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Preface

The discovery of proton pump inhibitors (PPIs) and their development in a variety of clinical scenarios has dramatically changed the management of acid-related diseases. The therapeutic domain of PPIs ranges from relief of symptoms to cure of mucosal lesions in the upper gastrointestinal tract. PPIs are the ‘mainstay’ therapy in acid-related symptoms, gastroesophageal reflux disease (GERD), peptic ulceration (PU), peptic ulcer, and bleeding. PPIs have a predominant role in prophylaxis of gastroduodenal damage from NSAIDs and aspirin, and they are used in a series of other distinct disease entities.

We had the privilege through clinical trials with PPIs to gain deep insights into the basic mechanisms of upper digestive pathologies such as GERD and PU. Those who prophesized the end of potent acid suppression in peptic ulcer disease with the discovery of Helicobacter pylori had to learn that PPIs are an essential ingredient for all treatment regimens aimed at the eradication of H. pylori.

After nearly 25 years of therapeutic experience with PPIs and hundreds of millions of patients that have benefited from PPI treatment, we fully appreciate the enormous value of these drugs, which have truly become ‘stellar’ in gastroenterology.

When PPIs were first introduced, their use was restricted to the Zollinger-Ellison syndrome because of fear that they might be too potent in their acid suppression. This was promptly overcome when the benefits of PPIs became apparent in all acid-related diseases. PPIs are now available as over-the-counter drugs, which is certainly the strongest indication of their safety and legitimation for wide use.

The risk of side effects with PPIs is recognized to be remarkably low. Nevertheless, some adverse effects with PPIs in selected patients demand that we remain alert and continue to learn about the consequences of long-term acid suppression.

We are grateful to all the authors that contributed their immense experience to this update on PPIs.

Tsutomu Chiba, Kyoto
Peter Malfertheiner, Magdeburg
Hiroshi Satoh, Kyoto
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Abstract

Omeprazole (OPZ), developed by AB Hässle/Astra (Sweden), and lansoprazole (LPZ), developed by Takeda Chemical Industries Ltd. (Japan), were the world's first and second proton pump inhibitors (PPIs), respectively, approved for clinical use in humans. These PPIs have been widely used for more than 20 years in the treatment of acid-related diseases such as gastroduodenal ulcers and reflux esophagitis. In the process of discovery of the PPIs, both companies independently identified the same compound (2-[(2-pyridylmethyl)sulfinyl]-1H-benzimidazole, timoprazole), which had strong antisecretory and antiulcer activities. LPZ and OPZ are derivatives of timoprazole; the LPZ molecule has a trifluoroethoxy group that seems to confer strong antiulcer properties in addition to the compound's antisecretory action. For example, the antisecretory effect of LPZ in rats was approximately twice as strong as that of OPZ, but the antiulcer effects were more than 10 times stronger than those of OPZ in rat models of reflux esophagitis, gastric antral ulcers, and duodenal ulcers. Furthermore, LPZ, but not OPZ, also prevented the formation of small intestinal lesions induced by NSAIDs in rats. These effects can be explained, at least in part, by the finding that LPZ not only has antisecretory activity but also mucosal protective activity in which both capsaicin-sensitive sensory neurons and nitric oxide are involved. It has also been reported that LPZ has highly specific antibacterial effects on Helicobacter pylori. Both OPZ and LPZ are racemates, each having two optical isomers (S and R). Both the S-isomer of OPZ (esomeprazole) and the R-isomer of LPZ (dexlansoprazole) have been developed as second-generation PPIs with enhanced bioavailability and antisecretory activities in humans. This chapter reviews the history of the discovery and development of PPIs, and discusses the unique pharmacological properties of LPZ independent from the compound's antisecretory activity.

