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Abstract- The euryhaline fish Oreochromis mossambicus was
exposed to three sub-lethal concentrations of Cadmium ion, for 7
days to evaluate the role of protein catabolism in fulfilling the
immediate energy needs of fishes under Cadmium ion induced
stress. The levels of tissue protein, free amino acid, plasma
ammonia and the activities of aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and glutamate dehydrogenase
(GDH) were estimated in some of the vital tissues like gills,
liver, kidney, muscle and blood of O. mossambicus. The rates of
ammonia excretion, oxygen consumption and ammonia quotient
(AQ) were also estimated. The significant (P< 0.05) decrease in
the levels of proteins concomitant with remarkable increase in
the level of free amino acids, ALT, AST and GDH activities in
these vital tissues of fish species elucidated the protein
catabolism as one of the main mechanism of meeting out the
immediate energy demand of the fishes in condition of cadmium
exposure. The AQ in treated fish increased significantly (P<
0.05), which indicate a marked increase in the catabolism of
proteins during cadmium ions induced stress.

Index Terms- Aminotransferase, Cadmium, Catabolism,
Glutamate dehydrogenase, Oreochromis mossambicus.

I. INTRODUCTION

Heavy metals are one of the important environmental
pollutant. The contamination of aquatic environments by
heavy metals has become a global problem. Many estuarine and
coastal aquatic environments have been sinks for industrial and
agricultural effluents. Therefore, the aquatic organisms are at
high risk of health. Out of the several heavy metals in the
industrial waste streams, Cadmium is often used in
environmental studies because it is a non-essential metal [1] and
a non-degradable cumulative pollutant. It is highly toxic, widely
distributed in the environment and can adversely affect
organisms at relatively low concentrations [2]. Tobacco smoke is
one of the most common sources of cadmium [3]. Cadmium is
widely used in steel industry alloys, in batteries and in pigments
used in paints, inks, plastic, and enamels [4].

Cadmium is well known for its toxic effect on aquatic
organisms [5]. In fish, the heavy metals have adverse effect on
growth and reproduction and cause osmoregulatory stress
[6,7,8,9,10]. Cadmium-exposed fish may show skeletal
deformities, alterations in several enzymatic systems, including

those involved in neurotransmission, transepithelial transport and
intermediate metabolism, variation of mixed function oxidase
activities, abnormal swimming, changes in individual and social
behaviour, and metabolic disorders [11, 12]. More recently, it has
been shown that sub lethal Cadmium also causes important
changes in the swimming activity of C. carpio in captivity
[13,14]. The alterations in the metabolic rate, the excretion of
ions (e.g.,, ammonium), respiration, food consumption, and
growth rates are important among the biochemical and
physiological effects by the exposure to heavy metals [15, 16,
17]. Teleost fishes use protein as the main source of energy for
their metabolic processes. Amino acids provide 14 —85% of the
energy requirements of teleost fish [18]. Because proteins are a
major source in the metabolism of teleost fishes and heavy
metals may be involved in the normal working of these
molecules, it is important to study the changes in protein
metabolism after metal exposure in detail.

The objective of the present study was to determine levels
of total protein, free amino acids, and plasma ammonia and to
investigate the response of AST, ALT, and GDH activities in
tissues of Oreochromis mossambicus (Peters) exposed to sub
lethal concentrations of cadmium ion for 7 days. In order to
assess the changes caused by cadmium ion on protein catabolism,
ammonia quotient, ammonia excretion and Oxygen consumption
were also investigated in the study.

Il. RESEARCH ELABORATIONS

Animals and Experimental Exposure

Oreochromis mossambicus (158 g) commonly known as
Tilapia obtained from the culture ponds of Kerala University of
Fisheries and Ocean Studies, Puduuvyppu were acclimatized to
laboratory conditions, for about one month before experiments,
in 5000L tanks where a continuous gentle flow of dechlorinated
tap water was maintained. The physicochemical parameters of
water were estimated daily [19]. The tap water had dissolved
oxygen content of 7.8 ppm, pH 7.0 + 0.32, temperature 26 + 3°C,
salinity O ppt and hardness below detectable amounts and they
were fed on a commercial diet ad libitum.

Sublethal toxicity studies

The acclimatized fishes were sorted in to batches of six each
for sub lethal toxicity studies. The bioassays were conducted in
60L tubs containing dechlorinated tap water. The Oreochromis
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mossambicus were exposed to a concentration of 0.92, 1.84 and
3.06 mg L™ cadmium ions, ( equivalent to 1/10, 1/5 and 1/3 of 96
h LC50 values obtained in acute bioassays) for 7 days by
addition of calculated amounts of Cd™ from a 1M CdCl, stock
prepared in deionised water. To maintain the quality of water as
well as to prevent the degradation of cadmium chloride the water
as well as the toxin were replenished at every 24 h intervals
along with proper provision of aeration. The fishes were fed
during the experiment once in a day. The feeding was stopped 24
h prior to their sacrifice. Suitable controls were maintained to
nullify any other effect that likely to affect the fish.

