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Abstract

The comet assay, also called single cell gel electrophoresis, is a sensitive, rapid and
low-cost technique for quantifying and analysing DNA damage and repair at the level of
individual cells. The assay itself can be applied on virtually any cell type derived from
different organs and tissues of eukaryotic organisms. Although it is mainly used on human
cells, the assay has applications also in the evaluation of DNA damage in yeast, plant and
animal cells. Therefore, the purpose of this review is to give an extensive overview on the
usage of the comet assay in animal models from invertebrates to vertebrates, covering both
terrestrial and water biota. The comet assay is used in a variety of invertebrate species since
they are regarded as interesting subjects in ecotoxicological research due to their significance
in ecosystems. Hence, the first part of the review (Part 1) will discuss the application of the
comet assay in invertebrates covering protozoans, platyhelminthes, planarians, cnidarians,
molluscs, annelids, arthropods and echinoderms. Besides a large number of animal species,
the assay is also performed on a variety of cells, which includes haemolymph, gills, digestive
gland, sperm and embryo cells. The mentioned cells have been used for the evaluation of a
broad spectrum of genotoxic agents both in vitro and in vivo. Moreover, the use of
invertebrate models and their role from an ecotoxicological point of view will also be
discussed as well as the comparison of the use of the comet assay in invertebrate and human
models. Since the comet assay is still developing, its increasing potential in assessing DNA
damage in animal models is crucial especially in the field of ecotoxicology and biomonitoring

at the level of different species, not only humans.
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1. Introduction

The DNA molecule is the source of genetic information in each living cell and its
integrity and stability are essential to life. However, the DNA molecule is not inert and it is
under a constant stream of attack from various physical and/or chemical agents present in the
environment both naturally or resulting from the influence of humans. Consequently, if the
resulting damage is not repaired, it could easily lead to mutations and afterwards possibly to a
number of diseases including cancer. Under the term “DNA damage” we include an alteration
in the chemical structure of DNA in the form of a break in a DNA strand, a base missing from
the DNA backbone and/or a chemically changed base [1-4].

There are numerous methods available for the evaluation of DNA damage as well as
its repair both in vitro and in vivo [5,6]. Commonly used approaches are the Ames test [7],
alkaline elution [8], chromosome aberrations [9], sister chromatid exchanges (SCE) [10],
cytokinesis block micronucleus (CBMN) assay [11-13] and y-H2AX test [14,15]. The above-
mentioned methods play an important role for the assessment of environmental pollution and
occupational exposure and are used worldwide in laboratories in the fields of genetic and
environmental toxicology, human epidemiology and biomonitoring of different populations.
Furthermore, these methods are also used to investigate anti-genotoxic, anti-mutagenic and/or
anti-carcinogenic properties of different natural and man-made products. Although the above-
mentioned methods are very useful in assessing genome damage, they also have various
disadvantages such as the need for proliferating cells, and for visual scoring under the
microscope, and they often tend to be laborious and rather expensive. As a result, different
tests were developed for much simpler, faster and low-cost evaluation of DNA damage and
new ones are constantly in development.

The one technique that has changed the scientific world with regard to DNA damage
assessment is the comet assay, named after the comet-like appearance of the cellular DNA
after electrophoresis, which has immediately been widely accepted as quite simple, sensitive,
reliable, rapid and low-cost assay for the detection of DNA damage as well as its repair at the
level of individual cells. The assay itself can be applied to virtually any cell type derived from
different organs and/or tissues of eukaryotic organisms that can be prepared as a single cell
suspension. Although it is mainly used in human cells both in vivo (ex vivo) and in vitro the
assay has its application in evaluation of DNA damage in yeast [16,17], plant [18-20] and

animal [21-25] cells as well. In line with that, the comet assay has instantly found its
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application in different fields; from genetic and environmental toxicology to human
epidemiology and biomonitoring [21,26-35].

Ostling and Johanson [36] were the first to quantify DNA damage in individual
mammalian cells after y-irradiation using a microgel electrophoresis technique named “single
cell gel electrophoresis assay” later known as the comet assay. One of the initial advantages,
as concluded by the authors, was that no radioactive labelling and only a small number of
cells are required for the described procedure. The neutral conditions allow both DNA single-
and double-strand break detection but with less sensitivity than alkaline version [37]. Only
afterwards was the assay done under alkaline conditions, by Singh et al. [38] allowing
detection of alkali labile sites in addition to double- and single-strand breaks [29,30,39].

