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1. Introduction 

Light, being an environmental factor, has a significant effect on reproductive functions of 
animals exhibiting sensitivity to changes of the day length [1]. Among mammals there are 
many species displaying seasonality of reproduction, and given that, two models of seasonal 
sensitivity were distinguished. The first one refers to long-day animals (horses), in which 
reproductive processes are induced by lengthening days, i.e. in the spring. The other model 
concerns short-day animals, which include sheep, goats and deer; in these animals the 
reproduction system is stimulated and estrus takes place in the autumn and winter period 
[2]. In sheep the phenomenon of seasonality relates not only to reproduction but also to 
lactation. Following the process of mammogenesis in mammals, a mammary gland is 
developed, which is a complex cutaneous acinotubular gland [3]. The endocrine mechanism 
of entering and maintenance of lactation in sheep involves a number of hormones, which 
proves that the process relies basically on the activity of hypothalamus and pituitary gland 
[4,5,6]. One of the principal hormones conditioning both triggering and maintenance of 
lactation, synthesis of milk proteins, fat and immunoglobulins is prolactin (PRL), which is 
secreted chiefly by lactotroph cells of the anterior pituitary gland [7]. Prolactin is also 
produced locally by the mammary gland of mammals and does not differ immunologically 
from prolactin produced by the pituitary gland [8]. An important role in the process of 
mammogenesis and lactogenesis is assigned also to glycocorticoids, insulin and growth 
hormone and estrogens [9].  

The fundamental feature of all living organisms is the ability to receive and process 
information about changes in the environment. Succession of physiological changes is 
synchronized with changes of environmental conditions and conditioned by the activity of 
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the biological clock [10,11]. It is confirmed via seasonal changes of the activity of the 
hypothalamic-pituitary axis in animals kept under permanent light conditions. Thanks to 
constant and cyclical factors physiological processes can be synchronized with a relevant 
season of the year. The synthesis of melatonin is a biochemical signal informing the 
organism about changing light conditions [12,13,14]. Numerous studies go to show the 
existence of a molecular mechanism involved in deciphering of the melatonin signal which 
is found in the SCN (Suprachiasmatic Nucleus) and in the PT (Pars Tuberalis). Both in the 
SCN and PT there are several dozens of genes of the biological clock such as Per1, Per2 or 
Cry 1, Cry2, which are associated with each other [15,16]. The melatonin profile changing in 
a 24-hour cycle affects the rhythmical changes in the expression of the clock genes, which is 
reflected via their different amounts of mRNA in the PT and SCN. The maximum 
expression of the Cry1 gene occurs during the dusk period parallel to the growth of the 
melatonin concentration, whereas the expression of the Per1 gene is induced at dawn [17,18].  

2. The effect of diverse photoperiod and exogenous melatonin on the 
secretion of prolactin under in vivo conditions 

According to Misztal et al. (1999) [19] the modulating effect of melatonin on the secretion of 
prolactin can be exerted via two various mechanisms. The first one refers to the circadian 
rhythm and applies probably only to the prolactin stored in lactotrph cells of the pituitary 
gland. Tuberalin - a factor produced in the infundibular part of the gland probably triggers 
the expression of the PRL gene in lactotroph cells [20]. The daily secretion of prolactin is also 
controlled by the dopaminergic system because even the short-lasting growth of prolactin 
under the influence of melatonin is observed only in a situation when the activity of the 
dopaminergic system is weakened [21]. It must be stressed that the daily rhythm of 
prolactin displays a high seasonal variability; in the spring a higher concentration of the 
hormone is observed in morning and evening hours, and in the summer the daily secretion 
peak falls at night. In the autumn the rhythm has a two-phase character, like in the spring, 
whereas the concentration rises in morning and evening hours. In the winter, though, no 
specific release of prolactin is observed at all.  

The other mechanism for regulation of the prolactin secretion is related to its circannual 
secretion rhythm, when melatonin, owing to its lipophilic, exerts a direct effect on lactotroph 
cells of the pituitary gland and, accordingly, on the secretion of prolactin [19,22,23]. Under 
natural conditions the maximum PRL concentration in the sheep’s bloodstream is recorded 
in the long-day period; whereas at this time the melatonin level drops. The lowest level of 
prolactin is observed during short days, when the melatonin level is the highest [24,25] 
Shortening of the day length or prolonged administration of melatonin in the period of 
physiologically increased concentration of prolactin leads to a reduced secretion of this 
hormone [1,13]. Seasonal changes in the prolactin secretion in the lactation period in sheep 
undoubtedly affect milk yields. Rhythmical changes of the level of prolactin and melatonin 
throughout the year were observed mainly in barren sheep and rams; however, studies 
carried out in the group of sheep used for dairy production confirmed the presence of the 
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seasonal rhythm of these two hormones. The experiments demonstrated a definite influence 
of the day length on the parameters of ewes’ milk yields. Mothers entering lactation in the 
period of shortening days yielded 50% less milk as compared to ewes milked in the long-
day period. The drop in milk yields in the shortening photoperiod resulted from the change 
in the prolactin secretion. The highest PRL concentration in sheep milked in the long-day 
period was identified in May 312.6 ± 45.2 ng/ml, at this time the concentration of melatonin 
amounted to 33.5± 11.2 ng/ml. As lactation progressed and days became shorter, the 
concentration of prolactin declined, and that of melatonin increased (table 1).  

 

Months 
May June July August September 

x  SE x  SE x  SE x  SE x  SE 

Melatonin 
pg/ml 

133.5 11.3 77.8 18.9 73.3 15.1 124.7 21.6 91.3 22.2 

Prolactin 
ng/ml 

312.6 45.2 185.7 34.7 247.0 48.9 151.6 33.9 43.9 10.1 

Table 1. Changes in the concentration of melatonin and prolactin in sheep milked in the long-day 
period 

As regards sheep lambed and milked in the short-day period and kept under the natural 
photoperiod conditions the highest level of prolactin was observed in August, i.e. 124.0 ± 
48.8 ng/ml. In the first month of milking the concentration of prolactin in sheep 
corresponded to its seasonal rhythm and declined in subsequent months (table 2).  

 

Months 
August September October November 

x  SE x  SE x  SE x  SE 

Melatonin 
pg/ml 

87.8 15.5 82.3 15.0 77.5 16.1 93.2 17.4 

Prolactin 
ng/ml 

124.6 48.8 60.5 11.1 30.8 9.7 16.8 4.1 

Table 2. Changes in the concentration of melatonin and prolactin in sheep milked in the short-day period 

As the light day shortened, the secretion of PRL declined as the level of the hormone in 
September was lower by 15% as compared to the concentration observed in August. A 
distinct drop in the prolactin level was observed in the period of the last two months of 
lactation, i.e. in October and November, and amounted respectively to 30.8 ± 9.7 ng/ml and 
16.8 ± 4.1 ng/ml. The low concentration of prolactin already in the first month of milking and 
systematic growth of the melatonin secretion in the period of shortening days exerted an 
impact on the parameters of sheep milk yields, causing a drop of ewes’ milk yields. In the 
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group of sheep kept under artificially simulated long-day conditions, 16 hours of light and 8 
hours of darkness (16L:8D), in the period from August to November, the concentration of 
PRL already in the second month of milking, i.e. from September to November, decreased. 
In October and November a sharp drop in the concentration of prolactin was observed. The 
parameters of milk yields of sheep kept under conditions of artificially extended light day 
decreased proportionately to the drop in the concentration of prolactin (table 3).   
 