Sampling of Tissues

Blood was drawn from the common cardinal vein in 1ml
syringe. The blood was mixed with an appropriate amount of
anticoagulant like ethylene diamine tetra acetic acid (EDTA).
This preparation should be mixed immediately and thoroughly to
avoid clotting. The solution was then centrifuged for 5-10
minutes at 2,000 rpm. The supernatant fluid was then separated
and assayed.

Another set of treated fishes were sacrificed by pithing (by
damaging the brain and severing the spinal cord between the
head and trunk region using a sharp needle), dissected and
different organs were surgically removed and the tissues viz.
gills, liver, kidney and muscle were removed from its body. The
tissues were wiped thoroughly using blotting paper to remove
blood and other body fluids, washed in ice-cold 0.33M sucrose,
and again blotted dry. Cell free homogenates (5% homogenates
of gill, liver, muscle and 1% homogenates of kidney tissues), in
0.33M cold sucrose solution were prepared using Kemi Model-
KHH1 homogenizer with Teflon coated pestle followed by
centrifugation at 10009 for 15minutes in a refrigerated centrifuge
(REMI-C24) for carrying out biochemical assays or stored at -
20°C until further use. The homogenates were purified further as
per the requirement of different methods. The spectrophotometric
estimations were carried out by using Hitachi-2900 UV-Visible
spectrophotometer with quartz cuvettes against the suitable
blank.

Methods used for biochemical analysis

a. Estimation of protein

Protein concentrations of the sample were quantified
according to Lowry et al. [20] using bovine serum albumin as
standard. The soluble proteins were purified by precipitation with
equal volume of 10% TCA and pellet obtained after
centrifugation at 1000 rpm for 15 minutes were dissolved in 1ml
of 0.1N NaOH.

b. Estimation of Free Amino Acids (Ninhydrin Positive

Substances)

Total free amino acids also known as Ninhydrin positive
substances were estimated by Ninhydrin method using leucine as
standard [21].

c. Assay of activities of transaminases (ALT and AST)

The activities of alanine aminotransferase (ALT) (EC
2.6.1.2) and aspartate aminotransferase ((AST) (EC 2.6.1.1))
were estimated according to the method of Mohun and Cook
[22]. Briefly, 0.5 ml of substrate either for ALT (0.1 M
phosphate buffer, pH 7.4; 0.2 M DL- alanine; 2mM 2-

oxoglutarate) or AST ((0.1 M phosphate buffer, pH 7.4; 1.0 M
aspartic acid; 2mM 2-oxoglutarate) was taken and incubated in
water bath at 37 °C for 3 min. Thereafter, the substrate was
mixed with 0.2 ml of enzyme solution (tissue homogenate). The
reaction mixture was incubated at 37 °C for 60 min (for ALT)
and 30 min (for AST) with intermittent shaking. The reaction
was stopped by the addition of 1 ml DNPH and was further
incubated for 20 min. The intensity of the colour developed by
the addition of NaOH (10 ml, 0.4 N) was monitored
calorimetrically at 540 nm against the distilled water blank. The
activities of ALT and AST were calculated in terms of u moles
of pyruvate liberated / min / mg protein.

d. Assay of Glutamate dehydrogenase (GDH) (EC 1.4.1.2)

For Glutamate dehydrogenase assay[23], the reaction
mixture consisted of 2.1 ml phosphate buffer, 0.2 ml enzyme
source, 0.1 ml NADH, 0.2ml Ammonium acetate, 0.2 ml EDTA
and 0.1 ml Triton X-100. The above mixture was equilibrated at
room temperature for 10 minutes. Started the reaction by adding
0.1 ml of 2-oxoglutarate, and the rate of change of extinction at
340 nm with time were noted (¢ NADH-6.3 x 10° litres mol™ cm’
1), The enzyme activity was calculated as micromoles of NADH
oxidized / minute / mg protein.

e. Estimation of plasma ammonia

Ammonia in the serum sample was estimated using the
method of Boltz and Howel [24]. One ml of deporteinized
plasma was taken for the assay. The optical density was read at
625 nm against a blank. A set of standard ammonia solutions
were also treated similarly. The values were expressed as
micromole/L.

f. Determination of rate of Ammonia excretion by

Oreochromis mossambicus

Ammonia in the sample was estimated using the method of
Boltz and Howel [24]. Two litre water containing 0.92 mg/L,
1.84mg/L and 3.06 mg/L cadmium chloride each was taken in
separate tanks. A tank containing tap water served as the control.
One O. mossambicus with known weight was introduced to each
tank. Immediately after the exposure, 1 ml of water sample was
taken from each tank to determine the initial ammonia content in
water. Samples were taken from each tank after a period of 1
hour and the final ammonia content in water was assayed. A set
of standard ammonia solutions were also treated similarly.

