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Abstract: The histological structure of gills, liver (hepatopancreas), spleen, intestine and some biochemical
aspects of muscle of the seabream (Sparus aurata) and seabass (Dicentrarchus labrax) inhabiting the Bardawil
Lagoon were studied. Also, some physico-chemical parameters of water, heavy metals concentrations and
pesticides residues in fish muscles were measured. Several histological alterations were observed in the gills,
including  proliferative,  degenerative,  necrotic changes and edema in the epithelium of gill lamellae, mucous
and chloride cells proliferation. Besides dilated and congested blood vessels of gill filaments were observed.
The spleen showed tissue with necrotic area, blood vessels with esinophilic fibrous material and early
granulomas are presented surrounding damaged blood vessels. In the liver, vacuolar degeneration of
hepatocytes with focal areas of necrosis and fibrosis, aggregations of inflammatory cells between the
hepatocytes, dilation and congestion in blood sinusoids. The intestine showed dilation in blood vessels with
congestion and atrophy in the muscularis with degenerative, necrotic changes and edema in submucosa. These
histological alterations are widely used as biomarkers to evaluate the health of the two fish species. Also high
levels of muscle transferase enzymes [Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)]
were recorded. 
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INTRODUCTION [2]. Some studies have revealed that the coastal water of

Lake Bardawil is the only oligotrophic hypersaline pollution; cadmium, chromium and lead and these metal
lagoon along the Mediterranean coast of Egypt. Its concentrations in muscles of fish were higher than the
ecological significance is increasing due to the international permissible safety levels for human uses [3].
progressive degradation of wetlands in the region. Lake High concentrations of heavy metals in lake sediments
Bardawil is the source of an important local fishery, contaminated fish, especially bottom feeders, which may
producing 3200 tons annually. The catch composition of be the case in the Northern lakes [4]. Since all of these
the lagoon fish has greatly changed in the last decades. lakes receive sewage discharges of major cities combined
Contribution of the most economic species [seabream with dwindling of natural nutrient-rich Nile water
(Sparus auratus) and seabass (Dicentrarx labrax)] has discharge into the Mediterranean. The sewage discharges
dropped from 56.5% in the year1988 to 8% in year 2000, from coastal lakes and other land run-off have become the
while other species with little economic value, such as alternative source of nutrients for coastal fisheries [5].
crabs and shrimps have attained a noticeable percentage Moreover, the oil pollution which originating probably
[1]. from tanker discharge or oil terminal leakages and flotsam

Marine  environment  has  been contaminated by were composed of plastic wrappings. It most probably
many persistent pollutants of agriculture, industrial and comes from Cargo ships using the Suez Canal route which
other anthropogenic activities. Heavy metals can be is carried by the costal current. All of these pollutants
accumulated by marine organisms through a variety of could have harmful consequences on the Bardawil lagoon
pathways, including respiration, adsorption and ingestion [6].

the Mediterranean Sea in Turkey was faced by metal
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Histopathology of fish is not used as a standard tool bounded on the north by a long, narrow sandbar pierced
for monitoring aquatic environmental changes, but rather by two canals that link the lake with the sea. It is an oasis
it is considered for inclusion as a viable tool for for bird's migrations as well as Zaranik protected area [26],
determining fish health, both in the laboratory [7] and field an important source for economical fish and salt
studies [8]. Histopathological changes have been used as production [27] and a high diversity of habitat for wildlife
biomarkers in fish exposed to contaminants [9-11]. [28] The lagoon is nearly clear and it is the least polluted
Alterations in the gill epithelium are a result of a variety of in the entire Mediterranean region [29].
contaminant exposures, with the severity of changes
depending on the pollutant concentration and exposure Sampling: In the spring of 2012 a total of 30 individuals of
period [12]. Pollutants can cause degeneration or necrosis both fish species [Seabream (Sparus auratus) and Sea
of gill tissues; however, fish can develop mechanisms to bass (Dicentrarchus labrax)] were caught. Sex, standard
deal with pollutants [13]. Most of the gill injuries caused length and weight of all fish samples were recorded in the
by sublethal exposure to pollutants affect the lamellar field. Fish samples were ranged from 17-21.1 cm in total
epithelium [14]; however, some alteration in the blood length and 64.7-135 g weight in case of sea bream and
vessels can occur when fish are under severe stress. from 24-29 cm length with weight 139-231.5 g in case of
Despite the large amount of information on gill anomalies sea bass. After dissection of fish samples, parts of gill,
associated to pollutants [9, 15].The structural changes in spleen, liver and intestine were carefully removed and
the organs at microscopic cellular and organ level leads to prepared for histological studies.
alterations of the function systems [16].

