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Sperm DNA damage in mice irradiated with various 
doses of X-rays alone or in combination with 

actinomycin D or bleomycin sulfate: an in vivo study 

INTRODUCTION 

Despite substantial advancements in the field 
of medicine, treatment of cancer is still in its  
infancy. Testicular and prostate cancer are the 
most common cancer in men. Although radiation 
therapy and chemotherapy have been effective 
in curing testicular cancer, their side effects 
(either temporary or permanent) have been the 

subject of many studies (1). Preservation of             
fertility during and after treatment is important 
for most men (2–4). However, antineoplastic 
agents, radiation, and surgical therapies as well 
as cancer itself can threaten men’s fertility               
potential. Male infertility caused by cancer  
treatments may be temporary or permanent and 
can be mild or severe. The crucial importance of 
germ cell DNA integrity in the maintenance and 
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ABSTRACT 

Background: DNA damage in male germ cells due to exposure to 
environmental and manmade physico-chemical genotoxic agents is 
considered as the main cause of male infertility. The aim of this study was to 
evaluate the effects of combined modalities (radiotherapy and 
chemotherapy) routinely used for cancer treatment on mouse sperm 
chromatin in vivo. Materials and Methods: Forty-eight mice were divided 
into 12 groups: 3 irradiation (1, 2, and 4 Gy), 2 drug [Actinomycin-D (ACTD) 
and Bleomycin (BLM)], 3 ACTD/irradiation, 3 BLM/irradiation, and a control. 
Mice received intratesticular injection of 7µg/25 g of Actinomycin-D and 
Bleomycin before irradiation with X-rays. Forty-eight hours after irradiation, 
mice were sacrificed and epididymis and testes were removed. Sperm DNA 
damage was assessed with the use of alkaline comet assay. Moreover, 
morphology, and motility of sperms were investigated microscopically.  
Results: Result showed that drug alone had slight but not significant effect 
on sperm DNA damage, but significantly increased when combined with 
irradiation. There was a significant difference between the experimental and 
the control group in DNA sperm damage, but no significant differences were 
observed in sperm morphology (p>0.05). In the drug+4Gy group, DNA 
damage increased dramatically compared to the controls (p<0.01), 
morphology changes increased to about six times that of controls. 
Conclusion: Results indicate that X-ray induced DNA damage and 
morphological changes in sperms in a dose dependent manner. Low doses of 
drugs led to potentiation of radiation effect. This might be indicative of 
necessity for radiation protection of testes when are in field of radiotherapy.   
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establishment of a viable pregnancy has been 
widely recognized (5). It is well known that 
sperm chromatin is structurally and functionally 
different from that of somatic cells: it is not            
organized in nucleosomes (6,7). DNA in sperm is 6
-fold more compacted and has 40-fold less            
volume than somatic cell DNA and has lost most, 
if not all, the repair capability (8). Despite the 
compact packing and anti-oxidant defense               
provided by seminal fluid, DNA damage does 
occur in both developing and mature sperm, 
high levels of which has been reported in                
infertile men (9-12). In the adult mouse testis, the 
mitotically active spermatogonia are the most 
radiosensitive, whereas spermatocytes, which 
undergo meiotic cell divisions, and spermatids, 
which develop into spermatozoa, are more             
resistant to ionizing radiation (8,13). One of the 
major factors resulting in defective sperm             
function is oxidative stress (OS). OS occurs when 
production of reactive oxygen species (ROS) by 
leukocytes or spermatozoa is excessive, and/or 
the antioxidant capacity of semen decreases (14). 

The variety of experiments has shown that 
irradiation is one of the exogenous sources of 
ROS production and DNA damage in sperm and 
causes temporary and permanent infertility 
(14,15). Irradiation induces sperm aneuploidy, 
structural chromosome aberrations, chromatin 
structure anomalies, DNA breaks, and higher 
frequency of mutations. High levels of induced 
DNA damage in human sperm by in vitro or in 
vivo (radiotherapy in cancer patient) irradiation 
is also reported (16,17). The varieties of studies 
have shown the impact of sperm DNA damage 
on fertilization rate and outcomes after using 
assisted reproduction techniques (ART).  

