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Abstract

The aim of this study was to identify the pharmaceutical substances in the waters of the river Volturno in Campania
and to identify the genetic alterations that they induce in fish. These vertebrates, living in water, are particularly
sensitive to polluting substances dissolved in their water that interact with DNA leading to the formation of additions or
breaks, as well as to the loss or chemical modifications of the bases, because they can conserve and concentrate the
substances discharged into their natural habitat. A preventive chemical analysis was carried out on the waters of the
river Volturno. The results showed the presence of various drugs, among which Carbamazepine, a known antiepileptic
and Diclofenac, a non-steroid anti-inflammatory agent. The genotoxicity of these two compounds was evaluated in
155 individuals of Danio rerio using the Comet Test, the Diffusion Assay and RAPD-PCR. The alkaline version of the
Comet Test was used for the erythrocytes of the zebrafish to evaluate the presence of DNA breaks of a single strand.
Furthermore, the Diffusion Assay was used to estimate the number of apoptotic cells. The specimens were treated
with Carbamazepine and Diclofenac at the same average concentrations found in the river Volturno and were killed
after three, seven and fifteen days. The results of the Comet Test showed a statistically significant loss of DNA integrity
after only three days of exposure to the drugs. Also the percentage of apoptotic cells reached its maximum values
after three days of exposure to Carbamazepine and after one week to Diclofenac. By RAPD-PCR the genotoxicity was
evaluated at the molecular level. The amplification products from the individuals exposed to the same concentrations
of the environmental pollutants showed significant changes in their electrophoretic pattern with respect to the negative

controls. The results of all three tests clearly show the genotoxicity of the compounds analyzed.
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Introduction

Environmental degradation, above all that which takes place
through the accelerated release of synthetic chemical substances, is
of increasing interest for today’s society. While industrial pollutant
emissions have been monitored for some time and are subject to
frequent checks, drugs are a group of chemical agents that have received
little attention as potential environmental pollutants.

Many drugs are extremely bioactive compounds and are
unknowingly introduced into the environment as complex mixtures
by many routes, especially in wastewaters (both treated and untreated).
Certain pharmaceutically active compounds (such as caffeine, nicotine
and aspirin) have been known for almost thirty years to be compounds
discharged into the environment, especially in highly populated areas.
A more complete picture has only recently emerged where it is evident
that numerous drugs from a wide range of therapeutic categories
can appear in the environment and even in drinking water (even if
at very low concentrations), especially in natural waters that receive
wastewaters [1,2].

In particular, studies carried out over the last few years not only in
Europe, i.e. Greece, Spain, Germany and Italy, but also in Brazil and the
USA, have shown that chemical substances (in the form of secondary
metabolites deriving from pharmaceutical products) that are found
as contaminants in aquatic environments every year are always more
numerous. For this reason the contamination of aquatic ecosystems
and the consequent modifications of the balance of flora and fauna
that live there, are recognized as one of the principal environmental
emergencies [2-4].

A genotoxic agent is a substance that interacts directly or indirectly
with DNA causing damage to its genetic structure. The exposure of an

organism to a genotoxic substance can result in a class of genetic effects
that cause alterations of the structure and function of its DNA [5]. One
of the genetic effects caused by genotoxic agents is genetic mutation:
this type of modification does not always lead to severe changes
of the phenotype, but, on the other hand, it can have very severe
effects, such as the accumulation of mutations in specific sites that
can generate tumors. Moreover, genotoxic substances can alter DNA
integrity causing strand breaks. The exposure to genotoxic substances
can increase the possibility of DNA strand breaks with respect to
normal cellular conditions [6]. Moreover, it must be remembered
that a genotoxic substance can provoke various responses according
to the biological system on which it acts and based on its intensity
(concentration of the compound and exposure time).

Over the last few years there has been a notable increase in studies
aimed at evaluating the genotoxic effects that certain substances, among
which drugs, can induce on the organisms that directly or indirectly
come into contact with them. In particular, the most used experimental
model for the study of genomic damage caused by chemical and
pharmacological substances is that of fish. These vertebrates, in fact,
living in water, are particularly sensitive to pollutants and thus more
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susceptible to eventual damage that these substances can cause to DNA.
They can produce the formation of additions and/or breaks of genetic
material and/or punctiform mutations including insertions, deletions
or chemical modifications of the purine and pyrimidine nitrogen bases.
All this takes place because fish are organisms that can metabolize,
concentrate and bio-accumulate the contaminants present in water.

