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Graphical Abstract Abstract

The aim of this study was to validate immunotoxic
> and oxidative stress responses as ecotoxicological
Ul[ =T biomarkers in the carpet shell clams (Ruditapes
decussatus) to detect and monitor biological effects
of anthropogenic pollution in the South Lagoon of
Tunis (Tunisia). Clams were collected from four
sites: three of them were located within the polluted
lagoon of Tunis (S1, S2 and S3) and another one
was allocated in a clean site on the Mediterranean
coast (SR). Oxidative and immune status of clams
was evaluated through the analysis of glutathione S-
transferases, glutathione-peroxidase, catalase, lectin
and antibacterial activities and total haemocyte
count. Our results revealed activation of antioxidant
enzymes and immune alteration in clams sampled
from contaminated sites. Overall, the current study
clearly showed that affected biomarkers could be
useful tools for biomonitoring in the study area.
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1. Introduction

Biomarker is a biochemical, cellular, physiological or behavioral change which can be measured in
tissue, body fluid or at the level of the whole organism and that reveals the exposure at/or the effects of
one or more chemical pollutants (Depledge 1994). Biomarkers have been suggested as practical tools
for environmental management for a number of decades. Biomarkers, particularly those detected at
low levels of biological organization, are generally early and sensitive indices of chemical stress.
Biomarkers are subdivided into biomarkers of defense that allow organisms to cope with the presence
of contaminants and biomarkers of damage that reveal deleterious effects (de Lafontaine et al. 2000).

Among benthic invertebrates, several species of bivalve molluscs such as clams, mussels and
oysters have been introduced as biological models for research in ecotoxicology. As sedentary filter-
feeders, bivalves are able to accumulate many chemicals in their tissues (Fournier et al. 2002,
Bebianno et al. 2003, Sandrini-Neto et al. 2016).

Reactive oxygen species (ROS) are produced by living organisms as a result of normal cellular
metabolism. Exposure of aquatic organisms to pollutants can induce an increase in the production of
reactive oxygen species (ROS) (Chakraborty et al. 2013, Aguirre-Martinez, and Martin-Diaz 2020).

Aerobic organisms have integrated antioxidant systems, which include enzymatic and non-
enzymatic antioxidants that are usually effective in blocking harmful effects of ROS. The antioxidant
system involves enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), glutathione transferase (GST) and glutathione reductase (GR). The antioxidant systems can be
induced or inhibited under stress conditions. Thereby, the assessment of antioxidant enzymes can
provide information on the organism’s health status and could be used as a biomarker of pollutant-
induced oxidative stress in aquatic organisms (Borkovi¢ et al. 2008). In recent years, the antioxidant
system response has been widely studied and employed as a defense biomarker in aquatic organisms
(Regoli et al. 2011).

Under normal conditions the immune system of molluscs maintains efficient protection against
most microbial or parasitic attacks. However, many chemical contaminants may induce immunological
disorders, even at low concentration (Ahmad et al. 2011, Chakraborty et al. 2013, Ray et al. 2013,
Hannam et al. 2010). In this context, immune-biomarkers have been proposed to be sensitive tools in
eco-immunology studies to detect signs of impaired bivalve health (Matozzo et al. 2013, Auffret et al.
2006, Cotou et al. 2013). However, the use of immune biomarkers is not widespread in monitoring
studies.

The main goal of this study was to assess the impact of pollution in the Southern Lagoon of Tunis
on the health state of the carpet shell clam Ruditapes decussatus. For this reason, clams collected from
three sites of the Lagoon: the navigation canal, the Rades harbor and the chemical industrial area.
Control samples were collected from Louza beach. Oxidative and immune status of clams was
evaluated through the analysis of glutathione S- transferases, glutathione-peroxidase, catalase, lectin
and antibacterial activities and total haemocyte count.
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2. Material and methods
2.1. Indicator organism and selected areas

The Mediterranean clam Ruditapes decussatus (Family: Veneridae), is a common species,
indigeneous for the Mediterranean. It is an important component of marine infaunal communities
(Velez et al. 2017). The harvest of this species mainly occurs in the Atlantic coasts of France, Spain,
Portugal and Ireland, and in the Mediterranean basin, where it is considered as an economically
important bivalve (Velez et al. 2017). Due to its ecological and economic interest, this species is
commonly used as sentinel in ecotoxicological investigations. In order to minimize the effects of the
reproductive cycle which can influence the biochemical and immunological biomarkers responses,
clams were sampled after their spawning period (February) which occurs irregularly from June to
December (Hamida et al. 2004).

