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a b s t r a c t

b-Nerve Growth Factor (b-NGF) is a neurotrophin which acts through its receptors TrkA and p75, per-
forming important actions in male reproductive physiology and its presence in seminal plasma (SP) has
been related to male fertility. The aim of the present study was to evaluate the gene expression profile
and the immunolocalization of b-NGF and its high-affinity receptor TrkA in sex organs in rabbits during
sexual maturation period. b-NGF concentration for both SP and blood plasma (BP) and BP testosterone
levels were determined as well as the seminal parameters during such period. Ten New Zealand White x
California young rabbits were trained to semen collection since 20 weeks of age and routinely done once
a week with two ejaculations per session. At 22 and 37 weeks of age, semen collection was carried out
three times a week and seminal parameters were evaluated. Four males were randomly assigned and
slaughtered in each age (n¼ 8); sex organs (prostate, bulbourethral glands and epididymis) were
dissected and collected to determine b-NGF and TrkA gene expression and immunolocalization. SP and
BP were also taken at each semen collection session to evaluate b-NGF concentration, and testosterone
levels were also assessed in BP. The highest b-NGF mRNA expression was observed in prostate compared
to bulbourethral glands and epididymis. These two last tissues showed residual b-NGF mRNA expression
and limited localization of the neurotrophin. The prostate epithelial cells and lumen were strongly
stained with regard to the other sex organs indicating that immunolocalization of b-NGF rely mainly in
the prostate. TrkA gene expression was lower but constant and differentially immunolocalized in the sex
organ tissues. Finally, b-NGF concentration in SP and BP remained unchanged in accordance to age, while
some seminal characteristics such as sperm concentration, percentage of live sperm and mass and
progressive motility were enhanced as endowed by BP testosterone variation. b-NGF and its cognate TrkA
receptor are expressed and immunolocalized in the male reproductive tract in the two ages studied,
independently of the circulating levels of testosterone and b-NGF.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

b-Nerve Growth Factor (b-NGF) is a neurotrophic factor essential
for survival, development and maintenance of sympathetic and
sensory neurons of the peripheral nervous system [1]. Its biological
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function is mediated by two receptors: a specific high-affinity
transmembrane receptor, named TrkA, and a low-affinity and
non-selective receptor member of the death-promoting Tumor
Necrosis Factor family, called p75. b-NGF/TrkA/p75 system is pre-
sent in numerous organs apart from the nervous system, such as
the reproductive tract both in males [2e10] and females [11e14],
where has been demonstrated to have relevant physiological
functions. Thus, b-NGF and its receptors have been associated with
the morphological sex determination, testis morphogenesis and
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development, and sperm maturation [15e19], suggesting the
involvement of b-NGF system in the reproductive tract maturation.
In addition, it is hypothesized that b-NGF may intervene in sper-
matogenesis process by mediating the effects of testosterone [19].
This fact has been studied in some species but the regulation of b-
NGF/TrkA system by androgens [20] or vice versa [21] is unclear. In
this respect, the characterization of this system in the reproductive
tract during sexual maturity and the relationship with sexual hor-
mones could be interesting to determine its function in this
process.

b-NGF has been found in the seminal plasma (SP) [9,10,22e26],
which is a mixture of secretions from testes, epididymis and male
accessory glands [27]. Proteins present in SP have been demon-
strated to perform important functions in protection, sperm
transport, capacitation and motility of sperm within the female
reproductive tract [28,29]. In this way, b-NGF expression levels in
bovine sperm had positive influence on some sperm velocity pa-
rameters, which suggest an important role of b-NGF on fertility
[30]. In addition, this neurotrophin in SP has been revealed as an
ovulation trigger factor in induced ovulating species, such as
camelids [22e25]. In rabbits, despite being reflex ovulators, neither
rabbit SP [24,31] nor murine b-NGF [10] have been able to provoke
the ovulation, thus the role of b-NGF as an ovulation-inducing
factor is still inconclusive. Nonetheless, a recent study in this spe-
cies proposes that this neurotrophin participates in ovulation in-
duction by both endocrine and nervous pathways [32] with some
unrevealed function/s in the female reproduction.

