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Abstract

Marmunti, M.; Gutiérrez, A.M.; Gavazza, M.; Williams, S.; Palacios, A.: Susceptibility
to peroxidation and fatty acid composition of fresh boar semen obtained from different
hog farms. Rev. vet. 23: 1, 8-14, 2012. Objectives of this study were to determine the fatty
acid composition and to analyze the sensitivity to lipid peroxidation of different boar fresh
semen samples from two herds, H1 and H2. Lipid peroxidation was evaluated using chemilu-
minescence (cpm/mg of protein) and fatty acid profile by means of gas chromatography. The
saturated fatty acid content found in the analyzed spermatozoa was approximately 43% in H1
and 33% in H2, whereas the total unsaturated fatty acid content was 47% in H1 and 59% in
H2. When control and ascorbate-Fe™ dependent samples were compared, it was observed a
significant increase in light emission. Consequently, significant decrease in the percentage of
the polyunsaturated fatty acids was determined, being more affected: C22: 5 n6 and C22: 6
n3 in both herds, whereas C20: 4 n6 and C22: 4 n6 only in H2. The great amounts of polyun-
saturated fatty acids found in H2 samples could be related to the loss of acrosomal integrity.
Our results indicate that boar semen contains great amounts of polyunsaturated fatty acid in
its composition, which were vulnerable to the lipid peroxidation.

Key words: boar, spermatozoa, chemiluminescence, polyunsaturated fatty acids, reactive
oxygen species.

Resumen

Marmunti, M.; Gutiérrez, A.M.; Gavazza, M.; Williams, S.; Palacios, A.: Susceptibili-
dad a la peroxidacion lipidica y composicion de dcidos grasos de semen porcino obtenido
de diferentes establecimientos. Rev. vet. 23: 1, 8-14, 2012. El objetivo de este estudio fue
conocer la composicion de acidos grasos y la sensibilidad a la peroxidacion lipidica en dife-
rentes muestras de semen fresco porcino de dos granjas, GP1 y GP2. La peroxidacion lipidica
fue evaluada utilizando quimioluminiscencia (cpm/mg de proteina) y el perfil de acidos gra-
sos fue valorado por cromatografia gaseosa. El porcentaje de acidos grasos saturados hallado
en los espermatozoides analizados de GP1 y GP2 fue de 43 y 33% aproximadamente, mien-
tras que el porcentaje total de acidos grasos insaturados fue de 47% en GP1 y 59% en GP2.
Cuando se compararon las muestras control con las muestras ascorbato-Fe™ dependientes,
se observo un incremento significativo en la emision luminica. Consecuentemente se obtuvo
una disminucion significativa en el porcentaje de los acidos grasos polinosaturados, siendo
los mas afectados C22: 5 n6 y C22: 6 n3 en ambos establecimientos, mientras que solo C20:4
n6 y C22:4 n6 en GP2. La mayor cantidad de acidos grasos polinosaturados en GP2 guardo
relacion con una menor calidad seminal, medida sobretodo en el porcentaje de acrosomas
normales. Los resultados indican que el semen porcino contiene grandes cantidades de aci-
dos grasos polinosaturados vulnerables a la peroxidacion lipidica.

Palabras clave: cerdo, espermatozoides, quimioluminiscencia, acidos grasos polinosatura-
dos, especies reactivas del oxigeno.

INTRODUCTION which an exaggerated production of reactive oxygen
species (ROS, superoxide anion O, and hydroxyl “OH)

In aerobic organisms oxygen is essential for life takes place. Another possibility is the generation of hy-
but it can also be toxic in some favorable situations in  drogen peroxide (H,0O,), a ROS that can be precursor of
free radicals. ROS contribute to molecular and struc-
Recibido: 20 febrero 2012 / Aceptado: 26 marzo 2012 tural damage which occurs in many foods where the
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antioxidant capacity of the organism (antioxidants and
enzymes) is surpassed and therefore unable to inacti-
vate them, giving rise to the oxidative stress process 7.

