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Development of Drug Delivery System Based on a New Administration Route
for Targeting to the Specific Region in the Liver
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Development of drug delivery systems to achieve site-specific delivery or prolonged retention in the circulation has
attracted attention, because new types of drugs are expected to be created with advances in life science and biotechnolo-
gy such as the Human Genome Project. We have tried to develop a new administration route for drug targeting to the
liver, since drug administration by the intravenous and oral routes makes it difficult to achieve a local site of action in the
liver. Although direct application to the liver surface should result in local drug distribution, drug absorption from the
liver surface has not been reported in the literature. Therefore we analyzed the absorption mechanism of several organic
anions and dextrans with different molecular weights as model drugs, after application to the rat liver surface in vivo,
employing a cylindrical diffusion cell. Every compound appeared gradually in the plasma, followed by excretion into the
bile and/or urine, indicating the possibility of drug absorption from the liver surface. A specific transport system might
not be involved in the absorption process from the liver surface, because the effect of dose and transport inhibitors on
the absorption was not recognized. In addition, molecular weight was found to be a determining factor in absorption
from the liver surface. The targeting efficacy was considerably enhanced by application to the liver surface, as compared
with intravenous administration. Moreover, we have identified important physicochemical and pharmaceutical factors
determining the absorption rate of a drug from the liver surface for clinical use. Consequently, drug application to the
liver surface could improve availability in the desired site of a new drug such as bioactive compounds and genomic medi-
cines, by combination with appropriate chemical and pharmaceutical formulation modifications.
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Fig. 1. Schematic Diagram of Liver Surface Application in the Rats Showing Proposed Difference in Intrahepatic Drug Distribution
between I.V. Administration (A) and Liver Surface Application (B)

A cylindrical diffusion cell (i.d., 9 mm; area, 0.64 cm?) made by glass was employed to selectively study the absorption of a drug from the rat liver surface. The

diffusion cell was attached to the left lateral lobe of the rat liver, using Aron Alpha biocompatible glue in the hatched region. The drug solution was added to the

diffusion cell.
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Fig. 2. Plasma Concentration Profiles of Free Phenolsulfonphthalein (PSP) at Different Doses (A) and Semi-Log Plot of Free PSP
Remaining in Diffusion Cell at a Dose of 0.3 mg (B) after Application to the Rat Liver Surface

(A) The doses of PSP are 0.3 mg (<), 1 mg (O) and 3 mg (A). Each point represents the mean= S.E. of four experiments. Curves show simulated functions

by use of the pharmacokinetic parameters obtained by curve-fitting based on a two-compartment model with first-order absorption from the liver surface. (B) Each

point represents the mean=+S.E. of four experiments. The first-order absorption rate constant k, of PSP was calculated to be 6.9X 1073 min~"' from the linear

relationship (correlation factor: 0.99) .
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Fig. 3. Recovery of Fluorescein Isothiocyanate Dextran
(FITC-Dextran, FD) with Different Molecular Weights in
Liver at 6 h after I.V. Administration or Application to the
Rat Liver Surface (LSA) at a Dose of 5mg

FD-4: Mw 4400, FD-10: 9300, FD-40: 40500, FD-70: 69000. Each
column represents the mean=+S.E. of at least four experiments.
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Fig. 4. Relationship between the Molecular Weight (Mw)
and First-Order Absorption Rate Constant (k,) of FITC-
Dextrans and the Other Compounds with Different Molecu-
lar Weights

PSP: phenolsulfonphthalein, BPB: bromphenol blue, BSP: bromosul-
fonphthalein. The k, value was calculated from the amount remaining in the
diffusion cell at 6 h after application to the rat liver surface. Each point
represents the mean of at least four experiments. A linear relationship was
observed between the &, and the reciprocal value with square root of molecu-

lar weight (correlation factor: 0.96) .
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Fig. 5. Scheme of Rat Liver Lobes (A) and Liver Concentration of PSP in Different Regions after Application to the Rat Liver Sur-
face at a Dose of 1 mg (B)
(A) I: left lateral lobe, 2: left medial lobe, 3: right medial lobe, 4: right lateral lobe, 5: caudate lobe, 6: quadrate lobe, 7: papillary process lobe. Site 1: region
where diffusion cell was attached, Site 2: applied lobe except for Site 1, Site 3: non-applied lobes. (B) Each bar represents the mean+S.E. of at least seven experi-
ments. Significantly different from the result at site 2 (**p<{0.01, ***p<0.001) or site 3 (¥p<0.05, ¥¥p<<0.01, ¥¥p<0.001).
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Fig. 6. Schematic Diagram for Pharmacokinetic Parameters of Hepatic Uptake of Cationized Bovine Serum Albumin (Cat-BSA)

and Lactosaminated Bovine Serum Albumin (Lac-BSA)

