Research Reports of Suzuka University of Medical Science

LR A > b7 3 LS AR & 508 B GED R

B FHA

PREERIER AR SR SRR

HWEERRFXFLE No.23, 2016



HRAHAR A A 7 4 L RIS K BB B e EDR . 89

TELERSGET

HGRHAR A 2> b7 4 L2 A K 53 b e e O FE

HE FA
SRHPERRI R P PR

:‘:_‘7_]\ EEW%EF%%B%» }\5‘775“1)/\1)—\\/;(7‘&, ’]}ﬂ“/}‘7ﬂ‘]/2\/x, %Hﬁ, /(ujjzﬁﬁ, %%}élﬁ{ﬁﬁib%,
BRI T, S MIvo sy

— B 5

AFVETHLTA (P) &, WesERZFH LRk LTHISN THD, KEBIUIRMEZ & o7
T2 K7z /3 2 Rz ) X BT L2 HINCIASITtEN TWVWd, TNETIC, IRNNOFEYKEZ HINE Uiz
Z  OHAHFK 1P W25l in vivo TITONTED, FHCABBIUHE P IZZnZh, wilE EBRSKSEEE) B
KORHRES GRBESEBERAE) OIRBICHT 2 RIEER A e L TOREZIAR TN TS, LhLEDS, 1P
DOPMUREREIC ONT HNCRHE DB T RN T E DD, BRI 1P ZEALICE STV, ZTTEHE, R
HLRE 1P OAEHERFE in vitro WIFE CRHE DI BT e ik ice TORR, K0 P A4 BXUED FIEA A3
DB X UREBGE @ 1P EHICKDEIRL, FHCE T YO 1P Z@(EEN FUIME D) T TED o7z, hn
2T, APETE 2.0 mA/en’, FEIETIE 10 mA/em® X TOEFMADEM I F 2 A v riay (T1) BE#EAL 8T
B2 ALHINCZA L ER T e D, ARSI ORI R OREi 7 T B HRHER [P IC K2 5YEB e itic & 5 LT
WABTEAREENT, TNHHIRIE, HRAHHEK P MR & 55150532 v REIC S 50 1 5 IR FiEIC 55
CeZEMT B,




90
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D, quality of life (QOL) ZHERFd 27z DICEHE/RARE T
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SIRREZ S EIRE ORI GMNEML TED, Thbe
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Tk A A L EBR HE 2R T 5. BHEE T TR,
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A A I D FIR 5T IEA A Y OWLINEHES 5 |
FEITTEMHENTVS (Fig. 10)e TOXKIIEHIE
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W ER RN ES N TV B ERE IS ~28.2 mA/
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Fifiild ~3.65 mA/em® THHIEHERETHE ", invivo
WL CHWLN TN S ERE ORI 2 fd#E L7z 1P 56
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e TR DI DA RS 2 it 2 £ DL
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Yrids i 972 1P O FH BB IE D B 2 fat LTz,

2-1. AAVMEYOARESLUREREBI NS
ATV THL Y RDEE

1P Y e SR A s K UHRS IO IR 2 1 7L
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TA—ZODFHMRF L L7z Ussing chamber system (Fig. 2)
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Z(EML, chamber WIRICIZEREE) > 7 Vi (BRS) 7%
Wiz, ETHIDIC, EFIVERYIEE L TA AR
PN KA B (LC, MW: 288.81, pKa 7.9) BX T
LREET MY L (BA, MW: 144.11, pKa 4.21) 7z
W, A SO Jids KOS B I35 it
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il (TEER) ZHIRR L7 B X O integrity DIEIEE LT
WE Uz, BEEBRFIMAD S 120 7745k, LC EEHE
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T 7.5 mA/em® ETOEFREA 30 7 REH Uiz,
Tz, BRI T 0D BN R 72 D 0D W) i i
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W ETEOM B Uz, R EERBIE D 120 77
#®ic, FRAZRmE UTHRETIE 5.0 mA/em®, H5HET
1& 20 mA/em® FTOEFMEZ 30 7 fiEH LTz,

(B)

Donor side

IP application

v

6.0 -

50 A

4.0 A

3.0 A

20 A

LC flux (pg/cm?/min)

0 60 120 180 240 300 360

Time (min)

Fig.3 IP RERICHIIB AR (A) SXUHERR (B) ZN LT LC flux DRERFHZEL
M. 05 mA/cmz; 1,20 mA/cmz; @®.50 mA/cmz; O, 10 mA/cm’. Data represent mean + S. E. (n = 3-5)



