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Abstract

A rabbit ear flap single-pass perfusion system was examined as an experimental method for studying the relationship between
the physiological conditions of tissues and drug disposition after topical applications. Tyrode solutions containing bovine serum
albumin (BSA) and sucrose or flurbiprofen (FP), used as a model drug, were perfused through the vessel in the ear flap to
evaluate the physiological conditions prior to the application of FP to the skin surface. The extracellular volume and distribution
properties of FP in the perfused ear were similar to those in an in vivo experimental system. In addition, the perfused ear flap
exhibited a pharmacological response to bradykinin (BK). The amount of FP in the outflow Tyrode solution containing BSA
after application to the skin surface of the perfused ear decreased with the addition of BK, while that in the tissues under the
application site increased. FP binds to BSA, which leaked from the intravascular space, and could be retained in the tissues under
the application site. The protein binding also affected the redistribution of FP to other tissues in the ear flap after application
to the skin. The rabbit ear perfusion system is a useful method for studying the percutaneous absorption of drugs especially
variations in the disposition of drugs in oedematous tissues.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction formulations. Since in vitro skin permeation experi-
ments through excised skin, a popular experimental
There are two types of topical formulations for method, do not give enough information about these,
drugs applied to skin according to their target site of new experimental methods involving microdialysis
action. One is for systemic action of drugs which are have been used for the quantitative determination of
absorbed from the cutaneous microvessels; the otherdrugs in skin Touitou et al., 1998; Kreilgaard, 2001;
exhibits local effects in the skin and subcutaneous Clough et al., 2002 The amount and rate of uptake
tissues. The drug disposition in the skin and the up- of the drugs from the vessels could be an important
take from the vessels are important for both types of factor in determining the concentration of drugs in
local tissuesCross et al., 1999; Auclatr et al., 1991;
"~ Corresponding author, Tel+81-134-62-1882: Benown_z etal., 199p Quantlta_ltlve evaluation of drug
fax: 1+81-134-62-1848. absorption from the vessels is needed to fully under-
E-mail addresstoseki@hokuyakudai.ac.jp (T. Seki). stand drug disposition in the skiC(oss et al., 1999;
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Sugibayashi et al., 1999; Yanagimoto et al., 1998,
1999; Morimoto et al., 2000 Vascular perfusion
experiments are useful for quantitatively evaluating
drug absorption in local tissues. Some perfusion ex-
perimental systems, e.g. porcine skin flapélijams

et al., 1990; Chang et al., 1994; Riviere et al., 1996
porcine ear flapsL@nge et al., 1992 rat hindlimb
(Roberts and Cross, 199%ovine udder Kietzmann

et al., 1995; Kietzmann and Blume, 19%hd rabbit
ear flaps Celesti et al., 1992; Bast and Kampffmeyer,

1994, have been used to study transdermal drug ab-

sorption. However, the condition of the tissues, e.qg.
the extracellular volume and vascular permeability,
under perfusion was not examined in detail in those
experiments. In our preliminary studies of a rabbit

ear perfusion system, edema related to leaching of

bovine serum albumin (BSA) applied to the perfusate
was observed and this could be avoided by addition
of norepinephrine (NE) to the perfusate. This result
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2. Materials and methods
2.1. Materials

FP and NE were purchased from Sigma Chemical
Co. (St. Louis, MO). Evans blue (EB), sucrose, inulin
and hydroxypropylcellulose (HPC, HPC-H) were pur-
chased from Wako Pure Chemical Industries (Osaka,
Japan). BSA (Fr. V) was purchased from Serologi-
cals (IL). Dextran T40 (DexT40) was purchased from
Pharmacia Biotech (Uppsala, Sweden). BK was pur-
chased from Peptide Institute (Osaka, Japan). Other
chemicals were of reagent grade.

