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ABSTRACT

Pollution by heavy metals is a serious problem thu¢heir toxicity and ability to accumulate in thxota. The

present study was undertaken to investigate théeatmxicity of cadmium, a heavy metal widely detdh the

aquatic environment due to natural effects and mrgitbgenic activities. Thus, we evaluate the toyioitthis metal

on acetylcholinesterase (AChE) and glutathione é®dferase (GST) activities in the marine bivalven®o

trunculus L. (Mollusca, Bivalvia). Cadmium was addie the rearing water at a concentration corresgomy to 96-

h LC50 prealably determined. The activities of G&d AChE were determined in the mantle at diffeexposure
times (0, 24, 48, 72 and 96h). The results shoigraficant decrease (p< 0.001) in AChE activity amdignificant

increase (p< 0.05) in GST activity as compared vetimtrols. In a second series of experiment, exppe@semals

were thereafter transferred to clean water up tdad/s to assess the recovery pattern. The datarsdstasuggested
that D. trunculus was able to overcome relativelgidly the stress induced by cadmium.

INTRODUCTION

Pollution of aquatic environments by heavy metals world-wide problem due to the persistency antiouing
accumulation of metals in the environment [Ihe occurrence of heavy metals in the environmeaihiy results
from anthropogenic activities [d]race metals are important persistent pollutantgimatic ecosystems world-wide
and are especially prevalent in freshwater, esteand coastal marine ecosystems exposed to higheteof urban
pressure [3,4,5].The concentration of heavy metals in natural emwitent depends on both natural and
anthropogenic factors, which may play an importamysiological role, but, also may impose a toxiteeff on
biosensors [6]. Morever, heavy metals can biocamatn and bioaccumulate in the food chain and duurtlr to
chronic toxicity [7]. Consequently, evaluating tlkeological and ecotoxicological risks linked toctametal
contamination is becoming a major issue [8]. Sueavly metal like cadmium (Cd), is a non essentiaineint to
living organisms in nature, which can cause highkicity [9]. Most of the cadmium in the marine éonment is
estimated to come from anthropogenic sources, snamindustrial effluent [10]. Marine invertebratepresent an
integrant part of aquatic ecosystem and for thisee they are essential keys to evaluate its hgglih they can
bioaccumulate, biomagnificate or biotransfer certaietals to concentrations high enough to bringuabarmful
effects [12, 13]. The suspension-feeder bivédemax trunculugBivavia: Donacidae) is largely distributed in Wes
African, European and Mediterranean coasts andbbas previously used as a sentinel species in@magntal
assessmerjiLl4, 15, 16, 17][18,19]. This species was found in higher deesith the sand beaches of the Annaba
gulf in Algeria [20]. Growth and population dynamif21] and the reproductive cycle bf trunculusin Annaba
gulf have been examined [22]. Their habitats arpoegd to several pollutants from different sour{23].
Biomarkers are now generally accepted as usefls faanonitoring programs for the assessment ofirtifact on
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marine ogranisms and ecological health of pollgasmd anthropogenic activities [24, 25, 26]. Indetdse
organisms are protected against oxidative stressebgral defense mechanisms with antioxidant engysneh as
glutathione S-transferase, a family of enzymes witkey role in the general biotransformation of olgintics and
endogenous substances [27]. Acetylcholinesterag#vitacis considered as an exposure biomarker to
organophosphate and carbamate pesticides [28klando other contaminants such as metals, syottietergents,
some components of fuel oils and algal toxins [2®83,32].The present study was undertaken in dalestimate
the 96-h LC50 value of cadmium, a heavy metal widkdtected in the aquatic environment, and to itigate its
acute toxicity on AChE and GST activities, and tisdy the recovery pattern in an edible species asea sentinel
organismD. trunculus

MATERIALS AND METHODS

2.1.Animals and experimental conditions

Donax trunculugLinnaeus, 1758) were collected from El-Battahdhe@6° 50’N- 8° 50’E).

The sandy beach of El-Battah was chosen as avellatilean site, located approximately 30 kilometerthe Est of
Annaba city (Algeria), far from any source of paitin. After collection, bivalves (27.48 £ 2.28 mmlere

transported to the laboratory and acclimatizedrdud8 h before exposure in 50-liter glass aqué&iigosed and
control bivalve were reared in aquaria containiegvgater (temperature: 17.68 + 0.14 °C, salinity0342.25 g /L,
pH: 8.28 + 0.27, dissolved oxygen: 3.05 = 0.06 miglhd sand which come from El-Battah site and b@dviduals

in each aquarium.

