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Abstract: The effects of a treatment with exogenous melatonin on the  reproduction  of  male  pigeons
(Columbia livia) submitted to long or continue photoperiod were evaluated. A total of 36 male pigeons were
randomly divided into 6 groups according to the photoperiod regimes (light for 18 hours and light for 24 hours)
and to the daily oral dose of melatonin (3 or 6 mg in toto) administrated for 6 weeks. Weight gains, testicle
volume and plasma concentrations of glucose, cholesterol and thyroxin were determined at the end of the
experiment. Melatonin treatment has induced significant increases in weight gains, testicle volumes and plasma
thyroxin concentrations and significant decreases in glycaemia and cholesterolemia. Variations in the different
parameters have been proportional to the melatonin doses in one hand and they have been more prominent
when birds were exposed to a continue. These results show that melatonin stimulate the reproductive function
coupled to an increased thyroxin secretion in male pigeons exposed to long or continue day length instead of
photorefractoriness.
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INTRODUCTION secretion of gonadotropins and alteration of thyroxin (T4)

At most species of birds, the reproduction appears in development of the  Phase  photo refractoriness in birds.
a seasonal way in answer to the changes of the It was, in fact, shown that this hormone accelerates the
photoperiod day laborer [1]. In this direction, alternation regression of gonads in Japanese quail Coturnix japonica
light-darkness    is    unanimously    recognized    like    the [7-9]. In this context, this study aims to investigate the
environmental independent factor involving the  release effect of two daily doses of exogenous melatonin (3 mg
of the sexual activity in the birds and more particularly in and 6 mg in toto) on the growth and development of the
the sparrows [2].The primary effect of a long photoperiod gonads through a complete cycle of reproduction in the
involves  the  stimulation  of the synthesis and secretion male pigeon the species Columba livia under two
of  hypothalamic hormone GnRH (Gonadotrophin photoperiodic regimes, the first consisting  of  a  long
releasing hormone) induces the release of gonadotropins light (light: 18 hours / dark: 6 hours) and the second in
adenohypophyseal,   LH   (Luteinizing  hormone)  and continuous light (Light: 24 hours/dark:0 hour).Through
FSH (Follicle stimulating hormone) and accordingly the study, were identified: 
spermatogenesis [3]. However, sexual activity ends in the
vast majority of the birds before the summer solstice, Body weights of animals before and after melatonin
when the photoperiod is longer at this time of the year treatment.
that has stimulated reproduction in early spring. This Testicular volume and the onset of spermatogenesis.
phase of the sexual cycle, said photorefractoriness [4, 5], Circulating rates of biochemical markers. 
is characterized by a gonadal involution, a decrease in the Plasmatic rates of thyroxin.

plasma [6]. Melatonin appears to be involved in the
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MATERIAL AND METHODS and 1001191 references, Spinreact). The assay of plasma

Animals: A total of 36 male pigeons Columba livia from code 7/322, Lot No.: 122A).
the Annaba region (Algeria) were captured during the
breeding season of early March. Animals were reared in Measurement of Gonads: The shape and the size of
metal cages [60 x 54 x 52 cm³] equipped with feeders and gonads were examined in situ and the testicular volume
waters. Before the establishment of experimental plots, was calculated using the following formula:
pigeons were acclimated for 10 days under the conditions
of the animal house (Temperature of 21 °C, relative V (mm³) = 4/3  a² b [10].
humidity of 75%, food based on wheat and bread crumbs
and drinking water ad libitum). "V  represents the testicular volume in mm³.