The oxidative damage in the cell membrane is in-
duced by free radicals that lead to lipoperoxidation.
During the metabolism of spermatozoa, the mitochon-
dria generate unavoidably ROS that are inactivated by
antioxidative mechanisms 7. Lipid peroxidation may
cause loss of membrane integrity, which increases its
permeability that leads to enzyme inactivation, struc-
tural damage to DNA and cell death. Mammal sper-
matozoa are particularly susceptible to lipid peroxida-
tion-induced damage because they contain high levels
of polyunsaturated fatty acids and lack of antioxidant
enzymes, such as superoxide dismutase, glutathion
peroxidase and catalase '°.

In many mammalian species, up to 60% of the total
fatty acids are long-chain polyunsaturated fatty acids of
the n-3 and n-6 series. As aresult of the oxidative stress,
the polyunsaturated fatty acid membrane undergoes
peroxidation, and the spermatozoa lose function ''. Be-
cause lipid peroxidation may produce irreversible loss
of sperm motility, it can serve as a biochemical index
of semen quality ''. Among cellular macromolecules,
polyunsaturated fatty acids (PUFAs) exhibit the high-
est sensitivity to oxidative damage. It is accepted that
such sensitivity increases as a power function of the
number of double bonds per fatty acid molecule . The
measurement of lipid peroxidation is one of the most
commonly used assays for induced damage in free
radicals '8,

A combination of ascorbate plus iron can trigger
a Fenton-reaction with formation of highly reactive
hydroxyl radicals, which may be the origin of a chain
reaction of lipid peroxidation and secondary protein
oxidation 2. Ascorbate may enhance the process by
keeping iron in the reduced state. In crude tissue frac-
tions, iron in reduced form can degrade preformed lipid
hydroperoxides, forming radicals that can catalyze the
chain propagation phase of lipid peroxidation, without
involving the hydroxyl radicals or other active oxygen
species *. Lipid peroxidation termination involves the
reaction of peroxide free radical (LOO") to form non-
radical products or the reaction of one LOO" with an-
other terminating radical to generate non-propagating
radical species. Some lipid peroxidation products are
light-emitting species and their spontaneous chemilu-
minescence can be used as an internal marker of oxida-
tive stress ®.

Optimal sperm cryopreservation is a prerequisite
for the sustainable commercial application of frozen-
thawed boar semen for artificial insemination 2°. The
changes in viability, susceptibility to peroxidation and
fatty acid composition of total phospholipid were stud-
ied in fresh boar spermatozoa obtained from two dif-
ferent farms.

The aim of this study was to determine fatty
acid composition and to analyze the sensitivity to LP
(ascorbate-Fe™ dependent) in spermatozoa obtained

from different samples of boar fresh semen from two
herds (Herd 1= H1 La Plata) and (Herd 2 = H2 Entre
Rios). Light emission, chemiluminescence and fatty
acid composition were used as markers of the oxida-
tive destruction of lipids. The unsaturation index (UI),
a parameter based on the maximal rate of oxidation of
specific fatty acids, was used to evaluate fatty acid al-
terations observed during the process '*. Therefore the
ejaculates were evaluated by conventional semen char-
acteristics: motility, viable cells, sperm abnormalities,
and acrosomal integrity.

MATERIAL AND METHODS

Chemicals. Butylated hydroxytoluene (BHT) and
phenyl-methyl-sulfonyl fluoride (PMSF) were from
Sigma (St. Louis, MO, USA). Bovine serum albumin
(BSA) (Fraction V) was obtained from Wako Pure
Chemical Industries, Japan. L (+) ascorbic acid and
boron-trifluoride-methanol complex were from Merck.
Standards of fatty acids methyl esters were from Nu
Check Prep Inc, Elysian, MN, USA. All other reagents
and chemicals were of analytical grade from Sigma.

