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ABSTRACT
The aim of the present study was to analyze the frequency of occurrence of acrosome-reacted spermatozoa in semen
stained with two methods, depending on boar semen storage time. The studies were conducted on ejaculates col-
lected from 10 Landrace boars used in artificial insemination. The smears were prepared by means of two staining
methods: SpermBlue and eosin-gentian dye. It was concluded that the proportion of acrosome-reacted spermatozoa
depends on the staining method and ejaculate storage duration. When the smears were stained with the SpermBlue
method, the number of spermatozoa with head defects, including acrosome reaction, was greater compared with the
smears stained with the eosin-gentian dye. With the passage of semen storage time, a change in sperm count with an
acrosome reaction was observed. In the SpermBlue-stained smears, the proportion of acrosome-reacted spermato-
zoa was the highest in the 96th hour of storage and was about 2.5%. An increase in the number of acrosome-reacted
spermatozoa was observed in the semen stained with the eosin-gentian dye method in the following semen storage
hours.
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INTRODUCTION

Fertilization is a complex multistage process compris-
ing several phases during which spermatozoa undergo
structural and metabolic changes. Especially the struc-
ture of sperm cell membrane and processes progress-
ing within it during capacitation and acrosome reaction
are of crucial significance for the sperm union with oo-
cyte. Acrosome reaction is the last stage of spermato-
zoa activation. Without it, spermatozoa would not be able
to penetrate zona pellucida of ovum. This reaction oc-
curs by the action of acrosomal enzymes released during
this process, and prepares spermatozoa for fusion with
oolemma. It may be induced by vesicular fluid, chem-
ical compounds (e.g. Ca 2+ ionophore) and progester-
one [Tesarik 1985]. For the acrosome reaction to occur,
it is essential that sperm membrane integrity is intact and
metabolic processes within spermatozoa structures run in
a normal way [Šerniené et al. 2005]. Spermatozoa with
premature acrosome reaction are incapable of fusion with

egg [Li et al. 2017]. Cell membrane of boar spermato-
zoa is particularly sensitive to temperature changes due
to its specific structure. It contains a lot of polyunsatur-
ated fatty acids which make it especially vulnerable to
damage [Cerolini et al. 2000]. For this reason, sperma-
tozoa are sensitive to oxidative stress caused by an im-
balance between reactive oxygen species production and
antioxidant capacity [Agarwal et al. 2008]. When semen
is cooled, lipid phase is separated which increases per-
meability of the sperm cell membrane. Waterhouse et al.
[2006] demonstrated variability of cell membrane com-
position of spermatozoa produced by different boars, es-
pecially in the contents of individual unsaturated fatty
acids and cholesterol. Due to these differences, spermato-
zoa of some service boars are more resistant to techniques
of semen processing compared with other AI boars. For
these reasons, in assessment of spermatozoa morphology,
it is worth taking notice of the condition of cell membrane
of boar spermatozoa heads because semen with appar-
ently correct morphological structure can contain sper-
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matozoa with premature acrosome reaction. In artificial
insemination (AI) practice, the changes in spermatozoa
cell membrane that may occur during storage usually are
not analyzed. Routine semen analysis also does not in-
clude evaluation of spermatozoa propensity for premature
acrosome reaction.

The aim of the present study was to analyze the fre-
quency of occurrence of acrosome-reacted spermatozoa
in semen stained with two methods, depending on boar
semen storage time.

MATERIAL AND METHODS

Animals, semen collection and dilution

The studies were conducted on 100 ejaculates collected
from 10 Landrace boars used in artificial insemination.
Boars selected for the study were 1.5–2 years of age,
healthy and maintained at identical environmental con-
ditions. According to the farm standards, the boars were
fed a complete diet to meet all of their nutritional needs
and had access to water ad libitum. 10 ejaculates per boar
were collected at weekly intervals. Ejaculates were col-
lected using a manual method during morning hours at
the location of boar use. The gel fraction of semen was
removed by gauze filtration. Immediately after collection,
volume and spermatozoa count and motility were determ-
ined for each ejaculate. Ejaculates chosen for the studies
contained not less than 70% of spermatozoa with normal
motility. Subsequently, the ejaculates under study were
diluted with a commercially available solvent Biosolvens
plus (Biochefa, Poland) and insemination doses (closed
plastic bags, 100 mL) were prepared, which contained
ca. 3 billion spermatozoa in each. Artificial insemination
doses prepared in this way were stored in thermobox at
17°C.

