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Abstract

The increasing use of heavy metals in industry in the modern world unfavorably affects the aquatic environment.
Acute toxicity of nickel to the fresh water fish carassius auratus was determined using Probite analyze, Fish were
exposed to selected concentration of nickel and the mortality data were determined after 24, 48, 72 and 96 hours.
LC50 values for 24,48,72 and 96 hours were calculated with the 95% fiducially limits. The 24,48,72 and 96 hours
LC50 values of nickel to the fish were 161.78 ± 3.05, 130.58 ± 2.32, 110.19 ± 1.57, 100.39 ± 0.54 ppm respectively.
White blood cell (WBC) count, hemoglobin (Hb) and hematocrit (Hct) level were significantly reduced at
experimental concentrations (p<0.05). Red blood cell (RBC) count, mean corpuscular hemoglobin (MCH), cortisol
and glucose levels in nickel treated groups were significantly higher than the controlled group at experimental
periods (p<0.05) but significant differences were not found in mean corpuscular hemoglobin concentration (MCHC)
and mean corpuscular volume (MCV) (p>0.05). In summary, nickel intoxication resulted indicated that hematological
and biochemical parameters can be used as an indicator of nickel related stress in fish on exposure to elevated
nickel status.
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Introduction
One of the most prominent natural resources is water that its

regular supply is extremely much essential for the survival of all living
animals. The variations impurities display in water sources are
expressed through water quality changeful which are broadly classified
as biological and Physicochemical. In the different industries greatly
used heavy metals in some industries of the new world adversely affect
the aquatic animals after eject of the waste material into water [1]. The
improvement coefficient of this metal in the food chain arrived
extreme. Once it’s absorbed by the animals and people through food
chain in the form of fish, shrimp shell fish and plants, it would collect
in the corresponding functional organs of the animals and human
body. The important action of the environmental toxicologist is to
assess impartially the endanger obtained from the presence of such
materials. These materials may also alter the quality of water and thus
desecrate the fisheries management [2,3].

Nickel is greatly utilized in industry and is a common aquatic
pollutant. In natural waters Ni+2 is the important chemical species. In
aquatic ecosystems nickel interacts with very many inorganic and
organic compounds and occurs as soluble salts adsorbed onto
materials of various chemical origin [4] many of these interactions are
additive or synergistic in producing adverse effects, and some are
antagonistic. The toxicity of nickel to aquatic life was intensively
investigated during previous decades, and a considerable amount of
experimental data has been compiled and reviewed [5]. Fish are used
as test organisms in aquatic toxicology because of their top position in
the trophic chain and their role as food for humans.

Hematological values are progressively used in fish as indicators of
the physiological or sub-lethal stress response to endogenous or
exogenous alterations and are more quickly reflected in the poor
condition of fish than in other commonly measured [6].

Material and Method

Experimental fish and laboratory condition
Acute toxicity tests were conducted on goldfish (10.5 ± 1.0 g and 8.7

± 1.2 cm) obtained from commercial fish farms, Gorgan, Iran. Only
healthy fish, as obtained by their activity and external appearance,
were maintained alive on board in a fiberglass tank. Samples were
transferred to a 400 L aerated tank with 200 L of test medium. All
samples were acclimated for 10 days in 10 aerated fiberglass tanks at
19°C under a constant 12:12 L:D photo period. Acclimatized fish were
fed daily a formulated feed. Dead fish were immediately removed with
special plastic forceps to avoid possible deterioration of water quality.
The average values for aerated and dechlorinated tap water used
during the both acclimation period and experiments were pH 8.17 ±
0.40, dissolved oxygen 8.23 + 0.17 mg/L, temperature of 22.26 ± 1°C
and total hardness 274+1.57 mg/L as CaCO3. Water was renewed
daily, and the water quality parameters mentioned above were
measured twice a week during the acclimation period and sub-acute
toxicity test.

