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Research article
Ερευνητικό άρθρο

Honey bee drone (Apis mellifera) sperm cryopreservation with rainbow trout 
seminal plasma supplemented extenders 
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ABSTRACT: The current study aimed to investigate the effects of rainbow trout seminal plasma (RTSP) on fro-
zen-thawed honey bee drone spermatozoa. Semen samples were collected from sexually mature drones and pooled. 
Then pooled semen was diluted with different concentrations of RTSP (2.5%/5% / 10%) and without RTSP (control) 
supplemented extenders. Motility, plasma membrane functionality, acrosome integrity, and mitochondrial function 
were negatively affected by the cryopreservation process but DNA integrity was not affected. Membrane lipid perox-
idation status was also analyzed using the malondialdehyde (MDA) concentration at frozen-thawed. RTSP10 groups 
had a positive effect on sperm motility (64.00 ± 3.38%), plasma membrane functionality (72.07 ± 2.12%), acrosome 
integrity (86.20 ± 2.11%), and mitochondrial function (69.33 ± 2.94%) compared to the control group (P< 0.05). The 
study shows that RTSP supplemented extenders have beneficial effects on at frozen-thawed drone sperm parameters. 
The results of the present study demonstrated the advantage of using a 10% RTSP supplemented extender for drone 
sperm motility, plasma membrane functionality, and mitochondrial function.
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INTRODUCTION

The spermatozoon is one of the first living cells 
to be successfully cryopreserved (Benson et al., 

2012). Cryopreservation of sperm without losing its 
fertilization feature contributes to the selection and 
protection of genelines with superior genetic cha-
racteristics (Nur et al., 2010). Achieving acceptable 
fertility results by freezing spermatozoa is under the 
influence of some important factors. These include 
freezing techniques, appropriate extenders, freezing 
and thawing process, species-specific spermatozoon 
physiology, and characteristics (Curry, 2000). Also, 
the freezing of sperm cells belonging to different spe-
cies is privileged due to the different size, shape, and 
lipid components of the cells (Benson et al., 2012, Us-
tuner et al., 2016).Dronesemen has been successful-
ly cryopreserved in recent years (Taylor et al., 2009, 
Hopkinset al., 2010, Wegener et al., 2014, Alcayet al., 
2019b, Alcayet al., 2019a). However, the cryopreser-
vation process may cause structural, biochemical, and 
functional damage in spermatozoa, leading to prema-
ture activation of spermatozoa against physiological 
stimulation in the female genital tract, and a decrease 
in sperm motility, vitality, plasma membrane integrity, 
acrosomal integrity, and fertility. These undesirable 
effects may cause an irreversible decrease in sperm 
parameters (Nur et al., 2010). Therefore, the success 
of the sperm cryopreservation process depends on the 
composition of the extenders which is a crucial factor 
to protect spermatozoon (Ustuner et al., 2016, Alcay 
et al., 2020).

Seminal plasma which contains biochemicals 
components regulates sperm function (Ciereszko et 
al., 2000, Glogowski et al., 2000). The seminal plas-
ma has been used in the semen extenders for sperm 
cryopreservation of different species (Gunay et al., 
2006, Ustuner et al., 2016, Alcay et al., 2020). Rain-
bow trout seminal plasma (RTSP) includes proteins 
(2.1 ± 0.3 mg mL), monosaccharides, aminoacids, free 
fatty acids, phospholipids, vitamins, and neutral lip-
ids (Shaliutina-Kolešová et al., 2016, Ciereszko et al., 
2000). Besides, RTSP supplemented extenders have 
been successfully used for ram and goat semen cryo-
preservation (Ustuner et al., 2016, Alcay et al., 2020). 
However, its effect on drone sperm cryopreservation 
has not been evaluated until now.

The cryopreservation of drone spermatozoa with-
out losing its ability of fertilization contributes to 
the conservation of genelines. We hypothesized that 
RTSP supplementation in the semen extender could 

improve the frozen-thawed drone sperm viability and 
its longevity. Hence, the current study was designed 
to compare various concentrations of RTSP supple-
mented extenders for the cryopreservation of drone 
sperm using quality tests.

MATERIALS AND METHODS
This study was planned to research the efficiency 

of RTS supplementary extenders for cryopreservation 
of drone semen.To this end, extenders supplemen-
ted with various RTS concentrations (non-RTS, RTS 
2.5%, RTSP 5%, and RTSP10%) were used to evalu-
ate the frozen-thawed quality of drone spermatozoa.

