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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.

EENTWS.

RN 50 0% 578 & O — x5 515 T
X, BYNneHiZid i<, Fig. 1 OFEKLKITRT
KD 1N D FER BN —FR 1T L TLE D
7202, HEREIWERDZEYER DK Z 7R EEE &7
STWa, INLOMEZBRT D2HEBFEREL
T, BENEG 2N LT, Y2 iEkims S
TINEENIRIE S & 5% 5 K88, Fig. 1 DFEW oA
TR /RY K D IThEds o O B ERALL 65 12 M A
HETAMHEENSEVHD EHRIEINS. ARHT
W, IR 2 5 O YA 2 FIH U 7z i 3 g B
EAL D DDS BHFEICHB N T, EEVWOMATE
T INETOMERE, KUIZOH#RE, fFkitzA
N9 %.

2. FlERmEs O ORI ZEFA L IEYEES X
T L DS

2-1. HiExEHRGZOEYRINEMFEA DS

figas R 5 QYW BI T D EBNL, AT
FaBA U4 AN =5 ho 7. T2 TRAD
Bt E LT, MHigZE D 5 OFEYIAEIZ DN TH
#t U7z, Figure 1 [Z7R T XD MM EIRDH T 2 8%
W)l (N : 9mm, BEHEAE : 0.64 cm?) ZfE
LT, Iv bk OMEIMIESER AR U 72 3i#t
I NFEPERR (100 ul) ZEEHREG T2 EI2XKD,
W ERAT 2 B R T D AT PRE U 7= BB R & fENL L
7. WFIERE D S OWINEZ T 5 EFT IV E LT
Wiz /KistEoa#Y =4 > &% (phenolsul-
fonphthalein; PSP, bromphenol blue; BPB, bromo-
sulfonphthalein; BSP) 1%, iRz mE &5 6 K

FTCRHEEGEDEFL LRI SN, Fig. 2A 1R
9 PSP LRI, WITHOFKY =4 R0%ED
MR AHB L, RS 2 WIERF AR I < HE
MInNz Dol ens, HEEMHED» S OEY K
WNEYDTIHHT D ENTEE. INSOHFKY
A REBEF, AN pH ITBWTIRIZFEEL,
KBS EWD, HEENSIZEEAETINEN
BWEEZEND. Y LS T, HEEICHLT
LY O BB 5/ & LT, &
FHTHDEEZLNS.

gm0 5 ORI R D BifF Td > 7= PSP 1T
DWW, MBIV NERGEROREE (b EHN=E T
%, g E D & OWIA—IHERITHED T &0
BHoMhERo7k. Y £, HiEEmEES 6 R £
TO PSP OWINEIZ, RERKGFEECHEREY =4
R EA O BIRD SNEN O IS
12, FFiERT D 5 O — R IGEFE 2 8 504 A 72 2-
a2 )N—KFA > hEF)V (Fig. 2B) IZ#HEDOWNWT,
PSP OB EHBEZ LY TIIOEITHELZE I A,
fitting curve |3 E M ME & L < —F L (Fig. 2A), 5
SN —RENGEEER k) 1%, WIhok5&
WKBWTHIRIFHELWEZRLEZ s OkRX
0, HEEEN»S OEYTINA T Z A LITEHL T
i, ZEREEN LN T, BkRRER%EROT S
NS NZ EAURB I NI,

—7, SAWET =7 R EEDIEEE D S Dk
IR, HHGHE~NDOTIVT I VIHRMERIZE U TR
Tl YIVTIDEDOMRERD ERITHES, >
INTFEBITRDEYDOENT D FERDERITEK
0, MIEERE S OEMTINAKE < SN2 Z
EMHESMNER STV ZEIT, TFEDRIED 45
¥HDOTF X b5 > (fluorescein isothiocyanate dex-
tran; FITC-dextran, FD-4, FD-10, FD-40, FD-70, 43
T-& 1 4400, 9300, 40500, 69000) ZFHWT, fFlEx
M5 O &R E DBEEIZ DN THRE Lz

RIS K% KFEGER LR STIR £
MR IR MRS . ¥
FIA 1991 F R KR AR SR A
KRHE LG TR, RIBREEEN
BhF, Bh8IZZRT, 2007 E L DB
Bk, HASE A FUN S 2 525 B
ITIEAEE HIET RN E 228, T
FEAEBILE Y B RS 2, T E g
TR, HE, wiE



No. 8

927

(A)

16 1
14 1
12 1
10 4

Plasma concentration (ug/ml)

8 9 ke|
6 1
4
ki2 ‘ 'k21
2
o i i i
0 120 240 360
Time (min)

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, ki,, 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 ([T), 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 CCl;— 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.
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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 (W), 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.