2.2. Methods
2.2.1. Evaluation of the in vivo extracellular volume

of the rabbit ear flap
Male albino rabbits (JW strain, 2.1-3.2 kg, Saitama

suggests that well established experimental methods,Experimental Animals Supply, Saitama, Japan) were
in which the physiological conditions of perfused anaesthetised with pentobarbital (s.c., 50 mg/kg) and
tissues are controlled, are needed for studying the then an isotonic 2% inulin solution was intravenously

absorption of drugs after topical applications.

In the present study, the rabbit ear perfusion
experimental system was compared with an in vivo
experimental system to examine the physiological
conditions and the distribution properties of flurbipro-
fen (FP), used as a model drugldthy et al., 200}

FP is a nonsteroidal anti-inflammatory drug and its
distribution in local tissues is important for its pharma-
cological effect. Although the rabbit ear is not popular
for studying skin permeation of drugs, it has a good

infused to obtain a mean steady-state plasma inulin
concentration of 0.5mg/ml. Blood samples were
taken from an ear vein 2.5-3.5h after the start of
infusion and then the rabbit was sacrificed usingpCO
gas according to the NIH standards as described in
“Principles of Laboratory Animal Care.” A piece of
ear flap (3.14 c site (A) inFig. 1) was excised and
homogenised with 2ml PBS (pH 7.4) to determine the
inulin content. An aliquot of the homogenate (20)
was mixed with 4Qul 10% trichloroacetic acid and

vascular system for perfusion and has been used forthen the mixture was centrifuged at 12,000¢ for
a long time in studies on arteriovenous anastomoses3min. The supernatant (1@0) was mixed with

(Clark and Clark, 1932; Pollock et al., 1996and

1.5% cysteine hydrochloride (20), 78% sulphuric

rabbits are more popular as an experimental animal acid (600wl) and 0.12% carbazole ethanol solution

compared with pigs and cows. The pharmacological
effect of bradykinin (BK), which has strong effects
on the peripheral vascular systefgigen, 197) was

(20wl). The mixture was kept at 4@ for 30 min
and then the absorbance at 560 nm was determined.
The amount of inulin per gram of tissue was divided

also examined to evaluate the physiological responseby the inulin concentration in the plasma to give

of the perfused ear flap. If the rabbit ear perfusion
experimental system showed a response to BK, it
would be useful for studying the disposition of drugs
in oedematous tissues. In the initial part of the exper-

the distribution volume of inulin in the ear flap. The
distribution volume of inulin was regarded as the
extracellular volume of the ear flap.

iment, FP solution was perfused through the ear flap 2.2.2. Procedure for rabbit ear flap single-pass

to evaluate the physiological conditions. In the sec-
ond part, FP gel was applied to the skin to evaluate
the usefulness of the experimental system.

perfusion experiments
Male albino rabbits were sacrificed as described in
the in vivo experiment. Whole ear flaps were excised
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Fig. 1. Schematic diagram of rabbit ear flap for the experiments. (A) is the site for sampling in the perfusion experiments and for FP
application in the skin absorption experiments. Tyrode solution was perfused at 1 ml/min via a polyethylene (B) cannula inserted into the
central artery. All perfused solutions were collected using a funnel (C).

and a polyethylene (PE50) cannula was then insertedwas achieved by 30 min. The distribution volume of
into the central arteryRig. 1). Blood was washed sucrose was regarded as the extracellular volume of
out using saline solution containing heparin. The ear the ear flap. In order to examine the effect of BK
flap was then perfused with oxygenated (95%#5%6 on the extracellular volume in the excised ear flap,
CO) Tyrode solution at 1 ml/min. The ear flap and Tyrode solution containing 0[AM BK was used as
Tyrode solution were kept at 3 in an incubator. the perfusateEisen, 1970

