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Abstract
Background P-glycoprotein (P-gp) is an Adenosine triphosphate (ATP) dependent drug-efflux pump which is located abundant-
ly in the stomach and protects the gut mucosa from xenobiotic.
Objective The purpose of this study was to investigate the influence of P-gp modulation on the efficacy of treatment regimen.
Method P-gp modulation in rats was performed by using P-gp inducer (150 mg/kg rifampicin) and P-gp inhibitor (10 mg/kg
cyclosporine A) for 14 days prior to be infected with Helicobacter pylori (H. pylori). The rats were further divided into groups,
which were normal control, vehicle control, antibiotics and omeprazole, antibiotics only and omeprazole only for another 2 weeks
of treatment. The ulcer formation and P-gp expression were determined by using macroscopic evaluation and western blot
analysis, respectively.
Results The highest P-gp expression was shown in the induced P-gp rats (2.00 ± 0.68) while the lowest P-gp expression was
shown in the inhibited P-gp rats (0.45 ± 0.36) compared to the normal P-gp rats. In all groups, the rats which were infected with
H. pylori, had a significant increase (p < 0.05) in P-gp expression level and amore severe ulcer formation compared to the healthy
rats. The ulcer developed at different levels in the rats with inhibited, induced, or normal P-gp expression. After receiving the
standard therapy for H. pylori, it was observed that the healing rate for ulcer was increased to 91% (rats with inhibited P-gp
expression), 82% (rats with induced P-gp expression) and 75% in rats with normal P-gp. The use of rifampicin to induce P-gp
level was also shown to be effective in eradicating the H. pylori infection.
Conclusion The synergism in the standard therapy by using two antibiotics (clarithromycin and amoxicillin) and proton pump
inhibitor (omeprazole) have shown to effectively eradicate the H. pylori infection. Thus, P-gp expression influenced the effec-
tiveness of the treatment.
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Introduction

P-glycoprotein (P-gp) is an Adenosine triphosphate-binding
(ATP-binding) protein and acts as a drug transporter, encoded
by the multidrug resistance 1 (MDR1) gene [1]. Recently,
more attention has been focused on the potential impact of

P-gp expression on drug absorption and bioavailability of var-
ious drugs [2]. Higher P-gpmay lead to poor bioavailability of
substrate drug and lower P-gp may lead to toxic effect on
tissues. Broad range substrate specificity may lead to drug
interaction when co-administered together with the drug P-
gp inducer or inhibitor [3].

In normal human tissues, P-gp is located at the liver, stom-
ach, intestine, kidney and blood brain barrier [4]. It limits
cellular uptake of drugs from gastrointestinal tract to
enterocyte [5]. In the presence of P-gp, the elimination of
certain drugs into the hepatocytes, renal tubules, and intestinal
epithelial cell adjacent to the luminal space would be en-
hanced [5, 6]. The P-gp level was gradually reported to be
increased from the stomach to the duodenum [7].
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Helicobacter pylori (H. pylori) is a gram-negative bacteri-
um which is colonized in the upper part of the stomach (fundus
area). Cag A, Vac A, Bab A and Sab A genes in H. pylori are
virulent factors that cause gastric cancer [8]. H. pylori caused
gastric cancer in 5.5% out of 25% of H. pylori infection cases
[9]. The eradication of H. pylori infection was done using a
standard regimen therapy. According to Chey et al. (2017),
the gold standard of the therapy could be accomplished by
combining the use of antibiotics such as amoxicillin and
clarithromycin and proton pump inhibitor (PPI) [10].
However, there are reports of ineffectiveness of the treatment
regimen, where the unsuccessful eradication of H. pylori could
be attributed by the antibiotic resistance, variation of H. pylori
strains, host condition, or low compliance for the high number
of pills to be taken daily [11]. As for the second line therapy,
rifabutin has indicated a good eradication rate when adminis-
tered in the combination with amoxicillin and PPI.

