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WE. B0 A%AL T 4445 A4 %2 5% % (Traumatic optic neuropathy, TON) 4§ 5% 22 #& % , AMPK — mTOR - ULK i# %
IS0y B — A0S S 4R, T % (Astragaloside IV,AS — IV) TTiAY A%, £ % Mk m P L 4E L 45
Ao PR 8 VLI, E P F 2t TON 647& 55 48 A vL & AMPK — mTOR - ULK i@ %A~ $ 64 A2 A it R P o946 M, 7 ik
WRESABF R, FRE AS- NIk P . ZH 28, FraEZ4, AMPK 374 7 28 (AS = IV + compound C) , #8 5 25
HFMT d BT AR, 4R BT d)E, TON BA ZALR LR AMPK .mTOR \ULK & & BB Lk-F X £ 25 %
16,AS - VT4 % TON A X & LC3 mRNA Fe ik g K-F, 8 hn T LA KALM P40 42 p — AMPK p — ULK K-F SF 48T
p-mTOR K-, st} AS - IVIR & T AL it 2 % 4m ieL( Retinal ganglion cells, RGCs) #9 47& %, i & T WA H L B
4% (flash — visual evoked potential ,F — VEP) # P2 343k 21, ik 4F A4k AMPK #74) %] compound C i# 4%, % AS -V
T2 RGCs 09 &£ F &, B & TON J5 69 A5 oy fie, FAF A ALH) T Ak 55 38 i 98 % AMPK — MTOR - ULK i@ 34 % & § *&

% ., AMPK - MTOR - ULK i@ 5% T 4 % —#b # /2 6976 577 TON #9842,
4R S5 LAY 29 B K F 3 B 4 AMPK - MTOR - ULK ; AL it Ah 22 3 40 e,
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Astragaloside IV Protects Injured Retinal Ganglion Cells by Modulating Autophagy
Meditated by AMPK - MTOR - ULK Pathway
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Abstract ; Objective Autophagy is involved in the pathological changes of traumatic optic neuropathy (TON) ,and the regula-
tion of autophagy mediated by the adenosine monophosphate activated kinase ( AMPK ) - mammalian target of rapamycin
(mTOR) - ULK pathway is a potential therapeutic approach. Astragaloside [V (AS — [V ) can regulate autophagy and plays a
therapeutic role in a variety of diseases. This study aimed to observe the therapeutic effect of AS — [V on TON and the role of
AMPK - mTOR - ULK pathway — mediated autophagy in this process. Methods The rats were divided into seven groups :sham op-
eration group,model group,AS — IV low,medium and high dose groups,rapamycin group, AMPK inhibitor group( AS — IV + com-
pound C). Correlation tests were performed after 7 days of the corresponding drug intervention. Resulis After 7 days,the phos-
phorylation levels of AMPK,mTOR and ULK proteins in retinal tissue changed significantly after TON. AS - [V was found to in-
crease LC3 mRNA and protein levels in TON model rats in the study. In addition,it increased the levels of p — AMPK and p -
ULK and reduced p — mTOR level. Moreover,AS — [V increased the survival rate of retinal ganglion cells( RGCs) and improved
the P2 peak latency time of flash — visual evoked potential (F — VEP). The above effects were reversed by the AMPK inhibitor
compound C. Conclusion AS — [V can increase the survival rate of RGCs and improve visual function after TON, which is related

to the improvement of autophagy by regulating the AMPK — mTOR - ULK pathway. The AMPK — mTOR - ULK pathway may be a
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potential therapeutic approach for TON.

