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Abstract

Cladoceran daphnids are among the most widely chosen aquatic invertebrates for ecotoxicology, since early
1900’s. The use Daphnia bioassays in monitoring water quality is due a number of reasons, such as daphnid
sensitivity to chemicals and their easy culturing, and because they are important members of aquatic food chains.
The genome sequence accessibility of Daphnia pulex (first crustacean to have a sequenced genome) has expanded
to explore broad-ranging biological disciplines, including host-parasite interactions, and evolution, physiology,
microbiology, molecular biology, pathology, and genetics.

Genetic screening allows identify genes underlying that function within a biological process and/or pathway of
interest for humans. This review attempts to relate the use of Daphnia model in the prospect of human health
effects. To date this research is still in its infancy but there are good approaches that could be satisfactory to find this
relationship.
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Introduction
Daphnia spp., commonly called water fleas, are small planktonic

crustaceans (1-5 mm long), suborder of Cladocera, that are ubiquitous
in freshwater aquatic environments [1].

They occupy a key position in the aquatic food chain as the
intermediate link between primary and secondary productivity [2],
and they also serve as model species in environmental toxicology
because of their high sensitivity to water quality [3].

Water fleas are capable of either clonal or sexual reproduction.
Under favorable conditions, Daphnia reproduces by parthenogenesis
in which clonal offspring are produced by females asexually [4] (Figure
1).

Induced by environmental changes, some females can produce
haploid eggs that need fertilization by males. The fertilized eggs remain
in a dormant state being enclosed by several protective membranes, the
ephippium, and can survive strict conditions for many decades before
hatching [5-7].

Standardized testing procedures using the crustacean have been
adopted by various environmental organizations, including the US
Environmental Protection Agency, American Society for Testing and
Materials, International Standardization Organization and
Organization for Economic Cooperation and Development [8-11].

Thus, like other invertebrate organisms, daphnids have become
cornerstones of systems biology research for alternative testing and
methodologies, prompting their use for prescreening tests before
vertebrate testing, for both practical and ethical reasons [12].

Figure 1: The reproductive cycle of Daphnia.

In genetic screening, the use of Daphnia may facilitate the
understanding the complex regulation of genes and cellular and
molecular processes that respond to environmental perturbations.

Relevance of Daphnia in classical and current ecotoxicology
studies

At the beginning of the last century, Ernest Warren introduced
Daphnia, particularly D.magna Straus, as a model to study the toxicity
of sodium chloride as environmental stressor, laying the ground what
is now called “ecotoxicology” [13].

The extensive literature on the use of Daphnia, primarily D.magna
and D.pulex, as bio-indicators is due to the fact that in acute toxicity
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are considered as high sensitivity analytical tools to screening toxicity
of common environmental chemicals and monitoring of effluents and
contaminated waters [14-18].

Furthermore, the ease of culturing the crustaceans Daphnia, its
well-studied biology, and its attributes of short development time and
large brood size make this one of the oldest organism models for
toxicological studies [19-21].

In “traditional” ecotoxicity test, growth, reproduction, immobility
and mortality of Daphnia are all well studied and can be used as
quantifiable parameters of its health; dose-response data can aid in
predicting the consequences of exposure at other dose levels and life
stages, in other species, or in susceptible individuals.

Various contaminants, including the “emerging pollutants”, such as
Endocrine Disrupting Chemicals (EDCs) [22], Pharmaceutical and
Personal Care Products (PPCPs), heavy metals and organophosphates
[23] are widely present in environment and can perturb the ecological
pyramid, as well as humans. Thus, monitoring some of these could
help to protect the natural environment and human health.

For example, heavy metals , pollutants whose persistence in
environment was well confirmed by numerous studies, were analyzed
on D. magna to evaluate toxicity by mortality, brood size, body length,
and movement [24], and half maximal Effective Concentration (EC50)
[25], a useful tool to define inherent toxicity of tested chemicals.

Several studies showed that low concentrations of heavy metals
(µg/L), i.e., cadmium, induced mortality and decreased the survival,
feeding rate and production of the offspring [26-28], while others [29]
evaluated the toxicity of copper, lead, and zinc mixtures to
Ceriodaphnia dubia and D. carinata assuming that individual
chemicals usually underestimate the overall mixture exposure effect
and that the combination of contaminant at lower concentrations may
elicit additive and synergistic effects.

Significant correlation of D. magna immobilization was observed
when grew the level of insecticide pollution in stream and river waters
[30,31], acute and chronic effect resulted in exposure of Daphnia to the
“green chemicals” ionic liquids [32,33] and Rare Earth Elements
(REEs) [34,35].

Regarding EDCs, beyond the traditional toxicity outcomes, different
endpoints were considered i.e., offspring sex ratio [1] and reductions in
steroid hormone biotransformation/elimination [36].

In the last decade, D. magna was also used as an aquatic model to
investigate the effects of nanoparticles and coating agents [37-40]. In
studies of nanotoxicology, integrated datasets were obtained from
daphnids and from other organisms, including human cells. Geiser et
al. (2012) reported on the potential toxic effects of Ag and CeO2
particles of nanoscale and larger size, by comparing their effects in D.
magna, Cyprius carpio (a freshwater fish), human hepatocyte and
intestinal cell lines, and fish hepatocytes; the results showed similar
biological response ranking across species. This interspecies
comparison suggested a commonality in toxicity of these particle types
across taxa and, thus, cross-species extrapolations were suggested for
future nanoparticle toxicity testing [41].

Daphnids have also been used extensively to analyze the effects and
modes of action for a variety of pharmacological agents singly [42,43]
or in mixture [44-48]. Since pharmaceuticals are designed to target
specific pathways in humans or animals, when introduced into the

environment they may affect the same or comparable pathways in
mammals and invertebrates having the drug target homologies [49,50].

Gunnarrsson et al. [51] found that D. pulex had orthologs to 61% of
human drug targets conserved and predicted homology (49%) with
humans between the serotonin transporter [51,52].

A study by Furuhagen et al. [53] reported on the impact of drug
target conservation on the toxicity of miconazole (an anti-fungal
drug), promethazine (anti-histamine), levonorgestrel (synthetic steroid
hormone) on D. magna. This report highlighted the relevance of
considering drug target conservation in environmental risk assessment
of pharmaceuticals.

Related to genomic studies, Heckmann et al. [54] suggested that the
potential mechanism of toxicity in Daphnia, after chronic exposure of
ibuprofen (a non-steroidal anti-inflammatory drug) was similar to the
mode of action in mammals and like in these this drug inhibited
eicosanoid biosynthesis [54].

Although mammals and crustaceans have different routes of
exposure, target organs and toxic mechanisms, Daphnia could be a
valid test model species prior to mammalian testing [55]. Moreover,
this model organism could aid in predicting pharmacokinetics and
pharmacodynamics in human.

Environmental sanitation
Several microorganisms can result in significant effects on humans

and on health, both positive, such as commensal bacteria of the
intestinal flora, and adverse, such as pathogenic bacteria. Therefore, by
demonstrating that daphnids can counteract the virulence of a
pathogenic microorganism or, otherwise, affect microbial
concentration might imply a role of daphnids in improving human
health.

