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ABSTRACT

In this research work Superoxide dismutase (SOD) enzyme from the kidney of silver carp
(Hypophthalmichthys molitrix) was studied. Fish was divided into two groups. One group kept under
chronic exposure of metals mixture (Pb+Cr) for 15 days and other group of fish was kept under controlled
conditions. Partial purification of SOD was done by Ammonium sulphate precipitation. Ion-exchange
column chromatography was used to purify enzyme for further partial characterization against different
range of temperature and pH. As a result of ion exchange chromatography enzyme from kidney of control
and Pb+Cr treated fish had highest activity as 508.33 and 427 UmL"! while highest specific activity was
1105.06 and 1055.55 Umg™! with 1.98 and 2.70 fold purification, respectively. Recovery was 70% and
68% in kidney of control and Pb+Cr treated fish, respectively. After characterization it was observed
that SOD had wide range of pH i.e. 4.0-8.5 and maximum activity of 517 and 570 UmL"! for control and
treated fish kidney at pH 7.5 and 6.5, respectively. It was also observed that activity of enzyme increase
with increase in temperature but upto a certain limit. At 40°C and 50°C activity of SOD was increased for
unstressed and stressed kidney of H. molitrix i.e. 525 and 550 UmL", respectively. At p<0.01 all results
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were statistically significant.

INTRODUCTION

From last few years, metals became largely studied in
the field of toxicology as a source of environmental
toxicants. Aquatic ecosystems are affected by metals
(copper, cadmium, zinc, chromium and mercury) that
enter in water bodies by means of agricultural, industrial
and anthropogenic sources (Sampaio et al., 2008). Water
bodies are most susceptible to metal toxicity. Toxicants,
either in single and in combine form chronically affect the
organism at cellular and organ level (Adeyemo ez al., 2008).
Toxicants, like metals also affect the genetic, physiology
and behavior of aquatic animals (Scott ef al., 2003).
Among all the aquatic animals, fish can easily influenced
by metal pollutants (Alinnor, 2005). Fish are intensively
used to assess the health of aquatic systems and can be
used as a bioindicator of aquatic pollution (Dautremepuits
et al., 2004). High level of heavy metals in organs of fish
are able to induce oxidative stress by producing reactive
oxygen species (ROS) (Sevcikova et al., 2011).
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Lead is very important toxicant because it has no
beneficial role in development of life and produce lethal
effects under long term contact (Mager, 2012). Lead enter
in to the body, bind with red blood cells and move to the
organs like kidney, liver, muscles, brain, heart and spleen
through blood and lastly accumulate in teeth and bones
(Meyer et al., 2008). It may cause of many diseases like
kidney failure, anemia and even mortality (Yao et al.,
2013). In gills, kidney and intestinal tissues, Cr inhibits
ion-transporting ATPases (Thaker ez al., 1996). It has been
also reported that lead and chromium have ability to alter
the antioxidant enzyme by producing reactive oxygen
species (ROS) (Velma et al., 2011; Dewanjee et al., 2013).

Aerobic organisms have developed antioxidant
defense mechanisms include superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx),
and glutathione S-transferase enzyme that scavenge
ROS (Valavanidis et al., 2006; Droge, 2002). Elevated
level of ROS adversely affects the cellular biochemistry
by inducing the oxidation of lipids, proteins and nucleic
acid (Livingstone, 2003). Hazardous effects of oxygen
radicals are prevented by SOD enzyme which converts
the superoxide radicals into H,O, and O, (Tilly and Tilly,
1995). In field of aquatic toxicology, antioxidant enzymes
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associated with oxidative stress have become intensively
studied and are used as a most responsive biomarker of
aquatic pollution before any harmful effect appear in fish
(Geoffroy et al., 2004).

Present research work was planned to evaluate the
activity of antioxidant enzyme superoxide dismutase in
kidney of silver carp under the exposure of heavy metal
mixture (Pb+Cr).

