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ABSTRACT
The aim of this study was to examine the effect of the GnRH analogue (buserelin acetate) on the quality
of frozen-thawed bovine spermatozoa. In this study, ten Polish Holstein-Friesian bulls with an average
age of 3.5 ± 0.5 years were housed individually in pens. From each bull, two ejaculates were collected
using an artificial vagina. Semen samples that showed more than 60% motility and 60% viability were
selected for this experiment. To the four diluted samples were added 0µg/mL successively; 2µg/mL; 4µg/
mL and 8µg/mL buserelin acetate (Buserelin® aniMedica, Poland). After equilibration, the straws were
frozen in liquid nitrogen vapour using a computer controlled automatic freezer. After one day, straws were
thawed in a water bath at 38ºC for 20 sec and then were examined. Semen analysis included viability,
DNA defragmentation and motility of spermatozoa were being estimated. The addition of 2μg / mL of the
GnRH analogue significantly (P <0.05) improved the percentage of live spermatozoa compared to the
control group. Samples with supplemented of 2 i 4 µg/mL of buserelin has a significant positive influence
on percentage of motile sperm, progressive motility and DNA damage. Improving the quality of frozen
semen due to the use of GnRH analogue additive (buserelin acetate) for bovine semen and its low cost of
use in routine semen production will allow manufacturers of insemination doses to improve the quality
of their product.

INTRODUCTION

G

onadotropin-releasing hormone (GnRH) plays a
pivotal role in domestic animals reproduction and
its analogues are used on a large scale in the treatment of
hormone-dependent diseases and assisted reproductive
biotechnology. So far, fourteen structural variants and three
different forms of GnRH, named as hypothalamic GnRH
or GnRH-I, midbrain GnRH or GnRH-II and GnRH-III
across various species of protochordates and vertebrates
are known. Interest in research on the physiological,
cell biological and function molecular of the hormones
appeared along with the growing clinical application of
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GnRH analogues. These studies are aimed at broadening
knowledge and enhance our understanding of the entire
system and for the optimal application of analogue
therapies.
The availability of GnRH analogues and the possibility
of their use in herds has become a powerful tool in the
history of controlled reproduction. They are successfully
used in the protocol of synchronization of ovulation
in dairy cows (Souza et al., 2009), and the popularity
of their use is continually growing, as the popularity of
embryo-transfer increases. Research indicates a significant
improvement in the conception rate (Garcia-Ispierto et al.,
2012, 2013a), beneficial effects of using GnRH analogues
can also be observed in cows in a weaker condition (BCS)
(Souza et al., 2009), in the anestrus phase (Garcia-Ispierto
et al., 2012) or under conditions of heat stress (GarciaIspierto et al., 2012, 2013b).
GnRH analogues can also be successfully used in
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inhibiting reproductive functions. This is especially useful
for mares that are used in sports. In order to eliminate
the oestrus symptoms (including hyperactivity and
aggressiveness) and to inhibit (reversible) ovarian function
in mare Schulman et al. (2012), they administered GnRH
injections.
In other species (rabbits), the effect of the GnRH
analogue on sperm quality was examined. Gonadoliberyne
was mixed with ejaculate in order to induce ovulation in
females (Gogol, 2015, 2016), then the effect of the used
product on the quality of male spermatozoa was examined
(Gogol et al., 2014).
Constantly growing standards for the freezing of bull
semen in insemination centers, caused by dynamically
developing competition on the market, affect the need to
improve the production technology of insemination doses.
Science and practice are constantly looking for new tools
and technologies to obtain a straw with sperm with the
highest (competitive) quality parameters. In this study, an
assessment was made of the effect of the GnRH analogue
(buserelin acetate) on the quality of frozen-thawed bovine
semen.

MATERIALS AND METHODS
These experiments have been made as part of routine
activities during the current semen production in the
reproductive station and did not require the approval of
the ethics committee. These experiments were performed
on the Breeding and Insemination Centre “MCB” (Krasne,
Poland). In this study, ten Polish Holstein-Friesian bulls
with an average age of 3.5 ± 0.5 years were housed
individually in pens. Animals were fed the same (hay,
haylage, straw, microelements)
From each bull, two ejaculates were collected using
an artificial vagina at 7 a.m. The semen was held in a water
bath at 37 °C while the sperm concentration and initial
percentage of motile sperm were being estimated. Sperm
concentration was assessed using a digital photometer (Dr
Lange, LP 300 SDM; Minitube, Tiefenbach b. Landshut,
Germany) at 560 nm.
Semen processing
Semen samples were immediately transferred
into graduated test tubes after collection, placed in a
water bath at 37°C. The fresh undiluted semen was
then microscopically (Nikon E 200, China) evaluated
for mass motility, percent motile sperm, progressive
motility, viability and abnormality spermatozoa. Semen
samples that showed more than 60% motility and 60%
viability were selected for this experiment. After a positive
evaluation, semen samples were pooled to eliminate

