
Proton pump (H+/K+-ATPase) inhibitors
weaken the protective effect of alendronate
on bone mechanical properties
in estrogen-deficient rats

Maria Pytlik, Urszula Cegie³a, Joanna Folwarczna, Barbara Nowiñska

Departament of Pharmacology, Medical University of Silesia, Katowice, Jagielloñska 4, PL 41-200 Sosnowiec,

Poland

Correspondence: Maria Pytlik, e-mail: mariapytlik@gmail.com

Abstract:

Background: Alendronate can induce esophagitis and stomach ulceration requiring the concurrent use of drugs which decrease HCl
production. The aim of the present study was to investigate the effect of concurrent administration of proton pump inhibitors, ome-
prazole or pantoprazole, and alendronate on the mechanical properties of long bones in bilaterally ovariectomized (OVX) rats.
Methods: The experiments were carried out on 3-month-old Wistar rats, divided into following groups: non-ovariectomized control
rats, OVX control rats, OVX rats administered omeprazole or pantoprazole, OVX rats administered alendronate, OVX rats adminis-
tered alendronate and omeprazole or pantoprazole. The drugs were administered to the rats for 28 days: alendronate at a dose of 3 mg/kg
po, omeprazole or pantoprazole at a dose of 3 mg/kg ip. Mechanical properties of tibial metaphysis, femoral diaphysis and femoral neck
were assessed. Bone macrometric parameters, mass and mass of bone mineral were also examined in the tibia and femur.
Results: Estrogen deficiency caused development of osteopenia with significant worsening of bone mechanical properties. Alen-
dronate counteracted the deleterious changes in bone mechanical properties of the tibial metaphysis and femoral neck induced by es-
trogen deficiency. Pantoprazole worsened mechanical properties of the tibia in estrogen-deficient rats. Omeprazole or pantoprazole
administered concurrently with alendronate attenuated the effect of alendronate on mechanical properties of the tibial metaphysis
and femoral neck in ovariectomized rats. The unfavorable effect of pantoprazole was stronger than that of omeprazole.
Conclusion: Proton pump inhibitors weakened the protective effect of alendronate on bone mechanical properties in estrogen-
deficient rats.
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Introduction

Alendronate, an antiresorptive drug used in post-
menopausal osteoporosis, can induce esophagitis and
stomach ulceration requiring the concurrent use of drugs
which decrease hydrochloric acid production in the
stomach. Inhibitors of proton pump (H+/K+-ATPase),

an enzyme responsible for the potassium ion transport
to the inside of the parietal cell and secretion of hy-
drogen ions to the stomach lumen, are drugs which
powerfully and long-term inhibit the production of
hydrochloric acid by the parietal cells [11]. Omepra-
zole and pantoprazole are representatives of proton
pump inhibitors. Their effect on V-ATPase, a proton
pump (H+-ATPase) in osteoclasts, controlling intra-
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cellular and extracellular pH, extremely important for
bone resorption processes [39], is not well recog-
nized. Until now, the reports on effects of H+/ K+-
ATPase inhibitors on the skeletal system have been
contradictory [3, 15, 19, 28, 29, 32, 38, 40]. However,
there is growing evidence that administration of pro-
ton pump inhibitors may unfavorably affect the skele-
tal system in humans [6, 18].

The aim of the present study was to investigate the
effect of concurrent administration of omeprazole or
pantoprazole and alendronate on mechanical proper-
ties of long bones in estrogen-deficient rats. Estrogen
deficiency was induced by bilateral ovariectomy. In
the model of bilaterally ovariectomized (OVX) rats,
the increase in bone remodeling rate occurs, with an
inadequate bone formation response to the increased
bone resorption, as it is observed in postmenopausal
osteoporosis [7, 12, 13, 17, 35–37]. We were inter-
ested whether administration of proton pump inhibi-
tors would affect the antiosteoporotic effect of alen-
dronate in ovariectomized rats.

