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ABSTRACT  

Background: Sperm cryopreservation is currently the only clinically available technique for preservation of 

male gametes for subsequent use in assisted reproduction technologies. 

Objective: The objective of this study was to determine the impact of semen cryopreservation on human sperm 

DNA. 

Patients and methods: The study sample consists of 20 male patients seeking seminal fluid analysis at the 

andrology laboratory of a specialized IVF center (ADAM International Hospital for Fertility and Sterility, 

Giza, Egypt), and accepting to sign a consent of approval to participate in the study, with the diagnoses of 

normozoospermia, oligozoospermia (either isolated or combined with asthenozoospermia or 

teratozoospermia). 

Results: There is no statistical difference between Pre-freezing and vitrification regarding DNA 

fragmentation, P>0.05. No statistical difference between Pre-freezing and slow frozen regarding DNA 

fragmentation, P>0.05. Finally, there is no significant statistical difference between vitrification and slow 

frozen regarding DNA fragmentation, P>0.05. 

Conclusion: The sperm DNA fragmentation index was not affected during cryopreservation under the various 

methods of storage tested. Clinicians and investigators should take this information into consideration when 

using cryopreserved sperm for assisted reproduction. 
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INTRODUCTION 

During freezing, the formation of ice in the 

aqueous medium in which the spermatozoa are 

suspended increases the concentration of the 

solutes in the extracellular environment, which will 

lead to the dehydration of cell. This process is 

necessary to protect the cells from the formation of 

intracellular ice. However, if the extent of 

dehydration is too severe, and the cell volume 

reaches approximately 40% of its original size, it 

could lead to irreversible sperm damage. Then, 

during thawing, the melting of extracellular ice 

leads to lower extracellular solutes concentration 

than the intracellular milieu in spermatozoa. Water 

then enters back inside the spermatozoa and 

restores its volume. However, there is a risk of 

formation of intracellular ice crystals during this 

phase, which could lead to irreversible cell 

damage. Minimizing the formation of intracellular 

ice crystals is highly important for the survival of 

spermatozoa after cryopreservation (1). 

Extenders are used to preserve the survival of 

spermatozoa after freeze‐ thawing. The 

composition of these media is variable, but they 

usually contain a buffer to preserve extracellular 

pH and osmolarity; sugars as a source of energy for 

the spermatozoa; antibiotics; and most importantly, 

a cryoprotectant such as glycerol. Glycerol can 

pass through sperm membrane and decrease the  

 

freezing point of water, thus decreasing the risk of 

intracellular ice formation during freezing (2). 

The sperm DNA damage analysis has become 

a complementary biomarker in determining male 

infertility (3). Sperm DNA fragmentation (SDF) has 

been developed as a marker of sperm DNA quality, 

and many studies have shown an increase in SDF 

in infertile patients compared with fertile donors, 

and have established clinical threshold values for 

infertility using different techniques (4, 5).  

With the growing interest in reproductive 

medicine on the impact of sperm DNA integrity on 

reproductive outcomes, especially with assisted 

reproduction, it is important to evaluate whether 

cryopreservation could affect sperm DNA 

integrity. Different assays are used to assess the 

integrity of sperm chromatin and sperm DNA. 

Each assay measures different parameters such as 

sperm DNA strand breaks (5, 6), sperm chromatin 

structure (SCSA® assay), or sperm DNA 

compaction (CMA3 assay) (6, 7).  

Gamete cryopreservation is widely used for a 

variety of purposes, such as fertility preservation 

before chemotherapy treatment, donor sperm 

cryopreservation (8). Because of that, it is important 

to understand the effects of cryopreservation to 

preserve the better quality of the thawed sample. It 

has been shown that cryopreservation reduces 
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sperm motility and sperm vitality (9).  Some studies 

focused on the effect of cryopreservation on sperm 

DNA damage, showing that the main effector of 

DNA damage during the process of freezing and 

thawing a semen sample are the reactive oxygen 

species (10). However, the effect of cryopreservation 

on sperm DNA integrity remains controversial with 

some reports showing an effect (11), whereas others 

report none (12).These controversial data may be 

resolved by controlling for additional factors that 

affect sperm DNA integrity during freeze/thawing, 

such as the previous state of the sample (13), the 

technique used for cryopreservation or the 

cryoprotectant applied (8). 

