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ARTICLE INFO ABSTRACT

The effect of sub- lethal concentrations of copper sulphate (2mg/1 and 5 mg/1) on various
Haematological parameters during different time periods i.e. 30, 60 and 90 days on Cyprinus
carpio were studied. R.B.C. (Red Blood Corpuscles) Haemoglobin protein showed an overall
decrease in all the copper sulphate treated groups throughout the experimental investigations with
marked significant values.

INTRODUCTION
Copper is plentiful in environment and essential for the normal
growth and metabolism of all living organisms [1]. Abnormal
levels of copper intake may range from levels so low as to induce
a nutritional deficiency to levels so high as to be acutely toxic.
Copper is important in that it plays a pivotal role in the formation
of bone and brain tissue. It is vital in the absorption of iron and is
necessary for haemoglobin synthesis [2, 3]. Copper also forms an
essential part of cytochrome oxidase which is one of the
components in many enzymes, and is involved in essential redox
reactions within the cell. Seymore [4] makes reference to the
assumption that copper is an essential component in the liver
proteins, homocuprein and heptacuprein. Haematological
alterations have been reported in heavy metals exposed puntius
gonionotus [5] clarias gariepinus [6], oncorhynchus mykiss wild
rainbow trout [7], Tinca tinca [8], Tinca tinca [9], Hoplias
malabarcius [10], Clarias batrachus [11] Heteroclarias [12],
Oreochromis mossambicus [13], Cyprinus Carpio [14], Indian
Major Carb, Labeo rohita [15].

MATERIAL AND METHODS
Experimental Design

Experiment was setup in three groups along with control
containing 20 fishes in each group and kept in plastic pools (500 l
capacity). The fishes of groups II and III were challenged with
different concentrations of copper sulphate while group I was kept
as control. The experiment was conducted for 90 days. The water
alongwith metal concentration of each plastic pool was changed
after 48 hrs. The fishes were fed with under mentioned food.

Preparation of Basal Diet for Fish

A basal diet was prepared by taking rice bran (25%), wheat flour
(25%), mustard oil cake (22%), fish meal (26%) and minerals
(2%) as per the method of [16] with slight modifications.

Ingredients were mixed together and dough was prepared and
passed through sieve to get appropriate sized pellets and dried in
hot air oven at 60 - 70 °C temperature. Experimental fishes were
fed with this feed once daily @ 10% of their body weight and the
residuals were removed after 48 hours of feeding by siphonining.

Composition of Basal Diet

Mineral mixture (%) : (Agrimin; Glaxo India Ltd., Mumbai) :
Copper: 3.12, Cobalt : 0.45, Magnesium : 24.14, Iron : 9.79,
Iodine : 1.56, Zinc : 21.30, Calcium : 30.00, Phosphorous : 8.25.

Haematological Estimation

The haematological parameters of fishes treated with copper
sulphate and were compared with those of apparently healthy
(control) specimens. For this purpose, the blood samples were
taken from the caudal penduncle and heart with the help of 3 ml
glass syringe. collected blood samples were put in eppendrof
tubes with the anticoagulant (EDTA@ 2mg/ml of blood). Red
blood cells (R.B.Cs) were counted with the help of
Haemocytometer. Haemoglobin concentration was measured by
using haemoglobinometer. Blood smears were prepared and
stained with Leishman's stain for the differential count of White
Blood Corpuscles (W.B.Cs.) viz, Eosinophils, basophils,
Neutrophils, Lymphocytes and monocytes by the method
described by [17].
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Ingredients % dry weight
Rice Bran 25.00

Wheat Flour 25.00
Mustard Oil Cake 22.00

Fish Meal 26.00
Mineral Mix* 2.00

Total 100.00
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RESULTS AND DISCUSSION
Present study has been carried out to investigate the effect of sub-
lethal concentrations of copper sulphate (2 mg/l and 5 mg/l) on
various haematological parameters of Cyprinus Carpio during
different time periods i.e. 30, 60 and 90 days on Cyprinus Carpio.

Haematological Estimation

(i)      R.B.Cs. (Red Blood Corpuscles) profile

The R.B.C. count of control fish was found to be 3.59 ± 0.007. In
fishes exposed to 2 mg/1 copper sulphate concentration, the
R.B.C. count was recorded to be 2.75 ± 0.012 in 30 days, 2.68 ±
0.031 in 60 days and 2.38 ± 0.023 at the time period of 90 days
(fig 1). In fishes exposed to 5 mg/1 copper sulphate, the R.B.C.
count was recorded to be 2.47 ± 0.017 30 days, 2.38 ± 0.027 in 60
days and 2.20 ±0.011 at the time period of 90 days (fig 1). In all
the cases, it is observed that R.B.C. count decreased in proportion
to the length of period of intoxication.