The aim of this study was to identify the drugs present in various
regions of the river Volturno by means of chemical analysis of the waters
and to evaluate the potential genotoxic damage, that Carbamazepine
and Diclofenac, which were present in relatively high concentrations,
could have on the fauna once in the aquatic ecosystem.

In particular, the alterations present at the genomic level following
the exposure to the chemical substances were investigated. For this
purpose, specimens of zebrafish (Danio rerio) were used. They were
exposed to the action of the same average concentrations of the drugs
found in the waters of the river Volturno, for 3, 7 and 15 days. To show
the structural alterations of the DNA, the Comet Test, the Diffusion
Assay and RAPD-PCR were used. The first two tests were often used in
synergy to evaluate the relationship that exists between environmental
contaminants and damage induced in genetic material of organisms
that populate aquatic ecosystems today [7,8].

Materials and Methods

Collection of specimens from the waters of the river Volturno

Six collections were made from the river Volturno in the sites of:
Limatola, Capua, Grazzanise, Cancello-Arnone and Castelvolturno
(Figure 1). For each collection site 5 liters of water were removed and
analyzed for the presence of drugs and products for personal care
following the methodology described. The water samples were kept at
4°C up to analysis.

Analysis of pharmaceuticals in river waters

River water samples were analyzed as previously reported by [9].
Briefly, samples were filtrated by glass microfiber filter GF/D 2.7 ug and
extract by SPE solid phase extraction RP-18 Waters (Massachusetts,
USA). Eluates were dried under an air stream and re-dissolved in 0.01%

acetic acid in MilliQ water (pH 3.5), then centrifuged, transferred to
glass vials, and 10 pl samples were injected with an LC/MS.

The LC/MS system consisted of electro-spray mass quattrod LC
(Micromass, Manchester, UK) triple quadruple instrument operating
in the negative and positive ion mode. HPLC separation was effected
with a Phenomenex Luna C-18 column, 5 pm particle size (2.50x4.60
mm e.d.) and Phenomenex Luna C-18 pre-column (2.50x4mm e.d.).

For analysis eluent A was constituted by 0.1% formic acid in MilliQ
water, eluent B by acetonitrile. Elution started with 100% of eluent
A followed by a 10 min linear gradient to 100% of eluent B, 2 min
isocratic elution and a 2 min linear gradient to 100% of eluent A, which
was maintained for 6 min to equilibrate the column.

The determination of the pharmaceuticals in the Volturno river
waters was obtained by comparison with pure standards (SIGMA
Aldrich).

Genotoxicity assays

The tests were carried out on 155 adult individuals of zebrafish
(Danio rerio, Hamilton, 1822) bought from a local supplier; they were
allowed to stabilize for two weeks before beginning the experiment.
They were transferred to small tanks each containing 5 liters of water, in
which the drugs were dissolved at the average concentrations found in
the waters of the river Volturno (Table 1). In the same Table the various
groups into which the specimens of Danio rerio were subdivided are
reported. Specimens were also kept in uncontaminated water to study
the polymorphisms within the same species and individuals exposed
to water containing benzene (known genotoxic agent and thus used as
internal control) [10] at the concentration of 10 pl/l, in which exposure
continued for 3, 7 and 15 days.

At the end of exposure, the genotoxicity of these two drugs
was evaluated by means of the Comet Test and the Diffusion Assay
according to the methodology described by [7] and by means of RAPD-
PCR according to [11].

