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ABSTRACT 
  

The gulf of Annaba, the most important touristic and economic coastal zone located in the east of Algeria, 
is contaminated by several pollutants from urban, agricultural, harbor and industrial activities. The aim of our 
study consisted to test two biomarkers of oxidative stress, glutathione (GSH) and malondialdehyde (MDA), and 
to determine the main biochemical components (proteins, lipids, and carbohydrates) in the mantle of an edible 
species Donax trunculus L. (Mollusca, Bivalvia) associated with environmental pollution. Samples were 
monthly collected in 2011 at two sites in the Annaba gulf: El Battah, a relatively clean site and Sidi Salem, a 
polluted site. The results showed a significant decrease in GSH amounts and a significant increase in MDA 
levels in Sidi Salem compared to El Battah. Furthermore, seasonal evaluation of our biomarkers, indicated that 
GSH levels are lower and MDA rates are higher in winter, regardless of the sampling site. The biochemical 
analysis revealed a significant decrease in protein, lipid and carbohydrate amounts in Sidi Salem comparatively 
with El Battah. In addition, the higher levels in biochemical components are recorded in spring and the lower 
rates in autumn and winter, this is probably related to respectively the beginning and the end of the reproduction 
period. Our results suggest an influence of the site quality on the health status of D. trunculus. Thus, the 
difference noted between the two sites may be due to thier pollution level. A level of pollution in Sidi Salem 
induced an oxidative stress associated with a mobilization of energetic metabolism for detoxification or for 
physiological processes such as growth or reproduction. Moreover, D. trunculus appears as a suitable sentinel 
species for the assessment of the ecotoxicological risk linked to the pollution.  
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Proteins, Lipids, Carbohydrates. 
 
Introduction 
 

Pollution of the coastal ecosystems is a serious 
and growing problem. Indeed, different types of 
contamination including industrial, agricultural, 
domestic and shipping activities, are discharged into 
marine ecosystems, and may have a harmful impact 
on aquatic organisms [20, 11]. In Algeria, the gulf of 
Annaba is one of the most important touristic and 
economic coastal areas located in east of Algeria and 
various contaminants are detected [39, 1], especially 
heavy metals [8].  

In this regard, the bivalve mollusks have been 
widely used as sentinel species for marine health. 
They play an important role in the ecosystem 
equilibrium and constitute an important economic 

endpoint [47, 11]. Donax trunculus L. (Mollusca, 
Bivalvia) is widely distributed along the 
Mediterranean coast and frequently used in marine 
pollution studies [8, 46]. In Algeria, this species 
exists in higher densities in the sand beaches of the 
Annaba gulf [50] and is consumed by the local 
population [8]. In addition, this species is used for 
many years ago as a bioindicator species in 
biomonitoring programs of the gulf of Annaba [8, 41, 
5, 25, 42].  

Environment stress caused by pollution may 
exert toxicity through oxidative stress derived from 
increased production of reactive oxygen species 
(ROS). However, when their concentrations exceed 
the antioxidant capacity of the cell, they could 
become harmful, causing serious damage to all bio-
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molecules of the cell (DNA, proteins, lipids, 
carbohydrates) and cell death [46,7]. Defense 
systems that tend to inhibit reactive oxygen species 
formation are include the antioxidant enzymes such 
as superoxide dismutase (SOD), catalase (CAT), and 
glutathione S-transferase (GST). Non-enzymatic 
antioxidants such as numerous low molecular weight 
antioxidants, like several vitamins (vitamin B, C, E) 
and glutathione (GSH) were described [44]. 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, the determination of malondialdehyde 
(MDA), widely used as biomarker of lipid 
peroxidation was made in order to assess adverse 
effects caused by contaminants [57,53]. 

