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Abstract

Purpose . Alkali-soluble collagen solution was as-
sessed as a possible viscoelastic substance in anterior
segment surgery, in terms of its safe applicability by
assaying antigenicity, disappearance rate of colla-
gen from the anterior chamber, and histopathologi-
cal effect on the corneal tissue.

Methods : The aqueous humor of rabbits was
replaced with collagen solution three times. Then,
follow-up clinical examinations with hand-slit-
lamp-microscopy, tonometry, pachymetry, and spec-
ular microscopy as well as ophthalmic histopath-
ological examination were performed. Remaining
collagen concentration in the aqueous humor at 1, 3,
5, 8, 24 and 72 hours after injection was determined
to evaluate the disappearance rate of collagen from
the aqueous humor with time. In vivo effects of
chemical modification of collagen and buffer con-
centration on the corneal tissue were further stud-
ied by using transmission electron microscope
(TEM) to find an optimum condition for collagen
application.

Results : Neither anti-collagen antibody forma-
tion, nor inflammatory responses in the anterior
segment and systemic symptoms were observed even
after 3 injections of collagen solution, except for 1
case which showed corneal opacity. As much as
97.4 % of the collagen injected into the anterior
chamber disappeared from the eyeball. On the basis
of TEM findings, succinylated collagen in diluted
phosphate buffer seems to be superior to alkali
soluble collagen in terms of corneal tissue protec-
tion.

Conclusion : Collagen specifically prepared for
this study showed no antigenecity and disappeared
promptly from the anterior chamber. The optimal
form of collagen in terms of corneal protection was
discussed. (J Jpn Ophthalmol Soc 105 : 750—759,
2001)

Key words : Collagen, Viscoelastic substance, Anti-
genicity, Anti-collagen antidody, Aque-
ous humor replacement
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e L, 1R HA TE#L ¢, iR PBiE#as 2 iR
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2) HiBEARELFMm 7L

HIFEAREBRFMIE, AR E FAkED HE Tk,
mbb, HARNERRKTE SRR 2TV, BOKERE I
LCh 5, FHTAEMSET T 1ml E5HE 30 G #26
s SHIA L THIEAKZ 0.05 ml 5 [#, B b ICESE
ZEHEIDOA ST b DT IR Z TR % 0.05ml AL
72, RRBRTIIAIMEC X 2 HIIREBRAELE < 42 C % 25,
1997 £ [ BRAZE #E (LA (1ISO) o 1 U 72 RiTHRE8 187 A
YIS DO IR N RER D I D W T DEEIT
&, FEBEYE L TRADPHERINTEY, 2055,
BT 2YEORBEIERED 50% I ESEE Ln
&, 2L, BELE*MRE T 255 3HBEED 25
% BRTORFHEEEERSEL THDLELTWWS,
2T, HIEOERIZ 0.1 ml OBE#HE TTY, SEROE
BRI FMIRERC & 2 MER R/ANRIcllz, 277 ViE
it & PB ® HA EHEHR & O, a7 —7 Vi
R 1 mHEE &, 2, SEHEH#RZK OB RT3
B, EBHIRTERIEOZEPIREOEZELMETE 2 X
SICEHE A 0.05ml & U7z, FHRIER 3 ABA KL,
WL, KERCERL 2nE S HHcERLE. Z0F
iz 3EMOREE2H T, 3EERYIRL THEfTL 7.

