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Abstract 
The access to sufficient numbers of spermatogonial stem cells (SSCs) is a prerequisite for the study 
of their regulation and further biomanipulation. Rho kinase (ROCK) belongs to a family of 
serine/threonine kinases and involves in a wide range of fundamental cellular functions. The aim of 
the present study was to study the effect of ROCK inhibitor, Y-27632 (0.1-40 µM), during the primary 
culture of ovine SSCs. SSCs were collected from 3-5-month-old’s lamb testes. The viability of SSCs, the 
apoptosis assay of SSCs, the intracellular reactive oxygen species (ROS) analysis, and the SSCs 
markers and apoptosis-related gene expressions were detected by MTT reduction assay, Annexin V–
FITC/ Propidium Iodide (PI) dual staining, flow cytometry and real-time-PCR studies, respectively. 
Morphological analyses indicated that the 5-10 µM Y-27632 had an optimal effect on the number of 
presumptive SSCs colonies and the area covered by them after a 10 days culture. The cell viability, 
apoptosis and necrosis of SSCs after 10 days’ culture were not affected in comparison with the control 
group, and the 20 µM of Y-27632 resulted in significantly decreased cell viability (P<0.05) and an 
increased necrosis of cells. On day 10 after culture, the expression of P53 was decreased with an 
increase from 0 to 10 µM in the Y-27632 dose. In the 20 µM Y-27632 group, the expressions of P53 
and Bax were higher and the Bcl-2 was lower than other groups and these values were significantly 
different from 5 and 10 µM Y-27632 groups (P<0.05). The level of intracellular ROS was decreased 
with an increase in the Y-27632 dose from 5 to 20 µM in comparison with the control group. In 
conclusion, the present study demonstrated that Y-27632 at a concentration of 5-10 µM provided 
optimal culture conditions for the primary culture of ovine SSCs. 
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Introduction 

Spermatogonial stem cells in the mammalian testis are unipotent stem cells, which 
demonstrate distinctive cell features as stem and germ cells after being separated from the 
testis and cultured in vitro (Sahare et al., 2018). Among the stem cells in an adult male body, 
SSCs are very unique (Heidari et al., 2012) since they can transmit genetic information from 
one generation to another, and it is of significant importance (Shams et al., 2017). The fact 
mentioned above makes it possible for in vitro culture of SSCs (Dobrinski, 2006). Studies on 
SSCs have been initiated a few decades ago, concentrating on the production of goat and 
sheep offspring (Binsila et al., 2018). Using this technology in sheep is of great importance 
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due to the problems associated with cryopreservation of ram sperm and artificial 
insemination and embryo transfer in ewes (Rodriguez-Sosa et al., 2006). 

Rock inhibitor (also known as Y-27632) plays an important role in cellular functions, 
such as cellular polarity, proliferation, migration, metabolism, differentiation, 
cytokinesis, and apoptosis (Riento & Ridley, 2003; Pirone et al., 2006; Pertz, 2010). 

The serine/threonine effectors ROCK I and ROCK II mediate the downstream 
signaling of Rho activation. In addition, Y27632 (Trans4 [(1R) amino ethyl] 
N4pyridinylcyclohexanecarboxamidedihydrochloride) is a powerful and influential 
inhibitor of ROCK I and ROCK II. It has been demonstrated that the Y-27632, would inhibit 
apoptosis, further cell viability after seeding, and control cell differentiation in 
embryonic stem cells (Watanabe et al., 2007). Moreover, the survival of cryopreserved 
dissociated human embryonic stem cells (hESCs), human induced pluripotent stem cells 
(hiPSCs), and human mesenchymal stem cells would be promoted by this inhibitor 
(Heng, 2009). The survival of additional cells such as endothelial cells (Koga et al., 2006), 
retinal ganglion cells (Abbasi et al., 2013) and hESCs derived cardio myocyte and non-
cardio myocyte cells (Emre et al., 2010), is enhanced through applying the Y-27632. 
However, further studies are still required to examine whether the treatment of ovine 
SSCs with Y-27632 would facilitate stem cells survival and colony formation. 

This study aims at improving primary culture of SSCs by adding different concentrations 
of Y-27632 on viability, colony formation, proliferation and apoptosis of SSCs. The 
effectiveness of Y-27632 was evaluated by different cellular functions such as viability, colony 
formation, proliferation and apoptosis, which are important in SSCs maintenance. 

Materials and methods 

Chemicals 

Unless otherwise mentioned, all the chemicals used in the present work were purchased 
from Sigma (St. Louis, MO, USA). In addition, the plastics were bought from Sorfa (China). 

Isolation and culture of SSCs 

The protocol for animal use in the present research was approved by the Iranian Research 
Organization for Science and Technology (IROST) Agricultural Institute of Animal Ethics, Care 
and Use (approval number: 2019-2). Testes from three different old shal ram lambs at 
27.1 ± 4.1 kg average weight were collected from the local slaughterhouse and were brought 
to the laboratory within 2h of slaughter. A modified form of the two-time enzymatic digestion 
process described by Izadyar et al. (2002) was employed in order to isolate SSCs. For the first 
enzymatic digestion, 2 grams of minced seminiferous tissue of one testicle were suspended in 
Dulbecco’s Modified Eagle Medium (DMEM) (Inoclon, Iran) containing 1 mg/mL trypsin 
(Inoclon), 1 mg/mL hyaluronidase type II, 1 mg/mL collagenase and 5 μg/mL DNase. The 
minced seminiferous tissue was incubated in a shaker incubator (200 cycles/min) at 37 ºC for 
45 min. The dispersed tissue was collected and subjected to centrifugation at 30 g for 2 min. 
The supernatant was collected and the pellet was washed with DMEM. For the second 
enzymatic digestion, the pellet was suspended in DMEM containing 1 mg/mL hyaluronidase 
type II, 1 mg/mL collagenase and 5 μg/mL DNase without trypsin. The pellet was incubated in 
a shaker incubator (200 cycles/min) for 30 min. The suspension was then centrifuged at 30 g 
for 2 min and the pellet was re-suspended in DMEM medium and used for enrichment of SSCs. 

