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Abstract

Jurdni M.,P. Vyboh, D. Lamo3ovd, L. Ko§tal, K. Boda, V. Sabo:Selection
of Japanese Quail for Resistance to Hypodynamy and Physiological Consequences of Selection.
Acta vet. Brno 1996, 65: 57-64.

Japanese quail line resistant to hypodynamy have been selected during 12 generations. Cumu-
lative egg-production throughout 14 days lasting hypodynamy was used as the selection criterion.
In each generation one half of quail with the highest egg-laying was chosen to the subsequent gene-
ration. The average egg-production during hypodynamy in selected line was higher than in con-
trol. There was a small decrease in body weight detected in the selected line during hypodynamy,
but food intake was increased. Egg weight, especially the egg shell weight, fertility and hatchabi-
lity was in selected line higher in course of rearing. There were significant differences in response
of the endocrine system represented by hormones (catecholamines, corticosterone, thyroid hor-
mones, estradiol) and some indicators of intermediary metabolism (protein, glucose, cholesterol,
triacylglycerols, polyunsaturated fatty acids) between nonselected and selected line of Japanese-
quail to short hypodynamy treatment.

Japanese quail, endocrine and metabolic profile, egg, selected line, nonselected line

The Japanese quail in Earth conditions shows a fair number of performance qualities, the
most important being the high coefficient of feed conversion into the egg proteins. From this
aspect an inclusion of the Japanese quail in a closed spaceship ecosystem was considered,
with the aim to provide food for astronauts (Boda 1993).

In order to survive in specific conditions of space flights, such as weightlessness and limi-
ted space, an organism must be able of quick adaptation. In Earth condition the hypodyna-
my simulates the weightlessness in space and is usually used in experiments of similar type
(Kovalenko 1977). Obviously the reactions of neurohumoral system have been used as
indicator of normal or stressogenic situation of organism.

From this point of view the reaction of Japanese quail neurohumoral system to the short
term hypodynamy, i.e. suspension of Japanese quail in jackets for 4 h, was studied. In a seri-
es of experiments the content of serotonin and catecholamines in several parts of brain and
in the different structures of hypothalamus, which were studied in detail, were shown to be
changed Jurani et al. 1981; 1984; 1989). There was an increased concentration of sero-
tonin in hypothalamus during short time hypodynamy. On the other hand, concentration of
catecholamines decreased as well as concentration of cAMP in the same region of brain. The
highest decrease of noradrenaline was demonstrated in the n. periventricularis magnocellu-
laris and n. medialis posterior. Restraint resulted in increase of catecholamines, corticoste-
rone and prolactin in plasma, and in a decrease of thyroid and gonadal steroids levels.

Longer lasting hypodynamy (21 days) did not have the same consequences (Jurani et al.
1980). Content of catecholamines in hypothalamus on the 14th day of hypodynamy increa-
sed. The level of catecholamines, corticosterone and thyroid hormones was normalized after
14-21 days. On the same days the concentration of estradiol in plasma was still decreased.
In these experiments the effect of hypodynamy on egg laying was studied. During the first
3 days, the egg production fell and on the 6th day it reached a minimum. Later on, there was
a successive rise in egg production and towards day 21 it represented about 60 % of the ini-
tial egg production before the treatment.
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To examine the effects of long lasting hypodynamy on viability, an extremely long las-
ting experiment in which quail were subjected to 90 days of hypodynamy was performed.
During the first days of hypodynamy the picture of neuroendocrine reaction was very simi-
lar to previous experiment (Jurdni et al. 1983). If the hypodynamy was prolonged from
30 days to 60 days, the content of hypothalamic catecholamines, and plasma concentration
of catecholamines, corticosterone and thyroxine (T, ) corresponded to the pre-treatment
levels of these neuroendocrine parameters. Triiodothyronine (T5) level was still increased.
In this experiment estradiol was decreased most markedly on the 5th day but then slightly
increased from 30 to 60 days. This elevation was accompanied by higher egg laying, which
was after an initial decrease elevated to 82 % of the initial level. Similarly to previous expe-
riments the large individual variability of Japanese quail response to hypodynamy was obser-
ved, mainly in egg production during the first days of hypodynamy. This led us to the idea
of genetic project - the selection of quail line resistant to hypodynamy.

Materials and Methods

Selection program

The parental population was obtained by crossing the randombred and inbred quail line from our Institute. To
form the quail line resistant to hypodynamy, adult hens (80 birds) were exposed to 14 days hypodynamy in tight
jackets. Egg-laying was recorded every day. Cumulative egg production during hypodynamy served as the selec-
tion criterion. In each generation 50 % of hens with the highest number of laid eggs during this treatment were
mated with cocks to form the subsequent generation. Twelve successive generations were bred according to this
scheme. Nonselected line is represented by twelve randombred mated generations of original quail population.

Experimental procedure

Japanese quail from both lines were kept and fed by standard method. Body weight of hens was recorded week-
ly (during the hypodynamy only at the start and end). During hypodynamy, egg production and food intake was
recorded every day.

