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Research Article
Effect of Oxidative Stress on Histological and 
Immunohistochemical Changes in Testes of Albino Mice

Background: Fertility in male animals is an important issue in veterinary medicine. Exposure to 
severe crowding and fattening may affect the fertility of these animals. 

Objectives: This study compares the effect of oxidative stress caused by overcrowding or obesity 
on testicular tissue in male albino mice. 

Methods: A total of 30 male mice were divided into 3 groups. The first was a control group. The 
second group was subjected to crowding by cramming 20 mice in a small cage. The third group 
was fattened by eating a high-fat diet. Morphometric cells and histological measurements of the 
seminiferous tubule diameter, epithelium thickness, and Sertoli and Leydig cell counts were taken. 

Results: The crowding group testes showed the presence of necrosis and degeneration of 
spermatocytes, Sertoli, and Leydig cells. The obese group’s spermatocytes, Sertoli, and Leydig 
cells had shown severe necrosis, degeneration, and giant cell invasion. Histomorphometric 
measurements of seminiferous tubule diameter, epithelium-thickness, and Sertoli and Leydig 
cell counts revealed a considerable reduction in the obese group compared to the other groups. 
Furthermore, in the crowding and fattening groups, measurements of oxidative stress indicators 
revealed a decrease in glutathione value in the obese group compared to the control, whereas 
malondialdehyde rose in the overcrowded and obese groups compared to the control. The results 
of the immunohistochemical expressions for tumor necrosis factor-α (TNF-α) in the testes of 
mice revealed weak TNF-α positive expression in the control group, moderate expression in the 
crowding group, and strong expression in the obesity group. 

Conclusion: The study suggests that both obesity and crowding can impair testicular function, 
with obesity having the most significant impact. More research into the mechanisms underlying 
these effects, as well as potential interventions to improve testicular function in obese or 
overcrowded animals, is required.
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Introduction 

xidative stress occurs when the body’s 
natural balance between the oxidative 
and antioxidant states is disrupted. In 
other words, when the percentage of free 
radicals increases extensively, it damages 

cellular components, such as membranes, proteins, and 
nucleic acids (Sies & Jones, 2017; Zhang et al., 2021b; 
Alnuaimi et al., 2023). The testicle is one of the most 
vulnerable organs to external and or internal stress. Inter-
nal stress happens when the testicular tissue is exposed 
to free radical attack for any reason. These free radicals 
affect the seminiferous tubules, Lake cells, and blood 
vessels (Agarwal & Sharma, 2021; Wu et al., 2022).

The severity of testicular tissue damage depends on the 
exposure duration and intensity. The longer the exposure 
period and the greater the intensity of the influencing 
factor, the more irreversible the effects, such as testicular 
fibrosis and inflammation, leading to testicular atrophy, 
low testosterone production, and infertility (Agarwal & 
Sharma, 2021; Xu et al., 2022).

If the influencing factor is weak or the exposure time is 
brief, the effect causes minor injury to the testicular tissue 
and is frequently treatable. Reduced oxidative stress and 
improved environmental conditions may prevent a detri-
mental impact on the testicle (Agarwal & Sharma, 2021).

Crowding or overcrowding refers to a scenario in 
which many people are crammed into a small space, 
causing psychological tension, anxiety, discomfort, and 
instability. These challenging conditions are retroflexed 
in the body’s internal system, where natural functions are 
severely impacted, resulting in oxidative stress and tis-
sue damage (Xu et al., 2022; Decerle, 2018).

Animal studies have revealed that obesity has a sig-
nificant impact on oxidative stress. Obesity is associated 
with elevated oxidative stress markers and decreased an-
tioxidant defenses in animals (Lee & Choi, 2012; Zhang 
et al., 2021a). This study aimed to compare the effect of 
oxidative stress caused by overcrowding and obesity on 
testicular tissue in male albino mice.

Materials and Methods

Study animals

A total of 30 male albino mice weighing 25-30 g and 3-4 
weeks old were used in this study. We maintained the 
standard breeding conditions: Good hygiene, ventilation, 

food, and a 12-hour light/dark cycle. According to the 
European Parliament, fattening animals were fed a high-
fat diet Decerle, 2018).

