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Abstract

Background: The freezing of immature testis tissue and then the transplant of it can be considered as a major step in fertility preservation 
for young boys with cancer, the survival of animal generation exposed to extinction and cloning animalistic desirable species. One of the 
most prevalent of damages in during the freezing-thawing process is oxidative stress.
Objectives: The objective of this study was to investigate the antioxidant effects of selenium compound (Na2SeO3) on rate of seminiferous 
tubules injury in during of cryopreservation.
Materials and Methods: In this experimental study, 8 BALB/c immature male mice (6 - 8 days old) were randomly selected, and the testes 
removed surgically (n = 16). The testes divided into 2 groups: experimental group, control group (opposite testes). For each of the two 
experimental and control groups, two types of soluble (freezing solution and thawing solution) were prepared. These solutions, which 
contain 2 mg/mL solution of Na2SeO3 and control solution, were prepared in the DMEM (Dulbecco’s modified eagle medium) base 
medium. Of each group were 4 testes into fast freezing-thawing procedure and 4 testes were into slow freezing-thawing procedure. Then 
this testis for analyzing injury, after preparatory process, was stained with hematoxylin-eosin.
Results: At the slow freezing-thawing procedure, seminiferous tubules injury significantly reduced in experimental group compared to 
control group. At the fast freezing-thawing procedure, seminiferous tubules injury significantly reduced in experimental group compared 
with of control group.
Conclusions: It seems that Se due to its antioxidant properties, the harmful effects of freezing-thawing process reduces and protects 
seminiferous tubules from oxidative injury.
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1. Background
Certainly, one of the groups that require the application 

of new therapeutic techniques and work in the field of 
reproductive is children with cancer. Between 10% - 100% 
of treated cancer patients depending on the type of can-
cer, age, type of ingredients used, the dose and duration 
of treatment, show a decrease in semen characteristics 
and an average of 15% - 30% of them remain infertile per-
manently [1]. These patients due to constant exposure to 
radiation are vulnerable group in the reproduction. Sci-
ence progress has elevated survival rate for children with 
cancer to 79% in recent years [2]. So the return of fertility 
after cancer treatment is considered as the main target [2].

Certain methods have been proposed to achieve this 
goal. One methods of interest to researchers in this field, 
to maintain natural fertility in children with cancer, is 
testicular tissue cryopreservation before initiation of 
treatment and transplantation after the end of treat-
ment. What this process (freezing, thawing, and trans-
plantation) is important, is that spermatogonial stem 

cells and testicular tissue to keep appearance, physi-
ological and function features. Despite great advances 
in preparation of the technique and freezing solution, 
since the first testis freezing the 1960s to recent years 
still has not achieved the desired results. During this 
process, spermatogonial stem cells and testicular tis-
sue are the susceptible most injuries to such: oxidation, 
apoptosis, and disintegration no return [3-9]. Among 
these, the most common injury is oxidative stress. Dur-
ing the freeze protection, reactive oxygen species (ROS) 
can damage the membrane and membrane processes, 
lysis of cells, organelles dysfunction and calcium dys-
homeostasis [10]. Increased ROS and reduced GSH (glu-
tathione) increased lipid peroxidation which leads to 
vacuole induce, atrophy of seminiferous tubules and 
apoptosis of germ cells [11, 12].

Theory “protect cells and tissues by adding cryoprotec-
tant before freezing” has been researched for decades. 
Sufficient concentrations of cryoprotectant can protect 
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cells from oxidative stress [13]. In addition to optimizing 
the freezing-thawing environment by antioxidant sub-
stances seems can harmful and deadly effects of freezing-
thawing processes reduced to a minimum. Among the 
most famous antioxidant substances, selenium (Se) can 
be noted. Most of the texts and experience has proved 
the protective, anti-oxidant and anti-apoptotic effect of 
Se. For example, glutathione peroxides enzyme which 
is a powerful antioxidant, is a seleno-enzyme. Se is an 
element of defense in preventing injury to cells and cell 
membranes which is caused by hydrogen peroxide and 
other peroxides [14]. On the other hand, the testis is one 
of the target organs for Se. Selenium concentration in 
the testis increases during puberty and the onset of sper-
matogenesis. Probably due to high concentration of Se 
in the testis is supportive role and involvement of Se in 
spermatogenesis [15, 16].

