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Abstract

In this age of modern biology, aquatic toxicological research has provided potential tools for ecotoxicologic investigations.
Heavy metals primarily affect protein structures and induce a stress in the organisms. The present investigation was carried out to
assess the effect of nickel chloride on the selected organs of the freshwater fish Cirrhinus mrigala and how CaNa2 EDTA counters
its effects as an antidote. Toxicity experiments were conducted for different exposure periods and also in certain tissues namely gill,
liver, kidney and muscle. The total protein content, reduced glutathione, glutathione peroxidase and lipid peroxidation were found
to be decreased in the nickel chloride treated tissues and the treatment with CaNa2 EDTA+nickel chloride returned to near normal
levels. Histopathological observations also revealed that after the administration of nickel chloride + CaNa2 EDTA the chelator
induced reduction in nickel toxicity. It has also contributed towards reduction in the pathological damage, thus enabling the organs
to attain their near normal histological appearance. The present study shown that CaNa2 EDTA is an effective chelating agent for
the removal of nickel and it has proved efficient in restoring both the biochemical variables and pathological features immediately
after a sub lethal exposure of nickel chloride in fish. To cite this article: R. Gopal et al., C. R. Biologies 332 (2009).
© 2009 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Indiscriminate discharge of raw and partially treated
industrial effluents into the aquatic system leads to de-
terioration of the environment. Among these pollutants
the commonest toxins are organic salts of many heavy
metals like, copper, zinc, lead, nickel, cadmium, silver
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and mercury. Some of the heavy metals are biologically
important. In trace quantities heavy metals such as iron,
copper, manganese, magnesium and zinc are essential
for the metabolism of organisms [1]. Essential metals
always function in combination with organic molecules,
mostly with proteins either bound to metallo-proteins
or loosely bound to metal–protein complexes [2]. If the
threshold concentration of these metals increases in the
environment they may interfere with the metabolic ac-
tivity in organisms. Hence, the non-essential elements
y Elsevier Masson SAS. All rights reserved.
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viz. mercury, cadmium, silver and lead are toxic to
aquatic organisms even at very low concentrations.

Polluted water is one of the most significant sub
lethal responses of fish [3]. Aquatic population can be
affected by aquatic pollutants not only directly but their
active retreat out of polluted areas can also result in
disturbance of their migrations and distribution patterns
[4]. Therefore a reduction of their normal area of habi-
tat as well as their resources can occur [5]. From another
point of view, the ability of fish to detect and avoid toxic
substances is one of the forms of phenotypic adoption
allowing them to survive in altered environment [6].

The rapid pace of industrialization and anthro-
pogenic inputs have contaminated many ecosystems [7]
especially the aquatic ecosystem, which receives a wide
range of pollutants. Pollution of aquatic habitats seems
to be an inevitable problem of universal nature and the
intrusion of various pollutants into the aquatic environ-
ment affects the survival growth and reproduction of
the biological organisms present in the environment. As
fish being exclusively aquatic a number of potentially
hazardous xenobiotics confront fish life in the sphere of
their activities of which, a category of special interest is
that of the heavy metals [8].

Heavy metals are extensively used in industries like
electroplating, medicine, pesticide and battery manufac-
turing [9]. Recently, an increase in the concentration of
heavy metals (Cd, Cu, Fe, Ni, Mn, Zn, Pb, and Hg)
has been reported in water of Vasai Creek, Maharastra
[10]. Heavy metal salts constitute a serious type of pol-
lution in freshwater and being stale compounds they are
not readily removed by oxidation. Precipitation of other
processes can affect the activity in recipient animal [11].

Nickel is one of these heavy metals. The main
sources of nickel come from hydrogenation of oil indus-
try and paint factories, motor vehicle, aircraft industry,
printing and in some cases the chemical industry. It is
also used extensively in electroplating as nickel sul-
phate and nickel hydroxide is used in nickel–cadmium
batteries [12]. In aquatic ecosystem, dissolved Ni con-
centrations are generally between 0.005 and 0.01 mg l−1

[13]. The toxicity of Ni to aquatic life has been shown
to vary significantly with organism species, pH and wa-
ter hardness [14]. Nickel toxicity is generally low [15]
but elevated concentration can cause sub lethal effects.
In fresh water fish, recorded Ni accumulation values
ranged from 10 to 120 µg g−1 [16] and distribution of
Ni varies significantly between the different tissues [17].

Chelating agents are the most versatile and effective
antidotes for metal intoxication. These compounds are
usually flexible molecules with two or more electroneg-
ative groups that form stable coordinate covalent bonds
Fig. 1. Structure of calcium di sodium-ethylene diamine tetra acetic
acid.

with the cationic metal atom. The body then excretes
the complexes thus formed. The greater the numbers of
these ligands, the more stable the metal chelator com-
plex. The chelating ligands include functional groups
such as –OH, –SH and –NH, which can donate elec-
trons for coordination with the metal [18]. Chelating
therapy is widely used in the management of metallic
poisoning. Chelating therapy involves applying chelat-
ing agents into the blood stream for the purpose of elim-
inating from the body undesirable substances such as
heavy metals, chemical toxins, mineral deposit and fatty
plaques.

