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Abstract

* Dry eye syndrome refers to a general term for various
diseases in which tear fluid quality orabnormality or

kinetic abnormality is caused by any cause, resulting in
decreased tear film stability, accompanied by ocular
discomfort and/or ocular surface tissue lesion
characteristics. Dry eye syndrome is a multifactorial
disease that is greatly affected by age and environmental
factors. Among them, oxidative stress is closely related to
age - related dry eye. In this article, based on animal
experiments, the role of oxidative stress in dry eye
syndrome was pointed out by establishing animal models
of oxidative stress and monitoring the levels of
biomarkers and antioxidant defenses indicative of
oxidative damage in ocular surface tissue. In addition,
some interventional studies have shown that oxidative
stress may be a direct target for local treatment of dry
eye. Certain substances may effectively reduce oxidative
stress damage, thereby achieving the effect of treating
dry eye. Further research on oxidative stress in recent
years has shown that oxidative stress has an increasingly
important role in dry eye, providing a basis for clinical
intervention against oxidative stress.

. KEYWORDS: oxidative stress; dry eye;
laboratory experiment

Citation:Lin Q, Wu KR, Shao Y. Laboratory study of oxidative
stress in dry eye. Guoji Yanke Zazhi(Int Eye Sci) 2019;19(12) .
2053-2055

03l5

T HR S AT o] D PR s G 4 Y 95 i 5 B B ) 2
S FEOH B E M TR IR IR AN IS Fn (2k) HR 3%
LU FRAE B 22 B0 I PR . 38 5 0 B A BRI
SHBEATRE GRS &M TR IR R R AE 5 40 e v 4
S DRI R ML = R, TR e —Ffh £
PR 212 M SRE M , R AN BN FE R R R BOH AT e
IS, RSSO LT TH R A ik S A8 Ak 25 15 4 B [
RS, FECRIENG IR, 51 IR 2 1 f 55 a2
W, EEETIREENGERENEZ " MR iE s
5T W, T HIR A £ 3R I AT I 18 348 o ot 4P i
WORAF I M M T IR EE RN R 2 — [ 5 %
SEBRAR BN A 5L L A 5T SRR B A A W 0 AL il
K (Cu,Zn SOD KJK) B FBEMIL A RS, M=
SOD-1 F/NECKH g & A 5T & BB AR K A
1= F Al 2B RN 0 B4 R AR IR TR 2 | JRAERE BT A b
PRICHIZEA B R A R R RS i R B R A R eT LA
B lbF 2R B E R AR SRR A0k
X AR B R A IR A S A T2
1 5SEUNEE XN TROFREEEZHH
11 EEEETR AN Z 5T IR m e -+
AR 09 ok il iR X AN R SRR D TR R M4

2053



EfRIRRIRE 200F 128 £19% F12H
815 :029- 82245172 85263940

http://ies.ijo.cn
BB {5%8:10.2000@ 163.com

(reactive oxygen species, ROS) , 24 ROS /K38 in i, £ Fp
BrAAREACT R | AT RE ™ A R s LAJA N S Y 5
JEBLFEAR ROS 7K TE 16 &0 F e A Ak 7 18 & 4t 4t 47
ROS TRACE  WAF F B IE R . £ Fh R AL &R angesh
& TG YA SE AT 5 ROS KV T . ANH]
FEHIH) ROS AT i v] B0 0 TH W PR o J2 55 45 4 LA B IR
RMLMBEN , FECTIRA E A, Bk, bra LB xs T
PRAEIE PR AEUKOPAR T35 S 3 BE BB 5 BB (1 7K 2800
L, ROS & TR RAFry Wil b , o] DL e AR A s
FATF R, W R el DL & 3 ROS 7K SF- Bl 4F i 7 =
BT B AR AT A A B KT R BRG]
fI% ROS 7K A 2 5 5 24 1 T I ) 35 g Al ] 88K v 97
THR

12 B ERMIRREES TR HBE R Fm -z gn
JHL %) 240 FEL AR, 5 7K T R T il 2 s 55 7K TH Y 7% K 38 e
FHEOHW BB R, 3% 2 T R oE GG 5 00 e s 20 38
THW =838 R0 IR A 22 A8 Ak 191 1 45 S 0 ) HEE 240 i 1 0
T2, I35 & B — 20 Al M A0 T 1 S8 0E K, A4 7 ARG
HEEH PRI s 2, 18 P ARE f & 23 B IR 2 O TH
W3, IR 1 TH R0 AR 2, 1 IR A 24 94 10
FEAEN

2 R E S T AR HE 5K B9 SE IR I HE

2.1 fRSMEDE UEWI A S TR A DG AR 35 2
TARSN SR B 28 . FEARSN LS LhEiB B gR kY
TE AN AR R iz 4 A N BB iR AT A A g L
Fe AR ACKE 77, SCI b n] LS B AR I AH OC B ROS AR i
BTN B A Ak T RN BT 48 Ak B KT 18 A, ZORE /& DNA
43 A SRR ik S o AR e 4 R R R A
2.2 ¥R

