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Abstract 
 
The present study aimed to investigate the state of health of 
gills and liver tissues of Rabbitfish, Siganus canaliculatus, 
inhabiting three different coastal localities in the Saudi 
coast of the Arabian Gulf, namely Al-Dammam, Dareen 
and Maniefa, with varying degrees of pollution affected by 
anthropogenic inputs including fractionated hydrocarbons. 
Al-Dammam coast was the less impacted site, and thus 
considered as a reference location. High concentrations of 
aliphatic and aromatic hydrocarbons were detected in 
sediments and tissues at sites with anthropogenic activities 
(Dareen and Maniefa). Also, biochemical indicators were 
used to assess the impact of different levels of 
environmental pollution in gills and liver of the fish. The 
biomarkers: glycogen, total lipid, total protein, alkaline 
phosphatase, acid phosphatase, acetylcholinesterase, 
superoxide dismutase, glutathione peroxidase, glutathione 
reductase and reduced glutathione were found to be 
significantly lower in tissues of Rabbitfish caught from 
polluted locations compared to the reference values. 
However, aspartate aminotransferase, alanine 
aminotransferase, catalase, glutathione-s-transferase and 
lipid peroxidation displayed significantly higher levels in 
the Rabbitfish caught from polluted locations. Overall, our 
results highlight the importance of estimating a set of 
related biomarkers to gain a preferable comprehend of 
protective mechanisms activated under a given 
environmental situation. It can be concluded that marine 
contamination can affect the antioxidant defense status of 
the gills and liver of studied fish. This has led to the 
suggestion that the marine Rabbitfish S. canaliculatus 
could be considered as a good bioindicator of 

environmental contamination by aliphatic and aromatic 
hydrocarbons. 
Key words: bioindicators, fractionated hydrocarbons, gills, 
liver, oxidative stress, Siganus canaliculatus. 

 
1 Introduction 
 

The marine environment is a sink for a great variety of 
potentially hazardous chemical contaminants released from 
domestic and industrial sources. Recently, emphasis has 
been focused on the evaluation of causal relationships 
between pollutant exposure and observable effects in 
aquatic biota (Costa et al., 2009; Lyons et al., 2010). The 
sediment quality is considered the primary factor 
controlling the status of the marine environmental health. 
Contamination of the organic and inorganic chemicals play 
a significant role in threatens to marine organisms, 
including fish (Zyadah, 2010). It is important to understand 
the impact and effects of these chemicals on aquatic life 
forms (Almroth et al., 2008). These pollutants, over time, 
have dangerous consequences for the organisms that might 
not become apparent until changes occur at the population 
or ecosystem level, a point at which it may be too late to 
take effective countermeasures (Gaber et al., 2013). 

The Arabian Gulf is a shallow and semi-enclosed 
basin, therefore, the impact of contaminants on marine 
environment as a consequence of intense anthropogenic 
activities may be significant (Naser, 2013). The Gulf has 
been subject to inputs of oil pollution from a diversity of 
sources and it has been evaluated that oil pollution in the 
Gulf represents 4.7% of total petroleum pollution in the 
world. This figure has increased even more after the Gulf 
war. The Gulf region has about two-thirds of the world’s 
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proven petroleum reserves (El-Sorogy and Youssef, 2015). 
Problems associated with petroleum contamination appear 
to be of greater importance in the Gulf compared with other 
regions. This region has undergone considerable 
development, industrialization, increased urbanization, and 
refineries have become major sources of contamination to 
the maritime environment. Accidental spills and increasing 
tanker traffic are also contributing factors. In addition, 
wastewater discharges from desalination plants are 
considered as anthropogenic sources that may contribute to 
damage the environment of the Arabian Gulf (Sheppard et 
al., 2010). It has been reported that oil can also be regarded 
as a substantial and chronic pollution source in the Gulf 
environment (Naser, 2013). Additionally, chimney 
emissions of many industrial complexes may contribute to 
the metal contamination in the Gulf, leading to disturbance 
of the coastal environment (Sadiq and Alam, 1989). 

The introduction of persistent toxic substances (PTS) 
into the environment is a major issue that gives rise to 
concerns at local, national, regional and global scales 
(Scarpato et al., 2010). In aquatic animals, many 
xenobiotics can induce an imbalance between the 
production of reactive oxygen species (ROS) and their 
removal, and as a result oxidative stress occurs (Halliwell 
and Gutteridge, 2007). Many environmental contaminants 
are responsible for oxidative stress induction in animals by 
disturbing the antioxidant capacity and reinforcement the 
intracellular ROS, which often prelude in DNA damage, 
lipid peroxidation (LPO) and enzyme suppression (Van der 
Oost et al., 2003). The most important antioxidant defense 
systems include antioxidant enzymes such as superoxide 
dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx) and glutathione reductase (GR), as well as non-
enzymatic antioxidants (e.g. reduced glutathione- GSH) 
which have been extensively used as biomarkers of 
oxidative stress (Sahan et al., 2010). 

Aliphatic (ALIP) and polycyclic aromatic 
hydrocarbons (PAHs) are a group of organic chemicals 
characterized by their toxicity, persistence, long-range 
transport and bioaccumulative potential (Ritter et al., 1995; 
Essumang et al., 2012). Due to their hydrophobic 
properties, these pollutants tend to strongly partition to 
particulate matter in the marine environment and settle 
through the water column to the sediments, which act as 
their final sink (Pimentel et al., 2014). Contaminated 
sediments may constitute a particular threat for the 
associated biota (e.g. macrophytes and benthic organisms) 
and even for demersal fish and marine birds through the 
marine food web. However, there are few published articles 
on the fate and effects of hydrocarbon pollutants on marine 
organisms in the Arabian Gulf, Saudi Arabia (Zyadah and 
Abu Taweel, 2013; Youssef et al., 2016). Levels of 
pollutants in the marine environment have increased as a 
result of anthropogenic activities. The diminishing of water 
and sediment quality can involve a reduction in natural 
resources. For this reason there is an increasing demand to 
acquire methods for the identification and assessment of the 
risks posed by chemical contaminant discharges to the 
environment and natural resources (Li et al., 2010). As 

recognized in the last years by international organizations, 
risk assessment can not be solely based on chemical 
analysis of environmental samples because this approach 
does not provide any indication of deleterious effects of 
pollutants on the organisms (Carlisle et al., 2008). 
Therefore, the estimation of the biological effects of 
contaminants has become of major importance for the 
assessment of the quality of the environment by using 
biomarkers which are sensitive tools for biological effect 
measurement in environmental quality management (Lama 
and Gray, 2003). 

Fish species have attracted considerable interest in 
studies assessing biological and biochemical responses to 
environmental pollutants (Das and Chakrabarty, 2007). 
Fish play a major ecological role in the aquatic food-webs 
because of their function as a carrier of energy from lower 
to higher trophic levels (Van der Oost et al., 2003). 
Therefore, contaminant loading in fish is well reflective of 
the state of pollution in surrounding environments 
(Lanfranchi et al., 2006, Mora et al., 2008). Rabbitfish 
(Siganidae) are widely distributed and some species are 
considered to be an excellent food fish in the Indo-Pacific 
and eastern Mediterranean regions. The distribution of 
Rabbitfish is influenced by the quality of the invertebrate 
benthic community, which constitutes their food supply 
(Wassef and Abdul Hady, 1997). Because benthic fauna are 
intimately related to sediment, which accumulates sources 
of pollution, they constitute an indicator of environmental 
quality (Peterson et al., 2000; Salas et al., 2004). In this 
work, the Rabbitfish Siganus canaliculatus was selected as 
an indicator species due to its great economic and 
commercial interest. It is dominantly shallow water 
inhabitants and considered as one of the most abundant and 
representative species of Arabian Gulf coasts as well as 
exposed to sediment contaminants by foraging on benthic 
fauna, also by direct contact (e.g., through gill epithelia) 
with sediment particles or surrounding water (Al-Saleh and 
Shinwari, 2002). The gills are the first target to waterborne 
contaminants (Perry and Laurent, 1993) due to the 
complexity and constant contact with the surrounding 
water. In fact, contaminants enter the fish through the gills 
and exert their primary toxic effects on the branchial 
epithelium (Sakuragui et al., 2013). Therefore, changes in 
fish gills are among the most commonly recognized 
responses to environmental stressors and are indicative of 
chemical stress (Au, 2004). In addition, the liver is known 
to be the major detoxification organ and is the site of 
multiple oxidative reactions and maximal free radical 
generation (Avci et al., 2005). 

