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Abstract 

Using a model of melatonin deficiency in male rats of different ages (5-, 15-, and 20-month-old), we 

have demonstrated specific changes in the immune expression of broad spectrum of signalling 

molecules as neurotrophins ligand-receptor BDNF/trkB system, members of the tachykinin family 

Neurokinin B and Substance P and Cyclin D1 and Bcl6, regulators of the cell life cycle and apoptosis. 

The results obtained are indicative for the potential role of the molecules under study in the 

regulation of testicular steroidogenesis during aging and the involvement of melatonin in this 

process. 
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1. Introduction 

The process of aging in the male reproductive system occurs with reduced levels of androgens 

because of changes in the organs of the reproductive tract, and not secondary to the increased 

incidence of diseases or deviations in the hypothalamic-pituitary axis during this process [1–3]. 

According to some authors, the reasons for this are several external events affecting steroidogenesis 

in Leydig cells (LC), such as weight gain, smoking, and decreased physical activity [4]. Other authors 

also discuss a series of intracellular mechanisms (reduced activity of steroidogenic enzymes and some 

markers of functional maturity) in the steroid-producing elements of the testis during aging [5]. 

The role of the “biological clock” responsible for the correct and consistent course of the 

genetically determined program of life is attributed to the pineal gland. There is a numerous data for 

a precisely regulated program of growth, development, aging and death in the pineal gland [6]. The 

pineal gland is the endocrine gland that produces melatonin. This biologically active substance has 

multiple effects - anti-inflammatory, antioxidant and anticoagulant properties, protects the 

endothelium of blood vessels, which determines its use for therapeutic purposes [7]. 

The role of melatonin has also been studied in relation to the processes of reproduction. Its 

suppressive effect on the secretion of the two gonadotropic hormones by the adenohypophysis - 

luteinizing hormone (LH) and follicle-stimulating hormone (FSH) is well known. Thus, melatonin 

also regulates testicular function by influencing the male hypothalamic-pituitary-gonadal axis [8,9]. 

Direct action of melatonin on the testicular parenchyma has also been described, where melatonin 

receptors have been identified [5,9]. The effect of melatonin on LCs is related to its role as a local 

modulator of steroidogenesis, and its participation in the sperm cell maturation and differentiation 

is discussed. The above-mentioned data are indicative of the regulatory role of melatonin in terms of 

testicular functions and its active participation in the processes of spermatogenesis and 

steroidogenesis [10]. 
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During the cell life cycle, Cyclin D1 regulates some growth factors, and its direct interaction with 

androgen receptors also acts as a co-activator of nuclear receptors. This makes it an indirect regulator 

of hormone-sensitive tissues, including the testicular parenchyma [11]. Its role as a marker of cell 

proliferation and differentiation in the spermatogenic epithelium of the testis is also debatable [12]. 

Any suppression of Cyclin D1 expression induces cell cycle arrest of different populations of germ 

cells and Sertoli cells and stops steroidogenesis in the testis [13,14]. 

The tumour suppressive protein Bcl6 inhibits transcription and modulates DNA damage. It also 

plays an important role in apoptosis during normal spermatogenesis and steroidogenesis and in 

response to DNA damage [15]. Its role in sperm apoptosis has been described [16]. Bcl6 has also been 

the subject of research as a factor in the stabilization and protection of spermatocytes subjected to 

stress-induced apoptotic changes [15]. All these data could determine Cyclin D1 and Bcl6 as probable 

markers for the occurrence of apoptotic manifestations in the steroid-producing cells of the testis and 

in the spermatogenic testicular epithelium. So far, the direct role of melatonin on the testicular 

parenchyma and its influence on the apoptotic manifestations has not been sufficiently studied. 

In recent years, several peptides have been the subject of intensive research, united in a group 

of so-called neurotrophic factors. Neurokinin A, Neurokinin B and Substance P (SP) are members of 

the tachykinin family and exert their effect through G protein-coupled receptors - NK1, NK2 and 

NK3. They are considered as neuropeptides, as they are mainly found in the central and peripheral 

nervous system, as well as in LCs and Sertoli cells of the testis [17]. It is interesting in their role as 

modulators of the hypothalamic-pituitary-gonadal axis (Neurokinin B), by influencing the release of 

gonadotropins or directly on steroidogenesis. 