Eighty quail of selected and nonselected lines were kept under normal conditions. Egg laying was recorded during
the first 3 month from the onset of egg laying. At the end of this period egg weight and egg shells of both lines were
compared and from 100 incubated eggs fertility and hatchability were estimated.

In the second experiment 40 hens from each line were assigned to five groups: control and groups exposed to
hypodynamy lasting 30 min, 1, 2 and 4 h (8 animals from each line in each group). Birds were decapitated imme-
diately after the hypodynamy. The blood from head (for estimation of catecholamines) and body (for estimation of
other physiological parameters) was collected for determination of catecholamines by radioenzymatic method
(IRPAR kit, Czech Republic), corticosterone by radioimmunoassay (RIA) according to the method of Etches
(1976), thyroxine and triiodothyronine by RIA method of F61des etal. (1978), estradiol by RIA method of Fra-
nek and Hru$ka (1980), protein according the method of Lowry et al. (1951), glucose (Merck kit, FRG), tria-
cylglycerols and cholesterol (Boehringer Mannheim kits, FRG) and polyunsaturated fatty acid according to the
method of Barash and Akow (1987). Data from the second experiment were analyzed by two-way ANOVA,
assessing the effects of line and hypodynamy duration, followed by Duncan’s test.

Results and Discussion

Japanese quail is frequently used in selection experiments owing to its short generation
interval. Examples of such selection programs are for example divergent selection for growth
under split and complete nutritional environments (Daren and Marks 1988), for blood
corticosterone response to immobilisation (Satterlee and Johnson 1988), or for resi-
stance or susceptibility to an acute normobaric hypoxic challenge (Bartels et al. 1985).

Twelve generations of selection for high egg-laying during hypodynamy affected the selec-
ted line in different production and physiological parameters. The time course of egg pro-
duction as aresponse to 14 days lasting hypodynamy has changed as a consequence of selec-
tion. In the 12th generation the average egg laying in selected line decreased to the minimum
value 27% within 3 days after the onset of hypodynamy, while in control line to 0% within
6 days. At the end of hypodynamy the egg production in selected line recovered to the ini-
tial value (100%), while in control line only to about 40% (Fig. 1).
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Cumulative egg production during the 14 days lasting hypodynamy increased substanti-
ally over the twelve generations of selection from 24% in original population to 82% in the
12th generation (Fig. 2). In nonselected line it remained at the same initial level.
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Better adaptation to the hypodynamy challenge in selected quail is also documented by
the minimal loss of body weight during hypodynamy. There was a marked decrease in body
weight during 14 days treatment in control line (Fig. 3). On the other hand, the food intake
was higher in selected line during the whole 14 days of hypodynamy (Fig. 4). This higher
food intake is probably connected with the significantly higher egg-production.

Selection did not affected only the egg-laying during hypodynamy, but also the egg-lay-
ing under normal conditions. Average egg-laying during the first 3 month of egg-laying peri-
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od was in the 12th generation of selected line higher by 12 % in comparison with nonselec-
ted line (94 % vs. 82 %). The egg weight, especially the weight of the egg shell, were also
significantly increased (6.8%). Other parameters improved by selection were fertility and
hatchibility of eggs (83.9 % vs. 75.5 %; 83.1 % vs. 78.9 %).
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To study the changes in endocrine response to hypodynamy adult quail of both lines were
subjected to short-term hypodynamy. Hypodynamy induced the increase of catecholamines.
Quail from nonselected lines responded to 2 h hypodynamy by a significant increase of plas-
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Fig. 6. Effect of hypodynamy on plasma adrenaline concentration
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a - p <0.05 in comparison with control within single line

ma noradrenaline (Fig. 5).
The increase was delayed
by 2 h in selected quail.
While in nonselected line
the significant increase of
adrenaline level was recor-
ded after 1 h, in the selec-

" ted line the level was not

changed significantly
throughout the whole expe-
riment (Fig. 6).

The basal level of corti-
costerone in plasma was
higher in selected line of
quail (Fig. 7). After 30 min
exposure to hypodynamy
plasma corticosterone in-
creased rapidly in both lines
and remained at the high
level. After 4h exposition to
hypodynamy was still high-

quail to 30 min and 2 h
lasting hypodynamy sig-
nificant decline of plasma
T, was recorded in nonse-
lected birds (Fig. 8). In
selected quails the decre-
ase of plasma T, concen-
tration occurred after 2 and
4 h. Level of T; was not
affected by hypodynamy
(Fig. 9). The only between
line differences were
determined after 30 min
and 2 h treatment.

There were no signifi-
cant differences in plas-
ma  estradiol levels
between nonselected and
selected lines except
4 h (Fig. 10). All tested
hypodynamy durations

caused significant decreases in plasma estradiol of nonselected line. In selected quail
the decline was not significant. This results are in agreement with our previous
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data(Jurani etal. 1983) and indicate the close relation between the estradiol levels

and egg-production.

