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Abstract Strontium ranelate (SR) is currently being de-
veloped for the treatment of osteoporosis. Pharmaco-
logic studies in animal models have shown that its efficacy
on bone mass is based on its original mode of action on
bone formation and bone resorption. In normal mice, SR
increased bone formation and vertebral bone mass. In
normal rats, SR increased bone mass and the mechanical
properties of vertebral, humeral and femoral bones, as-
sociated with increased femoral shaft diameter. Vertebral
bone mineral density and bone strength were also in-
creased by SR, whereas stiffness was not altered, under-
lining that the improvement in bone strength occurs
without inducing defective bone mineralization. In nor-
mal adult monkey alveolar bone, SR decreased bone
resorption and increased bone. In ovariectomized (OVX)
rats, SR limited the reduction in bone mineral content
and the decrease in trabecular bone volume induced by
estrogen deficiency, by inhibiting bone resorption while
maintaining bone formation. Curative treatment with SR
also partially restored bone mass in OVX rats. In the
model of hind limb immobilization in rats, SR reduced
bone resorption and partially limited long bone loss, as
assessed by bone mineral content, bone volume, and
histomorphometric and biochemical indices of bone re-
sorption. The unique mode of action of SR on bone
formation and resorption is also supported by in vitro
studies. In calvaria culture systems and osteoblastic cell
cultures, SR enhanced the replication of preosteoblastic
cells and consequently increased collagen synthesis.
Moreover, SR inhibited the bone-resorbing activity of
isolated mouse osteoclasts and devreased osteoclast dif-
ferentiation markers in chicken bone marrow cultures.
Altogether, these pharmacologic results suggest that SR
optimizes bone metabolism by decreasing bone resorp-

tion and promoting bone formation, which may be of
potential value in the treatment of osteoporosis.
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Introduction

Osteoporosis is characterized by decreased bone mass
which results from an imbalance between resorption and
formation. The ideal treatment of osteoporosis would
thus be a drug that is able to increase trabecular or cor-
tical bone mass, as well as bone resistance, in order to
prevent the occurrence of fractures with aging and
menopause. During the last decade, a number of studies
have revealed that strontium is able to increase trabecular
bone mass when administered in various animal models
or humans and exerts unique effects on bone formation
and resorption in vitro and in vivo [1, 2]. This beneficial
effect of strontium on bone mass may have potential
significance in the treatment of osteoporosis [2]. Conse-
quently, a di-strontium salt, strontium ranelate (SR) was
developed by Servier Laboratories in France. In a num-
ber of studies by internationally recognized laboratories,
this compound was shown to have unique pharmacologic
effects on bone and bone cells. There is now mounting
evidence that this compound may have beneficial effects
on trabecular and cortical bonemass in vivo, by acting on
both bone resorption and formation. This review paper
will summarize the available knowledge on the pharma-
cologic profile and properties of SR indicating that it is a
promising drug in the treatment of osteoporosis.

Strontium ranelate increases bone mass
in normal mice, rats and monkeys

An important property of a therapeutic agent in the
treatment of osteoporosis is its ability to improve bone
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mass as well as bone quality. Several pharmacologic
studies indicate that SR can increase bone mass. In
normal adult mice, it has been found that SR (200, 600
or 1800 mg/kg per day, 104 weeks) enhances vertebral
bone mass in males or females. This resulted from
increased bone formation or decreased bone resorp-
tion, without inducing defects in bone mineralization
[3]. In normal adult rats, SR administration was also
found to increase metaphyseal bone mass [4]. More
recent data showed that SR administration in normal
rats (225 to 900 mg/kg per day, i.e., 0.88–3.51 mmol
Sr/kg per day, 104 weeks) dose-dependently increased
bone mass (BMD) in lumbar vertebra and femur and
increased the trabecular bone volume in the tibial
metaphysis [5, 6]. This effect resulted from increased
trabecular thickness and number and decreased trabe-
cular separation, indicating that SR increased bone
formation and decreased bone resorption in metaphy-
seal bone [6].

It is also important to ensure that increased bone
mass induced by the treatment results in improved bone
strength. This appears to be true for SR. Indeed, it was
found that SR (2.4 mmol Sr/kg per day, 104 weeks) was
able to increase mechanical properties of the axial
(lumbar vertebrae) and appendicular (midshaft humerus
and midshaft femur) skeleton in intact rats. SR increased
ultimate strength and energy in a dose-dependent man-
ner with no difference in stiffness, suggesting a beneficial
effect on bone quality [5, 6].

In contrast to rats or mice, human bone is char-
acterized by active predominant bone remodeling. It is
therefore important to check whether the effects of SR
can also be observed in animals with bone remodeling.
In normal adult monkeys (Macaca fascicularis), SR
(0.39, 1.07 or 2.91 mmol Sr/kg per day, 6 months) was
found to decrease bone resorption in alveolar bone, an
active site of bone remodeling, as assessed by histo-
morphometric analysis of osteoclast surface and
number. Moreover, SR increased the extent of min-
eralizing surfaces without inducing defects in bone
mineralization [7]. Thus, SR can stimulate bone for-
mation and inhibit bone resorption during bone re-
modeling.

Strontium ranelate increases cortical bone mass
and bone strength in normal rats

In addition to its effect on trabecular bone, SR may
exert effects on cortical bone. Recent data indicate that
SR administration (0.39, 1.07 or 2.91 mmol Sr/kg per
day, 6 months) increased cortical bone mass in lumbar
vertebrae in normal rats [8]. Importantly, the increased
cortical bone mass induced by SR correlated with the
increased bone strength (ultimate strength) in the lum-
bar vertebrae, indicating a gain of bone quality [9].
These data indicate that SR can also increase cortical
bone mass and strength, resulting in increased bone
quality without deleterious effects on bone.