Rifampin and rifabutin belong to the rifamycins which was
noted as the moderate to potent inducers of drugs undergoing
metabolism by the cytochrome P450 enzyme system (notably
CYP3A4). Rifampicin has shown good efficacy against
H. pylori in various in-vitro studies [12]. It has been reported
that rifampicin has the ability to induce the P-gp expression in
colon cancer-derived adenocarcinoma cell line such as Caco-2
cells [13]. It prevented the H. pylori attachment on the cell
lines and enhanced the levels of P-gp in the Caco-2 cells.
While rifampicin induces P-gp expression, the P-gp inhibitor
such as PSC-833 will inhibit the P-gp activity on the cell line,
and thus allows bacteria attachment. PSC-833 is a cyclospor-
ine A analogue with lower immunosuppressant effect com-
pared to cyclosporine A [14]. However, cyclosporine A was
widely used to inhibit P-gp level in rats due to its immediate
decreasing effects on P-gp [15, 16]. Therefore, the modulation
of P-gp at the gut mucosa is important.

The purpose of this study was to investigate the influence
of P-gp expression on the efficacy of standard therapy regi-
men ofH. pylori infection in Sprague Dawley rat model and to
evaluate whether proton pump inhibitors (PPIs) were required
in the standard therapy.

Methodology

Animal

The study was approved by Universiti Kebangsaan Malaysia
(UKM) Animal Ethics Committee (UKMAEC) under the ap-
proval number, FF/2015/ENDANG/29-SEPT./699-SEPT.-
2015-SEPT, and in accordance with the international guidelines
for animal studies [17]. A total of 90 male Sprague Dawley rats
with an average weight of 150–250 g were used in this study.
They were divided randomly into groups of three rats per cage
for the adaptation period. The rats were placed in wired tapered

cage that was exposed to light for 12 h and a further 12 h in dark
condition. They were fed with commercial rodent diet
(Altormin International, Germany) and water ad libitum. They
were acclimatized for 7 days prior to the experiment.

Experimental design

The rats were divided into three large groups (n = 30), in which
the rats in the first group were given cyclosporine Awith a dose
of 10 mg/kg as the P-gp inhibitor [18], the second group was
the normal rats which were given sterile distilled water and the
third group was given rifampicin with a dose of 150 mg/kg as
P-gp inducer [19], once a day for 14 days. Each of the groups
was then further divided into five groups (n = 6): Group 1, no
bacterial inoculation without any treatment; Group 2, vehicle
control, bacterial inoculation and 0.25% carboxymethylcellu-
lose; Group 3, bacterial inoculation with the treatment of amox-
icillin (90 mg/kg), clarithromycin (135 mg/kg) and omeprazole
3.6 mg/kg (standard treatment); Group 4, bacterial inoculation
and with the treatment of amoxicillin (90 mg/kg) and
clarithromycin (135 mg/kg); Group 5, bacterial inoculation
and with the treatment of omeprazole (3.6 mg/kg).

H. pylori Oral inoculation

H. pylori was kindly supplied by the Department of Medical
Microbiology and Immunology, UKM Medical Centre,
Cheras, Malaysia. The bacteria were cultured on Columbia
blood agar (Merck) supplemented with 10% lake horse blood
(Thermo fisher) and selective medium (Oxoid) at 37 °C (at-
mosphere: 5%CO2 or 95% air) for five to 7 days. The bacteria
were identified as H. pylori strain by gram staining, oxidase,
catalase, and urease positive test. A few H. pylori colonies
were scrapped into 15 mL Muller Hinton broth (Merck) sup-
plemented with 10% fetal calf serum (Sigma Aldrich) and
0.1% yeast extract. The broth was further incubated in a
CO2 incubator at 37 °C with 5% CO2 and 95% air for 24–
48 h. Prior to the usage, the bacteria were adjusted to an
optical density at 600 nm of 1.0, which corresponded to 1 ×
108 CFU/mL. The bacteria were inoculated into the rats with
the volume of 1 mL using oral gavage twice daily at an inter-
val of 4 h for 7 days. On the first day before H. pylori inocu-
lation, the rats were fasted for 16 h. For the subsequent dose,
the rats were fasted for 3 h prior to H. pylori inoculation.