Several surveillance studies were carried out on Daphnia spp.
offering potential for reducing microbial pathogen that could control
the abundance of these in natural waters.

Connelly et al. [56] showed that Daphnia pulicaria could act on the
natural control of the density, viability, and infectivity of
Cryptosporidium parvum oocysts and Giardia lamblia cysts (zoonotic
parasites) under artificial conditions. Repeated ingestion and excretion
of both of these protozoan cysts by D. pulicaria resulted in the
degradation of their walls and in loss of infectivity in nearly all cases
[56].

Another study investigated the ability of Daphnia carinata to reduce
populations of Campylobacter jejuni (a human pathogenic bacterium)
in simulated natural aqueous conditions after a 72-hr exposure [57].
The plankton predation caused the death of the bacteria reducing C.
jejuni population by 2 logs compared to the control (without the
presence of D. carinata).

Daphnia rapidly led to depletion of Avian influenza virus [58], a
potential source for the emergence of human influenza pandemics. The
authors suggested that the reduction of viral population and the
absence of virus viability could prevent viral transmission, though not
excluding the vector potential.

In controlling pathogen in nature, Ramirez et al. [59] demonstrated
the role of cladocerans, particularly Moina macrocopa and D. pulex
reducing Vibrio cholerae densities better than rotifers.

Citation: Siciliano A, Gesuele R, Pagano G, Guida M (2015) How Daphnia (Cladocera) Assays may be used as Bioindicators of Health Effects?.
J Biodivers Endanger Species S1: S1.005. doi:10.4172/2332-2543.S1-005

Page 2 of 6

J Biodivers Endanger Species
ISSN:2332-2543 JBES, an open access journal

Volume S1 • Issue 005 • S1.005



However, other authors reported that not all bacteria are digested by
filter-feeders [60]. These experiments were carried out on D. ambigua,
and demonstrated that in general coccoidal bacteria after digestion
survived, unlike rod shaped. And viable gut-passage might be another
mechanism of surviving cladoceran grazing.

Study of human pathogen virulence
Daphnia was a model host to study interaction with bacterial

pathogens [61] but almost all of these studies focused on species-
specific parasites.

Two studies reported on the interaction of Daphnia with
environmental human pathogens. Le Coadic et al. [62] tested the
virulence of several other environmental pathogenic bacteria. When D.
magna were exposed to various concentrations of Pseudomonas
entomophila, Pseudomonas aeruginosa, or Photorhabdus asymbiotica
(Gram negative pathogenic bacteria), arapid dose-dependent death of
crustaceans was observed, while Klebsiella pneumoniae (enteric
bacterium) failed to cause this effect. The authors concluded that D.
magna was sensitive to virulence traits similar to those described in
other host models and that their simple use make Daphnia a powerful
model to analyze coevolution of hosts and pathogens in a natural
context [62].

Another study revealed that Bacillus cereus is toxic to D. magna and
that expression of B. cereus hemolysin II in B. subtilis made it
pathogenic for D. magna [63].

Hemolysin II induced cell lysis forming pores in intestinal cell
membrane, this mechanism was accompanied by a decline of
mitochondrial transmembrane potential in the intestinal cells as it
occurs for lysed cultured human cells [63,64].

Physiology
Daphnia have been reported to have a myogenic heart [65], which

responds to many cardio-active drugs that affect heart rate and rhythm
in humans [66].

In order to understand the role of toxins in human diseases, e.g.
lactose intolerance as related to systemic symptoms and arrhythmia
[67,68], Campbell et al. [69] tested the effects of lactose on Daphnia
heart, assuming similar effects to those observed in humans. In this
study, were tested also the effects of caffeine (1-10 mM), β-adrenergic
antagonist propranolol (100 µM), adrenaline (10-1000 µM),
isoproteronol (100 µM) and carbachol (100 µM) to establish the
validity of model system. Lactose, at concentrations found in dairy
products, caused a dramatic decrease in Daphnia heart rate and
induced severe arrhythmia. The authors concluded emphasizing the
role of Daphnia as a unique model system in biology and medicine.

Ouabain, metaproterenol and metoprolol (cardio-active drugs)
exerted analogous effects to those observed on humans probably due to
the presence of Na, K-ATPase in crustacean heart [70], while
Verapamil caused the acceleration of the heart beat rate at low
concentration, in contrast to human heart [66].

Podosinovikova et al. (80) investigated the influence of cholinergic
ligands, atropine (antagonist) and carbamylcholine (agonist) on the
Daphnia cardiac rhythm and found that these drugs resulted in
opposite influence on the heart beat rate [71].

Other results indicated that Shilajit (a mineral-rich complex organic
compound used in Ayurvedic medicine) had a negative chronotropic

effect on the Daphnia heart at low concentrations and a positive
chronotropic effect to arrhythmia at higher concentrations. This effect
could be due to mimicking of adrenaline- and noradrenaline-like effect
or a change in Ca2+ level [72].

Daphnia heart is not similar to mammalian heart, thus its changes
in heart rate cannot predict similar changes in mammalian heart under
the same conditions. Nevertheless, the similarity of the response to
many substances can be exploited to provide interesting information
about the mechanisms of drug action on a metabolic process.

In addition to comparing Daphnia and humans, heavy metal-
induced production of Reactive Oxygen Species (ROS) as well as lipid
peroxidation in invertebrates ad vertebrates [73-76].

The versatility of Daphnia as a biological model has led to studies of
oxidative stress, involved in the aging process and in several chronic
diseases. Another study reported on sucralose-induced alterations in
Acetylcholinesterase (AChE), the enzyme that degrades the
neurotransmitter acetylcholine, and oxidative status [77]. In humans,
AChE activity generally increases with age; furthermore, the elevated
AChE activity affect to neurodegenerative diseases. A type of
cholinesterase (ChE) purified from Daphnia was found to be more
similar to a type of human pseudocholinesterase (PChe), whereas
PChE is more like a scavenger to prevent anticholinesterases. Indeed,
sucralose may induce neurological and oxidative mechanisms on other
animals [77].

D. magna was used for the initial evaluation of the toxicity and
efficacy of reactivators of phosphorylated acetylcholinesterase (oximes)
for human use in the treatment of organophosphate poisoning [78].

A new type of antioxidant, SkQ, a derivative of plastoquinone was
found to decelerate three models of progeria, a rare genetic condition
of accelerated aging. Skulachev et al. [79] studied the effects of SkQ1
on mice, Drosophila and Daphnia, and found a decrease in age-related
mortality [79]. These data might foster human studies, where SkQ
might inhibit the development of diseases such as osteoporosis,
cataract, and retinopathy [79].

In other two studies, the dopamine neurotoxin was applied to D.
magna and resulted in a decrease in movement, thus indicating a role
for dopamine in Daphnia movement. It was suggested to use D. magna
as a simple and informative test object for the modeling of
dopaminergic transmission deficiency and for the primary screening of
various substances aiming at the pharmacological correction of
dopamine transmission disturbances [80]. Dopamine was also shown
to play an important role in vertebrate locomotor function and loss of
dopaminergic neurons in the substantia nigra pars compacta leads to
motor symptoms including rigidity, bradykinesia, and tremors which
are hallmark features of Parkinson's Disease [81].

