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Abstract 
Background: In most mammals, the testis is always maintained at a lower temperature 
than that in the abdomen, and exposure of the testis to body temperature causes 
degeneration of germ cells. 
Objective: In this research, the long effect of heat exposure on sperm parameters and 
microstructure of mouse testis were investigated. Cryptorchid mouse were induced by 
exposure to abdominal heat. 
Materials and Methods: Immature mice were anesthetized and a small incision was 
made in the abdominal skin, then fat pad at the upper end of testis was sutured to 
peritoneum. Weight of testis, spermatogenic cell numbers, tubular ectasis (rate of 
tubular lumen comparing to the thickness of germinal epithelium) as well as epididymal 
sperm parameters were measured. 
Results: The results showed that spermatogenesis was arrested and testicular weights, 
seminiferouse tubular diameters and epididymal sperm parameters were significantly 
reduced in the bilateral undescended testis compared with unilateral undescended testis 
and the control mice. However, complete depletion of seminiferous tubules and absence 
of germ cells was not found in the animals. 
Conclusion: In general, high temperature caused a decreased in all analyzed parameters 
except spermatogonial cell number probably due to the apoptosis and these changes 
significantly increase in bilateral groups compared with unilateral groups. We believe 
that the present model is a suitable tool for enrichment of spermatogonial stem cells, 
also it is useful for treatment of cryptorchidism and further biological research on 
spermatogenesis. 
 
Key words: Cryptorchidism, Testis, Spermatogonial stem cells. 

 
Introduction 

 
     It was shown that mammalian testis must 
descend from the abdominal cavity for normal 
development to occur, and that the elevated 
testicular temperature disrupts spermatogenesis 
and causes infertility (1).      
     Testicular maldescend is a common urological 
disorder. In full-term infants, the incidence is 3.4% 
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to 5.8% and at the time of puberty, 0.8%- 1.8% of 
boys remain cryptorchid (2).  
     The abdominal positioning of cryptorchid testis 
is associated with disruption of germinal 
epithelium (3). In addition to degeneration of the 
seminiferous epithelium, accumulation of lipid in 
sertoli cells, local dilations of the interacellular 
spaces between sertoli cells junctions and 
modifications in the interstitial tissue have been 
reported (4).  
     Damber et al showed that blood flow to the 
cryptorchid testis is reduced despite the fact that 
the cryptorchid testis contains a greater percentage 
and number of blood vessels than the normal testis 
(5). 
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     Leydig cell hypertrophy and hyperplasia are 
accompanied by an increase in the cytoplasmic 
organelles involved in steroidogenesis, such as 
smooth endoplasmic reticulum and mitochondria 
(6). By contrast, Hall et al reported that 
steriodogenic functions of the somatic cells 
(Leydig and Sertoli cells) appear to be normal 
when exposed to the core body temperature (7). 
The elevated testicular temperature affects the 
normal functioning of all major cell types (Germ, 
Leydig and Sertoli cells) to some extend (8). Also 
heat-induced germ cell degeneration is usually 
accompanied by alteration in Sertoli cell 
morphology and function, a decrease in testes 
fluid, and increase in serum FSH with no changes 
in serum Testosterone and LH levels (9). More 
recently, a number of studies have documented that 
high temperatures induced an increased synthesis 
of several proteins and a decreased synthesis of 
many others.  
     The effect of temperature on testicular function, 
especially sperm motility and sperm viability are 
unclear however, several enzymatic activities are 
affected and the lipid composition of plasma 
membranes is modified (10). Besides, testicular 
stem cell enrichment has been widely used to 
investigate the biology of these cells in addition to 
the production of transgenic animals, germ cell 
transplantation and restoration of fertility in 
various species. The potential model for 
enrichment is cryptorchidism (11). In this study, 
we are reporting the effects of prolong 
cryptorchidism on sperm parameters and testis 
microstructure of unilateral and bilateral 
experimental cryptorchidism. We believe that the 
present model is a suitable tool for enrichment of 
spermatogonial stem cells also it is useful for the 
treatment of cryptorchidism and further biological 
research in to spermatogenes. 
 