(ii)     Haemoglobin profile

The haemoglobin content of control fish was found to be 9.4 ±
0.086. In fishes exposed to 2 mg/1 copper sulphate concentration,
the haemoglobin content was recorded to be 5.2 ± 0.086 in 30
days, 4.2 ±0.100 in 60 days and 3,5 ± 0.086, at the time period of
90 days (fig 2). In fishes exposed to 5 mg/1 copper sulphate
concentration, the haemoglobin content was recorded to be 5.0 ±
0.070 in 30 days, 4.0 ± 0.086 in 60 days and 3.2 ± 0.122 at the
time period of 90 days (fig 2). In all the cases, it is observed that
content percentage decreased in proportion to the length of period
of intoxication.

(iii)    Differential leucocyte count profile

The neutrophil percentage of control fish was found to be 20.5 ±
0.005. In fishes exposed to 2 mg/1 copper sulphate concentration,
the neutrophil percentage was recorded to be 17.5 ± 0.132 in 30
days, 15.5 ± 0.070 in 60 days and 12.5 ± 0.070, at the time period
of 90 days (fig 3). In fishes exposed to 5 mg/1 copper sulphate
concentration, the neutrophil percentage was recorded to be 16.2
± 0.132 in 30 days, 13.5 ± 0.100 in 60 days and 11.0 ± 0.122, at
the time period of 90 days (fig 3). The lymphocyte percentage of
control fish was found to be 29.4 ± 0.086. In fishes exposed to 2
mg/1 copper sulphate concentration, the lymphocyte percentage
was recorded to be 32.5 ± 0.086 in 30 days, 36.5 ± 0.086 in 60
days and 40.0 ± 0.111, at the time period of 90 days (fig 3). In
fishes exposed to 5 mg/1 copper sulphate concentration, the
lymphocyte percentage was recorded to be 34.5 ± 0.100 in 30
days, 38.5 ± 0.502 in 60 days and 45.5 ± 0.141, at the time period
of 90 days  (fig 3).

The monocyte percentage of control fish was found to be 2.0 ±
0.086. In fishes exposed to 2 mg/1 copper sulphate concentration,
the monocyte percentage was recorded to be 2.2 ± 0.139in 30
days, 2.0 ± 0.086 in 60 days and 2.0 ± 0.313, at the time period of
90 days (fig 3). In fishes exposed to 5 mg/1 copper sulphate
concentration, the monocyte percentage was recorded to be 2.0 ±
0.139 in 30 days, 2.0 ± 0.132 in 60 days and 2.0 ± 0.050 at the
time period of 90 days (fig 3). The Eosinophil percentage of
control fish was found to be 15.5 ± 0.100. In fishes exposed to 2
mg/1 copper sulphate concentration, the eosinophil percentage
was recorded to be 14.5 ± 0.193 in 30 days, 13.2 ± 0.086 in 60
days and 12.8 ± 0.193 at the time period of 90 days (fig 3). In
fishes exposed to 5 mg/1 copper sulphate concentration, the
eosinophil percentage was recorded to be 13.5 ± 0.100 in 30 days,
11.2 ± 0.050 in 60 days and 9.5 ± 0.193 at the time period of 90
days (fig 3).

The Basophil percentage of control fish was found to be 12.9 ±
0.000. In fishes exposed to 2 mg/1 copper sulphate concentration,
the basophil percentage was recorded to be 11.5 ± 0.141 in 30
days, 11.0 ± 0.187 in 60 days and 10.0 ± 0.141 at the time period

Fig 1 Showing R. B. Cs. count of the fish exposed to 2 mg/l and 5
mg/l copper sulphate concentration
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Fig 2 Showing haemoglobin content of the fish exposed to 2 mg/l and
5 mg/l copper sulphate concentration
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Graph 3 Showing differential leucocyte count of the fish exposed to
2 mg/l and 5 mg/l copper sulphate concentration
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90 days  (fig 3). In fishes exposed to 5 mg/1 copper sulphate
concentration, the basophil percentage was recorded to be 10.2 ±
0.050 in 30 days, 9.5 ± 0.122 in 60 days and 9.0 ± 0.122 at the
time period of 90 days (fig 3). The estimation of different
haematological parameters which were undertaken throughout
this experimental investigation revealed the following results. The
R.B.C. values in copper sulphate treated groups of fish showed
considerable decrease during the experimental investigation as
compared to control. However, the highly significant values were
observed in the groups treated with sub-lethal concentration of 5
mg/1 of copper sulphate for 90 days. The haemoglobin values in
copper sulphate treated groups of fish exhibited a marked
decrease throughout the experimental investigation in comparison
to control. However, the highly significant decrease was noticed
in the groups which were exposed to a sub-lethal concentration of
5 mg/1 of copper sulphate for 90 days. The differential leucocyte
counts deviated significantly when compared to control values.
The increase was observed in the number of lymphocytes, while
decrease was noticed in the number of neutrophils, eosinophils
and basophils but monocytes did not differ significantly when
compared to control values.)

