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Introduction:

The Moroccan coast is a highly attractive area that is experiencing a demographic explosion associated with
untreated urban and industrial rejections in the marine environment. Human activities (agriculture, industry, port
activities) developed in this area are the undisputed source of various pollutants.

The aquatic environment is affected by different types of toxic chemicals like PCBs, heavy metals, pesticides and
PAHs. Many organic contaminants and heavy metals enter readily to food chains and tend to bioaccumulate, while
some of them are rapidly metabolized (McCarthy and Shugart, 1990; Livingstone et al., 1992; Livingstone, 1993).

To assess the environmental impact of these pollutants, chemical analyses are generally performed. But
contaminants usually occur in the environment as complex mixtures that can cause interactive effects on the biota
that are impossible to evaluate through chemical analyses alone. In this sense, biomarkers offer an integrated
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assessment of exposure levels and effects of pollutants in wildlife. As it is increasingly recognized that assessment
of environmental disturbances requires the understanding of effects at the ecosystem level, from the molecular and
cellular to the individual, population and community levels, the use of ecologically relevant biomarkers is required
(Cossu-Leguille and Vasseur, 2013).

There are several biomarkers that are more specific for certain types of compounds and, thus, the inclusion of the
use of a battery of biomarkers has been strongly recommended in monitoring programs (McCarthy et al. 1990;
Labrot et al., 1996; Mora et al., 1999; Narbonne et al., 1999; OSPAR, 2000; ICES, 2008). However, the interest and
usefulness of the biomarker approach is related to the choice of sentinel species. Among sentinel species, mussel is
one of the most suitable species because they have the ability to accumulate and concentrate pollutants (Jeng et al.,
2000).

In this study, four biomarkers were selected. Acetylcholinesterase (AChE) is an enzyme involved in the synaptic
transmission of nerve impulses. It was chosen because its inhibition has been used in some coastal biomonitoring
programs as a biomarker of organophosphate and carbamate pesticide exposure in bivalves (Galgani & Boquené
1989, Binelli et al. 2006) and also by other contaminant such as heavy metals, synthetic detergents, some component
of fuel oils and algal toxins (Guilhermino et al., 1998; Lehtonen et al., 2003; Tim-Tim et al., 2009). Glutathione S-
transferase (GST) is an important phase Il enzyme involved in the detoxification of organic toxicants (Habig et al.,
1974). It is often used to assess the oxidative stress induced by chemicals (He et al., 2011). Thus it is particularly
interesting to associate the study of GST activity to an oxidative damage assay, such as MDA concentration.
Malondialdehyde (MDA) is the product of lipid peroxidation due to an overproduction of oxyradicals in cells,
following contaminant exposure or stress due to natural conditions (Pellerin-Massicotte, 1997). Lipid peroxidation is
considered as an important feature in cellular injury and MDA is widely used as reflecting the state of lipid
peroxidation of the membrane (Knight et al., 1988). It results from free radical reactions in biological membranes,
which are rich in polyunsatured fatty acids. MDA has been used to assess effects of various pollutants (Viarengo and
Canesi, 1991; Pellerin-Massicotte, 1997). Metallothioneins (MTs) play an important role in metal metabolism
(Langston et al., 1998) and also in oxidative stress (Thornalley and Vasak, 1985). It is interesting to associate the
study of cellular toxicity indicators (MDA) and antioxidant molecules (MT).

The objective of our study was to evaluate a set of biomarkers in the digestive gland of the mussel Mytilus
galloprovincialis and to assess their spatial variability. In addition, environmental parameters - pH and temperature -
were quantified in water samples, in order to investigate the possible effects of these variables on biomarkers
responses. This Kind of study is geographically and temporally limited to an industrial coastal axis but can provide
valuable information to evaluate the potential of biomarkers for environmental quality assessment.
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Materials and Methods:-
Study area and sampling:-
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Fig 1:- Map of sampling sites at the Moroccan Atlantic center coast

For our study, we have chosen five sampling sites (S1-Dar Bouazza, S2-Azzemour, S3-Jemaat ouled ghanem, S4-
Safi, S5-Souiria kdima), located in the littoral zone (Figure 1) between Casablanca (33°31.788°N, 007°49.947°W)
and Safi (32°05.038°N, 009°34.316’W) in the Moroccan Atlantic-center coast. This area is bordered in the
hinterland by Doukkala’s agricultural plain where industrial units are also established. In this sector, the marine
environment is used as a final repository for discharges of urban, agricultural and industrial wastewaters. As regards
the currents study in this area, the Moroccan Atlantic coast is exposed to a high energy characterized by swells from
the North Atlantic, mainly originally from West Northwest (Charouf, 1986).