Copyright © 2013 S. Karger AG, Basel

Peptic ulcers, such as gastric and duodenal ulcers, had long been a significant and intractable condition in humans until the discovery of the histamine H2-receptor antagonist (H2-RA) cimetidine in the late 1970s, which led to dramatic improvement in treatment. Thereafter, many H2-RAs, such as ranitidine and famotidine, were developed and have since been used effectively for the treatment of peptic ulcers. H2-RAs are very useful drugs, but they also have several drawbacks, i.e. they effectively inhibit basal gastric acid secretion at nighttime but are less effective for inhibition of acid secretion induced by various stimuli such as stress and meals during the day, they are not always effective for the treatment of gastroesophageal reflux disease (GERD) and Zollinger-Ellison syndrome, and their efficacy is reduced after repeated administration. Some of these problems were resolved by the discovery of the proton pump inhibitors (PPIs), such as omeprazole (OPZ; AB Hassle/Astra, Sweden) and lansoprazole (LPZ; Takeda Chemical Industries Ltd., Japan). The inhibitory effects of PPIs on gastric acid secretion are more prolonged than those of H2-RAs, and the drugs have significantly improved the outcome of treatment for acid-related diseases. In particular, the efficacy for the treatment of reflux esophagitis and eradication of Helicobacter pylori with PPIs are significantly greater than with H2-RAs. In this chapter, both a brief history of the discovery and development of the PPIs and the unique pharmacological properties of LPZ independent from its antisecretory action are reviewed.

The author worked for Takeda Chemical Industries, Ltd. from 1969 to 1997, and was deeply involved in the discovery and development of lansoprazole.

The Discovery of Proton Pump Inhibitors

Pharmaceutical companies often synthesize new compounds through the modification of existing compounds and subsequent evaluation of their pharmacological activities. In some cases, different pharmaceutical companies working independently may coincidentally end up synthesizing the same compound as a new drug candidate. This was in fact the case with 2-pyridylthioacetamide and timoprazole, the discovery of which played a key role in the development of LPZ and OPZ.

Discovery of 2-Pyridylthioacetamide (AG-35, CMN 131)

During initial efforts to screen for antiulcer drugs with antisecretory activity, Takeda found that 2-pyridylthioacetamide (coded by Takeda as AG-35) and its analogs had strong antisecretory and antiulcer activities [1], and in 1969 the company applied for a Japanese patent for the compounds as novel antiulcer drugs (fig. 1) [2]. In 1971, the French pharmaceutical company Servier also reported strong antisecretory activities of thioamide derivatives including AG-35 (coded by Servier as CMN 131; fig. 1) [3]. However, these compounds were not developed as new drugs, mostly due to the demonstration of acute toxicity in animals. According to a review by Olbe et al. [4], the antisecretory activity of CMN 131 reported by Servier prompted AB Hassle to initiate research in an attempt to identify structural analogs of CMN 131 with strong antisecretory activity but minimal toxicity. Fig. 1 shows the milestones in the development of PPIs by Takeda and AB Hassle. Interestingly, both companies began their research on antisecretory and antiulcer drugs with the same compound (AG-35 and CMN-131).
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Fig. 1. Discovery and development of the PPIs LPZ and OPZ. Two compounds, 2-pyridylthioacetamide and timoprazole, played an important role in the process of discovery of LPZ (Takeda Chemical Industries Ltd.) and OPZ (AB Hassle/Astra).

Discovery of Timoprazole (AG-879, H 83/69)

The next stage in the evolution of PPIs was the identification of the compound timoprazole. AB Hassle was initially interested in CMN 131 because the drug was found to have strong antisecretory activity, although it had undesired acute toxicity. Company scientists speculated that the toxicity of CMN 131 might depend on the thioamide group in the molecule's structure. They synthesized many derivatives of CMN 131 and found that compound H 124/26, in which the thioamide group of CMN 131 was eliminated and a benzimidazole ring was incorporated, had powerful antisecretory activity but no acute toxicity. However, due to a conflicting preexisting patent, H 83/69 (a sulfoxide derivative of H 124/26, timoprazole) was selected instead for further development [4]. Subsequent long-term toxicological studies of timoprazole revealed that H 124/26 caused enlargement of the thyroid gland. Other derivatives were then screened and the compound H 149/94 (picoprazole; fig. 1) was found to have strong antisecretory activity without producing adverse effects on the thyroid/thymus. The company also reported that a derivative with a substituted benzimidazole group (coded by AB Hassle as H 83/88) inhibited acid secretion stimulated by dibutyryl-cAMP in isolated guinea pig gastric mucosa, i.e. the mode of action was quite different from that of H2-RAs [5]. They also found that H 149/94 inhibited H+, K+-ATPase, which is localized in gastric parietal cells and serves as a proton pump to produce gastric acid [6]. This finding was critical for the development of the PPIs. AB Hassle eventually developed OPZ (H 168/68) as the world's first PPI (fig. 1).

