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ABSTRACT

uring spring. 2004, samples of Tilupia zillii. Clarias goriepinis

and Mugil cephalins were collected trom Nile water a1 El- Kanater

region in order to study the effect of heavy metals (Fe. Mn. Zn .
Cu .Pb and Cd) accumulation on the erzyme (GOT & GPT) activity as
well as livers tissues of the three fish species. The results showed that
Fe. Mn. Zn. Cu. Pb and Cd accumulation in the livers of the above
three fish species ranged between 802.626 -1021.97. 9.731 - 26.061
and 123.636- 166.364.34. 144-116.364. 27.957 - 89.394 . 16.06! -
42,742 ugfe drv wt respectively.

The main observed lesions were (1) dilation and congestion in
blood vessel and blood sinusoids (2) hemorrhages in hepatocytes (3¢
hemolvsis and hemosidrine pigment (4) degeneration and necrosis in
hepatocytes (3) farty degeneration in hepaocvies (6) parasite cysts in
liver tissues of Tilapia zillii.

Increase in GOT and GPT activities was associated with liver cells
damage. These changes in enzymes activity and lesions in fiver were
recorded by the following order: Tlupia zillii > Clarias gariepinis
Mugil cephadus.

INTRODUCTION

The increase of population density with the heavy industrialization
and agricultural activities have resulted in more and more wastes
entering the River Nile. These wastes lead to changes in the Nile water
quality. including the increase of turbidity . suspended solids. total
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Salem and Khalifa (2003) reported that several factors affected the
disappearance of some fish species from the River Nile. The first was
the High Dam construction and the second was the changes in water
quality.

Recently. several works were conducted on the effect of water
pollutants on fish organs and the estimation of the amount of heavy
metals on these organs (Elewa. 1993; Masoud ef af.. 1994; Abdel Satar.
1998: Sayed. 1998: Yacoub. 1999; Abdel Satar and Shehata. 2000:
Elewa er al., 2001 ; Mahmoud. 2002)

Some heavy metals such as Zn, Cu, Mn and Fe are essential for
growth and well being of living organisms including man. However.
they likely show toxic effects when organisms are exposed to levels
higher than normally required. Other elements such as Pb and Cd are
not essential for metabolic activities and exhibit toxic properties even
with traces levels. Many heavy metals including He, Cd. Pb, As and
Cu. inhibit photosynthesis and phytoplarkton growth. At higher trophic
levels, they have delayed embryonic development. causing
malformation and reduced growth of adult fishes, molluscs and
crustaceans (FAO. 1992).

The present study aimed to cvaluate the effect of six heavy metals
(Fe. Mn. Zn. Cu. pbt and Cd) on the three fish species inhabiting the
River Nile. indicating by histological changes in the liver of Tilapia
-iflii, Clarias gariepinus and Mugil cephalus as well as the enzvme
activity of GOT and GPT in the serum of these fishes.

MATERIAL AND METHODS

1- Fish samples:

Samples of adult healthy Tilapia ziflii. Clarias gariepinus and
Mugil cephalus were collected from the River Nile sector of El-Kanater
region (26 km north of Cairo). The weights of specimens ranged
between 30-355. 286.5 — 490.0 and 12.0- 530.0 mg‘kg. for Tilapiu
ziflii, Clarias guriepinus and Mugil cephalus respectively.

2- Heavy metals

Liver samples of different fish species were dried in an oven at
105°C Tor about 24 hour. then ground 1o fine powder. 0.2 am drv
weight of the liver of cach was taken. and digested according 10 the
method described by Goldberg ¢f afl. (1993). Concentrated nitric and
perchloric acids (AR grade) with ratio of 5: 5 were used in teflon
beakers on a hot plate. at 30°C for about 3 hours till complete
decomposition of arganic matter. The digested samples were cooled.
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beakers on a hot plates at 30°C for about 3 hours ull complete
decompositon of orsanic mater. The digested samples were cooled.
Ritered and diluted to a tinal volume of 30 ml with detonized disulted
water. The concentration of irop. manganese. zine. copper and
cadmium were measured by atomic absorpilon spectrophotometer.
{litachn model. 170-30. Resulis were expressed in pg Kg dn wetght of
[iver nssue.