2.2.Chemical and toxicity test

The concentrations of cadmium used in this studyevBe 7.6 and 10 mg/L. Three replications of irfifividuals per
dose, were used. The duration of experiment was Bb& mortality percentages in the different trezite were
corrected in accordance [33] and analysed by pentatysis [34]. The LEy and LDy, values (i.e., the dose causing
mortality/effects in 50 and 90% of the treated aalsnrespectively) together with corresponding 9&8hfidence
limits (95% CL) were calculated [35].

2.3.Enzyme essays

D. trunculuswere exposed to L{ concentration for 96 h of cadmium determined presiy. Bivalve that survived
after 96 h of exposure were transferred into a aradiot contaminated (considered as day 0) up tayd tb study
the recovery pattern of environmental biomarkersedch experiment, untreated bivalve were also asembntrols.
At appropriate time, animals were sampled from mrand treated series during the exposure (96 t)racovery
(4 days) periods. Each mantle was dissected ameldstotil biomarker analysis. The AChE activity westimated
accordingly to [36], using acetylthiocholine as ubsrate. The activity rate was measured as changgtical
density (OD/min) at 412 nm. GST activity was deteed using 1-chloro-2,4-dinitrobenzene (CDNB) ashsirate
according to [37]. The activity rate was measuredclaange in optical density (OD/min) at 340 nm. e Timal
avtivity of AChE and GST was expressed as uM/minfirafein. Protein content was quantified by the Bassie
Blue method [38], using Bovine Serum Albumin (BS#) standard.

2.4 Statistical analysis

Results are presented as means * standard dev({&iioyn Data from bioassays subjected to analysigaofince
after angular transformation of corrected mortafigrcentages. When the analysis of variance wagsfisant
(p<0.05), mean values obtained were separated hgtl®ignificant Difference test (LSD). Differendestween
control and exposure groups were determined by ysikest. In the other experiments, the comparisbmean
values was made by Student’test. A significant difference was assumed when @05. All statistical analyses
were performed using MINITAB Software (Version Penn State College, PA, USA).

RESULTS

3.1 Toxicity tests

Figure 1 shows the relation between the cadmiuncemmation and the mortality rate @fonax trunculus
Percentage of mortality at 96 h was 75% in 5mg/tl 88% in 7.6mg/L of CdD. trunculushad 92% mortality in
10mg/L. The results obtained from acute statistigicity experiments of cadmium upoB. trunculus were
evaluated by using Finney’s Probit Analysis. Thbadéconcentrations estimated after a 96-h expasgether with
their corresponding 95% confidence limits were: DE®2.59 mg/L (2.25-2.97) and LC90= 9.25 mg/L (81@163).
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Fig 1. Acute toxicity of cadmium onD. trunculus: mortality (%) recorded after a 96-H exposure as finction the concentration (means +
SD; values affected with a different letter are sigificantly different at p<0.05).

3.2.Change in glutathione S-transferase activity

The acute studies comprised of daily exposuredmthtal at 2.59 mg/L for 96 h followed by a recqvstudies up
to 4 days. The results relating to the effect afraum on the GST activity are presented in figurd2e exposed
bivalves exhibited significant induction in GST iaityy. The increase in GST activity is significaft < 0.05) at 24,
48 h, 72 h (p< 0.01) and at 96 h (p < 0.001) ofosxpe. The values recorded increased until 96 éxpbsure to
reach a maximum of 4.67 + 1.00 pM/min/mg proteifikese results were confirmed by ANOVA two-way, a
significant (p < 0.001) time (F = 7.13 df= 4, 33)datreatment (F = 43.78, df= 1, 33) effects, argigaificant (p <
0.01) time-treatment interaction (F = 4.08, df=38) were observed. The Tukey’s test revealed tiatetwas a
significant difference in GST activity between awfg and Cd-treated series.
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Fig 2. Activity of GST (uM/mn/mg of proteins) onD. trunculus exposed to cadmium at LG (m + SD ; n=4-5) (*: significant difference at
p < 0.05; **: significant difference at p < 0.01; **: significant difference at p < 0.001).

