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Purpose: Triple therapy is the standard therapy to eradicate Helicobacter pylori (H.pylori) 
infection. Chronic use of proton pump inhibitors (PPIs), a component of triple therapy, is 
associated with osteoporosis. However, the skeletal effects of short-term triple therapy 
containing PPI remain elusive. This study aims to determine the skeletal effect of short- 
term triple therapy in a rat model of gastric ulcer induced by H. pylori.
Methods: Three-month-old male Sprague Dawley rats were assigned to normal control, 
H. pylori-inoculated group (negative control) and H. pylori-inoculated group receiving triple 
therapy consisting of omeprazole [2.035 mg/kg body weight (b.w)], amoxicillin (102.80 mg/kg 
b.w) and clarithromycin (51.37 mg/kg b.w) (n=6/group). H. pylori infection developed for four 
weeks after inoculation, followed by two-week triple therapy. At the end of the treatment period, 
femoral bones of the rats were harvested for analysis. Bone mineral density and content of the 
femurs were determined using dual-energy X-ray absorptiometry, while bone strength was 
measured with a universal mechanical tester.
Results: Bone mineral content was significantly lower in the negative control group compared 
to the triple therapy group (p=0.014). Triple therapy decreased strain (vs negative control, 
p=0.002) and displacement of the femur (vs normal control, p=0.004; vs untreated control, 
p=0.005). No significant difference was observed in other parameters among the study groups 
(p>0.05).
Conclusion: Short-term triple therapy increases bone mineral content but decreases bone 
strength of rats. Skeletal prophylaxis should be considered for patients on short-term triple 
therapy containing PPI.
Keywords: bone, gastric ulcer, omeprazole, osteoporosis, osteopenia, proton pump inhibitor

Introduction
Helicobacter pylori (H. pylori) is a type of Gram-negative bacteria known to cause 
peptic ulcer disease and gastric cancer.1 H. pylori infection is also associated with 
extra-gastroduodenal diseases, such as metabolic syndrome, cardiovascular diseases 
and neurodegenerative diseases due to alternation in the immune system and low- 
grade inflammation.2 Since bone cells are sensitive to pro-inflammatory cytokines,3 

chronic H. pylori infection could predispose a person to bone loss and osteoporosis. 
The relationship between H. pylori infection and bone health in humans has been 
contradictory so far. A recent meta-analysis showed that H. pylori increases the risk 
of osteoporosis [odds ratio (OR) 1.61, 95% confidence interval (CI) 1.11–2.32] but 
is not associated with significant variation in bone mineral density.4 The limited 
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evidence so far does not show a conclusive association 
between H. pylori infection and fracture risk.5 The effects 
of H. pylori infection on bone strength could be derived 
from destructive mechanical test, so it is suitable to be 
investigated in an in vivo model.

Triple therapy is considered the first-line therapy in eradi-
cating H. pylori. It consists of a proton pump inhibitor (PPI), 
clarithromycin and amoxicillin or metronidazole.6 PPIs sup-
press gastric acid secretion, creating a hypochlorhydric envir-
onment which does not favour the absorption of skeletal 
beneficial minerals like calcium, and vitamins like vitamin 
B.7 The associated increase in gastrin level also triggers hista-
mine release which stimulates osteoclast formation.7 In our 
previous study, two-month pantoprazole treatment causes 
a significant trabecular microstructural deterioration in normal 
male rats, which is reversible by calcium supplementation.8 

Others have demonstrated a significant decline in bone mineral 
density, increased bone resorption and decreased bone forma-
tion in rats treated with omeprazole for a few months.9–11 

However, these models are not perfect as the animals are not 
infected with H. pylori. Besides, the data on short-term skeletal 
effects of triple therapy or PPI are very limited.

Thus, this study aims to determine the effects of 14-day 
triple therapy treatment on the bone of rat infected with 
H. pylori. The study is a secondary analysis of bone 
samples derived from a study that primarily aims to estab-
lish a rat model of H. pylori-induced gastric ulcer. We 
determined the bone health of the rats defined by densito-
metry and mechanical methods and hypothesised some 
degree of alternations associated with the infection and 
treatment. The information derived from this study will 
be important in deciding whether skeletal prophylaxis is 
necessary for patients on short-term triple therapy.

Materials and Methods
Bacteria Culture
H. pylori strain in the form of stock culture was obtained 
from the Department of Microbiology, Universiti 
Kebangsaan Malaysia Medical Centre. The bacteria were 
inoculated onto the Columbia blood agar and incubated 

microaerophilically with 10% oxygen gas, 10% carbon 
dioxide gas and 80% nitrogen gas for 5 days at 37°C.