Changes in biochemical composition may be 
important especially for survival, growth and 
reproduction. Furthermore, biochemical composition 
in mollusk’s bivalve has been employed as 
biomarker in several studies that aimed to evaluate 
the impact of anthropogenic activities in the 
environment [31]. The bivalve's biochemical 
composition used under metabolic reserves forms 
begin preferably with the carbohydrates, where the 
free reducing sugars and polysaccharides have an 
energy storage function [56]. The lipids represent an 
energetic reserve because of their high caloric value 
and are mainly used in chronic stress conditions. 
Phospholipids, also called structural lipids, are 
playing an important role in the cell membrane’s 
formation [29]. Proteins, the main biochemical 
component of the organisms may be subject to 
reserve or to metabolic transformation [36]. 

The present study, aimed to test two biomarkers 
of oxidative stress (GSH, MDA), and to determine 
the main biochemical components (proteins, lipids 
and carbohydrates) in the mantle of an edible species 
Donax trunculus L. (Mollusca, Bivalvia) associated 
with environmental pollution in the gulf of Annaba. 
The attempt data are useful for the gulf 
biomonitoring. 

 
Materials And Methods 

 
Presentation of sampling sites: 

 
The gulf of Annaba is located in the east of 

Algeria. It is limited by the Rosa Cap (8° 15' E and 
36° 38' N) in the East and by the Garde Cap (7° 16' E 
and 36° 68' N) in the West. El Battah site (36°50' N 
and 8° 50' E), is located about 30 km to the East of 
Annaba far away from major human activities, and is 
considered to be a relatively low polluted site. 
Conversely, Sidi Salem site (36° 50' N and 7° 47' E), 
which is located about 1 km to the East of Annaba 
city, and collect industrial and domestic wastewater, 
is considered as a polluted area [1, 2, 8]. 

 
Determination of glutathione and malondialdehyde 

contents: 
 
Specimens of D. trunculus of standardized shell 

size (length 27 ± 1 mm) were collected monthly from 
January to December 2011, from the two selected 
sites in the Annaba gulf. After collection, D. 
trunculus were transported alive to the laboratory, 
and each species was quickly dissected and the 
mantle removed until biochemical analysis.  

The rate of glutathione was determined 
according to Weckberker and Cory [54]; whose 
principle is based on the colorimetric measurement 
of the 2-nitro-5-mercapturic acid, resulting from the 
reduction of  5, 5’-dithio-bis-2-nitrobenzoïc acid 
(DTNB) by the thiol groups (-SH) of glutathione. 
Each mantle sample was homogenized individually 
in 1 ml solution of ethylene diamine tetra-acetic 
(EDTA) at 0.02 M. To protect the thiol groups of 
glutathione, the homogenate must undergo a 
deproteinization by sulfosalicylic acid (SSA) at 0.25 
%, where 0.2 ml of SSA was added to 0.8 ml of 
homogenate. After agitation, the mixture was 
immersed in an ice bath for 15 min, and then 
centrifuged at 1.000 g/min for 5 min. An aliquot (500 
µl) from the supernatant was added to 1 ml of 
Tris/EDTA buffer (0.02 M; pH 9.6) and 0.025 ml of 
DTNB (0.01 M). The absorbance was read at 412 nm 
wavelength, and the rate of GSH was expressed in 
µmol.mg-1 proteins.   

Lipid peroxidation was estimated by 
quantification of MDA rates in mantles using the 
method of Draper and Hadley [16]. The principle of 
the method was based on a spectrophotometric 
measurement of the color produced during the 
reaction to thiobarbituric acid (TBA) with MDA. 
Each mantle was homogenized individually in 1 ml 
of Tris/HCl buffer (50 mM; pH 7.5) and centrifuged 
during 10 min at 1000 g. For this purpose, 2.5 ml of 
trichloroacetic acid (TCA) solution was added to 0.5 
ml homogenate and placed in a boiling-water bath 
for 15 min. After cooling in tap water, the mixture 
was centrifuged at 1000 g for 10 min, and 2 ml of the 
supernatant was added to 1 ml of TBA solution and 
placed in boiling-water bath for 15 min. The solution 
was then cooled in tap water, and its absorbance was 
measured at 532 nm. The rate of MDA was 
expressed in µmol.mg-1 proteins.   