3.3.Change in acetylcholinesterase activity

After a 24h exposure to Cdata show that the rate of AChE activity decreasigdificantly in dose dependent
manner in treated bivalve®mpared with the control (Fig 3). Variance anaysiowed that the inhibition of AChE
activity was very highly significant (p < 0.001) #ie end of exposure to achieve a minimum of 1011B&
pM/min/mg proteins.

Two way ANOVA revealed a significant (p < 0.001jeets of treatment (F = 60.87, df= 1, 40) and expedime
(p< 0.01) (F = 4.61, df= 4, 40), and a significgmt< 0.001) time - treatment interaction (F = 7.6%& 4, 40). The
Tukey’s test revealed that there was a significkfiference in GST activity between controls andt@xhted series.
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Fig 3. Activity of AChE (uM/mn/mg of proteins) on D. trunculus exposed to cadmium at LG, (m = SD ; n=4-5). (*: significant difference
at p < 0.05; **: significant difference at p < 0.01***: significant difference at p < 0.001).

3.4.Recovery study

Bivalves were exposed to kgof cadmium for 96 h (day 0) then transferred &aol water, when AChE and GST
activities were measured at different intervalglay 0, 2 and day 4 (Figs 4 & 5). At day 2, the esqubbivalves
exhibited significant decrease in GST activitycbmtrast, there was a very significant differenze<(0.01) in GST
amounts between Cd-treated series and controbsyad dnd 2, which was gradually restored to therobtevels by
day 4 (Fig 4). AChE activity remained relativelyMer compared to control during the recovery perfotlowed by
an significant decrease (p < 0.05) at day 2 (FigX®) the other hand, at the end of depuration ggdadays) there
was no significant (p > 0.05) difference betweentau and treated series, which indicates thatmntlodlusc bivalve
D. trunculushave the ability to overcome the stress of toxican
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Fig 4. Activity of GST (uM/mn/mg of proteins) onD. trunculus exposed to cadmium at LG, for 96 h and its recovery response (m = SD ;
n=4-5). (*: significant difference at p < 0.05; **:significant difference at p < 0.01; ***: significant difference at p < 0.001).
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Fig 5. Activity of AChE (uM/mn/mg of proteins) on D. trunculus exposed to cadmium at LG, for 96 h and its recovery response (m +
SD ; n=4-5). (*: significant difference at p < 0.05**: significant difference at p < 0.01; ***: significant difference at p < 0.001).

DISCUSSION

Antioxidant defense system, which is generally ulimys in animal species and different tissues syje found
widely in aquatic organisms. When subjected to hragatamination, bivalves are subjected to oxidatiamage,
increasing the cellular concentration of Reactivg/gen Species (ROS). Under elevated metal leviety, &re also
able to activate their antioxidant systems in ordeeliminate ROS, inducing the activity of antidaint enzymes
[39]. The present investigation presents the effié€d exposure to bivalMe. trunculus we tested the responses of
biochemical biomarkers such as GST activities, mryme of the phase Il of biotransformation process] the
activity of AChE, an important enzyme in the mairgece of normal nerve function [40].

Induction of GST activity has been used as a bikeranf exposure to xenobiotics, that catalyze ihgjugation of
variety of electrophilic substrate to the thiol gpoof GSH, producing less toxic forms [41]. Numeraiudies
reported raised GST activities in diverse aquagbiecges in response to environmental or laborataposure to
xenobiotics [42, 43]. However, the activity of antidant enzymes such as CAT, SOD, and GST, can vary
depending on the intensity and duration of the dbalmstress applied to the organism in additionthe
susceptibility of the exposed species [44].In thespnt work, GST activity dD. trunculuswas increased in a time-
dependent manner at all of the exposed concemigmtid Cd, indicating that Cd stress can induce R@S
generation and interfere with the antioxidant enajendefense system in bivalves [45]. Additionalpme studies
suggested that the oxidative stress induced blighgy metals results in an increase in ROS, stiinglan increase
in antioxidant enzyme activity [46]. It has beerowh that antioxidant defense systems protect dedisn Cd-
induced toxicity [47]. GST plays a critical role mitigating oxidative stress in all life forms [489], and GST
activity also has been widely used as a biomaxkeletect stress [50, 51]. As an antioxidant enzy&® activities
had either a significant increase or decrease dhiffarent patterns according to the exposed elesnenexposure
conditions [39]. In fact, GST activity dD. trunculus increased upon Cd exposure, coinciding with dudys
Similar results were obtained in previous invegtages of polychaetedlereis diversicolof39] and Laeonereis
acuta[52] exposed to Cd. The induction of GST activitiess also reported in several fish spedizsaffinistreated
with cadmium [53], with halofenozide [54] or withfldbenzuron and flucycloxuron [55], i@reochromis niloticus
exposed to diazinon [56] and @. mossambicuexposed to monocrotophos [57] indicating ongoiatpxification
mechanisms. [58] showed that with Cd contaminaRauditapes philippinarunncreased the activity of GST. On
the other hand, a decrease in the GST activity seasrted in musselMytilus galloprovincialis exposed to
benzo[a]pyrene [59, 60]. It was also shown thatgbpulation ofD. trunculusinhabiting in a polluted site had a
lower activity of GST than that living in an unpaied site [61]. GST is the most sensitive biomagdet its activity
has been shown to increase in the whole organispadicular organs (gills, digestive gland) as action of the
xenobiotic concentration [62].

