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Effect of porcine somatotropin on metabolism, testicular size and sperm
characteristics in young boars
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ABSTRACT

The aim of this study was to evaluate the effect of pST injections on metabolism, testicular size, and sperm
characteristics in young boars. Sixty 22-day old piglets were divided into two groups: pST (n=30) and Control
(n=30). The pST group was submitted to pST injections (90ug/kg body weight) every three days up to 330
days of age. Blood collections were performed weekly. Testicular weight was measures at 22, 82, 142, 202 and
365 days of age. Libido and fresh semen characteristics were evaluated between 150 and 210 days of age.
Semen characteristics were also evaluated during a 72h storage period (15°C). Testosterone, albumin, and
phosphorus blood concentrations were higher in the pST group (P<0.05). The pST group had a higher IGF-I
concentration in seminal plasma (P=0.05) and higher testicular weight (P<0.001) compared to the Control
group. The pST group had higher ejaculate volume (P<0.001), total sperm count (P=0.047) and number of
inseminating doses/ejaculate (P=0.047). During the 72h storage period, the pST group had a lower number of
morphological alterations (P<0.001) compared to the Control group. In sum, pST injection in young boars
increased testosterone concentration, testicular size, and sperm quality.

Keywords: swine, growth hormone, pST, testicle, semen
RESUMO

O objetivo deste estudo foi determinar o efeito da administracdo de pST sobre o metabolismo, o tamanho
testicular e a qualidade espermética de cachagos jovens. Foram usados leitdes com 22 dias de idade, divididos
em dois grupos: pST (n=30) e controle (n=30). O grupo pST foi submetido a injecdes de pST (90ug/kg de peso
vivo) a cada trés dias até 330 dias de idade. Peso testicular foi avaliado aos 22, 82, 142, 202 e 365 dias de
idade. Libido e qualidade do sémen fresco foram avaliados entre 150 e 210 dias de idade. Qualidade
espermaética foi avaliada durante refrigeragéo (15°C) por um periodo de 72 horas. Concentragdes sanguineas
de testosterona, albumina e fosforo foram maiores no grupo pST (P<0,05). O grupo pST apresentou maior
concentracdo de IGF-I no plasma seminal (P=0,05) e maior peso testicular, quando comparado ao grupo
controle (P<0,001). O grupo pST apresentou maior volume espermético (P<0,001), concentracéo espermatica
(P=0,047) e nimero de doses espermaticas por ejaculado (P=0,047). Durante o periodo de 72 horas de
refrigeracdo, o grupo pST teve menor nimero de patologias espermaticas (P<0,001). Assim, conclui-se que a
administracdo de pST aumenta a concentracdo sanguinea de testosterona, o tamanho testicular e a qualidade
espermatica de cachagos jovens.

Palavras-chave: suino, horménio do crescimento, pST, testiculo, sémen

INTRODUCTION individuals. The gonadotropin-releasing hormone

(GnRH) regulates the levels of luteinizing

The sexual maturity of male pigs is influenced by hormone (LH) and follicle-stimulating hormone
different factors, such as breed, nutrition and (FSH) and, as a consequence, testosterone
environmental effects (Kumaresan et al., 2011), production and Sertoli cell activity, respectively,
and therefore can vary greatly between regulating age at sexual maturity (Finnerty et al.,

1998). The increase of testosterone production

Recebido em 30 de setembro de 2016
Aceito em 18 de abril de 2017
E-mail: vivianerabassa@gmail.com


Editora
Texto digitado
http://dx.doi.org/10.1590/1678-4162-9481

Editora
Carimbo


Rabassa et al.

plays a crucial role in the establishment of
puberty and the onset of sperm production, as its
serum levels are positively correlated to
testicular development, puberty, sexual maturity
and sperm production (Park and Yi, 2002).
Metabolic hormones, such as growth hormone
(GH), may also influence sexual maturity.
Exogenous GH supplementation is positively
associated with improved testicular development,
gametogenesis and steroidogenesis, and GH
replacement therapy can accelerate puberty in
young men with endogenous GH deficiency
(Kamp et al., 2002). However, the specific
effects of GH supplementation in animals and
humans with normal reproductive function are
still unclear. Some studies indicate improvement
of sperm quality in horses (Storer et al., 2005)
and bulls receiving exogenous GH (Hafez et al.,
2005; Vieira et al., 2010); while others have
demonstrated adverse effects on testicular
development in dogs (Sjogren et al., 1998).

