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Abstract. Animals, the silent sentinels, stand watch over the world's environmental health. Everyday, 
animals demonstrate intricate connections between them, us and our surroundings. Amphibians are 
vertebrates and include approximately 4400 existing species. Amphibians are in most cases, small, 
diverse and sensitive to environmental variability. They can be good indicators of habitat diversity, 
biological variety and local stressors on the environment. They are bathed in both water and air. They live 
outdoors on land and water and their skin, larvae and unshelled eggs are constantly exposed and in 
contact with the substances in their surroundings. We searched Web of Science and references of relevant 
publications to evidence the application of amphibians, especially Xenopus laevis as model animal in 
ecotoxicology. 
Keywords: amphibians, genotoxicity, ecotoxicology 

Introduction 
Environmental toxicology studies of environmental toxicants on the health of all 

organisms and on the different compartments of the environment. Its concern involves 
the fact that human survival depends on the preservation of other animal and plant 
species and on the environmental resources such food, water and fresh air which are 
menaced mostly by anthropogenic chemicals that alter living organisms and ecological 
balance. 

World Health Organization statistics report that 80% of human diseases are related to 
environmental pollution (Pesch et al., 2004; Neubert, 2002; Zhanfen and Xiaobai, 
2006). In recent years, there are increasing reports on endocrine disorder, reproductive 
dysfunction, sexual reversal, environmental deterioration and biodiversity alteration. In 
this context, ecotoxicology has become in modern times one of the focused issues 
(Colborn, 2004; Hoyer, 2001). Ecotoxicology is defined by integrating the ecological 
and toxicological effects of chemical pollutants on biosphere, including humans (Unger, 
2003). 

Procedures, protocols and testing organisms are important components of 
environmental technology. The recent establishment of a procedural paradigm for 
ecological risk assessment (e.g. EPA., 1991) constitutes a technological advance as well 
as a contribution to ecotoxicology practical goals. General methods to biomonitor (use 
of organisms to monitor contaminants and to imply possible effects to biota or sources 
of toxicants to humans (Goldberg, 1986) and apply biomarkers (cellular, tissue, body 
fluid, physiological or biochemical changes in individuals that are used quantitatively 
during biomonitoring to imply presence of significant pollutants or as early warning 
systems for imminent effects) are also important technologies developed in the last 
several decades. 
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One of the major problems in biomonitoring genotoxic pollutants is the choice of test 
organisms. Unequal sensitivity among species caused by metabolic rates, physiological 
conditions and target organs can yield misleading results. 

Conventional test animals used in ecotoxicology include alga, earthworm, fish, avian 
species and mouse. Corresponding test methods of these animals are relatively mature 
and have definite application range. For example, alga test is suitable for assessing 
toxicities of organic pollutants in water environment, and fish test is suitable for 
assessing toxicity of more pollutants, while rat/mouse can provide plentiful 
toxicological data on pollutants. In recent years, more and more scholars have focused 
on ecotoxic effects of pollutants on amphibians. 
 
Amphibians, sentinel animals for environmental genotoxicity 

Amphibians are important model animal species in biology and they are used in 
studies on early embryonic development and cell biology. Amphibians have played a 
key role in the elucidation of the mechanisms of early development over the last 
century. Much of our knowledge about the mechanisms of vertebrate early development 
comes from studies using Xenopus laevis. The recent development of a remarkably 
efficient method for generating transgenic embryos is now allowing the study of late 
development and organogenesis in Xenopus embryos. Xenopus is a major contributor to 
our understanding of cell biological and biochemical processes, including: (1) 
chromosome replication; (2) chromatin, cytoskeleton and nuclear assembly; (3) cell 
cycle progression and intracellular signaling. Amphibian embryos remained the 
embryos of choice for experimental embryologists for many decades (Burlibaşa et al, 
2005). European embryologists have predominantly used urodele embryos (such as 
Triturus) and embryos of the frog Rana temporaria, which is related to the North 
American species Rana pipiens. Amphibian embryos are large, can be obtained in large 
numbers and can be maintained easily and inexpensively in the laboratory. They are 
relatively easy to manipulate with microsurgical instruments, and they heal readily after 
surgery. 

In recent years, this model animal species has gradually attracted the attention of 
more and more ecotoxicologists. 