The composition of the Tyrode solution was as fol-
lows: sodium chloride (137 mM), potassium chloride
(1.5mM), calcium chloride (1.8 mM), magnesium
chloride (1.0mM), sodium bicarbonate (12 mM),

monobasic_sodium Ophospgate (O.4m|\a/b},g|jlucoshe solution (167xg/ml) was intravenously infused to ob-
(5.0mM), BSA (4.7%) and NE (50ng/ml). When tain a mean plasma steady-state FP concentration of

other' additives were added, the content'of sodium 10pg/ml (Mathy et al., 200). Blood samples were
chloride was reduced to keep the osmotic pressure taken from an ear vein 2.5-3.5 h after the start of in-
constant. fusion and the rabbit was then sacrificed in the same
way as in the inulin experiment. A piece of ear flap
2.2.3. Evaluation of in vitro extracellular volume of  (site A) was excised and then homogenised with 2 ml
the rabbit ear flap PBS to determine the FP content. The homogenate
Tyrode solution containing sucrose (0.1%) was was mixed with 5Q.l of a methanolic solution of
used to determine the distribution volume of sucrose p-hydroxybenzoic acid isopropyl ester (a@/ml), as
in the rabbit ear flap. The Tyrode solution was per- an internal standard, and 2ml acetonitrile and then
fused for 30 or 180 min. An aliquot of the outflow the mixture was centrifuged at 12,080¢ for 3 min.
was collected to check the sucrose concentration. A The supernatant (20)) was subjected to HPLC.
piece of ear flap (site A) was excised and the sucrose The HPLC system consisted of a pump (LC-10AT,
content was determined in the same way as for inulin. Shimadzu, Kyoto, Japan), an injector (7125, Rheo-
Since the sucrose concentrations in the outflow and dyne, CA), a stainless-steel column (4 250 mm)
the distribution volume of sucrose were similar at 30 packed with LiChrospher 100 RP-18(e) (b,
and 180 min, this showed that distribution equilibrium Merck, Darmstadt, Germany), an oven (CTO-10AC,

2.2.4. Evaluation of the in vivo distribution
properties of FP in the rabbit ear flap
Rabbits were anaesthetised and then isotonic FP
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Shimadzu), a UV detector (SPD-6A, Shimadzu) and outer side of the ear flap (site (A) iig. 1). The FP

an integrator (C-R5A, Shimadzu). The mobile phase gel (1.0g) was applied to the cell 1 h after the start of

consisted of 50:50 (v/v) acetonitrile:0.1% phosphoric perfusion and the outflow was collected every 15 min

acid solution, and the flow rate was 1.0 ml/min. The for 2h. The FP gel and cell were removed carefully

detector was operated at 245nm. The concentrationfrom the surface and then the surface was washed with

of FP in the tissue was calculated as the amount of ethanol to avoid contamination with unabsorbed FP.

FP in the piece of the ear flap (3.14%nivided by The stratum corneum of the surface was removed by

its weight. The partition coefficienk, was defined tape stripping (2&) and then the tissue of ear flap un-

as the concentration of FP in the tissue/concentration der the site of the applied drug (site A) was excised.

of FP in plasma in the in vivo experiments. The content of FP in the piece of ear flap was deter-

mined in the same way as in the other experiments.

2.2.5. Evaluation of the in vitro distribution

properties of FP in the rabbit ear flap 2.2.8. Evaluation of the redistribution of FP from
Tyrode solution containing FP (303/ml) was used perfusate to tissue after application of FP to the

to evaluate the distribution of FP in the perfused rab- surface of the ear flap

bit ear flap. The Tyrode solution was perfused for = The FP content in the rest of the ear flap after exci-

180 min. An aliquot of outflow was collected to check sion of the application site was determined to evalu-

the FP concentration. A piece of ear flap (site A) was ate the redistribution of FP from perfusate to tissue in

excised and the content of FP was determined in the the FP gel application experiments. The ear flap was

same way as in the in vivo experiments. The partition homogenised with 15ml PBS. The homogenate was

coefficient,K,, was defined as the concentration of FP
in the tissue/concentration of FP in the outflow in the
in vitro experiments.

