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The objective of this study was to determine the liver oxidative stress status of grey mullets living in heavy-metal-rich polluted
Ennore estuary compared with unpolluted Kovalam estuary. Fish were collected from both estuaries during the monsoon and
summer seasons from October 2004 to September 2006. Fish liver homogenate (N = 20 per group) was prepared for evaluating
oxidative stress parameters. Fish living in the polluted estuary had significantly higher lipid oxidation products, conjugated
dienes (0.346 ± 0.017 vs 0.141 ± 0.012 ∆A233/mg protein), lipid hydroperoxides (0.752 ± 0.032 vs 0.443 ± 0.03 nmol/mg protein),
and lipid peroxides (3.447 ± 0.14vs 1.456 ± 0.096 nmol MDA/mg protein) than those of the unpolluted estuary during the summer.
In contrast, significantly lower levels of superoxide dismutase (20.39 ± 1.14 vs 53.63 ± 1.48 units/mg protein) and catalase (116
± 6.87vs 153 ± 8.92 units/mg protein) were detected in the liver of fish from the polluted estuary (Ennore) compared to fish from
the unpolluted estuary (Kovalam) during the summer. Variations in most of the oxidative stress parameters were observed
between the summer and monsoon seasons, indicating the importance of seasonal variation for estuaries and their inhabitants.
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Introduction

Estuaries, the main contributors of fisheries in India,
suffer from severe damage due to increased industrializa-
tion and urbanization along the coastal areas     (1).     Continu-
ous discharge of industrial effluents into the estuaries
poses a serious risk for the survival of aquatics. Overload-
ing of the estuaries with contaminants for a longer period of
time has resulted in the significant buildup of pollutants
with a resulting impact on water properties (2). Ennore
estuary, located in the heart of the city of Chennai, India,
faces this problem because it is being surrounded by
polluting industries, which deposit heavy metals directly
into the estuary (3). Fish are considered to be the bioindi-
cators of marine pollution because of their ability to re-

spond to pollutants (4). Oxidative stress reflects a distur-
bance in the pro-oxidant and antioxidant systems in favor
of the pro-oxidant (5). Free radicals are the potent toxic
compounds that are produced continuously in cells during
exposure to environmental toxins and exert a deleterious
effect via their chain reactions (6), covalent modification
and oxidation of functional groups thereby causing signifi-
cant damage to biological macromolecules and bringing
about alterations in the cellular redox balance (7). How-
ever, the harmful effects of free radicals are blocked to a
great extent by antioxidant defense systems. Seasonal
variations, one of several natural biological factors, have
been proposed to have a significant influence on estuaries
(8). Hence, in the present study, the impact of water
pollutants was examined in liver homogenate of grey mul-
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lets with respect to stress lipid oxidation markers, antioxi-
dant enzyme activities and glutathione redox ratio as well
as the influence of the summer and monsoon seasons on
these parameters.

Material and Methods

Chemicals
Thiobarbituric acid, malondialdehyde, ethylenediamine

tetraacetic acid, o-phthalaldehyde, N-ethylmaleimide,     and
epinephrine were purchased from Sigma (USA). Hydrogen
peroxide, chloroform, methanol, butylated hydroxytoluene,
and cyclohexane were obtained from Sisco Research Lab-
oratories (India). All other chemicals were of the reagent
grade or equivalent.

Study site and fish sampling
Kovalam estuary, an unpolluted site located about 35

km south of Chennai and free from the influence of urban
areas and industries, and Ennore estuary, situated about
15 km north of Chennai and which is highly polluted with
effluents from several industries surrounding this site, were
chosen for study. Contamination of Ennore estuary by
heavy metals such as lead, cadmium, mercury, zinc, iron,
etc., compared to Kovalam estuary has been confirmed by
previous studies (3,9). It has also been reported that Ennore
estuary differs significantly from Kovalam estuary physi-
cally, chemically, and biologically (10).

Mugil cephalus identified by the use of FAO species
identification sheets (11) was the experimental animal and
the fish samples with an average length of 32-35 cm were
collected freshly every month for two seasons from Octo-
ber 2004 to September 2006 from both estuaries. Fish
were collected with baited minnow traps in a shallow
estuary and kept in insulated containers filled with aerated
estuarine water at ambient temperature (25-30ºC) and
salinity (24-29 ppt). Fish were maintained under similar
conditions for 4-5 h until the beginning of the experiment.