Methods

The study was carried out with consent of the Local
Ethics Commission in Katowice, on 60 3-month-old
female Wistar rats of initial body mass 210–240 g. In
50 rats, bilateral ovariectomy with access to the ova-
ries from the dorsal side was performed, in general
anesthesia induced by intraperitoneal (ip) injections
of ketamine – Bioketan (Vetoquinol Biowet) with
xylazine – Rometar (Spofa). After 7 days, the rats
were divided into 7 groups (n = 8–10): non-ovariecto-
mized (NOVX) control rats, ovariectomized (OVX)
control rats, ovariectomized rats receiving: alendronate
(OVX + A), omeprazole (OVX + O), omeprazole and
alendronate (OVX + O + A), pantoprazole (OVX + P)
and pantoprazole and alendronate (OVX + P + A).
Omeprazole – Helicid 40 (Zentiva), pantoprazole –
Controloc (Altana Pharma AG) and alendronate so-
dium, substance (Polpharma S.A.) were used in the
study. Alendronate sodium was administered at a dose
of 3 mg/kg by a gastric tube (po) in morning hours,
whereas omeprazole or pantoprazole (3 mg/kg ip) in
afternoon hours, for 28 days. The next day after the
last drug administration, the animals were killed by
cardiac exsanguination, in full ketamine-xylazine an-
esthesia. From the sacrificed animals, internal organs

(the uterus and thymus) and the left and right tibia and
left and right femur were isolated. Immediately after
isolation, the organs were weighed (with 0.1 mg
accuracy). The length and diameter of left bones were
measured with a caliper (with 0.01 mm accuracy).

Mechanical properties of the left femoral diaphy-
sis, left tibial metaphysis and the neck of the right fe-
mur were assessed using Instron 3342 500N apparatus
with Bluehill 2 version 2.14 software. Mechanical
properties of the left femoral diaphysis and left tibial
metaphysis were studied using bending tests with
three-point loading, as previously described [5, 27,
30]. The load was applied perpendicularly to the long
axis of the femur in the mid-length of the bone (dis-
tance between the supporting points: 20 mm) or to the
proximal tibial metaphysis. The displacement rate was
0.01 mm/s. The load-displacement curves, obtained for
each bone, representing the relationships between load
applied to the bone and displacement in response to the
load, were analyzed, and maximum load and displace-
ment for the maximum load as well as fracture load
and displacement for the fracture load were assessed.

Mechanical properties of the femoral neck were
studied using a compression test [5, 21]. The load was
applied to the head of the femur along the long axis of
the femur (displacement rate of 0.01 mm/s) and the
load causing the fracture of the femoral neck (maxi-
mum load) was determined.

To determine the mass of bone mineral (ash), the
left femurs, proximal tibial epiphyses and tibias with-
out proximal epiphyses were mineralized at the tem-
perature of 640°C for 48 h in the muffle furnace and
weighed. The ratio of the mass of bone mineral to the
bone mass was also determined.

The results are presented as arithmetical means
± SEM. Statistical estimation was carried out based
on the analysis of variance (Statistica 7 software).
After confirmation of statistically significant differ-
ences in ANOVA (p < 0.05), further analysis was car-
ried out by means of Duncan’s post-hoc test. In case
of the lack of homogeneity of variance (Levene’s
test), nonparametric tests were used: Kruskal-Wallis
ANOVA and Mann-Whitney U test.

Differences between the groups: NOVX and OVX;
OVX and OVX + A, OVX + O, OVX + O + A, OVX
+ P, OVX + P + A as well as differences between the
groups: OVX + O + A and OVX + O or OVX + A,
and OVX + P + A and OVX + P or OVX + A were es-
timated. The differences were regarded as statistically
significant with p < 0.05.
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Results

Body mass gain and the uterus and thymus mass

In the ovariectomized (OVX) control rats, a statisti-
cally significant increase in the body mass gain (by
187.7%), a decrease in the uterus mass (by 74.5%),
and an increase in the thymus mass (by 80.1%), in
relation to the non-ovariectomized (NOVX) control
rats, were demonstrated (Tab. 1). Those changes,
indicating estrogen deficiency, confirmed the correct-
ness of the bilateral ovariectomy surgery. Omeprazole

and pantoprazole did not affect the effect of estrogen
deficiency on those parameters.

