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Bl 3

BB A RS (EREASREREHEENIEEZ)
(Wefh) AFFEHEE

|
IR EE TEABRRHIE ATRE R FEMIRIAT /N1 A DB &
ﬁ%ﬂ%f%%‘?ﬁfﬁf\?r&}%b:%ﬁ‘ HHTE

IKFFRAR Eﬁitﬁ?ﬁ?&%@?%ﬂ%ﬂ Bha

WFIEREE

WREE

AHFIED BRI, KRB O LA 2 5 D REREDOIRIET A AL L
TR FICEL T OKEER FIECBE T RBIE NS v /5 Y
NY =27 5 (DDS) ZfER L, & BICEHIPFRBEICKIST 5729
WCEBDOENZLEOEE TRILTE 5w/ FDDST /N1 R &%
5T L THD, HBEET, 3EOENAREETNVIT v 7L LTE
ML, TNENERRLEE CTRIT DT A AR EMIL LT, &b
(2. 7 MRICBIE L, FEROMEBITIEZ M L 2R, AR0%R
HOREE &satiis L CHEIE~ DO ERBITENE(L LT\ e, Fio, HERRHE
RPN SN TV D EEKRIEY DEdaravone  (EDV; Hilg{Lk#E|I) & Geran
ylgeranylacetone (GGA; Heat shock proteing5&H|) @ > 7 /VDDS%E
LTy MEBEAEETT VICBHE LR, RIS NZEDVE L UG
GAITHEEN LR ZRET D 2 L BRB I, 4%, EDVEGG
AZMAE O~/ FDDSIbZ e L. BT T /L CHELR & R

THTETHS.

A. HHER™

AR BAL, KBEERD EALz 59
DRBBRBOIRET A AL LT, BER
WEL BT ORRERFIECTBHE T 2R
W NZ v 77 U RY — X7 5 (DDS)
AR ZAIGFAREICIG T 572912,
BEOEDEEBEOEE CHRKETE5~</L
FDDST A AT HZ L THD,

BWEITE FOBROSEZ ED LD, B
HEEIIQuality of life (AEIFDE) #EL
SARTEHE D, 20064EDE A S 878 Hia it
FERIEREEOMIHE R TIL., KHAKAD
BT CHEBERESE (6L AR, 207
PFERIFMEIE, 307 MEEAREMLE, 47
EHEAMEE) ThDH, MEHEEBRISZ
BFRBIZBWTIE, BEmbtss iz s
#%EOITEINT B RREMENR D B,

ML B IC T, AR - Al - N
ik CIIME~DIEMBATN A+ 370728,
IRNEHCIRNA 7T e CIRNICE
B R 53 5 FEMThbN S, FlxIE,
N EBE A MEREIRE X, FLVEGFHUEDRY
FHRIER DR E 1T 5 (N Engl ] Me
d, 355, 1419-1431, 2006) , L72>L Z DFEF
FEHRITAIC—EOEFNBSLET, BN~
D REYFECRE RIS ORUWER O U 2 7 73
HEIN TS (Am J Ophthalmol, 145, 87

9-882, 2008) , E£7-., 7 RUERSV A b
AF ey 4 )V AR OIRE T T
WRRERIDOIENA 77 >+ (Vitrasert,
Retisert) XM EPICBHE IND 2, BN
B X DRSO B KR AHHENF
ELRETHDLI ENBESITEIY (Ophth
almology, 117, 567-575, 2010) . AL KR
BCREARTEEN TS, - T, B
R TIXIE D BIREIC H DI R )
ETREIINBLIEET S HEERNE
EoTHEE TRV,

ZORMEARRT A EE LT, B~
DY & Fa1E L T-DDSHEEMNFE S 1
T&T, Blzifar 27 FL v XBIDO0cuse
rt (Arch Ophthalmol, 93, 771, 1975) IXRi1iR
B2y T BTV DDS TH B A,
R & R RTARER D> & M~ D 4T
PEDNEYY, M T IZE AT B Bkl <05R K
W22 45 7 Z 7 (Ophthalmologica, 215,14
3,2001) W TnbA 77 FBIRAIIC
k5=, BA~DEWERY X7 3H 5,
T, FE A EDDDSITASIERRY v —
TR XN TE Y, TR OEESRIZHE
I EBEERAN—X NEE™H S (T Contr
ol Release, 37, 143-150, 1995) , ¥7-. =
E THEEBOEY 2R T HDDSITBER &
VTN,




DX REENOFLIT, TN AN
AR T 72 WERAMZ & < 7210 o THEHEED
DS| DBRA~DEIWEMZ72< L, Z&IZH
FRINCIRAN~EY 2 R ETE L5 HETHD
EHIFFL TV D, TTCICEROMIEENZ
DORRFRIEDDS & #H s LT D 030 < -0
AT S T 5, F 3 DDSTEAERD A5 iR
R <=—TIERIINTWA D, kBl
M s— 2 NORENH D (J Pharm Sci, 9
9, 2219-2239, 2010) , = 5T, FEWIIFRME
7207 Tz < B OFERRARl~ & 2 F I
wiEhs7=8, BRI L 5EYOR
IWBEEZ Y, SEREEI~DIEMBIT IR
T2V EWH D H 5 (J Control Rele
ase, 148, 42-48, 2010) , XTI b & fiF
W D7eOIT, FERAR Y ~—DHE b
HEHER) =F Lo )a—no2Aa s
L — b (Polyethyleneglycol dimethacrylate ; P
EGDM) Z#fiN THIZ X > TY F—r3—
BUZRRIE L, ey MELTY ¥—
R—|ZFEHE L, PEGDMBOBREIECTEL L
7271 72 VHEIDDS %5 2 L7~ (Biomaterials,
32, 1950-1956, 2011) ., S FEDEVPEGD
M (Tryethyleneglycol dimethacrylate ; TEGD
M) % U — —HERICHWS & AT
VP —R—%@iEHT 5 ENTET, Rk
HEA 2 & — RIS R LT 5 Z L N A[EET
H b, ZOT A ZAOIERFIEITEEMEEB
iomaterials (Impact factor 7.882) IZPublish
Sh, BN - EEREFE HEEATHD (P
CT/IP2010/63793) , Z DT ™A ADFERER
ELT, VP N—RNIEHDOED L »
MEREL, EROEYELEORE TR
MTEBT A AORREZ B Lz, £,
REREDDS OMERERE T & F o R T E ZH
HINTELT, KL TIIREELESE
7 VBN & AV TTRRBRIEDDS O R IER %N
REWBE LT,

AR EI3EEOHEAEEHWT,
ZHIEHREHIEME 2B ET LTz, IRICERIREY)
& L CEdaravone (EDV) & Geranylgeranylac
eton (GGA) % v 7 /L DDSIk L., LR
EETILIZ
EDVIZifR#R & L TR S T 2558
& (B b)) THD, i, XEE
TV, MEFBEET L, N-AF DT A
NI X UEE (NMDA) EEET /UK LT
HBEAEDRR DA Z EBHEINTHD

(JEREE : Invest Ophthalmol Vis Res, 52, 7
289-7297, 2011, MEIEFIEE : Invest Ophthalm
ol Vis Res, 52, 3825-3831, 2011, NMDA : E
ur J Pharm Biopharm, 79, 119-125, 2011)
GGAIXBRIAHEIE L L TRIAEIN TV 5HHe
at shock proteing5 & A (£~ v 7 ) Th
5. Wi, EEETT L, BNETFL,
R L€ 7 /125 U CREIRIREN R 5 5 =
EMEIN TS EBEE @ J Neurosci,

X9 5 MR E R R & RET L7,

25, 2396-2404, 2005, #kME : Invest Ophth
almol Vis Res, 44, 1982-1992, 2003, I :
Mol Vis, 13, 1601-1607, 2007) , ZiuHi%
WIN b EFEETIThTW\W3, K3
1Z~/VFDDSILOFERR & LT, HEE
Wkt U TR #EZ R A2 R EDV & GGAD
;/‘/%I/DDS?‘/W ARG OMESLERRET L

B. WAL
(1) T34 ZDfEsHL

TN RV = YLy b
WHEENSER SN, TV — =0
BRI AER LT, #5541%, 3D CAD (comp
uter assisted drawing) TEFERIDFE % {E
% L. CADT — & % /NEINCHSGHENN T4 Micr
0 MC-2 (BfXEHPMT) ~EVIAHR, T 7
UNKRIZHE D A TIERC LT, 2T 7 )
AREZNLA LT o Ta— b LEERIA L
L7 ZOFFERIAILR Y P AF Lk