Biological Material:-

Mussels (M. galloprovincialis) with the same length (45 + 5mm) from the same population were collected manually
in spring 2013, from the sampling sites and transferred to the laboratory. Temperature and pH were measured at the
sampling sites.

After collection, mussels were transported in a cold container to the laboratory, digestive glands were cut out of the
shells. For biochemical analyses, digestive gland samples were conserved until analysis at -80°C. For the analysis,
samples are thawed on ice and homogenized with an Ultra-Turrax tissue homogenizer in 1:3 (viv) 100mM
phosphate buffer, pH 7.4 for AChE, GST and MDA measurements. Homogenates were centrifuged at 9000g for
30min. All preparation procedures were carried out at 4°C (in ice). After centrifugation, the supernatant (fraction S9)
was used for biomarkers analyses.

Biochemical Determinations:-
All assays were performed in triplicate. Protein concentrations were determined according to the Bradford (1976)
colorimetric method using bovine serum albumin (BSA) as standard.

The AChE activity was determined using the Ellman et al. (1961) method with the use of acetylthiocholine (ATCh)
0.075M as a substrate. The method is based on the increase in yellow colour produced due to the reaction of
thiocholine with 5,5'-dithiobis-(2-nitrobenzoic acid) 0.01M during ATCh hydrolysis by AChE. The activity rate was
measured as change in OD/min at 412nm. Activity was expressed as nmol/min/mg protein.
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The GST assay was performed using Habig et al. (1974) method. GST activity was measured
spectrophotometrically. The activity rate of GST was measured as the change in OD/min at 340nm and expressed as
nmol/min/mg protein.

MDA concentrations were estimated according to the method described by Sunderman et al. (1985) with the use of
tetramethoxypropane as a standard. The reaction products were determined at 532nm, using thiobarbituric acid as
reagent. MDA contents were expressed as nmol/mg wet weight.

The metallothionein (MT) content was analysed according to the method of Viarengo et al. (1997). The method is
based on the estimation of MT by spectrophotometric determination of thiol groups using Ellman’s reagent. MT
concentration is calculated utilizing reduced glutathione (GSH) as reference standard and expressed as MT/g fresh
weight tissue. This reaction is determined at 412nm.

Statistical treatment of Data:-
Results of all parameters were reported as mean + standard deviation. The variation of each parameter among sites

was tested by two-way ANOVA (p<0.05). Previously we tested the pre-requisites for analysis of variance (normality
and homogeneity of variances). When significant differences were found, Tukey’s test was applied to determine
which values differed significantly.

Linear Pearson correlations were used to examine dependencies between biomarkers and abiotic parameters
(p<0.05). Principal component analysis (PCA) was performed on four biomarkers (AChg, GST, MDA and MT) and
the abiotic parameters (temperature and pH). All statistical analyses were performed with XLSTAT Version
2014.4.06.

Results:-
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Fig 2-a: Glutathione S-transferase activity (expressed as nmol/min/mg proteins) in digestive gland of mussels
(Mytilus galloprovincialis) during spring 2013 from Moroccan atlantic center coast (meanzs.d., n=3). Data were
analyzed by ANOVA + Tukey’s test (letters above columns indicate statistical significance, p<0.05).
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Fig 2b: Acetylcholinesterase activity (expressed as nmol/min/mg proteins) in digestive gland of mussels (Mytilus
galloprovincialis) during spring 2013 from Moroccan atlantic center coast (meants.d., n=3). Data were analyzed by
ANOVA + Tukey’s test (letters above columns indicate statistical significance, p<0.05).
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Fig 2c:- Malondialdehyde (as nmol/mg tissue) in digestive gland of mussels (Mytilus galloprovincialis) during
spring 2013 from Moroccan atlantic center coast (meanss.d., n=3). Data were analyzed by ANOVA + Tukey’s test
(letters above columns indicate statistical significance, p<0.05).
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Fig 2d:- Metallothionein (as pg/g tissue) in digestive gland of mussels (Mytilus galloprovincialis) during spring
2013 from Moroccan atlantic center coast (meants.d., n=3). Data were analyzed by ANOVA + Tukey’s test (letters
above columns indicate statistical significance, p<0.05).
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GST and AChE activities showed that the most significantly impacted sites were S4 and S5 with the highest GST
values and lowest AChE values (Figures 2a and 2b). More precisely, GST concentrations were significantly higher
(p<0.05) than others in mussels coming from S4 and S5, respectively with values 19.55+0.36 and 14.92+0.03
(Figure 2a). The lowest activity (7.72+0.59) was recorded in S3 (Figure 2a).

Very low AChE concentrations (Figure 2b) were found in mussels coming from S4 and S5 respectively with values
4.63+0.59 and 5.0+0.8, these values were significantly lower (p<0.05) than others. Highest AChE values
concentration were found in S3 (17.66+3.03).

