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Short title

Japanese Quail under Simulated Microgravity

Summary

The aim of this study was to investigate the effects of long-term stay of Japanese quail in
simulated microgravity on some sexual features of males. As a model for simulating
microgravity exposure of birds in laboratory conditions was used hypodynamia.

The mean left testis weight in males reared under hypodynamia from day 3 up to 180 days of
age was lower than that of control (P < 0.05), but the right testis weight differences between
both groups were not significant. Also the area, volume and foam production of cloacal gland
was not significantly decreased in hypodynamia birds at the end of experiment. By contrast,

the plasma testosterone concentration of males living in hypodynamia was reduced about 50


physres
Nové razítko


% at 90 and 180 days of age in comparison to control (P < 0.05) suggesting some negative
effects on sexual development. Our results demonstrated that male quail kept under simulated
microgravity conditions were sexually competent although their sexual efficiency was

reduced especially in terms of plasma testosterone.
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Introduction

The first time in history, in 1979, it was found that Japanese quail embryogenesis can
successfully realize under conditions of weightlessness (Sabo et al. 1984). Later, in 1990, it
was found that microgravity does not have a negative impact on hatching of Japanese quail
(Bod’a et al. 1992). At the time, six vital Japanese quail were hatched onboard the Mir space
station. Another successful hatching of Japanese quail in weightlessness was carried in 1999
(Sabo et al. 2001). Nevertheless, it is not known how microgravity can influence
postembryonic development of Japanese quail chicks during different ontogenetic phases.

A partial answer may be provided by experimental models of simulated microgravity. Based
on the comparison of space-flight and ground experiments, it was confirmed that weightless
simulations induce similar, although not always identical physiological responses. For
example in rats, it was found that spaceflight and earth-based unloading produce similar effect
on skeletal muscle (Tischler et al. 1993) and cardiac mass (Ray et al. 2001). Moreover, the
motor function of animals exposed to real microgravity was consistent after landing with that
seen in rats under simulated microgravity (Walton, 1998).

Models for simulating several aspects of weightlessness exist for various species. A 6° head-

down bed rest is used in humans (Gretebeck and Greenleaf, 1999). Immobilization by chair



restraint is applied in nonhuman primates (Florence et al. 1995). Hindlimb unloading in a 30°
head-down position is used on rodents (Morey-Holton and Wronski, 1981). Model for
simulation of weightlessness in birds is hypodynamia, where an individual is placed in special
jacket suspended in a separate cage so that its legs cannot touch the floor (Sabo et al. 1998).
Hypodynamia has been first successfully used in the study of neurophysiological response of
adult Japanese quail to a restraint from 5 to 90 days (Jurani et al. 1984). Later, many
experiments examining the effect of hypodynamia on various physiological functions in quail
were conducted (Gazo et al. 1990; Guryeva et al. 1998). The first four juvenile birds were
reared under hypodynamia in 2000 (Skrobanek et al. 2001). Further studies investigated the
effects of hypodynamia on postnatal growth and development of Japanese quail from hatch to
63 days of age (Skrobanek et al. 2004; 2008).

The present study was designed to evaluate the effect of long-term stay Japanese quail in

simulated microgravity on some sexual features of males.

Materials and Methods

Eighty 3-day old male Japanese quail (Laying Line 01 Ivanka pri Dunaji) with mean body
weight 10.43 £ 0.75 g were assigned at random into experimental group (n = 40, exposed to
hypodynamia) and control (n = 40). Hypodynamia is a method of weightlessness simulation
where birds are placed in special individual slings suspended by a flexible metal device such
that their legs cannot touch the floor (Skrobanek et al. 2004). Control quail chicks were placed
in two rearing boxes (0.6 x 0.6 x 0.3 m). Birds of both groups were kept 180 days in a
windowless poultry room with controlled ventilation and heating by infrared lamps. The
temperature in the rearing room was maintained at 35-36 °C for the first few days after
hatching and then decreased gradually during four weeks to about 22 °C, remaining on this

level until the end of experiment. A commercial starter mass HYD-13 and water were



available ad libitum. The diet containing 260 g/kg protein and 11.5 MJ metabolisable
energy/kg was fed from hatch to the termination of experiment. Lighting in the rearing room
was continuous. The care and use of animals were in accordance with laws and regulations of
the Slovak Republic and were approved by the Ethics Committee of the Institute of Animal
Biochemistry and Genetics, SASci, lvanka pri Dunaji.

At 90 and 180 days of age, twenty birds from each group were randomly selected and
individual body weight was recorded. Subsequently, the cloacal gland size (length and width)
was measured by calliper. The cloacal gland volume was calculated according to the formula:
4/3 x 3.5414 x (0.5 x width) x (0.5 x length)? proposed by Chaturvedi et al. (1993). The
cloacal gland foam production was determined by subjective scaling of the amount of foam
ejected upon manual expression (squeezing) of foam gland, using a scale of 1 (no foam
expressed) to 5 (maximum amount of foam expressed). Then, the birds were euthanized by
decapitation and blood for testosterone analysis was collected into heparinized plastic tubes.
The blood samples were immediately placed on ice, centrifuged at 1,500 g for 30 min at 4 °C
to separate the plasma and stored at -20 °C until analyzed. Testosterone was determined by
direct radioimmunoassay (RIA) partially modified by Zeman et al. (1986). Immediately after
blood collection, the abdominal cavity was opened and the testes were removed and measured
(length, width and weight).

