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Introduction
Over the last few years the pathologies of the male reproductive 

system have had a notable social interest. In fact they have caused an 
increase in infertility, as well as infantile malformations and spontaneous 
abortions [1]. Endogenous factors are defects in spermiogenesis caused 
by an incorrect repair of DNA filaments generated during the process 
of chromatin remodeling, by damage induced by excessive levels of 
oxygen reactive species and by an apoptotic process of DNA degradation 
that is similar to that seen in somatic cells [2]. Moreover, exogenous or 
environmental factors have been associated with a significant change in 
sperm parameters (concentration, motility, cellular morphology) and 
increased levels of spermatic DNA fragmentation; genotoxic agents, 
including drugs, compromise the integrity of genetic material and 
influence DNA expression, both directly and indirectly [3]. 

Notwithstanding the fact that the large selection of pharmacological 
molecules has improved the health of individual humans and/or 
animals, they have also caused a notable damage to the environment 
due to their high reactivity. 

Pharmacological substances, incorrectly disposed of, can reach 
water treatment plants in large quantities and, if not degraded, can be 
released into the waters of seas, lakes and rivers [4]. 

Over the last few years in Italy, studies have been carried out on 
monitoring pharmacological substances and hormones in the waters 
of six treatment plants (STPs) [5] and the substances that were most 
frequently found were anti-bacterials, anti-inflammatories and lipid 
regulators.

Again in Italy, other studies have been carried out to evaluate 
the presence of pharmacological substances in superficial waters and 
waters for human consumption [4,6,7]. Furthermore, in the effluents 
of council water treatment plants the analyses carried out showed the 
presence of a mixture of different pharmacological substances [8]. 

In this paper we have evaluated the genotoxic potential of nine 

pharmacological substances: Diclofenac, Carbamazepine, Gemfibrozil, 
Sildenafil citrate, Bezafibrate, Atenolol, Ofloxacin, Atorvastatin and 
Ibuprofen to concentration found in the environment (Table 1).

In vitro toxicity screening using animal sperm has been developed 
over the last decade [9,10]. The large number of cells isolated from 
animals facilitates designing experiments to assess both the toxicity of 
compounds to which subjects could be exposed and the reproductive 
risk. Because sperm motion is important for sperm functional 
capacity [11], not only the percentage of motile spermatozoa but also 
sperm movement characteristics might give information regarding 
quantitative and qualitative evaluation of toxic effects of chemicals [12].

Methods
Sperm preparation and incubation procedure 

Forty semen samples were obtained from men aged between 20 
and 30 years, referred to our Biology of Reproduction Laboratory at 
the Department of Life Sciences (Second University of Naples) either 
for routine semen analysis before in vitro fertilization or for semen 
analysis screening. The ejaculates were collected by masturbation 
after a recommended sexual abstinence of 2-3 days. Immediately 
after liquefaction (about 30 minutes at 37°C) sperm parameters were 
determined according to the WHO guidelines [13] and surplus semen, 
were used for successive experimental analysis.
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Seminal liquid was suspended in PBS-BSA 1X (Saline Phosphate 
Buffer with Bovine Serum Albumine – SIGMA P3688), in a quantity 
proportional to its volume, mixed and centrifuged at 2000 rpm for 15 
min. The supernatant was eliminated and the pellet re-suspended in 
PBS 1X (taking the volume to 10 ml) and then mixed. Then the sample 
was divided into five test tubes (2 ml for each tube):

• One containing only the sample (negative control at time 0
of incubation for each set of drug) to evaluate the possible
individual polymorphisms;

• One containing benzene, a well-known genotoxic agent and thus
used as positive control [14] at a concentration of 4 μl/10 ml;

• The other three tubes contained each pharmacological substance
to be tested exposed for three different times: 15, 30 and 45
min.

