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Abstract

The absorption-enhancing effect of a combination of sodium deoxycholate and dipotas-
sium glycyrrhizinate in Caco-2 cell monolayers has been compared with that of the
enhancers when used alone, and the mechanism of the enhancement was partially
elucidated.

The effect of the combined compounds was evaluated by measurement of transepithelial
electrical resistance (TEER) and the cellular permeability of the water-soluble model
compounds sodium fluorescein (MW 376-3) and fluorescein isothiocyanate dextran (MW
4400). The TEER of the monolayers decreased with increasing concentrations of
dipotassium glycyrrhizinate in combination with 0-02% (w/v) sodium deoxycholate for
20min, and reached a minimum at 1% (w/v) dipotassium glycyrrhizinate. Although a
combination of 0-02% (w/v) sodium deoxycholate and 1% (w/v) dipotassium glycyr-
rhizinate enhanced the cellular permeability of sodium fluorescein and fluorescein
isothiocyanate dextran, 0-02% (w/v) sodium deoxycholate and 1% (w/v) dipotassium
glycyrrhizinate alone had no effect on either the TEER of the monolayers or the cellular
transport of the water-soluble compounds. Sequential and separate exposure of the
monolayers to each enhancer for 10 min had no effect on the TEER, but a marked decrease
in TEER was observed when both compounds were used in combination. The enhancing
effect of the combination of sodium deoxycholate and dipotassium glycyrrhizinate was
inhibited by H7, a protein kinase C (PKC) inhibitor, suggesting that dipotassium
glycyrrhizinate might enhance the activation of PKC via sodium deoxycholate. The
combined use of these two enhancers had no toxic effects.

These results provide useful, basic information on the action of these absorption
enhancers on drugs for which absorption is limited owing to polarity or molecular size,

or both.

Inrecent years a variety of pharmaceutical absorption
enhancers has been developed to improve the
absorption characteristics of poorly absorbed drugs
whose absorption is limited by polarity, ion charge
and molecular size. Because most of these enhancers
result in some cytotoxicity while facilitating the
absorption of the target drug, it is necessary to use the
enhancer at low dose levels.

Correspondence: T. Imai, Faculty of Pharmaceutical
Sciences, Kumamoto University, 5-1 Oe-honmachi, Kuma-
moto, 862-0973, Japan.

In a previous study with Caco-2 cell mono-
layers the absorption-enhancing effects of several
compounds were compared and the minimum
effective dose for each enhancer was determined
(Sakai et al 1997). For example, concentrations of
sodium deoxycholate and sodium caprate in excess
of 0-05% and 0-2% (w/v), respectively, were
required to increase the permeability of Caco-2 cell
monolayers. Dipotassium glycyrrhizinate had no
enhancing effect and elicited an increase in TEER
when examined in Caco-2 cell monolayers, even
though significant enhancing effects have been
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reported in in-vivo experiments (Aliverti et al
1989; Mishima et al 1989; Tanaka et al 1992).

This paper describes some attempts to achieve
greater enhancement of absorption by use of a com-
bination of two types of absorption enhancer at dose
levels lower than when each enhancer is used alone.
The absorption-enhancing effect of a combination of
sodium deoxycholate and dipotassium glycyr-
rhizinate was investigated in Caco-2 cell monolayers
under conditions where each individual enhancer has
minimum absorption-enhancing activity. Additional
experiments were performed to enable understanding
of the mechanism of the synergistic effect of these
two absorption enhancers when used in combination.
This is the first report of an evaluation of the com-
bined use of two types of enhancer in conjunction
with Caco-2 cell monolayers.

Materials and Methods

Caco-2 cells were purchased from the American
Type-Culture Collection (Rockville, MD). Sodium
fluorescein (MW 376-3), fluorescein isothiocyanate
dextran (MW 4400), Dulbecco’s Modified Eagle’s
Medium (DMEM), non-essential amino acids,
benzylpenicillin G, streptomycin sulphate, sodium
deoxycholate, 1-(5-isoquinolinesulphonyl)-2-methyl-
pirerazine dihydrochloride (H7), trypsin and dis-
odium ethylenediaminetetraacetate (EDTA) were
purchased from Sigma (St Louis, MO). Foetal
bovine serum was purchased from Cytosystems
(Castle Hill, Australia) and dipotassium glycyr-
rhizinate was purchased from Alps Pharm. (Tokyo,
Japan).