 
Mantle biochemical composition: 

 
Proteins, lipids and carbohydrates from mantles 

were extracted from the same sample following the 
procedure of Shibko et al. [40]. In brief, each mantle 
sample (weight: 30 ± 2 mg) was individually 
homogenized in 1 ml of TCA (20%) and then 
centrifuged (5.000 g for 10 min). The supernatant 
was used for the carbohydrate’s determination as 
described by Duchateau and Florkin [17] using 
anthrone as reagent and glucose as standard, while 
the pellet added with a mixture of ether and 
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chloroform (1V/1V) was subjected to a second 
centrifugation (5.000 g for 10 min). The resulted 
supernatant was used to quantify the lipids based on 
the vanillin method of Goldsworthy et al. [22]. 
Finally, a quantification of total proteins was made 
according to Bradford [10] using Coomassie Bleu 
Brilliant (G250, Merck) as reagent and bovine serum 
albumin (Sigma) as standard. All biochemical 
compositions (proteins, lipids, carbohydrates) were 
expressed in µg.mg-1 of wet weight of tissues (w.w). 

 
Data analysis: 

 
Data were expressed as mean ± standard 

deviation (SD). Homogeneity of variances was tested 
(Bartlett and Levene's test), and the normal 
probability test was used (Kolmogorov–Smirnov’s 
test). The data that did not correspond to these 
features were logarithmically transformed. The 
results of biochemical composition were also 
submitted to a simple linear regression to quantify 
proteins, lipids and carbohydrates. Comparison of 
mean values was estimated by Student’s t-test. The 
effects of both sampling sites (space) and months 
(time) were tested by a two-way analysis of variance 
(ANOVA). After pooling the results by season, the 
data were analysis by ANOVA test (site, season), 
followed by Tukey's HSD test to classify the seasons 
according to their responses within each site. All 
statistical analysis was performed using MINITAB 
Software (Version 14, Penn State College, PA, 
USA). The significant level was at p<0.05. 

 
Results: 

 
Glutathione and malondialdehyde contents: 

  
The results of monthly variations of GSH 

amounts in the mantle of D. trunculus are 
represented in table 1. The amounts of GSH in El 
Battah varied from 0.209 ± 0.022 in January to 1.212 
± 0.202 µmol.mg-1 proteins in August. In Sidi Salem, 
they range from 0.147 ± 0.017 in June to 0.656 ± 
0.118 µmol.mg-1 proteins in August. A significant 
(p<0.05) to highly significant (p< 0.001) lower rate 
of GSH has been observed in Sidi Salem as 
compared with El Battah samples according to 
different months. Whereas, no significant difference 
(p> 0.05) was observed in May (p= 0.258), 
September (p= 0.606) and December (p= 0.301).  

The rates of MDA (Table 2) recorded in D. 
trunculus, varied in minimum values from 3.00 ± 
0.24 µmol.mg-1 proteins in October at El Battah to 
5.77 ± 0.61 µmol.mg-1 proteins in September at Sidi 
Salem. A maximum values was observed in March in 
both sites El Battah and Sidi Salem with respectively 
41.06 ± 2.66 and 47.46 ± 2.41 µmol.mg-1 proteins. A 
comparison of means values showed a highly 
significant (p< 0.05) values in Sidi Salem than in El 
Battah during the following months: January, 

February, March, April, May, June, July, August, 
October and November. However, no significant 
difference in the level of MDA was detected between 
the two studied sites in September (p= 0.094) and 
December (p= 0.431).  

