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Abstract: Mercury (Hg) pollution is featuring as one of the major threat for marine ecosystem, biota and human health. 

Thereby, the objective of the current study was to evaluate the effect of environmentally relevant concentrations of mercury on 

oxidative stress, enzymatic and non-enzymatic antioxidant defenses and metallothionein levels in the longitudinal muscle of 

sea cucumber Holothuria forskali. With this purpose, sea cucumber were exposed to graded concentrations of mercury chloride 

HgCl2 (40, 80 and 160 µg L-1) for 96 h under controlled conditions. Our findings revealed that Hg burden in the longitudinal 

muscle tended to increase with increasing HgCl2 concentrations. The Hg exposure promoted muscular oxidative stress as 

evidenced by the increased levels of malondialdehyde (MDA), advanced oxidation protein product (AOPP) and 

metallothionein (MT) of treated animals compared with controls. Additionally, significant increases in the activities of the 

enzymatic (glutathione peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT)) and non-enzymatic (non-protein 

thiol (NPSH) and glutathione (GSH)) antioxidants were also observed in all treated groups. Overall, this study proved that 

mercury is able to produce deleterious effects even at the lowest environmentally-realistic concentration in the Holothuria 

forskali longitudinal muscle which may be considered as a target tissue of mercury accumulation in holothurian. 
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1. Introduction 

The development of industrial, anthropogenic and 

agricultural activities conduct to a predominantly degradation 

of ecosystems exhibiting animals to a vast array of hazardous 

inorganic and organic contaminates [1]. Aquatic ecosystems 

are particularly vulnerable to these xenobiotics and act as a 

sink for several metals [2]. Among metals, mercury is 

considered as one of the most perilous heavy metals in the 

marine environment, mainly because it can accumulate in 

tissues of aquatic animals at concentrations higher than those 

found in water [3]. Several studies based on aquatic organism 

models have elucidated that Hg exerts its toxicity through the 

induction of oxidative stress particularly in the bio-

accumulative tissues by binding to sulfhydryl groups 

eventually to disrupted enzymatic pathways and metabolism 

[4, 5]. The oxidative stress mostly take place when the 

production of reactive oxygen species (ROS) exceeds the rate 

of its elimination/decomposition capacity by scavengers, 

which can lead to lipid peroxidation (LPO) causing cell 

dysfunction or even cell death [6]. Among aquatic 

invertebrates, sea cucumbers, extremely vulnerable to the 

pollution since they are a deposit-feeder ingesting surface 

sediments [7]. The later is considered as a reservoir for many 
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pollutants, especially heavy metal [8]. Furthermore, several 

authors have reported that sea cucumber depurate these 

elements relatively heavily suggesting that they could act as 

integrators of metal contamination in the environment [9]. 

Physiological responses of some holothurians to heavy metal 

pollution, were chiefly based on behavioral response, growth, 

survival and fundamental physiological activities of the 

animal [10]. Generally, some tissues/organs such as body 

wall and respiratory tree have received some particular 

attention to evaluate the impact of noxious stimuli in 

holothurians due to their respiratory and detoxifying 

functions; however, little information are available on the 

longitudinal muscles. 

Consequently, the current experiment was designed to gain 

some more insight of accumulation/toxicity mechanisms of 

mercury on Holothuria forskali. For this purpose we assessed 

the effects of Hg graded dose on disruption of pro-

oxidant/antioxidant balance and metallothionein response in 

longitudinal muscle of sea cucumber (Holothuria forskali) in 

interaction with Hg burden. 

