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Abstract
The long-term use of proton pump inhibitors (PPIs) ex-
acerbates corpus atrophic gastritis in patients with Heli-
cobacter pylori  (H. pylori ) infection. To identify a poten-
tial mechanism for this change, we discuss interactions 
between pH, bile acids, and H. pylori . Duodenogastric 
reflux, which includes bile, occurs in healthy individu-
als, and bile reflux is increased in patients with gas-
troesophageal reflux disease (GERD). Diluted human 
plasma and bile acids have been found to be significant 
chemoattractants and chemorepellents, respectively, 
for the bacillus H. pylori . Although only taurine conju-
gates, with a pKa  of 1.8-1.9, are soluble in an acidic 
environment, glycine conjugates, with a pKa  of 4.3-5.2, 
as well as taurine-conjugated bile acids are soluble in 
the presence of PPI therapy. Thus, the soluble bile acid 
concentrations in the gastric contents of patients with 
GERD after continuous PPI therapy are considerably 
higher than that in those with intact acid production. 
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In the distal stomach, the high concentration of soluble 
bile acids is likely to act as a bactericide or chemorepel-
lent for H. pylori . In contrast, the mucous layer in the 
proximal stomach has an optimal bile concentration 
that forms chemotactic gradients with plasma compo-
nents required to direct H. pylori  to the epithelial sur-
face. H. pylori  may then colonize in the stomach body 
rather than in the pyloric antrum, which may explain 
the occurrence of corpus-predominant gastritis after 
PPI therapy in H. pylori -positive patients with GERD.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: It has been widely accepted that the long-
term use of proton pump inhibitors (PPIs) exacerbates 
corpus atrophic gastritis in patients with Helicobacter 
pylori  (H. pylori ) infection. Recently, we successfully 
demonstrated that long-term PPI administration pro-
motes corpus atrophic gastritis in Mongolian gerbils, 
which are excellent models of H. pylori -related gastritis 
and adenocarcinoma. Here, we suggest a potential 
mechanism for corpus-predominant gastritis after PPI 
therapy in H. pylori -positive patients with gastroesoph-
ageal reflux disease that includes interactions between 
bile acids, pH, and H. pylori .
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INTRODUCTION
It has been widely accepted that the long-term use of  
proton pump inhibitors (PPIs) exacerbates corpus atro-
phic gastritis in patients with Helicobacter pylori (H. pylori) 
infection[1-3]. Furthermore, we successfully demonstrated 
that long-term PPI administration promotes corpus 
atrophic gastritis in Mongolian gerbils, which are excel-
lent models of  H. pylori-related gastritis and adenocar-
cinoma[4-6]. Kuipers hypothesized that corpus atrophic 
gastritis is caused by a change from antral-predominant 
to corpus-predominant gastritis related to PPI therapy in 
H. pylori-positive patients[7]. However, the mechanism for 
this change has not been determined. In this article, we 
suggest a potential mechanism for corpus-predominant 
gastritis related to PPI therapy in H. pylori-positive pa-
tients with gastroesophageal reflux disease (GERD) that 
includes interactions between pH, bile acids, and H. pylori. 

Bile reflux and GERD
The use of  PPIs for GERD treatment has increased 
substantially over the past 2 decades[8]. Duodenogastric 
reflux, which includes bile, occurs in healthy individu-
als[9,10], but increases in patients with GERD[11], and 
bile acids have been detected in esophageal aspiration 
samples in up to 86% of  patients with GERD[12]. These 
findings suggest that patients with GERD are likely to 
have increased concentration of  bile acids in their gastric 
contents. 

Bile acids and pKa
The concentration of  bile acids in the duodenum ranges 
from 2-3 mmol/L at fasting to 6-10 mmol/L after a 
meal[13,14]. The chemical characteristics of  bile in humans 
are governed by the pKa of  the individual bile acids. Free 
bile acids have a pKa of  approximately 7 and comprise 
approximately 2% of  bile. Glycine-conjugated bile ac-
ids have a pKa of  4.3-5.2 and comprise more than 60% 
of  bile, and taurine-conjugated bile acids have a pKa of  
1.8-1.9 and comprise 20% of  bile, resulting in a ratio of  
glycine to taurine conjugates of  about 3:1[15,16]. Although 
both glycine and taurine conjugates are soluble in neu-
tral solutions, only taurine conjugates are soluble in an 
acidic environment. However, both glycine- and taurine-
conjugated bile acids are soluble in the presence of  PPI 
therapy. Thus, the concentrations of  soluble bile acids 
markedly increase (approximately 4 times) with PPI ad-
ministration.