2.2.1 SOD1 EFERIB/NREI —Ii Sodl (—/—) /NHAY
IR T AN S TR Z B B R, %R s 7
Sodl ( =/=) /I B 5 %7 A= A /)N BRLAH Lb TH BR A0 HS AR
(meibomian gland, MG ) FAE7E LBV 3% 5h A i 4 b
AR AR L, B e A R R AR RS BRI AA L R G2
(] AN T 35T SRR LI, 3K 5 2 AR IR A OGP R HoE
GBI A B3 1 0 — B, A A W) I AE 8 (superoxide
dismutase, SOD) ZK W &—Fh FE P EL RS, Cu Zn
FALPIEALREE 1(SODL) 7E/NRAR N I Bk = S 38 T 226
RIT s 2 e R A, EXTAR S, KA AT
Sod1(=/=) /INEIH R BT SRR AE A1 43 WA DI RE . TH R 196
Bk A s A A A 4EfL, CDA(+) T 4l Rt
i AT PR 40 R s T B R A S R E R T
B —[8) J5T 40 B Ak AR, I K R GE Ak 2ok OF HLoFE 2
Sod1(=/—) /NG TH R FRAFAE T T4l i 53 AR W %%
F T M A B T BE B % ( meibomian gland  dysfunction,
MGD) "™ MGD J2 Jii ] = MR Ay 35 B2 I P 3 il e A i > 5
BOHMENG B D THW K 5378 A 3G 00, TH B2 375 161 fin gk
17 J MR 2 T A 28 Ak, AnH BN R E AT 2

222 HERF/NRER I A LB M AE GO 5 Hb
IR AR A DG T RE R IR A G, SR, A A R i T 5%
M 47153 W6 B 3 W ) 6B %) 43— ML W S R A — Tl 2
mev—1 2o B R /N ERAR RS (Tet—mev—1) 1, & BUTH AR 46
R E A5 T BOH IR T e RS TH R A s 2> ROS A=
RGN, S BT IR A & mev—1 FE it Cyt—1 J&
AR A T B FA TR — 12 Tk A0 340 D il 1Y) 20 it €2 38

2054

b 560K 5L, 5 AR A 35 AR B A C L (SDHC) [A]
U8, 1% mev—1 FERIE S B AR 3%, SR LR 4
THWE T ANH W 3 WY FBEA X, Tet—mev—1 /NRIH
WIS T B AR TN B, A U 2 43 B S s TH R SRE 2
FRIUA TH B PR AZ 20 IR T R TH B 2T 4 fl ks A B
T, EAL T RE TR & B EDR IR &

223 HERBTIR/NERARBEILLG W B RIw ST T IR
INERAF SR A SRR AR N I S T IR Z MK & . SIRTL J2&
— IR A, DNA 5305, A58, A8 AE FJs i AH 5
(SRR R T 9 E S ROS AR A 56, S — R R as
T i Jig V2 W4 — 4% IR ( nicotinamide adenine dinucleotide,
NAD) B8 ZBEIE A, T ROS AR A &AL I 384 i 7
A=A R S R & B A S s R R S 3R WA
PRIG 75 S 7 5 SIRT1 LSS —Fhbit 467 SOD i3k
HOIA O, XA I B Rk 4wk, H7EBE S 8wk N KA RF
1™, SR IR AL b A N BRAE R 3 R S AU TR R
RSO, 45 A AR B R BE DLt 7 TR A AL 25 5L R
THWRAE B b f R SEOG R G g fn, B 5Pk
RERI () 284 G . B B Y 1 JE | i S B 20 44 Wl s
HE Y (o 0 i i g B AR ™ 3 Se s B0 25 A 7 i 136
TP IRE S S R MUE A K
22ARFKBIRNEER LR EMELE HE W6
PIREAR S 2 UM G R S BT IR A B R I, i T
HE R ( calorie restriction, CR) #{IN Rl LIPS 1k d1 T3
25 RS RIS B 09D RE LR | i BR R BB A AT 1
NPUEACR B — A, BREIAE KR 6mo 5, TEH
FPUIRET KB A HWE T8 , 45 0 A 90 52 55 20 K BRUH AR
DRt TARBR P o R 2H . - L BB ARk A 7 TH W 2R 1 4
AR L SE B, IR 8- L -2 4R 2 (8 —hydroxyl -2
deoxyguanosine, 8 — OHAG ) fl 4 - ¥ B T M B
(hydroxynonenal , HNE ) WA AL NI, 5% BUZLAR 1L, 55
35 2H TH A BRI 0 el 3 0 76 R O R AR % TH W B
GO ST B LA 9 R W A R, R BNV B
6] R 27 44k, ELIH AR B 8—OHAG A4 ¥k & il HNE 3 (0 A 72
JERAR, X EeLEREI T CR W] LA TH R P 5 Ak
AR SC IR . FE DT —FP R BB AL e K % 22 7% %
TR b 30d, E AL BR ICH) (8-0hdG, HNE ) Fl
N [ ( malondialdehyde, MDA ) B8 B 38 I I B iR | e R
Yea B, O T AR A REFEY . FEREE KR, A IR
5 2 B TH i A MR H i 7 1) O B8 7 15 2 1 ) el 7 2 R 3L
TR ;rab3d mRNA il rab27b mRNA # % 35 Fl rab3d & [
R 2 TR AT, T 2 fok A 2 P KSR
3TREFNWMHM N NEIGHR