Calcium disodium complex – Ethylene diamine tetra
acetic acid (CaNa2 EDTA) is an efficient chelator of
many divalent and trivalent metals, especially for chela-
tion of cadmium [19]. It is a stable water soluble metal
chelate, mainly used in food industry, agriculture and
horticulture as micronutrient, and calcium is present
in a chelated form. It penetrates cell membranes and
chelates extra cellular metal ions more effectively than
intracellular ions [20]. The structure of CaNa2 EDTA is
shown in Fig. 1.

Earlier researchers have concentrated mainly on
adult fishes and not much of work has been done on
fingerlings, which are more susceptible to environmen-
tal contamination. Also, the fingerlings have higher
metabolic rates (per gram of body tissue) and there-
fore are able to take up metals via food and water more
rapidly than adult fish. With this in view, in the present
study an attempt has been made to investigate the toxic
effects of nickel and the chelating influence of CaNa2
EDTA on the selected organs of freshwater, Cirrhinus
mrigala (Ham.).

2. Materials and methods

2.1. Collection and maintenance of fish

Healthy specimens of Cirrhinus mrigala were col-
lected from the farm located in Puther; Nagai, Q. Mil-
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leth District, Tamil Nadu, 15 km away from the Univer-
sity campus. They were stocked and maintained in the
laboratory conditions (25 ± 2 ◦C) for at least 15 days
in large cement tanks (capacity 50 liters) previously
washed with KMnO4 to free the walls from fungal in-
fections if any. The fishes were fed with cooked rice and
groundnut oil cake everyday and water in the tank was
renewed every 24 hrs to reduce the quantum of excre-
tory products in the test water. Size of the fish ranging
from 10–13 cm in length and 8–12 g in body weight
were used in the present study.

2.2. Physical and chemical properties

Nickel is a silvery white ferromagnetic metallic el-
ement in Group VIII of periodic table. Nickel has the
specific density of 8.90 g/cm3 and a melting point of
155 ◦C and boiling point of 28–37 ◦C. It is insoluble
in water, soluble in dilute Nitric acid and Aquaregia
and slightly soluble in Hydrochloric acid and Sulphuric
acids. Nickel usually has an oxidation state of 2, but also
occurs as relatively stable Tri- and Tetravalent ions [21].
Nickel forms complexes (Chelates) that are insoluble in
water but soluble in organic solvents. These compounds
are often very stable and play an important role in trace
analysis.

2.3. Experimental protocol

Following a 24 hr renewal bioassay system for the
analysis of sub lethal toxicity did the toxicant expo-
sure. 3 groups of 20 fish each were exposed separately
to nickel chloride (35 ppm; 10% of 96 h LC50) and
nickel + CaNa2 EDTA (1:3 ratio, APHA, 1999) solu-
tion. The experimental medium was prepared by dis-
solving nickel chloride at 35 ppm in well water hav-
ing dissolved oxygen 5.8 ppm, pH 7.4, water hardness
30.3 mg/l [22] and water temperature 28 ± 2 ◦C. Each
group was exposed to 50 liter of experimental medium.
Parallel group of 20 fish each were kept in separate
aquaria containing 50 liter of well water (with out the
addition of nickel chloride) and treated as control. Feed-
ing was allowed in the experimental as well as control
groups everyday for a period of 3 hrs before the renewal
of the medium throughout the tenure of the experiment.

2.4. Calculation of LC50

The LC50 value was obtained by the Probit analy-
sis. Method was based on the observed percentage of
test animals surviving at concentrations lethal to more
than half and less than half of the test subjects [23].
Fig. 2. Probit of mortality of different concentration of nickel chloride.

The plotted dose response data reveal that the relation-
ship of dose to response is non-linear. The Probit model
[24] transforms the axis of the percentage of mortality
to the Probit scale and the dose axis to the logarithm
of the dose. By performing the transformation, the Pro-
bit model [24] transforms the dose-response curve to a
straight line, which can be used for the calculation of the
lethal concentration. The experimental data were ana-
lyzed by taking the Probit value of the percentage of
mortality to the Y-axis and the logarithm value of the
administered dose on the X-axis. A straight line was ob-
tained on plotting the experimental data (Fig. 2). The
LC50 can be interpolated from the curve by drawing
a horizontal line from the 50% mortality point on the
ordinate to the concentration-response curve and then
drawing a vertical line from its point of intersection with
the curve to the abscissa. The vertical line is then read
off the graph. The percentages of mortality for different
concentration and the obtained 96 hrs LC50 for nickel
chloride are given in Table 1.

2.5. Biochemical analysis

After the expiry of 28 days of exposure, 3 fishes
each from the respective experimental as well as con-
trol groups were sacrificed. First pair of Gills (from both
sides) liver, Kidneys, and pieces of muscle was excised
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Table 1
Percentage of morality of Cirrhinus mrigala exposed to different con-
centrations of Nickel chloride.