Materials and methods 
 
Animals 
      Immature NMRI mice at under 2 months of age 
(Weigh 7-12 gr) were purchased from Razi 
Vaccine & Serum Research Institute (Karaj, Iran). 
Mice were anesthetized with an injection of 
1.6ml/kg of a mixture of Ketamine and xylezine. A 
cut was made along the skin in the upper 
abdominal region and the adipose tissue of the 
caput epididymis was sutured to the inner 
peritoneal wall, pushing the testes in to the 
abdomen.  
      The first experimental group mice were 
unilaterally cryptorchidized and in the second 

experimental group, mice were bilaterally 
cryptorchidized. Experimental and control animals 
were sacrificed by cervical dislocation, 2, 4, 6 and 
8 weeks after surgery. Following cervical 
dislocation left testis of unilateral groups and both 
testes of bilateral groups and epididymis were 
removed, the testes were weighed and fixed in 
Bouin,s fixative, dehydrated and embedded in 
paraffin.  
     Then, 5-µm serial microscopic sections were 
prepared and at least 5 slides from each testis 
stained with hematoxylin and eosin for histological 
assessment. 
      In each experiment, at least 5 animals were 
prepared and analyzed (13). All animal 
experimentation protocols were approved by the 
Institutional Animal Care and Use Committee of 
Tarbiat Modarres University (Tehran, Iran). 
 
Sperm parameters assessment  
     The epididymis was placed in 1 ml PBS (Ph 
7.4) and minced into small pieces before being 
incubated at 37°C for 30min. Sperm parameters 
were monitored by light microscopy. Sperms 
viability was assessed by determining the 
percentage of sperms excluding vital dye (25% 
eosin solution). Briefly, 7 µl of eosin solution was 
added to 20 µl of cell suspension after incubation 
and mixed thoroughly. Motility of sperm was also 
assessed by determining the percentage of motile 
sperm (14). Finally sperm numbers was also 
calculated with a hemocytometer count and 
compared in unilateral, bilateral, sham and control 
groups. 
 
Morphometrical analysis of testis 
     For each testis, in 100 randomly selected 
tubular profiles that were round or nearly round, 
the diameters of tubules and epithelium thickness 
were measured under light microscopy. Volume 
density of spermatogonial cells, spermatocytes and 
spermatids in seminiferous tubules were 
determined.  
     The location and morphology of the cells within 
the seminiferous tubules were used to identity 
them. An estimate of each parameter was 
performed by examining 20 fields in 5 histological 
sections from each testis (13). 
 
Statistical analysis  
     The results were analyzed by performing 
ANOVA and Tukey,s tests, with p<0.05 considered 
as statistically significant. The mean and standard 
deviation (SD) was also calculated for each value. 
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Results 
 

Analyses of sperm parameters in epididymis 
following creating unilateral and bilateral 
cryptorchidism mouse model  
     There was no significant difference between the 
result of sham and control groups. As the results 
show, there was a significant decline in sperm 
viability and motility rates (Table I and II) as well 
as a decline in sperms counts (Table III) following 
surgery. The viability of sperms decreased in all 
weeks after surgery, however, only in 2nd and 4th 
week after surgery there was significant difference 
between unilateral and bilateral groups. Sperm 
viability was not observed after 4th week in 
bilateral group but this situation occurs in 
unilateral group after 8th week (Table I). Similar 
observation was seen on sperm motility after 
surgery. However, the effect of heat on sperm 
motility was more severe. The significant 
difference between unilateral and bilateral groups 
only observed 2 weeks after surgery (Table II). 
The number of sperms per ml aspirated from one 
epididym was determined by hemocytometer 
counts. As presented in Table III, in all times after 
surgery the number of sperms decreased 
significantly in epididymis of experimental groups 
compared with control group but there was no 
significant difference between unilateral and 
bilateral groups (Table III). In addition, we showed 
decline in all sperm parameters after heat exposure 
especially in bilateral group.  
 