Enrichment of SSCs, preparation of feeder layers and culture of SSCs 

As to the enrichment of SSCs, the suspension was filtered through an 80-µm and a 60-µm 
nylon net filter sequentially. The filtered cells were then transferred to lectin-bovine serum 
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albumin (BSA) coated with 60-mm petri dishes. The lectin-BSA coated dishes were prepared 
by dissolving the lectin (5 µg/mL) from Datura stramonium agglutinin into Dulbecco’s 
Phosphate-Buffered Saline (DPBS). The dishes were kept for 2h at room temperature and were 
then washed with BSA (0.6% BSA in DPBS). After that, the dishes were kept at room 
temperature for another 2h for coating BSA. The cells seeded on the lectin-BSA coated dishes 
were incubated for 5-6h in a CO2 incubator with 5% CO2 in air at 37 °C. These cells were 
incubated in order to enable the sertoli cells to get attached to the lectin-BSA. Next, the 
remaining medium, which was expected to contain SSCs, was collected and transferred to a 
15-mL tube. It was then centrifuged for 5 min at 30 g, following which the supernatant was 
discarded and the pellet was re-suspended in DMEM. 

To prepare feeder layers, the cells left over in the lectin-BSA coated dishes were 
revitalized with fresh DMEM supplemented with 10% fetal bovine serum (FBS) (Gibco, Life 
Technologies, Rockville, MD, USA) and transferred to an incubator at 37° C and 5% CO2 for 
2-3 days in order to enable these cells, which were expected to be primarily sertoli cells, to 
grow till a confluent monolayer was formed. For propagation, the cells were sub-cultured in 
a 50-ml cell culture flask after being disaggregated with 0.25% trypsin-EDTA. For a feeder 
layer preparation, sertoli cells were plated at a density of 6×104 cells/cm2 cells/cm2 and 
inactivated by 10 μg/mL mitomycin-C treatment for 3h. The cells were subsequently washed 
5 times with DPBS and with DMEM supplemented with 10% FBS. 

To culture SSCs, the isolated SSCs were cultured (6×104 cells/cm2) on the sertoli cells 
feeder layer in 50-ml cell culture flasks containing DMEM medium supplemented with 
10% FBS and in the presence of 0.1, 1, 2.5, 5, 10 and 20 µM of Y-27632. The SSCs were 
then incubated in a CO2 incubator with 5% CO2 in atmosphere at 37 °C. After 10 days, 
SSCs colonies were observed in the primary culture as described by (Kala et al., 2012). 

The SSCs were characterized at passage 0 (primary culture). Alkaline phosphatase (AP) 
staining and the expression of Plzf, Cmyc, Vasa and Thy1 genes were used for characterization 
of SSCs. For AP staining, SSCs colonies were washed twice with DPBS and were then stained 
using an AP kit (Sigma, Catalogue No.86C) as per manufacturer’s protocol. Surface area of the 
colonies was measured with Image J software (National Institutes of Health). 

RNA isolation, reverse transcription and real-time-PCR 

Total RNA was isolated with Trizol reagent (Invitrogen Corp., Carlsbad, California, 
USA) and was subsequently treated with DNase (Ambion Inc., Houston, Texas, USA) in 
order to avoid DNA contamination. RNAs (100 ng) were used to generate the first-strand 
cDNA by using Moloney murine leukemia virus (MMLV) enzyme and oligo dT primers 
(Takara, Japan). The changes in the expression of specific markers and apoptotic-related 
genes were studied by real-time-PCR (Magnetic Induction Cycler (Mic) PCR Machine - Bio 
Molecular Systems, Australia). PCR was set up in a final volume of 10 μL having 5 µl SYBR 
Green (Genaxxon, bio science), 1.4 µl nuclease-free water, 0.8 µl of each primer (forward 
and reverse), and 2 µl template. The real-time-PCR program was started with an initial 
melting cycle at 94 °C for 15 min to activate the polymerase. The process was followed 
by 40 amplification cycles of denaturation at 95 °C for 10 sec, and the annealing of 
specific primers at 60 °C for 15 sec and at 72 °C for a 20 sec extension. The reactions 
were ended with a final extension at 72 °C for 5 min. 