Sl.
no.

Concentration
of NiCl2 (mg/l)

Log
concentration

Mortality % of
mortality

Probit
scale

1. 20 1.301 2 10 3.7182
2. 25 1.397 3 15 3.9636
3. 30 1.477 7 35 4.6147
4. 35 1.544 9 45 4.8743
5. 40 1.602 12 60 5.2533
6. 45 1.653 17 85 6.0364
7. 50 1.699 20 100 0.0000

Anti log – 1.5522, LC50 96 hrs – 35.66 mg.

from the experimental as well as control fish and were
subject to various studies.

2.5.1. Estimation of total protein
Protein content in the selected tissue viz. gill, liver,

kidney and muscle was estimated by following the
method of Lowry et al. [25]. The tissue was isolated
and 2% homogenate of each of the tissue was prepared
in 10% TCA. The protein content is expressed in mg/g
wet weight of the tissue.

2.5.2. Estimation of reduced glutathione
Reduced glutathione was determined according to

the method of Moron et al. [26]. This method was based
on the reaction with 5,5′-dithio-(bis)-2-nitrobenzoic
acid (DTNB) to give a compound that absorbs at
412 nm. To 1 ml of the homogenate was added 1 ml
of distilled water and 1 ml of 5% Trichloroacetic acid.
The precipitate was removed by centrifugation. To an
aliquot of the supernatant 2 ml of DTNB was added and
0.5 ml of phosphate buffer to a final volume of 3 ml.
The absorbances was read at 412 nm in Spectronic –
20 (Bausch & Lomb) against a reagent blank. A series
of standards (100–500 µg reduced glutathione) was also
run in a similar manner. The amount of reduced glu-
tathione was expressed as µg/mg protein for tissue.

2.5.3. Estimation of glutathione peroxidase (GPx)
The activity of Glutathione peroxidase was assayed

by the method of Rotruck et al. [27]. With some mod-
ification a known amount of enzyme preparation was
allowed to react with H2O2 in the presence of reduced
glutathione. After a specified period of enzyme action,
the remaining reduced glutathione content was mea-
sured by the method of Moron et al. [26].

To the mixture of 0.2 ml of phosphate buffer, 0.2 ml
of EDTA, 0.1 ml of sodium azide and 0.2 ml of the en-
zyme preparation (tissue homogenate) were added and
incubated at 37 ◦C for two minutes. Then 0.2 ml of re-
duced glutathione and 0.1 ml of H2O2 were added to
the mixture and at 37 ◦C exactly for 10 minutes. The re-
action was arrested by the addition of 0.5 ml of 10%
TCA. Reduced glutathione content was estimated in the
supernatant obtained after centrifugation. A blank was
prepared similarly to which 0.2 ml of the enzyme was
added after the incubation period. The activity of glu-
tathione peroxidase was expressed as µg pf GPx uti-
lized/min/mg protein.

2.5.4. Estimation of lipid peroxidation
The levels of lipid peroxidation in liver, gill, kid-

ney and muscle tissue were estimated by the methods
of Hogburg et al. [28]. In this method Malondialde-
hyde and other Thiobarbituric acid reactive substances
(TBARS) were measured by their reactivity with Thio-
barbituric acid (TBA) in acidic condition. A pink color
was read at 535 nm. Tissue homogenate was prepared
in Tris-HCl buffer (pH 7.5). 1.0 ml of the tissue ho-
mogenate was combined with 2.0 ml of TBA–TCA–
HCl reagent and mixed thoroughly. The mixture was
kept in a boiling water bath (60 ◦C) for 15 minutes. Af-
ter cooling, the mixture was centrifuged at absorbance
of the chromophore at 535 nm against the reagent blank.
Values were expressed as mM/100 g tissue.

2.6. Statistical analysis

The data obtained from the biochemical analysis as
well as accumulation studies were subjected to stan-
dard statistical processing based on random sampling of
four different samples of experimental as well as control
groups of each tissue at each sampling period. The ob-
servations were analyzed using Student ‘T’ test.

3. Results

3.1. Acute toxicity study

The acute toxicity values for the fish, Cirrhinus mri-
gala exposed to nickel were determined at different time
intervals. The LC50 values for 24, 48, 72 and 96 hrs
were estimated as 20, 25, 30, 35, 40, 45 and 50 ppm
respectively (Table 1). The relationship between the me-
dian lethal concentrations (LC50) of nickel with the ex-
posure periods is given in the toxicity curve (Fig. 2).

3.2. Acute bioassay of Cirrhinus mrigala exposed to
nickel chloride

Acute toxicity tests are generally used to assess the
potential hazards of chemical contamination in aquatic
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organisms. In fishes and other aquatic organisms, the ef-
fects of xenobiotics that have occurred within a short
period of time are considered to be acute and relatively
scarce. Data obtained in acute toxicity tests are gener-
ally used to compare the sensitivity of different species
to potentialities of chemicals using LC50 values and
thereby to decide safe environmental concentration. In
the present study, the LC50 values for different exposure
hours were studied. The percentage of mortality in dif-
ferent concentrations was also studied. It was observed
that there is no mortality in the control as well as in the
lowest concentrations below 96 hrs.

