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The neuropeptide oxytocin (Oxt) is a
well-known hormone triggering both
central and peripheral effects including
parturition, milk let-down reflex and
social behavior (1;2). Besides these
classical effects, recently, two novel
roles of Oxt, apparently unrelated, have
emerged. The first is as a regulator of
energy metabolism, as suggested by the
fact that murine models deficient in Oxt
or its receptor (Oxtr) develop late onset
obesity, hyperleptinemia, insulin
resistance and low sympathetic tone
(3;4). The second role is as a new player
in the regulation of bone formation. In
fact, it has been reported that
intraperitoneal injection of Oxt negatively
modulates adipogenesis while promoting
osteogenesis (5). This latter effect of Oxt
is exerted peripherally since the
neuropeptide cannot cross the blood-
brain barrier (6).

These two novel roles of Oxt are only
apparently unrelated since leptin has
been the first hormone linking energy
and skeletal homeostasis through the
activation of p2-adrenergic receptors
(Adr2) on osteoblasts (7;8). Once
activated, AdrB2 regulates Rankl
expression via ATF4, an osteoblast (OB)-
specific member of the CREB family (9).

Tamma et al. (10) now report that mice
lacking Oxt or Oxtr display increased
body weight and decreased bone mass
accrual with decreased expression of
ATF4 and low Rankl. The authors state

that these effects are mediated by
peripheral Oxt thus excluding a role for
leptinergic-sympathetic relay as a
mediator of Oxt’s effects on bone mass.
However, the pathway they describe
corresponds to the one expected
following the inactivation of leptin-
sympathetic signaling (9), as previously
observed in Oxt(-/-) mice (11).

What is the reason for such discrepant
findings? Should the difference between
central and peripheral effects of Oxt on
bone metabolism be further
investigated? The relative contributions
of central and peripheral effects of Oxt in
various experimental settings may have a
different impact on the bone phenotype
observed in animal models.

Tamma et al. report that deletion of Oxt or
Oxtr in knockout murine models resulted in
reduced bone formation and increased body
weight at the age of three and six months
(10). The authors exclude a role for
leptinergic/sympathetic relay as a mediator
of Oxt's effects on bone formation since
intracerebroventricular administration of Oxt
for five days did not affect bone cell
markers. However, leptin and epinephrine
levels were not measured in this study. In
contrast, Oxt injected intraperitoneally
increased the number of osteoclasts (OCs)
as well as OB formation at five weeks.
Interestingly, Tamma et al. (10) describe the
dual and direct actions of Oxt on both OBs
and OCs. Indeed, the authors find that the
absence of Oxt in Ox{(-/-) mice results in a
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decreased proliferation rate in OB colonies
in agreement with the fact that exogenous
Oxt stimulates OB proliferation in wild type
animals. The latter also promotes OB
differentiation, increasing osteopontin and
osteocalcin mRNA expression in calvarial
OB cultures. The authors also report that the
two critical transcription factors for OB
differentiation, Runx2 and Osterix (Osx), are
differentially modulated in Ox{(-/-) mice with
Runx2 increased and Osx decreased.

Surprisingly, the pattern of Runx2
expression is similar in wild-type and Ox{(-/-)
mice although wild-type cells displayed
decreases in Osx mRNA while OBs from
Oxt(-/-) mice express persistently low Osx
levels with both exhibiting decreased levels
as cells mature. Moreover, the authors
report a lack of increase in BMP-2
expression together with a parallel reduction
of the Shnurri-2 and Shnurri-3 transcription
factors in OBs from Ox{(-/-) mice after one or
two weeks in culture.

The Ox{(-/-) mice, besides low bone mass,
display attenuated OC formation. Although
apparently paradoxical, the authors explain
this observation by invoking the coupling
between osteoblastogenesis and
osteoclastogenesis. In particular, they
propose that the state of osteoporosis is due
to a reduction in Rankl production. In fact,
when Oxt was applied to wild type marrow
stromal cells, it increased Rankl and
decreased OPG. Despite the fact that Oxt
may favor osteoclastogenesis, it can inhibit
the resorptive function of mature OCs
through a calcium signaling mechanism
activated by Oxtr.

Finally, the authors state that the presence
of Oxtr on bone cells together with a lack of
evidence of a central neural mechanism for
Oxt's skeletal action confirm the anabolic
and dominant effect of peripheral Oxt on
bone.

It has been shown recently that Oxt
depletion results in a metabolic phenotype
characterized by obesity, high plasma leptin
levels, insulin resistance and glucose
intolerance at the age of three and six
months (3). This is also in agreement with
the phenotype recently reported for mice

lacking Oxtr (4). Interestingly, obese Ox{(-/-)
or Oxtr(-I-) mice don’t show any changes in
food consumption albeit the significant
increase in leptin levels (3;4). There are
several possible explanations for this
apparent discrepancy. The first is that Oxt
may only mark the identity of neurons
projecting from the paraventricular nuclei of
the hypothalamus (PVN) to the brain stem
(BS), but not be critical for their action in
meal termination, which could be mediated
by classical neurotransmitters such as
GABA or glutamate. Alternatively, Oxt may
be an important regulator of feeding in
normal mice, but there could be a
developmental mechanism that
compensates for its absence in Oxt(-/-) mice
(12).

Strikingly, Oxt depletion in Oxt(-/-) mice also
resulted in low sympathetic tone thereby
suggesting that the lack of central Oxt
impairs leptin sympathetic transmission (3).
In this regard, it has been shown recently
that intracerebroventricular infusion of an
Oxtr antagonist blocks the effect of leptin on
food intake (13).

