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Abstract

e Aging is a necessary process for organisms. The
antioxidant capacity in the body decreases, which induces
the activation of inflammasomes, autophagy
dysregulation, protein misfolding in the lens, resulting in
lens opacification. With the increase of age, the secretion
of melatonin and glutathione ( GSH) gradually decreased,
and the pro-oxidant/pro-inflammatory factors increased,
which created ideal conditions for the formation of age-
related cataract ( ARC). A series of changes such as
oxidative  stress, inflammation and autophagy
dysregulation accompany the occurrence of aging, which
is also the basis of various diseases. Melatonin has
antioxidant, anti-inflammatory, regulation of autophagy
and circadian rhythm effects, and has shown benefits in
age - related macular degeneration ( ARMD ), diabetic
retinopathy ( DR ), and Although
phacoemulsification and lens have
developed maturely, they consume a lot of medical
resources. This article reviews the research of melatonin
in ARC, which may prevent/delay the formation of ARC,
thereby reducing the economic burden of patients and
reducing the loss of medical resources.

e KEYWORDS : melatonin; oxidative stress; inflammation;
autophagy; aging; cataract

glaucoma.
implantation

Citation: Li JF, Yang LQ, Wang CQ, et al. Research progress of
melatonin in age-related cataract. Guoji Yanke Zazhi(Int Eye Sci) ,

2024,24(11) :1733-1737.

03ls

B Ay A et /N NS N SO s R SRR RN R N S B S
MM RG B E R, SEARN P15k, SRR
RAETEX A EHABLEE T B fL G Bali eV I, B AR e 1Y
BaR W P % (reactive oxygen species, ROS) F1 7 M &l
(reactive nitrogen species, RNS) 8 1 Fh A e A
UL iKY TR R R b R \DNA FIEE

1733



EfRIRRIRE 204 FENH $£24% F£1H
815 :029- 82245172 85205906

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

ik ROS EAk 12 9 4k & W (ki X A0 41 i 9 7,
IL-6) Bt PL R b &9 (b A=K H T B A4iie A+,
IL-10) , FECE MR RAE . BT ROS 32 Hh MW 4
FEA RS AR 0 AT, 2 ROS FUR I & #
LRI R K F (B EE DNA) |, M 1 35 Ze b iR ) e F 7=
A Z ) ROS, ROS( FEIRLbi R A b A R A 5
T) BEVA T A W K G T RE B9 B T A AN s B S AE A W
RPN, IR MR AT R i ARAE S e R p SRR 2R
R A W i AR | A BB Y 2ok AR TG vk A5 31 K st Y R
i, DT A AR RF 110 200 %, 3 50 L %) B 1 R 45 s
AR iR A R JE | A WS TR % AL
B I R AR I A S PEIR G (I N B G HR B8R
5 L IR S 2 AT i M 6 o BE AR ) A L TR O IR
T 4R 2 (melatonin, MT) B A FL4EAL™Y BLRD A
W LA A R R T N b R — ol N YR A
YN T GGG AR L, ek s FEEAR B
FIREE S, AT LA A ik AZRAE'™ A7 B B IR YT F N A
29,
1HEE

MR R (N-Z I -5-H S S O ) 22— Fh B Mok
PRI , B AE KRG 28 38 55 v A5 3%, BT A 10 A= IR
AAREED | BN M SRR W, Rz Ak, M
AR A BE P A R B R R R R R R T A, A b
R — 5 T 30, -9 4% b 2R BRI RE | 4045 S BN )
JEAE B AR R R A A AR R R R R T
R A 52 AR ok A7 PR AR AR P BIL AR S B, R PR R 152
PRAEARA A 5 R R 2R B bR F B SE I RE 1A 26, I 22 14
AL AE P 5 5 M2 47, an s 8 25 RN I SZ 1A, f
8§ MT1 Fl MT2 524K ; 808 2 K B 46 RAR MG 9IRLAZ
4 (RORs) M4t H % Z 52K (RZRs) i 7 A 191 0t TR
W R 2k 7 B8 10 K B SN R N H 3 3R 5 b 5 5 % 8141
e | B AE IS A3 K LIRS BR B i 2R RE T T % R
RS 7 2 S R RS PRGBS S AE 1 whli . AE BRI
WO SRE FIVE T, I L F 2 3R, AT 518 T 4F s A4
FENERIG , AL FRAF WA AR S I N B T CHR AR A AR S Pk B
B AR P U RO L o B AR R SRR K A R
HEJT, AT RERZ M5 LA L ARG A AR
2EHNH S FREXEANE