The basal levels of proteins in serum were very similar in both lines (Fig. 11). During the
hypodynamy the level of proteins slowly declined. The decrease was faster in nonselected
line and it was significant in case of 2 and 4 h hypodynamy. In selected quail decrease of
serum proteins occurred after 4 h lasting hypodynamy only.
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Fig. 9. Effect of hypodynamy on plasmatic triiodothy-
ronine concentration (mean + S. E. M.)
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The basal levels of glucose differed between both lines (Fig. 12). In nonselected line the
glucose concentration was higher and the significant increase was found after 30 minutes and
2 h of hypodynamy. The increase of plasma glucose in selected quail was not significant.
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Fig. 12. Effect of hypodynamy on plasma glucose con-
centration (mean + S. E. M.)
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The plasma cholesterol concentrations did not differ between both lines and there were no
changes determined during the whole 4 hours lasting hypodynamy (Fig. 13).
The basal levels of plasma triacylglycerols of selected line were in comparison with nonse-
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Fig. 14. Effect of hypodynamy on plasma triacylgly-
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lected one significantly higher (Fig. 14). After the exposure of quail to all tested hypodynamy
durations the significant decline of triacylglycerols in nonselected line was recorded. In selec-
ted line of quail no significant changes in triacylglycerol concentration were determined.
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Selekcia prepelic japonskych na rezistenciu k hypodynamii
a fyziologické dosledky selekcie

Pocas dvandstich generdcii sme selektovali vo¢i hypodynamii rezistentni liniu prepelic
japonskych. Selekénym kritériom bola produkcia vajec v priebehu 3trnastdiiovej hypody-
namie. V kaZdej generacii polovica prepelic s najvy$Sou znikou vajec bola pouZita pre
vytvorenie daliej generdcie. Priemerna znéSka vajec po¢as hypodynamie bola v selektova-
nej linii vy3Sia ako u neselektovanych jedincov. Po¢as hypodynamie sme pozorovali niZsi
pokles telesnej hmotnosti u selektovanej linie neZ u neselektovanej, u selektovanej bol viak
zvySeny aj prijem potravy. Hmotnost vajec, najmi hmotnost §krupiny, oplodnenost, a liah-
nivost bola v chove selektovanej linie vys§ia. Signifikantne sa li§ila reakcia endokrinného
systému medzi neselektovanou a selektovanou liniou prepelic japonskych na kratkodobu
hypodynamiu reprezentovand horménmi (katecholaminy, tyreoidélne hormony, estradiol),
ako aj indikatory intermedidrnho metabolizmu (bielkoviny, glukéza, cholesterol, triacylg-
lyceroly, polynenasytené mastné kyseliny).

Cenekyus ANOHCKUX NEPEnenoK K yCTOAYNBOCTH K TUNOAUHAMMUM
W cu3Monoruyeckue nocneacTeus otréopa

BTeueHue ABeHaALATH OKONEHUA NPOBOANAM OTOOP YCTOAYMBONM NMHIM SNMOHCKUX NEpenenok no
OTHOLLEHWIO K rUnoavHamuy. Kputepuem ot60pa ctana npoayKumMs SuL B TEHEHNE BYXHEAENLHOM
runoavHaMuu. B KaxaoM nokoneHuy NONOBKHY Nepenenok ¢ MakCMManbHoR NPOAYKLUMen suL ucno-
Nb30BaNM ANS CO34aHUS CReayroLiero nokoneHus. CpegHsist HOCKa sk B X04e runoavMHaMun y 0T6-
MpaeMoii NvHMK 6bina BblLLe NPOAYKLUMM HECENEKTUPOBAHHbIX NEPENENOK, 0AHAK0 Y 0TOOPHO NUHWM
HabnioaanocL ysenuyeHue AonM nuTaHus. Macca suu, B OCHOBHOM, Macca CKOpRynbl,
ONNOAOTBOPEHHOCTD, BbINYNIMBAEMOCTL Obina 6ONbLUE Y CENEKTUPOBAHHOM NIMHIM. SIBHO HabBnoAaNM
Pa3HuLy peaxLuyt SHAOKPUHHON CUCTEMBI MEXY HECENEKTUPOBAHHOM M 0TOOPHONR NUHUAMM SMO-
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HCKWUX nepenenek Ha KPaTKOBPEMEHHYH rMNoAMHaMUI0, NPeacTaBNfeMylo rOpMOHaMK (KaTexo-
NamuHamu, KOPTUKOCTEPOHOM, FOPMOHaMU LLUTOBUAHOH XKenesb, SCTpaAMOHOM), a TaKXKe UHAWUK-
aTopaMu UHTepMeanapHoro meTabonnama (6enxamu, FKo30M, X0NeCTepuHoM, Tpuauunranuepu-
NaMK, NONYHEHACHILLEHHBIMU XKVUPHBIMU KUCNIOTaMH).
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