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ABSTRACT

This study was investigated the effects of waterborne lead (Pb) and calcium (Ca) dietary on Nile
tilapia (Oreochromis niloticus) using hematology, micronucleus {(MN) and nuclear abnormality
(NA) analysis. The values of 98 h LC,, of Pb to tilapia in our laboratory was 182.38 mg L%
Therefore, lead concentration tested in this sub-lethal experiment was 45 mg L™ (correspond to 25%
of the 96 h LC,). The dietary supplement with 0, 20 and 80 mg Ca® g~ fish food were feeding for
30 days. Sixty fish were equally divided into six groups (G1: normal diet and water; G2: normal diet
and waterborne lead; G3: low Ca® diet and water; G4: high Ca®" diet and water; G5: low Ca?" diet
and waterborne lead; and G6: high Ca® diet and waterborne lead). After 30 days treatment, blood
collection for hematology, MIN and NA analysis. It was observed that, fish showed significant
sensitivity to the different treatments. The results of hematological analysis including, hematocrit,
hemoglobin, erythrocytes and leukocytes counts, were increased in Pb exposure when compare
those of the control group, but no statistically significant. The percentages of immature erythrocyte
count were increased from 1.1 to 3.8% through Pb exposure. NA shapes in erythrocytes were scored
into blebbed nucleil (BL), lobed nucler (LB), notched nuclei (NT) and binuclei (BN). In general, the
highest value of both MIN and NA cells were significantly increased in the Pb treated group followed
by the combination of Pb and Ca® treated group. The frequencies of each NA shape in erythrocytes
of all treatments were observed in the following NT>LEB>BN>EL. Our results demonstrated the
efficacy of calcium in reducing toxicity in fish induced by waterborne lead.
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INTRODUCTION

The application of environmental toxicology studies on non-mammalian vertebrates 1s rapidly
expanding and for aquatic systems, fish have become indicators for the evaluation of the effects of
noxious compounds. Heavy metal contamination has heen reported in aquatic organisms. These
metal build up in food chain and are responsible for chronic illness and death in aquatic crganisms,
which probably move up to the top of food chain (Jiraungkoorskul ef af., 2002). Lead (Pb) is a soft,
and corrosion resistant material, which is alse a common contaminant that enters the water column
mainly through industrial practices. It 1s useful for industrial used including battery production
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and some 1n paints, such as pigments and colored inks (WHQO, 1995). In addition, Pb in a non-
nutrient metal found in the earth’s crust, which can enter the aquatic environment easily through
natural processes, such as geological weathering, voleaniec emissions as well as through
anthropogenic practices, for instant mining, refining and smelting of Pb (Alves et al., 2006). As
a result, Pb becomes one of the most everywhere environmental poisons encountered in everyday
life.

Waterborne Pb causes the disruption of Na®, C1~ and Ca®* regulation during acute exposure, the
induction of spinal deformities and black tails during chronic exposure and disruption in
hemoglobin synthesis during both types of exposure (Rogers and Wood, 2004). Generally, divalent,
metals such as lead, cadmium and zinc are considered Ca®' antagonists. The previous study in our
laboratory, Nile tilapia (Oreochromis niloticus) were fed with 20 and 60 mg Ca® g fish food and
then exposed to 45 mg L' of waterborne lead for 30 days, had reduced Pb tissue burdens
{Lamchumchang ef al., 2007). Similarly, several more recent studies (Baldisserotto et al., 2005;
Franklin et al., 20058) have shown that dietary Ca” is protective against the uptake of both
waterborne and dietary cadmium, as well as against the uptake of waterborne zine (Niyogi and
Wood, 20086).

Erythropoietic activity, as reflected by changes in hematological parameters such as hematocrit,
hemoglobin concentration and erythrocyte counts are modulated in fish by several factors like
hypoxia (Valenzuela et al., 2002), stress (Pages et al., 1995). Greater numbers of mature than
immature erythrocytes are found in peripheral blood. Immature erythrocytes or polychromatoephils
are commonly found in low percentages range from 0 to 10%, values that may increase up to 20%
through stress, also reflected in the heightened hematocrit and in the increase of total erythrocyte
numbers (Leonardi et al., 2003). A variety of biomarkers and bioassays in the laboratory and field
studies used in determining the effects of genotoxic pollution including the presence of DNA
adducts chromosomal aberrations, DNA strand breaks and measurement, of micronuclei frequencies.
Among the currently available test systems, the micronucleus assay is the most widely applied
method due to its simplicity, reliability, sensitivity and proven suitability for fish species. This test
is a measure of subcellular process such as induced chromosomal breaks (clastogenesis) or cell
spindle malfunction (aneugenesis) (Heddle et af., 1991).

