Agricultural Research Journal; Suez Canal University, 2011

The Protective Effect of Calcium Carbonate against Sublethal Copper Toxicity
on Nile tilapia (Oreochromis niloticus)
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Abstract: This study was carried out to investigate the effect of copper toxicity on Tilapia fish (Oreochromis niloticus).
After 15 days of acclimation, fish (45+4.8g) were exposed to 0.75 and 1.5 mg L' Cu*? (Cu,S0,4.5H,0) with and without
100 mg CaCO; L' for 30 days followed by 15 days for recovery. The fish survival, hepatosomatic index,
haematological parameters, residue (in fish muscles and gills) and histological changes (in fish liver and gills) were
evaluated. There were no significant differences in hepatosomatic index during Cu exposure and recovery period.
Significant differences (p< 0.05) in RBCs, WBCs and PCV were observed; however, these effects decreased after
recovery period and in CaCO; treatment as well as in residues which reached its high (0.64 +0.55 mg L"at15Cumg
L in muscles during exposure period and reached its low value (0.01 £0.00 mg L") at 0.75 Cu mg L™ + CaCO; in
muscles during recovery period. The histological sections supported the haematological effects and residual analysis. In
summary, this work reported that copper has toxicity effects on fish and these effects decreased with the use of CaCOs

as a protective agent and after recovery period.
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INTRODUCTION

The development of aquaculture projects are being
initiated in many parts of the world, especially in the
developing countries as one partial solution for meeting
the world’s increasing demand for animal protein.
Higher concentration of heavy metals beyond the
tolerance limit of fish could affect fish population,
reducing their growth, reproduction and/or survival and
many even kill fishes (Abbas, 1994). Fish are
particularly sensitive to water contamination and
pollutants may impair many physiological and
biochemical processes when assimilated by fish tissue
(Durmaz et al., 2006). Some metals are important and
used as micronutrients for both plants and animals
where they are an integral part of enzymes, hormones
and other biologically significant compounds. Besides,
these metals play essential roles in various biochemical
processes including metabolic regulation, growth,
reproduction and erythropoesis. Due to industrialization,
the entrance of toxic metals into aquatic systems is on
the increase and this creates an important environmental
problem ecologically (Cicik et al., 2004).

Copper (Cu) is an essential micronutrient for
vertebrate animals and has vital roles in cellular
respiration and as co-factor for over 30 different
_enzymes (Shaw and Handy, 2006). Copper sulfate
(Cu,SOy) is one of the oldest chemicals used as
Algaesides, Fungicides and Parasiticide in fish culture,
A part from its help to pisculturists, it has serious
disadvantage of being toxic to fish (Shalaby, 1997).

Calcium supplied through liming can reduce the
uptake of heavy metals (Raddum, et a/., 1986 and
Andersson and Borg, 1988). One mean to increase the
uptake of calcium by aquatic organisms is to increase
the level of environmental calcium through the
application of liming agents.

The present study was plane to investigate the effect
of copper on the physiological performance of Nile
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tilapia, and the possibility to use of CaCO; as a
protective agent against Cu toxicity.

MATERIALS AND METHODS

Experimental design:

This study was designed to investigate the effect of
Copper with and without CaCOj; on the physiological
performance of Nile tilapia fish via Five treatments; the
first group was the untreated (control), the second and
third groups were exposed to 0.75 and 1.5 Cu mg L™
(CuyS0,4.5H,0) respectively, while the fourth and fifth
groups exposed to 0.75 and 1.5 Cu mg L +100
CaCO;mg L', three replicates have been used for each
treatment. Fish were exposed Cu with or without CaCO;
for thirty days after which fish were transferred to clean
water for 15 days for recovery.

Experimental fish:

One hundred and fifty apparently healthy Nile
tilapia Oreochromis niloticus (1..) were collected from
ponds of Fish Research Centre, Suez Canal University,
Ismailia, Egypt. Fish (45+4.8g) were adapted in indoor
tanks for twc weeks to laboratory conditions. Fish of
mixed sex were distributed randomly at rate of 10 fish
per 60 L glass aquaria (80x30x40 cm®) that contained
acrated water, fish were fed about 3% of its weight on
(25% crude protein) diet, twice daily. Dead fish were
removed and were recorded daily during experimental
period.

Hepato-somatic Index (H.S.I): ‘

H.S.I was determined as liver percentage to whole
wet body weight.
H.S.I = [Liver weight (g) / Body weight (g)] *100

Survival rate (S.R):
The survival rate was determined from the equation
S.R=(N; *100) / Ny
According to (Harrell et al., 1990)
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Where: N; = Number of fish at the end, N, =
Number of fish initially stoked.

Copper bioaccumulation

Copper residues were detected in fish liver and gills
according to APHA (2000). Accumulation factor (AF)
was calculated according to Aboul Ezz and Abdel-
Razek.(1991), using the following equation:

AF=Pollutant concentration in fish organ (ug/g)/
Pollutant in water (mg / L).

Haematological studies:

After anesthetizing fish by using MS222 (0.05g per
L), blood samples were withdrawn from the heart. The
collected blood transferred to eppendorff tubes contain
EDTA used as an anticoagulation agent (Selma and
Hatice, 2004). Blood samples were divided into two sets
of eppendorf tubes, one set for haematology
(haemoglobin, haematocrit and blood cell counting), the
second set was centrifuged at 5000 r.p.m for 5 min. and
the collected plasma was stored at -20°C for further
biochemical analysis.