ADR A (T AR T & DR AR - Bz 200 i 1) i bR AR 27 4
MM EI AL, e IR AR 21 4 20 i 00 25058 BORS s 1Y)
YN YRR SR B 58 2 TH R AN M A% | B 208 A O Atk
IR TC A M %5 X (organelle—free zone, OFZ) ™ D) 3K 15 i
AR EEFFBE IR TS, P B A B P R A
FEFA FEHEAR T HH AR 2 it R A G5 W B R R, P 3B AR
TR, AW AH S N BRI B A2 31 22 07 1 A 2, AT 1
R FEAL I M R IE S EEAERY SRR RS I Y
AR SR T SR AL SR AR 2 TR ST A RD IR AR 2T 4 4
I 1Y) 5 4 B s 7K A 2 3R R R R L LR A
SR, I LB RS 6 26 L4985 o DR R 28 AR 4 i 4 4
U BEEB AR SRR SZ B S L | IR AR 2T 4
AR AR RIBTAE SR, /K 43 W /b, M5 5 2
IR B B A A (A2 A R -S-S—-2 e H RN 2K
FR-S-S—E It R IR & —mi Ak ) T, A it B Ak

1734

[ & Bt H K ( Glutathione, GSH) /R JRFIA B S 8&E 4 &
AR G A i A L % AR 45 P R M, 3 B 11 Tl 2
1) 4 SR SRRV it , Boe 298 AR I M DGk P B
3 HEEEZMmME R H X R XA N ERER

AR 2R AL HE SR 0 AT i 338 r 3504804 il R A4
SY IR B RIE 52 0% T B SR bR A SR AR 7K OF T Y R
PR DRIt 25 7 S 2 R A i 38 ok 194 S A I 38 T
TRl / ek G2 A A DG I B i, BRIRAAR | bR oA 1R D)
TRt R 2 3R A P i R AR T B AE
IR b RS CEE R . A PR R I, Ay ik
TR 277 LR W BE 1Y ROS, FEBE S GSH /KPR [, 2ok
PR AZ A0, 40 SR Ak A SR A e P T, B T IB 2 R R A
SEERAETTRR ) GSH 2 foR IR th KA e, e £
PUEALH 78 R IR R ¥ 2R E L, 606 ROS M 75 R
P AP E L Gl GSH LB MR # SR Wk A Y LA K
HERFHT AR CINPTIR AR ) A9 FAES SRR Y GSH
IR BT SR, I AR AN Ah K2 2 0 GSH /K- Bie i,
RARKE A GSH K- e, I b5 % i #2 h, GSH /KR
R, X AR AR I R O 1 PN B B BB 1 T LAY IR,
FRE AR T T AL B GSH L ROS 1Y 52 1 2 1 Xt
AEIE AR DG N BRI A RGR 12, A RFoE 20T,
L8 R I8 T I P R 9 2 R T b AR AT R
PPV R PR A SRy — Bl L AN ] G PR T T AR
1 PR B R B B o A KT A2 i GSHL A B, I 5
P A PR A 75 M 0 KRR P R A TR Yk
— 58 o, 7E N 28 SRR B 2 41 M9 (human lens
epithelial cells, HLECs ) B B 25 o NG PI3K/ Akt
H A H, 0,5 S 0940 i N ROS A B 41 it A
TP MR I TS AR BEAILE -3 S ( PI3K) /2K
B(Akt) /BT E2 A& F (Nef2) 15 53 [, 5 M40
ZhNE /1 (HO-1) #l GSH 4= i), PI3K/ Akt Iy 7]
TE MAPK 38 [ S0 5 85 7 )0, MAPK 3 B2 S840 1
TR R A R A S 1 T 0 SR B AL A 43, MAPK i
5% )R] S P R T 2 O 2 AR P 50 (A5 200 i ) 3 R
ZERREREER 1) BRI, NI P AR LT el
RS B I R AN LR R T SRR B AR 4, 38
GSH M4 W8> ROS A= b, A 4 T 101 B / 4 G AF- 1 AH ¢
PEEAEE,
4 RESERBXREBRE

