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Abstract Elevation of scrotal temperature may be injurious to 
spermatogenesis and leading cause male infertility. Scrotal 
heat stress reduces the number and motility of spermatozoa, 
fertilization ability of the surviving sperm and poor 
fertilization-embryo. This study was designed to investigate 
the effect of heat stress (at 37 ºC, 40 ºC and 43 ºC) on 
histopathological features of testicular tissue in scrotal heat 
exposed male mice. Experimental and control groups were 
sacrificed after completion of five weeks heat exposure 
period. The testes were fixed and stained hematoxylin-eosin 
(H&E) for qualitative and quantitative analysis of 
histopathological alterations and spermatogenesis according 
to Johnson scoring system. The results indicated that mice 
exposed to heat-stress mice exhibited degenerated and 
disorganized features of spermatogenic epithelium and 
reduced spermatogenic cells. Heat stress exposure (40 ºC and 
43 ºC) shows the significantly reduced Johnson score 
compared to the control condition (P < 0.05 and P < 0.001, 
respectively). Meanwhile, scrotal heat exposure at 37 ºC did 
not reach significantly changes in Johnsen’s testicular 

histopathological score. The seminiferous tubule structure and 
spermatogenesis were completely disrupted in mice exposed 
to 43 °C. Percentage of high Johnsen score point was 
decreased in mice in heat-stress exposure group, while the 
ratio of low Johnsen score points was gradually increase. 
Spermatogenesis in male mice exposed to chronic scrotal heat 
stress is disrupted at 43 °C. In conclusion, this study attempted 
to develop an animal model for studying the male reproductive 

system. Johnsen scores system was standardized to assess 
murine testicular histopathology in the seminiferous tubule 
cross-section. Collectively, these results indicated a negative 
impact on histopathological alterations and spermatogenesis 
arrest following chronic scrotal heat stress. 
 

Keywords: Johnson scoring system, male reproductive 
system, mouse model, testicular tissue 
 
Introduction 
 

The scrotal temperature in most mammals is normally 
below the core body temperature by 2 – 8 °C, playing an 
important role in spermatogenesis that occurs in the testes 
normally. Increases in testicular temperature may be 
detrimental to spermatogenesis and ultimately cause problems 
in fertility (Shadmehr et al 2018; Lin et al 2015). Elevation of 
scrotal temperature interrupts spermatogenesis, resulting in 
reduced the number and motility of spermatozoa, fertilization 
ability of the surviving sperm and poor fertilization-embryo 
(Shadmehr et al 2018; Rasooli et al 2010). High scrotum 
temperature increases oxidation, resulting in disrupted 
thermoregulation of the testicle such as reduction of 
antioxidant enzymes production and heat shock protein 
production, and an increase in apoptosis and cell death (Kumar 
Roy et al 2016). Heat stress reduces the ability to regulate the 
temperature of the scrotum, causes oxidative stress, thus 
causing cellular reactions including mitochondrial 
dysfunction, increase the ROS and reduces the production of 
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anti-ROS enzymes, reduces the increased apoptotic rate. 
Besides, heat stress acts inhibitory on the structure and 
function of the testes, leading to decrease male fertility 
(Rasooli et al 2010). 

Scrotal heat stress causes a variety of mechanisms that 
occur in the testes including oxidative stress response, heat 
shock response, cell cycle checkpoints, DNA repair and 
apoptosis and cell death (Lin et al 2015; Zhang et al 2015). 
Scrotal heat stress interrupts spermatogenesis in male mice 
(Lin et al 2015). Spermatogonial germ cells are also 
influenced by heat stress, resulting in the elimination and 
absence of them in the seminiferous tubules, Sertoli and 
Leydig cells are degenerated (Rasooli et al 2010).  

Mice are animal models commonly used in the study 
of the effects of heat stress because they are readily available, 
easy to find, cost-effective, easy to handle and have 
similarities in thermostats such as a human. Several studies 
have used experimental mouse models to assess 
environmental stress and exercise stress (Rakesh et al 2014). 
Previous research has evaluated the testicular response after 
transient scrotal temperature exposure leading to germ cell 
death and complex stress response (Paul et al 2009). However, 
animal model for heat stress study is not yet well established. 
This study aims to establish a mouse model for scrotal heat 
stress and investigate the histomorphometric change of 
testicular tissue in scrotal heat-stress exposed male mice based 
on Johnsen score of testicular histopathology.  
 