The antioxidant activity of three hydrophilic thiol compounds was
tested on D. magna for comparative evaluation of the antioxidant
action of water-soluble preparations in vivo [82].

Genetic studies
Among traditional model systems, genetic studies have utilized

non-human primates, mice, Drosophila and, most recently, Danio
rerio (zebrafish). These organisms played an important role in yielding
results of cancer [83], genetic and immunologic research [84] in view
of translational applications to humans.
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Drug discovery research has successfully used Caenorhabditis
elegans [85] and Drosophila melanogaster [86]. Expanding the
inventory of whole-genome sequences has fueled the identification and
development of new model systems, for the potential study of human
diseases [87]. In part, efforts to introduce new model specie to the
standard mammalian experimental are motivated by the fact that some
traditional animal models more closely related to humans present
significant obstacles including slow generation time, high cost, and
difficulty in measuring phenotypes.

For example, Maxwell et al. [88] with an orthologue detection
algorithm on 2,727 human disease genes derived from OMIM (Online
Mendelian Inheritance in Man), indentified 1,810 ortholog clusters in
D. pulex, corresponding to a percentage of observed disease gene
orthologs 66.4%. This value is higher compared to that found for C.
elegans and D. melanogaster, other two invertebrates that have long
been valid model organisms in biomedical research.

The biomarker concept was initially applied in medical research as
an indicator of disease in humans [89] became very appealing in
environmental context [90].

In 2007, the Daphnia Genomics Consortium (DGC) sequenced the
D. pulex genome (200Mb with 31,907 genes), which allowed to
conduct related genomic and proteomic research [91]. Among
arthropods, Daphnia gave closest homology and best matches to
human genes (http://wfleabase.org/). The first draft of genome
sequence of D. magna was released in March 2015. Thanks to the
recent findings in genomics, genetic information such as Expressed
Sequence Tags (ESTs) is now available. Availability of the genome
sequence and the research of homology will have implications to study
family member’s genes and/or biomarker involved in biochemical
defense against toxicants.

Analyses of Daphnia genomes have identified, for example, 75 genes
of the cytochrome P450 family, a protein family involved in
xenobiotics detoxification [92] and ABC transporter superfamily, ATP-
binding cassette membrane transport-proteins [93]. Daphnia was also
suitable for the study of human hypoxic injury as a model organism
supported by high homology of HIF (Hypoxia-inducible factors)
related genes among Daphnia and human [94].

Conclusion
The shift in recent years from mammals to invertebrates for human

health investigations has been encouraged, first and foremost, for
ethical and practical reasons reducing the number of animals used and
replacing mammals with non-mammalian species.

These findings can have implications for the water quality in terms
of the potential role of Daphnia in the biocontrol of human bacterial
pathogens in recreational waters and drinking water reservoirs and for
studies of human diseases and of signaling pathways. The current
scientific knowledge will enable us to fully achieve these goals in the
not-so-distant future.

References
1. Tatarazako N, Oda S (2007) The water flea Daphnia magna (Crustacea,

Cladocera) as a test species for screening and evaluation of chemicals
with endocrine disrupting effects on crustaceans. Ecotoxicology 16:
197-203.

2. Miner BE, De Meester L, Pfrender ME, Lampert W, Hairston NG Jr.
(2012) Linking genes to communities and ecosystems: Daphnia as an
ecogenomic model. Proc Biol Sci 279: 1873-1882.

3. Dodson SI, Hanazato T (1995) Commentary on effects of anthropogenic
and natural organic chemicals on development, swimming behavior, and
reproduction of Daphnia, a key member of aquatic ecosystems. Environ
Health Perspect 4: 7-11.

4. Hebert PD, Ward RD (1972) Inheritance during parthenogenesis in
Daphnia magna. Genetics 71: 639-642.

5. Caceres CE, Tessier AJ (2004) Incidence of diapause varies among
populations of Daphnia pulicaria. Oecologia 141: 425-431.

6. Versteeg DJ, Stalmans M, Dyer SD, Janssen C (1997) Ceriodaphnia and
Daphnia: A comparison of their sensitivity to xenobiotics and utility as a
test species. Chemosphere 34: 869-892.

7. Mark U, Solbe J (1998) Analysis of the ECETOC aquatic toxicity (EAT)
database - V - The relevance of Daphnia magna as a representative test
species. Chemosphere 36: 155-166.

8. USEPA (2002) Methods for Measuring the Acute Toxicity of Effluents and
Receiving Waters to Freshwater and Marine Organisms. Fifth Edition.

9. OECD (2012) Test No. 211: Daphnia magna Reproduction Test. In.
10. ISO 6341 (2012) Water quality -- Determination of the inhibition of the

mobility of Daphnia magna Straus (Cladocera, Crustacea) -- Acute
toxicity test. In.

11. ASTM E1193 - 97 (2002) Standard Guide for Conducting Daphnia
magna Life-Cycle Toxicity Tests. In.

12. Kurz CL, Ewbank JJ (2007) Infection in a dish: high-throughput analyses
of bacterial pathogenesis. Curr Opin Microbiol 10: 10-16.

13. Warren E (1900) Memoirs: On the Reaction of Daphnia magna (Straus)
to certain Changes in its Environment. Quarterly Journal of
Microscopical Science 43: 199-224.

14. Zhou Q, Zhang J, Fu J, Shi J, Jiang G (2008) Biomonitoring: an appealing
tool for assessment of metal pollution in the aquatic ecosystem. Anal
Chim Acta 606: 135-150.

15. Hernando MD, Fernandez-Alba AR, Tauler R, Barcelo D (2005) Toxicity
assays applied to wastewater treatment. Talanta 65: 358-366.

16. Torres NH, Aguiar MM, Ferreira LF, Americo JH, Machado AM et al.
(2015) Detection of hormones in surface and drinking water in Brazil by
LC-ESI-MS/MS and ecotoxicological assessment with Daphnia magna.
Environ Monit Assess 187: 379.

17. Arienzo M, Albanese S, Lima A, Cannatelli C, Aliberti F et al. (2015)
Assessment of the concentrations of polycyclic aromatic hydrocarbons
and organochlorine pesticides in soils from the Sarno River basin, Italy,
and ecotoxicological survey by Daphnia magna. Environ Monit Assess
187: 52.

18. Persoone G, Baudo R, Cotman M, Blaise C, Thompson KC et al. (2009)
Review on the acute Daphnia magna toxicity test - Evaluation of the
sensitivity and the precision of assays performed with organisms from
laboratory cultures or hatched from dormant eggs. Knowl Manag Aquat
Ec 393: 01.

19. Lambolez L, Vasseur P, Ferard JF, Gisbert T (1994) The environmental
risks of industrial waste disposal: an experimental approach including
acute and chronic toxicity studies. Ecotoxicol Environ Saf 28: 317-328.

20. Kaneko H (1996) Evaluation of municipal waste incinerator fly ash
toxicity and the role of cadmium by two aquatic toxicity tests. Waste
Manage 16: 555-559.

