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Hydrogen Peroxideell 2J& A3 Zhehfiz] A 2E4 el tidt
Hyaluronic Acid9] &3%

2ola o9y - 2FY

T Aol o3 Zeh M ¥44S #2883 hyaluronic acid7t o181 &S AAlsks
7t QRS do} Buzt syt FFAAC Ag nFstd AFALE FAstT glu-
tathione-bicarbonate-ringer (GBR) &2 oF R 147 F<t ZAThis|AEE B/ th
ARPMAE o 247 M BRI BFF o) 1580t ANEAE FHs 4GRITES
Asdsldn AgdAze #Fs4E2(0.25mM, 0.5mM), catalase, Healon, Viscoat,
hyaluronic acid 0.01% % chondroitin sulfate 0.04%%& AM&dtAn BRAFF Zoe
glutaraldehydedl 143t SdAAv Aoz ZAhgAXE #F3A. Fidekra 0.5
mMe 3% ZubRze gdg v 0. 25mMe ZEEFo] {52 gkth. Healon? 3}
Aslaio| o3 R ES AAFA L Viscoats 23818 ZtFAe #AE B T e
Exe AL AR vA7FRe F fA=EAG Hyaluronic acid 0.01%, catalase
15000UE 2228 dalsnen JA] vjdT2RE eIt 22y chondroitin sulfate
E zhulnz g AR elA] Ratdn AEAY e T/ BAHJC oo AFHE Healond
Viscoat: ZHMHAEE #AEEL2RE HEEH ole Z|AIFSE2E ofdel hyaluronic
acid AHH9] Fgoz T &40 AAE S & F YA (EIIA] 39:2514~2526, 1998).
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To investigate the protective effect of hyaluronic acid on the corneal
endothelial damage induced by perfusion with hydrogen peroxide, rabbit
corneas were mounted in the in vitro dual-chambered specular microscope
and perfused with glutathione-bicarbonate-ringer(GBR) solution for one
hour, and test agents for additional two hours. Test agents were hydrogen
peroxide(0.25, 0.5mM), catalase, viscoelastics(Healon, Viscoat), hyaluronic
acid(0.01%), and chondroitin sulfate(0.04%). Corneal thickness was mea-
sured every 15 minutes during the perfusion and a corneal swelling rate
was calculated by linear regression analysis. At the end of perfusion,
corneas were fixed for transmission electron microscopy (TEM). Hydrogen
peroxide (0. 5mM) caused marked corneal swelling while 0.25mM did
not(65.95+8.03 vs. 6.69+2. 58um/hr). Healon prevented the H,0, induced
corneal swelling(15.85+2,99um/hr) and maintained the endothelial ultra-
structures. Viscoat enabled the corneas to deswell(—35.90+18. 04un/hr).
Hyaluronic acid(0.01%) and catalase(15000U) also prevented corneal
swelling induced by hydrogen peroxide(9.52+3.61, 4.61%0.99un/hr respec-
tively), and maintained the endothelial ultrastructure, however 0.04%
chondroitin sulfate showed marked corneal swelling (71. 73%2. 12um/hr). The
results of this study showed that Healon and Viscoat containing hyaluronic
acid could protect corneal endothelial cells from hydrogen peroxide(J Korean
Ophthalmol Soc 39:2514~2526, 1998).

Key Words : Catalase, Corneal endothelium, Hyaluronic acid, Hydrogen
peroxide, Viscoelastics
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hyaluronic acid(Sigma Chemical Co.,
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at3det
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1. Hydrogen peroxideoi| 2fst ztatE gt

ikt 8l (. 25mM (6. 6912, 58un/hr) &
GBR&Ho 2 THFIF HET(3.13%0. 73un/hr)
7 vwsle] FFo] TAFA e ¥HH (pr0.1)
0.5mM &4 43 ZANEFE oy
(0.5mM H,0,: 65.95+8.03um/hr, GBR:
1.36+1. 56um/hr) (p<0.01) (Fig. 1). 434
n A &AL 0.25mMe] HAtslergde 4
Zrehf s A E9} FAMEE &7E 29 w¥kA 0.5
mM FasleErgde A ¥gdo] Bsin A
Al fEAATe] 4 2 AzAg XA
< BEd AEEAE 2EE AU Ui
Fig. 2).