The following custom primer sequences were used for real-time-PCR gene expression 
analysis: β-actin [5'ACCCAGCACGATGAAGATCA3' (forward) and 
5'GTAACGCAGCTAACAGTCCG3' (reverse)] (Accession number: U39357.1) (Annealing 
temperature: 60 °C); Plzf [5'CCTCAGATGACAATGACACG3' (forward) and 
5'CGCCTTGGTGGGACTCA 3' (reverse)] (Accession number: NM_001037476.2) (Annealing 
temperature: 60 °C); Cmyc [5' AGAATGACAAGAGGCGGACA 3' (forward) and 5' 
CAACTGTTCTCGCCTCTTC 3' (reverse)] (Accession number: NM_001009426.1) (Annealing 
temperature: 60 °C); Vasa [5' TCTTGGAGATTTCCGCTG 3' (forward) and 5' 
GGCTGTGCTAACTGGCTA 3' (reverse)] (Accession number: JX437186.1) (Annealing 
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temperature: 60 °C); Thy1 [5'CGTCTCCAATAAGGATGTC3' (forward) and 
5'GTCACAAGGAGATGAAGTC3' (reverse)] (Accession number: NM_001034765.1) 
(Annealing temperature: 60 °C); Bcl-2 [5' GATGACTTCTCTCGGCGCTA 3' (forward) and 
5'GACCCCTCCGAACTCAAAGA3' (reverse)] (Accession number: AY547260.1) (Annealing 
temperature: 60 °C); Bax [5'GTGAGACCTCTAACCCCACC3' (forward) and 
5'GGTCAGAGGTCATGAGGAGG3' (reverse)] (Accession number: GU731063.1) (Annealing 
temperature: 60 °C); p53 [5'ACAACCTTCTGTCCTCCGAG3' (forward) and 
5'GTTGCCAGGGTAGGTCTTCT3' (reverse)] (Accession number: FJ855223.1) (Annealing 
temperature: 60 °C). Primer3 software was used to design primers. The data were 
analyzed using the comparative threshold cycle (CT) method with β-actin used as an 
endogenous control. Relative expression for each gene was calculated as a ratio between 
target gene expression and its reference by ∆∆CT analysis. Fold change of gene expression 
was calculated as a ratio of expression levels of treated groups to the expression level of 
the control group (Livak and Schmittgen, 2001). Plzf, Cmyc, Vasa and Thy1 genes were used 
as SSCs Markers and Bax, Bcl-2 and P53 genes were used as apoptosis related genes. The 
specificity and integrity of PCR products was ensured through the melt curve analysis. No 
PCR products were obtained when reverse transcriptase was omitted from cDNA 
synthesis or when DNA templates were omitted from the PCR reaction. 

MTT (Methylthiazolyldiphenyl-tetrazolium bromide) reduction assay 

The feeder layer was prepared by coating 96-well dishes with mytomicin treated sertoli 
cells. After one day, SSCs were seeded on the layer. After 48h of cell culturing with 0.1, 1, 2.5, 
5, 10, 20 and 40 µM Y-27632 in 96-well dishes (5000 cells per well), the viability of cells was 
determined using a kit (Thermo Fisher Scientific, ROCKford, IL, USA) as per manufacturer’s 
protocol. Briefly, 12 mM MTT stock solution was prepared by adding 1 mL of sterile PBS to 
5 mg of MTT. Then, 10 µL of the 12 mM MTT stock solution was added to each well, which 
included a negative control of 10 µL of the MTT stock solution added to 100 µL of medium 
alone, and incubated for 4h with 5% CO2 at 37 °C. After that, 100 µL of SDS-HCl solution 
(10 mL of 0.01 M HCl was added to 1 gr of SDS) was added to each well. The microplate was 
incubated overnight at 37 °C and in a humidified chamber. The formazan concentration was 
determined by optical density at 570 nm. For each treatment, a coated 96-well dishes 
without SSCs were used to remove the effect of sertoli cells. 

Cell apoptosis assay 

The FITC Annexin V Apoptosis Detection Kit with PI kit (BioLegend, UK) was used to detect 
the apoptosis of cells by flow cytometry. Briefly, the cells were cultured and treated with Y-
27632 (5, 10 and 20 µM). After 10 days, the colonies were collected and by using 0.25% trypsin-
EDTA and vortexing the single cells harvested. The cells were then washed with cold PBS, 
adjusted to 1×106 cells/ml in 1X binding buffer and stained with Annexin V-FITC and PI solution 
for 15 min at room temperature. Stained cells were immediately analyzed by flow cytometry 
(BD FACSCalibur), and the data were analyzed using Cyflogic V.1.2.1 software. 

Intracellular ROS analysis 

Total cellular ROS generation was detected with 20 µM 2′, 7′-dichlorodihydrofluorescein 
diacetate (ab113851, Abcam) using an FC500 MCL (Beckman Coulter), with excitation and 
emission wavelengths of 488 nm and 530 nm, respectively. According to the manufacturer’s 
instructions, 5 µM MitoSOX was added to the plates, followed by incubation for 10 min at 37 °C. 
The cells were then washed twice with pre-warmed (37 °C) HBSS Ca/Mg and detached with 
0.25% trypsin. Fluorescence was measured using a FACSCalibur (BD Biosciences), with 
excitation and emission wavelengths of 488 nm and 580 nm. The data were analyzed with 
FlowJo software (FlowJo, LLC), version 10. 
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Statistical analysis 

The data from viability, colony formation, mean colony area, apoptosis, necrosis, ROS and 
real-time-PCR analysis of Plzf, Cmyc, Vasa, Thy1, Bcl-2, Bax and p53 genes of SSCs under different 
concentrations of Y-27632 were analyzed with a statistical software program (SPSS 16, IBM, 
USA, 2007). Normality was checked using the Shapiro-Wilk test. One-way ANOVA followed by 
Duncan multiple-range test were used for making comparisons between multiple numeric 
datasets. Three biological and three technical replicates were used. The results were expressed 
as mean±SEM and statistical significance was accepted at P<0.05. 

Results 

Viability of SSCs after 48h culture 

As shown in Figure 1, the viability of SSCs was not affected by 0.1 -10 µM Y-27632; 
however, higher concentration of Y-27632 (20 and 40 µM) significantly decreased the 
viability of SSCs (P<0.05). 

 
Figure 1. The effects of different concentrations of Y-27632 (0.1- 40 µM) on the viability of SSCs 
after 48h treatment (Control= 0 µM Y-27632). The data refer to the mean ± SEM. Different letters 
(a-d) on the bars indicate statistical difference (P < 0.05) by the Duncan test. 

