Journal of Coastal Life Medicine 2014; 2(3): 175180 175

Journal of Coastal Life Medicine

journal homepage: www.jclmm.com
E'""ﬁi’ S

Document heading

doi:10.12980/JCLM.2.2014]57

© 2014 by the Journal of Coastal Life Medicine. All rights reserved.

Immunological, hematological and biochemical changes induced by

short term exposure to cadmium in catfish (Clarias gariepinus)

Mohamed El—Said El—Boshy1’2*, Hossam Ali Gadalla', Fatma Mostafa Abd El—Hamied'

'Department of Clinical Pathology, Faculty of Veterinary Medicine, Mansoura University 35516, Egypt
*Laboratory Medicine Department, Faculty of Applied Medical Science, Umm Al-Qura University, Makkah 21955, Saudi Arabia

PEER REVIEW

Peer reviewer

Dr. Azime KUQUKGUL, Tunceli

University, Fisheries Faculty, TR62000,

Tunceli, Turkey.

Tel: 0090 (428) 213 17 94

E-mail: agulec@tunceli.edu.tr;
akucukgul@tunceli.edu.tr

Comments

Generally, this is a potential
research work in which authors have
demonstrated that the hematological,
biochemical and immunological
changes in catfish (Clarias gariepinus)
experimental doses exposed to
cadmium. Anemia and increases
in biochemical and hematological
parameters were observed in higher
dose cadmium exposed fish.
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1. Introduction

ABSTRACT

Objective: To investigate the hematological, biochemical and immunological changes in catfish
(Clarias gariepinus) (C. gariepinus) experimental exposed to cadmium.

Methods: C. gariepinus were exposed to different concentrations of cadmium (Cd) (0, 2, 5, and 10
mg/L) for 3 weeks. Blood samples were collected for assessing some hematological, biochemical
and immunological studies at the end of experiment.

Results: The results showed marked normocytic normochromic anemia, leukocytosis,
neutrophilia and lymphopenia in 5, 10 mg/L in cadmium exposed fish. Also the blood level
activities of ALT and AST significantly increased, as well as glucose, creatinine, urea, potassium
and uric acid. Meanwhile total protein, albumin and sodium were significantly decreased at 5, 10
mg/L of cadmium exposed fish. The immunological parameters in cadmium exposed experimental
dose groups decreased serum bactericidal activity, lysozyme, neutrophils adhesion test as well
as decreased resistance to Aeromonas hydrophilla with increasing exposure dose seemed to
correspond with suppressive of non—specific immune functions.

Conclusions: The treatment of C. gariepinus with cadmium under the same conditions had
immunosuppressive and decrease diseases resistance in a dose—dependent effect.
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reagent, and in miscellaneous industrial processesi2l. The
cadmium in ionic, colloidal, complexes or particulate

Dissolved metals occur naturally in trace amounts in the
aquatic environment; however, through industry they may
be transported, concentrated, changed into other forms and
are reintroduced into the aquatic system as contaminations.
Consequently, fishes in contaminated areas are often
exposed to much higher concentrations or to chemical forms
different than those that are normally in the environmentl1l.

Cadmium (Cd) is a naturally occurring metallic element
that is used for electroplating and galvanization processes
in the production of pigments in batteries, as a chemical

forms is taken up by aquatic organisms. In fish, cadmium
is mainly taken in through the gills while accumulation via
their food seems less important(3.4].

Cadmium toxicity in freshwater fish has been extensive
investigated. Anemia was documented in Oreochromis
mossambicus and Channa punctatus intoxicated with
different doses of cadmiumis.6l respectively. Schuwerack et
all” reported leukocytosis, neutrophilia and eosinophilia
in Cyprinus carpio (C. carpio) exposed to sublethal
concentrations of cadmium. Alteration of some serum
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biochemical parameters attributed to liver, gill and kidney
dysfunction reported by Oner et all8lin Oreochromis niloticus
(0. niloticus) intoxicated with cadmium. Cadmium can
induce immunosuppressant in common carp (C. carpio), O.
niloticus, Ictalurus melas and Oreochromis aureus which
documented byll.9-111respectively.

The present studies to investigate the cadmium toxicity in
Clarias gariepinus (C. gariepinus) are scanty. The aims of the
study were to examine the hematological, biochemical and
immunological changes in C. gariepinus exposed to short—
term high levels of cadmium.