Nile tilapia is a common freshwater species that can be found in most tropical waters. It belongs
to the Cichlids Family and the Oreochromis Genus. In Thailand, Thai tilapia 1s one of the most
popular because of its economic values (Manosroi ef al., 2003). Whereas comprehensive information
is available on the effects of heavy metals exposure on fish, there are few reports on the efficiency
of fish dietary supplementation on reducing their toxicity. In view of this background, the present
study was designed to examine the efficiency of the dietary Ca® intake reduces the toxicity of lead
in Nile tilapia (0. nilotficus) via hematology, micrenucleus (MN) and nuclear abnormality (INA)
analysis.

MATERIALS AND METHODS

Experimental fish: This study was performed at the Department of Pathobiclogy, Faculty of
Science, Mahidol Umiversity, Bangkok, Thailand in 2010. Nile tilapia, O. niloticus, 14-18 g in body
weight and 8-10 em in total length, were purchased from a commercial hatchery in Thailand. Tap
water was filtered to eliminate chemical contamination. The physicochemical characteristics of

water were measured daily, according to the experimental procedures described in Standard
Methods for the Examination of Water and Wastewater (APHA, 2005). Acclimatization to
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laboratory conditions for 30 days was done using dechlorinated tap water. Fish were fed twice a day
with commercial fish food. The quantity of food was 2% of the initial body weight per day. A 16 h
light and 8 h dark photo-pericd was maintained. Lead (IT) nitrate (Pb{NO,), Merck, Germany) was
directly diluted in water to obtain the desired exposure concentrations.

Diet preparation: All diets were prepared with commercially fish food that was used to feed the
fish during acclimation. The manufacturer’s specifications for the fish food were of 37% crude
protein; 14% crude fat; 3% crude fiber; 12% ash and 1% sodium (Charoen Fokphand Group,
Bangkok, Thailand). This fish food was ground in a blender, followed by hydration with
approximately 0.7 mL g~ distilled water. To prepare the calcium-supplemented diet, the control diet.
was supplemented with CaCO, (Merck, Germany) to yield an experimental diet with 20 and 680 mg
Ca*g ! dry wt. of food. Calcium carbonate was dissolved in the distilled water and added to the food
paste. The resulting paste was mixed and extruded through a minced-meat processing machine.
Later, the mixture was broken into small pellets by hands and air dried at 60°C in hot air oven for
48 h.

Sublethal toxicity test: The 96 h L.C,, value of Nile tilapia exposed to Fb was determined in our
laboratory as 182.38 mg L' (Lamchumchang et al., 2007). In this study, fish were exposed to
45 mg 1!, which correspond to 25% of the 96 h LC, . Fish (n = 80) were randomly divided into six
groups. Each fish was transferred to each aquarium as follows: group 1: normal diet and water
(control); group 2: normal diet and waterborne lead; group 3: low Ca? diet and water group 4: high
Ca® diet and water; group 5: low Ca”* diet and waterborne lead and group 6: high Ca® diet and
waterborne lead. All glass flow-through aquaria (50 x 50 x 120 em® with continuous asration were
filled with 200 L of dechlorinated tap water, whose physicochemical characteristics were the same
as those described previcusly. After 30 days treatment, fish from each group were anesthetized with
0.2 g L' MS-222 (tricaine methan sulphonate, Sigma, Jermany), weighed and measured.
Peripheral blood samples were drawn from the caudal vessel and placed in tube containing EDTA
for hematological analysis.