Concerns arising in 1990s about amphibian decline and instances of amphibian 
malformations have led to an increase in ecotoxicological studies of amphibians. Both 
aquatic and terrestrial stages are subject to contaminant effects (Unger, 2003). 

Amphibians are believed to be sensitive to pollutants because of their highly 
permeable skin, and their varied lives, which maximize their exposure: they dwell on 
land and water, and eat both plants and animals at various stages of their life cycle 
(Conrad, 2010) 

The reasons why amphibians and more specifically X. laevis is favored by numerous 
researchers are as follows (Zhanfen and Xiaobai, 2006): 

1. Living in water and easily being raised. 
2. Ovulating throughout the year and numerous eggs. 
3. Large size of eggs – the eggs can be easily observed, collected, transferred and 

micromanipulated. 
4. Fast external development – the process of embryonic development is easily 

controlled and observed. 
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5. Easily manipulation and culturing in vitro – during the embryo period it is 
relatively easy to isolate specific regions with determined functions and 
maintain explants in culture media. 

6. Transgenic technology availability in Xenopus – many of the experiments using 
Xenopus in the study of early development have made use of injected mRNA, 
antibodies, or antisense oligonucleotides. These methods are transient, however, 
as the genome is not altered and the injected substance decays in time. The 
biggest leap forward in the establishment of Xenopus as a model organism 
beyond the limits of early development has been the development of techniques 
for generating transgenic embryos, by Enrique Amara and Kristen Kroll (1996, 
1999, cited by Beck and Slack, 2001). A key advantage of Xenopus transgenesis 
is the ability to study transgene expression in living embryos using green 
fluorescent protein (GFP) as a reporter allowing quick and easy promoter 
analysis. 
Fini and his co-workers (2009) developed a real-time flow-through system, 
based on Fountain Flow cytometry, which measures in situ contaminant-induced 
fluorescence in transgenic amphibians larvae immersed in water sample. The 
system requires minimal human effort. This system is portable and self-
contained, allowing on-site measurements. 

7. High sensitivity to environmental pollutants – many laboratories have introduced 
X. laevi in ecotoxicological studies. 
Due to external fertilization and development, embryos and larvae are more 
susceptible to environmental pollution because of the direct exposure. Therefore 
amphibians are regarded as a good sentinel animals for environmental pollution. 
Martin Ouellet assembled a comprehensive review of the literature on 
amphibian malformations and from his study we can conclude that most 
amphibian malformations are frog and toad malformations. Ouellet’s search 
found data on malformations occurring in more frog and toad species, sites, and 
specimens (Table 1.) 

 
Table 1. Summary of Martin Ouellet’s data showing most amphibian malformations are frog 
and toad malformations (Ouellet et al., 1997; Ouellet, 2000) 

Frog versus Salamander Ratio 
 

Species affected 2.6:1 
Sites where found 3.7:1 
Numbers collected 4.5:1 

 
According to the U.S. Geological Survey's National Wildlife Health Center, 

malformations in amphibians arise from environmental factors that affect individuals at 
the larval stage of development. Scientists suggest that multiple causes are probably to 
blame for the malformation instances that have been reported worldwide, and that 
factors leading to malformations at a particular site may be different from those causing 
malformations at another site. At this time, the four major environmental factors 
identified as the causes of malformations are contaminants (chemicals and UV-B 
radiation, nutritional deficiencies, parasites, and injuries from predators 
(www.nwhc.usgs.gov). 
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As an amphibian species used in laboratory for many years, Xenopus laevis naturally 
attracts ecotoxicologists’ attention. X. laevis embryos have been used to assess early 
developmental toxicity of environmental pollutants for many years (Frog Embryo 
Teratogenesis Assay – Xenopus, FETAX)(American Society for Testing and Materials 
(ASTM), Standard Guide for Conducting the frog Embryo Teratogenesis Assay – 
Xenopus (FETAX), ASTM E1439-98 in Annual Book of ASTM Standards, 
Philadelphia, 1998)(Zhanfen and Xiaobai, 2006). 

Sensitivity to endocrine disruptors 
There is mounting concern in the scientific, environmental and governmental sectors 

on a wide range of substances, known as endocrine disruptors, that may interfere with 
the normal functioning of a living organism’s endocrine system. Endocrine disruption 
has the potential to cause reproductive, immunological and neurological problems and 
in most instances, tumors. 