Incubation was performed in MEM (Modified Earle Medium) at 
37°C. After treatment the samples were centrifuged at 2000 rpm for 15 
min, the supernatant was eliminated and the pellet was re-suspended in 
500 μl PBS 1X. The DNA damage was then evaluated using the Comet 
Assay, the Diffusion Assay, the TUNEL Test and RAPD-PCR. 

The comet assay and the diffusion assay

The Comet Assay technique quantifies the damage to genetic 
material and also the eventual degree of repair to both eukaryotic and 
prokaryotic cells [15,16]. For this reason it is used for the study of the 
effects caused by both endogenous and exogenous genotoxic agents 
on genetic material, evaluating damage of various types (mutations or 
breaks) to the DNA [17-19].

The test is based on the principle that a broken filament of super-
coiled double-strand DNA undergoes a reduction in its size and can 
thus be used for electrophoresis. Using highly alkaline experimental 
conditions there is a denaturing of the DNA, an un-coiling of the 
double-strand and the expression of unstable alkaline sites in the form 
of single broken filaments. Therefore, following cell lysis and treatment 
with an alkaline solution, the denatured DNA, exposed to an electric 
field, is able to migrate; thus, the cells with DNA damage appear like 
comets, where the tail is the fragmented DNA, while the control cells 
show a more spherical and condensed nucleus.

We withdrew about 15 μl of the spermatozoa suspension from 
the tubes containing the samples and mixed them with 65 μl of Low 
Melting Point (LMP) Agarose at 0.7%. Glass slides treated with Normal 
Melting Point (NMP) Agarose at 1% were used to receive 85 μl of the 
mixture previously prepared and covered with a cover glass and kept at 
4°C for 30 min to solidify the agarose. The coverglasses were removed 
and 100 μl of LMP agarose, at 0.7% at 37°C, were added and kept for 
another 30 min at 4°C. 

Once the agarose had solidified the slides were immersed and 
maintained at 4°C for 60 min in cold Lysis buffer (NaCl 2.5 M, Na4EDTA 
100 mM , Tris-Base 10 mM, Triton-X100 1% and DMSO 1%) at pH 
10.0, and kept in the dark to avoid light induced damage. The slides 
were then washed with a neutralizing solution made up of Tris-HCl 0.4 
M at pH 7.5. The slides were then air dried and underwent digestion 
with proteinase K O.N. (NaCl 2.5 M, Tris-base 5 mM, DMSO 0.05% 
and proteinase K 50 μg/L). The following day the slides were washed 
again with neutralizing solution. The slides were then incubated for 
10 min at room temperature in electrophoresis buffer (NaOH 0.6 M 
and Na2EDTA 50 mM) and then underwent electrophoresis (25 min 
at 300 mA). The slides were then washed three times at 5 min intervals 

with the neutralizing solution. As a final step the slides were fixed in 
methanol for 5 min and air dried. The slides were then stained with 
100 μl of ethidium bromide (10 μg/ml) and read at the fluorescence 
microscope (Nikon Eclipse E-600) equipped with BP 515-560 nm and 
LP 580 nm filters. For each sample two slides were read giving a total 
of 100 cells. The images were acquired and analyzed using software for 
image analysis (Komet version 6.0.0, Kinetic Imaging). The parameter 
considered was the percentage of damaged DNA present in the tail of 
the comet (tail DNA). Statistical significance was also evaluated.

The Diffusion Assay is a modified version of the Comet Assay. 
It includes the same experimental steps with the only exception of 
electrophoresis and the enzymatic treatment with proteinase K.

This method estimates the degree of apoptosis of isolated cells 
[20]. The nuclei of the apoptotic cells are characterized by having a 
highly dispersed DNA and thus have an irregular shape. The cells with 
damaged DNA have larger nuclei with internucleosomal DNA. 

Statistical analysis

Differences in the percentage of DNA fragmentation among the 
experimental points in the semen were analyzed by multifactorial 
analysis of variance (MANOVA). We have considered statistically 
significant differences between means with a p-value ≤ 0.05.

