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ABSTRACT-Isolated guinea pig parietal cells, the function of which is similar to that of human parietal 

cells, were used in this study. The accumulation of 14C-aminopyrine (14C-AP) was measured to study the 
inhibitory mechanism of leminoprazole in cells. Stimulation by 10 pM histamine, 0.1 mM carbachol, 1 pM 

gastrin or 1 mM db-cAMP brought about satisfactory incorporation of 14C-AP, and leminoprazole concen-
tration-dependently inhibited acid secretion induced by these stimulants. At 10-5 M, almost 100% inhibi-

tion was observed. The IC50 values of leminoprazole obtained from its inhibitory action on histamine, 
carbachol, gastrin and db-cAMP-stimulated acid secretion were 4.0 x 10-7 M, 3.5 x 10-7 M, 2.5 x 10-7 M 
and 5.6 x 10-7 M, respectively. Thus the extent of inhibition was the same for the responses to all the 
secretagogues. These results indicate that the site of action of leminoprazole is intracellular and distal from 
cAMP (intracellular second messenger), but not at the receptor sites. The results also strongly suggest that 
the inhibitory action of leminoprazole on H+, K+-ATPase may contribute to the inhibitory effect of this 
drug on gastric acid secretion.
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 Leminoprazole has been reported to inhibit H+, K+-

ATPase activity isolated from dog and rabbit gastric mu-
cosa in vitro (1, 2) and to inhibit gastric acid secretion in 

rats and dogs (1, 3). Furthermore, it has been reported 
that leminoprazole markedly suppresses the development 

of experimental gastroduodenal lesions and protects the 

gastric mucosa (1). Its remarkable healing effect on acetic 
acid-induced gastric ulcers in rats has also been demon-
strated (4). At present, leminoprazole is the only known 
drug that shows anti-ulcer effects as a result of a direct ac-

tion on the gastric lumen to suppress acid secretion. 
 We have recently established a highly sensitive and 

rapid isolation method for guinea pig parietal cells, and 
we found that the responses of guinea pig parietal cells to 

secretagogues are very similar to those of isolated human 

parietal cells (5). The aim of the present study is to clarify 
the inhibitory mechanism of leminoprazole on acid secre-
tion and infer the effect of this agent in humans. There-
fore, we used guinea pig parietal cells isolated from the 

gastric mucosa as a substitute model for human parietal 
cells. Thereby the action of this drug on acid secretion 
stimulated by various compounds such as histamine, 

carbachol and gastrin was examined by measuring 14C-

aminopyrine accumulation (6-13).

Test materials 
 The following chemicals were obtained from the indi-

cated sources: Leminoprazole and omeprazole (Nippon 
Chemiphar, Tokyo); cimetidine, carbamylcholine chlo-

ride, collagenase (type I) and 2,4-dinitrophenol (Sigma, 
St. Louis, MO, USA); histamine • 2HC1 (Nacalai Tasque, 

Kyoto); gastrin I (human) (Peptide Laboratories, 
Minoh); N6,2'-O-dibutyryladenosine-3':5 cyclic mono-

phosphate sodium salt (db-cAMP) (Wako Pure Chemical 
Industries, Osaka); dispase (Godo Shusei, Tokyo); and 
14C-AP (New England Nuclear (NEN), Boston, MA, 

USA).

Preparation of isolated parietal cells 
 Male Hartley guinea pigs (250-300 g) (Nippon Bio.-

Supp. Center, Tokyo) were used. The animals were killed 
and their stomachs were removed. After the removal of 
the fundus, the exfoliated mucosa was minced and digest-

ed. The digestion was carried out by incubation in



TCM 199 medium containing collagenase (0.1 mg/ml) and 

dispase (2 mg/ml) for two successive 20-min periods and 
incubation in 1 mM EDTA solution for 10 min. These 

treatments with enzymes and EDTA were repeated once 
more. Isolated mucosal cells obtained were filtered 

through Nylon 400-mesh, and parietal cells were enriched 
to over 80% by counterflow centrifugation using an elutri-

ator rotor (Model J2-21; Beckmann, Tokyo).

