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Introduction
Reproductive disorders are shared all over the world, 

which causes many social problems and harms the 
individual economy and society. Today, the number of 
couples with male infertility factors is increasing due 
to diet changes, lifestyle, and occupational injuries. 
Assisted reproductive techniques (ART) offer many 
efforts to treat reproductive disorders, and they are 
improving day by day, but in many cases, saving fertility 
fails (1, 2). Spermatogenesis and germ cell differentiation 
are complex processes of reproduction that lead to 
the production of fertile sperm. Spermatogonia stem 
cells divide inside seminiferous tubules and produce 
progenitor cells. This process is prompted by hormonal 
factors, growth factors, cytokines, and extracellular 
matrix (ECM). Therefore, defects in the function of any 

of those factors could interfere with spermatogenesis 
and lead to male infertility (3, 4). 

Regenerative medicine and tissue engineering 
with new approaches to the male fertility subject 
has provided a unique opportunity to offer practical 
solutions in this field. Tissue engineering is a science 
that has taken a big step in tissue repair and treatment 
by making natural and synthetic scaffolds alone 
or using cells. Scaffolds of natural origin, such as 
decellularized tissues, can effectively mimic the 
body’s natural ECM structure (5). Decellularized 
scaffolds have the potential to simulate the physical 
microenvironment that is impacted cell fate and repair. 
Regenerative medicine and tissue engineering with 
new approaches to improve fertility have provided 
a unique opportunity to offer practical solutions in 
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Abs tract 
Background: Men’s infertility and lack of production of healthy and active sperm are concerns of recent years in most 
countries. Studies on the preparation of extracellular matrix (ECM) from decellularization of testis tissue and spermato-
genesis could provide proper results to solve some of the men’s infertility problems. This study aims to decellularize calf 
testis by different methods to reach a suitable scaffold and introduce it in spermatogenesis studies.

Materials and Methods: In this experimental study, calf testis were decellularized by a freeze-de freeze, 1% sodium 
deoxycholate (SD), 0.1% sodium dodecyl sulfate (SDS), 0.1%  SDS-vacuum, 1% SDS, 1% SDS-vacuum, and Triton-
X100 methods. The content of DNA, collagen, and glycosaminoglycan (GAG) was analyzed using the kit and staining 
with Hematoxylin-Eosin, Masson’s trichrome, Alcian blue, and Orcein methods. The morphology of the scaffolds was 
analyzed with a scanning electron microscope (SEM). 

Results: Methods of 1% SDS, 1% SDS-vacuum, and 1% SD completely removed the cells. The preservation of col-
lagen and GAG was confirmed using the staining kit and methods. The use of a vacuum showed greater porosity in 
the SEM images. Toxicity and hemolysis were not observed in the scaffolds.

Conclusion: Testis decellularization with 1% SDS and 1% SD, in addition to cell removal, could maintain the ECM 
structure to a large extent without having cytotoxic and hemolysis effects.
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this field. These sciences have taken a big step in 
treatment by making natural and synthetic scaffolds 
alone or using cells (6, 7). 

Preservation of the ECM is one of the critical cases 
of the tendency to use this technique in studies. These 
tissues are obtained from various sources such as corpses 
and animals and are examined in research works. Due to 
the decellularization of the tissue, rejection risks of the 
transplant are almost eliminated, and at the same time, if 
these tissues are obtained from unusable animal sources, 
the ethical problems of providing human corpses are 
eliminated (8).

Due to the increasing male infertility ratio across the 
world, more attention has been paid to the methods for 
treating this problem (9). The use of ECM prepared 
from decellularized tissues is one of the proposed and 
used methods for the treatment of infertility. In tissue 
engineering, testicular organoids are cellular groupings 
that mimic testicular architecture and function. This 
technology in science opens new horizons for the study 
and realization of spermatogenesis in vitro. In fact, these 
scaffolds create conditions similar to the bodies for the 
growth of sperm. These techniques enable pharmaceutical 
spermatogenesis research that addresses infertility and 
reduces animal usage (10). The testis tissue of several 
species has been decellularized by various methods 
and introduced for spermatogenesis studies. So far, this 
process has not been investigated in the decellularized 
tissue of calf testis. For this purpose, we used the calf 
testis and vacuum method for the first time in this study. 
Therefore, the current study aims to take a step towards 
spermatogenesis research and helping treat male infertility. 
The results of this study and the preparation of testicular 
scaffolds derived from ECM to support testicular cells 
could be valuable for spermatogenesis studies and drug 
screening.