The effects of GH are mostly mediated by
hepatic produced insulin-like growth factor-I
(IGF-1), which is stimulated by GH (Sirotkin,
2005). IGF-1 is a mitotic factor and can improve
testicular development (Swanlund et al., 1995).
IGF-1 can also stimulate the proliferation of
Sertoli cells and the development of seminiferous
tubules in prepubertal males (Swanlund et al.,
1995). Besides, reduced IGF-I  serum
concentration is associated with a delay in
testosterone production prior to puberty in
undernourished steers (Brito et al., 2007). IGF-I
has also been detected in seminal plasma
(Henricks et al., 1998; Selvaraju et al., 2009).
Therefore, the effect of local IGF-I production
should not be disregarded, since seminal plasma
IGF-I is positively associated to sperm motility
(Henricks et al., 1998). The administration of
exogenous GH can also increase circulating
concentrations of LH as well as the expression of
its receptors in target tissues (Chatelain et al.,
1991; Sirotkin, 2005). Increased LH secretion in
the postnatal period is related to maturation and
differentiation of Leydig cells and an increased
testosterone production (Bagu et al., 2006).
Although it is known that GH is positively
associated with circulating concentrations of
gonadotropins in rats (Sirotkin, 2005), this is not
true for ruminants (Folch et al., 2001), and is
unknown for swine. Therefore, it can be
hypothesized that the combined effects of GH on
LH and IGF-I secretion can increase testicular
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cell proliferation and steroidogenesis, thus
improving sperm production and quality.

Based on this, the aim of this study was to
determine the effect of pST injections in young
pigs on blood metabolites, testicular size, sperm
characteristics and biochemical constituents of
the seminal plasma.

MATERIALS AND METHODS

This research was approved by the Ethics
Committee on Animal Experimentation of the
Federal University of Pelotas (CEEA 6574).

Sixty 22-day old piglets (Landrace x Large
White) were randomly assigned to one of two
groups: pST (n=30) and Control (n=30). The
pST group received pST injections (90ug/kg of
body weight (BW) i.m.) (Reporcin, OzBioPharm
Pty Ltd, Knoxfield, Vic., Australia) every three
days (Rabassa et al., 2014) up to 330 days of
age. The Control group received placebo
treatment (sodium chloride 0.9%, i.m.) at the
same frequency. The pigs were weighed weekly
up to 365 days of age.

Blood collections were performed weekly by
venipuncture of the jugular during the period of
hormonal treatments and continued for five
weeks after the last injection (365 days of age).
Serum was harvested after centrifugation at
30009 for 15min and frozen at - 80°C for later
analysis. Testosterone (Testosterone, NovaTec
Immundiagnostica GmbH, Germany) and IGF-I
(Uscn Sciences Co., Ltd., China) concentrations
were evaluated by a commercial ELISA kit
according to manufacturer’s instructions, and
both had intra- and inter-assay coefficients of
variation (CV) below 10%. IGF-I levels were
measured after acid-ethanol extraction to remove
IGF binding proteins and measure total IGF-I.

Glucose, cholesterol, urea, albumin,
phosphorous, aspartate amino transferase (AST),
gamma glutaryltransferase (GGT) (Labtest
Diagnostica S.A., Brazil) and non-esterified fatty
acids (NEFA - Wako Diagnostics, USA) serum
concentrations were determined by colorimetric
methods following manufacturer’s instructions
(Labtest Diagnéstica S.A., Brazil). CV was
below 10% for all analyses.

At 22, 82, 142, 202 and 365 days of age, six
animals from each group were submitted to
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orchiectomy surgery. Animals were sedated
using 40% azaperone (Stresnil, Janssen Animal
Healty, Belgium; i.m. 4mL/20kg BW). The
scrotum was locally anesthetized with 2%
lidocaine (Anestésico L Pearson — Laboratdrio
Pearson Ltda, Brazil) and two scrotal incisions
were performed for testicle removal. The left
testicle was separated from the epididymis and
weighed.

