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Abstract

The relationship between blood serum and seminal plasma cholesterol concentration
and semen traits and testes size was examined on 110 young boars (6 month old) of the
990 synthetic line. In the study were determined: testes volume, semen quality traits
(ejaculate volume, motile spermatozoa percentage, spermatozoa concentration and total
number per ejaculate, percentage of spermatozoa with normal acrosome, percentage of
spermatozoa with major and minor morphological defects, osmotic resistance test value
[ORT] and activity of aspartate aminotransferase in seminal plasma [AspAT]). Cholesterol
content in blood serum and seminal plasma were determined. Mean cholesterol content
in blood serum amounted to 71.2, while that in seminal plasma to 6.96 mg/dL. Total
cholesterol content in blood serum correlated positively with testes volume (P<0.05),
whereas no correlation was found with semen quality traits of the examined males.
Cholesterol concentration in seminal plasma was positively correlated (P<0.05) with
spermatozoa motility, concentration and total number, while negatively (P<0.05) with
the percentage of spermatozoa with major morphological defects and the activity of
AspAT in seminal plasma. No relationship was found between total cholesterol content in
blood serum and that in seminal plasma.
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Zusammenfassung

Beziehungen zwischen dem Cholesteringehalt im Blut- und Seminalplasma sowie
Spermamerkmalen und der Hodengrof3e

Die Untersuchungen erfolgten an 110 sechs Monate alten Jungebern der synthetischen
Linie 990. Erfasst wurden neben dem Cholesteringehalt im Blut- und Samenplasma die
Merkmale: Hoden- und Ejakulatvolumen, Spermienkonzentration, Gesamtspermienzahl,
Anteil beweglicher Spermien, Anteil Spermien mit normalem Akrosom, Anteil Spermien
mit geringen oder groBBeren Defekten, Osmoseresistenztest (ORT) sowie die Aktivitat der
Aspartat-Aminotransferase (AST) im Seminalplasma. Der durchschnittliche Cholesterin-
gehalt betrug im Serum 71,2 und im Seminalplasma 6,96 mg/dL. Zwischen den
Cholesterinwerten im Blut- und Seminalplasma ergaben sich keine Beziehungen. Der
Gesamtcholesteringehalt im Blutserum korrelierte positiv mit dem Hodenvolumen
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jedoch konnten keine Zusammenhdnge mit den Spermamerkmalen nachgewiesen
werden. Die Cholesterinkonzentration im Seminalplasma war positiv mit dem Anteil
beweglicher Spermien, der Spermienkonzentration, der Gesamtspermienzahl und
negativ mit dem Anteil Spermien mit groBeren Defekten und der AST Aktivitat korreliert.

Schliisselworter: Schwein, Eber, Blutserum, Seminalplasma, Cholesterin, Korrelation
Spermamerkmale

Introduction

Cholesterol is the main sterol in ejaculated mammalian semen being principally situated
in cellular membranes, with its largest quantities being found the plasmatic membrane
(YEAGLE 1993). High quantities of that sterol are synthesised in epididymia, from where it
is transported to the plasmatic membrane during spermatozoa maturation
(YANAGIMACHI 1994). Sperm plasmatic membranes of different animal species are
characterised by variable cholesterol content. Boar sperm membranes contain much less
cholesterol when compared to other species (PARKS and LYNCH 1992). The cholesterol/
phospholipid (C/PL) ratio in boar sperm plasmatic membranes is the lowest and amounts
to 0.20 (PARKS and HAMMERSTEDT 1985, MACK et al. 1986, HALL et al. 1991). This is a
reason of their exceptional susceptibility to osmotic and cold strokes (STRZEZEK 1999).
Positive correlations were found between the C/PL ratio and the percentage of live and
normal spermatozoa after 2 h from boar semen thawing (LABBE et al. 2001).

In some animal species, the concentration of cholesterol in sperm plasmatic membrane
changes during its transport through epididymia - it increases in ram and billy goat
(PARKS and HAMMERSTEDT 1985, MACK et al. 1986), decreases in rat and stallion (HALL et al.
1991, LOPEZ and SOUZA 1991), whereas does not change in boar (NIKOLOPOULOU et al.
1985). Cholesterol regulate the fluidity of the sperm membrane during epididymal
maturation and later during capacitation and acrosome reaction in the female genital
tract (NIKOLOPOULOU et al. 1985).