3) IMHHTAE O HIE

3 BIHOETEE, 1% & 3EMBRICEFIR? 5
W10ml BML 72, ZOIE 2 REE L TR -7~
BRI § 2 PidR{E % enzyme linked immunosorbent
assay (ELISA) THIEE L 729, Aa5—» U %wx 0.1 M
PB T 10 ug/mlIcFH L7z b D 2P & LT, 96 /%
~A4 7 a7V — 1 (Greiner #) 12 50 pl iz, 4£°CT—HE
WE L7z, e Ny 7 7 =123 0.05% Tween 20 %8
fil Dulbecco’s V) > FE#E 4 H R /K (PBS) 2 v, 6
EgEH L7z, Ric, 7avyF > 7H e LTy FIE%E
0.1 MM+ bV 25M0.1 M Tris &% (pH 8.0)
(0.1 M Tris=0.1 M NaCl) T2 fE&FHR L7z d D% 100 ul
MZ2T3TCTIFRIGE I, EHNNYy 77—
6 \IYEH Lz, —RPUA & 7% 2 YR O FAHRIC I3 v
FIME% 0.1 M Tris « 0.1 M NaCl T4 ERARLIZHD
ZHWT, 20~160 512 4 BeREATNL 72 AR S A FUl
2100 £l 12 T, BWT2RFMIKIG S ¥ 72, B
Ny 77 —=T6REPF L., BENRE LT FhiY
Y I®Mas—» Uik (LSL ) 2, MR E LT
HA BEH#1L 72 5 IS OSRRFIRIM & 1 VEDIEH KR HARIMT
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1) mAdfia 7 —7 > HiREliE

B 1A 3 EEBESRMO 1:ERE, M1B i 3EEE
it 3 AERE I ERIM L 72 I35 O ELISA S8R 2R3,
492 nm QWL X AH| TEHL L 7 RAFEOIME b HA
EEFEP EHERKROMIE b 37T 20 AR T0.23 24
T, 160 AR TIZ0.05 A T TH-72. 2h e DOHIE
B IR R G FE R R A 2 e ClE 2 2 EIBHN Th
D, ¥z, —IEESHSTTa 7 -7 VEBEE L HA
B OBEZZ B> 72 (p>0.05).

2) HIARESAT R

HIARERA T, IR I Al B AT 2 H 2 1 4245
WAL SBEIIZIZIEFHEEL, BEELFIPFHRL
Bl h o7z, AR 7 A A SR 3 PB BT
1HR® > 7. R ORZEEME AR - R RE N T N T ORE
DFIFIPICEC T, % OIEHEE TR 2 AR LR
WHRECTHsa s —» Ve MBI HoT, 2
F—7 UHOIRTIEIBEHOBE#REIC/INTEEZEL
7o, AEBENEY T PB CERL-1IRTC2HEE 3
[\ H OB 24 BELINIC A 27 1 THRE I W, B
AL 2o 7z, RIEMIEE 7V 713 % & © THIENM
BEXLT7Vv7 DA 7HEICHEC TR L, Ih
BT RTCOEED 1~4 e X a7 1 UNOREICH - 7z,
Fr, 747V T RTCOBET2~4Hic 2 a7 2L
TTHHN, FEAEPELRMEZ» SHIELT, 5
~8 Kl ARE D S8R Z WA L, R 3 Hik E TBIZ
Endz. FoioBPaNES, BIEREBHEEO BT X 2o
7z, BIIRERREED A a7 % =2 VLT, 3EDEHR
Filie DRGEE 2 12D W T It E SO TRE L 12
WEE, AREoEEENDH D, Bonferroni % & kiR
ETIE, 2EIEHEMR72EEEZDO PBOAEEENH -
72 (p<0.05). %7z, a7 —7 VEHEREORZIRIX 1,
2, SEIHOMIZEEZ I 2> (K2 A).

3) RE
REDCZEEZK2BIRT, 37 —7 VEHOKREIRE
i 19 mmHg, PB¥OKEIRE X 15 mmHg T, W#H
TRIEEOFRIZIEEAE M oT. —F, HABORK
EHIRFE X 30 mmHg <, 20 mmHg LA FOREIC K572
bOMBIER6FIH Y, k5 KE 2 C— 27 1ic—@Eo
IREEFZECTHEAS D572, LrLl, ZIoiESE
SATTIREE B X B OEEZ X ko Tz,

4) AEE

BEEE bICHTEE S Bk 2 © — 7 I —ilk i AR
BT EE DS B SN T DY, TICHES B IR B &

a7 =7 v DR - HAM 753
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A 3 EIHE 1 BERRoMmbIa 7 —7 »PUkifb.
3% 7NAhVAE b a T —7 R (KK-981) &
it & HEALON®EBEOFIRIMIL, £ DOAMN
£ T3 enzyme linked immunosorbent assay
(ELISA) OB T— Tl E S A Ic L 26
BEEXZ W (P>0.05).

