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Goal 3.

Create a more secure

world and improve the 1

quality of life by 1

investing in SRS = =

technologies and A

collaborating with

other agencies, i

industry, and academia 3.4* 1
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1
1
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Goal 4

Explore the
fundamental principles
of physics, chemistry, 1
and biology through w4 1 |
research in the unique
natural laboratory of
space.

Goal 7

Engage the public in =7 3% __
shaping and sharing the
experience of exploration

and discovery.

Goal 8

Ensure the provision of
space access and — 3.4 =
improve it by increasing

safety, reliability, and

affordability.

Goal 9. Extend the CRE
duration and

boundaries of human 0.3 =t
space flight to create

new opportunities for 95
exploration and '
discovery.

Goal 10

Enable revolutionary s 10.6*
capabilities through :
new technology.

* These objectives are reflected in the
overall Research Partnership Program and
thus not connected to specific
requirements of any single research

Space Architect Perspective
Capability Requirements

23 ~ —— Adaptation and
Habitation and

Bioastronautics 236

OBPR Organizing Questions

" 1b) How does the
(1:én ';'V%W == human body and its
assure physiology adapt to
survival of space flight, when
humans is it appropriate to

traveling far counteract those

from s adaptive effects,

earth?" and by what means
can we do so?

2. "What must we know about
how space changes life forms, so
that humankind will flourish?"

3. "What new 3d) What are the
opportunities fundamental
can our = physical, chemical,

research bring
to enrich lives
on earth and
expand
understanding
of the laws of
nature?"

and biophysical
mechanisms that
drive the cellular
and physiological
behavior observed
in the space
environment?

Requirement:
astronaut bone
loss. Astronauts
must have __ % of
bone and muscle
when returning
from 100 day
missions to space

Requirement:
astronaut bone
loss. Astronauts
must have ___ % of
bone and muscle
when landing on
Mars.

Countermeasures %.. Requirement:

basic research:
techniques.
Better
preclinical
models for
human disease
conditions are
required to
speed up drug
research
development.

Hypothesis: —
Countermeasures

— may prevent bone

loss.

Hypothesis:
space helps

— may prevent loss. Rides on

— Hypothesis: Maybe

Status, Plans, Connections to NASA's Mission and Vision
and to the Space Architect's Capability Requirements

Requirements

Hypotheses & Projects

Unknown: Best counter

measures. We don't know

which are the best methods to
prevent bone loss in space or
what the best combinations of

Hypothesis: Exercise
may prevent some bone
loss. Some exercise in
space does prevent some
bone loss.

Hypothesis: Centrifuge

a short-radius centrifuge
prevent bone loss. (A
bedlike device that rotates at
23 rpm to produce 1 g on the
astronaut's feet.)

oscillating platforms will
prevent bone loss in
space. Astronauts standing
on the oscillating platform in
space may be a counter
measure for bone loss.

Hypothesis: Drugs could
prevent bone loss. A drug
that helps osteoporosis
sufferers maintain bone
density might reduce bone
loss in space.

Known: Exercise doesn't
stop some bone loss.
Vigorous exercises in space
does not counteract bone
loss in hips and vertebrae.

Drawback: A centrifuge is
a potentially expensive and
resource intensive
technology addition to a
spacecraft.

Working Hypothesis:
Some bone growth is
caused by high-
frequency, low-magnitude
strain created by
oscillating platforms.

Unknown: Bone loss in astronauts has not
been fully characterized.. Several questions
that need to be examined: effect on trabecular v.
cortical bone, balance of formation v. resorption,
age, effect on male v. female, degree and
duration of recovery of bone mass. These
questions need to be studied in parallel with
developing countermeasures. The answers to
these questions may determine what
countermeasures may be more appropriate for
what population of astronauts (i.e. age, sex). It
is likely that multiple countermeasures need to
be available so there are options for multiple
clinical circumstances- it is reasonable to expect
the astronaut to choose the appropriate
countermeasure in consultation with his/her
physician.

Known: Oscillating platforms
prevent bone loss on earth. This
non-drug countermeasure prevents
bone loss in sheep and chickens.
Preliminary trials on
postmenopausal women had
positive results in bone growth.
Drawback: it is not known if
oscillating platforms will work in
microgravity.

