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[Abstract] Dry eye syndrome (DES) is a chronic ocular surface disease caused by meibomian gland dysfunction and tear film production

abnormalities, with common symptoms including ocular redness, pruritus, and blurred vision. The combined effects of environmental and

endogenous factors can intensify oxidative stress, induce ocular surface inflammatory responses, and thereby accelerate the progression of

DES. In recent years, the incidence of DES has continued to rise, urgently requiring more efficacious therapeutic strategies. Current clinical

treatments for DES remain relatively limited and primarily focus on symptom relief. Therefore, it is of great significance to systematically

elucidate its pathological mechanisms and develop personalized therapies. This article emphasizes the role of oxidative stress in the

progression of DES and reviews recent research progress of nanoparticle-based drug delivery systems in the treatment of DES.
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Table 1 Mechanisms of endogenous physiological factors in the pathogenesis of dry eye syndrome
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Table 2 Structure of the tear film
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Figure 1 Schematic diagram comparing the structures of normal and dry eye syndrome tear films

" Prog Pharm Sci Nov. 2025 Vol. 49 No. 11

PHTLA

PPS %%i{;&zms@uﬁ %A49% 11 M




HFd A 20sE 11l B0k 1L

B S IR R A BERE XS TR 4P f B L e B
TR BERR-MOSHERRES, R
AR B OCE EAE A AR R R
H, AR BiK, s THE B KA 08
KAFVEN, E—2 S EOHBGE L, WIS R RGIF
PEAAR A AE

2 LR BETRRERRERHLE

AN B B A& TR 1 R AR, A AR IR AT
PRI . JEE LA IR FR s . — DOk, RS
GO A AR S TP W AT T T XN
i T ILF A AR R b i SRR R A, S
HA MM (WR3) o X R
1% £ & (reactive nitrogen species, RNS) . ROS,
15 (reactive sulfur species, RSS) . ¥ ¥k ik
( reactive carbonyl species, RCS ) AR & PEA ( reactive
selenium species, RSeS) . H 1, & & A9 RNS F
ROS i) 1 AEpHLAT- AT b A AL

* 3 FILRIHAIERE 2

Table 3 Classification of oxidative stress intensity

e SHEEREANE TEHIRARIR ;AR S AT
(AN PUA LB P 0

R IANA SRR A A7) 2 TR B T R R
B AL PUAMLEEE PR

TELEBZEAES, AU Al A A 2, RISE

TR MR

T/ A 2 1

_%fﬁﬁij B 1L 2 AR

SEAZ A I )

G AR R 1 A1

Frtase e, S590nrg . sk, s A s
oo i A e . ROS S8k, 251k
fe it AL, X —id IR A e R, T
fEo e, fhkREERN, HESEampET ™,
A, ROS 7554 DNA fil RNA 45 Fh 2RI Y A AL
P, SR RLR IR I T LAl B AL iE, XF
AHN 25 B A2 Reis i 3 . DNA DIfgkeftit 2
SR (0T SR A, XA 2 e B g S
e gagpre A P T AR ROS X HR Fi 1 Y
BA W DL T EACRE T IREAL, IR AN 2 &
A, ROS AYAMIR IR £ G RN AR I .
EARAT LA ARG e R IR R SRR
i, BRI T2, 51k AN
AHSEHR I .

3 BT TREMMAREH RS

WP HEA DA AR g, |EA, 20F 22
ACAFAER I, Horh—E LA L il nl LITA AT
FeGE i i 25 7ERR BRI B IR T R 31 R,
{EAFAEAE A FHBE R TR, A A 5% BIAR0K
MRERS IR NALZ . JETHRARR AN S Z AR |
SHHESIRAFNER, K2R NIRFGHE TR,
B BT T MR AT RE 225 MR R S AE LA LB I g #R
JIH, ELESEIRER S P 5 DES YT I
WHERERT, N T OGRSk, SETHURERIZ5H)
R ARG R TSI (WL 2) P,

