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ABSTRACT

Cadmium is a non-essential heavy metal in the
biological system. In this study, we have highlighted
to evaluate of the effect toxicity of cadmium chloride
(CdCl,) against Marine Bivalve Donax trunculus L.
(Mollusca, Bivalvia) under laboratory conditions.
The acute bioassay tests at various gradient concen-
trations of cadmium (5, 7.6, and 10 mg/L) were per-
formed to estimate lethal concentrations 50 (LCso
Concentration estimated that produces a 50% mor-
tality in a test population over a specific period) and
90 (LCyo) for 24, 48, 72, and 96 hours of exposure.
96h-LCso and 96h-LCq values are: 2.59 and 9.25
mg/L respectively. In addition, the sublethal con-
centrations (LCjo and LCys) at acute exposure (96 h)
which are:  0.72 mg/L and 1.32 mg/L respectively,
and their fiducial limits were investigated. The re-
sults obtained indicate that cadmium causes mortal-
ity in the species studied with a Concentration-re-
sponse relationship. Thus, specimens of this marine
bivalve were experimentally exposed to CdCl, at
concentrations corresponding to 96h-LCj and 96h-
LCso, to evaluate the effect of toxicity on catalase
(CAT) and acetylcholinesterase (AChE) activities,
followed by a recovery period during 4 days. Results
showed that Cd inhibited AChE activity suggesting
neurotoxicity disturbances. In addition, we observed
a stimulation of the detoxification system as shown
by an increase in catalase activity. Additionally, the
transfer of individuals exposed to CdCl, in untreated

water showed a gradual restoration of the initial state.

The data obtained from this study will provide useful
information for understanding the toxicological pro-
cess of CdCl, in Donax trunculus.

KEYWORDS:
Toxicity, Cadmium, Biomarkers, Donax trunculus, Mor-
tality

INTRODUCTION

Aquatic systems are highly endangered by pol-
lutants due to a variety of chemical compounds from
the constant increase in anthropogenic activities.
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Such activities are considered a threat to aquatic life;
these are altering the natural interactions to the ex-
tent that they are polluting seawater and threatening
marine life [1]. Among the various environmental
pollutants due to human activities, the use of ferti-
lizer, industrial mining, smelting, and production of
municipal waste [2], are the most common contami-
nants present in the aquatic system [3]. Heavy metals
are naturally present in the environment, and some
are even essential to the proper functioning of many
biological processes. They are also potentially accu-
mulated in the marine environment as well as in or-
ganisms [4, 5]. Indeed, these metal contaminations
do not undergo any biological or chemical degrada-
tion; they are easily bio-concentrated, biomagnified
in food chains [6], and are mainly toxic for terrestrial
and marine species [7, 8]. However, high levels of
those known as non-essential trace elements can be
toxic for aquatic organisms; this is the case for lead
and cadmium [9], [10]. Many of the mussel’s sam-
ples resulted in contamination, therefore potentially
posing a considerable health risk to consumers [11].
In this respect, contaminants affecting the quality of
marine waters are classified by environmental agen-
cies according to the level of toxicity [1]. Cadmium
(Cd) is characterized as a toxic heavy metal that ac-
cumulates in biological systems [12]. Although toxic,
cadmium is widely used in industrial activities [13],
and its concentrations have reached 42 pg/L in
coastal waters [14]. In these environments, benthic
organisms are frequently subject to cadmium pollu-
tion [15]. Some effects of Cd, even at low concentra-
tions, have been demonstrated to produce cytotoxi-
city, oxidative stress, and severally effects on the im-
mune system from marine organisms [16, 17, 18, 19].
Therefore, the need to understand the patterns of ex-
posure and the toxic effect is of great importance [20,
21]. Various experimental studies have shown that
oxidative damage induced by ROS has an important
role in metal toxicity [22]. Likewise, new findings
on the potential accumulation of pathogenic bacte-
rium "Salmonella spp" associated with neurotoxicity
and oxidative stress in the wedge clam Donax trun-
culus have been provided [23].