B 3 RIEE# 3 AR OIMMbILa 7 — 7 ~ HiiRiE.
3 % KK-981 i&#uf ¥ HEALON® &tz —it
BLiE S BOMTIC L D EEZZ L (p>0.05).

@ :3% 7 NVA VA LT T —7 v (KK-981) (n
=5), & : HEALON® (n=5), A : IEHFKRHIFE
AKn=1)

UHREHEICERZ I o772 (K20).

5) FAMEN B E

TE AT AT O Fa BN R A B 25 3 S BRI 2 1 e o
7. 3 EIDEHM DKL T, itk 3 BRI O B R HT
JapE I AE B EE R -2 (M3). £72, NAE
MR HIERERIC b B X e o T2,

6) RPN R AR TR T REOER & R A AR 2 AR
BEEE B I AN OBYNIZIZIEFHAIEL <, M
FaRIfsE A MR I B X2 o 72 (K 4).
HHEMEEBETY, 37—V HEEDLTTRTO
ARER DM, R, WO, TR, FEMA, AdE, #E0k
B, MR CORMBICEEI R ko7 (K
5).

2. A7 VBBRORIBED b OHEHRERIE

HiEAKPOE Faxy 7o) V& 2EEE 558 nm T
HIFELTaT—7 oL 72, 1(n=3), 3
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W B

0.0
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B3RS = S5 = E5 H
2

A HIIRESSHIE R 2 7 GEHEORHE CEEME) . ARSI OREDOERE L2 X a 7HTRL T, GilLizd
D, ZIREESBAITC L D BRI OWTEREZESD D (p<0.05). Bonfferoni % EgHE T, 2 HH
B3 HkD ) Y EER (PB) IcEEEH Y (p<0.05). 27—~ »EHR (KK-981) E#HRIZ 1, 2, 3 [H]
HoMicEREZI L.

B : IREDO#&ZE CFE). ZiBESBeimc & VIS X UREIEOEEZZ L.

C : AR O CFF5E) . —ITilE S BT & DS L CRBBEOFEEZZ L.

A 3% KK-981(n=5), O:HEALON® (n=5), [J:PB(n=5)

(n=3), 5(n=4), 8(n=3), 24(n=3), 72(n=4)HFKF [, FUTHIZENTWS, Zah, 1R 74%, 5

B L UOEEREREAMNO=2) Tl&, 7.72+3.69 CFEHE REIHRIC1Z 97.4 % DSERAMCHEH S h, 24 BRERER I I3 IE

+ ) mg/ml, 2.55+0.44 mg/ml, 0.78+0.29 mg HWIREB L VvV IZ 5o,

/ml, 0.41+0.37 mg/ml, 0.01+0.01 mg/ml, 0.04 3. A= VBB CERZRNAEKEZIL

+0.03mg/ml, 0.06+0.02mg/ml &7%->7:(X6). SE o 3 EEBRERBRFIC3% 7 vs ) aEita 7 —
BHHLa 7 —7 VIEROEEIX3%, T45bb 30 7URIREREO S b, 1TIRICABRRZE2ELH1DH

mg/ml THY, 0.2mlEFLIREETIED OFIEK ST, ZOBRROFEHRMEE A 272012, KR IEDFIR

PRBARPMEPICDH B DHT, HIEDOKETEZEAT Z7 — RO T VA VAE LT 7 — 7 VR, IR 4B R
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AT 1 B B BRI

2 [E B E#ifi% 3 BB BRITER

3 AENREREE (FHEIZERE).
ZIECE S ENTIC & D EEE B L ORI 0B EE R L.
[]:3%KK-981(n=5), ll: HEALON® (n=5), [Z]: PB(n=5)

X 4 3 [ERTEER 21 BEOABEAKEREEETEMETE.