In male rabbits, b-NGF were detected in testes, prostate and
seminal vesicles [2,9,10]. Although we have recently described the
gene expression and distribution of low-affinity receptor p75 in
epididymis and bulbourethral glands in rabbits [33], the charac-
terization of b-NGF and its specific receptor TrkA in some male
reproductive organs remains unknown. To the best of our knowl-
edge, there are no evidences of their presence in epididymis in
rabbits, whereas it is described in other mammals [5,15], and there
is only one work which studies b-NGF by radioimmunoassay in
bulbourethral glands [2]. Nothing is known about their expression
and distribution during sexual maturity in males or their correla-
tion to seminal characteristics and testosterone levels.

Therefore, in the present study, to further understanding of the
role of b-NGF/TrkA system in male rabbit reproduction, we exam-
ined the distribution and gene expression of b-NGF and its high-
affinity receptor (TrkA) in prostate, bulbourethral glands and
epididymis during the sexual maturation period. In addition, we
investigated the variation of b-NGF expression in SP in relation to b-
NGF and testosterone levels in blood plasma (BP) and SP, as well as
their relationship with seminal parameters to determine whether
the protein levels could be related with semen viability and
motility.

2. Material and methods

2.1. Experimental design

Ten New ZealandWhite x California young rabbits were used for
this experiment. The experimental design was completely random
with two groups (22 and 37 weeks old); the experimental unit was
one buck. The experiment started when males were 20 weeks old.
From this time until the end of the experiment (37 weeks old)
semen was collected by artificial vagina once a week with two
ejaculations per session to keep bucks sexually active. The interval
between first and second ejaculate was 15e20min. When bucks
reached 22 weeks old, four of them were sacrificed and sex organs
were recovered for real time PCR and immunohistochemistry
studies. The six remaining rabbits were maintained until the end of
the experiment (37 weeks old), where four were sacrificied for
tissue recovery. The two remaining rabbits were kept in the farm as
breedingmales. b-NGF in SP and BP and testosterone BP levels were
determined in these rabbits at 22 and 37 weeks old. For sperm
analyses, semen collection was performed three times a week with
two ejaculations per session at the same ages. For each male in one
session, first and second ejaculate were mixed to determine semen
quality and to separate SP.

All the procedures were performed in accordance with the
policies of the University Scientific Ethics Spanish Policy for Animal
Protection RD53/2013 [34], which meets the European Union
Directive about the protection of animals used in experimentation.

2.2. Housing and feeding

Male rabbits (Oryctolagus cuniculus) were held on the experi-
mental farm at the Agrarian Production Department, Polytechnic
University of Madrid (UPM, Spain). They were housed in individual
cages (700mm� 500mm� 320mm) under controlled conditions
of constant photoperiod (16L:8D), 20 to 25 �C of temperature and a
relative humidity of 60e75% maintained by a forced ventilation
system. Each animal had free access to food and water.