Keywords : traumatic optic neuropathy ; astragaloside IV ;jautophagy ; AMPK — mTOR - ULK; retinal ganglion cell

HMG VA 229% A% ( Traumatic optic neuropathy, TON) J&—
KAV 285 , 85 B IE IR sk m s asMa 5 &, ol :80™
AR TR o BB AN 15 i A P A T S 3L
PR 2 BN AP 2208 0 B8 58 AR I, L B (0 22 rp ik A4 1f
ZAR o RPN A ARG S, S BN 2
MBRAE, BTG RS ARAE | s S ettt i f, e
il 56 5 A R 000 JIE B 22 45 4R B ( Retinal ganglion cells,
RGCs) FT-5 BRI T . BUAIEHE £ W, 5 4sr
LR EE W 3y T RO 22 5 Dl X 2 A Al 25
R E 15 RGC AFIEHLE 27 RGC 171% ZIRYT TON
f) BT S

VP HIEHER T[S TON 5 RGCs JET-" 7", 943
PRV A WA 7R 3 — F LR REERS S5, R BRUAL 00 I P A
FHEH 1% 3 - I (Microtubule — associated protein 1 light
chain 3 — II ,LC3 — I1') M A Wi A B i s 20, b 22 e 15 0 )
AR AP E I AR WA 2 3 ~ 10 d YA
Hizn ki I RERE AT e & B RGCs JA TR R 22 2545 . 2 0L 1)
[E], A bR 8 LC3 — [ 35 T, B WO 7 A T Fi e &
T RGCs MTEm R . MAbh, Btz [ s R i AgdB™ " /R
PIRR I LC3 — /KPR T B AR RN . 7EIE W A 3R T,
P RS B 5 B A /N BRG] 22 5%, (B85 5 4 I T R
YRR BER AR RN U™ E T LRI AN S S T
RGCs FET- 1 TON &5 3 72 , 715 @ Wit S 7T BB k4 1 TON
J& RGCs FEi& R AEI YT s

1E2 5 AW Z i 5 5 # h , AMPK - mTOR - ULK £
SZRTE™ TON J5 ™ 54l 28 45 1 5 30 RGCs B3 i 7 BHL 9% ,
A RGCs RER AL B , M 32 /& mTOR H1 AMPK [H tt;
B iE. AMPK I mTOR 3 A & r] L i Ak 58 90 4 ULK
(UNCS1 - like ) 1 B 2 £k, 3 531 2 21 4 9F 2540 11 3w i 16
JITI . AMPK — mTOR ~ ULK 3 B A3 ) 11 1 1 Bl J2: 5 1
RGCs £71 Y B B AE BLALH

B EHH (Astragaloside IV, AS - V) P2y 85 1€ A0 1 82
T, BATERR A B i PR (G 5R s ) GO I
UIRESE 2ROl . ATAEOR Z ST R AS - IV ) L i
AT R S R ARG T AR B AT
TON KL AS — IV X} AMPK — mTOR - ULK [ 15 i 1% 114 9
P2 SR RGCs A7T 2
1 MREAE
L1 R ER S BASERARAIE nUh BR 2 R R T B
Be e B B A AL v (451202007 ) o A S5 7™ 4% 42 B 55
[ [ 7 BAREFE B s SR A5 R A0 ARVO IRB AL
WFFE S T A ] rp A L 61T o
L2 A AREFFECRIE RN  AS - IV (_EHEJR A=)
B A B2 |, B20564, |- i, [E) , & #H % R ( Abcam,
ab146591, & #F, ¥ [# ), compound C ( dorsomorphin, Abcam,