S IO ORI 2 A 2 2 DT R 5 1o B A B AR 3
I RERI A AE T 0 20 BRI b 2 fE R R,
PR AT R I I 200 A6 T T ) A I A I 2 A K Y
ROS F1 RNS, 41 0, - — H,0, .OH NO %5 | LI RIEAAZ H 95
A, AR S 2 3 IS 2 R AR & RRE , BN,
AL NAE NOD FEZ AR 1 3 ( NLRP3) VAR 1380 1o
R E EEMEH  NLRP3 @i (1A Z-18(1L-1B)
FE 4H A R - 18 (1L-18) S5 4 1 4t i A+ Ay K fi
R 5T KA G S B A, A2 P R R R W ROS A AT 380
NLRP3 44 /IMA , 20 IL- 18 1 IL— 18 S5 48 5F 40 it (4
TRy FEAE T TRIRE ST R RN 48 A A B  rh Bk R
fift %% ,NLRP3 7£ (4 N B 43 3 A ™, 7e /UK
R ER NLRP3 FRAMGI IL—1 SZAK AT 1B 11 o8 B i e A 2
7T AR A EAL A N2 P 4 A 0 2% )



Int Eye Sci, Vol.24, No.11 Nov. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0.2000@163.com

NLRP3 Fl IL-1B fy7=A=" T I 58 R A, 76 4F 14 A 56
P N B A PR B L T, AfebR AR - 12 200 B v 4 A 9
TR 56 R 7 19 22 35 88 B, NLRP3 Al G 25 1 26 ik K F T
B GEE RAEFS A A AR A DG 1 P B A A
5 MERMMAENFREXEBNENER

Bl A7 P B B 38 R A R HIR B 7 DA 1) P A b 28 3R
Gt 2 W B G P RN 4 A 3 [ R R 3 SO R I TR M R
iE RO RAEMETE Y AR SR AR AE
AP XA B R A R v A TR A5 1 T IR A 5 4% i 2 )
FASED ) NLRP3 e /NMAHE # 4b F [ I HPIRES , 3006
— ROy WA LT S Sh B BE RO B BT B R S
T 3 9 JEAA A 5G4 TR X ( PAMPs ) s 45 45 4H 56 4 TR =X
(DAMPs) i 3, ‘& 4715 20 g 3= 1 A =X U1 57 4K ( PRRs)
SE4 FEUNF—«B 3 B 0 b RN DA 5 40 21 40 i
o, SR 5 NLRP3 & (AR 6 PE 42 48 40 B P+ (an 4
IL- 1A TL - 18) Ay e st 3 ™", F 2 it Bk e,
NLRP3 RAE/IMAR G743, X A~ ad 7252 21 LR &2
FL I B G I 0 B A5 R Ak BRI L S BRAESY
FEJa sh AR NLRP3 356 R 335 1 SE Atk I, w2014 BTG 1R
G A BB NLRP3 RAE/IMASEI T4 2 37 B HE1EH,
SRR S AR A = B AR T (ATP) B 45 2okl
PRI RE i A5 R B R G AR L A8 B0 15 5 A7 A B 1
T ,NLRP3 2 5 —caspase—1 F1 ASC TR 5, \IMTE A%
Z RV RAEIMAE G RAE MRS I il —
A THR ) —caspase— | [ fELZLAR 1 16 22 caspase—1
JERRE 7o 0 R AEAVE A R IL-18 IR IL—18 2L Hy HiTw
HIE IL-18 Fi IL- 18, X $64) i 23 43 1 31 241 e #h =5 1]
IFFERAEY . EA AT S MR S BURE R A
M 1 P B ) EE B SRR G TR A 43 9k S Ak B LA
e M Ca® 7KF- T | 8 K 00 | B Al K
AV SZ A5 bR A 25 A A A 43X NLRP3 1
Je Bl RO A 3 T R4 1 A5 4, B ED A3 W Y IL- 18
IL- 18U BEE T2 P AIK B ARAE 1 iy, A7 DR oR 3R B, AR 2R
Foe— PR T, 8 A AT R A 5 4 DR ) R
J, FTAE R —Fh B AR 500, FH IR T S8 i 08 M K Ak 5k
SE L RN, AR B 2 B B 20 I A S VR T R
A TR AL 1 ( ERK/MAPK ) F#E RS BE LA 3 354 i/
BB (PI3K/ Akt) 3% 42, FF BE I 15 PN ) 2 i 4 3 1
Kir3. 172, B HIMYPL I U3, G P A e R P Lok
RINRELA iR, R BRI AR SMBE I ATP 55/
/NS BT 4R M NLRP3 ARAE /IMATE Ak, 180 TL- 18 Jl Al
A3, H0 AT B AR T SRR RN I BT ROS 1Y A DL K
NF-«Bf5 5 @ gt — 05 &0, SR 51 Y
I P b A SR8 20 5 94 5 Nef2 T NLRP3 AAE /MATE
PESRHCT SRR A g SR 05 . P AT O R SR 2 T
JEE NLRP3 Ji s RS | 52 0 S AE , AT R8T 45 I8 A1
P9 1) BT/ S 2 A5 7 R AR
6 BIESFEREXEERE