The occurrence of liver lesions considered to be Histological Studies: Fish were dissected directly in the
associated with exposure to anthropogenic contaminants field and the target organs (gill, spleen, liver and intestine)
and recorded before in European flounder from coastal were  quickly removed  and fixed in Bouin’s solution for
areas of the North Sea and the Irish Sea [17]. 24 h at room temperature; tissues were dehydrated and

The spleen is the only lymph-node organ in teleost routinely  processed  for   paraffin   wax   embedding.
fish [18]. The histological investigations of the spleen in Then, 5-7 µm thick sections were cut by a rotary
teleosts have been mainly focused on the compartments microtome and stained with hematoxylin and eosin [30].
that are important for the defense systems of the fishes; Tissues were screened for a variety of histopathological
the lymphocytes and the macrophages [19, 20] and/or features and lesions under 100X and 400X magnifications.
alterations in this organ caused by the presence of
different toxicants in the environment [21]. Physico-Chemical Parameters: Water samples were

Histological analysis of the digestive system is collected using plastic bottles. Dissolved oxygen (DO )
considered a good indicator of the nutritional status of was measured using the modified Winkler method and
fish [22]. The intestine and liver are the most important biochemical oxygen demand (BOD) with the 5-day
organs in digestion and absorption of nutrients from food incubation method [31]. Chemical oxygen demand (COD)
and therefore monitoring of these organs is considered was carried out using potassium permanganate method
necessary [23]. Histological alterations have been [32]. Colorimetric methods were used to determine nitrite
reported in the intestine of fish as a result of exposure to [31] and nitrate [33].
different toxicants [24, 25]. 

This study is concerned with establishment of Determination of Pesticides Residues: Concentrations of
relation between fish health and environmental quality on DDT and its metabolites, total PCBs and organochlorine
the base of histological and biochemical examination. pesticides were examined. Fish samples were washed and

MATERIALS AND METHODS were mixed in a representative pooled sample and

Study Area: Bardaw l Lake (250 km long) lies in the Quick and Easy Method (QuEChERS) using LC-MSMS,
northeastern section of North Sinai governorate and GC-MSMS apparatus available at Central laboratory of
empties into the Mediterranean Sea, near Al-Ar sh. Along residual  analysis  of  pesticides  and  heavy  metals in
the northern coast, lies the large and brackish Bardaw l food, Agricultural Research Center, Ministry of
Lake [266 square miles (690 square km)]. This lake is Agriculture [34].

2

scales were scraped off. Clean fish muscles without skin

homogenized. Pesticides residues were measured by
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Fig. 1: Bardawil lagoon Map