2. Materials and Methods 

2.1. Animals and Experimental Set-up 

Sea cucumber H. forskali used in the study were collected 

using a hand during scuba diving from Bizerte coasts (North 

east of Tunisia), a relatively clean sea shore. Samples were 

transported rapidly to the laboratory in boxes with water from 

the collection site. To reduce the effect of body size on 

biochemical responses to mercury, H. forskali individuals with 

similar length were selected (20.25±2.75 cm of the body 

length). Once in the laboratory, the specimens were held in 

tanks filled with aerated seawater (closed-system). Samples 

were maintained separately in these conditions for 3 days in a 

room with controlled photoperiod (12h light: 12 h dark) and 

temperature (18±1°C). Acclimated animals were randomly 

divided into 4 groups of 12 specimens each ( in triplicate 

design) in order to ensure the reproducibility of the results. As 

we have proceeded in our previously published researches [11, 

12], animals were exposed to a series of mercury chloride 

(HgCl2) concentrations as follows: (controls (0), D1 (40µg L-

1), D2 (80µg L-1) and D3 (160µg L-1) for 96 hours. Tested 

doses were chosen based on studies that investigated the 

effects of the acute exposure of marine invertebrates to 

mercury, using similar concentrations [13, 14] (Bhamre et al., 

2010; Oliveira et al., 2015). The lowest concentration (40 

mg/L) was in the range of concentrations that can be found in 

some heavily contaminated water bodies near industrialized 

areas [15, 16], while the highest tested concentrations (60 and 

80 mg/L), were selected to guarantee an observable effects of 

Hg and to elucidate the responsiveness of sea cucumber to 

worst-case-scenario of mercury contamination. In order to 

avoid prandial effects, animals were not fed during acclimation 

neither during the trial. To ensure water quality, 50% of the 

water was replaced every 24 h and concentrations of mercuric 

chloride were re-established. 

2.2. Tissue Samples 

At the end of experiments, nine animals were dissected 

and muscle was carefully dissected and immediately frozen 

into liquid nitrogen and then stored at −80°C until the 

biochemical assays were carried out. Some portions were 

used for mercury quantification and other samples were 

rinsed, homogenised in phosphate buffer (0.1 M, pH=7.4) 

and centrifuged at 10,000 × g for 20 min at 4°C. 

2.3. Determination of Total Mercury 

All samples were freeze dried, ground in a mortar and 

homogenized. Total mercury (Hg) was analysed at National 

Marine Institute of Sciences and Technologies with Direct 

Mercury Analyser (DMA 80) (LD=0.4ngg-1). The principle of 

the DMA analyser is based on thermal decomposition, 

amalgamation and atomic spectrometry detection. The 

quality assurance of the analytical results was controlled with 

the use of the certified reference materials (CRM, Nist 2976). 

QA/QC was achieved by using Replicated, method blanks 

and standard reference material. Replicated (n=2) measures 

of CMR and reagent blanks, were used to assess accuracy 

(estimated as 95%). The analytical precision was generally 

better than 6%. All metal concentrations are reported in µg/g 

of dry weight of sample. 

2.4. Protein Quantification 

Muscle protein contents was determined according to the 

method of Lowry et al. [17] using bovine serum albumin as 

standard. The supernatant absorbance was determined at 540 

nm using a spectrophotometer All biochemical biomarker 

responses were normalised to total protein concentration. 

2.5. Malondialdehyde (MDA) Assay 

Lipid peroxidation was estimated by measuring 

thiobarbituric acid (TBA)-reactive substances and was 

expressed in terms of malondialdehyde (MDA) content in 

muscle according to the method of Draper and Hadley [18]. 

Absorbance was measured at 532 nm using a 

spectrophotometer. The MDA values were calculated using 

1,1,3,3-tetra-ethoxypropane as the standard and was given as 

nmoles of malondialdehyde per milligram of protein. 

2.6. Advanced Oxidation Protein Products (AOPP) 

The advanced oxidation protein product (AOPP) levels 

were estimated according to the method of Kayali et al. [19]. 

The absorbance of the reaction mixture was measured at 340 

nm and the results were expressed as micromoles per 

milligram of protein. 

2.7. Determination of Non-enzymatic Antioxidant Levels 

Non Protein Thiols (NPSH) were determined according to 

the method of Ellman [20]. Absorbance of colorimetric 

reaction was measured at 412 nm. Results were expressed as 

micromoles per gram tissue. 