I/ 4 By R

FEREST IR A

E 2 ARMBERBERA AT PRI

Figure 2 Advantages of nanomaterials in the treatment of ophthalmic diseases

Y K ARAK R RSFAE 10~1 000 nm 75 il P4 (4 %7
T, HRSF 5 3 100 H far J2 P 5 9 K 280 R 75 7 R
PAT R BRI R R 2 . Zeta HLNT ( Zeta
potential, ZP ) JEIPANAK R Gifa e M EEE bR,
2 ZP 4 NHE KT 20 mV I, Rz 8] PR R (] L
=g T J1, TR IR R, RS

PPS

BB R E P 102 ZP (AT +20 mV 22471,
DA A Ry S S BRI AT e L TR o 2 T %) B A
S8, FEIRPHA 2y R, ST R 4G 2 i
HHEHT AT, A E EL I P S T G ROR T T o
P A A PR W 5 | 2R S o AR B A S o T
YURRIAEIR ALY RGN SR, B R R

Prog Pharm Sci Nov. 2025 Vol. 49 No.11 -



. Prog Pharm Sci Nov. 2025 Vol. 49  No. 11

TR 2GR R R P, EAE RS, HE TR
X R SR TR 25kt AR AT Y
T SR 2 S R SRR LI T IR IS BEBR I,
15— 98 KOs D) ERECHE 5 A FH T B 25 50 1 B 3l 17
FEL P AL O B DX Bk, DT 8 X 3 AN [ A ek 4 HIR 8 44
Kib 2 RGEHATN A
3.1 ETEEYMEBMAREDRSG
REWWKRLA 73 HAPOKER G POK I, Ak
B ACHR R G YT A [ S BRAA, 17298 2K Jie 3% )
BA— R A WA B W RSO o TEGOK R,
5P AW SRR AR R T, AT DARE A AR R A
WS TTEGRERE T, 2454l W e 3R T
BB LB E IR AR SAZ O B e gl o
H A R R AR R A WAL,  BENEIG 5 25 W 1 A5 ) A
FHEE . NRRZG M DL S A5 B s ]
311 oA R ALIR - B AL L R AL R Wy Aok ot
B RELR - SRR Y [poly(lactic-co-glycolic
acid), PLGA] 44Kk 28 1% B K 4+ BIIR R ) ¢
2k, Ghosh % ™ WHSTIER], 1EAR K45 0805 51
/NG DES BRI, 3847 BRI 19 PLGA 94K 0RLI
559 7 FBE L R ai e i Ak i, 2D ESE TN
Kb 25 R G0 N AR b R A S A R A 4 ) O 4
YEH . FEIZANKIE 2] R GREIOE B 1 E A4 i)
B Y o, B- AN R R 45 #4) f L BB 615 5 Keleh £
ECH Sl H 1( Kelch-like ECH-associated protein 1,
Keapl ) HE R EIRIEIAN LS A, XFPES AR L
T Keapl [ 4% ¥ E2 #H G+ 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) Jf45 Nrf2 i b
HHAB AR HiL, Nef2 gifaefbiftEg s
AR, 5 R BT A A SO TR antioxidant
response element, ARE) J¥HI454, MGG P
TRSEIR 5% 55, B AR BB SR AR R R P9
3.1.2 HAMME A MAOKRGIEEA AEER A
(cyclosporine A, CsA ) J&—FRis a5 1) e il 551 ,
ELAT BH L 2ok A8 335 PR 40 LT . S0 At 6. 3R
c BEOMAN AT 25 Z R EH P70 BiAh, CsA e n]
SRR Vs e S LR W 1 B /A 1 G A v S e )
FE BRI T B2, JERERHBT I/ % (interleukin,
IL) -1B. i 98 ¥K %€ A F (tumor necrosis factor,
TNF ) -a. IL-6 S5/ ARk, SEmME T ik
LI 0 S5 4R 5 e i 2% PO T —HL, CsA
FEMR AL Susl e 9 th S 2N (e, L TRy
DES S& B AH OGRS o SR 1T, CsA A B 7K 2%
X — R Ry FLE IR R 2 o B R kAR .k v iRt
Bfict, H AU CsA ik R VR 3= ZEAR T 1 i 551
OB ERORBEATRCH . 4N, 2002 4EARSEE

