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DEVELOPMENT OF JAPANESE QUAIL (Coturnix coturnix japonica)
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SUMMARY

Sexually mature male Japanese quail were used to study thyroid-gonad relation-
ship and reproductive effects of temporal phase relation (8-hr and 12-hr) of circadian sero-
tonergic and dopaminergic oscillators in hypothyroidic condition. To induce hypothyroid-
ism, birds were injected with an antithyroid drug (2-thiouracil - TU). Quail were divided into
six groups. First group quail received two daily injections of normal saline (Control), sec-
ond group quail received one daily injection of 2-Thiouracil (an antithyroid drug- TU group),
third group received serotonin precursor (5-Hydroxytryptophan, 5-HTP) at 5.00 A.M. and
dopamine precursor (L-dihydroxyphenylalanine, L-DOPA) at 1.00 P.M. (8-hr group), fourth
group received 5-HTP and L-DOPA injections at the interval of 8 hours as in group third as
well as one daily injection of TU (8-hr + TU group), fifth group received daily injections of L-
DOPA 12 hours after the injections of 5-HTP (12-hr group) and sixth group received 5-HTP
and L-DOPA injections at the interval of 12 hour as well as one daily injections of TU (12-hr
+TU group). Quail received daily injections of 5-HTP and L-DOPA 8 hours and 12 hours
apart respectively over a period of eleven days only. However, TU injections alone or along
with 5-HTP and L-DOPA continued till the termination of study (i.e. 7 weeks). Findings
indicate that cloacal gland volume; testicular activity and testosterone level along with
thyroxin was significantly low in TU treated quail compared to control suggesting paraliel
thyroid-gonad relationship in this species. Quail of both 8-hr and 8-hr+TU treated group also
showed reproductively regressed condition. On the other hand, testes of 12-hr quail showed
full breeding condition, which was also maintained in 12-hr +TU quail. Obviously,
gonadostimulatory effect of 12-hr temporal phase relation of 5-HTP and L-DOPA injections
were maintained even in hypothyroidic condition suggesting that inhibitory effect of TU on
gonadal development was overpowered by stimulatory effect of 12-hr phase relation. itis
concluded that gonadal growth in Japanese quail requires the presence of optimal level of
thyroid hormones and 12- hr temporal relation of circadian serotonergic and dopaminergic
activities is a potent stimulator of neuroendocrine gonadal axis even in hypothyroidic con-
dition, while 8-hr temporal phase relation of these neurotransmitter precursors inhibits go-
nadal activity. It is suggested that circadian temporal phase relation of neurotransmitters
may modulate the activity of neuroendocrine axis.
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INTRODUCTION

Initiat studies showed that thyroidectomy inhibits normal gonadal maturation in chickens and ducks
(1) but contrarily it was also reported to prevent gonadal regression (2). Thereafter, effects of surgical
thyroidectomy on annual reproduction have been studied extensively in subtropical birds along with
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seasonal variations in thyroid function of few species (3-8). Thyroidectomy increased gonadal growth
in spotted munia, lal munia and female weaver bird (9-11) while gonadal regression was observed in
male weaver bird, red vented bulbul, house sparrow, common myna and few others subtropical
species as in duck and fowl (12-16). In view of above apparent diverse effects itis clearly evident that
thyroid —gonad relationship varies from species to species (9, 17). A number of studies reported
from Chaturvedi's group strongly indicate the effect of specific phase relation of serotonergic and
dopaminergic oscillators on gonadal function of birds (18-23). In general L-dihydroxyphenylalanine
(L-DOPA, a dopamine precursor) given 8 hours after the injection of 5-hydroxytryptophan (5-HTP, a
serotonin precursor) induces gonadal inhibition while 12-hr relation between these two injections
given over a period of 11-13 days leads to gonadal stimulation. Synchronized release of dopamine
and serotonin in the hypothalamus of rat (24) supports the hypothesis that temporal phase relation of
these neurotransmitters affects neuroendocrine axis. The effects of thyroid hormone and / or thy-
roidectomy on reproductive functions (stimulatory and/or inhibitory) can be mimicked by daily injec-
tions of 5-HTP and L-DOPA, given at specific temporal relations. In those species having parallel
thyroid-gonad relationship viz. red headed bunting and male weaver bird, thyroidectomy as well as
administration of 5-HTP and L-DOPA at the interval of 8 hours leads to suppression of gonadal
development and hyperthyroidism and 12-hr relation of these precursor drugs induces gonadal growth
(18,25). Thyroid functions have also been implicated in the development of photorefractoriness in
birds held on long day lengths (26) and normal thyroid function is essential to develop relative
photorefractoriness (27). Studies indicate that Japanese quail does not become refractory to long
day length in classical sense but exhibit modified refractoriness i.e. relative refractoriness. Beingan
important metabolic hormone and essential for development of photorefractoriness, thyroid hormone
is also reported to be essential for the maintenance of circadian expression and this permissive
action of thyroxin may relate to its inhibitory effect on MAO (Monoamine oxidase) activity (28,29)
hence activates serotonin (30). In view of thyroid-gonad relationship in birds and different effects of 8-
hr and 12-hr relation of circadian serotonergic and dopaminergic activity on reproductive system,
present study was undertaken. The aim was to study the role of temporal phase relation of neural
oscillators in the reproductive regulation of hypothyroidic quail.