Three fish were dissected to get gills and liver and
kept in formalin 10% for histological examination. The
rest of fish stored frozen in refrigerator at 5°C for
copper residual analysis. Total number of erythrocytes
(RBCs) and leucocytes (WBCs) were counted using
Neubauer haemocytometer and Natt and Herrick’s
solution as diluting fluid according to the method
described by Natt and Herrick (1952) and Campbell
(1995). Haemoglobin was estimated in blood by method
described by Nilton et al. (2007). Packed cell volume
(P.C.V.) was determined using the microhaematocrite
method Schalm, (1965).

Mean corpuscular volume (M.C.V.pm3/cell)

P.C.V.=[P.C.V. (%) /R.B.C.s (million / mm®] * 10
Mean corpuscular haemoglobine (M.C.H Pg/cell)
M.C.H=[Hb (gm/100 ml blood)/R.B.C.s (million/mm?)]

Mean corpuscular haemoglobine conc. (M.CH.C
g/100ml)

M.C.H.C.=(Hb (gm/100 ml blood)/P.C.V.) * 100

Plasma alanine amino transferase (ALT) and
aspartate amino transferase (AST) were determined
colorimetrically by transaminases kites (Boehringer
Mannheim kit). Plasma glucose was determined
according to Zaki ef al. (2008).

Histological studies:

Specimens from fish liver and gills were fixed in
10% neutral buffered formalin. then, they were washed
in 70% ethanol, dehydrated, cleared in xylene,
embedded in paraffin wax, sectioned, stained with
haematoxylin and eosin, cleared in xylene and mounted
in Canada balsam. Three sections of each tissue from
each fish were examined by light microscope for
histological alterations according to Drury and
Wallington (1980) and Mohamed, (2009). Sections of
liver and gills of controls and treated fish were
photographed using Leitz microscope fitted with a
camera and connected to a computer.

Statistical analysis

The obtained data were statistically analyzed by
using one-way analysis of variance (ANOVA)
procédure. Analysis system were done using SPSS
program version SPSSpasw)1s Statistics ver. 18.0 (SPSS,
Richmond,USA) as described by Dytham,(1999).
Means were compared using Duncan’s test (1955). All

- data were expressed as meanstStandard Error. The

significance level was set at the probability level of
P<0.05.

RESULTS

Survival rate and Hepatosomatic index:

The results of survival rate and hepatosomatice
index are summarized in table (1). Fish mortality was
observed in all treatments accept control group during
the experiment period as shown in table (1), the survival
rate calculated as percentages after 45 days,
hepatosomatic index showed that there were no
significant differences between treatments during the
exposure and recovery period.

Bioaccumulation results

The highest Cu concentration in fish muscles as
shown in fig. (1) was (0.64+0.55 mg L") compared with
control (0.01+0.00 mg L") at exposure period and the
lowest value was reported at 0.75 Cu*+CaCO,
(0.01£0.00 mg L") compared with control in which Cu
was undetectable after recovery period (Fig. 1),
regarding the Cu residue in fish gills, the highest value
(0.48£0.01 mg L") was detected at 1.5 mg Cu'? at
exposure period while the lowest value (0.02:+:0.00) was
detected in recovery period at 0.75 Cu™* +CaCO,
compared with control which is undetectable.

Table (1): Changes in S.R and H.S.I of Nile tilapia exposed to ((.75 and 1.5 mg Cu L) with and without CaCO; for
30 days followed by recovery period in unpolluted watér for 15 days.

Treatments S.R. H.S.I
At end of experiment 45d Exp. 30d Ree. 15d
Control 100 % 1.73+£0.13 1.56+0.09
0.75 Cu*? 45 % 2.23+0.49 1.50+0.40
Cu?+CaCO0; 0.75 55% 2.70+0.80 ©1.80+0.3
1.5 Cu® 35% 2.33+0.23 2.16+0.58
1.5 Cu?>+CaCO; 55% 2.41+1.07 1.86+0.43

No significant different according to Duncan’s multiple range test (P < 0.05)

1. S.R: survival rate, 2. H.S.1.: hepatosomatic index.
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Figure (1): Changes in Cu residues in Muscles and Gills of Nile tilapia exposed (0.75 and 1.5 mg Cu L") with and
without CaCQs for 30 days followed by recovery period in unpolluted water for 15 days.

Haematological  parameters: The data of
haematological parameters are represented at table (2).
There were no significant differences in haemoglobin
content between treated groups and control group in
both exposure and recovery period.

The packed cell volume showed significant
differences between treated groups and control at
exposure period (control 26.48 +£1.16%,1.5 mg L' Cu*
10.93 +£1.74 %) and there were significant difference too
between control and treated groups at recovery period
(contro! 28.26+2.03%, the concentration 1.5 mg L’
Cu*? 12.66+1.39%). :

The results of M.C.V, M.C.H and M.C.H.C were
" represented at table (2). There are significant differences
in values of M.C.V, M.C.H and M.C.H.C. The values of
M.C.V reach its high at control group (195.58+7.81
pum*/cell) and it was (9529+5.19 pm’/cell) at
concentration 0.75 mg L' Cu'+CaCO; at exposure
period and reach 137.18+6.89 um®/cell in control group
and reported 106.29+5.17 um®/cell in concentration
0.75 mg L' Cu**+CaCO; at recovery period.