Bone mass

Estrogen deficiency in the OVX control rats caused
statistically significant decreases in the mass of the fe-
mur (by 9.7%) and of the tibia without the proximal
epiphysis (by 6.5%), in relation to the NOVX control
rats (Tab. 2). Omeprazole and pantoprazole intensi-
fied the effect of estrogen deficiency on the femoral
bone mass, and a statistically significant decrease (by
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Tab. 1. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on body mass gain, and the mass of the
uterus and thymus

Group Body mass gain after 28 days (g) Uterus mass (mg) Thymus mass (mg)

NOVX 14.60 ± 1.28 345.30 ± 22.73 284.96 ± 9.35

OVX 42.00 ± 2.92*** 88.12 ± 4.22*** 521.76 ± 25.75***

OVX + O 44.00 ± 4.68 106.78 ± 13.21 543.68 ± 29.37

OVX + P 45.38 ± 3.59 85.45 ± 4.51 533.05 ± 25.09

OVX + A 43.38 ± 2.60 89.03 ± 3.82 511.49 ± 22.93

OVX + O + A 38.86 ± 1.90 76.14 ± 6.03 491.24 ± 18.90

OVX + P + A 33.29 ± 4.70 94.18 ± 9.68 454.09 ± 28.66

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: *** p < 0.001

Tab. 2. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on the bone mass

Group Bone mass (mg)

Femur Proximal epiphysis of the tibia Tibia without the proximal epiphysis

NOVX 763.55 ± 15.67 88.92 ± 6.46 431.70 ± 12.38

OVX 689.57 ± 9.09*** 87.84 ± 2.90 403.61 ± 4.66*

OVX + O 681.10 ± 11.61 78.84 ± 5.10 385.97 ± 8.31

OVX + P 674.03 ± 9.57 87.38 ±1.90 389.63 ± 7.26

OVX + A 676.04 ± 11.58 88.14 ± 1.91 399.58 ± 7.56

OVX + O + A 667.53 ± 6.67o 81.09 ± 1.83 393.89 ± 5.77

OVX + P + A 676.34 ± 9.96 83.59 ± 2.21 394.77 ± 9.55

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: * p < 0.05, *** p < 0.001. Significantly different from the OVX control
rats: o p < 0.05



3.2%) in relation to the OVX control rats was ob-
served in the rats treated concurrently with omepra-
zole and alendronate.

Bone mineral mass

Estrogen deficiency in the OVX control rats caused
statistically significant decreases, in comparison with
the NOVX control rats, in the mass of bone mineral of
the femur (by 15.4%), tibial epiphysis (by 19.8%) and
tibia deprived of proximal epiphysis (by 14.3%), as
well as in the ratios of the mass of bone mineral of
those bones to the bone mass, respectively, by 6.2,
22.7 and 8.9% (Tab. 3). The administration of panto-
prazole and omeprazole augmented the effect of es-
trogen deficiency on bone mineral mass. Omeprazole,
in relation to the OVX control rats, significantly de-
creased the mass of bone mineral in the tibia deprived
of proximal epiphysis (by 4.7%) and the ratio of the
mass of bone mineral to bone mass in the femur (by

3.4%), and pantoprazole decreased those parameters
by 6.3 and 4.1%, respectively.