Hematological analysis: Blood from the EDTA tubes was drawn into microhematocrit tubes and
the hematocerit (Ht) was determined after centrifugation for 5 minutes at 10,000 x g. Numbers of
ervthrocytes and leukocytes were determined by the Neubauer hemocytometer method using a Natt
and Herrick solution (Natt and Herrick, 1952). The percentage of immature erythrocytes was
determined relative to 1,000 erythrocytes counted in Wright's staining slides. Absolute values were
calculated according to the above-cbtained counts. Hemoglobin concentration (Hb) was determined
measurement by the cyanometahemoglobin method. The blood indexes, Mean Corpuscular Volume
(MCV), Mean Carpuscular Hemoglobin (MCH) and Mean Corpuscular Hemoglobin Concentration
(MCHC) were then calculated from Het (Hb) and EBC according to Lee ef al. (1998), This method
of manually determining total WBC and differential counts has been recommended for avian
(Zinkl, 1986) and fish (Stoskopf, 1993) bleod because nucleated RBC prevent accurate enumeration
using automated analysis.

Qualitative analysis of erythrocytes: Qualitative descriptions of erythrocytes followed the

characteristics proposed by Fijan (2002): (a) Shape: the more immature the erythrocytes, the
rounder the cells, (b) Size and degree of nuclear condensation: the more immature erythrocytes,
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greater the nucleus area covered within the cells and less chromatin condensation, (¢) Cytoplasmic
color: the More immature cells, more basophilic their cytoplasm. In accordance to these criteria,
ellipsoid cells with no basophilia were classified as mature erythrocytes (Er), ellipsoid cells with
slight basophilia as Type 2 polychromatophils (P2, young erythrocytes) and round cells with strong
basophilia as Type 1 polychromatophils (P1, polychromatic erythrocytes). Polychromatophils with
intermediate characteristics (between Type 1 and 2) were identified and named intermediate
polychrematophils (P1).

Micronuclei and nuclear abnormality analysis: Blood was smeared on clean grease free
microscope slides, air dried for 12 h and then fixed in absclute ethancl for 20 min. Each slide was
stained with Wright's staining. From each slide 1000 cells were scored under 1000x magnifications
using a Nikon E600 light microscope and photographed using a Nikon DXM 1200 digital camera
{Tokyo, Japan). A single observer using blind review scored slides. Frequencies of MN and NA were
expressed per 1000 cells (%),

Micronuclei and nuclear abnormality cells scoring: Only the cells clearly isolated from the
surrounding cells were scored. The criteria for the identification of MN were earlier described: (a)
MN must be smaller than one-third of the main nuclei (b) MN must be clearly separated from the
main nuclei () MN must be on the same plane of focus and have the same color (Fenech et al,,
2008). Nuclear abnormality shapes were scored into one of the following categories: blebbed nuclei
(BL), lobed nuclei (LB), notched nuclei (NT) and binuclei (BN) (Carrasce ef al., 1990). The result
was expressed as the mean value (%) of the sum for all the individual abnormality observed.

Statistical analysis: All data were expressed as means + SD. A two-way analysis of variance was
performed separately tested in each group. The Least-Significant Difference (LSD) was used for
determination of significant differences at p<0.05.

RESULTS

General growth parameters: Mortality did not oceur during the experiments and the control fish
did not show any gross or behavicral changes. Otherwise, the treated fish were less active than the
controls and a few of the treated fish rested on the bottom of the aquaria. The swimming became
slower and there was reduction in their rate of feeding. Overall, the exposure to lead caused only
a minor reduction in mean growth rate. These differences were not statistically significant.

Hematological analysis: The results including Het (Hb), erythrocytes and leukocytes counts,
were increased in Pb exposure, when compare those of the control group, but no statistically
significant {Table 1). Qualitative description of tilapia erythrocytes in this experiment is shown in
Fig. la-c. The percentages of immature erythrocyte count were increased from 1.1 to 3.8% through
Pb exposure.

