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[ Abstract] Dry eye is becoming more common worldwide. Its pathophysiology is complicated,and its condition
is chronic. Treatment options of dry eye are ineffective. As a multifactorial ocular surface disease,tear film instability,
tear hyperosmolarity, ocular surface inflammation, and neurosensory abnormalities resulted from various causes are
main natural pathological processes of dry eye. This multifactorial process of the disease leads to poor efficacy of single
anti-inflammatory therapy. Oxidative stress is closely related to the occurrence of dry eye. During the decrease of tear
film stability ,reactive oxygen species produced by oxidative stress system damage the myelin sheath of ocular nerve
and the lipid layer of tear film,inducing or aggravating the ocular inflammatory response. Targeting the main causes of
dry eye’s pathogenesis, stopping the vicious cycle of inflammatory responses in each link, and relieving patients
conditions are the main goals of antioxidant therapy. The development of anti-inflammatory and antioxidant medications
is currently the main focus of international research on novel anti-dry eye medications. Some progresses have been
made in the area of targeting oxidative stress biomarkers, mitochondrial targeting medications, mucin secretion,
antioxidant enzymes like glycoprotein selenium and lactoferritin, as well as multifunctional nanoagents, and the
antioxidant eye drops using nanomaterials have more advantages. Antioxidant treatment may be one of the potential
future avenues of dry eye clinical research. Ophthalmologists and researchers should be fully aware of, pay close
attention to and actively participate in investigations that are relevant to dry eye antioxidant therapy and the
development of new medications.

[Key words] Dry eye; Oxidative stress; Anti-inflammation agent; Antioxidants agent; Ophthalmic solutions;
Drug development
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FREENMBERER, AW, T T RAER
EHHK 2%, LT H 15%~30% , £ AT & e+ E
WHAEER MK, TERAEREH K 31.93% ~
52.40%"7V, FRM A FRNHFRETFRL T HAE
WM AREAANERRESHRFL LML REWN
K LFEE HFERLATREAFFOER R
RENEEEN, ARKNEBEARREATE LM
HEEHREY, TR EXEARREANETERALZ —,
AEZHEEDE A, AREANEFAEERBTE
R EAFHTRAMH . TRAEXHTFTHESR
AEUBREFWGF RN, REALRBHRETR
Feohih L kW, AR BB RSG S E MR #%
BB %Y R B, 0 TR B 2 IRk 41 A Fn JH K + DNA &
B 7= 8-BE-2-HE L H ERANT &ty 4-2
E2FHRAT _BAFHREAE S KR ELE
ERENREURREANZEABRER N ZAF LR ELH
— P RERER N, ERBEARAHG, 55 TRWAL
Ko FAEH ST RMIEE, XA RAMNE T RS
WM RAMEITHEEETRAEE. ARMXET
RAA B THRRARE  BRIFBESSHERLR,
HAHERETIREERET 7 REHTNEE,

1 ATTRETHEREERNENZRAIEEMR
(e N

ENEGNESmFELTEA: (1) HAKE
2 THRE-MRAGEM . SHEERF, BT TRNER
BB R AR MKW H R L b X TFR R
HTBMA R (D)FHAREAAERE BN
AABT TR ERAY, mEHFRN ROFEER
AR R R BT DL R E R R B R E L, B
RRMAaedEREX, BH— &1 R RR,IE R A7
REA—ERRME. ETREY T+, ALY
A By Bk F B DL fast-follow 1 me-too K F
R G RN ENG G HELANEREE T
W ,CFENTREAEAYFLAFBEFRS, KAR
KW REHN o
2 MENETRAYMRB YA TRETHARIH

i
21 AfE#ERRER AL EENE FALSY
TEHEE
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AR B ANEE ASFE WA F R BT > EW
EHREAEHEMEEA R AT RN AR ARG A
ERBEREEE, ETRRXEMRARBNEEMEIT T,
% Fb g o P B T g0 AR B Al 4L R A B RO Tl ARk
5,7 R A o B W E I A 4E (reactive oxygen species,
ROS)#E TR Ml T4 K, W EEHET RAEM
DNA E @R R, £ ZAR w7, 7ot — %
BHAERREFMEAMET, I RERREGE S
FIERIER N, B e, TR &7 8 LA A S
Wy 7 A 2 B K BN AT 7 1, BB K AT ML B SR B Y
TR, BLIHA AN FRLE ROS, Z i TR
i