The analysis of seasons pooling data of GSH and 
MDA rates by two-way analysis of variance (site, 
season) shows highly significant (p< 0.001) effects 
of both sites (F1, 112= 26.30; F1, 112 = 13.53) and 
season (F3, 112= 18.03; F3, 112= 11.33) for the two 
biomarkers GSH and MDA, respectively. Tukey's 
test made to classify seasons within each site 
according to their responses of GSH and MDA rates 
is summarized in table 3. For GSH rates in El Battah, 
two groups are highlighted, the first included spring, 
autumn and winter; and the second included summer. 
In Sidi Salem tow groups are also shown, the first 
contains spring, summer, and autumn; and the second 
contains spring, autumn and winter. The analysis of 
MDA rates regrouped into seasons, the Tukey HSD 
test revealed that the both site’s El Battah and Sidi 
Salem contain similar two groups, one group with 
spring, summer, winter and another group with only 
autumn. 

 
Amounts of proteins, lipids and carbohydrates 
mantle: 

 
Quantitative evaluation of main biochemical 

constituents recorded in each mantle of D. trunculus 
collected from two sites (El Battah, Sidi Salem) in 
the gulf of Annaba are presented in figure 1. Monthly 
variation of protein amounts showed fluctuations 
during the different months within the two sites (Fig. 
1A). The comparison of protein levels between the 
two sites using Student’s t-test revealed a highly 
significant difference (p< 0.001) with generally 
lowers quantities of proteins in Sidi Salem 
individuals compared to those of El Battah. 
However, the protein amounts are significantly 
higher (p< 0.001) at the Sidi Salem individuals in 
May and August. The ANOVA shows significant 
effects (p< 0.001) of both site (F1, 96= 759.06) and 
month (F11, 96= 947.32).  

The determination of total lipid amounts showed 
a significant (p< 0.001) difference between the 
samples of the two studied sites. Lower values were 
recorded at Sidi Salem samples during the different 
months except for May and August where the rate at 
Sidi Salem became significantly higher (p< 0.001) 
than those of El Battah (Fig. 1B). Indeed, the two-
way ANOVA revealed significant (p< 0.001) effects 
of both site (F1, 96= 187.41) and month (F11, 96= 
196.70).  

Data on total carbohydrates quantification 
showed a significant (p< 0.001) decrease in Sidi 
Salem values as compared with those of El Battah 
except for May and August, which inversely the 
levels of carbohydrate are significantly higher (p< 
0.001) in Sidi Salem individuals (Fig. 1C). This 
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result was confirmed by two-way ANOVA, where 
significant (p< 0.001) effects of site (F1, 96= 253.83) 
and month (F11, 96= 214.17) were observed.  

Total proteins, lipids and carbohydrates 
regrouped into four seasons (winter, spring, summer, 
autumn) have submitted to variance analysis (site, 
season) followed by Tukey's test to classify seasons 
within each site according to their responses to 
biochemical composition  of mantles of D. trunculus 
(Table 4). The results show site and season highly 
significant effects (p < 0.001) in respectively, 
proteins (F1, 112= 14.04; F3, 112= 32.82), lipids (F1, 112= 
14.39; F3, 112= 26.85) and carbohydrates (F1, 112= 
14.19; F3, 112= 14.26) contents. The ranking of 
the season by the Tukey test according to the rates of 
protein reveals three groups in 
El Battah and Sidi Salem. At the site of El Battah the 
first group contains spring, the second group summer 
and winter; the third group contains summer and 

autumn. At the site of Sidi Salem, the first 
group contains only spring, the second summer and 
winter, and finally; the third contains the autumn 
(Table 4). The classification of seasons according to 
lipid contents showed in El Battah site three groups, 
the first is represented by spring, the second by 
summer, autumn and the third by winter. The site of  
Sidi Salem showed also three groups; a group 
contains spring and summer; a group contains 
summer and autumn, and finally; a group contains 
winter (Table 4). The carbohydrate contents 
expressed by seasons and classify by Tukey's test 
showed tow groups in both sites. In El Battah site, 
the first group contains spring, and the second 
contains autumn, summer and winter. In Sidi Salem 
site, the first group contains spring, autumn and 
summer, while the second group contains only winter 
(Table 4). 