(A)
Donor side

®mwatd> O

IP application

v

0.08 1

0.06 4

0.04 1

0.02 -

FD-4 flux (pg/cm?*/min)

0 60 120 180 240 300 360 420

Time (min)

HRAHARA A 7 4 L RIS K BB B e EDOR 93

(B)

Donor side

IP application

24 -
z
E 18
E
4
g 12
”
=
=
T 06
=

0.0

Time (min)

Fig.4 IP RERITHIIZAE (A) BLUHERE (B) L1t FD-4 flux DREFMZE1L
M, 0.5mA/cm’; [],2.0 mA/cm’; @ , 5.0 mA/cm’; O, 10 mA/cm’; A |, 20 mA/cm’. Data represent mean + S. E. (n = 3-8)
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Fig.5 FD-4:&BRERICHITHMAER (A) BXUHEER (B)TEER DFERFHIZAL
M, 0.5mA/cm’; (1, 2.0 mA/cm’; @ , 5.0 mA/em’; O, 10 mA/cm’; A |, 20 mA/cm’. Data represent mean + S. E. (n = 3-8)

AT, P EAICKD FD-4 3BEDMEEEN, 1P i
FRE T 0 DB RIS T IR E T FD-4 flux (30 LA
IVTHHE LTz (Fig. 4A), #EIETIE, TPIEAICKS FD-4
flux DKL BTEAK rgOEMISREN, Ly
L, ZOmEIE 10 mA/em® £TOMAEBFRMEICIBNTT
HY, 20 mA/em® TlX, baseline ECEIE LA -7 (Fig.
4B), TNHDOTEMND, TP T RICELN B
TREEDENE, MAREEREIET &2 TP 1P (2R

MEZZEZERL TV,
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TEER DO[E{EICETR KRR OENDRDENT:
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#U7z (Fig. 5B), [AIFKIC PD 35K Isc &, B B
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T, IP A TR OMMBEB X OHEIN FD-4 R M
ZEMIEL, Uz, YR —Mlzfme LT, A
T 0.5 BXU 2.0 mA/em’, FEIETIE 2.0 BXT 10 mA/
em’ OEFE 30 pHEA Uz, iz, EHEEALTY
RS (0 mA/em® 7 control £ LTz, TP WK TE
BICRF—IB LT L —S—{l0D chamber NYAWE % Bt
LU BRS CTEHL, IPEA TEZBIC 1P #EHK T
DOMAETIE 210 7014, FEHEETIE 150 2120
# 7 RFOMKEAN FD-4 a2 IE LTc, 1P B V%
DB X UHEEAN FD-4 BIFERIEMIENCH AL
(Fig. 6)o IP R T 210 7 HBBLT 150 3D AR
K UREBNZNZEND FD-4 BIZHEHIFK T ERKICLERT
RUEDY, 210 731D RN FD-4 =3V g i
EETLE control IZLERTHEICEHL (0.5 mA/em® T
5745, 2.0 mA/em’ T 823 1%), —J/7, METIEWVT
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ARAHASR TP O in vivo W21, #%FZ 1P EYAEICI )
2B (~0.5 mA/em®) © & LE#E LT W TR R AE
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EEMRICE TS P DHH, EFEB KT integrity
DB HOFREHEHEC S 2 T O B % T
LIZEETDHD, KEOKENDS, MBI UMD
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THIZENTz, BIREHA%O PD BLU Isc DEIELE
7z TEER OX%Fjb —HLIzCeh b, NS ERiEE
TIEARB XURIEOEF B KT integrity 7 TP 1 H
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BODZUI TP M TEZOD FD4 S Th5. FHRIE P A%, ABTIE 210 77, BT 150 2IcB13% FD4 BETHS. *p<
0.05, **p<0.01 vs. significantly different from 0 mA/cm’ (Tukey-Kramer test). Data represent mean + S. E. (n = 3-4)



EHICEMORE T, JTRbbERMEICBIKGTTS
TEDMHSME RS T,

B I OREFICEWT, LC Tl B IERGE, BA
T R AR Lize E, 1P EAC KD flux ASATH
NS LTz, TOTEIE, AV HESEYIOZE#MN ER 41
RIUAFZ LT T Z/RLTW0WA, IPICKDIEENZLC B
XU BA DfEER (K245 &, BEIP THROND