ab120843 , 61 #f, ¥ [® ), LC3B ( E5Q2K) /) B 20 Hi ( CST,
835068, L i ZEM, 25 [H) , AMPKa (D63G4) % 24 ( CST,
40308 ES20, Th i 22 M1, 35 [ ) , mTOR (7C10) G B (CST,
29838, ThEi% 2E , 24 ) ,ULK1 ( D8H5) % #di ( CST,8054S,
g gEM , R E) , Buiiiz ik AMPKe ( Thrl72) % 5470 (CST,
500818, D% 2e M , 2 ) , Bk b mTOR (Ser2448) (DIC2)
XP fu iy (CST, 55368, % 1% 2€ M, 3¢ [ ) , Phospho — ULK1
(Ser555) (D706U) % Bidi (CST, 142028, MA, £ [F ) , ${ brn3a
B4 (Abcam, ab245230, S, & [ ) , TUNEL 4 i i 746 X
#& ( YEASEN, 40308ES20, | i, tf @) , (2300 R IgG -
HRP ( Abcam,ab6789, S, B [H ) , Il F£-Hi % 1gG - HRP (Ab-
cam,abh205718 , B, 9L [H) .
1.3 =% ah4y  BEF SPF it Wistar MEME K R, 145 =
(180 £20) g, B TR EEFEH] . A BIKE DGR/ BEFREEIEIF 12
h PSR A 35 . Gl 1 RS A TR S . 140 UK BB
AT 7 4 (n=20) A4 AS — IVZH(AL) (54 AS - IV
HAM) =i AS - V41 (AH) BF-AR4L(SH) B
(MO) \H MR (mTORCI & AP iil5]) 24 (RA) compound
CCAMPK 15 ) 41 (CC) , ik Hr . mifl& AS — V445 5 LA
10,20 40 mg « kg™" - d ™" Y5 IE I A AS - IV (BRZTRLA
10% DMSO 40% PEG300.5% it i — 80 F1 45% [ 0. 9% 4= Fil
K)o RA MRS A WEBEOE R HINE R, =R 2 mg -
kg™« d7' (ZRARR Sy :10% DMSO.40% PEG300.5% it i — 80
1 45% HEFERK) ), CC LI ST AS - IV (20 mg - kg ™' -
d™") + compound C (1 mg) ( Zk & 1 4%: 10% DMSO. 40%
PEG300 5% I3k — 80 I 45% 7 F3h K ), SH 411 MO 41
LA 1 mL/100 g 53 (25 8AHE AT IR S 1 33T . BT R 3R
J7 1R HFEE 1 ARG R R FELUAERE— 2553 #T o
1.4 TON AL Gy 2T AR FT R IR 4 B A K RIS
PR BRI o R BROME I Y 43 1% 3 B LG 2 (60 mg/kg) SRR, A
S IR VR R U A EENE o R TS , AE ML B8 T T A RSB HE
GO BB , DT RE S A, 8% th HE-B 1 2% . T IRIE L2547 12,
B EAUIL, B IEDS, B2 B, (7405 B a2
AR B 2, KGR ERIS 2 mm AbF 6 - 0 R ERAEL
FIHTES . Bk — [ 5E , J) — i e b 1) 7k it RE B
0.3 N3k i T M LA hI4822 20 s ™, RIG4E4H K
Jik, FARMIMRL R R AR, H R BUE T 37 CHimfis Bk,
fE SH 41 I M A R B &M N h, LImAR
YUIAT R A AR, 2 R A Xt BEHR
1.5 fmma N -82 CURFHBUEPLIM L 2L, B4 FE b
TEVK A 150 pL RIPA Z4# 2% v 30 min BE1T A%, L%
WAE4 CF LA 12 000 v/min B0 15 min, {ii ] BCA & 1) 35,
F &I 2 R . SFELIYEE H R A 10% 1) SDS - PAGE
B4y . R OB R R AW L% (PVDF) B, 2= i 3
P12 b, 540 R A —40 (/N BRPT 1e3b  fadt AMPK  fedT mTOR
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Ft ULK1 fedi p - AMPK %470 p - mTOR A4t p - ULK1 ) 75 4
CRBELR . SR KI5 AR N LU AR S A P Bl A 1 —47¢
(Bi/ME 1eG L1 :1000 ;i 1gG,1 2 1000) fEFE AR P 37 CHFE 2
h 5 PR SR A2 AOUR I S8 B v AR 1, 6 B Bk 2E k0l
SIMTACGHEA TG F BRI 34T

