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Abstract

Introduction: The aim of this study was to propose the optimal methodology for stallion semen morphology analysis while
taking into consideration the staining method, the microscopic techniques, and the workload generated by a number of samples.
Material and Methods: Ejaculates from eight pure-bred Arabian horses were tested microscopically for the incidence of
morphological defects in the spermatozoa. Two different staining methods (eosin-nigrosin and eosin-gentian dye), two different
techniques of microscopic analysis (1000x and 400x magnifications), and two sample sizes (200 and 500 spermatozoa) were
used. Results: Well-formed spermatozoa and those with major and minor defects according to Blom’s classification were
identified. The applied staining methods gave similar results and could be used in stallion sperm morphology analysis. However,
the eosin-nigrosin method was more recommendable, because it allowed to limit the number of visible artefacts without
hindering the identification of protoplasm drops and enables the differentiation of living and dead spermatozoa. Conclusion: The
applied microscopic techniques proved to be equally efficacious. Therefore, it is practically possible to opt for the simpler and
faster 400x technique of analysing sperm morphology to examine stallion semen. We also found that the number of spermatozoa
clearly affects the results of sperm morphology evaluation. Reducing the number of spermatozoa from 500 to 200 causes
a decrease in the percentage of spermatozoa identified as normal and an increase in the percentage of spermatozoa determined as
morphologically defective.
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number and motility of spermatozoa, and sperm
concentration. Sperm morphology is also subject to

Introduction

Progress in breeding and insemination methods has
contributed to a significant reduction in the number of
males used for reproduction. Thus, the quality of
ejaculates obtained from insemination males has become
particularly important. Ejaculate quality is influenced by
genetic factors, including the breed (31), as well as the
health status, age, and subsistence conditions of the male
(3, 28). Ejaculate parameters are also affected by the
season of the year, ambient temperature and daylight
duration, semen collection frequency, and other factors
(18, 30). The ejaculates of individual animals differ in
physical traits and in the incidence of morphological
defects in the spermatozoa (19).

Each collected ejaculate is analysed to determine
the basic physical traits, such as ejaculate volume,

assessment. This analysis is of strategic importance (20).
Sperm morphology is considered to be one of the most
important indices of potential male fertility (8). The
structure and sizes of spermatozoa influence their correct
functioning, including their capability of acrosomal
reaction (23) and bonding with the pellucid zone of the
oocyte (12), thus affecting the potential fertility of the
male (24). Sperm morphology assessment consists of
determining the percentage of spermatozoa with
defective morphological structure and the share of
spermatozoa with major or minor defects (25). Male
fertility has been shown to depend on the incidence of
morphologically defective spermatozoa (1). Even
a slight increase in the percentage of spermatozoa with
major defects can lower male fertility (7). It was
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observed that male fertility clearly depends on the
percentage of spermatozoa with morphological defects
(14). The relationship is inversely proportional, which
means that the more spermatozoa with structural defects,
the lower the insemination efficacy.

Sperm classification systems tend to be modified
and adapted for various species of animals. The classical
system, developed by Blom (4) for bull spermatozoa,
was adjusted for the assessment of stallion sperms (16).
The system divides spermatozoa into normal ones, those
with primary defects, and those with secondary defects.
Major sperm defects usually stem from anomalies during
spermatogenesis. Minor defects, in turn, arise later on, in
semen outlet ducts. Minor sperm defects can also be
caused outside the body of the male, e.g. during
laboratory  procedures or microscopic  samples
preparation (26). Excessively long storage or incorrect
storage temperature can also lead to minor defects of
spermatozoa (21).

Determination of changes in the morphological
structure of spermatozoa is an important element of
reproduction aptitude assessment of stallions (15). In the
case of semen evaluation carried out to predict male
fertility, it is important to identify the percentage share of
morphologically defective spermatozoa (7). Sperm
morphology is evaluated in microscopic analyses. Such
examinations require fresh semen for microscopic
preparations, which are fixed and stained. Staining is
a physicochemical process in which the dye penetrates
cellular structure. Staining allows to visualise the shapes
and sizes of spermatozoa. Basically, the dye should not
change the size and shape of spermatozoa, nor hide their
morphological defects. There are many methods of
staining microscopic preparations. It has also been
shown that the staining method can affect the result of
sperm morphology investigation (22).