Acute toxicity test
Only healthy fish, as indicated by their activity and external

appearance, were maintained alive on board in a fiberglass tank. Fish
were transferred to a 400 L-aerated tank equipped with aeration with
200 L of test solution. The acute toxicity test was conducted following
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the Organization for Economic Cooperation and Development
guideline under static renewable test conditions. Groups of 21 fish
were exposed to various concentrations of nickel for 96 h. Values of
mortalities were measured at 24, 48, 72 and 96 h, and dead fish were
immediately removed by dip net to avoid possible deterioration of the
water quality. The LC50 values were calculated by EPA Probit Analysis
V. 1.5 for 24, 48, 72 and 96 h [7].

Sub chronic test
Following the toxicity test, in order to investigate the effect of nickel

on hematological and biochemical parameters of the three fish, two
concentrations (40% and 80% of 96-h LC50) were considered. In this
stage, 120 randomly selected Carasius auratus from acclimation tanks
and randomly graded into several experimental 400-L tanks expose to
concentrations of 40% and 80% of 96-h LC50 for a period of seven
days to hematological, plasma glucose and cortisol analysis. For sub-
acute toxicity assay, the exposure water in the tank was changed daily
and freshly prepared solution was added to maintain the
concentration of nickel at a constant level. Moreover, during the
experiment, water was continuously monitored. A control test without
nickel was conducted under the same conditions.

Biochemistry and hematology
Blood samples were collected from both the control and

experimental fishes that survived the 7 Days sub-acute exposure
period. The blood samples were taken by cutting posterior caudal vein
using ethylenediaminetetraacetate (EDTA) as anticoagulant [8]. Blood,
2.0 ml, was decanted in heparinzed bottles for determination of blood
parameters. The microhaematocrit method of Snieszko (31) was used
to determine the hematocrit (Ht). Hemoglobin (Hb) concentration
was measured with Hb test kit using the cyanmethemoglobin method
[9]. Determinations of the number of white blood cell (WBC) and red
blood cell (RBC) tests were performed immediately on fresh blood.
The number of blood leukocytes and erythrocytes was counted by
diluting heparinized blood with Gimsa stain at 1:30 dilution, and cells

were counted using a hemocytometer Neubauer under the light
microscope [10]. The derived hematological indices of mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH)
and mean corpuscular hemoglobin concentration (MCHC) were
calculated using standard formulae as described by Jain (29): MCV
was calculated in femtoliters=Ht/RBC x 10; MCH was calculated in
picograms=Hb/RBC x 10; and MCHC=(Hb in 100 mg blood/Hct) x
100. For the biochemical tests, the blood was placed in tubes and
allowed to clot at room temperature (approximately 22°C) for 30 min.
Serum was removed from the clotted sample after centrifugation at
2795 g for 5 min and frozen at 80°C until analysis. The determination
of plasma glucose were carried out using diagnostic kits (Pars Azmoon
Co., Iran) at 546 nm and 38°C by the glucose oxidase method [11].
Glucose were measured photometrically according to a method
modified based on the quantification of NADH after a glucose
oxidation catalyzed by glucose dehydrogenase also cortisol was
determined directly from serum using an ELISA kit (DRG Diagnostics,
Mountainside, NJ, USA) as described by Shaluei et al.[7].

Statistical analyses
For each index, Experimental data and those of control were tested

by means of analysis of variance (ANOVA). Standard deviation (SD).
Significance was set at P=0.05. All analysis was performed using SPSS
software (version 18.0).

Results
The results of the acute toxicity test for the nickel on gold fish are

presented in Table 1. No mortality was observed in the control group
during the experiment. Fish mortality increased significantly when the
concentration and the time of exposure were increased. As expected,
the 96-h LC 50 values decreased with increase in exposure time. This
indicates an increase in toxicity with exposure duration. Prior to death,
fish exhibited rapid gill movement, nervous manifestations, erratic
swimming, loss of equilibrium and inability to remain upright.

