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ABSTRACT
The present study indicates a brief account of the toxic effects of heavy metals on fish. Heavy
metals are extremely hazardous for the health of fish. The sublethal toxicity of nickel chloride on
protein content in gill and muscle of fish Labeo rohita have been studied. The fish exposed to
sublethal concentration of 1/15th (low), 1/10th (medium) and 1/5th (high) of the 96 hour of the LC50 for
the period of 10, 20 and 30 days. The results showed decrease in the protein content and increase
in the amino acid content in gill and muscle of fish Labeo rohita. The significant reduction in
protein content and elevated levels of amino acids are apparently indicative of the toxic effect of
heavy metal nickel Chloride on biochemical parameter and organism’s response to the toxic stress.
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INTRODUCTION
Heavy metals are one of the most important forms
of pollution in the aquatic environment because of
their toxicity and accumulation by marine organism
(Khoshnoud et al., 2011). Heavy metal pollution in
aquatic environment and corresponding risks that
came to existence by this rapid increase in
agricultural activities, population growth,
urbanization and industrialization. Heavy metals
naturally exists in various concentrations in earth’s
crust, soil, air, water and all biological matter and
they have been spread widely as a result of
anthropogenic activities such as cement production,
iron and steel industry, steam power plants, mining
activities, smelters and foundries, piping,
combustion and traffic (Rether, 2002). Heavy metals
do not bend in water and settle down swiftly on to
sediment due to their higher density than that of
water Ghosh et al., 2018). The contamination of
water by heavy metals in excess amount exceeding

the permissible limits causes water pollution (Chiu
et al., 2011). The contamination of heavy metals can
enter from the water into fish body by gills and
muscles and accumulate in organisms (Olifa et al.,
2004; Dobaradaran et al., 2010). Heavy metals exhibit
toxicity effects of fish(Bhupander et al., 2011). Heavy
metals accumulated in soft tissues such as gills,
liver, kidney, brain and muscle Has-Schon et al.,
2008) and could alter the physiological and
biochemical parameter in fish. The aim of the
present study is to understand the effect of sublethal
concentrations of nickel chloride on protein content
and amino acid content in gill and muscle of
freshwater fish Labeo rohita.
MATERIALS AND METHODS
Fish collection and acclimatization
The fish Labeo rohita selected for this investigation.
The fishes were collected from fish farm situated in
Puthur belonged to Nagai District, Tamil Nadu,

*Corresponding author’s email: kmoorthikumar@gmail.com

S72

MOORTHIKUMAR ET AL

India. The collected fishes were brought to the
laboratory for acclimatization. The fishes were
allowed for acclimatization for two weeks before the
commencement of the experiment. The fish tank
was disinfected with 0.1% potassium permanganate
solution. The fishes were fed twice a day. The
feeding was discontinued for two days prior to the
start of the experiment.
Estimation of LC50 Value
The LC50 values were determined by following the
method of Litchifield and Wilcoxon (1949). 96 hours
LC50 value obtained 32.64 ppm of nickel chloride.
According to Sparague (1971), 1/10th of the LC50
was taken as sublethal concentration. The fishes
were survived upto 30 days was considered as
sublethal concentration of nickel chloride 3.264 ppm
(LCO). In the present study, 1/5th (6.528 ppm); 1/
10th (3.264 ppm) and 1/15th (2.176 ppm) of the LC50
of nickel chloride of high, medium and low
sublethal concentrations were selected respectively
for this study.
Experimental Design
The freshwater fish Labeo rohita with a size range of
12-14 cm and weighing 18-20 g irrespective of their
sex have been chosen as the experimental organisms
in the present study. The experimental fishes were
divided into four groups. The fishes belonged to the
first group were maintained in a medium free from
nickel chloride was served as control. The second
group exposed to 1/15th ( 2.176 ppm) of the LC50 of
low sublethal concentration of nickel chloride for
the period of 10, 20 and 30 days. The third group
exposed to 1/10th( 3.264 ppm) of the LC50 of medium
sublethal concentration of nickel chloride for the
period of 10, 20 and 30 days. The fourth group
exposed to 1/5 th( 6.528 ppm) of the LC 50 of high
sublethal concentration of nickel chloride for the
period of 10, 20 and 30 days. The medium was
renewed daily with sublethal concentration of the
nickel chloride. At the end of experiment, the
control and experimental fishes were sacrificed. The
gill and muscle were removed from both control
and treated fishes for biochemical estimation.
Estimation of Protein
Protein contents in the tissues were estimated by the
method of Lowry et al. (1951). The tissues (20 mg of
gill and muscle) were separated and 2%
homogenate was centrifuged at 3,000 rpm for 15
min. The supernatant was discarded and the