Libido evaluation began after the boars had
become wused to the semen collection
management, which ranged from 150 days up to
210 days of age. Boars were separately taken to a
semen collection room equipped with an
artificial sow three times a week. Individual
training sessions lasted a maximum of 10min.
During each session, boar libido was classified
on a 1 — 4 score scale, similar to that described
by Kozink et al. (2002) where: 1 — boars showed
no interest in the artificial sow; 2 — slight interest
in the artificial sow but did not attempt to mount;
3 — mounted the artificial sow but did not allow
semen collection; 4 — mounted the artificial sow
and allowed semen collection. Duration of
interest for the artificial sow was recorded in
seconds. The number of attempts needed until
first mount and first ejaculation were also
evaluated.

Whole ejaculates were collected using the
gloved-hand technique. Semen (without the
gelatinous fraction) was evaluated three times a
week as to appearance (samples with urine or
blood were discarded), volume (mL), motility
(%) and vigor (0-5 score, higher values indicates
more vigorous sperm) in the period between 150
and 210 days of age (during semen collection
training).

After 210 days of age, whole ejaculates (without
the gelatinous fraction) were collected weekly
using the gloved-hand technique up to 35 days
after the last pST treatment (365 days of age) for
all boars in the study. After an initial appearance
evaluation (samples with urine or blood were
discarded), volume (mL), pH, motility (%) and
vigor (0-5 score) were evaluated. The semen was
diluted 1:1 with BTS extender (Beltsville
Thawing Solution, BTS; Minitiib, Tiefenbach,
Germany). The sperm concentration was counted
in a Neubauer chamber (x10%mL), total count
(x10%ejaculate) and the semen volume needed to
obtain a dose with three billion spermatozoa. The
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ejaculate was brought to a final volume of
100mL with addition of BTS. Semen doses were
then maintained at room temperature in low light
condition for 2 hours and stored at 15-18°C in a
refrigerator for 72 hours.

Semen doses were evaluated every 24 hours (0,
24, 48 and 72 hours) for motility, vigor and
morphology (%) during the 72 h storage period.
For this assessment, a mixture of semen and 3%
formol-citrate was made and evaluated under a
phase contrast microscope (1000x). Tail
abnormalities, isolated head, presence of
proximal and distal cytoplasmic drops and total
number of morphologically normal cells were
calculated. Plasma and acrosome membrane
integrity and mitochondrial function were also
evaluated Dby fluorescents probes. Sperm
membrane integrity was evaluated using
carboxyfluoresceindiacetate (CFDA) and
propidium iodide (PI) markers as described
by Harrison and Vickers (1990). To
evaluate acrosomal integrity, Lectin from
Arachishypogaea FITC Conjugate and Pl were
used as fluorescence markers. Mitochondrial
function was evaluated by using the method
described by Fraser et al. (2002) with Pl and
rhodamine 123 (R123). Evaluations were
performed under an epifluorescent microscope
(Olympus BX 51, America Inc., Sapporo, Japan)
at 400x magnification (524 nm filter wave
length). Two hundred sperms were counted on
each slide and the membranes (acrosomal and
plasmatic) were classified as intact or damaged.
All evaluations were performed by the same
technician.

Ejaculate aliquots were separated immediately
after collection and centrifuged at 3000 x g for
15min to separate the seminal plasma, which was
frozen at -80°C for analysis. IGF-1 concentration
was evaluated by a commercial ELISA kit (Uscn
Sciences Co., Ltd., China), after acid-ethanol
extraction to remove IGF binding proteins as
previously described for serum. Cholesterol, total
protein (Labtest Diagnostica S.A., Brazil) and
fructose concentrations were evaluated by
colorimetric methods. For fructose evaluation,
500uL seminal plasma was diluted in 950uL
distilled water. The sample was deproteinized by
adding 2% zinc sulphate and 0.4% sodium
hydroxide and centrifuged at 2000g for 5min; the
supernatant was removed, 1mL of 0.1%
resorcinol and 3mL of 30% HCI were added and
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the solution was heated for 20min at 85°C. The
final solution was read at 450nm in a
spectrophotometer. CV was below 10% for all
analyses.

