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Effects of microgravity on bone
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During space missions cosmonauts and astronauts suffer the effects of the absence of
gravity. One of the most affected systems is the musculoskeletal with marked loss of
bone mass. To know the effects of microgravity is essential for promoting treatments and
preventive measures. However, there is a limitation in the collection of data regarding
the decrease of bone mass due to the reduced number of space missions. To meet this
need, animal models are used. The hind limb unloading method generates loss of bone
mass in rodents through the effects of unloading on the hind limbs. In this background, the
purpose of this mini review is to briefly present knowledge about the results obtained at the
moment with the space flights studies and the use of animal models to clarify the effects of
microgravity on bone. In addition, we briefly comment on treatments designed to minimize
bone loss in astronauts and cosmonauts.
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Introduction
The human body is a complex system control by mechanical forces.
Unbalance of these forces should cause different effects on the health.
When a human is submitted to extreme altered conditions the body
might have unfavorable responses. In the case of space man there are
many problems related theirs conditions of the space environment.1,2
Microgravity in the space is not appropriate to humans, and can affect
the health of space man.3‒5 The bone is one of the affected organs.6
So, the purpose of this mini review was to discuss about the effects of
microgravity on bone.

Discussion
The human body is structured to sustain forces involved in the
Earth. Under adverse conditions, for example microgravity, the body
can undergo physiological changes. Bone loss is the most recognized
phenomenon related to microgravity.7 Bone is an active organ that
maintains balance of bone formation and bone resorption; in normal
conditions.8 It is considered one anisotropic material, plastic and
resistant. Bone is an active organ having constant activity during
the life, with an increasing in bone resorption in late life. Bone
remodeling balance relates a variety of mechanisms, internal and
external factors can affect this regulation causing bone disease.9 For
example osteoporosis is a disease characterized by low bone mineral
density, high bone porosity and low bone strength. Bone in this
condition is weakened and fracture risk increases.9 Old age people
could develop osteoporosis for changes of hormonal levels in post
menopause. Furthermore, osteoporosis can be originated by other
conditions in which bone is deprived of mechanical stimulus. This
condition characterizes disuse osteoporosis and can be irreversible.
Spinal cord injury, prolonged bed rest and astronauts submitted to
microgravity can develop disuse osteoporosis.10,11
Astronauts and cosmonauts in space are confined to an environment
with microgravity. Thus, the effects of load on bone are absent, which
mimic disuse conditions.5,6,12 An important characteristic of bone is the
capacity to respond to mechanical stimulus that has been submitted
by mechanotransduction.13 So, to maintain balance formation and
resorption the bone need to be stimulated. Daily activities, body weight
under positive gravity and muscle contraction provide mechanical
stimulus for bone.14 Skeletal metabolism responds to physical
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activity by alteration on bone mass and bone architecture.13 Bones
of astronauts are not recruited in this way during space flights, thus
bone mineral density is reduced.15 The rate of 1-2% of bone mineral
loss per month in at least one skeletal site was registered during space
flights.6 In crewmembers of Apollo 15 was reported over time 5 and
6% of bone density loss. This loss can be influenced by the length of
the space flight mission.6 In the study of Collet et al.,16 bone mineral
density was evaluated in two cosmonauts. After 1 month of exposure
to microgravity a loss in trabecular bone mass was observed, being
more marked after 6 months.16
In space flights, an increase in calcium excretion has been
observed. Indeed, unbalance of parathyroid hormone (PTH) levels
was reported in spinal cord injured patients.17 These evidences seem
to explain bone mineral density loss. The central energy control
influences PTH levels on calcium and phosphate metabolism, which
can be involved on bone loss.18 Other evidence is that trabecular bone
loss has been more intense than cortical bone loss.16 In Skylab IV bone
loss in calcaneus was observed, but no difference was found in radius
and ulna, confirming trabecular bone is more susceptible to bone loss.6
Trabecular bone has faster response to change in microenvironment
and can be inferred that weight bearing bones are more affected by
microgravity. Short periods of immobilization have been demonstrated
significative bone loss.11 During static position bone of the hindlimb
is forced by gravity to support body weight. Indeed, dynamic loading
generated by muscles contraction and reaction forces stimulate bone
of hindlimbs. Dynamics force can have stronger effects on bone mass
than static forces.19 In parallel with bone loss occur muscle mass loss
mainly of loaded muscles.20 Confirming that there is a strong relation
between muscle activity and bone metabolism. If bone is not required
it has not remodeling balance to maintain its structural integrity. For
this reason, disuse osteoporosis is a local phenomenon affecting
generally lower limbs.