Indicators of oxidative stress are enzymes of
the antioxidant defense system, that play a key role
in detoxification by eliminating free radicals and
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protecting the cell, and are used as assessment tools
to measure the impacts of environmental stress such
as catalase (CAT, EC 1.11.1.6) [24,25]. Catalase is
implied in the defense of the cell against the toxic
effects of hydrogen peroxide by catalyzing its de-
composition to water and oxygen, it is a biomarker
of oxidative stress [26]. Thus, it shows sensitivity to
various contaminants [27, 28]. Acetylcholinesterase
activity (AChE, EC 3.1.1.7) is widely used as a bi-
omarker of exposure and even effects to some pesti-
cides including organophosphate and carbamate [29,
30]. Damage to the nervous system is measured by
cholinesterase activity [25]. Thenceforth, AChE in-
hibition induces neurotoxicity due to the acetylcho-
line building up in the area of the synapse, which
causes constant stimulation of the nervous system,
which leads to tetanic paralysis and mortality [31,
32]. The activity of this enzyme can also be selec-
tively inhibited by other Pollutants such as metals
[33, 34].

Donax species are recently being used to mon-
itor the ecological status of coastal areas [35, 36], as
Donax trunculus L. (Mollusca, Bivalvia) has been
used widely in ecotoxicology and marine pollution
studies [37, 38, 39]. In the gulf of Annaba (Algeria),
the quality of hydro-systems is altered by the quan-
tity and diversity of effluents released into the natu-
ral environment. Also, previous studies have shown
that the effluents are enriched in heavy metals, par-
ticularly cadmium, with rates that vary significantly
depending on the season and the site [40, 41, 42, 43].
Moreover, the changes in antioxidant defense sys-
tems reveal the perturbation of the physiological
states in clams [44].

The present study aims to evaluate the acute
toxic effect of cadmium chloride in marine bivalve,
Donax trunculus. CdCl; is added to the reared water
at different concentrations (5, 7.6 and 10 mg/L) to
estimate the lethal concentrations (LCio, LC»s, LCso,
LCy) and to evaluate under laboratory conditions its
effect on catalase and acetylcholinesterase activities
during an acute exposure (24, 48, 72 and 96 hours)
and recovery periods of 4 days (transfer to uncon-
taminated water). D. trunculus was chosen in our
study for its wide potential tolerance to high concen-
trations of heavy metals [41, 42], in particular cad-
mium, and also for its natural resistance to difficult
conditions in the Golf of Annaba (Algeria) [45, 46,
47].

MATERIALS AND METHODS

Sample collection and rearing. Specimens of
Donax trunculus (Linnaeus, 1758) were collected
from El-Battah Beach (northeast of Algeria) (36 °
50°N, 8 ° 50’ E), it was chosen as a relatively clean
site [46], located approximately 30 km east of An-
naba city (Algeria), far from any source of pollution.
The experiments were carried out during the spring
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corresponding to the reproduction period [48]. After
collection by using a hand scraper, bivalves (26.20 =
2.19 mm shell length) were immediately transported
to the laboratory in plastic buckets with natural sea-
water and they were acclimatized for 2 days in an
ambient condition before exposure in 50-1 glass
aquaria equipped with air pumps (Nirox X5). After
acclimation, Exposed and controlled bivalves (with-
out distinction of sex) were reared in aquaria con-
taining seawater and sandy bottom material from the
El-Battah site. One hundred individuals were placed
in aquaria filled with 25 L of seawater (4.0 individu-
als /L) and exposed to Cadmium chloride (CdCl,) for
96 h, counterpart jointly with a control group kept in
clean seawater. Three repeats per treatment were
used. The physicochemical parameters of seawater
were recorded using a multiparameter (Multi 340 I,
Germany) during the study period. Physico-chemi-
cal characterization of seawater during exposure
(such as: temperature: 16.37 + 1.50 °C; salinity:
26.50 £ 2.60 g/1; pH 9.00 £ 1.64; dissolved oxygen:
4.80 + 0.20 mg/1) and recovery periods (such as: tem-
perature: 16.60 £ 4.00°C; salinity: 28.80+ 9.76 g/l;
pH 7.74 £ 0.47; dissolved oxygen: 4.233 £ 0.65 mg/l)
was estimated. Each individual of D. trunculus is
considered dead when completely immobile and re-
maining on the surface of the sand, and no movement
is observed.