The current study aims to assess the biochemical 
responses in the gills and liver, as biomarkers of exposure, 
of a population of S. canaliculatus inhabiting three 
different localities along the Saudi coast of the Arabian 
Gulf affected by anthropogenic inputs. Estimation of 
hydrocarbon concentrations in sediments as well as the gills 
and liver tissues of fish caught from the inspected locations 
was conducted in parallel to the biological investigations to 
discriminate the load of hydrocarbons pollution status of 
sampling locations.  
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2  Materials and Methods 
  
2.1. Location and sampling 
From March to August 2014, samples of sediments and S. 
canaliculatus fish were collected at three selected locations 
along the coastal Arabian Gulf of the Saudi Eastern 
Province as illustrated in Fig.1. Al-Dammam coast is 
relatively free of mining and industrial activities and was 
thus considered as a reference location. Dareen coast is 
often extensively contaminated by receiving various 
pollutants.  The major anthropogenic sources which 
contribute significantly to the pollution in Dareen coastal 
region are mining, smelting, industrial sources, urban 
waste, wastewater discharges and shipping activities 
(Youssef et al., 2016). An approximate distance of 26 km 
between Al-Dammam and Dareen locations. Industrial 
production was mainly the source of pollution at Maniefa 
coast. It receives a huge amount of wastewater and other 
pollutants from drilling oil, global oil transportation, human 
and industrial activities (El-Sorogy and Youssef, 2015). 
Maniefa was located 160 km far from Al-Dammam and 
Dareen locations. 
Sediment samples were collected using a stainless steel 
grab sampler and stored in clean polyethylene bags and 
frozen in a deep freezer at -20°C until analysis. S. 
canaliculatus fish samples were collected by trawl from the 
selected locations. Total lengths of specimens ranged 
between 17-36 cm and their weights fluctuated between 90-
145 gm. The rabbitfish were transported from the field to 
the laboratory in an ice box. From each sampling location, 
about 65 fish were employed in this study. Fish were 
dissected and fresh samples of gills and liver tissues were 
kept frozen and stored at -80ºC until used. 
 
2.2. Analytical method for determination of fractionated 
hydrocarbons 

The samples were analysed following well 
established technique (UNEP/IOC/IAEA, 1992). Sediment 
samples were freeze-dried, dry/wet ratio determined and 
then sieved through a stainless steel mesh (250 μm). Each 

sediment sample (30 g) was extracted and concentrated by 
rotary evaporation. About 10 g from each fish gills and 
liver tissue were homogenized, blended. The mixture was 
extracted by using soxhelt apparatus. Anhydrous sodium 
sulfate (30 g) was extracted in the same manner as the 
sample and used as the blank. The extracted volumes of 
sediment as well as fish tissue were passed through the 
silica column prepared by slurry packing 10 g of silica, 
followed by 10 g of alumina and finally 1 g of anhydrous 
sodium sulphate. Eluted samples with hexane were 
concentrated under a soft flow of purified nitrogen to about 
0.2 ml, prior to injection into GC/FID for analysis. The 
samples were analyzed by a Hewlett Packard 5890 series II 
GC gas chromatograph fitted with an electron capture 
detector and flame ionization detector (FID). 

 
2.3.Biochemical assessment 
2.3.1. Tissue homogenate  preparation 

A composite tissue samples from either gills or 
liver were weighed and homogenized with 10 volumes 
(w/v) of ice-cold saline solution (0.9%) using a 
homogenizer (Tekmar tissumizer) for 30 s. The 
homogenates were centrifuged at 6500 rpm for 30 min at 4 
°C using IEC-CRU5000 centrifuge. 

 
2.3.2. Assay of glycogen, total lipids and total protein 
levels 

Total lipids were determined following the method 
of Folch et al. (1957) after extraction with 
dichloromethane-methanol solution. After lipid extraction, 
the lipid-free residues were filtered and digested in NaOH 
solution (1N) for protein and glycogen measurement. 
Protein was measured following Lowry et al. (1951), using 
bovine serum albumin as a standard. Glycogen, after 
ethanol precipitation, was hydrolyzed by 
amyloglucamylase and measured by the glucose oxidase 
method (Hugget and Nixon, 1957).  

 
2.3.3. Measurement of transaminase activities (AST 
and ALT) 

Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) enzyme activities were measured 
spectrophotometrically following the method of Reitman 
and Frankel (1957). Result was expressed as μ moles 

pyruvate/mg protein/h. 
 

2.3.4. Measurement of acid phosphatase (ACP) and 
alkaline phosphatase (ALP) 

ACP and ALP activities were determined 
according to the method of Andersch and Szcypinski 
(1947). Homogenates (50 mg/mL) were prepared in ice-
cold 0.9% sodium chloride solution. P-nitro phenol was 
used as standard. Result was expressed as P-nitro phenol 
formed/30 min/mg protein. 

 
2.3.5.Measurement of Acetylcholinesterase (AChE) 

The rate of AChE activity was measured 
photometrically by monitoring the appearance of 
thiocholine at 412 nm (Ellman et al., 1961). The reaction 
mixture (3.0 ml) consisted of 0.05 M Tris–HCl buffer (pH 
8.0), 0.34 mM DTNB, 1 mM acetylthiocholine and suitable 
amount of tissue homogenate. The reaction was followed 
by measuring the formation of thiocholine–DTNB complex 
at room temperature. The AChE activity was expressed as 
nmole thiocholine formed/min/mg protein. 

 
2.3.6.Measurement of antioxidant enzymes 

SOD activity was estimated by the method of 
Kakkar et al. (1984). The enzyme activity was calculated as 
nmol NADPH/min/mg protein. CAT activity was assayed 
by the method of Claiborne (1985) with some 
modifications as described by Ahmad et al. (2000). CAT 
activity was calculated in terms of nmol H2O2 
consumed/min/mg protein. GPx activity was assayed 
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according to the procedure described by Mohandas et al. 
(1984). The enzyme activity was calculated as nmol 
NADPH oxidized/min/mg of protein. In addition, GST 
activity was determined by the method of Habig et al. 
(1974). The enzyme activity was calculated as nmol CDNB 
oxidized/min/mg protein. GR activity was determined by 
the procedure of Carlberg and Mannervik (1975). GR 
activity was expressed as nmol NADPH oxidized/min/mg 
protein. 

 
2.3.7. Measurement of reduced glutathione (GSH) 

GSH was determined as descri ed    Ellman 

(  5 )    measuring the rate of formation of chromo horic 

 roduct in a reaction  etween 5 5 -dithiobis-2- (nitrobenzoic 
acid) (DTNB) and free sulfhydryl groups. 

 
2.3.8. Assay of lipid peroxidation (LPO) 

LPO was determined by the method of Utley et al. 
(1967) with some modifications as adopted by Fatima et al. 
(2000). The level of LPO was expressed as nanomoles of 
thiobarbituric acid reactive substance (TBARS) 
formed/h/mg of protein. 

 
2.4.Statistical analysis 

Data were analyzed with one-way analysis of 
variance (ANOVA). In case of significant differences the 
ANOVA was followed by the LSD post hoc test. All 
statistical analyses were conducted using the software 
package SPSS, version 16.0 (SPSS Inc., Chicago, I1., 
USA). To all tests, significance was assigned for P<0.05. 
 
 
3 Results 
 
3.1. Analysis of fractionated hydrocarbon residues in 
sediments and tissue samples   

Most of the measured compounds were found at 
levels higher than their detection limits. As the distribution 
of hydrocarbons data were markedly skewed, logarithmic 
transformations of the data were applied. The 
concentrations of ALIP (pristane and phytane), and PAHs 
(Naphthalene, Acenaphthene, Fluorene, Phenanthrene, 
Anthracene, Fluoranthene, Pyrene and Chyrsene) were 
detected in most of the analyzed samples. The minimum 
value of ΣALIP in sediment sam les was recorded at Al-
Dammam while the maximum value was recorded at 
Dareen coast. Eight PAHs members were identified in the 
sediments where important qualitative differences among 
the different sampling locations were observed. The 
minimum value of ΣPAHs was detected at Al-Dammam 
while the maximum value was detected at Maniefa. During 
the study period, the sum of five IARC (1987) probable and 
possible human carcinogenic PAHs (ΣPAHCARC) 
{phenanthrene, anthracene, fluoranthene, pyrene and 
chrysene} was highest at Dareen coast as compared with the 
other locations (Table 1). The chemical analysis of the gills 
and liver revealed the presence of ALIP and PAHs in both 
organs of varying concentrations among the sites. The 

minimum value of ΣALIP was recorded at Al-Dammam 
while the maximum value was recorded at Maniefa. A 
comparison between the concentrations of PAHs in gills 
and liver samples during the study period is presented in 
table 1. Generally, concentrations of PAHs among the 
different locations was ranked as follows: Maniefa > 
Dareen > Al-Dammam. Moreover  ΣPAHCARC was the 
highest at Maniefa in both tissue samples during the study 
period. 
 
