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Summary

The percutaneous absorption of betahistine (BH) through rat skin was investigated by in vitro and in vivo studies. Additionally,
to describe the plasma BH profile observed, a simple pharmacokinetic model, the two-compartment model including a zero-order
absorption process, was presented. BH penetrated well from gel or adhesive formulations in the presence of an absorption
enhancer (laurocapram and lauric acid) through rat skin, except for the formulation containing a lipid disperse system of BH, from
which the in vitro penetration rate was the lowest of all formulations tested, In vivo, the drug was also absorbed through the skin
from the formulations with enhancer. The gel formulation containing the lipid disperse system gave the highest and sustained
plasma levels of BH, in contrast to the in vitro data, suggesting that this system would provide a drug delivery system capable of
maintaining an effective plasma concentration for a prolonged time. The model successfully described the plasma levels of BH

resulting from the rapid absorption during the initial time stage and the subsequent sustained absorption.

Introduction

Betahistine (BH) is a drug known to act as a
diamine oxidase inhibitor and has properties sim-
ilar to those of histamine (H-receptor effects)
when given orally. It has been used in the treat-
ment of diseases accompanied by impaired pe-
ripheral circulation, e.g., Meniére’s syndrome
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(Elia, 1966; Esser and Reis, 1968). However, in
most patients, this drug must be given three times
a day, probably due to rapid elimination. In addi-
tion, the elimination kinetics of the drug have not
been clucidated, although some investigators have
reported the metabolic pathways (Bowman et al.,
1972; Sternson et al., 1974).

There is considerable interest in the topical
application of the drug intended for a systemic
effect. It may be particularly useful for short-
acting drugs since percutaneous absorption tends
to be slow, and prolonged effects may be real-
ized. The development of a percutaneous dosage



142

form of BH will offer obvious advantages; more
optimal therapy, patient convenience and im-
proved patient compliance.

The present studies were undertaken to evalu-
ate the percutaneous absorption of BH in the
presence of absorption promoters and to develop
a convenient formulation which can be applied to
patients easily and has prolonged action. In addi-
tion, a trial for describing the plasma levels after
dosing was tested by using a simple pharmacoki-
netic model, the two-compartment model with a
zero-order absorption process.

Materials and Methods

Materials

BH was obtained from Aldrich Chemical Co.
(Milwaukee, WI). BH mesylate was a generous
gift from Nippon Zoki Pharmaceutical Co.
(Osaka). 2,4,6-Trimethylaniline, an internal
standard for GLC, and Hiviswako 104, a gel base,
were purchased from Wako Pure Chemical In-
dustries (Osaka). Sucrose ester of fatty acid
(DK-ester) F-50, ethylhexyl acrylate suspension
(7927 /80) and laurocapram were generous gifts
from Daiichi Industry Co. (Kyoto), Rohm Pharma
(GmbH, Weiterstadt) and Nelson Research and
Development Co. (Irvine, CA), respectively. Egg
yolk lecithin (> 95% pure, PC) was obtained from
Nichiyu Liposome Co. (Tokyo). All other chemi-
cals and solvents used were of reagent grade or

TABLE 1

Composition of betahistine gel formulation and adhesive

HPLC quality. Male Wistar rats, weighing 230-
280 g, were used throughout this experiment. The
animals had free access to MF diet (Oriental
Yeast, Tokyo) for 3—-4 days prior to and during
experiments.

