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abstract
The influence of leptin on orexin A and the interaction of leptin with ghrelin in regulating the 
gonadotropic and somatotropic axes in seasonally polyestrous animals are not well understood. 
This study examined the effects of these factors as well as the mediating roles of specific ovine lep-
tin antagonist (SOLA; mutant D23L/L39A/D40A/F41A) and photoperiod on luteinizing hormone 
(LH) and growth hormone (GH) secretion. Twenty-four ovariectomized, estradiol-implanted ewes 
were used in a replicated switchback design. The ewes were assigned randomly to 1 of 6 treatments 
(infused into the third ventricle 3 times at 0 (dusk), 1, and 2 h) as follows: control, Ringer-Locke 
buffer; leptin, 0.5 μg/kg b.w.; orexin A, 0.3 μg/kg b.w.; ghrelin, 2.5 μg/kg b.w.; SOLA, 50 μg/kg b.w. 
+ orexin A, 0.3 μg/kg b.w.; and SOLA, 50 μg/kg b.w. + ghrelin, 2.5 μg/kg b.w. Blood samples (5 ml) 
were collected at 15-min intervals for 4 h. SOLA + orexin A resulted in an increase (P<0.01) in the 
LH plasma concentration during short-day (SD) and long-day (LD) photoperiods. However, ghre-
lin and SOLA + ghrelin had the opposite effect. SOLA + orexin A resulted in an increase (P<0.001) 
in the GH concentration compared with leptin or orexin A during the LD season. Ghrelin and 
SOLA + ghrelin increased the GH concentration (P<0.01) regardless of the season. In summary, 
LH and GH secretion are seasonally dependent on relationships that are subject to photoperiodic 
regulation, and leptin is an important regulator of the effects of ghrelin and orexin A on the activi-
ties of the gonadotropic and somatotropic axes in sheep.
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Leptin is an important peripheral factor that participates in the mechanism link-
ing energy status with the activity of hormones that regulate reproduction and growth 
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processes (Amstalden et al., 2003; Zieba et al., 2003 a, b). The identification of the 
leptin receptor in the central nervous system (CNS) has enabled the elucidation of 
the functional and anatomical relationships of leptin activity with the pathways of 
neuropeptides and hormones involved in energy balance control and the gonadotro-
pin and somatotropin axes, including orexin A and ghrelin (Anukulkitch et al., 2010; 
Kirsz et al., 2012; Sirotkin and Grossmann, 2007).

In rodents, intracerebroventricular (ICV) leptin injections significantly decrease 
orexin A immunoreactivity in neurons (Sun et al., 2006) and the expression of its pre-
cursor, prepro-orexin (pORX), in the hypothalamus (Tritos et al., 2001). Anukulkitch 
et al. (2010) demonstrated that the levels of pORX gene expression in the lateral 
hypothalamus, perifornical nucleus (pfA) and dorsomedial nucleus (DMH) are ne- 
gatively correlated with the amount of accumulated body fat and the leptin concen-
tration in the blood plasma of genetically selected lean and obese sheep. Ghrelin is 
not secreted exclusively by cells of the gastrointestinal tract. Reductions in ghrelin 
secretion and mRNA expression have been observed in the hypothalamus and pi-
tuitary gland of obese mice carrying a mutation in the leptin gene (ob) (Luque et 
al., 2007). However, Kirsz et al. (2012) observed that exogenous leptin and specific 
ovine leptin antagonist influence the concentrations of peripheral orexin and ghrelin, 
which are dependent on the photoperiod, and leptin and its antagonists influence the 
secretory activities of the pituitary (Kirsz et al., 2014) and pineal glands of sheep 
(Zieba et al., 2011).

The roles of energy metabolism indicators in the regulation of reproduction and 
growth are relatively well understood (Clarke, 2014), but studies of the multitude of 
factors (e.g., nutritional status, the sex, age and species of animals and photoperiod) 
that interfere with the relationship between these indicators and pituitary tropic hor-
mones have often reported conflicting data. The influences of orexin A and ghrelin 
on the secretion of luteinizing hormone (LH) and growth hormone (GH) are distinct 
and depend on the animal model (Barb and Matteri, 2005; Chen and Xu, 2003; Small 
et al., 2003).