The Comet Test uses electrophoresis in an alkaline environment of
single cells on agarose gel. The methodology required the removal of few

Figure 1: Map of Volturno River. The collection sites are circled.
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Pharmaceutical Mean concentration Days of Number of specimen
compound (ng/L) treatment examined
3 26
Carbamazepine 0,31 7 26
15 26
3 26
Diclofenac 0,18 7 25
15 26

Table 1: Experimental conditions of treatment with Carbamazepine and Diclofenac.

microliters of blood from the zebrafish from below the gills, (the first
organ exposed to contaminants during respiration), with a heparinized
syringe to avoid coagulation; the hematic cells were then mixed with
500 ul of 1X PBS (Phosphate Buffered Saline) and then centrifuged
at 2000 rpm for 10 min. The supernatant was removed and 300 pl of
Low Melting Point Agarose (LMPA) 0.5 % in 1X PBS was added to the
pellet. Seventy-five ul of the above mentioned mixture was placed on
slides previously coated with Normal Melting Point Agarose (NMPA)
1 % in 1X PBS and then covered with glass covers (24 x 50 mm), briefly
equilibrated to 37°C prior to mixing to avoid the formation of bubbles
and left at 4°C for 30 min. The glass covers were removed and 85 pl of
LMPA at 37°C were added; the slides were warmed to 37°C for a few
seconds and left for further 30 min at 4°C. The slides immersed were
maintained at 4°C for 60 min in a lysis solution at pH 10, pre-cooled
to 4°C and kept in the dark (to avoid damage from the light) until use.
The lysis solution contained NaCl 2.5 M, Na,EDTA 0.1M, Tris-Base
0.4M, TRITON-X100 1% and DMSO 10%. After 60 min incubation
the slides underwent denaturation for 10 min at room temperature in
the electrophoresis buffer (NaOH 10 N and EDTA 200 mM, pH 12.1),
which creates the lesions to the DNA single filaments at the level of
the labile sites following the exposure to the oxidating agents. The
unraveled and relaxed DNA then migrated out of the nucleus during
electrophoresis at 25V and 300 mA for 15 min. After electrophoresis,
the slides were placed for 15 min in a neutralizing solution of Tris-
HCl 0.4 M at pH 7.5. Finally, the slides, removed from the neutralizing
solution, were fixed in cold methanol 100 % for 3-5 min, and left to
air-dry. The slides were then stained with 100 pl of ethidium bromide
30 X (10 pg/ml), covered by a glass cover and read at the fluorescence
microscope (Nikon Eclipse E-600) with an excitation filter BP 515-
560 nm and a restriction filter LP 580 nm. The images were acquired
using a specific program (Komet version 6.0.0, Kinetic Imaging). The
cells that had undergone DNA damage appeared as comets, with a
tail of fragmented and decondensed DNA, while the control cells
had a rounder and condensed nucleus. The migration of the DNA is
a function of the number of breaks and the tail length [12]. The level
of DNA fragmentation obtained by Comet assay was quantified by
fluorescence microscopy and image analysis as the percentage of DNA
migrating out of the nucleus (tail DNA). For statistical analysis was
used the multifactor analysis of variance (MANOVA) (p< 0.05).

The Diffusion Assay clearly discriminates apoptotic cells from
necrotic cells. Its experimental protocol is the same as that of the
Comet Test, with only one difference: the slides do not undergo to
electrophoresis. The cells with damaged DNA have a nucleus of reduced
dimensions with DNA projections, whose extension is proportional to
the genetic damage [13].

The RAPD (Random Amplified Polymorphism DNA)-PCR
technique is simple, sensitive and effective in identifying DNA
damage by means of a random amplification of fragments using PCR
[14]. We used puREtaq Ready-to-go-PCR (GE Healthcare), which
contains nucleotides (ANTPs) and Taq DNA recombinant polymerase
(2.5 units). It is necessary to add DNA (40 ng) and the primer

(5-d[CCCGTCAGCA]-3’) [11] at the concentration of 5 pmol/pl. The
final volume of reaction was 25 pl. The chosen primer was selected for
yielding amplification products with a reasonable number of bands
and, above all, high definition and reproducibility. The amplification
reaction followed this cyclic program: one initial step (5 min to 95°C),
then 45 cycles including 1 min to 95°C, 1 min to 36°C and 2 min to
72°C . Fragments of different length were generated due to the various
pairings of the primer that can be seen by means of electrophoresis
(85 V) on 3% agarose gel as bands. The change in the number of the
bands and the variation in their intensity are associated with alterations
of genetic material [15]. Before proceeding with the amplification
reaction the DNA template was extracted from the muscle of each
zebrafish (using an experimental protocol with a series of passages
in chloroform and isopropanol, which guarantee a sufficiently pure
extraction to produce a RAPD-PCR profile of good quality [14].

