FRMHARR X ORREZ AW oA 3 oM KU T HEH D
IRAERE A A b7+ L RREREIZEE T 2758
BE FA

8 A

AF U M7+ LU A(IP)E, BREZFH LIZWEARIMEEE E L CTaLNTEREY, EER X OIRES
W% G o o fl 2 Rl 2 3 D3RI A ) LS5 2 LA BRIZA<IFE SN TWD, ZTHETIZ, IR
WA~OIFEY)EELEZ B E L22 < OIRFHR IP FZE1L in vivo TITHOIL TRV . FrIZARRE KO IP 1%
ZIEI, BIIRES (AR R IA e £) 6 L OB IR SR (RN BB 72 &) DR Al iﬁé%m&wﬁ@&m
ELTCOMREHFIN TS, IPOFIAIX, FIA4 7 A BEEZRGE LIRS X0 RIRIEICE
NEHGENE N E LALLM ENTWDS, L Lans, BIfEDLZ A, Ax f:ﬁﬂ%k‘i(ﬁ%ﬂ%i:

BT 5 1P OWINRERHEIC OWTHSIZREDS T b TN Z & h | HREAE IP IZFEAMBIZE ST
VRN, RN ~O SRR TS & U CARKLRR IP &2 2T 2 721213, AlkE L OREIRIC 1T 234
DOFEAERFE & AT KOV integrity 72 & D221 A BT CHRARRK IP 2RO 2 LER & 5,
Z ZCARMIEO B % | BB T O AR & RO AR X OV integrity %55 58 U 72 IR IP O R
PEZ in vitro AFZE THRIEOIT 5 2 & & L, FHH T, FRM AN L ORI 2 > CTHRALRE 1P o3y
BN R A AFIE L. BIEERE 2 ] 52T 5 2 L Al AT,

F—Hw ﬁﬁﬁ%ﬁyb7ﬁvvxmi6%%§ﬁ%@@%®ﬁﬁdﬁ

A ClE, FRM AR X ORI L/ U738 @itz 3 2 1P O HEREOEZME L,
IP JEW g e dEZh 5 & Mt L OMEIROIRAEE M7 L TR~ 5 7212, Ussing-type chamber Z{#H L
oo ETHIDIC, BT NVEEWE L UTA AT MEEWIZY R A R (LC, MW: 288.81, pKa 7.9), 5
FOZBFERT N Y U LK (BA MW: 144.11, pKa 4.21) % AW T, A AU PP O MR X ONE SR
9% 38 FH B OB A FEAM L 7o, BEENLZE(PD). A& ETL(Isc)Fs & ONE RSP (TEER)
WRATEME R L O integrity OFFHE & U CHIE L7z, TOFEE., LC B L1 BA OAMEE L O E I X E TR
BWHPICHER L, 2OMKRITEREICKFE L, £, 2OFZEBEDNRIT PD IZEFL TED .,
electrorepulsion BRENC L5 6D TH D L EZ B, MK TIE 2.0 mAlem?, K TIE 10 (bR % k)
F 7713 5.0 (LR A Fat) mA/em? & COERMEOFAICIB T, MK THIC TEERIZEE L, &5
(21X PD R Isc b £ 72 TEER OEIFIZIEWEAEIE Lz, T Z &g, HRALRR IP 238852 1P 34150 TRF
A ENDHEFMEH05 mAICM) LV EWERETH - THOEEICHEAARETH L Z NP LN E o7,
® LT, FHEA A MET VE S & LT fluorescein isothiocyanate-dextran (MW: 4400, FD-4) % i\ 7= 26k
. AT MR ORGHE RO S CIT o7z, FD-4 flux iX, ERMAIZBGRE L IP#EAICE Y, A
EECITRRRBEAICHI R L7223, FEIRE T —IBAIZHE R Lz, FEA A D FD-4 flux 2SEEFE KA I HE K
L7=Z &M, electroosmosis (EQ)7AS FD-4 @D IP WD A I =X LG L TWAH EE 2 D, T
(2, BRHRR A LI BUKMER 0 LA 0@, MaER N Y 7IC L D fIR ST d, TEER A
B L VKT Lizz o, MIRRBROIEKA FD-4 flux OEERIZE G- LT\ 5 EHEI S D, AT