Analyses of morphological changes of mouse 
testis following creating unilateral and bilateral 
cryptorchid mouse model 
      As the data show, the values of the testicular 
weight in unilateral and bilateral groups were 
significantly less than those in the control group. 
These decrease observed from 2 week in both 
experimental groups but significant difference 
between these groups only observed in 4th week 
after surgery (figure 1). Histolological examination 
of the testis in control and experimentally groups 
revealed that tubular ectasis (rate of seminiferous 
tubules diameter comparing to the seminiferous 
epithelium thickness) was increased in 
experimental groups in time dependent manner. 
This difference started from 2 week after surgery 
between control and experimental groups (figure 
2). The testes were histologically examined by 
H&E staining (figure 3). Compared to the testes in 
the control group, in cryptorchid model, testicular 
tissues were degenerated. Spermatogonia, 
spermatocyte and round spermatids were observed,  

Table I. Viability rates (%) of sperms aspirated from 
epididymis after creating unilateral and bilateral mouse 
model. 

Sperm 
parameters 

Viability rate (mean ± SD) 

Time of 
assessment 

2nd w 4th w 6th w 8th w 

 

Control 
 

75.3 ± 2.6 
 

 

78 ± 1.7 
 

 

77.3 ±1.4 
 

78.6 ±1.4 

 

Unilateral 
 

28.3 ±3.1a 
 

12.33 ±1.4a 
 

3.66±1.2a 
 

0a 

 

Bilateral 
 

10 ± 2.8a,b 
 

0a,b 
 

0a 
 

0a 

 

The replication of experiences was at least 3 times for all 
groups. 
a: Significant difference versus control group in the same 
column (p<0.05)  
b: Significant difference versus unilateral group in the same 
column (p<0.05) 
Abbreviation: SD: Standard deviation 
 
 
Table II. Mortality rates (%) of sperms aspirated from 
epididymis after creating unilateral and bilateral mouse 
model. 

Sperm 
parameters 

Motility rate (mean ± SD) 

Time of 
assessment 

2nd w 4th w 6th w 8th w 

Control 
 

75 ± 2.5 
 

72.66±3.2 
 

75.33±3.4 
 

75.66±3.4 
 

Unilateral 
 

12.33±1.4a 
 

5.33±0.8a 
 

1.6 ± 0.8a 
 

0a 

 

Bilateral 
 

3.33±0.6a,b 
 

0a,b 
 

0a,b 
 

0a,b 

 

The replication of experiences was at least 3 times for all 
groups. 
a: Significant difference versus control group in the same 
column (p<0.05)  
b: Significant difference versus unilateral group in the same 
column (p<0.05) 
Abbreviation: SD: Standard deviation 
 
 
Table III. Sperm count per ml in epididymis after 
creating unilateral and bilateral mouse model. 
Sperm   
parameters Viability rate(mean ± SD) 

Time of 
assessment 2nd w 4th w 6th w 8th w 

 
 

Control 
 

4.4 ± 0.1 
 

4.3 ± 0.2 
 

4.1 ± 0.2 
 

4.4±0.1 
 

Unilateral 
 

0.1±0.01a 
 

0.1 ± 0.01 a 
 

0.7± 0.02 a 
 

0.3±0.8a 

Bilateral  0.01±0.001a 0.06±0.008 a 0.03±0.01 a 0a,b 

 

The replication of experiences was at least 3 times for all 
groups. 
a: Significant difference versus control group in the same 
column (p<0.05)  
b: Significant difference versus unilateral group in the same 
column (p<0.05) 
Abbreviation: SD: Standard deviation 
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but the differentiated cells after them, elongated 
spermatids or spermatozoa were not detected in the 
experimental groups. Numbers of spermatogonia 
increased after 8th week post surgery in bilateral 
group, while absence or sloughing of germ cells 
were not found in all experimental animals (Table 
IV). Based on these results the bilateral cryptorchid 
model is a useful tool for enrichment of 
spermatogonial stem cells. 

