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Abstract: Catalase (CAT) activity and malondialdehyde (MDA)
level in whole bodies of the mussel perna perna, collected from four
stations along the Moroccan Atlantic coast (Big Casablanca area), were
monitored to evaluate stress effects on mussels collected from the selected
sites. The oxidative stress biomarkers showed statistically significant
differences at the polluted sites when compared to the control ones. In
general, our data indicated that CAT activity and MDA concentration are a
higher and significant (p < 0.05) in mussels collected at polluted site when
compared to specimen sampled from control ones. In conclusion, the
oxidative stress biomarkers response obtained for October 2010 and 2011,
clearly demonstrate the potential presence of different contaminants in Site
4 and Site 3 reflecting the intensity of pollution in these areas.
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INTRODUCTION

The characterization of the quality of marine systems requires specially designed
biological methods for assessing the health status. Biomarkers are known to be useful
tools for measuring environmental health [1 - 2].

Antioxidants represent the cellular defense mechanisms which counteract toxicity of
reactive oxygen species (ROS), these mechanisms have been extensively investigated in
sentinel organisms such as marine mussels [3 - 4].

Among these antioxidants biomarkers are Catalase (CAT), a well-known antioxidant
enzyme, which converts H,O, into water. The biological importance of CAT is more
evident from various studies due to the fact that H,O, is the main cellular precursor of
the hydroxyl radical (HO-) which is a highly reactive and toxic form of ROS (Reactive
oxygen species) leading to oxidative damage to basic biological molecules.

Biomarkers of toxicity, such as malondialdehyde (MDA), have been proposed to
appraise the health status of exposed species [5]. MDA reflected membrane degradation
in a variety of pathological conditions [6]. The alteration of membrane phospholipids
through lipid peroxidation is considered to be one of the primary key events in oxidative
damage [7].

Oxidative stress usually characterizes chemically induced toxicity [8]. An increase in
MDA levels can thus relate to degradation of an environmental site.

In the present study, we measured oxidative stress response in the mussel perna perna
as an indicator of environmental disturbances. Bivalve molluscs, particularly marine
mussels, have been used as indicator organisms in many studies to monitor
environmental pollution in coastal waters [3, 9] due to their wide distribution, sedentary
lifestyle, tolerance to a large range of environmental conditions and because they are
filter feeders with very low metabolism which allows the bioaccumulation of many
chemicals in their tissues [10].

The aim of this work was to use the response of two oxidative stress biomarkers, CAT
activity and MDA level, in the brown mussel Perna perna to assess the marine
environment quality in the Big Casablanca area.

MATERIAL AND METHODS
Reagents

Hydrogen peroxide (H,0,), thiobarbituric acid (TBA), and tetramethoxypropane (TMP)
were obtained from Sigma (Saint Quentin Fallavier, France). Bovine serum albumin
(SAB) and Coomassie blue were purchased from Genome Biotechnologies (Casablanca,
Morocco).

Studied areas

For this study, four stations are selected attending to various degree of human impact.
The Site 1 (ST1) constitutes the site furthest away from the polluting industrial activities
established on the coastal fringe Casablanca-Mohammedia. ST1 is located in beach of
the south, Skhirat which is characterised by a total prohibition of human activities. The
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Site 2 (ST2), which is selected due to the absence of contamination sources, is located
in the north of Mansoria beach. ST1 and ST2 are characterized by an important density
of mussels and the high faunistic and floristic richnesses of the site are well marked. On
the contrary the Site 3 (ST3) is located approximately 7 km in South of Mohammedia
beach. The Site 4 (ST4) is located in Ain Sebaa beach. Due to intense human activities,
the ST3 and ST4 are constantly subjected to contamination. In addition, ST3 and ST4
have low biodiversity of intertidal organisms, indicating high levels of pollution
pressure.

Sampling

Ten mussels from each site were sampled during October 2010 and 2011. Following
collection, the adult mussels were placed in thermally insulated boxes previously filled
with water from the sampling site and immediately transported to the laboratory and
stored at -80 °C until analysis.

