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Introduction
The key role of Helicobacter pylori (H pylori) in the pathogenesis 
of chronic gastritis, peptic ulcers, gastric cancer and mucosa-
associated lymphoid tissue lymphoma is well recognized[1, 2].  
The treatment guidelines recommended for H pylori are a 
standard triple therapy consisting of clarithromycin and 
amoxicillin or metronidazole in combination with a proton 
pump inhibitor (PPI)[3].  In the stomach, H pylori lives in the 
mucus layer and also adheres to gastric epithelial cells[4, 5].  
Therefore, the antibiotics used to eliminate H pylori must 
achieve inhibitory or bactericidal concentrations at the site of 
infection.  The antibiotics are usually taken orally, and thus 
the thickness of the mucus layer, the shape and motility of the 
stomach, and the acidic environment may all contribute to 
inadequate distribution and concentration of the drugs at the 

surface of the gastric mucosa[6].  When treating H pylori infec-
tions by oral administration, some areas of the stomach, such 
as the crypts and folds of the gastric body or the transitional 
zones between the different gastric zones, are not sufficiently 
exposed to locally acting drugs[7].  H pylori in these areas may 
escape the effects of antibiotics.  Access to these areas requires 
drug penetration via the bloodstream into the stomach.  The 
lifespan of the local distribution of antibiotics in eradication 
regimens is short, and in addition to local delivery, the anti-
biotics are absorbed from the small intestine and are rapidly 
redistributed by the bloodstream to the gastric mucosa and 
gastric juice[7].  Hence it is very important that antibiotics are 
transported from the bloodstream into the gastric mucosa and 
juice.

However, the transfer mechanisms of antibiotics from the 
bloodstream to the stomach, the antibiotic concentration in the 
gastric mucosa and juice, and the possible interaction between 
antibiotics and PPIs have not been carefully explored, and the 
pharmacokinetics is also poorly understood[7, 8].  Investigating 
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the transport of antibiotics to the stomach is important for the 
design of novel therapies and to understand the possible inter-
action between antibiotics and PPIs in various antimicrobial 
combinations used in clinical practice.

H pylori is becoming increasingly resistant to antibiotics[9, 10], 
but the prevalence of resistance to amoxicillin is rare, occur-
ring between 0 and 1%, and has not increased over time.  
Thus, this antibiotic is an essential eradication regimen in 
clinical practice[9, 11].  Rabeprazole, a proton pump inhibitor, 
has been used for the treatment of H pylori due to its many 
advantages, including the fact that its pharmacokinetics and 
pharmacodynamics are not influenced by CYP2C19 genetic 
polymorphisms[12].  Moreover, its onset of action is faster than 
other PPIs[13].  Nevertheless, the effects of rabeprazole on the 
transfer and distribution of amoxicillin in the gastric mucosa 
and gastric juice are not clear.  The purpose of the present 
study was to determine the distribution and transport of 
amoxicillin in rat stomach and the effects of rabeprazole on the 
pharmacokinetics of amoxicillin.

Materials and methods
Animals and groups
Specific pathogen-free (SPF)-grade male Wistar rats, weighing 
220±20 g, were obtained from the Beijing Vital River Labora-
tory Animal Technology Co Ltd (Beijing, China; Certificate 
No SCXK 2007-0001).  The rats were treated in accordance 
with the Guide for the Care and Use of Laboratory Animals 
published by the US National Institutes of Health in 1996.  
The rats were fasted for 24 h with free access to water prior to 
experimentation.  The rats were distributed randomly into five 
groups (32 rats per group) and treated as follows: (i) control 
group (Control): 0.9% physiological saline bolus; (ii) amoxicil-
lin (Sigma Co, USA) 50 mg/kg bolus (Am 50); (iii) amoxicillin 
100 mg/kg bolus (Am 100); (iv) amoxicillin 200 mg/kg bolus 
(Am 200); and (v) amoxicillin 200 mg/kg and rabeprazole 
(Aosaikang medicinal group, China.  Batch No 080606) 4  
mg/kg bolus (Am 200+Ra).  There were 8 sampling points in 
each group as follows: 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, and  
2 h.  Thirty-two rats from each group were randomly divided 
into eight subgroups (four rats per subgroup), and there were 
four rats (one subgroup) for each sampling point.