Methods and Materials
This experimental study was accepted under the 

management of the Ethics Committee of Kermanshah 
University of Medical Sciences (IR.KUMS.MED.
REC.1401.031).

Calf testis
Preparation of the calf testis

Calf meat is considered one of the food sources. After 
sacrificing, the testis was removed from the Holstein 
breed calf and placed in a phosphate-buffered saline (PBS) 
solution including 2% antibiotics penicillin-streptomycin 
(P/S) and transferred to the laboratory. Tissues were 
collected from 5 calf.

Decellularization methods
After transferring the tissue to the laboratory, the 

tunica albuginea was removed, and the testis was cut 
into small pieces (about 1 cm3). Seven methods were 

used to decellularize the testis tissue in this study. In 
the freeze-de-freeze method, the tissues were placed 
in liquid nitrogen for 30 seconds (s) and then at room 
temperature for 10 minutes; this cycle was repeated 5 
times. In 1% SD, 0.1% SDS, and 1% SDS methods, the 
tissues were immersed separately in the above solutions 
and agitated on a shaker at 90 revolutions per minute 
(rpm) for 24 hours , then the tissues were shaken in 
PBS for 12 hours. After the above time, decellularized 
tissues with 0.1% and 1% SDS are placed under a 
vacuum for 5 hours. To sterilize the tissues, they put in a 
PBS solution including 1% P/S for 1 hour, 70% ethanol 
for 10 minutes, and then exposed to UV radiation for 
15 minutes on each side.
 
Scaffolds characterization
Evaluation of DNA content

The measurement of the remaining DNA content in 
decellularized testis and native tissue was done with 
the kit of Sinaclon company, Iran. 100 µl of protease 
buffer and then 5 µl of protease were added to 30 mg of 
tissues and kept at 55°C for 3 hours. 100 µl of the sample 
was mixed with 400 µl of lysis solution and 300 µl of 
precipitation solution and then centrifuged at 12000 g for 
10 minutes. Then, after several steps of washing, pour the 
washing buffer completely. After the pellet is dried, it is 
suspended in 50 µl of solvent buffer and then centrifuged 
for 30 seconds at 12,000 g. The DNA concentration 
of the supernatant was measured by a NanoDrop 
spectrophotometer (BioTeK, USA ) (11).

Evaluation of glycosaminoglycan content 
ECM of the testis is rich in GAG, so its measurement 

in decellularization methods seems necessary. The 
experiment was performed according to the protocol 
of Kiazist Iran. The standard solution (chondroitin 
sulfate) was prepared in serial dilution according to the 
kit protocol. 20 mg of tissue was homogenized with 
enzyme solution and incubated at 65°C for 16 hours. 
Then it was centrifuged at 6000 g for 15 minutes. 50 µl 
of precipitating protein was added to the supernatant and 
centrifuged at 6000 g for 15 minutes. We poured 30 µl of 
the supernatant into each well of 96 plates and added 200 
µl of GAG reagent to them and incubated them for 60 
seconds at room temperature. Finally, the absorbance of 
the wells was read with an ELISA Reader (Stat Fax 2100, 
USA) at a wavelength of 560 nm (12).