 
 

Table IV .Cell count per (mm)3 in seminiferous tubules 
(mean ±SD)×104. 
 

Bilateral Unilateral Control  
 

11.7 ±2.4a,b 
8 ±1.1a 

0.9 ±0.2a,b 
 

11 ± 2.7a 
5 ±0.3a,b 

0.1 a,b 
 

11.7 ± 1.2a 
4.6 ±0.1a,b 

0.1a 
 

12.2 ± 2.1a 
1.7 ±0.1a,b 

0 a 
 

7.5 ± 1.4a 
19.5 ± 1.9b 
2.2 ± 1.2a 

 
11.7 ± 2.4a 
20 ± 2.6a 
4.3 ± 0.4a 

 
12.2 ± 1.3a 
9.1 ±1.0a 
2.5 ±0.2a 

 
10.8 ± 2a 
5.1 ± 0.4a 

0 a 

4.4 ±0.7 
14.9 ± 2.1 
16.4± 12 

 
3.8 ± 0.6 

15.5 ± 2.3 
21.4 ± 2.5 

 
3.7  ± 0.9 
13.7 ±1.3 
26.1 ±2 

 
2.5 ±0.6 
12.2 ±1.6 
23.1 ± 2.1 

Spg 
Spc 
Spt 

 
Spg 
Spc 
Spt 

 
Spg 
Spc 
Spt 

 
Spg 
Spc 
Spt 

   
   

   
   

   
   

   
   

   
   

  T
im

e 
of

 e
xt

ra
ct

 
     

8th
w

ee
k 

   
  6

th
w

ee
k 

   
   

  4
th

w
ee

k 
   

   
2nd

  w
ee

k 

 

Spg: Spermatogonia, Spc: Spermatocyte, Spt: 
Spermatid. 
The replication of experiences was at least 3 times for all 
groups. 
a: Significant difference versus control group in the same 
column (p<0.05).  
b: Significant difference versus unilateral group in the same 
column (p<0.05). 
SD: Standard deviation 
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Figure 1. Testicular weights (gr) in control and 
experimental groups. a: Significant difference versus 
control group (p<0.05) b: Significant difference with 
unilateral group (p<0.05). 
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Figure 2. Seminiferous tubular ectasis (µm) of the 
mouse testis in the control and experimental groups. a: 
Significant difference versus control group (p<0.05) b: 

Significant difference with unilateral group (p<0.05). 
 
 

  

Figure 3. Cross sections of mouse testes staining with 
H&E A: Four weeks after surgery (unilateral group) B: 
Four weeks after surgery (bilateral group) C: Eight 
weeks after surgery (unilateral group) D: Eight weeks 
after surgery (Bilateral group) E: Cross section of 
normal testis. 

