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ABSTRACT 

The seasonal changes in circulating melatonin were determined in ewes and rams exposed to the 
natural photoperiod at 52°N during first year and in rams under the artificial daylength conditions 
(16D:8L), during the second year of the experiment. The changes in the luteotropin (LH) and 
testosterone (T) concentrations in blood plasma of rams were also monitored. 

The mean daily concentrations of plasma melatonin in the ewes varied through a year from 41+7 
to 112 +13 pg/ml and a significant increase above the daily values occured during the first hour after 
sunset. The duration of nightly melatonin secretion was longer during the period of short day 
(10-12h), than under the long day conditions (8T0h). The mean nightly concentrations of circulating 
melatonin were highest from August to February: 171 +73 to 329+ 187 pg/ml for individual ewes. 

The mean concentrations of L H and testosterone in blood plasma of rams, under the natural 
photoperiod, were low during the period of sexual quiescence and the significantly high levels occured 
in August: 6.2 + 0.4 ng/ml and in October: 4.6 + 0.7 ng/ml, respectively. Shortening of daylength from 
16 to 8 h in May evoked in rams an increase in duration of melatonin secretion from 6 to 14 h. This 
advanced reproductive function by 6 to 9 weeks, with the peak of L H and testosterone secretion noted 
at the beginning of July: 8.2 + 0.9 ng/ml and in August: 5.2 + 0.9 ng/ml, respectively. Nevertheless the 
duration of reproductive activity of rams during the second year of the experiment was shorter than 
under the natural photoperiodic conditions. 
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I N T R O D U C T I O N 

Sheep are ,,short-day breeders". Changes in their reproductive function are 
associated with changes in the secretion of gonadotropins from the anterior 
pituitary gland (Lincoln et al., 1977; Karsch et al., 1984), which are primarily 
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regulated by the release of gonadotropin-releasing hormone (GnRH) from the 
hypothalamus (Clark and Cummins, 1982; Barrell et al., 1992). The mechanism 
whereby photoperiod affects the hypothalamic-pituitary axis is poorly understo
od. There is evidence, that photoperiodic information is transduced to the 
reproductive neuroendocrine axis of the ewe by the pineal gland via the circadian 
rhythm of melatonin secretion (Bittman et al. 1983 a,b). This rhythm, generated 
in the suprachiasmatic nucleus (Moore and Klain, 1974), is characterized by low 
levels of secretion during the day and high levels at night. The duration of 
melatonin secretion in sheep depends on the length of the night and variations in 
the circulating patterns of melatonin constitute an endocrine code for daylength 
(Rollag et al., 1978; Bittman et a l , 1983a; Wayne et al.,1988). A large number of 
studies have shown advances of the breeding season in sheep by artificially 
altering daylength (Ducker et al., 1970) and by timed administration of 
exogenous melatonin (Nett and Niswender, 1982; Arendt et al. 1983; Bittman 
and Karsch, 1984), which mimic the onset of short photoperiodic conditions. 
Two mechanisms involving melatonin were postulated to account for the 
long-term changes in reproductive activity in sheep. The first, relating to 
a change in the generation of the melatonin rhythm was suggested by Almeida 
and Lincoln (1984), who demonstrated high levels of melatonin secretion during 
the day in photorefractory rams. On the other hand, there is evidence, that 
refractoriness to both inhibitory and stimulatory daylengths results from 
a change in the processing of the melatonin signal, not in a change in its secretory 
pattern (Karsch et al.,1986; Malpaux et al., 1987, 1988b). In view of the fact that 
transition from anoestrus to the breeding season in sheep maintained in the 
natural photoperiodic conditions can occur in the absence of a decrease in 
daylength as an endogenously generated process (Robinson and Karsch, 1988; 
Karsch et al.,1989), it motivated our considerations for investigating the 
modulatory role of melatonin in this process. Our studies were therefore 
conducted to investigate the twenty-four hour and annual rhythms of melatonin 
secretion in ewes, in relation to changes in the reproductive activity under the 
natural photoperiod. Simultaneously in rams, the effects of natural and artificial 
daylength conditions on the melatonin, L H and testosterone secretion were 
monitored. 