Clams were collected during February from a reference site (SR) and three polluted sites (S1-S3)
geographically located near contamination sources and differently influenced by anthropogenic impact
(Fig. 1). The reference site is located in Louza beach (rural area) which has been considered as a
reference site in monitoring programs along the Tunisian coasts (Banni et al. 2009) with low
concentration of trace metals (Mansour et al. 2020a, Chalghmi et al. 2016a, b) and hydrocarbons
(Mansour et al. 2020b) in bivalves and surface sediments. The thee polluted sites are located in the
Lagoon of Tunis that is adversely affected by industrial contaminants from the industrial area, the
important harbor activities (La Goulette, Tunis and Rades harbors) and the urban untreated sewage
from the city of Tunis and its southern suburbs (Jouini et al. 2005). This lagoon is considered as a
mesotrophic ecosystem due to the richness of organic matter (Charrada 1992, Jouini et al. 2005).
Moreover, it has been reported a low water mass renewal/turnover rates (i.e. long residence times) in
the lagoon (Jouini et al. 2005) not observed in the reference site. High levels of polycyclic aromatic
hydrocarbons (Chalghmi et al. 2020) and trace metals such as cadmium, lead, mercury, zinc and
nickel, among others, have been found in the lagoon sediments (Hellal et al. 2011, Chalghmi et al.
2016b).
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Fig. 1. The location of the stations in Tunis lagoon and Louza beach (Tunisia).

2.2.  Samples preparation

After sampling, clams were immediately transported to the laboratory and maintained in aquaria
filled with aerated sea water from each sampling sites for 24 h. Temperature was kept at 131 °C in
order to coincide with the temperature at the sampling sites (Reference and polluted sites). The next
day, the whole soft body of 20 clams for each site was separated and kept at -20 °C until biochemical
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biomarkers analysis. For immune biomarker analysis, 1 mL of haemolymph were drawn from the
anterior adductor muscle of 20 clams with sterile syringes and kept on ice. A volume of 25 uL of
haemolymph was kept at 4 °C in order to determine the total haemocyte count (THC). To measure
enzymatic activities, the haemolymph samples were centrifuged (780 x g, 10 min at 4 °C) and the
supernatants, corresponding to cell-free haemolymph, were collected and stored at -20 °C until
analysis.

2.3. Antioxidant biomarkers

Frozen soft tissues were thawed and homogenized in a motor-driven glass-teflon homogenizer at
500 rpm with TRIS buffer (TRIS 50 mM, NaCl 150 mM, DTT 1mM, protease inhibitor cocktail pH
7.4). Homogenates were centrifuged for 25 min at 9000g at 4°C and supernatants (called S9 fractions)
were immediately collected for enzymatic activity determinations. All measurements were performed
at 4°C to prevent enzyme or tissue degradation. Each measurement was carried out on 20 individual
clams and each measurement was performed in triplicate. Total protein concentration in S9 fractions
and haemolymph samples was measured spectrophotometrically by the Bradford method (Bradford
1976), adapted for microplate reader at 595 nm using bovine serum albumin (BSA) as a standard.
Glutathione-S-transferase (GST) activity assay was determined as described by Habig et al. (Habig et
al. 1974). The conjugation of reduced glutathione (GSH) with 1-Chloro-2,4-dinitrobenzene (CDNB)
was followed spectrophotometrically at 340 nm. The enzymatic activity was expressed in nmol of
substrate conjugated mint mg™? protein. Lipid peroxidation was estimated from the formation of
thiobarbituric acid reactive substances (TBARS) according to Buege and Aust (Buege and Aust 1978).
Glutathion peroxydase (GPx) activity assay was performed according to Lawrence and Burk
(Lawrence and Burk 1985) adapted for microplate reader. GPx activity was determined by measuring
the decrease of absorbance at 340 nm. The reaction consists in the reduction of oxidized glutathione
linked to the oxidation of NADPH in the presence of excess glutathione reductase. Cumene
hydroperoxide was used as substrates. The enzymatic activities were expressed in nmol.mint mg?
protein. Catalase (CAT) activity was measured based on the method adapted from Clairbone
(Clairbone 1985). CAT activity was determined by measuring the decrease of absorbance at 240 nm
due to the presence of H.O» concentration using a microplate reader. The enzymatic activity was
expressed in pmol of H.O, min™t mg™* protein.