3- Biochemical experiments:

Bloed samples were taken by severance ol the caudal peduncle of
hish and collected into two small sterilized vials. The blood was lett w
clot and then centrifuged at 3000 r.p.m tor 10 minutes to obiin serum.
Supernatant serum was obwained using micropipette model {Labyvsiems
K 353071) for biochemical swulies. The levels of serum glutamic
oxaloacetic  transaminase (GOT) and scrum  glutamic  pyrun ic
transaminase (GPT) were measured, using kits of Biomericux France.
+- Histopathelogical examination:

Tissue specimens trom the liver ot the studied fishes were lixed in
10% phosphate buffer formalin. followed by dehydration through an
ascending series of ethvle alc. Finally embedding m parattin and
sections of 3 microns were cut. using Euromex Holand Microtome und
stained according to Harris hematoxylin and eosin method (1900).
Then the sections were examined histopathologically by light
microscope and photographed by a microscopic camera.

RESULTS AND DISCUSSION

The present study was carried out to correlate the accumulation of
Fe. Mn. Zn. Cu. Pb and Cd in fish liver with lesions and changes in
liver enzymes (GOT and GPT). Mersch et af. (1993) stated that fish can
accumulate trace metals and act as indicators of pollution. The heavs
metals concentrations in liver of fihes cought from [L- Kanater region
are presented in Table (1).

The results indicated that the highest value of iron concentrations
was recorded in Tiupia zillii (1021.97 pg/g dry wt.). followed by
Clarias gariepinus (899.140 pg’e dry wt) and the lowest value was
recorded in Mugil cephalus (802.626 ug/g dry wt.).The increase of iron
concentration may be related to the increase of total dissolved iron in
Nile water and consequently increase the free metal iron concentration
and thereby lead to an increase in metal uptake by different organs

(Carbonell er af., 1998).
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26.06] pg/g drv wt. (Tabie 1). The accumulated Mn was by the
following order: Tilapia zillii > Mugil cephalus > Clarias gariepinus .

Zinc concentration in the liver of the present fish species ranged
from 123. 656 10 166.364 ug/e dry wt. (Table 1). Zinc concentrations
were recorded in the following order: Tilapia zillii. > Mugil cephalus.
> Clarias gariepinus. Mining. smelting and sewage diposal are the
major sources of zinc pollution. Koli er al. {1978) reported that Zn
concentrations in muscle tissue of fish species from non-polluted areas
were less than 10 ppm. However. the present study revealed that zinc
levels in all fishes species were significally higher than 10 ppm.

Copper is a fundamental micronutrient to all forms of life. in
enzyme activity or random rearrangement of natural proteins (Bower.
1979). Copper concentration in the livers of present fish ranged from
37. 424 to 116.364 pg/e drv wt. (Table 1). The concentrations of Cu
were recorded in the following order: Tilapia zillii. > AMugi cephalus.>
Clarias gariepinus. All examined samples showed higher Cu values
than the permissible lunit of WHO (10 ppm) reported by Reichenback
Klinke (1974). The obtained resulis were also higher than that recorded
by Abdel-Satar and Shehata. (2000) in the River Nile of EL- Kanater
region. who showed that copper levels were lower than the permissihle
level for flesh of Oreochromis nilovicus and Tilapia zillii.