Due to these characteristics and the lack of in-depth research on the subject, the expression of 

tachykinins in the testis in experimental animals with removed pineal gland would be interesting. 

Pinealectomy would eliminate its antigonadotrophic effect, and it is already known that this lowers 

the concentration of testicular LH receptors [18]. 

Neurotrophic factors have been found to be signalling molecules controlling neuronal 

differentiation, survival, and synaptic plasticity [19]. In addition, evidence reveals additional 

functional activities of these molecules in a number of non-neuronal cells and tissues [20,21]. Brain-

derived neurotrophic factor (BDNF) shows a similar structural and functional identity with the NGF 

gene family of neurotrophins [20,22]. BDNF interacts with a membrane protein belonging to the 

tyrosine kinase (trk) receptor family, trkB [20]. BDNF and its specific receptor, trkB, have been the 

subject of many years of research because of their role in neuronal development and proliferation. 

[23,24]. The role of the BDNF/trkB signalling system as autocrine regulators of the cascade 

mechanisms of steroidogenesis is also investigated [25]. In our previous works we have demonstrated 

that human LCs and rat LCs are distinguished by a pronounced expression of the components of the 

neurotrophins signalling system. The expression of these molecules in fetal and mature LCs appears 

to support the hypothesis that neurotrophins produced and/or acting on LCs are involved in the 

process of their differentiation and functional activity [26–30]. 

The effect of melatonin on testicular morphology and function is not well understood, and 

studies in an experimental model of pinealectomy are isolated. Based on our long-term experience 

we aim to investigate the potential role of melatonin in the aging process by studying its effect on the 

expression of oxidative stress markers of the proteins Cyclin D1 and Bcl6, the neurotrophins ligand-

receptor system BDNF/trkB, Neurokinin B, Substance P in the testis in a model of melatonin 

deficiency. 

2. Materials and Methods 

Experimental animals. In the present study we used male Wistar rats, bred under standard 

conditions: 21  1o C, 50-60% humidity and artificial lighting regime. Two groups of rats (n=8) – 

control rats and rats with removed pineal gland, will be operated on in three separate age categories: 

1) mature, 5 months; 2) adults, 15 months and 3) old, 20 months. Two months later, the animals are 
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decapitated by guillotine after anaesthesia with CO2 and tissue material (testis) is taken to carry out 

the planned tests. 

The experiments in the present study were performed in complete agreement with the European 

Communities Council Directive 2010/63/E.U. Animal experiments were approved by the research 

project (# 300/N◦5888–0183/04.21) of the Bulgarian Food Safety Agency. 

Experimental model of pinealectomy 

After anaesthesia with isoflurane (2.5 %), the rats were fixed on a stereotactic apparatus and 

underwent an epiphysiotomy, according to the methodology described by Hoffman and Reiter 

(1965)[31] and routinely applied by the team at the Institute of Veterinary Medicine [31–33]. 

Immunohistochemistry 

We use rat testicular fragments, on which we apply a immunohistochemical technique from the 

combination of ABC and PAP methods on paraffin sections (5-6 μm) and ImmunoCruz mouse ABC 

staining system (Santa Cruz Biotechnology, Inc., USA). with diaminobenzidine (DAB) as a 

chromogen. Immunoreactivity on paraffin sections begins with dewaxing with xylene and absolute 

alcohol. This is followed by inhibition of peroxidase with a solution of methanol and hydrogen 

peroxide for 10 minutes. We continue the dewaxing with 96º, 80º and 70º alcohol and finish with 

distilled water. This is followed by a stay in PBS (Phosphate Buffered Saline) for 15 minutes and in a 

blocking, serum dissolved in PBS for 60 minutes. Then incubation with a specific antibody is carried 

out and a stay at 4º in a humid chamber for one night. This was followed by washing with PBS and 

staying with a biotinylated secondary antibody (dissolved 1:100) for 1 hour at room temperature. 

This stage is followed by washing in PBS and incubating with an AB reagent for 30 minutes. 

Peroxidase activity is demonstrated using a solution containing substrate buffer (0.1M PB with a pH 

of 7.4), 3,3-diaminobenzidine (DAB)-4 HCL and a peroxidase substrate. The duration of incubation 

is different (5-25 minutes), according to the rate of manifestation of peroxidase activity, which is 

tracked under a microscope. The final stages are flushing the sections with PBS, dehydration with an 

ascending alcohol battery and covering with a Veсtamount (Vector, USA). The specificity of 

immunostaining is demonstrated using control sections in which the primary or secondary antibody 

is replaced by phosphate buffer or only peroxidase activity is visualized. 

