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Abstract
Ports are highly anthropized areas that receive multiple sources of pollution, requiring monitoring plans 
to improve environmental status. In this context, we suggest detecting the combined effects of different 
types of pollutants discharged into the port of Tabarka on the golden grey mullet Chelon auratus (Risso, 
1810). We focused on comparing the biochemical responses of the Tabarka port population and another 
sample from a nearby non-anthropized marine area. Biochemical responses were assessed through 
enzymatic activities (CAT and AChE) and lipid peroxidation levels (MDA). Our results revealed variations 
in CAT enzymatic activity and MDA levels between the port and marine fish populations, confirming a 
general state of oxidative stress in the former. Additionally, neurotoxicity due to neurotoxins in the port 
fish was demonstrated. Overall, the biochemical responses approach appears to be valuable for harbor 
water biomonitoring, as they collectively highlight the effects of different pollutants on mullet fish 
physiology and could provide guidance for future adapted environmental monitoring. 
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Introduction
Ports are remarkable ecosystems due firstly to their generally semi-closed structure, and 

to the anthropogenic pressure they undergo. These mainly concern domestic discharges and 
hydrocarbon leaks from boats. Several threats could increasingly occur in Tunisian ports and 
elsewhere, affecting the water quality as a consequence of organic matter and toxic products 
accumulation. This leads us to evaluate the pollution impacts in these ecosystems, which is 
imperative to protect them from additional deterioration. Marine organisms living in such an 
environment bioconcentrate pollutants that affect their state of health. Mugilidae, known for 
their wide ecological distribution mainly in ports, are gregarious fish widely used as sentinel 
organisms in biomonitoring programs of aquatic pollution [1-9]. Despite its extensive 
presence in the contaminated coastal environment, the Mugilidae family has commercial 
importance, which could have a health impact on consumers.

Deleterious pollutants’ effects on living organisms are difficult to detect since many of 
them will be visible only after long periods beyond a destructive and non-return point, which 
can’t be reversed by remedial actions. This triggered the establishment of early-warning 
signals called biomarkers, known as measured signs indicating modifications due to the 
presence and the magnitude of pollutants. In this respect, we are called to apply sensitive 
laboratory bioassays, based upon biomarker responses, to assess the toxicological impact of 
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pollutants on mugilids population of the port of Tabarka, receiving 
some uncontrolled discharges from some neighboring hotel units. 
In the absence of any monitoring programme concerning the 
ecological status of this area, this contribution assesses for the first 
time a reference health status of the port of Tabarka by detecting 
the combined effects of pollutants on the mugilid health, which 
could guide future adapted environmental monitoring.

Materials and Methods
Biological material

The golden grey mullet, Chelon auratus (Risso, 1810), was the 
most abundant fish in the port of Tabarka and was represented by 
another control marine population spared from sources of pollution. 
The choice of this fish could better visualize the effect of port 

pollution on the concerned population. The main morphological 
criteria that distinguish Chelon auratus from other species of the 
same family are the presence of a golden spot on each operculum.

Sampling and study area

During spring, a dozen individuals of Chelon auratus were 
collected from each site using a 35/50 gill net, then kept alive in 
seawater. The two concerned sites were located in Tabarka region 
at the north-western Tunisian coast; site 1 in the port (36°57’26’’N 
8°45’33’’E) and the site 2 in a nearby coastal sea area (36°57’42’’N 
8°45’17’’E) (Figure 1). The port is characterized by touristic and 
fisheries activities, as well as it collects water from rainwater 
canalizations connected to sewage sewers of some neighboring 
hotel units.

Figure 1: The sampling sites of the mullet Chelon auratus from Tabarka region (modified from google earth).

Biochemical analysis

After weighing and measuring, organisms were dissected. Gills, 
liver, and brain were excised, crushed using an ultra Turax (IKA), 
then homogenized in three volumes of TBS buffer (Tris 50mM, 
NaCl 150mM, pH 7,4). The homogenate was centrifuged at 9000 x 
g for 30min to obtain S9 fractions (the post-mitochondrial aqueous 
fraction) that were stored at -80 °C to be used for the determination 
of enzyme activities. Total Protein content essential to estimate 
and to calculate enzyme activities was carried out according to 
Bradford’s method [10] using serum albumin as a standard.