Chemicals: The chemicals used in the study were 
obtained from Sigma (St. Louis, MO, USA) and Mer-
ck (Darmstadt, Germany).

Extender preparation
According to the experimental design, various 

RTSP concentrations were added in certain propor-
tions to each extender group.We prepared the exper-
imental groups such as RTSP2, 5 (with 2.5% RTS), 
RTSP5 (with 5% RTSP), RTSP10 (with 10% RTSP), 
and control (non-RTS). Extenders contained Na Ci-
trate (82.21 mmol), Catalase (1.59 mmol), KCI (5.34 
mmol), NaHCO3 (24.87 mmol), Amoxicillin (0.82 
mmol), and DMSO (10%). The pH value of the dilu-
ents prepared was scaled to be 8.1. 

RTSP were obtained by the previously described 
method of Glogowski et al. (2000) and stored at −20 
ºC for up to one monthbefore using for drone sperm 
cryopreservation.

Collection and dilution of semen 
Healthy and strong honey bee colonies in Bursa 

Uludag University, Beekeeping Development-Ap-
plication and Research Center were used for semen 
collection. 

Sexually mature drones (16 days and older) were 
selected for semen collection and at least five colonies 
were used for this research. The pressure was applied 
to the thorax to induce ejaculation, and then the ab-
dominal area was gently squeezed. Approximately 
1 µl semen was collected from per drone using the 
Schley syringe under a stereomicroscope. Besides, to 
eliminate individual differences all semen was pooled. 
The volume of each pooled semen was portioned into 
four equal volumes, and a total of five pooled semen 
was used in the study. Each group of the extender was 
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individually diluted with control or RTS supplement-
ed extenders to a final concentration of about 150x106 
(spermatozoa / mL). 

Semen freezing and thawing
	 The method of cryopreservation and thawing 

was based on (Alcay et al., 2019b).According to this 
method, equilibrated drone sperm was filled into 0.25 
mL straws.After the filling process, straws were fro-
zen at 3°C/min from +5°C to -8°C and at 15°C/min 
from -8°C to -120°C in liquid nitrogen vapor using 
the Nicool Plus PC freezing machine (Air Liquide, 
Marne-la-Vallée Cedex 3, France).Then the sperm-
filled straws were immersed in liquid nitrogen and 
then stored in a liquid nitrogen container.

Semen evaluation
In the evaluation of frozen-thawed semen, plasma 

membrane integrity, acrosome integrity, sperm moti-
lity, and DNA integrity parameters were examined. 
A hypoosmotic swelling test (HOST) was used for 
plasma membrane functionality. FITC-Pisum sati-
vum agglutinin (PSA-FITC) was used for acrosome 
integrity. Terminal deoxynucleotidyl transferase-me-
diated dUTP nick-end labeling (TUNEL) wasused to 
assess DNA integrity. Evaluations were made by the 
same person during the study.

Motility
Drone semen motility assessment was performed 

using a phase-contrast microscope at 400x magnifica-
tion (Olympus BX51-TF - OlympusOptical Co., Ltd., 
Japan) with the slide heated to 37 ° C. 

Membrane functionality
For the assessment of the plasma membrane in-

tegrity, the hypoosmotic swelling test method was 
performed according to Alcayet al. (2019b). Follow-
ing this method, the membrane integrity of the drone 
sperm was evaluated by observing the frizzled tails. 

Acrosome Integrity
For this evaluation, a sample of 10 µl spermatozoa 

was added in 100 mL of PBS and centrifuged for 5 
minutes. The sperm pellet obtained after centrifuga-
tion was resuspended with 100 mL PBS. Afterwards, 
smeared-slides were prepared and dried. After the 
drying process is over, the smears were left in acetone 
fixation at 4 °C for 15 minutes in a glass chalet (ver-
tical, Hellendahl type).After fixation, smears were 
stained with FITC PSA solution for 1 hour at 37 ° C 

in a light-proof sample kit. After the staining process 
was completed, at least 200 drone spermatozoa emit-
ting fluorescent light were evaluated under a fluores-
cent attachment microscope (Alcay et al., 2019a). 

