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ABSTRACT
The present study is aimed to investigate the biochemical parameters in the liver, gill, kidney and muscle of Cirrhinus
mrigala. The fish were exposed to sub lethal dose (25.18ppm for nickel chloride) of 96 hr LC50 of nickel for 7, 14, 21 and
28days and removed the liver tissue as well as from control fish. In the present study, the total protein, total free amino acids,
glycogen and glucose were observed in liver, gill, kidney and muscle tissues of Cirrhinus mrigala. The present study
showed the level of total protein was decreased and total free amino acids was increased and simultaneously the level of
glycogen was decreased and glucose was increased in the liver, gill, kidney and muscle tissue of Cirrhinus mrigala. These
observed mean data were statically significant at P< 0.05 student ‘T’ tests. The results are discussed with available literat ure.
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1.INTRODUCTION

Aquatic systems are very sensitive to heavy metal pollutants
and the gradual increase in the level of such metals in aquatic
environment, mainly due to anthropogenic sources, became a
problem of primary concern. This is due to their persistence,
as they are not usually eliminated either by biodegradation or
by chemical means, in contrast to most organic pollutants.
Heavy metal constitutes a serious type of pollution in fresh
water and being stable compounds; they are not readily
removed by oxidation and affect the animal (Nammalwar,
1985). Heavy metals enter into aquatic habitats by a number
of routes and cause hazardous effect on their morphology
and physiology. Heavy metal pollution of water is a major
environmental problem facing the modern world
(Shrivastava and Sathyanesan, 1987). Heavy metals have a
unique property of accumulation over a period of time, along
a food chain and a very high level can be accumulated in an
organism from very low level concentration in water and
sediments (Shrivastava and Sathyanesan, 1987; Bose et al.,
1994).

Heavy metal is major contaminants of aquatic environments
(Munger et al., 1999) that are toxic towards aquatic
organisms (Witeska et al., 1995) even at concentrations

*Corresponding author: Dr. P.Parthipan, ‘Department of
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found in natural waters (Pelgrom et al., 1994). Metals are
present in very low concentrations in natural aquatic
ecosystems (Nussey, 1998). The most important heavy
metals in water pollution are zinc, copper, lead, cadmium,
mercury, nickel chloride and chromium (Abel, 1989). Metal
uptake by aquatic organisms is a two-phased process, firstly
involving rapid adsorption or surface binding, followed by a
slower transport into the cell interior. Transport of metals
into the intracellular section may be aided by either diffusion
of the metal ion across the cell membrane or by active
transport by a carrier protein (Brezonik et al., 1991; Wepener
et al., 2001).

Nickel chloride is one of the heavy metals. The main sources
of nickel chloride come from hydrogenation of oil industry
and paint factories, motor vehicle, aircraft industry, printing
and in some cases the chemical industry. It is also used
extensively in electroplating as nickel chloride sulphate and
nickel chloride hydroxide is used in nickel chloride—
cadmium batteries (Nanda and Behera, 1996). In aquatic
ecosystem, dissolved Nickel chloride concentrations are
generally between 0.005 and 0.01 mg " (Galvin, 1996). The
toxicity of Ni to aquatic life has been shown to vary
significantly with organism species, pH and water hardness
(Galvin, 1996). Nickel chloride toxicity is generally low
(Khangarot and Ray, 1990) but elevated concentration can
cause sub lethal effects.
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Nickel chloride containing enzymes are ureas and methyl
coenzyme reductase. Nickel chloride inhibits acid
phosphatase and this property is used to differentiate from
nucleoside phosphatase. Nickel chloride has a role in the
production of pigments in fingerlings, birds and insects.
Some chocolate preparation may contain nickel chloride
more than the permitted level. Nickel chloride in higher
concentrations may be carcinogenic. Requirement of nickel
chloride is 500ug/day. Nickel chloride is known to cause
cancers of the nasal cavity, paranasal sinuses and lungs. The
most common effect resulting from exposure to nickel
chloride compounds is the development of nickel chloride
itch.

2.MATERIALS AND METHODS

Experimental fish

The majar carp, Cirrhinus mrigala were collected from the
fish farm located in Pinnalur Cuddalore District, 15 Km
away from the University campus. The fish were brought to
the laboratory and transferred to the rectangular cement tanks
(125X100X75cm) of 1000liters capacity containing chlorine
free aerated well water and acclimatized to the food and
laboratory conditions with 12 hr dark and 12 hr light cycles,
pH range of 6.95 to 7.20 and temperature ranging from 16 to
24 °C for 15 days.

Experimental design

Fish were selected for the experiment from the stock
irrespective of the sex The size selected for the experiments
were 80-100mm length and 5-10g of weight fish were
divided into two equal groups each comprising of 20 fishes.
Each group was kept in separate plastic trough. The first
group was kept as control and were maintained in normal
water without any treatment. The second group was exposed
to a sub-lethal concentration of 96hrs LC50 of nickel
(3.75ppm) for 30 days. Solution was renewed once in 24hrs
exposure period. The fish from the respective experimental
as well as control groups were sacrificed and the liver, gill,
kidney and muscle tissue were isolated from the fish and
used for the estimation of total protein, total free amino
acids, glycogen and glucose.