Micronuclei and nuclear abnormality analysis: Normal erythroeyte, approximately diameter
7 um, was contained mainly elliptical nuclei (Fig. 2). The small non-refractile circular or oveid
particle Iying in the cytoplasm and resembling a nucleus with respect to staining properties was
considered as micronuclei. The size of the micronuclel varied to some extent (between 1/25th and
1/5th that of nuclear size) but the number was always one. The position of the micronuclei in the
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Table 1: Hematological parameters of O. niloticus exposed to different treatments

Hematological parameters G1 G2 G3 G4 G5 G6
Het (%) 27 33 18 24 33 30
Hb (g dL™) 9.3 11.1 6.8 8.3 11.8 10.2
Leukocyte count (10° pL.=%) 28.6 31.6 17.6 23.6 28.6 30.0
Erythrocyte count (10° uLi %) 1.26 1.67 1.48 1.22 1.73 1.40
Immature erythrocyte count (10° pLi™Y) 0.014 0.063 0.024 0.016 0.042 0.039
MCV (fL) 214.3 197.6 121.6 196.7 190.8 214.3
MCH (pg) 73.8 66.5 45.0 68.0 68.2 72.0
MCHC (g dL%) 34.4 35.6 37.8 34.6 35.8 34.0

Fig. 1. Qualitative changes in Q. niloficus erythrocyte(A) P1 = Type 1 Polychromatophils (late
basophilic-polychromatic erythroeytes). (B) P2 = Type 2 Polychromatophils (young
erythroeytes). (C) Pi = Intermediate Polychromatophils Characteristics.

Note: Er=Mature Erythrocyte

cytoplasm also varied, some located very near to the nucleus or some located vary far even at the
periphery of the cell. Some of the nuclei clearly deviated from their normal shape and were either
blebbed (BL), lobed (LB), notched (NT) and binucleated cells (BIN). All abnormalities of nuclei were
scored. In briefly, cells with two nuclei were considered as binucleates. The two nuclei should be
approximately equal size, staining pattern and staining intensity, within the same cytoplasmic
boundary. Blebbed nuclei presented a relatively small evagination of the nuclear membrane, which
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Fig. 2: Photomicrographs of erythrocytes with normal nucleus (Er); with micronucleir (MN) and with
nuclear abnormalities: blebbed nuclei (BL); lobed nuclei (LB); notched nuclel (INT); binuclei
(BIN) of O. niloticus
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Fig. 3 Frequencies (%) of micronuclel and nuclear abnormalities in erythrocytes of O. niloticus
exposed to different treatments. *Mean difference was significant when compared the

control group (p<0.05)

contained euchromatin. Evaginations larger than the blebbed nuclel, which could have several
lobes were classified as lobed nucleil. Nucleir with depth into a nucleus were recorded as notched
nuclei.

The frequencies of MN and NA cbserved in various treated and control fish have been showed
in Fig. 3. It 1s evident that the differences in MIN were statistically significant in treated group
when compared with those of the control group. The frequencies of MIN were significant highest
number in fish treated with Pb alone. However, when both Pb and caleium were conjointly
administered, the MN appeared to be reduced to some extent. Similarly to MN, the frequencies of
NA were also significant greater number in fish treated with Ph. When NA in erythrocytes were
analyzed separately, it was observed that the frequency of each abnormality shapes were found

in the following order: NT>LE>BN>BL.
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DISCUSSION

The results of this study similar to our previous report in Punfius altus exposed to cadmium
{Jiraungkoorskul et al., 2007), O. niloticus exposed to copper (Kosai ef al., 2009). Hematological
parameters include; pack cell volume, hemobloghin, total erythroeytes and leucocytes count were
used mare often when fish was applied to determine the effect of pollutants (Al-Attar, 2005;
Mohammed and Sambo, 2008). Fish exposed to Pb showed a statistically significant (p<0.05)
increase in the hematological parameters. MN 1s cytoplasmic chromatin masses with the appearance
of small nuclei that arise from chromosome fragments or intact whole chromosomes lagging behind
in the anaphase stage of cell division. Their presence in cells 1s a refection of structural andfor
numerical chromosomal aberrations arising during mitosis (Heddle ef @l., 1991). MN and NA tests
in fish are generally performed in enucleated peripheral blood erythrocytes mainly due to its
technical feasibility. It 13 well known that heavy metals interferes the regular chromosome
segregation during cell division mainly by inhibition of polymerization of actin tubules, an essential
structure of the mitotic spindle (Miura and Imura, 1987). It was suggested that the mechanism of
Ph genctoxicity 1s mainly conditioned by single strand breaks in DNA through the direct lead-DNA
interactions as well as by the action of incision nucleases and/for DINA-glycosylase during DNA
repair like those of cadmium (Privezentsev et al., 1998). Correspondingly, most of the toxic
chemicals that produce genotoxic effects have been known to form reactive oxygen species as well
as electrophilic free-radical metabolites that interact with DNA to cause disruptive changes. It has
been suggested that during the heavy metal exposure, electrophilic ions and radicals are produced,
interacting with nucleophilic sites in DNA and leading to breaks and other related damage in the
latter.