3.1 %> ROS W R WFFT R BH, K- 26 ) it BE 42 % 11X
ROS 7K, TEaE A S5 5 AU A0 DL T 15 57 00 f B 1 Bz
A, LA R 1R 8 T 8 B T AR 4 i 252 ROS
A RS R 2 RIS A RE R AR 40 i P9 ROS 7K -2
TIAMETE AR, B 24 AR A Y 7K S FT REAE X ROS Jal
ot %) T S0 v 32 B P AR R AR T W R B HUY) v i e R
14 20 T PRI B A 56 A B 34 RE AR SR AL B 40 2 bk W R 4k
JE A I A 7K ST [R) S BEARR B STl P 7 S22

B2 BERWAMBMABAIER X5/ BURD K B g 55 1Y
PRI AR T T T 2 2 ] 4R A I U803t 1l 1 463 4 T LA A 4K
AR, 76 —T0FH B0 Ak 245 R AR ) 2 B % T IR /N BRGEEA T
FIBIFFE H , A 2Rt 45 245 1 ok BE 4 /N BRTE R AL 23 e R AUAF A



Int Eye Sci, Vol.19, No.12 Dec. 2019
Tel.029-82245172 85263940 Email .1J0.2000@ 163.com

http .//ies.ijo.cn

S Bs, TH A IR R R E TR TH W A A0 R
(IL-1b IL-6) JEIRIER T (TNF-a) , THEK (IFN-c)
T HARE I T . CD4 c—x—c #ILIH T 3244 (C3t) 4l
JHL) A T g o Gl PR AR A A 9 TH ™ A BT R 23 i
[d] ( breakup time of tear, BUT) BYJ8 /L, ffi JE 7€ 6 2 Yo (a 384
T, 7 AR VR A PAER 200 0 2 AR AT, 3k U R AR A 52 6 4 T
PRI B TGRS Ah, TIRAE 4 4 )5 I L AR
Wi, DA Sy B A S0 30 [0 980 3R K 118 728 A 23 5 Wil S A R 2
AE, FEGAME T IRFH R AT E | = B A A 2140 g A=
BRI, AR T IR R USRS 3R 97 24 R UM
a—fi ¥R (a-lipoic acid, ALP) 4524 , 45 5% % B VH 38 D RE PR
52, Schirmer ISR , o—BR A BRIE — Bl N IR PE S LAY 2R
KLU BEIE SV B B 5, AR W) "2 800 A3 45 ROS 11
W fEdEmAEA: R C F4E AR 3R E A Al BT S 1050 A9 AH B
VERIAERA: AR AR I RE A T o= B IR 2%
TR B RS, S BOH B S A Y B R A
WA S XSRS R A T 2 W T R i AL
LR s IR
4 BRE55RE

T S A W UESE , AR R S T IR BAT A
AR AR o MRS A IS i Ak Tk 20 B B, iR AT
T RS SE BT R R T R AR RO T IR YA
Fr Pt TR ARSI TE B ¥ 7 ST A 15 IR A AR IR
FPRRAE . A JE JLAR Xk IR R T A R T 5 Rl RE 227
A R B B 52 PRI MR DO & 1032 R ) 4 A
WAE T IR FE I
SE 3k
1 Shao Y. Interpretation of TFOS DEWS II. Rec Adv Ophthalmol 2018;
38(1):1-12
2 De Paiva CS. Effects of Aging in Dry Eye. Int Ophthalmol Clin 201757
(2):47-64
3 Pflugfelder SC, de Paiva CS. The Pathophysiology of Dry Eye Disease.
Ophthalmology 2017;124(11) :S4-S13
4 Farrand KF, Fridman M, Stillman 10, et al. Prevalence of Diagnosed
Dry Eye Disease in the United States Among Adults Aged 18 Years and
Older. Am J Ophthalmol 2017 ;182.90-98
5 Pinazo — duran M, Gallego — Pinazo R, Garcia — Medina JJ, et al.
Oxidative stress and its downstream signaling in aging eyes. Clin Int
Aging 2014;9 . 637-652
6 Kruk J, Kubasik—Kladna KY, Aboul-Enein H. The Role Oxidative
Stress in the Pathogenesis of Eye Diseases: Currnt Status and a Dual Role
of Physical Activity. Mini—Rev Med Chem 2015;16(3) :241-257
7 Kojima T, Wakamatsu TH, Dogru M, et al. Age—Related Dysfunction
of the Lacrimal Gland and Oxidative Stress. Am J Pathol 2012;180(5) .
1879-1896
8 Gancharova OS, Manskikh VN. Age-related changes in the rat lacrimal
gland: Impressive morphology and enigmatic nature. Russ J Dev Biol
2014 ;45(5) :235-242
9 Masoro EJ. Caloric restriction and aging: an update. Exp Gerontol