g. Determination of rate of Oxygen consumption by

Oreochromis mossambicus

Two-litre water containing 0.92 mg/l, 1.84mg/l and 3.06
mg/l cadmium chloride each was taken in separate tanks. A tank
containing tap water served as the control. Each O. mossambicus
with known weight were introduced in to the tanks. An even
layer of liquid paraffin was poured over the water in the tanks to
prevent further dissolution of atmospheric oxygen in to it.
Immediately siphon water from each tank to the DO bottles
taking all precautions to reduce contact of water with air to a
minimum. Samples were taken again from each tank after one
hour. The oxygen concentration in the sample was estimated
using the Winkler’s method.The experiment was repeated until
concordant values were obtained.
Statistical Analysis

The statistical analysis was carried out using the software
SPSS 13.0 package. One- way ANOVA followed by Tukey’s test
was carried out for the comparison between different
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concentrations in each tissue and for determining the significant
difference between different concentrations of toxin in plasma
ammonia levels, ammonia excretion rates and oxygen
consumption rates of the fish. Significance level (P-value) was
set at 0.05 in all tests.

Ill. RESULTS

Cadmium ion induced alteration in the levels of Tissue protein
The results shown in Fig 1 demonstrate significant decrease

in the levels of total protein in all studied organs of the fish in

response to the treatment of cadmium ions compared to control

group.

mg/g wet weight of tissue

gills [iver kidne muscle
° Tissue /

Econtrol

10.92mg! 18dmgll  W306mg/l

Figure 1: Protein content in the various tissues exposed to
different concentrations of Cadmium chloride. Each bar diagram
represents mean + S.D. On each set of bars values with different
lower case letters vary significantly (P<0.05) in each tissue on
different treatments (One-way ANOVA)

Alterations in the levels of free amino acid on cadmium
treatment

The levels of free amino acid were found to exhibit high
degree of alteration in all studied organs on cadmium treatment
(Fig 2). The levels of free amino acids were observed to show
significant increase in all concentrations of cadmium ion.
Maximum increase in free amino acids was observed in liver
followed by kidney, muscle and gills
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Figure 2: Free Amino acid content in the various tissues
exposed to different concentrations of Cadmium chloride. Each
bar diagram represents mean + S.D. On each set of bars values
with different lower case letters vary significantly (P<0.05) in
each tissue on different treatments (One-way ANOVA)

Cadmium ion induced changes in transamination and oxidative
deamination.

The results illustrated in Fig 3 show significant increase in
the activity of alanine amino transferase (ALT) in gills, liver,
kidney and muscle of the fish on treatment with cadmium ions.
The maximum increase was seen in kidney followed by liver.

The data showed in Fig 4 display remarkable enhancement
in the activity of aspartate aminotransferase (AST) in gills, liver,
kidney and muscle of both fish species in response to cadmium.
The maximum increase was observed in liver followed by
kidney.

The results depicted in Fig 5 demonstrate that cadmium ions
were able to cause notable variations in the activity of glutamate
dehydrogenase (GDH) in liver, muscle and kidney of the fish). A
statistically significant increase in Glutamate dehydrogenase
(P<0.05) was observed in liver, kidney and muscle of the treated
groups compared to control. No significant variation was
observed in gills of the treated groups compared to control.

umoles of pyruvate liberated/min/mg
protein

muscle

gills liver

kidney
Tissues

Mcontrol  W0.92mg/l 1.84mg/l  m3.06mg/l

Figure 3: Effect of different concentrations of Cadmium
chloride on the ALT activity of various tissues of O.
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mossambicus. Each bar diagram represents mean + S.D. On each
set of bars values with different lower case letters vary
significantly (P<0.05) in each tissue on different treatments
(One-way ANOVA).

poles of pyruvate liberated/min/mg
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Figure 4: AST activity in the various tissues exposed to
different concentrations of Cadmium chloride. Each bar diagram
represents mean + S.D. On each set of bars values with different
lower case letters vary significantly (P<0.05) in each tissue on
different treatments (One-way ANOVA).
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Figure 5: GDH activity in the various tissues exposed to
different concentrations of Cadmium chloride. Each bar diagram
represents mean + S.D. On each set of bars values with different
lower case letters vary significantly (P<0.05) in each tissue on
different treatments (One-way ANOVA)

Effect of cadmium ions on the levels of plasma ammonia

The results of effect of cadmium ions on the level of plasma
ammonia in fish are presented in Fig 6. One-way ANOVA
followed by Tukey’s test showed that there was significant
(P<0.05) increase in the plasma ammonia in all the treated
groups compared to control.
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Concentrations of Cadmium chloride

Figure 6: Levels of Ammonia in the plasma of O.
mossambicus exposed to different concentrations of Cadmium
chloride. Each bar diagram represents mean + S.D. On each bar,
values with different lower case letters vary significantly
(P<0.05) (One-way ANOVA).