PPS

mn 2 I BHE HR) (Food and Drug Administration,
FDA ) It i f4 B 3% CsA 7 R W& Restasis”, 1F 52
CsA I T EMRR SR o s ny 2L, H S
T DES{RITHIHTR . AR R, ki)
FEVEGTER L AR N G SC IR W e B ik, IF
16 b Rz AR A B, DA DR 25 5 R 2 A 72
O34 BY 9K 45K g B2k A& (nanostructured lipid
carrier, NLC ) J&—ZSH N BRIEIR)Z L ZENE BUA% A I
(38 FHAR A . BIFSEIIESE, 45 CsA [l NLC ( CsA-NLC )
REA R IL-2 B4, NI T ik A R T AL,
Pk fa R b R AR IR R PEBURAER .. 5 CsA ZLFIAH
L, JRPRLH] CsA-NLC ifyy DES HERALH, X
JRTHAF DES ¥R4H 21 b B o s i A= R B B2
3.2 KEBAKRBBRSE
TREE I 2 R RE S WSO DR KBk 43 1) = 428

YA A, KL T KR ARG
WS, R WM RME G H LT R | SR RS
JiifR (hyaluronic acid, HA ) %, 7K BEK A9 = 4k K
REERRE A AR A TP 251, SEIRZS ) AT R
BEAN, FKEERE P I S R AR AT Ay Rl ek AR ( 4n
R B R pH A4 ) HEFTIETT, A IE
KW TE IR F v B8 SR ] o R T Se s,
TR EEHEAE IR Bl B )32 VR IR . #2fds . Al
AL T ROS W BRI Az R B,
3200 U HCPE R EEE B ON-55 79 3 T M It A )
[poly(N-isopropylacrylamide), PNIPAM] 7K &t & B A
IREURAE o450 rh R B B 2R K Sk LA
I A8 M 1 98 B A8 AR A AR AR S AR . FEAR T H A
R RIR R (32°C) BFRICHHEBORA, YR
T = B MG AR R B CIRAS o 3 — et AR R R
Tk B T B AT 5 ) 25 W B AT Sl . SRTIT, PNIPAM
IKEEEAFAERE I B B, FEPUMER 2= . 3
218140 PR B A AT B AR EAIR A A v R S Jry PR
WFFE N B1UKE PNIPAM K &EIE 5 HAWR A 3R, L
PEFHKEERE IWLMPERE S5 255 DhaE Y. IR A K
JUE ) — e o Sy S 24 0 356 % 2 e L fl K () 9 A7

(RIS B ) o HTARREELR K 25 W i o £ 28 F K
bt RIS 5D S = Y N e W 81 9 e
A%, ISR AT R, pFoRaRI, fi PR AR
PEAKEEIE T 7E EART SE B 4 B 25 25 100 £51924
YR . ST ARG T-BAELL, syl i
PBET — R i N T B
322 HA ROS VEKRIIBEM/KEER ROS J& DES &
ESRENERERZR . 8 ROS 23X LM -5 1
M B3 AN AT 36 (43 05 5 T RE B A, B0 N i A
AN, JAEIRE B 50950 E AL B R S0 TG BRER

FFt Aoooseiiy maon M



HFd Aol Hmaok Him

A ROS, (HAA I LA I R IA TRk B
A ROS JERRINBE /K BEIE O 7E A ) B 2 40 £
IR RS, AT TR A
A= AT IR 1AYT BT 3k T K BEIR g 9 Kok
TR RS A PLIE . TCHL AR T AR O
FHLE, 7 THAEE A A & 4R 3 TR0 &
PEERAE ST, TEAEWR N e SRR, Y ix sy Kb
F BN SE X B, 225 R 7 A ROS &
MRV o HEFR T 4 IR B Tl A T A A ARk
R IR R A E g X RS T A Ak
B, AT bR A B A R AR A
IR REB I SAA IR JFOT A, ANMCE RS BR T BRI
ROS, R #HH T ROS Frfil & (49 F I 48 5 {5 5
A, AT S BN 22 Foh SR AR SR B BT
IS VEPEAS [RIZE TR TOHLAN KR, ATER X REE TR
ISP R E KB T RE Y A PGk ) 3 B
I HL RS AL S ROS, b AL A B T
PRAF A M 52 ROS BIMEIRE T, FF s 32 i 20 21
MBE . BRyTEILIhAES, KB iR 5 AL
BALAY, AU RN BRI A A e R A, BESRIGYT
Rhg 7
3.3 MRILFIAHRS