21. Seco JI, Fernandez-Pereira C, Vale J (2003) A study of the leachate
toxicity of metal-containing solid wastes using Daphnia magna.
Ecotoxicol Environ Saf 56: 339-350.

22. Olmstead AW, LeBlanc GA (2000) Effects of endocrine-active chemicals
on the development of sex characteristics of Daphnia magna. Environ
Toxicol Chem 19: 2107-2113.

23. Kikuchi M, Sasaki Y, Wakabayashi M (2000) Screening of
organophosphate insecticide pollution in water by using Daphnia magna.
Ecotox Environ Safe 47: 239-245.

Citation: Siciliano A, Gesuele R, Pagano G, Guida M (2015) How Daphnia (Cladocera) Assays may be used as Bioindicators of Health Effects?.
J Biodivers Endanger Species S1: S1.005. doi:10.4172/2332-2543.S1-005

Page 4 of 6

J Biodivers Endanger Species
ISSN:2332-2543 JBES, an open access journal

Volume S1 • Issue 005 • S1.005

http://www.ncbi.nlm.nih.gov/pubmed/17235669
http://www.ncbi.nlm.nih.gov/pubmed/17235669
http://www.ncbi.nlm.nih.gov/pubmed/17235669
http://www.ncbi.nlm.nih.gov/pubmed/17235669
http://www.ncbi.nlm.nih.gov/pubmed/22298849
http://www.ncbi.nlm.nih.gov/pubmed/22298849
http://www.ncbi.nlm.nih.gov/pubmed/22298849
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519265/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519265/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519265/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519265/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1212799/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1212799/
http://www.ncbi.nlm.nih.gov/pubmed/15375690
http://www.ncbi.nlm.nih.gov/pubmed/15375690
http://www.sciencedirect.com/science/article/pii/S0045653597000143
http://www.sciencedirect.com/science/article/pii/S0045653597000143
http://www.sciencedirect.com/science/article/pii/S0045653597000143
http://www.sciencedirect.com/science/article/pii/S0045653597100273
http://www.sciencedirect.com/science/article/pii/S0045653597100273
http://www.sciencedirect.com/science/article/pii/S0045653597100273
http://water.epa.gov/scitech/methods/cwa/wet/upload/2007_07_10_methods_wet_disk2_atx.pdf
http://water.epa.gov/scitech/methods/cwa/wet/upload/2007_07_10_methods_wet_disk2_atx.pdf
http://www.oecd-ilibrary.org/environment/test-no-211-daphnia-magna-reproduction-test_9789264070127-en
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=54614
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=54614
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=54614
http://www.astm.org/Standards/E1193.htm
http://www.astm.org/Standards/E1193.htm
http://www.ncbi.nlm.nih.gov/pubmed/17178462
http://www.ncbi.nlm.nih.gov/pubmed/17178462
http://jcs.biologists.org/content/s2-43/170/199
http://jcs.biologists.org/content/s2-43/170/199
http://jcs.biologists.org/content/s2-43/170/199
http://www.ncbi.nlm.nih.gov/pubmed/18082645
http://www.ncbi.nlm.nih.gov/pubmed/18082645
http://www.ncbi.nlm.nih.gov/pubmed/18082645
http://www.sciencedirect.com/science/article/pii/S003991400400390X
http://www.sciencedirect.com/science/article/pii/S003991400400390X
http://www.ncbi.nlm.nih.gov/pubmed/26013657
http://www.ncbi.nlm.nih.gov/pubmed/26013657
http://www.ncbi.nlm.nih.gov/pubmed/26013657
http://www.ncbi.nlm.nih.gov/pubmed/26013657
http://www.ncbi.nlm.nih.gov/pubmed/25638057
http://www.ncbi.nlm.nih.gov/pubmed/25638057
http://www.ncbi.nlm.nih.gov/pubmed/25638057
http://www.ncbi.nlm.nih.gov/pubmed/25638057
http://www.ncbi.nlm.nih.gov/pubmed/25638057
http://www.kmae-journal.org/articles/kmae/abs/2009/02/kmae09009/kmae09009.html
http://www.kmae-journal.org/articles/kmae/abs/2009/02/kmae09009/kmae09009.html
http://www.kmae-journal.org/articles/kmae/abs/2009/02/kmae09009/kmae09009.html
http://www.kmae-journal.org/articles/kmae/abs/2009/02/kmae09009/kmae09009.html
http://www.kmae-journal.org/articles/kmae/abs/2009/02/kmae09009/kmae09009.html
http://www.ncbi.nlm.nih.gov/pubmed/7525226
http://www.ncbi.nlm.nih.gov/pubmed/7525226
http://www.ncbi.nlm.nih.gov/pubmed/7525226
http://www.sciencedirect.com/science/article/pii/S0956053X96000979
http://www.sciencedirect.com/science/article/pii/S0956053X96000979
http://www.sciencedirect.com/science/article/pii/S0956053X96000979
http://www.sciencedirect.com/science/article/pii/S0147651303001027
http://www.sciencedirect.com/science/article/pii/S0147651303001027
http://www.sciencedirect.com/science/article/pii/S0147651303001027
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190821/abstract
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190821/abstract
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190821/abstract
http://www.sciencedirect.com/science/article/pii/S0147651300919584
http://www.sciencedirect.com/science/article/pii/S0147651300919584
http://www.sciencedirect.com/science/article/pii/S0147651300919584


24. Sarma SS, Nandini S (2006) Review of recent ecotoxicological studies on
cladocerans. J Environ Sci Health B 41: 1417-1430.

25. McLoughlin N, Yin DQ, Maltby L, Wood RM, Yu HX (2000) Evaluation
of sensitivity and specificity of two crustacean biochemical biomarkers.
Environ Toxicol Chem 19: 2085-2092.

26. Connon R, Hooper HL, Sibly RM, Lim FL, Heckmann LH et al (2008)
Linking molecular and population stress responses in Daphnia magna
exposed to cadmium. Environ Sci Technol 42: 2181-2188.

27. Taylor NS, Weber RJ, White TA, Viant MR (2010) Discriminating
between different acute chemical toxicities via changes in the daphnid
metabolome. Toxicol Sci 118: 307-317.

28. Geffard O, Geffard A, Chaumot A, Vollat B, Alvarez C, et al. (2008)
Effects of chronic dietary and waterborne cadmium exposures on the
contamination level and reproduction of Daphnia magna. Environ
Toxicol Chem 27: 1128-1134.

29. Cooper NL, Bidwell JR, Kumar A (2009) Toxicity of copper, lead, and zinc
mixtures to Ceriodaphnia dubia and Daphnia carinata. Ecotoxicol
Environ Saf 72: 1523-1528.

30. Kikuchi M, Sasaki Y, Wakabayashi M (2000) Screening of
organophosphate insecticide pollution in water by using Daphnia magna.
Ecotoxicol Environ Saf 47: 239-245.

31. Ren Z, Zha J, Ma M, Wang Z, Gerhardt A (2007) The early warning of
aquatic organophosphorus pesticide contamination by on-line
monitoring behavioral changes of Daphnia magna. Environ Monit Assess
134: 373-383.