Biochemical Analysis
Estimation of Total Protein in tissues

The total protein content in tissues was estimated by the
method of Lowry et al. (1951). The CO-NH groups in the
protein molecules reacted with the copper sulphate in
alkaline medium to give a purple colour which was read at
620 nm. The tissues were isolated from the experimental
animals and then homogenized in cold 10% TCA solution.
The homogenized tissues were centrifuged for 15 minutes at
3000rpm. The supernatant was discarded and the precipitate
was taken and then dissolved in 1.0ml of 0.IN NaOH. From
this, 0.5ml of supernatant (0.5ml of serum incase of serum
separated from blood) was mixed with 4.0ml alkaline copper
reagent. This was allowed to standard at room temperature
for 10 minutes. Then 0.5ml of folin-ciocalteau reagent was
added and mixed well. The absorption of blue colour
developed was read in an UV Spectrophotometer (Bausch
and Lamb) at 620nm. Standards in the concentration range of

20-100ug were treated in a similar manner along with blank
containing 1.0ml of distilled water. The protein content was
expressed as mg/dl for serum and mg/g wet wt. for tissue.

Estimation of total free amino acids in tissues

Total free amino acids in the tissue were estimated by the
method of Moore and Stein (1954). The tissues were isolated
in ice, quickly weighed in an cold room and immediately
homogenized in cold 10 percent TCA. The 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 mixture was cooled immediately
under running tap water and the intensity of the color was
read at 570 nm in a UN-visible spectrophotometer (Jasco,
model 650). Tyrosine was used to construct the standard
graph and the values were expressed mg/g wet weight of the
tissues.

Estimation of glycogen and glucose

Kemp and Kits van Heijningen (1954) were employed for
the quantitative estimation of glycogen and glucose. The
tissues were isolated and homogenized in 5.0 ml of 80%
methanol and centrifuged at 3,000 rpm for 15 minutes. The
supernatant containing free glucose was decanted into a
calibrated test tube. The residue was set apart for the
guantitative estimation of glycogen.

Estimation of Glycogen

The residue left after methanol extraction was homogenised
in 5.0 ml of deprotenizing solution (5-0 ml of TCA and 100
mg of AgS0, in 100 ml of distilled water) and heated at 100°
C over a water bath for 15 minutes. The mixture was cooled
and made up to 5.0 ml with deproteinizing solution once
again and later centrifuged at 2,000 rpm for 10 minutes. The
clear supernatant was collected for the estimation of

glycogen.
Estimation of glucose

To the decanted solution approximately 10.0 mg of activated
animal charcoal powder was added. The methanol was
allowed to evaporate by warming the solution over a water
bath for 30 minutes. Deproteinizing solution (100 gm. of
TCA in 100ml of distilled water) was added to the residual
aqueous solution to bring the total volume to 5.0 ml. The
suspension was centrifuged at 2,000 rpm for 15 minutes and
the clear supernatant was used for the estimation of free
glucose.

Quantitative estimation of glycogen and glucose

1.0 ml of the respective sample was taken in a separate test
tube and 3.0 ml of concentrated sulfuric acid was added to it.
The mixture was heated in a boiling water bath for 6.0
minutes and subsequently cooled in running tap water. The
intensity of the colour developed was measured in a UV
Spectrophotometer against the reagent blanks (3.0 ml of
concentration sulfuric acid) at 520 nm. The quantitative of
glucose and glycogen presentin the respective samples
were read form the standard graph drawn previously form
known quantities of the sample. The glucose and glycogen
values are expressed as mg/ g wet weight of tissues.
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3.RESULTS

Lewel of protein content in the liver tissue

The amount of protein present in the liver tissue in the
control and metal treated fingerlings of Cirrhinus mrigala
are presented in Table-3. The amount of protein in the
control liver tissue was 150.50 mg/g of wet weight of tissue
and sublethal concentration metal treated fingerlings were
141.35; 136.76; 131.36; and 126.48 mg/g of wet weight of
tissue for 7,14,21,and28 days of exposure periods
respectively. The amount of protein in the metal treated liver
tissue shows the decreasing trends. The decreasing
percentage were -6.08; -9.13; -12.72; and -15.96 at the
7,14,21,and 28 days of exposure periods respectively. The
mean differences between control and experimental
fingerlings of Cirrhinus mrigala were statistically significant
at P<0.05 level (Fig. 1).

Lewel of protein content in the gill tissue

The amount of protein present in the tissue in the control and
metal treated fingerlings of Cirrhinus mrigala are presented
in Table-3.The amount of protein in the control gill tissue
was 89.10 mg/g of wet weight of tissue and sublethal
concentration metal treated fingerlings were 85.30; 83.35;
79.87; and 78.00 mg/g of  wet weight of tissue. The
decreasing percentage were -4.26; -6.45; -10.36; and -12.45
at the 7,14, 21 and 28 days of exposure respectively .The
mean difference were statistically significant at P<0.05 level.
(Fig. 1).