The logarithm of 50% lethal concentration is ob-
tained by finding the value on the abscissa for straight
line which assumes the probit value 5. The concentra-
tion resulting in 50% mortality and slope of the probit
line were calculated for specific period of exposure as
described by Finney (1971). The percent mortality data
were subjected to probit values and plotted against log
dose concentrations resulting in a straight line (Fig. 2).
The LC50 value for 24, 48, 72 and 96 hrs of expo-
sure periods were estimated as 20, 25, 30, 35, 40, 45,
50 ppm respectively (Table 1). Results thus clearly in-
dicate the relationship between log concentrations and
expected probit which is found to be positive and linear
and the percentage mortality has been increased with an
increase in toxicant concentrations and also with the in-
creased exposure periods.

3.3. Biochemical changes

Exposure of Cirrhinus mrigala to sub lethal concen-
tration of nickel chloride had induced various biochem-
ical alterations. These alterations were manifested var-
iously in different tissues. The prominent biochemical
changes studied in the present work may be summarized
as alterations in the total protein, reduced glutathione
content along with lipid peroxidation content and glu-
tathione peroxidase content of the selected tissues viz.,
gill, liver, kidney and muscle. In general, the alterations
observed in the biochemical parameters of the tissues
studied are listed. Histopathological observations are
shown in Plates 1–3.

3.3.1. Impact of nickel chloride toxicity on total
protein content

Sub lethal toxicity of nickel has a profound effect on
the total protein of all the tissues studied. In the control
group of Cirrhinus mrigala the level of protein con-
tent in gill, liver, kidney and muscle were 14.15 ± 0.52,
79.30 ± 2.60, 40.55 ± 2.54 and 73.10 ± 1.31 mg/g wet
wt. of tissues respectively (Table 2).
Plate 1. Histopathological studies. GILL. A. Control gill of Cirrhinus
mrigala. CR – Cartilaginous Rod, GF – Gill Filament, PGA – Pri-
mary Gill Arch, PGL – Primary Gill Lamellae, SGL – Secondary Gill
Lamellae. B. Gill of Cirrhinus mrigala exposed to sub lethal concen-
tration of Nickel chloride. DCC – Disintegrated Chloride Cells, DPC
– Disintegrated Pillar Cells, FSGL – Fusion of Secondary Gill Lamel-
lae, HP – Hyperplasia, SPPC – Swollen and Pycontic Pillar Cells,
V – Vacuoles. C. Gill of Cirrhinus mrigala exposed to sub lethal
concentration of Nickel chloride and CaNa2 EDTA. NSL – Normal
Secondary Lamellae, NPC – Normal Pillar Cells.

Gill: At sub lethal concentration of nickel chloride-
treated group the level of protein content was signifi-
cantly (P < 0.01) reduced to 12.02 ± 0.52 mg/g wet
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Plate 2. Histopathological studies. LIVER. D. Control Liver of Cir-
rhinus mrigala. BV – Blood Vessels, H – Hepatocytes. E. Liver of
Cirrhinus mrigala exposed to sub lethal concentration of Nickel chlo-
ride. DCB – Disintegrated Cell Boundary, PN – Periphery Nucleus,
V – Vacuoles. F. Liver of Cirrhinus mrigala exposed to sub lethal con-
centration of Nickel chloride and CaNa2 EDTA. BV – Blood Vessels,
NH – Normal Hepatocytes.

wt. in the gill tissues of Cirrhinus mrigala when com-
pared with the control. During the nickel chloride and
EDTA treatment the level of protein content was signif-
icantly (P < 0.001) increased to 13.15±0.01 mg/g wet
wt. when compared with nickel chloride group.

Liver: At the sub lethal concentration of nickel chloride
treated group the level of protein content in the liver was
Plate 3. Histopathological studies. KIDNEY. G. Control Kidney of
Cirrhinus mrigala. BC – Bowman’s Capsule, D – Distal Convoluted
Tubule, P – Proximal Convoluted Tubule, HT – Hemopoietic Tissue.
H. Kidney of Cirrhinus mrigala exposed to sub lethal concentration
of Nickel chloride. DPC – Disintegrated Proximal Convoluted Tubule,
DRE – Desquamated Renal Epithelial Cells, NDC – Necrotic Distal
Convoluted Tubule, V – Vacuoles. I. Kidney of Cirrhinus mrigala
exposed to sub lethal concentration of Nickel chloride and CaNa2
EDTA. BC – Bowman’s Capsule, D – Distal Convoluted Tubule,
P – Proximal Convoluted Tubule.

significantly (P < 0.01) reduced to 58.32 ± 0.27 mg/g
wet wt. when compared with the control. But in the
group with nickel chloride followed by EDTA treat-
ment, the level of protein content was significantly (P <

0.001) increased to 77.87 ± 0.05 mg/g wet wt. when
compared with nickel chloride group.
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Table 2
Level of protein content in different tissues of Cirrhinus mrigala ex-
posed to Nickel chloride and Nickel chloride + EDTA.