Evaluation of collagen content
Hydroxyproline, a collagen components, plays an 

important role in maintaining the structure of ECM. 
Therefore, in this study, the measurement of the amount 
of collagen was performed using  the kit of Kiazist Iran. 
The standard solution was prepared in the dilution series 
according to the kit protocol. To 20 mg of tissue, 100 µl of 
deionized water and then 100 μl of 12 M hydrochloric acid 
were added and incubated for 3 hours at 120°C. Charcoal 
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was added to each microtube and centrifuged at 12,000 g 
for 15 minutes. 20 µl of the supernatant was poured into 
each well of a plate, and oxidation solution (100 µl) and 
chromogen (100 µl) were added to them and incubated for 
60 minutes at of 60°C. In the end, optical absorption was 
read at a wavelength of 540 nm with an ELISA Reader 
(Stat Fax 2100, USA) (13).

Histology analysis
The histological evaluation was done after the 

preparation of the tissues. First, they were fixed, and 
then extraction and moulding with paraffin were done. 
Tissues cut with a microtome in diameter of 5 microns. 
For staining the tissues, each section was deparaffinized 
with xylene solution, hydrated by ethanol at descending 
degrees, and then stained with Hematoxylin-Eosin 
(H-E), Masson’s trichrome,  Alcian blue and Orcein 
for identification of nucleus, collagen, GAG, elastin 
respectively (14).

Evaluation of cell morphology by scanning electron 
microscope

A scanning electron microscope (SEM, ZEISS Sigma 
300 HV, USA) was used to evaluate the morphology of 
the tissues after decellularization. The samples were fixed 
in 4% paraformaldehyde for 24 hours. After washing three 
times with deionized water in ascending ethanol solutions 
(40, 50, 60, 70, 80, 90, and 100%), dehydration was done, 
and then it was dehumidified by a freeze dryer (Christ 
Alpha 2-4 LDplus) for 1 hour. Scaffolds coated with gold 
and imaged on their cross-section (15).

Biocompatibility evaluation
Tissue biocompatibility was done using an indirect 

test (standard ISO 10993-5). Briefly, scaffolds in a 24-
well plate were placed containing Dulbecco’s Modified 
Eagle’s medium (DMEM, Sigma), 7% fetal bovine 
serum (FBS, Sigma), and 1% P/S (Sigma). They were 
cultured for 24 hour under suitable incubator conditions 
(37°C, 5% CO2, 95% humidity). The supernatant was 
removed and added to human adipose mesenchymal stem 
cell 1×104 cells in a 96-well plate, and the MTT assay 
measured the biocompatibility in periods of 48 and 72 
hours. 20 µl of 5 mg/ml MTT was added to each well 
and incubated for 3 hours at 37°C. The supernatant was 
withdrawn, and 100 μl of dimethyl sulfoxide (DMSO) 
was added to the wells. After 30 minutes, it was read with 
an ELISA Reader (Stat Fax 2100, USA) at a wavelength 
of 570 nm (16). Biocompatibility was calculated using 
the formula: cellular biocompatibility (%)=sample OD/
control OD×100

Hemocompatibility evaluation
The samples were placed in 4×4 mm dimensions in 

2.5 ml microtubes. 2 ml of PBS was added to them and 
incubated for 30 minutes at 37°C. Two ml of distilled 
water, and 2 ml of PBS were added to the positive and 

negative control microtubes, respectively. Then 40 
microliters of fresh blood containing anticoagulants were 
poured into each tube and incubated for 1 hour at 37°C. 
The supernatant was removed, and the optical absorbance 
was read at 540 nm (Stat Fax 2100, USA) (17). The 
following formula calculated the degree of hemolysis 
(HD). Dn: sample, D0: negative control, D1: positive 
control. HD (%)=[(Dn-D0)/(D1-D0)]×100%

Statistical analysis
All the results obtained in this study are based on at 

least 3 repetitions, which were calculated by taking the 
average and calculating the standard deviation. The 
results were analyzed using GraphPad Prism software 
(version 8, GraphPad Software Inc., USA). The normality 
of the variable and the homogeneity of the variances were 
checked, and after confirmation, the data were analyzed 
by one-way ANOVA and Tukey Post hoc test. P<0.05 is 
considered significant.