The result of semen analysis can be influenced by
the applied diagnostic technique (9), tools, and
measurement accuracy. Actual magnification and
number of spermatozoa under analysis are also important
factors in microscopic sperm morphology assessment.
Sperm morphology investigations are usually performed
at, preferably, high magnifications, using immersion
lenses. Such analyses should involve 500 spermatozoa
(29), which require a high workload. Therefore, it is
a common practice to perform this analysis on lower
numbers of spermatozoa — approximately 200 (10).
Maree et al. (22) assumed 100 spermatozoa as the
minimal number that enables human sperm evaluation.
However, the minimal sperm count indispensable for an
effective assessment depends on the staining method and
the type of dyes used (11).

Practical sperm morphology analyses require
feasible and economic methods for staining microscopic
preparations, as well as simple microscopic techniques,
without the need for large magnifications and expensive
and delicate equipment. The present work constitutes an
attempt at assessing the efficiency of stallion sperm

morphology analyses using two cheap and easily
applicable methods of staining, two different
microscopic techniques, and less (200 spermatozoa) or
more numerous (500 spermatozoa) samples. Therefore,
the aim of this study was to propose the optimal
methodology for stallion semen morphology analysis
while taking into consideration the staining method, the
microscopic techniques, and the workload generated by
a number of samples.

Material and Methods

Microscopic examination. A total of 72
microscopic preparations made from the semen of eight
pure-bred Arabian horses were examined. The
preparations were created using nine ejaculates. All
ejaculates were microscopically tested for the incidence
of morphological defects in the spermatozoa, using
semen sample preparations. Both  well-formed
spermatozoa and those with major or minor defects
according to Blom’s (5) classification were identified.
The incidence of morphological defects in the
spermatozoa was determined on the basis of microscopic
analyses of preparations made from the semen samples
collected from each stallion. All analyses were
conducted by the same person. Each ejaculate sample
provided four preparations for morphological
examination. The preparations were stained according to
two methods. Two preparations were stained with eosin-
nigrosin (Fig. 1), and the other two with eosin-gentian
dye (Fig. 2). All preparations were created and stained
directly after an ejaculate was extracted.

Eosin-nigrosin staining method (differential
staining). The preparations for analyses were made
according to the following methodology: a drop of
semen was placed on a slide preheated to 40°C and
mixed with one part of 5% bluish eosin solution (Carl
Roth Gmbh + Co. KG, Germany) and four parts of 10%
nigrosin aqueous solution (Sigma-Aldrich). The samples
were dried at room temperature. Two hundred of
spermatozoa were assessed in each preparation. The
spermatozoa were classified as those with a cell
membrane structure unstained (living) and those with
a damaged membrane structure stained pink (dead).

Eosin-gentian staining method. Thin, fat-free
semen smears, heated up to 36°C, were prepared. After
drying, the smear was fixed in 96% ethanol. Then, it
was rinsed in water and counterstained with 10% blue
eosin solution for 20-60 s. The slides were rinsed in
water again, and coloured for 3-5 min in gentian
pigment.

Microscopic analysis. The preparations were
analysed with two different microscopic techniques,
using a NIKON ES50i microscope with a glass
magnification level 10x: 1) analysis with immersion
lenses at a 1000x magnification, 2) analysis with lenses
set at a 400x magnification.
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Table 1. The number of microscopic preparations stained with different methods and analysed with different microscopic techniques

Microscopic analysis technique Total

Magnification lenses — 400x Magnification lenses - 1000x
Staining method

200 500 200 500

spermatozoa spermatozoa spermatozoa spermatozoa
Eosin-nigrosin 9 9 36
Eosin-gentian dye 9 9 9 9 36
Total 18 18 18 18 72

Fig. 1. A stallion semen smear stained with eosin-nigrosin method; the
arrow points to the spermatozoon with the closer (proximal)
protoplasmatic drop on its midpiece. The heads of spermatozoa stained
pink are dead spermatozoa

Fig. 2. A stallion semen smear stained with eosin-gentian dye

Moreover, the relationship between the precision
of measuring morphological sperm defect incidence
and the number of spermatozoa under analysis was
determined. To this end, independently of the staining
method and microscopic analysis technique, the
morphology of 200 and 500 spermatozoa was

evaluated. Altogether, 72 microscopic preparations
were assessed (Table 1).

Statistical analysis. Experimental data were
analysed using Statistica 10 PL (StatSoft, Tulsa,
USA). All results are expressed as mean + standard
deviation (SD). The obtained material was statistically
analysed according to the following mathematical
model: Yij= p + a; + ejj, where: Yj; is the value of the
analysed parameter, p is the population mean, a; is the
staining method (or the microscopic analysis
technique or the number of respondent spermatozoa)
effect, ej is the error. The significance of the
differences between the groups was assessed with the
Tukey’s test at P < 0.05 and P < 0.01.

