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ABSTRACT 

The many issues related to infertility necessitate a more profound 

understanding of the specific mechanisms that regulate ovulatory processes. 

From this point of view, comprehending the functional processes of ovulation-

inducing factors (OIF) would be beneficial for enhancing the rate of ovulation 

and, consequently, reproductive success in both veterinary species and humans. 

Understanding of the physiological processes triggered by OIF, in a comparative 

perspective across species, will equip us with novel strategies to address 

reproductive imbalances. 

Nerve growth factor (NGF) was previously recognized as the primary 

ovulation-inducing factor in species that undergo induced ovulation; however, 

current research indicates that NGF also plays a role in species with spontaneous 

ovulation. The key goal of this research (Chapter 1) was to assess the presence 

and gene expression of NGF and its cognate receptors, high-affinity neurotrophic 

tyrosine kinase 1 receptor (NTRK1) and low-affinity p75 nerve growth factor 

receptor (p75NTR), within the ram genital tract. We also examined the annual 

trend of NGF seminal plasma levels to evaluate any potential correlation between 

NGF production and the reproductive seasonality of sheep. We assessed the 

NGF/receptors system in the testis, epididymis, vas deferens ampullae, seminal 

vesicles, prostate, and bulbourethral glands using immunohistochemistry and 

real-time PCR (RT-qPCR). We evaluated NGF seminal plasma concentrations 

using the enzyme-linked immunosorbent assay (ELISA) method. This study 

demonstrated that the NGF system was present in the tissues of all genital tract, 

affirming the importance of NGF in ram reproduction. Sheep are short-day 

breeders, experiencing anestrus that coincides with elevated seminal plasma NGF 

levels, implying that this factor may play a role in an inhibitory mechanism of 

male reproductive activity, triggered by female anestrus. 
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The reproduction of wild species is of significant interest to veterinarians 

and biologists. The grey squirrel (Sciurus carolinensis) is an invasive species that 

poses a threat to the Eurasian red squirrel in Umbria, Italy. Comprehending its 

reproductive biology is essential for population management. Based on prior 

research on female grey squirrels, our study (Chapter 2) investigates the presence 

of NGF and its receptors in the testes of male grey squirrels. We categorized the 

testes into immature, pubertal, and actively spermatogenic stages. We examined 

NGF and its receptors using RT-qPCR, western blotting, and 

immunohistochemistry and assessed plasma levels via ELISA. Findings indicated 

an elevated NGF level in pubescent squirrels. Immunohistochemistry detected 

NGF in Leydig cells, exhibiting more intense staining in pubertal and adult 

animals. We identified NTRK1 in the Leydig cells of immature squirrels and in 

the germ cells of pubertal and mature animals. NGF receptors were also detected 

in Sertoli cells. The findings indicate that NGF is crucial for testis development 

and reproductive success via autocrine or paracrine processes, underscoring its 

significance in controlling reproduction in this invasive species. 

The question of the interaction of various ovulation induction factors with 

each other is also unexplored. This research (Chapter 4) examined interleukin-

1B (IL1B) and its receptor (interleukin-1 receptor type, IL1R1) in the testis, sex 

glands, seminal vesicles, and uterus of adult rabbits utilizing 

immunohistochemistry and quantitative reverse transcription PCR (RT-qPCR). 

We evaluated the presence of IL1B in seminal plasma via Western blotting and 

investigated the interaction between IL1B and NGF in vitro by quantifying their 

production using ELISA in the presence of NGF and IL1B, both individually and 

with their respective receptor antagonists. Immunohistochemistry demonstrated 

IL1B system expression in all examined reproductive organs, with IL1B and 

IL1R1 localized to the germinative epithelium of the testis and the epithelial cells 

of the accessory glands and uterus. Transcript levels of the IL1B gene were 

markedly elevated in the prostate and seminal vesicles relative to the testis, 
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although IL1R1 levels were considerably greater in the prostate compared to the 

other organs. Western blotting validated the existence of IL1B in seminal plasma. 

The in vitro investigation revealed that IL1B elevated basal NGF production in 

the uterus, while NGF did not influence IL1B production. The findings 

demonstrate the expression of the IL1B/IL1R1 system in the reproductive tracts 

of both male and female rabbits, indicating that IL1B in seminal plasma may 

affect uterine endocrine function. The findings suggest a possible function of 

IL1B in ovulation, alongside NGF, indicating that ovulation may entail 

inflammatory-like mechanisms. 

Adiponectin (ADIPOQ) is the predominant adipocytokine released by 

adipocytes in white adipose tissue, functioning through two receptors, ADIPOQ 

receptor 1 and 2 (ADIPOR1 and ADIPOR2). ADIPOQ plays a significant role in 

numerous physiological systems that regulate overall energy homeostasis. 

Besides these metabolic factors, ADIPOQ influences the reproductive system 

through its effects on the hypothalamic–pituitary–gonadal axis. Various cell types 

inside the male gonad express ADIPOQ and its corresponding receptors, 

suggesting that this adipocytokine directly modulates testicular function. To 

elucidate the function of the ADIPOQ/ADIPOQ receptor system in regulating 

ovine reproductive processes, we assessed the existence and gene expression of 

ADIPOR1 in male ram reproductive tissues throughout the non-breeding season 

(Chapter 3). The various components of the male ram reproductive system 

(testis, epididymis, seminal vesicle, ampoule vas deferens, bulbourethral gland) 

were examined using immunohistochemistry and RT-qPCR. The findings reveal 

that the ADIPOQ/ADIPOR1 system influences the mammalian reproductive 

processes, particularly the testicular function of male rams during the non-

breeding season. The investigation of reproductive functions governed by the 

ADIPOQ/ADIPOQ receptor system enhances understanding of the physiological 

mechanisms connecting adipose tissue with mammalian reproductive processes, 
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particularly regarding how disrupted energy metabolism can lead to reproductive 

disorders in humans and animals. 

Another protein from the adipokine category is also believed to play a role 

in the regulation of reproductive activities in animals. Resistin, a newly identified 

adipokine, is a cysteine-rich secretory protein synthesized by adipocytes. Resistin 

has been identified in various tissues, including the pancreas of humans and 

experimental animals, where it disrupts glucose tolerance and insulin function, 

leading to insulin resistance (Chapter 7). This study is to assess the presence and 

expression of resistin in the pancreas of adult sheep raised on Apennine pastures. 