The polymorphic pattern generated by RAPD-PCR profiles allowed
to calculate Genomic Template Stability (GTS, %) as following:

GTS =(1-a/n) x 100

where a is the average number of polymorphic bands detected in
each exposed sample and #n the number of total bands in the non treated
samples. Polymorphism in RAPD profiles included disappearance of a
band and appearance of a new band respect to the control.

The average was calculated for each experimental group exposed to
different drug treatments. Changes in these values were considered as a
percentage of their controls (set to 100%).

The statistical analyses were carried out using the package software
SPSS 9.05 for Windows [16].

Results

Pharmaceutical agents found in the river Volturno

The chemical investigation of the Volturno river waters identified
four pharmaceutical products, bezafibrate, Carbamazepine, Diclofenac
and metoloprolo, as reported in Table 2.

Two of these pollutants were found in larger quantities, Diclofenac,
a non-steroidal anti-inflammatory drug and Carbamazepine, an
anticonvulsant and mood stabilizing drug. For these reasons we choose
to test only the genotoxicity effects of these two molecules.

Comet test

In Table 3 are reported the results coming from Comet Test. The
specimens exposed to Carbamazepine at the concentration of 0.31pg/L
for 3and 7 days had a percentage of damaged DNA significatively higher
(p=<0.05) with respect to the control fish. After 3 days of exposure, this
concentration of the drug caused a statistically significant loss of DNA
integrity of 65.5%. The DNA damage decreased after 7 days of exposure
of the zebrafish to Carbamazepine showing a loss of integrity of 61.0%.
Finally, the exposure extended to 15 days showed a decrease in the
percentage of DNA damage (32.9%).

Pharmaceutical compound Mean concentration (ug/L)xSD
Bezafibrate 0.058 + 0.004
Diclofenac 0.180 £ 0.015
Metoprolol 0.050 + 0.002
Carbamazepine 0.310 £ 0.033

SD = Standard Deviation

Table 2: Pharmaceutical compounds chemically revealed in Volturno waters
together with their relative average concentrations.
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Pharmaceutical Days of Tail DNA % % of apoptotic cells
compound treatment +*SD +*SD
3 237+468  15%0.1
Untreated 7 241+273  1.4£0.1
15 232+335  16%03
Carbamazenine 65.5+5.11* | 9.2+0.9*
051 gLy P 7 61.0+4.62* 89%0.9*
<=1 Hg 15 32.9+£3.62° | 4.6+04*
Diclofenac 3 449+3.78 28%0.2
0,18 porL) 7 56.7 £5.06* | 8.7 +0.8%
1o Hg 15 32.9+4.33° | 50+04*

SD = Standard Deviation

Table 3: Percentage of DNA in the tail and of apoptotic cells in Danio rerio
erythrocytes exposed to Carbamazepine and Diclofenac (* P< 0.05).

M1 2 3 4 6 8 7 8 B 10

M1 23 4 £ 6 78 510

1000 bp =

500 bp —

M1 23 4 56 T8 510

1000 bp =

500 bp —

Figure 2: RAPD-PCR pattern of DNA samples treated with the
pharmacological substances. RAPD-PCR of Danio rerio genomic DNA
after 3 days (a), 7 days (b) and 15 days of exposure (c). M= marker 100 bp
ladder; 1-2 = non treated fish; 3-4 = treated with benzene ; 5-6-7 = treated with
Diclofenac; 8-9-10 = treated with Carbamazepine.

As regards the exposure to Diclofenac at the concentration of
0.18 ug/L for 3 and 7 days the results indicate that the percentage of
damaged DNA was significatively (p< 0.05) higher with respect to
that of the control fish. After 3 days of exposure, this concentration
of the drug caused a statistically significant loss of DNA integrity of
44.9%. The DNA damage increased after 7 days of exposure (56.7%).
The exposure for 15 days showed a decrease in the percentage of DNA
damage of 32.9%.