Figure 2c shows that MDA concentration S1 (0.30+ 0.04) was significantly lower than others. No significant
differences were observed between other sites (p<0.05). The highest value (1.34+0.26) was found in mussels from
S5. Figure 2d also shows high MT concentrations in mussels from all the stations with no significant differences
(p<0.05) between sampling sites, except for mussels from S1 (53.28+19.03). The highest value (171.32+19.02) was
recorded in mussels from S5. MDA and MT levels showed that all the study areas, except S1, were impacted by
contaminants.

Discussion:-

Biomonitoring programs based on measuring contaminants in marine organisms are interesting. However measuring
pollutant concentrations in sea water presents some disadvantages such as the low concentrations and the random
spatial and temporal variations (Hamza-Chaffai, 2014). Moreover, the cost-efficiency of the biomarker approach has
been highlighted by some authors (Hagger et al., 2006; Capela et al., 2016).

It is well known that Morocco is the second phosphate producer in the world. 27 million tons of phosphate ores are
extracted and processed annually (Office Chérifien des Phosphates, 2012). Thus, the Moroccan phosphate industry
releases large amounts of organophosphogypses which are rich in cadmium in the North-West (NW) African
upwelling around Safi and Jorf-Lasfar (33°N). Locally, these are responsible for a significant contamination of
coastal mollusk communities (Cheggour et al., 1999; Chafik et al., 2001; Benbrahim et al., 2006; Maanan, 2007,
2008). As a consequence, mussels for instance were considered unfit for human consumption in this region
(Moustaid et al., 2005).

Several studies have reported GST increases in mussels exposed to metals (Canesi et al., 1999; Khessiba et al.,
2001) or collected from metal-polluted sites (Torres et al., 2002; Won et al., 2005; Fernandez et al., 2010; Vidal-
Lifian et al., 2010). Some field studies have also reported a significant induction of GST activity in mussels exposed
to organic compounds (Moreira and Guihermino, 2005; De Luca-Abbott et al., 2005). Jayed et al. (2010) reported

11
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that of 13 sampling points throughout the Moroccan Atlantic coast, the highest DDT and PCBs levels were recorded
in mussels collected from 3 stations that fit our sampling points S1, S3 and a point located between both. Parolini et
al. (2013) noticed a significant correlation between induction of GST and XDDTs in soft tissues from Zebra mussel
(Dreissena polymorpha) exposed to an organochlorine mixture. Safi matches S4 and Jorf-Lasfar is located between
S2 and S3. So, we can assume that our study area may not only be impacted by DDTs and PCBs, but also by metals,
such as cadmium.

AChE is an enzyme involved in recycling of acetylcholine, a heuromediator of cholinergic nerves. Numerous studies
reported AChE inhibition by various neurotoxic compounds such as organophosphate and carbamate pesticides
(Fulton and Key, 2001). AChE inhibition has thus been suggested as indicative of general neurotoxic stress
(Lehtonen et al., 2006). Our results (Figure 2b) showed low AChE activities at sites influenced by agricultural
practices where pesticide contamination could be expected (S1, S2), but also very low AChE activities at sites S4
and S5, i.e. areas receiving urban and industrial waste of phosphate treatment. In S3, which is located far from urban
and industrial sources of pollution, high AChE activity was recorded, which could indicate a lower level of
contamination on this site. This AChE activity level was similar to those obtained by Mora et al. (1999) on M.
galloprovincialis collected from a low polluted site at the entrance of Arcachon bay (southwest France). When
compared with data from the literature, the values of our study (17.66+3.03) are in the same range as those recorded
by Barhoumi et al. (2014) in mussels collected from the Bizerte lagoon (Tunisia) and by Serafim et al. (2011) in
mussels collected from the south coast of Portugal.

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. MDA can react readily with amino groups on proteins and other
molecule to form a variety of adducts (Marnett, 1999). It is known that lipid peroxidation in mussel digestive gland
can be stimulated via oxidation of polyunsaturated fatty acids, not only by various inorganic cations such as Cu, Cd,
Ag and Hg (Viarengo et al., 1990; Géret et al., 2002). Our results showed an increase of MDA in all the sites, except
for S1 which is far from contamination sources (Figure 2c). It is important to mention that the initial products of
polyunsatured fatty acid oxidation are peroxyl radicals. When a cell or a tissue is not able to prevent oxidative
damage, there is an increase of lipid peroxidation, measured as an increase in MDA, and this reaction may occur in
mussels from S2 to S5.