Alendronate increased the mass of bone mineral in
relation to the OVX control rats; the results were sta-
tistically significant for the ratio of bone mineral mass
to bone mass in the tibia without proximal epiphysis
(by 4.7%). Omeprazole did not affect the alendronate
effect. In the rats treated with omeprazole and alen-
dronate, bone mineral mass was significantly bigger
(by 7.0%) in the tibia deprived of proximal epiphysis,
and the ratio of bone mineral mass to bone mass – by
4.2% in the femur and by 5.0% in the tibia without
proximal epiphysis, in comparison with the rats re-
ceiving omeprazole alone. Pantoprazole weakened the
effect of alendronate on the mass of mineral sub-
stances. In the rats receiving pantoprazole and alen-
dronate, bone mineral mass was usually greater than
in the rats receiving pantoprazole alone, significantly
in the tibia without proximal epiphysis (by 9.6%), and
the ratio of bone mineral mass to bone mass was
greater by 9.3% in tibial epiphysis and by 6.9% in the
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Tab. 3. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on the mass of bone mineral

Group Mass of bone mineral

Femur Proximal epiphysis of the tibia Tibia without the proximal epiphysis

(mg) (mg/100 mg bone
mass)

(mg) (mg/100 mg bone
mass)

(mg) (mg/100 mg bone
mass)

NOVX 342.14
± 8.59

44.78
± 0.37

32.81
± 0.70

39.07
± 4.02

214.09
± 4.12

49.41
± 1.16

OVX 289.60

± 3.54***

42.01
± 0.29***

26.32
± 1.09***

30.19
± 1.40**

183.43
± 2.00***

45.46
± 0.25***

OVX + O 276.20
± 3.83

40.59
± 0.52o

25.40
± 0.47

33.63

± 3.26

174.80
± 2.47o

45.24
± 0.62

OVX + P 271.53
± 3.49

40.31
± 0.45oo

26.26
± 0.42

29.67
± 0.68

171.95
± 2.10ooo

44.20
± 0.63

OVX + A 292.04
± 6.37

43.19
± 0.48

27.99
± 0.26

32.60
± 0.76

190.28
± 4.39

47.60
± 0.45ooo

OVX + O + A 282.34
± 5.27

42.28
± 0.47mm 26.17

± 0.54

32.31
± 0.50

187.09
± 3.59m

47.49
± 0.48ooo, m

OVX + P + A 282.94
± 5.76

41.82
± 0.50a, pp

27.10
± 0.46

32.50
± 0.60p

188.39
± 2.64pp

47.24
± 0.32oo, pp

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: ** p < 0.01, *** p < 0.001. Significantly different from the OVX control
rats: o p < 0.05, oo p < 0.01; ooo p < 0.001. Significantly different from the ovariectomized rats treated with omeprazole: m p < 0.05, mm p < 0.01.
Significantly different from the ovariectomized rats treated with pantoprazole: p p < 0.05, pp p < 0.01. Significantly different from the ovariecto-
mized rats treated with alendronate: a p < 0.05



remaining part of the tibia. However, although in the
femur the ratio was significantly greater (by 3.8%)
than in the rats treated with pantoprazole alone, it was
also significantly smaller than in the rats treated with
alendronate alone (by 3.2%).

Macrometric parameters

Estrogen deficiency led to the significantly decreased
femoral bone diameter (by 3.9%, Tab. 4). Omeprazole
and pantoprazole did not affect the macrometric pa-
rameters of the long bones.

Mechanical properties of the femoral diaphysis

Estrogen deficiency caused a significant decrease of
the maximum load sustained by the bone and the frac-
ture load in the OVX control rats in comparison with
the NOVX control rats (by 9.5% and 13.3%, respec-
tively, Tab. 5). The displacement for the maximum
and fracture loads was greater by 16.5 and 20.7%, re-
spectively. Omeprazole and pantoprazole did not sig-
nificantly affect the mechanical properties of the
OVX rats.