Samples collected from each artificial insemination
dose were used for preparation of semen smears for
determination of spermatozoa morphology. The smears
were prepared at the following intervals: 1 h, 24 h, 96 h
and 168 h after collection.

At each of these times, fresh AI doses were opened
immediately before smear preparation. From each insem-
ination dose, two separate samples for microscopic char-
acterization were prepared using different staining meth-
ods. In total, 1000 semen smears were prepared.

Staining methods

Eosin-gentian dye staining A thin semen smear was
prepared on defatted microscopic slide warmed to a tem-
perature of 36°C. After drying for ca. 5 min the smear
was fixed in 96% ethanol solution. The fixed smears
were rinsed with distilled water and stained with 10%
aqueous solution of eosin blue (Carl Roth Gmbh+Co.
KG, Karlsruhe, Germany) for 20–60 s. The stained

smears were rinsed again with water and stained with
gentian dye (composed of: 2 g methylene blue, 0.75 g
gentian violet, 5 ml glycerol, 100 ml distilled water)
(Sigma-Aldrich, USA) for 3–5 min. The smears were
rinsed with distilled water and air dried. This proced-
ure led to a clean background and thus, a good contrast
against the stained spermatozoa. The slides were pre-
pared and assessed at the same time and by the same per-
son using a microscope.

SpermBlue staining A 10–15 µl drop of semen was
transferred onto a microscopic slide, smeared and air
dried at a room temperature. After drying, the smear was
stained with the SpermBlue dye (Microptic SL, Spain)
for ca. 4 min. Next, the smear was rinsed with distilled
water and air dried.

Assessment of sperm cell morphology

Sperm cell morphology was evaluated under immersion
at a magnification of 1000 × with the use of a light mi-
croscope Nikon E-50i. In each smear, the morphology of
500 spermatozoa was evaluated by counting spermato-
zoa with normal and abnormal morphology, according to
Blom’s classification [Blom 1981].

Morphological defects of spermatozoa were classi-
fied into three subgroups:

1. Spermatozoa with head defects, including:

− spermatozoa with acrosome defect (acrosome-
reacted)

− spermatozoa in which do relase of the contents
of the acrosome to the outside of the sperm cell
(Fig. 1 – B, F)

2. Spermatozoa with cytoplasmic droplets
3. Spermatozoa with tail defects

Statistical analysis

Experimental data were analyzed using a program
STATISTICA 13.1 PL (StatSoft, Tulsa, USA). All res-
ults are expressed as mean ±standard error of the mean
(SEM). The obtained material was statistically analysed
according to the following mathematical model:

Yij = µ + ai + eij

where:

Yij − value of the analysed parameter,
µ − populational mean,
ai − staining method effect,
eij − error.

The significance of the differences between the
groups was assessed with the Tukey test at P ≤ 0.05.
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Table 1. The frequency of occurrence of spermatozoa with normal and abnormal morphological structure depending on the
staining method (mean ±SEM)

Tabela 1. Częstość występowania plemników o prawidłowej budowie i zmienionych morfologicznie w zależności od metody
barwienia (średnia ±SEM)

Item
Wyszczególnienie

Staining metod – Metoda barwienia

SpermBlue
SpermBlue

Eosin-gentian dye
Eozyna-barwnik gencjanowy

Spermatozoa with normal morphology 
Plemniki o prawidłowej budowie morfologicznej

95.98 ±0.47 95.95 ±0.59

Spermatozoa with head defects, including:
Plemniki ze zmianami główki, w tym: 2.05a ±0.35 1.13b ±0.17