Preparation of gel and adhesive formulations and
their transdermal systems

BH dissolved in a propylene glycol and ethanol
mixture with or without absorption enhancer was
mixed with a gel base (Hiviswako 104 or DK-ester
F-50 and hydroxethyl cellulose) containing water.
A BH lipid disperse system was prepared by
mixing BH (unit weight) with a mixture (5 vols) of
PC, cholesterol and dicetyl phosphate (10:1:1,
mol / mol), followed by sonication for 2 min on
ice after the addition of 5% mannitol solution (1
vol.). The lipid disperse system was mixed with
the gel base. For formulation 5, DK-ester was
mixed with hydroxyethyl cellulose swollen with
water, and BH dissolved in solvents was mixed
with the base. For an adhesive formulation, ethyl-
hexyl acrylate suspension was heated at 120°C for
30 min and after cooling BH and absorption
enhancer were mixed with the ethylhexyl acry-
late-based adhesive (adhesive). Details of the for-
mulations are listed in Table 1. The transdermal
systems, containing 0.4 g (BH, 12 mg or 24 mg) of
formulation and having an absorption area of
3.14 cm?, were prepared using a corresponding
gel formulation or adhesive described in Table 1,
as reported previously (Ogiso et al., 1991).

Material (g) Rp. 1 Rp.2 Rp. 3 Rp. 4 Rp. 5 Rp. 6 Rp.7
Hiviswako 104 1.0 1.0 2.0 1.0 ~ - -
DK-ester F-50 - - - - 3.0 3.0 -
Hydroxyethyl cellulose - - - - 6.0 6.0 -
Acrylate adhesive - - - - - - 92.0
Propylene glycol 20.0 200 20.0 20.0 300 30.0 -
Ethanol 30.0 30.0 30.0 15.0 - - -
Diisopropanolamine 1.1 1.1 2.2 1.1 - - -
Betahistine (BH) 3.0 3.0 3.0 30¢ 3.0 3.0 6.0
Laurocapram - 4.0 - 4.0 ~ 4.0 2.0
Lauric acid - - 44 - - ~ -

The gel ointments (Rp. 1-6) were prepared by adding purified water to give a total weight of 100 g. * Lipid disperse system

containing BH (3% w/w) was used for the formulation.



Intravenous (i.v.) administration

On the day before the experiment, the jugular
vein of the rats was cannulated with silicon tubing
(Upton, 1975; Baker and Niazi, 1983). On the
next day, BH mesylate dissolved in saline was
administered intravenously at a 5.0 mg (BH
equivalent) / kg dose. After administration, blood
samples were withdrawn from the cannulated
jugular vein periodically into a heparinized sy-
ringe.

In vitro percutaneous penetration experiment

On the day before the experiment, the hair of
the abdominal area of rats was removed with an
electric clipper and an electric razor. On the next
day, pieces (3 X3 cm area) of full-thickness ab-
dominal skin were excised from the rats. The
adherent fat and other debris were removed from
the under surface. The dermal side of the skin
was soaked in a buffer solution (0.85% NaCl-10
mM phosphate buffer, pH 7.4) for 12 h at 5°C.
Then, 0.1 g (betahistine 3 or 6 mg) of formulation
was uniformly spread over the stratum corneum
surface of the skin, mounted in a Franz diffusion
cell (reservoir volume, 13.0 ml; a 1.0 cm i.d.
O-ring flange), and occluded with a sheet of
aluminum foil. The diffusion cell was thermoreg-
ulated with a water jacket at 37°C. Gentamicin
sulfate solution (10 mg/ml, Sigma Chemical Co.
St., Lous, MO) was added to the receptor fluid in
the ratio of 1:100. Aliquots (50 1) of the recep-
tor fluid (0.85% NaCl-10 mM phosphate buffer,
pH 7.4) were withdrawn periodically for 24 h and
stored frozen until assay.

In vivo percutaneous absorption experiment

On the day before the experiment, the jugular
vein of the rats was cannulated with silicon tubing
(Upton, 1975; Baker and Niazi, 1983) and the
hair of the abdominal area was carefully removed
with an electric clipper. On the next day, the
transdermal system (0.4 g/3.14 cm?) was applied
to the abdomen of the rats. The system was fixed
with an adhesive (Aronalpha, Konishi Co., Os-
aka) and immediately occluded with an adhesive
tape. The system was applied for 48 h. Blood
samples (0.2 ml) were collected periodically for
48 h after dosing. The plasma was separated
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immediately by centrifugation and stored frozen
until assay.