A e A R AR B R R B A AR R, T AR
SO TS P 588 At R PTG B | 26 24 U A W AT e P )~ 1y
G F1 710 K 2 AR e g f vt R, —
AP A7 5 18 B 10O T A0 g T AR A, LA AT i AR A
B B I — Se A iR . SR Y B IR R AR T RE 2

TR FER W, S E A MEAN AR TS e R
A3 QAT A B B A i T 43Sk I B A s R R AR
MR EME, P E WS AR (P & A R
MR B [ 0T A2 01 40 L 28 A1 At K 23 7 ) Bl AR BRI h
I A 118 U4 28 34 v | SR 8 0% 3810 9 Tl A 0 A 7 R A
24 A 5 B, 7 A A (AR ) B AR
h EIREEARN S S — T, W] 4 S e R AR
PERRME F M, AREERRME A W R R TR UHIR S TR0
DA RS FEAR i b AR e, I IR R A A7 i o (7 9%, T ik
e [ w0 7 TR R A 2 IR AN g B R R A e b
BEYF SRR R A0HE SRR LT 2 40RO 743
Ak, PETT A0 AR BT B JE R T SRR OFZ , 200 i 25 R At P
TR AT RE S 1 P BRI B A S 6 PR 25, 1 IS M 25 i 4>
AREDY AR S R AL 2 40 i AR AR R
VeI, AR AR A By B B4 IR SE0R B T i & s A
W | O T S i 4 B 2 A2 0 OFZ ™ SR, LAAE A BIF
FERW, FE R R S WM SE JE R BB (ATG —/ =) 71y
R, TR A BT e A L R R RO ST R B 3 il
It g R A 1T BEJE 2 ST T ATG B AE £ 8l 3 R A2 ) 45
R BGEMIETE UE— B R T WA SR AR A 4 41 i
A R IE B OFZ FNE A2 20 it i e A 1o A v 7 3 224
FHS R R ET 2 40 i 7 i A8 rp g ek R i SR 2R
KUK, SR 5 2 PN I PR JR SR 5 Bt 2 DA I X R 7 2R
R Bt kA T 245, W AT RES 5 T e i
R LA RS 25 1, AVELE OFZ JE it 72
HREL B T SEEREAE ,  R F ARIRE S P BRI TE B
7HREZZMEEI FEREXEANENIER

FR R R AR HR A & AR R KO B R 3kl R H
Wi, AR B A & A g S v e AR AR O AR AR IR A S T
PR PR B, 2ok (A 405 R IR B R R B R, T
B 4, 2 | |7 (retinal pigment epithelium, RPE ) 2 Jifg (1
Ve AT RE , DT B ) SR R M I {2 3F RPE 40 i P9 5
FIR BYASHR T B | e T B IR0 25 4 A Sh REVE AL 7 B
B8 i e AT U T I o A e 57
WiE i, B LR R T RESR AR " RPE 4™ 7EBE IR g
LB AR 2 v R R R R B A S5 i — i, pR R E ]
U35 A T (4 A 0 I P B R R A S B A RS |
RREHUNEI L, I AR VEGF MMP-2 Fl MMP -9 ()3
B, Jili Wit/ B—catenin 3 %, W44 H W DI ERE IS, &
FERP DR BIFEF S AL, 78 28 i 3D 2 b 24
VKb BRI PN 7 AH 20 B, AR SR K GE 5 AMPK AR G T 5K
V55 L W B AR TR AR IR T B T A
DBERRAT A VR, A 0 B PR /0N R0 1 i A0 L B IR
FAF IS A DG E (1 P B A A 90 kA, 76 L 1% 0 NLRP3
KPS B NLRP3 #E/MEAS 5 TAEIR A CE N
B (& A Ak B HE— WS R B, NLRP3 480 (A A
KA ATE ALK 5008 PRI s B Ak I 21 88 1 KT Fops
PR PR DR i A R 8 5t T A G s LW PT RE 3G I 1 iR A4
RN TS A NLRP3 SRR S0E | Jin st 45 % AH v
PR 4 A R J 2 NLRP3 #8495 [ Wbl kA .
YER 5 A WEARIE A7, [ WD RE R AT 7] 5 20 B NLRP3
SAE /AT R RE R R, A W AR A2 B AR
NLRP3 4AE/IMA A S5 458 IFFT R, il SR & ]