2.4, Immune biomarkers

The cellular innate immunity was assessed by calculating the number of free haemocytes in the
hemolymph. Briefly, a volume of 25 mL of haemolymph was mixed with the same volume of formol
in order to prevent cell clotting and the total haemocyte count (THC) was performed using a Malassez
cell counter. Then, THC was expressed as the number of haemocytes (x 10°) mL™ in the haemolymph.
The humoral innate immunity was assessed with lectin and antibacterial activities. Lectin (LCT)
activity in haemolymph samples was determined by the reaction of hemagglutination (HA) following
the method described by Ordas et al. (Ordas et al. 2000). This activity was measured by adding 25 uL
of 3% human blood to 25 pL of serially diluted haemolymph in 96-well plates. After mixing, plates
were kept at room temperature for 2 h. Agglutination was determined by the presence or the absence of
a button of blood on the bottom of the well. The agglutination title (inverse of the highest haemolymph
dilution factor) was recorded and expressed as its logz. All samples were run in duplicate. Antibacterial
activity was determined according to the method described by Ordas et al. (Ordas et al. 2000)
modified by Mansour et al. (Mansour et al. 2017). Aliquots of 25 pL of haemolymph were mixed
with75 pL of a suspension of Escherichia coli (ATCC35218) (108 cell mL™? in Tryptone soy broth
(TSB, Sigma)) in a 96 well plate. In the control, the haemolymph was substituted by TSB. After
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incubation for 3 h at 18 °C, 100 pL of 3-(4,5-Dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide
(MTT) (0.5 mg mL? in TSB) were added to each well. After 15 min in the dark at 18 °C, the
absorbance at 600 nm was measured. All samples were run in triplicate. The antibacterial activity
index (BI) was calculated as follows:

Bl=sample ABSeoo/control ABSeoo

2.5.  Statistical analysis

All our results were expressed as mean * standard error. Data were statistically analysed using a
one-way analysis of variance (ANOVA). Significant differences were determined at the p < 0.05 level
using Tukey test. Principal component analysis (PCA) was used to find correlations between the
different biomarkers. Statistical analysis was performed using the software STATISTICA (Statsoft
STATISTICA version 6.1.478.0).

3. Results and discussion

3.1. Antioxidant biomarkers

Biochemical biomarker responses are shown in Figure 2. Glutathione S- transferases (GST)
represent a major group of the phase Il of biotransformation playing an important role as indirect
antioxidants usually used as a biomarker of pollution by persistent organic pollutants (POPs), mainly
organochlorine pesticides, polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls
(PCBs), trace metals (Marques et al. 2018, Jiang et al. 2019). Overall GST activity (Fig. 2A) was
significantly higher (ANOVA, p=0.006) in clams collected at S1 (537.69 + 37.16 nmol min mg*
protein) compared to clams sampled from SR (355.24 + 48.98 nmol min™* mg™* protein). No significant
difference was found between clams sampled from the reference site and S2 or S3. In previous studies,
Chalghmi et al. (Chalghmi et al. 2016a, b) reported high levels of GST activity in clams living in the
sites of the southern lagoon of Tunis, with the highest level of GST in organisms sampled in the Canal
(or S1). These results are in line with ours. The results of the present study confirm contamination of
the Tunis lagoon.

GPx activity (Fig. 2B) was significantly higher in clams sampled from the three polluted sites (S1,
S2 and S3) compared to clams sampled from SR (ANOVA, p=0.004, p=0.016 and p=0.037,
respectively). The highest GPx levels were observed in clams from the site S1 compared to the site SR
(6.63 + 0.71 nmol mint mg? protein). These results are in agreement with previous studies in clams
Ruditapes decussatus, in which the GPx activity was higher in the gills of clams collected from Bizert
lagoon compared to those collected from Louza (Bejaoui et al. 2020). In a recent study, no effect by
local pollution was observed on GPx activities measured in Green-lipped mussels Perna viridis and
Manila clams, Ruditapes philippinarum, transplanted in different polluted sites at Hong Kong (De
Luca-Abbott et al. 2005). According to these studies, antioxidant responses may differ between
species.