MATERIALS AND METHODS

Experimental fish

Silver carps were purchased from Faisalabad hatchery
to check the chronic effect of (Pb+Cr) on the antioxidant
enzyme superoxide dismutase from kidney of silver carp.
For this one group of fish kept under chronic exposure of
metals mixture (Pb+Cr) for 15 days and other group of fish
was present in unstressed conditions.

Temperature (30°C), hardness (230 mgL™') and pH
(7.5) were kept constant throughout the experimental
period.

Isolation of SOD enzyme

Desired organ (kidney) was separated after fish
dissection. Phosphate buffer having pH 6.5 was used to
homogenize the organ and centrifuge at 10,000 rpm for
15 min at 4°C. Supernatants were separated for further
analysis.

Enzyme assay

The activity of superoxide dismutase was determined
by measuring its ability to inhibit the photoreduction
of Nitrobluetetrazole (NBT) following the method of
Giannopolitis and Ries (1977). One ml buffer was taken
in cuvette as blank and inserted into spectrophotometer
to note the readings of blank, after taking reading
spectrophotometer was adjusted at zero at A, nm. Then
5-6 cuvettes were taken and set them in a light box with
an internally mounted light bulb of 30 Watt. Firstly 1 ml
of buffer was added to each cuvette, then 0.05 ml enzyme
extractand 0.016 ml of riboflavin was added in each cuvette.
All the cuvettes were incubated in light box for 12 min.
The cuvettes were transferred to the spectrophotometer,
where 0.067 ml of EDTA/NaCN solution and 0.033 ml of
NBT was added to the illuminated reaction mixture. The
absorbance was noted after 20 s of reaction.

Purification of SOD enzyme

Crude enzyme was partially purified by ammonium
sulphate precipitation using the method of Shin er al.
(1993). Ammonium sulfate precipitations further consist
of Salting-in (60%) and Salting-out (80%) steps. The

whole of the dissolved sample was dialyzed in dialysis
bag, while continuous stirring in buffer with pH 7.8.

After dialysis of the test sample the enzyme was
purified by ion exchange chromatography following
the method of Zia et al. (2007). The column of DEAE-
cellulose was used.

Characterization of SOD enzyme

Optimum pH was determined by assaying the
superoxide dismutase at different pH ranging from 4-8.5
with each 0.5 difference. To get the optimum temperature
for the enzyme, it was assayed at different temperatures (0,
20, 30, 40, 50, 60, 70 and 80°C) keeping the pH 6.0.

Statistical analysis
Data obtained was analyzed by using Minitab
software. MS Excel was used to draw graphs.
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Fig. 1. Partial purification of SOD enzyme by ammonium
sulfate precipitation.

RESULTS

Partially purified SOD enzyme

Activity of enzyme is the amount of micromole of a
substrate to transform into product by enzyme per mL per
minute under standard conditions. In present study, results
of crude showed that the activity of SOD was decreased in
kidney of Pb+Cr exposed fish (625 UmL™") as compared to
control (725 UmL™") (Fig. 1). SOD was partially purified
through ammonium sulphate precipitation. Specific
activity of enzyme is defined as “units of enzyme per
milligram of protein”. In result of 80% saltingout the SOD
activity was 591 and 491 UmL"! while specific activity
was 721 and 655 Umg™' in controlled and Pb+Cr treated
fish, respectively. In this study after desalting, activity of
kidney SOD was estimated as 491.67 and 441.66 UmL"!
in controlled and Pb+Cr treated fish, respectively. Specific
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activity was calculated as 833.33 and 701.04 Umg
! for control and Pb+Cr treated fish. After the process
of desalting the partially purified enzyme was used for
ion-exchange column chromatography. Data regarding
to ammonium sulphate precipitation are given below
graphically.

