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Summary
The influence of long-term hypodynamy on the calcium and phosphorus levels was studied in the bones of Japanese
quails. The hypodynamy evoked different changes in the calcium and phosphorus content in males and females. The
calcium content in the marrow of femurs was only changed in the hens, while in cockerels it was significantly decreased
in the upper part and marrow of the tibia. Furthermore, changes in the phosphorus content were observed only in the
tibia of cockerels.
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Introduction

The formation and destruction of bone material
in the skeleton is carried out by two specialized types of
cells � osteoclasts and osteoblasts. The osteoclasts are
responsible for bone resorption and release of calcium
and phosphorus from the skeleton � the reservoir of these
minerals for body mobilization. The ratio of calcium to
phosphorus is practically constant and somewhat greater
than 2:1 (McDowel 1992). The composition and the
constitution of poultry bones (Taylor et al. 1960) as well
as their ontogenetic determinants (Field et al. 1974) had
been studied previously. Birds are able to maintain
calcium and/or phosphorus levels in the plasma by
mobilizing the calcium reserves in the skeleton.

Alternatively, by depositing more bone in specific sites of
the skeleton, birds can adapt their bone conformation to
physical challenges (Gross and Bain 1993).

Living bones are continually undergoing
processes of reinforcement and resorption, partially but
not totally driven by changes in their mechanical load
environment (Cowin 1998). While the Japanese quail is
assumed to be part of a closed ecological system in space
flying, in our study we were interested in bone mineral
metabolism of the quail under conditions similar to those
in space. As the hypodynamy can serve a model for
weightlessness, the distribution of calcium and
phosphorus in Japanese quail bones was studied under
long-term hypodynamy.
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Table 1.  Mass of the long bone parts  (g).

BONE/Part Group 28th day 56th day 84th day
Males Females Males Females Males Females

0.042 0.039 0.042 0.060 0.045 0.052Experimental
±0.005 ±0.012 ±0.010 ±0.010 ±0.010 ±0.001

0.033 0.048 0.039 0.066 0.045 0.068

FEMUR

Upper end
Control

±0.009 0.017 ±0.004 ±0.007 ±0.004 ±0.011

0.048 0.053 0.048 0.074 0.057 0.064Experimental
±0.005 ±0.010 ±0.003 ±0.007 ±0.008 ±0.003

0.050 0.063 0.052 0.074 0.057 0.072
Lower end

Control
±0.004 ±0.020 ±0.007 ±0.006 ±0.006 ±0.005

0.112 0.105 0.120 0.120 0.123 0.114Experimental
±0.009 ±0.019 ±0.008 ±0.013 ±0.008 ±0.020

0.116 0.117 0.113 0.107 0.125 0.117
Cortical

Control
±0.012 ±0.033 ±0.008 ±0.004 ±0.009 ±0.016

0.024 0.063 0.027 0.058 0.036 0.033Experimental
±0.008 ±0.021 ±0.011 ±0.016 ±0.009 ×

0.024 0.048 0.015 0.063 0.024 0.058
Marrow

Control
±0.008 ±0.006 ±0.006 ±0.009 ±0.016 ×

0.055 0.079 0.058 0.102 0.072 0.076Experimental
±0.009 ±0.013 ±0.009 ±0.017 ±0.005 ±0.004

0.062 0.089 0.061 0.096 0.065 0.074

TIBIA

Upper end
Control

±0.004 ±0.019 ±0.004 ±0.014 ±0.010 ×

0.047 0.051 0.036 0.063 0.044 0.05Experimental
±0.019 ±0.008 ±0.013 ±0.006 ±0.008 ±0.005

0.043 0.053 0.046 0.054 0.047 0.046
Lower end

Control
±0.002 ±0.009 ±0.004 ±0.007 ±0.006 ±0.013

0.141 0.162 0.168 0.136 0.159 0.156Experimental
±0.027 ±0.008 ±0.022 ±0.012 ±0.013 ±0.022

0.155 0.164 0.154 0.135 0.161 0.17
Cortical

Control
±0.013 ±0.027 ±0.036 ±0.011 ±0.010 ×

0.027 0.081 0.021 0.077 0.024 0.07Experimental
±0.006 ±0.017 ±0.006 ±0.011 ±0.011 ±0.036

0.017 0.062 0.014 0.059 0.016 0.072
Marrow

Control
±0.007 ±0.015 ±0.005 ±0.017 ±0.005 ±0.025

Data are means ± SEM.
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Females are often supposed to have a lighter
skeleton than males, even in avian domestic species.
However, in broiler chickens, females are less susceptible
to bone deformities than males (Rose et al. 1996). We
therefore also compared the sex differences in bone
mineral metabolism during hypodynamy.

Material and Methods

Experimental design
 Hens and cockerels of Japanese quails (Coturnix
coturnix japonica) aged 66 days were divided into two
groups. The birds in the experimental groups were
sustained in jackets to immobilize their movement for 28,
56 and 84 days according Juráni et al. (1983). Water and
food (calcium 26.91 g/kg, phosphorus 7.69 g/kg) were
given ad libitum to both the control and experimental
groups. On day 28, 56 or 84 of the experiment, six birds
from each group were sacrificed and the skull, rib, femur
and tibia were removed as in previous experiments
(Jankela et al. 1998). The bones were weighed,
autoclaved for 2 hours, defatted with ether and the
muscular tissues were excised. The femur and tibia were
divided into four parts: the upper and lower ends, the
cortical segment and the bone marrow. The bones were
ashed at 550 oC for 7-8 hours, dissolved in HCl (water
solution 1:1) and made up to the same volume. The
calcium content was measured chelatometrically by a
modified method of Davídek (1977) and inorganic
phosphorus using the BioLa test (Lachema Diagnostika).