1735



ERRRIZE 2024 FENH 5F£24% SF£1H
B335 : 029- 82245172 85205906

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

AR I AR NLRP3 S8 5T /M A B 30T ok 22 i g 22 7%
SRR T I 1k ik D B L £ 00 A 45
B I T REIE 1T NF-«B/NLRP3 i BH 11k B R 453
U35 AR R sk 2 e e =1 AR PRGE 1A S HO- 1 B3
SRR, JER AT HRAE Y 1 e e, IR/ RS R
I 1 3 S 2 2R BB TGS B9 NLRP3 AE SR S I, 4
TR 40 25 o FTE TRCRE , DR U SR AT T A AR
PR TR A R AE | A W TE 2 R IR rh AR
FH, [R) AR mT i 281 81 5/ 8 2 A W A G 1 PN B AR O
YT AWRTE OFZ 1Y JE il v ke 380 3% A 400 JHL 25 1) 4 T, 4
il A WS NLRP3 AR ] T4R AR OCPE B P R i AL )
VRS R R RR M,
8 RESRE

AR HRAE | 1 g SR R T A I A DG 1 1 P BT L
YR A O, BRI, GSH & D, A
o/ Pra A R, IR AR b B AR BB T, IR A i ] B
G5 SR R S B UIAE G TE SR BR AT, AR AR
WEF BRI &, 2k — RSB 7 KM, NLRP3 32 21|
T, U5 A SAEAE FEAE I A DG 11 P B 5 19 W 7 4 0 AH DG
FIN B OFZ fIE ik 2 SCHAE JT, A A T T 4 i X
MBRAEER 1 22 L fg ATG S, 3847 MAPK/JNK -mTORCI,
BNIP3L/NIX - LC3 {5 %5 3 fi#, MAPK/INK B9 % if F
mTORC1 {55 R3], BT H WEAR 5, S0 AT 41 A A% A0 48
T Z A OFZ 1t FIB L . AR R BRI PR |
oA, A W, 0T S2 I — X 27 1 AR W A RO
NLRP3 4iE/MAS B BEALHIAR TAE A, (H AR 3R RE 1
R SRR OFZ T il i B v i | e i 22 ik — 2B IR R
SN AR AT RIS, B Z R T TR/ A S A e A O 1
TN BEIE AT 45 B ORWE ) (AR 2D 5T
SE ik
[1] de la Fuente M, Miquel J. An update of the oxidation—inflammation
theory of aging; the involvement of the immune system in oxi—inflamm—
aging. Curr Pharm Des, 2009,15(26) :3003-3026.
[2] Franceschi C, Capri M, Monti D, et al. Inflammaging and anti—
inflammaging: a systemic perspective on aging and longevity emerged
from studies in humans. Mech Ageing Dev, 2007,128( 1) :92-105.
[3] Miquel J, Economos AC, Fleming J, et al. Mitochondrial role in
cell aging. Exp Gerontol, 1980,15(6) ;:575-591.
[4] Sanchez AB, Clares B, Rodriguez— Lagunas MJ, et al. Study of
melatonin as preventive agent of gastrointestinal damage induced by
sodium diclofenac. Cells, 2020,9(1) ;180.
[5] Fusco R, Siracusa R, D’Amico R, et al. Melatonin plus folic acid
treatment ameliorates reserpine —induced fibromyalgia: an evaluation of
pain, oxidative stress, and inflammation. Antioxidants, 2019,8 (12):
628.
[6] Dehdashtian E, Mehrzadi S, Yousefi B, et al. Diabetic retinopathy
pathogenesis and the ameliorating effects of melatonin; involvement of
autophagy, inflammation and oxidative stress. Life Sci, 2018, 193;
20-33.
[7] Hosseinzadeh A, Javad—Moosavi SA, Reiter RJ, et al. Idiopathic
pulmonary fibrosis ( IPF ) signaling pathways and protective roles of
melatonin. Life Sci, 2018,201:17-29.
[8] Wang ZT, Gao ZY, Zheng YH, et al. Melatonin inhibits
atherosclerosis progression via galectin — 3 downregulation to enhance
autophagy and inhibit inflammation. J Pineal Res, 2023,74(3) .e12855.
[9] Baltatu OC, Senar S, Campos LA, et al. Cardioprotective