TUNEL test

This test is used to detect the anomalies of spermatic chromatin. In 
fact, there is a correlation between the percentage of fragmented DNA 
of the spermatozoa and motility, morphology and the concentration of 
the ejaculate [21].

The TUNEL test (Terminal deoxynucleotidyl transferase UTP-
driven Nick End Labeling) detects in the seminal liquid the sperm that 
have a breakage in the DNA chain [22]. This test has two advantages: the 
intensity of the staining and the rapid incorporation of the nucleotides. 

The TUNEL test was carried out on our samples using the “In 
Situ Cell Death Detection Kit” (Roche Diagnostics), in which the 
marker used is Fluorescein Isothiocyanate (FITC). The nuclei of the 
spermatozoa with double-strand DNA breaks appear green, while those 
with whole DNA have no color. For this reason, we applied a contrast 
fluorochrome DAPI showing the sperm with whole DNA in blue so 
that they were easily distinguishable from the sperm with the altered 
DNA. For each control and treatment two slides were read giving a 
total of 150 cells per slide. The slides were read by using a fluorescence 
microscope (Nikon Eclipse E-600) equipped with BP 330-380 nm and 
LP 420 nm filters.

Genomic DNA extraction and RAPD analysis

Total DNA from spermatic cells was extracted and purified using 
the PureLink Genomic DNA Kit (Invitrogen, Carlsbad, CA) according 
to the manufacturer’s instructions. Two arbitrary primers (SIGMA) 
were used for RAPD analysis (F1: 5’-ACCGCGAAGG-3’ and D11: 
5’-GTCCCGACGA-3’) [23].

The RAPD method is a PCR-based technique that amplifies 
random DNA fragments with the use of single short primers of 
arbitrary nucleotide sequence under low annealing conditions. The 
technique has been extensively used for species classification and strain 
determination. Recently, the RAPD assay was also applied to detect 
genetic instability in tumors [24] and successfully detected genomic 
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DNA alterations induced by several DNA-damaging agents, such as 
benzo[α]pyrene [25,26], heavy metals [27], UV radiation [28] and [29] 
or X-rays and radio nuclides [30]. 

The PCR amplifications were performed in 25 μl of reaction mixture 
containing 25 ng of DNA, 1 μl of 5 pmol random primer and puRe Taq 
Ready-To-Go PCR Beads (GE Healthcare, UK). The PCR conditions 
were as follows: denaturing at 94°C for 5 sec, annealing at 36°C for 1 
min (primer D11) and at 46°C (primer F1), and extension at 72°C for 1 
min. The products (15 μl each) , mixed with loading buffer, were loaded 
in 2% agarose gels and electrophoresed at 100V for 1h. The gels were 
stained with ethidium bromide and visualized under UV light.

Results
Sperm analysis 

After incubation with the various pharmacological substances, 
the sperm suspensions again underwent standard analysis to evaluate 
if there had been any alterations to the seminal parameters before 
continuing with the tests.

Bearing in mind the spermiogram made before treatment, it can 
be affirmed that the only parameter that varied was motility: there 
was a slight decrease in movement of the sperm after exposure to 
the pharmacological substances. The decrease was about 7-10% with 
respect to the control. 

Comet assay

From the results of this test it was seen that after treatment with 
Atenolol, Atorvastatin, Ofloxacin, Sildenafil citrate, Gemfibrozil and 
Ibuprofen the damage to the sperm cells was statistically significant 
for all the exposure times. Instead, as regards Diclofenac, the statistical 
significance was seen only after 45 min, while for Bezafibrate the 
statistical significance was seen after 30 minutes. Carbamazepine didn’t 
produce a statistically significative increase of genomic damage (Table 
2 and Figure 1).

Diffusion assay

The action of Atenolol, Atorvastatin, Ofloxacin and Ibuprofen on 
the nemaspermic cells showed, with respect to controls, an increase of 
damage in the samples treated for 30 min, which slightly diminished 
in the following 45. Instead, the treatment with Sildenafil citrate, 
Diclofenac, Bezafibrate and Gemfibrozil led to an increased percentage 
of apoptotic cells up to 45 minutes. The treatment with Carbamazepine 
produced the same results of Comet Assay (Table 2 and Figure 2). 

