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ABSTRACT

During thawing and freezing of the sperm cell, the DNA structure may be damaged at different
levels due to various internal and external reasons. In this study, DNA damage after freezing and
thawing of functional masculinized rainbow trout (Oncorhynchus mykiss) semen was examined.
Freezing was carried out using different dilution rates (1/3, 1/6, 1/9) and different doses of 1mM,
2 mM and 4 mM Ascorbic acid (antioxidant). In order to detect these damages that may be seenin
the sperm DNA after the thawing process, the Comet assay method was used. The results showed
that the group using 1/9 dilution ratio and 4 mM antioxidant dose gave the best results in terms of
DNA damage. In this study, we tried to determine possible DNA damage after cryopreservation
of functional rainbow trout sperm.
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1. INTRODUCTION

In aquaculture, it is known that producing all-female salmonid populations has an important place
in terms of growth performance and meat quality. In fish farms, priority is given to the production
of populations with superior qualities in the production process. Therefore, it is aimed to store
sperm obtained from healthy and qualified individuals by freezing and use them when desired
[1,2,11]. In order to preserve the viability and fertilization capacity of sperm cells, attention should
be paid to the implementation of appropriate protocols [4,28,]. Ice crystals that may form during
heat treatments applied during freezing and thawing processes can damage the membranes of
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sperm cells and cause DNA damage [9,14]. DNA damages that occur after freezing and thawing
of sperm have been intensively researched in the field of aquaculture in recent years. In this
context, it has been determined that oxidative stress caused by cryopreservation leads to DNA
breaks and cellular deterioration [3,5,12]. Increased DNA damage can negatively affect embryo
development, especially during the fertilization process, and can lead to the production of low-
quality offspring. In addition, DNA damage has a direct effect on the lifespan and motility of
spermatozoa [22,25]. Therefore, preserving DNA integrity after cryopreservation is of great
importance in aquaculture, both to increase productivity and to protect genetic material. It has been
reported that DNA damage can negatively affect fertilization and embryonic development, and
even cause developmental anomalies in offspring [13,17,20]. Rainbow trout (Oncorhynchus
mykiss) is one of the most common salmonid species cultivated and has an important place in other
aquaculture groups. Cryopreservation of rainbow trout sperm is an important area of research to
improve the production of this species. In recent years, various protocols have been developed for
the freezing and storage of rainbow trout sperm. These protocols include the use of different
freezing and thawing temperatures, different diluents, and different preservatives (cryoprotectants)
[18,24,33]. During the freezing at low temperatures and thawing at high temperatures, sperm cells
may undergo deterioration in their natural structure and may lead to DNA damage. DNA damage
can occur in various forms such as single-strand breaks (SBRs), double-strand breaks (DBRs), and
oxidative stress DNA damage. DBRs can lead to cell cycle arrests and mutations during DNA
replication and repair [16,21,29]. DBRs can cause chromosomal imbalances by causing
chromosome breaks and fusions. Oxidative stress DNA damage can lead to modification of some
DNA and disruption of cell functions [23,27,32].

Examination of DNA damage after freezing and thawing of rainbow trout sperm will provide
critical information for further research in this area. Although previous studies have revealed the
negative effects of cryopreservation on genetic material, the effects of different methods and
preservatives used in this process are still not fully understood [15,19,26].

Some different methods are used to detect DNA damage after thawing of sperm. The most common
method used for fish is the Comet assay analysis, followed by the TUNNEL assay and the sperm
chromatin structure analysis method. The sperm chromatin dispersion test, which is less used than
others for the detection of fish sperm DNA damage, has been used more for the freshwater fish
tench (Tincatinca). Comet assay analysis is a simple and sensitive tool that can detect DNA helical
breaks at the single sperm cell level [5,19]. It has shown good correlation with the results of parallel
evaluations using comet assay analysis [6,8,23]. The aim of this study was to investigate the
possible damage to DNA structure during freezing and after thawing of functionally masculinized
rainbow trout sperm. For this purpose, the effects of different dilution rates and different
antioxidant concentrations on DNA damage were investigated [7,31]. The findings obtained will
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contribute to the development of more effective protocols for cryopreservation of rainbow trout
sperm.

2. MATERIAL AND METHOD
2.1. Place of Experiment

The experiment was conducted at Ayhan Alp Alabalik Urt. ve Tic. Trout production facility
operating in Oren neighborhood of Seydikemer district of Mugla province.