Months 
August September October November 

x  SE x  SE x  SE x  SE 

Melatonin 
pg/ml 

60.4 19.8 17.6 7.6 4.4 1.1 17.0 5.5 

Prolactin 
ng/ml 

132.7 37.4 147.9 22.4 84.3 12.5 38.3 15.2 

Table 3. Changes in the concentration of melatonin and prolactin in sheep kept under simulated long-
day conditions -16L:8D 

In the short-day period even in lactating sheep it is highly difficult to maintain an 
appropriately high concentration of prolactin. Studies carried out by Molik et al. (2007) [26] 
demonstrated that in sheep under artificially extended long-day conditions (16L:8D) it is 
impossible to maintain a high concentration of prolactin as well as to maintain lactation 
during shortening days. 

Subsequent studies conducted on sheep milked in the long-day period showed that 
introduction of exogenous melatonin and initiation of artificial short-day conditions (16D:8L 
- 16 hours of darkness 8 hours of light) in the long-day period gave rise to reduction of the 
prolactin concentration (table 4). 
 

Months 
Concentracion of prolactin ng/ml 

May June July August September 

x  SE x  SE x  SE x  SE x  SE 
Control group 
milked in the long 
day period 

220.5
2 

8.1 199.1 5.6 137.8 9.4 125.7 9.2 84.3 4.4 

Sheep with 
melatonin 
implants 

160.8 5.6 155.3 5.4 117.1 9.3 84.6 11.3 60.3 4.7 

Sheep group 
under artificial 
short-day 
conditions 16D:8L

192.8 9.3 82.8 4.2 163 6.2 78.6 8.6 52.8 2.7 

Table 4. Changes in the concentration of prolactin in sheep exposed to the effects of exogenous 
melatonin and simulated short-day conditions 16D:8L 
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In the first month of milking, in May, the highest concentration of prolactin was identified in 
sheep kept under natural day length conditions, with its level amounting to 220.52 ± 8.1 
ng/ml. As lactation progressed and days shortened, the secretion of prolactin dropped and 
in the last two months it amounted respectively to 125.7 ± 9.21 ng/ml and 84.3 ± 4.4 ng/ml. 
Use of subcutaneous melatonin implants in ewes caused a drop in the concentration of 
prolactin. Already in the first month of milking, in May, the concentration of prolactin 
amounted to 160.8 ± 5.6 ng/ml. In subsequent 60 days of lactation (June) a further bigger 
decrease of the concentration of prolactin was recorded, reaching the level of 82.8 ± 4.2 
ng/ml. As lactation progressed and melatonin implants started to exert their effects, a 
further drop in the secretion of prolatin was observed. In the group of sheep exposed to the 
effects of artificially simulated short-day conditions (16D:8L), the highest concentration of 
prolactin was identified in May, equaling 192.8 ± 9.3ng/ml. In subsequent months of 
lactation keeping sheep under 16D:8L conditions caused a drop in the secretion of prolactin. 
In the fourth and fifth month of milking the secretion of prolactin decreased again, reaching 
in August the level of 78.97± 8.63 ng/ml, and in September 52.83 ± 2.73 ng/ml. The studies 
revealed that simulation of the long signal of melatonin in the spring and summer period 
contributes to disturbance of the endogenous rhythm of prolactin. 

In studies carried out to date no differences have been identified as to the amount of milk 
obtained in the period of lambs rearing. In the early lactation period sucking is an important 
factor stimulating the PRL secretion in the mother’s organism [27]. The sucking impulse 
induces release of serotonin [28] and oxytocin in the central nervous system (CNS) which 
give rise to the release of prolactin from the pituitary gland into the peripheral blood [29]. 
Experiments conducted on lactating rat females demonstrated that intravenous 
administration of specific oxytocin antagonist (desGly-NH2-d(CH2)5[D-Tyr2,Thr4]OVT) 
completely inhibits the release of prolactin triggered by the sucking impulse [30]. Another 
important compound stimulating the release of prolactin induced by sucking is represented 
by salsolinol produced by the dopaminergic system in the lactation period. Infusion of 
exogenous salsolinol into the CNS in the group of lactating sheep gave rise to the release of 
prolactin into blood [31].  

With that in mind, further experiments were carried out, which aimed at determining changes 
in the secretion of prolactin in sheep feeding lambs in the period of lengthening and 
shortening days, and verifying the hypothesis that melatonin can modify the secretion of 
prolactin despite strong stimulation of the mammary gland by sucking in the early lactation 
period [32]. Results of these studies demonstrated that administration of exogenous melatonin 
to ewes feeding lambs in the long-day period caused a significant drop in the concentration of 
prolactin. The identified changes in the PRL concentration in sheep entering lactation in the 
long-day period are comparable with the studies by Rhind et al. (1991) [33] which proved that 
in mothers rearing lambs in the period of lengthening days the concentration of prolatin rises. 
The studies conducted showed that despite intensive sucking the secretion of prolactin in 
sheep with melatonin implants dropped significantly. It must be stressed that the melatonin 
signal, acting as a marker of the biochemical biological clock, is evolutionarily so strong that 
the secretion of prolactin is reduced despite the stimulating sucking impulse. 
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Introduction of melatonin implants for sheep rearing lambs in the short-day period did not 
cause significant changes in the profile of the prolactin secretion. By analyzing the profile of 
the PRL secretion in both sheep groups, a conclusion can be drawn that in sheep lambed in 
November the concentration of prolactin in the first control sample drawn was lower by 
50% as compared to the control sample drawn in March. In the long-day period the 
concentration of prolactin in the control group increased, and the secretion of melatonin 
decreased. In the autumn and winter period, though, as natural conditions set in, the 
concentration of melatonin increased and the level of prolactin dropped. The extending 
signal of melatonin observed in the autumn and winter period causes under natural 
conditions a decrease of the concentration of prolactin in sheep [34,35].  

