 Gy O (]| -] | o ] 2500
*HX‘T%:{:U_:E‘M\MS H:? %%ygﬁ%VFMiEX(SODZ B-actin ’--ﬂ ’---’ "- -‘ — 42 000
F,,=33.717,P<0.01;F,, =11.745 P<0.01. Nif2. vz [0 ] [ - - m —2000
F oy =37.329,P<0.01;F,,, =27.002,P<0.01) . 7
Ji 4% IF [] a5 RD #6514 SOD2 | Nif2 4 F AH X 3 ik 18
W T PBS A AL, 2RI A Gl (1 P B2 &R R UL B 4 4 b SOD2 A Nrf2 B B % ik Bk
0.05) ;MG 1.3.7 d Kk L2267 4 SOD2 AH X & B 1:PBS {412 RD BB 3 fRARIAIRIT 4L SOD: B4 ML
. » e b g e e Py AL 5 B-actin: B LB EE FH 5 Nof X IR T E2 A K 7
EL s =] Ja =4 NVAY
ﬁjiiﬁ( RD *%ﬂéﬂ%ﬁﬂ@ ,JE)F?:E 1.3 d Wjjj:fi%{n Figure 2 Electropherograms of SOD2 and Nrf2 protein in retinal
I 4l Nef2 S5 (AR 2 0k 18 B2 RD ML AL B 8 7 vy, 22
FIA G R L ($ P<0.05) (& 2,4 2),

B-actin ‘---' ’---' ’—--‘ — 42 000
1 2 3 1 2 3 1 2 3

tissue at different time points in each group 1:PBS injection group;

2. RD model group; 3. edaravone treatment group  SOD: superoxide

dismutase ; Nif; nuclear factor E2-related factor

*2 HAFRENERERNELRAD SOD2 & Nrf2 | 5 I RiZE L &K (meanzSD)
Table 2 Comparison of SOD2 and Nrf2 protein relative expression levels in retina
at various time points among the three groups ( mean+SD)

T AL AN [ I (] R SOD2 i F AR X % ik ik T AL AN [ I ] R Nef2 3 F RO 20k i

24 ) FEA

1d 3d 74d 1d 3d 7d
PBS 144 4 0. 9620. 02 0.97+0. 03 0.96+0. 03 0.98+0. 02 0.99+0. 03 0.81+0.03
RD #5712 4 1.21+0.10° 1.53+0. 14° 1.20+0.11° 1.23+0.10° 1.34+0.09" 0.97+0. 08"
WIEPLZR G IT 41 4 1.49+0. 10" 2.3420.08" 1.43+0. 14™ 1.49+0. 08" 1.88+0. 06" 1.05£0. 05"

T :SOD2: F )y =33, 717,P<0. 013 Fyppy = 11. 745, P<0. 01. Nif2 . F 0 =37.329, P<0. 015 Fyyy =27. 002, P<0. 01. 54 [ B ] £ PBS 11 5 4141 He

"P<0.05; 54 [ W £ RD BLAVALMIE ," P<0. 05 (P 1K 2 77 22 43 7 , Tukey K230 )  SOD : 8 4 16 90 AL s Nef: 1% 11 T E2 4 18 s PBS : B R 4h 2%
s RD - A 190 5 J
Note:SOD2:F,, =33.717,P<0.01;F,  =11.745 P<0.01. N2 F,  =37.329,P<0.01;F

I group 5 time F group o P - VL5 M ime

=27.002,P<0.01. Compared with the PBS injection
group at corresponding time points, *P<0. 05; compared with the RD group at corresponding time points,”P<0.05 ( Two-way ANOVA , Tukey test) SOD:

superoxide dismutase ; Nrf:nuclear factor E2-related factor; PBS:phosphate buffer saline; RD :retinal detachment
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2.4 % ZH AR
b #4
PBS 2 | RD 5% B 26 FIAK 3K 5L 2 16 97 20 7E A [] 1)

V] A5 90 9 5 LC3B- 11 /LC3B- [ 5 Atgd % [ 4H X0 % ik

AR R 2 R A Gt # 5 C(LC3B- 11 /LC3B- 1
F ., =9.620,P=0.001;F,, =20.831,P<0.001. Atg4
F,;=9.061,P=0.001;F,, =18.505,P<0.001)
Fif5 1d F 3d PBS [ 4F 41 LC3B-11/LC3B- 1 F1 Atgd
AHXT A & 4 W] AR T RD #2841 FK 35 $1 % VR 97
H, MG 3d RD #EAI2H LC3B-11 /LC3B- 1 Hl Atgd
AR R A YW BAL T HGA R BRI A, ZR YA SR
THFE (Y P<0.05) ;)5 7 d & 4l0H LC3B-11/
LC3B- [ Fl Atgd FHXT Rk G L 2 R LR IT#EE X
(¥P>0.05) (& 3,%3).