Macroscopic evaluation

The rats were sacrificed by spinal dislocation after anesthesia
by using ketamine-xylazine cocktail after 14 days of treat-
ment. The stomach was dissected along the greater curvature
and observed under macroscopic observation. The gastric
juice was collected, and pH of the sample was measured by
using a pH meter. Gastric mucosa that had been cleaned from
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food contaminant and blood clot was rinsed by using 0.9%
sodium chloride. After the macroscopic observation, the ulcer
parts were chopped by using a knife into one (1) mm2 in
diameter and kept at -80 °C for western blot analysis.
Previously, every part of the ulcer was confirmed to be in-
duced by H. pylori. The sterile tip on the ulcer part was care-
fully scrappedwithout damaging the surface area of the gastric
mucosa. Thereafter, it was put into urease broth and incubated
for 24 h. The gastric mucosa was observed under a 10 X
magnifier lens to determine ulcer formation prior to ulcer im-
age captured by using a SONY digital camera with 20 Mega
pixels. The ulcer formation was observed and analyzed for
ulcer score which was calculated according to Geometric for-
mula as described by Mahmood et al. [20]:

(a) Scoring ulcer was observed on the stomach for score
0.0 = Normal color stomach; 0.5 = Red coloration/petechiae;
1.0 = Spot ulcer; 1.5 = Hemorrhagic streak; 2.0 = Deep ulcer;
3.0 = Perforation.

(b) Mean ulcer score for each animal will be expressed as
ulcer index, UI = (UN +US +UP) × 10−1; UI = Ulcer index;
UN = Average number of ulcer per animal; US = Average
number of severity score; UP = Percentage of animal with
ulcer.

(c) Percentage inhibition of ulceration was calculated as
below:

%Inhibition of ulcerartion ¼ Usc−Ustð Þ X 100

Usc

Usc = Ulcer surface area control.
Ust = Ulcer surface area in treated animals.
(d) Organ Index = weight of organs/weight of rats before

sacrificed.

Sample lysis

Ulcer samples that were kept at−80 °Cwere rapidly thawed prior
to the addition of cold lysis buffer radioimmunoprecipitation
assay (RIPA), phenylmethylsulfonyl fluoride (PMSF) and prote-
ase inhibitor. A weight of 10 mg ulcer sample was mixed with
100μl cold buffer then sonicated for 2min on ice. The amplitude
of sonicator was set at 35% with the frequency sonication of
20 kHz. The lysate was incubated on ice for 5 min. Next, it
was centrifuged at 11,000 rpm for 15 min at 4 °C. Then, the
supernatant was collected and frozen at -80 °C until it was used
for Bradford assay and western blot analysis [21].

Western blot analysis

The total protein was quantified by using Bradford assay and
P-gp expression was detected via western blot analysis. The
protein concentration of 3 mg/ml was loaded into 10% Tris
gel. Protein separation was done at 150 V for 67 min. The

protein on the gel was transferred on polyvinylidene fluoride
(PVDF) membrane by using Mini Chamber Transblot Bio
Rad (California, USA) at 32 V for 105 min. The membrane
was blocked with antibody solution from Western Breeze®
Invitrogen, Victoria, containing of P-gp Sc13131 Mdr [G-1]
mouse monoclonal IgG2b and mouse anti-B-actin (Sigma-
Aldrich, St Louis MO). After an overnight incubation, the
membrane was washed with tris-buffered saline Tween-20
(TBST) and thereafter incubated with the secondary antibody
(Goat anti mouse IgG AP Pre-diluted, Western Breeze®
Invitrogen, Victoria). The PVDF membrane was washed with
TBST before being incubated with 200 μl ECL substrate for
5 min. The protein band on the membrane was detected by
using the Fusion fx1 gel documentation system (Vilber
Lourmat, Marne-La-Vallée, France) [21].

Statistical analysis

Data was presented as mean ± standard error mean (n = 6) and
analyzed by using one-way analysis of variance (ANOVA),
post hoc Dunnet test by GraphPad Prism 5 Software (CA,
USA). The differences between the experimental groups were
considered significant if p < 0.05 and indicated as follows:
***(p < 0.001), **(p < 0.01) and *(p < 0.05) compared to the
normal controlled rats, while ###p < 0.001, ##p < 0.01 and #p <
0.05 were statistically significant compared to negative/
vehicle control and or induced P-gp rats.