The sheep were categorized into three groups based on their dietary regimen: the 

first group were left to graze on the pasture feeding on fresh forage until 

maximum pasture flowering; the second - left on the pasture for the entire period 

between the maximum pasture flowering and the maximum pasture dryness. The 

third group differed from the second in that they additionally received the food 

supplementation of barley and corn (1:1). Immunohistochemistry and 

immunofluorescence were conducted on formalin-fixed, paraffin-embedded 

pancreatic sections to identify the presence of resistin and assess its co-

localization with glucagon- and insulin-producing cells. The expression of the 

three molecules was also assessed in response to various diets. Resistin was 

detected in the endocrine pancreas, exhibiting extensive distribution across the 

pancreatic islets. RT-qPCR demonstrated the expression of resistin, glucagon, and 

insulin in all examined samples.  The data underscore the localization of resistin 

in glucagon- and insulin-secreting cells pertinent to glucose homeostasis, 

indicating a potential modulatory function for resistin. Moreover, the expression 

of resistin is unaffected by dietary supplementation and, consequently, is not 

altered by diet. 

Another aspect of our work focused on generalizing scientific findings 

regarding the impact of natural components on animal reproduction. Genistein is 

a natural flavonoid with antioxidant, anti-inflammatory, and anti-neoplastic 
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effects. Genistein is classified as a phytoestrogen. This review (Chapter 5) 

focuses on clarifying the impact of genistein on reproductive functions in both 

female and male mammals. The impact of genistein on pregnancy remains 

contentious. In males, genistein demonstrates an estrogenic action by stimulating 

testosterone production. Genistein's interaction with both natural and synthetic 

endocrine disruptors adversely affect testicular function. The beneficial impact of 

genistein on sperm quality remains ambiguous. In conclusion, genistein may 

positively influence the systems governing reproduction in both females and 

males. This is contingent upon the dosage, species, administration route, and 

timing of delivery. Carotenoids are well-established pigments in nature, imparting 

color to plants and animals, and are mostly sourced from photosynthetic bacteria, 

fungi, algae, and plants. Mammals are incapable of synthesizing carotenoids. This 

review (Chapter 6) aimed to clarify the function of carotenoids in the 

reproductive processes of both males and females. In females, carotenoids and 

their derivatives govern folliculogenesis, oogenesis, and steroidogenesis. 

Furthermore, they enhance fertility by reducing the likelihood of embryonic 

mortality. In males, retinol and retinoic acids stimulate molecular pathways 

associated with spermatogenesis. Carotenoids are regarded as antioxidants 

because they mitigate the impact of free radicals. In conclusion, carotenoids may 

have advantageous impacts on enhancing ovarian and testicular function. 
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INTRODUCTION 

1. OVULATION. PHYSIOLOGICAL BASES AND STIMULI 

Ovulation is a physiological process characterized by the bursting of the 

dominant follicle in the ovary, then an oocyte is released from it. Oocyte then 

moves into the upper part of the oviduct where fertilization can occur (Richards 

et al., 1998).  

According to the type of ovulation, mammals are divided into species with 

spontaneous ovulation (e.g., cows, pigs, sheep, horses) and species with induced 

ovulation (e.g., camelids, cats, rabbits) (Silva et al., 2014; Bogle et al., 2018). 

There are two main groups of stimuli that trigger the secretion of gonadotropin-

releasing hormone (GnRH) and pituitary gonadotropins, which in turn trigger 

ovulation in mammals. While both types of ovulation involve the release of 

GnRH followed by the preovulatory luteinizing hormone (LH) surge, the specific 

stimulus that triggers the release of GnRH differs between the two groups.  

Initially, elevated levels of plasma estrogen stimulate the processes that 

initiate ovulation, which is a defining feature of species who exhibit spontaneous 

ovulation (Silva et al., 2014).  In induced ovulators, the hypothalamus receives 

nerve signals sent during mating and triggers ovulation and the release of GnRH 

through a neuroendocrine response (Maranesi et al., 2021).  

   

1.1. Reproduction activity in spontaneous ovulator species 

 

Estrous cycles are classified according to their annual frequency: polyestrous, 

seasonally polyestrous, and monoestrous. Species include sheep, deer, elk, and 

goats are classified as short-day breeders (seasonally polyestrous). The two 

principal elements that affect the commencement of the breeding season are photo 
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period and temperature. Photoperiod is undoubtedly the most significant factor. 

Artificial alteration of the photoperiod is known to modify the cyclicity of 

seasonal breeders (Senger, 2012).  

In our research we studied the reproductive characteristics of sheep. The 

reproductive activity of sheep is primarily governed by two separate rhythms: the 

estrous cycle and the seasonal pattern of ovarian cyclicity. The ovine estrous 

cycle, lasting 16 to 17 days, has a follicular phase of 2 to 3 days and a luteal phase 

of 13 to 14 days (Senger, 2012; Mercati et al., 2024).  

The stages are regulated by hormonal communication throughout the 

hypothalamic–pituitary–ovarian–uterine axis (Goodman, 2015), (Figure 1).  

During the follicular phase, GnRH is secreted by hypothalamic neurons in a 

rapid pulsatile way. GnRH induces the production and release of the 

gonadotropins (luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH)) from the anterior pituitary gland. To start the last stages of 

folliculogenesis (Clarke et al., 2011; Yue et al., 2024), both gonadotropins affect 

the ovary and target gonadotropin-sensitive and gonadotropin-dependent 

follicles. 

In addition to oocyte development, the two principal somatic cell types in the 

ovarian follicle that respond to gonadotropin signals are theca and granulosa cells. 

Following FSH stimulation, a group of tiny antral follicles initiates the 

gonadotropin-dependent developmental phase of recruited follicles (Seekallu et 

al., 2010). As the recruited follicles mature, they secrete increasing amounts of 

estradiol and inhibin, which inhibit FSH production from the pituitary gland, so 

suppressing the formation of further follicles (Wiltbank et al., 2012). 
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Figure 1. Follicular phase in spontaneous ovulation process (Senger, 2012). 

AL - anterior lobe of the pituitary, PL - posterior lobe of the pituitary, OC - optic chiasm, 

GnRH - gonadotropin-releasing hormone, LH - luteinizing hormone, FSH - follicle-stimulating 

hormone, E2-estradiol. 

 

The substantial estradiol produced by granulosa cells of the preovulatory 

follicle exerts positive feedback on the hypothalamus, prompting a rise in GnRH, 

which is immediately followed by the release of LH (and FSH) that stimulates 

ovulation of preovulatory follicles. In addition to initiating ovulation, the LH 

surge stimulates the development of the corpus luteum (CL) from the somatic 

cells of ruptured follicles, so starting the luteal phase (Figure 1) (Senger, 2012; 

Talebi et al., 2018). 