Concentration (ppm) (95% of confidence limits)

point 24 h 48 h 72 h 96 h

LC1 43.32 ± 3.05 32.74 ± 2.32 25.13 ± 1.57 21.49 ± 0.54

LC10 68.54 ± 3.05 49.28 ± 2.32 35.33 ± 1.57 30.83 ± 0.54

LC30 114.49 ± 3.05 99.44 ± 2.32 52.21 ± 1.57 65.59 ± 0.54

LC50 161.78 ± 3.05 130.58 ± 2.32 110.19 ± 1.57 100.39 ± 0.54

LC70 180.35 ± 3.05 154.43 ± 2.32 132.11 ± 1.57 120.19 ± 0.54

LC90 199.78 ± 3.05 171.59 ± 2.32 153.42 ± 1.57 150.95 ± 0.54

LC99 211.45 ± 3.05 199.57 ± 2.32 171.13 ± 1.57 161.53 ± 0.54

Table 1: Lethal Concentrations (LC1-99) of nickel (mean ± Standard Error) depending on time (24-96 h) for goldfish.

Hematological parameters
Results of hematological parameters (RBC, WBC, Hb, Hct, MCH,

MCHC and MCV) of the test and control Goldfish expose to 40% and
80% of LC50 are shown in Table 2.

Glucose and cortisol
The average plasma glucose levels and cortisol in the unexposed

control group of Goldfish was 45 ± 1.19 mg/dl and 27 ± 1.04 ng/ml
respectively. As it is obvious from Figures 1 and 2, there was a
significant increase in the glucose levels of the treated groups when
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compared with their respective controls (P<0.05). Glucose plasma
levels in gold fish exposed to 40 and 80% of 96 h-LC50 were 57 ± 1.02
and 68 ± 1.08 and also cortisol plasma levels in gold fish exposed to 40
and 80% of 96 h-LC50 were 34 ± 1.02 and 41 ± 1.06, respectively.

There was a significant increase in gold fish exposing 80% of 96 h-
LC50 than those exposed to 40% of 96 h-LC50. In fact, the value of
glucose decreased with increasing the concentration.

Fish Treatments RBC(106
cells/l)

Hb(g/l-1) Hct(%) WBC(cells/l) MCH (pg/cell) MCHC(g/l-1) MCV(µm3/cell)

Goldfish Control 0.68 ± 0.10 a 7.41 ± 0.04 a 17.24 ± 0.03 a 8656.13 ± 217.15 a 117.1 ± 0.19 a 47.31 ± 0.14 a 297 ± 2.31 a

40% of LC50 0.75 ± 0.02 b 6.00 ± 0.05 b 14.30 ± 0.05 b 7533.33 ± 88.19 b 95.33 ± 0.05 b 45.91 ± 0.03 a 295 ± 1.19 a

80% LC50 0.80 ± 0.03 c 4.90 ± 0.10 c 11.86 ± 0.05 c 6400.27 ± 88.19 c 90.74 ± 0.10 b 45.62 ± 0.04 a 294 ± 1.35 a

Table 2: Some hematological parameters values of exposed to nickel in rows and Significant differences from control values (P<0.05). Each value
expresses the means ± standard error of three observations. Letters show different compare to control group (n=21).

Figure 1: Serum cortisol levels in goldfish exposed to sub lethal
concentrations of nickel for 7 days.

Discussion
It is apparent from the outcome that the heavy metal concentration

has a direct effect on the LC50 values of the respective fish. LC50
acquired in the recent study correspond to assess that have been
published in the literature for other species of fish. The distinction in
acute toxicity may be due to alters in water quality and trial species
[12]. The impressionability of fish species to a particular heavy metal is
a very main factor for LC50 stages. Fish that are very sensitive to the
toxicity of one material may be less or even not sensitive to the toxicity
of another metal at the many level of that metal in the ecosystem.
Unlike, a metal which is very toxic to a fish species at low
concentrations may be less or even non-toxic to other species at the
same or even higher concentrations [12].