2.3. Collection and evaluation of seminal samples

The semen samples recovered at 22 and 37 weeks of age were
analyzed as follow. After semen collection, the gel fraction was
removed and the ejaculates were kept warmed in an incubator at
37 �C after being macroscopically analyzed, taking into account
their color, their volume (assessed by a graduated plastic pipette)
and the presence of sedimentation (presence of desquamation
cells, droplets and vesicles in the ejaculate). Only those ejaculates
with white color, with a volume greater than 0.1ml and without
sedimentation were selected. Afterwards, each single ejaculate
from the same male (two ejaculates per male at the same day) was
pooled together. Then, we first estimated the mass motility of raw
semen rating from 1 to 4 in an optical microscope (x 20 magnifi-
cation), considering 1: no sperm cells with motion, 2: sperm cells
moving slowly, 3: nearly all sperm cells moving with high and
homogeneous motility, 4: strong waves and whirlwind appearance
(based on Brun et al. [35]). Then, aliquots of semen were fixed in
2.5% glutaraldehyde to determine the semen concentration (mil-
lions of sperm cells/ml) with a Neubauer chamber and to evaluate
the integrity of the acrosome in a phase-contrast microscope. To
measure the percentage of live sperm and the percentage of ab-
normalities, the nigrosin staining technique was made for each
sample. Sperm motility was assessed by Computer Assisted Semen
Analysis (CASA), using the Motility module of the Sperm Class
Analyzer (SCA®) version 5.2 (Microptic S.L.). To record the motility,
7 mL of diluted semen in a commercial rabbit extender (Inserbo S.L.,
Spain) was loaded in a pre-warmed glass slide. Five to ten fields
were captured and approximately 200 sperm cells were analyzed
for each sample. Sperm motility variables included: total motility
(MOT, %), progressive motility (PMOT, %), static percentage (STAT,
%), curve-linear velocity (VCL, mm/s), straight-line velocity (VSL,
mm/s), average path velocity (VAP, mm/s), amplitude of lateral head
displacement (ALH, mm), linearity (LIN, %), straightness (STR, %),
wobble (WOB, %) and beat cross frequency (BCF, Hz).

2.4. Seminal plasma and blood recovery

To separate SP from sperm cells, semen was diluted 1:2 (v:v)
with phosphate-buffered saline (PBS) and centrifuged (3000�g
15min at 4 �C) according to Garcia-Garcia et al. [10]. Supernatant
was observed under a microscope to verify the absence of sperm



A. Sanchez-Rodriguez et al. / Theriogenology 126 (2019) 206e213208
cells, and then was stored at �20 �C until analysis.
Blood was collected from the central arterial of the ear in EDTA

tubes and BP was separated by centrifugation (15min, 700�g at
4 �C). Aliquots were stored at �20 �C until sample testing.

2.5. Real time PCR in tissues

Four animals of each treatment (22 and 37 weeks old) were
slaughtered by cervical dislocation and reproductive tract (prostate,
bulbourethral glands and caput and cauda of epididymis) was
dissected; samples of 2mm approximately were embedded in
RNAlater® stabilization solution (Ambion, Life Technologies,
Thermo Fisher Scientific, Washington), refrigerated at 4 �C over-
night and, after removing RNAlater®, stored at �80 �C until use.

RNA extraction was carried out with Trizol reagent (Life Tech-
nologies) followed by purification using the PureLink® RNAMini Kit
(Thermo Fisher), with minor modifications of the manufacturer's
instructions. Afterwards, 1 mg of total RNA was treated with DNase
(DNase I, RNase-free 1U/mL, Thermo Fisher). Reverse transcription
was performed using SuperScript™ First-Strand Synthesis System
for RT-PCR kit (Life Technologies) following kit's instructions.

Primers for b-NGF and TrkA genes, and GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) as the reference housekeeping gene,
were designed based on NCBI GenBank, using the OligoAnalyzer®

tool (Integrated DNA Technologies) taking into account their loca-
tion between exons to avoid amplification of genomic DNA
(Table 1). Thereafter, 100 ng of cDNA were relatively quantified by
real-time PCR using SYBR Green (SsoAdvanced™ Universal SYBR
Green Supermix, Biorad) and the following PCR cycle: 30 s at 95 �C,
40 cycles of 15 s at 95 �C and 30 s at 62 �C (ABI Prism® 7000
Sequence Detection System Applied Biosystems). Non-template
controls and RT negative samples were run in duplicate as nega-
tive controls. Quantification was normalized to the endogenous
control GAPDH according to Herrera-Luna et al. [36], and relativized
to the expression in the prostate, as reference tissue because of its
high expression in rabbits [9]. The relative gene expression of the
target was recorded as Ct values and fold changes determined using
formula 2�DDCT, according to Livak and Schmittgen [37].

