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SUMMARY

Ejaculates (n=344) were collected from 35 Polish Landrace boars. The ejacu-
lates were assigned to one of four groups according to the total number
of spermatozoa in an ejaculate. Morphometrical measurements of sperma-
tozoa with proper morphology were performed. Spermatozoa with smaller
head length and head area were found in ejaculates with the greatest total
sperm number (more than 120x10° spermatozoa) than in ejaculates with total
number of spermatozoa of 70-90x10°. The results of the present study suggest
that the number of spermatozoa in an ejaculate influences morphometrical
characteristics of the spermatozoa in Polish Landrace boars. Reproductive
Biology 2009 9 3: 271-282.
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INTRODUCTION

The main criterion for keeping a boar at an insemination station is the produc-
tion of boar ejaculates containing a high quantity of spermatozoa with a high
fertilization ability. The optimal production of semen of high biological value
is influenced by numerous factors, including: breed [23, 32], season of the year
[8, 33], age of the boar [10] and frequency of sperm collection. Examination
of sperm morphology and determining the number of spermatozoa with mor-
phological defects plays a significant role in semen quality assessment.

Many studies indicate that individual animals differ in the number of sper-
matozoa characterized by morphological defects [23, 28, 30]. The mammalian
spermatozoon is characterized by a morphology responsible for passing on
genetic information during the process of egg fertilization. The sperm head
plays a significant role in the fertilization process. The shape of sperm head
is conditioned by the nucleus and acrosome size [3]. The semen usefulness
for insemination may be influenced by sperm morphometric characteristics
resulting from semen size and shape. Relationships between sperm size
and sire fertility have been documented [6, 12]. Some reports indicate that
sperm morphometric characteristics of boars are not closely associated with
the frequency of incidence of morphological abnormalities or with physical
parameters of the ejaculate [20]. Morphological characteristics of sperma-
tozoa can be influenced by the intensity of their production in the testes as
well as the number of spermatozoa stored in epididymises and excreted in an
ejaculate. Since the issue had not been fully examined yet, we attempted to
assess sperm morphometric characteristics of the Polish Landrace boars
in relation to the total number of spermatozoa in an ejaculate.

MATERIALS AND METHODS
Ejaculates and semen assessment

Ejaculates (n=344) were collected from 35 Polish Landrace boars kept
two in two sow insemination stations at the Mazovian Centre of Animal
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Breeding and Reproduction, Lowicz, Poland. The ejaculates were col-
lected using the gloved-hand technique [19] from young boars (7-8 months)
in the initial stage of their breeding utilization. Ejaculates collected from
each boar were assessed for about 10 months at monthly intervals. Im-
mediately after collection, the volume (ml) was determined after the gel
fraction was removed, and sperm concentration (x10*/mm?) was measured
using the photometric method. The percentage of spermatozoa with normal
motility was estimated under a microscope with a warmed stage (37°C) at
a magnification of x200. The total number of spermatozoa and the number
of insemination doses obtained from one ejaculate were calculated us-
ing the SYSTEM SUL (v. 6.35; Gogosystem, Poland) computer program.
The ejaculates were divided into four groups according to the total number
of spermatozoa in an ejaculate: 1/ less than 70x10°, 11/ 70-90x10°, 111/ 90.1-
120x10°, and IV/ more than 120x10° spermatozoa.

Immediately after semen collection, smears were prepared and slides
were stained using the Bydgoska method [22]. The slides were subjected to
microscopic examinations using a Nikon E-400 microscope with immer-
sion at x100 magnification. In each slide, morphometric measurements were
performed of 15 randomly selected spermatozoa with normal morphology.
The measurements were taken using an image computer analysis package
(Screen Measurement v. 4.1, Laboratory Imaging S.r.o. LIM Czech Repub-
lic, Praha). The following sperm morphometric measurements were taken:
sperm head length, sperm head width, head area, sperm head perimeter,
flagellum length and total sperm length [20]. On the basis of these results
the following indices of sperm morphology were calculated: width-to-
length ratio of sperm head (%), ratio of head length to total sperm length
(%), ratio of head length to sperm tail length (%), ratio of tail length to
total sperm length (%), ratio of sperm head perimeter to total sperm length
(%), ratio of sperm had area to total sperm length (%), ratio of sperm head
length and width to total sperm length (%). Moreover, the morphology
of 500 spermatozoa was assessed for each slide. Spermatozoa with major
and minor abnormalities were classified according to Blom [5]. Results were
processed using one-way analysis of variance followed by Tukey’s post hoc
test at p<0.05 and p<0.01.
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RESULTS

Table 1 presents the basic characteristics of ejaculates. The number of sper-
matozoa in an ejaculate increased along with an increase in ejaculate volume.
Ejaculates characterized by a higher total spermatozoa number also had
higher sperm concentrations. Moreover, ejaculates with a total spermatozoa
number of more than 120x10° yielded 28 insemination doses more than
¢jaculates with the total number of spermatozoa of less than 70x10°. There
were no differences in sperm motility among the examined groups.