Preparation of Treatment Agents
The triple agents were prepared by crushing clarithromy-
cin (Noripharma, Selangor, Malaysia), amoxicillin 
(Duopharma, Selangor, Malaysia) and omeprazole (Y.S.P. 
Industries, Kuala Lumpur, Malaysia) into powder and dis-
solved in distilled water. The dose of drugs used in this 
experiment was converted from human suggested dosage 
using body surface conversion formula.6,12 The dose of 
clarithromycin [51.37 mg/kg (body weight) b.w], amoxi-
cillin (102.80 mg/kg b.w) and omeprazole (2.035 mg/kg b. 
w) is equivalent to 500 mg, 1000 mg and 20 mg, respec-
tively, for humans.

Treatment of Animals
Three-month-old Sprague Dawley male rats (n=18) 
weighted between 200 and 250 g were provided by 
Laboratory Animal Resource Unit, Universiti 
Kebangsaan Malaysia (Kuala Lumpur, Malaysia). The 
rats were housed at the Animal Laboratory, Department 
of Pharmacology, Faculty of Medicine, Universiti 
Kebangsaan Malaysia (Cheras, Malaysia) in ventilated 
plastic cages under standard condition (25±2°C, 14/10 
hours dark/light cycle). The rats were given access to tap 
water and standard rat chow (Product No: 702P, Goldcoin 
Feedmills, Klang, Malaysia) ad libitum throughout the 
study period. The rats were randomised into three groups 
(n=6/group) after acclimatised for one week. Two groups 
(negative control and triple therapy group) were inoculated 
with H.pylori suspension (10⁸ CFU/mL) via oral gavage 
twice a day at an interval of four hours for seven conse-
cutive days,13 and the rats were left for four weeks for 
gastric ulcer formation. Then, one of the infected groups 
was treated orally with triple therapy regimen consisting of 
omeprazole [2.035 mg/kg body weight (bw)], amoxicillin 
(102.80 mg/kg bw) and clarithromycin (51.37 mg/kg bw) 
for 14 days. The rest of the groups received distilled water 
to mimic stress due to oral gavage (Table 1).

Table 1 Treatment Regimens of the Rats

Group Treatment

Normal control Distilled water; oral gavage
Negative control Distilled water; oral gavage

Triple therapy Omeprazole (2.035 mg/kg b.w), amoxicillin (102.80 mg/kg b.w), clarithromycin (51.37 mg/kg b.w); oral gavage
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The rats were weighed weekly using a digital balance. 
They were euthanised after 14 days of treatment using 
ketamine/xylazine overdose. Their femoral bones were 
harvested for analysis. The bones were cleaned of soft 
tissues and weighted. A digital calliper was used to mea-
sure the length and diameter of the femurs. The stomach of 
the rats was processed into paraffinised histological slides 
and stained with haematoxylin and eosin (H&E) to 

determine the absence/presence of gastric lesions, and 
Giemsa to determine the absence/presence of H.pylori. 
This study was performed in accordance with the 
Principles and Guidelines for Ethical Use of Laboratory 
Animals, Universiti Kebangsaan Malaysia, Malaysian 
Code of Practice for the Care and Use of Animals for 
Scientific Purpose (2015), and Malaysian Animal Welfare 
Act (Act 772). The protocol of this study was reviewed 

Figure 2 Photomicrographs of the gastric mucosa of the rats. The haematoxylin and eosin stained micrographs of the negative control group show gastric mucosa lesion 
(red arrow), while the gastric mucosa is intact for the normal control and triple therapy group. The Giemsa stained micrographs of the negative control group show spiral 
bacilli in the mucosa layer (black arrows).

Figure 1 Comparison of the body weight between groups across the study period. 
Notes: *Indicates a significant difference between the negative control and triple therapy group (p<0.05). All groups show a significant increase in body weight with time 
(p<0.05) so the significance is not marked. 
Abbreviations: Normal, normal control; Negative, negative control; Triple; triple therapy group.
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and approved by Universiti Kebangsaan Malaysia Animal 
Ethics Committee (approval code: FAR/PP/2016/ISA/28- 
SEPT./798-JAN.-2017-DEC.-2018).