The following specific polyclonal rabbit antibodies are used: anti-BDNF, anti-trkB, anti-Cyclin 

D1, anti-Bcl6, anti-Neurokinin B, anti-Substance P (Santa Cruz Biotechnology, Inc., USA). 

Quantitative analysis of the intensity of immunohistochemical reactions 

Quantitative analysis of the intensity of immunohistochemical reactions using specialized 

software Olympus DP-Soft image system (version 4.1 for Windows) on a Microphot-SA microscope 

(Nikon, Japan), equipped with a digital camera Camedia-5050Z (Olympus, Japan). The intensity 

values of the reactions were in the range of 0÷256, with 0 presenting -white and 256—black. The mean 

value of the intensity of antigenic expression for each animal in the groups was calculated, and 

immune expression was recorded in relative units (RU). We analysed testicles slices of experimental 

animals of different ages from the two study groups. The intensity of immune reactions in positive 

cells was calculated on different microscopic fields of slices (10 slices per animal, at magnification 

x400). 

Statistical methods. The results obtained will be analysed with parametric (two-way ANOVA) 

or non-parametric analysis (Kruskal Wallis) depending on the distribution with a statistically 

significant difference p < 0.05. The data were presented as mean±S.E.M. 

3. Results 

3.1. Cyclin D1 immunohistochemical expression 

Representative images showing Cyclin D1 immunostaining in control group (SHAM group), as 

well as in the group with removed pineal gland (PIN group). The results obtained demonstrate a 

more pronounced immunoreactivity for Cyclin D1 in the LCs in middle-aged and adult animals with 

removed pineal glands, compared to the sham-group, without significant differences in its expression 
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in young rats (Figure 2: p < 0.01, PIN 20 months vs. PIN 5 months; p < 0.001 PIN 15 months vs. PIN 5 

months). The changes observed correlate with age-related testicular tissue alterations- dramatically 

reduced spermatogenesis in the wall of the seminiferous tubules, the basal lamina of which is 

strongly thickened and folded; exclusively single LCs along the blood vessels in the interstitium and 

are almost not detected peritubularly; the blood vessels between the semiferous tubules show areas 

of sclerosis and hyalinosis (Figure 1A-C). However, the expression of Cyclin D1 in the testis differed 

significantly within the SHAM groups tested at different ages (Figure 2: p < 0.001, SHAM 20 months 

vs. SHAM 5 months; p < 0.001 SHAM 15 months vs. SHAM 5 months). 

 

Figure 1. Cyclin D1 immunoexpression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of Cyclin D1 in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham rats 

(B1), 15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2025 doi:10.20944/preprints202507.2238.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2238.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 15 

 

Figure 2. Effect of pinealectomy on the Cyclin D1 levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. +p < 

0.05 20months PIN group vs. 20 months SHAM group; &&& p < 0.001, SHAM 20 months vs. SHAM 5 months; &&& 

p < 0.001 SHAM 15 months vs. SHAM 5 months; ^^ p < 0.01, PIN 20 months vs. PIN 5 months; ^^^ p < 0.001 PIN 15 

months vs. PIN 5 months. 

3.2. Bcl6 immunohistochemical expression 

A significant improvement in Bcl6 immune reaction intensity in the LCs in animals with 

removed pineal glands (PIN group) was found, compared to the sham-group (Figure 4: p < 0.001 5 

months PIN vs. 5 months SHAM; p < 0.05 15 months PIN vs15 months SHAM; p < 0.001 20 months 

PIN group vs. 20 months SHAM group), as well as highly atrophic populations of LCs in 20-month-

old animals, related to the attenuating steroidogenic functions of the aging testis (Figure 3A-C). 

Regarding the SHAM group, we found a reduced immune response in adult animals in the SHAM 

group compared to young animals in the same group (Figure 4: p < 0.001, SHAM 20 months vs. 

SHAM 5 months). 

