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Objective(s): Lipopolysaccharide (LPS)-induced endotoxemia is known to cause male infertility. This 
study was designed to explore the effects of bacterial LPS on histomorphometric changes of mice 
testicular tissues.     
Materials and Methods: In experiment 1, a pilot dose responsive study was performed with mice that 
were divided into five groups, receiving 36000, 18000, 9000, and 6750 µg/kg body weight (B.W) of LPS 
or only saline (control). White blood cells (WBC) were observed for 3 days after LPS inoculation. In 
experiment 2, two groups of mice were treated with 6750 µg/kg B.W of LPS or only saline (control). Five 
cases from each experimental group were sacrificed at 3, 30, and 60 days after LPS inoculation. Left 
testes were fixed in Bouin’s solution, and stained for morphometrical assays.  
Results: Time-course changes of WBC obtained from different doses of LPS-treated mice showed that 
inoculation of 6750 µg/kg B.W produced a reversible endotoxemia that lasts for 72 hr and so it was used 
in the second experiment. In experiment 2, during the first 3 days, no significant changes were observed 
in the evaluated parameters instead of seminiferous tubules diameter. Spermatogenesis, Johnsen’s 
score, meiotic index, and epithelial height were significantly affected at 30th day. However, complete 
recovery was only observed for the spermatogenesis at day 60. Interestingly, deleterious effects of LPS 
on spermatogonia were only seen at 60th day (P<0.05).      
Conclusion: Endotoxemia induced by LPS has long-term detrimental effects on spermatogonia and later 
stage germ cells, which are reversible at the next spermatogenic cycle. 
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Introduction 
Inflammatory diseases, which often originate from 

bacterial contamination, are reputed to be responsible 
for male infertility (1). Bacterial lipopolysaccharide (LPS) 
is an active component of the outer membrane of the cell 
wall of Gram-negative bacteria, which modulates an 
acute inflammatory response in the host that is known as 
acute endotoxemia. Since inflammatory condition and 
endotoxemia can be mimicked by the administration of 
LPS, so LPS-induced animal models can open a useful 
way to investigate a relationship between mechanisms of 
inflammatory diseases and infertility (2). LPS is 
responsible for activating immune cells such as mast cells 
and neutrophils (3, 4). Indeed, LPS binds to receptors on 
leukocytes and induces the release of pro-inflammatory 
cytokines, including interleukin-6, interleukin-1β, tumor 
necrosis factor α, interferon-γ, transforming growth 
factor β (5). Cytokines are regulators of acute phase 
response such as fever, anorexia (6), renal failure (7), and   

endocrine changes (8), which disturb spermatogenesis 
and steroidogenesis (9, 10). Thus, LPS induces the 
production of reactive oxygen species (ROS) in testes, 
and ROS production is reported as a main factor for 
testicular damage (11). 
     A previous study has shown an increase in apoptosis 
of testes germ cells as well as remarkable effects on 
sperm concentration and motility in LPS-induced mice 
(12); in another report, administration of sub-lethal 
doses of LPS to mice has resulted in a rapid decrease in 
serum testosterone levels after 24 hr (13). However, 
short and long-term effects of LPS on spermatogenesis 
and testicular structure have been well examined in the 
other mammals such as rats and rabbits (9, 11, 14, 15). 
Unfortunately, few studies concerning the effects of 
bacterial LPS on mice testicular functions can be found. 
Therefore, the aim of the present study was to determine 
the short and long-term effects of bacterial LPS 
administration on histomorphometric changes in mice 
testicular tissues.     
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Materials and Methods 
Animals 