Tissues Control
(Group I)

Nickel chloride
(Group II)

Nickel chloride +
EDTA (Group III)

Gill 14.15±0.52 12.02±0.52** 13.15±0.01***

Liver 79.30±2.61 58.32±0.27*** 77.87±0.51***

Kidney 40.55±2.54 27.38±0.26*** 38.15±0.24***

Muscle 73.10±1.31 52.15±0.57*** 70.32±0.25

Values expressed in mg/g wet wt. of tissues. Mean ± S.E of six in-
dividual observations. Comparisons were made between Group I vs.
Group II, Group II vs. Group III.
** P < 0.01. *** P < 0.001.

Kidney: At the sub lethal concentration of nickel chlo-
ride-treated group the level of protein content was sig-
nificantly (P < 0.001) reduced to 27.38 ± 0.26 mg/g
wet wt. when compared with the control. But in the
group with nickel chloride followed by EDTA treat-
ment the level of protein content was significantly (P <

0.001) increased to 38.15 ± 0.24 mg/g wet wt. when
compared with nickel chloride group.

Muscle: At the sub lethal concentration of nickel chlo-
ride treated group the level of protein content was sig-
nificantly (P < 0.001) reduced to 52.15 ± 0.57 mg/g
wet wt. when compared with the control. But in the
group with nickel chloride followed by EDTA treat-
ment, the level of protein content was significantly (P <

0.001) increased to 70.32 ± 0.25 mg/g wet wt. when
compared with nickel chloride group.

3.3.2. Impact of nickel chloride toxicity on reduced
glutathione content

The GSH level in different tissues viz., gill, liver, kid-
ney, and muscle of control and nickel-exposed fish and
the antidote EDTA fish under sub lethal concentration of
exposure is shown in Table 3. In control fish, the mean
GSH level observed in different tissues were 1.28 ±
0.06, 2.20 ± 0.29, 1.90 ± 0.15 and 1.70 ± 0.15 mg/g
wet wt. of tissues. When the fishes were treated with the
sub lethal concentration of nickel chloride, they showed
a decreasing trend in the GSH level in all the selected
tissues of fish after 28 days exposure.

Gill: In the fish exposed to sub lethal concentration of
nickel chloride, the GSH level was (P < 0.05) reduced
to 0.85 ± 0.02 mg/g wet wt. of tissues in gill when
compared with control. In the case of nickel chloride
followed by EDTA the level of GSH content was sig-
nificantly (P < 0.001) increased to 1.06 ± 0.0.02 mg/g
wet wt. when compared with nickel chloride group.
Table 3
Level of reduced glutathione content in different tissues of Cirrhinus
mrigala exposed to Nickel chloride and Nickel chloride + EDTA.

Tissues Control
(Group I)

Nickel chloride
(Group II)

Nickel chloride +
EDTA (Group III)

Gill 1.28±0.06 0.85±0.02* 1.06±0.02***

Liver 2.20±0.24 1.49±0.18* 2.02±0.15
Kidney 1.90±0.16 1.28±0.05 1.79±0.18***

Muscle 1.70±0.16 1.16±0.02 1.49±0.17

Values expressed in µg/mg protein of tissues. Mean ± S.E of six in-
dividual observations. Comparisons were made between Group I vs.
Group II, Group II vs. Group III.

* P < 0.05. *** P < 0.001.

Liver: In the fish exposed to sub lethal concentration of
nickel chloride, the GSH level was (P < 0.05) reduced
to 1.49 ± 0.18 mg/g wet wt. of tissues in liver when
compared with control. In the case of nickel chloride
followed by EDTA the level of GSH content was signif-
icantly (P < 0.005) increased to 2.02 ± 0.15 mg/g wet
wt. when compared with nickel chloride group.

Kidney: In the fish exposed to sub lethal concentration
of nickel, the GSH level was reduced to (1.28 ± 0.05)
mg/g wet wt. of tissues in kidney when compared
to control. In the case of nickel chloride followed by
EDTA treatment the level of GSH content was sig-
nificantly (P < 0.001) increased to 1.79 ± 0.18 mg/g
wet wt. of tissues when compared with nickel chloride
group.

Muscle: In the fish exposed to sub lethal concentra-
tion of nickel, the GSH level was reduced to 1.16 ±
0.02 mg/g wet wt. of tissues in muscle when compared
to control. In the case of nickel chloride followed by
EDTA treatment the level of GSH content was signif-
icantly (P < 0.05) increased to 1.49 ± 0.17 mg/g wet
wt. of tissue when compared with nickel chloride group.