Sheep are short-day breeders that provide a very interesting model for studying 
interactions between the environment and endocrine status. These interactions en-
able sheep to survive periods of reduced food availability and impact their reproduc-
tive and growth cycle processes (Zieba et al., 2008 b). Sheep, in contrast to other 
livestock species, exhibit natural seasonal leptin resistance (Zieba et al., 2008 a); 
this resistance is related to the adaptation of ruminants to yearly changes in energy 
demand (Zieba et al., 2008 b).

Leptin may alter the relationship between orexin A and ghrelin and the activi-
ties of the gonadotropic and somatotropic axes. This study analyzed the relation-
ship between leptin and orexin A and ghrelin in relation to LH and GH secretion 
using a leptin antagonist (SOLA). The influence of these hormones was examined 
by performing ICV infusions in the lumen of the third ventricle of sheep brains. The 
research was performed during autumn-winter (SD; short days) and spring-summer 
(LD; long days) periods to determine the possible impact of the season on hormone 
concentrations.
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Material and methods

Animals
The Local Agricultural Animal Care and Use Committee in Kraków, Poland,  

approved all procedures performed on the animals in this study. The experiments 
were conducted at the Experimental Station of the Department of Animal Biotech-
nology, Agricultural University of Krakow, Poland (longitude, 19º57’E; latitude, 
50º04’N). 

The present study utilized 24 Polish Longwool ewes that exhibit pronounced 
reproductive seasonality. The breeding season commences during shortening days 
(August–December), and a period of seasonal anestrus (non-breeding season) ensues 
as days become longer (February-June). The animals were 3 years of age, weighed 
65±4 kg and were housed in individual pens under natural photoperiodic and ther-
moperiodic conditions. All sheep presented good body condition scores [BCS=3 on  
a scale of 1 to 5 (Russel et al., 1969)]. The present experiments were performed dur-
ing the LD photoperiod from April to May, when the average day length in Poland 
is approximately 15 h, and the SD photoperiod in October and November, when the 
day length averages 9 h. The ewes were ovariectomized approximately 2 months be-
fore the experiments and implanted with estradiol-releasing subcutaneous implants 
as previously described in our studies of the effects of anorectic and orexigenic 
peptides in sheep (Kirsz et al., 2012). The mean circulating concentration of estra-
diol throughout the entire study period was 3.9±0.3 pg/ml. This ovine experimental 
model is a widely accepted neuroendocrine model that was developed to avoid the 
confounding effects of the ovarian cycle on hormonal interactions and to provide 
constant physiological concentrations of estrogens and steroid-mediated feedback 
on the secretory activities of the hypothalamus and adenohypophysis (Amstalden et 
al., 2002; Zieba et al., 2008 a).

The sheep were fitted surgically with intracerebroventricular cannulae one month 
before the beginning of the study according to the methodology of Traczyk and Prze-
kop (1963). Continuous flow of cerebrospinal fluid verified the location and function 
of the cannulae. A period of at least 3 weeks was allowed for recovery from neuro-
surgery. 

Experimental procedures and treatments applied
The ewes were randomly allocated to one of six equinumerous groups (n=4/

group) during both seasons. The sheep received a formulated diet twice daily (0700 h 
and 1400 h) to provide 100% of the National Research Institute of Animal Produc-
tion’s recommendations for maintenance (Norms, 1993). Water and mineralized salt 
licks were available to the animals ad libitum. In the morning on the day of experi-
ment, sheep were fitted with jugular catheters for intensive blood sampling. Subse-
quently, females from each group were restrained into individual sampling carts to 
familiarize them with the experimental conditions. Carts were constructed of wood 
with solid floors, and allowed animals to stand or lie down freely during sampling 
procedures. Finally, polyethylene tubing (0.58-mm i.d., 0.96-mm o.d.; Intramed-
ic Caly Adams Brand, Becton Dickinson, Sparks, MD, USA) was inserted using  



K. Kirsz et al.158

an aseptic technique through each ICV-guided cannula according to Zieba et al. 
(2008 a) and Kirsz et al. (2012) and the flow of cerebrospinal fluid was confirmed.