Results

Table 2 contains a juxtaposition of the results of
the stallion sperm morphology analyses, depending on
the staining method.

The data in Table 2 show that the applied
methods of staining had similar effects on the results
of the stallion sperm morphology analyses. The
differences between the percentages of well-formed
spermatozoa determined in the preparations stained
with eosin-nigrosin and in those stained with eosin-
gentian dye were similar (0.17%) and statistically
unconfirmed. The differences between the percentages
of spermatozoa with major (0.14%) and minor defects
(0.31%) identified in the preparations stained with
both methods were also negligible and statistically
insignificant.

Table 3 contains a juxtaposition of the results of
the stallion sperm morphology analyses, depending on
the magnification.

The analysis at 400x magnification revealed
91.18% well-formed spermatozoa — 1.57% points
fewer than in the analysis performed at 1000x
magnification (P < 0.05). No differences in major
sperm defect incidence were identified between the
applied microscopic techniques. On the other hand,
slight differences were found in the percentages of
minor sperm defects. Using a 1000x magnification,
1.03% points fewer spermatozoa with minor defects
were identified, as opposed to the analysis at a 400x
magnification (P < 0.05).
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Table 2. Identification of morphological defects of spermatozoa in the stallion ejaculates, depending on the staining method (means + SD)

Staining method

Eosin-nigrosin Eosin-gentian dye LSDy 05 LSDg.o
Number of measurements 36 36
Well-formed spermatozoa (%) 92.05+3.96 91.88 £4.45 1.40 1.86
Spermatozoa with major defects (%) 3.61+£1.90 3.47+1.85 0.63 0.83
Spermatozoa with minor defects (%) 433+£2.55 4.64+3.22 0.97 0.63

Table 3. The profile of morphological defects of spermatozoa in the stallion ejaculates in relation to the applied microscopic analysis

technique (means + SD)

Microscopic analysis technique

Magnification lenses -

Magnification lenses —

400 1000x LSDoos LSDoor
Number of measurements 36 36
Well-formed spermatozoa (%) 91.18 +4.61 92.75 £ 3.60 1.38 1.83
Spermatozoa with major defects (%) 3.80+2.09 327+1.59 0.62 0.82
Spermatozoa with minor defects (%) 5.00+3.22 397+2.44 0.96 1.27

Table 4. The profile of morphological defects of the stallion sperms in relation to the numbers of analysed spermatozoa (means + SD)

number of respondent spermatozoa

200

500 LSDys LSDy;
Number of measurements 36 36
Well-formed spermatozoa (%) 89.36 +4.14 94.57+2.09 1.09 1.54
Spermatozoa with major defects (%) 472 +£1.83 2.36+0.93 0.49 0.64
Spermatozoa with minor defects (%) 591+3.21 3.06+1.57 0.84 1.12

Table 4 contains a juxtaposition of the results of
the stallion sperm morphology analyses depending on
the number of evaluated spermatozoa in the sample.

The data juxtaposed in Table 4 present the
relationship between the results of the sperm
morphology assessments and the numbers of analysed
spermatozoa. With a higher number of spermatozoa
(500 cells), relatively fewer morphological defects
were identified than in the assessment of only 200
spermatozoa. In the analysis of 500 spermatozoa,
2.36% fewer sperms with major defects and 2.85%
fewer sperms with minor defects were identified, as
compared with the assessment of 200 spermatozoa
(P <£0.01). The study of 500 spermatozoa also revealed
a significantly higher (by 4.72%) share of sperms with
correct morphology (P < 0.01). On the basis of the
investigations, it can be concluded that the total number
of the analysed spermatozoa is significant (500
spermatozoa). In the case of a high number of
spermatozoa subjected to the morphology assessment,
the study results indicate higher stallion sperm quality.