SR R R LR L TR DTl o 2 10,

ZOFRHNELT, ARBIXURERZ LU P flux IZBW
T, LC BKXU BA DfiiFMENTENEZBND, i
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ICIRTEL, Eq.1 THEINS,
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C A

CCT, FIZ77I7—EH# (96485 C/mol), Area (3
BROGETH S, Eq. 1 TRIKIIS, 11X, Bk
NUTelaA A > OB EHEE () EFEAF Y D s
() DIEMTHBIENHETES, 7505, EitE
R A EICIE, Y4720, 7
TBEFEPRERTFZOMAVETEN, A3y D
BRI A7 2 A FE G B DR B2 )
%o WHEz2ERUIRYA A OFEBHEE (J,) BXU
FWAZ L DR (1) (ZLLFDX (Bgs. 2 BKU 3) T
£Inz Y,

1

Jp=——— tpl .2

b Zp-Area‘F b (Eq.2)
Zp'up’Cp

tp = —22 (Eq.3)
Z Zi'ui'Ci
n=0

TTT, z@EAF U, widBEE, BXU cld 4
VIBETH B, RATO D BXU 1 IEEYBXOZ O
DAF U %RT s Bq. 2 W EEREH N TOAA 13
O flux M)A A OEHRIAKAFL, Eq. 3 13HY) 4
YORHED, ERMCEENS A AV EOKRERE 5 E)E
DD TIREZD L ZEKL TS, AWIZETIE, R
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TR D LEAF MR I 2 7o DI Bl i A A > FE Y BRS
HFICZRICEEN TS0, EEMGE T, LC S BA
XOEAAVBEEDENAA D 11T 255, §
%5 BRS HOAF Y DN G E>T0EEDEH
ZAbNb, EBICEH LK LC BXU BA 142 DR
X, BEEOEWV Na, K, CI XU HCO, D&%
HAFA A DOl (Na': 0.42, K2 0.02, CI': 0.48, HCO;™:
0.07) ICHANRTRD TR EDN D 0Tz, TDTEMD,
U2 EIRDIZE AL ITIEYA AN KB EDTIFIRS,
HEEAA Y OBIICE 28D THREHEE N, Lz
MoTC, P ISR FA A MY O B E e ER)
Ref35TbIiclE, YA AT O LS RMFOND
IBIEA A R 2 BT 20BN HDEEZEND, F
%, FHRSERAEE RSN LR TIRN R AT CRCH5 D
SEVIRE MI SN TO BRI IP D in vivo W28 TIE,

HAFA A DB Z T TR\ VK ) — N —TATRIC
FHLTWS > 7™, LLEXD, T O
HRAHRER 1P Tld, HAEA A OB E R LT SM0E
WEETHLHTENREENT,

A F MBS FOET IV ELTHW 2 FD-4
DB LUK Z N UIsERBIT LT, R 72 R
ELUTHABTMET P A LIZEE, flux OBERDEILE
TNtz TDOTEND, FD-4 O flux DAL, 4B
pH TEICHE LIRS N T, Wil SRR/ [
~EUB EO SR O IR B Bb N, HEIC, &
FEICFBUT FD-4 flux DGR TP #H HOABIEENT
Y, EOICLBAERO—BMEAEICER LTV T
LRI L TS, —77, Mz Tz FD-4 flux (3,
I cOXREEIT R D, PEABICERF L, Th
A EHIC FD-4 DR L TV A T eic kb el SN iz
728, TP EAND 210 %O N FD-4 872 0lE Lz
LA, IPEARED FD-4 81X, 1P IEEAREE LT
HSMCE N STz, TDTEDD, P ICKDARANBEITL
7z FD-4 WHIFEMNICHIA 2 2LICE- T, flux BRI
TWREDEHEREINT, THUIMAREFEIE ORISR
BEO P IZRBEONMELNEY, T, M L
[, R—< B, HEHE, 7o, 7AARS
FUONKAINUEDNSRD, FHC bR & PN BT
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ICPRENTRAEIS & 70 YR L, NI SN
V7EUTHREL T, flux AR ELICRTREMEDE 25N
%o FMUT, HilfEE bR 5 K ORE RIS £ e A 5 Ak
D, P TR TR T E SN RN ED
LEZ25N% (Fig. 7o