MATERIALS AND METHODS

Sexually mature (6 weeks old) male Japanese quail obtained from Central Avian Research
Institute (CARI), Izatnagar, Bareilly (UP), were maintained in lightproof photoperiodic chambers and
provided with commercial poultry feed and water ad libitum. After acclimatization to laboratory con-
dition, length and width of cloacal gland was measured with dial calipers (i.e. observation before
treatment) and volume was calculated using the formula 4/3rab? (where a=1/2 of long axis and b=1/
2 of short axis). Thereafter, quail were divided into following six groups (n=6 in each group).

GROUP [ (Control) Received two daily injections of normal saline
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GROUPII:  (TU)Received one daily injection of 2-Thiouracil, an antithyroid drug (4 mg/ 100 gm
body weight)

GROUPIIi:  (8-hr) Received daily injection of 5- HTP (5-hydroxytryptoph 5mg/100gm body weight)
at5:00 A.M. and L-DOPA (L-dihydroxyphenylalanine) at 1:00 P.M. i.e. at the interval of
8houwrs

GROUPIV: (8-hr+TU)Received 5-HTP and L-DOPA injections at the interval of 8 hour as in group
Ill as well as one daily injection of TU.

GROUPV:  (12-hr) Received 5-HTP injections daily at 5:00 A.M. and L-DOPA at 5:00 PM. i.e. at
the interval of 12 hours.

GROUPVI:  (12-hr+TU) Received 5-HTP and L-DOPA injections at the interval of 12 hours as in
group V as well as one daily injection of TU Quail of each group were maintained in individual wire net
cages. During the period of treatment/ injections, quail were maintained in LL (continuous condition
of light) to avoid possible photoperiodic interference with neuroendocrine entrainment by drug injec-
tions. All the injections were given intraperitonially (i.p.) in 0.1 mi of normal saline solution. 5-HTP
and L-DOPA injections were given for 11 days only but TU injections were continued throughout the
period of study (i.e. from the day one, along with 5-HTP and L-DOPA injections and even after the
discontinuation of these precursor drug injections). On 12" day cloacal gland volume was recorded
(i.e. observation after treatment) and all the groups were transferred in long day length (LD 16:8) and
weekly observations were taken. At the termination of experiment (7 weeks following 5-HTP and L-
DOPA treatment), birds were sacrificed by decapitation; testes were removed, measured, weighed
and fixed in Bouin's fluid to be processed for histological studies. Blood was collected in heparinized
tube; plasma was separated by centrifugation and stored in —20°C until assayed for testosterone and
thyroxin level using commercial RIA kits. Data were analyzed by Student’s ‘t' test.