TUNEL test

The index of DNA fragmentation found after treatment with 
pharmacological substances for nemaspermic cells increased for all the 
drugs up to 45 min; while that found after the exposure of the samples to 
Sildenafil citrate, Carbamazepine, Diclofenac and Bezafibrate increased 
up to 30 minutes of treatment with a more or less strong decrease 
after 45 minutes. DNA fragmentation index after the treatment with 
carbamazepine were not dissimilar from the control samples (Table 2 
and Figure 3).

RAPD-PCR

The variations of the profile of the RAPD of the samples of DNA 
treated with the pharmacological substances were compared to the 
untreated controls. The two primers gave a recognizable profile of 
bands for the treated samples compared to the untreated ones. 

The amplification products obtained by this method showed the 
presence of numerous bands between 200 and 1300 bp with primer 
D11 (Figure 4a) and between 500 and 1200 bp with primer F1 (Figure 
4b). In particular the negative controls showed bands of 300, 350, 500, 
550 and 650 for primer D11 while bands of 500, 600, 710, 1300 and 
1400 for primer F1.

Discussion
Various studies present in the literature demonstrate the presence 

of a mixture of pharmacological substances in waste waters that can 
interact with the DNA and induce damage to the genetic material more 
or less severe, such as the break of the double-strand DNA, or induce 
mutations that can be passed on to successive generations with the 
consequent increase of biological damage [31,32]. 

As an experimental model human spermatozoa were used as over 
the last few years the male genital apparatus has been the subject of 
numerous studies and papers present in the literature, showing the 
high vulnerability of this organ for chemical and physical agents, 
above all in relation to a decrease in fertility (for an accurate review 
on fragmentation including the aspects on pollution and the effect of 
pharmacological compounds see [33]).

The results obtained from the four tests used for the evaluation 
of damage show that the pharmacological substances tested affect the 
integrity of the spermatic nucleus after only 15 min of exposure with 

Drugs Concentration (ng/L)
Ofloxacin 50
Diclofenac 180
Sildenafil Citrate 26,25
Atenolol 241
Bezafibrate 57
Carbamazepine 310
Atorvastatin 13
Gemfibrozil 380
Ibuprofen 92

Table 1: Pharmacological agents and relative concentrations tested in this study.

Figure 1: Percentage of sperm DNA damage to different treatment times. 
% of DNA in the tail of the comet in sperm (ordinata) after different exposure 
times (abscissa) to examined pharmacological agents. AT = atenolol; 
AV = atorvastatin; O = ofloxacin; SC = sildenafil citrate; G = gemfibrozil; 
I = ibuprofen; C = carbamazepine; D = diclofenac; B = bezafibrate. Were 
considered statistically significant differences between means with a p-value 
≤ 0.05 (*). The bars represent the standard deviation.
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damage being statistically significant with respect to controls, as shown 
by the computerized elaboration of the values obtained with the Comet 
Assay.

The reproducibility of the four techniques, which were carried out 
separately, shows that each of them is sufficient for the analysis of a 
spermatic population; this indicates that they are very sensitive. 

DNA fragmentation is one of the principle causes of male infertility. 
Various clinical studies indicate that levels of fragmentation of the 
chromatin above 30% are associated with no pregnancy or spontaneous 
abortion [34,35].

The main objective of this research was to examine the effects of 
nine commonly used drugs to evaluate the alterations of the integrity of 
human sperm. We use the Comet Assay with electrophoresis in neutral 
conditions as it is more sensitive to the break of the double-strand 
of the DNA helix. Numerous publications have used the Comet test 
to quantify the breakage of the double-strand of the DNA in human 
sperm [16,36-39] and comparing the damage to the somatic cells with 

that of the germinal cells it has been shown that sperm exhibit a greater 
damage [40]; this takes place because mature sperm are unable to repair 
the damage to their DNA as during spermiogenesis. The spermatic cells, 
in fact, lose their cytoplasm and the enzymes having a repair function 
[41-43]. Noteworthy are the advantages of this technique in evidencing 
the loss of the DNA integrity in sperm cells [44-45].