Alendronate did not significantly improve the me-
chanical properties of the femoral diaphysis in the

estrogen-deficient rats. In the rats receiving omepra-
zole and alendronate, the displacement for the fracture
load was significantly lower than in the rats receiving
omeprazole alone (by 18.3%), and in the rats given
pantoprazole and alendronate, the displacement for
the maximum load was significantly lower than in the
rats receiving pantoprazole alone (by 14.9%).

Mechanical properties of the femoral neck

In the OVX control rats, estrogen deficiency led to a
statistically significant decrease (by 20.2%) of the
load causing the fracture of the femoral neck in com-
parison with the NOVX control rats (Tab. 5). Admin-
istration of omeprazole and pantoprazole did not af-
fect the load breaking the femoral neck in OVX rats.

Alendronate attenuated the effects of estrogen defi-
ciency, significantly increasing, by 24.6%, the load
causing the fracture of the femoral neck in compari-
son with the OVX control rats. Omeprazole and pan-
toprazole counteracted the protective effect of alen-
dronate. The load causing the fracture of the femoral
neck in the rats treated with omeprazole and alen-
dronate was lower by 17.7%, and in the rats treated
with pantoprazole and alendronate by 21.0%, than in
the OVX rats receiving alendronate alone.
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Tab. 4. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on bone macrometric parameters

Group

Bone length (mm) Bone diameter (mm)

Femur Tibia Femur Tibia

NOVX 34.78 ± 0.21 38.73 ± 0.22 3.28 ± 0.04 2.62 ± 0.03

OVX 34.30 ± 0.20 38.14 ± 0.16 3.15 ± 0.03* 2.54 ± 0.02

OVX + O 34.44 ± 0.15 38.23 ± 0.13 3.14 ± 0.03 2.54 ± 0.03

OVX + P 34.08 ± 0.11 38.19 ± 0.13 3.19 ± 0.05 2.54 ± 0.04

OVX + A 33.88 ± 0.17 37.69 ± 0.18 3.14 ± 0.04 2.52 ± 0.04

OVX + O + A 34.72 ± 0.65 38.15 ± 0.11 3.12 ± 0.02 2.50 ± 0.02

OVX + P + A 33.89 ± 0.17 37.69 ± 0.17 3.16 ± 0.02 2.57 ± 0.03

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: * p < 0.05



Mechanical properties of the tibial metaphysis

Estrogen deficiency significantly decreased the maxi-
mum load sustained by the bone and the fracture load
in the OVX control rats in relation to the NOVX con-
trol rats (by 44.5% and 47.1%, respectively, Tab. 6).
Omeprazole did not significantly change the mechani-
cal properties of the tibial metaphysis of the ovariec-
tomized rats, whereas pantoprazole intensified the ef-
fect of estrogen deficiency, inducing, in relation to the
OVX control rats, a significant decrease (by 14.1%)
of the maximum load sustained by the metaphysis and
an increase (by 17.0%) of the displacement for the
fracture load.

Alendronate counteracted the effect of estrogen de-
ficiency, inducing an increase (by 36.6%) in the maxi-
mum load and a decrease (by 18.5%) in the displace-
ment for the fracture load. Omeprazole and pantopra-
zole attenuated the effect of alendronate. In
comparison with the rats treated with alendronate
alone, the rats receiving also the proton pump inhibi-
tors had decreased the maximum load sustained by
the tibial metaphysis. Pantoprazole decreased it sig-
nificantly (by 18.6%), the effect of omeprazole was
statistically insignificant (a decrease by 11.1%). How-
ever, the rats receiving omeprazole and alendronate
had decreased displacement for the fracture load (by
18.9%) in relation to the rats treated with omeprazole
alone. The rats receiving pantoprazole and alendronate

had increased maximum load (by 29.1%), as well as
decreased displacement for the maximum load (by
23.6%) and for the fracture load (by 33.3%) in rela-
tion to the rats treated with pantoprazole alone.

