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Thesis Abstract
Studies to evaluate the effect of gastric ulcer on gastrointestinal drug absorption by using in vivo and
in vitro experiments

Yuuichi Hara

The stomach, as an organ, has limited ability to absorb drugs than the small intestine. The effective area of
the stomach are not suitable for absorption as compared with the small intestine, and it is considered that the
stomach does not directly contribute to drug absorption after oral administration.

However, the physiological functions of the stomach are known to be important factors that influence the
efficiency of drug absorption. Stomach acidity does have an important role in the rapid dissolution of basic drugs
and in, the case of poorly soluble drugs, the dissolution process is the rate-limiting step of drug absorption. In the
case of these drugs, the contribution of the stomach to drug absorption becomes a very important factor. In
addition, as the timing at which gastric contents are discharged from the stomach affects the initiation of drug
absorption, if gastric emptying is delayed, this may cause a delay in achieving the desired drug concentration in
the blood.

Drug absorption in patients with gastric disease can be expected to fluctuate. Gastric disease disturb stomach
physiological functions and, change the drug absorption in the gastrointestinal tract. However, the influence on
drug absorption of these functional changes is complicated and unknown.

The aim of this study was to evaluate the influence of disease on gastric physiological function and drug
absorption. In Chapter 1, I made rat model of acetic acid-induced gastric ulcer, and evaluate some stomach
physiological function. In Chapter 2, I used this rat model, administered acetaminophen (APAP) orally and
evaluated the influence of gastric ulcer on APAP blood concentrate. And in Chapter 3, I used in vifro changeable
pH dissolution/permeation system, applied albendazole (ABZ), pootly soluble basic drug, and evaluated the
influence of stomach acidity on ABZ absorption.

In Chapter 1, I evaluated changes in the physiological function of the stomach using rats in which acetic-
acids had been previously applied to the gastric serosa to induce gastric ulcers. The results of my preliminary
experiments in which I treated the gastric serosa with acetic acid for 15 seconds, 48hours before beginning our
experiments, indicated the following: a) it is necessary to prolong the acetic acid treatment time in order to induce
an ulcer, b) it is desirable to conduct experiments avoid anesthesia, because of its side-effect through autonomic
nerve, c) it is desirable to verify individual functions by narrowing down on factors as much as possible.

Therefore, in subsequent experiments, I extended the acetic acid treatment time to 60 seconds. I also
evaluated, the effect of the treatment on the general condition of the rat, the condition of the tissue at the treatment
site in the rat stomach, the functioning of the rat stomach, and the gastric emptying and the stomach acid-secretion
abilities of the stomach.

Using an acetic acid treatment time of 60 seconds resulted in the reduction in food intake and drinking
water as well as temporary decrease in body weight. Analysis of gastric mucosal tissue and the amount of Evans
blue distribution revealed the stimulation was too strong to obtain a state of gastric ulcer.

In order to evaluate the gastric emptying ability following acetic acid treatment, were administered and he



distribution of beads present in the digestive tract before and after administration of encapsulated zirconia beads
was compared. The results demonstrate that that a higher number of beads were retained in acetic acid-treated rats
than in untreated rats, indicating that gastric emptying was reduced in the acetic-acid treated rats. Furthermore,
measurement of pH in the stomach confirmed that gastric acid secretion ability was decreased by acetic acid
treatment.

In Chapter 2, the influence of changes in gastric emptying when there is gastric ulcer on drug absorption was
evaluated. APAP is a drug widely used as an antipyretic analgesic agent. While it is poorly absorbed in the
stomach, APAP is quickly absorbed in the small intestine. Therefore, it is often used as a test agent when
evaluating the efficiency of the gastric emptying.

APAP was intravenously administered to untreated rats and acetic-acid treated rats. Plasma APAP
concentration was compared untreated rats and acetic-acid treated rats. It was showed no significant difference and
suggested that acetic-acid treatment does not affect distribution and elimination of APAP.

APAP contained in gelatin capsules was orally administered to untreated rats and acetic-acid treated rats.
Plasma APAP concentration was compared untreated rats and acetic-acid treated rats. Plasma APAP concentration
early after administration of acetic-acid treated rats was lower than in untreated rats. Pharmacokinetics analysis
showed the mean absorption time (MAT) was significantly extended, and suggested that acetic-acid treatment
prolongs retention APAP in stomach.

In Chapter 3, the influence of changes in gastric pH on drug absorption was evaluated in vitro experiments.
Not only gastric empting but various factors (other gastric physiological functions, influence of concomitant
medication) are affected to drug absorption. In this rat model of acetic acid-induced gastric ulcer, the increase
gastric pH and reduction in gastric emptying were observed simultaneously.

Therefore, In vitro changeable pH dissolution/permeation system was fabricated and used to evaluate the
influence of changes in gastric pH on drug absorption. As albendazole (ABZ), which is known to be a basic,
poorly water-soluble drug, has high solubility in acidic conditions, but low solubility under neutral conditions, was
used as the model drug in this study.

The solubility test in the in vitro changeable pH dissolution/permeation system showed that the solubility of
ABZ under condition of pH 1.2-6.5 (gastric pH-intestinal pH) was higher than the solubility of under condition of
pH 6.5. This result suggested supersaturation arise from the pH change.

In order to investigate how pH changes in the stomach may affect the permeation of ABZ, experiments were
also carried out under pH 1.2-6.5 and pH 4.0-6.5 and changes in membrane permeability were compared. Using a
pH range of 4.0-6.5 membrane permeation was found to be significantly decreased, suggesting that drug
absorption following oral administration of ABZ was significantly affected by changes in pH environment in the
stomach

In this study, I analyzed variations in physiological function of the stomach injury in a rat model of acetic
acid induced gastric ulcer, and influence on drug absorption. The results obtained may aid the development of

safer drug treatment in patients with impaired stomach function.
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