Acute toxicity bioassay. The metal was added
to the seawater as cadmium chloride (CdCl,: BIO-
CHEM Chemopharma, Hemi pentahydrate, USA).
Acute toxicity (96 hours of exposure) bioassay ex-
periment was done by exposing one hundred individ-
uals to each of the concentrations of 5, 7.6 and 10
mg/L after each exposure period of 24, 48, 72, and
96 hours. Three replications per dose were used. The
mortality percentages in the different treatments
were corrected in accordance [49] and analyzed by
probit analysis [50]. The LCio and LC;s values (le-
thal concentration inducing 10 and 25% mortality),
and The LCso and LCy values (lethal concentration
causing mortality effects in 50 and 90% of the treated
animals, respectively) together with corresponding
95% confidence limits (95% CL) were calculated
[51].

Determination of catalase and acetylcholin-
esterase activities. D. trunculus were exposed to
LC)o, and LCsy concentrations for 96 h of cadmium
chloride determined previously (96h-LCio = 0.72
mg/L; 96h-LCso = 2.59 mg/L). The biochemical as-
say was performed on individuals with 26.20 +2.19
mm representing the most abundant size. Measure-
ments were made in control (Unexposed bivalves)
and Cd-treated samples during 0, 24, 48, 72, and 96
h exposure followed by a period of recovery (0, 2,
and 4 days).

Catalase (CAT, EC 1.11.1.6) activity was meas-
ured by the method of [52] and the absorbance was
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read at 240 nm, by the variation in optical density
resulting from the dismutation of hydrogen peroxide
(H20,). The samples are homogenized in 1 ml phos-
phate buffer (50 mM, pH 7). The homogenate is cen-
trifuged at 15,000 rpm for 10 min and the superna-
tant is used as an enzyme source. The CAT activity
was expressed as pmol.min—1.mg—Iprotein. The
protein content was evaluated according to [53] us-
ing serum albumin as standard (BSA, Sigma) and the
absorbance was measured at 595 nm wavelengths.

Acetylcholinesterase (AChE, EC 3.1.1.7) activ-
ity in the homogenates was determined following the
procedure of [54], by measuring the increase in ab-
sorbance of the sample at 412 nm in the presence of
1 mM acetylthiocholine as substrate and 0.1 mM
5,5’-dithiobis-2-dinitrobenzoic acid (DTNB). The
tissue was ground in Tris buffer 0.1 M, pH 7.5. The
homogenate obtained was centrifuged at 9000g for
20 min. The supernatant was removed and used to
determine AChE activity. The AChE activity was ex-
pressed as pmol.min—1.mg—1protein.

Statistical analysis. Results are presented as
means + standard deviation (SD). Data from bioas-
says were subjected to analysis of variance after an-
gular transformation of corrected mortality percent-
ages. When the analysis of variance was significant
(p < 0.05), mean values obtained were separated by
the Least Significant Difference test (LSD). Differ-
ences between control and exposure groups were de-
termined by Tukey’s test. In the other experiments,
the comparison of mean values was made by Stu-
dent’s t-test. A significant difference was assumed
when p < 0.05. All statistical analyses were per-
formed using MINITAB Software (Version 16, Penn
State College, PA, USA).

RESULTS AND DISCUSSION

Results obtained on individuals of D. trunculus
exposed at different concentrations of CdClL, (5, 7.6,
and 10 mg/L) show that mortality increased with the
concentration and length of time of exposure. Mor-
tality percentage was recorded every 24 h during the
96 h experimental duration. The results obtained
from acute statistic toxicity experiments of cadmium,
upon D. trunculus were evaluated by using [50] Pro-
bit Analysis. After treatment, the rate of mortality
observed after 96 h reach 90 % (10 mg/L). However,
in controls (Unexposed bivalves), the recorded mor-
tality rate is lower (3 %). This confirms that the high
mortality rate could be entirely due to cadmium toxic
effects. Our results are similar to those of [55] ob-
tained in the same species after 48 and 96 hours of
exposure to cadmium. Other reports suggested that
the bacterial genus seems to induce high levels of
mortalities up to 87% more than chemical com-
pounds such as heavy metals, hydrocarbons, and
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pesticides in mussels [23].