U B A G AR A X Rk i

YR T d

m{— 15 000
R — 14 000

Boactin | ———— ] | —— - — 42 000

Atg4‘ - Q| Lge’l "‘-I—%ooo
B-actin | MEG—_-_:G—_—-—— ‘---| ’—--{—42000
P 1 2 3 1 2 3

B3 SAFEMERAMEMARAL S LCIB-T/LC3B-1 f1 Atgd &
AREBEIKE 1:PBS EH4L;2:RD BETI AL ;3 KRB RIT 4

LC U AR B H BT 1 424 s B-actin: B LB H 5 Atg: [ WEAT G RN
Figure 3 Electropherograms of LC3B-1/LC3B-1 and Atg4

protein expression in retinal tissue at various time points in each

LC3B- I

LC3B-1T

group 1. PBS injection group; 2: RD model group; 3: edaravone
treatment group  LC: microtubule-associated protein 1 light chain; Atg:

autophagy related gene

®3 BFHEFREMNESAMELHRA D LCIB-NT/LC3B-1 & Atgd & 183 F % £ b B (meanxSD)
Table 3 Comparison of LC3B-11 /LC3B-1 and Atg4 protein relative expression levels

in retina at various time points among the three groups (mean *= SD)

T A5 AN TR I i) 2% LC3B- 11/ LC3B-1 3 1 AR X % 3k

T AT S R I 6] A Avgd 2R PRI Rk

21 5 FEA

1d 3d 74d 1d 3d 74d
PBS {44l 4 0. 80£0. 04 0.94+0. 06 1.03+0. 06 0.97+0. 09 1.05+0. 06 0.98+0. 06
RD LR 4] 4 1.02+0. 06 1.88+0.15° 1.03+0. 08 1.14£0. 13" 1.28+0.12° 0.94+0. 02
[ Sr D= Pagi| 4 0.98+0. 05° 2.180. 10™ 1.15+0. 06 1. 10£0. 16" 1.59+0. 10* 1. 02x0. 06

¥ LC3B- 11 /LC3B- T 1 F )y =9.620,P=0. 001 Fyypy = 20. 831, P<0. 01. Atgh: Fp =9.061,P=0.001; F ) = 18. 505, P<0. 01. 54 [ i i £
STHA I, P<0. 0555 4% [ if ] &5 RD K2R AR L, " P<0. 05 (Wi R % J7 22 4047, Tukey #30)  LC. A% 41 5 5 (A

I 5 2 b V9L 5 RD - 0 10 e
Note:LC3B-11 /LC3B-1 :F,,,,, =9.620,P=0.001;F

group — 7+ s . 3 time

=20.831,P<0.01. Atg4d . F

i PBS T
T 1 %4 s Atg: I WERE S 3L R PBS:

9.061,P=0.001;F

- s X 3 F ime =18.505,P<0.01.  Compared with the

PBS injection group at corresponding time points,“P<0. 05; compared with the RD model group at corresponding time points, "P<0.05 (Two- -way ANOVA,

Tukey test) LC:microtubule-associated protein 1 light chain;Atg:autophagy related gene;PBS:phosphate buffer saline; RD :retinal detachment

2.5 &L AL A A U T O b

25 AN [A] s ) A 0 i ZH 2L P caspase-3 2K A
XFRIB R, 22 5 A it 2 L (F .y =31.314,
P<0.01;F,, =10.460,P=0.001), H 55 4% 0
] f RD A5 30 2 40 ) i 2H 4L caspase-3 25 [ AH X 3R
BRI H PBS TS MR B 72 30 A W B O ey, 22
SWH G ER (B P<0.05) (E 4,3 4)
WRG 1d
- - e, e “!‘ — 32000