Endocrine disruptors are naturally occurring compounds or man-made chemicals that 
may interfere with the production or activity of hormones of the endocrine system  
leading to adverse health effects. 

There is some evidence that endocrine disruptors may not only impact the individual 
directly exposed, but also future generations (Brown and Lamartiniere, 1995). 

In 1999, Professor Werner Kloas and his colleagues from Karlsruhe University, 
Germany, first reported endocrine disruption of phenol substances on Xenopus laevis in 
1999 and concluded that this species is suitable for studying endocrine disruption (Lutz 
and Kloas, 1999; Kloas et al., 1999). 

In 2010, Hayes and colleagues published a review of the possible causes of a 
worldwide decline in amphibian populations, concluding that atrazine (one of the most 
widely used pesticides all over the world) and other hormone-disrupting pollutants are 
among likely contributors because they affect the reproductive function and make 
amphibians more susceptible to disease (Hayes et al., 2010). Many other studies 
demonstrated that atrazine interferes with endocrine hormones, such as estrogen and 
testosterone – in fish, amphibians, birds, reptiles, laboratory rodents and even human 
cell lines at part per billion levels (Hussein et al., 1996; Wilhelms et al., 2005; Solomon 
et al., 2008). 

Atrazine causes adverse effects in amphibians through 1) estrogen-mediated 
mechanisms, 2) androgen-mediated mechanisms, 3) thyroid-mediated mechanisms, 4) 
adverse effects on gonadal development in amphibians, or 5) adverse effects at the 
population level in exposed amphibians (Solomon et al., 2005). 

As a result of these studies, the Environmental Protection Agency (EPA) is 
reviewing its regulations on the use of pesticides. Several states are considering banning 
atrazine, and six class action lawsuits have been filed seeking to eliminate its use. The 
European Union has already barred the use of atrazine.  

Hayes's studies were the first to show that the hormonal effects of atrazine disrupt 
sexual development in amphibians. Working with the X. laevis, Hayes and his 
colleagues showed that tadpoles raised in atrazine-contaminated water become 
hermaphrodites and they develop both female and male gonads (Hayes et al., 2002). 

Subsequent studies showed that leopard frogs (Rana pipiens) collected from atrazine-
contaminated streams from areas where atrazine was applied, often had eggs in their 
testes. And many males had lower testosterone levels than normal females and smaller 
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than normal voice boxes, presumably limiting their ability to call mates (Hayes et al., 
2003). 

To understand the process by which endocrine-disrupting chemicals work we must 
look to the genes. Likein many instances in nature where there are complex 
interferences between living organisms, a gene is not expressed in isolation but rather in 
the context of other genes and their products, cells and tissues. This might be thought of 
as “the ecology of gene expression” (Crews and McLachlan, 2006). It is well known 
that these chemicals can act on a gene’s developmental mechanisms, altering genotype 
expression. The mechanism of these phenotypic changes is probably epigenetic. In fact, 
endocrine-disrupting chemicals do not act on genes alone but on developmental 
mechanisms that integrate genetic and epigenetic interactions, resulting in a particular 
phenotype. 

Hormones are known to epigenetically imprint genes in nonmammalian vertebrates. 
Working on epigenetic memory with the vitellogenin gene in frogs it was shown that the 
hormonal treatments applied early in life alter the response of hormonally regulated 
genes to the same or different hormones later in their life (Edinger et al., 1997). The first 
hormonal experience epigenetically alters the set point for the later hormone response. 
This process can be determined, in frogs, by methylation (Andres et al., 1984). The term 
epigenetic imprinting has also been used to describe a process in which estrogens in 
development cause persistent alterations in gene expression and reprogram cell fate 
(Alworth et al., 2002, Huang et al., 2005; Fei et al., 2005; Crews and McLachlan, 2006). 

Epigenetic imprinting by endocrine-disrupting chemicals or other hormones 
represents one potential mechanism for Waddington’s concept of genetic assimilation, a 
direct outgrowth of his research in epigenetics. Waddington speculated that 
environmentally induced changes in phenotype could become incorporated into the 
genome as evidenced by the persistence of the phenotype even after the original 
selection pressure is relaxed (Waddington, 1942, 1953). In this manner the selection 
might act on developmental pathways leading to adaptive change in the genome in 
conjunction with genetic mutation. Evidence has emerged in recent years that 
epigenetically mediated changes in phenotype can be stable over many generations 
(Crews and McLachlan, 2006). Those epigenetic mechanisms may play a role in 
endocrine disruption, which helps explain the transgenerational effects of some 
hormonally active chemicals. 
 
