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Figure 1  After sub-Tenon injecting with genipin for 4 times (B),
slightly conjunctival congestion, no discoloration of conjunctiva and
sclera in untreated (A) and treated eyes JEIAJTAR (A) 5 Tenon
%gﬂ?ﬂﬁi%’f‘l K (B) G5 AL LT B8 Bl 6210, 16 77 IR i
2.2 EMAFE REHRIT ) RIRILEA Y o
P (R 1) o SR HRZE LA, Tenon” s #ETF 4 2 K
A4 U, JUR AR BR B 35T 95% F1 161% 5 5
BLHE (20% [ 72 ) 5811 204 % F 260% 5 T i FR v 722 )
TEET 13% F122% o 3657 IR IV 1 -0 A%
LRI HRZH BE U , 7EAH [F) ) TR YT I PRS2
RESIHE (& 2) o
®1 JREMNFE
Table 1 Biomechanical parameters of rabbit sclera strips
(x x5)

Group Ultimate stress( P/kPa) Ultimate strain(rate/% ) Modulus(P/MPa)

Control 4.20+0.71 48.57 +3.37 11.27 +3.55
A 8.17+1.52" 42.45 £3.39 34.19+8.18 "
B 10.96 £0.79 37.98 £1.48" 40.53 +5.37 "

Note ; Copmared with control group, * P <0.05

Figure 2  Stress-strain curves in rabbit scleral strips treated with ge-

nipin 508 T R ML SPL I 5 S 9 e JPLIBE 747 -o 25 iy 2
2.3 HAZKE

2.3.1 JERIEE XFIR4L A 41 B AR B 530
H7(389.00 £4. 81) um, (371. 00 = 6. 04) um FI
(375.60 6. 82) um, ] [i] L35 22 5 G 1T 24 X
(P>0.05),
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Figure 3 Photomicrograph of tissues in rabbit eye (HE, x400). A,D and G:Untreated eyes;B,E,and H:Injections for 2 times;C,F and I.Injec-
tions for 4 times. A, B and C:Cornea immediately adjacent to the scleral treatment quadrant with integrated endothelium and without stromal edema, and
loss of keratocytes; D, E and F;With intact retina, choroid and sclera;G,H and 1:Adjacent optic nerve without fiber swelling and rupture %R £]- 4
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Figure 4 Photomicrograph of TUNEL assay. No positive cell of TUNEL in sclera, choroid and retina in untreated eyes ( A) and treated eyes with in-

jections for 2 times (B) and 4 times (C) TUNEL ¥l 455 ( x400) ,

Do B 1314 2 B TUNEL H e B M 240 ffd

(R 1K T AN 5 2808 5k

SR TIA 5  5  E Bie, 00A A
B AR 52 12 5 S 4o 4 i 1 75 A ) 4
SURAN R h FL A A W] . A 9T R 52 SR D
i 10 mmol « L™" i 50 /815 5 5 Bk, A I i
2 R AR A B R AF pyas M. T H A S
BR,1.0 mmol - L™ 57 JE S Xf 1929 £F 4 24 ffu{}
AR R o AR B T SR A 1 L
A At JE ~F- ik 32 i v (B FRATT R W 58 26 B
245 A 5 | R T 5 AR U A A 1) % R A T
TIEN, BATE K A T 50 e X 4RI AL U e . 45
SRR XTG£ JBE AR 28 DA S ik 48 RN
PR Te s ) 1 HLAF5E 7RI 0.5 mmol -
LB ECJE - X K 22 B2 4 e 40 i A 1 AR 2 1 B

(1972 X IR 0.5 mmol - L™ [y 5 JE P % fe B oK
YRR,

ZE b, mUR ST LA g G AR DL AR 9 1 2%, i HL
0.5 mmol « L™" it 5T J& -5 e IR I £H 210 ik 45 J5 L,
KA A LT %A R . at e T —Fhig
FE R385 FLRHT AR T BE 77 LA B 1F 3 A0 i 9 KSR 28
WEF o 48K, H T A 52 55 I A g 23 52 b Sz e 3 400
KRR 5, H BB AR AT R & AR & R i
R AR AL, SRS 5t Je ST 18 R0 e e, iF—
HAE T AR SR TR K I PR P (AR 5 S D B 11 o

SE 3k

1 Vitale S, Sperduto RD, Ferris FL 3rd. Increased prevalence of
myopia in the United States between 1971 — 1972 and 1999 -
2004 J]. Arch Ophthalmol ,2009 ,127(12) :1632-1639.