Effect of cadmium ions on the rates of ammonia excretion

O. mossambicus exposed to varying sub lethal concentration
of Cadmium chloride exhibited no significant (P<0.05) variations
in the rates of excretion of ammonia compared to control (Fig 7).
One-way ANOVA followed by Tukey’s test has been carried out
to ascertain the statement
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CONTROL

Rate of ammonia excretion (ml/kg/hr)

0.92mg/L 1.84mg/L
concentrations of Cadmium chloride

3.06 mg/L

Figure 7: Rates of ammonia excretion by Oreochromis
mossambicus exposed to different concentrations of Cadmium
chloride. Each bar diagram represents mean + S.D. On each set
of bars values with different lower case letters vary significantly
(P<0.05) in each tissue on different treatments (One-way
ANOVA)

Effect of cadmium ions on the rates of oxygen consumption

One-way ANOVA followed by Tukey’s test showed that
there was significant decrease (p<0.05) in the rate of Oxygen
consumption of fish treated with cadmium chloride compared to
control group (Fig 8)
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Figure 8: Rates of oxygen consumption by Oreochromis
mossambicus exposed to different concentrations of Cadmium
chloride. Each bar diagram represents mean + S.D. On each set
of bars values with different lower case letters vary significantly
(P<0.05) in each tissue on different treatments (One-way
ANOVA)

Effect of cadmium ions on the ammonia quotient

0. mossambicus exposed to varying sub lethal concentration
of Cadmium chloride exhibited significant (P<0.05) increase in
the Ammonia quotient (Fig 9). One-way ANOVA followed by
Tukey's test has been carried out to ascertain the statement
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Figure 9: The Ammonia quotient of Oreochromis

mossambicus exposed to different concentrations of Cadmium
chloride. Each bar diagram represents mean + S.D. On each set
of bars values with different lower case letters vary significantly
(P<0.05) in each tissue on different treatments (One-way
ANOVA).

IV. DISCUSSION

The present study demonstrated that the fish Oreochromis
mossambicus exposed to sub-lethal concentrations of cadmium
ion (0.92 mg/l, 1.84 mg/l, and 3.06 mg/l) for 7 days displayed a
significant decrease (p<0.05) in the level of protein in the gills,
liver, kidney and muscle than the control. Proteins in an animal
are being constantly degraded and re synthesized from the free

amino acid pool in tissue. A dynamic steady state always prevails
between these two opposite processes of protein catabolism and
anabolism. During stress conditions, the balance between
anabolism and catabolism will be impaired. The metabolism
move towards more catabolic state and the tissue protein may
undergo proteolysis. Reduction in the protein content in the
tissues suggests its increased degradation in to amino acids. The
increased free amino acid pool [25] can be used for ATP
production by transamination reactions or gluconeogenic
pathway. Tissue protein content has been suggested as an
indicator of xenobiotic-induced stress in aquatic organisms [26].
Meena Kumari et al. [27] observed a decrease in protein level in
Labeo rohita treated with copper. A decrease in the protein
content was also found in the hepatopancreas of edible crab
Scylla serrata exposed to cadmium and the gills, liver, Kidney,
muscle, and intestine of the common carp exposed to mercury
[28, 29].

Significant increases in the level of free amino acids were
observed when Oreochromis mossambicus exposed to cadmium
ions. Among the organs studied liver showed highest increase
because it is the major site of amino acid catabolism. The decline
in total protein content and the simultaneous increase in free
amino acid in the tissues studied indicate the activation of protein
catabolism to counteract the cadmium chloride induced toxic
stress. The free amino acids are mobilized in order to cope with
the extra energy demands under stress conditions [30]. The
increased protein breakdown is a functional response to deal with
the extra energy requirements to cope with Cadmium stress [29].
De Smet and Blust [30] also observed similar increase in free
amino acids in common carp Cyprinus carpio exposed to
cadmium.