Diffusion assay

The induced DNA damage after Diffusion Assay was seen as the
formation of apoptotic cells and their percentage was calculated. Table
3 shows that the fish exposed to the two drugs for 3 and 7 days had a
higher percentage of apoptotic cells with respect to the control fish.
After 3 days of exposure, the concentrations caused a significative loss
of DNA integrity with consequent apoptosis of 9.2% for Carbamazepine
and 2.8% for Diclofenac. The percentage of the apoptotic cells decreased
slightly after 7 days of exposure of the zebrafish to Carbamazepine
reaching 8.9%, while it increased for Diclofenac (8.7%). The exposure
at 15 days showed a decrease of the percentage of apoptotic cells of
4.6% for Carbamazepine and 5.0% for Diclofenac.

RAPD-PCR

The amplification products from RAPD-PCR showed various
bands of length between 300 and 1500 bp. The bands at about 400,
500, 600, 800 and 1300 bp were present in all the controls. The results
indicate that the primer used possessed a high efficiency to amplify the
genomic DNA of the zebrafish.

In particular, after three days of exposure to Diclofenac there
were two new bands at about 470 and 1100 bp (Figure 2a), while those
exposed to Carbamazepine showed only one new band at about 1100
bp. After seven days of exposure the specimens exposed to Diclofenac
showed the loss of the band at about 1400 bp, while those exposed to
Carbamazepine showed two new bands with respect to the controls, at
about 470 and about 1100 bp (Figure 2b). After fifteen days of exposure
to Diclofenac there was a further band at about 470 bp, while those
exposed to Carbamazepine showed a reduction of the bands at about
1400 and 1500 bp (Figure 2c). Changes in the RAPD patterns were
expressed as decreases in GTS, a qualitative measure reflecting the
change to the number of RAPD profiles generated by the two drugs,
in relation to profiles obtained from the control specimens. GT'S values
were reported in Table 4.

Discussion

Aquatic pollution due to the discharge of chemical substances,
among which are active pharmacological agents, into aquatic
ecosystems is becoming a threat for the environment. The active
pharmacological agents discharged into superficial waters can, in fact,

Pharmaceutical compound Days of treatment GTS %

3 100
Untreated 7 100

15 100
Carbamazepine s 70

7 65
(0,31 pglL) 15 59
Diclofenac 3 gg
(0,18 ug/L) 15 69

Table 4: Changes of GTS in Danio rerio erythrocytes exposed to Carbamazepine
and Diclofenac as evidenced by RAPD-PCR.
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interact with the DNA of the organisms that make up the trophic chain
of these environments and induce significative genetic damage.

There have been numerous studies carried out on both superficial
waters in which it has been shown that among the chemical
compounds found in superficial waters, and thus responsible for their
contamination, there are many active pharmacological agents; the
chemical characterization of these agents has allowed us to conclude
that among the drugs found with the greatest frequency are analgesics
and anti-inflammatory drugs, but also antibiotics and/or bacteriostatic
drugs, antiepileptics, 3-blockers, hematic regulators of lipids, and oral
contraceptives [2-4].

These studies have shown the degree of environmental problems,
making the authorities in charge of their control and safeguard
seriously evaluate their presence and above all their toxicity and the
effect they could have on the flora and fauna of aquatic ecosystems.

Carbamazepine and Diclofenac, as other pharmaceutical
compounds, enter the surface water, because they are only partially
eliminated in wastewater treatment plants [17]. In fact Carbamazepine
showed a very low elimination rate (7%) [18,19], seems to be very
persistent and some authors have observed only a slight removal
by phototransformation [20]. For Diclofenac, laboratory tests
performed with the lake water showed a good elimination through
phototransformation, but this process is strongly time and site specific
and can vary enormously [17].

The main mechanism of action of Diclofenac for the induction
of cyto and genotoxicity is probably due to an increase of oxidative
stress. In fact, several authors have demonstrated that the mechanism
of Diclofenac-induced mitochondrial injury seems to involve the
generation of reactive oxygen species (ROS) causing oxidative stress.
[21]. This could indicate that the production of ROS and the consequent
oxidative stress due to Diclofenac could be responsible for the observed
DNA damage. The drug can directly produce the observed DNA
damage also by means of the creation of adducts and/or intercalants
without significant ROS production [22].