Fig. 1. 14C-Aminopyrine accumulation stimulated by secretagogues 
and inhibitory effect of leminoprazole. The secretagogues were 10 
pM histamine (0), 1 mM db-cAMP (0), 0.1 mM carbachol (A) and 
1 pM gastrin (A). Values are means±S.E. of 4 subjects.

Fig. 2. Inhibitory action of leminoprazole (s), omeprazole (x) 
and cimetidine (A) on the histamine (10 uM) stimulated 14C-
aminopyrine accumulation by isolated guinea pig parietal cells. The 
control value without drug has been set to 100%. Values are 
means±S.E. in 6 preparations.

Measurement of the incorporation of '4C-aminopyrine 

(4C-AP) 
 Various stimulants (histamine (10 NM), carbachol (0.1 

mM), gastrin (1 1M) and db-cAMP (1 mM)) and drugs 

(leminoprazole, omeprazole and cimetidine) were added 
to aliquots of the prepared cell suspension (2 x 106 cells in 
2 ml). Then 0.25 pCi of 14C-AP was added to each cell sus-

pension, and the mixtures were incubated at 371C for 30 
min. Two aliquots (0.8 ml each) were taken out of each 
tube and centrifuged. Pellets were dissolved in protzol to 
measure the radioactivity of 14C-AP incorporated into the 
cells. The amount of specific incorporation was deter-
mined by subtracting the amount of non-specific incorpo-
ration (i.e., the radioactivity detected in the presence 
of 1 mM dinitrophenol) from each measured value. Radio-
activity was counted in a liquid scintillation counter 

(Model LSC-2000; Aloka, Tokyo), with an efficiency of

94%. 
 The drugs were dissolved in dimethylsulfoxide 

(DMSO). The experiments were performed under condi-
tions in which the final concentration of DMSO was 1%. 

 The inhibitory effect of leminoprazole on histamine-
stimulated acid secretion was compared with those of 

omeprazole and cimetidine, and the inhibitory effect on 
carbachol stimulated acid secretion was compared with 

that of omeprazole.

Statistical analyses 

 Four tubes were used for each concentration of each 

drug and the experiments are repeated. The results are 

expressed as the means±S.E. IC50 values were calculated 

using the least squares method from the reaction rate 

when the radioactivity of the control group was taken to 

be 100%.

Inhibitory effect of leminoprazole on acid secretion stimu-
lated by various secretagogues 

 The addition of 10 pM histamine induced 14C-amino-

pyrine incorporation of about 8%, and 1 mM db-cAMP



showed similar results. Stimulation by 0.1 mM carbachol 
and 1 pM gastrin also produced satisfactory incorpora-

tion (about 2% and 0.5%, respectively). On these acid 
secretions stimulated by the various secretagogues, 
leminoprazole showed a concentration-dependent inhibi-

tory effect, and also 100% inhibition was observed at 10-5 
M (Fig. 1).

Fig. 3. Inhibitory action of leminoprazole (10) and omeprazole 
(x) on the carbachol (0.1 mM) stimulated "C-aminopyrine ac-
cumulation by isolated guinea pig parietal cells. The control value 
without drug has been set to 100%. Values are means±S.E. in 5 
preparations.

Fig. 4. Inhibitory action of leminoprazole on the gastrin (1 PM) 

stimulated 14C-aminopyrine accumulation by isolated guinea pig 

parietal cells. The control value without drug has been set to 100%. 
Values are means±S.E. in 3 preparations.

