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Changes in Vitreous Structure Caused by Oxygen Free Radicals
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Abstract

Vitreous liquefaction in humans is considered to
be part of the normal ocular aging process and is
associated with vitreoretinal pathology. Because
hyaluronic acid (HA), one of the main components

of the vitreous gel structure, is degraded by reactive
oxygen species (ROS) including oxygen free radi-
cals, the structural changes in the vitreous may be
caused by ROS. To investigate the effect of ROS on
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the vitreous gel structure, we treated animal vitre-
ous with ROS, which was generated from various
sources. Using riboflavin as a photosensitizer, calf
vitreous was irradiated with visible light (two 15-W
fluorescent lamps) and found to be considerably
liquefied. The liquefaction resulted from HA de-
polymerization induced by ROS. Because of the
small amount of riboflavin naturally present in the
vitreous, a riboflavin-sensitized photochemical reac-
tion may contribute to age-related vitreous liquefac-
tion. Hematoporphyrin (HP), which is similar in
chemical structure to heme in blood, was also used as
a photosensitizer. Irradiation with HP destroyed
the calf vitreous gel structure and caused liquefac-
tion. A HP-sensitized photochemical reaction may
contribute to vitreous liquefaction observed after
vitreous hemorrhage. Because metal ions, including
Fe?* and Cu?*, can catalyze to generate ROS, lique-
faction occurred when we treated calf vitreous with
Fe?* or Cu?** at 4°C. Adding ascorbic acid to the
vitreous during the reaction increased the rate of
liquefaction. Therefore, metal ion catalyzed ROS
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may also contribute to vitreous liquefaction, such as
that found in an injured eye with siderosis. To
investigate the relation between inflammatory cell
mediated ROS and vitreous liquefaction, an
endotoxin-induced uveitis model was created in the
rabbit eye. Upon inflammation, the vitreous gel
contracted and released a water-like liquid. Because
superoxide dismutase can suppress the liquefaction,
the destruction of the vitreous gel structure resulted
from ROS generated from inflammatory cells.
Although many unknown factors contribute to
vitreous liquefaction, ROS may be the main cause of
vitreous structure alterations. To prevent or delay
the progress of vitreous liquefaction in the normal
aging process or vitreous pathology, a new thera-
peutic procedure based on clear scientific studies is
needed. (J Jpn Ophthalmol Soc 99 : 1342—1360, 1995)
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process
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Fy LI BEBHPIR 2 12O1RT, a HoN
YEPEED, E— I BELRoTWE, 25—
ISR BB L T, AIEEERE S SR A L T
CZEeRRLTWS, S E & b2, o $icid
5 B A (o HO —RAK) 0B & HMmL, 25—+
YORGEROBEAERLTWE, £72, ¢ #HOE—
7R LHECRHL T« HOSTFESEML TV
BIEHRINTVE BB, TYy¥y P A—F—2
FrYRRBAFYF—T o8 F A2 MIS O
£ (DU-70, Beckman, Fullerton, CA, USA) % i
Wiz, (Akiba J, et al: Mechanisms of photo-
induced vitreous liquefaction. Curr Eve Research
13: 505—512, 1994 X Y Oxford University Press
DFF Al %2 B THEiK)

MEEFRORBHTH D, EENTHENIC L D IEERE
FREFETAEVALE VERNTIN, 052 w8
HA 23 2 {FH 2 85T L 723959,

HP #7ET O AR KRR 1L, FE O TE2 A u,
1 @ RF OFE L RO HFETHTAEERD H L,
FHEZ NV 1g %70 0.1 gmol(BAF 0.1 gmol/g & %£7)
@ HP (Sigma) #%I L 7z. RF OFEER' & [FHE 1 et
W s AR A AR L TR h o kD0 #ER %
<7y 7 TE—A—DO% %S, LMK 254
CHETFARNICERE S E 5120, E—h — %247 16 BHESE
FEVCRE LTz, 2 D, 15 W OM|IEET 2 & & % 2 B¢
ITA % > F (BREFHEEE - #9 22,000 Lux) 12 & D @+t %
0 ~24 K] EEHRET %17 > 72, B8 RF O£ & [
BRICH 7 VR EFE L2, % 72, BSH%O 7 v Ol
SEHEST 570, 7 VOEMFEEREZHE Lz, HIE iz
BOWE2HET 220y 5h 28 A EE (pene-
trometer) % f W, T2 VO X 5 5 ik e BE o #l
EDD, FOXEOH E TS v Py —ICEBELTHL
T EMEENEVWE SR T Yy —SHLETL, 75
YV —#HE(mm/min) BKEWEERL, S LRES
M Z EHRENRDY,

