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ABSTRACT 
BACKGROUND AND OBJECTIVE: During the cancer treatment course, in addition to the destructive effects on the 

tumor cells, chemotherapy also damages healthy tissues and disrupts the balance of oxidant and antioxidant levels. The 

present study was conducted to evaluate the effect of omega-3 on sperm DNA methylation and histological structure of 

rat testis after treatment with combination chemotherapy using bleomycin, etoposide and cisplatin (BEP). 

METHODS: In this experimental study, 40 male rats were randomly divided into four groups of control, BEP, 

BEP+omega-3 and omega-3 (n=10). The control group was treated with 0.9% normal saline intraperitoneally for 18 

weeks. The second group (BEP) first received 0.9% normal saline intraperitoneally for nine weeks. Then, it received 

BEP at 5.1 mg / kg for nine weeks, received etoposide and cisplatin at 5.7 mg/kg through gavage on days 1-5 of each 

week, and then received bleomycin at 75 mg/kg on days 2 of each week. The third group was gavaged with 0.9% saline 

for 9 weeks and then, orally received 300 mg/kg/day omega-3(capsule containing 1000 mg, 18% EPA and 12% DHA) 

for 9 weeks and in BEP + omega-3 group treated with BEP based on the same method and then orally received 300 

mg/kg omega-3 as an antioxidant for the second nine weeks daily. Sperm DNA methylation and histological structure of 

rat testis including seminiferous tubules and basement membrane thickness were respectively evaluated by 

immunofluorescence staining and Periodic acid – Schiff (PAS) after 18 weeks of treatment in all groups.    

FINDINGS: The mean percentage of sperm DNA methylation in the BEP-treated group (52.22±3.11) was significantly 

decreased compared to the control group (81.80±2.92) (p<0.001). However, the mean percentage of sperm DNA 

methylation increased significantly with omega-3 use after treatment with BEP (67±2.18) compared with BEP group 

(p<0.01). In light microscopy of testicular tissue, the number of spermatogonial cells (44.95±1.56), primary 

spermatocytes (47.60±1.45) as well as the epithelial thickness of seminiferous tubules (145.5±5.64) and basement 

membrane (7.07±0.29) decreased in the BEP-treated group in comparison with control group (p<0.001). However, the 

use of omega-3 after treatment with BEP significantly improved the number of germ cells and epithelial thickness of the 

seminiferous tubule and basement membrane (p<0.01).  

CONCLUSION: Based on the results of this study, omega-3 as an antioxidant can improve the cytotoxic effects of 

chemotherapy drugs and it is recommended to be used for cancer patients after chemotherapy to reduce the cytotoxicity 

of these drugs. 
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Introduction 

The goal of cancer treatment is to eradicate the 

tumor cells in the patient's body. Chemotherapy and 

radiotherapy are commonly used to complete the 

treatment process after surgery and to prevent 

metastasis (1). In addition to treating cancer, 

chemotherapy drugs can damage other tissues, 

including the male reproductive system (2). Usually, the 

balance between the levels of oxidants and antioxidants 

is disturbed during treatment with anticancer drugs (3). 

Pathologic effects of reactive oxidative stress (ROS) 

include reduced sperm motility, DNA damage, protein, 

as well as apoptosis. All cellular constituents including 

carbohydrates, proteins, lipids and nucleic acids are 

potential targets of ROS and increased oxidative stress 

as a destructive factor can damage the sperm and alter 

the structure of the sperm and ultimately reduce male 

fertility (4, 5).  

Among chemotherapy drugs, one can mention the 

adverse effects of bleomycin, etoposide and cisplatin 

(BEP) on reproductive organs including weight loss of 

testes, decreased sperm count and motility, DNA 

damage, abnormal spermatogenesis and cell apoptosis 

(6, 7). Men are affected by DNA damage during 

treatment with BEP, which affects their fertility (8), as 

sperm fertility depends on sperm DNA integrity (6). 

DNA methylation is one of the epigenetic mechanisms 

that is comprehensively studied and involves the 

addition of the methyl group at the 5-carbon of the 

cytosine ring via covalent bonding by DNA 

methyltransferase enzyme.  