Regarding the M.C.H, the highest value appeared at
concentration 1.5mg L™ Cu™®45.58+3.33 pg/cell and the
lowest value appeared at comncentration 0.75 mg Lt
Cu*?+CaCO; 32.29+2.46 pg/cell at exposure period and
the highest value appeared at concentration 1.5 mg L™
Cu'? 54.71£5.15 pg/cell and the lowest value appeared
at control group 29.17+3.38 pg/cell at recovery period.

The data of M.CH.C showed that, at the
concentration 0.75 mg L Cu™® the highest value was
45.09+7.31 g/100 ml while the control reported the
lowest value 24.55+1.97 g/100 ml at exposure period
whereas the highest value appeared at recovery period
belong to the concentration 1.5 mg L™ Cu*? 45.97+3.32
g/100 ml and the lowest value was 21.27+1.40 g/100 ml
at control group. The results found to be significantly
different in values of M.C.V, M.C.H and M.C.H.C.

Biochemical results; The results of Glucose, AST and
ALT are showedat fig. (2). The highest value
(70.43+2.22 mg/dl) was obtained at 1.5 mg Cu**L™" and
45.37+2.63 mg/dl at control at exposure period and
were 47.51x1.39 mg/dl at 1.5 mg L' Cu" and

26.68+1.13 mg/dl at 0.75 mg L' Cu™® +CaCO; at
recovery period.

The ALT values were 6.67 £0.37 IU/L, 20.37+1.41
IU/L, 16.88+0.87 IU/L, 27.68+1.88 IU/L and 23.21
£1.43 TU/L for control, 0.75 mg L Cu*?, 0.75 mg L
Cu*?+CaC0s;, 1.5 mg L' Cu" and 1.5 mg L'
Cu**+CaCOs respectively in treatment period and were
5.60+0.97 IU/L, 11.10+0.13 TU/L, 9.33+1.41 TU/L,
13.33+3.35 TU/L and 10.33+1.16 IU/L for control, 0.75
mg L" Cu'?, 0.75 mg L' Cu*?+CaCO;, 1.5 mg L™ Cu*?,
and 1.5 mg L' Cu™+CaCO; respectively in a recovery
period.

The AST results showed high activity at
concentration 1.5mg L' Cu*? 46.27+1.33 IU/L and the
activity in control were 12.39+1.41 IU/L at treatment
period, and were 23.33£1.63 TU/L in concentration 1.5
mg L' Cu™? and 11.78+1.2 IU/L in control at a recovery
period. It is clear that there were significant differences
in Glucose, ALT and AST activity of studied fish
among the different studied treatments.

Histological results: The previous biochemical and
physiological investigations were confirmed by the
results of  histological  examination,  where
histopathological alterations and clear damage of gills
and liver were observed. No histological changes were
observed in the gills and liver of the control fish, while
fish exposed to copper exhibited histopathological
changes in both organs. Histological changes of control
and copper treated O. niloticus were represented in fig,
(3 and 4). .

DISCUSSION

Fish, as bio-indicator species, play an increasingly
important role in the monitoring of water pollution
because they respond with great sensitivity to changes
in aquatic environment (Siroka and Drastichov, 2004).

Mishra and Srivastava (1980) and Seong-Gil and
Ju-Chan(2004) reported that hepatosomatic index of
fresh water teleost , Colisa fasciatus was not
significantly differed after copper nitrate exposure. .

It is well known that fish have the ability to
concentrate heavy metals and different pollutants in
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their muscles and different organs (Katalay and Parlak,
2004). Metal accumulation in fish tissues depends on
exposure dose and time as well as other factors such as
temperature, age of fish, interaction with other metals,
water chemistry and metabolic activity of the fish
(Heath, 1995). Copper residue in gills was significantly
elevated with time of exposure and concentration. Our
data showed that the highest Cu concentrations were
found in fish gills. The CaCO; play an important role
against Cu accumulation (Abdel-Tawwab, 2007) and
the result showed that, there was a decrease in Cu
concentrations after recovery period in CaCO;
treatments more than non CaCO; treatments.

In haematological and biochemical studies,
treatments showed significant differences in relation to
control. The reduction in P.C.V values is due to a
decrease in circulating RBCs number, as reflected in the
M.C.V values, occurring primarily at the highest
concentration examined. The values for total P.C.V
varied between 11.53% and 17.20%, with differences at
all treatments concentrations with or without CaCQOs;,
compared to control at exposure and recovery periods.
In determining Hb content, (iv.H.C) and concentration
of M.C.H.C) in erythrocytes, a slight rise in mean
values was observed during the course of the
experiment, suggesting a small increase in erythrocytes
volume and of the haemoglobin content inside.