2.6. Immunohistochemical analysis in tissues

Samples from reproductive tract of the same 4 rabbits used for
PCR analyses recovered at 22 and 37 weeks old (n¼ 8) were fixed in
modified Davidson's fluid (12% formaldehyde, 15% ethanol, 5%
acetic glacial acid, in distilled water; all reagents were purchased
from Panreac Quimica SLU, Spain) and then, embedded in paraffin
and serially sectioned at 5 mm of thickness. Immunohistochemistry
procedure was performed as described previously [38] with minor
modifications. Deparaffination, rehydration and blocking of
endogenous peroxidase with 3% H2O2 for b-NGF and 0.3% for TrkA
for 30 min at room temperature were first performed. After, heat
induced epitope retrieval in 10 mM sodium citrate buffer (pH 6)
and incubation with normal horse serum (for b-NGF, Vector
Table 1
Primers for b-NGF, TrkA and GADPH for real time PCR quantification.

Gene Nucleotide sequence
50- 30

b-NGF F: GCCACGCTGAGGTGCATAG
R: TGCATGTGGTTCCGCCTGTAT

TrkA F: CGGCTGAGTCACCTGAATCTC
R: GAGTTCCCCGACAGGACC

GADPH F: GTCGGAGTGAACGGATTTGG
R: AAAGCAGCCCTGGTGACCA
Laboratories) or normal goat serum (for TrkA, Vector Laboratories)
dilution 1:10 in PBS was done. Samples were incubated overnight
at 4 �C in a moist chamber with goat anti-b-NGF antibody (1:100,
N8773, Sigma Aldrich) or mouse monoclonal anti-TrkA antibody
(1:200, ab86474, Abcam), respectively. For negative control sam-
ples, PBS was used instead of the primary antibody. After incuba-
tion, secondary antibodies diluted 1:200 were added for 30 min at
room temperature [biotinylated horse anti-goat IgG for b-NGF
(BA9500, Vector Laboratories) or biotinylated goat anti-mouse IgG
for TrkA (BA9200, Vector Laboratories)]. Afterwards, slides were
incubated with the avidin-biotin complex (ABC Vector Elite kit,
Vector Laboratories) at room temperature for 30 min, and then
incubated with peroxidase chromogen (Vector Nova RED substrate
Kit for Peroxidase, Vector Laboratories) and counterstained with
hematoxylin. Ten representative images of each tissue of every
male were taken using a light microscope (Leica F550) equipped
with phase contrast optics and a DCF400 camera. The intensity of
the signal was considered as mildþ, moderatedþþ or strongþþþ.
Rabbit pituitary and hypothalamus were used as positive control
tissues. All samples were evaluated by the same blinded observer.

2.7. Western blot in seminal plasma

b-NGF protein in SP from 6 males in the two ages studied was
analyzed by western blot according to Garcia-Garcia et al. [10] with
minor modifications. b-actin protein was used to normalize sam-
ples. SP was denatured in loading buffer at 95 �C and 50 mg of total
protein for each sample were separated on 12% SDSePAGE gels at
90 V for 2 h. Proteins were transferred onto nitrocellulose mem-
branes (Amersham™ Hybond™ ECL, GE Healthcare) (160mA for
80min), blocked during 1 h in Odyssey® Blocking buffer (LI-COR
Biosciences) and then incubated overnight at 4 �C with goat anti-b-
NGF antibody (0.1 mg/mL, N8773, Sigma-Aldrich) and mouse
monoclonal anti-b-actin antibody (1 mg/mL, A2228, Sigma Aldrich)
in blocking buffer with 0.1% Tween 20. After several washes,
membranes were incubated at room temperature for 1 h with the
secondary antibodies [IRDye® 800CW donkey anti-goat IgG (H þ L)
for b-NGF and IRDye® 680CW goat anti-mouse IgG (H þ L) for b-
actin, LI-COR Biosciences] and scanned with an Odyssey fluores-
cence scanner (LI-COR Bioscience). The densitometry of̴ 13 kDa
bands (b-NGF) and̴ 42 kDa bands (b-actin) of each male in the two
ages studied were measured with Image Studio Lite 5.2 (LI-COR
Bioscience). We obtained the ratio of b-NGF to b-actin.