SSCs colony formation 

To clarify the effect of Y-27632 on ovine SSCs colony formation, different concentrations 
of Y-27632 were added to the SSCs cultures. Germ cells cultured in the media containing 0, 
5, 10 and 20 µM of Y-27632 showed AP activity regardless of the Y-27632 dose. The mean 
area per AP positive colonies after 10 days of primary culture was significantly greater in the 
10 µM Y-27632 group compared with the other groups (P<0.05) (Figure 2). As shown in 
Figure 3, with an increase in the Y-27632 dose from 0 to 10 µM, the means of colonies and 
cell bridges increased in a dose-dependent manner and they were significantly higher in the 
5 and 10 µM Y-27632 groups than the control group (P<0.05). However, with the addition of 
20 µM Y-27632, the means of colonies and cell bridges were reduced. Based on these results, 
it can be assumed that the data support beneficial effects of 10 µM Y-27632 on formation of 
SSCs colonies. 
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Figure 2. Ovine SSCs colonies, Alkaline phosphatase (AP) staining and mean colony area in cell 
cultures supplemented with different concentrations of Y-27632 after a 10-day culture (Control= 
0 µM Y-27632). Y-27632 doses are 0 µM (A, E), 5 µM (B, F), 10 µM (C, G), and 20 µM (D, H). The data 
refer to the mean ± SEM. Different letters (a, b) on the bars indicate statistical difference (P < 0.05) 
by the Duncan test. Scale bars 50 µm. 

 
Figure 3. The effects of different concentrations of Y-27632 (0.1- 20 µM) on SSCs colony 
formation after 10 days (Control= 0 µM Y-27632). The data refer to the mean ± SEM. Different 
letters (a-d) on the bars indicate statistical difference (P < 0.05) by the Duncan test. 

Apoptosis assay of SSCs after a 10-day culture 

The flow cytometry results of SSCs after a 10-day culture with different 
concentrations of Y-27632 on cell viability, apoptosis, and necrosis are shown in Figure 4. 
The results demonstrated that 5 and 10 µM of Y-27632 did not significantly affect the 
cell viability, apoptosis, and necrosis of SSCs in comparison with the control group 
(P>0.05). However, 20 µM of Y-27632 significantly decreased the cell viability and 
increased the necrosis of the cells under study (P<0.05). 
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Figure 4. (A) Annexin-V/-FITC/PI Flow cytometry analysis of SSCs treated with 5, 10 and 20 mM of Y-
27632 after a 10-day culture (Control= 0 µM Y-27632). The viable cells, early apoptotic and 
necrotic/secondary necrotic cells was represented by the lower left quadrant (Annexin-V-/PI-), lower 
right (Annexin-V+/PI-) and upper (Annexin-V+/PI+) quadrant, respectively. (B) Percentage of normal, 
necrosis and apoptosis after Y-27632 administration in SSCs cells. The data refer to the mean ± SEM. 
Different letters (a, b) on the bars indicate statistical difference (P < 0.05) by the Duncan test. 
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Intracellular ROS analysis 

The relative intracellular ROS levels were estimated 10 days after culture. As shown 
in Figure 5, the levels of intracellular ROS significantly decreased with an increase in the 
Y-27632 dose from 5 to 20 µM, and the ROS level was the lowest in the 20 µM group in 
contrast with other groups (P<0.05). However, no significant difference in ROS levels was 
observed between the 5 and 10 µM groups (P>0.05). 

 
Figure 5. Analysis of intracellular reactive oxygen species (ROS) levels in the media supplemented with 
various concentrations of Y-27632 (Control= 0 µM Y-27632). The data refer to the mean ± SEM. Different 
letters (a-c) on the bars indicate statistical difference (P < 0.05) by the Duncan test. 

SSCs markers gene expression 

As shown in Figure 6, on day 10 after culture, there was no significant difference in 
the expression of Plzf, Cmyc, Vasa and Thy1 genes among different concentrations of Y-
27632 (0 to 20 µM). 

(P>0.05). 

 
Figure 6. Real-time-PCR analysis of Plzf, Cmyc, Vasa and Thy1 genes and Bcl-2, Bax and p53 genes 
on day 10 after culture (C= 0 µM Y-27632). The data refer to the mean ± SEM. Different letters 
(a, b) on the bars indicate statistical difference (P < 0.05) by the Duncan test. 
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Apoptosis related gene expression 

As shown in Figure 6, on day 10 after culture, p53 expression decreased with an 
increase in the Y-27632 dose from 0 to 10 µM. However, in 20 µM Y-27632, the 
expression of p53 significantly increased (P<0.05). In contrast, the relative mRNA levels 
of Bcl-2 was the lowest in 20 µM Y-27632. Also, no significant difference in expression of 
Bcl-2 and Bax was observed in different concentrations of Y-27632 (0-20 µM) (P>0.05). 

Discussion 

Establishing SSCs culture is usually a challenging matter due to the reduction in cell 
viability and proliferation. Modifications in the original cell features can be considered 
as another reason, which makes this process very challenging. Initially, there were some 
attempts to enhance SSCs viability through adding growth factors in the culture 
medium. However, these attempts did not lead to much improvement (Pramod & Mitra, 
2014). ROCK inhibitors like Fasudil, Y-27632, Y39983, Wf-536, and SLx-2119 have been 
recently used in order to improve cell proliferation rate (Liao et al., 2007). As to the 
inhibitors mentioned above, Y-27632 was widely employed for pluripotent or adult stem 
cells in order to enhance their survival and proliferation rate and increase the 
cryopreservation efficiency (Lee et al., 2015). In other cases, Y-27632 was employed in 
order to improve the seeding efficiency of hiPSCs selected from transfected fibroblast 
cultures for primary colony development (Kurosawa, 2012). However, to the best of the 
researchers’ knowledge, no study has been performed to determine whether Y-27632 
also improves the primary culture of SSCs. 

