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ARTICLE INFO ABSTRACT
Keywords: Morphometric studies of spermatozoa were conducted on 30 ejaculates collected from 15 boars
Crossbred boars represented by five Duroc boars, five Pietrain boars and five Duroc x Pietrain crossbred boars.
Heterosis Spermatozoa were stained using two methods: eosin-nigrosin and eosin-gentian. Values for
Spermatozoa

morphometric measurements of sperm cells including head length, head width, head area, head
perimeter, tail length and total sperm cell length were collected, and indices characterizing sperm
cell morphological structure were calculated. The effects of heterosis on dimensions and shape of
sperm cells from Duroc x Pietrain boars were evaluated. The effects of genetic effects on sperm
head dimensions and shape were determined. Duroc x Pietrain crossbred boars produced sper-
matozoa with larger heads than purebred Duroc and Pietrain boars. The heads of sperm cells
from crossbred boars were more rounded in shape, whereas sperm heads from purebred boars
were more elongated. There were marked effects of heterosis on sperm head size and shape.
Spermatozoa from Duroc boars also had larger and more rounded heads and longer tails than
sperm cells from Pietrain boars. In addition, staining method affected the outcome from eva-
luation of heterosis on dimensions and shape of sperm cells. There were larger heterotic effects
based on morphometric measurements of heads of spermatozoa stained using the eosin-nigrosin
method than with use of the eosin-gentian dye technique.

1. Introduction

Spermatozoa are cells with different structures than other animal or plant cells. There is considerable structural variability in
spermatozoa particularly in terms of the size and shape of the sperm head among species and breeds within species. Sperm cell
dimensions and shape can be indicators of quality and predictors of the conception rate when these sperm are used for insemination.
Sperm cell dimensions have a large amount of variability among males of different species (Gage and Morrow, 2003; Downing-
Meisner et al., 2005) and among different breeds of the same species (Saravia et al., 2007). There are also considerable differences in
sperm cell shape among males of the same population (Thurston et al., 2001; Maroto-Morales et al., 2010).

Variability of sperm cell dimensions are assessed using staining methods. In research conducted with humans (Maree et al., 2010)
and animal semen (fLacka et al., 2016; Andraszek et al., 2018), staining method was determined to effect the measurements for sperm
variables (e.g., head shape), therefore staining methods can affect results when there are sperm cell measurements (Maree et al.,
2010). The staining technique used can contribute to variability in sperm measurement outcomes as a result of the action of the
chemical reagents used for staining (Brito et al., 2011; Czubaszek et al., 2019). Staining reagents can induce shrinkage or swelling of
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the sperm heads (Banaszewska et al., 2015). A choice of the appropriate staining method, therefore, is important when assessing
sperm cell dimensions. A popular staining method, recommended by the WHO for the examination of human sperm, is an eosin-
nigrosin method. It is applied in sperm morphology assessment and enables identification of live and dead sperm cells (Frenau et al.,
2010). Another method, widely used in sperm morphology and morphometry assessment, especially of breeding animals males, is the
eosin-gentian method (Lacka et al., 2016; Kondracki et al., 2017).

Sperm head shape can be affected by genetic factors affecting the process of spermatogenesis (Pena et al., 2005). There is also an
association between sperm dimensions and shape, and ejaculate characteristics (Rijsselaere et al., 2004; Wysokinska et al., 2009a;
Kondracki et al., 2013; Gorski et al., 2016). Importantly, sperm cell dimensions are associated with male fertility. Sperm head
dimensions of spermatozoa of lesser-fertility boars differ from those of boars with relatively greater fertility (Gravance et al., 1996;
Brito et al., 2011). Ejaculate characteristics vary with breed of boar (Kondracki et al., 2012). Ejaculates obtained from crossbred boars
differed from those of purebred males in terms of both qualitative and quantitative characteristics (Ciereszko et al., 2000; Kawecka
et al., 2008). Ejaculates collected from crossbred boars usually have features that are associated with greater fertility when used for
insemination (Wysokinska and Kondracki, 2013), which creates an opportunity for more efficient use of such boars for artificial
insemination (AI). The outcomes from crossbreeding for production of boars, however, are not always as expected with regard to
enhanced ejaculate quality.