– spermatozoa with acrosome reaction
– plemniki z reakcją akrosomalną 1.58a ±0.35 0.67b ±0.14

Spermatozoa with cytoplasmic droplets
Plemniki z kroplami cytoplazmatycznymi

0.39 ±0.08 0.32 ±0.11

Spermatozoa with tail defects
Plemniki ze zmianami witki 1.58a ±0.19 2.60b ±0.41

a, b – Differences between average values represented by different letters in the same row (P ≤ 0.05).
a, b – Średnie w wierszach oznaczone różnymi literami różnią się istotnie przy P ≤ 0,05.

Table 2. Coefficients  of  phenotypic  correlation  between  spermatozoa  with  morphological  defects  and  acrosome-reacted
spermatozoa

Tabela 2. Współczynniki korelacji fenotypowej pomiędzy plemnikami ze zmianami morfologicznymi a plemnikami z reakcją
akrosomalną

Item
Wyszczególnienie

Spermatozoa with head
defects

Plemniki ze zmianami
główki

Spermatozoa with cytoplasmic
droplets

Plemniki z kroplami
cytoplazmatycznymi

Spermatozoa with tail defects
Plemniki ze zmianami witki

Spermatozoa with acrosome reaction
(SpermBlue dye staining)
Plemniki z reakcją akrosomalną 
(metoda SpermBlue)

0.96* –0.07 0.26

Spermatozoa with acrosome reaction
(eosin-gentian dye staining )
Plemniki z reakcją akrosomalną 
(metoda eozyna-barwnik 
gencjanowy)

0.90* 0.45* 0.32

*P < 0.05.

Correlations between the acrosome-reacted spermato-
zoa analyzed with the use of the SpermBlue and the
eosin-gentian dye staining methods were calculated by
means of the Spearman’s rank correlation coefficient with
P ≤ 0.05 as the significance level.

RESULTS

Table 1 presents data characterizing the frequency of
occurrence of spermatozoa with normal structure and
with morphological defects, obtained with the use of
two smear staining methods. The data shown in Table 1
indicate that there are differences in the numbers of
spermatozoa with morphological defects between semen
smears stained with different methods (Fig. 1). When
the smears were stained with the SpermBlue method, the

number of spermatozoa with head defects, including ac-
rosome reaction, was by 0.92% greater compared with
the smears stained with the eosin-gentian dye (P ≤ 0.05).
The smears stained with the eosin-gentian dye showed
more spermatozoa with tail defects by 1.10% than the
SpermBlue-stained smears (P ≤ 0.05).

Table 2 presents correlations between the pro-
portion of morphologically defective spermatozoa and
acrosome-reacted spermatozoa stained by the SpermBlue
method and the eosin-gentian dye. It was evidenced
that there were significant relations between proportion
of acrosome-reacted spermatozoa and head defects in
smears stained with both methods. Positive significant re-
lations were observed between the number of acrosome-
reacted spermatozoa and spermatozoa with cytoplasmic
droplets when the smears were stained with the eosin-
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gentian dye (P ≤ 0.05). The remaining relations proved
to be slight and non-significant aspects.

Fig. 1. Eosin–gentian  (A–D)  and  SpermBlue  dye  staining
(E–H): A, E – spermatozoa with normal morphology,
B, F – spermatozoa with acrosome reaction, C, G –
spermatozoa with a distal droplet, D, H – spermato-
zoa with a single tail loop

Rys. 1. Metody  barwienia  eozyna  –  barwnik  gencjanowy
(A–D) i SpermBlue (E–H): A, E – plemniki o pra-
widłowej budowie morfologicznej,  B,  F – plemniki
z reakcją akrosomalną, C, G – plemniki z kroplami
distalnymi, D, H – plemniki z pojedynczą pętlą witki