melatonin; translating from proof—of—concept studies to therapeutic use.

1736

Int J Mol Sci, 2019,20(18) .4342.

[10] Lu KH, Lin RC, Yang JS, et al. Molecular and cellular
mechanisms of melatonin in osteosarcoma. Cells, 2019,8(12) ;1618.
[11] Reiter RJ, Tan DX, Fuentes—Broto L. Melatonin; a multitasking
molecule. Prog Brain Res, 2010,181;127-151.

[12] Reiter RJ, Tan DX, Manchester LC, et al. Medical implications of
melatonin: receptor — mediated and receptor —independent actions. Adv
Med Sci, 2007,52.11-28.

[13] Pinazo—Duran MD, Gallego—Pinazo R, Garcia—Medina JJ, et al.
Oxidative stress and its downstream signaling in aging eyes. Clin Interv
Aging, 2014,9.637-652.

[14] Brennan L, Disatham J, Kantorow M. Hypoxia regulates the
degradation of non—nuclear organelles during lens differentiation through
activation of HIFla. Exp Eye Res, 2020,198.108129.

[15] Cicinelli MV, Buchan JC, Nicholson M, et al. Cataracts. Lancet,
2023, 401(10374) . 377-389.

[16] Lim JC, Suzuki—Kerr H, Nguyen TX, et al. Redox homeostasis in
ocular tissues; circadian regulation of glutathione in the lens?
Antioxidants, 2022,11(8) :1516.

[17 ] Phaniendra A, Jestadi DB, Periyasamy L. Free radicals:
properties, sources, targets, andtheir implication in various diseases.
Indian J Clin Biochem, 2015,30(1) :11-26.

[18] Alkozi HA, Wang XY, Perez de Lara MJ, et al. Presence of
melanopsin in human crystalline lens epithelial cells and its role in
melatonin synthesis. Exp Eye Res, 2017,154:168-176.

[19] Brennan LA, Kantorow M. Mitochondrial function and redox control
in the aging eye: role of MsrA and other repair systems in cataract and
macular degenerations. Exp Eye Res, 2009,88(2) :195-203.

[20] Sweeney MH, Truscott RJ. An impediment toglutathione diffusion
in older normal human lenses: a possible precondition for nuclear
cataract. Exp Eye Res, 1998,67(5) :587-595.

[21] Lledé6 VE, Alkozi HA, Sanchez—Naves J, et al. Modulation of
aqueous humor melatonin levels by yellow—filter and its protective effect
on lens. J Photochem Photobiol B, 2021,221,112248.

[22] Taysi S, Memisogullari R, Koc M, et al. Melatonin reduces
oxidative stress in the rat lens due to radiation—induced oxidative injury.
Int J Radiat Biol, 2008,84(10) :803-808.

[23] Shirazi A, Haddadi GH, Asadi—Amoli F, et al. Radioprotective
effect of melatonin in reducing oxidative stress in rat lenses. Cell J,
2011,13(2) :79-82.

[24] Bai J, Dong L, Song Z, et al. The role of melatonin as an
antioxidant in human lens epithelial cells. Free Radic Res, 2013,47(8) .
635-642.

[25] Jiang TT, Chang Q, Zhao ZY, et al. Melatonin — mediated
cytoprotection against hyperglycemic injury in Miiller cells. PLoS One,
2012,7(12) .e50661.

[26] Luchetti F, Canonico B, Betti M, et al. Melatonin signaling and
cell protection function. FASEB J, 2010,24(10) :3603-3624.