On the other hand, the mechanism of Carbamazepine-induced
genotoxicity, as of other antiepileptics, resides in the possibility
that it can cause folate deficiency, and this has been proposed as a
possible teratogenetic cause. Biochemical studies have suggested that
disturbances in the nucleotide pool, DNA synthesis, and cell growth
are responsible for the adverse effects associated with folate deficiency.
It has known that folate deficiency causes expression of chromosomal
fragile sites, chromosome breaks, micronucleus formation and DNA
hypomethylation [23].

Diclofenac has known toxic and genotoxic effects in non-target
organisms, like fish, where it can bioaccumulate and change cellular
reactions in liver, kidney and gills [24-26] and mussels [27-29].

The cytotoxicity, genotoxic potentials and mutagenic activities of
Carbamazepine have been poorly understood and little investigated. At
this time only few evidences have been reported in literature [30]. Some
adverse affects of Carbamazepine are enzyme-induction and interaction
with other drugs, as well as the increase in the incidence of congenital
malformations [31,32]. Some reports indicate that Carbamazepine
induces apoptosis in cultured cerebellar granule cells [33].

Laville et al. [34] found that Carbamazepine was cytotoxic
in primary cultures of rainbow trout hepatocytes and induced
oxidative stress. Celik [35] demonstrated the in vitro genotoxicity of
Carbamazepine using cytokinesis-block (CB) micronucleus assay in
human blood lymphocytes.

Electrophoresis in the alkaline environment of single cells on
agarose gel (Alkaline Single Cell Gel Assay), also known as the Comet
Test, is a very accurate technique that quantifies, not only the damage
to genetic material, but also the eventual degree of repair [12,36]. This is
a rapid and very sensitive technique that allows the study of the factors
that cause mutagenicity and carcinogenicity, and, over the last few
years, has quickly become an important technique in various sectors of
science such as genetic toxicology. In particular, the Comet Test is used
for the study of damage caused by genotoxic agents and/or mutagens,
endogenous and/or exogenous on genetic material, evaluating damage
of various nature (mutations or breaks) of genetic material. The Comet
Test also has the great advantage of needing only a small quantity of
organic material (few microliters of blood) and can be carried out on an
extremely low number of nucleated cells (from some hundreds to few
thousands), sufficient to give an adequate statistical analysis [8,37,38].

The Diffusion Assay is a modified version of the Comet Test and
is very sensitive in estimating the degree of apoptosis in isolated cells
[39]. The cells with DNA damage are clearly defined and have larger
nuclei with the projection of DNA inside [40].

Molecular genetics has provided a good number of innovative
techniques to measure genotoxicity. The RAPD (Random Amplified
Polymorphism DNA) technique introduced by Williams et al. [41]
and by Welsh and McClelland [42] is a technique that studies the
amplification of random segments of genomic DNA by means of PCR.

The polymorphisms of the random amplification of DNA
represents the corresponding polymorphic traits of genomic DNA.
As described in literature, the damage caused to genomic DNA could
introduce modifications of the binding sites of the aspecific primers
used, causing the presence of various electrophoretic patterns of PCR
(polymorphisms) [11,14, 43,44].

These findings make the use of this method possible to investigate
the eventual genotoxicity of pollutants [45-47]. As for other methods
that use biological imaging for toxicological analysis, RAPD-PCR could
provide more precise conclusions for specimens being investigated
with respect to a merely numeric technique, which reduces data into
discreet elements and differentiates the imaging patterns only by means
of mathematical and statistical methods.

In 2004 Zhiyi and Haowen [11] demonstrated, using this technique
and the experimental model of zebrafish (Danio rerio), that some
aquatic contaminants such as phosphamide and dimethoate are able
to induce genotoxicity, confirming the accuracy and the sensitivity
of this technique for the analysis of genotoxic damage induced by
environmental contaminants. The technique was used with success
by our group to evaluate the genotoxicity of several drugs found
downstream of some Italian wastewater treatment plants [7,47].