Effects of crossbreeding largely depend on breeds selected for this purpose. Crossbred boars are usually characterized by having
ejaculates with relatively greater quality than those of purebred boars as a result of heterosis and there are resulting enhanced fertility
outcomes when crossbred boar semen is used for insemination (Smital, 2009; Wolf and Smital, 2009; Wysokiriska and Kondracki,
2013). Sperm cells of crossbred boars, especially multi-breed crossbred boar have greater viability when preservation methods are
imposed because of greater cell membrane integrity than spermatozoa of purebred boars (Wysokifiska and Kondracki, 2014). In some
cases, however, ejaculates obtained from crossbred boars have lesser sperm quality than those of purebred boars (Wierzbicki et al.,
2010) or the characteristics of the sperm of the crossbred boars are intermediate compared with parent purebred boars (Wysokinska
et al., 2009b). Two-breed crossbred boars are often preferred for reproduction because boars of this breeding have greater libido, and
ejaculates can be easily obtained which is particularly important when the boars are used for artificial insemination. This is why the
use of crossbred boars in pig artificial insemination is greater and continuing to increase as compared with use of purebred boars.
Knowledge of advantages of using semen from crossbred boars for artificial insemination is insufficient and is usually limited to the
ease of sperm collection and basic ejaculate characteristics. Relatively few studies have been conduct to evaluate quality and mor-
phological and morphometric characteristics of spermatozoa from crossbred compared with purebred boars.

The present study was conducted to compare morphometric features of sperm cells from Duroc x Pietrain crossbred and purebred
Duroc and Pietrain boars, and to evaluate the effects of heterosis on dimensions and shape of spermatozoa produced from cross-
breeding of the Duroc and Pietrain breeds.

2. Materials and methods
2.1. Animals and ejaculate collection

The studies were conducted on 30 ejaculates collected from 15 boars, represented by five purebred Duroc, five purebred Pietrain
and five two-breed Duroc x Pietrain crossbred boars. Semen from these boars was being routinely collected at an insemination station
for AL The boars were 18 to 24 months of age. Boars were housed in similar environmental conditions with water was available ad
libitum. Ejaculates were collected using a manual method once a week. Immediately after collection, the semen was filtered through
four layers of sterile gauze into a pre-warmed beaker to remove gel particles. Two consecutive ejaculates were collected from each
boar. Semen was only used in the study when the ejaculates had at least 70% of spermatozoa that were highly motile and sperm
concentration was at least 100,000/ml of semen. Sperm motility was evaluated using a Nikon Eclipse 50i light microscope equipped
with a heated stage. A sample of 5l of sperm suspension was placed on a pre-warmed slide and sealed with a coverslip at 37 °C.
Using 200x magnification, the percentage of normally motile spermatozoa was determined based on the number of sperm present in
the field of vision of the microscope. Sperm concentration in the ejaculates was determined using a photometric method, utilizing a
spectrophotometer (IMV Technologies, France). The method was based on the measurement of light intensity passing through the
suspended spermatozoa in an isotonic solution of chlorine or sodium citrate. There were 90% of the spermatozoa in those ejaculates
that did not have any morphological changes during the course of the experiment. Immediately after collection, two microscopic
slides were prepared from each ejaculate, of which one was stained using the eosin-nigrosin method and the other using the eosin-
gentian dye staining technique.

2.2. Staining methods

2.2.1. Eosin-nigrosin staining method (differential staining)

The preparations for analyses were made according to the following methodology: a drop of four samples of semen was placed on
a slide preheated to 36 °C and mixed with twice the volume of the dye mixture (one sample of 5% bluish eosin solution (Carl Roth
Gmbh + Co. KG, Karlsruhe, Germany) containing 10% nigrosin aqueous solution (Sigma-Aldrich, USA) using a glass rod to produce a
smear on the slide. The samples were air-dried at room temperature.
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2.2.2. Eosin-gentian staining method

Thin, fat-free semen smears, heated to 36 °C, were prepared. After drying, the smear was fixed in 96% ethanol. The smear sample
was subsequently rinsed in water and counterstained using 10% blue eosin solution (Carl Roth Gmbh + Co. KG, Karlsruhe, Germany)
for 20-60 seconds. The slides were again rinsed with water, and stained for 3 min with gentian pigment (Sigma-Aldrich, USA). After
staining, the slides were washed and dried. The use of this procedure resulted in a clean background, and thus a relative ease of
contrasting of the stained spermatozoa.

