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Abstract
Background: The aim of the study was to evaluate the quality of fresh raccoon dog semen and raccoon dog
semen stored at 4 °C. The qualitative evaluation was based on apoptosis in the sperm cells, which was tested by
the Annexin V/Pi assay, the TUNEL method and JC-1. In addition, the suitability of the semen for insemination and
its effect on reproduction in females were determined in relation to the time of storage.
Results: During cold storage of the semen, in the samples from all groups a gradual decrease was noted in the
percentage of live cells, and an increase in the percentage of cells with abnormal morphology, exhibiting changes
typical of late-stage apoptosis (V+/PI+), and of necrotic cells (V−/PI+). There was a significant increase in the percentage
of ApoBrDu + sperm cells, while the mitochondrial membrane potential of the sperm decreased significantly after 12 h
of storage at 4 °C in the case of lower-quality semen and after 48 h in the case of semen of good quality. As the
percentage of sperm with DNA and cell membrane damage increased and the mitochondrial membrane potential
decreased, there was an increase in AspAT and acrosin activity. The increase in the percentage of apoptotic sperm in
the raccoon dog semen stored at 4 °C resulted in a decrease in the number of females with cubs.
Conclusions: Identification of apoptotic changes in sperm by flow cytometry using the annexin assay, the TUNEL assay
and evaluation of mitochondrial membrane potential can be recommended for determination of the suitability of
raccoon dog semen for artificial insemination. The study shows that fresh raccoon dog semen should not be used for
insemination more than 48 h after collection in the case of semen of very high quality, or after more than 24 h in the
case of semen of poorer quality. Cytometric methods of semen analysis should also be used to evaluate various
extenders of raccoon dog semen and methods of cryopreservation in terms of ensuring sperm viability, fertilization
capacity, and suitability for insemination.
Keywords: Raccoon dog, Semen, Apoptosis, TUNEL assay, Mitochondrial membrane potential

Background
The growing interest in breeding fur-bearing animals
and the demand for articles of fur, including raccoon
dog skins, has led to increased work on modern biotechnological methods of reproduction of this species. These
measures are aimed at improving the fertility and
fecundity of females through the development of new
methods of semen collection and storage and the use of
artificial insemination [1]. The limited success achieved
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in this area may be primarily due to the low quality of
semen used for insemination. Raccoon dog semen has
been shown to be sensitive to cold shock, which damages sperm and leads to a loss of motility and biological
potential [2, 3]. These phenomena limit the possibility of
frozen storage and negatively affect fertilization capacity
[4, 5] Unlike frozen semen, chilled material does not
require specialized treatment, and the sperm cells exhibit high motility in these conditions and ensure a high
fertilization rate. A beneficial effect of chilling semen is
that it reduces the metabolism of sperm cells, thereby
prolonging their viability [6]. Dog semen chilled to 4–5 °C
has been shown to be suitable for insemination for 48 h
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[7], and boar semen for 5 days [8]. Long-term chilled
storage of semen, however, may lead to acrosome damage
or total destruction of sperm [9]. Metabolites generated in
these conditions decrease the pH of the semen, and reactive oxygen species damage the cell membrane and impair
the enzymatic activity of sperm [10]. While semen does
contain antioxidants, endogenous antioxidant processes
do not protect the cells during long-term storage, which
leads to inhibition of ATP production by sperm, damage
to cellular DNA, and a decrease in or loss of motility [11].
The lack of commercially available diluents and cryoprotectants effective for raccoon dog semen often results
in the deterioration of material of high genetic value.
Previous research has indicated the possibility of using
glycerol and EDTA as cryoprotectants in the chilling or
freezing of raccoon dog semen [3]. These compounds,
however, are effective only in the case of semen of high
quality, in terms of motility and viability as well as
microbiological contaminants [12].
Selection of raccoon dog semen for insemination has
thus far been based exclusively on macro- and microscopic evaluation. In recent years apoptotic changes
observed in sperm cells during cold or frozen storage of
semen have been shown to reduce ejaculate quality, and
may provide a new criterion for evaluating the suitability
of semen for insemination [13]. Research on cattle,
sheep and humans has shown that the processes of
chilling or freezing and thawing semen increase the
percentage of necrotic and apoptotic cells to 31–40 %
[14]. The same processes in the case of boar semen raise
the percentage of apoptotic cells to even 80 % in comparison with fresh semen [15]. The presence of damaged
sperm in the semen affects male fertility indices and
fertilization rates, as well as contributing to reproductive
disorders [11, 16].
Evaluation of apoptosis in semen is particularly important in the biotechnology of animal reproduction,
which entails transport of semen over long distances
and thus the need to preserve it [11, 17]. In the case
of raccoon dog semen, this type of research, enabling
determination of changes at the molecular level in
cells with seemingly normal morphology, has not
been conducted. The results of such research could
form the basis for improving methods of storage and
preservation of raccoon dog semen or for the development of new methods.
The aim of the study was to evaluate the quality of
fresh raccoon dog semen and raccoon dog semen stored
at 4 °C. The qualitative evaluation was based on
apoptosis in the sperm cells, which was tested by the
Annexin V/Pi assay, the TUNEL method and JC-1. In
addition, the suitability of the semen for insemination
and its effect on reproduction in females were determined in relation to the time of storage.
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Methods
Experimental samples