32. Bernot RJ, Kennedy EE, Lamberti GA (2005) Effects of ionic liquids on
the survival, movement, and feeding behavior of the freshwater snail,
Physa acuta. Environ Toxicol Chem 24: 1759-1765.

33. Bernot RJ, Brueseke MA, Evans-White MA, Lamberti GA (2005) Acute
and chronic toxicity of imidazolium-based ionic liquids on Daphnia
magna. Environ Toxicol Chem 24: 87-92.

34. Barry MJ, Meehan BJ (2000) The acute and chronic toxicity of lanthanum
to Daphnia carinata. Chemosphere 41: 1669-1674.

35. Lurling M, Tolman Y (2010) Effects of lanthanum and lanthanum-
modified clay on growth, survival and reproduction of Daphnia magna.
Water Res 44: 309-319.

36. Parks LG (1996) Reductions in steroid hormone biotransformation/
elimination as a biomarker of pentachlorophenol chronic toxicity.
Aquatic Toxicology 34: 291-303.

37. Zhu S, Oberdorster E, Haasch ML (2006) Toxicity of an engineered
nanoparticle (fullerene, C60) in two aquatic species, Daphnia and fathead
minnow. Mar Environ Res 62: 5-9.

38. Zhao CM, Wang WX (2012) Importance of surface coatings and soluble
silver in silver nanoparticles toxicity to Daphnia magna. Nanotoxicology
6: 361-370.

39. Lovern SB, Klaper R (2006) Daphnia magna mortality when exposed to
titanium dioxide and fullerene (C60) nanoparticles. Environ Toxicol
Chem 25: 1132-1137.

40. Adam N, Schmitt C, Galceran J, Companys E, Vakurov A, et al. (2014)
The chronic toxicity of ZnO nanoparticles and ZnCl2 to Daphnia magna
and the use of different methods to assess nanoparticle aggregation and
dissolution. Nanotoxicology 8: 709-717.

41. Gaiser BK, Fernandes TF, Jepson MA, Lead JR, Tyler CR, et al. (2012)
Interspecies comparisons on the uptake and toxicity of silver and cerium
dioxide nanoparticles. Environ Toxicol Chem 31: 144-154.

42. Jorgensen SE, Halling-Sorensen B (2000) Drugs in the environment.
Chemosphere 40: 691-699.

43. Fent K, Weston AA, Caminada D (2006) Ecotoxicology of human
pharmaceuticals. Aquat Toxicol 76: 122-159.

44. Parrella A, Kundi M, Lavorgna M, Criscuolo E, Russo C, et al. (2014)
Toxicity of exposure to binary mixtures of four anti-neoplastic drugs in
Daphnia magna and Ceriodaphnia dubia. Aquatic Toxicology 157: 41-46.

45. Flaherty CM, Dodson SI (2005) Effects of pharmaceuticals on Daphnia
survival, growth, and reproduction. Chemosphere 61: 200-207.

46. Dietrich S, Ploessl F, Bracher F, Laforsch C (2010) Single and combined
toxicity of pharmaceuticals at environmentally relevant concentrations in
Daphnia magna - A multigenerational study. Chemosphere 79: 60-66.

47. Cleuvers M (2004) Mixture toxicity of the anti-inflammatory drugs
diclofenac, ibuprofen, naproxen, and acetylsalicylic acid. Ecotoxicol
Environ Saf 59: 309-315.

48. Cleuvers M (2003) Aquatic ecotoxicity of pharmaceuticals including the
assessment of combination effects. Toxicol Lett 142: 185-194.

49. Christen V, Hickmann S, Rechenberg B, Fent K (2010) Highly active
human pharmaceuticals in aquatic systems: A concept for their
identification based on their mode of action. Aquat Toxicol 96: 167-181.

50. Huggett DB, Cook JC, Ericson JF, Williams RT (2003) A theoretical
model for utilizing mammalian pharmacology and safety data to
prioritize potential impacts of human pharmaceuticals to fish. Hum Ecol
Risk Assess 9: 1789-1799.

51. Gunnarsson L, Jauhiainen A, Kristiansson E, Nerman O, Larsson DG
(2008) Evolutionary conservation of human drug targets in organisms
used for environmental risk assessments. Environ Sci Technol 42:
5807-5813.

52. Aad G, Abbott B, Abdallah J, Abdinov O, Aben R, et al. (2015) Combined
Measurement of the Higgs Boson Mass in pp Collisions at root s=7 and 8
TeV with the ATLAS and CMS Experiments. Physical Review Letters 114:
19.

53. Furuhagen S, Fuchs A, Lundstrom Belleza E, Breitholtz M, Gorokhova E
(2014) Are pharmaceuticals with evolutionary conserved molecular drug
targets more potent to cause toxic effects in non-target organisms? PLoS
One 9: e105028.

54. Heckmann LH, Callaghan A, Hooper HL, Connon R, Hutchinson TH, et
al. (2007) Chronic toxicity of ibuprofen to Daphnia magna: Effects on life
history traits and population dynamics. Toxicol Lett 172: 137-145.

55. Martins J, Oliva Teles L, Vasconcelos V (2007) Assays with Daphnia
magna and Danio rerio as alert systems in aquatic toxicology. Environ Int
33: 414-425.

56. Connelly SJ, Wolyniak EA, Dieter KL, Williamson CE, Jellison KL (2007)
Impact of zooplankton grazing on the excystation, viability, and
infectivity of the protozoan pathogens Cryptosporidium parvum and
Giardia lamblia. Appl Environ Microbiol 73: 7277-7282.

57. Schallenberg M, Bremer PJ, Henkel S, Launhardt A, Burns CW (2005)
Survival of Campylobacter jejuni in water: effect of grazing by the
freshwater crustacean Daphnia carinata (Cladocera). Appl Environ
Microbiol 71: 5085-5088.

58. Meixell BW, Borchardt MA, Spencer SK (2013) Accumulation and
inactivation of avian influenza virus by the filter-feeding invertebrate
Daphnia magna. Appl Environ Microbiol 79: 7249-7255.

59. Ramirez P, Tovar A, Nandini S, Sarma SSS (2012) Filtering Rates and
Functional Response of Selected Zooplankton on the Bacterium Vibrio
Cholerae Non O1 Non O139. Tecnol Cienc Agua 3: 69-76.

60. King CH, Sanders RW, Shotts EB, Porter KG (1991) Differential Survival
of Bacteria Ingested by Zooplankton from a Stratified Eutrophic Lake.
Limnol Oceanogr 36: 829-845.

61. Ebert D (2008) Host-parasite coevolution: Insights from the Daphnia-
parasite model system. Curr Opin Microbiol 11: 290-301.

62. Le Coadic M, Simon M, Marchetti A, Ebert D, Cosson P (2012) Daphnia
magna, a host for evaluation of bacterial virulence. Appl Environ
Microbiol 78: 593-595.

63. Sineva EV, Andreeva-Kovalevskaya ZI, Shadrin AM, Gerasimov YL,
Ternovsky VI, et al. (2009) Expression of Bacillus cereus hemolysin II in
Bacillus subtilis renders the bacteria pathogenic for the crustacean
Daphnia magna. FEMS Microbiol Lett 299: 110-119.

