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1. Introduction

Abstract

Introduction: The present study investigated the toxic effects of copper
sulfate on hematological factors, bioaccumulation levels of copper, and
histopathology of gill and kidney tissues of Common carp.

Materials and Methods: For this purpose, 90 fish were exposed to different
sub-lethal levels of copper sulfate (0.16 and 0.53 mg/L) for 21 days. After 21
days, blood samples were taken. Hematological factors such as hematocrit
(Hct), hemoglobin (Hb), red blood cells (RBC), and white blood cells (WBC)
were measured in blood samples. Bioaccumulation levels of copper in gill and
kidney tissues were determined by wet chemical digestion and atomic
absorption apparatus. The data were analyzed by one-way ANOVA and
Duncan test, and compared in significant levels of P<0.05. Gill and kidney
samples were collected from each group and lesions were analyzed by light
microscopy.

Results: The results showed a dose-dependent decrease in hemoglobin,
hematocrit, red blood cells and white blood cell count. Copper accumulation
in gill and kidney tissues of fishes exposed to sub-lethal copper increased
significantly compared with the control group (P<0.05). Histopathologic
studies showed a series of changes in gill tissue, including primary lamellar
edema, hyperplasia, severe secondary lamellar fusion, and clubbing. Cellular
swelling in the tubules and glomeruli, tubular necrosis and formation of
hyaline cysts were the main kidney histopathological changes

Conclusion: These results suggest that hematological parameters and gill and
kidney changes following metal accumulation in these tissues can be used as
sensitive biomarkers to determine the toxicity of sub- lethal concentrations of
heavy metals.

Keywords: Common carp, Copper sulfate, Hematological factors, Gill,
Kidney

concentrations in water [3]. Also, fossil

Copper is an essential micronutrient for
the healthy growth and reproduction of all
plants and animals. This element plays an
important role in cell physiology, feeding
and metabolism of vertebrates [1]. Although
the essential role of the copper in several
enzymatic processes has been cleared [2],
this heavy metal can exert adverse
toxicological effects, when present in high

fuels, urban oily chemical fertilizers and
application of this element as algae and
fungicides have caused significant amounts
of this element to enter the aqueous
environment [4]. Copper is absorbed
through the gill and digestive tract of fish
and mainly accumulates in different tissues
such as gill, liver, kidney and inner tissues
[3]. Gills of fish are used for breathing, gas
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exchanges, osmotic regulation and release
of nitrogenous lesions. Gills are in direct
contact with the outside environment and
pollutants. Then, they are the most critical
site for copper uptake [5]. The high
concentrations of copper sulfate damage the
gill  epithelium, hematopoietic tissues,
kidney, spleen and liver of fish [6].
Subsequently, it changes the blood
parameters [5] and osmoregulation [7].
Immunosuppression is also observed in
exposure to heavy metals, because
monocytes and neutrophils are sensitive to
heavy metals [8]. Fish is used widely to
assess the quality of the water ecosystem
and evaluation of blood factors [3], and
histological changes have been investigated
as the health biomarkers of fish exposed to
pollutants [9]. Hemolysis and anemia in
catfish, Clarias lazera, exposed to copper
has been observed [10]. Many types of
research, have reported histopathological
changes in different organs (liver, gill,
kidney, lungs, etc.) of the fishes exposed to
the sub-lethal concentrations of pollutants
[11, 12]. Fish can be used widely for food
preparation in Iran [13] and a good model
for studying the responses of the fish, which
are exposed to different environmental
pollutants. In this study, the blood factors,
copper accumulation rate and
histopathological changes in gill and kidney
tissues of the common carp (Cyprinus
Carpio) exposed to the sub-lethal
concentrations of copper sulfate for 21 days
were examined.

2. Materials and Methods
2.1. Animals

Common carp (Cyprinus Carpio) fishes
were prepared with a weighted average of
50 £ 200 g. The fishes were placed in the
200 liter tanks filled with aeration water.

2.2. The Physical and Chemical
Indexes of Water

Oxygen solution 7.25 + 3mg/l, Salinity
1.7g/l, total hardness 526 mg/L, pH = 8,

optical period: 12D/12L and water
temperature was 17 + 1 °c.

2.3. Experimental Groups

In this study, we have a control group
and two experimental groups that exposed
to two sub-lethal concentrations of copper
(0.16 and 0.53 mg/l) for 21 days. Of course,
each group was repeated three times .

Copper, in the form of copper sulfate
(CuSO 4.5 H,0), was weighed and added to
the water, and every day to prove the
concentration of copper in water, the water
is changed.