Morphologic analyses indicated that the 5-10 µM Y-27632 had an optimal effect on 
the number of presumptive SSCs colonies and the area covered by them after a 10-day 
culture. According to the study conducted by Nam et al. (2011), cell attachment was 
accommodated by Y-27632 after dissociation and the ensuing survival. According to the 
results obtained in their research, there might be an enhancement in cell-cell and cell-
extracellular matrix interactions after Y-27632 treatment. In another study, Lee et al. 
(2015) showed that Y-27632 influenced the maintenance of stem cell when the 
subculture was transferred through suppressing the expression of senescence-related 
proteins and increasing the cellular proliferation (Bi et al., 2013). Furthermore, 
Koga et al. (2006) realized that Y-27632 had the potential to improve cellular adhesion 
in other cell types. For instance, the addition of Y-27632 improved the adhesion of 
human trabecular meshwork cells to fibronectin or collagen type I. 

In this study, no significant difference was observed in the expression SSCs markers 
(Plzf, Cmyc, Vasa and Thy1) among different concentration of Y-27632 (0 to 20 µM). The 
expression of Vasa is specific for the germ cell lineage (Abbasi et al., 2013). Vasa and Plzf 
are specific to cultured spermatogonia characterization (Wang et al., 2014) and their 
expressions are higher in SSCs than in somatic feeder cells (Azizi et al., 2019). It has been 
reported that Plzf is expressed in identical spermatogonia and served as particular 
regulator in order to promote the stem cell self-renewal in the testis (Costoya et al., 
2004; Kubota et al., 2004; Oatley et al., 2006). The role of Plzf in spermatogonia is the 
maintenance of an undifferentiated state and self-renewal (Zheng et al., 2014; Qasemi-
Panahi et al., 2018), which resembles the role proposed for Plzf in haematopoietic 
precursor cells (Reid et al., 1995). Borjigin et al. (2010) realized that Plzf plays the role of 
a molecular marker of sheep SSCs. Furthermore, having conducted practical 
transplantation studies on rodent testes and goat SSCs colonies, Wang et al. (2014) 
confirmed that Thy1 would be the most exclusive marker of SSCs conducted on 
phenotypic characteristics and/or genotypic signatures. These features and signatures 
included Thy1 and plzf, which are specially expressed in testes, proliferating identical 
SSCs of medaka (Oryzias latipes) (Hong et al., 2011), dogfish (Bosseboeuf et al., 2013), 
and rohu carp (an economically significant farmed carp) (Mohapatra et al., 2010; 
Panda et al., 2011). 
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Results showed that with an increase in the Y-27632 dose from 0 to 10 µM, in contrast 
to p53 and Bax, the relative mRNA levels of Bcl-2 increased and its expressions was the 
lowest in 20 µM Y-27632. Bcl-2 is a strong anti-apoptotic molecule. This molecule was 
identified for the first time in follicular B-cell lymphoma as a translocation to the 
immunoglobulin heavy chain Locus-T, which causes the gene to be constitutively hyper-
expressed (Tsujimoto et al., 1985). Bax is identified as apoptosis effectors 
(Echeverry et al., 2013). The Bax family is concerned as further downstream with 
mitochondrial disorder. Bax plays a significant role in releasing apoptogenic proteins, 
such as cytochrome c, by mediating mitochondrial membrane channels. Moreover, non-
Bcl-2 family proteins, such as p53, have been involved in organizing mitochondrial outer 
membrane permeability (Cory & Adams, 2002). 

It seems that Y-27632 improves the survival of hESCs through complementary 
mechanisms such as increasing cellular adhesion by advancing more potent cell-cell 
interaction (Li et al., 2009). Although Li et al. (2009) showed the role of Y-27632 in 
decreasing the level of apoptosis, it is well understood that the ROCK pathway is closely 
related to the induction of cell apoptosis (Hwang et al., 2013). In comparison with the 
control group, the level of intracellular ROS decreased with an increase in the Y-27632 
dose from 5 to 20 µM. Even though high levels of ROS might result in cellular injury and 
apoptosis because of damages to the membrane, lysis of cells, organelles dysfunction, 
and calcium dyshomeostasis (Kushki et al., 2015), low concentrations of ROS are 
fundamental to cells’ function such as the acquisition of fertilizing capability (Silva et al., 
2010). Consequently, maintaining suitable ROS levels in SSCs culture media is very 
essential (Wang et al., 2014). 

Conclusion 

In conclusion, the present study demonstrated that Y-27632 at a concentration of 5 -10 µM 
provided optimal culture conditions for the primary culture of SSCs, with normal expression of 
SSC-specific markers such as Plzf, Cmyc, Vasa and Thy1 genes, up-regulation of Bcl-2 as anti-
apoptotic gene and down-regulation of P53 as pro-apoptotic gene. 

Acknowledgements 

The authors are grateful to Agricultural Institute of IROST for providing this project 
with laboratory facilities and other technical support. 

References 

Abbasi H, Tahmoorespur M, Hosseini SM, Nasiri Z, Bahadorani M, Hajian M, Nasiri MR, Nasr-
Esfahani MH. THY1 as a reliable marker for enrichment of undifferentiated spermatogonia in 
the goat. Theriogenology. 2013;80(8):923-32. 
http://dx.doi.org/10.1016/j.theriogenology.2013.07.020. PMid:23987985. 

Azizi H, Hamidabadi HG, Skutella T. Differential proliferation effects after short-term cultivation of 
mouse spermatogonial stem cells on different feeder layers. Cell J. 2019;21(2):186-93. 
PMid:30825292. 

Bi YL, Zhou Q, Du F, Wu MF, Xu GT, Sui GQ. Regulation of functional corneal endothelial cells 
isolated from sphere colonies by Rho-associated Protein kinase inhibitor. Exp Ther Med. 
2013;5(2):433-7. http://dx.doi.org/10.3892/etm.2012.816. PMid:23408756. 