64. Andreeva ZI, Nesterenko VF, Fomkina MG, Ternovsky VI, Suzina NE, et
al. (2007) The properties of Bacillus cereus hemolysin II pores depend on
environmental conditions. Biochim Biophys Acta 1768: 253-263.

65. Bekker JM, Krijgsman BJ (1951) Physiological investigations into the
heart function of Daphnia. J Physiol 115(3): 249-257.

Citation: Siciliano A, Gesuele R, Pagano G, Guida M (2015) How Daphnia (Cladocera) Assays may be used as Bioindicators of Health Effects?.
J Biodivers Endanger Species S1: S1.005. doi:10.4172/2332-2543.S1-005

Page 5 of 6

J Biodivers Endanger Species
ISSN:2332-2543 JBES, an open access journal

Volume S1 • Issue 005 • S1.005

http://www.ncbi.nlm.nih.gov/pubmed/17090502
http://www.ncbi.nlm.nih.gov/pubmed/17090502
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190818/abstract
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190818/abstract
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620190818/abstract
http://www.ncbi.nlm.nih.gov/pubmed/18409656
http://www.ncbi.nlm.nih.gov/pubmed/18409656
http://www.ncbi.nlm.nih.gov/pubmed/18409656
http://www.ncbi.nlm.nih.gov/pubmed/20719749
http://www.ncbi.nlm.nih.gov/pubmed/20719749
http://www.ncbi.nlm.nih.gov/pubmed/20719749
http://www.ncbi.nlm.nih.gov/pubmed/18419192
http://www.ncbi.nlm.nih.gov/pubmed/18419192
http://www.ncbi.nlm.nih.gov/pubmed/18419192
http://www.ncbi.nlm.nih.gov/pubmed/18419192
http://www.ncbi.nlm.nih.gov/pubmed/19419764
http://www.ncbi.nlm.nih.gov/pubmed/19419764
http://www.ncbi.nlm.nih.gov/pubmed/19419764
http://www.sciencedirect.com/science/article/pii/S0147651300919584
http://www.sciencedirect.com/science/article/pii/S0147651300919584
http://www.sciencedirect.com/science/article/pii/S0147651300919584
http://www.ncbi.nlm.nih.gov/pubmed/17294269
http://www.ncbi.nlm.nih.gov/pubmed/17294269
http://www.ncbi.nlm.nih.gov/pubmed/17294269
http://www.ncbi.nlm.nih.gov/pubmed/17294269
http://www.ncbi.nlm.nih.gov/pubmed/16050594
http://www.ncbi.nlm.nih.gov/pubmed/16050594
http://www.ncbi.nlm.nih.gov/pubmed/16050594
http://www.ncbi.nlm.nih.gov/pubmed/15683171
http://www.ncbi.nlm.nih.gov/pubmed/15683171
http://www.ncbi.nlm.nih.gov/pubmed/15683171
http://www.ncbi.nlm.nih.gov/pubmed/11057695
http://www.ncbi.nlm.nih.gov/pubmed/11057695
http://www.ncbi.nlm.nih.gov/pubmed/19801159
http://www.ncbi.nlm.nih.gov/pubmed/19801159
http://www.ncbi.nlm.nih.gov/pubmed/19801159
http://www.sciencedirect.com/science/article/pii/0166445X95000456
http://www.sciencedirect.com/science/article/pii/0166445X95000456
http://www.sciencedirect.com/science/article/pii/0166445X95000456
http://www.ncbi.nlm.nih.gov/pubmed/16709433
http://www.ncbi.nlm.nih.gov/pubmed/16709433
http://www.ncbi.nlm.nih.gov/pubmed/16709433
http://www.ncbi.nlm.nih.gov/pubmed/21591875
http://www.ncbi.nlm.nih.gov/pubmed/21591875
http://www.ncbi.nlm.nih.gov/pubmed/21591875
http://www.ncbi.nlm.nih.gov/pubmed/16629153
http://www.ncbi.nlm.nih.gov/pubmed/16629153
http://www.ncbi.nlm.nih.gov/pubmed/16629153
http://www.ncbi.nlm.nih.gov/pubmed/23837602
http://www.ncbi.nlm.nih.gov/pubmed/23837602
http://www.ncbi.nlm.nih.gov/pubmed/23837602
http://www.ncbi.nlm.nih.gov/pubmed/23837602
http://www.ncbi.nlm.nih.gov/pubmed/22002553
http://www.ncbi.nlm.nih.gov/pubmed/22002553
http://www.ncbi.nlm.nih.gov/pubmed/22002553
http://www.sciencedirect.com/science/article/pii/S0166445X05003267
http://www.sciencedirect.com/science/article/pii/S0166445X05003267
http://www.ncbi.nlm.nih.gov/pubmed/25456218
http://www.ncbi.nlm.nih.gov/pubmed/25456218
http://www.ncbi.nlm.nih.gov/pubmed/25456218
http://www.ncbi.nlm.nih.gov/pubmed/16168743
http://www.ncbi.nlm.nih.gov/pubmed/16168743
http://www.ncbi.nlm.nih.gov/pubmed/20116828
http://www.ncbi.nlm.nih.gov/pubmed/20116828
http://www.ncbi.nlm.nih.gov/pubmed/20116828
http://www.ncbi.nlm.nih.gov/pubmed/15388270
http://www.ncbi.nlm.nih.gov/pubmed/15388270
http://www.ncbi.nlm.nih.gov/pubmed/15388270
http://www.sciencedirect.com/science/article/pii/S0378427403000687
http://www.sciencedirect.com/science/article/pii/S0378427403000687
http://www.ncbi.nlm.nih.gov/pubmed/20053463
http://www.ncbi.nlm.nih.gov/pubmed/20053463
http://www.ncbi.nlm.nih.gov/pubmed/20053463
http://www.tandfonline.com/doi/abs/10.1080/714044797
http://www.tandfonline.com/doi/abs/10.1080/714044797
http://www.tandfonline.com/doi/abs/10.1080/714044797
http://www.tandfonline.com/doi/abs/10.1080/714044797
http://pubs.acs.org/doi/abs/10.1021/es8005173
http://pubs.acs.org/doi/abs/10.1021/es8005173
http://pubs.acs.org/doi/abs/10.1021/es8005173
http://pubs.acs.org/doi/abs/10.1021/es8005173
http://www.ncbi.nlm.nih.gov/pubmed/25140792
http://www.ncbi.nlm.nih.gov/pubmed/25140792
http://www.ncbi.nlm.nih.gov/pubmed/25140792
http://www.ncbi.nlm.nih.gov/pubmed/25140792
http://www.ncbi.nlm.nih.gov/pubmed/17658227
http://www.ncbi.nlm.nih.gov/pubmed/17658227
http://www.ncbi.nlm.nih.gov/pubmed/17658227
http://www.ncbi.nlm.nih.gov/pubmed/17300839
http://www.ncbi.nlm.nih.gov/pubmed/17300839
http://www.ncbi.nlm.nih.gov/pubmed/17300839
http://aem.asm.org/content/73/22/7277.full
http://aem.asm.org/content/73/22/7277.full
http://aem.asm.org/content/73/22/7277.full
http://aem.asm.org/content/73/22/7277.full
http://aem.asm.org/content/71/9/5085.full
http://aem.asm.org/content/71/9/5085.full
http://aem.asm.org/content/71/9/5085.full
http://aem.asm.org/content/71/9/5085.full
http://aem.asm.org/content/79/23/7249.full
http://aem.asm.org/content/79/23/7249.full
http://aem.asm.org/content/79/23/7249.full
http://www.redalyc.org/articulo.oa?id=353531976005
http://www.redalyc.org/articulo.oa?id=353531976005
http://www.redalyc.org/articulo.oa?id=353531976005
http://onlinelibrary.wiley.com/doi/10.4319/lo.1991.36.5.0829/pdf
http://onlinelibrary.wiley.com/doi/10.4319/lo.1991.36.5.0829/pdf
http://onlinelibrary.wiley.com/doi/10.4319/lo.1991.36.5.0829/pdf
http://www.ncbi.nlm.nih.gov/pubmed/18556238
http://www.ncbi.nlm.nih.gov/pubmed/18556238
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255754/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255754/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255754/
http://www.ncbi.nlm.nih.gov/pubmed/19686345
http://www.ncbi.nlm.nih.gov/pubmed/19686345
http://www.ncbi.nlm.nih.gov/pubmed/19686345
http://www.ncbi.nlm.nih.gov/pubmed/19686345
http://www.sciencedirect.com/science/article/pii/S0005273606004184
http://www.sciencedirect.com/science/article/pii/S0005273606004184
http://www.sciencedirect.com/science/article/pii/S0005273606004184
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1392064/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1392064/