The aminotransferases are known to play an important role
in the utilization of amino acids for the oxidation and/or for
gluconeogenesis [31]. while GDH, a mitochondrial enzyme,
catalyzes the oxidative deamination of glutamate generating o-
ketoglutarate, an important intermediate of the TCA cycle.
Significant increase (p<0.05) in the activities of alanine
aminotransferase and aspartate aminotransferase were observed
in the tissues of O. mossambicus exposed to cadmium ion for 7
days. The alteration in aminotransferase activities indicates
changes in energy metabolism in response to an enhanced energy
demand to compensate the stress situation. De Smet and Blust
[30] indicated that elevated activities of AST and ALT in liver,
kidney of Cyprinus carpio following Cd exposure. The increased
activities of the two major aminotransferases AST and ALT in
fish may thereby enhance transamination for the channelling of
free amino acids into the TCA cycle and/or to favour
gluconeogenesis [32]. In the present study, an increased activity
of GDH observed in the liver, kidney and muscle tissues may be
because of an increase in glutamate oxidation, resulting in
increase in ammonia production and o- ketoglutarate formation
at the expense of NAD. The increase in the activity of GDH was
found to be most prevalent in liver and kidney indicated
significant role of these organs in the deamination. Similarly, an
enhancement in the activity of GDH due to carbofuran
intoxication was observed in liver and muscle tissues of C
batrachus [33]. Kumar et al. [34] observed significant increase in
the activity of GDH in Channa punctatus and Clarias batrachus
on treatment with cypermethrin. The activity of gill GDH is

Www.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 8, August 2013 6

ISSN 2250-3153

lower than the other tissues of fish [35,36,37,38]. The significant
increase in the activities of alanine and aspartate
aminotransferases and GDH could be due to incorporation of
keto acids into the TCA cycle.

Fish have a remarkable capacity to use proteins as an energy
source [18], and ammonia is the major end product of nitrogen
metabolism. A significant elevation of plasma ammonia was
observed in fish exposed to sub lethal concentrations of
Cadmium ion for 7 days. The reason for this seems to be a
combined effect of elevated, stress induced, ammonia production
and an unchanged excretion despite an elevated plasma-to-water
gradient [39,40,41,42]. An increase in ammonia production as a
result of metal induced stress together with an impaired ability to
excrete ammonia across the gill is the typical response to metal
exposure in freshwater fish and leads to elevated plasma
ammonia levels [42]. Increased ammonia production can arise
from a general corticosteroid-mediated stress response that
includes increased protein catabolism and gluconeogenesis [43].
No significant change in ammonia excretion was observed
compared to control in O.mossambicus treated with Cadmium
ion. The reason for this seems to be an impaired ability to excrete
ammonia across the gill is the typical response to metal exposure
[42]. De Boeck et al. [44] observed similar results when treated
with copper in the common carp, Cyprinus carpio.

Oxygen consumption of aquatic animals is a very sensitive
physiological process and therefore, alteration in the respiratory
activity is considered as an indicator of stress of animals exposed
to heavy metals. A significant decrease in the oxygen
consumption was observed when Oreochromis mossambicus
exposed to sub-lethal concentrations of cadmium ions. The
decrease in oxygen consumption may be due to intimate contact
with water contaminated with cadmium, which decreases the
oxygen diffusing capacity of the gills. Metals may induce various
disturbances in fish gills. Excessive secretion and coagulation of
mucus impair gas exchange across the secondary lamellae
epithelium [45, 46]. Most of the nitrogenous end products of
freshwater fish originate from protein catabolism, with ammonia
as the principal end product, the contribution of protein
catabolism to the total energy production of the fish can be
assessed by determination of the ammonia quotient (AQ = mole
to mole ratio of ammonia excreted to oxygen
consumed.[44,47,48,49,18]. A significant increase in the
ammonia quotient was observed in O.mossambicus when
exposed to cadmium chloride for 7 days. This was supported by
De Boeck et al. [44] who also observed similar increase in AQ in
common carp when treated with copper. Thus, although oxygen
consumption is reduced by cadmium chloride exposure,
protein catabolism appears to remain constant, or is at least
less affected, and becomes relatively more important. The
catabolism of proteins might be more than the measured quantity
using AQ because significant accumulation of ammonia occurred
in the plasma due to impaired excretion. The rate of protein
breakdown is acute as evident in this study.

In conclusion, the present study illustrates the impact of
Cadmium chloride on the catabolism of proteins and amino
acids, in Oreochromis mossambicus. Proteins are known to play
dominant role in accomplishing the immediate energy demand in
recovering from the stress. The cadmium chloride toxicity in the
fish Oreochromis mossambicus enhances the catabolism of

proteins to handle the extra energy demand. The elevation in free
amino acid content, ALT, AST, GDH and plasma ammonia
along with a reduction in total protein content of tissues indicate
a boost in protein catabolism. The AQ in treated fish increased
significantly, which indicate a marked increase in the catabolism
of proteins during cadmium ion induced stress.

ACKNOWLEDGMENT

This research was supported by funding from Cochin
University of Science and Technology, Cochin. The authors wish
to thank Dr. Jose for supplying the fish specimens.

