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ABSTRACT
Introduction: Infertility is a common phenomenon in modern societies. Today, use of assisted
reproductive technologies (ARTs) for treatment of infertility is common, and cryopreservation
is one of these technologies. Cryopreservation has impact on the function and percentage of
fertility of human sperm. In this study, motility, viability, nitric oxide, and DNA apoptosis
were assessed before and after cryopreservation process of human semen samples in
normozoospermic men.
Methods: We divided 20 semen samples of normozoospermic men into 2 groups: fresh
group as a control and frozen–thawed group. Each semen sample has been aliquoted to 4
parts in cryotube for assessment of viability by eosin and negrosin staining, motility by invert
microscope, nitric oxide and DNA apoptosis content by flow cytometry.
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Results: Normozoospermic men frozen–thawed semen samples showed significant (p<0.05)
difference in viability, motility, nitric oxide and DNA apoptosis compared with fresh semen
samples.
Conclusion: cryopreservation process has impact on viability, motility, intracellular nitric
oxide and DNA apoptosis content in fertile human semen samples.

1. Introduction

ryopreservation has been recently used
as assisted reproductive technologies
(ARTs) . For example before chemotherapy, radiotherapy, some of surgical
treatments and vasectomy semen sample has been saved

as fertility insurance. Also, freezing of semen has been
done for azoospermic men and patients who have been
cheeked up for HIV and hepatitis in laboratory. Frozen
semen will insure later fertility for patients [1, 2, 4]. Today, despite of various protocols using for cryopreservation, the quality and fertility of frozen sperm has been
decreased [5].
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In cryopreservation, semen is encountered to cold
shock and atmospheric oxygen. Samples keep in 196°C in liquid nitrogen. This temperature is enough for
stopping the biological function of cell. Both of Freezing and thawing create over modification in water content of cell.
On the other hands, sperm looses more cytoplasm at
the end of differentiation, that possess antioxidants for
counteract with reactive oxygen species (ROS) and lipid
peroxidation (LPO) . For this reason, spermatozoon is
susceptible to LPO as a result of cryopreservation and
produces mechanical stress to cell membrane [3]. LPOs
generated in enzymatic reaction of cell and human spermatozoa are able to make this [6]. Because of high affinity of ROS to react by other molecules, ROS lead
to structural and functional modification of cells [3].
ROS production is a normal physiological process but
changes in balance between ROS production and seminal antioxidants scavenger, lead to cell damage and male
infertility. ROS may play a beneficial role in normal
physiological function [1] such as maturation, capacitation and acrosome reaction [3]. Reactive oxygen species
(ROS) that are generated by sperm metabolism, above
physiological defense have bad effect on plasma membrane of sperm, DNA integrity, physiological function
and sperm quality. Frozen sperm creates many modifications in sperm parameters. Studies show that after
cryopreservation, 25-75 percentage of sperms lose their
motility and decrease their viability because of generation of intracellular ice crystal and osmotic stress [7].
Over production of ROS, cryopreservation declined
ATP concentration by suppression of oxidative phosphorelation or glycolsis and lead to decrease of sperm
motility. Freezing of sperm significantly increased ROS
production. Generation of ROS such as superoxide
onion and hydrogen peroxide led to generation of cytochrome C from mitochondria and production of Apaf
complex in cytoplasm and Caspase activity was happened. Caspase activate endonoclases and lead to DNA
fragmentation and apoptosis [8, 9]. Nitric oxide (NO)
, a highly reactive gas with a short half-life, is synthesized from the enzymatic conversion of L-arginine to Lcitrulline by NADPH-dependent NO synthases (NOSs)
. The NO-generating system has been demonstrated in
the human reproductive tract, where NO plays a role in a
variety of reproductive functions. In vitro studies, it has
been shown that low concentrations of NO enhance the
motility of mouse, hamster, and human spermatozoa,
the acrosome reaction (AR) of mouse and bull spermatozoa, and the zona pellucida-binding ability of human
spermatozoa.
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On the other hand, higher NO concentrations seem to
exert opposite effects on the motility, viability, and metabolism of human spermatozoa in vitro [10].
In this study, viability, motility, intracellular nitric oxide, and DNA apoptosis in normozoospermic men before and after cryopreservation were assessed.