Statistical analysis was performed using
Statistical Analysis System 9 software (SAS
Institute Inc. Cary, NC, USA). Analysis of
variance for repeated measures was used to
examine the effect of pST injections (effect of
treatment, collection and treatment x collection
interaction) on testicular size, metabolic profile
(testosterone, IGF-I, glucose, cholesterol, urea,
albumin, AST, GGT, NEFA and phosphorus),
body weight gain, testicular weight, interest time
for artificial sow, sperm characteristics (volume,
motility,  vigor,  concentration,  spermatic
pathologies, acrosomal and plasma membrane
integrity and mitochondrial function), and
seminal plasma  constituents (fructose,
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cholesterol, total protein and IGF-I) with a Tukey
test adjustment. Semen analyses and seminal
plasma constituents were grouped every two
weeks. The number of attempts needed for first
mount and number of attempts needed for first
ejaculation were evaluated by one-way ANOVA.
The libido score was evaluated by Chi-square
test.

RESULTS

The pST group had increased body weight gain
until 210 days of age (pST: 67.1+1.0kg; Control:
64.2+1.0kg; P=0.07). After 210 days of age,
body weight was not different between groups
(pST: 115.4+2.5kg; Control: 110.3+2.5kg;
P>0.05). In addition, the pST group had higher
testicular weight than Control group (P<0.001),
with significant differences only observed at 365
days of age (Figure 1).

a

P Value:

b Group: 0.0001

; Collection: <0.0001

- Group x Collection: <0.0001
mpST Group
OControl Group

365

Figure 1. Testicular weight (mean + standard error of mean) of the young pigs submitted to somatotropin

(pST) injection from 22 to 330 days of age.

pST Group (n=30): treated with pST every three days up to 330 days of age; Control Group (n=30): received placebo
treatment at the same frequency; Collection: time of orchiectomy; Group x Collection: analyze the interaction

between group and collection.

ab p<p,05,

Testosterone concentration was higher in the pST
group, being higher from 181 to 239 days of age
in pST treated pigs (Figure 2). Serum IGF-I
concentration was not different between groups
throughout the period of study (pST:
15.4+2.4ng/mL; Control: 13.0+2.4ng/mL;
P>0.05). Regarding the metabolic parameters,
until 210 days of age concentrations of
albumin (pST: 3.5+0.1g/dL; Control:
3.3+0.1g/dL), glucose (pST: 91.7+1.3mg/dL;
Control:  90.2+1.2mg/dL), cholesterol (pST:
73.0£1.7mg/dL; Control: 74.1+2.1mg/dL), urea
(pST: 30.8+0.7mg/dL; Control: 32.9+0.7mg/dL),
AST (pST: 21.7+1.1UI/L; Control:
21.9+1.0UI/L) and GGT (pST: 115.2+7.5UI/L;
Control: 126.9+8.8UI/L) were not different
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between groups (P>0.05). With reference to
metabolic parameters after 210 days of age, only
serum albumin (pST: 4.0+0.1g/dL; Control:
3.6£0.1g/dL; P<0.001) and phosphorus (pST:
7.5+£0.1mg/dL; Control: 7.0+0.1mg/dL; P=0.06)
were higher in the pST than Control
group.  Glucose  (pST:  74.9+1.4mg/dL;
Control:  74.4+1.4mg/dL), cholesterol (pST:
77.5£2.0mg/dL; Control: 74.5+2.0mg/dL), urea
(pST: 30.1+1.2mg/dL; Control: 29.5+1.2mg/dL),
AST (pST: 24.2+1.5UI/L; Control:
26.8+1.5U1/L) and GGT (pST: 95.7+14.0Ul/L;
Control: 87.6+14.0Ul/L) concentrations were
also not different between groups after 210 days
of age (P>0.05).
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Figure 2. Testosterone concentration (ng/mL; mean + standard error of the mean) of male pigs submitted
to administration of porcine somatotropin (pST) from 22 to 330 days of age and submitted to orchiectomy
at 365 days of age.

pST Group (n=6): treated with pST every three days up to 330 days of age; Control Group (n=6): received placebo
treatment at the same frequency; Collection: blood collection used to determination of testosterone levels; Group x
Collection: analyze the interaction between group and collection.