 
Table 1: Monthly variation of GSH (µmol.mg-1 proteins) in D. trunculus mantles collected from El Battah and Sidi Salem sites in the gulf of 

Annaba during 2011 (mean ± SD; n=5; for each month, values followed by the same letters are not significantly different at p> 
0.05).  

Month El Battah Sidi Salem 
January 0.209 ± 0.022 a 0.165 ± 0.023 b 
February. 0.272 ± 0.053 a 0.198 ± 0.027 b 
March 0.294 ± 0.035 a 0.211 ± 0.011 b 
April 0.357 ± 0.022 a 0.290 ± 0.006 b 
May 0.496 ± 0.034 a 0.475 ± 0.021 a 
June 0.324 ± 0.034 a 0.147 ± 0.017 b 
July 0.535 ± 0.073 a 0.154 ± 0.025 b 
August 1.212 ± 0.202 a 0.656 ± 0.118 b 
September 0.362 ± 0.029 a 0.354 ± 0.008 a 
October 0.258 ± 0.017 a 0.187 ± 0.007 b 
November 0.433 ± 0.028 a 0.366 ± 0.027 b 
December 0.247 ± 0.031 a 0.229 ± 0.016 a 

 
Table 2: Monthly variation of MDA (µmol.mg-1 protein) in D. trunculus mantles collected from El Battah and Sidi Salem sites in the gulf of 

Annaba during 2011 (mean ± SD; n=5; for each month, values followed by the same letters are not significantly different at p> 
0.05).  

Month El Battah Sidi Salem 
January   8.90 ± 0.30 a 11.37 ± 1.13 b 
February 15.68 ± 1.87 a 18.45 ± 1.01 b 
March 41.06 ± 2.66 a 47.46 ± 2.41 b 
April 23.13 ± 0.99 a 31.06 ± 0.85 b 
May 15.22 ± 0.47 a 22.62 ± 0.57 b 
June 12.81 ± 1.66 a 17.74 ± 2.44 b 
July 21.77 ± 0.92 a 34.50 ± 3.52 b 
August 17.13 ± 1.01 a 21.03 ± 1.01 b 
September   5.11 ± 0.46 a   5.77 ± 0.61 a 
October   3.00 ± 0.24 a 15.71 ± 1.18 b 
November 11.58 ± 1.21 a 20.37 ± 2.71 b 
December   8.16 ± 0.48 a   7.90 ± 0.48 a 

 
Table 3: Seasonal variation of GSH and MDA amounts (µmol.mg-1 protein) in D. trunculus collected from El Battah and Sidi Salem sites in 

the gulf of Annaba during 2011 (mean ± SD; n=5; for each biomarker and season, values followed by the same letters in 
minuscule are not significantly different while for each biomarker and site, values followed by the same letters in majuscule are 
not significantly different at p> 0.05). 

Season 
GSH (µmol.mg-1 protein) MDA (µmol.mg-1 protein) 
El Battah Sidi Salem El Battah Sidi Salem 

Spring 
 
Summer 
 
Autumn 
 
Winter 

0.392 ± 0.08 a  
A 
0.704 ± 0.39 a  
B 
0.313 ± 0.09 a  
A 
0.258 ± 0.05 a  
A 

0.304 ± 0.14 b  
AB 
0.388 ± 0.12 b 
A 
0.260 ± 0.08 a 
AB 
0.191 ± 0.02  b  
B 

17.05 ± 4.69 a  
A 
14.67 ± 5.31 a  
A 
07.58 ± 3.72 a 
B 
21.90 ± 14.4 a  
A 

23.81 ± 5.87 b 
A 
20.40 ± 12.3 b  
A 
14.66 ± 5.56 b  
B 
25.80 ± 16.2 a  
A 
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Table 4: Seasonal variation of main biochemical components (µg.mg-1 w.w) in D. trunculus collected from El Battah and Sidi Salem sites in 
the gulf of Annaba during 2011 (mean ± SD; n=5; for each biomarker and season, values followed by the same letters in 
minuscule are not significantly different while for each biomarker and site, values followed by the same letters in majuscule are 
not significantly different at p> 0.05).  

