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SUMMARY

Nuclear parameters of the spermatozoa (morphology, maturation and condensation degree), sperm
functional capacity (membrane response to hypoosmotic medium and sperm resistance to heat
incubation) and semen quality were evaluated in sixteen healthy, sexually mature and fertile boars.
Sperm nuclei were stained with the Feulgen reaction to observe morphology, with Aniline Blue to
determine chromatin maturation, and with Toluidine Blue to determine chromatin condensation. The
mean percentage and standard error of normal nuclei in each of the three tests was: 96.6+0.8,98.1+1.1
and 99.620.2 respectively. The percentage of sperm with total motility before heat incubation was
62.3+3.9, whereas that of sperm with progressive motility was 35.0+4.6 and that of Hypoosmotic
Swelling Test* (HOS") cells 53.3+2.5. After heat incubation (Thermoresistance Test), the percentage
of sperm with total motility was 37.323.5, that of sperm with progressive motility 13.4+3.6, and
that of HOS* cells 37.7+3.5. Nuclear parameters did not correlate significantly between each other
or with the other sperm parameters studied. Total motility had correlation with: progressive motility,
sperm viability, HOS test and total motilicy and HOS test after Thermoresistance Test. Consequently,
combining different complementary tests would improve estimations of semen boar quality.
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RESUMEN

Los pardmetros del nucleo espermdtico (morfologfa, maduracién y grado de condensacién), la
capacidad funcional de los espermatozoides (respuesta de la membrana al medio hipoosmético y
la resistencia térmica) y la calidad del semen se evaluaron en dieciséis cerdos sanos, sexualmente
maduros y fértiles. Los nicleos espermdticos se colorearon con la reaccién de Feulgen para observar
su morfologfa, con Azul de Anilina para determinar la maduracién de la cromatina y con Azul de
Toluidina para determinar su condensacion. El porcentaje y error estdndar de los nticleos normales en
las tres pruebas fue: 96.6+0.8, 98.1+1.1. 99.620.2 respectivamente. El porcentaje de espermatozoides
con movilidad total antes de la prueba de resistencia térmica fue 62.3+3.9. mientras que la movilidad
progresiva 35.0+4.6 y las células positivas a la prueba Hipoosmética (células HOS*) 53.322.5. Luego
de la incubacién térmica el porcentaje de espermatozoides con movilidad total era 37.3+3.5, el de
espermatozoides con movilidad progresiva 13.4+3.6 y el de las células HOS*37.7+3.5. Los pardmetros
nucleares no se correlacionaron entre si ni con los demds pardmetros estudiados. La movilidad total
presentd correlacién con: la movilidad progresiva, la viabilidad espermatica, la prueba hipoosmética
y luego de la prueba de resistencia térmica con la movilidad total y la prueba hipoosmética. Por
consiguiente, la combinacién de técnicas complementarias podria mejorar la estimacién de la calidad

del semen porcino.

Palabras clave: (Cerdos), (morfologfa del nicleo espermdtico), (Azul de Anilina), (Azul de Toluidina),

(Prueba Hipoosmoética), (Prueba de Resistencia Térmica).

INTRODUCTION

The use of artificial insemination in the pig
industry has grown during the last years. In
porcine artificial insemination, single ejaculates
are divided into doses and used to breed multiple
females. Thus, it is economically significant to
evaluate semen quality.

Routine tests usually determine sperm
concentration, percentage of sperm motility,
viability and normal morphology, but may not
reveal subtle sperm defects".

Some other assays try to explore the
functional capacity of sperm. One of them is
the hypoosmotic swelling (HOS) test. This test
has been successfully related to iz vivo and in
vitro fertility and has been widely used in both
humans and domestic species, but to now its
use in boar spermatozoa has been limited'?. The
Thermoresistance test is carried out incubating
semen at different times and temperatures and
has been used to measure the sperm ability
to survive in the sow’s reproductive tract and
retain their fertility??. Torres Bianchini ez 2/
determined that a good protocol to detect

differences between fresh semen samples is a
combination of the slow Thermoresistance test
and the HOS test. The sperm DNA quality has
high importance in the prognosis of fertility,
and several methods have been developed to
evaluate sperm chromatin maturity and DNA
integrity®. In andrological practice, mostly
indirect methods are used. These methods
are based on the ability of some stains to test
the conformation of sperm chromatin, which
depends on DNA strand breaks and DNA
interaction with proteins'. Aniline Blue and
Toluidine Blue are two of these stains* .

Aniline Blue staining provides a specific
positive reaction for lysine. The histone-rich
nuclei of immature spermatozoa contain
abundant lysine, which reacts positively by
taking up the Aniline Blue stain, whereas the
protamine-rich nuclei of mature spermatozoa
with abundant arginine and cysteine react
negatively and remain unstained®.