2. Materials and Methods
Sampling Collection and Preparation
Semen samples from fertile men (>25% rapid motility
or >50% progression in a semen sample, and fresh sperm
concentration >20×106/ml) were obtained by masturbation and collected into sterile containers, following 3–5
days’ abstinence from sexual activity. After liquefaction at 37 °C with 5% CO2 in air, the semen samples
were examined for sperm concentration according to the
World Health Organization (WHO) guidelines [11].
The approval of the Research Ethical Committee of
Baqiyatallah University of Medical Sciences was obtained prior to the study, and all subjects were informed
about this study.
We divided 20 semen samples of normozoospermic
men into 2 groups: fresh group as a control and frozen–
thawed group. Each semen sample has been aliquoted to
4 parts in cryotube for assessment of viability, motility,
DNA apoptosis and nitric oxide, and equal volume of
sperm freezing solution (Vitrolife, Sweden) were added
to each cryotube.
Cryopreservation of Semen Samples
After addition of equal volume of sperm freezing solution (Vitrolife, Sweden) to each cryotube, they were
inserted on the liquid nitrogen vapor at _180°C (15 – 30
centimeter up the liquid nitrogen) for 20 – 30 minute
and transferred to liquid nitrogen at _196 °C and stored
for two weeks.
Thawing Process
After two weeks, cryotubes containing semen samples
were thawed at room temperature for 5 min, and incubated at 37 °C for 20 min. The freezing medium was
removed by centrifugation (1000 rpm for 5 min) .
Assessment of Viability
The eosin–nigrosin dye exclusion staining was used to
assess the sperm viability. The smears were assessed by
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Table 1. Motility percentage of spermatozoa in normozoospermic men.

Motility
Total Motility% Immotility%

Group
Normozoospermic Men

Fresh
Frozen – thawed

100%
88%

0%
12%

oil immersion light microscopy at ×1000 magnification
(Fig1) . Live spermatozoa were appeared white where as
dead spermatozoa with disrupted membranes appeared
red. Vitality was quantified by counting a minimum of
200 spermatozoa on each slide and the proportion of live
spermatozoa was expressed as a percentage.

and final gated population of spermatozoa, and histogram of unstaning spermatozoa have been shown in Fig
4: A and B.

Assessment of Motility
For assessment of motility, 10 µl of each seamen
sample was put on glass lam and covered with lamella.
Assessment was done with invert microscope by 40X
magnification in multiple views according to the fifth
edition (2010) of World Health Organization (WHO)
guidelines [11].

We used in situ cell death detection kit, fluorescein
(Roche, 11684795910, Germany) for detection and
quantification of apoptosis (programmed cell death) at
single cell level, based on DNA strand breaks (TUNEL
technology) . Acquired dot plot representing total events
and final gated population of spermatozoa, and histogram of unstaining spermatozoa have been shown in Fig
6: A and B.

Measurement of Nitric Oxide in Spermatozoa

Statistical Analysis

Briefly for NO measurements, each sample was loaded
with DAF-2/DA and incubated in the dark

Data are expressed as the mean ± SEM. Data of viability, nitric oxide and DNA apoptosis content was analyzed by independent t-test. Differences were regarded
statistically significant if p < 0.05. Data of motility was
analyzed by Chi-Square Test.

(120 min, 37 °C) before analyzing by fluorescenceactivated cell sorter (FACS) . Excitation wavelength 488
nm and emission wavelength 530 nm was used. The
mean fluorescence intensity of the analyzed sperm cells
was determined after gating the cell population by forward and side scatter light signals.
The final gated populations are usually consisted of
8000–12000 sperm cells. Fluorescence in these cells
was recorded on a frequency histogram by logarithmic
amplifiers. Acquired dot plot representing total events

Measurement of DNA Apoptosis in Spermatozoa

3.Results
Viability in Spermatozoa
Viability of frozen–thawed group had significant reduction compared with fresh group (p<0.01) (Fig.2,
Table 2) .

Table 2. Viability, nitric oxide and DNA apoptosis content in normozoospermic men.

Motility
Fresh

Frozen – thawed

Viability

59.54 ± 4.07

26.50 ± 2.11 *

Nitric Oxide

96 ± .12

9.41 ± .83 *

DNA Apoptosis

7.37 ± .48

34.97 ± 1.27 *

Results are expressed as mean ± SEM. P-values <0.05 were considered significant.
*: Significant difference compared with fresh group (p < 0.05) .
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Motility in Spermatozoa

4. Discussion

Total motility percentage of sperm in fresh group was
100% (consider each group from 100%) compared with
frozen–thawed group that was 88% of samples. Immotile
percentage of sperm in fresh group was 0% whereas in
frozen–thawed group was 12% (Table 1) .
Nitric oxide content in spermatozoa

The aim of the present study was to determine that cryopreservation of normal human spermatozoa could influence on viability, motility, intracellular nitric oxide and
DNA apoptosis compared to fresh semen samples. It was
found that cryopreservation process decreased viability
and motility and increased nitric oxide and DNA apoptosis
in spermatozoa of normozoospermic men.

Nitric oxide content of frozen–thawed group had significant elevation compared to the fresh group (p<0.01) (Fig.
3, Table 2) .

Mammalian spermatozoa were among the first cells to
be successfully cryopreserved. However, both freezing
and thawing expose the cells to severe stresses [12]. In

Figure 1. Human spermatozoa staining with eosin–nigrosin
dye which assessed by oil immersion light microscopy at ×1000
magnification. Live spermatozoa Live spermatozoa were appeared white whilst dead spermatozoa with disrupted membranes have taken up the eosin stain and appeared red.

