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SUMMARY

The present research was carried out to
investigate the relationships between sperma-
tozoal parameters and concentrations of IGF-I in
the seminal plasma of boar. Semen samples
(duplicates) were collected from mature boars
(n=27). In each ejaculate, the macroscopic and
microscopic characteristics were determined.
After centrifugation to separate sperm cells from
seminal plasma, concentrations of IGF-1in seminal
plasma samples were determined by a human-
specificimmunoassay kit. The mean concentration
of the boar seminal plasma (n=54 samples) IGF-I
was 1.5+0.2 ng/mL. There was no correlation
(p>0.05) between IGF-I with most of the evaluated
parameters. There was only a low negative
correlation (-0.29; p=0.0331) between the
concentration of IGF-I in seminal plasma and the
motility degradation rate. This study suggests that
IGF-1 in the seminal plasma of boars is not related
to initial fresh semen parameters. However, the
hormone did increase the duration of sperm motility.

RESUMO

A presente pesquisa foi realizada para inves-
tigar as relacBes entre os parametros dos
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PALAVRAS CHAVE ADICIONAIS

Espermatozoide de varrdo. Integridade funcional
damembrana. Func¢ado sexual do macho. Motilidade
espermatica.

espermatozoides e as concentracdes de IGF-I no
plasma seminal de varrbes. Amostras de sémen
(duplicatas) foram coletadas de machos maduros
(n=27). Em cada ejaculagdo, as caracteristicas
macroscopicas e microscopicas foram determi-
nadas. Apds a centrifugacdo para separar
espermatozéides do plasma seminal, as
concentragdes de IGF-I em amostras de plasma
seminal foram determinadas por kit de imunoensaio
humano especifico. A concentracdo média de
IGF-I do plasma seminal de varrdes foi de 1,5+0,2
ng/mL (n=54 amostras). Nao houve correlagédo
(p>0,05) entre IGF-I com a maioria dos parametros
avaliados. Houve apenas uma correlagdo baixa
negativa (-0,29, p=0,0331) entre a concentracédo
de IGF-Ino plasmaseminal e ataxa de degradacéo
da motilidade. Este estudo sugere que o IGF-I no
plasma seminal de varrbes nédo esta relacionado
com os parametros seminais iniciais do sémen in
natura. No entanto, o horménio aumentou a duragao
da motilidade espermética.

INTRODUCTION

Components of male reproductive
function are controlled by endocrine and
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local regulatory factors. Investigation of
fertility in some species has been focused
on local regulators of reproductive events,
including growthfactorsand differentiation
factors(Wangand Hardy, 2004; Miahetal.,
2008; Selvarajuetal., 2009).

Insulin-like growth factor | (IGF-I) isa
potent mitogenic, metabolic and differen-
tiating polypeptidethat isbecomingwidely
recognized as an important regulator of
reproductive functions. In the male repro-
ductive tract, IGF-I has been identified in
thetestis(Hessand Roser, 2001), whereitis
secreted by Sertoli and L eydig cells(Roser,
2001) under the control of follicle-stimu-
lating hormone (FSH) and luteinizing
hormone(LH), respectively (Lejeuneetal.,
1996). Receptors for IGF-I have also been
identified in these cells (Wang and Hardy,
2004; Vanelli etal.,1998). Additionally, these
receptorshavebeenidentifiedin other cells
such as secondary spermatocytes, sperma-
tids (Vanelli et al., 1998) and spermatozoa
(Henricksetal., 1998).

IGF-1 has been suggested to be an
important factor for germcell devel opment,
maturation and motility of the spermatozoa
(Henricksetal., 1998; Glander et al ., 1996;
Vickersetal., 1999). Furthermore, IGF-I is
believedto beinvolvedin spermatogenesis
(Tsutura and O'Brien, 1995) and steroido-
genesis(Saez, 1994).

Theroleof | GF proteinsaspost-testicu-
lar regulators of reproductive function has
al so been examined and an effect of the |GF
system on sperm physiology and function
in some species has been demonstrated.
Theconcentration of |GF-1 in human seminal
plasmawascorrelated (r=0.75, p=0.00001)
to sperm concentration and morphology in
onestudy (Glander etal., 1996). Inanimals,
in vitro addition of IGF-1 at physiological
concentrations stimulates spermatozoal
motility in bovine, stallion and buffalo se-
men (Selvargjuetal., 2009).