2. Catalase 3! MetER e A}

—

A4 LA 0, 5mM3 catalase 15000U
& &t BRI A7 catalase 15,000U%
4,61+0,99un/hre] FE&24 Iilslea 0.5
mMT9] 79.2+4, 46um/hrol] W8] A<l ziupy
FTE Ho|x ¥%en HAEnAL WM E
AR E BAHo2 fA=EHUAD AXL7|BE
Z fAEA (Fig. 3). F€Ed2 Healon®
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60 =669+ 2.58 pmhe 90 A 4 H,0, 0.5 mM swelling rate
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‘g =3.13 £ 0.73 pm/hr i . 4 (after 15 min lag time)
g 30 5 - “ :
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E onaeedt s ¢ P =136 £ 1.56 gm/hr”
P “p=022
% ‘ ‘ [ . Py 'S N A XN N ]
g R H,0 S *p<0.08
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« -60
» ' 3 3 4 0 1 2 3 4
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Fig, 1. (A) Changes in corneal thickness of rabbit corneas perfused with GBR and hydrogen peroxide
0.25mM. Shown are the statistically fit regression lines for the five perfusions. Mean (+SEM)
swelling rates were 3,130, 73un/hr for GBR and 6.69+2. 58um/hr for hydrogen peroxide 0.25mM.
(B) Changes in corneal thickness of rabbit corneas perfused with GBR and hydrogen peroxide
0.5mM. Shown are the statistically fit regression lines for the five perfusions. Mean(+SEM)
swelling rates were 1.36%1 56um/hr and 65.95+8.03um/hr for GBR and hydrogen peroxide
0.5mM, respectively.

Fig, 2, Transmission electron micrograph of a nor-
mal rabbit corneal endothelium perfused
with (A) GBR(x4,000), (B} hydrogen perox-
ide 0.25mM demonstrating a normal-appear-
ing monolayer with intact junctional mor-
phology (X6,000), and (C) hydrogen peroxide
0.5mM. The outer plasma membrane is
irregular due to extensive dilatation of the
endoplasmic reticulum and cytoplasmic vac-
uolization (x 6, 000).

Zheh A 2o =¥3tn AASFaLd 0.5  7.10um/hrell H)E SAEH R o9gle ot
mME #F7F 3¢ ZA4EFEL 156.85+£2.99 T AAE EA(pd0.05) HARE@MAYL A
um/hr2 st 8d 0.5mMTY 69.29+  uidl 22 F37F FEHE A ool FALNE
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Fig., 3, (A) Changes in corneal thickness of rabbit corneas perfused with hydrogen peroxide 0.5mM and
catalase 15000U. Shown are the statistically fit regression lines for the five perfusions. Mean(t
SEM) swelling rates were 79.20+4.46imm/hr for hydrogen peroxide 0.5mM, and 4.61%0.99um/hr

for catalase 15000U and hydrogen peroxide 0.5mM in GBR.

(B) Transmission electron micro-

graph of a rabbit corneal endothelium perfused with hydrogen peroxide 0.5mM and catalase
15000U. Intercellular junction is intact and cellular organelles are well preserved(x 12, 000).

e
.
T » ’/f @ H,0, 0.5 mM swelling Rate
= /‘ - =6§9.29 + 7.10 pm/hr
&0 t
» <008
o ’ ¢ A b AAas
2 R A A 4 H,0,0.5mM + Healon
0 .0 swelling rate
8 ¢ ng .
e 't GBR 1\ B,0, whh ar without Heslon = 1585+ 2.99 pm/hr
-60
[} i 2 3 4

Hours

Fig. 4, (A) Changes in corneal thickness of rabbit corneas perfused with hydrogen peroxide 0.5mM and
Healon. Shown are the statistically fit regression lines for the five perfusions. Mean (+SEM)
swelling rates were 69.29+7.10um/hr for hydrogen peroxide 0.5mM, ana 15.85%2.99%m/hr for

Healon.

(B) Transmission electron micrograph of a rabbit corneal endothelium perfused with

hydrogen peroxide 0.5mM and Healon. Normal endothelial ultrastructure is maintained(x12,000).

278 FREGHFig. 4). Viscoat® F3%
Ao B2EL —35.90+18. 0dun/hr24 23]
g Ze5A 7L A3 ol Viscoatd] AHF
ol 325-360mOsmzZ ¥7] WEoz FziE o]
A olw Iatstyigd 0 5mMTE 67.51+
3.2%um/hre] #FES EAHp0.01). 9] A
FAW F A Ze Fxet gAA Y] &
ol9jo] WA 2o Hxul, MELV|T Fol A
Aoz & FAHAR (Fig. 5).