Binsila KB, Selvaraju S, Ghosh SK, Parthipan S, Archana SS, Arangasamy A, Prasad JK, Bhatta R, 
Ravindra JP. Isolation and enrichment of putative spermatogonial stem cells from ram (Ovis 
aries) testis. Anim Reprod Sci. 2018;196:9-18. 
http://dx.doi.org/10.1016/j.anireprosci.2018.04.070. PMid:29861343. 

Borjigin U, Davey R, Hutton K, Herrid M. Expression of promyelocytic leukemia zinc-finger in ovine 
testis and its application in evaluating the enrichment efficiency of differential plating. Reprod 
Fertil Dev. 2010;22(5):733-42. http://dx.doi.org/10.1071/RD09237. PMid:20450825. 

https://doi.org/10.1016/j.theriogenology.2013.07.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23987985&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30825292&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30825292&dopt=Abstract
https://doi.org/10.3892/etm.2012.816
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23408756&dopt=Abstract
https://doi.org/10.1016/j.anireprosci.2018.04.070
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29861343&dopt=Abstract
https://doi.org/10.1071/RD09237
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20450825&dopt=Abstract


Y-27632 on culture of spermatogonial stem cells 
 

 

Anim Reprod. 2021;18(4):e20200257 11/13 

Bosseboeuf A, Gautier A, Auvray P, Mazan S, Sourdaine P. Characterization of spermatogonial 
markers in the mature testis of the dogfish (Scyliorhinus canicula L.). Reproduction. 
2013;147(1):125-39. http://dx.doi.org/10.1530/REP-13-0316. PMid:24123129. 

Cory S, Adams JM. The Bcl2 family: regulators of the cellular lifeor-death switch. Nat Rev Cancer. 
2002;2(9):647-56. http://dx.doi.org/10.1038/nrc883. PMid:12209154. 

Costoya JA, Hobbs RM, Barna M, Cattoretti G, Manova K, Sukhwani M, Orwig KE, Wolgemuth DJ, 
Pandolfi PP. Essential role of Plzf in maintenance of spermatogonial stem cells. Nat Genet. 
2004;36(6):653-9. http://dx.doi.org/10.1038/ng1367. PMid:15156143. 

Dobrinski I. Transplantation of germ cells and testis tissue to study mammalian spermatogenesis. 
Anim Reprod. 2006;3:135-45. 

Echeverry N, Bachmann D, Ke F, Strasser A, Simon HU, Kaufmann T. Intracellular localization of 
the BCL-2 family member BOK and functional implications. Cell Death Differ. 2013;20(6):785-
99. http://dx.doi.org/10.1038/cdd.2013.10. PMid:23429263. 

Emre N, Vidal JG, Elia J, O’Connor ED, Paramban RI, Hefferan MP, Navarro R, Goldberg DS, Varki 
NM, Marsala M, Carson CT. The ROCK Inhibitor Y-27632 improves recovery of human 
embryonic stem cells after fluorescence activated cell sorting with multiple cell surface 
markers. PLoS One. 2010;5(8):e12148. http://dx.doi.org/10.1371/journal.pone.0012148. 
PMid:20730054. 

Heidari B, Rahmati-Ahmadabadi M, Akhondi MM, Zarnani AH, Jeddi-Tehrani M, Shirazi A, Naderi 
MM, Behzadi B. Isolation, identification, and culture of goat spermatogonial stem cells using 
c-kit and PGP9.5 markers. J Assist Reprod Genet. 2012;29(10):1029-38. 
http://dx.doi.org/10.1007/s10815-012-9828-5. PMid:22782689. 

Heng BC. Effect of Rho-associated kinase (ROCK) inhibitor Y-27632 on the post-thaw viability of 
cryopreserved human bone marrow-derived mesenchymal stem cells. Tissue Cell. 
2009;41(5):376-80. http://dx.doi.org/10.1016/j.tice.2009.01.004. PMid:19261317. 

Hong N, Li Z, Hong Y. Fish stem cell cultures. Int J Biol Sci. 2011;7(4):392-402. 
http://dx.doi.org/10.7150/ijbs.7.392. PMid:21547056. 

Hwang IS, Hara H, Chung HJ, Hirabayashi M, Hochi S. Rescue of vitrified-warmed bovine oocytes 
with Rho-associated coiled-coil kinase inhibitor1. Biol Reprod. 2013;89(2):26. 
http://dx.doi.org/10.1095/biolreprod.113.109769. PMid:23782835. 

Izadyar F, Matthijs-Rijsenbilt JJ, Ouden K, Creemers LB, Woelders H, Rooij DG. Development of a 
cryopreservation protocol for type A spermatogonia. J Androl. 2002;23(4):537-45. 
PMid:12065461. 

Kala S, Kaushik R, Singh KP, Kadam PH, Singh MK, Manik RS, Singla SK, Palta P, Chauhan MS. In 
vitro culture and morphological characterization of prepubertal buffalo (Bubalus bubalis) 
putative spermatogonial stem cell. J Assist Reprod Genet. 2012;29(12):1335-42. 
http://dx.doi.org/10.1007/s10815-012-9883-y. PMid:23151879. 

Koga T, Koga T, Awai M, Tsutsui J, Yue BYJT, Tanihara H. Rho-associated protein kinase inhibitor, 
Y-27632, induces alterations in adhesion, contraction and motility in cultured human 
trabecular meshwork cells. Exp Eye Res. 2006;82(3):362-70. 
http://dx.doi.org/10.1016/j.exer.2005.07.006. PMid:16125171. 

Kubota H, Avarbock MR, Brinster RL. Growth factors essential for self-renewal and expansion of 
mouse spermatogonial stem cells. Proc Natl Acad Sci USA. 2004;101(47):16489-94. 
http://dx.doi.org/10.1073/pnas.0407063101. PMid:15520394. 