 



10 
 

1.2. Ovulation-inducing factors in spontaneous ovulators’ 

reproductive tract 

 

Nerve growth factor (NGF) 

 

Nerve growth factor (NGF) was the first member of the neurotrophic 

family to be identified, followed by brain-derived neurotrophic factor and further 

neurotrophins (Levi-Montalcini, 1987). NGF mediates its biological effects via 

two receptors, both part of the tumor necrosis factor receptor family: the high-

affinity neurotrophic tyrosine kinase receptor 1 (NTRK1, 140-kDa) and the low-

affinity nerve growth factor receptor (NGFR, 75-kDa), formerly referred to as 

tropomyosin receptor kinase A and p75, respectively (Mercati et al., 2024) 

(Figure 2).  

 

 

 

Figure 2. Image of the three-component structure consisting of NGF (red and blue), 

TrkA domain 5 (green), and p75NTR (=p75 neurotrophin receptor) (yellow). The extracellular 

portion of TrkA consists of five domains. Only the immunoglobulin-like domain closest to the 

membrane (TrkA-d5 domain) is required for NGF binding (Wiesmann et al., 1999; Wiesmann 

and de Vos., 2001). 

 

Initially detected in brain tissue, NGF is also expressed in other non-

neuronal tissues (Ceccanti et al., 2013; Ricci et al., 2007). Following its 
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discovery, NGF was determined to be crucial for the development of the nervous 

system as well as for the differentiation and survival of neurons (Snider, 1994); 

current research has indicated that NGF can improve reproductive capabilities in 

both males and females (Adams et al., 2016; Maranesi et al., 2018; Ratto et al., 

2019).  

The expression of this neurotrophin in females fluctuates considerably 

throughout the ovarian cycle and pregnancy as a result of hormonal variations 

(Bjorling et al., 2002). Specifically, NGF expression and its receptors were 

assessed in the uterus of various mammalian species, including rats, guinea pigs, 

mice, horses, and sheep (Brauer et al., 2000; Mirshokraei et al., 2013; Lobos et 

al., 2005), as well as in the ovaries of mice, rats, hamsters, sheep, bovines (Weng 

et al., 2009; Mattioli et al.,1999; Carrasco et al., 2016). This underscores the 

critical autocrine and/or paracrine function of the NGF system in oocyte and 

follicle development (Li et al., 2012).  

NGF recognized as the primary ovulation-inducing factor in species that 

undergo induced ovulation; however, current research indicates that NGF also 

plays a role in species with spontaneous ovulation (Adams et al., 2016; Lima et 

al., 2020).  

The research (Bogle et al., 2018) examined the presence and location of 

NGF in the male reproductive organs of various mammalian species, particularly 

in the testicles, epididymis, and ductus deferens ampulla. NGF was assessed in 

the semen of rats, cattle, bison, elk, and white-tailed deer.  

However, NGF was not detected in the semen of boars and stallions. NGF and its 

receptors are present in various male reproductive tract organs across different 

animals, including humans, and in ejaculated sperm of hamsters (Adams et al., 

2016; Jin et al., 2010; Saeednia et al., 2016).  

Castration elevated the expression of NGF and NTRK1 receptors, suggesting that 

testicular steroids modulated these molecules in the accessory sex glands of rats 

(Squillacioti et al., 2009).  



12 
 

The NGF system appears to be vital, modulating processes including 

spermatogenesis, morphogenesis, and semen quality (Figure 3).

 

 

Figure 3. Proposed role of NGF in male reproduction (Metallinou et al., 2024). 

 

 Activation of NTRK1 (TrkA) by NGF enhances cell survival and regulates 

sperm activities, whereas activation of NGFR influences sperm motility, 

apoptosis, and viability. NGF concentrations affecting the interplay between 

NTRK1 (TrkA) and NGFR receptors (Metallinou et al., 2024). 

Bovine sperm expresses NGF in the head and tail, along with its receptor 

(TrkA) in the acrosomal cap, nucleus, and tail regions, suggesting that NGF likely 

affects sperm function. The expression of NGF in seminal plasma was positively 

correlated with the preservation of functional membrane integrity in bull sperm 

after thawing, indicating its significance in sperm cryotolerance.  

The addition of large quantities of NGF to the extender reduced post-thaw 

curvilinear velocity, indicating a possible function in inhibiting premature sperm 

hyperactivation and capacitation (Stewart et al., 2019). 

The NGF, whether endogenous or exogenous, may influence the kinetics 

and many sperm characteristics: capacitation, apoptosis, necrosis, and acrosome 

reaction. TrkA predominantly resides in the head, whereas p75NTR is primarily 

located in the midpiece and tail (Castellini et al., 2019; 2020). 
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In contrast to the female, the ram exhibits reduced sensitivity to seasonal 

variations (Korochkina and Pushkina, 2024). Rams had a year-round sperm 

production (Aller et al., 2012; Anipchenko et al., 2018; Korochkina et al., 2023). 

Nowadays, no studies exist regarding the presence and localization of NGF in the 

ram's reproductive system. However, the potential presence of NGF in the 

seminal plasma of this spontaneously ovulating species may affect the ovulatory 

response. Furthermore, NGF may also affect sperm production in rams. Our study 

(Chapter 1) primarily aimed to investigate the expression of NGF and its two 

receptors (NTRK1 and p75NTR) in the reproductive organs of rams. The 

secondary goal was to investigate how NGF levels change in seminal plasma over 

the year. 

Studying factors and components influencing the reproduction of wild 

animals is equally pertinent. The presence of an invasive alien species is a major 

driver of biodiversity loss, leading to the decline or extinction of native 

populations. The EU Biodiversity Policy encourages research on invasive alien 

species to strengthen the prevention of their introduction and spread. The grey 

squirrel (Sciurus carolinensis), a native of North America, is an example of 

competitive exclusion compared to the native European red squirrel (Sciurus 

vulgaris), found in Umbria (Italy) (Maranesi et al., 2020 (A)). 

The expression of the gene and protein of NGF, NTRK1, and NGFR 

discovered in the ovaries throughout the mating season and the anestrous phase 

suggests the potential production of NGF and its receptors, as well as the release 

of this neurotrophin in the ovaries of the grey squirrel. Results indicate (Maranesi 

et al., 2020 (B)) a potential role of the NGF system in the seasonal reproductive 

behavior of grey squirrels, through either autocrine or paracrine pathways 

(Figures 4, 5). 
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Figure 4. NGF immunoreaction in the ovaries of grey squirrels. (a) The positive signal 

is localized in the cytoplasm of small (arrowhead) and large (arrows) luteal cells. (b) The 

positive signal is localized in the cytoplasm of thecal (arrow) and granulose (arrowhead) cells. 