Season 
Protein (µg.mg-1 w.w) Lipid (µg.mg-1 w.w) Carbohydrate (µg.mg-1 w.w) 
El Battah Sidi Salem El Battah Sidi Salem El Battah Sidi Salem 

Spring 
 
Summer 
 
Autumn 
 
Winter 

19.59 ± 3.32 a  
A 
12.86 ± 5.57 a 
BC 
11.05 ± 2.88 a  
C 
15.19 ± 1.43 a 
B 

17.18 ± 0.55 b 
A 
11.63 ± 2.78 a 
B 
8.43 ± 2.45 b 
C 
11.06 ± 1.96 b 
B 

11.82 ± 6.92 a 
A 
8.30 ± 2.04 a 
B 
8.65 ± 3.91 a 
B 
4.98 ± 1.62 a 
C 

9.79 ± 4.29 a  
A 
7.53 ± 1.70 a 
AB 
5.64 ± 2.24 b  
B 
2.81 ± 0.41 b  
C 

16.59 ± 6.21 a 
A 
11.84 ± 4.90 a 
B 
13.52 ± 4.78 a 
B 
10.64 ± 1.63 a 
B 

13.87 ± 4.34 a 
A 
10.00 ± 1.64 a 
A 
11.32 ± 4.13 a 
A 
  6.36 ± 1.22 b  
B 
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Fig. 1: Monthly variations of total proteins (A), lipids (B) and carbohydrates (C) amounts (µg.mg-1 w.w) in D. 

trunculus collected from El Battah and Sidi Salem sites in the gulf of Annaba during 2011 (mean ± SD; 
n=5).  

 
Discussion: 

 
Biological responses in bioindicator species can 

provide more complete and biologically relevant 
information on the potential impact of complex 

mixtures of toxic pollutants on marine ecosystem 
health. Consequently, in recent investigations, the 
integration of biochemical data with biomarkers 
responses was strongly recommended to characterize 
the impact of pollution on organisms [19]. The gulf 
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of Annaba is a recipient of a large amount of 
contaminants from urban, agricultural, harbour and 
industrial activities [1]. Recently, the concentrations 
of the most important trace metals (Zn, Cu, Pb and 
Cd) were measured in D. trunculus, sampled at the 
two same sites as in our present study. The results 
revealed a significant seasonal effect for all metals. 
Although, highest levels were detected at Sidi Salem 
beach, essentially for Cd [8]. Indeed, Sidi Salem is 
located near a factory that produces phosphoric, 
fertilizers and pesticides, and recent biomonitoring 
studies of Annaba gulf, including several biomarkers 
have shown an induction of catalase and glutathione 
S-transferase, an inhibition of acetylcholinesterase 
activity, and changes in biochemical composition of 
gonads in D. trunculus from Sidi Salem as compared 
to El Battah [5, 25, 41, 42]. 

Organisms contain a complex network of an 
enzymatic and non-enzymatic antioxidant defense 
system that worked together to prevent oxidative 
damage to cellular components [44]. Among, non-
enzymatic antioxidant, GSH is a tripeptide thiol, 
which is found in large concentrations in most cells, 
and plays an important role in protecting these cells 
from oxidative damage. GSH acts as a co-factor in 
phase II biotransformation reactions performed by 
GST which cleans cells of free radicals and reactive 
oxygen species, and detoxifies hydrogen peroxides 
and lipid  hydroperoxides  through reactions 
catalyzed by glutathione peroxidase [3]. In our study, 
the rates of GSH have decreased in Sidi Salem 
samples comparatively to those of El Battah. Our 
results are agree with those of Srain and Rudolph 
[43] in clam Semele solida from Chile gulf subjected 
to anthropogenic pollution. Trevisan et al. [49] 
showed lowering GSH and other antioxidant enzyme 
activities in gills of Pacific oyster Crassostrea gigas 
exposed to chlorodinitrobenzene. A decrease of GSH 
was also reported in clam Ruditapes philippinarum 
exposed to combined cadmium and benzo-α-pyrene 
[52] and in Perna viridis exposed to mercury [51].  