2.8. Enzimoimmunoassay in seminal plasma and blood plasma

Concentration of b-NGF and testosterone was assessed by
enzyme-linked immunosorbent assay (ELISA). Hence, in BP and SP,
b-NGF was analyzed following the recommendations of the rabbit
b-NGF ELISA kit (abx259154, Abbexa). SP samples were diluted 1:2
(v:v) in PBS (final dilution of SP 1:4) whereas BP was undiluted.
Testosterone BP was measured with a commercial kit from
Demeditec (DE1559) following manufacturer's instructions. For
Size of PCR product (bp) NCBI Reference sequence

89 XM_017345952.1

174 XM_008264290.2

53 NM_001082253.1
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both kits, the absorbance at 450 nmwas determined in amicroplate
reader (Bench Marck Plus Microplate Spectrophotometer System,
Bio-Rad). The intra-assay variation of the test for b-NGFwas CV<8%,
and inter-assay, CV<10%.The intra- and inter-assay coefficients of
variation were 3.28% and 4.73% for the lowest testosterone con-
centration and 4.16% and 9.94% for the highest testosterone con-
centration, respectively. Standard absorbance was used to generate
a logistic four-parameter sigmoidal standard curve with Sigma Plot
Software. Then, the concentration of the samples was calculated by
extrapolating the absorbance in the equation of the sigmoidal
curve.

2.9. Statistical analysis

The variables were analyzed using the SAS software version 9.0
(Statistical Analysis System Institute Inc). The relative gene
expression of the targets b-NGF and TrkAwas analyzed by two-way
ANOVA (PROC GLM) with tissues (prostate, bulbourethral glands,
caput of epididymis and cauda of epididymis) and age (22 and 37
weeks old) as fixed effects, including also in the model the inter-
action between both fixed effects. For seminal parameters, we used
a one-way ANOVA with repeated measures (PROC MIXED) and age
as fixed effect. b-NGF concentration in BP and SP, testosterone
concentration in BP and the ratio of b-NGF/b-actin in SP were
analyzed also by one-way ANOVAwith repeated measures and age
as the fixed effect. All data are presented as LSMEANS ± SEM and
Fisher test was used as a post-hoc test to compare means, with
differences considered significant when P< 0.05. We also deter-
mined correlation coefficients by the Pearson test (PROC CORR) to
describe the relationship between SP and BP b-NGF levels and SP/
BP b-NGF and BP testosterone concentrations.

3. Results

Expression of b-NGF and TrkA mRNA in prostate, bulbourethral
glands and epididymis by RT-PCR is shown in Fig. 1. Gene
Fig. 1. Gene expression in male reproductive tissues of b-NGF and TrkA. Different
letters indicate significant differences (p< 0.05). Note the change of scale in b-NGF
expression.
expression of b-NGF was greater (P< 0.05) in prostate than in
bulbourethral glands and epididymis; its expression for all sex or-
gan tissues was higher than for TrkA receptor (P< 0.05). There was
no effect of age of rabbits (p< 0.05) on the abundance of b-NGF and
TrkA among tissues.

In the immunolocalization study, b-NGF was mainly found in
the prostate in both ages (Fig. 2). The cytoplasm of epithelial cells
and the lumen were strongly stained (þþþ). However, it was
differentially immunolocalized (Fig. 2A and D); whereas the
staining was higher in the apical zone of prostate epithelial cells at
22 weeks old, the protein was uniformly distributed in the entire
cytoplasm at 37 weeks old. Furthermore, the interstitial tissue in
older males had a moderated staining (þþ) in contrast to younger
males, which did not show any signal in that tissue. Bulbourethral
glands did not present any cytoplasmic or nuclear staining in the
epithelial cells. Signal was mild (þ) in interstitial tissue in young
males and moderated (þþ) at week 37 (Fig. 2F and J). No signal was
found in any compartment of caput and cauda of the epididymis
(Fig. 2K, O, P and S).