The ewes were allocated to the following treatment groups: Group 1 (control), 
Ringer-Locke buffer, pH 7.4; Group 2, recombinant ovine leptin (LEPT; 0.5 µg/kg 
b.w.) (PLR Laboratory, Rehevot, Israel); Group 3, rat orexin-A (ORXA; 0.3 µg/kg 
b.w.) (PolyPeptide Laboratories, Strasbourg, France); Group 4, ovine ghrelin 
(GHRL; 2.5 µg/kg b.w.) (PolyPeptide Laboratories, Strasbourg, France); Group 5, 
ovine pegylated leptin antagonist (SOLA, mutant D23L/L39A/D40A/F41A; 50 µg/
kg b.w.) (PLR Laboratory, Rehevot, Israel) + ORXA at the same dose as above; and 
Group 6, SOLA + GHRL at the same doses as above. Ringer-Locke buffer, LEPT, 
ORXA and GHRL were ICV infused at 0, 1 and 2 h during the 4-h experiment (in 3 
single infusions of 100 µl each) (Figure 1). SOLA was infused centrally in Groups 5 
and 6 twice, at 0 and 1 h of the experiment, and ORXA or GHRL was infused at 15 
and 60 min after the second infusion of SOLA (Figure 1). The treatments for each 
group were replicated twice in four randomly chosen ewes approximately 1 week 
apart (n=8 treatment). The appropriate dose of leptin for the ICV study was deter-
mined in our previous experiments (Kirsz et al., 2012; Zieba et al., 2008 a), and the 
doses of ORXA, GHRL, and SOLA were based on both theoretical calculations and 
published studies involving ICV injections in sheep (Harrison et al., 2008; Kirsz et 
al., 2012; Sartin et al., 2001).

Figure 1. Experimental design and treatments applied. Sheep were maintained under short days (SD; 9 h 
light:15 h darkness) for two months (October–November), followed by two months (April–May) of long 
days (LD; 15 h light:9 h darkness). The treatments were as follows: 1) Ringer-Locke buffer (control);  
2) leptin (LEPT; 0.5 μg/kg b.w.); 3) orexin A (ORXA; 0.3 mg/kg b.w.); 4) ghrelin (GHRL; 2.5 µg/kg 
b.w.); 5) leptin antagonist (SOLA) and ORXA; and 6) SOLA and GHRL. The arrows indicate  
intracerebroventricular (ICV) injections given at 0, 1, 1.15 and 2 h during the 4-h experimental period. 

Blood samples (5 ml) were collected at 15-min intervals throughout the experiment
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Blood sample (5 ml) collection began at dusk and was performed at 15-min in-
tervals for 4 h, beginning prior to the first infusion (Figure 1). The blood samples 
were dispensed into tubes containing 150 µl of a solution of heparin (10,000 IU/ml) 
and 5% (wt/vol) EDTA and immediately placed on ice. Plasma was separated by 
centrifugation at 3,000 × g for 10 min at 4°C and stored at –20°C until analyses of 
estradiol, LH, and GH. 

Hormone assays
Estradiol concentrations were determined using commercially available EIA kits 

(DRG Instruments GmbH, Marburg, Germany) according to the manufacturer’s in-
structions. All samples were analyzed in duplicate in the same assay. The inter- and 
intra-assay precision values exhibited a coefficient of variation (CVs) of 4.55%. As-
say sensitivity was 1.7 pg/ml.

LH concentrations were measured using a double antibody (anti-ovine LH and 
anti-rabbit γ-globulin antisera) radioimmunoassay developed by Stupnicki and 
Madej (1976) and a bovine LH standard (NIH-LH-B6). The assay sensitivity was 
0.3 ng/ml, and the inter- and intra-assay coefficients of variation were 6.7% and 
11.2%, respectively. Plasma GH concentrations were also determined using a vali-
dated radioimmunoassay with anti-bovine GH anti-rabbit γ-globulin antisera and  
a bovine GH standard (NIDDK-GH-B-1003A) as previously described by Dvorak et 
al. (1978). The assay sensitivity was 0.6 ng/ml, and the inter- and intra-assay coef-
ficients of variation were 5.9% and 10.2%, respectively.