Determining catalase activity was carried out according to 
Claiborne’s method [11]. Reaction mixture of a final volume of 1mL, 
contained S9 fraction, phosphate buffer (pH 7,4), and Hydrogen 
Peroxide (H2O2). Another reaction, which contains the same 
components except the fraction S9, was then optical measurement 
to measure catalase activity by the disappearance of hydrogen 
peroxide. Results were expressed as µmoles of H2O2 transformed 
per min and per mg protein.

Acetylcholinesterase activity assay was carried out according to 
the colorimetric Ellman‘s method [12]. Reaction mixture of a final 
volume of 1mL, containing 50µl of the S9 fraction, phosphate buffer 
(pH 7,4), and acetylcholine in the presence of the DNTN reagent. 
Optical density was monitored in order to measure the enzymatic 
activity, expressed in µmoles of thiocholine per min and per mg 
protein.

Malondialdehyde (MDA), toxic aldehyde end product of lipid 
peroxidation. Its presence marks oxidative stress due to free 
radicals. The amount of peroxidized lipids is estimated by the 
amount of MDA formed, which was expressed in nmol.ml-1 of S9, 
and the relationship between its concentration and the absorbance 
(optical density or OD) is based on the Beer-Lambert law.

Statistical analysis

For each biomarker, the determination of the average activity for 
individuals and the standard deviation was necessary to describe 
their state. The first-order ANOVA test was used to check the 
homogeneity of variances in order to highlight an overall significant 
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difference between fish collected from the port and those collected 
from the sea. The Tukey significant difference test, also called the 
highly significant difference test, was used in this study for multiple 
comparisons between sites. Results were expressed as mean values 
± significant deviation.

Ethical statement and anesthesia agent

All experimental procedures involving fish were conducted in 
accordance with internationally accepted guidelines for the care 
and use of laboratory animals in research. The study protocol 
was approved by the relevant Institutional Animal Care and 
Use Committee/Ethics Committee of the National Institute of 
Marine Sciences and Technologies (approval number: 1592023, 
dated September 15, 2023). All efforts were made to minimize 
animal suffering and to reduce the number of animals used. All 
experimental procedures are reported in accordance with ARRIVE 
guidelines.

Before dissection, fish (Chelon auratus) were anesthetized 
using tricaine methanesulfonate (MS-222) at a concentration 
of 150mg/L, buffered with sodium bicarbonate to neutral pH, 
following established guidelines for fish anesthesia. Adequate 
anesthesia was confirmed by loss of equilibrium and absence of 

reflex responses. Fish were then humanely euthanized by overdose 
of MS-222 before tissue collection for biochemical and histological 
analyses.

Data Availability Statement
The authors confirm that the data supporting the findings 

of this study are available from the corresponding author upon 
reasonable request.

Results
Considering the two sites and whatever the organ, catalase 

activity is always high in the port mugilid compared to the marine 
mugilid (Figure 2), and this with highly significant differences 
(Table 1). This can only be linked to the oxidative stress generated 
by ROS (reactive oxygen species) since its level is maintained by 
the antioxidant system, where catalase is the main participant. This 
confirms the results of many previous works by Schieber & Chandel 
[13,14]. Regarding the catalase activity at the same site (Table 1), 
the highest value was recorded at the gills compared to the brain 
and liver. The average catalase activity in sea mugilid did not show 
a significant difference between gills and brain (p>0.05). However, 
a significant difference was recorded in the liver.

Figure 2: Average variation of catalase activity in Chelon auratus collected at the port and the sea of Tabarka. a, b, c, 
d and e: different activity at the 5% threshold (ANOVA: Tukey’s HSD test).