HEREEE 99% 125

IIG 'I‘B 2.(!
RHEEM (min)
14 16 18 20 22 24
FREFEME (min)
X7 BFE#EHEs/O0vrT574—(HPLO)IZLBE
7)o E(HA)SFENAIE,

DRZ Z2EYFET, HEXOBHC L) HAD
E—sBHECHEHL T, BEREHE & b HA ©%
FERMEFLTOLL ZLR2RL T, AR
HooaFROHAC X2 HEEE2RL, ¥+ ) 7
—ayLiHPLC A ZL2HA0naZ itk b,
IO FREEPHE L, (Akiba ], et al:
Mechanisms of photo-induced vitreous liquefac-
tion. Curr Eye Research 13: 505—512, 1994 L b
Oxford University Press OFFa] % {4 THZik)

HP i X 2 BB EROBERZM 10 1R, =0 OB
FETIE 24 RRREBRET 2, 49 8 %6 DT v A % 7
LicDicxt U €, ERH CIXBESRMOER & X b Iz
FHEFSVEIZETL, 24 BRI 1Z 14% O 7 L B3 EE 1z
WA U 7o, WA 24 R o0 HP o B &5 F dh &5 T,
HP OREERENICHTES VEBMETL TR Z e
BHehER o572 (B 11)%,

HELEEEAE O 7 L ORE LA L 725558, RF
DEREBETREFRSNVBEPELLLTELS L Bt
2, HP TR, HFRB ARG EE>TwBIZ b bbb
T, ZOXNVDOREERE S T BRIE 2 ICRT LS
W2, T 8 , 24 BRERE & b, FEEREE X SHRBEEO WS 1 O
RedBEEZRAsonT, HP EETAEEBHIC LD,
HFEREZZOF VIS Z R £ 25 250, T
TFVEBET Lz Z LB hER T, i, BT
70 D[ BT | (syneresis) Tdh 2 L&z & 41725956057,

Rz, HP HHET O HEXEE I L 2 F &S VOl



R T AE12H10H

e

8 T72AtF b7 L (NaN,) BFET CORBHESR
FOWFEIS—4F D SDSHFLBRAB DG
=®.

YR7 7Y (RF)OFE FOWTH]RI -5 >0
FADAH = AL BRI T B0, —EHEEEODH
L& D NaN;ZH W T RFOBEHER *ITo72.
L— 1 k2 3 FNFREEHER - AT
HB.Vv—>3,4,5 ® X 5 1z NaN,(0,10,100
mmol/L) D#EEREL L3I 2N T, a #HO /Y F
DS < A D, AR DS, 37— O LS
TERE A ] = 4172, (Akiba ], et al : Mechanisms of
photo-induced vitreous liquefaction. Curr Eye
Research 13: 505—512,1994 X D Oxford Univer-
sity Press OFFA] %15 Tlrilk)

MMBOERA =X L 2R T 20,2777
& HP(RREE  lmmol/L)E & & i, BME (W
Fi04mm,EZ2 I 1I00mmZ2H T, ZABIZ0,
24,48, 96 R O HEEHH 21T, 2 7 =7 > 7 VDR
OB ERH LD, 20RR,HP 28F L7 —
5o Vi RS R O & & b, o OB e
LTEREES Y, HPEE T, gtaXic i a7 -~
YENLBIRE L EBBHe RS2 (H12). 2
i, HP 246 F, Bt o FE 7 5 iR (F12'0. L
EZONTWB)¥z F h, aF5—F »FTFHEMNE
L, Z OS5 FHEICH S OREBEERIEHE Z o760
L HEHE X iz,

251, HPFET, A & D #4 4 2 EEBRHEIC
£3a37 -7 UHEODT VRV TO R A=K LB
TE5O, B EEBLIVIA T 75 (h o H—
RED &, Sigma) # W T, RFO I 7 —% £k