The mice were purchased from Razi Vaccine and 
Serum Research Institute in the Southeastern part of 
Iran, Kerman branch. The animals were kept in standard 
conditions (12 hr light: 12 hr dark and 22 ± 2°C), and 
underwent treatment at the Laboratory Animal House of 
the Veterinary Faculty of Shahid Bahonar University of 
Kerman, Iran, for at least one week before the treatment 
and during the experimental period. A total of 50 healthy 
adult male NMRI mice (aged 6–8 weeks, 27–31 g) were 
used in this study, which were fed standard commercial 
laboratory chow ((pellet form), Javaneh Khorasan Co., 
Mashhad, Iran) and water ad libitum. All the 
investigations were conducted in accordance with the 
Guiding Principles for the Care and Use of Research 
Animals. The experimental protocol was approved by 
the Ethics Committee of Faculty of Veterinary Medicine, 
Shahid Bahonar University of Kerman, Iran.    
 
Experiment 1 

A pilot dose-response study was performed to 
establish a suitable LPS (lipopolysaccharide from 
Escherichia coli O55:B5, L2880, Sigma-Aldrich) dosage 
for the induction of a reversible endotoxemia state. 
Twelve healthy NMRI male mice were randomly divided 
into five experimental groups and intraperitoneally 
injected with 36000, 18000, 9000, and 6750 µg/kg B.W 
of LPS (dissolved in 0.1 ml of sterile saline) or only sterile 
saline as a control group. The inflammatory response 
was determined by the number of the white blood cells 
(WBC) just before (at time zero) and up to 72 hr after 
LPS treatment.   
 

Experiment 2 
Thirty new male mice were randomly assigned to 

either control or treatment groups with fifteen mice in 
each group. To monitor the short and long-term effects 
of LPS on testicular tissue changes and based on the 
results of experiment 1, fifteen mice from the treatment 
group were intraperitoneally inoculated with 6750 
µg/kg B.W of LPS. Saline-treated mice served as the 
control group (n=15).  

Five cases of 15 mice from each experimental group 
were sacrificed at 3, 30, and 60 days following LPS 
inoculation and their left testes were removed and used 
for histopathological evaluations. 
 

Histopathological procedures 
All tissue specimens of testes were fixed in Bouin’s 

solution, embedded in paraffin wax, sectioned with 5 µm 
thicknesses, stained with hematoxylin and eosin (H&E) 
and studied by a light microscope (Nikon, Digital Sight 
DS-Fi2, Japan). 
 
Morphometrical assays 

Spermatogenesis was determined by the semi-
quantitative method (Johnsen’s score) in 100 seminife- 
rous tubules of each cross-section at the same 

magnification and summed up as mean Johnsen’s score 
(JS) (16), and quantitative method in which 200 
seminiferous tubules were examined under light 
microscopy. In the quantitative method, the presence of 
spermatozoa within the seminiferous tubule was 
considered as the evidence of spermatogenesis (SP). 
Lack of the spermatozoa even in the presence of orderly 
progression of primary and secondary spermatocytes 
was not considered as evidence of spermatogenesis for 
the purpose of the present experimental study (17). The 
seminiferous tubules diameter (STD) and epithelial 
height (EH) were measured in each testis for evaluation 
of morphometrical assays. The ten smallest, roundest 
tubules were selected for each animal per experimental 
group, and the epithelium height and diameter of 
tubules were measured with an ocular micrometer 
under light microscopy. The average diameter of 
spermatogonia cells nuclei (SND) was measured from 
10 cells for each testis. The number of round spermatids 
for each pachytene primary spermatocytes was also 
calculated as meiotic index (MI) for determination of cell 
loss percentage during cell division (18).         
 
Statistical analysis 

The results were subjected to analysis by SPSS17.0 
(SPSS Inc., Chicago, IL, USA) package. All data were 
tested for homogeneity of variances using Levene static 
test. Evaluation of significant difference between the 
experimental groups was performed using one-way 
analysis of variance (one-way ANOVA) followed by the 
least significant difference test (LSD) for multiple 
comparisons when the variances were homogenous, 
otherwise Tamhane’s test was used as post hoc. Values 
were expressed as mean ± SEM. The significance 
considered level was P<0.05. 
 