2.2 Functional Male Fish Production

17a-methyltestosterone (MT) was used to obtain functional males (XX) for use in the experiment.
Methyltestosterone was weighed at 2 mg/kg (MT/feed) on a CPA0225D Sartorius brand d=0.001
mg precision scale. Hormonal feeds were administered orally for 600 days/degree when the food
sacs of the young trouts were withdrawn and they started to take feed from outside. Thus, both the
genotypically female (XX) individuals were phenotypically masculinized and sperm was collected
from the adults of these fish whose sexes were reversed.

2.3. Sperm Collection and Freezing

After the sex-reversed (functional) male rainbow trout (Oncorhynchus mykiss) became adults, it
was dissected and the gonads were removed as in Fig 2.3.1.

Figure 2.3.1: Gonad collection and reconstitution from functional male fish (Orginal, 2023)
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Then, the sperms were taken into a clean container and diluted with the diluent given in Table
2.3.1 at a ratio of 1/3, 1/6 and 1/9 and 1 mM, 2 mM and 4 mM antioxidant (ascorbic acid) were
added to each group in three replicates, respectively. Without any equilibration process, they were
drawn directly into 0.25 ml straws and the open ends were closed with Polyvinyl Alcohol. The
straws, after the closing process, were kept in liquid nitrogen vapor at -120 OC for 10 minutes and
frozen. The frozen sperms were stored at -196 0C to be used at the desired time.

Table 2.3.1: Sperm extender content [6].

Extender
NaCl 7.5 mg/ml
NaHCO, 2.0 mg/ml
KCl 0,4 mg/ml
Glucose 1,0 mg/ml
Egg volk 15%
DMSO 0%

Distile water

2.4. DNA Damage Analysis

Comet assay analysis method was used to determine the anomalies (deterioration of the structure)
that may occur in the structure of DNA after the sperm was frozen and thawed.

3. FINDINGS
3.1. DNA Damage

Sperms were frozen by drawing 0.25 ml straws and stored at -196 0C. Then, 0.25 ml straws were
thawed by waiting at 35 degrees for 15 seconds. DNA damage conditions are shown in Fig 3.1.1.
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Figure 3.1.1: DNA damage levels, a: undamaged, b: slightly damaged, c: moderately
damaged, d: damaged, e: very damaged (Orginal, 2023)

In this study, DNA damage was investigated after freezing and thawing of functionally
masculinized rainbow trout (Oncorhynchus mykiss) sperm with reversed sex. Damage statuses
were determined at different dilution rates (1/3, 1/6, 1/9) and different antioxidant doses (1 mM, 2
mM and 4 mM Ascorbic acid). When the obtained results are examined, it is thought that dilution
rates and antioxidant doses also have an important effect on DNA damage. As seen in Table 3.1.1,
it was observed that DNA damage rate decreased in parallel with the increase in dilution and
antioxidant rate. The best results among all groups were at 1/9 dilution rate and also when these
groups were compared, it was determined that 4 mM antioxidant rate was less damaged than the
others.
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Table 3.1.1: Different diluent ratios and antioxidant doses, post-thaw DNA damage rates

Sperm/Extender
Sperm/Extender Ratio Sperm/Extender Ratio Ratio
Groups Damage  Control 1/3 1/3 1/3 1/6 1/6 1/6 1/9 1/9 1/9
status
4
Antioxidant I1mM 2mM 4mM ImM 2mM 4mM 1mM 2mM mM
Undamaged 0 896 934 944 948 954 955 963 966 971 974
Slightly 1 30 48 36 28 36 28 24 14 19 20
damaged
Medium 2 30 4 11 12 6 10 9 6 4 3
damaged
Damaged 3 26 6 5 4 2 4 3 6 4 2
very 4 18 8 4 8 2 3 1 8 2 1
damaged
Total
Sperm 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Count
Total
104 66 56 52 46 45 37 34 29 26
Damaged
Damaged
g % 10,4 6,6 56 52 46 45 37 34 2,9 26
4. DISCUSSION

In recent years, sperm freezing processes have also been frequently investigated and implemented
in aquaculture production. Long-term or short-term sperm freezing studies have accelerated in
different species.

Mesopotamian catfish (S. triostegus) sperm were frozen by diluting them 1/3 with
cryopreservation medium formed with sucrose added to different cryoprotectants (DMSO,
methanol, methylglycol) and the effects on sperm quality after thawing, DNA damage levels were
examined and fertilization rates were tested [7,10,35]. In this study, different doses of ascorbic
acid were used with different diluents and DNA damage was determined.