M A T E R I A L A N D M E T H O D S 

Animals and Treatment 

Eight, sexually mature sheep (4 ewes and 4 rams), local type of the Polish 
Lowland breed were used in the experiment. They were maintained indoors, in 



M E L A T O N I N SECRETION I N SHEEP 37 

II IV V VI VII VII VIII IX X XII • Night 

Months • D a y Vj 

Figure 1. Natural (a) and artificial (b) daylength regimes during both years of the experiment 

individual cages and fed a constant diet of commercial concentrates, with hay 
and water available ad libitum. The studies were carried out during two years, 
from February 1991 to January 1993. In the first year, ewes and rams were 
affected by influence of the natural photoperiod at the 52°N. In the second year, 
daylength for the rams was reduced from 16 to 8 hours for a period of 9 weeks 
beginning 25 May. The dark phase was from 3 pm to 7 am. Blood samples were 
collected at hourly intervals, from an indwelling jugular vein catheter for 24 
hours on ten days of the year (Figures la and lb). After centrifugation in 
heparinized tubes, blood plasma was stored at -20°C until assayed for 
hormones. 
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Analytical Techniques 

Concentrations of melatonin, luteotropin (LH) and testosterone (T), were 
measured by the radioimmunoassay (RIA) techniques. 

Melatonin was assayed in unextracted plasma using the modificated method 
of Fraser et al.,1983 and ovine anti-melatonin serum developed by Foldes 
(CSIRO, Australia). The full characterisation of this antiserum is described by 
Maxwell et al. (1989). Synthetic melatonin (Sigma) was used as a standard and 
[0-methyl-3H]-melatonin (Amersham) as a tracer. Melatonin free plasma for 
calibrated curve and blanks was obtained by early afternoon bleeds from sheep 
and striped from the endogenous melatonin by activated charcoal Norit-A 
(Sigma). Range of the callibrated curve was from 15.6 to lOOOpg/ml and working 
dilution of antibodies was 1:300.000. Bound and free tracer were separated after 
overnight incubation at 4°C by dextran-coated charcoal. Sensitivity of the assay 
was 16.8 + 8.0 pg/ml and the intra- and interassay coefficients of variations were 
10.5 and 13.2%, respectively. 

L H was assayed by the double-antibody method, using antiovine-LH and 
antirabbit-gammaglobulin antisera and bovine L H standard (NIH-LH-B6) 
according to Stupnicki and Madej (1976). The assay sensitivity was 0.3 ng/ml, 
and the intra- and interassay coefficients of variations were 8.2 and 12.5%, 
respectively. Testosterone was assayed as discribed by Stupnicki (1985). The 
sensitivity of the assay was 0.6 ng/ml, and the intra- and interassay coefficients of 
variations were 12.4 and 14.6%, respectively. 

Significance of differences between the hourly concentrations of melatonin 
and between the mean nightly or 24-hour concentrations of melatonin, L H and 
testosterone during the reproductive cycle were determined by the computer 
program to perform nonparametric one-way analysis of variance and multiple 
comparison of ranks of independent samples (Theodorsson-Norheim, 1986). 

RESULTS 

Melatonin 

There were clear day-night rhythms in circulating plasma melatonin in ewes 
and rams housed under the natural photoperiodic conditions with significantly 
(P^O.Ol; P<0.001) higher concentrations occuring always during hours of 
darkness. The twenty-four hour profiles of melatonin secretion in ewes and in 
rams during four various months of a year are shown in Figures 2 and 3, 
respectively. The mean daily concentrations of plasma melatonin in ewes varied 
through a year from 41+7 pg/ml on the beginning of July to 112 + 13 pg/ml in 
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Figure 3. Mean 24 h patterns of melatonin secretion at four times of the year in rams (n = 4) kept 
under the natural photoperiod at 52°N 
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Figure 4. Annual patterns of the mean nightly melatonin concentrations in ewes kept under the 
natural photoperiod at 52°N 

February, and a significant (P ̂  0.01) increase above the daily values occured in 
all cases during the first hour after sunset. A decrease of melatonin concentration 
in ewes was not synchronized with dawn. In the spring and summer, decrease in 
melatonin were noted 1-2 h after sunrise, and in the autumn and winter, falls of 
the nightly melatonin concentration occured earlier than the rise (P^O.Ol). 
Nevertheless, duration of the nightly melatonin secretion was longer during the 
period of short days: 11-12 h (October - February), than under the long-day 
conditions: 8-10 h (May - August). 