The most used methods for genotoxicity testing on amphibians 

A growing interest in genotoxicity caused by environmental pollutants has led to the 
development of several biological tests for detecting and identifying genotoxicants in 
the air, water and soil. Amphibians provide a suitable model for monitoring aquatic 
genotoxicity and wastewater quality. 

Chromosome aberration assay 
Chromosomal mutation is a macrodamage of chromosomes. Chromosome aberration 

include structural aberrations such as fragments or intercalations and numerical 
aberrations (unequal segregation of homologous chromosomes during cell divisions, 
which leads to a loss or surplus of chromosomes (aneuploidy and polyploidy). 
Cytogenetic effects can be studied either in whole animals (“in vivo”) or in cells grown 
in culture (“in vitro”). Usually, the cell culture is exposed to the test substance and 
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afterwards treated with a metaphase-arresting substance (Colcimide). Following suitable 
staining the cells in metaphase are analyzed microscopically for the presence of 
chromosomal aberrations. 

Micronucleus assay 
Micronuclei are generated from chromosome fragments or whole lagging 

chromosomes that were not incorporated in the daughter cell nuclei and remained in the 
cytoplasm after the nuclear envelope of doughter nuclei was reassambled. Micronuclei 
result either from chromosome breaks or dysfunction of the spindle apparatus or 
centromere kinetochore complexes, with subsequent elimination of whole chromosomes 
(aneugenic effects) (Campana et al., 2003). The measurement of micronuclei the cell 
division must be allowed to continue up to the interphase. Amphibian micronucleus 
procedure has been standardized (ISO 21427-1:2006). Micronucleus formation along 
with the sister chromatid exchanges and chromosome aberration assays is considered as 
a clastogenic endpoint. The principle of flow cytometric measurement of micronuclei 
was made possible (Kohlpoth et al., 1999, Sánchez et al., 2000) but equipment costs are 
high. Environmental biomonitoring with micronucleus assays has usually been 
performed “in vivo” by exposure of relevant aquatic organisms for several days 
followed by microscopic analysis. 

Many results on the Micronucleus assay used in genotoxicity test on amphibians are 
available (Campana et al., 2003; Mouchet et al., 2009; Fernandez et al., 1993; 
Arkhipchuk et al. 2000; Krauter et al. 1987; Jaylet et al. 1986; Godet et al. 1996; Djomo 
et al. 2000). 
SCE assay 

The sister chromatid exchange (SCE) assay detects reciprocal exchanges of DNA 
segments between two sister chromatids of a duplicated chromosome. SCEs represent 
the interchange of DNA at apparently homologous loci. This process involves DNA 
breakage and repair but as this process does not necessarily lead to permanent 
mutations. Some researchers classify the SCE assay as a genotoxicity test. Although 
little is known about its molecular basis, the SCE frequency is elevated under some 
pathogenic conditions in humans (e.g Bloom Syndrome) and the influence of mutagenic 
agents and therefore serves as a model for mutagenicity. The detection of sister 
chromatids is  achieved by incorporation of e.g. bromodesoxyuridine into chromosomal 
DNA for two cell cycles followed by Hoechst staining and analysis in fluorescence 
microscopy. 
Comet assay 

In recent years the Comet assay has gained broad attention, because the test is 
relatively easy to handle and can be applied with cells from different organisms and 
tissues. The alkaline version of the comet assay has been developed by Singh et al. 
(1989). 