Materials and Methods 
 

Animals  
 

Adult male Swiss mice with 8-10 weeks old (20-23g) 
were purchased from Pasteur Institute of Nha Trang, Viet 
Nam. Mice were kept in animal facility in a controlled 
temperature (25±1 °C) and photoperiod (12h light: 12h dark), 
with free access to food and water. Animals were randomly 
divided into 4 groups of 5 mice each: Control group, 37 °C 
heat exposure group, 40 °C heat exposure group, 43 °C heat 
exposure group.  
 

Experimental heat stress  
 

The lower half of the mouse's body, including the 
scrotum, was submerged in a temperature-controlled water 
bath (37 °C, 40 °C or 43 °C) for 10 minutes, twice per day, at 
10 minutes intervals, 6 days per week for 5 weeks. Control 
mice were treated within the same way, but in water bath 
maintained at 25 °C. After having the bath, mice were dried 
and examined for any injury or redness to the scrotal skin 
before returned to their cages. The four groups were kept in 
different cages and had free access to water and food. All 
animals were cared for under the identical environmental 
conditions. The mice were monitored their general health. 

After completing the heat exposure experiment after 5 weeks, 
all mice were sacrificed under anesthesia. Their testis tissue 
was harvested for histological morphometric analysis.  
 

Tissue processing and hematoxylin-eosin staining 
  

At the end of the surgical procedure, the testicular 
specimens were individually immersed into 4% buffered 
formaldehyde, dehydrated with graded concentrations of ethyl 
alcohols and embedded tissues into paraffin blocks. Paraffin 
sections of 5 μm thick were obtained transferred onto gelatin-
coated slides, deparaffinized with xylene and then rehydrated 
through a descending series of ethanol and water. Slides were 
stained with hematoxylin and eosin (H&E) and observation 
under a light microscope for histopathological analysis. 
 

Histological morphometric analysis 
 

The testicular tissue was evaluated in random order by 
a pathologist, who was blinded to the study group allocations 
with Zeiss Axioplan-2 Imaging light microscopy (KS-300 
Imaging System). Testicular damage and spermatogenesis 
were assessed histopathologically using Johnsen’s mean 

testicular biopsy score (MTBS) (Johnsen 1970). By using a 
40x magnification, thỉty tubules for each animal were graded 
and each tubule was given a score from 1 to 10 based on the 
presence or absence of germ cell types in the testicular 
seminiferous tubules such as spermatozoa, spermatids, 
spermatocyte, spermatogonia, germ cells and Sertoli cells to 
evaluate histology. A higher Johnsen’s score indicates a better 

status of spermatogenesis, while a lower score refers to more 
severe dysfunction. Score 1 means no epithelial maturation 
considered for the tubules with complete inactivity while a 
score 10 means full epithelial maturation considered for the 
tubules with maximum activity (Table 1).  
 

Statistical analysis 
 

Results were analyzed using SPSS version 18. All data 
were reported as mean ± standard deviation (SD). To 
evaluation of significant differences, the comparison of means 
between every two experimental groups was done by a 
computer program for Student’s t-test. Differences were 
considered to be statistically significant if P < 0.05. 
 
Results 
 

Heat stress-induced spermatogenesis complications  
 

Mice without heat stress (control group: bathing in 25 
°C water) showed the complete process of spermatogenesis in 
which progenitor spermatogonia develop into mature 
spermatozoa in the seminiferous tubules (Figure 1a). The 
germinal epithelium including of cells at different stages of 
spermatogenic development (spermatogonia, primary 
spermatocytes, secondary spermatocytes, spermatids, and 
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spermatozoa) located in invaginations or in dilations between 
of Sertoli cells (Figure 1b). Meanwhile, the heat-stress 
exposed mice (all experimented groups) exhibited 

degenerated and disorganized features of spermatogenic 
epithelium and reduced spermatogenic cell numbers (Figure 
1c and 1d). 

 

Table 1 Histological classification of seminiferous tubular cross-sections according to the Johnsen scoring system. 

Score Description 

10 Complete spermatogenesis with many spermatozoa. Germinal epithelium organized in a 

regular thickness leaving an open lumen. 

9 Many spermatozoa present but germinal epithelium disorganized with marked sloughing or 

obliteration of lumen. 