* Groups P<0.05.

Regarding the reproductive behavior, pST treated
boars had a greater number of mounts with
semen collection compared to the Control boars
(P<0.01) (Figure 3). Average time of interest in

attempts needed for the first mount was 6.3+1.4
for the pST group and 6.2+1.0 for the Control
group (P>0.05), and the number of attempts
needed for first ejaculation was 7.9+0.8 for the

the artificial sow was higher for pST treated pST Group and 6.4£1.3 for the Control Group

boars (87.9+6.4 sec) than that for Control ones (P>0.05).
(63.0£3.9 sec) (P<0.001). The number of
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Figure 3. Effect of porcine somatotropin (pST) on libido score of the young boars from 150 to 210 days
of age. Libido score: 1 — boars showed no interest in the artificial sow; 2 — slight interest in the artificial
sow but did not attempt to mount; 3 — mounted the artificial sow but did not allow semen collection; 4 —
mounted the artificial sow and allowed semen collection.

pST Group (n=12): treated with pST every three days up to 330 days of age; Control Group (n=12): received placebo
treatment at the same frequency.

pST group libido score (%): 1=3.25; 2=76.22; 3=8.79; 4=11.72.
Control group libido score (%): 1=2.57; 2=84.56; 3=9.00; 4=3.85.

ab p<p,05.
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Seminal plasma IGF-1 concentrations were
higher for the pST group (pST: 99.4+4.7ng/mL;
Control: 82.7+7.2ng/mL; P=0.05), although no
treatment by collection interaction was observed
(P>0.05). Other biochemical constituents of the
seminal plasma were not different between
groups: total protein (pST: 3.4+0.6g/dL; Control:
3.4+1.0g/dL;  P>0.05), cholesterol  (pST:
8.8+1.5mg/dL; Control: 11.5+2.4mg/dL; P>0.05)
and fructose (pST: 5.8+1.2mg/mL; Control:
6.5+1.8mg/mL; P>0.05).

Regarding semen characteristics sperm motility
(pST: 58.445.8 %; Control: 48.0+8.1 %;
P>0.05), vigor (pST: 2.1+0.2; Control: 2.0£0.3;
P>0.05) and volume (pST: 25.6+9.6mL; Control:
10.5+12.6mL; P>0.05) were not different
between groups in the period from 150 to 210
days of age. Nevertheless, fresh and stored

semen characteristics were improved by pST
treatment after 210 days of age. Sperm vigor was
higher for fresh semen in the pST Group
(Table 1), but no effect during storage was
observed (Table 2). pST treatment had no effect
on fresh semen motility (Table 1); however,
when semen was stored for 72 hours, lower
motility was observed in the Control group after
48 hours, while semen from the pST group
presented stable motility during the 72-hour
storage (Table 2). Additionally, during the 72-
hour storage sperm from the pST group had
fewer morphological alterations and reduced
plasma membrane damage (P=0.07) (Table 2).
The pST group also presented lower sperm
concentration, but a higher ejaculate volume and
increased total sperm output. Due to this
alteration, the pST group had a higher number of
inseminating doses per ejaculate (Table 1).

Table 1. Fresh semen parameters (mean + standard error of mean) during the period from 210 to 365 days
of age of boars receiving somatotropin (pST) injection from 22 to 330 days of age

P Value
Parameters pST Control Group Collection Group_x
Collection
Ejaculate volume (mL) 174.5+18.7a 40.1+11.8b <0.001 0.15 0.28
Sperm motility (%) 74.7+3.3 67.5+3.6 0.15 0.80 0.59
Sperm vigor (score: 0-5) 3.0+0.1a 2.610.1b 0.02 0.45 0.32
Sperm concentration (x10%/mL) 346.5+39.9a 608.4+69.6b 0.001 0.07 0.34
Sperm output (x10%ejaculate) 63.1+11.2a 22.3+9.3b 0.047 0.11 0.10
N‘zg“ffggogpﬁmgodsg)ses 20.9+3.7a 7.4+3.1b 0.047 011 0.10
pH 7.610.1 7.5+0.1 0.58 0.21 0.11

&b Different superscripts within the same row indicate significant differences (P<0.05).