Strontium ranelate improves bone mass
in ovariectomized and immobilized rats

The hallmark pharmacologic property of an effective
drug in the treatment of osteoporosis is its ability to
prevent bone loss or to increase bone mass in osteopenic
animals. Accordingly, SR was tested in several models of
bone loss (ovariectomy and immobilization) in rats.
Ovariectomy in rats induces osteopenia due to an ac-
celerated rate of bone resorption which predominates
over bone formation, which mimics the trabecular bone
loss in postmenopausal women. In ovariectomized
(OVX) rats, we showed that preventive treatment with
SR (0.30–1.20 mmol Sr/kg per day, 8 weeks) can inhibit
the trabecular bone loss induced by estrogen deficiency,
as evaluated by dual-energy X-ray absorptiometry
(DXA), bone ash, bone mineral content, and histo-
morphometric analysis of trabecular bone volume in the
tibial metaphysis [10]. In this model, SR decreased bone
resorption but not bone formation, as shown by histo-
morphometric and biochemical analyses. Thus, SR ap-
pears to exert a distinct action on bone formation and
resorption [10]. SR (154–771 mg/kg per day, 9 weeks)
was also tested as a curative treatment in OVX rats
3 months after ovariectomy. In these conditions, SR was
found to partially restore bone mass measured by DXA
[11]. Thus, SR had both preventive and curative bene-
ficial effects on ovariectomy-induced bone loss in rats.

Skeletal immobilization induced by hind limb plaster
casting is another model of trabecular bone loss which is
characterized by increased bone resorption associated
with reduced bone formation. In rats with their right
hind limb immobilized, bone resorption increased after
only 10 days of immobilization, as assessed by the
number of osteoclasts and osteoclast surface. We found
that the administration of SR (3.1 mmol Sr/kg per day,
10 days) could restore normal bone resorption and
partially prevented the trabecular bone loss in the im-
mobilized leg, as evaluated by DXA, bone ash, bone
mineral content, and trabecular bone volume measured
by histomorphometry [12]. In this model, SR also in-
creased alkaline phosphatase activity and decreased
urinary hydroxyproline excretion, suggesting reduction
of bone resorption induced by immobilization while
maintaining bone formation. Thus, SR can slow down
bone resorption induced by immobilization leading to
reduced bone loss. In the two animal models of osteo-
penia, SR appears to be able to prevent or restore
partially bone loss induced by estrogen deficiency or
immobilization in rats.

Strontium ranelate increases bone formation
and decreases bone resorption in vitro

In vitro studies have given some insight into the mech-
anisms of action of SR on bone cells in vitro. The effects
of SR have been analyzed in in vitro models of bone cell
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resorption and formation. In mouse calvaria cultures,
SR (0.1–1 mM) was found to inhibit bone resorption
selectively, as assessed by calcium release, since the ad-
dition of calcium ranelate had no effect [13]. Interest-
ingly, SR was able to decrease bone resorbing activity, as
measured by the pit assay in isolated rat osteoclasts. SR
appears to act directly on osteoclasts to inhibit bone
resorption since killing these cells by heating dramati-
cally decreased the antiresorptive effect of SR. More-
over, inhibition of the resorbing activity of isolated rat
osteoclasts in vitro occurs without affecting their
attachment or viability [13]. This indicates that SR can
directly inhibit osteoclast activity in vitro.

In another set of experiments, SR (1 mM Sr) was
found to inhibit the bone-resorbing activity of mouse
osteoclasts cultured on dentine slices in long bone cul-
ture, measured in the pit assay [14]. This effect was
specific to SR since neither calcium ranelate nor sodium
ranelate showed an inhibitory effect in this system. Other
studies showed that, in chicken bone-marrow cultures
treated with 1,25-dihydroxyvitamin D3 to stimulate os-
teoclast differentiation, SR (1 mM Sr) decreased the
number of osteoclasts expressing two functional osteo-
clast markers: carbonic anhydrase II and vitronectin
receptor [15]. Thus, the available data indicate that SR
can inhibit the activity of osteoclasts and bone resorp-
tion in vitro without exerting toxic effects on these cells.

The cellular effects of SR on osteoblasts have also
been tested. The rat calvaria culture is a conventional
model allowing the recruitment and activity of osteob-
lastic cells to be studied. In this model, we showed by
histomorphometric analysis that SR (1 mM Sr) en-
hanced the replication of preosteoblastic cells and, sec-
ondarily, the activity of functional cells and bone matrix
synthesis [16]. SR also stimulated DNA synthesis and
bone collagen synthesis in rat calvaria cell cultures.
These effects were specific to SR since neither calcium
ranelate nor sodium ranelate at the same concentration
was effective [16]. The finding that SR can increase
preosteoblast replication and collagen synthesis there-
fore provides a mechanism by which this molecule can

increase bone formation in vivo. Overall, the available in
vitro studies indicate that SR modulates bone cell re-
cruitment or function in vitro and thereby stimulates
bone formation and inhibits bone resorption (Fig. 1).

Conclusion

The available pharmacologic studies provide evidence
that SR has unique effects on bone metabolism at both
tissue and cellular levels. In vivo studies indicate that SR
increases bone formation and reduces bone resorption,
leading to a gain in bone mass and improved bone me-
chanical properties in normal or osteopenic animals.
These studies indicate that SR may have therapeutic
potential in the prevention or treatment of osteopenic
disorders providing better bone quality. It is therefore
expected that SR may have potential value in the pre-
vention and treatment of bone loss in humans.
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