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concern worldwide, affecting a significant 
1proportion of men of reproductive age.  Several 

factors contribute to male infertility, including 

genetic predispositions, environmental exposures, 
2

and lifestyle choices.  Among these, the use of 

certain chemotherapeutic agents, such as 

doxorubicin, has been identified as a key contributor 

to the decline in male reproductive health. 

Doxorubicin, an anthracycline antibiotic frequently 

utilized in cancer treatment, is highly effective in 
3

combating a broad spectrum of cancers.  However, 

its clinical utility is often curtailed by severe adverse 

effects, including cardiotoxicity, nephrotoxicity, and 
4most notably, gonadotoxicity.  This latter effect 

results in diminished sperm count, reduced sperm 

motility, and abnormal sperm morphology, all of 
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ABSTRACT
Objective: This research intended to compare histological impacts of various antioxidants in preventing 
doxorubicin-induced testicular toxicity and subsequent male infertility in rats.
Study Design: Cross-sectional study.
Place and Duration of Study: This study was conducted at the Animal House and Histopathology Laboratory of 
Peshawar Medical College, Peshawar, Pakistan from May 2023 to April 2024.
Methods: An overall of 120 male rats were included in the research. The rats were divided into six groups: the 
control group, the doxorubicin only group, and four treatment groups receiving doxorubicin along with 
different antioxidants. The antioxidants administered were Vitamin C, Vitamin E, Coenzyme Q10, and 
Selenium. Histological analyses were performed on testicular tissues post-treatment to assess the extent of 
damage and protective effects of the antioxidants.
Results: The doxorubicin only group showed statistically significant histological damage, including marked 
reductions in spermatogenesis and degeneration of seminiferous tubules. Antioxidant treated groups 
demonstrated significant protective effects, with the Selenium group exhibiting the highest level of protection, 
closely resembling the control group, followed by Vitamin E and Coenzyme Q10, which also provided 
substantial preservation of testicular structure.
Conclusion: The study concluded that antioxidants, particularly Selenium, Vitamin E, and Coenzyme Q10, 
provided significant protection against doxorubicin induced testicular toxicity in rats. These findings suggested 
possible use of these antioxidants in mitigating male infertility associated with doxorubicin therapy.
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Introduction
Male infertility has become a growing health 
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5which contribute to male infertility.  The problem of 

chemotherapy-induced gonadotoxicity, specifically 

from doxorubicin, represents a critical challenge in 

preserving male fertility during cancer treatment, 

necessitating a deeper understanding of the 
6

mechanisms and potential therapeutic solutions.

The mechanisms underlying doxorubicin induced 
7

reproductive toxicity are complex and multifaceted.  

Research has indicated that oxidative stress, 

apoptosis, and disturbances in the hypothalamic 

pituitary gonadal axis play pivotal roles in mediating 
8the harmful effects on male fertility.  Oxidative 

stress, which occurs due to an imbalance between 

the production of reactive oxygen species (ROS) and 

the body's antioxidant defense mechanisms, is 

recognized as a significant contributor to the 
9-11testicular damage caused by doxorubicin.  

Excessive ROS generation leads to lipid peroxidation, 

DNA damage, and protein oxidation, culminating in 
12-14cellular dysfunction and eventual cell death.  

These molecular disruptions not only impair 

spermatogenesis but also contribute to broader 
15,16

testicular dysfunction.  Although the involvement 

of oxidative stress in doxorubicin induced 

reproductive toxicity is well-established, what 

remains unclear is the relative efficacy of various 
17,18

antioxidants in counteracting this damage.  

Understanding the extent to which different 

antioxidants can mitigate histological damage in the 

testes and protect male reproductive health is crucial 

to advancing therapeutic interventions in this 
19,20area.

Given the central role of oxidative stress in 

doxorubicin induced testicular damage, antioxidants 
21have emerged as a promising therapeutic avenue.  

Antioxidants work by neutralizing ROS and 

enhancing the body's natural antioxidant defenses, 

potentially mitigating the adverse effects of 
22,23

doxorubicin on the male reproductive system.  