Toluidine Blue is a basic nuclear dye used for
chromatin metachromatic and orthochromatic
staining? '°. The test measures the ability of the
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sperm chromatin DNA phosphate residues to be
stained with Toluidine Blue, which is dependent
on the protein state and DNA integrity”. While
sperm with chromatin abnormalities are usually
stained from dark blue to violet, normal ones are
pale blue or not colored?.

Sperm with chromatin abnormalities
frequently display abnormal head shapes and
could have potential diminished fertility or could
be associated with abortions®. Several studies
have shown relationships between chromatin
structure, DNA damage and abnormal sperm
morphology' 3. Feulgen reaction, which is a
staining technique specific and stoichiometric
for nuclear DNA, allows proper observations
of the nuclear sperm morphology'" %, and
some authors obtained significant correlations
between the observation of Feulgen-stained
nuclei and results of the Sperm Chromatin
Structure Assay test (SCSA test)’.

The aims of the present study, carried out
on chilled semen samples obtained from healthy
fertile boar, which were collected from May to
October, were: i) to determine the percentage
of morphologically normal and abnormal sperm
nuclei and estimate the degree of maturation
and compaction of the sperm nuclei according
to their responses to Aniline and Toluidine
Blue stains; and ii) to estimate the correlation
between nuclear parameters, the HOS test,
the Thermoresistance test and conventional
parameters of semen evaluation (sperm viability,
sperm morphology, acrosomal integrity, total
motility and progressive motility).

MATERIALS AND METHODS

Semen collection and processing.
Commercial semen doses processed for artificial
insemination were provided by Degesa Argentina
S.A. and received at the Laboratory of Semen
Quality and Cryopreservation of the Facultad de
Ciencias Veterinarias UBA, CABA Argentina,
within 24h after collection. The animals
belonged to the Austral Line; this line was
obtained by crossing three pure breeds (Large
White, Pietrain and Hampshire). The animals
were housed in the same raising and feeding

conditions and submitted to a same rhythm of
semen collection. Doses from ejaculate from
sixteen fertile, mature sexually and healthy boars
(one ejaculate for each boar) were collected
from May to October (late autumn-winter-early
spring). The sperm-rich fraction was collected
into a pre-warmed insulated flask, using the
gloved-hand technique. Immediately after
collection, the semen was diluted 1:1 (v/v) in
Beltsville Thawing Solution (BTS, IMV, USA),
and stored for a maximum of 24 hours at 17-
18°C.

Motility. Subjective total motility (TM) and
progressive sperm motility (PM) was estimated
in chilled semen samples using a phase-contrast
microscope (400X) with a thermal stage at
37°C».

Viability. To analyze viability, semen
smears were stained with eosin-nigrosin and
200 spermatozoa were evaluated with a phase-
contrast light microscope (1000X) V7.

Hypoosmotic Swelling Test. HOS test was
conducted as previously described by Campi
et al'. The test was performed by mixing 25
pl of sperm sample with 1ml of 100 mosml/I
hypo-osmotic medium (490 pg sodium citrate:
900 pg fructose: 100 ml distilled water),
and incubating for 10 min at 37°C. After
incubation, the reaction was stopped by adding
10 pl of formaldehyde hypoosmotic solution
(3 ul formaldehyde in 1000 pl hypoosmotic
solution). A minimum of 200 spermatozoa were
evaluated using a phase contrast microscope
(400). The number of sperm with curled tails
(viable) and non-curled tails (non-viable)
present was recorded.

Acrosome integrity. Was analyzed with
modified Pursel and Johnson'® method. A 5pl
aliquot of chilled semen was fixed in 1ml of
2,5% glutaraldehyde media to inhibit motility.

A minimum of 200 spermatozoa were
evaluated using a phase contrast microscope
(1000x)

Morphology. Bengal Rose staining was
performed on semen smears according to Windt
et al®. In each sample, two hundred spermatozoa
were observed using a light microscope (1000X).
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Thermoresistance test. The capability of
spermatozoa to resist incubation at 37°C for 1h
was evaluated using the technique described by
Torres Bianchini ez al.

Nuclear tests. The results of the following
tests were estimated using a light microscope
(1000X), and 250 randomly selected sperms
per sample were examined by the same operator.

Feulgen reaction. Air-dried smears, fixed
in ethanol-acetic acid (3:1, v/v), were processed
according to Ferrari er al.!'.

Aniline Blue staining (AB). Air-dried smears
were processed according to Vieytes ez al.*

Toluidine Blue Staining (TB). Air-dried
smears were stained according to Vieytes ez al.*.

Statistical analysis. Pearson’s correlation
was used to calculate relationships between the
sperm variables measured. The results were also
analyzed with descriptive statistics.