3.2. Biochemical assessment:  
3.2.1. Glycogen, total lipids, and total protein levels: 

Data for levels of glycogen, total lipids and total 
protein in gills and liver of S. canaliculatus caught from the 
selected locations were summarized in table 2. It is clear 
that most of these tested parameters were significant 
(P<0.05) lowest in polluted locations Dareen and Maniefa 
as compared to the reference location (Al-Dammam). 
Multiple comparisons between means (LSD) revealed that 
most of these tested parameters exhibited significant 
changes between all studied locations except for lipid levels 
in the gills which displayed an insignificant (P>0.05) 
decrease between Dareen and Maniefa. In addition, the 
levels of these parameters in gill tissues displayed the 
lowest mean value at Maniefa (-43.75%, -29.17%, and -
22.05% of the reference site) respectively. However, in 
liver, the levels of these parameters decreased significantly 
(P<0.01) by -72.53%, -44.79%, and -34.23% respectively 
in fish caught from Maniefa when compared to those of Al-
Dammam. 

  
3.2.2. Enzyme activities: 

Biochemical estimations of the activity of the 
enzymes (AST, ALT, ALP, ACP, and AChE) in gills and 
liver of S. canaliculatus were illustrated in table 3. All 
tested enzymes were lowest excluding AST and ALT in S. 
canaliculatus caught from polluted locations (Dareen and 
Maniefa) as compared to the reference site. Concerning 
AST and ALT, the highest mean values were recorded in 
fish caught from Maniefa (+5.11% and +52.13% of the 
reference site) in gills and +70.89% and +43.31% in liver 
tissues respectively. As regards ALP, ACP and AChE, they 
displayed the lowest mean value of its activities in gills at 
Maniefa (-16.61%, -20.38% and -21.10% of the reference 
site respectively). However, in the liver tissues, these 
enzymes decreased significantly (P<0.05) by -43.24%, -
38.95% and -21.40% respectively when compared to those 
of Al-Dammam.  

  
 3.2.3. Oxidative stress biomarkers: 
Evaluation of some antioxidant biomarkers (SOD, CAT, 
GPx, GST and GR) and TBARS in gills and liver were 
presented in table 4. A marked decrease in the activities of 
antioxidant enzymes (SOD, GPx and GR) was apparent in 
gills and liver of fish caught from the   polluted     locations  
Dareen and Maniefa. In gills, SOD, GPx and GR displayed 
the lowest mean value of its activities at Maniefa (-36.35%, 
-19.27% and -30.92% of the reference site respectively). 
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Fig.1. Map showing the locations of the sampling area on the Saudi coastline. 

 
However, in liver tissue, these enzymes decreased 
significantly (P<0.01) by -31.03%, -43.95% and -33.97% 
respectively when compared with fish from reference 
location. Moreover, a tendency towards an increase in CAT 
and GST activities according to the pollution gradient was 
observed. As shown in table 4, the average activities of 
gills CAT and GST of S. canaliculatus caught from 
Maniefa were significantly (P<0.05) higher by +33.07% 
and +49.64% respectively than that found in the reference 
fish caught from the Al-Dammam. In addition, these 
enzyme activities in liver tissue showed significant 
(P<0.001) increase by +39.60% and +46.39% respectively 
at Maniefa coast. In addition, the highest GSH content in 
investigated tissues was observed at Al-Dammam. GSH 
level decreased     significantly    (P<0.05)   by     -20% and  
-22.22% of rabbitfish caught from Maniefa in gills and 
livers, respectively when compared to those caught from  
 
 

 
the reference location. However, the highest TBARS level 
was observed in the liver of fish caught from Maniefa. It 
increased significantly (P<0.001) by +41.79% and 
+67.25% of fish caught from Maniefa in gills and livers, 
respectively, when compared to those caught from the 
reference location (Al-Dammam). 

  
4 Discussion 

Pollution by ALIP, PAHs residues and persistent 
organic pollutants (POPs) has spread all over the world as 
evidenced by their detection both in humans and wildlife. 
Within the marine environment, the coastal areas deserve 
special consideration as primary receivers of urban and 
industrial chemical inputs. However, little attention has 
been paid to shallow closed water basins of the marine 
ecosystem (Storelli and Marcotrigiano, 2006; Paulino et al., 
2014). 
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Table 1. Residual levels of measured aliphatic and aromatic hydrocarbons (µg/g) in sediments, gills and liver of 
Siganus canaliculatus collected from the studied locations along the Saudi coast of the Arabian gulf and the results 
of one-way ANOVA assessing the effects of location on these variables.  
 

 
Compounds▪  

Al-Dammam 
(Reference location) 

Dareen Maniefa 

Pristane 
sediments ND 0.06 ± 0.03a 0.15 ± 0.12b 
gills 0.04 ± 0.03a 0.25 ± 0.05b 0.44 ± 0.21c 
liver ND 0.13 ± 0.02a 3.14 ± 1.22 b 

Phytane 
sediments 0.01 ± 0.01a 0.02 ± 0.01a 0.03 ± 0.01b 
gills 0.29 ± 0.04a 0.27 ± 0.08a,b 0.31 ± 0.05b 
liver ND 1.16 ± 0.14a 3.11 ± 1.70b 

ΣALIP 
sediments 1.27 ± 0.12a 6.54 ± 2.120b 4.81 ± 1.18b 
gills 1.25 ± 0.52a 11.20 ± 2.14b 17.26 ± 4.61c 
liver 0.62 ± 0.18a 6.27 ± 2.62b 10.35 ± 3.85c 

Naphthalene 
sediments ND 0.25 ± 0.14a 0.62 ± 0.22b 
gills ND ND ND 
liver ND ND 0.56 ± 0.31 

Acenaphthene 
sediments 0.47 ± 0.16 a 0.33 ± 0.05 a ND 
gills ND 0.37 ± 0.11 ND 
liver ND 0.81 ± 0.16a 1.21 ± 0.25b 

Fluorene 
sediments 0.15 ± 0.01a 0.21 ± 0.05b 0.24 ± 0.03 b 
gills 0.26 ± 0.01a 0.28 ± 0.02a 0.33 ± 0.12a 
liver 0.12 ± 0.01a ND 0.25 ± 0.03b 

Phenanthrene 
 

sediments 0.25 ± 0.01a 1.37 ± 0.02b  0.28 ± 0.01a 
gills 0.33 ± 0.02a 0.37 ± 0.18a 0.41 ± 0.02 a 
liver 0.07 ± 0.02a 0.25 ± 0.13b 0.31 ± 0.10c 

Anthracene 
sediments 0.06 ± 0.02a 0.07 ± 0.01a 0.12 ± 0.02b 
gills 0.14 ± 0.03a 0.17 ± 0.05a 0.21 ± 0.01a 
liver 0.41 ± 0.07a 0.57 ± 0.06a 0.72 ± 0.02b 

Fluoranthene 
 

sediments 0.47 ± 0.07a 0.75 ± 0.01b 1.03 ± 0.03c 
gills 0.05 ± 0.02a 0.18 ± 0.04b 0.22 ± 0.06b 
liver 0.13 ± 0.24a 0.22 ± 0.12b 0.74 ± 0.13c 

Pyrene 
sediments 0.49 ± 0.04a 0.62 ± 0.02a 1.03 ± 0.52b 
gills 0.07 ± 0.04a 1.25 ± 1.37b 0.08 ± 0.07a 
liver 0.14 ± 0.02a 0.19 ± 0.03a,b 0.26 ± 0.14b 

Chrysene 
sediments 0.06 ± 0.01a 0.07 ± 0.02a 0.05 ± 0.02a 
gills ND 0.08 ± 0.01a 1.17 ± 0.07b 
liver ND 0.04 ± 0.01a 0.05 ± 0.04a 

ΣPAHs 
 

sediments 1.82 ± 0.25a 3.83 ± 0.19b 7.33 ± 2.42c 
gills 0.93 ± 0.14a 13.73 ± 1.65b 15.53 ± 0.56b 
liver 10.83 ± 0.31a 11.27 ± 0.52a,b 14.43 ± 0.31b 

ΣPAHCARC 
sediments 1.33 ± 0.02a 2.88 ± 0.32b 2.51 ± 0.24b 
gills 0.59 ± 0.08a 2.05 ± 0.03b 2.09 ± 1.03b 
liver 0.75 ± 0.15a 1.27 ± 0.26a 2.08 ± 1.63b 

 
Values with different superscripts are significantly different (LSD multiple range test, P<0.05).  
N D = not detected  
ALIP = aliphatic hydrocarbons; PAHs = Polycyclic aromatic hydrocarbons; PAHCARC = carcinogenic PAHs 
Each value represents the mean of 7 samples ± SE. 
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Table 2. Effect of fractionated hydrocarbons on some biochemical parameters in gills and liver of Siganus 
canaliculatus caught from the three studied locations along the Saudi coast of the Arabian gulf and results of one-
way ANOVA assessing the effects of location on these variables.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-Each value is expressed as the mean of 9 samples ± SE. 
Values with different superscripts are significantly different (LSD multiple range test, P<0.05). Series a-c is used for 
gills; series d-f is used for liver. 

 
Table 3.  Enzymatic activities in gills and liver of Siganus canaliculatus caught from the studied locations along the 
Saudi coast of the Arabian gulf and the results of one-way ANOVA assessing the effects of location on these 
variables.  