In boars, there was no observed
correlation between IGF levels and semen
parameters (Hirai et al., 2001). However,

morerecently itwasverifiedthat progressive
motility and the induction rate of capaci-
tation and acrosomereactionwereincreased
by IGF-I (Miah et al., 2008). Thus, the
relationship between the IGF system and
characteristicsof semenstill remainsunclear,
especially in production animals, and the
role of this hormone on reproductive
function must be investigated. Therefore,
the present investigation was carried out to
investigate the relationships between
spermatozoal parameters and concen-
trations of 1GF-I in the seminal plasma of
these animals.

MATERIALAND METHODS

ANIMALS AND SEMEN COLLECTION

The boars used in this study (18
Agroceres-PIC, 8 DB-Danbredand 1 Genetic
Pork) were 7-34 monthsold and werehoused
in a commercial farm. Whole ejaculates
(without the gelatinous fraction) were
collected once aweek during routine farm
operationsin January 2010 (2 ejacul ates per
boar, totalling 54 ejacul ates). All gjacul ates
fulfilled the minimum requirementsfor use
in artificial insemination (>70 % motile
spermatozoa, <20 % cytoplasmaticdropl ets,
total sperm number >10x10°). Immediately
after semen collection and semen analysis,
sample of fresh semen was centrifuged at
3360 g for 10 minutes and the supernatant
wasremoved and stored at —20 °C until IGF-
| analysis.

SPERM ANALYSIS

The ejacul ate appearance was visually
determined and classified as 1 for aqueous,
2for serum-milky and 3for milky aspect. The
total ejaculate was weighed on a digital
scale. Motility wasdetermined by theamount
of moving spermatic cellsafter putting one
drop of semen between aslideand coverslip
under optical microscopy and 100x magni-
fication. Sperm vigor was observed under
the same conditions by the progressive
forward motility of the spermatozoidsfrom
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0(low) to5(high). Theliveand dead test (%)
was conducted by counting the number of
live cells (without colour) and dead (pink)
under optical microscopy (400x) using one
drop of semen colour with one drop of
eosine-nigrosine (Mies Filho, 1982). The
sperm concentration (spermatozoa/mL) was
determined by spectrophotometry (Sperma-
Cue, Minitub, Germany). The motility
degradation rate was determined by
incubating 2.0 mL of semen at 37 °C for 2
hours. The rate was observed at the
beginning and at the end, and the motility
difference between the two moments was
divided by theinitial motility (Salgueiro et
al., 2003). The osmotic resistance was
evaluated by adding 100 mL of semento 1.0
mL of a100 mOsm/L solution (two parts of
distilled water in one part of BTS diluent -
Beltsville Thawing Solution). The samples
wereincubated at 37 °Cfor 40 minutes. Then
the amount of spermatozoa (percentage)
withtwisted (stablemembrane) and straight
tails (disrupted membrane) were evaluated
under optical microscopy (400x). The
spermatic morphology (%) was evaluated
using a mix of semen and formol-citrate
(2.94 %) using aphase contrast microscope
(100x). The percentages of acrosome and
tail abnormalities, the presence of proximal
cytoplasmatic dropletsand thetotal amount
of morphological abnormalities were
calculated.

Inthisstudy, all sampleswereevaluated
by the same operators (three) and sample
handling followed the same protocol
throughout the study.

QUuANTIFICATION OF IGF-I IN SEMINAL
PLASMA

Immediately after collection, thesemen
sampleswerecentrifuged (3°C, 3360gfor 10
minutes) to remove the supernatant
containing theseminal plasma. Theseminal
plasma was further centrifuged twice to
remove more spermatozoa. The separated
seminal plasmawas stored at —10 °C until
assayed for free IGF-I concentration. The

| GF-I concentrationin seminal plasmawas
determined by a specific immunoassay kit
(Human IGF-1 ELISA RayBiotek-USA)
according to the manufacturer's protocol.
This kit was used to assess boar seminal
plasmalGF-I because the homology of the
amino acid sequence of human and swine
IGF-1 has been reported to be 100 %
(Tavakkol et al., 1998). Concentrations of
freel GF-1 wereexpressed asnanogramsper
millilitre (ng/mL) of seminal plasma. The
assay had a sensitivity of 0.2 ng/mL, as
determined by the manufacturer.

STATISTICAL ANALYSIS

Statistical analysiswas performed with
SAS Systemfor Windows. Therelationships
betweenfreel GF-1 concentrationsinseminal
plasma (n=54 ejaculates) and the semen
parameterswere examined using the Spear-
man's correlation coefficient because the
| GF-1 datawere not normally distributed (as
determined by the Shapiro-Wilk test). Values
of p<0.05were considered significant.

RESULTS

As shown in table |, the mean boar
seminal plasmal GF-1 concentration (mean+
SD)was1.50+ 0.20ng/mL, rangingfrom 1.39
t02.44.