Results

Ulcer induction by H. pylori inoculation in P-gp mod-
ulated rats

Stomach ulcer formation of vehicle control was compared
with non-infected rat’s stomach in P-gp modulated groups or
non-modulated groups (normal rats). The results showed that
there was no ulcer formation on the gastric mucosa of normal
P-gp groups (Fig. 1a) and all P-gp modulated groups, either P-
gp induced with rifampicin (Fig. 2a) or P-gp inhibited with
cyclosporine A (Fig. 3a) of non-infected rats. On the contrary,
the ulcer formation on the rat’s stomach due to H. pylori in-
fection in P-gp normal group, the ulcer index was 9.14 ± 0.41
(Fig. 1b and Table 1), P-gpmodulated groups with ulcer index
for P-gp induced was 3.50 ± 0.18 (Fig. 2b and Table 2), and
for P-gp inhibited was 11.23 ± 0.39 (Fig. 3b and Table 3). All
results were significant with p < 0.001 for normal and modu-
lated P-gp rats compared to their own non-infected group with
ulcer index was 0. These results showed that the lowest P-gp
expression caused severe H. pylori infection with the highest
value of ulcer index.
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Efficacy of standard treatment in P-gpmodulated rats

The efficacy of standard treatment was indicated by decreas-
ing or the disappearance of ulcer formation through ulcer

index values. This study compared ulcer index of Group 3
treated with amoxicillin (90 mg/kg) and clarithromycin
(135 mg/kg) and omeprazole (3.6 mg/kg), standard regimen,
Group 4 treated with amoxicillin (90 mg/kg) and

Fig. 1 Macroscopic appearance of the H. pylori ulcer induction on the
gastric mucosa in normal P-gp rats. (a) Healthy rats showed no ulcer
formation on the gastric mucosa. (b) Ulcers were shown on the gastric
mucosa of vehicle control rats (0.25% Carboxymethylcellulose as

vehicle). (c) Rats were treated with a combination of antibiotic and omep-
razole (standard regimen). (d) Rats were treated with antibiotic only. (e)
Rats were treated with omeprazole only

Fig. 2 Macroscopic appearance of the H. pylori ulcer induction on the
gastric mucosa in induced P-gp rats. (a) Healthy rats showed no ulcer
formation on the gastric mucosa. (b) Ulcers were shown on the gastric
mucosa of vehicle control rats (0.25% Carboxymethylcellulose as

vehicle). (c) Rats were treated with a combination of antibiotic and omep-
razole (standard regimen). (d) Rats were treated with antibiotic only. (e)
Rats were treated with omeprazole only
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clarithromycin (135 mg/kg) and Group 5 treated with omep-
razole (3.6 mg/kg) only. The experimental Group 2 was de-
fined as vehicle control that was for normal P-gp, P-gp in-
duced and P-gp inhibited rats. Figure 1 and Table 1 show the
data of normal P-gp rats and there was a significant decrease in
ulcer index in Group 3 (treated with standard regimen) 5.22 ±
0.21, p < 0.001, Group 4 (treated with antibiotic only) 6.87 ±
0.12, p < 0.01 andGroup 5 (treated with omeprazole only) 8.65
± 0.17, p < 0.05, compared to the vehicle control with ulcer
index was 9.14 ± 0.41. The percentages of ulcer healing
showed in Group 3 (standard regimen), Group 4 (antibiotic
only) and Group 5 (omeprazole only) were 75%, 60% and

50%, respectively (Table 1). These results showed that the stan-
dard regimen (Group 3) produced the best outcome of recovery
after 14 days of treatment for normal P-gp rats.