Data from both groups were analyzed by two-way analysis of variance (ANOVA) with age
and treatment as factors. In each analysis, significant differences among means were detected
using Tukey multiple comparison test. In all cases, the level of significance was set at P <

0.05. All values are presented as mean + standard deviation.



Results

The mean body weight of males Japanese quail reared under hypodynamia was lower than
that of age-matched control housed on the floor in boxes at 90 and 180 days of age (P <
0.05). No interaction was observed between age and rearing method (Figure 1).

The cloacal gland area of control and hypodynamia males increased with age (P < 0.05), but
the differences between groups were not significant (Figure 2). Similarly, the cloacal gland
volume enlarged at 180 days compared to 90 days of age (P < 0.05), however, there was no
significant difference between both groups. The foam production of test and control group
decreased significantly at 180 days of age (P < 0.05). The differences between groups
occurred only at 90 days of age (P < 0.05).

The mean testicular weight in both male groups varied only slightly during experiment,
although the testes of control group were heavier (P < 0.05). Also, the testicular length in
both groups was nearly unchanged and the differences between groups were not significant
except in right testis at 90 days of age. Similarly, the mean testicular width in both male
groups was nearly invariable, although the testes of hypodynamia group were shorter (P <
0.05).

The mean concentration of testosterone in blood plasma decreased slightly at 180 days
compared to 90 days of age, but the level of testosterone in males under hypodynamia was

about half lower than that in control birds (P < 0.05).

Discussion

The purpose of this study that represents a continuation of our previous research was to
investigate whether the nearly half-year stay (177 days; from 3 to 180 days of age) in
simulated microgravity affects the development of some sexual traits of Japanese quail males.

On the basis of our previous results, we hypothesized that hypodynamia can modify the level



of studied parameters. The present findings revealed that hypodynamia significantly effected
body weight, testis parameters and plasma testosterone concentration. Results are in line with
our previous study when Japanese quail males were exposed to simulated microgravity only
during 67 days (from 3 to 70 days of age) (Skrobanek et al. 2009). The most likely
explanation for these differences might be stress in the first days of bird’s life that caused a
decrease of food intake and conversion, and removing of weight bearing loads from feet and a
permanent absence of free movement that is an essential factor for the normal development of
animal organism.

The direct comparison of current results with data of other studies is impossible because to
our knowledge this is the first report investigating effects of long-term simulated microgravity
on the postembryonic sexual development of male birds. However, more information is
available from the similar studies on mammals. Their results suggest that mammalian
reproduction may be reduced under conditions of altered gravity. For example, in the short-
term experiments (< 14 days) investigating the reproduction of mice during their exposure to
simulated microgravity, a significant decline in testicular weight and testosterone
concentration was observed in comparison with free roaming animals (Kamiya et al. 2003;
Sharma et al.2008). Rats exposed to simulated microgravity (6 wk) using the hind-limb
suspension exhibited significantly decreased testicular weight, testosterone level and
spermatogenesis (Tash et al. 2002). The similar differences in reproductive parameters of rat
compared to the ground control were observed in a real microgravity during spaceflight
(Amman et al. 1992; Sapp et al. 1990). In humans, a rapid decline in plasma testosterone
concentration was consistently recorded in astronauts during Space Shuttle flights (Strollo et
al. 1998).

The results of the present experiment clearly demonstrated that sexual development proceeded

under conditions of long-term hypodynamia, although these conditions had negative effects



on some investigated sexual traits of male Japanese quail. Obtained results are in accord with
those found in rodents. These findings confirm that quail is capable of long term living under
the conditions of hypodynamia. Together with our previous experiments, this data may be

useful for understanding Japanese quail ontogeny during exposure to real microgravity.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

The body weight of male Japanese quail developing in the simulated microgravity.
Values are means + SEM, n = 18.

(%, y) Means of control and hypodynamia with different superscripts are significantly
different (P < 0.05)

The cloacal gland area, resp. volume, and foam production of male Japanese quail

developing in the simulated microgravity. Values are means = SEM, n = 18.

(a, b) Means of control with different superscripts are significantly different (P < 0.05)

(c, d) Means of hypodynamia with different superscripts are significantly different (P < 0.05)
(X, y) Means of control and hypodynamia with different superscripts are significantly
different (P < 0.05)

The testes weight and testes measurements of male Japanese quail developing in the simulated
microgravity. Values are means + SEM, n = 18.

(X, y) Means of control and hypodynamia with different superscripts are significantly
different (P < 0.05)

Concentration of plasma testosterone in male Japanese quail developing in the simulated
microgravity. Values are means + SEM, n = 18.

(X, y) Means of control and hypodynamia with different superscripts are significantly
different (P < 0.05)
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