The assay involves embedding cells in an agarose matrix followed by lysis in neutral
or alkaline conditions. Afterwards the cells go through electrophoresis and are subsequently
neutralized. For evaluation under a fluorescence microscope, the cells are stained with
different fluorescent agents to facilitate visualization and calculation of fluorescence to
determine the extent of DNA damage. The concept behind the comet assay is that undamaged,
supercoiled DNA remains in the “head” of the comet, while loops of DNA in which
supercoiling is relaxed can travel through pores of the agarose gel attracted to the anode in the
electric field, thus creating a “comet tail”. Therefore, the relative amount of DNA present in
the comet tail corresponds to the actual DNA damage of the cell. Although comets can be
scored visually and classified into different categories according to their appearance
representing a certain amount of DNA damage, more popular and widely used is the semi-
automatic scoring of comet slides. This is done by using appropriate software that enables
commercially available image analysing systems to be connected through a camera to a
fluorescence microscope, which facilitates the evaluation of DNA damage [29,31,38,40-42].

Besides measuring single- and double-strand breaks and alkali labile sites, other DNA
lesions such as DNA crosslinks and DNA base oxidation can also be evaluated using slight
changes in the comet assay protocol [43-45]. Although DNA migration can be induced by a
wide spectrum of DNA lesions, the standard protocol of the comet assay is not appropriate for
detection of DNA damage by crosslinking agents in the form of DNA-DNA-interstrand
crosslinks, DNA-DNA intrastrand crosslinks and DNA-protein crosslinks. It has been
reported that crosslinking agents physically prevent DNA migration. In this case the results of
the assay will be a combination of inducing vs. inhibiting effects, which may underrate
induced genotoxicity [46]. To overcome this problem, an additional step should be introduced

into the protocol such as cell irradiation to induce breaks before performing the comet assay;
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the extent to which the tail formation expected from this radiation is decreased is a measure of
the crosslinking effect [47].

Regarding the measurements of DNA oxidation damage, a modification incorporating
a digestion of DNA with a lesion-specific enzyme makes it possible to measure oxidised
pyrimidines and purines [43,44]. There are several enzymes used for the detection of oxidised
DNA bases such as Escherichia coli endonuclease 11l (Endolll) or formamidopyrimidine-
DNA glycosylase (Fpg) and human 8-oxoguanine DNA glycosylase 1 (hOGG1) that catalyse
the excision of numerous forms of DNA damage such as open ring forms of 7-methylguanine,
8-oxoguanine, 5-hydroxycytosine, 5-hydroxyuracil, DNA-containing formamidopyrimidine
moieties etc. [21,43]. Such modifications may give a much more precise insight into the type
of DNA damage induced.

Apart from enzymatic modifications of the assay, a combination of the comet assay
with fluorescence in situ hybridization (FISH) enables the detection of specifically labelled
DNA sequences of interest, including whole chromosomes. This combination has been
applied for the detection of site-specific breaks in DNA regions relevant for the development
of various diseases. In that way, Comet-FISH becomes a useful technique for the detection of
overall and region-specific DNA damage and repair at the individual cell level [48-50].
Additionally, several modifications of the comet assay are also introduced for the evaluation
of epigenetic changes [51-54] to measure modifications in the global DNA methylation
pattern in individual cells under various growth conditions.

Not surprisingly in view of this numerous applications, the comet assay has gained
worldwide acceptance as a reliable and sensitive tool in fundamental DNA damage research
as well as in epidemiology and biomonitoring with several advantages compared to other
genotoxicity tests. These advantages include its sensitivity for low DNA damage detection,
small number of cells per sample and/or possibility of using both proliferating as well as non-
proliferating cells. All of this coupled with low-costs, easy application and short performance
time makes this particular assay relatively very “user friendly”. Although there are many
advantages, there are also a few limitations of the assay, mainly related to type of DNA
damage that cannot be detected using the comet assay such as aneugenic effects. Other
limitations include variations in procedures between laboratories and in evaluation of the
gained results [21,29,30,40,55]. Nevertheless, its advantages are far greater than the
disadvantages making it very popular in genotoxicity studies using not only human but also