Determination of BH

BH in plasma and sample solution was deter-
mined by GLC methods as follows. A 100 ul
aliquot of plasma or 50 wl of sample solution was
mixed with 0.1 ml of 10% (w/w) ammonium
hydroxide. To the solution 2.5 ml of chloroform
was added and then followed by shaking and
centrifuging. The organic layer (2.0 ml) was evap-
orated under reduced pressure, and the residue
was dissolved in 30 wl of ethanol containing
2,4,5-trimethylaniline (2 wg/ml). The solution
was injected into a gas-liquid chromatograph
(Hitachi, model 263-50, with a flame thermonic
detector; Unisole 10T plus KOH on 80 /100 mesh
Uniport HP, 3 mm X 1 m). The instrument set-
tings were: column temperature, 145°C; injection
port and detector block temperature, 225°C. Gas
flow rates were: helium, 30 ml/min; hydrogen, 3
ml/ min; air, 100 ml/ min.

Analysis of data

The in vitro percutaneous parameters were
calculated from the penetration data by using the
following equations (Chow et al., 1984):

D=28%/61
D-K,-C,
JS=—T=KP-CS

where J; is the penetration rate, D denotes the
diffusion constant within skin, K,, is the skin/
vehicle partition coefficient of drug, r represents
the lag time calculated from the intercept of the
flux with the time axis, and & is the thickness
(assumed to be 0.002 cm for rat stratum corneum)
of the stratum corneum, K, denotes the perme-
ability coefficient through the corneum, and C; is
the drug concentration in the formulation.

Kinetic parameters were calculated by using
the least-squares fit program, PCNONLIN (SCI
Software, Lexington, KY). The plasma concentra-
tion data after i.v. administration were fitted to
the equation:

C,=A-¢e*+B-e ¥
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where C, is the drug concentration at time, ¢ and
A, a, B and B are the biexponential equation
constants. The half-life (z,,,) of the terminal
phase was calculated as f,,,,=0.693/8. The
area under the plasma concentration-time curve
(AUC), the area under the first moment curve
(AUMC) and the mean residence time (MRT)
were calculated by means of the following equa-
tions:

AUC=A/a+B/B
AUMC =A/a’+ B/B?*
MRT = AUMC/ AUC

The total clearance (Cl,,) was estimated ac-
cording to the following equation:

Cl,, = X,/ AUC

where X, is the dose.

The AUC,_,q after percutaneous administra-
tion was determined by the trapezoidal method.
The absolute bioavailability was calculated using
the AUC values.

To analysis the plasma concentration profiles
after percutaneous application, the two-compart-
ment model includes a zero-order absorption
process and one first-order elimination process.
Differential equations required in the absorption
model are follows:

dX,/dt= —k, (1)
dC dt =k /V,— (ki + ki )Ci+ k1 X5/ Vi (2)
dX,/dt =k, X, -k, X, (3)
X,=dose,C,=0and X,=0att=0 (4)

where C, is the plasma concentration, X, and X,
are the amount of drug in the absorption and
peripheral compartments, respectively, k, de-
notes the zero-order absorption rate, k,, is the
elimination rate constant from the plama com-
partment, k,, and k,, represent the transfer rate
constants between plasma and peripheral com-

€ 100

=)

=2

§ 10

© i

c -

3 1 b

c 3

2

T

m 01 F

© f

g ]

3 ]

i 0.01

0 1 2 3 4 5 6 7 8
Time (h)

Fig. 1. Plasma concentration of betahistine after a single i.v.

administration. Each point represents the mean +SD (n = 4).

The solid line represents the simulation curve. The dose was
5.0 mg/kg.

partments, and V| is the distribution volume of
plasma compartment.

The mean plasma concentration-time course
data obtained after admunistration were fitted to
multi-exponential equations by PCNONLIN. All
computations were carried out using a personal
computer (Sanyo MBC-18NVH4),

Statistical analysis was performed by using the
unpaired Student’s -test, and the significance
level adopted was p < 0.05. The means of data
are presented with their standard deviation
(mean + SD).

