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ABSTRACT
Our study aims to use the snail Cornu aspersum as bioindicator species to biomonitoring soil quality in
northeast of Algeria through measurement of the seasonal activities of three biomarkers, glutathione Stransferase, acetylcholinesterase and metallothioneins. C. aspersum were collected seasonally during the
year 2016, at four sites located in the extreme northeast of Algeria. El Hadjar, site exposed to industrial
wastes; the sites of El Tarf and Bouteldja subjected to urban and agricultural pollution; and El Kala, located
in a protected park, chosen as a witness site. An inhibition of acetylcholinesterase and an increase of both
glutathione S-transferase and metallothioneins were observed in samples collected from El Hadjar, El Tarf
and Bouteldja as compared to El Kala. In addition, a significant seasonal effect was observed in spring and
summer as compared to autumn and winter. This work reveal that C. aspersum can be used as a suitable
bioindicator species for biomonitoring soil quality in northeast of Algeria who was related to sources of
exposition to pollution.
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Introduction
Intensive use of pesticides in agriculture, urban
wastes, rapid industrialization and increasing vehicular traffic have produced an increase of soil pollution (Mleiki et al., 2017). This pollution pose risks
and hazards to ecosystems and human health
through the contamination of ground water, as well
as reducing the use of agricultural land (Roma et al.,
2017). That’s why these last years, scientific research
and international agencies increasing interest for
soil pollution monitoring and assessment (Mariet et
al., 2017; Sturba et al., 2018).
The extreme Northeast of Algeria is one of the
most important urban, industrial, agricultural and
tourist areas including El Tarf city, a very important

agricultural area and Annaba city, the fourth greatest city in Algeria, shelter several major industries
including those production phosphoric fertilizers
(Fertial), pesticides (Asmidal), metallic construction
(Ferovial) and one of the greatest steel complex of
Africa (ArcelorMittal). Theses agricultural and industrial activities have generated an important contamination of aquatic and terrestrial areas especially
metal contamination previously highlighted by
other studies (Larba and Soltani, 2014; Belabed et al.,
2017; Drif et al., 2019; Sifi and Soltani, 2019).
For terrestrial ecosystem, pulmonate gastropod
mollusks, have been considered efficient sentinels to
evaluate soil contamination (Kowalczyk-Pecka et al.,
2018). Among them, snail Cornu aspersum (syn. Helix aspersa) present several characteristics provide
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information on soil functions and translate disturbances caused by its pollution (Druart et al., 2017).
Indeed, this snail live in interface with soil, plant
and air, so in direct contact with different ecosystems and have the capacity to accumulate several
classes of chemicals (Mariet et al., 2017). Thus, C.
aspersum, has been commonly used as bioindicator
species for monitoring metallic (Larba and Soltani,
2014), atmospheric (Regoli et al., 2006) and agrochemical pollutions (Radwan and Mohamed, 2013).
Biomonitoring studies are usually based on
biomarkers analysis measured in bioindicator species to provide information on ecosystem health
(Viarengo et al., 1997). Indeed, the induction and
inhibition of biomarkers is an important tools to
understand the possible harmful effects of pollutants on organisms (Boshoff et al., 2015). Acetylcholinesterase (AChE) is an essential neurotransmitter
of nervous system (Lionetto et al., 2013). The inhibition of AChE has been widely used as biomarker of
exposure to a neurotoxic pesticides (Radwan and
Mohamed, 2013) and also other chemical compounds such as heavy metals and hydrocarbons
(Zawisza-Raszka et al., 2010). The glutathione Stransferase (GST), a phase II detoxifying enzymes,
represents one of the most basic detoxification
mechanisms in all organisms against several
xenobiotics (Jakoby and Habig, 1980). It is also considered as antioxidant enzyme, since it can be eliminate products of reactive oxygen species (ROS) generated during an oxidative stress (Trevisan et al.,
2014). The induction of Metallothioneins (MTs) is
widely used as biomarker of metallic contamination
by binding and removing toxic metals (PedriniMartha et al., 2017).
Snail physiological respons-es strongly depend
on seasonal variations especially on humidity and
temperature. Indeed, terrestrial snails are usually
live in humid and semi-arid areas undergo annual
cycles of aestivation and hibernation. These two
physiological processes allow snails to cope with
climate change in order to survive to the extreme
conditions of cold and heat (Nowakowska et al.,
2014; Staikou et al., 2017). The current research aims
to biomonitoring soil quality in extreme northeast of
Algeria by determining seasonal variations of some
biomarkers (AChE, GST, MTs) in a land snail C.
aspersum, chosen as bioindicator species and collected from unpolluted and polluted areas.
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Materials and Methods
Study area and sampling sites
The sampling sites were located in extreme northeast of Algeria, including Annaba and El Tarf cities,
which are one of the largest cities in Algeria in terms
of demography and famed for their very important
industrial and agricultural areas. The site of El Kala
(36°53’44'’ N; 8°26’36'’ E), chosen as a reference site
is located in very extreme northeast of Algeria close
to the Tunisian border, it is located in a national protected park, distant from any source of pollution.
The sites of El Tarf (36°46’2'’ N; 8°18’50'’ E) and
Bouteldja (36°30’10'’ N; 8°0617'’ E), are located
around urban and agricultural activities. Finally, the
site of El Hadjar (36°48’0'’ N; 7°43’60'’ E), is submitted to a metallic contamination because it is located
near one of the greatest steel complex in Africa
which generates an important industrial pollution
(Fig. 1).