Arkhipchuk and Garanko (2005) reported the highest increases of cells having micronuclel were
observed in bleod after fish exposure to cadmium. In the present study, there was a general
tendency of occurrence of notched and lobed types in higher frequencies. An analysis revealed
spontanecus frequencies of nuclear abnormalities in erythrocytes were found in the following
order: NT>LB>BN>BL. Thus, our results seem to be in agreement with previous studies
{Cavas and Ergene-Gozukara, 2003; Mallick and Khuda-Bukhsa, 2003).

Previous studies have found significant reductions in whole body cadium uptake from the water
and diet when rainbow trout were fed a diet supplemented with 60 mg CaCO, g’
(Baldisserotto ef al., 2004a, 2005; Franklin et al., 2005), or 60 mg CaCl, (Zohouri ef al., 2001,
Baldisserctto et al., 2004b). Freshwater fish have two primary uptake pathways for essential ions
ie., Ca¥, Na*, the gills as waterborne ions and the gastrointestinal tract as dietary ions. They can
regulate the total uptake by changing the proportion of each kind of uptake depending on the
environmental situations. For example, tilapia (0. mossambicus) up-regulate intestinal Ca® uptake
when living in water with low Ca® concentration (Flik et al., 1995). Therefore, if the fish can
acquire more ions via the gastrointestinal route, they may decrease branchial ion uptake rates and
thereby subsequently reduce the uptake of metals sharing the common branchial pathway. For
example, Cd#, Zn? shares the same transport pathway with Ca% (Verbost et al., 1989; Niyogi and
Wood, 2004) and previous studies have shown that dietary Ca’ supplementation decreased
waterborne Ca? uptake and subsequently waterborne Cd* uptake (Baldisserotto, ef al., 2004a, b,
2005). There is no available data of Ca® concentrations in the natural diet of feral fish, but Ca?
is available in abundance in crustacean exoskeleton and mollusk shells. Interestingly though,
Sherwood et al. (2000) reported that wild yellow perch (Ferca flavescens) in heavy metal impacted
lakes tend to eat relatively more invertebrates than fish.
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From our results, it 1s possible to conclude that the dietary calcium supplementation can reduce

the effect of waterborne lead uptake in fish.

ACKNOWLEDGMENT

This study was funded by the Thailand Research Fund and the Commission on Higher
Education: Research Grant for Mid-Career University Faculty, 2008 (RMU5S180001) and in part
by Mahidol University International College and Faculty of Science, Mahidol University.

REFERENCES

Al-Attar, A.M., 2005, Changes in haematological parameters of the fish, Oreochromis niloticus
treated with sublethal concentration of cadmium. Pak. J. Biol. Sci1., 8: 421-424,

Alves, L.C., C.N. Glover and C.M. Wood, 2006, Dietary Pb accumulation in juvenile freshwater
rainbow trout (Oncorhynchus mykiss). Arch. Environ. Cont. Toxicol., 51: 615-625,

American Public Health Association (APHA), 2005, Standard Methods for the Examination of
Water and Wastewater. 21st Edn., The American Public Health Association, American Water
Works Association and Water Follution Control Federation, Washington, DC.

Arkhipchuk, V.V. and N.N. Garanko, 2005. Using the nucleolar biomarker and the micronucleus
test on in vivo fish fin cells. Ecotox. Environ. Safety, 62: 42-52,

Baldisserotto, B., C. Kamunde, A. Matsuo and C.M. Wood, 2004a. Acute waterborne cadmium
uptake in rainbow trout 1s reduced by dietary calcium carbonate. Comp. Biochem. Physiol.,
137C: 363-372.

