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Abstract

The absorption-enhancing effect of the simultaneous administration of sodium caprate (Cap-Na) and dipotassium glycyrrhiz-
inate (Grz-K) was investigated to clarify an effect of Grz-K. A combination of 0.1% (w/v) Cap-Na and 2% (w/v) Grz-K had
a rapid and long-lasting absorption-enhancing activity in Caco-2 cell monolayers under conditions where Cap-Na and Grz-K
showed a weak and no activity, respectively. The simultaneous treatment of a Caco-2 cell monolayer with Cap-Na and Grz-K
showed no change in intracellular calcium ion level, although a major mechanism of absorption-enhancing effect for Cap-Na
was elevation of intracellular calcium ion level. On the other hand, the simultaneous enhancing effect of Cap-Na and Grz-K was
inhibited by H7, a PKC inhibitor. Possibly, Grz-K showed an absorption-enhancing effect via PKC cellular signaling pathway
after penetration into cell according to increasing membrane permeability by Cap-Na. The absorption of sCT by the rat colon
was enhanced by a combination of 0.1% (w/v) Cap-Na and 2% (w/v) Grz-K, and its effect continued even 9 h after the onset
of the experiment. Furthermore, the simultaneous treatment of 0.1% (w/v) Cap-Na and 2% (w/v) Grz-K showed a negligible
histological changes to the colon mucosal membrane and a negligible toxicity on Caco-2 cell monolayer. A combination of Cap-
Na and Grz-K shows a synergistic absorption-enhancing effect with little mucosal injury, which is applicable to colon-specific
delivery.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction simultaneous treatment was similar to Deo-Na. More-
over, we found that the simultaneous enhancing re-
Oral drug delivery is still preferred by a majority of ~ sponse was related to a cellular signaling system me-
patients. Delivery systems in the colon are importantin diated by protein kinase C, the same mechanism as
some cases, to minimize side effects and to maximize was found for Deo-NaQiao et al., 2000; Milovic
the therapeutic response of drugs. Colon delivery sys- et al., 2002. Therefore, two possible explanations for
tem can beimproved in several ways. The timed-releasean effect of simultaneous treatment were considered.
system (Pulsindh, Geomatri®), pH-dependent coat- (1) The activity of Deo-Na was enhanced in the pres-
ing (Hu et al., 1999, microbially degradable polymers ence of Grz-K. (2) After transport into Caco-2 cell,
(Prasad et al., 1998ntestinal pressure-controlled sys- Grz-K itself showed absorption-enhancing effect by a
tem (Jeong et al., 20Qland redox-sensitive polymer  same mechanism as Deo-Na. If Grz-K itself possessed
(Stubbe et al., 20Qlare commonly used for this pur-  an absorption-enhancing response related to a cellu-
pose. When drugs reach the colon via the delivery sys- lar signaling system, in vivo activity of Grz-K was
tem, they should be effectively absorbed from the colon notinduced by only a hydrolyzed product, glycyrrhetic
lumen. A successful way to improve drug absorptionin acid, but also Grz itself. To demonstrate an absorption-
the colon is the use of absorption enhancers. It is nec- enhancing effect of Grz-K itself is important for a phar-
essary to select a highly useful enhancer that inducesmaceutical modification with Grz-K.
potent and long-lasting absorption-enhancing activity  In this study, we have investigated an absorption-
without no or minimal mucosal injury. enhancing effect of Grz-K itself by means of a simulta-
We previously examined the absorption-enhancing neous treatmentwith Cap-Nain Caco-2 cell. Ithas been
activity of several representative absorption enhancers, reported that Cap-Na is capable of opening the paracel-
i.e., sodium deoxycholate (Deo-Na), a bile acid, lular route, when intracellular calcium concentrations
sodium caprate (Cap-Na), a fatty acid, and dipotas- are increased via inositol 1,3,4-triphosphatengita et
sium glycyrrhizinate (Grz-K), a terpen&dkai et al., al., 1995. Therefore, the absorption-enhancing effect
1997. In a study using an intestinal epithelial cell of Grz-K could be characterized by a comparison of the
model, Caco-2 cell monolayePinto et al., 1983; simultaneous effect of Cap-Na and Grz-K and the ef-
Hidalgo et al., 1989; Artursson, 199e found potent  fect of Cap-Na itself. Furthermore, the in vivo efficacy
absorption-enhancing activity in the cases of Deo-Na of a combination of Cap-Na and Grz-K has been con-
and Cap-Na. Cap-Na induced a rapid response, while firmed by the absorption of salmon calcitonin (sCT) in
Deo-Na showed a relatively slow response. On the the rat colon. The safety of a combination of Cap-Na
other hand, Grz-K that possessed low membrane per-and Grz-K has been evaluated by examining a morpho-
meability due to hydrophilicity rarely showed an ef- logical changes in the rat colon mucus membrane.
fect on drug permeability through a Caco-2 cell mono-
layer, although it has been reported to enhance the in
vivo transmucosal absorption of antibiotics and insulin 2. Materials and methods
(Tanaka et al., 1992; Mishima et al., 198%urther-
more, we demonstrated that the discrepancy between2.1. Materials
the in vitro and in vivo study can be explained by
the hydrolysis of Grz to its aglicon, glycyrrhetic acid, Caco-2 cells were purchased from the Ameri-
by bacterialg-glucuronidases in the intestinal lumen can Type Culture Collection (Rockville, MD, USA).
(Imai et al., 1999 Glycyrrhetic acid had a more po- Sodium fluorescein (Flu-Na), fluorescein isothio-
tent enhancing activity than Cap-Na and Deo-Na at cyanate dextran (FD-4), 1-(5-isoquinolinesulfonyl)-2
the same concentration. In addition, we examined the methylpiperazide dihydrochloride (H7), Dulbecco’s
absorption-enhancing activity of simultaneous treat- modified Eagle’s medium (DMEM), non-essential
ment with Deo-Na and Grz-KSakai et al., 1999 Con- amino acids, benzylpenicillin G, streptomycin and
sequently, the absorption-enhancing effect of a combi- sodium ethylenediaminetetraacetate (EDTA) were pur-
nation of Grz-K and Deo-Na was much greater than chased from Sigma Chemical Co. (St. Louis, MO,
that of Deo-Na alone. However, the response of their USA). Fura-2 acetoxymethyl ester (Fura-2 AM) and
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