Inhibitory effect on histamine-stimulated acid secretion 
 The inhibitory effect of leminoprazole on histamine 

(10 pM) stimulated acid secretion first appeared at 10-8 
M, and this drug at 10-5 M inhibited the secretion to the 

basal level. The IC50 values of leminoprazole, omeprazole 
and cimetidine were 4.0 x 10-' M, 1.8 x 10-8 M and 5.9 x 

10-6 M, respectively (Fig. 2).

Inhibitory effect on carbachol-stimulated acid secretion 

 The inhibitory effect of leminoprazole on carbachol 

(0.1 mM) stimulated acid secretion first appeared at 10' 
M, and this drug at 5 x 10-6 M inhibited the secretion to 
almost the basal level. The IC50 values of leminoprazole 

and omeprazole were 3.5 x 10' M and 2.0 x 10-8 M, 
respectively (Fig. 3).

Inhibitory effect on gastrin-stimulated acid secretion 
 The inhibitory effect of leminoprazole on gastrin (1 

pM)-stimulated acid secretion first appeared at 10' M, 
and this drug at 10-5 M inhibited the secretion to the 
basal level. The IC50 value of leminoprazole was 2.5 x 

10-7 M (Fig. 4).

Inhibitory effect on db-AMP-stimulated acid secretion 
 The inhibitory effect of leminoprazole on acid secretion 

stimulated by 1 mM db-cAMP first appeared at 10-' M, 
and this drug at 10-5 M inhibited the secretion to almost 
the basal level. The IC50 value of leminoprazole was 5.6 x 
10-' M (Fig. 5), and its inhibitory curve was almost the 

same as that on histamine stimulation.

 Parietal cells isolated from the gastric mucosa of 

guinea pigs, which act in a manner similar to human 

parietal cells, were used in this study, and 14C-aminopy-
rine accumulation was measured to study the inhibitory 

effect of leminoprazole in parietal cells. Leminoprazole 

showed concentration-dependent inhibitory action on 

histamine-, carbachol- and gastrin-stimulated acid secre-



tion as well as on db-cAMP-stimulated acid secretion. 
The IC50 values for the acid secretions induced by these 

stimulants were similar. Therefore, leminoprazole inhib-
ited gastric acid secretion in the parietal cells probably in 

a manner similar to that of other proton pump inhibitors 
such as omeprazole (14-17). This is in contrast to H2-

receptor antagonists that specifically inhibit the histamine-
stimulated acid secretion at the receptor sites in parietal 
cells. Consequently, these results suggest that lemino-

prazole acts to suppress acid secretion at cAMP (intra-
cellular second messenger) or in the pathway after cAMP, 

not at the receptor sites in parietal cells. Considering that 
leminoprazole inhibits H+,K+-ATPase activity, the 

results of this study strongly suggest that leminoprazole 
enters into the parietal cells and inhibits gastric acid secre-
tion by inhibiting the H+,K+-ATPase activity, which has 

been reported to play an important role in acid formation 
in the parietal cells (18, 19). 

 It has been reported that the IC50 values are 5.2 x 10-6 
M and 5.3 x 10-6 M, respectively, when leminoprazole 

inhibits the activity of H+,K+-ATPase isolated from dog 
and rabbit gastric mucosa at pH 6.0 or pH 6.1 (1, 2). The 

proton pump inhibitors such as omeprazole have been 
presumed to penetrate into the cytosol of the parietal cells

Fig. 5. Inhibitory action of leminoprazole on the db-cAMP (1 
mM) stimulated 14C-aminopyrine accumulation by isolated guinea 

pig parietal cells. The control value without drug has been set to 
100%. Values are means±S.E. in 6 preparations.

and are transformed into the active sulfenamide form 
within the acidic compartment, and then react with enzyme 
SH groups (16, 20-22). Likewise, it has also been demon-

strated that the inhibitory effect of leminoprazole on H+, 
K+-ATPase is observed more strongly at a lower pH, and 

it is speculated that leminoprazole combines with enzyme 
SH groups through some activated reactions under acidic 
conditions (2). In general, it has been indicated that there 

was a great difference in the inhibitory potencies against 
acid secretion in isolated parietal cells and H+,K+-

ATPase activity (14, 15). This may be due in part to dif-
ferences in the experimental conditions, where H+,K+-
ATPase activity was determined under weak acid pH, 

but other possibilities may exist. In fact in this study, 
although the species were different, there was a large ten-

fold difference between the concentration of leminopra-
zole showing inhibitory effects on acid secretion in isolat-
ed parietal cells and that on H+,K+-ATPase. 