(PDMS) # 3 % & b L60°C T304 ME L 7=
L X7, Z OPDMSE-R & 7 v A o7
v Ca— b LEFRIB E Lz, #58BIZPDMS
% ¥ A b L60°C T3040 ME L CTHlfk &

“o Z OPDMSEFEL % U ' — N — % {ERI4 5
7O DOEMEERICE Lz, Z DPDMS##IC
{2, TEGDM 1mliZ2-Hydroxy-2-methyl-propi
ophenone 10ulZ{BE L7 LAY v —%%
¥ A ML, UVE4E (25mW/cm2, 3min [SE
N LIGHTS CORP]) L THEfb=®7-, 54
CH)HBHTEGDM U ¥ — N—%H25 L C5ER L
Tre VERL7ZU PF—R—DH¥ 4 X1, T v

MR DSNER, HEL Smm*FE L. 5mmx & X0.
6mm, JEA|FTEMAEIX1.2u1E L, in vitro
BB, BETmm>< B 7Tmm> 5 2 2mm,
A FETFEITONUTH D,

Ly M 3EY % PEGDM & TEGDM
DRAETVRY <w—ZIBAL, B2
fE->THRWEL v FPDMSERZ % %
Ak (12xL) LTCUVEE{L 25mW/em2, 1.
Smin) L TIERR L7z, by MY A XXV
Y= R—=NIZ Lo =0 E D X 5 ITHERHE
Lsmmx*xFE 1. 5mmx & S 0.6mm THERL L 7=,

X, wt@EE & L CFluorescein (FL.
WAKO) . Rhodamine B (Rho, WAKO) .
4',6-diamidino-2-phenylindole (DAPI, WAK
0) A L7z, 2 bOAaBEIFBEREN
BE LW, ERICFHMEREETH D,
iy L 1 CEdaravone (EDV. WAKO) . G
eranylgeranylacetone (GGA, T—¥% A (BR)H>
DREFE) EER Lz, XLy MIEEYHN2
50mg/mlZ72 b XS ICFRE L, LR Y <
— M OPEGDM & TEGDM® EE 38 130:1007%>
5100:00 ] CFR#E L7, LT, PEGDM:TE
GDM=60:40D & 13P60. PEGDM:TEGDM=
100:003#413P100, PEGDM:TEGDM=0:10
0DEAIIPO, L BET,
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HIEBEZE Ly P EEE3SDLIE - T,
ZOUETHZ U P —_—RNIZFED -, 2D
L&~y N ®PEGDM/TEGDM#EL %
Fex I AE LRI D X 9128wz, ED
VEGGADHEEIE, Y7 ADDSE LT
Bt 2T T, Xy MEZFOEE
U PF— =3 T,

%Y. PEGDME TEGDMZIES LT
FLRY=—TER LTz, EERoEY~1L
vy hERELEVYP—NR"—FLIZ7 LR <
—ZILEFL, IR THA— LT,
UVEE{L U CERR LTz, & DS CHRIEED
JEZITKI100 p miZ 72 5 2 L N EFBEME
DBEN o TW5E, LR w—H
MDPEGDM & TEGDM® L= 13P100, P80, P6
0, P40, P20, POIZFRZE L 7=,

(2) WEEYDIn vitroE &

7734 A % Phosphate-buffered saline (PBS)
ImLIZIREL, 37CTA v Fat—a v
L7z, EHHICPBSEEIL L, # L\ PBS
ICEE#Z T, BHABERT 7T, B
L72PBSZ®E AT L— hU — & —THIE L,
HOEPUDHEL TRBWEAF U F— R
BN, BNXEROREZEH L, EY
DOBFANE, EUX L7ZPBSIZT 2 b=k U b
Z1:1TRAEL, 045um7 4 LH—TA
BLThb, BEREIa~ NTT7 40—

(HPLC ; &3, Prominence system) C34)
BEZRE LR,

(3) &9

B EBRERAEIL, ARVODERFHFZE D&Y
ERICBETOFHDTA BT A RN,
HALRFE R FEIE SRR OB E HE
BEOEREET, 200052500 HEDSD
7y bEEM L, TXTOBRIZENT
ra X U (O0mgkg) EXx VT UV
EetE (10mg/kg) DIEMENTES CRRERE L7,
i FL132.5%phenylephrin & 1%ttropicamide C
PR L 7=, Oxybuprocaine hydrochloride (0.4%)
% R e UCER LT,

(4) T34 ADHE

FRE% . ERBEMETEELRNL, T
v b EFREREZGIBE LT/ v EEHAIC
FHEELaEL2BH I, T8 A& EA
LS FICEEETD IO ICEE Lz, R
7?’:%;5\ L. VUV bty FIREREZSEALKT

(5) RHFEMOIn vivoE &

HLBERT A A%, 1, 2, 48
B RREROBRITE 538 L OSEHEREIC L v
v NEREFEL, IREKEREH L, &
RAEBESCH R ERREL, T8 AEEY
ShUTz, ARE, KB, HTFHRERELT

TAKyTEERL, BEZEEICHN L
TR LT, Bol=T Ay T OMENS
WEAE LR/AMEEL2 Yy b THEEIS
HIN U CTHEIR Uiz, oo ffRiImmps L
TEIN L7z, EX L7-#80E (RE) & e
= FR/IREIEARE (R/C/S) % 1%Triton X-
100%2 584 5PBS 200 u LIZ AR, i85 IR
PHETCACTHAREISFA AL, REVR—
k &5000g C10%0 50 L, _EIE100 p L% AU
L, 7 — ) —F—THIELE, &
BHENOBAEORELEL L,

EDV & GGAT /NA AZDOWTIL, 7 b
AT A RN EL HEEN R RME
%T?tbdmm%miﬁé:&mm%?

D1,

(6) FAREZFERIRH

HWHERT A ABHEEZ, 1, 2, 48
BIZREEO BRI SR I OSEERFAICLY
Ty NeREEL, REREMHE Lz, /Ry
R EEREL, T AERY
ShL, FEIEEEICERIE LTI0-07 A m %
e Lz, OCT=2 /30 RIZH Ml
WD X HICIRIE L., IRIEER THR LT,
W7 ay %7744 ALy FTH10um
WS LRSI R 2B LT, ERROIA %
HOEPEMSES (model FW4000,ver. 1.2.1;Leica
Microsystems) THIZE L7z,

(7) MERCEEET L

EDVT /84 28 L UGGAT /31 A & HHE
L7zT v MCKHEEZTo72, 7 v FE2.
5%phenylephrin & 1%ttropicamide THHE L T
nb, EHREETHDLEDAEEERE (BE
ETIN) NT, XA RAEBELET > b
ZEE L7z (22°C, 8000Lux) , TERT
JEREERFRIIEL, 18HFRI 23 2 & fIlr L7z,
ZOFMETIE, BRICENERS DIT T
REMOTICEFIIR N R T2,
JEER, LEDZIEAT L, 2B T4 A g
&M U7z, BENEIGTR, BEENTT v M7
& I UHERANE (90mg/kg) & ¥ T U HEER
H (10mg/kg) DIEMERNTER THREEL, 2.5%
phenylephrin & 1%ttropicamide CHEiE L T
6%}%@% (ERG ; Purec, Mayoli) % FFff
L7z,

A Z Y b L XERE (2.5mmN— A A —
7. Mayo) %A T, Identical referenc
e Bi%E OIZ, GroundEMR%EZ L - IZIZEW
7. Single flash light (20ms) % HIZERG
B % 5HEI L 7= (Dark-adapted maximal rod
response) . af (N—R T A D Dalk DR
E) BEObE (alff &bl DR KIEE) OF
EzstHl L7, =2 bu— & LT, PBS
EERTOTNAAEBE LTy b, B
LOKRBHEDT v F&fERA LT,

EDVZ /A 2 DBRETIE, W A—FAFD




BB T A A (P1005>HP0) HHAEL .
BAELE B IS HEEZIT-> T, WAL
MR R OB T2, GGAT A
ADFERETIL, PO R—F 34 R L .
BHELEE &4 BICHEEZITV., BEY
M & MR ESI R OBERZ T,

(8) MFHEHIMRAT
BRI OBREER L OERGIRTAE D
BIIAT 2—F 0 hOtT A NEWTEER L
7o OS%DISHEE (p<0.05) D & XITHEE
BINCHEBEEND D L ¥k LT,

(fRFEE~DEE)