Animals, handling, evaluation and processing of
ejaculates. Procedures involving animal handling and
welfare were according to the recommendations of the
Bioethics Committee of The National University of La
Plata (Argentina). Fresh boar semen samples were ob-
tained from two different farms from La Plata (Buenos
Aires) and Entre Rios, Argentina. Sperm rich ejaculate
fractions (cross-breeding) obtained from three boars
were collected by the gloved-hand technique, filtered
with gauze and evaluated for conventional semen char-
acteristics. The ejaculates use here showed progressive
motility >70%, viable cells >70%, normal spermatozoa
>80% and normal acrosomal integrity >80%. Semen
concentration was calculated by manual sperm cell
count on a hemacytometer Biirker chamber. After eval-
uation, semen was diluted 1:4 in a commercial extender
and transferred to 100 ml tubes, containing a dose of 6
billion spermatozoa each, cooled to 17°C, and sent by
ordinary mail packaged in insulated containers under
monitored temperature conditions. Samples arrived at
the Reproduction Laboratory of the School of Veteri-
nary Sciences (UNLP) the day after collection. At the
laboratory, the semen was evaluated for semen qual-
ity: 1) percentage of progressively motile spermatozoa
placed under a coverslip in the center of a prewarmed
37°C plate; 2) percentage of viable cells, by eosin-ni-
grosin staining; 3) percentage of normal spermatozoa
morphology and of acrosomal integrity, by observ-
ing wet mounts of extended semen fixed in buffered
8% glutaraldehyde solution under a phase contrast mi-
croscope at a magnification of 1,000 x. An aliquot of
each of fresh semen boar samples were sent to the Bio-
chemistry Laboratory (Faculty of Veterinary Sciences,
UNLP) for determine the fatty acid composition and to
analyze sensitivity to lipid peroxidation.
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Preparation of fresh boar semen samples. An ali-
quot (1 ml) of semen from each sample was centrifuged
at 800x g for 10 min, sperm pellets were separated, and
washed by resuspending in PBS (phosphate buffer sa-
linum) and recentrifuging (three times). After the last
centrifugation, 1 ml of deionized water was added to
spermatozoa °, then snap-frozen to stored at —83°C and
used within a week of preparation, after one cycle of
freezing and thawing. All operations were performed
at 4°C.

Non-enzymatic lipid peroxidation of spermatozoa.
Chemiluminescence and lipid peroxidation were initi-
ated by adding ascorbate-Fe™" to spermatozoa prepara-
tions ¥ . Spermatozoa samples (1 mg of protein) were
incubated at 37°C with 0.01 M phosphate buffer (pH
7.4), 0.4 mM ascorbate, 1 ml final volume. Phosphate
buffer was contaminated with sufficient iron to provide
necessary ferrous or ferric iron for lipid peroxidation
(final concentration in the incubation mixture was 2.15
uM) 2*. Spermatozoa preparations without ascorbate-
Fe™ (controls) were carried out simultaneously. Chemi-
luminescence was measured as counts per min in a lig-
uid scintillation analyzer Packard 1900 TR. Membrane
light emission was determined over 120 min period,
and recorded as cpm every 10 min and the sum of the
total chemiluminescence was used to calculate cpm/
mg protein. Lipid peroxidation is a branching chain re-
action which can be considered as taking place in four
main stages: (1) chain initiation, (2) chain propagation,
(3) chain branching and (4) chain termination. At least
three reactions are known to break the chains: (a) inter-
action of two radicals leading the chains, (b) interac-
tion of one radical with changing metal valence, and
(c) reaction between such a radical and a molecule of
“antioxidant”. LO,"+ LO," (k)— P* — P + @hv (chemi-
luminescence). Reaction (a) is particularly interesting
since it is accompanied by chemiluminescence which
intensity (/) may serve as a measure of peroxide free
radical (LO,") concentration according to the equation:
I =K @k [ LO,T. Where @ represents the chemilumi-
nescence quantum yield and k the coefficient depend-
ing on the net sensitivity of the instrument. LO," is a
free radical produced from lipids molecules >

Measurement of fatty acid composition. Sperma-
tozoa lipids were extracted with chloroform/methanol
(2:1 v/v containing 0.01% BHT as antioxidant) from
peroxidized membranes . Fatty acids were transmeth-
ylated with 10% F_B in methanol at 60°C for 3 h. Fatty
acid methyl esters were analyzed with a GC-14A gas
chromatograph (Shimadzu, Kyoto, Japan) equipped
with a packed column (1.80 m x 4 mm i.d.) GP 10%
DEGS-PS on 80/100 Supelcoport. Nitrogen was used as
the carrier gas. The injector and detector temperatures
were maintained at 250°C, the column temperature was
held at 200°C. Fatty acid methyl ester peaks were iden-
tified by comparison of the retention times with those

Marmunti M. et al.: Semen porcino. Rev. vet. 23: 1, 8-14, 2012

of standards. All the compositions were expressed as %
by area of total fatty acids.