In men, the acquisition of the correct pattern of DNA 

methylation of germ cells occurs mainly at the 

embryonic period, and then completes in adulthood and 

during the process of maturation during transition into 

the epididymis. The correct pattern of DNA methylation 

is important in a few cellular processes such as 

transcription termination of some genes (9). In rats 

treated with BEP, the pattern of DNA methylation was 

changed in the testis (10). The body has an antioxidant 

defense system against to damage caused by free 

radicals. It has now been shown that antioxidants such 

as omega-3 reduce oxidants produced by doxorubicin 

and lipid peroxide in testicular tissue through oxidative 

stress modulators such as superoxide dismutase and 

glutathione peroxidase (SOD and GSH-PX) (11). In 

addition, omega-3, as an unsaturated fatty acid, has anti-

inflammatory, antioxidant and anti-apoptotic properties 

and have been known to inhibit cell proliferation and 

tumor formation in cancer (12). The aim of this study 

was to evaluate the protective effects of omega-3 on  

 

sperm DNA methylation, germ cells and testicular 

tissue structure after chemotherapy with BEP.  

 

 

Methods 

Animal Preparation: After being approved by the 

Ethics Committee of Isfahan University of Medical 

Sciences (Code: 396145), this experimental study was 

performed on 40 adult male Wistar rats weighing 180 to 

250 g with approximate age of 12-13 weeks purchased 

from Pasteur Institute of Iran. Before beginning the 

study, the animals were exposed to 12:12 h light-dark 

cycle under similar conditions for 10 days. Rats were 

housed in standard cages at 21±2 °C with free access to 

rodent food and water in the animal sanctuary of Isfahan 

University of Medical Sciences. All materials, except 

for the mentioned ones, were purchased from Sigma Co. 

Treatment with BEP and antioxidant: The rats were 

divided into four groups of 10 and experimented for 18 

weeks, which is approximately equivalent to two cycles 

of spermatogenesis in rats. The control group was 

treated with 0.9% normal saline intraperitoneally for 18 

weeks. The second group (BEP) received 0.9% normal 

saline intraperitoneally for nine weeks. Then, it received 

BEP at 5.1 mg/kg for nine weeks, received etoposide 

and cisplatin at 5.7 mg/kg gavage on days 1-5 of each 

week, and then received bleomycin at 75 mg/kg on days 

2 of each week. The third group was gavaged with 0.9% 

saline for 9 weeks and then, orally received 300 

mg/kg/day omega-3 (capsule containing 1000 mg, 18% 

EPA and 12% DHA) for 9 weeks and in BEP+omega-3 

group treated with BEP based on the same method and 

then orally received 300 mg/kg omega-3 as an 

antioxidant for the second nine weeks daily(6). All 

chemotherapeutic agents were purchased from Helal 

Ahmar pharmacy in Isfahan.  

Sampling of epididymal sperm: After treatment, rats 

were first sacrificed with ketamine (40 mg/kg) and 

xylzine (10 mg/kg), and then left epididymis was 

removed. The distal end of the epididymal tail was 

removed and placed in Petri dish containing 1 ml normal 

saline at 37 °C. Several incisions were made on the 

epididymis for better extraction, and incubated in 37 °C 

for 10 min. The cell suspension was prepared. 

Evaluation of sperm DNA methylation by 

immunocytochemistry technique: After preparation 

of smears from cell suspension and fixation for 10 

minutes in Carnoy's solution, they were washed with 

phosphate buffered saline (PBS) for 30 min with goat 

serum blocking solution and incubated at room 
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temperature. To remove the blocking solution, the 

smears were washed three times with PBS for 5 minutes 

each time. Then the smears were incubated at room 

temperature for two hours with monoclonal primary 

antibody (5–methylcytidine mouse antibody) from 

Acrise Co. To remove the primary antibody, the smears 

were washed three times with PBS and the slides were 

incubated with secondary antibody with fluorescein 

isothiocyanate (FITC) from Abcam Co. for 30 min at 

room temperature and in the dark. After washing with 

PBS, the samples were observed by fluorescence 

microscope. At least 200 sperms were detected for each 

sample at 400 x magnification and the percentage of 

sperms with DNA methylation was determined. The 

light green is related to DNA methylation in sperm, 

whereas sperms with dark green color do not have DNA 

methylation (6).  