3. The effect of the day length and exogenous melatonin on the secretion 
of prolactin under in vitro conditions  

Studies carried out on a group of lactating sheep under in vivo conditions showed 
modulating effects of melatonin with respect to the secretion of prolactin. The above 
mentioned relations demonstrate that melatonin can modulate the seasonal rhythm of the 
prolactin secretion affecting directly the pituitary gland. The highest concentration of 
melatonin receptors in the sheep’s pituitary gland was identified in the pars tuberalis [36]. 
This structure is located precisely between the eminentia medialis of the hypothalamus and 
the distal part of the gland, which enables its mediation in the communication of the brain 
with the pituitary gland. In the sheep’s PT only a MT1 melatonin receptor is found, and 
surgical separation of the pituitary gland from the hypothalamus does not have any 
influence on the concentration and location of this receptor and its sensitivity to binding 
melatonin [37]. Despite the fact that it was demonstrated that the activity of PT secretory 
cells is seasonal and melatonin-dependent, it was not to confirmed that it is involved in the 
control of seasonal changes in the sexual activity.  

The presence of melatonin receptor limited to the PT of the pituitary gland, and lack of 
direct effects of melatonin both on the prolactin gene expression and release of prolactin in 
cultures of lactotroph cells under in vitro conditions [38] suggests that melatonin regulates 
the seasonal secretion of prolactin by way of a specific compound synthesized in the PT. 
The presence of such a compound in the PT, with a peptide structure and stimulating 
secretion of prolactin from lactotroph cells of the pituitary gland, was confirmed in 
experiments, and the peptide itself was called tuberalin [36,39]. Own studies carried out 
under in vitro conditions demonstrated that both the day length and administration of 
exogenous melatonin affect the profile of the prolactin secretion. In vitro incubations of 
pituitary explants taken from sheep on 30th day of lactation were held in three periods: in 
the period of lengthening days (March), in the period of shortening days (August) and in 
the short-day period (November). The pituitaries taken were divided along the sulcus into 
two halves so that each one contained the adenohypophysis and the neurohypophysis. In 
vitro incubation was held during 3 hours in the Parker medium at a temperature of 370C. 
The control group (G1) was incubated in a medium without any hormonal additives, 
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whereas the experimental group (G2) was incubated in a medium with exogenous 
melatonin. The experiments performed demonstrated that administration of exogenous 
melatonin in the long-day period caused a decrease of the secretion of prolactin in the pars 
tuberalis (table 5) 

 

Group 
Secretion of prolactin    µg/ml 

March August November 

x  SE x  SE x  SE 
Parst tuberalis – control group 
(G1) 

145.4 21.2 65.4 15.7 13.1 2.8 

Parst tuberalis – with 
melatonin (G2) 

105.0 11.4 45.4 9.2 13.7 2.2 

Table 5. Effects of the day length and exogenous melatonin on the secretion of prolactin under in vitro 
conditions. 

The concentration of prolactin in the period of lengthening days (March) in the control 
group was at the level of 145.45 ± 21.2 µg/ml, whereas in the group incubated with 
melatonin it was lower and amounted to 105.06 ± 11.4 µg/ml. In the period of shortening 
days (August), the concentration of prolactin in the medium with exogenous melatonin was 
lower, equaling 45.4 ± 9.2 g/ml, as compared to the control group, being at the level of 65.4 
± 15.7 µg/ml. The lowest concentration of prolactin both in the control group and 
experimental one was recorded in the short-day period. The experiments conducted 
confirmed the seasonal rhythm of prolactin, because the highest concentration of this 
hormone was observed in the period of lengthening days (145.45 ± 21.2 µg/ml). At the same 
time the lowest one was recorded in the short-day period (13.1 ± 2.8 µg/ml). The 
experiments conducted under in vitro conditions showed that in the long-day period 
melatonin exerted a strong inhibitory effect on the secretion of prolactin. The studies 
confirmed also a direct influence of melatonin on cells of the sheep’s pars tuberalis. It was 
demonstrated that the secretory activity of lactotroph cells of the pituitary gland under in 
vitro conditions is closely linked to the day length, and at the same time to the secretion of 
melatonin. It must be stressed at this point that the obtained seasonal distribution of 
prolactin concentrations in lactating sheep resembles a seasonal rhythm of the prolactin 
secretion in barren sheep [19]. However, it should be noted that in the group of lactating 
sheep the secretion of prolactin is much more intensive. Melatonin administered on the 30th 
day of lactation contributed to the reduction of the prolactin secretion [40].  

4. The role of orexins and leptin in the regulation of the secretion of 
prolactin in sheep 

The process of entering and maintenance of lactation in sheep involves a great number of 
hormones, with prolactin playing a key role. In recent years, though, a focus has been placed 
on orexins and their role in the secretion of prolactin in sheep. In 1998 a new group of 
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neuropeptides was identified. It was demonstrated that they exert a significant influence on 
food intake, and in this manner they were dubbed orexins (Greek orexis – appetite) [41].  

Orexins derive from the same precursor – prepro-orexin, but they are a product of different 
posttranslational modifications. It is a protein built of 130 amino acid residues (mouse, rat) 
or 131 amino acid residues (human). In terms of the amino acid sequence a rat’s prepro-
orexin displays 83% homology with a human protein and 95% with a mouse’s protein [41]. 
Two forms of the newly discovered compounds are distinguished: orexin A (OxA) and 
orexin B (OxB), which are molecules whose amino acid composition is similar to the gut 
hormone - secretin [42]. Orexin A and orexin B bind specifically and activate two GPCR 
receptors (G-protein coupled receptors), which – before discovery of the ligands - were 
called orphan receptors, and now they are known as orexin receptors – 1 and – 2 (Ox1R and 
Ox2R). Studies carried out in 2000 by Date et al. [43] confirmed that matrix RNA of Ox1R 
and Ox2R exhibits strong expression in the middle, anterior (adenohypophysis) and 
posterior (neurohypophysis) lobe of the rats’ pituitary. At the same time it was noticed that 
in the anterior part of the pituitary gland Ox1R is subject to stronger expression than Ox2R. 
The observations go to show that the rat’s pituitary is a gland capable of receiving the orexin 
signal.  

Studies related to the synthesis of orexins and distribution of their receptors reveal that they 
are found in numerous brain sections and confirm the theory, according to which these 
compounds are regulatory proteins active in the central nervous system [41,44]. 

Experiments conducted on rats demonstrated that administration of exogenous orexin 
causes increased intake of food by animals [41]. OxA stimulates appetite in a dose-
dependent manner and this effect prevails even for up to 4 hours after injection. The effect of 
OxB injection does not prevail as long as that of OxA; after two hours stimulation of food 
intake is low. The longer effects of OxA probably are attributable to the molecular structure, 
thanks to which it is more resistant than OxB to an attack of inactivating peptidases [41].The 
experiments also displayed functions of orexins – other than the metabolic one. It was 
confirmed that orexins play a modulating role in the regulation of the hypothalamic-
pituitary-thyroid axis [45], - adrenal axis [46] and – gonadal axis [47].  