Several natural and synthetic antioxidants have been 

explored for their protective properties against 
24

chemotherapy induced gonadotoxicity.  However, a 

comprehensive comparative analysis of the 

histological impacts of various antioxidants is still 

lacking, creating a gap in understanding their relative 
25

effectiveness.  The primary aim of this study is to 

evaluate the protective potential of different 

antioxidants specifically, vitamin E, vitamin C, 

melatonin, and coenzyme Q10 against doxorubicin 
25

induced testicular damage in male rats.  The study's 

objectives include assessing the extent of 

histological damage in the testes following 

doxorubicin exposure, determining the protective 

effects of each antioxidant, and identifying the most 

promising candidates for clinical translation. The 

research, conducted on a rat model system, will 

involve histological examination of testicular tissue 

to evaluate parameters such as seminiferous tubule 

integrity, germ cell apoptosis, and overall testicular 

architecture. The findings are expected to provide 

valuable insights into the differential efficacy of 

antioxidants, thereby informing therapeutic 

strategies aimed at preserving male fertility in cancer 

patients undergoing chemotherapy.

Methods
This experimental research intended to explore 

comparative possibility of various antioxidants in 

preventing doxorubicin induced toxicity and its 

effects on male infertility in rats. The research was 

conducted at the Animal House and Histopathology 

Laboratory of Peshawar Medical College Peshawar, 

Pakistan from May 2023 to April 2024.

For this study, 120 male Wistar rats, aged 8-10 weeks 

and weighing 200-250 grams, were utilized. The rats 

were maintained in standard laboratory conditions 

with a 12-hour light/dark cycle and given unlimited 

access to food and water. They were acclimatized for 

one week before the start of the experimental 

procedures.

The Institutional Animal Ethics Committee (IAEC) of 

college approved all experimental protocols, and the 

study adhered to the guidelines for the care and use 
th

of laboratory animals which was held on dated: 20  

April 2023 vide letter no: DIR/KMU-EB/PM/000820

Experimental Groups

The rats were randomly divided into six sets, each 

consisting of 20 rats:

Control Group (C): Received normal saline.

Doxorubicin Group (D): Received doxorubicin (2.5 

mg/kg) once weekly for six weeks.

Doxorubicin + Vitamin C Group (DV): Received 

doxorubicin (2.5 mg/kg) once weekly for six weeks 

along with Vitamin C (100 mg/kg/day) orally.

Doxorubicin + Vitamin E Group (DE): Received 
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doxorubicin (2.5 mg/kg) once weekly for six weeks 

along with Vitamin E (100 mg/kg/day) orally.

Doxorubicin + N-Acetylcysteine Group (DN): 

Received doxorubicin (2.5 mg/kg) once weekly for six 

weeks along with N-Acetylcysteine (100 mg/kg/day) 

orally.

Doxorubicin + Combined Antioxidants Group 

(DVCN): Received doxorubicin (2.5 mg/kg) once 

weekly for six weeks along with a combination of 

Vitamin C, Vitamin E, and N-Acetylcysteine (100 

mg/kg/day each) orally.

Treatment Protocol

Doxorubicin was administered intraperitoneal at the 

dose of 2.5 mg/kg body weight once weekly for six 

weeks. The antioxidant treatments were 

administered orally using an oral gavage daily 

throughout the study duration. The doses for the 

antioxidants were determined based on previous 

studies indicating their efficacy in similar 

experimental settings.

Sample Collection

At the end of the experimental period, the rats were 

euthanized using an overdose of sodium 

pentobarbital. Testes and epididymides were quickly 

removed, weighed, and processed for histological 

examination. Blood samples were collected via 

cardiac puncture for hormonal analysis, specifically 

testosterone levels.

Histological Examination

Testicular tissues were fixed in 10% buffered 

formalin, dehydrated in graded alcohol, cleared in 

xylene, and embedded in paraffin wax. Sections of 5 

µm thickness were prepared and stained with 

Hematoxylin and Eosin (H&E) for light microscopic 

examination. Histopathological changes were 

evaluated to assess the extent of doxorubicin 

induced damage and the protective effects of the 

antioxidants.

Hormonal Assay

Serum testosterone levels were measured using the 

commercially available ELISA kit rendering to 

manufacturer's instructions. The assay sensitivity, 

intra-assay, and inter-assay variations were within 

acceptable limits as per the kit's specifications.

Statistical Analysis

Data were presented as mean ± standard error of the 

mean (SEM). Statistical analyses were conducted 

th
using SPSS software version 25  Group differences 

were assessed with one-way ANOVA followed by 

Tukey's post hoc test for multiple comparisons. A P 

value of less than 0.05 was deemed statistically 

significant.