REFERENCES

[1] J.R. Baker, S. Satarug, S. Urbenjapol, R.J. Edwards, D.J. Wil=-liams, M.R.
Moore, Reilly Peb, “Associations between human liver and kidney
cadmium content and immuno—chemically detected CYP4A11 apoprotein”,
Biochem. Pharmacol, Vol 63, 2002, 693-696.

[2] J.A. Almeida, E.L.B. Novelli, M. Dai Pai Silva, R. Alves Junior,
“Environmental cadmium exposure and metabolic responses of Nile tilapia,
oreochromis niloticus”, Environ. Pollut, Vol. 114, 2001, 169-175.

[3] Mr. Moore, “A commentary on the impacts of metals and metal—loids in the
environment upon the metabolism of drugs and chemi—cals”, Toxicol. Lett,
Vol. 148, 2004, 153-158.

[4] J. Timbrell, Principles of Biochemical Toxicology. London and New York:
Taylor & Francis, 2000, 3rd Edn.

[5] H.B. Pratap, S. E. Wendelaar Bonga, “Effect of waterborne cadmium on
plasma cortisol and glucose in the cichlid fish Oreochromis mossambicus”,
Comp. Biochem. Physiol. C, Vol. 95, 1990, 313- 317.

[6] M. Roch, E.J. Maly, “Relationships of cadmium induced hypocalcemia with
mortality in rainbow trout (Salmo gairdneri) and the influence of
temperature on toxicity”, Can. J. Fish. Aquat. Sci, Vol. 36, 1979, 1297-
1303.

[71 M.A. Giles, “Electrolyte and water balance in plasma and urine of rainbow
trout (Salmo gairdneri) during chronic exposure to cadmium”, Environ.
Toxicol. Chem, Vol. 8, 1984, 87— 97.

[8] J.F. Klaverkamp, D.A. Duncan, “Acclimation to cadmium toxicity by white
suckers, cadmium binding capacity and metal distribution in gill and liver
cytosol”, Environ. Toxicol. Chem,Vol. 6, 1987, 275-289.

[9] H.B. Pratap, H. Fu, R.A.C. Lock, S.E. Wendelaar Bonga, “Effect of
waterborne and dietary cadmium on plasma ions of the teleost Oreochromis
mossambicus in relation to water calcium levels”, Arch. Environ. Contam.
Toxicol, Vol. 18, 1989, 568— 575.

[10] P.M. Verbost, G. Flik, R.A.C. Lock, S.E. Wendelaar Bonga, “Cadmium
inhibition of Ca2+ uptake in rainbow trout gills”, Am.J.Physiol, Vol.253,
1987, 216-221.

[11] G.S. Scott, K.A. Sloman, “The effects of environmental pollutants on
complex fish behavior: integrating behavioural and physiological indicators
of toxicity”, Aquat. Toxicol, Vol.38, 2004, 369-392.

[12] D.A. Wright, P.M. Welbourn, “Cadmium in the aquatic environment: a
review of ecological, physiological, and toxicological effects on biota”,
Environ Rev, Vol. 2, 1994, 187-214.

[13] B.L. Eissa, A. Salibian, L. Ferrari, “Behavioral alterations in juvenile
Cyprinus carpio exposed to sublethal waterborne cadmium”, Bull Environ
Contam Toxicol, Vol. 77, 2006, 931-937.

[14] B.L. Eissa, N.A. Osanna, L. Ferrari, A. Salibian, “Quantitative behavioral
parameters as toxicity biomarkers: fish responses to waterborne cadmium”,
Arch. Environ. Contam. Toxicol,Vol. 58, 2010, 1032-103.

[15] L.C. Alves, C.N. Glover, C.M. Wood, “Dietary Pb accumulation in juvenile
freshwater rainbow trout (Oncorhynchus mykiss)”, Arch. Environ. Contam.
Toxicol, Vol.51, 2006, 615-625.

[16] S. Hashemi, R. Blust, G. De Boeck, “Combined effects of different food
rations and sub lethal cooper exposure on growth and energy metabolism in
common carp”, Arch. Environ. Contam. Toxicol, Vol. 54, 2008, 318-324.

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 8, August 2013 7
ISSN 2250-3153

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

RW. Wilson, H.L Bergman, C.M. Wood, “Metabolic costs and
physiological consequences of acclimation to aluminium in juvenile
rainbow trout (Oncorhynchus mykiss).1: acclimation specificity, resting
physiology, feeding and growth”, Can. J. Fish. Aquat. Sci,Vol. 51, 1994,
527-535.

A.Van Waarde “Aerobic and anaerobic ammonia production by fish”,
Comp. Biochem. Physiol. B, VVol.74 (4), 1983, 675-684.

APHA, Standard Methods for the Examination of Water and Wastewater,
Washington, DC: American Water Works Association and Water Pollution
Control Federation,1971,13th Edn.