Experiment design

The research lasted 30 days, and the mice were divided 
into 3 groups. The first group consisted of 5 mice as a 
control group, and the second group was subjected to 
crowding by cramming 20 mice into a small cage (Zak-
areya Al-Etreby et al., 2015). The third group of 5 mice 
was subjected to fattening using a high-fat diet of 30%. 
After completing the therapy period, 5 animals from 
each group were anesthetized by ether to draw their 
blood from the eye socket. The blood was placed in spe-
cial blood tubes and left to clot for 20 minutes, followed 
by washing routines.

The organs were preserved in 10% formalin until tissue 
cutting, and then slides were made and stained with the 
routine hematoxylin and eosin stain before being exam-
ined under a light microscope.

Biochemical test

According to some studies, glutathione and malondi-
aldehyde concentrations were estimated (Jamese et al., 
1982; Buege & Aust, 1978).

Micro-morphometric cell counting

The histomorphometric measurements of seminifer-
ous tubule diameter, epithelium thickness, and Sertoli 
and Leydig cell counting were taken by averaging 5 
measurements/field 60.080 m2/400X as 5 fields for ev-
ery mouse under microscopic examination and using 
the camera software (U.S.B. 2.00 Calibration of all mi-
croscope lenses, Olympus-Toupview-9.00-Megapexil, 
China) CX310, which supplied calibration line. The 
immunobiological study was conducted using a kit for 
measuring tumor necrosis factor-α (TNF-α).

Statistical analysis

The Mean±SE were used to describe the obtained data. 
Also, a one-way Duncan test was performed to analyze 
the data at a significant level of 0.05.

Results

The weights of mice exposed to fattening showed a sub-
stantial increase at the end of the month compared to the 
rest of the groups. Also, the crowding group showed sig-
nificant weight loss compared to other groups (Table 1).

O
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Histological assessments

The control group testes had typical histological struc-
tures of the seminiferous tubules, interstitial tissue with 
Leydig cells, spermatogonia, spermatocytes, spermatids, 
and Sertoli cells. Necrosis and degeneration of the sper-
matocytes, Sertoli cells, and Leydig cells in the inter-
stitial tissue were the histopathological changes of the 
crowding group. The spermatocytes, Sertoli cells, and 
Leydig cells in the obese group had severe necrosis, de-
generation, and an invasion of giant cells (Figure 1).

Histomorphometric measurements of seminiferous tu-
bule diameter, epithelium thickness, and Sertoli and Ley-
dig cell counting in the obese group showed a substan-

tial drop compared to the control and crowding groups, 
but only the crowding group showed a significant de-
crease when compared to the control group (Figures 2, 
3, 4, and Table 2). These outcomes indicate that obesity 
and crowding can have a negative impact on testicular 
function, with obesity having a more significant impact. 
More investigation is required. Investigate the mecha-
nisms behind these effects and potential interventions to 
improve testicular health in obese or crowded animals.

The results of the immunohistochemical expressions 
for TNF-α in the testes of mice revealed weak TNF-α 
positive expression in the control group, moderate ex-
pression in the crowding group, and strong expression in 
the obesity group (Figure 2).

Table 1. Body weight of treated groups (n=5 for each group)

Parameter
Group

Mean±SE

Body Weight (g) at the Beginning of the 
Study

Body Weight (g) at the End of the 
Study

Control 24.14+2.05A 25.14+2.05B

Crowding 25.51+3.16A 22.51+3.16C, B

Obesity 24.51+2.21A 38.51+2.2A

A, B &CSignificant difference between groups at P≤0.05.

Table 2. The mean counts of Sertoli, Leydig cells, and the seminiferous tubule diameter (µm) in the study groups’ testes (n=5 
for each group)

Group
Histological 

Standard

Mean±SE
P

Control Crowding Obesity 

Seminiferous tubules’ diameter (µm) 291±14.2A 214.6±12.5B 176±8.2C <0.001

Epithelium thickness (µm) 84.2±5.1A 48.4±5.7B 31.2±2.9C <0.001

Sertoli cell count 5.2±0.5A 3.2±0.3B 1.8±0.3B <0.001

Leydig cell count 18.2±1.4A 14.4±0.9B 9.2±1.1C <0.001

A, B &CSignificant difference between groups at P≤0.05.