2. Material and methods
2.1. Experimental fish

One hundred and twenty, apparently healthy African
catfish weighing (100+20) g were obtained from local farm,
maintained in glass aquaria filled with dechlorinated tap
water supplied with continuous aeration. The photoperiod
was maintained on a 12:12 h light/dark schedule. The fish
were acclimatized to laboratory conditions for 15 d before
the start of experiment. The temperature was kept at (24+2)
°C throughout the experiment. About half of the water was
changed daily in all experimental aquaria. Fecal matters
were siphoned out once daily. All fish were fed twice daily
at 29 of their body weight along the period of experiment.

2.2. Experimental design

A total number of 120 African catfish were randomly
divided into four equal groups, each containing 30 fish.
The first group served as a control. The other three groups
were subjected to sublethal concentration of cadmium
2 mg/L (Cd1), 5 mg/L (Cd2), and 10 mg/L (Cd3) in water
all over the experimental period according to Jana and
Bandyopadhyayal12I.

At the end of experiment, 3 weeks post exposure, five fish
were randomly sampled from each group in 2 replicates.
Blood samples were collected by heart puncture in air—
dried, sterile test tubes (2 mg EDTA/mL) to study the non—
specific defense mechanism, erythrogram, total and
differential leukocytic count and neutrophil adhesion test.
The remaining whole blood samples were centrifuged at 3000
r/min for 5 min and serum was stored at 80 °C to be used for
serum biochemical parameters, bactericidal activity and
lysozyme assay. All groups were challenged with Aeromonas
hydrophila (A. hydrophila) and mortality rate was recorded.

2.3. Hematological and biochemical studies

The erythrogram, (erythrocytes count, hemoglobin
concentration, PCV value, blood indices, MCV, MCH and

MCHC), total and differential leukocytic counts were
performed according to Stoskophl13l. Serum biochemical
parameters (ALT, AST, total protein, albumin, glucose, urea,
creatinine and uric acid) were estimated following standard
methods using commercial kits (Spinreact, Spain). Sodium
and potassium were estimated using a flame photometer
(Sherwood 410, model UK).

2.4. Immunological studies

2.4.1. Superoxide anion production

The superoxide anion production of blood phagocytes
was measured according toll4] with some modifications
ofl15]. In summary, 100 pL buffer containing poly—L-lysine
solution (0.2% Sigma) were pipette into flat bottom 96—well
microtitre plates. Whole blood (100 pL) was added to each
well and incubated at 37 °C for 2 h, then washed with Hanks
balanced salt solution (HBSS). Then 100 UL of NBT (1 pg/mL
HBSS) was added containing 10° Streptococcus iniae cells.
After incubation for 30 min at 37 °C, the reaction stopped by
adding 100 pL of methanol and the medium was removed.
The formazone in each well was dissolved with 120 pL of 2
mol/L. KOH and 140 pL of DMSO and measured using a plate
reader (Bio TEC, ELX800G, USA) at 630 nm, with 405 nm as
reference.

2.4.2. Bactericidal activity

Serum bactericidal activity was done following the
procedure ofl16l. An equal volume (100 uL) of serum and
bacterial suspension 2x10° (CFU) was mixed and incubated
for 1 h at 25 °C. Blank control was also prepared by replacing
serum with sterile PBS. The mixture was then diluted with
sterile PBS at a ratio 1:10. The serum—bacterial mixture (100
ul) was plated in blood agar and plates were incubated for
24 h at 37 °C. The number of viable bacteria was determined
by counting the colonies grown in nutrient agar plates.

2.4.3. Serum lysozyme

Serum lysozyme was determined using turbidimetric assay
by the method ofi171. Briefly, the lysozyme substrate was 0.75
mg/mL of Gram positive bacterium Micrococcus lysodeikticus
lyophilized cells (Sigma, St. Louis, MO) was suspended in 0.1
mol/L sodium phosphate/citric acid buffer, pH 5.8. Plasma
or mucous (25 ML) was placed in triplicate into a microtiter
plate and 175 uL of substrate solution was added to each well
at 25 °C and reduction in absorbance at 450 nm read after 0
and 20 min using microplate ELISA reader (Bio TEC, ELX800G,
USA). The units of lysozyme present in plasma or mucous (ug/
mL) were obtained from stander curve made with lyophilized
hen egg white lysozyme (Sigma).