individual differences. Then, in four centrifuge tubes
thoroughly placed 1 mL of fresh semen. Seminal plasma
was removed by centrifugation at 700 rcf for 4 min. The
remaining fraction was diluted with animal protein–free
commercial BIOXcell® extender (IMV Technologies,
L’aigle, France) to the final concentration of 120 × 106
spermatozoa/mL.
To the four diluted samples were added 0µg/mL
successively; 2µg/mL; 4µg/mL and 8µg/mL buserelin
acetate (Buserelin® aniMedica, Poland). Semen samples
were automatically packed (Bloc Machine FIN, IS 4,
France) into polyvinyl chloride (PVC) straws (0.25 mL)
(Biovet, France) were filled and equilibrated for 1.5 h at
4°C. After equilibration, the straws were frozen in liquid
nitrogen vapour using a computer controlled automatic
freezer from 4˚C to -15˚C at the rate of -3˚C/min and from
-15˚C to -80˚C at the rate of -10˚C/min (IMV Technologies,
France).
After reaching -80˚C, semen straws were plunged
into liquid nitrogen and packaged in plastic goblets for 24
hours of storage in the liquid nitrogen container.
After one day, straws were thawed in a water bath at
38ºC for 20 sec and then were examined.
Viability
The double stain SYBR-14 with propidium iodide
(L-7011 LIVE/DEAD Sperm Viability Kit; Invitrogen,
Molecular Probes, Barcelona, Spain) using flow cytometer
was applied (CytoFlex Beckman Coulter, B3-R1-V0,
China). To this end, 50 µL semen was measured and 940 µL
NaCl (0.9%) and 5 µL SYBR14 were added. Thoroughly
mixed. Then incubated (36˚C for 10 min) without light.
Subsequently, 5 µL of PI was remixed and incubated 3 min
without light, followed by a test.
Computerized assessment
Sperm motility was examined using a Sperm Class
Analyzer (SCA, version 5.4, Microptic, Barcelona, Spain),
a light microscope (Nikon Eclipse E200), with a x10
negative phase objective, a Basler camera (scA 780-54fc,
Ahrensburg, Germany), a warm stage and a computer
to analyze and save data. The following sets were used:
medium VAP-50.0 μm s-1; low VAP-10 μm s-1; low LIN50.0%. Before analysis, semen was diluted 1:20 in a warm
(26°C) physiological solution (0.9% NaCl). Then 2 μL of
the prepared sample was placed in a Leja 4 analysis chamber
(Leja Products B.V., Holland). The slide was mounted
on a stage warmer set at 38°C. The following motility
parameters were included in this study: the percentage of
motile sperm and progressive motility. Minimum 1000 cells
were evaluated, and depending on sperm concentration,
three to five analyses were performed per sample.
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Assessment of sperm DNA integrity
To further analyze the sperm DNA integrity, chromatin
susceptibility to acid-induced denaturation in situ was
assessed. The chromatin instability was then quantified by
flow cytometric (CytoFlex Beckman Coulter, B3-R1-V0,
China) was used Sperm Chromatin Structure Assay
(SCSA) test. The samples were thawed in a water bath
(26˚C for 30 sec.). 13 µL of semen and 487 µL of NaCl
(0,9%) were placed in a glass tube on ice. 50 μL of the
mixture thus prepared was moved to the second tube on ice
and 100 μL of acid detergent solution (0.08 M HCl, 0.15
M NaCl, 0.1% v/v Triton X-100, pH 1.2) was added. After
exactly 30 sec (without a light), 300 µL of acridine orange
(AO)-staining solution [6 μg AO (chromatographically
purified) (Polysciences, Inc. – USA) per ml citrate buffer
(0.037M citric acid, 0.126M Na2HPO4, 1.1mM EDTA
disodium, 0.15M NaCl, pH 6.0] was added. The prepared
sample was incubated 3 minutes on ice (without a light)
then examined in flow cytometry; 5000 spermatozoa were
evaluated in each sample.
Statistical analysis
Data are presented as the mean standard error of the
mean (SEM). Analysis of variance (ANOVA) was used
to assess differences among stages of buserelin acetate
supplementation on all the semen characteristics. When
the F ratio was significant (P < 0.05), Duncan’s multiple
range test was used to compare treatment means. For
statistical analysis of the results used Statistica 12.0 (Stat
Soft, Poland).
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the samples supplemented with the above supplement was
significantly lower (P <0.05) in the samples containing 2
and 4μg / mL successively by 4.70% and 4.84% compared
to the control group.

Fig. 1. Flow cytometry-obtained mean values of the
viability from frozen-thawed bovine semen samples in
the presence and the absence of buserelin acetate. Values
are mean ± S.D. of thawed bovine spermatozoa in all the
concentration of buserelin acetate. Values in the same
row with different letters mean significantly different (P
< 0.05). (n = 10).