Bar = 50 μm. (Maranesi, Palermo et al., 2020) 

 

 

 

 

 

 

Figure 5. Nerve growth factor receptor (NGFR) (a) and neurotrophic tyrosine kinase 

receptor 1 (NTRK1) (b) Immunoreaction in the ovaries of grey squirrels. In both cases, the 

positive reaction is localized in the cytoplasm of thecal (arrowheads) and granulose (arrows) 

cells (a) and in germinative epithelium (arrow) and follicular cells (arrowheads). Bar = 50 μm. 
(Maranesi, Palermo et al., 2020) 

 

Comprehending the reproductive biology of the grey squirrel is essential 

for population management. Research group, under the leadership of Professor 

M. Maranesi, investigated the NGF system and its receptors in the testes of male 

grey squirrels (Chapter 2). 
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1.3. Reproduction activity in induced ovulator species. Nerve grow 

factor (NGF) 

 

The stimulus to initiate GnRH release varies between both types of ovulation. 

In spontaneous ovulators, ovulation is contingent upon the systemic levels of 

ovarian steroids; conversely, in induced ovulators, some triggers, including 

copulation, environmental factors, and social signals, can promote or trigger 

ovulation independent of changes in systemic estradiol concentration (Paiva et 

al., 2023).  

In induced ovulators, the neural signals generated by the physical stimulation 

of the female reproductive tract from the penis during copulation have historically 

been regarded as the primary factor linked to the preovulatory release of LH and 

subsequent ovulation (Senger ,2012; Kauffman and Rissman, 2006). Research on 

camelids and rabbits has demonstrated that stimuli beyond or supplementary to 

penile intromission can elicit the ovulatory response, thereby questioning the 

conventional understanding of mechanical stimulation of the female reproductive 

tract (Adams et al., 2016; Maranesi et al., 2018; Ratto et al., 2019, Maranesi et 

al., 2016).  

Researchers discovered OIFs in the seminal plasma of several induced 

ovulators, including camelids, koalas, and rabbits, as well as spontaneous 

ovulators (Carrasco et al., 2024).  Berland MA (2016) in his research indicates 

NGF, the primary component of OIF in seminal plasma, induces ovulation in 

camelids. The concentration of NGF in camelid seminal plasma was tenfold 

greater than that in bovine seminal plasma (Bogle et al., 2018). Furthermore, NGF 

promotes ovulation in alpacas and llamas (Kershaw-Young et al., 2012; Kumar 

et al., 2013).  

Researchers hypothesized that OIF triggers an endocrine mechanism in 

camelids, which in turn triggers ovulation. Specifically, the vaginal canal may 

absorb seminal plasmas’ NGF, which then circulates to the pituitary and/or brain, 

stimulating LH production and ovulation (Adams et al., 2005) (Figure 6). This 
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also confirms that the male reproductive system transmits signals to the female 

endocrine system that facilitate spontaneous ovulation. 

 

 

Figure 6. The suggested hypothesis for the probable access and signaling pathways of nerve 

grow factor (NGF) in inducing ovulation in llamas. Seminal plasma NGF is absorbed from the 

uterus and conveyed via the bloodstream to the hypothalamic region, where it may (1) pass 

through the cerebrospinal fluid of the third ventricle through the choroid plexus or via tanycyte-

mediated transport from the portal capillaries at the median eminence, or (2) exert direct or 

indirect effects on GnRH (gonadotropin-releasing hormone) neurons at the median eminence. 

3V- third ventricle, AN-arcuate nucleus, β1/β2 tanycyte, CSF-cerebrospinal fluid, CP-choroid 

plexus, FSH-follicle-stimulating hormone, LH-luteinizing hormone, ME-median eminence, 

PG-pituitary gland, pbv-portal blood vessels, trk-A-NGF receptor, VMN-ventromedial 

nucleus. (Ratto et al., 2019). 

 

Another idea is that seminal plasma OIFs and the endocrine route might help 

start and speed up ovulation by affecting NGF-stimulated neurons in the uterus 

and cervix that connect to the spinal cord. In rabbits, NGF may stimulate 
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ovulation via a hybrid mechanism that integrates endocrine and neural 

components (Maranesi et al., 2018). Consequently, the ovulation induction 

process in rabbits may differ from that in llamas (Maranesi et al., 2018), however 

it is likely facilitated by NGF present in the seminal plasma (Sanchez-Rodriguez 

et al., 2018). 

The research group led by M. Maranesi hypothesized a novel paracrine 

mechanism mediated by raw semen OIF, presumably NGF, in the uterus/cervix, 

which enhances the neuroendocrine reactivity triggered by vaginal cues during 

natural mating (Figure 7). 

 

 

 

Figure 7. NGF-mediated pathway (Maranesi et al., 2018). 

 

According to this mechanism, (a) semen-derived NGF promotes the de novo 

synthesis of NGF in the uterine wall; (b) both seminal NGF and uterine NGF are 

absorbed into the bloodstream and exert direct effects on the ovary instead of the 
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pituitary and/or hypothalamus; and (c) semen-derived NGF and locally 

synthesized NGF activate uterine/cervical sensory neurons, which subsequently 

stimulate GnRH neurons in the hypothalamus. Prostaglandins and nitric oxide are 

generated by the uterus following the binding of NGF to NTRK1 and/or NGFR 

receptors during sensory neuron stimulation in the neurological pathway. 

Prostaglandins created by NGF would subsequently excite uterine and cervical 

neurons directly or indirectly through local chemical mediators, which then 

transmit signals via spinal cord afferent routes to the hypothalamus centers 

responsible for the LH surge that triggers ovulation (Maranesi et al., 2018) 

(Figure 7). This causes inflammation, which changes how the genital tract works 

and encourages reproduction. This suggests that seminal plasmas’ OIF, 

predominantly NGF, in the uterus/cervix triggers ovulation through a paracrine 

mechanism. This mechanism reinforces the neuroendocrine response triggered by 

vaginal stimuli during natural mating or after artificial insemination (Rodríguez-

Martínez et al., 2011; Robertson, 2005; Ratto et al., 2019; Bezerra, et al., 2019).  

The pituitary, cervix, uterus, and ovaries of rabbits all have NGF and its 

receptors: NTRK1 and NGFR (Cervantes et al., 2014; Maranesi et al., 2016). The 

seminal fluid of mature rabbits also includes NGF, which accounts for around 4% 

of the whole seminal protein (Dal Bosco et al., 2011).  

 

Interleukin 1 

 

Alongside NGF, a recognized ovulation-inducing agent, additional cytokines 

present in seminal plasma can activate the female reproductive system, 

facilitating ovulation and enhancing reproductive success. Some evidence shows 

that different chemicals released by the seminal vesicles and prostate, such as 

cytokines and prostaglandins, affect epithelial cells in the cervix and uterus of 

rabbits (Maranesi et al., 2010).  
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There are two types of interleukin 1: interleukin-1α (IL-1α) and interleukin-

1β (IL-1β, IL1B) (Figure 8). Both are agonists and are expressed in several cell 

lines, including monocytes, macrophages, neutrophils, hepatocytes, and tissue 

macrophages throughout the organism. IL-1α is present in the cytoplasm as a 31 

kDa precursor (pro-IL-1α) that is biologically active and can bind to interleukin-

1 receptor type 1 (IL-1R), hence activating cells.  