Results and Discussion

Plasma concentration of BH after single i.v. admin-
istration

The plasma concentrations after a single i.v.
administration of BH (5 mg/kg) are shown in
Fig. 1. The plasma decay curve after dosing
showed biexponential kinetics. The pharmacoki-
netic parameters calculated by using the two-
compartment open model and moment analysis
are listed in Table 2. The half-life (¢, ,, g, 0.536 h)
of the B-phase and MRT (0.67 h) suggested the
rapid elimination of the drug in rats. To date,
since quantitative data have been not available
concerning pharmacokinetic analysis, the present
results may represent the first report on kinetics.



TABLE 2

Pharmacokinetic parameters of betahistine after intravenous
administration

Parameter Estimate

A(pg/ml 19.70+7.14
ath™) 434+134
B (ug/mb 0.95+0.43
B™hH 0.54+0.12
ki;(h™H 0.97+0.82
ky (7 0.74+0.26
ky(h™hH 3.17+0.71
v, (/kg) 1.34+0.43
Ql, h ' kg™H 1.43+0.36
AUCy_. (pghml~H*® 754+2.16
MRT (h) 0.67+0.11

* Using the equation. Each value represents the mean+SD
(n=4),
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TABLE 3

Penetration parameters of betahistine through rat skin
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In vitro percutaneous penetration studies

In vitro percutaneous absorption was investi-
gated in order to compare the penetration of BH
from various formulations. The penetration pro-
files for representative formulations are shown as
a function of time in Fig. 2, and the calculated
penetration parameters, being apparent values,
are presented in Table 3. The drug penetrated
through the skin at a rate profile which could be
described approximately by zero-order kinetics
during the first several hours, except for formula-
tion 2 which showed two distinct penetration
profiles, namely, a rapid and a slow phase, as
shown in Fig. 2b. The apparent penetration rates
(J,) of BH from formulations 2 and 6 were the
greatest and the lag time (7) for formulation 6

Amount of betahistine penetrated (ug/cm2 + h}

Time (h)
Fig. 2. Penetration profiles of betahistine through rat skin. Each point represents the mean + SD (n =4). Applied dose of
formulation was 0.1 g/0.785 cm?. (a) Cumulative amount; (b) amount penetrated per h.

Parameter Rp.1 Rp.2 Rp.3 Rp. 4 Rp. 5 Rp. 6 Rp.7

Lag time (h) 531+1.22 1.36 + 0.44 494+153 692+147 240+ 0.63 0.70 4+ 0.30 439+ 034
J (pgh~'em™2) 2374097 15214018 109 +206 095+030 6934138 1502+179 1290+ 0.72
D(x10"7cm?/h)  1.26 +0.42 4.90 + 0.52 1354016 096 +027 278+ 1.34 9.52+6.72 1.52 +0.23
K, (x107*cm/h)  0.79+ 031 5.06 + 0.06 364 +0.68 032+010 2314034 5.01 +0.54 2.16 +0.16
K, 1.26 £ 032 2.06 + 0.29 5404068 0.67+021 1.66+0.56 1.05 + 0.47 1.42 +0.19

Each value represents the mean + SD (n = 4-5).

Applied formation was 0.1 g/0.785 cm? (BH, 3 or 6 mg/0.785 ¢cm?).
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was the smallest of all formulations. Drug pene-
tration from the formulations with no enhancers
(formulations 1 and 5) was only slight compared
with those with enhancers, except for that from
formulation 4. The J; and other parameters for
formulation 4 were extremely small, contrary to
expectation. This may be due to the slow penetra-
tion of the lipid dispersions through the viable
epidermis of skin or to the low extent of drug
release from the lipid disperse system.

The in vitro study demonstrated that BH could
penetrate across rat skin.