The data presented in Fig. 2 indicate that the pro-
portion of acrosome-reacted spermatozoa increased with
semen storage time independently of the smear stain-
ing method. The increase in the number of acrosome-
reacted spermatozoa with time was more intense in
smears stained with the SpermBlue method than with
the eosin-gentian dye. In the SpermBlue-stained smears,
the proportion of acrosome-reacted spermatozoa rose till
the 96th hour of storage of the diluted ejaculate. The
percentage of such spermatozoa in the SpermBlue- and
eosin-gentian dye-stained smears was 2.37% and 1.12%,
respectively. The eosin-gentian dye-stained smears con-
tained a lesser proportion of acrosome-reacted sperma-
tozoa at every hour of semen storage compared with
the SpermBlue-stained smears. In the SpermBlue-stained
smears, the proportion of acrosome-reacted spermato-
zoa after 1-hour storage was greater vs. semen stained
with the eosin-gentian dye. In SpermBlue-stained smears,
the proportion of acrosome-reacted spermatozoa after 1
h and 48 h of storage amounted to 1.40% while after
96 h the proportion rose to almost 2.50%. On the other
hand, in the eosin-gentian dye-stained smears, the pro-
portion of acrosome-reacted spermatozoa was at a similar

level (0.30–0.60%) over the first two days of storage and
gradually rose from 96 h.

Table 3 shows coefficients of phenotypic correl-
ation between acrosome-reacted spermatozoa stained
with the SpermBlue method and the eosin-gentian
dye. Highly significant positive relations were found
between the acrosome-reacted spermatozoa stained with
the SpermBlue method after 24, 48, 96 and 168 h of stor-
age and spermatozoa stained with the eosin-gentian dye
after 1 h , and after 48 and 168 h of storage.

Table 3. Coefficients  of  phenotypic  correlation  between
acrosome-reacted  spermatozoa  analyzed  with  the
use of  SpermBlue and eosin-gentian dye staining
methods

Tabela 3. Współczynniki  korelacji  fenotypowej  pomiędzy
plemnikami z reakcją akrosomalną analizowanymi
z  wykorzystaniem  metod  barwienia  SpermBlue
i eozyna-barwnik gencjanowy

Semen storage period
Okres przechowywania nasienia

1 h 24 h 48 h 96 h 168 h

E
os

in
-g

en
tia

n 
dy

e
E

oz
yn

a-
ba

rw
ni

k
ge

nc
ja

no
w

y

1 h 0.52 0.81* 0.77* 0.76* 0.92*

24 h –0.31 –0.20 –0.33 –0.20 –0.37

48 h 0.49 0.87* 0.78* 0.65 0.84*

96 h –0.01 0.44 0.24 0.19 0.55

168 h 0.29 0.76* 0.51 0.47 0.87*

*P < 0.05.

DISCUSSION

Evaluation of sperm cell head membrane and its sensit-
ivity to premature acrosome reaction can be helpful in
assessment of AI boar semen quality. This assessment
can be influenced by several factors, including staining
solution, smear staining procedure, conditions and dur-
ation of semen storage. The data presented in this pa-
per indicate that the smear staining method can affect the
result of sperm morphology evaluation. Specifically, se-
men smears stained with the SpermBlue method were ob-
served to contain significantly less spermatozoa with tail
defects but more spermatozoa with head defects, includ-
ing acrosome reaction, than when the eosin-gentian dye
was used for smear staining. Therefore, smear processing
procedure can influence the results of sperm morphology
evaluation. Staining with the SpermBlue and the eosin-
gentian dye produces different results of sperm morpho-
logy evaluation in domestic pig males. The SpermBlue
method is a relatively new procedure introduced and de-
scribed in detail by Van der Horst and Maree [2009].
Investigations carried out by these authors demonstrated
that the SpermBlue staining did not impair sperm head
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structure of different animal species and humans. The
present studies showed that the smears stained with this
method contained a higher percentage of spermatozoa
with head defects, including acrosome reaction, than after
the eosin-gentian dye staining. Considering the present
results and data obtained by Van der Horst and Maree
[2009], the SpermBlue staining method can be efficient
in diagnosing spermatozoa with acrosome reaction. The
eosin-gentian dye staining has been commonly used since
many years for sperm morphology evaluation of different
animal species [Banaszewska et al. 2007, Kondracki et al.
2012, Łącka et al. 2016]. Analysis of the smears stained
with this method in our studies indicates that spermato-
zoa are better distinguishable, more intensely stained and
there is a greater contrast between spermatozoa and back-
ground than in the SpermBlue method. A good contrast
in semen smears makes their evaluation easier [Daub et
al. 2016]. Daub et al. [2016] recommend analyzing the
stained smears shortly after completion of preparation
procedure.