Results
DNA, glycosaminoglycan, and collagen content

A significant decrease in DNA levels was attained in 
the methods of freeze- de freeze (27.11 ng/mg), 1% SD 
(16.5 ng/mg), 0.1% SDS (27.73 ng/mg), 0.1% SDS-
vacuum (25.66), 1% SDS (14.43), 1% SDS-vacuum 
(12.91), Triton- X100 (26.92) relative to native tissue 
(583.33 ng/mg) (Fig.1A). A decrease in collagen content 
was observed in the decellularized tissue compared 
to the native tissue (0.35 µg/mg), and this significant 
difference was reported in all groups (***P<0.001). The 
greatest reduction occurred in the 1% SD (0.240 µg/mg) 
method (Fig.1B). The GAG content in the decellularized 
tissues was significantly reduced compared to the main 
tissue (4 µg/mg). The highest decrease was reported in 
1% SD (2.48 µg/mg) and the lowest in freeze-de freeze 
(3.23 µg/mg, Fig.1C). The normality of the variable 
and the homogeneity of the variances were checked, 
and after confirmation, the data were analyzed by one-
way ANOVA and Tukey Post hoc test. A significant 
comparison of all groups with each other is shown in 
Table 1.

Fig.1: DNA, collagen, and GAG content in testis tissue of native and 
decellularized. The amounts of A. DNA, B. Collagen, and C. GAG in all 
decellularized tissues are significantly reduced compared to the native 
tissue. Findings are presented as means ± SD. Analyzed by ANOVA test. 
***; P<0.001, GAG; Glycosaminoglycan, SD; Sodium deoxycholate, and SDS; 
Sodium dodecyl sulfate.
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Table 1: Significant comparison in different groups in DNA, collagen, and 
GAG content

Tukey’s multiple 
comparisons tests

Significant
(DNA)

Significant
(Collagen)

Significant
(GAG)

Freeze-de freeze/1% SD P<0.001 P<0.001 P<0.05
Freeze-de freeze/0.1% 
SDS

0.5 0.9 P<0.001

Freeze-de freeze/0.1% 
SDS-vacuum

0.06 0.2 P<0.001

Freeze-de freeze/1% SDS P<0.001 0.7 P<0.001
Freeze-de freeze/1% 
SDS-vacuum

P<0.001 P<0.05 P<0.001

Freeze-de freeze/Triton-
X100

0.8 P<0.001 P<0.001

1% SD/0.1% SDS P<0.001 P<0.001 P<0.001
1% SD/0.1% SDS-vacuum P<0.001 P<0.01 P<0.01
1% SD/1% SDS 0.8 P<0.001 P<0.05
1% SD/1% SDS-vacuum 0.8 P<0.05 0.5
1% SD/Triton- X100 P<0.001 0.9 0.9
0.1% SDS/0.1% SDS-
vacuum

0.9 0.5 0.6

0.1% SDS/1% SDS P<0.001 0.9 0.2
0.1% SDS/1% SDS-
vacuum

P<0.001 0.1 P<0.01

0.1% SDS/Triton-X100 0.8 P<0.001 P<0.001
0.1% SDS-vacuum/1% 
SDS

P<0.001 0.9 0.9

0.1% SDS-vacuum/1% 
SDS-vacuum

P<0.001 0.9 0.2

0.1% SDS-vacuum/Triton-
X100

0.8 P<0.01 P<0.05

1% SDS/1% SDS-vacuum 0.9 0.4 0.5
1% SDS/Triton-X100 P<0.001 P<0.001 0.6
1% SDS-vacuum/Triton-
X100

P<0.001 P<0.05 0.7

GAG; Glycosaminoglycan, SD; Sodium deoxycholate, and SDS; Sodium dodecyl sulfate.

Histology
Staining methods of H-E, Masson’s trichrome, 

Orcein, and Alcian blue were used to study the nucleus, 
collagen, elastin, and GAG respectively. In the native 
tissue, the seminiferous tubules and the general 
structure of the testis tissue can be seen well. In the 
samples decellularized by the freeze-de freeze, 0.1% 
SDS, and Triton-X100 methods, the structure of the 
seminiferous tubules has changed to some extent, and 
many nuclei can be seen. The structure of collagen, 
elastin, and GAG are largely preserved. In tissues 
decellularized with 1% SDS and 1% SD, cells were 
completely removed. The structure of the seminiferous 
tubules has changed a lot. Collagen, elastin, and GAG 
have decreased in tissues. More tissue changes were 
observed in the samples where a vacuum was used 
compared to the same groups without a vacuum. These 
findings were consistent with values obtained from 
quantitative studies (Fig.2).