3. AA VT AL RACKORIBRD 32T S
B LR R & OB

HETIX, FD-4 DXSEBUKMER D&, TDOERD
VO EIREE TEER O BICILFIL, ZDiFEimiki
BHIRIRBR CH BTSN TS Y, Tz, poly-L-
arginine DX 7R AF A B EEES ORI K S
filifid TEER ORMYZAR T, 9 7&b Bl BRSO
SRR RICED, FD-4 OXSEH/KME D TOE R
MRS BTEMREETN TS Y, EBFbEAIC KD
s K UHERE TEER ORI AT [ E T EhizC
e, 1P RN REIBROBEEEI B E IZ LT D

Before IP

A)

Epithelial layer

Endothelial layer

Epithelial layer
Lamina propria
——

@ : FD4

During IP

= : Migration of FD-4

TEMEZBNT,

R AR AT LT3R ORI R BRI @ I 2 A - v
73y (TD IZKOHREN, Zhid 4 BIRE@EZ R
& TH% claudins *® occludin, REFT BRI ETH
% zonula occludens (ZOs), THICIIHINTEHRE THS actin
filament (F-actin) 72 & DXV ISV EE AR TIERENS
(Fig. 8) 2, Leonald 5i&, /IMEEIROTTILELTIE
SHIFHEN TS Caco-2 HiFIEZZ FHW 2 IP W27V,
TEER DK NSRRI & 0 73 O AV ie e
N, BTEEMSEEGICHE DX IP D T BOZELT
LR LY, $hbbAdEk BT, P
TJ BE#E 2 2 7B O EIREZ 2L EE % T & THENER
BB LR, W IEHREN TS BRI &S 70
FEOERIEHEIC B 5 L TNBTENEZBNS, LM LEH
5, HE FEHRED SRS A RRSREIRIC 1 2300
IP i HERRSIC B S A8 RE L ALTTDNTEDST,
ANERE Rz 1 ORIFRIC B R TI MRS LT 1P e

After IP

0% o
ege€o0o®

=> : Electroosmotic flow

Fig.7 fRE (A) BKXUKERE (B) N LTz FD-4 FEiBD IP (BERFEDEL
Al (A) : FD-4 1% 1P A FICHBRNABATL, PR 7%, ML, MRAICHHENS. K (B) : FD-4 X IP M HICE

EIEEL, P @A %, IR dI, IIcitENnS
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Fig.8 ERBIUNEMERRRMIZHE LT daudins, occludin,
Z0s H&LU F-actin BSE21M M Iv7oa a8k

DEIEHERRIFUTOVEONIHSMIIEN TV
Vo ZTTAETIE, FEAA MBS FEEYN
I B R IP OB EEERR 2SN B72DIC, Hl
HARSIBREBALICAFAE S B TI BRSO 2 B i FH Do 2
DWW THEET LTz,

3-1. BRBIURER ER2AN v o3 B
S INTBDREMEC I 2B READFE
DI, Flisds KO LR TI B X >/ ST EH DR

TEME 2 R RIS K ORHI L7z, W R DMIZEICE T,

IP J# FARE 12O M KUK TEER O [a1{EEE N E
TEICARAZL, SBIREHERICHEOREIEDENS LR
HENTTSD, EHABRMED TI BEEX SV HORE
IREEDO MBI EL TV B EINEFHI Lz,
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Characterization of the enhancement effect of
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— Abstract

Iontophoresis (IP) is known as a physical technique for drug absorption enhancement using electricity, which has been
studied widely to enhance drug absorption through the skin and mucosa such as ocular surface tissues. A number of ocular IP
studies for intraocular drug delivery have investigated in in vivo, especially, corneal and conjunctival IP are expected to be
developed as an enhancing technique for drug absorption on the anterior (cornea and lens etc.) and posterior (retina and
macular area etc.) eye diseases, respectively. Currently, ocular IP has not been used practically, since iontophoretic
enhancement properties of drug absorption in the viable cornea and conjunctiva have not been characterized well to date. The
author investigated to characterize enhancement properties of ocular IP using in vitro technique. The permeability of small
molecular ionic and large molecular non-ionic drug across cornea and conjunctiva was increased by IP application. The
iontophoretic enhancing effect of transport of large molecular drug was higher than that of small molecular drug. Since
application of electric current up to 2.0 mA/cm’ in cornea and up to 10 mA/cm’ in conjunctiva was induced to change
reversibly the localization of tight junction (TJ)-associated protein in epithelium, it was suggested that reversible opening TJ in
the corneal and conjunctival epithelium contributes to enhancement of drug transport by ocular IP. These findings indicate that

ocular IP may be a useful non-invasive technique to achieve drug delivery of large molecules into the eyes.
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