Experimental Protocol: Following the acclimation period, "B  the length of the half-gonad in mm.
animals were weighed and divided into 6 groups of 6
individuals depending on photoperiod (L18 or L24 hours Statistical Analysis: The results in this study were
of continuous light) and daily dose of exogenous expressed as mean ± standard error. Student t test for was
melatonin (ML003A, Lot No.: D05999;  Anastore, Geneva, used to compare between the means (Minitab software).
Switzerland, 3 or 6 mg dissolved in 1 ml of distilled water) The multiple comparisons of means were compared by

During the experimental period of 6 weeks, 3 lots of ANOVA  with a two classification criteria (Duration of
pigeons (L18-T, L18-M3 and L18- M6) were subjected to photoperiod and melatonin dose) [13].
a long daily photoperiod with a light phase of 18 hours
and 06 hours of dark phase. RESULTS

As for the other 3 groups of animals (L24-T, L24-M3
and  L24-M6),  they  were  subjected  to  a  light  phase  of Total Body Weight: Total body weights  of  pigeons
24 hours. The illumination is provided by a set timer. Lots before and after treatment (Photoperiod and melatonin
L18- T and L24-T were considered control groups, since administration) and weight gain in relation to lots are
animals in the batch had not received melatonin during shown in Table 1. It appears that pigeons which daily
the experimental period. As for pigeons of lots L18- M3 received 3 or 6 mg of melatonin have grown significantly
and L24-M3 each had received a daily dose per os of 3 mg (p <0.05) compared to animals of both control groups. In
of melatonin during the experimental period (M3). Also addition, weight gains were generally higher when birds
animals of batch L18-M6 andL24-M6 received 6 mg of were exposed to continuous light (p <0.01) or treated with
melatonin daily per os (M6). the highest dose of melatonin (p <0.01). Thus, variations

Blood Collection and Testes: After 6 weeks of experiment, L24-M6 then in lot L24-M3 (p <0.001).
animals were sacrificed; blood samples were collected in
heparinized tubes  and  then  centrifuged  at 1500 g for 20 Testicular Volume: From Table 2, the mean testicular
minutes. In parallel, the testes were removed by dissection volume was gradually increased in accordance with the
technique that is specific for birds [10];  on the right side daily dose of melatonin administered for 6 weeks
of the bird, between the last pair of ribs and intercostals compared to controls with the type of illumination (p
muscle, a small incision of about 2 cm is performed using <0.05). The maximum volume of the gonads was observed
sharp chisel and a pair of spacer with a clamp, the for the lot L24-M6, the interaction of photoperiod and
membranes surrounding the gonads was pulled out and melatonin   produced   a   statistically   significant   effect
the gonads were taken carefully and then weighed (p <0.001) on the testicular development.
separately.

Biochemical Analysis: The assays of plasma cholesterol (Plasma cholesterol, blood glucose and plasma T4)
and blood glucose was made by spectrophotometry using measured in all birds of the experiment are reported in
specific assay kits based respectively on the method of Table 3. The administration of melatonin resulted in a
Thomas [11]  and  Trinder  [12]  (Respectively  1001091 significant   decrease of    cholesterol,    proportional   to

thyroxin (T4) was performed by ELISA (Reagents: Biotec,

"A  half-width of the gonad in mm.

®

of the most remarkable weight were observed in the lot

Biochemical  Parameters:  Biochemical  parameters
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Table 1: Changes in body weights of male pigeons Columba livia, in relation to the photoperiod and the dose of melatonin (n=6).
Average body weights

Groups(n=6) Before treatment(g) After treatment(g) Weight gains (%)
Photoperiod
L18 308.294 ± 17.900 325.280 ± 24.35 08.753±03.223a b A

L24 252.360 ± 41.997 347.993 ± 29.258 37.895±06.369a b A

Melatonin
T (0 mg) 293.241 ± 57.833 331.745 ± 23.36 10.038 ±08.764a  b A

M3 (3 mg) 262.699 ± 68.566 323.416± 06.811 23.112 ±30.877a b B

M6 (6 mg) 285.041 ± 55.920 369.749± 10.417 39.190 ±22.751a b B

Photoperiod x Melatonin
L18-T 289.116 ± 26.116 315.226 ± 19.186 09.030± 03.465a b A