For purification of SOD enzyme 50 fractions were
taken from column for both control and treated sample.
As a result of ion exchange chromatography enzyme from
kidney of control and treated fish had highest activity
as 508.33 and 427 UmL"! while highest specific activity
was 1105.06 and 1055.55 Umg™! at 28" and 21* fraction,
respectively (Table I). Fold purification is a “measure
of times purification that an enzyme is how many fold
purified” so enzyme from kidney of control and treated fish
was 1.98 and 2.70 fold purified, respectively. Percentage
recovery was 70 and 68%, respectively. Result showed
in each and every step of purification, that the activity
of SOD was decreased while specific activity increased
from crude to ion-exchange chromatography. Results
were statistically significant at p<0.01. Both 28" and 21*
fraction were used for further characterization.

Table I.- Summary of ion-exchange chromatography
for SOD.

Control Treated (Pb+Cr)
Fraction Activity Specific

(UmL™) activity

Fraction Activity Specific
(UmL™") activity

(Umg™) (Umg™)
9 25833  469.69 291.67  620.57
21 325.00 633.26 7 38333  851.84
23 366.66  833.31 11 408.33  1047.00
28 508.33  1105.06 21 427.00 1055.55
31 48333 1074.06 27 366.67 1047.62
33 466.66 1048.67 32 341.66 1007.84

Characterization of SOD enzyme

Effect of PH

Kinetic study has demonstrated that enzyme had
a broad range of pH from 4 to 8.5. It was observed that
enzyme from kidney of control and stressed H. molitrix
had highest activity at pH 7.5 and 6.5 (517 and 570 UmL"!,
respectively) (Fig. 2).

Effect of temperature

It was observed that activity of enzyme increase with
increase in temperature but up to a certain limit. It was
also observed that treated sample had more tolerance than
controlled. The optimum temperature at which maximum

activity obtained (525 and 550 UmL") was 40°C and 50°C
for kidney of control and stressed fish, respectively (Fig.
3).
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Fig. 2. Effect of different pH on activity of SOD.
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Fig. 3. Effect of different temperature on activity of SOD.
DISCUSSION

Metals are not only essential constituent of ecosystem
but also used as food source and are capable of inducing
biochemical and physiological changes in fish (Atli and
Canli, 2008). Aquatic life is more susceptible to heavy
metals toxicants include Cd, Pb, Cr and Cu and long term
contact with these metals induce oxidative damage by
producing free radicals (Doherty ef al., 2010). Fish organs
like liver and kidney are gifted with antioxidant defense
mechanism to prevent them from oxidative stress caused
by metals (Atli and Canli, 2008). Kidney is important organ
because of its function in elimination of excess water,
regulate acid-base balance, control ions and maintain urea
(Holzer et al., 2004).

Superoxide dismutase is an antioxidant enzyme
which plays a vital role in scavenging of free oxyradicals
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(Li et al., 2010) by converting superoxide anion radical
(0*) into H,0, (Ozmen, 2005). Present research work
was done to check the effect heavy metals mixture on
SOD enzyme in kidney of silver carp. Results indicated
that the activity of SOD was decreased in kidney of silver
carps under chronic exposure of metal mixture (Pb+Cr)
when compared with control fish. These results are also
supported by Atli and Canli (2010) who demonstrated
that antioxidant systems are most susceptible to metal
exposure. They also suggested that there is a link between
responses of enzymes and duration of metal exposure.
These responses also associated with organ and exposure
types. Sub-lethal concentrations of metals mixture
generally inhibit superoxide dismutase (SOD) in kidney of
Oreochromis niloticus.

Under the chronic exposure of lead, a significant
decline in SOD activity was observed in the kidneys
(23.4%) of Crucian carp exposed to 30 pgL™' of lead
(Khan et al., 2015). Our results are also supported by
previous study concerning with chromium toxicity.
Chromium (IIT) reduced the SOD activity 30% in kidney
of goldfish (Lushchaka et al., 2009). Adeogun et al. (2012)
reported that the activity of superoxide dismutase showed
no significant increase in kidney of Clarias gariepinus
under chronic exposures of binary mixtures of industrial
effluents. Heavy metals induced oxidative stress by
altering the antioxidant enzyme in aquatic organisms.
Oxidative stress can be used as a biomarker to assess the
aquatic contamination (Farombi ez al., 2007). Velma and
Tchounwou (2013) investigated the toxic role of chromium
in oxidative stress (liver and kidney) of gold fish. They
concluded that the heavy metal chromium induced toxic
affect in liver and kidney but kidney is more sensitive to
this toxicity. Previous study revealed that liver and kidney
have high concentrations of heavy metal (Cd and Pb) led to
decreased SOD activity. Increases in metal concentrations
in the aquatic environment simultaneously reduced SOD
activity (Brucka-Jastrzebska, 2010).