Cell culture

Caco-2 cells between passages 75 and 90 were
routinely cultured in DMEM (pH 7-4) supple-
mented with a 1% (w/v) solution of non-essential
amino acids, 10% (v/v) heat-denatured foetal
bovine serum, benzylpenicillin G (100 units mL ~ ")
and streptomycin sulphate (100 ugmL ") at 37°C
under an atmosphere of 95% air and 5% CO,. Cells
were harvested by treatment with 0-05% (w/v)
trypsin-0-53 mM EDTA for 10 min at 37°C before
reaching confluence, resuspended in DMEM and
then seeded at a density of (approx.)
1 x 10*cellscm 2 on Transwell inserted filters
(Costar, Cambridge, MA) with a surface area of
1cm? and a 3 um pore size. Culture medium was
added to the apical (0-5mL) and basal (1 mL)
chambers. Cells were left to reach confluence and
to differentiate for 3 weeks before use. The trans-
epithelial electrical resistance (TEER) of the filter-
grown monolayers reached a value of at least

600 Q cm? when the monolayers were used for the
experiment.

Measurement of TEER

A Caco-2 monolayer was equilibrated for 1h in
fresh calcium- and magnesium-free Hanks’
balanced salt solution (HBSS-CMF) and DMEM on
the apical and basal sides, respectively. For the
inhibition experiments, 200 uM H7 was added to
the HBSS-CMF. The TEER of cell monolayers at
t = 0 was measured with the Millicell electrical
resistance system (Millipore Corporation, Bedford,
MA) and taken as the initial value. HBSS-CMF in
the apical chamber was replaced with 0-5mL
HBSS-CMF with or without enhancers. After
20 min treatment, the apical and basal chambers
were gently washed twice with fresh HBSS-CMF
and DMEM, respectively, to wash out any residual
enhancer. Fresh HBSS-CMF (0-5mL) and DMEM
(1 mL) were then placed in the apical and basal
chambers, respectively. The TEER of the Caco-2
cell monolayers was measured and expressed as a
percentage of the initial (t = 0) value for the same
monolayer.

Transport experiment

Test solutions of sodium fluorescein and fluorescein
isothiocyanate dextran were prepared in HBSS-
CMF at final concentrations of 100 ugmL ™' and
ImgmL ™", respectively. After treatment of a
monolayer with the enhancers and H7 in the same
manner as for the TEER measurement, test solution
(0-5mL) was added to the apical chamber (t = 0).
The basal chamber was then bathed with 1 mL of
DMEM. Samples (50 uL.) were collected from the
basal chamber at appropriate time points up to 3h
and were analysed by high-performance liquid
chromatography (HPLC). The apparent perme-
ability coefficient (P,,,, cm s_l) was calculated by
use of the equation P,p, = (dQ/dt)/(A-Cy), where
dQy/dt is the permeation rate (steady-state transport
rate, pugs~ ') obtained from the profile of the
amount of fluorescent model compound transported
against time, Co (ugmL™") is the initial con-
centration of fluorescent model compound in the
apical chamber, and A (sz) is the surface area of
the membrane.

HPLC analysis

The HPLC system consisted of a pump (L-6000,
Hitachi, Tokyo, Japan), a fluorescence detector (F-
1050, Hitachi), a Chromato-integrator (D-2500,
Hitachi) and a 4-5mm i.d. x 10cm LiChrospher
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RP-18 column (Cila-Merck, Darmstadt, Germany).
The mobile phase used was 5 mM phosphate buffer
(pH 7-4)—acetonitrile, 88:12, at a flow rate of
1 mL min~". The excitation and the emission wave-
lengths of the fluorescence detector were set at the
established wavelengths of maximum absorption of
sodium fluorescein and fluorescein isothiocyanate
dextran, i.e. 494 and 518 nm, respectively.

Statistical analysis

Depending on the groups, Student’s r-test or
Tukey’s multiple rank test was used to compare
data. P values < 0-05 were considered indicative of
significance. Results are expressed as means
= standard deviations.