Statistical analysis
The data were subjected to Grubbs’ test (the maximum normed residual test) to 

identify outliers and analyzed using a series of two-way ANOVAs with SigmaPlot® 
statistical software (version 11.0; Systat Software Inc., Richmond, CA, USA). The 
collection time values were averaged to calculate means, which were used for com-
parisons between treatment groups. The statistical models included the main effects 
of the reagent treatment and season (SD compared with LD). All data sets that failed 
normality and/or equal variance tests were transformed by the natural logarithm. If 
the main effects or their interactions were significant, the Holm-Sidak test was used 
as a post hoc test to compare the individual means. P<0.05 was considered statisti-
cally significant. The results are presented as the mean ± standard error (SE).

Results

Estradiol concentration
The mean circulating concentration of estradiol was 3.54±0.2 pg/ml.

LH concentration
The average plasma LH concentrations were significantly higher (P<0.01) in 

sheep that received Ringer-Locke buffer, LEPT, ORXA, or SOLA + ORXA during 
the SD period than those observed during the LD period (Figure 2).
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ICV infusions of ORXA during the SD period did not significantly alter the aver-
age plasma LH concentration compared with treatments with Ringer-Locke buffer or 
LEPT. However, SOLA + ORXA administration significantly increased (P<0.01) LH 
secretion in all evaluated groups during both photoperiods (Figure 2).

Figure 2. Mean (±SE) circulating concentrations of luteinizing hormone (LH) in normally fed Polish 
Longwool ewes during the short- (SD) and long-day (LD) seasons when subjected to the following  
treatments: 1) Ringer-Locke buffer (Control); 2) leptin (LEPT; 0.5 μg/kg b.w.); 3) orexin A (ORXA; 
0.3 mg/kg b.w.); 4) ghrelin (GHRL; 2.5 µg/kg b.w.); 5) leptin antagonist (SOLA; 50 µg/kg b.w.)  
with ORXA; or 6) SOLA with GHRL. The values denoted by asterisks or different letters are  
significantly different: * indicates (P<0.05); ** indicates (P<0.01); ABCXYZ denote (P<0.01); and  

D denotes (P<0.001)

The influence of GHRL on LH concentration depended on the season. Ghrelin 
inhibited (P<0.01) LH secretion during the SD season, but no influence of GHRL on 
the endogenous LH concentration compared to the control and LEPT-treated groups 
was observed during the LD season. However, SOLA + GHRL infusion strengthened 
(P<0.001) the inhibitory effect of GHRL on LH secretion during the SD season and 
decreased (P<0.01) the plasma concentrations of LH in all studied groups during 
the LD season. The increase (P<0.05) in the LH concentration during the LD season 
compared with the SD season was confirmed within each group (Figure 2).

GH concentration
Seasonal variations in the concentrations of GH were observed. In the con- 

trol group, treatments with ORXA and SOLA + ORXA increased GH concentrations 
during LD season compared to SD photoperiod (P<0.05 and P<0.01, respectively).

Increase (P<0.01) in the endogenous GH concentration was observed in the 
LEPT group during the SD season compared with LD season (Figure 3).

CONTROL           LEPT             ORXA            GHRL       SOLA+ORXA   SOLA+GHRL
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Figure 3. Mean (±SE) circulating concentrations of growth hormone (GH) in normally fed Polish  
Longwool ewes during the short- (SD) and long-day (LD) seasons when subjected to the following  
treatments: 1) Ringer-Locke buffer (Control); 2) leptin (LEPT; 0.5 μg/kg b.w.); 3) orexin A (ORXA; 
0.3 mg/kg b.w.); 4) ghrelin (GHRL; 2.5 µg/kg b.w.); 5) leptin antagonist (SOLA; 50 µg/kg b.w.) with 
ORXA; or 6) SOLA with GHRL. The values denoted by asterisks or different letters are significantly 
different: * indicates (P<0.05); ** indicates (P<0.001); ab indicate (P<0.05); XYZ denote (P<0.01); and 