IL1B is not expressed constitutively; rather, its expression is triggered by 

inflammatory stimuli. IL1B is synthesized in the cytoplasm as a 31-kDa precursor 

and is then processed and secreted from cells via a mechanism involving the IL1B 

converting enzyme (ICE), commonly referred to as caspase-1.  

The conversion of pro- IL1B by ICE into its mature form may occur in 

specialized secretory lysosomes or inside the cytoplasm. Pro-IL1B is 

physiologically inactive and requires conversion to the mature 17 kDa IL1B to 

connect to its receptors and activate cells (Di Paolo and Shayakhmetov, 2016; 

Krumm et al., 2014).  

 

 

Figure 8. The structure of IL-1β with its β-sheets and key loops  

(Fields et al., 2019). 
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IL1B signaling transpires via IL1R1 and interleukin-1 receptor accessory 

protein (IL1R3) heterodimer, initiating pathways such as the mitogen-activated 

protein kinase (MAPK) pathway and the nuclear factor-kappa B (NF-kB) 

pathway, which subsequently activates the transcription of various genes, 

including IL1B itself (Ishiguro et al., 2016).  

Interleukin-1 is integral to immunological and inflammatory mechanisms and 

may hold significant physiological relevance in both female and male 

reproductive systems (Silva et al., 2020).  

Leukocytes primarily produce IL1B in the cervix of pregnant rabbits, acting 

as a significant regulator of prostaglandin synthesis. It also promotes the 

manufacture of cytokines such as interleukin-6 (IL6) and tumor necrosis factor 

(TNF), which further augment prostaglandin production (Yoo et al.,2016; Acosta 

et al.,1998). 

Cytokines can be highly damaging to gonadal function when present at 

elevated levels, particularly in inflammatory conditions (De Rivero Vaccari et al., 

2020). 

Research on rabbits resulted in the initial characterization of the inflammatory 

responses observed in females post-mating. A leucocytic influx in the uterus was 

observed in response to seminal plasma, but not from the introduction of sterile 

spermatozoa (McDonald et al., 1952). Further studies demonstrated that in 

rabbits, both spermatozoa and seminal plasma elicited a uterine leukocytic 

response (Phillips and Mahler., 1977).  

Our study (Chapter 4) investigated the role of interleukin-1 in reproductive 

interaction between male and female rabbits, along with its interplay with other 

ovulation induction factors such as NGF. 
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2. INFLUENCE OF DIET ON REPRODUCTION  

Thanks to molecular biology techniques, it has become possible to study 

fundamental biological processes at a micro level in greater depth. Recent 

research on the effects of diet on reproduction suggests that the role of diet is 

sometimes ambiguous (Guelfi et al., 2023; Pasquariello et al., 2022; Maranesi et 

al., 2024). 

2.1. Genistein 

Genistein is a natural compound classified as a flavonoid (phytoestrogen) 

(Figure 9, 10). Genistein can bind to estrogen receptors (Caceres et. al., 2023). 

Notwithstanding extensive research, the effects of genistein remain inadequately 

defined. 

 

Figure 9. Chemical structure of genistein (Danciu et al.,2012). 

 

 

 

Figure 10.  The scanning electron microscopy of genistein. Genistein consists of large, pure 

crystals with a smooth surface and a regular prismatic shape. The size of tetragonal particles is 

between 5–30 μm (Danciu et al.,2012). 
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Phytoestrogens, plant-derived compounds, can modulate the mechanism of 

neurohormonal regulation, mimicking the effects of natural estrogens (Guelfi et 

al., 2023). Numerous researchers provide evidence supporting the idea that 

overconsumption of phytoestrogens in a natural diet result in diminished ovarian 

function (Bennetts et al., 1951; Setchell et al., 1987). 

 For instance, in the 1940s, ewes grazing in clover-rich areas in Australia 

exhibited significant rates of infertility, spontaneous abortions, and reproductive 

abnormalities. Researchers later discovered that the clover contained large 

quantities of phytoestrogens (Bennetts et al., 1951; Tucak et al., 2018). A 

population of cheetahs experienced a similar case, becoming infertile when fed a 

soy-based diet high in phytoestrogens. They restored their fertility upon switching 

to a non-soy-based diet (Setchell et al., 1987). 

Some research indicates that when phytoestrogens reach sufficiently high 

concentrations, they can surpass the natural estrogen levels. These 

phytoestrogens, including genistein, likely exert their effects at the hypothalamus 

level by inhibiting ovarian function, like the action of medications like the birth 

control pill (Guelfi et al., 2023). For example, a 1998 study on laboratory rodents 

found that unpurified soy food containing higher quantities of genistein and 

daidzein led to estrogenic stimulation of the uterus in ovariectomized rats 

(Boettger-Tong et al., 1998). 

This suggests that phytoestrogen levels in the diet should be high enough to 

cause an estrogenic reaction. 

Further studies on mice have shown that genistein negatively impacts the 

developing female reproductive system. Neonatal exposure to genistein resulted 

in altered ovarian differentiation and disturbed ovarian function and estrous 

cyclicity, with reduced fertility and even infertility at higher doses. Genistein 

exposure also had effects that went across generations (Jefferson et al., 2007). 
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 Phytoestrogens like genistein have a clear effect on ovarian differentiation, 

depending on the stage of ovarian development and the timing of exposure. 

Compounds such as diethylstilbestrol, bisphenol A, and genistein can deplete 

ovarian follicle reserves due to their phytoestrogenic effects (Krisher, 2013). 

Additionally, studies have shown that genistein influences polycystic ovarian 

syndrome (PCOS) by reducing symptoms, improving ovarian morphology, and 

regulating reproductive hormones (Nasimi Doost Azgomi et al., 2022). 

Genistein also impacts granulosa cells, inhibiting LH-stimulated progesterone 

synthesis and affecting oxidative stress pathways. Researchers have observed that 

genistein stimulates oxytocin secretion from granulosa and luteal cells in cattle, 

potentially disrupting reproductive functions (Voss and Fortune, 1993; 

Mlynarczuk et al., 2011).  

Genistein and other phytoestrogens have different effects on ovarian function 

depending on the dose and species, and the effects are different in both vitro and 

vivo systems (Chapter 5) (Guelfi et al., 2023). 

 

2.2. Carotenoids 

 

Carotenoids are organic compounds that are among the most recognized 

pigments in nature (Figure 11), (Britton et al., 2012). 
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Figure 11. Structure of carotenoids found in forages (Nozière et al.,2006). 