From the late 1970s to early 1980s, Takeda continued to search for new antiulcer drugs with antisecretory activity. During that time ranitidine had already been approved as the second commercially available H2-RA and, therefore, Takeda considered that additional research to develop other new H2-RAs would not be commercially viable. However, AB Hassle's findings regarding novel mechanisms for the inhibition of acid secretion stimulated Takeda to screen for antisecretory drugs with a different mode of action from that of H2-RAs. Through its own independent research efforts, Takeda coincidentally identified the same compound as H 83/69 – coded by Takeda as AG-879 – from a series of newly synthesized compounds that were screened for anti-inflammatory and antiallergy effects, and it was found to have strong antisecretory and antiulcer activity in rats. However, it was subsequently learned that this was the same compound as timoprazole.

Introduction of Fluorinated Substituents to Timoprazole

Takeda randomly screened more than 700 compounds in an attempt to identify antisecretory compounds with new basic chemical structures that differed from timoprazole, but Takeda eventually recognized that the basic structure of timoprazole was essential for PPI activity. Takeda investigated various modifications of timoprazole and eventually found that introduction of fluorinated substituents, such as a trifluoroethoxy group, to timoprazole (AG-879) markedly improved the antiulcer properties of the compound [7]. While human gastric ulcers are often observed in the antral area of the stomach, drug development research for this condition had been hampered by the lack of a suitable animal model for gastric antral ulcers; however, we reported that indomethacin (IND) given before or after a 1-hour feeding in rats fasted previously for 24 h caused ulcers in the antral area of the stomach [8]. The effects of fluorinated compounds were then examined in this antral ulcer model. As shown in table 1, fluorinated compounds, including LPZ, exhibited markedly stronger antiulcer activities compared with nonfluorinated reference compounds in this model [9]. The effect of LPZ was further examined in a mepirizole-induced duodenal ulcer model in rats, and it was found that the antiulcer activity of LPZ was about 10 times stronger than that of a nonfluorinated reference compound (fig. 2). These results suggest that the introduction of fluorinated substituents substantially increases the antiulcer activities of nonfluorinated 2-[(2-pyridylmethyl)sulfinyl]-1H-benzimidazoles. Subsequent to these findings, Takeda applied for a patent for 2-[(2-pyridylmethyl) sulfinyl] – 1H-benzimidazoles containing fluorinated substituents as antiulcer drugs in 1984 [9], and ultimately LPZ (coded as AG-1749) was selected as a candidate antiulcer agent (fig. 1). Both LPZ and OPZ are derivatives of timoprazole, and LPZ has antisecretory properties similar to those of OPZ [10-12]; however, LPZ contains a trifluoroethoxy group which seems to provide antiulcer activity superior to that of OPZ, as well as other unique pharmacological activities, as discussed below.

Table 1. Effect of introduction of fluorinated substituents to 2-[(2-pyridylmethyl)sulfinyl]-1H-benzimidazoles on IND-induced gastric antral ulcers in refed rats

[image: Img]

Antisecretory Mechanism of Proton Pump Inhibitors

There are three types of receptors on the basolateral membrane of parietal cells: gastrin, acetylcholine, and histamine receptors. Histamine stimulates acid secretion by increasing intracellular c-AMP, and both gastrin and acetylcholine stimulate acid secretion by increasing intracellular Ca++. As mentioned above, PPIs inhibit H+, K+-ATPase, which is localized in gastric parietal cells (tubulovesicles and intracellular canaliculi) and acts as a proton pump to produce gastric acid. Thus, PPIs inhibit all acid secretion caused by various stimuli, while H2-RAs selectively inhibit acid secretion caused by histamine. LPZ and OPZ are taken into acid-secreting parietal cells where they covalently bind to active H+, K+-ATPase on intracellular canaliculi, resulting in long-lasting inhibitory effects (fig. 3). Therefore, a characteristic of these compounds is that they exert an inhibitory effect on acid secretion even when their concentrations in blood decrease, unlike H2-RAs. Studies on their mechanisms of action have suggested that both LPZ and OPZ do not exert a direct effect, but rather are converted to active metabolites under acidic conditions, and it is these metabolites that are responsible for inhibiting H+, K+-ATPase (fig. 3) [4, 10-12]. The active metabolites responsible for the effects were later identified as cyclic sulfenamides (AG-2000 for LPZ). Both LPZ and OPZ are prodrugs, and they are thought to be converted to their respective active metabolites through a unique intramolecular rearrangement reaction.