Boactin | W S S | | — 1> 000

1 2 3 1 2 3 1 2 3
B4 FRERE SRS HMNRMELSES R caspase-3 EHRIEBEIKE
1:PBS 4440 ;2. RD BRI ; 3 (KK L R IR YT 4 B-actin: B L3
A
Figure 4

MG 3 d ARG 7 d

Caspase-3

Electropherograms of caspase-3 expression in retinal
tissue at various time points in each group 1:PBS injection group;2:

RD model group;3:edaravone treatment group

x4 FBAFEHEZANEAR
caspase-3 & B A Xt R iA=Lk i (mean=SD)
Table 4 Comparison of caspase-3 protein relative
expression levels in retina tissue at various time
points among the three groups ( mean+SD)

bk iy Kmﬁﬁﬂmﬂﬁﬁm
caspase-3 T 4 F X % ik

2151 HEAR

1d 3d 74d
PBS 74441 4 1.10+0. 08 1.06+0. 08 0.95+0. 09
RD R4 4 1.76+0. 13" 2.89+0.12°  1.60+0.19°
WKL R4 4 1.47+0. 11" 1.6420.05"  1.28+0.15"

i Fy, =31.314,P<0.01; Fyp =10.460, P =0.001. 5% H i [A] £

PBS JE LA H L P<0. 05 5 4% & I (7] 45 RD LRV ZLA 1L, ° P<0. 05 (%
W7 2250 07, Tukey £585) - PBS B W2 £h 52 v 5L 95 W5 RD < WL 159 JAE I 129
Note: I =31.314,P<0.01; F,,. =10.460,P=0.001. Compared with

group 5% time
the PBS injection group at corresponding time points,"P < 0. 05; compared
with the RD model group at corresponding time points,”P<0.05 ( Two-way
ANOVA ,Tukey test) PBS:phosphate buffer saline; RD :retinal detachment
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AT Y] Fr TUNEL Je 0 25 2R /R | i 6 2% I 1] o
RD B Z J AR 35 331 22 10 97 41 AN JZ ¥ UL TUNEL FH
PEARIC 4 L, PBS W 4 AMZJZ R W TUNEL FHPERRiC
AN 25 2H A [l i [) 5 S A% J= TUNEL BH A 20 i =R Lo
BERWAHG %8 X (F,, =60.783, P<0.01;
Fypp =64.381,P<0.01) , H ot RD K% 4 & 41 15 4% I
(8] 5 TUNEL BH P4 40 0 25 249 B 0 5 3 A L I (] 4K 3k
PLZIRIT A, 22 e A Geit 7 i (3 P<0.05) (A S,
#5)
RS BARRERESDMERIMZE
TUENL [ 14 4 i3 2 bk % (mean+SD)
Table 5 Comparison of ratio of TUENL-positive cells

in the retinal outer nuclear layer at various time
points among the three groups ( mean+SD)

g EBUERINSE A TUNEL BIFEATHL%

28 3] L

o 1d 3d 74d
RD #% %1 4 4 0.26+0. 03 0.45+0. 04 0.35+0. 04
WIERLZR IR T 4 0.13+0.03"  0.340.04"  0.26+0. 04"

EF = 60.783,P<0.01; F,y, = 64.381,P<0.01. 54 [ B[] i RD

REAI2H LA, P<0. 05 (W5 R 3R Jy 2240 BT, LSD-1 535 )  RD - 4L Y JIE it 5
Note: F,,., = 60.783,P<0.01;F,  =64.381,P<0.01. Compared with

the RD model group at corresponding time points,”P < 0.05 ( Two-way
ANOVA,LSD-t test) RD :retinal detachment

o v -
20 wm : 2 20 pm
b=t =2
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F 72 6 7 20 B A 40 M FC7E  FH A 20 M O B RD BERLZH /> 7 Sk BTl Oy TUNEL 3t 5
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15 L) P 3 6 P O T SR T ROB AN IR 1 L I A
Sy W AE A IR SR X D SR 4 B e
3 T AR P 5 T FE S IR S R, 1 e i 40 M 150 48
P A 2 AL A A 4 e R 5 4 2 R PR . 7 R SR
L2 00F 52 [ W X W00 I B 05 LA R A Y
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Figure 5 TUNEL staining findings in paraffin sections at 3 days after modeling ( X400,

bar=20 pm) No obvious TUNEL-positive cells were observed in the PBS injection group,and
more TUNEL-positive cells with brown staining of nuclei were scattered in the photoreceptor cell

layer in the RD model group, and the number of TUNEL-positive cells was reduced in the

