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Microgravity changes the metabolic environment of bone
leading to site-specific alterations in bone remodeling: bone
formation is decreased and bone resorption is increased result-
ing in significant bone loss with an attendant increase in frac-
ture risk. The pelvis and lower extremities show the greatest loss
of bone that may amount to as much as 5% in the lumbar spine
and 10% in the proximal femur after spaceflight of 6 months
duration1. Multiple drugs have been employed during manned
spaceflight to combat a variety of flight-related medical disor-
ders such as space motion sickness, sleeplessness, nasal conges-
tion, headache, back pain and constipation. The list includes
antibiotics, sleep medications, drugs for nasal congestion,
antiarrythmics, and muscle relaxants2. However, to date, only
exercise has been employed to counter bone loss: the effects of
different regimens have not proven protective of bone.

It is appreciated that the response of bone to drugs will be
different in extended spaceflight as compared to responses
on the ground3. Extended bed rest studies on earth have not
focused on pharmacodynamics of bone active drugs. The few
reported observations that involving drugs such as acetamin-
ophen and promethazine indicate that microgravity has
potentially profound effects on drug actions when compared
to earth4. Furthermore, drug action in microgravity may be
affected by factors such as gender, which is not considered a
primary fact when assessing drug actions on earth, but which
may assume greater importance in microgravity5.

Microgravity will alter drug pharmacokinetics through
several mechanisms:6-8

ñ Oral availability: Alterations in agent dissolution rate,
absorption, hepatic first pass metabolism, and in intestin-
al blood flow.

ñ Drug distribution: changes in total body water and plasma
volume, muscle loss

ñ Alterations in receptor number and receptor affinity
ñ Altered drug metabolism leading to increased or

decreased drug activity
ñ Altered tissue binding
ñ Altered pulmonary absorption: altered aerosol dispersion
ñ Altered renal clearance due to changes in renal perfusion

due to drug toxicity
ñ Altered drug elimination via skin, the GI tract and the pul-

monary tract.
The pharmacologic approach to the preservation of bone

mass during spaceflight is complex because of the multiplic-
ity of factors affecting bone metabolism, which are affected
by microgravity exposure. Additional factors specific to bone
that potentially alter the response to drugs are: alterations in
fluid shear forces at the cellular level, alterations in the com-
position of osteoblast and osteoclast populations and
changes in several hormones and cytokines including
decreased levels of PTH, elevations in ionized serum calci-
um, decreased levels of 25(OH) and 1,25(OH) vitamin D,
depressed levels of IGF-1 and growth hormone, elevated
plasma cortisol levels and alterations in diurnal rhythms. 

Drugs that act primarily on bone have not been tested
during spaceflight. The use of the oral and intravenous bis-
phosphonates, alendronate and zoledronic acid, is currently
under consideration for flight testing. Animal experiments
provide only limited insight into the potential actions of
these agents during extended duration spaceflight.
Alendronate, and pamidronate have been studied in the
chronic bed rest model and zoledronic acid has been studied
in individuals with spinal cord injury9,10; each has been shown
to protect bone mass suggesting their potential for limiting
bone loss in microgravity11. However, when estimating the
response during flight, one must consider experiments on
earth that demonstrate the importance of inter-subject vari-
ation in drug absorption as well as the different effects of age
and gender on bisphosphonate pharmacodymanics12.

Future studies may involve newer pharmacologic counter-
measures to bone loss. Among these may be anti-resorptive
agents such as Rank Ligand inhibitors, or agents designed to
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increase osteoblastic bone formation such as PTH analogues13.
The potential role for cathepsin K inhibitors, integrin inhibitors
or hormone receptor agonists such as SERMs is untested.

Microgravity exposure increases bone resorption. An
important consideration is the maintenance of coupled bone
formation following prolonged treatment with anti-resorp-
tive agent, during a 6-month flight to Mars. However, the use
of newer pharmacologic agents in the future may permit bet-
ter maintenance of coupled bone formation and resorption
under varying conditions of microgravity as would be experi-
enced during long-duration spaceflight.

Programs should be developed to test the pharmacokinet-
ic, pharmacodynamic and pharmacogenetic characteristics
of drugs during microgravity with the goal of maintaining the
integrity of bone during extended exposure to a microgravi-
ty environment.

References

1. Lang T, LeBlanc A, Evans H, Lu Y, Genant H, Yu A.
Cortical and trabecular bone mineral loss from the
spine and hip in long-duration spaceflight. J Bone
Miner Res 2004, 19:1006-1012.

2. Vernikos J. Pharmacological approaches. Acta
Astronaut 1995; 35:281-295.

3. Graebe A, Schuck EL, Lensing P, Putcha L, Derendorf
H. Physiological, pharmacokinetic and pharmacody-
namic changes in space. J Clin Pharm 2004; 44:837-853.

4. Bagian JP, Ward DF. A retrospective study of promet-
hazine and its failure to produce the expected incidence
of sedation during space flight J Clin Pharmacol 1994;
34:649-651.

5. Cummings CL, Wu CY, Benet LZ. Sex-related differ-

ences in the clearance of cytochrome P450 #A4 sub-
strates may be caused by P-glycoprotein. Clin
Pharmacol Ther 2002; 72:474-489.

6. Czarnik TR, Vernikos J. Physiological changes in space-
flight that may affect drug action. J Gravit Physiol 1999,
6:161-164.

7. Derendorf H. Pharmacokinetic/pharmacodynamic con-
sequences of space flight. J Clin Pharmacol 1994;
34:684-691.

8. Tietze K, Putcha L. Factors affecting drug bioavailiabil-
ity in space. J Clin Pharmacol 1994; 34:671-676.

9. LeBlanc AD, Driscol TB, Shackelford LC, Evans HJ,
Rianon NJ, Smith SM, Feeback DL, Lai D.
Alendronate as an effective countermeasure to disuse
induced bone loss. J Musculoskelet Neuronal Interact
2002; 2:335-343.

10. Watanabe Y, Ohshima H, Mizuno K, Sekiguchi C,
Fukunaga M, Kohri K, Rittweger J, Felsenberg D,
Matsumoto T, Nakamura T. Intravenous pamidronate
prevents femoral bone loss and renal stone formation
during 90-day bed rest. J Bone Miner Res 2004; 11:1771-
1778.

11. Shapiro JR, Beck TJ, Mustapha B, Ruff CB, Ballard P,
Caminis J. Zoledronic acid counteracts bone loss in the
spinal cord injury model of microgravity. J Bone Miner
Res 2004; 19:S445.

12. Mitchell D, Barr WH, Eusebio RA, Stevens KA, Duke
FP, Russell DA, Nesbitt JD, Powell JH, Thompson GA.
Risedronate pharmacokinetics and intra- and inter-sub-
ject variability upon single dose intravenous and oral
administration. Pharm Res 2001; 18:166-170.

13. D'amour P, Brossard JH. Carboxyl-terminal parathy-
roid hormone fragments: role in parathyroid hormone
physiopathology. Curr Opin Nephrol Hypertens 2005;
14:330-336.