2.2.6. Measurement of the in vitro distribution
volume of EB in the rabbit ear flap

Tyrode solution containing EB (1Q0y/ml) was
used to evaluate the effect of BK on the vascular
permeability in the perfused rabbit ear flap. EB was
used as a marker of BSA. The Tyrode solution was
perfused for 30 min. A piece of ear flap (site A)

mixed with 70 ml acetonitrile and then the mixture was
centrifuged at 12,00& g for 3 min. The supernatant
(20pl) was subjected to HPLC using a fluorescence
detector (RF-535, Shimadzu). The detector was oper-
ated at Ex 262 nm and Em 312 nm. The redistribution
ratio (RR) was defined by the following equation:

@)

FPinrestof ear flap

RR = - . .
FP in perfusate- FP in rest of ear flap

In order to examine the effect of protein binding
on the redistribution of FP, DexT40 was added to a

was excised and the content of EB was determined Tyrode solution instead of BSA. The osmotic pres-
by measurement of the absorption at 620 nm. The sure and viscosity of the Tyrode solution containing

equilibrium of the distribution of EB and BSA was
verified by comparison of the EB concentration in
the inflow and outflow. The amount of EB in the ear
flap was divided by the EB concentration in the out-
flow to give the distribution volume of EB in the ear
flap. When Tyrode solution without BK was used, the
distribution volume of EB could be regarded as the
intravascular volume of the ear flap.

2.2.7. Application of FP gel to the surface of the
perfused ear flap
An FP gel was used for application to the surface of

3.95% DexT40 (288 mOsm/kg, 1.38 mPas) were sim-
ilar to that containing 4.7% BSA (286 mOsm/kg,
1.41 mPas).

2.2.9. Determination of the diffusion coefficient of
FP in the medium

In order to examine the effect of protein binding
on the mobility of FP, the diffusion coefficienD}
of FP in the medium was determined by a chromato-
graphic broadening method (CBI8gki et al., 2003a
A stainless-steel tube (10m, 0.8 mmi.d., Supelco Inc.,
PA) was fitted to the HPLC system instead of the col-

the perfused ear flap. The FP gel consisted of 1% FP umn. Phosphate buffer (10 mM, pH 7.4) or buffer con-

and 3% HPC-H in PBSYanagimoto et al., 1998A
glass cell (available area 3.14 cn?) was fixed on the

taining 0.2% BSA was used as the mobile phase. The
flow rate was 0.1 ml/min, the oven was kept at’87
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and the detector was operated at Ex 262 nm and Emthe case of the in vitro single-pass perfusion experi-

312 nm. FP was dissolved in mobile phase (20ml)
and the solution (1f1) was injected into the system.
The values of the residence timig) and the eluted
peak width at half heightW:,2) were obtained from
the integrator. Th® values were calculated from the
following equation, where is the radius of the capil-
lary tube (0.426 mm) determined from the calibration
runs Seki et al., 2003p

)

2.2.10. Statistical analysis
All results are expressed as meanS.E. Student’s

ment, Tyrode solution containing 1@/ml of FP was
perfused. The FP concentration in the outflow at 3h
was 101+0.7 pg/ml and this suggests that tissue equi-
librium for the distribution of FP was achieved. The
amount of FP in site (A) and the calculatig value

of the perfused ear flap were2®7 + 0.054g per
3.14 cnt and 00920+ 0.0300 ml/g, respectively. The
distribution of FP in the perfused ear flap is similar to
that in vivo.

3.3. Effect of BK on the perfused ear flap

BK was added to the perfusate at a concentration
of 0.1uM to examine the effect on the ear flap. This

t-test or the Tukey—Kramer test was used to examine concentration is high enough for BK to affect the vas-

differences between each group.