O’Connor and Fromm (1975) reported a decrease in
RBCs number and Ht, due to hemolysis as a
consequence of Hg toxicity. On the other hand, some
authors (Sampaio et al., 2007) suggested that in
experiment of toxicity a lowered Ht level could be
related to the conditions of confinement or stress
induced by the lack™ of food. Handy “et al. (1999)
examined blood chemistry in rainbow trout exposed to
dietary Cu and found no significant change in
haematocrit, haemoglobin and RBCs. The decrease in
blood parameters is accompanied by an increase in
M.C.V and M.C.H and M.C.H.C which may be due to
haemolytic action which led to fluid loss to the tissue
with subsequent decrease in plasma volume.

In the erythrocytes of trout apoptotic reaction was
observed when it was exposed to the tributyltin toxicity
caused by water pollution (Tiano et al, 2003).
Significant increases in the haemoglobin concentration
and the number of the haematocrit were found in
Carassius auratus gibelio and they were attributed to
the toxic effects of textile dyes (Al-Sabti, 2000). M.C.V
and M.C.H.C levels increased in tilapia, Orecohromis
mosambicus exposed to cadmium (Ruperalia et al,,
1990). The increase of WBCs of fish was suggested to
indicate an action on the immunological defence
(Zaghloul, 1997). Generally, metal exposure can result
in gill damage, which in tum can affect blood
parameters (Pelgrom, et al., 1995), and waterborne
exposure is more toxic than dietary exposure in fish
(Handy, 1996). Blood glucose appeared to be sensitive,
reliable indicator of environmental  stress in fish
(Nemcsok and Boross, 1982). Environmental pollution
may produce stress in fish enhancing glycogen
breakdown in liver and consequently raise blood
glucose lever (Diwan ef al., 1979)

L%

The increase in glucose level may be attributed to
accumulation of heavy metals in pancreatic islets and
damage the insulin production B cells are reported by
Havu (1969) and Khanna and Gill (1975). Clinical
enzymology applies the science of enzymes to the
diagnosis and treatment of disease processes AST and
ALT belong to the non plasma specific enzymes which
are located within tissue cells and have no known
physiological function on plasma (Sandnes et al., 1988).

In the present study the evaluation of these enzymes
could be attributed to damaged damage of liver cells by
the action of heavy metals (Bell, 1968; Zaghloul, 1997,
Abdel-Tawwab et al., 2007), or to the changes in blood
ammonia levels in fish exposed to hepatotoxicants
(D’Appollonia and Anderson, 1980), which may be
responsible for the observed increase in plasma
transaminases activities than the control.

Gills, which participate in many important functions
in fish, such as respiration, osmoregulation and
excretion, remain in close contact with the external
environment, and particularly sensitive to changes in the
quality of the water, are considered the primary target of
the contaminants (Mazon et al., 2002 and Fernandes and
Mazon, 2003). Alterations like epithelial lifting,
hyperplasia and hypertrophy of the epithelial cells,
besides partial fusion of some secondary lamellae are
examples of defence mechanisms, since, in general,
these result in the increase of the distance between the
external environment and the blood and thus serve as a
barrier to the entrance of contaminants (Hinton and
Laurén, 1990 a&b; Poleksic and Mitrovic, 1994 and
Fernandes and Mazon, 2003). Several other studies
showed necrosis and desquamation of secondary
lamellar epithelium, lifting up _of epithelium,
intraepithelial oedema, fusion, of adjacent secondary
lamellae, haemorrhage at primary lamellae, hypertrophy
and hyperplasia of epithelial cells (Cengiz and Unlu,
2002, 2003). Increasing the water hardness by adding
CaCOs; after the recovery period showed regenerative
changes in the epithelium of the secondary lamella of
fish gills and in the hepatocyte cells of fish liver
exposed to copper. The obtained results here in
agreement with Zaghloul (1997). Lliver is the organ that
suffers serious morphological alterations in fish exposed
to contaminants. The liver is the main organ for
dewxification (Dutta et al., 1993). Alterations in the
liver may be useful as markers that indicate prior
exposure to environmental stressors. Gill and liver
histopathological alterations, such as those observed in
this study and findings from previous studies, may
result in severe physiological problems, ultimately
leading to the death of fish. Damaged to the liver is the
most frequently reported histopathological response to
organic and non organic compounds. The importance of
the liver as a marker for pathological change reflects the
central role of teleost hepatic tissues in nutrition, lipid
and carbohydrate storage, synthesis of protein and
enzymes, fatty acid metabolism and the biotrans
formation and elimination of xenobiotics. The liver
acoumulates xenobiotic and hepatocytes bitransform
these compounds and transport them to the bile for
elimination (Hinton et al., 1992).



Table (2): Changes in RBCs and WBCs count, Hb, P.C.V, M.C.V, M.C.H aqd M.C.H.C of Nile tilapia exposed (0.75 and 1.5 Cumg L*h and without CaCo; for

30 days followed by recovery period in unpoltuted water for 15 days.