animal models.
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Since the comet assay has been used for the evaluation of DNA damage in various
animal models worldwide, the present review intends to discuss the application of the assay
through the whole animal kingdom, with Part | covering invertebrate species from protozoans
up to echinoderms (Table 1). The comet assay is used in a variety of invertebrate species since
they are regarded as interesting subjects in ecotoxicological research due to their significance
in ecosystems. Although the comet assay has been primarily used for genotoxicity assessment
in marine and freshwater invertebrates, this was eventually extended to invertebrates
inhabiting terrestrial ecosystems. A large number of species are nowadays included in comet
assay assessments, including planarians, cnidarians, molluscs, annelids, arthropods and/or
echinoderms. Besides the large number of species, the assay is also performed on a wide
range of cell types including haemolymph, gills, digestive gland, and embryo cells. These
cells have been used for the evaluation of a broad spectrum of genotoxic chemical and
physical agents both in vitro and in vivo. Moreover, the paper will also examine the role of
invertebrate species from an ecotoxicological point of view and will also discuss a

comparison of the use of the comet assay in invertebrate and human models.

2. Protozoans

The comet assay in lower animals is done mainly on the protozoan Tetrahymena
thermophila. Tetrahymena are unicellular, ciliated eukaryotes that live in fresh water in a
wide range of conditions. This protozoan species is widely used in genetic studies due to its
well characterized genome [21,56,57]. Tetrahymena has been validated as a model organism
for the evaluation of DNA damage by a modified comet assay protocol using well known
mutagens such as phenol, hydrogen peroxide, and formaldehyde, which exhibited
concentration-dependent increases in DNA damage [58]. Afterwards, several materials were
evaluated for genotoxic potential on Tetrahymena using the comet assay, such as influent and
effluent water samples from a municipal wastewater treatment plant [58], water extracts from
soil polluted with metals (Pb, Cd, and Zn) from a lead smelter [59], titanium dioxide particles
[60], chlorophenols [61], chlorinated flame retardant [62] as well as melamine, a raw material
used in the chemical industry [63]. Altogether, these results indicate that the comet assay
employing Tetrahymena may be used as a cost-effective and reliable tool for genotoxicity

assessments.

3. Platyhelminthes (Platodes)
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Schistosoma mansoni, a water-borne parasite of humans with an intermediate
molluscan host, has a complex life cycle in which it can be exposed to a subset of DNA-
damaging agents, such as those that are present in the environment or the ones from the host
immune responses. Using the comet assay, it was shown that DNA from adult worms can be
damaged by different DNA-damaging agents such as tetramethylammonium chloride (TMA)
and hydrogen peroxide [64].

4. Planarians

There are several studies using planarians for the assessment of DNA damage.
Planarians are useful organisms for the evaluation of environmental genotoxicity because of
their high sensitivity, low cost, high proliferative and regenerative rate and basal evolutionary
position in relation to complex metazoans [65]. The comet assay was used to measure effects
of the model toxicant methyl methanesulfonate (MMS) and copper sulphate, as well as for the
environmental genotoxicity assessment of an urban stream, using the asexual mixoploid
(2n/3n) Girardia schubarti [65,66]. The freshwater planarian Polycelis felina was used as an
aquatic bioindicator species for the assessment of the herbicide norflurazon [67], while
Schmidtea mediterranea was used to assess the genotoxic activity of tributyltin, an
organometallic compound mainly used as a biocide in antifouling paints [68]. Based on these
studies, it was concluded that planarians are suitable organisms for the in vivo detection of

chemical genotoxicity in aquatic ecosystems.

5. Cnidarians

The comet assay was also applied to freshwater and marine cnidarian species both in
vitro and in vivo. To optimize the comet assay for cnidarian cells and assess its utility for
detecting genotoxic damage, cells were isolated from the North American pacific coast
temperate sea anemone Anthopleura elegantissima. Several model toxicants were used, such
as hydrogen peroxide, ethylmethanesulphonate (EMS) or benzo(a)pyrene (B[a]P) in order to
evaluate the degree of DNA damage. Results have shown that in comparison to other marine
species, anemone cells exhibited high background values of DNA strand breaks but despite
that, these authors were able to observe dose responses for each of the studied chemicals with

no reduction in cell viability. This first study demonstrated that anemone cells respond to
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known DNA-damaging agents and that the DNA damage measured by the comet assay is a
useful biomarker of stress in cnidarian species [69].