3. Hyaluronic acid ¥ chondroitin sulfate
o &1t

FArgkeEA 0.5mM €99 hyaluronic acid
£ 0.01%7F FHA &35 8HL 9.52+3.61um
/hre] BFE8E B B384A 0. 5mM £
o)%t ZubRE (73,9845 87um/hr) & A8l 2
(p<0.01) WM xe] AU ALAE Fdom
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Fig. 5. (A) Changes in corneal thickness of rabbit corneas perfused with hydrogen peroxide 0.5mM and
Viscoat. Shown are the statistically fit regression lines for the five perfusions. Mean(£SEM)
swelling rates were 67.51%3.2%m/hr for hydrogen peroxide 0.5mM, and —35.90+18. 04un/hr for
Viscoat. (B) Transmission electron micrograph of a rabbit corneal endothelium perfused with
hydrogen peroxide 0.5mM and Viscoat shows normal endothelial ultrastructure except mild
dilatation of the endoplasmic reticulum and a few small vacuoles in the cytoplasm (X6, 000).

180 -

150 i
| é
120 -| }

%0 4 /(
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=73.98 + 5.87 ym/hr
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A Comeal Thickness (pum)

0 e ‘/,( =952+ 3.61 pmvhr’
s .
08 00eet00e®? «*
.30 4 ’I‘ H,0, with o without hyalurenic acid, 0.01%
£0 T T T ' s
A [} 1 2 3 4
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Fig. 6, (A) Changes in corneal thickness of rabbit corneas perfused with hydrogen peroxide 0.5mM and
hyaluronic acid 0.01%. Shown are the statistically fit regression lines for the five perfusions.
Mean (£SEM) swelling rates were 73.98%5.87un/hr for hydrogen peroxide 0.5mM, and 9.52+3.61
um/hr for hyaluronic acid 0.01% and hydrogen peroxide 0.5mM in GBR. (B) Transmission elec-
tron micrograph of a rabbit corneal endothelium perfused with hydrogen peroxide 0.5mM and
hyaluronic acid 0.01% shows well preserved endothelial ultrastructure(x10,000).

A fAHAG (Fig. 6). Zhel2ed APA &
& Alge] Ztehg o] 84 94| hyaluronic acid
0.01% &9< @73t & 23 Fitsirid 9
M 54.07um/hre] HEES 20 MEE
nEZcgole REFF HFEHALH,
hyaluronic acid 0.01% £<%¢] ¢ 6, 80un/hr
o] B2 &8 GBRTI zto|7} gllem Ax vy
BaAANE e e 71Aol ofzte] BF
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ol9lole MR AU AELVAFTE Fde
2% BEYH(Fig. 7). wdd Hiseis
0.5mM &9l chondroitin sulfate® 0.04%
7F A TS EA9L2 71.73£2. 12m/hr2X =}
AbslEa 0.5mM 89 2% ZFeEF8E(80.41
+2.49m/hr) 7 #ol7t e (pr0.1) A&
u| R34 Al¥Edte] BiAsn B AXAe FX
S A ZdehiaH 2o 2%5E B9 (Fig. 8).
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Human comeas

A B0, 0.5mM swelling rate
= 54.07 pr/hr

p<0.05

® H,0,05mM+HA0OI%
sweliog rate = w.90 pm/hr

a FH

Fenton and Haber-Weiss ¥t-3-2 %3] A4
H & Hydroxyl free radical®l 713 8% €
AF9 Ul HO = A Adxes &
Ak AR ¥AFole Hy0,7b 56M E&
0.25¢M °l3t2 Eizlel we} th2u) ofF i
g glom®® HuldMEe 1965 Piried) 23l
a9 E7)9] Ao g AEHEAC A4
Abgre] AuhRolE 25-30iM FE2 EAST =
AN gzte] Aol E 82uME F7}5 of
AL AHEE A7 FFFAME 27aMY, E7)
AXE 33-43uM*P 2 ZAPckn Boso] gl

o] peroxidex= i3] A= ol& WA} A

Fig. 7. (A) Changes in corneal thickness of human
corneas perfused with hydrogen peroxide
0.5mM and hyaluronic acid 0.01%. Shown
are the statistically fit regression lines for
the one perfusion. Transmission electron
micrograph of (B) a human corneal endo-
thelium perfused with hydrogen peroxide
0.5mM shows edematous cytoplasm,
marked swelling of the mitochondria with
loss of cristae, and disruption of plasma
membrane(x8,000), (C) a human corneal
endothelium perfused with hydrogen perox-
ide 0.5mM and hyaluronic acid 0.01%.
Mild swelling is noted in the base of the
cells but intercellular junction and cellular
organelles are maintained (X8, 000).