Results of in vivo studies conducted in 2000 by Russell et al. [48] showed for the first time 
that injection of orexin A reduced the level of prolactin in rats’ blood. Moreover, it was 
concluded that the mechanism is not connected with the activity of TIDA neutrons 
synthesizing dopamine (PRL inhibitor). In in vitro experiments it was proven that OxA 
exerts a direct influence on the secretory activity of explants of the hypothalamus and 
pituitary gland. Orexin A is also described as an inhibitor of the PRL secretion by lactotroph 
cells of the pituitary anterior lobe by Dusza and Ciereszko (2007) [49]. However, results of 
studies carried out on immature female rats under primary culture conditions are 
completely different as they reveal a statistically significant growth of the prolactin secretion 
depending on a dose and time of incubation of pituitary glands [50].  

The orexin gene expression in ruminants was defined for the first time only in 2002 and it 
was shown that the location of the mRNA of prepro-orexin in the hypothalamus in sheep 
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corresponds with the published pattern for rodents. Results of the studies confirmed also 
that the orexin gene expression is sensitive to changes in the day length (higher during 
shorter days). However, no starving-induced changes were identified, which questions the 
key role of orexins in the regulation of appetite in sheep [51,52]. 

In the light of the presented results of the studies orexins can be perceived as a link 
integrating the processes of maintaining energy, hormonal and reproductive balance. Orexin 
A can be of special importance to animals exhibiting sensitivity to changes in the day length, 
which include sheep. The process of entering and maintenance of lactation in the animals 
involves a number of factors, whereas the key role is attributed to prolactin and growth 
hormone. Unfortunately, mechanisms regulating secretion of these compounds in sheep in 
the lactation period still remain unclear. It is certain, though, that defining functions of 
orexins - above all - in the regulation of the prolactin secretion will make it possible to 
understand the process of maintaining lactation in sheep, in particular in the short-day 
period. Thus, the purpose of the initiated studies was to determine the role of orexin A in 
the regulation of the prolactin secretion in sheep under different day-length conditions in in 
vitro experiments.  

The experiments were performed on 15 sheep. Pituitary glands were taken from sheep on 
the 30th day of lactation in the long-day period (May n=5), in the period of shortening days 
(August n=5) and in the short-day period (December n=5). The pituitaries taken were 
divided along the sulcus into two halves so that each one contained the adenohypophysis 
and the neurohypophysis. In vitro incubation was held during 3 hours in the Parker medium 
at a temperature of 370C. The control group (G1) was incubated in a pure medium, whereas 
the experimental group (G2) was incubated in a medium with exogenous orexin A. Injection 
of exogenous orexin caused an increase of prolactin secretion already in the first hour of 
incubation (451.6±9.4 µg/ml) (table 6).  
 

Group 

Secretion of prolactin µg/ml 
Hours of incubation 

First hour Second hour Third hour 

x  SE x  SE x  SE 
Parst tuberalis – control group 
(G1) 

401.8 6.0 344.6 8.2 155.8 3.6 

Parst tuberalis – with orexin A 
(G2) 

451.6 9.4 346.5 7.0 196.3 4.7 

Table 6. Effects of orexin on the secretion of prolactin in the long-day period 

In the control group in the second hour of incubation the concentration of prolactin was 
lower (344.6±8.2 µg/ml) than in the group with orexin (346.5±7.0 µg/ml). But in the third 
hour of incubation the concentration of prolactin in the experimental group was higher by 
40.5 µg/ml than in the control group. In general, the PRL concentration in the long-day 
period during three-hour incubation in the group with orexin A equaled (331±15.2ng/ml) 
and was higher as compared to the control group (300.0±16.6 ng/ml). The experiments 



 
Prolactin 

 

130 

demonstrated that irrespective of how the secretory capabilities of cells deteriorated in the 
course of incubation, exogenous orexin A stimulates the PRL secretion in the long-day 
period in lactating ewes (53).  

Studies conducted in the period of shortening days (August) showed that administration of 
orexin A can modulate prolactin secretion (table 7). 
 

Group 

Secretion of prolactin µg/ml 
Hours of incubation 

First hour Second hour Third hour 

x  SE x  SE x  SE 
Parst tuberalis – control group 38.05 12.1 32.1 9.6 19.2 7.3 
Parst tuberalis – with orexin A 40.6 13.5 38.7 10.1 28.6 9.7 

Table 7. Effects of orexin on the secretion of prolactin in the period of shortening days (August) 

While analyzing changes in the prolactin secretion in sheep during 3-hour incubation, the 
highest secretory activity of cells was observed in the first two hours of the experiment. In 
the first hour of incubation the concentration of prolactin in the group incubated with orexin 
A equaled (40.6±13.5 µg/ml) and was higher as opposed to the control group (38.05±12.1 
µg/ml). The concentration of prolactin in the second hour of the experiment was still higher 
than that in the control group and equaled respectively (38.7±10.1, 32.1±9.6 µg/ml). In the 
third hour of the experiment it was demonstrated that in the experimental group the 
concentration of prolactin was higher (28.6±9.7 µg/ml) as compared to the control group 
(19.2±7.3 µg/ml). 

In the period of shortening days, when the concentration of prolactin under natural 
conditions is reduced, administration of orexin A caused a growth of the prolactin secretion; 
similarly, injection of exogenous orexin A in the short-day period caused an increase of the 
prolactin secretion (table 8) 
 

Group 

Secretion of prolactin µg/ml 
Hours of incubation 

First hour Second hour Third hour 

x  SE x  SE x  SE 
Parst tuberalis – control group 135.1 8.4 107.8 7.5 65.7 5.9 
Parst tuberalis – with orexin A 158.9 9.2 164.8 7.5 79.9 7 

Table 8. Effects of orexin on the secretion of prolactin in the short-day period (December) 

In the first hour of incubation of the pituitaries in the short-day period it was observed that 
the prolactin secretion in the experimental group increased (158.9±9.2 pg/ml) as contrasted 
with the control group (135.1±8.4 pg/ml). In the second hour of incubation it was recorded 
that the concentration of prolactin in the experimental group grew (164.8±7.5 pg/ml), 
whereas in the control group the concentration of prolactin amounted to (107.8±4.0 pg/ml). 
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Results obtained in the third hour of incubation revealed that the concentration of prolactin 
in the control group equaled (65.7±5.9 pg/ml), whereas in the group treated with exogenous 
orexin it amounted to (79.9±7.0 pg/ml). Despite the fact that secretory capabilities of cells 
deteriorated in the course of incubation, the PRL concentration in the examined samples 
grew.  

The experiments conducted under in vitro conditions confirmed that the annual rhythm of 
the PRL secretion in sheep is characterized by a higher concentration in the long-day period 
(summer) and lower concentration in the short-day period (winter). 