WV denote (P<0.001)

Treatments with ORXA increased (P<0.01) GH concentration in LD season com-
pared with controls and leptin-treated sheep (Figure 3). SOLA + ORXA strengthened 
(P<0.001) the stimulating effect of ORXA on GH secretion compared with all treat-
ment groups. A combination of SOLA and ORXA as well as LEPT and ORXA alone 
did not cause significant changes in the concentrations of the GH during SD season 
(Figure 3).

ICV infusions of GHRL increased GH concentration during the SD season 
(P<0.05) and the LD season (P<0.01) compared with controls, LEPT and GHRL. 
Treatments with SOLA + GHRL during the SD and LD seasons produced similar 
effects on the average GH concentration in the blood plasma as GHRL alone. These 
results confirmed that the GH concentration in GHRL or SOLA + GHRL was lower 
(P<0.01) when the infusions were conducted during the SD season compared with 
the LD season (Figure 3).

Discussion

The average LH concentration was significantly higher in Control group dur-
ing the autumn-winter (SD) period compared with LH concentration noted in sheep 
during experiments conducted during the spring-summer (LD) period (Zieba et al., 
2003 b, 2008 b). Central infusion of leptin did not affect LH secretion during either 
season. This result is consistent with previous studies of ruminants fed ad libitum 

CONTROL           LEPT             ORXA          GHRL       SOLA+ORXA   SOLA+GHRL
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(Amstalden et al., 2002; Miller et al., 2002), which have demonstrated that only 
nutritional stress triggered by food restriction (from 78 h to 71 days) increases the 
sensitivity of the hypothalamic-pituitary axis to exogenous leptin (Polkowska et al., 
2012; Towhidi et al., 2007; Wójcik-Gładysz et al., 2009). Subcutaneous administra-
tion of leptin in wethers with estradiol implants increases LH concentrations reduced 
by 78-h dietary restrictions (Nagatani et al., 2000). In the same animal model, Miller 
et al. (2002) observed that ICV infusion of leptin in wethers fed ad libitum changed 
the profile of LH secretion, but the average plasma LH concentrations did not differ 
significantly between groups. 

The weakening of leptin activity due to treatment with its antagonist (SOLA) 
strengthened the individual effects of orexin A and ghrelin on LH secretion in  
this study. Intracerebroventricular infusions of orexin A alone did not significantly 
affect the blood plasma LH concentration in sheep, but the administration of orex- 
in A together with SOLA resulted in the stimulation of LH secretion by orexin A  
during both periods compared with all other treatment groups. These results suggest 
an antagonistic role of leptin in the regulation of LH release by orexin A, which is 
further increased during the SD period, when increased sexual activity occurs in 
sheep.

Archer et al. (2002) first noted the potential involvement of orexin in sheep 
breeding based on annual changes in pORX gene expression in the hypothalamus. 
Other studies in rodents have suggested that orexin A plays an important role in the 
regulation of LH secretion depending on the presence of steroid hormones. Orexin 
A inhibits LH secretion in ovariectomized animals (Tamura et al., 1999) but stimu-
lates LH secretion in ovariectomized animals with estradiol implants (Kohsaka et al., 
2001; Pu et al., 1998). 

There are no reports on the interaction between orexin A and leptin in LH se-
cretion, but the identification of the leptin receptor gene in orexin-positive neurons 
may represent anatomical evidence supporting the relationship between orexin A and 
leptin (Iqbal et al., 2001). This interaction applies mainly to the pfA, DMH and zona 
incerta, where 30% of orexin neurons reach the preoptic area (POA), the primary 
site of the direct impact of orexin A on gonadotropin-releasing hormone (GnRH) 
release in sheep (Iqbal et al., 2001). Orexin neurons likely act as intermediaries in the 
transmission of information carried by leptin to the pulse generator, GnRH. Melano-
cortin and kisspeptin (Backholer et al., 2009) are hypothalamic factors in sheep that 
use orexin to transmit their signals, whereas NPY is used in rodents (Russell et al.,  
2001).