3.3.3. Impact of nickel chloride toxicity on Glutathione
peroxidase

The GPx level in different tissues viz., gill, liver, kid-
ney and muscle of control, nickel chloride-treated and
nickel chloride and EDTA-treated fish under sub lethal
concentration of exposure in shown in Table 4. In con-
trol fish, the mean GPx level observed in different tis-
sues were 0.84 ± 0.03, 1.40 ± 0.02, 0.15 ± 0.02 and
0.53 ± 0.03 mg/g wet wt. of tissues. When the fishes
were treated in the sub lethal concentration of nickel,
they showed a decreasing trend in GPx level in all se-
lected tissues of fish after 28 days exposure.

Gill: When Cirrhinus mrigala was intoxicated with sub
lethal concentration of nickel chloride, the GPx level
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Table 4
Level of glutathione peroxidase content in different tissues of Cirrhi-
nus mrigala exposed to Nickel chloride and Nickel chloride + EDTA.

Tissues Control
(Group I)

Nickel chloride
(Group II)

Nickel chloride +
EDTA (Group III)

Gill 0.84±0.03 0.28±0.02* 0.56±0.18*

Liver 1.40±0.02 0.54±0.02* 1.12±0.01
Kidney 1.15±0.01 0.59±0.02* 0.86±0.026***

Muscle 0.53±0.02 0.30±0.02* 0.58±0.02**

Values expressed in µg of GSH consumed/minute/mg protein. Mean±
S.E of six individual observations. Comparisons were made between
Group I vs. Group II, Group II vs. Group III.

* P < 0.05. ** P < 0.01. *** P < 0.001.

was decreased to 0.28 ± 0.02 mg/g wet wt. of tis-
sues in gill when compared to control. In the case of
nickel chloride followed by EDTA treatment the level
of GPx content was significantly (P < 0.05) increased
to 0.56 ± 0.18 mg/g wet wt. of tissue when compared
to nickel chloride group.

Liver: When Cirrhinus mrigala was intoxicated with
sub lethal concentration of nickel chloride, the GPx
level was decreased to 0.54 ± 0.02 mg/g wet wt. of tis-
sues in liver when compared to control. In the case of
nickel chloride followed by EDTA treatment the level
of GPx content was significantly increased to 1.12 ±
0.01 mg/g wet wt. of tissues when compared to nickel
chloride group.

Kidney: When Cirrhinus mrigala was intoxicated with
sub lethal concentration of nickel chloride the GPx level
was (P < 0.05) decreased to 0.59 ± 0.01 mg/g wet wt.
of tissues in kidney when compared to control. In the
case of nickel chloride followed by EDTA treatment
the level of GPx content was significantly (P < 0.001)
increased to 0.86±0.03 mg/g wet wt. of tissues respec-
tively when compared to nickel chloride group.

Muscle: When Cirrhinus mrigala was intoxicated with
sub lethal concentration of nickel chloride the GPx level
was (P < 0.05) decreased to 0.30 ± 0.02 mg/g wet
weight of tissues in muscle when compared to con-
trol. In the case of nickel chloride followed by EDTA
treatment the level of GPx content was significantly
(P < 0.01) increased to 0.58 ± 0.02 mg/g wet weight
of tissues when compared to nickel chloride group.

3.3.4. Impact of nickel chloride toxicity on lipid
peroxidation content

In the present experimental study the activity of lipid
peroxidation has increased significantly after 28 days
when Cirrhinus mrigala was treated with sub lethal
concentration of nickel chloride. In the control fish of
Table 5
Level of lipid peroxidation content in different tissues of Cirrhinus
mrigala exposed to Nickel chloride and Nickel chloride + EDTA.

Tissues Control
(Group I)

Nickel chloride
(Group II)

Nickel chloride +
EDTA (Group III)

Gill 0.396±0.03 0.786±0.03*** 0.384±0.02***

Liver 0.534±0.03 0.813±0.026*** 0.530±0.02**

Kidney 0.438±0.06 0.783±2.60*** 0.429±0.02***

Muscle 0.423±0.03 0.762±0.05* 0.411±0.02***

Values expressed in µmol of MDA/g wet wt. of tissues. Mean±S.E of
six individual observations. Comparisons were made between Group I
vs. Group II, Group II vs. Group III.

* P < 0.05. ** P < 0.01. *** P < 0.001.

Cirrhinus mrigala the level of lipid peroxidation con-
tent in gill, liver, kidney and muscle were 0.39 ± 0.03,
0.53 ± 0.02, 0.43 ± 0.06 and 0.42 ± 0.03 mg/g wet wt.
of tissues respectively (Table 5).

Gill: The mean LPO level in the gill of fish treated
with sub lethal dose of nickel chloride significantly
(P < 0.001) increased to 0.786±0.03 mg/g wet weight
of tissues in gills when compared to control. In fish
treated with nickel chloride and EDTA the level of LPO
was found to be remarkably (P < 0.001) reduced to
0.384 ± 0.03 mg/g wet weight of tissues when com-
pared to nickel chloride group.

Liver: The mean LPO level in the liver of fish treated
with sub lethal dose of nickel chloride, significantly
(P < 0.001) increased to 0.81 ± 0.03 mg/g wet weight
of tissues in liver when compared to control. In fish
treated with nickel chloride and EDTA the level of LPO
was found to be remarkably (P < 0.01) reduced to
0.530 ± 0.02 mg/g wet weight of tissues when com-
pared to nickel chloride group.