In vivo percutaneous absorption studies

From the results of the in vitro penetration
study, the formulations with absorption en-
hancers (systems 2-4 and 7) were used for inves-
tigating in vivo absorption. The plasma BH con-
centrations during a single percutaneous applica-
tion of these systems are shown in Fig. 3. The
parameters obtained are presented in Table 4. In
most cases, although the plasma levels of BH
increased slightly during the initial stage after
application of these systems, the levels generally
remained constant for a prolonged time. The
plasma levels of BH after application of system 2
(formulation 2) were relatively high (C_,,, 0.284
+ 0.009 wg/ml), while system 3, which contained
lauric acid as an enhancer, gave slightly lower
plasma levels. The reason for the curious profile
observed for system 2, of which the levels were
enhanced 30-36 h after application, is unclear
based on the data obtained. The AUC,,_,4 calcu-
lated for system 2 was 8.68 + 1.58 ug h ml™', this
value being much greater than that for systems 3

TABLE 4

{ug/mi)

Plasma concentration of
betahistine

.01 T T T T 1

0 10 20 30 40 50

Time after administration (h}

Fig. 3. Plasma concentration of betahistine after application

of percutaneous absorption systems with enhancers. (O) Sys-

tem 2, (®) system 3, (A) system 4 and (O) system 7. Each

point represents the mean+SD (n=4). Applied dose of
formulation was 0.4 g /3.14 cm?,

and 7. Rapid color development was observed for
formulation 3, probably due to the degradation of
BH. The relatively low absorption after applica-
tion of system 3 may thus be partly ascribed to
chemical changes in BH.

The in vivo percutaneous absorption of the
drug through the skin from system 4 was the
largest of all systems, resulting in high and sus-
tained plasma concentrations of BH. As a result,

Pharmacokinetic parameters following application of percutaneous absorption systems

Parameter System

2 3 4 7
AUC_45;, (ungh mi~1) 8.68 + 1.58 349+052° 20.40+3.70 * 3.88+0.67 ¢
MRT (h) 25.02 £2.27 23.49 + 1.55 24.47 +2.28 24.06 + 3.20
Bioavailability (%) 12.00 + 2.18 482+071°% 28.19+5.11 2 2.68+047 2

Each value represents the mean + SD (n = 4-5).

Applied dose of formation was 0.4 g/3.14 cm? (BH, 12 or 24 mg/3.14 cm?).

2 p <0.01 compared with system 2.



the AUC value for BH in system 4 was the
highest out of the systems tested, suggesting that
this system would provide a drug delivery system
capable of maintaining an effective plasma con-
centration for a considerable length of time. Our
results demonstrate good agreement with pub-
lished data reporting that lipid disperse systems
or liposome systems enhance the penetration of
many drugs through skin (Mezei and Gu-
lasekharam, 1982; Kimura et al., 1989; Kurosaki
et al., 1991).

It has been shown that the use of a lipid
disperse system composed of PC and glycosyl
ceramide enhances the skin penetration of flufe-
namic acid approx. 2.2-fold compared with that
from the lipid-free suspension (Kimura et al.,
1989; Kurosaki et al., 1991), and that liposomes
can be used to deliver drugs into skin in greater
quantities than conventional vehicles (Mezei and
Gulasekharam, 1982; Mezei, 1988). In this study,
BH absorption via the skin was significantly en-
hanced by the lipid disperse system. One of the
possible mechanisms for the enhancing action of
these lipids may be the increased diffusion of
drug in the stratum corneum and the increased
permeation of the lipid dispersions into the inter-
cellular lipids, based on the cooperative effect of
the lipids and enhancer.

With system (formulation) 4, the discrepancy
between in vitro and in vivo penetration may be
partly due to differences in the rate of penetra-
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tion of the lipid disperse system through the
whole skin and the stratum corneum plus viable
epidermis. The dermis, which is hydrophilic,
would retain the lipid dispersions to a great ex-
tent and result in the slow penetration of BH in
the dispersions. Reinfenrath et al. (1991) re-
ported that the dermis interacts with the pene-
trant during both in vivo and in vitro absorption
and that the dermis may possess a depot for
lipophilic compounds during in vitro percuta-
neous absorption that is not observed in vivo.