For the high-affinity receptor, TrkA, the expression pattern was
similar between younger and older males for prostate and bul-
bourethral glands (Fig. 3). Membrane of prostate epithelial cells
showed strong signal (þþþ). Interstitial tissuewasmild stained (þ)
(Fig. 3A and D). In bulbourethral glands, strong staining (þþþ)
appeared in epithelial cells in both ages, whereas interstitial tissue
showedmild signal (þ) (Fig. 3F and J). Staining in caput (Fig. 4K and
O) and cauda (Fig. 3P and S) of epididymis was strong (þþþ) in
both epithelial cells and interstitial tissue, although some differ-
ential immunolocalization was appreciated. In 22 week-old males,
the signal for TrkA in epithelial cell and stereocilia were stronger
(þþ) than in older males (þ).

Negative control tissue samples showed no signal and positive
control tissues (hypothalamus and hypophysis) were stained by b-
NGF and TrkA (Supplementary Fig. 1).

Results of semen analysis are shown in Table 2. Sperm concen-
tration, the percentage of alive sperm and mass and progressive
motility assessed with CASA were higher in 37 than 22-week old
rabbits (P< 0.05). The rest of sperm parameters were similar for
both ages.

Western blot confirmed the presence of b-NGF protein in male
SP as sexual maturity is being acquired in rabbit. The relative
quantification showed similar levels of b-NGF between the two
sexual ages studied (Fig. 4).

Analysis of blood and seminal plasma showed that b-NGF con-
centration was higher in SP than in BP, but there were no differ-
ences between younger and older males in any of the plasmas
(Table 2). There was a significantly higher concentration of testos-
terone in BP at week 22 compared to week 37 (P< 0.05). There was
no correlation between b-NGF levels in SP and BP (r¼�0.014,
P¼ 0.956), or SP b-NGF and BP testosterone levels (r¼�0.356,
P¼ 0.147). Correlation between BP b-NGF and testosterone con-
centrations was not significant either (r¼ 0.1650, P¼ 0.513).

4. Discussion

The present study is the first to report the gene expression and
distribution of b-NGF and TrkA in prostate, bulbourethral glands,
epididymis and SP during the development of the sexual maturity
in rabbits, showing high abundance in prostate during the sexual
development and the differential distribution of b-NGF/TrkA sys-
tem in some organs according to the sexual stage. In addition,
seminal parameters and testosterone concentration changed ac-
cording to the period of sexual maturity, whereas the b-NGF con-
centration in SP and in BP was unaffected.

The highest mRNA expression in prostate besides the other male



Fig. 2. Localization of b-NGF in prostate (A, D), bulbourethral glands (F, J), caput of epididymis (K, O) and cauda of epididymis (P, S) in 22-week old (A, F, K, P) and 37 week old (D, J,
O, S) rabbit males. B, G, M and Q are the negative controls (incubated with PBS instead of primary antibody) of 22-week old rabbit tissues and C, H, N and R are the negative controls
of 37-week old rabbits. Abbreviations: E, epithelial cells; I, interstitial tissue; L, lumen. Scale bar is 50 mm.
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reproductive tissues together with its widespread distribution of b-
NGF in the secretory epithelial cells and lumen confirmed the
contribution of this tissue to b-NGF production (synthesis, store
and secretion) during the sexual maturation period in rabbit.
However, bulbourethral glands and epididymis also expressed b-
NGF mRNA suggesting its production in these cells. The highest
gene expression of b-NGF in adult male prostate has been described
in other species (human [4,39,40], guinea pig [3,41], mouse [41], rat
[5,7,41], bull [2], llamas and alpacas [42]) and also in rabbit [2,9,10].
Wang and collaborators [43] found a similar b-NGF expression in
testes between 12 and 24-month old alpacas, which corresponds to
the sexual maturity period in this species, but little is known on
differences on b-NGF expression during the process of sexual
maturity; the studies have been mainly focused in the prenatal
period where the neurotrophin has been localized in testis and
epididymis [16,17,43e45].