2.4. Hematological Factors Study

After 21 days, the fish were taken off the
water and anesthetized by hitting the head.
Blood samples were taken from the caudal
vein of fish with a sterile syringe containing
heparin solution. The number of red blood
cells (RBC) and white blood cells (WBC)
were counted under light microscopy using
the neobar lam and special solutions
(Hayemis solutions for red and Marcano
solution for white blood cells) [14]. Blood
hemoglobin was determined by the
hemoglobin kit and the method of using a
spectrophotometer with a wavelength of
540 nm [15]. The percentage of hematocrit
was measured by the micro-hematocrit
method using heparinized micro-hematocrit
capillary tubes and micro-hematocrit
centrifuge [6].

2.5. Determination  of
Concentration

To measure the accumulation of copper
in gill and kidney tissues, after separating
the tissues from the body, they were
inserted in the oven for 48 hours at a
temperature of 105 °c to dry, and then were
powdered. Of each sample, a gram was
weighted with an electrical scale. Digestion
of samples was performed by nitric acid and
perchloric acid. The atomic spectrometer of
Shimadzu Atomic absorption/flame
emission spectrophotometer AA-670 was

Copper
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used to measure of copper in these samples

[17].

2.6. Statistical Analysis

For analyzing data, SPSS software was
used. The results are indicated as Mean+
SEM. One-way ANOVA followed by
Duncan's test analysis was used to assess
the differences between groups. P<0.05 was
considered as statistically significance.
Chart was also mapped using Microsoft
Excel 2016.

2.7. Histopathological Examination
Gill and kidney samples were taken for
histopathologic  researches in  plastic
containers containing formalin 10% to fix.
Then sectioning was performed at five um
and staining was done with hematoxylin
and eosin. Samples observed by microscope
optical and histopathologic images were
prepared for histological studies [18].

3. Results

The results of the statistical analysis
(one-way ANOVA) showed that there was a
significant difference (P < 0.05) in the
accumulation of copper metal in gill and
kidney tissues of experimental groups
compared with the control group (table 1
and figure 1). RBC and Hb levels in
experimental groups, significantly
decreased (P < 0.05) (table 2). The decrease
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20 d a

0
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Concentration of copper(ppm)

0.16 mgCu/L

in Hct and WBC were also observed in two
experimental groups compared to the
control group (table 2). Histopathological
changes of gill tissues in different
experimental groups are shown in figures 3-
5. Healthy gill Tissues (Figure. 2) are
related to the control group. Gills of the fish
of the experimental group showed a series
of pathological changes. The most
important changes in the gill of fish exposed
to the dose of 0.16 mg/l included primary
lamellar edema, infiltration of inflammatory
cells inside the filament, the separation of
epithelial cells from the secondary lamellar
membrane and fusion of the secondary
Lamellar (Figure 3). In the gills of the
experimental  group  (0.53  mg/L),
hypertrophy and hyperplasia of chloride
cells, severe necrotic changes of secondary
Lamellar (Figure. 4), the sharp fusion of
secondary lamellar and clubbing of
secondary lamellar (Figure. 5) has been
observed. Histology of kidney tissue of the
control group showed a typical structure of
renal cortical tissue (Figure 6). After
exposure to 0.16 mg/l for 21 days, cell
swelling in the tubules and glomerular,
bleeding and infiltration of inflammatory
cells in the interstitial tissue were observed
(Figure 7). Increasing exposure dose (0.53
mg/L) degraded tubular tissue (Figure 8)
and hyaline cysts were formed (figure9).

0.53mgCu/l

experimental groups

mgill mkidney

Figure 1. The average concentration of copper (mean + SEM) in gill and kidney tissues of common carp. Letters on the
column are related to Duncan's test results. The absence of a similar letter between two columns means a significant

difference in the level of 0.05
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Hematological and Histopathological Alte

Figure

Figure 4. a: hypertrophy and hyperplasia of chloride
cell b: necrosis of secondary Lamellar (magnification
400)

Figure 6. Kidney tissue of control group (magnification
400)

Figure 3. a: primary edema, b: separation of epithelial
cells from the secondary lamellar membrane and fusion
of the secondary Lamellar (magnification 400)

Figure 5. a: clubbing of the secondary lamellar
(magnification 400)

Figure 7. a: tublar tissue degradation, b: gloerular
swelling (magnification 400)
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Hematological and His

Figure 8. a: cell swelling in the tubules and glomerular,
b: Bleeding and the influence of inflammatory cells in
the interstitial tissue (magnification 400)