VI EFHEII flux D3 L. FEECIE—i@mrlc flux 2382 K33 & W 5 (EEREE D& T, AR L O
WTD FD-4 W DEWVZLDHDOTHY , AL L OEEOMBEEDEVWNERTHL EEZ DN
éo

B AAVFT7 3 LR Y MBS DR L (RS L o B

AR NE BRI & 0 AR X O TEER ORI Z2MK R 2351 & Z S/ 2 &b, IPE M2
TP ORI Z KT L TWDH I ERB X DT, £ OMEEEIE., BUKMEE ST OFERIEELH
B DR B Do F T CAHR TIX, IEA A U MEBUKME & 43 3R 2 B 1P O Z iR Rt
ZH O B0, MIRHBREALICAFET 224 N v o7 v a (T3S 2 B A o %
OV TR LTz, W11, Al KO LAz T BIE & o X7 B O JRTENE & o Y ik X 0 5T
L. ZOREFE, fli0#% D claudin-1, claudin-4. occludin 3 X ZO-1 » KL 97 TI B X 37 E D
JRTEMEIE, BRI BGAR E 7o TP & % L 72 DT ORFIC BN TS | i K0 MR~ T
WHNZZAL LTz, T D X NI B DN GERADRERNOEZ DN Z Lnb, TINY TREDIE
FIZ BB/ claudin-1 35 KO occludin O &RVZEAL 2 G- T 572012, V= A% 71y MEIZ X D5 H %
To 7=, EFE AT E EAK THEZR T, ARSLOMEOWT O Z v X O ERICAE R 2T
R DI o Tz, D OFERIT, EIE T TSR T B & o7 B 2 iR S B, Mgk
HMBEN~ONTEALEZFHE L, OB HRET 2 2 & 2R d 5, MA T, IPIXGREIEN
EEL S0, MlaNSAOA 4V BREZZLIEDLZ LICEY, MlaPRICEELZ RIEFT L5
R BT, M ERHRTH S actin filament O JSTEVEICH] DB T e o Te, THLHDZ b,
AR X ONERZ )95 1P A XA ERS L O BRIl O RE 2 #ERF L7 & &, Mgk co
T B & X7 B 2 AR A5 0~ D AR E N~ PAEAL S8 5 2 LT K0 I BsZ i R i oD RISy 72 B
NAxFETLHEEXOND, LLEXY | By ISR 2 Ik 2 2 L1 X0 BUKMER 7O iR
ZAREIZ L, ZOMRPFCTEO IZ X A et ZiFE 45 &2 bz,

o

AR 1P 1A T X OEIE O MIaRIBR O IER L7 RIE CHEYE R 2 BT 5 b D LB 2 Hivd, FRIT,
FD-4 & X 5 RBUKMER 3 FALEW O IP B RITRD 1A A oMb amic e TamnWdEifRtE 2~ 9 2 &
D | ARAEAK 1P ITHUACIEEIR EFE G D K 5 T 4y HEMI TR 2 RN SRR E O A 72 Bl & L CIf
TELHEBZOLNI,



Study for characterization of ocular iontophoretic enhancement of ionic and non-ionic drugs
across the isolated rabbit cornea and conjunctiva
Hidehisa Sekijima

Introduction

lontophoresis (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. IP application is known to
demonstrate higher pharmacological effect compared with eye drop in clinical study conducted by dry eye patients.
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. In order to establish ocular IP as a
practical technique for drug absorption enhancement into the eye, it is required to characterize the ocular IP with
respect to enhancement properties for drug transport and potential safety including tissue viability and integrity in
the cornea and conjunctiva. The purpose in the present study was to characterize enhancement properties of ocular
IP, as well as tissue viability and integrity of the cornea and conjunctiva using in vitro technique under influence of
an electric current. The author investigated enhancement effect of ocular IP on drug transport and tissue conditions,
and tried to demonstrate potential mechanism of transport enhancement of ocular IP using the isolated rabbit

cornea and conjunctiva.