Binding parameters (dissociation constant K, and binding site) of Cat-BSA and Lac-BSA were obtained by in vifro association experiments using isolated rat
parenchymal cells.!420 The internalization rate constant k;,, of Cat-BSA was estimated from the relationship between the bound amount in vitro association experi-
ment and the steady-state uptake rate in the rat liver constant infusion system.!® The k;, for Lac-BSA was obtained by EDTA-wash experiment.2
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Fig. 7. Plasma Concentration Profiles of PSP after Continuous Microinstillation to Liver Surface or Small Intestine in Rats (A) and
Concentration of PSP in the Left Lateral Lobe and the Other Lobes after Continuous Microinstillation to the Rat Liver Surface (B)
(A) The PSP solution (10 mg/ml <235 ul) was instilled using a polyethylene tube fixed by the clamp on the surface of the liver (left lateral lobe) (@) or small
intestine (O) at a flow rate of 0.047 ml/min with an infusion pump. Each point represents the mean +S.E. of at least four experiments. Significantly different from
the result at small intestine (*p<{0.05, **p< 0.01) . Curves show simulated functions by use of the pharmacokinetic parameters obtained by curve-fitting based on a
two-compartment model with first-order absorption. (B) Each point represents the mean+S.E. of at least four experiments. Statistical significance between PSP
concentration in the instilled lobe (lobe 1, Fig. 5A) and non-instilled lobes (lobes 2—7, Fig. 5A) with the use of paired #-test (**p<{0.01).
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AT 2FEE U TRAL, BN QR E SR
fEEINTWSEYET )L OMERIZ DWW TR
AMEZEEHETNVNS, W

TR GIEZHAET 520000 TORA &L
THIRICEB LD, iRm0 EYOEER S
WD IERENIRERICB W T HHRETH D, ZNHXT
1B, 2030 AL, 3132 5 IR SRR B VNI HERR %
[H 7 5 D FEWR U S gk #7917 12 D W TRE 2 A
T3, JHBIESIERES R ST 2 RN

BE R OB IR BT B E O REM D% & U TER
WSEETH O, ERENEZ R S O Y TR
VAR ER R S B IEFICHEIREWL, 22T, B
FEN$ G S N7 Y ORI T % F s K 5
DI DGR WINFEEDENEEZREL T, BEEN
BREZROEMENEEOBFHELZHAATNS, 20D
KO TR AEMANR AR RISEFEEH SN TWS
MEREEHTIC BT 2 BRI T O JH R ZEHIC & Dz
M5 EEZSN, BREYIBENDICHNRTE
%,

4. BHYIC

Pl 7 & Dfig gs L w2y 5 ORI 2 FIH U 7= FF g
FeE AL~ D DDS 1d, WEROBEMERIZE S DN
WA= RFEBICRAZRED, MAMNE<,
AEHTEEE ST L EFS E OREERIEEE D
PERDH U WIRBICK T 5B BIE DML ICKELSF
Edab0EMFInsg. £/, INETITHAEL
TEER - T RIZ, EMPRELFHEOWI D
FIIGH TE 2 AREMEZ R > T3,

BE AR, RFRFAIEAIER AR E
MO FHE R I EGR LR E B BN T TN D
DTHUD, HBELRLEEYE, HEEZHOELZ
A= Rl K28R, W 5K FELEE
%, WOICHEH & EERFRERERITELK
DERERDZHEERLET. £, HaxOHRRHE
BE LR EER N AR B RIRBKERE,
A B pEER KPR, SAEE RBKFER
FhiBER, SRHEELZ WP REHER, PSR &
R RFB B, 1 m5h RERRERERETF,
Ik % FREREGBFICHRH# L £ 7.

AL, 2 < ORFERE, 4 F4OWEHT
DHEBDTEITTDHIENTELZHDTHD,
<E#MOBZEZERLET. 2B, AWFKEO I
BEE RO H AR IR SRS E 0 © O8I
£5HD0THO, FETEHFNEZLET.
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