RESULTS

Cloacal gland volume of quail of different groups varied after the treatment period (11 days) of
5-HTP and L-DOPA, when compared to initial cloacal gland volume (before treatment). It was ob-
served that compared to control, TU, 8-hr and 8-hr+TU treated group quail showed significant de-
crease in their cloacal gland volume which was maintained till the termination of the study. On the
other hand, both 12-hr and 12-hr+TU quail showed increased volume of cloacal gland. Thisincrease
compared to control, was evident immediately after the termination /11 days of 5-HTP and L-DOPA
treatment and was maintained throughout the period of study i.e. upto 7 weeks when TU injections
were continued (Fig.1). Similar trend of effect was noted in testicular volume (Fig.2) and weight
(Fig.3) when observed at the termination of study. As expected, thyroxin level was significantly low
in TU treated quail, but, it was also low in 8-hr and high in 12-hr quail compared to control (Fig.4).
Plasma testosterone concentration also showed similar pattern (Fig. §)



and Chaturvedi

Tiwari

54

0O Control

87U

AR 772727222 2227222272727/

1,2

1

[ce}

o

An wd) awnjoA pue|b jeseo|)

treatment

treatment

Effect of antithyroid drug 2-thiouracil (TU), 12-hr and 8-hr temporal phase relationship of S-HTP

and L-DOPA on cloacal gland volume of Japanese quail.

Fig.1.

*p<0.05, ¥*p<0.01, significance of difference from control

1.6

4

1.2

e bl
S

0,4
0,2

el
<)

AnEuv 3Wwn|OA Jejnoysa)

8-hr+TU 12-hr 12-hr +

8-r

Control

TU

Fig.2. Effectofantithyroid drug 2-thiouracil (TU), 12-hr and 8-hr temporal phase relationship of 5-HTP and

L-DOPA on testicular volume of Japanese quail

*p<0.05, **p<0.01 significance of difference from control



Hypothyroidism and gonadal development of Japanese quail 55

Fig.3.

Fig.4.

Fig.5.

Testis weight (gm/100 gm body weight)

Thyroxine ( pg/dl)

Testosterone (ug/di)

4 s

35

3

25

0

1

Control ' ‘ U 8 hr+TU 12-hr 12-hr+TU

Effect of antithyroid drug 2-thiouracil (TU), 12-hr and 8-hr temporal phase relationship of 5-HTP
and L-DOPA on testes weight of Japanese quail

*p<0.05, ¥**p<0.001 significance of difference from control

2

18 1
16 1

14 N\
124
1

08

—

06
04
0.2

Cortl U  ew 12+

Effect of antithyroid drug 2-thiouracil (TU), 12-hr and 8-hr temporal phase relationship of 5-HTP
and L-DOPA on plasma thyroxin level of Japanese quail.

*p<0.05, **p<0.01 significance of difference from control

0

S—

Control TU 8-hr 12-hr

Effect of antithyroid drug 2-thiouracil (TU), 12-hr and 8-hr temporal phase relationship of 5-HTP
and L-DOPA on plasma testosterone level of Japanese quail.

*p<0.05, significance of difference from control



56 Tiwari and Chaturvedi

Histologically, T.S. of testis of control quail showed moderately active condition, having spermatogo-
nia, primary and secondary spermatocytes and spermatozoa attached to spermatids. Whereas
testis of TU (antithyroid drug) treated quail showed regressed condition, with increased (empty)
intertubular spaces and cellular degeneration with debris in the lumen. 8-hr quail also showed the
condition of atrophy with smaller seminiferous tubules, showing cellular degeneration and empty
lumen. T.S. of testis of 8-hr+TU treated quail showed complete atrophy having remarkable shrinkage
in seminiferous tubule size with increased and empty intertubular spaces and large amount of cellu-
lar debris in the lumen. On the other hand, testis of 12-hr treated quail showed full breeding condi-
tion. Enlarged seminiferous tubules had all the stages of spermatogenesis with bunch of spermato-
zoa in thelumen. The testis of 12-hr+TU group although showed breeding condition and seminifer-
ous tubules were still large but lumen had eliminating spermatozoa and in some tubules cellular
degeneration appeared to start. Increased intertubular spaces also showed cellular
degeneration.