Serum glucose levels of gold fish exposed to sub-lethal
concentrations of nickel for 7 days increased with enlarging
concentrations (80% LC50) of nickel in the water. Vinodhini et al. [13]
in common carp with exposing of fish to heavy metals showed that the
concentrations of serum glucose were significantly elevated. Serum
glucose levels also increased with increasing concentrations of Cd in
Mugil cephalus [14]. It was indicated that serum glucose stages in fish
were affected by many stress parameter, including heavy metals [15].
Exposure to nickel indicates to draw out a temporary stress reply in
gold fish. Significantly increased plasma cortisol were evident on 7 day

in the both concentration (40 and 80% LC50), also increased plasma
glucose levels were observed on 7 day exposure. The coalition of
elevated plasma cortisol and glucose levels is frequently observed
following exposure of fish to water pollutants or other stressors, and
the relationship very likely is causal: the primary response leads to the
secondary via stimulation by cortisol of gluconeogenesis [16-18].

Figure 2: Cortisol levels in goldfish exposed to sub lethal
concentrations of nickel for 7 days.

In sub efficient or stressful situation the chromaffin cells release
catecholamine hormones, adrenaline and noradrenaline toward blood
circulation [19] Those stress hormones in connection with cortisol
circulate and exalt glucose production in fish through glucogenesis
and glycogenolysis pathways to cope with the energy demand
produced by the stressor for the “fight of flight” reaction. Glucose is
then released toward blood circulation and enters into cells through
the insulin action [20]

The Ht, Hb, RBC, WBC, MCV, MCH and MCHC of the fishes
exposed to nickel are indicated in Table 2. Significant different were
watched between the different blood indices with various
concentrations of toxicants. The results indicate that changes in
hematological parameters of fish may be owed to nickel and are
predestine both by the concentrations of the heavy metals in the water
and time of exposure and both these factors can cause inverted and
non-inverted changes in the homeostatic system of fish [21].

Our results in the hematological indices shown that no significant
change was recorded in the mean corpuscular volume (MCV) and
mean corpuscular hemoglobin content (MCHC) but there was
significant change in the mean corpuscular hemoglobin (MCH)
especially at higher concentrations (80% LC50). However, small
vacillation was recorded in the MCV and MCHC when compared with
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the control. Cells released from the spleen, which is an erythropoietic
organ would have the lower MCV values when compared with the
control. A similar observation was made for Cyprinus carpio after
cadmium exposure (30). The significant different in the MCH of the
trial fish when compared with the control may be resulted to the
decrease in cellular blood iron, resulting in reduced oxygen carrying
capacity of blood and eventually stimulating erythropoiesis [22].

Results of the hematological part, indicated that the mean WBC, Ht,
and Hb of fish in the control trial were 17.24 ± 0.03 (%), 8656.13 ±
217.15 (cells/l) and 7.41 ± 0.04 g/dl respectively. Decrease in these
factors was observed in the trial fish as the concentration increases as a
reply to the 7 day exposure to nickel. The sunset were significant at
higher concentration (80% LC50) (P<0.05). The decrease in WBC
count of the treatment groups may be due to the release of epinephrine
during stress which is capable of causing the contraction of spleen
[23]. Our results demonstrate that hemoglobin and hematocrit counts
could be ascribed to the dissolve of erythrocytes. Similar reductions
given by Vinodhini et al. [13]. When exposed fish to polluted
environment under in vitro conditions. Therefore, the significant
decrease in these factors is an indication of severe anemia caused by
exposure of the experimental fish to nickel in the water. Vinodhini et
al. [13] observed that various fish species after zinc exposure increased
hematocrit levels. They ascribed such an increase in hematocrit values
to increase in the size of the erythrocytes as being exhibited for
chromium and zinc treated rainbow trout. Observed depression in
hematocrit and hemoglobin count linked with decreased and
deformed erythrocytes are obvious signs of anemia [24]. Unlike our
results Srivastava and Mishra [25] reported that in Cotisa fasciatus
after acute exposure to sublethal concentration (15 ppm) of lead RBC
count were decreased, also reported results similar to ours haematocrit
values and haemoglobin content were decreased. However, they
recognized haemolytic anaemia on the basis of RBC lysis. The number
of leukocytes in fish can also vary between individuals of a single
species, depending on the conditions under which the sample of blood
is taken or on the physiological conditions of the fish. This individual
variation within a species is thought to be too great as to render
impractical the use of white blood cell count as a diagnostic tool in fish
diseases [26]. The lessen number of WBC may be the result of bio
concentration of the checked metal in the kidney and liver. Other
authors have associated the cause to hindering of granulopoiesis or
lymphpoiesis, induced by primary or secondary changes in
haematopoietic organs [23]. Similar our study Annune et al. [27-30]
reported a significant increase in RBC count of C. gariepinus when
exposed to Zinc treatment. They indicated the RBC elevation to blood
cell reserve integrated with cell shrinkage as a result of osmotic
alterations of blood by the action of the metal. Results of the present
investigation indicated that the sub-acute nickel concentrations tested
is a toxic substance in goldfish and may cause several changes in the
serum biochemical parameters [31,32].