Pb and Cd are known 10 be toxic at low concentrations. Both
metals were reported by the following order: Tilapia zitlii. = Mugil
cephalus. > Clarias gariepinus. and Clarias  gariepinus. > Mugil
cephalus.> Tilapia zillil. respectively. The increase of Pb and Cd
concentrations in fish tissues mayv be attributed to the domestic
cffluents discharged into the Nile water (Moon er a/.. 1994 : Abdel-
Satar and Shchata. 2000). The present study revealed that Jead
concentrations of the studied fish {Table.]) were more than USFDA
maximmum permissible fevel (2.0 pg’g in muscle) cited by Adeveve
(1993). For Cd concentration. the present levels were higher than the
pernyissible limit (0.5ug/e drv wi) recorded by National Academy of
Science (1972). On the other hand. the recommendations of National
Health and Medical Research council in Australia (NHMRC). imply
that the concentration of Cd and Pb in the edible part of fish should not
exceed 2.0 nge (Bebbington er «f. 19770

The present swudy revealed marked differences among  the
concentrations of heavy melats in ish liver of the three studied {ishes.
The fish take the mewl directy from water or through their foed chain.
There were higher levels of all the measured heavy metals in the livers
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of three species. These results agree with those reported by Yacoub and
Abdel-Satar (2005). who showed similar patterns of Fe. Mn. Zn. Cu. Ph
and Cd for some fish species in Bardawil lagoon. Also. they showed
that these patterns were higher than their permissible limits. The higher
conceniration of metals in tish liver of Tilapia zillii than those ol
Clurias gariepinus and Mugil cephalus may be atiribuied to the higher
wlerance of Tifupia ziflii than the other species (Abdel Sawr and
Shehata. 2000).

Histological examination of the liver samples of the examined (ish
species showed dilation and thrombosis in bloed vessels (Fig. 1.
hemolysis and hemosidrine due to destruction of erythrocyies (Fig.2).
hemorrhagic areas and inflammatory hepatic cellular intitteation
(Fig.3). In addition. congesion in blood sinusoids appeared in all liver
tissue (Fig. 4).

The liver sections of Tifupia zillii showed severe degeneration and
vacular necrosis in hepatocevts (Fig. 5). Some hepatocytes contained
large fat vacoules. fatty degeneration (Fig. 6) as well as odema (Fig. 7).
Also, the liver of Tilapia ziflii contained parasitic cvsts in bloud vessel
walls (Fig. 8).

The lesions iin the hepatocytes of Clarias gariepinus showed
degeneration of nuciei. accumulation of lipid and focal necrosis (Figs. 9
and 10). The liver sections of Mugil cephalus showed degeneration in
hepatocytes. hemolysis in RbCs. and dilation of blood vessels (Fig. 11).

The present study suggests a strong link between heavy metals and
lesions in the liver. Sorensen et al. (1980) cited that heavy melals in
Elbe water might cause liver damage. Similar results were obtained by
Aly et al. {2003) after exposure of Clarias gariepinus to lead pollution.
They found that the vacuolar degeneration and necrosis of hepatocytes
may appear after 3 days but after 2 weaks. hemolysis of red blood
corpusles and vacuolar degeneration as well as nerosis of hepatocyvtes
were observed.

Similar alterations in the liver of Tilapia zillit and Clurius
gariepinus were observed in fishes living in Nile water polluted with
heavy metals and ammonia (Yacoub. 1999 ; Tayel, 2003).

Yacoub and Abdei-Satar (2003) studied the effect of heavy metals
on some fishes inhabiting Bardawil lagoon. They observed
degeneration and vacuole necrosis in hepatocytes, with, hemolysis and
hemosidrin prigments.

The fatty degenerative changes in Tilapia zillii liver, may be due to
a decrease in the rate of utilization of energy reserve or pathologicaily
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enhance synthesis {Desai er al.. 1984). Also. the abnormal
accumulation of fats in experimental animals could be due to induced
imbalance between fat production and utilization (Kadry. 19%97). In
ceneral. all fish livers contained hemosidrin pigments that may result
from destruction of ervthrocvtes. Breakdown of hemoglobin converting
into hemosidrin was responstble for the brown deposits within hepatic
tissues (Fayed. 2004). Several factors have been held responsible for
the abnormal accumulation of hemosidrin in the liver tissue. some were
named by Strassmann (1974) and Mazhar er af. (1986) to be rapid and
continue destruction of ervthrocytes with increased hemolysis and
damage of the iron metabolism.