In the study we used 20 samples of semen obtained from
20 farmed raccoon dog males at the age of 2 years. The
animals were in good health and normal reproductive
condition and were fed according to standard recommendations for the species. The semen was obtained
manually by masturbation at room temperature (25 °C)
[3, 18] after the males had been accustomed to their
housing and to the individual collecting the semen. The
semen was collected into sterile plastic test tubes
(Equimed, Poland) and stored in a water bath at 37 °C
for 1 h until cooled to that temperature. The pH and
volume of each ejaculate were measured. The semen
samples were initially evaluated macroscopically and
then examined in detail under a microscope. Sperm concentration was determined using a haemocytometer
(Neubauer chamber) and a phase-contrast microscope
(Nikon E200F, Equimed, Poland). Sperm motility was
examined under a phase-contrast microscope (Nikon
E200F, Equimed, Poland) at 400× magnification on a
glass slide warmed to 37 °C [18]. The morphological
tests were performed using the Diff Quik® kit (Sigma–
Aldrich, Vienna, Austria), which is based on a modification of the Wright Giemsa stain and is commonly used
in histological staining to rapidly stain and differentiate a
variety of smears. Abnormal morphological features were
determined by examining 100 spermatozoa at 400×
magnification under phase-contrast microscopy. The
semen samples were divided into three groups, R1 (n = 8),
R2 (n = 6) and R3 (n = 6) (Table 1), according to sperm
morphology, the percentage of undamaged cells, the percentage of cells with changes in the tail, and motility. The
males in R1 had the highest percentage of undamaged
sperm, the lowest percentage of sperm with changes in
the tail, and the highest sperm motility. The semen of the
males from group R3 was characterized by the highest
percentage of sperm with tail damage and the lowest
motility. In the males from group R2 a lower percentage
of undamaged sperm was noted in comparison to groups
R1 and R3, but motility was higher and the percentage of
Table 1 Sperm morphology of fresh raccoon dog semen, mean
values and ± standard deviation (%)
Semen N=

Motility I

II

III

IV

V

VI

5,5
2,1

0,2 1,2
0,1 0,6

VII

R1

8

Mean (%) 79,9
±SD
10,2

69,0 5,6 10,2 3,3
7,3 3,1 5,2 2,8

R2

6

Mean (%) 61,3
±SD
8,6

32,3 1,8 22,8 15,6 23,6 1,3 1,0
4,5 1,1 6,8 6,4 3,7 0,5 0,8

R3

6

Mean (%) 30,4
±SD
11,3

41,4 0,5 33,6 16,6 12,7 0,9 0,7
7,4 0,3 5,1 7,3 2,3 0,2 0,4

Categories I-VII – sperm defects determined on the basis of microscopic
examination: I intact sperm, II with a protoplasmatic droplet, III with a bent tail,
IV with a coiled tail, V damaged sperm, VI with acrosomal damage, VII agglutinated
spermatozoa. R1, R2, R3 group of semen. N= number of semen samples
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sperm with changes in the tail was lower than in group
R3. The semen for storage was diluted to a concentration
of 150 million cells per insemination dose using a modified EDTA diluent for foxes which contained 54.6 g/L
anhydrous glucose, 3.75 g/L tri-sodium citrate dihydrate,
1.20 g/L sodium bicarbonate, 1.00 g/L neomycin sulfate,
and 3.70 g/L of the disodium salt of ethylenediaminetetraacetic acid (EDTA), 10 % v/v glycerol [19]. The semen for
insemination was stored in MINITUB straws (INSATEXMT, Poznań).
Determination of AspAT and acrosin activity

AspAT and acrosin activity were determined in the plasma
of the fresh and stored semen. Activity of aspartate aminotransferase was determined by the kinetic method using a
kit from Alpha Diagnostics, Warsaw, and acrosin activity
by the method of Kennedy et al. [20].
Annexin V/Pi assay

An Annexin V-FITC Apoptosis Detection Kit (BD
Pharmingen Poland, 556547) was used to detect the
translocation of PS from the inner to the outer leaflet of
the plasma membrane of fresh semen and semen stored
at 4 °C. The procedure was conducted according to the
manufacturer’s recommendations and as described by
Anzar et al. [21].
TUNEL assay

An APO-BRDU Kit (catalogue no. APT115; Chemicon
International, Inc., Temecula, CA) was used to detect
nicked DNA in fresh semen and semen stored at 4 °C as
recommended by the manufacturer and as described by
Anzar et al. [21].
Assessment of mitochondrial membrane potential ΔΨm

The lipophilic cationic probe JC-1 was used to assess the
mitochondrial status of the sperm. The JC-1 assay was performed as recommended by the manufacturer (Molecular
Probes, Invitrogen Life Sciences, Fullerton, CA, USA) and
described by Robles and Martínez-Pastor [22].
Flow cytometric analysis

A Coulter EPICS XL flow cytometer (Coulter Corporation,
Inc., Hialeah, FL) equipped with an argon-ion laser
(488 nm) was used to analyse fluorescence intensities in
sperm labelled with Annexin V/PI, TUNEL and JC-1.
Green fluorescence (FITC) was detected with PMT2
(behind 550 DL and 525 Band Pass Filters) and red fluorescence (PI) with PMT4 (behind 600 DL and 575 Band Pass
Filters). The green fluorescence due to fluorescein-labelled
anti-BrdU monoclonal antibody was collected with PMT2
(behind 525 DL and 550 Band Pass Filters). The integrated
and peak red fluorescence (PI) were collected through
PMT3 (behind 640 DL and 610 Band Pass Filters) to
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measure total DNA per cell. In all assays the sperm population was identified by a combination of side-scatter (SS)
and forward-scatter (FS) information. The peak fluorescence channels were determined using EPICS XL software
(Coulter) and expressed on a logarithmic scale. Ten thousand cells were analysed per sample.