[27] Shakespeare TI, Sellitto C, Li LP, et al. Interaction between
Connexin50 and mitogen — activated protein kinase signaling in lens
homeostasis. Mol Biol Cell, 2009,20( 10) :2582-2592.

[ 28] Biswas SK. Does the interdependence between oxidative stress and
inflammation explain the antioxidant paradox? Oxid Med Cell Longev,
2016,2016:5698931.

[29] He L, Zhang J, Zhao JS, et al. Autophagy: the last defense
against cellular nutritional stress. Adv Nutr, 2018,9(4) :493-504.

[30] Ulevitch R]. Therapeutics targeting the innate immune system. Nat
Rev Immunol, 2004,4(7) :512-520.

[31] Maran JJ, Adesina MM, Green CR, et al. The central role of the
NLRP3 inflammasome pathway in the pathogenesis of age — related



Int Eye Sci, Vol.24, No.11 Nov. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0.2000@163.com

diseases in the eye and the brain. Ageing Res Rev, 2023,88.101954.
[32] Xie Q, Xue LD, Cao X, et al. Apoptosis of lens epithelial cells
and expression of NLRP3-related proteins in patients with diabetes and
cataract. Ocul Immunol Inflamm, 2023,31(5) :1103-1110.

[33] Fulop T, Witkowski JM, Olivieri F, et al. The integration of
inflammaging in age-related diseases. Semin Immunol, 2018,40;17-35.
[34] Jin X, Jin H, Shi Y, et al. Pyroptosis, a novel mechanism
implicated in cataracts. Mol Med Rep, 2018,18(2) :2277-2285.

[35] Periyasamy P, Shinohara T. Age — related cataracts: Role of
unfolded protein response, Ca’* mobilization, epigenetic DNA
modifications, and loss of Nrf2/Keapl dependent cytoprotection. Prog
Retin Eye Res, 2017,60:1-19.

[36] Gallenga CE, Parmeggiani F, Costagliola C, et al. Inflammaging
should this term be suitable for age related macular degeneration too?
Inflamm Res, 2014,63(2) :105-107.

[37] Mugisho 00, Green CR. The NLRP3 inflammasome in age-related
eye disease: Evidence —based connexin hemichannel therapeutics. Exp
Eye Res, 2022,215.108911.

[38] McKee CM, Coll RC. NLRP3 inflammasome priming: a riddle
wrapped in a mystery inside an enigma. J Leukoc Biol, 2020,108(3) .
937-952.

[39] Swanson KV, Deng M, Ting JP. The NLRP3 inflammasome
molecular activation and regulation to therapeutics. Nat Rev Immunol,
2019,19(8) :477-489.

[40] Gao JY, Liu RT, Cao SJ, et al. NLRP3 inflammasome; activation
and regulation in age-related macular degeneration. Mediators Inflamm,
2015,2015:690243.

[41] Kelley N, Jeltema D, Duan YH, et al. The NLRP3 inflammasome ;
an overview of mechanisms of activation and regulation. Int J Mol Sci,
2019,20(13) :3328.

[42] Hardeland R, Cardinali DP, Brown GM, et al. Melatonin and
brain inflammaging. Prog Neurobiol, 2015,127.46-63.

[43] Crooke A, Huete — Toral F, Colligris B, et al. The role and
therapeutic potential of melatonin in age—related ocular diseases. J Pineal
Res, 2017,63(2).

[44] Arioz BI, Tastan B, Tarakcioglu E, et al. Melatonin attenuates
LPS—induced acute depressive —like behaviors and microglial NLRP3
inflammasome activation through the SIRT1/Nrf2 pathway. Front
Immunol, 2019,10:1511.

[45] Lledo VE, Alkozi HA, Sanchez — Naves J, et al. Melatonin
counteracts oxidative damage in lens by regulation of Nif2 and NLRP3
inflammasome activity. Exp Eye Res, 2022,215:108912.

[46] Galluzzi L, Baehrecke EH, Ballabio A, et al. Molecular definitions
of autophagy and related processes. EMBO J, 2017,36(13) .1811-1836.
[47] Shintani T, Klionsky DJ. Autophagy in health and disease: a
double-edged sword. Science, 2004,306(5698) :990-995.