Fig.2: Histological staining (H-E, Masson’s trichrome, Orcein, and Alcian 
blue) in decellularized tissue. In the native tissue, the structure of the 
tissue and the seminiferous tubules are well preserved, in the freeze-de 
freeze, 0.1% SDS, and Triton-X100 methods many nuclei can be seen, 
but 1% SDS and 1% SD the nuclei are completely removed, collagen, 
elastin, and GAG have decreased in tissues and the texture architecture 
has changed the most (magnification 200x, scale bar: 200 µm). GAG; 
Glycosaminoglycan, SD; Sodium deoxycholate, and SDS; Sodium dodecyl 
sulfate.

Scanning electron microscope 
SEM was used to qualitatively assess the morphology 

structure of the decellularized testis.  The cross-section 
of tissues was utilized to study their three-dimensional 
structure. In tissue decellularization by freeze-de freeze 
method, some tissue disintegration was seen. In 0.1% 
SDS, the collagen fibers are not separated, but in 0.1% 
SDS-vacuum, tissue disintegration has increased. In the 
1% SD method, the collagen strands are separated, and 
the bundles of the strands are also reduced. In the 1% SDS 
method, the collagen fibers are separated, but not as much 
as in the 1% SD method. In the 1% SDS-vacuum method, 
the break up of these strings is more than 1% SD. In Triton 
X-100, the cohesion of collagen fibers has decreased, and 
the strands have separated (Fig.3).
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Biocompatibility
The biocompatibility of decellularized testis tissues 

was assessed using adipose mesenchymal stem cells 
by indirect MTT assay at 48 and 72 hours. As can be 
seen in Figure 4, the optical density (OD) in the control 
group (cells alone) and all decellularized tissues are 
compared with each other. Cell proliferation increased 
in different testicular tissue decellularization methods 
depending on time so that in 72 hours, the cell growth 
in all groups was higher than in 48 hours. A significant 
difference in cell survival was reported in 1% SD, 1% 
SDS, 15 SDS-vacuum, and Triton groups in 48 hours 
compared to the control group, while this difference was 
observed in 72 hours only in 1% SDS and Triton groups 
(**P<0.01, ***P<0.001). It seems that the use of the 
type and dose of detergents and the decellularization 
method have a direct effect on cell proliferation. The 
normality of the variable and the homogeneity of the 
variances were checked, and after confirmation, the 
data were analyzed by one-way ANOVA and Tukey 
Post hoc test.

        A                                                 B

Fig.4: Biocompatibility in testis decellularized tissues by MTT assay. A. 
Within 48 hours, there was no significant difference in Freeze-de freeze, 
0.1% SDS, and 0.1% SDS-vacuum groups compared to the control group, 
but a significant difference in cell proliferation was reported in 1% SD, 
1% SDS, 1% SDS-vacuum, and Triton groups than the control group. In 
none of these groups cell growth inhibition in IC50 was seen, B. Within 72 
hours, cell proliferation in all groups was more than 48 hours. Significant 
differences were reported in 1% SDS and Triton groups compared to the 
control group. Findings are presented as means ± SD. Analyzed by ANOVA 
test. **; P<0.01, ***; P<0.001, SDS; Sodium dodecyl sulfate, SD; Sodium 
deoxycholate, IC50; The half-maximal inhibitory concentration, and OD; 
Optical density.

Fig.3: Evaluation of morphology and cell attachment of testis decellularized tissue by SEM. The yellow arrows show that the structure of the scaffold 
is mostly preserved as a plate, but the red arrows show the separation of collagen fibers (magnification: 500x, crass section, scale bars: 10 µm). SEM; 
Scanning electron microscopy, SD; Sodium deoxycholate, and SDS; Sodium dodecyl sulfate.
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Hemocompatibility
The finding of the hemolytic test is shown in Figure 5. 