2.4.4. Neutrophils glass—adhesion
Neutrophils glass—adherent, using nitroblue tetrazolium
assay, was determined according tol18]. Briefly, within 15
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min after blood samples were collected, one drop of blood
using heparinized capillary hematocrit tubes was placed
onto a 22—-mm square coverslip. The coverslips were
placed individually in Petri—dishes humid chambers and
incubated for 30 min in room temperature (25 °C) to allow
the neutrophils to stick to the glass. After incubation, the
coverslips were gently washed with PBS (pH 7.4) and the
cells were transferred upside down to a microscope slide
containing a 50 ML drop of 0.29 filtrated NBT solution (Fluka
Buchs, Co. Switzerland). After other 30 min of incubation,
the positive, dark—blue stained cells were counted under
the microscope. Two coverslips were examined for each fish.
Three random fields were counted on each slide. The six
fields were averaged. The mean and standard error of the
mean of the fish lots were calculated.

2.5. Disease challenge

The challenge test was performed in 2 replicates (10
fish/replicate) where 20 fish from each aquarium of both
control and cadmium treatment groups were inoculated
with pathogenic A. hydrophila. The inoculation was done
via i.p. route using 0.5 mL culture suspension of pathogenic
A. hydrophila containing 10" bacteria/mL that had been
previously isolated from naturally infected catfish and
identified according to standard bacteriological tests, as well
as for their pathogenic studied. The challenged fish from
each aquarium were observed for 7 d in order to record the
mortality percent.

2.6. Statistical analysis

The mean and standard error were calculated for each
variable. The data were analyzed by analysis of variance
(ANOVA) to identify the significantly different groups at
(P<0.05) by one way ANOVA with post—hoc LSD multiple
comparison test using SPSS software statistical program (SPSS
for windows ver.15.00, USA).

3. Results

Erythrogram results in our work revealed a significant
decrease in RBCs count, Hb and PCV values in Cd2 and Cd3
groups in compare to control group with a non significant
change in group Cd1. MCV, MCH, MCHC results clarifies
non significant changes in all groups under investigation.

Table 3

This previous results suggest presence of normocytic
normochromic anemia in groups Cd2 and Cd3 (Table 1).
Total leukocyte count and neutrophil count showed a
significant elevation in Cd2 and Cd3 groups with a higher
elevation in group Cd3 than group Cd2 when compared to
control group. Lymphocyte count revealed a significant
increase in group Cd3 than control group and a non
significant change in other groups. Monocyte, esinophile and
basophile count showed no significant changes in all groups
(Table 2).
Table 1
Erythrogram picture (meantSE) in catfish (C. gariepinus) exposed to
cadmium.

Groups RBCs Hb g/dL.  PCV ¢ MCV{L  MCHpg MCHC ¢
million/pL

Control  2.51°#0.14 8.98'+0.34 28.9"+1.12 115.1'£6.80 35.8'+1.75 31.2't1.15

Cd1 2.34°+0.16 8.04'+0.52 27.2'+1.86 115.8'+5.42 34.2°+1.34 29.3'+1.08

Cd2 1.81"+0.12  6.38'+0.26 20.9'+1.18 115.5'+7.25 35.2°+1.34 30.5'+2.13

cd3 1.76"£0.13  6.42°+0.34 20.12°£1.32" 113.6'3.79 36.7'+1.92 29.9'¢1.21

Dissimilar superscript letters in the same column show a significance (P<0.05).
RBCs: red blood cells, Hb: hemoglobin, PCV: packed cell volume, MCV: mean
corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean

corpuscular hemoglobin concentration.

Table 2
Leukogram picture (meanSE) in catfish (C. gariepinus) exposed to
cadmium.