Histological examination of the testis by Periodic 

acid–Schiff (PAS): After sacrificing the rats and 

removing the left testis, the samples were placed in 

Bouin's fixative for one hour to prevent cellular 

changes. Passage of tissue was performed by an 

Autotechnichon tissue processor, and after embedding, 

5 µm sections were obtained from the left testis using a 

microtome. For staining, the prepared sections were 

hydrated in descending alcohol solutions at 

concentrations of 90%, 80%, 70% (one minute for each 

concentration). The slides were then placed in periodic 

acid solution for five minutes at room temperature. 

After washing with running water, samples were 

immersed in Schiff's reagent at room temperature for 15 

minutes and after washing with water for five minutes, 

they were immersed in hematoxylin solution for 90 

minutes. The samples were dehydrated in ascending 

alcohol solutions at concentrations of 90%, 100%, 

100% (3 seconds for each concentration). The slides 

were then placed in xylene solution for two minutes 

each time. After mounting the slides, photographs were 

taken using a light microscope at a magnification of 400 

x. Counting of spermatogonial cells, primary 

spermatocytes, and Leydig cells (based on cell position, 

size and morphology), and measuring of internal and 

external diameter and epithelial thickness of the 

seminiferous tubule and basement membrane were done 

with at least five sections of seminiferous tubule using 

ImageJ software. Statistical analysis was performed 

using SPSS 22 software and Chicago Inc., IL. One-way 

ANOVA test was used to evaluate significant 

differences between groups and p < 0.05 was considered 

significant.  

 

 

Results 

Effect of omega-3 on sperm DNA methylation after 

treatment with BEP: To determine the average 

percentage of sperm methylation, fluorescence 

microscopy images of sperm were evaluated; light 

green shows sperm DNA methylation and is considered 

positive, whereas dark green shows lack of DNA 

methylation and is considered negative (Fig 1). The 

mean percentage of sperm DNA methylation in the 

BEP-treated group (52.22±3.11) was significantly 

decreased compared to the control group (81.8±2.92) 

(p<0.001). However, after the use of omega-3 in the 

BEP-treated group, the mean percentage of sperm DNA 

methylation (67±2.18) was significantly increased 

(p<0.01). In addition, the mean percentage of sperm 

DNA methylation in this group was lower than the 

control group and showed a significant difference 

compared to the control group (p<0.01). However, the 

mean percentage of sperm DNA methylation in the 

Omega-3 group (73±1.39) was significantly different 

from the BEP group (p<0.01) but it was not significantly 

different from the control group (Fig 2).     

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A photomicrograph of sperm with DNA 

methylation; the chevron mark shows sperm DNA 

methylation in light green and the arrow mark shows lack 

of sperm DNA methylation in dark green. (400x 

Magnification) (100μm scale bar) 

 

The results of testicular tissue structure study: After 

PAS staining using ImageJ software, sections prepared 

from testicular tissue were examined and inner and 

outer diameter of seminiferous tubule were measured 

and the thickness of germinal epithelium and basement 

membrane was calculated. Moreover, spermatogonial 

cells and primary spermatocytes were counted for each 

tubule. All these cells were counted using ImageJ 

software (Fig 3). 
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Figure 2. Comparison of mean percentage of sperm 

DNA methylation in different groups. Data are 

shown as mean±standard deviation. Non-similar 

letters indicate significant difference (p<0.05). 

 

After treatment with BEP, the mean number of 

spermatogonial cells (44.95±1.56), primary 

spermatocytes (47.60±1.45), and Leydig cells 

(7.51±0.58) showed a significant decrease compared to 

the control group (61.9±2.23, 66.20±2.16 and 

18.40±1.24, respectively) (p<0.001). In addition, 

morphological changes were observed in seminiferous 

tubules such as disruption of tissue structure, and 

atrophy of seminiferous tubules while significant 

decrease was observed in epithelial thickness 

(145.5±5.64) and basement membrane (7.07±0.29) in 

seminiferous tubules compared to control group that 

were respectively 377.4±9.52 and 12.48±0.62 

(p<0.001). In addition, in the BEP group treated with 

omega-3, the mean spermatogonial cells (60.55±2.30), 

primary spermatocytes (65.70±2.30) and Leydig cells 

(21.50±1.19), epithelial thickness (188.13±0.45) and 

basement membrane (12.98±0.6) in seminiferous 

tubules increased significantly compared to BEP group 

(p<0.001). In addition, in the omega-3 group, the mean 

spermatogonial cells (69.24±1.10), primary 

spermatocytes (72.96±9.6), epithelial thickness 

(302.5±13.05) and basement membrane diameter 

(12.09±0.35) in seminiferous tubules showed a 

significant increase compared to BEP+omega-3 group 

and BEP group (p<0.05), whereas no significant 

difference was observed compared with control group 

(Table 1).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Micrographs of testis sections of testicular tissue 

and seminiferous tubules after PAS staining. Seminiferous 

tubules sections in control group (A), BEP group (B), 

Omega-3+BEP (C), and Omega-3 (D) 