 In a study using isolated human gastric glands, omepra-
zole showed an IC50 value of 50 nM for acid secretion in-

duced by various stimulants (23), and this was similar to 
the IC50 value obtained in this study using parietal cells 

isolated from guinea pig gastric mucosa. Therefore, it is 
considered that when leminoprazole was administered to 
humans, the agent inhibits gastric acid secretion by enter-

ing into parietal cells and then inhibiting H+,K+-ATPase 
activity, but the potency may be slightly weaker than that 

of omeprazole. 
 It has been considered that the proton pump inhibitors 

can not inhibit gastric acid secretion when those agents 
exist in the stomach lumen, because those agents are trans-
formed into the sulfenamide form that can not penetrate 

the cell membrane of parietal cells under a strong acid con-
dition and/or are degraded in the stomach. However, 

leminoprazole has been demonstrated to have intralumi-
nal inhibitory action on acid secretion (3). In this study, 
we could not examine the effect of leminoprazole by 

preparing the parietal cell suspensions under the acidic 
condition, and therefore further studies are needed to de-

termine how leminoprazole enters into parietal cells under 
acidic condition and then exhibits direct action on them. 

Moreover, the intracellular mechanisms such as the inhibi-
tory action on myosin light chain kinase, which has been 
reported to play a role in the proton pump activation in 

the parietal cells (24), remain to be elucidated.

1 Okabe S, Akimoto Y, Yamasaki S and Kuwahara K: Effects of 
  a new benzimidazole derivative, NC-1300-0-3 on gastric secre-
  tion and gastroduodenal lesions in rats. Jpn J Pharmacol 55, 
  477-491 (1991) 

2 Masuda M, Uchida A, Matsukura M and Kamishiro T: Studies 
  of inhibitory action of leminoprazole on rabbit gatric H+,K+-



   ATPase. Folia Pharmacol Jpn 104, 325-335 (1994) (Abstr in 
  English) 
3 Okabe S, Shimosako K and Harada H: Effect of topical applica-

   tion of NC-1300-0-3 on histamine-stimulated gastric acid secre-
   tion in Heidenhain-pouch dogs. (Abstract) Gastroenterology 
  104, A613 (1993) 

4 Okabe S, Takagi K and Inoue K: Effect of NC-1300-0-3 on heal-
   ing of acetic acid-induced gastric ulcers in rats. Jpn J Pharma-

   col 62, 25 - 33 (1992) 
5 Saito E and Matsuo Y: Studies on the intracellular phar-

   macodynamic properties of proton pump inhibitors and the 
   inhibitory mechanism of acid secretion. Nippon Rinsho 50, 

   18 - 25 (1992) (Abstr in English) 
6 Berglindh T, Helander HF and Obrink KJ: Effects of secreta-

   gogues on oxygen consumption, aminopyrine accumulation and 
   morphology in isolated gastric glands. Acta Physiol Scand 97, 

  401-414 (1976) 
7 Berglindh T: Potentiation by carbachol and aminophylline of 
   histamine- and dbcAMP-induced parietal cell activity in isolat-
   ed gastric glands. Acta Physiol Scand 99, 75 - 84 (1977) 

8 Soll AH: Secretagogue stimulation of 02 consumption and 14C-
   aminopyrine uptake by enriched canine parietal cells. (Abstract) 