WM R L oW ROz - BB 1349

1 2 3 e 5

B9 FkF(D.0) CORHERENHETHIZ—F
>0 SDS 7 IVETKEIDFER.
—EIEFEF (O,) kHEAT (D,0) THMAE &5
ZEBHIEAT Wz, 27— 2T 50,0
{ER %2 fEET 5 72 8,D,0 TOMBNERET- /2.
V=10 D,0TaZ—5>DrFik, br—2
OBKP LD L 20, B2EBES LD
ZoTWwABIEERLTWS, L— 3 EXHR
FETH 5, (Akiba J, et al : Mechanisms of photo-
induced vitreous liquefaction. Curr Eye Research
13: 505—512, 1994 £ » Oxford University Press
DEEIESSNE 5]

£2 WEFETILOERE

77 Y y—#E (mm/min)®

FESER (hr)

Wb emE maeEE
8 7.595 7.59 8.24
24 7.01 7.62 7.49

o EEEOF VO S ZHET S0, WHOBE 2 HllE T
570 v s R 3§ A K S (penetrometer) (Thomas,
Philadelphia, PA, USA) %0t % 77 Y vy —CEEL
THuwE EHEREVWE SR P v —BEB{ETL, 7
Z v ¥ —HE (mm/min) HKEWEEZTRL, 7 VIEEL R
WZ EHRENS,

LSy Ve —WE (mm/min) 1%, 1 53Tk 4 BT F
¥ ¥ — OALHE % JI5E U, SOl & BEhiEsE o BRE RO =
PHEL, 77 Yy —FHE (mm/min) & L7z,

°: 7T~8 DHlEHEDOTR{EEERT,

(Kakehashi A, et al: Molecular mechanisms of photo-
chemically induced posterior vitreous detachment. Oph-
thalmic Res 26 : 51—59,1994 L D S. Karger OFFa] #5 Tiz
)
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100

96

92+

BHFHETILE %)

88-

84 T T T T T T T T T
0 5 10 156 20 25
mafErR (hr)

10 ~%brR)Z 1) (HP)BFHETOBEENRRES
12 & BEHFHDOEALL.
HP #AE T I FF T HR 2 X cHEE L, Pk
FNEOEAEFE L7z, Kb O @ 130 R
(HP %= &% L L7 PR %2, B 1 5
HHP #38¢ FHOLREHE 2T - &
%, A TFEEREE(HP 0.1 gmol/g &6 L 7= THEE)
ERT.ENTNOT—FIRA PR T~8FOF
WAE % F 3, ** | p<0.01(Mann-Whitney test).
(Kakehashi A, et al: Molecular mechanisms of
photochemically induced posterior vitreous
detachment. Ophthalmic Res 26:51—59, 1994 £ b
S. Karger OFFv] %15 THizi)

& ARk I BT SEBR 2 1T 7239, 20 5 — 4 » ¥ #8 (4 mg/1)
Z2INDTZAFy 7 E—H—(EEFE1l mm)ic AR,
HP &ML (RASEE 0 1 mmol/L), BFEZF < 720
E—d—ZEHZ v 7 TH =20, A5 B L
7o W& 53503 RF OFKER & [k, 15 W OBHAT 2 &
WO BENAT ALY > Rz kD 0~24 BRI E
AT o Tz RHIEEE & U TR R & IRAT S IR EE A W
fo BB, 27— >3 SDS F VESIKEIRIC L D5
L7z, 2 DGR, RF OEKER L Rk, BETH O KB
DAZ—4 T SDS %> sy 7 7 T b E
Handz B S L UHESDTEE TR R R
Ehlehol, 2O Eh s, a7 —4 »D—EHEER
BAELTWwa Z Edbrolz®, ki, AfiEERK S0 2
7—% > SDS 7 VEXIKEORER S, RF OFEE L [A]
R, FEREEIMBH R 57— >0 a $iD/ v F
DL D, EEME E b I a5 —F v MRR I LEE
L T, iSRS BEA LTl Zemani, £
T, a HICH LT B HE0 X y RODEE, T2bb,a
HO —REP=ZRBEORS OB EHEML, 25— >

HiRE3E 9% 125

100

96

HFETILE (B

88-

*%

B4
0.001 0.01 0.1 1
HP JREE (umol/g gel)

11 ~< kR 711> (HP) OBREFRAHE.
HP FETCHFFM 2@ cES L, HP ©
HFE7 Va3 2 AEER MR 2 8RE L7
O @ IEN R (HP 2 &8 UEX L L Fik
B &2, B 3RS (HP 2 868 Fafe 28
BLLHETFER,AXERBEMHD 0.001~0.1
umol/g EHF LI THE) 2ET. 2hFho 7 —
FHEA Y PIET~8HOFRIEERT, " I p<
0.01(Mann-Whitney test), (Kakehashi A, et al:
Molecular mechanisms of photochemically in-
duced posterior vitreous detachment. Ophthalmic
Res 26: 51—59,1994 & b S. Karger O #5T
HEHE)