2.3. Microscopic analysis and morphometric measurements

Microscopic slides, prepared using the procedures previously described in this manuscript, were used for conducting morpho-
metric evaluations of sperm cells. The morphometric evaluations of sperm cells were conducted using an analysis system consisting of
a Nikon E50i light microscope, the Moticam PRO 282B digital camera and a computer. The equipment comprised a microscope
(Nikon 50i, Japan) equipped with a 100x bright-field Nikon objective. A video digital camera Moticam PRO 282B was mounted on
the microscope to obtain the images and transmit these to the computer. The array size of the video frame grabber was 2592 x 1944
pixels. Resolution of images was 0.0345 um per pixel in both the horizontal and vertical axes. Each sperm cell was evaluated using a
software Motic Images Advanced 3.2 connected to an image analysis system. There were morphometric evaluations using the gra-
phics tablet Wacom Intuos driver 6.3.17 (Germany) equipped with very sensitive digital pen. For each boar, 40 morphologically
normal spermatozoa were evaluated, including: 20 sperm cells stained using the eosin-nigrosin technique and 20 sperm cells stained
using the eosin-gentian technique. In total, 600 spermatozoa were evaluated. Morphologically normal spermatozoa were considered
to have oval shaped heads, no acrosome defects, no bent tails and no cytoplasmic droplets. The following measurements of each
sperm cell were taken: head length — estabilished as the length of a-b line where a is the point where the head and the connecting
piece (the tail neck) adjoin, and b is the farthest point a at the tip of the head; head width — the length of c-d line where ¢ and d are
the farthest sticking points from each other on the edge of sperm cell head, and the line was drawn perpendicular to the long axis of
the sperm head at the height of %2 an acrosome; head area — measuring the area limited by a curve extending along the perimeter of
the sperm head; head perimeter — length of the boundary limiting the sperm head; tail length — the length of a—e curve drawn along
the long axis of the tail, where a is defined as above, and e is the tail tip and total sperm cell length — the length tail and head (Fig. 1).
Measurements were performed using the methodology developed by Kondracki et al. (2005). Based on the measurement results, the
following indices characterizing morphological structure of sperm cells were calculated:

® head width / head length x 100,
e head length / sperm length x 100,
e head length / tail length x 100,

e

Fig. 1. Approaches for measuring morphometric sperm dimensions: head length — segment a-b (the yellow line), head with — segment c-d (the
yellow line), head area — the area of the region limited by the blue line, head perimeter - the length of the blue line, tail length — the length of the
curve a—e (signed with the red color) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article).
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o tail length / total length X 100,

e head perimeter / total length x 100,

® head area / total length x 100,

e head length x width / total length x 100.

The slides were prepared and assessed microscopically by the same person.
2.4. Statistical analysis

Experimental data were analyzed using a program STATISTICA 13.1 Pl (StatSoft, Tulsa, USA). All results are expressed as
mean * standard deviation (SD). The data were statistically analyzed using the following mathematical model: Yj = u + a; + bj +
ab;; + ej where: Yy — value of the analyzed parameter, |1 - populational mean, a; - the effect of boar breed, bj - the effect of staining
method, abj;; — the effect of interaction between factors, e — error. The significance of the differences between the groups was
assessed using the Tukey test at P < 0.05.

The effects of heterosis on morphometric measurements of crossbred boar sperm cells in relation to the mean value of a given trait
of the parent breeds were calculated using the following formula:

Xr1 — Xmp

-MP

VR = X 100

where:
VR - the effect of heterosis
Xp1 — mean value of a given trait in crossbred boars
Xyp — mean value of the trait in boars of parent breeds

3. Results
3.1. Head dimensions

The sperm heads stained with eosin-nigrosin of crossbred Duroc x Pietrain boars had larger dimensions than sperm heads of
purebred boars (Table 1). There were marked and positive effects of heterosis mostly for sperm head area (VR = 9.79), sperm head
perimeter (VR = 4.69) and sperm head width (VR = 3.39). The head area of spermatozoa produced by crossbred boars was greater
by 7.1% compared with sperm heads of Duroc boars and were as much as 12% greater than that of Pietrain boar sperm heads
(P < 0.05). The heads of sperm cells produced by crossbred boars also had a larger perimeter (P < 0.05) and were longer and wider
compared with Pietrain boars (P < 0.05).