1.6 a7t E & PCR M —82 C ok vh BUH HL M I 44,
JH TRIzol i 7 ( TransGen Biotech Co. Ltd, Jt 50, Hr [E) #& B
RNA, fffi Ff§ FastKing ¢cDNA 25 —4%% & i 7 &84T ¢cDNA 26—
A AL, MR SEH 2¢ % E i PCR X5 £ (TransGen Biotech
Co. Lid,dtnt, hE) WBLHI 5, Wi iky 1%, LC3B Fl GAPDH
IR )/ Sl G e b il g A ) AR A PR A w33 : LC3B:
AAGACCTTCAAACAGCGCC/GCAGGCGCCTTCTAATTC, GAP-
DH: GATGACATCAAGAAGGTGGTG/ACCCTGTTGCTGTAGC-
CATATTC, 347 Wy S B W BE IS L VK, 2 956 5 i PCR X
73BT mRNA 357K,

L7 ®IBRCEEFORG AU EEE TS ATER
Pl B E 2 i (pH 6.0) MB &b 7E iy v BEAT BT
M, PBS s bl J5 , AR R 19— 40 (/N BT LC3B Fil 4
Bt brn3a) EYIPITIR &, 4 CREF R, FIAHRN =
P AL, ZHRMDEIEE 50 min, PBS k)5, F DAPI Jufq
WG AMNERZ,25 CHEEMEE 10 min, Y] )5 FILTOCH K%
B0, AR S TEAB) 8 O AU T AR

1.8 K WEZ T # 48 dUTP # O K 3% 47 it ( Terminal
deoxynucleotidyl transferase mediated dUTP nick end labeling,
TUNEL)  iJ{] One Step TUNEL & T 46 il 328 751 5 X5 1 o) Ji5 25
ZUEFTE ;r DNA TUNEL Yeff,, [55@ B0RE , FH 30% Jp i
KGRHRIETI R JRERE R 12 wm, )R PBS ik 3 1k, SRS 1E
A 0.5% TritonX — 100 1) PBS Fh & {HIFH 5 min, PBS w3
U, ¥ TUNEL I 5E 1 ( Hy 50 L 2 sy 38 S50 17 BR e % g 711
450 pL ZEEHRICIE LAY 500 WL P2 A H L, iR
W F 60 min, Ji] PBS PPt y) i, DAPT ££ 25 “C P 10
min, 5 J5 7E Y BB T W4

1.9 % 4w F & 1 % ( Transmission electron microscope, TEM)
AR R A BB AU B B 1 mm® ] 2. 5%
R ELE4 CREE . 7E0. 1 mol/L SRR 22 il iR IS ,
FA 1% VY48 Ak A 8 W B 041, P 0. 1 mol/ L B AR R 28 vf
WV, HATE4 CRYVKAETT I CEERR EERK , S8 )5 A A E 35
SR Epon 812 i, fieJ5 7EE A6 H [EIML (37 C i 1,45 C 12
h,60 °C 48 h), F#J5,H Leica EM UCT ¥ %8 EYI ALY A,
JELRE S 70 nm, 2% BEFRAGHR — A B IR A UYL (. R HT7800
(80 kV) 35 5 v BE AT WS 1145

1.10 4 %41 3 3% & ® £ (flash — visual evoked potential, F —
VEP)  T-H7 dJj5#47 F - VEP MK, W35 07 12 h j5, KR
JE RS 1% 1% B % (50 me/kg) A2 JRRIE . A2 07 HE il e g
(Santen Pharmaceutical Co. , Ltd, Tokyo, Japan) " Kt £, 2R 5
JH E AR B 32 Y ( Roland Electronics Co. , Ltd, KELTERN, Ger-
many ) 35 F - VEP, fdi FIZZRE - SAALERHIARAE D VEP 41
R, IR HBCE AR AR b R K T o S R E T
WL HES IR B TR T o 24— HIREEBOC s, 75— HIR