Table 1: Difference in catalase activity between organs in the two sites (ANOVA 1, Tukey’s HSD test, difference marked 
at p<0.05). BP: brain/port; BS: brain/sea; GS: gill/sea; GP: gill/ port, LS: liver/ sea, LP: liver/port, NS: not significant, 
HS: highly significant.

BP GS GP LS LP BS

BP  0,012510 0,000138 0,000138 0,000138 0,000404

GS S  0,000138 0,000138 0,000138 0,378754

GP HS HS  0,000138 0,000167 0,000138

LS HS HS HS  0,000138 0,000138

LP HS HS HS HS  0,000138

BS HS NS HS HS HS

Regardless of the same organ in the two sites, the MDA level 
is elevated in the port sample compared to the marine sample 
(Figure 3). The MDA level varies, for example, from 1.30±0.04 

nmol/min/mg of protein in the gill of fish collected from the sea 
to 2.14±0.14nmol/min/mg of protein in the gill of the port mugilid 
with a significant difference (Figure 3 & Table 2).
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Figure 3: MDA levels in the gills, liver and brain of the fish from the Port and Tabarka Sea. a, b, c: different activity at 
the 5% threshold (ANOVA: Tukey’s HSD test).

Table 2: Difference in MDA activity between organs in the two sites (ANOVA 1, Tukey’s HSD test, difference marked at 
p<0.05). BP: brain/port; BS: brain/sea; GS: gill/sea; GP: gill/ port, LS: liver/ sea, LP: liver/port, NS: not significant, HS: 
highly significant.

BP GS GP LS LP BS

BP  0,000138 0,000138 0,999469 0,000138 0,000138

GS HS  0,000138 0,000138 0,000138 0,000138

GP HS HS  0,000138 0,000157 0,000138

LS NS HS HS  0,000138 0,000138

LP HS HS HS HS  0,000138

BS HS HS HS HS HS

In the port fish, the average acetylcholinesterase activity is 
slightly higher in the brain than in the gills and liver, while in the 
sea mullet, it is much higher in the gills and brain than in the liver 

(Figure 4). Considering the two sites, the AChE activity in port fish 
is always lower than that in marine fish, with highly significant 
differences (Table 3).

Figure 4: Variation in the average activity of acetylcholinesterase in the gills, liver and brain of port fish and marine 
fish. a, b, c and d: different activity at the 5% threshold (ANOVA: Tukey’s HSD test).
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Table 3: Difference in acetylcholinesterase activity between organs in the two sites (ANOVA 1, Tukey’s HSD test, 
difference marked at p<0.05). BP: brain/port; BS: brain/sea; GS: gill/sea; GP: gill/ port, LS: liver/ sea, LP: liver/port.

BP GS GP LS LP BS

BP 0,000138 0,000138 0,000138 0,000138 0,000138

GS   0,000138 0,000138 0,000138 0,000138

GP 0,000138 0,000138  0,311467 0,001058 0,000138

LS 0,000138 0,000138 0,311467  0,123941 0,000138

LP 0,000138 0,000138 0,001058 0,123941  0,000138

BS 0,000138 0,000138 0,000138 0,000138 0,000138

Discussion
The results of the current work highlight a clear difference 

between fish collected from the port and those collected from the 
sea. The formers show an oxidative stress confirmed by the high 
activity of catalase and the high level of MDA in the different organs. 
Several other studies carried out on aquatic ecosystems subject to 
global changes and essentially to anthropogenic pollution show a 
close relationship between oxidative stress and the production of 
reactive oxygen species ROS. The high catalase activity in the port 
fish is probably related to oxidative stress generated by ROS, whose 
levels are maintained by the antioxidant system, where catalase is 
the main participant [13]. Our results are close to those previously 
observed in other marine organisms exposed to different 
environmental stressors [15,16]. The high catalase activity in the 
port mugilid also showed a specific response for each tissue. Thus, 
the highest value was recorded at the gill level compared to the 
brain and liver, and this may be related to the function and biological 
composition of these organs [17]. Gills of aquatic organisms play 
an essential role in internal circulation [18] 9*/, bioconcentration, 
accumulation, and detoxification of contaminants, making them the 
first barrier of defense against environmental pollution. The gills 
are in direct contact with several harbor pollutants (organic matter, 
heavy metals, hydrocarbons, etc). Moreover, the specific response 
of each organ in response to environmental stress can also be 
attributed to the different pathways of transport and accumulation 
of stress factors, speciation, and tissue sequestration in marine 
organisms [19-21]. 