The values of ammonium sulphate precipitation
salting in and salting out for SOD are 60% and 80%,
respectively (Pedrajas et al., 1993). The Isoelectric point
of the superoxide dismutase was 4.75 reported by Carrico
and Duetsch (1970). According to Briggs and Fee (1978)
molecular mass of SOD was 32.0 kDa. An optimum pH
is required for the enzymes to work normally (Nelson
and Cox, 2008). Keele et al. (1971) reported the optimum
pH for superoxide dismutase as 7.8 and the pH range for
SOD at which it remain active was 7.6-10.5 (Rigo et al.,
1978). There was no work present on purification and
characterization of SOD from fish but Aydemir and Tarhan
(2001) was used column which contain DEAE-cellulose
and Sephadex G-100 gel, for purification of SOD. Specific

activity of SOD from erythrocytes of chicken was 8,480
Umg . Results of characterization showed that enzyme
work within range of pH 7.0-9.0 and at 25°C had maximum.
The value of specific activity in the purification of SOD
was 2000 Umg ! (Ken ez al., 2003).

CONCLUSION

The present research work concluded that heavy metal
exposure can induce the production of ROS in silver carp
under sub-lethal test concentration. And result in significant
decrease in activity of antioxidant enzyme instead of
improving yield. Results suggest that antioxidant defense
systems can be used as sensitive biological indicator for
detecting the effect of aquatic pollution in fish.

Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES

Adeogun, A.O., Ogidan, .M., Ibor, O.R., Chukwuka,
A.V., Adedara, 1.A. and Farombi, E.O., 2012.
Long-term exposure to industrial effluent induces
oxidative stress and affects growth in Clarias
gariepinus. Res. J. Environ. Earth Sci., 4: 738-746.

Adeyemo, O.K., Ajani, F., Adedeji, O.B. and Ajiboye,
0.0., 2008. Acute toxicity and blood profile of
adult Clarias gariepinus exposed to lead nitrate.
Int. J. Hematol., 4: 1-10.

Aydemir, T. and Tarhan, L., 2001. Purication and partial
characterisation of superoxide dismutase from
chicken erythrocytes. Turk. J. Chem., 25: 451-459.

Alinnor, 1., 2005. Assessment of elemental contaminants
in water and fish samples from Aba River. Environ.
Monit. Assess., 102: 15-25. https://doi.org/10.1007/
s10661-005-1011-3

Atli, G. and Canli, M., 2010. Response of antioxidant
system of freshwater fish Oreochromis niloticus
to acute and chronic metal (Cd, Cu, Cr, Zn, Fe)
exposures. Ecotoxicol. Environ. Safe., 73: 1884-
1889. https://doi.org/10.1016/j.ecoenv.2010.09.005

Atli, G. and Canli, M., 2008. Responses of
metallothionein and reduced glutathione in a fresh
water fish Oreochromis niloticus following metal
exposures. Environ. Toxicol. Pharmacol., 25: 33-
38. https://doi.org/10.1016/j.etap.2007.08.007

Briggs,R.G.and Fee,J.A., 1978. Further characterization
of human erythrocyte superoxide dismutase.
Biochem. biophys. Acta, 537: 86-99. https://doi.
org/10.1016/0005-2795(78)90605-0

Brucka-Jastrzebska, E., 2010. The Effect of aquatic


https://doi.org/10.1007/s10661-005-1011-3
https://doi.org/10.1007/s10661-005-1011-3
https://doi.org/10.1016/j.ecoenv.2010.09.005
https://doi.org/10.1016/j.etap.2007.08.007
https://doi.org/10.1016/0005-2795(78)90605-0
https://doi.org/10.1016/0005-2795(78)90605-0

Effect of Heavy Metals on Antioxidant Enzyme in Fish 835

cadmium and lead pollution on lipid peroxidation
and superoxide dismutase activity in freshwater
fish. Polish J. environ. Stud., 19:1139-1150.

