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Crews on exploratory missions will face complex radiation from cosmic and solar sources with components ranging
from protons to iron. We have identified trabecular bone loss in mice after exposure to multiple radiation types with
doses ranging from 0.5 Gy to 2 Gy, suggesting space radiation may increase bone loss from reduced gravity during
exploratory missions. The bone loss is rapid and initiated by an early activation of osteoclasts. 
The impact of radiation on bone quality and fracture healing in reduced gravity is unknown, and must be studied to
understand effects of space radiation on bone health. The long-term objective of the proposed research is the
development of countermeasures to prevent bone loss during missions and thus reduce fracture risk. 

To define the risks associated with space radiation-induced bone loss, the proposed aims will examine effects of
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Task Description:

modeled space radiation using scenarios applicable for Lunar Outpost missions: 

Specific Aim 1: Examine the combined effects of a modeled solar particle event and unloading on bone, and subsequent
recovery during reloading. Hypothesis: Proton radiation with unloading will induce a more severe bone loss than
unloading alone. 

Specific Aim 2: Examine the cellular and molecular mechanisms for initiating bone loss following exposure to several
types of modeled space radiation, including acute proton exposure, low-dose-rate proton exposure, and mixed radiation
types (proton and HZE). Understanding underlying molecular causes is critical to developing countermeasures for
radiation-induced bone loss. Hypothesis: The initiating mechanism of bone loss is initiated by osteoclast activation
caused by a radiation-induced inflammatory response. 

Specific Aim 3: Test the efficacy of three countermeasures for bone loss caused by proton exposure: 1) the
bisphosphonate risedronate; 2) the RANKL blocking protein osteoprotegerin, and 3) an antioxidant agent, alpha-lipoic
acid. Hypothesis: Potent inhibitors of bone resorption, both zoledronate and osteoprotegerin will prevent the bone loss
caused by radiation. Antioxidants will address multiple radiation-induced problems; alpha-lipoic acid decreases
osteoclast differentiation and activity. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Bone atrophy and increased risk of bone fracture are consequences of exposure to radiation for cancer treatment.
Osteopenia and osteoporosis have been characterized as pathological conditions following therapeutic irradiation. There
is an increased incidence of spontaneous hip fractures demonstrated by patients receiving radiation to treat pelvic
cancers, with incidents generally being documented one to five years after therapy. Postmenopausal women receiving
radiotherapy to treat cervical, rectal and anal cancers have an increased hip fracture risk of 60-200% (Baxter et al.,
JAMA 2005). Morbidity and mortality statistics for hip fractures in this population are poor: nearly one in four will not
survive a year after fracture and a significant majority of survivors will never return quality of life to pre-fracture
abilities. As long-term survivorship increases with improved diagnosis and treatment, the morbidity and mortality
associated with osteoporosis and hip fractures within this population is becoming a significant concern. 
This loss of bone mass following radiotherapy has been hypothesized to occur as a result of damage to bone-forming
osteoblasts and the bone vasculature itself. While previous studies typically observed atrophy as a late effect, loss of
volumetric bone mineral content has been reported in cervical cancer patients five weeks post treatment and described
as a low-turnover type of osteoporosis. An inhibition of osteoblasts and osteoblast progenitors from radiation exposure
has been further described both in vitro and in vivo, and we have reported a long-term reduction of bone mass in
irradiated mice. Despite evidence that bone loss can occur soon after irradiation, a putative increase in osteoclast activity
has received little attention as a potential contributor to radiation-induced osteoporosis. 

The effect of radiation on the number and activity of osteoclasts is varied in published reports, from observed decreases
in osteoclast numbers, to stable numbers, to a qualitative description of an increase in the osteoclast population. A
better understanding of the effects of radiation on osteoclasts needs to be addressed in order to reduce or prevent the
subsequent bone atrophy and fracture risk. 

To date, pharmacological interventions to prevent bone loss caused by radiation therapy have not been employed. In
fact, no animal model currently exists to identify causal mechanisms and to properly develop such therapies. Our work
through the last year has identified a rapid activation of osteoclasts after radiation exposure that is prevented by
treatment with risedronate. 

