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ABSTRACT 
Background: Biomarkers provide a valuable tool for environmental assessments. But prior to the correct use of biomarkers it is 

essential to know the seasonal variations and determination of basal levels in the studied species populations inhabiting specific 

sites over more than a year. Objective: Thus, a study of three year-round was conducted in order to assess the seasonal variations of 

biochemical markers of pollution. A suite of biomarkers, extensively used worldwide, including antioxidant enzymes: Catalase 

(CAT), lipid peroxidation product: Malondialdehyde (MDA), phase II detoxification enzyme: Glutathione-S-transferase (GST), stress 

protein: Metallothionein (MT) and the neural transmitter enzyme: Acetylcholinesterase (AChE) in the brown mussel, Perna perna, 

were monitored from two clean coastal sites of Morocco. Results: The ANOVAs dataset generally indicated that CAT activity, MDA 

level, AChE enzyme activity and MT concentration of the mussels displayed a statistically significant (ANOVA, p<0.05) seasonality 

throughout the three years of the study. However, the seasonally GST activity values remained relatively constant (ANOVA, P>0.05) 

throughout the sampling period. Conclusion: Temporal evolution of pollution biomarkers was generally found to be related to 

season and so they provide erroneous results in response to exposure to sea pollutants. This underlines the need to acquire a good 

knowledge on the natural variability of measured responses to prevent, control, or at least taking into account the interactions when 

studying the effects of xenobiotics. As GST activity indicated no seasonal variability, it could be considered the most reliable 

biomarker, and thus the more appropriate biochemical parameters compared with others to assess and bio-monitor, in all seasons, 

the coastal waters quality of the region using the brown mussel as a sentinel species. 
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INTRODUCTION 

 
The rapid increase of anthropogenic activities has led to deliberate or accidental release of harmful 

chemical compounds into estuaries and coastal waters. Mussels, such as Perna perna, are able to accumulate in 
their tissues a wide range of organic and inorganic pollutants. Especially, mussels exposed to xenobiotics 
respond in a broad range of ways that can be measured as exposure or effect biomarkers (Moore and al., 2004; 
Nasci and al., 2002). Among these biological responses are CAT, a well-known antioxidant enzyme, which 
converts H2O2 into water. The biological importance of CAT is more evident from various studies due to the 
fact that H2O2 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. Toxicity 
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biomarkers, such as MDA, well-known lipid peroxidation products, have been also proposed to reflect the 
oxidative status of exposed species (Blaise and al., 2002; Cossu and al., 2000). MDA is used as marker of 
oxidation of membrane phospholipids through lipid peroxidation (Alexandrova and Bochev, 2005). GST which 
is a phase II enzyme involved in the metabolism of lipophilic organic contaminants. GST catalyzes the 
conjugation of various electrophilic compounds (e.g. epoxides of PAHs) with the tripeptide glutathione, the 
resulting conjugates being water soluble and thus more easily excretable. AChE is an enzyme essential to the 
correct transmission of nerve impulses. Its inhibition is directly linked with the mechanisms of toxic action of 
anticholinesterase compounds (Rodriguez-Fuentes and Gold-Bouchot, 2004). MT are useful metal-pollution 
biomarkers (Viarengo and al., 2000), it constitutes a family of low molecular weight, cysteine-rich, and metal 
binding proteins that occurs throughout the animal kingdom. Biological functions of MT include homeostasis 
and sequestration of both essential and nonessential metals, detoxification of metals and scavenging of free 
radicals (Viarengo and al., 2000).  

Applying biomarkers in aquatic organisms as indicators of pollution effects has been under strong 
development during the recent decades. Since in this way it is possible to express chemical stress in biological 
terms, biomarkers provide a valuable tool for environmental assessments. In this respect, biomarker would show 
no seasonal variability in response to natural factors and would vary only in response to pollutant exposure, but 
in practice this seldom is the case (Banni and al., 2009; Zorita and al., 2007; Schiedek and al., 2006; Geffard and 
al., 2005; Roméo and al., 2003; Sheehan and Power, 1999). 