DISCUSSION

Administration of antithyroid drug (chemical thyroidectomy) and radioactive iodine
(radiothyroidectomy) as an alternative to surgical thyroidectomy has been used experimentally to
induce hypothyroidism and also to study thyroid-gonad relationship (31). Thyroidectomy is reported
to decrease photoperiodic stimulation of the reproductive system in some birds but not in others (9,
32-34). Results of the present experiment indicate the existence of parallel thyroid-gonad relationship
in Japanese quail since thiouracil (TU) treatment inhibited gonadal development. Present findings
also reconfirmed that specific phase relation (i.e.12-hr and 8-hr) of circadian serotonergic and
dopaminergic activities play a role in reproductive development (stimulatory and inhibitory respectively)
of quail. Chemical thyroidectomy induced by daily injections of antithyroid drug (2-thiouracil) inhibited
gonadal growth. Significantly low level of plasma thyroxin and testosterone, compared to control
confirms that antithyroid drug treatment has inhibited the rate of hormonogenesis of thyroid gland
(hypothyroidism), which in turn led to gonadal suppression and hence decreased steroidogenesis
(Fig. 4&5). Similarly, quail receiving two neurotransmitter precursor injections at 8-hr interval had
low level of testosterone along with low concentration of T,. However, presently it is not possible to
suggest the cause and effect of this gonad-inhibitory relationship (8-hr) on thyroid activity, except to
support parallel thyroid-gonad relationship in this species as 8-hr induced gonadal suppression
accompanies low thyroid activity. Further, antithyroid drug given simultaneously with 8-hr temporal
phase relation of serotonergic and dopaminergic drugs has caused complete suppression of gonadal
growth by influencing the activity of neuroendocrine-gonadal axis. On the other hand, 12-hr relation
of serotonergic and dopaminergic activity stimulated gonadal development with simultaneous increase
in testosterone and thyroxin levels. It is obvious that 12-hr relationship induced photosensitivity of
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neuroendocrine-gonadal axis resulting in gonadal stimulation. Although exposure to long days is
reported to stimulate the development of pituitary thyrotrophs and an increase in plasma thyroxin
level in the duck and quail (35-37) but opposite resuits are also reported (38):

Higher leve! of plasma thyroxin and testosterone of control quail maintained under long days
may be due to direct effect of daylength on neuroendocrine-thyroid and neuroendocrine-gonadal
axis, but decrease in these hormones in 8-hr quail is cor-related with decreased gonadal condition
which in turn possibly reduced thyroid function in view of parallef thyroid-gonad relationship. On the
other hand, 12-hr temporal relationship of serotonergic and dopaminergic oscillators also appeared
toincrease the photosensitivity of neuroendocrine-gonadal and ~thyroid axis resulting in increased
plasma levels of testosterone and thyroxin. When 12-hr temporal phase relation of neural oscillators
was combined with chemical thyroidectomy, the activity of neuroendocrine axis was not altered
suggesting that inhibitory effect of antithyroid drug on gonad was overpowered by stimulatory effect
of 12-hr and, hence, hypothyroidism induced gonadal suppression was not evident. Our findings
conclude that in male Japanese quail gonadal growth requires the presence of optimal level of thyroid
hormone (s) and chemical thyroidectomy causes inhibition of hormonogenesis of thyroid gland as
well as gonadal suppression. This gonado-suppressive effect of hypothyroidism is comparable to
the effect of 8-hr temporal relation of 5-HTP and L-DOPA administration. Moreover, gonado-stimula-
tory effect of 12-hr temporal relation of 5-HTP and L-DOPA was not suppressed by hypothyroidic
condition. Itis suggested that 12-he relation of serotonergic and dopaminergic oscillators is a potent
stimulator of neuroendocrine-gonadal axis and this stimulatory influence is maintained even in
hypothyroidic condition which normally induces suppression of gonadal growth in view of parallel
thyroid-gonad relationship in Japanese quail.
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