BEBERERCD L ZLBREN. £, a O
E—Z7 B3P LECBEL T o« @05 TREIBEML T
32 EHRENT KRISO0,DHEERTH 2 NaN, %
AwT, Flh e FAROBHERE T, F DR,
NaN;QBEEXREL B3 2o h T, a DN F5E <
0, AEERADHEIL, 27— > OGRS H
ENTORL DDbhh o725,

¥, MEEFEORWYUTHEEY LE S ZHWTHE
ROEE#1T->7:.SDS ¥ VERIKE O SR I1Z, Lo
HP R EFERIC 27— D a LT H S
Wik y RS OEIEHBEEIL, 27 —7 > 2 B8R RERN
ZHB I EBbH-T2,

HP T, B & D 4T 2 iFEMEHICL D 2
Z— DB SE IS Z e L5728,
WMFEDOLI DD FEBRESOHAIZD VT
HPLC 2w THME L7z, RF OEE ik L Rk,
HA(BER¥K, 72 N80 B 2NEDF5AFv 7
E—A—(EE1lmm)ic AN, HP % F M L (5 & 4
FE D 1mmol/L), BREPSCTOEHDOFFZAF v 2 %



PRk 7 E12H10H

AS—45UTLE %)

RRaTEERE (hr)

12 ~% bR 7 41) 2 (HP)FHET OBELRS
I2&3a7—4 5 ILOE1E.
HP FHETOABKBRFHC L2377 ricnd 5
BEERNT A0, 075 B HP(RKE
B 1lmmol/L) & ¥ & 2 BHIE (NE:0.46 mm,
E&1100mm)Iiz2oHT, 0,24,48, %6 KO A H
K ETo 2, 1HR I0EOEMELSK S,V
R A RESSGEEHP 2568 FHAXHEN %
Tot), VR Bkt e (HP 2 8F LE
FURE, VR CERFEMHP 25HLESHL
7o B) & 3 4, *** 1 p<0.005(Kruskal-Wallis
test), (Kakehashi A, et al: Molecular mecha-
nisms of photochemically induced posterior vitre-
ous detachment. Ophthalmic Res 26: 51—59, 1994
X 0 S. Karger OFFn] % Tirik)

N—Fe i}, 0~24 FFE B 2 B L 2 B &
HPLCic &Y HA OB FREOELERD . ZDFERE,
FESEH IR & AP EE T HA 9 FROETOET
B Bl b OO, IZITERAT & FRROS T2’ % R E
L Cwiz, —7h, EEEEO HA 0437813, HE 1 BT
#113%WA L, 3 EEREICE 35%, 6 REE#IZIZ 58% &
AW U, 24 BEE T HA 9 FRIEERFTIC A~
80% kA L7z (4 13)°%,

ZITORRZEET DL,

OQHP 20w EVNVEYOFEET, HEXIC LD F
4 2 FEMER (F 0L, 37— ICHEBER
DBEIZEE DI HA OESFTFESEZ 5.Q ZORE
LT, TS S FIo RS H BN B [ B S | (syner-
esis) B D, TFESVEMET LIz b O EHHl S
25,

I € A 4> (Fe,C*)IZ X 2 FHOE
1k

ZCETIE,MEERIGE L D EETAEEEEC L
LI THROEIC D W THE L7228, T LA OF AR
DIEEBFRIC L AETHEOELICOVWT RT3,

EEREIC L DT HRO%Z(L - L 1351

40-

30-

20+

E7iorEsFE (X 10000)

10——r———————
0 5 10 15 20 25
HRATEFR (hr)

13 ~2 bR 7 11) 2 (HP)BFETF OB
2370 E(HA) ORFEDEL.
BREEEs7 o T 74— LB HADS TR
RRELL HP FETHEXORKS LD HA D
SFERMETLTORL ZEBRENTWS HFD
@ LN EEMHP 256 LEX L/ HA) 2,1
ERHEHEFEHP 2 8F ¢ gttt Bl 2T/
HA) %, A ZERBFHP 258 LI HA) 2%k 7. &
B,HPLC ¥ A 7 Al%, Waters 600 Multisolvent
Delivery System (Millipore, Milford, MA) & 7 )\
/8— % x—3 3 HPLC # 7 A (Spherogel TSK
G 6000 PW, 7.8 mm i.d.. X30cm; Beckman, San
Ramon, CA, USA) #f w7z, (Kakehashi A, et al :
Molecular mechanisms of photochemically in-
duced posterior vitreous detachment. Ophthalmic
Res 26: 51—59, 1994 X D S. Karger OFFR] #15T
BRifk)