3 mg/kg BER U B P TE S U B 2
0 SO A T A T RV o 7 R A R
A SR BE TSR, 4 T R 2

edaravone treatment group than that in the RD model group Arrow pointed to TUNEL-staining

positive cells A :PBS injection group B:RD model group C:edaravone treatment group
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YR s 9 TR SR L 2 3 mg/kg HUAR T
B S B 45 T A BT M i 78 A
KT E Ko e PR RE T, 4 00 46 K 2 W A9 T SR 4 A
PR ZE (AR IR A, B S M B O B ST SR L R 45
257 B R

ROS A T 7 A= 90 [ £ 22 b AS 46 0BG 7 1R, T %



e g IR B 28 A5 2021 4F 9 H 55 39 4558 9 4] Chin ] Exp Ophthalmol , September 2021, Vol. 39, No. 9 . 783 -

MDA %5 g 5T i S8 A6 9, 4k 1 5 | e 20 1 458 49, PR ok )
MDA 5 1t ] Sz BRBL R DY AR ot ik 4804 i) A 32 ] 422 S
ML A2 B . SOD B] LU R A B B 1 A fh 3, AR
020 L 22 A5 0, BTG SOD 35 M T i) 8 2 10 MLAA
BRI MRE 1 o Nef2 3 1 5 5T B AL RN e F A
TEH, 2 5 3 M A R 36 B 225k, k7 bt A AR 1
F20 5 A, Nef2 A LG 3 38 #5 p62 3 R B % s A0
ik, 25 AR & A AR LC3B [
WE AR — A EEA BT, 24 A s R
M 31 LC3B- T ¥4k LC3B-1T1 B A A miedk
Atgd Z 5 [ W AR Y A R IR T, K LC3 BT ) AR
LC3- 17, HeAHEIE L SOD2 il Nef2 15 J bt 4L 5
F1, LA LC3B-11 /LC3B- 1 FI Atgd 1EJy [ WA 56 & (1 it
RD 455 71 K FURR o9 8 20 1 7 45 0

TEAR WF 58 7, RD #& B 4 LC3B-1/LC3B-1 K&
Atgd I RBAKF FHEBG 3 d B, JF TR 7d
F3K TP, 5 Chinskey 2 (I 55 45 R — 8. ABF5
PE— RS, 5 RD B2 LA, AR G5 P22 36 97 4LIR Y
W T-SOD & M 3% Tt = MDA 5 i 8 A, [ B
L JiE5 20 41 v SOD2 K Nrf2 [ 728 (K S Tt 85, 1
3 mg/kg WKL ZE R R 2 YR N T G AT AR = R 1)
HE 40 SR A RE T, AR HR P 480 Ak L 4L 9, 76 RD 3 A5
Ji 7d, 5 RD BLR A B, AR K L AR AR 9 W T-
SOD i M 34 . MDA & 5 5 B 90 M i 20 21 v SOD2
A X SRR TR RD RS 4 554K G5 i 5 41 Nirf2
M Rk A, 28 RS L R KA I
FEAETE LG 7 d PN BB 45 B M i R P 4B AL B SOIR 25
5 RD 5 AU 2] bb A, 4K Gk i A5 2 KRR ) 2 41
caspase-3 F& [1HH X 3¢ ik it L AMAZ 2 TUNEL FH 4 46 A
R EREAR, LA RD J5 1d.3 d BFFEARTE W &5
[ A AR GE P AR TG T 21 ) s 4 2 rf LC3B-II/LC3B-1 %
Atgd /K4 RD BRI T &, E v B IS 3 d 2 5%
B AGE)S 7 d 2R TSI E L, R E L
FUKIE L= RE 05 5 5 RD 1 85 J5 90 90 JBE 1 s, 1% /E H
A A6 5 H B O 0 M R T A o6, Ju HiAE RD R E
FHEE B, B2 RD IS [E) 9 i — 25 ZE K, W0 ] i 21 21
Bl SN, ARG L ZE AN LA TR 99 4R A L A 4G
S 20 B W KCOE BRI