Carrico, R.J., Duetsch, H.F., 1970. The presence of zinc
in human cytocuprein and some properties of the
apoprotein. J. biol. Chem., 245: 723-727.

Dautremepuits, C., Paris-Palacios, S., Betoulle, S. and
Vernet, G., 2004. Modulation in hepatic and head
kidney parameters of carp (Cyprinus carpio L.)
induced by copper and chitosan. Comp. Biochem.
Physiol. C: Toxicol. Pharmacol., 137: 325-333.
https://doi.org/10.1016/j.cca.2004.03.005

Dewanjee, S., Sahu, R., Karmakar, S. and Gangopadhyay,
M., 2013. Toxic effects of lead exposure in Wistar
rats: involvement of oxidative stress and the
beneficial role of edible jute (Corchorus olitorius)
leaves. Fd. Chem. Toxicol., 55: 78-91. https://doi.
org/10.1016/j.ct.2012.12.040

Doherty, V.F., Ogunkuade, O.0. and Kanife, U.C.,
2010. Biomarkers of oxidative stress as indicators
of Environmental pollution in some selected fishes
in Lagos, Nigeria. American-Eurasian J. Agric.
environ. Sci., 7: 359-365.

Droge, W., 2002. Free radicals in the physiological
control of cell function. Physiol. Rev., 82:47-95.
https://doi.org/10.1152/physrev.00018.2001

Farombi, E.O., Adelowo, O.A. and Ajimoko, Y.R., 2007.
Biomarkers of oxidative stress and heavy metal
levels as indicators of environmental pollution in
African cat fish (Clarias gariepinus) from Nigeria
Ogun River. Int. J. environ. Res. Publ. Hith.,4: 158-
165. https://doi.org/10.3390/ijerph2007040011

Geoffroy, L., Frankart, C. and Eullaffroy, P., 2004.
Comparison of different physiological parameter
responses in Lemna minor and Scenedesmus
obliquus exposed to herbicide flumioxazin. Environ.
Pollut., 131: 233-241. https://doi.org/10.1016/].
envpol.2004.02.021

Giannopolitis, C.N. and Ries, S.K., 1977. Superoxide
dismutase occurrence in higher plants. Pl. Physiol.,
59: 309-314. https://doi.org/10.1104/pp.59.2.309

Holzer, A.K., Samimi, G., Katano, K., Naerdemann,
W.,, Lin, X., Safaei, R. and Hovel, S.B., 2004. The
copper influx transporter human copper transport
protein 1 regulates the uptake of cisplatin in human
ovarian carcinoma cells. Mol. Pharmacol., 66: 817-
823. https://doi.org/10.1124/mol.104.001198

Keele, B.B., McCord, J.M. and Fridovich, I., 1971.
Further characterization of bovine superoxide
dismutase and its isolation from bovine heart. J.
biol. Chem., 246: 2875-2880.

Ken, C.F.,, Lin, C.T., Shaw, J.F. and Wu, J.L., 2003.

Characterization of fish  Cu/Zn-superoxide
dismutase and its protection from oxidative
stress. Mar. Biotechnol., 5: 167-173. https://doi.
org/10.1007/s10126-002-0058-1

Khan, S.A., Liu, X., Li, H., Fan, W., Shah, B.R., Li,
J., Zhang, L., Chen, S. and Khan, S.B., 2015.
Organ-specific antioxidant defenses and FT-IR
spectroscopy of muscles in Crucian carp (Carassius
auratus gibelio) exposed to environmental Pb2+.
Turk. J. Biol., 39: 427-437. https://doi.org/10.3906/
biy-1410-3

Li, Z.H., Li, P. and Randak, T., 2010. Effect of a human
pharmaceutical carbamazepine on antioxidant
responses in brain of a model teleost in vitro:
An efficient approach to biomonitoring. J. appl.
Toxicol., 30: 644-648. https://doi.org/10.1002/
jat.1534

Livingstone, D.R., 2003. Oxidative stress in aquatic
organisms in relation to pollution and agriculture.
Rev. Med. Vet., 6: 427-430.