Acetylcholinesterase (AChE) activity is considerefl great interest in evaluating the effects of esyre to
neurotoxic compounds in aquatic animals [63].ltais enzyme involved in the synaptic transmissiomeifve
impulses and is inhibited by neurotoxic compour@#.[However,the responsiveness of AChE to otherngbals
including metals has also been reported [65,66]ef¢ studies showed the potential use of this ewezgctivity as a
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useful biomarker for detecting general physiolobgteess in aquatic organisms caused by exposuwrertmminants
[67]. The results of present study showed imporitaimbition of AChE activity after the exposure Bf trunculusto
cadmium compared to controls. The significant resps indicated that the AChE activity decreasefdrastion the
exposure time to reach a minimum until the endedittment (96h).This inhibition may be the resultiafeurotoxic
effect due to cadmium toxicity. Moreover, A cortéa was reported between heavy metal pollution éecteases
in AChE activity inD. trunculusfrom industrialised areas and harbour sectorergulf of Annaba [68, 23, 69, 19,
70]. Similar observations have been reported in Sitvatfish Rhamdia quelerexposed to Cadmium [71], iB.
affinis exposed to FCX [72] and to chlorpyrifos [73]. [7#jund significant reduction in AChE activity .
galloprovincialisexposed to copper, and in the blue mubketdulisexposed to azamethiphos[75], as well as in the
zebra mussel®reissena polymorpha&xposed to chlorpyrifos and terbutilazine[76]. Tihhibition of AChE by
different metals and PHC indicated that lead, cadmiand copper are the most predominant inhibitof].[7
Moreover, AChE activity is extremely variable beémespecies [28].

WhenD. trunculuswere removed from cadmium exposure and transfeoetban water, recovered rapidly AChE
and GST activities after 4 days. In the recovemygae GST and AChE levels of mollusc exposed tontiadh for 4
days were similar to the control value. This metaluced an oxidative stress [78]. Subsequentls thpidly
stimulated the antioxidant defences as evidencedhlaypges in biomarkers measured during the treatemehthe
recovery period. However, these enzymes reactddglthis period, GST decreased its activity, pdgsitdicating
a compensatory response against the toxic. InasmtAChE increased during the recovery periodcatihg metal
toxicity. Increased GST activity iRhamdia quelemfter cadmium exposure was observed and the recpegiod
of 7 days are needed [71]. GST activityGn affinisexposed to DFB and FCX required periods of 1 amthys
respectively of recovery [72]. The activity of GShowed in both specidRuditapes decussatsd Ruditapes
philippinarum a decrease from environment condition to 7 ddydepuration [79]. IrRhamdia queleexposed to
cadmium, a period of 14 days was necessary to eecCAChE activity [71] whileG affinis exposed to FCX,
recovered AChE activity after 4 and 8 days in cle@ter according to concentration [72]. The recpvwens
influenced by time of exposure and type of toxiedis

In conclusion, our results indicate that the mdliévalve D. trunculuscan be used as a bioindicator for acute
exposure to cadmium. This metal stimulated rapttlly antioxidant system as evidenced by an increa&eST
activities The decreases in AChE activity also &sted a neurotoxic action of Cd . The recoveryepatshowed
thatD. trunculushave the ability to overcome rapidly the streskioed by treatment.
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