3. Results

3.1. Comparison of the extracellular volume in the
in vivo and in vitro perfusion experiments

In order to evaluate the physiological conditions of
the perfused ear flap, the extracellular volume was
compared first with the in vivo situation. In the case of
the in vivo experiments, a constant inulin concentra-
tion (0.494+0.150 mg/ml) in plasma at 2.5-3.5 h was
obtained by inulin infusion (120 mg/h/kg). The extra-
cellular volume of site (A) was .865+ 0.039 ml/g
(Fig. 2). On the other hand, the extracellular volume of
the perfused ear flap was47+ 0.029 ml/g Fig. 2).

cular permeability Eisen, 1970 EB was used as a
marker of vascular permeability. The vascular perme-
ability of EB was low under normal conditions and the
distribution volume of EB was equal to the intravas-
cular volume of the ear flap. When the vascular per-
meability increased, EB distributed in the extracellar
space. The distribution volume of EB in site (A) was
0.0608+0.0241 ml/g under control conditionBig. 3).
When the intravascular solution in the perfused ear
was removed by air, about 85% of the EB was re-
moved. This suggests that most of the EB was dis-
tributed in the intravascular space under control condi-
tions. On the other hand, the distribution volume of EB
in the perfused ear flap wassd44 0.091 ml/g, when
BK was added to the perfusateiq. 3). This suggests
that the perfused ear flap exhibits a response to BK.
The effects of BK on the extracellular volume and

These results suggest that the extracellular space of thethe distribution of FP in the perfused ear flap were also

perfused ear flap remained normal for a 3-h period.

3.2. Comparison of the distribution of FP in the ear
flap in the in vivo and in vitro perfusion experiments

The distribution of FP in the perfused ear flap was
also compared with the situation in vivo. In the in
vivo experiments, FP solution was infused (1.0 mg/

examined Figs. 2 and % When perfusate contain-
ing BK was used, the extracellular volume of site (A)
was 0485+ 0.021 ml/g Fig. 2. When the extracel-
lular volume was expressed as volume/sampling area
(3.14 cn?), the volume was 324 13l per 3.14 crd

and the value was significantly higher than that with-
out BK (15745 pl per 3.14 cm). The edema is due to
the enhanced vascular permeability produced by the

h/kg) to obtain a steady-state plasma concentration pharmacological effect of BK. The amount of FP in

of about 1Qug/ml. The FP concentrations in plasma

site (A) and theK,, value also increased following the

at 2.5-3.5h were constant and the mean value wasaddition of BK to the perfusate={g. 4). Since BSA

10.2 £ 1.3 ng/ml. The amount of FP in site (A) and
the calculatedK value were ®97 4 0.032.g per
3.14cnf and 00965+ 0.0129 ml/g, respectively. In

applied to the perfusate could leak from the intravas-
cular to the extracellular space in edema, FP bound to
BSA could also move to the extracellular space.
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Fig. 2. Comparison of the extracellular volume in in vivo and in vitro perfusion experiments. (A) Extracellular volume of site (A) in
Fig. 1, (B) extracellular volume per gram tissue. An isotonic 2% inulin solution was intravenously infused to obtain a mean steady-state
inulin plasma concentration of 0.5 mg/ml. Tyrode solution containing sucrose (0.1%) and BSA (4.7%), with or without BKIJOwtas
perfused at 1 ml/min in the in vitro experiments. Each set of data is the f&B. (n = 3—4). ** P < 0.01 in Tukey—Kramer test.
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Fig. 3. Effect of BK on the distribution volume of EB in the in vitro rabbit ear perfusion experiments. Tyrode solution containing EB
(100pg/ml) and BSA (4.7%), with or without BK (0.1M), was perfused at 1 ml/min. Each data set is the me&@E. (n = 3-10).
**P < 0.0001 in Student'd-test.
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07 3.4. Distribution of FP after application of FP gel to

the skin surface of the perfused ear flap

06 o
In order to evaluate the perfused rabbit ear flap as

an experimental method to examine the absorption of

-
05 \x drugs after application to skin, FP gel (1%) was used

(Yanagimoto et al., 19980ne gram FP (1%) gel was
applied to the skin surface of the perfused ear flap 1 h
after the start of the perfusion to evaluate the distribu-
tion of FP during the absorption process. The perfusate
(outflow) was collected every 15 min for 2 h after ap-