Groups TLC 1074 Neutrophil Lymphocyte Monocyte Esinophil Basophile

10/uL 10"/pL 107uL  10/uL  10/uL
Control 28.64°+2.01 8.98°+0.59 17.48"+1.04 1.62'+0.15 0.56'+0.04 0.0£0.0
Cdi 27454221 9.24°40.68 16.06'+£1.20 1.64'+0.18 0.51°£0.05  0.0£0.0
Cd2 32.58"£2.98 14.28"£0.61 16.03°t1.12 1.78'+0.16 0.49'+0.03 0(')0(?3221
Cd3 38.51°42.10 19.58°+0.98 14.53"+0.98 1.92°£0.21 0.48°£0.03 0.0+0.0

Dissimilar superscript letters in the same column show a significance (P<0.05).
TLC: total leukocytic count.

Serum biochemical parameters in our study showed a
significant increase in ALT and AST activities in group Cd2
and Cd3 than control group with a non significant change
between the both groups. Total protein, albumin and sodium
results revealed a significant decrease in group Cd3 when
compared to control group and non significant changes in
other groups. Urea, creatinine, uric acid and potassium
results revealed a significant increase in group Cd3 when
compared to control group and non significant changes in
other groups. Glucose value clarifies a significant increase in
all cadmium groups than control group with higher elevation
in group Cd2 and Cd3 than group Cd1 with a non significant
variance between Cd2 and Cd3 groups (Table 3).

Our immunological results in cadmium exposed groups
revealed a marked reduction in measurement of superoxide

Some biochemical parameters (mean+SE) in catfish (C. gariepinus) exposed to cadmium.

Groups ALT U/mL_AST U/mL

TP g/dL. Albumin g/dL. Glucose mg/dL.  Urea mg/dL

Ccreatinine mg/dL. Uric acid mg/dl. Sodium mEq/L. Potassium mEq/L

Control 38.0"£3.21 108"+6.14 3.38°+0.28  1.34"+0.10 64.8"+4.3 9.80"+1.02 0.95"+0.10 1.82"+0.20 136.8"+6.40 3.42"£0.20
cdi 46.2"+5.14  121"+9.15  3.51"+032  1.28"0.12 96.4°+5.3 11.40°+0.84 0.88"+0.11 1.76°+0.18 131.8"+5.38 3.48"+0.31
cd2 64.2'+4.48  152'+8.41 3.01"+£028  1.12°°+0.15 134.0'49.42 12.02°+1.10 0.99"+0.09 1.98"+0.16 124.0°+6.20 3.58"+0.29
Cd3 71.2°£6.14  168°+9.84  2.74'+0.21  0.81°+0.11 128.0°+7.10 15.60"+1.12 1.26"£0.12 2.45"£0.28 102.0°+5.14 3.96'+0.18

Dissimilar superscript letters in the same column show a significance (P<0.05). ALT: alanine aminotransferase, AST: aspartate aminotransferase, TP: total protein.
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anion, bactericidal activity and neutrophil glass adhesion
assay in group Cd3 with a non significant change in other
groups in compare to control group. Lysozyme value show
a significant decrease in groups Cd2 and Cd3 than control
group with non significant change between the both groups.
In accordance with these results the mortality rate increased
in all groups exposed to cadmium with higher mortality rate
recorded in group Cd3 than other groups (Table 4).

Table 4
Some immunological parameters (mean+SE) in catfish (C. gariepinus)
exposed to cadmium.

Groups  Superoxide  Bactericidal — Lysozyme  Neutrophil —Mortality o,
anion (0.D) activity ¢ (CFU) ug/mL  glass adhesion

Control  0.18"+£0.05 24.1°+1.50  9.98°+028  12.3°+1.14  63.1¢4.1

cdi 0.19"+0.07 2.4°+1.98  9.57°£031  102°+0.98  70.0"6.1

cd2 0.16"+0.04 208"£1.42  8.12°4024  114°1.12 83.0°#3.1

Cd3 0.10'+0.02 14.1¢1.42  8.01°40.21 8.4'+0.94  93.0%2.1

Dissimilar superscript letters in the same column show a significance (P<0.05).

4. Discussion

Our result showed normocytic normochromic anemia
in Cd2 and Cd3 exposed to 5 and 10 mg/L of cadmium
respectively in compare to control group. The kidney
is principle hemopoietic tissues in teleost fish[19].
Cadmium induces renal damage in silver Crucian carp
fish documented byl20l. Our result in accordance withls.6]
who observed anemia in Oreochromis mossambicus and
Channa punctatus respectively. In the same line anemia
after exposed to heavy metals was recorded in Leporinus
obtusidens, Hypentelium nigricans, Hoplias malabaricus and
Channa punctatus by Gioda et al., Schmitt et al., Oliveira et
al. and Tyagi and Srivastaval21-24] respectively.