Figure 2. Viability in normozoospermic men. P-values
<0.05 were considered significant.* : Significant difference
vs.compared with fresh group (p<0.05) . Error bars: +/- 1SE.

Figure 3. Nitric oxide content in normozoospermic men. Pvalues <0.05 were considered significant.* : Significant difference vs.compared with fresh group (p<0.05) .. Error bars:
+/- 1SE.

Figure 5. DNA apoptosis in normozoospermic men. P-values <0.05 were considered significant.* : Significant difference vs.compared with fresh group (p<0.05) . Error bars:
+/- 1SE
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Figure 4. (A) Dot plot representing total events acquired and final gated population of spermatozoa. (B) Histogram of unstaining spermatozoa.

Figure 6. (A) Dot plot representing total events acquired and final gated population of spermatozoa. (B) Histogram of unstaining spermatozoa.

cryopreservation, semen has been encountered to cold
shock and atmospheric oxygen. Samples were kept in 196°C in liquid nitrogen. This temperature is enough for
stopping the biological function of cell. Both of freezing
and thawing create over modification in water content of
cell. On the other hand, sperm looses more cytoplasm at
the end of differentiation, that possess antioxidants for
counteract with reactive oxygen species (ROS) and lipid
peroxidation (LPO) . For this reason, spermatozoon is
susceptible to LPO as a result of cryopreservation and
produces mechanical stress to cell membrane [3]. Freezing induced LPO in cell membrane of sperm and led
to over production of free radicals concentration in the
samples.
Exposing to high concentration of ROS, modifies
sperm motility, viability, DNA integrity, penetration into

cervical mucus, structure of acrosome and activity of acrosome protease [12, 13, 14, 15, 16].
Compared to the raw fresh semen, frozen spermatozoa show a shorter lifespan and a lower fertility. This
was due to the great difference between fresh and frozen
sperm in the generation rate of O2- and H2O2 or in the
intracellular concentration of free calcium ions (Ca2+)
[19].
Also after cryopreservation, sperm viability was decreased because of generation of intracellular ice crystal
and osmotic stresses [7].
This research show that viability of frozen–thawed
group have significant reduction compared with fresh
group (p<0.01) .
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Motility is one of the most important features that play
a role in fertilizing ability of spermatozoa [18].
Baumber J et al, reported that exposure to high concentration of reactive oxygen species (ROS) can lead to
disruption of mitochondrial and plasma membranes that
results in chromosomal and DNA fragmentation and a
reduction in sperm motility [20].
Studies show that after cryopreservation, 25-75 percentages of sperms lose their motility [7]. In this study,
total motility percentage of sperm in fresh group was
100% compared with frozen–thawed group that was
88% of samples. Up to now, two ways for apoptosis
have been known: mitochondrial (intrinsic) and cell surface receptor (extrinsic) . Apoptosis with intrinsic origin
(mitochondrial) has been induced in response to different situation such as activation of P53 protein, distraction of DNA, chemotherapy and cytoplasmic stress [8].
Cryopreservation of sperm may lead to changes in
the permeability, integrity, and symmetry of the plasma
membrane and induced apoptosis. This condition is related to the creation of oxidative stress and reactive oxygen spices (ROS) [21].
Generation of ROS such as superoxide onion and
hydrogen peroxide lead to generation of cytochrome
C from mitochondria and production of Apaf complex
in cytoplasm and activating Caspase. Caspase activate
endonoclases and lead to DNA fragmentation and apoptosis. In cryopreservation process, DNA fragmentation
has been increased [8, 9]. Several previous studies show
that during freezing and thawing of sperm in buffalo,
human, bull and stallion, DNA integrity was unchanged
[21].
But many other researches indicated that generation of
excessive oxidative stress (OS) during cryopreservation
lead to DNA fragmentation [16]. As a result, due to adverse effects of cryopreservation on sperm chromatin,
assessment of the DNA integrity of frozen/ thawed spermatozoa is important [21]. Our results show that DNA
apoptosis of frozen–thawed group have significant elevation vs. fresh group (p<0.01) .
In vitro studies, it was shown that low concentrations
of NO enhance the motility, the acrosome reaction (AR)
, and the zona pellucida-binding ability in human spermatozoa. On the other hand, higher NO concentrations
seem to have adverse effects on the motility, viability,
and metabolism of human spermatozoa in vitro [10]. Our
results is the same and show that in normozoospermic
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men when nitric oxide content in fresh group have significant reduction compared with frozen–thawed group
(p<0.01) , viability and percentage of total motility have
significant elevation compared to frozen–thawed group.
On the other hand, when nitric oxide content in frozen–thawed group has significant elevation compared
with fresh group, viability and percentage of total motility have significant reduction compared to the fresh
group. Results of the present study cleared that cryopreservation process decreased viability and motility
and increased nitric oxide and DNA apoptosis in spermatozoa of normozoospermic men.
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