The data in the Table 1 are indicative of the larger head dimensions of spermatozoa produced by crossbred than purebred boars.
These data were also obtained using the eosin-gentian staining method. The values for inter-breed differences were much smaller
than those values for sperm cell measurements obtained by staining with eosin-nigrosin. Also, the effects of heterosis on sperm head
dimensions were smaller (by more than a half) than the values calculated based on measurements of sperm cells stained with eosin-
nigrosin. The sperm cell staining method, therefore, had marked effects on the assessment of the effects of heterosis on sperm head
dimensions.

3.2. Tail dimensions
In slides stained with the eosin-nigrosin method, the tails of spermatozoa of crossbred boars were of similar length as spermatozoa
Table 1

Dimensions of sperm cells from Duroc and Pietrain purebred and Duroc x Pietrain crossbred boars, and effects of heterosis on sperm dimensions in
crossbred boars when measurements were made on slides stained using the eosin-nigrosin (EN) and eosin-gentian (EG) technique.

Variable Breed Effect of heterosis
VR (%)

Duroc x Pietrain Duroc Pietrain

EN EG EN EG EN EG EN EG
Number of analyzed cells 100 100 100 100 100 100
Head length (um) 9.01 + 0.36" 9.32 + 0.41° 8.99 + 0.63% 9.36 + 0.58" 8.78 + 0.44° 9.24 + 0.37° 1.35 0.22
Head with (ym) 458 + 0.33*  4.86 = 0.29° 452 + 0.27° 479 + 0.32¢ 435 + 0.34°  4.78 + 0.27¢ 3.39 1.67
Head perimeter (um) 28.55 + 1.77° 29.16 + 1.52° 27.55 + 1.74° 28.64 = 210 26.99 + 1.70° 28.39 * 1.45%  4.69 2.28
Head area (um?) 36.10 + 3.43" 3822 + 3.00° 33.71 * 3.42° 37.34 + 4919 3205 + 3.23° 3671 + 2.82°¢ 9.79 3.24
Tail lenght (um) 43.80 + 1.64° 44.68 + 1.18° 45.48 * 1.63° 46.24 + 1.72¢ 43,67 + 2.21° 44.53 + 1.48" -1.75 —-1.54
Total length (um) 52.81 + 1.71* 54.01 + 1.35° 54.47 + 1.88° 5560 + 2.00° 52.44 * 2.36° 53.77 + 1.63" -1.21 -1.23

abcdyalues in rows marked with different letters differ P < 0.05.
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Table 2

Morphometric indices for the eosin-nigrosinand eosin-gentian-stained sperm cells from Duroc and Pietrain purebred and Duroc x Pietrain crossbred
boars, and effects of heterosis on morphometric indices of sperm cells in crossbred boars in relation to the mean value for a a specific variable in
parent breeds.

Variable Breed Effect of heterosis
VR (%)
Duroc x Pietrain Duroc Pietrain
EN EG EN EG EN EG EN EG
Number of analyzed cells 100 100 100 100 100 100
Head width/head length ~ 50.91 + 4.27° 5212 + 3.15" 50.48 = 5.02° 51.30 + 3.28%" 49.64 + 3.89 51.85 + 3.40°° 1.70 1.05
Head length/total length ~ 17.08 + 0.74® 17.26 + 0.63° 16.51 = 1.01° 16.83 + 0.83° 16.76 + 0.93® 17.19 + 0.62° 2.64 1.47
Head length/tail length 20.61 + 1.08%° 20.88 + 0.92° 19.79 + 1.42° 20.24 = 1.20°Y 20.14 = 1.38% 20.76 + 0.90 3.20 1.85
Tail length/total length 82.92 + 0.74* 8274 + 0.63* 83.49 = 1.00° 83.17 = 0.83" 83.24 = 093" 82.81 + 0.62 —0.54 -0.30
Head perimeter /total 54.14 + 4.26° 54.02 + 2.95° 50.60 = 3.26° 51.52 + 3.54° 51.58 = 4.09° 52.84 = 3.10° 5.97 3.53
length
Head area/total length 68.49 + 7.56°  70.78 + 5.47° 61.90 = 6.10° 67.12 = 8.06° 61.21 * 6.40° 68.27 + 4.89° 11.26 4.55
Head 78.24 + 6.58°  83.86 * 6.46° 74.63 + 7.18° 80.74 * 7.85¢ 7297 + 7.71° 8221 + 522°¢ 6.02 2.92
length x width/total
length