Baldisserotto, B., C. Kamunde, A. Matsuc and C.M. Wood, 2004b. A protective effect of dietary
calcium against acute waterborne cadmium uptake in rainbow trout. Aquat. Toxicol., 687: 57-73.

Baldisserctto, B., M.J. Chowdhury and C.M. Wood, 2005, Effects of dietary caleium and cadmium
on cadmium accumulation, caleium and cadmum uptake from the water and their interactions
in juvenile rainbow trout. Aquat. Toxicol., 72: 99-117.

Carrasco, K R., K L. Tilbury and M.S. Myers, 1990, Assessment of the piscine micronucleus test as
an in situ biclogical indicator of chemical contaminant effects. Can. J. Fish Aquat. Sci.,
47 2123-2136.

Cavas, T. and 8. Ergene-Gozukara, 2003, Micronuclei, nuclear lesions and interphase silver-
stained nucleclar organizer (AgINNORs) as cyto-genotoxicity indicators in Oreochromis niloticus
exposed to textile mill effluent. Mutat. Res., 538: 81-91.

Fenech, M., W.P. Chang, M. Kirsch-Volders, N. Holland, 5. Bonassi and E. Zeiger, 2003, HUMN
project: Detailed description of the scoring criteria for the eytokinesis-block micronucleus assay
using 1solated human lymphocyte cultures. Mutat. Res., 534: 65-75,

Fijan, N., 2002, Morphogenesis of blood cell lineages in channel catfish. J. Fish Biol., 60: 999-1014.

Flik, ., P.M. Verbost and 5.KE. Wendelaar-Bonga, 1995. Calcium Transport Processes in Fishes.
In: Fish Physiology Cellular and Molecular A pproaches to Fish Ionic Regulation, Wood,
C.M. and T.J. Shuttleworth {(Eds.). Vol. 14, Academic Press, San Diego, pp: 317-341.

Franklin, N.M., C.IN. Glover, J.A. Nicol and C.M. Wood, 2005. Calecium/ecadmium interactions at
uptake surfaces in rainbow trout: Waterborne vs dietary routes of exposure. Environ. Toxicol.
Chem., 24: 2954-2964.

Heddle, J.A., M.C. Cimino, M. Hayashi, F. Romagna and M.D. Shelby et al., 1991. Micronucle1 as
an index of cytogenetic damage: Past, present and future. Environ. Mol. Mutag., 18: 277-291.

353



J. Fish. Aquat. Sci., 6 (3): 346-355, 2011

Jiraungkoorskul, W., E.S. Upatham, M. Kruatrachue, S. Sahaphong, S. Vichasri-Grams and
P. Pokethitiyook, 2002, Histopathelogical effects of roundup, a glyphosate herbicide, to Nile
tilapia (Oreochromis niloticus). ScienceAsia, 28: 121-127.

Jiraungkoorskul, W., S, Sahaphong, P. Kosai and M.H. Kim, 2007. Micronucleus test: The effect
of ascorbic acid on cadmium exposure in fish (Punfius alfus). Res. J. Environ. Toxicol,, 1: 27-386.

Kosai, P.,, W. Jiraungkoorskul, T. Thammasunthorn and K. Jiraungkoorskul, 2009, Reduction of
copper-induced histopathological alterations by calcium exposure in nile tilapia (Oreochromis
ntloticus). Toxicol. Mech. Methods, 19: 461-467,

Lamchumchang, K., W. Jiraungkoorskul, 5. Sahaphong, T. Tansatit, P. Kosai and R. Madarasma,
2007, Dietary calcium reducing effects of waterborne lead uptake in Nile Tilapia (Orecchromis
niloticus), AJAVA, 2:104-114.

Lee, R.G., J. Foerster, J. Jukens, F. Paraskevas, J.P. Greer and G.M. Rodgers, 1998. Wintrobe's
Clinical Hematology. 10th Edn., Lippincott Williams and Wilkins, New York, USA.

Leonardi, M., A M. Sandinc and A. Klempau, 2003. Effect of a nucleotide-enriched diet on the
immune system, plasma cortisol levels and resistance to Infectious Fanereatic Necrosis (IFN) in
juvenile rainbow trout (Oncorhynchus mykiss). Bull. Eur. Assoc. Fish Pathol., 23: 52-59.