LCsp and LCy values and their 95% confidence
intervals from the toxicity tests are presented in Ta-
ble 1. Lethal concentrations of 50 and 90 are 13.61
mg/L and 30.55 mg/L at 24 h, compared to 2.59 mg/L
and 9.25 mg/L at 96 h, respectively. Toxicity tests
revealed a dose-response relationship for different
periods of exposure. With the increase of metal ex-
posure concentration, the Cd concentrations signifi-
cantly increased in a concentration-dependent man-
ner (P < 0.05) [24]. Mortality in the control was on
average 3 %, and it never exceeded 10 % for all tests
[56]. Lethal concentrations 50 were recorded for the
different species after 96 h hours of exposure:
Emerita sp. 1.35 mg/L, Donax spiculum 1.8 mg/L,
Perna Viridis 2.5 mg/L, Sabellaria clandestinus 2.8
mg/L, Modiolus Carvalho 5.6 mg/L, and Modiolus.
sp. 9.2 mg/L [57]. It is apparent that the toxic effect
of cadmium in the invertebrate aquatic mainly con-
cerns several physiological parameters that take a
definite species-specific pattern and experiment con-
ditions [57, 58, 59]. Further, cadmium exhibits tox-
icity to D. trunculus, which varies with sex, concen-
tration, and duration of exposure. Indeed, cadmium-
induced significant mortality in cadmium-treated fe-
males compared to males after acute exposure (96 h).
These results suggest a relative sensitivity of females
that accumulate more reserves and mobilize more
energy during reproduction [43]. Other species have
also been widely to estimate LCsp following cad-
mium exposure. [60] Found out that the 96h-LC50
in  Mollusks Cerithedia cingulata and Modiolus
philippinarum was 9,19 mg/L and 0,22 mg/L respec-
tively. Moreover, the 96h-LCso value reported in
freshwater ostracod Stenocypris exposed for four
days in laboratory conditions to cadmium was 13.15
pg/L [61]. In addition, with the increase in Cd con-
centration, an increase in mortality was observed.
The LCso value in adult palaemonid shrimp Palae-
mon macrodactylus for 24 h, 48 h, 72 h, and 96 h
was 2.60 mg/L, 0.88 mg/L, 0.49 mg/L, and 0.37
mg/L respectively [24].

Lethal concentrations 10 (LCjo) and 25 (LC»s),
determined from the regression line are 0.72 mg/L
and 1.32 mg/L, respectively (Table 2). Our results
are following the results obtained by [62] on a crus-
tacean Echinogammarus meridionalis, that they in-
dicate after 96 h of exposure to cadmium an LCjo of
44.15 pg/ L (confidence interval: 33.76 - 63.39). The
study carried out by [63] on a Bivalve Mollusk,
Perna Viridis after 48 hours of exposure to cadmium
revealed an LC»s of 0.21 mg/L (Confidence interval:
0.14 - 0.32), while it is 50 pg/L in Bathymodiolus
azoricus after 24 days of exposure to cadmium [64].
Also, in the Bivalve Mollusk, Mytilopsis sallei the
LCiois 0.135 mg/L and an LC»s of 0.298 mg/L after
96 hours of exposure [65]. These differences are
probably due to different species used, age, size of
the organism, test methods, and water quality that
may affect the toxicity [66, 67].
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TABLE 1
Lethal concentrations of 50 and 90 (mg/L; L.C) of CdCl: for D. trunculus and their fiducial limits.

Exposure time Regression line Slope LCso IC [95%] LColC [95%]
(Hours)
24 Y =3,65 X + 0,861 1,87 13,61 (11,73 -15,78) 30,55 (26,33 — 35.,43)
48 Y =278 X +2,24 2,28 9,83 (8,69 — 11,10) 28,43 (25,15 - 32,12)
72 Y =1,84 X + 3,84 3,47 4,27 (3,71 - 4,91) 21,23 (18,46 — 24,41)
96 Y =2,32 X +4,04 2,69 2,59 (2,25 -2,97) 9,25 (8,04 — 10,63)
TABLE 2

Lethal concentrations of 10 and 25 (mg/L; LC) of CdCL for D. trunculus and their fiducial limits.