In fact, variations of several antioxidant responses in different seasonal periods were indicated, confirming 
the natural influence of biotic and abiotic factors (i.e. nutrients availability, temperature or reproductive status) 
in modulating the oxidative status of mussels (Bocchetti and Regoli, 2006; Petrovic and al., 2004; Orbea and al., 
2002). Previous findings also confirmed that the lipid peroxidation in mussels is influenced by temperature and 
physiological processes associated to reproductive cycle and spawning period (Petrovic and al., 2004). Levels of 
GST activity were found to be related to changes in natural factors, including pH, dissolved oxygen, 
temperature, and food supply as well as other factors such as the reproductive cycle of bivalve molluscs 
(Wilhelm Filho and al., 2001). The responsiveness of AChE to algal toxins, changes in temperature and 
reproductive status has been widely demonstrated by numerous studies (Lehtonen and Leiniö, 2003; Dellali and 
al., 2001; Vidal and al., 2002 a,b; Id Halla, 1997). Basal levels of MT in aquatic organisms have been shown to 
alter with different environmental and biological factors (Ivanković and al., 2005) which can contribute to 
variations in the MT cellular concentration. Indeed, levels of MT can be influenced by reproductive state, 
weight (and/or size and/or age), sex, sea temperature, salinity and dissolved oxygen levels, as well as the season 
of sampling (Ivanković and al., 2005; Geffard and al., 2001). 

Thus, organisms undergo a non-negligible natural stress that could interfere with effects of contaminants on 
biochemical parameter responses which therefore make difficult the detection of the specific effects of chemical 
pollutants. So prior to the correct use of biomarkers it is essential to know the seasonal variations and 
determination of basal levels in the studied species populations inhabiting specific sites over more than a year. 
This effort overcomes the difficulties involved in field studies integrating variations in many natural stressors 
and evaluating the effects of chemical pollutants (Kagley and al., 2003; Ringwood and al., 2002; Porte and al., 
2001). To this end, the present study proposes to follow over four successive seasons between 2009 and 2012, 
the natural variability of biochemical markers of pollution in Perna perna exposed in situ to the natural 
conditions of two Moroccan coastal stations. 

 
MATERIALS AND METHODS 

 
Reagents: 

Hydrogen peroxide (H2O2), Thiobarbituric Acid (TBA), Acetylthiocholine (AtChl) and 
Tetramethoxypropane (TMP) were obtained from Sigma (Saint Quentin Fallavier, France). 1-chloro-2,4-
dinitrobenzene (CDNB), 5,5' dithio-bis 2 nitrobenzoic acid (DTNB), Reduced Glutathione (GSH), and Bovine 
serum albumin (BSA) were purchased from Genome Biotechnologies (Casablanca, Morocco). 

 
Animals and Studied areas: 

Adult mussels were sampled during three year-round from October 2009 to July 2012 in two stations: SM 
(33° 46’ N, 7° 17’ W) is located in Sidi Benshaqshaq beach (Mansouria) and SS (33°51’ N, 7°02’ W) is located 
in Jawhara beach (Skhirat). The both sites which selected due to the absence of contamination sources are 
characterized by an important density of mussels and the high faunistic and floristic richnesses of the site are 
well marked. At each site, ten specimens were collected at low tide, then they arrived at the laboratory on ice, 
and stored at -80°C until analysis. 

 
 
Tissue processing and Assay: 
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Mussels (n=5) were dissected and the total soft body tissue was sampled and was ground in in phosphate 
buffer (100 mM, pH 7.4). The homogenate obtained was centrifuged at 9000×g for 30 min at 4°C. For MT, 
tissues (n=5) were homogenised in Tris Buffer (Tris 20 mM, 0.5 M sucrose, pH 8.6) containing 0.5 mM 
phenylmethylsulphonyl fluoride and 0.01% β-mercaptoethanol. The soluble fractions containing MT were 
obtained by centrifuging the homogenate at 30 000×g for 30 min. The supernatant was then treated with cold 
absolute ethanol and chloroform. The supernatant S9 was removed and used to determine catalase activity by 
Aebi method (Aebi, 1983). GST activity was assayed by the method described by Habig and al. (1974). AChE 
activity was determined according to the method described by Ellman and al. (1961). MDA was estimated 
according to the method described by Sunderman (1985). MT content was evaluated according to a 
spectrophotometric method described by Viarengo and al. (1997). The quantity of proteins was determined 
according to the Bradford method (Bradford, 1976), using Coomassie Blue as a reagent. 
 
Data analysis:  

The values of five (n = 5) independent experiments were expressed as means with their standard deviation 
(±SD). Analysis of variance (one-way ANOVA) was applied to test differences between mussels groups 
according to sampling periods. To this end the season (Autumn, Winter, Spring, Summer) for each site was 
chosen as an independent variable and the biological parameters (CAT, GST, AChE, MDA, MT) as dependent 
variables. Post-hoc comparison (Scheffe test) was used to discriminate between means of values. Statgraphics 
Centurion XVI (version 16.1.17) software package were used for all statistical analyses. 