Fig. 2. The  frequency  of  occurrence  of  acrosome-reacted
spermatozoa  depending  on  storage  duration  and
smear staining method (mean ±SEM)

Rys. 2. Częstość występowania plemników z reakcją akroso-
malną w zależności od czasu przechowywania nasie-
nia i metody barwienia preparatów (średnia ±SEM)
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In practice, staining methods create entirely differ-
ent opportunities for semen diagnosis in different an-
imal species. It was observed that some of them could
have adverse effects on the studied cells [Sancho et al.
1998, Banaszewska et al. 2015]. Some opinions indic-
ate that differences in intensity and contrast of cells
stained with various methods can impact on the final res-
ult of sperm morphology evaluation [Coetzee et al. 2001,
Czubaszek et al. 2019]. It is important to choose an ap-
propriate smear staining method in order to minimize its
interference with the stained cells [Maree et al. 2010].
According to our observations, a greater contrast between
the stained cells and background was achieved after the

eosin-gentian dye staining. The use of different dyes may
have consequences in relation to evaluation of different
spermatozoa structures [Graves et al. 2005]. Application
of dyes with different pH values, osmolarity and staining
duration can affect the result of semen morphology eval-
uation. Studies on semen of Arabian purebred stallions
demonstrated that the choice of either eosin-nigrosin or
eosin-gentian dye staining did not significantly affect the
outcome of evaluation of frequency of morphological
sperm defects and that both these methods could be re-
commended for assessment of stallion sperm morphology
[Łącka et al. 2016].

However, it was evidenced that spermatozoa of dif-
ferent animal species showed a variable sensitivity to
the same fixatives and staining reagents [Hidalgo et al.
2006, Łukaszewicz et al. 2008]. Boar spermatozoa are
particularly sensitive due to specific composition of their
cell membrane containing higher amounts of polyun-
saturated fatty acids [Cerolini et al. 2000]. Sperm cell
membrane is directly exposed to temperature changes
in the so-called cold shock range [Kim et al. 2011,
Gączarzewicz et al. 2015) and to storage conditions and
duration [Waberski et al. 2011]. For this reason, semen
should be stored at a temperature above 12°C but not
higher than 20°C [Shimatsu et al. 2002, Gadea 2003].
Ejaculates examined in this study were stored at a tem-
perature of 17°C, i.e. the temperature recommended by
Paulenz et al. [2000], Fantinati et al. [2009] as optimal for
boar semen which should range from 15–20°C. However,
semen quality gradually deteriorates with prolongation of
storage time [Dziekońska et al. 2013, Wysokińska and
Kondracki 2014, Wysokińska et al. 2015]. Spermatozoa
belong to the most highly differentiated cells of the mam-
malian body and are characterized by high sensitivity to
exposure to external factors. Ejaculate processing after
collection can generate changes in sperm cellular struc-
tures and thus can influence their survival and fertilization
ability. In artificial insemination practice, the changes
that might occur in the semen after collection and dilu-
tion usually are not analyzed. However, factors operat-
ing during dilution, preservation and storage of diluted
semen can produce structural changes in spermatozoa
[Gączarzewicz et al. 2010, Henning et al. 2012]. Cooling
of semen can significantly alter sperm lipid fraction, in-
crease membrane permeability, reduce enzyme activities
and change membrane proteins [De Leeuw et al. 1990].
An important component of sperm membrane lipid frac-
tion, cholesterol, is vital for cell membrane permeabil-
ity. Semen cooling causes cholesterol loss [Cerolini et
al. 2001] with concomitant reduction of the stability of
sperm cell membrane [Tulsiani et al. 1997]. The present
study demonstrated a progressive increase in the propor-
tion of acrosome-reacted spermatozoa during semen stor-
age. A more intense increase in the number of acrosome-
reacted spermatozoa was observed in the SpermBlue-
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stained semen than after the eosin-gentian dye stain-
ing. However, these increasing tendencies were similar
for both staining methods. The proportion of acrosome-
reacted spermatozoa persisted at an analogous level for
48 h of storage to gradually increase in later hours. Some
opinions suggest that artificial insemination after storing
the semen for four days has an influence in decrease in
the number of piglets in the litter [Johnson et al. 2000,
Waterhouse et al. 2004].