Acknowledgments
The authors thank the aquaculture research center and Fishery

group for the supply of research material. This work was supported by
the Gorgan University of Agricultural Sciences and Natural resources.

References
1. Hedayati A, Safahieh A, Savari A, Ghofleh Marammazi J (2010)

Assessment of aminotransferase enzymes in Yellowfin sea bream under

experimental condition as biomarkers of mercury pollution. World
Journal of Fish and Marine Science 2: 186-192.

2. Al-Akel MJK, Shamsi HF (2000) Effect of Cadmium on the cichlid fish
Orechromis niloticus: Behavioural and Physiological responces. J. Uni. w:
341-346.

3. Nath K, Kumar N (1988) Hexavalent chromium: toxicity and its impact
on certain aspects of carbohydrate metabolism of the freshwater teleost,
Colisa fasciatus. Sci Total Environ 72: 175-181.

4. Us epa (1980) Ambient water quality criteria for nickel.
EPA-440/5-80-060. Office of Water Regulations and Standards.
Washington, DC.

5. Eisler R (1998) Nickel hazards to fish, wildlife and invertebrates: a
synoptic review. Biological Science Report USGS/BRD/BSR-1998-0001,
Laurel, MD,

6. Cataldi E, Di Marco P, Mandich A, Cataudella S. Serumparameters
(1998) Adriatic sturgeon Acipenser naccarii (Pisces: Acipenseriformes):
effects of temperature and stress. Comp Biochem Physiol 121A: 351-354.

7. Shaluei F, Hedayati A, Jahanbakhshi A, Kolangi H, Fotovat M (2013)
Effect of subacute exposure to silver nanoparticle on some hematological
and plasma biochemical indices in silver carp (Hypophthalmichthys
molitrix). Hum Exp Toxicol 32: 1270-1277.

8. Schmitt CJ, Blazer VS, Dethloff GM, Tillitt DE, Gross TS, et al. (1999)
Biomonitoring of environmental status and trends (BEST) program:
Field procedures for assessing the exposure of fish to environmental
contaminants. Information and Technology Report USGS/
BRD-1999-0007. U.S. Geological Survey, Biological Resources Division,
Columbia 68p.

9. Larsen HN, Snieszko SF (1961) Comparison of various methods of
determination of haemoglobin in trout blood. Prog. Fish Cult. 23: 8-17.

10. Stevens ML (1997) Fundamentals of Clinical Hematology. WB Saunders,
Philadelphia

11. Jahanbakhshi A, Imanpoor M, Taghizadeh V, Shabani A (2012)
Hematological and serum biochemical indices changes induced by
replacing fish meal with plant protein (sesame oil cake and corn gluten)
in the Great sturgeon (Huso huso) Comp Clin Pathol.