Evaluation of the suitability of raccoon dog semen for
insemination

Fertility of male raccoon dogs and the suitability of their
semen for artificial insemination were determined by inseminating females with semen of males from groups
R1, R2 and R3. The procedure was carried out using
fresh semen immediately after collection and semen kept
in cold storage for 12, 24 and 48 h. In total 96 females
aged 3–4 were used in the study. They were selected for
the experiment on the basis of a clinical examination
and analysis of their reproductive history from previous
breeding seasons. All inseminated females had previously
given birth to live litters numbering on average 6–8 pups,
and no disorders had been observed during the postpartum period, such as inflammation of the uterus, vagina
or mammary gland.
Females included in the study were divided into 12
experimental groups of 8 individuals each. All of them
were in oestrus, which was diagnosed by evaluation of
vulval swelling to determine the optimal day for the first
insemination of each female [23]. The animals were examined twice daily in February and March for signs of
oestrus. Oestrus was marked by gradual swelling of the
vulva and a mucopurulent discharge which was sometimes quite abundant. Artificial insemination was performed immediately after vulval swelling began to subside,
the discharge had become paler and the proportion of
parabasal and intermediate cells to the number of superficial and anuclear cells in vaginal smears was about one to
three [24]. Artificial insemination was performed twice at
intervals of 48 h by depositing sperm into the uterine
lumen. The final sperm concentration in the insemination
dose was 150 × 106/ml, and artificial insemination was
performed using a 0.5 ml MINITUBE straw (INSATEXMT, Poznań). One hour before insemination the chilled
semen was gradually heated in a water bath to room
temperature.
Semen selected at random from two males of each
group (R1, R2 and R3) was used for insemination.
Semen from randomly selected male R1/1 was used to
inseminate 4 females at each time, i.e., immediately after
semen collection and after 12, 24 and 48 h of storage.
Similarly, 4 females were inseminated at each time with
semen from randomly selected male R1/2. The same
principle was applied for the group R2 and R3 semen. In
total 8 females were inseminated with semen from each

Jarosz et al. BMC Veterinary Research (2016) 12:224

Page 4 of 10

Table 2 Schema for the insemination
Group of females

Group of semen

Male

Female

Semen

1

R1

R1/1

1–4

fresh

R1/2

5–8

R1/1

9–12

R1/2

13–16

R1/1

17–20

R1/2

21–24

R1/1

25–28

R1/2

29–32

R2/1

33–36

R2/2

37–40

R2/1

41–44

R2/2

45–48

R2/1

49–52

R2/2

53–56

R2/1

57–60

R2/2

61–64

R3/1

65–68

R3/2

69–72

R3/1

73–76

R3/2

77–80

R3/1

81–84

R3/2

85–88

R3/1

89–92

R3/2

93–96

2

3

4

5

6

7

8

9

10

11

12

R1

R1

R1

R2

R2

R2

R2

R3

R3

R3

R3

from 30,4 % to 79,9 %, on average 57.2 %. Sperm morphology are presented in Table 1.
Annexin/Pi assay

12 h

24 h

48 h

fresh

12 h

24 h

48 h

fresh

12 h

24 h

48 h

group at each time (Table 2). The semen of the males
was not pooled.
After artificial insemination, females remained under
clinical observation throughout the pregnancy; special
attention was paid to the number of pregnant females.
Statistical analysis

The results obtained are expressed as means ± SD.
Statistical analyses were performed using Statistica 6.0
software (StatSoft, Tulsa, USA). The effect of the mean
values obtained for particular parameters was estimated
by Student’s t-test at p < 0.01 and p < 0.05.

Results

The results of the assay using staining of sperm cells with
annexin and propidium iodide (Annexin V/Pi) are
presented in Fig. 1. The data show statistically significant
differences between groups in the percentage of live sperm
cells (Annexin V−/Pi−) in the fresh semen. The highest
percentage of live cells was noted in group R1 (P < 0.01),
while in groups R2 and R3 they accounted for less than
50 % of all sperm cells. During storage of the semen the
percentage of live sperm cells decreased, with the
greatest decrease noted 24 h after the semen was collected (P < 0.05). The percentage of sperm cells in
late-stage apoptosis (Annexin V+/Pi+) in the fresh
semen was highest in group R3, and increased in proportion to the storage time (P < 0.05). In the remaining
groups the percentage of these cells ranged from 0.93 % to
16.32 %. The percentage of early apoptotic sperm
(Annexin V+/Pi−) in the fresh semen was lowest in group
R2 and did not change statistically during storage. Statistical differences were first observed after 12 h of semen
storage in group R3 (P < 0.05) and after 24 h in group R1
(P < 0.05). The percentage of necrotic cells (Annexin V
−
/Pi+) in the fresh semen differed statistically between
groups (P < 0.01). The highest value for this parameter
was noted in group R2 (53.20 %). In group R1 the percentage of dead cells was low in the fresh semen, increasing
gradually with storage time (P < 0.05). In group R3 the
percentage of dead cells remained at the same level during
semen storage, but after 48 h a statistically significant
increase in this percentage was observed (P < 0.05).
TUNEL

The results of the TUNEL assay are presented in Fig. 2.
The data show the highest percentage of DNA strand
breaks in the cells of the fresh semen in group R2
(P < 0.05), and this percentage increased with the storage
time of the sample. The lowest percentage of DNA damage was noted in group R1 (P < 0.01). In groups R3 and
R1, 24 h after semen collection a significant increase was
noted in the percentage of sperm cells with DNA damage
(P < 0.05).