L ERAL AESC R PE RD R AR IR R
FIK 35 $L 7= BE 0% B A0 109 I S 1 38 8 43 , 42 5 RD
Jei B WK P I8 A OB A B PR T & 2B 2R ROS K-
ez d B AMES AT R AERBRNHEEEZ
— AL EARBLENS A ifE — o . AR AEAE
— R, G0 oK BE T A I ROS 7K 7 AT B4 LR,

==
~

(00 7 s 2 A V11 3 1 7
AXF ROS 7 RD i £ i BOG 40 M A W 5 08 T2k AR 1Y
PR AR TR AT SO R B WE ST, i S i — P i Al

BF5T
RUBERTR T AT A1 0 7 R 7 26 R o e
S % Tk

[1] Dunaief JL,Dentchev T, Ying GS, et al. The role of apoptosis in age-
related macular degeneration[ J ]. Arch Ophthalmol, 2002, 120 (11) :
1435-1442. DOI.10. 1001/ archopht. 120. 11. 1435.

[2] Schaal S, Sherman MP, Barr CC, et al. Primary retinal detachment
repair ; comparison of 1-year outcomes of four surgical techniques|J].
Retina,2011,31(8) : 1500-1504. DOT:10. 1097/TAE. 0b013e31820d3f55.

[3] Galeati G, Zannoni A, Spinaci M, et al. Porcine circovirus type 2
detection in in wvitro produced porcine blastocysts after virus sperm
exposure[ J]. Anim Sci J,2016,87(4) :511-516. DOI; 10. 1111/asj.
12465.

[4] Rotstein NP, Politi LE, German OL, et al. Protective effect of
docosahexaenoic acid on oxidative stress-induced apoptosis of retina
photoreceptors [ J ]. Invest Ophthalmol Vis Sci, 2003, 44 (5) :
2252-2259.DOI:10. 1167/iovs. 02-0901.

[5] Besirli CG,Chinskey ND,Zheng QD,et al. Autophagy activation in the
injured photoreceptor inhibits fas-mediated apoptosis [ J ]. Invest
Ophthalmol Vis Sci, 2011,52(7) :4193-4199. DOI. 10. 1167/iovs.
10-7090.

[6] Shelby SJ, Angadi PS, Zheng QD, et al. Hypoxia inducible factor la
contributes to regulation of autophagy in retinal detachment[J]. Exp
Eye Res,2015,137:84-93. DOI:10. 1016/j. exer. 2015. 06. 016.

[7] Chen Y,Azad MB,Gibson SB. Superoxide is the major reactive oxygen
species regulating autophagy [ J ]. Cell Death Differ, 2009, 16 (7) :
1040-1052. DOI:10. 1038/ cdd. 2009. 49.

[8] Ureshino RP,Rocha KK, Lopes GS, et al. Calcium signaling alterations ,
oxidative stress, and autophagy in aging[ J]. Antioxid Redox Signal,
2014,21(1) : 123-137. DOI; 10. 1089/ ars. 2013. 5777.

[9] Kokura S, Yoshida N, Sakamoto N, et al. The radical scavenger
edaravone enhances the anti-tumor effects of CPT-11 in murine colon
cancer by increasing apoptosis via inhibition of NF-kappaB[ J]. Cancer
Lett,2005,229(2) :223-233. DOI:10. 1016/j. canlet. 2005. 06. 039.

[ 10] Suzuki K, Kazui T, Terada H, et al. Experimental study on the protective
effects of edaravone against ischemic spinal cord injury[J]. J Thorac
Cardiovasc Surg,2005,130(6) : 1586-1592. DOI: 10. 1016/]. jtcvs.
2005. 08. 049.

[11]Wen J, Watanabe K, Ma M, et al. Edaravone inhibits JNK-c-Jun
pathway and restores anti-oxidative defense after ischemia-reperfusion
injury in aged rats[ J]. Biol Pharm Bull,2006,29(4) :713-718. DOI:
10. 1248/bpb. 29. 713.

[ 12]Roh MI,Murakami Y, Thanos A, et al. Edaravone,an ROS scavenger,
ameliorates  photoreceptor cell death after experimental retinal
detachment[ J]. Invest Ophthalmol Vis Sci,2011,52(6) :3825-3831.
DOI.10. 1167/iovs. 10-6797.

(I3, E0E. A w5 Mo [T, b8 B i OF 58, 2011, 38 (9)
1082-1085. DOI; 10. 3971/j. issn. 1000-8578. 2011. 09. 029.