12. Hedayat A, Jahanbakhshi A, shaluei F, Malekpour Kolbadinezhad S
(2012) Acute Toxicity Test of Mercuric Chloride (Hgcl2), Lead Chloride
(Pbcl2) and Zinc Sulphate (Znso4) in Common Carp (Cyprinus carpio), J
Clinic Toxicol. 3: 1.

13. Vinodhini R, Narayanan M (2009) The impact of toxic heavy metals on
the hematological parameters in common CARP (Cyprinus carpio l.):
Iran. J Environ Health Sci Eng V 6: 23-28.

14. Hilmy AM, Shabana MB, Daabees AY (1985) Effects of cadmium toxicity
upon the in vivo and in vitro activity of proteins and five enzymes in
blood serum and tissue homogenates of Mugil cephalus. Comp Biochem
Physiol C 81: 145-153.

15. Canlõ M (1995) Effects of mercury, chromium and nickel on some blood
parameters in the carp Cyprinus carpio. Tr. J of Zoology 19: 305-311.

16. Leach GJ, Taylor MH (1982) The effects of cortisol treatment on
carbohydrate and protein metabolism in Fundulus heteroclitus. Gen
Comp Endocrinol 48: 76-83.

17. Leach GJ, Taylor MH (1980) The role of cortisol in stress-induced
metabolic changes in Fundulus heteroclitus. Gen Comp Endocrinol 42:
219-227.

18. Pickering AD, Pottinger TG (1983) Seasonal and diel changes in plasma
cortisol levels of the brown trout, Salmo trutta L Gen Comp Endocrinol
49: 232-239.

19. Reid SG, Bernier NJ, Perry SF (1998) The adrenergic stress response in
fish: control of catecholamine storage and release. Comp Biochem
Physiol C Pharmacol Toxicol Endocrinol 120: 1-27.

20. Iwama GK, Vijayan MM, Forsyth RB, Ackerman PA (1999) Heat shock
proteins and physiological stress in fish. American Zoologist, 39:
901-909.

Citation: Moosavi MJ and Shamushaki VAJ (2015) Effect of Sub-Acute Exposure to Nickel on Hematological and Biochemical Indices in Gold
Fish (Carassius auratus). J Clin Toxicol 5: 228. doi:10.4172/2161-0495.1000228

Page 4 of 5

J Clin Toxicol
ISSN:2161-0495 JCT, an open access journal

Volume 5 • Issue 1 • 1000228

http://www.ncbi.nlm.nih.gov/pubmed/3406728
http://www.ncbi.nlm.nih.gov/pubmed/3406728
http://www.ncbi.nlm.nih.gov/pubmed/3406728
http://www.ncbi.nlm.nih.gov/pubmed/23632006
http://www.ncbi.nlm.nih.gov/pubmed/23632006
http://www.ncbi.nlm.nih.gov/pubmed/23632006
http://www.ncbi.nlm.nih.gov/pubmed/23632006
http://www.ncbi.nlm.nih.gov/pubmed/2861041
http://www.ncbi.nlm.nih.gov/pubmed/2861041
http://www.ncbi.nlm.nih.gov/pubmed/2861041
http://www.ncbi.nlm.nih.gov/pubmed/2861041
http://www.ncbi.nlm.nih.gov/pubmed/7129088
http://www.ncbi.nlm.nih.gov/pubmed/7129088
http://www.ncbi.nlm.nih.gov/pubmed/7129088
http://www.ncbi.nlm.nih.gov/pubmed/7439663
http://www.ncbi.nlm.nih.gov/pubmed/7439663
http://www.ncbi.nlm.nih.gov/pubmed/7439663
http://www.ncbi.nlm.nih.gov/pubmed/6682391
http://www.ncbi.nlm.nih.gov/pubmed/6682391
http://www.ncbi.nlm.nih.gov/pubmed/6682391
http://www.ncbi.nlm.nih.gov/pubmed/9827012
http://www.ncbi.nlm.nih.gov/pubmed/9827012
http://www.ncbi.nlm.nih.gov/pubmed/9827012


21. Farkas A, Salánki J, Specziár A (2002) Relation between growth and the
heavy metal concentration in organs of bream Abramis brama L.
populating Lake Balaton. Arch Environ Contam Toxicol 43: 236-243.