Part1 Characterization of the enhancement effect of drug transport by ocular iontophoresis

In this part, the author investigated an effect of iontophoretic electric current on the drug transport across the
isolated rabbit cornea and conjunctiva. The Ussing-type chamber was used to assess both iontophoretic
enhancement effect of drug transport and state of cornea and conjunctiva concurrently. Firstly, effect of applied
current on the ionic drug permeability across the cornea and conjunctiva was examined using lidocaine
hydrochloride (LC, cation, MW: 288.81, pKa 7.9) and sodium benzoate (BA, anion, MW: 144.11, pKa 4.21). The
potential difference (PD), short-circuit current (Isc) and transepithelial electrical resistance (TEER) were measured
as the index of the tissue viability and integrity. Both LC and BA fluxes across the cornea and conjunctiva were
increased during electric current application in a current-dependent manner. Furthermore such enhancement effect
of drug permeation was dependent on PD, suggesting an involvement of electrorepulsion as the driving force for
ionic drugs. Cornea and conjunctival TEER was recovered after cessation of IP application in the cornea up to 2.0
mA/cm? (both anodal and cathodal IP) and 10 (anodal IP) and 5.0 (cathodal IP) mA/cm? in the conjunctiva. PD
and Isc were also recovered after the current application similar to the TEER recovery. Results showed that ocular
IP is applicable safely even electric current is higher than that allowable for transdermal IP (~0.5 mA/cm?). On the
other hand, experiments using fluorescein isothiocyanate-dextran (FD-4, non-ion, MW: 4400), as a non-ionic
model macromolecule were conducted under same conditions as the experiments with ionic drugs. FD-4 flux

across the cornea was sustainably increased by the anodal IP application, while transiently increased in the



conjunctiva. Since non-ionic FD-4 fluxes were increased by the anodal IP in a current-dependent manner, the
electroosmosis (EO) can be involved in mechanistic aspect of the IP effect for FD-4. In general, transport of
hydrophilic large compounds across the epithelial tissues is limited by paracellular barrier. As TEER was reduced
by electric current application, it is speculated that enlargement of paracellular space related the observed increase
in FD-4 fluxes. The difference in enhancing behavior of IP for FD-4 fluxes in cornea and conjunctiva, in other
words sustainable increase in cornea and transient increase in conjunctiva is due to a difference in the FD-4

retention in the cornea and conjunctiva, attributed to structural configuration of the tissues.

Part 2  Influence of iontophoresis on paracellular functions and their relation to the iontophoretic
permeation enhancement.

Since reversible reduction of corneal and conjunctival TEER was triggered by low constant electric current
application, it was supposed that IP application possibly influenced paracellular function. Such a functional
change can induces permeation enhancement of hydrophilic macromolecules. In this part, the author investigated
about effect of electric current application on the function of tight junction (TJ) existing at paracellular space in
order to reveal the mechanism of permeation enhancement of ocular IP for non-ionic hydrophilic large drug.
Firstly, localization of TJ-associated proteins in the corneal and conjunctival epithelia were examined by
immunostaining technique. Localization of TJ-associated proteins such as claudin-1, -4, occuludin and ZO-1 on
the cellular margin was reversibly changed to the cytosolic compartment by electric current application at both
anodal (anode in the epithelial side) and cathodal (cathode in the epithelial side) IP. Since degradation of those
proteins may affect the results of immunostaining, western blot analysis was performed to examine the amount
variability of claudin-1 and occludin, key proteins for constitution of TJ barrier. No significant difference in
amount of the proteins between before and after electric current application in the cornea and conjunctiva,
respectively. These results suggest that electric current application dissociates assembly of TJ-associated protein,
then internalization from cellular margin to cellular cytoplasm is induced, followed by re-localizing at cellular
margin. In addition, IP did not have obvious effect on localization of actin filament which is cytoskeletal system,
indicating that IP influence cell shapes induced by changing ion environment of inside and outside the cell to
generate a compulsory electric potential. Therefore, IP application on the cornea and conjunctiva induces the
reversible opening of the paracellular transport pathway by changing the localization of TJ-associated proteins on
the cellular margin without change in cell shape of corneal and conjunctival tissues. Thus, application of electric
current enlarges the paracellular pathway to allow the penetration of macromolecules, and induces the transport

enhancement attributed to EO under influence of electric current.

Conclusion

Ocular IP has a potential to enhance drug transport with enlargement of paracellular pathway in the cornea and
conjunctiva. Specially, since the effect of IP for hydrophilic large compounds such as FD-4 shows higher
enhancement compared with low molecular ionic compounds, ocular IP may be expected to be useful technique

for intraocular drug delivery of macromolecules such as antisense oligonucleotides and antibody fragments.
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