Enzymes (units)▪ 
 

Al-Dammam Dareen Maniefa 

AST 
(μ moles pyruvate/mg protein/h) 

gills 
liver 

7.43 ± 0.83a 
9.62 ± 1.03d 

7.63 ± 0.75a 
12.83 ± 1.32e 

7.81 ± 0.66a 
16.44 ± 2.36f 

ALT 
(μ moles pyruvate/mg protein/h) 

gills 
liver 

6.33 ± 0.82a 
10.83 ± 1.52d 

7.10 ± 0.61a 
12.88 ± 1.36e 

9.63 ± 1.04b 
15.52 ± 1.64f 

ALP  
(ρ-nitro phenol formed/30 min/mg protein) 

gills 
liver 

2.71 ± 0.22a 
3.77 ± 0.62d 

2.63 ± 0.35a 
2.82 ± 0.42e 

2.26 ± 0.14b 
2.14 ± 0.41f 

ACP  
(ρ-nitro phenol formed/30 min/mg protein)  

    gills 
    liver 

3.73 ± 0.25a 
2.85 ± 0.12d 

3.15 ± 0.27b 
2.16 ± 0.24e 

2.97 ± 0.18b 
1.74 ± 0.05f 

AChE  
(nmole thiocholine /min/mg protein) 

gills 
liver 

27.63 ± 2.42a 
32.85 ± 3.85d 

24.27 ± 1.24b 
29.17 ± 1.73e 

21.80 ± 1.06c 
25.82 ± 1.52f 

 
-Each value is expressed as the mean of 9 samples ± SE. 
AST = Aspartate aminotransferase; ALT = Alanine aminotransferase; ALP = Alkaline phosphatase; ACP = Acid 
phosphatase; AChE = Acetylcholinesterase. 
Values with different superscripts are significantly different (LSD multiple range test, P<0.05). Series a-c is used for 
gills; series d-f is used for liver. 
 

 
As it is well known that these pollutants are characterized 
by their hydrophobic behaviour, enter the marine 
environment mostly in absorption on particles suspended 
along the water column (Scarpato et al., 2010). Sediments 
act as a trap for these pollutants and represent a natural 
matrix to be considered in order to assess chemical 
contamination (Bozcaarmutlu et al., 2009). In the current 
study, gill and liver tissues of Rabbitfish caught from 
Dareen and Maniefa showed higher concentrations of ALIP 
and PAHs compared to fish from a reference location (Al-
Dammam) indicating the presence of specific pollution 

with hydrocarbons and industrial waste discharge in these 
investigated locations. These results showed that these 
investigated locations represent a large enough spatial 
variability concerning the concentrations of checked 
pollutants and usefulness of the Rabbitfish S. canaliculatus 
as pollution sentinels for these tested hydrocarbons. The 
present study declared that the sum of aliphatic fractions 
was higher in Dareen and Maniefa coast, indicating the 
presence of fresh petroleum source as stated by Sakuragui 
et al. (2013). Pristane and Phytane are common isoprenoids 
detected in coastal marine sediments were also detected in 

Biochemical Parameters (units)▪ Al-Dammam Dareen Maniefa 

Glycogen  
(mg /100 mg tissue) 
 

gills 
liver 

0.80 ± 0.07a 
0.91 ± 0.05d 

0.64 ± 0.04b 
0.58 ± 0.04e 

0.45 ± 0.03c 
0.25 ± 0.03f 

Total Lipids  
(mg /100 mg tissue) 

gills 
liver 

0.72 ± 0.02a 
0.96 ± 0.05d 

0.53 ± 0.02b 
0.72 ± 0.03e 

0.51 ± 0.04b 
0.53 ± 0.02f 

Total Protein  
(mg /100 mg tissue) 

gills 
liver 

18.23 ± 2.11a 
20.48 ± 2.72d 

16.17 ± 1.47b 
18.44 ± 1.63e 

14.21 ± 1.83c 
13.47 ± 1.24f 
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the investigated polluted locations. They are present in 
most oil products, usually as the main component parts 
within a much wider range of isoprenoid alkanes and 
usually considered as good indicators of oil pollution 
(Readman et al., 2002). The occurrence of PAHs in fish 
gills and liver is an indication of the contamination of 
coastal waters with these compounds. The major inputs of 
hydrocarbon pollutants in the Saudi coast of the Arabian 
Gulf are from anthropogenic industrial activity, natural 
fires and/or combustion of organic matter (Youssef et al., 
2016). The general distribution of the PAHs in the majority 
of samples reflects the high contribution of pyrolytic 
sources because of the prevalence of parent PAHs over 
their alkylated derivatives (Garrigues et al., 1995). 
Exposure pathways of PAHs to fish include 
bioconcentration from the water across their gills and skin 
(Gobas et al., 1999) and ingestion of PAHs-contaminated 
particulate matter along with food (Mohammadi et al., 
2013), as PAHs readily adsorb onto particulate organic 
matter (Raoux et al., 1999). PAHs tend to accumulate in the 
fatty tissues of fish following their uptake (Bouloubassi et 

al., 2001). Fish are also likely to be contaminated with 
PAHs as they come into contact with fishing nets 
contaminated with oil from oil slicks, and PAHs-
contaminated plastics dumped into the sea, which is usually 
caught with the fish (Nyarko et al., 2011). Pimentel et al. 
(2014) found that different pollution sources give rise to 
different PAHs assemblages, thus, the findings from the 
present study suggest a common source of PAHs in the 
present three studied locations. The concentrations of 
contaminants in fish reflect the state of contamination of 
the environment (Lanfranchi et al., 2006), accordingly, the 
observed levels of total PAHs in Rabbitfish caught from 
Dareen and Maniefa indicate high contamination of the 
environment with these pollutants. These results are in 
accordance with that reported by Baumard et al. (1998). 
The concentration range of total PAHs was lower than the 
acceptable level (100 µg/g) on the basis of wet weight in 
edible fish tissue as suggested by Paulino et al. (2014). 

 

 
Table 4. Oxidative stress biomarkers in gills and liver of Siganus canaliculatus caught from the three studied 

locations along the Saudi coast of the Arabian gulf and results of one-way ANOVA assessing the effects of location 
on these variables.  

 

Parameter (units)▪ 
 

Al-Dammam Dareen Maniefa 

SOD  
(nmol NADPH oxidized/min/mg protein) 

gills 
liver 

88.53 ± 4.36a 
116.36 ± 8.66d 

79.25 ± 3.58b 
102.55 ± 8.54e 

56.35 ± 5.24c 
80.25 ± 5.2f 

CAT  
(nmol H2O2 consumed/min/mg protein) 

gills 
liver 

136.82 ± 11.37a 
145.78 ± 13.31d 

153.28 ± 12.58b 
168.22 ± 13.55e 

182.06 ± 11.84c 
203.51 ± 13.52f 

GPx  
(nmol NADPH oxidized/min/mg protein) 

gills 
liver 

274.83 ± 14.98 a 
316.75 ± 12.55 d 

255.02 ± 11.25b 
302.22 ± 18.28e 

221.86 ± 9.34c 
177.54 ± 11.82f 

GST  
(nmol CDNB oxidized/min/mg protein) 

gills 
liver 

137.22 ± 9.64 a 
153.26 ± 8.91 d 

161.66 ± 14.56b 
182.47 ± 11.25e 

205.33 ± 13.82c 
224.35 ± 13.55f 

GR  
(nmol NADPH oxidized/min/mg protein) 

gills 
liver 

73.86 ± 3.17 a 
84.93 ± 5.85 d 

64.28 ± 6.11b 
68.24 ± 3.55e 

51.02 ± 3.14c 
56.08 ± 4.88f 

GSH  
(nmol GSH/g tissue) 

gills 
liver 

0.15 ± 0.03a 
0.27 ± 0.08d 
 

0.14 ± 0.02a 
0.18 ± 0.05e 
 

0.12 ± 0.03b 
0.21 ± 0.04e 
 

TBARs 
(nmol TBARS formed/h/mg protein) 

gills 
liver 

44.84 ± 2.83a 
67.73 ± 3.89d 
 

48.23 ± 1.62a 
85.26 ± 4.14e 
 

63.58 ± 3.52b 
113.28 ± 11.22f 
 

▪ Each value is expressed as the mean of 8 samples ± SE. 
SOD = Superoxide dismutase; CAT = Catalase; GPx = Glutathione peroxidase; GST = Glutathione s-transferase; GR = 
Glutathione reductase; GSH = Reduced glutathione; TBARs = Thiobarbituric acid reactive substances  
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Surveys of sediment and fish have shown the marine 
environment around the Arabian Gulf to be polluted with a 
range of ALIP, PAHs and organochlorinated xenobiotics 
(Beg et al., 2009; de Mora et al., 2010). PAHs are known to 
cause growth reduction (Christiansen and George, 1995), 
endocrine alteration (Meador et al., 2006), malformations 
of embryos and larvae (Carls et al., 2008), DNA damage  in 
fish, as well as adverse impacts on marine life (Caliani et 
al., 2009). 