Lewel of protein content in the Kidney tissue

In the kidney tissue of control fingerlings, the level of
protein content was 124.88 mg/g of wet weight of tissue.
During the sublethal concentration of nickel chloride treated
fingerlings they were 119.35; 114.21; 110.66; and 108.34
mg/g of wet weight of tissue. In the nickel chloride treated
kidney tissues of fingerlings amount of protein was
decreased. The decreased percentages were -4.43; -8.54; -
11.39; and -13.24 at the 7, 14, 21 and 28 days of exposure
periods respectively. The mean difference were statistically
significant at P<0.05 level (Fig. 1).

Lewel of protein content in the muscle tissue

The amount of protein present in the tissues of control and
metal treated fingerlings Cirrhinus mrigala are presented in
Table-3. The amount of protein in the control muscle tissue
were 14518 mg/g of wet weight of tissue and sublethal
concentration of nickel chloride treated fingerlings were
139.37; 136.98; 132.59; and 128.28 mg/g of wet weight of
tissue. The amount of protein in the nickel chloride treated
muscle tissue shows the decreasing trends. The decreased
percentage were -4.00; -5.65; -8.67; and -11.64 at the 7, 14,
21 and 28 days of exposure respectively. The mean
difference between control and experimental groups were
statistically significant at P<0.05 level (Fig. 2).

Lewel of amino acids content in the liver tissue

The amount of amino acids present in the liver tissue of the
control and metal treated fingerlings Cirrhinus mrigala are
presented in Table-4. The amino acids in the control liver
tissue were 8.32 mg/g of wet weight of tissue. In the
sublethal concentration of nickel chloride treated fingerlings
they were 11.65; 15.45; 19.28 and 21.25 mg/g of wet weight

of tissue. The amount of amino acids in the metal treated
liver tissue shows the increasing trends. The increasing
percentages were 40.02; 85.70; 131.73; and 155.41 at the 7,
14, 21 and 28 days of exposure periods respectively. The
mean differences between control and experimental groups
were statistically significant at P<0.05 level (Fig. 2).

Fig. 1. The amount of total protein in the selected tissues of
Cirrhinus mrigala exposed to sublethal concentration of Nickel
chloride.
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Fig.2. Amino acid in the selected tissues of Cirrhinus mrigala
exposed sublethal concentration of Nickel chloride.
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Lewel of amino acids content in the gill tissue

The amount of amino acids present in the gill tissue of the
control and metal treated fingerlings Cirrhinus mrigala are
presented in Table-4. The amount of amino acids in the
control gill tissue was 1.98 mg/g of wet weight of tissue. In
the sublethal concentration of nickel chloride treated groups,
the amount of amino acids were; 2.39; 2.77; 4.65 and 4.67
mg/g of wet weight of tissue. The amount of amino acids in
the nickel chloride treated gill tissue shows the increasing
trends. The increased percentages were 20.64; 40.15; 110.15;
and 135.86 at the 7, 14, 21 and 28 days of exposure periods
respectively. The mean difference between control and
experimental groups were statistically significant at P<0.05
level (Fig. 2).

Lewel of amino acids content in the Kidney tissue

The amino acids content in the kidney tissue of control and
metal treated fingerlings Cirrhinus mrigala are presented in
Table-3. The amount of amino acids in the control kidney
tissue was 1.63 mg/g of wet weight of tissue. In the sublethal
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concentration of nickel chloride groups treated fingerlings,
the amino acids content were 2.20; 2.78; 3.67 and 4.00 mg/g
of wet weight of tissue. The amount of amino acids in the
nickel chloride treated kidney tissue shows the increasing
trends. The increased percentages were 35.26; 70.56; 125.15;
and 145.60 at the 7, 14, 21 and 28 days of exposure periods
of nickel chloride respectively. The mean difference between
control and experimental groups were statistically significant
at P<0.05 level (Fig. 2).

Lewel of amino acids content in the muscle tissue

The amount of amino acids present in the muscle tissue of
control and metal treated fingerlings Cirrhinus mrigala are
presented in Table-4. The amount of amino acids in the
muscle tissue of control groups were 4.31 mg/g of wet
weight of tissue. In the sublethal concentration of nickel
chloride treated groups of amino acids content were 4.85;
5.02; 598 and 6.09 mg/g of wet weight of tissue. The
amount of amino acids in the metal treated muscle tissue
shows the increasing trends. The increased percentages were
12.53; 16.47; 38.75; and 41.36 at the 7, 14, 21, and 28 days
of exposure periods respectively. The mean difference
between control and experimental groups were statistically
significant at P<0.05 level (Fig. 2).