El-Kanater region was found to contain high level of iron (0.9
mg/ly (Yacoub. 1999 : Mahmoud 2002). This jarge amount of iron
might be absorbed through the intestinal mucosa, leading to abnormal
accumulation of hemaosidrin 1 the liver {Yacoub, 1994). Some studies
also revealed a link between heaptic alteration and hemosidrin
pigments (Khan. 1998 and 1999).

Ei-Banhawy and El-Ganzuri. (1980) reported that lysosomal
membranes which are very sensitive to many pathogenic factors are
disrupted and thus their enzymes released and caused degeneration and
vacuolation of cytoplasm of liver cells.

The transaminases. GOT and GPT are two key cnzymes
considered as a sensitive measure 1o evaluate hepatocellular damage
and some hepatic diseases (Todd. 1964). The increased serum
aminowransferases might reflect myocardial and hepatic toxicity.
leading 1o extensive liberation of the enzymes into the blood (Heath.
1987 : Daabess ef al.. 1992 ¢ Abo-Hegab er al., 1993).

The present study showed a general trend of increase in GOT and
GPT activities in Tilapia zillii. followed by Clarias gariepinus and
Mugil cephalns. (Table 2). The presemt findings coincide with the
reported  Mistopathological  lesions.  which revealed a marked
degeneration  and necrosis of hepatocvtes as the elevation in
transaminases activitics may be attributed 1o liver injury (Kristaffersson
and Okari. 1974, ¢ Alv ¢/ wf. 2003). The results indicate that the
pollutants of Nile water affect the liver cells and GOT and GPT
activitics.

Finally. 1t can be concluded that the bvers of the fishes Tilapia
zillil, Mugil cephalus and Clurias gariepinus were contaminated with
heavy metals that were celevated by the discharge of different wastes
inte the River Ntle at El-Kanater region. The results indicate that the



EFFECT OF HEAVY METALS 209
ON ENZYME ACTIVITY OF SOME NILE FISHES

examined heavy metals caused different degrees of injuries in the fish
livers with the increase in GOT and GPT activities.
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LEGEND OF FIGURES

Photomicrographs of:

(Fig. 1): Section of liver of Tilupia zillii obtained from EL-Kanater
rezion showing dilation and thrombosis formation in blood
vessel (B). (H. & E. X400)

(F1g. 2): Section of hiver of Mugil cephalus obtained from El-Kanater
region showing hemolvsis (H) and hemosidrine (S).

(H. & E. X400)

(Frz. 5): Section of hiver of Mugil cephalus obtained trom EL-Kanaier
region showing hemorrhages (R). (H. & E. X400)

(Fig. 4): Section of liver of Clurias gariepinus obtained from El-

Kanater region showing congesion in blood sinusoid (C).
(H. & E. X100)

) Section ot liver of Tilupia zillii obtained from El-Kanater
region showing severe degeneration (D) and vacuolar necrosis
in hepatocvts (n). (H. & E. X400)

(I'1g. 6): Section of liver of Tilapia zillii obtained from El-Kanater

region showing fatty degeneration (F). (H. & E. X400)

(Fig. 7). Section of liver of Tilapia zillii obtained from El-Kanacer
region showing Odema (O). (H. & E. X400) '

(Fig. 8): Section of liver of Tilupia zillii obtained from EL-Kanater
region showing parasite cysts (P). (H. & E. X400)

(Fig. 9): Section of liver of Clarius gariepinus obtained from EL-
Kanater region showing degeneration in nucler (D). focal
necrosis (n). (H. & E. X400)

(Fig. 10): Section of liver of Clarias guriepinus obtained from EL-
Kanater’ region  showing  fatty  degeneration  (F).
(H.& E. X400)

(Fig. 11): Section of liver of Mugil cephalus obtained from EL-Kanater
region showing degeneration in liver cell (D). hemolysis (IH).
(H. & E. X400)
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