Bile acids and H. pylori
Experimentally, highly diluted human plasma and gall-
bladder bile (2% diluted in buffer) were found to be 
significant chemoattractants and chemorepellents, respec-
tively, for the bacillus H. pylori[17]. Of  the bile acids, which 
were all chemorepellents, the greatest effects were dem-
onstrated by taurocholic and taurodeoxycholic acids[17]. In 

contrast, another study reported that glycine-conjugated 
bile acids markedly inhibit H. pylori growth and more so 
than the taurine conjugates[18]. It is strongly suspected 
that important chemotactic gradients are formed from 
chemoattractant plasma components that transude from 
capillaries into the mucosa and chemorepellent duodenal 
bile contents that reflux into the stomach[17]. 

It has also been reported that bile is bactericidal for 
H. pylori at higher concentrations; H. pylori is reduced by 
0.5%-1% bile and inhibited by 5% bile[19]. Several studies 
have reported an inverse relationship between bile reflux 
and the presence of  H. pylori[20-22], which may account for 
the absence of  H. pylori in the stomach with persistent 
biliary reflux and in the lower gastrointestinal tract[19]. 
These results imply that an optimal bile concentration 
that forms chemotactic gradients with plasma is required 
to direct H. pylori to the epithelial surface from the gastric 
lumen and this concentration is likely to be < 5%. 

EVIDENCE OF DUODENAL ULCER 
TREATMENT BY ANTISECRETORY 
THERAPY
Since the 1940s, it has been recognized that the duodenal 
bulb pH is lower in patients with ulcer disease than in 
those without[23] and that antacids and antisecretory ther-
apy, which reduce the duodenal acid load, accelerate ulcer 
healing. Graham et al[18] reported that the combination of  
a high duodenal acid load and H. pylori infection is possi-
bly a critical event in the pathogenesis of  H. pylori-related 
duodenal ulcer disease. They suggested that, because 
glycine-conjugated bile acids are precipitated at an acidic 
pH, H. pylori can survive in gastric metaplasia, and any 
event that leads to an increase in the duodenal acid load 
predisposes patients with H. pylori infection to duodenal 
ulcer diseases[24,25]. Furthermore, any condition that re-
duces the duodenal acid load (e.g., antisecretory therapy) 
allows the bile acids to remain in the solution, inhibits 
the growth of  H. pylori, and promotes ulcer healing[18]. 
Therefore, inhibition of  acid by antisecretory therapy 
increases the duodenal bulb pH, allowing soluble glycine-
conjugated bile acids to inhibit H. pylori growth[24]. 

Potential mechanism of 
corpus-predominant gastritis 
after PPI therapy
In patients with intact gastric acid production, the pyloric 
antrum mucous layer may have the optimal bile concen-
tration to direct H. pylori to the epithelial surface and thus 
enable H. pylori colonization, while the stomach body 
may be less optimal for H. pylori colonization[17] (Figure 
1A). The relative bile concentrations, particularly those of  
both soluble glycine- and taurine-conjugated bile acids, 
in the gastric contents in patients with GERD, in whom 
the gastric acid production is inhibited by maintenance 
PPI therapy, are considerably higher than in those with 
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intact acid production. Therefore, in the distal stomach, 
the high concentration of  soluble bile acids likely acts as 
a bactericide or chemorepellent for H. pylori, and chemo-
tactic gradients with plasma components are not formed 
to direct the H. pylori toward the epithelial surface. In 
contrast, the mucous layer in the proximal stomach has 
the optimal bile acid concentration to form chemotactic 
gradients with plasma components for H. pylori coloniza-
tion in the presence of  PPI therapy. H. pylori may then 
colonize in the stomach body and not in the pyloric 
antrum (Figure 1B). This may explain the mechanism 
for corpus-predominant gastritis after PPI therapy in H. 
pylori-positive patients with GERD.

In conclusion, interactions between bile acids, pH, 
and H. pylori seem to be associated with the occurrence 
of  corpus-predominant gastritis after PPI therapy in H. 
pylori-positive patients with GERD. It has been reported 
that the corpus-predominant gastritis might promote 
adenocarcinoma development[7]. In the clinical setting, it 
is recommended that patients being considered for long-
term PPI therapy should be tested for H. pylori infection, 
and if  present, this pathogen should be eradicated[6].
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Figure 1  Potential mechanism for the changes in Helicobactor pylori colonization with proton pump inhibitor therapy. A: Normal subject with intact acid pro-
duction; B: Patient with gastroesophageal reflux disease (GERD) and proton pump inhibitor (PPI) therapy. These figures show the intragastric conditions. The yellow 
area represents the reflux of soluble bile acids, and the blue area represents gastric juice. In normal subjects, the concentration of soluble bile acids may be < 5% in 
the gastric contents of the pyloric antrum (A). In contrast, increased soluble bile acid reflux with decreased gastric acid secretion acts as a bactericide for Helicobacter 
pylori (H. pylori) in the distal stomach; the concentration of soluble bile acids in patients with GERD under PPI maintenance therapy is considerably higher than that in 
normal subjects with intact acid production, especially in the distal stomach (B). The colonization of H. pylori therefore changes the pattern from antral-predominant to 
corpus-predominant. E-C junction: Esophago-gastric junction.