Preparation of model
The stomach and duodenum of the rats were exposed under 
anesthesia at laparotomy.  Anesthesia was induced with a 
2.7-mL/kg intraperitoneal dose of a 1:1:2 (v:v:v) mixture of 
Hypnorm (fentanyl/fluanisone), midazolam, and physiologi-
cal saline.  Vital signs were monitored using an intracarotid 
blood pressure transducer and a multi-channel physiologi-
cal recorder connected to a computer recording system.  The 
duodenum was incised by an electrosurgical unit to avoid 
bleeding, and a soft rubber cannula was inserted through the 
duodenal incision into the gastric antrum via pylorus.  The 
stomach was gently lavaged about five to eight times with this 
cannula with 1.0-mL aliquots of 0.9% saline until the aspirate 
was free of debris, and then 1.0 mL of saline was instilled.  The 

abdominal operative incision was covered with moistened 
tissue and clean carbasus.  The body temperature was main-
tained at 37 °C by a heating pad.  After a 30-min equilibration 
period to allow gastric blood flow to stabilize, the saline in the 
stomach was aspirated, the cannula was pulled out, and the 
pyloric portion of stomach was gently taken out and occluded 
with a ligature, avoiding ligation of blood vessels.  Drugs were 
given as intravenous boluses via the tail vein.  At each sam-
pling point after administration, a blood sample was drawn 
from the abdominal aorta.  The rats were sacrificed by neck 
dislocation, the stomach was excised by the electrosurgical 
unit, and gastric juice was collected 2 h after the drugs were 
administrated.  The volume of gastric juice was measured and 
recorded, and its pH value was determined by a pH meter and 
recorded.

The study of antibiotic transport
The stomach was opened along the lesser curvature and rinsed 
with 0.9% physiological saline.  The gastric mucosa was sepa-
rated from the submucosal layer by blistering with an injector.  
The tip of a 27 G needle was inserted just below the submu-
cosal layer, and physiological saline was injected between the 
layers under a light microscope.  The process was repeated as 
many times as necessary to blister the entire area.  Fine scissors 
were then used to cut the gastric mucosa along the boundary 
of the forestomach and the glandular stomach.  The mucosa 
from different regions was weighed using an electronic ana-
lytical balance, and the net weight was recorded.  The mucosa 
was homogenized, and the mucosa homogenate was diluted 
10-fold with 0.9% physiological saline[14, 15].  All samples were 
separated immediately by centrifugation at 1600×g at 4 °C for 
10 min after removal.  The supernatant of the gastric juice, 
gastric mucosa and plasma were removed and stored imme-
diately in a -80 °C freezer until analysis.  Rats were excluded 
from analysis in the event of a positive reaction to the occult 
blood test for the gastric juice or bleeding from the site of the 
duodenal incision or pylorus ligation.