Lewel of glycogen in the liver tissue

The level of glycogen in the liver tissue of Cirrhinus mrigala
was presented in Table 5. The level of glycogen content in
the liver tissue of control fingerlings was 10.76+0.26 mg/g
wet wt. of tissue. The glycogen content in liver tissue of
subleathal concentration of nickel chloride treated fingerlings
was found to be as 8.73+0.30, 6.96+0.31, 4.44+0.17 and
3.18+0.10 for 7, 14, 21 and 28 days of exposar periods
respectively. It exhibited remarkable changes in their level of
glycogen from the mean control level, when the fingerlingses
were exposed to sub-lethal concentration of nickel chloride.
The percentage change over control was -18.87, -37.82, -
58.74 and -70.45 respectively. The meen diferance between
control and experimental groups were statistically significant
at P<0.05 level. (Fig. 3).

Lewel of glycogen in the gill tissue

The level of glycogen in the gill tissue of Cirrhinus mrigala
was presented in Table 5. The level of glycogen content in
gill tissue of control fingerlings was 7.58+0.25 mg/g wet wt.
of tissue. The glycogen content in gill tissue of subleathal
concentration of nickel chloride treated fingerlings was
found to be as 6.46+0.17, 5.37£0.19, 3.77£0.17 and
2.58+0.10 mg/g wet.wt.tissue for 7, 14, 21 and 28 days
exposure periods respectively. It exhibited remarkable
changes in their level of glycogen from the mean control
level, when the fingerlingses were exposed to sublethal
concentration of nickel chloride. The percent change over
control was -14.77, -29.15, -50.26 and -65.96 respectively.
The meen diferance between control and experimental
groups were statistically significant at P<0.05 level. (Fig. 3).

Lewel of glycogen inthe kidney tissue

The level of glycogen content in the kidney tissye of
fingerlings Cirrhinus mrigala was presented in Table 5. The
level of glycogen content in the kidney tissue of control
fingerlings was 6.42+0.18 mg/g wet wt. of tissue. The
glycogen content in the experimental groups of cirrhinus

mrigala kidney tissue was found to be as 5.67+0.22,
4.60+0.21, 3.32+0.12 and 2.25+0.10 mg/g wet.wt.of tissue
for 7, 14, 21 and 28 days respectively. It exhibited
remarkable changes in their level of glycogen from the mean
control level, when the fingerlingses were exposed to sub-
lethal concentration of nickel chloride. The percentage
change over control was -11.68, -28.58, -48.29 and -64.95
respectively. The meen diferance between control and
experimental groups were statistically significant at P<0.05
level. (Fig. 3).

Fig. 3. The level of Glycogen in theselected tissue of fresh water
fingerlings Cirrhinus mrigala exposedwith sublethal concentration
of Nickel chloride.
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Fig. 4 The level of Glucose inthe selected tissue of fresh water
fingerlings Cirrhinus mrigala exposedwith sublethal concentration
of Nickel chloride.
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Lewel of glycogen inthe muscle tissue

The level of glycogen content in the muscle tissue
fingerlings Cirrhinus mrigala was presented in Table 6. The
level of glycogen content in the muscle tissue of control
fingerlings was 8.51+0.31 mg/g wet wt. of tissue. It
exhibited remarkable changes in their level of glycogen from
the mean control level, when the fingerlingses were exposed
to sub-lethal concentration of nickel chloride. The glycogen
content in the experimental groups was found to be as
7.10£0.23, 5.68+0.21, 3.68+0.10 and 2.7240.12 mg/g
wet.wt.tissue for 7, 14, 21 and 28 days exposure periods
respectively. The percent changes over control were -16.57, -
33.25, -56.76 and -68.04 respectively. The meen diferance
between control and experimental groups were statistically
significant at P<0.05 level(Fig. 3).
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Lewel of glucose in the liver tissue

The level of glucose in the liver tissue was presented in
Table 6. In the control fingerlings the level of glucose in the
liver tissue was 8.45 + 0.27 mg/g wet wt. of tissue. The level
of glucose in the liver tissue of experimental groups was
found to be as 9.86+0.42, 11.00+0.45, 12.53+0.49 and
14.15+0.57 mg/g wet.wt of tissue for 7, 14, 21 and 28 days
of exposure respectively. It exhibited remarkable changes in
their level of glucose from the mean control level, when the
fingerlingses were exposed to sub-lethal concentration of
nickel chloride nickel chloride. The percent change over
control was 16.69, 30.18, 48.28 and 67.45 respectively. The
meen diferance between control and experimental groups
were statistically significant at P<0.05 level. (Fig. 4).

Lewel of glucose in the gill tissue

The level of glucose in the gill tissue was presented in Table
6. In the control grops, the level of glucose was 3.17+0.11
mg/g wet wt. of tissue. The level of glucose in gill tissue of
experimental groups was found to be as 3.48+0.10,
4.01+0.14, 4.49+0.16 and 5.02+0.19 mg/g wet wt. of tissue
for 7, 14, 21 and 28 days of exposure periods respectively. It
exhibited remarkable changes in their level from the mean
control level, when the fingerlingses were exposed to sub-
lethal concentration of nickel chloride. The percentage
changes over control were 9.78, 26.50, 41.64 and 58.36
respectively. The mean difference between control and
experimental groups were statistically significant at P<0.05
level. (Fig. 4).