Ak FLF (nanoemulsion, NE) 2—FffaEM
RIRRAORG IR GE, WA AN TIEBAE . Hak
SRR SR IB R R, WA RO IH R &, IF
Rt Z WG IR Z e Y. NE H KA FIh A 408
HIFA SR, HILEBUN, a5 as )
R, SR 2 H AL AP % Y. NE
FKAPT AN FEIHBEOK 2, R OBAER s AR S
A NHBRSTUZ , A B T HIR % o 1Loh,
NE i R EEERI T RROE IL N4t Syt
YR E ¥, Restasis® J&—Fh A5 B 8 7 O A B 1
IKELIMARFLF, R Z K 159.3 nm, A4 %L
HAIN 1 Schirmer PE4r F1TH B A 2405 0] . SR,
RS E LR B E R . Rt EE S
fife, FTRESEMMIBRN . Kbl il gt ik 7e i
SRR W 250 SR —FhE kL,
Kife#y 242 nm, WF5E R, SHAWZEWHLL, %25
TEFA TR 265 25550 T A 3 4> H BPaT B s AR AR
FOEAR . AAWFFE R IR HnT S R AR . A Y (a4
ANEFRL, AHA WA SR Ry t—2 4
F CsA (/) HR 20 BE BF 1) A0 AR W R, Tkervis™
B IFF 2015 4F 3R KK 2R AL H T35 7 DES T
PR AR . IR —FICE . JCR I A BH
TRUK LM A FLA], HEC T N B BE S I3 m]
S FE AR IE TR TR 2 S

PPS

MR R i it i), R F 25928 F e, N4
S E A, AR A, FHE TR
AR IEH I AW, FEVE TS 40 i At Ak
oy ik W, i 2P T Restasis”,

34 ETEEMRMEMAB RS

FH T 0l - PR X R e R 25 IR N iz, Tz
Wi, IR A BREWEmW, L5IRT ik At
ME LR B BAR AT ROCR o BFIE N D3R 24k AR
WSk Gertizbebz, HH RGeS & &0 W iy R R
M, ZdaReE) 2R e X —dkik, &R
GO AR AR AZ B2 Kd . Hopids/h, JES
A SRRSO AR, (AR AR ) B 2 R O T
eI RAFpRT s, WOMIRBREOR iR T S L T
SRS TP7 Y I G U N E ey P K XA /S A B2
AT, o TG s A RN AR T AR
340 TR AR REEITTR, 2520
WEAMNRE, GREPUEL . HURIRE S A
ik a5 ds . HUZMMIEAE, it
=N N TR R~ S TR A <) =N N TR E R e =W LN i
PR £R AN A0S R £, R A AR 5 AT A R B A=  A H BE
Ay R bE s AR R PR v R AR 3 B R P R
Rkt FCA M R B OCH 2 AN KR (selenium
nanoparticle ) X 240 g 5 AT e PR s A2 21
ZRE . KREMIER, MgORPRAEDTIE . i
ZR P R B T TS5 22 T T B T AR g
Wl ZEGORPRHA B4 R imeiiae ) 54
YIARZEPE, A B RE ) SRR g, AR
BRI DES BRI R AR L .

R A NRLTE M E TR, ALY
ARG 7% T it R it 2 T 4 T TG 5 22 o S B 1) A%
DHET, 23 5N AR FE R ¥, BN
KA AR A TER BE QK R 0 o 5 2 A B T
P, IR 2= R I 1R . A, gk
AR Z L5, 5 T TR Y aefb iz,
UE—9n e T HAEIRAL 25 5 2% vh i o FH A5 B
Ou % I FEARIE , HAAN Kok BAT R BTk
PURAPTIT RRE, AIARGE R ROS, WA
P, DT I 8 0% R S A0 TR 4 A 1 0 1 R AR
MAWFRFY, ZEYORIRAEIRYT DES Jr o HA
— VT, A RS P B A I A e A v
B TRAGE
340 SURAT SRS AR R AR A 3 TR
Ykl —, HEZ b 7ET e’ 5 cet ZImh
DR T8, M T HA 805 Bk ROS
MIRE ST U, WFFT eI, Akl g K Bk BT P48
PO T RBCAACRRE,  JTREAT R A 1) 1S ) e