98

% A R BB o e 2 PR AN ) S B B O 3.0
CD - s - m’ il 1.0 Hz, P43 ] 250 ms, 4758 ik
FHCSRMH 1 ~100 Hz, JBIEZMNECH 100, KT RS —A
TG E SO NL I N2 5 1 E W R PL K PL
Z 5 R SRR IE D443 5 2 SO N2 BRI P2 ., 4% ISCEV frif
A KR P2 B AR (ms) FTFR IR (), E A 090
IR .
.11 Sit%F % e EdER A Prism 8. 0( Prism® |, Graph-
Pad) E17 43T, T 006 AR EL = BRifE2E (w2 5) Romo W
HEBER ST REAS T K550 . SRR R 722051 (ANOVA ) i
LY s, UP<0.05 NESHLHFE L.
2 #R
2.1 HERRAENHEETRGHEANWAELRF  TCE
SREEA R L 20, Fe A 1% B0 SH 20K UL IR I 4 4 b L
X2 B AR AR 2 R SRR Do fiEE 20 2 R 5 A 5 3 (3 DT
XU 1) o kg5 R4R 7R, B e B AL O B 0 8 20 21 o
T
2.2 AS-IV4#REHA KH RGCs WKk E RGBT LY
PR ERUS 7 d KL brm3a FRiE RGCs A3 .
AR TUXIE 2 7,5 SH 40 EE, MO 41 brn3a PHAE 40 H £
AR, A, FATMER ] AM AH Fl RA 41+ bm3a [H 4%
YRR MO 21 B33 hn (P <0.05) , 7 AL 215 MO 41
Z IR ZER LI, AFFIE AS - IV Z & RGCs 1Y
ERIHEIHE L, WA, 5 AM 4 A, CC 20 RGCs £ #
I,
2.3 AS-IVi#if B 4 TON # & 5 GCL & 40 fl A =
TUNEL a0 T GCL H RGC (i T, WG st XN 3 i,
MO 41 GCL sy T4 i %5 i 2 & F Bk CC A4y Hofh 440
AL 21 F AM Fl AH 4, Ib4h, CC 4l GCL w121 fifd &5 it B
WBET AM 4,
2.4 AS- Vi3 % AMPK .mTOR #2 ULK % @& 49 5 8 b (%
HEAKENFEL L E % Western blot W2 T AS — IV XF
TON 278 BRI B2 20 LC3B RaB i sy (i stV B 4) . 5
MO 4IHIEL, i AS — VAL 38 i TR B LC3 11/LC3 1
IR Beoh, 5 AL 4 A HE, AH AL 4l 2 g LC3 11/
LC3 T /K380, 17 AH ZF0 AM 202 (R DL & AM 44 FI AL 212
(B 22 A Gei T2 B (VO E 4A) . RT — gPCR K i
7,5 MO 4L E, AS — VAT D2 #E LC3mRNA ({3553 A5
AM 1 AL Z1AH Eb , AH 4179 LC3mRNA ik /K85 T+ im . It
Ah,AM ALA AL 21 2 0] 1 25 5 1 Ge 24 8 S (I T XV &
4B) . LC3 fupudtdetaift—2 iR, AS - V411 GCL H LC3
FEIKF- 3 R F MO 4. BHPEXT B RA 21 K BRI I 2 21
H LC3 (2R TR mRNA KPR & LC3 B ic 40 i £l o 1
MO 2 (#f UV IE] 4C) o

h T BE—HUESE AMPK 7578 AS — IV A IR &
FEVERD A6 AM 21 P F§ AMPK 0551 ( compound C) o £5 4 1
7, compound C FHiJ5,LC3 & [ Al mRNA /K 8 E L F AM
A (TN 4A - B) , e s et LC3 3Rk /K F A
(GHETIXNE 4C) o kg5 FREA, AS — IV AT LUFE R A A8 K FUE
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WO FEEZH 2R iy B WK T ) AMPKC /] DL s R 1
Western blot #F — 25 i I £ 41 K B A0 B JiiE o AMPK

mTOR ULK )2 [ 3¢ 35 K B IR Ak K7 (I UXVIE] 4A) o 45
R, 25 4R BRI I B4 21 Ff AMPK .mTOR il ULK 2 [ 3Rk
IG5 3 25 5%, i AMPK .mTOR Fl ULK 8 & fk 7K F- 22 53 W]
o 5 MO 4L, AS - VA AR M ELH L p - AMPK
p — ULK /KT, p — mTOR /K [#A%, AL, SAEHIE AS -
IVHIEL, =il i AS - IV 8334 in T p — AMPK A1 p — ULK /K
- WA T p — mTOR /KF, T AH 205 AM 2H 2[R L % AM 4H
HALAZ R ZERLEEITFREX(P>0.05), 1o, AM 4
JE S compound C 1 J& J , WL M IE41 21 p — AMPK Fl p -
ULK /KF- R B, i p - mTOR KB & & F AM 41, RA 4141