Lewel of glucose in the kidney tissue

The level of glucose in the kidney tissue was presented in
Table 6. In the control fingerlings the level of glucose in the
kidney tissue was 6.27+0.16 mg/g wet wt. of tissue. It
exhibited remarkable changes in their level of glucose from
the mean control level, when the fingerlings were exposed to
sub-lethal concentration of nickel chloride. The level of
glucose in kidney tissue of experimental groups was found to
be as 7.07+0.32, 8.05+0.28, 9.15+0.45 and 10.23+0.43 mg/g
wet wt. of tissue for 7, 14, 21 and 28 days of exposure
periods respectively. The percentage change over control
was 12.76, 28.39, 45.93 and 63.16 respectively. The mean
difference between control and experimental groups were
statistically significant at P<0.05 level. (Fig. 4).

Lewel of glucose in the muscle tissue

The level of glucose in the muscle tissue was presented in
Table 6. In the control fingerlings the level of glucose in
the muscle tissue was 7.32+0.20 mg/g wet wt. of tissue. It
exhibited remarkable changes in their level from a mean
control level, when the fingerlings were exposed to sub-
lethal concentration of nickel chloride. The level of
glucose in muscle tissue of experimental groups was found
to be as 8.31+0.31, 9.48+0.04, 10.70+0.42 and 12.10+0.50
mg/g wet wt. of tissue for 7, 14, 21 and 28 days of
exposure periods respectively. The percent change over
control were 1352, 29.50, 46.17and 65.30 respectively.
The mean difference between control and experimental
groups were statistically significant at P<0.05 level. (Fig.
4).

4.DISCUSSION

Changes in Protein and Amino acid contents in various
tissue of Cirrhinus mrigala

Heavy metal poisoning induced physiological and
biochemical changes in the liver of an animal can be
regarded as an index for the identification of pollutant stress
(Bose et al., 1994). Metals are known to change the
physiology of the organism by affecting important aspects of
the cellular metabolism such as transport across the
membrane, mitochondrial function and lysosomal stability
(Reddy et al., 1998). They have a special affinity for
sulfhydryl groups, which are essential for the activity of
many enzymes

In the present study, the level of protein content in the gill,
liver, kidney and muscle tissues were significantly decreased
due to the treatment of nickel chloride in fingerlings. Similar
observation was also made by Gayatri, (1998). She also
reported that the reduction in total protein content after the
exposure of heavy metal may be due to reduced protein
synthesis. It has been reported that heavy metal treatment
would reduce the binding of phenylalanyl and lysil tRNA to
ribosome leading to protein depletion.

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 reticulum in the cell. In the
present investigation, a sub lethal concentration of nickel
chloride-exposed fingerlings, 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 inhibition of translation. A
significant decrease in protein content of gill, brain, intestine,
liver, kidney and muscle was observed in nickel chloride-
treated fingerlings (Joseph Thatheyus et al., 1992).

Parthiban and Muniyan, (2011) suggested that the higher
levels of the toxicant affect the kidneys while lower levels
affect the liver. The decrease in the protein content as
observed in the present study in most of the fingerlings
tissues may be due to metabolic utilization of the ketoacids
to gluconeogenesis pathway for the synthesis of glucose, or
due to directing the free aminoacids for the synthesis of
proteins, or for the maintenance of osmo and ionic regulation
(Schmidt Nielson, 1975). Desmet and Blust (2007) have
reported that proteolysis is intended to increase the role of
proteins in the energy production during cadmium stress.
The decrease in protein level observed in the present study
may be due to their degradation and also to their possible
utilization for metabolic purposes. According to Nelson and
Cox, (2005) and Sathyanarayana, (2005), the physiological
status of animal is usually indicated by the metabolic status
of proteins. Jrueger et al. (1968) reported that the fingerlings
can get the energy through the catabolism of proteins. Singh
et al. (1996) observed the decreased protein level resulted in
marked elevation of free amino acid content in the
fingerlings tissues. The free amino acid pool was increased
in the tissues of the fingerlings during exposure to arsenic,
while the elevated amino acid levels were utilized for energy
production by supplying them as keto acids into TCA cycle
through aminotransferases to contribute energy needs during
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toxic stress. Increases in free amino acid levels were the
result of breakdown of protein for energy and impaired
incorporation of amino acids in protein synthesis (Singh et
al., 1996).