Mallick, P. and A .R. Khuda-Bukhs, 2003. Nuclear anomalies and blood protein variations in fish
of the Hooghly-Matlah river system, India, as an indicator of genotoxicity in water. Bull.
Enwviron. Contam. Toxicol., 70: 1071-1082.

Manosroi, J., K. Petchjul, U. Mevatee and A. Manosroi, 2003, Karyotype analysis of the hybrid,
Thai red tilapia (Oreochromis niloticus Lann. X Oreochromis mossambicus Lann.). J. Biological
Scai., 3: 612617,

Miura, K. and N. Imura, 1987 Mechanism of methyl mercury toxicity. CRC Crit. Rev.
Toxicol., 18: 161-187.

Mohammed, AK. and A B. Sambe, 2008, Haematological assessment of the nile Tilapia
Oreochromis niloticus exposed to sublethal concentrations of portland cement powder in
solution. Int. J. Zool. Res., 4: 48-b2.

Natt, P.M. and C.A. Herrik, 1952, A new blood diluent for counting the erythrocytes abd leucocytes
of chicken. Poult. Sei., 31: 735-738.

Niyogi, S. and C.M. Woed, 2004, Kinetic analyses of waterborne Ca and Cd transpert and their
interactions in the gills of rainbow trout (Oncorhynchus mykiss) and yellow perch (Perca
flavescens), two species differing greatly in acute waterborne Cd sensitivity. J. Comp. Physiol.,
174B: 243-253.

Niyogi, S. and C.M. Wood, 2006, Interaction between dietary calcium supplementation and chronic
waterborne zine exposure in juvenile rainbow trout (Oncorhynchus mykiss). Comp. Biochem.
Physiol,, 143C: 94-102,

Pages, T., K. Gomez, O. Suner, G. Viscor and L. Tort, 1995, Effects of daily management stress on
haematology and blood rheology of the gilthead seabream. J. Fish Bicl., 46: 775-788,

Privezentsev, K.V., N.P. Sirota and A.l. Gaziev, 1998. The genotoxic effects of cadmium studied
tn vivo. Tsitol, Genet., 30: 45-51.

Rogers, J.T. and C.M. Wood, 2004, Characterization of branchial lead-caleium interactions in the
freshwater rainbow trout (Oncorhynchus mykiss). J. Exp. Biol., 207: 813-825,

Sherwood, G.ID., J.B. Rasmussen, D.J. Rowan, J. Brodeur and A. Montela, 2000, Bioenergetic cost,
of heavy metal exposure in yellow perch (FPerea flavescens): In situ estimates with a radiotracer
technique. Can. J. Fish. Aquat. Sei., B7: 441-450.

354



J. Fish. Aquat. Sci., 6 (3): 346-355, 2011

Stoskopf, MK, 1993. Clinical Pathology. In: Fish Medicine, BStoskopf, M.K. (Ed.). PA:
W.B. Saunders, Philadelphia, pp: 113-131.

Valenzuela, A., K. Alveal and E. Tarifeno, 2002. Haematological response of the trout
(Oncorhynchus mykiss Walbaum 1792) to the acute hypoxic stress: Red bloed cells. Gayana,
66: 2b5-261.

Verbost, .M., J. Van-Rooij, G. Flik, R.A.C. Lock and B.5.E. Wendelaar, 1989, The movement of
cadmium through freshwater trout branchial epithelium and its interference with calcium
transport. J. Exp. Biol., 145: 185-197.

WHO, 1995, Environmental Health Criteria No. 165, Lead, inorganic. International Programme
on Chemical Safety (IFCS), World Health Organisation, Geneva.,

Zankl, J.G., 1986, Avian Hematology. In: Schalm’s Veterinary Hematology, Jain, N.C. (Ed.). 2nd
Edn., PA: Lea and Feviger, Philadelphia, pp: 256-260.

Zohouri, M.A., G.G. Pyle and C.M. Wood, 2001. Dietary Ca® inhibits waterborne Cd uptake in Cd-
exposed rainbow trout, Onecorhynchus mykiss. Comp. Biochem. Physiol., 130C: 347-358,

355



	JFAS.pdf
	Page 1