22. Hodson PV, Blunt BR, Spray DJ (1978) Chronic toxicity of water borne
lead and dietary lead to rainbow trout. (Balmo garnderi) in lake Ontario
water. Water Res. 12: 869-878.

23. Svoboda M (2001) Stress in fishes (a review). Bull. VURH Vodnany 4:
169-191.

24. Maheswaran R, Devapanl A, Muralidharan S, Velmurugan B,
Ignaeimuthu S (2008) Haematological studies of fresh water fish, Clarias
batradrus (L) exposed to mercuric chloride. IJIB 2: 49-54.

25. Srivastava AK, Agrawal SJ (1979) Haematological anomalies in a fresh
water teleost, Colisa fasciatus, on acute exposure to cobalt. Acta
Pharmacol Toxicol (Copenh) 44: 197-199.

26. Ellis AE (1977) The leucocytes of fish: A review. J Fish Biol 11: 453-491.
27. Annune PA, Ebele SO, Olademeji AA (1994) Acute toxicity of cadmium

to juveniles of Clarias gariepinus (Teugels) and Oreochromis niloticus
(Trewawas) J Environ Sci Health A29: 1357-1365.

28. Shaluei F, Hedayati A, Jahanbakhshi A, Baghfalaki M (2012)
Physiological responses of great sturgeon (Huso huso) to different
concentrations of 2-phenoxyethanol as an anesthetic. Fish Physiol
Biochem 38: 1627-1634.

29. Jain NC (1986) Schalm`s Veterinary Heamatology (4thedn.) Lea and
Febiger, Philadelphia: 1221.

30. Koyama J, Ozaki H (1984) Hematological changes of fish exposed to low
concentrations of cadmium in the water. Bull. Japan Soc. Sci. Fish 50:
199-203.

31. Snieszko SF (1960) Microhaematocrit as a tool in fishery research and
management. U. S. Wildl Serv Sci Rep Fish. 314: 15-23

32. Besten PJ, Munawar M (2005) Ecotoxicological Testing of Marine and
Freshwater Ecosystems. Taylor and Francis: 293.

 

Citation: Moosavi MJ and Shamushaki VAJ (2015) Effect of Sub-Acute Exposure to Nickel on Hematological and Biochemical Indices in Gold
Fish (Carassius auratus). J Clin Toxicol 5: 228. doi:10.4172/2161-0495.1000228

Page 5 of 5

J Clin Toxicol
ISSN:2161-0495 JCT, an open access journal

Volume 5 • Issue 1 • 1000228

http://www.ncbi.nlm.nih.gov/pubmed/12115050
http://www.ncbi.nlm.nih.gov/pubmed/12115050
http://www.ncbi.nlm.nih.gov/pubmed/12115050
http://www.ncbi.nlm.nih.gov/pubmed/433610
http://www.ncbi.nlm.nih.gov/pubmed/433610
http://www.ncbi.nlm.nih.gov/pubmed/433610
http://www.ncbi.nlm.nih.gov/pubmed/22660890
http://www.ncbi.nlm.nih.gov/pubmed/22660890
http://www.ncbi.nlm.nih.gov/pubmed/22660890
http://www.ncbi.nlm.nih.gov/pubmed/22660890

	Contents
	Effect of Sub-Acute Exposure to Nickel on Hematological and Biochemical Indices in Gold Fish (Carassius auratus)
	Abstract
	Keywords:
	Introduction
	Material and Method
	Experimental fish and laboratory condition
	Acute toxicity test
	Sub chronic test
	Biochemistry and hematology
	Statistical analyses

	Results
	Hematological parameters
	Glucose and cortisol

	Discussion
	Acknowledgments
	References