B EBREEIT . ARVODRERMFZE D&Y
FERIWCEETAFEROLTA R4 ZHEV,
WAL KFZRFREZ R ER OB EHE
BEOAREET-,

C. WrEmE
(1) T34 2D/ERL
TNRAADORKE XL, Ty MEEEICE
FEFRE T DI 2 ERE CTHRIETE S
X HCERE LTz, £/, BiETARICE Y
VTELRLTWVWE IR FERITZ, &S
DIZHREEICEETE D L ICRRAHDKR
PUAER T, 2N EiF. XLy b
YA R/ ELFTHIENL D THL Y 25
WHZENRHETHD, £, £ v b
DY A ARLHRBMEIZERICEFETE 5, it
> T, EYoOREELEITHS LT WL
HEDBEWT N, A LTS,

(2) HWIEEFEDIn vitroRFtE

TNA RANT, BHIEE 2B O B2 HPEG
DMELED I N—EETERI LT, £,
L v MiZ, DAPIOPEGDMLLRII—EIZHE
7 L. FL & Rho®PEGDMLL R 2 2fE5 D &
72 H5PEGDMI.ZE CERL L 7=, DAPIDJKH
B % HUEIZFL L RhoDBREBRE RS & P
EGDMIERD R/ AFLXL > b, Rho* L
v NEFEED D L, FDOPEGDMERIZIG LT
BRROBRHEZMSICHIBE T 52 &2
bnotz, 775, DAPIOKH #—ElC
L722BN BFLOEH % B < L TRhoD i H %
BT BHT/NA AR, HIIRhoD L H %2 B <
L CFLOMH ZEL §55 /31 R /R4
HIEMT&ER, 2, BHEZIE 4 HPE
GDMLEEOBRMIEIZ T 5 &, FBRFBEOBRMK
FIEPEITHERF L 723 B, T A6 04
{%E?mﬂjim’%%@u:ﬁn%wé ZLENRT

kXY, Xy M OPEGDM/TEGDM
HERR & B B O PEGDM/TEGDME L O
MEFIZE - T, R4 IBEEOEY OB
MEZHIETE D2 LRI ENT-,

(3) WIHEBEDIn vivolHE

B ENT-EEEEDRN~OBITEL .,
FERR O E YR ERIE L EET R BENS
Bl U7z, BRER DT A AT~ AV R7RF
ibrosis T LIV T2, B~ EL
RRIECIRAN~DRIERIIR D bz o
Teo MIEDATTHERLEFER, 714X
NOFLAHEEEZE L TWNDEZ EBNBEIN
oo T2, THAA A&RREER, BELRICH
KBRS N, TNAA ANSHELBENGR
BMENTNADZ EPFERTE, £77, &
R CIXEt R ST, mEAlc—5
@gﬁﬁéiﬁ%MéMTmézkéﬁﬁ
L7,

WIZ, T4 ABHE1, 2, 4 HEEICR
BRAEMH L., M8 (RE) & iRBE/RPE/RIEIE
(RIC/S) 1243 THRE D R— kDRI
ZRE L, ZOERTIL, FLOKHE
—EIZ LT, Rho& DAPID i & % ST
U 2EE 0T A A TEOBRBMED
EZ R, EPFLICOWTIEEIC—FEDR
Bz Lindeh, T34 ABOET 2o
720 RhoDFEHB BT /SA 2 Tri, KRk
WWBWTHARENRFEODERZR L, —
J5. DAPIOBHE B RVFNA 2 T, R/IC/
SIZEB VN TDAPID & FEFR EE 23 /& DE A & 7R
L7=BRETIEEN/NZ o Tz,

PLEX Y, BABZORKEMEICKS LT
BNA~BITTA2REEENENT S Z &R
Xz,

(4) EDVEGGADIn vitrof itk

EDVE L TUGGADL v k (PEGDME.Z
WTEE) )P —"—IZFED T, Hx 2PE
GDMEEZH T HRME T /N— L7z T
A ZEAERLL . PBSIZIEE L CHPLCIC L Y
EMHRHEEZER L, WPhIZBW T,
B 7 AL L TR Pellet D T, AR
PIRIZAN—Z R LW, —F., Bk
BT, /83— OPEGDMERIZG U TH
HORE N LTV, T35, PEGDM
DERNDIRL 72513 (TEGDMD HLZH
ELRBITE) | HENIH Tz,
F 72, TEGDM 100%D#HBIETIE, KHiX
FEACHERI NN T,

SLEX Y., H—DPEGDM/TEGDMA L
BEZ DT LT, EDVEGGADRHME A
HTEAZ Lotz

(5) MEEEEETT VER

HN—FED BRI BEDVF AL 2% T v
hRRE RIS L DERBICEEE 21T -
72, WEIEG4A B BICERGHRE AT 72, =
>~ b —/LOPBS-DDS TiE, HEEIZ L -
Tall¥, bk & HIZTEILL HET Lz, — 5,
EDV-DDSTiZ, EDVIEH DL\ —DF
WA ZATHRBICKEBEOKRTRIH ST




Wiz, F72. EDVIRHI DD 720 =D F
A A TIHERER T OMGENE R 70
577, PLEX Y., EDVFNA AT LE
FICH U TTIREDRERH Y . ZOZERIZED
ywmm%#k%%ﬁhézkﬁ%%ém
WIZGGAT A A% T v MEIE EICBHE
L1 L 4B RICEEEZTo 2%, KBIE
jt~d B IZERGIRE 21T > 72, PBS-DDSE &
USRALERRE TIIHEEIZ L > Tall, bk &
HIZTEILL EE T LWz, —F, GGAT N
A ABETIX, BRECKTFTREEICHH S
Tz, ZOMGIZhRITBHEIE & 48 B
THERTE -, L L, MEIEEIZ4ER D
T NEpote, BLEXD | GGAT /A R
IIRBAEARIZ 7 > TGGAZ L L., MY
FEEICx L CHRREDREZ T2 LR
B’ X7,

D. &%

AT ETENECREET VT v
ELTHERL, 7284 RAFOEYS L b
BILOHA— (#RKE) OPEGDM/TEGDM
BREEZLZLICE T, BEOEHN%
B bEEOEETY IV —RT&HI L%
Rz, £, VU —RENFEEENTZFD
RIS LT, IRNA~BAT L., IR
FTEHEETHILEET v P~OBHEERT
MR LTz, I, MEGREDRENHE I
TWBHEDVE L UGGAD T 7 )LDDS % {E
L, #EFE L FEERIZPEGDM/TEGDMLEL
RKTOHHEBEEZ 2 P — L TEXAH2 & %25
ALz, £, WBELEEET Va2 VT
BT N, ADPREERES R 2RI
LEBR LT, RIRIEDDS CHEE A {R#ET 5
BYMERTET A ERE LT RL .
B R CIIROHRETH D,

WEICHE SN TWARBEDDSIT &4
RMERY) v — %ol VAR E T Ly
REATHREN, L, E5ERDDSIE
FHIHIZDDSRE 2> b EY M —KUSIET
H A NN—Z N & BRHO&RZIZDDSH

—RUICRREST DT 7 A TAN—Z R BB Y,

B ERERIENCREN H o T2, Frx DFA
A AV, HoEMEDOPEGDM & TEGDM % |
AL, V==Y~ MRIED
S3OMBLRBEITTEILERSTEY ., Bk
N OGP —ERH I N0, WIHAN
— A RRT 7 A FAN—Z "3l EY
BREFIENICEN TN D, T, e DT A
AADEH 1HOOF| R E LT, M
X DI 2 L, SR — 5
B BRI BUTEDERD D, BE
ICHE SN TNWDT A A%, BYHRKEO
JFEME DN 7 < FEREAR 72 &2 05 N SR S
HEND 720, FOBIMRFEEICRIN S, 58
JEANZIEFE T 2 EYENRFHIR I T,

