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Because it is difficult to achieve local drug activity following administration by the conventional intravenous and
oral routes, I sought to develop a new route of administration utilizing drug absorption from the liver surface in order to
target that organ. Although direct application to the liver surface should yield local drug distribution, drug absorption
from the liver surface has not been reported in the literature. Therefore, we analyzed, as a model, the efficiency of ab-
sorption of several organic anions and dextrans of various molecular weights following application to the rat liver sur-
face in vivo using a cylindrical diffusion cell. Each 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. The absorption process
from the liver surface may not involve a specific transport system because dose and transport inhibitors had no detecta-
ble effect. In addition, molecular weight was found to be a determinant of absorption through the liver surface. The
efficiency of targeting desired region in the liver was enhanced considerably by application to the liver surface, compared
to intravenous administration. Moreover, I have obtained several promising results from the application of this new
drug delivery system to anticancer drugs and gene therapy. On the other hand, I have also clarified the characteristics of
drug absorption from the surfaces of the kidney, stomach, cecum and small intestine, and plan to apply the physiologi-

cal findings to other fields.
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Fig. 1. Schematic Prospected Diagram of Liver Surface Ap-
plication Showing Possible Difference in Intrahepatic Drug
Distribution between Normal Route (p.o., i.v., efc.) and
Liver Surface Application

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. The drug solution was added to the
diffusion cell.
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Fig. 2. Plasma Concentration Profiles of Free Phenolsul-
fonphthalein (PSP) at Different Doses after Application to
the Rat Liver Surface (A) and Two-compartment Phar-
macokinetic Model (B)

(A) The doses of PSP are 0.3 mg (H), | mg (@) and 3 mg (A). Each
point represents the mean £ S.E. of four experiments. Curves show simulat-
ed functions by use of the pharmacokinetic parameters obtained by curve-fit-
ting based on a two-compartment model with first-order absorption from the
liver surface. (B) k,: first-order absorption rate constant, kg first-order
elimination rate constant, kj,, k,;: first-order transfer rate constant between
central and peripheral compartment.
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Fig. 3. Scheme of Rat Liver Lobes (A) and Liver Concentra-
tion of PSP in Different Regions at 30 min after Application
to the Rat Liver Surface or i.v. Administration at a Dose of 1
mg (B)

(A) Site 1: region where diffusion cell was attached, Site 2: applied lobe
except for Site 1, Site 3: non-applied lobes. (B) Site 1 (M), Site 2 (), Site 3
(O) . Each bar represents the mean+S.E. of at least seven experiments. Sig-
nificantly different from the result at site 2 (***p<0.001) or site 3 (""/p<
0.001).
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Fig. 4. k, of Model Compounds with Different Molecular
Weights after Application to CCly— or D-galactosamine-treat-
ed Rat Liver Surface

Control (M), CCl,-treated (M), p-galactosamine-treated (). CCly

(0.4 ml/kgi.p. X2 d) was administered at 48 and 24 h prior to the in vivo ex-

periments. p-galactosamine (300 mg/kg, i.p. X1 d) was administered at 24 h

prior to the in vivo experiments. k, was obtained by time course of remaining

amount of a drug in the diffusion cell.

MO 6N, FiZ CCL BB\ TE DERAAEE
F#Tho (Fig.4). LENoT, WiKEEMS
OEPIEICE L T, BHERETIEEED 5 mn
HOD, HREHICEDETRARDHEMEINRE S
N,

51T, YRR O g 2% 1 % 512 O i 2 48
ELT, FUR%3RETHEZEDT Y MEHWTHR
Sl BaToxEFIVEEY (PSP, BSP) 12D
W, HIRERE 2 5> OEMRIGT, 72K R
wWHoNBhok, —F, maTWE (FD4,
FD-10) {ZDWTIE, HUIFR 3 H#2 Tl s 7
S5OFEYRITIa > bO—)LEXDIEKTFLEMN, 7TH
BT EH LU Lo T, HUIRRICEES £
B ZED, IR S O SEYIIGHE 12 5 2
EZRIFL TS EEZ NS,

2-3. MlExmEARNARROEROKRE M
g~ DR 7 R RIER OB Z HRY & U
T, EBROEKRIZBWTHEY ORAIEG 21T 5
G, IR L P T O3 O w B PSR 2 ) 1
SEAHZEREELRREELRD, I T, BRI
A T e 7 P i 25 1 36 ) S5 2 BR 9 2 LAY 7 BB
ELUT, MiEZEmD» S OREYWRIGEE I KT %5
EROBRBELHAMMBOFELRF L. PSP1
mg % 100, 200, 334 ul DEE TIH IV 2 H W T
LG Lzihs, SEAZOHEKNITHEVMmE
HNS O PSP OHRITEEL 7=, F£7z, XM
NSO PSP O EMNT DFEBFEEL, fREEIL O

AHEEICROSTIZIRUCMERD, EYRIREE
OBATIY, HEEmIE—TH2 I LRI N
2. Uehi>T, REAEIOEMEMEICEL DM
&R 5 OFEYWRIGEE O TN FIHETH S &F&
AHN%, —F, EHEEDN—EDHE DL D
BREEBROBREITHERLRD, EEOBEBENKEIZH
WTIE, HS5BREOEKICHEVWEYRIICE 5T %
FHEEOHERKNTFEI N, FEE LI EREN
BETLHHG, SO, M CERE FEMER
EEHTLHRMANZEIRT H20EHHS N LR .