M REELH L hip — mTOR 7K B g B4, p — AMPK 1 p — ULK 7K
SRR A (IR DT XV 4A) .
2.5 AS-IVxt TON #A X B A A% EEH RAF -
VEP K T 7 d J5 8 4k BUIR F 2B 3038 4k, I 5 P2 98
IR AR IEEN K RALSEhRE ™ . Al 5 iR, MO 41 P2 g

P2 Wi R % MO 2 45 %6 (18] 5B) o i CC 418% P2 W AR 1
WBRF AM 4], AS - VA& R4 H RA 4145412 1) P2 IR
ZRTGHIFEX(P>0.05),

N2P2 % f i 75 17, MO 205 SH 4140 tb oA W2 F B, i
AS - V&R S MO = [AI JCEH 25 57 (& 5C) o Ib4h, AM
20N CC 222 [H) N2P2 JiR IR JC i 3 25 57
3 itig

ARFGE %I AMPK — mTOR - ULK {5 E5@ %% 5 T TON
BB T FE , AS — IV AT LIl 8 55 AMPK — mTOR - ULK
T 3 Wk 3R RGC B9AFTG . Iboh, AS - IViLhE
AMPK 5 [ #(3% TON BEAK R8I fE

WEAEDFFE & B, I AR 5 P 1 22 A T A5 78 K B RGCs
FIWERS > AR h IS 55 7 R 2 4 iy
PR 18 22 1 AR A, 37 L 8 S MO 2 5 | S R AR ) v
RET HWE, AS - VIR 40 B W, 75 2 Fhd i b LR
PERINT 0. AN, AS - IV Rl 2 b A A e
T A LR 2 G i e B KA G 43 ik

(R DR I0 W) 1 T SHERL o BT, AS = IV 2 R AL RIRASLIY ofig i 5 2 s ) LRI, AS — IV 1] Rl 00l 28453
A P P2
SHZH o
B
" le C b 200 —_
MO
150 B
Y k N % - T
AL#L = 190
50
AMZH > 5 0-
& PP B PP B
AH#ZH Y ! C
8_
P1 P2 6_
RAZH W ’i *x
X
N1 i 2_
CCH 2
o_
%&% I» V Q\ &% w/%
10 pv‘
50 ms

VE:AL A 4UICEF - VEP OB B 541K B (n =9) F — VEP # P2 KM 00 O 5% C. 41K R (n =9) F - VEP {1y

N2P2 R R B R o

x5 MO 4l b, P <0.05; % = 5 MO 41 [b4s, P <0. 01 ; 25940 2 (6] Fb 4, ##P <0. 01,

E5 AS- V3% TON Rk B0 oh b
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B HER . AT, il 1 bm3a G956 Ye ik (i 5
XI& 2) F1 TUNEL He i ik (JETTXINE 3) , K30 AS — IV AT LU &
TON #RI K fl RGCs AYAF TR R AN, SLEUESE AS — IV Al LU
HL7E TON AR AP R H LC3 1978 (A1 mRNA 7K (46 5L
NE4) .