Fish are particularly sensitive to water pollution 
and contaminants may impair many physiological 
processes when metabolised by fish tissue (Durmaz et al., 
2006). The present study indicated significant decrease in 
the levels of glycogen, total lipids and total proteins in 
tissues of Rabbitfish caught from the Dareen and Maniefa 
as compared to that of Al-Dammam but this decreasing is 
more obvious in liver than that in the gill tissues. 
Decrement in tissue glycogen and lipids in polluted fish 
may be explained on the basis that glycogen and lipids 
reserves are being used to meet the stress (Sobha et al., 
2007). They also reported that fall in the glycogen content 
in the liver clearly indicates its fast utilization to meet the 
enhanced energy demands in fish exposed to the pollutants 
through hexose monophosphate pathway or glycolysis. It is 
assumed that the reduction in glycogen level may be due to 
the suppression of hormones which contribute to glycogen 
synthesis. In addition the results obtained by Sobha et al 
(2007) are in agreement with the results of the present 
study in which the total protein content was found to be 
reduced in tissues of the fish exposed to pollution. They 
attributed the decrease in the protein content observed in 
most of the polluted fish tissues to metabolic utilization of 
the ketoacids to gluconeogenesis pathway for the synthesis 
of glucose, or for the maintenance of osmo and ionic 
regulation and the production of heat shock proteins or 
destructive free radicals or could be a part of pollutants 
induced apoptosis (Al-Ghais, 2013). 

The significant high activities of AST and ALT in 
livers of study Rabbitfish collected from the Dareen and 
Maniefa are considered as a functional response that deals 
with the extra energy requirements and the increasing rate 
of metabolism to cope with hydrocarbons stress (Giannini 
et al., 2005; Kavitha et al., 2010). In addition, high level of 
aminotransferases may result from damage in liver tissues 
by the action of the recorded bioaccumulated xenobiotics 
which may finally become associated with pathological 
alterations (Omar et al., 2014). The metabolic activity of 
the hepatic cells has been considered as an important 
protective mechanism against toxicants and the 
transformations involved have been referred to as 
detoxification. In the current study, the decrease of ALP 
and ACP activities observed in the fish caught from the 
polluted locations is in accordance with the results of 
Yacoub and Gad (2012) in which these enzymes were 
significantly lower in the gills and liver of the studied fish 
from polluted sites in the River Nile which indicated 
disturbance in the structure and integrity of cell organelles, 
like endoplasmic reticulum and membrane transport 

system. Also, Gabriel et al. (2012) pointed out that enzyme 
activity of ALP in gills of C. gariepinus were inhibited by 
different levels of PAHs concentrations; which indicated 
that the PAHs interfered with the metabolic process and 
these could affect the physiological functions of the fish in 
an aquatic environment. The average gill and hepatic AChE 
activity in S. canaliculatus caught from Maniefa was 
significantly lower than that found in the reference fish 
caught from Al-Dammam. These findings are in line with 
an inhibition of AChE activity in the liver and gill of G. 
viviparous caught from a lake in Mexico receiving 
untreated domestic wastewater and agricultural runoff 
(Lopez-Lopez et al., 2006). Likewise, low hepatic AChE 
activity was observed in M. cephalus and Z. ophiocephalus 
collected from a highly eutrophic Orbetello Lagoon 
receiving town pollutant effluent in Italy (Corsi et al., 
2003). As suggested in earlier studies (Lama and Gray, 
2003; Stefano et al., 2008; Al-Ghais, 2013), the present 
results indicated that the AChE inhibition was related to 
neurotoxic chemicals like PAHs. These observations 
strongly support the importance of Rabbitfish tissue AChE 
activity as a biomarker for the assessment of physiological 
changes in fish caused by fractionated hydrocarbons 
pollution.  

The present study showed overall lower SOD, 
GPx and GR activities in the liver and gills of S. 
canaliculatus caught from Dareen and Maniefa coast 
compared with fish from the reference site, indicating 
antioxidant enzyme inhibition. Low SOD activity has also 
been reported in M. cephalus from a polluted estuary in 
India (Padmini et al., 2009) and in D. labrax from Aveiro 
Lagoon in Portugal (Maria et al., 2009). In contrast, 
previous studies in sardine showed higher SOD activities in 
fish from polluted areas (Peters et al., 1994). Accordingly, 
the low enzyme activities in fish from Maniefa can be 
associated with deficiency to compensate for oxidative 
stress, possibly due to high levels of pollutant exposure. 
SOD is the enzyme that catalyzes the dismutation of the 
superoxide anion to O2 and H2O2 (Livingstone, 2001). 
Although the elevation in ROS productivity is expected to 
enhance antioxidant defenses, the enzymes concerning with 
the antioxidant protective process may be suppressed by the 
surplus of oxidants that are their own substrate. Thus, SOD 
can be suppressed by extreme manufacture of superoxide 
anion during the detoxification process, which causes the 
oxidation of the cysteine in SOD and subsequently the 
SOD deactivation and/or H2O2 accumulation (Bagnyukova 
et al., 2006; Sakuragui et al., 2013). Earlier studies 
indicated SOD suppession by transitory H2O2 accumulation 
in the liver after fish were exposed to pesticides (Modesto 
and Martinez, 2010). The current results suggest the 
possibility of SOD decline due increase of superoxide 
anion in the gills and H2O2 accumulation in the liver of S. 
canaliculatus from the Maniefa.  

GSH, a major cytosolic non-protein thiol, is 
involved in the cellular defense against the toxic action of 
xenobiotics and oxyradicals (Van der Oost et al., 2003). 
The results reported in this study showed that Rabbitfish 
caught from Maniefa and Dareen exhibited a significant 
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decrease in levels of GSH in the liver of fish indicating that 
change in ALIP and PAHs concentration affect glutathione 
synthesis. The down-regulation of GSH level is a signal 
indicating the inability of liver to successfully scavenge 
oxyradicals. Exposure to hydrocarbons has been shown to 
cause a time and dose-dependent increase or decrease of 
GSH concentrations in various fish species (Brito et al., 
2012). Because GPx is a GSH-dependent enzyme, changes 
in GSH level may affect the activity of GPx. Therefore, in 
the present study, it seems that the decrease in GSH level 
led to inactivated GPx activity in most polluted location 
(Maniefa coast). GPx inhibition was also reported in liver 
of various fish after exposure to organic compounds or 
hydrocarbons (Sakuragui et al., 2013). Earlier researches 
demonstrated that GPx activity can be decreased by 
negative feedback either from excess of substrate or 
damage resulted from oxidative modification (Fatima et al., 
2000), and a reduced GPx activity in a given tissue could 
indicate that its antioxidant capacity was exceeded by the 
accumulation of hydroperoxide products. GR, other 
biomarker enzyme measured in this study, maintains 
GSH/Glutathione disulfide homeostasis under oxidative 
stress conditions. Inhibition of GR activity has been 
reported in various field studies in fish exposed to organic 
pollutants such as PAHs, PCBs and halogenated 
xenobiotics (Gabriel et al., 2012). Significantly low GR 
activities have been found in the gills and liver of 
Rabbitfish caught from polluted Dareen and Maniefa, 
suggesting the presence of hydrocarbons in these sampling 
locations. In the present study, the significant decrease of 
GR activities observed in Rabbitfish from the polluted 
areas may reflect signs of effective toxicity and not an 
adaptation to chronic exposure to contaminants. 