Kapila and Ragothaman (1999) have also reported decreased
tissue proteins followed by increased level of proteins in the
fingerlings, Boleopthalmus dussumieri exposed to mercury,
copper and cadmium for prolonged periods. The initial drop
in the protein content during mercury toxicity may be on
account of reduced protein synthesis and an enhanced
proteolysis in the various organs of fingerlings (Jagadeesan
and Mathivanan, 1999). The depletion of protein level
induces diversification of energy to meet the impending
energy demands during the toxic stress. The reduction in
tissue proteins reflects a prior increased energy cost of
homeostasis, tissue repair and detoxification under toxic
stress. It is also possible that when an animal is under toxic
stress, diversification of energy occurs to accomplish the
impending energy demands. Hence depletion in protein level
is observed (Neff, 1985). Evidently the whole energy is
required to mitigate any stress condition and this energy may
be derived from proteins (Shakoori et al., 1992). The obvious
reasons for the varying proteins levels in fingerlings under
heavy metal toxicity could be due to the rapid metabolism
under heavy metal stress (Shakoori et al., 1992).

Sastry and Dasgupta (1991) reported that decrease in total
protein level in liver and muscle of Channa punctatus
exposed to monocrotophos for 15 30 and 60 days.
Monocrotophos reduced the protein content of fingerlings
brain, Tilapia mossambica (Joshi and Desai, 1983). A
significant decrease was reported in the protein content in
almost all tissues in Channa punctatus when exposed to
sublethal and lethal concentration of fenvalerate (Tilak et al.,
2003).

Similar findings by Kale et al. (2006), proteins are the main
source of energy there degradation is to cope with high
energy demand augmented during malathion stress in
Cyprinus carpio.Also the total protein level showed
decreased trend in Nile Tilapia (Oreochromis niloticus) in
response to the treatment of cypermethrin by Korkmaz et al.
(2009). In Clarius gariepinus exposed to cyhalothrin
decreased protein observed by Ogueji and Auta, (2007).
Decreased in protein level may be attributed to impaired
synthetic machinery due to cypermethrin effect. David et al.
(2004). Atamanlap et al. (2002) reported decrease in protein
content in rainbow trout (Oncarhynchus mykiss) due to
contaminated environment condition. Sathyanarayan, (2005)
described the physiological status of animal is usually
indicated by the metabolic status of protein. The depletion of
protein fraction in liver, brain and kidney may have been due
to their degradation and possible utilization for metabolic
purposes.

The alteration in the tissue protein, in the present study
suggests disturbance in the physiological activity. Decrease
in the level of tissue protein 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). These alterations 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 zinc stress (Palanisamy et al.,
2011). The decrease in protein might be due to their
degradation and also to their possible utilization for
metabolic purposes (Digvijay Singh and Ajay Singh, 2002).
Bradburgy et al. (1987) have pointed out that the decreased
protein content might also be attributed to the destruction or
necrosis of cells and consequent impairment in protein
synthesis machinery.

The protein content decreased in the liver and kidney tissues
during lihocin treatment. According to Nelson and Cox
(2005); Sathyanarayana, (2005) the physiological status of
animal is usually indicated by the metabolic status of
proteins. Jrueger et al. (1968) reported that the fingerlings
can get the energy through the catabolism of proteins.
Proteins are mainly involved in the architecture of the cell,
which is the chief source of nitrogenous metabolism. Thus,
the depletion of protein fraction in liver, brain and kidney
tissues may have been due to their degradation and possible
utilization for metabolic purposes. Increases in free amino
acid levels were the result of breakdown of protein for
energy and impaired incorporation of amino acids in protein
synthesis (Singh et al., 1996). The toxicants may have effect
on hormonal balance, which could directly or indirectly
affect the tissue protein levels (Khilare and Wagh, 1988).
Almeida et al. (2001) have reported a decrease in total
protein concentrations in liver and white muscle of
Oreochromis niloticus exposed to sub-lethal concentrations
of cadmium. Gradual decrease in the levels of liver protein
and liver ascorbic acid due to proteolysis and liver glucose
breakdown are observed in the fingerlings, Channa
punctatus exposed to nickel chloride (Desai et al., 2002).

The amino acids are the building blocks of protein. There are
twenty four naturally occurring amino acids and proteins
vary in accordance with the number and sequence of amino
acids (Linder, 1985). The experimental animal body
synthesized its known protein from the free amino acids that
are produced as a result of proteolysis of the dietary proteins.
The present study showed that the increased level of amino
acid content in the gill, liver kidney and muscle tissues due
to the treatment of nickel chloride in fingerlings. Increase in
the free amino acid level due to heavy metal stress is mainly
a consequence the higher catabolic activity of protein to meet
the high energy demand by breaking down the protein into
free amino acids. The incorporation of amino acid in the
protein may also be suppressed by heavy metal exposure
(Dhar and Banerjee, 1983).