Knowns and unknowns

____ Known risk: Permanent or long term
bone loss. Bone loss could result in
permanent or long term disability when
returning from 100 day missions.
Inference: Astronauts could lose up to
half their bone density on a three-year

bone loss). Approx. 1/4 of bone loss
could be permanent.

trip to Mars (if no way is found to prevent

Unknown: type of human bone
lost. We do not know the degree to
which trabecular bone is effected v.
cortical bone in humans.

—— Known risk: Fractures from Bone
Loss. Bone loss on extended missions
in space could result in fractures in
space or on Mars.

Drawback: oral bisphosphonates

— are contraindicative in microgravity
because of severe gastrointestinal
distress. Injectable bisphosphonates
are not yet approved, but are being
developed.

create better
models. Some
spaceflight models
for human disease
conditions are
better/quicker than
some ground

based models.

Importance:
Osteoporosis
affects 44 million
Americans. A
better drug will
reduce medical
costs of treating
broken bones, and
bone replacements.

Research Partnership Centers
Multiple Benefits

Potential use in astronauts. This drug, once it is approved by the FDA,
could be prescribed for astronaut use during long-duration missions to

prevent bone loss.

Potential off-the-shelf purchase. This drug will be able to be bought
off the shelf by NASA to prevent bone loss by astronauts.

Leverage NASA funds. Investment by Amgen in partnership with
BioServe, enables NASA to stretch its research dollars by not having to

pursue this Risk type I research.

Enabling technology. This project has developed a proven technique
for accelerating drug product development as well as a proven model for

bone loss.
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Project: OSTEOPROTEGERIN BONE LOSS

PREVENTION PROJECT

Project description: To continue to develop microgravity
as a test bed (as a complement to ground-based models)
for accelerating the development of candidate drugs for
treatment of human diseases. It may be possible to
develop animal models in space that can't be replicated

on Earth.

Status: One drug, Osteoprotegerin (OPG), is currently in
Phase Il clinical trials as a drug therapy for osteoporosis
and bone loss associated with metastatic bone cancer. It
was successfully tested in microgravity conditions.
Project Site: BioServe Space Technologies, University of
Colorado, Boulder a NASA Research Partnership Center.

Known: Currently approved anabolic
(increase mass) therapies. Teriparatide
L—— (PTH 1-34) increases bone formation and

1
Known: Bone loss data.
Astronauts typically lose bone
at the rate of 1 to 1.5% per
month in space. 2

Known variation in body areas.
Astronauts may lose bone at a
different rate in different parts of the
body. They have lost up to 20 percent
bone density in the hip.

traebeecu-lar
The kind of bone mass that is 3
located next to joints such as

the ball that fits into the hip
socket and the vertebral bones.

Known bone cell process. On Earth old,
damaged bone is constantly being

removed (osteoclastic resorption) and

replaced with new bone (formation by
osteoblasts). Both of these functions are 4
adversely affected in space.

Unknown individual variables. We don't
know what variables control the variation
bone loss between 1 to 2% per month.
(Genetics? Gender? Amount of exercise
done in space? Body chemistry? Astronaut

Unknown: duration of bone loss. No long
duration studies have been done in mice/rats
(more detailed analysis available in animals).

Known. Considerable variation in bone

loss replacement. Five U.S. Mir astronauts

in space longer than 4 months fully

recovered bone deficits within six months. 6
Two others still had bone loss deficits after 2

Known: Currently approved anti-
resporptive (prevent loss)

therapies. Oral bisphosphonates
increase bone mass 5-10% over three
years and reduce fractures in
osteoporosis patients. 7

Known: Increased bone
resorption is the primary
mechanism for bone loss in

. astronauts.
prevents osteoporotic fractures.
Drawback: Daily injections in microgravity
of teriparatide may not be viable.
Known: space offers an environment where bone loss is 8

microgravity”
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accelerated, thus providing a better model for examining
treatments for osteoporosis. Ground tests conducted as a
precursor to space flight using the hindlimb suspension model,
indicated OPG effectively prevented bone loss in this mouse model.
First test of OPG in mice flown in space on a 12-day shuttle mission
demonstrated the same effectiveness of OPG in the treated mice
when compared with the placebo treated controls.

Known: OPG inhibits bone loss with a single injection every 9
[ 4-6 months. Preclinical data suggest that Osteoprotegerin

(OPG) prevents osteoclastic bone resorption to a greater degree

than bisphosphonates. Drawback: Not yet approved by the FDA.

Known: Drug prevents bone loss and maintains bone
| strength. OPG prevents bone resorption on earth and in

10
Status: Prototype, V. 17

MacroVU® Analytics
M N