Fig. 1. Location of sampling sites of Cornu aspersum in the
extreme Northeast of Algeria: El Kala, El Tarf,
Bouteldja and El Hadjar (Google Earth Pro).

Species sampling
Adult of C. aspersum were collected seasonally
(spring, summer, autumn, winter) during 2016 year
from the selected sites. After sampling, C. aspersum
were transported to the laboratory in plastic transparent boxes whose bottom is covered with a layer
of moist soil and in above with tulle tissue to allow
the aeration and avoid the escape of snails. Before
the beginning of experimentation, snails were submitted to acclimation period of two (02) hours in
laboratory and 15 specimens of standardized
weight (10 ± 1 g) and shell diameter (30 ± 1 mm)
were dissected and the head and hepatopancreas
were removed for biomarkers analysis.
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Acetylcholinesterase analysis
The specific activity of AChE was measured in head
of C. aspersum using the method described by of
Ellman et al. (1961). The AChE reacts with a specific
substrate acetylthiocholine using the 5,52-dithio-bis2-nitrobenzoic acid (DTNB) as reagent. The absorbances were read at a wavelength of 412 nm. Results
were expressed as millimoles per minute per milligram of protein (mmol.min-1.mg-1 protein).
Glutathione S-transferase analysis
The GST activity was determined in hepatopancreas
of C. aspersum according to the method of Habig et
al. (1974). The GST catalyze the conjugation reaction
of reduced glutathione (GSH) with 1-chloro-2,4dinitrobenzene (CDNB) used as substrate. The absorbances were recorded at 340 nm and the enzyme
activity was expressed in millimoles per minute per
milligram of protein (mmol.min-1.mg-1 protein).
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in C. aspersum were represented in Table 1 and Figure 2. A significant inhibition (p< 0.001) of AChE
was recorded in all seasons at El Hadjar, Bouteldja
and El Tarf as compared to the site of El Kala. This
inhibition of AChE was significantly higher in summer with 0.09 ± 0.007 mm.min”1.mg”1 protein in El
Hadjar, against 1.88 ± 0.10 mm.min”1.mg”1 protein at
winter in El Kala (Fig. 2). Indeed, both effects of site
and season were significantly showed (p< 0.001) by
ANOVA test. The comparison between seasons by
Tukey’s post-hoc test showed a significant (p< 0.05)
inhibition of AChE in summer and spring as compared to winter and autumn (Table 1).