DISCUSSION
It has been observed that the total Red blood corpuscles (R. B.
Cs.) count decreased significantly after 2 mg/1 copper sulphate
exposure for the time period of 30, 60 and 90 days as compared to
the controlled one. In fishes after 5 mg/1 copper sulphate exposure
for the period of 30, 60 and 90 days, the total Red blood
corpuscles (R. B. Cs.) count has also got decreased significantly
as compared to the controlled one. Dethloff et al., [7] observed
significant reduction in the total count of Red blood cells, in
Oncorhynchus mykiss 6M exposed to 0.5 mg/1 copper sulphate
for 120 days. It  has   been   observed   that   the   haemoglobin
content  decreased significantly after 2 mg/1 copper sulphate
exposure the time period of 30, 60 and 90 days as compared to the
controlled one. In fishes after 5 mg/1 copper sulphate exposure for
the period of 30, 60 and 90 days, the haemoglobin content have
also got decreased significantly as compared to the controlled one.
It is inferred that the decrease in haemoglobin percentage in the
present study may be due to anaemia caused by copper sulphate.
It may be due to the decreased rate of production of red blood
cells or increased loss of these cells or impaired erythropoiesis due
to a direct effect of heavy metals on haematopoietic centers i.e.
kidney and spleen, or accelerated erythroclasia due to altered
membrane permeability or increased mechanical fragility and
defective iron metabolism or impaired intestinal uptake of iron
due to mucosal lesions. It has been observed that the differential
leucocyte counts deviate significantly, the increase was observed
in the number of lymphocytes, while decrease was noticed in the
number of neutrophils, eosinophls and basophils but monocytes
did not differ significantly after 2 mg/1 copper sulphate exposure
for the time period of 30, 60 and 90 days as compared to the
controlled one. In fishes after 5 mg/1 copper sulphate exposure for
the period of 30, 60 and 90 days, the differential leucocyte counts
deviate significantly, the increase was observed in the number of
lymphocytes, while decrease was noticed in the number of
neutrophils, eosinophils and basophils but monocytes did not
differ significantly as compared to the controlled one.

Similarly, Dethloff et al, [7] also reported the increase in the count
of lymphocytes and decrease in neutrophils, eosinophils and
basophils and no change in monocytes cell in Oncorhynchus
mykiss on exposure to 0.5 mg/1 copper sulphate for 120 days.

Kumar et al., [18] reported lymphocytosis, neutrophilia,
monocytosis, eosinophilia and thrombocytopenia in Anabus
testudineus on exposure to 0.3 mg/ and 0.6 mg/1 copper sulphat
for 60 days. Increased lymphocytes number and decreased
number of basophils and neutrophils in Heteropneustes fossilis
after 1.5 mg/1 copper sulphate exposure for 30 days observed
by[19]. Stimulation of the immune system causes an increase in
lymphocytes by an injury or tissue damage caused by heavy
metals reported by [20]. The white blood cells in fish respond to
various stressors including toxic heavy metals,   infections and
chemical irritants.   Increasing   and decreasing number of white
blood cells is a normal reaction to the chemicals such as copper
sulphate and lead nitrate as seen in the present study. It
demonstrates as the reaction of the immune system under toxic
conditions. The decreased number of white blood cells
(Leucopaenia) may be the result of bioconcentration of the test
metal in the kidney and liver. Decreased number of white blood
cells may also be related to the increased level of corticosteriod
hormones, whose secretion has a non-specific response to any
environmental stressor. The decrease in basophil, neutrophil and
eosinophil number may be attributed to tissue damage. The
increase in the number of lymphocytes may be attributed to
stimulation of the immune mechanism of the fish to eliminate the
effects of the pollutants.

CONCLUSION
It is inferred that the decrease in haemoglobin percentage in the
present study may be due to anaemia caused by Copper Sulphate.
It may be due to the decreased rate of production of red blood
cells or increased loss of these cells or impaired erythropoiesis due
to a direct effect of heavy metals on haemotopiotic centers ie.
Kidney and spleem or accelerated erythroclasia due to altered
membrane permeability or increased mechanical fragility and
defective iron metabolism or impaired intestinal uptake of iron
due to mucosal lesions.
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