Orexin exerts its effects on the PRL secretion in sheep, like in case of rodents, thanks to the 
presence of specific receptors Ox1R and Ox2R in the cytoplasmatic membrane of cells. Their 
existence in the sheep’s adenohypophysis was described in 2002 by Xu et al.[54], who 
identified a high homology of the structure of a gene encoding sheep’s Ox1R and a gene of 
the receptor in a rat (87%) and human being (89%). The presence of both of these forms of 
orexin receptors in the sheep’s pituitary gland was also confirmed by Zhang et al. in 2004 
[55]. 

Studies carried out to date with a view to explaining the relations between orexin and 
prolactin have been conducted mainly on rats. Thus, results of experiments on sheep in the 
period of lactation offer new information about the role of orexins in seasonally breeding 
animals. The conducted experiments proved that orexin A exerts a greater stimulating effect 
on the level of the PRL secretion in the summer season than in the winter season. The 
weaker response of sheep’s pituitaries to orexin during short days as compared to the 
response during long days is a phenomeon of resistance of lactotroph cells to the orexin 
signal. Such a reaction of endocrine cells can be explained by the seasonal rhythm of 
biosynthesis and secretion of orexin in sheep, regulated by the photoperiod. It was proven 
that under conditions of shortening light days the expression of the orexin precursor gene in 
these ruminants is on a higher level than during long days [51]. As a result, an increased 
concentration of the mRNA of prepro-orexin in the winter season is observed, followed by 
an increased concentration of orexin in the organism. It is probable that at this time the 
saturation degree of orexin receptors of lactotroph cells with endogenous ligand is so high 
that adding exogenous orexin A does not cause such a distinct response as that occurring 
during long days. While attempting to identify interactions between the secretion of 
prolactin and growth hormone and the level of melatonin in lactating sheep an analogous 
phenomenon was noticed. Despite the fact that ewes lambed in June were kept under 
artificial long-day conditions, as the day became shorter, a drop in the PRL level was 
observed. In consequence, it was concluded that the secretion of the hormones retained its 
endogenous seasonal rhythm. The effect of the loss of the pituitary cells’ sensitivity to the 
summer signal of the hormone of darkness repeating for too long does not allow for 
extension of sheep’s lactation to the autumn and winter period [57]. 

In experiments conducted in 2006 it was proven for the first time that leptin exerts an effect 
on the melatonin secretion both under in vitro [57] and in vivo [58] conditions. It was 
observed that the day length (photoperiod) is one of the factors which modulate the effects 
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of leptin directly in the sheep’s pineal gland, with an inhibitory effect of leptin on melatonin 
secreted by explants of the pineal gland in the period of lengthening days. However, during 
shortening days leptin stimulated the melatonin secretion by the gland explants [57]. Results 
of the in vitro experiments were confirmed in in vivo experiments, in which leptin was 
injected into the 3rd brain chamber. They demonstrated that exogenous leptin has an 
inhibitory effect on the concentration of melatonin during long days and a stimulating dose-
dependent effect – during short days [58].  

Seasonal insensitivity to leptin is observed in sheep in the spring and summer period, 
making it possible for the ruminants to make energy reserves, and despite increasing fatness 
intake of food in sheep is not reduced. Increased intake of food and a growth of the body 
weight during long days – LD (Long Days) spring - summer – is characterized by a high 
concentration of leptin in blood plasma, which “loses” then its anorectic features. In the 
short-day period – SD (Short Days) autumn - winter, when the availability of food dwindles, 
the sensitivity of centres regulating food intake in the hypothalamus to the concentration of 
leptin returns to normal. This paradox is explained by leptin resistance occurring during LD, 
whereas the neuroendocrinological basis of leptin resistance has not been fully understood 
yet. One of the phenomena underlying leptin resistance is auto-supression of the transfer of 
signal from the receptor to the cell centre resulting from the leptin-induced expression of 
SOCS-3 factors, being inhibitors of cytokine sygnalisation [58]. The phenomenon is observed 
in particular in the area of ventromedial hyopothalamus [58], where long-form receptors of 
leptin Ob-Rb are found in the highest concentration. 

Orexigenic and anorexigenic systems are linked in terms of morphology and functionality. It 
confirms the hypothesis about the existence of a nervous network regulating hunger, located 
in nervous centres of the hypothalamus. The area of receptors and nerve endings for 
orexigenic factors overlaps with the area of receptors for anorexigenic factors, which also 
reveals mutual interactions of the two systems. In animals with strong seasonal breeding 
characteristics the network of the above described relations overlaps additionally with 
effects of the photoperiod, which by way of a biological signal in the form of melatonin 
interferes with the developed relations. The suprachiasmatic nucleus (SCN), which is a part 
of the biological clock, generates signals adjusting food intake to the circadian rhythm. This 
element is considerably weakened in the primates, and in particular in humans, but it is 
very efficient in ruminants. The objective of the conducted experiments was to investigate 
interactions between the day length and leptin and orexin B in sheep under in vivo 
conditions.  

The experiments were carried out on 24 sheep of the Polish sheep breed. The first stage of 
experiments (n=12) was conducted in the period of lengthening days (spring – summer). The 
second stage (n=12) was held under conditions of shortening days (autumn – winter). Three 
weeks prior to the initiation of the planned experiments metal stainless cannulas were 
inserted surgically into the third brain chamber of ewes (using the stereotactic method by 
Traczyk and Przekop [1963] [59]). The tests were started at the sunset, and were continued 
during subsequent 6 hours. The experiments were performed so that each ewe received in a 
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2-week interval intraventricular infusion of Ringer-Locke’s fluid – control, recombinant 
sheep leptin (roleptin) – in a dose of 0.5 µg/kg body weight (Leptin 1), and roleptin in a dose 
of 1.0 ug/kg body weight (Leptin 2). On the day of the experiment animals were put in 
individual cattle crushes, the Ringer-Locke’s fluid (control) and roleptin were injected 
intraventricularly for the first time directly after drawing time-zero blood samples and in 
the 60th and 120th minute of the 6-hour experiment. During the experiment blood samples 
were drawn every 15 minutes. Blood was poured into test tubes containing 100 l of heparin 
solution (1000 IU/ml).  

During lengthening days the total PRL concentration in the plasma of control sheep was 
significantly higher (P < 0.001) than during shortening days (132.28  19.87 vs. 44.41  8.27 
ng/ml). Intraventricular infusions of two doses of exogenous leptin reduced the 
concentration of prolactin during SD (P < 0.001) as compared to the values observed in 
control ewes. It was concluded that the day length is one of the factors which modulate the 
effects of leptin on the prolactin secretion in sheep. It was observed that central infusions of 
leptin into the 3rd brain chamber significantly decreased the concentration of prolactin in 
sheep during short days in a dose-dependent manner; whereas the effect was opposite 
during a long photoperiod.  