Compatible blood was seen in all tissues decellularized by 
different methods, which showed a significant difference 
with the positive control group (***P<0.001). This ratio 
was reported to be more than 1% in freeze-de freeze 
(1.23%) and 1% SDS-vacuum (1.1%) methods and less 
than 1% in other methods. The normality of the variable 
and the homogeneity of the variances were checked, and 
after confirmation, the data were analyzed by one-way 
ANOVA and Tukey Post hoc test.

Fig.5: Hemocompatibility in testis decellularized tissues by hemolysis 
test. A. Data were reported as significant in all methods compared to 
the positive control group. B. The image related to the hemolysis test in 
different testis tissue decellularization methods, the clear supernatant 
liquid in the tubes shows hemocompatibility. Findings are presented as 
means ± SD. Analyzed by ANOVA test. ***; P<0.001, SDS; Sodium dodecyl 
sulfate, and SD; Sodium deoxycholate.

Discussion
This study subjected calf testis to decellularization using 

combined chemical-physical methods. Decellularization 
methods included freeze-de freeze, 1% SD, SDS-
vacuum (0.1, 1%), and triton-X100. 1% SDS and 1% 
SD were able to completely remove cells from the 
tissue. By reducing the percentage of SDS (0.1%) and 
using the Freeze-de Freeze and triton-X100 methods, 
the structure of the scaffold remained largely intact, but 
the removal of cells was not successful. DNA content 
measurement also quantitatively confirmed the staining 
findings. Biocompatibility and blood compatibility were 
observed in all methods. Preservation of collagen and 
GAG using kits and staining methods showed that these 
values decrease in 1% SDS (with and without vacuum) 
and 1% SD methods, more than other methods, and then 
the tissue architecture changes to some extent.  SEM 
findings also showed the separation of collagen fibers in 
the above methods. The scaffold was exposed to more 
porosity in the methods where a vacuum was also present. 
In our study, the combination of physical and chemical 
methods caused decellularization of the testicular tissue 
through the methods of creating turbulence, introducing a 
vacuum, and using ionic and non-ionic detergents. These 
methods will work through the mechanism of separation 
of protein bonds and cause the separation of the cell from 
the ECM structure. It also results in the separation of 
many protein bonds such as collagens from the scaffold 
structure. The simultaneous use of these items will 
reduce the decellularization time and the percentage of 

detergents, resulting in better cell removal and preventing 
the destruction of the scaffold structure.

The final goal of the decellularization process is to 
remove the tissue cells using detergents and physical 
methods and preserve the components and proteins of the 
ECM. These proteins provide structural and biochemical 
support to cell proliferation, adhesion, cell-to-cell 
interaction, and migration. Decellularization of sheep 
testis with 1% SDS at 24 hours reported results similar 
to our study (18). However, 1% SDS in the ram testis 
decellularization within 30 minutes, which was much 
less than the time of our study (24 hours), showed the 
complete removal of cells (19). Decellularization of the 
human testis with SD also indicated cell removal, but the 
amount of this detergent was 4%, which was reported 
to be more than the amount used by us (1% SDS). The 
agitation time was same in the both studies (24 hours) 
(20). Triton alone failed to remove cells from the testis of 
the calf, but in studies where it was used in combination 
with SDS, complete decellularization was achieved  (19).

Decellularization with our methods in other tissues was 
also similar to our results. The use of 1% SDS and vacuum 
decellularized the pericardial tissue well and caused 
proper porosity in this tissue (12). Decellularization of 
cow ovaries with 0.1% SDS showed acceptable results in 
cell removal (21), while in our study with this detergent 
and the same percentage, cell removal did not happen 
completely, which may be due to the difference in the 
nature of the ovarian and testis tissues. are each other 
or the difference in the size of the pieces of tissues in 
these two studies. The tissue pieces of the testis in the 
present study were 1 cm3 and 500 µm in the cow ovary. 
The smaller size of the tissue makes the detergent reach 
the deep areas better and the phenomenon of cell removal 
occurs.