In the present study, the influence of ICV ghrelin infusions on LH secretion was 
dependent on the photoperiod and SOLA administration. Exogenous ghrelin signifi-
cantly reduced the blood plasma LH concentration in the sheep; however, this effect 
was observed only during the SD season. Iqbal et al. (2006) obtained similar results 
following ICV infusions of DAP-octanol ghrelin in ewes during seasons of repro-
ductive activity. Harrison et al. (2008) confirmed that significant reductions in the 
frequency and amplitude of LH pulses are influenced by centrally administered ghre-
lin during SD photoperiods. However, Harrison et al. (2008) observed differences 
in the average LH concentration between the groups of examined sheep. In another 
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study, simultaneous ghrelin injections together with an analog of GnRH decreased 
the GnRH-induced secretion of LH in a model of superovulated ewes (Dovolou et 
al., 2013).

Our results confirmed that the weakening of endogenous leptin function follow-
ing the application of a leptin antagonist strengthened the inhibitory effect of ghrelin 
on LH secretion. Central infusions of SOLA with ghrelin significantly decreased 
blood plasma LH concentrations in the sheep compared with all other treatment 
groups during both seasons. The available data only indicate the individual roles 
of leptin and ghrelin in the regulation of tropic hormone secretion. However, these 
data suggest that ghrelin and leptin interact antagonistically in virtually every aspect 
of the development and functioning of animal reproductive systems, including the 
process of achieving sexual maturity (Sirotkin et al., 2008), steroidogenesis (Sirotkin 
and Grossmann, 2007; Spicer and Francisco, 1997; Zachow and Magoffin, 1997), 
and the functioning of GnRH pulse generators (Lebrethon et al., 2007).

The present study is the first to demonstrate that the application of an antagonist 
of leptin causes hormones with the same metabolic properties, i.e., orexin A and 
ghrelin, to exert opposing effects on LH secretion. The dominant view is that the 
application of compounds with orexigenic properties, particularly in a negative en-
ergy balance situation, reduces LH secretion because the information flowing to the 
CNS via these hormones indicates that the body energy is unbalanced. Therefore, the 
accumulated energy reserves are primarily used to maintain basic bodily functions 
(e.g., breathing and thermoregulation), and the need to preserve the species becomes 
a lesser priority (Clarke, 2014). However, our results suggest that orexin A is not  
a part of this scheme, and its biological function has not been fully recognized. 

Annual differences in GH secretion were observed, including a marked increase 
during the LD vs. SD photoperiod. This pattern of GH secretion in animals exhibit-
ing metabolic processes characterized by strongly marked seasonality is associated 
with the anabolic activity of this hormone. Growth during the spring-summer period 
allows animals to collect the energy reserves that they use during the autumn-win-
ter period, when there is a limited possibility of obtaining food in the environment 
(Barenton et al., 1988; Harrison et al., 2008).

The effect of leptin activity was only observed during the LD season, when it 
caused a significant decrease in the endogenous GH concentration. These results are 
in agreement with those of Szczesna et al. (2013), who reported that GH secretion 
increases proportionally with the applied leptin dose (0.5 µg/kg b.w. and 1.0 µg/
kg b.w.) during the SD period and decreases during the LD period in sheep. Leptin 
administration to the lateral ventricles of the brain has been shown to cause a 41% 
decrease in somatostatin (SRIF) expression and a 62% increase in somatoliberin 
(GHRH) expression in rats fed ad libitum, which is associated with the stimulation 
of GH mRNA expression in the pituitary (Cocchi et al., 1999). The influence of lep-
tin on GH secretion has also been observed in in vitro studies of bovine (Accorsi et 
al., 2007; Nonaka et al., 2005; Zieba et al., 2003 a) and ovine somatotrophs (Kirsz 
et al., 2014). However, the effect of leptin activity depends on several factors, such 
as the animal species, energy status, and the dose and duration of the activities of 
exogenous hormones.
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The pattern of yearly GH release after ICV orexin A infusion is opposite that 
shaped by leptin. However, the use of SOLA together with orexin A increased plasma 
GH concentrations in the ewes during the LD photoperiod, in contrast to the groups 
treated with only leptin or orexin A. Few reports have suggested a relationship be-
tween orexin A and somatotropic axis activity. López et al. (2004) and Seoane et al. 
(2004) confirmed the inhibitory effect of orexin A on GH secretion in the blood of 
rats fed ad libitum. In another study, orexin B administration to the lateral ventricle 
or intravenous administration did not influence changes in the GH plasma concentra-
tion in wethers (Sartin et al., 2001).