In subsequent experiments a test of the hypothesis about season-dependent effects of leptin 
and orexin B on the endocrine activity of sheep was performed. Six weeks prior to the start 
of the experiments ewes were subjected to an ovariectomy procedure, and subcutaneous 
estradiol implants were inserted into each of them. Three weeks prior to the initiation of the 
planned experiments metal stainless cannulas were inserted surgically into the third brain 
chamber of ewes (using the stereotactic method by Traczyk and Przekop [1963] (59). Like in 
the previous experiment, the tests were started at the sunset, and were continued during 
subsequent 6 hours. The experiments were performed so that each ewe received in one-
week interval intraventricular infusion: 1. Control group (CG) - Ringer-Locke’s fluid 
(pH=7.4); 2. Experimental group 1 (Gr 1) – recombinant sheep leptin (PLR Laboratory, Israel) 
in a dose of 0.5 g/kg, the dose was selected based on experiments [58]; 3. Experimental 
group 3 (Gr 3) – orexins B (PolyPeptides Laboratories, Strasbourg, France) in a dose of 0,3 
µg/kg., 4. Experimental group 5 (Gr 5) - superantagonists of leptin (D23L/L39A/D40A/F41A; 
PLR Laboratory Israel) in a dose of 50 µg/kg, and then orexin B in a dose used previously. In 
the control group and experimental group 1, 2, and 3 infusions of selected factors were 
performed three times, every 60 minutes from the start of the experiment, in group 5 the 
leptin antagonist was infused twice, in the zero and 1st hour of the experiment, and 
ghrelin/orexin B was infused 15 and 60 minutes after administration of leptin antagonist. 
During the 6-hour experiment blood samples were drawn every 15 minutes. The average 
concentration of melatonin in the plasma of ewes from the control group was higher (P< 
0.001) during LD as compared to the values recorded in animals during short days (87.28  
1.2 vs. 59.70  3.1 pg/ml). In the seasons of lengthening days exogenous recombinant sheep 
leptin significantly reduced the concentration of melatonin (P< 0.001) in relation to the 
values observed in ewes from the control group, whereas during a short day it significantly 
increased (P< 0.01) the concentration of melatonin. Orexin B did not have any impact on the 
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concentration of melatonin during a short day, but it caused a significant growth (P< 0.05) of 
the concentration of melatonin on a long day.  

During a lengthening day the total PRL concentration in the plasma of sheep from the 
control group was markedly higher (P< 0.001) as contrasted with shortening days (132.28  
19.87 vs. 44.41  8.27 ng/ml). Intraventricular infusions of exogenous leptin reduced the 
concentration of prolactin during SD (P< 0.001) as compared to the values observed in ewes 
from the control group. The average concentration of endogenous orexin was higher (P< 
0.01) during short days (0.59  0.05 ng/ml) as opposed to LD (0.39  0.01 ng/ml) in the 
control group of sheep. Exogenous orexin caused a growth (P< 0.05) of the plasma 
concentration of endogenous orexin respectively on a long and short day (0.62  0.01 ng/ml 
and 0.71  0.03 ng/ml), whereas the effects of leptin reduced (P< 0.05) the concentration of 
orexin during LD and SD. Based on the conducted experiments it was concluded that orexin 
B and anorectic hormone – leptin directly interact closely with each other, regulating not 
only the processes of metabolism but influencing jointly release of melatonin and prolactin, 
and the interactions additionally depend on the prevalent photoperiod.  

5. Summary 

So far it has been believed that milk yields in mammals are determined by genetic and 
environmental factors. In recent years, though, a special focus has been placed on light, 
being the modulator of the prolactin level. In farm animals changes of the light day play a 
very important role as they determine their yields. The length of the light day, and in 
particular the melatonin profile, is of special importance in sheep as they determine 
reproductive processes, in which lactation is the last stage of reproductive physiology. 
Experiments carried out on sheep demonstrated that both the melatonin profile and 
prolactin profile retain features of a seasonal rhythm depending on the day length. The 
synthesis of melatonin by the pineal gland is a biochemical signal informing the organism 
about the break of the day or night. This hormone regulates activities of numerous organs. 
Until now the activity of melatonin has been associated with the impact on the reproductive 
system. Experiments carried out in recent years have shown that melatonin can modulate 
the level of prolactin. Under natural conditions the maximum concentration of prolactin in 
sheep blood is observed in the long-day period, and at this time the level of melatonin 
drops. The lowest concentration of prolactin is recorded during short days, when the level 
of melatonin is the highest. Shortening of the day length or long-term injection of melatonin 
in the period of physiologically increased concentration of prolactin leads to a reduced 
secretion of this hormone. Lactation in sheep involves a number of hormones, and for that 
reason in recent years a special focus has been placed on the role of orexins in the regulation 
of the prolactin secretion. Experiments conducted demonstrated that orexin A exerts a 
greater stimulating effect on the level of the PRL secretion in the summer season than in the 
winter season. The weaker reaction of sheep’s pituitaries to orexin during short days as 
compared to the response during long days is a phenomenon of resistance of lactotroph cells 
to the orexin signal. Such a reaction of endocrine cells can be explained by the seasonal 
rhythm of biosynthesis and secretion of orexin in sheep, regulated by the photoperiod.  



 
The Effect of Physiological and Environmental Factors on the Prolactin Profile in Seasonally Breeding Animals 

 

135 

Author details 

Edyta Molik and Dorota A. Zieba 
Agricultural University in Krakow, Poland 

Tomasz Misztal 
The Kielanowski Institute of Animal Physiology and Nutrition, Polish Academy of Sciences, Poland 

Acknowledgement 

This research was supported by projects MNiSZW NN311245033 and DS/KHiOK/3242/2010. 

6. References 
[1] Misztal T. Melatonina – hormon sezonowości rozrodu u owiec. Postępy Nauk 

Rolniczych 1996; 6: 43- 58. 
[2] Thiery JC, Chemineau P, Hernandez X, Migaud M, Malpaux B. Neuroendocrine 

interactions and seasonality. Domestic Animal Endocrinology 2002; 23: 87-100.  
[3] Smith White SS, Ojeda SR. Maternal modulation of infantile ovarian development and 

available ovarian luteinizing hormone realizing hormone (LHRH) receptors via milk 
LHRH. Endorinology 1984; 115: 1973-1983. 

[4] Peaker M, Neville MC. Hormones in milk: chemical signals to the offspring’s’. Journal 
of Endocrinology 1991; 131: 1-6.  

[5] Freeman ME, Kanyicska B, Lerant A, Nagy G. Prolactin structure, function and 
regulation of secretion. Reviews of Physiology 2000; 80: 1523-1631. 

[6] Grattan DR. The actions of prolactin in the brain during pregnancy and lactation 
Programme Brain Ressearch 2001; 133: 153-171. 