 

Mammals lack the ability to biosynthesize carotenoids and must obtain them 

via dietary intake (Figure 12). Carotenoids play a widely recognized pivotal role 

in regulating tissue growth and promoting reproductive function. Multiple studies 

have demonstrated that retinoid acid is involved in the neurohumoral regulation 

of the reproductive cycle (Kawai et al., 2016). Studies have also shown that 

administering β-carotene decreases ovulation failure in bovine (Khemarach et al., 

2021). Ikeda et al. (2005) observed the presence of both β-carotene and retinol in 

bovine follicular fluid and found that their concentrations directly correlated with 

blood levels. β-carotene levels in plasma, corpus luteum, and follicular fluid are 

strongly linked to each other (Haliloglu et al., 2002). This suggests that carrier 

proteins keep them in the follicle (Brown et al., 2003; Schweigert and Zucker, 

1988). 
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Figure 12. Schematic illustration of the carotenoid metabolic pathway for its transformation 

to vitamin A. All-trans-β-carotene serves as a precursor to active retinoid forms. Following the 

consumption of carotenoid-rich foods, the pigments are micellarized and subsequently 

transported into the bloodstream. Carotenoids are processed in the liver, the principal storage 

organ, by two enzymes: β-carotene 15,15′-monooxygenase (BCO1) and β-carotene-9′-10′-

oxygenase (BCO2). Carotenoids can undergo symmetrical cleavage by BCO1, resulting in 

retinal (RH) and its derivatives retinol (ROH), retinyl ester (RE), and retinoic acid (RA), but 

BCO2 facilitates asymmetrical cleavage, producing apocarotenals and apocarotenones. 

Abbreviations: ADH, alcohol dehydrogenase; LRAT, retinol acyltransferase; RALDH, 

retinaldehyde dehydrogenase; RAR, retinoic acid receptor; RDH, retinol dehydrogenase; REH, 

retinyl ester hydrolase; RXR, retinoid X receptor (De Souza Mesquita et al., 2021). 

 

In dairy cows, administration of β-carotene at higher doses during the dry 

period resulted in follicle ovulation in the first follicular wave postpartum 

(Kawashima et al., 2012). β-carotene has also been shown to have a beneficial 

impact on reproductive health by reducing embryonic mortality (Schweigert et 

al., 2002).  

According to studies with cattle, the fact that β-carotene builds up in the 

corpus luteum suggests that it may provide retinol to follicles, which is needed 

for their growth and maturation (Bondi and Sclan, 1984). Researchers have 

studied carotenoids for their antioxidant properties, which could protect against 
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oxidative stress and enhance overall reproductive outcomes, in addition to their 

role in the female reproductive system (Schweigert, 2003). 

Carotenoids positively influence optimal oocyte maturation, although this 

influence appears to depend on the dosage. In terms of follicular development 

and maturation, the function of β-carotene and its derivatives seems to be 

beneficial (Haliloglu et al., 2002). 

Our review summarizes the latest relevant research on the role and influence 

of carotenoids on aspects of male and female reproduction (Chapter 6). 
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3. ADIPONECTIN 

Adiponectin (ADIPOQ) is a member of adipose-derived proteins referred to 

as adipocytokines. It belongs to the soluble collagen superfamily and is 

homologous to complement factor C1q and the tumor necrosis factor (TNF) 

family. The structure comprises a signal peptide at the N-terminus, a collagenous 

domain, and a globular C1q-like domain at the C-terminus (Figure 13), (Choi et 

al., 2020).  

 

 

 

Figure 13. Domains and architecture of adiponectin. The core structure of adiponectin, 

including 244 amino acids, includes an N-terminal signal sequence, a variable region with O-

glycosylated side chains, a collagenous domain, and a C-terminal globular domain (Choi et al., 

2020). 

 

 

In ovine species, the ADIPOQ gene, located on chromosome 1q27 and 

composed of three exons and two introns, encodes this hormone (Al-Jumaili et 

al., 2023). It controls overall energy balance, insulin sensitivity, and 

lipid/carbohydrate metabolism in both humans and animals (Budak et al., 2006). 

ADIPOQ accelerates the oxidation of fatty acids in the liver and skeletal muscle, 

inhibits hepatic glucose synthesis, enhances glucose absorption in skeletal 

muscle, and elevates insulin levels (Martin, 2014).  

ADIPOQ receptors R1 and R2 are found in the hypothalamus and pituitary in 

humans (Yamauchi et al., 2003). Multiple species, such as rats, chickens, pigs 

and cattle have had these two receptors (Yamauchi et al., 2003; Dai et al., 2006; 

Lord et al.,2005; Tabandeh et al., 2010). 
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Hypothalamic neurons release gonadotropin-releasing hormone (GnRH) in a 

pulsatile fashion, thus enhancing the secretion of pituitary gonadotropins. These 

gonadotropins regulate testicular steroidogenesis and spermatogenesis.  

 This suggests that ADIPOQ may change the endocrine reproductive axis. 

ADIPOQ and its receptors are found on many types of cells in the male gonad. 

This means that the adipocytokine probably has a direct effect on the testicles' 

function through endocrine and/or paracrine pathways (Psilopanagioti et al., 

2008). The ADIPOQ/ADIPOR1 and ADIPOR2 systems were found in the 

seminiferous and peritubular tubule cells of chickens (Ocón-Grove et al., 2008). 

Choubey's study (2019) investigated the alterations in the expression of 

ADIPOQ and its receptors in the testes of mice across several aging phases, from 

early postnatal development to advanced senescence. The expression of testicular 

adiponectin and its receptors progressively increased from the early postnatal 

period, reaching a peak at puberty (Figure 14). 

 

Figure 14. Immunolocalization of adiponectin in the testes of mice at various maturation 

phases (Postnatal, Weaning, Pubertal, Reproductively-active) and throughout aging 

(Senescence). Extensive immunostaining of adiponectin was noted in Leydig cells at puberty 

and reproductive maturity, while modest immunostaining was evident during infancy 
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(postnatal), weaning, and senescence. Immunostaining in the Leydig cell (LC) is indicated by 

the black arrowhead (Magnification×100) (Choubey et al., 2019). 

 

ADIPOQ has an impact on how glucose and lipid metabolism are controlled, 

as well as on inflammation and oxidative stress (Choi et al., 2020). 

Researchers have reported the expression of ADIPOQ and ADIPORs in rams' 

reproductive tract and sperm cells. Previous research showed that different 

measures of sperm movement, including curvilinear velocity, straight-line 

velocity, linearity, and straightness, were significantly linked to the levels of 

ADIPOQ and ADIPOR1 (Kadivar et al., 2016).  