Afterwards, several studies were done using both freshwater as well as marine
cnidarians for the assessment of environmental toxicants. The sea anemone Actinia equinae as
a target organism was used for monitoring seawater genotoxicity using the comet assay.
Water polluted with several polycyclic aromatic hydrocarbons (PAHS), including B[a]P,
which requires the metabolism to exert its genotoxic effect, increased DNA damage in A.
equine indicating also the capability of cnidarians for pollutant biotransformation [70].
Moreover, the in vitro effects of UV irradiation on three cellular compartments of the shallow
water coral species Stylophora pistillata and scleractinian coral Seriatopora hystrix indicated
sensitivity towards a physical agents as well [71,72]. The coral Stylophora pistillata was
shown to be an indicator organism for the evaluation of pollution in the marine environment
[73]. Copper and cobalt were used for the evaluation of heavy metal toxicity in both
freshwater and marine cnidarians such as Hydra magnipapillata [74,75], the coral
Montastraea franksi [76] and sea anemone Bunodosoma cangicu [77]. These organisms
displayed significant sensitivity in regard to heavy metal toxicity indicating the use of
cnidarians as model organisms for the risk assessment of heavy metal pollution in aquatic

ecosystems.

6. Molluscs

The comet assay is done on a range of mollusc species, which includes bivalves,
gastropods and cephalopods although the majority of studies are done on mussels and clams
as they are regarded important pollution indicator organisms. Moreover, a variety of cells was
used in those studies such as embryonic cells and spermatozoa as well as haemocytes, gill

cells, hepatopancreas cells and digestive gland cells.

6.1. Bivalves

When it comes to using the comet assay for environmental risk assessments of water
pollutants in invertebrates, bivalves are among the most studied marine organisms and there
are hundreds of papers dealing with genotoxicity assessment using them as the model. Since

genotoxicity assessments in bivalves using the comet assay have been reviewed in several
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papers [21-24,33,78-80], here we will briefly review their role in the genetic and
environmental toxicology.

Molluscs have long been regarded as the primary species in biomonitoring
programmes involving aquatic ecosystems. Bivalves, in particular, receive special attention
both as sentinel and toxicity-testing subjects, which can be seen in a large number of
published data. Among these, mussels and clams have become one of the most important
targets when researching marine genotoxicants using the comet assay owing to their
worldwide distribution and known sensitivity to pollutants [22]. Studies were done on several
cell types; from embryonic cells and spermatozoa to adult cells such as haemocytes, gill cells
and digestive gland cells. Among many marine species, most of the studies were done on the
blue mussel (Mytilus edulis) [81-88], Mediterranean mussel (Mytilus galloprovincialis) [89—
100] and bay mussel (Mytilus trossulus) [101,102] although there are studies done on several
other mussels such as the Asian green mussel (Perna viridis) [103-105], New Zealand green-
lipped mussel (Perna canaliculus) [106], brown mussel (Perna perna) [107,108] as well as
the hydrothermal vent mussel (Bathymodiolus azoricus) [109]. The comet assay was also
done on several other species of oysters, scallops, shells and clams, namely the Pacific oyster
(Crassostrea gigas) [110-114], eastern oyster (Crassostrea virginica) [115,116], marine rock
oyster (Saccostrea cucullata) [117,118], Farrer's scallop (Chlamys farreri) [119,120], grooved
carpet shell (Ruditapes decussatus) [99,121,122], peppery furrow shell (Scrobicularia plana)
[123-125], pullet carpet shell (Venerupis pullastra) [94], bean clam (Donax faba) [126],
manila clam (Tapes semidecussatus) [127,128], Pacific littleneck clam (Protothaca staminea)
[101], backwater clam (Meretrix casta) [129], surf clam (Spisula sachalinensis) [130], short
neck clam (Paphia malabarica) [131], common cockle (Cerastoderma edule) [84,94] and
inequivalve ark (Scapharca inaequivalvis) [132,133]. The use of marine bivalves ranges from
substance testing to monitoring of sediment and water bodies both in situ and ex situ.
Research on the genotoxic effects of emerging pollutants, including nanomaterials, is also on
the rise.