2. Objectives
As regards numerous studies have confirmed the anti-

oxidant and protective effects of Se, the purpose of this 
study was to investigate the antioxidant effects of Se on 
the rate of seminiferous tubules histological injury of 
BALB/c immature mice testis in during the two types of 
freezing-thawing process (fast freezing-thawing and slow 
freezing-thawing) compared with the control group.

3. Materials and Methods
In this experimental study, 8 immature male mice (6 - 

8 days old) were randomly selected, and the testes were 
removed surgically. Sixteen testes were divided into 2 
groups: experimental group, control group (opposite 
testes).

All experiments were performed in accordance with 
principles of laboratory animal care. Male 6-day old 
BALB/c mouse pups (n = 8) were obtained from Razi herb-
al medicines research center. Mice were euthanized by 
excessive doses of ketamine HCl (80 mg/kg) and xylazine 
(10 mg/kg) (Pharmacia and Upiohn, Erlangen, Germany) 
[17] in accordance with the protocols approved by the Lo-
restan University Medical Sciences animal care and use 
committee. Every effort was made to minimize the num-
ber of animals used and reduce their suffering.

3.1. Prepare the Freezing Solutions
First, for each of the two experimental and control 

groups, 4 freezing solution were prepared in the basic 
culture 1, 2, 3 and 4 respectively (the basic medium details 
are given in the Table 1) [18]. These solutions include four 
solutions that contain 2 mg/mL Se (Na2SeO3) [19] and four 
control solution that contains only the basic medium 
that was described in the Table 1.

Fast and slow freezing procedure: For each group, after 
removing the testes of mice body, testicular tunica albu-
ginea were perforated with an insulin needle then the tes-

tes were transferred to its proprietary solution 1, 2, 3 and 4 
respectively (any solution for 10 minutes). In order to en-
tering testes to fast freezing-thawing procedure, four tes-
tes transferred to liquid nitrogen tank. In order to enter-
ing testes to slow freezing-thawing procedure, four testes 
transferred to the solution 4 and maintained at 4°C for one 
hour, at -20°C for one hour, at -70°C for 24 hours, respec-
tively. Finally, were transferred to liquid nitrogen tank [20].

3.2. Prepare the Thawing Solutions
Before removing the testes from nitrogen tank, for each 

of the groups, 4 thawing solution were prepared in the 
basic medium 1, 2, 3 and 4 respectively (the basic medium 
details are given in the Table 2). These solutions include 
four solution 2 mg/mL Se (Na2SeO3) and 4 control solu-
tion that contains only the basic medium in the Table 2.

3.3. Fast and Slow Thawing Procedure
After one week for fast freezing procedure testes re-

moved from the nitrogen tank, in 30 seconds and filled 
with Dulbecco’s modified eagle medium (DMEM) under 
the hood. Then rapidly transferred into the water bath 
37°C until defreeze. Samples transferred to its propri-
etary solution 1, 2 and 3, respectively (any solution for 
5 minutes). Then were transferred to its proprietary 
solution 4 and were maintained for 30 minutes in the 
incubator (37°C). For slow freezing procedure, testes re-
moved from the nitrogen tank and maintained at -70°C 
for 24 hours, at -20°C for one hour and at 4°C for one 
hour, respectively. Other stages were taken such as fast 
thawing procedure [20].

3.4. Light Microscopy
Samples were removed from the incubator and were 

fixed in Bouin’s solution, dehydrated in ethanol, cleared 
in xylene, embedded in paraffin. Five sections (4 µm) 
from each testis were cut at intervals of 20 µm and 
stained with hematoxylin and eosin. Histological ex-
aminations were performed using a conventional light 
microscope (Diaplan, Leica Microsystem). Serial digital 
images were recorded at magnification of 400X. Histo-
logical characteristics of the frozen-thawed testes were 
compared with of control testes. Slides were coded for 
blinded analysis by one person and counts were per-
formed by two other observers.