[7] Schams D, Rϋsse J, Schallenberger E, Prokopp S, Chan JSD. The role of steroid 
hormones, prolactin and placental lactogen on mammary gland development in ewes 
and heifers. Journal of  Endocrinology 1984; 102: 121-130. 

[8] Flavoner IR, Vacek AT. Degradation of J125 labelled prolactin in the rabbit: effect of 
nephrectomy and prolactin infusion. Journal of Endocrinology 1983; 99: 360-377. 

[9] Campbell PG, Frey DM, Baumrucker CR. Changes in bovine mammary insulin binding 
during pregnancy and lactation. Comparative Biochemistry and Physiology 1987; 87B: 
649-653. 

[10] Hastings M, Maywood ES. Circadian clocks in the mammalian brain. Bioessays 2000; 
22: 23–31. 

[11] Lewczuk B. Siatkówka, jądro skrzyżowania oraz szyszynka jako elementy zegara 
biologicznego ssaków. Medycyna Weterynaryjna 2007; 63 (5) 506-511. 

[12] Wilkinson M, Arednt J, Bradtke D, Deziegler. Determination of a dark-induced increase 
in pineal N-acetyltransferase activity and simultaneous radioimmunoassay of 
melatonin in pineal, serum and pituitary tissue of the male rat. Journal of  
Endocrionology 1977; 72: 243-244. 

[13] Arendt J. Role of the pineal gland and melatonin seasonal reproductive function in 
mammals. Reviews of Reproductive Biology 1986; 8: 266-320.  



 
Prolactin 

 

136 

[14] Lincoln GA. Photoperiod- pineal- hypothalamic realy in sheep. Animal of Reproductive 
Science 1992; 28: 203-217. 

[15] Lincoln G. Messager S, Andersson H, Hazlerigg D. Temporal expression of seven clock 
gens in the suprachiasmatic nucleus and the pars tuberalis of the sheep: evidence for an 
internal coincidence timer. Proceedings of the National Academy of Sciences of the 
United States of America 2002; 99(21) 13890 - 13895  

[16] Hazlerigg DG, Andersson H, Johnston JD, Lincoln G. Molecular characterization of the 
long - day response in the soay sheep, a seasonal mammal.  Current of Biology 2004; 14: 
334 - 339  

[17] Hazlerigg DG. What is the role of melatonin within the anterior pituitary?. Journal of 
Endocrinology 2001; 170: 493 - 501 

[18] Lincoln GA. Decoding the nightly melatonin signal through circadian clockwork. 
Molecular and Cellular Endocrinology 2006; 252: 69 - 73 

[19] Misztal T. Romanowicz K, Barcikowski B. Rola melatoniny w sekrecji prolaktyny u 
owiec. Postępy  Biologii Komórki 1999; 26: 117- 123. 

[20] Johnston JD. Photoperiodic regulation of prolactin secretion: changes in intra-pituitary 
signaling and lactotroph heterogeneity. Journal of Endocrinology., 2004; 180: 351-356. 

[21] Thiery JC. Monoamine content of the stalk-median eminence and hypothalamus in the 
adult fenale sheep as affected by day length. Journal of Neuroendocrinology 1991; 3: 
407-411. 

[22] Lincoln GA, Short RV. Seasonal breeding: Nature’s contraceptive’, Recent  Progress in 
Hormone Research 1980; 36: 1-52. 

[23] Morgan PJ, Barret P, Davidson G, Lawson W. Melatonin regulates the synthesis and 
secretion of several proteins by pars tuberalis cells of the ovine pituitary. Journal of 
Neuroendocrinology 1992; 4: 557-563. 

[24] Reiter RJ. Neuroendocrinology of melatonin. In: Melatonin Clinical Perspectives. 
editors: Miles A, Philbrick DRS, Thomson C, Oxford: Oxford University Press 1988; 1-42  

[25] Robinson JJ. S, Wigzell RP, Aitken JM, Wallace S, Ireland and IS, Robertson. Daily oral 
administration of melatonin from March on wards advances by 4 months the breeding 
season of ewes maintained under the ambient photoperiod at 570 N’. Animal of 
Reproductive Science 1992; 27: 141-160 

[26] Molik E, Misztal, T, Romanowicz K, Wierzchoś E. Dependence of the lactation duration 
and efficiency on the season of lambing in relation to the prolactin and melatonin 
secretion in ewes. Livestock Science 2007; 107: 220-226.  

[27] Grattan DR. Behavioral significance of prolactin signaling in the central nervous system 
during pregnancy and lactation. Reproduction 2002; 123(4) 497-506. 

[28] Wachs EA, Gorewit RC, Currie WB. Half-life clearance production rate foe oxytocin in 
cattle during lactation and mammary involution. Domestic Animal Endocrinology 1984; 
1: 121-140. 

[29] Sanchez-Andrade G, Kendrick KM. The main olfactory system and social learning in 
mammals. Behavior of Brain Resarche 2009; 200(2) 323-335. 

[30] Egli M, Bertram R, Sellix MT, Freema, ME. Rythmic secretion of prolactin in rats: action 
of oxytocin coordinated by vasoactive intenstinal polypeptyde of suprachiasmatic 
nucleus origin. Endocrinology 2004; 145(7) 3386-3394.  



 
The Effect of Physiological and Environmental Factors on the Prolactin Profile in Seasonally Breeding Animals 

 

137 

[31] Misztal T, Górski K, Tomaszewska-Zaremba D, Molik E, Romanowicz K. Ientification of 
salsolinol in the mediobasal hypothalamus of lactating ewes and its relation to suckling-
induced prolactin and GH release. Journal of Endocrinology 2008; 198: 83-89.  

[32] Molik E, Misztal T, Romanowicz K, Zięba DA. The effects of melatonin on prolactin and 
growth hormone secretion in ewes under different photoperiods, during the early post 
partum period.  Small Ruminant Research 2010; 94: 137-141 

[33] Rhind S, Bass J, Doney M, Hunter E. Effect of litter size on the milk production, blood 
metabolite profiles and endocrine status of ewes lambing in January and April. Animal 
Production 1991; 53: 71-80 

[34] Lincoln GA, Clarke IJ. Evidence that melatonin acts in the pituitary gland through a 
dopamine- independent mechanism to mediate effects of daylength on the secretion of 
prolactin in the ram.  Neuroendocrinology 1995; 7: 637-643. 

[35] Leong DA, Frawley LS, Neill JD. Neuroendocrine control of prolactin secretion. Annual 
Review of Physiology1983; 45; 109-127. 

[36] Morgan PJ, Williams LM. The pars tuberalis of the pituitary: a gateway for 
neuroendocrine output. Reviews of Reproduction 1996; 1: 153-161. 

[37] Williams L, Lincoln GA, Mercer JG, Barrett P, Morgan PJ, Clarke IJ. Melatonin receptors 
in the brain and pituitary gland of hypothalamo-pituitary disconnected Soay rams. 
Journal of Neuroendocrinology 1997; 9: 639-643. 