The leukogram in our work revealed leukocytosis,
neutrophilia and lymphopenia in group Cd3 in compare to
control group. Cadmium persuades neutrophilia in C. carpio
was reported byl7l. Leukocytosis in Hoplias malabaricus,
Channa punctatus, Prochilodus scrofa and C. carpio was
demounted byl23-26] respectively.

Liver transaminase enzymes (ALT and AST) were elevated
in both groups Cd2 and Cd3 in compared to control group.
This elevation could be attributed to liver damage. Liver
damage included swollen and ruptured parenchymal
cells, loss of cord structure, vacuoles filled with cellular
debris, focal necrosis, and a significant increase in Kupffer
cells as a result of cadmium intoxication reported byl27]in
Chondrostoma nasus. Oner et all8] observed increase serum
ALT and AST in O. niloticus long term exposed to cadmium.
In the same aspect ALT plasma level significantly increased
in C. carpio exposed to cadmiumi28l. Meanwhile Teles et
all29]reported insignificant increase ALT in Anguilla anguilla
caged in heavy metals polluted sites.

Hypoproteinemia and hypoalbuminemia observed in group
Cd3 only and could be due to liver and kidney damage.

Oronsayel30]l, documented kidney damage in Gasterosteus
aculeatus exposed to cadmium. In contrast to our result Oner
et ali8l observed insignificant change in total plasma protein
in O. niloticus intoxicated with cadmium.

Hyperglycemia recorded in all cadmium exposed
groups. Stress in fish accompanied with hyperglycemia
due to increase glycogenolysisl13l. Teles et all29] observed
increase cortisol blood level in Anguilla anguilla caged in
heavy metals polluted sites. Hyperglycemia reported byis]
in O. niloticus exposed to cadmium, as well as byl31.32]in
Coregonus clupeaformis and C. carpio were exposed to heavy
metals.

The elevation of urea in group Cd3 was reported in this
study. Urea in fish is produced by liver, it is excreted
primarily by the gills rather more the kidneyl13]. The
elevation of urea in our work may be attributed to gill
dysfunction. Gill damage as a result of cadmium intoxication
reported in Gasterosteus aculeatus byl30l. In the same aspect,
Oner et all8l reported increased blood urea in cadmium
exposed fish (0. niloticus).

Regarding to kidney function test, creatinine significant
increased in group Cd3 only. Renal damage of the sea bass
Dicentrarchus labrax and marine bony fishes exposed
to cadmium were approved byl33-34l. Yang and Chenl32|
recorded elevation creatinine blood level in C. carpio
exposed to gallium.

Uric acid is formed by fish from exogenous and
endogenous purines. It is converted in the liver to urea for
excretion by the gills[13l. Elevation of uric acid levels in
higher dose cadmium treated group Cd3 could be attributed
to liver damage induced by cadmium. Shi et al. documented
liver damage in Carassius auratus exposed to cadmiumi3s.

Hyponatremia and hyperkalemia in high dose cadmium
exposed group Cd3 could be attributed to gill dysfunctionl!3].
Gill damage has been reported in Puntius gonionotus, Sparus
aurata and byl3637]. In the same line, sodium and chloride
levels as well as plasma osmolality were significantly
reduced in C. carpio exposed to cadmium28].

Our immunological results showed immunosuppressive
in cadmium exposed groups Cd2 and Cd3 compared with
control group. Superoxide anion production, bactericidal
activity, and neutrophils adhesion cell in group Cd3 as
well as serum lysozyme in both groups Cd2 and Cd3.
Immunosuppressive effect of heavy metals in fish has been
documented. NBT reduction assay and serum lysozyme
was significantly decreased in Javanese carp (Puntius
gonionotus) exposed to copper toxicityl38]. Kidney lysozyme
was decreased in common carp exposed to cadmiumi39l.
Also Betoulle et al. observed reduce phagocyte oxidative
burst activity by gallium in C. carpiol40l. Mortality rate in
cadmium exposed group challenged with A. hydrophila is
dose dependent. Increase mortality rate could be attributed
to immunosuppressive effect of cadmium on catfish (C.
gariepinus). Similarly, decrease diseases resistance was
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recorded in zebrafish (Brachydanio rerio) and Javanese carp
(Puntius gonionotus) challenged with Listeria infection and
A. hydrophilal41.38] respectively.