[image: Img]

Fig. 2. Effect of introduction of a fluorinated moiety on the pharmacological activity of 2-[(2-pyridylmethyl)sulfinyl]-1H-benzimidazoles. a Chemical structure of 2-[(2-pyridylmethyl)sulfinyl]-1H-benzimidazoles. R: CF3 (LPZ), CH3 (reference compound). b Effect of LPZ (CF3) and its reference compound (CH3) on mepirizole-induced duodenal ulcers in rats. The compounds or vehicle were administered p.o. 30 min before mepirizole (200 mg/kg, s.c.). The duodenal lesions were examined 24 h later. Data show the mean inhibition values for 10-12 rats. * p<0.05, ** p<0.01 vs. vehicle. Details are provided in [13].
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Fig. 3. Mechanism of proton pump inhibition by LPZ. Acid secretion stimuli cause tubulovesicles containing H+, K+-ATPase to fuse with the luminal membrane; H+, K+-ATPase is activated on the luminal membrane and acid is secreted. After LPZ reaches the parietal cell acidic region in the stomach, H+ is added and converted to an activated substance that binds to H+, K+-ATPase through an S-S bond, thereby inhibiting acid secretion. Details are provided in [10, 12]. This figure was kindly provided by Dr. N. Inatomi, Takeda Pharmaceutical Co. Ltd.

Table 2. Effects of LPZ and OPZ on gastric acid secretion and the formation of various types of gastrointestinal lesions in rats
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Pharmacological Properties of Lansoprazole Unrelated to Antisecretory Activity

Protective Effects of Lansoprazole on Gastrointestinal Mucosa

Both LPZ and OPZ inhibited the gastric secretion and formation of gastrointestinal lesions induced by various stimuli in rats in a dose-dependent manner (table 2). Both LPZ and OPZ inhibited basal and histamine-stimulated acid secretion. The ID50 values for LPZ were 3.6 mg/kg (basal) and 1.6 mg/kg (histamine-stimulated), respectively [11]. The ratios of ID50 values for OPZ and LPZ (OPZ/LPZ) were 2.4 and 2.1, respectively (table 2). Both LPZ and OPZ inhibited the formation of gastric corpus lesions induced by water-immersion stress or IND, and the ratios (OPZ/LPZ) of ID50 values were 2.9 and 2.6, respectively. In addition, the ID50 values of LPZ for corpus lesions (2.4 mg/kg, p.o. and 3.7 mg/kg, p.o.) are very close to those for antisecretory effects (3.6 and 1.6 mg/kg). Therefore, LPZ seems to inhibit corpus lesions mainly by inhibiting acid secretion. In contrast, the ID50 ratios (OPZ/LPZ) for reflux gastritis, gastric antral ulcers, and duodenal ulcers are very high, i.e. 19.6, 23.9, and 10.0, respectively (table 2). Furthermore, the ID50 values for LPZ in these models are 0.7, 0.9, and 0.3 mg/kg, respectively. The values were roughly one quarter to one twelfth of the ID50 value for inhibition of basal acid secretion (3.6 mg/kg), suggesting that LPZ has acid-independent protective effects on the gastrointestinal mucosa. Furthermore, LPZ prevented the formation of gastric lesions induced by absolute ethanol and acidified taurocholic acid [11, 14].

Collectively, these results strongly suggested that LPZ protects the gastric mucosa by a mechanism distinct from its antisecretory action. We found that the effects of LPZ on gastric lesions were markedly inhibited by pharmacological denervation of capsaicin-sensitive sensory neurons (CSSNs) or pretreatment with Nω-nitro-L-arginine methyl ester (L-NAME), a selective inhibitor of nitric oxide (NO) synthesis, suggesting that both CSSNs and NO are involved in the protective mechanism of LPZ [14]. In addition, we found that LPZ applied on the gastric mucosa using a Lucite® chamber in rats increased both NO production and blood flow in the mucosa, and that the effects were prevented by pretreatment with L-NAME [14]. We also found that LPZ increased bicarbonate secretion in the duodenum in rats, and that LPZ enhanced acid-stimulated bicarbonate secretion [15]. The response to LPZ was also abolished by prior denervation of CSSNs. The unique antiulcer action of LPZ is summarized in fig. 4.

Effects of Lansoprazole on Small Intestinal Lesions Induced by NSAIDs

Recent advances in endoscopy, such as the development of capsule endoscopy and double-balloon (push) endoscopy, have led to the finding that small intestinal lesions induced by NSAIDs, including aspirin, in humans are more common and more severe than previously thought [16, 17]. Gastric and duodenal lesions caused by NSAIDs can be treated with antisecretory agents such as PPIs or H2-RAs [18]; however, the effects of these drugs on NSAID-induced small intestinal lesions are still not fully understood.