Lushchaka, O.V., Kubraka, O.I., Lozinskya, O.V,
Storeyb, J.M., Storeyb, K.B. and Lushchaka, V.1,
2009. Chromium (IIT) induces oxidative stress in
goldfish liver and kidney. Aquat. Toxicol., 93: 45-
52. https://doi.org/10.1016/j.aquatox.2009.03.007

Mager, E., 2012. Lead. In: Homeostasis and toxicology
of non-essential metals (eds. C.M. Wood, A.P.
Farrell and C.J. Brauner). Academic Press, New
York, USA, pp. 185-236.

Meyer, A.P., Brown, M.J. and Falk, H., 2008.
Global approach to reducing lead exposure and
poisoning. Mutat. Res., 659: 166-175. https://doi.
org/10.1016/j.mrrev.2008.03.003

Nelson, D.L. and Cox, M.M., 2008. Lehninger’s
Principles of biochemistry, 5" Ed. W.H. Freeman
and Co., New York, pp. 85-87.

Ozmen, 1., 2005. Evaluation of effect of some
corticosteroids on glucose-6-phosphate
dehydrogenase and comparative study of
antioxidant enzyme activities. J. Enzyme Inhib.
Med. Chem., 20: 19-24. https://doi.org/10.1080/14
756360412331295026

Pedrajas, J.R., Peinado, J. and Barea, J.L., 1993.
Purification of Cu, Zn-superoxide dismutase
isoenzymes from fish liver: Appearance of new
isoforms as a consequence of pollution. Free
Rad. Res. Commun., 19: 29-41. https://doi.
org/10.3109/10715769309056496

Rigo, A., Viglino, P., Calabrese, L., Cocco, D. and
Rotilio, G., 1978. The binding of copper ions
to copper-free bovine superoxide dismutase.
Biochem. J.,169: 277-280. https://doi.org/10.1042/


https://doi.org/10.1016/j.cca.2004.03.005
https://doi.org/10.1016/j.fct.2012.12.040
https://doi.org/10.1016/j.fct.2012.12.040
https://doi.org/10.1152/physrev.00018.2001
https://doi.org/10.3390/ijerph2007040011
https://doi.org/10.1016/j.envpol.2004.02.021
https://doi.org/10.1016/j.envpol.2004.02.021
https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.1124/mol.104.001198
https://doi.org/10.1007/s10126-002-0058-1
https://doi.org/10.1007/s10126-002-0058-1
https://doi.org/10.3906/biy-1410-3
https://doi.org/10.3906/biy-1410-3
https://doi.org/10.1002/jat.1534
https://doi.org/10.1002/jat.1534
https://doi.org/10.1016/j.aquatox.2009.03.007
https://doi.org/10.1016/j.mrrev.2008.03.003
https://doi.org/10.1016/j.mrrev.2008.03.003
https://doi.org/10.1080/14756360412331295026
https://doi.org/10.1080/14756360412331295026
https://doi.org/10.3109/10715769309056496
https://doi.org/10.3109/10715769309056496
https://doi.org/10.1042/bj1690277

836

bj1690277

Sampaio, F.G., Boijink, C.L., Oba, E.T., Santos,
L.R.B., Kalinin, A.L. and Rantin, F.T., 2008.
Antioxidant defenses and biochemical changes in
pacu (Piaractus mesopotamicus) in response to
single and combined copper and hypoxia exposure.
Comp. Biochem. Physiol., 147: 43-51.