The integrity and the structural changes of controls 
and frozen-thawed sections were evaluated semi-quanti-
tatively. Nuclei of intratubular cells (spermatogonia and 
Sertoli cells) were scored as follow: 1) distinction between 
Sertoli cells and spermatogonia nuclei was scored as 0 if 
easy, 1 if difficult and 2 if impossible, 2) observation of nu-
cleoli was scored as 0 if easy (visible in 40% of cells) and 
scored as 1 if indistinguishable (in the case of pyknotic 
nuclei present in a large number and very condensed), 3) 
nuclei condensation was scored as 0 if absent or present 
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in only 1 nucleus, as 1 if < 40% of nuclei were condensed 
and as 2 if > 40% were pyknotic. Therefore, a total absence 
of nuclei alteration was scored as 0 and the worst score 
for nuclei morphology was 5.

The epithelium (constituted by intratubular cells) was 
scored as follow: 1) detachment of cells from the base-
ment membrane was scored as 0 if absent, as 2 if partial 
and as 3 if total or observed on > 75% of the circumfer-
ence, 2) gap formation and shrinkage were scored as 0 if 
absent, as 1 if slight and as 2 if more obvious. Therefore, 
as for nuclei, epithelium morphology was scored from 
0 to 5. The global score for each seminiferous cord sec-
tion was the sum of nuclei and epithelium morphology 
and consequently was between 0 - 10. For each testis, the 
global score was the mean of scores for 20 seminiferous 
cords sections [20].

3.5. Statistical Analysis
Results, seminiferous tubules analysis, of treated 

group with Se and control compared with Mann-Whit-
ney U test and SPSS-22 software. Results are presented as 
mean ± SD and statistical analysis were considered sig-
nificant at P ≤ 0.05.

4. Results
Fast freezing-thawing procedure: results showed that 

seminiferous tubules injury significantly reduced in ex-
perimental group compared with of control (Table 3).

4.1. Slow Freezing-Thawing Procedure
Results showed that seminiferous tubules injury signifi-

cantly reduced in experimental group compared with of 
control group (Table 4). As the Figure 1 suggests, in the 
fast freezing- thawing procedure, range of histological in-
jury for Se group is lower than control group and its me-
dian is 5, while the control group median is 7.5. In the slow 
freezing-thawing procedure, range of histological injury 
is equal for both groups, but Se group median is 5.5 and

Table 1. Details of the Freezing Solutions

Number of Solutions DMEMa DMSOa Ethyleneglycola FBSa 0.5 M Sucrose

1 85 7.5 7.5 - +

2 70 15 15 - +

3 50 15 15 20 +

4 50 15 15 20 +
aValues are expressed as %.

Table 2. Details of the Thawing Solutions

Number of Solutions DMEMa FBSa Sucrose, M

1 100 - 0.5

2 100 - 0.25

3 100 - 0.125

4 80 20 -
aValues are expressed as %.

Table 3. Details of the Groups Mann-Whitney U Test

Groups Mean ± SD P Valuea

Control (f) 7.60 ± 0.699

Se (f) 5.40 ± 0.516 0.01

Abbreviation: f, fast freezing-thawing procedure.
aSignificant differences compared with of control group.

Table 4. Details of the Groups Mann-Whitney U Test

Groups Mean ± SD P Valuea

Control (s) 7.80 ± 0.919

Se (s) 5.40 ± 0.850 0.01

Abbreviation: s, slow freezing-thawing procedure.
aSignificant differences compared with of control group.
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control group median is 8. Data concentration for both Se 
groups is 5 - 6 and for both control groups is 7 - 8. As the Fig-
ure 2 suggest, fresh (a group of testes that in order to tak-
ing pictures, fixed immediately after remove from mice): 
distinction between Sertoli cells and spermatogonia and 
observation of nucleoli is easy, nuclei condensation, de-
tachment of cells from the basement membrane and gap 
formation and shrinkage is not observed. Control group 
of fast freezing-thawing procedure, control group of slow 
freezing-thawing procedure: distinction between Sertoli 
cells and spermatogonia and observation of nucleoli is im-
possible, nuclei condensation, detachment of cells from 
the basement membrane and gap formation and shrink-
age is observed. Selenium group of fast freezing-thawing 
procedure, selenium group of slow freezing-thawing pro-
cedure: distinction between Sertoli cells and spermatogo-
nia is difficult observation of nucleoli is impossible, nuclei 
condensation is observed in some of nucleus but not all, 
detachment of cells from the basement membrane is ob-
served, and gap formation and shrinkage are not observed.
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Figure 1. Analysis of Group Histological Injury After Freezing-Thawing 
Process