66. Villegas-Navarro A, Rosas LE, Reyes JL (2003) The heart of Daphnia
magna: effects of four cardioactive drugs. Comp Biochem Physiol C
Toxicol Pharmacol 136: 127-134.

67. Matthews SB, Campbell AK (2000) When sugar is not so sweet. Lancet
355: 1330.

68. Srinivasan R, Minocha A (1998) When to suspect lactose intolerance.
Symptomatic, ethnic, and laboratory clues. Postgrad Med 104: 109-111,
115-116, 122-123.

69. Campbell AK, Wann KT, Matthews SB (2004) Lactose causes heart
arrhythmia in the water flea Daphnia pulex. Comp Biochem Physiol B
Biochem Mol Biol 139: 225-234.

70. Siebers D, Winkler A, Lucu C, Thedens G, Weichart D (1985) Na-K-
Atpase Generates an Active-Transport Potential in the Gills of the
Hyperregulating Shore Crab Carcinus-Maenas. Mar Biol 87: 185-192.

71. Podosinovikova NP EN, Saikina NA, Beliaeva VA, Dolgo-Saburov VB
(2008) Heart rate in Daphnia magna as a functional test for assessing
efficacy of chemical agents. Eksp Klin Farmakol 71: 54-56.

72. Gaikwad NS, Panat AV, Deshpande MS, Ramya K, Khalid PU, et al.
(2012) Effect of shilajit on the heart of Daphnia: A preliminary study. J
Ayurveda Integr Med 3: 3-5.

73. Fasulo S, Guerriero G, Cappello S, Colasanti M, Schettino T, et al. (2015)
The “SYSTEMS BIOLOGY” in the study of xenobiotic effects on marine
organisms for evaluation of the environmental health status:
biotechnological applications for potential recovery. Strategies Reviews in
Environmental Science and Bio/Technology 14: 339-345.

74. Guerriero G, De Maio A, Trocchia S, Ciarcia G (2013) Biomarkers of
Stress and Frog Spermatogenesis Assessment. Free Radical Biology and
Medicine 65: S159.

75. Guerriero G, Ciarcia G (2006) Biomarkers of stress and reproduction in
fish. In: Fish Defenses. G. Zaccone, M.J. Manning, & B. G. Kapoor, Eds.
Sci Publ Inc Enfield (NH). USA, Plymouth, UK. 665-692 pp.

76. Guerriero G, Trocchia S, Abdel-Gawad F Kh, Ciarcia G (2014) Roles of
reactive oxygen species in the spermatogenesis regulation. Experimental
endocrinology in Frontiers Endocrinology 5:56.

77. Wiklund AKE, Adolfsson-Erici M, Liewenborg B, Gorokhova E (2014)
Sucralose Induces Biochemical Responses in Daphnia magna. Plos One 9:
4.

78. Vesela S, Kuca K, Jun D (2008) Daphnia intoxicated by nerve agent tabun
can be treated using human antidotes. Environ Toxicol Pharmacol 25:
329-333.

79. Skulachev VP (2007) A biochemical approach to the problem of aging:
"megaproject" on membrane-penetrating ions. The first results and
prospects. Biochemistry (Mosc) 72: 1385-1396.

80. Podosinovikova NP, Beliaev VA, Bespalov AIa, Trefilov VV, Dolgo-
Saburov VB (2007) Daphnia magna (straus): a new test object for

modeling of dopaminergic neurotransmission deficiency induced by the
selective neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Eksp
Klin Farmakol 70: 20-2.

81. Barrozo ER, Fowler DA, Beckman ML (2015) Exposure to D2-like
dopamine receptor agonists inhibits swimming in Daphnia magna.
Pharmacol Biochem Behav 137: 101-109.

82. Podosinovikova NP, Dolgo-Saburov VB (2005) Daphnia magna Straus: a
new model for evaluating the antioxidant acton of water-soluble
preparations in vivo. Eksp Klin Farmakol 68: 68-70.

83. Berghmans S, Jette C, Langenau D, Hsu K, Stewart R, et al. (2005) Making
waves in cancer research: new models in the zebrafish. Biotechniques 39:
227-237.

84. Chen CY, Huang D, Wang RC, Shen L, Zeng G, et al. (2009) A critical role
for CD8 T cells in a nonhuman primate model of tuberculosis. PLoS
Pathog 5: e1000392.

85. Kaletta T, Hengartner MO (2006) Finding function in novel targets: C.
elegans as a model organism. Nat Rev Drug Discov 5: 387-398.

86. Pandey UB, Nichols CD (2011) Human disease models in Drosophila
melanogaster and the role of the fly in therapeutic drug discovery.
Pharmacol Rev 63: 411-436.

87. Martindale MQ, Lee PN (2013) The development of form: Causes and
consequences of developmental reprogramming associated with rapid
body plan evolution in the bilaterian radiation. Biol Theory 8: 253-264.

88. Maxwell EK, Schnitzler CE, Havlak P, Putnam NH, Nguyen AD, et al.
(2014) Evolutionary profiling reveals the heterogeneous origins of classes
of human disease genes: implications for modeling disease genetics in
animals. BMC Evol Biol 14: 212.

89. Paone JF, Waalkes TP, Baker RR, Shaper JH (1980) Serum UDP-galactosyl
transferase as a potential biomarker for breast carcinoma. J Surg Oncol
15: 59-66.

