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Introduction

Oral administration is the easiest and most useful method for drug delivery, and prediction of drug
absorption is therefore very important for the design of an oral preparation. In this study, we
attempted to develop a system for predicting drug absorption, and aiso tried to establish several
models of different gastric acidities for evaluating various kinds of oral preparations and drug-drug
interactions.
Results and Discussion
1. Drug absorption prediction system'

An in vitro system for prediction of oral absorption in humans includes a drug-dissolving vessel
(DDV; modeled stomach), a pH adjustment vessel (PAV; modeled intestine) and a side-by-side
diffusion chamber mounted not only by Caco-2 monolayer but also by rat intestine.

2. Pharmacokinetic model’
The elution of a relatively water-soluble drug to the donor compartment of side-by-side diffusion
chamber is expected to follow a one-compartment drug-distribution model. (flip—flop phenomenon).
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3. Models of different gastric acidities’

The normal gastric acidity model (model A) was used for prediction of drug absorption that takes
into account the'physiological conditions of the Gl tract. We established a low gastric acidity model
(model B, model of achlorhydria) and a temporarily elevated gastric acidity model (model C), in which
gastric acidity was elevated temporarily by coadministration of an acidic drug. The weak antacid
model (model E) is a mode! of a case in which a weak antacid drug was coadministered to
temporarily elevate pH up to 6.0. The strong antacid model (model F) is a model of a case in which a
strong antacid drug was coadministered to temporarily elevate pH up to 8.0. As a control experiment,
a mode! of normal gastric acidity (model D) was established using a PAV solution with pH of 7.5.

4. Permeation of relatively water-soluble drugs across a Caco-2 monolayer or a rat intestine’

Drugs that permeated across a Caco-2 monolayer at cumulative permeation of more than 0.03% or



over 0.04% in the rat intestine, such as caffeine and theophylline, can be almost completely absorbed
in humans. If the cumulative permeation across a Caco-2 monolayer is lower than 0.03% or below
0.04% in the rat intestine, there were good linear correlations between cumulative permeation across
a Caco-2 monolayer and oral absorption in humans (R=0.967) and between cumulative permeation
across a rat intestine and oral absorption in humans (R=0.959).

5. Evaluation of absorption of two preparations of ketoprofen®

We examined the release of commercial capsules and controlled-release granules of ketoprofen in
model A and model B. The concentration after administration of a commercial capsule increased
more rapidly and then decreased more rapidly in a state of low gastric acidity than in a state of high
gastric acidity. No variation of absorption was observed after administration of controlled-release
granules to high and low gastric. acidity models because of the lower sensitivity to the surrounding
PH. _

6. Evaluation of pH-related changes in absorption of dipyridamole and glibenclamide® *’

The purpose of this experiment was to compare the amounts of drugs absorbed and the degrees of
absorption variation due to changes in pH in different models. Our resuits agree with results obtained
in clinical studies showiﬁg that amounts of oral absorption of dipyridamole in subjects with low levels
of gastric acidity are much lower than those in subjects with normal levels and that the oral absorption
can be improved to some degree by coadministration of acidic drugs, which can temporarily increase
gastric acidity. The cumulative permeation of glibenclamide in model F was significantly higher than
that in model D, but the cumulative permeation in model E was almost the same as that in model D.
7. Studies of absorption mechanism and absorption prediction of ester prodrugs”®

The enzymatic activities in homogenates from the small intestines of rats or humans were higher
than those in homogenates from Caco-2 cells. Ester hydrolysis showed that the disappearance
occurs in accordance with the esterase activity of homogenates. Higher P,p, values were obtained for
prodrugs than for active acids. At the end of flux studies, the cell accumulation of ampicillin produced
from pivampicillin in the Caco-2 monolayers was greater than that of ampicillin when ampicillin was
added to the apical side. The same tendency was found in the case of cefcapene (CFPN). These
results suggest that intracellular degradation of prodrugs resulted in intracellular accumulation, and
extensive ester hydrolysis and increased transepithelial flux of the active metabolite occurred during
transport. ‘ ‘

Permeation of pivampicillin and cefcapene pivoxil (CFPN-PI), ester-type oral antibiotics, across a
Caco-2 monolayer and a rat intestine using model A was also studied. A higher degree of oral
absorption of a prodrug predicted from a Caco-2 or rat intestine model than that determined from a
clinical experiment in humans was received.

Conclusions

(1) An in vitro system and several models of different gastric acidities for the prediction of oral
absorption of drugs were established. (2) Not only Caco-2 monolayers but also other membranes,
such as rat intestine, can be mounted on the chamber in this system. (3) Our system can also enable



evaluation of pH-related variation in absorption of more kinds of oral preparation and drug-drug
interactions. (4) The absorption mechanism of ester prodrugs in Caco-2 and rat intestine models was

elucidated.
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