The aim of our research had the specific objective of evaluating the
potential genetoxicity of two drugs, Carbamazepine (an antiepileptic)
and Diclofenac (an anti-inflamatory drug) present in the waters of
the river Volturno. As experimental model we used zebrafish (Danio
rerio), not only because fish are a component of the trophic chain of the
waters of the ecosystem being studied, but also because there have been
many studies in literature that use these vertebrates as bio-indicators
for studies on genetic toxicology [7,11,47]. The genetic damage was
evaluated using three tests, the Comet Test, the Diffusion Assay and
RAPD-PCR, and to detect eventual damage induced at the genomic
level, the zebrafish were exposed to the same average concentrations
of Carbamazepine and Diclofenac found in the river Volturno. The
methods that are generally used to evaluate mutational damage induced
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by xenobiotic substances, such as the Test of Ames, do not always detect
genotoxic damage. However, in 2001 Snyder and Green [48] reported
that various drugs such as Diclofenac and Carbamazepine induce
genotoxic effects that are not detectable with the test of mutagenesis of
Ames, but showed positivity to the test of carcinogenesis.

From the analysis of the results of the Comet Test it can be seen
that Carbamazepine at the concentration of 0.31 pg/L induces a
fragmentation of DNA even after a short period of exposure (3 days)
and that the extension of exposure to antiepileptics caused not only a
decrease of the damage in each cell after 7 days of exposure, but there
was also a certain repair of the damage after 15 days of exposure to the
drug. These results are in agreement with the Diffusion Assay, given
that also the percentage of the apoptotic cells increased in the first 3
days in relation to the period of exposure and began to decrease after
7 days of exposure, showing a repair of the damage after 15 days of
exposure to the drug.

From the results of the Test Comet it can be seen that also
Diclofenac at the concentrations assayed was capable of inducing
genetic damage in a short time (after only 3 days of exposure), damage
that continued to increase after 7 days of exposure, there then followed
a certain repair of the damage after 15 days of exposure. Also in this
case the results agree with those obtained with the Diffusion Assay: the
percentage of apoptotic cells increased after 3 and 7 days of exposure to
the drugs, while there was a notable decrease after 15 days of exposure,
confirming a repair of the damage.

As regards RAPD-PCR, instead, we characterized the RAPD bands
present in different number and/or intensity in fish exposed to the two
compounds with respect to the untreated specimens. The appearance
or loss of the amplification products of PCR can reveal a change in the
sequence of DNA due to mutations, showing new events of annealing
and/or of great of deletions, bringing two pre-existing sites closer or
making them farther apart. Moreover, the pattern of amplification of
the DNA of the individuals exposed revealed the acquisition or the loss
of bands and/or the change of intensity of the same bands, referable to
a variation in the number of recognition sites of the sequence of the
primer and thus of mutations. The variations of frequency of the bands
could be the result of structural changes induced by genotoxic events.
In fact, the changes in the electrophoretic pattern reflect the alterations
of DNA due to the single changes of bases (punctiform mutations) or a
more complex chromosomal reorganization [11].

Analogously, in this study, the DNA damage induced by
Carbamazepine and Diclofenac are seen by means of changes in the
variation of the intensity of the bands and the loss and/or acquisition
of new bands. Furthermore, RAPD-PCR confirmed that the DNA
damage induced by these drugs at the concentrations used was already
evident after three days of exposure.

The RAPD-PCR method showed, after 15 days of exposure with
the drugs, the presence of genetic modifications. In this case there was
no restoration of the original pattern of amplification after 15 days of
exposure with both drugs and no repair of the damage. The loss or
the presence of new bands could, on the one hand, indicate that the
damage had not yet been repaired or, that the change of the number of
bands could be interpreted as an attempt to create “a lessening of the
mutations” able to confer resistance to the individuals exposed for long
periods to the tested compounds [49].

Taken together, the data obtained from the Comet Test, the
Diffusion Assay and RAPD-PCR show that the three drugs at the
concentrations found in the river Volturno exert a significant genotoxic

action already after three days of exposure. The analysis of the data,
moreover, suggests that the genotoxicity of the two above-mentioned
drugs is based on the time of exposure: in fact, both Carbamazepine
and Diclofenac showed increasing DNA damage of the zebrafish after
3 and 7 days of exposure and a repair of the damage after 15 days of
exposure to these drugs.

Finally, the relationship that exists between environmental
contamination and damage induced in the genetic material of the
organisms that populate the aquatic ecosystems is today often evaluated
by a synergic approach using the Comet Test, the Diffusion Assay and
RAPD-PCR simultaneously; this is due to the capacity of these tests to
discriminate genotoxic agents and to their high sensitivity.
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