Exposure time Regression line Slope LC10 IC [95%] LC25 IC [95%]
(Hours)
24 Y =3,65 X + 0,861 1,87 6,06 (5,22 ~7,02) 8,89 (7,66 — 10,31)
48 Y =2,78 X+2.24 2,28 3,40 (3,00 — 3,84) 5,62 (4,97 — 6,35)
72 Y =1,84 X + 3,84 3,47 0,85 (0,73 - 0,97) 1,83 (1,59 - 2,10)
96 Y =2,32 X +4,04 2,69 0,72 (0,62-0,82) 1,32 (1,14-1,51)
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FIGURE 1
CAT activity (uM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium chloride at 96h-
LCio (m £ SD; n=4). (*: significant difference at p < 0.05; **: significant difference at p <0.01; ***: signifi-
cant difference at p <0.001).

The results relating to the effect (LCio and LCso)
of cadmium chloride on CAT activity are presented
in Figures 1 and 3. The activity of antioxidant-related
enzyme CAT content was significantly influenced by
Cd treatment. Exposed bivalves to the metal at 0.72
mg/L (96h-LCip) showed significant induction in
CAT activity after Cd treatment. CAT activity in-
creased significantly at 48 h (p < 0.01) duration of
exposure compared to the controls. However, there
was no significant difference (p > 0.05) at 24 h. The
recorded values increased through 96 h of exposure
to reach a maximum of 0.45 + 0.066 pM/min/mg
proteins against 0.28 + 0.10 uM/min/mg proteins in
controls. A two-way ANOVA revealed a significant
effect of Treatment (F 1,,7= 17.56, p <0.001) and for
time (F 4 27= 5.44, p < 0.01). In marine organisms,
the measurement of biomarkers allows the detection
of early biological effects of their exposure to toxic
compounds from anthropogenic activities [34]. Due
to their distribution, fate, and diversity, metals have
a significant toxic effect at the sub-individual level
[68]. Previous studies have used D. trunculus as a
sentinel organism to assess the toxicity of cadmium
[41,42, 43,69, 70]. [69] Have demonstrated that Cd
concentrations, exposure time, and sex affect signif-
icantly proximate composition and minerals contents
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in D. trunculus. Exposure to CdCl, at two concentra-
tions (96h-LCio and 96h-LC,s) may decrease dry
matter, fat and metallic elements, and increase mois-
ture, ash, and Cd contents [69]. Likewise, low-dose
(LCio and LCss) exposure of Cd may activate the an-
tioxidant system and increase the activity of antioxi-
dant enzymes such as the contents of metallothi-
oneins (Mts) [46, 70]. In the present study, Cadmium
chloride exposure at a sublethal concentration (96h-
LC,o) affects the activity of the antioxidant enzyme,
whose activity of CAT was significantly increased,
which indicates damage to the antioxidant system in
the Cd-treated series. In contrast, these findings dif-
fer from some studies that have proved that Cd ex-
posure leads to significant inhibition of the activity
of catalase (CAT) at 96h-LCs¢ in shrimp P. macro-
dactylus [24], and in Marine Bivalve M. galloprovin-
cialis [71]. [72] Suggested that fish G. affinis ex-
posed to chlorpyrifos (organophosphate) to lethal
concentration (LCso) causes the decreased levels of
CAT and SOD activities. In R. decussatus exposed to
different Cd concentrations (4, 40, and 100 g/L) for
28 days, a decrease in cytosolic and mitochondrial
catalase activity was observed [73]. Antioxidant en-
zymes, such as catalase, belong to the cellular anti-
oxidant system that neutralizes the toxicity of reac-
tive oxygen species that are improved by several
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classes of pollutants, including trace metals or or-
ganic compounds. Therefore, the CAT activity may
play an important contribution to antioxidant protec-
tion, suggesting their potential use as biomarkers of
effects such as oxidative stress resulting from Cd ex-
posure in aquatic organisms. Individuals of D.
trunuculs that survived after 96 h of exposure (dep-
uration period at 0 days) were transferred to uncon-
taminated water. CAT levels of unexposed bivalves
remained unchanged during the experiment, fol-
lowed by a decrease during the depuration period in
the Cd-treated series (Figure 2). CAT activity de-
creased until the end of the depuration period (4
days), with similar CAT levels in both control (0.25
+ 0.008 pM/min/mg proteins) and Cd-treated series
(0.26 £ 0.058 puM/min/mg proteins). During the
whole experiment depuration, no significant differ-
ences were observed in CAT levels between control
and treaties (p > 0.05). [64] Reported that CAT ac-
tivity was increased in Mollusk Bathymodiolus
azoricus after chronic exposure at 24 days to cad-
mium, although, during the recovery period this ac-
tivity was restored after 7 days in uncontaminated
water. On the other hand, the exposed fish exhibited
significant inhibition in CAT activity, which was
gradually restored to the control levels by day 16
[72].
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The results of CAT activity during exposure at
96h-LCso and depuration periods are presented in
Figures 3 and 4 respectively. Significant differences
in CAT activity were found among D. trunculus dur-
ing exposure and depuration periods. Furthermore,
the results obtained show a significant increase (p <
0.05) at 24, 72, and 96 hours of exposure in the
treated series, which were progressively restored to
control levels, there was no significant change ob-
served in comparison to controls by day 4. Increased
CAT activity suggests the toxic effect of cadmium.
Also, results indicate that CAT activity increased in
the mantle of D. trunculus with the increase in Cd
concentrations. Moreover, CAT activity at 96 h of
exposure was 0.45 + 0.066 uM/min/mg proteins, and
0.89 + 0.045 uM/min/mg proteins in D. trunculus
treated by LCjo and LCsy respectively. Indicating
that both concentrations (LCio and LCsp) of cad-
mium chloride show an increase in activity of the an-
tioxidant enzyme CAT. A two-way ANOVA revealed
a significant effects of Treatment (F 1,34 =11.14,p <
0.01) and for time (F 4,34= 3.86, p < 0.05). Concern-
ing depuration period, a significant induction
(p<0,05) has been noted in treated series ( 0.51 +
0.10 uM/min/mg of proteins) after 2 days of recov-
ery comparably with controls ( 0.71 £+ 0.14
uM/min/mg of proteins).
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FIGURE 2
CAT activity (uM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium at 96h-LC1o and
its recovery response (m = SD; n=4). (*: significant difference at p < 0.05; **: significant difference at p <
0.01; ***: significant difference at p <0.001).
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FIGURE 3
CAT activity (uM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium chloride at 96h-
LCso (m + SD; n=4). (*: significant difference at p < 0.05; **: significant difference at p < 0.01; ***: signif-
icant difference at p <0.001).
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FIGURE 4
CAT activity (uM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium at 96h-LCso and
its recovery response (m = SD; n=4). (*: significant difference at p < 0.05; **: significant difference at p <
0.01; ***: significant difference at p <0.001).
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FIGURE 5
ACHhE activity (WM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium chloride at 96h-
LCio0(m + SD; n=4). (*: significant difference at p < 0.05; **: significant difference at p < 0.01; ***: signifi-
cant difference at p <0.001).
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FIGURE 6
ACHhE activity (WM/min/mg of proteins) in the mantle of D. trunculus exposed to cadmium chloride at 96h-
LC10 and its recovery response (m = SD; n=4). (*: significant difference at p < 0.05; **: significant differ-
ence at p <0.01; ***: significant difference at p <0.001).