Evidence indicates that [(-adrenergic
signaling plays a key role in the regulation of
bone remodeling (8). Sympathetic nerve
fibers are present in bone and bone marrow,
and AdrB2 have been identified on OBs
(9;14). In particular, the antiproliferative
action of the sympathetic nervous system is
mediated by hypothalamic activation of
AdrB2 on OBs that activate ATF4, an
osteoblast-specific  transcription factor,
which then upregulates the osteoclastogenic
cytokine Rankl (9).

Thus, inactivation of 32 adrenergic signaling
by pharmacological intervention or leptin
resistance may lead to high trabecular bone
mass and decreased bone resorption by
limiting ATF4-mediated regulation of Rankl
expression (8;9;15). This same pathway is
described by Tamma et al. (10) in Oxt(-/-)
mice albeit not leading to increased bone
mass accrual, but, on the contrary, to a state
of profound osteoporosis. While this effect
can be explained as the result of direct
peripheral effects of Oxt on bone cells, the
long-term impact of the central effect of Oxt
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on metabolism and the skeleton cannot be
fully ruled out.

It is important to consider that the
contribution of trabecular bone to bone
strength in certain districts of the skeleton,
such as the femoral neck, is low, namely
<10%. Therefore, it seems that cortical bone
is the main determinant of bone strength,
whereas trabecular bone seems to make
only a limited contribution (16).
Nevertheless, Tamma et al. (10), though
stating that the lack of Oxt in Ox{(-/-) mice
results in a low bone mass phenotype, did
not assess cortical bone parameters.

Mice devoid of leptin (ob/ob) or the signaling
form of its receptor (db/db) have markedly
increased body weight and increased
trabecular bone in the lumbar vertebrae (7).
However, whereas ob/b mice have
increased trabecular bone volume, their
cortical bone mass is not increased but
rather is decreased (17;18), indicating that
leptin deficiency has opposite effects on
trabecular and cortical bone compartments
or that B-adrenergic signaling may
specifically affect trabecular bone structure
(19). In this regard, it has been shown
recently that the global absence of B-
adrenergic signaling in a f-less murine
model results in obesity, increased
trabecular bone volume in young animals
and increased cortical bone mass in older
animals (20). Thus, a lack of Oxt might
impair leptin sympathetic transmission,
resulting in increased body weight,
hyperleptinemia, low sympathetic tone and
increased trabecular bone, as has been
reported in preliminary findings (11;21).
Moreover, leptin binding in the
hypothalamus suppresses the expression of
neuropeptide Y (NPY), an inhibitor of cortical
bone formation (18). Then, given that the
lack of Oxt impairs leptin-sympathetic
transmission (3;11), one can hypothesize
that Oxt(-/-) mice could have greater cortical
bone mass due to the downregulation of
NPY, and hence greater total body bone
mass.

Nonetheless, it has been shown recently
that intraperitoneal injection of Oxt
negatively modulates adipogenesis while
promoting osteogenesis in human bone

marrow mesenchymal stromal cells (5).
Furthermore, it has been shown that
ovariectomized mice have significantly lower
levels of Oxt compared to sham-operated
controls. Subcutaneous Oxt injections
partially rescued the phenotype of these
Oxt-depleted mice, reversing bone loss and
reducing adiposity (5). All of these findings
may reflect peripheral effects of Oxt on bone
tissue. In parallel, the lack of Oxt in Oxf(-/-)
mice increases adipogenesis that drives
leptin concentration above a critical level
and this might result in a state of resistance
to the hormone, obesity and high bone mass
(11). Interestingly, it has been reported that
patients carrying a chromosomal
translocation that disrupts one allele of
Sim1, a ftranscription factor essential for
formation of the PVN, display a significant
decrease in Oxt expression, as well as
early-onset obesity and accelerated linear
growth (22).

It is important to underscore once again that
the peripheral effects of Oxt on the bone
phenotype are different from its central ones
since Oxt cannot cross the blood-brain
barrier (6). Thus Oxt is de facto a molecule
with two functional identities depending on
its site of synthesis. It is therefore feasible to
hypothesize that the lack of Oxt induces two
different bone phenotypes: a central one
leading to leptin resistance and high bone
mass (11), and a peripheral one preventing
bone formation (5) (Fig. 1). The bone
phenotype observed by Tamma et al. (10)
might result from the balance between
peripheral and central effects of Oxt in vivo,
as suggested by the complex changes
observed in Oxf(-/-) mice of some
transcription factors (e.g., low expression of
ATF4 or high expression of Runx2) that are
somehow not consistent with the osteopenic
phenotype they report.

In conclusion, whereas central Oxt can
contribute to the central regulation of bone
metabolism mediating the antiproliferative
action of sympathetic tone on bone
formation, peripheral Oxt is a promising
candidate for the treatment of osteoporosis.
The use of further experimental approaches
will help to elucidate open questions
concerning the mechanisms underlying the
effects of Oxt on bone metabolism.
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THE LACK OF OXT IMPAIRS
LEPTIN-SYMPATHETIC
TRANSMISSION RESULTING IN
INCREASED BONE MASS
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Fig. 1. Central oxytocin (Oxt) in the paraventricular nuclei (PVN) activates sympathetic tone leading to an
increase in noradrenaline that binds to p2-adrenergic receptors (Adrf32) on osteoblasts (OBs), activating
ATF4 and upregulating the osteoclastogenic cytokine Rankl. Oxt produced by peripheral organs, like the
ovaries and testes, negatively regulates adipogenesis while increasing osteoblastogenesis. This effect of
Oxt is exerted only locally since Oxt cannot cross the blood-brain barrier. Then, in the absence of Oxt,
adipogenesis increases, driving leptin concentration above a critical level that can cause a state of
resistance to the hormone, obesity and high trabecular bone mass. In addition, the lack of Oxt may result in
the downregulation of NPY leading to high cortical bone mass and then in increased total body bone mass.
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