The significantly (P^ 0.001) large differences among the mean nightly 
concentrations of plasma melatonin were noted in individual ewes during the full 
reproductive cycle. The annual profiles for each ewe of the mean nightly 
concentrations of circulating melatonin are shown in Figure 4. In three out of 
four cases, the highest mean nightly concentrations of melatonin were noted 
from August to February: 171+73 to 329+187 pg/ml (P^O.01; P^O.OOl) and 
also in the individual ewes in April and June: 224 + 58 to 437+155 pg/ml 
(P^O.01; P ^ 0.001). The lowest mean concentrations occured from April to the 
end of July: 123 + 40 to 195 + 58 pg/ml (P ̂  0.01; P ̂  0.001). In one ewe, the mean 
nocturnal concentrations of circulating melatonin were maintained at a constant 
level for most of the year: up to 156 + 57 pg/ml, achieving significantly (P < 0.001) 
elevated values in February (185 + 40 pg/ml) and in August (201 ± 3 4 pg/ml). 
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The changes in duration of melatonin secretion on the average in rams, 
maintained under the artificial photoperiod during the second year of the 
experiment, are shown selectively in Figure 5. During the period preceding 
a change in daylength, duration of the nightly melatonin secretion in rams was 
reduced to 6 h in May. Shortening of the daylength from 16 to 8 h evoked an 
increase in the duration of melatonin secretion. The longest period of this 
secretion - 14 h, was observed on the biginning of July, after 6 weeks exposure to 
short days. A renewed decrease in the duration of melatonin secretion occured 
after restoration of the natural photoperiod in August. There were no significant 
differences between the mean nightly concentrations of melatonin in rams 
maintained either under the natural or artificial photoperiodic conditions. The 
mean nightly concentrations of plasma melatonin in rams was about 150 pg/ml. 

LH 

The seasonal changes of the mean 24 h concentrations of L H in rams during 
both years of the experiment are shown in Figure 6. Under the natural daylength 
conditions, the lowest mean concentrations of L H in blood plasma occured in 
rams during the period of the longest day, from June to the end of July: 1.7 + 0.2 
and 2.4 + 0.3 ng/ml (P^O.001), respectively. A significant increase in the mean 
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Figure 6. Patterns of the L H concentrations in rams (n = 4) under the natural (a) and artificial (b) 
daylength regimes 
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LH concentrations to 6.2 + 0.4 ng/ml (P^ 0.001), was noted in August. After that, 
a gradual decrease of L H was observed until the period of sexual quiescence in 
February of the following year. Shortening of daylength during the second year 
of the experiment evoked a significant increase in the mean L H concentration to 
6.5 + 0.7 ng/ml (P ̂  0.001) after 3 weeks, about 9 weeks earlier than under natural 
photoperiodic conditions. The highest concentrations of circulating L H were 
noted at the beginning of July, just after 6 weeks of short days: 8.2 + 0.9 ng/ml. 

Testosterone 

The testosterone concentrations in blood plasma of rams under the natural 
photoperiod were low during the reproducing resting period (Figure 7). The 
significantly high levels of testosterone occured from August until December, 
with the highest mean concentration in October: 4.6 + 0.7 ng/ml (P^ 0.001). 
Under the influence of the shortened daylength during the second year, 
concentrations of testosterone in blood plasma started to increase at the 
beginning of July and achieved the highest level in August: 5.2 + 0.9 ng/ml 
(P^ 0.001). In October, the level of circulating plasma testosterone in rams was 
already lower than at the corresponding time in the first year: 2.2 + 0.3 ng/ml vs 
4.6 + 0.7 ng/ml (P^ 0.001). 

D I S C U S S I O N 

This local type of Polish sheep, tested in our study, is characterized by a strong 
sexual behaviour during the autumn months. As we demonstrated in rams, the 
highest gonadal activity expressed by an increase in the concentration of 
circulating testosterone was observed from September to December. This was 
preceded by an increase in L H secretion in August after the summer solstice. 
During this time, duration of the nocturnal melatonin secretion in the ewes and 
rams increased. The mean nightly concentrations of circulating melatonin also 
increased with increasing duration of the dark phase. This latter feature of 
melatonin secretion was less pronounced in rams than ewes, and may reflect 
a link between melatonin secretion and ovarian steroid production in females. It 
may also reflect altered clearance rates for melatonin from the circulation. Since 
the transition from anoestrus to the breeding season in sheep maintained in the 
.natural photoperiodic conditions does not require a decrease in daylength and 
appears to be generated by an endogenous process (Robinson and Karsch, 1988; 
Karsch et al.,1989), our results confirm earlier studies suggesting that seasonal 
changes in melatonin secretion is one of the factors modulating the breeding 
activity in this species (Rollag et al.,1978; Arendt et al.,1981, 1983). 
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Figure 7. Patterns of the testosterone concentrations in rams (n = 4) under the natural (a) and artificial 
(b) daylength regimes 
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The use of melatonin micro-implants positioned in different areas of the ewe 
brain has revealed that melatonin stimulates neuroendocrine reproductive 
activity only when the implants are placed in the mediobasal hypothalamus 
(MBH), but the implants are ineffective when placed in the preoptic area (POA), 
the dorsolateral hypothalamus or the anterior hypothalamus (Malpaux et 
al.,1993). Similarly, in rams, melatonin micro-implants stimulate the reproduc
tive axis when placed in the MBH, but not in the POA (Lincoln and Maeda, 
1992a,b). These studies suggest, that the M B H is a critical site reached by 
melatonin, involved in the photoperiodic control of gonadotropin secretion in 
sheep. This could be through an effect of melatonin on catecholamines located in 
or close to the M B H (Rassmussens, 1991). Chomicka et al. (1994), showed that 
increase in the secretion of GnRH from the M B H during late anoestrus is 
accompanied by a decrease of dopamine release, the main inhibitor of GnRH in 
this area (Meyer and Goodman, 1985). Based on these findings, we suppose, that 
the enhancement of melatonin secretion in ewes, observed in our study during the 
period of shortening daylenght, may reduce the activity of this inhibitory 
dopaminergic system in the M B H and stimulate an increase in the sexual 
behaviour of sheep at this time. 