RESULTS

The mean percentages and standard errors
of the following parameters were obtained
from single chilled samples of the sixteen boars:
Total Motility (TM) - 62.3 + 3.9 -, Progressive
motility (PM) - 35.0 + 4.6 -, Sperm Viability
(SV) -72.6 = 3.0 -, cells positively reacted to
the Hypoosmotic Swelling Test (HOS*) - 53.3
+ 2.5 -, Acrosome Integrity (Al) - 83.3 + 1.9
-, total motility after Thermoresistance Test-
(TMTR) - 37.3 + 3.5 -, progressive motility
after Thermoresistance Test (PMTR) - 13.4
+ 3.6 -, sperm positive to the HOS Test after
Thermoresistance Test (HOS*TR) - 37.7
+ 3.5 -, and Normal Morphology (NM) -
91.87 + 1.42 -. Spermatozoa with attached
cytoplasmic proximal droplets, bent tail and/or
abnormal heads were considered as abnormal
morphologies.

The coefficient of variation (CV) was
determined for all the parameters. The lowest
value was obtained for the NM (CV=6%),
and the values for Al, SV, HOS, and TM were
lower than 27%. The remaining parameters
(PM, TMTR, PMTR, HOS*TR) had a CV
higher than 35%, thus indicating an important
variability between the observed ejaculates .

Figure 1 displays porcine nuclei stained
with Feulgen Reaction showing normal
and some abnormal nuclear morphologies.
Morphologically normal nuclei were considered
those that belonged to the largest population. The
nuclei with normal morphology presented some
variability between them. Optical observations
allowed discriminating three subpopulations:
quasi rectangular nuclei, sharply tapering nuclei
and slightly tapering nuclei. Several types of
abnormal nuclei were recognized: pyriform,
large, narrow, vacuolated, putative diploid
nuclei, and with abnormal condensation.

The mean percentages and standard error
of the presence of different sperm nuclear
morphologies were obtained from single chilled
samples of the sixteen boars: normal (96.6
0.8), pyriform (0.6 + 0.3), small (0.6 + 0.1),
large (0.4 + 0.1), round (0.4 + 0.1), narrow
(0.4 £ 0.2), vacuolated (0.6 + 0.4), diploid (0.1
+ 0.0) and with abnormal condensation (0.2 +
0.1). Fourteen of the samples had more than 96 %
of morphologically normal nuclei. The CV of
the percentage of the morphologically normal
sperm nuclei was very low (3.2%), indicating
that this parameter was similar in the ejaculates
used in the present work.

All the abnormalities were found in at least
one of the animals. Vacuolated nuclei were those
with the highest percentage (5.6%). Putative
diploid nuclei were observed in only two of the
sixteen animals, while small nuclei were found
in the highest number of individuals.

Aniline Blue stain allowed distinguishing
three classes of nuclei with different staining
intensities: unstained, partially stained and
completely stained, whereas the Toluidine
Blue stain allowed distinguishing two classes
of nuclei: unstained and stained. The mean
percentages and standard error for sperm Aniline
Blue dyed are the following: unstained (98.1 +
1.1), partially stained (0.4 + 0.2) and completely
stained (1.2 + 1.0), and for sperm Toluidine
Blue dyed: unstained (99.6 + 0.2) and stained
(0.7 £ 0.3).

The percentage of nuclei unstained with
AB was very high (98.1+1.1) and the CV was
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Figure 1. Examples of sperm nuclei illustrating various shapes of normal and abnormal morphologies: a, b) pyriform;

) small; d) large; €) round; f) narrow; g) vacuolated; h) “diploid”; i) abnormal condensation; j, k, 1) normal nuclei.

+rectangular nuclei, ++sharply nuclei, +++slightly tapering nuclei (Magnification ca. 2000 x)

3.9%. The percentage of nuclei unstained with
TB was also very high (99.6+0.2%) and the CV
very low (0.7%).

Table 1 shows the correlations between
the twelve parameters studied in the present
work. These values were obtained using the

Pearson coefficient. Total motility was the
parameter which showed more significant
correlations with other parameters (PM, SV,
HOS*, TMTR, HOS*TR). No correlation was
found among nuclear parameters or between
nuclear parameters and other parameters.
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DISCUSSION

The ability to differentiate seminal quality
among boars has a substantial economic impact
on the swine industry'. Therefore, it is important
to know the value of the semen parameters in
populations of healthy and fertile animals. In this
context, some non-standard methods such as the
analysis of membrane function, determination
of resistance to heat incubation and assessment
of the chromatin characteristics are important
to evaluate seminal quality® 2.