Effects of Single Administration

We recently examined the effects of antisecretory drugs on small intestinal lesions induced by NSAIDs in rats, and found that both H2-RAs (cimetidine, ranitidine, and famotidine) and PPIs (OPZ and rabeprazole) at high doses exacerbated the lesions, although LPZ inhibited the formation of lesions dose dependently (fig. 5) [19]. The inhibitory effect of LPZ was observed not only in the normal rats but also in arthritic rats, and the effect was prevented by denervation of CSSNs and pretreatment with L-NAME [19], suggesting that CSSNs and NO mediate the protective effect of LPZ. Kuroda et al. [20] reported that LPZ had an inhibitory effect on IND-induced small intestinal lesions in rats, and suggested that LPZ prevented intestinal lesions by exerting anti-inflammatory and antioxidant effects since LPZ inhibited the increase of thiobarbituric acid-reactive substances, myeloperoxidase activity, and cytokine-induced neutrophil chemoattractant-1 induced by IND. Yoda et al. [21] reported that LPZ, but not OPZ, prevented intestinal lesions induced by IND in rats, and they hypothesized that LPZ protected the mucosa by inhibiting inducible NO synthase expression via upregulation of heme oxygenase-1/CO production in the mucosa.

[image: Img]

Fig. 4. Schematic diagram of the sites of mucosal protection by LPZ and OPZ, and possible mechanisms for protection of the gastrointestinal mucosa by LPZ. a LPZ showed stronger antiulcer activities than OPZ in the esophagus, gastric antrum, duodenum, and small intestine. b LPZ protects the mucosa by increasing mucosal blood flow via both CSSNs and NO. CGRP = Calcitonin gene-related peptide; eNOS = endothelial NO synthase.
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Fig. 5. Effects of H2-RAs and PPIs on diclofenac-induced small intestinal lesions in rats. Diclofenac (10 mg/kg) was administered without fasting, and intestinal lesions were measured 24 h after diclofenac administration. H2-RAs were administered twice, 30 min before and 6 h after diclofenac. PPIs were administered 30 min before diclofenac. VEH = Vehicle; CIM = cimetidine; RAN = ranitidine; FAM = famotidine; RPZ = rabeprazole. Data represent means ± SE for 7 rats. * p < 0.05, ** p < 0.01 vs. VEH. Details are provided in [19].

Effects of Repeated Administration

Wallace et al. [22] recently reported that PPIs (OPZ and LPZ) given twice a day for 9 days in rats exacerbated small intestinal lesions induced by naproxen given twice daily over the last 4 days. They suggested that PPIs exacerbated the intestinal lesions via dysbiosis, i.e. a significant reduction of jejunal Actinobacteria and Bifidobacteria spp. The mechanism by which PPIs caused dysbiosis was not precisely determined in their study [22]; however, it has been reported that long-term administration of PPIs in humans increases the number of bacteria not only in the stomach, but also in the small intestine [23]. Therefore, it is possible that repeated administration of PPIs in rats causes dysbiosis in the small intestine indirectly via pH changes in the stomach. We examined the effects of repeated administration of antisecretory drugs on intestinal lesions induced by IND in rats [Satoh et al., unpubl. observation], but we could not confirm the results of Wallace et al. [22], probably due to differences in the experimental models and procedures used in the two studies. Thus, it is difficult to draw firm conclusions regarding the effects of long-term and repeated administration of PPIs on NSAID-induced intestinal lesions. Nonetheless, this is an important issue because many patients take PPIs to prevent upper gastrointestinal side effects associated with NSAID use, and the incidence of intestinal lesions in patients who take both PPIs and NSAIDs is high (50-70%) [16, 17].

Effect of Lansoprazole on Helicobacter pylori

Subsequent to the findings of Warren and Marshall [24] that H. pylori plays a role in the pathogenesis of active gastritis in humans, numerous studies have been carried out on the role of H. pylori in gastroduodenal ulcers, relapse of ulcers, and gastric cancers. Takeda's researchers demonstrated that long-term infection with H. pylori resulted in adenocarcinoma in the stomach in Mongolian gerbils [25]. This was the first published report of an animal model of gastric cancer induced by H. pylori.