   Gastroenterology 72, 1166 (1977) 
9 Soll AH: The actions of secretagogues on oxygen uptake by 

   isolated mammalian parietal cells. J Clin Invest 61, 370-380 

  (1978) 
10 Soll AH: The interaction of histamine with gastrin and car-
   bamylcholine on oxygen uptake by isolated mammalian parietal 
   cells. J Clin Invest 61, 381-389 (1978) 

11 Soll AH: Secretagogue stimulation of [14C]aminopyrine accu-
   mulation by isolated canine parietal cells. Am J Physiol 238, 

  G366-G375 (1980) 
12 Haglund U, Elander B, Fellenius E, Leth R, Rehnberg 0 and 

   Olbe L: The effect of secretagogues on isolated human gastric 

   glands. Scand J Gastroenterol 17, 455-460 (1982) 
13 Fellenius E, Elander B, Wallmark B, Haglund U, Helander HF 
   and Olbe L: A micro-method for the study of acid secretory 
   function in isolated human oxyntic glands from gastroscopic 

   biopsies. Clin Sci 64, 423-431 (1983) 
14 Wallmark B, Jaresten B-M, Larsson H, Ryberg B, Brandstrom

   A and Fellenius E: Differentiation among inhibitory actions of 
   omeprazole, cimetidine and SCN on gastric acid secretion. Am 

   J Physiol 245, G64-G71 (1983) 
15 Satoh H, Inatomi N, Nagaya H, Inada I, Nohara A, Nakamura 

   N and Maki Y: Antisecretory and antiulcer activities of a novel 

   proton pump inhibitor AG-1749 in dogs and rats. J Pharmacol 
   Exp Ther 248, 806-815 (1989) 
16 Nagaya H, Satoh H and Maki Y: Possible mechanism for the 

   inhibition of acid formation by the proton pump inhibitor 
   AG-1749 in isolated canine parietal cells. J Pharmacol Exp 
   Ther 252, 1289-1295 (1990) 
17 Fujisaki H, Shibata H, Oketani K, Murakami M, Fujimoto M, 

   Wakabayashi T, Yamatsu I, Yamaguchi M, Sakai H and 
   Takeguchi N: Inhibitions of acid secretion by E3810 and 
   omeprazole, and their reversal by glutathione. Biochem 

   Pharmacol 42, 321-328 (1991) 
18 Forte JG and Lee HC: Gastric adenosine triphosphatase: A 

   review of their possible role in HCl secretion. Gastroenterology 
   73, 921-926 (1977) 

19 Berglindh T, Dibona DR, Ito S and Sachs G: Probes of parietal 
   cell function. Am J Physiol 238, G165-G176 (1980) 

20 Fellenius E, Berglindh T, Sachs G, Olbe L, Elander B, 
   Sjostrand SE and Wallmark B: Substituted benzimidazoles 
   inhibit gastric acid secretion by blocking (H++K+) ATPase. 

   Nature 290, 159-161 (1981) 
21 Olbe L, Haglund U, Leth R, Lind T, Cederberg C, Ekenved G, 
   Elander B, Fellenius E, Lundborg P and Wallmark B: Effects of 

   substituted benzimidazole (H149/94) on gastric acid secretion 
   in humans. Gastroenterology 83, 193-198 (1982) 

22 Lindberg P, Nordberg P, Alminger T, Brandstrom A and 
   Wallmark B: The mechanism of action of the gastric acid secre-

   tion inhibitor omeprazole. J Med Chem 29, 1327 -1329 (1986) 
23 Elander B, Fellenius E, Leth R, Olbe L and Wallmark B: Inhibi-

   tory action of omeprazole on acid formation in gastric glands 
   and H+,K+-ATPase isolated from human gastric mucosa. 

   Scand J Gastroenterol 21, 268-272 (1986) 
24 Saito E, Ogihara A, Saeki T and Nonomura Y: Role of myosine 
   molecules in gastric mucosa. Jpn J Pharmacol 61, Supp I, 59P 

  (1993)