8 Only a few spermatozoa present in the section. 

7 No spermatozoa but many spermatids present. 

6 No spermatozoa and only a few spermatids present. 

5 No spermatozoa, no spermatids but several or many spermatocytes present. 

4 Only few spermatocytes and no spermatids or spermatozoa present. 

3 Spermatogonia are the only germ cells present. 

2 No germ cells but Sertoli cells present. 

1 No cells in the tubular section 

 

 
Figure 1 Testicular structure and spermatogenesis in controlled and heat-stress exposed male mice. a. Testicular structure in controlled male 
mice b. Complete spermatogenesis occurs in the seminiferous tubules c. Testicular structure in heat-stress exposed male mice d. 
Spermatogenesis arrest occurs in the seminiferous tubules from heat-stress exposed mice; Le: Leydig cells, Se: Sertoli cells, Sg: Spermatogonia, 
Sc: Spermatocytes, rs: round spermatids, es: elongating spermatids, S: Spermatozoa. 
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Standardization of Johnsen scores in the seminiferous tubule 
cross-sections  
 

Histological structure and spermatogenesis in mice 
were evaluated by the Johnsen scoring system. The 
seminiferous tubules were graded (1 to 10) according to 
reduction in the number and density of germ cells from the 
lumen of seminiferous tubules. Standardization of Johnsen 
scores in the seminiferous tubule cross-sections of control and 
heat exposed group mice was shown in Figure 2. Johnsen 
scores 8, 9, and 10 indicate spermatogenesis with a few to 
many spermatozoa present in a section of seminiferous tubular 

(Figure 2a, 2b and 2c). Scores 6 and 7 indicate seminiferous 
tubular with no spermatozoa, but spermatids present (Figure 
2d and 2e). Seminiferous tubular with no spermatozoa, no 
spermatids, but spermatocyte present is evaluated as scores 4 
and 5 (Figure 2g and 2f). Seminiferous tubular with only 
spermatogonia as germ cell presence is evaluated as score 3 
(Figure 2h), meanwhile tubular with no germ cells but Sertoli 
cells present is given a score 2 (Figure 2i). Seminiferous 
tubular with a complete absence of cells in the seminiferous 
tubules is evaluated as score 1 (Figure 2j).

 

 
Figure 2 Standardization of Johnsen scores in the seminiferous tubule cross-sections of control and heat exposed group mice stained with 
hematoxylin-eosin (HE). a. Johnsen score 10; b. Johnsen score 9; c. Johnsen score 8; d. Johnsen score 7; e. Johnsen score 6; f. Johnsen score 
5; g. Johnsen score 4; h. Johnsen score 3; i. Johnsen score 2; j. Johnsen score 1. Le: Leydig cells, Se: Sertoli cells, Sg: Spermatogonia, Sc: 
Spermatocytes, rs: round spermatids, es: elongating spermatids, S: Spermatozoa. 

 

https://doi.org/10.31893/jabb.20023
https://doi.org/10.31893/jabb.20023


 
178 

 

 
doi.org/10.31893/jabb.20023 

 

 
J Anim Behav Biometeorol (2020) 8:174-180 
 
Histological evaluation of seminiferous tubules in heat-stress 
exposed mice 
 

Box and whisker plots in Figure 3 show the Johnsen 
score of seminiferous tubule cross-sections in normal and 
heat-stress exposed male mice. The result shows that there was 
a negative effect of high temperature on testicle structure and 
spermatogenesis in male mice. Johnsen score in the control 
group (exposed to 25 °C water) was 8.46±1.05, while the 
Johnsen score of the 37 °C-heat exposed groups was lower 
(7.38±1.13) but no statistically significant difference (P > 
0.05). Johnsen score in heat-exposed groups at 40 oC and 43 
oC were 4.94±1.39 and 2.46±1.20, respectively. Heat stress 
exposure in 40 oC and 43 oC groups were both significantly 
reduced Johnson score compared to the control group (P < 
0.05 and P < 0.001, respectively). 
 

Frequency distribution of Johnsen scores in heat-stress 
exposed mice  
 

The frequency distribution of Johnsen scores of 
seminiferous tubular cross-sections in controlled and heat-
stress exposed male mice was shown in Figure 4. This result 
revealed that scores 7-8 and 9-10 had the highest prevalence 
in the control group, with a relative frequency of 49.6% and 
48.8% respectively, compared to 62.4% and 15.2%, 
respectively, in the 37 °C group. In the 40 °C group, scores 5-
6 and 3-4 had the highest prevalence in the control group, with 
a relative frequency of 54.4% and 27.2% respectively. In the 
43oC group, scores 1-2 and 3-4 had the highest prevalence in 
the control group, with a relative frequency of 54.4% and 
42.2% respectively. Heat-stress exposure decreased the 
percentage of high Johnsen points, gradually increasing the 
ratio of low Johnsen points.

 
Figure 3 Box and whisker plots showing the Johnsen score of seminiferous tubular cross-sections in controlled and heat-stress exposed male 
mice. CON:  Controlled group; H37, H40, H43: Heat-stress exposed groups at 37, 40 and 43 °C. 