Bleomycin-Etoposide-Cisplatin (BEP) is used 
in chemotherapy of testicular cancer. In this 
study, Bleomycin was used along with                      
Actinomycin-D, which is also used in the               
treatment of a variety of cancers. Bleomycin and 
Actinomycin-D are antibiotics that are shown to 
have anti-cancer activity by inducing DNA strand 
breaks and inhibiting DNA repair (18). Reports 
have shown the presence of an abnormally high 
percentage of DNA damaged sperm in samples 
from men after BEP chemotherapy (16). 

The aim of this study was to evaluate              
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potentiation effects of two commonly used 
chemotherapeutics, bleomycin sulfate and            
actinomycin D on radiation induced DNA           
damage in sperms in vivo.  

 
 

MATERIALS AND METHODS 
 
Animals 

Male Balb/c mice aged 9 weeks and 
weighting about 26 ± 3 g (n= 48) was purchased 
from Pasteur Institute (Tehran, Iran). All              
animals were kept under controlled                          
environmental conditions at room temperature 
(22 ± 2°C) with 50 ± 10% humidity and an             
automatically controlled cycle of 12 h light and 
12 h dark in Novin Radiotherapy Institute. 
Standard laboratory animal feed (purchased 
from commercial supplier) and water were            
provided ad libitum. Animals were acclimatized 
to the experimental conditions for a period of 
one week prior to the commencement of the  
experiment. The ethical committee of Shahid 
Beheshti University, Tehran, Iran, and                 
Institutional Animal Care approved the study.  

 
Irradiation 

 Mice were irradiated whole body with              
various doses (1, 2 and 4 Gy) of X-rays. Mice 
were placed in an acrylic holding rack for                
exposure to X-ray in a linear accelerator (Electa 
Compact) at a dose rate of 1.6 Gy per minute, 
with source sample distance (SSD)= 98 cm, field 
size (20×20) cm and at room temperature                 
(23 ± 2 ºC). 

 
Chemotherapy drugs 

Actinomycin-D (ACTD) and Bleomycin (BLM)
(Nani Co; India)were used. Drugs were dissolved 
in 1 ml normal saline and were injected with       
single doses of 7 μg/25 g body weight                    
intra-testicular with Hamilton micro-syringe. 
Two hours before irradiation, mice received 
same dose of drugs. Twenty-four hours after  
irradiation, mice were sacrificed and testes were 
removed and homogenized in 1.5 ml normal  
saline. One testis of each mouse for comet assay 
and others for sperm morphology was used. 
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Sperm collection 
Both cauda vas deferens were dissected free. 

Sperm were retrieved from the isolated vas           
deferens into 1 ml of PBS (1 mmol/L KH2PO4, 10 
mmol/L Na2HPO4, 137 mmol/L NaCl, 2.7 mmol/
L KCl) pH 7.4 using a watchmakers forceps. All 
chemicals used from were Merck, Germany. 

 
Morphology evaluation 

To assess sperm morphology, sperm tails  
defects (double, multiple, short or long) were 
considered as H factor and sperms with                
incomplete or without heads or heads without 
tails affecting sperm motility were considered as 
M factor that were counted under a light               
microscope (×400, Karl Zeiss, Germany) and 
were compared within treatment groups. 