abedeyalyes in rows marked with different letters differ P < 0.05.

of Pietrain boars but were shorter by 3.7% than Duroc boar spermatozoa (P < 0.05; Table 1). There were similar relationships for the
total sperm length. The effects of heterosis on sperm tail length and total length were negative and relatively small.

Using the eosin-nigrosin staining method did not affect the values for heterosis effects on sperm tail length and total sperm length.
The effects of heterosis on sperm tail length and total sperm length, with use of the eosin-gentian staining method, were VR = —1.54
and VR = —1.23, respectively, and were similar to the relative values when there was staining of spermatozoa using eosin-nigrosin
method and determination of values for these variables.

3.3. Sperm morphometric indices

Results from analysis of the data contained in Table 2 indicate that with eosin-nigrosin and eosin-gentian staining there were
differences in sperm cell shape between Duroc x Pietrain crossbred and purebred Duroc and Pietrain boars. Spermatozoa of crossbred
boars differed from those of purebred boars in head shape. There was a larger head width-to-length ratio for spermatozoa produced
by crossbred boars with the heads being more rounded in shape whereas purebred boars produced spermatozoa with more elongated
heads, which was particularly obvious in sperm of Pietrain boars in preparations stained using the eosin-nigrosin method (P < 0.05).

In preparations stained using the eosin-nigrosin method, spermatozoa of crossbred boars were characterized by a greater head
perimeter-to-total sperm length and head area-to-total sperm length ratio and a greater ratio of the product of head length and width
to total sperm length than spermatozoa of purebred boars (P < 0.05). There were large effects of heterosis on these characteristics,
ranging from VR = 5.97 to VR = 11.26. The effects of heterosis on the remaining morphometric indices were much less and ranged
from VR = —0.54 for the sperm tail length-to-total sperm length ratio to VR = 3.20 for the sperm head length-to-sperm tail length
ratio.

In Table 2, there are data characterizing morphometric indices of sperm cells stained using the eosin-gentian dye technique and
the data for the effects of the calculated value for heterosis for these indices. These data indicated that with the use of eosin-gentian
dye staining there were differences in sperm shape between Duroc x Pietrain crossbred and purebred Duroc and Pietrain boars. These
differences were, however, much smaller than those when there was use of eosin-nigrosin staining. The effects of heterosis were also
less and ranged from VR = —0.30 to VR = 4.25.

4. Discussion

The data from the present study indicate that crossbreeding affects the dimensions and shape of sperm cells of domestic pig males.
Duroc x Pietrain crossbred boars produce spermatozoa with larger heads than purebred Duroc and Pitrain boars. The greatest dif-
ferences are in the sperm head area and perimeter. These differences are confirmed by the effects of heterosis on these dimensions.
The dimensions of sperm head can be associated with male fertility. Results of studies conducted on the sperm of humans (Obara
et al., 2001; Gage and Morrow, 2003), boars (Pena et al., 2005; Saravia et al., 2007) and stallions (Hidalgo et al., 2008;
Phetudomsinsuk et al., 2008) indicate sperm cells from lesser-fertility individuals differed in dimensions from spermatozoa obtained
from individuals with greater fertility based on conception rate values. Males producing spermatozoa with smaller heads had greater
fertility. Waheed et al. (2015) and Gravance et al. (1996) reported differences in sperm head dimensions between stallions with
relatively lesser and greater fertility. Spermatozoa of stallions with lesser fertility had larger heads (Waheed et al., 2015).