Results  
The effects of LPS induced endotoxemia on changes 

of testicular tissue structures were evaluated by 
planning two series of experiments including 
experiment 1 for exploring suitable LPS dose and 
experiment 2 for monitoring LPS effects based on the 
results obtained from experiment 1. The results of the 
above mentioned experiments are presented separately.  
 
Experiment 1 

Data relative to time-course changes in the number 
of white blood cells (WBC/mL) obtained from the 
different doses of LPS-treated male mice up to 24 hr has 
been shown in Figure 1. Blood leukocytes (WBC/ml) 
rapidly increased during 12 hr, so that all the mice in the 
experimental group with 36000 µg/kg B.W of LPS died. 
However, the death of mice was observed in the two 
other experimental groups following a decrease in WBC 
including experimental groups with 18000 and 9000 
µg/kg B.W of LPS. Only, a dose of 6750 µg/kg B.W 
showed reversible endotoxemia without killing the 
animals. Overall, according to the obtained results a dose 
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of 6750 µg/kg B.W of LPS was used in the second 
experiment. Detailed time-course changes in the 
number of WBC treated with 6750 µg/kg B.W of LPS and 
the control group up to 72 hr has been shown in Figure 
2. 

Detailed data relative to the number of WBC obtained 
from the LPS treated mice with a dose of 6750 µg/kg B.W 
showed a marked increase 4 hr after the administration 
of LPS followed by a decrease during 12 hr and then, 
blood leukocytes reached a maximum value at 48 hr 
again. However, complete recovery was achieved after 
72 hr, in which the data did not show any significant 
difference with the control group. 

 
Experiment 2 (morphometrical evaluations) 
     In experiment 2, some histomorphometrical 
parameters including JS, SP, EH, MI, STD, and SND were 
evaluated after 3, 30, and 60 days of LPS treatment 
(Table 1 and Figure 3), which are explained below 
separately. 
 
 

 
Figure 1. Time-course changes in white blood cells count (mean ± SEM) 
of mice treated with different doses of LPS including 36000, 18000, 
9000, and 6750 µg/kg B.W and the control group 

 
 
 
 

 
 
Figure 2. Variation in white blood cells count (mean ± SEM) of mice 
treated with 6750 µg/kg B.W of LPS and the control group up to 
recovery (72 hr) 

 
 
 

Figure 3. Testicular sections stained with hematoxylin and eosin (bar = 
100 µm). A: Control group section showing normal seminiferous 
tubules morphology. B: A few seminiferous tubules revealing mild 
degenerative changes on day 3 after LPS administration. C: 
Photomicrograph showing seminiferous tubules at days 30 following 
LPS administration. Severe degenerative changes are observed. 
Depletion and vacuolation of epithelium with decreased number of 
germinal layers are seen in some of the seminiferous tubules. D: 
Photomicrograph showing seminiferous tubules at day 60 of LPS 
administration. Normal histomorphology of tubules is preserved      

 
Spermatogenesis (semi-quantitative and quantitative 
methods) 

The quantitative method of spermatogenesis 
evaluation revealed a significant decrease in the 
percentage of spermatogenesis at day 30 after LPS 
administration compared to the control group 
(90.86±1.48 vs. 95.50±0.41, P=0.000, respectively), 
although complete recovery was observed at day 60.  
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Table 1. The mean ± SEM of different parameters including spermatogenesis, Johnsen’s score, meiotic index, epithelial height, seminiferous tubules 
diameter, and spermatogonia cell nucleus diameter following inoculation of LPS 

 

Parameters 
(scale) 

Leven’s test P-value 
Control 

(no. of mice) 

LPS treatment groups 

Day 3 (n=5) Day 30 (n=5) Day 60 (n=5) 