04

03

Distribution volume of EB (mL/g)

2

plication, and then the FP content of site (A) and the
02 other ear site were determined. In order to evaluate the
effect of BK on the distribution, the Tyrode solution
04 containing BK (0.1uM) was also used as a perfusate.
Fig. 5shows the cumulative amounts of FP in the out-
j flow after application. When the Tyrode solution con-
0 taining BK was used as the perfusate, the amount of
control +BK FP after 2h was significantly lower than that in the
Fig. 4. Comparison of the amount distributed (A) and #g control experimentskig. 6 shows the distribution of
values (B) of FP in in vivo and in vitro perfusion experiments. FP in the perfusate, site (A) and the other site 2 h after
An isotonic FP solution (16{g/ml) was intravenously infused to application (3 h after the start of the perfusion). The

obtain a mean steady-state FP plasma concentration p§/bdl. total amount is equa| to the amount of FP that has per-
. - 0 ) ¢

Tyrode solution containing FP (3b/mi) and BSA (4.7%), with o 5104 through the stratum corneum of site (A) 2h

or without BK (0.1uM), was perfused at 1 ml/min in the in vitro L . . .

experiments. Each data set is the me&E. (n = 3-4).* P < 0.05 a_ft_er app!lcatlon to the skin surfa_ce. Ther_e IS no sIg-

in Tukey—Kramer test. nificant difference in the totals, with and without BK,

in the Tyrode solutions. While the amount of FP in the
outflow decreased, the amount in site (A) increased,

*%

Amount of FP in perfusate (ug)

0 0.5 1 15 2
Time (hr)

Fig. 5. Effect of BK on the cumulative amount of FP in the perfusate after application of FP gel (1%) to the skin surface of the rabbit ear
flap. Tyrode solution containing BSA (4.7%), with or without BK (@.1), was perfused at 1 ml/min. Closed circles, without BK; closed
triangles, with BK. Each data set is the meaS.E. (n = 6). **, P < 0.01 in Student'st-test.
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Fig. 6. Effect of BK on the distribution of FP 2h after application of FP gel (1%) to the skin surface of rabbit ear flap. Open bars, in
perfusate; dotted bars, in tissue under the application site; striped bars, in the rest of the ear flap tissue. Tyrode solution containing BSA
(4.7%), with or without BK (0.3J.M), was perfused at 1 ml/min. Each data set is the me&E. (n = 6). *P < 0.05; P < 0.01 in
Student’st-test.

when BK was added to the Tyrode solutions. BK could instead of that containing BSA and BK to evaluate the
increase the vascular permeability and the leakage of effect of protein binding on the redistribution process.
BSA into the extracellular space of site (A). Since FP The value of RR with the Tyrode solution containing
could bind to the leaked BSA during the absorption DexT40 was higher than that with the Tyrode solution
process, the FP in site (A) could be increased and the containing BSA alone or BSA and BKF{g. 7). The
absorption of FP into the perfusate could be decreasedvascular permeability of FP binding to BSA could be
by the addition of BK to the perfusate. Although the low. In order to evaluate the effect of binding to BSA
vascular permeability could increase in all the sites of on the diffusivity of FP, the diffusion coefficient of FP
the perfused ear flap, the FP in the other site did not in 0.2% BSA solution was determined by CBM. The
increase following the addition of BK. diffusion coefficients of FP in the buffer (pH 7.4) and
the buffer containing BSA were®5 x 106 +0.03x
3.5. Redistribution of FP from perfusate to tissue 1078 cn?/s and 108 x 10764 0.02 x 10~ cné/s, re-
after application of FP to the surface of the ear flap  spectively. The diffusion coefficient of FP in the BSA
solution is similar to that of BSA (D4 x 10-% cné/s;