Overproduction of ROS in response to 
environmental stress can lead to increased lipid 
peroxidation (LPO) in cell’s membrane. It consists of 
the destruction of the lipid membrane and the 
production of peroxides and other sub-products such 
as aldehydes. Among those aldehydes, MDA formed 
by the rupture of unsaturated fatty acids, is used as an 
index for lipid peroxidation. Anthropogenic 
contaminants such as metals, polycyclic aromatic 
hydrocarbons, polychlorinated biphenyls, and 
residues from pesticides induce lipid peroxidation 
[43]. In our study, the rates of MDA have increased 
in the tissue of D. trunculus from Sidi Salem site. 
Higher levels of MDA in D. trunculus from a 
polluted site in the gulf of Tunis comparatively with 
a reference site were shown by Tlili et al. [46]. The 
same results were reported by Bergayou et al. [9] in 
Scrobicularia plana and Cerastoderma edule from 
Morocco estuary. An increase of levels of MDA was 

also shown in C. gigas oyster exposed to diesel oil 
[57] and scallop Chlamys farreri under ammonia-N 
exposition [53]. Several studies have demonstrated 
that exposure to metal ions can produce lipid 
peroxidation by an increase of MDA rates, as in 
bivalve, C. farreri exposed to relevant concentrations 
of lead [58]. Higher levels of MDA were also 
reported in Unio tumidus [13], P. viridis [21] and 
Bathymodiolus azoricus [12], exposed to pollution. A 
negative correlation similar to that observed in our 
study (GSH vs. MDA concentration) has been 
reported by authors, such as, Doyotte et al. [15] in 
bivalve U. tumidus, Torres et al. [48] in the mussel 
Mytella guyanensis, from polluted sites and 
Richardson et al. [37] in mussel P. viridis exposed to 
polycyclic aromatic hydrocarbons and 
organochlorine pesticides. An increase of MDA and 
depletion of GSH were also detected in oysters C. 
virginica exposed to cadmium [28], and clam S. 
solida subjected to anthropogenic pollution [43].  

In the natural environment, the seasonal cycle is 
a strong determinate of invertebrate physiology 
(growth, reproduction, immunity). Changes in 
environmental factors resulting from seasonal change 
may therefore, powerfully affect the normal 
metabolic activities of mussels [6]. Seasonal 
evaluation of our results indicates that GSH levels 
are lower and MDA rates higher in winter, regardless 
of the sampling site. Therefore, it is tempting to 
suppose that an increased of oxygen consumption 
rate, as a consequence of energy demands related to 
environmental stress, might have caused generation 
of ROS and consequently, induction a damages 
processes in cells [37]. It seems also probable that 
the important quantities of Oxygen in winter 
increased ROS generation and reducing the cellular 
antioxidant capacity for neutralization of free 
radicals [4]. In most cases, an increase of lipid 
peroxidation in animals exposed to air was observed, 
as reported in the sub-Antartic stone crab Paralomis 
granulosa [38], in the Antarctic limpet Nacella 
cocinna [55], and in the mussel, P. perna [4]. 
Almeida et al. [4] have hypothesized that the 
periodic opening and closure of shells to exposed air, 
allowing to bivalves to maintain of oxygen uptake, 
may lead to ROS production and cause oxidative 
injury.  