Unsaturation index. Unsaturation index (UI) was
calculated according to the formula, Ul=sum (fatty
acid percent) x (number of double bonds) '.

Protein determination. Proteins were determined
by the Method of Lowry using BSA as standard '¢.

Statistical analysis. The data were subjected to
the Student’s t-test. Data were expressed as mean +
SD. The 0.05 level was selected as the point of minimal
statistical significance. Data were expressed as means
+ SD. Statistical analysis utilized was Student’s t-test.
Statistical criterion for significance was selected at dif-
ferent p values and indicated in each case.

RESULTS

The fatty acid composition of total lipids isolated
from different spermatozoa samples (control and per-
oxidized) is shown in Table 1. In all the examined sam-
ples, the fatty acid profile was different. The saturated
long chain fatty acids present in spermatozoa were
mainly palmitic acid (C16:0) and stearic acid (C18:0)
in a percentage of approximately 43% (H1) and 33%
(H2). The concentration of total unsaturated fatty acids
of spermatozoa was approximately 47% (H1) and 59%
(H2) with a high percentage of long chain polyunsatu-
rated fatty acids as docosapentaenoic acid (C22:5 n6)
and docosahexaenoic acid (22:6 n3). In Figure 1 a) and
b) it was represented the differential percentage of the
major polyunsaturated fatty acids presents in HI and
H2.

C22:6n3
24%

€22:5n6
61%

ClE:2n6
4%

C18:3n3

6%

C20:4n6
8%

€22:5n6
66%

Figure 1. Polyunsaturated fatty acid profile
represented as area porcentual in a) H1 and b) H2.
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Table 1. Fatty acid composition of fatty acids present in the spermatozoa lipids of boar in herds HI and H2.

. group H1 group H2
fatty acids P A
control peroxidized control peroxidized
Cl16:0 31.06 +3.80 42.94 +6.98 21.90 +3.46 42.93+5.64
C 16:1 n7 5.82+2.79 4.02+1.26 Nd Nd
C18:0 11.98 +£4.26 6.19£2.43 11.09 +5.65 17.01.£3.39
C18:1 n9 15.43 £6.49 20.43+£2.91 4.63 £0.68 18.35+8.14
C18:2 n6 248 +£1.25 2.58 £.1.20 2.15+1.24 527+2.19
C18:3 n3 298 +1.22 2.38+0.43 3.60 £ 0.51 8.21+£0.23
C20:4 n6 Nd Nd 5.20+2.29 1.57+0.40 *
C22:4 n6 Nd Nd 3.33+£0.99 0.77+£0.25 *
C22:5n6 21.43+4.34 10.67 + 3.43 40.44+1.15 4.57 £ 1.14 ***
C22:6n3 8.39+£2.92 4.44 £ 0.40* 6.55+.1.16 1.83 £0.1%*
saturated 43.04 +£7.28 59.13+£9.02 32.99 £9.11 59.94 = 8.80*
monounsaturated 21.25+6.94 2445 +£2.75 4.63 +0.68 18.35+10.14
polyunsaturated 26.06 £4.02 15.63 £3.48* 54.72 £5.17 20.37 £ 2.16%**
total unsaturated. 47.31+7.52 40.08 £2.85 59.36 £ 5.74 38.72 £ 8.91*
saturated/unsaturated 0.94 £ 0.30 1.49 £ 0.31 0.57 £0.19 1.62 +0.51*
Ul 140.63 £23.21 90.12 +.12.63* 256.07 + 19.5 85.67 = 11.01***

Results are expressed as mean + SD of three independent experiments. Statistically significant differences between control

vs peroxidized samples are indicated by * p<0.05, ** p<0.005, *** p<0.0005.

The fatty acid profile was markedly modified by
peroxidation, PUFA content decreased and concomi-
tantly saturated fatty acid percentage increased. A
substantial difference was found in the content of the
main peroxidable fatty acids C22:5 n6 and C22:6 n3
in both herds (Figure 2) whereas C20:4 n6 y C22:4 n6
only in H2 (Table 1), showing significant decreases as
expected when the lipid peroxidation process occurs.
The Ul showed significant differences between control
and peroxidized samples in both herds (Table 1).