 

AIM OF THE WORK 
The objective of this study was to determine the 

impact of semen cryopreservation on human sperm 

DNA. 

 

PATIENTS AND METHODS 

The study sample consists of 20 male patients 

seeking seminal fluid analysis at the andrology 

laboratory of a specialized IVF center (ADAM 

International Hospital for Fertility and Sterility, 

Giza, Egypt), and accepting to sign a consent of 

approval to participate in the study, with the 

diagnoses of normozoospermia, oligozoospermia 

(either isolated or combined with 

asthenozoospermia or teratozoospermia). 

 

Ethical approval 

The study was approved by the Ethics 

Board of Cairo University and an informed 

written consent was taken from each participant 

in the study. 

 

Inclusion criteria: Semen analysis showing at least 

1 motile sperm/drop after centrifugation, whatever 

the sperm count and morphology.  

 

Exclusion criteria: Patients with immotile 

spermatozoa or pyospermia. 

Semen samples were collected, and then semen 

analysis was done according to the WHO (14). 

Samples were classified into two groups:  

 Group A: samples with the diagnosis of 

normozoospermia, mild or moderate 

oligozoospermia. (Spermatozoa count more 

than 5x106/ml).  

 Group B: samples with the diagnosis of severe 

oligozoospermia either isolated or combined 

with asthenozoospermia or teratozoospermia 

(count of or less than 5x106/ml down to at least 

1 motile sperm after centrifugation).  

 Sperm chromatin dispersion: Sperm 

chromatin dispersion was performed before 

and as soon as possible after thawing of slow 

frozen or vitrified samples. 

 

Procedure details 

Aliquots of raw semen and of the different 

isolate gradient fractions in mHTF medium will be 

analyzed directly after thawing. Samples will be 

thawed at room temperature and diluted in mHTF 

medium to obtain sperm concentrations that range 

between 5 and 10 million/mL. The halo kit 

(Halosperm, Spain) will be used in the test as 

follows:  

The suspensions will be mixed with 1% low-

melting point aqueous agarose (to obtain a 0.7% 

final agarose concentration) at 37.8 °C. Aliquots of 

50 micro Liters of the mixture will be pipette onto 

a glass slide precoated with 0.65% standard 

agarose dried at 80 °C, covered with a coverslip (22 

by 22 mm), and will be left to solidify at 4 °C for 4 

minutes. As in the halo test or the comet assay, the 

agarose matrix allows for work with unfixed sperm 

on a slide in a suspension like environment. Cover 

slips will be carefully removed, and slides will be 

immediately immersed horizontally in a tray with 

freshly prepared acid denaturation solution (0.08 N 

HCl) for 7 minutes at 22 °C in the dark to generate 

restricted single-stranded DNA (ssDNA) motifs 

from DNA breaks. The denaturation will be then 

stopped, and proteins will be removed by a transfer 

of the slides to a tray with neutralizing and lysing 

solution (0.4 M Tris, 0.8 M DTT, 1% SDS, and 50 

mM EDTA, pH 7.5, 0.4 M Tris, 2 M NaCl, and 1% 

SDS, pH 7.5) for 25 minutes at room temperature. 

Slides will be thoroughly washed in distilled water 

2 minutes, dehydrated in sequential 70%, 90%, and 

100% ethanol baths (2 minutes each), and air dried. 

Cells will be stained with the Diff-Quik reagent 

(Baxter Healthcare Corporation Inc, McGaw, Ill) 

for brightfield microscopy. 

 

Sample Preparation 

Samples were prepared (either by swim up or 

wash and centrifugation) before further assessment 

and cryopreservation by wash and centrifugation or 

by swim up, according to seminal fluid assessment; 

Normal, mild and moderate male factor sperms 

were prepared by swim up while severe 

oligozoospermia and severe male factor were 

prepared by wash and centrifugation (13), (Modified 

Human tubal fluid + 1 % Human Serum Albumin 

(mHTF - HAS), pure sperm wash® Nidacon, 

Sweden). Quinn et al. (15) recommendations were 

the basic medium used in sperm preparation. 