Hx OT A ALY P — = RN EYIEFE R
PEDTEGDM 100% TIERLL TV A7, #
PN E S o S 7 WA 72 - T
W5h, UEXV, BEORIREDDS DR
ELThotz, EYENRERIE L SRRy
WA E LT /A AOERBUZRRTh Lz,
AT NA ADKE R, EHEOEY
EENFNERERAIEETHRKTESZ LT
5, WEEERIIZETEEORENREZ L,
IR OEY CIXIEENRNEE R Z ENE W,
B 2 W XRRNEE Tk, IRERETAI S LC2REE
ULDOEFNZHFATDHZENEL RoTE
Tro TR EBEZSMEE CITARKS IR 4= L %
PHI B FIVEGFHURE SRR K & 12k
BEHIF DR, BHERAS v L AR
F—i% < MEFHAIHIM Z THEEES
BRERET IMRAERFORKRENE
B o TL DR[EEMENRH 5, AL TIL,
EDV & GGAD 3 > 27 /LDDS D 5t CHEE R
EHRERLEDN, REEZXINLEZ~L
FDDS{E LT, HHERMEZER L, LA
FBEA~DISH VTR R MR 5,
HHEROM vivolkIEREFHT, B3 (G
) OMWEIZ L > THE~OBITEN R
HEWHEHEREREREL TV, 72
b, RholdFR st & —8 L CHEE~D®
TTNEL 72> T HS, DAPICII#sR s
BERDICHLEDLLT, BE~OBITEIZ
ENIRoTe, BEOKRT T, BENSE
%L O EYIEIEESE EZ (RPE) N
T TCA My 7 &, ZZE@EBLEEYR
WEABITT A A D= X LARRBRI TN
%, Rho L DAPIDFERDZEIT, Z DRPENY
7 O@EEMEICRR L TV A RETEEMER B B,
TE-T, EYOMWE OkatE, IBEE, &
fii7a &) 2 & o Tt BE~OBITHENE
{422 LE2RELTCVWS,RPECA Ny 7
SNBHZELEEETD L MET ORPESRIR
IR G Z DI BE. T2 & 2 X ARAS IR A= i,
B, HAMBEOT R h— 2OMENTKT L
T, RIBEDDSH AN < FIREMER & 5,
EDVT A AR LIz tEEET LVE
BRCIE. BRBIESMEIC L » TIRES RN R
RARRER LU, THIED ABRBES M
IZBWT, MIEEEICE < EDVERNEE %
BHLTWEZZ EERBLTWDS, -,
B DD 72 WVRIEIE CIIREZ R /NS
MofeZ Linh, WRIEESEIZ X > TEDV
DIn VivolRIIAHEIE STV 2 & ZoRIE
LTW5, £72. GGAT A A DEBRTIL.
BHEAEBICBOTHREDRERH -T2, =
iE, B RERNETH - ZRREIZKR L
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ina” Biomaterials, 32(7), 1950-1956 (20
11)

2. FRER

(EEREFERER)

1. Nobuhiro Nagai, Toshiaki Abe “Transs
cleral Sustained Drug Delivery by Nove
1 Device” BIT’s 1st Annual Symposium
of Drug Delivery System (SDDS-2011),
Shenzhen, China (Nov 3-5, 2011), Ora
1

2. Nobuhiro Nagai, Takeaki Kawashima,
Hirokazu Kaji, Hideyuki Onami, Norihir
o Kumasaka, Matsuhiko Nishizawa, Tos
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Distribution of Drugs Delivered Transs
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3. Toshiaki Abe, Hideyuki Onami, Nobuhi
ro Nagai, Norihiro Kumasaka, Ryosuke
Wakusawa, Yumi Ishikawa, Shigeki M
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2011 ARVO annual meeting, Fort Lau
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5 R IEDDS DR RFEZN R ] 20104F
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. KRIEZ, WERE, FIERER
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(FEEETS, )

1. RFErEds
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051, BRM4FEFHIFEE B : 10809937.5
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BIHE 3

FAFERAMER DS (ERMSEEEHEEN TS
(&) HHEmEE

t
?N4X@%%&%%ﬂﬁmﬁﬁéﬁ%
WFgEa1EE  HR5L ﬁ%ﬁ%k#%lﬁﬂ%ﬂ

HesR

MREE

ABZED BB, MBEEBIART N 2 & LT, MK LICE < 7205 0K
BEELRFETBH CEIRBERT v /5 V) —v 25 4 (DDS) &
TERL L | S BICEKIGEREEICRIE T B - DICBEOEY 2R TE 5
< /LFDDSERHETHZ & THDH, AWML, 7 v MEEELICE
HEFTRE/R Y A XDT NA ZADFREHE TN ADEEFEZ B & Lz,
CAD-CAMIZ X 28N T¥EIC L » T, THA VEBHEOFE T ANA X
HEIRFRETH D, ZOBMMITEEZRANTCEY Y P—— (2mXx2
mX lmm) . 2L v b (1.5mm X 1.5mm X 0.6mmn) fO8ERIZRY 24
Fova B HEREM & UCER LT, 858 EIZDDSEM DR Y =
FLovrZYa—npTAF7YL—F (PEGDM) %% ¥ A kL, UVHRH
TEAELTIY "=y hEERILE, RETIEDL Y b i
N A RZREFTHZ LT, VPN —NIZEROEY 2550 5 Z &)
T&, Ny hFEEE, PEGDMARIKIE T —/L LTc 734 A DiiE
% BT BEOSEE CRM L 72/ ], U — 3 — R D o — VT PR R
R EELTEY, BREBEUANSOEY ) — 713700 EE 2 bz,

A. WHFEER)

FEEO AL, KRB L% 5
LR OIGET N4 AL LT, REL
WCEL FITORREEZR FIETHETE 5%
BERNT v 7T U NRY - 27 A (DDS)
EERLL . ZRI0FRRIEICHET B 7291,
DT 5 LB DEE CRILTE v /b
FDDST A ZAEMBETHI L ThHDH, K
MR HEBFSE L LT, TN AOREE
JOEFmE B E L,

AWFFEDT A X IEHIN T (Microfabri
cation) 1E%& AW THEE(LIERIIEE 7 7L
BUZRRIES 2 Z L 2 H e LTn5, Fx
B EICEAMTECL > T~ A 7 u il
PERLL, Mla L MlaDA 2T 7 v gy
ERHMEiT AR e L CE /= (Biomicr
ofluidics, 5(2), 22214, 2011, Adv Mater, 22
(46), 5276-5281, 2010, Lab Chip, 10(18), 23
74-2379, 2010) . HGEANTIZEEA S 2 T4
R (MC-2 micro, PMT.Co) li~A 7=
—FMlickoT~vA7at—Z—T727 1
IRFEOHFR R ZIED Z LN TE S, C
AD (Computer aided design) (12X ->THHH
WZHIHICE A728, 7 2R CHA
T WA TBHENTE B,

T OBHINTHEE VD TF S 2 D8R
ZERL, EERIEE ¥y 2 N L TR

HAE L TEYH SV EERS 5 FEE2R
FIZHAE L= (Biomaterials, 32, 1950-1956,

2011) . JeE{bMERIIEE LT, N =F L
Y7V a—nLT A&7 Y L—b (Polyethyle
neglycol dimethacrylate ; PEGDM) %/ L
Too ZAUTERMELE LTRIESNLTNS
EEMEITH Y, EEBFfERENZ &2
& I TS (Acta Biomaterialia, 2, 1-8,

2006, Tissue Eng, 12(6), 1663-1673, 2006) .
TS ZFPLAME & BN, S B ICHRERF
HEEZRELT, UPF—— YLy b

BRIBIEDR D725 VP — =BG L E L
oo BMBIRZN T2 LICE T, — Y
WCRMBPREBRE SN D= FNREEH
RHTEMFIRETHD, £, W FEDHE
VPEGDM (Tryethyleneglycol dimethacrylat
e ; TEGDM) z U ¥ ——HBIRICHAWS
L EWIZ Y- "—F@ETE R
Te s, BBEAR D & — F I Y % m
THZLENBARETH D, ZAVETHEL S
4 (dmX4mn X 2mm) Z{EELL, UHF0
ARBKTRME EICHBAE L7/ R, 7 /31 R IZHK
BEEINToEIERERPMEEETRE ERA~BITL
TWHZ EFRsNT, SEIZT v MR
SRIR LT RTRE 72 /NI T S A R DR
Z ORI (BT BEMEEEE) 21T -7,




B. WFFEHIE

(1) VP —_"—HEER O ER

T NA AF Y YN YLy b
BEIENSEREINS, T F—1—D
BRERF Lz, Ty NAT AL 2B
LT, BECHEFEDOVYXTHT NA X
(4mm X 4mm X 2mm) % HEIZ LT, 2FEOK
EXEREAD LY P DR 21T
STty YA ZVTAME  2mm X 2mm X 1mm, PR
1.5mm X 1.5mm X 0.6mm® J HF— — L L7,
DY P == 2u LOEY L
r A FEEFRE T D, PMT.Co. DFGHIAN T 14
MC-2 microlZ R DY F—R—%FCADT
TH AL, CAM (Computer aided manuf
acturing) (2 X2 TT 7 UIARIZ Y H—r3—
IR ZEEI Uiz, F7-, 75 RIZITBHE
TAHRIZIE Yy hTEHEOEDOHE-»F
(BE&1m) &, MEEICEATA70IT4%
?E#k@@ﬁ(ﬁ%mm@%n@%%b