Determination of Heavy Metals Residues: All muscles of accompanied by the enlargement of the inter tissue space
each fish species were isolated from skin and fins, pooled, between the epithelium and underlying pillar cells.
weighed and dried at 70°C to constant weight. Samples Hyperemia of blood vessels was the predominant
were grinded and analyzed for heavy metals [35]. An exact alteration. Focal areas of necrotic epithelial cells found at
weight of dry sample (triplicate, each of 0.5 g) was placed the base of the respiratory lamellae as well as necrosis of
in Teflon vessel and 4 ml of nitric acid (AR- grade) were respiratory epithelium associated by full destruction of
added. The vessels were tightly covered and allowed to respiratory lamellae were also evident (Fig. 4). The gills of
predigest at room temperature overnight. The digestion D. labrax had severe epithelial hyperplasia, coagulative
block was placed on a preheated hot plate at 80°C for necrosis and proliferated hypertrophied chloride and
three hours. The samples were cooled at room temperature mucus cells on the tips (Fig. 5). Oedema led to the
and  then  were  transferred  to   25 ml   volumetric  flask. enlargement of the inter tissue space between the
All digested solutions were analyzed by Flame Atomic epithelium around pillar system, also necrosis of
Absorption Spectrophotometer (Perkin-Elmer, Model respiratory epithelium was noted (Fig. 6).
2380).  All  metal (Cadmium, Cobalt, Cobber, Iron, Lead, The  spleen  of S. auratus showed increased in
Manganese, Nickel and Zinc) concentrations were number of melanomacrophage cells (MMCs or MA),
expressed in terms of mg/kilogram dry weight. severe  congestion  (thrombosis  of  central  vein),

ALT and AST Activity: Fish muscles were secluded and (Figs.  8  and 9). The spleen of D. labrax showed many
homogenized in 3 vol (v/w) of 10 mM Tris-HCI, 0.25M foci of early granuloma around damage blood vessels
sucrose buffer (pH 7.4) at 40°C, using Teflon (Figs. 10 and 11).
homogenizer. Homogenates were centrifuged at 1600 x g The microscopic structure of fish liver also shows a
for 20 minutes at 40°C. Supernatant was collected and number of injuries. In several fish of S. auratus, a single
used in the estimation of AST and ALT [36]. Activities of lesion was diagnosed as hepatocellular adenoma. The
Aspartate amninotransferase (AST) and Alanine adenoma was spherical and exhibited a sharp border with
aminotransferase (ALT) in muscles were determined slight compression of the adjacent parenchyma (Fig. 13).
colorimetrically using kits supplied from Biomerieux, The cellular architecture was atypical, with hepatic
France. sinusoids considerably dilated and arranged

perpendicular with respect to sinusoids in the adjacent
RESULTS parenchyma (Fig. 14). Hepatocytes comprising the

Histopathological Findings: The normal microscopic ground-glass cytoplasm and enlarged nuclei that were
investigations of gills, spleen, liver and intestine of some slightly pleomorphic. The liver of fish of D. labrax
apparently healthy fishes collected from the same place exhibited inflammatory alterations, judged by vacuolar
were shown in Figures: 2, 7, 12 and 17 respectively. and granular degeneration, hemolysis of blood vessels of

The lamellae of gills of S. auratus showed elongation, sinusoid (Infiltration of blood filled spaces in the liver
hyperplasia, marked by mucus secretion, neutrophils along with disarray of cords) and erythrocytes
infiltration and sloughing (Fig. 3). Epithelial lifting, destruction (Figs. 15 and 16).

necrosis   and    infiltration   of   fibroblasts  (fibrosis)

adenoma  were  hypertrophied  with  an esinophilic
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Fig. 2: Gills of fish showing normal histological structure,
filament (star) and lamellae perpendicular on
filament (arrows). H&E (X100)

Fig. 3: Gills of S. auratus showing elongated lamellae
(head arrow), neutrophils infiltration (star) and
sloughing (long arrows). H&E (X 100)

Fig. 4: Gills of S. auratus showing mucus secretion (long
arrows), edema (short arrows) and congestion of
gill filament (stars). H&E (X 400)

Fig. 5: Gills of D. labrax showing severe epithelial
hyperplasia, chloride cells proliferation (long
arrows) and coaculative necrosis (star). H&E (X
100)

Fig. 6: Gills of (D. labrax) showing severe edema (star)
and chloride cell (head arrows) & mucus Cells
proliferated (long arrows). H&E (X 400)

The   pathological    findings    in    the   intestine  of
S. auratus and D. labrax included atrophy in the
muscularis, severe degenerative and necrotic changes in
the intestinal mucosa and submucosa with necrotized
cells aggregated in the intestinal lumen, haemorrhage in
the submucosa and aggregations of inflammatory cells in
the  mucosa  and  submucosa  with  interstitial  edema
(Figs. 18 and 19).