MT could protect cells from oxidative damages and is considered as a biomarker of exposure to heavy metals not
only by acting as an oxyradical scavenger, but also through metal binding/release dynamics (Viarengo et al., 2000).
Moreover, metals are known to produce reactive oxygen species (ROS) (Viarengo et al., 1990; Stohs et al., 2000).
ROS can act on membrane lipids leading to lipid peroxidation and to the formation of MDA. However, MT could
protect cells against toxic effects of ROS (Viarengo et al., 2000, Andrews, 2000). In this study, MT concentrations
increase from S1 to S5, with high concentrations in all the study area except for S1. We have noted in this study that
MT and MDA content progress in the same way (Pearson correlation coefficients showed a significant correlation
between MDA and MT), with lowest values in S1 and the concentrations increase from S2 to S5. The increase of
MDA levels is associated to increase of MT levels. This increase could result in a saturation of antioxidant system
by heavy metals.

The studied sites represent various environmental conditions and are differently affected by pollutants. The diffused
contamination of PCBs, DDTs and heavy metals in this area is well known (Cheggour et al., 1999; Kaimoussi et
al., 2000; Chafik et al., 2001; Bouthir et al., 2004; Jayed et al., 2010) and a clean site has not yet been adequately
identified.

The results showed an increase in MT and MDA activities in all the studied area (except S1), a decrease in AChE
activity and an increase in GST activity in mussels from S4 and S5, this could be due to environmental
contamination by heavy metals, DDTs and PCBs.

The influence of temperature on enzyme activities has been reported in different bivalve species (Dellali et al., 2001;
Pfeifer et al., 2005). Temperature was positively correlated with AChE activities (Tables 2 and 3). Although the
range of temperatures (Table 1) recorded in this study could not be regarded as representative of high thermal stress
(very little temperature difference observed between sites), they can be considered to be an additional stress to
pollutant exposure.
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It has also become evident that instead of using single biomarkers it is more appropriate to apply them as a battery
(Bolognesi et al., 2004, Galloway et al., 2004, Shiedek et al., 2006). The application of a suite of sensitive and
integrative biomarkers could clearly differentiate between healthy and stressed organisms (Brooks et al., 2011),
allowing a more precise differentiation of pollution hazards and possible health risk for exposed organisms.

Tablel:- Temperature and pH measurements on the sampling stations.

Station

Temperature(°C) pH

S1 19.2 8.15

S2 19.5 8.1

S3 21.6 8.23

S4 20 8.29

S5 17.8 8.4

Table 2:- Pearson correlation coefficients and biochemical and environmental variables.
MT AChE GST MDA T pH
MT 1 -0.009 0.239 0.947 0.074 0.647
AChE 1 -0.895 -0.140 0.765 -0.491
GST 1 0.344 -0.423 0.545
MDA 1 -0.042 0.506
T 1 -0.366
pH 1
Numbers in bold indicate significant correlation at p < 0.05
Variables (axes F1 et F2 : 84.38 %)
1 . g
MT
MDA
AC T
0.5
g 0 r T T 1
? GST
-0.5
-1 .
-1 -0.5 0 0.5 1

-- axe F1(52.45 %) -->

13




ISSN: 2320-5407 Int. J. Adv. Res. 5(6), 6-17

Individus (axes F1 et F2 : 84.38 %)
3
2 S3
Al
I
by [ ]
a0 ~—
o~
o
Q
x
©
o
-2
® s1
-3 i
-3 -2 -1 0 1 2 3
-- axe F1 (52.45 %) -->

Fig 3:- Results of the PCA for two principal components produced by biochemical (AChE, GST, MDA, MT and
environmental (T, pH) variables) in mussels collected at six stations in the Moroccan Atlantic center coast.

Principal Component analysis (Figure 3) allowed the identification of variables that had a major contribution to the
total variance of the data set.

Out of all the studied parameters, revealing three groups of stations. The first one includes mussels from S1 with low
MDA and MT activities. The second encompasses the most polluted stations (S4 and S5) with high MT and MDA
activities and low AChE activities. Lastly, mussels from the least polluted stations (S2 and S3) characterized by
moderate MDA and MT levels, low GST activity and high AChE level and this confirms our results. Person’s
correlation (Table 2) and PCA (Figure 3) showed that MDA and MT biomarkers are significantly positively
correlated and GST and AChE are significantly negatively correlated.

Conclusion:-

This study provides concordant information on the presence of contaminants, attesting by biological responses on
mussels. The battery of parameters applied in this study includes AChE, GST, MT and MDA activities in digestive
gland. This study allowed three groups of stations along the Moroccan center Atlantic coast according to the
biological responses in mussels, and showed significant correlations between two groups of biomarkers. It is
proposed to use it as a valuable tool to compare the marine ecosystem states over other sites of the Mediterranean
and East Atlantic sites. These results demonstrate that this area is under the influence of different pollution sources
and that M. galloprovincialis constitutes a suitable bioindicator species for biomonitoring.
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