MANEEARANFREAED, FH L ELHK
ERFEH. TAMYELE LT A KD H
(lactoperoxidase, LPO ) #fn & Bt H K o & & 4 B
(glutathione peroxidase, GPO) %, 1E ¥ VA ¥ 3 & 2 L
(lacrimal functional unit, LFU) 2 W iEH WA S, 5
ETHRAmELAEIR, EETRAN D W MET T
O Ko BpHANKF L REENALERAN
ERARBEN—MRS HRMBREF ST 5 TR A
RERMNFRFRBRILE AR, Hb, £
S RORLH T R LA RAENER B A
A E M RE N B E, ERRERALRS
WA P, LR LFU &% & 26 H F 1 5%
AT RER, ERS TRERE S RAF LKA
AEF,LPOZTRATHBERAE" . §1E
B, P A AR R K R A B R ik B e, A 8 LPO T
16 TR A LFU zh f 5 0 & AR & 4. LPO 7 &
it B A% Bt % B -3-3 B8 ( phosphatidylinositol-3-kinase ,
PI3K) #n 22 2 J& v& ¢, & & ¥ B¢ ( mitogen activated protein
kinase , MAPK) 15 5 i % 4 ROS % {t. 5 a4 4% T 3 % &
EAEKTARATHXESIHNREAY . AFEN
REMEHREFHACBELLEE XEEXIRHE
TR E R, LR 2R TR N R 6
BAMEEY AWME BN A LN RTEL T Lo T
HR Ao A 36 T BB R B B B AR A . A B R B
A A LFU # 5 & L E & & 21 8877 & 1 i
#EAEY, M AE ROS EFTRARLE X R A%
— & B AT A BT T R T R U R B T R
T340 K ] AT 09 RN B2
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2.2 ¥ &AKE ALK E S SKQL

WAMTRAGF R T XKL, BALGH &£ 4
VAR B H A SKQl £ X EE# NN M KRE., %
HEZABET AR ENEZERE, O RNARMTFE
P B T4 R SKQ A E 1AMt A& 4 SKQI
( plastoquinonyl decyl triphenylphosphnium ) B 2 ¥ 1 1%
TR TRAH, i 2 AAFH SKRET A K
Skulachev,Q | % % 44 & fr & B, 2 L % & 2 A
[10(4,5dimethyl3, 6dioxocyclohexal , 4dien 1yl) decyl ]
(ZREB)RWHE, BER, v 5T THAEBARSA
RO DN O o e N e N el
HEPRETEFRENER, EA MR LK
B 1S e A, SKQT B 3E 52 fig #E N\ & R & i 7 B ROS,
e 16 TEL T R R MU BL R B, WA T R AR 3R R BT, B B
RAZHBRALAGB L, KEHRTE T B R
A1, SKQI wy i KK % B A3 BT 4 B, B HF B
I R DR KR B A (0. 25 wmol/L) A T F
Rk B AT, SKQL & A Tl R By &K
EIE T /S
2.3 FwE o u R

B, B AR ERENERRRIAL )W E
R AMNF BT TR GHE LW, W B IR
B HEREHREREEEAARHG LN FL
By B R G R A B B AR E BR R, TR R UE A, OF
REBELEBERMABLETNRRRIAF, XEBTT
Rt o B BRI KT 2011 £ B AR
ATFRET,T201241 AZEB KR LT, lFKRRKR
IS, 5 BR AR T B E TR R 2 R AR AR, X
ABERRERE TP NERERRES THARS, M
MEBEWMLRRLE T2 NERERRE THBERN.
2.4 BmEAWMANAKER