CONCLUSIONS

In summary, it can be concluded that the proportion of
acrosome-reacted spermatozoa depends on the staining
method and ejaculate storage duration. Smears stained
with the SpermBlue method contain more spermatozoa
with head defects, including acrosome reaction, than
the smears stained with the eosin-gentian dye. Both
the SpermBlue and eosin-gentian dye staining meth-
ods reveal similar tendencies of storage time-dependent
changes in the proportion of acrosome-reacted sperma-
tozoa. The number of acrosome-reacted spermatozoa re-
mains at a similar level for the first two days of storage
and gradually increases in the next hours. Therefore, it
seems that beginning from the third day of storage it is
necessary to control the sperm quality more often as well
as pay special attention to spermatozoa with defective ac-
rosome.
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Wysokińska, A., Kondracki, S. (2014). Assessment of changes
in sperm cell membrane integrity occurring during the stor-
age of semen from genetically different males using two
diagnostic methods. Can. J. Anim. Sci., 94, 601–606. DOI:
10.4141/cjas2013-095.
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WYSTĘPOWANIE PLEMNIKÓW Z REAKCJĄ AKROSOMALNĄ W NASIENIU KNURÓW W ZALEŻNOŚCI
OD METODY BARWIENIA I CZASU PRZECHOWYWANIA

STRESZCZENIE
Celem pracy była analiza częstości występowania plemników z reakcją akrosomalną w nasieniu barwionym dwiema
metodami w zależności od czasu przechowywania nasienia knurów. Badania przeprowadzono na ejakulatach po-
branych od 10 knurów rasy polska biała zwisłoucha użytkowanych w inseminacji. Preparaty przygotowano dwiema
metodami barwienia: SpermBlue i eozyna – barwnik gencjanowy. Na podstawie przeprowadzonych badań stwierd-
zono, że odsetek plemników z reakcją akrosomalną zależy od zastosowanej metody barwienia i czasu przechowy-
wania ejakulatu. W preparatach barwionych metodą SpermBlue wykazano więcej plemników ze zmianami w obrę-
bie główki, w tym z reakcją akrosomalną, niż w preparatach barwionych metodą eozyna-barwnik gencjanowy. Wraz
z upływającym czasem przechowywania nasienia obserwowano zmianę liczby plemników z reakcją akrosomalną.
Udział takich plemników w nasieniu barwionym metodą SpermBlue był największy w 96 godzinie przechowywania
rozcieńczonego ejakulatu i wynosił około 2,5%. W nasieniu barwionym metodą eozyna-barwnik gencjanowy zaob-
serwowano tendencję wzrostową liczby plemników z reakcją akrosomalną w kolejnych godzinach przechowywania
nasienia.

Słowa kluczowe: akrosom, knur, czas przechowywania nasienia

Anna Wysokińska https://orcid.org/0000-0003-2654-3604

58 www.asp.zut.edu.pl

https://doi.org/10.21005/asp.2019.18.4.07
https://orcid.org/0000-0003-2654-3604
https://orcid.org/0000-0003-2654-3604
https://asp.zut.edu.pl

	INTRODUCTION
	MATERIAL AND METHODS
	Animals, semen collection and dilution
	Staining methods
	Assessment of sperm cell morphology
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