In order to examine the factors involved in the redis- Salmon et al., 1984 This result suggests that FP could
tribution of FP to the other site, the values of RR were be transferred slowly along with BSA in the Tyrode
calculated as described Bection 2.2and then com-  solution containing BSA.
pared. RR is a parameter related to the leakage of drugs
from the perfusate to the extravascular space under
the assumption that the direct diffusion of drugs from 4. Discussion
site (A) to the other site is negligible. Although the
value of RR with the Tyrode solution containing BK The local tissue concentrations of drugs after topi-
was higher than that under control conditions, there cal application could be affected by many factors, e.g.
was no significant difference between thdag( 7). A the physicochemical properties of the drugs, local tis-
Tyrode solution containing DexT40 and BK was used sue binding and cutaneous blood flo@idugh et al.,
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Fig. 7. Effect of BK on the redistribution of FP from perfusate to tissue 2 h after application of FP gel (1%) to the skin surface of rabbit
ear flap. The ratio of redistribution (RR) is defined in the text. Tyrode solution containing BSA (4.7%), with or without BKMPdr
DexT40 (3.95%) with BK (0.JuM), was perfused at 1 ml/min. Each data set is the me&E. (n = 4-6). *P < 0.05; **P < 0.01 in
Tukey—Kramer test.

2002; Singh and Roberts, 199Zhe rate and amount  mental system. Tyrode solutions containing sucrose or
of absorption of drugs from the cutaneous microves- FP were perfused through the ear vessels to evaluate
sels could be important factors in determining the the distribution properties/eiss et al., 1997; Oliver
concentration profiles of the drugs in skin. Therefore, et al., 1997. The distribution volume of sucrose in
vascular perfusion experiments could provide useful the perfused ear, which is considered to be the extra-
information for a better understanding of the disposi- cellular volume, was similar to the volume observed
tion of drugs in local tissues after topical application. in the in vivo studies Kig. 2). Celesti et al. (1992)

In order to study the percutaneous absorption of observed progressive edema in perfused ear flaps. In
drugs, rabbit skin has been used for both drug perme- our perfusion system, edema was not serious over the
ation experiments through excised skin and also for perfusion period of 3 h. Thi, of FP in the perfusion
perfusion experimentglesti et al., 1992, 1993; Bast  system was about 0.1 ml/g and this value was equiv-
and Kampffmeyer, 1994; Mura et al., 1994; Nicoli alent to that under in vivo conditionsg=ig. 4). The
etal., 2003. Although drug metabolism and tissue in- low Ky values could be related to the higher protein
tegrity were evaluated in those perfusion studies, the binding of FP Borga and Borga, 1997The vascular
tissue conditions of the perfused ear, such as the ex-permeability of FP binding to BSA could be low al-
tracellular volume and vascular permeability, were not lowing movement into the extravascular space under
fully discussed. In the present study, the rabbit ear controlled conditions@ross et al., 1994
flap single-pass perfusion system was examined as an The pharmacological response of the perfused ear
experimental method for studying the relationship be- to vasoactive agents could be one criterion for exper-
tween the physiological conditions of the tissue and imental methods evaluating the disposition of drugs
drug disposition after topical applications. in tissues Rogers and Riviere, 1994In the present

In the initial part of the experiment, the extracellular studies, BK was chosen as the vasoactive agent. Since
volume of a perfused rabbit ear and the distribution of BK markedly increases vascular permeability, the ex-
FP, used as a model drug, in the perfused ear were ex-tracellular volume and distribution of FP in the per-
amined and compared with those in an in vivo experi- fused ear will be changed by the addition of BK to the
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perfusate. The vascular permeability was evaluated by perfusion, when Tyrode solution containing BK was

determination of the distribution volume of EB in the
perfused ear. The distribution volume of EB in the per-
fused ear without BK, which is considered to be the in-
travascular volume, was very low, while that with BK
was higher than the extracellular volume without BK
(Fig. 3. This result means that BSA leaks from the in-
travascular space into the intercellular space following
the addition of BK to the perfusate. The extracellu-
lar volume of the perfused ear, which was determined
using sucrose, also increased following the addition
of BK (Fig. 2). The distribution volume of EB was
equal to the extracellular volume in the perfused ear