HAEmEEAABREA KEA EMSMHE
KRR, ENMANNET T ETR TR Z — B8R
HERAW M A EE 3 A EEHRK: (1) B &K DFRH
RAFEFESBNEEAH:; () FER I HEFM
2B, DL S o K 2 B0 RS B (3) M VE R 2 E T R
EHL G E MR R N T T K
M ERESRXRAZENEN AR FHRATLE, A A
He 78 J E Ky AL TR bR o R BT R E SE, W B R v
ABEWHEEAP R —MFHTREBTHERLEL S, &
EAPE—MEmESnREEE, dH R W R ER
PONABRLEARBEWm A, WME A Z oA TEE
REANWSHARS ETREX T LRI AFRE
Ko #WEZ M mE AR BB, FEHREARW A

TR

AHERATHEREAASHEA N, k4%
CARER BAatmE i L4Eas™, B
BEWRD REFER WKL, 2 Ak &K
BHMBHSHE, T AR EMACAB R, S5 L
KA ERSER, IKhEOR - A4EEEE
B FREABRLAEAKRTFRKS THROE LA
FUT D ENRTREA S Ay 5 A ALKE G H A
TURHAERENAEHE LR B E RS . &
Sjogren 4 A AE4 K TR & # 7, 0 RALHE B4 %
ATEZEnELTRER" ., A4EFaTEL4 S
FEAFERA U EMBENGER, MH TRES
ROS By & 3% 15 B, M 7 42 21 36 77 15 o

WAL ERREL, MWK ELE TR
WAL — R BT, RN R R —
WELWT L RN A EG, LWy LBE LR
RO E| f R bk e e T — o TR AL R A LA B
R, ZHREL, UBAEER S WREANT Y
HERATRET G0, ETRHEABLAL N GPO ty
AR B Sk, A BTk £ ROS Fn 3 A 1L 7% B 7 2 J8]
B 4

3 ZVREAKRFFNAENGYET TRATRS

3.1 RAZBRENRET
HRELGWRGWEDHEE BANTEANL
B AR F M A AE N T R T AR E
B A KREKEKFEERKG SB AN M,
XHEWETRER. EEWESZMHAR KX K.
PR R A R IR S B
3.1.1 WEx WMEEERKEFLIAS Z . 0EFE
W—FEWENEN, EABANREAR X HEH
BER™, EANRTRIBER B B 5 M A
FUEMERE ABEAEEMCRE T E, X5 E
BRERFZN, WX R 4B X A B 2 (matrix
metalloproteinase 2, MMP-2) . MMP-9 . % it %5 Mt 4 F
1( cell adhesion molecule-1,ICAM-1) Fn fn & 28 jE %5 [
4F 1 (vascular cell adhesion molecule-1, VCAM-1) #y
WA EFT GBI BEEET RS AE AR
BB E, BIKERT &4 8 A% la(interleukin-la,
IL-la) ACF 0 AT, B AT BCE 3K W A 0B U TR
HEBZBTEMIENERELSG Y,
3.1.2 WFx WX ZRAEVDEFFARFAREN)
ZWREE, LA E R ROS | 47 40 X % X FH F/8 &
M ELGLBETERANERN, ERILFFEAS
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BEWMEAUCEWWEAFAETENRHRME, wAEK
Z ERE R AR EXEEE EMA R ETRE,
BH T HERFL T ARM ER B AR AR
MAREGHRECKREGY, QB FHRARKBELRY, 4o
F 7. — % ( polyethylene glycol ,PEG)b-(e-T N EE) 8 &
Y% RN KR KB TR E B RS W E
BB OK &S ‘:F‘[%]o B-* ﬂﬂ%(ﬁ—cyclodextrin,
B-CD)E—ME AMWHm AWK, ELE B-CD i
ABFAEGMUTHEER LM W EALT
H—MITEREARKEERENED S KERREY
E0 BB, & KR LOPEG, R W X AW
BV A R R T ok LK F O AR LR
FHILKAEERG PEC RS AT, ATRFEAL
HRAETEINKFPEC/ LXK EE A M. XMHF
FEILEXRAKTPHEMRERSE T 100 £, & 3|
50 mg/ml"™ . PEG/ LI % 45k & & 1 3 F /D B R
MEABHRWETER, TR F ERTR AR WE
FIEF o ICAM-1, VCAM-1 MMP-2 MMP-9 IL-17 .
IL-18 fo IL-6 % k& B F #h 4 w ACF ™. 2 F PEG
1B AL A LA R 1B A5 kR X 18] By & B T XE
E—FHERBEEREGOHAANNREEFa, HEN
THRWEFNTFAEESGENTANLTG Y,
3.1.3 WAHF HMEMBHFORHAR,AKRHA
BHAARERET £EHBTARNE R, LF K, A
A EBMMAFE N YR F RN, RiTHE S
WA KEFNFR LB R, EENEFTHRE
THTEAEN. RETEMENHRTAMHCTHF
B TREWAR, BEHEL REFREHKRTLA N
FmwEEERE, Al nEAEEER AT NTE W
REFamdR URENHEN T, Brix—H
RWHR T ERENKBRTFRMAEERH RN F
Bo RALB A A EA BN EAER, 7T AET
A% BAMEER mn MEERAMESE F-m HE
kRESMUREE. BNEATHRRARE @AY
B ERTERAR  BABRE T ELHEHAR
THHAR KR, ELEATART REENHE
e Ao o B ROS 1y f 7 , HEE BL m 4L T TR
SmAENEM ST AEEMEARYER, THE
RIERK AN HE B e E T, R EER
HERSERE, IAXKAESHEBTREAR T E
RARMZ AW ARWFRE L ZRIEFY &S B
ERRET TROARE, FFHTFRFHRA LY,
32 BN FEANA AR B RENKRET
A A 4 4 Kk KL F (cerium oxide nanoparticle,