Antibiotic analysis
Concentrations of amoxicillin in plasma, gastric juice and 
gastric mucosa samples were determined by modified high 
performance liquid chromatography (HPLC) according to 
previous publications[16, 17].  The HPLC system consisted of a 
Waters 2695 Binary Pump solvent delivery system and a 2489 
UV/Visible Detector (Waters, Massachusetts, USA).  A Phe-
nomenex Luna C18 column (4.6 mm×250 mm, 5 μm particle 
size) was used as the analysis column with a guard column 
SecurityGuard C18 (4 mm×3 mm, 5 μm particle size) (Phe-
nomenex, California, USA).  The column temperature was 
30 °C.  The detection wavelength was 230 nm with 0.01 AUFS 
for the plasma samples and 0.001 AUFS for the gastric juice 
and gastric mucosa samples.  The mobile phase consisted of 
phosphate buffer (pH 3.40, 0.02 mol/L) and methanol (95:5, 
v/v) in the current study instead of acetonitrile as in previous 
methods[16, 17].  The flow rate was 1 mL/min.  Aliquots of 10-μL 
samples were used for analysis.  Control samples were pre-
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pared by spiking plasma and 0.9% physiological saline with 
stock amoxicillin solutions.  The limit of quantitation was 0.10 
mg/L in plasma and 0.01 mg/L in gastric juice and gastric 
mucosa.  The correlation coefficients (r) for calibration curves 
were equal to or better than 0.9989.  Quality control (QC) 
samples of fixed concentrations of amoxicillin were prepared 
to determine the intra- and inter-day precision and accuracy 
of the assay.  The precision of the method was determined as 
the intra- and inter-day variability of low, medium and high 
concentration QC samples.  The accuracy was evaluated by 
the relative bias of the calculated concentrations of the QC 
samples compared with their theoretical values.  Intra-day 
data were collected from an analysis of three batches of QC 
samples on the same day, and inter-day data were collected 
from the analysis of the QC samples on six separate days.  The 
inter- and intra-day relative standard deviations (RSDs) were 
less than 3.1%.  The relative biases of the calculated concen-
trations of the QC samples compared with their theoretical 
values were less than 2.6%.  The stability of amoxicillin in the 
samples was examined by comparing the determined concen-
tration at different times for up to four weeks at -80 °C and 
following three thaw–freeze cycles.  Amoxicillin was stable in 
the matrices for up to four weeks at -80 °C without significant 
degradation (RSDs <3.8%), and after three thaw–freeze cycles 
the RSDs were less than 4.1%.  The absolute recovery was cal-
culated by comparing the peak area obtained from prepared 
sample extracts with those found by direct injection of drug 
solution made in 0.9% physiological saline at the same concen-
tration.  The mean absolute recovery of amoxicillin in plasma 
was 98.3%, and it was higher than 99.1% in gastric juice and 
gastric mucosa.  

Calculations and statistics
Sample statistics were calculated using SPSS 11.5 software 
(SPSS Inc, USA).  Pharmacokinetic parameters were analyzed 
using the drug and statistics software 2.0 (DAS) and the sta-
tistical moment method.  The significance of differences was 
evaluated by ANOVA and Mann–Whitney tests.  A P-value 
less than 0.05 was regarded as significant for all statistical tests 
performed.  

Gastric antibiotic clearance (in mL/min) for the 120-min 
experiments was calculated as follows:

Gastric clearance=∑(Gastric juice volume per min × antibi-
otic concentration)0–2 h/Plasma AUC0–2 h

[18].
The gastric transfer fraction was calculated by dividing the 

gastric clearance by the plasma clearance.  Gastric Transfer 
Fraction (%)=Gastric Clearance/Plasma Clearance

Both parameters enable a description of the relative transfer 
of antibiotics across the gastric mucosa under different experi-
mental conditions by correcting for intersubject variation in 
plasma antibiotic concentrations[19].

Results
Amoxicillin pharmacokinetic parameters and the effect of 
rabeprazole
The vital signs of the rats were stable during the experiment.  

The pharmacokinetic parameters for amoxicillin in plasma 
were similar in the single treatment group with an amoxi-
cillin dose of 200 mg/kg and in the combination treatment 
group with an amoxicillin dose of 200 mg/kg and rabepra-
zole 4 mg/kg, as assessed by AUC0–2 h, AUC0-∞, Cmax, and T1/2 
(Table 1).