Reduced glutathione (GSH) content in H.forskali muscle 
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tissues was measured according to the method of Ellman [20] 

modified by Jollow et al. [21]. The method is based on the 

reductive cleavage of 5,5′-dithiobis(2-nitrobenzoic acid) 

(DTNB) by a sulfhydryl (-SH) group to yield a yellow 

colour. Briefly, a mixture of tissue homogenates in phosphate 

buffer and sulfosalicylic acid (4%) was centrifuged at 

1600×g for 15 min. A volume of the obtained supernatant 

was taken and added to Ellman’s reagent. The absorbance 

was measured at 412 nm after 10 min. Results were 

expressed as micrograms per gram of protein. 

2.8. Determination of Enzymatic Antioxidant Activities 

Glutathione peroxidase (GPx) activity was estimated with 

the Flohe and Gunzler [22] method. The enzyme activity was 

measured spectrophotometrically at 412 nm and was 

expressed as nanomoles of glutathione (GSH) oxidised per 

minute per milligram of protein. 

Superoxide dismutase (SOD) activity was estimated at 560 

nm according to Beauchamp and Fridovich [23]. Units of 

SOD activity were expressed as the amount of enzyme 

required to inhibit the reduction of NBT by 50%. Results 

were expressed as units of SOD per milligram of protein. 

Catalase (CAT) activity was assayed as described by Aebi 

[24] and the values were expressed as micromoles of H2O2 

consumed per minute per milligram of protein. 

2.9. Metallothionein (MTs) Content 

(MT) content was estimated spectrophotometrically using 

a MT assay proposed by Viarengo et al. [25] and modified by 

Petrovic et al. [26]. Absorbances were red at 412 nm and 

metallothionein levels were expressed as micromoles of GSH 

per gram of tissue. 

2.10 Statistical Analysis 

Mercuric chloride effects on biochemical variables were 

analyzed one way ANOVA of variance (ANOVA) followed 

by the Tukey’s test in order to compare results between 

doses. Results were expressed as mean±SD and differences 

were considered significant at p<0.05. Firstly, the data for 

each variable was checked for normality and homogeneity of 

variance by Kolmogorov–Smirnov and Levene’s tests, 

respectively. Raw values were arcsine-transformed or log10– 

transformed (if necessary) to meet the requirements for 

normal distribution and homogeneity of the variances. 

Student unpaired t-test was also used when comparison 

between two groups was required. The R software version 

2.15.2 (R Development Core Team 2017) was used for all 

statistical tests. [27]. 

3. Results 

Total mercury concentrations of all analyzed samples of 

sea cucumber are summarized in Table 1. Results revealed 

that after 96 h of exposure, mercury bioaccumulation in 

muscle increased significantly in dose dependent manner. 

Substantial accumulation with a burden of 6.1528µg g-1 

tissue wet weight was recorded at D3. 

Table 1. Total mean mercury concentrations (µg g–1dw)in Holothuria forskali muscle of controls and Hg Cl2 treated groups (D1 (40µgL-1), D2 (80µg L-1) and 

D3 (160µg L-1))for 4 days. 

 Controls (D1) (D2) (D3) 

Hg (µg g–1dw) 0.2088±0.03 0.6075±0.078*** 1.3012±0.015*** 6.1528±0.092***+$ 

Data are expressed as mean±SD (n=9). ***p<0.001: D1, D2 and D3 groups vs. control group; +p<0.001: D2 and D3 groups vs. D1 group; $p<0.001: D3 group 

vs. D2 group. 

Our results revealed a significant increase in the lipid 

peroxidation, as confirmed by the enhanced malondialdehyde 

level in a dose dependent manner (+27, +37 and +68%, 

respectively) in all treated groups when compared to controls 

(Table 2). We also recorded that the level of AOPP was 

increased by +58 and +184% in D2 and D3 treatments 

respectively, while it remained unchanged at D1when 

compared to control. 

Effects of mercury on GSH and NPSH levels in the H. 

forskali muscle were summarized in the table 2. A significant 

increase in GSH (by 19, 39, and 88%, respectively) and 

NPSH (by 18, 25, and 293%, respectively) levels was 

observed in muscle of H. forskali exposed to a graded doses 

when compared to the control group (Table 2). 