Macro- and microscopic evaluation of semen

The volume of the ejaculates obtained from the raccoon
dog males ranged from 0.4 to 1.3 ml (on average
0.69 ml). The pH of the semen ranged from 6.4 to 7.6
(on average 6.93). The semen samples were white or
whitish-yellow and had a watery to milky consistency.
The sperm concentration in the samples ranged from
0,195 to 2,75 × 106/ml (on average 0,859 × 106/ml). The
motility rate of the sperm in the fresh semen ranged

Mitochondrial membrane potential

The mitochondrial membrane potential of the sperm cells
of the fresh semen was highest in group R1 (P < 0.01) and
lowest in group R2 (Fig. 3). The differences between
groups were statistically significant. In all groups the
mitochondrial membrane potential of the cells of the
semen decreased in proportion to the storage time, and
was highest 24 h after semen collection (P < 0.05).
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Fig. 1 Evaluation of the semen of raccoon dogs in groups R1, R2 and R3 using Annexin V/Pi (%). I - percentage of living spermatozoa without
apoptotic changes, II - percentage of spermatozoa with early apoptotic changes, III - percentage of spermatozoa with late apoptotic changes,
IV - percentage of spermatozoa with necrosis. Data presented as mean and ± standard deviation. ✱ - asteriks indicate statistically significant
differences at p < 0.05 between assay times and hour ‘0’. A - statistically significant differences at p < 0.01 between group R1 and groups R2 and
R3. R1, R2, R3 - group of semen

AspAT and acrosin

AspAT activity in the plasma of the fresh semen was
lowest in group R1, averaging 164.38 μl/U per ml,
while the highest activity, 349.56 μl/U per ml, was
noted in group R2 (Fig. 4). During storage of the
semen the activity of this enzyme increased, reaching
its highest value in R2, at 925.73 μl/U per ml (P < 0.05). A

similar dependency was shown for acrosin activity. In
the fresh semen it averaged 9.84 and 156.44 μl/U per
106 sperm cells in groups R1 and R2, respectively.
During storage of the semen acrosin activity increased in all groups, reaching its highest value 48 h
after collection, i.e., 158.75–315.48 μl/U per 106 cells
(P < 0.05).

Fig. 2 Evaluation of the semen of raccoon dogs in groups R1, R2 and R3 using FL1- PI/RNase + (ApoBrDu+). Data presented as mean and ±
standard deviation. ✱ - asteriks indicate statistically significant differences at p < 0.05 between assay times and hour ‘0’. A - statistically significant
differences at p < 0.01 between group R1 and groups R2 and R3. R1, R2, R3 - group of semen
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Fig. 3 Mitochondrial potential ΔΨm (%) in semen of raccoon dogs in groups R1, R2 and R3. Data presented as mean and ± standard deviation.
✱ - asteriks indicate statistically significant differences at p < 0.05 between assay times and hour ‘0’. A - statistically significant differences at
p < 0.01 between group R1 and groups R2 and R3. R1, R2, R3 - group of semen

Fig. 4 AspAT (μl/U per ml semen - I) and acrosin (μl/U per 106 sperm - II) activity in raccoon dog semen in groups R1, R2 and R3. Data presented
as mean and ± standard deviation. ✱ - asteriks indicate statistically significant differences at p < 0.05 between assay times and hour ‘0’. A - statistically
significant differences at p < 0.01 between group R1 and groups R2 and R3. R1, R2, R3 - group of semen
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The result of insemination

The percentage of females with cubs as a result of
insemination with the semen of raccoon dogs from the
three groups, fresh or stored for 12–48 h, is presented in
Fig. 5. These data indicate that the percentage of females
with cubs was highest in the case of artificial insemination the semen with group R1 (P < 0.01). The lowest
percentage of pregnant females was noted following
insemination with semen collected from the males of
group R2. Insemination using the semen of males from
group R3 was 87,5–75,0 % successful only in the case of
fresh semen and semen stored up to 12 h after collection
(P < 0.01).

Discussion
Fertility of male and female raccoon dogs significantly
influences the success of insemination, conditions the
acquisition of healthy and valuable litters and affects
economic outcomes in breeding. Male fertility has traditionally been diagnosed by microscopic assessment of
the concentration, motility and morphology of sperm in
the ejaculate. These tests provide the essential fundamental information on sperm quality [25]. Januskauskas
et al., however, have shown that while many sperm characteristics determining semen quality can be evaluated
in a morphological examination, it is cell membrane integrity that has the greatest influence on male fertility
[26]. Therefore the results of semen analysis based on
cytofluorometric evaluation of sperm viability, chromatin
structure stability, and mitochondrial function can be
correlated with male fertility [27–32]. Analysis of selected parameters of apoptosis, including cell membrane
integrity, DNA fragmentation and mitochondrial activity
in the cells of fresh semen or semen undergoing heat
treatment during storage and preservation is also useful
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for qualitative evaluation of sperm in terms of its
fertilization capacity. Cytofluorimetric analysis of raccoon
dog semen also enables selection of the best-quality material for further storage and freezing and facilitates the
development of effective extenders and cryoprotectants
[1–3]. We used three fluorescence techniques to evaluate
apoptosis and mitochondrial activity in the sperm of
raccoon dogs in fresh semen and during storage at 4 °C.
The results of the Annexin-V/Pi test for the fresh semen
of males from group R1 were correlated with the microscopic evaluation of the semen samples. Both methods
found a large percentage of live sperm with normal morphological structure and a small percentage of subpopulations of apoptotic and dead cells and cells with primary
defects. During cold storage of the semen, in all groups a
gradual decrease was observed in the percentage of live
cells and an increase in the percentage of cells with abnormal morphology, with changes typical of late apoptosis
(V+/Pi+), and of necrotic cells. None of the groups tested
had a large percentage of sperm cells in early-stage apoptosis (V+/Pi−), which indicates that this stage is short and
the cells quickly enter the late stage of apoptosis and necrosis. The presence of sperm cells in various stages of
apoptosis and necrosis in the material shows that these
phenomena play an important role in spermatogenesis
and affect male fertility [2, 21]. To date no results of similar studies on raccoon dog semen have been published.
However, studies using the semen of other species, including cattle, pigs and horses, confirm our observations that
apoptosis of sperm cells plays a significant role in evaluation of male and female fertility, and is an important
parameter of evaluation of semen used for artificial insemination [33]. The results of studies conducted on humans
[34] and bulls [21] indicate that a high percentage of apoptotic cells can be treated as a marker of fertility disorders