Effect of amoxicillin and rabeprazole on the gastric juice pH 
value
The analysis of the gastric juice pH data 2 h post-adminis-
tration indicated that the mean pH value observed when 
the groups received only amoxicillin was not significantly 
different from the mean pH observed in the control group 
(2.46±0.49).  This was also the case for gastric juice pH values 
among the three different amoxicillin dosage groups, and their 
mean values were 2.44±0.60 in the Am 50 group, 2.41±0.78 in 
the Am 100 group, and 2.59±0.68 in the Am 200 group (Figure 
1).  In the amoxicillin combined with rabeprazole group, the 
mean pH value (5.82±1.10) was significantly higher than the 

Table 1.  Effects of rabeprazole on amoxicillin pharmacokinetic parame-
ters in rat plasma following a single 200 mg/kg intravenous bolus of amo-
xicillin with or without rabeprazole.  AUC0–2 h and AUC0–∞: area under the 
time-concentration curves from 0 to 2 h for amoxicillin and extrapolated 
to infinite, respectively.  T½: half-life. Cmax: maximum plasma concentra-
tion. Am 200: amoxicillin 200 mg/kg group.  Am 200+Ra: amoxicillin 200  
mg/kg+rabeprazole 4 mg/kg group.  n=32.  Mean±SD.

      Variables	                                   Group
	                               Am 200	                Am 200+Ra                                   
 
	 AUC0–2 h (mg·L-1·h-1)	    719.85±46.23	   723.79±78.56 
			   (P=0.8076 vs Am 200 group)
	 AUC0–∞ (mg·L-1·h-1)	 1125.46±60.32	 1119.07±18.90 
			   (P=0.5674 vs Am 200 group)
	 T1/2 (h)	        1.42±0.06	       1.35±0.05 
			   (P=0.1246 vs Am 200 group)
	 Cmax (mg/L)	   496.38±54.62	    517.33±31.35 
			   (P=0.1499 vs Am 200 group)

Figure 1.  Effects of amoxicillin and rabeprazole on gastric juice pH value.  
Control: control group; Am 50: amoxicillin 50 mg/kg bolus group; Am 100: 
amoxicillin 100 mg/kg bolus group; Am 200: amoxicillin 200 mg/kg bolus 
group; Am 200+Ra: amoxicillin 200 mg/kg+rabeprazole 4 mg/kg bolus 
group.  n=32.  Mean±SD.  cP<0.01 vs others groups. 
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control group and in the groups treated with only amoxicillin 
(P<0.05, Figure 1).

Effect of amoxicillin and rabeprazole on gastric juice volume
In the control group, the gastric juice volume was 1.937±0.087 
mL.  The three amoxicillin-only treated groups did not differ 
significantly from the control group for gastric juice volume 
(Figure 2).  The gastric juice volume in the Am 200+Ra group 
(1.224±0.128 mL) was significantly reduced compared to the 
control group and the amoxicillin-treated groups (Figure 2).

Amoxicillin concentration in gastric juice and the effect of 
rabeprazole
In the three different amoxicillin dosage regimens, the maxi-
mum concentration of amoxicillin in gastric juice was signifi-
cantly lower than that in plasma (P<0.001; Table 2).  The amox-
icillin concentration in gastric juice increased as the amoxicillin 
dosage increased (Figure 3).  Rabeprazole significantly raised 
the amoxicillin concentration in the gastric juice of the Am 
200+Ra group compared with the group treated with the same 
dose of amoxicillin (Figure 3).  However, rabeprazole did not 

remarkably change the gastric clearance or the gastric transfer 
fraction of amoxicillin (Table 2).

Amoxicillin concentration in gastric mucosa and the effect of 
rabeprazole
The amoxicillin concentration in the gastric mucosa was sig-
nificantly lower than that in the plasma (P<0.001).  The con-
centration of amoxicillin in the glandular stomach mucosa 
was higher than that in the forestomach mucosa at the same 
sampling point for every group treated with only amoxicil-
lin.  The amoxicillin concentration increased according to an 
increase in dosage (Figure 4).  The amoxicillin concentration in 
the forestomach mucosa and in the glandular stomach mucosa 
increased with an increase in amoxicillin dosage (Figure 5).  
Rabeprazole did not significantly change the concentration of 
amoxicillin in the gastric mucosa (Figure 5).