Table 2. MDA, AOPP, NPSH, GSH, levels in the muscle of control and HgCl2-treated Holothuria forskali (D1 (40µgL-1), D2 (80µg L-1) and D3 (160µg L-1)) for 

4 days. 

Treatments & parameters Controls D1 D2 D3 

MDAα 29.81±3.97 37.84±4.42* 40.78±3.13**+ 50.02±5.54***++$ 

AOPPβ 0.19±0.05 0.20±0.04 0.30±0.06***+ 0.54±0.08***++$$ 

NPSHλ 0.16±0.04 0.19±0.02* 0.20±0.03** 0.63±0.08***++$$ 

GSHγ 4.12±0.72 4.91±0.42** 5.73±0.65***+ 7.57±0.85***++$$ 

α MDA=nmol/mg protein; β AOPP=µmol/mg protein; λ NPSH=µmol/g tissue; γ GSH=µg /g tissue; Data are expressed as mean±SD (n=9).* p<0.05; ** p<0.01; 

*** p<0.001: D1, D2 and D3 groups vs. control group;+p<0.01;++p<0.001: D2 and D3 groups vs; D1 group.$p<0.05; $$p<0.001: D3 group vs. D2 group. 

The antioxidant enzyme activities in the muscle are shown 

in Table 2. The HgCl2 exposure induced significant increases 

in the muscular SOD (+14, +26, and +48%, respectively) and 

GPx activities (+24, +26, and +48% respectively). As for the 

CAT activity, an increase in treated animals was apparent 

only in sea cucumbers exposed to D3 compared with the 
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control group (Figure 1). 

 

Figure 1. Antioxidant enzymes activities (SOD, CAT and GPx) in the muscle of control and treated Holothuriaforskali with different doses of mercuric 

chloride: D1 (40 µg L-1), D2 (80 µg L-1) and D3 (160 µg L-1). A: Superoxide dismutase (SOD). B: Catalase (CAT). C: Glutathione peroxidase (GPx). Data 

were expressed as means±SD (n=9). **p<0.01; ***p<0.001: D1, D2 and D3 groups vs. control group. + p<0.05; +++p<0.001: D2 and D3 groups vs. D1 

group. $$p<0.01; $$$p<0.001: D3 group vs. D2 group. 

As shown in Figure 1, there was an increase by 8 and 10% 

respectively of the MT levels in the muscle of D2 and D3 

Hg-treated groups when compared to the control. 

Nevertheless, the lowest dose did not induce any significant 

change in the MT level when compared to the control. 

4. Discussion 

Some studies have examined mercury burdens in 

holuturians with a particular interest to the main tissue for 

xenobiotic detoxification which are commonly challenged 

against mercury toxicity. Nevertheless, only limited data are 

available on absorption and accumulation of Hg on 

longitudinal muscle of sea cucumber. In our work, the 

accumulation of Hg in the H. forskali muscle clearly 

increased with Hg Cl2 concentrations, suggesting that this 

tissue was a target organ for this metal. Throughout our 

experiment, it is obvious that the muscle may be considered 

as an accumulative tissue which can be useful in assessing 

Hg exposure in echinoderms. It have been documented that 

exposure of experimental animals to different forms of 

mercury induce notable imbalances of the oxidative status. In 

fact, Mercuric ions have a strong affinity to bind directly to 

protein containing thiol (SH) or selenohydryl groups, which 

disturb their structure and thereafter damage conclusive 

function [28]. Additional evidence, has clearly established 

that an important feature of mercury toxicity is the generation 

of free radicals that start chain reaction causing the oxidation 
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of lipid appointed as lipid peroxidation, protein oxidation and 