Kidney: The mean LPO level in the kidney of fish
treated with sub lethal dose of nickel chloride, signif-
icantly (P < 0.001) increased to 0.783 ± 2.60 mg/g
wet weight of tissues when compared to control. When
compared to the nickel chloride-treated group, the level
of LPO was found to be remarkably (P < 0.001) re-
duced to 0.429 ± 0.02 mg/g wet weight of tissues in
fish treated with nickel chloride and EDTA.

Muscle: The mean LPO level in the kidney of fish
treated with sub lethal dose of nickel chloride signifi-
cantly (P < 0.05) increased to 0.762 ± 0.05 mg/g wet
weight of tissues when compared to control. When com-
pared to the nickel chloride treated group, the level of
LPO was found to be remarkably (P < 0.001) reduced
to 0.411 ± 0.02 mg/g wet weight in fish treated with
nickel chloride and EDTA.
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4. Discussion

Despite progress made in environmental waste man-
agement, heavy metals still pose immense health haz-
ards to humans and biota. Metals are present in very
low concentrations in natural aquatic ecosystems [29],
usually at the nanogram to microgram per liter level. Re-
cently the occurrence of especially heavy metals in ex-
cess of natural loads in the environment has become an
increasing concern [30] for aquatic ecosystem ‘health’
and is growing at an alarming rate.

The mechanisms of nickel-induced damage include
the production of free radicals that alter mitochondrial
activity and genetic information. The intake and excre-
tion of heavy metals like nickel, cadmium, mercury and
lead depend on the presence of antioxidants and thiols
that aid methylation and metallothionein-binding. An-
tioxidants have specific roles in the mitigation of heavy
metal toxicity. Certain metals when used in conjunction
with standard chelating agents can improve the mobi-
lization and excretion of heavy metals.

Acute toxicity is defined as the adverse effect occur-
ring within a short time of administration of a harmful
substance. It is useful to know the levels below which it
may be considered safe for the occurrence of a particu-
lar toxicant in the environment [31].

During the present study the Cirrhinus mrigala ex-
posed to different concentrations of nickel chloride for
varying periods of time showed considerable variations
in the degree of the toxicant as evidenced from the oc-
currence of mortality at varying rates (Table 4). It is ev-
ident that about 50% of mortality of Cirrhinus mrigala
up to 96 hrs was caused by 35 ppm of nickel chloride
exposure and is denoted as LC50/96 hrs doses.

The present result indicates that the percentage mor-
tality of the fish for any fixed period increases with
increasing concentration of the toxicant and for a par-
ticular concentration with an increase in exposure time
indicating the regular mode of action of toxicant, which
may be due to accumulation and subsequent magnifi-
cation. Death of the fish may be due to the toxic ef-
fect of nickel chloride on the biochemical processes
related to cellular metabolic pathways and to other in-
clusions [32].

A close and careful comparison of LC50 values of
the present study with earlier reports can bring to light
that LC50 values also depend upon the type of chem-
ical used and the physical and physiological nature of
the treated fish. From the present study it is concluded
that the reaction and survival of a treated fish depends
not only on the biological state of the fish and physio-
chemical characteristics of test water but also on the
effective concentration levels and time of exposure to
nickel toxicants.

Thus knowledge of LC50 values obtained for a series
of time intervals is highly useful for the final evalua-
tion of the extent of pollution in an aquatic environment
caused by heavy metals, especially nickel. The LC50
values obtained are also useful in establishing the lim-
its and the levels of acceptability of toxic substances by
the aquatic life.

Proteins are the building units of the body and are
also the most abundant macromolecules in the cells con-
stituting half of their dry weight [33]. They regulate and
integrate various physiological and metabolic processes
[34] in the body. Further, the protein content of the fish
body mainly determines the quality and food value of
its flesh. The maximum concentration of protein in the
liver clearly shows the importance of liver in the body
metabolism as well as its role as the major storehouse
of various metabolites [35]. Further, a higher content of
the protein in the liver may be attributed to the fact that
liver synthesizes most of the plasma protein [36].

The reduction in the protein content after exposure to
nickel chloride may be due to protein synthesis, which is
considered the primary biochemical parameter for early
indication of stress. This synthesizing is influenced by a
large number of exogenous substances. They reduce the
protein synthesizing capacity of the endoplasmic reticu-
lum in the cell. In the present investigation, a sub lethal
concentration of nickel-exposed fish, Cirrhinus mrigala
showed a decrease in the protein content of gill, liver,
kidney and muscle at the end of 28 days. This may be
due to proteolysis, lack of protein biosynthesis or inhi-
bition of translation. A significant decrease in protein
content of gill, brain, intestine, liver, kidney and mus-
cle was observed in nickel-treated fish [37]. A study by
Jayakumar [38] on exposure to sub lethal concentration
of cadmium reveals that the protein content of all the tis-
sues analyzed showed a decreasing trend with variations
in the percentage of decrease and a maximum decrease
in the tissue of the liver and the gill.