 

Figure 3. Bcl6 immune expression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of Bcl6 in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham rats (B1), 

15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). Note the increased 

expression for BCL6 in the young adult and middle-aged rats with removed pineal glands (B2, C2). 
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Figure 4. Effect of pinealectomy on the BCL6 levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. *** p < 

0.001 5 months PIN vs. 5 months SHAM; # p < 0.05 15 months PIN vs15 months SHAM; +++p < 0.001 20months 

PIN group vs. 20 months SHAM group; &&& p < 0.001, SHAM 20 months vs. SHAM 5 months; ^^^ p < 0.001, PIN 

20 months vs. PIN 5 months; ^ p < 0.05, PIN 15 months vs. PIN 5 months. 

3.3. BDNF immunohistochemical expression 

The more pronounced expression of BDNF in the LCs of 5 months old rats and 15 months old 

rats with removed pineal gland (PIN group),(Figure 6: p < 0.001 5 months PIN vs. 5 months SHAM; 

p < 0.001 15 months PIN vs 15 months SHAM), as well as the low expression in the atrophic 

populations of LCs in adults 20 months old animals (PIN group), demonstrated the role of melatonin 

in the regulation of testicular steroidogenesis, affecting the hypothalamic-pituitary-gonadal axis 

(Figure 5A-C). The expression of BDNF in the testis differed significantly within the SHAM groups 

tested at different ages, and a trend towards decreased expression was observed (Figure 6: p < 0.001, 

SHAM 20 months vs. SHAM 5 months). 
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Figure 5. BDNF immunoexpression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of BDNF in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham rats 

(B1), 15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). 

 

Figure 6. Effect of pinealectomy on the BDNF levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. *** p < 

0.001 5 months PIN vs. 5 months SHAM; ### p < 0.001 15 months PIN vs15 months SHAM; ++p < 0.01 20months 

PIN group vs. 20 months SHAM group; &&& p < 0.001, SHAM 20 months vs. SHAM 5 months; & p < 0.05 SHAM 

15 months vs. SHAM 5 months. 

3.4. Trk B immunohistochemical expression 

A significant expression for TRK B in the LCs of young adult and middle-aged rats (5- and 15-

months old rat) with removed pineal glands (PIN group), compared with SHAM group, as well as 

low expression in the LCs of adults 20 months old animals. (Figures 7A–C and 8: p < 0.01, 5 months 

PIN vs. 5 months SHAM; ## p < 0.01 15 months PIN vs15 months SHAM; ++p < 0.01 20months PIN 

group vs. 20 months SHAM group). However, in the SHAM group we observed reduced Trk B 

expression in the course of aging (Figure 8: p < 0.01, SHAM 20 months vs. SHAM 5 months). 
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Figure 7. Trk B immunoexpression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of TRK B in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham rats 

(B1), 15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). 

 

Figure 8. Effect of pinealectomy on the TrkB levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. ** p < 0.01, 

5 months PIN vs. 5 months SHAM; ## p < 0.01 15 months PIN vs15 months SHAM; ++p < 0.01 20months PIN 

group vs. 20 months SHAM group; && p < 0.01, SHAM 20 months vs. SHAM 5 months. 

3.5. Neurokinin B immunohistochemical expression 

The increased expression of Neurokinin B in LCs of young animals (5 months), without a 

significant difference in the two groups in young and middle-aged rats (PIN and SHAM groups). The 

immunoreactivity for Neurokinin B in the LCs of PIN 5-month-old animals is more intensive, 

compared to the PIN 15-month-old group (Figure 10: p < 0.05, PIN 15 months vs. PIN 5 months). 

There is a statistically significant difference between the PIN and SHAM groups in old animals 

(Figure 10: p < 0.01 20 months PIN group vs. 20 months SHAM group). The stronger expression of 

Neurokinin B in the LCs of adult (20-month-old) animals from the SHAM group demonstrates its 

possible influence on the enhanced apoptotic processes in the aging testis (Figure 9A-C). 
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Figure 9. Neurokinin B immunoexpression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of Neurokinin B in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham 

rats (B1), 15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). 

 

Figure 10. Effect of pinealectomy on the Neurokinin B levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. 

++p < 0.01 20 дmonths PIN group vs. 20 months SHAM group; ^ p < 0.05, PIN 15 months vs. PIN 5 months. 