Results

The effect on TEER of simultaneous treatment
with sodium deoxycholate and dipotassium
glycyrrhizinate

Figure 1A shows the effect of each enhancer on
TEER when used alone and Figure 1B shows the
effect of dipotassium glycyrrhizinate at concentra-
tions ranging from 0-02 to 2% (w/v) in the pre-
sence of 0-02% (w/v) sodium deoxycholate on the
TEER of Caco-2 cell monolayers. TEER was taken
as an indicator of the opening and closing of the
paracellular space in the cell monolayers. In a
previous report (Sakai et al 1997), treatment with
sodium deoxycholate induced a dose-dependent

TEER-reducing effect in Caco-2 cell monolayers;
no effect on TEER was observed for concentrations
of sodium deoxycholate up to 0-02% (w/v). TEER
was, however, reduced dose-dependently by con-
centrations ranging from 0-02 to 0-1% (w/v); at
concentrations above 0-1% (w/v) sodium deoxy-
cholate induced a complete and immediate low-
ering effect. In contrast, treatment with dipotassium
glycyrrhizinate resulted in a slight change of TEER
in the range 0-02 to 2% (w/v). Therefore, the
concentration of sodium deoxycholate was fixed at
0-02% (w/v) and the concentration of dipotassium
glycyrrhizinate was varied, to determine the effect
of combined dipotassium glycyrrhizinate and
sodium deoxycholate. As shown in Figure 1A,
treatment with 1 and 2 % (w/v) dipotassium glycyr-
rhizinate and 0-02% (w/v) sodium deoxycholate
had a negligible effect on TEER; reproducibility
was good, as has been shown previously. In con-
trast, combined treatment with sodium deox-
ycholate and dipotassium glycyrrhizinate had a
TEER-reducing effect which was dependent on the
dose of dipotassium glycyrrhizinate and reached a
maximum in the presence of 1% (w/v) of the
compound (Figure 1B). This suggests that the
absorption-enhancing effect was increased as a
result of the combined use of sodium deoxycholate
and dipotassium glycyrrhizinate and that the opti-
mum combination is 0-02% (w/v) sodium deoxy-
cholate and 1% (w/v) dipotassium glycyrrhizinate.

To examine the effects of combined sodium
deoxycholate and dipotassium glycyrrhizinate
more closely, the Caco-2 cell monolayer was
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Effects of different concentrations of dipotassium glycyrrhizinate in combination with 0-02% (w/v) sodium

deoxycholate on transepithelial electrical resistance in Caco-2 cell monolayers. The treatment period for the combined absorption
enhancers was 0 to 20 min: A. control (calcium- and magnesium-free Hanks’ balanced salt solution) (O); 1% (w/v) dipotassium
glycyrrhizinate alone (e), 2% (w/v) dipotassium glycyrrhizinate alone (A), 0-02% (w/v) sodium deoxycholate alone (A), B. control
(O), 0-02% (w/v) sodium deoxycholate combined with 0-02% (w/v) (), 0-2% (w/v) (W), 1% (w/v) (V) and 2% (w/v) (V)
dipotassium glycyrrhizinate. Data are the means = standard deviation of three TEER measurements for each monolayer.
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Treatment Transepithelial electrical
resistance

10 min 1M0min O 25 50 75 100
< > —
HBSS/CMF | HBSS/CMF
Grz-K i HBSS/CMF
Deo-Na i HBSS/CMF
HBSS/CMF | Grz-K
HBSS/CMF | Deo-Na
Grz-K Deo-Na
Deo-Na ! Grz-K
Deo-Na+
GrzK HBSS/CMF

HBSS/CMF Calcium- and magnesium-free
Hanks' balanced salt solution

Grz-K Dipotassium glycyrrhizinate
Deo-Na Sodium deoxycholate
Figure 2. Interdependency and combination effects of

sodium deoxycholate (Deo-Na) and dipotassium glycyrrhizi-
nate (Gr2-K) on TEER in Caco-2 cell monolayers. The first
treatment of the monolayers with enhancers was for 10 min,
and the second for 10min after washing out the retained
enhancer with calcium- and magnesium-free Hanks’ balanced
salt solution (HBSS/CMF). The concentrations of sodium
deoxycholate and dipotassium glycyrrhizinate were 0-02%
(w/v) and 1% (w/v), respectively. Data are the means =+ stan-
dard deviation of three TEER measurements for each mono-
layer 1h after treatment. *P < 0-05, significantly different from
control result (Tukey’s multiple rank test).

sequentially exposed to each enhancer for 10 min.
Figure 2 shows the TEER values 1 h after the onset
of each treatment. The enhancement was negligible
irrespective of the order of treatment. However, a
marked decrease in TEER was observed for a
combination of 0-02% (w/v) sodium deoxycholate
and 1% (w/v) dipotassium glycyrrhizinate.

