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Abstract 
The present work aims to assess the marine environment quality 
in Mohammedia, using the response of the biochemical 
biomarkers in the brown mussel Perna perna. The biomarkers 
selected in this work are : glutathione S-transferase (GST) as 
phase II enzyme and the acetylcholinesterase (AChE) activity as 
neurotoxicity marker. The Oxidative stress is evaluated using 
catalase (CAT), a well-known anti-oxidant enzyme, and 
malondialdehyde (MDA) accumulation as marker of oxidation of 
membrane phospholipids through lipid peroxidation. And finally 
the metallothioneine (MT) as stress proteins.  
Our data indicated that CAT, GST activity and MDA, MT 
concentration in whole mussel bodies, are a higher and 
significant (p < 0.05) in mussels collected at polluted site when 
compared to specimen sampled from control one. In contrary the 
response of AChE activity was significantly (p<0.05) inhibited in 
mussels from polluted site when compared to control value. The 
multi-marker results confirm that mussels from Mohammedia 
have been submitted to polluted environment. 
Keywords: Biomarkers; Catalase; Malondialdehyde; 
Glutathione S-transferase; Acetylcholinesterase; 
Metallothioneine;  Mussels; Perna perna; Marine Pollution. 

1. Introduction 

Bivalves, in particular mussels, are widely used in 
biomonitoring programs, mainly due to their biological 
characteristics; they are sessile, filter-feeding, widely 
distributed and abundant in coastal and estuarine areas, 
able to accumulate several classes of pollutants, thus 
providing a time-integrated picture of their bioavailability. 
For such characteristics, these organisms are widely used 
in Mussel Watch monitoring programs, in which chemical 
analyses are integrated with the use of biomarkers, to 
evaluate molecular, biochemical and cellular effects 
induced by pollutants [1].  
The measurement of the biological effects of chemical 
pollutants has become of major importance for the 
assessment of the quality of the coastal environment. It has 

been reported that the use of biomarkers is very 
informative about the organism’s stress response to 
individual toxicants and mixtures [2-4].  Measuring the 
same biomarkers in different localities simultaneously 
gives us information about the pollution status and 
provides a better comprehension of the mechanistic mode 
of action of environmental pollutants. 
Among these biomarkers 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 biomarkers, such as MDA, well-known lipid 
peroxidation products, have been also proposed to reflect 
the oxidative status of exposed species [5]. MDA is used 
as marker of oxidation of membrane phospholipids 
through lipid peroxidation [6]. 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 [7-9]. 
MT are useful metal-pollution biomarkers [10], it 
constitutes a family of low molecular weight, cysteine-
rich, and metal binding proteins that occurs throughout the 
animal kingdom. Biological functions of metallothioneins 
include homeostasis and sequestration of both essential 
and nonessential metals, detoxification of metals and 
scavenging of free radicals [11,10].  
The present work aims to assess the marine environment 
quality in Mohammedia, using the response of the 
biochemical biomarkers in the brown mussel Perna perna. 
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2. Material and Methods 

2.1 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). 

2.2 Studied Areas 

For this study, two stations (Fig. 1) are selected attending 
to various degree of human impact. Site 1 (S1) constitutes 
the site furthest away from the polluting industrial 
activities established on the coastal fringe Casablanca-
Mohammedia. The clean reference area, which is selected 
due to the absence of contamination sources, located in 
beach of the south, Skhirat which is characterised by a 
total prohibition of human activities. S1 is characterized 
by an important density of mussels and the high faunistic 
and floristic richnesses of the site are well marked. On the 
contrary, Site 2 (S2) is located approximately 7 km in 
South of Mohammedia beach. Due to intense human 
activities, the S2 is constantly subjected to contamination. 
In addition, S2 has low biodiversity of intertidal 
organisms, indicating high levels of pollution pressure. 

Fig 1. A map showing mussel sampling locations. 

2.3 Sampling 

 Ten mussels from each site were sampled during May 
2010. 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.  