We concluded that cadmium had different organs damage
and immunosuppressive effect in catfish (C. gariepinus) and
subsequent decrease diseases resistance.
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Comments

Background

Cadmium is a nonessential heavy metal but it has
accumulative polluting effect, and causes toxicity to
aquatic organisms even in minut concentrations. Therefore,
it is regarded as one of the most toxic elements in the
environment. As shown the previous literatures, cadmium
toxicity in freshwater fish has been extensive investigated.
Specially, alterations of some serum biochemical parameters
in liver, gill and kidney of fish were examined. In this study,
hematological, biochemical and immunological changes in
catfish after exposure to sub—lethal doses of cadmium (Cd).
This study has a potential significant about determination of
Cd toxicity in the most fish.

Research frontiers

The manuscript describes the hematological, biochemical
and immunological changes in C. gariepinus were exposed
to different concentrations (0, 2, 5, and 10 mg/L) of cadmium.
Blood samples were collected to determine hematological,
biochemical and immunological parameters.

Related reports

The occurrence of cadmium in considerably toxic
amounts was reported by earlier workers in various aquatic
ecosystems. Cadmium is reported to cause anemia in a
variety of fish species at low as well as high concentrations
after entering into the organism of fresh water fishes through
the gills. The literature data shows that they have evidence in
anemia formation and higher biochemical and hematological
parameters after exposure to 10 mg/L dose of cadmium.

Innovations and breakthroughs

This scientific study support and suggest a dose—
dependent effect of Cd had immunosuppressive and
decrease diseases resistance.

Applications
This scientific study support and suggest the treatment of
C. gariepinus with cadmium under the same conditions had
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immunosuppressive and decrease diseases resistance in a
dose—dependent effect.

Peer review

Generally, this is a potential research work in which
authors have demonstrated that the hematological,
biochemical and immunological changes in catfish (C.
gariepinus) experimental doses exposed to cadmium. Anemia
and increases in biochemical and hematological parameters
were observed in higher dose cadmium exposed fish.

References

[1] Patrick TK, Yoke M, Ming KW. The effects of short—term acute
cadmium exposure on blue tilapia, Oreochromis aureus. Environ
Biol Fish 1993; 37: 67-74.

[2] Agency for Toxic Substances and Disease Registry (ATSDR).
Toxicological profile for cadmium. Atlanta: U.S. Department
of Health and Human Services, Public Health Service; 2012.
[Online] Available from: http://www.atsdr.cdc.gov/toxprofiles/
tp.asp?id=48&tid=15. [Acessed on 10 November, 2013]

[3] Klinck JS, Green WW, Mirza RS, Nadella SR, Chowdhury MJ,
Wood CM, et al. Branchial cadmium and copper binding and
intestinal cadmium uptake in wild yellow perch (Perca flavescens)
from clean and metal-contaminated lakes. Aquat Toxicol 2007;
84(2): 198—207.

[4] Szebdinszky C, McGeer JC, McDonald DG, Wood CM. Effects of
chronic Cd exposure via the diet or water on internal organ—
specific distribution and subsequent gill Cd uptake kinetics in
juvenile rainbow trout (Oncorhynchus mykiss). Environ Toxicol
Chem 2001; 20(3): 597—607.

[5] Wu SM, Deng AN. Effect of cadmium on hematological functions
in tilapia (Oreochromis mossambicus). Bull Environ Contam
Toxicol 2006; 76(5): 891—898.

[6] Karuppasamy R, Subathra S, Puvaneswari S. Haematological
responses to exposure to sublethal concentration of cadmium in
air breathing fish, Channa punctatus Bloch). J Environ Biol 2005;
26(1): 123-128.

[7] Schuwerack PM, Lewis JW, Hoole D. Cadmium—induced cellular
and immunological responses in Cyprinus carpio infected with
the blood parasite, Sanguinicola inermis. J Helminthol 2003; 77:
341-350.