 

Sperm comet assay 
The sperm comet assay was performed as 

described by Haines et al. with some                       
modification (19, 20). Sperm sample (7 μl)          
containing 1-4 × 104 sperms per ml was                 
suspended in 100 μl of 0.5% (w/v) low melting 
point agarose (LMP, Sigma-Aldrich). From this 
suspension, 80 μl was applied to the surface of a 
microscope slide (pre-coated with 1% normal 
melting point agarose (NMP, Sigma- Aldrich)) to 
form a microgel and allowed to set at 7°C for 3 
min. After added second layer of 1% LMP,             
allowed to set for 10 min. Slides were immersed 
in cell lysis solution (2.5 M NaCl, 100 mM               
EDTA -2Na, 10 mM Tris (pH=10.0) containing 
1% Triton X-100 and 50 mM Dithiothreitol) 

(Merck, Germany) for overnight at room        
temperature and dark place. The next day,             
proteinase K was added (0.5 mg/ml) then stayed 
at room out of light. For remove salt and             
detergent from the microgels, samples were 
washed twice. Following this, electrophoresis 
slides were coded and carried out for 30 min at a 
voltage of 30 V and a current of 300 mA.             
Electrophoresis tank (Model, CSLCOM20,              
Cleaver Scientific Ltd., UK) and DNA was allowed 
to unwind for 30 min in an alkaline solution  
containing (100 mM Tris-base, 500 mM NaCl and 
1 mM EDTA, pH=9) (Merck, Germany). Condition 
electrophoresis was 28 V, 250 mA for 30 min. 
Ethidium bromide was applied for 1 min and 
Slides were rinsed. The fluorescent labelled cells 
was visualized (×400) using an AXIO Imager M1 
fluorescence microscope (Karl Zeiss, Germany) 
and the resulting images (figure 1) were                
captured on a computer and processed with           
image analysis software (Comet Imager V.2.0.0). 
Duplicate slides were prepared for each                
treatment and were independently coded and 
scored without the knowledge of the codes by 
the scorer. Thousand cells were scored visually 
or on captured images for each sample. 

 
Statistical analysis 

The obtained data was statistically analyzed 
with the use of SPSS software (version 18).  
Analysis of variance (ANOVA) and Mann               
Whitney U-tests were used to compare the             
differences between groups. P value <0.05 was 
considered as significant level.  
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Figure 1. Representative images of various types of comets seen for different treatment groups. A; four normal cells and a cell 
with comet grade 1. B; comet with grade 2. C; comet whit grade 3. D; comet with grade 4. E: comet with grade 4. F: apoptosis.  

Magnification ×400 
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RESULTS 

Dose-response effects of testicular X-rays 
Results are summarized in table 1 and shown 

in figures 2 and 3. As seen radiation induced 
DNA damage in sperms in a dose dependent 
manner, i.e. the extent of damage increased with 
increasing radiation dose (table 1). In the 1 Gy 
group, DNA damage (DD) was 93% compared to 
1.4% in the control group. Similar results were 
obtained after treatment of either BLM or ACTD, 
which significantly increased DD to 1.8 times 
compare to 1 Gy-irradiated group. In the group 
receiving drugs and 2 Gy radiation DD increased 
by 274%, which was 1.5 times that of the group 
receiving only 2 Gy radiation (figures 2 and 3). 

Moreover, DD increased by 365% in the group 
receiving drugs and 4 Gy radiation. However, 
this was not significantly different from the 
group receiving only 4 Gy radiation. The number 
of tailless sperms was not significantly different 
across groups. Even in the 4Gy group (highest 
radiation dose in the study), the number of 
sperms was only 5 times that of the control 
group, which was not considerable given the  
total number of sperms. Higher doses are                 
required to separate sperm heads from tails. 
Sperm motility gradually decreases with higher 
radiation dosages. In the 4Gy group, sperm              
motility (M factor) decreased to half of that of 
the controls (39%)  (table 1). 
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Group Mean DD (%) Mean H factor (%) Mean M factor (%) 

Control 1.43 ± 0.1 0.62 ± 0.07 77 ± 1.4 

1  Gy 93.1 ± 1.7 1.58 ± 0.18 67 ± 0.9 

2  Gy 175.5 ± 2.5 2.91 ± 0.36 52 ± 2 

4  Gy 355.3 ± 4.9 4.81 ± 0.7 39 ± 2.8 

Table 1. Effects of increasing doses of testicular X-rays on DNA damage, H factor (sperms with tail defects), M factor (sperms with 
motility defects. 