RICZDT 7 INRETI NI LT T
g— kL7, ZOa— MIROMEEZTEM
EEERIE RN LT TH-DIME LT,
ZOT 7 VIIREERIZRY OAF L mF
> (PDMS) & F v & k L60°C T304 h1Ek
L7-m{L X7, Z OPDMSEEIZ 7 /L F
7 Ca— h LPDMSEFE & Lz, ZDP
DMS#RIZBIDOPDMS % % ¥ 2 h L60°C T
3043 nE U Crlifk S8 72, & OPDMSEFT %
U= N—aERT B 72D DERKEFR L L
7o T ORKEETRIZ, TEGDM ImliZ2-Hyd
roxy-2-methyl-propiophenone (FE{L{EHEH])
OuzEREE LT VR v—%F¥ A ML,
UVZEFE (25mW/em2, 3min [SEN LIGHTS
CORP]) L TaE{b &7, H&EEFAINGTE
GDM U ¥ — 3—% M LT LTz,

BIREBADO Y F—nR—L LT, B4 X
DRERY P ——%Ze L, L& ERE
DOFETHE : 10mm X 10mn X 4mm, PNEE @ 7
mmx7mmx2mm, 3EA|FEBMARITOUD Y
P —ZTEGDM THERL L 7~

(2) &y~ v bASEROER

F v MAT A RAZFETE B v b
DY A ZF ) P—"—DNEE : 1.5mmX 1.5
mm X 0.6mmT&H Y . T DY A XOMUAPDMS
BRIAERILT-, (1) LRBOFET,
FFCAD-CAMTT 7 U ARICEERIZ R 0 |
PDMSIZEEE L, & HICPDMSICEEE LT
B2 E8L L7-, PEGDM & PDMSERT i
LWk sicorgtusrsra—ha2To
72, PDMS#FRIZEEY) 2 IR E L 7-PEGDM/T
EGDMIEE VARV <w—%F¥ A hL, 90
FUVEES 25mW/iem2) LTL v MEL
7o

(3) wEO/ER

UMW —R—HNIZEY XLy FEFE L
%Iz, BHE L 72 APEGDM/TEGDMIES
LR =—%2~_by MIlZETL, 7 A
AR T, 35HBUVESA 25mW/em2) L
TYUH—_—% T —/L L7z, Phosphate-buff
ered saline (PBS) T4 72PEGDM./TEGD
M¥E /) < —%&¥E LT,

(4) EETHEMKESIZ (SEM)

TNA AD v — )V DBEMEZ AT 5
7292, T84 ADWE %2 SEM  (VE-9800,
Keyence) THIZ LTz, BT L7271 2%
BE S SR (HCP-2, ASIITHE) Tk
L, A4 2—4%— (L350S-C., Anelva) T
PtA/Xy &V 7 LT, 5-20kV CSEM#BIZ2
EITo77,

(REE~DOEE)
BT R

C. WFoehER

(1) T30 ZAD/ER

TR TT A ADT A XMt Lic
FER, VP —R—BEEORE - EYFHE
FEEL. AE 20X 2mm X lmm, PNEE : 1.
5mm X 1.5mm X 0.6mm D U ' —s3—& Lz, 4+
BIZOWTIE, AVREZRKTHZHD
HHFHEEL LC I LU ERMETHY |
Zv ROV A X HLBEL, YN TEH
FPURETEAREROYA XL LTHRES
Nz, EF-Z0ARICBWT, ZTHXEIVN
BORKENY P ==L LA, UPF—
N—BEmMRE 720, FNHE0HRERZE
PRSI,

U — =N v b EEED D AR
D a7 M, /L FDDSEEEEICT A,
Thbb, B v NENFA XITHE
LT, Ba 2B EiED D Z EMRARETH
%, AR T, WL > R E3ESTY)
V%A, RO R DM EFED DR &
Tol-iER, KRBz~ /LFDDSLT AL
NTER, EXLy bW A ABmBMENT
HHIZEETZX 3120, EYOREESEI
K LT WILEAEOBEWT NA R Lo
T35,

In vitrofRHEEREBR I A XD KENWT A
A REERLT-, ZHIEEMOEEIZIT-
TrEEEE s a N7 5T 4 —DBHER
PEEBLEERTHD, T72bb, Fv b
FO/WNRIT N ZTlE, BRIEEY BB IR
RUTOEOEENRRETH 72D, 1k
HERBR I BIRRE L LT,

(2) SEMIZ X AHE1EEEAH

SEMIZ X 55 /34 AW #E1E O Rl 217
STz, BRIBIEIZ XA — VI, BRHE
DPEGDM & U H— —DPEGDM A —{&(k
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ARE LT, ZiE, A4REIDDSIT A H
FIHIZDDSFEHE 2 b E YN —KUZET H D
FHNR—Z N & BHOBE%ZIZDDSH—K
WCHRET A7 7 AT AN—Z2 B H D780
THD, Frxr DT, RIHREEEZ N LT
BRIBA D= A LTHD, ZHIIBRKEIEDT
J LYULOPEGDMA Y v — A v o=t k&
S TEYOIEEPHEH S, N—R F&H
HLCEME —ERHTHZENTES L
HEEL WA,

BHRBE T —T 50 L, —b
ENDLDOEPY — 7 ICHEETHILERD D,
SEMEIZE CIZ— L WEIIESE LT Y
— 7 OREITRWEEZ BT,

E. f&m

Z v MRICBHEFTRE/ /LT S A 2 % B
LTz, £, VP —_— EY HRHEE
D3R E T 5 2 LT, </ FDDS{LIZ KT
TEHPHAEDOENT A ZEFFE LT, C
AD-CAMIZ X A BN TEET A 0B
HERE<, X BEERREEICEN
g%ﬂ%x?%4yﬁﬂ%f&5&%ﬁﬁ

B

F. fEREfEiRiEH
BV

G. #WFEE

1. FRICHER

1. Takeaki Kawashima, Nobuhiro Nagai, H
irokazu Kaji, Norihiro Kumasaka, Hide
yuki Onami, Yumi Ishikawa, Noriko Os
umi, Matsuhiko Nishizawa, Toshiaki Ab
e. “A scalable controlled-release device

for transscleral drug delivery to the reti
na” Biomaterials, 32(7), 1950-1956 (201

1)

2. FERER

(B RE)

1. Nobuhiro Nagai, Takeaki Kawashima,
Hirokazu Kaji, Hideyuki Onami, Norih
iro Kumasaka, Matsuhiko Nishizawa, T
oshiaki Abe “Evaluation of Ocular Tiss
ue Distribution of Drugs Delivered Tran
ssclerally From A Non-biodegradable P
olymeric Capsule Device” 2011 ARVO
annual meeting, Fort Lauderdale, Florida
(May 1-5, 2011), Poster

(ENFE=HE)

L OKFEEA, KBZFEZ, #BiLfn, [LEEK
h, EREET, PER. EBERE,
FIERRER © [EEEEEE T VIC T
5 IEBREDDS O MEIE RN R H533E
BANAL F=TFT U TIAFEERE, 1
T (20114E11 H21H~22H)

2. KIFREH., KRIKZ, #ilfn, LEHK
W, EREE T, FERE, PR

EEMAER O~ LF RS v 75 YN
U—3 A7 LAOERL) 8330 B A A
F=T VT NVEERE, BET LY 2
0114E11 A21H~22H)

3. KIEH, REREKE, KRIEZ. JIE
SCEA, $EELFn, PEIERE., FEEE
MR RS » 7 F U AN — 25 A
W2 X DR RREORA ] F27EH
ADDSHEEFEIMES, HRKFEAR X
¥ RA (20114E6 H9H~10H)
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%782 (20114E6 H9H ~10H)
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B 3

BT BR MR e (EREEEREHEENEER)
(1) BREasE

I
?NKX@%E&%%%%ﬂﬁmﬁﬁéﬁ%
WrgEsy g PTE R ﬁitﬁ%k?ﬁ%#%ﬁ%ﬂ %

WREE

ARFZED BEYIE, MEREIRET A 2 & LT, i EICE < 72 0K
BERFETBHECTEIRBIERT v /5 U N — 27 A (DDS) %
ERLL | & BICEAIBEFRBEEICRHET AT DICEOED L RILTE 5
< /VFDDSEHFETH I & ThbH, AyHEIFRIE, 7 v ME#EL~D
FNA A EFIEER (ERG) I LA MEIEMEEME* BRI E LT, E
daravone (EDV) 3 X U'Geranylgeranylacetone (GGA) DT /NA A%
FEL, DERM#ZE L OEF%ZICHEBEYEES (8000Lux, 18h) % FEH L,
FEIESS4 H B2 ICERGRRE 21T o 72, £ ORER, = b @ —/LDPhospha
te-buffered saline (PBS) 7 /3A ATIL, HEEIZL > Tal, bz L HiZ
TEILLFETF L7z23, EDVT /NA 2 Tik, EDVIRHHD S\ T /31 A TH
BICEEEOE T2 H Tz, £z, EDVERH O 20T 31 X
TIHEBEETOMENITIR b2 oT2, £/, GGAT A AFETH
RO IE O TREBEIZHH STz, Z Oz RITBHE LA
LAEE THERTE -, LIV, RIS RIEFEEOH HIRNEY