FHCEZIZZ W,
A:13% 27—7 > (KK-98D)EHE, B:ADKFET, PBEME, /N—Ii3 30 um

HAZ0.1ml 370, RENHRAEL S L5 ICHIE 2 H
MU enoBERULKER, 27 —7 Y ERERL: 3R
EHICABEBICHEVEEZE L, 22T, RICKRE
4VEEFAWT6RICAT T —7 VIEH, 2RICAHERIE
ARTO0.2ml EHAL 72, RABIRIKIIMERLR 2 S 8V RAE
Ktz L, 2RO 7 4 7V > O M. 3~7 H
BETHRW, Ko7 —7 VERTEBR LR TIIRTE
WNDT7 4 70 BHEL T < B\fE T, AN KL OERE
WHWEDO XS 2 b DB EL, 3~THRICIZT A X
JEAHE DB IKEAEOEBE R A S5, ZORICIKHEBD
AEFERFER2E U, £33 EERERZ L-FKE
RO1RcHSNIRFEBEFAKROLDT, LDKREVY

A4 R TH-otz. HE Jeth, PTAH Jeft, 79§l
T EMGHE CIAROBE IR CE ol
28, TEM TI3RED b 2 L0 AR @ i 75
fa &% 5 WEV OGFENHER SN (K 7)., TEM O
WEWE, ERFMRO 2 HETIENEMBORNSt e, Z
DB T A ARERLFEEEBIZ, 14 HER I IZEEER=E»
EEF TOMIIS D> T, EVID D - 1-FEATIC
FOWM BT, tREME O TIE, V> P) AV
Yy A(C)BLUEZC)DE—2 Bbotz, WWEY
DEVERITIE, ClLEAXZAITAOS)DE—2 D>
72 (M 8), AHAHUKEBIR TR 7 4 7Y Y OHE
B o7, AN EEE OB OSSR, ARBAFER
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HIR=EE 106% 115

X 5 3% a%—4">(KK-981) T 3 BIREE#RT 21 HENOREBREOLFEMETE,

ANV NFESY Ve TF Y VB, BHIEEII R,
Al Biit®., C:EfkE. D MEIRIEEL, ¥ —i3 100 um

mg/ml
30

25 [\

20

15

10

B EE Yy — U

I

0 T T T T

1 3 5
(h=3) (h=3) (h=4)

T \\ T 1
8 << 24 72
(n=3) (n=3) (n=4)

BRATHRIERT (RER)
X 6 BIBEREAZOBIRKRIS—4 > BEE (FYEHEERE).
a7 —7 VEBR (n=5) ORTEAKF 2 7 —7 Y &EIX, 24 R IZRIFCEE L7z, IEFERRATEA (0=2)
DOFIEAE 0.06+0.02 CFEHE + EHEMRZE) mg/ml & FEREICZ -7z,

irolz. ROT, 4EORBIZANY > 2 FlRES L
THRECART T —7 VEH, 3IRICEEREKTO0.2ml
BN 2 T Uz, K3 7 —7 U EE IR T AN
K OEECHEDERY OME v CEREDRE, FE
DOHIRZ EOABEIZD 5 1208, ~Y v EREHLZ
Mol bDIZHIEL T, ZUHFEIZ/NS oz,

I DRERZPEIC, 27— VBRI O W TEEED
VUBEERELSTRIEE, a5 VR IV
T2 0E>TT74 7V EDREEDZRLETE
ED2HDOWEEToTz, HERRALEFNT, 1R
Y7 y=uba sz -5 v (B) Ay, ilRiza 77
v RO R Z 2 72 (C) T2 0.2 ml BiEK &
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W 4 IR 2 BRI SR R84 U, RISz TEM Tk
BEYnsont, (OTR4RE S AEDREIZES
3, TEM Ty WEDF5r-o72(9).
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ERbhlEI > W, a7—7>e 7470V /=%
VEDKIGBFR/LTC, £V T4 7V =T EDKE
WhlnsLswars—rrEyry=y L., %
DFEE, 0.02M D PBS 2%z Licy 7 vy =ik 7
FUAT—F T, N RRV Y Ny THE A
DRFEREDEIZ R KD, TEM THILBEWNHS
N kol, BIERRBEVORER S S WFL AT
v, ARZIOREREZFHTTH L, 2 LT, Zele
BECHREOWL 37 =7 VIERERET 2 TETY
%,