7 AANE YEE(AA) OFET, EBA 4 >, Ficgkv
> (Fer)B X U4 A4 > (C?)ic & D iEHEBFENF
£L,Zhick ) HADPBRES L TESFET2 8
Ho5NTWBE 22 T, AABFET,Fe*h 3 i
C iz X AWFHEROELIC D2 W T, (FEHEFEEZHENT
WL 2%,

T EOERIL, FFOMTFHEERW, 10 RF 0%
B ERROHETID HLULETFERIC Fe*d 3 0 id
Cu* 2L -, T s KD DEFEEH DT v
ITE—H—OO*EE, BELEOEMERICEIED
57:%, A°CTRIGE YT, £72, HIOEBR TR, AAH 3
Wi'OH Ol EFITH L~ = r—NEMZ, 4°CTR
Ji &7z, 0 ~48 Ref{EIRETEE, RF O FEE: & [FHRICH
FHEANVELZHE LR, 351, Fe*b 30 Cu®* iz &
I FHELDA A =X LRI T 2120, BT EDE
HMEERE S TH L HA K FeH 2 Wi C*" 2 {EH S
#, 2 0%, HA 05 FEOZ{Ic 2w T HPLC # Hw
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HIRS=EE 99% 125

100T T
Fe2+ Cu2+
95# L] o=
*
% go_‘ *
B *k
= | |
sg: 85 o .
. e
z 80
75
70“-"—'—'7//4—“"'mﬂr1 . T e
0.001 0.01 0.1 10 0.01 01 1 10

P 1K o B (umol/g gel) HmMEAA A8 (umol/g gel)

14 £BA A (Fer, Cu*") (2 & 2IHFHOZE(L (FEIFRRR).
kA 4 v (Fe?) & 2 i A 4 > (Cu*) i@ & 2 FHHTFHOZ(EO HEER R 2 BaT Lz, [Mrbho B3
B2, A IFEERFE(0.00145~0.145 pmol/g @ Fe** b 2 Wik Cu* B LM THED 2R . 2hZho

FT—FHRA > b3 4 HOPEHE ST, " 1 p<0.05, **

D p<0.01 (Mann-Whitney test), (Chattopadhyay D,

et al: Metalion-catalyzed liquefaction of vitreous by ascorbic acid : Role of radicals and radical ions.
Ophthalmic Res 24: 1—7, 1992 X V S. Karger ® ] 415 TE#L)

THRET L 72, 2 DF5 R, 24 B %% O Fe** b 5 wik
Cu** iz &k WY T b o FI 8L {EH 8 T 1, B E O
Co* TRMTEOEIEE A6 R & pol $5,0.145
pmol/g OFE T THITEECHEL L 7. Fer T,
0.00145 gmol/g DIEEE THEE LW AL SED
51, E 5 Fe*ORELE 5 > THbIZA
Lz, 2O Z eh s, Fert iz Cut & D & S F &b fEA
DL Z AR E N7z (B 14)%9, Fe?* &b 5 1 i3 Cu*tic
& B THRBLERD ¥ 4 52— AKBRIZBWT, Cu*t
T, 553 7T R ERIC IEFHERS V13K 86% e b, &
DH24BM % TEILIZ & S FFMEBHTFES VIZ
72% CERICHEA Uiz Fe* T, 5538 7 BRRI% H» S 1
TNV 85% I D, FOBBEHORA L & bicid
LT, 48 BEERIC I T4 Vi 5% B EICEA L
(B 15},

Fe** % 2 Wik Cwt (2 #h 1.45 pmol/g) ZH1Z, S
S5 AA ZHEMUTIETE TR, AA 23 1.45 ymol/g LA
LOBE, ZOWEREINERL D DEBCEL ko
fz. %72, Fe* 5w i3 Cu* (£ F 1 1.45 ymol/g) %
WREICmE, S5k~ y= b=V E2HRNLEBTET
i, v = =IO H0.145 pmol/g LL L DB H
Fe**& 2 v Cu*'iz & 2R b BEEE D b F
Bl = e,