The TUNEL Test can be used to quantify the breakage of the DNA 
strands endogenous in nuclear spermatic chromatin [46-47] and today 
we can say that this technique (due to its sensitivity, specificity, speed 
and low cost) should be considered the first choice for the evaluation 
of spermatic DNA breakage, in particular in cases of male infertility.

Therefore it is one of the preferred and most used techniques. The 
results support the hypothesis that fragmented DNA is the cause for 
failed conception in many couples. In the TUNEL test a percentage of 
sperm with DNA fragmentation above 27% is considered pathological 
[48].

Very interesting evidences came from the slightly different data 

aDNA Fragmentation Index expressed in percentage as a result of the TUNEL test
bNumber of apoptotic cells expressed in percentage as a result of the Diffusion Assay
cDNA present in the tail of the comet expressed in percentage after the COMET Assay
SD = standard deviation

Table 2: Sperm DNA fragmentation values for each pharmacological compound tested in the present study.

Drugs Exposure Time (min) DFIa Apoptotic Cellsb DNA Tailc ± SD

ATENOLOL

untreated 9,71 27 3,67 ±1,37
15 26,05 39 78,54 ± 11,64
30 33,99 43 83,90 ± 15,41
45 24,60 36 76,36 ± 10,38

ATORVASTATIN

untreated 7,00 18 7,73 ± 1,40
15 57,00 63 17,64 ± 4,63
30 70,00 83 49,85 ± 12,20
45 65,00 69 18,87 ± 5,21

OFLOXACIN

untreated 12,49 12 8,31 ± 0,78
15 39,82 54 37,87 ± 6,40
30 41,90 69 73,79 ± 10,26
45 40,85 67 47,23 ± 8,43

SILDENAFIL CITRATE

untreated 13,33 19 3,42 ± 2,17
15 33,30 31 43,30 ± 12,74
30 40,00 35 48,64 ± 17,43
45 56,66 46 54,61 ± 11,65

GEMFIBROZIL

untreated 5,30 16 4,94 ± 1,97
15 8,96 21 17,94 ± 10,71
30 10,32 35 22,38 ± 11,07
45 13,57 39 33,14 ± 15,48

IBUPROFEN

untreated 3,31 20 4,94 ± 1,97
15 6,66 49 14,93 ± 3,47
30 9,55 36 65,45 ± 14,73
45 4,05 32 34,93 ± 13,63

CARBAMAZEPINE

untreated 11,31 19 5,18 ± 1,04
15 26,60 25 11,78± 4,91
30 34,37 33 13,03  ± 6,32
45’ 45,49 39 13,90 ± 6,90

DICLOFENAC

untreated 13,31 19 6,17 ± 2,62
15 29,81 21 12,13 ± 5,57
30 41,89 33 14,12 ± 5,34
45 46,06 42 23,35 ± 4,29

BEZAFIBRATE

untreated 16,66 16 8,31 ± 0,78
15 20,00 21 11,51 ± 5,98
30 32,50 27 33,90 ± 11,51
45 40,85 38 55,30 ± 10,87



Citation: Rocco L, Peluso C, Cesaroni F, Morra N, Cesaroni D, et al. (2012) Genomic Damage in Human Sperm Cells Exposed In Vitro to Environmental 
Pollutants. J Environment Analytic Toxicol 2:117. doi:10.4172/2161-0525.1000117