O.H. Lowry, N.J. Rosenbrough, A.L. Farr, R. Randall, “Protein
determination using Folin’sCiocalteau reagent”, J. Biol. Chem, Vol.193,
1951, 265.

S. Moore, W.H. Stein, Methods in Enzymology, Vol 2, New York:
Academic Press, 1954,Vol. 2.

A.F. Mohun, L.V Cook, “Simple methods for measuring serum level of
glutamic oxaloacetic and glutamic pyruvic transaminases in routine
laboratories”, J. Clin. Pathol, Vol. 10, 1957, 394-399.

Plummer. An introduction to practical Biochemistry, New Delhi: McGraw
Hill Publishing Co. Ltd, 1987, pp. 268-270.

D.F. Boltz, J.A. Howel, Colorimetric determination on non-metals, New
York: Wiley-Interscience Publication, Second edn. Vol. 8, 1978, pp. 210-
213.

B.L. Bayne, K.R. Clarke, M.N. Moore, “Some practical considerations in
the measurement of pollution effects on bivalve molluscs, and some
possible ecological consequences”, Aquat. Toxicol,Vol. 1, 1981, 159-174.

R.K. Singh, B. Sharma, “Carbofuran- induced biochemical changes in
Clarias batrachus”, Pestic. Sci, Vol.53, 1998, 285-290.

S. Meenakumari, S.A. Parrey, T.S. Saravanan, “Ambient copper induced
alterations in hematology and biochemistry of the major carp, Labeo rohita
(Hamilton)”, Int J Integr Biol, Vol.10(2), 2010, 119.

A. Suresh, B. Sivaramakrishna, P.C. Victoriamma, K. Radhakrishnaiah,
“Shifts in protein metabolism in some organs of freshwater fish Cyprinus
carpio under mercury stress”, Biochem. Int, Vol. 24, 1991, 379-389.

P.S. Reddy, A. Bhagyalakshmi, “Changes in oxidative metabolism in
selected tissues of the crab (Scylla serrata) in response to cadmium
toxicity”, Ecotoxicol. Environ. Saf, Vol. 29, 1994, 255-264.

H. De Smet, R. Blust, “Stress responses and changes in protein metabolism
in carp Cyprinus carpio during cadmium exposure”, Ecotoxicol. Environ.
Saf, Vol. 48, 2001, 255-262.

V.W. Rodwell, “Metabolism of Proteins and Amino Acids”, in Harper’s
Review of Biochemistry, D.W Martin, P.A. Mayes, V.W. Rodwell, Eds.
Los Altos: CA: Lange Medical Publications, 1988, pp. 265-319.

K. Jurss, R. Bastrop, “Amino acid metabolism in fish”, in Fish Molecular
Biology and Biochemistry, P. Hochachka, T. Mommsen, Eds. Amsterdam:
Elsevier Press, 1995, pp. 159-189.

G. Begum, “Carbofuran insecticide induced biochemical alterations in liver
and muscle tissues of the fish Clarias batrachus(linn) and recovery
response”, Aquat. Toxicol, Vol. 66, 2004, 83-92.

A. Kumar, Bechan Sharma, Ravi S. Pandey “Cypermethrin induced
alterations in nitrogen metabolism in freshwater fishes”, Chemosphere, Vol.
83, 2011, 492-501.

M.J. Walton, C.B. Cowey, “Aspects of ammoniogenesis in rainbow trout,
Salmo gairdneri” Comp. Biochem. Physiol, B. Vol. 57, 1977, 143-149.

J.H.A. Fields, W.R. Driedzic, C.J. French, P.W. Hochachka, “Kinetic
properties of glutamate dehydrogenase from the gills of Arapaim gigas and
Osteoglossum bicirrhosum”, Can. J. Zool,Vol. 56, 1978, 809-813.

W.C. Hulbert, T.W. Moon, P.W. Hochachka, “The erythrinid gill:
Correlations of structure, function and metabolism”, Can. J. Zool, Vol. 56,
1978 b, 814-819.

K.B. Storey, H.E. Guderley, M. Guppy, P.W. Hochachka, “Control of
ammoniagenesis in the kidney of water- and air-breathing osteoglossids:
Characterization of glutamate dehydrogenase”, Can. J. Zool, 56, 1978, 845-
851.

M.W. Beaumont, P.J. Butler, E.W. Taylor, “Exposure of brown trout,
Salmo trutta, to a sub-lethal concentration of copper in soft acidic water:
effects upon muscle metabolism and membrane potential”, Aquat. Toxicol,
51, 2000, 259-272.

[40] M. Grosell, C. Nielsen, A. Bianchini, 2002. “Sodium turnover rate
determines sensitivity to acute copper and silver exposure in freshwater
animals”, Comp. Biochem. Physiol. C, Vol. 133,2002, 287-303.