In freshwater environments, the zebra mussel (Dreissena polymorpha) is the most
common bivalve for genotoxicity assessments using the comet assay [134—141]. Several other
freshwater species are also used, such as the quagga mussel (Dreissena bugensis) [137],
painter's mussel (Unio pictorum) [142-146], swollen river mussel (Unio tumidus)
[142,143,145,147,148], freshwater mussel (Unio tigridis) [149], golden mussel (Limnoperna
fortunei) [150,151], Chinese pond mussel (Sinanodonta woodiana) [143,152], Asian clam
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(Corbicula fluminea) [153-155], Lamellidens marginalis [156] and paper pondshell
(Utterbackia imbecillis) [157].

6.2. Gastropods

Several species of both freshwater and marine snails as well as terrestrial snails have
been used for the assessment of DNA damage both in vitro and in vivo. The studies were done
on several cell types from embryonic cells to adult cells such as haemocytes, gill cells,
hepatopancreas cells and digestive gland cells. The majority of studies are on freshwater
snails employing different species including Lymnaea stagnalis [158-161], Lymnaea luteola
[162-165], Biomphalaria glabrata [166], Biomphalaria alexandrina [167,168], Marisa
cornuarietis [169], Potamopyrgus antipodarum [170], Bellamya aeruginosa [171], Pila
globose [172], Viviparous bengalensis [149] and Heleobia cf. australis [173]. In these studies,
the effects of several environmental chemicals, insecticides and nanomaterials as well as the
impact of radiation were evaluated in various cell types using the comet assay, yielding
positive results indicating DNA-damaging effects. Studies were also done using marine
gastropods, namely Nerita chamaeleon [174,175] and Planaxis sulcatus [176]. In these
studies, the genotoxicity of cadmium chloride, mercuric chloride and PAHSs on gill cells was
investigated, showing a significant concentration-dependent increase compared to un-exposed
snails. These studies demonstrated the usefulness of the comet assay for detection of DNA
damage after exposure and the sensitivity of marine gastropods as a good candidate species
for heavy metal pollution monitoring [174,176]. The South African abalone (Haliotis midae)
was used for the evaluation of differential responses to low and high oxygen levels [177] and
hydrogen peroxide [178]; a wide range of organic pollutants were studied with the common
periwinkle (Littorina littorea) [179]; and the marine gastropod Morula granulata proved
suitable for in situ evaluation of genotoxic contaminants in the coastal environment [180]
including PAHs [181,182].

Studies have also been performed on terrestrial gastropods, such as garden snails Helix
aspersa and Helix vermiculata [183-188] as well as Bradybaena fruticum, Chondrula tridens,
Cepaea vindobonensis, and Stenomphalia ravergieri [189] living in a forest-steppe landscape.

H. aspersa and H. vermiculata were used to validate the comet assay and test their suitability
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as sentinels for detecting primary DNA damage in polluted environments [188]. Afterwards,
several environmental pollutants [183,184,186] as well as UV irradiation [185] and exposure
to Nicotiana tabacum leaves [187] were evaluated on these species indicating that the comet
assay is an appropriate assay and Helix spp. populations are suitable sentinels to monitor the

genotoxic impact of different pollutants.

6.3. Cephalopods

Although they are the least represented molluscs when it comes to DNA damage
assessment using the comet assay, there are a few studies employing octopus and squid as
animal models [190,191]. The alkaline comet assay has been employed to estimate basal
DNA damage in the digestive gland, gills, kidney and gonads of Octopus vulgaris in regard to
metal accumulation from contaminated sites. Elevated strand breakages were registered in the
digestive gland, recognised for its ability to store and detoxify accumulated metals. In
contrast, DNA damages in kidney, gills and gonads were lower, reflecting reduced metal

accumulation or efficient detoxification [190].

7. Annelids

The comet assay has been applied to various annelids including polychaetes,
oligochaetes, leeches and tardigrades, although the majority of studies were done on several

species of earthworms.

7.1. Polychaetes

Since marine sediments are becoming increasingly contaminated by environmental
pollutants with the potential to damage DNA, understanding genotoxic responses in sediment-
dwelling marine organisms, such as polychaetes, is of increasing importance [192].
Consequently, several polychaete species have been used for the assessment of DNA-
damaging effects on exposure to different pollutants, applying the comet assay to different
cell types such as spermatozoa, coelomocytes, blood and intestinal cells. King ragworm
(Nereis virens) and harbour ragworm (Nereis diversicolor) showed increased DNA damage

upon exposure to PAHs and silver nanoparticles [192-196], while effects of nanoparticles
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were also investigated in Hediste diversicolor [123,197]. Capitella capitata, including
Capitella sp. S and Capitella sp. I, were used for the evaluation of PAHSs such as fluoranthene
indicating differences in PAH tolerance between Capitella species [193,198,199]. Several
other species such as Perinereis aibuhitensis [200-202], Perinereis cultrifera [203],
Arenicola marina [192,204-206] and Laeonereis acuta [207] have displayed DNA-damaging
effects on exposure to marine sediments contaminated with PAHs, heavy metals and
nanoparticles, with observed genotoxicity strongly dependent on cell type used.