The increase in amino acids level has been reported in
different tissues of fingerlings when treated with nickel
chloride (Singh and Srivastava, 1992).Seshagiri et al. (1983)
have also reported that an increased level of amino acid
content in the tissues of Saroh-radon mossambicus when
exposed to benthio carp. They have also suggested that the
enhanced levels of total free amino acids are the result of an
intensive  proteolysis in  the respective tissues.
Sivaramakrishna and Radhakrishnaiah, (1998) have also
observed the increased free amino acids content in liver,
kidney and muscle on mercury. Cyprinus carpio exposed to
sublethal concentration of mercury. According to Sahib et al.
(1978) an enhanced level of free amino acids were observed
due to proteolysis and the derived amino acids were fed into
the TCA cycle in the form of ketoacid.
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Changes in Glycogen and glucose content in various
tissue of Cirrhinus mrigala

The heavy metals are known to elicit changes in the
biochemical constituents of fingerlings there by altering the
metabolic pathway (Sarkar and Medda, 1993). Toxic
exposure of organisms interferes with organ integrity at the
biochemical level and unlimitedly gives rise to affect at the
individual levels (Smolders et al., 2002). The heavy metal
and pesticides are found to influence the biochemical
composition of fingerlings (Shakoori et al., 1997; Kaviraj et
al., 2000).

Cirrhinus mrigala treated with nickel chloride shows
reduction in the level of glycogen at 7, 14, 21, and 28 days.
The glycogenolysis in liver and muscle is the major cause of
hyperglycemic in blood. The depleted content of liver and
muscle glycogen in Cirrhinus mrigala may be due to
glycogenolysis. A remarkable depletion in liver glycogen
shows an extensive utilization of energy stores under toxic
stress. The stopped up utilization is to meet the extra energy
demands necessitated by the quick and brisk movements,
which the animal shows in its abnormal behavioural response
due to the effluent stress. Reduction in the glycogen content
of liver and muscle indicates the utilization of carbohydrate
as the principle and immediate precursor of energy
production under effluent stress. The glycogen content of the
muscle has decreased significantly indicating that it might be
the immediate energy fuel necessary for muscular activity. In
fingerlingses, it is known that the carbohydrate reserve is in
general utilized under unfavorable conditions (Metalev et al.,
1983). Earlier studies have shown that the stress of acute
hypoxia and physical disturbance accompanied with rapid
depletion of liver and muscle glycogen when the
fingerlingses are exposed to pollutants (Murthy and
Priyamada Devi, 1982).

Changes in the glycogen level of liver and muscle have been
noticed by many investigators. Mcleay and Brown, (1975)
have recorded a considerable decrease in glycogen content of
bleached kraft pulp mill effluent. Baskaran et al. (1989) have
noticed the depletion on the hepatic glycogen content in
Oreochromis mossambicus when exposed to textile dye
effluent.

The present study showed the level of glycogen decreased
and glucose increased in the liver, gill, kidney and muscle
tissue of Cirrhinus mrigala exposed to nickel chloride. This
results indicates and extensive utilization of energy stores.
Perhaps this stopped up titillation is to meet the extra
demands of energy necessitated by the quick and brisk
movement which shows in the behavioral pattern of the
fingerlings during stress. The reduction in stored glycogen
content in the respective tissues of fingerlings treated with
arsenic metals. The liberated glucose mobilized form livers
glycogen are transported to other organs through blood to
meet the energy requirements necessitated by the allele rated
movements of the fingerlings under the toxicity or arsenic
(Metleve et al., 1983).

Al-Akel (2000) studied the toxic effect of lead in Cyprinus
carpio and reported that the glycogen content in liver has
been decreased, Exposure of carbamate pesticide in Channa
punctatus caused decrease of glycogen content in liver and
muscle. Muscle glycogen was decreased when the
fingerlings Nephrops norvegicus exposed to copper and

manganese. Radhakrishnaiah et al. (1992) reported that the
muscle and liver glycogen contents were decreased when
Labeo rohita exposed to copper which may be due to the
utilization of glycogen through anaerobic glycolysis to meet
extra requirement under hypoxia caused by chemical stress
and physiological dysfunctions. Bash (2002) reported that
the glycogen content was decreased in Clarius gariepinus
due to exposure to lead. Likewise, glycogen content was
decreased when Anabas testudineus exposed to lead nitrate.
Similar effects have been described by Al-Akel et al. (2000)
Showed that the increasing of glucose level is due to high
secretion of hormones like catecholamines, glucocorticoids
and that lead to increasing of glycolysis and this lead to high
glucose level in blood.

Abou EL-Naga et al. (2005) observed that glucose recorded
high values than control group level; also muscle glycogen
content was increased at the same time intervals. This high
level was explained through glucogenesis, which mean
formation of glucose and glycogen from non-carbohydrate
source. Heath (1987) reported that muscle glycogen was
increased in the same fingerlings organ without other organs.
The reduction in the availability of carbohydrates for energy
was partially compensated by increasing the activity of
glutamate dehydrogenase and amino oxidase; which are the
enzymes of controlling the utilization of amino acids for
energy.

Reddy et al. (2008) observed reduction in the glycogen
levels in the tissues of fry of common carp, Cyprinus carpio
(Linn). This may be due to generalized disturbances in
carbohydrate consumption (Simon et al, 1983). These
alterations may be due to rapid utilization of glycogen to
meet the energy demands under stress condition and supply
energy demand in the form of glucose which undergoes
breakdown to produce energy rich compound ATP through
glycolytic pathway as suggested by Omkar et al. (1984),
Muley et al. (2007).