 
Discussion 

 
     Most mammals have a scrotum, and it is well 
established that the mild hyperthermia leads to 
infertility (15,16). As a sequence, the effects of 
local heating on the animal testis have been widely 
studied (17). In the current study we are reporting 
the effects of prolong heating caused by surgery on 
sperm parameters and testis microstructure of 
mouse testis also we compared this effects in 
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unilateral and bilateral experimental 
cryptorchidism mouse model. 
     One of the findings in this study was the 
decrease in tsetis wieght and in the number of 
spermatozoa in testis and epididymis in 
experimental mouse toward the end of experiment, 
associated  with a significant deterioration in the 
histology. This finding indicates that degeneration 
of spermatocytes and spermatids occures after 
cryptorchidism is in agreement with  Chowdhury 
and Steinberger (18,19) also by Collis and Lacy 
(20). By 2 weeks post operation, the mean weight 
of the testes in the bilateral cryptorchid mouse had 
diminished about %50 of the weight in the control 
group. Many studies suggested that germ cell loss 
after heat exposure caused this decrease in 
testicular weight (21). Longquan (2006) 
demonsterated that experimentally induced 
cryptorchidism in adult male rats caused a decrease 
in  the percentage of motile spermatozoa within 3 
days post operation (22). The present study 
demonstrated that experimentally induced 
cryptorchidism in immature mouse caused the 
epidydimal percentage of sperm number, motility 
and viability rates decreased significantly from 2 
week postoperation in both experimental groups. 
Motility and viability rates decline in bilateral 
experimental group compared with unilateral 
group.  
     The seminiferous tubules in the cryptorchid 
testes were similar in shape in cross section to 
those of the control testes, but their diameter 
showed progressive reduction with the increasing 
duration of cryptprchidism. The volume density 
measurements showed that the seminiferous tubule 
lumen is increased after cryptorchidism. 
Degenaration of germ cells resulted in the increase 
in the tubule lumen (4,6).  We showed tubular 
ectasis increased after surgery and this subject was 
more prominent in bilateral groups compared with 
unilateral groups probably due to rapid 
degeneration of differentiated germ cells in 
bilateral groups. Many investigators showed 
significant decreased diameters of seminiferous 
tubules and thickness of germinal epithelium in 
cryptorchid testis (23).  
     During spermatogenesis, the spermatogonial 
stem cells (SSC) which undergo self-renewal 
throughout adult life of the animal and produces 
progeny cells, undergo the complicated 
differentiation steps. As in other rare stem cell 
populations, enrichment strategies are required to 
study SSC biology. It has been demonstrated that 
during testis development, the total number of SSC 
per testis increases 39-fold from newborn to adult 

(24). The number of SSC also appears to increase 
during the regeneration of spermatogenesis 
following cytotoxic damage (25, 26). Either testis 
hyperthermia or cryptorchidism may be used to 
increase the percentage of SSC invivo. Although 
these experimental conditions cause depletion of 
more differentiated germ cells, they do not appear 
to affect SSC survival and biological activity, thus 
resulting in an increase in the ratio of SSC vs. the 
total number of germ cells (27). An effect of heat 
on spermatogonia in mice had already been 
reported by Reid, who performed studies on the 
repoplution of seminiferous tubules after irridiation 
(28). Differentiation of spermatogonia has also 
been reported to be arrested in cryptorchid mice 
(29) and heating the testes of sheep caused a 
reduction in the production  of A1 spermatogonia 
20 days later, with no effect on the numbers of A0 
spermatogonia (30). Miralgia and Hayashi (31) 
reported a decrease in the percentage of tubules 
with spermatogonia from 100 to 89% at day 15 
after heating the testes of rats to 43ºC for 30 min. 
We showed spermatocytes and spermatids are 
major cells which were affected also 
spermatogonial number increased after 2 week 
postoperation and this increase is noticeable in 
bilateral group compared with unilateral group. In 
addition, experimentally induced bilateral 
cryptorchidism provides a useful model for 
enrichment of spermatogonial stem cells.  
     According to previous study, experimentally 
induced unilateral cryptorchidism provides a useful 
model for study of the role of local factors 
regulating testis cell apoptosis this suggested that 
apoptotic cell death induced by bilateral 
cryptorchidism might be affected by changes in 
systemic factors. The increase of apoptosis in male 
germ cell after unilateral cryptorchidism is 
presumably regulated by local testicular factors 
(32). Also in this research, the differences 
indicated between unilateral and bilateral groups 
maybe arise from this subject. 
     We believe that the present model is a suitable 
tool for enrichment of spermatogonial stem cells; 
also it is useful for treatment of cryptorchidism and 
further biological research in spermatogenesis. 
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