Mechanisms for GH similar to those underlying the regulation of LH secretion 
by SOLA together with orexin A can be suggested. Leptin may transmit its signal via 
orexin A neurons to the periventricular nucleus of the hypothalamus (PeN), which is 
the principal area of activity for SRIF and an important area of orexin A influence on 
GH secretion. Notably, the number of connections between SRIF neurons and orexin 
neurons in the PeN depends on the amount of accumulated adipose tissue. Signif-
icant decreases in the number of connections have been observed in lean sheep,  
and increased connections have been observed in obese individuals (Iqbal et al., 
2005). The weakening of leptin activity induced by SOLA in our study, together 
with the influence of photoperiod, could have signaled the reduced amount of col-
lected energy reserves to the PeN, causing an increase in the secretion of GH that 
was further stimulated by the action of exogenous orexin A, thereby reducing the 
activity of SRIF. 

Ghrelin was a much more powerful stimulant of GH secretion than orexin A in 
our study. ICV infusion of ghrelin significantly increased plasma GH levels in the 
sheep regardless of day length. Similar changes in the secretion of endogenous GH 
under the influence of ghrelin in ovariectomized ewes (Grouselle et al., 2008; Iqbal 
et al., 2006), goats and heifers (Hashizume et al., 2005) have been reported. Howev-
er, Harrison et al. (2008) observed no differences in average GH concentrations after 
a single ghrelin infusion to the ovine third ventricle under the influence of exogenous 
hormone treatment and changes in day length.

Previous experiments in goats, cows (Hashizume et al., 2005) and sheep (Iqbal 
et al., 2006) and our own studies have demonstrated that ghrelin significantly affects 
the endogenous GH concentration, even at relatively low doses (from 0.25 µg/kg 
b.w. to 20 µg/kg b.w.). The effect of ghrelin on food intake is noticeable in sheep 
only at concentrations exceeding 100 µg/kg b.w. (Grouselle et al., 2008; Iqbal et al., 
2006). This observation suggests that ghrelin acts more effectively as a stimulator of 
GH secretion than as an initiator of food intake in ruminants. Our research suggests 
that the role of ghrelin in GH release is sufficiently strong to overshadow the effect 
of photoperiod.

Central infusions of SOLA together with ghrelin increased plasma GH concen-
trations only slightly compared with the group of ewes treated with ghrelin alone but 
considerably increased GH compared with the other groups. These changes were 
similar during the SD and LD photoperiods. These results suggest that leptin in the 
hypothalamus does not play a key role in the regulation of GH secretion by ghrelin, 
which has previously been demonstrated at the pituitary gland level in sheep (Kirsz 
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et al., 2014). The potential impact of leptin may be too weak to eclipse or escalate 
the effect of ghrelin. 

Conclusion
Based on results of present experiments, the conclusion arises that leptin, a hor-

mone that informs CNS of the energy supplies in adipose tissue, can affect repro-
duction and metabolism in multiple ways. This is manifested through the effects of 
leptin on orexin A and ghrelin influence on the activity of gonadotropic and somato-
tropic axes. Our study reveals a strict network of mutual dependence between leptin 
and orexin A and between leptin and ghrelin. These energy homeostasis indicators 
directly or indirectly influence the secretion of LH and GH and their endocrine activ-
ity is modulated by photoperiod in seasonal animals. 
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