BETF AL AL LTHERTHD Z L RRENT,

A. WFZEER

AFRED HAL, RARED B E 5D
DB DOIRET A AL LT, #ELR
[CEL 72T OIERRERFIETBHETE /%
BERT v 7T U NY — 25 L (DDS)
EUERLL . ZRIPEREIEICRIGT 7201,
BEOED ZLEDOERE TR TE S L
FDDST A AEHBETHZ L THDH, K
WA E LT, T35 A0OBHEER
FOEERREREM A B & LTz,

HEITE hOFBFROSE L EH B0, 1R
HEEIIQuality of life (EIFDHE) 2EL
ART &%, 20064 O FE A& F#4E #ia 0
REBERFELEOREERTIZ. RIAERED
BT R R (6L BN, 207
FERIBMEIEAE . 3L MEIREBLMERE, 47
BHAMIE) Thad, MEMERENZVE
BRBIZB T, BEtsslzs
BESICHENT A AREMER H D, WEIZE
WA, PUEARE, KRR, T2
VAR, FRRRETHRE N SR MRS TH
B —HRICHBMIIIEENEE L, —F
EEIND LIRENEE LWEASRZE,

iR2> B A - T2 WITAZFAIR TH 5 HH
Ja TG B ~EH S, RETR S
R E R TP CESEME2 DD,
Z DR B IXIEENEAL &V ) AERER S

NAELTIEEIND, BRERICITABRME
7T A, MEERE A T AT HERIEENM
DIFET 203, HEZHT D LIEEEAD
EUTEBMELPELD, ZOEEZ &
L7z O HEEER (Electroretinogram : ER
G) Thd, —RicarZr FL v ARDE
B ABICER LT, BN ORVEEHE
iz 4T, DERO L D ICEMEFE & ek
95, ERGIZAWNMEZ CIREMRE ST 72
WSS R EIES RIS IE TH 5.

AROHEFFETIE, ERGEHAWTT /31 X
DRREDR MM TS5 L2 RS L
7z ERGIIEIMEBMIZE R & hvizMayo.
Co.DPuREC%fEfH L7,

B. #F%E5iE

(1) FA ZDERK

FTNA RF VY= — By b
BIEN GRS N5, CAD-CAMT U #—
N LBy NOT YA U EBERLL
/INEINCESGREIN T#Micro MC-2 (Bk=\&#p
MT) T7 7 UNIRICEFRZ/ERI L=, 20
T IUNMMEE TGO Ta— b LEE
AL LTz, ZOSBERAIIRY P AFLvnm
X4 (PDMS) %% ¥ A b L60°CT3043/M
7L X7, Z OPDMSEERI A 7 L 4
a7 Ca— b LB E LT, #58IBIC
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PDMS#% ¥ % A s L60°C T304 L Tl
L&, Z OPDMSER & 1 F — R — % 1{E
57~ DKEKERICE Lz, ZOPDMS
#HAICIZ, TEGDM 1mliZ2-Hydroxy-2-methy
I-propiophenone 10l ZEAE L7 7 LR Y =
—% %% A FL, UVZERE 25mW/em2, 3m
in [SEN LIGHTS CORP]) L CHaE{b X7z,
FHRICHHTEGDM Y H— R —Z RN L5
LTz TERRLTZ Y = =D WA XV,
e 5Smm>FE1.5mmx 5 X0.6mm. FEHF|FEIE LS
KEX1.20TH D,

L v MIEEY ZPEGDM & TEGDM
DIBET VR w—IZBEL, oL D
fE> TBWEZ~XL v kN FAPDMSERZ % v
Z bk (1.2pxL) LTUVEE 25mW/em2, 1.
5min) U CERLL7Z, VL > b¥A X1V
Y= R—NIZRo 720D X D ITHMED it
1.5mmx#1.5mmx 5 £ 0.6mm TER L7,

M IEdaravone (EDV, WAKO) . Gera
nylgeranylacetone (GGA, T—¥ A1 (BR)M5H
) EMER L, Ny MIEEMDN2S
Omg/mliZ72 b L HICHBE L, LR~
—F OPEGDM & TEGDM® 2 130:10075>
5100:0D ] THREE L7,

EDVE L UGCGAD L v F{E%E U HF—
N—TEDTHRBIETEL LTz, BRI,
PEGDM ¢ TEGDMEZRA LT LR Y = —
TER L7z, ERROEYL v FEFEL
YW —R— Rz LR ~—%1uliE T
L. I ZRTHNN— L%, UVE{LL T
ERR L7, LR Y ~—mHOPEGDM & TEG
DM® H2R130:1002> 5 100:00 TR L 72,

(2) &%

B EBIRIEIT ARVODIREIFFE OB
ERICBET HFEADOT A BT A AN,
FALRFREBREFRFER OB EHE
BEOERESE, 2000>5250gDHEDSD
7y b Lz, §XTO@BERICBWT
&I UHEERE (0mgkg) EX VT UVIE
EeHE (10mg/kg) DIEREANTESR THIFEZ LT,
i FL1%2.5%phenylephrin & 1%ttropicamide C
PR L7z, Oxybuprocaine hydrochloride (0.4%)
ZRETRREEE UCER LT,

(3) T34 ADOFHE

R, RAETEME CEHE LN L, T
v bOLEGFREBEEZGR LT/ o EEHIIC
FIBE LR A2 B S8, T3 ABfEA
LR EICBEET A KO ICEE LTz, K
’iﬁ"é;ﬁ} L, #VEy FIREREZ SALKT

L7z,

(4) MESEETT L
EDVT /A 25 K UOGGAT /A A % H4H
L7eTy MCHBEEERITo, 7 v hE2.
5%phenylephrin & 1%ttropicamide CHfiE L T

Nh, ZEHREETHLEDEEERE (R
EFF)) NT, TAA ZEZBELEZT v b
ZE L7z (22°C. 8000Lux) , TIHEERT
R REREIE, 18RRI E Y & W L 7=,
DT, BEZENIEZRD DIT TR
L EYOITHCEE TR ORI T,
JERS . LEDZHAT L, ZEEPN T4 A RiRE
ERS Uz, BEIEIG:, BEEENTT v ba s
& I R (90mg/ke) & XV T VIR
% (10mg/kg) DIEFENTEST CTRREEL, 2.5%
phenylephrin & 1%ttropicamide CHUE L T
HMEEEX (ERG ; Purec, MayolH) % &AM
L7z,

(5) MEEEX (ERG)
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A transscleral drug-delivery device, designed for the administration of protein-type drugs, that consists
of a drug reservoir covered with a controlled-release membrane was manufactured and tested. The
controlled-release membrane is made of photopolymerized polyethylene glycol dimethacrylate (PEGDM)
that contains interconnected collagen microparticles (COLs), which are the routes for drug permeation.
The results showed that the release of 40-kDa FITC-dextran (FD40) was dependent on the COL
concentration, which indicated that FD40 travelled through the membrane-embedded COLs. Addition-
ally, the sustained-release drug formulations, FD40-loaded COLs and FD40-loaded COLs pelletized with
PEGDM, fine-tuned the release of FD40. Capsules filled with COLs that contained recombinant human
brain-derived neurotrophic factor (rhBDNF) released bioactive rhBDNF in a manner dependent on the
membrane COL concentration, as was found for FD40 release. When capsules were sutured onto sclerae
of rabbit eyes, FD40 was found to spread to the retinal pigment epithelium. Implantation of the device
was easy, and it did not damage the eye tissues. In conclusion, our capsule is easily modified to
accommodate different release rates for protein-type drugs by altering the membrane COL composition
and/or drug formulation and can be implanted and removed with minor surgery. The device thus has

great potential as a conduit for continuous, controlled drug release.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The design of drug-delivery systems targeting the retina is
a most challenging ophthalmological task. The principal delivery
route currently in use is topical eye drop administration, but it
delivers only low drug levels to the retina, and systemic drug
delivery, e.g., intravenous delivery of Cytovene, a ganciclovir-type
antiviral agent for cytomegalovirus [1], can produce toxic side
effects. Although intravitreal delivery allows for high concentra-
tions of a drug to be delivered directly to the retina, the necessary
surgical procedure often requires repeated injections that can cause
cataracts, retinal detachment, infection, and/or vitreous hemor-
rhage [2]. Therefore, transscleral delivery has emerged as a more
attractive method for treating retinal disorders because it can
deliver a drug locally and is less invasive [3,4]. Because of its large

* Corresponding author. Tel./fax: +81 (0) 22 717 8234.
E-mail address: toshi@oph.med.tohoku.ac.jp (T. Abe).
! Equal contribution to this work.

