
     1308 Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012 

                                   www.world-food.net                             Journal of Food, Agriculture & Environment Vol.10 (2): 1308-1313. 2012 

WFL Publisher 
Science and Technology 

Meri-Rastilantie 3 B, FI-00980 
Helsinki, Finland 
e-mail: info@world-food.net 

Toxicity assessment of dreamfish Sarpa salpa from the Gulf of Gabes 
(Tunisia, Eastern Mediterranean Sea) 

Khaled Bellassoued 1, 2*, Asma Hamza 2, Abdelwaheb Abdelmouleh 2, Fatma Ayadi Makni 3, 
Jos Van Pelt 4 and Abdelfattah Elfeki 1 

1 Animal Ecophysiology Laboratory, Sciences Faculty of Sfax, Department of Life Sciences, BP 3000, 3018 Sfax, Tunisia. 
2 Marine Biotechnology and Biodiversity Laboratory, INSTM of Sfax, Tunisia. 3 Biochemistry Laboratory, CHU Habib-Bourguiba 

of Sfax, Tunisia. 4 Liver Research Facility / Labo Hepatology, Gebouw Onderwijs en Navorsing 1, bus 703, Herestraat 49, 
University Hospital Gasthuisberg, Leuven, Belgium. *e-mail: khaledbra@yahoo.fr, Abdelfattah.Elfeki@fss.rnu.tn 

Received  9 November 2011, accepted 20 April 2012. 

Introduction 
Eutrophication of marine coastal water and global warming have 
led to an important proliferation of microalgae and particularly 
toxic dinoflagellates, producing a large variety of toxins that 
contaminate tissues of shellfishes and fishes. The concentration 
of human population in coastal areas increases the dependence 
on sea food consumption, resulting in increased occurrence of 
sea food poisoning  1. Salema Sarpa salpa is a herbivorous sea 
fish that nourishes preferentially Posidonia oceanica along the 
entire year and is used for human consumption 2. Due to its low 
cost this fish is predominantly on the menu of the lower income 
classes. An important observation is the presence of ciguateric 
species that live as epiphytes on the leaves of Posidonia oceanica; 
they are co-ingested by the salema as part of the diet. These 
ciguateric species were characterized as follows: Prorocentrum 
mexicanum, Prorocentrum lima, Prorocentrum concavum, 
Ostreopsis siamensis, Coolia monotis and Amphidinum carterae3. 
The amount of the ciguateric species, which gradually increases 
from spring to autumn, is suspected to accumulate in the organs 
of the salema. The consumption of this fish is inadvisable in certain 
periods of the year (especially in summer and autumn) because it 
causes a hallucinatory syndrome and central nervous system 
disorders which have been for a long time allotted to the presence 
of the caulerpine in the chlorophyceae alga Caulerpa prolifera. 
This assumption was confirmed later by Haro et al. 4. Epiphytes 
are important contributors to the primary production of seagrass 
ecosystems and exhibit significant seasonal fluctuations in 

biomass and productivity 5. Epiphyte growth is influenced by the 
same abiotic factors that influence the seagrass host, e.g. sunlight, 
temperature and dissolved inorganic nutrients 6. In addition, biotic 
factors play a significant role in shaping the epiphyte community, 
notably leaf turnover of the seagrass host  and grazing since algal 
epiphytes have been found to be more attractive food for 
herbivores than the seagrass leaves themselves 6-9. The Gulf of 
Gabes (Southern Tunisia, 35°N and 33°N) has been put under 
environmental pressure due to industrial and urban activities10- 
11,which led to a substantial proliferation of microalgae and 
particularly of toxic dinoflagellates 12. Such proliferation of 
unwanted microalgae has been shown to result in increasing 
problems in both coastal and estuarine environments 13, 14. For 
instance, Ciguatera Fish Poisoning (CFP) is a food-borne disease 
caused by consumption of tropical and subtropical coral reef fishes 
(400 species or more), which accumulate the potent polyether 
toxins in their flesh and viscera. CFP is characterized by 
gastrointestinal and neurological symptoms as well as 
cardiovascular disorders in most severe incidents 15-17. The disease 
spectrum is initiated by lipid-soluble polyether toxins (CTx). 
Ciguatera food poisoning is due to the presence in fish of a toxin 
produced by the benthic alga (Gambierdiscus toxicus) and other 
coral microalgues, most of them belonging to three genera: 
Prorocentrum spp., Ostreopsis spp. and Amphidinum carterae. 
A less common form is ichthyoallyeinotoxism, characterized by 
the development of central nervous system disturbances, 
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especially hallucinations and nightmares.  Ichthyo- 
allyeinotoxism has been reported in many locations around the 
world 17, 18 and  is widespread in tropical and temperate areas of 
the Indian and Pacific Oceans as well as in the Mediterranean Sea. 
Fish species described as hallucinogenic in the literature belong 
to following eight families: Acanthuridae, Kyophosidae, Mugilidae, 
Mullidae, Pomacentridae, Serranidae, Siganidae and Sparidae. 
Most are herbivores or scavengers living in coastal areas. It should 
be noted that toxicity in all species varies according to fishing 
location, season, and method of preparing the fish 20. In the 
Mediterranean, most poisonings involving Sarpa salpa (eaten in 
Tunisia, France and Israel but considered as inedible in Italy and 
Spain) have been reported in spring and summer (period April– 
July). These toxins are increased to dangerous levels for humans 
during their transmission through herbivorous and carnivorous 
fish, various species being contaminated. 