The outcomes of the treatment in P-gp induced rats are
shown in Fig. 2 and Table 2. There was a significant decrease
in ulcer index in Group 3 (standard regimen) 1.77 ± 0.13,
p < 0.001, Group 4 (antibiotic only) 1.79 ± 0.19, p < 0.001
compared to vehicle control with ulcer index was 3.50 ±
0.18. Meanwhile, no significant difference in the ulcer index
betweenGroup 5 (omeprazole only), 3.48 ± 0.21, compared to
vehicle control. The percentages of ulcer healing showed in
Group 3 (standard regimen), Group 4 (antibiotic only) and

Fig. 3 Macroscopic appearance of the H. pylori ulcer induction on the
gastric mucosa in inhibited P-gp rats. (a) Healthy rats showed no ulcer
formation on the gastric mucosa. (b) Ulcers were shown on the gastric
mucosa of vehicle control rats (0.25% Carboxymethylcellulose as

vehicle). (c) Rats were treated with a combination of antibiotic and omep-
razole (standard regimen). (d) Rats were treated with antibiotic only. (e)
Rats were treated with omeprazole only

Table 1 The effects of combination therapy amoxicillin, clarithromycin and/or omeprazole on ulcer formation in normal P-gp rats

No Treatment/ Group Parameters

Organ index Gastric pH Ulcer surface area (cm2) Ulcer index % ulcer healing

1. Normal control (Healthy, no treatment) 0.007 ± 0.001 3.35 ± 1.1 0 0 0

2. Vehicle control group 0.009 ± 0.002 6.14 ± 0.7*** 0.1133 ± 0.09 9.14 ± 0.41 0

3. Positive control group 0.007 ± 0.0005 5.22 ± 0.3** 0.028 ± 0.05 5.22 ± 0.21### 75%

4. AB group 0.008 ± 0.002 4.62 ± 0.4* 0.0457 ± 0.06 6.87 ± 0.12## 60%

5. PPI group 0.008 ± 0.0012 5.63 ± 0.4** 0.056 ± 0.06 8.65 ± 0.17# 50%

Positive control (standard regimen) group treated with 90 mg/kg amoxicillin, 135 mg/kg clarithromycin, 3.6 mg/kg omeprazole. AB group treated by
amoxicillin + clarithromycin; PPI group treated by omeprazole; Vehicle used is 0.25% carboxymethylcellulose. Value are mean ± standard error mean of
six animals in each group. All comparisons were performed using one-way ANOVA (dunnet’s test). *** p < 0.001, ** p < 0.01 and *p < 0.05 vs normal
control rats. ### p < 0.001, ## p < 0.01 and # p < 0.05 vs vehicle control rats
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Group 5 (omeprazole only) were 82%, 73% and 64%, respec-
tively (Table 2). The standard regimen produced the best out-
come of recovery after 14 days of treatment in P-gp induced
rats with the highest percentage of ulcer healing. Furthermore,
all treatment groups in P-gp induced rats showed the higher
percentage of ulcer healing compared to the normal P-gp treat-
ment groups.

Figure 3 and Table 3 show the data of P-gp inhibited rats
and there was a significant decrease with p < 0.001 for all
treatment groups in the ulcer index of Group 3 (standard reg-
imen) 6.96 ± 0.25, Group 4 (antibiotic only) 7.09 ± 0.32, and
Group 5 (omeprazole only) 8.79 ± 0.3, compared to vehicle
control with ulcer index value of 11.23 ± 0.39 (p < 0.001). The
percentages of ulcer healing in Group 3 (standard regimen),
Group 4 (antibiotic only) and Group 5 (omeprazole only) were
91%, 89% and 71%, respectively (Table 3). These results
indicated that the standard regimen produced the best outcome
of recovery after 14 days of treatment in P-gp inhibited rats
with the highest percentage of ulcer healing. Despite P-gp
inhibited groups showed severe infection of H. pylori (ulcer
index 11.23 ± 0.39), they produced the best outcome of treat-
ment with standard regimen (91% ulcer healing), compared to
the induced and normal P-gp rat groups.

Effect of P-gpmodulation on the efficacy of treatment
in H. pylori infection

Table 1, Table 2 and Table 3 show the ulcer index of non-
infected normal P-gp and P-gp modulated rats were 0.
Figure 1a, 2a and 3a, indicated the modulation of P-gp was
not affected on the gastric mucosa of non-infected rats as there
was no ulcer formation observed on the mucosa of the normal
P-gp and P-gp modulated rats.