Metallothionein analysis
The quantification of metallothioneins was performed in hepatopancreas of C. aspersum as described by Viarengo et al. (1997). The protocol is
based on a spectrophotometric Ellman’s method by
quantification of SH-residue contents using a glutathione as a standard. Absorbances were red at 412
nm wavelength and he results were expressed as
micrograms per milligram of protein (µg. mg-1 protein).
Protein quantification
The biomarkers analyzed in this study were expressed according to a quantities of proteins quantified in supernatant using Bradford (1976) method,
with bovine serum albumin (Sigma) as standard
and measured at 595 nm.
Statistical analysis
The results were represented by mean ± standard
deviation (SD) and statically analyzed with Graph
Pad. Prism.v6. The two-way ANOVA analysis and
Tukey’s post-hoc test were applied to compare each
parameter among sites and between seasons at p<
0.05 as significant level.

Results
Acetylcholinesterase activity
The results of seasonal variations of AChE activity

Fig. 2. Seasonal specific activity of Acetylcholinesterase
(mm.min–1.mg–1 protein) measured in the head of
Cornu aspersum sampled in four sites of extreme
northeast of Algeria (El Kala, Bouteldja, El Tarf, El
Hadjar), during 2016 (mean ± SD; n = 15). Means
followed by the same small case letters are not significantly different at p> 0.05 between sites in each
season (Tukey’s post hoc test, p< 0.05).

Glutathione S-transferase activity
The seasonal activities of GST (Table 1; Fig. 3) recorded in hepatopancreas of C. aspersum, were increased significantly (p< 0.001) in polluted site of El
Hadjar, Bouteldja and El Tarf as compared with reference site of El Kala. The activities of GST varied
from minimum of 0.12 ± 0.01 mm.min–1.mg–1 protein
in El Kala to maximum of 0.82 ± 0.03 mm.min–1.mg–1
protein in El Hadjar, both at autumn (Fig. 3). The
comparison of seasonal effects revealed a significant
increase (p< 0.01) of GST activities more marked in
summer and autumn than other seasons (Table 1).
Indeed, application of ANOVA tow-way test was reveal a significant effects (p< 0.001) of site and season.
Metallothioneins rates
The MTs rates determined in hepatopancreas of C.

Means followed by the same small case letters are not significantly different at p> 0.05 between seasons in each site (Tukey’s post hoc test, p< 0.05).

0.33 ± 0.08a 0.17 ± 0.08b 0.09 ± 0.007b 0.36 ± 0.18a 0.45 ± 0.07a 0.52 ± 0.05b 0.77 ± 0.12c 0.82 ± 0.03d 0.81 ± 0.08a 1.28 ± 0.15b
El Hadjar

1.73 ± 0.57c 0.88 ± 0.10a

1.46 ± 0.05a 1.13 ± 0.05b 1.05 ± 0.04b 1.14 ± 0.09b 0.15 ± 0.04a 0.21 ± 0.008b 0.29 ± 0.03c 0.38 ± 0.04d 0.43 ± 0.02a 0.53 ± 0.05ac 0.74 ± 0.02bc 0.61 ± 0.06c
Bouteldja

0.79 ± 0.11b 0.52 ± 0.01a
1.37 ± 0.08a 1.04 ± 0.02b 1.02 ± 0.06b 1.09 ± 0.08b 0.18 ± 0.07a 0.25 ± 0.03b 0.49 ± 0.05c 0.44 ± 0.04 c 0.49 ± 0.01a 0.60 ± 0.08a
El Tarf

Autumn

1.88 ± 0.10 1.53 ± 0.10 1.25 ± 0.05 1.81 ± 0.27 0.12 ± 0.02 0.15 ± 0.003 0.20 ± 0.01 0.12 ± 0.01 0.16 ± 0.02 0.33 ± 0.06 b 0.52 ± 0.07 0.25 ± 0.04ab
ab
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Fig. 4. Seasonal Metallothioneins rates (µg. mg–1 protein)
measured in the hepatopancreas of Cornu aspersum
sampled in four sites of extreme northeast of Algeria (El Kala, Bouteldja, El Tarf, El Hadjar), during
2016 (mean ± SD; n = 15). Means followed by the
same small case letters are not significantly different at p> 0.05 between sites in each season
(Tukey’s post hoc test, p< 0.05).