Fig. 5 The percentage of females with cubs inseminated with fresh and chilled-stored raccoon dogs semen. The percentage of females with cubs
are presented as columns. A - statistically significant differences at p < 0.01 between group R1 and R2, R3. B - statistically significant differences at
p < 0.01 between group R2 and R3. R1, R2, R3 - group of semen. 1–12 - group of females
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in males. In analysing the results of our study we should
consider the cause of the appearance of apoptotic cells in
fresh ejaculates of raccoon dogs. Apoptosis is known to be
one of the mechanisms for controlling excess sperm production. In the case of testicular diseases involving dysfunction of or damage to the Sertoli cells, the process of
elimination of apoptotic sperm is impaired, which results
in their release into the lumen of the seminiferous tubules
and an increase in their concentration in the semen. In
our study the increased percentage of cells in late-stage
apoptosis (V+/Pi+) in the fresh semen of group R3 is indicative of impaired elimination of such cells. A study on
fresh bull semen showed that the percentage of apoptotic
cells differed between individuals, suggesting that the animals differed in terms of their ability to eliminate modified
cells, which influences fertility [35, 36]. This is confirmed
by our results, in which fertilization rates were lower in
the case of the semen of the males in groups R2 and R3,
indicating low reproductive capacity in these males. Storage of semen at 4 °C does not inhibit sperm metabolism,
which may lead to damage by accumulated toxic products,
including free radicals. This phenomenon has also been
confirmed in studies conducted on rats [37, 38]. The
increased translocation of phosphatidylserine shown in
the present study and the loss of mitochondrial membrane
potential, particularly visible after 24 h of semen storage,
indicates enhanced apoptosis affecting the suitability of
the sperm cells for insemination.
A more complete picture of the phenomenon of apoptosis is obtained in laboratory studies by analysing the
results of the TUNEL assay, which enables detection and
evaluation of the degree of cellular DNA degradation
[39, 40]. Evidence based medicine shows that sperm
DNA fragmentation (SDF) tests can differentiate fertile
and infertile males and that high levels of SDF are positively correlated with lower fertilization rates, impaired
implantation rates and increased incidence of abortion.
Evenson et al. [41] suggested that assessment of DNA
integrity in sperm could be an independent marker of
fertility [42]. The results obtained indicate that DNA
fragmentation is an important element of assessment of
the fertility of male raccoon dogs. The high percentage
of ApoBrDu + sperm in group R2 indicates that the
semen contained substantial numbers of cells with degraded DNA and should not be used for insemination. It
is should be emphasized that the results of the TUNEL
assay in this group were correlated with the results of the
annexin assay, in which a high percentage of necrotic cells
(V−/Pi+) was found. Thus selection of animals aimed at
eliminating such males from use for reproduction can be
based on the results of these two tests. Different results
were obtained in the TUNEL assay for group R3, in which
despite the high percentage of cells in late-stage apoptosis
the percentage of cells with DNA fragmentation was
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small. In this group the result of insemination was also
lower than in group R1, which in light of the difficulties
involved in breeding raccoon dogs may be considered satisfactory. Our study also shows that chilled storage of raccoon dog semen significantly affects DNA fragmentation,
as indicated by the high percentage of damaged sperm in
all groups in the semen samples stored longer than 24 h.
This phenomenon may be explained in part by the use of
improper dilution and preservation techniques or by an
inappropriate choice of extender. The results of the
TUNEL assay indicate that this method of testing chilled
raccoon dog semen enables reliable assessment of the fertility of males in terms of their suitability for insemination.
It should be emphasized that necrotic cells becoming
stained in the assay with propidium iodide (Pi) show a
tendency to disintegrate, and the proteases and other cytotoxic substances released at that time may affect fertility
in females by damaging the embryo or ovum. In this context the presence of a significant percentage of apoptotic
cells in the fresh semen and the semen stored at 4 °C may
lead to a lack of reproductive success. Analysis of the results of raccoon dog semen testing should take into account the fact that in all animal species there is a certain
degree of sperm DNA damage in the ejaculate, called
sperm DNA fragmentation – SDF [43–46]. A variety of
processes may underlie SDF, such as oxidative stress,
apoptosis or abnormalities in DNA packaging [47]. It
should therefore be assumed that a small percentage of
sperm cells obtained from the raccoon dogs for the
present study initially had iatrogenic damage. The percentage of cells with SDF has been shown to depend on
changes in temperature and on microbiological contamination of the semen [14, 48], which has been confirmed in
humans infected with Chlamydia trachomatis and
Mycoplasma spp. [49]. With respect to raccoon dogs, this
question is still in the research phase.
Another important parameter of semen evaluation
affecting male fertility is mitochondrial membrane
potential, which is an indicator of the functional status
of mitochondria [50]. The results indicate that the mitochondrial membrane potential of the sperm, which is an
indicator of apoptosis, decreased significantly during
storage of the semen at 4 °C, with the greatest impairment of mitochondrial function observed after 12 h of
storage. Analysis of the percentage of ΔΨm cells following staining with JC-1 dye showed that mitochondrial
function was correlated with the assessment of apoptosis
using the TUNEL method and with the results of the
annexin assay (Annexin-V/Pi). Detection of changes in
mitochondrial membrane potential, found in the early
stages of apoptosis, seems to be a good criterion for
evaluation of this phenomenon in raccoon dog semen.
This is confirmed by the results obtained for group R3,
in which despite a low percentage of live sperm and a
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high percentage of apoptotic cells (V+/Pi+) in the
annexin assay, their mitochondrial activity, and thus
their motility, is considerable. Comparing these results
with the results of the TUNEL method, we can conclude
that the semen from this group of males can be used for
insemination. Different observations arise from comprehensive analysis of the data obtained for group R2. The
high percentage of Pi+ and ApoBrDu + sperm in this
group and the low mitochondrial membrane potential
indicate that such semen should not be used to inseminate females because it could lead to reproductive losses.
Analysis of reproductive indicators in the males from
each group, shows a positive correlation between the
occurrence of apoptotic changes in the semen and insemination rate. The results also suggest that we cannot
rule out the possibility of fertilization of the ovum by
sperm with lower biological value, such as apoptotic
cells, which are often responsible for embryonic death in
the early stage of development. Such a relationship was
found in the present study in the case of the semen of
the R3 group, whose use for insemination 12 h after
collection resulted in a fertilization rate of over 50 %.
The fertilization capacity of sperm largely depends on
acrosome enzymes [3, 18, 51]. Evaluation of the relationship between sperm motility, expressed as mitochondrial
membrane potential, and acrosin activity in the semen
plasma showed that the activity of the enzyme increased
as the motility of the raccoon dog sperm decreased.
Similar observations were reported by Froman et al.
[52], who analysed sperm motility in the silver fox and
found a close correlation between acrosin activity and
the degree of sperm damage. In our study an increased
concentration of this enzyme in the raccoon dog semen
plasma was correlated with an increase in the percentage
of sperm with DNA and cell membrane damage and
with a decrease in mitochondrial membrane potential. A
similar relationship was found in the case of aspartate
aminotransferase concentration, which was lower in the
plasma of the fresh semen than in the stored semen, and
varied between groups. These results may indicate that
raccoon dog semen is not well suited for storage, and
AspAT concentration may be treated as a marker of the
degree of damage to the enzymatic apparatus of the
sperm, reflecting its biological value. The study shows
that fresh raccoon dog semen should not be used for
insemination more than 48 h after collection in the case
of semen of very high quality, or after 24 h in the case of
semen of inferior quality.