Effect of simultaneous treatment with sodium
deoxycholate and dipotassium glycyrrhizinate on
the permeation of sodium fluorescein and
fluorescein isothiocyanate dextran

To verify the absorption-enhancing effect of the
combined use of 0-02% (w/v) sodium deoxycholate
and 1% (w/v) dipotassium glycyrrhizinate, cellular
permeabilities were compared for individual
enhancers and for a combination of the two
enhancers for the water-soluble model compounds
sodium fluorescein and fluorescein isothiocyanate

dextran. The results are shown in Figure 3 and
Table 1. Figure 3 shows the cumulative permeation
of the model compounds per unit area (ugcm ™ 2)
with time and Table 1 lists the apparent perme-
ability coefficients (P,p,) calculated from the time
course in Figure 3. The cumulative permeability of
the model compounds was increased by use of a
combination of 0-02% (w/v) sodium deoxycholate
and 1% (w/v) dipotassium glycyrrhizinate, com-
pared with the effect of the individual compounds.
The P,,, values of sodium fluorescein and fluor-
escein isothiocyanate dextran in the monolayers
treated with the combination increased significantly
by (approx.) 1-7- and 7-1-fold, respectively, com-
pared with that of the control, and these values
were significantly greater than after the use of
0-02% (w/v) sodium deoxycholate and 1% (w/v)
dipotassium glycyrrhizinate individually.

Effect of H7 on TEER and on fluorescein
isothiocyanate dextran permeability after treatment
with sodium deoxycholate and dipotassium
glycyrrhizinate

The inhibitory effect of H7, a protein kinase C
(PKC) inhibitor, on the absorption-enhancing
activity of the combination was evaluated; the
results are shown in Figure 4 and Table 2. Mea-
surement of TEER and the fluorescein iso-
thiocyanate dextran transport experiment were
performed after exposure of the apical side of each
monolayer to 200 uM H7 for 1h. The effect of H7
on the TEER of the control was negligible. After
H7 pretreatment the decrease in TEER induced by
a combination of 0-02% (w/v) sodium deox-
ycholate and 1% (w/v) dipotassium glycyrrhizinate
reverted from 35% to 75% of the initial TEER
value. A positive control, 0-:3% (w/v) EDTA,
which has previously been reported to have PKC-
mediated absorption-enhancing activity (Tomita et
al 1996), induced a 30% decrease in TEER. The
TEER-reducing activity of 0-3% (w/v) EDTA was
completely inhibited by pretreatment with H7.

In the transport of fluorescein isothiocyanate
dextran, treatment with H7 resulted in no difference
from control monolayers. The enhanced transport of
fluorescein isothiocyanate dextran as the result of
combined treatment with 0-02% (w/v) sodium
deoxycholate and 1% (w/v) dipotassium glycyr-
rhizinate was significantly reduced by H7 (Table 2).

Discussion

This study shows the potential of the use of a
combination of absorption enhancers and their
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Effect of the combined use of 0-02% (w/v) sodium deoxycholate and 1% (w/v) dipotassium glycyrrhizinate on the

transport of sodium fluorescein (A) and fluorescein isothiocyanate dextran (B) in Caco-2 cell monolayers. Fluorescent model
compounds (sodium fluorescein (100 ug mL ') and fluorescein isothiocyanate dextran (1 mg mL ™ ') were applied to the apical side
followed by treatment with absorption enhancers for 20 min: control (calcium- and magnesium-free Hanks’ balanced salt solution)
(O), 0-02% (w/v) sodium deoxycholate alone (A), 1% (w/v) dipotassium glycyrrhizinate alone (@), the combined use of 0-02% (w/
v) sodium deoxycholate and 1% (w/v) dipotassium glycyrrhizinate (V). Data are the means + standard deviation of the cumulative
permeation per unit area (n = 3). *#P < 0-05, significantly different from the control and 0-02% (w/v) sodium deoxycholate,

respectively (Tukey’s multiple rank test).

Table 1.

Apparent permeability coefficients for the transport of sodium fluorescein and fluorescein
isothiocyanate dextran in Caco-2 cell monolayers.