Figure 2. Seminiferous Tubules Morphology After Freezing-Thawing Process

Scale bar: 10 µm.
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5. Discussion
The results of this study showed that the existence of Se 

decrease the rate of seminiferous tubules histological in-
jury of testis in during the both fast freezing-thawing and 
slow freezing-thawing procedure. These results are consis-
tent with the findings of Yilmaz et al. based on decrease lip-
id peroxidation in testis tissue by Se [21] also is consistent 
with the findings of Castellini et al. based on increased lev-
els of glutathione peroxidase in seminal plasma after sup-
plementation with Se [22]. The result of this study which 
show the necessity existence of antioxidants at struggle 
to oxidative stress in during freezing-thawing processes, 
is confirm on findings of Nair et al. has compared and ac-
cessed percent of membrane oxidation and activities of 
antioxidant enzymes in cow’s sperm and buffalo during 
freezing-thawing [23]. The activity of malondialdehyde 
enzyme, that is measure of sperm membrane oxidation, 
has definitely increased. But the activity of antioxidant en-
zymes due to the high intensity of oxidative processes in 
the sperm decreased. In the present study, in general, the 
greatest impact of antioxidants has been in the prevention 
of nuclei condensation and gap formation and shrinkage 
and the impact them on both indicator distinction be-
tween Sertoli cells and spermatogonia and observation of 
nucleoli was slight. Se positive effects on indicators nuclei 
condensation, distinction between Sertoli cells and sper-
matogonia and observation of nucleoli may be result of 
this fact that free radicals are capable, in during freezing- 
thawing, make a great deal of injury to cell vital organs and 
animal body macromolecules such as proteins, lipids and 
carbohydrates and impact on synthesis of DNA and RNA 
in sperm and it is likely that conditions of oxidative stress 
in germ cell sexual acts in the same way and disrupt their 
division and differentiation [24, 25]. But in this study, Se by 
its antioxidant property, as vital part of glutathione per-
oxidase, has been able to fight against oxidative stress act-
ing on the nucleus and nucleolus, by mechanisms such as 
picking superoxide and hydrogen peroxide active species 
and off chain reaction. Vacuoles may be formed as a result 
of the loss of germ cells. Peroxidation of polyunsaturated 
fatty acids impairs membrane function and permeability 
of the membrane and cause to cell damage and death. on 
the other hand an important function of the glutathione 
peroxidase enzyme, which its antioxidant activity is relate 
on present of Se in the active site of enzyme, is prevent of 
peroxidation membrane lipid [26, 27]. So it can have be 
justified, Se positive effects in fight against formation of 
the vacuole or may this antioxidant by reduce the produc-
tion of free radicals, be prevented from damage to the cell 
DNA and increased expression of responsible genes for its 
death, during freezing [28]. In the present study, minimal 
effect of antioxidants was on detachment of cells from the 
basement membrane. In connection with this effect could 
be many reasons and possibilities. For example this may 
be due to inappropriate dose of antioxidant. The optimal 
performance of antioxidants occurs at certain dose [29]. 

Dose and duration consumption of antioxidants is so 
important which to use the wrong dose or a short course 
of treatment even have the opposite effect [30]. Perhaps 
choosing an appropriate dose, antioxidant effect was 
also observed on this index. Perhaps this effect is caused 
by the fact that in freezing-thawing processes, in addition 
to oxidative stress, other powerful forces are involved in 
detachment of cells from the basement membrane. Con-
sequently, the antioxidant properties of these elements 
alone cannot fight it.

It can be said that optimization of the freezing-thawing 
media of testis with Se (Na2SeO3) can reduces the harmful 
effects of fast freezing-thawing and slow freezing-thaw-
ing processes and somewhat safe seminiferous tubules 
tissue of the immature mice testis tissue from oxidative 
injury this process.
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