Kurosawa H. Application of Rho-associated protein kinase (ROCK) inhibitor to human pluripotent 
stem cells. J Biosci Bioeng. 2012;114(6):577-81. http://dx.doi.org/10.1016/j.jbiosc.2012.07.013. 
PMid:22898436. 

Kushki D, Azarnia M, Gholami MR. Antioxidant effects of selenium on seminiferous tubules of 
immature mice testis. Zahedan J Res Med Sci. 2015;17(12):29-33. 
http://dx.doi.org/10.17795/zjrms-5188. 

Lee J, Park S, Roh S. Y-27632, A ROCK inhibitor, delays senescence of putative murine salivary 
gland stem cells in culture. Arch Oral Biol. 2015;60(6):875-82. 
http://dx.doi.org/10.1016/j.archoralbio.2015.03.003. PMid:25804560. 

Li X, Krawetz R, Liu S, Meng G, Rancourt DE. ROCK inhibitor improves survival of cryopreserved 
serum/feeder-free single human embryonic stem cells. Hum Reprod. 2009;24(3):580-9. 
http://dx.doi.org/10.1093/humrep/den404. PMid:19056770. 

https://doi.org/10.1530/REP-13-0316
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24123129&dopt=Abstract
https://doi.org/10.1038/nrc883
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12209154&dopt=Abstract
https://doi.org/10.1038/ng1367
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15156143&dopt=Abstract
https://doi.org/10.1038/cdd.2013.10
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23429263&dopt=Abstract
https://doi.org/10.1371/journal.pone.0012148
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20730054&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20730054&dopt=Abstract
https://doi.org/10.1007/s10815-012-9828-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22782689&dopt=Abstract
https://doi.org/10.1016/j.tice.2009.01.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19261317&dopt=Abstract
https://doi.org/10.7150/ijbs.7.392
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21547056&dopt=Abstract
https://doi.org/10.1095/biolreprod.113.109769
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23782835&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12065461&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12065461&dopt=Abstract
https://doi.org/10.1007/s10815-012-9883-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151879&dopt=Abstract
https://doi.org/10.1016/j.exer.2005.07.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16125171&dopt=Abstract
https://doi.org/10.1073/pnas.0407063101
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15520394&dopt=Abstract
https://doi.org/10.1016/j.jbiosc.2012.07.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22898436&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22898436&dopt=Abstract
https://doi.org/10.17795/zjrms-5188
https://doi.org/10.1016/j.archoralbio.2015.03.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25804560&dopt=Abstract
https://doi.org/10.1093/humrep/den404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19056770&dopt=Abstract


Y-27632 on culture of spermatogonial stem cells 
 

 

Anim Reprod. 2021;18(4):e20200257 12/13 

Liao JK, Seto M, Noma K. Rho kinase (ROCK) inhibitors. J Cardiovasc Pharmacol. 2007;50(1):17-24. 
http://dx.doi.org/10.1097/FJC.0b013e318070d1bd. PMid:17666911. 

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real time quantitative 
PCR and the 2(-Delta Delta C(T)). Method. Methods. 2001;25(4):402-8. 
http://dx.doi.org/10.1006/meth.2001.1262. PMid:11846609. 

Mohapatra C, Barman HK, Panda RP, Kumar S, Das V, Mohanta R, Mohapatra SD, Jayasankar P. 
Cloning of cDNA and prediction of peptide structure of Plzf expressed in the spermatogonial 
cells of Labeo rohita. Mar Genomics. 2010;3(3-4):157-63. 
http://dx.doi.org/10.1016/j.margen.2010.09.002. PMid:21798210. 

Nam J, Johnson J, Lannutti JJ, Agarwal S. Modulation of embryonic mesenchymal progenitor cell 
differentiation via control over pure mechanical modulus in electrospun nanofibers. Acta 
Biomater. 2011;7(4):1516-24. http://dx.doi.org/10.1016/j.actbio.2010.11.022. PMid:21109030. 

Oatley JM, Avarbock MR, Telaranta AI, Fearon DT, Brinster RL. Identifying genes important for 
spermatogonial stem cell self-renewal and survival. Proc Natl Acad Sci USA. 
2006;103(25):9524-9. http://dx.doi.org/10.1073/pnas.0603332103. PMid:16740658. 

Panda RP, Barman HK, Mohapatra C. Isolation of enriched carp spermatogonial stem cells from 
Labeo rohita testis for in vitro propagation. Theriogenology. 2011;76(2):241-51. 
http://dx.doi.org/10.1016/j.theriogenology.2011.01.031. PMid:21496900. 

Pertz O. Spatio-temporal Rho GTPase signaling - where are we now? J Cell Sci. 2010;123(Pt 
11):1841-50. http://dx.doi.org/10.1242/jcs.064345. PMid:20484664. 

Pirone DM, Liu WF, Ruiz SA, Gao L, Raghavan S, Lemmon CA, Romer LH, Chen CS. An inhibitory 
role for FAK in regulating proliferation: a link between limited adhesion and RhoA-ROCK 
signaling. J Cell Biol. 2006;174(2):277-88. http://dx.doi.org/10.1083/jcb.200510062. 
PMid:16847103. 

Pramod RK, Mitra A. In vitro culture and characterization of spermatogonial stem cells on sertoli 
cell feeder layer in goat (Capra hircus). J Assist Reprod Genet. 2014;31(8):993-1001. 
http://dx.doi.org/10.1007/s10815-014-0277-1. PMid:24958548. 

Qasemi-Panahi B, Movahedin M, Moghaddam G, Tajik P, Koruji M, Ashrafi-Helan J, Rafat SA. 
Isolation and proliferation of spermatogonial cells from ghezel sheep. Avicenna J Med 
Biotechnol. 2018;10(2):93-7. PMid:29849985. 