Mitochondrial Activity
Double fluorescent stains, PI, and Rhodamine 

(R123), was used to examine the mitochondrial integ-
rity. For this analysis, Fraseret al. (2002) method was 
used. The results are expressed as a percentage (%).

DNA fragmentation
DNA fragmentation was evaluated by the TUNEL 

technique using In Situ Cell Death Detection Kit with 
fluorescein (Roche Diagnostics GmbH, Mannheim, 
Germany) according to the manufacturer’s protocol 
with slight modifications (Wegener et al., 2014).

Malondialdehyde (MDA) concentrations
To assess the MDA concentrations the method of 

Sharafi et al. (2015) was performed. Briefly, 0.25 ml 
of diluted semen sample was treated with 0.25 ml of 
cold 20% (w/v) trichloroaceticacid to precipitate the 
protein. During the centrifugation, the precipitated 
protein was pelleted and the supernatant was incuba-
ted with (w/v) thiobarbituric acid for 10 minutes in a 
100° C boiling water bath. After the incubation in the 
hot water bath, the sample was allowed to cool. Ab-
sorbance was determined using the Spectrophotome-
ter (Mannheim Boehringer Photometer 4010). MDA 
concentrations were expressed as nmol/ml.

Statistical analysis
All of the data obtained in the study were analyzed 

using SPSS (SPSS 23.0 for Windows; SPSS, Chi-
cago, IL, USA) and the results were represented as 
mean ± standard deviation. ShapiroWilk test was used 
as a normality test. Semen parameters were analyzed 
using one-way ANOVA followed by Tukey. 

RESULTS
In the study, the percentages of motility, plasma 

membrane functional integrity, acrosome integrity, 
mitochondrial function, and DNA fragmentation 
rates of pooled semensamples were 87.00±4.47, 
91.40±1.14, 94.00±1.58, 92.20±2.28, and 0.20±0.45 
respectively. Spermatozoa quality was negatively af-
fected by the cryopreservation process compared with 
the fresh pooled semen (P < 0.05). The table 1 shows 
the effects of different concentrations of RTSP on dro-
ne sperm parameters at frozen-thawed.
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Table 1. The mean of studied sperm post-thawing parameters on different extender groups
Variable RTSP Concentrations (%) 

0 2.5 5 10
Motility (%) 
HOST (%) 
Acrosome integrity (%) 
Mitochondrial function (%) 
DNA fragmentation (%) 

52.00±3.68a 53.3±2.44a 59.67±4.42b 64.00±3.38c

62.93±3.06a 65.73±3.55b 68.53±1.92c 72.07±2.12d

82.73±2.43a 83.00±3.25a 84.60±2.85ab 86.20±2.11b

59.73±2.71a 64.53±2.70b 66.27±2.63b 69.33±2.94c

0.71±0.99 0.53±0.74 0.60±0.74 0.53±0.74
MDA level (nmol/ml) 2.78±0.83 2.44±0.73 2.22±0.66 2.33±0.50

Data is presented in Mean± S.D.
Different letters within the same rows show significant differences among the groups (p<0.05).

The sperm motility was higher in RTSP5 and 
RTSP10, compared to control group (P <0.05). Also, 
the highest percentage of motility rates were obtained 
from the RTSP10 group (P < 0.05).The percentages of 
plasma membrane functional integrity were higher in 
RTSP compared to the control group (p<0.05). Besi-
des, the best membrane integrity rate was obtained in 
the RTSP10 group (P < 0.05).

The better acrosome integrity was obtained in the 
RTSP10 group compared to the control and RTSP2.5 
groups (P<0.05). The percentage of acrosome in-
tegrity wasnot found significantly different between 
RTSP5 and RTSP10 groups (P > 0.05).A better mi-
tochondrial function rate was obtained in the RTSP 
groups compared with the control group (p<0.05). No 
significant differences were observed in sperm DNA 
damage between all groups (p>0.05). As shown in 
Table 1, it was found that the MDA levels were not 
significantly different between all groups (P>0.05).

DISCUSSION
Sperm freezing ensures that genetic material is 

preserved for a long time. However, it is known that 
the freezing-thawing process has negative effects on 
the fertilization ability of spermatozoa. These unde-
sirable effects decrease motility, viability, plasma 
membrane, and acrosome integrities of spermatozoa 
(Nur et al., 2010, Alcay et al., 2019).In the study, we 
evaluated the effect of exogenous addition of RTSP in 
extenders on drone sperm quality at frozen-thawed. 