The liver is an organ responsible for the metabolism and 
detoxification of pollutants in aquatic organisms [22]. The catalase 
activity in the liver of Chelon auratus collected from the port was 
higher than that in mugilid collected from the sea. This result 
confirms the presence of a defense response induced against 
oxidative stress. It is important to note that the difference in CAT 
activity between organs may be within the norm or also induced.

When oxidative stress exceeds the capacity of antioxidant 
enzymes, cellular damage affecting cells and membrane structure 
occurs [23]. Reactive oxygen species accumulated in the presence 
of stress can attack polyunsaturated fatty acids (PUFAs) in the cell 
membrane. Malondialdehyde is the metabolite derived from lipid 
peroxidation and has been widely used as an indicator of oxidative 
damage to membranes.

In this study, the MDA level was elevated in the Chelon auratus 
population of the port compared to that collected from the sea. The 

importance of PUFAs oxidation in port fish indicates the inability 
to detect and eliminate the harmful effects of foreign substances. 
These may be partly metallic in nature because heavy metals are 
responsible for the increase in MDA levels [24,25]. 

Triglycerides are stored in different muscle tissues and 
mainly in the liver, which is more affected by lipid peroxidation. 
The existence of an endodermal barrier, the first to be affected 
by environmental stressors, explains the higher MDA level in the 
gills compared to that recorded in the liver, and this for both sites. 
The gill, therefore, remains the first target organ for stressors. Our 
results are comparable to those found by Pytharopoulou et al. [26], 
who showed that MDA levels are elevated in the gills of organisms 
from a polluted site compared to organisms from a healthy site.

The higher levels of MDA in Chelon auratus from the port of 
Tabarka may also be partly due to its possibly higher fat content 
than in marine species [27], as well as to the rate of exposure of the 
fish to different pollutants, urban and industrial [28].

The Acetylcholinesterase (AChE), widely used to assess the 
biological effects of chemicals, including pesticides, on marine 
organisms, represents a recent tool in the fields of biomonitoring 
of coastal environments [29-31]. This enzyme is very sensitive to 
exposure to organophosphate, carbamate, and pyrethroid pesticides 
due to their essential role in the transmission of nerve impulses in 
vertebrates, including fish [32,33]. It is an excellent neurotoxicity 
biomarker, whose presence mainly at the synapses in nervous 
tissue and neuromuscular junction explains the importance of its 
activity in the brain and gills of mugilids, whether from the port or 
the sea. The AChE activity in port fish, which is always lower than 
that in marine fish with highly significant differences, indicates 
the presence of contaminants at the port that inhibit AChE and 
therefore affect the neuromuscular system of mugilids. Our results 
confirm those already found by Dellali et al. [30], reported a spatial 
variation in AChE activity characterized by low values recorded at 
polluted sites.

Conclusion
Current assessment of water quality in Tunisian ports suffers 

from data gaps and requires the choice of an appropriate biological 
model to assess their health status and obtain information to 
prevent pollution sources and to plan remediation programs. The 
current study proves that the biochemical analyses could be a 
reliable tool for studying the health status of the port of Tabarka. 
It characterises the differences between biochemical responses 
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of mugilids from the port of Tabarka, an alarmingly polluted area, 
and from a natural coastal area in the same region but spared 
from sources of disturbance. High catalase activity and MDA level 
were observed in mugilids collected from the port compared to 
those collected from the sea, unlike acetylcholinesterase activity. 
This highlights the oxidative stress and the cellular damage in the 
port mugilid, and the presence of neurotoxins in the port water. In 
addition, the oxidative stress at the gill leads to the use of this organ 
in aquatic environment biomonitoring programs.
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