Biochemical analyses

Whole soft tissues from each specimen (n = 5 for each station) were dissected out and
immediately homogenized (1:3) in phosphate buffer 100 mM, pH 7.4. Homogenates
were then centrifuged at 9000 G at 4 °C for 30 min. After centrifugation, supernatants
were collected and immediately used for the determination of CAT activity and MDA
concentration. CAT activity was measured following the decrease of absorbance at 240
nm due to H,O, consumption [11]. The reaction takes place in 100 mM phosphate
buffer, pH 7.4 containing 500 mM of H,O,. Results of CAT activity were expressed as
umol/min/mg proteins. MDA concentration was estimated according to the method
described by Sunderman [12] with use of Tetramethoxypropane (TMP) as a standard.
The reaction was determined at 532 nm, using TBA (Thiobarbituric Acid) as reagent.
MDA content was expressed as nmol/mg proteins. Total protein was determined by
Bradford’s method [13] using bovine serum albumin (BSA) as standard.

Statistical analyses

The results for biomarker measurements were investigated by the use of a parametric
one-way analysis of variance (ANOVA) and level of significance was set at p < 0.05.

RESULTS AND DISCUSSION

The oxidative stress biomarker responses obtained for each site studied are presented in
Figure 1. In general, the biomarker responses obtained for October 2010 showed
generally a similar pattern to October 2011.

The results relative to the CAT activity are reported in Figure 1. Measurements from
sites ST4 and ST3 showed significant increased (p < 0.05) CAT activity in October
2010 with value up to 36.06 and 43.2 pmol'min 'mg ' protein, in ST4 and ST3
respectively, compared to mussels from sites ST2 and ST1 (2.14 and 5.01
umol'min 'mg”" protein, respectively). Our results for CAT in October 2011 showed a
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higher level in site 3 (p < 0.05) with 40.3 pmol'min~' ‘mg™' protein, whereas the
mussels from the site 4 had much lower levels of CAT (8.01 pmol'min™ -mg'1 protein).
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Figure 1. CAT activity and MDA level in Perna perna collected from the studied areas
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As shown in Figure 1, a higher and significant (p < 0.05) accumulation of MDA in
October 2010 and 2011was registered in Perna perna collected at ST4 and ST3 when
compared to specimen sampled from ST2 and ST1.

Antioxidants represent the cellular defense mechanisms which counteract toxicity of
reactive oxygen species (ROS), these mechanisms have been extensively investigated in
sentinel organisms such as marine mussels [3 - 4]. CAT, as the first line of antioxidant
defense, is very responsive to increasing levels of contaminant stimulated ROS
production. The present study illustrated that mussels collected at ST4 and ST3 in
October 2010 presented significantly higher levels of CAT activity in the whole soft
body than those collected at ST2 and ST1. Previous studies showed that antioxidant
enzymes [3, 14-15] also demonstrated higher activity values in response to
contaminants. Considering that the induction of antioxidant enzymes represents a
protective response to eliminate ROS resulting from contamination exposure, it has
been hypothesized that such increase may be related to adaptations to contaminant
induced stress [14, 16]. The presence of organic and metal contaminants is a possible
source of oxidative stress and could induce variations in antioxidant enzyme activities
[17]. Higher variability of different antioxidant enzyme in populations of aquatic
organism from polluted and unpolluted areas has been observed [16, 18]. However, the
induction of antioxidant enzyme activity due to the presence of high levels of
contaminants in the environment should not be considered as being a general rule, since
a considerable variation of responses has been found among different species, following
exposure to single or complex mixture of contaminants [16]. For example, under
laboratory conditions, some authors have reported a decrease in antioxidant enzyme
activities following a short-term exposure of mussels to several pollutants [19, 20].
Others suggested that if mussels were under intense pollution degree, antioxidants
appear to be overwhelmed and the antioxidant enzyme activities show a progressive
decrease up to a severe depletion [18, 21]. Therefore the inhibition of the CAT activity
in October 2011 observed in ST4 compared with reference confirms the presence of an
oxidative stress that may affect mussels. Other studies have demonstrated that when
invertebrates are subjected to oxidative stress, a series of defense mechanisms start to
protect the organism [18, 22]. Nevertheless, when this stress increases, an inhibition of
enzyme activity, such as CAT, has been found [18]. This inhibition/decrease in
antioxidant defenses indicates the difficulty that the organisms have in defending
against oxidative stress.