Less than 50 ng DNA/mg dry weight must remain 
in the tissue after decellularization to prevent immune 
reactions (22). In all the methods of current study, the 
level of DNA was reported lower than this value, but in 
freeze-de freeze, 0.1% SDS, and Triton methods, DNA 
removal was less than in other methods. DNA content 
after pig testis decellularization with different methods 
was reported in line with our study  (23). The DNA 
content of mouse testis after decellularization with SDS 
reached 11.37 μg/mg (24), which was largely similar to 
our decellularization methods with 1% SDS-vacuum 
method (12.91 μg/mg).

Preservation of the components and structure of the 
ECM is very important and necessary to create a proper 
interaction between the cells and the ECM (25). In this 
study, special dyes and kits were used to evaluate the 
preservation of ECM components in testicular tissues. 
Masson’s trichrome, Orcein, and Alcian blue staining 
quantitative data confirmed the preservation of collagen, 
elastin, and glycosaminoglycans, respectively. GAG is 
one of the main elements in cell adhesion, proliferation, 
and differentiation in ECM. Common detergents in tissue 

Khazaei et al.



Int J Fertil Steril, Vol 18, No 1, January-March 2024 38

decellularization cause the destruction of this protein 
structure. However, histological findings (Alcian blue) 
and quantitative data obtained from this study showed 
that this protein was not removed, although its amount 
was reduced compared to the control group. Collagen and 
elastin fibers are also largely preserved. Other studies in 
the field of decellularization of testis tissue (19) and other 
tissues were in line with our study on this topic (26, 27). 
Collagen decrease in diseases causes testicular atrophy, 
showing the importance of the ECM  in the normal 
function of the testis because, in case of damage to the 
ECM of the testicle, the process of spermatogenesis will 
be disrupted (28).

SEM images represented that the three-dimensional 
structure of the testis tissue was well preserved in 
decellularization by freeze-de freeze and 0.1% SDS 
methods, but as we said, cell removal did not occur 
completely in these scaffolds. In other methods, the 
collagen fibers are separated to some extent, which shows 
their microscopic images. Decellularization of rat testis 
tissue was also in line with our findings (29).

The biocompatibility of decellularized testis tissues 
was assessed using human adipose mesenchymal stem 
cells (cell line) by indirect MTT assay at 48 and 72 
hours. Therefore, the scaffolds are biocompatible and 
can be used for the proliferation and differentiation of 
spermatogonia cells. Decellularization of rat uterus and 
bovine ovary tissue with SDS and Triton did not report 
cytotoxicity similar to our study (30, 31).

Hemocompatibility is a significant property of the 
scaffold after it is decellularized. The tissue is usually 
exposed to blood and hurts the erythrocytes to a specific 
extent. As per the hemolytic index of ASTM F756, 
scaffolds are believed to be hemolytic when % hemolysis 
is >5%; slightly hemolytic at % hemolysis is between 2 
and 5%, and nonhemolytic for % hemolysis is <2% (32). 
In our study, all scaffolds were non-hemolytic.

One of the limitations of studies related to testis 
decellularization is the low filling percentage of 
seminiferous tubules for injections due to the tubes 
collapse; the use of the vacuum system, in addition to 
helping in better decellularization, creates more porosity 
in the tissue structure and prevents the tubes falling on 
top of each other. Therefore, options can be suggested by 
using detergents such as SDS and SD together with the 
vacuum method for better decellularization of the testis 
tissue and spermatogenesis studies.

Conclusion
The results showed that the calf testis is successfully 

decellularized by using 1% SD and 1% SDS (with and 
without vacuum). The three-dimensional structure and 
important components of the ECM are preserved to a 
large extent. The vacuum helps to create more porosity in 
the tissue and prevents the overlap of seminiferous tubes, 
therefore suggesting a suitable ECM for spermatogenesis 
studies.
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