The present study shows the level of glucose in liver, gill,
kidney and muscle of Cirrhinus mrigala for 7, 10, 21 and 28
days. The increase in the glucose level of the tissue while
decrease in tissue glycogen in exposed fingerlings makes it
clear that the glycogen reserves are being used to meet the
stress caused. This can be attributed to several factors and
one of them is the decrease in the specific activity of some
enzymes like phosphofructokinase, lactate dehydrogenase
and citrate kinas that decrease the capacity of glycolysis
(Almeida et al., 2001).

A fall in the glycogen level clearly indicates its rapid
utilization to meet the enhanced energy demands in
fingerlings exposed to toxicant through glycolysis or Hexose
Monophosphate pathway. It is assumed that decrease in
glycogen content may be due to the inhibition of hormones
which contribute to glycogen synthesis. Decrease in liver and
muscle glycogen levels is in corroboration with the reports of
earlier workers (Bedii and Kenan, 2005). The order of
depletion of glycogen in liver, gill, kidney and muscle
exposed to sub-lethal dose of the toxicant. This could be
because the gills utilize glycogen reserves rapidly to meet the
respiratory stress when exposed to the lethal concentration.

Kawade and Khillare, (2012) reported that the reduction of
glycogen in all the tissues were found at 24, 48, 72 and 96
hrs. Reddy et al. (2008) observed reduction in the glycogen
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levels in the tissues of fry of common carp, Cyprinus carpio
(Linn). The alteration in the tissue glycogen suggests
disturbance in the physiological activity. Decrease in the
glycogen content may be due to enhanced breakdown of
glycogen to glucose through glycogenolysis in the
fingerlings tissues to withstand the existing stress condition,
mediated by catecolamine and adenocortical harmones
(Gluszak et al., 2007). Depletion of glycogen in the liver and
kidney suggests that these tissues do not contribute much
anoxia resulting from resulting from pollution stress, since
anoxia and hypoxia are known to increase carbohydrate
consumption or may be due to generalized disturbances in
carbohydrate consumption (Simon et al., 1983).

Ramakrishnan et al. (1997) have reported that glycogen
content decreased in muscle and liver tissue of Cyprinus
carpio exposed to distillery effluent. Patil and Dhande,
(2000) reported that a fall in glycogen in the fingerlingses
exposed to heavy metal. Dezwann and Zendee, (1989) have
observed the reduction in tissue glycogen content due to
decrease in synthesis or break down as consequence of toxic
stress. Samuel and Satry, (1989) reported the level of
glycogen decreased in Channa punctatus exposed to
moncrotophos. Bakthavathsalam and Srinivasa Reddy (1985)
have reported the similar fluctuation in Anabas testudineus
exposed to disyston.

Karuppasamy (1999) observed the glycogen level of liver,
muscle, and gill shows a decrease in Channa punctatus
exposed to phenyl mercuric acetate. Sheela and Muniandy
(1992) have suggested that the decrease in muscle glycogen
in Channa punctatus might be due to increased
glycogenolysis. Mary Chandravthy and Reddy, (1996) have
observed a drop in glycogen content in kidney and intestine
of Anabas scandens exposed to lead nitrate. Verma and Tonk
(1983) have stated the decreased glycogen content in the
liver and muscle of fingerlings exposed to mercury.

The decreased glycogen concentration in the liver of
common carp could be due to its enhanced utilisation as an
immediate source to meet the energy demand under metallic
stress. Depleted glycogen level under chromium stress
reported in Labeo rohita (Vutkuru, 2005) also supports our
research findings. The decreased glycogen content as a result
of hypoxic or anoxic condition activates the glycolytic
enzymes via catecholamines that initially enhance glycogen
concentration. It was also found that cadmium could
decrease glycogen reserves in the liver and muscle tissues of
Cyprinus carpio (Cicik and Engin, 2005).

In the present study, the level of glucose increased in the
liver, gill, kidney and muscle tissue to Cirrhinus mrigala
exposed nickel chloride. This result indicates that the
glycogenolysis take place in the liver, where by the reserved
glycogen is being slowly converted into glucose. Koundinya
(1979) has reported the increase in glucose level in
Saratherodon mossambicus exposed to pesticide. The
presentstudy suggests that glycogen is being a ready source
of energy, reduction in glycogen is probably due to more
rapid breakdown, when releases glucose into circulatory
system to meet the increased energy requirement in a
stressful condition. Bakthavathsclam and Srinivasa Reddy
(1985) noticed similar increase of glucose in Anabas
testudineus exposed to disyston. Chowdhury et al., (2004)
reported the similar result in Orecorhychus mykiss exposed
to cadmium. Radhakrishnaiah et al. (1992) reported that the

level of glucose increased in the blood of Labeo rohita
exposed to copper.
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