[ 14]Choi SI,Kim BY ,Dadakhujaev S, et al. Inhibition of TGFBIp expression
by lithium: implications for TGFBI-linked corneal dystrophy therapy
[J]. Invest Ophthalmol Vis Sci,2011,52(6) :3293-3300. DOI; 10.
1167/iovs. 10-6405.

[ 15]Morishita H, Eguchi S, Kimura H, et al. Deletion of autophagy-related
5 (Atg5) and Pik3c3 genes in the lens causes cataract independent of
programmed organelle degradation [ J/OL ]. J Biol Chem, 2013,
288(16) : 11436-11447[2020-06-08]. http://www. ncbi. nlm. nih.
gov/pubmed/23479732. DOI.10. 1074/jbe. M112. 437103.

[16] g, B0, 305 . AME T LI R A FR R iR LT]. &



. 784 - SIS IR B 2% A5 2021 4F 9 H 55 39 545 9 4 Chin J Exp Ophthalmol , September 2021, Vol. 39, No. 9

He Sz IR AL ¢ 5, 2020, 38 (5) © 442 - 446. DOI; 10. 3760/cma. j.
¢n115989-20200326-00213.

Tian JJ, Jia ZY, Fan F. Role of autophagy in the occurrence and
development of glaucoma[ J]. Chin J Exp Ophthalmol, 2020,38(5) :
442-446.DOT:10. 3760/ cma. j. cn115989-20200326-00213.

[17]Xie L,Ji X,Tu Y,et al. MLN4924 inhibits hedgehog signaling pathway
and activates autophagy to alleviate mouse laser-induced choroidal
neovascularization lesion [ J/OL ]. Biomed Pharmacother, 2020, 130 :
110654[ 2020 - 06 - 18 ]. http://www. ncbi. nlm. nih. gov/pubmed/
34321162. DOI:10. 1016/j. biopha. 2020. 110654.

[I8TIEIS, FMBEAR . WA AE 1 4 % A OGP 8 A8 A v A 40 P 0 0 0 e
[J]. A Sz IR BL 24 75,2015, 33 (10) © 949-952. DOI. 10. 3760/
cma. j. issn. 2095-0160. 2015. 10. 018.

Yan Q, Sun XD. Research progress in autophagy on dry age-related
macular degeneration [ J ]. Chin J Exp Ophthalmol, 2015,33 (10) :
949-952. DOI; 10. 3760/ cma. j. issn. 2095-0160. 2015. 10. 018.

[ 19] Chinskey ND,Zheng QD ,Zacks DN. Control of photoreceptor autophagy
after retinal detachment: the switch from survival to death[J]. Invest
Ophthalmol Vis Sci,2014,55(2) : 688-695. DOI 10. 1167/iovs. 13-
12951.

[20]Remé CE. Autophagy in visual cells and pigment epithelium[ J]. Invest
Ophthalmol Vis Sci, 1977,16(9) : 807-814.

[21]Remé CE,Wolfrum U,Imsand C,et al. Photoreceptor autophagy : effects
of light history on number and opsin content of degradative vacuoles
[J]. Invest Ophthalmol Vis Sci, 1999,40( 10) : 2398-404.

[22]Liu X, Xie J, Yang L, et al. Bone marrow mesenchymal stem cells
enhance autophagy and help protect cells under hypoxic and retinal
detachment conditions[ J].J Cell Mol Med,2020,24(6) :3346—-3358.
DOI:10. 1111/jemm. 15008.

[ 23] Kunchithapautham K, Rohrer B. Apoptosis and autophagy in
photoreceptors exposed to oxidative stress[ J]. Autophagy,2007,3(5) :
433-441. DOI:10. 4161/ auto. 4294.

(241K ECER, 4, TR ARER , 55 AR L 23 0T 1) 5 1 Mg 45 45 K BRI 1) 1

BRI, PRl 22 % ,2019,35(7) : 659-664. DOI. 10. 3760/
cma. j. issn. 1001-8050. 2019. 07. 014.
Zhang BQ,Tang Q,Zhang DX, et al. Role of edaravone in alleviating
prognosis of rats following traumatic brain injury[ j]. Chin J Trauma,
2019,35(7) : 659-664. DOI:10. 3760/ cma. j. issn. 1001-8050. 2019.
07.014.