0142-9612/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biomaterials.2010.11.006

surface area and high degree of hydration, the sclera is permeable
to drugs of different sizes (up to ~70kDa) [5]. Transscleral drug-
delivery systems that range in size from microparticles to poly-
meric implants have been tested [6]. However, most of these
systems are made of biodegradable polymers. Drug release profiles
for biodegradable devices generally have a tri-phasic release
profile, i.e., an initial burst, a diffusional release phase, and a final
burst [7]. This complex profile occurs because the polymers erode
with time and, by doing so, affect drug dissolution. Thus, a non-
biodegradable device that contains a drug reservoir sealed with
a semipermeable membrane allows for sustained release and
reduces the sizes of the bursts [8].

Neuroprotection from retinal degenerative diseases by neuro-
trophic factor delivery to the retina remains a challenge for
ophthalmology [9]. Intraocular administrations of brain-derived
neurotrophic factor (BDNF) [10], ciliary neurotrophic factor [11],
and basic fibroblast growth factor [12], have been shown to rescue
degenerating photoreceptor cells in animals. Additionally, we have
demonstrated that the implantation of genetically modified iris
pigment epithelial cells that secrete BDNF to the subretinal space
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protect photoreceptors against phototoxicity [13]. However, suit-
able devices that specifically deliver neurotrophic factors continu-
ously to the retina and with minimal invasiveness have yet to be
developed. Therefore, we aimed to develop a membrane-based
capsule that is implantable on the sclera (Fig. 1A) and would
prolong the controlled delivery of BDNF or other protein-type drugs
to the retina with zero-order kinetics. The designed capsule
consists of two parts, a molded triethylene glycol dimethacrylate
(TEGDM) reservoir to contain the drug and a new type of
controlled-release membrane sealed around the top of the reser-
voir (Fig. 1B). TEGDM is a biomedical material that has been clini-
cally used as a dental filler for the restoration of teeth [14]. The
controlled-release membrane was produced by photopolymerizing
a mixture of polyethylene glycol dimethacrylate (PEGDM) and
collagen microparticles (COLs) (PEGDM/COL membrane). PEGDM
has been successfully used by us [15] and several other groups
[16,17] both in vitro and in vivo as a bio-inert scaffold material that
can be easily molded into different substrate shapes and then
annealed by UV crosslinking. The COLs are hydrogels containing
a chemically crosslinked 0.8% (w/v) collagen network [18], which is
permeable to molecules with molecular weights of <200 kDa.
Drugs diffuse through the interconnected COLs embedded in the
membrane. Additionally, the capsule can contain various formula-
tions and dosages of a drug so that it can be used for many different
biomedical applications. Herein, we report the fabrication, char-
acterization, and implantation on rabbit sclerae of this transscleral

drug-delivery device and demonstrate its applicability for the
administration of protein-type drugs to the retina.

2. Materials and methods
2.1. Fabrication of the PEGDM/COL membrane

Mixtures (900 ul) of PEGDM prepolymer (M, 750, Aldrich), 1% 2-hydroxy-2-
methylpropiophenone, and COLs at concentrations of 0, 100, 300, or 500 mg/ml
were poured individually into acrylic molds (3 x 3 x 0.1 cm) and photopolymerized
with UV light that had an intensity of 11.5 mJ/cm? for 90's (Lightningcure LCS,
Hamamtsu Photonics) to produce membranes with thicknesses of 100 pm. COLs
(average diameter, 8.7 um) were prepared as described [18]. Briefly, 10 ml of a 1%
(w/v) collagen solution (Nippon Meat Packers) was emulsified in 50 ml of liquid
paraffin containing 0.3% (v/v) surfactant and stirred (600 rpm) at room temperature
for 5 min. To crosslink the collagen, 1 ml of 50% (v/v) water-soluble carbodiimide
(Dojindo) in water was added to the emulsified mixture and stirred (600 rpm) for
1 h. Then, 50 ml of 50% (v/v) ethanol was added into the mixture and mixed for
5 min to separate the COLs from the oil phase. The mixture was centrifuged at
3000 x g for 5 min, and the supernatant was discarded. Ethanol (50% v/v) was mixed
with the COL pellet, and then the suspension was centrifuged (3000 x g for 5 min).
After removing the supernatant, phosphate-buffered saline (PBS) was mixed with
the COL pellet and then the suspension was centrifuged (3000 x g for 5 min). This
procedure was repeated 3 times to remove residual ethanol.

2.2. Preparation of drug formulations

Three formulations that contained the drug mimic, 40-kDa fluorescein iso-
thiocyanate dextran (FD40) plus PBS (Fso), in COLs (F¢q), or in COLs pelletized with
PEGDM (Fpel) were prepared. For the preparation of Fy, FD40 (Sigma) was dissolved
in PBS at a concentration of 10 mg/ml. For the preparation of Feol, PBS solutions of

d) Capsule device

v

c) Three types of drug formulation

i) Drug solution (F,) I\

iiy Drug-loaded COLs (F) ; S %

i) Drug-loaded COLs pelletized
with PEGDM (F,,,) s

Fig. 1. (A) A transscleral drug-delivery device, designed for the administration of protein-type drugs. The photograph shows a capsule that contained FD40-loaded COLs pelletized
with PEGDM and has a hole for suturing the capsule onto the sclera. (B) The capsule consists of a drug reservoir made of TEGDM and a controlled-release membrane made of
photopolymerized PEGDM that contains COLs (PEGDM/COL membrane), which are the route for drug permeation. The capsule was designed so that various drug formulations could

be contained in the reservoir.
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COLs, which were obtained by centrifugation at 3000 x g for 30 min, were stirred in
an equal volume of PBS that contained FD40 (20 mg/ml) for 24 h, and then the COLs
were washed and centrifuged (3000 x g for 5 min) three times with PBS. For the
preparation of Fpe), the FD40-loaded COLs in PBS (20 mg/ml FD40) were mixed with
an equal volume of the PEGDM prepolymer and UV cured for 3 min. All drug
formulations had the same amount of FD40 (10 mg/mi).

2.3. Fabrication of the capsule

A schematic of the capsule fabrication is shown in Fig. 1B. A poly-
dimethylsiloxane master mold for the reservoir was first fabricated via a micro-
fabrication technique that used an AutoCAD design and a micro-processing machine
(Micro MC-2, PMT Co.). TEGDM prepolymer (My, 286.3; Aldrich) was UV cured in the
mold for 3 min and peeled off to obtain a TEGDM reservoir. After loading a drug, the
membrane was sealed to the reservoir by UV curing TEGDM prepolymer, which in
polymerized form served as the adhesive, for 3 min.

2.4. SEM analysis

Samples were fixed with 2.5% glutaraldehyde and dehydrated first with ethanol
and, subsequently, with isoamyl acetate. The samples were then dried fully in
a critical point dryer (HCP-2; Hitachi Koki), coated with Pt using an ion coater
(L350S-C; Anelva), and subjected to SEM. The SEM apparatus (VE-9800; Kyence) was
operated at 5—20 kV.

2.5. In vitro release study

Modified Transwells were prepared by replacing their original porous
membranes with PEGDM/COL membranes of various compositions (Fig. S2). Each
drug formulation (100 pl) was placed in a Transwell and the complete systems were
incubated in 400 pl of PBS at 37 °C. To estimate the amounts of FD40 that had
diffused out of the Transwells, the fluorescent intensities of the PBS solutions were
measured spectrofluorometrically (Fluoroscan Ascent; Thermo). For the release
study that used recombinant human BDNF (rhBDNF), the capsules (reservoir inte-
rior, 5 x 5 x 2.2 mm; capsule exterior, 10 x 10 x 2.4 mm) were each filled with 40 pl
of rhBDNF-loaded COLs in PBS and sealed with a membrane with a COL concen-
tration of 0, 100, 300, or 500 mg/ml, and incubated in 1 ml of PBS at 37 °C. The
amount of released rhBDNF was measured using the reagents of a BDNF-ELISA kit
(Invitrogen) according to the manufacturer’s instructions. Each test result is repor-
ted as the mean = SD of three samples.