2.4 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 enzymatic 
activity, MDA and MT concentration.  
CAT activity was measured following the decrease of 
absorbance at 240 nm due to H2O2 consumption [12]. The 
reaction takes place in 100 mM phosphate buffer, pH 7.4 
containing 500 mM H2O2. GST activity was assayed by 
the method described by Habig et al. (1974) [13] using the 
CDNB as substrate, and 1 mM GSH, in 100 mM sodium 
phosphate buffer, pH 7.4. GST activity was determined by 
kinetic measurement at 340 nm. AChE activity was 
determined according to the method described by Ellman 
et al. (1961) [14] using 8 mM DTNB, and 45 mM AtChl as 
substrate in 100 mM sodium phosphate buffer, pH 7.4. 
AChE activity was determined by kinetic measurement at 
412 nm. Results of enzymatic activities were expressed as 
nmol /min/mg proteins. MDA was estimated according to 
the method described by Sunderman (1985) [15] with use 
of TMP as a standard. The reaction was determined at 532 
nm, using TBA as reagent. MDA content was expressed as 
nmol /mg proteins. 
MT content was evaluated in whole soft tissues according 
to a spectrophotometric method described by Viarengo et 
al. (1997) [16]. Tissues (n=5 for each station) were 
homogenised (1:3) 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 10 000 g 
for 30 min. The supernatant was then treated with cold 
absolute ethanol and chloroform. Finally, MT content was 
spectrophotometrically determined at 412 nm using 
Ellman_s reagent (DTNB) and GSH as standard. The 
results were expressed as µg/mg proteins. Protein 
concentrations were measured according to the Bradford 
(1976) [17] method, at 595 using BSA as standard. 

2.5 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. 

3. Results 

The marine quality in Mohammedia, is checked in May 
2010 at two sites (Fig. 1), by analyzing a battery of 
biochemical biomarkers of pollution in whole mussel 
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bodies. For each biomarker, the mean of measurements 
obtained for each site studied is shown in Fig. 2.  
The results relative to the CAT activity are reported in Fig. 
2.A. Our results showed that CAT activity presented a 
higher and significant differences (p<0.05) between 
polluted and non-polluted stations. The highest CAT 
activity was registered in mussels from polluted area (S2) 
with value up to 22,356 nmol min−1 mg−1 protein, and the 
lowest activity was reported in mussels from the clean one 
(S1), with 12,312 nmol min−1mg−1 protein.  
The response of the phase II enzyme GST activity is 
shown in Fig. 2.B. A significant differences (p<0.05) 
values of GST activity were found in mussels collected at 
the studied stations. It can be seen from Fig. 2.B that The 
phase II enzyme GST activity values recorded in mussels 
were significantly lower in animals from S1 (23,932 nmol 
min−1 mg−1 protein), while those from S2, which is 
considered as a polluted station, presented the higher 
significant values (28,918 nmol min−1 mg−1 protein).  
The response of AChE activity is reported in Fig. 2.C. The 
results indicate that AChE activity was significantly 
(p<0.05) inhibited in mussels from S2 with a value 
reaching to 4,01 nmol min−1mg−1 protein when compared 
to control value (7,284 nmol min−1mg−1 protein).  
As shown in Fig. 2.D, a higher and significant (p < 0.05) 
accumulation of MDA was registered in Perna perna 
collected at S2 with an amount of 4,838 nmole mg−1 
proteins when compared to specimen sampled from 
control site (2,234 nmole mg−1 proteins). 
Our data indicated that the levels of MT showed a higher 
and significant increase (P < 0.05) in mussels from S2 
(4,682 µg mg−1 proteins) in comparison to S1 (2,19 µg 
mg−1 proteins), selected as a suitable reference site (Fig. 
2.E). 

 

 

 

Fig 2. Activities of CAT (A), GST (B), AChE (C), and the levels of MDA 
(D) and MT (E) in Perna perna collected from the studied areas (S1 and 