2 Sherwin JC,Khawaja AP ,Broadway D,Luben R,Hayat S, Dalzell
N, et al. Uncorrected refractive error in older British adults:the
EPIC-Norfolk Eye Study[ J|. Br J Ophthalmol ,2012 ,96(7) :991-
996.

3  Attebo K, Ivers RQ, Mitchell P. Refractive errors in an older pop-
ulation ; the Blue Mountains Eye Study [ J |. Ophthalmology,
1999,106(6) :1066-1072.

4 Morgan IG, Ohno-Matsui K, Saw SM. Myopia| J]. Lancet,2012,
379(9827) :1739-1748.

5 Goss DA, Winkler RL. Progression of myopia in youth: age of
cessation[ J |. Am J Optom Physiol Opt,1983,60(8) :651-658.

10

13

14

15

16

17

20

21

X ARHR (A) U 2 (B) [ 4 I (C) 3R 7 HRIUE k4 IR AL

Saka N, Ohno-Matsui K, Shimada N, Sueyoshi S,Nagaoka N,Ha-
yashi W, et al. Long-term changes in axial length in adult eyes
with pathologic myopia[ J]. Am J Ophthalmol,2010,150 (4 ) .
562-568.

Goldich Y,Barkana Y, Wussuku Lior O,Marcovich AL, Hirsh A,
Avni I,et al. Corneal collagen cross-linking for the treatment of
progressive keratoconus :3-year prospective outcome[ J]. Can J
Ophthalmol ,2014 ,49 (1) .54-59.

Richoz O, Mavrakanas N, Pajic B, Hafezi F. Corneal collagen
cross-linking for ectasia after LASIK and photorefractive kera-
tectomy : long-term results [ J ]. Ophthalmology,2013,120 (7).
1354-1359.

Wollensak G,Spoerl E. Collagen crosslinking of human and por-
cine sclera[ J]. J Cataract Refract Surg,2004,30(3) :689-695.
Wollensak G,lomdina E, Dittert DD, Salamatina O, Stoltenburg
G. Cross-linking of scleral collagen in the rabbit using riboflavin
and UVA[ J]. Acta Ophthalmol Scand 2005 ,83(4) :477-482.
Wollensak G,Iomdina E. Crosslinking of scleral collagen in the
rabbit using glyceraldehyde[ J ]. J Cataract Refract Surg,2008,
34(4) .651-656.

Paik DC,Wen Q, Airiani S, Braunstein RE, Trokel SL. Aliphatic
beta-nitro alcohols for non-enzymatic collagen cross-linking of
scleral tissue[ J]. Exp Eye Res,2008 ,87(3) :279-285.

Akao T,Kobashi K, Aburada M. Enzymic studies on the animal
and intestinal bacterial metabolism of geniposide [ J |. Biol
Pharm Bull 1994 ,17(12) :1573-1576.

Liu TX, Wang Z. Collagen crosslinking of porcine sclera using
genipin[ J|. Acta Ophthalmol ,2013,91(4) :e253-257.

Sergienko NM, Shargorogska I. The scleral rigidity of eyes with
different refractions [ J ]. Graefes Arch Clin Exp Ophthalmol,
2012,250(7) :1009-1012.

Awetissow ES. The role of the sclera in the pathogenesis of pro-
gressive myopia( author’ s transl) [ J|. Klin Monbl Augenhei-
lkd ,1980,176(5) :777-781.

Funata M, Tokoro T. Scleral change in experimentally myopic
monkeys| J]. Graefes Arch Clin Exp Ophthalmol 1990 ,228(2) .
174-179.

Bailey AJ. Structure, function and ageing of the collagens of the
eye[J]. Eye(Lond) ,1987 ,1(2) :175-183.

Sundararaghavan HG, Monteiro GA, Lapin NA, Chabal YJ, Mik-
san JR, Shreiber DI. Genipin-induced changes in collagen gels:
correlation of mechanical properties to fluorescence[ J]. J Bi-
omed Mater Res A,2008,87(2) :308-320.

Lima EG,Tan AR, Tai T, Marra KG, DeFail A, Ateshian GA, et
al. Genipin enhances the mechanical properties of tissue-engi-
neered cartilage and protects against inflammatory degradation
when used as a medium supplement| J]. J Biomed Mater Res
A,2009,91(3) :692-700.

Wang C, Lau TT, Loh WL, Su K, Wang DA. Cytocompatibility
study of a natural biomaterial crosslinker--Genipin with thera-
peutic model cells[ J |. J Biomed Mater Res B Appl Biomater,
2011,97(1) ;:58-65.



