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Abstract

Concerning toxicity, bioaccumulation and persistence in
the aquatic environment, six metals such as Zn, Cu, Ni,
Cr, Pb and Cd are attributed to priority hazardous
substances in many countries throughout the world
(Water Framework Directive 2008/105/EC; US EPA
2009). In this study, time-dependent and tissue-specific
induction in geno- and cytotoxicity was determined in
haemocytes and gills cells of Anodonta cygnea after
treatment with six metals (Zn-0.1, Cu-0.01, Cr-0.01, Ni-
0.01, Pb-0.005 and Cd-0.005 mg/L, at Maximum
Permissible Concentrations (MPC), accepted for the
inland waters in EU) mixture at various time points (1, 2,
4, 7, 14 and 28 days). The highest genotoxicity levels in
gill cells and haemocytes were determined after 4 days
exposure. After 2 days treatment in gill cells of exposed
mussels, there was found the highest and statistically
significant induction of cytotoxicity level. Neurotoxicity
studies have shown, that prepared metals mixture has
ability to inhibit AChE activity in mussel’s hemolymph
after 4 days and 28 days exposure. Time-depended metals
accumulation in A. cygnea gills and statistically
significant relations between Cu, Cd, genotoxicity (in gill
cells) and cytotoxicity (in gill cells) demonstrates
bioavailability of used trace metals for the bioindicator
and time-related DNA damage.
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1. Introduction

Metal pollution from anthropogenic origin in the world’s
water ecosystems is still continually rising up. In order to
achieve good ecological and chemical status in
transitional and coastal waters, Water Framework
Directive (WFD, 2000/60/EC) has defined a list of
priority pollutants, which are deemed to have detrimental
effects on the environment, with a requirement for
substantial monitoring of these pollutants. Usually in
water environment, many of the metals exist in various
mixtures. Due to the interactions between chemicals,
even low metal concentrations in the mixture (at MPC)
are able to induce DNA damage in aquatic organisms
(Stankevi¢itté et al. 2017). Genotoxic and cytotoxic
effects caused by trace metals, leading to changes in
biological parameters and indices, may affect health at
individual and at population levels in time. Bivalve

mussels are considered as reliable-sentinel species for the
bioindication of aquatic pollution. Freshwater mussel
Anodonta cygnea (Unionidae) can be found in rivers and
lagoons all over the Europe and the Northern America
(Lopes-Lima et al. 2017). In some countries, this species
is listed as near threatened or threatened owing to severe
declines in abundance of distribution (Lopes Lima et al.
2017).

Acetylcholinesterase enzyme (AChE) is an essential
enzyme in the prevention of acetylcholine accumulation
and the termination of the nerve impulse transmission
frequently used in marine and freshwater pollution
monitoring as biomarker of exposure to neurotoxic
compounds (Benali et al. 2015).

In order to assess geno- and cytotoxic effects of six
metals (at MPC) mixture treatment at various exposure
time points, micronucleus and nuclear abnormalities’ test
has been applied in gills and hemolymph cells of fresh
water mussels Anodonta cygnea. Neurotoxicity of metal
mixture was determined in A. cygnea by measuring
AChE in hemolymph of exposed mussels.

2. Materials and Methods

Adults of Anodonta cygnea at approximately the same
size were collected at the bank of River Neris (Lithuania)
in Verkiai Regional Park (54° 44’ 47.3" N and 25° 17’
39.4" E). Before the experiment mussels were kept 2
weeks for acclimation. The experiment was conducted
under semi-static rotating water current conditions.
During the experiment, both water and diet were of the
same type. Test mussels were exposed for the 1-, 2-, 4-,
7-, 14-, and 28-day period to a six-metal (Zn, Cu, Ni, Cr,
Pb and Cd) mixture (at MPC). After treatments, mussels
were dissected, and their tissues (gills and hemolymph)
collected for further (neuro-, geno-, cytotoxicity and
metal bioaccumulation) analyses.

The acetylcholinesterase activity was determined in
hemolymph samples using the method of Ellman et al.
(1961) modified for microplates. Preparation of test
solutions, samples for geno- and cytotoxicity assessment
and criteria for geno- and cytotoxicity endpoints
identification are presented in Butrimaviéiené with co-
authors (2019) publication. For metal determination in
mussels’ tissue samples, a procedure was adapted from
Sen and co-authors (2011).
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3. Results and Discussion

After 4-day exposure, the highest and statistically
significant levels of genotoxicity in gills (40.80%.) and
hemolymph (34.76%o) tissues were assessed. Moreover,
after 4 days of exposure in hemolymph of investigated
mussels, there were measured a significant decrease in
AChE activity (12.37+1.462 nmol ACTC min-1 mg),
when compared to the control (18.19£1.58 nmol ACTC
min-1 mg; p=0.048) and pre-exposure (17.81+1.977 nmol
ACTC min-1 mg; p=0.038) groups. After 2 days
treatment in gills’ cells of exposed mussels, there was
found the highest (38.9%.) and statistically significant
induction of cytoxicity level. In gills of exposed mussels
time-dependent increase in accumulated metal amount
was found. The highest and statistically significant
accumulation of most of trace metals has been determined
in gills of A. cygnea after 28 days treatment. According to
the obtained geno- and cytotoxicity data, it is suggested
that gills are more sensitive tissue in comparison to
investigated hemolymph. Genotoxic properties of trace

Acknowledgements: This work was funded by the Research
Council of Lithuania, Project No. S-MIP-17-10. Authors are
very grateful to the financial support the Research Council of
Lithuania for the international mobility and dissemination of
the Lithuanian research (Project No. 09.3.3-LMT-K-712-13-
0133).

