
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



z ^ Dv

FINAL	 CHNICAL REPORT

NASA Grant NAGW - 349

(NASA -CB-11SSb1) CHANGLS IN BLhE S'IRULTUFL 	 Nb5-1y6; 1
AN1J Ilk rABCLISCI LUFING SIMUTATIL
wIIGHTLESSN4SS:	 EHUULHINE AhD DIETAJY
FALTOfiS final TeC hu iC dl btpott jVCt erdLS	 llocla1
AdaiaisttaticL HOEpitdl) 	 a E iic A32/NF A01 G3/52 240a6

C hanges in Bone St r ucture and Metabolism during

Simulated Weightlessness: Endocrine and Dietary Factors

Bernard P. Halloran and Thomas J. Wronski

win
A.dmkiistration

rra 116 r a rt
Modk*i OMW
4160 Clmmnt Mmw
AW Francesco. C& 94;

ti



f d0.

INDEX

I. Technical Report

II. Abstracts and publications directly associated with this grant

III. Appendix - The role of 1,25-dihydroxyvitamin D in the inhibition

of bone lormation induced by skeletal unloading

t

0



dr'

3/

I. Technica' Report

The overall objectiwa of this grant was to examine the roles of vitamin D,

PTH and corticosterone in the skeletal alterations induced by simulated weight-

lessness. In light of tie studies by Globus et al. and others suggesting that

bone formation is inhibited following acute skeletal unloading (Endo. 114:2264,

1984, Metab. Bone Dis. Rel. Res. 4169, 1982), our first objective was to

determine if changes in the ser l ,m concentrations of Ca, P i , osteocalcin,

25-OH-D, 24,25(OH) 2 0 or 1,25(OH) 2 0 a so occurred following acute skeletal

unloading. To accomplish this, animals were either suspended (using the tail

suspension model of Globus et al., Endo. 114:2264, 1984) or pair fed for 2, 5,

7 0 10, 12 and 15 days and the serum concentrations of Ca, P i , osteocalcin and

the vitamin D metabolites measured. In addition, bone histology was examined at

day 5 after suspension. Acute skeletal unloading produced a transient

hypercalcemia, a significant fall in serum osteocalcin and serum 1,25(OH) 2 n, a

slight rise in serum 24,25(OH)2 D, but did not affect the serum concentrations of

Pi or 25-OH-D (Fig. 1). At the nadir in serum 1,25(OH) Z D serum osteocalcin was

reduced by 22%, osteoblast surface by 32% (P < 0.05) and longitudinal bone

growth by 21% (P < 0.01)(Table I).

TABLE I. Effect of skeletal unloading on bone histology in the proximal tibial
metaphysic.

5 day
Control suspended
(n =	 5) (n =	 5)

Trebecular bone volume (per cent) 14.3 + 1.2 13.2 + 1.5

Osteoblast surface (per cent) 21.5 + 0.8 14.5 + 2.5a

Osteoblasts/mm 14.2 + 0.7 8.7 + 1.7b

Osteoclast surface (per cent) 36.1 + 2.1 37.7 + 1.6

Osteoclasts/mm 5.7 + 0.4 5.0 + 0.6

Longitudinal	 bone growth ( m/day) 191.5 + 5.8 152.0 + 7.5c

Data are given as mean + SE

a P< .05, b p< .025, c P< .01, Students t-test, 2 tailed
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Figure 1. Effect of skeletal unloading on the serum concentrations of Ca(A),

1,25(GH) 2 D(B) and 24,25(OH) 2D (C). ap < .05, by <.01, Students t-test

To determine if prevention of the fall in serum 1,25(OH) Z D observed between

days 0 and 7 of suspension would prevent the decrease in bone mineral reported

by Globus et al. (Endo. 114:2264, 1984), we chronically infused rats with

1,25(OH) 2D so as to maintain a constant serum level of 1,25(OH) 2 D throughout the
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suspension period. Chronic 1,25(OH) 2 0 infusion did prevent the expected fall in

serum 1,25(GH) 2 0 in suspended rats but did not prevent the loss of bone mineral

(Fig. 2).
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Figure 2. Effect of chronic 1,25(OH) 2 0 infusion on the serum concentration of
1,25(OH)2 D (A,B), and the Ca contents ofthe tibia (C,D) and lumbar
vertebra (E,F) of suspended rats. ap < .05, bp < .01, cP < .005,
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These results, taken collectively, suggest that acute skeletal unloading in

the growing rat produces a transitory inhibition of bone formation which in turn

produces a transitory hypercalcemia leading to a temporary decrease in serum

1,25(OH) 20. No evidence could be found for a direct involvement of 1,25(OH)ZD

in the bone changes induced by skeletal unloading. On the contrary, our studies

support the hypothesis that the bane loss associated with skeletal unloading is

a locally mediated phenomenon and independent of vitamin D.

In a second series of studies we examined the prophylactic effect of high

dietary calcium and phosphorus on the bone loss associated with acute skeletal

unloading. Suspended and pair-fed rats were fed one of four diets containing

the following percentages of Ca and P respectively: 0.1/0.3, 0.4/0.3, 1.2/0.8,

2.4/1.2. Animals were sacrificed after 2.weeks. Serum concentrations of Ca and

PTH were unaffected by diet and skeletal unloading. Serum 1,25(OH)2 D increased

with decreasing dietary Ca as expected, but was the same in suspended and cone

trol rats for a given diet. Total bone Ca increased in all animals as dietary

Ca and P increased, and although tibial C; ,. in suspended rats fed the 2.4% Ca

diet was equivalent to or greater than tibial Ca in control rats fed the 0.44%

or 1.2% Ca diets, for each separate diet group, suspended animals had lower bone

Ca values. These results suggest that high dietary Ca and P can reduce the

impact of skeletal unloading on bone Ca, but can not prevent the loss of mineral.

Because of a restructuring in programs, the original studies planned to

examine the role of corticosterone were not done. They are now, however,

underway and under the direction of both Drs. Bernard Halloran and Daniel Bikle.

As is so often the'case in basic research, two unrelated, but extremely

important observations were made during the course of our 1,25(OH) Z D infusion

studies. Animals chronically infused with 1,25(OH)2 D had lower serum concentra-

tions of 25-OH-D and increased bone mass. Studies are presently underway to

further examine this phenomenon.
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APPENDIX

The Role of 1,25-dihydroxyvitamin D in the Inhibition of Bone formation

Induced by Skeletal Unloading
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