Motility is one of the main sperm evaluation pa-
rameters and has an important effect on oocyte pen-
etration (Yániz et al., 2020). In this study, we have 
shown that the presence of RTSP concentrations in 
cryopreservation media increased drone sperm motil-
ity compared to the control group at frozen-thawed 
(P<0.05). The motility values of drone spermatozoa 
cryopreserved with various semen extenders ranged 

between 25% - 62% (Alcay et al., 2015, Alcay et 
al., 2019b, Alcay et al., 2019a, Wegener et al; 2014, 
Wegener et al., 2012). Our study shows that fro-
zen-thawed sperm motility rates in high dose RTSP 
groups (RTSP5 and RTSP10) were in good agreement 
with the findings of these studies. In our study, al-
though RTSP supplementation caused a clear increase 
in motility, the RTSP2.5 group had not sufficient ef-
fect to make a statistical difference compared with the 
control group. When the RTSP doses were compared 
among each other, increasing doses of RTSP caused a 
gradual increase in motility.

The functional integrity of the plasma membrane 
that is essential for spermatozoon metabolism plays a 
crucial role in the oocyte fusion of spermatozoon (Yá-
niz et al., 2013). However, cold shock and lipid per-
oxidation have negatively affect membrane permea-
bility and integrity during cryopreservation (El-Kon 
et al., 2011). Therefore, it is crucial to keep integrity 
during the cryopreservation process to avoid cellular 
damage. HOST is the optimized test for detecting the 
subtle changes of spermatozoon membrane function-
ality (Maxwell et al., 1993, Nur et al., 2010). In the 
study, the plasma membrane functional integrity val-
ues in the RTSP10 group were higher than in the other 
groups (P < 0.05). The HOST values are in agreement 
with the earlier researches (Alcay et al., 2015, Alcay 
et al., 2019a, Alcay et al., 2019b).

The defected acrosome is one of the adverse effects 
of the sperm cryopreservation process (Ustuner et al., 
2016, Nur et al., 2010). During oviposition, the queen 
releases few spermatozoa from the spermatheca, and 
then the acrosome reaction releases lytic enzymes that 
aid in the penetration of the vitelline membrane to fer-
tilize the egg. Therefore, acrosome integrity is crucial 
for the fertility of frozen-thawed spermatozoa. In the 
study, there was no statistical difference among RTSP 
groups (RTSP2.5 and RTSP5) and the control group 
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for acrosome integrity rates. RTSP10 group preserved 
acrosome integrity better thanRTSP2.5 and control 
groups. These results are in agreement with the previ-
ous research (Alcay et al., 2019a, Alcayet al., 2019b, 
Nur et al., 2020).

Sperm needs the energy to carry out its functions 
and it can mostly obtain ATP through the glycolytic 
and oxidative phosphorylation pathways (Storey et 
al., 2008, Moscatelle et al., 2017). Mitochondria play 
an essential role in regulating sperm function (Yániz 
et al., 2020). Therefore, it is important to evaluate 
the mitochondrial function for sperm quality. In the 
study, mitochondrial function was better preserved 
in RTSP groups compared to the control group at 
frozen-thawed (P<0.05). Also, high dose RTSP pre-
served mitochondrial function compared to the other 
groups. Similar results were obtained in previous re-
search (Ciereszko et al., 2017) 

Protecting the integrity of DNA during freezing 
also has great importance not to disrupt the early de-
velopment of the embryo (Nur et al., 2010). In this 
study, it was observed that drone semen was resistant 
to freezing-thawing process. No significant differ-

ences of DNA fragmentation were noticed between 
all groups (P>0.05). Similar result was obtained in 
previous research (Wegener et al., 2014). Oxidative 
damage may be evaluated by MDA levels which is a 
key product of polyunsaturatedfatty acid’s peroxida-
tion in thecells. In our study, no statistical differences 
were obtained for MDA levels in all groups (P>0.05). 
Catalase which was used in the main extenders for 
all groups might have been a positive effect against 
oxidative damage.

Considering all sperm parameters; the RTSP10 
group was the optimum for drone semen preservation. 
Future studies might be focusing on RTSP supple-
mentation to improve the cryopreservation values and 
to evaluate reproductive success (viable offspring) 
when used to fertilize the queens.
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