Figure 1b, Fig. 2b, and Fig. 3b show the vehicle control of P-
gp inhibited rats contributed the worst ulcer formation than the
normal P-gp and P-gp induced rats. These results corresponded
with the ulcer index values of 11.23 ± 0.39 for P-gp inhibited
rats, 9.14 ± 0.41 for normal P-gp rats and 3.5 ± 0.18 for P-gp
induced rats (Table 1, Table 2 and Table 3). Different from the
standard regimen, the P-gp inhibited rats showed the highest
percentage of ulcer healing (91%, 89% and 71%, respectively),
compared to P-gp induced rats (82%, 73% and 64%, respective-
ly) and normal P-gp rats (75%, 60% and 50%, respectively),
when only antibiotic and omeprazole were administered into
the rats. From these findings, it was suggested that although the
lower P-gp expression caused more severe infection, it provided
a better outcome of the treatment.

Table 2 The effects of combination therapy amoxicillin, clarithromycin and/or omeprazole on ulcer formation in Induced P-gp rats

No Treatment/ Group Parameters

Organ index Gastric pH Ulcer surface area (cm2) Ulcer index % ulcer healing

1 Normal control (Healthy, no treatment) 0.007 ± 0.0008 5.33 ± 1.6 0 0 0

2 Vehicle control group 0.007 ± 0.0008 5.32 ± 1.0 0.0187 ± 0.03 3.50 ± 0.18 0

3 Positive control group 0.007 ± 0.001 4.68 ± 1.0 0.0033 ± 0.008 1.77 ± 0.13### 82%

4 AB group 0.007 ± 0.0004 5.07 ± 0.47 0.0050 ± 0.01 1.79 ± 0.19### 73%

5 PPI group 0.007 ± 0.0005 5.26 ± 1.33 0.0067 ± 0.012 3.48 ± 0.21 64%

Positive control (standard regimen) group treated with 90 mg/kg amoxicillin, 135 mg/kg clarithromycin, 3.6 mg/kg omeprazole. AB group treated by
amoxicillin + clarithromycin; PPI group treated by omeprazole; Vehicle used is 0.25% carboxymethylcellulose. Value are mean ± standard error mean of
six animals in each group. All comparisons were performed using one-way ANOVA (dunnet’s test). *** p < 0.001, ** p < 0.01 and *p < 0.05 vs normal
control rats. ### p < 0.001, ## p < 0.01 and # p < 0.05 vs vehicle control rats

Table 3 The effects of combination therapy amoxicillin, clarithromycin and/or omeprazole on ulcer formation in inhibited P-gp rats

No Treatment/ Group Parameters

Organ index Gastric pH Ulcer surface area (cm2) Ulcer index % ulcer healing

1 Normal control (Healthy, no treatment)) 0.007 ± 0.001 5.14 ± 0.6 0 0 0

2 Negative control group 0.009 ± 0.0006** 7.66 ± 0.9*** 0.3118 ± 0.13 11.23 ± 0.39 0

3 Positive control group 0.008 ± 0.0005 5.17 ± 0.6 0.0273 ± 0.03### 6.96 ± 0.25### 91%

4 AB group 0.009 ± 0.0005* 4.06 ± 0.73* 0.0344 ± 0.04## 7.09 ± 0.32### 89%

5 PPI group 0.009 ± 0.002* 7.51 ± 0.45* 0.0896 ± 0.10# 8.79 ± 0.3### 71%

Positive control (standard regimen) group treated with 90 mg/kg amoxicillin, 135 mg/kg clarithromycin, 3.6 mg/kg omeprazole. AB group treated by
amoxicillin + clarithromycin; PPI group treated by omeprazole; Vehicle used is 0.25% carboxymethylcellulose. Value are mean ± standard error mean of
six animals in each group. All comparisons were performed using one-way ANOVA (dunnet’s test). *** p < 0.001, ** p < 0.01 and *p < 0.05 vs normal
control rats. ### p < 0.001, ## p < 0.01 and # p < 0.05 vs vehicle control rats
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Figures 1 to 3 and Tables 1 to 3 show the tested different
three regimens have the same pattern of outcomes where the
standard regimen gave the best efficacy compared to only
antibiotic and omeprazole in normal P-gp rats, P-gp induced
rats and P-gp inhibited rats.