Bone Densitometry
The left femurs of the rats were scanned at high resolution 
using dual-energy X-ray absorptiometry (Hologic 
Discovery QDR Wi densitometer, Hologic, MA, USA) to 
evaluate bone mineral content (BMC) and bone mineral 
density (BMD). All DXA scans were analysed using the 
manufacturer’s software (Hologic QDR-1000 System). 
The short-term in vivo coefficient of error of the machine 
is 1.4%.14

Bone Mechanical Strength Test
Three points bending test was performed on the femur to 
measure its mechanical strength. The test was conducted 
with a precision universal tester (Autograph AG-10kNG; 
Shimadzu, Kyoto, Japan) and Trapezium X material test-
ing operation software. The femurs were supported by 
rounded edge-free notches with a 10 mm gap in between. 
A blunt-end aluminium roller stamp was lowered gradu-
ally (5 mm/min) until the strength of 1 N was achieved. 
The test was halted automatically when a loss of force >20 
N or a linear change of 2 mm was detected. The 
Trapezium X software received the data and analysed the 
load (N), displacement (mm), stiffness (N/mm), stress (N/ 
mm2), strain (%) and Young modulus (N/mm2).

Statistical Analysis
Shapiro–Wilk test was used to determine the normality of 
data. Comparison of body weight adopted a time × treat-
ment design, thus was interpreted using mixed-design 
analysis of variance (ANOVA) with small effect analysis. 
Normally distributed parameters which involved end-point 
measurement were analysed using one-way ANOVA with 
post hoc pairwise comparison (Tukey’s or Dunnett T3). 
Data with skewed distribution were analysed using 
Kruskal Wallis test and Bonferroni test for pairwise ana-
lysis. All data were displayed as mean ± standard error of 
the mean. A p-value <0.05 was considered as statistically 
significant. Statistical analysis was conducted using 
Statistical Package for Social Sciences version 26 (IBM, 
Armonk, USA).

Results
There was a time effect on body weight (p<0.001) but the 
interaction between time and treatment was not significant 

(p=0.572). All groups experienced a significant increase in 
body weight with time (p<0.05). However, there was no 
significant difference in body weight among the groups at 
all time points (p>0.05) except during week 5 of the experi-
ment, in which the body weight of the negative control group 
was lower than the triple therapy group (p=0.032) (Figure 1).

H. pylori infection for 4 weeks caused lesions on the 
gastric mucosa. Triple therapy eradicated the bacteria and 
preserved gastric mucosa integrity in infected rats. The 
H&E and Giemsa stained photomicrographs are presented 
in Figure 2.

The physical indices of femoral bone are depicted in 
Figure 3. The femoral weight of triple therapy group was 
significantly higher than the normal group and negative 
control group (p=0.016). Besides, the femoral area was 
significantly lower in the negative control group compared 
to the normal control group (p=0.01). Femoral length 
(p=0.006), area (p=0.002) and diameter (p=0.005) were 
significantly higher in the triple therapy group compared 
to the negative control group. No significant difference in 
femoral bone mineral density was detected among the 
study groups (p>0.05). However, BMC of the negative 
control group was significantly lower than the triple ther-
apy group (p=0.014) (Figure 4).

No significant difference was observed in force, strain 
and stiffness among the study groups. However, the triple 
therapy group exhibited significantly lower strain 
(p=0.002) and displacement (p=0.005) than the normal 
group in displacement. The displacement of the triple 
therapy group was also lower compared to the negative 
control group (p=0.004) (Figure 5).

Discussion
The present study demonstrated that H. pylori infection 
did not affect bone mineral density/content and mechanical 
strength but significantly decreased femoral bone area 
compared to the normal control group. Triple therapy 
increased femoral weight, length, diameter and BMC, but 
reduced strain and displacement significantly compared to 
the negative control group.

Epidemiological studies on the relationship between 
H. pylori infection and osteoporosis have yielded heteroge-
neous findings so far, whereby positive15,16 and negligible 
associations17,18 have been reported. A recent meta-analysis 
showed that H. pylori infection was associated with osteo-
porosis [odds ratio (95% confidence interval): 1.39 (1.13–-
1.71)] but not significantly with BMD at the hip, lumbar and 
femur.4 The inflammatory and immune reactions due to 
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H. pylori infection are proposed as the mechanism altering 
bone turnover and resulting in osteoporosis.18 In our study, 
H. pylori infection did not significantly affect femoral bone 
mineral density/content and strength except the femoral bone 
area. This finding might be due to the short period of 
infection.