Discussion

In the present study on the effects of proton pump in-
hibitors and alendronate on the rat skeletal system,
mechanical properties of both compact (femoral dia-
physis) and cancellous bone (tibial metaphysis) were
assessed, using bending tests with three-point loading.
Moreover, endurance of the femoral neck (containing
both types of bone, with the domination of cancellous
bone) was studied in a compression test.

The effects of the drugs were studied on estrogen-
deficient (bilaterally ovariectomized) rats. After 35
days of the surgery, significant decreases in the bone
mass, bone mineral mass and the ratio of bone min-
eral mass to bone mass were demonstrated in com-
parison with the non-ovariectomized control rats,
which may indicate increased bone resorption. Bone
mass and histomorphometric changes [20] led to sig-
nificant worsening of the mechanical properties of
both cancellous and compact bone. The results indi-
cate development of osteoporosis due to estrogen de-
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Tab. 5. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on mechanical properties of the femur

Group Femoral diaphysis Load causing
fracture of the femoral

neck (N)Maximum load (N) Displacement
for maximum load (mm)

Fracture
load (N)

Displacement
for fracture load (mm)

NOVX 96.02 ± 3.57 0.55 ± 0.02 95.82 ± 3.60 0.57 ± 0.03 96.34 ± 3.26

OVX 86.89 ± 1.50* 0.64 ± 0.03* 83.09 ± 3.88* 0.69 ± 0.03* 76.88 ± 1.77**

OVX + O 84.87 ± 1.62 0.63 ± 0.03 78.07 ± 0.03 0.74 ± 0.03 75.47 ± 1.59

OVX + P 82.83 ± 2.12 0.68 ± 0.03 81.11 ± 1.60 0.70 ± 0.03 75.92 ± 2.31

OVX + A 87.93 ± 2.61 0.59 ± 0.02 85.35 ± 3.73 0.62 ± 0.03 95.76 ± 6.82oo

OVX + O + A 85.05 ± 1.97 0.60 ± 0.03 84.88 ± 1.90 0.61 ± 0.03mm 78.83 ± 2.88aa

OVX + P + A 86.54 ± 1.94 0.58 ± 0.02p 81.06 ± 4.23 0.62 ± 0.04 75.68 ± 2.45aa

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: * p < 0.05, ** p < 0.01. Significantly different from the OVX control
rats: oo p < 0.01. Significantly different from the ovariectomized rats treated with omeprazole: mm p < 0.01. Significantly different from the
ovariectomized rats treated with pantoprazole: p p < 0.05. Significantly different from rats treated with alendronate: aa p < 0.01



ficiency, consistently with previous reports [7, 12, 13,
35–37].

Proton pump inhibitors, omeprazole and pantopra-
zole, in the present study, were administered to the bi-
laterally ovariectomized rats at a dose of 3 mg/kg/day,
ip. That dose was chosen based on the most often
used 24-h dose (20–40 mg) in the treatment of peptic
ulcer disease in humans, taking into account the com-
monly used 10× conversion factor resulting from
faster metabolism in rats.

The results of the bone mechanical studies demon-
strated that proton pump inhibitors induced the wors-
ening of the mechanical properties of tibial meta-
physis in the ovariectomized rats. The effects of pan-
toprazole were statistically significant. The proximal
tibial metaphysis is built mainly of cancellous bone,
which is characterized by high remodeling rate. In the
femoral diaphysis, built of compact bone, as well as in
the femoral neck, no deleterious effect of the proton
pump inhibitors on the mechanical parameters was
observed in relation to the ovariectomized control
rats. Nevertheless, the drugs significantly worsened
the mineralization of the long bones, decreasing the
ratio of bone mineral mass to bone mass, which indi-
cates the augmentation of the deleterious effect of es-
trogen deficiency. Moreover, histomorphometric
measurements demonstrated the increase in bone re-
sorption induced by the drugs [20].