Overall CAT activity (Fig. 2C) was significantly higher (ANOVA, p < 0.05) in clams sampled at
the three sites of Tunis lagoon (S1, S2 and S3) compared to clams sampled from the reference site
(SR). The highest CAT levels were observed in clams collected at site S1 (123.9 + 7.71 pmol min
mg* protein) compared to site SR (46.71 + 3.73 umol min™ mg? protein). A similar pattern of induced
CAT activity was observed in previous studies carried out on the same species collected from Tunis
(Banni et al. 2003, Chalghmi et al. 2016a, b) and Bizert (Bejaoui et al. 2020) lagoons. Increase in CAT
activity means oxidative stress, often related to excessive ROS production during the catabolism of
various organic compounds (Clairbone 1985). Indeed, an increase of ROS generation was recorded
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aquatic organisms exposed to several contaminants (Coles et al. 1994, Dyrynda et al. 1998, Camus et
al. 2002, Chakraborty et al. 2013). Thus, our results can be explained by an increase in ROS
production owing to the presence of organic contaminants in the lagoon.

3.2. Immune biomarkers

Immunological biomarkers responses are shown in Figure 3. Haemocytes are circulating cells
involved in bivalve immune defense such as haemocytosis (increases in circulating haemocyte
numbers), phagocytosis of small particles, and encapsulation of large particles and production of
reactive oxygen species. The change in total haemocyte count (THC) measured in the haemolymph of
clams Ruditapes decussatus collected from three sites in the South lagoon of Tunis and the control site
is illustrated in the Figure 3A. Overall total haemocyte count (THC) was higher in clams collected at
the three contaminated sites of Tunis lagoon (S1, S2 and S3) compared to the values found in the
clams from the reference site (SR) with significant differences at S1 and S2 (ANOVA, p=0.005 and
p=0.047, respectively). A wide variety of studies have demonstrated a similar increase in the number
of haemocytes in bivalves exposed to various pollutants. Indeed, in vivo exposure to phenanthrene
resulted in an increase in THC in the scallop Pecten maximus (Hannam et al. 2010). In addition,
dietary PAH exposure resulted in an increase in THC in the oyster Crassostrea virginica (Croxton et
al. 2012). An increase in the haemocytes density was recorded in the blue mussel, Mytilus edulis,
exposed in tubo to 10* M and 102 M of Hg for 24 h (Duchemin et al. 2008). Similar increase has also
been reported in the bivalve Scrobicularia plana inhabiting a mercury contaminated area (Laranjo
basin, Ria de Aveiro, Portugal) (Ahmad et al. 2011). Moreover, an increase of haemocyte
concentration was recorded in the Pacific oyster, C. gigas exposed to a mix of Cd and Cu for 4 day
(Haberkorn et al. 2014). Thus, the present study demonstrates strong effects of pollution level in the
South Lagoon of Tunis on the total haemocyte count. Therefore, THC seems ideal tools for
biomonitoring.

Lectin activity plays a crucial role in eliminating potential pathogens in marine invertebrates such
as bacteria and parasites (Chu 1988). In the current study, lectin activity (LCT) was higher in clams
collected at the three contaminated sites of Tunis lagoon S1, S2 and S3 (1.11 + 0.27, 1.93 + 0.36 and
1.13 + 0.12, respectively) compared to the values found in the clams from the reference site (0.60 +
0.17) with significant differences at site S2 (ANOVA, p<0.001). Study carried out on the bivalve
Scrobicularia plana reported a reduction in plasma agglutination in animals environmentally exposed
to mercury (Ahmad et al. 2011). Moreover, Chikalovets et al. (Chikalovets et al. 2010) revealed
significant changes in agglutination in the mussel Mytilus trossulus after exposure to cadmium. In the
current study, lectin activity was affected by pollution level in the South Lagoon of Tunis.
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Fig. 2. Glutathione S- transferases (A), Glutathione peroxidase (B) and Catalase (C) activities in clam Ruditapes decussatus collected from three sites
of the lagoon (S1, S2 and S3) and the control site (SR). The bars represent the mean £ SE. Small letters denote significant differences between sites
(ANOVA, p <0.05).
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Fig. 3. Total haemocyte count (A), Lectin activity (B) and Antibacterial activity (C) in clam Ruditapes decussatus collected from three sites of the
lagoon (S1, S2 and S3) and the control site (SR). The bars represent the mean £ SE. Small letters denote significant differences between sites (ANOVA, p
<0.05).
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Regarding the antibacterial activity against E. coli, no significant difference (ANOVA, p > 0.05)
was observed between the four sampling sites while the antibacterial activity was slightly higher at the
polluted sites compared to the reference site. A wide variety of studies have demonstrated the
antimicrobial action of several classes of organic hydrocarbons on different microorganisms
(Heipieper and Martinez 2018). However, our results not revealed variations between the sampling
sites. Thus, the bactericidal activity does not provide a suitable spatial discrimination for practical
purposes.