Enhancer Apparent permeability coefficient (107 cm s~ ')
Sodium Fluorescein
fluorescein isothiocyanate dextran
Control* 8-:37+0-80 0-35+£0-03
Sodium deoxycholate, 0-02% (w/v) 923+ 1-64 0-65+0-19
Dipotassium glycyrrhizinate, 1% (w/v) 8:17£0-81 0-29£0-08
Sodium deoxycholate, 0-02% (w/v) 1416+ 1-27+% 2:474+0-297%

+ dipotassium glycyrrhizinate 1% (w/v)

Data were calculated from the results of transport experiments (Figure 3) and are means =+ standard
deviation. *Calcium- and magnesium-free Hanks’ balanced salt solution. t,§ P < 0-05, significantly
different from control buffer result and that from 0-02% (w/v) sodium deoxycholate, respectively

(Tukey’s multiple rank test).

application to the future pharmaceutical design of
oral preparations of poorly absorbed drugs. A
combination of sodium deoxycholate and dipo-
tassium glycyrrhizinate was selected as the
absorption enhancer for the purposes of this study.
Although both TEER and permeability were not
affected by treatment with 0-02% (w/v) sodium
deoxycholate alone or with 0-1-2% (w/v) dipo-
tassium glycyrrhizinate alone, the TEER in the
presence of 0-02% (w/v) sodium deoxycholate
decreased with increasing concentration of dipo-
tassium glycyrrhizinate, the effect being greatest
for 1% (w/v) dipotassium glycyrrhizinate (Figure

1). In addition, the combination of 0-02% (w/v)
sodium deoxycholate and 1% (w/v) dipotassium
glycyrrhizinate clearly enhanced the permeability
of the water-soluble model compounds sodium
fluorescein and fluorescein isothiocyanate dextran,
as shown in Figure 3 and Table 1.

We have previously shown, by use of confocal
laser-scanning microscopy techniques, that sodium
fluorescein and fluorescein isothiocyanate dextran
were mainly transported through the paracellular
route in the absence or presence of sodium deoxy-
cholate and sodium caprate. The enhancing effect
of combined treatment with sodium deoxycholate
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Figure 4. Effect of H7 on TEER in Caco-2 cell monolayers
treated with a combination of 0-02% (w/v) sodium deoxycho-
late, 1% (w/v) dipotassium glycyrrhizinate and 0-3% (w/v)
EDTA. The treatment period for the combined absorption
enhancers was 0 to 20 min: 200 uM H7 alone (O), the combi-
nation (V), the combination with H7 (V), 0-3% (w/v) EDTA
(C)), and 0-:3% (w/v) EDTA with H7 (H). Data are mean-
s standard deviation of three TEER measurements for each
monolayer. *P <0-05, significantly different from result
obtained without H7 (Student’s t-test).

Table 2. Effect of H7 on the apparent permeability coeffi-
cient of fluorescein isothiocyanate dextran in Caco-2 cell
monolayers treated with a combination of 0-02% (w/v) sodium
deoxycholate and 1% (w/v) dipotassium glycyrrhizinate.

Enhancer Apparent permeability
coefficient (107 cms™ 1)

Control* 0-36+0-11
Control with H7 0-39+0-24
Sodium deoxycholate, 0-02% 1724+ 0-34%

(w/v) 4 dipotassium

glycyrrhizinate, 1% (w/v)
Sodium deoxycholate, 0-02% 0-814+0-04%

(w/v) 4 dipotassium
glycyrrhizinate1% (w/v) +H7

Data are means = standard deviation (n = 3). *Calcium- and
magnesium-free Hanks’ balanced salt solution. TP <0-05,
significantly different from control result (Tukey’s multiple
rank test); { P <0-05, significantly different from result from
0-02% (w/v) sodium deoxycholate + 1% (w/v) dipotassium
glycyrrhizinate (Student’s z-test).

and dipotassium glycyrrhizinate was greater for
fluorescein isothiocyanate dextran (MW 4400) than
for sodium fluorescein, a small molecule. This is
because the cellular permeability of high-molecular
weight compounds is highly limited by the tight-
junction, in contrast with that of low-molecular
weight compounds. The enhanced transport of
fluorescein isothiocyanate dextran as a result of
combined treatment with sodium deoxycholate and
dipotassium glycyrrhizinate prompted us to expect
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a similar enhancement effect in the transport of
peptide and protein drugs.

The effect of the combined enhancers was
observed only when they were present together
(Figure 2). The TEER-reducing activity of the
combination was sufficient even when the treat-
ment period was 10 min, although this was weaker
than that observed after 20 min treatment.