3.6. Substance P immunohistochemical expression 

The increased expression of Substance P in the LCs of young animals (5 months) and mature 

(15-month-old) animals in PIN group (Figure 12: p < 0.05, PIN 20 months vs. PIN 5 months), points 

to their probable local role in active LCs proliferation. The difference between the PIN and SHAM 

groups in middle-aged animals is statistically significant (Figure 12: p < 0.05 15 months PIN vs15 

months SHAM). In the LCs of adult animals (20-month-old), there is no significant difference in the 

two groups (PIN and SHAM groups). (Figure 11A-C). 
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Figure 11. Substantia P immunoexpression in the LCs of 5-, 15- and 20 -month- old rats. Immunohistochemical 

localization of Substance P in 5-month-old sham rats (A1), 5-month-old pin rats (A2), 15-month-old rats sham 

rats (B1), 15-month-old pin rats (B2), 20-month-old sham rats (C1) and 20-month-old pin rats (C2). 

 

Figure 12. Effect of pinealectomy on the Substantia P levels (RU) in the LCs of 5-, 15- and 20 -month- old rats. # p 

< 0.05 15 months PIN vs15 months SHAM; && p < 0.01, SHAM 15 months vs. SHAM 5 months; ^ p < 0.05, PIN 20 

months vs. PIN 5 months. 

4. Discussion 

Our study aims to describe the role of some signaling molecules in the processes of 

spermatogenesis and steroidogenesis in aging testis in melatonin deficiency conditions. According to 

the previous studies on aging testis steroid-producing LCs undergo dedifferentiation themselves, 

which worsens their steroidogenic capacity [34]. On the other hand, a series of intracellular 

mechanisms reduce the activity of steroidogenic enzymes and decrease T synthesis from the steroid-

producing elements of the testis during aging [5]. These changes cause a reduction of androgen levels 

and are not secondary from disturbances along the hypothalamic-pituitary axis during aging [1,2,35]. 

In the morphological aspect, a reduction in the diameter of the seminiferous tubules, thickening of 

the tubular basal lamina, which shows mosaic-like degenerative changes, was found in the aging 

testis. At the same time, no decrease or hyperplasia of the LCs is reported, but atrophic changes in 

the size of their population are more often detected [36,37]. 
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Furthermore, the role of the pineal gland and the melatonin produced by it has an interesting 

participation in the processes which occur in the aging male reproductive system. Kun Yu et al., 2018 

[10] defines melatonin as a local modulator of steroidogenesis and regulator of testicular function. 

Direct action of melatonin on the testicular parenchyma has also been described, where 

melatonin receptors have been identified [5,9]. Pinealectomy causes increased activity of the LCs, 

significantly enlarged testicular interstitium with hypertrophic and hyperplastic LCs [18,38]. 

According to some authors, in pinealectomy, parallel to an increase in the total weight of the testis, 

ultrastructural changes in LCs- Golgi complex, mitochondria and smooth endoplasmic reticulum are 

located over a larger area, cytoplasmic secretory granules and osmiophilic bodies are observed [39]. 

The involvement of melatonin as a modulator of pro- and anti-apoptotic proteins in the testis 

and its protective role in relation to the male reproductive system is also debatable [40]. In this regard, 

the theory of oxidative stress is also the subject of studies related to the modulation of aging 

processes, with free radicals (ROS-Reactive oxygen species) as the leading factors. ROS damage a 

wide range of physiological processes, including those related to the aging [41–43]. In the testis, ROS 

are formed in the process of steroidogenesis and cause mitochondrial damage [44]. Increased 

apoptotic manifestations are a defence mechanism of cells, when they are under condition of 

oxidative stress [45]. In our previous studies, we have identified, along with a number of 

morphological and functional changes (activity of key steroidogenic enzymes) in steroid-producing 

cells in the rat testis during aging, changes in the ratio of Bcl-2/Bax factors in LCs as an indicator of 

their increased apoptotic tendency, as well as the triggering of the mitochondrial pathway of 

programmed cell death [46–49]. 

The proteins Cyclin D1 and Bcl6 are involved as regulators of some of the mechanisms of the 

apoptotic process. Cyclin D1 is the subject of research in two directions - participation in the cell life 

cycle and provoking apoptotic changes in major damage to the cell’s DNA [50]. During the cell life 

cycle, Cyclin D1 regulates some growth factors, and its direct interaction with androgen receptors 

also acts as a co-activator of nuclear receptors. This makes it an indirect regulator of hormone-

sensitive tissues, including the testicular parenchyma [11]. The involvement of melatonin in the 

overall process of cellular apoptosis is discussed as a modulator of testicular function and 

steroidogenesis processes [18]. In sync with these data our results demonstrate a more pronounced 

immunoreactivity for Cyclin D1 in the LCs in adult animals with removed pineal glands, compared 

to the sham-group, without significant differences in its expression in young rats. In this respect, 

Cyclin D1 can be considered as a marker of cell proliferation and differentiation in the testis [12]. Any 

suppression of Cyclin D1 expression induces cell cycle arrest of different populations of germ cells 

and Sertoli cells and stops steroidogenesis in the testis [13,14]. 