Results of the present study unequivocally provide evidence that sperm cells from crossbred boars had larger heads compared
with those from purebred boars. This morphological characteristic can adversely affect the fertilizing capacity of sperm cells. The
majority of sperm morphometry research is based on using the CASA-Morph system (Computer Assisted Sperm Morphometry
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Analysis; Soler et al., 2016, 2017a; Soler et al., 2017b; Yaniz et al., 2016; Valverde et al., 2019). Using the CASA-Morph system, there
are measurements of a sperm head and acrosome but a sperm tail is not measured. In the present study, there was evaluation of both a
sperm head and tail is made. Analysis of morphometric characteristics of sperm cells has to include both the sperm head, midpiece
and tail (Gil et al., 2009), because there are significant associations between the sperm head and tail length (Gage, 1998). There is an
inverse relationship between sperm length and the duration of sperm cell motility and thus its capacity for ova fertilization
(Gomendio and Roldan, 1993). In a study conducted with primates and rodents, the spermatozoa with a longer length had a greater
swim velocity but period during which the cells continued to be motile is shorter compared with sperm with a shorter length
(Gomendio and Roldan, 1991). There have been similar results regarding sperm length and duration of motility when there were
assessments of fish spermatozoa (Stockley et al., 1997). The data obtained in the present study indicate that the differences in sperm
tail length between crossbred and purebred boars were slight but there are indications that there is a lesser tail length of sperm cells
produced by crossbred boars. It can be expected, therefore, that motility of spermatozoa from crossbred boars will be less but that
there will be a longer motility persistence than that of sperm from purebred boars. The longer period during which spermatozoa
motility is sustained in sperm from crossbred boars contributes to the greater fertilizing capacity of sperm from these boars.

Motility of sperm cells is one of the main indicators of sire fertility. A larger percentage of progressively motile spermatozoa is
associated with a greater fertilizing capacity. There are only a few studies in which there has been investigation of associations of
sperm motility and dimensions and shape of these cells. There, however, was an association between sperm head shape and the
motion hydrodynamics of spermatozoa. Spermatozoa with elongated heads had a greater swim velocity than spermatozoa with
rounded heads (Malo et al., 2006). Based on results from the present study, it can be expected that sperm cells of purebred males,
having more elongated heads, will have more rapid motility than spermatozoa of crossbred boars with more rounded heads. Sper-
matozoa which are longer can produce more energy in the midpiece (Cardullo and Baltz, 1991) and can generate a greater force for
movement (Tourmente et al., 2011). In the present study, spermatozoa of crossbred Duroc x Pietrain boars were slightly shorter than
sperm cells of Duroc boars but longer than spermatozoa of Pietrain boars. The calculated values for effects of heterosis on sperm
length and sperm tail length were negative (—1.75% and —1.21% with eosin-nigrosin and —1.54% and —1.23 with eosin-gentian
staining).

The effects of heterosis on morphometric dimensions of spermatozoa have not been previously evaluated. There were relatively
greater heterosis effects, however, for quantitative and qualitative characteristics of semen from crossbred boars (Smital et al., 2004;
Wysokiriska and Kondracki, 2013). In the studies of Smital et al. (2004), there were positive and distinct effects of heterosis on
ejaculate volume and number of spermatozoa per ejaculate in Duroc x Pietrain crossbred boars. There were slightly different results
in the studies of Czarnecki et al. (1999). Results of those studies indicated there was a positive effect of heterosis in Duroc x Pietrain
crossbred boars only in terms of ejaculate volume. Crossbred Duroc x Pietrain boars were usually characterized as having a greater
quality of ejaculate which contained more spermatozoa with greater motility than ejaculates of purebred Duroc and Pietrain boars
(Wysokinska and Kondracki, 2004; Kawecka et al., 2008). Results in the studies of Wierzbicki et al. (2010) indicated purebred Duroc,
Hampshire and Pietrain boars produced ejaculates with a larger volume and more spermatozoa than crossbred boars. For this reason,
these boars were often retained in herds for longer periods and had a greater copulation performance while in the herds. The results
from the present study indicate spermatozoa of Duroc x Pietrain crossbred boars have a larger head perimeter and area than sper-
matozoa of purebred Duroc and Pietrain boars. For these characteristics of sperm head, there are positive effects of heterosis with the
use of both staining methods utilized in the present study.