3.3.  Principal component analysis

Principal component analysis (PCA) was performed to obtain an overview of the spatial
distribution of the biochemical and immunological biomarker data. Two principal components were
extracted which accounted for 51.15 % of the total variance (Fig. 4). PC1 explained 33.07 % of the
total variance and was positively loaded by biochemical and immunological parameters in clams. PC2
explained 18.08% of the total variance. According to PC2 axis, the site S1 and S2 were clearly
discriminated from the sites S3 and SR.
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Fig.4. Results of PCA of the two main factors produced by biochemical (GST, GPx and CAT) and
immunological (THC, LCT and AB) biomarkers in clams, Ruditapes decussatus, collected from the
three sites of the southern lagoon of Tunis (S1, S2 and S3) and the control site (SR).

Pearson’s correlation coefficients between the immunological and the biochemical biomarkers
studied are shown in Table 1. A correlation coefficient higher than 0.5 was considered as significant at
P<0.05. In our experimental conditions, no correlation was recorded between the different parameters.
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Table 1. Pearson’s correlation coefficients (r) of the immunological and the biochemical parameters
studied.

AB LCT THC CAT GST GPx

AB 1

LCT -0.128 1

THC 0.044 0.215 1

CAT 0.021 0.353 0367 1

GST -0.077 0.053 -0.008 0.225 1

GPx -0.110 0.268 0.293 0.378 0.180 1

4. Conclusion

In conclusion, the present study reveal activation of antioxidant enzymes in clams Ruditapes
decussatus sampled from the polluted area as well as immune activation. The antioxidant enzymes
GST, GPx and CAT were sensitive, responding to different pollution scenarios in the south lagoon of
Tunis. Moreover, total haemocyte count and lectin activity were affected by pollution level in the
Lagoon. Overall, the current study reveals the efficiency of this methodological approach to evaluate
physiological responses in Ruditapes decussatus to environmental disruption caused by anthropogenic
pollution.

Acknowledgements

This study was supported by the Ministry of Scientific Research and Technology, the University of
Monastir, Tunisia.

References

Ahmad, 1., Coelho, J.P., Mohmood, I., Pacheco, M., Santos, M.A., Duarte, A.C., and Pereira, E.,
Immunosuppression in the infaunal bivalve Scrobicularia plana environmentally exposed to
mercury and association with its accumulation, Chemosphere, 82, 1541-1546 (2011).

Aguirre-Martinez, G. and Martin-Diaz, M. (2020) A multibiomarker approach to assess toxic effects of
wastewater treatment plant effluents and activated defence mechanisms in marine (Ruditapes
philippinarum) and fresh water (Corbicula fluminea) bivalve species. Ecotoxicology 29, 941-
958.

Auffret, M., Rousseau, S., Boutet, I., Tanguy, A., Baron, J., Moraga, D., and Duchemin, M., A
multiparametric approach for monitoring immunotoxic responses in mussels from
contaminated sites in Western Mediterranea, Ecotoxicology and environmental safety, 63,
393-405 (2006).