Sampling day Control 0.75 0.75+CaCO; 1.5 1.5 +CaCO;
RB Cs'(x10%L) Cu*’exposure 30 1.60 “:to.;s 1.21%°40.12 1.35%+0.18 0.95 %0, 1.28%20.16
Recovery 45 2.06 *+0.15 1.61°°+0.19 1.59%+1.30 0.98 °+0. 1.39%40.15
WBCS(x10°L) Cu*’exposure 30 4.39 °+0.86 37.90°¢1.92 23.10%1.41 53.50%+1 49.20°£1.01
Recovery 45 4.49°x0.57 40.40°£1.60 21.70°1.16 42.00°+1, 29.90%+1.34
Hb g/di Cu"exposure 30 6.50+0.57 5.20+0.50 4.36+1.39 43303 5.70+0.56
Recovery 45 6.01+0.63 6.83+0.95 6.96£1.06 5.82+1.3 5.07+1.47
—— Cu*%exposure: 30 26.48 *+1.16 11.53%1.13 13.30%£1.37 10.93 %1 13.86°1.52
Recovery 45 28.26°+2.03 17.73%£1.48 16.90°+2.06 12.66 1. 15.36%42.19
M.C.V.? pm¥/cell Cu'’exposure 39 195.58+7.81 95.29°+5.19 98.51°+6.43 115.05°+12.  108.28%8.11
Recovery 45 137.1846.89 110.12%+7.95 106.29°+5.17 1201844 110.50°£5.61
M.CHS pgleell Cu*’exposure 30 40.63 ’bi2755 42.97%2.14 32.29%+2.46 45.58°£33.  44.53%+2.64
Recovery 45 29.17 *£3.38 42.42 *+3.84 43.77%+2.78 54.71%5.1: 3647 %+2.67
M.C.H.C'g/100ml Cu*’exposure 30 24.55%1 .?7 45.09°+7.31 32.78°+2.92 39.62%42.81 - 41.13%3.28
Recovery 45 21.27 £1.40 38.52 +6.54 41.18 *+1.88 4597°43.32 33,00 °:1.83

abede Means followed by the same superscript in the same row are not significantly different according to Duncan’s multiple range test (P<0.05).
1. RBCs: Erythrocytes, 2. WBCs: Leucocytes, 3. Hb: haemoglebin content, 4. P.C.V.: packed cell‘}kvolume. 5. M.C.V: Mean corpuscular volume.

6. M.C.H.: Mean corpuscular haemoglobin, 7. M.C.H.C.: Mean corpuscular haemoglobin concentration.
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sControl m0.75Cu ®0.75Cu+Ca ®w15Cu w®m1.5Cu+Ca

Glucose Glucose ALT Exp. ALT Rec. ASTExp. AST Rec.
Exp. Rec.

Figure (2): Changes in Glucose, ALT and AST of Nile tilapia exposed to (0.75 and 1.5 Cumg L") with and without
CaCO; for 30 days followed by a recovery perlod in unpolluted water for 15 days

Figure (3): (A- F) : Sections of tissue samples of O. m’lotlcus (A) A control section showing gill tilaments (GF) and
gill lamellae(GL) (X400). (B and C) 0.75 mg I'' Cu exposed fish showing hemorrhage (Ha) and epithelial
lifting (L) (X200 and X400 respectively). (D) 1 5 mg I Cu exposed fish showing hemorrhage (Ha) and
gill deformation (D) (X200). (E and) 1.5 mg I'' Cu exposed fish showing hemorrhage (Ha) and lamellar
fusion (Fu) (X100 and X200 respectively).
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Figure 4. (G-L): Sections of tissue samples of O. mlotxcus (G) A control section showing hepatocytes (He) and
pancreas (P) (X200). (H) 1.5 mg I'' Cu exposed fish showing cytoplasmic vocalization (CV) and
piknotic nuclear (PN) (X200). (J) 1.5 mg I’ Cu exposed fish showing polymaro-nuclei (PO) and
cytoplasmic vocalization (CV) (X400). (J) 0.75 mg 1" Cu exposed fish showing fibrous connective
tissue (arrow head) (X400). (K and L) 1.5 mg I'' Cu exposed fish after recovery showing normal
hepatocytes (He) and pancreas (P) (X100 and X200 respectively).

REFERENCES

A.P.H.A,, (2000). American Public Health Association.
Standard methods for the examination of water
and wastewater. 21% addition, American Public
Health Association, Washington, D. C., US.A,
pp-1268.

Abbas, H. H. H. (1994). Effect of lead on some
physiological and biochemical aspects of Nile
tilapia (Oreochromis niloticus). M. Sc.
dissertation, Cairo Univ. Egypt.

Abdel-Tawwab, M., M. A. A. Mousa, M. H. Ahmed and
D. F. M. Sakr (2007).The use of calcium pre-
exposure as a protective agent against
environmental copper toxicity for juvenile Nile
tilapia, Oreochromis niloticus (L.). Aquaculture
264:236-246.

Aboul-Ezz, A. S. and S. E. Abdel-Razek (1991). Heavy
metals accumulation in the Tilapia nilotica L. and
in the waters of Manzalah lake. Egyptian Journal
for Applied Science, 6 (6):37-52.

Adams, N. R, R. D. Briegel, M. R. Sanders and R. M.
Hoskinson (1996). Responses of sheep to annual
cycles in nutrition 1. Role of endogenous growth
hormone during uadernutrition. Anim. Sci.,
62:279-286.

Al-Sabti, K. (2000). Chlorotriazine reactive azo red 120
textile dye induces micronuclei in fish:
Ecotoxicol Environ Saf., 47:149-155.