residue was suspended in 1.0 mL of sodium
hydroxide solutions. 0.5 mL of this solution
equivalent to 10 mg of tissue was transferred to a
clean test tube and 4 mL of copper carbonate
solution was added. The contents were mixed by
lateral shaking and 0.4 mL of Folin phenol (1:1
dilution) reagent was added. The thoroughly mixed
contents were kept at room temperature for 30 min.
The colour developed was read at 600 nm against
reagent blank in UV visible Spectrophotometer
(Jasco Model-650). Bovine serum albumin (Sigma
chemical co) was used to construct the standard
graph. The protein content in the tissues were
expressed in mg/g wet weight of tissues.
Estimation of total free amino acids
Total free amino acids content of the tissue were
estimated by the method of Moore and Stein (1954).
The tissues (Gill and Muscle) were isolated in ice,
quickly weighed in a cold room and immediately
homogenized in cold 10% TCA. The homogenate
was centrifuged at 3000 rpm for 15 min (0.1 mL of
homogenate contains 10 mg of tissues). One mL of
the clear supernatant was taken into a clean test
tube and 2.0 mL of ninhydrin reagent was added.
The sample tubes were placed in a boiling water
bath for 6.5 min. The mixture was cooled
immediately under running tap water and the
intensity of the colour was read at 570 nm in a UVvisible Spectrophotometer (Jasco, model 650).
Tyrosine was used to construct the standard graph
and the values were expressed as mg/g wet weight
of tissue.
Statistical Analysis
The values are expressed as mean ± SD. Data were
statistically analyzed by Analysis of Variance
(ANOVA) along with Duncan’s Multiple Range Test
(DMRT) ( Duncan, 1957 ) which was applied to find
out significant difference between various treatment
means and control means for the observed
parameters.
RESULTS
The present results revealed that nickel chloride
induced alterations are time dependent, tissue
specific and they point to altered protein
metabolism has shown significant elevation of
amino acid and decrease the levels of protein in gill
and muscle of Labeo rohita exposed to low, medium
and high sublethal concentrations of nickel chloride
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for the period of 10, 20 and 30 days. The reduction in
protein content is directly proportional to the
exposure period of the toxicant. The obtained
biochemical estimation values of gill and muscle
were subjected to statistical analysis and showed
significant values at P<0.05. The raise in the amino
acid content in the gill and muscle of the Labeo rohita
exposed to nickel chloride for 10, 20 and 30 days in
1/5 th , 1/10 th and 1/15 th of the LC 50 values of
sublethal concentrations were estimated. Protein
and amino acid content in the gill and muscle are
shown in Table 1, 2, 3 and 4. The content of amino
acid in gill of treated fish shows a gradually increase
in amino acid level than that of amino acid content
in the muscle. On the other hand, the elevation of
amino acid was observed at all exposure periods of
gill and muscle.
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DISCUSSION
Proteins are involved in major physiological events
and therefore the assessment of protein and amino
acid content can be considered as a diagnostic tool
to determine the physiological phases of organisms
and toxic stress in metabolic process (Nur Alam
Siddiki et al., 2018). Karanjkar and Deshpande
(2016) reported that disturbance in the physiological
activity of fish Gonoproktopterus kolus exposed to
iron which intern caused alteration in the protein
content of gill and muscle. Swetha et al. (2012)
observed that the toxic effects of zinc cyanide
exhibited negative effects on protein metabolism in
gill and muscle of Cirrhinus mrigala. Ahmad et al.
(2015) reported that protein metabolism decreased
in the muscle of Labeo rohita exposed to heavy

Table 1. Changes of protein levels in gill of Labeo rohita exposed to sublethal concentration of nickel chloride.
Treatments
Control
Low concentration
Medium concentration
High concentration

10 days
20 days
Protein level (mg/g)
111.27 ± 8.47 c
93.80 ± 7.12 b
86.64 ± 6.59 ab
86.75 ± 6.38 a

112.32 ± 8.55 c
87.66 ± 6.68 b
78.97 ± 6.02 a
74.83 ± 5.70 a

30 days
114.44 ± 8.71 c
84.17 ± 6.41 b
73.56 ± 5.68 a
68.35 ± 5.21 a

All the values mean ± SD of six observations.
Values which are not sharing common superscript differ significantly at 5% ( p<0.05)
Duncan multiple range test (DMRT)
Table 2. Changes of protein levels in muscle of Labeo rohita exposed to sublethal concentration of nickel chloride.
Treatments
Control
Low concentration
Medium concentration
High concentration

10 days
20 days
Protein level (mg/g)
68.35 ± 5.21 a
66.33 ± 5.05 a
64.76 ± 4.93a
62.49 ± 4.76 a