Discussion
The data presented in Table 2 show that the use of

the eosin-nigrosin and eosin-gentian dye staining
methods gives similar results and both methods can be

used to examine stallion sperm morphology. Brito ef al.
(6) showed that eosin-nigrosin staining method can
give similar results in stallion sperm morphology
analyses to those obtained with Papanicolaou staining.
Similar observations are also reported by other
researchers (26). The preparation staining methods can,
however, significantly affect the identification of
morphological defects in the spermatozoa, which is of
particular importance for the automatic assessment of
sperm morphology by means of the CASA system. The
influence of the staining method on the results
of morphological and morphometric analyses of
spermatozoa has been repeatedly determined (22).
Hidalgo et al. (13) revealed that the staining method
(Diff-Quik, Hemacolor, and Harris’ haematoxylin)
affects the accuracy of image processing and
identification of morphological and morphometric
parameters of stallion spermatozoa. The present article
compares the efficiency of stallion sperm morphology
assessments using preparations stained according to
two methods: eosin-nigrosin and eosin-gentian dye. We
found that the use of these two methods of staining
gives similar results with regard to the evaluation of the
incidence of sperm morphology defects. In practice,
however, these methods offer quite different
possibilities. The eosin-nigrosin stain is a negative,
differential dye (27) which, in comparison with other
staining methods, makes it possible to limit the amount
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of wvisible artefacts and does not impede the
identification of protoplasmatic drops. The advantage
of this method is also the possibility of differentiating
living and dead spermatozoa (17). In this method,
spermatozoa  with  structurally intact cellular
membranes will not be stained, whereas those with
damaged cellular membranes will change their colour
(2). Spermatozoa dyed red or dark pink are assumed to
be dead, whereas those which have turned greenish or
pale pink are considered to be alive. In contrast to
staining with eosin only, the combination with nigrosin
produces a dark background, which enables better
visualisation of the spermatozoa. The higher percentage
of stained spermatozoa, i.e. dead ones, the lower
fertility of the male. In the case of staining with the
eosin-gentian dye, both the living and dead
spermatozoa have a purple hue. A significant aspect of
both methods is the degree of semen dilution and
a correct selection of dye concentration, apart from the
duration of exposure to the dye (2). It is important that
the structure and functions of all the morphological
elements of the spermatozoon are correct. That is why
morphology assessments not only refer to the defects of
the head but also to those of the neck, mid-piece, and
tail. The present study did not reveal any influence of
the applied staining methods on the efficacy of
morphological defect identification within the
particular sperm elements.

We found that the use of small magnifications
(400x) revealed a slightly higher percentage of
morphologically defective spermatozoa. However, the
differences were negligible and were only confirmed in
relation to minor morphological defects. Assuming the
assessment with a higher, 1000x magnification, using
immersion oil, is more accurate, it seems that the
assessment with a 400x magnification slightly
overestimates the results of the identification of
morphologically defective spermatozoa. However, the
difference is slight and, by far, does not reduce the
number of identifiable morphological anomalies. It is
then admissible to take advantage of the simpler and
faster microscopic technique of analysing stallion
sperm morphology using 400x magnification without
immersion oil.

The data clearly show that the number of
spermatozoa under analysis significantly influences the
results of sperm morphology investigation. The
differences based on the number of analysed
spermatozoa were large and turned out to be highly
significant. It is also worth noting that the reduction of
spermatozoa to 200 leads to overestimation of the
percentage of identifiable morphological defects. It
seems logical that, with a smaller pool (i.e. a lower
number of assessed spermatozoa), each identified
defect of sperm structure considerably gains in
significance. A reduction in the number of spermatozoa
subjected to assessment is used in order to facilitate
processing and makes it less time-consuming in the
case of certain analyses (10). Maree et al. (22) found

that the number of human spermatozoa is significant
for the results of the assessment and suggested that at
least 100 spermatozoa should be examined for the
sperm population sample to remain representative. In
the case of manual sperm morphology assessments, it is
recommended to analyse at least 200 spermatozoa in
each sample.

The use of the eosin-nigrosin and eosin-gentian
dye staining methods leads to similar results in sperm
morphology analyses and both methods can be used to
investigate stallion sperm morphology. However,
considering the fact that eosin-nigrosin staining makes
it possible to limit the amount of visible artefacts and
differentiate living and dead spermatozoa, without
impeding the identification of protoplasmatic drops, it
is highly recommendable for use in practical stallion
sperm morphology examinations. The technique-related
differences in the identification of morphological defects
in spermatozoa turned out to be negligible. It is then
admissible to take advantage of the simpler and faster
microscopic technique of analysing stallion sperm
morphology using 400x magnification. The number of
spermatozoa subjected to analysis clearly affects the
results of sperm morphology evaluation. Reduction of
the number of analysed spermatozoa from 500 to 200
causes a decrease in the percentage of spermatozoa
identified as normal and an increase in the percentage
of spermatozoa identified as morphologically defective.
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