Today, PPIs are commonly used to eradicate H. pylori. However, in the 1980s, it is likely that few researchers and clinicians expected PPIs to have antibacterial effects on H. pylori. In the late 1980s we examined the effects of many antiulcer drugs including LPZ on the growth of H. pylori in vitro, and discovered serendipitously that LPZ prevented the growth of H. pylori [26, 27]. As shown in table 3, LPZ inhibited the growth of H. pylori with an MIC50 of 6.25 μg/ml, and the effect was bactericidal rather than bacteriostatic [26, 28]. We then examined the effect of LPZ on the growth of other bacterial strains, reasoning that a nonselective antibacterial action would complicate the use of LPZ as an antiulcer drug. Surprisingly, the antibacterial effect of LPZ was highly specific for H. pylori; LPZ did not inhibit the growth of other bacterial strains such as Escherichia coli, Lactobacillus acidophilus, Staphylococcus aureus, and Streptococcus pneumoniae, even at concentrations as high as 100 μg/ml [26]. OPZ also had an antibacterial effect on H. pylori, but the activity was about one fourth that of LPZ.

Table 3. Effects of various antiulcer agents against H. pylori
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As mentioned previously, LPZ inhibits H+, K+-ATPase by binding to the SH group of the enzyme after being transformed into its cyclic sulfenamide form (AG-2000) under acidic conditions [10]. As shown in table 3, AG-2000 had an antibacterial action against H. pylori and its effect was greater than that of LPZ [26]. We examined the antibacterial mechanism of LPZ, OPZ, and AG-2000, and interestingly found that both of the PPIs and AG-2000 inhibited urease activity of H. pylori by binding to the enzyme's SH groups [29]. The finding that PPIs inhibit urease activity by binding to SH groups, as was seen with the inhibition of H+, K+-ATPase, was unexpected. The specific mode of action of LPZ on urease activity may explain, at least in part, why LPZ did not show any antibacterial effects on other bacterial strains. However, we later found that inhibition of urease activity may not be related to the antibacterial action of LPZ on H. pylori [30]. Therefore, additional studies are needed to clarify the inhibitory mechanism of LPZ on H. pylori. Although the PPIs have antibacterial effects on H. pylori in vitro, it is unlikely that they have such an effect in patients since the PPIs are used clinically in enteric-coated forms due to the instability of the compounds in acidic environments. PPIs are expected to increase intragastric pH, which creates favorable conditions for the eradication of H. pylori by antibiotics. Therefore, PPIs are currently used with antibiotics and antimicrobial agents to eradicate H. pylori. However, repeated administration of PPIs increases the intragastric pH, which may enhance dissolution of the enteric-coating materials in the stomach. Under these conditions of elevated intragastric pH, PPIs might be effective for the eradication of H. pylori in the stomach.

Development of Proton Pump Inhibitors

When a novel compound with suitable pharmacological activity is identified, much additional research is required to ensure that the agent can be safely used in patients. Due to unexpected toxic effects, many drug candidates that appear to be promising in the early stages of development are ultimately abandoned. As described below, long-term toxicity studies in rats revealed undesirable toxic effects of both OPZ and LPZ.

Long-Term Toxicity Studies

Omeprazole. The development of OPZ as an antisecretory drug progressed considerably earlier than that of LPZ. Antisecretory studies on OPZ in humans were begun in 1981 and the first report of the drug's efficacy for inhibition of acid secretion was published in 1983 [4].
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IDsg values were calculated graphically from the dose-inhibition relationships for 6-7 rats. Details re
provided in [9).
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Antisecretory activity
Basal acid secretion 36 85 24
Histamine stimulated 16 33 21
Antiulcer activity
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The IDs; values were calculated from the dose-inhibition relationships for 6-12 rats by the least
squares method or graphically (gastric antral lesions). W-l stress: Water-immersion stress. Details are

provided in [9, 11, 13].
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Agent MIC (range), jg/ml MICso MICoo

Bismuth citrate 625-250 625 125
LPZ (AG-1749) 3.13-125 625 625
AG-2000" 078-3.13 313 313
0Pz 125-500 250 250
Cimetidine 80010 >800 800 >800
Ranitidine. >800 >800 >800
Famotidine >800 800 >800

MICs were determined using 17 strains of H. pylori according to the agar dilution method on Brucella
agarwitha bacterial suspension of about s x 107 CFU/ml. Detailsare providedin [26].' Acid converted
active form of LPZ.
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