There were more obvious effects of heterosis on sperm head dimensions on slides stained using the eosin-nigrosin method.
Heterosis effects on sperm head dimensions as determined with the use of the eosin-nigrosin staining method were more than twice as
great as the effects calculated based on data with eosin-gentian dye staining. Sperm head shape is determined primarily by shape and
size of the nucleus and acrosome. Thurston et al. (2001) suggested that there were effects of genetic factors on sperm head shape.
Also, the results of the present study indicate there is a genetic effect on variability of sperm head dimensions. These results indicate
there is a marked breed and crossbreeding effect on dimensions and shape of sperm cells. Saravia et al. (2007) reported that sperm
head length, width, area and perimeter were larger for Duroc boars than in the other breeds evaluated in this study (Risco-hybrid,
Large With, Landrace, Yorker-hybrid). The results of the present study also indicated that Duroc boars produced spermatozoa with
larger heads than Pietrain boars. This is consistent with the thought that sperm of Duroc boars have relatively large heads. The data
obtained in the present study also indicate that sperm cells produced by Duroc boars have longer tails than spermatozoa from Pietrain
boars. It can be hypothesized, therefore, that Duroc boars produce relatively larger spermatozoa than Pietrain boars. Furthermore,
the data of Saravia et al. (2007) indicated that Duroc boars produced larger spermatozoa than boars of other breeds. Duroc boars,
however, had sperm cells with smaller heads than Duroc x Pietrain crossbred boars which was particularly obvious when there were
evaluations using differential staining with eosin-nigrosin in the present study (Table 1). Hence, crossing the Duroc and Pietrain
breeds resulted in two-breed crosses with a marked heterosis effect manifested by increased dimensions of the sperm head.

Results of some studies indicate there is a significant variability of sperm head dimensions not only in boars of different breeds but
also among boars of the same breed and even between ejaculates of the same boar (Pena et al., 2005, 2006; Saravia et al., 2007;
Kondracki et al., 2012). These data indicate that sperm head dimensions are also affected by breed-independent factors. Sperm shape
and structural proportions have a marked variability. The data obtained in the present study indicate there are effects of heterosis on
sperm cell shape, and especially on the proportion of sperm head size to total sperm length in sperm from crossbred boars. These
differences were most obvious when there was use of the differential staining technique with the eosin-nigrosin (Table 2). There has
been some thought that the differences in sperm head shape are associated with integrity of nuclear chromatin (Aziz et al., 1998;
Ostermeier et al., 2001). These differences in sperm head shape can result from abnormal chromatin condensation and DNA frag-
mentation and from the presence of nuclear vacuoles. These differences in morphological characteristics negatively affect fertilizing
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capacity of sperm cells and fetus development (Gandini et al., 2000; Prisant et al., 2007; Auger, 2010). There are results of studies
which indicate that sperm heads are larger is semen when there is a greater presence of sperm heads with morphological defects than
in semen with normal sperm morphology (Katz et al., 1986; Casey et al., 1997). In this context, evaluation of a sperm head structure
is of particular importance because the size and shape of the sperm head is an important criterion of spermatozoa classification and
evaluation for morphological anomalies. Morphometric characteristics of sperm cells are important because of associations of these
characteristics with the functioning of cellular structures in these cells (Maroto-Morales et al., 2016).

5. Conclusion

In conclusion, there are genetic effects on the dimensions and shape of sperm heads. Spermatozoa from crossbred Duroc x Pietrain
boars have larger and more rounded heads than sperm heads of purebred boars. There are marked effects of heterosis on the sperm
dimensions and shape. Spermatozoa of purebred Duroc boars have larger and more rounded heads as well as longer tails than
spermatozoa from Pietrain boars. The staining method has an effect on the values determined for the effects of heterosis on sperm
head dimensions and shape. Estimated heterotic effects on sperm dimensions and shape are greater when there is use of eosin-
nigrosin staining than with use of the eosin-gentian staining technique. The staining method, however, does not affect the evaluation
of heterosis effects on sperm tail length and total sperm length.
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