The results obtained for the variation in AChE
activity after Cd treatment (96h-LC¢) are presented
in Figure 5. Results show that the rate of AChE ac-
tivity exhibited a significant decrease in a concentra-
tion-dependent manner (P < 0.05). Increases in CAT
activity (p<0.01) as well as an inhibition of AChE
activity (p<0.01) were found in both concentrations
(LCio and LCso). AChE activity in treaties was sig-
nificantly reduced compared to controls (p > 0.05) at
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24,72 hand 96 h. However, no significant difference
was observed at 48 h (p > 0.05). The lowest levels
were recorded at the end of the experiment (21.35 +
1.84 umol/min/mg proteins in D. trunculus treated
against 26.49 + 4.01 pumol/min/mg proteins in con-
trols). A two-way ANOVA indicated a highly signif-
icant main effects of treatment (F 120 = 10,31; p
< 0.001), significant effect of time (F 420 ; p <
0.01). Several studies have found that AChE activity
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exhibited significant reductions exposed to various
concentrations of insecticides with mortality after 96
h exposure [29, 74]. It was widely demonstrated in
toxicological experiments that the AChE response
show inhibition in marine organisms. As reported in
studies [75] a 50% inhibition of AChE activity in
Marine Bivalve M. galloprovincialis exposed to 0.1
mg/L carbaryls (carbamate) or 0.2 mg /L methyl-par-
athion (organophosphate) for 24 h. The same find-
ings are in accordance in freshwater fish Poecilia re-
ticulate treated by dimethoate (organophosphate)
[76] and in shrimp Metapenaeus Monoceros after 48
h of exposure to lethal concentrations of methyl par-
athion (organophosphate) and phosphamidon [77].
Similarly, significant inhibition in AChE activity of
D. trunculus exposed for 96 h to CdCl, at LCs fol-
lowed by a significant increase in its activity in the
depuration period was reported previously [41].
However, it must be considered that AChE activity
is inhibited by carbamate and organophosphate in-
secticides besides heavy metals in particular cad-
mium, which explains the reduction of this enzy-
matic activity, observed in the treated series. Re-
cently, previous studies have reported a remains me-
tallic contamination that caused an inhibition of
ACHhE activity in marine bivalve D. trunculus [47,
78], and in Ruditapes decussatus [44]. AChE activity
is used as a specific stress index in marine organisms
[34].