FRRZ 218720, IR SRV 2% £ LER
HARYEFIHIRBIEEHEDOE B4, Dr. Marilou G Ha,
BN A YA = AR OFERE MR, BEREERICRK
stz U ET,



FEC134E11 H 10 H

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

X
Jeffrey GG, Dale RM, Alan LR, Alfred AF,
James SK : Increased intraocular pressure in the
immediate postoperative period after extracap-
sular cataract extraction. Am J Ophthalmol 105 :
466—469, 1988.
HFAETF, Milan GG, £H =, 7 1§ =H
BER . BIHRESFMrmEgFlE LCoa s —7 v DFH
PEOMES. IREIFAT 11 219—222, 1998
HARF, &HF = HiRSFMHHEEH L LT
37— R YE O — K RARET B N BRI
& ZIRRIEEER—. HERSEE 104 © 458—465, 2000.
FHERX . 27 —7 2O LuHH—E¥AHERAD
JeAEFELT—. EEARF 15 0 167—179, 1970.
ISO/TC 172/SC 7/WG 7 N 153 : Preliminary
working draft . Ophthalmic viscosurgical devices
for use in the anterior segment-Version 3, 1997.
Fujii K, Tsuji M, Murota K, Terato K, Shimo-
zuru Y, Nagai Y . An improved enzyme-linked
immunosorbent assay of anti-collagen antibodies
in human serum. J Immunol Methods 124 : 63—70,
1989.
Bergman I, Loxley R : Tow improved and sim-
plified methods for the spectrophotometric deter-
mination of hydroxyproline. Anal Chem 35 : 1961
—1965, 1963.
Duckert F, Nyman D : Factor XIII, fibrin and
collagen. Suppl Thromb Haemost 63 : 391—396,
1978.
Miyata T, Schwartz A, Wang CL : Deposition of
platelets and fibrin on chemically modified col-
lagen hollow fibers. Trans Am Soc Artif Intern
Organs 22 : 261—268, 1976.
Wallace DG, McPherson JM, Ellingsworth L,
Cooperrman L, Armstrong R, Piez A ! Im-
munology of collagen. In : Nimni ME (Ed) : Col-
lagen Volume III Biotechnology. CRC Press, Flor-
ida, 136—138, 1988.

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

a7 =7 v OReMRER - FAM 759

Knapp TR, Luck E, Daniels JR : Behavior of
solubilized collagen a bioimplant. J Surg Res 23 :
96—105, 1977.

Timpl R, Beil W, Furthmayr W, Meigel W,
Pontz B : Characterization of conformation in-
dependent antigenic determinants in the triple-
helical part of calf and rat collagen. Immunology
21 :1017—1030, 1971.

Pontz B, Meigel W, Rauterberg J, Kuhn K :
Localization of two species specific antigenic
determination on the peptide chains of calf skin
collagen. Eur J Biochem 16 : 50—54, 1970.
Steffen C, Timpl R, Wolff I : Immunogenicity
and specificity of collagen. V. Demonstration of
three different antigenic determinants on calf
collagen. Immunology 15 : 135—144, 1968.
EEEXR 27— ®HF 19355361, 1970.
Kemp GD, Tristram GR : The preparation of an
alkali-soluble collagen from demineralized bone.
Biochem J 124 : 915—919, 1971.

Smith RE, Jensen AD, Silverstein AM : Anti-
body formation by single cells during experimen-
tal immunogenic uveitis. Invest Ophthalmol 8 :
373—380, 1969.

Silverstein AM : Effect of x-irradiation on the
development of immunogenic uveitis. Invest Oph-
thalmol 2 : 58—62, 1963.

Zimmerman LE, Silverstein AM : Experimental
ocular hypersensitivity : Histopathologic changes
observed in rabbits receiving a single injection of
antigen into the vitreous. Am J Ophthalmol 48 :
447—465, 1959.

Aronson SB : Patterns in experimental uveitis.
Arch Ophthalmol 76 : 763—767, 1968.

Liang C, Peyman GA, Serracarbassa P, Calixto
N, Chow AA, Rao P : An evaluation of methylat-
ed collagen as a substitute for vitreous and aque-
ous humor. Intern Ophthalmol 22 : 13—18, 1998.