Fig. 7: Spleen of fish showing the normal histological
structure of melanomacrophage (MMC) and
sinusoids. H&E (X100)

Fig. 8: Spleen, of S. auratus showing MMC (long
arrows), thrombosis (stars) and hyaline
degeneration around veins (short arrows). H&E
(X 100)

Fig. 9: Spleen, of S. auratus showing hyaline
degeneration (stars) and neutrophil infiltration
(head arrows). H&E (X 400)

Fig. 10: Spleen of D. labrax Showing dilated blood
vessel with blood cells (stars) and blood vessels
congested (shot arrows) and granuloma around
blood vessel. H&E (X 100)

Fig. 11: Spleen of D. labrax showing early granulomas
(arrows) surrounding damage blood vessels
(star). H&E (X 400)

Physicochemical Parameters of Water: Determination of
some physico-chemical parameters of Bardawil Lake
revealed high DO (11.4 mg/L), low BOD and COD values.
Nitrite was not detected, while Nitrate was in high
concentration (89.3 mg/L) (Table 1). 

Pesticides Residues: DDT and its metabolites, total PCBs
and organochlorine pesticides were not detected in the
muscles of the two examined fish species during this
study.
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Fig. 12: Liver of fish, showing normal histological blood vessel of submucosa layer (star) and focal
structure of hepatocyte cells and nuclei (n). H&E area of necrosis. H&E (X 400)
(X100)

Fig. 13: Liver of S. auratus showing widened sinusoids
and edema (star) adenoma (arrow). H&E (X 100)

Fig. 14: Liver of S. auratus showing edema (star),
widened and haemorrhage sinusoids (head
arrow) (hyperaemia) and adenoma (arrows). H&E
(X 400)

Fig. 15: Liver of D. labrax showing edematus
degeneration of hepatocytes cytoplasm (head
arrows), focal necrosis (arrows) and edema (star).
H&E (X 400)

Fig. 16: Liver of D. labrax showing vacuolar
degeneration and pycnotic nuclei (arrows) and
widened sinusoid with neutrophil (head arrow).
H&E (X 400)

Heavy Metals Residues: Cadmium  and  Cobalt were not
detected in the muscles of the two examined fish species
during this study. Nickel recorded 0.7 mg/Kg in muscles
of  D. labrax,  while  it  was  not  detected  in the flesh of
S. auratus. Lead, Iron and Zinc showed high
concentrations in both fish species compared to WHO
permissible limits. On the other hand Copper Fish species AST ALT

concentration was not exceeding that permissible limit
(Table 2).

Fig. 17: Normal histological structure of intestine
showing normal villli with columnar epithelium
and goblet cells. H&E (X100)

Fig. 18: Intestine of S. auratus showing degenerative
epithelial cells of villii (long arrows) and
heamorrhage of blood vessels (short arrows).
H&E (X 100)

Fig. 19: Intestine of D. labrax showing heamorrhage in

Table 1: Physico-chemical parameters of water of Bardawil Lagoon (mg/L)
Temp. 14.1°C
DO 11.38±2.042

BOD 2.5±0.21
COD 2.7±0.20
NO 0.02

NO 89.28±5.853

Table 2: Heavy metals residue in muscles of two fish species (mg/Kg)
compared to permissible limits

Fish species
------------------------------------------------------------------------
S. auratus D. labrax WHO [67]