RESULTS
The influence of buserelin acetate on the parameters
of frozen/thawed semen, collected from Polish HolsteinFriesian bulls, was shown in Figures 1-3.
Figure 1 shows the positive effect of the addition
of buserelin acetate to the semen of the bulls on its
qualitative parameters. The addition of 2μg / mL of the
GnRH analogue significantly (P <0.05) improved the
percentage of live spermatozoa in the study samples by an
average of 6.61%. The remaining concentrations did not
have a significant (P> 0.05) effect on sperm cell viability.
However, the obtained mean results of the percentage
of live sperm indicate their higher percentage about the
control group. In semen supplemented with an additive
containing 4 μg / mL buserelin acetate, the mean viability
of spermatozoa was 42.26% and was 2.06% higher than
the average percentage of live sperm in the control group.
Similar observations were obtained in samples with the
addition of 8μg / mL (the average percentage of live sperm
was 1.73% higher). The percentage of dead spermatozoa in

Fig. 2. CASA - obtained mean values of the percentage of
motile sperm and progressive motility from frozen-thawed
bovine semen samples in the presence and the absence
of buserelin acetate. Values are mean ± S.D. of thawed
bovine spermatozoa in all the concentration of buserelin
acetate. Values in the same row with different letters mean
significantly different (P < 0.05). (n = 10).
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DISCUSSION

Fig. 3. Flow cytometry - obtained mean values of the DNA
integrity from frozen-thawed bovine semen samples in
the presence and the absence of buserelin acetate. Values
are mean ± S.D. of thawed bovine spermatozoa in all the
concentration of buserelin acetate. Values in the same row
with different letters mean significantly different (P <
0.05). (n = 10).

Figure 2 shows the analysis of sperm motility.

The obtained results indicate significant differences
(P <0.05) both in the progressive motility and the
total sperm motility in the semen supplemented with
the addition of 2 and 4 μg / mL buserelin acetate. The
addition of 8 μg / mL did not significantly affect the
semen parameters tested. Samples with the addition of
2 μg / mL reported the highest values of total sperm
motility and progressive movement relative to the
control group. The obtained results of total sperm
motility in the samples supplemented with the addition
of 2 and 4 μg / mL buserelin acetate were higher by
26.71% and 13.24% respectively. The progressive
motility of spermatozoa in the samples with the addition
of 2 and 4 μg/ mL buserelin acetate was higher than the
samples without the addition of an average of 17.79%
and 9.81%.
Figure 3 shows the analysis of the degree of DNA
defragmentation in the test samples in the presence of
buserelin acetate additive. Significant differences (P
<0.05) were observed in semen supplemented with
buserelin acetate at 2 and 4 μg / mL. The average
percentage of sperm with intact DNA in the samples
with the addition of 2 and 4 μg / mL GnRH analogue was
higher by 10.33% and 10.36% than the samples without
the additive (82.79%). Samples with the addition of
8μg / mL buserelin acetate did not report significantly
higher results compared to the control group. However
the average percentage of sperm with intact DNA was
higher by 1.5%.

The presented research results show a positive effect
of buserelin acetate addition on the quality of bull semen.
So far, the effect of GnRH analogues on sperm quality
in cattle has not been studied. The action of analogues
on sperm cells of other species is also not well known.
Recent studies by Gogol et al. (2014) have shown a
significant effect of the addition of the GnRH analogue to
rabbit semen on sperm motility parameters, which is also
confirmed by other studies (Mizera et al., 2018; Gogol and
Wierzchoś-Hilczer, 2009; Gogol, 2013). In own studies, an
improvement in the quality of total motility and progressive
motility was also observed in samples supplemented with
buserelin acetate.
In the presented studies, the protective action of
buserelin acetate on sensitive sperm DNA structures has
been demonstrated, and research shows that (Larson et
al., 2000; Filatov et al., 1999) the degree of sperm DNA
defragmentation plays a major role in early embryogenesis.
DNA damage directly affects the overall quality of semen,
which is confirmed by the results of studies by different
authors (Gandini et al., 2000; Irvine et al., 2000). Thus,
the possibility of optimizing the environment for storing
male sperms to protect DNA against defragmentation
is very valuable, if only from the correlation between
DNA fragmentation and the effectiveness of fertilization
(Tomlinson et al., 2001; Morris et al., 2002).
Sperm supplementation with the GnRH analogue
(buserelin acetate) also showed protective effects on
sperm cell membranes, thereby reducing the percentage
of dead sperm and increasing the percentage of live and
considering that the viability of sperm is one of the most
important factors determining effective reproduction,
the action of buserelin acetate can be classified as highly
beneficial.

CONCLUSION
Improving the quality of frozen semen due to the use
of GnRH analogue additive (buserelin acetate) for bovine
semen and its low cost of use in routine semen production
will allow manufacturers of insemination doses to improve
the quality of their product. Moreover, the results of the
above studies open up the field for further research on
the possibility of combining insemination with semen
supplemented with GnRH along with estrus induction or
ovulation in cows. Undoubtedly, this is an interesting area
for further research.
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