Banni, M., Ben Dhiab, R., ElI Abed, A., and Boussetta, H. Genotoxicity, catalase, and
acetylcholinesterase in the assessment of the pollution status of some sites on the Tunisian
littoral. Bulletin of environmental contamination and toxicology, 70, 0854-0860 (2003).


http://sciforum.net/conference/mol2net-07
http://sciforum.net/conference/mol2net-07

MOL2NET, 2021, 7, ISSN: 2624-5078 10
http://sciforum.net/conference/mol2net-07

Banni, M., Bouraoui, Z., Ghedira, J., Clearandeau, C., Jebali, J., and Boussetta, H. Seasonal variation
of oxidative stress biomarkers in clams Ruditapes decussatus sampled from Tunisian coastal
areas. Environ. Monit. Assess., 155, 119-128 (2009).

Bebianno, M.J. and Serafim, M.A. Variation of Metal and Metallothionein Concentrations in a Natural
Population of Ruditapes decussatus. Arch. Environ. Contam. Toxicol. 44, 0053-0066 (2003).

Bejaoui, S., Michan, C., Telahigue, K., Nechi, S., El Cafsi, M., Soudani, N., et al. Metal body burden
and tissue oxidative status in the bivalve Venerupis decussata from Tunisian coastal lagoons.
Marine Environmental Research, 159, 105000 (2020).

Borkovi¢ S.S., Pavlovi¢ S.Z., Kovadevié¢ T.B., Stajn A.S., Petrovi¢ V.M., and Sai¢i¢ Z.S. Antioxidant
defence enzyme activities in hepatopancreas, gills and muscle of Spiny cheek crayfish
(Orconectes limosus) from the River Danube. Comp Biochem Physiol C Toxicol Pharmacol
147: 122-128 (2008).

Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical biochemistry, 72, 248-254 (1976).

Buege, J.A. and Aust, S.D. [30] Microsomal lipid peroxidation. Methods in enzymology, 52, 302-310
(1978).

Camus, L., Jones, M., Barseth, J., Grosvik, B., Regoli, F., and Depledge, M. Total oxyradical
scavenging capacity and cell membrane stability of haemocytes of the Arctic scallop, Chlamys
islandicus, following benzo (a) pyrene exposure. Mar. Environ. Res., 54, 425-430 (2002).

Chakraborty S, Ray M, and Ray S (2013) Cell to organ: Physiological, immunotoxic and oxidative
stress responses of Lamellidens marginalis to inorganic arsenite. Ecotoxicol Environ Saf 94:
153-163.

Chalghmi, H., Bourdineaud, J.P., Haouas, Z., Gourves, P.Y., Zrafi, ., and Saidane-Mosbahi, D.
Transcriptomic, Biochemical, and Histopathological Responses of the Clam Ruditapes
decussatus from a Metal-Contaminated Tunis Lagoon. Archives of environmental
contamination and toxicology, 70, 241-256 (2016).

Chalghmi, H., Zrafi, 1., Gourves, P.Y., Bourdineaud, J.P., and Saidane-Mosbahi, D. Combined effects
of metal contamination and abiotic parameters on biomarker responses in clam Ruditapes
decussatus gills: an integrated approach in biomonitoring of Tunis lagoon. Environmental
Science: Processes & Impacts, 18, 895-907 (2016).

Chalghmi, H., Bourdineaud, J.-P., Chbani, I., Haouas, Z., Bouzid, S., Er-Raioui, H., and Saidane-
Mosbahi, D. Occurrence, sources and effects of polycyclic aromatic hydrocarbons in the Tunis
lagoon, Tunisia: an integrated approach using multi-level biological responses in Ruditapes
decussatus. Environmental Science and Pollution Research, 27, 3661-3674 (2020).

Charrada, R.B. Le lac de Tunis aprés les aménagements. Parametres physico-chimiques de l'eau et
relation avec la croissance des macroalgues. Mar. Life., 1, 29-44 (1992).

Chikalovets, I., Chernikov, O., Shekhova, E., Molchanova, V., and Lukyanov, P. Changes in the level
of lectins in the mantle of the mussel Mytilus trossulus in response to anthropogenic
contaminants. Russian journal of marine biology, 36, 70-74 (2010).

Chu, F.-L.E. Humoral defense factors in marine bivalves. Am Fish Soc Spec Publ, 18, 178-188 (1988).

Clairbone, A., 1985, Catalase activity. Handbook of methods for oxygen radical research, CRC Press,
Boca Raton Florida (1985).