Levelsof IGF-I in seminal plasmawere
not related (p>0.05) tothemajority of semen
parameters. Only alow negativecorrelation
(p<0.05) was observed between the |GF-I
concentration in seminal plasma and the
motility degradationrate.

DISCUSSION

In this research, all values of seminal
parameters were technically acceptable,
confirming that theboarshad normal sexual
characteristicsand wereadequate and sound
for reproduction.

The concentrations of free IGF-I in
seminal plasmaof theboarswerelow, ranging
from 1.39 to 2.44 ng/mL, with a mean of
1.5+0.20ng/mL . Other previousstudies(Hirai
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Table |I. Means, standard deviations (SD) and correlation values between the IGF-I
concentration in the seminal plasma and the seminal parameters of 27 boars (n=54
ejaculates). (Médias, desvios padrdo (DP) e valores de correlagéo entre a concentracao de IGF-I no
plasma seminal e parametros seminais de 27 varrdes (n=54 ejaculados)).

Variable Mean SD r p=

Free IGF-I concentration (ng/mL) 1.50 0.20 1.0 0.0000
Ejaculate appearance 2.6 0.4 0.20 0.1488
Ejaculate weight (g) 292.6 162.5 -0.10 0.4665
Sperm motility (%) 81.9 7.9 -0.02 0.8700
Sperm strength movement 3.2 0.4 0.08 0.5519
Agglutination degree (number/area) 2.3 2.0 0.13 0.3668
Live:dead ratio (%) 88.8 5.9 -0.17 0.2112
Sperm concentration (10° cells/mL) 405.1 115.3 0.09 0.5249
Motility degradation rate (%) 19.5 195 -0.29 0.0331
Osmotic resistance test (%) 88.4 6.8 -0.08 0.5851
Abnormal acrosome (%) 1.4 1.2 -0.15 0.2757
Abnormal tail (%) 8.4 4.2 0.01 0.9308
Proximal cytoplasmatic droplets (%) 0.6 0.9 0.00 0.9539
Total of abnormalities (%) 10.8 4.6 -0.05 0.6938

et al., 2001) obtained total values ranging
from 8.4 to 22.2 ng/mL in Pietrain boars,
aged 22-44 months, whereas Lackey et al.
(2002) showed valuesranging from5.0to 25
ng/mL in Duroc and Y orkshire boars. The
variability in results may be related to the
presenceinthesemenof IGFBP (insulin-like
growth factor binding protein), that
represent a family of proteins that help to
modulate |GF action in complex ways that
involve inhibiting it by preventing its
binding to the IGF-1 receptor (Hwaet al.,
1999).

The IGF's are known to bind the | GF-I
receptor, the insulin receptor, the 1GF-11
receptor, the insulin-related receptor and
possibly other receptors. The IGF-I recep-
tor isthemain physiol ogic receptor for | GF-
I, having significantly higher affinity for
thishormone. Thus, measuring free |GF-I
concentration is important to determine
some physiological functions in sperma-
tozoa(Cohenetal., 1991). Inother studies,
total IGF-1 was measured. For instance, in
buffaloes, Selvaraju et al. (2009) observed
valuesfrom41.41t0198.95ng/mL. Thevaues

ranged from 116 to 144 ng/mL (Henrickset
al., 1998) in bovine seminal plasma, andin
stallionfrom10.2t010.4ng/mL (Macpherson
et al., 2002). These values show that the
levelsin boars and stallions are similar to
those in humans (Lackey et al., 2002), but
much lower than those found in cattle and
buffaloes. According to these authors,
differences in €jaculate volume, levels of
growth hormone or steroidsand nutritional
factors may contribute to the variation in
semen | GF-I concentrations.

IGF-I in seminal plasmais primarily of
testicular or epididymal origin (Glander et
al., 1996). IGF-1 production is under the
control of the gonadotropins FSH and LH
(Lejeune et al., 1996) and depends on
testicular development. Hence, several
factorsaffecting gonadotropin secretionand
testicular growth may influence | GF-1 levels
inthe seminal plasma, such asgeneticsand
nutrition. Nutrition is the most powerful
factor that acts on the neuroendocrine
system and controls testicular activity in
ruminants (Blacheet al., 2000; Britoet al .,
2007). In the present study, no difference
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was observed between the genetic back-
grounds (data not shown). In stallions,
differences in IGF-I concentrations were
not detected between samplesfrom indivi-
dual animals at different levels of sexual
activity, but substantial variation in |GF-I
concentrations occurred between stallions
(Macpherson et al., 2002).