7.2. Oligochaetes

The comet assay applied to oligochaete is a valuable tool for monitoring and detection
of genotoxic compounds in terrestrial as well as aquatic ecosystems. Since they feed on the
soil or sediment they live in, they are a good sentinel organism for ecogenotoxicology studies
with the comet assay — a topic already extensively reviewed [21,22,33,208,209].

Verschaeve and Gilles [210] conducted a pilot study using the comet assay to assess
the extent of DNA damage in coelomocytes of earthworms Lumbricus terrestris and Eisenia
fetida exposed to X-rays and mitomycin C and/or maintained in different soil samples as an
indicator of soil pollution. Later on, Di Marzio et al. [211] described an improved comet assay
for detecting DNA damage in the coelomocytes of earthworms. In their study, extruded
coelomocytes contained at least three types of cells, namely eleocytes, amoebocytes and
granulocytes. The authors concluded that the comet assay using earthworm eleocytes appears
to be a sensitive biomarker for evaluating exposure to genotoxic compounds.

Several species of earthworm were used for the assessment of DNA damage using the
comet assay with the most used species being Eisenia fetida and Eisenia andrei and
coelomocytes as the cells of choice. Besides coelomocytes as a somatic type of cells, there are
also studies done on spermatogenic cells [212,213]. These species were used for the
evaluation of several genotoxic agents present in soil and sediment [214,215] as well as for
the genotoxicity of heavy metals [216], pesticides [217,218], radionuclides [219], peloids
(natural muds) [220], flame retardants [221], naphthenic acid [222], nanomaterials
[197,223,224], phthalates [225], PAHs [226] and organic compounds [227]. The DNA-
damaging effects of both ionising [212,228] and non-ionising radiation [229] were also
studied, indicating that both types of radiation are able to induce DNA damage and that the
comet assay is a sensitive and rapid method for the detection of radiation-induced

genotoxicity.
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There are many other studies on terrestrial as well as aquatic oligochaete species such
as Eisenia hortensis [230,231], several species of lumbricids (Lumbricus terrestris,
Lumbricus rubellus, Lumbricus castaneous) [232-234], Amynthas diffringens [235],
Amynthas gracilis [236], Aporrectodea caliginosa [235,237], Branchiura sowerbyi [148],
Dendrodrilus rubidus [232,235], Dichogaster curgensis [238-240], Limnodrilus udekemianus
Claparede [241], Metaphire posthuma [242], Microchaetus benhami [235], Enchytraeus
crypticus [243] and Pheretima peguana [244]. Since some studies also showed differences in
sensitivity between the tested species in response towards genotoxicants [197,232,235]
special attention should be given when choosing appropriate species for biomonitoring studies

in order to reduce both false positive and false negative results.

7.3. Leeches

A few studies have been done on both aquatic and medicinal leeches. To determine the
association between exposure to a mixture of benzene, toluene, ethylbenzene and xylene
(BTEX chemicals), and reproductive toxicity, the freshwater leech (Limnatis nilotica) was
used as a model [245]. Results showed a dose-dependent increase in DNA damage in both the
ovarian and testicular cells. Two species of medicinal leeches Hirudo medicinalis [246] and
Hirudo verbana [247] were used for the assessment of the genotoxic potential of sulphate-rich
surface waters as well as water and sediment contaminated by aluminium compounds. An
increase in DNA damage was seen in the leeches’ haemocytes. The effect on oogenesis due to
chronic exposure to organic chemical compounds, including BTEX chemicals, was studied in
the freshwater leech Erpobdella johanssoni; results revealed an induction of DNA damage in

the ovaries of exposed organisms [248].

7.4. Tardigrades

Tardigrades (Milnesium tardigradum) have evolved with effective adaptations that
protect them from environmental ext