Cd n.d n.d 2.0
Ni n.d 0.7±0.02 0.5-0.6
Pb 1.4±0.05 2.1±0.03 0.5-2.0
Co n.d n.d -
Fe 131.9±11.31 171.3±13.11 5.0
Zn 46.8±5.22 37.7±3.12 30.0
Mn 3.7±0.01 4.4±0.01 100.0
Cu 22.1±0.33 22.3±0.08 5.0
n.d (not detected)

Table 3: ALT and AST values of muscle (U/L) of two fish species

Sparus auratus 89.77±3.86 32.58±7.45
Dicentrarchus labrax 95.87±7.24 128.72±1.88
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ALT and AST Activity: AST and ALT values were impairing gas exchange. Also, a fall in the respiratory
recorded in Table 3. They showed high values in muscles function of Notemigonus crysoleucas after exposure to
of the two examined fish species. AST value was 89.77 Cd was noticed [45].
U/L in S. auratus and 95.87 (U/L) in D. labrax. ALT value Microscopic observations revealed that the spleen of
was 32.58 U/L in S. auratus and 128.72 (U/L) in D. labrax. both fish species had an increase in number of (MMC),

DISCUSSION granulomatous inflammation was mild in all diseased

Gills are the first target organ of several pollutants If the health is defined as a physiological balance
because of their huge interface area between external and with the environment, then pathological conditions; that
internal fish environment, performing vital functions such result in excessive tissue destruction or hemolysis; would
as gas exchange and ion osmoregulation, so they are indicate an upset in this balance and signify a
sensitive  to  adverse environmental conditions. In the deterioration of health, a situation not conductive to
present study, severe edema, hyperplasia, fusion, mucus growth, reproduction, or survival of affected fish [47].
secretion, chloride cell proliferation and desquamation of Concerning the kinetics of macrophage aggregation
the epithelial lining of the secondary lamellae and (MA), they are in greater numbers and more rapidly in the
coagulative necrosis were observed. Such spleen and kidney than in liver [48]. Excessive tissue
histopathological changes of gills have been reported destruction or hemolysis that could result from exposure
after the exposure of fishes to a variety of noxious agents to contaminants would therefore lead to an increase in
in the water, such as pesticides, phenols and heavy MA formation in the spleen. The correlations between the
metals in their mixtures [37]. Edema of the gill epithelium number of MAs per square millimeter and stressors were
is one of the main structural changes caused by the also observed in spleen of the examined marine and
exposure to heavy metals [38]. Our results confirm this, estuarine fish species [19]. The MA formation in the
since the gill filaments were congested, swollen and spleen encountered in the present study may be due to
covered by profuse mucus. Such lesions were the main hemolysis as a result to exposure to contaminants.
cause of large mortalities among infected fish. The The liver is considered as a good indicator of
previous findings could be attributed to the adherence nutritional pathology due to its function in metabolizing
and  irritation  of  the  bacteria  with  gill  structure [39]. products coming from the digestive tract. It was stated
The effects of Cu on gills of winter flounder that histological changes in the liver are easily recognized
Pseudopleuronects americanus and rainbow trout [40] if the food used is not adequate [49]. The most common
and also in Tilapia fish at El-Hawamdya region in Egypt changes observed in the liver are: hepatocytes
[41] were described. The gill cellular hypertrophic vacuolization, fatty degeneration of the liver, changes in
condition leads to a decrease in the respiratory capacity metabolic activity, changes in liver parenchyma and
due to the swollen condition of the epithelium. Hyper necrosis [23]. If food containing protein or fat is used, this
secretion of mucus in gills of fish downstream of effluent can lead to histopathological changes in the liver [50].
discharge point is a typical adaptive response of fish gill When liver is used as organ of choice in histopathology,
to polluted waters as a thickened mucous layer might act difficulties can occur since the liver is very sensitive to
as a filter minimizing injury to the gaseous exchange part any source of pollution [51]. The liver showed
of the gill lamellae [42]. All these changes would further degeneration of the hepatocytes, congestion of central
reduce diffusion of oxygen across the gill epithelium vein, infiltration of blood filled spaces in the liver along
leading to blood hypoxia. The varying degrees of with disarray of cords and nuclear pyknosis in the
malformation observed in the gill tissues may affect the majority of hepatic cells. These results are supported by
corresponding function performance. The present results the view of previous workers who stated that heavy
are in agreement with those observed by many authors metals cause haemorrhage in the internal organs [52].
who have studied the effects of different pollutants on Moreover, others have reported similar pathological
fish gills [43, 44]. Lamellar fusion could be protective lesions in the liver of the fish after exposure to
device, as it reduces the amount of vulnerable gill surface insecticides and herbicides [52, 53]. Congestion and
area  [38].  However, branchial responses that serve to haemorrhage in the hepatic sinusoids with dilation of
slow entry of toxicants have undesirable side effect of hepatic vessels, vacuolization and degeneration of