The toxicity effect of ROS can produce various damages to the cell, such as DNA
damage, lipid peroxidation and lysosomal alteration [3, 23 - 24]. Lipid peroxidation is a
well-known mechanism of cellular injury in vertebrates and invertebrates, and is an
indicator of an oxidative damage in cells and tissues. Therefore, measurement of MDA
is widely used as an indicator of lipid peroxidation [25]. An increase in MDA
concentration is found in ST4 and ST3. Several studies have evidenced that lipid
peroxidation increases in tissues of different species of aquatic organisms, as result of
being exposed to environmental pollutants [22].

Significantly higher MDA levels were found in mussels collected at ST4, and ST3,
despite the high activity levels of CAT. Nevertheless the anti-oxidant enzyme was
unable to prevent the deleterious effects on the lipid membranes (as reported in some
cases by Pellerin-Massicotte [26]. This may be due to the fact that low levels of
contaminant-stimulated ROS can have a significant toxic effect, particularly upon the
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cell membrane and DNA, even when antioxidant enzymatic defenses are responding
[20]. According to Regoli [23], when the antioxidant defenses are overwhelmed by the
generation of ROS, oxidative damage (lipid peroxidation, protein degradation, enzyme
inactivation) and oxidative stress occur.

CONCLUSIONS

The aim of this work was to study two oxidative stress biomarker responses in perna
perna collected from four stations along the Moroccan Atlantic coast (Big Casablanca
area). A higher CAT activity, with a higher induction of MDA levels were observed in
mussels collected from site 3 and site 4. The oxidative stress biomarker responses
obtained for October 2010 and 2011, clearly demonstrate the potential presence of
different contaminants in Site 3 and Site 4 reflecting the intensity of pollution in these
areas.

ACKNOWLEDGMENTS

Authors thank the CNRST for financial support available to students.

REFERENCES

l. Walker, C.: Biochemical responses as indicators of toxic effects in ecosystems, Toxicology Letters,
1992, 64, 527-533;

2. Chapman, D.: Water quality assessments. A guide to the use of biota, sediments and water in
environmental monitoring, E & FN Spon, London, 1996, 626;

3. Regoli, F.: Trace metals and antioxidant enzymes in gills and digestive gland of the Mediterranean
mussel, Mytilus galloprovincialis, Archives Environmental Contamination Toxicology, 1998, 34,
48-63;

4. Camus, L., Pampanin, D.M., Volpato, E., Delaney, E., Sanni, S., Nasci, C.: Total oxyradical
scavenging capacity responses in Mytilus galloprovincialis transplanted into the Venice lagoon
(Italy) to measure the biological impact of anthropogenic activities, Marine Pollution Bulletin,
2004, 49, 801-808;

5. Solé, M., Porte, C., Biosca, X., Mitchelmore, C.L., Chipman, J.K., Livingstone, D.R., Albaigés, J.:
Effects of the Aegean Sea oil spill on biotransformation enzymes, oxidative stress and DNA-
adducts in digestive gland of the mussel (Mytilus edulis L.), Comparative Biochemistry and
Physiology, Part C, 1996, 113, 257-265;

6. Shirali, P., Teissier, E., Marez, T., Hildebrand, H.F., Haguenoer, J.: Effect of alpha Ni S on
arachidonic acid metabolites in 32 cultured human lung cells (L132 cell line), Carcinogenesis,
1994, 15:759M-762M;

7. Cossu, C., Doyotte, A., Jacquin, M.C., Babut, M., Exinger, A., Vasseur, P.: Antioxidant
biomarkers in freshwater bivalves, Unio tumidus in response to different contamination profiles of
aquatic sediments, Ecotoxicology and Environmental Safety, 2000, 45, 106-121;

8. Blaise, C., Gagne, F., Pellerin, J., Hansen, P.D., Trottier, S.: Molluscan shellfish biomarker study
of the Quebec, Canada, Saguenay Fjord with the soft-shell clam, Mya arenaria, Environmental
Toxicology, 2002, 17, 170-186;

9. Torres, M., Pires-Testa, C., Ga’spari, C., Masutti, M., Neves-Panitz, C., Curi-Pedroza, R., Alves-
de Almeida, E., Di Mascio, P., Wilhelm-Filho, D.: Oxidative stress in the mussel Mytella
guyanensis from polluted mangroves on Santa Catarina Island, Brazil, Marine Pollution Bulletin,
2002, 44:923-932;

