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Abstract 

 
 

Neonatal testicular germline stem cell suspension prepared from twenty 3-5 day old albino rats were incubated in 
normal saline or in NC-01in triplicate groups. A control group of saline alone (without cell suspension) was also 
prepared. The cell-containing groups and control were incubated for 21 days at room temperature, stained with 50% 
Mezo (organic) and visually studied daily with a view to histological characterizing the changes in cellular 
aggregation, morphology and coloration during incubation. Images of dense oval cells and cellular developmental 
transformation into mixed populations of these testicular cells showed clearly identifiable patterns of clump formation. 
Saline alone (control) did not show the presence of any cells during the period of incubation. In vitro expansion of 
neonatal germline stem cells within 21 days of incubation was associated with multiple divisions into numerous 
structurally similar cells and transformation into clusters of multi-colored component rod-like cells. A many-fold 
increase in the number of dense oval cells was observed in the NC-01 culture medium than in the normal saline. 
Using these morphological criteria and functional characteristics, we suggest a many-fold increased presence of rat 
neonatal spermatogonial stem cells capable of cellular division in NC-01 culture medium than in normal saline. 
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INTRODUCTION 

 
Neonatal testicular stem cells originating from the 
mouse (Kanatsu- Shinohara et al., 2005; Kanatsu-
Shinohara et al., 2007) or rat (Munsie et al., 1997; 
Ravindranath et al., 1997; Orwig et al., 2002; van 
Bragt et al., 2008) are thought to be the main 
occupants of this tissue within the first few days of life. 
In the first 3-7days postpartum, seminiferous tubular 
type A spermatogonia have been reported to renew 
themselves and to differentiate. This spermatogonial 
stem cell proliferation and subsequent differentiation  

 
 
. 
 

 
 
 
 

 
forms the basis of spermatogenesis and perpetuity of 
species in adult life (De Rooij and Russell, 2000; De Rooij 
and Van Pelt, 2003). Conservation of self renewal 
signaling (Ryu et al., 2005) and genetic properties for 
producing rats (Shinohara et al., 2006) following 
interspecies spermatogonial transplantation between 
mice and rats has been reported.  

The population of early A spermatogonia in rat neonatal 

testis has also been reported to strongly express the 

pluripotency marker, undifferentiated embryonic cell 
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transcription factor 1 (van Bragt et al., 2008). While 
studying stem cell and niche development in the 
postnatal rat testis, Ryu et al. (2003) reported a many-
fold increase in stem cell activity during neonate to 
adult testicular development, and also that testicular 
spermatogenic colonies of similar size were produced 
in neonate, pup and adult donors. Stem cell activity 
during testicular development is associated with 
stimulation of primary cultures of rat type-A single 
spermatogonia to develop into chains of aligned 
spermatogonia at the 8-, 16-, and 32-cell stages and 
has resulted in the identification of neuregulin as a 
factor required for formation of aligned spermatogonia 
(Hamra et al., 2007). Again, a soluble factor promoting 
proliferation of spermatogonial stem cells has been 
reported to be the glial cell line-derived neurotrophic 
factor (GDNF) (Kubota et al., 2004). A combination of 
these factors during testicular development is 
associated with formation of densely packed clumps of 
cells which continuously proliferated and were 
identified as spermatogonial stem cells (Kubota et al., 
2004; Kubota and Brinster, 2006).  

In the report of Orwig et al. (2002), morphological 
identification of pseudopod and round gonocyte 
popula-tions in neonatal rat testis cell suspensions is 
suggested to provide a powerful tool indicating a 
nearly pure popula-tion of male germ-line stem cells. 
Thus, these cells will make a rich source of stem cell 
population that can be used for various scientific 
reasons including manipu-lation of cellular genetic 
mechanisms involved in self-renewal and 
differentiation, and possibly mechanisms of safety and 
efficacy of drugs. Another possibility of finding suitable 
culture media that encourages stem cellular 
transformation in vitro at room temperature as well as 
defining the temporal relationships between expanding 
neonatal testicular germline stem cells exists. 
However, there seem to be an inadequate 
characterization of rat testicular neonatal germline stem 

cell alterations in cellu-lar aggregation, morphology and 
coloration during in vitro expansion. Furthermore, a temporal 
relationship may exist between cells and their 

transformations during neonatal testicular germline 
stem cell expansion. For this reason, we adapted the 
optical microscope for digital interface to further 
examine rat testicular neonatal germ-line cell 
suspensions for their characteristic morphological 
properties during in vitro cell expansion and 
development. 
 