DNA damages that occur after freezing and thawing of rainbow trout sperm are an important
problem in aquaculture. It is known that DNA damage directly affects the fertilization ability of
sperm, and this situation becomes more evident especially in cryopreservation processes [3,22,31].
Studies have shown that ice crystals and osmotic stress formed in the cell membrane during
cryopreservation can disrupt DNA integrity [2,30]. In particular, weakening of cellular structures
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causes breaks in the genetic material of spermatozoa, which negatively affects both fertilization
rates and the developmental capacity of offspring [3,5,6].

During sperm freezing, loss of spermatozoa cellular membrane structure and functionality causes
damage in different ways, such as loss of sperm motility and ATP content, leading to a decrease
in fertilization rates [4,30].

One of the main reasons for DNA damage to occur during the cryopreservation process is the
increase in oxidative stress. Lipid peroxidation in cell membranes and the formation of free
radicals during the freezing process can cause serious damage to sperm DNA [22,31,36]. Studies
suggest that using antioxidants and preservatives to reduce this oxidative stress can partially
protect DNA integrity. However, current measures cannot completely prevent damage, which
suggests that the cryopreservation process needs to be further developed [33].

The antioxidant substance used was aimed to reduce oxidative stress in sperm during the
cryopreservation process and thawing. As a result, the effect of sperm motility period, fertilization
and egg hatching rate, and how the DNA chain is affected were investigated and whether they had
positive contributions were investigated [8,14,22].

The data suggest that higher dilution rates protect sperm DNA structure by reducing contact and
friction between sperm cells. The lowest sperm damage rate at 1/9 dilution and 4 mM antioxidant
rate indicates that this dilution rate may have created a hypertonic environment for sperm cells and
reduced cellular oxidative stress.

The data show that the 4 mM antioxidant dose significantly increased their rates and reduced DNA
damage. This finding suggests that antioxidants protect sperm cells from oxidative damage during
the freezing and thawing process and may improve sperm functions. The use of antioxidants at
certain rates shows that they have a protective effect on sperm cells and prevent damage caused
by oxidative stress.

In this study, ascorbic acid (vitamin C) is thought to play an important role in reducing oxidative
stress as a powerful antioxidant. Oxidative stress causes cellular damage as a result of increased
free radicals and inadequate antioxidant defense mechanisms [2,33,34]. Sperm cells are highly
sensitive to oxidative stress due to their high polyunsaturated fatty acid content and low levels of
cytoplasmic antioxidant enzymes. During the freezing-thawing process, sperm cells may be
exposed to lipid peroxidation and DNA damage. Ascorbic acid reduces lipid peroxidation by
neutralizing free radicals and helps protect DNA from oxidative damage. In this process, when
ascorbic acid is added to the freezing medium, it can increase the stability of sperm cell
membranes, maintain motility, and increase cell survival [16,34].
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Studies on the effects of ascorbic acid during cryopreservation have reported that ascorbic acid
added to the freezing medium at appropriate concentrations protects sperm DNA and improves
post-cryopreservation parameters. However, in excessive concentrations, ascorbic acid may have
a pro-oxidant effect, which may be detrimental to sperm cells.

In this study, DNA damage was determined after freezing and thawing functionally masculinized
rainbow trout sperm. The findings emphasize that new strategies should be developed to prevent
DNA damage after freezing and thawing rainbow trout sperm. In particular, the effects of genetic
deterioration in sperm cells on embryo development and offspring quality should be investigated
in more detail. Future studies should focus on optimizing the effects of chemicals and preservative
media used during cryopreservation, and new cryoprotectant strategies should be investigated to
minimize DNA damage.

5. CONCLUSION

While there are advantages to using frozen sperm in later periods, possible DNA damage during
the procedures should not be ignored. Therefore, it is recommended that similar studies be
conducted to minimize the effects of low temperatures on DNA damage during cryopreservation.
It is anticipated that these findings obtained in this study will contribute to the development of a
new protocol for the cryopreservation of diploid or sex-reversed rainbow trout sperm.

As a result, the effects of cryopreservation on DNA integrity in rainbow trout sperm should be
investigated more comprehensively. The development of new techniques to be used in this process
will provide more successful results not only in trout production but also in the cryopreservation
of other fish species. Developing strategies for the protection of genetic material for sustainable
fish farming is of great importance for the future of the aquaculture sector.
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