congestion and granuloma. On the other hand,

striped bass Morone saxatilis from Chesapeake Bay [46].
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hepatic  cells  with fatty changes and atrophy of Nitrite is a natural component of the nitrogen cycle in
pancreatic  acini  were observed in liver of the ecosystems.lt is an intermediate in the oxidation of
Oreochromis niloticus exposed to polluted water ammonium to nitrate. Nitrites were not detected in the
containing heavy metal salts [44]. The histopathological present study, as noticed by some authors who recorded
changes in liver of Nile tilapia, Oreochromis niloticus depletion of nitrite in some stations of Bardawil Lake [63].
exposed to waterborne copper were studied and This may be attributed to the continuous uptake of nitrite
vacuolization and necrosis of the liver parenchyma were into cellular amino acids by the photosynthesis of
observed [54]. Moreover, it was also reported by several plankton and by the action of transaminase enzyme,
studies that chronic heavy metal accumulation in the liver which decrease the nitrite values. On the other hand, the
of fish causes hepatocyte lysis, cirrhosis and ultimately high nitrate concentration was attributed to the oxidation
death [55]. of ammonia and nitrite and to the nitrification processes

Liver of fish is sensitive to environmental carried out by Nitrosomonas bacteria which are
contaminants because many contaminants tend to responsible for adding nitrate to the water under control
accumulate in the liver exposing it to a much higher levels of high dissolved oxygen [64].
than in the environment, or in other organs [56]. Also, this Although some authors recorded elevated levels of
organ is involved in the synthesis of digestive enzymes hexachlorocyclohexane isomers (HCHs),
and detoxification of xenobiotics [57].The metal binding dichlorodiphenyltrichloroethane (DDTs) and poly
proteins that were present in the nuclei of hepatocytes chlorinated biphenyls (PCBs) in surface sediments of
indicate an increase in cell damage [58]. Bardawil lake [65], the present study indicated that fish

The intestine represents a major route of entry for a muscles were free from any pesticides residues. This may
wide variety of toxicants present in the diet or in the water be explained by the lower fat content in such fish muscles
that the fish inhabit [25]. In the intestine tissues of the in which the pesticides can be stored. This was in
studied fish, degenerative and necrotic changes in the agreement with other studies that reported that Solea spp.
different intestinal layers were noticed. These collected from Bardawil lagoon are free from pesticides
pathological lesions suggest that fish exposed to residues [66].
environmentally relevant levels of contamination. The Regarding the heavy metal contents in Bardawil
histological alterations lead to anemia and immune Lagoon, the concentration of some metals in Bardawil
suppression that indicate an initial defense mechanism of water (Fe, Mn, Zn, Cu and Pb) were determined and
the fish against concentration and duration of showed that their values were lower than the
contamination exposure [59]. corresponding standard permissible limits cited by World