In general, activated phospholipase C cleaves
inositol diphosphate to form the intracellular med-
iators inositol trisphosphate and diacylglycerol.
Inositol trisphosphate releases calcium ion from
intracellular stores, and diacylglycerol activates
PKC in the cell. It has been reported that these
mediators regulate the paracellular permeability in
Caco-2 cell monolayers (Lindmark et al 1998).
Tomita et al (1996) demonstrated that sodium
caprate acts on cell membranes and induces an
increase in the intracellular calcium concentration
via inositol trisphosphate which is produced by
activation of phospholipase C in the plasma mem-
brane. The calcium-calmodulin activates myosin
light chain kinase, which provokes the contraction
of actin-myosin filaments resulting in the opening
of the paracellular route. This suggests that the
increase in intracellular calcium-ion concentration
is one of the enhancing mechanisms in drug
absorption. In our previous study, however, intra-
cellular calcium concentration was not significantly
affected by sodium deoxycholate but was reduced
by dipotassium glycyrrhizinate (Sakai et al 1998).
We thus proposed that the regulation of PKC
activity via diacylglycerol is another factor in the
opening of the tight-junction. The decrease in
TEER as a result of the combined use of 0-02%
(w/v) sodium deoxycholate and 1% (w/v) dipo-
tassium glycyrrhizinate was reduced to half by
pretreatment with H7, a PKC inhibitor (Figure 4).
In addition, the enhanced transport of fluorescein
isothiocyanate dextran by combined treatment with
sodium deoxycholate and dipotassium glycyr-
rhizinate was inhibited by H7 (Table 2). The con-
centration of H7 used, 200 uM, had no effect on
TEER in the control and treatment with 0-02%
(w/v) sodium deoxycholate or 1% (w/v) dipo-
tassium glycyrrhizinate individually. A similar
observation has been reported for EDTA, which
opens the tight junction by activation of PKC
(Tomita et al 1996). It is possible that the activation
of PKC might, at least in part, be involved in the
mechanism of the enhancement of absorption
resulting from the combination of 0-02% (w/v)
sodium deoxycholate and 1% (w/v) dipotassium
glycyrrhizinate. Huang et al (1992) reported that
sodium deoxycholate enhances PKC activity in
cells. The reduction of TEER by high concentra-
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tions (0-05% w/v) of sodium deoxycholate on
TEER was diminished by (approx.) 10—-20% by H7
(data not shown). Considering that sodium deox-
ycholate enhances PKC activity in cells, dipo-
tassium glycyrrhizinate could conceivably enhance
the activation of PKC by sodium deoxycholate.

Glycyrrhizinate-salt has been reported as a
drug with anti-inflammatory, anti-hepatotoxic, anti-
allergic and anti-viral activity (Kuroyanagi et al
1962; Amagaya et al 1984; Kiso et al 1984; Hir-
abayashi et al 1991). In the pharmaceutical field,
dipotassium glycyrrhizinate and its ammonium salt
have been reported to have absorption-enhancing
activity (Aliverti et al 1989; Mishima et al 1989;
Tanaka et al 1992; Reardon et al 1993). The use of
dipotassium glycyrrhizinate alone neither reduced
the TEER of Caco-2 cell monolayers nor enhanced
the cellular permeability of water-soluble model
compounds. The reason for such a discrepancy, in
terms of the presence or absence of the absorption-
enhancing activity of dipotassium glycyrrhizinate,
remains unknown and the mechanism by which
dipotassium glycyrrhizinate enhances the activation
of PKC is unclear; both are subjects for future
studies. Sodium deoxycholate has been reported to
enhance the absorption of several drugs (Guarini &
Ferrari 1985; Lin & Shen 1991) and there have
been several reports that sodium deoxycholate
causes considerable damage to the epithelium when
used at high concentrations (Guarini et al 1986;
Hersey & Jackson 1987; Hosoya et al 1994). The
trypan blue exclusion test was conducted to verify
the cytotoxicity of the enhancers. There was no
difference among the toxicities of 0-02% (w/v)
sodium deoxycholate used alone, the combination
of 0-02% (w/v) sodium deoxycholate and 1%
(w/v) dipotassium glycyrrhizinate, and the control
(data not shown). This could be because of the very
low sodium deoxycholate concentration used in this
experiment. These data indicate the potential for
the safe use of a combination of sodium deoxy-
cholate and dipotassium glycyrrhizinate.

As described above, we have confirmed that the
combined use of sodium deoxycholate and dipo-
tassium glycyrrhizinate has a synergistic absorp-
tion-enhancing effect. This information will be
useful in selecting absorption enhancers for the
future pharmaceutical design of poorly absorbed
drugs.
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