References

N. and Barsiené J. (2017), Genotoxicity and cytotoxicity
response to environmentally relevant complex metal mixture
(Zn, Cu, Ni, Cr, Pb, Cd) accumulated in Atlantic salmon
(Salmo salar). Part I: importance of exposure time and tissue
dependence, Ecotoxicology, 26, 1051-1064.

Lopes-Lima M., Sousa R., Geist J., Aldridge D.C., Araujo R.,
Bergengren J., Bespalaya J. and et al. (2017), Conservation
status of freshwater mussels in Europe: state of the art and
future challenges, Biological Reviews, 92, 572-607.
https://doi.org/10.1111/brv.12244.

Benali 1., Boutib Z., Merabet A. and Chévre N. (2015),
Integrated use of biomarkers and condition indices in mussels
(Mytilus galloprovincialis) for monitoring pollution and
development of biomarker index to assess the potential toxic
of coastal sites, Marine Pollution Bulletin, 95, 385-394.
Ellman G.L., Courtney K.D., Andres V.J. and Featherstone
R.M. (1961), A new and rapid colorimetric determination of
acetylcholinesterase activity, Biochemical Pharmacology, 7,
88-95.

Butrimavi¢iené L., Stankevi¢iaté M., Kalciené V., JokSas K.
and Barsiené J. (2019), Genotoxic, cytotoxic, and neurotoxic
responses in Anodonta cygnea after complex metal mixture
treatment, Environmental Science and Pollution Research,
https://doi.org/10.1007/s11356-019-04206-1.

Sen 1., Shan dil A. and Shrivastava V.S. (2011), Study for
determination of heavy metals in fish species of River
Yamuna (Delhi) by Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES), Advances in Applied
Science Research, 2(2), 161-166.

metals are related evidently to the accumulation of DNA
damaging free radicals, clastogenic process, or
simultaneously to clastogenic and aneugenic action in
aquatic organisms (Nepomuceno et al. 1997). Induction
of DNA damage in mussels after exposure to trace metals
was described previously (Falfushynska et al. 2013;
Nugroho et al. 2015; Sohail et al. 2017; Khan et al. 2018).
Inhibition in AChE activity in various mussels and in
their different tissues after exposure to trace metals was
presented in experimental and in situ studies (Bainy et al.
2006; Vidal-Linan et al. 2014). Decrease in AChE
activity observed initially in the present study might be a
response to metal mixture toxicity.

The study results suggested that due to discharges of
metals at MPC into the aquatic environment, the
occurrence of threats to A. cygnea health is a likely
scenario.

Nepomuceno J.C., Ferrari 1., Spand, M. and Centeno, A.J.
(1997). Detection of micronuclei in peripheral erythrocytes of
Cyprinus carpio exposed to metallic mercury, Environmental
and Molecular Mutagenesis, 30, 293-297.

Falfushynska H., Gnatyshyna L. and Stoliar O. (2013), Effect
of in situ exposure history on the molecular responses of
bivalve mollusks to trace metals, Ecotoxicology and
Environmental Safety, 89, 73-83.

Nugroho A.P., Handayani N.S.N. and Pramudita I.G.A.
(2015), Effects of chromium (Cr) on freshwater mussel
Anodonta woodiana (Lea, 1834): distribution,
bioaccumulation, and genomic DNA damage, The 3rd
International Conference on Biological Science 2013 (The 3rd
ICBS-2013), 2, p. 180.

Sohail M., Khan M.N., Qureshi N.A. and Chaudhry A.S.
(2017), Monitoring DNA damage in gills of freshwater
mussels (Anodonta anatina) exposed to heavy metals,
Pakistan Journal of Zoology, 49(1), 305-311.

Khan M.1., Zahoo M., Khan A., Gulfam N. and Khisroon M.
(2018), Bioaccumulation of heavy metals and their genotoxic
effect on freshwater mussel, Bulletin of Environmental
Contamination and Toxicology, 102, 52-58.

Bainy A.C.D., Gennari de Medeiros M.H., Di Mascio P. and
de Almeida E.A. (2006), In vivo effects of metals on the
acetylcholinesterase activity of the Perna perna mussel’s
digestive gland, Biotemas, 19 (1), 35-39.

Vidal-Lifian L., Bellas J., Etxebarria N., Nieto O. and Beiras
R. (2014), Glutathione S-transferase, glutathione peroxidase
and acetylcholinesterase activities in mussels transplanted to
harbour areas, Science of the Total Environment, 470-471,
107-116.

CEST2019_00089


https://doi.org/10.1007/s11356-019-04206-1