Prog Pharm Sci Nov. 2025 Vol. 49 No.11 -



. Prog Pharm Sci Nov. 2025 Vol. 49  No. 11

3o DL B4 i ATK BRI BB A2 fil B2 1 0 2
T R A AR IURL 1 S Ak Al 4 K s SR A
/IR RES 1235 R IR AR IR IZAH 2L, Yo B A pL ]
B ZWa, W e TT 2R IRBREE RS )
AR RME (glycol chitosan, GC ) J&—Ff/KiEE
ToiE HA AR NE R AP FE RN A . M E A
A4l gl AUk 25 BT i GC 4ligh KBk ( GC cerium
nanoparticle ) B, &G F0HR I T 38 151 A AL I
EEPERE, G T DES IRYT. GC fili 4K URL i) 75
fiff B s TR A LAk, HR DU R ERIER. B
Hil DES BYIA 7 00 2 71k 52 TH 5 T 5 W43 5 s s AR
fE. WS N BRI GC Sl g oK BURLIEAS T X DES A
KRG A5 LI 45 R R, GC il gy & il
PERENSRUE THAR . WA B 5 . R R E AR,
IR 4t H 1) S e 1k B

4 FKAHEETFRRGE G YT $ RY R A

T, AR (2- B EEH NIRRT )
[poly(2-hydroxyethyl methacrylate), PHEMA] b 3& T,
8 1S A K Y KU P AR IR i R (water-
soluble contact lenses incorporated with nano-ceria,
NC-WSCL ) . fH far i T EE P2 ( methacrylic
acid, MAA ) FVH7 1E Ffif 8 il 299 K DR 22 1] F) i oL
VERIBE SR T AR URLAE B A JE B h OB E 1R, TR
TRGER . Pk REMPR NG IOKRGH . %45
) i I BIR B2 b DR AP L 1l 0 DK UL [ A 1) A1
WPESL R, IR IE B AR IR AL, et
TR S A S AR S A B AT 1 0 R R
KR, DT A A5 IR 7 A T il b ek £
Ce™/Ce" PR ASHEME, HAERR ROS (RET) B,
WFFE W], NC-WSCL v 5ili 4 K 50k ik 32 15 1 5k
ROS 1Y 15 BR H A8 5B A OC, 7] 8 A R AR 41 i o
ROS 7K [ AN 2 Wi 40 B N ROS B, 350
BRI L B AN B AR R B . A, NC-WSCL
ERaYERE S TTE RIBIRSEAR Y, W HifEN DES
BITHIDIRESE I g

ik MR A 52 R ST R b R S . 2%, 2501
SRS R I TR, A=A TR o Sy s iR — [l
WFFEN GBI 1 AT A 245 W 7 (K ] A 5 2 R 1) it

[ &% 3K ]

[1]  Rolando M, Barabino S. Dry eye disease: what is the role of vitamin
D?[J]. Int J Mol Sci, 2023, 24(2): 1458.

|21 Aljeaidi M, Keen C, Bell J S, et al. Dry eyes, ocular lubricants, and
use of systemic medications known or suspected to cause dry eyes in

residents of aged care services[J]. Int J Environ Res Public Health,

PPS

PLBERE R GE . SR, R RGH RS AR 22
FEBIRIRFRAE, WHZR. Patel 55 B2 $2
& Brij-52 LI sl Y 3 K BRI TR CsA
FARRRE B, %7 Al CsA R R R e T
50%. PRAMREICIIFE RN, FORT4ERE CsA TRITHREE
K3k 20 d, A3 i AE K 25 1 P ] B AR 4 245 45
R BRI, BERST A5 MIRL S 5 R CR B, &
%Az I BRI, BRI T G ARV . Choi 45
R T HAT CsA ZALEMRIMK B filsE, R H
Il FLF A (superecritical fluid, SCF) # A ¥ SCF 1k
SR, AEASSE W b B A B BE A AU T
SEELT CsA PR, AR IR N O A ROk B
it 48 h, M3 DES AER. Qin %5 PV E ad —Fh
HRITER R ISR CsA ZhIH T RE g e, A
TIRIT A EE . %7755 Restasis® AL, CsA (¥
AR BE AR 5 82% , ELRSE M F G2z o IEAb,
IR 2 il Ba i n] R RN BV E ORI it
AR A