[48] Yang X, Pan X, Zhao X, et al. Autophagy and age—related eye
diseases. Biomed Res Int, 2019,2019.5763658.

[49] Jin M, Liu X, Klionsky DJ. SnapShot: selective autophagy. Cell,
2013,152(1-2) :368-368.€2.

[50] Brennan L, Disatham J, Kantorow M. Mechanisms of organelle
elimination for lens development and differentiation. Exp Eye Res, 2021,
209:108682.

[51] Morishita H, Eguchi S, Kimura H, et al. Deletion of autophagy—

related 5 ( Atg5) and Pik3c¢3 genes in the lens causes cataract
independent of programmed organelle degradation. J Biol Chem, 2013,
288(16) :11436-11447.

[52] Dupont N, Nascimbeni AC, Morel E, et al. Molecular mechanisms
of noncanonical autophagy. Int Rev Cell Mol Biol, 2017,328,1-23.
[53] Brennan LA, McGreal-Estrada R, Logan CM, et al. BNIP3L/NIX
is required for elimination of mitochondria, endoplasmic reticulum and
Golgi apparatus during eye lens organelle—free zone formation. Exp Eye
Res, 2018,174.173-184.

[54] Basu S, Rajakaruna S, Reyes B, et al. Suppression of MAPK/JNK—
MTORCI signaling leads to premature loss of organelles and nuclei by
autophagy during terminal differentiation of lens fiber cells. Autophagy,
2014,10(7) :1193-1211.

[55] Costello MJ, Brennan LA, Basu S, et al. Autophagy and mitophagy
participate in ocular lens organelle degradation. Exp Eye Res, 2013,
116:141-150.

[56] Scherz—Shouval R, Elazar Z. Regulation of autophagy by ROS:
physiology and pathology. Trends Biochem Sci, 2011,36(1) :30-38.
[57] Pulliero A, SeydelA, Camoirano A, et al. Oxidative damage and
autophagy in the human trabecular meshwork as related with ageing. PLoS
One, 2014,9(6) :e98106.

[58] Hyttinen JM, Petrovski G, Salminen A, et al. 5 — Adenosine
monophosphate —activated protein kinase—mammalian target of rapamycin
axis as therapeutic target for age — related macular degeneration.
Rejuvenation Res, 2011,14(6) :651-660.

[59] Mehrzadi S, Hemati K, Reiter RJ, et al. Mitochondrial dysfunction
in age—related macular degeneration: melatonin as a potential treatment.
Expert Opin Ther Targets, 2020,24(4) :359-378.

[60] Yan MY, Wang HC, Gu Y, et al. Melatonin exerts protective
effects on diabetic retinopathy via inhibition of Wnt/—catenin pathway
as revealed by quantitative proteomics. Exp Eye Res, 2021,205.108521.
[61] Jin HM, Zhang Z], Wang CG, et al. Melatonin protects endothelial
progenitor cells against AGE — induced apoptosis via autophagy flux
stimulation and promotes wound healing in diabetic mice. Exp Mol Med,
2018,50(11) :1-15.

[62 ] Biasizzo M, Kopitar — Jerala N. Interplay between NLRP3
inflammasome and autophagy. Front Immunol, 2020,11.:591803.

[63] Gao YJ, Li YN, Wang JM, et al. Melatonin alleviates
lipopolysaccharide — induced endometritis by inhibiting the activation of
NLRP3 inflammasome through autophagy. Animals, 2023,13(15) :2449.
[64] Cao SL, Shrestha S, Li JR, et al. Melatonin—mediated mitophagy
protects against early brain injury after subarachnoid hemorrhage through
inhibition of NLRP3 inflammasome activation. Sci Rep, 2017,7 (1)
2417.

[65] Zhang Y, Huang YX, Guo LM, et al. Melatonin alleviates
pyroptosis of retinal neurons following acute intraocular hypertension. CNS
Neurol Disord Drug Targets, 2021,20(3) :285-297.

[66] Wang BW, Zuo X, Peng LL, et al. Melatonin ameliorates oxidative
stress — mediated injuries through induction of HO — 1 and restores
autophagic flux in dry eye. Exp Eye Res, 2021,205.108491.

[67] Li HY, Gao LX, Du JL, et al. Impacts of autophagy on the
formation of organelle —free zone during the lens development. Mol Biol

Rep, 2023,50(5) :4551-4564.

1737