(25 JRLe I, Oy LA, Sh R , 45 . A3k e 22 g /) Ui 73 4 v 22 1) £ 4 4 T
JFCHURI LT o o A B2 4 3K, 2020, 36 (1) 2 73-76. DOI: 10.
12047/j. cjap. 5919. 2020. 016.

Bao XC,Fang YQ,Ma J,et al. Edaravone has protective role in a mouse
model of pulmonary oxygen toxicity [ J]. Chin J Appl Physiol, 2020,
36(1) :73-76.DOI:10. 12047/j. cjap. 5919. 2020. 016.

[26] 455, ¢ AT, 5 i W MR35 1 28 106 5 2 22 W R0 45 637 A4 K B

FRC WLPR AP AR R ] 7 B 27 24 4l BE 24 1, 2018,58 (6) = 20-24.
DOI:10. 13764/j. cnki. nedm. 2018. 06. 005.
Cai D, Wu XH,Zhang LN. Protective effect of edaravone combined with
Shenmai injection on myocardia of rats with neonatal asphyxia[J]. ]
Nanchang University ( Med Sci), 2018,58 (6) : 20 - 24. DOI: 10.
13764/j. cnki. nedm. 2018. 06. 005.

[27 ]Masuda T, Shimazawa M, Takata S, et al. Edaravone is a free radical
scavenger that protects against laser-induced choroidal neovascularization
in mice and common marmosets [ J]. Exp Eye Res, 2016, 146 :
196-205. DOI:10. 1016/j. exer. 2016. 03. 020.

(28145, F i e KRR vt-PA I 8] 7 36 7 i A% 3 14 BT 5 3
JELT]. A 53 4 9506 ,2016,23(2) : 145-146. DOL: 10. 3969/j.
issn. 1007-0478. 2016. 02. 024.

[29]Nguyen T, Nioi P, Pickett CB. The Nrf2-antioxidant response element
signaling pathway and its activation by oxidative stress[ J/OL]. J Biol
Chem,2009,284 (20) : 13291-13295[2020-07-18]. http://www.
nchi. nlm. nih. gov/pubmed/19182219. DOI: 10. 1074/jbec.
R900010200.

[30]Li L, Tan J, Miao Y, et al. ROS and autophagy: interactions and
molecular regulatory mechanisms[ J]. Cell Mol Neurobiol ,2015,35(5) :
615-621. DOI.10. 1007/510571-015-0166-x.

[31]Sou YS, Waguri S, Iwata J, et al. The Atg8 conjugation system is
indispensable for proper development of autophagic isolation membranes
in mice[ J]. Mol Biol Cell,2008,19(11) : 4762-4775. DOI.: 10. 1091/
mbec. e08-03-0309.

[32]Ichimura Y ,Kirisako T, Takao T,et al. A ubiquitin-like system mediates
protein lipidation[ J ]. Nature, 2000,408 (6811) : 488—-492. DOI; 10.
1038/35044114.

(WS fe H 9 .2020-11-18 & [a] H # :2021-08-09)
(AR T)

(ERIRERZ) —BEXHR

R R R R R 2 MR I ot A0 A U A 2 i 119 52 IR ME g 22 ) — 5 T 2021 4F 8 H tht AR
DA AL IE U R AT o CEAMRNERG272) 20 B M PIR I L. &H&TE TN

7 TR 5 MR M 2 1) Sl RIS R, B8 G4 i o) KR A AR A B, &% 1 L 4 100 A% Fh IR E 955 12
JTHAR TR KA T ARG A% 2% 45 B SO 15, 7 600 A

R, IR 63 A2 iy

3l
RIEMY

B 1X BE 51 22 5 B A A R AR BRI i PR S8 0, 0 S Sl PR BT S B R 3 T 4 ) 2 v

HE M, A B IEIRZ B . TR B A (CT MRS AR 46 A 45 S M UF
B RRAE AT 5 R TR o P B A A I R SE B, ST B, 0 SR A P9 AR O B A I

PREZBR , Ay PR B8 A= 8 BRE A5 19 1297 B A4 5

W 3K i A I MR NE g 27 ) 4= 5+ JUBE R 3, oK 16 JT, 36 386 TT, 4 hAE &2 (L EN R, 52 1

239 50, WA AT A R AE Rk R A TR IR S N LR ML E (RO Y

=4 [0 45 i 3 R A o

@ akzirRi

(A T 23 5 )