The diluted suspension of spermatozoa was again 

diluted (1:1) with 0.5 M sucrose solution (0.25 M 
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end concentration). The 0.5 M sucrose in bi-

distillate water then filtered with 0.22 mm filter 

then was frozen until use. After dilution, aliquots 

were maintained at 37.8°C for 5 min before the 

cooling procedure takes place. Then after proper 

mixing, each sample was split into 3 aliquots: 

Aliquot 1: control group (fresh ejaculate), 

Aliquot 2: spermatozoa cryopreserved by slow 

conventional freezing with glycerol-containing 

medium, Aliquot 3: spermatozoa vitrified in 0.3 

ml insemination "French" straws in culture with 

0.25 M sucrose containing medium. 

 

Spermatozoa Cryopreservation: 

1. Spermatozoa Vitrification Technology of 

aseptic cryoprotectant-free vitrification of 

human spermatozoa in large volumes; the 

technology includes - Cryoprotective medium 

with only non-permeable cryoprotective agents 

(0.25 M sucrose in end concentration). As basal 

medium was (Modified Human tubal fluid medium 

+ 1 % Human Serum Albumin, Puresperm wash® 

Nidacon, Sweden). Using of 0.3 ml plastic straws 

with subsequent sealing from both side before 

cooling in liquid nitrogen. The warming up of 

spermatozoa is achieved by immersing straw with 

vitrified spermatozoa into warmed water bath at 

42°C. 

 

    The packaging of spermatozoa for aseptic 

vitrification was performed in the following 

way: Spermatozoa suspensions were cooled in 0.3 

ml plastic (CBS) straws (CryoBio System, Paris, 

France) ,The straw was labeled with asterisk (1 cm 

from the inner end of cotton-polyvinyl plunge, the 

straw was filled up to asterisk with 0.3 ml of 

spermatozoa suspension by aspiration. Then the 

filled straw was expelled from the tube while 

aspiration of air continued. Subsequently, when the 

suspension reached the polyvinyl plunge, the 

polymerization of polyvinyl initiated due to 

humidification. After aspiration was completed, 

and the top end of straw was sealed by polymerized 

polyvinyl, straw was heat-sealed at both sides by 

thermo-hermetic sealing. The straws were 

immersed into liquid nitrogen in horizontal 

position (approximately for 8 seconds) and were 

stored there at least for 24 hours before use. The 

warming up of spermatozoa was achieved by 

immersing straw with vitrified spermatozoa into 

water bath at 42°C and dangling it gently in water 

for 20 seconds. After warming, the residual fluid 

was removed from the straw with paper towel, and 

straw disinfected with 70% ethanol. The heat-

sealed part of straw (opposite to the cotton 

polyvinyl plunge) was cut off with sterile scissors, 

and the aspirator was connected with the straw. A 

low differential negative pressure was applied by 

aspiration. That ensures that after subsequent 

cutting of the cotton-polyvinyl plunge fluid won't 

be leaking out. Finally, the suspension was 

expelled from the straw for immediate evaluation 

of sperm quality. 

2. Conventional Spermatozoa Freezing 

The manual method of conventional freezing was 

performed by decreasing the temperature of the 

semen after adding a Glycerol cryoprotectant 

(Sperm Freeze Solution, Fertipro) (kept at 4 - 6◦C 

and placed at 37◦C for 10 - 15 min before being 

ready to use), the cryoprotectants was added in an 

equal volume to semen in a dropwise manner, 

gently mixed at room temperature, in a stepwise 

manner and after that loading the specimen in 0.3 

ml CBS straws (CryoBio System, Paris, France) 

and slowly cooling the specimen then plunging the 

samples into liquid nitrogen. The initial cooling 

rate of the specimen from room temperature to 5◦C 

was 0.5 - 1◦C/min. The sample was then frozen 

from 5◦C to -80◦C at a rate of 1 - 10◦C/min. The 

specimen was then plunged into liquid nitrogen at 

-196◦C. To thaw the samples, the straws were taken 

from the liquid nitrogen, held in air for 30 seconds, 

immersed into 37°C water bath in the horizontal 

position and held in this bath for 20 seconds until 

the ice melted. After thawing, 10 mL of basic m 

HTF-HAS medium was added to the thawed 

sample and centrifuged for 5 minutes at 340g. The 

supernatant was removed and the pellet 

resuspended with the same basic medium in order 

to obtain a final concentration of 0.5x106 /ml. 