AMPK &R e i G 1 . IR &4 )5 , RGC 1Y RE
LR 37 BIFZ M, AMPK 85 [ 8 R A MU . AR ML £2 )
AMPK 2 [ 9 R Ak /K ST AR R BRI S 41 280 e T e (i XV
4), p - AMPK JKF- T 5l fg k| et o AR g & B
AS - VHE—#38 00 7 p - AMPK (7K, - B &5 1 [ mok
o AMPK A D)3 2 8% 2 /b mTORCL ) raptor £ [ >k 411 il
mTORCI (351, T G A L 2 40 i 52 30 9Lkl
WS, AMPK % 1k ULK1/2 g SerS55 3 4, 5% ULK1/2
BRER AL IR R AL Atgl3 1 FIP200 LSS (g™ L Tk —
HIRIE AS — IV 5 AMPK — mTOR - ULK 58 J§ R 45 5¢ & , A
RAE AM ZHHE4 54T T compound C A9 3 5. 4550 8w,
5K 4% compound C T i AM £ AH [t, CC 21 ¥R ¥ Ji v
AMPK .mTOR F ULK ZE [ 7K FA8 4L A B &, 1 p — AMPK A1l
p—ULK K F [, p - mTOR 7K T (3 T XV Igl 4) ., p -
AMPK F1 p - ULK KF T R, p — mTOR JKF- .25 71 &, Yy w4
B wE T A AREE , 55 MO 1A EL , compound C 5
7 d G, B 2 LC3 T/LC3 1 /K53 25 MG, 3 Ho
PEDEIME H LC3 KT B E R (IRTIXNE 4) . LiksE R
B, AS — IV 3@ 3 835 AMPK , ULK F1 mTOR 5 i 1k 2k /- S
TON J5 1 H W , - H3X Fl 4/ F o] DL compound C 545, H I
{2 T TON J& RGC M77is &7 e R AT s 5 31 1
JESZ:RA 4179 RGC 776 R & T MO 4, i E 2, AT
£25) CC 41 RGC MFAE R ML T AM 41 (i TTXNE 4) X 3k
B AS - IVl & AMPK 3458 7 5 W, N2 & T RGC ¥4

ARG & B, 2 351473 )5 , RGCs HP |9 77 4 4R ( reactive
oxygen species , ROS) 7KV Fifi & SRR B A3 10 =1, B Wi AT GBS
5T BRZ AR, T FEAE ROS /K, R4 RGCs %
T EWFFRHE— 25 UE B, AS — IV 0] DL 2 i 37 2 40 4 7 g Sk ik
DZ LRI BT BRI R ROS 74, B, AS - IV
eI L 1G58 TON JE2hifk B kR 3 RGCs, 1AM, A WL
RE T A 2 B Tl 2 - B ol T 0 400 i 2 2 15 At 4 i £
RE

FI F = VEP SEM WL 15 g, 2 et I B 20052 2 J2 1)
REIRETES) . JERGE ,F - VEP JR0E s T et 2 27
SRR T L BRI, AT B0 WL F AS - IV X N2P2 4R
8 A S E . F — VEP R0 i 5 0 A8 551 1] BB 2 4 35 5
ST RS AT 1 LR 2 3 AR S s S
3 BRI LA BRI A R, B 100 YR Ah sl
WL R M R D 9F B R T IR BB/ N T 10 WY
B, ABFFE R T AS - VAE F - VEP Kl HL A ol i P2

100

R E . @ VEP iC I8 5 5 L R 2 PPAG L

RS0 P R R A T TS BEAERF TR I, VEP R

0 1 S5 0 3 S 1 R X O g

TR A, D e A R, AS — IV AT il

1A 5 A WL SRR 2 A ) P AR DA ke I 22 45 5 2

. BARIKRAHENER THUGE P2 WKW B 45k, it —25

BAE T AMES S T TON 5 thfg s 2 a7 (| 5) . &

M, AT BEAT HEAT IR 22 84 ) A OGS AL LEE , AS — IV X

FROME i AT AE o DR ZE BRI 75 TON Ji5 f4 3 P 16 e I

XA 22 AR 1) R (L — 2D 5 o

iR R, AP K AS - IV AT DL 2 5 TON B2 8 f)

RGCs HYFFIH 2, 1 52 TON #6551 R f A WL 08 D RE L X AT RE 5

AS - Vi i 87 AMPK - mTOR - ULK {5 55@ B4 n B WAl

Ko AMPK - mTOR - ULK #J figJ&— 451077 TON I 1ERAE

&% 3k
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