H2O2 accumulation due to GPx inhibition in the 
liver tissue contributed to the increasing CAT activity. 
CAT is more active at high H2O2 concentrations and plays 
a minor role in the catabolism of H2O2 at low production 
rates (Van der Oost et al., 2003). Furthermore, the 
increased CAT activity in the gills and liver of fish 
collected from Dareen and Maniefa indicates high H2O2 and 
ROS generating pollutants; this finding is in agreement 
with the claim that hydrocarbons stimulate ROS generation. 
High CAT activity was also found in the liver of P. 
maculatus collected in the Santa Branca reservoir, Brazil 
after an accidental spill of endosulfan, which is considered 
a valuable biomarker of contamination (Brito et al., 2012). 
The use of GST as a biomarker of exposure to organic 
toxicants, earned credibility in aquatic pollution 
biomonitoring (Simonato et al., 2011). GST catalyzes the 
transformation of a broad variety of electrophilic 
compounds to less toxic substances by conjugating them to 
GSH (Van der Oost et al., 2003). In the current study, GST 
activities, in both investigated tissues, were higher in 
Rabbitfish caught from polluted locations. The increased 
GST activities indicate the activation of the phase II 
biotransformation metabolism and of the antioxidant 
defense systems (Paulino et al., 2012). This may 
correspond to a gill response to eliminate contaminants and 
ROS by GSH conjugation in order to prevent lipid 

peroxidation effects (Ezemonye and Ikpesu, 2011). 
Induction of GST has been reported in a number of field 
studies in fish exposed to organic pollutants (Pereira et al., 
2013). However, the antioxidant enzyme response to the 
gills and liver contamination did not prevent the elevation 
in TBARs levels in Rabbitfish from polluted locations 
especially Maniefa coast. These fish showed oxidative 
stress, which, according to Monteiro et al. (2010) is the 
outcome of the imbalance between pro- and antioxidant 
molecules favoring the pro-oxidants. The continuous 
generation of ROS by xenobiotics and/or by the fish 
detoxification processes overcomes the antioxidant 
defenses and results in an increase of lipid peroxidation 
(LPO). Elevation of LPO indicate lipid alterations in 
cellular membranes, DNA and protein damage, which lead 
to cellular dysfunction (Carvalho et al., 2012). In the 
current survey, the TBARs levels in the livers were higher 
than in the gills. Although the gills are in direct contact 
with surrounding water and are the principle organs that 
uptake pollutants due to the large surface area and the thin 
membrane separating water and blood, these organs seem 
to be less sensitive to many pollutants and transfer the 
pollutants quickly to the blood stream (Paulino et al., 
2012).  
 In conclusion, the present work reinforces the 
suitability of oxidative stress and enzymatic biomarkers as 
tools for assessing hydrocarbon contamination impacts in 
the investigated sampling locations with several 
anthropogenic impacts. These biomarkers represented 
sensitive and efficient tools for reflecting adverse 
environmental conditions for Rabbitfish health. 
Recommendations are given for continued biomonitoring 
of the pollution load in the aquatic environment in Saudi 
eastern region coast to highlight the need of remedial action 
and for early warning of potential adverse effects before 
population and community level changes occur. 
 
Conflict of interest  

The author declared no conflicts of interest. 
 
Acknowledgments 

The Author would like to acknowledge gratefully the 
General Director of Fishery Research Centre in Qatief; and 
Mr. Fouad Abdel Kareem, the Fishery Specialist from 
Saudi Ministry of Agriculture and Water for their help in 
selecting sampling sites, providing and identification of 
studied fish samples.  
 
5 References 

Ahmad, I., Hamid, T., Fatima, M., Chand, H.S., Jain, 
S.K., Athar, M., Raisuddin, S. (2000). Induction of hepatic 
antioxidants in freshwater catfish (Channa punctatus 
Bloch) is a biomarker of paper mill effluent exposure. 
Bioch. Biophys. Acta., 1523: 37– 48. 

Al-Ghais, S.M. (2013). Acetylcholinesterase, 
glutathione and hepatosomatic index as potential 
biomarkers of sewage pollution and depuration in fish. 
Mar. Pollut. Bull., 74: 183–186. 

 



Journal of Bioscience and Applied Research , 2016,Vol.2, No.11, PP.729-742             pISSN: 2356-9174, eISSN: 2356-9182 

 

739 

Almroth, B.C., Sturve, J., Stephensen, E., Holth, 
T.F., Forlin, L. (2008). Protein carbonyls antioxidant 
defenses in corkwing wrasse (Symphodus melops) from a 
heavy metal polluted and a PAH polluted site. Mar. 
Environ.Res., 66: 272–277. 

Al-Saleh, I., Shinwari, N. (2002). Preliminary report 
on the levels of elements in four fish species from the 
Arabian Gulf of Saudi Arabia. Chemosphere, 48: 749–755. 

Andersch, M.A., Szcypinski, A.J. (1947). A 
colorimetric determination of phosphatases in biological 
materials. Amer. J. Clin. Path., 17: 571-574. 

Au, D.W.T. (2004). The application of histo-
cytopathological biomarkers in marine pollution 
monitoring: a review. Mar. Pollut. Bull., 48: 817-834. 

Avci, A., Kac-Maz, M., Durak, I. (2005). 
Peroxidation in muscle and liver tissues from fish in a 
contaminated river due to a petroleum refinery industry. 
Ecotoxicol. Environ.  Safety., 60: 101-105. 

Bagnyukova, T.V., Chahrak, O.I., Lushchak, V.I. 
(2006). Coordinated response of goldfish antioxidant 
defenses to environmental stress. Aquatic Toxicol., 78: 
325-331. 

Baumard, P., Budzinski, H., Garrigues, P. (1998). 
Determination of polycyclic aromatic hydrocarbons 
(PAHs) in sediments and mussels of the Western 
Mediterranean Sea. Environ. Toxicol. and Chem., 17: 765-
776. 

Beg, M.U., Gevao, B., Al-Jandal, N., Beg, K.R., 
Butt, S.A., Ali, L.N., Al-Hussaini, M. (2009). Polycyclic 
aromatic hydrocarbons in three varieties of fish from 
Kuwait bay. Polycycl. Aromat. Compd., 29(2): 75-89. 

Bouloubassi I., Fillaux J. and Saliot A. (2001). 
Hydrocarbons in surface sediments from Changjian 
(Yangtze River) estuary, East China Sea. Mar. Pollut. Bull., 
42: 1335-13462. 

Bozcaarmutlu, A. Sapmaz, C. Zuleyha, A. (2009).  
Assessment of pollution in the West Black Sea Coast of 
Turkey using biomarker responses in fish. Marine Environ. 
Res., 67: 167-176. 

Brito, I.A., Freire, C.A., Yamamoto, F.Y., Assis, 
H.C.S., Souza-Bastos, L.R., Cestari, M.M., Ghisi, N.C., 
Prodocimo, V., Filipak Neto, F., Ribeiro, C.A.O. (2012). 
Monitoring water quality in reservoirs for human supply 
through multibiomarker evaluation in tropical fish. J. 
Environ. Monito., 14: 615-625. 

Caliani, I., Porcelloni, S., Mori, G., Frenzilli, G.; 
Ferraro, M., Marsili, L., Casini, S., Fossi, M. C. (2009). 
Genotoxic effects of produced waters in mosquito fish 
(Gambusia affinis). Ecotoxicology, 18: 75-80. 

Carlberg, I., Mannervik, B. (1975). Glutathione level 
in rat brain. J. Bio. Chem., 250: 4480- 4575. 

Carlisle, D.M., Hawkins, C.P., Meador, M.R., 
Potapova, M., Falcone, J. (2008). Biological assessments of 
Appalachian streams based on predictive models for fish, 
macroinvertebrate, and diatom assemblages. J. North 
Americ. Benthol. Soc., 27(1): 16-37. 

Carls, M. G.; Holland L.; Larsen M.; Collier T. K.; 
Scholz N. L., Incardona J. P. (2008). Fish embryos are 

damaged by dissolved PAHs, not oil particles. Aquat. 
Toxicol., 88: 121-127. 

Carvalho, C.D., Bernusso ,V.A., De Araújo, H.S.S., 
Espindola , E.L.G., Fernandes, M.N. (2012). Biomarker 
responses as indication of contaminant effects in 
Oreochromis niloticus. Chemosphere, 89:60-69. 

Christiansen J.S. and George S.G. (1995). 
Contamination of food by crude oil affects food selection 
and growth performance, but not appetite, in an Arctic fish, 
the polar cod (Boreogadus saida). Polar Biol., 15: 277-281. 

Claiborne, A. (1985). Catalase activity. In: 
Greenwald, R.A. (Ed.), CRC Hand bookof Methods in 
Oxygen Radical Research. CRC Press Inc., Boca Raton, 
FL, pp. 283–284. 

Corsi, I., Mariottini, M., Sensini, C., Lancini, L., 
Focardi, S. (2003). Cytochrome P450, acetylcholinesterase 
and gonadal histology for evaluating contaminant exposure 
levels in fishes from a highly eutrophic brackish ecosystem: 
the Orbetello Lagoon. Italy. Mar. Pollut. Bull., 46: 203–
212. 

Costa, P.M., Diniz, M.S., Caeiro, S., Lobo, J., 
Martins, M., Ferreira, A.M., Caetano, M., Vale, C., 
DelValls, T.A., Costa, M.H. (2009). Histological 
biomarkers in liver and gills of juvenile Solea senegalensis 
exposed to contaminated estuarine sediments: a weighted 
indices approach. Aquat. Toxicol., 92(3):202-212. 

Das, S.K., Chakrabarty, D. (2007). The use of fish 
community structure as a measure of ecological 
degradation: a case study in two tropical rivers of India. 
Biosystems, 90 (1): 188-196. 

de Mora, S., Tolosa, I., Fowler, S.W., Villeneuve, 
J.P., Cassi, R., Cattini, C. (2010). Distribution of petroleum 
hydrocarbons and organochlorinated contaminants in 
marine biota and coastal sediments from the ROPME Sea 
Area during 2005. Mar. Pollut. Bull., 60 (12): 2323-2349. 