E.W. Taylor, M.W. Beaumont, P.J. Butler, J. Mair, M.S.I. Mujallid, “Lethal
and sub-lethal effects of copper upon fish: a role for ammonia toxicity”, in
Toxicology of Aquatic Pollution, E.W. Taylor, Ed. UK: Cambridge
University Press, Cambridge,1996, pp. 85-113.

M. Grosell, M.D. McDonald, C.M. Wood, P.J. Walsh, “Effects of
prolonged copper exposure in the marine gulf toadfish (Opsanus beta) I.
Hydromineral balance and plasma nitrogenous waste products”, Aquat.
Toxicol, 68, 2004, 249-262.

H.C. Freeman, D.R. Idler, “Effects of corticosteroids on liver transaminases
in two salmonids, the rainbow trout, Salmo gairdneri and the brook trout,
Salvelinus fontinalis”, Gen. comp. Endocrinol, Vol. 20, 1973, 69-75.

G. De Boeck, Hans De Smet, R. Blust, "The effect of sublethal levels of
copper on oxygen consumption and ammonia excretion in the common
carp, Cyprinus carpio”, Aquat. Toxicol, Vol. 32, 1995, 127-141.

[41]

[42]

[43]

[44]

[45] P. Part, R.A.C. Lock, “Diffusion of calcium, cadmium and mercury in a
mucous solution from Rainbow trout”, Comp. Biochem. Physiol, Vol. 76,

1983, 259-263.

R.D. Handy, F.B. Eddy, “Surface absorption of aluminium by gill tissue and
body mucus of rainbow trout (Salmo gairdneri) at the onset episodic
exposure”, J. Fish Biol, Vol. 34, 1989, 865-874.

JR. Brett, C.A. Zala, “Daily pattern of nitrogen excretion and oxygen
consumption of sockeye salmon (Oncorhynchus nerka) under controlled
conditions”, Can. J. Fish. Aquat. Sci, 32, 1975, 2479-2486.

M.N. Kutty, M. Peer Mohamed, “Metabolic adaptations of mullet
Rhinomugil corsulu (Hamilton) with special reference to energy
utilisation”, Aquaculture, 5, 1975, 253-270.

M.N. Kutty, “Respiratory quotients and ammonia excretion in Tilapia
mossambica”, Mar. Biol, Vol. 16, 1972, 126-133.

[46]

[47]

[48]

[49]

AUTHORS

First Author — Jisha Jose, Research Scholar, Department of
Marine Biology, Microbiology and Biochemistry, School of
Marine Sciences, Cochin University of Science and Technology,
Fine Arts Avenue, Cochin-16, Kerala, India. Email:
jishamariyak@gmail.com.

Second Author — Babu Philip, Professor, Department of Marine
Biology, Microbiology and Biochemistry, School of Marine
Sciences, Cochin University of Science and Technology, Fine
Arts Avenue, Cochin-16, Kerala, India. Email:
drbabuphilip@gmail.com

Third Author - Hari Sankar. H.S Research Scholar, Department
of Marine Biology, Microbiology and Biochemistry, School of
Marine Sciences, Cochin University of Science and Technology,
Fine Arts Avenue, Cochin-16, Kerala, India. Email:
harisankarhs@gmail.com

Fourth Author —Smitha. V. Bhanu, Research Scholar,
Department of Marine Biology, Microbiology and Biochemistry,
School of Marine Sciences, Cochin University of Science and
Technology, Fine Arts Avenue, Cochin-16, Kerala, India. Email:
smithabhanu_76@yahoo.co.in

Fifth Author —Aniladevi kunjamma K.P, Research Scholar,
Department of Marine Biology, Microbiology and Biochemistry,
School of Marine Sciences, Cochin University of Science and
Technology, Fine Arts Avenue, Cochin-16, Kerala, India. Email
devi_kunjamma@yahoo.co.in

Sixth Author —Remya Varadarajan, Research Scholar,
Department of Marine Biology, Microbiology and Biochemistry,
School of Marine Sciences, Cochin University of Science and

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 8, August 2013 8
ISSN 2250-3153

Technology, Fine Arts Avenue, Cochin-16, Kerala, India. Email: School of Marine Sciences, Cochin University of Science and
remyavaradarajan@gmail.com Technology, Fine Arts Avenue, Cochin-16, Kerala, India. Email:

jishamariyak@gmail.com, mariajisha@gmail.com
Correspondence Author — Jisha Jose, Research Scholar, Mobile No: +91-9446967105

Department of Marine Biology, Microbiology and Biochemistry,

WWWw.ijsrp.org


mailto:remyavaradarajan@gmail.com
mailto:jishamariyak@gmail.com
mailto:mariajisha@gmail.com