Coles, J.A., Farley, S.R., and Pipe, R.K. Effects of fluoranthene on the immunocompetence of the
common marine mussel, Mytilus edulis. Aquat. Toxicol., 30, 367-379 (1994).


http://sciforum.net/conference/mol2net-07
http://sciforum.net/conference/mol2net-07

MOL2NET, 2021, 7, ISSN: 2624-5078 11
http://sciforum.net/conference/mol2net-07

Cotou, E., Tsangaris, C., and Henry, M., Comparative study of biochemical and immunological
biomarkers in three marine bivalves exposed at a polluted site, Environ. Sci. Pollut. Res., 20,
1812-1822 (2013).

Croxton, A.N., Wikfors, G.H., and Schulterbrandt-Gragg, R.D. Immunomodulation in eastern oysters,
Crassostrea virginica, exposed to a PAH-contaminated, microphytobenthic diatom. Aquat.
Toxicol., 118-119, 27-36 (2012).

De Lafontaine Y., Gagné F., Blaise C., Costan G., Gagnon P., and Chan H. Biomarkers in zebra
mussels (Dreissena polymorpha) for the assessment and monitoring of water quality of the St
Lawrence River (Canada). Aquat Toxicol 50: 51-71 (2000).

De Luca-Abbott, S.B., Richardson, B.J., McClellan, K.E., Zheng, G.J., Martin, M., and Lam, P.K.
Field validation of antioxidant enzyme biomarkers in mussels (Perna viridis) and clams
(Ruditapes philippinarum) transplanted in Hong Kong coastal waters. Mar. Pollut. Bull., 51,
694-707 (2005).

Depledge M (1994) The rational basis for the use of biomarkers as ecotoxicological tools.
Nondestructive biomarkers in vertebrates: 271-295.

Duchemin, M.B., Auffret, M., Wessel, N., Fortier, M., Morin, Y., Pellerin, J., and Fournier, M.
Multiple experimental approaches of immunotoxic effects of mercury chloride in the blue
mussel, Mytilus edulis, through in vivo, in tubo and in vitro exposures. Environmental
pollution, 153, 416-423 (2008).

Dyrynda, E.A., Pipe, R.K., Burt, G.R., and Ratcliffe, N.A. Modulations in the immune defences of
mussels (Mytilus edulis) from contaminated sites in the UK. Aquat. Toxicol., 42, 169-185
(1998).

Fournier, M., Pellerin, J., Lebeuf, M., Brousseau, P., Morin, Y. and Cyr, D. (2002) Effects of exposure
of Mya arenaria and Mactromeris polynyma to contaminated marine sediments on phagocytic
activity of hemocytes. Aquat. Toxicol. 59, 83-92.

Haberkorn, H., Lambert, C., Le Goic, N., Quéré, C., Bruneau, A., Riso, R., Auffret, M., and Soudant,
P. Cellular and biochemical responses of the oyster Crassostrea gigas to controlled exposures
to metals and Alexandrium minutum. Aquatic Toxicology, 147, 158-167 (2014).

Habig, W.H., Pabst, M.J., and Jakoby, W.B. Glutathione S-transferases the first enzymatic step in
mercapturic acid formation. Journal of biological Chemistry, 249, 7130-7139 (1974).

Hamida, L., Medhiouband, M., Cochard, J.-C., Romdhane, M., and Le Pennec, M. Etude comparative
du cycle de reproduction de la palourde Ruditapes decussatus en milieu naturel (sud Tunisie) et
contréle (écloserie). CBM-Cahiers de Biologie Marine, 45, 291-303 (2004).

Hannam, M.L., Bamber, S.D., Galloway, T.S., John Moody, A., and Jones, M.B., Effects of the model
PAH phenanthrene on immune function and oxidative stress in the haemolymph of the
temperate scallop Pecten maximus, Chemosphere, 78, 779-784 (2010).

Heipieper, H.J. and Martinez, P. Toxicity of hydrocarbons to microorganisms. Cellular Ecophysiology
of Microbe: Hydrocarbon and Lipid Interactions, 335 (2018).

Hellal, M.E.A., Hellal, F., EI Khemissi, Z., Jebali, R., and Dachraoui, M. Trace metals in algae and
sediments from the north-eastern Tunisian lagoons. Bull. Environ. Cont. Toxicol., 86, 194-198
(2011).