Conclusions
To sum up, identification of apoptotic changes in sperm
by flow cytometry are useful in evaluating the quality of
raccoon dog semen. The annexin and TUNEL assays
and evaluation of the mitochondrial membrane potential
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of raccoon dog semen can be recommended for determination of the suitability of raccoon dog semen for
insemination and for evaluation of the fertility of males
used to rebuild the foundation stock. Cytometric methods
of semen analysis should also be used to evaluate different
extenders of raccoon dog semen and cryopreservation
methods in terms of ensuring viability of sperm,
fertilization capacity, and suitability for insemination.
Abbreviations
Apo: Apoptosis; AspAT: Aspartate aminotransferase; BrdU: 5-bromo-2′deoxyuridine; EDTA: Ethylenediamine tetraacetic acid; FITC: Fluorescein
isothiocyanate; JC-1: 5,50,6,60-tetrachloro-1,10,3,30-tetraethylbenzimidazolylcarbocyanine iodide; Pi: Propidium iodide; TUNEL: Terminal Deoxynucleotidyl
Transferase-mediated d-UTP Nick End Labeling; ΔΨm: Mitochondrial
membrane potential
Acknowledgments
Not applicable.
Funding
No funding was obtained for this study.
Availability of data and materials
All the data supporting our findings is contained within the manuscript.
Authors’ contributions
ŁJ, ZG, MK, EL designed the experiment, drafted the manuscript, collected
and analyzed samples; ŁJ, MK performed the statistical analysis of the results.
All authors read and approved the final manuscript.
Competing interests
None of the authors of this paper has a financial or personal relationship
with other organizations or people that could influence or bias the content
of the paper.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study complies with the European Directive 2010/63/EU. The study
design was reviewed and approved by the Ethics Committee of the
University of Life Sciences in Lublin (Poland). The study was conducted on
private raccoon dog farms whose owners gave written consent for sample
collection and data publication.
Received: 1 March 2016 Accepted: 4 October 2016