[8] Oner M, Atli G, Canli M. Changes in serum biochemical
parameters of freshwater fish Oreochromis niloticus following
prolonged metal (Ag, Cd, Cr, Cu, Zn) exposures. Environ Toxicol
Chem 2008; 27(2): 360-366.

[9] Matgorzata W. Stress in fish haematological and immunological
effects of heavy metals. Electronic J Ichthyol 2005; 1(35): 35—41.

[10] Smith DA, Schurig GG, Smith SA, Holladay SD. Tilapia
(Oreochromis niloticus) and rodents exhibit similar patterns of
inhibited antibody production following exposure to immunotoxic
chemicals. Vet Hum Toxicol 1999; 41(6): 368—373.

[11] Viola A, Pregnolato G, Albergoni V. Effect of in vitrocadmium



180 Mohamed El-Said El-Boshy et al./Journal of Coastal Life Medicine 2013; 2(3): 175-180

exposure on natural killer (NK) cells of catfish, Ictalurus melas.
Fish Shell Immunol 1996; 6(3): 167—172.

[12] Jana SR, Bandyopadhyaya N. Effect of heavy metals on some
biochemical parameters in the freshwater fish, Channa punctatus.
Environ Ecol 1987; 5(3): 488—493.

[13] Stoskoph M. Fish medicine. St. Louis: W.B. Saunders Company;
1993, p. 116, 128, 129.

[14] Chung S, Secombes CJ. Analysis of events occurring within teleost
macrophages during the respiratory burst. Comp Biochem Physiol
1988; 89: 539—544.

[15] Sahu S, Das BK, Mishra BK, Pradhan J, Sarangi N. Effect of Allium
sativum on the immunity and survival of Labeo rohita infected
with Aeromonas hydrophila. J Appl Ichthyol 2007; 23: 80—86.

[16] Kajita Y, Sakai M, Atsuta S, Kobayash M. The immunostimulatory
effects of levamisole on rainbow trout, Oncorhnchus mykiss. Fish
Pathol 1990; 25: 93—-98.

[17] Parry RM, Chandau RC, Shahani RM. A rapid and sensitive assay
of muramidase. Proc Soc Exp Biol Med 1965; 119: 384—386.

[18] Anderson DP, Moritomo T, De Grooth R. Neutrophils, glass
adherent nitroblue tetrazolium assay gives early indication
of immunization effectiveness in rainbow trout. Vet Immunol
Immunopathol 1992; 30: 419—429.

[19] Robert R]. Fish pathology. 2nd ed. London: Baillier Tindall; 1989.

[20] Hong F, Wu C, Liu C, Wu K, Gao F, Yang F. Interaction
mechanism between Cd2+ ions and DNA from the kidney of the
silver Crucian carp. Biol Trace Elem Res 2006; 110(1): 33—42.

[21] Gioda CR, Lissner LA, Pretto A, da Rocha JB, Schetinger MR,
Neto JR, et al. Exposure to sublethal concentrations of Zn(Il) and
Cu(Il) changes biochemical parameters in Leporinus obtusidens.
Chemosphere 2007; 69(1): 170-175.

[22] Schmitt CJ, Whyte JJ, Roberts AP, Annis ML, May TW, Tillitt DE.
Biomarkers of metals exposure in fish from lead-zinc mining
areas of southeastern Missouri, USA. Ecotoxicol Environ Saf 2007;
67(1): 31—47.

[23] Oliveira Ribeiro CA, Filipak Neto F, Mela M, Silva PH, Randi
MA, Rabitto IS, et al. Hematological findings in neotropical fish
Hoplias malabaricus exposed to subchronic and dietary doses of
methylmercury, inorganic lead, and tributyltin chloride. Environ
Res 2006; 101(1): 74—80.

[24] Tyagi A, Srivastava N. Haematological response of fish Channa
punctatus Bloch) to chronic zinc exposure. J Environ Biol 2005;
26(2 Suppl): 429-432.

[25] Mazon AF, Monteiro EA, Pinheiro GH, Fernandes MN.
Hematological and physiological changes induced by short—term
exposure to copper in the freshwater fish, Prochilodus scrofa. Braz
J Biol 2002; 62(4A): 621-631.