Andersson, P. and H. Borg (1988). Effects of liming on
the distribution of cadmium in water, sediment
and organisms in Swedish lake. Canadian Journal
Fisheries and Aquatic Sciences, 45:1154-1162.

Bell, G. R. (1968). Distribution of transaminases

: S(aminotransferases) in the tissue of pacific
salmon (G. oncorhynchus), with the emphasis on
the properties and diagnostic use of GOT. J. Fish
Biol., 4:593-604.

Campbell, T. W. (1995). Avian Hematology and
Cytology, Second Edition. Jowa State University
Press. Pp. 7-11.



50

Dighiesh et al, 2011

Cengiz, E. I. and E. Unlu (2002). Histopathological
changes in the gills of mosquitofish, Gambusia
affinis exposed to endosulfan. Bull. Environ.
Contam.Toxicol., 68:290-296.

Cengiz, E. 1. and E. Unlu (2006). Sub lethal effects of
commercial deltamethrin on the structure of the
gill, liver and gut tissues of mosquitofish,
Gambusia affinis: a microscopic study. Environ.
Toxicol. Pharmacol., 21:246-253.

Cicik, B.; O. Ay and F. Karayakar (2004). Effect of
Lead and Cadmium Interaction on the Metal
Accumulation in Tissue and Organs of Nile
Tilapia  (Oreochromis  niloticus).  Bull
Environmental Contamination and Toxicology,
72:141-148.

Crespo, S.; F. Padros, R. Sala and M. J. Marlasca
(1988). Gill structure of cultured Salmo trutta
Fario related to sampling techniques. Diseases of
aquatic organisms, 4:219-221.

D’Appollonia, S. and P. D. Anderson (1980). Optimal
assay conditions for serum and liver GOT,GPT
and sorbitol dehydrogenase from rainbow trout
(Salmo gairdneri). Can. J. Fish. Aquat. Sci.,
37:153-169.

Descotes, J. (2004). Importance of immunotoxicity in
safety assessment: A medical toxicologist’s
prespective. Toxicology Letters, 149:103-108.

Diwan, A. D., H. G. Hingorani and N. Chandrasekhram
Naidu (1979). Levels of blood glucose and tissue
glycogen in two live fish exposed to industrial
influents. Bull. Environ. Contam. Toxicol.,
21:269-272.

Drury, R. A. and E. A. Wallington (1980). Carleton
histological technique. 5® Edition. Published by
Oxford Univ. Press, London, New York. Tonto.
pp. 137.

Duncan, D. B. (1955). Multiple rang and multiple F-
test. Biometrics, 11:1-42.

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

Dutta, H. M., N. K. Adhikari, P. K. Singh and J. S.
Munshi (1993). Histopathological changes
induced by malathion in the liver of a freshwater
catfish, Heteropneustesfossilis (Bloch). Bull.
Environ. Contam. Toxicol., 51:895-900.

Dytham, C. (1999). Choosing and using statistics: A
Biologist’s Guide. Blackwell Science Ltd.,
London, UK. Pp.147.

Fernandes, M. N. and A. F. Mazon. (2003).
Environmental pollution and fish gill
morphology. In: Val, A. L. & B. G. Kapoor
(Eds.). Fish adaptations. Enfield, Science
Publishers, 203-231.

Gill, T. J, J. Pande and H. Tewari (1990).
Hepatopathotoxicity of three pesticides ina
freshwater fish (Puntius conchonius Ham). J.
Environ. Sci. Health, B 25:653-663.

Gingerich, W. H. (1982). Hepatic toxicology of fishes.
In: Weber, L. J. (ed.). Aquatic toxicology.
Plenum press, New York, pp.55-105.

Handy, R. D. (1996). Dietary exposure to toxic metals
in fish. In E. W. Taylor (Ed.), Toxicology of
aquatic pollution pp. 29-60. New York:
Cambridge University Press.

Handy, R. D., D. W. Sims A. Giles, H. A. Campbell and
M. M. Musonda (1999). Metabolic trade-off
between locomotion and detoxification for
maintenance of blood chemistry and -growth
parameters by rainbow trout (Oncorhynchys
mykiss) during chronic dietary exposure to
copper. Aquatic Toxicology, 47:23-41. .

Hansen, J. A., J. Lipton, P. G. Welsh, J. Morris, D.
Cacela and M. J. Suedkamp (2002). Relationship
between exposure duration, tissue residues,
growth, and mortality in rainbow trout

 (Oncorhynchus mykiss) juveniles sub-chronically
exposed to copper. Aquatic Toxicology, 58:175-
188.

Harrell, R. M., J. H. Kerby and R. V. Minton (1990).
Culture and propagation of striped bass and its
hybrids striped bass, southern division, American
Fisheries Society, Bethesda, Maryland.

Havu, N. (1969). Sulfhydryl inhibitors and pancreatic
islet tissue. Acta. Endocrinol. Suppl., 139:211-
231.

Heath, A. G. (1995). Water pollution and fish
physiology. Boca Raton: CRC press, pp.141-170.