Shortening of daylength during the second year of our experiment, advanced 
the reproductive activity of rams by about 6-9 weeks by comparison with the 
same rams kept under natural daylength conditions. However, the period of high 
gonadal activity of rams was shorter during the artificial photoperiod of the 
second year, than under the natural photoperiod in year 1. Since the decreasing 
autumnal daylength and increasing duration of nocturnal secretion of melato
nin, is utilized to delay the development of refractoriness and thus maintain the 
breeding season of normal duration (Malpaux et al., 1988a), a decrease in the 
duration of melatonin secretion following restoration of the natural daylength in 
August, could be a factor in our study inhibiting sexual activity of rams during 
the second year of the experiment. Based on the seasonal changes in melatonin 
secretion (in the duration and in the mean nightly concentration in plasma), our 
results strengthen the hypothesis relating to the important role of melatonin in 
sustaining the genetically encoded length of the breading season (Malpaux and 
Karsch, 1990). Nevertheless, the mechanism by which melatonin influences the 
hypothalamic-pituitary-gonadal axis is still unknown. 
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STRESZCZENIE 

Sezonowe zmiany melatoniny w zależności od cyklu reprodukcyjnego owiec 

Określono sezonowe zmiany w sekrecji melatoniny u maciorek i tryków utrzymywanych przez 
cały rok w naturalnych warunkach oświetleniowych oraz u tryków pod wpływem sztucznych zmian 
długości dnia w drugim roku badań. Jednocześnie, u tryków oznaczono w osoczu stężenia hormonu 
luteotropowego i testosteronu. 
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W ciągu dnia stężenie melatoniny w osoczu owiec wynosiło od 41 + 7 do 112+13 pg/ml, a istotny 
wzrost ponad wartości dzienne następował podczas pierwszej godziny po zachodzie słońca. Czas 
trwania nocnej sekrecji melatoniny był dłuższy w warunkach dnia krótkiego: 11-12 godzin, niż 
w warunkach dnia długiego: 8-10 godzin. Stwierdzono również, że różnice pomiędzy średnimi 
nocnymi stężeniami melatoniny we krwi były u poszczególnych maciorek wysoce istotne (P^ 0,001) 
w okresie pełnego cyklu reprodukcyjnego. Najwyższe średnie nocne stężenia stwierdzono w okresie 
skracającego się dnia, od sierpnia do lutego: 171 +73 - 329+ 187 pg/ml. 

W naturalnych warunkach świetlnych, średnie dobowe stężenia L H i testosteronu w osoczu 
tryków utrzymywały się na niskich poziomach przez cały okres obniżonej aktywności płciowej, 
a najwyższe koncentracje stwierdzono odpowiednio w sierpniu: 6,2 + 0,4 ng/ml i w październiku 
4,6 + 0,7 ng/ml. 

Skrócenie długości dnia z 16 do 8 godzin w maju spowodowało wydłużenie się okresu nocnej 
sekrecji melatoniny u tryków z 6 do 14 godzin. Nasilenie się funkcji rozrodczych wystąpiło o 6 do 
9 tygodni wcześniej niż w pierwszym roku badań, a szczyt sekrecji L H i testosteronu stwierdzono 
odpowiednio na początku lipca: 8,2 + 0,9 ng/ml i w sierpniu: 5,2 + 0,9 ng/ml. Okres aktywności 
płciowej tryków w sztucznych warunkach świetlnych podczas drugiego roku badań był jednak 
krótszy niż w warunkach naturalnej długości dnia w pierwszym roku. 