used as the perfusate, the medium could leak prompt-
ing flow into the intercellular space. BSA could move
into the space due to this flow. Since the FP gel was
applied to the skin surface 1 h after the start of the per-
fusion, the medium flow into the intercellular space
during the period of the transdermal absorption exper-
iments could be lower than that in the initial phase of
the perfusion. After equilibrium of the BSA distribu-
tion, exchange of BSA between the intravascular and
extravascular space could only be achieved by diffu-
sion. The disposition of FP, which binds strongly to
BSA, could be affected by BSAMathy et al., 2001,

with BK, suggesting uniform distribution of BSA in
the extracellular space. In addition, tkg value also

Evrard et al., 1996 The results of the determinations
of the diffusivity of FP suggest that FP diffuses slowly
increased when Tyrode solution containing BK was in the presence of BSA. In order to examine the ef-
perfusedFig. 4). FP could easily move to the extracel- fect of the binding of FP to BSA on the distribution
lular space due to the increased vascular permeability. of FP, DexT40 was added to the Tyrode solution in-
These results suggest that edema can be created in thetead of BSA Roberts and Cross, 1999; Wu et al.,
perfused ear flap. As the relationship between changes1997. DexT40 produces an oncotic pressure but does
in tissue conditions and the disposition of drugs is of not bind to FP. The RR value for the Tyrode solution
great interest\(aden et al., 1996 the rabbit ear per-  containing DexT40 and BK was higher than that for
fusion system is a useful method for studying it. the Tyrode solution containing BSA alone or BSA and
FP gel was applied to the skin surface of site (A) BK (Fig. 7). FP could move easy into the extravascu-
of the perfused ear flap to evaluate the effects of BK lar space through the vessel wall, the permeability of
on the disposition of FP after topical application. The which could be increased by BK. The disposition of
amount of FP in the outflow decreased and the amount drugs bound to proteins should be considered not only
in site (A) increased when BK was added to the Tyrode in applications of drugs to inflamed tissues but also in
solutions. FP could bind to the BSA leaking into the drug delivery systems used to target drugs to inflamed
intercellular space. The FP in site (A) could increase tissues. Further studies could be needed to understand
and the absorption of FP into the perfusate could be de-the pharmacokinetics of drugs and plasma proteins in
creased following binding to BSA. This phenomenon local tissues.
should be taken into account in the disposition of drugs  In conclusion, the rabbit ear flap single-pass perfu-
following their application to inflamed tissues. sion system was examined as an experimental method
Transport of drugs to deeper tissues via blood flow for studying the relationship between the physiolog-
contributes to the distribution of drugs in the underly- ical conditions of tissue and drug disposition after
ing tissues after topical applicatio@ioss et al., 1999;  topical applications. When the rabbit ear perfusion
Monteiro-Riviere et al., 1993 Therefore, redistribu-  experimental system was compared with the in vivo
tion of absorbed drugs to other tissues can be a valu- experimental system they were found to be equivalent
able way of evaluating the perfusion system. In this in terms of the tissue condition properties and the
study, the values of RR were used for the evaluation distribution of FP. In addition, the perfused ear flap
on the assumption that direct diffusion of drugs from exhibited a pharmacological response to BK. The dis-
site (A) to the other site was negligible. Since the vas- position of FP after application to the skin surface of
cular permeability was increased by the addition of the perfused ear varied depending on the composition
BK to the perfusate, this suggests that a higher RR of the Tyrode solutions. The rabbit ear perfusion sys-
could be obtained during the perfusion with BK. How- tem is useful for studying the percutaneous absorption
ever, there was no significant difference in RR, with of drugs, especially for variations in the disposition
and without BK Fig. 7). In the initial phase of the  of drugs in inflamed tissues.
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