The higher rate of GSH reduction recorded in the
gill, liver, kidney and muscle of fish exposed to the sub
lethal concentration of nickel chloride indicates primar-
ily the higher amount of nickel chloride accumulated
and metabolized by the liver. The gill shows minimum
reduction of GSH level when compared to liver, kid-
ney and muscle. The maximum reduction of reduced
glutathione was recorded in all tissues after 28 days
of exposure. Such reduction in GSH may result in the
variability of alteration in membrane integrity, which
is evidenced in the present histopathological observa-
tion.



694 R. Gopal et al. / C. R. Biologies 332 (2009) 685–696
Glutathione the most abundant non-protein thiol syn-
thesized in the liver acts as a substrate for the enzyme
glutathione peroxidase and also serves as a scavenger
of different free radicals [39,40]. Kosower and Kosower
[41] stated that the reduced glutathione (GSH) plays an
important role in peroxidation (LPO) and provides a de-
fense mechanism for tissues against the reactive oxygen
species (ROS). The depletion of reduced glutathione
(GSH) in the tissues was induced by heavy metals and it
increases the metal toxicity in the tissues by increasing
the free radical formation. The increase in free radicals
such as H2O2 and HCHO through their metabolic reac-
tions results in cell and tissue injury [42,43].

Activity of GSH-Px was significantly decreased in
the liver and kidney of cadmium treated fish and this
decrease was not prevented by concomitant selenium
administration [43]. Glutathione (GSH) an important
antioxidant and donor substrate for GSH-Px is also in-
volved in the detoxification of heavy metals soon after
they enter the cell. Jamall and Sporwis [44] have also
reported the inhibition of heart cytosolic GSH-Px by
Ca2+ in rats receiving selenium supplements. The ther-
apeutic agents may protect against acute organ dysfunc-
tion and cellular injury thereby preventing the leakage
of enzymes. The alteration in the permeability of the
cell membrane and the inhibition of the ion-transporting
system results in disturbances in the fluid movement.
Thus the antioxidants administered prove their effi-
cacy in inhibiting their efflux in the blood. Analysis of
glutathione-related enzymes indicated lowering of the
activity of Glutathione peroxidase and Glutathione re-
ductase in the liver of rats. The reduced GPx activity
is perhaps due to a lowered GSH content in liver and
could be an adaptive mechanism attempting though un-
successfully to maintain GSH level in liver. The decline
of GPx activity leads to inefficient disposal of perox-
ides and reduced formation of oxidized glutathione [45].
By way of conclusion, the reduction in the enzyme glu-
tathione peroxidase can be taken as a meaningful bio-
chemical index of nickel chloride toxicity.

Sub chronic CdCl2 exposure for 30 days in fish
Clarias batrachus showed decrease in Triiodothyro-
nine, Thyroxine concentration and enhanced lipid per-
oxidation [46]. Cadmium treatment induced lipid perox-
idation in the liver and in kidney in both Channa puncta-
tus and Clarias batrachus [47]. Isamah et al. [48] have
reported that the high level of iron in the fish species
of the river Warri might impose stress on Malapterurus
electricus, Tilapia mariae and Thysia consorgii due to
an enhanced level of lipid peroxidation. The results of
the present study suggest that lipid peroxidation may be
a more appropriate early marker of oxidative stress in
liver of this species.

The increased lipid peroxidation activity of liver in-
dicated tissue injury and failure of antioxidant defense
mechanisms which prevent the formation of excess free
radicals [49]. Significant increase in the lipid peroxida-
tion and decrease in the antioxidant enzyme activities
have been reported in Cyprinus carpiomorpha exposed
to copper sulphate and zinc sulphate in different con-
centrations for 24 hours [50]. Changes in the cellular
defense system observed in the present study indicated
that nickel chloride may pose more of a risk to the
aquatic environment. The changes in the activities of
some antioxidant enzymes and the level of lipid peroxi-
dation are considered as indices of pollution of fish from
Warri and Ethiopia rivers [48]. The results of the present
investigation demonstrated that fish from polluted water
are subjected to oxidative stress of multifarious dimen-
sions.

5. Conclusion

It can be concluded from our present results that
chelation therapy with CaNa2 EDTA proved signifi-
cantly better results in restoring biochemical variables
and pathological features immediately after a sub lethal
exposure of nickel chloride in fish. Studies regarding
their recovery could offer a solution to save fish living
in an ecologically damaged habitat. The present inves-
tigation shows that the sub lethal levels can bring about
changes in the structural and biological functions of the
test animals. These changes indicate the healthy status
of fish as well as the purity of the water in a particular
environment. However, further work is needed before a
final recommendation could be made. The findings sug-
gest that a more detailed study of CaNa2 EDTA efficacy
is warranted to conduct a randomized-controlled trial of
chelation therapy in nickel-induced toxicity. Until such
studies are performed, it would be premature to advo-
cate chelation treatment on the basis of this study alone.
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