The comet assay, also known as the single-cell gel electrophoresis test, is a method 
of detecting DNA strand breakage (double, single, and alkali-labile sites expressed as 
single strand breaks) in virtually any nucleated cell. Significant advantages of the comet 
assay over other genotoxicity tests are its fairly straight forward technique, sensitivity, 
requirement for small numbers of cells (making the assay conductive to non-lethal 
testing) and rapid production of data (Tice et al., 2000). Cells are mixed with low-
melting agarose, placed on microscope slides and lysed by an alkaline buffer with ionic 
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detergents. The liberated DNA is resolved in an electrophoresis chamber, stained and 
evaluated by fluorescence microscopy. Cells with increased DNA damage display 
increased migration from the nuclear region towards the anode. The resulting comet-
like structure is quantified by measuring the length of the tail and/or the tail moment 
(the intensity of the migrated DNA multiplied by the respective tail length (integral) 
with respect to the nuclear DNA). A review about the applicability of the comet assay in 
environmental monitoring was provided by Mitchelmore and Chipman (1998). The test 
has been applied to a broader range of aquatic organisms such as algae (Erbes et al., 
1997), mussels (Mitchelmore et al., 1998; Pavlica et al. 2001), amphibians (Ralph and 
Petras 1998) and fish (Pandrangi et al., 1995; Devaux et al., 1997; Belpaeme et al., 
1998; Mitchelmore and Chipman, 1998; Villarini, 1998; Risso-de Faverney et al., 2001; 
Schnurstein et al., 2001). The advantages of the test are the possibility to choose a broad 
range of test organisms and tissues, the use of even non-proliferating cells, and the fact 
that results can be obtained within one day. On the other hand there are still no standard 
test protocols and a certain degree of handling skills is a necessary prerequisite to 
routinely performe the test . Although no international accepted standard exists many 
researchers refer to a test protocol of Tice (1998). 

Recent developments 
In the field of genotoxicity evaluation of environmental samples similar 

developments as in classical toxicology have been undertaken. Fini and coworkers 
(2009) developed a real-time flow-through system, which measures in situ contaminant-
induced fluorescence in transgenic amphibians larvae immersed in water sample. The 
amplification of DNA by the Polymerase Chain Reaction technique enabled the 
detection of mutations at specific sites and the development of electrochemical DNA-
based biosensors (Kennerley and Parry, 1994; Parsons and Heflich, 1998; Mascini et al., 
2001; Picco and Collins, 2008). 

Our unpublished yet results revealed that ChIP assay (Chromatin 
Immunoprecipitation Assay) may offers important informations regarding epigenetic 
alterations in male newt (Triturus cristatus) spermatogenesis due to environmental 
exposures. 

The micronucleus test and the single cell gel electrophoresis (comet assay) are two 
most extensively used methods in the detection of genotoxicity of chemicals in the 
environment. Compared to other assays, they are sensitive, rapid and easy to handle. 

Techniques in genetic ecotoxicology are in a rapidly evolving state. Threfore, 
reliable tools are now available for addressing more complex environmental problems. 
The increasing availability of reliable diagnostic tools will greatly improve our ability to 
assess the sublethal effects of exposure to hazardous substances. We must envision their 
promise for addressing these problems and identify the most urgent directions for future 
research. 
 
Link between Genotoxic Responses and Reproductive Success 

In the early 1990s, studies began to associate environmental contamination with 
altered reproductive performance in wild populations of fish, amphibians, reptiles and 
birds (Colborn et al., 1993). 

Genotoxic exposure can act as a selective force by eliminating sensitive genotypes, 
or by reducing the number of offspring that they contribute to the next generation. The 
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result is a reduction in the total genetic variation within that population or a shift in 
genotypic frequencies. Genetic variation provides the requisite flexibility for a 
population to persist in the face of variable biotic and abiotic selective forces over time. 
Reduced variation can thus lead to increased rate of extinction. 

Little has been done to assess the relationships between biomarkers of biologically 
effective lose and any measure of reproductive success. However, evidence that relates 
alterations in reproductive success to changes at the population level indicates the need 
for such markers. Numerous specific avenues of research could strengthen the use of 
biomarkers to predict reproductive effects. For example, promising future research 
might include measures of alterations in specific genes which are known to result in 
dysfunctional gametes or abnormal embryonic development. In general, there is a need 
for studies of linkages between exposure to contaminants, increases in frequencies of 
biomarkers, and reduced reproductive success with a select array of contaminants, 
biomarkers, and  species. 

The health effects of pesticide exposures on male reproduction  represent a topic of 
considerable concern in environmental, occupational and reproductive epidemiology. In 
recent years, scientists have become more aware of the fact that human-made chemicals 
may disrupt reproductive function in both wildlife and humans (Colborn et al., 1993; 
Moline et al., 2000). 