 

Statistical analysis 

Recorded data were analyzed using the 

statistical package for social sciences, version 20.0 

(SPSS Inc., Chicago, Illinois, USA). Quantitative data 

were expressed as mean± standard deviation (SD). 

Qualitative data were expressed as frequency and 

percentage. 

 

The following tests were done: 

 Independent-samples t-test of significance was 

used when comparing between two means. 

 Chi-square (x2) test of significance was used in 

order to compare proportions between two 

qualitative parameters. 

 The confidence interval was set to 95% and the 

margin of error accepted was set to 5%. The p-

value was considered significant as the 

following:  

 Probability (P-value)  

- P-value <0.05 was considered significant. 

- P-value <0.001 was considered as highly 

significant. 

- P-value >0.05 was considered insignificant. 
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RESULTS 

Comparison between group A regarding DNA fragmentation (No=10) 

 

Table (1): Comparison between group A regarding DNA fragmentation 

Aliquot Mean ± SD P-value 

Pre-freezing  

VS  

Vitrification 

9.0±7.2  

VS  

15.8±13.4 

0.176 

Pre-freezing 

 VS  

Frozen 

9.0±7.2  

VS  

12.6±11.3 

0.408 

Vitrification  

VS  

Frozen 

15.8±13.4  

VS  

12.6±11.3 

0.574 

#: Paired t test 

 

 
Fig. (1): Comparison between Pre-freezing and Vitrification regarding DNA fragmentation. 
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Fig. (2): Comparison between Pre-freezing and slow Frozen regarding DNA fragmentation. 

 

 

 
 

Fig. (3): Comparison between Vitrification and slow Frozen regarding DNA fragmentation. 
  

Table 1 and figures 1,2,3 illustrate the mean levels of group A regarding DNA fragmentation, the highest 

mean is vitrification followed by slow Frozen and lowest mean is at Pre-freezing group( 15.8, 12.6, and 9.0 

respectively),There is no statistical difference between Pre-freezing and vitrification regarding DNA 

fragmentation, P>0.05. No statistical difference between Pre-freezing and slow frozen regarding DNA 

fragmentation, P>0.05. Finally, there is no significant statistical difference between vitrification and slow 

frozen regarding DNA fragmentation, P>0.05. 
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DISCUSSION 

Cryopreservation is the collection, 

freezing, and long term storage of sperm, and is a 

highly effective method of protecting male fertility. 

Cryopreservation of semen has been widely used as 

a vital method for fertility preservation of male 

patients before undergoing chemotherapy, 

radiotherapy, and/or surgery that may lead to 

testicular failure or ejaculatory dysfunction (16). 

Freezing of sperm before initiation of treatment 

provides patients with "fertility insurance " and 

may allow them to father their own children using 

intrauterine insemination (IUI), conventional in-

vitro fertilization (IVF) or intracytoplasmic sperm 

injection (ICSI) (17).    

There are two main conventional freezing 

techniques used in sperm cryopreservation: slow 

freezing and rapid freezing. The slow freezing 

technique proposed by Behrman and Sawada (18) 

and rapid freezing was first proposed by Sherman 
(19). 

According to the scientific achievements 

in cryobiology at present; the vitrification belongs 

to perspective technologies (20). Because; a) The 

method is cheap and quick, b) Due to lowering the 

temperature of solution's glass transition the 

permeable cryoprotectants prevents the actual 

freezing of solution and allows maintaining its 

same flexibility in a glassy phase, and c) 

Vitrification without permeable cryoprotectants 

allows avoiding the cryoprotectants toxicity and 

osmotic stress; the damage of plasmatic and 

mitochondrial membrane during equilibration with 

cryoprotectants; and protects them against lipid 

peroxidation and formation of reactive oxygen 

species and DNA damage.  