Table 2.  Gastric amoxicillin transfer and the effects of rabeprazole on amoxicillin transfer.  Am 50: amoxicillin 50 mg/kg group.  Am 100: amoxicillin 
100 mg/kg group.  Am 200: amoxicillin 200 mg/kg group.  Am 200+Ra: amoxicillin 200 mg/kg+rabeprazole 4 mg/kg group.  n=32.  Mean±SD.

                 Group	                              Am 50                          Am 100	                                Am 200	                                  Am 200+Ra  
 
	 Gastric juice Cmax (mg/L)	      2.95±0.38	      4.49±0.41	      7.85±0.65     	      9.91±0.52
			   (P<0.01 vs Am 50 group)	 (P<0.01 vs Am 100 and 	 (P<0.01 vs Am 200 group)
				    Am 50 group)	

	 Gastric clearance (μL/min)	 286.01±6.43	 306.57±17.79	 208.38±11.99	 215.64±13.20
			   (P<0.01 vs Am 50 group)	 (P<0.01 vs Am 100 and 	 (P=0.2688 vs Am 200 group)
				    Am 50 group)	
	 Gastric transfer fraction (%)	      2.05±0.50	      1.29±0.71	      1.89±0.22	     1.73±0.44
			   (P<0.01 vs Am 50 group)	 (P<0.01 vs Am 100 group; 	 (P=0.3576 vs Am 200 group)
				    P=0.4213 vs Am 50 group)

Figure 3.  Gastric juice amoxicillin concentration and the effects of 
rabeprazole on them.  Am 50: amoxicillin 50 mg/kg group.  Am 100: 
amoxicillin 100 mg/kg group.  Am 200: amoxicillin 200 mg/kg group.  
Am 200+Ra: amoxicillin 200 mg/kg+rabeprazole 4 mg/kg group.  n=32.  
Mean±SD.  Amoxicillin concentration in gastric juice increased with 
amoxicillin dosage stepping up at the same sampling point (P<0.01).  
Gastric juice amoxicillin concentration in Am 200 group was higher than 
that in Am 200+Ra group at the same sampling point (P<0.01).

Figure 2.  Effects of amoxicillin and rabeprazole on gastric juice volume.  
Control: control group; Am 50: amoxicillin 50 mg/kg bolus group; Am 100: 
amoxicillin 100 mg/kg bolus group; Am 200: amoxicillin 200 mg/kg bolus 
group; Am 200+Ra: amoxicillin 200 mg/kg+rabeprazole 4 mg/kg bolus 
group.  n=32.  Mean±SD.  cP<0.01 vs others groups. 
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Discussion 
The eradication of H pylori in vivo is difficult because H pylori 

attaches to the gastric epithelial surface, and antibiotics do 
not always achieve bactericidal concentrations within and 

Figure 4.  Concentration of different dosage amoxicillin in forestomach mucosa and in the glandular stomach mucosa and the effect of rabeprazole on 
them.  (A) Amoxicillin 50 mg/kg group.  (B) Amoxicillin 100 mg/kg group.  (C) Amoxicillin 200 mg/kg group.  (D) Amoxicillin 200 mg/kg+rabeprazole 4 
mg/kg group.  n=32.  Mean±SD.  Amoxicillin concentration in the glandular stomach mucosa was higher than that in the forestomach mucosa at the 
same sampling point in every groups (P<0.01).