Statistical analysis
Differences between the experimental groups

were evaluated using Student's paired t-test (P<0.05 or
P<0.001).

Results

The body weight was not changed in either the
hens or cockerels. There were also no differences in the
weight of bones between control and hypodynamy groups
of birds (Table 1). However, some changes were
observed in the content of calcium in the ribs and skull of
the males and females.

Long bones, e.g. the femur or tibia, were divided
into four parts (upper and lower ends, the cortical

segment and bone marrow). It seems that only the tibia of
males is more sensitive to hypodynamy. We observed a
significant fall (P<0.05) in the content of calcium in the
proximal portion on day 28, 56 and 84 of hypodynamy
and an increase (P<0.05) in the phosphorus content by the
28th day (Fig 1). In the marrow, we observed a decreased
content of both phosphorus and calcium (P<0.001) on the
56th and 84th day of hypodynamy (Fig. 2). The content
of these minerals in the tibia of females was unchanged
during hypodynamy. In contrast, significant changes of
the calcium content in the femur marrow were observed
in female birds on the 28th and 56th day (P<0.001 and
P<0.05, respectively) (Fig 3). The calcium content in the
marrow of cockerels was only about 20 % of the calcium
content in the marrow of long bones in the hens (Figs 2
and 3). The content of calcium and phosphorus in various
parts of long bones are shown in Tables 2 and 3. The
laying of eggs and the content of calcium and phosphorus
in the egg shells were without any changes.

Fig. 1. The content of calcium and phosphorus in the
upper end of the tibia of cockerels on the 28th, 56th and
84th day of hypodynamy. *P<0.05 vs. control group.
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Fig. 2. The contents of calcium and phosphorus in the
marrow of tibia of hens and cockerels on the 28th, 56th
and 84th day of hypodynamy. *P<0.001 vs. control
group.

Fig. 3. The contents of calcium and phosphorus in the
marrow of femur of the hens and cockerels on the 28th,
56th and 84th day of hypodynamy. *P<0.05, **P<0.001
vs. control group.

Discussion

In general terms, the response of bones to
external physical stimulation (exercise or mechanical
loading of some kind) is well documented and has been
termed adaptive bone remodeling (Rubin and Lanyon
1987). When functional loading is suppressed in
mammalian subjects, e.g. during space flight or
prolonged bed rest, loss of bone invariably follows
(Simmons et al. 1986, Leblanc et al. 1990). In avian bone
biology, excessive activity or functional strain have been
shown to be either detrimental or of little consequence in
terms of skeletal mass in immature bones (Matsuda et al.
1986, Biewener and Bertram 1991). In agreement with
this conclusion is our observation that prolonged
hypodynamy did not have any negative effect on the bone
mass of immobilized birds.

When the birds are subjected to treatments, such
as loading or feeding a diet low in calcium, their bones
undergo intensive remodeling. Changes in the rate of
bone resorption or deposition can be brought about by
either mechanical or hormonal stimulation. Especially in
laying hens, the need for calcium balance is obvious. The
actual processes of bone remodeling is still poorly
understood (Price and Russel 1992).

There is also little information concerning
calcium turnover in bird bones under conditions of
weightlessness. Hypodynamy appears to be a promising
model of weightlessness.

The results obtained in our experiment show that
there are no changes in the content of calcium or
phosphorus in the ribs and skull of male and female
immobilized birds. In the long bones � the femur and
tibia � we observed significant differences evoked by
hypodynamy between males and females especially in the
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content of calcium. The calcium content in the bones of
hens was only changed in the marrow of femurs, while it
was also significantly decreased in the upper end and
marrow of the tibia in cockerels. Furthermore, changes in
the phosphorus content were only observed in the tibia of
cockerels. Hurwitz (1965) studied calcium turnover in
different segments of the femur and tibia of hens. The
maximal turnover rate of calcium was observed in the
tibia and femur medullary segments. In our experiment,
hypodynamy affected the calcium content only in the
bone marrow of the femur (part of medullary segment).
Although the medullary bones play no significant role in
the mechanical properties of the skeleton, it is extremely
important component in the calcium metabolism of the
birds (Clunies et al. 1992). It seems that under conditions
of hypodynamy the marrow of long bones of hens
deposited certain calcium reserves (Jankela et al. 1998).
This assumption is also supported by the observation that
the content of calcium in the marrow of long bones of
hens is at the level of calcium content of cortical and end

segments, while in cockerels it is composed of only
approximately 20 % of the calcium content of other bone
in both femur and tibia.

It seems that hens are less sensitive to
hypodynamy than cockerels. Rose et al. (1996) also
suggested that female broiler chickens are less susceptible
to bone deformities than males. The reason why bones of
females are more adapted to physiological stress is not
clear. The in situ identification of estrogen target cells in
bones suggests that the combination of estrogen actions
with those of microstrains induced by mechanical loading
will produce a cellular signal for the osteogenic pathways
(Braidman et al. 1995). Cheng et al. (1995) demonstrated
in rats that the osteogenic response to a load combined
with estradiol stimulation is higher in females than in
males.
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