L24-T 311.183 ± 39.865 328.233 ± 21.496 05.479 ± 09.184a b A

L18-M3 324.583 ± 22.319 362.383 ±52.086 11.645 ±14.853a b ABC

L24- M3 297.366 ± 15.932 348.265 ± 43.215 17.083 ±13.641a b ABC

L18- M6 214.216± 37.486 318.600 ± 19.675 48.720 ±08.905a b ABC

L24- M6 245.500 ± 48.705 377.116 ± 13.241 53.611 ±17.732a b ABC

Letters a, b in the same column indicate a significant difference (p <0.05) according to different lots of pigeons.
Letters A, B, C, between different columns indicate significant difference (p<0.05 or more) depending on photoperiod (p <0.01) dose of melatonin administered
(p <0.01) or photoperiod x melatonin doses interaction (p <0.001)

Table 2: Changes in average testicular volumes in male pigeons Columba livia, in relation to the photoperiod and the dose of melatonin (n=6).
Groups(n=6) Testicular volume (mm )3

Photoperiod
L18 1573.081 ± 173.370a

L24 1711.070 ± 189.591a

Melatonin
T (0 mg) 1507.511± 83.703a

M3 (3 mg) 1570.304± 99.605b

M6 (6 mg) 1848.412± 109.411b

Photoperiod x Melatonin
L18-T 1448.324±319.308A

L24-T 1566.698 ±229.758A

L18-M3 1499.800 ± 411.600ABC

L24- M3 1640.736 ± 387.100ABC

L18- M6 1771.047 ± 930.600ABC

L24- M6 1925.778 ± 466.900ABC

Letters a, b in the same column indicate a significant difference (p <0.05) according to different lots of pigeons.
Letters A, B, C, between different columns indicate significant difference (p <0.05 or more) depending on photoperiod (p <0.01) dose of melatonin administered
(p <0.01) or photoperiod x melatonin doses interaction (p <0.001).

Table 3: Plasma concentrations of cholesterol, glucose and thyroxin (T4) in male pigeons Columba livia, in relation to the photoperiod and the dose of
melatonin (n=6).

Biochemical parameters doses:
Groups(n=6) Cholestérol (mmol/L) Glucose (mmol/L) Thyroxine (nmol/L)
Photoperiod
L18 2.342 ± 1.153 5.332 ± 0.738 0.077± 0.016a a A