[38] Stirland JA, Johnston JD, Cagampang FRA, Morgan PJ, Castro MG, White MRH, Davis JRE, 
Loudon ASI. Photoperiodic regulation of prolactin gene expression in the Syrian hamster by 
a pars tuberalis-derived factor. Journal of Neuroendocrinology 2001; 13: 147-157. 

[39] Hazlerigg DG, Hastings MH, Morgan PJ. Production of prolactin realizing factor by the 
ovine pars tuberalis. Journal of Neuroendocrinology 1996; 8: 489-492. 

[40] Molik E, Misztal T, Romanowicz K, Ciuryk S, Kisielewska A. Wpływ melatoniny na 
sekrecję prolaktyny u laktujących owiec – badania in vitro. Roczniki Naukowe 
Zootechniki 2005; 22: 253-256. 

[41] Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka H, Williams SC, 
Richardson JA, Kozlowski GP, Wilson S, Arch JRS, Buckingham RE, Haynes AC, Carr 
SA, Annan RS, McNulty DE, Liu WS, Terrett JA, Elshourbagy NA, Bergsma DJ, 
Yanagisawa M. Orexins and orexin receptors: a family of hypothalamic neuropeptides 
and G protein-coupled receptors that regulate feeding behavior. Cell 1998; 92: 573-585. 

[42] De Lecea L, Kilduff TS, Peyron C, Gao XB, Foye PE, Danielson PE, Fukuhara C, 
Battenberg ELF, Gautvik VT, Bartlett FS, Frankel WN, Van den Pol AN, Bloom FE, 
Gautvik KM, Sutcliffe JG. The hypocretins: hypothalamus-specific peptides with 
neuroexcitatory activity Proceedings of the National Academy of Sciences of the United 
States of America 1998; 95: 322-327. 

[43] Date Y, Mondal MS, Matsukura S, Ueta Y, Yamashita H, Kaiya H, Kangawa K, 
Nakazato M. Distribution of orexin/hypocretin in the rat median eminence and 
pituitary. Molecular Brain Research. 2000; 76 (1) 1-6. 

[44] Taheri S, Mahmoodi M, Opacka-Juffry J, Ghatei MA, Bloom SR. Distribution and 
quantification of immunoreactive orexin A in rat tissues. FEBS letters 1999; 457: 157-161. 

[45] Mitsuma T, Hirooka Y, Mori Y, Kayama M, Adachi K, Rhue N, Ping J, Nogimori T. 
Effects of orexin A on thyrotropin-releasing hormone and thyrotropin secretion in rats. 
Hormone and  Metabolic Research 1999; 31 (11) 606-9. 



 
Prolactin 

 

138 

[46] Spinazzi R, Andreis PG, Rossi GP, Nussdorfer GG. Orexins in the regulation of the 
hypothalamic-pituitary-adrenal axis. Pharmacological Review 2006; 58: 46–57. 

[47] Russell SH, Small CJ, Kennedy AR, Stanley SA, Seth A, Murphy KG, Teheri S, Ghatei 
MA, Bloom SR. Orexin A Interactions in the hypothalamo-pituitary gonadal axis. 
Endocrinology 2001; 142 (12) 5294–5302. 

[48] Russell SH, Kim MS, Small CJ, Abbott CR, Morgan DG, Taheri S, Murphy KG, Todd JF, 
Ghatei MA, Bloom SR. Central administration of orexin A suppresses basal and 
domperidone stimulated plasma prolactin. Journal of Neuroendocrinology 2000; 12 (12) 
1213-8.  

[49] Dusza L, Ciereszko R. Regulacja sekrecji gonadotropin i prolaktyny oraz ich 
oddziaływanie na tkanki docelowe. Wydawnictwo Uniwersytetu Warmińsko- 
Mazurskiego 2007;  95-138. 

[50] Martyńska L, Polkowska J, Wolińska Witort E, Chmielowska M, Wasilewska- 
Dziubińska E, Bik W, Baranowska B. Orexin A and its role in the regulation of the 
hypothalamo-pituitary axes in the rat. Reproductive Biology 2006; 6 (2) 29-35. 

[51] Archer ZA, Findlay PA, Rhind SM, Mercer JG, Adam CL. Orexin gene expression and 
regulation by photoperiod in the sheep hypothalamus. Regulatory Peptides 2002; 104 
(1-3) 41-45. 

[52] Iqbal J, Henry BA, Pompolo S, Rao A, Clarke IJ. Long-term alteration in bodyweight 
and food restriction does not affect the gene expression of either preproorexin or 
prodynorphin in the sheep. Neuroscience 2003; 118 (1) 217-26. 

[53] Molik E, Zięba DA, Misztal T, Romanowicz K, Wszoła M, Wierzchoś E, Nowakowski 
M. The role of orexin A in the control of prolactin and growth hormone secretions in 
sheep – in vitro study. Journal of Physiology and. Pharmacology 2008; 59 (9) 91-100. 

[54] Xu R, Wang Q, Yan M, Hernandez M, Gong C, Boon WC, Murata Y, Ueta Y, Chen C. 
Orexin-A augments voltage-gated Ca2+ currents and synergistically increases growth 
hormone (GH) secretion with GH-releasing hormone in primary cultured ovine 
somatotropes. Endocrinology 2002; 143 (12) 4609–4619. 

[55] Zhang S, Blache D, Vercoe P E, Adam CL, Blackberry MA, Findlay PA, Eidne KA, 
Martin GB. Expression of orexin receptors in the brain and peripheral tissues of the 
male sheep’, Regulatory Peptides 2004; 124 (1-3) 81-86. 

[56] Molik E, Misztal T, Romanowicz K, Wierzchoś E. The Influence of length day on melatonin 
secretion during lactation in seasonal sheep. Archiv fur Tierzucht 2006; 49: 359-364. 

[57] Zieba DA, Klocek B, Williams GL, Romanowicz K, Boliglowa L, Wozniak M. In vitro 
evidence that leptin suppresses melatonin secretion during long days and stimulates its 
secretion during short days in seasonal breeding ewes. Domestic Animal Endocrinology 
2007; 33(3) 358-365. 

[58] Zieba DA, Szczesna M, Klocek-Gorka B, Molik E, Misztal T, Williams GL, Romanowicz 
K, Stepien E, Keisler DH, Murawski M. Seasonal effects of central leptin infusion on 
melatonin and prolactin secretion and on SOCS-3 gene expression in ewes. Journal of 
Endocrinology 2008; 198: 147-155. 

[59] Traczyk W, Przekop F. Methods of investigation of the function of the hypothalamus 
and hypophysis in chronic experiment in sheep. Acta Physiolica Polonica 1963; 14: 217-
226.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