The P-gp expression in P-gp modulated rats with
H. pylori infection treated with standard regimen

Figure 4a shows after 14 days of modulation P-gp in the rats, the
induced P-gp rats showed an increase of P-gp expression (2.00 ±
0.68) than normal P-gp rats (1.00 ± 0.00), while the inhibited P-
gp rats showed lower P-gp expression (0.45 ± 0.36) than the
normal P-gp rats. Higher P-gp expression was shown in all mod-
ulated P-gp rats that had been infected with H. pylori (Fig. 4b).
The lowest P-gp expression was shown in modulated P-gp rats
that had been treated with amoxicillin, clarithromycin and omep-
razole (Fig. 4c), followed by amoxicillin and clarithromycin
(Fig. 4d) and omeprazole only (Fig. 4e).

Discussion

Modulating the P-gp level in rats is important to eliminate the
causal of multidrug resistance by increasing the bioavailability

of drugs and enhancing their effectiveness for recovery. In this
study, normal P-gp rats showed higher P-gp expression com-
pared to the inhibited P-gp rats, suggesting normal P-gp rats
probably refused the intake of xenobiotics or drugs. Besides,
the normal tissue also contained pregnane-x-receptor (PXR)
that might prevent entrance of xenobiotics into the gastric
mucosal cells [22]. According to Kuster et al., cancer drug
would modify P-gp expression through stress response, rather
than cell destruction or apoptosis [23]. Since P-gp is well
known as the first responder that receives xenobiotic as well
as chemicals on cancer cells, and thus increases the P-gp level
in normal tissue which removes the unwanted drug from en-
tering to the cells, impairing the efficacy of the treatment reg-
imen. To enhance the efficacy of drug treatment, cyclosporine
A was given as inhibitor P-gp to increase the bioavailability
and pharmacological effects of drugs [18]. Cyclosporine A is
a substrate of P-gp, but not to CYP3A [24]. Therefore, when
the P-gp level was inhibited, it would reduce the drug metab-
olism in the gut by reducing the drug from being exposed to
CYP3A, thereby increasing the bioavailability of the drug.
While high P-gp expression could be treated with P-gp inhib-
itor, low P-gp expression could be treated with P-gp inducer
such as rifampicin [25]. Rifampicin is P-gp inducer that could
activate PXR. PXR played an important role in the metabo-
lism and secretion of xenobiotic by inducing CYP enzyme

Fig. 4 The expression of modulated P-gp rats with H. pylori induced
ulcer formation treated with triple therapy. (a) P-gp expression on normal
rats and modulated P-gp rats treated with rifampicin (P-gp inducer) and
cyclosporine A (P-gp inhibitor). P-gp expression on normal and modu-
lated P-gp rats with H. pylori induced ulcer formation in rats treated with

(b) 0.25% carboxymethylcellulose (negative control), (c) amoxicillin,
clarithromycin and omeprazole (standard regimen), (d) antibiotic (AB),
and (e) omeprazole (PPI). *p < 0.05, **p < 0.01 vs normal P-gp rats; #p <
0.05, ##p < 0.01 vs induced P-gp rats
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and protein transporter [26]. Both the CYP enzyme and P-gp
transporter have been regulated by nuclear receptor such as
PXR [27]. The activation of nuclear receptor by P-gp inducer
might increase mRNA P-gp expression [28].

H. pylori invaded the gastric mucosa to initiate its patho-
genesis [23]. Upon H. pylori colonization, the normal and
inhibited P-gp rats showed higher ulcer index in the gastric
mucosa. Higher colonization of H. pylori in the gastric muco-
sa of inhibited P-gp rats was due to the low protection of P-gp
against xenobiotic (H. pylori) compared to normal P-gp rats.
Basically, P-gp was reduced following H. pylori infection as
P-gp was localized at the epithelial cell membrane of the gas-
tric mucosa that controlled the entrance of xenobiotic [29].
However, in this study it indicated higher P-gp expression in
the inhibited and normal P-gp rats that had been infected with
H. pylori. This finding is in accordance with the findings re-
ported by several researchers, in which H. pylori were able to
stimulate P-gp expression [6, 13, 30]. H. pylori stimulated P-
gp expression through COX-2 expression since both are in-
volved in tissue inflammation [31]. The COX-2 expression
was shown in H. pylori positive patient with gastritis and the
expression was enhanced significantly in gastric cancer [32].
Another study by Patel et al. (2002), reported that increased
mRNA level in MDR1 might increase COX-2 expression
[33]. In this study, high P-gp expression was not only detected
in the normal and inhibited P-gp rats, but also in the induced
P-gp rats infected by H. pylori. Nevertheless, the rats with P-
gp induced by rifampicin showed a mildH. pylori infection on
the gastric mucosa. Besides its role as P-gp inducer, rifampicin
also has bactericidal effects by disturbing nucleic acid synthe-
sis in H. pylori, subsequently limits the H. pylori colonization
into the gastric mucosal cells [34].