The research to understand the relationships between genotoxic responses and 
measures of reproductive success has its roots in an extensive literature on 
nonmammalian animal models in radiobiology and chemical carcinogenesis. With the 
development of new animal models in genetic ecotoxicology, new relationships 
between genotoxic responses and measures of reproductive success begin to emerge. 

Genotoxic effects on amphibians are being considered in laboratory from an 
ecological perspective. Although other investigators evaluated genotoxic effects in 
amphibia exposed to mutagenic chemicals (Siboulet et al., 1984), none has determined 
whether genotoxic responses are predictive of detrimental reproductive effects. Studies 
are underway to determine whether there are correlations between frequencies of 
micronuclei in circulating erythrocytes, DNA adducts in liver, wet weight at 
metamorphosis, and time to metamorphosis of Xenopus laevis tadpoles following the 
exposure to benzo--pyrene. 

Spermatogenesis is a remarkable process that requires exquisite control and 
synchronization of germ cell development. It is prone to frequent error, as paternal 
infertility contributes to 30-50% of all infertility cases; yet, in many cases, the 
mechanisms underlying its causes are unknown. Germ cell development is a critical 
period during which epigenetic patterns are established and maintained. The progression 
from diploid spermatogonia to haploid spermatozoa involves stage- and testis-specific 
gene expression, mitotic and meiotic division, and the histone-protamine transition. All 
are postulated to engender unique epigenetic controls. Underscoring the importance of 
understanding how epigenetic marks are set and interpreted is evidence that abnormal 
epigenetic programming of gametes and embryos contributes to heritable instabilities in 
subsequent generations. Numerous studies have documented the existence of 
transgenerational consequences of maternal nutrition, or other environmental exposures, 
but it is only now recognized that there are sex-specific male-line transgenerational 
responses in humans and other species. Epigenetic events in the testis have just begun to 
be studied. New work on the function of specific histone modifications, chromatin 
modifiers, DNA methylation, and the impact of the environment on developing sperm 
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suggests that the correct setting of the epigenome is required for male reproductive 
health and the prevention of paternal disease transmission (Godman et al., 2009). 

Epigenetics provides a means of understanding how environmental factors might 
alter heritable changes in gene expression without changing DNA sequence, and hence 
the origin, of some diseases that are not explained by conventional genetic mechanisms. 
Various animal models have been described which lend themselves particularly well to 
studying this link between epigenetics and development abnormalities, because 
particular changes in DNA methylation patterns can be linked to a broad spectrum of 
heritable pathologies (Rosenfeld, 2010). 

When the term epigenetics was originally introduced by Waddington (1939), it 
referred to any causal mechanisms that act on genes to govern a resulting phenotype. 
This definition was refined by Holliday (1987) to implicate DNA methylation changes 
that result in altered gene expression and later broadened to explain how the expression 
of a gene might be changed and then stably maintained by any modification that does 
not mutate the nucleotide sequence of the gene itself (Egger et al., 2004; Esteller, 2003; 
Feil, 2006; Serman et al., 2006). However, even this more expansive definition has 
needed further refinement as the term epigenetics began to be employed to include any 
manner of change that caused alterations in gene expression. A more restricted 
definition of epigenetics is a mitotically or meiotically heritable change in gene 
expression that occurs independently of an alteration in DNA sequence (Younson and 
Whitelaw, 2008). 

Jean-Baptiste Lamarck has become famous for his theory regarding the inheritance 
of acquired characteristics, which suggests that individuals can pass on certain features 
that they acquired during their lifetime to their offspring (Costa, 2008). Some of the 
examples he chose, including the gradual lengthening of the neck of the giraffe as a 
result of its foraging lifestyle, fell into disfavor, first as a result of Darwin's theory of 
natural selection and later by the implications of Mendelian inheritance and the notion 
of the gene. However, inheritance of acquired characteristics has gradually acquired 
new currency. Thus, there are several examples of transgenerational inheritance of 
phenotype, which elude conventional genetic inheritance patterns and can probably be 
explained on the basis of inherited epigenetic modifications of the genome. Such 
inheritance patterns do not involve a change in DNA sequence but survive meiosis and 
can be passed through the maternal or paternal germ lines. One hypothesis to account 
for why transgenerational effects have evolved, is the idea that the transfer of epigenetic 
information across generations might confer “memory” of environmental stresses 
experienced in earlier generations, thereby preserving a rapid response to this stressor in 
subsequent generations (Molinier et al., 2006; Rosenfeld, 2010). 