In this work, toxicity assessment of cytotoxic compounds 
present in viscera, liver and edible part of these fish was 
investigated in Wistar rats that were daily injected intraperitoneal, 
for 7 days, with lipidic extracts from the different organs of Sarpa 
salpa. To evaluate the toxicity of the treatment, clinical symptoms, 
mortality, weight of body, liver, kidney and brain, activities of 
serum alanine aminotransferase (ALT) (a marker of hepatic damage) 
and alkaline phosphatase were recorded. Since some marine toxins 
had been found to induce an oxidative stress 21, 22, we also 
investigated lipid peroxidation and changes in the activity of 
antioxidant enzymes (superoxide dismutase, catalase, glutathione 
peroxidase) in liver, kidney and brain. 

Materials and Methods 
Fish collection and lipidic extract preparations: Specimens of 
Sarpa salpa (Linnaeus, 1758) were randomly collected from 
different locations along the Gulf of Gabes (Tunisia, South Eastern 
Mediterranean Sea), between 2006 and 2008 in the autumn season 
(period September-November). Immediately after collection, fishes 
were eviscerated and the liver, brain and flesh (including muscles 
and skin) were taken and rapidly frozen at -20°C until use. 

The toxicity of organs was determined in samples prepared 
according to the standard bioassay method of  Vernoux 23. Samples 
for toxicity assay were prepared as follows: the fish flesh or organ 
(50–100 g) was thawed and cooked at 70°C for 15 min in a water 
bag to denature proteins in order to enhance extraction efficiency 
during homogenization. Samples were cooled to room temperature, 
or put in -70°C freezer for 5 min. The cooled fish sample was 
minced and extracted twice with acetone (3 l/kg flesh) using an 
explosion-proof homogenizer. The acetone filtrate was dried in 
rotor evaporator at 55°C water bath and 556 mbar vacuum, re- 
dissolved in 90% of aqueous methanol (0.5 l/kg flesh) and extracted 
twice with hexane (1:1, v:v) to remove impurities from the aqueous 
methanol phase. The aqueous methanol portion was dried in rotor 
evaporator at 55°C water bath and 337 mbar vacuum, re-dissolved 
again in 25% of aqueous ethanol (0.5 l/kg flesh) and extracted 
with diethyl ether (1:1, v:v) three times. The extraction of lipophilic 
toxin from fish tissues was performed by subsequent liquid-liquid 
partitioning (separator funnel) 24. Diethyl ether extracts were 
concentrated by using rotor evaporator, re-dissolved in a known 
volume of chloroform–methanol (97:3, v: v) for quantification and 
dried under nitrogen  gas.  The protein  extracts  were stored  at 
-80°C  prior to testing. 

The originally dried extracts of viscera, liver, brain and flesh 
were dissolved in (2 ml) 1% Tween 60/0.9% saline and sonicated 
at 37°C. 