Table 3. Glutathione and malondialdehyde concentration in treatment groups (n=5 per group)

Parameter
Group

Mean±SE

Glutathione (µmole/mL) Malondialdehyde (µmole/mL)

Control 13.16+0.05A 3.16+0.05C

Crowding 12.91+0.16A 5.51+0.16B

Obesity 10.51+0.21B 7.1+0.21A

A, B &CSignificant difference between groups at P≤0.05.
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Figure 1. Histology sections taken from a mouse testis

Control group: Seminiferous tubules (A) With spermatogenesis cells (B), and interstitial tissue (C) making up spermatogonia, 
spermatocytes, spermatids, Sertoli, and Leydig cells make up the lower group (E).

Crowding group (upper): Spermatocytes necrosis and degeneration (A), Sertoli (B), and Leydig cells; (lower): Necrosis and 
degeneration of spermatocytes (A), degeneration (B), and necrosis of the interstitial tissue (C).

Obesity group (upper): Severe spermatocyte necrosis, degeneration, and necrosis of interstitial tissue; Lower: Severe spermato-
cyte necrosis, giant cell infiltration, and necrosis of Leydig cells (C). 

Note: H&E bleed (upper panel: x100, Lower panel: 400x).

Figure 2. Histological sections of the testes of mice from the control, crowding, and obese groups

Displaying the histomorphometric measurements of the thickness of the epithelium, the number of Sertoli and Leydig cells, 
the diameter of the seminiferous tubules (upper panel), and the thickness of seminiferous tubules (lower panel). 

Toupview application from OMAX; H&E staining (upper panel: 100X, lower panel: x400).
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Figure 3. Immunohistochemical expressions for TNF-α in the testes of mice

A) Control group, TNF-a has a weak positive expression (arrow), B) Crowding group, TNF-α has a moderate positive expres-
sion (arrow), C) Obesity group, TNF-α has a strong expression (magnification x400)

Figure 4. The mean counts of Sertoli and Leydig cells, epithelium thickness (µm), and seminiferous tubule diameters (µm) in 
the mice testes of the study groups
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The results of Table 3 show that the glutathione value 
decreased significantly in the obesity group compared to 
the control. In contrast, malondialdehyde rose consider-
ably in the crowding and obesity groups compared to the 
control group.

Discussion

Oxidative stress has been shown to impact testicular tis-
sue in animal studies significantly. Because of the testes’ 
high metabolic activity, high levels of unsaturated fatty 
acids in sperm membranes, and relatively low levels of 
antioxidant defenses, testes are particularly vulnerable 
to oxidative stress. The mechanisms by which oxidative 
stress can damage testicular tissue include lipid peroxi-
dation. Oxidative stress can lead to the peroxidation of 
lipids in sperm cell membranes. This oxidation can dam-
age the sperm cells and decrease their viability. Oxida-
tive stress can also damage sperm DNA, leading to in-
fertility, birth defects, and disruption of spermatogenesis. 
Finally, oxidative stress can disrupt the process of sper-
matogenesis, which is the production of sperm. This can 
lead to a decrease in sperm count and motility (Agarwal 
& Sharma, 2021).

Histopathological examination revealed that mice ex-
posed to obesity showed more severe histopathological 
effects than mice exposed to crowding. According to 
research, oxidative stress can impair testicular function 
by harming testicular cells in specific ways. Oxidative 
stress can damage Leydig cells, which are responsible 
for producing testosterone. This effect can lead to a de-
crease in testosterone production and male infertility. 
Oxidative stress can damage Sertoli cells, which support 
and nourish sperm cells. This can lead to a reduction in 
sperm production and quality. Oxidative stress damages 
germ cells, the precursors of sperm cells. This can lead 
to a decrease in sperm count and quality and an increase 
in sperm DNA damage (Wu et al., 2022; Xu et al., 2022). 
Oxidative stress can impair testicular function by caus-
ing cell damage, resulting in animal testicular dysfunc-
tion and infertility (Alhamdani & Al-Maliki, 2021; Wu 
et al., 2022).

The results of our study show that exposing rats to 
stress by crowding caused oxidative stress in the ex-
posed rats, as malondialdehyde increased in their se-
rum. This result is consistent with previous studies that 
showed crowding can also cause oxidative stress. It can 
make the body generate reactive oxygen species (ROS), 
which are extremely reactive chemicals. They can dam-
age cellular structures such as proteins, lipids, and DNA 
(Zakareya Al-Etreby et al., 2015; Zhang et al., 2021a). 