Recovery is defined as a significant increase in
ACHhE activity that occurs after exposure to cadmium
chloride. Maximum recovery was in the Cd-treated
bivalves D. trunculus, where the AChE level in-
creased by 23.98 £ 7.56 pumol/min/mg proteins at 0
days to 32.50 + 3.21 umol/min/mg proteins at the
end of duration reputation (4 days) (Figure 6). How-
ever, no significant differences in values were ob-
served during depuration period at 4 days (p > 0.05)
between the two series (controls and treaties). Fur-
ther, a significant difference (p < 0.05) has been rec-
orded after longer days for 2 days of recovery. Res-
toration after exposure to the cadmium chloride was
rapid in D. trunculus. In the current study, upon
transfer to untreated water, AChE activity was re-
stored to level within 4 days. This suggests that alt-
hough Cd is being accumulated in the tissues of D.
trunculus treated [42], the defense system is enough
to detoxify the effect of Cd accumulated in the tis-
sues [64]. A two-way ANOVA indicated a significant
effect of time (F 217 ; p < 0.01). Inhibition and
restoration of AChE activity would provide an un-
derstanding of AChE data in aquatic organisms and
facilitate the use of AChE as a biomarker of exposure
or even effect [29]. Acetylcholinesterase activity of
the P. australiensis required 7 days for recovery [29,
79]. A significant decrease in AChE activity has been
shown to require longer recovery periods of more
than 4 days
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CONCLUSIONS

In conclusion, our investigation contributes to
the knowledge of the mechanism of toxicity related
to the use of marine organisms as sentinels of envi-
ronmental quality. This study illustrated that the
presence of cadmium chloride (CdCl,) in seawater
leads to the morality of a marine benthic Donax trun-
culus exposed at concentrations corresponding to
LCi0(0.72 mg/L) and LCso (2.59 mg/L) for 96 h, and
impacted the biomarkers responses.

These data in the present study indicated that D.
trunculus is sensitive to Cd, which might be used as
a potential bioindicator species in biomonitoring
programs and ecotoxicology Research. In D. truncu-
lus, AChE activity showed a significant inverse cor-
relation with catalase activity. These results indicate
that cadmium levels cause dose-dependent toxicity
by inhibiting neurotoxic biomarker AChE and induc-
tion of antioxidant enzyme CAT. All the results
showed the most significant effects of cadmium on
the analyzed biomarkers and underlie the potential
negative impact of the pollutants on marine organ-
isms. The recovery test aimed to observe the effect
of lethal exposure of Cd on the survival of D. trun-
culus upon transfer to a clean environment. Our
work has led us to conclude that D. trunculus estab-
lishes a relatively efficient detoxification system fol-
lowing Cd exposure.
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