In the present study, some differences in the immunolocaliza-
tion of b-NGF in prostate were found among the two develop-
mental stages. The protein was localized with higher intensity in
the apical zone of epithelial cells in younger individuals, whereas in
older males the intensity was the same all over the cytoplasm. This
could indicate that there may be a higher production of b-NGF in
youngermales, but b-NGFwould not be secreted in the ejaculate as,
according to our results, the b-NGF concentration in SP did not
change. Therefore, b-NGF could be stored in the male tract and act
by autocrine, paracrine or yuxtracrine mechanisms [7] and may
contribute to the improvement of the seminal parameters such as
concentration or motility, which are better in older males in the
current study. In contrast to other species, we did not find b-NGF
staining in the prostate interstitial tissue of 22-week rabbits, as also
happens in humans [39]; therefore, cells in the interstitial tissue of
the rabbit prostate does not seem to be involved in neurotrophin
provision to epithelial cells of prostate in early ages.

In contrast to the wide localization of b-NGF in the epithelial
cells of the prostate, staining for this protein was absent in the
bulbourethral glands and in the epithelial cells of the caput and
cauda of the epididymis. This is in agreement with Harper and
Thoenen [2], who determined very low quantity of b-NGF in bul-
bourethral glands. This result leads us to consider that these tissues
are not the main producers of b-NGF. However, the mild staining
found in the interstitial tissue of bulbourethral glands together
with the strong intensity of TrkA in its epithelial cells denote that
this tissue could respond to b-NGF as suggested by Squillacioti et al.
[7] during sexual development.



Fig. 3. Localization of TrkA in prostate (A, D), bulbourethral glands (F, J), caput of epididymis (K, O) and cauda of epididymis (P, S) in 22-week old (A, F, K, P) and 37 week old (D, J, O,
S) rabbit males. B, G, M and Q are the negative controls (incubated with PBS instead of primary antibody) of 22-week old rabbit tissues and C, H, N and R are the negative controls
(incubated with PBS instead of primary antibody) of 37-week old rabbits. Abbreviations: E, epithelial cells; I, interstitial tissue; L, lumen; St, stereocilia. Scale bar is 50 mm.

Fig. 4. Western blot of b-NGF vs. b-actin in SP of rabbits at 22 and 37 weeks old. Lane
M (Molecular Weight Markers): 10e250 kDa; R1-6: SP of rabbit 1e6.
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Gene expression of TrkA was low in sex organs but it was
immunolocalized in all the tissues studied. A remarkable finding
was the presence of this receptor in the stereocilia of the caput of
epididymis. The localization of b-NGF [42] and the other b-NGF
cognate receptor p75 [33] in these structures has been also re-
ported. The presence of a greater proportion of TrkA in stereocilia in
younger individuals could be associated with the function of
epididymis of achieving a proper sperm concentration, shown in
older individuals. Another hypothesis about the localization of TrkA
in caput of epididymis, is that it could be relatively implicated in
giving the sperm the proper motility, as seen inmotility parameters
measured by CASA (PMOT), since the change of the motility pattern
from caput to cauda of epididymis depends on some factors pro-
duced by the epididymis epithelium [15]. Also, it could indicate that
b-NGF is partially implicated in the sperm maturation and migra-
tion when rabbit males reach the sexual maturity, since the
epididymis is known to play a major role in maturation of sper-
matozoids [46].