I T, HBEOKEZBHARIELHNT, MER
fin&l & U T carboxymethylcellulose % polyvinyl al-
cohol Z RN U 7= WHIG 2 it U 7=, @ g & M
P25 6 BEf £ T PSP OWRINERLT, khPETRMF
GERTIRAERIETLTSED, HHEoHEAIZLD
g2 E 7 © DYz HIH T E 5 2 S5
ETEo Tz, EIASERIFOREICK D, HiRKm
NS OIEY N ENEEN D BN RIR 2 RN R S
Niz. 51T, WIBEFRDORIZDONT, sapo-
nin 72 ENFIRE T 2 5 O Y IR EN B2 H T
HZEEHSMILTNS 1D

INETOMTIE, MRS S OFEY T
RN 5347 Z SRR AR A S 5 72 01T, IR AL %
PEHEV TRRE L 72 HBRZE AWz, £ I TROBE
& LT, MEEmicwd 2EEORGREE EE
U7z, kBERY7e s SEYE A 2l A7z, 1017 A
DOFfERm GMUEZE) A3 /NEEEE~ PSP & i
BEAEA LB, R G 1 0 72k
INWNERINTZ., 2202 )8— A2 MEFIVERE
LS TIROEIREI OGS N k, 1, R
H5OHM, NGLEHRGRIDBDERICKEREE
w7z, 51, HRzEHEESENDHIDOIEIT)
JTPSPOREZREL /2L A, BIRNEEGD
B8, BEZRZASNBN S0, LR
BEOEA L5 E81F, B&E5ED PSP RENZNL
NOBELDBAERICEWHEZRL 2. BERENAND
BRRE G- DOFE RIS & e U T, BN S O3k
IPE R OB AT E BICE < IR 5 ), ME
HEFEAICBWTHEFICRODLNZ. Y Lz
T, HEHM KOG HikE T RTE 2 MEEE
AZE ST, BEHALEEEDN S OIS ERL T
&, BYoOILERNSRELESDOENL5DD &
HRINS.



No. 8

929

3. MDAEPEGCFEERNDEH

31. J\INAZES-FU OFFERE D ORINENE

AR ZISICERIED7201T, NALFEREE
NOFEERARGEOEMAZHNE LT, Hintask
5-fluorouracil (5-FU) % #EIRL, HEMkE %
frol=. Bt 2HWTS-FU 2 FliEEm &5
L& Z A, 5-FU ISR Z 2 S 6 Kiffl £ TITHK
70% 78— KEE IR TR N, Pk DN
TIEMIZTHIEN S k, 28 L7219 5-FU [ZHFIRAN
DI IVE TSI EEIC ML, Do i
N DAL Je O iR Tl S Nixin > 7210 Lz
7o T, MRERZGEICXD, FINAEKOLEER
TRE<HA, RN O GEALT 6 N ERA N D
Rtk ETE, REREHGICXDIINAED
HELSBERZERTE2H0EHEINS.

KROEEMEE LT, MEEMALE LT walker256 5 v
NALAY AT 2 I RS RE U 72 03 A0 T b 2 (R
U, [F#k7s 5-FU O 5 O WL FE 5 % it 4
7o, IFEEBRIEE A U i#z )L 5 O 5-FU @O
W BT, BTy b ERI%D K, fERE SN
7z, —, G (site 1) @ 5-FU I,
ERTy NEHRTI0EL FICEE-S -

I 51T, Wi E 2 LS & % M 3 epineph-
rine Jz ONIfiL % 415K 3% hydralazine 0 5-FU O JH i N
DHENDOEEEKRF L /=, epinephrine & % Wi
hydralazine DWW INZHHLZHETH, S-FUD
gm0 & OWRIGERE X, 3> ho—)L EIFER
CfZzmL7=. Mm% kA X ¥ 7~ hydralazine §f
FARRZIE, BN O 5-FU BEICEHMAZIZIFEEAE
HAENBhoZHb00, FME K TIE 2
epinephrine O ff i RF1Z, FT i N D #5541 30T B
(site 1) @ 5-FU BEIIEWEZ/RLZ (Fig. 5).
U735 C, MR D2 TS % 5% 0 Y5y
A % il #H T & 2 ] REMEDURB S Nz

3-2. 77X 3K DNAANDORBERERSEZDOHE
A BT ERESA O R % 5750 o fetk
, KINWNTTzo5—YEI—RLETTIAIR
DNA #HWTHGEL 2. BPOBEET, YT AD
IR DT PE N IEREN G- L, BeEmNEmnT I 2
2 R DNA BK THGEAT 65 I R IRIEE T
HHTELZ 2P0 THLSMNIILEZ. 0 XI51Z,
BETHREDELZ S 5S5HEAT (BE, 2B
BeH5EERE) #RE L& 22 HEERISAZEEL

2.5 -
=
o
2 24
K
2 15
c
2
® 1
=
@
o 0.51
S
o N.D. N.D.

0
control epinephrine hydralazine

Fig. 5. Liver Concentration of 5-FU at 60 min after Liver
Surface Application of 5-FU at a Dose of 5mg with or
without Vasomodulators (Epinephrine or Hydralazine)

Site 1 (M), Site 2 (M), Site 3 (). N.D.: not detected. Each bar repre-
sents the mean+S.E. of at least four experiments. Epinephrine (0.01 mg) or
hydralazine (2 mg) was treated by concomitant administration with 5-FU by
rat liver surface application.
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Fig. 6. Relationship between Mw and Apparent Absorption Coefficient P, of Model Compounds with Different Molecular Weights
after Application to Several Organ Surfaces in Rats
P, was calculated by multiplying k, and application volume divided by absorption area. k, was obtained by time course of remaining amount of a drug in the
diffusion cell.
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