Table 2. Semen quality during 72hs of storage at 15°C (mean + standard error of mean) during the period

from 210 to 365 days of age of boars receiving somatotropin (pST) injection from 22 to 330 days of age
Oh

Parameter 24h 48h 72h P Value
pST Control pST Control pST Control pST Control Group
Sperm motility 58.6+5.1a 60.0+0.0ab +3 ligb'c 42.3+3.8bc  34.6+2.8b 28.4+5.0d 36.1+2.8b 24.6+4.9d 0.28
Sperm vigor 2.7+0.3a 3.0+0.0ad 2.1+0.1ac 2.1+0.1ad 1.9+0.1bcd  1.84#0.3bcd  1.8+0.1bcd  1.6+0.2bcd 0.53
Morphology:
- Normal cells 88.6+4.6a 39.6+5.6b 86.1+4.6a 43.9+5.6b 87.9+4.6a 55.245.6b 86.9+4.3a 42.5+5.2h <0.001
- Isolated head 0.1+0.1ab 0.8+0.2c 0.1+0.1a 0.6+0.2bc 0.1+0.1ab 0.2+0.2a 0.2+0.1a 0.6+0.2c <0.001
. PL"r’g'pma' 06:08a  40:L0bc  09+08a  22+10ac  07+0.8a  30+10c  06:08a  3.1#0.9¢ <0.001
- Distal drop 4.7+2.0a 26.2+2.4b 3.7+2.0a 16.8+2.4c 3.5+2.0a 18.4+2.4c 5.5+1.8a 24.8+2.2hc <0.001
- Wrapped tail 0.1%0.1ac 0.3+0.1abd  0.2+0.1abc ~ 0.3#0.1bd  0.1+0.l1abc  0.2+0.lacd 0.1+0.1c 0.5+0.1d <0.001
- Tucked tail 5.6+4.0a 29.1+4.9b 8.7+4.0a 36.2+4.9b 7.2+4.0a 31.4+4.9b 6.5+3.8a 28.6+4.5b <0.001
Intact
membrane (%) 66.7+3.1 63.2+4.6 62.4+3.1 58.9+4.6 62.7£3.1 53.6+4.6 61.7+3.1 49.9 +4.6 0.07
Intact 57.2+4.1 64.8+6.1 50.4+4.1 57.0+6.1 46.6+4.1 42.7+6.1 51.9+4.1 40.8+6.1 0.95
acrosome (%)
Normal
mitochondrial 69.4+4.1a 64.9+5.7a 64.0+4.1a 59.7+5.7a 57.8+4.1a 48.1+5.7a 52.6+4.1b 43.945.7b 0.17

function (%)

&b Different superscripts within the same row indicate significant differences (P<0.05).
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DISCUSSION

The current work has demonstrated that GH
plays a pivotal role in the steroidogenesis and
spermatogenesis of boars, as previously reported
for other species in literature (Hafez et al., 2005;
Storer et al., 2005; Vieira et al., 2010). Testicular
steroidogenic  activity is influenced by
physiological development and endocrine status,
and is associated to sexual maturity (Park and Yi,
2002). Based on the serum testosterone
concentration, the present study suggests that
sexual maturity occurred at an earlier age in pST
treated boars, as indicated by the time of the first
testosterone peak (Kumaresan et al., 2011). This
earlier onset of sexual maturity is further
supported by the sexual behavior of boars, since
pST treated boars showed more interest in the
artificial sow and mounts with ejaculation also at
an earlier age. The effect of pST on testosterone
concentration can be the result of an increased
expression of LH receptors in Leydig cells as
previously reported (Chatelain et al., 1991).
Furthermore, IGF-I can directly stimulate the
expression of steroidogenic acute regulatory
(StAR) protein and increase steroidogenesis in
the testis (Yoon and Roser, 2011).