The biochemical composition of organisms can 
contribute not only to a better understanding of the 
constraints in the growth and reproduction success, 
but also for a more effective characterization of the 
organism's condition and quality. Indeed, under 
stress condition, organisms need more energy to 
detoxify the toxicants to minimize the adverse effect 
of contaminants [56]. The regulation of global 
protein synthesis represents an important adaptive 
strategy for a response to cellular stress [27]. 
Moreover, at the biochemical level, changes in lipids 
may demonstrate the presence of metal inducing the 
oxidative stress in organisms [20]. Furthermore, 
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carbohydrate metabolisms are the basic metabolic 
pathways; the intensity and duration of these 
responses are influenced by the concentration of the 
toxicant, the time of exposure and the species studied 
[56]. 

The results of our study showed a decrease of 
proteins, lipids and carbohydrates in Sidi Salem 
individuals comparatively to El Battah, except in 
May and August which inversely the levels of these 
components are higher in Sidi Salem individuals. 
Indeed, these two months are corresponding to the 
beginning and the end of the reproduction period, 
and the high levels of these components in Sidi 
Salem during these two months may be due to the 
fact that individuals of Sidi Salem which are 
subjected to pollution, need to mobilize more 
reserves and energy to assure their reproduction 
compared to individuals of El Battah. Our results are 
agree with those of Hamdani and Soltani-Mazouni 
[25], who showed a decrease of proteins and 
carbohydrates in the gonads of D. trunculus from 
Sidi Salem comparatively to El Battah. A decrease in 
protein contents was reported in several bivalve 
species, as Mytilus galloprovincialis, Perna perna 
and Ruditapes decussatus from polluted sites 
[32,14,23]. Florence et al. [18] showed a lower 
protein in Mytilus edulis exposed to several metals. 
During environmental stress, M. galloprovencialis 
limited their protein synthesis [34]. Agree with our 
results, the total lipids, were significantly lower in R. 
decussatus [45] from the contaminated Portugal gulf. 
A depletion of lipids was reported in Zebra mussels 
Dreissena polymorpha from the polluted site in 
France [24]. A decrease of carbohydrates was 
reported in scallop C. farreri under ammonia-N 
exposure [53]. Similarly, a decrease of carbohydrate 
metabolism in stressed bivalves has also been 
described in previous reports in Anodonta cygnea 
[26] and R. philippinarum [33].  

The higher levels in biochemical components 
recorded in spring and the lower rates in autumn and 
winter shown in our study is probably in relation to 
the beginning and the end of the reproduction in D. 
trunculus [30]. Hamdani and Soltani-Mazouni [25] 
and Tlili et al. [47], have reported the same results in 
this species during the reproduction period in the gulf 
of Annaba and the gulf of Tunis, respectively. 
Indeed, the biochemical composition data revealed a 
reserve recovery after winter, and a drop after 
spawning. The reproductive cycle of bivalves is 
regulated by several natural environmental factors 
(e.g.; temperature, food availability) but exposure to 
chemical pollutants can also interfere [45]. The 
energy reserves such as carbohydrates, lipids and 
proteins are of considerable importance in 
reproduction and seasonal energy storage and their 
utilization by a marine bivalve mollusk is closely 
linked to environmental conditions and the annual 
gametogenic cycle [47]. Exposures to chemical 
pollutants may also have an impact on energy 

balance of animals such as bivalves as a result of 
increased activation of defense and/or repair 
mechanisms, which might lead to further reduction in 
energy available for reproduction [45]. 

 
Conclusion: 

 
The determination of biomarkers (GSH, MDA) 

and biochemical composition in D. trunculus from 
the gulf of Annaba, show differences between the 
two sites. Sidi Salem is exposed to anthropogenic 
pollution, while El Battah is a relatively clean site. 
These diffrences suggested disturbances in the 
physiological mechanisms due to an environnmenatl 
stress induced by several pollutants. Moreover, D. 
trunculus is suitable for use of as sentinel species for 
biomonitoring studies. The oxidative stress has been 
evaluated by biomarker measures, thus attesting their 
usefulness as tools for assessment of pollution 
impacts in situations where complex mixtures of 
contaminants are present.  
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