Winter

aspersum individuals were showed in Table 1 and
Figure 4. The rates of MTs recorded in El Hadjar,
Bouteldja and El Tarf were significantly increased
(p< 0.001) as compared of those of El Kala. This increased of rate was more observed in summer with
1.73 ± 0.57 µg.mg –1 protein against 0.16 ± 0.02
µg.mg–1 protein recorded in winter at El Kala (Fig.
4). A significant effects of site and season (p< 0.001)
were performed after a two-way ANOVA analysis.
The effect of season was more pronounced in sum-

Sites/Seasons

Fig. 3. Seasonal specific activity of Glutathione S-transferase (mm.min”1.mg”1 protein) measured in the
hepatopancreas of Cornu aspersum sampled in four
sites of extreme northeast of Algeria (El Kala,
Bouteldja, El Tarf, El Hadjar), during 2016 (mean
± SD; n = 15). Means followed by the same small
case letters are not significantly different at p> 0.05
between sites in each season (Tukey’s post hoc
test, p< 0.05).
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Table 1. Seasonal specific activity of Acetylcholinesterase and Glutathione S-transferase (mm.min”1.mg”1 protein), and rates of Metallothioneins (µg. mg”1 protein)
measured in Cornu aspersum sampled in four sites of extreme northeast of Algeria (El Kala, Bouteldja, El Tarf, El Hadjar), during 2016 (mean ± SD; n = 15).
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mer and spring than winter and autumn (Table 1).

Discussion
Our research showed an inhibition of AChE activity
in C. aspersum from polluted sites El Hadjar,
Bouteldja and El Tarf as compared to reference site
El Kala. These results were agree with study of
Larba and Soltani (2014) in the same areas which
highlighted a decrease in AChE activities in C.
aspersum due to the metal pollution with high values of Fe, Mn, Pb and Cd. Indeed, the site of El
Hadjar is submitted to metallic pollution derived
from steelworks factory and also from a complex
that produces pesticides and phosphoric fertilizers.
Furthermore, the sites of Bouteldja and El Tarf are
located near farmlands who generate pesticides
contamination and also near highways which
brings deposited atmospheric contamination. Grara
et al. (2012) have reported an inhibition of AChE in
C. aspersum after treatment with metal dust (Cu, Zn,
Pb, Cr, Ni, Mn, Fe) collected from the site of El
Hadjar. An inhibition of AChE as biomarker of metallic neurotoxicity was reported in Cantareus apertus
exposed to several metals (Mleiki et al., 2015, 2017).
Leomanni et al. (2016) have been also demonstrated
in their studies on C. apertus exposed to mercury a
decrease of AChE. The neurotoxic action of pesticides through inhibition of AChE was reported in C.
aspersum after treatment with imidacloprid
(Radwan and Mohamed, 2013), dimethoate
(Coeurdassier et al., 2002) and carbamat molluscicides methomyl and methiocarb (Essawy et al.,
2009); and also in C. apertus exposed to Carbaryl
(Leomanni et al., 2015).
In present study a higher GST activity was recorded in C. aspersum from sample sites exposed to
several sources of pollution compared to samples
taken from the reference site, El Kala. This increase
of the GST is probably due to the activation of the
natural detoxification process of xenobiotics and
also a pro-oxidant defense system. This induction of
GST was probably induced by presence of several
chemical contaminants like heavy metals and pesticides results from industries and agriculture activities in the polluted sites. Larba and Soltani (2014)
have reported higher level of GST in this species
from same sites exposed to metallic pollution. An
activation of GST have been also reported in C.
aspersum exposed to imidacloprid (Radwan and
Mohamed, 2013) and to nickel and diazinon pesti-
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cide (Zawisza-Raszka et al., 2010). An induction of
GST was also observed in the same species collected
from sites contaminated with coal (de Souza et al.,
2015). Moreover, an induction of GST has been reported in other several snails species exposed to
various pollutants like Theba pisana treated with sub
lethal doses of some metals (Cu, Pb, Zn) (Radwan et
al., 2010) and copper-based pesticide (El-Gendy et
al., 2009); Cepaea nemoralis exposed to soil contaminated with trace metals (Boshoff et al., 2015); Eobania
vermiculata collected from metal and agricultural
contaminated sites (El-Shenawy et al., 2012);
Biomphalaria alexandrina exposed to inorganic fertilizers (El-Deeb et al., 2017) and C. apertus exposed to
metal trace elements (Mleiki et al., 2017).
Our study showed an increase of MTs rates in C.
aspersum samples from polluted sites of El Hadjar,
El Tarf and Bouteldja compared to clean site of El
Kala, proving a metal contamination. Grara et al.
(2012) and Larba and Soltani (2014) previously
demonstrated a metal contamination in these areas
due to industrial activities especially metallic production. An increase of MTs after metallic contamination have been demonstrated by Sturba et al.
(2018) in C. aspersum exposed to chlorure of cadmium (CdCl2), Hispard et al. (2008) after exposed to
cadmium and by Abdel-Halim et al. (2013) in the
same species exposed to urban pollution. An increase of MTs has been reported in terrestrial snails
C. nemoralis and E. vermiculata from metallic polluted sites as compared to reference site (Boshoff et
al., 2015; Iziou and Dimitiadis, 2011; El-Shenawy et
al., 2012). Other studies have showed an increase of
MTs rates in snails after exposure to metallic pollution like C. apertus exposed to cadmium (Dallinger
et al., 2004) and mercury (Leomanni et al., 2016).
Studies have previously shown that snails can
modulate their defense system seasonally in response to biotic and abiotic conditions, such as low
and high temperature and humidity (Nowakowska
et al., 2010; Staikou et al., 2016). Our results showed
an inhibition of AChE and increase of GST and MTs
higher in summer followed by spring and autumn
than in winter, this may be explained by the meteorological conditions and the activity of the aestivation and hibernation of the snails. We know that elevated temperature actively participates in the concentration of pollutants in environment (Staiko et al.,
2017). Larba and Soltani (2014) demonstrated a
lower AChE and higher GST activities in C.
aspersum in summer than in winter. Furthermore,
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Nowakowska et al. (2014) have demonstrated that
C. aspersum increased its GST activity in response to
arousal aestivation. Also, the CdMT gene expression in Helix pomatia is influenced by biotic and abiotic conditions as oxygen depletion and starvation
(Pedrini-Martha et al., 2017). Moreover, some authors have reported an increased of antioxidant enzymes during aestivation in the land snail C.
aspersum, and in freshwater snail Biomphalaria
tenagophila (Ramos-Vasconcelos and Hermes-Lima,
2003; Ferreira et al., 2003). Also, Staikou et al. (2016)
reported that a decrease of metabolism in snail
Cattania trizona olympica are more observed at low
temperature in winter.