A AZAAAF AN YAE ¢ Jeu®
ol AMEA &L Fol w3h) 2329 WA, w
v UAEY 5 4o & UprrE® o
W Fo] d&Al9lE arachidonic acid cascade
o] &gzl AT a8lm gAY FAAE
A superoxide anion, #}:t3t42, hydroxyl
radical, singlet oxygen, hypohalite ions#}
19 thE AstEFe)] vhEolA ZAARS At
Al7]3 BZF4 ARl £4E oo, kY
ol ARSI Ee] 71%e WEA R WA
I HAE doy & Uve AL 7 49
A AP ARz eugalere Gkl
SAlE Y & AP, 2292 AFHlA
zZE 3t A =¥ Eo] sonolysis®l®l hydroxyl
radicals(OH) 3 #29x(H)7F BASH R o)zt
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S 4
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Fig. 8. (A) Changes in corneal thickness of rabbit corneas perfused with hydrogen peroxide 0.5mM and
chondroitin sulfate 0.04%. Shown are the statistically fit regression lines for the five perfu-
sions. Mean(+SEM) swelling rates were 80.41+2.49m/hr for hydrogen peroxide 0.5mM, and
71.73%2. 12um/hr for chondroitin sulfate 0.04% and hydrogen peroxide 0.5mM in GBR.
(B) Transmission electron micrograph of a rabbit corneal endothelium perfused with hydrogen
peroxide 0.5mM and chondroitin sulfate 0.04% shows irregular plasma membrane and numerous
variable-sized cytoplasmic vaculoles(x6,000).

Hog Aax¥ze} wkg-3led superoxide radi-
cal®t FatssaE YA ? . olw WAdE =
fEirlel e 2&ue] Arlet Fug, aEln
A /e FTAFY HFYRIHE = g
YHAL ascorbic acide] Atsle] o&ch  Asco-
rbic acide FAH o2 Abgrel Ao < 1.0
mM AE ZAQHY ol ¥FdAe srrt}
¥R =} Ascorbic acid®] 4tghe W ribo-
flavinol ¢lal AR 71&3E ™, 19969
Costagliola 57 & JA|H] #lo]#] ZALFo Aut
We] spakslael Z719) ascorbic acid®] A
9 898 glutathione(GSH)9l &, Atshy
glutathione (GSSG) 2l &7/t deolwtn 208
Fole Yoz HAFHATGL Budtd AAln
golA ZAL Fol Ztehs M EV FEA A FEF
£ Faghes A AlARIET

Fargleael 271 0.3-0.5mM Ateld et
Wl 2o g 24L& Jehfo] ARRES o
o7 AEAoG MEALV|FE "I Fo] oA
oy 39 Na/K ATPased] oA ¥ &
Aol Fot 2dEe AR ¥hA A4
Folx 2 7jHer ZAupRFe] 2vhn Az
F AP,

19883 Nguyen 5l o3tA Awuel 3
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dasee]l A7 w&o olE FAad 9 7
Ageie B2 HHS AAIGY, E2@
glutathionet At} Hexose Monophosphate
shunt® SN E SSEH”. 19789 Edel-
hauser & #HFAel glutathione, glucose
H71eled Ztehfs) A o] Ao F2 B
vehdotn Bandgch 2y AEhissE
71 izl sy g AsEAd AUAA Ee
LHEL =E3AE AETY oY = Itk
Akt volrt EWA A4 4sE HR 8k F