Our study (Chapter 3) aimed to assess ADIPOR1's presence, localization, and 

expression in rams' reproductive tissues during the nonbreeding season and 

clarify the role of the ADIPOQ/ADIPOQ receptor system in regulating ovine 

reproductive processes. 
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4. RESISTIN  

 

Resistin is a recently identified hormone produced by adipocytes (Figure 

15).  Resistin is synthesized by white and brown adipose tissues, and has also 

been detected in various other tissues, including the hypothalamus, pituitary and 

adrenal glands, pancreas, gastrointestinal tract, myocytes, spleen, white blood 

cells, and plasma. Insulin and cytokines including tumor necrosis factor α and 

endothelin-1 reduce tissue levels of resistin, while growth and gonadal hormones, 

hyperglycemia, and some proinflammatory cytokines, including interleukin-6 

and lipopolysaccharide, elevate it (Adeghate, 2004). 

 

 

Figure 15. Crystal structure of the resistin hexamer. Resistin trimers associate via three 

disulphide-bonds at their N-termini (Galic et al., 2010). 

 

Research indicating a causal relationship between resistin and glucose 

homeostasis relies on animal models exhibiting modified serum resistin 

concentrations. The infusion or overexpression of resistin results in 

hyperglycemia, mostly attributable to elevated hepatic glucose synthesis 

(Banerjee et al., 2004; Galic et al., 2010). In contrast, diminishing circulating 

resistin through the deletion of the resistin gene or the infusion of resistin 

antibodies effectively safeguards against obesity-induced hyperglycemia, mainly 

by reinstating hepatic insulin sensitivity (Steppan et al., 2001; Galic et al., 2010; 

Muse et al., 2004). 
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The molecular role in physiology remains highly ambiguous, as does the 

discernment of its receptor or intracellular signaling pathways (Park and Ahima, 

2013). However, researchers first identified and continue to recognize resistin as 

a significant risk factor for insulin resistance syndrome, which in turn contributes 

to the onset of type 2 diabetes mellitus (Tripathi et al., 2020).  

Researchers have recognized the role of this mechanism in the progression of 

pro-inflammatory conditions in both laboratory settings and living organisms, 

including obesity and the induction of cardiovascular disease (Filková et al 2009). 

It was demonstrated that resistin regulates glucose metabolism by inhibiting 

insulin resistance in the liver and skeletal muscle of rats, and by impairing glucose 

tolerance in healthy mice (Yang et al., 2009; Adeghate, 2004).  

During acute pancreatitis, pancreatic islet cells have also shown increased 

concentrations of resistin, suggesting that the molecule likely controls the degree 

of inflammation (Xue et al., 2015). The distribution and amount of adipose tissue, 

which varies depending on the animal's nutritional condition, control the 

secretion of resistin. Previous studies showed variations in the expression of 

certain adipokines in sheep's peripheral tissues and organs exposed to various 

nutritional conditions (Mercati et al., 2018; Palmioli et al., 2021).  

Research of Dall'Aglio and co-authors (2019) is the first to discover that the 

uterus of a domestic animal species synthesizes resistin and that variations in 

nutritional conditions can influence the production of this adiponectin, 

reinforcing the link between nutritional status and reproductive function. Uterine 

samples were obtained from two groups of ewes at the end of an experiment, 

wherein the first group was exclusively grazed, while the second group received 

supplementary barley and corn. The data show that dietary supplementation 

affected the production of resistin in the sheep's uterine glands, while the 

epithelial lining showed no change. Food supplementation may improve animal 

body condition, hence increasing resistin production by uterine glands. The 

supranuclear positioning of resistin binding patterns suggests that resistin may 
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exert an autocrine effect, enhancing the secretory activity of uterine glands and 

playing a paracrine role as a trophic factor for spermatozoa and/or embryos 

(Figure 16). 

 

 

 

 

Figure 16. Resistin-immunohistochemistry aspects in the uterus of sheep: in a) and b) 

immunopositivity is localized in the cytoplasm of uterine glandular cells (arrows) with a 

stronger intensity in EXP group (barley+corn) (b), compared to CTRL group (natural grazing) 

(a). a) Immunopositivity seems to be mainly localized in the supranuclear (arrows) cytoplasm 

of the uterine glandular cells; c) immunopositivity is localized in the supranuclear (arrows) 

cytoplasm of the epithelial-lining cells; d) immunopositivity is localized in the muscle cells of 

arterial vessels (arrows). (Dall'Aglio et al., 2019) 

 

Since the data on whether the expression of resistin depends on diet in 

different organs is currently ambiguous, we conducted our study to clarify this 

hypothesis (Chapter 7). 
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CONCLUSIONS 

Our long-term work has been devoted to studying aspects that will allow a 

new understanding of the physiological processes controlling ovulation in both 

induced and spontaneously ovulating species. 

In Chapter 1, we provide a detailed analysis of the differential gene and 

protein expression of NGF and its cognate receptors, NTRK1 and p75NTR, in 

the reproductive organs of rams. Autocrine and paracrine signaling mechanisms 

characterize NGF immunoendocrine communication in the rams' sex organs. The 

NGF signal is characterized as autocrine due to the cell's ability to synthesize 

NGF mRNA, NGF protein, and NGF receptors, enabling self-regulation. 

Paracrine NGF communication occurs when one cell synthesizes NGF protein, 

which then exports and binds to the NGF receptors on adjacent cells. Our research 

confirms that sex ram tissues synthesize mRNA of NGF as well as NTRK1 and 

p75NTR receptors. This research confirms the extensive expression of the 

NGF/cognate receptor system across various cell types in the sex organs of rams. 

This expression indicates that NGF plays a role in spermatogenesis and testicular 

development. This study demonstrated that this system is present in all 

reproductive tissues of the genital tract, thereby confirming NGF's role in ram 

reproduction. Sheep are short-day breeders, experiencing an anestrus that aligns 

with elevated seminal plasma NGF levels (Goodman, 2015; Rahmanifar and 

Tabandeh, 2012). This observation suggests that NGF may play a role in 

inhibiting male reproductive activity during the female anestrus period. 