Conclusion
In conclusion the biomarkers responses recorded in
C. aspersum collected from different sites located in
the extreme northeast of Algeria, is related to the
level and sources of exposition to pollution mainly
industrial and agricultural. As well, our investigation suggest that terrestrial snail C. aspersum could
be used in biomonitoring of soil pollution as a suitable bioindicator species.

Acknowledgments
Our thanks go to the DG-RSDT grants (Directorate
General for Scientific Research and Technological
Development of Algerian Ministry of Higher Education and Scientific Research) [CNEPRU project
D01N01UN23012014103 and PNR project 8/u23/
1024].

References
Abdel-Halim, K.Y., Abo El-Saad, A.M., Talha, M.M.,
Hussein, A.A. and Bakry, N.M. 2013. Oxidative
stress on land snail Helix aspersa as a sentinel organism for ecotoxicological effects of urban pollution
with heavy metals. Chemosphere. 93 : 1131–1138.
Belabed, B.E., Meddour, A., Samraoui, B. and Chenchouni,
H. 2017. Modeling seasonal and spatial contamination of surface waters and upper sediments with
trace metal elements across industrialized urban
areas of the Seybouse watershed in North Africa.
Environ. Monit. Assess. 189 : 1–19.
Boshoff, M., Jordaens, K., Baguet, S. and Bervoets, L. 2015.
Trace metal transfer in a soil–plant–snail microcosm
field experiment and biomarker responses in snails.
Ecol. Indic. 48: 636–648.