The following aims supported by NSBRI have direct clinical relevance. 

Specific Aim 2a: Radiation exposure results in an early activation of osteoclasts leading to rapid bone loss. 

Female C57BL/6 mice were exposed to a 2 Gy whole-body dose of x-rays, or not irradiated. A serum marker for
osteoclast activity (TRAP5b) was significantly increased 1 and 3 days after exposure (50% and 14%, respectively).
Histological examination of bones collect from mice 3 days after exposure revealed a significant increase osteoclast
number and surface. There were no changes in serum osteocalcin (a marker for osteoblast activity) or osteoblast surface. 

Specific Aim 3: Risedronate prevents radiation-induced bone loss. 

Twenty-week-old female C57BL/6 mice were exposed to a 2 Gy whole-body dose of x-rays, or not irradiated. Groups
(3 groups) included non-irradiated controls administered a placebo injection, irradiated mice administered a placebo
injection, and irradiated mice treated with risedronate (30 ug/kg every other day. Within these three groups mice were
humanely euthanized at 1, 2, and 3 weeks after exposure. There was significant bone loss of trabecular bone at three
skeletal sites (proximal tibia, distal femur, and 5th lumbar spine) at 1 weeks after exposure. Risedronate prevented this
bone loss entirely. 

  

Crews on exploratory missions will face complex radiation from cosmic and solar sources with components ranging
from protons to iron. We have identified trabecular bone loss in mice after exposure to multiple radiation types with
doses ranging from 0.5 Gy to 2 Gy, suggesting space radiation may increase bone loss from reduced gravity during
exploratory missions. The bone loss is rapid and initiated by an early activation of bone resorbing cells. 
The impact of radiation on bone quality in reduced gravity is unknown, and must be studied to understand effects of
space radiation on bone health. The long-term objective of the proposed research is the development of countermeasures
to prevent bone loss during missions and thus reduce fracture risk. 

The first year of this project was very productive, with progress made on all three Aims. 

Aim 1: Bone loss from exposure to a 1 Gy whole-body dose of protons and skeletal loading is additive. 

Mice were exposed to a 1 Gy dose or protons and hindlimb suspended, a model for skeletal unloading, for a duration of
4-weeks (mimicking long-term spaceflight). Despite a profound bone loss from unloading, mice exposed to both
unloading and protons had significantly more bone loss than unloaded mice not exposed to radiation. 

Aim 2a: Radiation exposure results in an early activation of osteoclasts leading to rapid bone loss. 
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Task Progress:
Mice were exposed to a 2 Gy dose of x-rays, or not irradiated. A serum marker for osteoclast activity (TRAP5b) was
significantly increased 1 and 3 days after exposure. Histological examination of bones collect from mice 3 days after
exposure revealed a significant increase osteoclast number and surface. There were no changes in serum osteocalcin (a
marker for bone formation) or osteoblast surface. 

Aim 2b: Exposure to a dose of <50 cGy radiation of mixed type results in both cortical and trabecular bone loss. 

Bones were collected from a study in which mouse brains were exposed to collimated iron radiation. These conditions
resulted in exposure to a complex mixtures of charged particles transmitted by the collimator. Measured radiation doses
of uncollimated secondary particles were 0.47 Gy at the proximal humerus. The proximal humerus of irradiated mice
had lower trabecular bone volume fraction, lower trabecular thickness, greater cortical porosity, and lower polar moment
of inertia. 

Aim 3: Risedronate prevents radiation-induced bone loss. 

Mice were exposed to a 2 Gy dose of x-rays, or not irradiated. Groups (3) included non-irradiated controls administered
a placebo injection, irradiated mice administered a placebo injection, and irradiated mice treated with risedronate (30
ug/kg every other day). Within these three groups mice were humanely euthanized at 1, 2, and 3 weeks after exposure.
There was significant bone loss of trabecular bone at three skeletal sites (proximal tibia, distal femur, and 5th lumbar
spine) 1 week after exposure. Risedronate prevented this bone loss entirely. 
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