Effects of microgravity also are observed in the vascular
system. Physical exercise increase bone marrow hydrostatic
pressure, which is osteogenic factor. In the space, bone blood flow
is changed by alterations in pressure and consequently the response
of osteoprogenitor cells in the bone marrow could be affected. In
addition, blood flow could do not offer oxygen and nutrients in an
adequate way to support development of bone cells.21 At same time,
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the energy metabolism suffers an unbalance and affect other hormone
actions as adiponectin and insulin. As the body did not expend energy
it is accumulating in body fat. High adipocyte content in bone marrow
was found in patients with spinal cord injury22 and submitted to long
term bed rest.23 This may be an evidence that immobilization causes
an unfavorable environment to osteoblasts formation. Osteoblasts and
adipocytes have a common progenitor, so mesenchymal stem cells
could be preferentially differentiated into adipocytes; disfavoring
osteoblasts.22 Spinal cord injured patients have been developed insulin
resistance.24 Insulin resistance is related to high adipocyte and has a
partly action on bone matrix degradation. Pathophysiology of disuse
osteoporosis by microgravity is not completely understood. But,
based on evidences is possible inferred that a series of physiological
mechanisms seem be associated causing bone matrix, structural and
functional depletion in weightless condition. Difficulty in acquiring
data due lower number spaceflight missions limits searches to
evaluate the influence of microgravity in bone loss.25 Although both
have common consequences, bed rest immobilization is not perfect
to mimic microgravity, because astronauts were submitted to reduced
loading but not completely inactive. For this purpose, animal models
have been proposed to give answers about this field. Experimental
models are cost-effective and succeed evidences about how body
system is affected by weightlessness.26
The hindlimb unloading method is applied in mouse and rats in
which animals are maintained in tail suspension reproducing disuse
of the hindlimbs that not touch the ground.27 Animals have freedom to
eat, drink and move in the cage with the forelimbs. The angle formed
between the torso of the animal and the floor of the cage must be
30° to maintain adequate loading in the forelimbs and traction on the
tail. Moreover, this position allows cephalad fluid shift and maintain
adapted load on vertebrae with minimal evidence of stress.28 However,
tail suspension cause unload only in the hindlimb whereas spaceflight
cause entire body unload, tail suspension model has showed
similar responses in diverse body system as pulmonary, intestine,
endocrine and musculoskeletal. So, this model was compatible to
spaceflight to study bone alterations.29 The animals submitted to tail
suspension present reduction in bone formation, altered calcium
balance with high calcium excretion and reduction in bone strength,
similarity is found in space flight studies.25 Weight bearing bones
are more affected by microgravity than no weight bearing bones,
so tail suspension seems a reproducible method to study the effects
of unload in bone. Tail suspension has been reduced bone mineral
density and mechanical properties of long bones.30 Depletion in bone
due tail suspension can be explained by inhibition of bone formation
and enhanced bone resorption.26 Bone mineral density and strength
decreased in femurs of suspended rats.31 A period of suspension for 1
week is able to reduce relative trabecular bone (BV/TV), mineralized
trabecular bone surface (MS/BS) and bone formation rate at the same
time that increase osteoclast surface (Oc.S/BS) and number (Oc.N/
BS) in mice.32 In vitro study confirms that skeletal unloading inhibits
proliferation and differentiation of osteoprogenitor cells.22 Osteocytes
also can be affected by unloading stimulus in a bioreactor, with a high
expression of inhibitors of bone formation (sclerotin) and stimulators
of bone resorption (RANKL).33 Studies in vitro provide insights on
news therapies targeting directly cells in bone.
To demonstrate disuse osteoporosis other animal models are used
as neurectomy, tenotomy and plaster cast.26 Sciatic neurectomy is a
model used to preclude movements of hindlimbs.34 Tenotomy consist
in a cut of anterior, lateral and medial tendons of femur and tibia
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causing hind limb immobilization.35 A method using plaster cast cause
a disuse in which 10 days are enough to cause bone loss in rats.36
However, the phenotype of tail suspension seems more appropriate to
mimic space flights. Tail suspension causes an unload in hindlimbs and
not a total immobilization. Indeed, it is possible to mimic circulation
of fluids, to minimize stress and to maintain neuro system intact, once
bone cells have receptors for neuromediators. The negative influence
of tail suspension in bone have not been related to abnormally stress,
confirmed by plasmatic corticosterone levels found not elevated in
unloading animal model.37 The model is ethical and equivalent to bone
alterations caused by spaceflights. A variety of analysis not applicable
in human can be reproducible in an animal model, with significative
relevance to improve techniques and advances in the prevention
and treatments of bone loss. Osteoporosis can be irreversible. When
human back to Earth their bone can be not able to return normal
activities with load and bone weaker can be conducted to fractures
or other musculoskeletal injuries.11 After ninety days of Skylab IV
calcaneus was evaluated and bone mineral density was not restored.38
Experimental studies showed reloading after a period of 1 week
suspension can restore bone weakness, but after 2 weeks bone restore
was not satisfactory.32 Also, same time short-duration of loading did
not prevent deleterious effects on bone of disuse.39
Exercise has been an effective measure to various physiological
systems to avoid negative effects in a microgravity environment, but
no effective effects were observed in bone loss.6,11 Muscle activity
is an important stimulus to bone remodeling nevertheless in absence
of load seems alone not able to prevent bone loss. In an attempt to
avoid bone attenuation countermeasures were considered, as using of
pharmaceutical and anabolic agents.6 Bisphosphonates, testosterone
and K2 vitamin associated with physical exercise can be an alternative
to minimize side effects of microgravity.15 Low intensity pulsed
ultrasound demonstrated to be a non-invasive countermeasure to
mitigate the adverse effects of disuse osteoporosis.40 Associated
measures and equipment might be a solution to prevent bone loss.
So, animal models offer a possibility to study new interventions. The
study of Lau et al.,41 suggests that electrical stimulation at the dorsal
root ganglion of rats can effectively prevent bone loss from unloading
hindlimb and that model animals are useful alternative to investigate
new modalities of intervention. Other experiment supports the notion
that endoplasmic reticulum stress plays a key role in the pathogenesis
of disuse osteoporosis, and salubrinal might be a therapeutic
agent.42 The rehabilitation in animals is faster, but disuse can cause
non-regressive alterations in humans. For this reason, preventive
interventions are desirable.

Conclusion
Experimental studies using hindlimb unloading method shown
bone loss in animal models and have been effective in simulating
the effects of microgravity. Therapies to reverse osteopenia and
osteoporosis are being investigated. These therapies include physical
and chemical agents. Experimental studies in animals are fundamental
to understanding the effects and mechanisms of microgravity action.
From this knowledge, it will be possible to develop prevention and
treatment strategies for bone loss in astronauts and cosmonauts.
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