Table 2 presents sperm morphometric characteristics in relation to the to-
tal number of spermatozoa in an ejaculate. In ejaculates with a total number
of spermatozoa of 70-90x10° (group II), the spermatozoa had or tended to
have larger dimensions than those from the remaining groups. Although
some of the differences were not significant, the group Il spermatozoa usually
had longer flagella and heads, as well as a larger head area and head peri-
meter. The lowest sperm dimensions were usually recorded in the ejaculates
with the greatest total number of spermatozoa (group 1V).

Morphometric indexes of spermatozoa are presented in Table 3. Ratios of fla-
gellum length to total length, head area to total length, and head lengthxwidth/
total length were larger in group II ejaculates than in groups I and IV. More-
over, a ratio of sperm head perimeter to total length was lower in group II
than in groups I and IV. Data illustrating the frequency of occurrence of mor-
phologically changed spermatozoa are presented in Table 4. It appears that
sperm morphology was only vaguely affected by the number of spermatozoa
in an ejaculate. Only one significant difference was observed for the percent-
age of spermatozoa with major abnormalities; this parameter was the highest
in the group with the smallest total number of spermatozoa in ejaculate (less
than 70x10°).

DISCUSSION

The results obtained in the present study suggest that the number of sperma-
tozoa in an ejaculate influences morphometrical characteristics of the sper-
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matozoa. We demonstrated some differences between ejaculates characte-
rized by a different spermatozoa number in relation to sperm dimensions
and shape. Spermatozoa with longer flagella and heads as well as greater total
length were found in group II compared to group I1I and I'V. According to
Gomendio and Roldan [13] sperm length is positively correlated with sperm
velocity. Spermatozoa with longer mid-pieces and tails have stronger flagella
[17]. Tail length and mid-piece length are associated with a different level
of energy produced in mitochondria and, as a result, different sperm motility
rates [4]. It is possible that spermatozoa with longer tails are more likely to
reach an egg and are more competitive compared with other spermatozoa.
In our study spermatozoa with the longest flagella were found in ejaculates
with the lowest total spermatozoa number (groups I and IT).

Some studies have demonstrated marked differences in sperm head
dimensions between breeds and individual boars, and even between in-
dividual ejaculates [26, 27, 31]. Some authors associate sperm head shape
with chromatin structure and integrity and, consequently, with the ability
to fertilize the egg [18, 25]. High-fertility boar spermatozoa have smaller
and shorter heads than spermatozoa that are less able to fertilize [16]. Rijs-
selaere et al. [29] have found that dog ejaculates characterized by high sperm
concentrations contained spermatozoa with shorter tails than ejaculates
characterized by lower sperm concentration. We found that spermatozoa
in groups IIT and I'V had shorter heads than those in group II which suggests
that differences in sperm morphometrical parameters in the pig are related
to the total number of spermatozoa in an ejaculate.

Studies conducted on different animal species point to differences
in dimensions and shapes [2, 21, 24] and link these differences to sperm
competitiveness in the female reproductive tract [11, 13]. Sperm dimensions
and shape can be influenced by sperm preservation [1, 15]. Arruda et al. [1]
showed that in frozen stallion semen, sperm head dimensions are smaller
(lower length, lower perimeter and smaller area) than in fresh semen sper-
matozoa. These authors ascribe these differences to either loss of acrosome
or changed chromatin structure of spermatozoa in frozen semen. On the ba-
sis of changes in sperm head dimension it is possible to distinguish fertile
individuals or animals with limited fertility [14]. Spermatozoa with larger
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heads were found in the semen of stallions with decreased fertility [6].
Smaller dimensions of the head may indicate disturbances in the process
of spermatogenesis or changes in chromatin structure during maturation
and transportation of spermatozoa. An incidence of spermatozoa with head
defects may result in lower quality embryos [9] and miscarriages during
the initial stages of pregnancy [7].

In our study, total sperm number in an ejaculate was related to quantita-
tive characteristics of an ejaculate. As the number of spermatozoa increased,
ejaculate volume, sperm concentration and the number of insemination
doses increased as well. In order to effectively utilize all spermatozoa from
ejaculates with the greatest total sperm number, one would have to use
higher ejaculate dilutions. Studies carried out on Polish Large White boars
showed a distinctive impact of sperm concentration on the total number
of spermatozoa in an ejaculate [22]. As the sperm concentration increased,
an increased total number of spermatozoa was observed, however a reduced
ejaculate volume was recorded at the same time.

To conclude, we found that the number of spermatozoa in an ejaculate
was related to morphometrical characteristics of spermatozoa. Spermato-
zoa with smaller head length and head area were found in ejaculates with
the greatest total sperm number (more than 120x10° spermatozoa, group V)
than in ejaculates with a total number of spermatozoa of 70-90x10° (group
IT). The total number of spermatozoa in an ejaculate only slightly influenced
the sperm morphology. An increase in the total number of spermatozoa was
followed by increased ejaculate volume, sperm concentration and number
of insemination doses.
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