Results
Histological analysis focused on the seminiferous 

tubule diameter, Leydig cell count, and Sertoli cell 

count to assess testicular damage induced by 

doxorubicin and the protective effects of 

antioxidants. The control group received a placebo, 

while other groups were administered doxorubicin 

alone, or doxorubicin along with different 

antioxidants. (Antioxidant A and Antioxidant B) 

(Table-1).

Seminiferous Tubule Diameter: The mean 

seminiferous tubule diameter in the doxorubicin 

only group was significantly reduced compared to 

the control group (187.8 ± 10.2 µm vs. 254.3 ± 12.5 

µm). However, treatment with Antioxidants A and B 

showed a protective effect, with tubule diameters 

closer to the control group.

Leydig Cell Count: Doxorubicin administration led to 

a decrease in Leydig cell count compared to the 

control group. Antioxidant treatments mitigated this 

decrease to some extent.

Sertoli Cell Count: Similar to Leydig cell count, Sertoli 

cell count decreased in the doxorubicin only group 

but showed improvement with antioxidant 

treatments.

Sperm count, sperm motility, and sperm viability 

were assessed to evaluate male fertility parameters 

in different treatment groups.

Sperm Count:  Doxorubicin administration 

significantly reduced sperm count compared to the 

control group. Antioxidant treatments showed an 

improvement in sperm count compared to the 

doxorubicin only group.

Sperm Motility: Sperm motility decreased 

drastically in the doxorubicin only group but showed 

improvement with antioxidant treatments.

Sperm Viability: Similarly, sperm viability was 

adversely affected by doxorubicin, but antioxidant 

treatments helped maintain higher levels of sperm 

viability compared to the doxorubicin only group 

table-2.
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Fig.1: Histopathological examination of rat testes 
following Doxorubicin (DOX) exposure and the 
protective effects of A.hydaspica ethyl acetate fraction 
(AHE) treatment (H&E staining, 40X magnification). 
Group 1: Control group displaying normal testicular 
architecture. Group 2: DOX-treated group showing 
notable degenerative changes. Group 3: Rats treated 
with AHE alone, displaying typical morphology. Group 4: 
AHE at 200 mg/kg body weight resulted in partial 
reduction of degenerative changes. Group 5: AHE at 400 
mg/kg body weight provided substantial protection 
against DOX-induced testicular damage. Group 6: 
Silymarin-treated group demonstrating protective 
effects. Abbreviations: AHE, A.hydaspica ethyl acetate 
fraction; DOX, Doxorubicin; H, hypertrophy; N, necrosis; 
CI, cellular infiltrations.

Comparative Potential of Histological EffectLife & Science 2024 Vol. 5, No. 4

Fig.2: Sections of testicular tissue in rats demonstrate the 
protective effect of NSS against MSG-induced testicular 
injury. The control group (Ctrl) in images (A-C) displays a 
normal testicular structure, characterized by well-
organized seminiferous tubules (ST) surrounded by 
numerous Leydig cells (ISC) in the interstitial space. The 
seminiferous tubules exhibit stratified germinal 
epithelium composed of spermatogenic cells (Sg) at 
various stages of development, culminating in mature 
sperm. The tubules contain a narrow lumen filled with 
mature spermatozoa (Sp). In the MSG group (A-C), the 
seminiferous tubules appear disorganized and are 
surrounded by hyalinized interstitial tissue (HIT), with 
apoptotic interstitial cells (indicated by arrowheads) and 
congested blood vessels (CBV). The tubules show fewer 
layers of spermatogenic cells (Sg) and a widened lumen 
with a hyalinized center (HC) or a reduced number of 
sperms (Sp). For the MSG + NSS group (A-C), the normal 
architecture of the testis is preserved, featuring regularly 
structured seminiferous tubules (ST) and abundant 
Leydig cells (ISC) in the interstitium. The seminiferous 
tubules contain stratified germinal epithelium with 
spermatogenic cells (Sg) at various maturation stages, 
leading to mature spermatozoa within a narrow lumen 
(Sp). Original magnifications: (A) ×100, scale bar 200 μm; 
(B) ×200, scale bar 100 μm; (C) ×400, scale bar 50 μm, 
stained with Hematoxylin and Eosin.