o] Z+4% 1 glutathione® ‘eolel uhe} ZHAas}
A AP, Ascorbic acide AtstEo] ksl
28 AT AT FAAsA AT Z o
2 AP o)A ascorbic acid?t el
B2 52 EAste A Blal AW H,O,
9] ¥E¥ Yol A REd 54L& Hehl
2 ¢¢7] W&ol ascorbic acidel g&o] H;0,9)
AR opJet AAAZE &8 Aolztn A4z
"}, o1Z8A F4EQA BHPoz HO7F MAZ
A vjgdE ez H,07F Bol Adse 4%
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£3) 2395 AH83l SQUFed & Aole
H,0,9l E4& A4 dart A3 ex5d o
Wt o g deyeA AqUSAEE Bost
7] e = AE A A D fARIE]
Al HSHEAE FHAA AT ded A
gEde] 7bg & ARF shie A AT
el ZIAR s BEaEE dhe Aot o
23 FeEdo] H000 23 At Ed oz RE
ZHh S A 2 E HEgitie Bt g, o) B
3ol el Az Hy0014+= HealonelWt
hydroxypropyl methylcellulose (HPMC) €]
Aol s MEE BEsln, 2% H0,
oA Healon® 3333 Fx7F HPMCEH
BAT2E o & fA8HA HPMCETH Abaf
Y712RE o & B33 Fo} o] F IEEHL
Arfelre FHEg 93 duArE e 95
}E7NAE AT AAFE ol i fE7
BRE BIda 3 o]Eo] AigMREE 2
A g7) 2ol AthERe] A4S a4
Ztgch, a2 o] BanE Adhid AgEAE
Hz A% F HO0,E UFdl F43tn 1% 9
o eEA S Al Aojule & AMEEa 3l
o] X&AH<l FAE EHUde FAAEF ol 9
ot £ Ao e AA dddA et vssA A
S22 A EHd =23 F oF 242
¢t A& oz HO,E BRIV 1 A8
ATk, 1 23 Healon®lYt Viscoat =%
A et E-g JAgge] AAHYI Viscoatd
A 238 ARFAY FAE BAT ol
Viscoate] ZAFY W& ez Az, 1
gt o]23 AeEAe] BHEago] J|AAH WA
23R, olH 31ErAHQl FH A o7 A
Ax = HEs] #waA AR ¥rvh. Sodium
hyaluronate NaHA) & A EZ4 N-acetyl
D-glucosamine® D-glucuronic acid’} 9%
Aoz dAdgo] 71 EAE FAsl FAEAH
AAZA ] FEAsA B2 Yo, ALl <l
A g AE9} FAZ o Ao (4100me/1),
Abgre] ZAHA (1200me/1), AFEe] (1. 4mg/1)
o & =2 EAI®, Hyaluronic acid
= AEET, AEolFe 24, MEAFEH, A

e, 23 IR F9 7wl dn =P
ME71Ael 228 QFEol7|= ), Harf-
strand % 2J3d HABR(highly specific
HA recognizing protein)& A}8-8te, Alge]
zhehf 3] A ol & hyaluronic acidel <&l €3
AE EFI Fo] EAsY AU E7}
hyaluronic acid Z2%34E 7z vk B
nalYch B dpdde F degEde TR
¢l hyaluronic acid®t chondroitin sulfate®
zZtzt #H3F A hyaluronic acidite] Zhaby
ZAAEHRT At ©olPk=E hyaluronic acid
7} hyaluronic acid #3349 Afsted &4
o] JAEAYy E #= Urt 22 o] A
B d3vtez e HO7F A2 ite el
< WA e YEQIR EE ALRErIE FH A
Asr] HENAE A 22y gFd o]F A
= &9 d77t gasit st ® o B
2lstH superoxide®E A8l 4FARKE1717F hy-
aluronic acid& 31%# (depolymerization) Al
A 2 ARE AEAZIGn st AFAH4BEGA
AR HAo] FAHE o|FE ¥t Un
% = walMo| G AAI7E hyaluronic acidg
AEFAZk T o|A-E gel WA BH
At2#21717} hyalruonic acidell 23 A|/A"T
A= B & 3o HPAJL AARA} & Tk
A& BoFt} Catalaser® H,0,8& H,029] ©]
7SS Folsl7] W&o HO0 &% 2t
HZo] A &Hd] AA =AU

Ascorbates] 4ts5o2RE R A
9] H,0, 55 3V Ztgd) &7t He v
Hr} ot ¥ Frrl HEZ, A & 5
2 ZA&E ascorbated] F87]%E& @&l
H,0, A obd A #Za3 olnp hE JE2H
AaFE7Id, HOe S598S & Aoz 4
ZrElo] g3 HAR ALt fle AFdAME
H,0,8 AR & ¥ ot 71&9] H0.%
whe-ale) 238 H,0.8 AAE & Jthes B3
= A7) WEA® Audole o]’ ascorbate
s} H,0, 283 Oy Ateloll G530 BIAH7}
ol 3 lctn AZtH™ AAAHo R o7 i)
Edoly tsEAe ZHHANE B F
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