The biological and ecological responses to certain Health Organization (WHO) and European Economic
pollutants (organic and inorganic) may vary from changes Community (EEC) [62, 67]. The salinity of Bardawil
at the population/community level, organ/tissue and even Lagoon is higher than that of the open sea due to the
at the molecular level [60]. Since histological and decrease in rainfall and the high evaporation rate. This
histopathological changes produced by pollutants in increase in salinity may facilitate the precipitation of
organs and tissues can occur before they produce heavy metals onto the sediments [68]. The recorded
irreversible effects on the biota, histological methods can heavy metal concentrations in the present study revealed
be used in conjunction with other parameters and/or high concentrations of Lead, Iron and Zinc which were
ecotoxicological bioindicators as an early warning system comparable to the study of Turkmen et al. [3] who
for the survival of the species, as well as for determined that the muscles of five fish species collected
environmental protection. The present study was carried from Mediterranean sea (Trachurus mediterraneus,
out in spring, where the recorded DO was increased (11.38 Diplodus annularis, Raja miraletus, Dastiyatis pastinaga
mg/L). This increase of DO during spring may be and Seriola dumerili) were faced by metal pollution of
attributed to the decreasing of temperature and prevailing cadmium, chromium and lead and their concentrations
of wind action which permit to increase the solubility of were higher than the international permissible safety
atmospheric oxygen gas in water [61]. The obtained levels for human consumption.
results of DO, BOD and COD revealed that dissolved The elevation in AST and ALT values recorded in the
oxygen values were higher than BOD and COD values, present study may be attributed to many reasons such as
which indicate good water quality [62]. the high concentrations of some heavy metals recorded in
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this study. Also the histopathological examination 7. Camargo, M.M.P. and C.B.R. Martinez, 2007.
revealed the possibility of presence of bacterial infection Histopathology of gills, kidney and liver of a
which may be a good reason of increasing liver enzymes neotropical fish caged in an urban stream. Neotrop.
(appeared granuloma in spleen of D. labrax). Elevation in Ichthyol., 5: 327-336.
the level of AST and ALT in tissue of the fish in this 8. Teh, S.J., S.M. Adams and D.E. Hinton, 1997.
study is similar to that obtained in cadmium chloride Histopathological biomarkers in feral freshwater fish
toxicity [69]. The elevations in ALT activity were also populations exposed to different types of
observed in C. carpio and Oreochromis niloticus contaminant stress. Aquat. Toxicol., 37: 51-70.
exposed to cadmium [58]. ALT is an enzyme frequently 9. Mazon, A.F., C.C. Cerqueira and M.N. Fernandes,
used  in  the  diagnosis  of damage caused by pollutants 2002. Gill cellular changes induced by copper
in various  tissues  such  as  liver,  muscle  and  gills [70]. exposure  in  the  South   American  tropical
This  enzyme is  known  to  play  a key role in mobilizing freshwater  fish  Prochilodus scrofa.  Environ.  Res.,
L-amino acids for gluconeogenesis and function as a link 88: 52-63.
between carbohydrate and protein metabolism under 10. Kasherwani, D., H.S. Lodhi, K.J. Tiwari, S. Shukla and
altered physiological, pathological and induced U.D. Sharma, 2009. Cadmium toxicity to freshwater
environmental conditions [69]. Catfish, Heteropneustes fossilis (Bloch). Asian J.

Exp. Sci., 23: 149-156.
CONCLUSION 11. Garmendia,   L.,    M.    Soto,    M.P.   Cajaraville  and

From the present results, it may be concluded that, level biomarkers in Mytilus galloprovincialis:
fish of Bardawil Lagoon may be polluted with some heavy Relevance for long-term pollution monitoring. Aquat.
metals due to their concentrated levels in the sediment. Biol., 9: 203-219.

12. Evans,  D.H.,  P.M. Piermarini and K.P. Choe, 2005.
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