Furthermore, crowding can lead to increased stress, 
which has been demonstrated to increase oxidative 
stress in the body. Psychological stress can stimulate the 
hypothalamic-pituitary-adrenal axis, adrenal systems, 
and sympathetic nervous systems, resulting in increased 
ROS production (Oka et al., 2021).

It should be noted that the link between oxidative stress 
and crowding is not a direct relationship and can be al-
tered by personal characteristics such as age, gender, ge-
netics, and pre-existing health issues (Dutta al., 2021). 
It was also discovered that obese mice in our study af-
fected glutathione levels with high malondialdehyde lev-
els. Animal obesity is linked to increased oxidative stress 
and lowered antioxidant defenses, which may contribute 
to various health complications (Khan et al., 2022). Ac-
cording to one published study, obese pigs had higher 
oxidative stress markers, such as malondialdehyde, and 
lower levels of antioxidant enzymes, such as superox-
ide dismutase and catalase, than control pigs. Several 
hypotheses have been proposed to explain the link be-
tween animal obesity and oxidative stress. One process 
is linked to increased reactive oxygen species ROS for-
mation in obese animals’ adipose tissue (Agarwal & 
Sharma, 2021).

Obese animals’ adipose tissue produces more reactive 
oxygen species because of enhanced nicotinamide ad-
enine dinucleotide phosphate (NADPH) oxidase activ-
ity, mitochondrial dysfunction, and inflammation. Over-
production of ROS can overwhelm antioxidant defenses, 
resulting in oxidative stress (Agarwal & Sharma, 2021). 
Another mechanism associated with obesity is the renin-
angiotensin-aldosterone system. It is a complex hormon-
al system that controls blood pressure and fluid balance. 
Obesity causes an increase in angiotensin II, a potent va-
soconstrictor that can cause oxidative stress by increas-
ing NADPH oxidase activity and decreasing antioxidant 
enzymes (Singh & Singh, 2019).

Obesity-induced oxidative stress can also cause genetic 
changes in animals. Genetic modifications are changes 
in gene expression unrelated to changes in the DNA 
sequence. Oxidative stress can trigger epigenetic altera-
tions, such as DNA methylation, histone modifications, 
and microRNA expression, all of which can alter gene 
expression patterns and contribute to the development of 
obesity-related health issues (Li et al., 2021; Shahsavari 
et al., 2023). To confirm this effect in our study, we mea-
sured tumor necrosis factor, which showed moderate to 
weak expression in mice exposed to crowding but was 
stronger in the obese group than in the other groups.
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In studies, TNF-α expression in testicular tissue is induced 
by oxidative stress. Various variables, including environ-
mental pollutants, can produce oxidative stress, smoking, 
obesity, and certain diseases (Zhang et al., 2021a). TNF-α 
overexpression caused by oxidative stress can result in 
testicular injury and decreased sperm function. Therefore, 
reducing exposure to these factors may benefit male repro-
ductive health. When stressed, testicular tissue produces 
more ROS, which can stimulate the NF-B signaling path-
way (nuclear factor kappa-light-chain-enhancer of activat-
ed B cells). The TNF-α expression can then be increased 
because of this pathway (Li et al., 2022; Zigam et al., 2023).

TNF-α expression can set off a chain of events that 
aggravate oxidative stress in testicular tissue. TNF-α in-
duces a rise in free radical generation and a deficit and 
depletion of antioxidants, causing an imbalance in the 
body’s natural balance. This issue was demonstrated in 
this work, where elevated TNF-α expression exacerbates 
the situation of oxidative stress in the testicles. TNF-α is 
a pro-inflammatory cytokine released in testicular tissue 
in response to tissue injury. This release is accomplished 
by activating NADPH oxidase, the primary cause of tes-
ticular oxidative stress. TNF-α also inhibits several an-
tioxidant enzymes, including superoxide dismutase and 
catalase, increasing the testicular state of oxidative stress 
(Alnuaimi & Alabdaly, 2023; Al-Abdaly et al., 2023).

Interventions targeting oxidative stress or TNF-α ex-
pression may help reduce damage to testicular cells and 
improve testicular function.

Conclusion

Testicular tissue is susceptible to oxidative stress. It 
turns out that obesity has a more influential role than 
overcrowding in causing an increase in oxidants and 
causing damage and destruction in the testicular tissue. 
Infertility and other reproductive issues can result from 
oxidative stress. Maintaining a healthy weight and life-
style is critical for male reproductive health.
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