 
Figure 4 Histograms showing the frequency distribution of Johnsen scores of seminiferous tubular cross-sections in controlled and heat-stress 
exposed male mice. CON:  Controlled group; H37, H40, H43: Heat-stress exposed groups at 37, 40 and 43 °C. 
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Spermatozoa cell number in tubular cross-section of heat-
stress exposed mice 
 

The mean of spermatozoa number per tubular cross-
section in controlled and heat-stress exposed male mice was 
shown in Figure 5. In the control group, there were 14.6±10.1 
spermatozoa per tubular cross-section. Heat stress exposed at 
37 °C was significantly reduced the number of spermatozoa in 
tubular cross-section (6.5±8.2) compared to those in a control 
group (P < 0.001). There were a few spermatozoa in tubular 
cross-section in the 40 °C group (0.5±2.3), while no 
spermatozoa were observed in the seminiferous tubules in the 
43 °C group. 
 
Discussion 
 

Mammalian spermatogenesis is a complex system 
within structurally well-designed seminiferous tubules. 
During the process of spermatogenesis, the diploid 
spermatogonia (Spermatogonial stem cells) differentiate into 
primary spermatocytes, then undergo the first meiotic division 
into two secondary spermatocytes. Each secondary 
spermatocytes go through the second meiosis division to 
produce haploid daughter spermatids. Spermatid transforms 
into spermatozoa by the process of metamorphosis 
(spermiogenesis) (Hunter et al 2012). Globally, animal models 
have commonly been used to address a variety of biomedical 
research including, from basic science to immunology and 
infectious disease, oncology, and behavior or therapies. 
Laboratory mice have highly homogeneous genetic 

composition and have been developed to be the powerhouse 
for biomedical research (Barre-Sinoussi and Montagutelli 
2015). Animal model, especially mouse model was 
investigated for the study of human infertility or 
spermatogenesis, such as the genes involved in male infertility 
(Jamsai and O'Bryan 2011), effects of testes hyperthermia 
(Kumar Roy et al 2016), cisplatin-induced testicular injury 
(Whirledge et al 2015). In this study, the mouse model was 
established to study the effect of scrotal heat stress on 
spermatogenesis and male fertility. 

Johnsen's score evaluation system was used in several 
studies to assess testicular histology, a relatively complete 
scoring system with a full level of testicular histological scores 
given a score of 10 to 1 with a decrease in the number of cells 
in the lumen of the spermatogenesis (Johnsen 1970). This 
quantitative histological grading system is a reliable, easily 
obtained and simple tool to prognosis for reproductive 
capacity in men (Dohle et al 2012; Teixeira et al 2019). 
Johnsen's score is also a histopathological predictor of semen 
quality after a number of treatment indications in male 
infertility patients to analyze and determine positive 
prognostic values that help improve fertility (Teixeira et al 
2019). In this study, we applied the criteria formulated by 
Johnsen to assess murine testicular histopathology affected by 
scrotal heat stress. The result showed that Johnsen's score was 
significantly reduced in the heat stress groups compared with 
those in the control group, increasing the possibility of 
infertility in male mice.

 

 
Figure 5 Box and whisker plots showing mean spermatozoa number per tubular cross-section in normal and heat-stress exposed male mice. 
CON:  Controlled group; H37, H40, H43: Heat-stress exposed groups at 37, 40 and 43 °C. 

 
The heat stress has been known as a risk factor of male 

infertility. However, the exact mechanism causing impaired 
spermatogenesis is still unclear. Testicular histology after 

thermal exposure had changes such as decreased epithelial 
thickness, appearance of cellular debris, fragmented cells, and 
absence of sperm and spermatocytes (Setchell 2006; Gao et al 
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2012). The impact of prolonged heat stress negatively affects 
sperm quality and quantity, testicular structure with disruption 
of the surrounding epithelium (Setchell 2006). In addition, 
scrotal heat stress reduces testicular weight, mitochondrial 
degeneration, dilatation of the smooth endoplasmic reticulum 
and Leydig cells lose the function of supporting stem cells 
(Durairajanayagam et al 2015). Findings from this study 
support that the testicular structure was disorganized germinal 
epithelium with marked sloughing or obliteration of lumen; 
spermatogenesis was interrupted with the absence of many 
types of sperm cells in male mice after chronic scrotal heat 
stress exposed for 5 weeks. 

In conclusion, this study standardized the Johnsen 
score system to assess murine testicular histopathology in the 
seminiferous tubule cross-sections. There was evidence for 
negative effects on histopathological alterations and 
spermatogenesis arrest following chronic scrotal heat stress. 
In addition, this study attempted to develop an animal model 
for studying the male reproductive system. 
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