Preparation of liver homogenate
The fish were stunned by a blow on the head, and a

midventral incision was made to expose the liver. Fish
livers were carefully excised and washed with ice-cold
saline. One gram of liver tissue was homogenized with 5
mL homogenizing buffer (0.25 M sucrose, 10 mM Tris, pH
7.4, 1 mM EDTA) and the suspension was centrifuged at
224 g for 10 min. The supernatant was used for the
biochemical measurements.

Analysis of oxidative stress biomarkers
Conjugated diene was determined at 233 nm using

chloroform-methanol mixture according to the method of
Rao and Recknagel (12). Lipid hydroperoxide was esti-
mated at 560 nm by the method of Jiang et al. (13) in which
ferrous ion oxidation was measured in the presence of
xylenol orange. Levels of lipid peroxide were determined at
540 nm by measuring the amount of thiobarbituric acid
reactive substances formed (14). Superoxide dismutase
activity was assayed by monitoring the oxidation of epineph-
rine at 420 nm (15). Catalase activity was assayed at 240 nm
by measuring the decay of hydrogen peroxide levels (16).
Glutathione redox ratio was determined by spectrofluorimetric
method using emission at 420 nm and excitation at 350 nm
according to the method of Hissin and Hilf (17).

Statistical analysis
Data are reported as means ± SD. The differences

between groups and seasons were analyzed using ANOVA
followed by the Duncan multiple range test. The level of
statistical significance was set at P < 0.05.

Results

Effect of heavy metals on lipid oxidation products
Exposure of fish to heavy metal pollutants increases

the levels of lipid oxidation markers such as conjugated
diene (Figure 1A), lipid hydroperoxide (Figure 1B) and lipid
peroxide (Figure 1C) in polluted estuary fish compared
with unpolluted estuary fish. The marker levels, which
were increased significantly in polluted estuary fish (P <
0.05), indicated the lipid peroxidation and damage caused
by increased oxidative stress. The oxidative stress state
was more severe during the summer than the monsoon
season in polluted estuary fish (P < 0.05) with a non-
significant difference in the results being observed be-
tween seasons in unpolluted estuary fish.

Influence of heavy metals on antioxidant enzyme
activities

The activities of the antioxidant enzymes superoxide
dismutase (Figure 2A) and catalase (Figure 2B) were
significantly decreased (P < 0.05) in polluted estuary fish
compared with unpolluted estuary fish. This indicates the
inability of polluted estuary fish to cope with available
antioxidant defense presumably due to the free radicals
produced by heavy metals. Also, the observed decrease in
antioxidant enzyme levels was greater during summer
than during the monsoon season in polluted estuary fish (P
< 0.05). The antioxidant enzyme levels between seasons
in unpolluted estuary fish were not significantly different.

The glutathione redox ratio was decreased significant-
ly (P < 0.05, Figure 3) in polluted estuary fish but not in
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Liver lipid oxidation markers of Mugil cephalus from the polluted Ennore estuary and the unpolluted Kovalam estuary
measured during the summer and monsoon seasons. Data are reported as means ± SD. Conjugated dienes (A), lipid hydroperoxide
formed (B) and lipid peroxides formed (C) are reported for 20 fish in each group. *P < 0.05 compared to monsoon season for fish
raised in a polluted estuary (Duncan multiple range test); +P < 0.05 comparison between fish raised in an unpolluted estuary and fish
raised in a polluted estuary for both seasons (Duncan multiple range test). MDA = malondialdehyde.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Specific activity of the antiox-
idant enzymes superoxide dismutase
(A) and catalase (B) in the liver homog-
enate of Mugil cephalus from the pol-
luted Ennore estuary and the unpol-
luted Kovalam estuary. Data are re-
ported as means ± SD for 20 fish in
each group. *P < 0.05 compared to
polluted estuary fish during the mon-
soon season (Duncan multiple range
test); +P < 0.05 comparison between
unpolluted estuary fish and polluted
estuary fish for each season (Duncan
multiple range test).

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. Glutathione redox ratio in the
liver homogenate of Mugil cephalus
from the polluted Ennore estuary and
the unpolluted Kovalam estuary. Data
are reported as mean ± SD for 20 fish
in each group. *P < 0.05 comparison
between seasons of fish raised in a
polluted estuary (Duncan multiple
range test); +P < 0.05 comparison be-
tween unpolluted estuary fish and pol-
luted estuary fish for both seasons
(Duncan multiple range test).
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unpolluted estuary fish. Again, the decrease was signifi-
cant (P < 0.05) in polluted estuary fish during the summer
compared with the monsoon season, but a significant
decrease was not observed in unpolluted estuary fish
between seasons.