Figure 5.  Amoxicillin concentration in the forestomach mucosa and the glandular stomach mucosa and the effect of rabeprazole on them.  (A) 
Forestomach mucosa.  (B) Glandular stomach mucosa.  Am 50: amoxicillin 50 mg/kg group. Am 100: amoxicillin 100 mg/kg group.  Am 200: amoxicillin 
200 mg/kg group.  Am 200+Ra: amoxicillin 200 mg/kg+rabeprazole 4 mg/kg group.  n=32.  Mean±SD.  Amoxicillin concentration in the forestomach 
mucosa (A) and in the glandular stomach mucosa (B) increased with amoxicillin dosage stepping up at the same sampling point (P<0.01).  Amoxicillin 
concentration in the forestomach mucosa or in the glandular stomach mucosa in Am 200 group was not significantly differently than that in Am 200+Ra 
group at the same sampling point (P>0.05).
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beneath the gastric mucus[20].  Amoxicillin has always been the 
antibiotic of choice in standard triple therapy and in sequen-
tial treatment for eradicating H pylori due to its low resistance 
rates and effectiveness[21].  The lifespan of the local distribution 
of amoxicillin in the stomach is very short after oral admin-
istration, and because H pylori can evade amoxicillin treat-
ment[22], it is very important to study the systemic distribution 
of amoxicillin and the effect of PPIs after absorption from the 
small intestine.  A model consisting of intravenous admin-
istration provides an opportunity for the exploration of the 
effects of systemic amoxicillin distribution on its gastric trans-
fer and distribution from the bloodstream to the stomach.  It 
is not clear whether amoxicillin is transferred from the blood 
to the stomach irrespective of H pylori status or acid blockade 
by omeprazole[23–25].  This controversy may be related to a low 
dosage of amoxicillin, the small number of subjects included in 
most studies, or the analytical methods used.  An in vitro result 
reported that amoxicillin can be transported from the epithe-
lial basal layer to the apical layer via paracellular transport 
or transcellular transport[26].  Several other data also indicate 
that amoxicillin is transported to the gastric mucosa or gastric 
juice[14, 19, 25, 27, 28].  In contrast, another report demonstrated that 
no amoxicillin was detected in gastric juice or gastric mucosa 
after intravenous administration[23, 29].  

In the present experiments, three different doses, high 
(200 mg/kg), middle (100 mg/kg) and low (50 mg/kg), 
were adopted to avoid the possibility of insufficient dosage, 
and an animal model was modified according to reported 
methods[11, 18, 30].  The anaesthetized rat model provides an 
opportunity to investigate the mechanisms of gastric antibiotic 
transfer.  In contrast to human studies, no pyloric loss or bile 
contamination of gastric juice and mucosa occurs, and the gas-
tric transport of novel compounds can be readily evaluated[18].  
The blistering method of dissecting the gastric mucosa ensures 
that the mucosa sample is not contaminated by blood in the 
micrangium below the gastric mucosa.  An occult blood test 
for the gastric juice was used to preclude blood contamination.

The present experimental results indicated that amoxicillin 
can be transported from the blood to the rat stomach, although 
the gastric transfer fraction is very low.  The systemic trans-
port of amoxicillin to the gastric lumen from the blood is 
restricted with an antibiotic Cmax concentration gradient for 
amoxicillin from the blood to gastric juice of about 100:1 for 
rats treated with amoxicillin or amoxicillin and rabeprazole.  
This may partly explain the contradictions among previous 
reports, and our study suggests that amoxicillin can not be 
detected if the dosage is too low.  Indeed, only very small 
amounts of amoxicillin were transferred from the blood to the 
stomach following intravenous administration, especially with 
lower amoxicillin doses.  The amoxicillin concentration in the 
stomach increased when the dosage was increased, and this 
suggests that high doses of the drug should be used in eradi-
cation therapy of H pylori[3].