The tumor suppressive protein Bcl6 inhibits transcription and modulates DNA damage. It also 

plays an important role in apoptosis during normal spermatogenesis and steroidogenesis in response 

to DNA damage [15,16]. In the present study, a significant increase in Bcl6 immune reaction intensity 

in the LCs in animals with removed pineal glands (PIN group) was found, compared to the sham-

group, as well as highly atrophic populations of LCs in 20-month-old animals, related to the 

attenuating steroidogenic functions of the testis in the aging process. All these data could determine 

Cyclin D1 and Bcl6 as probable markers for the occurrence of apoptotic manifestations in the steroid-

producing cells of the aging testis and are indicative for the potential role of the melatonin in these 

processes. 

In recent years, several peptides have been the subject of intensive research, united in a group 

of so-called neurotrophic factors. Neurokinin A, Neurokinin B and Substance P (SP) are members of 

the tachykinin family and exert their effect through G protein [51]. 

In the testis, tachykinins stimulate the secretory activity of Sertoli cells and inhibit the secretion 

of LCs [17,51]. Our results reveal increased expression of Neurokinin B in LCs of young animals and 

more pronounced immunoreactivity for Neurokinin B in the LCs of 15-month-old animals with 

removed pineal gland (PIN group), compared to the SHAM group. The stronger expression of 

Neurokinin B in the LCs of adult (20-month-old) animals from the SHAM group was detected. 
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Moreover, the increased expression of Substance P in the LCs of young and mature animals with 

removed pineal gland (PIN group), points to their probable local role in active LCs proliferation. In 

the LCs of adult animals (20-month-old), the expression is more intensive in SHAM group, compared 

to the animals with removed pineal gland (PIN group). The results obtained support the data about 

the role of Neurokinin B and Substance P as a paracrine regulator of the hypothalamic-pituitary axis 

[44,52]. 

Brain-derived neurotrophic factor (BDNF) shows a similar structural and functional identity 

with the NGF gene family of neurotrophins [20,22] and has been subject of many years of research 

because of its role in neuronal development and proliferation. [23]. BDNF interacts with a specific 

membrane protein belonging to the tyrosine kinase (trk) receptor family, trkB [20] and exerts its effect 

by binding to another, low-affinity receptor p75, which is considered non-specific for the entire family 

of neurotrophins [30]. In the current work we have studied the expression of BDNF/trkB signaling 

system in testicular steroid-producing cells during aging in melatonin deficiency conditions. We 

found the more pronounced expression of BDNF in the LCs of young adult and middle-aged rats 

with removed pineal gland (PIN group), as well as the low expression in the atrophic populations of 

LCs in adults 20 months old animals (PIN group). These results demonstrate the role of melatonin in 

the regulation of testicular steroidogenesis, affecting the hypothalamic-pituitary-gonadal axis. 

Besides that, we reveal a significant expression for trkB in the LCs of young adult and middle-aged 

rats (5- and 15-months old rat) with removed pineal glands (PIN group), compared with SHAM 

group, as well as low expression in the LCs of adults 20 months old animals. Our results are in 

concordance with data indicating the role of the BDNF and its specific receptor trkB as autocrine 

regulators of the cascade mechanisms of steroidogenesis, including significantly increase of the 

expression of steroidogenesis-related genes as steroidogenic acute regulatory protein (StAR) and 

cytochrome P450 [24,25]. 

5. Conclusions 

In conclusion, using a model of melatonin deficiency in aging rats, we have demonstrated 

specific changes in the immune expression of broad spectrum of signalling molecules such as 

BDNF/trkB system, members of the tachykinin family Neurokinin B and Substance P and Cyclin D1 

and Bcl6, regulators of the cell life cycle and apoptosis. The results obtained are indicative for the 

potential role of the molecules under study in the regulation of testicular steroidogenesis during 

aging and the involvement of melatonin in this process. 
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