69.27 ± 5.27 b
63.47 ± 4.83 ab
61.29 ± 4.67a
59.35 ± 4.52 b

30 days
69.43 ± 5.29 c
58.27 ± 4.44b
56.31 ± 4.29ab
52.23 ± 3.98 a

All the values mean ± SD of six observations.
Values which are not sharing common superscript differ significantly at 5% ( p<0.05)
Duncan multiple range test ( DMRT)
Table 3. Changes of amino acid levels in gill of Labeo rohita exposed to sublethal concentration of nickel chloride.
Treatments
Control
Low concentration
Medium concentration
High concentration

10 days
20 days
Amino acid level ( mg/g)
3.08 ± 0.24 a
4.24 ± 0.32 d
4.76 ± 0.36 c
5.22 ± 0.40 d

3.16 ± 0.24 a
5.04 ± 0.38 b
5.88 ± 0.45 c
7.42 ± 0.56 d

All the values mean ± SD of six observations.
Values which are not sharing common superscript differ significantly at 5% ( p<0.05)
Duncan multiple range test ( DMRT)

30 days
3.12 ± 0.24 a
6.35 ± 0.48 b
8.92 ± 0.68 c
12.06 ± 0.92 d
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Table 4. Changes of amino acid levels in muscle of Labeo rohita exposed to sublethal concentration of nickel chloride.
Treatments
Control
Low concentration
Medium concentration
High concentration

10 days
20 days
Amino acid level ( mg/g)
2.20 ± 0.17 a
2.74 ± 0.21 b
3.18 ± 0.24 c
3.35 ± 4.24 d

2.18 ± 0.17 a
3.22 ± 0.25 b
3.55 ± 0.27 c
4.29 ± 0.33 d

30 days
2.21 ± 0.17a
3.76 ± 0.29b
4.12 ± 0.31b
5.44 ± 0.42 c

All the values mean ± SD of six observations.
Values which are not sharing common superscript differ significantly at 5% ( p<0.05)
Duncan multiple range test ( DMRT)

metals. Jose et al. (2013) observed that the significant
decrease in protein and amino acid levels of gills,
kidney, liver and muscle of Oreochromis mossambicus
exposed to cadmium ion. The study results of
Nagarajulu et al. (2018) showed that the depletion of
protein and increased levels of free amino acids in
the muscle of fish Channa punctatus exposed to
lethal and sublethal concentrations of insecticides
chlorantraniliprole. Aslam and Yousafzai (2017)
reported that the decrease in total protein content in
turn affects the enzyme mediated bio defense
mechanisms of the fish exposed to chromium
toxicity.
Sivachandran (2014) observed that proteolysis
was intended and it was followed by elevation in
amino acid content in the energy production during
cadmium stress. Drop in protein content may be on
account of reduced protein synthesis during toxicity
(Bhilave et al., 2008). The decrease in the level of
tissue protein due to disturbance in the
physiological activity and increase in the amino acid
content may be due to excessive proteolysis to
overcome the metabolic stress, as deposited protein
in the cytoplasm can easily be used to replace the
loss of proteins that occur during physiological
stress (Patil, 2011). Kawade and Killare (2012)
reported biochemical alterations induced by copper
sulphate may be due to utilization of amino acids
through transamination and deamination which
might have supplied necessary keto acids to act as
precursors for the maintenance of carbohydrate
metabolism to meet the energy requirements during
stress condition.
In the present study, a significant reduction in the
protein content in gill and muscle suggested that the
tissue protein undergoes depletion could be
attributed to exposure to nickel chloride might lead
to high concentration of heavy metals in gills and
muscle that cause a structural damage and a
reduction in oxygen consumption causing sharp

reduction in the metabolic rate of fish and
consequently decrease protein content followed by
increase in amino acid levels. These amino acids are
utilized for energy production during stressful
situation in the nickel chloride exposed to fish Labeo
rohita. Moreover, decreased tissue protein in fish
living in polluted environment may be a result of
decreased insulin level caused by metal toxicity
(Zaghloul, 2001). Insulin is known to have profound
effects on the proteogenic pathways in fish by
stimulating the inward cellular transport of amino
acids particularly in muscle, leading to intra cellular
accumulation of amino acid with subsequent
decrease of protein contents. (Rada et al., 2002).
Francis and Muthulingam (2018) reported decrease
in protein and increase in aminoacid levels in all the
tissues of Channa striatus exposed to sublethal
concentration of lead acetate. The present findings
supported by Kumar and Banerjee (2013). They
observed significant reduction in protein in gill and
muscle of cat fish Clarias batrachus exposed to
sublethal concentrations of arsenic toxicity and the
elevated level of amino acids pointed out toward
breakdown of protein leading to their depletion. It
can be calculated from the present findings that the
sublethal concentrations of nickel chloride exposed
to Labeo rohita caused stress condition and energy
crises which in turn alter protein metabolism.
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