The unfavorable effects of pantoprazole and ome-
prazole on bone mineralization and mechanical prop-
erties, demonstrated in the present study, indicate that
inhibitors of proton pump (H+/K+-ATPase) in the
stomach probably do not inhibit the vacuolar proton
pump (V-ATPase) in the ruffled border of osteoclasts.
On the contrary, previous in vitro studies demon-
strated the inhibition of osteoclast resorption activity
by H+/K+-ATPase inhibitors [9, 31]. Also a clinical
study indicated a decrease of bone resorption in adult
patients after administration of omeprazole [19]. The
lack of inhibitory effect of omeprazole and pantopra-
zole on bone resorption in the present study may be
explained by the possible lack of their conversion into
active metabolites in the resorption cavity environ-
ment. Omeprazole or pantoprazole protonation into
active metabolites in the tubules of stomach parietal
cells occurs in pH approx. 1.0 [25, 26], whereas pH in
the environment of osteoclast resorption cavity is
4.5–6.0 [2].

Results of the present study concerning bone me-
chanical properties are consistent with clinical obser-
vations indicating that therapy with proton pump in-
hibitors increases the risk of hip fracture [8, 38] or
other fracture [8]. In hemodialysed patients who were
administered omeprazole, a decrease of bone mineral
density was demonstrated [14]. In young rats, long-
term omeprazole treatment suppressed body mass
gain and bone mineralization [3]. It was suggested
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Tab. 6. Effect of omeprazole (3 mg/kg ip) or pantoprazole (3 mg/kg ip) and alendronate (3 mg/kg po) on mechanical properties of the tibial
metaphysis

Group Maximum load (N) Displacement
for maximum load (mm)

Fracture
load (N)

Displacement
for fracture load (mm)

NOVX 121.77 ± 8.28 1.01 ± 0.08 95.24 ± 6.13 1.28 ± 0.07

OVX 67.59 ± 3.29*** 0.82 ± 0.05 50.38 ± 3.64*** 1.36 ± 0.08

OVX + O 66.43 ± 4,01 0.98 ± 0.07 46.54 ± 4.15 1.49 ± 0.07

OVX + P 58.08 ± 2.20o 0.93 ± 0.06 44.03 ± 3.06 1.59 ± 0.11o

OVX + A 92.31 ± 6.38oo 0.80 ± 0.04 61.01 ± 4.24 1.11 ± 0.05o

OVX + O + A 82.03 ± 7.44 0.78 ± 0.06 60.00 ± 7.88 1.21 ± 0.06m

OVX + P + A 75.00 ± 2.53aa, pp 0.71 ± 0.08p 57.73 ± 4.10 1.06 ± 0.05o, ppp

NOVX – non-ovariectomized control rats, OVX – ovariectomized control rats, OVX + O – ovariectomized rats receiving omeprazole, OVX + P –
ovariectomized rats receiving pantoprazole, OVX + A – ovariectomized rats receiving alendronate, OVX + O + A – ovariectomized rats receiv-
ing omeprazole and alendronate, OVX + P + A – ovariectomized rats receiving pantoprazole and alendronate. Results are presented as the
means ± SEM (n = 8–10). Significantly different from the NOVX control rats: *** p < 0.001. Significantly different from the OVX control rats: o p <
0.05, oo p < 0.01. Significantly different from the ovariectomized rats treated with omeprazole: m p < 0.05. Significantly different from the
ovariectomized rats treated with pantoprazole: p p < 0.05, pp p < 0.01, ppp p < 0.001. Significantly different from the ovariectomized rats treated
with alendronate: aa p < 0.01



that the increase in the fracture risk after proton pump
inhibitors may be the result of a decreased intestinal
calcium absorption, disorder of calcium homeostasis
and an increased bone loss [28, 33]. However, recent
reports have not confirmed the effect of proton pump
inhibitors on calcium absorption [10, 34], moreover,
there are also data on the lack of the association be-
tween the use of proton pump inhibitors and the pres-
ence of osteoporosis and accelerated bone mineral
density loss [28]. Results of the present study indicate
that prolonged pantoprazole or omeprazole therapy
may intensify the development of osteoporosis in-
duced by estrogen deficiency and increase fracture risk.