Scott, G.R., Sloman, K.A., Rouleau, C. and Wood,
C.M.,, 2003. Cadmium disrupts behavioural and
physiological responses to alarm substance in
juvenile rainbow trout Oncorhynchus mykiss. J.
exp. Biol., 206: 1779-1790. https://doi.org/10.1242/
jeb.00353

Sevcikova, M., Modra, H., Slaninova, A. and Svobodova,
Z., 2011. Metals as a cause of oxidative stress in
fish: A review. Vet. Med., 56: 537-554.

Shin, K.S., Youn, H.D., Han, Y.H., Kang, S.O. and Hah,
Y.C., 1993. Purification and characterization of
D-glucose oxidase from white-rot fungus Pleurotus
ostreatus. Eur. J. Biochem., 215: 747-752. https://
doi.org/10.1111/j.1432-1033.1993.tb18088.x

Thaker, K., Chhaya, J., Nuzhat, S., Mittal, R., Mansuri,
A.P. and Kundu, R., 1996. Effects of chromium (6+)
on some ion-dependent ATPases in gills, kidney
and intestine of a coastal teleost Periophthalmus
dipes. Toxicology, 112: 237-244. https://doi.
org/10.1016/0300-483X(96)86481-X

Tilly, J.L. and Tilly, K.I., 1995. Inhibitors of oxidative
stress mimic the ability of follicle-stimulating

A. Rafique et al.

hormone to suppress apoptosis in cultured rat
ovarian follicles. Endocrinology, 136: 242-252.
https://doi.org/10.1210/endo.136.1.7828537

Valavanidis, A., Vlahogianni, T., Dassenakis, M. and
Scoullos, M., 2006. Molecular biomarkers of
oxidative stress in aquatic organisms in relation to
toxic environmental pollutants. Ecotoxicol. environ.
Safe., 64: 178-179. https://doi.org/10.1016/].
ecoenv.2005.03.013

Velma, V. and Tchounwou, P.B., 2011. Hexavalent
chromium-induced multiple biomarker responses
in liver and kidney of Goldfish, Carassius auratus.
Environ.  Toxicol., 26: 649-656. https://doi.
org/10.1002/tox.20602

Velma, V. and Tchounwou, P.B., 2013. Oxidative stress
and DNA damage induced by chromium in liver and
kidney of Goldfish, Carassius auratus. Biomarker
Insights, 8: 43-51. https://doi.org/10.4137/BMIL.
S11456

Yao, S., Xue, B. and Tao, Y., 2013. Sedimentary
lead pollution history: Lead isotope ratios and
conservative elements at East Taihu Lake, Yangtze
Delta, China. Quater Int., 304: 5-12. https://doi.
org/10.1016/j.quaint.2012.10.058

Zia, M.A., Rahman, K., Saced, M.K. and Anjum, F.,
2007. Thermal characterization of hyperproduced
glucose oxidase from Aspergillus niger BCG-5
mutant strain. ICME, pp. 1950-1955. https://doi.
org/10.1109/ICCME.2007.4382088


https://doi.org/10.1042/bj1690277
https://doi.org/10.1242/jeb.00353
https://doi.org/10.1242/jeb.00353
https://doi.org/10.1111/j.1432-1033.1993.tb18088.x
https://doi.org/10.1111/j.1432-1033.1993.tb18088.x
https://doi.org/10.1016/0300-483X(96)86481-X
https://doi.org/10.1016/0300-483X(96)86481-X
https://doi.org/10.1210/endo.136.1.7828537
https://doi.org/10.1016/j.ecoenv.2005.03.013
https://doi.org/10.1016/j.ecoenv.2005.03.013
https://doi.org/10.1002/tox.20602
https://doi.org/10.1002/tox.20602
https://doi.org/10.4137/BMI.S11456
https://doi.org/10.4137/BMI.S11456
https://doi.org/10.1016/j.quaint.2012.10.058
https://doi.org/10.1016/j.quaint.2012.10.058
https://doi.org/10.1109/ICCME.2007.4382088
https://doi.org/10.1109/ICCME.2007.4382088