2000;35(3) :299-305

10 Baudouin C. The Pathology of Dry Eye. Surv Ophthalmol 2001 ;45
(2):S211-S220

11 The Definition and Classification of Dry Eye Disease: Report of the
Definition and Classification Subcommittee of the International Dry Eye
Workshop (2007). Ocul Surf 2007;5(2) :75-92

12 Deng R, Hua X, Li J, et al. Oxidative Stress Markers Induced by
Hyperosmolarity in Primary Human Corneal Epithelial Cells. PLoS ONE
2015;10(5) : 0126561

13 Ibrahim OMA, Dogru M, Matsumoto Y, et al. Oxidative Stress
Induced Age Dependent Meibomian Gland Dysfunction in Cu, Zn -
Superoxide Dismutase =1 ( Sodl) Knockout Mice. PLoS One 2014 ;9
(7) :€99328

14 Jester JV, Parfitt GJ, Brown DJ. Meibomian gland dysfunction:
hyperkeratinization or atrophy? BMC Ophthalmol 2015;15(S1) :156

15 Uchino Y, Kawakita T, Miyazawa M, et al. Oxidative Stress Induced
Inflammation Initiates Functional Decline of Tear Production. PLoS One
2012;7(10) :e45805

16 Yang H, Bi Y, Xue L, et al. Multifaceted Modulation of SIRTI in
Cancer and Inflammation. Critical Reviews in Oncogenesis. Begell House
2015;20(1-2) :49-64

17 Ou X, Lee MR, Huang X, et al. SIRT1 Positively Regulates
Autophagy and Mitochondria Function in Embryonic Stem Cells Under
Oxidative Stress. Stem Cells 2014;32(5) :1183-1194

18 Maiese K. New Insights for Oxidative Stress and Diabetes Mellitus.
Hindawi Limited 2015;2015.1-17

19 Liu H, Sheng M, Liu Y, et al, Expression of SIRT1 and oxidative
stress in diabetic dry eye. Int J Clin Exp Pathol 2015; 8(6) : 76447653
20 Amico C, Tornetta T, Scifo C, et al, Antioxidant effect of 0.2%
xanthan gum in ocular surface corneal epithelial cells.Curr Eye Res 2015;
40(1): 72-76

21 Nakamura S, Shibuya M, Nakashima H, et al. Involvement of
oxidative stress on corneal epithelialalterations in a blink—suppressed dry
eye. Invest Ophthalmol Vis Sct 2007 ; 48(4) : 1552-1558

22 Batista TM, Tomiyoshi LM, Dias AC, et al. Age—dependent changes
in rat lacrimal gland anti—oxidant and vesicular related protein expression
profiles. Mol Vis 2012; 18(22-23): 194-202

23 Pastori V, Tavazzi S, Lecchi M, Lactoferrin—loaded contact lenses:
eye protectionagainst oxidative stress. Cornea 2015;34(6) :693-697

24 Amico C, Tornetta T, Scifo C, et al. Antioxidant effect of 0.2%
xanthan gum in ocular surface corneal epithelial cells.Curr Eye Res 2015
40(1) . 72-76

25 Hua X, Deng R, Li J,et al. Protective effects of L—carnitine against
oxidative injury by hyperosmolarity in human corneal epithelial cells.
Invest Ophthalmol Vis Sci 2015;56(9) : 5503-5511

26 Li J, Ruzhi D, Hua X, et al. Blueberry component pterostilbene
protects corneal epithelial cells from inflammation via anti — oxidative
pathway. Sci Rep 2016; 6. 19408

27 Choi W, Lee JB, Cui L, et al. Therapeutic efficacy of topically
applied antioxidant medicinal plant extracts in a mouse model of
experimental dry eye. Oxid Med Cell Longev 20165 2016. 1-10

28 Andrade AS, Salomon TB, Behling CS, et al, Alpha-lipoic acid
restores tear production in an animal model of dry eye. Exp Eye Res
2014;120: 1-9

2055