References
1. Farstad W. Reproduction in foxes: current research and future challenges.
Anim Reprod Sci. 1998;53:35–42.
2. Jalkanen L. Sperm abnormalities in silver fox (Vulpes vulpes) semen selected
for artificial insemination. J Reprod Fertil Suppl. 1993;47:287–90.
3. Szeleszczuk O, Sipczyński B, Niedbała P. The trials of semen freezing of
breeding raccoon dogs by use of diluents of different levels of glycerol.
Acta Sci Pol Zootechnica. 2008;7:39–46.
4. Watson PF. Recent developments and concepts in the cryopreservation of
spermatozoa and the assessment of their post-thawing function. Reprod
Fertil Dev. 1995;7:871–91.
5. Lamirande E, O’Flaherty C. Sperm activation: role of reactive oxygen species
and kinases. Biochim Biophys Acta. 2008;1784:106–15.
6. Vishwanath S. Storage of bovine semen in liquid and frozen state. Anim
Reprod Sci. 2000;62:23–53.
7. England GCW. Cryopreservation of dog semen. J Reprod Fertil Suppl. 1993;
47:243–55.
8. Medrano A, Holt WV, Watson PF. Controlled freezing studies on boar sperm
cryopreservation. Andrologia. 2009;41:246–50.

Jarosz et al. BMC Veterinary Research (2016) 12:224

9.
10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.
23.

24.
25.
26.

27.

28.
29.
30.
31.

32.
33.

34.

White IG. Lipids and calcium uptake of sperm in relation to cold shock and
preservation: a review. Reprod Fertil Dev. 1993;5:639–58.
Tsutsui T, Tezuka T, Mikasa Y, Sugisawa H, Kirihara N, Hori T, Kawakami E.
Artificial insemination with canine semen stored at a low temperature.
J Vet Med Sci. 2003;65:307–12.
Huo LJ, Ma XH, Yang ZM. Assessment of sperm viability, mitochondrial
activity, capacitation and acrosome intactness in extended boar semen
during long term storage. Theriogenology. 2002;58:1349–60.
Li-feng C, Xiao-min W, Jun-feng P, Bao-shan L, Di-fei L, Xiao-yuan G. Study
on technology of freezing racoon dog semen. J Econom Anim. 2005;9:132–3.
Chen Z, Hauser R, Trbovich AM, Shifren JL, Dorer DJ, Godfrey-Bailey L, Singh
NP. The relationship between human semen characteristics and sperm
apoptosis: a pilot study. J Androl. 2006;27:112–20.
López-Fernández C, Crespo F, Arroyo F, Fernández JL, Arana P, Johnston SD,
Gosálvez J. Dynamics of sperm DNA fragmentation in domestic animals II.
The stallion. Theriogenology. 2007;68:1240–50.
Garner D, Dobrinsky J, Welch G, Johnson L. Porcine sperm viability, oocyte
fertilization and embryo development after staining spermatozoa with
SYBR-14. Theriogenology. 1996;45:1103–13.
Holt W. Basic aspects of frozen storage of semen. Anim Reprod Sci.
2000;62:3–22.
O’Hara L, Harahan JP, Richardson L, Donovan A, Fair S, Evans AC, Lonergan
P. Effect of storage duration, storage temperature, and diluent on the
viability and fertility of fresh ram sperm. Theriogenology. 2010;73:541–9.
Stasiak K, Glogowski J, Demianowicz W, Kowalski R, Nowak-Tkaczyk A,
Janicki B. Use of biochemical markers to evaluate the quality of fresh and
cryopreserved semen from the arctic fox (Vulpes lagopus). Pol J Vet Sci.
2014;17:427–32.
Miller Jr RR, Cornett CL, Waterhouse KE, Farstad W. Comparative aspects of
sperm membrane fatty acid composition in silver (Vulpes vulpes) and blue
(Alopex lagopus) foxes, and their relationship to cell cryopreservation.
Cryobiology. 2005;51:66–75.
Kennedy WP, Kaminski MJ, Van Der Ven HH, Jeyendran SR, Reid SD,
Blackwell J, Bielfiled P, Zeneveld JDL. A simple, clinical assay to evaluate the
acrosin activity of human spermatozoa. J Androl. 1989;10:221–31.
Anzar M, He L, Buhr MM, Kroetsch TG, Pauls KP. Sperm apoptosis in fresh
and cryopreserved bull semen detected by flow cytometry and its
relationship with fertility. Biol Reprod. 2002;66:354–60.
Robles V, Martinez-Pastor F. Flow cytometric methods for sperm
assessment. Methods Mol Biol. 2013;927:175–86.
Valtonen MH, Rajakoski EJ, Lähteenmäki P. Levels of oestrogen and
progesterone in the plasma of the raccoon dog (Nyctereutes procyonoides)
during oestrus and pregnancy. J Endocrinol. 1978;76:549–50.
Valtonen MH, Rajakoski EJ, Mäkelä JI. Reproductive features in the female
raccoon dog. J Reprod Fertil. 1997;51:517–8.
Aitken RJ. Sperm function tests and fertility. Int J Androl. 2006;29:69–75.
Januskauskas A, Johannisson A, Rodriguez-Martinez H. Assessment of sperm
quality through fluorometry and sperm chromatin structure assay in relation
to field fertility of frozen-thawed semen from Swedish AI bulls.
Theriogenology. 2001;55:947–61.
Colenbrander B, Gadella BM, Stout TAE. The predictive value of semen
analysis in the evaluation of stallion fertility. Reprod Domest Anim.
2003;38:305–11.
Gillan L, Evans G, Maxwell W. Flow cytometric evaluation of sperm
parameters in relation to fertility potential. Theriogenology. 2005;63:445–57.
Graham J. Assessment of sperm quality: a flow cytometric approach. Anim
Reprod Sci. 2001;68:239–47.
Mocé E, Graham JK. In vitro evaluation of sperm quality. Anim Reprod Sci.
2008;105:104–18.
Papadopoulos S, Hanrhan JP, Donovan A, Duffy P, Boland MP, Lonergan P.
In vitro fertilization as a predictor of fertility from cervical insemination of
sheep. Theriogenology. 2005;63:150–9.
Rodriguez-Martinez H. Laboratory semen assessment and prediction of
fertility: still utopia? Reprod Domest Anim. 2003;38:312–8.
Brum AM, Sabeur K, Ball BA. Apoptotic-like changes in equine spermatozoa
separated by density-gradient centrifugation or after cryopreservation.
Theriogenology. 2008;69:1041–55.
Said T, Agarwal A, Grunewald S, Rasch M, Baumann T, Kriegel C, Li L,
Glander HJ, Thomas Jr AJ, Paasch U. Selection of nonapoptotic spermatozoa
as a new tool for enhancing assisted reproduction outcomes: an in vitro
model. Biol Reprod. 2006;74:530–7.