Evaluation of clinical and functional parameters following 
exposure to marine toxin in a rat model 
Animals and treatments: Male Wistar rats weighing about 130– 
135 g were purchased from the Central Pharmacy of Tunisia 
(SIPHAT, Tunisia). They were housed at 22±3°C with light/dark 
periods of 12 h and a minimum relative humidity of 40%. Rats were 
fed with a commercial balanced diet (SICO, Sfax, Tunisia) and 
drinking water was offered ad libitum. After acclimatizing to the 
laboratory conditions for one week, 45 rats were divided into five 
groups that were daily injected intraperitoneally (i.p.): for the 
control group (C) with 0.3 ml of a 1% Tween 60/0.9% saline solution 
/100 g of body weight (BW), for the (Ft) group with 0.3 ml of flesh 
extract/100 g BW,  for the (Bt) group with 0.3 ml of brain extract/ 
100 g BW,  for the (Lt) group 0.3 ml of liver extract/100 g BW and 
for the (Vt) group with 0.3 ml of viscera extract/100 g BW. After 7 
days of treatment, 5 rats were randomly selected from each group 
and sacrificed under anaesthesia by i.p. injection of chloral hydrate. 
The blood was collected without heparin by heart puncture; 
centrifuged (4000 rpm/15 min, 4°C) and  plasma  stored  at -30°C. 

The liver, kidneys and brain were removed, weighed, rinsed 
with ice-cold saline and kept at -30°C. The frozen liver, kidney and 
brain cell samples were homogenized (Ultra Turrax T25, Germany) 
1/2, w/v) in an ice cold buffer (TBS: 50 mM Tris, 150 mM NaCl, pH 
7.4) and centrifuged (5000 g, 30 min, 4°C); supernatants were frozen 
at -30°C. 

Biochemical assays: The activities of plasma alanine 
aminotransferase (ALT) and  alkaline phosphatase (ALP), were 
assayed spectrophotometrically according to the standard 
procedures using commercially available diagnostic kits 
(Biomaghreb, Tunisia, Ref 20042; 20046). 
  In tissues, SOD activity was determined according to the 
colorimetric method of Beyer and Fridovich 25 using the oxidation 
reaction of nitroblue tetrazolium (NBT). CAT activity was measured 
by the UV colorimetric method of Aebi 26 using H

2
O

2
 as substrate. 

Glutathione peroxidase (GSH-Px) activity was measured by a 
modification of the colorimetric method of Flohe and Günzler 27 
using H

2
O

2
 as substrate and reduced GSH. 

Lipid peroxidation was estimated by measuring the formation 
of thiobarbituric acid reactive substances (TBARS) according to 
the method of Buege and Aust 28. 
   Protein contents in each sample were measured according to 
the method of Lowry et al. 29 using bovine albumin serum as 
standard. 

Statistical analysis: Data are presented as average ± SE. The 
determinations were performed from 5 animals per group and the 
differences were examined by the one-way analysis of variance 
(ANOVA) followed by the Fisher’s test (Stat View) and the 
significance was accepted at *P<0.05. 

Abbreviations: Groups: (Vt) (viscera treated); Lt (liver treated); Bt (brain treated); Ft(flesh 

treated). 

__________________________________________ 
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Results 
Evaluation of clinical and functional parameters following 
exposure to marine toxins in a rat model: No mortality and no 
evident signs of gastrointestinal adverse effects (like diarrhea) 
were recorded in rats treated with protein extracts from the organs 
of S. salpa. We only observed some neurotoxicity manifestations 
(trembling,  respiratory failure). After 7 days of treatment, the total 
body weight, weight of the kidneys, liver and  brain of rats treated 
with liver extracts (Lt) and those treated with viscera extract (Vt) 
were found to be lower than that of controls (Table 1). Conversely, 
in the group of Ft and Bt rats, no significant change of the weight 
of the organs was observed. Only the body weight was reduced, 
as compared to controls, but to a lesser extent than in the Ltand Vt 
groups. 

Alanine aminotransferase (ALT) and alkaline phosphatase 
(ALP) activities in blood plasma: ALT and ALP activities were 
both inhibited in Lt and Vt rats, as compared to those in control 
group. Conversely, the both enzymes were increased in Ft and Bt 
rats, as compared to those in control group (Table 2). 