Cholesterol is a precursor to several important steroid hormones secreted by the
adrenal cortex, ovaries, and testes. WISE et al. (1993) found a positive correlation between
cholesterol concentration and that of testosterone in blood serum of boars. This hormone
stimulates the growth and development of genital organs as well as spermatogenesis
and sexual activity.

At present, in pig production are used the boars that are characterised by high growth
rate and considerable meatiness. At the same time, however, a worsening of their
reproductive traits is observed. The findings of some research works suggest that
selection towards pig meatiness increase and fatness decrease may result in the lowering
of cholesterol level in blood (JANIK 1997, FALKENBERG et al. 1999). Certain studies
(FALKENBERG et al. 1995, KAWECKA 2002, KOLODZIEJ et al. 2006) showed a relationship
between blood cholesterol level and reproductive traits in boars, with this relationship
being however not clear-cut. Examinations indicate that there is also a connection
between spermatozoa cholesterol content and certain qualitative traits in male semen
(CEROLINI et al. 1997, MACHAL et al. 1996). The ejaculated sperm can receive an additional
portion of cholesterol from seminal plasma (CROSS 1998).
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In the presented research work, carried out on young (6 month old) boars, a relationship
between blood serum and seminal plasma cholesterol concentration and semen
quantitative and qualitative traits and testes size in the examined males.

Material and methods

Animals and experimental procedures

The studies were carried out at the State Center of Pig Hybridization in Poland on the 110
young (6 month old) boars of synthetic line 990. From the day of weaning (from day 30)
until day 63 of life, the young boars were still kept in farrowing pens and were fed with a
feed mixture, according to the Polish Norm of Pigs Nutrition (1993). On day 63, after
preliminary selection, the males were sent to test evaluation that started on day 180 of
life. In that period of time, they were housed in bedding-free individual pens (1x2 m)
with partly slatted floor (about 40%) and equipped with drinkers. The animals were fed in
that period of time with a feed mixture (Table 1) prepared in the form of pellets. The daily
ration of feed was increased together with an increase in the body weight of evaluated
animals.

Table 1
Nutritive value of diet

Futterwert der Futtermischung

Specification In 1 kg diet
Metabolizable energy, MJ 12.7
Crude protein, g 191
Crude fibre, g 27
Lysine, g 10.1
Methionine+cystine, g 6.4
Threonine, g 6.7
Tryptophan, g 2.0
Vitamin and mineral mixture *

*per kg diet: 7700 IU A, 2100 IU D3, 30 mg E, 1.5 mg K3, 1.05 mg B1, 3.6 mg B2, 2.1 mg B6, 0.021 mg B12, 15 mg
nicotynic acid, 1.05 mg calcium pantothenate, 0.45 mg folic acid, 0.021 mg biotin, 300 mg cholin chloride, 100.5
mg Zn, 30 mg Mn, 21 mg Cu, 75 mg Fe, 0.6 mg J2, 0.2 mg Se

On day 180 of life, the volume of boar testes was assessed (YOUNG et al. 1986) and the
collection of semen was started by means of manual method. The evaluation of semen
was carried out on three ejaculates, collected in at least 7-day long time intervals. During
semen collection, also blood was called from the males, from the jugular vein.

Semen evaluation

Shortly after collection and filtration of ejaculate, its following characteristics were
determined: ejaculate volume, percentage of progressively motile spermatozoa (subjectively
method with Nikon microscope) concentration of spermatozoa in 1 ml (cytometric
method in Biirker's chamber), and total number of spermatozoa in ejaculate. The minor
and major morphological changes of the semen (according to BLOM 1981) and percentage
spermatozoa with normal acrosome ridge — NAR (according to PURSEL et al. 1972) were
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determined in the preparations coloured by eosin and nigrosin. The ORT of acrosomal
membranes was performed according to SCHILLING and VENGUST (1987). To carry out
the ORT, two samples of semen were collected, 0.2 ml each. One sample was thinned out
with 3 ml BTS-Beltsville Thawing Solution (300 mOsm/kg) and incubated for 15 min at
39°C. Another sample was infused with 3 ml BTS and then diluted with distilled water to
150 mOsm/kg and incubated for 120 min at 39°C. After incubation of samples and preparation
of stained smears, the percentage of spermatozoa with normal acrosome ridge (NAR) was
determined. The ORT was calculated according to the formula:

1
ORT=E[%NAR in 300 mOsm (for 15 min)+%NAR in 150 mOsm (for 120 min)] (1

The activity of AspAT in seminal plasma was determined by kinetic method with
spectrophotometer Model PRO-Bio, Marcel (reagents Bio Merieux Corp.) AspAT activity
was converted as per 1-10° of spermatozoa.