Eco. Env. & Cons. 26 (1) : 2020
Bradford, M.M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72 : 248–254.
Coeurdassier, M., Scheifler, R., Mench, M., Crini, N.,
Vangronsveld, J. and de Vaufleury, A. 2010. Arsenic
transfer and impacts on snails exposed to stabilized
and untreated As-contaminated soils. Environ.
Pollut. 158 : 2078–2083.
Dallinger, R., Berger, B., Hunziker, P.E. and Kägi, J.H.R.
1997. Metallothionein in snail Cd and Cu metabolism. Nature. 388: 237–238.
Dallinger, R., Lagg, B., Egg, M., Schipflinger, R. and
Chabikovsky, M. 2004. Cd accumulation and Cdmetallothionein as a biomarker in Cepaea hortensis
(Helicidae, Pulmonata) from laboratory exposure
and metal-polluted habitats. Ecotoxicology. 13 : 757–
772.
de Souza, M.R., da Silva, F.R., de Souza, C.T.,
Niekraszewicz, L., Dias, J.F., Premoli, S., Corrêa,
D.S., Soares Mdo, C., Marroni, N.P., Morgam-Martins, M.I. and da Silva, J. 2015. Evaluation of the
genotoxic potential of soil contaminated with mineral coal tailings on snail Helix aspersa. Chemosphere.
139 : 512–517.
Drif, F., Abdennour, C., Ciðerci, I.H., Muddassir, A.M.,
Mansouri, O. and Messarah, M. 2019. Preliminary
assessment of stress and genotoxicity biomarkers in
bivalve molluscs from the gulf of Annaba, Algeria.
Bull. Environ. Contam. Toxicol. 102(4) : 555–559.
Druart, C., Gimbert, F., Scheifler, R. and de Vaufleury, A.
2017. A full life-cycle bioassay with Cantareus
aspersus shows reproductive effects of a glyphosatebased herbicide suggesting potential endocrine disruption. Environ. Pollut. 226: 240–249.
El-Deeb, F.A.A., Marie, M.A.S., Hasheesh, W.S., Hussein,
R.M.A. and Sayed, S.S.M. 2017. Biomarkers of oxidative stress in Biomphalaria alexandrina snails for
assessing the effects of certain inorganic fertilizers.
Molluscan Res. 37(4) : 289–294.
El-Gendy, K.S., Radwan, M.A. and Gad, A.F. 2009. In vivo
evaluation of oxidative stress biomarkers in the land
snail, Theba pisana exposed to copper-based pesticides. Chemosphere. 77 : 339–344.
Ellman, G.L., Courtney, K.D., Andres V.Jr. Featherstone,
R.M., 1961. A new and rapid colorimetric determination of cholinesterase activity. Biochem. Pharmacol.
7 : 88–95.
El-Shenawy, N.S., Mohammadden, A. and Al-Fahmie,
Z.H. 2012. Using the enzymatic and non-enzymatic
antioxidant defense system of the land snail Eobania
vermiculata as biomarkers of terrestrial heavy metal
pollution. Ecotoxicol. Environ. Saf. 84 : 347–354.
Essawy, A.E., Abdelmeguied, N.E., Radwan, M.A.,
Hamed, S.S. and Hegazy, A.E. 2009. Neuropathological effect of carbamate molluscicides on the land