  
Results: 

The variability determined for each biomarker is reported in Figures 1-5. On the whole, biological 
responses varied similarly at both sites, exhibiting almost analogous seasonal trends during the 3 years of the 
study. 

 
CAT activity: 

From reference areas (SM and SS) CAT activity displayed a statistically significant (ANOVA, p<0.05) 
seasonality throughout the 3 years of the study (Fig. 1), with the lowest levels in autumn (October 2009 and 
2010) and winter (January 2010, December 2010 and 2011) periods, followed by a progressive increase during 
the spring (April 2010 and 2011, March 2012) and summer (July 2010, 2011 and 2012) seasons, reaching the 
highest activities values in summer months (Scheffe test, p<0.05). 
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Fig. 1: Seasonal variation of CAT activity, expressed as μmol/min/mg proteins (mean values ± SD, n = 5), in 
whole mussel bodies from sampling sites (SM and SS). C1: First study period, C2: Second study period, 
and C3: Third study period. 

 
GST activity: 

The seasonally GST activity values remained relatively constant (ANOVA, P>0.05) throughout the 
sampling period. As illustrated in Figure 2, the GST levels showed a similar increasing trend from wet seasons 
to dry seasons in both stations. 
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Fig. 2: Seasonal variation of GST activity, expressed as nmol/min/mg proteins (mean values ± SD, n = 5), in 
whole mussel bodies from sampling sites (SM and SS). C1: First study period, C2: Second study period, 
and C3: Third study period. 

 
AChE activity: 

During the first study period (C1), controls showed seasonal fluctuations in the AChE enzyme activity 
(ANOVA, P<0.05) (Fig. 3), the highest levels being recorded in winter (January 2010), whereas in spring (April 
2010) and summer (July 2010) the activity was markedly decreased (Scheffe test, p<0.05). This observation was 
also true for AChE activity occurred in the second (C2) and the third (C3) annual cycle. In fact, AChE activity 
values were significantly higher in winter (December 2010 and 2011) samples and significantly depressed 
during spring (April 2011 and March 2012) and summer (July 2011 and 2012) months (Scheffe test, p<0.05), 
with the only exception being mussels sampled in C2 period which AChE activity values in SS ranged between 
summer minimum and winter maximum, but seasonal variations were not statistically significant (ANOVA, 
P>0.05). 
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Fig. 3: Seasonal variation of AChE activity, expressed as nmol/min/mg proteins (mean values ± SD, n = 5), in 
whole mussel bodies from sampling sites (SM and SS). C1: First study period, C2: Second study period, 
and C3: Third study period. 

 
MDA level: 

As shown in Figure 4, the MDA level of the mussels showed significant variation (ANOVA, P<0.05) at SM 
and SS stations, with two peaks rising one being reported in winter (January 2010, December 2010 and 2011) 
and the other in summer (July 2010, 2011 and 2012) (Scheffe test, p<0.05). 
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Fig. 4: Seasonal variation of MDA level, expressed as nmol/ mg proteins (mean values ± SD, n = 5), in whole 
mussel bodies from sampling sites (SM and SS). C1: First study period, C2: Second study period, and 
C3: Third study period. 

 
MT level: 

During C1 period, seasonal variations of MT were significant (ANOVA, P<0.05) at both sampling sites 
(Fig. 5). From SM, the highest MT levels were found in autumn (October 2009), followed by a significant 
decrease during winter (January 2010). The levels were lowest in spring (April 2010) and increased again during 
summer (July 2010) (Scheffe test, p<0.05). The MT concentrations in samples from SS decreased significantly 
in winter (January 2010), rising in spring (April 2010) then they continued to increase steadily and peaked in 
summer (July 2010), another less significant peak was recorded in autumn (October 2009) (Scheffe test, 
p<0.05). The specimens from the two studied areas found in C2 period, showed a significant (ANOVA, P<0.05) 
seasonal trend in MT contents, the maximum MT levels were observed in winter (December 2010). The 
concentrations of MT decreased gradually towards spring (April 2011), while summer (July 2011) values were 
very low (Scheffe test, p<0.05). Temporal variations recorded in C3 period reveal clear (ANOVA, P<0.05) 
seasonal patterns. Indeed, MT level was at a maximum in winter (December 2011), they started to decrease 
reaching a minimum in spring (March 2012) and elevating moderately in summer (July 2012) months at both 
reference sites (Scheffe test, p<0.05). 
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Fig. 5: Seasonal variation of MT level, expressed as µg/ mg proteins (mean values ± SD, n = 5), in whole 
mussel bodies from sampling sites (SM and SS). C1: First study period, C2: Second study period, and 
C3: Third study period. 