the oxidation of nucleic acid like DNA and ribonucleic acid 

(RNA) [29]. The results of the experiment clearly revealed, 

that sea cucumbers exposed to Hg increased their MDA level, 

as a lipid peroxidation marker, with the increasing exposure 

concentrations, agrees well with the observations of several 

authors [30, 31]. The peroxidation of lipids, the reaction of 

oxidative deterioration of membrane polyunsaturated fatty 

acids, was accompanied by the oxidative damage of proteins 

as reflected by an increase in the AOPP level in all treated 

groups. Indeed, AOPP are a family of oxidized, dityrosine-

containing cross-linked protein products generating albumin 

that cause protein oxidative damage [32]. Mostly, the noxious 

effects of oxidative distress, are counteracted by using 

several mechanisms including both nonenzymatic and 

enzymatic antioxidant defenses. At cellular and molecular 

level these antioxidant enzymes act in coordination to 

eliminate free radicals to inactivate ROS and also chelate the 

metal ions responsible for their generation [33]. Among the 

endogenous antioxidant enzymes, SOD, CAT, and GPx 

constitute a cooperatively supportive trio for the 

neutralization of free radicals [33]. For instance, whilst SOD 

catalyzes the dismutation of the highly superoxide anion into 

molecular oxygen (O2) and to less H2O catalase and GPx do 

the same for H2O2 [34]. Our results reveals that the 

homeostasis of antioxidant defenses was altered, as shown by 

a significant increase in SOD, CAT, and GPx activities in a 

dose dependant manner. Our reports are in line with previous 

studies recorded for other aquatic organisms following 

exposure to pollutants [31, 35]. To reach the intended 

objectives of our experiment, the nonenzymatic antioxidant 

system in muscle was also considered. It is known that Hg 

has a great affinity for sulfhydryl, amine, phosphoryl and 

carboxyl groups that can result in the alteration of a wide 

range of enzymes (Shen et al. 2013). The GSH, which is the 

principal element of NPSH, is an important intracellular 

antioxidant that can neutralizes reactive oxygen specie and 

electrophiles [36]. Optimum level of GSH is a substantial 

criteria to maintain the integrity of cell membranes. Our 

findings showed a significant increase in the NPSH and GSH 

levels in the longitudinal muscle of Hg-treated H. forskali 

which presumably reflects increased request for this 

antioxidant to contrary the overdone free radical burden. In 

addition to the antioxidant system, Metallothioneins (MTs), a 

low molecular cytosolic proteins of high cysteine contents 

and metal-binding involve in an array of protective stress 

responses that includes the regulation of homeostasis of 

essential elements as well as detoxification of xenobiotic 

metals. In this work, it was possible to observe a significant 

increase of the MT level in muscle after exposure to HgCl2 

confirmed tha H. forskali suffers an oxidative stress situation. 

Since MTs are very rich in the cysteine they can contribute to 

their high affinity to mercuric ions, by that preserving 

sulfhydryl groups which are needed for reductive activities, 

particularly those that are engaged in dismutation of free 

radicals [37]. Thus, MT, which is considered by several 

authors as a sensitive indicator of heavy metal contamination 

in the aquatic environment [38] may particularly be used to 

assess Hg exposure in holothurians. 

5. Conclusion 

We demonstrate for the first time a disruption of redox 

homeostasis in muscle provoked by Hg exposure in sea 

cucumber (holothurians). In fact, the analysis of the results 

obtained in this work yielded the ability of mercury (HgCl2) 

to accumulate in the muscle tissu with the increase of 

exposure concentration. It can be concluded also that HgCl2 

exposure induced a state of oxidative stress in the 

longitudinal muscle as reaveled by the increased lipid 

peroxidation, protein oxidation in addition to the disruption 

of the enzymatic and non-enzymatic antioxidant status. 

Lastly, our present findings showed that longitudinal muscle 

constitutes an interesting organ to analyze owing to it major 

roles in locomotion and contraction movements in response 

to environmental stimuli and may be used as a target tissue to 

assess the effect of heavy metal particularity mercury in sea 

cucumber. Nonetheless, other endpoint tests with 

holothurians are needed to re-evaluate the concentrations of 

chemicals allowed in the natural environment where these 

animals live. 
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