Sperm motility and viability in older males were improved.
However, b-NGF levels in SP among ages were similar. These results
are in contrast with Parthipan et al. [30], who detected higher
concentrations of b-NGF in bulls showing better semen character-
istics. Moreover, reports in humans have found that the b-NGF/TrkA
system exerts effects on semen parameters [47,48]. b-NGF levels
observed in the SP were similar to those reported in rabbits [9,49]
but b-NGF concentration in BP was higher than those described by
Maranesi et al. [9]. Differences among studies may be explained in
terms of different kits and laboratory techniques used. In the cur-
rent study, both b-NGF concentrations in SP and BP were un-
changed whereas testosterone levels decreased from 22 to 37
weeks. BP testosterone levels gradually increase from puberty to
maturity but also present peaks during this period [50]; this



Table 2
Seminal characteristics and b-NGF levels in blood plasma and seminal plasma (pg/mL) and testosterone in blood plasma (pg/mL) at week 22 and 37 in rabbit males
(n¼ 6). VCL: Curvilinear velocity; VSL: Straight-line velocity; VAP: Average path velocity; ALH: Amplitude of lateral head displacement; LIN: Linearity; STR:
Straightness; WOB: Wobble; BCF: Beat cross frequency. Data are presented as least square means ± SEM. Different letters in the same row indicate significant
differences (P< 0.05).

Seminal variable Age of male rabbits P-value

22 weeks 37 weeks

Volume (mL) 1.12± 0.12 0.78± 0.14 0.072
Spermatic variables
Mass motility (1e4) 2.98± 0.25a 3.70± 0.27b 0.031
Total motility, MOT (%) 68.61± 1.89 78.33± 2.34 0.067
Progressive motility, PMOT (%) 24.35± 2.10a 39.33± 2.45b 0.012
Sperm Concentration (x106mL�1) 131.18± 18.25a 266.27± 23.13b 0.012
Live sperm (%) 53.29± 5.89a 64.04± 6.13b 0.040
Abnormalities (%) 28.40± 4.73 31.75± 4.82 0.168
Acrosome integrity (%) 67.71± 5.67 67.81± 5.88 0.974
Sperm Kinematics
Static sperm (%) 32.39± 2.17 22.15± 2.59 0.063
VCL (mm/s) 98.50± 5.00 95.37± 5.67 0.669
VSL (mm/s) 41.69± 3.10 49.16± 3.42 0.095
VAP (mm/s) 65.78± 4.36 66.95± 4.24 0.806
ALH (mm) 2.63± 0.09 2.40± 0.11 0.214
LIN (%) 43.83± 3.44 52.71± 2.87 0.100
STR (%) 63.95± 3.14 71.68± 2.99 0.109
WOB (%) 69.58± 2.50 72.26± 2.34 0.458
BCF (Hz) 9.93± 0.30 10.37± 0.35 0.417
b-NGF concentration (pg/mL)
Seminal plasma 1378.6± 375.0 1240.3± 270.4 0.771
Blood plasma 658.9± 30.2 746.6± 125.7 0.513
Testosterone concentration (pg/mL)
Blood plasma 4427.9± 1432.1a 692.1± 201.1b 0.022
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variance in testosterone concentration may be associated with a
role in the development of reproductive accessory organs. How-
ever, based on our findings, b-NGF concentration seems to be
testosterone independent as occurs in guinea pigs [41], where b-
NGF is not directly regulated by androgens.

In conclusion, b-NGF and its high-affinity receptor, TrkA, are
present in prostate, bulbourethral glands and epididymis of rabbit
male tract during sexual maturation. Prostate seems to be the tissue
with the highest production and secretion of b-NGF, and its
expression and concentration in SP and BP remain constant
throughout the maturation process, independently of testosterone
BP concentration. b-NGF may be involved in rabbit male repro-
duction by endocrine/autocrine pathway, interacting with TrkA
receptor which could improve seminal parameters, such as the
concentration or sperm motility.
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