SP (%) 0.301 
95.50 ± 0.41a 

(13) 
95.35 ± 0.91a 90.86 ± 1.48b 95.46 ± 0.56a 

JS (count) 0.000 
9.11 ± 0.07a 

(14) 
8.70 ± 0.20abc 8.12 ± 0.23bc 8.00 ± 0.90c 

MI (index) 0.010 
2.14 ± 0.02a 

(14) 
2.03 ± 0.04a 1.64 ± 0.03b 1.85 ± 0.04c 

EH (µm) 0.025 
66.33 ± 0.59a 

(14) 
64.45 ± 0.79a 61.05 ± 0.81b 57.65 ± 0.86c 

STD (µm) 0.079 
217.28 ± 1.55a 

(14) 
205.40 ± 2.14bc 200.80 ± 2.22c 212.40 ± 2.25a 

SND (µm) 0.000 
5.12 ± 0.02a 

(14) 
5.20 ± 0.05a 5.13 ± 0.01a 5.02 ± 0.01b 

 
SP, Spermatogenesis; JS, Johnsen score (testicular biopsy score count); MI, meiotic index; EH, epithelial height; STD, seminiferous tubules diameter; 
SND, spermatogonia cell nucleus diameter 
a,b,c Different alphabetic letters in each row, show significant difference (P<0.05) between the control and treatment groups for each individual day 
(3, 30, and 60)  

 
 

A similar result was observed in semi-quantitative 
method evaluated by JS in which significant impairment 
of spermatozoa was revealed until day 30 time-
dependently in comparison with the control group 
(8.12±0.23 vs. 9.11±0.07, P=0.001, respectively). 
 
Meiotic index (MI) 

In spite of decreased MI during the first three days 
compared with the control group (P>0.05), significant 
impairment of MI was seen at day 30 compared with the 
control group following LPS administration (1.64±0.03 
vs. 2.14±0.02, P=0.000, respectively) with a significant 
recovery at day 60. 
 
Epithelial height (EH) 

LPS administration caused a time-dependent 
reduction in EH observed from day 3 to 60. However, 
significant reduction of EH was after 30 days compared 
to the control group (61.05±0.81 vs. 66.33±0.59, 
P=0.000, respectively). 
 
Seminiferous tubules diameter (STD) 

Significant reduction of STD was observed from day 
3 after LPS administration in comparison with the 
control group (205.40±2.14 vs. 217.28±1.55, P=0.000, 
respectively) and continued up to day 30, although there 
was not any significant difference between third and 
30th days.  

Thus, the mean of STDs at day 60 following LPS 
treatment was completely recovered in comparison 
with days 3 and 30 (P<0.05) in which no significant 
difference was observed between the control group and 
day 60. 
 
Spermatogonia cell nucleus diameter (SND) 

Detrimental effects of LPS administration were just 
observed at day 60 compared to the control group 

(5.02±0.01 vs. 5.12±0.02, P=0.019, respectively) and 
there was not a significant difference among the control, 
day 3, and day 30 groups (P>0.05). 
 

Discussion 
There are so many reports that reveal the impact of 

LPS-induced endotoxemia on animal testes (9, 11, 13-15, 
19), but we could not find an answer for what is the long-
term influence of LPS-induced endotoxemia on mice 
testicular structures? The present study revealed a 
permanent damage to the testicular structure following 
30 days of LPS treatment except for spermatogonia, 
which rebounded at the end of the second 
spermatogenesis cycle (60 days of LPS treatment).  