Our study showed that two-week triple therapy 
increased BMC but not BMD compared to the negative 

control group. Since areal BMD is the mineral content in 
a given area of bone while BMC is the unadjusted mineral 
content,19 the significant difference observed might be 
related to the reduced femoral area observed in the nega-
tive control. The observation might not have significant 
biological importance since the mineral content per area 
did not significantly differ between groups. However, tri-
ple therapy significantly reduced displacement and strain 

Figure 3 Femoral weight (A), length (B), area (C) and (D) diameter of the rats in different groups. 
Notes: aIndicates a significant difference compared to the normal control; bIndicates a significant difference compared to the negative control group. 
Abbreviations: Normal, normal control; Negative, negative control; Triple; triple therapy group.

Figure 4 Bone mineral density (A) and bone mineral content (B) of the ex-vivo samples. 
Notes: bIndicates a significant difference compared to the negative control group. 
Abbreviations: Normal, normal control; Negative, negative control; Triple; triple therapy group.
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of bone compared to the negative control. Changes in 
these two parameters reflect reduced ductility or the ability 
of the bone to deform to prevent fracture.20 Therefore, 
short-term triple therapy might predispose bone fracture.

There is no evidence associating the use of amoxicillin 
or clarithromycin with bone health so far. On the other 
hand, omeprazole is a stomach acid suppressor used to 
prevent stomach ulcer caused by H. pylori infection.6 PPIs 
have been reported to induce bone loss through two main 
mechanisms, namely hypergastrinemia and 
hypochlorhydria.7 The irreversible binding of PPI to H+/ 
K+-ATPase of parietal cells reduces hydrogen ions and 
increases gastric pH.21 This event reduces somatostatin 
secretion from D-cells and increases gastrin secretion 
from G-cells, which in turn, stimulates hypersecretion of 
histamine from enterochromaffin-like cells.22 The 

increased circulating histamine stimulates differentiation 
of osteoclast precursors and bone resorption activity.23 

Hypochlorhydria (reduced stomach acid) can reduce the 
intestinal absorption of minerals essential for bone health, 
like calcium. This event will trigger the secretion of para-
thyroid hormone to mobilise calcium storage in the bone 
through the resorption process,24,25 subsequently causing 
bone loss and increased fracture risk.26

Considering all evidence together, we suggest that 
short-term triple therapy containing PPI might reduce 
bone strength without altering BMD. Since bone strength 
is determined by factors beyond bone mass, such as bone 
microarchitecture/geometry,27 properties of organic matrix 
and mineral crystal, an in-depth investigation into the 
skeletal actions of PPI on these factors is warranted. 
Human cross-sectional studies demonstrated that chronic 

Figure 5 Bone mechanical strength indices of the rats investigated using the three-point-bending test, which derives force (A), strain (B), stress (C), Young’s modulus (D), 
displacement (E), stiffness (F). 
Notes: aIndicates a significant difference compared to the normal control; bIndicates a significant difference compared to the negative control group. 
Abbreviations: Normal, normal control; Negative, negative control; Triple; triple therapy group.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2020:14 5364

Ekeuku et al                                                                                                                                                          Dovepress

http://www.dovepress.com
http://www.dovepress.com


PPI use was associated with reduced trabecular BMD but 
not other bone geometry indices.28 A clinical trial showed 
that 8-week pantoprazole treatment increased deoxypyri-
dinoline urine level associated with osteoclast activity in 
the subjects.29 In preclinical studies, PPI could decrease 
collagen production in lung and liver, but no studies have 
been conducted on bone.30

Several limitations were identified in our study. The 
primary aim of the study is to establish a rat model of 
H. pylori-induced gastric ulcer. Thus, the period of 
H. pylori infection and triple therapy treatment was not 
optimised to produce skeletal effects. Prolonging the infec-
tion or triple therapy might result in more severe bone 
changes. Characterisation of the cellular and molecular 
changes of the bone induced by H.plylori infection and 
triple therapy was not performed. These aspects would be 
explored in future studies. The photomicrographs show 
evidence of mucosal exfoliation resulted from tissue pro-
cessing, so the readers should interpret the images with 
cautions.

Conclusion
Short-term H. pylori infection did not alter bone health 
significantly, but a two-week course of triple therapy con-
sisting of clarithromycin, amoxicillin and omeprazole low-
ers bone ductability without affecting the femoral BMD in 
the rats. Cellular and mechanistic changes of the bone 
need to be characterised to understand the effects of triple 
therapy on bone health. In line with our observation, 
patients on short-term triple therapy containing PPI should 
consider prophylaxis such as calcium and vitamin 
D supplements to protect bone health.
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