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The aim of the present pilot study was to apply a flow cytometric assay, 
the so-called OxyDNA test, to determine the level of oxidative DNA damage in 
fish spermatozoa exposed to different concentrations (0.01–10,000 mg/L) of cad-
mium. Milt was collected from three randomly selected Prussian carp (Carassius 
auratus gibelio) males. Oxidative DNA damage was assessed with the OxyDNA 
kit and using flow cytometry. The ratio of OxyDNA-positive events increased 
significantly at higher cadmium concentrations. The results indicate that direct 
contact of fish spermatozoa with cadmium-polluted water initiates genotoxic 
damage.  
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Studies on domestic animal species indicated that early embryonic death is 
often caused by nuclear defects of the fertilising spermatozoa. Abnormalities of 
sperm chromatin structure can cause disturbances in fertility, pronuclear forma-
tion, early embryo quality, and pregnancy outcome. Sperm cells with such de-
fects are able to fertilise oocytes, but embryonic development may be abnormal 
(Evenson, 1999). The organisation of the sperm chromatin is unique, as histone 
proteins are eventually replaced by transition proteins and finally by protamines, 
resulting in an extremely compact, condensed DNA (Dadoune, 1995; Sakkas et 
al., 1999). Proper condensation may stabilise the DNA and make it less sensitive 
to oxidative damage; however, mature spermatozoa are not able to repair DNA 
damage (Olsen et al., 2005). 

The presence of DNA strand breaks in spermatozoa can be associated with 
oxidative stress, heat stress, radiation, or protamine deficiency (Varner, 2008). 
Due to incomplete protamination the spermatozoa will be more vulnerable to at-
tack by endogenous or exogenous agents such as nucleases, free radicals or 
mutagens (Oliva, 2006). Sperm cells with such damage seem to be ‘normal’ 
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based on laboratory test results like motility or viability (plasma membrane in-
tegrity), but may induce post-fertilisation embryonic failure. As mature sper-
matozoa are transcriptionally inactive, DNA damage may not be expressed until 
mitosis at the time of spermatozoon–oocyte fusion (Varner, 2008). Several envi-
ronmental factors including industrial chemicals, heat, air pollution or smoking 
can cause disturbances in the chromatin integrity of spermatozoa (Evenson and 
Wixon, 2005). Toxic heavy metals such as lead, copper or nickel can have a di-
rect or mediated effect on sperm DNA integrity through an interaction with the 
P2 protamine, while other contaminants like pesticides also have the potential to 
alter the structure of sperm chromatin (Oliva, 2006). 

The aim of the present study was to apply the flow cytometric OxyDNA 
test to determine the level of oxidative DNA damage in fish spermatozoa ex-
posed to different concentrations of cadmium. The OxyDNA test has not been 
used to study fish sperm quality so far (Cabrita et al., 2014). The heavy metal 
cadmium binds to organic matter in water and accumulates in sediments, and it 
can act as an Endocrine Disrupting Chemical (EDC; Gregory et al., 2008). In our 
previous study (Kakasi et al., 2013) we determined the LC50 values of cadmium 
on European perch (Perca fluviatilis) fingerlings. In the present follow-up pilot 
study our aim was to detect the direct effect of cadmium on sperm DNA, since 
fish – being external fertilising taxa – release sperm into the water, and there is a 
possibility that during the time course of fertilisation cadmium contamination in-
duces subcellular damage.  

 
Materials and methods 

Milt was collected from three randomly selected Prussian carp (Carassius 
auratus gibelio) males via abdominal massage. Sperm release was induced with 
carp hypophysis solution and anaesthesia with clove oil. 

Sperm was transferred to the laboratory immediately after stripping and 
pooled in order to reduce the effects caused by individual variance (Sood et al., 
2012). Sperm concentration was measured with a Minitube SDM 1 photometer 
and adjusted to approximately 2 × 106/mL in phosphate buffered saline (PBS) 
(P4417, Sigma-Aldrich). 