Our research (Chapter 2) demonstrated that gene expression of NGF and 

its receptors in grey squirrels’ testicles at various stages of sexual maturity 

showed an elevation in NGF transcripts during puberty.  The 

immunohistochemical investigation revealed the presence of NGF in Leydig cells 

across all testicular morphotypes, with immunostaining intensity much higher in 

pubertal stage compared to immature and mature stages. The effect of NGF was 

consistently mediated through the interaction with p75NTR or NTRK1. The 

existence of p75NTR and NTRK1 receptors in the testicular parenchyma suggests 

a paracrine and/or autocrine mechanism of action for NGF in testes. In vitro 

investigations conducted on several cell lines demonstrated that NGF functions 

as an autocrine/paracrine factor between somatic cells and spermatogenic cells 

(Perrard et al., 2007). The NGF receptor was identified in the testes of the 

Umbrian grey squirrel, exhibiting heightened immunostaining intensity in the 

Sertoli cells of both the pubertal and mature morphotypes, although no positive 
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was reported in the immature morphotype. The data indicates that the NGF 

molecule can influence immature testes through NTRK1, which is located in the 

Leydig cells during this phase. The testicular activity of the NGF system had a 

positive connection with plasma NGF levels, which varied significantly across 

distinct reproductive phases, being elevated in pubertal squirrels. The noted rise 

in NGF expression throughout puberty corresponds with structural alterations in 

the seminiferous tubules, indicating a regulatory role of NGF in testicular 

maturation. These findings emphasize the significance of NGF in squirrel 

reproductive biology and indicate the necessity for additional research to 

comprehensively clarify its processes and effects in this and other species. 

In addition to NGF, cytokines found in seminal plasma can stimulate the 

female reproductive system, promoting ovulation and improving reproductive 

outcomes (Schjenken and Robertson, 2014). This aspect was better discussed in 

Chapter 4, where our study shows that IL1B and its receptor IL1R1 are found in 

the testis, prostate, seminal vesicles, and seminal plasma of male rabbits. The 

presence of these molecules at both gene and protein levels suggests that IL1B 

plays a role in controlling reproduction. The rabbit uterus expresses IL1B and its 

receptors IL1R1 and co-receptor IL1R3, where IL1B enhances the inflammatory 

response and promotes prostaglandin synthesis via COX activity. Our findings 

indicate that IL1B directly influences the secretion of uterine NGF, whereas NGF 

does not impact IL1B production. This implies that seminal plasma mediators 

like IL1B may trigger the production of NGF. 

In Chapter 3 we analyzed gene and protein expressions, as well as the 

localization of ADIPOR1 in the reproductive tissues of adult male rams. It has 

been shown that ADIPOR1 is expressed in the epithelium of the seminiferous 

tubules of rams. This protein helps control spermatogenesis, which has also been 

described in rodents (Caminos et al., 2008). We identified ADIPOR1 transcripts 

in the testes, epididymis, vas deferens, bulbourethral glands, seminal vesicles, 

and prostate. The prostate showed an elevated expression level of ADIPOR1 

mRNA. 

Future investigations into reproductive functions governed by the 

ADIPOQ/ADIPOQR1 system will enhance our comprehension of the 

physiological mechanisms connecting adipose tissue with mammalian 

reproductive processes, particularly regarding how altered energy status can 

precipitate reproductive pathologies in humans and animals. 

A significant part of my publishing work has been devoted to writing 

reviews on the effects of diets and plant-based substances on mammalian 



149 
 

reproduction (Chapters 5, 6). Genistein is a flavonoid possessing antioxidant, 

anti-inflammatory, and anti-neoplastic characteristics (Haslam, 2007). Various 

studies have demonstrated that genistein affects reproduction in both females and 

males (Patel et al, 2017; Silvestre et al, 2015). Genistein is categorized as a 

phytoestrogen, possessing a chemical structure analogous to certain estrogens. 

Genistein may be beneficial independently or in combination with hormones 

owing to its moderate estrogenic properties. In females, genistein exerts 

contradictory effects on ovarian function; at elevated doses, it demonstrates 

estrogenic and anti-steroidogenic properties, often resulting in diminished 

ovarian activity. The effects of genistein on pregnancy are contentious, as they 

vary according to the species examined, the method of administration, and the 

dosages employed. In males, genistein exhibits estrogenic stimulation and 

disrupts testicular function. Genistein may have detrimental epigenetic 

consequences on both the female and male reproductive systems (Chapter 5).  

In conclusion, although evidence suggests that genistein affects human and 

animal reproduction, additional research is required to enhance our understanding 

of genistein's properties and its involvement in mammalian reproductive 

processes.  

Chapter 6 summarizes the data on carotenoids and their derivatives' 

mechanisms of action in regulating folliculogenesis and oogenesis, as well as 

their steroidogenic role in females. Carotenoids may be utilized independently or 

in conjunction with other compounds. In males, carotenoids stimulate the 

molecular processes associated with spermatogenesis (Agrimson and Hogarth, 

2016). Our analysis suggests that animal diets can effectively supply carotenoids 

to enhance reproductive function. Despite substantial research affirming the 

advantageous effects of carotenoids on animal reproduction, additional studies 

are required to solidify the understanding of carotenoids' properties and their 

involvement in reproductive functions, including the identification of a beneficial 

dosage that must not be surpassed to prevent toxicity.  

In Chapter 7 we described the first research to assess resistin in the ovine 

pancreas, confirmed the presence of resistin and emphasized its unique 

localization. The production and expression of resistin in ovine α and β cells of 

the pancreatic islets were found, indicating that this protein may influence islet 

cell functioning, which likely impacts glucose homeostasis in sheep. Diet and 

feed supplements do not appear to influence the molecule's expression, unlike 

previous uterine examinations (Dall’Aglio et al., 2019), suggesting that the 

molecules play different roles depending on the tissue type. This study may 
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improve the general understanding of adipokines in sheep as an animal model for 

dietary research. 

In conclusion, the data obtained in these studies will provide new insights 

into the physiological processes that control ovulation in both induced and 

spontaneous ovulator species. In particular, they describe which components, 

together with their corresponding receptors, in addition to the NGF/receptor 

system, play a role in the induction of ovulation, and how they interact. The 

obtained data will help researchers in the future to more effectively regulate 

male/female fertility, which is important in veterinary medicine, regardless of 

whether ovulation is induced or spontaneous. 
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LIST OF ABBREVIATIONS 

ADIPOQ Adiponectin  

ADIPOR1 Adiponectin receptor1 

ADIPOR2 Adiponectin receptor2 

CL Corpus luteum  

COX Cyclooxygenase 

FSH  Follicle-stimulating hormone 

GnRH  Gonadotropin-releasing hormone 

IL1  Interleukin-1 

IL1 A / α  Interleukin-1 A 

IL1 B / β  Interleukin-1 B 

IL1R1  Interleukin-1 receptor type 1 

IL1R3  Interleukin-1 receptor accessory protein 

IL6  Interleukin-6 

LH  Luteinizing hormone 

MAPK  Mitogen-activated protein kinases 

NF-kB  Nuclear factor-kappa B 

NGF  Nerve growth factor 

NGFR  Nerve growth factor receptor 

NTRK1  Neurotrophic receptor tyrosine kinase 1 

OIF  Ovulation-inducing factor 

p75NTR  p75 neurotrophin receptor 

TNF  Tumor necrosis factor 

TrkA Tropomyosin receptor kinase A 
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