Estimation of lipid peroxidation levels (TBARS) in liver, kidney 
and brain tissues: Lipid peroxidation is a potential mechanism of 
cell injury. As compared to controls, a significant increase of the 
TBARS levels was found in liver, kidney and brain tissues of Vt 
and Lt rats (Fig. 1). The increase of the lipid peroxidation appeared 
generally to be higher in Vt and Lt rats, in particular in the brain. 
Conversely, TBARS level in liver, kidney and brain of Ft and Bt 
rats did not show any change in the treated groups as compared 
to the control group. 

Analysis of SOD, CAT and GSH-Px activities in liver, kidney 
and brain tissues: As shown in Fig. 2, lipidic extracts of liver and 
viscera of S. salpa induced a significant decrease of SOD activity 
in Vt and Lt rats, which was more significant in brain than in liver 
or kidneys. Moreover, the treatment led also to a decrease of 
catalase  and GSH-Px activities, which were strongest in brain 
(Figs 3 and 4). Conversely, protein extracts of flesh and brain of S. 
salpa induced in Ft and Bt rats an increase of SOD, CAT and 
GSH-Px activities, which were more significant in brain than in 
liver or kidneys. 

Discussion 
Our study showed that flesh, brain, liver and viscera extracts of S. 
salpa, intraperitoneally injected to Wistar rats for 7 days, led to a 
decrease of the body, liver, kidney and brain weight of treated 
rats. Controls were given injections of NaCl alone. Nevertheless, 
as toxicity of viscera and liver extracts was higher than that of 
flesh and brain extracts, this can be related to the presence of 
marine toxins, at least in the viscera and liver, inder  experimental 
conditions. 

Moreover, this study showed that lipidic extract of viscera and 
liver toxicity resulted in an oxidative stress. Indeed, treatment 
induced, in liver and kidney, as well as in brain of the rats, a 
decrease in antioxidant enzyme activities (SOD, CAT, GSH-Px), 
which probably explains the concomitant increase in TBARS 
levels. These effects are not specific, since they are reported in 
numerous toxicity studies 21, 22, 30, but they confirm the presence of 
toxin(s) in the dreamfish extracts. Also, treatment with flesh and 
brain extracts of S. salpa induced an increase in antioxidant enzyme 
activities (SOD, CAT, GSH-Px) in liver, kidney and brain of rats 
and the level of TBARS do not show any change in these groups 
as compared to control group. The maximum level of toxicity 
observed in fish organs was defined as follow: viscera, liver, brain 
and flesh. The toxin present in organs of dreamfish had a cytotoxic 
effect on liver, kidney and especially at the level of brain in treated 
rats. Moreover, a weak dose of toxin stimulates antioxidant activity, 
conversely at a strong dose of toxin. 

The fact that the signs of neurotoxicity were recorded suggests 
that neurotoxins are implicated, or that concentrations are too 
high. Accordingly, Poletti et al. 31 assert that maitotoxin,  ciguatoxin 
(ciguatera fish poisoning, CFP) and tetrodotoxin (TTX) were not 
found in the Mediterranean, at least until 2003. 

The consumption of salema is inadvisable in certain periods of 
the year (especially in summer and autumn) because it causes a 
hallucinatory syndrome and central nervous system disorders 
which have been for a long time allotted to the presence of the 
caulerpine in the chlorophyceae alga Caulerpa prolifera. This 
assumption was not confirmed until recently 4. Algal epiphytes 
have been found to be more attractive food for herbivores than 
the seagrass leaves themselves 9. An important observation is the 
presence of ciguateric species which live as epiphytes on the 
leaves of Posidonia oceanica that are co-ingested as a part of the 
diet of the salema. These ciguateric species were characterized as 
follows: Prorocentrum mexicanum, Prorocentrum lima, 
Prorocentrum concavum, Ostreopsis siamensis, Coolia monotis 
and Amphidinum carterae. The amount of the ciguateric species, 
which gradually increases from spring to autumn, is suspected to 

Table 2. Effect of tissue extracts of flesh, brain, liver 
and viscera of S. salpa (0.3 ml / 100 g, v/w) on 
alanine aminotransferase (ALT) and 
alkaline phosphatase (ALP) activities in 
plasma of control and treated rats, 
exposure duration 7 days. 