i U TR ICmWEZ R L. EENOIEREICS 5. &HVYIC
o WE A, NI O B RS BRI IS AT g7 & Dliggs 22 i 2 5 QW ZFIH U 7= iy

LRALIZEEZNT DI ENWMESNTND.Y L i BRERAL AN D DDS 13, RERDBEMBSICE 5N
2o T, BEREICHEET DALY, L0 B BNIZ =7 BFEMICRAZREDS, AHEEEYES
AT EREBLPTNRESTHD EWD ABER 77 LB & DERRIGHEEE O LR S8 L Wk
CHLBRIR W B R 5 Tz BITH T DIREEOHNICRELHFLGT 20D L]
YREL 7Y Ao I IR 8 7 ST S 2 IEE AL 0% FEND. £z, INETIHARL TE/FEEH - ##
%, ROERENTEE DERYZHOLELT, B PR B OV 5 N ERAYAIN LI, EHAIR EL T
PESEZETH D, ERENIRE R D 5 O 3P RIUR DIFFEBHITIEH T E S ARtz F > T 5.
PRV, EBEARY R S BIEFITHEIRE W, £ 2

T, MERENERG SN ED OB T 2 Hhidkds & HEE AWRIL, RIFRAEARIEAEHIAE
7 5 DWIX DEF G WRHEDENZEE L T, BWTUTObNZdDTHD, HBESRDHEIEE,

EIEN £ 582 D MR NEN R O B 2 il A /e 3 g fE2 O KUM= RERFAHEBIRIC
7 ik & D MEIE A TR OD SCRIRAIE 22 T WA T, 40 JIERE N ROXOEERLDHEZRL KT, £k, HADF
HROFEYRIUI R T 2 FIENENNELS D 5 2 51 WS E SRR E B W E 2 K RIGRFH
Lzl n, BIRENSGEDOIEREN S DY %, HIRERER  RERFHIR, &G JUNKREEME
&, MER—FBRESHFEGLTWD I ENRKEN Bz, B BERR kAN, M NITHE KRR
fz. =75, MERENRE SR 2 2 S O YR ERE I RS RIGRAEBUCHEH L XTI

I 5 M H A H AR e M R, ITEEE SN FEAERIL, < OKRFERAE, 4EL0HEGH
TWBEBLENTIC BT 5 EIREEREL T DR KIZEIHIC DHERFLDTHETTAIENTEEDOTHD,

HEORBMBEEZLNS. ZIT, BREETTIL F<RHOBEZELET. B, AFEO—EIIX
Fvw Mz, X—h—PEEERENEEL, TO0iERE HREE RO HARF IR SR A, HE (R
MZRET D ET, ERERESEZHE IS ATRE T RRARBE D 5 OB I 25D THD, 8T
HBHIEERELTND, RE 1Y P



No.

931

D

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)
12)

13)

14)

15)

16)

17)

18)

REFERENCES

Nishida K., Sato N., Sasaki H., Nakamura J.,
J. Pharm. Pharmacol., 46, 867-870 (1994).
Shanker L. S., Tocco D. J., Brodie B. B.,
Hogben C. A. M., J. Pharmacol. Exp. Ther.,
123, 81-88 (1958).

Nishida K., Sato N., Sasaki H., Nakamura J.,
J. Pharm. Pharmacol., 47, 227-231 (1995).
Nishida K., Sato N., Sasaki H., Nakamura J.,
Biol. Pharm. Bull., 18, 1548-1550 (1995).
Nishida K., Sato N., Sasaki H., Nakamura J.,
J. Drug Target., 4, 141-150 (1996) .

Koizumi T., Arita T., Kakemi K., Chem.
Pharm. Bull. (Tokyo), 12, 413-420 (1964).
Koizumi T., Arita T., Kakemi K., Chem.
Pharm. Bull. (Tokyo), 12, 421-427 (1964).
Hirszel P., Chakrabarti E. K., Bennett R. R.,
Maher J. F., Trans. Am. Soc. Artif. Intern.
Organs, 30, 625-629 (1984).

Flessner M. F., Dedrick R. L., Schultz J. S.,
Am. J. Physiol., 248, F413-F424 (1985).
Nishida K., Fujiwara R., Kodama Y., Fumoto
S., Mukai T., Nakashima M., Sasaki H.,
Nakamura J., Pharm. Res., 22, 1331-1337
(2005) .

Nagy J. A., Kidney Int., 56, S2-S11 (1996) .
Nishida K., Honda T., Nakashima M., Sasaki
H., Nakamura J., Biol. Pharm. Bull., 26, 988—
993 (2003).

Nishida K., Sato N., Nakakoga Y., Mukai T.,
Sasaki H., Nakamura J., J. Pharm. Phar-
macol., 49, 976-980 (1997).

Nishida K., Nakakoga Y., Sato N., Kawakami
S., Mukai T., Sasaki H., Sakaeda T., Naka-
mura J., Eur. J. Pharm. Biopharm., 50, 397—
402 (2000) .

Nakamura J., Horimoto T., Hirayama R.,
Mukai T., Nakashima M., Sasaki H., Nishida
K., Biol. Pharm. Bull., 26, 1049-1051 (2003).
Nakamura J., Yoshida Y., Mera K., Mukai
T., Nishida K., Sasaki H., Biol. Pharm. Bull.,
22, 713-715 (1999) .