There were cases of treatment failure reported for the
H. pylori eradication therapy despite the use of the standard
regimen [35]. Therefore, modulating the P-gp expression prior
by giving a treatment is one of the options for H. pylori erad-
ication therapy. In this current study, the inhibited P-gp ex-
pression rats that were being infected with H. pylori and treat-
ed with antibiotic and omeprazole (standard regimen) showed
the highest recovery (91%). The absorption of drugs into the
gastric mucosal cell was based on the pKa principle, in which
basic drugs were ionized at acidic pH while acid drugs were
ionized at basic pH [36]. During H. pylori infection, the gas-
tric environment was at alkaline pH. Therefore, acid drug
(amoxicillin) would be ionized, while basic drug
(chlaritromycin) would not be ionized in the stomach [37,
38]. Since drugs easily pass through the gastric mucosal cells
at low ionic environment with highest membrane permeabil-
ity, therefore clarithromycin was readily absorbed into the
cells compared to amoxicillin. Besides, P-gp has membrane
non-ionic transporter, allowing only drug that has the highest
lipid permeability to pass through the cell, and thus increases
the amount of clarithromycin in the cell. Despite omeprazole’s

role in blocking the H+/K + - ATPase and P-gp expression, it
also has the ability to prevent or hold a drug that already
entered the cells [13, 39]. Therefore, omeprazole indirectly
retains clarithromycin and amoxicillin were removed from
the cell. Clarithromycin, which was also an inhibitor to P-
gp, gave a double inhibition of P-gp expression when com-
bined with omeprazole [40]. This subsequently increased the
absorption of amoxicillin into the gastric mucosal cell. Since
amoxicillin has bactericidal effect, it will eradicate H. pylori
effectively [41].

Even though all modulated P-gp rats showed an increase in
eradication of H. pylori when treated with antibiotic and
omeprazole, there was variation in P-gp expression within
those groups. Reducing the P-gp expression facilitated the
retainment of drugs in the gastric mucosal cells, which
subsequenly eradicated the H. pylori more effectively. Our
findings suggested that rifampicin has the ability to erad-
icate H. pylori in the group of rats with induced P-gp
level. Therefore, P-gp expression played an important
role in the treatment of H. pylori infection, particularly
in the formation of ulcer. The induction of P-gp expres-
sion in the mucosa gut of the rat has been shown to
lower down the rate of ulcer in the presence of
H. pylori. Nevertheless, as the gene polymorphism such
as MDR1 C3435T was not measured in this study,
hence our findings should be interpreted with caution
as the presence of the polymorphism could directly af-
fect the P-gp expression and pharmacokinetics of drugs.

Conclusion

The synergism between amoxicillin, clarithromycin and
omeprazole as a standard therapy still provides the best out-
come in the eradication of H. pylori infection. This study
suggested that P-gp expression affected the effect of medica-
tion regimen used in the treatment of H. pylori infection,
where in the inhibition P-gp expression caused severe infec-
tion of H. pylori with high value of ulcer index, although it
produced the best outcome of treatment. In contrast,
high expression of P-gp results in the least infection
of H. pylori with low value of ulcer index, although
no antibiotic treatment was given, but still showed a
lower outcome of treatment compared to inhibited P-
gp condition. In this study, the use of rifampicin has
also indicated the eradication of H. pylori infection ef-
fectively by inducing the P-gp expression.
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