Page 10 of 10

35. Popwell J, Flowers W. Variability in relationships between semen quality and
estimates of in vivo and in vitro fertility in boars. Anim Reprod Sci.
2004;81:97–113.
36. Rodriguez-Martinez H, Larsson B, Zhang BR, Söderquist L. In vitro assessment of
viability and fertilizing capacity of bull spermatozoa. J Reprod Dev.
1997;43:1–11.
37. Lopez A, Söderquist L, Rodriquez-Martinez H. Sperm viability in ram semen
diluted and stored in three different extenders. Acta Vet Scand. 1999;40:1–9.
38. Paulenz H, Söderquist L, Pérez-Pé R, Berg KA. Effect of different extenders
and storage temperatures on sperm viability of liquid ram semen.
Theriogenology. 2002;57:823–36.
39. Trzcińska M, Bryła M, Bochenek M, Słomski R, Smorag Z. Assessment of
plasma membrane and chromatin structure of sperm from transgenic and
non-transgenic boars. Theriogenology. 2009;72:1141–7.
40. O’Brien JK, Steinman KJ, Montano GA, Love CC, Robeck TR. Sperm DNA
fragmentation and morphological degeneration in chilled elephant (Elephas
maximus and Loxodonta Africana) semen collected by transrectal massage.
Andrology. 2013;1:387–400.
41. Evenson DP, Jost LK, Marshall D, Zinaman MJ, Clegg E, Purvis K, de Angelis
P, Claussen OP. Utility of the sperm chromatin assay as a diagnostic and
prognostic tool in the human fertility clinic. Hum Reprod. 1999;14:1039–49.
42. Larson KL, DeJonge CJ, Barnes AM, Jost LK, Evenson DP. Sperm chromatin
structure assay parameters as predictors of failed pregnancy following
assisted reproductive techniques. Hum Reprod. 2000;15:1717–22.
43. Blom E. The morphological estimation of the spermatozoa defects of bull. II.
The proposal of a new classification of spermatozoa defects. Med Wet.
1981;37:239–42.
44. Freitas-Dell’Aqua CP, Monteiro GA, Dell’Aqua Jr JA, Papa FO. The effects of
refrigeration temperature and storage time on apoptotic markers in equine
semen. J Equine Vet Sci. 2013;33:27–30.
45. Rodríguez-Martínez H, Saravia F, Wallgren M, Roca J, Peña F. Influence of
seminal plasma on the kinematics of boar spermatozoa during freezing.
Theriogenology. 2008;70:1242–50.
46. Twigg J, Irvine DS, Houston P, Fulton N, Michael L, Aitken RJ. Iatrogenic
DNA damage induced in human spermatozoa during sperm preparation:
protective significance of seminal plasma. Mol Human Reprod. 1998;4:439–45.
47. Sakkas D, Meriethoz E, Manicardi G, Bizzaro D, Biachi PG, Bianchi U. Origin of
DNA damage in ejaculated human spermatozoa. Rev Reprod. 1999;4:31–7.
48. Toro E, Fernández S, Colomar A, Casanovas A, Alvarez JG, López-Teijón M,
Velilla E. Processing of semen can result in increased sperm DNA
fragmentation. Fertil Steril. 2009;92:2109–12.
49. Gallegos G, Ramos B, Santiso R, Goyanes V, Gosa’lvez J, Ferna’ndez JL. Sperm
DNA fragmentation in infertile men with genitourinary infection by
Chlamydia trachomatis and Mycoplasma. Fertil Steril. 2008;90:328–34.
50. Martinez-Pastor F, Johannisson A, Gil J, Kaabi M, Anel L, Paz P, RodriguezMartinez H. Use of chromatin stability assay, mitochondrial stain JC-1, and
fluorometric assessment of plasma membrane to evaluate frozen-thawed
ram semen. Anim Reprod Sci. 2004;84:121–33.
51. Stasiak K, Janicki B, Glogowski J. Determination of sperm acrosin activity in
the arctic fox (Alopex lagopus L.) – using method developed for human
spermatozoa. Pol J Vet Sci. 2012;15:799–800.
52. Froman DP, Amann RP, Riek PM, Olar TT. Acrosin activity of canine
spermatozoa as an index of cellular damage. J Reprod Fertil. 1984;70:301–8.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