BAIRI ET AL
snail, Eobania vermiculata. Cell Biol. Toxicol. 25 : 275–
290.
Ferreira, M.V.R., Alencastro, A.C.R. and Hermes-Lima, M.
2003. Role of antioxidant defenses during estivation
and anoxia exposure in freshwater snails
Biomphalaria tenagophila (Orbigny, 1835). Can. J. Zool.
81: 1239–1248.
Grara, N., Atailia, A., Boucenna, M., Khaldi, F., Berrebbah,
H. and Djebar, M.R. 2012. Effects of heavy metals on
the snail Helix aspersa bioindicators of the environment pollution for human health. International Conference on Applied Life Sciences. 241–246.
Habig, W.H., Pabst, M.J. and Jakoby, W.B. 1974. Glutathione S-transferases the first enzymatic step in
mercapturic acid formation. J. Biol. Chem. 249 : 7130–
7139.
Hispard, F., de Vaufleury, A., Cosson, R.P., Devaux, S.,
Scheifler, R., Coeurdassier, M., Gimbert, F., Martin,
H., Richert, L., Berthelot, A. and Badot, P.M. 2008.
Comparison of transfer and effects of Cd on rats
exposed in a short experimental snail-rat food chain
or to CdCl2 dosed food. Environ. Int. 34 : 381–389.
Itziou, A. and Dimitriadis, V.K. 2011. Introduction of the
land snail, Eobania vermiculata, as a bioindicator organism of terrestrial pollution using a battery of
biomarkers. Sci. Total Environ. 409 : 1181–1192.
Jakoby, B.W. and Habig, H.W. 1980. Glutathione transferases In: Enzymatic Basis of Detoxication (eds.). By
Jakoby, B.W. New York: Academic Press. 63–94.
Kowalczyk-Pecka, D., Kowalczuk-Vasilev, E., Puchalski,
A. and Klebaniuk, R. 2018. Peroxidation and
unsaturation indices as potential biomarkers of
multifarious zinc and copper micro-supplementation in Helix pomatia L. Ecotoxicol. Environ. Saf. 148:
713–720.
Larba, R. and Soltani, N. 2014. Use of the land snail Helix
aspersa for monitoring heavy metal soil contamination in Northeast Algeria. Environ. Monit. Assess. 186:
4987–4995.
Leomanni, A., Schettino, T., Calisi, A., Gorbi, S., Mezzelani,
M., Regoli, F. and Lionetto, M.G. 2015. Antioxidant
and oxidative stress related responses in the Mediterranean land snail Cantareus apertus exposed to the
carbamate pesticide carbaryl. Comp. Biochem. Physiol.
C Toxicol. Pharmacol. 168 : 20–27.
Leomanni, A., Schettino, T., Calisi, A. and Lionetto, M.G.
2016. Mercury induced haemocyte alterations in the
terrestrial snail Cantareus apertus as novel biomarker.
Comp. Biochem. Physiol. C Toxicol. Pharmacol. 183–184:
20–27.
Lionetto, M.G., Caricato, R., Calisi, A., Giordano, M.E. and
Schettino, T. 2013. Acetylcholinesterase as a
biomarker in environmental and occupational medicine: new insights and future perspectives. Biomed
Res. Int. vol. 2013, Article ID 321213, 8 pages.
Mariet, A.L., Pauget, B., de Vaufleury, A., Bégeot, B.,