pST treatment had no effect on semen quality of
boars from 150 to 210 days old. Nonetheless, EI-
Gohary et al. (2011) observed increased sperm
motility and ejaculate volume in rams treated
with rbST around the establishment of puberty.
In addition, pST had no effect on testicular size
during this period in our study. Nevertheless,
pST treatment increased testicular size after
puberty establishment, corroborating with the
improved semen parameters observed in the
post-pubertal period. Several studies indicate that
testis size is positively correlated with sperm
count per ejaculate (Borg et al., 1993). This is in
agreement with our current findings, since pST
treatment concomitantly increased testicular
weight, semen volume, total sperm count and
number of semen doses per ejaculate. Our
observations are also in agreement with findings
from Hafez et al. (2005), who observed
increased ejaculate volume, mass motility, total
number of spermatozoa and a decreased
percentage of abnormal sperm cells for bulls
treated with rbST. No differences in testosterone
concentration after puberty were observed by
Hafez et al. (2005), so it is believed that pST did
not improve sperm quality by this pathway. The
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pST effect on spermatogenesis is probably due to
an increased local production of IGF-I, which is
significantly correlated with the percentage of
morphologically normal spermatozoa and sperm
motility (Glander et al., 1996). Therefore,
improved semen quality of boars in our study can
be attributed to the increased levels of IGF-I in
the seminal plasma of pST treated boars. Sertoli,
Leydig and peritubular cells secrete IGF-1, which
stimulates DNA synthesis in spermatogenic cells
and cell proliferation (Soéder et al., 1992),
increasing the number of spermatic cells in the
ejaculate. Still, the improvement of sperm
motility is attributed to increased energy
metabolism (Selvaraju et al., 2009). However,
mitochondrial function in spermatozoa and
energetic parameters in seminal plasma did not
vary in our study. The positive pST effect on
motility is probably due to direct actions of GH
or IGF-I in the spermatozoa (Henricks et al.,
1998).

IGF-1 has another important role as a seminal
plasma antioxidant (Selvaraju et al., 2009),
protecting spermatozoa against damage in the
plasmatic membrane during storage. During cold
storage of boar semen between 17 and 19°C, the
sperm cell ability to resist the refrigeration
process is impaired by its inability to adjust
membrane fluidity, which in turn is related to
integrity and changes in the lipid composition of
the plasma membrane (Cerolini et al., 2000). As
demonstrated in this study, pST treatment
increased the proportion of spermatozoa with
intact membranes, which is probably due to the
protective IGF-I effect on the sperm membrane,
previously reported in bulls (Vieira et al., 2010).
As a result, sperm motility decreased less in pST
treated boars at 48 hours of storage, which
contributed to increased semen quality during
conservation. pST treated boars also had lower
sperm defects, which can be explained by the
effect of IGF-1 on spermatozoa maturation,
decreasing the concentration of abnormal cells,
as reported before (Glander et al., 1996).
Additionally, the previous reports of IGF-I
effects on the sperm membrane integrity can lead
to reduced rates of sperm defects.

In the current study, GH also influenced protein
and mineral metabolism. The effect of pST on
albumin concentration is attributed to its
influence on liver protein turnover, as
demonstrated by the decrease in albumin levels
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in hypophysectomised rats and its partial
restoration after GH supplementation (Feldhoff
et al, 1977). The increase in phosphorus
concentration can be explained by the
antiphosphaturic effect of GH mediated by IGF-
I, which increases renal phosphorus reabsorption
(Kopple et al., 1995). This effect can contribute
to GH influence on energy metabolism, through
the retention of phosphorus for ATP production,
and which could be related to an increased sperm
motility during storage (Lamirande and Gagnon,
1992). pST administration did not improve IGF-I
blood concentrations in this study, differing from
the results found by Samaras et al. (1994),
suggesting  that the pST  effect on
spermatogenesis and steroidogenesis can be
mediated by an increase in local IGF-I
production in this study, and be independent of
endocrine effects.

CONCLUSIONS

The pST treatment of young boars increased the
testosterone concentration and libido, and had a
positive effect on metabolic balance. In the
testicles, pST treatment increased the testicular
weight and sperm quality of both fresh (vigor,
volume, and total sperm concentration) and
stored semen (motility, number of morphological
alterations and integrity of plasmatic membrane).
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