Nishida K., Yoshida Y., Mukai T., Kawakami
S., Sakaeda T., Nakashima M., Sasaki H.,
Nakamura J., J. Pharm. Pharmacol., 53,
1341-1346 (2001).

Nishida K., Amagishi H., Sasaki H.,
Nakamura J., J. Pharm. Pharmacol., 47,

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

1032-1035 (1995).

Kodama Y., Fumoto S., Nishi J., Nakashima
M., Sasaki H., Nakamura J., Nishida K.,
Biol. Pharm. Bull., 31, 1049-1052 (2008) .
Kawakami S., Hirayama R., Shoji K., Kawa-
nami R., Nishida K., Nakashima M., Sasaki
H., Sakaeda T., Nakamura J., Biochem.
Biophys. Res. Commun., 294, 46-50 (2002).
Hirayama R., Nishida K., Fumoto S., Naka-
shima M., Sasaki H., Nakamura J., Biol.
Pharm. Bull., 27, 1697-1699 (2004) .
Hirayama R., Fumoto S., Nishida K., Naka-
shima M., Sasaki H., Nakamura J., Biol.
Pharm. Bull., 28, 2166-2169 (2005) .
Hirayama R., Kawakami S., Nishida K.,
Nakashima M., Sasaki H., Sakeda T., Naka-
mura J., Pharm. Res., 20, 328-332 (2003).
Kawakami S., Yamashita F., Nishida K.,
Nakamura J., Hashida M., Crit. Rev. Ther.
Drug Carrier Syst., 19, 171-190 (2002) .
Hirayama R., Nishida K., Fumoto S., Naka-
shima M., Sasaki H., Nakamura J., Biol.
Pharm. Bull., 28, 181-184 (2005).
Nakamura J., Fumoto S., Shoji K., Kodama
Y., Nishi J., Nakashima M., Sasaki H., Nishi-
da K., Biol. Pharm. Bull., 29, 2082-2086
(2006) .

Nishi J., Fumoto S., Ishii H., Kodama Y.,
Nakashima M., Sasaki H., Nakamura J.,
Nishida K., Eur. J. Pharm. Biopharm., 69,
633-639 (2008).

Nishi J., Fumoto S., Ishii H., Kodama Y.,
Nakashima M., Sasaki H., Nakamura J.,
Nishida K., J. Gastroenterol., 43, 912-919
(2008) .

Fumoto S., Nishi J., Nakamura J., Nishida
K., Curr. Gene Ther., 8, 187-200 (2008) .
Nakamura J., Fumoto S., Ariyoshi K., Koda-
ma Y., Nishi J., Nakashima M., Sasaki H.,
Nishida K., Biol. Pharm. Bull., 30, 729-732
(2007) .

Nakamura J., Fumoto S., Kawanami R.,
Kodama Y., Nishi J., Nakashima M., Sasaki
H., Nishida K., Biol. Pharm. Bull., 30, 941-
945 (2007).

Nakamura J., Horimoto T., Hirayama R.,
Mukai T., Nakashima M., Sasaki H., Nishida
K., Biol. Pharm. Bull., 26, 1761-1764 (2003) .
Nishida K., Tomiyama N., Mukai T., Naka-



932

Vol. 129 (2009)

34)

35)

36)

37)

shima M., Sasaki H., Nakamura J., Eur. J.
Pharm. Biopharm., 58, 705-711 (2004) .
Nishida K., Kamenosono M., Kuma A.,
Fumoto S., Mukai T., Nakashima M., Sasaki
H., Nakamura J., J. Drug Target., 13, 215—
223 (2005).

Mukai T., Tsurumaru A., Mera K., Nishida
K., Nakamura J., Sasaki H., Sakaeda T.,
Pharmacy and Pharmacology Communica-
tions, 5, 609-614 (1999).

Nakamura J., Tsurumaru A., Mera K., Mukai
T., Nishida K., Sasaki H., Pharmacy and
Pharmacology Communications, 5, 519-522
(1999) .

Nakamura J., Kobayashi K., Fumoto S., Nishi

38)

39)

40)

41)

J., Mukai T., Nakashima M., Sasaki H.,
Nishida K., Biol. Pharm. Bull., 28, 1049-1053
(2005) .

Nishida K., Nose S., Kuma A., Mukai T.,
Nakashima M., Sasaki H., Nakamura J., J.
Pharm. Pharmacol., 56, 683—-687 (2004) .
Nishida K., Kuma A., Fumoto S., Nakashima
M., Sasaki H., Nakamura J., J. Pharm. Phar-
macol., 57, 1073-1077 (2005) .

Flessner M. F., J. Am. Soc. Nephrol., 2, 122—
135 (1991).

Fumoto S., Nakashima Y., Nishida K., Koda-
ma Y., Nishi J., Nakashima M., Sasaki H.,
Otsuka N., Nakamura J., Pharm. Res., 24,
1891-1896 (2007).