4. Discussion

Gills are the main route of entry of
metals into the body of the fish due to direct
exposure to toxins in the aquatic
environment and thus they store the largest
amount of metal in the body [19]. However,
liver and kidneys are important organs for
the accumulation and storage of heavy
metals in fish [20].  The results of this
study show that copper accumulation in gill
and kidney tissues of experimental groups
were significantly increased compared to
the control group focusses metal
accumulation in this tissue was different.
Also, the accumulation rate increased with
the dose increase. Hematologic parameters
are sensitive markers in evaluating the
metabolism of fish exposed to metals stress
[21]. Therefore, these are widely measured
in toxicology and environmental studies as
indicators of  physiological changes.
Decrease in RBC, Hb and Hct are
commonly associated with factors such as
degradation of gill tissue, disturbance in
osmoregulation by metals and destruction of
red blood cells [22]. Ko et al. 2019 reported
that metals directly affect hematopoietic
cells in the kidney and spleen, increasing
their membrane permeability and damaging
them, reducing the number of erythrocytes
and causing anemia [23]. Joshi and
colleagues in 2002 have suggested that
exposure to heavy metals due to damaging

igure 9. a: tubular Necrosis, b: formation of hyaline

cysts (magnification 400)

iron intestinal absorption system has
decreased RBC and Hb concentration [24].
These changes lead to reduced oxygen
consumption in the fish and ultimately, their
death. In a study conducted by Srivastava
and his colleague in 2011, hemoglobin,
hematocrit, blood cell count and some of
white blood cells in common carp exposed
to zinc significantly decreased [25]. Similar
results have been reported in common carp
exposed to the sub-lethal copper sulfate [3].
Gill is usually the first target tissue for
waterborne contaminants and prolonged
exposure results in the absorption of these
pollutants through the gills, producing
visible damage effects in this tissue [26].
The study of fish gill tissue in the
experimental groups indicates the presence
of lesions in this tissue, including edema,
necrosis, secondary filament adhesion,

clubbing and the loss of secondary lamellar.

Similar results have been reported in the gill
tissue of carp and rainbow trout exposed to
copper sulfate [27, 28]. The proliferation of
the chloride cells and necrosis in the
exposed fish to heavy metals were reported
by several researchers [29-31]. The
increased permeability of the gill vessels
causes the edema in the Lamellar [9].

Edema, epithelial detachment of gill and
adherence of lamellar are the defense
mechanisms of exposed fish to reduce the
gill surface area and increase the diffusion
distance between blood and environmental
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pollutant [27]. These mechanisms have a
harm effect on the breathing of the fish [32].
The proliferation of mucus cells and
hypertrophy, which leads to increased
mucus secretion, are protective defensive
responses to cover absorbent surface [33],
which reduce gas exchanges [26]. Through
increasing the duration of exposure and an
increasing dose of poisoning agent,
epithelium  thoroughly  separates and
necrosis of gill tissues is performed. In
kidney tissues of all experimental groups,
there were also some damages including the
reduction of the lumen size of tubules due
to the swelling of the epithelial cells of
tubule, dilation of glomeruli, necrosis of
tubules, interstitial nephritis, the infiltration
of inflammatory cells such as lymphocyte
and macrophages in interstitial tissue,
bleeding and in severe cases, hyaline cysts
were found inside the tubules. Changes in
kidney tissue of carp were reported in other
species of exposed fish to heavy metals [34,
35], which are in accordance with this
study. Research done by Patel & Bahadur

(2011), investigates the impact of copper
metal on gill and kidney tissues of Catla
Catla, which are also consistent with the
results of the present study [36]. Kidney
plays an important role in the secretion and
detoxification of harmful compounds in the
body [37]. Therefore, heavy metals cause
the degradation of kidney tissue through
producing free radicals and lipid
peroxidation of the membrane [38].
Necrosis tubules and degradation of the
kidney in this research indicate that the
kidney is severely damaged after exposure
to copper.

5. Conclusion

Based on the results achieved in this
study, it is concluded that metal
accumulation in fish depends on the
concentration of metal and the type of
organ. Overall, when exposed, the gill
accumulates copper strongly, compared to
the kidney tissue of Cyprinus carpio.

Hematological parameters indicated that
copper acts as a stressor leading to changes
in some blood parameters and accumulation
in important tissues. Histological changes of
the gills and kidneys are related to the
different copper concentrations. Moreover,
gill and kidney alterations may serve as a
sensitive biomarker for the toxicity of sub-
lethal concentrations of metals as well as
the other pollutants as a result of heavy
metal exposition of the fish.
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