HAwZFe*b 2 wid Cu* 2 EfHa ¥, HAD S T &

OF{iz 2T HPLC 2 VW TR LR, 30 &
312, Fe**H 3 ik Cu*' iz AA DBEET T, I5HEES
HRELTCGHAORES 2B T e PHom RS

*®3 SEBAA (Fer,Cu?) 2L 370 B
(HA) B F20E{L:

e TR
HA 435,000
HA/Cu?* 435,000
HA/Fe** 427,000
HA/7 A 2w 8/Cut 96,200
HA/7 A anE B /Fett 23,900

“IHA OHTFREEERE 70~ b7 74— (HPLCO)
EDHELL. BROSTFROHAR IV F+) TLr—va
YLIzHPLCAZAZHWH &Y, ¥ 7Tt
ERME L. ATFRE L LD 2EOHE#D SFHE L,
a8, HPLC ¥ A7 A%, Waters 600 Multisolvent Delivery
System (Millipore, Milford, MA) £ N/ —32x—3 3>
HPLC # Z A4 (Spherogel TSK G 6000 PW, 7.8 mm i.d..x30
cm ; Beckman, San Ramon, CA, USA) #Hvs7z,

PIHA ORMBEIX0.42 mg/mlLCu*dH B v id Fe*id 4
umol/L, 7 A 2 E »EiE 390 pmol/L,. HA 4> 73R
12T 2 BEMIRIG S, £ D 4°CTHY 16 BfEIENT L 72,
(Chattopadhyay D, et al : Metal ion-catalyzed liquefaction
of vitreous by ascorbic acid : Role of radicals and radical
ions. Ophthalmic Res 24 : 1—7,1992 J b S. Karger OFFa]
15 THRRE)



S 7 125 10H EEERC L TR0 - EF 1353

100

95+

90-

85-

WFETILE %)

80-

75

70 1 . [ .

0 10 20 30 40
&R (hr)

50 0

T T T T

10 20 30 40 50
EEERE (hr)

®15 &@EA 4> (Fer', Cutt)Ic & 2TEFHEDZL,
A & > (Fet™) b 2 it A > (Cu?h) i X 2 (FHEFHRSVEOLLEBE L. Kb ORI EEE, A
IXEEREE(0.145 umol/g D Fe* B2 i C SE LM TR 2R T. 2P hO 7T —F R4 » b 4
O AT, * L p<0.05(Mann-Whitney test), (Chattopadhyay D, et al: Metal ion-catalyzed lique-
faction of vitreous by ascorbic acid: Role of radicals and radical ions. Ophthalmic Res 24 : 1—7, 1992

& 0 S, Karger OFFA] % 3 Tizik)

Tena),

CZETCOHEREZZEDDE,

OHETFHRERIEENSEEDAAZEA TE IS,
Fe* & %\ 3 Cu?* BRI L 12858, T4 3K
fEL7:.@ & 51 AA 2L 1254, M F AR
(o7, @ OH DEERTHE=b—NEMZ5
I TR LR IE S . @ Lz bio T, iM%
& D HA FHBRES L T, ESFLad 2 hso-o,
HFHEORDGREFRENHIMET LT, T @b Z >
feb D EeFF 2 6 s, IREREREE (ocular siderosis) %> #
fif (chalcosis) ' T& 6N B TER bR, 2D X5 & £
AZALCEVEIZ LD EHHSNE,

IV BRARGERFCHRET 21EME
BRI L WM TEOZEL

RAERGREIC, SRR, B E & L TiFhEk» 5 %4
T2 0, BHEBEZCHASELTWE ZERHMonTW
Bwe0ss) -, T F M FYYERRIEBNICEALT
IRRIED E TN 2{ER Lo, RERF O FHEROZiC
DWTHET L, 35, EERFESEE T2 FH160
LIRRIERE D FHREND A A =X L BT 2120,
WFEa 7 -7 OELIC DT HHE L7,

EERIC I, =2 —Y— 7 FHEEOFEAZ Hv 7,
BT, FREAIC > F b * 3> (Sigma) 200 ng # 1A
LCRRERERS I, 2 0%, FRE KPR TLE
FES B, IREREFE L T HRERDEL, 205 11k

80
75-
70°
65

60

HFETILE ()