S2). 
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4. Discussion 

Marine bivalve, especially the mollusks because of their 
sedentary habitat, are exposed to a variety of 
environmental stressors, such as heavy metals, pesticides, 
petroleum products and thermal releases especially in area 
where cluster of industries are located.  
Under normal physiological condition, animals maintain a 
balance between generation and neutralization of ROS. 
However when organisms are subjected to xenobiotic 
compounds, rate of production of ROS, exceeds the 
scavenging capacity [18] of antioxidant defence systems 
comprising both antioxidant enzymes, such as CAT, and 
small molecular weight free radical scavengers.  
Exposure of organisms to pro-oxidant attack can increase 
antioxidant defences by increasing synthesis of antioxidant 
enzymes [18,19] to counteract oxidative stress. If 
antioxidant defences are effective in detoxifying ROS, 
then no harmful consequence results to the tissues. 
However, if the ROS attack is severe, then antioxidant 
defence systems may be overwhelmed. Such processes 
may in turn provoke alterations in molecular and 
membrane structures and functions leading to cell and 
tissue damage [20]. The increased activity of CAT in 
mussels from the investigated site compared to control 
value indicates that these animals are facing an oxidative 
challenge, associated with the presence of contaminants in 
the environment. But, these induced antioxidant defence 
enzyme increases were not enough to reduce lipid 
peroxidation levels in the polluted sites. Although CAT 
removes most of the H2O2 by increasing its activity 
levels, it cannot compete with the excess presence of 
H2O2 which diffuses into the cells, thereby causing 
increased concentration of MDA in S2. According to 
Charissou et al., (2004) [21], an increase in MDA levels in 
organisms can be related to degradation of an 
environmental site by decreasing the water quality. 
Increased concentration of MDA was observed in mussels 
exposed in polluted areas when compared to less polluted 
sites [22,23].  
Upon exposure to pollutants, organisms usually attempt to 
metabolize and depurate directly, minimizing any cellular 
damages they cause. Such protective mechanisms often 
include the intervention of enzymes such as GST, a family 
of multi-functional enzymes [24] involved in Phase II of 
biotransformation. 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. The 
toxicity of many exogenous compounds can be modulated 
by induction of GST. Indeed GST activities were found to 
be modulated by metals or organic contaminants under 
both field conditions [25,28] and laboratory exposure [29]. 
This study demonstrated that mussels collected at site S2 

presented significant higher levels of GST activity than 
those collected at site S1. So their induction can be 
regarded as an adaptive response to an altered 
environment. Several other field studies have 
demonstrated a similar relationship between 
environmental contamination and GST activity in mussels 
[30,31].  
The main physiological function of AChE is splitting of 
acetylcholine, a mediator of cholinergic synapses, during 
transduction of nerve impulses [32]. The inhibition of 
AChE activity has been widely used to diagnose exposure 
to anticholinesterase compounds [7-9]. Many studies 
indicate that Cholinesterase activities are inhibited in the 
presence of some pesticides [33,34]. In fact, in addition to 
anticholinesterase pesticides, a few other contaminants 
such as heavy metals, detergents, some pyrethroids 
compounds like cypermethrin and deltamethrin and 
complex mixtures of pollutants can also affect the AChE 
activity [35,39]. In our study, we demonstrate that mussels 
inhabiting the site 2 (S2) present a higher inhibition of 
AChE activities compared to the site 1 (S1). The observed 
inhibition of AChE activities may be attributed to the 
presence of contaminants in the environment.  
MT constitutes a family of low molecular weight, 
cysteine-rich, and metal binding proteins that occurs 
throughout the animal kingdom. Although the expression 
of MTs may be influenced by a number of natural factors 
[40] such as water temperature, they are also clearly 
induced by some of the environmentally most important 
heavy metals, making MT a potential biomarker for metal 
exposure in the aquatic environment [41]. Indeed the 
induction of MTs as a measure of response to metal 
exposure in aquatic organisms has been widely 
investigated in laboratory and field conditions [42-44]. 
It have been reported that MTs are known to be involved 
in heavy metal homeostasis and overexpressed in 
organisms experiencing high metal concentrations in their 
environment [45,46]. In this work, we have found that MT 
accumulation level is higher in mussels from S2 in 
comparison to S1. Concerning the role of MT in the 
homeostasis of trace metals and the elevated 
concentrations of these elements in mussels from S2, 
might compensate the metal bioavailability. So the 
elevated MT level at the site S2 may be considered as the 
result of higher overall level of metals pollution.  

5. Conclusions 

In conclusion, our data confirm the pollution status of site 
S2, which subjected to various types of pollution sources. 
The main sources of pollution are industrial, due to the 
presence of S2 in industrial park, and urban activities. 
Thus agricultural activities developed in the area, generate 
important quantities of toxic substances able to 
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contaminate the surface and deep waters whose general 
flow is directed towards the Ocean. So the geographical 
distribution of site 2 can explain the alteration of oxidative 
parameters.   
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