[26] Dhanapakiam P, Ramasamy VK. Toxic effects of copper and zinc
mixtures on some haematological and biochemical parameters in
common carp, Cyprinus carpio (Linn). J Environ Biol 2001; 22(2):
105—111.

[27]Koca S, Koca YB, Yildiz S, Girci B. Genotoxic and
histopathological effects of water pollution on two fish species,
Barbus capito pectoralis and Chondrostoma nasus in the Biyik
Menderes River, Turkey. Biol Trace Elem Res 2008; 122(3): 276—

291.

[28] Reynders H, Van Campenhout K, Bervoets L, De Coen WM, Blust
R. Dynamics of cadmium accumulation and effects in common
carp (Cyprinus carpio) during simultaneous exposure to water and
food (Tubifex tubifex). Environ Toxicol Chem 2006; 25(6): 1558—1567.

[29] Teles M, Pacheco M, Santos MA. Endocrine and metabolic
responses of Anguilla anguilla 1.. caged in a freshwater—wetland
(Pateira de Fermentelos——Portugal). Sci Total Environ 2007;
372(2-3): 562-570.

[30] Oronsaye JA. Histological changes in the kidneys and gills of
the stickleback, Gasterosteus aculeatus L, exposed to dissolved
cadmium in hard water. Ecotoxicol Environ Saf 1989; 17(3): 279—
290.

[31] Ptashynski MD, Pedlar RM, Evans RE, Baron CL, Klaverkamp
JF. Toxicology of dietary nickel in lake whitefish (Coregonus
clupeaformis). Aquat Toxicol 2002; 58(3—4): 229—247.

[32] Yang JL, Chen HC. Effects of gallium on common carp (Cyprinus
carpio): acute test, serum biochemistry, and erythrocyte
morphology. Chemosphere 2003; 53(8): 877—882.

[33] Roméo M, Bennani N, Gnassia—Barelli M, Lafaurie M, Girard
JP. Cadmium and copper display different responses towards
oxidative stress in the kidney of the sea bass Dicentrarchus
labrax. Aquat Toxicol 2000; 48(2—3): 185—194.

[34] Gambarian SP, Lavrova EA. [Nephrotoxic action of platinum,
chromium and cadmium compounds on marine bony fishes|. Zh
Evol Biokhim Fiziol 1989; 25(6): 729—735. Russian.

[35] Shi H, Sui Y, Wang X, Luo Y, Ji L. Hydroxyl radical production
and oxidative damage induced by cadmium and naphthalene
in liver of Carassius auratus. Comp Biochem Physiol C Toxicol
Pharmacol 2005; 140(1): 115—121.

[36] Wangsongsak A, Utarnpongsa S, Kruatrachue M, Ponglikitmongkol
M, Pokethitiyook P, Sumranwanich T. Alterations of organ
histopathology and metallothionein mRNA expression in silver
barb, Puntius gonionotus during subchronic cadmium exposure. J
Environ Sci (China) 2007; 19(11): 1341—1348.

[37] Isani G, Andreani G, Cocchioni F, Fedeli D, Carpené E, Falcioni
G. Cadmium accumulation and biochemical responses in Sparus
aurata following sub-lethal Cd exposure. Ecotoxicol Environ Saf
2009; 72(1): 224-230.

[38] Shariff M, Jayawardena PA, Yusoff FM, Subasinghe R.
Immunological parameters of Javanese carp Puntius gonionotus
(Bleeker) exposed to copper and challenged with Aeromonas
hydrophila. Fish Shellfish Immunol 2001; 11(4): 281-291.

[39] Sévényi J, Szakolczai J. Studies on the toxic and
immunosuppressive effects of cadmium on the common carp.
Acta Vet Hung 1993; 41(3—4): 415-426.

[40] Betoulle S, Etienne JC, Vernet G. In vivo and in vitro modulation
of carp (Cyprinus carpio L.) phagocyte oxidative burst activity by
gallium. J Toxicol Environ Health A 2002; 65(8): 603—615.

[41] Rougier F, Menudier A, Bosgiraud C, Nicolas JA. Copper and zinc
exposure of zebrafish, Brachydanio rerio (Hamilton—Buchaman):
effects in experimental Listeria infection. Ecotoxicol Environ Saf
1996; 34(2): 134—140.