Figure 2. Percent DNA damage induced by various doses of ionizing radiation alone and in presence of BLM. Error bars indicate 
standard error of mean values. 

Data shown represent group means ±SEM (n =4; 1000 cells scored per animal). All variable were significantly different 
from each other with (p ˂ 0.001) (Control versus other radiation groups and within radiation groups). 
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DISCUSSION 

Sperm cryopreservation before therapy is 
critical to fertility preservation, as it is difficult 
or even impossible to predict the exact impact of 
cancer therapy on a man’s ability to father a              
biological child (21,22). Unfortunately, sperm             
cryopreservation is underutilized in the               
majority of cases (23). Later-stage germ cells such 
as spermatids are less sensitive to                        
chemotherapy and irradiation since they are not 
dividing (24). This explains the slow decline in the 
number of sperms over the ensuing months          
after chemotherapy.  

New chemotherapy procedures have reduced 
the rate of infertility, although post-treatment 
azoospermia is still a major concern. Evidence 
shows only 20-50% of men recover from total 
azoospermia after treatment (25), while there are 
reports of up to 80% recovery rate                     
depending on the type of cancer and the                
chemotherapy procedure (17). 

Radiation doses as little as 0.15 Gy irradiation 
can impair sperm production (26), and doses over 
0.5 Gy usually cause reversible                            
azoospermia (27). Semen parameters often reach 
their basal levels 4 to 6 months after treatment. 
Doses over 2.5 Gy may result in prolonged or 
permanent azoospermia (28). Spermatogenesis 
often recovers in post-treatment azoospermic 

men, but the time of recovery (which could take 
months or years) and the quality of recovered 
sperm may vary (16,17). As seen in figures 2 and 3 
high percentage of DNA damage were observed 
after various doses of radiation alone or when 
combined with chemotherapeutic agents. Sperm 
DNA damage is attributed to male infertility 
through induction of chromosomal                           
abnormalities or chromosomal microdeletions 
(11,13,20,29). High-dose testicular radiation usually 
results in infertility (30). Table 1 shows the            
morphology and motility changes induced by 
various doses of X-rays. The changes were               
observed to be dose dependent. This                       
observation is in line with other published             
results regarding animal studies (31, 32) as well as 
human studies (33, 34). However, since samples 
were evaluated relatively short time after               
irradiation, the changes were not so                   
considerable because the studied cells were          
irradiated at latest stages of their differentiation.  

Study on samples of Chinese hamster cells 
shows that the AD enhancement of X-ray killing 
is mainly due to reduced capacity for sublethal 
damage (35). Augmented radiation affects the 
skin in patients receiving ACTD and radiation 
simultaneously (36,37). Erythema that normally 
requires about 1200 R was reported in patients 
receiving ACTD after a skin dose of 350 R (38,39). 
Provided evidence of the synergistic effect of 

Figure 3. Percent DNA damage induced by various doses of ionizing radiation alone and in presence of ACT-D. Error bars indicate 
standard error of mean values. 
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ACTD and radiation on dysplastic changes in 
growing hairs in mice (40) showed that radiation 
followed by relatively small doses of ACTD           
increases damage to the testis. In the present 
study, comet assay data showed that the mean 
percentage of DNA fragmented sperms in the 
irradiation plus drug groups was significantly 
higher than that in the irradiation alone or drug 
alone group. However, no potentiation effect 
was seen with the dose of 4 Gy. The reason 
might be the amount of damage induced by          
radiation alone was so high that presence of 
chemotherapeutics could not influence on the 
induced damage. 

In conclusion, this study indicates that             
ionizing radiation induces morphological              
changes and DNA damage in sperm cells when 
irradiated in vivo. Moreover, potentiation effects 
of actinomycin D and bleomycin sulphates on 
radiation induced DNA damage in sperms was 
observed in a dose dependent manner. 
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