CNP) R — MMM EANTERE R, A EH+3(HF
B Fu+d (B FZ K)o CNP B A Ce™ A b A
Ce" Wi gt #7 , 1F & ROS W &, T W D 4 M % 4 &
RHO, 5BTHHG, R EF AR AZTREAF S
WA, M, 5 E A LT E T E M E,CNP
NBFLEELAEARGENREARSD, EXA S 5 H, &
H,0 R £ R "™, i Fx A B A o & 1k i R
TEMEAT , CNP 6 4 3 B E AL R 7= 4, 45 At
iy B B o it S A B8 0 B ROS, K &£ ROS oy & ik &
SRAfmEl e, —RERT AR LR,
CNP 1£ B o % B A, 4 0 2 3B AT HR R fn H At &
R R M X R RERE Y KWL AR
AN ROS IR e A1 An RAT I A A A M, 2 TR
FWEEGY., C_BrRER — AR RRET
A ERELHF EMMAERE KEETERE B4
MEFFRIIRLT ) ZXRE, HRARFAXFHEAM
ARERRATRT —HABBEELFTRRC _BER
RENRBEBRAE WL _BETREALTARNE, A
MNRERAR FHEARAKTRANRER F 4 E I
HEEWRAMKE,
3.3 MET %MK KK KRR K

TF K 2T I R R [ 2% 4 p38 MAPK 47 #| 7|
Losmapimod ( Los ) Fu # & b 4 3% fb B 4% #l fb & 4
Tempo ( Tem) & Bk B [H 8 F % K ik &, 5 A &y MTem/
Los], A% & HBHMMNATHREMEMBEIHK, WHTFA
MTem/Los it 5 A i M TR G i m Al
TR, KET EHAE M Tem F1 § 3 A% % Los 8
RFH G, NTIRE BT RE, THREKEL IR
&, MAEH AL # # W, MTem/Los 7 & % [ ROS #
it Ak, BRI K 4 B BT A A BT B R GR KGR,
MHAESEBERRXAN B ERA T, EHTH
T, £ A W E 3 f B MTem/Los 7 1 #| k S K JL , (% 9
FoRE £ BB AR A ATR 4 i T B 1R HEE R
W, PELBT A fb R R R BN, Z TR ECR. M
4h ,MTem/Los B R 4F oy A& 4 A0 & M Ao i % M, T 1
KB A BB R R MR R T A

TRE-MELWLEZEERERXER KR
W, BRE AW Lk FDA Sy 47 % U 4
REEEA TRGH N £, B EEHHTRAHN
HURKR TEANEWENEFERH T, ATRES
ERH RE, AN BT R TR IE KKK KRF
Mz—o ZETHAMBFLANRACHRKE 5K
KA F R AR b, B E AT A0 B R B O IR R IR
L&, BRARIEHFLXETRORALET X
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