In the present study, the prominent point about 
spermatogonia was the observable damage that 
happened at the end of the second mice 
spermatogenesis cycle (Table 1). In other words, the 
first significant decrease in the spermatogonia cell 
nucleus diameter (SND) was seen at day 60 compared to 
day 30 after LPS administration (5.02±0.01 vs. 
5.13±0.01, P=0.036), while there were not any 
significant differences among the control, day 3, and day 
30 groups. Previous reports documented apoptosis in 
germ cells of rats (9) and mice (12), but resulting long-
term effects on spermatogonia were not examined. A 
major pathway of apoptosis is controlled by the Fas/Fas 
Ligand (FasL) system. Fas including APO-1 and CD95 are 
a transmembrane receptor glycoprotein, which is 
classified as tumor necrosis factor (TNF) or nerve 
growth factor receptor family (20) and FasL is a type ӀӀ 
transmembrane protein that is connected to TNF family 
(21). A previous paper reported an increase in the 
number of Fas-positive germ cells 24 hr after LPS 
treatment in coordination with testicular germ cell 
apoptosis (12). Indeed, germ cell apoptosis observed in 
the report of Kajihara et al. (12) after LPS treatment 
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could be a result of direct effects of LPS on 
spermatogonia. Although in disagreement with the 
above-mentioned report, in the present study short-
term effects of LPS on spermatogonia was not 
histopathologically observed. We know that Toll-like 
receptor 4 (TLR4) is the main LPS receptor that has been 
found to be expressed in epididymal epithelium and 
sperm (22, 23). LPS triggers common TLR signaling and 
so activates the nuclear factor-κB (NFκB), which is 
translocated to the nucleus. Finally, it controls 
transcription of the TLR-response cytokines such as 
TNFα (24). But, we know that TLR receptors are lesser 
extended in germ cells (24) and so possibly long-term 
effects of LPS, observed in this study, is indirect by the 
influence of its products such as interleukin (IL)-1α, IL-
6, and IL-18 (19, 25).  

The released cytokines may play a role in the 
impairment of Leydig cell steroidogenesis (26) and 
there have been reports that the inhibition of 
testosterone can induce male germ cell death by 
apoptosis (27). But new research showed that the 
localization of androgen receptors to germ cells are 
controversial (28, 29). Cell-specific knock out of 
androgen receptor in germ cells such that androgen 
receptor is not expressed during or after meiosis did not 
alter spermatogenesis or fertility indicating that 
androgen receptor is not required in later stage germ 
cells (30). This is in agreement with our results that 
showed another cell type especially spermatozoa rather 
than spermatogonia are more susceptible to damage 
induced by LPS. It means that optimal testosterone 
concentration is important for maintaining 
spermatogenesis (31). In the absence of testosterone or 
androgen receptors, spermatogenesis rarely progresses 
beyond meiosis (32).       

So many studies have highlighted the role of reactive 
oxygen species (ROS) in the testis (33, 34). ROS is known 
as a mediator of testicular damage during inflammation, 
infection, testicular torsion, and cryptorchidism (17, 35). 
It is known that LPS-induced cytokines are a potent 
activator of macrophages and stimulate ROS production 
such as H2O2, NO (36), and superoxides (37). 
Spermatogonia are highly tolerant to ROS attack while 
advanced stage germ cells such as spermatozoa are 
much more susceptible (38) and this is in agreement 
with our findings. Some reports have shown that in mice 
exposed to mild heat stress, which can lead to oxidative 
stress, apoptotic spermatogonia were rarer than late-
type germ cells (39, 40). A variety of antioxidant defense 
systems protect cells against ROS. Among them, 
superoxide dismutases (SOD) are well demonstrated 
(41). It seems that the decrease in the level of SOD 
activity and expression of Cu/Zn SOD, as well as of levels 
of Zn, as spermatogenesis progress are the reasons for 
the vulnerability of advanced stage germ cells to ROS 
attack. Thus, the high levels of Cu/Zn, SOD, and Zn in 
spermatogonia may render them less susceptible to ROS 
attack (38). 

Conclusion  
Our study clearly demonstrated that endotoxemia 

induced by LPS in mice has deleterious long-term effects 
on spermatogonia and later stage germ cells according 
to the histomorphometrical evaluations. So that instead 
of SND diameter the other evaluated parameters 
rebounded at the end of the second spermatogenesis 
cycle. 
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