Exposure to a range of toxicants, including vinclozolin (Crews et al., 2007; Nilson et 
al., 2008), diethylstilbestrol (DES) (Newbold et al., 2006; Walker and Haven, 1997; 
Newbold et al., 2000), methoxychlor (Anway et al., 2005), and chromium (Cheng et al., 
2004), can result in transgenerational disease states, including testis defects, kidney 
disease, reproductive cancer development, and immune abnormalities, which in many 
cases are due to epigenetic alterations within the male germ line, but the 
transgenerational effects of DES (Walker and Haven, 1997 ) and vinclozolin (Nilsson et 
al., 2008) can also be passed through the female germ line. 

All these studies show that environmental factors may influence the epigenetic state 
and that these epigenetic modifications may be inherited through the male germ line and 

passed onto more than one generation. Paternal effects have further highlighted the 
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importance of research into epigenetic regulation and male fertility. The concept that 
untransmitted alleles passed through the male germ line can affect the phenotype of the 
next generation is a new and exciting area of research. 

The 2007 Summit on “Environmental Challenges to Reproductive Health and 
Fertility” convened scientists, health care professionals, community groups, political 
representatives and the media to hear presentations on the impact of environmental 
contaminants on reproductive health and fertility and to discuss opportunities to 
improve health through research, education, communication and policy. Environmental 
reproductive health focuses on exposures to environmental contaminants, particularly 
during critical periods of development, and their potential effects on future reproductive 
health, including conception, fertility, pregnancy, adolescent development and adult 
health (Woodruff et al., 2008). 

The Summit provided a view of critical scientific information that underscored the 
need for further efforts in areas to improve reproductive health. One common theme 
throughout the Summit was communication and collaboration. Scientists bring unique 
and important contributions to studying the impact of environmental contaminants on 
reproductive health. 

Conclusions 
The ecological assessment of territories exposed to anthropogenic influences must 

involve evaluation of the mutagenic potential of the environment. The assessment of 
genetic effects of environmental pollution on man is methodologically difficult and 
expensive; hence it is expedient to use indicator animal species for ecogenetic 
monitoring. Mass species of anurans are promising for this purpose, as specific features 
of their life cycle make them convenient for assessing the state of both terrestrial and 
aquatic ecosystems. 

Amphibians are considered uniquely sensitive to man-made changes in the 
environment. Their porous skin is vulnerable to water borne toxins and infections, and 
their reliance on two habitats (water and land) means they cannot survive properly 
without both. Embryos and larvae of amphibians with external fertilization and 
development are susceptible to environmental pollutants due to direct exposure to the 
environment. Therefore, amphibians are regarded as good sentinel animals for 
environmental pollution. In addition, sex differentiation and sex organ development of 
X. laevis are sensitive to sex hormones and endocrine disruptors with sex hormone 
activities, which enable X. laevis to be used in studies on sex hormone disruption and 
reproductive toxicity of endocrine disruptors. Metamorphic development of X. laevis is 
very sensitive to thyroid hormones and thyroid disruptors, which enables X. laevis to be 
used for evaluating thyroid disruptors. Also, X. laevis ecotoxicology can be linked with 
amphibian population declines and malformed frog occurrence, being one of the 
hotspots in ecology. Thus, more and more laboratories have introduced X. laevis to 
ecotoxicological study. 

Russell Mittermeier, President of Conservation International, said: “Amphibians are 
one of nature’s best indicators of overall environmental health. Their catastrophic 
decline serves as a warning that we are in a period of significant environmental 
degradation.” (Conor, 2004) 

Researchers must be committed to providing long-term monitoring and rigorous 
investigation of the causes of declines in the especially sensitive amphibian component 
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of the aquatic and terrestrial ecosystems worldwide. Scientists need to move forward 
with multi-disciplinary research that recognizes the value of animals as sentinels of 
environmental health. We also need to recognize that environmental protection 
measures that protect animal health often directly and indirectly protect our health as 
well. 

Acknowledgments. The preparation of this review was supported by grant CNCSIS project IDEAS 
142/2007. 
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