L24 1.769 ± 1.140 5.573 ± 1.382 0.092± 0.018 a a A

Melatonin
T (0 mg) 3.321 ± 0.474 6.635 ± 0.727 0.065± 0.007 a a a

M3 (3 mg) 1.729± 0.205 5.109 ± 0.155 0.089± 0.015 b b B

M6 (6 mg) 1.116 ± 0.536 4.614 ± 0.062 0.099± 0.009b b B

Photoperiod x Melatonin
L18-T 3.657 ± 1.138 6.121± 0.346 0.06± 0.010A A A

L24-T 2.986± 0.258 7.150± 1.346 0.071± 0.028 A A A

L18-M3 1.875 ± 0.440 5.219± 0.242 0.078± 0.062 ABC ABC ABC a b

L24- M3 1.584 ± 0.310 4.999± 0.940 0.100± 0.033ABC ABC ABC a b 

L18- M6 1.496± 0.786 4.658± 0.154 0.093± 0.020ABC ABC ABC a b 

L24- M6 0.737 ± 0.418 4.570± 0.091 0.106± 0.048 ABC ABC ABC a b 

Letters a, b in the same column indicate a significant difference (p <0.05) according to different lots of pigeons.
Letters A, B, C, between different columns indicate significant difference (p <0.05 or more) depending on photoperiod (p <0.01) dose of melatonin administered
(p <0.01) or photoperiod x melatonin doses interaction (p <0.001). 
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the daily dose (p <0.001) on the one hand and on the characterize the reproductive cycle of the birds are, firstly,
other hand, the plasma cholesterol in birds subjected to a a photosensitive phase activating the gonadotropic axis
continuous illumination appeared significantly lower than and leading to the stimulation of gonadal development
in those exposed to light of a long 18 hours (p <0.001). and a phase photorefractoriness translates gonadal
Thus, significantly lower cholesterol was obtained in the regression with a decrease in production of sex steroid
lot L18-M3, L18-M6, L24-M3 and L24-M6. Similarly, blood hormones [16]. In contrast, exposure to short photoperiod
glucose was significantly lower in pigeons treated with regimes partially inhibits testicular development in the
melatonin than in controls (p <0.05) in proportion to the pigeon Columba livia [17], low illumination time when
amount of hormone administered (p <0.01). Furthermore, birds are subjected in this case is then insufficient to
although glucose was significantly higher in controls trigger the neuroendocrine mechanisms of axis
under continuous illumination than in those exposed to an gonadotropin required to start the reproductive activity
illumination of 18 hours (p <0.01), changes in blood [18]. However, during this test, long or continuous photo-
glucose appeared greater in birds treated with melatonin regimes led to photostimulation of the neuroendocrine
and light continuously (X photoperiod interaction system of pigeons and consecutively to gonadal
melatonin, p <0.01).In contrast, plasma concentrations of maturation. It was also shown that increasing the number
thyroxin gradually increased in pigeons treated with of functional germline and better performance of the
melatonin, in proportion to the dose (p<0.01). In addition, various stages of spermatogenesis observed
circulating T4 concentrations were generally higher in simultaneously induce weight gain absolute testes
birds subjected to continuous illumination (p <0.01). initially very fast and then slows considerably [19]. If we
Accordingly, the highest values ??of T4 were measured consider this phase of testicular growth is particularly
in lot L24-M3, L24-M6 (p <0.01). important during the prepubertal period, the testes weight

DISCUSSION period, it is multiplied by 10 to 30 [19, 20]. The

The results of this study show that the administration function of reproduction in birds has been studied
of melatonin combined with exposure to different extensively. As such, thyroidectomy clears
photoperiodic regimens affect the average body weight, photorefractoriness    stage    in    bird    species   studied
mass and volume of gonads of pigeons and some [1, 5, 14, 21, 22].  Plasma  concentrations  higher  during
biochemical parameters of cholesterol, glucose and this experiment thyroxin were measured in  individuals
thyroxin. The administration of melatonin resulted in an who received the highest doses of melatonin (Lots L18-
increase in body weight of treated animals, regardless of M6L24-M6).  Unlike  previously  studied species, it
photoperiod (Before treatment). However, the weight gain appears that in domestic pigeons increased circulating
induced by the melatonin treatment appeared greater concentrations of thyroxin did not induce the onset of
when the birds were subjected to a continuous phase photorefractoriness. Thyroxin is a hormone known
illumination. In addition, gonadal response of pigeons for its physiological role in the regulation of basal
appeared mainly modified by the dose of melatonin and metabolism and in the maintenance of body temperature
photoperiod type used in the present study (Long in vertebrates as well as in controlling the development of
illumination and continuous illumination). It is in fact feathers and moult cycles and this hormone also seems to
known that the elongation of the length of the light phase play a role in the migratory behavior [23]. The
nycthemeral stimulates testicular recrudescence, which maintenance of gonadal activity observed in pigeons
has the effect of increasing the volume of the gonads and treated with melatonin and with high plasma
indirectly their weight [4]. Reproduction in birds is concentrations of thyroxin might be related to this
influenced by several exogenous and endogenous metabolic hyperactivity,  however,  based  on  the  work
factors, such as photoperiod and food. In many species, of  Dawson  [16]  on   the   starling   (Sturnus  vulgaris),
seasonal breeding occurs when food resources are more the iodine thyroid hormones are not essential for gonadal
available to the survival of parents and off spring [1]. development as starlings who underwent thyroidectomy
Reproduction of pigeon Columba livia occurs during a at the age of eight days were normal at the age of 23
specific period of the year as a result of an interaction weeks testicles so that they had a severe growth
between the secretion of hormones and nutritional and retardation. However, thyroxin would primarily an
environmental factors [14, 15]. The two phases which appropriate response to environmental changes (Long