Blood serum and seminal plasma preparation and cholesterol assay

The blood samples were allowed to clot at room temperature for 6 h. The serum was
separated by centrifugation at 3000x g for 10 min. The seminal plasma was obtained by
centrifugation (2000x g for 10 min) of the fluid fraction of the semen. Serum and seminal
plasma were stored frozen at —20°C until analysis. Serum and seminal plasma total
cholesterol was determined by enzymatic method (ALLAIN et al. 1974). Absorbance was
measured by spectrophotometer (Model PRO-Bio, Marcel) at a wavelength of 500 nm
(reagents Alpha Diagnostics Corp.).

Statistical analysis

Data was analysed using the Statistica 6.0 PL software. Correlation coefficients were
calculated between blood serum and seminal plasma cholesterol content and testes
volume and semen traits (ejaculate volume, concentration and total number of
spermatozoa in ejaculate, percentage of motile spermatozoa, major and minor
morphological changes of spermatozoa, rate of acrosome defects, ORT and activity of AspAT.

Results

The values of semen traits, blood serum and seminal plasma total cholesterol (means of
three sample collections from 110 boars) and testes volume of the examined males are
presented in Table 2. The cholesterol content in blood serum ranged 45.2-92.8 mg/dL
(mean 71.2), whereas that in seminal plasma 2.8-16.9 mg/dL (mean 6.96). The volume of
testes and semen traits are characteristic of young boars (FALKENBERG and RITTER 1992,
1994, KAWECKA 2002). The ejaculates were characterised by relatively large number of
spermatozoa with morphological defects (13.9% spermatozoa with major defects and
11.2% with minor defects on the average). Most frequently occurring morphological
defects were protoplasmatic droplets in proximal and distal position.
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Table 2
Blood serum and seminal plasma total cholesterol content, testes volume and semen traits of young
boars

Cholesteringehalt im Blutserum und Seminalplasma, Hodenvolumen und Spermamerkmale von Jungebern

Iltem Mean SD
Blood serum cholesterol, mg/dL 71.2 12.27
Seminal plasma cholesterol, mg/dL 6.96 3.08
Volume of both testes, cm? 254 81.9
Ejaculate volume, cm? 110 9.0
Motile spermatozoa, % 72.6 5.24
Concentration of spermatozoa, n-10%/cm?) 205 771
Total number of spermatozoa, n-10° 22,6 6.46
Spermatozoa with major defects, % 13.9 6.13
Spermatozoa with minor defects, % 11.2 6.45
Spermatozoa with normal acrosome, % 83.3 8.54
ORT, % 65.9 5.44
AspAT, mU/10° spermatozoa 124 32.2

The estimated coefficients of correlation are presented in Table 3. The content of total
cholesterol in blood serum significantly positively correlated (P<0.05) with the volume of
testes of the examined boars. On the other hand, the coefficients of correlation between
blood serum cholesterol level in and semen traits are small. No correlation was found
either between total cholesterol content in blood serum and that in seminal plasma.

It was showed that seminal plasma total cholesterol level was significantly positively
correlated (P<0.05) with spermatozoa motility, concentration and total number, while
being negatively correlated (P<0.05) with the percentage of spermatozoa with major
morphological defects and the activity of aspartate aminotransferase (AspAT) in seminal
plasma. Other coefficients of correlation were statistically non-significant.