2.6. Western blotting

Immortalized retinal ganglion cells (RGC5 cells; a generous gift from Dr. N.
Agarwal, University of North Texas Health Science Center, Fort Worth, TX) were
maintained in Dulbecco’s modified Eagle’s medium (DMEM) (1 g glucose/l, Gibco)
containing 10% fetal bovine serum (FBS; Gibco), t-glutamine (4 mm, Gibco), and
a penicillin (100 U/ml)/streptomycin (100 mg/ml) solution (Sigma). RGC5 cells were
plated into culture dishes (diameter; 60 mm, TPP) at a density of 1 x 104 cells/cm?
and incubated in DMEM for 24 h. After starving the cells in DMEM that did not contain
FBS (DMEM-f) for 12 h, the cells were exposed to conditioned DMEM-f that contained
rhBDNF that had been released from a capsule into the medium (see below) or that
had been spiked with rhBDNF (0, 0.1,1, and 10 ng/ml) for 1 h. Cells were then scraped
from the culture support and lysed with the reagents of a ProteoJET Cell Lysis kit
(CosmoBio). Protein concentrations were determined using BCA protein assay kit
reagents (Pierce). Electrophoresis was performed using 4—15% Tris-glycine gels
(Biorad). Proteins were transferred to PVDF membranes using a semidry transferring
system (Biorad). The membranes were blocked with 5% ECL blocking agent (GE
Healthcare) and then incubated with a primary antibody against phosphorylated
MAPK (1:1000; Cell Signaling) and subsequently with the secondary antibody,
horseradish peroxidase-linked 1gG (1:5000; Cell Signaling). After stripping the
membranes of the antibodies for 10 min using the reagents of a Western Re-Probe kit
(Jacksun Biotech), the membrane was probed, in a similar manner, for total MAPK
(anti-MAPK antibodies, 1:1000; Cell Signaling). Bands were visualized using an
enhanced chemiluminescence system (ECL Plus, GE Healthcare). Conditioned media
were prepared as follows. Capsules that contained rhBDNF-loaded COLs were incu-
bating in DMEM-fat 37 °C. The medium was replaced with fresh DMEM-f at day 3 and
at week 1,2, 3, and 4.

2.7. Implantation study

We used the eyes of six rabbits, each of which weighed between 1.8 and 2.5 kg.
All animals were handled in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research after receiving approval from the
Institutional Animal Care and Use Committee of the Tohoku University Environ-
mental & Safety Committee (No.22MdA-220). The rabbits were anesthetized with
ketamine hydrochloride (35 mg/kg) and xylazine hydrochloride (5 mg/kg). Their
ocular surfaces were anesthetized with a topical instillation of 0.4% oxybuprocaine
hydrochloride. A paralimbal conjunctival incision was made 5-8 mm from the

temporal limbus. The capsules, which were loaded with Fp), were sutured onto the
left eyes at the sclerae with 10-0 nylon. The right eyes served as controls. At the third
day of implantation, fluorescent images were captured using a handheld retinal
camera for fluorescein angiography (Genesis-D, Kowa) to document the fluores-
cence distributions around the capsules and the sclerae. After implantation for 1
month, capsules from three rabbits were carefully removed and subjected to SEM.
For histological examination, the other three rabbits were killed with an overdose of
pentobarbital sodium 3 days after implantation, and their eyes were enucleated and
frozen immediately in liquid nitrogen. After mounting the cryostat sections in
a medium that contained 4,6-diamidino-2-phenylindole (Vectashield, Vector Lab),
the distribution of FD40 was observed by fluorescent microscopy (DMIG000B, Leica).

2.8. Statistical analysis

Experimental data are presented as means + SDs. The results were evaluated by
the Student t-test. Differences were considered significant if P < 0.05.

3. Results and discussion
3.1. Device fabrication

The capsule consists of a separately fabricated PEGDM/COL
membrane and a TEGDM reservoir (Fig. 1B). The membrane was
prepared by UV curing a mixture of PEGDM and COLs. PEGDM is
almost impermeable to macromolecules with molecular weights
>40 kDa (see below); therefore, the COLs provide the route for drug
permeation. Scanning electron microscopy (SEM) images were
acquired to visualize the surfaces of membranes with different COL
concentrations. The COLs are the round particles seen in Fig. 2A—C,
and the surface density of these particles is proportional to the
concentration of COLs in the corresponding unpolymerized
PEGDM/COL mixture (Fig. S1). Additionally, cross-sectional SEM
images showed the presence of interconnecting COLs when the COL
concentration was >300 mg/ml (Fig. 2D—F). The interconnecting
COLs increased in density with the concentration of the COLs.
Therefore, we assumed that the drug-release rate could be
controlled by changing the COL density in the membrane. Because,
conventionally, semipermeable membranes are made by forming
pores within the membrane i.e., solvent casting/salt leaching [19],
phase separation [20], emulsion freeze-drying {21], and bubble
formation [22}, our method is different and therefore pioneering.
For this type of membrane, there is no need to remove remaining
porogens (COLs) after polymerization because the COLs act as the
route for drug release.

The TEGDM reservoir was microfabricated using a poly-
dimethylsiloxane master mold. Because photopolymerized TEGDM
is impermeable to macromolecules (see below), the reservoir is
a barrier that forces unidirectional drug release. After loading the
drug, the membrane was placed over the reservoir and TEGDM
prepolymer was UV cured along the reservoir/membrane inter-
section to provide a seal. Cross-sectional SEM images indicated that
a tight seal was formed (Fig. 2G). The drug mimic, FD40 in PBS, did
not leak from a capsule that consisted of a standard TEGDM
reservoir and a PEGDM membrane that lacked COLs; therefore, the
capsule had been completely sealed. The capsule was designed to
contain various drug formulations and dosages. In this study, sus-
tained-release drug formulations were encapsulated to prolong
drug release by limiting the rate of drug dissolution within the
reservoir (see below).

3.2. Release controllability

To demonstrate that drug release could be controlled by both
the membrane and the drug formulation, modified Transwell
inserts were each fitted with a membrane of defined COL concen-
tration (Fig. S2) and loaded with one of three formulations: FD40 in
PBS (Fso1, Fig. 3A), FD40 in COLs (Fc, Fig. 3B), or FD40 in COLs
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Fig. 2. Representative SEM images of (A—C) the surface and (D—F) cross sections of PEGDM/COL membranes that had COL concentrations of (A, D) 100 mg/ml, (B, E) 300 mg/ml, and
(C, F) 500 mg/ml. The COLs are the round particles that form interconnecting structures throughout the membrane. Arrows point to COLs embedded in the membranes. (G) A cross-
sectional SEM image of the capsule seal site that shows the formation of a tight seal. Arrowheads point to the seal site between the membrane and the capsule exterior. Bars: 20 pm.

pelletized with PEGDM (COL/PEGDM pellet) (Fpe, Fig. 3C). The COLs
and the COL/PEGDM pellets, designed to be sustained-release drug
formulations, were suspended in PBS. After placing the Transwells
in PBS, FD40 release was monitored by assessing the increase in
fluorescence in the external PBS solution with time. The results
showed that the release of FD40 was always dependent on the COL

through the membrane-embedded COLs. At the COL concentration
of 100 mg/ml, the release kinetics was almost the same as the
control (0 mg COL/ml). As shown by SEM analysis, almost no
interconnected COLs existed in the 100 mg COL/ml membrane.
When the membranes had been prepared with a COL concentration
of 300 mg/ml, drug release followed zero-order kinetics. Addi-

concentration (Fig. 3A—C), which indicated that FD40 travelled tionally, Fe and Fpe behaved as sustained-release drug
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Fig. 3. Release of FD40 in vitro. The permeability of FD40 through PEGDM/COL membranes was studied using modified Transwells for which the PEGDM/COL membranes replaced
the original Transwell membranes. The dependence of the release kinetics on the initial COL concentration for (A) FD40 in PBS (Fs), (B) FD40-loaded COLs in PBS (Fo), and (C)
FD40-loaded COLs pelletized with PEGDM in PBS (Fpe1). The concentrations of the COLs were 100 mg/ml (circles), 300 mg/ml (triangles), and 500 mg/ml (squares). The release rate
for FD40 through a membrane that did not contain COLs was almost the same as one that contained COLs at a concentration of 100 mg/ml. Error bars represent the standard
deviations of three samples (error bars that are not visible are smaller than the symbols). The Means + SDs are shown. *P < 0.05 for 300 mg/ml vs. 500 mg/ml **P < 0.05 for 100 mg/

ml vs. 300 mg/ml.