 

MATERIALS AND METHODS 
 
Preparation of neonatal testicular germline stem cells for 

histological examination 
 
Three to five day old male albino rats weighing 4.7 – 5.0 g were 
exsanguinated and their abdominal and scrotal regions were 
immediately swabbed using 70% ethanol before opening of the 
lower abdominal region to dissect and to expose the tiny bulb-
like testis. This was carefully dissected out under sterile 
conditions and 

 
 
 
 

 
separated from other attaching tissue. The testis was ruptured into 
Petri dish containing normal saline or NC-01 (a newly formulated 
room temperature culture medium for spermatogonial stem cells). 
There-after, testicular cell suspension samples taken from the Petri 
dish were placed on glass slides and stained with 50% Mezo 
(organic stain) for 15 min and then decolorized using 70% ethanol 
in water. Glass slides were subsequently rinsed with distilled water 
and air-dried for 10 – 15 min. Neonatal testicular germline stem 
cells in saline, NC-01 or saline alone control on glass slide was 
examined under an optical microscope with X40 or X100 (oil 
immersion) eye piece interfaced with a camera and computer 
output for higher than normal magnification and better resolution. 
The photomicrographs were digitally stored or printed out on glossy 
photographic paper. 

 
Incubation of neonatal testicular germline stem cells 

suspension 
 
Neonatal testicular germline stem cells extracted from 3-5 day old 
albino rats were used to prepare cell suspensions and these were 
incubated in varying test solutions at room temperature in the dark 
for 21 days. One drop of the incubated samples was withdrawn for 
histological examination. The control group consisted of normal 
saline alone in Petri dishes and this was incubated under conditions 
similar to those used for Petri dishes containing neonatal testicular 
germline stem cells. Room temperature (25 ± 3°C) was approxi-
mately similar for all the days of incubation. Samples of incubated 
cell suspensions as well as those from the control group were 
examined daily at about the same time of the day for alterations in 
cellular aggregation, morphology and coloration. 

 

Examination of neonatal testicular germline stem cell 

expansion in vitro 
 
Neonatal testicular germline stem cell suspension samples or saline 
alone control on glass slide was histological examined daily for 21 
days. Saline alone (control) or cellular suspension sample was 
taken daily and placed on to glass slides and prepared for 
histological examination as described above. In addition, care was 
taken during daily examination of cell culture samples and control to 
minimize contamination with extraneous cellular materials. The cells 
were clearly identifiable under the microscope and these were 
manually counted on the slide-view. The cell number estimate in 
each slide view was compared with others and used as 
observations representative of seminiferous tubular cellular content. 
Images of dense oval cells characteristic of neonatal testicular 
germline stem cells suspension and changes in cellular 
aggregation, morphology and coloration during in vitro 
developmental transformation were observed. 

 

RESULTS AND DISCUSSION 

 

Self renewal and proliferation of dense oval cells 

during incubation 
 
One drop of cellular suspension examined histologically 
before incubation showed the presence of some dense 
oval cells in a slide view (Figure 1A) and each dense oval 
cell was characterized by a fine capsular luster. Histolo-
gical examination of a slide view of one drop of cellular 
suspension in saline alone on day 3 and on day 6 (Figure 
1B) or in NC-01 on day 3 and on day 6 (Figure 1C) of 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Photomicrographs showing (A) Some dense oval cells prior to incubation in culture medium;  
(B) self renewal and proliferation of dense oval cells in saline alone on day 3 or on day 6; (C) self 

renewal and proliferation of dense oval cells in NC-01 on day 3 or on day 6 of incubation. Images of cell 

proliferation are similar for days 3 and 6. 

 

 

incubation showed larger number of the dense oval 

cells. There were many more cells in NC-01 than in 

saline (Figure 1C). 
 