330 St. Cerc. St. CICBIA 201213 (3)



OXIDATIVE STRESS BIOMARKERS IN MUSSELS SAMPLED FROM FOUR SITES ALLONG THE MARROCAN

ATLANTIC COAST (BIG CASABLANCA)

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Widdows, J., Donkin, P.: Mussels and environmental contaminants: Bioaccumulation and
physiological aspects. In: Gosling, E. (Ed.), The Mussel Mytilus, Ecology, Physiology, Genetics
and Culture, Elsevier Science, Amsterdam, Netherlands, 1992, 383-424;

Aebi, H.: Catalase. Methods of enzymatic analysis, vol. 3, Academic Press, New York, 1983,
237-286;

Sunderman, F.W.: Annals of clinical and laboratory science, 1985, 13 (3), 229;

Bradford, M.: A rapid and sensitive method for the quantification of microgram quantities of
protein utilizing the principle of protein-dye binding, Analytical biochemistry, 1976, 72, 248-254;
Cheung, C.C., Zheng, G.J., Li, A.M., Richardson, B.J., Lam, P.K.: Relationships between tissue
concentrations of polycyclic aromatic hydrocarbons and antioxidative responses of marine
mussels, Perna viridis, Aquatic Toxicology, 2001, 52, 189-203;

Ait Alla, A., Mouneyrac, C., Durou, C., Moukrim, A., Pellerin, J.: Tolerance and biomarkers as
useful tools for assessing environmental quality in the Oued Souss estuary (Bay of Agadir,
Morocco), Comparative Biochemistry and Physiology - Part C: Toxicology & Pharmacology,
2006, 143 (1), 23-29;

Livingstone, D.R.: Contaminant-stimulated reactive oxygen species production and oxidative
damage in aquatic organisms. Marine Pollution Bulletin, 2001, 42, 656-666;

Santovito, G., Piccinni, E., Cassini, A., Irato, P., Albergoni, V.: Antioxidant responses of the
Mediterranean mussel, Mytilus galloprovincialis, to environmental variability of dissolved oxygen.
Comparative Biochemistry and Physiology - Part C: Toxicology & Pharmacology, 2005, 140,
321-329;

Regoli, F., Principato, G.: Glutathione, glutathione-dependent and antioxidant enzymes in mussel,
Mytilus galloprovincialis, exposed to metals under field and laboratory conditions - implications
for the use of biochemical biomarkers. Aquatic Toxicology, 1995, 31, 143-164;

Canesi, L., Viarengo, A., Leonzio, C., Filippelli, M., Gallo, G.: Heavy metals and glutathione
metabolism in mussel tissues, Aquatic Toxicology, 1999, 46, 67-76;

Gravato, C., Oliveira, M., Santos, M.A.: Oxidative stress and genotoxic responses to resin acids in
Mediterranean mussels. Ecotoxicology, Environmental Safety, 2005, 61, 221-229;

Frenzilli, G., Bocchetti, R., Pagliarecci, M., Nigro, M., Annarumma, F., Scarcelli, V., Fattorini, D.,
Regoli, F.: Time-course evaluation of ROS mediated toxicity in mussels, Mytilus
galloprovincialis, during a field translocation experiment, Marine Environmental Research, 2004
58, 609-613;

Winston, G.W., Di Giulio, R.T.: Prooxidant and antioxidant mechanisms in aquatic organisms.
Aquatic Toxicology, 1991, 19, 137-191;

Regoli, F.: Total oxyradical scavenging capacity (TOSC) in polluted and translocated mussels: a
predictive biomarker of oxidative stress, Aquatic Toxicology, 2000, 50 (4), 351-361;

Frenzilli, G., Nigro, M., Scarcelli, V., Gorbi, S., Regoli, F.: DNA integrity and total oxyradical
scavenging capacity in the Mediterranean mussel, Mytilus galloprovincialis: a field study in a
highly eutrophicated coastal lagoon, Aquatic Toxicology, 2001, 53, 19-32;

Wheatley, R.A.: Some recent trends in the analytical chemistry of lipid peroxidation, Trends in
Analitical Chemistry, 2000, 19 (10), 617-628;

Pellerin-Massicotte, J.: Influence of elevated temperature and air-exposure on MDA levels and
catalase activities in digestive glands of the blue mussel (Mytilus edulis L.), Journal de Recherche
Océanographique, 1997, 22, 91-98.

St. Cerc. St. CICBIA 201213 (3) 331