The hypoosmotic swelling values obtained
in the present study were below those of the
eosin-unstained spermatozoa and the motile
spermatozoa, thus indicating that the HOS test
evaluates aspects of sperm membrane different
from those evaluated by the two other sperm
tests. According to different authors, viability
tests measure whether the membrane is intact
or not, whereas the HOS test determines
functional integrity of sperm membranes’.
However, good correlation coefficients have
been obtained between HOS" cells and sperm
viability, total motility and total motility after
Thermoresistance test, these results agree with
those obtained by Gadea". The use of the
Thermoresistance test was recommended by
Kozumplik and Roubal' to evaluate the quality
of fresh boar ejaculates. Both the CV of total
motility and of membrane response evaluated
with the HOS test increased considerably their
values after incubation at 37°C for 1 h.

The structure and functionality of the sperm
nucleus are parameters of great importance in
semen quality, and associations between reduced
fertility or abortions and disturbances in nuclear
morphology, maturation and condensation
have been described in many reports® . In the
present study, indirect methods have been used
to estimate nuclear characteristics.

As the mammalian sperm head contains little
more than chromatin, nuclear and head shapes
are related to DNA content and chromatin
organization'"?',

A very high percentage of nuclei with normal
morphology were observed in all the sixteen

boars and the very low CV (3.14%) obtained

for this parameter, indicating that all animals
were very similar regarding this characteristic.
Although only one ejaculate from each boar
was evaluate this is a reliable result because the
relation between the number of normal and
abnormal sperm nuclei according to Gonzilez
et al." did not differ significantly between the
ejaculates of a same boar.

Morphologically distinct subpopulations
of spermatozoa have been described within
fresh boar ejaculates using morphometric
assessments®. In the present study, these
subpopulations were observed. However, the
optical evaluation of these subpopulations did
not allow us to establish a clear differentiation
of the border between them, so we could not
obtain percentage values for each one of them.

Types of morphological abnormalities of
the sperm nuclei observed in the present study
were similar to those described in Sus scrofa®.
All the abnormalities were present in a very low
percentage (between 0% and 5.63%). Other
authors obtained similar values when analyzing
boar sperm head morphology?'. Pyriform,
small, vacuolated and putative diploid nuclei
(“diploid”) were present in the different boar
samples analyzed in this study. Spermatozoa
classified as “diploid” are putative diploid
because we did not determine the DNA content
and the chromosome composition. However,
our experience in different species and the
information published by other authors indicate
that diploid spermatozoa have a size optically
similar to normal ones, have a slightly broader
post-acrosomal zone than normal but when they
are stained with Feulgen reaction and have a
significant and unmistakable deeper coloration
than haploid nuclei'?.

The sperm chromatin organizational
status is characterized by a remarkable process
of protein substitution and condensation’.
Somatic histones, rich in lysines, are replaced
by protamines. The numerous cysteine residues
present in the protamines generate disulphide
cross-links during the condensation process’
causing a highly compact chromatin in the
mature sperm nuclei.
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Aniline Blue stains the lysine residues of sperm
nuclear histones specifically. Results obtained in the
present study showed a very low number of nuclei
stained with Aniline Blue and a mean of 98.11% of
unstained nuclei, indicating a great replacement of
histones by protamines. This result is in agreement
with previous studies that have reported that
protamination in boars is almost complete?.
The very low Coefficient of Variation obtained
(CV=3.9%) points out that all the animals were
very similar for this characteristic.

Toluidine Blue is a classic nuclear dye
used for metachromatic (strong blue) and
orthochromatic (slightly blue) chromatin
staining. The methachromatic TB reaction
represents a simple cytochemical approach to
detect sperm chromatin abnormalities based
on differences in —SS- crosslinking'. In the
present study, most of the nuclei were unstained
(99.56+0.22) and all the animals had similar
values according to the very low value of CV
obtained (CV=0.7%). These results indicate
that the chromatin compaction is high in all
the animals.

According to our results, boar sperm nuclei
with putative abnormalities were infrequent.
Other authors, using the Acridine Orange test, also
observed low chromatin instability” .

In most artificial insemination centers, total
motility is estimated routinely as a valuable
technique for identification and elimination of sub-
fertile ejaculates. The good correlation observed
in the present study between TM and other
parameters such as PM, SV, HOS*, TMTR and,
HOS"TR might be explained by the fact that these
parameters are related to mean cellular structures
that contribute to the maintenance of motility.

In summary, sperm nuclear abnormalities
are infrequent in healthy and fertile boars. No
correlation was found among nuclear parameters
or between nuclear parameters and others
parameters in this work. These results seem to
indicate that the genetic and/or physiological
origin of the structures evaluated by these
parameters would be different. Consequently,
combining different complementary tests would
improve estimations of semen boar quality.
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