Table 3

Correlation coefficients between blood serum and seminal plasma total cholesterol content and testes
volume and semen traits

Korrelation zwischen dem Gesamtcholesteringehalt im Blutserum und Seminalplasma sowie dem
Hodenvolumen und den Spermamerkmalen

Cholesterol in
Item

blood serum seminal plasma

Blood serum cholesterol - 0.037
Seminal plasma cholesterol 0.037 -
Volume of both testes 0.195* —0.088
Ejaculate volume 0.065 —-0.069
Motile spermatozoa 0.070 0.217*
Concentration of spermatozoa 0.076 0.225%
Total number of spermatozoa 0.087 0.196*
Spermatozoa with major defects —-0.031 —0.154*
Spermatozoa with minor defects —-0.0 96 -0.010
Spermatozoa with normal acrosome 0.062 0.067
ORT 0.002 0.122
AspAT 0.082 —0.215*%

*P<0.05
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Discussion

The content of total cholesterol in blood serum and seminal plasma of the examined
boars is similar to the values given for boars by other authors (LABBE et al. 2001,
KAWECKA 2002). The seminal plasma of boars contains relatively small amount of
cholesterol (KOMMISRUD et al. 2002), which was also confirmed by the present study. The
concentration of cholesterol in human seminal plasma amounts to 25 mg/dL (CROSS
1996), whereas it was several times smaller in the seminal plasma of boars under present
examination. Cholesterol is secreted to seminal plasma by the prostate gland and it
protects sperm cells against environmental shock (SOFIKITIS and MIYAGAWA 1991).

Since cholesterol is a precursor of many steroid hormones responsible for reproduction,
it can be assumed that an increase of cholesterol level in blood will increase steroid
production and the same will improve reproductive traits. This hypothesis was not
confirmed in the presented study. Low negative and positive phenotypical correlations
between sprermatozoa activity, ejaculate volume, spermatozoa concentration and
plasma cholesterol concentration were also found out in cocks (MACHAL et al. 1996).
However, KAWECKA (2002) showed in the study on boars that the level of cholesterol in
blood serum significantly negatively correlated with ORT value and AspAT activity,
whereas its coefficients of correlation with the value of other semen traits examined
approximated zero (similarly as in the present study). The results obtained in the present
study indicated that larger cholesterol content in blood serum was accompanied by
larger volume of boar testes, whereas RIBEIRO et al. (1994) found in mice a negative (but
statistically non-significant) correlation (r=—0.12) between blood cholesterol level and
testes weight.

Closer (positive) relationship occurred between the cholesterol concentration in
seminal plasma and its quality. Larger amount of cholesterol in seminal plasma was
accompanied by larger concentration and total number of spermatozoa in the ejaculate.
In the ejaculates with larger cholesterol content in seminal plasma was found a
significantly lower percentage of spermatozoa with major morphological defects. Major
morphological defects of spermatozoa result in a significant decrease of male fertility
(BLOM 1981). The main trait of boar semen quality, determining its fertilisation ability, is
motile spermatozoa percentage. In the boars under present examination was found a
positive relationship between seminal plasma cholesterol content and spermatozoa
motility, whereas in poultry a negative correlation (r=—0.279) was reported between
spermatozoa motility and sperm cholesterol content (CEROLINI et al. 1997).

Additional information on the quality of semen and its fertilisation ability is provided
by ORT. It determines a degree of susceptibility of sperm acrosomal membranes to osmotic
pressure changes. With larger cholesterol content, boar spermatozoa membranes show
an increased resistance to osmotic strokes (STRZEZEK 1999). In the presented study, a
positive relationship (r=0.122) was also observed between seminal plasma cholesterol
concentration and ORT value.

AspAT is permanently connected with the sperm basal body, in particular its with
mitochondrial membrane. The increased outflow of AspAT from sperm cells to seminal
plasma points to a damage of spermatozoa within mitochondrial system and to an
increase in permeability of their cellular membrane (CIERESZKO et al. 1992). The results of
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the present study show that larger cholesterol concentration is accompanied by lower
AspAT activity in seminal plasma. There is a close negative relationship between AspAT
activity in seminal plasma and spermatozoa motility (BRONICKA and DEMBINSKI 1999),
which is also confirmed by the presented study. The boar ejaculates with larger
cholesterol content in seminal plasma were characterised by lower AspAT activity and
larger percentage of motile spermatozoa.

No relationship was found between the content of cholesterol in blood serum and
that in seminal plasma of the boars under present examination, which is consistent with
the findings of other authors (GRIZARD et al. 1995, LABBE et al. 2001). There appears to be
no correlation between the amount of cholesterol in blood serum and that in sperm or
seminal plasma, suggesting that sperm cholesterol content is regulated locally within the
male reproductive tract (GRIZARD et al. 1995).
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