Analysis of plasma drug concentration data using
the model

We have previously analyzed the plasma pro-
file of indomethacin and valproic acid adminis-
tered percutaneously according to a pharmacoki-
netic model which includes two parallel absorp-
tion processes (Ogiso et al., 1988, 1989). In this
study, the plasma concentration-time profiles af-
ter application of the transdermal systems were
analyzed using a two-compartment model with a
zero-order absorption process. Fig. 4 depicts the
plasma concentrations of BH observed after per-
cutaneous application of the systems and the
fitting curves calculated according to the model
using the parameters estimated following i.v. ad-
ministration and the zero-order absorption rate
(712 + 4.1 pg/h for Rp. 3, 391.8 - 18.3 ug/h for
Rp. 4, 76.8 + 5.8 wg/h for Rp. 7), although there
was considerable disagreement between the in

System 7
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Fig. 4. Plasma concentration of betahistine after application of percutaneous absorption system and the simulation curves (solid
line) calculated.
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vitro and in vivo parameters, since rapid absorp-
tion of BH was observed in vivo. An satisfactory
fit was obtained between the observed and calcu-
lated curves for the systems.

From the results of the in vivo absorption
experiment (Fig. 4), it was clearly demonstrated
that the transfer of BH into skin would be much
more rapid than that predicted based on the in
vitro penetration study and hence that drug
molecules accumulated in the skin would slowly
and sustainedly pass through the skin, probably
via the intercellular and transcellular pathways,
consequently resulting in sustained plasma con-
centraions of BH. It appears probable that the
drug dissolved in solvents (ethanol and propylene
glycol) would rapidly penetrate through the hair
follicles of the rats during the initial time period.
It has been reported that during the early period
of the diffusion process, the flux through the hair
follicles is much larger than that through the
stratum corneum (Barry, 1983; Iltel et al., 1991).

To the best of our knowledge, there are no
determination methods available for the assay of
plasma BH, except for radiolabeling method and
mass fragmentography. An assay method for BH
was first reported by Douglas and Hohing (1978),
who used GLC equipped with a hydrogen flame
ionization detector and determined concentra-
tions ranging from 0.6 to 6.0 ug/mi. On the
other hand, we could determine concentrations
over the range 0.05-1 pg/ ml, with a recovery of
98.5%.

Our goal in this study is to develop a transder-
mal therapeutic system of BH for treatment of
impaired peripheral circulation such as Meniére’s
syndrome. The plasma concentrations of BH dur-
ing application of system 4 were within the range
300-475 ng/ml for 48 h. The effective plasma
concentration range of BH has not been evalu-
ated in man. Judging from previous data indicat-
ing that the maximum plasma concentrations af-
ter oral dosings (50 mg/kg) to dogs are 2.6-4.8
ng,/ml (Tanaka, 1971), the effective plasma con-
centration in man (dose, 6—12 mg once) would be
at the ng/ml level. Thus, the transdermal sys-
tems, particularly system 4, prepared in this study
may have the potential for development of an
efficient controlled-release system for treatment

of Meniére’s syndrome, assuming that the pene-
tration rate of BH through human skin is slower
than that through rat skin. In addition, the negli-
gible irritant effect of transdermal system 4 may
make the system acceptable for clinical use.

In conclusion, therefore, the present results
lead us to postulate that BH was absorbed through
rat skin. The transdermal system (gel formulation
and adhesive with laurocapram) gave compara-
tively high and constant plasma levels of BH after
application to rats. The simple model presented
in this paper gave an approximate description of
the time course of plasma BH concentrations
following application of the systems.

References

Baker, S.K. and Niazi, S., Simple reliable method for chronic
cannulation of the jugular vein for pharmacokinetic stud-
ies in rats. J. Pharm. Sci., 72 (1983) 1027-1029.

Barry, B.W., Skin transport: Dermatological formulation. Per-
cutaneous Absorption, Dekker, New York, 1983, pp. 95-
126.

Bowman, F.J., Bowman, E.R. and McKennis, H.J., Possible
alterate routes in the metabolism of betahistine in the
rabbit. Proc. Soc. Exp. Biol. Med., 140 (1972) 1385-1388.