Page 5 of 7

Volume 2 • Issue 1 • 1000117
J Environment Analytic Toxicol
ISSN:2161-0525 JEAT an open access journal

observed in the Diffusion Assay. The increasing of apoptotic degree, 
allowed us to state that, as observed by several scientists [41-43], in 
sperm cells with damaged DNA, apoptosis is the only possible option 
to prevent transmission of imperfect genetic information. We could 
suppose that the Diffusion Assay is a more sensitive method to detect 
the apoptotic degree for sperm cells. Recently, it was suggested that 
aberrant spermatogenesis could lead to alterations in chromatin 
packaging and a deficiency in protamination which would make 
sperm DNA more susceptible and vulnerable to a variety of stressors, 
including environmental factors. In addition, it was hypothesized that 
activation of caspases and endonucleases could induce sperm DNA 
fragmentation [49]. Nevertheless, Aitken et al. [50] postulated that the 
physical architecture of sperm cells could prevent these nucleases from 
translocating to the nucleus and suggested that DNA fragmentation 
could result from nonenzymatic reaction or from the action of activated 
endonuclease already integrated into the chromatin body. The most 
recent studies on the origin of sperm DNA damage suggested that 
there might be a cascade of changes that progress from the induction 
of oxidative stress and oxidized DNA base adduct formation to DNA 
fragmentation and cell death, that could be better detected by Diffusion 
Assay technique.

This is the first report of an analysis of genomic alterations in 
drug-exposed human spermatic cells with the use of RAPD-PCR 
fingerprinting. These data prove that the RAPD-PCR method is 
useful for the screening and characterization of genomic regions that 
have undergone alterations as the result of drug exposure. Changes 
in the genome that were observed in the present study were mainly 
variations in RAPD band intensity in the profiles generated by drug-
exposed cells. These results suggest that short-term (15’) drug exposure 
induces mainly DNA damage, which causes the specific RAPD band 
intensity to either increase or decrease. Short-term treatment with the 
pharmaceutical compounds tested did not seem to induce permanent 
genomic mutations or changes in oligonucleotide priming sites that 
would mainly produce new, or result in lost, RAPD bands. Several 
similar findings have been reported by [25] and [51] that used RAPD-
PCR to analyze the induced DNA damage. 

The evidences collected in the present research are in agreement 
with the results coming from our test performed with some of these 
drugs on somatic cells. The only differences lie in the time of detection 
of genotoxic damage, which in the case of sperm cells, are extremely 
low [31,32].

The results of this work show that the drugs found in the wastewater 
were able to induce damage to sperm DNA. The concentrations of the 
pharmacological substances found in waste waters are thus able to 
induce DNA damage to the nemaspermic cells that can be seen in an 
early phase of cell suffering (damage to the nucleus), even before it is 
able to induce more evident metabolic alterations such as a decrease 
in motility in the case of spermatozoa. DNA fragmentation, in fact, 
is the first sign of cell suffering that can be triggered in spermatozoa 
by various stress conditions that accumulate at the intracellular level 
provoking a cascade of events that lead sperm to apoptosis. We have 
proposed an approach to assess the exposure of sperm cells to genotoxic 
substances using biomarkers such as DNA damage, apoptosis and the 
degree of fragmentation (DFI).
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Figure 2: Percentage of sperm apoptotic cells to different treatment 
times as determined by Diffusion Assay. % of sperm apoptotic 
cells (ordinata) after different exposure times (abscissa) to examined 
pharmacological agents. For drugs abbreviations see Figure1.

Figure 3: Percentage of sperm DNA fragmentation to different treatment 
times as determined by TUNEL Test. % of sperm DNA fragmentation 
(DFI) (ordinata) after different exposure times (abscissa) to examined 
pharmacological agents. For drugs abbreviations see Figure1.

Figure 4: Pattern RAPD-PCR of DNA samples treated with the 
pharmacological substances. RAPD-PCR fingerprinting of sperm 
generated by primer D11(a) and F1(b) incubated with the tested drugs for 15-
30-45 minutes. The appearance and disappearance of bands and intensity 
variations of the same pattern than the negative control were considered. M = 
marker 100 bp; N = control. For drugs abbreviations see Figure1.
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