Spermatozoa membranes incubation in the pres-
ence of ascorbate-Fe*" led to membrane phospholipids
peroxidation as evidenced by light emission (chemi-
luminescence) and PUFAs decrease, mainly C22:5 n6.
Changes in the fatty acid profiles were used as an in-
dex of the oxidative damage to lipids. Figure 3 shows

B Control

M Peroxidized

%o fatty acid

C22:5n8 C€22:5n8 ‘

€22:6n3

C22:6n3

Group HL Group HZ

Figure 2. Comparison of the main unsaturated fatty
acids in the spermatozoa lipids of boar in herds H1
and H2 (mean + SD). Statistically significant differen-
ces between control vs peroxidized samples are indi-
cated by *p<0.05, ** p<0.005 and *** p<0.0005.

the total chemiluminescence (sum of all the readings
obtained every 10 min for 120 min a 37°C). Total che-
miluminescence increased from 179.67 = 48.12 cpm
in control (without ascorbate) up to 475 = 74.1 cpm in
peroxidized (with ascorbate-Fe*") groups H1, 201.63 =
8.25 cpm in control (without ascorbate) up to 865.17 =
26.63 in peroxidized (with ascorbate-Fe™) groups H2.
Therefore, the value of the lipid peroxidation process,
measured as total light emission during non enzymatic
lipid peroxidation, was 4 fold higher in ascorbate-Fe**
than control group in H2.

1000

@ control W peroxidized

@
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*%
600

400 I
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Figure 3. Lipid peroxidation ascorbate-Fe** of boar
spermatozoa. Chemiluminescence was determined
over a 120 min period and recorded as cpm every 10
min and the sum of the total chemiluminescence was
used to calculate cpm/mg protein (mean + SD). Sta-
tistically significant differences between control and
peroxidized are indicated by **p <0.005 and ***p
<0.0005.
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After arriving at the Reproduction Lab, seminal
parameters of diluted semen were different between
groups H1 and H2. Although the percentage of pro-
gressive motility was similar, percentage of viable cells
decreased in group H1, while percentage of acrosomal
integrity was major in H1 than in H2. Only 1% of abnor-
mal morphology (curl tail) was found in H1 (Figure 4).

DISCUSSION

A high percentage of polyunsaturated fatty acids is
required by spermatozoa membrane to build up a high
fluid microenvironment to lead fertilization process.
The phospholipids of spermatozoa of all species con-
tain large amounts of PUFAs. The n-3 and n-6 PUFAs
are considered to be essential due the inability of verte-
brates to synthesize them. The n-3 series docoxahexae-
noic acid dominates the lipid make up of mammalian
spermatozoa . Even though level and combinations
of fatty acids of n-6 and n-3 series in the phospholipid
fractions demonstrate different specificity, the final to-
tal level of unsaturation of male gamete lipid was al-
ways high.

In this study, we demonstrated that unsaturated and
polyunsaturated fatty acids were different in spermato-
zoa groups HI and H2, something being similar with
dog semen 7. When we compared H1 with H2 groups
we observed that spermatozoa samples of H2 possess
higher content of polyunsaturated fatty acids, mainly
C22:5 n6, C22:6 n3, C22:4 n6, and C20:4 n6. The fatty
acid profiles of spermatozoa of boar exhibit high levels
of C22:5 n6 and C22:6 n3, similar to dog semen .

Lipid peroxidation is recognized as a damaging
process to spermatozoa, leading to motility loss and
reduced fertilizing ability in spermatozoa of many
species, including man '. Lipid peroxidation occurs
spontaneously in mammalian spermatozoa '* and is
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intagrity
Sperm parameters

W otility Wiable cells Sperm

abnormalitie s

Figure 4. Sperm parameters (motility, viable cells,
acrosomal integrity and sperm abnormalities) in H1
(Buenos Aires Province) vs H2 (Entre Rios Province).
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greatly enhanced in human sub-fertile ejaculates ? or
fowl stored semen *¢. The mechanisms by which ROS
disrupt the sperm function are believed to involve the
peroxidation of the polyunsaturated fatty acids present
in the sperm plasma membrane and this process plays
an important role in the pathophysiology of male infer-
tility ' . ROS increase DNA fragmentations ', modify
the cytoskeleton °, affect the sperm axoneme develop-
ment ? and inhibit sperm-oocyte fusion.