          Treatment           ALT (U/L)            ALP (U/L) 

            Control             39.8±1.46            309.6±13.29 

            Ft                     44.8±0.86*           362.0±15.42* 

            Bt                     44.2±1.36*           361.4±15.0* 

            Lt                      33.8±1.20*/#        246.4±1.83*/# 

            Vt                     29.2±0.73*/#         228.4±10.54*/# 

Values are average±SE; n = 5. *P<0.05 significant from control; # P<0.05 (FT), (BT) 
groups vs. (VT), (LT) groups; ALT and ALP as U/L. 

Table 1. Effect of tissue extracts of flesh, liver, brain and viscera of S. salpa (0.3 ml/ 100 g, v/w) on 
body, liver, brain and kidney weights of control and treated rats, exposure duration 7 days. 

Values are average±SE; n = 5. *P<0.05 significant from control; # P<0.05 (FT), (BT) groups vs. (VT), (LT) groups; ALT and ALP as U/L. 

Parameter                       Control                Ft group               Bt group                Lt group             Vt group 

Body weight(g)           170.20±3.00        162.97±3.06*      162.83±1.88*         142.40±6.95*      137.26±6.39*,# 

Liver weight(g)             8.68±0.43             7.44±0.37             7.35±0.43            6.74±0.54*          5.70±0.36*,# 

Kidneys weight(g)        1.47±0.08             1.37±0.04             1.34±0.06            1.25±0.07*          1.17±0.05*,# 

Brain weight(g)             0.67±0.06             0.54±0.03             0.51±0.05            0.45±0.06*          0.38±0.03*,# 
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Figure 2. Effects of tissue extracts of flesh (Ft), brain (Bt), liver (Lt) and viscera (Vt) of S. Salpa (0.3 ml /100 g, v/w) on the hepatic, renal and cervical 
SOD activities of treated rats vs. control rats. 
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Figure 3. Effects of tissue extracts of flesh (Ft), brain (Bt), liver (Lt) and viscera (Vt) of S. Salpa (0.3 ml /100 g, v/w) on the hepatic, renal and cervical 
CAT activities of treated rats vs control rats. 
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Figure 4. Effects of tissue extracts of flesh (Ft), brain (Bt), liver (Lt) and viscera (Vt) of S. salpa (0.3 ml /100 g, v/w) on the hepatic, renal and cervical 
GSH-Px activities of treated rats vs control rats. 
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accumulate in the organs of these fish. Consumption can have 
serious hallucinatory side-effects. These adverse effects might 
be related to digestion and accumulation of different ciguateric 
epiphytes that are co-ingested with the seagrass which is the 
major food source for these fish. There is a seasonal variation in 
the occurrence of the health problems in humans 3. 

Insofar, as we observed neurotoxicity disorders (trembling, 
respiratory failure) in rats treated with lipidic extracts of dreamfish, 
we hypothesized that these effects could be related to neurologic 
toxins such as ciguatoxin and maitotoxin. These toxins are 
produced by dinoflagellates that are present in the Mediterranean 
and contaminate more generally shellfish. They are powerful 
inhibitors of serine; threonine phosphatases and our work show 
that viscera and liver extracts of S. salpa induced a decrease in 
alkaline phosphatase activity in rat blood plasma. In addition, we 
observed that plasma alanine aminotransferase activity was 
decreased. Interestingly, Solter et al. 32, 33 showed that ALT activity 
decreased with subchronic exposure to the hepatoxin microcystin- 
LR, which is also a potent inhibitor of serine/threonine 
phosphatases. In our study, the decrease in the serum ALT activity 
in treated rats suggests that this effect could be the result of a 
down-regulation of enzyme synthesis. Conversely, we showed 
that an increase in ALT and ALP activities in rat blood treated 
with flesh and brain extracts of S. salpa suggests that this effect 
could be the result of up-regulation of enzyme synthesis. 

                                          Conclusions 
This study shows that the viscera, liver and edible part of the 
dreamfish collected along the Gulf of Gabes can be contaminated 
with cytotoxic compounds able to induce neurologic disorders 
and an oxidative stress especially at the level of brain. The 
maximum level of toxicity observed in fish organ was defined as 
follows: viscera, liver, brain and flesh.The toxin present in organs 
of dreamfish had a cytotoxic effect on liver, kidney and especially 
on the brain in treated rats. Thus, a weak dose of toxin stimulates 
antioxidant activity, conversely at a strong dose of toxin and regular 
monitoring of toxic phytoplankton contamination in the 
Mediterranean should be planned. 
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