Discussion

Grey mullets, the natural inhabitant of the estuaries
studied, are found in the shallow water of the intertidal
zone that experiences dual fluctuations in both tempera-
ture and salinity. These economically important fish are
under threat because of their continuous exposure to toxic
chemical-rich industrial effluents that are discharged into
the estuaries. These pollutants enter the fish through the
gills; a main site of xenobiotic transfer followed by distribu-
tion throughout the entire body and their potential deleteri-
ous effect on target organs (18). Heavy metal contamina-
tion of the Ennore estuary and its significant accumulation
in muscle tissue of fish inhabiting this estuary has been
reported (9). In 1985, metal distribution in the Kovalam
estuary water was reported to be in the normal range as
recommended by the Indian Standards Institution (ISI)
(19).

Heavy metals induce oxidative stress in fish (20) by
generating reactive oxygen species by their participation
in the Fenton reaction and by donating electrons to oxy-
gen. Our data are consistent with this view. Fish inhabiting
the highly polluted Ennore estuary developed an enhanced
state of oxidative stress characterized by increased levels
of lipid oxidation markers such as conjugated diene, lipid
hydroperoxide, and lipid peroxide, similar to a response
observed in fish under the same conditions (21).

The biological membrane that contains polyunsatu-
rated fatty acid as its major constituent is considered to be
the target for the reactive oxygen species-driven oxidation
process (7). The significant increase in lipid oxidation
markers may indicate the susceptibility of lipid molecules
to reactive oxygen species and the extent of oxidative
damage imposed on these molecules. The clear increase
in lipid oxidation and its markers may also be due to the
decrease in antioxidant enzyme activities. Accordingly,
the antioxidant enzyme levels have been found to be
decreased significantly in this study and a similar type of
response has also been observed in fish such as Geopha-
gus brasiliensis in response to oxidative stress (8,22).
Maintenance of high constitutive levels of antioxidant en-
zymes like superoxide dismutase and catalase is essential
to prevent oxyradical-mediated lipid peroxidation (23). Long-
term exposure of fish to pollutants may also be a possible

reason for the decrease in antioxidant enzyme levels.
Superoxide dismutase is an enzyme that catalyzes the

dismutation of superoxide (O2
-·) to hydrogen peroxide

(H2O2). Decreased activity of this enzyme leads to the
accumulation of O2

-·, which in turn accelerates the conver-
sion of Fe3+ to Fe2+. The latter serves as a substrate for
hydroxyl radical (·OH)-generating reaction leading to en-
hanced lipid peroxidation (24). Catalase plays a role in the
decomposition of H2O2 to water. Reduced activity of this
enzyme results in the accumulation of hydrogen peroxide
increasing the production of hydroxyl radical via Fenton’s
reaction. Due to altered glutathione redox ratio and hence
a decrease in reduced glutathione levels, the glutathione-
mediated detoxification process may also be affected.
This might be a factor responsible for the lack of elimina-
tion of toxic compounds that enter the fish and thus result
in their accumulation, aggravating oxidative stress. Vari-
ous tissues of Liza macrolepis inhabiting the Ennore estu-
ary have shown that the concentration of certain heavy
metals such as mercury, cadmium, zinc, and iron exceeds
the permissible safe levels proposed by the Industrial
Toxicology Research Centre, Lucknow, India (25). Detoxi-
fication enzyme variations also exert negative effects such
as increased susceptibility to reactive oxygen species
formation, increased energetic demand, proliferation of
cells, etc. (26).

Seasonal influence is an important parameter of ma-
rine environment (2). Its consideration is essential during
biomonitoring programs and when sampling is done at
different periods of the year. Strong seasonal variations in
river flow, dissolved oxygen, pH, temperature, salinity, and
suspended particulate matter in the Western Scheldt estu-
ary have been reported by Zwolsman (27). Seasonal var-
iations in various hydrographic parameters have also been
reported in the Ennore estuary (10). Levels of iron, zinc,
manganese, and copper in water and sediment samples
have shown seasonal fluctuations in the Ennore estuary
(9,28). The oxidative stress biomarkers determined in the
present study of fish samples from Ennore estuary exhib-
ited variations between seasons, suggesting the seasonal
influence on these parameters in agreement with previous
research (10,28).

In conclusion, estimation of oxidative stress biomar-
kers in fish, as in the present study, could provide a useful
indicator of pollution of water bodies (29). Since it is evi-
dent that seasonal changes play a key role in modulating
oxidative stress in fish exposed to pollutants, this influence
needs to be better understood in aquatic biomonitoring
studies (8).
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