Hinton, D. E. and D. J. Laurén (19904). Liver structural
alterations accompanying chronic toxicity in
fishes: potentioal biomarkers of exposure. Pp. 51-
65. In: McCarthy, J.F. & L.R. Shugart (Eds.).
Biomarkers of Environmental Contamination.
Boca Raton, Lewis Publishers.

Hinton, D. E. and D. J. Laurén (199054). Integrative

' histopathological approach to detecting effects of
environmental stressors on fishes. American
Fisheries Society Symposium, 8:51-65.

Hinton, D. E., P. C. Baumann, G. R. Gardner, W. E.
Hawkins, J. D. Hendricks, R. A. Murchelano and
M. S. Okihiro (1992). Histopathological markers.
In: Ward, C. H., Walton, B. T. and LaPoint, T.W.
(Eds) Biomarkers: Biochemical , Physiological
and Histological markers of Anthropogenic
stress. Lewis Publ., Boca Raton, pp.155-209.

Katalay, S. and H. Parlak (2004). The Effects of
Pollution on Haematological Parameters of Black
Goby (Gobius niger L., 1758) in Foga and Aliaga
Bays. E.U. Journal of Fisheries and Aquatic
Sciences, (1-2): 113-117.

Khanna, S. S. and T. S. Gill (1975). Effect of insulin on
the blood glucose level and histology of the
principal islets of Channa punctatus. Acta. Anat.
25(1/2):97-106.

Mazon, A. F., G. H. D. Pinheiro and M. N. Fernandes
(2002). Hematological and physiological changes
induced by short-term exposure to copper in the
freshwater fish, Prochilodus scrofa. Brazilian
Journal of Biology, 62 (4A): 621-631.

Mishra, S. and A. K. Srivastava (1980). The acute toxic
effects of copper on the blood of teleost.
Ecotoxicological and environment safety.,
4:191:194.



The protective effect of calcium carbonate against sﬁblethal copper toxicity on Nile tilapia 51

Mohamed, F. A. S. (2009), Histopathological Studies on
Tilapia zillii and Solea vulgaris from Lake

Qarun, Egypt. World Journal of Fish and Marine -

Sciences, 1(1): 29-39.

Natt, M. P. and C. A. Herrick (1952). A new blood
diluents for counting the erythrocytes and
leucocytes of the chicken. Poultry Science,
31(1):735-738.

Nemcsok, J. and L. Boross (1982). Comparative studies
on the sensitivity of different fish species to
metal pollution. Acta. Boil. Acad. Sci. Hung,
33(1):23-27.

Nilton, M. 1.; J. T. R. P. Maria, V. L. Julioc and M. F.
Claudia (2007). Hematological Parameters in
Nile Tilapia, (Oreochromis niloticus) Exposed to
Sub-lethal Concentrations of Mercury, Brazil, B.
A. of biology and technology, pp. 619-626.

O’Connor, D. V. and P. O. Fromm (1975). The effect of
methyl mercury on gill metabolism and blood
parameters of Rainbow trout. Bull. Environ,
Contam. Toxicol., 13(4):406-411.

Pagenkopf, G. K. (1983). Gill surface interaction model
for trace metal toxicity to fishes: role of
complexation, pH and water hardness.
Environmental Science and Technology, 17:342-
347. :

Pelgrom, S. M. G. J,, R. A. C. Lock, P. H. M. Balm and
D. E. Wendelaar Bonga (1995). Integrated
physiological response of tilapia, Oreochromis
mossambicus, to sublethal copper exposure.
Aquatic Toxicology, 32:303-320.

Poleksic, V. and V. Mitrovic-Tutundzic (1994). Fish
gills as a monitor of sublethal and chronic effects
of pollution. Pp. 339-352. In: Mtller, R. & R.
Lloyd (Eds.). Sublethal and Chronic effects of
pollutants on freshwater fish. Oxford, Fishing
News Books.

Raddum, G., P. Brettum, D. Matzow, J. P. Nilssen, A.
Skov, T. Svealv and R. F. Right (1986). Liming
in acid lake Hovvutn, Norway: a whole
ecosystem study. Water, Air and Soil Pollution,
31:721-763.

Ruperelia, S. G., Y. Verma, S. R. Saiyed and U. M.
Rawal (1990). Effect of Cadmium on Blood of
Tilapia, Oreochromis mosambicus (Peters),
During Prolonged Exposure. Bull. Environment
Contam. Tox., 45:305-312.

Sampaio, F. G., C. L. Boijink, E. T. Eliane Tie Oba, L.
R.B. Dos Santos, A. L. Kalinin and F. T. Rantin
(2007). Antioxidant defences and biochemical
changes in pacu (Piaractus mesopotamicus) in
response to single and combined copper and
hypoxia exposure. Comparative Biochemistry
and Physiology, 147(C):43-51.

Sandnes, K., Q. Lie and R. Waagbq (1988). Normal
ranges of some blood chemistry parameters in
adult farmed Atlantic salmon (Salmo salar). J.
Fish Biol., 32:129-136.

Schalm, O. W. (1965). Veterinary Hematology. Lean
and Febiger, San Francisco, pp. 664.