90. Jemec A, Drobne D, Tisler T, Sepcic K (2010) Biochemical biomarkers in
environmental studies--lessons learnt from enzymes catalase, glutathione
S-transferase and cholinesterase in two crustacean species. Environ Sci
Pollut Res Int 17: 571-581.

91. Colbourne JK, Pfrender ME, Gilbert D, Thomas WK, Tucker A, et al.
(2011) The ecoresponsive genome of Daphnia pulex. Science 331:
555-561.

92. Baldwin WS, Marko PB, Nelson DR (2009) The cytochrome P450 (CYP)
gene superfamily in Daphnia pulex. BMC Genomics 10: 169.

93. Sturm A, Cunningham P, Dean M (2009) The ABC transporter gene
family of Daphnia pulex. BMC Genomics 10: 170.

94. Li J, Sheng B, Yang L, Zuo Y, Lin J, et al. (2011) The application value of
water flea Daphnia pulex for hypoxia model. Sheng Wu Yi Xue Gong
Cheng Xue Za Zhi 28: 823-829.

 

Citation: Siciliano A, Gesuele R, Pagano G, Guida M (2015) How Daphnia (Cladocera) Assays may be used as Bioindicators of Health Effects?.
J Biodivers Endanger Species S1: S1.005. doi:10.4172/2332-2543.S1-005

Page 6 of 6

J Biodivers Endanger Species
ISSN:2332-2543 JBES, an open access journal

Volume S1 • Issue 005 • S1.005

http://www.sciencedirect.com/science/article/pii/S1532045603001728
http://www.sciencedirect.com/science/article/pii/S1532045603001728
http://www.sciencedirect.com/science/article/pii/S1532045603001728
http://www.ncbi.nlm.nih.gov/pubmed/10776747
http://www.ncbi.nlm.nih.gov/pubmed/10776747
http://www.ncbi.nlm.nih.gov/pubmed/9742907
http://www.ncbi.nlm.nih.gov/pubmed/9742907
http://www.ncbi.nlm.nih.gov/pubmed/9742907
http://www.sciencedirect.com/science/article/pii/S1096495904001952
http://www.sciencedirect.com/science/article/pii/S1096495904001952
http://www.sciencedirect.com/science/article/pii/S1096495904001952
http://link.springer.com/article/10.1007%2FBF00539427
http://link.springer.com/article/10.1007%2FBF00539427
http://link.springer.com/article/10.1007%2FBF00539427
http://www.ncbi.nlm.nih.gov/pubmed/18652260
http://www.ncbi.nlm.nih.gov/pubmed/18652260
http://www.ncbi.nlm.nih.gov/pubmed/18652260
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326792/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326792/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326792/
http://link.springer.com/article/10.1007%2Fs11157-015-9373-7
http://link.springer.com/article/10.1007%2Fs11157-015-9373-7
http://link.springer.com/article/10.1007%2Fs11157-015-9373-7
http://link.springer.com/article/10.1007%2Fs11157-015-9373-7
http://link.springer.com/article/10.1007%2Fs11157-015-9373-7
https://www.infona.pl/resource/bwmeta1.element.elsevier-c2b6dc5e-7a6c-37a3-9f1c-8842dd74fe05
https://www.infona.pl/resource/bwmeta1.element.elsevier-c2b6dc5e-7a6c-37a3-9f1c-8842dd74fe05
https://www.infona.pl/resource/bwmeta1.element.elsevier-c2b6dc5e-7a6c-37a3-9f1c-8842dd74fe05
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4001055/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4001055/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4001055/
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092771
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092771
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092771
http://www.ncbi.nlm.nih.gov/pubmed/21783870
http://www.ncbi.nlm.nih.gov/pubmed/21783870
http://www.ncbi.nlm.nih.gov/pubmed/21783870
http://www.ncbi.nlm.nih.gov/pubmed/18205623
http://www.ncbi.nlm.nih.gov/pubmed/18205623
http://www.ncbi.nlm.nih.gov/pubmed/18205623
http://www.ncbi.nlm.nih.gov/pubmed/18078036
http://www.ncbi.nlm.nih.gov/pubmed/18078036
http://www.ncbi.nlm.nih.gov/pubmed/18078036
http://www.ncbi.nlm.nih.gov/pubmed/18078036
http://www.ncbi.nlm.nih.gov/pubmed/18078036
http://www.ncbi.nlm.nih.gov/pubmed/26296938
http://www.ncbi.nlm.nih.gov/pubmed/26296938
http://www.ncbi.nlm.nih.gov/pubmed/26296938
http://www.ncbi.nlm.nih.gov/pubmed/16047686
http://www.ncbi.nlm.nih.gov/pubmed/16047686
http://www.ncbi.nlm.nih.gov/pubmed/16047686
http://www.ncbi.nlm.nih.gov/pubmed/16116796
http://www.ncbi.nlm.nih.gov/pubmed/16116796
http://www.ncbi.nlm.nih.gov/pubmed/16116796
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1000392
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1000392
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1000392
http://www.nature.com/nrd/journal/v5/n5/full/nrd2031.html
http://www.nature.com/nrd/journal/v5/n5/full/nrd2031.html
http://www.ncbi.nlm.nih.gov/pubmed/21415126
http://www.ncbi.nlm.nih.gov/pubmed/21415126
http://www.ncbi.nlm.nih.gov/pubmed/21415126
http://link.springer.com/article/10.1007%2Fs13752-013-0117-z
http://link.springer.com/article/10.1007%2Fs13752-013-0117-z
http://link.springer.com/article/10.1007%2Fs13752-013-0117-z
http://www.biomedcentral.com/1471-2148/14/212
http://www.biomedcentral.com/1471-2148/14/212
http://www.biomedcentral.com/1471-2148/14/212
http://www.biomedcentral.com/1471-2148/14/212
http://www.ncbi.nlm.nih.gov/pubmed/6775160
http://www.ncbi.nlm.nih.gov/pubmed/6775160
http://www.ncbi.nlm.nih.gov/pubmed/6775160
http://www.ncbi.nlm.nih.gov/pubmed/19259718
http://www.ncbi.nlm.nih.gov/pubmed/19259718
http://www.ncbi.nlm.nih.gov/pubmed/19259718
http://www.ncbi.nlm.nih.gov/pubmed/19259718
http://www.ncbi.nlm.nih.gov/pubmed/21292972
http://www.ncbi.nlm.nih.gov/pubmed/21292972
http://www.ncbi.nlm.nih.gov/pubmed/21292972
http://www.biomedcentral.com/1471-2164/10/169
http://www.biomedcentral.com/1471-2164/10/169
http://www.biomedcentral.com/1471-2164/10/170
http://www.biomedcentral.com/1471-2164/10/170
http://www.ncbi.nlm.nih.gov/pubmed/21936389
http://www.ncbi.nlm.nih.gov/pubmed/21936389
http://www.ncbi.nlm.nih.gov/pubmed/21936389

	Contents
	How Daphnia (Cladocera) Assays may be used as Bioindicators of Health Effects?
	Abstract
	Keywords:
	Introduction
	Relevance of Daphnia in classical and current ecotoxicology studies
	Environmental sanitation
	Study of human pathogen virulence
	Physiology
	Genetic studies

	Conclusion
	References