Individual acyl chains differ greatly in their chemi-
cal propensity to oxidative damage '. The n-3 PUFAs
are more peroxidative-prone than n-6 PUFAs and with-
in each PUFA class there is 4-fold increase in peroxi-
dizability between short and long-chain fats, C22:6 n3
is 320-fold more susceptible to peroxidation than18:1n9
2 The high content of unsaturated fatty acids of boar
spermatozoa is correlated with the vulnerability to lip-
id peroxidation observed in the semen, which showed
a positive correlation with the level of long-chain poly-
unsaturated fatty acid and high values of light emission.

Lipid peroxidation can alter the cellular structure
of membrane-bound enzymes by changing the com-
position of membrane phospholipids fatty acid. Lipid
peroxidation has gained renewed attention because of
increasing evidence showing its biological role in aging
animals. The assessment of lipid peroxidation levels in
vivo is difficult partly because lipids are oxidized and
oxidants by different mechanisms which give versatile
types of products, that may undergo metabolism and
secondary reactions 8.

Chemiluminescence is the light emission derived
from a chemical reaction such as the last reaction of
lipid peroxidation in which chemically excited mole-
cules decay to the electronic ground state and emit pho-
tons. Measurement of light emission from a chemical
reaction is very useful from an analytical point of view
because, under appropriate experimental conditions,
light output is directly related to analytic concentration,
thus allowing precise and sensitive quantitative analy-
sis. In addition, light emission is usually represented by
steady-state kinetics, which simplifies sample handling
and measurement procedures. Chemiluminescence
has widely been used as an indicator of reactive oxy-
gen species formation in cells and whole organs, thus
allowing the study of a number of pathophysiological
conditions related to oxidative stress *'.

Many studies have shown that free radical dam-
age and lipid peroxidation increased as a function of
the degree of unsaturation of the fatty acid substrates
present in the tissues in vivo . In addition, lipid per-
oxidation products are known to damage nearby mac-
romolecules including DNA 3, with expected long-term
consequence for aging °.

The great content of highly polyunsaturated fatty
acids of spermatozoa group H2 is correlated with the
vulnerability to lipid peroxidation observed in this
group with higher values of light emission than to
control spermatozoa samples. However, spermatozoa
group H1 possesses a high concentration of polyun-
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saturated fatty acids that showed to be resistant to lipid
peroxidation. It is interesting to note that spermatozoa
group HI showed an increase of 18:2 n6, 18:3 n3 and
monounsaturated acids content, in parallel with a de-
crease in 20:4 n6 fatty acid when compared to sper-
matozoa group H2. These differences and other factors
may be involved in less sensitivity to lipid peroxidation
shown by spermatozoa group H1.

When we analyzed the functional activity of sperm
cells there was not significant differences regarding
motility in spermatozoa samples from both herds (H1
and H2). This fact is correlated with the presence of
high levels of C22:5 n6 and C22:6 n3 fatty acids in all
samples. The low sperm viability observed in H1 could
be related with the minor percentage of polyunsaturat-
ed fatty acids. The presence of ROS in sperm samples
produced an increase of permeability in plasmatic and
acrosomal membranes. The spermatozoa samples of
H2 were more affected by lipid peroxidation process
and consequently, showed high percentage of acroso-
mal damage.

In conclusion, our results allow to determine a great
variability in the polyunsaturated fatty acid composi-
tion in boar spermatozoa from both herds. Therefore,
this variability was observed when different samples
were submitted to non-enzymatic lipoperoxidation as-
says. Semen samples from herd 2 had more susceptibil-
ity to the lipid peroxidation process. These preliminary
results indicate that boar semen contains great amounts
of PUFA, which were vulnerable to lipoperoxidation
and alteration in their composition will be the common
base of different degenerative processes. Therefore
seminal parameters analyzed in diluted semen were
different between the two groups according with the
great variability in fatty acid composition between
both herds.
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