b KiESRE

DES ff: 2 — i WHR B, LG ik Ar (e
AT BRI AR R R AE R, P AR ek
IRBIHUIRCR, RN 8 L5 24 22 G0 1 IF 5 4%
Hoo BKZ5Y) IR R YR DES 1RY7 )7 T LRI H R
SRR IV T, R e 2 SE A AR
B ISP ) B AL PEAEALA , R R T IR POk
SR, 2 BRT 25 A B Bk vk KRR T2 R
P, K251 i R GETE I PR 1L 4T3 T I Pk
HUAE R DES IR Ry 24 a5, Tt
HAE DES A IR B Oz 3 A0S, 55189
AR AR AN NI, 24K, BF5EE
T3 A S MR AR A BB B A [, 5 PR 2 K 251 id
BRGM Y2, A AR S A sl A
i, HET, 5T REWARERAYIR
2 AR SEIE FDA b, B R IE AL Tl
RIKE BB, R AR EARTE IR B ¥ 7 40K
AT AT 28 LRI, FpSi a2 a0 K il 57 )
Wk, B R T PR 22 e PE R Ak, K2
AR I T AR T7 1)

2020, 17(15): 5349.

[3]  Kassumeh S, Priglinger S G, Messmer E M. Volkskrankheit: das
trockene auge[J]. MMW Fortschr Med, 2022, 164(4): 36-39.

[4] Zhang J, Lin H, Li E, et al. Involvement of endoplasmic reticulum

stress in trigeminal ganglion corneal neuron injury in dry eye

FFt Aoooseiiy maon M



BIRE, % pramsxrsrTEmsTenmaEE | 983

disease[J]. Front Mol Neurosci, 2023, 16: 1083850.

Grassiri B, Zambito Y, Bernkop-Schniirch A. Strategies to prolong
the residence time of drug delivery systems on ocular surface[J]. Adv
Colloid Interface Sci, 2021, 288: 102342.

Zhang Y, Tang H, Chen W, et al. Nanomaterials used in fluorescence
polarization based biosensors[J]. Int J Mol Sci, 2022, 23(15): 8625.
Vazirani J, Sridhar U, Gokhale N, et al. Autologous serum eye drops
in dry eye disease: preferred practice pattern guidelines[J]. /ndian J
Ophthalmol, 2023, 71(4): 1357-1363.

Shoari A, Kanavi M R, Rasaee M J. Inhibition of matrix
metalloproteinase-9 for the treatment of dry eye syndrome; a review
study[J]. Exp Eye Res, 2021, 205: 108523.

Kaur K, Stokkermans T J. Meibomian Gland Disease[M]. Treasure
Island: StatPearls Publishing, 2024: 14-15.

Gorimanipalli B, Khamar P, Sethu S, ef a/. Hormones and dry eye
disease[J]. Indian J Ophthalmol, 2023, 71(4): 1276-1284.

Moon J, Yoon C H, Choi S H, et a/l. Can gut microbiota affect dry eye
syndrome?[J]. Int J Mol Sci, 2020, 21(22): 8443.

Srivastava A, Makarenkova H P. Innate immunity and biological
therapies for the treatment of Sjogren’s syndrome[J]. Int J Mol Sci,
2020, 21(23): 9172.

Andersen H H, Yosipovitch G, Galor A. Neuropathic symptoms of
the ocular surface: dryness, pain, and itch[J]. Curr Opin Allergy Clin
Immunol, 2017, 17(5): 373-381.

Mohamed H B, Abd El-Hamid B N, Fathalla D, et al. Current trends
in pharmaceutical treatment of dry eye disease: a review[J]. Eur J
Pharm Sci, 2022, 175: 106206.

Sheppard J D, Nichols K K. Dry eye disease associated with
meibomian gland dysfunction: focus on tear film characteristics and
the therapeutic landscape[J]. Ophthalmol Ther, 2023, 12(3): 1397~
1418.

Chang A'Y, Purt B. Biochemistry, Tear Film[M]. Treasure Island:
StatPearls Publishing, 2023: 10-11.

Dammak A, Pastrana C, Martin-Gil A, et al. Oxidative stress in the
anterior ocular diseases: diagnostic and treatment[J]. Biomedicines,
2023, 11(2): 292.