Durmaz, H., Sevgiler, Y., Üner, N. (2006). Tissue-
specific antioxidative and neurotoxic responses to diazinon 
in Oreochromis niloticus. Pest. Biochem. Physiol., 84: 215-
226. 

Ellman, G.L. (1959). Tissue sulfhydryl groups. 
Arch. Biochem. Biophys., 82: 70-77. 

Ellman, G.L., Courtney, K.D., Anders Jr., V., 
Featherstone, R.M. (1961). A new and rapid colorimetric 
determination of acetylcholinesterase activity. Biochem. 
Pharmacol., 7: 88-95. 

El-Sorogy, S.A, Youssef, M. (2015). Assessment of 
heavy metal contamination in intertidal gastropod and 
bivalve shells from central Arabian Gulf coastline, Saudi 
Arabia. J. Afric. Eart. Scien., 111: 41-53. 

Essumang, D., Dodoo, K., Adjei, K. (2012). 
Polycyclic aromatic hydrocarbon (PAH) Contamination in 
smoke-cured fish products. J. Food Compo. Analy., 27: 
128-138. 

Ezemonye, L.I.N., Ikpesu, T.O. (2011). Evaluation 
of sub-lethal effects of endosulfanon cortisol secretion, 
glutathioneS-transferase and acetylcholinesterase activities 
in Clarias gariepinus. Food Chem.Toxicol., 49: 1898-1903. 

Fatima, M., Ahmad, I., Sayeed, I., Athar, M., 
Raisuddin, S. (2000). Pollutant induced overactivation of 



Journal of Bioscience and Applied Research , 2016,Vol.2, No.11, PP.729-742             pISSN: 2356-9174, eISSN: 2356-9182 

 

740 

phagocytes is concomitantly associated with peroxidative 
damage in fish tissues. Aquat. Toxicol., 49: 243-250. 

Folch, J., Less, M., Sloane-Stanley, G.H. (1957). A 
simple method for the isolation and purification of total 
lipids from animal tissues. J. Biol. Chem., 226: 497-509. 

Gaber,  H.S., El-Kasheif, M.A.,  Ibrahim, S.A., 
Authman, M.M.N. (2013). Effect of Water pollution in El-
Rahawy Drainage Canal on Hematology and Organs of 
Freshwater Fish Clarias gariepinus. Worl. Appl. Sci. J., 21: 
329-341. 

Gabriel, U.U., Akinrotimi, O.A., Ariweriokuma, 
V.S. (2012). Changes in metabolic enzymes activities in 
selected organs and tissue of Clarias gariepinus exposed to 
Cypermethrin. J. Environ. Engin. Techn., 1:13-19. 

Garrigues, P., Budzinski, H., Manitz, M.P., Wise, 
S.A. (1995). Pyrolytic and petrogenic inputs in recent 
sediments: a definitive signature through phenanthrene and 
chrysene compound distribution. Poly. Arom. Comp., 7: 
75-284. 

Giannini, E.G., Testa, R., Savarino, V. (2005). Liver 
enzyme alteration: a guide for clinicians. CMAJ, 172(3): 
367-379. 

Gobas, F.A.P.C., Wilcockson, J.B., Russell, R.W., 
Haffner, G.D. (1999). Mechanisms of biomagnification in 
fish under laboratory and field conditions. Environ. Sci. 
Technol., 33(1):133-141.  

Habig, W.H., Pabst, M.J., Jokoby, W.B. (1974). 
Glutathione S transferase the first enzymatic step in 
mercapturic acid formation. J. Biol. Chem., 249: 7130-
7139. 

Halliwell, B., Gutteridge, J.M.C. (2007). Free 
Radicals in Biology and Medicine. Fourth Edition. Oxford 
University Press, New York. 

Hugget, A.S.G., Nixon, D.A. (1957). Use of glucose 
oxidase, peroxidase and o-dianisidine in determination of 
blood and urinary glucose. Lancet., 2: 368-379. 

IARC (International Agency for Research on 
Cancer). (1987). IARC Monogr. Eval. Carcinog. Risk 
Chem. Hum. Suppl. 7. 

Kakkar, P., Das, B., Viswanathan, P.N. (1984). A 
modified spectrophotometeric assay of supperoxide 
dimutase. Indian J. Biochem. Biophys., 21:130-136. 

Kavitha, C., Malarvizhi, A., Kumaran, S.S., Ramesh, 
M. (2010). Toxicological effects of arsenate exposure on 
hematological, biochemical and liver transaminases activity 
in an Indian major carp, Catla catla. Food Chem.Toxicol., 
48(10): 2848-2854. 

Lama, P., Gray J.S. (2003). The use of biomarkers in 
environmental monitoring programmes. Mar. Pollut. Bull., 
46: 182-186. 

Lanfranchi, A.L., Menone, M.L., Miglioranza, 
K.S.B., Janiot, L.J., Aizpun, J.E., Moreno, V.J.  (2006). 
Striped weakfish (Cynoscion guatucupa): a biomonitor of 
organochlorine pesticides in estuarine and near-coastal 
zones. Mar. Pollut. Bull., 52: 74-80. 

Li, L., Binghui, Z., Lusan, L. (2010). Biomonitoring 
and bioindicators used for river ecosystems: definitions, 
approaches and trends. Proc. Environ. Scien., 2: 1510-
1524. 

Livingstone, D.R. (2001). Contaminant-stimulated 
reactive oxygen species production and oxidative damage 
in aquatic organisms. Mar. Pollut. Bull., 42: 656-666. 

Lopez-Lopez, E., Sedeno-Diaz, J.E., Perozzi, F. 
(2006). Lipid peroxidation and acetylcholinesterase activity 
as biomarkers in the Black Sailfin Goodeid, 
Girardinichthys viviparous (Bustamante) exposed to water 
from Lake Xochimilco (Mexico). Aquat. Ecosys. Health 
Manage., 9: 379-385. 

Lowry, O.H. Rosenbrough, N.J. Farr, A.L. and 
Randall, R.J. (1951). Protein measurement with folin 
phenol reagent. J. Biol. Chem., 193: 265-275. 

Lyons, B.P., Thain, J.E., Stentiford, G.D., Hylland, 
K., Davies, I.M., Vethaak, A.D. (2010). Using biological 
effects tools to define good environmental status under the 
european union marine strategy framework directive. Mar. 
Pollut. Bull., 60: 1647-1651. 

Maria, V.L., Ahmad, I., Oliveira, M., Serafim, A., 
Bebianno, M.J., Pacheco, M., Santos, M.A. (2009). Wild 
juvenile Dicentrarchus labrax L. liver antioxidant and 
damage responses at Aveiro Lagoon, Portugal. Ecotoxicol. 
Environ. Saf., 72: 1861-1870. 

Meador, J. P., Sommers, F. C., Ylitalo, G. M., Sloan, 
C. A. (2006). Altered growth and related physiological 
responses in juvenile Chinook salmon (Oncorhynchus 
tshawytscha) from dietary exposure to polycyclic aromatic 
hydrocarbons (PAHs). Can. J. Fish. Aquat. Sci., 63: 2364-
2376. 

Modesto, K.A., Martinez, C.B.R. (2010). Roundup 
causes oxidative stress in liver and inhibits 
acetylcholinesterase in muscle and brain of the fish 
Prochilodus lineatus. Chemosphere, 78: 294-299 

Mohammadi, A., Ghasemzadeh, V., Haratian, P., 
Khaksar, R., Chaichi, M. (2013). Determination of 
polycyclic aromatic hydrocarbons in smoked fish samples 
by a new microextraction technique and method 
optimization using response surface methodology. Food 
Chem., 141: 2459-2465. 

Mohandas, J., Marshall, J.J.,  Duggins, G.G.,  
Horvath, J.S. and Tiller, D. (1984). Differential distribution 
of glutathione and glutathione related enzymes in rabbit 
kidney possible implications in analgesic neuropathy. 
Cancer Res., 44: 5086-5091. 

Monteiro, D.A., Rantin, F.T., Kalinin, A.L. (2010). 
Inorganic mercury exposure: toxicological effects, 
oxidative stress biomarkers and bioaccumulation in the 
tropical freshwater fish matrinxa, Brycon amazonicus (Spix 
and Agassiz, 1829). Ecotoxicology, 19: 105-123. 

Mora, C., Tittensor, D.P., Myers, R.A. (2008). The 
completeness of taxonomic inventories for describing the 
global diversity and distribution of marine fishes. Proc. 
Roy. Soc., 275: 149-155. 

Naser, H.A. (2013). Assessment and management of 
heavy metal pollution in the marine environment of the 
Arabian Gulf: a review. Mar. Pollut. Bull., 72, 6-13. 

Nyarko, E. Botwe, B.O. and Klubi, E. (2011). 
Polycyclic aromatic hydrocarbons (PAHs) levels in two 
commercially important fish species from the coastal 



Journal of Bioscience and Applied Research , 2016,Vol.2, No.11, PP.729-742             pISSN: 2356-9174, eISSN: 2356-9182 

 

741 

waters of Ghana and their carcinogenic health risks. West 
Afr. J. Appl. Ecol., 19: 54-66. 