 
Discussion: 

Basing on the results of this study, biochemical parameters of pollution in Perna perna mussels showed 
seasonal variability under environmental constraints typical for the temperate regions. The annual physiological 
cycle of the species (i.e. various stages of the reproductive cycle (Gorbi and al., 2008; Verlecar and al., 2008; 
Bocchetti and Regoli, 2006; Ivanković and al., 2005; Petrovic and al., 2004; Serafim and Bebianno, 2001; 
Wilhelm Filho and al., 2001; Cajaraville and al., 2000), growth (Ivanković and al., 2005; Leiniö and Lehtonen, 
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2005; Mouneyrac and al., 2000), the period of food availability (Frasco and al., 2005; Leiniö and Lehtonen, 
2005; Dailianis and al., 2003; Regoli and al., 2002; Kankaanpaa and al., 2001; Sipia and al., 2001; Dellali and 
al., 2001), the sea water temperature (Verlecar and al., 2007; Geffard and al., 2005; Regoli and al., 2004; 
Robillard and al., 2003; Downs and al., 2002; Dellali and al., 2001; Viarengo and al., 2000) and other natural 
factors (Ivanković and al., 2005; Petrovic and al., 2004; Robillard and al., 2003; Hamza-Chaffai and al., 2000; 
Vidal and al., 2002 a,b; Dellali and al., 2001; Solé, 2000), in some of them more strongly than in others, 
probably explains the baseline levels and natural variability in biomarker responses of the model organisms. The 
most of these parameters were possibly affected by environmental and endogenous factors and so they provide 
erroneous results in response to exposure to sea pollutants. It is then necessary to take account "noise" effects 
that could interfere with the estimation of anthropogenic contaminants levels, by choosing a suitable reference 
site for each environmental study as noted by Sheehan and Power (1999).  

The temporal information can enable to identify the sampling period when several biomarkers are less 
influenced by both natural and endogenous factors. Relying on the results of biomarkers seasonality study in 
Mytilus edulis and Macoma balthica, Leiniö and Lehtonen (2005) recommended that monitoring of pollution 
effects in Northern Baltic Sea (Gulf of Finland) should be carried out in autumn when the biomarker responses 
were homogeneously low. In 2004 Nesto and al. studied spatial and temporal variation in several biomarkers in 
Mytilus galloprovincialis of the Venice Lagoon (Italy). In this area the most relevant differences between 
polluted and reference samples were identified in spring when natural and endogenous factors were less 
effective. It is obvious that because of the high natural ‘‘noise’’ and a high ‘‘stress syndrome’’ some periods in 
this part of Moroccan coast is sub-optimal for monitoring of pollution effects. So detection of the concerned 
biomarker signals caused by exposure to pollutants should be carried out in periods when the biomarker 
responses have stabilised to a ‘‘background’’ level. 

As GST activity showed no seasonal variability (P>0.05), it was therefore slightly affected by natural 
variables. As consequence, GST activity could be considered the most reliable biomarker, and thus the more 
appropriate compared with other biochemical parameters to assess and bio monitor, in all seasons, the coastal 
waters quality of the region.  
 
Conclusion: 

The present study conducted in the brown mussel populations for a period of 3 years enabled us to evaluate 
the seasonal variations in battery of biomarkers at two control sites (Moroccan Atlantic coast). Our results 
demonstrated the potential impact of natural factors on the response of the most pollution biomarkers which can 
provide erroneous results in response to exposure to sea pollutants. This therefore ultimately underlines the need 
to distinguish the effects induced by pollutants from biotic and abiotic factors. The only way is to acquire a good 
knowledge on the natural variability of measured responses to prevent, control, or at least taking into account 
the interactions when studying the effects of xenobiotics. Our results also indicated that the GST activity was 
slightly affected by natural variables which therefore could be considered the most reliable biomarker, and thus 
the more appropriate biochemical parameters compared with others to assess and bio-monitor, in all seasons, the 
coastal waters quality of the region using the brown mussel as a sentinel species. 

The extent of the effects of season in relation to the biomarkers response could be further investigated, 
through the characteristic endpoints of physiological factors of mussels and the physico-chemical indicators of 
marine water, in future studies. Theses parameters have already proved their effectiveness in previous 
environmental studies (Black and Belin, 1998; Sujatha and al., 1995; Doherty, 1990; Cantelmo-Cristini and al., 
1985).  
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