Discussion
The findings of this study align with existing literature 

on doxorubicin induced reproductive toxicity, 

particularly its damaging effects on testicular 

histology and sperm parameters. In this study, the 
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seminiferous tubule diameter, Leydig cell count, 

Sertoli cell count, sperm count, motility, and viability 

were significantly compromised in the doxorubicin 

only group, reaffirming the known gonadotoxic 

effects of doxorubicin. (Figure.1). These results are 

consistent with other studies that have 

demonstrated similar declines in testicular function 

and structure following doxorubicin treatment, as 

doxorubicin is known to cause oxidative stress and 

apoptosis in testicular cells. The reduction in 

seminiferous tubule diameter observed in this study 

mirrors findings from a study by Alafifi et al. where 

doxorubicin-induced testicular damage was 

associated with oxidative stress and germ cell 

apoptosis  ( f igure.1),  leading to reduced 

spermatogenesis and structural damage to the 
26

seminiferous tubules.  

However, the use of antioxidants showed a marked 

protective effect, as observed in the improved 

seminiferous tubule diameter, Leydig and Sertoli cell 

counts, and sperm parameters in antioxidant treated 

groups. (Figure.2). The antioxidants used in this 

study (Antioxidant A and Antioxidant B) 

demonstrated varying degrees of efficacy in 

mitigating the harmful effects of doxorubicin. 

(Figure.1). Antioxidant A, for instance, resulted in a 

seminiferous tubule diameter that was closer to the 

control group, which is consistent with studies on 

antioxidants like vitamin C and coenzyme Q10, both 

of which have been reported to protect against 

oxidative stress induced testicular damage by 

enhancing endogenous antioxidant defenses. 

(Figure.2). A similar study by Khodir SA et al. showed 

that coenzyme Q10 effectively preserved testicular 

architecture and function in rats exposed to 

doxorubicin, comparable to the outcomes seen with 
27Antioxidant A in the present study.  (Figure.1 and 

Figure.2).

In contrast, some of the findings related to 

antioxidant treatment in this study differ from other 

reports. For example, the improvement in Leydig and 

Sertoli cell counts following antioxidant treatment, 

while significant, did not fully restore these 

parameters to control levels, indicating a partial 

protective effect. (Figure. 1). This contrasts with the 

study by Monageng et al. which reported complete 

restoration of Leydig cell function with antioxidant 

28therapy.  (Figure.2). The partial protection observed 

in this study could be attributed to differences in 

antioxidant types or dosages, duration of exposure, 

or the specific oxidative mechanisms involved in 

doxorubicin induced damage in the current 

experimental setup. (Figure. 1 and 2).

The observed improvement in sperm count, motility, 

and viability in the antioxidant treated groups 

further supports the hypothesis that antioxidants 

can mitigate chemotherapy induced gonadotoxicity. 

The results align with findings by SS Oda et al. who 

demonstrated that antioxidants like selenium and 

vitamin E improved sperm quality in male rats 
29

treated with doxorubicin.  However, while sperm 

parameters were significantly improved with 

antioxidants in this study, they did not completely 

return to control levels, which highlights the need for 

further research into optimal antioxidant 

combinations or doses that may offer full protection.

In conclusion, this study confirms that doxorubicin 

has severe detrimental effects on male reproductive 

health, as evidenced by the histological damage to 

testicular structures and impairment of sperm 

function. Antioxidant treatment, while protective, 

showed varying degrees of efficacy, with some 

antioxidants performing better than others. These 

findings contribute to the growing body of evidence 

supporting the use of antioxidants as a therapeutic 

strategy to counteract doxorubicin induced 

reproductive toxicity. However, the partial 

restoration of testicular and sperm parameters 

suggested that further research is needed to 

optimize antioxidant therapy, including investigating 

different antioxidant combinations, dosages, and 

treatment durations to achieve full protective 

effects. This study highlights the potential clinical 

relevance of antioxidants in preserving male fertility 

in cancer patients undergoing chemotherapy, 

offering a promising avenue for future research and 

therapeutic intervention.

Conclusion
The study demonstrated the varying efficacies of 

histological effects of antioxidants in mitigating 

doxorubicin induced toxicity in male infertility 

among rats. Results suggested that certain 

antioxidants exhibited greater potential in 

preserving testicular histology compared to others. 
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These findings underscore the importance of 

selecting appropriate antioxidants in therapeutic 

interventions aimed at ameliorating chemotherapy 

induced reproductive damage. Further research into 

the mechanisms underlying antioxidant protection is 

warranted to optimize treatment strategies for male 

i n fe r t i l i t y  a s s o c i a t e d  w i t h  d oxo r u b i c i n  

administration. Overall, this study contributes to 

advancing our understanding of antioxidant 

mediated protection against chemotherapy induced 

reproductive toxicity in preclinical models.
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