multiplied by more than 100, while during the pubertal

involvement of thyroid hormones in regulating the
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photoperiod followed by a shortening of the brightness) 3. Akins, C.K., M. Domjan and G. Gutiérrez, 1994.
leading to the establishment of a refractory period [21]. In Topography of sexually conditioned behavior in male
this study, blood glucose and cholesterol levels were Japanese quail (Coturnix japonica) depends on the
significantly decreased in pigeons treated with melatonin CS-US interval. Journal of Experimental Psychology:
compared to concentrations observed in controls. Sexual Animal Behavioral Processes, 20: 199-209.
activity and biochemical and endocrine phenomena 4. Goldsmith,  A.R.,   W.   Ivings,  A.  Pearce  Kelly,
related to spermatogenesis arising generate significant D.M. Parry, G. Plowman, T.J. Nicholls and B.K. Follet,
energy expenditure, an increase in metabolic activity and 1989. Photoperiodic control of the development of
reproductive behavior very demanding energy [24], that LH-RH neurosecretory system of European Starlings
animals are reared captivity or move freely. Decreases in (Sturnus vulgaris) during puberty and onset of
blood sugar and cholesterol levels are probably the result photorefractoriness. J. Endocrinol, 122: 255-268.
of a policy of energy metabolism in favor of the function 5. Nicholls, T.J., A.R. Goldsmith and A. Dawson, 1988
of reproduction. Furthermore, the lipids are considered a Photorefractoriness in male and female starlings
secondary source of energy; this property has been (Sturnus vulgaris) on artificiall photoperiods. J.
shown specifically in birds [25]. Cholesterol is essential Endocrinol, 91: 253-260.
for the formation of cell membranes and for the 6. Boulakoud, M.S., W.E. Ivings and A.R. Goldsmith,
biosynthesis of steroid hormones, which can, by 1991. Thyroxin treatment prevents the development
retrograde negative effect, inhibit steroid-genesis and of photosensitivity in European Starling Sturnus
therefore testicular growth [26]. In addition, the most vulgaris. J Comp Physiol. B, 161: 516-520.
important changes in cholesterol and blood glucose to a 7. Bailey,   M.J.,    N.W.    Chong,    J.    Xiong   and
lesser extent have been identified in pigeons subjected to V.M. Cassone, 2002. Chickens Cry 2:
continuous illumination. The lengthening of the light molecularanalysis  of  an  avian  cryptochrome in
phase (Especially if the animals are placed in continuous retinal and pineal photoreceptors. FEBS Lett,
light), which keeps the pigeons in a state of hibernation, 513(2/3): 169-174. 
stimulates their activities and consequently increases 8. Bailey, M.J. and V.M. Cassone, 2005. Melanopsin
their energy needs. Finally, blood glucose and cholesterol expression in the chick retina and pineal gland. Brain
were negatively correlated with plasma concentrations of Res. Mol., 134(2): 345-348.
T4 and increased plasma thyroxin, due to its metabolic 9. Chaurasia,  S.S., M.D. Rollag, G. Jiang, W.P. Hayes,
roles, could contributed to a reduction in these two R. Haque, A. Natesan, M. Zatz and G. Tosini, 2005.
parameters as already been reported in the pigeon [27]. Molecular cloning, localization and circadian

CONCLUION regulation of expression in pineal and retinal cell

The administration of melatonin coupled to a long 10. Boulakoud,  M.S.  and  A.R.  Goldsmith,  1991.
photoperiod (18 hours) or continuous (24 hours) in male Thyroxin treatment induces changes in hypothalamic
pigeons leads to an increase in circulating thyroxine and Gn-RH characteristic of photorefractoriness in
an increase of gonadal development, while establishing Starlings Sturnus vulgaris. Gen.Comp. Endocrinol,
the photorefractoriness phase in such conditions is 82: 78-85.
observed in most species of birds. 11. Thomas, L., 1992. Determination of cholesterol in
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