To test the toxic effect of cadmium on spermatozoa we applied the ap-
proach of Hoornstra et al. (2003) with modifications. Cadmium chloride (anhy-
drous 99.99%, 11860, Alfa Aesar) stock solution was prepared at the concentration 
of 1 mg/mL in distilled water. Serial dilutions (10×) in methanol (01528-10-65, 
Reanal) were prepared (0.01–10,000 mg/L). Two-mL aliquots of fish sperm were 
exposed to 200 μL of the serial dilutions, and control samples received 200 μL 
methanol only. The exposure time was 30 min, and sperm aliquots were kept at 
room temperature in the dark. 
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Oxidative DNA damage was assessed with the OxyDNA kit commercially 
available from Merck (500095 OxyDNA Assay Kit, Fluorometric) and flow cy-
tometry. We followed the protocol applied for bovine sperm by Silva et al. (2007) 
with modifications. Briefly, cells were fixed in 1% paraformaldehyde (97%, 
A11313, Alfa Aesar) in PBS for 1 h at room temperature. After washing (400 × g, 
10 min) in PBS, the cells were permeabilised in 0.1% Triton-X (Reagent grade, 
786-513, G Biosciences) for 15 min at room temperature. Suspensions were 
washed (400 × g, 10 min) in the washing solution provided in the OxyDNA kit. 
One hundred µL FITC conjugate was added to the cell pellet and incubated for 1 h 
at room temperature in the dark. Suspensions were washed again (400 × g, 10 min) 
in the washing solution, the pellet was resuspended in 1 mL PBS and subsequently 
measured with a Beckman Coulter FC 500 flow cytometer equipped with a 488 nm 
20 mW Ar ion laser. Fluorescence intensity of the FITC conjugate was collected 
with the FL 1 (525 nm BP) detector in linear mode. Spermatozoa and debris were 
distinguished based on light scatter properties. Five thousand sperm events were 
recorded per sample. Acquisition files were stored as list mode (LMD) files. 

List mode files were analysed with Cyflogic analysis software (Version 
1.2.1, www.cyflogic.com). Oxidative DNA damage was indicated as an increase 
in the green fluorescence intensity of the FITC conjugate (Fig. 1). 

 

Fig. 1. Density plot showing OxyDNA FITC conjugate fluorescence. Vertical line separates 
OxyDNA-negative and -positive events 

 
The proportions of OxyDNA-positive events at different cadmium expo-

sures were compared to the methanol control with the nonparametric Yates-

FL1 – FITC conjugate (linear scale) 
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corrected chi-square test using Statistica data analysis software system (StatSoft, 
Inc., 2007, version 8.0, www.statsoft.com). 

 
 

Results 

The ratios of OxyDNA-positive events increased significantly at higher 
cadmium concentrations. The percentages of the positive events were 6.09% in 
the methanol control sample and 6.09, 8.08, 10.03, 10.31, 10.94, 11.18 and 
12.45% in the sperm aliquots exposed to 0.01, 0.1, 1, 10, 1000 and 10,000 mg/L 
cadmium, respectively. 

Yates-corrected chi-square test indicated that with the exception of the 
lowest cadmium concentration (0.01 mg/L; P = 0.994) the percentages of 
OxyDNA positive events were significantly different from the control (P < 
0.0001). 

 
Discussion 

The results of this pilot study indicate that the direct contact of fish sper-
matozoa with cadmium-polluted water may initiate genotoxic damage. The im-
portance of sperm DNA damage from the point of view of fertilisation outcome 
is already well known (Evenson, 1999). The oxidative DNA damage detected in 
the present study may be due to cytotoxic effects – the main sources of reactive 
oxygen species (ROS) in spermatozoa are the defective mitochondria (Aitken et 
al., 2012). Oxidative DNA damage induces abasic sites, which may lead to single 
and double strand breaks in the sperm DNA (De Iuliis et al., 2009; Aitken et al., 
2012). Even a rather low rate of DNA damage in spermatozoa may result in sub- 
or infertility: threshold values for subfertility due to sperm DNA fragmentation 
as measured by the Sperm Chromatin Structure Assay (SCSA) were 30% for 
human, 10–20% for bull and 8% for boar spermatozoa (Evenson and Wixon, 
2006). To the best of our knowledge there are no similar threshold values for fish 
sperm available in the literature. In our opinion the results of this pilot study will 
be useful in designing larger-scale experiments to test the cytotoxic and 
genotoxic effects of cadmium (and other EDCs) on the fertilising ability of fish 
spermatozoa and the embryonic development of fertilised fish oocytes. Our pre-
liminary results show the usefulness of flow cytometry to detect intracellular and 
sublethal sperm damage in fish exposed to contaminated water and may be di-
rectly useful for aquaculture managers as well as researchers who plan ecotoxi-
cology studies on the reproductive success of fish in polluted environments. 
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