Mukaisho K et al . Bile acids, pH, and H. pylori



bile. J Clin Pathol 1987; 40: 1387 [PMID: 3693575 DOI: 10.1136/
jcp.40.11.1387-a]

20	 O'Connor HJ, Newbold KM, Alexander-Williams J, Thomp-
son H, Drumm J, Donovan IA. Effect of Roux-en-Y biliary 
diversion on Campylobacter pylori. Gastroenterology 1989; 
97: 958-964 [PMID: 2777047]

21	 Sobala GM, O’Connor HJ, Dewar EP, King RF, Axon AT, 
Dixon MF. Bile reflux and intestinal metaplasia in gastric 
mucosa. J Clin Pathol 1993; 46: 235-240 [PMID: 8463417 DOI: 
10.1136/jcp.46.3.235]

22	 O'Connor HJ, Dixon MF, Wyatt JI, Axon AT, Ward DC, 
Dewar EP, Johnston D. Effect of duodenal ulcer surgery 
and enterogastric reflux on Campylobacter pyloridis. Lancet 
1986; 2: 1178-1181 [PMID: 2877324 DOI: 10.1016/S0140-6736( 
86)92193-8]

23	 Berk JE, Rehfuss ME, Thomas JE. Duodenal bulb acidity under 
fasting conditions in patients with duodenal ulcer. Arch Surg 
1942; 45: 406-415 [DOI: 10.1001/archsurg.1942.01220030073004]

24	 Han SW, Evans DG, el-Zaatari FA, Go MF, Graham DY. The 
interaction of pH, bile, and Helicobacter pylori may explain 
duodenal ulcer. Am J Gastroenterol 1996; 91: 1135-1137 [PMID: 
8651159]

25	 Graham DY, Genta RM, Go MF. Which is the most important 
factor in duodenal ulcer pathogenesis: the strain of Helico-
bacter pylori or the host? In: Hunt RH, Tytgat GNJ, eds. Heli-
cobacter pylori: Basic mechanisms to clinical cure. Lancaster: 
Kluwer Academic Publishers, 1996: 85-91 [DOI: 10.1007/978-
94-009-1792-7_8]

P- Reviewer: Kim BW, Reyes VE    S- Editor: Ma YJ    L- Editor: A    
E- Editor: Ma S

12	 Kauer WK, Peters JH, DeMeester TR, Feussner H, Ireland 
AP, Stein HJ, Siewert RJ. Composition and concentration of 
bile acid reflux into the esophagus of patients with gastro-
esophageal reflux disease. Surgery 1997; 122: 874-881 [PMID: 
9369886 DOI: 10.1016/S0039-6060(97)90327-5]

13	 Northfield TC, McColl I. Postprandial concentrations of free 
and conjugated bile acids down the length of the normal hu-
man small intestine. Gut 1973; 14: 513-518 [PMID: 4729918 
DOI: 10.1136/gut.14.7.513]

14	 Dowling RH. The enterohepatic circulation. Gastroenterol-
ogy 1972; 62: 122-140 [PMID: 4621778]

15	 Nair PP, Kritchenvski D. The Bile Acids: Chemistry, Physi-
ology and Metabolism Vol. 1: Chemistry. New York: Ple-
num Press, 1971

16	 Stamp DH. Three hypotheses linking bile to carcinogenesis 
in the gastrointestinal tract: certain bile salts have proper-
ties that may be used to complement chemotherapy. Med 
Hypotheses 2002; 59: 398-405 [PMID: 12208178 DOI: 10.1016/
S0306-9877(02)00125-1]

17	 Worku ML, Karim QN, Spencer J, Sidebotham RL. Chemo-
tactic response of Helicobacter pylori to human plasma and 
bile. J Med Microbiol 2004; 53: 807-811 [PMID: 15272070 DOI: 
10.1099/jmm.0.45636-0]

18	 Graham DY, Osato MS. H. pylori in the pathogenesis of 
duodenal ulcer: interaction between duodenal acid load, 
bile, and H. pylori. Am J Gastroenterol 2000; 95: 87-91 [PMID: 
10638564 DOI: 10.1111/j.1572-0241.2000.01704.x]

19	 Tompkins DS, West AP. Campylobacter pylori, acid, and 

11965 September 14, 2014|Volume 20|Issue 34|WJG|www.wjgnet.com

Mukaisho K et al . Bile acids, pH, and H. pylori



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

3  4


	11962.pdf
	WJGv20i34-Back Cover.pdf