53
Walter-Simonnet, A.W. and Gimbert, F. 2017. Using
bioindicators to assess the environmental risk of past
mining activities in the Vosges Mountains (France).
Ecol. Indic. 75: 17–26.
Mleiki, A., Marigómez, I. and Trigi El Menif, N. 2015. Effects of acute and chronic exposure to Pb and cd and
their combination on acetylcholinesterase activity in
digestive gland and foot of the land snail, Cantareus
apertus (Born, 1778). Int. J. Environ. Res. 9 : 943–952
Mleiki, A., Marigómez, I. and Trigui El Menif, N. 2017.
Green garden snail, Cantareus apertus, as biomonitor
and sentinel for integrative metal pollution assessment in roadside soils. Environ. Sci. Pollut. Res. 24:
24644–24656.
Nowakowska, A., Caputa, M. and Rogalska, J. 2010. Natural aestivation and antioxidant defence in Helix
pomatia: effect of acclimation to various external
conditions. J. Mollus. Stud. 76 (4): 354–359.
Nowakowska, A., Gralikowska, P., Rogalska, J.,
Ligaszewski, M. and Caputa, M. 2014. Effect of induced spring estivation on antioxidant defence in
Helix aspersa O.F. Muller, 1774 (Gastropoda:
Pulmonata: Helicidae). Folia Malacol. 22(1): 41–48.
Pauget, B., Gimbert, F., Coeurdassier, M., Crini, N., Peres,
G., Faure, O., Douay, F., Richard, A., Grand, C. and
de Vaufleury, A. 2013. Assessing the in situ
bioavailability of trace elements to snails using accumulation kinetics. Ecol. Indic. 34: 126–135.
Pedrini-Martha, V., Schnegg, R., Baurand, P.E.,
deVaufleury, A. and Dallinger, R. 2017. The physiological role and toxicological significance of the
non-metal-selective
cadmium/coppermetallothionein isoform differ between embryonic
and adult helicid snails. Comp. Biochem. Physiol. C
Toxicol. Pharmacol. 199: 38–47.
Radwan, M.A., El-Gendy, K.S. and Gad, A.F. 2010. Oxidative stress biomarkers in the digestive gland of Theba
pisana exposed to heavy metals. Arch. Environ.
Contam. Toxicol. 58 : 828–835.
Radwan, M.A. and Mohamed, M.S. 2013. Imidacloprid
induced alterations in enzyme activities and energy
reserves of the land snail. Helix aspersa. Ecotoxicol.
Environ. Saf. 95 : 91–97.
Ramos-Vasconcelos, G.R. and Hermes-Lima, M. 2003.
Hypometabolism, antioxidant defenses and free
radical metabolism in the pulmonate land snail Helix aspersa. J. Exp. Biol. 206 : 675–685.
Regoli, F., Gorbi, S., Fattorini, D., Tedesco, S., Notti, A.,
Machella, N., Bocchetti, R., Benedetti, M. and Piva,
F. 2006. Use of the land snail Helix aspersa sentinel
organism for monitoring ecotoxicologic effects of
urban pollution: an integrated approach. Environ.
Health Persp. 114 : 63–69.
Roma, D., Neola, A., Serpe, B., Sansone, F.P., Picazio, D.,
Cerino, G. and Esposito, P.M. 2017. Land Snails
(Helix aspersa) as Bioindicators of Trace Element

54
Contamination in Campania (Italy). OALib Journal 4,
e3339. https://doi.org/10.4236/oalib.1103339.
Sifi, K. and Soltani, N. 2019. Seasonal changes of two
biomarkers of oxidative stress (LDH, MDA) in the
edible mollusc Donax trunculus (Mollusca: Bivalvia)
from the Gulf of Annaba (Algeria): correlation with
carbohydrate and lipid contents. Molluscan Res.
39(1): 44–52.
Staikou, A., Tachtatzis, G., Feidantsis, K. and Michaelidis,
B. 2016. Field studies on the annual activity and the
metabolic responses of a land snail population living in high altitude. Comp. Biochem. Physiol., Part A
Mol. Integr. Physiol. 191: 1–8.
Staikou, A., Kesidou, E., Garefalaki, M.E. and Michaelidis,
B. 2017. Laboratory studies on the thermal tolerance
and response of enzymes of intermediate metabolism in different land snail species. Comp. Biochem.
Physiol., Part A Mol. Integr. Physiol. 203 : 262–272
Sturba, L., Liberatori, G., Vannuccini, M.L., Ancora, S. and

Eco. Env. & Cons. 26 (1) : 2020
Corsi, I. 2018. Uptake and biological responses in
land snail Cornu aspersum exposed to vaporized
CdCl2. Ecotoxicol. Environ. Saf. 148: 377–383.
Trevisan, R., Flesch, S., Mattos, J.J., Milani, M.R., Bainy,
A.C. and Dafre, A.L. 2014. Zinc causes acute impairment of glutathione metabolism followed by coordinated antioxidant defenses amplification in gills of
brown mussels Perna perna. Comp. Biochem. Physiol.
C Toxicol. Pharmacol. 159: 22–30.
Viarengo, A., Ponzano, E., Dondero, F. and Fabbri, R. 1997.
A simple spectrophotometric method for
metallothionein evaluation in marine organisms: an
application to Mediterrarenan and Antarctic molluscs. Mar. Environ. Res. 44: 69–84.
Zawisza-Raszka, A., Dolezych, B., Dolezych, S. and
Migula, P. 2010. Effects of nickel exposure and acute
pesticide intoxication on acetylcholinesterase, catalase and glutathione S-transferase activity and glucose adsorption in the digestive tract of Helix aspersa
(Pulmonata, Helicidae). Environ. Pollut. 40: 380–390.