Omar, W. Yousef, S. Saleh, C. Assem, S. (2014). 
Integrating multiple fish biomarkers and risk assessment as 
indicators of metal pollution along the Red Sea coast of 
Hodeida, Yemen Republic. Ecotoxicol. Environ. Saf., 110: 
221-231 

Padmini, E., Usha Rani, M., Vijaya Geetha, B. 
(2009). Studies on antioxidant status in Mugil cephalus in 
response to heavy metal pollution at Ennore estuary. 
Environ. Monit. Assess., 155: 215-225. 

Paulino, M. Souza, N. Fernande, N.M. (2012). 
Subchronic exposure to atrazine induces biochemical and 
histopathological changes in the gills of a Neotropical fresh 
water fish, Prochilodus lineatus. Ecotoxicol. Environ. Saf., 
80: 6-13. 

Paulino, M. Tayrine, P. Helen, S. Marise, M. 
Fernandes, J. (2014). The impact of organochlorines and 
metals on wild fish living in a tropical hydroelectric 
reservoir: bioaccumulation and histopathological 
biomarkers. Sci. Total Environ., 497: 293-306. 

Pereira, S. Pinto, A. Cortes, R. Fernandes, F. (2013). 
Gill histopathological and oxidative stress evaluation in 
native fish captured in Portuguese northwestern rivers. 
Ecotoxicol. Environ. Saf., 90: 157-166. 

Perry, S. F. and Laurent, P. (1993). Environmental 
effects on fish gill structure and function. In: Rankin  J. C. 

And Jensen, F. B. (Eds.), Fish Ecophysiology Chapman 
and Hall, London, pp. 231-264. 

Peters, L.D., Porte, C., Albaigés, J., Livingstone, 
D.R. (1994). 7-Ethoxyresorufin O deethylase (EROD) and 
antioxidant enzyme activities in larvae of sardine (Sardina 
pilchardus) from the North coast of Spain. Mar. Pollut. 
Bull., 28: 299-304. 

Peterson, C.H., Summerson, H.C., Thomson, E.; 
Lenihan, H.S., Grabowski, J., Manning, L., Micheli, F., 
Johnson, G. (2000). Synthesis of linkages between benthic 
and fish communities as key to protecting essential fish 
habitat. Bull. Mar. Sci., 66: 759-774. 

Pimentel, I., González, R., Carballo, E. and Gándara, 
J. (2014). Optimization of purification processes to remove 
polycyclic aromatic hydrocarbons (PAHs) in polluted raw 
fish oils. Sci. Total Environ., 470: 917-924. 

Raoux C., Bayona J. M., Miquel J. C., Teyssie J. L., 
Fowler S. W., Labaiés J. (1999). Particulate fluxes of 
aliphatic and aromatic hydrocarbons in near shore waters to 
the north-western Mediterranean Sea, and the effect of 
continental runoff. Estuar. Coast. Shelf Sci., 48: 605-616. 

Readman, J.W., Fillmann, G., Tolosa, I., Bartoccim 
J., Villeneuve, J.P., Catinni, C., Mee, L.D. (2002). 
Petroleum and PAH contamination of the Black Sea. Mar. 
Pollut. Bull., 44: 48-62. 

Reitman, S., Frankel, S. (1957). A colorimetric 
method for the determination of glutamic-oxaloacetic and 
glutamic-pyruvic transminases. Amer. J. Clin. Path., 33: 1-
13. 

Ritter, L., Solomon, K.R., Forget, J., Stemeroff, M., 
O’Lear   C. (   5). A Review of the Persistent Organic 

Pollutants: DDT, aldrin, dieldrin, endrin, chlordane, 

heptachlor, hexachlorobenzene, mirex, toxaphene, 
polychlorinated biphenyls, dioxins and furans. PCS/95.39, 
The International Programme on Chemical Safety (IPCS), 
Guelph ON. 

Sadiq, M., Alam, I. (1989). Metal concentrations in 
Pearl Oyster, Pinctada radiate, collected from Saudi 
Arabian coast of the Arabian Gulf. Bull. Environ. Contam. 
Toxicol., 42: 111-118. 

Sahan, A., Kurutas, E. B., Tulay A. (2010). The 
Determination of Biochemical Indicators (Biomarkers) in 
the Common Carp (Cyprinus carpio) to the Physico-
chemical Parameters of the Ceyhan River (Adana-Turkey). 
Ekoloji, 19: 8-14. 

Sakuragui, M.M, Paulino, N. Pereira, B. Carvalho, 
H. (2013). Integrated use of antioxidant enzymes and 
oxidative damage in two fish species to assess pollution in 
man-made hydroelectric reservoirs. Environ. Pollut., 178: 
41-51. 

Salas, F., Neto, J.M., Borja, A., Marques, J.C. 
(2004). Evaluation of the applicability of a marine biotic 
index to characterize the status of estuarine ecosystems: the 
case of Mondego estuary (Portugal). Ecolog. indicat., 
4:215-225. 

Scarpato, A., Romanellia, G., Galganib, F., Andralb, 
B., Amicia, M., Giordanoa, P., Calvod, M., Caixachd, J., 
Campilloc, J.A., Benedicoc, J., Centof, A., BenBrahimg, S., 
Elbourh, M., Deuderoe, S., Boulahdidi, M., Giovanardia, F. 
(2010). Monitoring PCBs and pesticides accumulation in 
Mytilus galloprovincialis by active mussel watching: the 
Mytilos project. J. Environ. Monitor., 12(4): 924-935. 

Sheppard, C., Al-Husiani, M., Al-Jamali, F., Al-
Yamani, F., Baldwin, R., Bishop, J. (2010). The Gulf: a 
young sea in decline. Mar. Pollut. Bull., 60: 3-38. 

Simonato, J.D., Fernandes, M.N., Martinez, C.B.R. 
(2011). Gasoline effects on biotransformation and 
antioxidant defenses of the freshwater fish Prochilodus 
lineatus. Ecotoxicology, 20: 1400-1410. 

Sobha, K., Poornima, A., Harini, P., Veeraiah, K. 
(2007). A study on biochemical changes in the fresh water 
fish, Catla catla (hamilton) exposed to the heavy metal 
toxicant cadmium chloride. Kathmandu University Journal 
of Science, Engin. Technol.,1: 1-11. 

Stefano, B., Ilaria, C., Silvano, F. (2008). 
Cholinesterase activities in the scallop Pectin Jacobeans: 
characterization and effects of exposure to aquatic 
contaminants. Sci. Total Environ., 392: 99-109. 

Storelli, M.M., Marcotrigiano, G.O. (2006). 
Occurrence and accumulation of organochlorine 
contaminants in swordfish from Mediterranean Sea: A case 
study.               Chemosphere,  62: 375-380. 

UNEP/IOC/IAEA. (1992). Determination of 
Petroleum Hydrocarbons in Sediments: Reference Methods 
for Marine Pollution Studies 20. UNEP, 75. 

Utley, H.C., Bernheim, F., Hachslein, P. (1967). 
Effect of sulfhydryl reagent on peroxidation in microsome. 
Arch. Biochem. Biophys., 260: 521-531. 

Van der Oost, R., Beyer, J., Vermeulen, N.P.E. 
(2003). Fish bioaccumulation and biomarkers in 



Journal of Bioscience and Applied Research , 2016,Vol.2, No.11, PP.729-742             pISSN: 2356-9174, eISSN: 2356-9182 

 

742 

environmental risk assessment: a review. Environ. Toxicol. 
Pharmacol., 13(2): 149-157. 

Wassef, E.A, Abdul Hady, H.A. (1997). Breeding 
biology of rabbitfish Siganus canaliculatus (Siganidae) in 
mid Arabian Gulf. Fish. Res., 33: 159-166. 

Yacoub, A. M., Gad, N. S. (2012). Accumulation of 
some heavy metals and biochemical alterations in muscles 
of Oreochromis niloticus from the River Nile in Upper 
Egypt. Inter. J. Environ. Sci. Engin., 3: 1-10. 

Youssef, M., El-Sorogy, A., Al-Kahtany, K. (2016). 
Distribution of mercury in molluscs, seawaters and coastal 
sediments of Tarut Island, Arabian Gulf, Saudi Arabia. J. 
Afric. Eart. Scien., 124: 365-370. 

Zyadah, M.A. (2010). Effect of human impact and 
environmental parameters on the biodiversity in Jeddah and 
Rabigh regions, Red sea, SA. Saud. Biol. Soc., pp.1-12. 

Zyadah, M.A, Abu Taweel, K.M. (2013). 
Bioaccumulation of heavy metals in fish and Prawn at 
Dammam coast, SA, Arabian Gulf. Stand. Scient. Res., 9: 
204-208. 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