In the present study, no correlation
(p>0.05) was observed between the free
I GF-1 concentrationintheseminal plasmaof
boars and most of the evaluated seminal
parameters, except for themotility degrada-
tion rate. The low negative correlation for
this parameter (—0.29, p=0.0331) suggests
that |GF-I may have somerelation with the
duration of motility but not withtheintensity
of movement of sperm cells right after
gjaculation. This result suggests that this
hormone maintainsthe movement of sperm
for longer periods of time, which is an
important rolein malefertility. Macpherson
et al. (2002) also observed inconsistent
resultsbetween bovineseminal plasmal GF-
| and sperm parameters (sperm numbers,
morphology and motility). However, these
authors observed that sperm morphology
and motility were better in some samples
that displayed high IGF-I concentrations.

Possible sourcesof seminal plasmal GF
proteinsinclude the testis, epididymis and
accessory glands. The source of seminal
plasmal GF-I production in men waseither
the testicular/epididymal tissue or the
accessory glands (Glander et al., 1996).
These authors observed that the seminal
plasma IGF-I concentrations dropped to
approximately one-third after vasectomy,
thusimplicating an | GF-I productioninthe
testis, epididymus or both. A similar
occurrence may be true for pigs; however,
specific research hasnot been performed to
determinetheorigin of seminal plasmal GF-
| in this species. The accessory glands of
boars contribute with a significant fluid
fraction to the final ejaculate, therefore
secretions from these organs could likely
includel GF-I.

Ingrowth hormone (GH)-deficient dwarf
rats, Vickersetal. (1999) observedthat | GF-
| treatment increased the | GF-1 concentration
in the seminal vesicle fluid but not in the
epididymal fluid, suggesting arolefor this
hormone in the post-testicular metabolism
of the spermatozoaafter ejacul ation. These
authors also observed an improvement in
sperm motility and morphology mainly due
to changes in the IGF-I levels in seminal
plasma. Itisimportant to emphasizethatin
thiscase, theauthorsworked with GH-defi-
cientanimals, reinforcing theideaof impro-
vement in sperm quality with increa-sing
concentrations of IGF in seminal plasma

The supplementation of IGF-I above
physiological concentrations in buffalo
semen was shown to increase total and
progressive motility when compared with
controls during the incubation period
(Selvargjuetal., 2009). Similar resultswere
found in previous research using bovine
(Henricksetal., 1998), human (Miaoetal.,
1998), equine (Chanpion et al., 2002) and
swine (Miah et al., 2008) samples. |GF-I
might act asachemokineticfactor involved
intheregulation of cell movement, because
IGF-1 receptors have been reported to be
found onspermatozoa(Henricksetal ., 1998).
Spermatozoal motility and vel ocity indirectly
reflect their mitochondrial function. IGFsin
neuronal cells prevent mitochondrial
dysfunction when exposed to glutathione-
depleting agents, maintain calcium ho-
meostasisandincreasecell survival (Sortino
and Canonico, 1996). If IGFs act as
antioxidants, this would then result in
increased sperm viability. Thus, it is
conceivable that the effect of IGF-I in
increasing spermatozoal motility during
incubation in the present study might be
due to the direct effect through the IGF-I
receptor on the spermatozoa.

It was suggested that IGF-1 might
maintain motility through energy uptakeor
duetoitsantioxidant effectinthesespecies,
with these effects being linked to sperma-
tozoal metabolism, capacitation and acroso-
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mal reaction (Selvarajuetal., 2009), which
would be related to the attachment and
penetration of the oocyte. These authors
observed that | GF-I increased the fructose
uptake and decreased thelipid peroxidation
level of buffalo spermatozoa. This latter
effect suggestsapositiveeffect of IGF-1 on
functional membrane integrity due to
spermatozoal membranestability.

Both the spermatozoal motility and
functional membraneintegrity had adirect
correlation with the reduction in lipid
peroxidation(Suleimanetal., 1996). A direct
effect of IGF-1 on superoxide dismutase
activity andtotal antioxidant statusin rodent
(bank vole) testis has been reported
(Gancarczyk etal., 2006). Hence, itispossible
that higher 1GF-I concentrations would
improve the spermatozoal membrane inte-
grity during the incubation period. In
addition, there are indications that |GFs
induceincreasediontransport (Miahetal.,
2008), which may result in increased
intracellular calciumlevels. Hyperactivation
is known to require extracellular calcium
(Suarez et al., 1993) and may therefore be
partially regulated by growth factors. This
alsopartially explainsthehigher duration of
motility in samples with a higher IGF-I
concentration in the present study.

Based on IGF-I levels, fertile bulls can
also be selected for artificial insemination
(Yilmaz et al., 1999). Nevertheless, no
informationisavailableontheroleof IGF-
I inboarswithlow semenfertility. Moreover,
theinvivo quantity of IGF-I binding protein
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