The minimal inhibitory concentrations of amoxicillin for 
90% (MIC90, μg/mL) of known H pylori strains are lower than 
0.03 μg/mL[31, 32], and we found that amoxicillin concentrations 

in gastric juice and gastric mucosa are far higher than 0.03 
μg/mL.  The amoxicillin dosage used in rats for the study was 
derived from dosage requirements in humans.  As such, this 
suggests that the systemic effects of amoxicillin can induce 
the eradication of H pylori in humans.  Earlier reports showed 
that amoxicillin can induce the eradication of H pylori after 
intravenous administration[33, 34], suggesting that eradication of 
the bacteria may be achieved by a systemic effect of amoxicil-
lin.  However, the mechanism of transport is not fully under-
stood.  Amoxicillin does not accumulate in cells and crosses 
the epithelium either via the paracellular pathway or via the 
transcellular pathway.  Moreover, as a low molecular weight 
zwitterion (molecular weight 365 g/mol), amoxicillin may 
cross negatively charged tight junctions and favor paracellular 
diffusion across the epithelium[26].  Amoxicillin can be secreted 
into gastric mucosa or into gastric juice by gastric parietal cells 
in the isthmus after intravenous administration, although the 
secreted amount is very small.  Therefore, compared with pen-
etration, the secretion of amoxicillin may contribute little to 
the eradication of H pylori[25].

Amoxicillin is an amphoteric drug, containing both a basic 
(–NH2) and an acidic (–COOH) group (pKa 2.4 and 7.2).  A 
greater proportion of the molecule is in the un-ionized form at 
alkaline pH and at very acidic pH, and this may enhance the 
lipid solubility of amoxicillin.  A therapy regimen based on 
rabeprazole and amoxicillin has long been used to eradicate 
H pylori infection[35–37].  However, the effects of rabeprazole on 
the concentration of amoxicillin in gastric juice and gastric tis-
sue have not been previously reported.  In the current study, 
we found that although the co-administration of amoxicillin 
with rabeprazole does not change the pharmacokinetic param-
eters for amoxicillin in the blood, it results in higher amoxicil-
lin concentrations in the gastric juice.  When rabeprazole is 
administered concurrently with amoxicillin, the stomach pH is 
elevated due to the inhibition of rabeprazole in gastric parietal 
cell H+/K+ adenosine triphosphatase (ATPase).  Higher gastric 
pH may reduce chemical degradation and increase the stabil-
ity of amoxicillin, resulting in the potentiation of antimicrobial 
activity of this antibiotic against H pylori[38].  The increase in 
gastric pH may also increase the proportion of amoxicillin 
in the un-ionized form, leading to enhanced lipid solubility, 
which allows amoxicillin to more easily penetrate the gastric 
epithelium from the blood to the stomach[38].

The reduction of gastric juice volume in the group coad-
ministered rabeprazole and amoxicillin compared with the 
group treated only with amoxicillin resulted in an increased 
amoxicillin concentration in the gastric juice.  This is further 
supported by the finding that rabeprazole does not signifi-
cantly change the gastric clearance and gastric transfer fraction 
of amoxicillin in the gastric juice.  These results are similar to 
those found with another proton pump inhibitor, omeprazole, 
which potentiates amoxicillin monotherapy efficacy against H 
pylori by reducing the volume of gastric secretion and hence 
effectively increasing the drug concentration in the gastric 
juice[19].  The results in the present study indicate that small 
amounts of amoxicillin were transferred from the blood to the 
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gastric juice following intravenous administration.  Rabepra-
zole did not significantly change the pharmacokinetic param-
eters of amoxicillin in the blood.  Nevertheless, rabeprazole 
increased the amoxicillin concentrations in gastric juice.  This 
suggests that the increase in amoxicillin concentrations in the 
gastric juice is predominantly caused by reduced gastric juice 
volume, which occurs during treatment with rabeprazole.

Our results indicate that amoxicillin can penetrate the gas-
tric epithelium, and the antibiotic can achieve therapeutic 
concentrations at the target site after being transferred from 
the blood.  Moreover, an increased amoxicillin dosage can 
increase drug concentrations in the gastric juice and the gastric 
mucosa.  Rabeprazole increases the amoxicillin concentration 
in the gastric juice but does not alter its concentration in the 
blood or gastric mucosa, which indicates that the increase is 
mediated primarily by decreasing the volume of the gastric 
juice.  These results also provide support for the high dosage 
of amoxicillin that is used to eradicate H pylori.
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