 

Clump formation from dense oval cells during 

incubation 
 
An aggregation of cells in saline alone (Figures 2A, 2B 
and 2C) or in NC-01 (Figure 2D) that are smaller in 
size than their predecessor cells was observed during 
the 14 days of incubation. This clump formation within 
14 days resulted in the presence of many clumps of 
cells showing three identifiable morphologies (Figures 
2A, 2B and 2C). Cells of the same clump possessed 
similar morphology. 
 

 

Transformation into dense clusters of multi-

colored component rod-like cells 
 
Histological examination within 14 days of incubation 
showed that the aggregated cells in saline alone 
(Figure 3A) or in NC-01 (Figure 3B) that are smaller in 
size than their predecessor cells also possessed 
variations in cellular component coloration when 
compared with observations within day 6 of incubation. 
In summary, neonatal testicular germline stem cell 
expansion in vitro was characterized by an observable 
progressive self renewal and proliferation into dense 
oval cells within three or six days of incubation and 
subsequently exhibited transformation into dense 
clusters of multicolored component rod-like cells within 
fourteen days of incubation in suitable culture medium 
at room temperature. However, by twenty one days of 
incubation, only a scanty number of single oval cells 
that have lost their capsular luster were present.  

The results of this study showed that neonatal 

testicular germline stem cell expansion in vitro was 

characterized 

 
 

 

by an observable progressive self renewal and proli-
feration into dense oval cells during a period of incubation 
in saline or in NC-01 and at room temperature. In the rat, 
germline stem cells have been reported to be the major 
occupants of neonatal testicular tissue cell suspension in 
the first 3-7 days after litter (van Bragt et al., 2008; 
Munsie et al., 1997; Ravindranath et al., 1997; Orwig et 
al., 2002) and the seminiferous tubular type A spermato-
gonia of the cell suspension are known to renew them-
selves and to differentiate. Differentiation of germ cells is 
known to take place in the seminiferous tubules of the 
testis where a population of diploid stem-cell spermatogo-
nia lying on the basement membrane of the tubule 
repeatedly undergoes self-renewal to produce progeny 
cells that initiate the process of cellular differentiation and 
eventually generating mature spermatozoa (Ogawa et al., 
1997). De Rooij (1988) has suggested that this process is 
determined by many factors in deciding fate of a single 
spermatogonial stem cell (it could be self-renewal, 
proliferation or differentiation).  

The observation of progressive self renewal and 
proliferation of testicular germline stem cells into dense 
oval cells during a period of incubation in our study was 
therefore consistent with observations in these previous 
reports (van Bragt et al., 2008; Munsie et al., 1997; 
Ravindranath et al., 1997; Ogawa et al., 1997). Self 
renewal and proliferation of dense oval cells in saline or 
in NC-01 during the 21 day incubation observed in our 
studies represent known spermatogonial stem cell activi-
ties originating from testicular tubular basement mem-
brane. It may suffice to agree with the suggestions in the 
report of Kanatsu-Shinohara et al. (2008) that in our 
saline or NC-01 culture medium at room temperature, the 
major constituents of this germline cell suspension would 
be spermatogonial cells which can now be subjected to 
long-term in vitro expansion and that the postnatal testis 
has become a rich source of pluripotent stem cells. This 
report further indicates that an opportunity exists in the 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Photomicrographs showing three different clumps of smaller sized cells in saline alone (Figures 2A, 

2B and 2C) or in NC-01 (Figure 2D) during 14 days of incubation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Photomicrographs showing dense clusters of multi- colored component rod-like cells in saline alone 

(Figure 3A) or in NC-01 (Figure 3B) that transformed from dense oval cells and their clumps of smaller sized cells. 
 

 

utilization of this long-term in vitro expansion of 
spermatogonial stem cells for the study of the 
mechanisms of self-renewal division and differentiation 
as well as the regulation of pluripotency following 
genetic manipulation at the molecular level (Kanatsu-
Shinohara et al., 2008) . During the period of 
incubation, we observed that the dense oval cells at 
the beginning of our studies trans-formed into an 
aggregate of cells that are smaller in size than their 
predecessor cells. This clump formation resulted in the 
presence of many clumps of cells each with similar cell 
morphology.  
This type of cell aggregation to form clumps has 

 
 