Chow, D.S.-L., Kaka, I. and Wang, T.I., Concentration-de-
pendent enhancement of 1-dodecylazacycloheptane-2-one
on the percutaneous penetration kinetics of triamcinolone
acetonide, J. Pharm. Sci., 73 (1984) 1794-1799.

Douglas, J.F. and Hohing, T.L., GLC determination of be-
tahistine in serum. Experientia, 34 (1978) 499-500.

Elia, J.C., Double-blind evaluation of a new treatment for
Meniére’s syndorome. J. Am. Med. Assoc., 196 (1966)
187-191.

Esser, A.-H. and Reis, J., Preliminary study of betahistine in
chronic psychiatric patients with synptoms of arterio scle-
rosis cerebri. Curr. Ther. Res. Clin. Exp., 10(1968) 122-127.

Illel, B., Schaefer, H., Wepierre, J. and Doucet, O., Follicles
play an important role in percutaneous absorption. J.
Pharm. Sci., 80 (1991) 424-427.

Kimura, T., Nagahara, N., Hirabayashi, K., Kurosaki, Y. and
Nakayama, T., Enhanced percutaneous penetration of
flufenamic acid using lipid disperse systems containing
glucosylceramides. Chem. Pharm. Bull., 37 (1989) 454-457.

Kurosaki, Y., Nagahara, N., Tanizawa, T., Nishimura, H.,
Nakayama, T. and Kimura, T., Use of lipid disperse sys-
tems in transdermal drug delivery: Comparative study of
flufenamic acid permeation among rat abdominal skin,
silicon rubber membrane and stratum corneum sheet iso-
lated from hamster cheek pouch. Int. J. Pharm., 67 (1991)
1-9.

Mezei, M. and Gulasekharam, V., Liposomes — A selective
drug delivery system for the topical route of administra-



tion: gel dosage form. J. Pharm. Pharmacol, 34 (1982)
473-474.

Mezei, M., Liposomes in the topical application of drugs: a
review. In Gregoriadis, G. (Ed), Liposomes as drug carri-
ers: Recent Trends and Progress, Wiley, New York, 1988,
pp. 663-677.

Ogiso, T., Ito, Y., Iwaki, M., Atago, H. and Yamamoto, Y., A
pharmacokinetic model for percutaneous absorption of
valproic acid and prediction of drug disposition. J. Phar-
macobio-Dyn., 11 (1988) 444-452.

Ogiso, T., Tto, Y., Iwaki, M. and Atago, H., A pharmacikinetic
model for the percutaneous absorption of indomethacin
and the prediction of drug disposition kinetics. J. Pharm.
Sci., 78 (1989) 319-323.

Ogiso, T., Iwaki, M., Kanokogi, A. and Terao, Y., Percuta-
neous absorption of 1,3-dinitroglycerin and a trial of phar-
macokinetic analysis. Chem. Pharm. Bull., 38 (1990) 2829—
2838.

149

Ogiso, T., Iwaki, M., Yoneda, 1., Horinouchi, M. and Ya-
mashita, K., Percutaneous absorption of elcatonin and
hypocalcemic effect in rat. Chem. Pharm. Bull., 39 (1991)
449-453,

Reinfenrath, W.G., Hawkins, G.S. and Kurtz, M.S., Percuta-
neous penetration and skin penetration of topically ap-
plied compounds: An in vitro-in vivo study. J. Pharm. Sci.,
80 (1991) 526-532.

Sternson, L.A., Tobia, A.J., Walsh, G.M. and Sternson, A.W.,
The metabolism of betahistine in the rat. Drug Metab.
Dispos., 2 (1974) 123-128.

Tanaka, S., Watanabe, T., Nakada, H., Fujita, H., Sugiyama,
K., Sagami, F. and Chiba, K., The comparison of plasma
concentrations after dosing of new Merislon tablets in
dogs. Eizai Experimental Report, MRS-0027 (1971).

Upton, R.A., Simple and reliable method for serial sampling
of blood from rats. J. Pharm. Sci., 64 (1975) 112-114.