Wang M, Zheng Y. Oxidative stress and antioxidants in the trabecular
meshwork[J]. Peer.J, 2019, 7: e8121.

Zeng X, Li J, Yang F, et al. The effect of narcotics on ferroptosis-
related molecular mechanisms and signalling pathways[J]. Front
Pharmacol, 2022, 13: 1020447.

Hsueh Y J, Chen Y N, Tsao Y T, et al. The pathomechanism,
antioxidant biomarkers, and treatment of oxidative stress-related eye
diseases[J]. Int J Mol Sci, 2022, 23(3): 1255.

Vaneev A, Tikhomirova V, Chesnokova N, et al. Nanotechnology for
topical drug delivery to the anterior segment of the eye[J]. Int J Mol
Sci, 2021, 22(22): 12368.

Chen L, Wu F, Pang Y, ef al. Therapeutic nanocoating of ocular

surface[J]. Nano Today, 2021, 41: 101309.

HFt A 202511 Haon H1L

Ahmed S, Amin M M, Sayed S. Ocular drug delivery: a
comprehensive review[J]. AAPS PharmSciTech, 2023, 24(2): 66.
Joshi V P, Singh S, Thacker M, et al. Newer approaches to dry
eye therapy: nanotechnology, regenerative medicine, and tissue
engineering[J]. Indian J Ophthalmol, 2023, 71(4): 1292-1303.

Ghosh A K, Thapa R, Hariani H N, et al. Poly(lactic-co-glycolic acid)
nanoparticles encapsulating the prenylated flavonoid, xanthohumol,
protect corneal epithelial cells from dry eye disease-associated
oxidative stress[J]. Pharmaceutics, 2021, 13(9): 1362.

Yao J, Zhang B, Ge C, et al. Xanthohumol, a polyphenol Chalcone
present in hops, activating Nrf2 enzymes to confer protection against
oxidative damage in PC12 cells[J]. J Agric Food Chem, 2015, 63(5):
1521-1531.

Xu W, Zhao X, Jin H, ef al. A randomized controlled trial involving
college student: comparing 0.15% hyaluronic acid with 0.05%
cyclosporine A and 3% diquafosol sodium in the treatment of dry
eye[J]. Medicine (Baltimore), 2023, 102(36): €34923.

Schultz C. Safety and efficacy of cyclosporine in the treatment of
chronic dry eye[J]. Ophthalmol Eye Dis, 2014, 6: 37-42.

Jerkins G W, Pattar G R, Kannarr S R. A review of topical
cyclosporine a formulations-a disease-modifying agent for
keratoconjunctivitis sicca[J]. Clin Ophthalmol, 2020, 14: 481-489.
Periman L M, Mah F S, Karpecki P M. A review of the mechanism of
action of cyclosporine A: the role of cyclosporine a in dry eye disease
and recent formulation developments[J]. Clin Ophthalmol, 2020, 14:
4187-4200.

Wagh V D, Apar D U. Cyclosporine A loaded PLGA nanoparticles for
dry eye disease: in vitro characterization studies[J]. J Nanotechnol,
2014, 2014: 683153.

Zhang A, Sun R, Ran M, et al. A novel eyes topical drug delivery
system: CSA-LNC for the treatment of DED[J]. Pharm Res, 2020,
37(7): 146.

Li Q, Cao Y, Wang P. Recent advances in hydrogels for the diagnosis
and treatment of dry eye disease[J]. Gels, 2022, 8(12): 816.

Xu X, Liu Y, Fu W, et al. Poly(N-isopropylacrylamide)-based
thermoresponsive composite hydrogels for biomedical applications[J].
Polymers (Basel), 2020, 12(3): 580.

Asfour M H, Abd El-Alim S H, Awad G E A, et al. Chitosan/
B-glycerophosphate in situ forming thermo-sensitive hydrogel for
improved ocular delivery of moxifloxacin hydrochloride[J]. Eur J
Pharm Sci, 2021, 167: 106041.

Choi S W, Cha B G, Kim J. Therapeutic contact lens for scavenging
excessive reactive oxygen species on the ocular surface[J]. ACS Nano,
2020, 14(2): 2483-2496.