Reid A, Gould A, Brand N, Cook M, Strutt P, Li J, Licht J, Waxman S, Krumlauf R, Zelent A. Leukemia 
translocation gene, PLZF, is expressed with a speckled nuclear pattern in early hematopoietic 
progenitors. Blood. 1995;86(12):4544-52. 
http://dx.doi.org/10.1182/blood.V86.12.4544.bloodjournal86124544. PMid:8541544. 

Riento K, Ridley AJ. Rocks: multifunctional kinases in cell behavior. Nat Rev Mol Cell Biol. 
2003;4(6):446-56. http://dx.doi.org/10.1038/nrm1128. PMid:12778124. 

Rodriguez-Sosa JR, Dobson H, Hahnel A. Isolation and transplantation of spermatogonia in sheep. 
Theriogenology. 2006;66(9):2091-103. http://dx.doi.org/10.1016/j.theriogenology.2006.03.039. 
PMid:16870245. 

Sahare MG, Suyatno S, Imai H. Recent advances of in vitro culture systems for spermatogonial 
stem cells in mammals. Reprod Med Biol. 2018;17(2):134-42. 
http://dx.doi.org/10.1002/rmb2.12087. PMid:29692670. 

Shams A, Eslahi N, Movahedin M, Izadyar F, Asgari H, Koruji M. Future of spermatogonial stem 
cell culture: application of nanofiber scaffolds. Curr Stem Cell Res Ther. 2017;12(7):544-53. 
http://dx.doi.org/10.2174/1574888X12666170623095457. PMid:28641554. 

Silva FM, Marques A, Chaveiro A. Reactive oxygen species: a double-edged sword in reproduction. 
Open Vet Sci J. 2010;4(1):127-33. http://dx.doi.org/10.2174/1874318801004010127. 

Tsujimoto Y, Cossman J, Jaffe E, Croce CM. Involvement of the bcl-2 gene in human follicular 
lymphoma. Science. 1985;228(4706):1440-3. http://dx.doi.org/10.1126/science.3874430. 
PMid:3874430. 

Wang J, Cao H, Xue X, Fan C, Fang F, Zhou J, Zhang Y, Zhang X. Effect of vitamin C on growth of 
caprine spermatogonial stem cells in vitro. Theriogenology. 2014;81(4):545-55. 
http://dx.doi.org/10.1016/j.theriogenology.2013.11.007. PMid:24368149. 

https://doi.org/10.1097/FJC.0b013e318070d1bd
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17666911&dopt=Abstract
https://doi.org/10.1006/meth.2001.1262
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11846609&dopt=Abstract
https://doi.org/10.1016/j.margen.2010.09.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798210&dopt=Abstract
https://doi.org/10.1016/j.actbio.2010.11.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21109030&dopt=Abstract
https://doi.org/10.1073/pnas.0603332103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16740658&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2011.01.031
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21496900&dopt=Abstract
https://doi.org/10.1242/jcs.064345
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20484664&dopt=Abstract
https://doi.org/10.1083/jcb.200510062
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16847103&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16847103&dopt=Abstract
https://doi.org/10.1007/s10815-014-0277-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24958548&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29849985&dopt=Abstract
https://doi.org/10.1182/blood.V86.12.4544.bloodjournal86124544
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8541544&dopt=Abstract
https://doi.org/10.1038/nrm1128
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12778124&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2006.03.039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16870245&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16870245&dopt=Abstract
https://doi.org/10.1002/rmb2.12087
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29692670&dopt=Abstract
https://doi.org/10.2174/1574888X12666170623095457
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28641554&dopt=Abstract
https://doi.org/10.2174/1874318801004010127
https://doi.org/10.1126/science.3874430
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3874430&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3874430&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2013.11.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24368149&dopt=Abstract


Y-27632 on culture of spermatogonial stem cells 
 

 

Anim Reprod. 2021;18(4):e20200257 13/13 

Watanabe K, Ueno M, Kamiya D, Nishiyama A, Matsumura M, Wataya T, Takahashi JB, Nishikawa 
S, Nishikawa SH, Muguruma K, Sasai Y. A ROCK inhibitor permits survival of dissociated 
human Embryonic stem cells. Nat Biotechnol. 2007;25(6):681-6. 
http://dx.doi.org/10.1038/nbt1310. PMid:17529971. 

Zheng Y, Zhang Y, Qu R, He Y, Tian X, Zeng W. Spermatogonial stem cells from domestic animals: 
progress and prospects. Reproduction. 2014;147(3):R65-74. http://dx.doi.org/10.1530/REP-13-
0466. PMid:24357661. 

Authors Contribution: 

 FE: Conceptualization, Data curation, Writing – original draft; MZ: Conceptualization, Formal Analysis, Writing – review & editing; MA: Supervision, 
Methodology; MRS: Supervision, Validation. 

 

https://doi.org/10.1038/nbt1310
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17529971&dopt=Abstract
https://doi.org/10.1530/REP-13-0466
https://doi.org/10.1530/REP-13-0466
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24357661&dopt=Abstract

	ORIGINAL ARTICLE
	The role of Rho-associated kinase inhibitor, Y-27632 on primary culture of ovine spermatogonial stem cells
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Isolation and culture of SSCs
	Enrichment of SSCs, preparation of feeder layers and culture of SSCs
	RNA isolation, reverse transcription and real-time-PCR
	MTT (Methylthiazolyldiphenyl-tetrazolium bromide) reduction assay
	Cell apoptosis assay
	Intracellular ROS analysis
	Statistical analysis

	Results
	Viability of SSCs after 48h culture
	SSCs colony formation
	Apoptosis assay of SSCs after a 10-day culture
	Intracellular ROS analysis
	SSCs markers gene expression
	Apoptosis related gene expression

	Discussion
	Conclusion
	Acknowledgements
	References