 

Table 1. The mean number of germ cells, epithelial thickness of the seminiferous tubule (ST) and basement 

membrane in different groups 

Group 
Spermatogonia 

Mean±SD 

Primary 

spermatocytes 

Mean±SD 

Leydig cells 

Mean±SD 

Thickness of ST 

epithelium (µm)  

Mean±SD 

Thickness of the basement 

membrane of ST (nm) 

Mean±SD 

Control 61.9±2.23 a  66.20±2.16 a 18.40±1.24a 377.4±9.52 a 12.48±0.62 a 

BEP 44.95±1.56 b 47.60±1.45 b 7.51±0.58b 145.5±5.64 b 7.07±0.29 b 

Omega-3 69.24±1.10 ac 72.96±9.6 ac 23.13±1.60 c 302.5±13.05 c 12.09±0.35 a c 

Omega-3+BEP 60.55±2.30 ad 65.70±2.30 a d 21.50±1.09ac 188.0±13.45 d 12.98±0.6 a c 

Non-similar letters indicate significant difference at p<0.05 

 

Discussion 

The results of this study showed that sperm DNA 

methylation decreased after treatment with BEP 

compared to control group, but sperm DNA methylation 

significantly increased after using omega-3 compared to 

BEP group. Evaluation of tissue sections in this study 

showed that in the BEP-treated group, the number of 

germ cells and Leydig cells as well as the epithelial 

thickness of basement membrane of seminiferous 

tubules decreased but it improved after treatment with 

omega-3. Examination of epigenetic changes in sperm 

DNA following testicular cancer treatment revealed that 

DNA methylation pattern changed. The level of DNA 

methylation changed in most of the affected genes (10). 

By examining the effects of BEP drugs on rats, it was 

found that these drugs increase sperm DNA 
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fragmentation and alter sperm chromatin integrity, 

which may lead to infertility (7). It has recently been 

shown that BEP destroys germ cells that form 

seminiferous tubules and the use of antioxidants 

improves these changes (13). In addition, omega-3 can 

protect the chromatin structure against the deleterious 

effects of BEP (6). Moreover, in the analysis of tissue 

sections in this study, it was found that in the BEP-

treated group, the number of germ cells and the 

thickness of the epithelium and basement membrane of 

the seminiferous tubules decreased, but they were 

recovered after treatment with omega-3. In this regard, 

a previous study confirms the protective effect of 

omega-3 on testicular tissue structure against 

doxorubicin, which causes testicular tissue disruption 

and reduces germ cells (11). 

The results of this study were consistent with the 

present study and showed that in the BEP-treated group 

the number of germ cells, Leydig cells as well as the 

thickness of the epithelium and basement membrane 

decreased, but it improved after treatment with omega-

3. Cisplatin alone has been shown to cause destructive 

histopathologic changes in testicular tissue and to cause 

tissue disruption, vacuolization, and degeneration of the 

germinal epithelium and these injuries improve during 

antioxidant use (14). BEP also had deleterious effects 

on the surface of the seminiferous tubules and some of 

these adverse effects were eliminated with the use of 

omega-3. Consistent with the findings of this study, a 

decrease in the number of seminiferous tubules, 

spermatogonial cells and primary spermatocytes has 

been observed after treatment with BEP drugs (15). In 

addition, in 2011, the effects of BEP chemotherapy 

drugs on spermatogonial cells of rat were reported to 

cause oxidative stress and lead to the destruction of 

spermatogonial cells (16), which is consistent with the 

findings of this study.  

Overall, it can be concluded that omega-3 can 

improve the cytotoxic effects of BEP on DNA 

methylation and histological structure of seminiferous 

tubules. Patients treated with chemotherapy agents are 

recommended to use omega-3 to improve the cytotoxic 

effects of chemotherapy drugs.    
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