Wang S, Zheng H, Zhou L, ef al. Injectable redox and light responsive
MnO; hybrid hydrogel for simultaneous melanoma therapy and
multidrug-resistant bacteria-infected wound healing[J]. Biomaterials,
2020, 260: 120314.

Liu X, Chen Z, Bai J, et al. Multifunctional hydrogel eye drops for

Prog Pharm Sci  Nov. 2025 Vol. 49 No. 11



(39]

[40]

[41]

[42)

[43]

[44]

. Prog Pharm Sci Nov. 2025 Vol. 49  No. 11

synergistic treatment of ocular inflammatory disease[J]. ACS Nano,
2023, 17(24): 25377-25390.

Hussain M, Suo H, Xie Y, ef al. Dopamine-substituted multidomain
peptide hydrogel with inherent antimicrobial activity and antioxidant
capability for infected wound healing[J]. ACS Appl Mater Interfaces,
2021, 13(25): 29380-29391.

Chavez-Hurtado P, Pesqueda-Pinedo L, Ceballos-Delgadillo H A, et
al. Physicochemical characterization of a DMPC-based nanoemulsion
for dry eye and compatibility test with soft contact lenses in vitro[J].
Cont Lens Anterior Eye, 2022, 45(2): 101428.

Hadipour Jahromy M, Qomi M, Fazelipour S, et al. Evaluation of
curcumin-based ophthalmic nano-emulsion on atropine-induced dry
eye in mice[J]. Heliyon, 2024, 10(7): €29009.

Coco G, Buffon G, Taloni A, et al. Recent advances in
nanotechnology for the treatment of dry eye disease[J]. Nanomaterials
(Basel), 2024, 14(8): 669.

Coursey T G, Wassel R A, Quiambao A B, et al. Once-daily
cyclosporine-A-MiDROPS for treatment of dry eye disease[J]. Trans!
Vis Sci Technol, 2018, 7(5): 24.

Daull P, Lallemand F, Philips B, et al. Distribution of cyclosporine
A in ocular tissues after topical administration of cyclosporine A
cationic emulsions to pigmented rabbits[J]. Cornea, 2013, 32(3):
345-354.

Varlamova E G, Turovsky E A, Blinova E V. Therapeutic potential
and main methods of obtaining selenium nanoparticles[J]. nt J Mol

Sci, 2021, 22(19): 10808.

[46]

[47)

(48]

[49]

[50]

[54]

BT

PPS

Wozniak-Budych M J, Staszak K, Staszak M. Copper and copper-
based nanoparticles in medicine-perspectives and challenges[J].
Molecules, 2023, 28(18): 6687.

Ou L, Wu Z, Hu X, et al. A tissue-adhesive F127 hydrogel delivers
antioxidative copper-selenide nanoparticles for the treatment of dry
eye disease[J]. Acta Biomater, 2024, 175: 353-368.

Zou H, Wang H, Xu B, ef al. Regenerative cerium oxide nanozymes
alleviate oxidative stress for efficient dry eye disease treatment[J].
Regen Biomater, 2022, 9: tbac070.

Yu F, Zheng M, Zhang A Y, et al. A cerium oxide loaded glycol
chitosan nano-system for the treatment of dry eye disease[J]. J
Control Release, 2019, 315: 40-54.

Alrobaian M. Pegylated nanoceria: a versatile nanomaterial for
noninvasive treatment of retinal diseases[J]. Saudi Pharm J, 2023,
31(10): 101761.

Choi S W, Kim J. Therapeutic contact lenses with polymeric vehicles
for ocular drug delivery: a review[J]. Materials (Basel), 2018, 11(7):
1125.

Patel D, Wairkar S. Recent advances in cyclosporine drug delivery:
challenges and opportunities[J]. Drug Deliv Transl Res, 2019, 9(6):
1067-1081.

Choi J H, Li Y, Jin R, et al. The efficiency of cyclosporine A-eluting
contact lenses for the treatment of dry eye[J]. Curr Eye Res, 2019,
44(5): 486-496.

Qin R, Guo Y, Ren H, et al. Instant adhesion of amyloid-like
nanofilms with wet surfaces[J]. ACS Cent Sci, 2022, 8(6): 705-717.

(FfEHRE: HElE

FFt Aoooseiiy maon M