95 ok

+—————

1 2 3 4
#ifE (day)

16 T F bFARREICE T BHEFENELL.
¥ F by YRR BT 3 RRMETES VED
ZEHEZLL, Hdho B i3S, A 3 EEREE
(200 ng/eye D> F FF ¥ 8 5) 2K T, REH
MebbHFROBEBELRZ EMREATL
5. FNTNOT—FHA >~ bid 4 AOFYE%E
7.* 1 p<0.03, ** : p<0.01 (Mann-Whitney test) .
(Hikichi T, et al: Evidence of cross-link forma-
tion of vitreous collagen during experimental
ocular inflammation. Greafes Arch Clin Exp
Ophthalmol (in press) & D Springer-Verlag @ &
A % 18 THEHR)
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0.14

*k

0.12- %

o.1f

WFEaAS—45UBD/ aff

s

1 2 3 4
HAR (day)

17 TP b VRBRECET2HETHEIZ—
oD a BHICH LT g HSDEIEDIE.
YR MRV VIRBREICB T ARANT R 7 —7
»®D SDS v ETHIES LT o $HICH LT 8 &S
OEEORIEMEIC X 528t E£ T, HMFO B 133
MRE %, A IZEBREE(200ng/eyve D> R FF ¥
L) 2FRTAEHEBEL L L aHIH L T
B S oG T W =, 46T R ER 238N
LT ZERENTWS, RAEMM 1, 2, 3,5
HeO7F— R4 ENTHE, 4,8, THOD
M P #F T p<0.03,** I p<0.01(Mann-
Whitney test). (Hikichi T, et al: Evidence of
cross-link formation of vitreous collagen during
experimental ocular inflammation. Greafes Arch
Clin Exp Ophthalmol (in press) & P Springer-
Verlag OFFa] % 153 THGik)

5

FRAE L2, & 512, IR 2 W IZEBRIROM T
WDSHAIT—F rEEENCE-STHEBL, #5602
Z—4 > % SDS ¥ IVERKEIEK L D ot L7z™,

F DRSS, FEH U 72 HRER D &, BHE, DREGH, SRR A 0 D
&, i FARLKEBREICAE L TwaREBTEHC
GRRE L, WIEER & EERIR O FiRZ2 g 2L, = F b
F ¥z X BIRARET 7V O T WV IEH IR 12 b
BH & DI/ E L, BT ORED A & iz ARIROW T
FWIEEHT,BE3~demiTE N TH-> TR, IO
Z o, EBRIROMFERIIHE L T VI F AR
LTWwaZ MRS, £/, ERIBIC O, DH
HEFELTELHASNTWBA——FFYFT 4 AL
# —+ (SOD) (Sigma) 21 A L 72354, b
Hl& iz,

WF 7 VO HIE OREE, SRR T EBHG 1 H
BICIZBRTHD, 5 HEBIWCIE 4% e D, KELE®L
Baoshhol, TN L T, ERBETIE, EER 1 H

HIREFE 9% 12%

BICIET2%THY, 5 HBRICE2% E LD, HFEHT L
RITEBE I L, LM L & b IcF RO L H
LA SR E o7z ([ 16)%,

a7 —5 2 4%SDSH > Tty 77 A
WEHOLIICUET S L, ERBEOY A VFa—TF
DEIIC B A S iz 28, MEE T RBRBERE s
ol Lichio T, REBROWETEI 7 —5 > O—E
BEBEHRLTWE I EBHhER SR, a5 —%F
>4 PN % SDS FOVBERIKENERE TON LR, &
EEIEECE~a2 - D @it T 2855
Wit y RAOBESBHEINL, T 2b b, a O @EL
ZBEORSBEINL, 05— > SRR R EG I b
52 EDRENT. i, RERIC SOD #F{mL 7235
&, a HIzHT 5 g RS OEEEMZING & h B17
RN FEIT—7 >0 a BicHT 3 FERSOESED
RIEWIEIC L 28 b2 R¥. RIEPNEL L2 L a
XT3 B A OEIE ML T X, BRI
LT ZEBRINTVE,

CZETORBREEILDTAHBE,

@Ry > OETFREAC LD, KRRHNICK
EDSHE Z 0, PRI IRIE LT, 72, 2 OWF AL
SOD i X vl & iz, @ REROWFHEI 7 —4 >
D—ERIFHEB/BER L, a HICHT 2 B HDE0IE ¢y aD
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