Jiang, W., Fang, J., Gao, Y., Du, M., Fang, J.,, Wang, X., Li, F., Lin, F., and Jiang, Z. Biomarkers
responses in Manila clam, Ruditapes philippinarum after single and combined exposure to
mercury and benzo [a] pyrene. Comp. Biochem. Physiol. C Toxicol. Pharmacol, 220, 1-8
(2019).


http://sciforum.net/conference/mol2net-07
http://sciforum.net/conference/mol2net-07

MOL2NET, 2021, 7, ISSN: 2624-5078 12
http://sciforum.net/conference/mol2net-07

Jouini, Z., Charrada, R.B., and Moussa, M. Caractéristiques du Lac Sud de Tunis apres sa restauration.
Mar. Life, 15, 3-11 (2005).

Lawrence, R.A. and Burk, R.F. Glutathione peroxidase activity in selenium-deficient rat liver.
Biochemical and biophysical research communications, 71, 952-958 (1976).

Mansour, C., Guardiola, F.A., Esteban, M.A., and Mosbahi, D.S. Combination of polycyclic aromatic
hydrocarbons and temperature exposure: In vitro effects on immune response of European clam
(Ruditapes decussatus). Fish. Shellfish. Immunol., 67, 110-118 (2017).

Mansour, C., Guibbolini, M., Hacene, O.R., Mosbahi, D.S., and Faverney, C.R.-d. Oxidative Stress
and Damage Biomarkers in Clam Ruditapes decussatus Exposed to a Polluted Site: The
Reliable Biomonitoring Tools in Hot and Cold Seasons. Archives of Environmental
Contamination and Toxicology, 1-17 (2020).

Mansour, C., Taheur, F.B., Omrani, R., and Mosbahi, D.S. Immune biomarker and hydrocarbon
concentrations in carpet shell clams (Ruditapes decussatus) collected from a Mediterranean
coastal lagoon. Euro-Mediterranean Journal for Environmental Integration, 5, 1-9 (2020).

Marques, A., Pilo, D., Carvalho, S., Aradjo, O., Guilherme, S., Santos, M.A., Vale, C., Pereira, F.,
Pacheco, M., and Pereira, P. Metal bioaccumulation and oxidative stress profiles in Ruditapes
philippinarum—insights towards its suitability as bioindicator of estuarine metal contamination.
Ecol. Indic., 95, 1087-1099 (2018).

Matozzo, V., Giacomazzo, M., Finos, L., Marin, M.G., Bargelloni, L., and Milan, M., Can ecological
history influence immunomarker responses and antioxidant enzyme activities in bivalves that
have been experimentally exposed to contaminants? A new subject for discussion in “eco-
immunology” studies, Fish. shellfish. immunol., 35, 126-135 (2013).

Ordas, M.C., Ordas, A., Beloso, C., and Figueras, A. Immune parameters in carpet shell clams
naturally infected with Perkinsus atlanticus. Fish. Shellfish. Immunol., 10, 597-609 (2000).

Ray, M., Bhunia, A.S., Bhunia, N.S., and Ray, S., Density shift, morphological damage, lysosomal
fragility and apoptosis of hemocytes of Indian molluscs exposed to pyrethroid pesticides, Fish.
shellfish. immunol., 35, 499-512 (2013).

Regoli F, Benedetti M, and Giuliani ME (2011) Antioxidant defenses and acquisition of tolerance to
chemical stress. Tolerance to Environmental Contaminants. CRC Press, Boca Raton, FL: 153-
173.

Sandrini-Neto, L., Pereira, L., Martins, C.C., de Assis, H.C.S., Camus, L. and Lana, P.C. (2016)
Antioxidant responses in estuarine invertebrates exposed to repeated oil spills: Effects of
frequency and dosage in a field manipulative experiment. Aquatic Toxicology 177, 237-249.

Velez, C., Figueira, E., Soares, A.M.V.M., and Freitas, R. Effects of seawater temperature increase on
economically relevant native and introduced clam species. Mar. Environ. Res., 123, 62-70
(2017).


http://sciforum.net/conference/mol2net-07
http://sciforum.net/conference/mol2net-07