In the present study, alendronate, a nitrogen con-
taining bisphosphonate, counteracted the weakening
of mechanical endurance of the tibial metaphysis and
femoral neck of the ovariectomized rats. The preven-
tive effect of alendronate was characterized also by
an increase in the ratio of bone mineral mass to bone
mass. Molecular mechanism of alendronate effect on
the skeletal system is complex. Apart from the main
mechanism – the inhibition of pharnesyl pyrophos-
phate synthase activity in the mevalonate pathway,
leading to the loss of osteoclast resorptive properties
[22, 23], it also may inhibit (however with very low
potency) the activity of V-ATPase in the osteoclast
ruffled border [4]. Very important is the fact that
bisphoshonates target bone due to their ability to bind
calcium of hydroxyapatite. During bone resorption,
bisphosphonates are released from the bone mineral
in the acidic environment under the osteoclasts. The
bisphosphonates are then transported to osteoclasts
via endocytosis, and exert their acticity [24].

The primary aim of the present study was to inves-
tigate the interaction between alendronate and ome-
prazole or pantoprazole. Our results indicate that pro-
ton pump inhibitors administered concurrently with
alendronate attenuated the antiosteoporotic effect of
alendronate on the mechanical properties of the tibial
metaphysis (pantoprazole) and the femoral neck
(omeprazole and pantoprazole) in estrogen-deficient
rats. The effect of pantoprazole was stronger than that
of omeprazole. Pantoprazole also significantly de-
creased bone mineralization in the alendronate treated
ovariectomized rats, decreasing the ratio of the mass
of bone mineral to bone mass in the femur.

Results of the present study have been recently
confirmed by a report of Abrahamsen et al. [1]. In
a population-based cohort study, they observed that
concurrent use of proton pump inhibitors and alen-

dronate led to a dose-dependent loss of protection
against hip fracture with alendronate.

Results of the present study do not allow elucidate
the mechanism of the unfavorable interaction between
the proton pump inhibitors and alendronate. The pos-
sibility of direct interaction between alendronate and
the proton pump inhibitors may be considered. The
acidic environment is necessary in order to release
bisphosphonate molecules from bone mineral, and
omeprazole and pantoprazole may theoretically lead
to an increase in pH. However, as it was mentioned
before, proton pump inhibitors, as prodrugs, require
low pH to be activated, and osteoclasts can not pro-
vide the environment which is acidic enough. It may
be speculated that the reason of the unfavorable inter-
action could be the decreased absorption of alen-
dronate due to the pH increase caused by inhibition of
proton pump (H+/K+-ATPase) in stomach parietal
cells. Alendronate, as a salt of a weak acid should be
better absorbed in more acidic environment. Although
the half-life of the proton pump inhibitors is short,
they exert the long-term effect since their effect is
irreversible [25, 26]. However, ranitidine, an H2
receptor antagonist, another drug decreasing HCl
secretion, was reported to increase alendronate bioa-
vailability [16]. It has been proposed that proton
pump inhibitors increase osteoporotic fracture risk via

hypochlorhydremia and reduced fractional calcium
absorption [10], which can decrease the efficacy of al-
endronate. However, 30 days of continuous use of
omeprazole did not affect fractional calcium absorp-
tion in postmenopausal women [10]. The problem re-
quires further studies.

In conclusion, results of the present study indicate
that proton pump (H+/K+-ATPase) inhibitors probably
do not inhibit the vacuolar proton pump (V-ATPase)
in the ruffled border of osteoclasts. Prolonged use of
proton pump (H+/K+-ATPase) inhibitors in the pre-
vention or therapy of inflammatory states of esopha-
gus and gastric ulcer disease may decrease efficacy of
bisphosphonates in the therapy of osteoporosis and in-
crease fracture risk.
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