Scott, G. R. and K. A. Sloman (2004). The effects of
environmental pollutants on complex fish
behaviour:  integrating  behavioural  and
physiological indicators of toxicity. Aquat.
Toxicol., 68:369-392,

Selma, K. and P. Hatice (2004). The Effects of
Pollution on Haematological Parameters of Black
Goby (Gobius niger L., 1758) in Foca and
Aliaga Bays, Turkey, E.U. Journal of Fisheries
and Aquatic Sciences, (1-2):113-117.

Seong-Gil K. and K. Ju-Chan (2004). Effect of dietary
copper exposure on accumulation, growth and
haematological parameters of the juvenile
rockfish, (Sebastes  schlegeli). Marine
Environmental Research, 58:65-82.

Shalaby, A. M. E. (1997). Biochemical and
physiological studies on metal contamination in
the commeon carp (Cyprinus caprio L.). ph. D
dissertation, Zagazig Univ. Banha branch, Egypt.

Shaw, B. J. and R. D. Handy (2006). Dietary copper
exposure and recovery in Nile tilapia,
Oreochromis niloticus. Aquat. Toxicol., 76:111-

121.
Siroka, Z. and J. Drastichova (2004). Biochemical
biomarkers of aquatic environment

contamination-cytochrome Pgsp in fish. Acta. Vet.
Brno., 73:123-132.

Tech, S. J., S. M. Adams and D. E. Hinton (1997).
Histopathological biomarkers in feral freshwater
fish population exposed to different types of
contamination stress. Aquatic Toxicology, 37:51-
70. '

Tiano, L., D. Fedeli, G. Santoni, I. Davies and G.
Falcioni (2003). Effect of tributyltin on trout
blood cells: changes in  mitochondrial
morphology and functionality Biochim Biophys
Acta., 1640:105-112.

Valberg, P. A., P. J. Drivas, S. Mc Carthy and A. Y.
Waston (1996). Evaluation the health impacts of
incinerator emission. J. Hazard Mater., 47:205-
2217.

Weatherley, A. H. and H. S. Gill (1983). Relative
growth of tissues at different somatic growth rate
in rainbow trout, salmo gairdneri Richardson. J.
Fish Biol., 22:43-60.

Zaghloul, K. H. H. (1997). Studies on the effect of
water pollution along different sites of the river
Nile on the survival and reproduction of some
fresh water fishes. Ph. D. dissertation, Cairo
Univ. Egypt.

Zaki, M. S., O. M. Fawzi and J. El-Jackey (2008).
Pathological and Biochemical Studies in Tilapia
nilotica Infected with (Saprolegnia parasitica)
and Treated with Potassium Permanganate.
American-Eurasian J. Agric. & Environ. Sci.,
3(5):677- 680.



52 Dighiesh et al,, 2011

(il bl Ml B Aisaa dpdill Galaill & 308 55 dans i p gaeallSH il g ST Al g bl
*Ld pd 3 gana plina - *daaa 1o Led) daaf A %0 B 3 gaaa ag pa ¥ (5 g gualiall dpaall A daaa kRS (Bika
e - dgbelaw! £Y0YY -y gual) 58 dnals - Aol )l 40 ¢ ASaiill 39 iy Al gpall 2 UEYH oo *
pema - leLawll £10YY oy guall 58 dualan - o gladl 440 - (o guadl pusd %

V1,0 40,V Ll llau uhg).:?i‘(&i,/\ii‘a) il aldt el o ulailh L 580 Cuny Cangg Al jalt 038 @y 5ol
Lagy 10 5% Lgindd (s 323 8,58 o gy Vo Bl LaliY (o p g V0 2y Sl / o gpuallSll Cligy S pale Ve gy e i/ ulad pale
B (O pla gl celianll aall ) H€ anrll &l 4<) anll ClulS cpuaall Al 2S) Jids @sle Yl Jara (e JS i o5 plidii 5 55iS
e S 8 Ol sangdl 059 58 Sl gl g aadl 8 O e gasedl 05 Jaa sl cod paadl padl Gy S ans Jaia gl canl ulaS
(peital g 28l 8) Dpa il CloUaill g (apdliall y Cadlandl 8 ) B ¢ (6l yaall

(o LAY (e 222 Hela _;myt,uq)d\gjﬁdmﬁgﬂwmld._.bqii_._,s..‘auxs\,.‘;ldmd,sg‘.l
C.\ah.ii.'lb‘;ﬂ|w‘ﬁam‘,&bb&ﬂ‘eﬂ‘Q&J&‘Mlaﬂ|&|)swdsqjagwﬁux'a|dmﬁ&)&ﬁ}ﬂ‘iﬁ.\ﬂﬁ]‘wgm
L i oY cliay i Cladadl e s Gudl Gaaa g o apllSH G g9 5Ss Aalall COlaall (g pLaduYl 3 55 ay <yl 038
(OWpade oy0vte, o V) Cumistl y COaall & iy il 858 INA (Gl/aale +, 0040, 8) M el (e i el 38 50 DA
@quay‘u.axl_n.)uu“ Slelhill Ciasay eladiuy! sﬁdlsaw!qje,ydlﬂl U S+ jil/aale ~,V°_')=\S)1]|q.§
L 935S alaiiaad ace < ALl oda sty Mt (o Gl e 530 Jas Jaadl 138 o diadAl cilggally sl cluld
SRSELY 5 58 any SISy L0155l 50ka o gaudlS