Vitrification is an alternative method that 

can also be applied to achieve the same purpose and 

does not use the special extenders. This method is 

based on the rapid cooling of the cells by 

immersion into liquid nitrogen, and, thereby, is the 

key factor reducing the chance of the formation of 

big ice crystals (20).  

In contrast to the programmable (“slow”) 

conventional freezing, vitrification has series of 

technological advantages useful for the practice: it 

renders the use of permeable cryoprotectants 

superfluous and, in addition, is much faster, 

simpler in application and more cost-effective than 

conventional freezing (20). 

The objective of this study was to 

determine the impact of semen cryopreservation on 

human sperm DNA. 

The study sample consists of 20 male patients 

seeking seminal fluid analysis at the andrology 

laboratory of a specialized IVF center (ADAM 

International Hospital for Fertility and Sterility, 

Giza, Egypt), and accepting to sign a consent of 

approval to participate in the study, with the 

diagnoses of normozoospermia, oligozoospermia 

(either isolated or combined with 

asthenozoospermia or teratozoospermia). 

 In our study, Vitality of vitrified 

spermatozoa showed significant statistically lower 

levels as compared to conventional slow freezing. 

It was shown in different groups that vitality of 

vitrified spermatozoa decreases significantly in 

comparison with slow freezing as we go through 

the different times (post thawing and 1-hour and 

24-hours). This is contrary to results of another 

study found that higher rates of CMI were achieved 

in vitrified sperm as compared to slow 

conventional freezing. However, as compared to 

nontreated controls (fresh spermatozoa) both 

cryopreservation procedures had a significant 

impact on viability (21). 

Some studies showed no statistical 

differences in parameters such as viability, 

recovery rate or percentage of morphologically 

normal spermatozoa with undamaged DNA 

between vitrified and conventionally frozen cells 
(22). 

In our study, DNA fragmentation of 

vitrified spermatozoa showed higher levels as 

compared to conventional slow freezing but there 

is no significant statistical difference between 

vitrification and conventional slow freezing in 

DNA fragmentation. 

Encouraged by the findings of the German 

group, the Canadians (as Moskovtsev) have also 

looked at possibilities to utilize vitrification in their 

laboratory. They have compared sperm motility, 

kinetics and DNA damage between semen samples 

cryopreserved by standard vapor freezing verses 

vitrification protocols (23).  

Their results indicate that sperm motility 

was significantly reduced for both types of 

frozen/thawed samples. Mean motility of vitrified 

samples was decreased when compared to samples 

prior to freezing, which was almost two-fold higher 

compared to motility of samples frozen by standard 

slow vapor protocol , and also was decreased when 

compared to samples prior to freezing.  

Sperm kinematics such as VCL, VSL, and 

LIN were not significantly different between the 

two types of cryopreservation protocols without 

taking into account CASA- paradox. 

However, when MKP were calculated, it 

was revealed that indeed vitrified samples had 

superior recovery of sperm kinematic parameters in 

comparison to slow freezing. 

They found statistically significant 

increase in sperm DNA damage after both methods 

of sperm freezing. However, the increase in DNA 
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damage was minimal and to a degree probably 

irrelevant to clinical concerns. No significant 

differences were observed in sperm DNA damage 

between slow freezing and vitrification. 

They can confirm from previous reports that 

human spermatozoa can be successfully vitrified 

without the use of potentially toxic cryoprotectants. 

The vitrification protocol showed significantly 

better results in preserving motility rates of 

spermatozoa when compared to slow vapor 

freezing. No significant differences were observed 

in post thaw sperm DNA damage in comparison to 

the standard slow freezing method (23). 

 

CONCLUSION 
 

The sperm DNA fragmentation index was not 

affected during cryopreservation under the various 

methods of storage tested. Clinicians and 

investigators should take this information into 

consideration when using cryopreserved sperm for 

assisted reproduction. 
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