 

previously been observed and described as cell clusters 
(Kubota et al., 2004, Kanatsu-Shinohara et al., 2005; 
Kubota and Brinster, 2006). In a recent report, Yeh and 
colleagues (2007) suggested that spermatogonial stem 
cells generated three-dimensional structures of aggre-
gated germ cells (clusters) in vitro within six days in a 

culture system and that each cluster which originated 
from a single cell represented a reliable short-term assay 
technique to detect spermatogonial stem cells. Although 
we did not study the generation of three- dimensional 
structures during germ cell aggregation, our observation 
of a reduction in cell size secondary to formation of cell 



 

 

aggregates and the similarity in cell aggregate 
morpho-logy is worthy of note. Furthermore, Yeh et al. 
(2007) have suggested that functional spermatogonial 
stem cells can be determined semi-quantitatively by 
simply counting the number of germ cell clusters 
formed in an in vitro culture system within one week. It 
is therefore plausible to imagine that our findings of a 
reduction in cell size secondary to formation of cell 
aggregates as well as the similarity in cell aggregate 
morphology are central points in the germline stem cell 
expansion in vitro. To buttress this view is the report 

that transplanted cell clusters gave rise to 
regeneration of spermatogenesis in recipient animals 
and this was taken as evidence that such clus-ters 
contained spermatogonial stem cells (Kubota et al., 
2004; Kubota and Brinster, 2006) which were capable 
of repopulating deficient testicular tissue and re-
starting spermatogenesis. Results of our study also 
reveal transformation of dense oval cells into clusters 
of multi-colored component rod-like cells during the 
period of incubation. The different colors that we found 
to be present in histological samples may suggest the 
presence of varying sub-cellular components and or 
macromolecular aggregates that we have not been 
able to determine at the present time. However, 
Kolthur-Seetharam et al. (2008) have suggested that the 

continuous differentiation of spermatogonial stem and 
progenitor cell population, as part of spermatogenesis, is 
uniquely characterized by the germ cell-specific 
expression and function of paralogues of components of 
the general transcription machinery which play critical but 
mechanistically distinct roles in spermatogenesis.  

This diversity of expression during continuous 

differentiation may explain our observation of 

transformation of dense oval cells into clusters of 

multi-colored component rod-like cells. Observation of 

multi-colors and an analysis of multi-color expression 

in a mixed population of spermato-gonial stem cells 

have previously been reported by Shimizu et al. (2006). 

These scientists used Hoechst 33342 dye and pyronin Y 

staining in their studies whereas we used the organic Mezo 

stain. Shimizu and colleagues, on the basis of staining 

results, categorized a new subpopulation of murine 

testicular spermatogonial stem cells lacking expression of 

Oct4 (a pluripotency marker) and this newly described 

sub population was thought to be in the G0 quiescent 

state (Shimizu et al., 2006) of the cell cycle. Our multi-

color observation which may suggest the pre-sence of 

varying sub-cellular components or factors distin-guishing 

sub populations of germline stem cell suspen-sion seems 

to be in agreement with the findings reported by Shimizu 

et al. (2006). A need still arises for further stu-dies to 

adequately interpret our observation. Derivation of 

pluripotent cells from spermatogonial stem cells have 

been reported (Guan et al., 2006; Kossack et al., 2009).  
Spermatogonial stem cell-derived stem cells have 

been reported to express embryonic stem cell markers 

and differentiated into the three primary germ layers, 

and this derivation is thought to involve 

reprogramming of 

 
 
 

 

endogenous spermatogonia in culture, a case for which 
has been reported for human multipotent germline cells 
obtained from a testis biopsy (Kossack et al., 2009). 
Similarly, the generation of human adult germline stem 
cells from testicular biopsies which differentiated into 
various types of somatic cells of all three germ layers has 
been reported (Kossack et al., 2009; Conrad et al., 2008). 
These investigators therefore suggested that there exists 
a potential to generate human adult germline stem cells 
from human testis biopsies thereby by passing the ethical 
and immunological challenges inherent in human 
embryonic stem cell research. Characterization of 
testicular germline stem cell expansion in vitro as we 
have carried out in the present report may contribute in 
realizing the generation of adult germline stem cells in the 
near future (Amabile and Meissner, 2009; Geoghegan 
and Byrnes, 2008; Rooij and Mizrak, 2008). 
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